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Abstract The present work was conducted to evaluate the

quality of milk (fresh/acidic/neutralized) on the physico-

chemical, textural and fatty acid profile of khoa prepared

from buffalo milk and stored in poly-alu-poly laminates for

30 �C/7 days and 5 �C/21 days, respectively. The degree

of deterioration of common quality parameters was rapid

during storage at 30 �C as compared to storage at 5 �C.
Khoa stored at 30 �C showed greater variation in various

physico-chemical and textural parameters as compared to

khoa stored at 5 �C. Acidity, ash, tyrosine value, furosine,

HMF, FFA, peroxide value, TBA value, butyric acid and

stearic acid showed an increasing trend whereas, decrease

in pH and oleic acid was observed as storage period pro-

gressed. Noticeable changes were observed in textural

attributes of khoa during storage. However, the SDS–

PAGE pattern of caseins from different types of khoa

showed almost negligible deviation during storage.

Keywords Khoa � Neutralization � Tyrosine � Furosine �
SDS–PAGE

Introduction

Khoa is a very famous heat desiccated milk product which

serves as base material for several Indian delicacies such as

burfi, peda, kalakand, gulabjamun etc. (Amruthakala 2012;

Choudhary et al. 2016; 2017a, b). It is prepared by con-

tinuous heating, stirring and scraping in an open pan until a

semi solid consistency is observed. Londhe et al. (2012)

reported that almost 7% of total milk share in India is used

for khoa preparation. During storage, milk based sweets

undergo various physical, biochemical and microbiological

changes which makes them unacceptable for consumption.

Storage conditions (time and temperature) along with

packing material affect the nutritional quality and physico-

chemical attributes of khoa at ambient and high tempera-

ture storage. Considerable deterioration in quality of khoa

was observed on storage under high temperature as com-

pared to storage under low temperatures (Acharya and

Agrawal 2010). Khoa is a fat and protein rich product with

quite high water activity which makes it more prone to

proteolytic and oxidative changes adversely affect its

storage stability. India is a tropical country and due to its

comparatively higher atmospheric temperature, develop-

ment of acidity is one of the most common reasons of milk

getting sour easily (Choudhary et al. 2018). Such milk is

not suitable for thermal processing (Choudhary et al.

2017a, b). Therefore, milk handlers intentionally add

neutralizer to such milk. In India, surplus milk is converted

to various traditional milk products primarily as a means of

preservation (Londhe et al. 2012). As marketing of khoa is

primarily carried out by the unorganized sector wherein
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lack of strict quality parameters is prescribed to khoa,

hence adulteration is a common norm to gain easy profit

(Amruthakala 2012). Most of the published reports on khoa

have focused either on standardization of manufacturing

techniques, preservation or improvement in keeping quality

of khoa during storage since it is a topmost consumed dairy

product in India (Acharya and Agrawal 2010). Rajorhia

et al. (1990) reported the effect of buffalo milk quality on

compositional and physico-chemical parameters of khoa,

however, relevant information was lacking on the effect of

acidic and neutralized milk on physico-chemical parame-

ters of resulting khoa during storage. Therefore, study was

designed to generate pertinent information on the changes

in physico-chemical parameters of resulting khoa during

storage at 30 �C and 5 �C.

Materials and methods

Materials

Sodium bicarbonate, Coomassie brilliant blue, sodium

methoxide, Folin–Ciocalteau, mercaptoethanol, HCl,

5-hydroxy methyl furfural, oxalic acid, dichloromethane

and were procured from Sigma Aldrich, St. Louis, Mis-

souri, USA. Furosine was purchased from polypeptide

laboratory, Strasbourg, France. Water, methanol, O-phos-

phoric acid of HPLC grade, cyclohexanone were purchased

from Thermo Fisher Scientific India Pvt. Ltd., Delhi, India.

Preparation of khoa

Khoa was prepared according to the method of De (2004).

Fresh buffalo milk was obtained from Experimental dairy

of the ICAR-National Dairy Research Institute, Karnal. For

acidic milk, fresh milk was allowed to develop acidity up

to 0.18% LA in an incubator (Narang Scientific Works Pvt.

Limited, Delhi, India) by checking acidity hourly. Keeping

aside the representative of acidic milk sample for khoa

preparation, developed acidity was neutralized with cal-

culated amount of sodium bicarbonate at required rate to

adjust the acidity to 0.14% LA (* acidity of fresh milk).

The fresh, acidic and neutralized buffalo milk samples

were used to prepare khoa. Polythene-aluminium foil-

polythene laminates of 100 lm thickness was used for

packaging of khoa at two different storage conditions, i.e.

30 �C/7 days and 5 �C/21 days. Packaging material was

treated with UV light for using laminar air flow before

being used. All the trials were carried out in triplicates.

Compositional analysis

Fat, lactose, ash, total solids, pH and acidity of khoa was

determined by the methods as described in Indian Standard

(IS: SP: 18 part XI 1981). Moisture and protein content of

khoa was determined by Indian Standard (IS: 16072 2012

and AOAC 1970), respectively. The gross composition of

three types of khoa prepared from buffalo is presented in

Table 1.

Physico-chemical analysis during storage

Acidity, pH and ash

pH, acidity and ash of khoa was determined by the methods

described in Indian Standard (IS: SP: 18 part XI 1981).

Tyrosine value

Tyrosine content was evaluated in the khoa filtrate using

the enzyme trypsin according to the method of Lowry et al.

(1951), followed by Choudhary et al. (2016). The absor-

bance of the developed colour was read at 750 nm in

spectrophotometer. Standard curve of tyrosine concentra-

tion was drawn for a range from 10 to 130 lg tyrosine per

mL and results were represented as lg/g of khoa.

SDS–PAGE

SDS–PAGE was performed according to the method

described by Simon (2004) on 12.5% gel concentration.

Casein samples were prepared from khoa samples by fol-

lowing the method of Gupta and Ganguli (1965). 20 ll of
sample was injected in the wells of the gel.

Hydroxy methyl furfural (HMF)

HMF content in khoa was evaluated according to the

spectrophotometric method of Keeney and Bassette (1958)

with slight modification as described by Choudhary et al.

(2017b). Optical density was measured at 443 nm and a

standard curve was prepared. Standard curve of HMF was

drawn for a range from 0.5 to 50 lM/L and results were

represented as micromoles HMF.

Furosine

Furosine in khoa was evaluated by the method of Choud-

hary et al. (2017b). Standard curve of furosine was drawn

from a range of 0.5–200 mg furosine/L and the final results

were represented as mg furosine/100 g of protein.
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Peroxide value

Peroxide value in khoa was evaluated by the method as

described in IS: 3508 (1966). Final results were represented

as milliequivalent of oxygen per kg of fat.

FFA value

Free fatty acid of the khoa was evaluated by the method as

described in IS: 3508 (1966). The FFA content was rep-

resented as percent oleic acid.

TBA value

The extent of secondary oxidation of fat in Khoa was

measured in terms of TBA value according to the method

of Choudhary et al. (2016). TBA value was represented as

absorbance at 532 nm.

Fatty acid profile

Fatty acid profile of khoa was determined by the method of

DeMan (1961) as modified by Choudhary et al. (2016) in

packed glass column (10% DEGS, 1.85 m length and

3.10 mm inner diameter) using GC-NETEL equipped with

flame ionization detector and temperature control modules.

Texture profile analysis

Texture profile analysis (TPA) was conducted as per the

method of Choudhary et al. (2017a) using a texture ana-

lyzer TAXT21 (Stable Micro Systems, Godalming, Surrey,

UK) fitted with a 25 kg load cell and was calibrated with

5 kg standard dead weight prior to use. A minimum of

three replicates per sample was run.

Statistical analysis

Means and standard error mean (SEM) were calculated

using Microsoft excel (2007, Microsoft Corp., Redmond,

WA). Significant difference between values was verified by

one way or two way analysis of variance and comparison

between means was made by critical difference value

(Snedecor and Cochran 1994).

Results and discussion

Physico-chemical analysis of khoa during storage

The average fat, protein, lactose, total solids, moisture and

ash content of fresh, acidic and neutralized buffalo milk

khoa are presented in Table 1. Fresh, acidic and neutralizedT
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buffalo milk khoa sample did not show significant differ-

ence (p[ 0.05) in fat and protein content (Table 1),

whereas lactose content of fresh buffalo milk khoa samples

differed significantly (p\ 0.05) from their respective khoa

samples from acidic and neutralized milk. This might be

due to conversion of some lactose into lactic acid during

development of acidity in milk prior to acidic and neu-

tralized milk khoa preparation. Moisture and ash content of

fresh, acidic and neutralized khoa samples differed sig-

nificantly (p\ 0.05) indicating higher moisture and ash

content in neutralized samples which might be due to the

presence of neutralizer, which increased the moisture

retention and ash content in khoa samples from neutralized

milk while lower moisture content in khoa samples from

acidic milk could be explained by the fact that decrease in

pH resulted in lower moisture and yield (Sachdeva and

Singh 1988).

During storage of khoa samples at 30 �C/7 days

(Fig. 1a-i) and 5 �C/21 days (Fig. 1b-i) a significant

decrease (p\ 0.05) in pH and an increase (p\ 0.05) in

acidity (Fig. 1a, b-ii) was observed. These differences in

acidity and pH might be due to microbial growth in sam-

ples during storage as the nutritive value and water activity

(0.96) of khoa is very high which is favorable to microbial

growth. Similar observations were reported by Acharya

and Agarwal (2010) in khoa packed in low density poly-

thene (LDPE) and stored at 25 �C for 30 days. Gawande

et al. (2015) and Arora et al. (2007) also reported similar

observations in kalakand and burfi (khoa based sweet-

meats). During storage, ash content of khoa (Fig. 1a-iii,

B-iii) increased significantly (p\ 0.05). This might be due

to the release of moisture during storage. Moisture is sig-

nificantly affected by storage temperature and period.

Therefore with increase in storage period, moisture

decreased and ash increased since moisture plays an

important role in determination of ash content. Gaikwad

and Hembade (2013) also reported an increase (p\ 0.05)

in ash content of Ujaini basundi (a heat desiccated milk

product) with corresponding decrease in moisture content

during storage. Results correlate well with those of

Rajorhia et al. (1990) who also reported high pH and ash in

neutralized buffalo milk khoa and higher acidity in acidic

buffalo milk khoa.

HMF and Furosine are the browning indicators in milk

and milk products and exhibited significant increase

(p\ 0.05) in all the khoa samples and during storage

(Fig. 1a, b-v, vi). However, the extent of increase was more

pronounced (p\ 0.05) during storage at 30 �C (Fig. 1a-v,

vi) as compared to 5 �C (Fig. 1b-v, vi). HMF and furosine

were significantly lower (p\ 0.05) in fresh milk khoa

followed by acidic and neutralized milk khoa. Natural

souring of milk at 30 �C enhanced the fermentation of

lactose by lactic acid bacteria converting lactose into glu-

cose, galactose and lactic acid. Glucose and galactose,

being monosaccharides are more prone to maillard

browning (Choudhary et al. 2017b). This could be the

reason for higher HMF and furosine in acidic milk khoa,

whereas, presence of neutralizers in milk resulted in

shifting of pH towards alkaline values which generally

favored maillard reaction (Choudhary et al. 2017b). Hence,

the added effect of presence of monosaccharides (glucose

and galactose) and neutralizers in milk resulted in higher

concentration of HMF and furosine in khoa samples pre-

pared from neutralized milk. Our findings were supported

by Guerra-Hernández et al. (2002) who also reported an

increase (p\ 0.05) in HMF and furosine content in pow-

dered and liquid infant formula during storage. They

observed that the extent of increase was higher when stored

at 55 �C than at 20 �C for 90 days. However, the furosine

content in infant formula (701 mg/100 g of protein) was

comparatively higher (p\ 0.05) than khoa samples (in the

present study) due to the intense maillard reaction occur-

ring in these low moisture foods. Khoa has comparatively

high water activity (0.96) which probably resulted in lower

furosine content as compared to powdered infant formula

(aw 0.2) (Gurtler and Beuchat 2007).

Peroxide value (PV) is a measure of primary oxidative

deterioration of milk fat whereas Free Fatty Acids (FFA) in

khoa is an indicator of the lipolytic activity due to the

presence of microorganisms. The PV and FFA content of

three types of khoa differed significantly (p\ 0.05)

(Fig. 1a-vii, viii). It was evident from the results that

neutralized samples showed lower (p\ 0.05) peroxide

value than acidic and fresh samples. Added neutralizer in

milk resulted in intense maillard reaction in khoa. Maillard

reaction is a type of non-enzymatic browning reaction

between reducing sugars and amino acids, forming various

chemical complexes/compounds known as maillard reac-

tion products (MRPs). These MRPs are known to impart

antioxidant activity in food products (Maillard et al. 2007).

Intense maillard reaction in neutralized samples resulted in

production of MRPs such as dicarbonyls which probably

prevented the formation of peroxides during oxidation

(Choudhary et al. 2016).

bFig. 1 Physicochemical properties of khoa stored at a 30 �C/7 days.

b 5 �C/21 days. (i) pH. (ii) Acidity. (iii) Ash. (iv) Tyrosine value.

(v) HMF. (vi) Furosine. (vii) Peroxide value. (viii) FFA. Data are

presented as mean ± SEM (n = 3). a–cDifferent lowercase letters

denote significant difference (p\ 0.05) between groups (No. of days

(0, 7th, 14th and 21st) of storage at refrigerated temperature (5 �C/
21 days). Error bars show the variations of three determinations in

terms of standard error of mean. A–CDifferent uppercase letters denote

significant difference (p\ 0.05) across subgroups [(FBMK, ABMK

and NBMK)]. FBMK fresh buffalo milk Khoa, ABMK acidic buffalo

milk Khoa, NBMK neutralized buffalo milk Khoa
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During storage at 30 �C/7 days (Fig. 1a-vii) as well as

refrigerated temperature storage at 5 �C/21 days (Fig. 1b-

vii) significant increase (p\ 0.05) in peroxide value was

observed in all the khoa samples, however, the extent of

oxidation was more pronounced at 30 �C as compared to

5 �C. Similarly, the rate of autoxidation was rapid in the lal

peda samples (a khoa based sweet) stored at higher tem-

perature (37 �C) as compared to samples stored at 4 �C
(Jha et al. 2014). Similar trend in peroxide value was also

observed by Acharya and Agarwal (2010) for khoa samples

stored at 25 �C in polythene material and Kumar et al.

(1975) for khoa samples stored in parchment paper for

5-10 days at 37 �C.
FFA was significantly higher (p\ 0.05) in khoa sam-

ples prepared from acidic milk (Fig. 1a-viii). This could be

due to higher microbial count in acidic milk (due to

induced acidity) used for the preparation of khoa. In case of

neutralized milk; acidic milk was neutralized using sodium

bicarbonate which formed sodium salts of fatty acids. FFA

has a tendency to form suitable salts with bases which

serve as the basis for determination of FFA content. These

particular salts were highly water soluble and were not

extracted with organic solvents during solvent extraction

process. This probably resulted in lower titration value of

alkali (0.1 N NaOH) used during titration.

Significant increase (p\ 0.05) was observed in FFA

content of khoa stored at 30 �C (Fig. 1a-viii) and 5 �C
(Fig. 1b-viii). Continuous stirring and scrapping of milk

during khoa preparation, resulted in rupturing of fat cells

eventually releasing free fat in the final product. This free

fat in addition to the inherent moisture in khoa initiated the

lipolysis, which is very much affected by storage temper-

ature. Therefore, the extent of lipolysis was higher at room

temperature storage (30 �C) as compared to refrigerated

storage at 5 �C. Indigenous milk lipase is inactivated by

heat treatment during the manufacture of khoa. It is mainly

microbial and fungal lipase which causes an increase of

FFA in dairy products during storage (Hanus et al. 2008).

Hydrolysis of milk fat was catalyzed by lipase resulting in

formation of glycosides and FFA. This led to an increase in

FFA during storage. Similar trend of increase in FFA was

observed by Kumar et al. (2010) in khoa during storage at

different temperature and Jha et al. (2014) in lal peda (a

Khoa based sweet) stored at 37 �C and 4 �C.
The extent of secondary oxidation in fat rich dairy

products is characterized by TBA value. Non-significant

differences (p[ 0.05) was observed in the TBA values of

all three types of khoa samples (Table 2a, b). During

storage of khoa samples at 30 �C (Table 2a), non-signifi-

cant difference (p[ 0.05) was observed in TBA value up

to the 3rd day of storage and from 5th day onwards all the

khoa samples exhibited significant increase (p\ 0.05) in

TBA values. During refrigerated storage (Table 2b) non-

significant increase (p[ 0.05) was observed in all the three

types of buffalo milk khoa samples up to the 14th day of

storage. However, on the 21st day a noteworthy increase

(p\ 0.05) was observed in TBA vale of stored khoa

samples. Kumar et al. (2010) reported a similar trend in

khoa samples packed and stored at 32 �C and 11 �C/
180 days under vacuum. Khan et al. (2008) observed a

Table 2 Changes in TBA value

of khoa stored at (A) 30 �C/
7 days and, (B) 5 �C/21 days

Periods of analysis TBA value (O. D.)

0 day 3rd day 5th day 7th day

(i) (A) Sample

FBMK 0.007 ± 0.0005aA 0.011 ± 0.0005aA 0.016 ± 0.0006bA 0.021 ± 0.0003bA

ABMK 0.006 ± 0.0005aA 0.010 ± 0.0003aA 0.019 ± 0.0003bA 0.023 ± 0.0005bA

NBMK 0.006 ± 0.0003aA 0.011 ± 0.0007aA 0.018 ± 0.0003bA 0.024 ± 0.0003bA

Periods of analysis TBA value (O. D)

0 day 7th day 14th day 21st day

(ii) (B) Sample

FBMK 0.003 ± 0.0005aA 0.007 ± 0.0005aA 0.013 ± 0.0006aA 0.019 ± 0.0004bA

ABMK 0.006 ± 0.0005aA 0.009 ± 0.0003aA 0.015 ± 0.0007aA 0.021 ± 0.0006bA

NBMK 0.005 ± 0.0003aA 0.007 ± 0.0007aA 0.016 ± 0.0003aA 0.020 ± 0.0003bA

Data are presented as mean ± SEM (n = 3)

FBMK fresh buffalo milk Khoa, ABMK acidic buffalo milk Khoa, NBMK neutralized buffalo milk Khoa
A-CMeans within column with different upper case superscript are significantly different (p\ 0.05) from

each other
a-bMeans within row with different lower case superscript are significantly different (p\ 0.05)
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similar trend in groundnut burfi stored at ambient tem-

perature (15–34 �C) for 6 months in polypropylene pou-

ches, Jha et al. (2014) also reported similar observations for

lal peda (a khoa based delicacy) stored at 37 �C/9 days and

4 �C/31 days in paper board boxes.

Proteolytic changes during storage

The extent of proteolysis in khoa was measured by SDS–

PAGE. The SDS–PAGE gels (Fig. 2) revealed that casein

(CN) isolated from the three different types of khoa sam-

ples stored at 30 �C and 5 �C, fractionated into casein and

whey protein fractions. Casein protein was majorly frac-

tioned as as-casein (as-CN), b-casein (b-CN) and j-casein
(j-CN) while whey protein fractions i.e. serum proteins,

beta lactoglobulin (b-lg) and alpha-lactalbumin (a-la)
might have appeared in the SDS–PAGE gels from the heat

induced interaction between CN and whey proteins in milk

during preparation of khoa.

No evident degradation was observed in the SDS–PAGE

gels (performed for khoa samples stored at 30 �C/7 days)

for serum albumin, a- and b-casein, b-lg and a-la fractions

of fresh buffalo milk khoa casein. However, in j- casein no
visible degradation was observed up to 3rd day of storage

(Fig. 2a-i) and from 5th day onwards an additional faint

band appeared below the band of j- casein up to 7th day

indicating degradation of j-casein, which might be due to

proteolysis in samples during storage at 30 �C/7 days.

Similarly, no evident degradation was observed in the

SDS–PAGE gels of serum albumin, a, b, j-casein, b-lg and
a-la fractions during storage of acidic (Fig. 2a-ii) and

neutralized buffalo milk khoa (Fig. 2a-iii) up to 7th day of

storage. Similarly, under refrigerated storage (5 �C/
21 days) no visible degradation was observed for isolated

protein fractions from respective khoa samples at different

time intervals (Fig. 2b-iv, v, vi). The results observed were

in accordance with Tossavainen and Kallioinen (2007) and

Oh et al. (2014) who reported that the extent of proteolysis

(SDS–PAGE patterns) increased at higher temperature of

storage and were almost constant under refrigerated storage

for UHT milk and cheese. It was evident from SDS–PAGE

of khoa that the extent of proteolysis in khoa was not as

extreme as in case of cheese which could be observed even

Fig. 2 SDS–PAGE of fresh, acidic and neutralized buffalo milk khoa

during storage at a 30 �C/7 days, b 5 �C/21 days. Where, (i) FBMK

stored at 30 �C/7 days. (ii) ABMK stored at 30 �C/7 days. (iii)

NBMK stored at 30 �C/7 days. (iv) FBMK stored at 5 �C/21 days.

(v) ABMK stored at 5 �C/21 days. (vii) NBMK stored at 5 �C/
21 days. FBMK fresh buffalo milk Khoa, ABMK acidic buffalo milk

Khoa, NBMK neutralized buffalo milk Khoa
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at room temperature (30 �C/7 days) or refrigerated storage

(5 �C/21 days).

Hence, Tyrosine value was determined in khoa samples

during storage as level of tyrosine could be an effective

indicator for the extent of proteolysis in milk proteins due

to the microbial enzymes present in khoa (Choudhary et al.

2016). Due to high nutritive value and water activity of

khoa, it is conducive to the growth of bacteria. Khoa
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Fig. 3 Changes in textural attributes of khoa stored at a 30 �C/
7 days, b 5 �C/21 days, where, (i) Hardness. (ii) Springiness. (iii)

Cohesiveness. (iv) Gumminess. (v) Chewiness. Data are presented as

mean ± SEM (n = 3). a–cDifferent lowercase letters denote signifi-

cant difference (p\ 0.05) between groups (No. of days (0, 7th, 14th

and 21st) of storage at refrigerated temperature (5 �C/21 days). Error

bars show the variations of three determinations in terms of standard

error of mean. A–CDifferent uppercase letters denote significant

difference (p\ 0.05) across subgroups ((FBMK, ABMK and

NBMK)]. FBMK fresh buffalo milk Khoa, ABMK acidic buffalo

milk Khoa, NBMK neutralized buffalo milk Khoa)

1310 J Food Sci Technol (March 2019) 56(3):1302–1315

123



prepared from fresh, acidic and neutralized buffalo milk

differed significantly (p\ 0.05) in tyrosine value. Tyrosine

value was observed to be significantly higher (p\ 0.05) in

acidic milk khoa (Fig. 1a-iv, B-iv), which might be due to

the use of sour milk for preparation of aforesaid khoa.

During natural souring of milk, lactose is broken down to

monosaccharides i.e. glucose and galactose, doubling the

concentration of these reducing sugars in milk and making

acidic milk more vulnerable to proteolysis (Tossavainen

and Kallioinen 2007).

Significant increase (p\ 0.05) was observed in the

tyrosine value of khoa stored at 30 �C/7 days (Fig. 1a-iv)

and 5 �C/21 days (Fig. 1b-iv) which might be due to

microbial growth in samples during storage. Proteolysis in

terms of tyrosine value was more pronounced during

storage at room temperature (30 �C) as compared to
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refrigerated storage owing to higher microbial activity at

former storage conditions (Choudhary et al. 2016). Our

results correlated well with those of Tossavainen and

Kallioinen (2007) who reported that the development of a-
amino nitrogen/total nitrogen reflected the total proteolytic

activity in milk during storage. This activity may originate

from milk itself (indigenous proteases) or from microbial

contamination of milk. They also reported an increase of

proteolysis in lactose hydrolysed UHT milk as compared to

lactose unhydrolysed UHT milk during storage at 22 �C,
30 �C and 45 �C/4 weeks revealing higher proteolysis in

UHT milk stored at higher temperature (45 �C).

Textural changes of khoa during storage

Textural attributes are one of the most important accep-

tance characteristics of khoa from consumer’s point of

view. Changes in textural attributes during storage at

30 �C/7 days as well as 5 �C/21 days of khoa are presented

in Fig. 3a, b, respectively. The textural attributes such as

hardness, springiness, cohesiveness, chewiness and gum-

miness differed significantly (p\ 0.05) in all three types of

khoa indicating significantly (p\ 0.05) higher values in

acidic milk khoa. Similar observation was reported by

Rajorhia et al. (1990) for acidic milk khoa samples.

Comparatively lower moisture content of acidic milk khoa

resulted in higher total solids and higher hardness

(Table 1). Considering the texture, pH plays a significant

role in moisture retention in khoa (Choudhary et al. 2017a).

The hardness values increased significantly (p\ 0.05)

throughout the storage period (Fig. 3a-i, b-i) due to

decrease in moisture and subsequent increase in total

solids. This was in accordance with the findings of Gupta

et al. (1990) who had reported that the increase in hardness

of khoa correlated with the increase in total solids. Similar

observations were reported by Londhe et al. (2012) and Jha

et al. (2014) for peda (khoa based delicacy) during storage.

Springiness values of khoa manufactured from acidic

milk was highest (p\ 0.05) among all three types of khoa

samples used and reduced significantly (p\ 0.05)

throughout the storage period at 30 �C and 5 �C (Fig. 3a-ii,

3b-ii) which was due to its well defined granular texture.

Our results were in accordance with Rajorhia et al. (1990)

who also reported highest springiness in buffalo milk khoa

prepared from acidic milk. Lal peda, a khoa based delicacy

also resulted in decrease in springiness during storage at

37 �C and 5 �C (Jha et al. 2014). Cohesiveness values were

highest in acidic milk khoa, which might be due to the

moisture difference in the respective khoa samples owing

to the fact that moisture and cohesiveness of khoa shared a

negative correlation (Fig. 3a-iii, b-iii). Our results were in

accordance with earlier observations of Rajorhia et al.

(1990), Adhikari et al. (1994) and Garg et al. (1989).

Cohesiveness of khoa reduced consistently (p\ 0.05)

throughout the storage period due to loss of moisture in the

samples. However, the extent of decrease was higher dur-

ing storage at 30 �C owing to the greater moisture loss at

ambient temperature conditions. Our findings were in

consonance with those of Jha et al. (2014) who observed a

decrease in cohesiveness of lal peda during storage at both

37 �C and 5 �C.
Gumminess and chewiness of khoa prepared using

acidic milk was significantly higher (p\ 0.05) than other

khoa samples due to their comparatively higher total solids

content (Fig. 3a-iv, v, 3b-iv, v). Similar observations were

reported by Rajorhia et al. (1990). It was also observed that

with an increase in total solids, gumminess and chewiness

in khoa also increased (Gupta et al. 1990). Negative cor-

relation has also been suggested between moisture and

gumminess and chewiness of khoa (Adhikari et al. 1994).

During storage of khoa significant increase (p\ 0.05) was

observed in both these parameters. More variation in

gumminess and chewiness was observed for khoa stored at

30 �C (Fig. 3a-iv, v) as compared to khoa stored at 4 �C
(Fig. 3b-iv, v). Results were in accordance with Londhe

et al. (2012) and Jha et al. (2014) who reported an increase

in gumminess and chewiness during storage of brown peda

(30 �C) and in lal peda (37 �C and 5 �C), respectively.
Deteriorative textural changes were rapid at 30 �C in

comparison to 5 �C during storage. Gumminess and

chewiness both being secondary parameters derived from

hardness, cohesiveness and springiness therefore, slight

variation in anyone of them directly affected gumminess

and chewiness. Changes in textural parameters had dete-

riorative effect on the final product and the changes were

more pronounced at room temperature storage as compared

to refrigerated storage.

Fatty acid profile of khoa during storage

Fatty acid profile of fat extracted from khoa was deter-

mined in terms of major fatty acids present in milk fat i.e.

butyric, palmitic, stearic and oleic acid (Fig. 4). Concen-

tration of these particular fatty acids did not differ signif-

icantly (p[ 0.05) in khoa prepared using fresh, acidic and

neutralized buffalo milk except for butyric acid. Butyric

acid is a unique fatty acid of milk fat. Its concentration in

fat extracted from khoa prepared using acidic buffalo milk

was significantly higher (p\ 0.05) than fat extracted from

khoa prepared from fresh and neutralized milk, which may

be due to greater microbial count in acidic milk (induced

acidity) used for the preparation of khoa. Butyric acid

increased significantly (p\ 0.05) in fresh, acidic and

neutralized buffalo milk khoa fat samples up to 5th day of

storage at 30 �C/7 days (Fig. 4a-i) however, from 5th day

onwards butyric acid decreased significantly (p\ 0.05).
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Non-significant difference (p[ 0.05) was observed in

butyric acid up to 14th day of storage in case of fresh and

neutralized buffalo milk khoa fat samples during refriger-

ated conditions (Fig. 4b-i), however, significant increase

(p\ 0.05) was observed on 21st day of storage.

During storage at 30 �C, the increased lipolytic activity

may be connected to the increase in lipase activity.

Increase in lipolytic activity during storage resulted in an

increase in FFA concentration which contributed to the

increase in butyric acid concentration. Butyric acid is sol-

uble in ethanol and diethyl ether and was probably

extracted in the fat portion during solvent extraction of fat

and contributed to the increased butyric acid concentration.

Considering the fatty acid profile of milk, palmitic acid

(16:0) is one of the most important and contributes

approximately 30% to the total fatty acids from quantita-

tive view point. Non-significant differences (p[ 0.05)

were observed in palmitic, stearic (saturated fatty acid) and

oleic acid content of fat derived from khoa prepared from

fresh, acidic and neutralized buffalo milk. Palmitic acid

content exhibited non-significant increase (p[ 0.05)

throughout storage (Fig. 4a, b-ii). Similar results were

observed by Omer Abdelaziz and Hamid (2013) in Suda-

nese white cheese stored in plastic cans at room tempera-

ture for 28 days. In case of stearic acid, significant increase

(p\ 0.05) was observed in all the khoa fat samples stored

up to 7th day of storage at 30 �C (Fig. 4a-iii) while in case

of khoa stored under refrigeration (Fig. 4b-iii) non-signif-

icant difference (p[ 0.05) was observed in fresh, acidic

and neutralized buffalo milk khoa fat samples up to 7th day

of storage and from 7th day onwards significant increase

(p\ 0.05) was observed in stearic acid.

During storage at 30 �C, oleic acid (mono-unsaturated

fatty acid) concentration decreased significantly (p\ 0.05)

up to 7th day of storage for khoa fat samples (Fig. 4a-iv).

However, during refrigerated storage (5 �C/21 days)

(Fig. 4b-iv) of fresh, acidic and neutralized buffalo milk

khoa, the samples showed non-significant difference

(p[ 0.05) up to 7th day of storage however, on further

storage all the khoa samples exhibited significant decrease

(p\ 0.05) up to 21st day of storage. Gulla and Waghray

(2011) also reported significant increase of stearic and a

decrease in oleic acid in oil blends of saturated, monoun-

saturated and polyunsaturated fatty acids stored in poly-

ethylene terephthalate (PET) bottles at room temperature

for 12 months. During storage, stearic acid content

increased while that of oleic acid decreased due to oxida-

tive cleavage of the fatty acids on storage (Gulla and

Waghray 2011).

Conclusion

It is evident from the present investigation that the devel-

opment of acidity and subsequent neutralization of milk

significantly affected (p\ 0.05) the physico-chemical

properties of khoa during storage. Developed acidity and

neutralization of milk resulted in deteriorative changes in

khoa. These deteriorative changes were more pronounced

at higher temperature of storage (30 �C) as compared to

lower temperature (5 �C). However, TBA value, SDS–

PAGE pattern and fatty acid profile of the three khoa

variants (from fresh/acidic/neutralized milk) were not

much affected except butyric acid content.
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