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Both rice bran (RB) and defatted sesame flour (DSC)
areby-products of agricultural processing, they are rich in
dietary fiber. In modern society, dietary fiberis increasingly
being paid attention to for its health benefits. This paperis
aimed onstudying the properties of kefir added with RB and
DSC, including content of dietary fiber, pH, titratable acidi-
ty, viscosity, amount of Lactococcus spp., Lactobacillus spp.
and yeast. Three different kefirs were investigated(control
sample, kefir with 0.1% RB, kefir with 2% DSC) and stored
for 28 days at 4+1 °C. The content of dietary fiber in sam-
ples of kefir, pH, titratable acidity, viscosity, amount of Lac-
tococcus spp., Lactobacillus spp. and yeast were determined
at 1st, 7th, 14th and 28th days of storage. Results showed
that the introduction of RB and DSC increased the content
of dietary fiber in kefir samples by 300% and 680%, com-
pared to control sample, improved the viscosity by 6 times
and 25 times compared to control sample, and acidity — by
9% and 75%, stimulated growth of probiotics including
Lactococcus spp. (content increased by 6% and 8% compa-
red to control sample), Lactobacillus spp.(content increased
by 16% and 4% compared to control sample) and yeast
(content increased by 7% and 1% compared to control
sample on the 7™ day of storage). The increase of dietary
fiber content and probiotics quantity could improve the
health properties of kefir, the increase viscosity make kefir
more popular with consumers (according to the data from a
survey of consumers, they tend to prefer thicker kefir) and
the increase of acidity would shorten fermentation time and
reduce production cost. To reach better quality of kefir, RB
and DSC should be pretreated: crushing, decolorization,
deodorization. And adding largeramount lead to bad taste, so
the urgent problem which needs to be resolved is to decrease
the adverse effect of RB and DSC on properties of kefir.
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BB XAPHOBUX BOJTOKOH PUCOBUX BUCIBOK |
SHEXXUWUPEHOIO KYHXXYTHOIOo sOPOLWLHA HA
KMUCNOMOJIOYHUU HANIN

CroanbcyaHb HI/IHLl’Z, M. M. Camimuk’, SInxe J1y02
' Cymcwkuitl nayionanshuii azpapnuii ynieepcumem
2 Vuisepcumem Xeuocoy, I'vanci, Kumaii

Taxi nobiuni npodykmu nepepodKu CillbCbKO20CNOOAPCbKoi NPOOYKYIL, SIK PUCOBI
suciexu (PB) i snedcupene kynocymue bopowro (3Kb) 6azami na xapuosi 6010KHa,
KOPUCHI 015t 300p08 st iroounu. Y cmammi eusuascs enaue PB i 3Kb na xegip. Byno
00CniOHCceHO mpu pisHi 3pasku Ke@ipy (konmpoavhutl 3pasok, kegip 3 0,1% P5 ma
ke@ip 3 2% JICK), wo 36epicanucs 28 ouie npu memnepamypi 4£1 °C. Buicm xap-
408UX BOJIOKOH Yy 3paskax keghipy, pH, mumposany xucnomuocmi, 8’si3xicms, Kiib-
kicmo Lactococcus spp., Lactobacillus spp. i opidcoocie susnauanu wa 1-u, 7-ti, 14-u
ma 28-1i OHi 30epicanns. Pezynomamu nokazanu, wo esedenns PH i JJ[CK niosuwye
eMICm Xapuosux 80J0KOH Y 3paszkax xeghipy na 300% i 680%, 6’asxicmb—y 6 i 25
pasie, kucnomuicms — Ha 9% i 75%, akujo nopigHaAmu 3 KOHMPOAbHUM 3paskom. Kpim
moeo, 0odasanuss PB i JICK cmumynoe 3pocmarus npoOiomuKie, GKIOHArOUU
Lactococcus spp. (na 6% i 8%), Lactobacillus spp. (na 16% i 4%), i Opisicoacie (a 7%
i 1% Ha 7-il OeHb), NOPIGHAHO 3 KOHMPOJbHUM 3PA3KOM. 30IIbWEHHS BMICIY XAPYOBUX
60NIOKOH [ KInbKOCmi npobiomuxie nioguwye yinwicmo Ke@ipy 011 300p08’s.
Tiosuwenns 8’s;3xkocmi 3podums Keghip OiIbUL NONYIAPHUM Y CHONICUBAYIE (32IOHO 3
OQHUMU ONUMYBAHHA CRONCUBAYI, SIK NPABUIo, 6i00aioms nepeeazy Oiibul 2yCmoMy
Ke@ipy), a niOGUWeHHs KUCIOMHOCMI CKOpOMUmMb Yac OpOoOiHHA [ 3HU3UMb
cobisapmicme npoodykyii. LLlod docsemu kpawoi sxocmi kegipy, RB i DSC noeunni
6ymu nonepednvo 00podneHi (Opobnenns, 3Hebapeanents, 0e3odopayis). 3’acoeano, uwjo
dooasanms 6invwoi kinekocmi PB i JJCK noziputye cmax npooykyii, momy Ha2aabHo0
npobReMoIo, sIKA NOMpedye GUPDIUICHHS, € 3MEHUWIEHHS HEeCNPUSMIUGO20 GHIUBY
000a80k Ha Kegip.

Knrwouoei cnosa: pucosi suciseku, KyHicymte 60pouiHo, kegip, Xapuosi 6010KHA.

Formulation of the problem. With the improvement of people’s living conditions,
the health problems brought by excessive intake of products especially high-calorieare
becoming more and more seriously. Obesity, hypertension, hyperlipidemia and hyper-
glycemia seriously threaten people’s health, it is nessesary to control the excessive
intake of products to keep health.

Dietary fiber is known as "the seventh nutrient", it has several physiological func-
tions. According to well- documented studies, dietary fiber plays a significant role in
risk reduction of several chronic diseases. Diet with a high content of fiber has a po-
sitive effect on health and its consumption has been related to a better management of
blood sugar, lowering blood cholesterol, improving health, and reducing risk of coro-
nary heart disease, as well as several types of cancer, particularly colon cancer (Aune et
al., 2012).These functions enable dietary fiber to meet the health needs ofpeople.
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Rice bran (RB) and defatted sesame cake (DSC) areby-products of agricultural pro-
cessing, they are rich in dietary fiber. In view of benefits of dietary fiber, the introduc-
tion of RB and DSC into kefir would be a very significative attempt. But there is little
study about the introduction of DSC or RB into kefir.

Thus, innovative facets regarding the usage of these wastes as co-products for fur-
ther production of food additives, supplements or value-added products with high nut-
ritional value are gaining increasing interest. Furthermore, their recovery and utilization
are economically and ecologically attractive.

Analysis of recent research and publications. Dietary fibers are naturally present
in a variety of grains, legumes, fruits, vegetables. Based on intestinal solubility (fer-
mentability), dietary fibers are also classified as insoluble and soluble fiber. Soluble
dietary fiber (SDF) partially dissolves in water. It undergoes metabolic processing via
fermentation, yielding end products with significant health effect such as modulation of
blood glucose and lipids, as well as improvement of colonic mediumand regulation of
immune responses (Otles, & Ozgoz, 2014).

Dietary fiber could not be digested and absorbed by human body, and their intake
could give the feeling of fullness, these characteristics could avoid the excessive intake
of energy. Studies have shown that dietary fiber could promote the growth of probio-
tics (Ozcan, & Kurtuldu, 2014), which is also beneficial to human health. Dietary fiber
had a strong water holding capacity, which helped to improve the consistency of fer-
mented dairy products, so that dairy products would be more favored by consumers.

The effect of substitution of skim milkpowder and milk fat by high performance
and native inulin on rheological, textural and sensory properties of kefir were studied
(Glibowski, & Zielinska, 2015). Results showed that both native and high performance
inulin can be successfully applied as a skim milk powder substitute. Kefirs with diffe-
rent types of inulin revealed similar rheological and sensory properties. Rotational
rheometry revealed that the studied kefirs exhibited thixotropic and shear thinning
behavior. Substitution of skim milk powder by inulin allowed reducing 12% and 35%
of caloric value in comparison with skim milk powder and whole milk powder kefir,
respectively.

Kefir enriched with applefiber (AF) and lemon fiber (LF) was studied (Goncu, Celi-
kel, Guler-Akin, & Serdar Akin, 2017). Results showed thatthe water activity values of
kefir samples were between 0.93—0.99, control sample had the highest water activity
(Aw). Addition of DF reduced Aw of kefirs. Fiber concentration affected Aw negati-
vely (p<0.01). Lactic acid bacteria (LAB) counts were between 9.79—10.89 log
cfu/mL™* during storage time. The number of LAB were found to be higher in samples
with DF than in the control sample (p<0.01). Addition of DF had significant effect on
the sensory characteristics of kefirs (p<0.01).

The effects of quinoa flour and inulin on some propertiesof kefir, including pH,
syneresis, viscosity, Streptococci and Lactobacilli counts, total phenolic content, anti-
oxidant activity, titratable aciditywere investigated (Kef, & Arslan, 2021). In samples
produced with both types of milk, inulin addition significantly (p<0.05) increased vis-
cosity and decreased syneresis. The lowest pH value was obtained in kefir with cow
milk produced with 0.5% quinoa flour. Various formulations of kefir samples had sig-
nificant effects on the syneresis, viscosity, Streptococci and Lactobacilli counts, total
phenolic content, antioxidant activity andtitratable acidity. Antioxidant activities in ke-
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fir with cow milk and goat milk varied between 15.27 and 33.71 and between 9.00 and
20.45 (umolTrolox Equivalent/L), respectively. Quinoa flour addition led to a decrease
in the general appreciation score. The highest taste-aroma and general acceptability
scores were obtained with the sample that included 1% inulin in both milk types.

The effects of milk supplementation with mango peels on the growth rates of kefir
microorganisms during fermentation as well as the antioxidant properties of the ob-
tained fermented products were evaluated (Vicenssuto, & de Castro, 2020). The results
were comparatively evaluated between fermented samples withthe presence of mango
peels (KMP) and without them (KC). Significant increases (p<0.05) in antioxidant
activities for KMP were observed for all methods: 113% for DPPH-radical scavenging
(10 h of fermentation), 153% for the Ferric Reducing Antioxidant Power (FRAP) assay
(8 h of fermentation), 21% for ABTS-radical scavenging (6 h of fermentation) and
43% for Total Reducing Capacity (Folin-Ciocalteu method) (8 h of fermentation)
compared to those of KC fermented samples. According to microbiological analyses,
the KMP samples allowed microbial growth of up to 3-fold higher than the growth of
KC samples, reaching counts of up to 108 CFU/mL for lactic acid bacteria.

DSC is a kind of by-product commonly discarded or utilized for feeding animals.
The process of sesame oil extraction leads to the production of semidefatted sesame
flour (SDSC), which containing 50% protein, high content of calcium (1.5 g/100 g),
and crude fiber (10.8 g/100 g) (Maset et al., 2022).

RB is a by-product of rice milling industry and constitutes around 10% of the total
weight of rough rice. It is primarily composed of aleurone, pericarp, sub aleurone layer
and germ. Each year 90% of the RB produced in the world is utilized cheaply as a feed
stock for cattle and poultry, and the rest is used for extraction of RB oil (Sohail, Rakha,
Butt, Igbal, & Rashid, 2017). The improper handling lead not only environmental pol-
lution, but also wasting of resources.

The purpose of the study is to determine the impact of DSC and RB, which are
rich in fiber, on properties of kefir, including physicochemical properties (pH, total
titratable acidity, apparent viscosity) and microbial viability (Lactobacillus, Lactococ-
cusand yeast).

Materials and methods. Kefir grains were obtained from private households in
Tibet, China. Cow milk was supplied from Mengniu Dairy Group Co, Neimenggu,
China. All chemicals were of analytical grade.

Sesame seeds (white) were procured from local market (Hezhou, Guangxi, China).
DSC was obtained from sesame seed which was roasted at 120—130 °C for 10 min
and pressed the fat. The flour was finely powdered and homogenized by sieving thro-
ugh fine screen (100 mesh). RB were procured from local market (Xingtai, Hebei,
China). RB was homogenized by sieving through fine screen (200 mesh). RB was
steam sterilized at 121 °C for 15 minutes before used.

Kefir was used as start culture at a ratio of 10% (v/v). In view of the significant
negative influence of DSC and RB on the sensory quality of kefir, a small introduction
ratio of DSC and RB were selected, namely 2% and 0.1%, respectively. Three samples
were investigated: cow milk without additives (control sample), cow milk added with
2% amount of DSC, cow milk added with 0.1% amount of RB. All mixtures were
fermented at 28 °C for 22 h until pH reached to 4.7, kefir samples were stored at 4 °C
for 28 days.
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The content of dietary fiber in all samples wasstudied. Microbial viability (Lactoba-
cillus, Lactococcus and yeast) and physicochemical properties (total titratable acidity,
apparent viscosity and pH) were studied for all samples. All the indexes were studied
after 7, 14, 21, 28 days.

Proximate composition. The content of dietary fiber was measured according to
(AOAC, 2000). The dried samples were digested with heat-stabilized a-amylase, pro-
tease and glucosidase to remove protein and starch. After ethanol precipitation and
filtration, the residue was washed with ethanol and acetone, dried and weighed, which
was the total dietary fiber residue. The total dietary fiber content in the sample can be
calculated by deducting the corresponding protein, ash and reagent blank contents in
the dietary fiber residue. The set for the test is dietary fiber determination system
(CSF®6, ltaly).

The pH value was determined by a pH meter (METTLER TOLEDO LE438, Swit-
zerland). The titratable acidity was measured by titrating 10 g of sample with 0.1 N
NaOH using phenolphthalein indicator. The apparent viscosity of the samples was
measured with a digital viscometer (NDJ-8S, Shanghai, China) (Putri, Setiani, &
Warya, 2020). An appropriate rotor was selected, according to the viscosity of kefir,
then the rotor was inserted into the kefir samples, and then an appropriate speed was
selected. The torque generated by the rotor during rotation will be displayed by the
instrument in the form of force, then the data obtained.

Microbiological analysis: 25 ml of sample was suspended in 225 ml sterile normal
saline (0.85%, v/v) solution in a ratio of 1:9 (w/w) in a sterile bag. The mixture was
homogenized in orbital shaker (Guansen 200JR, Shanghai, China) at 400 rpm for 1.0
min. Then, serial dilutions in normal saline (0.85%, wi/v) were prepared, and proper
dilution was transferred onto the appropriate media for each microorganism. The mic-
robial loads of Lactobacillus were determined on Man-Rogosa-Sharpe agar, Lacto-
coccus on M17 agar, yeast and molds on Potato Dextrose Agar. The plates were then
incubated at 30 °C for 72 h for the detection of Lactobacillus, at 37 °C for 48 h for
Lactococcus, at 28 °C for 5 days for yeast and molds. All microbiological incubations
were carried out in incubators (BPC-150F, Shanghai, China). Colony counts were con-
verted to log CFU/mI. Each sample for all measurements was replicated in twice
(Goncu, Celikel, Guler-Akin, & Serdar Akin, 2017).

Statistical analysis. All experiments were replicated in three flasks and the data are
presented as the mean and standard deviation of three independent experiments. Tu-
key’s multiple range test (Du, 1985) was used to determine the significant differences
among mean values at the P = 0.05 level. Statistical analyses were carried out using the
Data Processing System soft-ware (DPS version 7.05, SAS Institute, Inc., 2000).

Presentation of the main results of the study. The introduction of RB and DSC
could significantly improve the content of dietary fiber in kefir. Research data are
shown in table 1.

Table 1. Content of dietary fiber in samples with additives of fiber

Samples Control sample | Sample with 0.1% RB Sample with 2% DSC

Content of fiber, % 0.01+0.00 0.03+0.002 0.68+0.11
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The content of dietary fiber improved significantly (P<0.05). Compared to control
samples, the dietary fiber content in kefir added with 0.1% RB increased 3 times, and
in kefir added with 2% RB increased 6.8 times.

The changes of pH and titratable acidity in different samples during 28 days are-
shown atfigure 1 and figure 2.
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Figure 1. The changes of pH in samples with additives of fiber during 28 days

In the figure 2, K presented control samples, A presented kefir added with RB, B
presented kefir added with DSC. The more amount of additives was added, the lower
the value of pH was, the higher the value of titratable acidity was. pH of samples
ranged between 3.93 and 5.01.
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Figure 2. The changes of titratable acidity in samples with additives of fiberduring 28 days

The titratable acidity ranged between 67.78 T and 163.52T. These dependences co-
uld be related to stimulation of lactic acid bacteria by fiber. The results have an agree-
ment with previously obtained results by other scientists (do Espirito Santo, Perego,
Converti, and Oliveira, 2012) who produced yoghurt with passion fruit fiber. Previous
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studies have also demonstrated that kefir as a probiotic (Guzel-Seydim, Kok-Tas, Gree-
ne, & Seydim, 2011) and dietary fiber had a potential prebictic effect (Shah, Li, Sab-
bah, Xu, & Mraz, 2020; Wu, et al., 2020).

The results of apparent viscosity areshown in figure 3. Compared tocontrol sample,
2% amount of DSC increased the apparent viscosity of kefir (p<0.05), so do as 0.1%
amount of RB, which was caused by the adding amount of dry matter and the hyd-
rophilicity of protein and fiber in DSC (Mudgil, & Barak, 2013; llyas, & Atalar, 2019).
This is the most probably due to the effect of coverage of caseins with polysaccharides
such as b-glucan, pectin etc. and stabilizing casein aggregates. These results are in
agreement with findings of other scientists (Tseng, & Zhao, 2013) who reported that an
increasing levels of addition wine grape pomace as prebiotic in yoghurts decreased
apparent viscosity values. Also, there was stated (El-Batawy, Ashoush, & Mehanna,
2014) that increasing the concentration of pomegranate peel extracts decreased the vis-
cosity values and these results areassociated with effect of pomegranate peel extract on
the aggregation of network in yoghurts via electrostatic interactions. On the other hand,
there was reported (Guler-Akin, Ferliarslan, & Akin, 2016) that the yoghurts added
with inulin had significantly higher apparent viscosity than the sample without it. Vis-
cosity is an important technological property of fibers whichprovides rheological cha-
racteristics to food systems. SDF becomes viscous when mixed with water. Fibers,
such as pectin, gums, B-glucans extracted from algae, form highly viscous solutions.
Theyare used as thickening agents in foods at low concentrations. In the case of beve-
rages and drinks, the addition of dietary fiber increases viscosity which leadsto increa-
sed stability.

The apparent viscosity was the highest on the 7™ day, and then kept steadyduring
storage period (p >0.05), this might be explained by the balance of sedimentation and
hydrophilic interaction of DSC.

7

6

Apparent viscosity (Pa*s)
- N w B (&3]

o

day 0 day 7 day 14 day 21 day 28
Storage period (day)

Figure 3. The changes of apparent viscosity in different samples in 28 days:
K — control samples; A — kefir added with RB; B — xefir added with DSC
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The changes of the population of Lactobacillus, yeast and Lactococcus during 28
days areshown in figures 4—6.The Lactobacillus counts were between 8.04—9.15 log
CFU mL™ during storage time; The Lactococcus counts were between 7.51—10.45 log
CFU mL during storage time; yeast counts were between 7.95—10.11 log CFU mL*
during storage time. The introduction of DSC made no difference on the microbiologi-
cal count, which may be due to the combined effect of the promotion of dietary fiber
and the bacteriostasis of sesame phenolic substances on the growth of microorganisms.
Scientists (Alfuraydi, Devanesan, Al-Ansari, AlSalhi, & Ranjitsingh, 2019) reported
that DSC showed high activity against bacteria, authors also indicated that antimicro-
bial properties originate from phenolic compounds in DSC. Another reason of this re-
duction may be antagonistic effect of higher yeast content against lactic acid bacteria.
The cocultured organism may compete for nutrients or produce metabolic products that
stimulate or inhibit each other’s growth (Santos, Libeck, & Schwan, 2014). Similar
results were reported by (Montanuci, Pimentel, Garcia, & Prudencio, 2012).

11
K A B

10

Population of Lactobacillus
(log CFU mL1)

Day 0 Day 7 Day 14 Day 21 Day 28
Storage period (day)

Figure 4. The population of Lactobacillus of kefir samples

Although there were differences in all samples for viable counts of lactococci du-
ring the first week of storage (P<0.05), these differences weren’t obvious, which indi-
cated that the introduction of RB made little difference on the population of Lacto-
coccus. The results were compatible with (Demirci, Aktas, Sozeri, Oztiirk, & Akin,
2017), who reported a slight decrease of S. thermophilus during storage of yoghurts
added with RB. Storage period significantly affected the amount of Lactococcus (P<0.05).
As the prolonging of storage period, the amount of Lactococcus significantly decreased
(P<0.05) in the first two weeks, and kept steady in the following two weeks. The popu-
lation of Lactococcus never declined less than 7.0 log CFU/mL.

Yeasts play an important role during kefir fermentation, because of end-products
such as ethanol and carbon dioxide which would give kefir unique taste. The increase
of population of yeast was more obvious in samples added with RB than control
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sample during storage period. Such data indicated that RB positively stimulated growth
of yeasts.
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Figure 5. The population of Lactococcus of kefir samples
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Figure 6. The population of yeast of kefir samples

Storage period apparently affected yeast counts in all samples (P< 0.05). Although
insignificant differences were noted in samples during the first week, significant diffe-
rences were found during the rest period of storage time (P< 0.05).
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Conclusions

This study reported to application of DSC and RB in kefir formulations. Results
showed that the introduction of DSC and RB improved the acidity by 9% and 75% and
viscosity improved 6 times and 25 times, compared to control sample, mainly because
of the dietary fiber in their recipe. Also, the introduction of DSC and RB improved the
probiotics properties, Lactococcus spp. increased by 6% and 8% Lactobacillus spp.
increased by 16% and 4%, and yeast increased by 7% and 1% compared to control
sample on the 7th day. This study demonstrated that RB and DSC are appropriate by-
products with desirable properties such as prebiotic potential and antioxidative contri-
butions for functional dairy product manufacturers.
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