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Amag: Bu galigma, vegan bireylerin probiyotik tiiketimi i¢in diyetlerini degistirmeden ve ek probiyotik haplari kullanmak
zorunda kalmadan yararlanabilecekleri probiyotik Bacillus clausii sporlari ile zenginlestirilmis bir tofu {iriinii gelistirmek
amaciyla yapilmustir.

Yéntem: B. clausii, 2xSG ortaminda sporlanacak sekilde kiiltiirlendi. Elde edilen B. clausii sporlarinin tofuya eklenmesi,
probiyotigin tofu iginde en yiiksek miktarda tutulabilmesini saglamak i¢in prosediirdeki optimum adimi belirlemek i¢in iki
farkli yontemle gergeklestirildi; i) pihtilastirict MgClz’den nce probiyotik sporlarin eklenmesi (P-C tofu), ii) pihtilastiricidan
sonra probiyotik sporlarin eklenmesi (C-P tofu).

Bulgular: P-C tofu ve C-P tofudaki probiyotik sporlarin verimleri sirasiyla 5,45+0,40 ve 5,3340,56 log cfu/g olarak hesapland1
ve bu hedeflenen 6 log cfu/g seviyeye oldukg¢a yaklagmistir. Probiyotik konsantrasyonu agisindan P-C ve C-P tofu yontemleri
arasinda anlamh bir fark gézlenmedi (P=0,36; t testi). P-C tofunun -18°C’de saklanmasi probiyotik yiikii 1 ayda 0,45 log cfu/g
azaltmustir (P=0,003). Soguk zincir depolamanin bir giinliik 20°C’de kesintiye ugramasi 0,85 log seviyede anlamli bir
probiyotik azalmasina neden oldu (P=0,01). Sote pigsirme uygulamasi tofudaki spor yiikiinii 1,22 log seviyede anlamli derecede
azaltmistir (P=0,004). P-C ve probiyotik icermeyen tofularin duyusal degerlendirmesinde genel kabul edilebilirlik
ozelliklerinde anlamli bir farklilik gézlenmedi (P>0,05).

Sonug: Probiyotikle zenginlestirilmis tofu, tiiketicilerin sagligini olumlu yonde etkilerken veganlar ve vejetaryenler icin
saglikli bir alternatif se¢cim olabilir.

Anahtar Kelimeler: Tofu, Bacillus clausii, Probiyotikler, Zenginlestirme.

ABSTRACT

Objective: This study was conducted to develop a tofu product enriched with probiotic Bacillus clausii spores that vegan
individuals can benefit from without changing their diets for probiotic consumption and without having to use the
supplementary probiotic pills.

Method: B. clausii was cultured to sporulate in 2xSG medium. The resulting B. clausii spores were added to tofu by two
different methods to determine the optimum step in the procedure to ensure that the probiotic was able to retain in tofu at the
highest amount; i) addition of probiotic spores before coagulant MgCl2 (P-C tofu), ii) addition of probiotic spores after the
coagulant (C-P tofu).

Results: The yields of probiotic spores in P-C and C-P tofu were calculated to be 5.45+£0.40 and 5.33+0.56 log cfu/g,
respectively, which was slightly lower than the targeted level, 6 log cfu/g. No significant difference was observed between the
P-C and C-P tofu methods in terms of probiotic concentration (P=0.36; t test). Storage of P-C tofu at -18°C decreased the
probiotic load by 0.45 log cfu/g in 1 month (P=0.003). One-day temperature abuse at 20°C of cold chain storage resulted in a
significant 0.85 log reduction (P=0.01). Sauté cooking was found to decrease the spore load in tofu significantly by 1.22 log
(P=0.004). Sensory evaluation of P-C and probiotic free tofu did not reveal a significant difference in general acceptability
features (P>0.05).

Conclusion: Probiotic enriched tofu may be a healthy alternative choice for vegans and vegetarians while positively affecting
the health of consumers.
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1. INTRODUCTION

The majority of the microflora of digestive system are probiotics (1). According to the
Food and Agriculture Organization (FAO) probiotic bacteria are viable microorganisms that
can have health-promoting effect in humans when consumed at sufficient amounts (FAO,
2002). In addition, probiotics are defined as living microorganisms which are used as nutritional
supplements by positively affecting the intestinal microbial balance in order to benefit the
health of consumers. According to the U.S. Food and Drug Administration, food containing
probiotics at least 10° colony-forming-unit (cfu) per milliliter or gram, which is defined as the
minimum therapeutic level, are classified as probiotic food (2). Probiotics are proven beneficial
and have long-term health benefits on developing immune system, preventing cancer and
allergies, and also during early infancy (3). The use of probiotics in plant-based food is common
in Asian countries due to cultural, economic, and climatic factors. Also, consumption of dairy
products are not common, especially when compared to cereal consumption, including
fermented vegetables, fruit, and soybeans (4). Today, there is an increasing demand by the
consumers for more non-dairy food products that contain probiotics (5,6) because of the
consumer cautiousness on both excess cholesterol intake and the undesired results of dairy
product consumption such as lactose intolerance (6).

The indigenous probiotic bacteria that make up the microflora of the digestive system
are mostly dairy probiotics Lactobacillus and Bifidobacterium (7). However, sporeforming
Bacillus strains are also used as probiotics in drugs and supplements (8). One of the most
obvious factors affecting intestinal microflora is diet. Vegetarianism and especially its stricter
form veganism are a way of life where people do not consume food items of animal origin (9).
Since the vegan diet is limited, the products for vegan consumers pose as a growing market (9).
The fecal microbiota of vegan test subjects was investigated and low microbial counts of the
Bifidobacterium species were observed (10). In a study of probiotic supplementation, the
presence of coliforms, Escherichia coli, and Bacterioides species in gut microflora was
observed to decrease due to probiotic consumption (11). Therefore, probiotic intake is
important as it may improve the balance of intestinal microflora. In the current study, the spores
of probiotic bacteria were aimed to be included in tofu during production process in an effort
to provide probiotics to vegan or vegetarian individuals.

Soybeans are one of the most important plant based protein sources in the world that are
widely used in food processing. Tofu is the most common example of soybean products. Tofu
Is composed of approximately 6.0-8.4% protein, 79-87% water, and has almost neutral pH value
(5.2-6.2) (12). Tofu is a well-known and highly nutritious food product made from hot soy milk
mixed with certain food grade salts like calcium chloride and magnesium chloride, which are
used as coagulants (13).

Bacillus strains (B. cereus, B. clausii, and B. pumilus) have potential probiotic effects
(14) as they have the potential for colonization, immunostimulation, and antimicrobial activity.
B. clausii was found to alleviate the symptoms of diarrhea without any side effects (15,16) and
it is a commercially used as probiotic. As mentioned above, B. clausii has both the ability to
create spores and has probiotic characteristics (17). Therefore, B. clausii spores were qualified
to be a good option to be used in probiotic fortification of tofu in this study.

To induce the ratio of sporulating cells in a bacterial culture, media composition plays
an important factor (18, 19). The US Army Research, Development and Engineering Command
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conducted a 2 year study for optimization and characterization of spores quality of Bacillus
species (20). In this study, four types of sporulation media were compared including 2x
Schaefer’s Glucose (2xSG) media among others. The best sporulation efficiency (>90-95%)
was observed in 2xSG media in solid medium and in the shortest time (6 days). In addition, the
use of 2xSG media as a liquid medium gave the best results from these four types of media (>
60%). One of the research findings was that the number of spores for 2xSG media is inversely
proportional to the number of cells planted. Another finding was that the spores formed in 2xSG
sporulation media are the most resistant compared to other media after being subjected to heat
shock application at 65°C and 85°C for 30 minutes (20).

To have the highest benefit, it is important for the target microorganisms to be able to
reach the intestinal flora without acquiring any damage from the gastric acid and before
germination to the vegetative form. The main objective of this study was to deliver the
probiotics to the intestinal microflora in the highest possible proportion. Instead of taking
probiotic supplement pills as a separate dietary supplement, it was aimed to provide them in
food to prevent negative effect of taking pills and to provide dose control of probiotics by
consuming tofu.

2. METHOD

Preparation of soy milk

Dried soybeans, generously gifted by Vegan Isler Ltd. Sti. (Istanbul, Turkey), were
washed, soaked in pure water (1:6, w:v), and stored at 4°C overnight. Soy milk was made from
dry soybeans by following the method described by Zielinska et al. (21). Soaked soybean grains
were washed, peeled, and mashed with pure water (1:6, w:v), followed by pasteurization at
100°C for 10 min. The pasteurized mixture was filtered through sterile coarse filter paper to
remove any solid particles to obtain soy milk.

Production of Bacillus clausii spores

The suspension containing 500 pl of B. clausii spore suspension (equivalent of ca. 4x10°
cfu) from Enterogermina® (Sanofi S.p.A., Italy) purchased from a local store was added to
Tryptic Soy Broth (TSB) (Merck, 11 10% Na-sesquii carbonate (22), and the spores were
germinated to vegetative cells and grown at 37°C. To induce sporulation, 2xSG sporulation
medium were used (23). The cells were incubated for 7 days in 2xSG sporulation medium (20)
or in TSB with 10% Na-sesquii carbonate as negative control to assess the efficacy of 2xSG
sporulation medium. At the end of the incubation, the cell and spore suspension was heat-
shocked at 80°C for 20 min to Kill the vegetative cells using a dry heat block (Eppendorf,
Germany) (24). B. clausii spores were recovered from the medium by centrifugation
(Eppendorf) at 16,000 xg for 15 min, and enumerated by serial dilution and spread plating on
Tryptic Soy Agar (TSA).

Probiotic enrichment of tofu

Tofu production was performed as previously reported (25). The orders of coagulant
magnesium chloride and probiotic spore additions were changed to test if the addition of spores
before or after the coagulant addition results in more spore attachment and retention in tofu.
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Method 1: Adding probiotics before coagulant (P-C tofu)

B. clausii spores (108~10°) in pure water were added into the hot soy milk (200 ml) at
70-72°C and mixed. Next, coagulant magnesium chloride hexahydrate (MgCIl2:6H20,
TK120290, Tekkim, Turkey) was added as 5% (w:Vv) to the soy milk at 70-72°C and incubated
10 min for coagulation. After coagulation occured, entire mixture was transferred into a sterile
press cloth and placed into a mold. Excess liquid was discharged by pressing resulting in the
tofu pellet.

Method 2: Adding coagulant before probiotics (C-P tofu)

The coagulant MgCl,+6H>0 was added as 5% (w:v) to the hot soy milk at 70-72°C and
incubated 10 min for coagulation. After observing that coagulation had started, B. clausii spores
(108~10°) were added and mixed. Then, the entire mixture was transferred into a sterile press
cloth and placed into the mold. Excess liquid was discharged by pressing the same way as
described above, resulting in the tofu pellet.

pH and brix measurement of tofu samples

Soy milk and tofu samples were homogenized with a T18 digital ultra-turrax (IKA-
Werke GmbH, Germany) and their pH were measured. Brix (%) values of soy milk samples
were also measured by using a digital hand refractometer.

Microbial Enumeration of Liquid Samples

B. clausii vegetative cells or spores in liquid growth media were enumerated using
standard serial dilution and spread plate method. Dilutions were carried out in sterile
physiological saline (0.9% NaCl) prepared in distilled water. Spread plating was performed on
TSA petri plates. The petri plates were incubated at 37°C for upto 2 days and colonies observed
were counted. The cell concentration (cfu/ml) was calculated by the following formula:

Cell concentration = (Number of Colonies x (Dilution Factor)*(-1)) / (Volume
transferred from dilution tube to petri dish (ml))

Microbial Enumeration of Tofu Samples

Tofu sample (10 g) was homogenized in 90 ml sterile physiological saline. Shortly, the
ultra-turrax probe was first cleaned and disinfected in 70% ethanol solution followed by rinsing
in sterile distilled water, and the tofu sample was homogenized and serially diluted in
physiological saline. Spread plating was performed on TSA petri plates. The petri plates were
incubated at 37°C for upto 2 days and colonies observed were counted. Also the effect of
storage at -18°C for 1 month on probiotic load in P-C tofu was evaluated.

Effect of Temperature Abuse during Cold Chain Storage on Probiotic Spore
Viability

Tofu is a product that needs to be kept at either 4 or -20°C temperature before
consumption. Also, it is crucial that the probiotic spores in tofu stay in ungerminated state until

consumption as heat application by the consumer during cooking may easily kill germinated
probiotic spores. To simulate the effect of a temperature abuse, such as breakage of cold chain
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on tofu storage, the tofu samples were left at room temperature (~22°C) for 1 day and the
amount of germinated spores were enumerated. Simply, tofu samples were homogenized in
sterile physiological saline. One group was heat treated at 80°C for 20 min to kill any vegetative
cells formed due to spore germination, whereas other group was not heat treated. Both tofu
samples were homogenized and serially diluted in sterile physiological saline and plated on
TSA to enumerate the surviving B. clausii spores.

Effect of Cooking Tofu on Probiotic Spore Viability

Tofu samples were diced in 1 cm?® pieces and sautéed in hot vegetable oil in a frying pan
followed by homogenization, serial dilution and enumeration on TSA to find out the number of
surviving B. clausii spores.

Sensory Analysis

Sensory analysis was conducted as described (26). Shortly, the two tofu samples,
probiotic-added and regular probiotic-free, which were encoded by 3-digit numbers were
sautéed for 5 min and tasted by 16 untrained volunteering adult panelists. Panelists were asked
to rate each tofu sample on color, appearance, taste, and general acceptability levels by line
scale method. Panelists were given salt-free crackers and water to neutralize between the
samples.

Determination of Consumer Attitudes towards Probiotic Supplements

Fifty university students who study Food Engineering were asked 3 questions to assess
their stance on probiotics and probiotic supplements. The questions asked to the subjects were
as follows. Do you know what probiotics are? Have you ever used probiotic supplements? If
you had the option to take probiotics in the form of a supplement or in the food item that you
normally consume, which one would you choose?

3. RESULTS
Productivity of B. clausii spore formation

The percentage of spores to total live cell number, which includes the spores and
vegetative cells, were found to be 5.01% in TSB with 10% Na-sesquii carbonate medium and
63.10% in 2xSG sporulation medium for 7 days (Table 1). The 2xSG sporulation medium was
reported to increase the spore percentage over 60% in 13 days (20). The spores were separated
from the media by centrifugation. Supernatant containing waste medium, metabolites, and dead
cell debris were removed and spores were recovered in pellet, which was resuspended in pure
water to use in tofu production. The mean and standard deviation of spores lost in the
supernatant were detected to be 5.30 + 1.38 log cfu/ml (n=7).
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Table 1. 2xSG Sporulation Media to Increase Spore Efficiency (n=3).

Spore concentration after

Total cell concentration ~ treatment at 80°C for 20 Sporulation
(log cfu/ml) + SD min efficiency (%)

(log cfu/ml) + SD

Sporulation media used

TSB with 10% Na-
sesquii carbonate 7.7+04 6.4+0.7 5.01
medium

2xSG sporulation

. 8.3+0.2 8.1+0.6 63.10
medium

Probiotic tofu production

The regular probiotic-free tofu and probiotic supplemented tofu was produced starting
with 200 ml of soy milk. For the probiotic tofu production, the order of coagulant and probiotic
addition was changed to find out whether the order has an effect on the retention ability of
probiotics in tofu. All three types of tofu were produced at least 3 times. The mean and standard
deviation of tofu yield and whey volumes were measured as 46.59 £ 0.59 g and 135.61 +2.70
ml, respectively (Table 2). The amount of probiotic spores in tofu was aimed to be 6 log cfu/g;
however, the amounts of probiotic spores in P-C tofu and C-P tofu were found to be 5.45 +0.40
and 5.33 £ 0.56 log cfu/g, respectively (n=5). No significant difference was observed between
the P-C tofu and C-P tofu in terms of spore retention (P=0.36). Whereas, the spores lost in the
whey of C-P tofu was significantly higher than that in the whey of P-C tofu (P=0.03). Therefore,
it was decided that following steps in this study was conducted on P-C tofu. Storage of P-C tofu
at -18°C for 1 month decreased the probiotic load by 0.45 log cfu/g (P=0.003).

Table 2. Quantitative Analysis Data in Tofu Production.

Probiotic spore  Probiotic spore load

Tofuyield (g) +  Whey volume load in tofu in whey

Tofu type SD (ml) + SD pH £ SD
(log cfu/g) + SD (log cfu/ml) + SD

Probiotic 45.96 + 0.57 132.50 + 10.61 ; - 6.12 +0.02
free tofu
P-C tofu 46.68 + 3.66 137.00 £ 2.65 5.45+£0.40 5.44 +£0.29 6.13+0.13
C-P tofu 4712 +2.67 137.33 £ 4.62 5.33 £0.56 5.98 £0.45 6.08 £ 0.08
Average 46.59 £ 0.59 135.61+£2.70 - -

The pH of soy milk was 6.45 = 0.16. Coagulation of soy proteins is made possible by
reducing the pH of soy milk. While the regular probiotic free tofu has a pH of 6.12 £ 0.02, P-C
tofu and C-P tofu have pH values of 6.13 = 0.13 and 6.08 + 0.08, respectively. The mean brix
(%) value of soy milk was 9.24 £ 1.68 (n = 3).
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Effect of temperature abuse during cold chain storage and cooking on probiotic
spore viability

To test the effect of temperature abuse on cold chain storage, new batches of probiotic
spore added tofu was produced and their spore load was found to be 5.73 + 0.38 log cfu/g. B.
clausii spore concentration in tofu that was kept at room temperature for 1 day decreased to
4.88 + 0.11 log cfu/g indicating a significant 0.85 log (85.87%) reduction (P=0.01). This
reduction could be seen as an indication of the amount of probiotic spores that germinates
during the 24 h at room temperature pinting out the importance of the continuity of cold chain
storage.

Spore concentration in sautéed tofu decreased from 5.73 £ 0.38 to 4.51 + 0.21 log cfu/g
indicating a significant 1.22 log (93.97%) reduction (P=0.004). This level of reduction in
probiotic spores was not expected and it is thought that the spores located on or near the surface
of the tofu pieces were not tightly fixed in the texture of tofu and easily passed into the oil,
considering the tofu pieces were diced in 1 cm? pieces. However, the oil used for sauté cooking
was not enumerated to validate.

Sensory analysis

The difference between the consumer acceptabilities of the probiotic free tofu and
probiotic added P-C tofu was measured as reported by the sensory analysis on 16 untrained
volunteers. The answers of the panelists who were asked to grade the two tofu samples by their
color, appearance, taste, and general acceptability using a line scale method can be seen in
Figure 1. Although the mean color and appearance scores of the probiotic free tofu were higher
than that of the probiotic added tofu, the mean taste and general acceptability scores of the
probiotic added tofu were higher than the regular tofu. However, none of the differences were
significant (P>0.05).
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O Probiotic free mProbiotic added
100
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Color Appearance Taste General
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Figure 1. Sensory Analysis Results of Probiotic Free and Probiotic Added P-C Tofu Samples.
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Consumer attitudes towards probiotic supplements

A small convenience sample of 50 university students (undergraduate and graduate)
were asked to measure their awareness on probiotics and their preference on how to consume
them if they had a chance to choose. The group was composed of 13 females and 37 males
while 47 of them were undergraduate, only 3 of them were graduate students. Their answers
are listed in Table 3.

Table 3. Consumer Awareness and Attitudes Towards Probiotics and Supplements.

Yes No

Questions

n (%) n (%)
Do you know what a probiotic is? 48 (96.0) 2 (4.0)
Have you ever used probiotic supplement products? 8 (16.0) 42 (84.0)

as supplement within food

n (%) n (%)

If you had the option to take a probiotic within food or as 0(0.0) 50 (100.0)

a supplement, which one would you choose?

4. DISCUSSION

The 2xSG sporulation medium was reported to increase the spore percentage over 60%
in 13 days (20). In this study, percentage of spores to total live cell number was calculated to
be 63.10% in 2xSG sporulation medium after 7 days.

It has been reported that commercial probiotic Bacillus cereus spores exhibit better
adhesion to high molecular weight and heavily glycosylated proteins such as mucin in the cell
membrane compared to vegetative cells (27). Also, polysaccharides such as chitosan,
carrageenan, and guar gum are used to modify the texture and extend shelf life of tofu (28-30).
In addition, the formation of soybean protein isolate and 70 kDa dextran conjugates has also
been reported to reduce the particle size of soy milk and the gel strength of tofu and increase
the water-holding capacity of tofu (31). Dextran is composed of d-glucose molecules that are
connected through a-(1—6) glucosidic bonds. Due to its neutral charge, dextran is commonly
used in protein glycosylation (32). Therefore, it is predicted that the addition of polysaccharides
such as dextran, chitosan, carrageenan, and guar gum into soy milk before the coagulation step
in the process of tofu making may increase spore retention.

The pH of the soy milk in the current study shows similarity to the pH of 6.6 + 0.08
measured in a study where the soy milk was prepared at a ratio of 1:6 (soybean:water) (33).
Also in another report, the pH of soy milk is suggested to be between 6.4 to 6.6 for higher level
of soy protein extraction (34).

Since there is no similar study in the literature, different results have been obtained
regarding the effect of storage on probiotics in tofu. Ng et al. (2008), reported that Lactobacillus
bulgaricus FTCC 0411 and Lb. fermentum FTD 13 bacteria counts in tofu were at the level of
7-8 log CFU/g during the 9-day cold storage, while total viable bacterial count decreased by 1
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log and the pH decreased slightly (35). However, another study in which probiotic Lb.
rhamnosus was added to soy cheese, a slow decrease in pH and in the number of added probiotic
bacteria were observed after 30 days of storage at 10°C. The period between 5th and 15th days
was indicated to be important as the most striking changes occurred during that time of storage
(36).

Many studies in the literature have shown that the addition of lactic acid bacteria to soy
elevates the consumer acceptance of the products. The “grassy” and “floury” taste of soy, which
is unliked by many consumers, is masked by the “acid” taste produced by these lactic acid
bacteria (37—40). In our study, similar to the results of these studies, the addition of probiotics
to tofu increased the taste and acceptability of tofu.

Table 3 shows that the majority of the university students questioned did not use any
probiotic supplement products. With the same point of view, all of the students declared they
would prefer consuming probiotics within food rather than as supplement.

5. CONCLUSION

As a result, soybean is a high protein, low energy and valuable raw material for
production. Considering its benefits, it is increasingly used for production not only in Asia but
also around the world. The fermentation process used in soy increases the nutritional value of
soy products and helps to eliminate unacceptable soy flavor. In our current study, we developed
a new functional tofu containing probiotic spores, unlike the studies in the literature. Taking
into account the specific characteristics of the probiotics or the spores used, adding probiotics
to tofu can be an alternative for vegetarians and vegans and can positively affect the health of
people who consume these foods.
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