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Abstract: Astaxanthin is the potent antioxidant predominantly
found in living organisms that are present in marine environment.
It is known as “King of antioxidant” or “Super vitamin E” because
of its potent antioxidant property. Antioxidant property of
astaxanthin known to modulate different biological activity
relating to antioxidant defence system, inflammation, immunity
and ameliorating adverse effect of oxidative stress during summer
season. Its use has been found in improving both male and female
reproductive health and production performance of bovines.
Astaxanthin helps in hastening of sexual maturity, improving
sperm quality, increasing fertility and better development of
embryos. It is considered as one of the essential feed additive in
combating the adverse effect of climate change on production
performance of animals. This review mainly focuses on source,
structure and use of astaxanthin as an antioxidant, anti-
inflammatory, immune stimulator and for improving productive
performance of bovines.

Keywords: Astaxanthin, Bovines, Heat stress, Immunity,
Inflammation

Introduction

Antioxidants are “free-radical scavengers” that can evade slow
damage to cells caused by free radicals, which are produced in
body as a reaction to environmental and other stresses. In the
animals, carotenoids are considered as part of the antioxidant
defence system. Carotenoids are pigment that plays an essential
role in mitigating oxidative processes. They are potent
antioxidants that can scavenge mono-molecular oxygen and
peroxyl radicals. They influence cellular signalling and activate
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redox sensitive controlling pathways (Stahl and Sies, 2005). High
concentration of carotenoids is commonly found in plants, algae
and microorganisms. Animals and humans do not synthesis these
carotenoids, therefore its necessary to provide them in diet
(Sandmann, 1994). Carotenoids acts by inhibiting chain reaction
by taking out free radicals, as these carotenoids contain polyene
chain and long double bonds they perform as potent antioxidant.

Astaxanthin is considered one of the strongest carotenoids which
is capable of protecting cells, lipids and membranes lipoproteins
from oxidative damage (Naguib, 2000). This review mainly focuses
on source, structure and use of astaxanthin as an antioxidant,
anti-inflammatory, immune stimulator and reproductive health of
bovines.

Sources of astaxanthin (Ast)

Astaxanthin is predominantly found in organisms that are present
in marine environment i.e. in microalgae, plankton, krill and
seafood and also present in yeast, fungi, complex plants and the
feathers of some birds (flamingos and quail) (Hussein et al. 2006).
Astaxanthin was previously extracted from krill (Euphausia
superba) (Takaichi et al. 2003) and recently from green algae
(Haematococcus pluvialis) or red yeast (Phaffia rhodozyma) by
various cultivation methods which help to obtain pure astaxanthin
(Ambati, 2014) Astaxanthin obtained from algae are two times
more effective as compared to synthetic astaxanthin (Guerin,
2001). Haematococcus pluvialis is a green microalga that builds
up high levels of astaxanthine in stress environment like high
salinity, deficiency of nitrogen content, high temperature and
light (Choi et al. 2002). It is regarded as the foremost source of
natural astaxanthin. Holtin et al. (2009) reported that
Haematococcus pluvialis comprises approximately 4% of free
form, 2% of diester type and 94% of monoester type.

Structure of astaxanthin

Astaxanthin consists of special molecular structure on each
ionone ring, i.e. presence of hydroxyl and keto molecules, which
are accountable for the potent antioxidant properties and superior
position in the membrane (Liu and Osawa, 2007). Astaxanthin
comprises conjugated double bonds, hydroxyl and keto groups
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(Figure 1). It has both lipophilic and hydrophilic properties
(Higuera-Ciapara et al. 2006). Astaxanthin has two oxygenated
groups on each ring structure that are responsible for its increased
antioxidant characteristics (Guerin et al. 2003). In general lipid
soluble antioxidants protects lipid soluble part of cells and water-
soluble antioxidants protect the water-soluble portion of cells,
but the unique structure of astaxanthin enables it to extend
throughout cell membrane to play both roles and provides the
cell membrane stability. Astaxanthin’s polyene chain traps radicals
in the cell membrane, while the astaxanthin terminal ring can
scavenge radicals on the inner and outer parts of the cell membrane
(Miki, 1991).

Naturally astaxanthin occurs in different forms (Table 1) esterified
and free form and as isomers (Higuera-Ciapara et al. 2006).
Synthetic astaxanthin is a molecule similar to that formed in living
organisms and consists of a mixture of isomers 1:2:1 (3S, 3S), (3R,
3S), and (3R, 3R), respectively.

Mechanism of action of astaxanthin

Astaxanthin helps in neutralizing free radicals (nitrogen, sulphur,
carbon and oxygen free radical) either by donating electrons to
unpaired electrons or by quenching of unpaired electrons.
Astaxanthin binds with free radical to form unreactive compound
and help in quenching electron out of membrane (Figure 2) and
resisting it from converting into pro-oxidant molecule.

Lipophilic back bone
I

Pharmacokinetics of Astaxanthin

Astaxanthin is carotenoid xanthophyll compound, is absorbed
into body comparable to lipids and conveyed via lymphatic
system (Figure 3). It get incorporated with lipoproteins and
reaches tissues (Rao et al. 2013). Astaxanthin is a fat soluble
compound, with enhanced absorption when supplemented along
oils in diet. Absorption of astaxanthin also depends on associated
dietary components. Bioavailability of astaxanthin in humans
was improved when given with lipid-based diets, high levels of
carotenes gets solubilized in the oil phase of the food matrix
which can lead to better absorption (Olson, 2004; Rao etal. 2013).
Laraetal. (2007) also stated that combination of astaxanthin and
fish oil showed summative effect which contributed to improved
immune response in wistar rats.

Biological Activity of Astaxanthin

Astaxanthin exhibited higher bioactivity than other antioxidants,
since it could attach from inside to outside with cell membrane
(Yuan et al. 2011). Astaxanthin is used as a nutrient in aquatic
animals and as a pigmentation of broilers and egg yolk in the
poultry industry (Cyanotech, 2000). Astaxanthin products are
used as tablets, capsules, syrups, oils, soft gels, creams, biomass
and granular powders for commercial applications in
nutraceuticals. It acts as potent antioxidant, used as a dietary
supplement to treat cardiovascular and neurodegenerative

Ketone

Hydrophilic polar end

ASTAXANTHIN (C,,Hs,0,)

Hydrophilic polar end

Fig. 1 Chemical structure of Astaxanthin, Molecular formula - C, H_,O, and Molar mass - 596.84 g/mol (Higuera-Ciapara et al. 2006)

Role of astaxanthin in molecular system (Biswal, 2014)

Quenching of singlet oxygen

Reduces free radical concentration

Removing of radicals

Inhibiting lipid peroxidation

Regulation of gene expression

Acts as COX-2 inhibitor

Inhibits enzyme activity of iNOS

Reduces C-reactive protein (CRP),
Suppresses inflammatory gene expression
Suppresses inflammatory agents
Anti-androgen effects

Prevent chain reactions
Membrane structure is maintained
Improvement of immune system
Reduces inflammation
Reduces nitric oxide level
Decreases systemic inflammation

Subduing of NF-kappa Beta activation and I(kappa)B

Prostaglandin E2, IL-10, TNFalfa
Inhibition of enzyme 5-a-reductase
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Fig. 2: Presence of astaxanthin in cell membrane (Pashkow et al. 2008)
Table 1 Different forms of astaxanthin
Source of astaxanthin Different forms Reference

Antarctic krill (Euphausia superba)

3R, 32 R - occurs as the esterified form

(Fossetal. 1987)

[Hussein et al. 2006]

Wild Atlantic salmon 38, 32 S occurs as the free form
Haematococcus pluvialis (3S, 32 S) - occurs as the stereoisomer form
Xanthophyllomyces (3R, 32 R) - occurs as the stereoisomer form
dendrorhous

disorders, acts as anticancer agent, prevents diabetes, and
stimulates immune system. It is used as a feed additive in
combating adverse effect of heat stress in bovines (Table 2).

Astaxanthin as a potent antioxidant

Astaxanthin is known as “king of carotenoids” or “supervitamin
E” (Panetal. 2003). It is having both direct and indirect antioxidant
actions. Directly scavenges free oxygen radicals to stop chain
reactions involved in oxidative damage and indirectly activates
enzymes of antioxidant defence system (Buesen et al. 2015).
Astaxanthin’s ability to penetrate biological membranes with a
defensive effect of lipid peroxidation within and outside of the
cell membrane is one of its main features (Goto et al. 2001).
Antioxidant strength of astaxanthin is 10 times more than
zeaxanthin, lutein, canthaxanthin, B-carotene and 100 times greater
than a-tocopherol and reported that many of carotenoid
antioxidants like lycopene and zeaxanthin, or vitamins C and E
under certain conditions become pro-oxidants but astaxnthin
never turns into a pro-oxidant (Miki, 1991). Several in- vitro
(Speranza et al. 2012) and in-vivo studies (Lee et al. 2011; Augusti
etal. 2012) demonstrated antioxidant activity of astaxanthin.

Astaxanthin increases the activity of antioxidant enzymes (SOD,
Catalase, GPx) considerably in astaxanthin treated LS-180 cell
line (Hormozi et al. 2019) and in rats supplemented with
astaxanthin orally (Rao et al. 2013). Yang (2011) reported that
astaxanthin is capable of restoring the activity of non-enzymatic
antioxidants such as GSH, vitamins C and E and other antioxidant

enzymes. Dietary supplementation of astaxanthin can provide
antioxidant protection for cells and used in preventing
atherosclerotic cardiovascular disease (Pashkow et al. 2008). It is
considered as one of the potent antioxidant, as it increases the
activity antioxidant enzymes (Choi et al. 2002). Increased
expression of caspase 3 and Bax, which showed its anti-
proliferative effects in the LS-180 cell line (Tang et al. 2018;
Hormozi et al. 2019). Astaxanthin enhances liver function, upturns
the potential for defence against oxidative stress and influences
on mechanisms of biodefense significantly (Amar et al. 2001).

Astaxanthin has been used as dietary supplement in ameliorating
adverse effect of oxidative stress in bovines in hot humid and
hot dry season. Beneficial impact of astaxanthin supplementing
in murrah buffaloes (Priyadarshini, 2017) and in Tharparkar and
Karan Fries heifers (Kumar, 2018) helped to preventing adverse
effects of summer stress and improved antioxidant defence system
during the summer season. Higher levels of TAC in astaxanthin
supplemented heifers helped in reducing the generation of singlet
radicals during oxidative stress conditions. Decreased levels of
TBARS and lipid peroxidation in treatment group indicated
decreased levels of stress in heifers and potent antioxidant
activity of astaxnthin in heifers (Kumar and Singh, 2020).
Astaxanthin is able to ameliorate adverse effects of oxidative
stress in lactating buffaloes by decreasing cortisol and other
stress markers in supplemented group (Somagond et al. 2019).
Dietary supplementation of astaxanthin during harsh climatic
conditions makes animals more heat tolerant and resilient.
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Table 2 Use of astaxanthin in bovines

Animal Dosage Effects of astaxanthin Reference
Karan Fries 0.25mg/kg e Improved the semen quality during Soren et al. (2017)
bulls BW/day/animal summer season Soren and Singh (2018)
Pregnant Ilmg/kg body e Elevated corpus luteal (CL) function. Kamada et al. (2017)
dairy cows weight
Murrah 0.25mg/kg e Inhibited the level of inflammatory Priyadarshini and
buffaloes BW/day/animal cytokines by blocking NF-xB Aggarwal, (2018)
(pre and activation
postpartum e Improved the milk production
Murrah performance of animal
buffaloes)
Karan Fries 0.25mg/kg e Higher weight gain and early Kumar and Singh (2020).
and BW/day/animal attainment of puberty during summer
Tharparkar season
heifers e Improved the antioxidant status,

immunity, growth rate and decreased

rate of cell death
Lactating 0.25mg/kg e Increased milk yield by 5.39% by Somagond et al. (2019)
Murrah BW/day/animal astaxanthin supplementation alone and Somagond et al.
Buffaloes and 15.6% by combination of (2020)

astaxanthin + prill fat

e Reduced physiological responses and
stress indicators levels during summer

stress

Anti-inflammatory and immunomodulatory action of
astaxanthin

Astaxanthin is an effective antioxidant for terminating
inflammation in biological systems. Several studies reported that
astaxanthin mainly of marine origin showed its potent antioxidant
and anti-inflammatory action (Fassett and Coombes, 2011). There
was significant decrease in infection and gastric inflammatory
conditions in H. pylori-infected mice when they are treated with
algal cell extracts containing astaxanthin (Liu and Lee, 2003).
Anti-inflammatory effects of astaxanthin shown through through
inhibiting the expression genes like inducible NO synthase
(INOS), cyclooxygenase-2, tumor necrosis factor-alpha (TNF-
alpha), and interleukin-1beta (IL-1beta) involved in pro-
inflammatory and blocking of NF-kappa B activation and reduced
inflammatory mediators. Treatment with astaxanthin helps in
reducing the secretion of pro-inflammatory cytokines from NF-
kB transcription factor by ROS induced production in H,O,-
stimulated mononuclear U937 cells (Speranza et al. 2012).

Astaxanthin is also involved in decreasing expression of Bcl2
genes and increases the expression of Caspase 3 and Bax genes,
thereby, inhibiting the cells growth and proliferation and inducing
apoptosis of cancer cells. So it was said that astaxanthin is also
involved treating and prevention of cancers and strengthening
the immune system in humans (Pashkow et al. 2008). Similarly
Priyadarshini and Aggarwal (2018) reported dietary

1 Astaxanthin in feed [

L 4
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¥
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and transported into the tissues

Fig. 3 Pharmacokinetics of astaxanthin (Olson, 2004)

supplementation of astaxnthin in Murrah buffaloes prevented
expression of genes involved in pro-inflammatory reactions, as a
result of suppressing activation of NF kB and decreased level of
inflammatory mediators. Kumar and Singh (2019) revealed that
impact of heat stress was ameliorated in Karan Fries and
Tharparkar heifers through NF-kB down regulation, which
regulated the expression of genes involved in inflammatory
reactions and quenching of free radicals. There were lower
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cortisol levels in astaxanthin supplemented groups which showed
heat stress alleviation effect during summer season.

In contrast to B-carotene and vitamin E, astaxanthin displayed
greater immunomodulatory effects in mouse model (Jyonouchi,
1991). Studies in crustaceans, mainly on shrimp astaxanthin helped
in improving immune response and increases tolerance to stress
(Darachai et al. 1999). Dietary supplementation of astaxanthin
increased antibody production and helped in restoring humoral
immune response in older mice (Jyonouchi, 1991). Park et al. (2010)
reported that astaxanthin acts as antiviral agent which is involved
in enhancing natural killer cells activity, there by destroying virus
infected cells. Dietary supplementation of astaxanthin in Murrah
buffaloes increased the amount of IgG levels, which could
neutralise reactive oxygen species and protected immune cells
from lipid peroxidation (Priyadarshini and Aggarwal, 2018).

Astaxanthin in reproductive health of animals
Effect on female reproduction

Despite the fact that astaxanthin is solemnly used for
pigmentation and as potent antioxidant, it has many other uses
relating to reproduction in fish, i.e., hastening of sexual maturity,
improvement in fertilization, survival of eggs and better
development of embryos (Putman, 1992). Negative effects of heat
stress on in vitro embryo production in summer season can be
ameliorated by dietary supplementation of astaxanthin. It helps
in restoring reproductive performance of dairy cows exposed to
heat stress through regulation oxygen free radicals and antioxidant
enzymes in oocytes and cumulus-oocyte complexes (Ispada et
al. 2018). Young et al. (1995) described that by dietary
supplementation of astaxanthin derived from Haematococcus
pluvialis was sufficient to elicit its antioxidant effect by
detoxification of accumulated peroxides and improving ovary
functions. Dietary supplementation of astaxanthin showed
increase in corpora lutea (CL), implant sites and foetuses, thereby,
decreasing abortion in Minks (Hansen et al. 2001). The addition
of astaxanthin to the culture medium help in development of
early bovine embryos in culture medium by ameliorating adverse
effect of heat stress. In addition, astaxanthin promotes embryonic
development during heat stress condition by altering expression
genes related to stress (SHC1 and SOD2) (Namekawa et al. 2010).
Addition of astaxanthin to maturation medium (0.5 ppm) improved
growth and maturation of porcine oocyte and also increased the
number of oocytes reaching metaphase II and considerably
reduced apoptosis of oocytes exposed to H,0, during in vitro
maturation (IVM) (Do etal. 2015). Jang et al. (2010) revealed that
addition of astaxanthin enhanced the growth of cultured embryos
in bovine oviduct epithelial cells. Kuroki et al. (2013) also reported
that astaxanthin supplementation during IVM enhanced
mitochondrial membrane potential, which can help in rescuing
oocyte from ROS generated due to heat induction.

Effect on male reproduction

In astaxanthin supplemented group of goldfish (Carassius
auratus), higher sperm motility and fertilization rate was reported
by Tizkar et al. (2015). Astaxanthin supplementation to human
patient showed positive effect on sperm cells by decreasing the
ROS and secretion of inhibin B, hence improving sperm quality
and its function and increased conception rates or fertility
(Combhaire, 2005). Concentrations of 2uM and 4uM of astaxanthin
appeared to be successful dose to increase sperm potency during
oxidative stress conditions (Salamon and Maxwell, 2000).
Astaxanthin treatment in male mice greatly improved weight of
testis and sperm morphological characteristics. Astaxanthin was
able to restore sperm DNA damage because of generation of
ROS in Cyclophosphamide (CP) induced toxicity. It also indicated
germ cell protection of astaxanthin against chemo toxicity
(Tripathi and Jena, 2008). Astaxanthin fed rats have shown a
substantial reduction in ROS production in semen and improved
male fertility (Mortazavi et al. 2014). Semen extender added with
astaxanthin helped in improving the sperm quality and function
of ram by reducing of malondialdehyde and ROS during storage
(Fangetal. 2015) and bull (Farzan et al. 2014, Soren et al. 2017)
semen at 5 °C for 72 hours. During production of miniature pig
semen straw, adding of astaxanthin to frozen storage solutions,
prevented damages during freeze-thawing process and
maintained quality of sperms and improved fertility rate (Lee and
Kim, 2018).

Kumar and Singh (2020) revealed that dietary supplementation
of astaxanthin to Karan Fries and Sahiwal heifers helped in
increasing level of growth hormone (GH), conservation of energy,
increased growth performance and early attainment of puberty
in supplemented group. Holstein bulls supplemented with
astaxanthin enhanced the sperm progressive motility and reduced
the lipid peroxidation rate in semen (Farzan et al. 2014). Addition
of astaxanthin (0.25mg/kg body weight) revealed low level of
antioxidant enzymes in semen, indicating positive effect on semen
quality in Karan Fries bulls in heat stress conditions (Soren et al.
2017). Dietary Supplementation of astaxanthin in summer to
crossbred (Karan Fries) bulls improved the quality of semen by
improving antioxidant activity, which was indicated by decreased
malondialdehyde concentration and higher expression of
mitochondrial gene in spermatozoa like, mitochondrial
transcriptions factor A (TFAM), citrate synthases (CS) and
succinate dehydrogenase (SDH),. Supplementation with
astaxanthin also enhanced semen quality parameters (volume,
motility, concentration, and acrosome integrity) and reduced major
abnormalities in semen over non supplemented bulls. Therefore,
astaxanthin supplementation can be used as one of strategies in
improving semen quality of crossbred bulls and amelioration of
adverse effect of heat stress was suggested by Soren and Singh
(2018).
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Astaxanthin which acts as a potent antioxidant helps in
amelioration of adverse effect of heat stress and improving
productive performance of animals. Kumar and Singh (2020)
reported astaxanthin supplementation in diets of heifers helped
in improvement of growth, immunity, which subsequently leads
to early attainment of puberty and increased productive life of
cattle. Astaxanthin supplementation along with prill fat was able
to maintain body condition and health status of buffaloes by
mitigating adverse effect during summer season (Somagond et
al. 2020). Priyadarshni (2017) revealed that astaxanthin
supplementation enhanced immunity and lowered stress marker
levels in Murrah buffaloes and improved reproductive health
and milk yield by 7% during heat stress condition. There was
5.39% and 15.6% increase in milk yield in astaxanthin and
astaxanthin in combination with prill fat fed groups of buffaloes
over control group, respectively during summer season
(Somagond et al. 2019).

Conclusion

Astaxanthin as a feed additive helps in amelioration of adverse
effects of heat stress, acts as anti-inflammatory, improves
immunity, reduces stress levels in bovines. Therefore, astaxanthin
can be used as an important feed additive to combat the adverse
effect of climate change/ stress and for improving production
performance of animals during adverse climatic conditions.

References

Amar EC, Kiron V, Satoh S, Watanabe T (2001) Influence of various
dietary synthetic carotenoids on bio defence mechanisms in rainbow
trout, Oncorhynchus mykiss (Walbaum). Aquac Res 32: 162-173

Ambati RR, Phang SM, Ravi S, Aswathanarayana, RG (2014) Astaxanthin:
sources, extraction, stability, biological activities and its commercial
applications - a review. Mar Drugs 12: 128-152

Augusti PR, Quatrin A, Somacal S, Conterato GM, Sobieski R, Ruviaro AR,
and Emanuelli T (2012) Astaxanthin prevents changes in the
activities of thioredoxin reductase and paraoxonase in
hypercholesterolemic rabbits. J Clin Biochem Nutr 51: 42-49

Biswal S (2014) Oxidative stress and astaxanthin: The novel supernutrient
carotenoid. Int J Res Health Allied Sci 3: 147

Buesen R, Schulte S, Strauss V, Treumann S, Becker M, Groters S, Van
Ravenzwaay B (2015) Safety assessment of [3S, 32 S]-astaxanthin—
Subchronic toxicity study in rats. Food Chem Toxicol 81:129-136

Choi YE, Yun YS, Park JM (2002) Evaluation of factors promoting
astaxanthin production by a unicellular green alga, Haematococcus
pluvialis, with fractional factorial design. Biotechnol Prog 18: 1170-
1175

Combhaire FH, Garem YE, Mahmoud A, Eertmans F, Schoonjans FRANK
(2005) Combined conventional/antioxidant “Astaxanthin”
treatment for male infertility: a double blind, randomized trial. Asian
J Androl 7: 257-262

Cyanotech 2000 NatuRose®. Available at www.cyanotech.com/ html/asta/
natu/naturose.html [accessed 12 December 2007]

Darachai J, Piyatiratitivorakul S, Menasveta P (1999) Effect of astaxanthin
on growth and survival of Penaeus monodon larvae. In Proceedings
of the 37th Kasetsart University Annual Conference 36-41

Do LTK, Luu VV, Morita Y, Taniguchi M, Nii M, Peter AT, Otoi T (2015)
Astaxanthin present in the maturation medium reduces negative

effects of heat shock on the developmental competence of porcine
oocytes. Reprod Biol 15: 86-93

Fang YI, Zhong R, Chen L, Feng C, Sun H, Zhou D (2015) Effects of
astaxanthin supplementation on the sperm quality and antioxidant
capacity of ram semen during liquid storage. Small Rumin Res 130:
178-182

Farzan M, Chamani M, Varnaseri H (2014) The antioxidant effect of
astaxanthin on quantitative and qualitative parameters of bull
sperm. Indian Journal of Foundamental and Applied Life Sciences 4:
425-430

Fassett RG, Coombes JS (2011) Astaxanthin: a potential therapeutic agent
in cardiovascular disease. Mar Drugs 9(3): 447-465

Foss P, Renstrom B, Liaaen-Jensen S (1987) Natural occurrence of
enantiomeric and Meso astaxanthin 7"-crustaceans including
zooplankton. Comp Biochem Physiol B 86: 313-314

Goto S, Kogure K, Abe K, Kimata Y, Kitahama K, Yamashita E, Terada H
(2001) Efficient radical trapping at the surface and inside the
phospholipid membrane is responsible for highly potent
antiperoxidative activity of the carotenoid astaxanthin. Biochim
Biophys Acta Biomembr 1512: 251-258

Guerin M (2001) Pigmentation of red seabream with natural astaxanthin
derived from the alga Haematococcus pluvialis: comparison with
synthetic astaxanthin. In Aquaculture 2001 conference, Lake Buena
Vista, Florida, January 2001. World Aquaculture Society

Guerin M, Huntley ME, Olaizola M (2003) Haematococcus astaxanthin:
applications for human health and nutrition. Trends Biotechnol 21:
210-216

Hansen KB, Tauson AH, Inborr J (2001) Effect of supplementation with
the antioxidant astaxanthin on reproduction, pre-weaning growth
performance of kits and daily milk intake in mink. J Reprod Fertil
Suppl 57: 331-334

Higuera-Ciapara I, Felix-Valenzuela L, Goycoolea FM (2006) Astaxanthin:
areview of its chemistry and applications. Crit Rev Food Sci Nutr 46:
185-196

Holtin K, Kuehnle M, Rehbein J, Schuler P, Nicholson G, Albert K (2009)
Determination of astaxanthin and astaxanthin esters in the
microalgae Haematococcus pluvialis by LC-(APCI) MS and
characterization of predominant carotenoid isomers by NMR
spectroscopy. Anal Bioanal Chem 395: 1613

Hormozi M, Ghoreishi S, Baharvand P (2019) Astaxanthin induces
apoptosis and increases activity of antioxidant enzymes in LS-180
cells. Artif Cells Nanomed Biotechnol 47: 891-895

Hussein G, Sankawa U, Goto H, Matsumoto K, Watanabe H (2006)
Astaxanthin, a carotenoid with potential in human health and
nutrition. J. Nat. Prod 69: 443-449

Ispada J, Rodrigues TA, Risolia PHB, Lima RS, Gongalves DR, Rettori D,
Paula-Lopes FF (2018) Astaxanthin counteracts the effects of heat
shock on the maturation of bovine oocytes. Reprod Fert Dev 30:
1169-1179

Jang HY, Ji S J Kim, YH Lee, HY Shin, JS, Cheong HT, Yang BK (2010)
Antioxidative effects of astaxanthin against nitric oxide induced
oxidative stress on cell viability and gene expression in bovine oviduct
epithelial cell and the developmental competence of bovine IVM/
IVF embryos. Reprod Domest Anim 45: 967-974

Jyonouchi H, Hill RJ, Tomita Y, Good RA (1991) Studies of
immunomodulating actions of carotenoids. 1. Effects of B carotene
and astaxanthin on murine lymphocyte functions and cell surface
marker expression in in vitro culture system. Nutr Cancer 16: 93-
105

Kamada H, Akagi S, Watanabe S (2017) Astaxanthin increases progesterone
production in cultured bovine luteal cells. J Vet Med Sci 17-0044

Kumar S (2018) Influence of astaxanthin supplementation on growth
performance, immunity and antioxidant status in heifers during



Indian J Dairy Sci 74(1): 1-7

summer season (Doctoral dissertation, National Dairy Research
Institute, Karnal)

Kumar S, Singh SV (2019) Inhibition of NF-xB signaling pathway by
astaxanthin supplementation for prevention of heat stress—induced
inflammatory changes and apoptosis in Karan Fries heifers. Trop
Anim Health Pro 51: 1125-1134

Kumar S, Singh SV (2020) Influence of astaxanthin supplementation on
attainment of puberty and lipid peroxidation in Sahiwal and Karan
Fries (Holsteinx Tharparkar) heifers during summer season. Biol
Rhythm Res 51: 15-28

Kuroki T, Tkeda S, Okada T, Maoka T, Kitamura A, Sugimoto M, Kume S
(2013) Astaxanthin ameliorates heat stress-induced impairment of
blastocyst development /n Vitro:—astaxanthin colocalization with
and action on mitochondria. J Assist Reprod Gen 30: 623-631

Lara JJ, Economou M, Wallace AM, Rumley A, Lowe G, Slater C, Lean ME
(2007) Benefits of salmon eating on traditional and novel vascular
risk factors in young, non-obese healthy subjects. Atherosclerosis
193: 213-221

Lee DH, Kim CS, Lee YJ (2011) Astaxanthin protects against MPTP/
MPP+-induced mitochondrial dysfunction and ROS production in
vivo and in vitro. "Food Chem. Toxicol 49: 271-280

Lee E, Kim D (2018) Effects of astaxanthin on miniature pig sperm

cryopreservation. Biomed Res Int. doi.org/10.1111/and.13389.

Liu BH, Lee YK (2003). Effect of total secondary carotenoids extracts
from Chlorococcum sp. on Helicobacter pylori-infected BALB/c
mice. Int Immunopharmacol 3: 979-986.

Liu X, Osawa T (2007) Cis astaxanthin and especially 9-cis astaxanthin
exhibits a higher antioxidant activity in vitro compared to the all-
trans isomer. Biochem Biophys Res Commun 357: 187-193

McNulty H, Jacob RF, Mason RP (2008) Biologic activity of carotenoids
related to distinct membrane physicochemical interactions. Am J
Cardiol 101: S20-S29

Miki W (1991) Biological functions and activities of animal
carotenoids. Pure Appl Chem 63: 141-146

Mortazavi M, Salehi I, Alizadeh Z, Vahabian M and Roushandeh AM (2014)
Protective effects of antioxidants on sperm parameters and
seminiferous tubules epithelium in high fat-fed rats. J Reprod
Infertil 15: 22

Naguib YM (2000) Antioxidant activities of astaxanthin and related
carotenoids. J Agric Food Chem 48: 1150-1154

Namekawa T, Ikeda S,Sugimoto M, Kume S (2010) Effects of astaxanthin
containing oil on development and stress related gene expression of
bovine embryos exposed to heat stress. Reprod Domest Anim 45(6):
e387-e¢391

Olson J A (2004) Carotenoids: absorption, transport, and metabolism of
carotenoids in humans. Pure Appl Chem 66: 1011-1016

Pan CH, Chien YH, Hunter B (2003) The resistance to ammonia stress of
Penaeus monodon, Fabricius juvenile fed diets supplemented with
astaxanthin. J Exp Mar Biol Ecol 297: 107-118

Park JS, Chyun JH, Kim YK, Line LL, Chew BP (2010) Astaxanthin
decreased oxidative stress and inflammation and enhanced immune
response in humans. Nutr. Metab 7: 18

Pashkow FJ, Watumull DG, Campbell CL (2008) Astaxanthin: a novel
potential treatment for oxidative stress and inflammation in
cardiovascular disease. Am J Cardiol 101: 58-S68

Priyadarshini L (2017) Immunity, antioxidant, energy status and
production  performance in pre and post-partum Murrah buffaloes
during summer and winter seasons (Doctoral dissertation, National
Dairy Research Institute; Karnal)

Priyadarshini L, Aggarwal A (2018) Astaxanthin inhibits cytokines
production and inflammatory gene expression by suppressing IxkB

kinase-dependent nuclear factor kB activation in pre and postpartum
Murrah buffaloes during different seasons. Vet World 11: 782

Putman M (1992) A review of the nature, function, variability, and supply
of pigments in salmonid fish. EAS Special Publication

Rao AR, Sindhuja HN, Dharmesh SM, Sankar KU, Sarada R, Ravishankar
GA (2013) Effective inhibition of skin cancer, tyrosinase, and
antioxidative properties by astaxanthin and astaxanthin esters from
the green alga Haematococcus pluvialis. yJ Agric Food Chem 61:
3842-3851

Salamon S, Maxwell WMC (2000) Storage of ram semen. Anim. Reprod
Sci 62: 77-111

Sandmann G (1994) Carotenoid biosynthesis in microorganisms and plants.
In EJB Reviews. Springer, Berlin, Heidelberg 129-146

Somagond YM, Singh S, Deshpande A, Sheoran P, Chahal VP (2020)
Physiological responses, energy metabolites and prolactin levels of
buffaloes supplemented with dietary astaxanthin, prill fat and their
combination during heat stress. Indian J Anim Sci 90: 55-60

Somagond YM, Singh SV, Deshpande A (2019) Effect of dietary
supplementation of astaxanthin, prill fat and combination on stress
indicators, milk yield and composition during heat stress in
buffaloes. Biol Rhythm Res 1-11.doi.org/10.1080/
09291016.2019.1658426

Soren S, Singh SV (2018) Semen quality, lipid peroxidation and expression
of mitochondrial gene in ejaculated sperm of Karan Fries (Tharparkar
x Holstein Friesian) bulls supplemented with astaxanthin. Indian J
Anim Sci 88: 1346-1352

Soren S, Singh SV, Kumar S (2017) Effect of astaxanthin supplementation
on semen (Karan Fries Bulls) storage at 5 C. Int J Curr Microbiol
Appl Sci 6: 23-28

Speranza, L, Pesce M, Patruno A, Franceschelli S, Lutiis MAD, Grilli A,
Felaco M (2012) Astaxanthin treatment reduced oxidative induced
pro-inflammatory cytokines secretion in U937: SHP-1 as a novel
biological target. Mar Drugs 10: 890-899

Stahl W, Sies H (2005) Bioactivity and protective effects of natural
carotenoids. Biochim Biophys Acta Mol Basis Dis 1740: 101-107

Takaichi S, Matsui K, Nakamura M, Muramatsu M, Hanada S (2003) Fatty
acids of astaxanthin esters in krill determined by mild mass
spectrometry. Comp Biochem Physiol B Biochem Mol Biol 136:
317-322

Tang X, Liu B, Wang X, Yu Q, Fang R (2018) Epidermal growth factor,
through alleviating oxidative stress, protect IPEC-J2 cells from
lipopolysaccharides-induced apoptosis. Int J Mol Sci 19: 848

Tizkar B, Kazemi R, Alipour A, Seidavi A, Naseralavi G, Ponce-Palafox JT
(2015) Effects of dietary supplementation with astaxanthin and B-
carotene on the semen quality of goldfish (Carassius
auratus). Theriogenology 84: 1111-1117

Tripathi DN, Jena GB (2008) Astaxanthin inhibits cytotoxic and genotoxic
effects of cyclophosphamide in mice germ cells. Toxicology 248:
96-103

Yang Y, Seo JM, Nguyen A, Pham TX, Park HJ, Park Y, Lee J (2011)
Astaxanthin-rich extract from the green alga Haematococcus
pluvialis lowers plasma lipid concentrations and enhances
antioxidant defense in apolipoprotein E knockout mice. J Nutr 141:
1611-1617

Young FM, Luderer WB, Rodgers RJ (1995) The antioxidant B-carotene
prevents covalent cross-linking between cholesterol side-chain
cleavage cytochrome P450 and its electron donor, adrenodoxin, in
bovine luteal cells. Mol Cell Endocrinol 109: 113-118

Yuan JP, Peng J, Yin K, Wang JH (2011) Potential health promoting
effects of astaxanthin: A high value carotenoid mostly from
microalgae. Mol Nutr Food Res 55: 150-165



Indian J Dairy Sci 74(1): 8-17
https://doi.org/10.33785/1JDS.2021.v74i01.002

RESEARCH ARTICLE

Heat stability of high-protein ultrafiltration retentate: Effect of concentration

factor and stabilizing salts

Ganga Sahay Meena!, Ashish Kumar Singh!, Vijay Kumar Gupta', Harleen Kaur Gujral > and Rashmeet Kaur Malhotra®

Received: 05 October 2020 / Accepted: 20 November 2020 / Published online: 28 February 2021

© Indian Dairy Association (India) 2021

Abstract: Pasteurized cow skim milk (PCSM, 1x) was
concentrated using ultrafiltration (UF) from 2 x-7 x concentration
factor (CF) to obtain retentates with different protein to total
solids (TS) ratio. Alteration in chemical make-up led to poor
thermal stability in UF retentates. Therefore, this study was
aimed to investigate the changes in permeate flux, chemical
composition, pH, viscosity and heat coagulation time (HCT) of
UF/DF retentates as a function of CF. Impact of high-shear (20,000
rpm/ 5 min), diafiltration (DF) with 150mM NaCl solution and
stabilizing salts on HCT of high-protein 7xUF retentates were
also evaluated. With increase in CF; TS, protein, fat, ash, calcium
contents and viscosity increased significantly (p<0.05), while
permeate flux, lactose content, pH and HCT of retentates
significantly decreased (p<0.05). Poor HCT (1 min) of 7xUF
retentate was significantly increased (p<0.05) up to 60 min by
addition of stabilizing salts (NaH PO,, Na,HPO,andNa,C . H.O.).
Correlation was established between chemical constituents, pH,
viscosity, HCT, permeate flux and concentration factor. Overall,
this investigation established that identification of correct
stabilizing salts via HCT-pH curve of PCSM and their appropriate
addition converted thermally unstable (poor HCT) high-protein
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(7% UF) retentates to thermally stable product. Hence, they could
be now explored in number of food applications.

Keywords: Diafiltration, Heat stability, Protein concentration,
Stabilizing salts, Ultrafiltration, Viscosity

Introduction

Membrane processing had enabled the dairy sector to separate,
fractionate, concentrate and purify milk proteins without applying
harsh conditions related to temperature and pH. Ultrafiltration
(UF) is a well-established, pressure-driven membrane process
that finds maximum use in dairy industry for concentration and
purification milk proteins. At a particular temperature, a part of
water soluble milk constituents (such as lactose, vitamins and
minerals) are selectively allowed to pass through UF membrane
into permeate under the influence of applied trans-membrane
pressure (TMP) and membrane molecular weight cut off (MWCO).
Contrary to this, water insoluble/ colloidal (fat, calcium and
protein) milk compounds are rejected by UF membrane based on
their size, shape, charge and MWCO and further concentrated in
UF retentate with increase in concentration factor. Concentration
factor is the ratio of initial weight or volume of feed to final weight
or volume of retentate (Meena etal. 2016). At similar TS level, the
chemical composition of concentrates produced by either reverse
osmosis (RO) or by multiple effect evaporation was different
than that of UF retentate (Meena et al. 2016). Diafiltration (DF) is
accomplished in the same UF plant to increase protein purity
which is otherwise not possible with UF process alone. Thus,
both UF and DF process causes alteration in chemical
composition of UF/DF retentates and the same is responsible for
different physico-chemical, rheological and functional
characteristics of those retentates compared to that of
concentrated milks.

Heat coagulation time (HCT) also known as thermal stability is
very important functional property of liquid and concentrated
milks. During high-heat processing of milks, it plays a prominent
role. Singh (2004) defined HCT as the resistance (as time in
minutes) shown by liquid and concentrated milks prior to onset
of their heat induced coagulation at 140°C and 120 or 130°C,
respectively. Chemical composition, more precisely protein and
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calcium contents, pH and salt balance ratio have major influence
on HCT of'liquid and concentrated milks. HCT is mainly governed
by stability of their milk proteins. As per Solanki and Gupta (2009),
even slight change in delicate salt balance of milk, resulted from
any process or additives, have major influence on their thermal
stability.

HCT of liquid and concentrated milks (manufactured using
multiple effect evaporators) has been mostly targeted in scientific
investigations. Contrary to conventionally concentrated milks
(maximum HCT between 6.4-6.6 pH), at similar protein or TS levels,
UF and DF retentates exhibited entirely different HCT-pH profile.
This was collectively governed by the extent of protein
concentration, change in pH and alteration in delicate ionic
equilibrium between serum and micellar proteins during skim milk
concentration in UF/DF processes (Holt et al. 1981). Apart from
intrinsic and extrinsic factor (Singh 1995), HCT of concentrated
milks was also influenced by composition of salts (Sweetsur and
Muir 1980) and beta lactoglobulin (B-Lg) as they showed inverse
correlation with HCT (Muir and Sweetsur 1978). Singh and
Creamer (1992) found liquid milks were more heat stable than
concentrated milks on entire pH range.

Sweetsur and Muir (1980) evaluated the impact of pre-heating
(90°C/10 min) treatment and observed that it caused slight
increase in HCT of UF retentate, while doubled the HCT of
ordinary produced concentrated milk. Partial removal of calcium
from liquid or concentrated milks tend to increase their thermal
stability. Ozimek et al (1988) observed non-significant differences
between HCT of fresh and a week old samples of UF retentate. It
was demonstrated in our earlier investigation that stabilizing salts
significantly (P<0.01) improved the HCT of homogenized 5% UF
retentate from 1.45 min (pH 6.41) to 120 min (at pH 6.5, 6.6, 7.0)
and 80 min (pH 6.6), respectively (Meena et al. 2016). However,
such studies have not been so far conducted on highly
concentrated (such as 7x UF/DF) retentates containing higher
protein to TS ratio.

UF retentate acts as raw material or an ingredient during
production of high-protein milks, dahi/curd (Meena et al. 2016),
yoghurt (Yadav et al. 2018), dairy whiteners (Khatker et al. 2012)
and milk protein concentrate (MPC) powders with different
protein contents (Meena et al. 2017b). High-protein beverages
which are preserved by conventional sterilization or ultra-high
temperature treatments demands better thermal stability in high-
protein liquid (retentates) and dried (MPC powders) ingredients
(Meena et al. 2017a). Practically, proteins present in skim milk are
concentrated using UF to achieve 0.60 protein to TS ratio in UF
retentate. Its further purification with DF is necessary to obtain
higher (>0.60) protein to TS ratio. Indeed, degree of protein
concentration is directly proportional to increase in TS and
calcium contents of UF/DF retentates which also exert detrimental
effect on their HCT values.

Addition of stabilizing salts in concentrated milks to improve
their heat stability is well- documented and commercially being
explored in production of evaporated milks (Solanki and Gupta,
2009). These findings are not as such applicable on high-protein
(6-7x) UF/DF retentates because of their higher protein and
calcium contents at similar TS levels. Studies dedicated to
improvement in HCT of such retentates are still scanty.

Therefore, present investigation has been aimed (i) to investigate
the changes taking place in chemical composition, pH, viscosity
and HCT of UF/DF retentates as well as in permeate flux as a
function of concentration factor (1x to 7x) and (ii) to evaluate the
impact of high-shear treatment (20,000 rpm/ 5 min) and stabilizing
salts such as monosodium phosphate (MSP-NaH,PO,), disodium
phosphate (DSP-Na HPO,) and trisodium citrate (TSC-
Na,CH,O,) on HCT of high-protein 7x UF/DF retentates.

Materials and Methods
Materials

Fresh cow milk of morning shift was obtained from cattle yard at
Experimental Dairy of ICAR-national Dairy Research Institute
(ICAR-NDRI), Karnal; it was heated to 40+£1°C, centrifugally
separated and, pasteurized at 73+£1°C/15s using a commercial scale
milk pasteurizer (make-GEA Westfalia, capacity-10 KLPH). This
pasteurized cow skim milk (PCSM) was collected in pre-sterilized
stainless steel (SS) cans. All the chemicals used in present
investigation were of analytical grade and procured from Sigma-
Aldrich, (St. Louis, MO, US). Pre-serialized borosilicate glass
bottles (make- BOROSIL®, capacity- 1000 mL) were used for the
purpose of sample collection. For calcium estimation, only acid
wash glassware were used.

Methods

Manufacturing of UF retentates (UFR) via concentration of
PCSM

The SS cans containing PCSM were partially immersed in hot
water, stored in a cheese vat at 80+£1°C. For better heat transfer,
PCSM was slowly stirred using a pre-sterilized SS plunger.
Thereafter, this pre-heated PCSM was filtered through a clean
muslin cloth and poured in the balance tank of a pilot scale UF
plant (make- Tech Sep, France), equipped with a tubular heat
exchanger, retentate and permeate flow meters, thermometer and
different pressure gauges. This plant was also equipped with
two tubular membrane modules containing total 1.68m? area of
zirconium oxide (mineral) membrane. The MWCO of this UF
membrane was 50 kilo Dalton. Before each run, the UF plant was
properly sanitized and completely drained. Total 300 kg PCSM
was used in each run.

Maintaining constant TMP of 1 bar, PCSM (1x) was concentrated
to 2x, 3%, 4%, 5%, 6% and 7% concentration factors (ratio of initial
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Fig. 1 Manufacturing of ultrafiltration (UF) - diafiltration (DF) retentates from pasteurized cow skim milk (PCSM).

weight of feed to final weight of retentate, usually denoted by x)
in UF plant at a constant temperature (50+£1°C). The weight of
PCSM and permeate samples were determined using an electronic
weighing balance. At any point of time, total weight of permeate
subtracted from total weight of PCSM provided the actual
retentate weight. At each concentration factor, the values of
permeate flux in liter per hour per m?(LMH) were directly recorded
from the permeate flow meter and used to calculate flux mean as
per following equation (St-Gelais et al. 1991).

Flux mean = Final flux + 0.33 x (Initial flux — Final flux)

10

At each concentration factor, representative samples of 1x-7x
UF retentates were collected in pre-sterilized glass bottles. The
7x UF retentate (7x UFR) sample was divided into 3 parts. First
part was treated as control, second part was used to evaluate the
effect of different stabilizing salts while third was further
subjected to diafiltration treatment as mentioned below.

Diafiltration and high-shear treatment of 7x UF retentate

The 150mM NaCl solution was prepared in reverse osmosis (RO)
water and used for the diafiltration of third part of 7xUF retentate
in 1:1 ratio. Diafiltration was accomplished in same pilot scale UF
plant via removal of exactly similar amount of permeate to the
amount of added NaCl solution. The retentate thus produced
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was referred as 7x DF retentate (7x DFR). A part of this was also
subjected to high-shear treatment (20,000 rpm for 5 min) using a
ULTRA-TURRAX®homogenizer (make: Ika, model: T18 digital).
During high-shear treatment, sample temperature was maintained
between 5-10°C by keeping it in an ice bank. In order to keep a
check on microbial growth, NaN, (0.03% w/w) was added in all
samples prior to their refrigerated storage (4+1°C), until their
further analysis.

Chemical analysis and calcium determination

Standard gravimetric methods as reported in Indian standards

(IS: 12333 1997 and IS: 1479 part I11 1961) were used to determine
TS and ash contents of PCSM and all retentate samples. Further,
their crude protein contents were estimated adopting Macro
Kjeldahl Method (IDF 1993) and multiplied with a constant factor
(6.38) to get their actual protein contents. Gerber method (IS:
1224 part 1 1977) was used to obtain fat contents of all these
samples, while following equation was used to determine their
lactose contents, respectively:

Lactose content = [T5 — ( protein content + fat content + ash content)]

The standard AOAC (2005) method was used to determine calcium
content of these samples using an atomic absorption
spectrophotometer (make-Shimadzu; model- AA-7000).

pH measurement and its adjustment by stabilizing salts addition

To measure the pH of PCSM and different UF and DF retentates
at 20+1°C, a Eutech pH meter (make-Thermo Scientific, model-
cyberscan 1100) was used. First of all, pH of PCSM and 7x UF
retentate were adjusted in the range of 6.0 to 7.2 (with a constant
increment of 0.1 unit) using standard 0.1N HCl and 0.1N NaOH
solutions. These pH adjusted PCSM samples were used to
determine its HCT-pH curve (Figure 3.a) that was further explored
to find suitable stabilizing salt (s) for improving the HCT of 7xUFR.
Thereafter, 1.0% (w/v) solutions of NaH PO, (MSP), Na HPO,
(DSP) and Na,C H.O, (TSC) salts were prepared in distilled water
and used to adjust the desired pH of 7<UFR as shown in Figure
3.b. The 0.2-0.5 % mixture of MSP and DSP (2:1 w/w) salts with
and without 0.7% TSC were directly added in 7XUFR in order to
evaluate their effect on HCT via total 11 treatments (T1-T11) as
shown in Table 2. In order to nullify the effect of buffering action
of milk proteins, initially adjusted pH of each sample was re-
checked and re-corrected after constant duration of 1 h at 20+1°C.

Determination of heat coagulation time (HCT)

Under standard test conditions, resistance shown by liquid and
concentrated milk samples prior to onset their thermal coagulation
is called HCT. In this investigation, HCT of PCSM was measured
at 140°C while that of UF/DF retentates was measured at 120°C
adopting the method reported by Khatkar et al. (2014).

11

Measurement of apparent viscosity

A Rheometer (MCR 52, Anton Paar, Germany) equipped with
stainless steel cone plate CP75-1° probe was used to measure
apparent viscosity (now onwards written as viscosity) of PCSM,
UF and DF retentates at a fixed shear rate of 100 per second and
temperature (20°C). Total twenty measurements were recorded
for each sample. The analysis was conducted in triplicate for
each sample.

Statistical analysis

One-way analysis of variance (ANOVA) and Pearson correlation

were employed for statistical analysis of the obtained data using
SAS Enterprise guide (SAS 2008). Using Duncan’s multiple range
test, the mean were compared (Duncan 1955).

Results and Discussion

PCSM concentration by UF and DF: effect on chemical
composition, pH and HCT of UF/DF retentates and permeate
flux

Table 1 shows the change in chemical composition, pH, and HCT
of UF/DF retentates and permeate flux at each concentration factor
(also denoted by “x’) during PCSM concentration by UF process.
Compared to TS, protein and ash contents of PCSM (1x), these
components of all UF (2x-7x) retentates and DF (7xDFR)
retentates were significant different (p<0.05) with each other and
showed a significant increase (p<0.05) with increase in
concentration factor. Similar increasing trend was also observed
in fat contents of these UF retentates. The fat contents of 7<UFR
and 7xDFR were statistically at par (p>0.05) with each other, but
significantly higher (p<0.05) than the fat contents of PCSM and
remaining UF retentates. Over PCSM (1x) sample on dry matter
(DM or TS) basis (Table 1), the protein, fat, ash and calcium
contents of 2x-7x UF retentates increased in the range of 52.34-
74.72,1.73-2.48, 6.40-7.96 and, 2.16-2.61%, respectively. Contrary
to marked increase in above mentioned constituents, significant
decrease (p<0.05) in lactose content, pH, HCT and permeate flux
values were observed with increase in concentration factors in
all retentates. The lactose content (on DM basis), pH and HCT
of PCSM (1x) were 55.37%, 6.67 and 60 min (Table 1) which
decreased to 14.25%, 6.32, 1 min and 13.30%, 6.24 and 1 min,
respectively in 7xUF retentate and 7xXDF retentate samples.

Permeation of water soluble milk components into permeate
through UF membrane along with subsequent concentration of
colloidal milk constituents owing to their selective retention could
easily explain such changes in concentration of milk components
present in different UF/DF retentates. Similar changes in milk
constituents were also reported by Meena et al (2016); Khatkar
and Gupta (2014); Mistry (2002) during concentration of PCSM
by ultrafiltration. Further, 2% to 7x concentration of PCSM (1 x)
markedly increased their calcium contents (on DM basis) in the



Indian J Dairy Sci 74(1): 8-17

range of2.16 to 2.61% compared to 1.42% calcium in PCSM. This
is mainly attributed to concentration of milk proteins particularly
casein. This is because only a part of soluble calcium present in
PCSM passes into permeate through UF membrane, but at the
same time its colloidal calcium, present in the form of colloidal
calcium phosphate (CCP) got concentrated with concentration
of caseins. Hence, the overall concentration of calcium enhances
with increase in degree of protein concentration as shown in
Table 1.

The increase in TS and ash contents seems to be responsible for
significant (p<0.05) decrease in pH values of 2x to 7x UF
retentates as a function of concentration factors (Table 1). Ferrer
et al. (2011) reported that during ultrafiltration of skim milk,
concentration of different minerals (such as K¥, Mg"and Ca*")
also increases. Further, such rise in mineral contents induces
changes in cationic profile of milk based on their association
with milk proteins that ultimately reduces pH of UF retentates.
Gradual decrease in pH of retentates during ultrafiltration was
earlier also reported by Meena et al (2016); Ferrer et al. (2011).
Apart from this, significant reduction (p<0.01) was observed in
pH of 7xDFR than the pH of 7xUFR. This was attributed to
applied diafiltration of 7x UFR with 150mM NaCl solution. Meena
etal (2016) also observed decrease in pH of 5x DF retentate.

Thermal stability of concentrated milk is majorly influenced by
the concentration of its constituents and its delicate salt
equilibrium. It is clearly evident from Table 1 that with increase in

concentration factor, chemical composition of different UF and
DF retentates markedly changed. Furthermore, this also changed
their pH and calcium contents which have prominent role in
stabilization of milk proteins. Thus, alteration in chemical
composition, decrease in pH and increase in calcium contents
might have collectively disturbed the delicate salt equilibrium of
UF and DF retentates and the same could be attributed to
significant (p<0.05) decrease in their HCT values as shown in
Table 1. Indeed, higher calcium content and lower pH are
detrimental for thermal stability of concentrated milk samples
and the same can easily explain relatively lower HCT values of
UF retentates subjected to higher concentration factors. Ozimek
et al (1998) also reported that with increase in volume
concentration ratio, a decreasing trend was observed in HCT
values of UF retentates.

As expected a gradual and significant (p<0.05) reduction was
observed in permeate flux with the advancement of UF
concentration (Table 1). Increase in TS and viscosity as well as
decrease in pH of UF retentates acts as the prime factors
promoting concentration polarization and fouling of UF
membrane. Both concentration polarization and fouling are
inversely proportional to permeate flux (Meena et al. 2016). In
nutshell, reduction in stability of milk proteins have detrimental
impact on permeate flux during ultrafiltration. The calculated mean
flux values at each concentration factor are shown in Table 1 that
clearly displayed a decreasing trend. Such reduction in permeate

Table 1 Chemical composition, pH, HCT of retentates and permeate flux at different concentration factors during ultrafiltration

and diafiltration of PCSM

CF TS Protein Fat Lactose  Ash Calcium  pH HCT Permeate

Percent (min) flux LMH

1x 8.47+0.01 3.02+0.09 0.1:£0.00 4.6940.00 0.66"+0.01 0.12:£0.00 6.67+0.02 60.00:0.88 99°+0.58
(35.66) (1.18) (55.37) (7.79) (142)

2x 11.565£0.06 6.05:£0.07 0.250.00 4.58°+0.02 0.742+0.01 0.25%0.00 6.57°£0.01 60.00::0.58 68.33+0.88
(5234) (1.73) (39.61) (6.40) (2.16)

3x 15.07%0.02 9.07%0.04 0.3%£0.00 4.52¢40.01 1.17%0.01 0.35%0.00 6.57°£0.00 60.00:0.58 59.330.88
(60.19) (1.99) (29.99) (7.76) (2.32)

4x 18.23%0.04 12.1£0.06 0.40.00 4.38'+0.01 1.34+0.00 0.43%0.00 6.56*+0.00 25.00°+0.88 43.67%145
(66.37) (2.19) (24.03) (7.35) (2.35)

5% 21.63%+0.08 15.14%40.08 0.51<+0.01 4.22<£0.00 1.76+0.01 0.53£0.00 6.51°+0.00 6.00°+1.2 230.58
(70.00) (2.36) (19.51) (8.13) (2.35)

6% 25.0140.05 18.21+0.06 0.6°+0.00 4.12%0.00 2.0840.01 0.66°+0.01 6.44+0.00 2.00:0.00 16.67%+0.88
(72.81) (240) (16.47) (8.32) (2.63)

7% 28.28'+0.01 21.31°40.07 0.74:0.00  4.03=0.01 2.25%0.01 0.74+0.00 6.32+0.01 1.00°+0.00 125+0.58
(74.72) (248) (14.25) (7.96) (2.61)

7xDF  29.23%0.06 22.45%0.03 0.740.00  3.89+0.03 2.19°+0.00 0.7540.00 6.2440.02 1.00=0.00 8.67¢£0.33
(76.81) (239 (13.30) (749) (2.56)

Mean + S.E. (n=3), mean values with different superscripts *** in a row are significantly different with each other (p<0.01).
Values shown in parentheses are on dry matter basis (% of TS). HCT of PCSM (1x) was determined at 140 °C while that of other

retentates were determined at 120 °C.
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flux with increase in UF concentration factors has been reported
by Patil et al (2019); Uttamrao et al (2019); Patil et al (2018).

Effect on viscosity values of different samples

As a function of concentration factor, in comparison to PCSM,
the changes in viscosity (at 100 per s shear rate and 20°C
temperature) of 2x- 7x UF retentates and 7% DF retentate are
shown in Figure 2. The viscosity values of all these samples
were significantly different (p<<0.05) with each other. Further, a
significant increase (p<0.05) in viscosity values of these samples
were observed with consecutive increase in concentration factors.
Indeed, such increase in viscosity values of UF/DF retentates
were expected owing to marked increase in their TS, protein and
ash contents along with marked decrease in their pH values (Table
1). All these factors collectively enhanced the viscosity values
of UF/DF retentates. Meena et al. (2016) also reported such
increase in viscosity during skim milk concentration up to 5x. It
was observed that during 1x- 5x concentration of PCSM, the
increase in viscosity was in the range of 3.90-25.70 mPa.s (Figure

A=

13

4= S= 6 7=DF
Concentrat:i}nn factor

2), however, it drastically increased in the range of 567.80- 1391.8
mPa.s for 6x and 7x UF retentates and 7xDF retentate. This could
be easily explained by their relatively higher TS, protein and
mineral (particularly calcium) contents than that of PCSM and 2 x
to 5x UF retentates. Viscosity of UF/DF retentates plays a crucial
role during their spray drying and directly influences physical,
reconstitution and functional properties of milk protein
concentrate (MPC) powders. Shinde et al (2020) reported that
more than 150 mPa.s (20 °C and 50 per s) viscosity may create
problems during atomization of UF/DF retentates. Hence, 6%,
7xUF retentates and 7%DF retentate might need additional
treatment for their efficient atomization.

Selection of stabilizing salts via HCT-pH curve of PCSM

The UF and DF retentates obtained through the concentration
of PCSM act as intermediate product. In liquid form these are
used in different applications such as standardization of cheese
milk, manufacturing of plain dahi (Meena et al. 2015), yoghurt
(Yadav et al. 2018), high-protein milks, high-protein beverages,
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of 7xUF retentate at 120°C (b). Mean+S.E. (n=3) with similar superscripts #*¢ are at par (p>0.05) while those with different
superscripts ® are significantly different with each other at p<0.05.

liquid dairy whiteners (Khatkar et al. 2014) and high-protein
yoghurts. Further, through spray drying, they are converted to
high-protein powders such as dairy whiteners (Khatkar et al.
2014), low-lactose powders (Solanki and Gupta 2014) and MPC
powders containing protein in the range of 42-89% (Meena et al.
2017b) and milk protein isolates with >90% protein content.
However, the major problem with high-protein UF/DF (6x-7x)
retentates is their poor HCT (Table 1). Hence, tailoring and
maintaining good heat stability in such retentates still remains as
a key challenge and acts as a major obstacle in production of
high-quality, high-protein products.

Thermal stability of UF retentates could be improved by the
addition of stabilizing salts (Meena et al. 2016), however, the
type of salts and their levels depends on the typical characteristics
of a particular retentate. Selection of the type of stabilizing salts
to be added is not a straight forward choice always and varies
between addition of acidic (MSP-NaH,PO,) or basic phosphates
(DSP-Na,HPO,) and citrates (such as TSC- Na,C,H.O.). Deeth
and Hartanto (2009) recommended the use of MSP, if the natural
pH of the milk is higher than the pH of maximum stability.
Furthermore, addition of Na,HPO, or Na,C H.O, was suggested
if the natural pH of the milk is lower than the pH of maximal
stability (Singh et al. 1995).

In current investigation, this was verified by adjusting the pH of
PCSM (natural pH-6.6) from 6.0 to 7.2 and recording their HCT
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values at each pH level as shown in Figure 3.a. It is clear from
HCT-pH curve (Figure 3.a) that PCSM showed maximum HCT at
pH 6.7 and the same was markedly higher than its HCT at natural
pH (6.6). These results are in good agreement with the earlier
findings reported by Singh (2004). The HCT-pH curve (Figure
3.a) clearly demonstrated that the natural pH of the PCSM was
lower than the pH of maximal stability, hence, Na,HPO, and
Na,C .H.O, were selected to improve the heat stabilities of high-

6577
protein 7x UF/DF retentates.

Improvement in HCT of 7xUF retentate: Effect of stabilizing
salts addition

As per Table 1, the 7xUF retentate had poor (1 min) HCT at its
native pH (6.23). The HCT of 7xUF retentates whose pH was
adjusted with 0.1N HCl and 0.1N NaOH solutions ranged from 2-
5 min (for pH values 6.0-6.6) and 60 min for higher pH values
(data not shown). This demonstrated a lead that the samples
adjusted to pH values higher than natural pH of 7xUF retentate,
markedly increased its HCT values. The pH of 7xUF retentate
was also adjusted from 6.60 to 7.0 as shown in Figure 3.b using
MSP (only to decrease pH, if required) and DSP as well as MSP
and TSC solutions. As evident in Figure 3.b, the adjustment of
pH with MSP and DSP solutions, significantly increased (p<<0.05)
the HCT of 7xUF retentate in the range of 42 - 60 min in the
studied pH range. Thereafter, the test was discontinued. Further,
the adjustment of pH with MSP and TSC solutions, significantly
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increased (p<0.05) the HCT of 7xUF retentate to 60 min in similar
pH range (Figure 3.b). Hence, Figure 3.b clearly indicate that in
similar pH (6.60-7.0) range, the combination of MSP and TSC was
more efficient in HCT improvement of 7xUF retentate compared
to MSP and DSP salts. Observed marked improvement in HCT of
7xUF retentate could be attributed to stabilizing salts induced
protection of milk proteins via increasing pH leading to decrease
in calcium ion activity as both favor enhancement in HCT. In 6.1-
7.0 pH range, changes in HCT values of homogenized 5x UFR
samples were investigated by Meena et al. (2016) and it was
concluded that its HCT (1 min at pH 6.41) was markedly enhanced
in the range of 80-120 min in 6.5-7.0 pH range adjusted with DSP
and TSC salts. Le Ray et al (1998) described that addition of
sodium phosphate, sodium citrate and sodium chloride protected
reconstituted casein micelles dispersions against heat
coagulation by decreasing the amount of miceller minerals and
enhancing stabilizing forces such as steric repulsions. Hence,
similar effects could also explain increase in HCT values of 7xUF

retentate at different pH values in present investigation. Indeed,
observed variation in HCT values of 7xUF retentate emphasizes
the importance of pH and salt balance and because of this reason,
addition of the suitable stabilizing salt (s) in optimum levels is
crucial as well as helpful in achieving most desired pH and salt
balance ratio in studied 7<UF retentate. Khatkar et al. (2014) also
reported similar findings during conversion of UF retentate into
dairy whiteners.

In lack of scientific literature, HCT of 7<UF retentate containing
stabilizing salts (as mentioned above) was not possible.
Therefore, observed results have been compared with earlier
reported studies on UF retentates concentrated to lower
concentration factors. Meena et al (2016) evaluated the changes
in heat stability of homogenized 5xUF retentate as a function of
pH adjustment from 6.1 to 7.0 pH range using DSP and TSC salts.
Both salts significantly (P<0.01) improved the HCT of this retentate
from 1.45 min (native pH-6.41) to 80-120 min in studied range (6.5-

Table 2 Effect of high shearing and stabilizing salts addition on HCT of 7xDF retentates

Treatments Code HCT (min, at 120 °C)
7xUFR (produced by Ultrafiltration of PCSM) T1 1.004£0.00
7xDFR (produced by diafiltration of 7<UFR with 150mM T2 1.00£0.00
NaCl solution)

T2+High-shear (20,000 rpm/ 5 min) treated 7<xDFR T3 1.00%+0.00
T2+ Addition of 0.2 % mixture of MSP and DSP (2:1 w/w) T4 1.004£0.00
T2+ Addition of 0.3 % mixture of MSP and DSP (2:1 w/w) T5 1.004£0.00
T2+ Addition of 0.4 % mixture of MSP and DSP (2:1 w/w) T6 1.00%£0.00
T2+ Addition of 0.5 % mixture of MSP and DSP (2:1 w/w) T7 1.00%£0.00
T4+0.7% TSC T8 28.0040.01
T5+0.7% TSC T9 25.00°+0.06
T6+0.7% TSC T10 20.00°+0.04
T7+0.7% TSC T11 20.00°+0.04

Mean + S.E. (n=3), mean values with different superscripts ** in a column are significantly different with each other (p<0.05).

Table 3 Correlation between concentration factor (CF) chemical constituents and physical properties (pH, HCT, viscosity) and

permeate flux during ultrafiltration of pasteurized cow skim milk

CF TS Protein Fat Lactose Ash Calcium pH HCT  Flux Viscosity
CF 1.000
TS 0.996™ 1.000
Protein  0.997 1.000™ 1.000
Fat 0.991" 0.999" 0.998™ 1.000
Lactose -0.997" -0.991" -0.993" -0.987" 1.000
Ash 0.977" 0.990™ 0988 0.992" -0.974™ 1.000
Calcium 0.991™ 0.998™ 0.997™ 0.998™ -0.985" 0.989" 1.000
pH -0.955" -0.936" -0.940" -0.923" 0.952" -0.892" -0.930" 1.000
HCT -0.899* -0.919" -0915" -0.928 0.891" -0.930" -0.916™ 0.734° 1.000
Flux -0.962" -0.973™ -0973™ -0.979" 0.959" -0.965" -0.979" 0871 0.942" 1.000
Viscosity 0.843" 0.802™ 0.808™ 0.775° -0.849" 0.755° 0.787" -0.925" -0.560 -0.688" 1.000

Pearson correlation denoted by ™ and " are significant at the p<0.01 and p<0.05 levels, respectively
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7.0) of pH. HCT of 10% and 20 % fat (% of TS) containing cow
skim milk based UF retentates were only 14 min that enhanced to
69 and 68 min upon addition of 0.5% mixture of MSP and DSP
(2:1w/w), respectively. Apart from this, addition of 0.4 % mixture
of MSP and DSP (2:1 w/w) salts caused marked improvement in
thermal stability of medium and full fat homogenized liquid dairy
whiteners (Khatkar and Gupta 2012; Khatkar et al. 2014). Addition
of 0.5% mixture of MSP and DSP (2:1 w/w) caused notable
improvement in HCT of 5.48xUF retentate containing 21.28% TS.
The maximum HCT (61 min) was observed at pH 6.72, however,
addition of this salts mixture to higher levels gradually decrease
its HCT.

Improvement in HCT of 7XDF retentate: Effect of stabilizing
salts addition

The pH and HCT of 7xDF retentate were significantly lower
(p<0.05) than that of 7xUF retentate as shown in Table 1. In
order to bring the desired changes in techno-functional properties
of milk proteins particularly in casein, UF retentates were
intentionally subjected to either diafiltration with NaCl/KCl
solutions or high-shear treatment. Such diafiltration decreases
calcium content of DF retentate via exchanging sodium and
calcium ions during this process, while high-shear treatment
induces physical modifications in casein structure and markedly
improve functional properties (particularly solubility) of resultant
MPC powders. However, these approaches have detrimental
effect on heat stability of retentates as shown in Table 2.
Homogenization have been reported to decrease the heat stability
values of liquid, evaporated and concentrated milks (Sweetsur
and Muir 1980) and UF retentate (Meena et al. 2016).

Therefore, the effect of MSP and DSP (2:1 w/w) salts mixture on
HCT of 7xDFR with and without TSC have been studied by
different treatments as shown in Table 2. It was observed that
HCT of T1, T2 and T3 samples were at par (p>0.05) with each
other that further did not improve upon even 0.2-0.5% (T4-T7)
addition of MSP and DSP (2:1 w/w) salts mixture. Contrary to
this, further addition of 0.7% TSC in T4, TS5, T6 and T7 led to
significant improvement (p<<0.05) in HCT values in treated samples
(T8-T11). The HCT values of these samples were in the range of
20-28 min, respectively. Such variation in HCT values underlines
the vital importance of salt balance and pH over the control on
heat stability of 7x DF retentates as well. This is clear from Figure
3.b and Table 2 that the addition of MSP, DSP and TSC were
capable in enhancing the heat stability of 7x UF retentate and 7x
DF retentate samples. Although, the extent of rise in HCT values
was higher in 7x UF retentates than 7x DF retentate.

Hence, findings of this investigation will be of prime importance
to dairy sector in improving the thermal stability of high-protein
containing UF/DF retentates. This will also widen the applications
of liquid retentates in different food applications apart from
helping in improving the physical, reconstitution and functional
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properties of dairy based high-protein powders manufactured
from them.

Correlation between concentration factor, chemical composition,
pH, HCT, viscosity of retentates and permeate flux during PCSM
concentration by ultrafiltration

During concentration of PCSM by ultrafiltration, TS (r=+
0.996, p <0.01), protein (» =+0.997, p<0.01), fat (r= +0.991, p
<0.01),ash (r=+0.977, p<0.01), calcium (»=+0.991, p<0.01) and
viscosity (r=+0.843, p< 0.01) showed positive correlation,
while lactose (»=-0.997, p<0.01), pH (r=-0.955, p <0.01), HCT (r
=-0.899, p<0.01) and permeate flux (r=-0.962, p<0.01) showed
negative correlation with concentration factor as shown in Table
3. Almost similar correlation was observed between TS and
remaining parameters, while protein content showed positive
correlation with fat (r=+0.998, p<0.01), ash (r=-+0.988, p<0.01),
calcium (r=+10.997, p<0.01) and viscosity (r=+0.808, p <0.01),
however, it was negatively correlated with lactose (r=-0.993, p
<0.01), pH (=-0.940, p <0.01), HCT (r=-0.915, p<0.01) and
permeate flux (r=-0.973, p <0.01), respectively. The ash content
revealed positive correlation with calcium (» =+0.989, p<0.01)
and viscosity (r = +0.755, p<0.05), but showed negative
correlation with pH (r=- 0.892, p<0.01), HCT (»=-0.930, p<0.01)
and permeate flux (r=-0.965, p <0.01). Apart from this, calcium
content was negatively correlated with pH (= -0.930, p <0.01),
HCT (r =-0.916, p<0.01) and permeate flux (r=-0.979, p<0.01)
and positively correlated with viscosity (r=+ 0.787, p<0.05). The
pH was positively correlated with HCT (»=+0.734, p<0.05) and
permeate flux (r=+0.871, p < 0.01), however it was negatively
correlated with viscosity (r= - 0.925, p<0.01), while HCT was
positively correlated with permeate flux(r= +942, p<0.01).
Furthermore, correlation of fat and lactose with other parameters
has been shown in Table 3, respectively.

Conclusion

Concentration of PCSM by ultrafiltration caused noticeable
increase in colloidal milk components and viscosity, however
this also decreased the pH and permeate flux as a function of
concentration factor. Such alteration in chemical composition
disturbed the delicate salt equilibrium and led to gradual decrease
in HCT up to 3% concentration, however, marked increase in TS,
protein and calcium contents along with decrease in pH,
drastically reduced the HCT of UF (5x - 7x) and 7x DF retentates.
Even, applied diafiltration with 150mM NaCl solution and high-
shear (20,000 rpm/ 5 min) treatment were found detrimental for
HCT. Tailoring and maintaining good heat stability in high-protein
retentates is acts a key challenge and major hurdle in production
of high-quality products from such retentates. Combined use of
stabilizing salts, identified from classical HCT-pH curve of PCSM
at appropriate levels restored desired equilibrium between milk
constituents and markedly improved thermal stability of high-
protein UF/DF retentates. Establishment of correlation between
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concentration factor, milk constituents, pH, viscosity, HCT and
permeate flux provided better understanding about thermal
stability of retentates. In nutshell, this investigation had
established that poor heat stability of high-protein containing
UF/DF retentates can be restored through the addition of suitable
stabilizing salts in appropriate amounts. Further, such retentates
with improved thermal stability could be explored in number of
liquid products and they can also result in high-protein powders
with improved physical, reconstitution and functional properties.
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Abstract: This study was carried out on two types of Camembert
produced in the region of Tizi-Ouzou (northern Algeria), one
artisanal (AC) made from raw milk and the other industrial (IC)
made from pasteurized milk. This work shows the effect of milk
quality and cheese making processes on the progress of
physicochemical and microbiological parameters throughout a
maturation period of 12 days. The result shows that the repining
microflora and undesirable microbial populations were
significantly higher (P < 0.05) in the artisanal Camembert (AC)
than in the industrial Camembert (IC). The physicochemical and
microbiological parameters, during the ripening of the cheeses
developed in a similar way with significant differences according
to the type and the stage of maturation. During the cheese
repining period, AC showed more extensive (P < 0.05) lipolysis
and proteolysis than IC. SDS-PAGE of water-soluble proteins
(WSP) and insoluble fractions showed more extensive
degradation of as-casein (as-CN) than B-casein (B-CN). The
WSP profile, analyzed by Reversed-Phase High Performance
Liquid Chromatography (RP-HPLC), was highest in AC than IC.
The highest WSP profile was recorded at the 12th day of repining.
The pathogenic flora decreased during the maturation process
in AC. This development was confirmed by the results of the
antibacterial effect of WSP, performed by the disc diffusion
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technique on Escherichia coli and Staphylococcus aureus
strains. From this study, it can be concluded that AC has a better
organoleptic quality, safe for the Algerian consumer and more
profitable for the Algerian cheesemakers

Keywords: Algeria, Camembert, Cheese ripening, Lipolysis,
Proteolysis, Raw and pasteurized milks

Introduction

Since the early 1990s, Algeria has implemented a dairy policy in
order to enhance the value of local production from cattle
breeding (Mamine et al. 2011). With the launch of the National
Agricultural Development Plan (NADP) in 2000 and its extension
to rural areas, total milk production increased from 1.9 billion
liters in 2004 to 3.3 billion in 2018, covering about 60% of national
milk needs. This production, even if it faces an insufficient
collection circuit (Kali et al. 2011), has enabled some artisanal
dairy farmers to process milk into raw milk cheese production.
Nevertheless, this approach is quite innovative in Algeria and
the microbiological and physicochemical characterization of raw
milk cheeses is attracting the interest of public authorities and
researchers (Aissaoui et al. 2011; Meribai et al. 2017). Indeed,
hygiene requirements have become an important consideration
in the production of artisanal cheeses, particularly those with a
protected designation of origin (PDO), which are produced with
raw milk, such as Camembert de Normandie (France), often
produced in mountain areas (Gérard, 2015).

Traditional cheese making, especially for the Camembert, is
distinguished from the industrial production by various aspects,
and the better organoleptic qualities are obtained with the raw
milk (Richard and Zadi 1983). Organoleptic properties are mainly
influenced by the growth of lactic acid bacteria and the combined
effect of proteolysis and lipolysis on the cheese matrix during
the ripening process (Gebreyowhans et al. 2020). The release of
bacteriocins and bioactive peptide fractions, endowed with
antibacterial activities, inhibit bacterial pathogens (Mane and
McSweeney, 2019), such as Listeria ssp. in the case of Camembert
(Wan et al. 1997).This is how we set out to evaluate the quality of
two soft cheeses, one made from raw milk and the other from
pasteurized milk. We particularly explored the physicochemical
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and microbiological characteristics of these cheeses at different
stages of the ripening process and demonstrate the safety of raw
milk cheeses, especially Camembert, in Algeria. To the best of
our knowledge, this is the first study to assess the antimicrobial
effect of water-soluble peptide fractions extracted from
Camembert.

Materials and Methods
Sampling procedure and cheesemaking

The samples of milk used for the production of Camembert, came
from two farms in the region of Tizi-Ouzou. The farms are made
up of cows of dairy cattle breeds (Holstein and Montbéliard),
with an average age of 4 to 8 years and they are at the same stage
of lactation. The maturing period is set at 12 days, with reference
to Algerian industrial practices. Two types of Camembert, one
artisanal, the other industrial, produced in the region of Tizi-
Ouzou (northern Algeria), were selected within the framework of
this study. The analyses were based on 108 samples from each
Camembert type and on 27 samples from each kind of milk (raw
and pasteurized). The sampling of the products were carried from
March to June during the period 2014-2016, in order to avoid the
seasonality effect on the physicochemical and microbiological
composition of the milk. Three samples per month were collected
from each milks (raw and pasteurized milk) and cheeses at four
ripening stages: first, fourth, sixth and twelfth days (Table 1).
Placed in a cooler, the samples were directly taken to the
laboratory and the analyses were performed during the following
24 hours.

The moulding of the cheeses (AC and IC) was performed into
polyurethane perforated moulds (cylinders 10 to 11 cmin diameter
and 13 to 14 cm in height). Demoulding of cheeses (AC and IC) is
carried out when the lactic acidity of the curd reaches values of
9.5t0 11% (w/w) and a pH 0f4.5 t0 4.9.

The artisanal Camembert (AC), made from raw milk, was produced
in the locality of Ouacif (Tizi-Ouzou, Algeria) by an artisan

cheesemaker breeding dairy cattle under extensive holding
conditions and transforms milk to Camembert according to the
guidelines of the French legislation related to cheeses and cheese
specialties (Art. 9 and 14 of the decree n°2013-1010 of the 12% of
November 2013). Milk was heated up to 35 °C till it reaches an
acidity of 221025 °D (2.2 to 2.5 g/l of lactic acid) or at pH 6.30 to
6.35, before a liquid rennet (standard strength of 1:10000, Halal
calf Rennet, Chr. Hansen Inc., Danemark) was added (15-20 ml/
100 L of milk). After coagulation (1h10 min-1h30 min), the moulding
of the cheese was performed directly with a ladle into
polyurethane perforated moulds, without stirring the curd, at a
rate of 5 ladles per mould, with a rest period of 15 to 20 minutes
between each ladle, without stirring the coagulum. Draining was
done on stainless drains (24 to 48 h, 25-28 °C) at a relative humidity
(RH) 0f 95%, turning the cheese every five hours, before it was
worked with sprinkling of fine salt. Then, the cheese (AC) was
sprayed with a solution of Penicillium camemberti spores (2x10*
spore/ml) and ripened during 12 days at a temperature of 10 to 12
°Cand a RH 0f 90 to 95%, with a rotation every two to three days.

The industrial Camembert (IC), made from pasteurized milk, was
produced in a cheese dairy located in Draa Ben Khedda (Tizi-
Ouzou), which was supplied with milk from a close locality (Freha,
Tizi-Ouzou). Without undergoing any standardization of fat and
protein contents, milk is first pasteurized at 90 °C for 20 seconds
and then cooled to 36 °C. After adding CaCl, (15-20 g/100 L of
milk), milk was seeded with mixed lactic ferments (Mesophilous:
DI-PROX M 229, BioProx, France/Thermophilous: DI-PROX TPM
2, BioProx, France) with 0.03% of fungal flora (Chr. Hansen Inc.,
Danemark) of Penicillium camemberti and Geotricum candidum
in order to reach the final concentrations of 10* spores/ml and
2x10* spores/ml, respectively. After the fermentation period of
milk (20-25 minutes at 36°C), the pH reached a value of 6.35,
commercial rennet fungal powder Marzyme™ (standard strength
of: 150000, Danisco. France) was added (1.5 g/50 Kg of milk),
then the coagulum is divided into small cubes (@ = 30 mm). To
accelerate draining, the coagulum was stirred twice during 15
minutes with an interval of five minutes. The whey was evacuated
by pumping it out, then the moulding was carried out by

Table 1 Distribution of the samples according to the kind of the milk and the ripening stage

Ripening Sampling plan
° days
% 1%t year 2n year 3" year Total
(73 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd Z)HEmb cr
month month month month month month month month month samples
8 = & 1 3 3 3 3 3 3 3 3 3 27
75 é —g 4 3 3 3 3 3 3 3 3 3 27
g3 2 6 3 3 3 3 3 3 3 3 3 27
g £ 3 12 3 3 3 3 3 3 3 3 3 27
Total samples of Camembert at all stages of cheese repining 108
Raw or 3 3 3 3 3 3 3 3 3 27

pasteurized milk
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mechanically filling the moulds. The coagulum is drained in
polyurethane molds placed on stainless drains during 15 to 20
hours at RH 0f 90 to 95% (27 °C-5 h and 20 °C-15 h), with rotations
every five hours. After it was removed from the mold, the cheese
was salted by brining (NaCl = 40%, pH = 4.5) during 30 to 60
minutes at 13 °C. The cheese surface was dried in a draining
room during 15 hours (14 °C, RH = 85 %) with two rotations.
Then, it was sprinkled with a suspension of Penicillium
camemberti spores (2.10° Spore/ml) (Chr. Hansen Inc., Danemark)
and ripened during 12 days (12-13 °C, RH = 90-95 %) with a
rotation every two to three days.

Physicochemical analysis

Physicochemical parameters during cheese ripening were
analysed after removing the cheese crust. Samples of milk were
analyzed with Lacto-scan SP (Milkotronic LTD, Bulgaria) for
density, fat and proteins). The pH was measured by immersing
the pH-meter glass electrode (Hanna-instrument, Italy) directly
in the products (cheeses and milks) (Bouton et al. 1994).The
titratable acidity (TA) of the milk was expressed in Dornic degree
(°D) (AFNOR, 1980) and as % of lactic acid for the cheese (Sulieman
etal. 2012) The dry-matter (DM) was determined using an infrared
desiccator IR35 (Denver instrument, Germany) by evaporation
(105°C/20 min) of 3 g of milk (AFNOR, 1980) or 5 g of cheese
(Randoin and Jourdan ,1952). The Fat content of cheese was
determined by Van-Gulik butyrometer (Funkgerber Instrument,
Germany) (JORADP, 2014).

Protein fractionation

Protein concentration was determined using the Lowry protein
procedure at 750 nm with Folin-Ciocalteu’s phenol reagent (Lowry

etal. 1951). Bovine Serum Albumin was used as a standard. From
slurry prepared from by mixing 20 g of cheese (crust removed
and crushed) in 40 ml of sodium citrate buffer (0.5 M, pH 7), three
protein fractions, which are the total protein content (TP), the
acid soluble protein (ASP) and the non-protein nitrogen (NPN),
were obtained by combining the methods reported by Gripon et
al. (1975) and Guerra-Martinez et al. (2012).

Free amino acids

Total levels of free amino acids (FAA) in the pH4.6-Soluble
fractions of the cheese were determined by the 2, 4, 6,
trinitrobenzene-1-sulfonic acid (TNBS) method described by
Polychroniadou (1988) modified by Bouton et al. (1993). Cheese
extracts were prepared, as mentioned above. The use of a range
of glycine standard (0.01-0.5 mM) allowed expressing the
measurements in mEq glycine/g of protein.

SDS—polyacrylamide gel electrophoresis (SDS-PAGE)

Proteolysis during cheese ripening from the water-soluble
proteins (WSP) and insoluble protein fractions at pH 4.6 was
evaluated by SDS-PAGE (Barac et al. 2016). The fractions were
prepared according to the techniques reported by Dupas et al.
(2009).The PAGE-SDS was performed according the method
described by Laemmli (1970). A marker kit was for bovine serum
albumin (67 kDa), ovalbumin (45 kDa), 3-Lactoglobulin (18 kDa)
and o-Lactalbumin (14 kDa).

Reversed-phase high performance liquid chromatography (RP-
HPLC) of the cheese solutions water-soluble fractions

The proteolysis during cheese repining was also assessed by
RP-HPLC. Samples of WSP (3 mg/ml) were prepared in a Bis-Tris

Table 2 Milk and cheese microbial flora enumerated during ripening

Microflora

Culture medium

Incubation

Aerobic mesophilic flora (AMF)
Total coliforms (TC)
Faecal coliforms (FC)

Faecal streptococci (FS)
Mesophilic lactobacilli (MLAB)

Mesophilic lactic Streptococcus
(MLS)

Yeast and molds (Y-L)
Staphylococcus aureus

Salmonella spp.
(samples:25 ml for milk or 25 g for
cheese)

PCA-Agar
VRBL agar

BEA (bile esculineazide) agar followed by
catalase and Gram reactions, growth at 37°
C and at 6.5% NaCl in BHI

MRS agar followed by a catalase test and a
Gram stain

M17 agar followed by a catalase test and a
Gram stain

OGA agar

Presumtive testing: Giolitti-Cantoni broth
Confirmatory test: Baird Parker agar with
the coagulase test

Enrichment on SFB broth and isolation on
Hektoen agar

30°C/24-72 h
30°C/24-48 h
44°C/24-48 h
37° C/24-48 h
30°C/24-48 h
30°C/24-48 h
22°C/3-7d
37°C/48 h

37°C/48 h
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buffer with a pH 8 and filtred through 0.45 um nylon filters
(Sartorius, Germany). Twenty pl of filtrate was injected in a
Lichrosorb C8 column (5 pm, 125x4, lmm). The mobile phase was
constituted by a solvent A (10% acetonitrile, 0.1%
trifluoroacetique acid: TFA) and a solvent B (60% acetonitrile,
0.02 % TFA). The elution was performed using a 0-50% binary
gradient of the solvent B during 50 minutes with a flow rate 0 0.2
ml/min at 35 °C. The detection was performed under UV at 214
nm.

Lipolysis

The lipolysis was assessed by measuring the amount of free
fatty acids (FFA ) according to the method described by Deeth
etal. (1975). The FFAs were expressed in equivalent of oleic acid
per 100 g of fat, referring to a standard curve of oleic acid (0.10-10
mg/ml).

Microbiological analysis

Milk and cheese microflora during ripening were determined by
the conventional techniques for which the incubation conditions
and the medium used are reported in Table 2. Cheese samples
were collected at 1, 6 and 12 days of repining. The dilutions were
prepared either directly from milk or from cheese prepared
according the method described by Lenoir (1963) after some
modifications. After removing the crust, 10 g samples of cheese
were homogenized in a Stomacher 400 (Seward Medical, Londres,
UK) with 90 ml of sterile sodium citrate (2%) at 40 °C. Decimal
dilutions of milk and cheese solution were prepared with Ringer’s
solution. Germ counts were expressed according to the formula
of Joffin and Joffin (1999).

Anti-microbial activity of water-soluble extract

The raw water-soluble extracts (WSE) were extracted at the 121
day of cheese ripening, as mentioned above (fractionation of
WSP), without acidification. In order to eliminate the antagonistic
effects of the pH and H,O, , the WSE was neutralized to pH 6.8
with NaOH (2N) and after addition of few drops of catalase (1
mg/ml),it was incubated for one hour at 30 °C (Sahraoui et al.
2015). The raw WSE and the neutralized W SE were filtered through
0.22 um filters .The agar-disc diffusion assay was performed
according to protocol reported by Motta and Brandelli (2002).

Table 3 Physicochemical compositions of the milk

The antibacterial activity was tested against Escherichia coli
ATTCC 25922 and Staphylococcus aureus ATTCC 25923. All the
strains were standardized by spectrometry (620 nm) at an optical
density (OD) 0f 0.08-01, according to the Antibiogram Committee
CASFM/EUCAST (2019).

Aliquots of 20 pl were applied on five discs (6 mm): two discs of
the raw WSE, two discs of neutralized WSE and one disc with
broth (as negative control). The Petri dishes were placed in a
refrigerator at 4 °C for two hours. The antimicrobial effect of
WSE (expressed in mm) was examined after incubation for 24
hours under appropriate culture conditions. Three replicates were
performed on different dates.

Statistical analysis

The physicochemical composition and microbiological counts,
between raw milk and pasteurized milk, were assessed by the
Student’s t-test (5% level of significance). An Analysis of
variance (ANOVA), using the Tukey test for pair wise comparison
of means, was performed (significant level of 5 %), to follow the
changes in the physicochemical and microbiological parameters
during cheese ripening. A principal component analysis (PCA)
was run in order to analyze the effect of the ripening stage on the
physicochemical and microbiological interactions during cheese
maturation. The statistical analyses were performed using
STATbox software ver. 6.4.

Results and Discussion
Physicochemical characteristics of milk

The milk physicochemical characteristics are reported in Table 3.
Among the analyzed parameters, significant difference was only
found between the DM and milk TP (P < 0.05). The sampling
season can affect the physico-chemical and microbiological
quality of milk (Spike and Freeman, 1967; Nalepa et al. 2018). The
effect of seasonality was discarded in this study, as sampling
occurred during the same periods of the year.

Changes in physicochemical parameters during ripening

The statistical analyses of the physicochemical parameters (Table
4) showed significant differences (P < 0.05) depending on the
stage of ripening and the type of cheese.

Composition Rawmilk Pasteurized milk
pH 6.692+0.02 6.66*+0.06
TA(°D) 172+0.93 15.66*+£0.41
Densité 1.032+0.01 1.0272+0.7
DM (g/) 122.1°40.3082 108.132+£2.31
FAT (g/1) 33.66°+2.16 36°+0.61
TP (g/) 29.45°+0.09 26.66*+0.41

Results in the same column for the same parameter with different superscripts are significantly different at P <0.05.
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The pH is negatively correlated with titratable acidity between
the different cheese types and the ripening stages. From the first
to the twelfth day of ripening, the pH values increased from 4.59
and 4.67 (IC) to 5.13 and 5.36, respectively. This is due to the
deacidification of the cheese, which is better assessed through
measuring the titratable acidity. Indeed, cheese acidity decreased
between the first day (9.59% for the artisanal cheese and 9.11%
for the industrial) and the last dayof ripening (5.83% artisanal
cheese and 6.17% for the industrial)

In the case of Camembert the neutralization and deacidification
of cheese is due to the assimilation of lactic acid and the releasing
of NH, by the fungal flora, especially Penicillium camemberti
and Geotichum candidum, which promoted the action of
proteolytic enzymes and increased the proteolysis index (ASP%,
NPN%, and FAA) (Leclercq-Perlat et al. 2004).

Dry Matter increased during ripening with significant differences
between the stages and the cheese types. The values range from
39.40% (AC) and 40.89% (IC) at the first day, to 50.09% (AC) and
49.51% (IC) at the 12" day of ripening. These findings may be
attributed to the dehydration during cheese repining. This
phenomenon is caused by water loss and exchanges in volatile
compounds (ammoniac, fat volatile fatty acids, etc.) between the
cheese surface and the ripening room environment (Bertolino et
al. 2011). The dehydration of cheese affects the contents of DM,
fat and protein during ripening process. Indeed, at the last
ripening day, the fat content reached at 25.99% for the AC and

28.75% for the IC and the protein contents attained 15.25% for
the AC and 17.20% for the IC.

Progress of proteolysis and lipolysis during ripening

The proteolysis index, ASP/TP (ASP %) and NPN/TP (NPN %)
ratios, have been used by many authors as cheese ripening
indicators in order to estimate the degree of the proteolysis
(Leclercq-Perlat, 2000). Statistical analysis showed significant
differences between the types of cheeses and stages of ripening.
ASP% increased from the first to the twelfth day of ripening,
with the following values respectively: 5.22% to 22.24% for AC
and from 4.69% to 17.44% for IC. The non-protein nitrogen values
also increased from 0.310% to 0.44% for AC and from 0.22% to
0.28% for IC. The results of the free amino acids contents during
cheese repining, revealed significant differences (P<0.05) between
the cheeses. Free fatty acids increased from 0.12 (first day) to
0.25 (12" day) for AC and from 0.09 (first day) to 0.23(12" day) for
IC. The combined effect of the microflora and indigenous
enzymes of the raw milk explains the high degree of the proteolysis
in AC. The action of intracellular enzymes, released during cell
lysis, on the proteolysis of the cheese caseins has been reported
by Saboya et al. (2001).The heat treatment of milk slows down
cheese proteolysis by modifying the total flora and the proteolysis
system during cheese ripening, such as the Camembert (Samelis
et al. 2009). The proteolysis activity of the plasmin in ripened
cheeses depends on the technology applied in milk processing.
The effect of plasmin on caseins of cheese made from pasteurized

Table 4 Changes in physicochemical parameters during ripening of artisanal and industrial cheeses

Physico-chemical Cheeses Ripening period (days)
parameters 1 4 6 12
pH Artisanal *#  4.59* + 0.38 4.60°+£0.49 4.90%+0.35 5.13%40.38
Industrial®  4.67%+0.53 4.94%+0.42 5.28%+04 5.36°+£0.46
TA (g /100g of cheese) Artisanal B 9.59/+0.18 8.70%+0.43 8.06%+0.42 5.83%0.23
Industrial #  9.11°+0.64 7.90+0.39 7.04°+0.52 6.17+0.22
DM (g/100 g of Artisanal *  39.40+2,49 41.84+4.46 48.11°%+4.48 50.09+2.57
cheese) Industrial 4 40.89°+4.61 42.61°+3.41 47.11°42.59 49.514:2.98
FAT (g/100 g of Artisanal #  18.76+0.82 20.150.68 23.71%£0.77 25.99+0.44
cheese) Industrial B 22.95*+1.53 23.61°£1.92 27.11%+1.59 28.75 1.64
TP (g/100g of Artisanal 4 10.01%+1,34 12.07°£1.55 14.19¢0.63 15.25+0.67
cheese) Industrial B 12.17°40.32 14.27+0.77 15.29+0.85 17.2040.78
APS-PT Artisanal B 5.22+0.55 5.5240.53 12.49+0.59 22.24+2.87
(g/100g of TP) Industrial #  4.69+0.27 4.63:£0.33 6.97+0.42 17.44°t2.85
NPN-PT (g/100 Artisanal B 0.31°+0.07 0.34°+0.06 0.42+0.03 0.44°+0.04
gof TP) % Industrial #  0.22+0.03 0.22+0.03 0.21+0.03 0.28%+0.05
FAA(mEq Artisanal 4 0.12%+0.03 0.14%+0,01 0.18¢0.02 0.25+0.02
glyc/g TP) Industrial ®  0.09°+0.004 0.13%+0.003 0.21°£0.03 0.234£0.014
FFA (Eq Oleic Artisanal B 0.90+0.31 2.04+0.006 2.6140.38 3.19°+0.18
acid /100g of FAT) Industrial #  0.99+0.11 1.22®+0.14 1.28+0.007 1.40°+0.23

Results in the same row or column for the same parameter with different superscripts (in upper case or lower case) are significantly

different at P <0.05
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Fig. 2 SDS-PAGE electrophoretic profiles of the insoluble (a) and WSP (b) fractions at pH 4.6 of AC and
IC at different days of repining (1, 6 and 12 days)

milk, decreases significantly with increasing temperatures
(Benfeldt et al. 1997; Buffa et al. 2000). The action of the rennet,
the plasmin, the proteases and the microbial peptidases on the
caseins throughout ripening releases peptides and amino acids,
which increases the ripening index: ASP%, NPN% and FAA %
(Gonzalez et al. 2003; Upreti et al. 2006; Orlyukand Stepanishchev,
2014).

Free fatty acids during cheese ripening, increase as does the
proteolysis and the fat content. Similar results have been reported
by Batool et al. (2018). FFA presents significant differences
between the stages and the types of cheeses. The high level of
FFA in the AC can be explained by the micro floral composition

23

of raw milk and the lipoprotein lipase activities. Indeed, the
negative effect of pasteurization on LPL activities and the highest
of lipolysis degrees in cheeses made from raw milk compared to
those made from pasteurized milk have been reported by several
authors (McSweeney et al. 1993; Franco et al. 2001).

RP-HPLC profiles

The RP-HPLC profiles of WSP of the two cheeses, showed an
increase in the number of peaks during the ripening process
(Figure 1). These peaks were more frequent in AC than in IC. This
is due to the high level of proteolysis in AC, the proteolysis
activity of the indigenous milk enzymes, the microbial enzymes
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as well as the activity of the residual rennet. The heat treatment
has a negative effect on the proteolysis process during cheese
repining. Benfeldt and Sorensen (2001) showed an inverse
relationship, during cheese ripening, between the temperature of
heat treatment of milk and the proteolysis as followed by an RP-
HPLC. According to Trujillo et al. (1997) and Van Hekken et al.
(2007), most of the peptides which are released during ripening,
are generated from the caseins hydrolysis by rennet and plasmin
with a molecular weight ranging from 10 to 20 kDa.

Electrophoresis of WSP and insoluble proteins fractions

The figure 2 , shows that the indigenous casein migrates as two
main bands corresponding to as-CN and B-CN. The band intensity
decreased throughout ripening, leaving two news bands of low
molecular weight (Figure 2, ).

This trend was most pronounced for AC at the 12% day of ripening.
These profiles revealed that the caseins proteolysis changes
over time and with the type of the cheese, with higher as-CN
proteolytic rates than with -CN. Indeed, new bands with lower
molecular weight and the increase in peaks of WSP obtained
with RP-HPLC, explain the higher proteolysis index and the free
amino acids rates observed in AC than in IC. Our findings are
consistent with those reported by Gobbetti et al. (2002), who
noted that chymosin hydrolyzes easily as-CN than B-CN,
releasing a peptide identified as o ,-I-casein f{24-199). Chymosin
is also able to hydrolyze B-CN (Addeo et al. 1980). The main
cleavage site of chymosin in B-CN is Leu!*>-Tyr'*3, However, in
pure solution, it can hydrolyze B-CN at seven sites, generating
f1-192, £1-189, f1-163/4/5 et f1-139 peptides, which are called -B-I',
-B-I", -B-1I and -B-III respectively (Visser, 1993). Orlyuk and
Stepanishvhev (2014) reported that between the first and the
21st days of the Camembert ripening, the content of as-CN and
B-CN decreased respectively, by 53% and 25%. Proteolysis during
the Camembert ripening is mainly due to the action of five
proteinases: rennet (chymosin and pepsin), plasmin, aspartyl and
methaloprotease of Penicillium caseicolum. However, the rennet
seems to be inactive on B-CN, but acts early on as,-CN with a
similar action to that of aspartyl-proteinase on as,-CN. On the
contrary, the action of the plasmine on B-CN is observed at the
21 day, while the proteolysis of f-CN by the aspartyl and by the

Table 5 Microbiological count in milk

methaloproteases is detectable after seven and ten days of
ripening respectively (Mane and McSweeney, 2019).

Growth of microflora during ripening

The results of milk microorganism counts are reported in table
5 .The samples comply with the standards described in the Official
Journal of the People’s Democratic Republic of Algeria n® 39 of
July 2017 (JORADP, 2017).The tests to detect pathogens in the
milks and the cheeses, especially for Staphylococcus aureus and
Salmonella, were negative. The number of microorganisms is
significantly higher in the raw milk than in the pasteurized. This
reflects the lethal effect of the pasteurization on milk microflora.

The results of the microflora evolution during ripening show an
inverse relationship between two microbial groups (Figure 3).
The group a, including faecal streptococci and faecal and total
coliforms, decreased gradually during ripening. The group b,
which consists of total aerobic mesophilic flora, streptococci,
Lactobacillus, yeast and molds, increased during the ripening
process. The trends were similar for both studied cheeses. The
differences were rather concerned with variations in the number
and in the distribution of the microflora. Indeed, the growth of
the microflora during ripening of AC recorded significant
differences between the first and the twelfth days for AMF
(7.41£0.35 logcfu/g and 9.35+0.31 log cfu/g respectively), MLAB
(4.41+0.23 log cfu/g and 5.98+0.49 logcfu/g respectively), FC (1.60
+0.08log cfu/g and 0.331+0.410g cfu/g respectively) and FS
(1.33+0.2 log cfu/g and 0.58+0.15 log cfu/g respectively).
However, IC recorded a slight contamination of TC from the
beginning until the sixth day of ripening then it dropped
drastically at the twelfth day. With regard to fecal coliform, it
disappeared from the sixth day of ripening stage of IC.

The decrease of contamination and the pathogen microflora,
during the ripening process of cheese raw milk, is due to the
increase in the ripening microflora, which modifies the physico-
chemical parameters (a, and pH) and releases peptides with
antibacterial activity (Fontan et al. 2001; Arenas et al. 2004; Kirdar
etal. 2018). However, some studies demonstrated that coliforms
decrease during the first week and then increase till the end of
the ripening process, with higher rates for the Camembert made

Microflora (log,, CFU/mL) Raw milk Pasteurized milk
Aerobic mesophilic flora (AMF) 4.99°+0.306 3.71*+042
Total coliforms (TC) 1.66°+0.11 0.32°+0.24
Faecal coliforms (FC) 0.19°+0.17 0.0033*+0.004
Faecal streptococci (FS) 0 0
Mesophilic lactobacilli (MLAB) 3.63°+0.46 0.96°+0.178
Mesophilic lactic streptococcus (MLS) 2.49°+0.22 0.4°+0.14
Yeast and molds (Y and M) 1.57°+0.19 0.15*+0.19

Results in the same column for the same parameter with different letters are significantly different at P <0.05
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Fig. 3 Microflora evolution in the cheeses

during ripening
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Legend: Artisanal Camembert (AC), Industrial Camembert (IC). Group a: Contamining flora
(Total coliforms (TC), Faecal coliforms (FC), Faecal streptococci (FS)). Group b: Ripening
flora (Aerobic mesophilic flora (AMF), Mesophilic lactobacilli (MLAB), Mesophilic lactic

streptococcus (MLS),

Yeast and molds (Y and M)).

Table 6 Antibacterial activity statistics for the raw and neutralized supernatants

Inhibition zone

diameter
i Cheeses
Strains Supernatants type (mm)
Mean + SD
Raw IC 10.8 + 0.97
Staphylococcus aureus ATCC 25923 AC 10.5 + 0.98
Neutralized IC 10 + 1.94
S AC 8.8+0.32
IC 11.7+0.21
o AC 1134021
Escherichia coli ATCC 25922 ) )
Neutralized IC 8.2+ 0.64
AC 7.9 +0.32

from raw milk than for those made from pasteurized milk (Mourgues
etal. 1977; Rutzinski et al. 1979).

Antimicrobial activity analysis

The results of the analysis of the supernatant antimicrobial
activity are reported in the Table 6. The presence of inhibition
zones after neutralization of the supernatants suggests that the
antibacterial effect could only be due to the presence of
antibacterial substances, such as bacteriocins and bioactive
peptides (Ortolani et al. 2010; Corréa et al. 2011).

Cheese protection against pathogens proliferation can be
performed by the indigenous antimicrobial agents of milk, such
as lactoferrin (Farnaud and Evans, 2003), lactoperoxydase system
(LPS) (Seifuetal. 2005) and lysozyme (Claeys et al. 2013). These
agents are inactivated by the heat treatment (Conesa et al. 2010;

25

Dumitragcu et al. 2012; Claeys et al. 2013).These results explain
in large part the decrease in the contaminating microflora during
the ripening of AC and the role of the lactic microflora of the raw
milk during the cheese ripening, thanks to their proteolytic activity
and the production of bacteriocins.

Most of known varieties of cheeses contain a certain amount of
kappacins (A and B) in form of caseinomacropeptide, with an
antimicrobial activity, which are released as a result of the action
of coagulant enzymes (rennet or other coagulant enzymes) on
the k-casein (Vajiheh, 2012). In the case of the Camembert, many
studies demonstrated the effect of lactic bacteria and their
products on the inhibition of Listeria ssp during cheese ripening
(Wan et al. 1997). Lignitto et al. (2012) and Nguyen Thi et al.
(2013) reported that inhibition of Listeria monocytogenes and
Listeria innocua by water soluble extracts of cheese made from
raw milk is attributed to peptides with MW < 1 kDa and to the
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Fig. 4 Factorial plane 1-2 of the component analysis for the

physicochemical changes during cheese repining

antimicrobial peptides as,-CN f(1-23) et as,-CN f(183-207). The
antimicrobial activity of the cheese water-soluble extracts could
not only be attributed to the known intact bacteriocins with MW
>3 kDa, but also for the fraction with MW > 10 kDa (Drider et al.
20006; Pritchard et al. 2010). During the ripening process of the
Camembert, 15 peaks-RPHPLC were identified as potentially
bioactive, all stemming from B-CN with predominance of
antibacterial fragments B-CN f(193-209) (Galli et al. 2019).

Interactions among the physicochemical and microbiological
parameters and their progress during ripening

A PCA was run to analyze the interactions between the
physicochemical and microbiological parameters and their
evolution during ripening. The results related to physicochemical
parameters during cheese repining are presented in Figure 4.

The first two axes explain 91% of the total variance. Axis F1
represents the maturity (temporal) gradient during the ripening
process. F2 represents the type of the product. The projection of
the means obtained from the three years of study from the same
stage of ripening shows that F1 opposes the artisanal Camembert
to the industrial. The small distance between d1AC and d4AC
shows the high correlation (low changes) registered between
the two first considered ripening stages of AC. In contrast, the
temporal gradient revealed great changes (lower correlations)
from the second stage of ripening, expressed here by an increase
in the distance between successive stages (d4AC, d6AC, and
d12AC). At the same stages, these differences were less
pronounced during IC ripening, which registered an appreciable
change only between the two last stages (J6IC and J12IC). The
degree of maturation of AC is the result of the combined effects
related to the production conditions and the physicochemical
and microbiological proprieties of the raw milk. Consequently, IC
is richer in DM, fat and proteins, but less matured than AC.
Moreover, the factorial plane 1-2 highlights the concentration of

Fig. 5 Factorial plane 1-2 of the component analysis for the
physicochemical and microbiological parameters interactions
during ripening

the points representing fat, DM and proteins close to the last
stage of ripening for IC, while the points representing the
maturation index (ASP, NPN, FAA and FFA) are gathered towards
this final ripening stage of AC.

The results of the component analysis for the physicochemical
and microbiological parameters interactions during ripening are
presented in Figure 5.

The axes F1 and F2 expressed 69 % and 24 % of'the total variance
respectively. The change in the physicochemical parameters is
opposed to the contaminating microorganisms. F2 opposes the
coliforms (faecal and total), the faecal streptococci to the
mesophilic lactic bacteria (Streptococci and Lactobacillus), the
MFAT, molds and yeasts. This axis also opposes contaminating
germs to pH, FAA and ASP.

A scan of figures 4 and 5 explains the decrease of pathogenic
organisms during ripening of the artisanal cheese. This could be
due to the action of indigenous enzymes of the raw milk and
increase in of lactic bacteria and the fungal flora, which lead to
the release of bioactive peptides, with antibacterial effects by
their proteolytic action, and production of bacteriocins by lactic
bacteria. These results are confirmed by the correlation matrix
obtained between the physicochemical and microbiological
parameters, which revealed that molds and yeasts have an impact
on the proteolysis, with significant (P <0,05) positive correlations
with the proteolysis products of ASP (r = 0.88) and FAA (r =
0.90). MLAB showed significant negative correlations with the
pathogenic organisms TC (r=-0.87), FC (r=-0.84) and FS (r = -
0.86). This explains the effect of MLAB on the decrease of these
pathogenic germs during ripening of the cheeses made from raw
milk and the role of lactic microflora in their bio-conservation.
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Conclusions

The physicochemical parameters showed the same trends and
recorded higher values in the Camembert made from raw milk.
The inhibition of Escherichia coli and Staphylococcus aureus
by the neutralized water-soluble fractions revealed the effect of
the bioconservation of the camembert made from raw milk by an
eventual presence, in the cheese, of bacteriocins and bioactive
peptides with antibacterial effect. The current study opens up
new perspectives within the framework of the dairy industry in
Algeria, encouraging stockbreeders and farmers to transform the
raw milk into healthy dairy products and provide steady and
more active incomes than those generated from selling milk to
collectors.
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Abstract: The study was aimed to develop a process to
manufacture low-fat paneer using glucono delta-lactone as an
acidulant. Carboxymethyl cellulose was used as a fat replacer.
Low-fat paneer was prepared from 1.0 % fat mixed milk
(Cow:Buffalo::55:45). Optimization of the manufacturing
parameters was carried out by using Response Surface
Methodology with central composite rotatable design using three
independent variables viz. coagulation temperature, level of
carboxymethyl cellulose and strength of glucono delta-lactone
solution. The suggested solution from RSM analysis for low-fat
paneer was coagulation temperature: 80°C, level of carboxymethyl
cellulose: 600 mg/kg milk and strength of glucono delta-lactone
solution: 2%. The developed product had 64.10+0.82% moisture,
6.53+0.16% fat and 18.214+1.01% FDM. The product had 27%
higher protein and about 4 times less fat as compared to regular
paneer. Results of the study revealed that an acceptable quality
low-fat paneer can be manufactured by incorporating
hydrocolloid and glucono delta-lactone.

Keywords: Carboxymethyl cellulose, Glucono delta-lactone,
Low-fat paneer, Response surface methodology
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Introduction

Paneer is a heat and acid coagulated traditional Indian dairy
product. In India, paneer production has been largely confined
to the small unorganized sectors. Paneer is a soft cheese like
product which is rich in fat and protein. The average fat content
of paneer varies between 23 to 26% while protein content varies
between 17 to 21%. Scientific evidence links high-fat diets with
increased risk of obesity, atherosclerosis, high blood pressure
and tissue injury (Madadlou et al. 2005). This has necessitated a
higher demand for low-fat foods. Low-fat products are formulated
or designed so as to meet the dietary needs of obese people,
people at risk of cardiovascular disease, diabetics and people on
diets for weight management (Sandrou and Arvanitoyannis 2003).
The high cost of paneer is mainly attributed to its high fat content
(23-26%) due to which many low and middle class income people
refrain from consuming it and cannot afford to include it in their
regular diet.

The role of fat in the development of acceptable flavour, body
and texture as well as appearance of paneer is unquestionable. A
reduction in fat content of paneer results in lower acceptability.
Usually, low-fat cheese varieties are usually characterized by
rubbery texture, flat flavour, poor meltability and undesirable dull
colour lacking glossiness compared to their full fat counterparts
(Mistry 2001). In literature, it has been reported that fat reduction
in dairy products can be achieved by replacing fat with starches,
polysaccharides, gums or fibres from cereal, vegetables and fruits
(Tufeanu and Tia 2016). Murtaza et al. (2017) prepared low-fat
cheddar cheese from 2.0% fat buffalo milk by adding xanthan
gum and guar gums at different rates varying from 0.15 to 0.45%.
They reported that guar gum can effectively be used @ 0.45% to
produce a low-fat Cheddar cheese with functional, textural and
sensory characteristics which were comparable to full fat cheese.

Glucono-d-lactone (GDL), an acidulant, is a non-agricultural
additive which can be produced in a non-synthetic way. GDL
hydrolyses in water to form gluconic acid. The rate of acid
formation is affected by temperature, concentration and the pH
of the solution. It has low acid release at room temperature, but
the rate of conversion to gluconic acid increases as the
temperature increases (Fetahagi¢ et al. 2002). It has been reported
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to be one of the best acids to reduce pH without adversely
affecting the acidic flavour profile of food products (Lucey and
Kelly, 1994). It is commonly used for manufacture of silken soft
tofu (Guo and Ono 2005). Shin et al. (2014) developed a low-fat
tofu using GDL as acidulant. They reported that the
physicochemical and sensory properties were comparable to full-
fat tofu.

It was hypothesized that use of hydrocolloids in combination
with GDL would help in improving the body and texture
characteristics of low -fat paneer. Hence a low-fat paneer was
prepared using GDL as an acidulant in combination with
hydrocolloids.

Materials and Methods

Whole milk (6.1% fat/9.1% MSNF), standardized milk (4.5% fat/
8.5% MSNF) and skim milk (0.2% fat/9.1% MSNF) were collected
from Vidya Dairy, Anand. Carboxymethyl cellulose (CMC) (Loba-
chemicals private Ltd., Mumbai) and Glucono delta-lactone (GDL)
(Roquette India Pvt. Ltd., Mumbai) were used as a hydrocolloid
and an acidulant respectively in low-fat paneer (LFP). Citric acid
(Loba-chemicals private Ltd., Mumbai) used as coagulant for
manufacture of control sample of paneer.

Preparation of paneer

Low-fat paneer was prepared using different levels of CMC,
coagulation temperatures and strengths of GDL solution as
suggested by Response Surface Methodology (RSM) to choose
the best combination to get the most acceptable LFP. The
selected range on the basis of preliminary trials were: 75 to 85°C
for coagulation temperature (A), 600 to 900 mg/kg of milk for
level of CMC (B) and 2.0 to 4.0% strength of GDL solutions (C).
At temperatures lower than 75°C and lower strength of GDL
solutions the curd was too soft to handle and at temperatures
higher than 85°C and higher than 4% strength of GDL the paneer
lacked the desired firmness and became too hard. Higher levels
of CMC i.e. higher than 900 mg/kg affected the body and texture
of paneer adversely and it became too sticky. The solutions were
optimized by adopting a three factor Central Composite Rotatable
Design (CCRD) consisting of total 20 experiments Table 1.

Milk (standardized to 1.0% fat) was heated to 40-45°C and CMC
(level mentioned in Table 1) was added in the form of a paste
(prepared in lukewarm milk, about 100 times its weight). Milk was
further heated to 90°C for 5 min, cooled to the coagulation
temperature (as mentioned in Table 1) and coagulated with GDL
solution (strength as mentioned in Table 1), pre-heated to
coagulation temperature, which was added slowly to the milk
with slow stirring until a coagulum and clear whey separated out.
The coagulum was allowed to settle for 5 min for completion of
the coagulation process. Care was taken to see that the
temperature of whey was above 70°C at the time of draining.
Draining of whey was completed in 5 min. The coagulum was
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transferred to a rectangular sterilized stainless steel paneer hoop
lined with a clean and sterile muslin cloth. The curd was pressed
for 20 min by applying a pressure of 2.0 to 2.5 kg/cm?®. Paneer
blocks were removed from the hoop and immersed in pasteurized
chilled water (about 4°C) for 2 hours. The drained paneer blocks
(200 g each) were vacuum packed in pre-sterilized laminated
pouches with UV light (12 p polyester + 50 u LD/LLDPE) and
stored at 7+1°C. Control sample of paneer (CP) was prepared
from standardized milk (4.5% fat/8.5% SNF milk) using the method
described by Aneja et al. (2002).

Physico-chemical analysis

Moisture, fat, protein and ash content as well as titratable acidity
and pH of paneer samples were determined as per the procedure
described by FSSAI (2015) .

Textural analysis

Two-bite compression testing of paneer samples was done with

Lloyd Instrument, Hampshire, UK (Model No. 01/2962) using 5
KN load-cells which moved at a speed of 20 mm/min. All the
textural measurements were conducted in a room maintained at
23+1°C temperature and 65+1% RH. The paneer samples were
taken for texture measurement after tempering the same at 20+1°C.
Cubic samples of the experimental paneer, with edges of 2.00+0.06
cm, were placed in such a manner that fibers were oriented
perpendicular to the cylindrical compression anvil. The cubic
samples were compressed up to 70% of their initial size. Average
of five cubic samples was reported.

Sensory evaluation

Each block of paneer was cut into approximately 25 g rectangular

pieces and tempered to 20+2°C before judging. The sensory panel
(n=9) was composed of faculty members of the institute. The
products were evaluated using 100-point scale as described in
IS: 15346 (2003) in a well-ventilated sensory evaluation laboratory.
Lukewarm water was uses for rinsing mouth.

Statistical analysis

The data was analysed using Response Surface Methodology
(RSM) Design Expert (Version 8.0.3) which was employed to carry
out optimization of selected parameters in the final product
formulation. Comparison of LFP with CP was analysed using
Completely Randomized Design (CRD).

Results and Discussion

All the 20 batches of LFP were evaluated for their sensory and
textural attributes as well as selected compositional parameters.
The results of the study obtained for sensory scores, textural
properties and selected compositional attributes of LFP are
presented in Table 1. The regression analysis of suggested models
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for sensory scores, textural properties and FDM (fat on dry matter
basis) of low -fat paneer is presented in Table 2.

Effect of coagulation temperature, level of CMC and strength of
GDL solution on sensory characteristics of low -fat paneer

As seen in Table 2 that the calculated F-values are more than the
Table F-values at 5% level of significance which indicate the
significance of the model terms. It can also be seen that, the
coefficient of determination (R?) which reflects the proportion of
variability in data explained or accounted by the model for flavour,
body and texture, colour and appearance and total score were
0.8950, 0.8507, 0.8094 and 0.8624 respectively. A larger R? values
suggest a better fit of the quadratic model. The Adequate
Precision Value (APV) measure the signal to noise ratio. As seen
in Table 2, the APV for sensory characteristics were greater than
4, which support the suitability of the model to navigate the
design.

Flavour

The flavour score of LFP ranged from 37.7 to 42.2 out of 50 (Table
1). Asignificant (P<0.01) reduction in flavour score was observed

with increase in strength of GDL solution (C). The interaction of
coagulation temperature and level of CMC (AB) in milk showed
significant (P<0.05) negative effect. At quadratic level, coagulation
temperature and strength of GDL solution reduced flavour score
significantly at 5% and 1% level respectively while level of CMC
significantly (P<0.05) improved flavour score.

The results obtained in this study are in contrast to those reported
by Ghosh et al. (2019), who observed reduction in the flavour
score of LFP, prepared from 0.5% fat cow milk using 1% solution
of citric acid as a coagulant, with increase in coagulation
temperature from 65 to 80°C. Whereas, in present study, the
highest flavour score was obtained at 80°C coagulation
temperature. The difference observed could be due to the
differences in type and level of coagulants used and type of milk
used. Similar results were observed by Murtaza et al. (2017) who
reported that with increase in level of guar gum (from 0.15 to
0.45%), an increase in flavour score of low-fat Cheddar cheese
prepared from buffalo milk (2.0% fat) was observed. Salari et al.
(2017) prepared cream cheese by addition of hydrocolloids such
as xanthan gum and CMC and reported an improvement in taste
of the product. The reduction in the flavour score could be

Table 1 Experimental design matrix and sensory characteristics, textural properties and FDM of low -fat paneer

Level
Coagu Streng Total
lation Cg/f C th of Fla:ou B & 1; (;c(gérlg Score* Hardn Chewi
Run  Tempe (ma/k GDL Score Score @ * ess ness Cohesi FDM*
Order  rature solutio (Out (Out (Nmm  veness (%)
N g 0 (Out (Out N)
COhig MO opsgy ©F3) Geg) Of )
(A) (B) ©) 100)

1 80.00 750.00 4.68 37.70  29.00 8.25 7995 20.58 6495 0.492 18.88
2 75.00 600.00 2.00 40.50  31.50 8.50 85.50 19.48 61.44 0520 18.67
3 85.00 900.00 4.00 39.00  30.25 8.50 82.75 25.14 8311 0.513 17.32
4 88.41 750.00 3.00 39.20  29.00 8.35 81.55 2334 7567 0.500 17.49
5 80.00 497.73  3.00 41.00 31.25 8.25 8550 23.77 7440 0.501 21.23
6 80.00 750.00  3.00 40.45  28.89 8.37 82.72 19.54 6091 0.500 17.74
7 85.00  900.00 2.00 40.40 2940 8.25 83.05 13.68 3997 0465 19.78
8 80.00 750.00  3.00 41.40  29.78 8.37 84.55 19445 76.15 0492  18.31
9 80.00 750.00  3.00 40.20  28.05 8.37 81.62 19.68 60.56 0.495 17.40
10 85.00 600.00 4.00 39.30  29.08 8.37 81.75 2823 8521 0478 19.64
11 75.00 900.00 2.00 39.40  31.00 8.00 83.40 1535 4377 0462 21.26
12 71.59  750.00 3.00 39.20  31.20 8.20 83.60 17.16 4834 0505 17.29
13 80.00 750.00  3.00 40.60  28.90 8.25 82.75 1945 6050 0.492 18.29
14 80.00 10(;2'2 3.00 4220 31.80 8.20 8720 1459 4429 0478 22.15
15 75.00 900.00 4.00 4140 31.20 8.12 85.72 13.85 3937 0478 22.06
16 80.00 750.00 1.32 39.60  28.90 8.20 81.70  14.08 4297 0.499 18.07
17 85.00 600.00 2.00 42.00 30.20 8.20 8540 20.28 62.61 0515 19.20
18 80.00 750.00  3.00 40.20  29.20 8.30 82.70 17.53  60.50 0.506  18.29
19 80.00 750.00  3.00 40.80  28.00 8.20 82.00 19.54 6032 0.513 17.96
20 75.00  600.00 4.00 37.80  27.90 8.12 78.82 2448 7325 0489 17.00
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Fig. 1 Surface plot (3-D) for sensory characteristics of low -fat paneer

ascribed to lack of richness and flat flavour owing to lower fat
content.

Body and Texture

The body and texture score of LFP as depicted in Table 1 varied
from 27.9 to 31.8 (out of 35). The values from Table 2 suggested
the coagulation temperature of milk showed significant (P<0.05)
negative effect. At quadratic level, body and texture score
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significantly increased with increase in coagulation temperature
(P<0.05) and level of CMC (P<0.01). Interaction of level of CMC
and strength of GDL solution (BC) had significant (P<0.05)
positive effect (Fig. 1(b)).

The results obtained in this study are in contrast to those reported
by Ghosh et al. (2019) who reported that the body and texture
score of low-fat paneer prepared from 0.5% fat cow milk increased
when milk coagulation temperature increase from 50 to 60°C and
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then decreased when coagulation temperature increase from 65
to 80°C. Whereas, in current study, it was found that the highest
body and texture scores was obtained when the coagulation
temperature was 80°C. The difference observed could be
attributed to the differences in type and level of ingredients used
and type of milk used. Low fat paneer is characterised by hard
body, while addition of hydrocolloids like CMC helped in moisture
retention by water-binding and thus increased moisture content
which resulted in softer body and ultimately led to higher body
and texture score.

Colour and Appearance

The colour and appearance scores of LFP depicted in Table 1
varied from 8.0 to 8.5 (out of 10). The observations from Table 2
suggested significant (P<0.05) increase in colour and appearance
score with increase in coagulation temperature. Interaction of
coagulation temperature with CMC (AB) or strength of GDL
solution (AC) (Fig. 1(c)) and interaction of CMC and strength of
GDL solution (BC) showed significant positive effect.

Ghosh et al. (2019) also reported that the positive correlation of
milk coagulation temperature with colour and appearance of
paneer of low-fat paneer prepared from 0.5% fat cow milk. Singh
et al. (2015) also observed similar observation in low-fat fibre
supplemented paneer (3.0% fat milk). Similar observations were
made by Murtaza et al. (2017) who reported that with increases
level of guar gum there was an increase in colour and appearance
score of low-fat Cheddar cheese prepared from buffalo milk (2.0%
fat). The higher score for colour and appearance could be
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Fig. 2 Surface plot (3-D) for textural properties of low -fat
paneer

attributed to higher glossiness due to higher moisture content
because of addition of CMC.

Total score

The total score of LFP depicted in Table 1 ranged from 78.82 to
87.20 (out of 100). The observations from Table 2 suggested
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Table 4 Comparison of proximate composition, sensory and textural properties of low -fat paneer with control paneer

Components CP (Citric acid) LFP (GDL+CMC) CD(0.05)
Moisture (%) 61.80+0.82 64.10+0.64 0.89
Fat (%) 8.92+048 6.53+£0.16 042
FDM 18.94+1.01 18.21+0.33 NS
Protein (%) 23.35+0.77 22.07+0.37 0.72
Ash (%) 2.62+0.12 2.4540.15 NS
Carbohydrate (%) 3.26+0.29 4.84+0.27 034
Acidity (%LA) 0.45+0.015 0.47+£0.019 NS
pH 5.96+0.025 5.94+0.029 NS
% Fat recovery 87.37+1.43 87.87+2.38 NS
% Total solids recovery 47.67+0.96 46.61+0.66 NS
% Yield 12.294+0.65 13.4240.35 0.62
Flavour Score (Out of 50) 45.05+1.94 42.094£2.27 246
Body & Texture Score (Out of 35) 31.57+1.62 30.16£1.78 NS
Colour and Appearance Score (Out of 10) 8.21+0.23 8.57+0.31 032
Total Score (Out of 100) 89.84+2.56 85.81+3.42 352
Hardness (N) 22.93+1.75 19.34+1.22 1.80
Cohesiveness 0.46+0.02 0.52+0.03 0.04
Chewiness (Nmm) 64.17£2.79 61.26+3.29 NS
Springiness (mm) 6.08+0.29 6.38+0.23 NS
Gumminess (N) 10.55+0.51 9.17+0.49 0.61

strength of GDL solution had significant (P<0.05) negative effect
on total score at linear level, it indicates increase in strength of
GDL solution there was a decrease in total score of LFP. It was
found that higher level of CMC in milk (B?) had significant (P<0.01)
positive effect on total score, while higher level of strength of
GDL solution (C?) had significant (P<0.05) negative effect on
total score at quadratic level. The interaction of level of CMC
and strength of GDL solution (BC) had significant (P<0.01)
positive effect on total score of LFP (Fig. 1(d)).

Similar observation reported by Murtaza et al. (2017) who reported
that with increases level of guar gum the overall acceptability
score increased in low fat Cheddar cheese prepared from buffalo
milk (2.0% fat). Thus the results are in agreement with those
reported in literature. However, the results obtained in this study
are in contrast to those reported by Ghosh et al. (2019). They
reported that the total score of low-fat paneer prepared from
0.5% fat cow milk increased when milk coagulation temperature
increase from 50 to 60°C and then decreased when coagulation
temperature increase from 65 to 80°C. Whereas, in our study, it
was found that the highest total score was obtained when the
coagulation temperature was 80°C. The difference observed could
be due to the differences in type and level of ingredients used
and type of milk used. The flavour score of LFP was reduced
while body and texture score as well as colour and appearance
score was increased, resulting in rise in total score.

Effect of coagulation temperature, level of CMC and strength of
GDL solution on textural properties and FDM of low-fat paneer
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Textural properties selected as responses for LFP were
Chewiness, Cohesiveness and Hardness and from composition
FDM was selected. The values of these responses along with
their factors as per run order are given in Table 1. R* for hardness,
chewiness, cohesiveness and FDM were 0.9253, 0.8880, 0.8446
and 0.8619 respectively (Table 2).

Hardness

The values of hardness of LFP shown in Table 1 ranged from
13.68 to 28.23 N. The values presented in Table 2 revealed with
increase in coagulation temperature of milk (A) and strength of
GDL solution (C) there was a significant (P<0.01) increase in
hardness of LFP. However, level of CMC showed significant
(P<0.01) negative effect on hardness of LFP at linear level. The
interaction of coagulation temperature of milk and strength of
GDL solution (AC) had significant (P<0.01) positive effect on
hardness of LFP (Fig. 2(a)). Increasing coagulation temperature
and strength of GDL solution resulted in reduction in moisture
content which led to increased hardness while increasing the
level of CMC increased water-binding and thus moisture content
of final product resulting in reduced hardness. Hardness of low-
fat fibre supplemented paneer prepared from toned milk (3.0%
fat/8.5% SNF) increased significantly (P<0.05) with increase in
amount of citric acid solution and coagulation temperature (Singh
et al. 2015) Murtaza et al. (2017) reported that increase in
concentration of guar gum and xanthan gum (independently)
from 0.15 to 0.45% there was a decrease in hardness 1399.54¢g to
1321.78g and 1440.23g to 1389.00g respectively of low-fat Cheddar
cheese (2.0% fat milk).
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Chewiness

The values of chewiness (Nmm) of LFP shown in Table 1 ranged
from 39.37 to 85.21 Nmm. The observations from Table 2 suggested
coagulation temperature and strength of GDL solution had
positive correlation with chewiness of LFP. However, level of
CMC had negative correlation with chewiness of LFP.
Coagulation temperature of milk and strength of GDL solution
(AC) had significant (P<0.05) positive interaction effect on
chewiness (Fig. 2(b)). Increasing coagulation temperature and
strength of GDL resulted in reduced moisture and thus increased
total solids as well as protein content while increasing the level
of CMC resulted in higher moisture and lower total solids and
protein in final product. Chewiness has direct relationship with
protein content (Mistry, 2001). Similar results observed by Singh
etal. (2015) who reported that coagulation temperature (P<0.05)
and amount of citric acid solution (P<0.01) had significant positive
effect on chewiness at linear level of low-fat fibre supplemented
paneer made from 3.0% fat and 8.5% SNF. Similarly Murtaza et al.
(2017) also reported that with increase in level of hydrocolloids
xanthan gum and guar gum (independently) from 0.15 to 0.45%
showed decrease in chewiness of low fat Cheddar cheese
prepared from buffalo milk from (2.0% fat).

Cohesiveness

The values of cohesiveness of LFP shown in Table 1 ranged
from 0.46216 to 0.52023. The values from Table 2 suggested with
increase in level of CMC there was a significant (P<0.01) decrease
in cohesiveness of LFP. The interaction effect of level of CMC
and strength of GDL solution (BC) had significant (P<0.01)
positive effect on cohesiveness of LFP (Fig. 2(c)). Reduction in
cohesiveness with higher level of CMC could be ascribed to
higher moisture content associated with higher CMC. Similarly
to our results, Singh et al. (2015) also reported that the interaction
of coagulation temperature and amount of citric acid solution
had non-significant effect on cohesiveness of low-fat fibre
supplemented paneer (3.0% fat milk). Similar results also observed
by Murtaza et al. (2017) also reported that with increase in level
of hydrocolloids viz. xanthan gum and guar gum (independently)
from 0.15 to 0.45% resulted into decrease in the cohesiveness of
low fat Cheddar cheese (2.0% fat milk) from 0.866 to 0.824 and
0.876 t0 0.812, respectively.

Faton Dry Matter (FDM)

The values of FDM shown in Table 1 ranged from 17.00 to 22.15%.
The observations from Table 2 suggested with increase in level
of CMC there was significant (P<0.05) increase in FDM of LFP.
The interaction of coagulation temperature of milk and level of
CMC (AB) showed significant (P<0.01) negative effect on FDM
of LFP. Increasing the level of hydrocolloids such as CMC helps
in retention of fat (Salari et al. 2017). Similar results observed by
Murtaza et al. (2017) who reported that with increase in level of
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hydrocolloids (xanthan gum and guar gum independently) there
was an increase in FDM content of low-fat Cheddar cheese
prepared from buffalo milk (2.0% fat).

Optimization of low -fat paneer (LFP)

Optimization of process for the development of LFP was carried
out with the objective of determining the best possible
combination(s) of different levels of factors viz. coagulation
temperature, level of CMC and strength of GDL solution that
would lead to the most acceptable product in terms of sensory
characteristics.

The goals for all sensory responses were set to be maximized.
The predicted formulation for optimized LFP from RSM analysis
consisted of 79.67°C (~80°C) coagulation temperature, 600 mg
CMC per kg milk (w/w of milk) and 2.0% GDL solution. The
predicted sensory scores, textural properties and FDM of LFP
are depicted in Table 3. The final product was manufactured
employing the suggested formulation and the actual results
obtained were compared with these predicted values of the
criteria/responses selected for process optimization. The
calculated t-values of for all the parameters are reported in Table
3. The calculated t-values being less than the table values, it is
inferred that there was non-significant (P<0.05) difference
between the predicted and actual values of responses.

LFP prepared using the optimized solution was manufactured
using 80°C coagulation temperature, @ 600 mg/kg milk CMC (w/
w of milk) and 2.0% GDL solution. The compositional, physico-
chemical, sensory characteristics and textural properties of the
low-fat paneer (LFP) was compared with a paneer (CP) made by
using citric acid (1% solution w/v) as a coagulant. The average
values of the chemical composition of the developed reduced-
fat paneer i.e. LFP and CP are showed in Table 4. Moisture
content of LFP is significantly (P<0.05) higher than that of CP
due to addition of hydrocolloid such as CMC which translated
into significantly (P<0.05) lower fat, protein and carbohydrate
content as well as higher yield. Flavour score of LFP is
significantly (P<0.05) lower due to flat flavor owing to higher
moisture while colour and appearance score is significantly
(P<0.05) higher due to more whiteness in LFP but total score of
LFP remained significantly (P<0.05) lower. Hardness of LFP is
significantly (P<0.05) lower while cohesiveness is significantly
(P<0.05) higher due to higher moisture content. Yellamanda et al.
(2006) reported acidity values of low-fat paneer prepared form
milk containing 2.0% fat and 9.0% MSNF to be 0.42-0.43%.
According to FSSR (2011) standards for low fat paneer, a product
can be qualified as low fat if it meets the following requirements:
Moisture (max. % m/m) 70% and milk fat (% m/m on dry basis):
20% maximum. Based on the results obtained in this study, LFP
can be classified as “Low-Fat Paneer” under the FSSR (2011)
regulations, since it met the requirements with respect to moisture
and fat content.



Indian J Dairy Sci 74(1): 30-38

Conclusion

Based on the results obtained in this study it can be concluded
that the optimum parameters for manufacture of low-fat paneer
using GDL as coagulant are: using a coagulation temperature of
80°C, addition of 600 mg/kg CMC (w/w) of milk and using GDL in
the form a 2.0% solution. The quantity of GDL required to
coagulate one kg milk was 3.8 to 4.0 g. The yield of paneer
obtained was 13.4 kg/100 kg milk. The product had 27% higher
protein as compared to regular paneer. The fat content in the
developed product was about 4 times lower than that of regular
paneer. The developed product has a good potential of being
marketed as a healthy alternative to paneer.
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Abstract: In this study, physico-chemical and heat induced
changes during the preparation and storage of UHT milk were
evaluated. Parameters such as pH, acidity, viscosity,
sedimentation, colloidal calcium (Ca), colloidal magnesium (Mg),
hydroxyl methyl furfural (HMF), lactulose and color value were
evaluated. During conversion of raw milk to UHT milk, there was
slight increase in viscosity, colloidal Ca, colloidal Mg, HMF,
lactulose and colour value, while decrease in pH value was
observed. During storage of UHT processed milk there was
significant (p<0.001) increase in viscosity, a value, b value, HMF
and lactulose content, whereas a significant (p<0.001) decrease
in pH, colloidal Ca, colloidal Mg and L value was observed.
Increase in acidity, sedimentation content and formation of
Maillard browning products adversely affected the quality of
UHT milk. These changes were noticed more in UHT processed
milk stored at 30°C vis-a-vis 5°C.

Keywords: UHT milk, Calcium, Magnesium, HMF, Lactulose,
Sedimentation

Introduction

Ultra-high temperature (UHT) processing of milk is one of the
promising heat processing technique for elongating the shelf life
of milk. UHT processing of milk is carried out at high temperature
(135-150 °C) for a short time (1-10 seconds), resulting in production
of sterile milk which when packaged aseptically is stable for about
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6 months at room temperature (Al-Saadi and Deeth, 2008; Ranvir
etal. 2020a). During processing and storage of UHT milk, various
physio-chemical and biochemical reactions take place, including
Maillard reactions, degradation of lactose, hydrolysis of lipid,
aggregation and denaturation of whey proteins, formation of 3-
lactoglobulin and k-casein complexes and disturbance of salt
balance (Corredig and Dalgleish, 1996; Richards et al. 2014; Sakkas
et al. 2014). Apart from these changes, heating process causes
development of undesired colors and flavour (especially cooked)
which significantly affects the nutritional and sensory quality of
UHT milk (Elliott et al. 2003; Elliott et al. 2005; Al-Saadi and
Deeth, 2008; Sakkas et al. 2014). These changes drastically affect
the quality of UHT milk, which limits its shelf life and thus the
consumer acceptance (Rauh et al. 2014; Gaur et al. 2018; Sunds et
al. 2018). The heat sensitive components, which are already
present or develop in milk during heat processing, allow a direct
and quantitative assessment of the processing impact without
the detailed knowledge of the actual heat treatment history of
the product are called as heat load indicators or thermal time
integrator’s (TTIs) (Claeys et al. 2002). TTIs can be categorized
into two groups; first one is type- I and another one is type- II
indicators. Type I-indicators are heat sensitive components such
as whey proteins, vitamins, enzymes etc. During processing and
storage, these components undergo inactivation, degradation
and denaturation. Type Il-indicators are those which are not
originally present or present at a low level and are developed
during processing and storage of heated milk and milk products
e.g. HMF and lactulose (Elliott et al. 2003; Mayer et al. 2010;
Sakkas et al. 2014). Type I-indicators are more suitable parameters
for the evaluation of low intensity heat processing conditions
e.g. pasteurization, while type Il-indicators are better for
assessment of severe heat treatments, such as UHT processing
(De Block et al. 1996; Sakkas et al. 2014; Meshram et al. 2018).

Mostly two types of problems occurs in UHT milk during its
storage, the first one is age gelation and the second one is
development of changes like off flavour, colour and nutritional
loss. The rate of these changes is largely dependent on the
storage time and temperature. They cause adverse impact on the
quality of UHT milk, thus limiting consumer acceptance (Corredig
and Dalgleish, 1996; Richards et al. 2014; Sakkas et al. 2014; Deeth
and Lewis, 2017; Ranvir et al. 2020b). Some of the researchers



Indian J Dairy Sci 74(1): 39-47

reported that during storage of UHT milk, there occurs reduction
in sweet taste and development of sugary aromatic flavor (Clare
etal. 2005; Jensen et al. 2015). The present study has been planned
to assess the physico-chemical changes during conversion of
raw milk to UHT milk and impact of storage time and temperature
on the quality of UHT milk.

Materials and Methods
Reagents

Trifluoroacetic acid (TCA) was procured from Sisco Research
Laboratories Pvt. Ltd, India. Sodium acetate was procured from
Loba chemie, India. Other chemicals required in the study were
procured from Sigma-Aldrich, Germany. All sample preparations
and measurements were carried out using double distilled water
(Cascada water purifier, UK) having conductance of 0.055 pS/

cm?,

Collection of milk samples

Raw milk and subsequently pasteurized and UHT processed (by
indirect method) toned milk samples were collected from Verka
dairy plant, Chandigarh, India. Raw and pasteurized milk were
analyzed for their physico-chemical parameters and heat induced
components. UHT milk was produced by heating milk at 140°C
for 4 s by using an indirect tubular heat exchanger (STORK,
Netherlands). Nine UHT milk (fat 3.0% and 8.5% SNF) samples
were brought to the laboratory on the day of manufacture and
divided into two groups; first group was stored at 5°C and second
group was stored at 30°C. Samples were examined at a regular
interval of one month till 4 months of storage.

M

The pH was determined in UHT milk by using Lab India pH
analyzer (M-420, Cyberscan pH Tutor, EUTECH Instruments,
Thermo Fisher Scientific, Mumbai, India) with combined electrode
at 20+2°C. Prior to use, the pH meter was calibrated with standard
buffer solution of pH 4, 7 and 11.

Acidity

Titratable acidity of milk samples was determined as per the
procedure described in BIS (IS: 1479 (part-1) 2016).

Viscosity

The viscosity was measured at 20°C under constant conditions
using Ostwald viscometer in athermostatically controlled water
bath.

Sedimentation
Sedimentation test was carried out as per the method suggested

by Hassan et al. (2009). The UHT milk sample was drain out from
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the cartons by leaving the bottom 4 cm. The cartons were then
inverted for about 10 minutes, up righted and kept in the exhaust
hood to dry. The cartons were allowed to dry for 48 hours after
opening the bottom flaps or wings of cartons to facilitate the
drying of any sediment entrapped there. The cartons were
weighed and then washed thoroughly to remove any sediment
or residue adhering to the container. The washed cartons were
again dried and weighed.

Colloidal Ca and colloidal magnesium content

UHT milk samples were defatted by centrifugation (Centrifuge
5810 R, Eppendorf, Sigma-Aldrich, Germany) at 4000xg for 10 min
at 4°C and skim milk was ultrafiltered with Amicon® Ultra-15,
10KDa Centrifugal Filter Devices (Merck, Germany) using
centrifuge (@ 5000xg, 40 min, 25°C). The permeate was discarded
and retentate was analyzed for colloidal Ca and Mg content by
using atomic absorption spectrometry (AA-7000; Shimadzu,
Japan) as described in International Organization for
Standardization (ISO, 8070 2007).

HMF

Total HMF content in UHT milk was determined using the method
suggested by Cais-Sokolinska (2005). Ten millilitre UHT milk
sample was acidified with 5 ml 0.3 N oxalic acid followed by heating
at 100°C for 60 min. Content was then cooled to room temperature
and mixed with 5 ml of 40% trichloroacetic acid solution. The
mixture was thoroughly mixed and filtered thorough Whatman
paper No. 42 filter paper. One millilitre of aqueous solution of
TBA (0.05 M) was then added to 4 ml of the filtrate. The solution
was mixed thoroughly and incubated in water bath maintained at
40°C for 40 min. It was then cooled to room temperature and
absorbance was measured at 443 nm.

Lactulose

The lactulose content was measured by enzymatic method using
kit (Cat No: K-LACTUL) procured from Megazyme, Bray,
Wicklow.

Color Value

Tristimulus spectrophotometer Hunter Lab model Color Flex®
[Hunter Associates Laboratory Inc., VA, U.S.A with software
(version 4.10)] was used for measuring the color of UHT milk and
the results were expressed in terms of the CIE-LAB system
according to the method of Popov-Raljic et al. (2008). The
instrument was standardized in day light at reflectance angle of
10° (illuminant D65/10° standard observer). The instrument was
calibrated with standard black and white tiles as specified by the
manufacturer. The light source was dual beam xenon flash lamp.
Measurements were made on the milk sample taken in a glass
sample cup (10 cm height and 6 cm diameter) supplied with the
instrument by filling it to a fixed level (up to 3 cm) for each sample.
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Statistical analysis

The results of physico-chemical changes during preparation and
storage of UHT milk were compared using two-way ANOVA and
that obtained between raw, pasteurized and freshly processed
UHT milk through one-way ANOVA employing Bonferroni Post-
Tests to compare results of different months using Prism Graph
Pad (Prism version 7.01) software.

Results and Discussion

Assessment of the changes in physico-chemical parameters and
production of heat induced components during pasteurization
and UHT treatment is required to understand their impact on
quality of milk. The changes in physico-chemical and heat induced
parameters of raw milk, subsequently pasteurized and UHT
processed milk are given in Table 1. During heating of milk,
different chemical, physical and biochemical reactions take place.
Comparing raw, pasteurized and UHT milk, there was a non-
significant (p>0.05) change in acidity and viscosity, while the a
value, HMF and lactulose content showed a significant (p<0.001)
increase. HMF, colloidal Ca and colloidal Mg content was
increased significantly (p<0.05) in pasteurized and UHT milk as
compared to that of raw milk (Table 1). Thus, pasteurization and
UHT treatment cause several physico-chemical and heat induced
changes in milk. Similar results were also obtained by Jeurnink
and De Kruif (1993), Elliot et al. (2003), Pestana et al. (2003) Gaucher
etal. (2008) and Oh and Deeth (2017). Ritota et al. (2017) reported
increase in pH, viscosity, HMF, lactulose, colloidal Ca, colloidal
Mg and colour value and decrease in acidity during heating of
milk. It is worth mentioning here that a small amount of lactulose
(7.09 + 0.071 mg/L) was also observed in raw milk. Previous
researchers (Elliott et al. 2003; Lan et al. 2010) have also reported
this important indicator of heat treatment in raw milk. Increase in
viscosity during heating may be due to the denaturation of whey
proteins (Jeurnink and De Kruif, 1993) and increase in pH may be
due to lower whey protein associating with the micelles (Pestana
et al. 2003). Burton (1984) reported that increase in colloidal Ca
because of ionic Ca combined with the phosphates or the
denatured proteins turns into the colloidal Ca form while the Ca
moves to the inside of casein micelles, reduced the content of
the ultrafiltrable Ca accordingly. There was also increase in
colloidal Mg due to their migration into the calcium phosphate
microgranules as evidenced by the increase in the size of these
particles (Oh and Deeth, 2017). Maillard reaction formed HMF,
Lactulose during heating of UHT milk (Sakkas et al. 2014) and
also formed brown-coloured pigments (pyralysins and
melanoidin) which caused change in colour value (Popov-Raljic
etal. 2008).
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Table 1 Assessment of the physio-chemical parameters in raw, pasteurized and UHT milk

Colour

Lactulose

(mg/L)

ColloidalMg HMF

(mg/100mL)
3.56:0.122°
4.02+0.117°

ColloidalCa

Viscosity
(cp)

Acidity
(%LA)

pH

Milk Type

(uM) L

(mg/100mL)
74.1+0.424°
75.240.197"
77.2+0.282

9.26+0.056°
9.28+0.046*
9.33+0.042°

-1.57+0.007¢
-2.24+0.042°
-1.80+£0.042¢

85.72+0.092°

7.09+0.071°

1.30+0.078"
2.92+0.064°
8.03+0.035¢

1.61+0.0222
1.63+0.044°
1.64+0.029°

0.135£0.016

0.124+0.018°

6.61£0.026*
6.65+0.028*
6.67+0.019*

Raw

85.40+0.056™

21.4+1.414°
251+3.531°¢

Pasteurized

UHT

87.62+0.091¢

4.24+0.186°

0.124+0.022¢

Data are presented as mean + SEM (n = 3).

**Means within column with different lower case superscript are significantly different (p<0.05) from each other.
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M

The pH of UHT milk samples stored at 5 and 30°C was determined
by pH meter and the results are presented in Fig. 1(a). The pH
value of freshly prepared UHT milk sample was observed to be
6.67+0.019 which decreased significantly (p<0.001) to 6.54+0.019
and 6.45+0.032 after storage for 4 months at 5 and 30°C,
respectively. It was observed that samples showed non-
significant (p>0.05) decrease in pH value at 5°C, while samples
stored at 30°C showed a significant decrease (p<0.01) after one
month of storage period. Decrease in pH during storage of UHT
milk may be due to the dephosphorylation of casein micelles,
breakdown of lactose, precipitation of calcium phosphate, and
proteolysis (Al-Saadi and Deeth, 2008). Our results are agreeing
with the corresponding results obtained by McMahon (1996)
and Hassan et al. (2009). Aldubhany et al. (2014) also reported
that pH of UHT milk decreased during storage. Decrease in pH
value might be a major factor for causing gelation during storage
of UHT milk. As previously reported by Hassan et al. (2009) at
neutral pH (6.7), the casein micelles are stable, while the lowering
of the pH leads to aggregation of casein micelles and formation
of a gel.

Acidity

The acidity in UHT milk samples was determined by titration
method and it was expressed in terms of percent lactic acid. The
results of acidity in UHT milk sample stored at 5 and 30°C are
presented in Fig. 1 (b). The acidity value of freshly prepared
UHT milk sample was observed to be 0.12440.025 % lactic acid
which increased significantly (p<0.001) to 0.144+0.017 and
0.164+0.0006 % after storage for 4 months at 5 and 30°C,
respectively. Moreover, the statistical analysis indicated that the
storage period had a significant effect on titratable acidity. The
acidity percentage increased significantly (p<0.001) during
storage at both 5 and 30°C temperature. The sample stored at
30°C showed higher rate of increase as compared to that stored
at 5°C. The Maillard reaction takes place during processing and
storage, which degrade the lactose into acids. Formic acid is
responsible for increasing titratable acidity of milk during storage.
Our results are in agreement with earlier study carried out by
Aldubhany et al. (2014), who also reported that a progressive
relation exists between the acidity of UHT milk samples and
storage time and the rate of increase in acidity was slightly higher
in UHT samples stored at room temperature as compared to
sample stored under refrigeration.

Viscosity

Viscosity is an important property of any liquid food because of
its direct impact on its appearance and consumer acceptance
(DePeters and Cant, 1992). Casein micelles play an important role
in determining the viscosity of skim milk (Clare et al. 2005);
however factors like addition of NaCl, pressure, reaction with
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sugars, ionic strength, pH, and heat also affects the aggregation
of the micelles which influences resistance to flow (Broyard and
Gaucheron, 2015). Changes in the viscosity during storage of
UHT milk are depicted in Fig. 2(a). Viscosity of freshly prepared
UHT milk sample was found to be 1.644+0.029 cP which increased
significantly (»p<0.001) to 1.87+0.005 and 2.01+0.009 cP after
storage for 4 months at 5 and 30°C, respectively. It was observed
that samples showed non-significant (p>0.05) increase in the
viscosity at 5°C, while that stored at 30°C showed a significant
increase (p<0.001) after one month of storage period. It was also
noted that UHT milk samples stored at 30°C showed higher
viscosity than that of the sample stored at 5°C. Similar trends to
our results of increase in viscosity was reported by Aldubhany
etal. (2014), who also observed that higher increase in viscosity
in UHT milk sample stored at 37°C than the sample stored at 4°C.
Increase in viscosity is directly related to the proteolysis and
proteolysis results in gelation during storage of UHT milk which
leads to increase in viscosity value (Datta and Deeth, 2001; Rauh
etal. 2014)

Sedimentation

The quality of sediment depends on the raw milk and on the type
and severity of the heat treatments. For any one type of process,
the amount of sediment increases with the severity of the heat
treatment (Sweetsur et al. 1975; Vankatachalm and MacMahon,
1991). The amount of sediment decreases with homogenization
pressure (Robinson, 1994). Sedimentation results of UHT milk
samples during storage at 5 and 30°C are illustrated in Fig 2 (b).
Sedimentation content in freshly processed UHT milk was
observed to be 0.102+0.006 g which was significantly (p<0.001)
increased to 1.9374+0.018 and 3.417+0.026 g after storage for a
period of 4 months at 5 and 30°C, respectively (Fig. 2b). The
higher increase in sedimentation value was observed after 2
months of storage at 30°C. It was noted that sample stored at
30°C showed higher rate of increase of sedimentation than the
sample stored at 5°C. The increase in sedimentation value during
storage of sample may be due to the aggregation of proteins or
protein particles of various sizes (Malmgren et al. 2017; Gaur et
al. 2018). Similar to our findings, Ramsey and Swartzel (1984),
Malmgren et al. (2017) and Gaur et al. (2018) also reported that
sediment formation during storage of UHT milk was increased
with storage period.

Colloidal Ca and colloidal Mg content

The equilibrium of Ca and Mg between soluble and colloidal
phase in milk is important for their bioavailability and stability
(Aldubhany et al. 2014). Colloidal Ca and colloidal Mg content in
milk are around 66.5 and 33%, respectively (Tewari and Juneja
2007; Huppertz et al. 2017; Singh et al. 2019). The changes in
colloidal fraction of Ca and Mg content in UHT milk samples
stored at 5 and 30°C are presented in Fig.3 (a) and (b). Colloidal
Ca was decreased significantly (p<0.001) during storage from
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Fig. 1 (a). Changes in pH (b) Changes in acidity content during storage of UHT milk sample at 5°(0) and 30°C ( 4 ) after O™, 1%, 2 3¢,

and 4™ months.

Centre line shows the standard error; the circle (O) shows the milk sample stored at 5°C and the triangle ( 4 ) shows the sample stored
at 30°C. All the readings were taken in triplicates. ™p >0.05, *p<0.05, **p<0.01 ***p<0.001.

a
211 Viscosity
- O UHT 5%

2.04 ﬁ [\ ueraoe
— *kk
g 1.91 Fkk A
2.\ % *kk
g 18- %& @ *Hk
2 1,71 F%
> ™

16 W ™

1-5 1 I T I

PRy

Storage months

b
3.5-

3.04
2.5
2.04
1.5
1.0+
0.5-
0.0+

Sedimentation

O ur sc

/\ uHTaoc

*kk

Sedimentation (g)

*

.
5@
&

1

ns ns

A
AW
T

0

2 3
Storage months

Fig 2 (a) Changes in viscosity (b) changes in sedimentation content of UHT milk sample at 5°(0) and 30°C ( 4 ) after 0%, 1%, 24, 3¢,
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77.2+0.282 to 73.4+0.351 and 71.3+£0.312 mg/100 mL at 5°C and
30°C, respectively after 4 month of storage (Fig 3a). Colloidal Mg
also significantly (p<0.001) decreased during storage from
4.2240.186 t0 3.41+0.326 and 2.93+0.214 mg/100mL, at 5 and 30°C,
respectively after 4 month of storage (Fig. 3b). Sample stored at
30°C showed greater conversion of colloidal Ca and Mg phase
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to soluble Ca and Mg phase than that stored at 4°C. The changes
in colloidal Ca contents may be due to decrease in pH values
during storage, especially when the samples were stored at 30°C.
In concomitant to our results, Aldubhany et al. (2014) also reported
that transfer of Ca and Mg from colloidal to soluble form occurs
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with storage and that the changes were more pronounced in
UHT milk sample stored at 37°C than that stored at 4 and 22°C.

HMF

HMF is an important component used for assessing the intensity
of heat treatment. It is also used as an indicator for degree of
progress of the Maillard reaction. It is not present in raw milk or
present only at trace level and formed during heating and storage
of high heat treated milk and milk products (Albala-Hurtado et al.
1997; Morales and Jiménez-Pérez, 1999; Morales et al. 2000;
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Murata et al. 2007; Ritota et al. 2017). In earlier stage of Maillard
reaction, there occurs condensation of carbonyl group of lactose
and [-amino group of lysine residue, followed by development
of intermediate product HMF (Morales et al. 2000; Cais-
Sokolinska, 2005). Amadori rearrangement product (1-amino-I-
deoxy-2-ketoses) formed during severe heating is rapidly
converted into HMF under acid conditions (Nursten, 2005). In
this study, extent of HMF content was determined by using the
method suggested by Cais-Sokolinska, (2005) and results are
illustrated in Fig. 4 (a). The HMF content was significantly
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Table 2 Color (L, a, b) value of UHT milk sample stored at 5°C and 30°C for 4 months

Storage period Storage L a b
(months) Temperature
0 — 87.62+0.091™ -1.80£0.042™ 9.3340.042™
1 5°C 87.27+0.155° -1.04+0.021" 9.41+0.018™
30°C 86.52+0.127" -0.81+0.077™ 9.80+0.049™
2 5°C 86.22+0.12" -0.95+0.027" 9.55+0.023™
30°C 84.91+0.092" -0.65+0.056™ 9.90+0.029™
3 5°C 85.81+0.144™ -0.71+0.028™ 9.69+0.042™
30°C 80.22+0.106™ 0.030+0.023™ 10.15+0.022"
4 5°C 84.57+0.106™ -0.55+0.027" 9.81+0.017"
30°C 79.84+0.098™ 0.18+0.018™ 10.42+0.070™

Superscript are significantly different, ®p >0.05, *p<0.05, **p<0.01 ***p<0.001 from each other.

(p<0.001) increased during storage from 8.03+0.035 to 13.74
+0.091 and 18.94+0.106 umol/L at 5 and 30°C, respectively after 4
month of storage. It was observed that there was about 1.7 times
increase in the HMF content of the sample stored at 5°C and
around 2.3 times increase in the sample stored at 30°C. Higher
content of HMF in sample stored at 30°C may be due to the
higher rate of Maillard reaction at higher temperature. Our results
are in agreement with the Cais-Sokolinska, (2005) who reported
that HMF value almost doubled in the UHT milk stored at 20°C
after 24 weeks. The author also revealed that increase in the
HMF content was higher in sample stored at 20°C than that stored
at4 and 8°C. Morales etal. (2000) reported that in freshly processed
UHT milk sample, it is around 5.6-8.7 pmol/L. HMF is a product
which originates from the Maillard reaction, and hence it can be
assumed that, while the Maillard reaction progresses during UHT
milk storage, the HMF content will proportionally increases
(Morales and Jimenez-Perez, 1999).

Lactulose

Lactulose is a semi-synthetic disaccharide consisting of
galactose and fructose molecule. During heating of milk and milk
product lactose gets isomerized with the formation of lactulose
(4-0O-B-D-galactopyranosyl-D-fructofuranose) by Lobry de
Bruyn—Alberda van Ekenstein (LA) transformation (Hashemi and
Ashtiani, 2010). Lactulose is considered to be a suitable indicator
for differentiating UHT milk and pasteurized milk (Montilla et al.
2005). Fig. 4 (b) shows that the increase in lactulose concentration
is greatly dependent on the storage time and temperature. Samples
stored at 30°C showed increase in lactulose content than samples
stored at 5°C. Lactulose content in freshly processed UHT milk
was observed to be 251+3.531 mg/L which was significantly
(p<0.001) increased to 284+3.535 mg/L and 345+2.121 mg/L after
storage for a period of 4 months at 5 and 30°C, respectively.
Comparing lactulose content of freshly processed UHT milk with
samples stored over a period of 1 month, it was observed that
samples stored at 5°C showed non-significant changes (p>0.05),
while sample stored at 30°C showed a significant increase
(p<0.001) in lactulose content. Our results are in agreement with
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the previous study carried out by (Birlouez-Aragon et al. 1998;
Morales et al. 2000; Elliott et al. 2003; Elliott et al. 2005; Sakkas et
al. 2014) who found that the lactulose content in UHT milk is in
the range of 50-850 mg/L. Lactulose content up to 15 mg/L in
pasteurized milk and 80 mg/L in high temperature pasteurized
milk has been reported (Marconi et al. 2004; Feinberg et al. 2006).
Simlar trend of considerable increase in the lactulose content
during storage was also reported (Morales et al. 2000; Elliott et
al. 2005; Feinberg et al. 2006). Morales and Jimenez-Perez (1999)
observed that the maximum increase in lactulose content was at
high temperatures and the highest value was recorded when milk
was stored at 40 and 50°C for 90 days.

Color value

Heating process, storage condition and heat induced reaction
like Maillard’s reaction, causes physio chemical changes in milk,
which impacts the color of milk (Popov-Raljic et al. 2008). The
color determination denoted in L, a, b value. L represent for the
index of lightness, b(+) represent for yellow color while b(-)
represents for blue color. 4 (+) represent values for red color
whereas a (-) represents for green color (Manzi et al. 2013).
Changes in the L, a and b values of UHT milk samples during
storage at 5 and 30°C are presented in Table 2. L, a and b, values
of freshly processed UHT milk was observed to be 87.62+0.091,
-1.80+0.042 and 9.33+0.042. It was observed that L value
decreased significantly (p<0.001) to 84.57+0.106 and 79.84-+0.098
at 5 and 30°C, respectively after 4 months of storage. The a value
was increased significantly (p<0.001) to -0.55+£0.027 and
0.18+0.018 at 5 and 30°C, respectively, while the b value
significantly (p<0.001) increased to 9.81+£0.017 and 10.42+0.070
at 5 and 30°C, respectively after 4 months of storage. It was
observed that the sample showed significant (<0.05) decrease in
L value and non-significant (p>0.05) change in the b value at
5°C, while that stored at 30°C showed a significant (p<0.001)
change in both L and b value after one month of storage period.
Sample stored at 30°C showed more changes in L, a and b value
as compared to that stored at 5°C sample. Gaucher et al. (2008)
also observed visual browning in milk samples during storage at
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40°C. Popov-Raljic et al. (2008) reported that the average
psychometric chroma b * value was significantly higher (p<0.01)
during storage of UHT milk with 3.2% milk fat.

Conclusion

In agreement with other studies, pasteurized milk showed less
heat damage than the UHT processed milk sample. There was
increase in acidity, viscosity, sedimentation value, while decrease
in colloidal Ca and Mg during storage of UHT milk. There was
continuous rise of heat induced components such as lactulose,
HMF and colour value during storage of UHT milk. All these
changes affected the quality of UHT milk during storage. Minimal
changes were observed in that milk stored at 5°C rather than that
stored at 30°C. So, the study indicated that it is better to store
UHT milk at refrigeration temperature to preserve its quality.
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Abstract: Khoa based Ramdana Lai (KBRL) is a popular
traditional khoa based sweets of Bihar. It is prepared by khoa
blending with ramdana, sugar and other additives. The present
investigation was planned to assess the quality of KBRL samples
from different location of Bihar. A total of 36 KBRL samples were
collected from various locations of Bihar and were analyzed for
their sensory, physico-chemical, microbial, textural and colour
characteristics. The sensory scores of KBRL in terms of flavour,
body and texture, colour and appearance and overall acceptability;
the colour characteristics in terms of L*, a* b * values; the textural
characteristics in terms of hardness, springiness, cohesiveness,
chewiness and gumminess and microbial quality measured in
terms of TPC, yeast and molds and coliform count were found
significantly (p<”0.05) different among samples. The moisture,
fat, protein, total carbohydrate and ash content of samples varied
from 16.83 to 20.83%, 9.30 to 12.0%, 10.63 to 16.22%, 51.62 to
61.3% and 0.7 to 0.75%, respectively.
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Introduction

Milk based ethnic sweets have lot of market potential as their
demand is increasing not only Indian market, but also in overseas
market. Apart from khoa based confectionary like burfi, peda,
kalakand, gulabjamun are quite popular in India and abroad.
Among them one of the khoa based confectionary Khoa based
Ramdana Lai (KBRL) is one of the most popular product of
Bihar. It is mostly prepared by halwais generally at Barh,
Dhanarua, Biharsharif, and Patna location of Bihar. It is articulasly
prepared by blending of khoa with ramdana and certain
proportion of sugar to make homogenous consistency with round
shape and square shape.

In absence of technical know-how, the large scale production of
these region specific milk products in organized sector is a
challenging task (Singh and Kumar, 2006), which requires
scientific investigations in terms of their characterization,
standardization of technological parameters and strategic
interventions for ensuring the safety and enhancing the shelf-
life (Chawla etal. 2014). Due to the differences in the manufacture
procedure adopted by the manufactures, the organoleptic and
physico-chemical quality of KBRL vary greatly. Keeping this in
view, the present study was undertaken to evaluate the quality
of market sample of KBRL collected from various location of
Bihar.

Material and Methods
Sample collection

The market samples of KBRL were procured from four different
places of Bihar like Barh, Dhanarua, Biharsharif, and Patna. Nine
sweet shops were selected in each city thus a total of 36 samples
were procured for this survey work.

Sensory evaluation

The sensory analysis was carried out by serving market samples
of KBRL among a panel of seven judges of faculty members of
university. The samples were examined for colour and appearance,
body and texture, flavour, sweetness and overall acceptability
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on 9-point hedonic scale. The scores given by panel of judges
were then statistically analysed.

Physico-chemical analysis

The fat content of KBRL market samples were determined by
mojonnier fat extraction apparatus as specified in BIS (1961). The
protein content was determined by micro kjeldahl method
(Menefee and Overman, 1940). The moisture content by
gravimetric method and ash content of samples were determined
as method suggested in BIS (1981). The total carbohydrate
content of KBRL samples was calculated by difference to achieve
100% of total contents. The method prescribed by Deeth et al.
(1975) was used to estimate the FFA content of market samples
of KBRL.

Colour measurement

Colour measurements were carried out using Color Flex (Hunter
Associates Laboratory, Inc., Reston VA, USA) colour
measurement system equipped with dual beam xenon flash lamp
and universal software. The results were represented by the L*,
a*, b* notation. It is a 3D colour presentation method in which
L*1is the lightness index of colour and equals 0 for black and 100
for white, a* value is redness and greenness index the amount of
red (0 to 60) or green (0 to -60) and b * value is the yellowness (0
to 60) or blueness (0 to -60) index.

Textural characteristics

Various textural characteristics such as hardness (N),
cohesiveness, springiness (mm), gumminess (N) and chewiness
(N mm) were measured of KBRL, using Stable Micro Systems
Texture Analyzer (Model TA.XT2i Stable Micro systems, double
cycle compression, fitted with 25 kg load cell, combined with
Texture Expert Exceed Software). A cylindrical shape of market
samples with 1.0 cm diameter and 1.0 cm height was used for
determining the textural characteristics. A data acquisition rate
200 pps with probe P75 was used and samples were compressed
twice to 80 % of its height. The probe speed of 2.5 mm/sec during
test and 2.5 mm /sec for pre-test and 5.0 mm/sec post-test were
used throughout the study. All measurements were carried out at
25°C.

Microbiological analysis

All the market samples of KBRL were analyzed for total plate
count (TPC), yeast and mould count and coliform count by
standard method cited in BIS (1980). The results were expressed
as cfu/g of sample.

Statistical analysis

The data were recorded and analyzed as per the standard
procedures (Snedecor and Cochran, 1994) using SPSS version
22.0 statistical software employing one-way and two-ways
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ANOVA test. The data are presented as mean + standard error
(SE) of three replicates.

Results and Discussion
Physico-chemical properties
Moisture content

It has been observed (Table 1) that the moisture content of market
samples were found in the range of 16.83+0.99 to 20.83+0.38.
However, the results of present findings are in accordance with
Keerthi et al. (2018) and Dastur and Lakhani (1971). Similar
observations were also reported by Sharma et al. (2012), who
observed that the moisture content of milk cake was slightly
higher in control samples than market samples. The variation in
the moisture content might be mainly due to the difference in
method of manufacture, extent of desiccation, amount of sugar
added, difference in chemical composition of base material used.
The present findings are also in accordance with Banjare et al.
(2015). Further, our study reported similar finding with Chawla et
al. (2014) and Patel et al. (2006), who observed significant
differences in moisture content in dooda burfi.

Fat

The fat content of market KBRL samples were significant (p<0.05)
as presented in Table 1. The difference in the fat content of KBRL
samples might be attributed to the variation in the type of milk
used (buffalo/cow) and their fat content, amount of sugar added
and duration of desiccation. The present study was in alignment
with Banjare et al. (2015). Keerthi et al. (2018) and Chawla et al.
(2014) also reported that fat content of market sample doda burfi
was in the range of 4.70 to 41.05%. Further, Puri et al. (2015)
reported that the fat content of market sample of cham-cham was
in the range of 2.39 to0 9.4%.

Protein

The protein content was also found significant (p<0.05) also
even among the samples (Table 1). Our finding correlates with
Keerthi et al. (2018) and Chawla et al. (2014) who reported the
protein content variation of market samples of doda burfi. Further,
Ghodeker et al. (1974) also reported that the protein content of
market samples burfi and peda varied between 12.1 to 20.3 and
6.3 to 11.8%, respectively

Ash content

The ash content of market samples of KBRL were also found
significant (p<0.05) among samples (Table 1). Our findings
correlate with the reports of Rajorhia and Srinivasan (1979), who
studied that the ash content in khoa samples also showed fairly
wide variations due to the type of milk used, extent of desiccation
and addition of adulterants.
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Total carbohydrate

The total carbohydrates of market samples of KBRL were found
significant (p<0.05) difference among the samples (Table 1).
Sharma et al. (2012) was observed similar observation for milk
cake. Further, Ghodeker et al. (1974) reported that variation in
sugar content of market samples of burfi and peda.

Free fatty acids (FFA)

The FFA values of KBRL samples were in ranged from 0.11+0.03
t0 0.21+0.05% oleic acid (Table 1). There was significant (p<0.05)
difference found among samples even from same market. Further,
Ray et al. (2002) found that peda samples from Kolkata market
having FFA in the range of 0.056 to 0.65% oleic acid. Similarly,
Hemavathy and Prabhakar (1973) also reported that burfi
comprised of FFA of 3.41 goleic acid/kg fat, whereas Suresh and
Jha (1994) reported FFA ranging from 0.2 to 0.6% oleic acid in
kalakand samples.

Microbial analysis

Itis evident (Table 2) that there was significant (p<0.05) difference
between market samples even in same market. The difference in
the TPC of KBRL samples might be mainly due to unhygienic
conditions prevailing during manufacture and quality of raw
material used during preparation. Spoilage of dairy products by
molds is a frequent occurrence in India mainly due to the prevailing
tropical climate and high humidity. Since the mold spores are
transmitted through air, they are ubiquitous in nature. Similar
observation also reported by Karthikeyan and Pandiyan (2013).
The difference in the coliform count of KBRL samples could be

Table 1 Proximate composition* of market samples of KBRL

due to uncleaned hands of workers, poor quality of milk,
unhygienic conditions of manufacturing unit, inferior quality of
material used, water supplied for washing the utensils and post
processing contamination. The results obtained in present study
are in agreement with the results reported by Keerthi et al. (2018),
Kumar and Sinha (1989) and Grewal and Tiwari (1990) for peda,
Indigenous milk product and rasmalai, respectively.

Sensory characteristics
Flavour

It is evident (Table 3) that the flavour scores of various market
samples of KBRL were found in the range from 7.05+0.39 to
8.33+0.25. All the values obtained from the samples collected
from different region showed significant (p<0.05) difference
among them. The wide range in values of flavour score of samples
collected from each region clearly revealed shop to shop
variation. The samples of Barh and Dhanarua were found
significantly higher (p<0.05) than the samples from Biharsharif
and Patna. The highest flavor score were obtained for Barh sample
which might be due to the higher fat content and special skill of
preparation of this product. These finding are supported by
Reddy and Rajorhia (1990), who reported that an increase in
flavour score of plain peda with the increase in fat content.

Colour and Appearance

All the values of the samples collected from different cities
showed significant (p<0.05) difference among them (Table 3).
The difference in the colour and appearance score might be due
to wide variation in raw material, amount of sugar added (during

Component (%) Cities
Barh Biharsharif Dhanarua Patna

Moisture 20.41+1.11° 17.93+0.01¢ 18.50+1.41° 17.97+1.50°
Fat 11.83+0.38* 9.30+0.57¢ 11.37+0.37° 10.35+0.92¢
Protein 15.9740.37* 10.8+0.54¢ 12.79+0.87° 11.23+0.50°
Ash 0.72+0.04 0.70+0.01¢ 0.72+0.032 0.71£0.03°
Total Carbohydrate 51.05+1.37¢ 61.26+0.01° 56.5542.27¢ 59.73+1.43°
FFA 0.11+0.01¢ 0.214+0.05 0.12+0.01° 0.16+0.03°

Values in a row with different superscripts are significantly different markets (cities) at p<0.05, *mean values+SE, n=3

Table 2 Microbial count* of market KBRL samples

Cities Microbial count (cfu/g)

Total plate counts Yeast and mould count Coliform count
Barh 3.860+2.51¢ 3.777+1.23¢ 1.930+0.72¢
Biharsharif 4.187+3.67° 4.070+2.07° 2.020+0.51%
Dhanarua 4.1634£3.31® 4.127+1.61° 2.053+0.47°
Patna 4.10743.21¢ 4.030+1.18% 2.110+0.32°

Values in a column with different superscripts are significantly different markets (cities) at p<0.05, *mean values=SE, n=3
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heat treatment reaction between sugar and amino acid produce
maillard browning) and method (direct or indirect). Sharma et al.
(2001), recorded that increase in fat percentage in khoa resulted
in improvement in its colour.

Body and Texture

The results obtained from different cities showed significant
(p<0.05) difference (Table 3). It is also observed that there was a
wide range in values of body and texture score of samples
collected from each region. It might be due to wide variation in
chemical composition particularly moisture, fat and sugar levels.
Our findings is in agreed with the result of Londhe and Pal (2007)
who reported that significant effect on the body and texture score
of brown peda with increase in the level of fat in milk and sugar,
but to a certain extent and Banjare et al. (2015), who also
concluded that there was significant difference among all the
samples of peda

Overall acceptability

The highest mean score as 8.3340.25 while the lowest mean score
as 7.11+0.22 were obtained for the samples from Barh and
Biharsharif, respectively which were significantly (p<0.05)
different from Patna and Dhanarua (Table 3). Among samples
from different shops from same cities, all the values obtained
from different shops showed significant (p<0.05) variation.
Difference in the overall acceptability might be due to wide
variation in colour and appearance, body and texture, flavour,
and also variation in chemical composition of market these
samples. Our results are in accordance with Chawla et al. (2014)
who characterized Doda burfi.

Table 3 Sensory score* of market samples of KBRL

Rheological characteristics
Hardness

It is evident (Table 4) that wide ranges of variation in hardness
were observed in all samples of KBRL. The samples of Barh had
least hardness with mean value of'4.64+0.56 N with range between
3.44 to 5.35 N. It could be observed that hardness of ramdana
Lai significantly (p<0.05) differed between cities and shops.
Similar findings were reported by Londhe et al. (2012) in peda
samples. The increase in hardness of all brown peda samples
during storage could be attributed to the difference in moisture
content. Our observation is also in conformity with the findings
of Banjare et al. (2015).

Springiness

The springiness was found significantly (p<0.05) differed
between samples of KBRL from different market areas and shops
(Table 4). The samples of Barh, Dhanarua and Biharsharif had
significantly (p<0.05) lower springiness than samples of Patna.
Similar findings were reported by Banjare et al. (2015) in case of
peda. Further, our findings was in close agreement with Londhe
et al.(2012) who observed that the springiness value of
brown peda sample showed rapid increase from initial value
0of 0.16 t0 0.23 mm.

Cohesiveness

KBRIL samples from region Patna and Biharsharif had significantly
(p<0.05) lower cohesiveness than samples from Barh and
Dhanarua region. After first bite of TPA, KBRL lost its original
shape and texture and became little bit floury, which shows

Cities Sensory Characteristics
Flavour Body & Texture Colour & Overall
Appearance Acceptability
Barh 8.33+0.25° 7.944+0.03 8.27+0.350° 8.33+0.25°
Biharsharif 7.05+0.39« 7.05+0.16¢ 7.11£0.48< 7.11+0.22¢
Dhanarua 8.05+0.30° 7.7740.26° 7.94+0.16° 8.00+0.25
Patna 7.33£0.35° 7.27+0.26° 7.27+0.36° 7.33£0.25¢

Values in a column with different superscripts are significantly different markets (cities) at p<0.05, *mean values=SE, n=3

Table 4 Textural attributes* of market samples of KBRL

Textural property Cities

Barh Biharsharif Dhanarua Patna
Hardness (N) 4.64+0.56¢ 14.63 £3.49* 9.17£1.25° 10.40+£1.84°
Cohesiveness (N) 0.132+0.02° 0.077+0.08¢ 0.140+0.02¢ 0.071=0.04¢
Springiness (mm) 0.20340.02° 0.197+0.03¢ 0.200+0.01° 0.225+0.05°
Gumminess (N) 0.610+0.09¢ 1.127+0.312 1.274+0.18% 0.720+0.15°
Chewiness (N mm) 0.12340.02«¢ 0.215+0.04° 0.256+0.04° 0.161+0.02°

Values in a row with different superscripts are significantly different markets (cities) at p<0.05, *mean values+SE, n=3
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Table 5 Colour attributes* of market samples of KBRL

Cities

Colour attributes

L* a* b*
Barh 53.65+1.19° 8.45+0.37° 26.29+0.06°
Biharsharif 54.50+£0.14° 7.65+0.92° 27.75+1.58°
Dhanarua 56.34+0.44* 5.78+0.15¢ 22.93+0.26¢
Patna 52.72+0.214 9.03+0.08* 27.06+0.86°

Values in a column with different superscripts are significantly different markets (cities) at p<0.05, *mean values=SE, n=3

brittleness of product and lower cohesiveness were found in the
samples from Patna and Biharsharif samples. Similar findings were
recorded by Londhe et al. (2012) in peda sample and Palit and Pal
(2005) in burfi sample during storage. Further similar findings
were observed by Banjare et al. (2015) in case of peda.

Chewiness

The chewiness of KBRL differed significantly among market
areas and shops (p<0.05). Similar findings were observed by
Banjare et al. (2015) in case of peda.

Gumminess

KBRL samples of Barh and Patna had significantly (p<0.05) lower
gumminess values than the samples of Dhanarua and Biharsharif.
Similar findings were reported by Banjare et al. (2015) in case of
peda. Further, similar findings were also observed by Londhe et
al. (2012) who reported that that the initial gumminess of
laboratory made brown peda was 1343.8g but during storage in
20 days at 30°C peda packed in cardboard box lined with butter
paper was increased to 5335.71g

Colour attributes
L*value

The quantitative measurement of L * value can be considered to
indicate the severity of heat treatment (Rufian—henares et al.
2005). Statistical analysis revealed that there was significant
(p<0.05) differences in L* value among all four groups studied.
The lower L* value of ramdana Lai could be due to intense heat
treatment given, heat interactions between sugar (both milk sugar
and added cane sugar) and milk constituents, leading to well-
known Maillard reaction. Similar finding was reported by Singh
et al. (2018) for pinni where L* value of market samples was
varied from 30.10 to 59.63.

a* value

It is evident (Table 5) that highest a* (9.03+0.08) value was
observed with the Patna’s samples and lowest (5.78+0.15) value
was for samples of Dhanarua. Statistical analysis revealed that
there was significant (p<0.05) differences in a* value of KBRL
among all four groups studied. It was well established that the
colour of milk and milk products undergoes maillard browning
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which is characterized by two primary hues viz., brown and yellow.
Kumar et al. (2006) estimated the colour value of gulabjamun
and found that brownness of gulabjamun crust was comprised
of brownness and yellowness. Similar finding was reported by
Singh et al. (2018) for pinni in which reported that a * value varied
from 6.03 and 18.56.

b* value

It is observed (Table 5) that the market samples from Biharsharif
(27.75+1.58) was yellower than Barh, Patna, Dhanarua as their b*
value were 26.29+0.06, 27.06+0.86, and 22.93+0.26, respectively.
Statistical analysis revealed that there was significant difference
(pd”0.05) in b* value of ramdana lai among four group. Our
finding was contradictory with the report by Kumar et al. (2006)
who reported b* value as 57.34 for Gulabjamun samples. This
variation is mainly due to quite difference in the method of
manufacture of KBRL and Gulabjamun. However, Singh et al.
(2018) reported variation of b * value from 19.75 to 39.92 in market
samples of pinni

Conclusions

KBRL is an indigenous milk product of Bihar origin with
considerable nutritional importance. The market samples procured
from different shops from various cities of Bihar showed wide
variation in their proximate composition, sensory attributes,
textural profile, colour attributes and microbial qualities among
the various cities and even within the different samples collected
from same shop. The reason for variability could be attributed to
the use of variable amount of k%oa, type of khoa and addition of
khoa and ramdana at intermittent stages of preparation. Further,
the microbial quality of market samples also indicated a wide
variation among the samples of various places of Bihar even also
in same sweet maker shop. This might be because of poor attention
followed for maintaining hygiene and sanitary condition of
manufacturing, post contamination through packaging materials
or other handling practices.
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Abstract: Butter fruit milkshake powder (BFMS) is a healthful
mixture of avocado pulp and dairy components with high
nutritional and antioxidant activity. In this study, an attempt has
been made to enhance the nutraceutical and functional properties
of the chocolate with BFMS powder at the 15-60% level based
on the physical, nutritional, sensory attributes, and storage of
study. Sensory studies of chocolate indicated that maximum
sensory score was found at 30% incorporation of BFMS without
adverse effects. BFMS powder’s addition increased the contents
of fat, dietary fibers, proteins, phenolic, flavonoid, and beta
carotenoid content of chocolate. Mineral element (Ca, Mg, Fe,
Zn, and Mn) were also increased with the addition of BFMS in
chocolate. Storage studies of BFMS powder fortification in
chocolate revealed that butter fruit milkshake chocolate (BFMSC)
significantly more stable than control chocolate and accepted
by consumers up to 60 days of storage. This study showed that
BFMS powder fortified chocolate was nutritionally improved and
economical with acceptable sensory properties. This may increase
the market’s revenue and enable chocolate companies to develop
a functional new chocolate type.
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Introduction

Chocolate is one of the most popular and consumed delicacies in
worldwide. It is a complex multiphase system of particulate (cocoa,
milk components, sugar) and continuous phases (milk fat, cocoa
butter, and emulsifiers) and color, gloss, shape, surface texture,
roughness, shininess, and translucency is its visual and
appearance attributes (Briones et al. 2005). Chocolate represent
a functional food product due to its high level of flavonoid
content, which positively impacts human health (Wollgast and
Anklam 2000). Latif (2013) also reviewed the impact of chocolate
on the human health and illustrated that chocolate/cocoa is a
rich source of antioxidants with radical scavenging activity due
to large concentrations of flavonoids, epicatechin, catechin and,
procyanidins. Cocoa mass also contains macro and micro minerals
such as potassium (K), phosphorus (P), copper (Cu), iron (Fe),
zinc (Zn), and magnesium (Mg).

In the last years, a marked change in food consumption patterns,
consumers are getting more demanding in the food market for
nutritious, palatable, affordable, and easily consumed food
products (Mussatto and Mancilha 2007). Consumers would also
like to have more alternative to choose food products than ever
before. In view of the above, food technologist and researcher
launch organic, prebiotic, probiotic, and high-cocoa polyphenol-
rich chocolate that can be effectively found in the market (Erdem
etal. 2014). Presently in COVID-19 pandemic situation, functional
foods acquire a prominent place in the food market due to their
capability to provide positive health effects beyond their
conventional nutritional benefits. So, new food product
development (NPD) has been increased using functional food
ingredients. Also, government and companies invest in the food
marketing field to develop new products.

Avocado (Persea americana) is a subtropical fruit, highly
appreciated by consumers due to its nutritional values. Avocado
(Butter fruit) a rich source of monounsaturated fatty acids that
increase the level of HDL that is good for the heart;
polyhydroxylated fatty alcohols (PFA) that suppress
inflammatory response and protect against UV-induced damage
in skin cells; lipophilic acetogenins exhibited the highest
antioxidant capacity (Rosenblat et al. 2011; Souza et al. 2011;
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Bhuyan et al. 2019). Additionally avocado is rich in vitamins
such as tocopherol, ascorbic acid, pyridoxine, beta-carotene, and
minerals like K and Mg (Fulgoni et al. 2013). According to Ortiz-
Avila et al. (2015), avocado consumption gives protection from
hypersensitivity, coronary heart disease, oxidative damage, anti-
mycobacterial activity, and improves immune systems.

However, an avocado grows only in a particular region, and its
shelflife is also very short, so there is a need for researchers and
food technologists to discover a method to preserve the avocado
with its nutritional properties. So, developed butter fruit milkshake
powder (BFMS) revealed that these products provide a healthful
mixture of dairy and fruit components with high nutritional and
longer shelf-life. With these contexts, the objective of present
study was to optimize and characterize the functional chocolate
using butter fruit milkshake powder as a source of phenolic,
flavonoid and carotenoid as well as cell viability of chocolate
and the effect of storage (two months) on the sensory attributes
was also evaluated.

Materials and Methods

Raw materials (cocoa powder, milk powder, butter, sugar) for the
preparation of chocolate were purchased from the local market.
All the required chemicals used were of analytical grade.

Preparation of Butter fruit milkshake powder (BFMS)

Lyophilized butter fruit milkshake powder (BFMS) was prepared
by the method described by Pandey et al. (2020) in which avocado
pulp, pasteurized toned milk (Amul), sugar, and maltodextrin was
mixed at 84, 28, 10, and 6 % respectively at -20UC under 0.035
mbar pressure.

Preparation of chocolate

According to the methodology reported by Mayank and Kumar
(2012), the chocolate was prepared with minor modifications.
Ingredients used were BFMS, cocoa powder, sugar, butter, whole
milk powder (fat 26%). The quantity used to prepare control
chocolate as follows: 100 g cocoa powder, 30 g milk powder, 62 g
butter, 150 g sugar, and water 117 mL. Four blends were prepared
with the replacement of cocoa powder by BFMS that is
100:0(control); 85:15, 70:30; 55:45; and 40:60 as shown in Tablel.
Sugar syrup (one string) was made with a mixture of sugar and
water in the oven for 4-5 min at 60UC. Then butter was mixed in
sugar syrup well till melted and afterwards cocoa powder and
milk powder mixed above mixture gradually till glossy. The mixer
was then poured in a greased pan and refrigerated for 10-15 min
until it became solid. Prepared control chocolate (CC) and BFMS
chocolate (BFMSC) were packed and stored for further analysis.

Sensory admissibility of chocolate

Optimization of BFMS in chocolate was decided by organoleptic
evaluation by 15 semi-trained panellists. The sensory evaluation
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was planned in quiet with properly illuminated lights, humid free
& ventilated room by maintaining hygienic condition. The
sensory evaluation was done according to method explained by
Zyzelewicz et al. (2018), where sensory attributes, i.e., colour and
appearance, consistency (hardness, smoothness) and mouthfeel,
flavour, and overall acceptability. The sensory analysis was done
using S-point scale, 5 meant extremely desired quality, 4 was
desirable quality, 3 was tolerable quality, 2 represented dislike,
and one was for a defective product.

Determination of nutritional composition and trace elements

A moisture analyzer was used to analyze moisture, which works
on halogen heating technology. The protein content was estimated
with Kjeldahl nitrogen analyzer (Kel Plus —-DISIYL EMS), fat
content with SOCS-PLUS model SCS8, Fibertec™ 1023 - semi-
automatic crude fibre analyzer is used to determine crude fibre.
All proximate composition of chocolate sample was analyzed
according to AOAC (2000) method. The energy value was
determined by bomb calorimeter (Sundy Science and Technology
Co., Ltd).

Macro and microelements like calcium (Ca), magnesium (Mg),
iron (Fe), zinc (Zn) and manganese (Mn) were detected by using
AAS (Atomic Absorption Spectrophotometer) (Perkin Elmer)
according to the method explained by Aparna et al. (2018).

Texture and color of chocolate

Customer adequacy is affected by the texture and color of
chocolate. Color Flex EZ determined color value in term of L*, a*,
and b*, where L* (lightness/ darkness), a* (redness/ greenness)
and b* (blueness/ yellowness).

The texture of the chocolate was determined by using a TA.XT
plus texture analyzer with a sharp cutting blade probe. The
hardness and breaking strength of chocolate were recorded by
force required to break, and the average value was recorded.

Analysis of Nutraceuticals for FGSF, CC, and FGSC
Estimation of polyphenolics and flavonoids contents

BFMS, CC, and BFMSC sample extracts were prepared for the
estimation of polyphenolics and flavonoids compounds by the
procedure described Tyagi et al. (2020) in which formic acid /
water /methanol(0.3/29.7/70 v/v/v) used as extracted agent.

Folin-Ciocalteu phenol reagent is used to evaluate the total
polyphenol content (TPC) of the sample by the method described
by Stoilova et al. (2007). Standard curve was prepared by gallic
acid (5-60pg /mL; y = 0.00137x+0.3059; r2 = 0.989; x is the
concentration of solution; y is the absorbance). The results were
expressed as GAEg-1 of dw.
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Flavonoid content in sample extracts was determined by using
the AICl colorimetric method explained by Tyagi et al. (2020).
Rutoside trihydrate was used to plot standard curve (5-120ug/
mL; y = 0.0054x+0.0821; r2 = 0.9974; x is the concentration of
solution; y is the absorbance).The results were expressed in
RTEg-1 of dw.

Carotenoid content

B-carotene was estimated by the method as suggested by
Srivastava and Kumar (2003). 5g of a sample of butter fruit
milkshake powder (BFMS) was grinded with few crystals of
Na SO, and homogenized with 10 ml (CH,),CO. It was decanted,
and then the supernatant was collected and transferred
supernatant to a separatory flask. 10 ml of petroleum ether was
added in separating funnel and mixed. Two layers were found,
the lower layer discarded and the upper layer collected and, OD
was recorded at 452 nm. The result was expressed in pg/ 100mg.

Storage studies
Water activity

Water activity (a ) of the chocolate samples was determined by
water activity meter (Aqua-Lab, model 3TE, Decagon Devices
Inc., Pulluman, WA, USA) with 25°C temperature.

Peroxide value (PV)

Peroxide value was estimated by the American Oil Chemist’s
Society (AOCS) (1990) method. 3—5g of the sample was taken in
an iodine flask then 20 mL of CHCIf followed by 30ml of CHf
COOH were added. 1 mL of KI solution was added to the sample
and left to stand in the dark for 15 min at room temperature. After
15 min, 75mL distilled water was added to the sample, and the

content was titrated against Na,S,0, (0.01 N) using starch as an
indicator of a colorless endpoint. The PV was expressed as meq
O,/kg of fat.

Thiobarbituric Acid (TBA) Value

The TBA value of the sample was estimated by the procedure
given by Tarladgis et al. (1960). 5g of chocolate samples were
placed in a flask, and 25 mL of C H, followed by 20 ml aqueous
trichloroacetic acid solution (0.67 % w/v in water) was added.
The obtained sample was shaken in a mechanical shaker for 2 h.
The aqueous layer was separated using a separating funnel and
heated over a water bath for 20 min. The absorbance was measured
at 540 nm using a spectrophotometer. TBA reactive substances
were calculated from a standard curve of malonaldehyde, a
breakdown product of tetracthoxypropane .

Cost analysis

Cost calculation of butter fruit milkshake powder fortified
chocolate was calculated using the standard methods by taking
to account of the yield of butter fruit milkshake powder and all
cost of raw material and processing(labor and electric) charges
at the laboratory level.

Results and Discussion
Sensory acceptability of BFMS in chocolate

The data related to sensory evaluation was presented in Table 2.
The sensory rating for color and appearance, flavor, consistency,
and overall acceptability declined with the increase in BFMS
powder concentration from 0-60%. The color scores significantly
decreased as increased the level of butter fruit milkshake powder
(15-60%) and ranged from 4.56 to 3.94, and the control chocolate

Table 1 Ingredients used for preparation of control chocolate (CC) and butter fruit milkshake chocolate (BFMSC)

Ingredient CC(0%) BFMS (15%) BFMS (30%) BFMS (45%) BEMS (60%)
Cocoa powder (g) 100 85 70 55 40
Milk powder (g) 30 30 30 30 30
Butter (g) 62 62 62 62 62
BFMS (g) - 15 30 45 60
Sugar (g) 150 150 150 150 150
Water (mL) 117 117 117 117 117

Table 2 Sensory score of chocolate formulation with varying of BFMS level Sensory acceptability of control chocolate (CC) and

Tinospora cordifolia chocolate (TCC)

Formulation Color and Flavour Consistency OAA
Cocoa powder: BEMS appearance

Control chocolate 4.87+0.27 4531024 420+0.12 4.66+0.23
85%:15% 4.56+0.25 4.32+0.22 4.14+0.25 4.49+0.22
70% :30% 4.40+0.25 4.13+0.2 4.09+0.28 4.3340.14
55% :45% 4.09+0.13 3.87+0.24 3.53+£0.19 3.67+0.17
40% : 60% 3.94+0.27 3.0740.11 3.17+0.15 3.23+0.21
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Fig.1 Optimized BFMS chocolate and control

chocolate

Control chocolate

Table 3 Nutritional composition of BFMS, CC, and BFMSC

Optimized chocolate(30% BFMS)

Parameter BFMS CC BFMSC
Moisture % 2.9+0.37 1.55+0.04 1.83+0.03
Protein % 17.2+0.14 5.92+0.07 11.98+0.01
Fat % 42.2+40.22 27.52+0.13 40.64+0.16
Ash% 2.78+0.09 1.54+0.04 2.1440.02
Carbohydrate % 33.16 73.34 70.06
Crude Fiber % 0.84 047 0.822
Enegry Value(kcal/100g) ~ 277.11+0.29 52240.29 531.05+0.11
Ca(mg/100g) 13.45+0.26 1432+5.03 1456+6.33
Mg(mg/100g) 29+0.38 497+3.13 504+2.83
Fe(mg/100g) 0.63+0.07 24.6+2.03 26.5+1.89
Zn(mg/100g) 0.67+0.04 11.4+1.81 11.6+1.57
Mn(mg/100g) 0.15+0.02 297+51 3.18+£.37
Colour L*(65.83+0.69) L*(29.03+0.77) L*(31.45+0.21)
a*(-4.5+0.57) a*(8.01+0.18) a*(8.23+0.41)
b(22.83£0.17) b*(6.48+0.35) b*(6.59+0.61)
Texture (Hardness) in kg 8.13 kg+0.948 9.48+0.88

Values are Mean + Standard deviation (SD) of triplicates

had a significantly higher score (4.87). The hardness of BFMSC
was slightly hard and feeling gritty within the mouth due to the
high fiber content of BFMS. The overall acceptability score of
control chocolate was 4.66, 15 % BFMSC (4.49), 30% BFMSC
(4.33),45 %( 3.67) and 60 % BFMSC (3.23). These results showed
that the addition of BFMSC above 30 % adversely affected the
sensory parameter of chocolate. Thus, it could be concluded
that chocolate can be prepared by using 30 % butter fruit milkshake
powder with acceptable sensory quality (Fig. 1). This result
conforms with Al-Marazeeq (2018), who reported that sensory
attributes decreased with increasing the addition of wheat germ
(6-15%) and found that 10% supplementation of the wheat germ
was more acceptable than other concentration.

Nutrient composition and trace elements of BFMS, CC, BFMSC

The nutritional analysis results of BFMS, CC, and BFMSC are
depicted in Table 3. Butter fruit milk powder fortified chocolate
possessed a good quantity of protein 11.98%, fiber 0.822%, lipid

40.64, and the gross energy value for BFEMSC was 531.05 kcal/
100g. The obtained result was higher than control chocolate
because butter fruit milkshake powder processed a good quantity
of protein, fat, fiber, and ash, as shown in the previous study. Fat
content (40.64%) of optimized chocolate was partly in the form of
monounsaturated fatty acid, which is good for the heart. Al-
Marazeeq (2018) found similar results of improved mineral, and
protein content when incorporating wheat germ in chocolate.

Minerals are essential for the maintenance of human health. Trace
elements were determined by the atomic absorption
spectrophotometer shown in Table 3 revealed that the calcium
(1456mg/100gm), magnesium (504mg/100gm), iron (26.5mg/
100gm), zinc (11.6mg/100gm), and Mn (3.18 mg/100g) of optimized
chocolate was higher than the control chocolate. These result
obtained because the avocado pulp has a good quality of macro
and microelement (Fulgoni et al. 2013)

Color and texture analysis
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Table 3 shows, color and texture value of control chocolate and
optimized chocolate. The color values of control chocolate were
L*(29.03+0.77), a*(8.01+0.18), and b*(6.48+0.35). Addition of
BFMS powder to the chocolate, brightness values (L*) was
significantly increased, and the redness (a*) and the yellowness
(b*) slightly increased when compared to the control sample.
The addition of BFMS in chocolate affected textural. It was found
the hardness proportionally increased with the addition of butter
fruit milkshake powder in chocolate. The hardness of control
chocolate is 8.13 kg, which increased with an increased level of
BFMS. It happens because butter fruit milkshake powder has
high moisture and fiber and makes a strong bond with cocoa
protein. A previous study (Heo et al. 2019) also reported that
muffin’s hardness increased with the addition of enriched with
dietary fiber from kimchi by product.

Phytochemical characteristics of CC, FGSF, and FGSC
Total phenolic and flavonoid content

Phenols are essential plant constituents. Various researches have
confirmed that phenolic and flavonoid compounds are the most
prominent antioxidative constituents in vegetables, fruits, and
cereals (Choi et al. 2007). These constituents have a proportional
relationship with total antioxidant activity. Table 4 shows the
total phenolic and flavonoid content of BFMS, CC, and BFMSC.
The total phenolic content of butter fruit milkshake powder
fortified chocolate was 932.14 mg/100 g of dry weight, which was
high in comparison to control chocolate (758.14mg/100g). TFC
of the optimized chocolate extract against rutin was found to be
43.2mg/100g of dry weight, respectively, which was more than
the control chocolate(43.2 mg/100g dw). Butter fruit milkshake
powder has higher phenolic and flavonoid content because of
avocado rich in phenolic and flavonoid compounds (Vinha et al.
2013), which proportionally increased the TPC and TFC content
in BFMSC.

Beta carotene

BFMS is rich in carotenoid; hence the chocolate was prepared
with BFMS Powder was rich in carotene content (71.13 pg/100g)
shown in Table 4. Similar result was also reported by Hamdan et
al. (2020) that carotenoid content of chocolate increases as
incorporated with spirulina.

Shelf life study of chocolate
Effect on water activity

Several factors such as the raw materials used, the surface area
of the materials, and the temperature and humidity of refining
and conching may influence water activity of chocolate (Biquet
and Labuza 1988). Water activity was increased from 0.391 to
0.532 in control chocolate (CC) and from 0.404to 0.408 in butter
fruit milk shake chocolate (BFMSC) depicts in Table 5, during the
storage of 0 to 60 days. The results depict that water activity of
control chocolate and optimized chocolate increased during
storage the 2 months of shelf life. Similar findings of increase in
water activity in during storage were noticed in previous studies
by Rossini et al. (2011) in white chocolate.

Effect on peroxide value

Quality loss and deteriorative problems in a food product are
related to lipid degradation (Haak et al. 2006). In this regard,
peroxide values increased for all chocolate samples during shelf
life study for two months. The values presented in Table 5 depicts
that the peroxide values of optimized chocolate 2.20+0.21 to
3.88+0.40and control chocolate 2.24+0.19to 4.11+0.13 increases
with an increase in storage period from 0 to 60 days respectively.
Moreover, the peroxide value for optimized chocolate was lower
than CC during storage. This outcome is well supported by the
observation of Rossini et al. (2011), who noticed that peroxide

Table 4 Total phenolic contents, total flavonoid contents and antioxidants potential of BFMS, CC, and BFMSC

Parameter BFMS cC BFMSC
TPC(mg/100gdw) 416.2+5.04 758.14+7.15 932.14+5.19
TFC(mg/100g dw) 24+1.54 36.02£1.50 43.2+1.92
Beta carotenoid(ug/100g) 502+7.09 0.45+0.001 71.13+7.86

Values are Mean + Standard deviation (SD) of triplicates

Table 5 Water activity, TBARS, and Peroxide value of butter fruit milkshake powder chocolate samples stored at 20UC for up to

2month

Water activity Peroxide value (mEq O2/kg) TBARS (ng/g)
Days 0 30 60 0 30 60 0 30 60
Control 0.391+0.005 0.412+0.010 0.532+0.016 2.24+0.19 2.65+0.33 4.11£0.13 5.84+0.34 6.51+0.52 8.1+0.58
chocolate(20UC)
BFEMSC(20UC) 0.404+0.004 0.408+0.007 0.530+0.005 2.20+0.21 2.36+0.18 3.88+0.40 5.60+0.13 6.22+0.42 7.55+0.54

Values are Mean + Standard deviation (SD) of triplicates
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Table 6 Cost analysis calculation for cost of butter fruit milk shake powder

Particulars Amount

Total weight of pulp obtained in 1 kg of raw avocado 655¢g

% yield of powder in raw avocado=(weight of 655/1000*%100=65.5%
powder/weight of raw avocado)*100

Total cost of 655 gram of avocado milk shake Rs.278/-
powder(Cost of raw avocado+ Processing charges+ miscellaneous)

Cost of raw avocado Rs.178/kg
Processing charges(electricity used in drying +labor Rs.100/kg

charges+ miscellaneous)
Cost for 1 kg of Butter fruit milk shake powder
Butter fruit milk shake powder cost

(278/655)1000= Rs. 424.43/Kg
424.43/Kg or 42.44/100g

Table 7 Cost estimation of chocolate

Ingredient Quantity Rate(Rs/100g) Total cost of control Total cost of
chocolate(Rs/-) BFMSC(Rs/-)

Cocoa powder 100g for CC 120 120 &4

70g for BFMSC
Milk powder 30g 50 15 15
Butter 62g 48 29.76 29.76
BEMS 0 for CC 4244 0 12.73

30 for BFMSC
Sugar 150g 5 7.5 7.5
Water 117ml 2 234 234
Sub total 174.6 151.33

values of white chocolate prepared with antioxidants were lower
than that of control.

Effect on TBA value

From the data represented in Table 5, it was noticed that increasing
the storage period elevates the TBA value of both chocolate.
The TBA value for optimized chocolate (BFMSC) were 5.60+0.13,
6.224+0.42, and 7.55+0.54, and for control chocolate (CC)
were5.84+0.34, 6.51+0.52and 8.120.58 at 0, 30th, and 60th days of
storage, respectively. There was no significant change observed
in BFMSC and CC’s TBA value from 0 to 60 days of storage. A
similar finding was studied by Rossini et al. (2011) for white
chocolate. The lower value of TBA delayed the onset of rancidity
in chocolate.

Cost estimation
Cost analysis of BEFMS powder

The cost analysis calculation of BFMS powder is shown in Table
6. The amount of total BFMS powder obtained from 1Kg of raw
avocado after being processed (removal of moisture and wastage)
was estimated 655 grams, and the yield of BFMS powder was
found to be 65.5%, and the total cost for 1 Kg of BFMS powder
was calculated as 424.43/K g.
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Cost estimation of chocolate

Cost of ingredient used and prepared chocolate shown in Table
7. The cost of optimized chocolate (Rs. 151.33/100g) in the
laboratory was estimated to lower than control chocolate (Rs.
174.6/100g). The cost of cocoa powder used in control chocolate
was higher than BFMS powder. Hence there was not much
variation in the cost of control and optimized chocolate. So the
use of butter fruit milkshake powder in preparation of optimized
chocolate was found to be economical.

Conclusions

Butter fruit milkshake powder comprises protein, fiber,
antioxidants, and phenolic compounds that are advantageous
for health. Due to nutritional qualities and palatability of the
butter fruit milkshake powder, the present study was carried out
to make chocolate with BFMS that has acceptable sensory
attributes and enhanced nutritional properties. The study findings
based on sensory analysis suggested that 30% of butter fruit
milkshake powder addition in chocolate in the place of cocoa
powder is acceptable by consumers. BFMS powder’s addition
increased micro and macro minerals (Ca, Mg, Fe, Zn and Mn),
proteins, dietary fibers, phenolic, flavonoids, and beta carotenoid
contents of the chocolate. Shelf life investigation showed butter
fruit milkshake powder fortified chocolate significantly more
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stable than control chocolate and accepted by consumers up to
60 days of storage and presence of bioactive compounds in
BFMSC can use to treat different irresistible illnesses. This kind
of value-added chocolate may expand the food industry and the
market with nutraceutical potential. Further, the histopathology
and other compulsory examination are required before getting an
endorsement from the administrative bodies. Different food items
such as cookies, snack bars, nutritional bars, and candies can
also be developed by supplementing the butter fruit milkshake
powder.
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Abstract: Foodborne illnesses due to antibiotic-resistant
bacteria represents a major public health problem in both
developed and developing countries. Among 190 samples, 139
Escherichia coli positive isolates from raw milk, pasteurized milk,
and human handlers were identified by phenotypic methods and
genotypic methods. All E. coli isolates were found to be
resistance to penicillin, oxacillin, erythromycin and clindamycin.
The dominant type of resistance to cefotaxime and amoxiclave
identically detected in 18.7% isolates followed by ampicillin in
17.98%, trimethoprim 15.82%, tetracycline 10.79%, nalidixic acid
7.91%, and piperacillin 7.79%. Four isolates have shown resistance
(2.87%) to Ceftriaxone and ceftazodime, Cefotaxime and one isolate
has shown resistance to Cefepime. Further, all four isolates were
confirmed as extended spectrum B-lactamase (ESBL) producer
by double disc diffusion test and ESBL chromogenic medium.
Later, all four isolates were evaluated by PCR and they are
observed as carrier of blaCTX M gene which is responsible for
ESBL antibiotic resistance in E.coli but blaTEM and blaSHV
genes were absent in all four ESBL isolates. Based on the above
findings, it is concluded that ESBL antibiotic resistance in E. coli
were more prevalent in milk and this may due to spread and
acquirement of antibiotics resistance gene by plasmid and mobile
genetic elements
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Introduction

The enzyme responsible for degradation of oxyimino-B-lactam
antibiotics is Extended-spectrum B-lactamases (ESBL) and these
antibiotics are used in the treatment of various serous humans
and animal infections (Palmeira and Ferreira, 2020). ESBL were
first identified in the year 1983 in the family Enterobacteriaceae
and they are responsible serious risk to human health may be
due to treatment failure in various severe cases of infections in
2013 (Adeolu etal. 2016). These enzymes are encoded by plasmids
that confer resistance to the penicillins; to first-, second-, third-
, and fourth-generation cephalosporin’s; and to aztreonam but
not to carbapenems (EFSA, 2011). Human-to-human spread of
these type of enzyme producing bacterial pathogens have been
demonstrated in public hospital settings, representing that human
colonization is a pool for dissemination (Liebana et al. 2013).
Furthermore, various reports are available for the isolation and
identification of ESBL-producing bacteria from foods and food
animals, suggesting the likely role of the food production chain
as a pool for this group of pathogenic bacteria (EFSA, 2019,
Odenthal et al. 2016). There are various data’s are available
regarding robust correlation between the incidence of ESBL-
producing bacteria in foods (Algeria et al. 2020) and the
prevalence of infections in humans may be anticipated that food
obtained from animals may be infected with ESBL producers which
contributing to the transmission within the population (EFSA,
2011, Carrottoli, 2008). Furthermore, ESBL producers also can
the resistant bacteria can fetch additional genes having some
virulence property; it is notable that strains of Escherichia coli
(STEC) are known to be food-borne pathogens, have been
confirmed as ESBL-producers, representing that the transference
of the extracellular DNA from commensals to foodborne
pathogenic strains is possible (Torpdahl et al. 2013).

The occurrence of ESBL-producing Escherichia coli is
extensively growing throughout India. These pathogens pose a
major threat to the treatment of infection and may cause tricky in
the management of infections. This may create unnecessary
problem with the widespread use of second- or third-generation
antibiotics for the monitoring and treatment of bacterial infections
(Van Hoek et al. 2015). ESBL E. coli is typically unaffected to
routinely used antibiotics instigating a surge in the use of almost
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all antimicrobials (i.e., carbapenems) in treatment. The E.
coli strains harboring those resistance genes can easily spread
to other pathogens leading to the spread of resistance (Odenthal
et al. 2016). Hence, the presence of ESBL-producing E. coli in
the dairy supply chain maybe arriving from healthy animals is
the fact which has to be suitably premeditated. Therefore, in our
present study, we are evaluating the occurrence of ESBL-
producing E. coli in dairy supply chain.

Materials and Methods
Procurement and Maintenance of culture

The standard culture used in our study was Escherichia coli
ATCC 25922 was purchased from American Type Culture
collection. The culture was activated in nutrient broth followed
by streaking on Violet red bile (VRBA) agar followed by
incubation for overnight at 37°C. Asingle pure colony from VRBA
after microscopic examination was picked up and maintained on
nutrient agar slant by routine sub-culturing after every fortnight.
All the experiments were conducted using overnight grown
cultures. All media chemicals including Muller Hinton Agar and
antimicrobial agents including discs are procured from Himedia
lab (Mumbai, India).

Detection of E. coli using PCR

Species specific primers were used in Colony polymerase chain
reaction(PCR)includes
Forward:GGTAACGTTTCTACCGCAGAGTTG/
Reversed: CAGGGTTGGTACACTGTCATTACG, target gene of E.
coli as phoA with a size of 468 bp (Shome et al. 2011) using a
protocol given by Godambe et al. (2017).

Antimicrobial susceptibility tests (AST)

Antimicrobial susceptibility tests was carried out on Mueller-
Hinton Agar (Hi-media, Mumbai, India) using the Kirby-Bauer
disk diffusion method (Bauer et al. 1996). The data were evaluated
and inferred according to National Committee for Clinical
Laboratory Standards (NCCLS 1993). Reference strain of E. coli
ATCC 25922 was used as a quality control strain for studying
AST (CLSI 2007). The resistance strains were evaluated for
minimum inhibitory concentration (MIC) using micro-dilution
methods followed data inferred as per CLSI guidelines (CLSI
2007).

Extended Spectrum f-lactamase (ESBL) confirmatory test

The double disc synergy test (DDST) was performed for ESBL
using amoxicillin/clavulanate, ceftazidime, cefiriaxone, aztreonam,
and cefotaxime (Jarlier et al. 1988; Drieux et al. 2008). Further,
phenotypic confirmation of ESBL positive isolates was carried
out using CLSI (2012) guidelines. The test is considered as
positive when a decreased susceptibility to cefotaxime is
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combined with a clear-cut enhancement of the inhibition zone of
cefotaxime in front of the clavulanate-containing disk, often
resulting in a characteristic shape-zone referred to as
‘champagne-cork’ or ‘keyhole (Drieux et al. 2008). A ratio of
ceftazidime or cefotaxime MIC to ceftazidime or cefotaxime-
clavulanic acid MIC equal to or greater than eight indicated the
presence of ESBL (Drieux et al. 2008).

Phenotypic identification of ESBL in E. coli

An overnight grown culture of ESBL +ve isolate whose turbidity
was adjusted to 0.5 McFarland solutions (Himedia Lab, Mumbai,
India) was streaked on the Hicrome ESBL agar plates followed
by incubation at 37°C for 24 h. The development of pink or purple
colored colonies on the Hicrome ESBL agar plates considered as
positive for ESBL.

Identification of ESBL by PCR

The following ESBLs resistance determinants were investigated
by PCR for bla-CTXM, bla-TEM and bla-SHV gene (Karczmarczyk
etal. 2011). Colony PCR were performed as per protocol given by
Godambe et al. (2017) by targeting ESBL encoding genes [Primer
Sequence (5'-3') such as CTX-M universal- F-
CGATGTGCAGTACCAGTAA; CTX-M universal-R—
TTAGTGACCAGAATCAGCGG,blaSHV-F-
TTATCTCCCTGTTAGCCACC;blaSHV-R-
GATTTGCTGATTTCGCTCGG,blaTEM-F -
GCGGAACCCCTATTTGandblaTEM-R-
ACCAATGCTTAATCAGTGAG] (Olesen et al. 2008) with a
genome size of 585 bp for CTX-M (Batchelor et al. 2005) and 795
bp for blaSHV (Weill et al. 2004).

Results and Discussion
Detection of E. coli in dairy supply chain

In our study, the prevalence of E. coli in raw milk samples were
found to be 57.27%, 20% in pasteurized milk samples, and 25% in
swab of human handler working in dairy farms and plants by
biochemical identification test such as Indole, Methyl red, Vogues
Prausker test and citrate utilization test. From the above, 139
isolates were selected and confirmed as E. coli using specific
enzyme substrate interaction using two stage enzyme assay and
Hichrome ECD agar wherein all isolates have shown characteristic
enzyme reaction and characteristic blue colored colonies on
Hichrome ECD agar (Fig. 1). Later, these isolates were shown
characteristic 468 bp amplicon bands on gelelectroporesis based
on the use of species specific primer. The amplification was seen
in the reference strain E. coli ATCC 25922 which was used as
positive control. Almost similar prevalence rat

e of E. coli were reported by Soomro et al. (2014) wherein they
found 57 and 52% prevalence of E. coli in raw milk respectively.
Tadesse et al. (2018) and Badri et al. (2017) have shown lower
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Fig. 1. Rapid detection of E. coli isolates on Hichrome ECD/MUG agar

prevalence rate (33%, 38%) of E. coli in raw milk samples
respectively. The variation in prevalence rate of E. coli may be
attributed to lapses in clean milk production, different geographic
location and season, fecal contamination of milk, and due to
poor hygiene and sanitary practices followed while milking and
further handling (Thaker et al. 2012). The prevalence of E.coli in
pasteurized milk may be due to post processing contamination
and poor hygienic management subsequently the milk is
pasteurized (Ali and Abdelgadir, 2011)

Antibiotic susceptibility test
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Among 139 E. coli isolates, all isolates have shown resistance
towards penicillin (P), oxacillin (OX) and erythromycin (E),
respectively based on inhibition zone diameter by AST followed
by 26 isolates have shown resistance towards amoxicillin (MC)
and Cefotaxime (CTX), 25 isolates to ampicillin (AMP), 22 isolates
to trimethoprim (TR), 15 isolates to tetracycline (TET), 11 isolates
to nalidixic acid (NA), 10 isolates to piperacin (PI), 5 isolates to
gentamycin (GEN) and chloramphenicol (C), 4 isolates ceftriaxone
(CTR) and cefepime (CPM), 3 isolates to nitrofurantoin (NIT)
and amikacin (AK), 1 isolate has shown resistance towards
ceftazidime (CAZ) and ofloxacin (OF), and none of the isolates
have shown resistance towards ampicillin-sulbactam (A/S),
meropenem (MRP), ertapenem (ERP) and netilmicin (NET),
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Table 1 Prevalence of antibiotics resistant pattern of E. coli

Name of antibiotics

No of Resistance isolates

No of Intermediate

No of Susceptible isolates

isolates
P 139 (100%) 0 0
AMP 25(17.98) 1(0.71%) 113 (81.29%)
(0):4 139 (100%) 0 0
PI 10(7.19%) 16 (11.51%) 113 (81.29%)
AMC 26 (18.7%) 40 (28.77%) 73(52.51%)
A/S 0 8(5.75%) 131 (94.24%)
CTX 4(2.87%) 35(25.17%) 100(71.94%)
CPM 4(2.87%) 35(25.17%) 100(71.94%)
CTR 4(2.87%) 0 135(97.12%)
CAZ 1(0.71%) 8(5.75%) 130(93.52%)
NA 11(7.91%) 24(17.26%) 104 (74.82%)
CIP 2 (1.43%) 4(2.87%) 133 (95.68%)
OF 1(0.71%) 0 138
TR 22 (15.82%) 1(0.71%) 116 (83.45%)
C 5(3.59%) 2 (1.43%) 132 (94.96%)
NIT 3(2.15%) 0 136 (97.84%)
CD 139 (100%) 0 0
TE 15(10.79%) 3(2.15%) 121 (87.05%)
E 139 (100%) 0 0
AK 3(2.15%) 24 (17.26%) 112 (80.57%)
GEN 5(3.59%) 6(4.31%) 128 (92.08%)
MRP 0 0 139 (100%)
ETP 0 0 139 (100%)
NET 0 0 139 (100%)

P: Penicillin-G, AMP: Ampicillin, OX:Oxacillin, PI: Piperacin, AMC: Amoxicillin, A/S: Ampicillin-sulbalactam, CTX: Cefotaxime, CPM:
Cefepime, CTR Ceftriaxone, CAZ: Ceftazidime, NA: Nalidixic Acid, CIP: Ciprofloxacin, OF: Oflaxacillin, TR: Trimethoprim, C:
Chloramphenicol, NIT: Nitrofurantoin, CD: Clindamycin, TE: Tetracycline, E: Erythromycin, AK: Amikacin, GEN: Gentamycin, MRP:

Meropenam, ETP: Erthaapenem, NET: Netilimycin

respectively (Table 1). Based on the AST, it was clear that four
isolates are showing resistance towards ESBL and none were
showing resistance to carbapenem group of antibiotics. The
dominant types of resistance was observed in our results are in
close association with the result of Rasheed et al. (2014) wherein
he was reported 14.7% of the isolate from raw milk were showing
resistance towards ESBL. This may be due acquiring of mobile
genetic element such as plasmids, transposons, and Class 2
integrons (Singh et al. 2005).

ESBL E. coli

Based on diameter of zone of inhibition by AST methods four
isolates of E. coli have found positive for ESBL. Further, these 4
positive isolates were confirmed phenotypically as ESBL using
double disk diffusion test (DDDT) and Hi-Chrome ESBL agar
base (Fig. 2). All four ESBL positive isolates have shown an
inhibition zone diameter of <27 mm for CTX and CTR, followed
by three isolates have shown a inhibition zone diameter of <22
mm for CAZ and CPM (Table 2). Overall prevalence of ESBL
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positive E. coli in raw milk samples was 3.27% No ESBL positive
isolates were obtained from pasteurized milk and human handlers
swab samples. All the ESBL positive isolates by DDDT and
Chromogenic ESBL medium have shown identical resistance
towards (P, AMP, PI, CTX, CTR, CAZ, and CPM) and (P, PI, CTR,
CPM, TE) by 4 and 2 E. coli isolates, respectively. Duan et al.
(2006) reported a 3.1% prevalence of ESBL producers among E.
coli isolates from dairy cattle. In a Turkish study reported by
Kucukbasmaci et al. (2008) reported 2.1% prevalence of ESBL
producing Enterobacteriaceae isolated from dairy cattle.
Gundogan and Avci (2013) reported 10% (2/20) prevalence of
ESBL positive E. coli in milk which is slightly higher than current
study. The prevalence rate of ESBL producing E. coli was 29.3%
(17/22) in raw milk which is much higher than the current study
(Badrietal. 2017).

PCR identification of ESBL in E. coli

All four ESBL positive isolates were further confirmed as ESBL
E.coli by genotypic methods using colony PCR wherein all 4
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Fig. 2 Confirmation of ESBL +ve E.coli isolates by DDDT and ESBL chromogenic agar. a. double disc diffusion testb. ESBL +ve E.
coli on Hicrhome ESBL agar c. Diameter of zone of inhibition in ESBL +ve silates by DDDT.

Fig. 3 ESBL producing isolates with
primers specific for bla-CTXM and bla-
SHYV gene. Lane 1 to4: ESBL producing
isolates with bla-CTXM primer; Lane 5
to 9: ESBL producing isolates with bla-
SHYV primer; Lane 10: Negative control
for bla-CTXM primer; Lane 11:
Negative control for bla-SHV primer

isolates have shown bands for bla CTXM gene yielded 885 bp
amplicon on agarose gel (Fig. 3). However, no amplified products
were obtained with bla-SHV and bla-TEM primer. This indicates
that all four ESBL producing isolates were harboring bla-CTX-M
gene which encodes ESBL in E. coli isolates. Similar findings
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were reported by Batabyal et al. (2018) regarding the prevalence
of ""CTX-M gene in 12 ESBL E.coli among 22 isolates obtained
from West Bengal. Ghatak etal. (2013) have reported a one isolate

was harboring New Delhi metallo 3 lactamase gene (bla
another isolate was carrying ESBL gene — bla

o) and
Further, Dhara

CTXM"
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and Tripathi (2014) has reported ESBL E. coli were found positive
for bla CTX M-3 gene (18 nos), bla CTX M-9 gene (6 nos), bla
SHV gene: (5 nos) and bla TEM gene: (5 nos) and may cause
health risk to consumers due to contamination by ESBL producing
E. coli, their pathogenicity and treatment failure as a result of
antibiotic resistant.

Conclusions

Based on the above findings it is concluded that four E. coli
isolates have shown resistance to ESBL antibiotics like CTX,
CTR, CAZ and CPM may indicate presence of multiple drug
resistance gene on same mobile genetic elements. Further, all
four ESBL positive E. coli isolates were harboring CTX-M gene
which is linked with dairy animal. It also concluded that the
prevalence of ESBL E. coli in raw milk may due to transmission
and acquisition of antibiotics resistance gene by plasmid and
mobile genetic elements.
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Abstract: The aim of this study was to investigate the effect of
season, production status, stage of lactation, and parity on milk
yield, milk composition and physico-chemical parameters of ghee
in forty crossbred cows (CBCs). Milk samples were collected
from individual animal during morning in both summer (May-
August) and winter (November-February) season. The results
revealed that milk yield was significantly influenced by the
production status and lactation stage. The fat percentage was
significantly affected by the stage of lactation and parity.
However, protein percentage was affected by the season and
stage of lactation. An effect of season, stage of lactation and
parity on butyro-refractometer (BR) reading of ghee was
significant. The Reichert-meissl (RM) value of CBCs ghee was
significantly influenced by the parity whereas Polenske value by
the production status and parity. Results also indicated that the
RM value of CBCs ghee was found to be below the legal standard
of minimum 28 in Punjab state.

Keywords: Crossbred cows, Milk yield, Milk composition,
Physico-chemical parameters of ghee

Introduction

Development of breeding programs for changing the composition
of milk requires knowledge of the relative influence of genetic
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(stage of lactation, pregnancy, breed, parity etc) and non-genetic
(nutrition, season of calving, temperature etc) factors affecting
milk constituents (Sudhakar et al. 2013). Augmenting lactation
milk yield has been emphasized for increasing the productivity
of dairy animals; however, milk constituents such as fat, protein
and lactose percentages have so far received little attention in
breeding programs.

The physico-chemical quality of ghee (clarified butterfat) is
usually assessed by analyzing certain characteristics such as
Reichert-Meissl (RM) value, Polenske value (PV), Butyro-
refractometer (BR) reading, lodine value and Saponification value.
These analytical characteristics are mostly the reflections of the
fatty acid composition of the milk lipid (Veena et al. 2020) and
vary with region to region and season to season, depending on
the type of breed and the feed. For instance, RM value is
substantially a measure of the lower chain volatile water soluble
fatty acids i.e butyric acid (C, ) and caproic acid (C ) whereas
Polenske value is a measure of lower chain volatile water insoluble
fatty acids i.e caprylic acid (C, ) and capric acid (C, ). Butyro-
refractometer (BR) reading, which measures the index of refraction
between air and the liquid fat and varies with the nature of the
fat, is usually determined at 40°C (Veena et al. 2018; Veena et al.
2020). However, the composition of milk as well as fatty acid
composition is largely affected by various factors i.e., lactation
stage, lactation number, breed, season and environmental factors.
The available information on various factors influencing the
composition of milk and physicochemical properties of milk fat/
ghee is scanty in crossbred cows. Moreover Punjab state is
endowed with highly productive population of crossbred cattle,
closer to the Holstein Friesian both in production traits and in
appearance. Thus the present investigation was undertaken with
the objective to study the effect of various factors affecting the
milk yield, milk composition and chemical parameters of ghee,
prepared from milk of crossbred cows.

Materials and Methods
Sample collection and analysis

Forty crossbred cows from the Livestock farm of Guru Angad
Dev Veterinary and Animal Sciences University (GADVASU,



Indian J Dairy Sci 74(1): 68-73

Ludhiana, Punjab, India) were kept under farm management. Diet
of crossbred cows was met through green fodder (ad /ib.) and
concentrate according to milk production. All the experimental
animals were offered identical ration to meet production/
maintenance requirement to negate the feeding effect on milk
production. The animals had free access to water throughout the
day. Feed samples offered in two different seasons (May — August
and November - February) were collected and ground to pass
through 1 mm sieve and then analyzed for fat, protein, acid
detergent fibre (ADF) and neutral detergent fibre (NDF) content
(Robertson and Van Soest, 1981).

The crossbred cows were grouped according to production
status (high yielders, >15 kg/day; medium yielders, 8-15 kg/day;
low yielders, <8 kg/day), stage of lactation (early - up to 100 days
of postpartum; mid — 101 to 200 days; late — more than 201 days
of postpartum) and parity (1% to 4™ lactation). Milk samples were
collected from individual animal during morning in both summer
(May - August) and winter (November - February) season. Milk
yield was recorded after complete milking. Contents of fat, solid-
not-fat (SNF) and protein in milk samples were analyzed by a
MilkoScreen (Indifoss Analytical Pvt Ltd, Ahmedabad, India).
Cream was separated from each of the individual milk samples by
centrifugal method in the cream separator. Cream samples were
then converted to ghee by direct cream method as described by
De (2005). Ghee samples were stored in refrigerator (4°C) till for
further analysis. Ghee samples were analyzed for RM and PV as
per the standard procedure described in IS: 3508 (ISI, 1966).
Butyro refractometer (BR) reading of ghee was measured using
digital butyro refractometer (Atago Co Ltd, Tokyo, Japan).

Statistical analysis

Milk samples were collected twice in each season from 40 animals.
Mean values and pooled standard error of duplicate
determinations were reported. Statistical significance was set at
P<0.05. The data was analyzed in a factorial design (Snedecor
and Cochran, 1994) by using the software package SPSS version
16 (SPSS 1996) and differences in mean were assessed by using
Tukey’s b test.

Table 1. Composition of the feed offered to CBCs in different
seasons

Parameter Season
Summer Winter

Dry matter, kg /day 16.3 149
Roughage : Concentrate ratio  55:45 49:51
Crude Protein, % 15.5 20.1
Fat, % 297 3.59
NDF, % 5242 37.8
ADF, % 3239 22.7

Results are expressed as mean values, n=5

Results and Discussion

The chemical composition of feed offered to crossbred cows in
different season is shown in the Table 1.The animals were offered
green fodder and concentrate in the ratio of 55 to 45 and 49 to 51,
respectively in the summer and winter season. The total dry
matter intake was 16.3 and 14.9 kg/d, respectively in the summer
and winter season. The crude protein and fat content were higher
in the winter fodder, whereas NDF and ADF content were higher
in the summer fodder.

Effect of season on milk yield, milk composition and physico-
chemical parameters of ghee

The seasonal differences can attributed to the differences in
quality and quantity of available fodder and climatological
variation in different seasons which have direct impact on
production traits. The data in Table 2 revealed that milk yield and
fat content of lactating CBCs was not affected by the season.
Many workers (Nehra 2011, Radhika et al. 2012) reported no
significant effect of season and period of calving on the first
lactation milk yield. Radhika et al. (2012) reported that season of
calving had no significant effect on milk fat percentage. However,
the protein and SNF content were significantly lower (P<0.05) in
winter than summer season. According to Sarkar et al. (2006)
milk composition traits were highest in hot humid season but
lowest in milk yield as compared to other seasons. The daily
yield of fat and protein was observed to be higher during summer
(P<0.05) than winter season.

The RM and PV of ghee were found to be slightly higher in
summer than that found in the winter, however, significant
difference were not observed (Table 2). The RM value of ghee
was found to be 25.04 in winter and 25.79 in summer, while PV
was 1.08 and 1.12, respectively. The previous findings were
expected because the summer milk fat contained higher levels of
C, and C,acids than the one found in the winter milk fat (Laurelle
etal. 1976). However, this discrepancy between both fats and in
their fatty acid levels was due to the effect of the season of the
year and consequently the plane of nutrition (McDowall and
McGillivary, 1963; Hall, 1970; Gray, 1973). The BR reading was
found to be lower (P<0.05) in summer compared to winter season.

Effect of production status on milk yield, milk composition and
physico-chemical parameters of ghee

Effect of production status on milk yield, milk composition and
physico-chemical parameters of ghee is represented in the Table
3. The milk yield varied from 5.58 kg/d (low yielders) to 19.71 kg/
d (high yielders) and significantly affected (P<0.05) by the
production status. The fat content varied (p>0.05) from 3.63
(medium yielders) to 4.21 per cent (high yielders). The production
status of animals showed no significant effect on fat, protein
and SNF content. The daily fat and protein yield was affected
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(p<0.05) by the production status of the animals and was
observed to be higher in high yielding dairy animals as compared
to low yielding animals and this is due to differences in daily milk
yield.

The data on physiochemical parameters revealed that RM value
was not affected by production status of the CBCs. The
production status of animals influenced (p<0.05) the PV and it
was observed to be low in low yielders (0.94) and high in high
yielders (1.2). The BR value was not affected by the production
status of animals and was within the normal range of 41-43.

Effect of stage of lactation on milk yield, milk composition and
physiochemical parameters CBCs

The daily milk yield was observed to vary from 11.4 (mid lactation)
to 14.5 kg (early lactation) (Table 4). The fat content of CBCs
increased linearly with the advancement of lactation and values
were higher (p<0.05) during late than mid and early lactation. The
increase in total lipid contents may be due to the activity of fatty

acid synthesizing enzymes particularly acetyl CoA carboxylase
which is a regulatory enzyme in the fatty acid synthesis might
have slightly increased in late lactation than early and mid
lactation (Sharma et al. 2000). The daily fat yield was observed to
be higher (p<0.05) from animals in late lactation in comparison to
animals in early stage of lactation and correlates well with milk
yield and fat content during different stages of lactation. Similarly
protein content was also increased with progress of lactation
stage. No influence of stage of lactation was observed on SNF
content and protein yields. Bhoite and Padekar (2002) reported a
non significant effect of stage of lactation for fat in Holstein
crosses but a significant effect in crosses involving Jersey. Sarkar
etal., (2006) reported that lactation stage had no influence on fat
content but a significant effect on protein, SNF and lactose
content.

The data on physicochemical properties of milk fat (Table 4)
revealed that RM and PV were slightly higher in early and late
lactation period compared to mid lactation, however, significant
differences were not observed. Studies reported that proportions

Table 2. Effect of season on milk yield, milk composition and physico-chemical parameters of ghee

Parameter Season”
Summer Winter PSE

Milk yield kg/day 12.17 1320 0.50
Fat, % 400 3.78 0.19
Protein, % 4.03% 3.45° 0.070
SNF, % 9.85° 9.22¢ 0.15
Fat, kg/day 0.56° 0.36 0.036
Protein, kg/day 0.52% 0.35° 0.032
RM value 25.79 25.04 0.30
Polenske value 1.12 1.08 0.05
BR reading 41.59° 42.88° 0.12
Mean values with different superscripts in a row differ significantly (P<0.05).
“Irrespective of lactation number, stage of lactation and production status. PSE-Poolesd standard error
Table 3. Effect of production status on milk yield, milk composition and physico-chemical parameters of ghee
Parameter Production status”

High Medium Low PSE
Milk yield 19.71¢ 12.76° 5.58 0.61
, kg/day
Fat, % 383 3.63 421 022
Protein, % 3.70 3.69 3.84 0.08
SNF, % 946 9.53 9.62 0.18
Fat, kg/day 0.62° 0.44° 0.32¢ 0.044
Protein, kg/day 0.57° 0.44° 0.29 0.039
RM value 2544 25.76 25.04 0.36
Polenske value 1.20° 1.18° 0.94* 0.058
BR reading 4223 42.09 4238 0.11

Mean values with different superscripts in a row differ significantly (P<0.05). “Irrespective of lactation number, stage of lactation and

season. PSE-Poolesd standard error
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of short- and medium-chain fatty acids (C, to C, ) increased
during the first 3 months of lactation and decreased after that,
whereas long chain fatty acids followed opposite trend (Mele et
al. 2009; Stoop et al. 2009). Butyric acid showed a decreasing
trend as lactation progressed for all parities while the proportion
of C,, to C,, fatty acids were lower at the beginning of the
lactation, increased first 100 days of lactation and remained steady
for the rest of the lactation period (Bilal et al. 2014). The BR
reading varied (p<0.05) in a narrow range of 41.9 (late) to 42.5
(mid) and increased up to mid stage of lactation and decreased
thereafter.

Effect of parity on milk yield, milk composition and physio-
chemical parameters of ghee

Effect of parity on milk yield, milk composition and physico-
chemical parameters of ghee in CBCs is represented in the Table
5. With increase in parity the milk yield increased linearly but the
differences were not significant. The milk fat was observed to be
highest (p<0.01) in primiparous cows in comparison to
multiparous cows (Table 5). A decrease in milk fat percentage of

0.2% over five lactations has been reported by Rogers and Stewart
(1982). However, the protein and SNF content were not affected
by the parity. Contrary to the present findings Suman (2009a)
and Suman (2009b) observed significant effect of parity on SNF
and protein content, respectively. Radhika et al., (2012) and Sarkar
et al (2006) reported milk yield and milk composition traits were
not differed significantly in different parities. The fat and protein
yield was observed to be highest (p<0.01) in multiparous animals
(4th lactation). Wathes et al. (2007) suggested that there are
differences between primiparous and multiparous cows in the
control of tissue mobilization that may promote nutrient
partitioning into growth, as well as milk during the first lactation.

Both RM and PV were significantly influenced (P<0.05) by the
parity but no systematic trend could be observed. The RM value
varied from 24.7 (2" lactation) to 26.6 (4" lactation). The PV was
observed to be highest of ghee obtained from animals in 4" parity
and lowest in 3" parity. The BR reading varied in a very narrow
range 0f42.04 (1st) to 42.59 (2nd lactation). The BR reading was
observed to be lower in the first parity and differ significantly
from other lactation numbers.

Table 4. Effect of stage of lactationon milk yield, milk composition and physico-chemical parameters of ghee

Parameter

Stage of lactation®

Early lactation Mid lactation Late lactation PSE
Milk yield, kg/day 14.45° 11.42: 12.17¢ 0.58
Fat, % 3.42° 4.04° 4.22¢ 021
Protein, % 3.58 3.72 3.92° 0.079
SNF, % 930 942 9.89 0.17
Fat, kg/day 0.38 0.43* 0.56° 0.041
Protein, kg/day 042 0.37 044 0.037
RM value 25.88 24.79 25.57 035
Polenske value 1.08 1.06 1.17 0.055
BR reading 42.23° 42.51° 4197 0.11

Mean values with different superscripts in a row differ significantly (P<0.05). “Irrespective of lactation number, production status

and season. PSE-Poolesd standard error

Table 5. Effect of parity on milk yield, milk composition and physico-chemical parameters of ghee

Parameter Parity”
1% 20 3 4t PSE

Milk yield kg/day 12.0 12.32 1247 13.95 0.65

Fat, % 4.50° 3.54¢ 3.99° 3.520 024

Protein, % 344 3.81 3.76 395 0.09

SNF, % 9.0 9.69 9.61 9.85 020

Fat, kg/day 0.37° 0.34 0.54° 0.60° 0.046
Protein, kg/day 0.28¢ 0.36 0.46° 0.63° 0.041
RM value 25.15% 24.70 25.20° 26.61° 040

Polenske value 1.13* 1.04® 0.99° 1.25° 0.062
BR reading 42.04* 42.59° 42220 42.09° 0.16

Mean values with different superscripts in a row differ significantly (P<0.05). “Irrespective of season, stage of lactation and production

status. PSE-Poolesd standard error
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Incidence of low RM value

The RM value of ghee prepared from crossbred cow’s milk was
found to be below the FSSAI standard of minimum 28 in Punjab
state (FSSA, 2006), irrespective of season, stage of lactation,
production status and parity. This may be attributed to the fact
that crossbred cows of Punjab has more of Holstein Friesian
inheritance and hence produce milk of low fat percentage with
low RM value compared to indigenous breeds of cow. There are
numerous references in the literature about the effect of various
rations on the RM value of butterfat (Arup, 1929; Geisler, 1926,
Hawley, 1933; Overman and Garrett, 1932; Sutton et al., 1932). In
some instances extremely low RM numbers have been obtained
(Arup, 1929; Hawley, 1933; Sutton et al., 1932). These were
invariably caused by extreme or unusual feeding conditions. Stout
and Wilster (1939) reported that the lowest RM value was
produced in a region where alfalfa hay formed the major portion
of the ration. It is recognized that feed influences butterfat
composition and inherent glyceride composition. Kehar et al.
(1956) who studied the effect of breed, season and locality on
some of chemical constants of ghee prepared from milk collected
from 12 farms in different parts of India. They observed that RM
and Polenske values for ghee samples lay between 16 and 34.76
(average 24.29) and 1.1 and 2.8 (average 1.77), respectively. More
studies needs to be conducted before a definite conclusion is
drawn about the incidence of low RM value in the milk fat of
CBCs in Punjab state.

Conclusions

From study, it was observed that effect of season, lactation stage,
production status and parity were visible in milk yield, milk
composition and chemical parameters of CBCs ghee. Average
milk yield was significantly influenced by stage of lactation and
production status. An effect of season, stage of lactation and
parity on butyro-refractometer (BR) reading of ghee was
significant. The fat percentage was significantly affected by the
stage of lactation and parity. However, protein percentage was
affected by the season and stage of lactation. The RM value of
CBCs ghee was significantly influenced by the parity whereas
PV by the production status and parity. Results of this study
also revealed that RM value of CBCs ghee was appears to be
below the FSSAI standard of minimum 28 in Punjab state. It is,
therefore, necessary that much more detailed work should be
undertaken on the effect of climate, feed, breed/species and
method of management on the chemical parameters of ghee to
ascertain the proper ranges for Indian standards.
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Abstract: Sandesh is the most popular chhana-based sweet
delicacy of the eastern part of India, especially West Bengal,
India. Sandesh is a heat-acid coagulated product that is rich in
high quality animal protein, fat, minerals, and vitamins. The
present research was conducted to study the effect of three
different combinations of gases i.e. 98% CO,, 98% N, and 50% N.:
50% CO, on the shelflife of low calorie and fiber-enriched sandesh
samples. The samples packed under air were kept as control. The
samples were stored in a BOD incubator at 25 and 37°C and
analysed for microbial, textural and sensorial changes at an
interval of 7 days up to 28 days. The samples packed with air
showed significantly higher textural and sensorial changes and
microbial spoilage as compared to the other three combinations.
The results showed that samples packed with 50% N, : 50% CO,
combination had better shelf stability as compared to the samples
packed under air, 98% N, and 98% CO..

Keywords: Sandesh, Sensory attributes, Shelf life, Textural
properties

Introduction
Milk and milk-based products have been an important source of

nourishment in our daily life (Kumar and Singh, 2017).India is the
largest producer of milk in the world with an annual production
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of around 155.5 million tonnes (NDDB, 2017). About 50-55% of
the product is converted to traditional Indian dairy products and
forms an important part of the cultural heritage of India
(Bandopadhyay and Khamrui, 2007). Advancement of technology
and incorporation of novel ingredients to restructure traditional
dairy products has been the current trend in the market which is
majorly leaning towards the development of low calorie and more
shelf-stable products (Gawande et al. 2012). Sandesh is a popular
traditional dairy product prepared by acid or heat coagulation of
milk and mainly admired in the eastern part of India, especially in
West Bengal (Saha et al. 2018). It is famous for its palatability,
aroma and nutritional value attributed by the presence of good
quality proteins, fat, vitamins, minerals etc. It is prepared by the
constant mixing of channa with sugar over medium heat
(Bandyopadhyay et al. 2008). Cow milk is preferably used for the
preparation of channa as it gives smooth texture with uniform
grains which are mainly desired for preparation of sandesh
(Husain and David, 2018). Limited shelf-life of these products
due to their susceptibility to undergo deterioration during storage
makes them unfit for consumption (Londhe et al. 2012).
Innovations in packaging systems such as vacuum packaging,
modified atmosphere packaging have provided an excellent
solution by retaining the freshness of perishable as well as non-
perishable foods for a comparatively longer time (Chowdhury et
al.2017).

Modified atmosphere packaging (MAP) has come up as an
efficient approach to enhance the shelf-life of perishable products
without the addition of any chemical additive (Floros and Matsos,
2005). It involves altering the composition of the product
surroundings within the food package to protect the product
from various microbial and oxidative changes during storage that
is triggered by the presence of oxygen in the product surrounding
(Jhaetal. 2015). Therefore, the presence of a low concentration
of residual oxygen in the product surrounding within the
packaging system is the key approach utilized in the modified
atmosphere packaging of foods for shelf life extension (Sandhya,
2010). Several types of research have been conducted to study
the effect of modified atmosphere packaging on the preservation
of lal peda ( Londe et al. 2012), paneer (Thippeswamy et al. 2011)
and brown peda (Jha et al. 2015) which demonstrated modified
atmosphere packaging as a promising technique to extend the
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shelf-life of traditional dairy products. In view of above-mentioned
prospect, the present work was undertaken to study the effect of
modified atmosphere packaging on the shelf life of low calorie
and fiber-enriched sandesh based on sensorial, microbial and
textural parameters.

Materials and Methods

The present work was carried out in the laboratory of the
Department of Dairy Science and Food Technology, Banaras
Hindu University, Varanasi, India. Low calorie and fiber-enriched
sandesh was manufactured using milk standardized to 3% fat
and 8.5% SNF. The milk was procured from the Dairy Farm, Banaras
Hindu University, Varanasi, India. Stevia and sorbitol used for
the preparation of low calorie and fiber-enriched sandesh were
procured from the local market of Varanasi, India and online
sources. The level of sorbitol, oat flour, and stevia optimized
using response surface methodology based on sensory scores
were 4%, 15% and 0.25% respectively. The detailed
manufacturing process of low calorie and fiber-enriched sandesh
was represented with the help of a flow diagram (Figure 1).

Packaging and storage of low calorie and fiber-enriched sandesh

Three different combinations of gases i.e. 98% CO,, 98% N, and
50% N,:50% CO, were used to pack the sandesh samples. The
samples packed under air were kept as control. The samples were
stored in a BOD incubator at 25 and 37°C at 60% relative humidity
and analyzed for microbial and textural changes at an interval of
7 days up to 28 days. Tray of dimension 18 x 12.5 cm? (Containing
6 pieces of low calorie and fiber enriched sandesh) manufactured
by Elixir Technologies was used for packaging.

Microbial analysis

All the samples were subjected to total plate count (TPC), yeast
and mold count (YMC) and coliform count. One gram of sample
was properly mixed with distilled water. 1ml of resultant
homogenate was added to 9ml of sterile saline water in a test
tube and diluted serially to obtain a series of dilutions up to 10{
w . Iml or 0.5ml of the appropriate dilutions from each tube was
aseptically pipette out and plated on to different selective and
differential media using pour plate technique. The TPC was
determined on plate count agar (PCA) and incubated at 37°C for
24-48 hours. For mold and yeast detection, sample was spread
on potato dextrose agar (PDA) and incubation was done at 25°C
for 24-48 hours. Coliforms in the samples were estimated by
plating on violet red bile agar (VRBA) before being incubated at
37°C for 24—48 hours (Kumbhar et al. 2009). The number of
microbial counts was calculated using the following formula:

Colony-forming units (CFU)/ml = No. of colonies x dilution
factor
Weight of aliquot taken (ml)
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Texture profile analysis (TPA)

TPA on samples was performed by using the Texture Analyser
(TA.XT plus texture profile analyzer, Stable Micro Systems, UK)
to characterize the hardness, adhesiveness, springiness,
cohesiveness and gumminess of the optimized sandesh. During
the textural analysis, samples of optimized sandesh were cut into
1.5 cm’ size pieces and their temperature was maintained at 25°C.

Sensory analysis

The sensory quality of low calorie and fiber-enriched ‘sandesh’
samples were judged by a panel of 10 semi-trained judges from
the Department of Dairy Science and Food Technology. The
samples were evaluated for sensory attributes viz., color and
appearance, flavor, sweetness, body and texture and overall
acceptability based on a 9-point hedonic scale (Amerine et al.
1965).

Statistical Analysis

All experiments were performed in triplicate. Data is expressed as
mean value. The means were compared using Duncan’s multiple
range test (DMRT) at P <0.05. One-way analysis of variance
(ANOVA) was performed as described by Snedecor and Cochran
(1989), to test the significance of data in each trial and parameter.

Results and Discussion

Microbial changes of low calorie and fiber-enriched sandesh
samples were analyzed at an interval of 7 days of storage. Total
plate count and yeast and mold count on day zero was 4.87 and
2.85 log,, CFU/g, respectively. Coliforms were not detected in
the samples during the entire study period. Microbial loads in
different gas combinations are shown in Table 1. In the samples
stored under air at 25 and 37°C, microbial activity reached the
critical limits after 14 days of storage. Hence, the samples were
discontinued after 14 days of storage. In other samples stored
with98% N_, 98% CO,and 50% N,:50% CO, at 25 and 37°C, there
was an increase in the TPC and YMC, within 28 days and no
coliforms were detected. Critical limits were reached at 28 days of
storage. All the samples stored under MAP displayed a
continuous increase in the total plate count and yeast and mold
populations during 28 days of storage period. However, if
compared with the samples containing 98% N, and 98% CO,, the
growth of the microbial populations was lower in the case of 50%
N,: 50% CO, atmosphere package during the 28 day storage
period. The samples containing 98% nitrogen displayed delayed
microbial growth as nitrogen is an inert gas that does not support
microbial growth. However, as observed, samples with 98% CO,
displayed increased inhibition of microbial growth when
compared to samples containing 98% N,, probably due to the
bacteriostatic effect of CO,, as mentioned in several earlier reports
(Daniels et al. 1985; Banks and Annis, 1990; Davis, 1998;
Devlieghere and Debevere, 2000). Smith et al. (1986) reported
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that the gas packaged (40% N,:60%CO,) crusty rolls with the
headspace O, concentration never increased beyond 0.05% and
the rolls remained mold-free even after 60 days.

Changes in Textural properties

The textural properties of any product are important criteria to
determine the acceptability of the product. Table 2 depicts the
textural changes in sandesh during storage. There was a
continuous increase in the hardness of the sandesh samples with
an increase in the storage period for the control samples and the
MAP samples. The hardness varied significantly with variation
in the gas composition and the storage temperature. Table 2 shows
that the hardness of the sandesh samples increased significantly
(P<0.05) with an increase in the temperature, the hardness of the
samples packed under air increased to a greater extent than those
packed under the MAP conditions. The hardness of any product
is directly related to its moisture content. It can be observed from
Table 2, that the samples packed under 50% N,: 50% CO, showed
the minimum changes in hardness, which could be attributed to
its better moisture retention under the MAP conditions.

The cohesiveness of a product is the ratio of the area under the
second bite curve before reversal compression to under the first
bite curve. It is the measure of the extent to which the structure
of the product was disrupted during the first compression. The
average cohesiveness of the samples remained constant
throughout the storage period with no significant variation. Also,
change in temperature did not show any significant effect on the
cohesiveness during 14 days of storage but varied significantly
after 14 days with temperature variation. The cohesiveness

increased initially during the storage period, but later it decreased
marginally. These observations are similar to those reported by
Londhe et al. (2012) in brown peda and Jha et al. (2015) in lal
peda. Loss in moisture content could be the reason for the loss
of cohesiveness with the progression of the storage period. Gupta
etal. (1990) also reported similar findings in kkhoa with an increase
in total solids.

The springiness of a food refers to its ability to return to its
original form after compression. It is the height that the product
recovers between the first and the second compression. The
springiness for sandesh samples did not vary significantly
(P>0.05) for up to 07 days of storage at all the temperatures in the
control and the MAP samples. However, the springiness
increased with further increase in storage period and varied
significantly (P<0.05) with variation in the storage temperature
and gas composition. Jha et al. (2015) reported similar
observations in lal peda samples stored under MAP conditions.

The adhesiveness of a product is related to its sensory stickiness.
Table 2 shows that the average adhesiveness of the sandesh
samples decreased gradually, with increasing the storage period.
The average adhesiveness of the samples had a significant
change with an increase in temperature from 25 to 37°C. This
decline in the adhesiveness could be due to the decrease in free
moisture during the storage. A similar trend in adhesiveness was
observed in the lal peda samples by Jha et al. (2015).

Gumminess is the product of hardness and cohesiveness. It can
be seen from Table 2, that the average gumminess of sandesh
was significantly (P<0.05) affected by variation in the temperature.

Table 1 Microbial changes in low calorie and fiber enriched sandesh during storage packaged under air and under MAP

Days Atmosphere Total plate count (log,  cfu/g)

Yeast and mold count(log , cfu/g)

25°C 37°C 25°C 37°C
0 4.87+0.004 4.8740.04 2.85+0.02 2.85+0.02
07 Control 5.43+0.04* 5.58 +£0.034 2.94+0.03 3.12+0.02
98 % CO, 4.94+0.02* 4.99+0.024° 2.87+0.01% 3.03+0.02
98 % N, 4.97+0.03* 5.08 £0.047° 2.88+0.03* 3.08+0.03*
50:50:CO,N,  4.90.+£0.01%4 4.95+0.05% 2.86+0.02 2.93+0.01
14 Control 6.69+0.02** 6.82+0.014 3.42+0.02 3.55+0.03*
98 % CO, 5.01£0.03% 5.13+0.04%° 2.95+0.02% 3.19+0.02%
98 % N, 5.13+0.01° 5.48+0.034 3.01+0.02% 3.26+£0.04%
50:50:CO,N,  4.96+0.02* 5.16+0.03%° 2.89+0.01% 3.01£0.02°*
21 98 % CO, 5.38£0.01* 5.68+0.038 3.09+0.03 3.19+0.02
98 % N, 5.43+0.03*4 5.81+0.035 3.15+£0.01 3.26+0.04*
50:50:CO,N,  5.10+0.03* 5.39+0.02% 2.94+0.03 3.01+0.02
2 98 % CO, 5.89+0.03* 6.19+0.024 3.18+0.03% 3.28+0.03*
98 % N, 6.01£0.04* 6.21+0.034 3.32+0.02% 3.45+0.02%
50:50:CO,N,  5.28+0.02* 5.78+0.025 3.12+0.03% 3.19+0.02

Values are mean + standard deviation, n=3

* Values with different small superscripts in columns are significantly different (p<0.05) within each interval
* Values with different capital superscripts in rows are significantly different (p<0.05) within each interval
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It was lower in samples stored at 25°C, which gradually increased
with an increase in the storage temperature to 37°C. The variation
in gas composition had a significant (P<0.05) effect on the
gumminess of sandesh sample during the storage period.

Changes in sensory attributes

The average score for all sensory attributes decreased
significantly (P<0.05) with the storage period. The control samples
were found to be unacceptable after 14 days, hence discarded
from the further sensory evaluation. The samples packed under
50% N,:50% CO,, scored the maximum among all the samples for
all the sensory properties at their respective storage temperatures
and storage periods. The sensory scores for body and texture,
flavor, color and appearance, sweetness and overall acceptability
varied significantly (P<0.05) among MAP samples during storage
at every temperature (Table 3). An increase in the storage
temperature had a negative effect on the sensory score of the
product and this can be deduced from the fact that the samples
stored at 37°C showed lower sensory score as compared to
samples stored at 25°C. The samples stored at 25°C packed under
50% N,:50% CO, showed the highest sensory characteristics of
the samples.

Conclusions

An attempt was made to evaluate the shelf life of sandesh stored
under air and MAP with variation in gas composition viz. 98% N,,
98% CO, and 50% N,:50% CO, during two different storage
temperatures (25 and 37°C). The samples stored under air had a
short shelf life as compared to samples stored under MAP.
Therefore, the MAP could be considered as a better option for
storage of sandesh. The samples packed under 50% N,:50% CO,
was optimally effective in preserving the microbial and textural
properties of sandesh. During the storage period, the textural
property of optimized products also varies significantly. The
hardness of the product increases significantly as the storage
time increases and was more prominent at 37°C due to greater
loss of moisture as compared to the storage temperature of 25°C.
Gumminess and springiness also increase over the storage period
and the adhesiveness of the experimental product decreases
during the storage at both storage temperature. This study could
prove to be helpful in the preservation of other traditional dairy
products using MAP.
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Abstract: Changing market trend have paved the way for
development of value-added products fortified with plant-based
constituents for supplementing their therapeutic potential. In
sight of this, fortified dairy products have gained immense
attention in recent times. The present study was undertaken with
an aim to fortify animal-based nutrients with plant-based nutrients
by developing a pea milk fortified dahi incorporated with jamun
seed extract. Aratio of 5:1 (5 parts of water and 1 part of pea) for
pea milk formulation and 3:2 (3 parts of pea milk and 2 parts of
skim milk) for fortification of milk was used for dahi preparation.
The developed product exhibit good per cent antioxidant activity
0f 80.1+8.84 and total phenolic content of 98.33+15.56 mg of gallic
acid equivalent (GAE)/ml of dahi sample with an overall
acceptability of 8.6 on 0 day followed by an overall acceptability
score of 6.2 on 12" day of storage which is the predicted shelf life
of the product with successive decline in per cent antioxidant
activity and total phenolic content beyond this period. Other
parameters such as water holding capacity, viscosity and
syneresis were found to be 60.35 +1.34 %, 38+0.2¢cP and 8.2+0.4
ml/100g, respectively. Physicochemical parameters and textural
analysis was also performed. The final cost of product was
estimated to be Rs.13 per cup (100g) which is quite comparable
to the market dahi.
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Introduction

The conception of novel idea of functional food has paved the
demand for development of food products that not only provides
basic nutrition, but also affirms goof health and longevity (Fazila
etal. 2018). Dahi is a fermented product obtained after fermentation
of milk by addition of starter culture to offer easily digestible
nutrients with potential therapeutic effects (Sandhya et al. 2018).
This has made dahi a preferred product to be explored from a
functional food aspect. In view of this, the researchers are
continuously investigating different functional ingredients for
their potential beneficial effects such as probiotics, prebiotics,
plant extracts etc (Fazila et al. 2018). Plant consists of an array of
bioactive components known for their potential therapeutic and
health-promoting effects (Naczk and Shahidi, 2006). The
incorporation of these plant constituents known as
“phytochemicals” in to various food products is a leaning trend
in the current market. They have known to exhibit high
antioxidant, anticarcinogenic, antimicrobial, anti-atherogenic,
anti-inflammatory (Zimmer et al. 2012), antidiabetic and
antihypertensive activities (Yadav et al. 2018). Incorporation of
these phytochemicals into dairy products has received
considerable attention in the food industry to improve both
nutritional and functional value of the product.

Syzygium cumini (commonly known as “jamun”) is a very large
evergreen tropical tree belonging to the family Myrtaceae
(Pandhi and Poonia, 2019). The presence of various phyto-
constituents contributes to the anti-diabetic, antioxidant and/or
antimicrobial activity. Jamun seed powder has been used for
centuries as a natural form for balancing the healthy blood sugar
level and is the most studied plant part. They are reported to
contain jamboline, gallic acid, ellagic acid, corilagin, 3,6-
hexahydroxy diphenoylglucose, 4,6-
hexahydroxydiphenoylglucose,1-galloylglucose, 3-
galloylglucose, quercetin, B-sitoterol (Baliga et al. 2011). The
glycoside, named Jamboline is mainly responsible for
maintenance of glucose levels as in the normal limits (Desai et al.
2019). Further, the emerging demand for alternative protein
sources apart from animal milk have necessitates the exploration
of plant based protein sources. Soybean milk has been effectively
explored for development of various commercial products due to
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its distinct characteristics such as ability to bind calcium. In sight
of'this, the other important crop that is emerging is- yellow peas.
Pea is among the oldest food legume crops that are recognized
as an inexpensive and readily available source of protein, complex
carbohydrates (especially starch), vitamins and minerals. The
higher nutrient density of dry peas makes them a valuable food
commodity that is capable of fulfilling the dietary requirements
of millions of undernourished individuals worldwide (FAOSTAT,
2011). Dry peas possess many functional and nutritional
properties and are generally consumed as dhal, stews, snacks,
vegetables and flour. Various nutrients present in dry peas may
help in lowering the risk of heart diseases, stroke, and various
cancers, while enhancing quality of life by helping manage weight.
The soluble fiber in dry peas and low glycemic index may help
stabilize blood sugar levels, which is especially important for
people with diabetes (Parihar et al. 2016). Pea’s essential proteins
can be extracted as pea milk using different method and can be
used to fortify animal milk in different ratios as a “new raw material”’
(Denkovaetal. 2013).

In view of the increasing consumer interest towards improving
their overall health and reducing the risk of specific disorders
provide great opportunities for expanding dairy based products
to provide benefits beyond their traditional nutritional value.
Present study aims at developing a pea milk fortified dahi
incorporated with jamun seed extract for combining the benefits
of peas with milk.

Materials and Methods

Fresh skim milk, dried jamun seeds (Syzygium cumini) and splitted
yellow peas were procured from local market of Varanasi.
Household dahi inoculums were used as a culture. Dried jamun
seeds were grounded into a coarse powder. The packaging material
used for packaging of the dahi was polypropylene cups that
were covered on top with cellophane.

Preparation of jamun seed extract

25 grams of jamun seed powder was mixed with 100ml of ethanol
and ultrasonicated for 40 sec at 20 KHz using a probe sonicator.
It was then subjected to shaking for 3 hours and then filtered
using Whatman paper no.l. The filtered extract was then
concentrated using a vacuum rotary evaporator at 50 C and stored
at 4-5 C for further use (Pandhi and Poonia, 2019).

Determination of total phenolic content

0.5ml of diluted extract was added to 2.5ml of 0.2N Folin-Ciocalteau
reagent and placed for 5 minutes. 2ml of 75g/L of Na,CO, was
then added. The above solution was then kept for incubation at
room temperature for 2 hours. Absorbance was measured at
760nm using lem cuvette UV-1800 spectrometer (Shimadzu,
Japan). Gallic acid (0-800mg/L) was used to produce a standard
calibration curve. The total phenolic content was expressed in
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mg of Gallic acid equivalent (GAE)/ml of extract after applying
the dilution factor (Stankovic, 2011).

Radical scavenging activity (% DPPH inhibition)

0.5 ml of ethanol extract of jamun seed was taken and to it 2.5mL
of DPPH solution (8mg/100mL ethanol) was added. A control
was set up with 0.5ml distilled water as blank and left at room
temperature for 30 min. The sample was centrifuged at 3000 rpm
for 15 min. In cuvette, 0.5 ml of centrifuged solution was taken
and to it ImL of ethanol was added. Absorbance was taken at 517
nm separately for blank and sample using ethanol as a reference
(Nishino et al. 2000).

% DPPH inhibition = (A -A/A_) x 100
Where,
A,=0ODforblank A =OD for sample

Formulation of pea milk based dahi fortified with jamun seed
extract

Preparation of pea milk

Pea milk was prepared by adopting single stage extraction
technique with slight modification (Upadhyay et al. 2011). Pea
milk having water to pea ratio of 5:1 was prepared by first adding
1 kg pre-processed/treated pea with 2 L water in the grinder for
grinding pea for at least 10 min followed by addition of remaining
3 L of water. The obtained mixture was allowed to filter through a
muslin cloth and the filtrate was allowed to stand for 2 hours for
settling of starch. Collect the upper water fraction as pea milk for
further use. The settled starch was separated, dried and collected
as a by-product.

Preparation of control dahi

Skim milk was taken, heated to 85°C and then cooled to 40°C.
Milk was inoculated with dahi inoculum @ 2 % and then 100 ml
of it was transferred to each cup. The samples were incubated at
40°C in incubator till the proper setting of dahi (Rathi et al. 2013).

Preparation of pea milk fortified dahi incorporated with jamun
seed extract

Pea milk fortified dahi was prepared according to the method
given by Rathi et al. (2013) with slight modification (Figure 1).
Pea milk ofratio 5:1 was combined with skim milk in the ratio 3:2
(3 parts of pea milk and 2 parts of skim milk) and total solids of
pea milk mixture was adjusted to 16 % by using (4%) skim milk
powder, heated to 85UC and then cooled to 40°C. 1.5% of 10
times diluted extract was added and then pea extract combined
milk was inoculated with household dahi @ 2 % and then 100 ml
of it was transferred to polystyrene cups. The samples were
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[ Yellow peas (splitted) ‘

Soaked

Drained

it

Grinded

Preparation of peamilke (5:1, 5 parts of water and 1 part of pea)

[ Filtered using mmslin cloth ‘

[ Setiling of starch ‘

Decand liquid fraction (peamilk) + pea starch (by- product)

[ Combined pea milk with skim milk (3:2)

[ Addition of 4% skam milk powder ‘

| Heated to 85°C ‘

‘ Cooled to 40°C ‘

‘ Addition of 1.5% extract ‘

‘ Addition of culture(@2%) ‘

| Filled in cups |

[ Incubated at 40°C E hours ‘

[ Stored (at 4-7°C) ]

Fig. 1 Flow diagram for preparation of pea milk fortified dai incorporated with jamun seed extract (JSE)

incubated at 40°C in an incubator till the setting of dahi (Figure ~Physicochemical analysis

2).

Different physicochemical parameters such as % fat, % Titratable
acidity, % Protein, % ash content, viscosity and pH were
determined as per the methods described by Rangana (2001).
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Fig. 2 Pea milk fortified dahi incorporated with jamun seed
extract

Color measurement

L-a-b values for dahi were determined using a Hunter color
system, ColorFlex EZ model which was first calibrated using a
white tile and black tile. It measures color using a three-dimensional
scales, such as CIE L*a*b*, have been developed to objectively
quantify color values. This scale defines color as follows: L*
(lightness) axis: black to white (0 to 100) a* (red green) axis:
positive values are red; negative values are green; 0 is neutral b*
(yellow — blue) axis: positive values are yellow; negative values
are blue; 0 is neutral. All visible colors can be quantified within
this 3-D rectangular space.

Determination of flavonoid content

10 grams of dahi sample was repeatedly extracted with 100 ml of
80% aqueous methanol at room temperature. The mixture was
then filtered through a filter paper into a pre-weighed 250 ml
beaker (Adham, 2015). The filtrate was transferred into a water
bath and allowed to evaporate to dryness and weighed. The
percentage flavonoid was calculated as:

Weight of residue(g)
Weight of sample taken(g)

04 Total Flavonoids = X 100

Water holding capacity (WHC) and syneresis

20 grams of dahi sample was taken in a 50 mL centrifuge tube and
centrifuged at 2000 rpm for 10 minutes. The weight of clear whey
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Fig. 3 Showing syneresis in pea milk fortified dahi incorporated
with jamun seed extract

separated was measured and the water holding capacity (WHC)
was calculated using the formula (Remeuf et al. 2003):

D —wp

N
0 WHC = X 100

Where, ND=weight dahi WE = weight of expelled whey.

For syneresis, dahi in the container (100 g) was cleanly cut
crosswise with a spatula and around the edge with a thin spatula.
A stainless steel wire grid (8 mash/cm?) slightly smaller than the
inside diameter of the container, was placed gently on the surface
of dahi. At 30 min interval, the volume of whey obtained was
poured off into a 10 ml measuring cylinder, keeping wire grid in
place with the help of a spatula, to prevent the dahi from falling
out and volume of whey was noted (Marshall, 1982) (Figure 3).

Texture analysis

Textural parameters were analyzed using Texture Analyzer
(TA.XTplus texture profile analyzer, Stable Micro System Ltd,
Model TA-XT plus, UK) was calibrated using a 50 kg weight and
the outlined in data acquisition software (Exponent Lite XT PLUS,
Ver.4.0.13.0 lite). Back Extrusion Cell (A/BE) with 35 mm disc and
extension bar using 5 kg load cell was used. Tests were carried
out in standard size back extrusion container (50 mm diameter)
with a test speed of 1.00 mm/sec and return speed of 5.00 mm/
sec. Trigger force was taken to be Sg with 80mm return distance
and 30mm distance. Tests were carried out either in a standard
size back extrusion container (50 mm diameter) approx. 75% full
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or in the original container immediately after the removal from
storage. The extrusion disc should be positioned over the sample
container. For comparison of cohesiveness and “work of
cohesion”, the probe must return to the same position above the
samples after each test. To do this, it is necessary to calibrate the
probe to a distance that is a starting distance, e.g. 30mm above
the top of the container of the sample surface. When the probe is
returning to the start (i.e. pulling out of the sample), it is
recommended that the container is held to prevent it from lifting.
Four factors that were analyzed are cohesiveness (g), consistency
(g sec), Index of viscosity (g sec), firmness (g).

Sensory analysis

The sensory analysis was carried out using a 9- point hedonic
scale by serving experimental sample and control sample to a
panel of 11-judges from the Department of Dairy Science and
Technology, Institute of Agricultural Sciences, Banaras Hindu
University, Varanasi, India. The sensory parameters that were
studied include color, body and texture, flavor, acidity and overall
acceptability. The 9-point hedonic rating scale was arranged such
that: Like extremely-9, Like very much-8, Like moderately-7, Like
slightly-6, Neither like nor dislike-5, Dislike slightly-4, Dislike
moderately-3, Dislike very much-2, Dislike extremely-1 (Amerine
et al. 1965). The scores rated by the panel of judges were then
statistically analyzed. The samples were code numbered to avoid
identification and bias.

Statistical analysis

The data obtained for various physicochemical, textural and
sensory parameters in the present study were analyzed for the
significant difference in the treatments by subjecting to the

Table 1 Moisture content and total solids content of pea extract

analysis of variance (ANOVA) technique (one way) using Minitab
17 software.

Storage study

The dahi samples were stored at refrigeration temperature (4 —
7°C) and were drawn at 3days interval up to 21 days. The samples
were analyzed for change in pH, % TA, sensory evaluation scores,
Total phenolic content and % DPPH during storage using the
same method indicated above with 0.5 ml of dahi sample. Also,
the estimation of the shelf life of the product was determined
until it retains all its sensory, nutritional properties. Stability of
jamun seed extract in the product during storage can be
determined by analyzing the total phenolic content, DPPH
inhibition at different time intervals during storage. The
microbiological analysis of the developed value-added dahi
product was carried out as per the standard method for coliforms,
yeast and molds using the violet red bile agar (VRBA) or potato
dextrose agar (PDA), respectively (Kumbhar et al. 2009). 1g of
the sample was diluted in 9ml of buffer blanks and subsequent
dilutions were prepared up to 10 dilutions.

The number of microbial counts was calculated using the
following formula:

No.of colonies ¥ dilution factor
Weight of aliquot taken(ml)

No.of Microorganisms/g =

Cost estimation

The cost economics of the developed dahi was estimated by
taking into account the cost of raw materials, processing cost
and labor cost, i.e, fixed and variable cost.

% Total solids

% Moisture content

Pea extract 5.14+0.5
Pea extract + skim milk 942+14
Pea extract + skim milk + 4% SMP 15.94+£2.0

94.86+0.5
90.58+1.4
84.06+2.0

Values are mean + standard deviation, n=3

Table 2 Physicochemical parameters for pea milk fortified dahi incorporated with jamun seed extract

Parameters Control dahi Pea dahi
% Total solids 15.55£2.4 15.9+£3.2
% Fat 0.1+0.00 0.1£0.00
% Protein 5440.11 5.8+0.18
% Ash 1.09+0.02 0.76+0.08
pH 4.41+0.04 4.50+0.8
Viscosity(cP) 42+0.20 3840.20
% Titratable acidity 0.80+0.10 0.82+0.02

Values are mean + standard deviation, n=3

84



Indian J Dairy Sci 74(1): 80-88

Results and discussion

Total phenolic content & antioxidant activity (% DPPH
inhibition) of extract

Using the standard curve, the total phenolic content of the extract
was determined and was found to be 425.90+15.2 mg of gallic
acid equivalent/mL of extract. The results indicate the presence
of higher total phenols with high yield of 12.76+1.45%. UAE
(Ultrasonicated assisted extraction) was considered to be more
effective than other conventional extraction because of its high
efficiency and efficacy in the extraction of various bioactive
constituents from the inactive solid matrix without any detrimental
effects (Cho et al. 2006). The total antioxidant activity of the
ethanolic extract was found to be 95.83+0.50%. The
ultrasonication process involves collapse of bubbles that cause
physical, chemical or mechanical disruption of the biological
membrane of the extractable compound and hence, provides
better efficiency and efficacy (Cares et al. 2009; Metherel et al.
2009). Higher phenolic content usually conveys higher antioxidant
activity (Margaret et al. 2015).

Formulation of pea milk

Pea milk formulated with water to pea ratio of 5:1 (optimized ratio)
was subjected to determination of moisture content and total
solid content and results are indicated in Table 1. Skim milk powder
@ 4 % was added to pea milk fortified milk to adjust total solid
content to 16% as this percent of total solid is required for desirable
body and texture of dahi (Chowdhury and Bhattacharyya, 2014).

Physicochemical analysis

Various physicochemical parameters of formulated dahi were
determined and the results are tabulated in Table 2.

Texture analysis (TA)

The average values for the four texture parameters such as
consistency, cohesiveness, index of viscosity, firmness were
found to be 5419.2+45.1,86.16 £3.56,176.56 £2.99,219.055 +
4.34 respectively. The values of consistency and firmness of
dahi sample were found to be lower than that of control with
consistency and firmness of 6252.1+ 42.6 and 325.025 + 3.31
respectively. This is in accordance with the study conducted by

Table 3 Sensory evaluation of developed product

Parameter Sample Control
Color 7.940.9 8.7+0.7
Flavor 7.6x1.2 8.9+0.6
Body and texture 8.3+0.7 8.4+0.3
Consistency 8.6+0.7 8.5+0.6
Acidity 7.1+0.6 7.8+0.2

Values are mean + standard deviation, n=11
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Sivakumar and Dhanalakshmi (2015) who also observed reduction
in firmness and consistency of da/i on addition of plant extract.
They suggested that plant extract might have showed inhibitory
action on starter culture, thus delaying the curd formation process
and affecting the overall texture of the final product.

Water holding capacity (WHC) and syneresis

Water holding capacity of dahi relates to the ability of its
constituents to hold water within dahi matrix. The % water holding
capacity of the formulated dahi was found to be 60.35 £1.34.
There was a significant difference (p<0.05) between the water
holding capacity of a control sample of dahi which was
70.23+1.56, the reason may be higher ability of milk protein to
hold more water as compared to pea protein in combination with
milk proteins (Table 3). Syneresis is the separation of whey from
the curd and expressed as ml as depending on the method
followed. The extent of syneresis is indicative of the quality of
dahi. Consumers prefer dahi with no visible whey separation.
Presence of separated whey indicates excessive fermentation
and stored dahi, lacking consumer acceptance in the market.
Syneresis for formulated dahi was found to be 8.2+0.4 ml/100g
whereas, for control sample, it was found to be 7.8+0.4ml/100g
which was lower than the formulated product, this could be due
to the comparatively lower water holding capacity of the
formulated product due to variation in the composition. As per
the findings, the addition of plant extract containing polyphenols
appears to encourage the contraction of protein matrix and aids
the dismissal of whey, decreasing the amount of entrapped water
in protein matrix (Masmoudi et al. 2020). The difference in the
acidity could also be a major contributor of disruption of protein
network (Ranadheera et al. 2012),

Color estimation

The L-a-b values for the formulated product was found to be L=
83.85+0.42,2=0.37+0.01, b=14.21+0.02. The L- value was more
on the higher side indicating the lightness of the product. Low +
a value indicate a tinch of red color in the product, + b indicates
the color of the products to be towards yellow. The overall color
of the product can be expressed as light yellow with a very light
tint of red color. Addition of plant extract slightly lowers down
the lightness of the product and results in slight shift toward
darker side (Shokery et al. 2017).

Sensory analysis

The data obtained by sensory evaluation in the present study
reveals that there was no significant difference between the
consistency and body and texture of developed dahi and the
control dahi the reason for this could be the similar level of %
total solids in both which was the major contributor towards the
body and texture. Color, flavour and acidity of the dahi were
found to be significantly affected by the incorporation of extract
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Table 4 Effect of storage period on the shelf life of daki for 21days

Parameters 0 Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 21 Day
4.50+0.8 4.40+0.4 4.31+0.5 4.11+0.8 4.05+0.7 3.90+0.4 3.82+0.2 3.2+0.4
pH
% Titratable  0.82+0.02 0.86+0.02 0.91+0.05 0.98+0.08 1.02+0.03 1.20+0.06 1.32+0.08 1.34+0.06
acidity
% DPPH 80.148.84  78.5+11.45  74.23+14.67 123567 62.8+14.65  57.4+12.56  54.6+1032  54.3+11.23
inhibition
Total 98.33+£15.56  92.45+18.45  90.45+8.84 88.56+13.41  84.34+9.55  80.34+10.23  77.45+£12.32  64.02+12.13
phenolic
content (mg
of gallic acid
equivalent
/mL of
sample)
Yeast and 0 0 6 10 11 16 20 28
mold count
per gram
Coliform
count per 0 0 0 0 0 0 0 0
gram
Overall 8.6+0.4 8.2+0.2 7+0.3 6.8+0.2 6.2+0.4 5.5+0.3 5+0.4 4+0.2
acceptability
Values are mean + standard deviation, n=3
Table 5 Cost estimation of the developed product
Ingredient Amount/ 100g cup Cost (Rs.)
Yellow peas 12g 0.6
Jamun seed extract 1.5ml 1.5
Skim milk 40ml 2.8
Skim milk powder 4g 133
Packaging cost 1 cup+ aluminium foil 1.0
Inoculum 1.5g 0.165
Total 7.39
Processing cost Per cup 1.0
Total 839
Marketing and distribution expenses @25% of product Per cup 2.097
Total 1048
Profit margin @ 30% of cost of product Per cup 2517
Total cost (per 100g cup) 13 Rs.

and fortification of pea milk in the dahi. The sensory score for
flavour of developed dahi was lower as compared to the control,
the reason for this could be the beany flavour that might have
affected the score. The incorporation of extract and pea milk has
contributed towards a yellowish color of the developed product
that may have resulted in the lower sensory score for color
parameter in the developed product. Further, the difference in
the score for acidity might also be attributed by the incorporation
of extract and pea milk in the product (Table 3). Addition of any
herbal extract into a product or modification of its composition
could be the sole reason for the lowered sensory scores by
panellists (Bajalanlou and Pakbin, 2016)
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Storage study

Storage study of formulated dahi was conducted with samples
which were seal packed in polyethylene bags and were store at
4-5°C during the whole storage period. The parameters that were
studied during the storage study were pH, % titratable acidity
(%TA), % DPPH inhibition, total phenolic content and overall
acceptability. During storage of dahi sample pH had shown a
decreasing trend in value whereas an increasing trend was
observed in % TA. The justification for the observed trend was
increased lactic acid concentration that simultaneously decreases
the pH of dahi. The functional constituents such as phenols had
shown a gradual decrease in concentration relating to loss of
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phenols during storage. Loss of phenols during storage affect
the antioxidant property hence a decreasing pattern was observed
for % DPPH inhibition. From microbiological analysis, it was
found that the coliform count of dahi was nil throughout the
storage period. Yeast and mold count was also found to be less
than the standard value of 100/g (Table 4). Considering all these
parameters, the extent to which these parameters ensure safety
and quality of product was chosen to be the estimated shelf life.
A shelflife of 12 days was estimated for the product, taking into
account the maximum possible concentration of phenols with
almost all other quality and safety aspects were maintained. Yadav
et al. (2007) evaluated low-fat probiotic dahi prepared with
Lactococci starters and 2 adjunct probiotic cultures of
Lactobacillus acidophilus and Lactobacillus casei under
refrigerated storage at 7°C and found that dahi stored for 8 days
may be acceptable to consumers. Parseeda and Nanu (2007)
investigated changes in quality of curd stored under refrigeration
(4-11°C) for a period of 21 days with respect to acidity, pH, and
sensory parameters. The results indicated that the product had a
shelf life of 9 days under refrigerated storage (Table 4).

Cost estimation

The estimated cost of the developed product was found to be
Rs. 13 per 100g cup which is quite comparable to the commercial
dahi product available in the market which generally cost Rs 20
or 22 per 200g of cup (Table 5). Hence, from the economy point of
view the product was quite feasible.

Conclusion

Pea milk fortified dahi incorporated with jamun seed extract was
successfully developed with an estimated shelf life of 12 days
under refrigerated storage. The formulated product was developed
in view of the increasing demand for products supplemented
with plant based nutrients and phytonutrients. The developed
product might be suitable for diabetic people as it contains
phytonutrients extracted from jamun seeds and had shown higher
antioxidant activity and total phenolic content. The developed
product was found to be good in terms of body and texture but
has a slightly lower liking for sensory parameters such as flavor
and color. The estimated cost of the product was also comparable
to the market dahi. Further, the pea starch collected as a by-
product of pea milk can be dried and can be put forward for
further useful applications such as a food thickener or as a base
material for development of starch based edible film for food
packaging.
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Abstract: INDUSCHIP- an Illumina platform based custom
made genotyping chip was designed with 45K polymorphic
markers for Indian cattle breeds and 8K base SNPs of [llumina
BovineLD chip to genotype indigenous and crossbred cattle in
India. Current study was undertaken to assess the genotype
imputation efficiency of INDUSCHIP v2 microarray in HF
crossbred cattle and compare its efficiency of imputation with
that of GGP-35K microarray. HD genotyping data of total 869
cattle from 14 indicine breeds, 2 crossbred (HF and Jersey
crossbred) and 2 exotic breeds (HF, Jersey) were used for this
study. Post quality control, only 846 animals and 449955 SNPs
remained for imputation study. Only 23.65% of 35339 SNPs in
GGP-35K chip are found to be common with INDUSCHIP v2 SNP
panel. Imputation was carried out with the help of Beagle 5.0
software using subset of both INDUSCHIP v2 and GGP-35K SNP
panels. The study revealed higher average concordance rate (CR)
and squared correlation (DR?) for INDUSCHIP v2 as compared
to GGP-35K in crossbred HF population.
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Introduction

Identification of polymorphic variants (SNPs) across the genome,
development of high throughput genotyping and sequencing
techniques has led to the generation of massive amount of
genomic information on large number of individuals. In Livestock,
these genomic information is mainly used for breeding purpose,
known as Genomic selection (GS), where, superior individuals
are selected for breeding at the very young age on the basis of
Genomic enhanced Breeding values (GEBV), computed as a linear
function of evenly spaced DNA markers (SNP)spread across the
genome and their associated genotypes (Meuwissen et al. 2016).
Genomic information from dense SNP chips provides an
opportunity to increase rate of genetic progress in the breeding
programs if a sufficient number of markers and animals with
phenotypes are genotyped. More number of markers means
greater linkage disequilibrium between SNPs and more chances
of capturing genomic variation. However, several studies
indicated that increase in SNP density, after a certain threshold,
does not seem to improve the quality of realized genomic
relationship in any significant way (Su et al. 2012, Chang et al.
2019).

Since, genotyping with HD SNP panels are expensive, it limits
the number of animals to be genotyped. Hence, in practice, people
preferred cost effective alternative called genotype imputation,
which allows inference of the missing marker genotypes from
individuals genotyped with low or medium density (LD) panels
by using information from reference population genotyped with
high-density panels (Carvalheiro et al. 2014).This not only makes
it possible to increase the genomic information and predict
missing genotypes (Marchini and Howie,2010) but to reduce
genotyping costs and intensify genomic selection (Ventura et al.
2014) by genotyping more number of animals and combine data
from different breeds (Larmer et al. 2014).

To implement genomic selection in India for indicus breeds and
their taurine crosses, a medium-density customized chip i.e.,
INDUSCHIP vl consisting of 45700 SNPs sampled from HD
genotype of the mostly four indicus breeds (Gir, Sahiwal, Kankrej
and Red Sindhi) and their taurine crosses (HF cross & Jersey
cross) have been developed (Mrode et al. 2019). The genotyping
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chip contained around 41000 SNPs from HD data having high
MAF (0.25), uniformly distributed across the genome for all the
breeds under study with an average distance between two
consecutive SNPs around 65 kbps. In addition to the above,
2000 ancestry informative SNPs for above mentioned six breeds,
ISAG recommended parentage SNPs and some known open-
source genetic markers were also included (Nayee et al. 2017).
Subsequently, INDUSCHIP v1 was upgraded to INDUSCHIP v2
(52363 SNPs) incorporating additional 6663 highly polymorphic
SNPs (Sahaetal. 2020).

Current study was undertaken to assess the genotype imputation
efficiency of INDUSCHIP v2 micro array to HD level in Holstein
Friesian crossbred (HFCB) population and compare its
performance with other commercially available medium density
chip i.e., GGP indicus-35K microarray developed by Neogen
Geneseek operation on Illumina platform specially designed for
indicine cattle.

Materials and Methods
Source of data

Total 869 number of Cattle belong to 14 different Indicine breeds
(Amritmahal, Deoni, Gir, Hariana, Hallikar, Kankrej, Khillar,
Kangayam, Ongole, Red Sindhi, Rathi, Sahiwal, Siri and
Tharparkar) and 2 crossbred (HF crossbred-HFCB and Jersey
crossbred-JCB) breeds were genotyped with 777K Bovine HD
BeadChip (Illumina, Inc.,San Diego, CA). The genotype data for
2 taurine breeds, Holstein Friesian (HF) and Jersey, were obtained
from Aarhus University, Denmark. The genotype candidates were
selected mainly from frozen semen stations in India and certain
state run livestock farms maintaining purebred animals of those
breeds.

Data editing

Quality control checks were applied to raw data. SNPs located
on autosomes, with call rate >95% and genotyping rate>90%
were kept. Further, SNPs with a minor allele frequency (MAF)
less than 0.01 and Hardy Weinberg equilibrium having p value
less than 10-*were excluded.

After quality control, out of a total of 869 animals of 14 different
breeds (multi-breed) and 777962 SNPs, only 846 animals and
449955 SNPs remained for imputation study.

Retrieval of INDUSCHIP and GGP indicus-35K SNP panels:

50K SNP panel data (52363 SNP) of INDUSCHIP was retrieved
from customized INDUSCHIP v2 manifest file (NDDB
Induschip2  15061153X355693 B1.bpm). Around 2949 SNPs,
which were present in INDUSCHIP v2 manifest file but was not
found to be matching with HD SNPs, thus were excluded from
this study. After quality control, finally 49399 SNPs remained,
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whose HD genotyping data was extracted as a subset to study
the imputation efficiency of INDUSCHIP. Similarly, The SNP panel
list of GGP indicus-35K medium density chip was obtained from
NAGRP community data repository.

Creation of Test, Reference and Validation data sets:

From this data, randomly 11 HFCB animals were selected at a
time to form test groups animals. While remaining animals 835
animals of multiple breed were taken as reference group with HD
data obtained after quality control. Five such test groups were
created. Subsequently, genotyping information for the
INDUSCHIP and GGP indicus 35K SNP panel were retrieved as a
subset from HD data for all the five test groups of animals.

Further, in order to study the concordance of imputation for
missing genotypes, five validation data sets with HD genotype
data for each group of test animals were also created.

A schematic diagram of the experimental design of this imputation
study is presented in Figure 1.

Imputation using INDUSCHIP and GGP indicus-35K SNP panels

Imputation was carried out for 5 test groups of animals using
genotyping information of INDUSCHIP v2 SNP panel and GGP
indicus-35K SNP panel, respectively. During the study, instead
of taking all the 29 autosomes, imputation was carried out for 5
selected autosomes (i.e. Chromosome no.1, 5, 15, 20 and 25) to
compare the imputation efficiency.

PLINK (Purcell et al. 2007) software was used for quality control
of the data, creation of test, reference and validation data sets as
well as for preparing inputs file for Beagle. Imputation was carried
out using Beagle 5.0 software (Browning et al. 2018), a
population-based imputation program (does not rely on pedigree
information)that adopts a stochastic procedure based on a
Hidden Markov Monte-Carlo process to infer the probabilities
of each haplotype/genotype (Carvalheiro et al. 2014).Imputation
accuracy was assessed in terms of concordance rate i.e. the
proportion of alleles or genotypes that are correctly imputed
(Weigel et al. 2010) and squared correlation between the estimated
allele dose and the true allele dose i.e. dosage r* (DR?).The animal
wise concordance rate between imputed and actual genotype
was estimated using R statistical software and DR? values
between markers are obtained from Beagle software output.

Results and Discussion
Characterization of INDUSCHIP v2 SNP chip
Number and Distribution of SNPs across autosomes:

For an SNP array to be efficient in genotyping for a particular
population, it is important to ensure that the selected SNPs are
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Fig. 2 Chromosome-wise distribution SNPs in INDUSCHIP v2 before and after quality control

distributed evenly covering the entire genome. INDUSCHIP was
designed by selecting a subset of SNPs from [1lumina BovineHD
genotyping array. INDUSCHIP v2 manifest file revealed that there
were altogether 52363 SNPs located in all chromosomes. Out of
which only 50436 SNPs are located in 29 autosomes (96.3%).
Distribution of SNPs across the autosomes in INDUSCHIP v2
vis-a-vis Illumina Bovine HD chip is presented in Table No.1.
The data revealed that on an average 6.8% of the HD SNPs located
per autosomes were selected in customized INDUSCHIP v2
microarray.

The average distance between the SNPs was found to be around
49.7 Kb across the autosomes. The maximum distance between
SNPs was found in chromosome number 10 (52.52 Kb), while
minimum distance (46.79 Kb) was observed in chromosome
number 9.
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Post quality control (QC), out of a total of 50436 SNPs located in
autosomes, only 49399 SNPs remained for imputation study. The
autosome wise distribution of SNPs before and after quality
control (QC) is presented in Figure 2.

Minor allele Frequency

Autosome-wise distribution of minor allele frequencies (MAF)
in HFCB population was estimated using PLINK and presented
in Table no.2. MAF was classified into three different categories
viz. Rare SNPs (MAF > 0—<0.05), Intermediate SNPs (MAF >=
0.05 — 0.25), and Highly polymorphic SNPs (MAF > 0.25).The
distribution of SNPs based on MAF in HFCB population for
INDUSCHIP v2 SNP panel indicated that the majority of SNPs
(around 73.27%) existing in INDUSCHIP v2 SNP panels are
polymorphic having MAF >0.25 (Figure 3).
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Table 1 Chromosome-wise distribution of SNPs in Illumina Bovine HD chip and INDUSCHIP v2 microarray

Chromosome No. of SNPs in No. of SNPs % SNP in Average distance (in KB)
No. Bovine HD in INDUSCHIP INDUSCHIP between SNPs in
chip v2 v2 compared to INDUSCHIP v2
Bovine HD chip

1 46495 3155 6.8 50.14
2 40056 2677 6.7 51.00
3 35579 2468 69 49.15
4 34980 2442 7.0 49.26
5 34842 2483 7.1 48.70
6 35519 2572 72 47.11
7 33168 2227 6.7 50.46
8 33529 2320 6.9 48.70
9 31060 2250 72 46.79
10 30449 1975 6.5 5252
11 32015 2078 6.5 51.50
12 26127 1782 6.8 51.00
13 23594 1700 72 49.32
14 24780 1697 6.8 49.00
15 24755 1680 6.8 50.53
16 24178 1695 7.0 4792
17 22266 1522 6.8 49.28
18 19386 1342 6.9 49.05
19 18908 1284 6.8 49.72
20 21490 1508 7.0 4739
21 21175 1440 6.8 49.67
2 18034 1178 6.5 51.76
23 15215 1091 72 47.66
24 18620 1217 6.5 50.95
25 12931 838 6.5 5092
26 15242 988 6.5 5221
27 13152 922 7.0 49.18
2 13038 921 7.1 50.13
29 14710 984 6.7 5131

Comparison of the efficiency of INDUSCHIP v2 and GGP indicus- Investigation on SNP markers available in GGP indicus-35K chip,

35K microarray in imputing missing SNPs in HF crossbred respectively, revealed that out of total 35339 SNPs present in
cattle GGP indicus-35K chip, only 8361 SNPs are found (23.65 % )to be
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Table 2 Chromosome-wise distribution of MAF in INDUSCHIP v2 microarray

Chromosome No. Categories of Minor Allele Frequency (MAF) Grand Total
>0-0.05 >(.05-0.25 >-0.25
1 14 814 2259 3087
2 34 768 1849 2651
3 21 588 1819 2428
4 14 586 1791 2391
5 21 651 1755 2427
6 13 660 1817 2490
7 14 586 1574 2174
8 20 856 1396 2272
9 5 603 1621 2229
10 5 453 1470 1928
11 5 468 1539 2012
12 10 455 1245 1710
13 9 595 1055 1659
14 18 499 1150 1667
15 9 401 1213 1623
16 8 471 1202 1681
17 12 351 1130 1493
18 6 302 989 1297
19 13 274 988 1275
20 13 375 1104 1492
21 13 3% 1026 1433
2 7 236 910 1153
23 2 224 856 1082
24 3 326 877 1206
25 1 165 646 812
26 1 209 754 964
27 3 187 709 899
2 2 190 711 903
29 2 219 740 961
Total 298 12906 36195 49399
% 0.60 26.13 7327

common with INDUSCHIP v2 SNP panel. In GGP indicus-35K
chip, around 81% of SNPs were found to be polymorphic with
MAF >0.25.

Imputation was carried out using genotype information at
INDUSCHIP v2 SNP panel and GGP indicus-35K SNP panel for 5
chromosomes (i.e. Chromosome no. 1, 10, 15, 20 and 25,
respectively) for all the five test group of animals.

The Concordance rate obtained from this study found to vary
between 0.971 (Chromosome no.10) to 0.980 (Chromosome No.15)
while imputing INDUSCHIP v2 SNP panel to HD level, while the
same was varying from 0.961 (Chromosome no.10) to 0.974
(Chromosome No.15) for GGP indicus-35K (Table 3).

Caravalheiro etal. (2014), while imputing GGP20Ki and GGP75Ki
panel to HD panel in Nellore animals, observed concordance rate
0of 97 and 99%, respectively.
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The average DR? found to vary between 0.892-0.922 in
INDUSCHIP v2, while it was 0.888-0.913 in GGP indicus-35K (Table
4).

The present study revealed that selected SNPs in customized
INDUSCHIP v2, which was specifically designed for genotyping
of indicine breeds and their crosses, were distributed uniformly
covering the entire genome. Distribution of SNPs in INDUSCHIP
v2 is found to be similar to the distribution of SNPs in other
Bovine SNP chips like Illumina 50K and GeneSeek 75K
(Mutukumalli et al. 2009).

The majority of the SNPs with high MAF (>0.25) across the
autosomes, indicated existence of considerable heterozygosity
in crossbred population and INDUSCHIP v2 appeared to be
effective in capturing variability in the crossbred population.
Malik et al. 2018 in his study using high throughput genotyping-
by-sequencing (GBS) markers found that the MAF within the
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Table 3 Average concordance rate of INDUSCHIP v2 and GGP indicus-35K in HFCB cattle

Group INDUSCHIP v2 GGP indicus-35K

Chrl Chr5 Chr10 Chrl5 Chr25 Chrl Chr5 Chrl10 Chrl5 Chr25
Test-1 0986 0984 0970 0.987 0978 0.983 0.977 0.958 0.984 0.969
Test-2 0975 0984 0977 0.986 0.982 0.968 0.977 0.970 0.982 0974
Test-3 0982 0.980 0.968 0.975 0.980 0.977 0.972 0.958 0.966 0.976
Test-4 0968 0.968 0970 0972 0.965 0.953 0.957 0.960 0.970 0.956
Test-5 0971 0.968 0971 0.975 0.969 0.963 0.956 0.960 0.968 0.956
Average 0977 0977 0971 098 0.975 0.969 0.968 0.961 0974 0.966
Table 4 Average DR? of INDUSCHIP v2 and GGP indicus-35K in HFCB cattle
Group INDUSCHIP v2 GGP indicus-35K

Chrl Chr5 Chr10 Chrl5 Chr25 Chrl Chr5 Chrl10 Chrl5 Chr25
Test-1 0920 0.926 0.893 0933 0.890 0916 0.919 0.887 0.931 0.877
Test-2  0.900 0923 0918 0.930 0.908 0.897 0916 0915 0.922 0.898
Test-3 0924 0921 0.907 0910 0.909 0918 0913 0.897 0.905 0.901
Test-4  0.892 0.906 0.902 0918 0.877 0.883 0.886 0.897 0.895 0.896
Test-5  0.892 0.906 0.902 0918 0.877 0.881 0.890 0.891 0914 0.868
Average 0.906 0916 0.904 0.922 0.892 0.899 0.905 0.897 0913 0.888

Indian cattle varied from 0.103 (in Ongole cattle) to 0.177 (in Siri
cattle), whereas the Holstein cattle had the lowest value of 0.089.
Chagunda et al. 2018 reported average minor allele frequency of
0.29, 0.23, 0.18 and 0.13 for Holstein, Jersey, N’Dama and Gir
cattle, respectively.

Comparing imputation efficiency between INDUSCHIP v2 and
GGP indicus-35K expressed in terms of average concordance
rate as well as squared correlation estimate (DR?) between Imputed
and actual genotypes revealed marginally better performance of
INDUSCHIP v2 over GGP indicus-35K chip in Indian HF crossbred
population. It may be attributed due to the fact that design of
INDUSCHIP v2 chip was based on Indigenous breeds and its
crosses (Nayee et al. 2017), while the SNP panels for GGP indicus-
35K chip were selected from Australian Brahman, Droughtmaster,
Guzerath, Gyr, Nellore, Santa Gertrudis, and tropical composite
(Ferrazetal. 2018).

Conclusions

From the present study it can be concluded that the current
version of customized INDUSCHIP micro array i.e. INDUSCHIP
v2 was quite efficient in imputation at HD level, hence can be
effectively used for genotyping and subsequent analysis.
However, with the passage of time, as more and more number
animals of different breeds spread across the country are
genotyped and incorporated in reference population, it would be
possible to improve its imputation efficiency further through
expanding reference population and incorporating more
informative SNPs for the Indian cattle population in future
versions of INDUSCHIP micro array. Further, it may also lead to
development of low density (LD) microarray with around 10000

informative SNPs and make genotyping facility available to the
common dairy farmers at affordable cost.
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Abstract: A total of 9071 first lactation monthly test-day milk
yield records of Murrah buffaloes were used to predict the first
lactation 305-day milk yield (FL305DMY) by using stepwise
backward regression analysis. For the prediction of FL305DMY
best combination of monthly test-day milk yields were selected
based on adjusted R? and RMSE values. The objective of the
study was to compare various methods of sire evaluation viz.,
least squares , simple regressed least squares , best linear
unbiased prediction sire model and best linear unbiased prediction
animal model in terms of accuracy and efficiency. The methods
were compared on the basis of error variance, coefficient of
determination, coefficient of variation and rank correlations
among the methods. The accuracy of prediction of FL305DMY
from monthly test-day milk yields were observed to be best for
TD-2 (45" day), TD-4 (105" day) and TD-6 (165" day) combination
with BLUP-AM as the most efficient method for sire evaluation.
Individual, key monthly TD-6 (165" day) milk yield has high rank
correlation with EBVs obtained from actual 305-day milk yield. It
was concluded that the optimum combination of TD-2 (45" day),
TD-4 (105" day) and TD-6 (165" day) or individual TD-6 (165"
day) can be used for genetic evaluation of Murrah sires.

Keywords: FL305DMY, Multiple linear regression, Murrah
buffalo, Test-day milk yield
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Introduction

India is the home of the finest buffalo germplasm of the world.
The country is bestowed with some of the most renowned buffalo
breeds; Murrah, Nili-Ravi, Mehasana, Jaffrabadi. Presently the
country is having 109.85 million heads of buffaloes (Livestock
Census, 2020), constituting over 54.53 % of the total world buffalo
population and holds first position in the world. Over the last
few decades the contribution of buffaloes in the total milk
production of the country is highest than any other livestock
species. The contribution of buffaloes to the total milk production
of India (187.75 million tonnes) is about 91.81 million tonnes, i.e.
49 % (BAHS, 2019).

Murrah is one of the best milch breed of buffaloes with superior
genetic potential for milk production and is used for grading up
the local non-descript buffaloes under the genetic improvement
programmes across the country. The ultimate objective of any
breed improvement programme is to bring fast and accurate genetic
gain in the population. In the animal selection, female (dam) has
limited scope due to inadequate number of replacement stock.
As sires are considered as more than half of the herd, the key
step is to identify and select the superior sires on the basis of
their breeding values to bring desirable rate of genetic gain. An
early and accurate judgment of sire’s breeding value is crucial for
long term genetic progress in the population.

In country like India, sires are generally evaluated on the basis of
FL305DMY records of their daughters. This results in enhanced
generation interval, lower genetic gain per unit of time, fewer
numbers of daughters per sire due to smaller herd size, costly
and time consuming of field recording of performance data etc.
As a suitable alternative to these constraints, the test-day milk
yield (TDMY) models have recently evoked considerable interest
of the animal breeders for sire’s selection in buffaloes
(Chakraborty et al. 2010, Singh and Taylor, 2013, Chitra et al.
2016, Sahoo etal. 2019).

The different methods of sire evaluation viz., least squares (LSM),
simple regressed least squares (SRLS), best linear unbiased
prediction (BLUP) and restricted maximum likelihood method
(REML) have been used by different workers (Kumar et al. 2015,
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Chitraetal. 2016, Sahoo et al. 2019). The main advantage of using
TDMY models for sire evaluation is the possibility of selecting
sires at younger age, resulting in reduced generation interval,
increased intensity of selection attributed to the availability of
more numbers of records on daughters. This will eventually lead
to higher rates of genetic gain in milk yield. In addition, an animal
can be included in the evaluation if it has at least one
measurement and the larger amount of available data will increase
sires evaluation accuracy and minimize possible bias due to
excluding incomplete lactations (Ptak and Schaeffer, 1993,
Schaeffer et al. 1977). Prediction of FL305DMY from TDMY
records at various intervals has higher accuracy (> 80%) of
prediction because of high genetic association between TDMY
and complete milk production records (Chakraborty et al. 2010,
Dongre etal. 2012, Sahoo et al. 2019).

Although test-day milk yield records offer greater advantage
compared to 305-day milk yield in selection schemes but the
investigation on fitting of prediction equations using monthly
test-day milk yield records for sire evaluation is scanty in Murrah
buffaloes. Hence, the present study was aimed to fit and compare
the different prediction equations of first lactation 305-day milk
yield using monthly test-day milk yields for sire evaluation in
Murrah buffalo.

Materials and Methods

The present investigation was conducted on first lactation 9071
monthly test-day milk yield records of 965 Murrah buffaloes that
calved during 1977 to 2012 sired by 98 bulls. The data on monthly
test-day milk yields and first lactation 305 days or less milk yield
were collected from history cum-pedigree sheets and daily milk
yield recording registers maintained at Dairy Cattle Breeding
Division, ICAR-National Dairy Research Institute, Karnal. Milk
yield recorded on 15" day of calving was taken as first monthly
test-day milk yield (TD1). Next 9 test-day milk yield records were
taken at 30 days interval from first test-day (TD2 — TD10). The
first lactation 305 days or less milk yield was also used in the
present study. Only those records of Murrah buffaloes were
considered that had produced milk for at least 100 days and
minimum of 500 kg. To ensure the normal distribution, the outliers
were removed and data within the range of mean + 3SD were only
considered for the present study.

Prediction of FL305DMY

Different monthly test-day milk yields were used for the prediction
of FL305DMY by stepwise backward multiple linear regression
analysis (SAS Enterprise Guide 4.3). Following model was used:

Y,=a+bOx

Where, Y, is the estimated first lactation 305-day milk yield of the
i* animal; X. is the test-day record of i"animal; a is intercept; b,is
the regression coefficient of first lactation 305- day milk yield on
test- day records.

Sire evaluation

The breeding values of 98 Murrah sires with five or more
daughters were estimated from the actual and predicted
FL305DMY and key monthly test-day milk yields by regression
analysis by applying four sire evaluation methods i.e., Least
Squares Method (LSQ), Simple Regressed Least Squares (SRLS),
Best Linear Unbiased Prediction Sire Model (BLUP-SM) and Best
Linear Unbiased Prediction Animal Model (BLUP-AM).

Results and Discussion
Prediction of FL305DMY

The estimated intercept values, regression coefficients, adjusted
R? and RMSE values for prediction of 305-day milk yield by best
prediction equations using single, two and three test day
combinations are presented in Table 1.

It was observed that the regression equation with 2 important
variables TD-2 and TD-4 explained about 71% variability with
RMSE value 218.37 kg of prediction in 305-day milk yield. Addition
of one more variable TD-6 increased the predictability to about
83% i.e. an increase of 12% with RMSE value 163.18 kg. Hence
regression equation with 3 variables viz. TD-2 (45"day), TD-4
(105"day) and TD-6 (165™"day) was considered more appropriate
(early test days with high accuracy) for prediction of FL305DMY
with about 83% accuracy and 163.18 kg RMSE value. In a study
on Murrah buffalo, Singh and Rana (2008) observed that the
accuracy of prediction of 305-day milk yield using monthly test-
day milk yields varied between 42% (TD-1)and 67% (TD-6). Sahoo
et al. (2019) also observed that the regression equation with 2
important weekly test days (TD-7 i.e., 48" day and TD-22 i.e.,
153" day) explained about 86% variability with RMSE 162.41 kg
and with 3 weekly test days (TD-7 i.e., 48" day, TD-22 i.e., 153™

Table 1 Best prediction equations and their accuracy for estimation of FL305DMY

Test-Days Best Prediction Equations Adjusted R*(%) RMSE (kg)
1 Y,=226.31+213.27*TD-4 65.95% 247.06
1 Y,=431.20+214.19 *TD-6 69.89% 242.10
2 Y, =73.08+76.51 *TD-2+155.16 *TD-4 70.96% 21837
3 Y,=-35.53+62.73 *TD-2+75.34 *TD-4 + 125.39 *TD-6 82.76% 163.18

97



Indian J Dairy Sci 74(1): 96-101

day and TD-34 i.e., 237" day) explained about 88% variability
with RMSE 147.14 kg, respectively in Murrah buffalo. However,
Dongre et al. (2012) predicted the FL305DMY with R*value of
81.49 to 85.16% and RMSE 190.4 to 253.0 kg for different
fortnightly test day milk yield combinations in Sahiwal cattle.
Prediction of 305-day milk yield using individual key monthly
test-day milk yields (TD-6 and TD-4) which have higher genetic
and phenotypic correlations with 305-day milk yield gave
prediction accuracy and RMSE value around 70%, 242.10 and
66%, 247.60 respectively.

Sire evaluation

The average estimated breeding values (EBVs) for Murrah sires
based on the actual and predicted first lactation 305-day or less
milk yield and key monthly test-day milk yields of their daughters
for different sire evaluation methods are presented in Tables 2. It
was observed that the BLUP-SM and BLUP-AM has the highest
stability and least variability in terms of highest and lowest EBVs
and found to be superior in comparison to other models on the
basis of actual and predicted FL305DMY and key monthly test-

day milk yields which were in agreement with the findings of
Sahoo etal. (2019).

Effectiveness of sire evaluation methods

The sire evaluation methods were compared on the basis of
results of rank correlations, error variance, coefficient of
determination and coefficient of variation.

Spearman’s Rank Correlations

It was observed that the highest rank correlation was found
between BLUP-SM and BLUP-AM (0.94) while the lowest (0.62)
was observed among SRLS and BLUP-AM for actual 305-day
milk yield (Table 3). Others workers (Chaudhari et al. 2014, Chitra
etal. 2016, Sahoo et al. 2019) have also observed that the BLUP
method was one of the most efficient sire evaluation as it has
lowest error variance than other methods in Murrah buffaloes.
The rank correlations of predicted 305-day milk yield using TD-
2 and TD-4 and TD-2, TD-4 and TD-6 with actual 305-day milk
yield were found to be highest within a particular method e.g.

Table 2 Average expected breeding values (EBVs) of Murrah sires for actual and predicted first lactation 305-day milk yield and key

monthly test-day milk yields by different sire evaluation methods

Sire evaluation =~ Average Number of Number of Maximum Minimum
methods EBV sires above sires below EBV EBV
(kg) average EBV average EBV (kg) (kg)
Actual first lactation 305-day milk yield
LSQ 175598 41 (41.8%) 57(58.2%) 2428.02 1274.62
SRLS 1794.82 49 (50.0%) 49 (50.0%) 232840 1302.61
BLUP-SM 1845.10 42 (42.8%) 56(57.2%) 1950.51 1733.94
BLUP-AM 1805.74 47 (47.9%) 51(52.1%) 2087.38 1557.51
Predicted first lactation 305-day milk yield (TD-2+TD-4)
LSQ 1750.98 42 (42.8%) 56 (57.2%) 2336.66 131546
SRLS 1800.83 44 (44.8%) 54(55.2%) 235245 1319.06
BLUP-SM 1826.65 43 (43.8%) 55(56.2%) 1968.61 1732.94
BLUP-AM 1799.73 42 (42.8%) 56(57.2%) 2165.08 157231
Predicted first lactation 305-day milk yield (TD-2+TD-4+TD-6)
LSQ 1752.00 40 (40.8%) 58(59.2%) 2384.70 1323.11
SRLS 1805.17 49 (50.0%) 49 (50.0%) 2300.81 1381.10
BLUP-SM 1835.38 47 (47.9%) 51(52.1%) 1924.66 1767.77
BLUP-AM 1804.74 44 (44.8%) 54(55.2%) 2120.17 1565.59
Key monthly test-day milk yield (TD-4)
LSQ 720 41 (41.8%) 57(58.2%) 9.70 5.01
SRLS 7.38 44 (44.8%) 54 (55.2%) 9.60 540
BLUP-SM 7.50 45 (45.9%) 53 (54.1%) 798 7.15
BLUP-AM 7.38 46 (46.9%) 52(53.1%) 8.84 6.53
Key monthly test-day milk yield (TD-6)
LSQ 644 40 (40.8%) 58(59.2%) 899 458
SRLS 6.56 48 (48.9%) 50(51.1%) 487 229
BLUP-SM 6.54 50(51.0%) 48 (49.0%) 6.99 621
BLUP-AM 6.55 49 (50.0%) 49 (50.0%) 792 539
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Table 3 Rank correlations among EBVs of sires for actual 305-day milk yield by different sire evaluation methods

Methods LSQ BLUP-SM SRLS BLUP-AM
LSQ 1.00 0.78** 0.78** 0.76**
BLUP-SM 1.00 0.69%** 0.94*
SRLS 1.00 0.62°+*
BLUP-AM 1.00

Table 4 Rank correlations among breeding values of sires for predicted 305-day milk yield and key monthly test-day milk yields with

actual 305-day milk yield by different sire evaluation methods

Methods BLUP-SM(305-DMY) LSQ (305-DMY) SRLS(305-DMY) BLUP-AM (305-DMY)
Predicted first lactation 305-day milk yield (TD-2+TD-4)
BLUP-SM 0.77 0.61 048 0.70
LSQ 0.65 090 0.65 0.60
SRLS 0.55 0.65 091 047
BLUP-AM 0.75 0.60 045 0.76
Predicted first lactation 305-day milk yield (TD-2+TD-4+TD-6)
BLUP-SM 090 0.70 0.60 0.85
LSQ 0.70 094 0.71 0.66
SRLS 0.61 0.67 0.94 0.53
BLUP-AM 0.87 0.71 0.55 0.90
Key monthly test-day milk yield (TD-4)
BLUP-SM 0.75 0.59 050 0.70
LSQ 0.64 0.85 0.62 0.61
SRLS 0.55 0.63 0.88 048
BLUP-AM 0.72 0.55 044 0.74
Key monthly test-day milk yield (TD-6)
BLUP-SM 0.83 0.64 0.59 0.79
LSQ 0.68 0.86 0.69 0.65
SRLS 0.62 0.62 0.84 0.54
BLUP-AM 0.74 0.58 049 0.75

BLUP-SM of predicted 305-day milk yield with BLUP-SM of actual
305-day milk yield and so on for other methods (Table 4).

The comparison of rank correlations of EBVs obtained by using
TD-2, TD-4 and TD-6 vis-a-vis TD-2 and TD-4 with EBVs of
actual 305-day milk yield revealed that the rank correlations were
higher for TD-2, TD-4 and TD-6 by either of the methods used
for sire evaluation. In the case of key monthly test-day milk yields,
the higher rank correlations were obtained for TD-6 with actual
305-day milk yield by any of the four methods of sire evaluation.
The rank correlations were by and large higher for TD-6 followed
by TD-4 among different sire evaluation methods.

All the different methods of sire evaluation were compared for
their accuracy, efficiency and stability on the basis of the values
of error variance, coefficient of determination and coefficient of
variation, respectively (Table 5).

Error variance

The error variance is one of the criteria of judging the
effectiveness of different methods of sire evaluation. An efficient
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method of sire evaluation must have minimum error variance.
The results showed that the error variance of BLUP-AM was
lowest as compared to the other methods. Thus, on the basis of
error variance the BLUP-AM was considered more efficient
followed by LSQ in actual and predicted 305-day milk yield and
also for key monthly test-day milk yields. Similar observations
were reported by Sahoo et al. (2019) in Murrah buffalo.

Coefficient of variation (CV)

The stability of different sire evaluation methods was judge by
comparing the estimates of coefficient of variation. The nearer
the CV (%) of the population for sire evaluation to the CV (%) of
unadjusted data, the more stable is the method. The CV (%) of
unadjusted data for 305-day milk yields was 29.21 per cent.

In case of actual 305-day milk yields, the coefficient of variation
was most near to unadjusted data in SRLS method (26.03) and far
apart in BLUP-AM method (23.59%). The CV of LSQ and BLUP-
SM was almost same for actual 305-day milk yield. The coefficient
of variation for predicted 305-day milk yield by using TD-2 and
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Table 5 Comparison of relative efficiency and effectiveness of different sire evaluation methods for actual and predicted first
lactation 305-day milk yield and key monthly test-day milk yields in Murrah buffalo

Methods Error Variance Relative Efficiency Coefficient of Coefficient of
(kg?) determination (%) variation (%)
Actual first lactation 305-day milk yield
LSQ 205116 88.50 20.90 25.79
SRLS 218346 83.13 2146 26.03
BLUP-SM 207702 87.39 2720 2523
BLUP-AM 181531 100 4497 23.59
Predicted first lactation 305-day milk yield (TD-2+TD-4)
LSQ 144584 84.57 2235 21.71
SRLS 158507 7714 29.07 22.10
BLUP-SM 145368 84.11 2940 21.18
BLUP-AM 122278 100 50.37 1942
Predicted first lactation 305-day milk yield (TD-2+TD-4+TD-6)
LSQ 174615 85.59 20.52 23.85
SRLS 187776 79.60 2692 24.00
BLUP-SM 176148 84.85 25.6 2325
BLUP-AM 149470 100 4621 2142
Key monthly test-day milk yield (TD-4)
LSQ 312 85.89 20.56 2452
SRLS 335 80 26.80 24.78
BLUP-SM 3.13 85.62 25.60 2398
BLUP-AM 2.68 100 4590 22.16
Key monthly test-day milk yield (TD-6)
LSQ 283 80.91 19.18 26.11
SRLS 295 71.62 2338 26.17
BLUP-SM 3.50 6542 1740 29.06
BLUP-AM 229 100 48.18 23.07
TD-4 and TD-2, TD-4 and TD-6 and for key test-day milk yields ~Acknowledgements

by LSQ, SRLS, BLUP-SM and BLUP-AM ranged between 19.42-
22.10%,21.42-24%,22.16-24.78% and 23.07-29.06%; respectively
indicating nearly equal stability of these methods. Sahoo et al.
(2019) in Murrah buffalo also reported nearly equal stability of all
the methods.

Conclusions

The prediction of 305-day milk yield from monthly test-day milk
yields using TD-2 (45" day), TD-4 (105" day) and TD-6 (165" day)
combination gave higher accuracy (82.76%) of prediction.
Individual, key monthly TD-6 (165" day) milk yield has high rank
correlation with EBV's obtained from actual 305-day milk yield. It
was concluded that the optimum combination of TD-2 (45" day),
TD-4 (105" day) and TD-6 (165" day) or individual TD-6 (165"
day) can be used for genetic evaluation of Murrah sires due to
their high rank correlations with EBVs of actual 305-day milk
yield. BLUP-AM was found most efficient and accurate method
followed by BLUP-SM for sire evaluation using actual and
predicted 305-day milk yield and key monthly test-day milk yields
in Murrah buffalo.

The authors are immensely grateful to Director, ICAR-NDRI,
Karnal and Head DCB division for providing necessary facilities
for conducting this research work.
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Abstract: This study was conducted to find out the effect of
area-specific mineral mixture (ASMM) supplementation on
production performances, the biochemical and mineral profile of
Black Bengal does during the peripartum period. For this purpose,
20 pregnant does were made into two groups according to the
bodyweight viz., Control-T (n=10) and Treatment-T, (n=10) and
supplemented with 0 and 6 g of ASMM/animal/day, respectively
starting from 3 months before the expected date of parturition to
till the onset of the first post-partum estrus. Overall mean milk
fat, total ash, total solids, solids not fat, milk crude protein and
milk yield, blood glucose, non-esterified fatty acids, o-amino
nitrogen, phosphorus and serum glutamic pyruvic transaminase
concentration were not affected by ASMM supplementation.
The overall mean of serum glutamic oxaloacetic transaminase,
calcium, copper, and zinc concentration in control (T,) and
treatment (T ) groups were 127.05+1.27 vs.132.73+1.26 1U/L,
7.83+0.08 vs. 8.19+0.08 mg/dl, 0.66+0.02 vs. 0.94+0.02 ppm,
0.69+0.01 vs. 0.97 £ 0.02 ppm, respectively and the values were
higher in supplemented groups. More studies need to be
conducted involving the use of ASMM supplementation to see
its effect on the performance of goats.

Keywords: Area-specific mineral mixture, Biochemical, Goat,
Minerals, Milk parameters
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Introduction

Goats (Capra hircus) are reared by farmers for purposes like
meat, milk, hides, hair and dung. Black Bengal (Capra hircus
bengalensis) breed of goat is mostly reared in the eastern and
north-eastern region of India. Black Bengal goat is a smaller in
body size but highly prolific and meat-type breed of goat and it
has many desirable productive traits like early sexual maturity i.e.
6-8 months of age. Nutritional status affects the production
potential and reproductive performance of farm animals. More
often goats are generally malnourished, particularly with regards
to micronutrients. There are twenty-two mineral elements which
are very much essential for the health and production of animals
(Sharma et al. 2009). Micro-minerals supplementation is required
as most of the roughages, greens, concentrates are deficient in
trace mineral elements. Ghosh et al. (2013) reported six minerals
namely Ca, P, Zn, Cu Co, Mn are deficient in lower Gangetic part
of West Bengal. But till now, the impacts of area specific mineral
mixture (ASMM) on production performance of Black Bengal
goat have not been studied. Concept of the area a specific mineral
mixture is a new approach of low input and high output for the
end-users. There is an abundant opportunity for exploiting the
idea of ASMM for adjusting the deficiency of minerals to obtain
the optimal production potential of animals to improve the
economy of farmers.

Materials and Methods
Experimental animals

This study was approved by the Institutional Ethics Committee
of ICAR-National Dairy Research Institute, India. Twenty
numbers of Black Bengal does of 1% parity maintained at ERS-
IVRI, Kalyani farm was selected and divided randomly into 2
groups of 10 animals each based on their body weight viz., control
(T,) and treatment (T,). Control animals were managed under
complete grazing with supplementation of concentrate @300 g/
head/day starting from three months before parturition until the
appearance of the first post-partum estrus. The animals in the
treatment group were fed the same diets as in control group
except supplemented with ASMM @ 6 g/head/day. This area
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specific mineral mixture was prepared (Table 1) as per Ghosh et
al. (2013).

Chemical analysis of feeds

Proximate composition of feeds and fodders was analysed as per
AOAC (2005) and cell wall constituents were estimated as per
Van Soest et al. (1991). One g representative samples of feeds
and fodders fed to goats were taken and tri-acid digestion (HNO3:
HCIO,: H2804 in ratio 3: 2: 1) was done for 1 to 2 h until the
solution was clear. The samples were filtered with Whatman 42
filter paper. Then, a sufficient amount of deionized water was
added to make the final volume up to 100 ml and samples were
analysed by using AAS (Agilent-200 model). Plasma minerals
were also analysed.

Analysis of blood parameters

Blood samples were collected at the weekly intervals from the
jugular vein into heparinised tubes (20 IU heparin/ml of blood)
and centrifuged at 3000 rpm for 30 min at 4°C and plasma was
separated and kept in the labelled storage vials of 5 ml capacity
and stored at -20°C till analysis. For determination of plasma
NEFA, copper soap extraction methods modified by Shipe et al.
(1980) was followed. Blood a-amino nitrogen concentration was
estimated as per Goodwin (1970). Blood glucose was estimated
using commercially available glucose test kit (GOD-POD Method,
Span Cogent Diagnostics Ltd., India Product no# 93DP100-74).
Alanine amino transaminase (ALT) and aspartate
aminotransferase (AST) were estimated by 2, 4-DNPH (Reitman
and Frankel Method) using a commercial kit (Span Diagnostics
Ltd., India). Blood calcium was estimated using a commercially
available calcium kit (Span Diagnostics Ltd., India; product no.
87L S100-60).

Estimation of milk composition

Milk samples were collected on day3 after parturition and then
fortnightly till first postpartum heat. Complete milking was done,
milk was collected aseptically in the clean and sterile sampling
bottles. The milking was done in the morning and evening on the
days of sample collection to assess the milk production. 10 ml of
milk sample was preserved separately for total protein estimation
while, the remaining portion was used for fat, solid-not fat, total
solids and ash estimation.

Milk fat was estimated as per Gerber, (1892), the fat percentage
was read directly by especially a calibrated butyrometer. For the
estimation of milk total solids, 10 g of milk sample was taken in
pre-weighted silica crucible placed at 80°C in the hot air oven for
overnight. Next day sample with crucible was weighed. Total
solids and SNF contents were estimated by the difference. For
estimation of milk total ash dry sample with silica, crucible was
ashed at 550°C in a muffle furnace for 3 h and total ash was
estimated by the difference in weight after ashing of dried sample.

The total nitrogen was estimated (AOAC 2005). Total nitrogen
content was multiplied by 6.38 to get milk protein value.

Statistical analysis

Different statistical designs were considered to the analysis of
data as per Snedecor and Cochran (1994) and analysis was carried
out through the SPSS v16.

Results and Discussion
Mineral status of feeds

The average concentration of calcium (Ca), phosphorus (P)
copper (Cu) and zinc (Zn) in green fodder were 0.25%,0.38%,7.98
ppm, and 44.46 ppm, respectively with corresponding values of
0.25%,0.24%,7.53 ppm, and 38.75 ppm, in concentrate mixture
(Table 2). The fodders were deficient in P. The lower P level could
be attributed to low pH of the soil (Singh et al. 2011) and the ionic
acidity of soil might be induced the formation of a complex with
iron and thereby lowered the availability of inorganic P. The critical
concentration of Zn for feeds and fodder is 30 ppm (McDowell et
al. 1983). Panda et al. (2016) reported content of Mn, Cu and Zn in
different feed and fodder varied between 17.14-54.29, 4.55-38.90
and 17.51-47.78 ppm, respectively in the western undulating
region of Orissa. Das et al. (2003) reported the feed and fodder
available for animal feeds in hill zone region West Bengal were a
good source of Cu (17.97-38.73 ppm) moderate source of Ca (0.26-
89%) and Zn (31.91-57-35 ppm) and a poor source of P (0.14-
17%). Samanta and Samanta (2002) studied in the coastal saline
zone of West Bengal and noticed, the available feeds and fodder
were sufficient in Ca, Cu and Zn but deficient in P concentration
Similar findings have been reported earlier from the north-eastern
part of India (Chander Datt and Aruna Chhabra 2005, Hegde et al.
2016,2018).

Effect of the area-specific mineral mixture (ASMM) on milk
yield and composition

The milk yield and composition were similar in two groups
indicating that ASMM supplementation has no significant effect
on these variables Table 3. Singh et al. (2016), Wu et al. (2000),
Sharma et al. (2002), Rabiee et al. (2010) and Begum et al. (2010)
reported non-significant (P>0.05) effect of feeding ASMM on
milk components such as protein, fat and SNF of milk on. This

Table 1 Mineral composition of area specific mineral mixture

Minerals Quantity (g)
Calcium 25.96
Phosphorus 20.08
Zinc 0.529
Copper 0.258
Cobalt 0.027
Manganese 0.011

103



Indian J Dairy Sci 74(1): 102-106

Table 2 Chemical composition (% DM basis) and mineral status of concentrate and green fodder

Attributes Concentrate mixture Green fodder

Dry matter (%) 93.9+0.12 17.13£2.33
Organic matter (%) 93.72+0.07 86.81+0.63
Crude protein (%) 18.94+0.60 12.82+1.73

Ether extract (%) 451+0.10 2.66+0.27

Total ash (%) 6.28+0.07 12.9240.62

Acid Insoluble ash (%) 1.77+0.06 3.36+£0.28
Neutral detergent fiber (%) 32.54+1.67 57.6+5.65

Acid detergent fiber (%) 11.20+1.98 35.91+4.08
Calcium (%) 025 025
Phosphorus (%) 024 038

Copper (ppm) 7.53 798

Zinc (ppm) 38.75 44.46

Table 3 Effect of ASMM on milk yield and milk composition

Attributes Control (T,) Treatment (T) P
Milk fat (%) 5.74+0.03 5.86+0.04 >0.05
Total solids (%) 15.16+0.19 15.23+0.15 >0.05
Total ash (%) 0.78+0.01 0.80+0.01 >0.05
Solid not fat (%) 8.64+0.02 8.71£0.03 >0.05
Crude protein (%) 3.63+0.04 3.67+0.05 >0.05
Milk yield (g/day) 281.49+19.91 312.43+16.20 >0.05

finding also supported by Singh et al. (2016), Tiwari etal. (2013),
Sahoo et al. (2017) and Nocek et al. (2006) who found the non-
significant difference improvement in overall milk yields of control
and area specific mineral mixture supplemented group. Singh et
al. (2020) reported after introducing (50g) mineral mixture in the
feed, average milk yield, fat and SNF content increased by 6.2,
5.3 and 1.8%, respectively, while milk yield increased by 0.49 L/
day/animal.

Effect of ASMM on blood parameters

Non-esterified fatty acids (NEFA) and a—amino nitrogen (AAN)
values differed non-significantly (P<0.05; Table 4) among groups
at different time intervals. NEFA is produced due to the adipose
tissue breakdown of fat in response to negative energy status.
These circulating NEFAs are absorbed and metabolized for
energy. The concentration of NEFA directly reflects the amount
of adipose tissue breakdown. Clinical experience suggests serum
NEFA concentrations are more sensitive to energy balance
changes compared with body condition scoring in growing
situations (Van Saun, 2000). Blood a-amino nitrogen indicates
protein synthesis status of the animal, but here, the results
indicate sufficient protein ration was provided in both groups.
Hornick et al. (1996, 1998) reported plasma a-amino nitrogen
increases during growth. Mondal and Prakash (2003) reported
plasma a-amino nitrogen concentration increases, as the buffalo’s
age increases. Godara et al. (2015) reported no significant
difference (P >0.05) in AAN levels between treatment and control

group when supplemented with an area specific mineral mixture
in black Bengal goats.

Blood glucose level was also similar in both the control and
ASSM supplemented groups. Similar to our result, Ashry et al.
(2012) and Behera et al. (2012) reported that feeding mineral mixture
did not have any significant effect on blood glucose
concentration. Contrary to our result, Godara et al. (2015) reported
a significant difference (P <0.05) in glucose levels between
treatment and control group when supplemented with area
specific mineral mixture in black Bengal goats.

Effect of area-specific mineral mixture on serum enzymes

The plasma ALT level was similar in two treatment groups,
however, plasma AST level was higher (P<0.05; Table 4) group
T1 but its concentration was within the normal value. Similar to
our results, Godara et al. (2015) reported a significant difference
(P<0.05) in AST levels between treatment and control group when
supplemented with area specific mineral mixture in black Bengal
goats. Sharma et al. (2011) and Exton (1980) also observed that
AST and ALT level was higher in mineral supplemented group as
compared with the control group. Pandey et al. (2018) and
Chaudhary and Patel (2019) observed no significant change in
on serum AST concentration due to supplementation of either
commercial or ASMM.

Effect of area-specific mineral mixture on plasma mineral profile
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Fig. 1 Effect of ASSM on milk yield of Black Bengal does

Table 4 Effect of supplementation of ASMM on different blood parameters

Attributes Control (T,) Treatment (T ) P
NEFA (umol/L) 0.28+0. 02 0.26+0.02 >0.05
o—amino nitrogen (mg/dl) 37.74+0.77 39.89+1.07 >0.05
Glucose (g/dl) 53.26+1.33 55.70+1.43 >0.05
ALT (IU/L) 29.73+0.74 30.92+0.55 >0.05
AST (IU/L) 127.05+1.27° 132.734+1.26* <0.05
Calcium (mg/dL) 7.83+0.08° 8.1940.08" <0.05
Phosphorus (mg/dL) 4.7240.17 496+0.21 >0.05
Copper (ppm) 0.66+0.02° 0.944+0.02° <0.05
Zinc (ppm) 0.69+0.01° 0.97+0.02° <0.05

a.b values bearing different superscripts in column differ significantly (P<0.05) from each other

The overall mean value Ca was higher (P<0.05) in the T1 group
(Table 4). This might be because, vitamin D in the intestinal mucosa
as 1, 25- dihydroxycholecalciferol acted by the opening of Ca
channel and facilitates Ca uptake and transfer with the help of Ca
binding protein (Hurwitz, 1990). Phosphorus concentration was
found to be similar in both groups. The overall mean of copper
(Cu) and zinc (Zn) differed significantly (P<0.05; Table 4) between
the groups due to supplementation of ASMM which contains
these minerals. Similar results were supported by other workers
(Upadhyay, 2004; Chaudhary and Patel 2019; Niaz et al. 2017;
Agrawalla etal. 2017 and Samanta et al. 2005).

Conclusions

It is concluded that supplementation of area-specific mineral
mixture significantly improved the Ca, Zn and Cu concentration
in plasma of Black Bengal does. Though supplementation of
ASSM did not have significant improvement in milk production
and its composition, more studies need to be carried out to see
the effect of supplementation of the area-specific mineral mixture
on the overall performance of goats.
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Abstract: Foot and mouth disease (FMD) is a contagious viral
disease affecting cloven-footed animals which is endemic in India.
The primary disease control strategy in India is mass vaccination
using oil adjuvant killed FMD vaccine containing O, A and Asia
1 serotypes. Variations in milk yield following vaccination with
oil adjuvant killed FMD vaccine was studied in 80 crossbred
cattle, maintained at Livestock Research Station,
Thiruvazhamkunnu for eight days. The study was conducted in
August 2019. Rectal temperature, temperature-humidity index
(THI) and milk quality were also monitored. Immunization resulted
in transient febrile reaction(103.034+0.24 °F) and a significant
reduction in milk yield (p<0.01). The average milk production
(mean+SE) before vaccination was 7.68+0.28 kg, which dropped
to 7.07+£0.28 kg, on the day after vaccination. The highest losses
were observed on the first day after vaccination, with a mean of
0.58+0.09 kg. Milk quality remained unaffected. Total milk yield
of the herd rebounded to pre-vaccination levels by the sixth day
after vaccination. The average cumulative production loss
calculated over the period was 1.93 Kg per animal. Notable changes
in feed or water consumption were not observed. The study
observed that production loss due to vaccination is negligible in
comparison to potential losses due to FMD in a herd.

Keywords: FMD vaccination, Milk production, Production loss,
Vaccination stress
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Introduction

Vaccination introduces killed or attenuated pathogens into the
body of an animal, forcing the host to mount an immune response,
as if it were a real infection. Injectible vaccines contain
preservatives and materials like mineral oils which keep the
antigens in suspension to prolong the immune reaction and to
raise antibody titre to a protective level. Stress due to vaccination
arises from the act of handling, injection and inflammatory
reactions (Jo et al. 2014).

Foot and mouth disease (FMD) is a contagious viral disease
affecting cloven-footed animals which is endemic in India. Office
International des Epizooties (OIE) recognized FMD as the most
important constraint to international trade of animals and animal
products. Losses of production, retarded growth, abortion, sub-
fertility, etc. are noticed in recovered animals which erode the
profitability of farming and drain the resources of the farmers
(Pawar et al. 2010). Direct and indirect losses after the FMD
outbreak are well studied, as indicated by publications by Laria
etal. (2017); Baluka, (2016) and Sharma et al.(2016), among others.
Anti FMD vaccination drives often stir discussions about
production loss in the post-vaccination period among livestock
farmers and technical personnel working alongside them.
However, publications addressing this problem after vaccination
in cattle were rare, which inspired the present study. The work
was conducted at Livestock Research Station,
Thiruvazhamkunnu (LRST) under Kerala Veterinary and Animal
Sciences University to ascertain whether vaccination against
FMD caused a significant reduction in milk yield or quality in the
immediate post-vaccination period.

Materials and Methods

Crossbred lactating animals (n=80), maintained at Livestock
Research Station,Thiruvazhamkunnu Tunder uniform
management conditions were vaccinated using oil adjuvant FMD
vaccine in August 2019. Milk production, milk quality parameters
(viz. fat, solids not fat (SNF), protein, lactose content) and rectal
temperatures were monitored after vaccination as detailed below.
Milk production records (n=640) starting from one day before
vaccination (day -1), the day of vaccination (day 0) and until six
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days after vaccination (day 1 to day 6) were monitored. Animals
were classified based on the number of days in milk as early
stage (0-100 days), mid stage (101-200 days) and later
stage(>200days) as suggested by Vijayakumar et al. (2017). There
were 25 animals in the early stage, 27 animals in mid stage and 28
cows in the late stage of lactation. Rectal temperatures from a
subsample of 12 animals were recorded using a digital
thermometer (Omron) at daily intervals until day 4, starting from
day 0. Milk quality parameters were quantified using Ekomilk
Ultra pro milk analyzer (Milkana KAM98-2A) ultrasonic milk tester
from another subset of six animals using samples collected from
forenoon and afternoon milking. Temperature humidity index
(THI) was calculated with data available from an automatic
weather station (Campbell Scientific, CR 800 series data logger)
maintained on the campus. The formula developed by Clemson
University, USA, THI = T~ (0.55"[0.55xRH/100])x(T,, -
58.8)where, THI=Temperature Humidity Index, T = air
temperature in Fahrenheit, RH =percent relative humidity(Kohli
et al. 2014; Habeeb et al.2018) was used for calculating THI.
Production data were analyzed using records of day 0 (day of
vaccination) and day 1 (24 hrs after vaccination) with a paired
sample t-test. Multiple paired t-tests with respect to day 0 were

Table 1 Mean rectal temperature, weather parameters and THI

done to follow the variables throughout the period of study.
Production losses were estimated based on the assumption that
vaccination stress alone was the reason for the deviation,
considering production on day 0, as the baseline production,
whenever such differences appeared statistically significant.

Results and Discussion

Animals were maintained under uniform management conditions
during the period of the study. Changes in feeding or drinking
pattern were not observed. None of the animals were treated for
systemic diseases or mastitis during the period of the study.
Rectal temperature of animals, ambient temperature (average),
ambient temperature (maximum), relative humidity (average) and
temperature-humidity index observed/calculated during the first
five days of study are presented in Table 1.

Weather parameters monitored during the period of the study
indicated that the animals were more or less under uniform thermal
stress. Cows were under mild thermal stress when THI remained
between 72 and 79. The stress increased to a moderate level
when THI was between 79 and 89(Kohli et al. 2014; Habeeb et al.

Days Temperature Relative humidity THI

Rectal (°F) Ambient Ambient RH RH Avg Max

Mean+SE (Max, °C) (Avg, °C) (Avg) (Max)
0 102.28+0.30 30.37 2531 98.30 99.00 7745 86.51
1 103.03+0.24 31.07 25.63 97.30 100.0 78.13 8793
2 101.95+0.09 30.36 2533 95.50 99.70 77.56 86.60
3 101.75+0.16 29.06 25.07 97.60 98.70 76.99 84.13
4 100.93+0.22 28.78 24.30 100.0 100.0 75.74 83.80
Table 2 Mean (+SE)milk composition (%)
Days Forenoon (n=6) Afternoon (n=6)

Fat SNF Lactose Protein Fat SNF Lactose Protein
0 2.99+029  742+0.17 3.89+0.10 2.95+£0.05 538+045 7.54+0.16  3.97+0.09 2.98+0.05
1 2.80£023  7.56+0.11  4.00£0.06 2.98+0.04 443020 7.39+0.11  3.88+0.06 2.9440.04
2 3104020  7.88+032  4.1740.18  3.100.11  4.63+022  7.2240.06  3.78+0.03 2.88+0.02
3 3.19+043 8.01+025 4244013  3.15+008  4.6240.18  749+£020  3.94+0.11 2.97+0.07
Table 3 Mean total milk production during pre/post-vaccination period
Pre/Post- Milk Production(Mean+£SE kg)
vaccination Forenoon (n=80) Afternoon (n=80) Total (n=80)
period Total Mean Total Mean Total Mean
Day -1 3930 491+0.18 2210 2.76+0.10 614.0 7.68+0.28
Day 0 3935 4.9240.17 2185 2.73+0.11 612.0 7.65+0.28
Day 1 358.0 4.48+0.18** 207.5 2.5940.12* 565.5 7.07+£0.27**
Day2 3770 4.71+0.18** 204.0 2.55+0.11** 581.0 7.26+£0.28**
Day 3 379.5 4.74+0.17 2120 2.65+0.10 5915 7.39+0.27*
Day 4 378.5 4.73+0.17* 2100 2.63+0.09 588.5 7.36£0.26**
Day 5 366.0 4.58+0.18** 2135 2.67+0.10 579.5 7.24+0.27**
Day 6 383.5 4.7940.18 216.5 2.71£0.10 600.0 7.50+0.28

**P<0.01, *P<0.05, Superscripts indicate a significant difference between rows from day 0
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2018). Animals remained under mild stress most of the time, which
exacerbated to moderate stress when daily temperatures peaked.
Therefore, it is reasonable to assume that production loss
observed in the study on the first day after immunization was
due to vaccination stress. Rectal temperatures of the sampled
animals were elevated by about 1°F on the first day after
vaccination. Though the increase in rectal temperature was not
statistically significant, it was in the range of mild pyrexia, since
the normal rectal temperature reported for a dairy cow was 100.4
to 102.8 °F (Susan et al. 2016).The average rectal temperature
returned to baseline on the second day after vaccination and
dropped consistently over the following days. A similar finding
was reported in buffaloes, except that temperatures were recorded
on day 3 after vaccination against FMD and fever was not noted
(Sivajothi et al. 2018). Pyrexia could be due to the use of oil
adjuvant which was known to induce reactions, like granuloma,
abscesses or fever (Aucouturier et al. 2001).

Milk quality parameters remained unaffected by vaccination
stress. The mean+SE values (%) of fat, SNF, lactose and protein
observed in the present study are presented in Table 2.
Observations from the present study coincide with the report by
Rao et al. (2017) in this regard. Another interesting finding was
that SNF in milk level remained below specifications (8.3%)
maintained by food safety and standards regulations (2019). Fat
content was also lower than specifications (3.2%) in the forenoon
milk samples.

Milk production remained stable on the day of vaccination and
the previous day. The average milk production (mean+SE) of the
animals on the day before vaccination was 7.68+0.28 kg, which
dropped to 7.07+0.28 kg, after vaccination. Consequently, milk
production of the herd decreased by about 7.6 percent from 612
kg to 565.5 kg. The summary of post-vaccination milk production
is presented in Table 3. A significant drop (P<0.01) in total milk
production was noticed between day 0 and day 1 in animals
across all stages of lactation. Both forenoon (P<0.01) and
afternoon (P<0.05) milk productions differed significantly
between day 0 and day 1. The difference in total milk production
of herd with respect to day 0 remained significant until day 5
after vaccination.

The mean milk production for different stages of lactation is
presented in Table 4. Total milk yield, ie. sum of forenoon and
afternoon production; was reduced significantly in animals across
all the three stages of lactation on day 1 after vaccination. Further,
it remained significantly reduced on day 2 after vaccination in
early lactation and mid-lactation animals. In early and mid-
lactation groups, no significant difference was observed in
forenoon milk production after vaccination. However, forenoon
milk yield dropped significantly among animals in late lactation.

Significant reduction in milk yield was observed in afternoon
milk production on day 2 (P<0.01), day 4 (P<0.05) and day 5
(P<0.05) after vaccination inthe early lactation group. In mid

Table 4 Lactation stage-wise mean milk production during pre/post-vaccination period
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(Mean+SE, kg)
(n=27)
Total

Production
lactation

AN

Milk

-28)

(n

lactation

AN

Late

Mid

25)

Total

(e

lactation

Early
AN

Pre/Post-

vaccination FN

period

Total

7.15+£0.40 4.46+0.25 243+0.14 6.89+0.37

2.57+0.16

9.12+£0.59 4.57+£0.25

3.34+0.21

5.78+0.39

Day -1

457+0.24 2.25+0.15 6.82+0.39
5.96+20.38**

7.17+£0.40

2.57+0.15

4.59+0.27

3.44+0.21 9.10£0.57

5.66+0.37

Day 0

2.25+£022

3.71+£0.22%*
4.19+0.30*

6.80+0.40%*
6.76+0.41%*
7.00+0.37

439+0.24 241+0.17*

8.60+0.53%*
8.66+0.54*
8.80+0.55

3.18+£0.21

5.42+0.39

Day 1

6.50+0.41

2.30+0.18

2.26+0.15%*
2.46+£0.14

4.50+0.27

3.14+0.20%**
3.32+0.18

5.52+0.35

Day 2

2.32+£0.13 6.52+0.38

4.29+0.25%

4.54+0.23

5.48+0.38

Day 3

2.36+0.15 6.50+0.38*

4.14+0.24**

4.07+£0.24**
4.34+0.27

6.93+£0.37

2.39+0.13

8.78+0.50 4.54+0.25

5.60+0.36  3.18+0.16*

Day 4

6.36+0.38**

2.29+0.16

6.83+£0.40

2.57+£0.16

4.26+£0.24
4.5+0.25

8.68+£0.53

3.20+£0.17*

5.48+0.37

Day 5

6.69+0.42

2.36+0.15

6.93+£0.37

2.43+£0.14

9.02+0.55

3.40+0.19

5.62+0.37

Day 6

**P<0.01, *¥P<0.05, Superscripts indicate a significant difference between rows from day 0
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lactating animals, afternoon milk yield was significantly reduced

on day 1 and day 2 after vaccination. However, no significant
change was noticed in the afternoon milk yield of cattle in late
lactation.

The parity wise mean milk production is presented in Table 5. A
significant drop in milk production (P<0.01) was observed on day
1 after vaccination across all parity groups. Forenoon milk
production was also reduced in second parity animals (P<0.05)
and >3 parity group (P<0.01) on day 1 after vaccination. Average
milk production in the forenoon remained significantly lower even
on the 6™ day after vaccination among animals of third and higher
parity. Total milk production remained significantly reduced until
5 days after vaccination.

Cumulative losses with respect to total yield stood at 154.0 Kg,
from day 1 to day 5 after vaccination, during which such
differences were statistically significant. Production loss
observed in the study due to vaccination stress is presented in
Table 6.

The highest drop in milk yield was observed (7.6%) on the first
day after vaccination, which averaged at 0.58 Kg per animal. Total
milk yield returned to the baseline on the 6"day after vaccination.
The average production loss calculated over the period was 1.93
Kg per animal .Among animals in late lactation, forenoon milk
yield alone was affected, while afternoon yields remained stable.
Nearly half of the animals in the third and higher parity group
(n=9) were also in the late stage of lactation. Animals in the third
stage of lactation were severely affected by vaccination stress
so that they accounted for 44.5% of the total loss, besides taking
5 days to regain yield. Working in temperate regions, Canadian
researchers (temperate region) reported that Holstein Frisian
animals in early lactation suffered the highest production loss
(Scott et al. 2001) after immunization with 9 way killed vaccines.
This result is in contrast with the findings of the present study.
The differences could be attributed to environmental and genetic
factors.

Milk production loss after FMD outbreak among 59 cattle at
Chazhoor panchayath in Thrissur district of Kerala was estimated
at 80.68% and was valued at Rs. 2.53 Lakhs. The loss per animal
in this regard was roughly 4,300 Rupees or USD 63 (Mathew and
Menon, 2008). The loss observed in the present study due to
stress following FMD vaccination was about Rupees 100 (USD
1.5) per animal which is negligible in comparison with probable
post-outbreak losses.

Conclusions

Vaccination against FMD using oil adjuvant vaccines resulted in
febrile reaction and production loss. Total milk yield regained to
pre-vaccination levels on the sixth day after vaccination. Among
early lactation and mid-lactation animals, total production returned
to pre-vaccination level as early as the third day after vaccination.

In the late lactation group, afternoon production remained stable
even though forenoon yields returned to pre-vaccination state
only after five days. The present study was conducted during
the southwest monsoon when climate related stress remained at
a mild to moderate level. The production loss could probably
exceed 7.6% when other factors like heat stress in summer comes
into play. This study throws some light on the need to formulate
guidelines to reduce the stress associated with FMD vaccination
and the season of vaccination. Loss in milk production due to
vaccination stress is negligible when compared with potential
loss due to the FMD outbreak.
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