Indian J Dairy Sci 77(1): 1-9
https://doi.org/10.33785/1JDS.2024.v77i01.001

RESEARCH ARTICLE

Effect of incorporation of guava leaf powder on storage stability of curd balls
under aerobic packaging condition at refrigeration temperature

Varsha Vihan, VP Singh, Akhilesh K Verma (>0), Pramila Umaraw, Chirag Singh and Shardanand Verma

Received: 12 January 2023 / Accepted: 04 June 2023 / Published online: 23 February 2024

© Indian Dairy Association (India) 2024

Abstract: The present study has undertaken for the evaluation of
the impact of incorporating guava leaf powder (GLP) on the stor-
age stability of developed curd balls. Four groups of curd balls
were formulated with the addition of different levels of guava leaf
powder: C (control without GLP), T1 (with 1.5% GLP), T2 (with
3.0% GLP), and T3 (with 4.5% GLP). The results revealed that pH
and titratable acidity were significantly (P<0.05) lower in the treated
groups than in control. Peroxide value, thio-barbituric acid reac-
tive substances, and free fatty acid content were significantly
(P<0.05) lower in GLP incorporated curd balls than in control.
Guava leaf powder added curd balls has significantly (P<0.05)
higher DPPH, ABTS, and total phenolic content than the control.
Among all samples, T3 (4.5%) recorded significantly (P<0.05) lower
microbial growth than the others groups of curd balls. However,
sensory panelists rated significantly (P<0.05) higher scores for
T2 than T3. The sequent of the study concluded that the curd
balls prepared with the inclusion of 3.0 % guava leaf powder
prevent Physico-chemical quality deterioration, improve antioxi-
dant capacity, reduced lipid oxidation and microbial growth with
acceptable sensory attributes.
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Introduction

Curd is considered as a well-known traditional fermented milk
product of Indian origin and as the most important dairy product
in human diet. It is a semi-solid product obtained from boiled or
pasteurized milk by souring, natural or using harmless lactic acid
or other bacterial cultures. Besides direct consumption, curd also
utilised in preparation of “chakka” by straining whey from curd.
“Chakka” is an indigenous fermented dairy product and refers to
a white to pale yellow semi-solid product of good texture and
uniform consistency obtained after draining off the whey from
the curd.

Natural products are of great interest for the integration of health-
promoting substances in the diet as natural food additives, for
the prevention of diseases and also for the improvement of gen-
eral well-being. Consumers have additional considerations and
recommendations to use natural antioxidants from food sources
instead of artificial antioxidants that are restricted due to their
toxic and carcinogenic effects (Abdel-Hameed et al. 2014). Dairy
products are one among the foremost fascinating and promising
foods with reference to their potential inhibitor activity, because
of their wide diversity of antioxidant molecules like milk caseins
and whey proteins. Medicinal plants abundant in natural antioxi-
dants and phenolics compounds are gradually applied in the
manufacturing of dairy foods to enhance their nutritional and
therapeutic properties.

Guava is known as Psidium guajava from the Myrtaceae family,
is a globally well-liked tropical fruit contains high amount of vita-
mins and phytochemicals. Guava is a natural product that pos-
sesses dietary fibre as well as antioxidant compounds. The ex-
tracts and metabolites of this plant, especially from the leaves,
possess beneficial activities such as antioxidant properties, anti-
microbial properties compared to other herbs. Studies have shown
that guava leaves are advantageous as antibacterial agents Biswas
etal. (2013), antioxidants (Chen and Yen, 20017). The strong anti-
oxidant mechanisms acquired by guava leaf could be attributed
to their free radical- scavenging ability. Additionally, phenolic
compounds appear to be liable for the antioxidant activity of
guava leaf.
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Considering the above facts, the present study is conducted to
improve the shelf life of curd balls by incorporating different lev-
els of guava leaf powder with the following objectives:To opti-
mize the levels of guava leaf in prepared curd balls, to assess the
physico-chemical and sensory parameters of the prepared prod-
uct and to study the storage stability at refrigeration temperature
(4 £1°C) under aerobic packaging condition.

Materials and methods
Chemicals and media

All chemicals and media utilised during the study were of analyti-
cal class and procured from standard firms like Hi-media, SRL,
CDH and Merck, etc. Raw buffalo’s milk was purchased from
nearby village dairy plant of Modipuram, Meerut. Freeze-dried
Lactic Culture was purchased from CHR Hensen, Denmark. Low
density polyethylene films (200pm gauge) were procured from
local market and were sterilised by exposing to U.V. light for 30
minutes before use.

Preparation of guava leaf powder

Guava leaves were collected from Sardar Vallabhbhai Patel Uni-
versity of Agriculture and Technology, Meerut campus. Guava
leaves were first cleaned with tap water and damaged, unwanted
leaves were discarded. To remove the wash-water from the sur-
face the leaves were then air dried for 1 hour and then leaves were
oven (Meta-Lab Scientific Industries) dried for 48 hours at 50+1°C.
Dried guava leaves were then grounded in a food mixer and strained
through a stainless-steel sieve. It was packed in air tight con-
tainer and stored in cool and dry place until used.

Preparation of chakka and curd balls

In summary, fresh buffalo milk was heated to 85°C+5 for 20 min-
utes, followed by cooling to a temperature range of 43+2°C. Milk
was then inoculated with 1.5% starter lactic culture to commence
the fermentation process and incubation was allowed to be car-
ried out at 37+£2°C for 5-6 hours. After that curd was strained with
cheese cloth for 4 hours. The bulk was subsequently stored at
4°C overnight.

Curd balls were prepared by incorporation of three different lev-
els of guava leaf powder viz., (T1) 1.5%, (T2) 3% and (T3) 4.5%,
the levels of guava leaf powder and control without guava leaf
powder (C). All ingredients were weighed and thoroughly mixed
till uniform batter formation and then shaped into balls (Table 1).
These curd balls were then cooked by convection cooking in a
preheated oven (Meta-Lab Scientific Industries) at 75°C for 30
minutes and then turned and again cooked for 15 minutes. The
cooked curd balls were then cooled to room temperature and then
each group was separately packed under aerobic packaging in
low density polyethylene bags (LDPE) and stored under refrig-
eration temperature at 442 °C for further study.

Physico-chemical analysis
pH and titratable acidity value

The pH of the sample was determined by dipping the combined
glass electrode of digital pH meter (ESICO, Model-1012). The ti-
tratable acidity in terms of percent lactic acid was determined by
method as described by Shelef and Jay (1970).

Antioxidant activity
Total phenolic content

The total phenolic content of control products and treated groups
was analyzed by Folin-Ciocalteu’s method as prescribed by Zhang
et al. (2006) with slight modification and gallic acid was used as
standard.

2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activ-
ity

Antioxidant activity of curd balls were analyzed using stable radi-
cal (2, 2-diphenyl-1-picrylhydrazyl) as determined by Brand-Wil-
liams etal. (1995). [ Aty 1

DPPH Scavenging activity (% inhibition) =  100- TX 100
to

2-2-azinobis-3ethylbenthiazoline-6-sulphonic acid (ABTS") radi-
cal scavenging activity

ABTS" radical scavenging activity was determined as per the
procedure outlined by Umaraw et al. (2023) using spectropho-
tometry. The ABTS" activity was expressed as % inhibition using
formula— 0.7 - Aty

ABTS" activity (% inhibition) = 07 100

Lipid oxidation

Peroxide value, Thiobarbituric acid reacting substances (TBARS)
value and Free fatty acids (FFAs)

Peroxide value was analyzed as per the procedure of Koniecko
(1979). The peroxide value expressed as meq/kg of sample was
calculated using the formula:

PV (meq/kg sample) = 0.1 x mL 0.IN sodium thiosulphate X

Sample weight (g) 100

Thiobarbituric acid reacting substances value was analyzed as
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per the procedure of Witte et al. (1970).

TBARS value (mg malonaldehyde/ kg of sample) = O.D. of the
sample X 5.2

Free fatty acids value of the sample was determined by modified
Koniecko (1979). The amount of potassium hydroxide consumed
for titration was noted and then the free fatty acids content of the

samppeayaacglsulated;asiéadlavs)

0.1 xmL 0.1 N alcoholic KOH % (.282
= - X
Sample weight (g)

100

Microbiological analysis

Standard plate count, psychrophilic count, coliforms count and
yeast and moulds count of the samples were conducted as per
the method prescribed by American Public Health Association
(1992).

Sensory evaluation

The sensory quality of the samples was evaluated by using 9-
point hedonic scale as presented in sensory evaluation scoring
sheet. A nine-point hedonic scale, varying from extremely unde-
sirable (score 1) to extremely desirable (score 9) was used. Sen-
sory parameters such as colour, taste, aroma, texture and overall
acceptability were used to assess the curd balls. Precooked curd
balls from each batch were heated in microwave oven for 1-2
minutes and then presented to sensory panelist with 2-digit ran-
dom code for evaluation. A sensory panel (semi-trained) was drawn
from post-graduates’ students and staff of college. After briefing
properly about the product, the panelists were requested to evalu-
ate the product to determine their organoleptic characteristics in
terms of their colour, taste, aroma, texture and overall acceptabil-

ity.

Statistical analysis

Experiment was carried out three times and data were collected
two times for every attributes. Two-way ANOVA was used for the
analysis of recorded data using SPSS 22 statistical software (SPSS
Inc., Chicago, IL, USA). Means of attributes were correlated us-
ing Duncan’s multiple range test (DMRT), at the (Pdd0.05) level

of significance.
Results and Discussion
Change in pH and titratable acidity

The pH value varied significantly (P<0.05) among the groups
(Table 2). The decrease in pH value and a corresponding increase
in titratable acidity were observed in all groups. However, the pH
values decreased significantly (P<0.05) during storage which
might be due to proliferation of Lactobacillus sp. of the microbes.
Titratable acidity value among the groups differed significantly
from the 5" day of storage to end of the storage time (Table 2).
Titratable acidity values increased significantly (P<0.05) during
the storage. The decrease in pH value of the curd ball samples
might be due to an increase in production of the acidic compounds
during the proliferation of microorganisms. However, the rate of
decrement in pH value of treated samples was lower than the
control which might due to slower rate of growth of spoilage
microbes. Similar results were also reported by Najgebauer-Lejko
et al. (2011) for yoghurt prepared with incorporation of tea
polyphenols during storage. Our findings were in accordance
with the results of Qureshi et al. (2019) who reported decreasing
trend of pH value in paneer prepared with the extracts during
storage. The increase in titratable acidity value might be due to
growth of lactic acid producing microbes during the storage. Our
finding is in harmony with the results reported by Ahuja and
Goyal (2013). Kumar et al. (2019) also reported increasing trend
for the titratable acidity during the storage study of milk products.

Change in antioxidant parameters

Total phenolic content

Table: 1 Formulation for the preparation of curd balls incorporated with guava leaf powder

Ingredients Control T1 T2 T3
Chakka 77.0 75.5 74.0 72.5
Refined oil 3.0 3.0 3.0 3.0
Flour 3.0 3.0 3.0 3.0
Salt 1.5 1.5 1.5 1.5
Spices 1.0 1.0 1.0 1.0
Condiments 2.0 2.0 2.0 2.0
Carrot 12.5 12.5 12.5 12.5
Guava leaf 0.0 1.5 3 4.5

C: Control curd balls without guava leaf powder; T1: curd balls with 1.5 % guava leaf powder; T2: curd balls with 3.0 % guava leaf

powder; T3: curd balls with 4.5 % guava leaf powder.
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Fig. 1 Change in total phenolic content of curd balls prepared
with guava leaf powder

C: Control curd balls without guava leaf powder; T1: Curd balls
with 1.5 % guava leaf powder; T2: Curd balls with 3.0 % guava
leaf powder; T3: Curd balls with 4.5 % guava leaf powder. n=6

On day 0, total phenolic content exhibited by treated curd balls
followed the order T3>T2>T1>C as depicted in Fig. 1. The total
phenolic content of guava leaf powder added curd balls was
considerably (P<0.05) higher than that of control curd balls, 109.17
(C), 154.00 (T1), 180.00 (T2), and 196.67 (T3) mg GAE/g,
respectively. The total phenolic content of the groups varied
significantly (P<0.05) across the storage days. Refrigerated curd
balls prepared with inclusion of guava leaf powder and control
curd balls showed significantly (P<0.05) declining trends for total
phenolic content during the storage. The decreased total
phenolic content during storage of curd balls might be due to
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Fig. 2 Change in DPPH (% inhibition) of curd balls prepared with
guava leaf powder

C: Control curd balls without guava leaf powder; T1: Curd balls
with 1.5 % guava leaf powder; T2: Curd balls with 3.0 % guava
leaf powder; T3: Curd balls with 4.5 % guava leaf powder. n=6

lipid oxidation and microbial degradation of phenolic compounds
during storage. However, T3 showed highest total phenolic
content amongst treatments at the end of storage. Phenolic
content has linear association between scavenging activity. Lee
et al. (2016) also reported decreased total phenolic content with
increased storage time.

2,2-diphenyl-1-picrylhydrazyl (DPPH) assay

Da Porto et al. (2000) reported that 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical activity has been widely used to assess the free

Table: 2 Change in pH and titratable acidity of curd balls incorporated with guava leaf powder during refrigeration (4+1°C) storage

Groups 0 Day 5 Days 10 Days 15 Days 20 Days 25 Days
pH
C 5.50¥£0.05 5.29%°£0.03  5.137+0.03 4.89%£0.02  4.72%7°+0.03  4.53%%+0.05
Tl 5.27%+0.03 5.11%£0.02  4.92%°+0.03 4.85%°£0.03  4.80"°+0.03 4.58V%+0.02
T2 5.18%°+0.02 5.01Y440.03  4.86%%+0.02  4.67"°+0.02  4.68"**+0.04  4.59%%+0.03
T3 5.06"°+0.03 4.95%1+0.03  4.81%°+0.02 4.72%10.02  4.62""+0.03  4.66%+0.02
Titratable acidity (% lactic acid)

C 0.74*£0.003  0.77Y+0.004  0.87°°£0.003  0.94°°£0.003  1.05%%+0.004  1.247°+0.048
T1 0.74*£0.002  0.76°+0.003  0.85°+0.003  0.92Y°+0.003  1.03Y%£0.002  1.11%°+0.031
T2 0.74*£0.002  0.75%+0.003  0.84*°+0.002  0.90%°+0.003  0.97%“£0.003  1.06"*°£0.031
T3 0.74*£0.003  0.73%*+£0.004 0.82"°+£0.002  0.88"°+£0.004 0.93"'£0.002  0.96"'+0.029

Means values bearing small letters (a, b, ¢, d......) days wise and capital letters (W, X, Y and Z) groups wise indicate differ significantly
(P<0.05) n=6; C: Control curd balls without guava leaf powder; T1: curd balls with 1.5 % guava leaf powder; T2: curd balls with 3.0

% guava leaf powder; T3: curd balls with 4.5 % guava leaf powder.
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radical scavenging capacity of several compounds and has been
recognized as a method for free radicals originating in lipids during
oxidation. 2,2-diphenyl-1-picrylhydrazyl (DPPH) activity of curd
balls prepared with inclusion of guava leaf powder are presented
in Fig. 2. Among all group’s DPPH value differed significantly
(P<0.05) across the all-storage days. However, the DPPH value
decreased significantly (P<0.05) for all groups during the entire
storage. Guava leaf powder exhibited concentration-based DPPH
radicals scavenging activity. The DPPH free radical scavenging
activity of guava leaf powder might be due to their hydrogen
donating capacity. Presence of higher quantity of hydroxyl
groups, resulted greater ability of free radical scavenging capacity.
Guava leafis rich source of phenolic compounds, like gallic acid,
ellagic acid, ferulic acid, pyrocatechol and taxifolin Chen and Yen
(2007) and presence of these phyto-active compounds is primarily
responsible for the antioxidant activity (Farag et al. 2020).

2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
assay

Perusal of Fig. 3 results revealed that guava leaf powder added
groups had shown significantly (P<0.05) higher ABTS scavenging
activity as compared to control. Comparatively higher ABTS
scavenging activity of treated groups might be due to presence
of higher phenolics contents. All guava powder added curd balls
groups showed significantly (P<0.05) higher ABTS scavenging
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Fig. 3 Change in ABTS (% inhibition) of curd balls prepared
with guava leaf powder

C: Control curd balls without guava leaf powder; T1: Curd balls
with 1.5 % guava leaf powder; T2: Curd balls with 3.0 % guava
leaf powder; T3: Curd balls with 4.5 % guava leaf powder. n=6

activity than control. However, ABTS values followed a
decreasing pattern in all the samples during the storage study.
Olatunde et al. (2021) reported that the antioxidant activity of
guava leaf'is due to presence of various phyto-active compounds

Table: 3 Effect of guava leaf powder incorporation on lipid oxidation of curd balls during refrigeration (4+1°C) storage

Groups 0 Day 5 Days 10 Days 15 Days 20 Days 25 Days
Peroxide value (meq/kg)
C 2.06%+0.05  2.66"°+0.06  3.607°+0.08  7.45Y+0.05  9.27%+0.05 13.56“+0.05
T1 1.95%%£0.04  2.47"°+0.05  3.19%+0.08  6.88%+0.08  7.68"°+0.06  10.87Y+£0.06
T2 1.79%+0.04  2.24%°+0.09  2.84V+0.06  6.44V+0.07  7.05%°£0.07  9.79%':0.14
T3 1.86%°£0.08  1.91V+£0.07  2.65"°£0.05  6.27V°+0.04  6.52%£0.06  8.90V°+0.06
TBARS (mg malonaldehyde/ kg)
C 0.17°+0.01 0.407°+£0.01  0.50¥°+0.01  0.63%°+0.01 0.83%°+0.02 1.14¥40.08
Tl 0.16°+0.01 0.30"+0.01  0.37%°£0.01  0.54"°:0.01  0.76"+0.01  0.90*+0.02
T2 0.16°+0.01 0.25%*+0.01  0.33%°+0.01  0.48%4+0.01  0.55%°+0.01  0.75V'+0.01
T3 0.15°+0.01 021"°+0.01  0.34%%+£0.02  0.36"°+0.01  0.49%9+0.01  0.66"°+0.01
FFA (% oleic acid)

C 0.08*£0.00  0.16"°£0.01  0.24°+0.01  0.36"+0.01  0.48%+0.01  0.74+0.01
Tl 0.08%*+0.00  0.13*°+0.01  0.20"°£0.01  0.30%+0.01  0.37"°£0.01  0.58"'+0.01
T2 0.07%+0.00  0.10"°+£0.01  0.16%°£0.01  0.27%+0.02  0.32%+0.01  0.51%'+0.01
T3 0.07%+£0.01  0.09%*0.00  0.13%*£0.01  0.18"V+0.01  0.26"£0.02  0.43V°+0.02

Means values bearing small letters (a, b, c, d......) days wise and capital letters (W, X, Y and Z) groups wise indicate differ significantly
(P<0.05) n=6; C: Control curd balls without guava leaf powder; T1: curd balls with 1.5 % guava leaf powder; T2: curd balls with 3.0
% guava leaf powder; T3: curd balls with 4.5 % guava leaf powder.
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like piceatannol 40-galloylglucoside, quercetin 3-(23 -galloyl-
alpha-Larabinopyranoside), epicatechin, 8-hydroxyluteolin 8-
sulphate, and aclurin 3-C-(63 -p-hydroxybenzoyl-glucoside). In
addition to these compounds Taha et al. (2019) also identified
various flavonoid compounds in guava leaf such as quercetin,
kaempferol, hesperetin, catchin, quercitrin, rutin and apigenin
and postulated that these compounds are accountable for the
antioxidant activity. The decreased ABTS values during the
storage might be due to the decrease in the concentration of the
phyto-active compounds during the neutralizing of the free
radicals which was formed during oxidation.

Change in lipid oxidation (PV, TBARS and FFA) values

The peroxide value differed significantly (Pd<0.05) among the
groups and comparatively higher peroxide value was estimated
in control than the treatment (Table 3). All the groups showed
significantly (P<0.05) increasing trends for peroxide value with
progression of the storage period. The increased peroxide value
during storage might be attributed primary oxidation of fat
molecules and formation of hydroxy-peroxide molecules during
storage. The comparatively lower peroxide value in guava leaf
powder added sample was due to the presence of phyto-active
compounds in guava leaf powder such as poly-phenolic
compounds, triterpenoids, flavonoids, alkaloids, saponins and
sesquiterpenes (Kumar et al. 2021). These phyto-active
compounds have capacity to inhibit the generation of
hydroperoxide reducing the formation of free radicals and/or

terminating the free radicals, therefore, lower peroxide value
recorded in treated groups.

Thiobarbituric acid reactive substances value varied significantly
(P<0.05) among groups throughout storage and highest value
was observed for control at last day of storage (Table 3). The
increased TBARS value was observed on increase in storage
time for all the curd ball samples. The rate of upsurge in TBARS
formation was normally lower for guava leaf treated groups in a
dose-dependent manner than control. Guava plant enriched with
various natural antioxidant substances such as phenolic
compounds, alkaloids, chlorophyll derivatives, carotenoids, and
ascorbic acid. Paganga et al. (1999) reported that antioxidant
action of phenolic compounds was due to their redox activity
and play significant role in sequestering and deactivating free
radicals or disintegrating peroxide substances. Lower TBARS
values in treated groups might be due to the presence of high
antioxidant compounds of guava leaf powder.

Free fatty acid content of all samples increased during refrigerated
storage (Table 3). However, the incorporation of guava leaf
powder at different levels in the curd balls had a significant effect
on the FFA formation with concentration dependent manner. Chen
and Yen (2007) reported that the guava leaf is rich source of
antioxidants and have capacity to reduce the lipid oxidation in
food products. Various phyto-active compounds were also
isolated by Nantitanon and Okonogi (2012) like morin, quercetin
and quercetin-3-O-glucopyranoside from leaf of guava and

Table: 4 Microbiological changes in curd balls incorporated with guava leaf powder during refrigeration (4+1 °C) storage

Groups 0 Day 5 Days 10 Days 15 Days 20 Days 25 Days
SPC count (cfu/g)
C 2.12°40.42 3.02¥°+0.11 4.11%°40.09  5.0079+0.06  5.3479+0.04 6.277°+0.07
T1 2.08%+0.42 2.89%°1280  3.81V43.59  4.80%Y9£0.09  4.96%+0.07 5.907°+0.02
T2 1.70°+0.54 2.76%%°+0.06  3.67V°+0.08  4.73%40.07  4.83%10.08 5.71%+0.07
T3 1.67°+0.52 2.64%°+0.06 3.71%°40.07  4.08V°+0.05  4.34V°+0.03 5.40%+£0.03
Psychrophilic count (cfu/g)
C ND ND 1.25%+0.56 2.12%+0.42 2.78%%+0.09 3.28%°40.08
T1 ND ND ND 1.67°+0.53 2.25%Xab 046 2.74%%10.06
T2 ND ND ND 1.30+0.58 1.70%%+0.54 2.22%%10.45
T3 ND ND ND 0.83%+0.53 1.28%°+0.57 1.77%°+0.56
Coliform count (cfu/g)
C ND ND ND ND 0.88%°+0.55 1.70°+0.54
T1 ND ND ND ND 0.83%+0.53 1.26°+0.57
T2 ND ND ND ND ND 0.94+0.59
T3 ND ND ND ND ND 0.8740.55
Yeast and moulds count (cfu/g)
C ND ND ND 1.26*£0.56 2.10°+0.42 2.56°+0.03
T1 ND ND ND 0.90%°+0.57 1.68%+0.53 2.08°+0.42
T2 ND ND ND 0.84%°10.53 1.27°+0.57 1.72%+0.54
T3 ND ND ND 0.87%°+0.55 1.26*+0.56 1.38+0.62

Means values bearing small letters (a, b, ¢, d......) days wise and capital letters (W, X, Y and Z) groups wise indicate differ significantly
(P<0.05) n=6; C: Control curd balls without guava leaf powder; T1: curd balls with 1.5 % guava leaf powder; T2: curd balls with 3.0

% guava leaf powder; T3: curd balls with 4.5 % guava leaf powder.
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confirmed that quercetin is the most effective antioxidant
substance among all phyto-active substances. Similar finding
was also reported by Tachakittirungrod et al. (2007) that the
presence of flavonoids, morin and quercetin-3-oglucopyranoside
in guava leaf possessed scavenging activity.

Change in microbial quality parameters

Microbial quality (standard plate count, psychrophilic count,
coliform count and yeast and mould count) of curd balls was
evaluated and the data is depicted in Table 4. Among groups,
during initial day of storage, data for SPC did not differ
significantly (P>0.05) and further it was found that from 5 day of
storage onward the SPC count increased significantly (P<0.05).
The SPC value increased significantly (P<0.05) throughout
storage in all groups. The SPC counts was observed significantly
(P<0.05) lower in T3 than T2, T1 and control group. The
antimicrobial activity of guava leaf might be due to presence of
phenolic compounds in the leaves, primarily gallic acid. Similarly,
Rattanachaikunsopon and Phumkhachorn (2007) reported the
antibacterial activity of guava leaf. Ozcelik et al. (2008) postulated
that phenolic compounds act as inhibition of nucleotides and

depolarization of microbial membrane followed by inhibition of
macromolecular synthesis. Ahuja et al. (2012) also found increased
total plate count during the storage of paneer tikka.

The psychrophilic count was not detected up to 5" day of storage
in control sample and up to 10" day of storage in treated groups
(Table 4). Among the groups psychrophilic count differed
significantly (P<0.05) at 20" and 25" day of storage. Psychrophilic
count increased significantly (P<0.05) during the storage of curd
balls in each group. However, comparatively lower psychrophilic
count was observed in guava leaf powder added curd balls than
control. Olatunde et al. (2018) reported that polyphenolic
compounds, especially quercetin 32 -xyloside present in guava
leaf extract was attributed the antimicrobial activity. Some other
antimicrobial phyto-active compounds also present in guava leaf
such as quercetin and its glycosides having an antimicrobial
activity (Gorniak etal. 2019).

The coliform count was not detected up to 15" day of storage in
control and T1 sample and it was not detected in T2 and T3 up to
20" days of storage (Table 4). Among the groups coliform count
did not differ significantly (P>0.05) during storage. Coliform count

Table: 5 Sensory attributes of curd balls incorporated with guava leaf during refrigeration (4+1°C) storage

Groups 0 Day 5 Days 10 Days 15 Days 20 Days 25 Days
Colour and appearance
C 8.18°4+0.19  7.96"°+0.09 7.25%410.09 6.93%¢10.09 6.57V°+0.12  5.96""+0.11
T1 8.36'+0.14  8.04V4+0.14  7.68V*°+0.19  7.25%*10.11  6.64V+0.14  6.25"%+0.12
T2 8.46°+0.14  8.39%%+0.11 8.14Y°4+0.07 7.93Y°40.09 7.36%°40.11  6.93Y%+£0.07
T3 8.39°+0.13  8.11VX%*1007  7.86%+0.09 7.36%°+0.18 6.86V°+0.07  6.46%*+0.16
Taste
C 8.11°£0.07  7.96%°+0.09 7.21%940.09 6.89%V°+0.12 6.57"°+0.12  5.93V*+0.13
Tl 8.36°+0.14  7.89%9+0.13 7.64%%940.18  7.21V%°+£0.10  6.64"°+£0.14  6.14%%+0.09
T2 8.46'+0.14  8.39%%4+0.11 8.117°+0.07 8.047°+0.07 7.43%°40.09  6.90Y%+0.07
T3 8.39°+0.13  8.00V+0.12 7.86%°+£0.09 7.32%%40.18 6.79V*+0.14  6.46%+0.16
Aroma
C 8.18%£0.09  7.96%+0.09 7.14%°+0.07 6.86"°+0.11 6.54"°+0.11  5.86V*+0.14
T1 8.3940.13  8.00%%+0.15 7.68%9+0.19 7.25%40.11 6.71V°+0.10  6.18V**+0.12
T2 8.46'+0.14  8.39%%40.11 8.117°+0.07 8.047°+£0.06 7.43%°40.09  6.86Y%+0.09
T3 8.36%+0.14  8.04VXd0.14  7.75%°10.16 7.25%%40.14 6.75V*4+0.14  6.43%+0.18
Texture
C 8.2940.09  7.86%°+0.13 7.21%940.10 6.86"°+0.07 6.39"°+0.11  6.00V*+0.09
T1 8.1140.13  7.89%*+0.13 7.57%°40.16 7.14%°+0.09 6.71V40.18  6.32V*%+0.12
T2 8.39%0.11  8.54%°+0.04 8.14Y+0.07 7.79Y°40.11 7.29%°40.09  6.82¥%+0.07
T3 8.25'+0.09  7.89V+0.16 7.71%+0.16 7.18%%+£0.09 6.71V*40.15  6.39%%+0.15
Overall acceptability
C 8.11%00.07  7.82%%+0.12 7.11%°+0.07 6.75"°+0.13 6.50"°+0.11  5.82V*+0.09
T1 8.14°+0.13  7.93%%+0.13  7.54%%+0.14 7.11%40.07 6.71%°+0.15  6.21%4+0.10
T2 8.43°40.12  8.29%%+0.10 8.07Y9+£0.05 7.647°+0.13 7.25%°40.09  6.757+0.12
T3 8.25°+0.08  8.00VX%*:L0.14  7.79%%%0.09 7.25%°10.12 6.82V°+0.09  6.43%¥%1+0.13

Means values bearing small letters (a, b, c, d......) days wise and capital letters (W, X, Y and Z) groups wise indicate differ significantly
(P<0.05) n=21; C: Control curd balls without guava leaf powder; T1: curd balls with 1.5 % guava leaf powder; T2: curd balls with 3.0
% guava leaf powder; T3: curd balls with 4.5 % guava leaf powder.
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increased during storage of curd balls from 20" to 25" days in
control and T1 but the value did not differ significantly (P>0.05).
Phyto-active compounds present in the guava leaf powder was
attributed to lower count of coliform in treated curd balls than
control. Chanda and Kaneria (201 1) reported that extract of guava
leaf exhibited antimicrobial activity against E. coli and other
microbes.

The yeast and mould count were absent up to 10" days of storage
among all the groups (Table 4). Among the groups yeast and
mould count did not differ significantly (P>0.05) throughout
storage. Yeast and mould count were increased in curd ball groups
from 15" day of storage onwards though the rate of their increase
did not differ significantly (P>0.05). Treated curd balls showed
lower yeast and mould count than control which might be due to
antifungal activity of guava leaf powder. Morais-Braga et al. (2017)
reported that guava leaf extracts exhibited antifungal activity
against C. albicans and C. tropicalis by significant reduction in
percentage of viability of yeast and mould during their study.
Beatriz et al. (2012) stated in their study that guava leaf showed
antifungal activity against various fungi.

Change in sensory attributes

All sensory attributes among the groups did not differ
significantly (P>0.05) at 0 day of storage and varied significantly
(P<0.05) from 5™ day to 25" day of storage (Table 5). Among all
samples, T2 sample was rated highest score than control, T3 and
T1. The sensory score was lower for T3 group than T2 which
might be due to higher level of guava leaf powder and formation
of oxidative compounds during storage which could be
responsible for bitter taste. Sensory scores for colour and
appearance, taste, aroma, texture and overall acceptability
exhibited decreasing trend during the storage. The decreased
taste, aroma and overall acceptability scores of sensory attributes
might be due to oxidation of lipid and formation of volatile free
fatty acid content in the aforementioned curd ball samples on
day 25" than initial day of storage. Kumar et al. (2019) also
reported declined trend of sensory parameters during the storage
of milk smoothies prepared with the addition of tulsi, lemon grass
and aloe vera. The production of lactic acid due to growth of
lactic acid producing as well as non-starter lactic acid bacteria
during the storage of curd balls producing repulsive odour in
curd balls resulted decrease in overall acceptability score by the
evaluators. Oxidation of lipid and fat molecule of curd balls further
attributed to decreased textural quality of the products. Ahuja et
al. (2012) also reported decreased sensory score during the
storage of paneer tikka.

Conclusions

The results revealed that curd ball prepared with addition of
guava leaf powder T3 (4.5%) were recorded significantly lower
lipid oxidation, microbial growth however, sensory panelist rated

comparatively lower sensory score for T3 than control (0 %), T'1
(1.5 %) and T2 (3.0 %) during refrigerated storage. Also, treated
curd balls with GLP were significantly higher in antioxidant profiles
(Total phenolics content, DPPH % inhibition and ABTS %
inhibition) than control, therefore guava leaf powder could be
utilized as potential natural antioxidant. Results concluded that
the developed curd balls incorporated with 3.0 % guava leaf
powder could be successfully stored under aerobic packaging
for 25 days at 4+1°C with an acceptable physico-chemical,
antioxidant parameters, lipid oxidation microbiological quality and
sensory attributes.
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