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ABSTRACT
The present study investigated the effect of chitosan combined with lemon peel extract coating on the quality and shelf life 
of refrigerated yellowfin tuna meat using physicochemical, microbial and sensory assessments. Fresh yellowfin tuna meat 
as chunks were divided into five lots and coated with lemon peel extract (LPE) and chitosan (CH) at different concentrations 
viz., control, C (0%), LPE1%, CH1%, LPE+CH1% and LPE+CH2% (w/v). Sensory, biochemical and microbial quality 
of the samples were observed for 12 days during 4°C refrigerated storage. Sensory evaluation revealed that shelf life of 
yellowfin tuna under the study was 6 days for control, 8 days each for LPE (1%) and CH (1%), 10 and 12 days for LPE+CH 
(1%) and LPE+CH (2%) respectively. Significantly higher pH, total volatile basic nitrogen (TVB-N), tri-methyl amino 
nitrogen (TMA-N), peroxide value (PV) and thiobarbituric acid reactive substances (TBARS) values were recorded in 
control samples than coated samples (p<0.05). Significant reduction in microbial counts were recorded in CH+LPE treated 
samples (p<0.05) compared to the LPE or CH coating alone, in the later stages of storage. Coated samples with combination 
of LPE+CH 1% and 2% indicated better storage qualities compared to other treatments. The present study revealed that LPE 
along with chitosan edible coating enhanced the shelf life of yellowfin tuna meat.
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Introduction

Yellowfin tuna (Thunnus albacares) occupies a prime 
position in the international seafood trade due to its good 
nutritional value; protein composition and textures. The 
major share of this species caught and marketed is in the 
freshest form (Sashimi grade) around the world (Jinadasa 
et al., 2015). Bulk of the yellowfin tuna landed in harbours 
or fish landing centers in India are harvested by traditional 
fishermen and are considered as not eligible for Sashimi 
grade. Lack of specialised fishing vessels, preservation 
techniques for oceanic tuna resources, cold chain facilities 
as per the international standards are affecting the quality 
of the harvested tuna caught by the traditional fishermen 
of India. Harvested tuna from India are marketed as 
raw material for canneries and for direct consumption 
in fresh, chilled or frozen forms (Mohan et al., 2015). 
There is a growing demand for chilled yellowfin tuna 
meat in ready-to-prepare form in the domestic markets 
of India (Jinadasa et al., 2015). Artificial preservatives 
are proved to be effective in reducing spoilage and to 
ensure long shelf life (Yuan et al., 2016). Chemical 
preservatives such as butylated hydroxyl anisole (BHA), 
butylated hydroxytoluene (BHT) and propyl gallate (PG) 
are used as antioxidants for food which could be toxic for 
consumers (Leclercq et al., 2000; Maziero et al., 2001). 

Edible coating technology using natural antioxidants and 
antimicrobial agents have been intensively examined as 
safe alternatives to synthetic compounds (Shahidi, 2004; 
Encarnacion et al., 2012; Chaparro-Hernandez et al., 
2015; Yuan et al., 2016; Rao et al., 2017).

Lemon (Citrus limon) belonging to the family 
Rutaceae (Dhanavade  et al., 2011) is one of the  major fruit 
produced in the world in terms of quantity (Miran et al., 
2016). Lemon fruit contains unique compounds (flavanoes, 
flavanone, glycosides and polymethoxylated flavones) 
which possess antimicrobial and anti-inflammatory 
properties (Wanpeng et al., 2017), which are rarely seen 
in other plants (Diankov et al., 2011). Bulk of the fruit 
wastes including lemon peels are wasted in India (Pathak 
et al., 2017). Chitosan is a natural biopolymer which is 
non-toxic and exhibits antifungal and antibacterial activity 
(Kurita, 2006; Gomez-Estaca et al., 2009). Chitosan 
(poly-b-(1–4)-D-glucosamine) and its derivatives, alone 
or in combination with natural or synthetic materials are 
good candidates for edible coating of foods (Kong et al., 
2010; Ojagh et al., 2010a).

Chitosan coating in fruit (Lin and Zhao, 2007), 
seafood (Chaiyakosa et al., 2007) and meat products 
(Sagoo et al., 2002) has revealed the potential of this edible 
material in prolonging the storage life and controlling 
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food spoilage. Combinations of chitosan and herbal 
extracts and essential oils such as cinnamon oil (Ojagh 
et al., 2010b), tea polyphenols and rosemary extract (Li 
et al., 2012) and pomegranate peel extract (Yuan et al., 
2016) have been tested previously for extending the shelf 
life of fresh fish samples. Chitosan in combination with 
grape seed extract and tea polyphenol extracts extended 
the quality of red drum fillets (Li et al., 2013). Chitosan 
and citric acid as well as chitosan and licorice extract 
have been tested for preventing lipid oxidation and for 
inhibiting microbial growth in Lateolabrax japonicus 
(Qiu et al., 2014). Inhibition of microbial growth and pH 
value of tuna fillets coated with Chinese lemon extract and 
chitosan have also been studied (Renur et al., 2016). The 
purpose of the present study was to evaluate the efficacy 
of chitosan coating combined with lemon peel extract 
(phenolics and flavonoids) on the quality and shelf life 
of yellowfin tuna meat stored under refrigerated condition 
(4±1°C) for 12 days.

Materials and methods

Raw materials and chemicals

Fresh yellowfin tuna was purchased from a local 
market in Thoppumpady, Ernakulam, Kerala, India. Fresh 
lemon  (Citrus limon) fruits were obtained from Ernakulum 
market, Kerala, India. Food grade chitosan (88% degree 
of deacetylation having an average molecular weight of  
30 kDa) obtained from M/s India Seafood’s, Kochi, Kerala, 
India was used for the experiment. All other reagents and 
chemicals used in the study were of analytical grade and 
were procured from Merck (Mumbai, India).

Preparation of lemon peel extract

Lemon was manually peeled and the peels were then 
cleaned and dried overnight at 50°C in a hot air oven 
to reduce the moisture content. Dried peels (moisture 
content: 8.0±2.0%) were converted to powder and extract 
was prepared by following the procedure detailed by 
Singh and Immanuel (2014). Briefly, 10 g of the dried 
powder and 100 ml of ethanol in a conical flask plugged 
with cotton was kept in an orbital shaker at 120 rpm for 
24 h at room temperature (RT). Extract was filtered using 
Whatman (No.1) filter paper and concentrated under 
vacuum at 40°C. The dry extract was stored at 4°C until 
further use.

Preparation of coating solutions

Chitosan (1 g) was dissolved in 1 ml acetic acid 
containing 100 ml of distilled water and stirred for 1 h at 
room temperature to obtain 1% chitosan solution (CH1%). 
Lemon peel extract (LPE1%) dipping solution was prepared 
by dissolving 1 ml LPE in 100 ml distilled water, while 50% 

of CH1% - 50% of  LPE1% and 100% of CH1%+100% 
of LPE1% solutions were used as LPE+CH1% and  
LPE+CH2% respectively.

Coating procedure for fish samples

Fresh yellowfin tuna meat was brought to the 
laboratory under iced condition. After washing and 
cleaning, the meat was made into chunks and randomly 
assigned into five groups viz., control C (uncoated),  
LPE1%, CH1%, LPE+CH1% and LPE+CH2% groups 
after washing in chilled distilled water. The meat samples 
were dipped in the prepared solutions at a fish:solution 
ratio of 1:2 (w/v) at 4°C for 20 min. Control meat was 
dipped in chilled distilled water for 20 min. After dipping, 
the chunks were drained at ambient temperature for 3 
min. The coated and uncoated samples were then packed 
in sterile polyethylene bags and stored under refrigerated 
condition (4±1°C). Samples representing all regions of 
the chunks of the respective lots (in correct quantities) 
were weighed and transferred for biochemical and 
microbiological analysis at every 2 day interval.

Determination of total phenolic, total flavonoid contents 
and antioxidant capacity of LPE

Folin-Ciocalteu’s reagent method (McCune and 
Johns, 2002) was followed for determining the total 
phenolic content of LPE. Total phenolic content was 
expressed in terms of gallic acid equivalent for lemon 
peel (mg of gallic acid per gram (mg GAE g-1) of 
extracted compound). The flavonoid content of LPE was 
determined using the aluminium chloride colourimetric 
method (Chang et al., 2002). The result was expressed in 
terms of mg Quercetin equivalent per gram  (mg QE g-1) 
of extracted compound. DPPH (2, 2-diphenyl-1-picryl-
hydrazyl-hydrate) radical scavenging activity was 
determined following Singh and Immanuel (2014). The  
% of inhibition was calculated as DPPH% = {Absorbance 
control - [Absorbance sample/Absorbance control]}* 100

Determination of changes in chemical properties of 
yellowfin tuna meat

pH value

The pH was measured according to APHA (1998) 
using a digital pH meter (Model: Cyberscan-500, Eutech 
Instruments).

Total volatile basic nitrogen (TVB-N) value

TVB-N values of fish samples was determined by 
micro space diffusion method (Conway, 1950) based 
on the consumption of 0.1 M HCl and the results were 
expressed as mg nitrogen per 100 g (mg N 100 g-1) of  fish. 
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Tri-methyl amino nitrogen (TMA-N)

TMA-N value was determined according to the micro 
diffusion method (Conway, 1950). TMA-N was calculated 
and expressed as mg %.

Peroxide value (PV)

Fat oxidation products of fish samples were 
determined  as per AOCS (1989) and expressed in terms 
of milliequivalents of peroxide per kg (meq O2 kg-1) of 
sample.

Thiobarbituric acid reactive substances (TBARS)

TBARS were determined according to Yerlikaya  
et al. (2015) to evaluate the oxidation stability during 
chilled storage and the results were expressed as TBARS 
value in mg of malonaldehyde per kg (mg MDA kg-1) of 
fish sample. 

Sensory evaluation of fish quality

Sensory evaluation was carried out according to the 
method outlined by Wu and Mao (2009). A panel of ten 
trained panelists assessed the sensory properties of the fish 
samples using a hedonic scale for the general appearance, 
colour, odour and overall acceptability. The different 
values in the scale indicated the reactions of the panelists 
as: 1 - extreme dislike; 2 - very much dislike; 3 - moderate 
dislike; 4 - slight dislike; 5 - neutral; 6 - like slightly;  
7 - like moderately; 8 - like very much and 9 - like extremely. 
The average scores of the above four indices were used to 
determine the shelf life of the fish. An acceptable shelf life 
was indicated by a sensory score greater than 4.

Bacteriological analysis

Total aerobic plate count (TPC) was determined  as 
per AOAC (2002). TPC of bacteria was enumerated using 
plate count agar, incubated at 28°C for 48 h. The results 
were expressed as log10 cfu g-1 of the samples.

Statistical analysis

The storage study of the experiment was conducted 
following a completely randomised design with five 
treatments and three replicates per treatment. All data 
were analysed by One-way ANOVA using SPSS software 
(ver. 18). Duncan’s multiple comparison tests was used to 
determine the differences between the treatment means. 
Results were considered statistically significant at p<0.05.

Results and discussion

Lemon peel extract analysis

The extraction yield of antioxidants from fruit peels 
rely upon the solvent used for extraction. In the present 
study, the yield of lemon peel extract was 20.80±1.64%. 

Ethanol and water are the most widely utilised extraction 
solvents for salubrious and abundance reasons, 
respectively. Results of this study were more or less 
similar to the results reported by Singh and Immanuel 
(2014). Extraction with 60% ethanol yielded 16.14±1.02% 
of citrus extract (Viji et al., 2015). Ahmad et al. (2006) 
reported yield of 11.24±0.81% when citrus peel was 
extracted using ethanol as solvent.

Phenolics are capable of upgrading chelation of metal 
ions, auto-oxidation and modulation in the activity of 
certain enzymes (Howard et al., 2003). The total phenolic 
content of lemon peel extract in the present study was  
225 mg GAE g-1 and this was in agreement with  Ghasemi  
et al. (2009) who reported 132.2-223.2 mg GAE g-1. Moure 
et al. (2001) demonstrated that both methanol and ethanol 
offered better results for extraction of phenolic compounds 
than acetone. They stated that as the polarity of the solvent 
increased, higher extraction yield of total soluble solids 
and total extractable polyphenolics was attained. The 
total phenolic content of the study was much higher 
than those reported by Viji et al. (2015) (82.8±4.3 mg 
GAE g-1).

Flavanoids are the secondary phenolics present in plants 
and exhibit potential antioxidative property. The flavanoid 
content of the lemon peel extract in the present study was 
0.9 mg QE equivalent g-1. Ghafar et al. (2010) studied 
flavonoid content in different cultivars of citrus species 
and reported content in the range of 2.99-22.25 mg  g-1. 
Agarwal et al. (2012) reported that total flavonoid 
content in citrus peel extracts was 21.34 mg QE g-1, 
which is much higher than the total flavanoid content in 
the present study. Asjad et al. (2013) reported a similar 
observation for the flavonoid content varying from  
0.2-25.7 mg QE equivalent g-1 in six common citrus 
varieties of Pakistan.

During lipid oxidation, several free radicals such as 
OH-, O- and LOO of variable reactivities are formed (Jao 
and Ko, 2002). DPPH radical scavenging activity assay 
assessed the ability of the extract to donate hydrogen or 
to scavenge free radicals. DPPH radical is a stable free 
radical and when it reacts with an antioxidant compound 
which can donate hydrogen, it is reduced to diphenyl picryl 
hydrazine. The scavenging activity of DPPH of lemon peel 
extract was 73.13%. The results were more or less similar 
to those of Singh and Immanuel (2014). Wanpeng et al. 
(2017) reported that DPPH values of lemon varied from 
1.08 to 8.20%. There is a positive relationship between 
the total phenolic content and free radical scavenging 
activities, thus inhibiting lipid oxidation (Viji et al., 2015).

Chitosan and  lemon peel extract coating on quality and shell life of yellowfin tuna meat
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Fig. 2. TVB-N value of yellowfin tuna meat during refrigerated 
storage

and autolytic enzymes (Ocano-Higuera et al., 2011). The 
TVB-N analysis is used as an indicator of quality in aquatic 
products stored at refrigerated temperatures. TVB-N 
includes calculation of trimethylamine, dimethylamine, 
ammonia and other compounds, which is chiefly from 
the degradation of proteins and non-protein nitrogenous 
compounds by activity of endogenous enzymes. TVB-N 
concentrations of the yellowfin tuna meat are presented 
in Fig. 2. In control samples, TVB-N values increased 
from 11.36±0.01 to 44.62±0.31 mg N 100 g-1 at the end of 
12 days of storage (p<0.05). The limit of acceptability of 
TVB-N in fish is 35 mg N 100 g-1 (Huss, 1995; Jinadasa, 
2014). Samples of LPE+CH1% and LPE+CH2%  
recorded significantly lower TVB-N value than that 
of the control and the samples were found acceptable 
till 8th (control and LPE1%),  10th (CH1%) and 12th day 
(LPE+CH1% and LPE+CH2%) of storage. Erkan et al. 
(2011) reported a similar observation for TVB-N value as 
28.14 and 31.17 mg N 100 g-1 for bluefish treated with 
thyme and laurel essential oils at the end of storage.

TMA-N value

TMA-N is an important spoilage index, particularly 
in marine fishes. TMA-N is derived from trimethylamine 
oxide (TMAO) which is critical for osmoregulation in 
marine fish. During spoilage, TMAO is reduced to TMA 
by the action of bacteria. Variation in TMA-N during 
storage is shown in Fig. 3. TMA-N value gradually 
increased during the whole storage period and reached 
upto 7.31±0.06 mg 100 g-1 and 6.01±0.05 mg 100 g-1 
in the control and LPE1% respectively after 12 days. 
TMA-N values for all treatments were lower than 
that of control samples after 10 days of storage and no 
significant difference was found between them. However, 
LPE+CH2% exhibited the lowest value of 4.51±0.11 
mg 100 g-1. Among the treated samples, the combined 
concentration of chitosan and LPE (2%) showed a very 
low TMA value (p<0.05). Sikorski et al. (1990) reported 
that the limit of TMA-N in fatty fish is 10-15 mg%. In 
the present study an increasing trend was observed in all 

Chemical analysis of yellowfin tuna meat

pH value

pH values of different experimental groups of 
yellowfin tuna meat samples during refrigerated storage  
are presented in Fig. 1. In general, pH values recorded 
for fresh fish is 6.7 and spoiled fish is above 7.0 (Huss, 
1995). The initial pH value among different groups 
were 6.82±0.01, 6.60±0.10, 6.56±0.04, 6.42±0.04 and  
6.34±0.05 for C, LPE1%, CH1%, LPE+CH1% and 
LPE+CH2% respectively. At the end of storage study, the 
pH of control sample was higher than that of LPE+CH1% 
and LPE+CH2%. The pH value gradually increased 
during the storage time; significant changes were found 
in comparison with the control after 12 days.  The higher 
pH values in control and LPE, CH  samples during storage 
could be attributed to the accumulation of more basic 
compounds (TVB-N and TMA) (Soares et al., 2013). 
Compared to the present study, similar pH results were 
also reported by Liu et al. (2013) and Fan et al. (2009) for 
grass carp fillets and silver carp respectively during frozen 
storage study.

TVB-N value

Fish deterioration is a progressive proteolysis of 
the flesh tissue caused by the action of microorganisms 
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Fig. 5. TBARS value of yellowfin tuna meat during refrigerated 
storage

treated samples during the refrigerated storage, but the 
rate of increase was significantly higher for the untreated 
samples than the treated samples. Jeon et al. (2002) and 
Mohan et al. (2012) also reported that untreated cod and 
sardines respectively showed significantly higher increase 
of TMA-N values than samples coated with chitosan. 
Results of the study showed that the TMA value can be 
lowered by using lemon peel extract in combination with 
chitosan.

Peroxide value (PV)

Fish contain lipid, which is susceptible to oxidation 
and PV measures the amount of hydroperoxides formed 
i.e., hydrocarbons, furans and other products which 
contribute to rancid taste in decaying fish muscle 
(Singleton et al., 1999; Tarkhasi, 2016). The variations in 
mean peroxide values are presented in Fig. 4. On day 1, 
there was no significant difference between the PV of 
different sample groups (p>0.05). As storage progressed; 
control, LPE+CH1% and LPE+CH2% groups showed a 
progressive increase in PV till 12th day of storage. The 
maximum  PV recorded was 3.84±0.04, 3.42±0.09 and 
3.29±0.03 meq O2 kg-1 sample for control, LPE+CH1% 
and LPE+CH2% samples respectively. The values were 
significantly higher in control than treated samples 
(p<0.05). The ability to prevent peroxide formation was 
higher in  LPE+CH2% due to the higher concentration 
of antioxidant extracts in comparison to LPE+CH1%. 
Similar PV results were also reported by Viji et al. (2015) 
when Indian mackerel coated with a combination of citrus 
peel and mint leaf extracts were stored under similar 
conditions. Quitral et al. (2009) and  Bensid et al. (2014) 
also reported similar findings in Chilean jack mackerel and 
anchovy stored in ice with rosemary and thyme; oregano 
and rosemary extracts respectively. This retardation of 
lipid oxidation was attributed to the additional coating 
with chitosan, as it retarded the synthesis of oxidated 
primary compounds in herring, trout, cod and croaker in 
frozen storage as well as in ice storage (Jeon et al., 2002; 
Ojagh et al., 2010a).

TBARS value

TBARS value has been universally used as an 
indicator for the assessment of degree of lipid oxidation. 
TBARS values of fish flesh are usually within the limit 
of 1-2 mg MDA kg-1 (Connel, 1995). TBARS values on 
day 0 was 0.30±0.01 mg MDA kg-1 in all the experimental 
groups. However, at the end of 10 days of refrigerated 
storage, the highest (3.03±0.02 mg MDA kg-1) and lowest 
(2.14±0.05 mg MDA kg-1) TBARS values were observed 
in the control and LPE+CH2% groups respectively 
(p<0.05) (Fig. 5). In the present study, lower TBARS 
values were observed in yellowfin tuna samples with 
combined coating of  LPE+CH1% and  LPE+CH2% than  
in samples coated with LPE1% and CH1%  alone. This 
observation was similar to the results from Li et al. (2012; 
2013) and Ojagh et al. (2010a). Lipid oxidation could be 
inhibited by coating treatments and a coating containing 
chitosan and tea polyphenols exhibited a slightly better 
effect than that of chitosan and grape seed extract. Both 
antioxidant and oxygen barrier properties of chitosan have 
been reported previously (Fan et al., 2009; Ojagh et al., 
2010b). 

Bacteriological analysis

The total aerobic plate count of yellowfin tuna 
meat during refrigerated storage is depicted in Fig. 6. 
For marine and freshwater species, the microbiological 
limit recommended by the ICMSF (1986) for total viable 
count at 30ºC is 7 log g-1/log cm-2. The initial TVC for 
all samples were approximately 5.48±0.01 log CFU g-1 
and showed significant differences among the groups 
(p<0.05). In general, an increase in TPC was observed 
in all samples (p<0.05), however significant inhibitory 
effect was noticed in LPE+CH samples. Comparatively 
lower bacterial load was recorded in samples coated with 
combination of LPE and CH compared to the control 
samples, at the end of storage period (Fig. 6). Antibacterial 
effects of LPE were reported by Yamasaki et al. 

Chitosan and  lemon peel extract coating on quality and shell life of yellowfin tuna meat
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Fig. 6. Total aerobic plate count (TPC) of yellowfin tuna meat 
during refrigerated storage

(2007) and Dugo and and Mondello (2010). Chitosan 
is believed to have antimicrobial potency and has been 
addressed earlier (Ojagh et al., 2010b; Mohan et al., 
2012). Growth of both Gram negative and Gram positive 
bacteria were suppressed by using chitosan with higher 
degree of deacetylation (Tsai et al., 2002; Qin et al., 2006; 
Huang et al., 2012; Mohan et al., 2012). Reduced bacterial 
growth observed in the present investigation might be due 
to the higher degree of deacetylation in the chitosan used. 
Chitosan coating acts as an oxygen barrier in products and 
can inhibit the growth of aerobic bacteria (Devlieghere 
et al., 2004). The present study confirms the results 
of Alparslan and Baygar (2017) who reported that the 
combined effect of chitosan and orange peel essential oil 
significantly reduced the bacterial load in shrimp  samples 
under refrigerated storage. 

Sensory evaluation of fish quality

The results of the sensory assessment of samples are 
depicted in Table 2. Samples were considered acceptable 
for human consumption until the sensory score reached 4 
(Ojagh et al., 2010a). The sensory score for the control, 
LPE1%; CH1%; LPE+CH1% and LPE+CH2% samples 
declined to 4.03±0.15, 5.20±0.20, 6.17±0.29, 6.33±0.42 
and 7.12±0.13 respectively after 8 days of storage. After 
10 days of storage control, LPE1% and CH1% samples 
registered unacceptable scores. The treatments especially 

LPE+CH2% significantly (p<0.05) led to improved 
overall sensory score compared with control after  12 days 
of storage. Compared with fish samples coated with 
LPE1%, CH1%, LPE+CH1% and LPE+CH2%, the 
overall acceptability of the control samples decreased 
sharply from days 6 to 12 and they had significantly 
lower scores on days 8, 10 and 12 (p<0.05). The results 
of sensory evaluation could be correlated with high 
production of lipid, microbial load and products formed 
like ammonia, leading to off odour and off flavour which 
resulted in the poor score for these samples (Bazargani-
Gilani et al., 2015). In the present study, the fish samples 
treated with combination of lemon peel extract and 
chitosan showed higher sensory scores and showed better 
characteristics for odour, flavour and appearance than the 
control samples during the storage period. Polyphenolic 
compounds such as p-coumaric, ferulic and sinapic acids, 
narirutin as well as other constituents like hespridin and 
alpha-terpinene found in citrus species have been reported 
to impart preservative action  of citrus peels (Manthey and 
Grohmann, 2001; Singh et al., 2010). Ozyurt et al. (2012) 
reported that the addition of natural extract rosemary 
improved the sensory quality of Sardinella aurita stored 
under ice.

The results of the present study revealed that dipping 
treatment with a combination of lemon peel extract and 
chitosan solution significantly inhibited the occurrence of 
lipid oxidation, delayed biochemical quality deterioration, 
inhibited microbial growth and enhanced  sensory qualities 
and shelf life of yellowfin tuna meat under refrigerated 
storage.

Table 1. Yield, total phenolics, flavanoids and antioxidant 
activity of lemon peel extract

Parameter Value 
Total yield of extract (%) 20.80±1.64
Total phenolic content (mg GAE g-1) 22 ±2.06
Total flavonoid content (mg QE g-1) 0.90±0.08
DPPH activity (%) 73.13±0.59
GAE: Gallic acid equivalent; QE: Quercetin equivalent

Table 2. Sensory evaluation results of yellowfin tuna meat during refrigerated storage
Treatment Days of Storage

0 2 4 6 8 10 12
Control 8.60±0.26 7.10±0.10a 6.20±0.20a 5.20±0.26a 4.03±0.15a 3.43±0.40a 2.60±0.53a

LPE1% 8.63±0.15 8.07±0.12b 7.33±0.31b 6.17±0.29b 5.20±0.20b 4.20±0.26b 3.43±0.40ab

CH1% 8.53±0.25 8.17±0.21bc 7.20±0.26b 7.13±0.15c 6.17±0.29c 4.37±0.55b 3.60±0.53b

CH+LPE1% 8.50±0.10 8.47±0.15d 8.13±0.12c 7.20±0.26c 6.33±0.42c 5.60±0.53c 4.50±0.50c

CH+LPE2% 8.50±0.10 8.37±0.15cd 8.07±0.12c 7.25±0.25c 7.12±0.13d 6.25±0.25c 5.50±0.50d

Means sharing different superscripts in the same  column are significantly different (p<0.05)

S. Sabu et al.
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