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Abstract. The feasibility of yogurt fortification with 0.3% oat 8-glucan was examined.
The results showed that 0.3% oat B-glucan yogurt has a water-holding capacity. The
acidity value and pH reached their maximum values at 7 d of storage, and no significant
changes were observed after 7 d. All pH values ranged from 4.18 to 4.28, which are
within the normal ranges for set-type yogurts. Interestingly, the viscosity values
increased throughout storage. Significant differences were noted between the control
yogurt and 0.3% oat B-glucan yogurt. The experimental sample had a higher viscosity
than the control yogurt, and the highest values were 58560 + 2120 cp at 21 d for 0.3%
oat B-glucan yogurt. The viability of probiotic bacteria in yogurts was checked. During
the whole storage period, the content of probiotics decreased, which was only 0.63 +
0.05 x107 CFU/mL at 21 d. However, 0.3% oat B8-glucan yogurt contained significantly
more living probiotic bacteria compared to the control one, throughout the whole cold
storage period. The viability of probiotic bacteria of 0.3% oat 8-glucan yogurt at 14 d
(3.18 0.2 x107 CFU/mL) was only slightly lower than that of control yogurt at 1 d (3.45
+ 0.3 x107 CFU/mL). This fully demonstrates that the addition of 0.3% oat 6-glucan
has a protective effect on probiotics in yogurt, which will be beneficial for human
health. The textural characteristics of yogurt were affected by the addition of 0.3% oat
B-glucan, leading to decreased adhesiveness, but enhanced hardness and gumminess,
throughout storage. All yogurts had average sensory scores of above 80, indicating
a preference both for the control yogurt and 0.3% oat 6-glucan yogurt throughout
storage. The sensory results indicated that 0.3% oat 8-glucan yogurt had the highest
acceptability value of 86.49 at 21 d of storage, had a positive effect on the acceptability
of the yogurt, independently of the storage time. Overall, yogurt containing 0.3% oat
6-glucan could be an innovative healthy dairy product.

Keywords: yogurt, oat 8-glucan, sensory, viscosity, chemical characteristics
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Introduction.

The demand for healthy foods has
caused the development of products con-
taining functional components. In the dairy
industry, prebiotic substances or probiotic
bacteria have sparked interest due to sci-
entific evidence related to their positive
health benefits (Chen et al., 2019).

Dietary fibers, usually polysaccharides,
can be insoluble or soluble in water. Soluble
fibers are usually found in fruits, vegetables,
oat bran, and barley, etc. Oat f-glucan (OG),
a soluble dietary fiber from oat, has received
tremendous attention during the previous
decades. It is a non-starchy polysaccharide
that comprises mainly glucose molecules
linked by (1-3), (1-4) mixed linkage with
glycosidic bonds (Xu et al., 2021). More
importantly, it has diverse and great effects
on the maintenance and improvement of
human health. For example, consumption
of OG can help in reducing the occurrence
of some chronic diseases such as high blood
pressure, insulin responses, obesity, and co-
lon cancer (Sarantis et al., 2021). In addition,
it can modify the rheological and mouthfeel
attributes, and physical stability of bever-
ages, and be used as a prebiotic in yogurt
formulations (Rosburg et al., 2010). Now-
adays, consumption of OG is encouraged
and it is added to various food products as a
functional ingredient.

Analysis of recent researches
and publications.

Yogurt, a traditional fermented dairy
product containing probiotics and prebiot-
ics, has gained widespread consumer ac-
ceptance for being considered as a healthy
product (Jergensen et al., 2019; Garcia-Bur-
gos et al., 2020). It has shown a substantial
consumption increase in recent years due to
its nutritional and health interest. During the
fermentation action, some toxic or antinutri-

tional factors, such as lactose and galactose,
can be removed from fermented milk, thus
preventing lactose intolerance and accumula-
tion of galactose (Shiby & Mishra, 2013). In
this sense, yogurt can be used as an excellent
matrix for developing innovative health-pro-
moting products and functional foods.

The addition of soluble fibers can
change the structural-mechanical prop-
erties (Samilyk et al., 2020) and func-
tional characteristics of fermented dairy
products. For example, used hydrolyzed
guar gum can be used to enhance the
functional and sensory properties of
yogurt (Mudgil et al., 2016). In recent
years, there is growing interest to launch
health-promoting foodstuffs with OG.

Because OG is a kind of dietary fi-
ber, it can be used as a prebiotic of pro-
biotics, and it has a positive influence
on the physicochemical properties and
vitality of probiotics in yogurt. This fea-
ture is conducive to OG as a functional
component of yogurt (Ibrahim & Selez-
neva, 2019; Ibrahim et al., 2020).

From the analysis data of literature
sources, we know that OG has the po-
tential as a functional additive for yo-
gurt; however, the texture analysis and
chemical characteristics of the storage
period after adding OG to yogurt still
need to be more systematically studied.

As our previous report, the addition
of 0.3% OG decreased the fermentation
time of set-type yogurt, making the high-
est score of sensory evaluation (Qu et al.,
2021). As a functional food ingredient,
0.3% OG is important in enhancing the nu-
traceutical quality and physical characteris-
tics of yogurt. Moreover, 0.3% OG shows
its effect on starter culture growth. Howev-
er, the impact of 0.3% OG on the quality
of yogurt, such as sensory evaluation and
physical characteristics, during storage, has
not been evaluated. So, in this work, the
quality characteristics of set-type yogurt,
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i.e., control yogurt and 0.3% OG yogurt,

were studied. The water-holding capacity

(WHCQ), acidity value, pH, viscosity, tex-

tural parameters, viability of probiotic bac-

teria, and sensory properties, during 21 d

of storage, were evaluated and compared.

The aim and objectives of the study.
The aim of the study is to analyze the ef-
fect of the feasibility of set-type yogurt
fortification with 0.3% OG.

To achieve the aim of the study, it was
necessary to solve the following problems:
— to analyze the effects of yogurt with

or without 0.3% OG on sensory

during storage;

— to analyze the impact of yogurt with
or without 0.3% OG on viscosity and
chemical properties during storage;

— to investigate the effect on probiotics
in yogurt with or without 0.3% OG
during storage.

Materials and methods.

Pure milk was purchased from Yili
Industrial Group Co. Ltd (Neimeng-
gu, China). Oat B-glucan (95% purity)
was provided by Zhongkang Food Co.,
(Guangzhou, China). Starters: Strepto-
coccus thermophilus and Lactobacillus
bulgaricus (Lactobacillus dechellii Bul-
garian subspecies) (viable bacteria count
was about 1x10° CFU/g) were provided
by Danisco (China) Co., Ltd, (Shanghai,
China). MRS medium was purchased
from Shanghai Mingrui Biotechnology
Co., Ltd, (Shanghai, China). Agar was
purchased from Xi’an Huibang Bioengi-
neering Co., Ltd, (Xi’an, China). All other
chemicals were used of analytical grade.

The preparation of yogurt samples
refers to the previous experimental
methods of the author (Qu et al., 2021).

Take a certain quality (M,) of yogurt
in a centrifuge tube; centrifuge at 4 000
r/min for 25 min at 4 °C, discard the su-

pernatant and weigh the remaining mass
(M,). It is not easy to separate whey from
yogurt with good water-holding capacity
during storage (Aboushanab et al., 2018).
The calculation formula is as follows:
WHC (%) = My + My X 100% (1)
Determination of acidity by an aci-
dimeter (PB-10, Seidolis instruments,
Germany): set-type yogurt samples
were taken every 1 h during the fermen-
tation process and the yogurt samples
were determined after being stored 24
h. Then, 10 g yogurt samples were put
into a 250 mL triangle bottle and 20
mL distilled water was added to dilute
and mixed, 0.5% phenolphthalein was
added as an indicator and titrated with
0.1mol/L NaOH standard solution until
it was slightly red. Not fading within 30
s marked the end of determination. Con-
suming 0.1 M of NaOH is equal to 1 °T.
All pH values were monitored after add-
ing starter bacterial cultures using a digital
pH meter (Thermol Scientific Inc., USA).
The viscosity of yogurt was measured
at 4 °C with a spindle (No. 3) rotation of
1500 rpm using the digital display rotating
viscometer (NDJ-8S, Shanghai Yueping
Scientific Instrument Co., Ltd., Shanghai,
China). The readings were recorded at the
20th s of the measurement. The measure-
ments were made in triplicate.
The experiments were performed by
a texture analyzer (TA-XTplus Texture
Analyzer; Stable Micro Systems, Godalm-
ing, UK). Refer to Bedani et al., Ciron et
al. (2010) and other methods, slightly im-
proved. The yogurt samples were placed
in 25 mL beakers and the Texture Profile
Analysis (TPA) test mode and P/0.5 probe
were used to determine the gel structure of
the fermented milk. The parameters are as
follows: the speed is divided into 2.0 mm/s
before measurement, 1.0 mm/s during mea-
surement, and 2.0 mm/s after measurement.
Test samples shall be made in triplicate.
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Microbial Analyses. The 1 g of yogurt
with 9 mL of 0.9% (w/v) NaCl was mixed
and diluted to a concentration of 10%, 10°,and
10°, and then 1 mL of each dilution was in-
oculated on plates containing the MRS agar.
Bacteria were counted by the pour plate tech-
nique. The plates in duplicates were incubat-
ed anaerobically at 37 °C for 72 h, and then
colonies were counted (Rosburg et al., 2010;
Gebara et al., 2015; Ladjevardi et al., 2016).

According to the relevant sensory
evaluation methods of the national stan-
dard, 10 volunteers (5 men and 5 wom-
en) with sensory evaluation experience
of fermented milk were selected to con-
duct the sensory evaluation of fermented
milk added with OG from the aspects of
color, structural state, texture, and flavor.
The full score was 100 and the sensory
score was the average score of 10 people.

Unless otherwise stated, all tests were
performed in triplicate, and data were av-
eraged. Standard deviation was also calcu-
lated. SPSS version 17.0 (SPSS Inc., Chi-
cago, IL, USA) was used for all statistical
evaluations, and OriginPro 8.6.0 (Originlab,
Northampton, Massachusetts, USA) was
used for the construction of the graphs. The
sensory evaluation and yogurt WHC with
different storage times of OG were analyzed
by independent sample t-test of SPSS 17.0
software. The significance (P values) of the
microbiological parameters were calculated
by the general linear model. One-way ANO-
VA was used to analyze the titration acidity
of yogurt for different storage time, LSD and
Dunnett’s T3 test were applied for multiple
comparisons and differences were consid-
ered to be statistically significant at P < 0.05.

Results of the research
and their discussion.

For water-holding capacity values, a sig-
nificant decrease was observed in the con-
trol yogurt, while a slight decrease was ob-

served in 0.3% OG yogurt (Fig. 1 (a)). This
can be attributed to the hydration properties
of OG, which have an impact on the shelf
life of food products by preventing texture
loss and avoiding syneresis problems.

As can be seen from Fig. 1 (b), the acid-
ity of both control yogurt and 0.3% OG
yogurt significantly increased to 93.8 + 1.2
during 7 d of storage. And then (7-21 d of
storage), no significant (P < 0.05) changes
were observed in acidity values. An op-
posite trend was observed for pH values
and reached the minimum (about 4.21 in
control yogurt and about 4.18 in 0.3% OG
yogurt) (Fig. 1 (c)). The decrease in pH
values during the storage period might be
mainly due to the utilization of OG by vi-
able probiotic bacteria and the production
of lactic acid. In addition, small amounts
of CO, and formic acid from lactose may
also lead to a decrease in pH (Deshwal et
al., 2021; Zhao et al., 2021). All pH values
ranged from 4.18 to 4.28, which are within
the normal ranges for set-type yogurts.

Fig. 1 (d) shows the changes in viscosity
values over 21 d of storage. Significant dif-
ferences were noted between control yogurt
and 0.3% OG yogurt. In general, the viscosity
values increased throughout storage in con-
centrated and non-fat plain yogurt throughout
storage (Agyemang et al., 2020; Kaur & Riar,
2020). The increasing viscosity during stor-
age could be due to the protein rearrangement
and protein-protein contact. The 0.3% OG
yogurt had a higher viscosity than the control
yogurt, and the highest values were 58560
+ 2120 cp at 21 d for 0.3% OG yogurt. This
change could be attributed to the fact that OG
has the ability to entrap water within the prod-
uct. On the other hand, the addition of 0.3%
OG could improve the protein rearrangement
and protein-protein contact.

Live and active probiotic bacteria are
considered to be beneficial for human health
(Westerik et al., 2019; Meybodi et al., 2020).
OG is considered to be prebiotic and may
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Fig. 1. The WHC (a), acidity value (b), pH (¢), and viscosity (d) of yogurt

contribute to the activity of probiotic bacte-
ria. So, the viability of probiotic bacteria in
yogurts was checked. As shown in Fig. 2,
during the whole storage period, the content
of probiotics decreased, which was only
0.63 +0.05 x10” CFU/mL at 21 d. Howev-
er, 0.3% OG yogurt contained significantly
more live probiotic bacteria compared to the
control one (P < 0.05) throughout the whole
cold storage period. The viability of probiot-
ic bacteria of 0.3% OG yogurt at 14 d (3.18
+0.2 x10” CFU/mL) was only slightly low-
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|
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Storage time (d)

Fig. 2. The viability of probiotic
bacteria in yogurts during the storage

21

Viable Numbers of Lactic Acid Bacteria (x10” CFU/mL)

er than that of the control yogurt at 1 d (3.45
+ 0.3 x10” CFU/mL). Similar results have
also been reported (Ladjevardi et al., 2016).
This fully demonstrates that the addition of
OG has a protective effect on probiotics in
yogurt. The survival of yogurt microbiota in
0.3% OG yogurt will be beneficial for hu-
man health.

The textural parameters of yogurt are
important for yogurt products, as they can
simulate their breakdown occurring in the
mouth. Results of texture profile analysis
(TPA) of yogurts, including hardness (N),
consistency, cohesiveness, and springi-
ness (%) are summarized in Table 1. For
both control yogurt and 0.3% OG yogurt,
the hardness of yogurts was improved,
while the adhesiveness and gumminess
values declined during the storage. The
textural characteristics of yogurts are af-
fected by the addition of 0.3% OG.

The evaluation index of yogurt is
mainly the hardness. The hardness of
0.3% OG yogurt was higher than that of
control yogurt, especially after 21 days
of storage (50.45 in 0.3% OG yogurt and
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40.99 in the control yogurt). The high-
er hardness values could be attributed
to the ability of the OG to entrap water,
and maintain structure within the product
(Kaur & Riar, 2020; Summo et al., 2020).

In contrast, the adhesiveness of
0.3% OG yogurt was lower than that of
the control yogurt, especially after 21 d
of storage (-11.85 in 0.3% OG yogurt
and -10.39 in the control yogurt). The
decrease in adhesiveness may be due to
the fact that OG can reduce adherence
of the yogurt with teeth during chewing.

The 0.3% OG yogurt had a slight in-
crease in gumminess as compared to the
control yogurt. And, during storage, an in-
crease in gumminess was observed, which
might be due to the increased hardness of
yogurts. Similar behavior was found for
cohesiveness, which can be attributed to the
fact that OG has the ability to form new gel
structures with casein, effectively intercept-
ing and entrapping water within the yogurt.
No significant differences were obtained for
springiness values between the control yo-

gurt and 0.3% OG yogurt.

1. Results of TPA test in the control yogurt and 0.3% OG yogurt

Yogurt samples
Test Days
control yogurt 0.3% OG yogurt
21.14 22.85
7 24.77 28.36
Hardness
14 28.76 35.99
21 40.99 50.45
-8.23 -9.15
. 7 -9.18 -10.21
Adhesiveness
14 -9.25 -11.37
21 -10.39 -11.85
9.26 13.78
. 7 12.79 13.81
Gumminess
14 14.71 19.82
21 21.54 13.78
0.43 0.43
. 7 0.41 0.44
Cohesiveness
14 0.51 0.57
21 0.53 0.59
8.75 9.46
) 7 11.39 12.87
Chewiness
14 14.06 13.77
21 20.72 18.99
0.94 0.92
L 7 0.95 0.93
Springiness
14 0.95 0.95
21 0.96 0.97
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2. Sensory properties of the control yogurt and 0.3% OG yogurt during storage

. Yogurt samples
Variables Days
control yogurt 0.3% OG yogurt
8.12+0.24 8.71 £ 0.46*
Col 7 8.13 +£0.34* 8.68 £ (0.32%*
olor
14 8.18 £0.28* 8.51 £0.48%*
21 8.20 +0.14* 8.50 +0.28*
26.05 +0.47 26.78 £ 0.63**
7 27.05+£0.12* 27.32+£0.76*
Structural state
14 27.02 £0.32* 28.08 £ 0.92%**
21 27.08 £0.28* 27.98 £0.88*
2428 +£0.39 24.97 £ 0.79%*
Text 7 24.92 £0.22% 25.12+£0.82*
X
exre 14 25.04 £ 0.28* 25.98 % 0.70%*
21 24.88 + 0.40%* 25.88 £ 0.70%*
23.7+0.90 24.67 £ 0.47%*
- 7 23.1 +0.70* 24.02 + 0.32%*
avor 14 23.0+ 1.20%* 24.12+0.22%
21 23.1 4+ 1.20%* 23.88 +£0.28%*

In short, results of textural profile
tests showed appropriate hardness, less
gumminess, less adhesiveness, and less
destruction in 0.3% OG yogurt, giving
a firm and creamy texture that was near
to creamy mouthfeel of full-fat yogurt,
improving the mouthfeel characteristics
thereby enhanced sensory appeal for the
product in which incorporated.

The sensory properties of the yo-
gurts are shown in Table 2. All yogurts
had average sensory scores of above
80, indicating a preference both for the
control yogurt and 0.3% OG yogurt
throughout storage.

The sensory results indicated that
there was a Statistically significant (P <
0.05) difference in sensory character-
istics between the control yogurt and
0.3% OG yogurt. The control yogurt had
the highest acceptability value of 83.26
at 21 d of storage, while 0.3% OG yo-

gurt had the highest acceptability value
of 86.49 at 21 d of storage. Clearly, the
addition of 0.3% OG has a positive effect
on the acceptability of the yogurt, inde-
pendently of the storage time.

Conclusions.

The results of the present work
showed that 0.3% oat B-glucan yogurt
has good sensory and mouthfeel char-
acteristics by improving viscosity and
texture as compared to the control. Due
to the lack of dietary fiber in milk and
yogurt, 3-glucan is a suitable choice for
dairy systems. The 0.3% oat B-glucan
yogurt also has high nutritional values
as oat B-glucan can act as a prebiotic in
probiotic yogurt. Therefore, yogurt con-
taining 0.3% oat -glucan could be an
innovative healthy dairy product for en-
hancing oat 3-glucan consumption.
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Abstract. [locnioxeHo doyineHicms 36azayerHHs tozypmy 0,3% eiscaHUM B-2ntoKaHom. Pesysbmamu
docnioreHs MoKasanu, wo toaypm i3 dodasaHHam 0,3% eiecsaHo20 B-2ntoKkaHy 80s100ie 8000ymMpUMYto-
yoro 30amHicmto. [1i0 Yac 36epieaHHs, 3HaYeHHs KuciomHocmi ma pH docaeanu MaKcuManbHUX 3HaYeHb
ynpodoex 7 0i6, a nicis 7 0obu 3HAYHUX 3MiH He criocmepiaasnocs. Yci 3HaveHHs pH cmarosusu 6id 4,18 0o
4,28, wjo € 8 Mexax Hopmu 01151 tioaypmis. LiiKaso, Wo MoKAasHUKU 8’A3Kocmi 3p0cmanu 8rpoooeH. Ycbo2o
riepiody 36epieaHHsA. Biomivasu 3Ha4Hi 8IOMIHHOCMI MiX KOHMPOsILHUM (io2ypmom ma Ltio2ypmom i3 0o0a-
8aHHam 0,3% eigcAHo20 B-entokaHy. EKcriepumeHmarsisHUli 3pa30K Mag 8UWY 8’A3KICMb, HiX KOHMPOsIbHUL
tiozypm, a Hatisuwi 3Ha4eHHs 6ynu 58560 + 2120 cp Ha 21 0oby 05 lioeypmy 3 dodasaHHAM 0,3% eigcAaHo-
20 B-entokaHy. MepesipeHo #ummesdamHicme npobiomuyHux 6akmepili y liozypmax. Yrnpoodoext yceo20
mepmiHy 36epieaHHa emicm rpobiomukie 3HUXcyeaecs, cmaHosue auwe 0,63 + 0,05 x107 KYO/mn Ha 21
006y. Mpome Uoaypm i3 dooasaHHaM 0,3% eiecAHo20 B-21t0KaHY Micmue 3HaYHO bintblue 1cusux npobio-
MuYHUX 6aKmepili, MopiHIOKHU 3 KOHMPOsIEM, YIPOO0BH YCbo20 repiody 36epieaHHs 8 OXON00HEHOMY
cmanHi. *Kummesdammicms ripobiomuyHux 6akmepiti tiozypmy 3 dodasaHHam 0,3% ei6cAHO20 B-2ntoKaHy
Ha 14 006y (3,18 + 0,2 x107 KYO/mMn1) 6yna Auwie He3HAYHO HUMCUYOHD, HiX Y KOHMPOsbHoR0 Liozypmy Ha
1906y (3,45 + 0,3 x107 KYO/mn). Lie nogHicmio demoHcmpye, wio 0ooasaHHs 0,3% eiecaHo20 B-2toKaHy
YUHUMb 3axucHy Oito Ha Mpobiomuku e tioaypmi, wjo byoe KopucHO 0115 300p08’A MOOUHU. Ha mekcmypHi
Xapakmepucmuku tozypmy ennuHyno 0ooasaHHs 0,3% eiecaHo20 B-2/110KaHy, WO npu3eesno 00 3HUMEHHS
adze3usHOCM, asle nocuseHHsa meepdocmi ma kiaelikocmi rid Yac 36epizaHHs. Yci lio2ypmu masu cepedHto
CeHCcopHy ouiHKy sue 80, U0 BKA3YE HA nepesazy AK KOHMPObHoR0 Lio2ypmy, maK i tiozypmy 3 dodasaH-
Ham 0,3% siecsiHo20 B-27110KaHy r1id Yac 36epiaaHHA. pe3yibmamu ceHCOPHOT OUiHKU MoKasanu, wo Ltiozypm
i3 dooasaHHAM 0,3% eigcAHO20 B-2ntoKaHy Mag Halisuwi 3HaYeHHs npuliHAMHocmi 86,49 Ha 21 0oby 36e-
Pi2aHH#A, Wo marsio nosumusHuli 8raue Ha MpuliHAMHICMe tozypmy, He3anexHo 6i0 mepmiHy 36epicaHHA.
3azasnom, lioeypm, wo micmume 0,3% eigcaHo20 B-2toKaHy, Moxte 6ymu iHHO8AUITHUM MOsIOYHUM Mpo-
OyKmMom 07151 300P0B020 XAPYYBAHHSI.
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