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influence the value of titratable acidity, pH, and apparent viscosity. The longer the storage period was, the
higher the titratable acidity values were, the lower the pH value was caused by the post-fermentation of
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¢y, sour, and texture). The introduction of RB would lead to whey separation and rough structure. Ferment-
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material with bright application prospects in a fermented milk drink.
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BB BBeJleHHSI PUCOBUX BHCIBOK HA KHCJIOMOJIOYHUI HaMii

M. Camimuk!, C. Luns?, 5. JIo?

L Cymcevruii nayionanvrutl aspapuuii ynieepcumem, m. Cymu, Yrpaina
2[IIxona xapuyeanns ma bioinoicenepii, Yuieepcumem Xeusicoy, Xevocoy, Kumaii

Pucosi sucisku — ye azponpomuciosi 6i0Xo0u 3 6UCOKOI0 XAPUOBOI0 YIHHICHIIO MA 3HAYHUM eMicmom bioakmuenux cnonyk. Ilpoyecu 6i-
ompancpopmayii wiasixom OPoOIHHA KUCTOMOIOYHUX HANOIE NIOBUWYIOMb IHmMepec 00 OMPUMAHHSA NPOOYKMIE 3 A2PONPOMUCTOBUX BI0X00i6 3
000pumu Gionociynumu gracmusocmsamu. Jocaiodnceno rcummezdamuicms 8eedenis pucosux gucieox (PB) y xuciomonounuil nanii s
noninwenns. cmpykmyphoi cmabinenocmi ma wymausocmi. Byno docniosceno kucromonounuii naniu 3 dobasxoro PB 0,1, 0,1 %, 0,3 %,
0,5 %, 0,7 %. 3pasku sbepiearu 28 ouie npu memnepamypi 4 * 1 °C. Jocniodxceno cxkiad 3paskis, 6ueueHo isuko-XiMiuHi e1acmueocmi
(3aeanviy mumpoeany Kuciomuicme, 8 sizxkicms ma pH) ma mosciugicmo cnoscusanns kucromonounux nanoig na 0, 7, 14, 21 ma 28 oenv
30epieannsi. JJocaiodxcennss nokazano, wjo pucosi gucieku 6azami xapuosumu sonoxkramu (28,57 %), scupom (21,56 %) ma 6inkom (11,18 %).
Beeoennsi PB nokazano snaunuii énius na yi napamempu (P < 0,05). IIpu 0odasanni 6inbwioi Kinbkocmi pucosux 6ucieok guuumu Oyau
3HAYEHHS. MUMPOBAHOI KUCIOMHOCMI Ma GUOUMOI 6 'aA3Kocmi, HudcuuM — 3nauenns pH, wo mooice ckopomumu yac 6pooinns, nouinuumu
CcMabinbHicMb MeKCmypu ma 3a0uwadumu gumpamu Ha eupooHuymeo. Ilepiod 30epicanns modice icmMOMHO BNIUHYMU HA 3HAYEHHS. MUMPO-
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sarnoi kucromnocmi, pH ma euoumoi 6 ’sizkocmi. IIpu 30inbwenni nepiody 36epicanhs niosuwy6aniocs 3HA4eHHs MUMpPOBAHOL KUCIOMHOCMI,
sHuorcyeascs pH. Lle cnpuuuneno nocm36pooicy8aHHaM KUCIOMOTOUHO20 HANOI. B'A3kicmy cnouamky 3pocmand, a nomim 3HUHCY8ANACs
npomseom nepiody 3bepicanns. Beeoenns PB mooice cymmeeo ennunymu na cencopmi xapaxkmepucmuxu (Koaip, KOHCUCMEHYII0 mMd MeKc-
mypy). Beedennss PB npuzeeno 0o nodiny cuposamxu ma epy6oi cmpykmypu. Kuciomonounuii naniii, donognenuii 0,1 % PB, npodemoncm-
Py8as binbu 8uUcoKe CnputiHamms ceHcopamu. Bemanosneno navikpawuii mepmin 36epicanns 3paska — 14 ouis, npomszom saxux 36epicacmo-
€ AKICMb KUCTOMONOUH020 Hanolo. Pucosi suciexku — ye pisHO8UO CUpOSUHU 3 ACKPABOIO NEPCNEKMUBOI0 3ACMOCYBAHHA Y KUCIOMOIOUHUX

HANoAX.

Kntwouoei cnoea: xuciomonounuii aniii, pucosi 6UCieKu, asponpomuciosi 8ioxoou, 8 a3Kicmb, CEHCOPHI 61ACMUBOCTEI.

Introduction

Fermented milk drink is a kind of fermented beverage,
which is traditionally prepared by inoculation of raw milk
with fermented milk drink grains. Fermented milk drink is
regarded as a nutritious and healthy drink. Some results
indicate that fermented milk drink and its constituents
have pro-healthy properties that positively affect immune
and gastrointestinal system (Iraporda et al., 2014). In
certain studies it helped with lactose intolerance (Leite et
al., 2015), affected the cholesterol metabolism (Kim et al.,
2017), revealed therapeutic activity against colon carcin-
ogens (Ahmed et al., 2013). It was the source of some
vitamins (Wyk et al., 2011). Besides, fermented milk
drink cultures can be applied to promote food safety by
inhibiting coliforms and numerous pathogens (Wyk et al.,
2011).

Almost all types of dairy products can combine with
different plant components. Many scientists are trying to
create healthy food by considering natural plant compo-
nents (Zaharova, 2014). However, the introduction of
some kinds of plant components would lead to decrease
of viscosity, separation of whey, deterioration of the taste
of dairy products. These negative reactions cause an in-
crease in the amounts of flavors and stabilizers. For this
reason, the urgent task of research on plant-based fer-
mented milk drink is to develop formulations of dairy
products that have natural fillers, but have no negative
effects on fermented milk drink.

RB is a by-product of rice milling industry and consti-
tutes around 10 % of the total weight of rough rice (Hu et
al., 1996). It is primarily composed of aleurone, pericarp,
sub aleurone layer and germ. Each year 90 % of the rice
bran produced in the world is utilized cheaply as a feed
stock for cattle and poultry and the remainder is used for
extraction of rice bran oil (Zullaikah et al., 2009). Protein
in RB is a kind of high quality protein, it has appropriate
amino acid composition and high biological potency, the
lysine content reaches as high as 5.8 g/100g. Oil in RB
can help to lower blood pressure and improve the lipid
profile in mild-to-moderate hypertensive patients
(Devarajan et al., 2016; Perez-Ternero et al., 2017), pre-
vent colon cancer (Li et al., 2011). Fiber in RB can help
to keep the health of gut. In recent days, the applications
of RB as food were focused on: the extraction of protein
(Phongthai et al., 2016), fiber (Jia et al., 2019), oil (Soares
et al., 2016; Trevisani Juchen et al., 2019), vitamin B
(Chen et al., 2011) and other biological components
(Tabaraki & Nateghi, 2011); the stabilization of rice bran
(Patil et al., 2016); the supplement of RB into bread

(Tuncel et al., 2014), sausage (Choi et al., 2010), drinks
(Prestes et al., 2019). Few researches were about the sup-
plement of RB in fermented milk.

This study aimed to evaluate physicochemical proper-
ties (total titratable acidity, apparent viscosity and pH)
and consumer’s acceptability of fermented milk drink
enriched with RB.

Materials and methods

Fermented milk drink grains were obtained from pri-
vate households in Tibet, China. Cow milk was supplied
from Mengniu Dairy Group Co, Neimenggu, China. All
chemicals were of analytical grade. RB were procured
from local market (Xingtai, Hebei, China). RB was ho-
mogenized by sieving through fine screen (200 mesh). RB
was steam sterilized at 121 °C for 15 minutes before used.

Fermented milk drink was used as start culture at a ra-
tio of 10 % (V/V). Five raw materials formulas were
investigated: cow milk added with 0 (control), 0.1 % (A),
0.3% (B), 0.5 % (C), 0.7 % (D) amount of RB. All kinds
of mixture were fermented at 28 °C for about 22 h until
pH reached to 4.7, fermented milk drink samples were
stored at 4 °C for 28 days.

The content of protein, dietary fiber, fat for RB were
studied. Fat contents were confirmed by Soxhlet extrac-
tion method (GB 5009.6, 2016); The protein content was
determined by Kjeldahl method (1SO, 2014), A multipli-
cation factor of 5.95 was used to convert nitrogen per-
centage to protein percentage. Dietary fiber was measured
according to (AOAC, 2000).

Physicochemical indexes including pH, total titratable
acidity, apparent viscosity, water-holding capacity, color
measurements and nuclear magnetic resonance were stud-
ied every 7 days for 28 days for all samples. The pH value
was determined by a pH meter (METTLER TOLEDO
LE438, Switzerland). The titratable acidity was measured
by titrating 10 g of sample with 0.1 N NaOH using phe-
nolphthalein indicator (GB5009. 239-2016). The apparent
viscosity of the samples was measured with a digital vis-
cometer (NDJ-8S, Shanghai, China).

Sensory evaluation was conducted using 40 untrained
panelists (25 women and 15 men, age 20-36). Panelists
examined and tasted the samples and recorded their per-
ceptions by making marks according to scoring criteria.
They examined color, consistency, sour, texture and fla-
vor. During sensory analyses, panelists were provided
with plain cracker sticks and water, instructed to clear
their mouth between tastings. The scoring criteria was
showed in table 1.
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Table 1
Scoring criteria for fermented milk drink
Items Standard for evaluation Score
Uniform color and slight yellow 8-9
color slight delamination, slight yellow 7-8
delamination, uneven color <7
Moderate consistency and heavy palate 8-9
consistency slightly thin consistency 7-8
thin or heavy consistency 5-7
very thin or heavy consistency <5
Moderate sour taste, without astringency 8-9
slight or heavy sour taste, without astringency 7-8
sour . ;
slight sour taste and astringency 6-7
very slight or heavy sour taste, and heavy astringency <6
uniform and smooth texture, exquisite structure, without bubbles 8-9
texture slightly uniform and smooth texture, slightly exquisite structure, without bubbles 7-8
slightly rough texture, a small number of bubbles 5-7
rough texture, more bubbles <5
intense flavor of rice and kefir 8-9
flavor moderate flavor of ricg and kef_ir _ 7-8
moderate flavor of kefir and slight flavor of rice 5-7
moderate flavor of kefir and without flavor of rice <5
All experiments were replicated in three flasks and the Results
data are presented as the mean and standard error of three
independent experiments. Tukey’s multiple range test was Table 2 showed the main components of RB, result

used to determine the significant differences among mean  showed that RB was rich in dietary fiber, the content was

values at the P = 0.05 level. Statistical analyses were up to 28.57 %; The content of fat and protein were high

carried out using the Data Processing System soft-ware  (21.56 % and 11.18 % respectively), too. Its high content

(DPS version 7.05, SAS Institute, Inc., 2000). of dietary fiber and protein could play a good thickening
effect on fermented milk drink.

Table 2

Chemical composition of RB (n = 3, £ SD)
component fat protein dietary fiber ash water
content (%) 2156 +0.21 11.18+0.33 28.57+1.98 857+134 9.77£0.07

* Values expressed as mean + standard deviation of duplicate samples.

The result of pH and titratable acidity of fermented acidity increased significantly ( P < 0.05), the change of

milk drinks were showed in table 3 and figure 1, 2. pH value was more significant than that of titration acidi-
The pH of the samples was ranged between 4.23 and  ty.
5.06. The titratable acidity was ranged between 70.02- T The appropriate titrated acidity of fermented milk

and 105.22°T. Addition of RB caused to the significant  drink was between 70T and 95T, on the 28" day of stor-
decrease of pH values and increase of the titratable acidity ~ age period, the titrated acidity of fermented milk drinks
of fermented milk drinks (P < 0.05). The results indicate  added with RB exceeds 95T, which showed that kefir
that the more RB was added, the lower the pH were and  added with RB was not suitable for further consumption
the higher the titratable acidity were, 0.7 % DSC added on 28" day. It is best to fermented milk drink added with
fermented milk drink samples had the lowest pH and the  RB within 21 days.

highest titratable acidity contents. It could be related to Table 4 and figure 3 presented the change of apparent
stimulation of lactic acid bacteria by fiber. Previous stud-  viscosity of fermented milk drink in 28 days. Results
ies have also demonstrated that fermented milk drink asa  showed that the introduction of RB could significantly

probiotic (Guzel-Seydim et al., 2011; Chifiriuc et al., improve the apparent viscosity of fermented milk drink
2011) and dietary fiber had a potential prebiotic effect (P < 0.05), the more RB was added, the higher the appar-
(Shah et al., 2020; Wu et al., 2020). ent viscosity was. The texture of kefir were affected by

As expected, the storage period significantly affected  weak physical bonds, electrostatic and hydrophobic inter-
the level of pH and acidity of samples (P < 0.05). With  actions, the introduction of RB could improve these inter-
the prolonging of storage period, the pH value of all sam-  actions (Ertekin & Guzel-Seydim, 2010).
ples decreased significantly (P < 0.05), and the titration
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Fig. 1. pH of fermented milk drink samples during storage for 28 days (n = 3, £ SD)
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Fig. 2. Titratable acidity of fermented milk drink samples during storage for 28 days (n = 3, £ SD)
Table 3
pH and titratable acidity of fermented milk drink samples
Samples Day 0 Day 7 Day 14 Day 21 Day 28
0 5.06 £0.02 *A 4.94+0.0128 4.79+0.00%°¢ 4.61+0.012P 454 +0.01*F
0.1% 4.92 +£0.00 24 4.74+0.04%8 4.65+0.01>¢ 4.49+0.02°5P 4.43+0.025F
pH 0.3% 474+0.01¢A 4.63+0.01%8 452 +0.015¢ 4.38 £0.01%P 4.34+0.00¢%E
0.5% 4,71 +0.00 44 4,58 +0.01%B 4.47+0.01¢¢ 4.29+0.01¢° 4.31+0.01¢F
0.7% 457 +£0.00 &~ 452 +0.02%8 4.41+0.01%°¢ 437+£0¢P 423+0.01%F
0 64.21+0.42%P 67.14+1.089C0  7200+1.97%"8  68.93+0.68 % BC 75.14 £ 0.51%4
Titratabl 0.1% 70.02+0.89%B  7401+3.16¢%8 82.05+0.26 A 80.30£0.724A 82.69+1.32¢A
acidiy. (0% 03% 7758+105%0 86.15+041bC  9142+036bA8  89.01+227%BC  04.33+0610A
Y 05% 83.39+037>P 8571+0.37b°C 91.36+1.06%8 92.32+0.50%8 96.92 + 1,03 %A
0.7% 93.9+1.98*C 97.86+0.942B¢ 100.64+3.28*48 102.28+0.12*~  105.22+0.56*4

* a.b.c.d e Means in the same column with different superscripts significantly differ (P < 0.05)
* A B.C.D.E Means in the same row with different superscripts among fermented milk drink samples significantly differ (P < 0.05)
* SD: Standard deviation

Table 4
Apparent viscosity of fermented milk drink samples
Samples Day 0 Day 7 Day 14 Day 21 Day 28

K 64.17 + 3.86% € 702.83 + 3.01¢ 8 1023.33 £17.74%~  1095.83 +80.01 %~  1003.33 + 147.95 & BC
A 131.20+1.06 %€ 128433 +73.05>A 1211.83 +32.04¢A 1322.5+49.94 A 988.75 + 5.30 & BC
B 243.33+20.23¢P 1605 + 10.00 B 2645 +45.83>A  1536.67 +46.46>B  1210.83 £ 45.85%A
o 716.00 £41.94%P 1758.17 +355*BC 205833 +315.29*A 2070.83 £5.20%8 1446.67 £52.700.¢
D 1861.25 + 15.91 248 1824.33 + 239.64 B 3413.33 +£65.06 *A  1525.83 +9.46 > B 1930 + 56.57 B

*ab.c.dMeans in the same column with different superscripts significantly differ (P < 0.05)
* A.B,C.D Means in the same row with different superscripts among kefir samples significantly differ (P < 0.05)
* SD: Standard deviation
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The storage period could significantly affect the ap-  then during storage period, the apparent viscosity was the
parent viscosity of samples. For all the samples, the ap-  highest on the 14" day. Considering viscosity, it is best to
parent viscosity showed a trend of rising first and falling  fermented milk drink added with RB within 14 days.
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Fig. 3. Apparent viscosity of fermented milk drink samples during storage for 28 days (n = 3, + SD)
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Fig. 4. Sensory properties of fermented milk drink samples in 28 days (a) 0-day, (b) 7th day, (c) 14th day, (d) 21st day,
(e) 28th day
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The sensory characteristics of fermented milk drinks
in 28 days were showed in figure 4. The introduction of
RB significantly affected the sensory characteristics of
fermented milk drinks (P < 0.05). RB could increase the
viscosity of fermented milk drink, because of the good
WHC of dietary fiber and protein in RB. RB gave fer-
mented milk drink its unique rice flavor, the more RB was
added, the strong rice flavor was, but decrease of flavor
acceptability of samples occurred when the adding
amount of RB was up to 0.5 %. Meanwhile, the introduc-
tion of RB would separate whey, resulting in uneven
texture and reducing product acceptability. While
(Demirci et al., 2017) reported that all RB fortified fer-
mented milk were assessed with lower values compared
to plain samples, increasing proportion of RB led to a
lower acceptability of samples (Goncu, 2017) reported
that dietary fiber addition positively influenced taste and
aroma, consistency and general acceptability scores up to
at a rate of 0.5 %, because of better mouth thickness and
pleasant aroma of them.

The higher fiber concentration (1 %) caused the lower
sensory scores. The storage period made significantly
effect on the sensory quality of fermented milk drink
(P < 0.05). Totally speaking, the acceptability of ferment-
ed milk drink was the highest when 0.1 % RB was added,
and 0.5 % RB added fermented milk drinks had the low-
est sensory scores. The introduction of RB into fermented
milk drink lead to whey separation, rough texture, alt-
hough it can improve the viscosity, and rich the flavor of
fermented milk drink. The problem of whey separation
should be solved if RB introduced into fermented milk
drink. In general, the acceptability of fermented milk
drink was highest when RB was added as 0.1 %.

Discussion

RB is a kind of industrial and agricultural waste which
was rich in dietary fiber (28.57 %), fat (21.56 %) and
protein (11.18 %). There are some advantages of the in-
troduction of RB into fermented milk drink. Results
showed that the introduction of RB could increase the pH
value and decrease the acidity value of fermented milk
drink significantly (P < 0.05), which may partially be
attributed to the protein and fiber in RB. The introduction
of RB could increase the apparent viscosity of fermented
milk drink significantly (P < 0.05), the more RB was
added, the higher the apparent viscosity was. In terms of
sensory, the introduction of RB would increase the thick-
ness and rich the flavor of fermented milk drink, lead to
whey layered and rough taste. The more RB was added,
the greater the negative impact was, in terms of sensory,
the appropriate ratio of RB was 0.1 %.

The storage period could influence the pH, acidity and
apparent viscosity significantly (P < 0.05). Storage period
could increase the pH and decreased the acidity signifi-
cantly (P < 0.05) for the post-fermentation. In terms of pH
and acidity, it was best to be eaten within 21 days for
fermented milk drink. Storage period influenced the ap-
parent viscosity of fermented milk drink significantly
(P < 0.05), the apparent viscosity increased at the begin-
ning and decreased then with the prolonging of storage
period, samples had the highest apparent viscosity on the

14th day. In terms of apparent viscosity, it was best to be
eaten within 14 days.

Conclusion

Overall, the best introduction amount of RB was
0.1 %, it was best for fermented milk drink added with
RB to be eaten within 14 days. On the basis of the physi-
cal-chemical, rheological and sensory properties study,
results suggest that RB could be potentially considered as
a source of ingredient for fermented milk drink supple-
mentation.
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