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Abstract

The present investigation was planned to study the influence of different levels of sago (0.8, 0.9, 1.0 and
1.1 g/ 100g khoa) and potato starch (19, 20 and 21g/ 100g khoa) on rheological properties of gluten-free
gulabjamun. Combination of guar gum: xanthan gum @ 0.05: 0.15% (w/w of khoa) resulted in the most
desirable sensory attributes from amongst all the levels of hydrocolloids studied. The rheological
properties of the standardized gluten-free gulabjamun were: hardness 3.82+0.083 N, springiness
8.017+0.10 mm, gumminess 1.40+0.01 N, cohesiveness 0.24+0.008, adhesiveness 0.16+0.013 Nmm and
chewiness 7.73+0.10 Nmm. Changes in rheological and sensory properties of gluten-free gulabjamun
packed in pre-sterilized polyethylene terephthalate (PET) bottles were monitored at refrigerated
temperature (7+2 °C). Scores for all the sensory attributes decreased during the storage period and it was
found that the product had a shelf life of 35 d. There was a significant (P<0.05) increase in hardness up to
21% d thereafter a decrease in hardness was observed. There was a significant (P<0.05) increase in
cohesiveness and gumminess up to 71" d which decreased thereafter. There was a significant (P<0.05)
increase in chewiness up to 71" d thereafter a decrease in chewiness was observed. There was a significant
(P<0.05) decrease in adhesiveness up to 7t d thereafter increase in adhesiveness was observed. The
springiness of gluten-free gulabjamun followed a non-linear pathway there was a significant (P<0.05)
effect during storage period.

Keywords: Gluten-free, rheology, stabilizers, gulabjamun, sago, potato starch, guar gum

Introduction

Gulabjamun, a popular traditional Indian sweet. It has been made in India for generations
mainly in the home and confectionaries. Gulabjamun is traditionally prepared from dhap
variety of khoa by kneading with refined wheat flour (maida) which is used as a binding
material. The gross chemical composition of gulabjamun varies widely depending on a
number of factors, such as composition and quality of khoa used, type and proportion of
ingredients and concentration of sugar syrup. The most liked product should have brown
colour, smooth and spherical shape, soft and slightly spongy body, free from both lumps and
hard central core, uniform granular texture, with cooked flavour and free from doughy feel and
the sweet should be fully succulent with sugar syrup with optimum sweetness. The texture of
gulabjamun is judged mainly on its sponginess and juiciness, with crumbliness and gumminess
being the main negative attributes (Ghosh et al. 1986 and Patel et al. 1992) 24, Traditionally
gulabjamun is prepared using maida (refined wheat flour) as a binding agent. Gluten is the
protein present in wheat that holds the dough together and makes the flour pliable and thick
and gives it the ability to be kneaded and to accept injected air. Gulabjamun which is prepared
using maida as an ingredient is not suitable for people suffering from celiac disease for people
who are fasting. In India sago, potato starch, shingada (water chestnut), makhana (lotus seeds)
and amaranth are permitted during fasting. These ingredients are rich in starch and have good
binding properties. Moreover, these ingredients are gluten-free.

In manufacture of gluten-free gulabjamun, wheat flour was replaced with sago and potato
starch as binding agents, therefore the dough obtained did not have the desired pliability which
is obtained when maida is used as binder. Since potato starch lacks protein and sago has very
little protein i.e. 0.3%, they are not capable of forming typical porous structure of gulabjamun
that imparts typical body and texture characteristics to gulabjamun and contributing the texture
that wheat proteins develop. Moreover, sago and potato starch are different from wheat starch
in terms of the size and shape of their granules, so their gelatinization properties, water
absorption rate and swelling capacity are not the same.
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Consequently, replacing part of the wheat flour with
sago/potato starch changes the rheological properties of the
dough drastically (Mukprasirt et al. 2000) 24,

Many food ingredients and additives can be used to improve
the quality of fried foods, but hydrocolloids are the principle
category of functional agents that have been widely used in
literature (Varela and Fiszman, 2011) 2. Hydrocolloids have
been shown to influence the gelatinization of starches. It is
well known that addition of hydrocolloids to starch
suspensions causes a synergistic increase in viscosity (Liu et
al. 2003) 2, A combination of hydrocolloids (gums) is used
in starch-based products to improve stability, modify texture,
facilitate processing and improve its gelatinization and
rheological properties (Kruger et al. 2003; Shi and BeMiller,
2002) 116251 The use of such combinations was found in food
products such as bakery and cereal products, fruit fillings,
sauces, frozen foods, and confectionary products (Ward and
Andon, 2002) 8, In gluten-free dough, it is necessary to
adjust recipes by adding xanthan gum and extra eggs to
recipes to add the elasticity (Emerson, 2006) . Use of
hydrocolloids such as xanthan gum and methylcellulose gave
good results in products in which wheat flour was replaced
with other cereals such as rice flour (Mukprasirt et al. 2000
and 2001; Amboon et al. 2010) [?%.22.2],

It was observed that when sago and potato starch were used as
binders for preparation of gluten-free gulabjamun, the
experimental products had a hard crust. This resulted in
gulabjamun with incomplete sugar syrup absorption. The
products had a hard central core with a very pasty interior and
were found to lack in desirable sweetness and porosity. The
absence of gluten in sago/ potato starch based dough entails a
lower ability to provide desirable body and texture to the
product, so to obtain dough with optimum properties, an agent
that will give the formulation the required consistency needs
to be added.

Texture is a very essential sensory parameter. It can influence
the quality of the final product with respect to shelf life,
consumer acceptance as well as processing and handling
ability. Certain traditional foods exist wherein texture
determines the acceptability of food instead of flavor.
Textural attributes of any product needs to be studied
thoroughly in order to assess its mechanical behavior during
mastication and swallowing. It is also important to know
about the rheology of the product so that equipment can be
designed in accordance to its behavior under different
conditions. Product quality prediction is feasible if rheological
data is available under pre-determined manufacturing
conditions. Replacing maida with gluten-free ingredietnts like
sago and potato starch while preparing gluten free gulabjamun
introduces an additional ingredient in the matrix of casein and
milk fat. Rheological changes are expected in the developed
product. Keeping in view the above facts, this investigation
was planned to determine the effect of composition on the
rheological characteristics of developed product during
storage.

Materials and Methods

Fresh, raw mixed (cow and buffalo) milk was used as the base
material for manufacture of khoa. The average fat % of the
milk was 5.3+0.2 and average MSNF content was 8.6+0.05%.
Sago and potato starch powder were procured from local
market at Anand, Gujarat. The approximate composition of
the sago was 11% moisture, 0.4% total ash, 0.10% acid
insoluble ash, 98% starch, 0.30% protein, 0.20% crude fibre;
by weight, 100 ppm sulphur dioxide and 4.5-7 pH of aqueous

extract, and the approximate composition of potato starch was
18% moisture, 0.1% crude protein, 0.1% crude fat, 0.1%
crude fibre, 0.3% crude ash, 78.3% starch and 81.5%
carbohydrate; levels/kg. Guar gum and xanthan gum were
obtained from Hi Media Laboratories Pvt Ltd., Mumbai.
Good quality commercial grade cane sugar of ‘Madhur’ brand
was used for preparing sugar syrup. Refined vegetable
oil/Anand cottonseed oil (Anand Regional Co-operative
oilseeds growers’ Union Ltd. Ahmedabad) was used as frying
medium in gluten-free gulabjamun preparation.

Caramel flavour was prepared in the laboratory by burning
300g sugar on direct flame in a clean and dry stainless steel
vessel. After caramelization was completed (as indicated by a
dark brown colour) heating was stopped and 100ml water was
added and the ingredients were mixed thoroughly. The
mixture was cooled and stored in a clean and dry glass bottle
until use. Cardamom was procured from local market at
Anand, Gujarat.

Preparation of Khoa

Khoa was prepared using standardized milk (4.5% milk fat
and 8.5% MSNF) by heat desiccation in a steam jacketed
stainless steel open pan operated at 0.75 kg/cm? steam
pressure with continuous manual stirring and scrapping. The
process of heating stirring was continued till the product
acquired desired consistency (60-65% TS). At this stage
caramel flavour was added @ 1 ml/100g khoa and blended
thoroughly in the hot mass. The finished product was
subsequently transferred to enamel trays, worked till pat
formation stage. The samples were kept at room temperature
(25 to 30 °C) for 18-20 h and packaged in sanitized
polyethylene pouches. The pouches were then stored at
refrigerated temperature (4+2 °C) till use. The approximate
composition of khoa was 32.00£0.53%  moisture,
16.92+0.24% protein, 21.00+0.42% fat and 3.50£0.14% ash.
Control (C) gulabjamun was prepared using the method
reported by Aneja et al. (2002) B! using maida (refined wheat
flour) as a binding agent.

Process for manufacture of Gluten-Free Gulabjamun

For manufacture of gluten-free gulabjamun, sago paste and
potato starch paste were prepared as described below:

Sago beads were subjected to dry grinding in a mixer (sieving
through 80 mesh size sieve) to obtain sago powder (109).
Addition of (4 X the weight of sago) water (45 °C). The paste
was then soaked for one hour and Heating to 90 °C for 2-3
min to obtain sago paste. To obtain potato starch paste, potato
starch powder (20g) was mixing with calculated amount of
hydrocolloids as shown in Table 1 and equal amount of water
(45 °C) was added to form a paste. Heating to 70-75 °C for 3-
4 min with continuous stirring to obtain potato starch paste.
Dhap khoa (prepared from 4.5/8.5% fat/SNF milk) was
blended with the sago paste (1.0 g/100 g khoa) and potato
starch/hydrocolloid paste (20 g/100g khoa; guar gum @ 0.05,
xanthan gum @ 0.15g/100g khoa) and cardamom powder @
0.19/100g khoa. The mixture was kneaded to obtain dough.
The dough was kept at room temperature (28-32 °C) for 1.5 h
for proper resting. The dough was then portioned into balls of
approximate 10 g each and subjected to deep frying in
cottonseed oil at 125 to 130 °C for 10 to 12 min. The balls
were kept at room temperature (28-32 °C) for 5 min after
frying and then soaked in sugar syrup (62.5 °Brix) at 60 C for
1 h followed by filling in pre-sterilized PET bottles. The
product was stored in 7+2 °C.
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Compositional Analysis: Gulabjamun soaked in sugar syrup
were tempered at 40 °C for 20 min. They were then kept on a
sieve of about one square cm mesh to allow the sugar syrup to
drain for 10 min. The gluten-free gulabjamun were then cut
into small pieces and mixed thoroughly to form a paste, which
was then tested separately for different chemical constituents.
Total nitrogen/protein content was determined by semi-
microkjeldahl method AOAC (2002b), using Kjel-plus
digestion system (Model-KPS 006L, M/s.Pelican Instruments,
Chennai) and Kjel-plus semi-automatic distillation system
(Model- Distil M, M/s. Pelican Instruments, Chennai). Fat
content of gulabjamun was determined as per the procedure
described in AOAC (2002b). Ash content was determined by
procedure described in BIS (ISI: 1479-1961). The total solids
content was determined by standard procedure using
Mojonnier Milk Tester Model-D (Laboratory Manual, 1959).
Total carbohydrate was derived by difference of sum total of
the major constituents like moisture, protein, fat and ash from
100. The acidity of gluten-free gulabjamun and sugar syrup
was determined by method described in BIS (IS: 1479-1962)
for condensed milk. The pH of gulabjamun was measured
using Systronic digital pH meter, Model 335. The method
described by Franklin and Sharpe (1963) for cheese was used.
The homogenate prepared by diluting 20g sample in 20ml of
glass distilled water was subjected to pH measurement. For
the water activity measurement, the sample of gulabjamun
tempered at 25 °C temperature, was measured using Rotronic
Hygroskop  Model:  Hygrolab-3  (M/s.  Rotronicag,
Switzerland) connected to a sensing element (AW-DIO) with
a measuring range of 0-100% relative humidity (RH). The
method prescribed by Deeth et al. (1975) was used to estimate
the FFA content of burfi. Peroxide value was determined by
the method as described in Indian Standard: 1479 (Part II-
1961). The soluble nitrogen content of gulabjamun sample
was determined by the procedure outlined by Kosikowski
(1982) using three grams of sample.

For measuring the sugar syrup absorption, fried gulabjamun
balls (two for each treatment) with known weight was
transferred to 50 ml beaker containing sugar syrup, and
allowed to soak for overnight at room temperature.
Gulabjamun, after removing from syrup was allowed to drain
for 10 min. on wire gauge and then weighed. Increase in
weight of two gulabjamun over initial weight was taken as the
amount of sugar syrup absorbed by gulabjamun and
represented as percentage absorption of sugar syrup.

Texture profile Analysis: Five samples of each experimental
gulabjamun were subjected to uniaxial compression to 50% of
the initial sample height, using a Food Texture Analyzer of
Lloyd Instruments LRX Plus material testing machine,
England; fitted with 0-500 kg load cell. The force-distance
curve obtained for a two-bite deformation cycle employing a
Cross Head speed of 20 mm/min, Trigger 10 gf and 40%
Compression of the samples to determine various textural
attributes of gulabjamun held for 1 h at 23+1 °C and 55% RH.

Sensory Evaluation: The sensory panel was composed of
staff members and post graduate students working in the
institution. Judges who were familiar with desirable attributes
of gulabjamun were selected. The selection criterion was that
subjects had to be regular consumer’s of typical dairy sweets
as well as their similar behavior between sensory evaluation
sessions. The samples were subjected to sensory evaluation as
described in using a 9-point hedonic scale scorecard as
suggested by Stone and Sidel (2004). The judges were also
requested to note down their observations/ comments for each
attribute specified in the score card. The gluten-free
gulabjamun were tempered to 35+2 °C for judging. Samples
were served in odour free plastic cups covered with plastic
lid. The samples were labeled with random three-digit code.
The order of presentation of the samples was randomized
across subjects.

Shelf Life Studies: Gluten-free gulabjamun, which was
prepared using a combination of binders (viz. sago and potato
starch), was packed in composite polyethylene terephthalate
PET bottles (sterilized using a solution of 150 ppm available
chlorine solution for 10 min at 35 °C). The experimental
samples were studied for the storage related changes. The
samples packed in PET bottles were kept at refrigerated
temperature (7+2 °C). The compositional, physico-chemical,
rheological, sensory and microbial properties of fresh and
stored samples of gluten-free gulabjamun were monitored at
predetermined time interval after every 7" d. Stored gluten-
free gulabjamun was rejected on basis of sensory evaluation
as well as visible yeast and mold growth on the surface.

Statistical analysis: Statistical analysis of data was carried
out as per Steel and Torrie (1980) using completely
randomized design.

Results and Discussion

Preliminary trials were conducted using several hydrocolloids
viz. sodium alginate, pectin, carrageenan, guar gum and
xanthan gum. Four levels of hydrocolloids (Table 1) were
selected based on preliminary studies. To select the most
suitable hydrocolloids in gluten-free gulabjamun, five batches
of gulabjamun was prepared using pre-treated sago and potato
starch as described above. The calculated level of
hydrocolloids were added along with the soaking water used
for pre-treatment of potato starch before subjecting to
gelatinization, Gluten-free gulabjamun was prepared
according to procedure described in above. Control (C) was
prepared using maida as binder according to the procedure
described by Aneja et al. (2002) B! without incorporation of
any hydrocolloids. All the experimental products and control
were subjected to sensory evaluation by a panel of 10 judges
using a 9-point hedonic scale scorecard at a temperature of
35+2 °C. Three replications were conducted. The effect of
selected hydrocolloids and their combinations on acceptability
of gluten-free gulabjamun are presented in Table 1.

Table 1: Effect of selected hydrocolloids and their combinations on acceptability of gluten-free gulabjamun

. Sensory Attributes
Hydrocolloids (% by wt. of khoa) Flavour | Body And texture Colour and appearance Overall acceptability

Control 4+ ++++ +++H+ ++++

Guar gum (0.1%) + + ++ +

Xanthan gum (0.1%) + - + +

Guar gum: xanthan gum (0.05%: 0.05%) + + + +
Guar gum: xanthan gum (0.05%: 0.15%) + +++ ++ +++

Guar gum: xanthan gum (0.15%: 0.05%) + + + +
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++++ Highlyacceptable
+++ Acceptable

++ Moderately acceptable
+ Slightly acceptable

- Not acceptable

Use of guar gum @ 0.1% resulted in a product with hard body
whereas use of xanthan gum @ 0.1% resulted in a product
with very soft body. As the proportion of guar gum in the
blend increased viz. product containing guar gum: xanthan
gum (0.15: 0.05%) the hardness of gulabjamun increased
resulting in a product with hard body which lacked complete
sugar syrup absorption and a hard central core. This result is
consistent with those of Shi and Be Miller (2002) %, who
suggested that the greatly decreased peak viscosity when
negatively charged gums were added to potato starch was due
to the repulsion between phosphate groups on potato starch
and the negative charges on the gum molecules. Lee et al.
(2002) [ reported that xanthan gum (negatively charged)
reduced the paste viscosity of sweet potato starch
significantly, possibly through strong network formation with
starch, whereas guar gum (neutral gum) increased the
viscosity. In general, the literature studies the action of one or
more hydrocolloids and describes their effects, but without
stating the reason for the choice or attempting to describe the
relationship between the chemical composition or structure of
the different gums and their different effects in the fried
products (Varela and Fiszman, 2011) 2,

These results are also in corroboration with Casas et al.
(2000) BT who reported that mixtures of xanthan and guar gum
showed a higher combined viscosity than that occurring in
each separate gum. This synergistic interaction was affected
by the gum ratio in the mixture and dissolution temperature of
both gums. The intermolecular interaction between xanthan
and guar gum and the synergy increase of viscosity have
already been described in literature (Tako and Nakamura,
1984 and 1985; Khouryieh et al. 2006) [22 30 4],

Amongst these hydrocolloids guar gum and xanthan gum
when used in combination gave promising results. It can be
seen from Table 1 addition of guar gum: xanthan gum @
0.05: 0.15% (w/w of khoa) resulted in the most desirable
sensory attributes from amongst all the levels of hydrocolloids
studied. Hence, it was decided to add guar gum: xanthan gum
@ 0.05: 0.15% (w/w of khoa) in the formulation. In order to
optimize the level of sago and potato starch, potato starch and
sago were incorporated in gulabjamun at selected levels.
Potato starch and sago were added at the rate of (19, 20 and
21% wiw of khoa) and (0.8, 0.9, 1.0 and 1.1% w/w of khoa),
respectively.

Effect of addition of different levels of potato starch and
sago on rheological properties of gluten-free Gulabjamun
The effect of addition of different levels of potato starch and
sago on rheological properties of gluten-free gulabjamun viz.
hardness, chewiness, gumminess, adhesiveness, springiness
and cohesiveness content is presented in Table 2.

Hardness

The data presented in Table 2 shows how the average values
for hardness of gluten-free gulabjamun was affected by
incorporation of potato starch and sago at different level of
addition. The average values for hardness for different
samples of gluten-free gulabjamun were found to vary from
3.13 (P3S1) to 4.60 (P2S4). Addition of potato starch as well
as sago had a significant (P<0.05) effect on the hardness
values (N) of gluten-free gulabjamun. All the interactions

between potato starch and sago had significant (P<0.05)
effect on the hardness of gluten-free gulabjamun. The values
presented in Table 4.16 reveal that hardness was lowest (3.13
N) when gluten-free gulabjamun was made from dough
containing combination of 21% potato starch and 0.8% sago
(P3S1).

In the present investigation it was found that the experimental
samples could be attributed to more softness of gluten-free
gulabjamun prepared with sago and potato starch due to more
retention of moisture. The increase in moisture retention
could in part be ascribed to the water binding ability of
proteins. The reduction in hardness in experimental samples
of gluten-free gulabjamun could partly be attributed to
development of typical rheological characteristics in gluten-
free gulabjamun containing sago. The increase in hardness
can also be partly attributed to addition of potato starch.

These results corroborate with those reported by Patel et al.
(1992) 24 who reported that the hardness of market samples
of gulabjamun ranged from 4.89 to 15.80 N. Adhikari et al.
(1994) ™ reported that the hardness of market sample of
gulabjamun was 11.60+1.35 N, whereas, the hardness of
laboratory sample of gulabjamun was 9.80+1.10 N.
Chaudhary (2016) 61 reported that the average values of
hardness of gulabjamun made from different rate moraiyo
was ranging from 5.10 to 8.16 N. Yawale and Rao (2012) (34
investigated textural profile analysis of effect of maida level
in khoa powder gulabjamun mix and reported the hardness,
which ranged from 2.65 to 4.90 and 2.75 to 4.81 N,
respectively.

The results obtained in the present study corroborates with
those obtained by Chaudhary (2016) ®! and Yawale and Rao
(2012) B4, However, the results obtained in the present
investigation with respect to hardness of gulabjamun are
lower than those reported by Patel et al. (1992) 4 and
Adhikari et al. (1994) [,

The differences in hardness value of gluten-free gulabjamun
as affected by use of different binders for manufacturing of
gulabjamun. However, published data on hardness of gluten-
free gulabjamun as affected by addition of sago and potato
starch are not available for comparison.

Chewiness

Chewiness is the energy required to masticate a food to a state
ready for swallowing. It is a product of hardness (N),
springiness (mm) and cohesiveness (Larmoda, 1976) 8. The
data presented in Table 4.17 are the average values for
chewiness of gluten-free gulabjamun made with different
treatment combinations. The average values for chewiness for
different samples of gluten-free gulabjamun were found to
vary from 5.02 (P1S3) to 11.93 Nmm (P2S2).

Addition of potato starch as well as sago had a significant
(P<0.05) effect on the chewiness values of gluten-free
gulabjamun. The interactions between potato starch and sago
had statistically significant (P<0.05) effect on chewiness
values. The chewiness value was the highest (20.14 Nmm)
when gluten-free gulabjamun was made from dough
containing 20% potato starch and 1.1% sago. In addition,
value of chewiness is indirectly proportional to level of
binders used. The results observed in the present study
corroborates with those reported in literature. Patel et al.
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(1992) P4 studied the textural characteristics of market
sample of gulabjamun and reported that the chewiness of the
gulabjamun samples ranged from 1.17 to 14.21 Nmm.
Adhikari et al. (1994) M reported that the chewiness of
market sample of gulabjamun was found to be 18.71+5.12
Nmm, whereas, the chewiness of laboratory sample of
gulabjamun was 12.35+4.12 Nmm. Thus, in the present study
chewiness of gulabjamun prepared using potato starch and
sago as binders was within the range reported in the literature.

Gumminess

The mean values of gumminess of gulabjamun were ranging
from 0.72 (P1S3) to 2.32 N (P2S4) as the minimum and
maximum values respectively. Addition of potato starch as
well as sago had a significant (P<0.05) effect on the
gumminess (N) of gluten-free gulabjamun. The interactions
between potato starch and sago had statistically significant
(P<0.05) effect on gumminess values.

Amongst the different treatments studied, gumminess of
gulabjamun made from P1S3 was statistically lower. The
value for gumminess of gulabjamun was found to be
significant and positively correlated with flavour, body and
texture and overall acceptability scores of gulabjamun. Thus,
the results observed in the present study corroborates with
those reported in literature. Patel et al. (1992) 124 studied the
textural characteristics of market sample of gulabjamun. The
authors reported the gumminess of the gulabjamun samples
ranged from 0.38 to 2.05 N. Adhikari et al. (1994) [
investigated interrelationship among texture, composition and
microstructure of buffalo milk khoa and gulabjamun. The
gumminess of market sample of gulabjamun was found to be
5.45+1.62 N, whereas, the gumminess of laboratory sample of
gulabjamun was 3.43+1.36 N. Singh et al. (2009) 28] studied
the texture profile of gulabjamun made with the soy flour, and
reported that gumminess increased with increase in the level
of soy flour. Ghube et al. (2015) 129 examined the textural
characteristic of gulabjamun made from khoa blended with
wheat bran and reported that gumminess decreased with
increase in the rate of wheat bran. Adhikari (1993)
investigated the textural characteristic of khoa and
gulabjamun made from cow milk reported that gumminess of
laboratory and market sample gulabjamun was 0.35 and 0.39
N. Yawale and Rao (2012) 4 studied textural profile analysis
of effect of maida level in khoa powder gulabjamun mix and
reported the gumminess ranged from 0.25 to 0.30 N.
Chaudhary (2016) [ reported that the average gumminess of
experimental gulabjamun was ranged from 0.93 to 2.11 N.

Adhesiveness

Adhesiveness is the work necessary to overcome the attractive
forces between the surface of the sample and the other
materials with which the sample comes in contact. It is the
negative force area for the first bite curve (Larmoda, 1976)
(181 The data presented in Table 4.19 are the average values
for adhesiveness of gluten-free gulabjamun made with
different treatment combinations. The average values for
adhesiveness for different samples of gluten-free gulabjamun
were found to vary from 0.10 (P1S3) to 0.34 (P2S2). It can be
seen from data that addition of potato starch as well as has a
significant effect (P<0.05) on adhesiveness of gulabjamun.
Addition of potato starch reduces stickiness of the
gulabjamun which is more in case when gulabjamun prepared
solely from sago. Moreover, adhesiveness was having
negative correlation with sensory attributes of gulabjamun.
The interactions between potato starch and sago had

statistically significant (P<0.05) effect on chewiness values.
This correlation suggests that with the increase in
adhesiveness (i.e. stickiness), the sensory scores for body and
texture as well as overall acceptability decreases.

Thus, the results observed in the present study corroborates
with those reported in literature. Patel et al. (1992) 4 studied
the textural characteristics of market sample of gulabjamun.
The authors reported the adhesiveness of the gulabjamun
samples ranged from 0.39 to 1.43 Nmm. Adhikari et al.
(1994) ™M investigated interrelationship among texture,
composition and microstructure of buffalo milk khoa and
gulabjamun. The adhesiveness of market sample of
gulabjamun was found to be 0.60+£0.08 Nmm, whereas the
adhesiveness of laboratory sample of gulabjamun was
0.50+0.06 Nmm.

Springiness

Springiness refers to the height that the sample recovers
between the first and second compression on removal of the
deformation forces (Larmoda, 1976) ['8l. The data presented
in Table 4.20 are the average values for springiness of gluten-
free gulabjamun made with different treatment combinations.
The average values of springiness of gluten-free gulabjamun
were ranging from 7.19 mm (P1S3) to 8.91 (P2S2) being the
lowest and highest values respectively. Addition of potato
starch as well as sago had a significant (P<0.05) effect on the
springiness (mm) of gluten-free gulabjamun. The interactions
between potato starch and sago had statistically non-
significant (P>0.05) effect on springiness values. The values
of springiness of gulabjamun was found to be significant
(P<0.05) and positively correlated with sugar syrup
absorption of gulabjamun. The results observed in the present
study corroborates with those reported in literature. Yawale
and Rao (2012) 34 examined textural profile analysis of effect
of maida level in khoa powder gulabjamun mix and
mentioned that the increase the level of maida increased the
springiness of gulabjamun. Chaudhary (2016) ! reported that
the average springiness of experimental gulabjamun was
ranged from 6.64 to 8.19 mm. Patel et al. (1992) 24 studied
the textural characteristics of market sample of gulabjamun.
The authors reported the springiness of the gulabjamun
samples ranged from 2.79 to 7.88 mm. Adhikari et al. (1994)
[ investigated interrelationship among texture, composition
and microstructure of buffalo milk khoa and gulabjamun. The
springiness of market sample of gulabjamun was found to be
3.40+0.30 mm, whereas, the springiness of laboratory sample
of gulabjamun was 3.60+0.45 mm.

Cohesiveness

Cohesiveness refers to the extent to which a material can be
deformed before it ruptures (Larmoda, 1976) [8l. The data
presented in Table 4.21 are the average values for
cohesiveness of gluten-free gulabjamun made with different
treatment combinations. The average values for cohesiveness
for different samples of gluten-free gulabjamun were found to
vary from 0.17 (P1S3) to 0.34 (P3S4). Addition of potato
starch as well as sago had a significant (P<0.05) effect on the
cohesiveness of gluten-free gulabjamun. The interactions
between potato starch and sago had statistically non-
significant (P>0.05) effect on cohesiveness values. The
results observed in the present study corroborates with those
reported in literature. Singh et al. (2009) 21 examined the
texture profile of gulabjamun made with the soy flour and
reported that cohesiveness increased with increase in the level
of soy flour. Adhikari (1993) described the textural
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characteristic of khoa and gulabjamun made from cow milk
and reported that cohesiveness of laboratory and market
sample gulabjamun was 0.35 and 0.39. Yawale and Rao
(2012) B34 studied textural profile analysis of effect of maida

level in khoa powder gulabjamun mix, and reported the
cohesiveness ranged from 0.25 to 0.30. Chaudhary (2016) [
reported that the averages of cohesiveness experimental
gulabjamun were ranged from 0.18 to 0.25.

Table 2: Influence of varied levels of potato starch and sago on rheological properties of gluten-free gulabjamun

Average For Potato starch
Potato starch (P) (% by wt. of khoa) Sago (S) (% by wt. of khoa)
0.8 1.0 | 1.1
Hardness (N)
19 3.40+0.26 3.16+0.35 | 3.17+0.26 | 3.43+0.15 3.29
20 3.96+0.21 4.43+0.29 | 3.90+1.14 | 4.60+0.46 4.22
21 3.13+0.15 3.36+0.06 | 3.56+0.12 | 4.30+0.10 3.59
Average For Sago 3.50 3.54 411
CD (0.05) P=0.34; S=0.39; PxS = NS
Chewiness (Nmm)
19 7.22+40.11 8.32+0.11 | 5.02+0.14 | 9.43+0.10 7.50
20 9.53+0.35 11.93+0.38 | 7.73+0.10 | 8.06+0.06 9.31
21 7.37+0.18 8.46+0.24 | 5.75+0.21 | 9.54+0.09 7.78
Average For Sago 8.04 9.57 6.17 9.01
CD (0.05) P=0.17; S= 0.19; PxS = 0.33
Gumminess (N)
19 0.86+0.04 0.94+0.03 | 0.72+0.08 | 1.23+0.07 0.94
20 1.64+0.09 1.95+0.15 | 1.41+0.09 | 2.32+0.07 1.83
21 1.03+0.09 1.19+0.10 | 0.77+0.02 | 1.43+0.04 1.10
Average For Sago 1.18 1.36 0.97 1.66
CD (0.05) P=0.066; S=0.077; PxS = 0.130
Adhesiveness (Nmm)
19 0.13+0.06 0.13+0.02 | 0.10£0.01 | 0.24+0.05 0.15
20 0.16+0.06 0.34+0.07 | 0.16+0.05 | 0.29+0.02 0.24
21 0.19+0.05 0.29+0.08 | 0.12+0.03 | 0.31+0.04 0.23
Average For Sago 0.16 0.25 0.13 0.28
CD (0.05) P=0.040; S= 0.046; PxS = 0.080
Springiness (mm)
19 7.80+0.12 7.9240.11 | 7.19+0.13 | 7.56+0.21 7.62
20 8.81+0.12 8.91+0.07 | 8.00£0.13 | 8.57+0.13 8.57
21 8.14+0.04 7.91+0.12 | 7.33+0.03 | 7.59+0.30 7.74
Average For Sago 8.25 8.25 7.51 7.90
CD (0.05) P=0.119; S= 0.138; PxS = NS
Cohesiveness
19 0.23+0.04 0.23+0.02 | 0.17£0.03 | 0.25+0.04 0.22
20 0.27+0.02 0.28+0.03 | 0.25+0.03 | 0.32+0.03 0.28
21 0.26+0.03 0.27+0.02 | 0.23+0.03 | 0.34+0.05 0.27
Average For Sago 0.25 0.26 0.22 0.30
CD (0.05) P=0.025; S=0.029; PxS = NS

* Each observation is mean +SD of 3 replications. P = Potato starch, S = Sago

Effect of Storage on on Rheological Properties of Gluten-
free Gulabjamun

Changes in rheological properties during processing or on
storage of gluten-free gulabjamun can be considered a serious
problem. The changes in rheological properties of gluten-free
gulabjamun have a direct bearing on the acceptance of the
product, which signifies its importance. Looking to this, the
changes in rheological parameters of gluten-free gulabjamun
during storage were studied and the results referring to
hardness, cohesiveness, gumminess, chewiness, adhesiveness
and springiness are depicted in Table 4.32.

Hardness: As seen in Table 3 during storage of gluten-free
gulabjamun at refrigerated temperature, there was a
significant (P<0.05) increase in hardness up to 21% d
thereafter decrease. The hardness of freshly prepared gluten-
free gulabjamun increased from 3.90+0.02 (0" d) to
5.92+0.04 (21% d) N; thereafter decreased to 4.86+0.05 N on
35" d of storage. The increase in hardness of samples of
gluten-free gulabjamun during storage could be attributed to
the decrease in moisture content in gluten-free gulabjamun.
The observed increase in hardness during storage of product
might be a result of decrease in sugar syrup penetration after
certain time period. This is well supported by sugar syrup

absorption. This increase might be due to the decrease in fat
content, and reduction in moisture content (Gulhati et al.
1992) (11,

Vaja (2012) BY studied the effect of storage on hardness of
gulabjamun prepared from sweet cream butter milk khoa and
maida as binders. He reported that the hardness increased
significantly (P<0.05) from 4.226 (0" d) to 5.969 (28" d) N
during storage at refrigeration temperature (72 °C). Thus, the
results obtained in the present investigations corroborates
with those reported in literature.

Cohesiveness: During storage of gluten-free gulabjamun at
refrigerated temperature, there was a significant (P<0.05)
increase in cohesiveness up to 7™ d thereafter decrease (Table
3). The cohesiveness of freshly prepared gluten-free
gulabjamun increased from 0.17+0.02 (0* d) to 0.20+0.03 (71"
d) and thereafter, decreased to 0.14+0.02 on the 35" d of
storage. The observed changes in cohesiveness during storage
might be as a result of degradation of proteins.

Vaja (2012) B4 studied the effect of storage on cohesiveness
of gulabjamun prepared from sweet cream butter milk khoa
and maida as binders. He reported that the cohesiveness
significantly affected (P<0.05) by the treatment and storage
period refrigeration temperature from 0.116 (0™ d) to 0.193
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(28" d) during the storage at refrigeration temperature (7+2
°C).

Gumminess: During storage of gluten-free gulabjamun at
refrigerated temperature, there was a significant (P<0.05)
increase in gumminess up to 7" d thereafter decrease. The
gumminess of freshly prepared gluten-free gulabjamun
increased from 1.09+0.11 (0" d) to 1.47+0.05 (7" d) and
thereafter, decreased to 1.02+0.03 on the 35" d of storage.
The order of increase in gumminess value of gluten-free
gulabjamun after 35" d of storage at refrigeration had not
shown any adverse effect on organoleptic acceptability of the
product. Vaja (2012) BY studied the effect of storage on
gumminess of gulabjamun prepared from sweet cream butter
milk khoa and maida as binders. He reported that the
gumminess values for fresh gulabjamun were 6.410 N which
decreased significantly to 5.693 N after 28™ d of storage at
refrigeration temperature (72 °C).

Chewiness: The acceptability of gluten-free gulabjamun is
also determined by the chewiness. Any change induced
during processing and manufacturing of gulabjamun will be
therefore, critical from product quality point of view. The
effect of period of storage at refrigerated temperature on the
chewiness of gluten-free gulabjamun is depicted in the Table
3 indicated that during storage of gluten-free gulabjamun at
refrigerated temperature, there was a significant (P<0.05)
increase in chewiness up to 7" d thereafter decrease. The
chewiness of freshly prepared gluten-free gulabjamun
increased from 7.73+0.10 (0™ d) to 11.24+0.09 (7" d) and
thereafter, decreased to 8.25+0.09 on the 35" d of storage.
Vaja (2012) BY studied the effect of storage on chewiness of
gulabjamun prepared from sweet cream butter milk khoa and
maida as binders. He reported that the chewiness values for
fresh gulabjamun were 3.081 which decreased significantly to

7.951 N after 28™ d of storage at refrigeration temperature
(7£2 °C).

Adhesiveness: The effect of period of storage at refrigerated
temperature on the adhesiveness of gluten-free gulabjamun is
depicted in the Table 3 reveal that freshly prepared gluten-
free gulabjamun had adhesiveness value of 0.23+£0.09 which
was decreased significantly to 0.19+0.02 Nmm on 7" d of
storage, then after it increased to 0.40+0.01 Nmm on 35" d of
storage at refrigeration temperature (72 °C). An erratic
behaviour in adhesiveness of gluten-free gulabjamun stored at
refrigeration temperature was noticed during storage. Vaja
(2012) BY studied the effect of storage on adhesiveness of
gulabjamun prepared from sweet cream butter milk khoa and
maida as binders. He reported that gulabjamun stored at
refrigeration temperature, adhesiveness values increased from
0.250 to 1.729 Nmm after 28" d of storage at refrigeration
temperature (7£2 °C).

Springiness: Dairy products like gluten-free gulabjamun are
more liked when they are soft and spongy in nature and hence
this property is of great importance for the acceptability of the
product. So, to assess the extent of the effect of storage on
springiness of gluten-free gulabjamun samples after
production and during storage was determined and the results
obtained are tabulated in Table 4.32 for storage at 7+2 °C.
Gluten-free gulabjamun showed non-linear pattern for
springiness during storage at refrigeration temperature. The
springiness value was 7.17+0.08 mm on 0" d and 7.01+0.09
mm on 35" d of storage at refrigeration temperature (7+2 °C).
Vaja (2012) BY studied the effect of storage on springiness of
gulabjamun prepared from sweet cream butter milk khoa and
maida as binders. He reported that gulabjamun stored at
refrigeration temperature, springiness of fresh gulabjamun
were 6.410 which decreased significantly to 5.693 mm after
28™ d of storage at refrigeration temperature (7+2 °C).

Table 3: Effect of storage period on rheological properties of gluten-free gulabjamun at refrigerated temperature (72 °C)

Attributes - - Stl°4r age period (Zdl) = = S.Em. | CD.(0.05) %%V)
Hardness (N) 3.90:002 | 4.60+010 | 5.33+0.09 | 592+0.04 | 5.70+0.10 | 4.86:0.05 | 0.04 0.13 149
Cohesiveness 0.1740.02 | 0.20:0.03 | 0.15:0.02 | 0.15£0.02 | 0.1420.02 | 0.14£0.02 | 0.01 NS 1507

Gumminess (N) | 1.090.11 | 1.47£0.05 | 1.45£0.07 | 1.450.05 | 1.22£0.04 | 1.02:0.03 | 0.04 0.12 5.22
Chewiness (N mm) | 7.7320.10 | 11.24%0.09 | 10.24+0.10 | 10.07+0.12 | 9.260.09 | 8.25£0.09 | 0.0 0.16 0.95
Adhesiveness (N mm) | 0.23£0.09 | 0.19+0.02 | 0.21+0.03 | 0.24+0.07 | 0.37%0.02 | 0.40:0.01 | 0.03 0.0 | 1947
Springiness (mm) | 7.17£0.08 | 7.504004 | 7.17£0.08 | 7.20:0.10 | 7.10£0.10 | 7.012009 | 0.05 0.15 116

Each observation is a mean + SD of three replicate experiments (n=3)

Effect of Storage on Sensory Attributes of Gluten-free
Gulabjamun

The data on the sensory quality of gluten-free gulabjamun
referring to flavour, body and texture, colour, appearance and
overall acceptability after a storage period 35 d at
refrigeration temperature (7£2 °C) are depicted in Table 4.
The mean value presented revealed that flavour score of
gluten-free gulabjamun was significantly (P<0.05) reduced
during the storage period. During storage of gluten-free
gulabjamun, flavour score up to 35" d was noticed and
thereafter the product became unacceptable due to visible
mold growth. The decrease in flavour score could be
attributed to slight loss of freshness, which is essential with
any food product. In fresh product, the compounds formed
during browning reactions are responsible for the typical
flavour of the product, but as storage period progresses, the
chemical reactions disturbed the delicate balance of the

compounds. However, the observed decrease in body and
texture score of gluten-free gulabjamun during storage of
product at refrigeration temperature might be a result of
various chemical and microbial changes. The decline in score
at refrigeration temperature could be mainly attributed to the
gradual increase in hardness, cohesiveness and chewiness
which resulted into a harder and chewier product.

It can be seen from Table 4 that body and texture score of
gluten-free gulabjamun was significantly (P<0.05) influenced
by the storage period at refrigeration temperature (7+2 °C).
As observed from the Table 4, the body and texture score
decreased during storage period at refrigerated temperature.
During storage of gluten-free gulabjamun the body and
texture score decreased significantly from 8.13+0.06 on 0 d
to 6.57+0.12 on the 35" d of storage. The product became
dry, hard, sandy and brittle which might be ascribed to the
loss of moisture and possibly due to crystallization of added
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sugar at refrigerated temperature. This is because of dynamic
structural and conformational changes, which may or may not
be dependent on changes in moisture content (Navajeevan and
Rao, 2005) %1, The drop in score at refrigeration temperature
could be mainly attributed to the gradual increase in hardness
and gumminess which resulted into a harder and gummier
product. It can be seen from Table 4 that there was a gradual
increase in textural parameters such as hardness and
gumminess up to the 21 d of storage, thereafter further
decrease in body and texture score of gluten-free gulabjamun
might be a result of various chemical and microbial changes.
The mean values obtained for colour and appearance scores
reveals that colour and appearance score of gluten-free
gulabjamun significantly (P<0.05) decreased during the
storage period. During storage of gluten-free gulabjamun at
refrigerated temperature, decreased in colour and appearance
score from 8.46+0.05 on 0" d to 7.50+0.10 on the 35" d of
storage was observed. The drop in scores during storage of
gluten-free gulabjamun can be attributed to microbial,
chemical and textural changes in the product. Moreover in the
present study, evaporation of moisture during storage might
have aggravated the appearance of the gluten-free gulabjamun
as presence of moisture enlivens the appearance of the
product by reflecting incident light.

The overall acceptability score of gluten-free gulabjamun

during storage at refrigeration temperature was found to
decrease with the increase in storage period. Fresh gluten-free
gulabjamun had an overall acceptability score of 8.20+0.15;
these values for overall acceptability were decreased
significantly to 6.10+0.10 after 35" d of storage. Table 4
indicate that storage period had a significant effect (P<0.05)
on overall acceptability score of gluten-free gulabjamun
stored at refrigeration temperature. The overall acceptability
scores of gluten-free gulabjamun was statistically different
(P<0.05) from each other and the mean scores at 0, 7, 14, 21,
28 and 35 days of storage were statistically different from
each other. However, the product was still acceptable by
judges on sensory basis. Thus, the samples were still
acceptable after 35 d of storage at refrigeration temperature.
The observed decline in overall acceptability of gluten-free
gulabjamun could partly attributed to development of change
in flavour owing to development of flat, insipid taste with
slight souring tinge, body and texture scores due to increase in
rheological properties like hardness, chewiness and
cohesiveness and also decrease in colour and appearance to
some extent, in gluten-free gulabjamun during storage.
Therefore, it can be concluded that the total score or in turn
the organoleptic attributes of the product follows the trend
that was evident in individual attributes of gluten-free
gulabjamun.

Table 4: Effect of storage period on sensory properties of gluten-free gulabjamun at refrigerated temperature (7+2 °C)

. Storage period (d)
Attributes 0 7 14 28 35 S.Em. | C.D.(0.05) | C.V. (%)
Flavour 8.23+0.06 | 7.774+0.06 | 7.23+0.06 | 6.77+0.06 | 6.43+0.06 | 6.13+0.06 | 0.03 0.10 0.81
Body and Texture 8.13+0.06 | 7.87+0.06 | 7.47+0.06 | 7.23+0.06 | 6.87+0.06 | 6.57+0.12 | 0.04 0.13 0.96
Colour and Appearance | 8.46+0.05 | 8.27+0.06 | 8.07+0.06 | 7.87+0.06 | 7.73+0.06 | 7.50+0.10 | 0.04 0.12 0.83
Overall acceptability 8.20+0.15 | 7.674+0.06 | 7.13+0.06 | 6.73+0.06 | 6.33+0.06 | 6.10+0.10 | 0.04 0.13 1.06

Each observation is a mean + SD of three replicate experiments (n=3)

Conclusion

Thus, it can be concluded that gluten-free gulabjamun has a
shelf life of 35 d under refrigeration temperature (7+ 2 °C)
when packed in pre-sterilized polyethylene terephthalate
(PET) bottles. During storage there was a significant (P<0.05)
increase in hardness up to 21 d thereafter a decrease in
hardness was observed. There was a significant (P<0.05)
increase in cohesiveness and gumminess up to 7" d which
decreased thereafter. There was a significant (P<0.05)
increase in chewiness up to 7" d thereafter a decrease in
chewiness was observed.

References

1. Adhikari AK, Mathur ON, Patil GR. Interrelationship
among Instron textural parameters, composition and
microstructure of khoa and gulabjamun made from
buffalo milk. Journal of Food Science & Technology.
1994; 31(4):279-284.

2. Amboon W, Tulyathan V, Tattiyakul J. Effect of
hydroxypropyl methylcellulose on rheological properties,
coating pickup, and oil content of rice flour based batters.
Food and Bioprocess Technology, 2010.

Doi: 10.1007/s11947-010-0327-3.

3. Aneja RP, Mathur BN, Chandan RC, Banerjee AK.
Technology of Indian Milk Products. A Dairy India
Publication, Delhi, India, 2002.

4. AOAC. Method for micro kjeldahl method. Introduction
to the Chemical Analysis of foods, Association of
Official Analytical Chemists, USA, 2002b, 210-211.

5. Casas JA, Mohedano AF, Ochoa F. Viscosity of guar
gum and xanthan/guar gum mixture solutions. Journal of
the Science of Food and Agriculture. 2000; 80(12):1722-
1727.

6. Chaudhary C. Development of technology for
manufacture of gulabjamun utilizing moraiyo (panicum
miliare). Thesis submitted by SMC college of Dairy
Science, AAU, Anand, 2016.

7. Deeth HC, Fitz-Gerald CH, Wood AF. A convenient
method for determining the extent of lipolysis in milk.
Australian  Journal of Dairy Technology. 1975;
30(3):109-111.

8. Emerson RW. Eating and baking gluten-free. In: Celiac
Disease: A Guide to Living with Gluten Intolerance (Eds.
Bower SL, Sharrett MK, Plogsted S.), Three Rivers
Press, Inc., New York, 2006, 59-69.

9. Ghosh BC, Rajorhia GS, Pal D. Complete gulabjamun
mix. Indian Dairyman. 1986; 38(6):279-282.

10. Ghube SD, Bidwe KU, Shelke RR, Shegokar SR. Studies
on physico-chemical properties of gulabjamun prepared
from cow milk khoa blended with wheat bran. Research
Journal of Animal Husbandary & Dairy Science. 2015;
6(2):99-104.

11. Gulhati HB, Rathi SD, Syed HM, Bache CS. Studies on
qualities of Gulabjamun. Indian Food Packer. 1992;
46(6):43-46.

12. Indian Standard: 1479 (Part Il1). Bacteriological analysis
of milk, Indian Standards Institution, Manak Bhavan,
New Delhi, India, 1962.

~ 1847~



International Journal of Chemical Studies

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

IS: 1479 Part IlIl. Methods of Test for Dairy Industry.
Chemical Analysis of Milk. Indian Standards Institution,
New Delhi, India, 1961.

Khouryieh HA, Herald TJ, Aramouni F, Alavi S.
Influence of mixing temperature on Xxanthan
conformation and interaction of xanthan-guar gum in
dilute aqueous solutions. Food Research International.
2006; 39(9):964-973.

Kosikowaski F. Cheese and Fermented milk Products.
Kosikowaski F.V. (Ed), Associates Publ. New York,
1982, 568.

Kruger A, Ferrero C, Zaritzky N. Modelling corn starch
swelling in batch systems: Effect of sucrose and
hydrocolloids. Journal of Food Engineering. 2003;
58:125-133.

Laboratory Manual. Methods of Analysis of Milk and its
Products, 3 Edn. Milk Industry Foundation. Washington
USA, 1959, 442.

Larmond E. The texture profile. In "Rheology and
Texture in Food Quality. De Mann JM, Voisey PW,
Rasper VF, Stanley DW. (Ed.). AVI publ. Co., Westport,
C.T, 1976, 546-553.

Lee MH, Baek MH, Cha DS, Park HJ, Lim ST. Freeze-
thaw stabilization of sweet potato starch gel by
polysaccharide gums. Food Hydrocolloids. 2002; 16:345-
352.

Liu H, Eskin NA, Cui SW. Interaction of wheat and rice
starches with yellow mustard mucilage. Food
Hydrocolloids. 2003; 17:863-869.

Mukprasirt A, Herald TJ, Flores R. Rheological
characterization of rice flour-based batters. Journal of
Food Science. 2000; 65(7):1194-1199.

Mukprasirt A, Herald TJ, Boyle DL, Boyle EAE.
Physicochemical and microbiological properties of
selected rice flour-based batters for fried chicken
drumsticks. Poultry Science. 2001; 80:988-996.
Navjeevan B, Rao KJ. Physico-chemical changes in retort
processed kunda. Indian Journal of Dairy Science. 2005;
58(6):392-398.

Patel AA, Patil GR, Garg FC, Rajorhia GS. Textural
characteristics of market samples of gulabjamun. Indian
Journal of Dairy Science. 1992; 45(7):356-359.

Shi X, BeMiller JN. Effects of food gums on viscosities
of starch suspensions during pasting. Carbohydrate
Polymers. 2002; 50:7-18.

Singh AK, Kadam DM, Saxena M, Singh RP. Efficacy of
defatted soy flour supplement in gulabjamun. African
Journal of Biochemistry Research, 2009; 3(4):130-135.
Steel RG, Torrie JH. Principles and procedures of
statistics-A biometrical approach (2" Ed.) MCGraw Hill
Kogokusha Ltd., Tokyo, Japan, 1980, 229.

Stone H, Sidel JL. In: Sensory evaluation practices, 3
Edn. Elsevier Acad. Press, NY, 2004, 88.

Tako M, Nakamura S. Synergistic interaction between
xanthan and guar gum. Carbohydrate Research. 1985;
138(2):207-213.

Tako M, Asato A, Nakamura S. Rheological aspects of
the intermolecular interaction between xanthan and locust
bean gum in aqueous media. Agricultural and Biological
Chemistry. 1984; 48(12):2995-3000.

Vaja B. Suitability of sweet cream buttermilk and whey
solids in form of whey and whey products in preparation
of gulabjamun. Thesis submitted at Anand argicultural
university, Anand, 2012.

32.

33.

34.

~ 1848 ~

Varela P, Fiszman SM. Hydrocolloids in fried foods: A
review. Food Hydrocolloids. 2011; 25:1801-1812.

Ward FM, Andon SA. Hydrocolloids as film formers,
adhesives, and gelling agents for bakery and cereal
products. Cereal Foods World. 2002; 47:52-55.

Yawale PA, Rao JK. Development of khoa powder based
gulabjamun mix. Indian Journal of Dairy Science. 2012;
65(5):361-367.



