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Abstract. Yogurt is one of the most widely consumed dairy products worldwide. It can be
produced from different types of milk. Sheep milk produced yogurt by adding encapsulated
and unencapsulated Limosilactobacillus reuteri and starter bacteria. It was divided into four
groups: yogurt is produced from a yogurt starter (T); yogurt is produced from the regular
starter with 3% free Limosilactobacillus reuteri (unencapsulated) (Ty); and T, and T, are
yogurt samples produced from the regular starter with 1% and 3% encapsulated
Limosilactobacillus reuteri, respectively. During a 21-day refrigerated storage period, yogurt
samples' physicochemical, microbial, and sensory characteristics were assessed. The results on
the first day of storage showed that the pH values ranged from 4.51 to 5.61, while the total
acidity percentage was between 0.84% and 0.98%. The control group's water-holding capacity
(WHC) increased in the second treatment group (T3s;,). In contrast, whey excretion decreased in
samples T, and T3, compared with samples from the control group (T¢) and Ty, after 21 days
of storage. The percentage reduction in L. reuteri was 26.76%, 1.00%, and 0.98% for samples
T, Tyo, and T, respectively. Adding encapsulated L. reuteri bacteria to yogurt improved the
sensory properties compared with the control sample (T¢) and the sample containing free
bacteria (Ty). Adding encapsulated bacteria to yogurt enhances its physicochemical properties,
the viability of bacteria, and sensory qualities. The encapsulation process also decreases the
rate of reduction of bacteria used as a starter for producing yogurt.

Keywords. Microencapsulation, Probiotic bacteria, Yoghurt probiotic, sheep milk, Lim.
reuteri.

1. Introduction

Yogurt is one of the most widely consumed dairy products worldwide. It can be produced from
different types of milk [1]. Yogurt is manufactured by fermenting milk with a starter mixture of lactic
acid bacteria, including Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus.
Its validity period yogurt is determined by the quality of the milk, the formation of lactic acid, and the
yogurt production process [2]. Yogurt is a dairy product with a smooth texture, thick consistency, and
a pleasant sour taste. It is produced through the bacterial fermentation of cow, buffalo, sheep, and goat
milk using symbiotic cultures of bacteria. It typically contains species from the genera Lactobacillus
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and Streptococcus thermophilus, which contribute to its specific flavor characteristics [3]. Yogurt has
positive health effects, such as lowering cholesterol levels and blood pressure and reducing the risk of
cardiovascular disease and diabetes [4].

The prebiotics in yogurt stimulates lactic acid bacteria, leading to increased production of volatile
compounds, thus positively affecting the sensory properties[5]. The FAO and the WHO define
probiotics as microorganisms that are safe for human consumption and provide health benefits when
consumed in appropriate concentrations. The number of bacteria must not be less than 10° colony-
forming units per gram or millilitre [6,7]. Lactic acid bacteria (LAB) are widely used in the
preparation of fermented foodstuffs. They are increasingly being added to a growing number of food
items such as cheese, yogurt, cereals, fruit, and vegetable juices [8]. The most common strains of
probiotics used in food products belong to the genera Lactobacillus and Bifidobacterium [9].

Studies have shown that dairy products made from sheep’s milk are suitable for delivering probiotics
to the host [10]. Sheep milk has high digestibility, low sensitivity, high productivity, and high
nutritional value. It contains proteins, fats, vitamins, and minerals in higher concentrations than the
milk of other animals, making it a competitive product [10]. Moreover, sheep milk also provides
prebiotic compounds that stimulate the growth of strains of probiotic bacteria [11,12].
Limosilactobacillus reuteri (L. reuteri) has been utilized in numerous fermented foods because of its
capacity to release metabolic substances that enhance human health, such as reuterin. Reuterin is a
fermentation byproduct of glycerine metabolism. Its function extends beyond that, as it possesses
powerful antimicrobial properties and has broader effectiveness in food preservation [13]. L. reuteri
has been identified as one of the types of bacteria belonging to the Lactobacillaceae family. It can
manufacture bioactive compounds by producing vitamin B,, which plays a crucial role in cellular
metabolism [14]. It can also convert linoleic acid into conjugated linoleic acid (CLA), a fatty acid that
has a wide range of health benefits, including anti-cancer and anti-inflammatory properties [15].

The current study aimed to use microencapsulated L. reuteri with yogurt starter in the production of
probiotic yogurt from sheep milk. The study also aimed to investigate its physical, chemical, and
sensory characteristics.

2. Materials and Methods

2.1. Materials

Sheep milk from the Agricultural Research Station of the College of Agriculture/University of Basra
operation with laboratories in The Ministry of Science and Technology Ethical approval No. ISO
17025 was used in the production of yogurt. The isolated microencapsulated L. reuteri bacteria were
prepared using whey proteins and Arabic gum sourced from the Dairy Chemistry and Technology
Laboratory of the Department of Food Science, College of Agriculture, University of Basrah. The
culture media MRS agar, MacConkey agar, and Mannitol salt agar were used to calculate the numbers
of L. reuteri bacteria. MRS-T media, consisting of MRS agar supplemented with 0.9 mg/ml
tetracycline (Sigma Company, Germany), was used. The food media was sterilized in the autoclave at
121°C for 15 min. All chemicals used in this study are of analytical grade.

2.2. The Physicochemical Properties of Milk

Sheep milk's chemical content and physical properties were estimated using the Lacto Flash device
(Benny Impex Private Limited, New Delhi/ India). The total acidity was estimated by weighing 10 g
of the sample (sheep milk), adding three drops of phenolphthalein reagent, and titrating until the
neutralization point was reached and the pink color appeared. The percentage of total acidity,
estimated based on lactic acid, was calculated using the following equation:

Total acidity (%)= [(Milliliters of NaOH x 0.1 N x 0.0098) + weight of sample]x100

A device (EUTECH pH meter, Model No: pH700) was used for measuring pH, at laboratory
temperature [16].
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2.3. Yogurt production

The milk was heated to 90°C for 10 min and then cooled to 42°C. Next, 3% (log 8.25 CFU/gm) starter
culture containing Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus (Italy,
Sasco) and the encapsulated L. reuteri bacteria were added at rates of 0%, 1%, and 3%. The logarithm
count was 9.12 CFU/gm for the T¢, Tis, and Tje, samples. In addition, a sample containing non-
encapsulated L. reuteri bacteria with 3% (log 9.01 CFU/gm) was added and denoted as Ty The
samples were then incubated at 42°C until the pH reached 4.6 £ 0.2. After the completion of the
coagulation process; the samples were stored in a refrigerator until the required tests were conducted
at specific intervals (1, 7, 14, and 21 days) [17].

2.4. Yoghurt Tests

2.4.1. Physicochemical Tests

Conducting physicochemical tests for yogurt samples during the refrigerated storage period, including
measurements of total acidity, pH, and water holding capacity (WHC), was estimated according to the
method described by [18]. To do this, weigh 10 gm of yogurt, centrifuge it at 5000 RPM for 15 min,
and then weigh the filtrate. The value of the water binding capacity was estimated using the following
equation.

WHC% = 1-(W1/W2) x100

W1 = weight of the filtrate after the centrifugation process, W2= weight of the yogurt.

Susceptibility to synaeresis (STS) of yogurt samples was also estimated by placing 10 ml of the
sample on filter paper (Whatman No.1). The size of the ejaculate was calculated after 6 h using a
graduated cylinder. The following equation was applied to calculate the whey exudation rate:

STS% =1-(V1/V2) 100
V1 = Volume of the descending sphincter. V2 = Volume of the yogurt sample [19].

2.4.2. Microbial Tests

A sequence of decimal dilutions was performed on yogurt samples using 0.01% peptone water, which
was prepared by dissolving 1 g of peptone in 1 L of distilled water. Subsequently, the total count of
lactic acid bacteria was determined after these samples were cultured on MRS agar media and then
incubated at 37°C for 48 h under anaerobic conditions. In addition, the quantities of total coliform
bacteria and Staphylococci bacteria were assessed following cultivation on MacConkey and Mannitol
salt agar, respectively. The plates containing the cultures were then placed in an incubator set at 35°C
for 24 h. Moreover, for the estimation of encapsulated L. reuteri bacteria. The selective medium MRS-
T was employed to enumerate these specific bacteria, with the plates incubated at 37°C for 48 h as
specified [20]. To determine the percentage of reduction in the live bacterial population, a specific
formula was used for calculation.

Reduction ratio% =(logarithm of the number of viable bacteria at the end of the storage period +
Logarithm of the number of viable bacteria at the beginning of the storage period) x 100

2.4.3. Sensory Tests

The sensory assessment was conducted on yogurt samples on the first and 21% days of storage,
involving a panel of 10 experts affiliated with the Department of Food Sciences at the College of
Agriculture, University of Basrah. The attributes evaluated encompassed appearance, aroma,
consistency, flavor, and overall likability. Ratings were assigned on a scale of 0 to 9 for each attribute
[21].
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2.5. Statistical Analysis

A ready-made statistical program (SPSS, 2006), version 12, was used to analyze the data, using
Complete Randomized Design (CRD). The means were compared using the modified least significant
difference (LSD) test at the 0.05 probability level.

3. Results and Discussion

3.1. Chemical Content of Sheep Milk
[lustrated the proportions of fat, total solids, moisture, total acidity, density, and freezing point in
sheep milk. A reduction in fat and total solid percentages, alongside an elevation in moisture
percentage, is observed, which is attributed to the quality of sheep milk utilized in the sector. The
acidity level falls within the typical range for fresh milk, aligning with the findings of [22] regarding
the chemical composition of sheep milk, which includes total solids (17.32 gm/100 gm), total protein
(5.86gm/100gm), casein proteins (4.46 gm/100 gm), whey proteins (1.08 gm/100 gm), fat
(7.28gm/100gm), ash (0.93 gm/100 gm), and lactose (3.41 gm/100 gm). In contrast, indicated that
buffalo milk surpasses cow and goat milk in terms of total solids, fat, protein, carbohydrates,
calculated energy, calcium, phosphorus, sodium, magnesium, and iron content [23]. Furthermore, goat
milk exhibits a higher potassium content than cow or sheep milk, the data presented in Table (1).
The fat content is highest in sheep milk, followed by the milk of buffalo, cow, camel, goat, mother,
horse, and donkey [24]. The good palatability and ease of intestinal absorption of calcium necessary
for infant bone growth are attributed to the high lactose content [25]. The protein content of sheep’s
milk is also higher compared with the milk of buffalo, cows, goats, camels, horses, donkeys, and
mother’s milk. Ash has the highest percentage in buffalo milk, followed by the milk of sheep, camels,
cows, goats, horses, donkeys, and mother’s milk. Milk is a good source of water in the diet, as it
makes up 87% of the diet. The percentage of water in donkey milk is highest, followed by the milk of
mothers, horses, camels, cows, goats, buffalos, and sheep. The variation in the proportions of milk
components is largely due to genetic, physiological, and nutritional factors, the time and repeated
milking operations each day, and environmental conditions. Most changes in milk composition occur
during lactation [26]. The highest amount of casein was observed in goat milk, while the lowest
percentage of whey protein was observed in cow's milk. The content of whey protein and casein in
cow's milk is similar to that of camel, buffalo, goat, and sheep milk [27].

Table 1. Chemical content of sheep milk used in manufacturing yogurt.

. Percentage of contents / 100 gm milk Total
Milk Solid non- Total Density Freeze acidity pH

source Protein Fat Lactose AshMoisture fat solids o m/em’ point (%)
Séllflip 585 6.87 345 091 8294 1021 17.08 1.033 -0.63 113 6.61

3.2. Chemical and Physical Properties of Yogurt

The results of Table (2) showed the chemical and physical tests for yogurt made from sheep’s milk,
supported by the addition of encapsulated L. reuteri bacteria in different proportions during a storage
period that lasted for 21 days at a temperature of 4°C. The total acidity value of the yogurt containing
the encapsulated L. reuteri bacteria increased at the end of the storage period, reaching 1.21% and
1.28%, estimated as the percentage of lactic acid at concentrations T1% and T3%, respectively,
compared with the total acidity value on the first day of manufacturing, which amounted to (0.84,
0.94, and 0.98%) at concentrations of 0, 1, and 3%, respectively. However, the total acidity value in
the T¢ sample reached 0.87% and 1.07% at the beginning of manufacturing and the end of the storage
period, respectively. The reason for the increase in the acidity value, as the fermentation time
increases, is due to the bacteria’s consumption of carbohydrates in the media, leading to higher acidity
in the encapsulated bacteria relative to the higher solids compared to the control sample (Tc), stated
that increasing the concentration of non-fatty solids led to an increase in the total acidity of milk; it
reached 1.18, 1.22, and 1.28% at concentrations of 12, 15, and 18%, respectively.
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The encapsulation of the probiotic bacteria L. acidophilus ATTC-4356 with sodium alginate and
carrageenan during the manufacturing and storage period; affected different yogurt parameters at a
significant level (P<0.5), whey transpiration, and total acidity increased, whereas viscosity and pH
decreased during 28 days of storage [25]. Preserved encapsulation improved the viability of probiotics
in prepared yogurt and the gastrointestinal tract. [29] and [30] mentioned the higher acidity of sheep’s
milk and the yogurt made from it compared with cow’s and buffalo’s milk. This is attributed to its
high content of mineral salts, protein, and dissolved carbon dioxide [31]; therefore, more NaOH
solution needs to be consumed during titration.

The pH value reached (4.60, 4.58, and 4.51) % at concentrations of 0, 1, and 3%, respectively, on the
first day of yogurt manufacturing, while it reached (4.47, 4.45, and 4.41) % at concentrations of 0, 1,
and 3%, respectively, after 21 days of storage at 4°C. The reason for the decrease in pH at
concentrations of 1% and 3% is attributed to the conversion of starter bacteria and therapeutic bacteria
encapsulating carbohydrates found in sheep milk, buffalo whey, and Arabic gum in the bacterial shell
into lactic acid. As a result, its acidity increased compared to yogurt in the TC sample, and with the T;
sample, its pH value reached 4.61% at the beginning of manufacturing and decreased to 4.46% at the
end of the storage period at 4°C. These results agreed with the findings of (1), who found that the pH
values in yogurt from cow’s milk, buffalo’s milk, sheep’s milk, and goat’s milk reached 4.61, 4.68,
4.51, and 4.20, respectively. These differences in acidity value may be due to the high nitrogen content
in sheep milk. The high protein content plays a major role in increasing the activity of the starter,
resulting in increased acidity [32]. The increase in the number and activity of starter bacteria depends
on the protein content of the growth environment, especially amino acids because some of them
contain more than one carboxyl group in their structure [33]. The low pH value is due to genetically
modified yogurt, to the fact that the isoelectric point of genetically modified casein is at pH 4.2.
Casein proteins become more closely linked and begin to aggregate and precipitate [34].

(28) found that the pH value decreased from 4.88 to 4.43 during 28 days of storage, while the ability to
bind water at concentrations of 1% and 3% reached 42.21 and 35.15%, respectively, after 21 days of
storage, due to the high solids content. While the lowest WHC reached 33.17% at the end of the
storage period at 0% concentration, as for the yogurt sample containing non-encapsulated TO L. reuteri
bacteria, the WHC reached 37.75% after 21 days of storage at 4°C. These results were consistent with
those reported by (1). The WHC of yogurts made from sheep and buffalo milk is higher than that of
yogurts made from cows and goats, due to the presence of a high percentage of total solids in the milk
that enhances the firmness of the yogurt, because the protein content in yogurt jelly plays a major role
in building the strength of the protein network. Unlike cow and goat milk, sheep and buffalo milk have
higher levels of protein, which increases the ability to bind WHC water and prevents its leakage from
within the bond of the protein matrix [35], this was consistent with [36], who stated that the higher the
WHC value, the less whey excretion in the yogurt.

The highest percentage of STS was 83.27% in the Tc sample after 21 days of storage at 4°C; however,
the lowest STS was in the encapsulated bacteria, which amounted to 68.3% and 61.85% in samples
T1% and T3%, respectively. This supports our previous results on water binding ability due to high
solids. These results differ from those of [1], who indicated that the STS of yogurt made from sheep’s
milk reached 71. This difference may be due to the addition of encapsulating bacteria to the yogurt,
which increased the strength of gel formation and the cohesion of protein bonds and bridges, and
reduced whey exudation. The difference in the chemical composition of the types of milk sources is
responsible for the large percentage of variation in the STS of the types of yogurts, especially the
percentage of protein responsible for increasing cross-linking in the protein network. Cross-linking in
the protein network and water cross-linking increases, which reduces whey separation, which was
consistent with what was found by [37]; this supports our results due to the high protein content of the
encapsulated probiotic bacteria added to the yogurt. Therefore, (1) found that the amount of separated
whey was less for each of the curd samples (sheep, buffalo) compared with the curd samples (goats,
cows) because of the high total solids content in both sheep and buffalo milk [38]. Reducing STS is an
important advantage of yogurt [39].

The viability and stability of L. reuteri, whether free or microencapsulated, were evaluated under
simulated stomach conditions. Results revealed a rapid decline in ME % for free cells, whereas
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encapsulated cells with whey proteins and gum Arabic displayed higher stability (Figure 1). The ME
% of free cells decreased from 100.00% to 58.96% after an exposure period of 240 minutes. In the
case of microencapsulation with whey proteins and gum Arabic decreased from 100.00% to 82.11%.
For probiotic bacteria to provide the desired effects, cell survival in the stomach and intestinal
environments is essential. The findings of this investigation are consistent with those of Frakolaki et
al. [17], who demonstrated that the use of polymers in probiotic bacteria microencapsulation
contributes to the protection and maintenance of the intended viability of probiotic bacteria in acidic
environments. However, to express probiotic activity as best as possible, these bacteria need to survive
the circumstances of the gastrointestinal tract (GI) in large quantities, reaching a count of 10°~10’
CFU/g or mL at the end of the product's shelf life. The bacterial cells are microencapsulated with
components of proteins and polysaccharides that increase their stability and capacity to survive in low
pH settings. [18].
Table 2. The chemical and physical properties of yogurt added to encapsulated bacteria during
different storage periods.

Duration periods
lday 7day 14day 21day
Te 0.84 0.93 0.98 1.11
T; 087 094 096 1.07
T,% 0.94 0.97 1.15 1.21
T3% 098 1.13 1.19 1.28
Te 461 459 453 4.47
T; 461 455 450 4.46
pH T,% 458 452  4.48 4.45
T3% 451 448  4.44 441
Te 4331 4285 3895 33.17
T; 4545 4323 40.16 37.75

Tests Samples

Total acidity
(%)

V;’o/':)c T\ %  47.90 4445 4570 4221
T3% 5840 57.2 5675 55.15
T. 7145 7306 7550 83.27
ST T, 6821 7050 7239 7555
i T% 6365 6511 66.76 68.30

T3% 60.35 61.15 62.18 63.50

3.3. Microbial Tests for Yogurt

The results of Table (3) showed the logarithm of the live counts for lactic acid bacteria and the
numbers of encapsulated and unencapsulated L. reuteri bacteria, coliform bacteria, and Staphylococci
bacteria in samples of yogurt made from sheep’s milk and during the period of refrigerated storage. On
the first day of storage, the logarithm of the numbers of lactic acid bacteria reached 8.44, 9.55, 9.08,
and 9.13 CFU/g for samples T¢, Ty Tis, and T, respectively; however, the logarithm of the
number of L. reuteri bacteria was 8.22, 8.00, and 8.13 CFU/gm for samples Ty, Tis, and T,
respectively. No growth of coliform bacteria or Staphylococci species was observed. A decrease in the
numbers of lactic acid bacteria and unencapsulated L. reuferi bacteria during periods of refrigerated
storage. The viable counts of encapsulated L. reuteri bacteria in samples T1% and T3% showed a
modest drop, but the decrease increased with increasing storage duration. The logarithm of their
numbers on the last day of storage reached 7.92 and 8.05 CFU/g, respectively, whereas the logarithm
of the viable counts of L. reuteri bacteria in the yogurt sample containing the non-encapsulated
bacteria Ty was 6.02 CFU/g. No growth of coliform bacteria and Staphylococci species appeared at the
end of the storage period. The low temperature and high acidity during the storage period harmed the
number of viable cells of starter bacteria used in yogurt production. It is noted that samples T, and
T3y, maintained the number of bacteria thanks to the careful packaging of these bacteria, which was
able to preserve them in the amount required to be available in food as recommended by the Food and
Agriculture Organization and the World Health Organization [6]. Stated that the recommended level
of probiotic microorganisms in carrier foods ranges from (10°-10" CFU/gm or ml) to obtain health
benefits for the host.
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Table 3. The logarithm of the number of bacteria in yogurt samples to which encapsulated bacteria
were added and during different storage periods.

Duration periods

Tests Samples — " 7day ldday 21day
Te 8.44 8.05 751 6.68
Tt 9.55 9.00 8.47 7.81
Total Lactic acid bacteria T1% 9.08 9.02 8.95 8.92
T3% 913  9.08 9.00 8.96
Te - - - -
Tt 8.22 7.35 6.83 6.02
L. reuteri T1% 800 800 795 7.92
T3% 8.13 8.10 8.07 8.05
Te Nil Nil Nil Nil
Ts Nil Nil Nil Nil
Total coliform bacteria T1% Nil Nil Nil Nil
T3% Nil Nil Nil Nil
Te Nil Nil Nil Nil
Ts Nil Nil Nil Nil
Staphylococci T1% Nil Nil Nil Nil
T3% Nil Nil Nil Nil

Figure (1) shows the percentage reduction in the viable numbers of encapsulated and unencapsulated
lactic acid bacteria and L. reuteri in yogurt samples during the refrigerated storage period. There was a
significant decrease in the number of lactic acid bacteria in samples T¢ and T:. At the end of the
storage period, it reached 20.58 and 18.21%, respectively, whereas it was 1.86 and 1.72 for the T,
and Ts., samples, respectively. The percentage reduction of encapsulated and unencapsulated L. reuteri
bacteria in yogurt samples after 21 days of refrigerated storage was 26.76%, 1.00%, and 0.98% for Ty,
T1y, and Tse, samples, respectively. The precise encapsulation of bacteria protects them from external
conditions such as high acidity and low temperatures, which increases the viability of bacteria and
maintains their living numbers. These results were consistent with many previous studies, which
demonstrated the importance of the microencapsulation process of bacteria and therapeutic probiotics
to maintain the number of bacteria within the required level in food products such as dairy products
[40]. Encapsulated L. reuteri bacteria used in yogurt production with standard starter, which reduced
the level of harmful cholesterol and the number of triglycerides [41].
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Figure 1. Percentage reduction in the viable numbers of bacteria present in curd samples during the

period of refrigerated storage, (A) lactic acid bacteria, (B) L. reuteri bacteria.
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3.4. Sensory tests of yogurt

Figure (2) shows the results of the sensory evaluation of encapsulated and unencapsulated L. reuteri
yogurt samples on the first and last days of refrigerated aging. The results showed that the sensory
evaluation on the first day of storage showed a slight increase in the curd samples to which closed
bacteria were added at concentrations of 1% and 3%. The reason may be due to the addition of L.
reuteri bacteria to the starter bacteria, which led to the production of metabolic compounds, including
flavor compounds, as a result of the decomposition of fats in milk, which gives more acceptance by
consumers [41; 42]. Adding closed bacteria to curd samples increases the percentage of total solids,
which improves the curd’s texture and appearance. The materials used in packaging (whey proteins
and Arabic gum) help bind water and reduce whey exudation. After 21 days of storage, no significant
difference was observed in the characteristics of appearance, smell, taste, and general acceptability
between the types of yogurt samples, these results agreed with [43] who showed that the use of
encapsulated Lactobacillus acidophilus LA-5 bacteria in the production of yogurt, it did not affect the
sensory qualities of the final product after 35 days of refrigerated storage, while [44] found that the use
of encapsulated Lacticaseibacillus paracasei resulted in increased water binding capacity and
improved rheological properties. Examination under an electron microscope showed fine pores in the
texture, while these characteristics did not appear when using free (non-encapsulated) bacteria.

A —0—TcC
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9 - 1%
—® = 1904
General acceptability
Taste “Texture
B
—0—Tc
—— Tf
Appearance
9 : 119
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General acceptability
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Figure 2. Sensory evaluation of yogurt samples containing encapsulated and unencapsulated L. reuteri
bacteria, (A) on the first day of storage and (B) after 21 days of refrigerated storage.
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Conclusions

Yogurt is a fermented milk product eaten in many countries. Using encapsulated bacteria as starters in
the production of fermented milk improved the physicochemical, microbial, and sensory
characteristics of the yogurt product. Cold storage did not affect the characteristics of the final
product, which used encapsulated bacteria as a starter in its production; it increased the percentage of
total solids and reduced whey exudation. The ability to bind water also increased. Bacterial viability
increased during storage periods.
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