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Abstract Probiotic soy-cheese spread was prepared by
fermenting soymilk with specific probiotic starter culture,
and there after processing the coagulated mass. Soy cheese
spread samples had more than 10° cfu/g of viable probiotic
count at the time of preparation; and had around 17.6%
protein, 25.3% fat and 19.8% total soluble sugar. Com-
pared to commercially available dairy cheese spread, pro-
biotic soy cheese spread had significantly higher protein
and anti-oxidant activity. Soy cheese spreads, prepared
from pure soymilk as well as by mixing with dairy milk,
were studied with respect to the differences in their rheo-
logical behavior during storage at refrigerated conditions.
A dynamic oscillatory test was used to measure the vis-
coelastic properties of spreads at 0, 7, 14, 21 and 28 days of
storage. It was observed that the storage modulus (G’) was
higher than the loss modulus (G”) throughout the storage
period indicating that the soy cheese spreads exhibit pre-
dominantly elastic behavior. The cheese spread sample
prepared by adding okara in soymilk had the highest values
of G’ and complex viscosity (1120 Pa and 11.5 Pas,
respectively at an angular frequency of 100 s™'). G/, G”
and viscosity of cheese spread did not change significantly
up to 14 days, with values of 650, 225 Pa and 7.43 Pa s,
respectively for the sample prepared from soymilk alone.
However, these values increased thereafter which might be
an indication of structural changes in the cheese spread
samples.
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Introduction

Soybeans are rich in proteins (40%), lipids (20%), carbo-
hydrates (35%), minerals and vitamins. Among plant based
protein sources, soy proteins are highly digestible after
proper heat treatment and their amino acid profile is well
balanced to meet the requirements for human nutrition
(Agrahar-Murugkar 2015; Giri and Mangaraj 2012). Food
and Drug Administration (FDA) has approved the soy
protein health claim in 1999. According to that claim
consumption of foods derived from soybean has been
associated with many health benefits, and 25 g of soy
protein per day may reduce the risk of heart disease (FDA
1999). Asian populations, with their intake of soy derived
isoflavones, are known to have the lowest incidence of
osteoporosis, menopausal symptoms, mortality from car-
diovascular disease, and cancer (Chun et al. 2008). Though
soymilk has several health benefits, its consumption is
limited due to presence of a strong beany flavor that is
unacceptable to many consumers.

Conversion of soymilk to different fermented products
has been attempted to overcome the problem of beany
flavour (Blagden and Gilliland 2005). Wang et al. (2003)
reported that fermentation with probiotic lactic acid bac-
teria (LAB) provided an improved volatile profile to soy-
milk. Soymilk is a suitable nutrient source for growth of
LAB (Liu et al. 2006). Soy cheese and yogurt are such
fermented foods, which have wider acceptability in several
countries. Soy cheese, also known as sufu, furu or fer-
mented soybean curd, is a traditionally important and
popular fermented food product in China. Such fermented
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soy foods with properly selected probiotics strain may
become a unique functional food because it would not only
improve the organoleptic characteristics but could also give
the consumer beneficial properties such as enhanced shelf
life and stimulating their natural defense system. Con-
sumption of probiotic bacteria via food products is an ideal
way to reestablish the intestinal microflora balance. Pro-
biotic lactic acid bacteria are widely used in dairy and meat
products (Iravani et al. 2015), but little information is
available about the use of probiotics in soy food
production.

Soy cheese is quite similar to dairy cheese in terms of
physical appearance, texture, and the basic processing
technology (Metwalli et al. 1982). However literature on
texural and rheological properties of probiotic soy cheese
spread is scarce. Rheological properties are necessary to
understand the structural and functional properties of the
food products. They are also used for design and devel-
opment of processing equipment and quality control.
Changes in viscoelastic properties such as storage modulus
(G’) and loss modulus (G”) can affect the energy require-
ment in processing operations. Hence the objective of the
study was to develop and characterize probiotic based soy
cheese spread, and to study the rheological behavior of the
same during storage.

Materials and methods

Particularly JS 335 JAWAHAR SOYBEAN 335) variety
was used to prepare soymilk i.e. aqueous extract of
dehulled split soybeans. Probiotic culture (Lactobacillus
casei ssp. Casei NCDC-0017) was obtained from National
Dairy Research Institute, Karnal, India. Tofu whey and
MRS media were used for production of probiotic culture
for this study.

Preparation of probiotic soy cheese spread

Soymilk was prepared in the laboratory by airless hot
grinding method (Giri and Mangaraj 2014). Soybeans were
soaked in water for 4 h, and then were washed with fresh
water and hulls were removed. The soaked soybeans were
ground under a steam environment at around 110 °C in the
soymilk pilot plant. The soybeans and water ratio used was
1:7 (w/v). The resultant slurry was then filtrated manually
with a muslin cloth to obtain soymilk, while the residue
(okara) was dried to obtain okara powder. The sterilized
soymilk was mixed with soybean oil, sucrose and okara
powder to form an emulsion. Thereafter, the emulsion was
inoculated with 1% (v/v) culture (over night grown Lac-
tobacillus casei ssp.casei NCDC-0017) and maintained at a
temperature of 37 °C for 5 h and at 55° C until curd was
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formed. After coagulation, the whey was drained and the
coagulated mass was transferred and made into fine slurry
by churning in a mechanical mixer to obtain the cheese
spread like product. The product was further mixed with
salt and matured.

Cheese spread samples were also prepared by the mix-
ing dairy milk to soymilk (50:50 v/v) with or without
addition of okara in order to study the effect of composi-
tion on rheological and colour parameters of the spread.

Characterization of probiotic soy cheese spread

Viable cell count in the soy-cheese spread was determined
by standard plate count method and presented as colony-
forming units (CFU) per gram. Samples were serially
diluted in 0.85% NaCl solution and plate count was per-
formed using MRS agar by pour plate method (Miller
1972). Fat content, crude protein, ash content and moisture
content were determined according to AOAC Methods
(1999). Titratable acidity was determined by titration with
sodium hydroxide and phenolphthalein to the establish-
ment of the equivalent point of neutralization, and has been
expressed as percent lactic acid (Subramanian and Rodri-
guez-Saona 2010). Anti-oxidant activity was determined
using DPPH assay (Chinma et al. 2014; Tuberoso et al.
2007). The pH of samples was measured using a hand held
pH meter (Model Ph 323, Ser.Nr.63260002, WTW 82362
Weilheim Germany).

Textural parameters of soy-cheese spread samples were
measured via measurement of the force time curve using a
Texture analyser (model TA-XT2, Texture Technologies
Corp., Scarsdale, NY) attached with a cylindrical back
extrusion cell (50 mm diameter and 60 mm deep). A 50
kgf load cell was used and the cross-head speed was set to
5.0 mm/s. Measurements were performed in triplicate and
data were collected using the Exponent software
(Stable Microsystems, Surrey, England). The force in
Newton (N) required to extrude the sample was recorded as
a function of time. Parameters like Firmness (measure of
resistance to deformation of the product), Consistency
(related to thickness and viscosity of the product) and
Cohesiveness (measure of stickiness of the product) which
characterized the textural parameters of the products were
obtained from the software. Colour parameters (L, a, b,
yellowness index and whiteness index) of different soy
cheese spread samples were measured in triplicate in a Lab
Scan XE Spectro colorimeter (HAL, USA, Model 45/0-L,
version V.4000) using 10 mm aperture window.

Rheological analyses of soy cheese spread

The dynamic oscillatory test was used to measure the
viscoelastic properties of soy cheese spread samples by
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using a controlled-strain rheometer (Anton Paar, Germany
Physica MCR 51) equipped with a built-in Peltier tem-
perature control (Accuracy £ 0.1 °C). The measurements
were done at 0, 7, 14, 21 and 28 days of storage. A scoop
of each sample was tested using 25-mm (J parallel plate
geometry with a gap of 1800 um. The storage modulus
(G"), loss modulus (G”) and complex viscosity values were
determined during a frequency sweep which increased
linearly from 1 to 100 Hz at a constant 0.5% strain over a
period of 10 min. All tests were conducted in triplicate at
70 °C temperature.

Results and discussions

Properties of the developed probiotic soy cheese
spread

The soy cheese spread had a viable count of more than 10°
cfu of the probiotic species per gram at the time of
preparation, indicating its probiotic nature (Boylston et al.
2004; Tripathi and Giri 2014). Viability of the probiotic
species in cheese spread samples was also examined during
storage by counting the species at 14, 21 and 30 days of
storage. The viable count of probiotic culture was found to
be more than 10%cfu/g in the vacuum packaged sample
after 30 days of storage in refrigerated conditions.
Different properties like proximate composition, bio-
chemical, physical (colour and texture), and rheological
parameters of the developed cheese spread samples were
measured and in some cases compared with those of
commercially available dairy cheese spread (Table 1). The
probiotic soy cheese spread (PSCS) was found to have less
fat, less sugar and more protein in comparison to the

commercially available dairy cream cheese spread (DCCS)
sample. This may be attributed to less fat and carbohydrate
content in soymilk compared to cow milk (Hajirostamloo
2009). Soybean has been known as the best source of plant
protein containing about 40% of protein (dry basis), the
highest protein content among legumes and cereals (Giri
and Mangaraj 2012). The addition of probiotics might also
have decreased the total soluble sugar content of soy
cheese spread. pH and titratable acidity of both the prod-
ucts were found comparable. The antioxidant activity in
soy cheese spread was around 60% higher than DCCS,
owing to its probiotic nature. In vitro and in vivo study
provides that probiotics exhibit antioxidant potential
(Mishra et al. 2015).

Texture analysis of the soy cheese spread samples was
carried out by back extrusion cell in a Texture Analyzer
and compared to those of dairy cheese spread (Table 1).
Soy cheese spread samples were found to be more firm and
viscous compared to dairy cheese. Pair-wise comparison of
the results showed that there was a significant difference
(p < 0.01) between the samples for the parameters ‘firm-
ness’ and ‘consistency’. The consistency value of probiotic
soy cheese spread sample was higher than that of dairy
cream cheeses spread. In agreement with the texture results
observed in this study, Matias et al. (2014) found that the
instrumental texture parameters (hardness, adhesiveness,
cohesiveness, and gumminess) of soy-based cheese prod-
ucts were higher than those of milk-based petit-suisse
cheese. Park et al. (2005) also observed that a skimmed
milk yogurt had a lower hardness value than soy yogurt.
Additionally, they evaluated the syneresis of both products
and observed that it was higher in skimmed milk yogurt
than in the soy yogurt. Thus, the occurrence of syneresis
might have resulted in lower hardness of milk cheese

Table 1 Composition and
biochemical parameters of

Probiotic soy cheese spread
(PSCS) and dairy cream cheese
spread (DCCS) samples

Parameters PSCS DCCS
Fat (g/100 g) 2532 + 1.3* 28.74 + 1.1*
Total protein content (g/100 g) 17.60 £+ 0.84* 6.40 + 0.36°
Moisture content (g/100 g) 49.62 + 1.35% 54.48 + 1.47%
Total soluble sugar (mg/g) 19.8 + 0.64* 27.6 + 1.21°
Ash content (g/100 g) 1.72 £ 0.14* 1.93 £ 0.21*
pH 6.25 £ 0.42% 6.30 + 0.34*
Titratable acidity (% lactic acid) 0.39 £ 0.082% 0.30 £+ 0.078*
Antioxidant activity (% inhibition) 53 + 3.6° 33 £2.7°
Textural parameters
Firmness (g) 982 £+ 11.3* 692 + 14.7°
Consistency (g s) 24,422 + 1673" 11,869 + 874"
Cohesiveness (g) 793 & 62.4° 751 & 58.6%

Values given are mean of three replications & standard deviation

Different letters in each row indicate parameters are significantly different at p < 0.01, as found by one way

ANOVA
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compared to soy based cheese samples during storage.
Matias et al. (2014) related the higher hardness and gum-
miness values of soy based cheese products to the presence
of gums and fat, which may have contributed for the for-
mation of a firm soy proteins gel network. Soy protein is
generally regarded as the storage protein held in discrete
particles called protein bodies, and with big molecular size.
Therefore the products made from soybean sources usually
had a grainy texture in comparison to the smooth, uniform
texture normally associated with spreads made from dairy
cheeses (Endres 2001). Solubility, hydrodynamic proper-
ties, hydrophobicity and microstructure of proteins have
been reported to play an important role in the rheological
properties of proteins (Krause et al. 2001; Krase et al.
2002). Hard grainy texture of soy proteins might be another
reason for higher firmness and consistency of the soy
cheese spread.

The colour parameters of soy cheese spread samples
were measured using a Hunter lab colorimeter. The
parameters L (Lightness/brightness), Yellowness index
(YI) and whiteness index (WI) of soy cheese spread sam-
ples prepared with different composition are depicted in
Fig. 1. Cheese samples exhibited high luminosity, as
indicated by L-values in the range of 80-85 close to the
positive limit of the scale. The high L-values are explained
by the glowing effect caused by the superficial fatty layer
of cheese (Fernandes et al. 2018). It was observed that
addition of okara or dairy milk in soymilk further increased
the lightness and whiteness index of the cheese spread
samples. Puligundla et al. (2015) also observed that the
brightness (L* value) and redness (a* value) of mayonnaise
samples increased with increasing level of starch substi-
tution. The Hunters b-value was found to be positive and
below a value of 15 in the colour scale for all samples,
indicating slight yellowness of soy cheese spreads.
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Colour parameters

Fig. 1 Effect of composition on different colour parameters of
probiotic soy cheese spread
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The L-value decreased and yellowness increased during
storage of the soy cheese spread samples for a period of
4 weeks. Fernandes et al. (2018) also observed that the
b-value of goat milk cheese increased during ripening,
which was most likely due to a slight browning effect
typical in cheese maturation.

Rheological study of Soy cheese spread samples

The rheological parameters (G, G” and complex viscosity)
of soy cheese spread made with different compositions
were measured at regular intervals of 7 days during storage
up to 4 weeks. G’ represents the elastic (solid) behaviour
and is a measure of deformation energy stored in the
sample during shear process. On the other hand, G” rep-
resents the viscous (liquid) behaviour of the sample and is a
measure of deformation energy used up and lost during
shearing (Singh et al. 2016). Combination of both the
parameters provides important information on viscoelastic
behavior and on the sol-gel transition of the material. The
variations in these parameters for different cheese spread
samples and changes with storage time have been
explained in the following paragraphs.

Storage modulus and loss modulus

Variations in the values of G, G” and viscosity with
angular frequency as obtained in the dynamic frequency
sweep test for the probiotic soy cheese spread sample
(prepared from soymilk alone) is shown in Fig. 2. It was
observed that the storage modulus (G’) was higher than the
loss modulus (G”) at day 1 as well as at day 21. Similar
trends were also observed in other soy cheese spread
samples prepared by mixing okara and dairy milk with
soymilk. This suggests that the soy cheese spread samples
exhibited a solid-like behavior within the range of fre-
quencies studied, and also during storage period. Oscilla-
tory sweeps are used to infer the microstructure in
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Fig. 2 Rheological parameters of fresh soy cheese spread made from
soymilk alone
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viscoelastic materials to find out how strong it is. A
microstructure means that there are forces between the
molecules or particles in the material. To break the
microstructure, there is a need to apply a force larger than
the ones holding it. When the applied force is smaller than
the molecular or inter particle forces, then G’ is larger than
G”; the material has some capacity to store energy and
should be able to return, to some extent, to its initial con-
figuration before a mechanical force was applied. The
material behaves as an elastic solid, although not an ideal
one because some of the mechanical energy is dissipated.
But when applied force is higher, the microstructure col-
lapses and the mechanical energy given to the material is
dissipated, meaning that the material flows. In such cases,
G” becomes larger than G'. Kealy (2006) has reported
similar solid like behavior in various commercial cream
cheeses.

Increasing the angular frequency i.e. shearing the sam-
ples more quickly resulted in higher G’ values, indicating
the cheese spread samples become more elastic. Florencia
(2013) reported a rise in G’ value of spreadable goat milk
cheese with increasing the angular frequency. It was
hypothesized that this increase in the value of storage
modulus is due to fusion of casein particles as a conse-
quence of rearrangement of inter- and intra-molecular
forces, which in turn results in an increased contacting
surface between the casein aggregate (Hernandez-Tinoco
et al. 2004). There was also a sharp increase in loss mod-
ulus (G”) values between the angular frequency values of
60-100 rad/s.

Effect of composition on rheological parameters
of soy cheese spread

When the values of storage modulus (G’) of different
samples were compared (Fig. 3), it was observed that
cheese spread prepared from soymilk added with okara in
it had the highest values of G’. This indicated more elastic
behavior of the sample which could be due to higher solid
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Fig. 3 Storage modulus of different soy cheese spread samples

(fiber) content in it. Okara contains around 50% fibers (Li
et al. 2012). Addition of fibers has been reported to impart
a reinforcement which allows stress transfer from the
matrix to the fiber. The stress transfer increases with
increase in fiber content i.e. the storage modulus of the
product increases with fiber content (Mohanty et al. 2006).
Singh et al. (2016) observed higher values of G’ and G” in
rice flour batters when dietary fibers and xanthan gums
were added in it. Fibres reduced the amount of free water
available to facilitate the movement of particles. Addition
of dairy milk with soymilk also increased the elasticity of
cheese spread.

The loss modulus (G”) of fresh cheese spread sample
prepared from a combination of soymilk and dairy milk
(50:50) with okara had the highest value, indicating that
addition of dairy milk and okara resulted in more viscous
cheese. Different additives in cheese affects the values of
G’ and G”. Berta et al. (2016) studied the effect of com-
position on the viscoelastic properties of two types of
cheese viz. mozzarella cheese and its cheaper substitute
‘imitation cheese’ used for pizza. Imitation cheese con-
tained higher amount of starch than mozzarella cheese.
Shear results differed significantly for the two cheese types.
The loss modulus was found to be constantly higher than
the storage modulus for the mozzarella cheese at a tem-
perature of 60°C, indicating a liquid-like behaviour for
these measuring conditions, whereas, imitation cheese
displayed a viscoelastic behaviour typical of soft semi-
solid materials, with G’ > G”. The authors related this kind
of behavior to the respective microstructural features. The
lubrication effect of many serum pockets and oil droplets
contained by the mozzarella cheese determined a liquid
like behaviour at low oscillatory strain while the soft-solid
like behaviour of the imitation cheese reflects the presence
of starch in its composition. Wen et al. (2012) showed that
the treatment of skimmed milk with horseradish peroxidase
(HRP) and ferulic acid (FA) modified the viscoelastic
properties of the prepared set yoghurt. The yoghurt sample
prepared from the skimmed milk treated with HRP and FA
had the higher G’ and G” values than the control milk based
sample. Anema et al. (2005) investigated the effect of
TGase-induced cross-linking of milk proteins on the vis-
coelastic properties of the acid gels, and found a marked
increase in G’ and G”. The above results indicated that
modification of the rheological properties of treated skim-
med milk might be related to the modification of the milk
proteins. Matheis and Whitaker (1984) had confirmed that
dityrosine and tertyrosine were formed during cross-linking
of casein or soybean proteins by peroxidase treatment.
Thus, addition of dairy milk in soymilk might have resulted
in a changed protein structure that increased G” values.

The complex viscosity measures the resistance to flow
and is determined by dividing the complex modulus by
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angular frequency. Complex viscosity, when plotted as a
function of angular frequency, can be correlated to shear
viscosity as a function of shear rate for some materials. The
complex viscosity of cheese spread samples depended very
much on the applied frequency. There was a steady
decrease in complex viscosity of all samples with increased
shear rate (frequency), which means that the probiotic
cheese spread samples exhibited shear thinning behavior
(pseudo plasticity). This kind of behavior suggested the
formation of solid-like structure i.e. through droplet inter-
actions at low frequency and as a fragmented structure at a
higher frequency (Long et al. 2016). A higher number of
smaller particles results in more particle—particle interac-
tions and an increased resistance to flow. The effect is more
common at low shear rates, as a particle—particle interac-
tion is a weak force (Ogah et al. 2014). Complex viscosity
was also found to be higher in cheese samples to which
okara was added during manufacturing process (Fig. 4).
Thus okara had a thickening effect in the cheese spread and
increased the internal cohesive force. Ogah et al. (2014)
reported similar increase in complex viscosity of high-
density polyethylene bio-composites when different agro-
fibers were added to it. It was explained that the fiber
particles may disturb the flow and provide obstruction to
the flow, thus causing a rise in viscosity.

Effect of storage on rheological parameters of soy
cheese spread

Changes in G’ values of different soy cheese spread sam-
ples during storage for a period of 3 weeks are depicted in
Fig. 5. Similar trends were observed for loss modulus and
complex viscosity (data not shown). These parameters did
not change much up to a period of 14 days, and thereafter
increased significantly.

Gabriele et al. (2001) and Piska and Stetina (2004)
related the increase in values of storage and loss modulus
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Fig. 4 Complex viscosity of different soy cheese spread samples
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Fig. 5 Changes in storage modulus of cheese spread samples (at
angular frequency of 100 Hz) with storage time

to the rising gel strength of semi-solid materials including
foodstuffs. Ray et al. (2016) observed that as the age of
chedder cheese increased its viscosity increased, and a
higher temperature is required to reach the elastic to vis-
cous crossover i.e. to initiate melting of the cheese. This
might be due to an increased level of total solids through
ripening driven dehydration. Farbod et al. (2013) found the
hardness of cheese samples increased significantly during
the first month and then decreased in the second month of
storage period. The authors were of the view that the
cheese hardness increases initially because of breaking
sub-micelles into small casein aggregates and significant
pH decrease. In the second month of storage, further
breakdown of casein (proteolysis) happens and big mole-
cules including large oligopeptides and peptides convert
into small peptides and amino acids (proteinase and pep-
tidase activities of lactic acid bacteria), and cheese texture
become softer in this period. Thus the results found in the
present study i.e. increase in G’, G” and viscosity of pro-
biotic soy cheese spread samples up to a duration of
4 weeks are in agreement with the findings of previous
researchers. Slight strengthening of the protein matrix,
changes in the structure of protein and fat, and thickening
of samples might have taken place during storage of the
probiotic soy-cheese spread.

Conclusion

The use of probiotic culture ‘Lactobacillus casei ssp. Casei
NCDC-0017’ for fermentation of soymilk with other
ingredients resulted in a coagulated mass that can further
be processed into a cheese spread like product with suffi-
cient viable counts (10° cfu/g) of the probiotic microor-
ganism. The viability of the microorganism was maintained
during storage period meeting the requirements to be
considered as a probiotic food product. Considering the
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evaluated parameters, several significant differences were
found between soy cheese spread and commercially
available dairy cheese spread. The former contained higher
protein and a higher antioxidant activity being probiotic in
nature. Textural and rheological studies showed that the
developed probiotic soy cheese spread samples were harder
than dairy cheese spread and had a solid like behavior.
Addition of okara and dairy milk with soymilk resulted in a
spread with higher values of storage (elastic) modulus and
complex viscosity. All the rheological parameters were
found to increase significantly after 2 weeks of storage
period, indicating structural changes in the components of
the spread. There is scope for upscaling the process for
commercial production of probiotic soy cheese spread, and
the product has the potential of a nutraceutical food espe-
cially for vegetarians and for those who consume soybean.
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