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Production Optimization and Properties Analysis of
Oat Plant-based Yogurt

MA Kaiyang, HU Xinzhong'

(College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xi'an 710119, China)

Abstract: To further expand the variety of oat milk products and develop an oat plant-based yogurt (OPY) without animal
ingredients, this study used whole oat flour as raw material to prepare oat milk through enzymatic hydrolysis, inoculated
with commercial fermentation culture to prepare OPY. The production was optimized using single-factor experiments and
response surface methods, and the properties of OPY was analyzed. The results showed that the optimal production
parameters for OPY were as follows: solid-liquid ratio was 1:3.9 (g:mL), culture addition ratio was 0.17% (based on the
addition ratio of whole oat flour), and fermentation time was 7 hours. Under these conditions, the sensory score of OPY was
86.33+0.58, the f-glucan content (dry basis) was 8.37+£0.20 mg/100 mL. Compared to stirred yogurt (SY), the titratable
acidity and fat content of OPY decreased by 32.1% and 15%, respectively. The water holding capacity and total solid
content of OPY increased by 41% and 34.76%, respectively. The texture and rheological analysis showed that the
cohesiveness (0.7120.00), springiness (0.83+0.00), elastic modulus and viscosity modulus of OPY were significantly higher
than that of SY. After enzymatic hydrolysis and fermentation, OPY retained S-glucan, and had better rheological properties.
In addition, several physicochemical indicators and nutritional components of OPY were better than those of SY, indicating
that the process optimization had been successful. This study has high reference value for the actual production of OPY, and
also provides new ideas for the development of fermented oat beverages.

Key words: oat plant-based yogurt; oat milk; production optimization; texture properties; rheological properties; nutritional
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AE )1 75 (plant-based yogurt) J&: A & A —EE
FBT AR 420 A0 (Bl JFC) & S IO}, &8 R . RIS
pH {HFEAR, & BEAT R WS B sl AN ashnEEsh sk
PEECAEL, 152 AR SR AR . YEARI AR IR
b 4 535k, AR R S EA JERR IRV . HBR
ZFE . CEFHEERAR S, HAECRET R ETHIRESC
fesgmn N MRZ 0% . SR YMHHLL, MR
W EAbTERS | BEE TP A B AR 2 S R, &
SyrEgEtatrEL EE S kb, <2023 70 [EHEEE YT
M R By R B, 225 1 L 4052975 F€ 628 L
7K. 9 m? i, HE ALk 3.2 kg(4 B HEEE 15
19 13.1 %, 9 fi5. 3.6 fi5), HaWE e AMARNELARRL
A (LIS 14%)P, k& R L& 57k
AT B SR &SRR . R, T LATR UL, &
JRAEY LB A B Tl D aieHETL, WM TP,

MESZAE W) FE MR WA 5 SR SR, AF Sy —Fiogn
RUAEPIBR Y, M AP T A2 BT T8 AT Sioin T4k
I, SR, SR yur S . IBIT . BEZS
SEEFEST I ZE S, AR T A IR R I T
PATOALGHES M2 P ek & RO, N it
Hh 5 I B 5 O S AR, AT S5 i) 7= s B3
PERY, BT LA 77 JHE S A Wy BE R W T B R FH B R
REARTERS S . 2T =& 8 55—y m, M iR
5 A, XELLUTE BB M BR ) i B2 e B 1
JBg, L2V 2, B B SRPE & 52300, AT AE—xE
BREE R SRR RS P TR AR
BHbEE | BEAPEEE . BB . REERT A SE AR LR S
FBE T AR, B T2, W E— e B _ Lo
A E VPR BAAARE R 25 i AR

BRI B ] PN & N Xl TRE S A A SRR W ST LA
FF R ), FEE AR RO I AR L
R T IR S A A Ann] 2 i e 22 i I 45y T U,
A AR FH 8 S A 7= aliAB P SE TR W5 i 5E 4% 70, HLAF
HEZFE Y IR W™ SR E SR AN 2 . ASFSE LIHER:
Sl N R AR PR AR A SRR, I FH AR 2R S
BN N7 T 90T L SRR AT ) FE R Wi A AR 7 T
S, IR HPACAR R | B IR AR R AR R
SEFATRIN A3 AT, LAHA AR AR SE R i) A r e A3t
SCEFE S, FIR SRR K SRR IR
AHYIRR A — E Fe S
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1.1 #HHRI5EE

A NS TE DLYE AR A R A RR
ASFL side gy NSRRI SR AR B R A FRA F 5
YC-381 EL 8 & B2 I (HE U EE BRI Streptococcus
thermophilus . P& INF) W FLFF B Lactobacillus bulg-
BROCR B A R 2 A 5 B g i i
a-JEHI (50000 U/g) | £ i ZBE AL RE (100000 U/g)

WIFE TSR A BRAYF] s MRS 353758 MC 8737
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TR ALY AT R IHEAF p- RN &S ZK
% Megazyme 2\ Ay Hog il F 8 E =44l 7
Z AR AR A A

PH-9272 [HRIEFEF  iBE—IER=AUEA IR
N H]; XHF-DY S s ilids 7RO = A R
AR FL s TAES IR ERFS LR A
BRZNF]; FE28 pH 3 -t METTLER TOLEDO 4%
Al; K-375 PLERE AU EHi+ BUCHI 2 #]; SCINO
ST310 HENFMEAL  F13F FOSS 242 F]; DV2TLVTIO
ZhEEit 32 [E Brookfield 2 7l ; XW-80A iR EIR &
MR EAR DL SRAE A R ] L535-1 K
FEE.OVL  BIFE ML =LA I LA R
TX.XT Bifi%  ZEE SMS 24 Fl; MCR 302 i 284%
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1.2 SLWHE
1.2.1 T2 MEEHSNUK->S2K o]
WAL Wb — K (5 - 12 H - Fefh— & HE—
JE B

a4 — 2 iR — Ko — 1 F - — R T — 1
Fl— S5 — il
1.2.2 A= HEZE N IR S R — e Bl L
IN7K FE43 1R 2T, #E 15000 r/min. 1 min 5548 F #£47
3RS, AR R 431 5, 45 2 e 22 ZLFF
FHo HHE T 55 °C /KU 20 min, {8 H 5 38y
FEATRIAE . WML ESE B S I AFHESE - B B 0.1% AY
it V8 o-TEBE, T° 80 °C F7K¥ 60 min HH WAL,
SRIG A 0.1% FUBEALRER, T 60 °C 7K 70 min i
FriEtl, BEJS FHIR E 95 °C AR TR 5 min PEAT K
(B, Zae R B =R G TAES T,
AFREZZ M i 0.2% M E IR L IR, 4 38 C 1H
IRIEFRFA T REE 8 h, &G E T 4 °C ¥i)s
012 h, RS EIREZ AW IEIR 05 5 o

P2l Yi4E 20 MPa F4J5T 5 min, #£47 85 °C.
15 min ARSI E =0, INAWE R 1 o/L i E%
R BRI, £ 38 C IEIIEFEFE T L% 8 h, 4551
FL, KB T 4 °C U2 12 h, RS 2I5RE A i i)
S
1.2.3 FMEEAHYEIR YA = T 2 A 2 5056
R 1.2.2 RN, IRE R A 0.2%, KR ]
8 h, KEFIREL 38 °C, BB L (1:3, 1:4,
1:5. 1:6, 1:7) %] FHE 2 A8 ) FE 18 058 B PRS- B SR2 )5
TEERNA L 1:5, KTERTTR] 8 h, A BEEEE 38 C. &
FLEFPE(0.1%. 0.2%. 0.3%. 0.4%. 0.5% ) XJFHEFEAH
YRR YR PSS Y BRI EL 105, BeRhit
0.2%. R EEIRE 38 °C. ZEEREERT M (6, 7. 8.9,
10 h) X} FHE 22 AR ) FE IR W% B P43 B s il 158 B R
bb 1:5, B AL 0.2%. A BEEIE] 8 h, FES KRR
(36. 38, 40, 42, 44 C)XIHEZAHY IR YV E P53
PRSI, Tl 15 B R 3K
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1.2.4 FHEAHY IR WA = T 25 m 7 T a5
AR T EA PR ZE SO AE IR, PRI EL (A) L PR (B) .
FBERTE](C)3 ANZE, DUBREIE(Y) MR LN, K
FH Box-Behnken JFFE T 3 BIE 3 7K Pl 57 12056
it e A W) SR W A - I T 25280, G R 3R
FoKSEEBANR 1 R,

R WA R R K

Table 1 Factors and levels of response surface design
SN
o : :
ARNEH (g:mL) BHEAN (%) CE BRI (h)
-1 1:3 0.1 6
0 1:4 0.2 7
1 1:5 0.3 8
1.2.5 MEERYIILIRYIBVEVIE  edE 10 24 HAT/K

BIPESRIE S5, SEAEIRED ik
I A2 e Bl X RE S BEAT VB, BAARAR1E DL
%% 20

2 MY YR E Vs E

Table 2 Standard of sensory evaluation of oat plant-based

yogurt
55 H PR 5

‘ B, SRR R, R 7-10
St L) JERIEBAE, RIS 46
B RH, AR BE 0-3

R T SR, LRI PEAR, T 16~20

=5 MR TN, WAT SR 11~15
(2073) JUT e S, KGR, &SR PR 6~10
B 0~5

PRI, TRV, HRiE 20~30

SO FUBBCANIE, H5h T £, FvkiE 10-19
LR, b AR5, FRIRSL 5 0~9

AL SER, R THLL, FMBIEE T, WA 3040

maukA AIWE MR, AR W 20~29

(4077) o, RIMALH L, 2%, W IEZ 1019

L2, RIS, T T 1™ 0~9

1.2.6 ORI E  SRAHBAGACN S, e A=
TPA, 3k 854 A/BE-d35, ME/TEHZ 2.0 mm/s,
PXEFE 2 1.0 mm/s, I XE /52 2.0 mm/s., I xE7
# 20 mm. fil % 71 1.0 g, FHEFREGHE 2 200 pps, ic
SERESRIURERE | NERME . MR T

1.2.7 ASRFPHEN 2

1.2.7.1 #AFARREMHENZE B 0.6 mL B 5 E THE
ah b, WIRE S R DT IR K . 5 8E PP 25 OF
M BREEMIFE 1 mm . WILRIREEBE R 25 °C. By PIHeR
PN 0.1 s7' 3G E] 100 s71, (B SRR BT U1 S kE D D)
HERAARAIF I

1.2.7.2 FERZFENE BN N 1% (TS
B 2 LR PR R R IXD) , MR AN 0.1 Hz #2345 10 He,
HARAAFF] 1.2.7.1, iC SRR S AR B (G FNZh AR

H(G") BRI AR IE L
1.2.8 FUYLFEPR. EIFRIT MASEYrda bRl e
1.2.8.1 HULIEIR AEFR ST E  pH: 4 pH it
BRI E; BRI : 218 GB 5009.239-201 6 & fh 224>
FE SRR E £ EH R EE (e )R pH T HR I AE ;s £5/K
F1: 2w S H O (I g s B % T YEYT
SEUY T BN E s ST 208 GB 5413.39-2010
CE e A E S prdE FLANZLH &S S A ERE 2L A i)
SEVNRE; FE I 208 GB 5009.5-20164 & 22 4= [F
SERRUE £l R 8RS AU 22 )R FHBIL G A2 20 2
(F=5.83); I5/llj: 218 GB 5009.6-2016 £ i 24 4= [H
FhriE BT AR I I E YR FH 2R G IR e s B-
RS . 2% Zhang 21 {19 07 iR R &
MR
1.2.82 AN E FLIRFWEE: = GB
4789.35-2016K B S & 4= E AR B S E Ky
5 FLAR B A 58 Y DEAT I 52 s K B 218 GB
4789.3-2016 B i &4 E bR UE B S iU )5 K 5
FKIGBERETEO BTN ; S O BREE: =18 GB
4789.10-2016 & i & 4 [ RARE £ Sh iAWy 24K
B 4 e O A BRUAAR I DI T 5 V0T [Q T : =
GB 4789.4-2016 & S & FE S An vl B i 42
g Vo) CC PR 36 DI TN s BE PR AN L) =1 GB
4789.15-2016 & i & 4= E AR e B S A 244G
5 B PR AR RO 2 T 52 o
1.3 #iEAIE

A B E A 3 IR, G5 R LY H bR fE 22 3R
75, {8 SPSS 21 XS EPa HEA T o R 2 0 22 5547
(P<0.05 2l i 3 ; {8 Design Expert 12 #£47 Box-
Behnken H7.Cx 2H & Wi o7 1T 3 56 % 315 {8 A Origin
2023 JHATEREL.
2 BEREHHR
2.1 EEEYERNE =T ZM M BE RS
2.1.1 AS[APEFAE b X THEZ2 A8 ) SR W5 BB PF- 43 1 5%
ma R LA RN, R X THESE AR SE R B BT
53 PR BE REM ST, S B P B EL a3 R B G
IS I NI RE A, R P BRI LU iR R S R BTG
L RN G 1:4 B, R A 49.35°T=+0.72°T,
AR TR LA 1:3 B9 64.26°T=0.53°T, (H/EKE
PPIrTT iR 84.33+2.08 41 2R b UK LB HTHg s, 1R J3
Bl = BEATG, ELER T PR R Rk, Xl ae 2 T
2K Ak A, FHEAZ AT ) SE R W ot b A4 R v L 20
LURAS AR | TCRR WP, TR T E P57
BN LUt RI), SR 2L, LR R E R A S 4, &
BB T R, 5E M) FUER, (A5 EBCE PR RRAIL. Hik
PERNE LR 1:3 1:4, 1:5 UEF 7R il
2.1.2  AS[RI22 b e X e 22 A ) FE R W8 B P4 A 5
me 1B ATAL, MRS 0.2% B, TR AR
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46.63°T+0.83°T, MHIEFEI/INET, FIRA R, ML
FE P FEFR W IR AL B PR iRl 0.5% B, F7iRss
ISR B, BYE T PR, [, s
FIEA 0.1%. 0.2%. 0.3% ST AR . 76 24 Ai
TS H, BRI AT B A AR BR o 2 sh R W0
KPR MR, 3 RSBl ] LR U5 HA R
SO M AN 1R, {H i T IRe A ) SR W AN S 2L,
ARz B I, B0 B T sh R W .
XTSRRI T, 2 TR AN I X B B 5
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Fig.1 Effects of different single factors on sensory scores and
titratable acidity of oat plant-based yogurt

AR, AEIIR W IR AN, A Ao 2B, A ] il
PERMR A R EERAA F T T & e 2L R 0T
FIIE A, 5 BRI AS IR A U o 35 O 1) & T
FEAP IR

2.1.3  AN[A] K WA TR] X JHESZ AE ) FE 1R 0 B B P51
FEM AN [R] 2 FRE R [E] X HE 22 AR 4 B 1 0 IR B DTSy
T PR s madn &l 1C s . Hivp, 24 % s [a) ok
7 hitk, JEE PR s, Sh 77.00£1.00 43, BEEARJE N
51.06°T=0.53°T, 5 &% 8 h AHLL, IREE T B 2 5,
(R E PP R . 2 AR EI S 9 h B, HEZE A
WIFEIR T G572, FRALRE B VST HH B A
A [E]RE 1+ 25 10 h B, FREZE AW 3L IR 0552 s H I
WENT IR 2, BRIEE N 57.46°T+0.64°T, /R B &85 B
K, PEESC T EE r. R, EREZ TRERT
A 6. 7. 8 h AT RS . S EAFIT R, o
K e BB 1] T BB S 1B P2 L R AL R, B K
TG WA R ZLIR A AT ML, 57 RS 1T
SrREARDA00

2.1.4  AN[F] A PR I 28 X JHE 22 AR ) B 1R 8 B PP 431
semn K 1D AR, AR R Y RS PO TE
R WEIRBE S 38 °C B ik B 5 = 1 74.33+2.08 47, Uik
IR BE S 50.28°T=0.63°T, 2= =07 5 i,
ARAVXTTRWYEE . BIAGSEANTS, SEBRA ™ i AR/ Pl
B /NS Bl sh, B & B 5 A e [a] X R 2 A )
TR WY E Vo MR RE AL, DRI, W aRe 22 At
FERRS K e i W 2 R 38 °C A T)58lst s .

2.2 FEEPERRD T Z MR it e

2.2.1 M EREG SR S5 HT AR R P 3R S g
IR, FF Box-Behnken JRFH, BEHU T XTHEE A 4 FE R
YRE PEAT 2 R RN LE (A) L Befh i (B) . &
TRt a] (C) 3 A2, 1T 3 KIZE 3 7K oy g6,
o HE A AR A FE IR Wy A= 72 T A AT Ak, SR L 3,

T3 MENYEERRYS T2 AR IR 4
Table 3 Response surface test results for optimization of oat
plant-based yogurt

LHS ARHKIL  BIEGRRRL CREEWIE YEVEIW ()
1 -1 -1 0 75.1842.11
2 1 -1 0 68.43+1.65
3 -1 1 0 71.2741.52
4 1 1 0 69.08+1.54
5 -1 0 -1 74.75+1.28
6 1 0 -1 63.33+2.43
7 -1 0 1 72.00+1.55
8 1 0 1 71.171.34
9 0 -1 -1 80.83+1.34
10 0 1 -1 74.67£2.05
11 0 -1 1 82.50+1.71
12 0 1 1 77.92+1.34
13 0 0 0 87.00+1.29
14 0 0 0 86.08+1.37
15 0 0 0 87.33+0.94
16 0 0 0 85.83+0.69
17 0 0 0 86.07+0.91
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Table 4 Analysis of variance of regression model

FZEkRIE FAM HEE B P Pl WEME
R 912.55 9 10139 7021  <0.0001 o
A 56.13 1 56.13 3887  0.0004 o
B 24.50 1 2450 1697  0.0045 o
C 12.53 1 1253 867  0.0216 *
AB 5.20 1 5.20 3.60  0.0996
AC 28.04 1 28.04 1941  0.0031 o
BC 0.6241 1 0.6241 0.4322  0.5319
A’ 613.38 1 61338 42475  <0.0001 ok
B’ 48.74 1 4874 3375 0.0007 o
c? 70.08 1 70.08 4853 0.0002 o
B2z 10.11 7 1.44
PR 8.37 3 2.79 640  0.0524
4R 1.74 4 0.4355
B2 92266 16
R 0.9890

Adj R? 0.9750

gj‘—_ “*")%ﬂ?ﬁ%%%ﬂﬁi%@@.ﬁ), T RN GG
P<0.01),

5225 T WLFR 4, 45 P2 8138 HAE X HEZ AT ) LR
WHRE PRS- BISE AN 2 iR

F)FH Design Expert 12 4% ArdS 2 ¥ 2817
JtlENTLE, 45280 R B 7R

Y=86.46-2.65A—1.75B+1.25C+1.14AB+2.65AC+
0.3950BC—12.07A%-3.40B>—4.08C>

2 4 AT, ZA IR 25 (P<0.0001) H. 2 HL
U &k 55 (P>0.05) , FRHHIZAR AL A 4 v, T2
SHE, BIRIPE AL R°=0.9890, R, 4*=0.9750, Uit
HAASALL A AT, IRER/D, 5 EIUEZ MG AL R
=, AR YR 5 A 7= T 25 . N AE Y
AR S R B CV=1.56%, 1t AH 500 i B2 5 o 2 M4
I, AT

R 4 d PAERTH, —KITIR AL B X 45552
W 3 (P<0.01), C X R 3 (P<0.05) . 25 H.
it AC X5 A 2 35 (P<0.01), HyE IR 251
SEMAN G2, TR A2 B2, C? MR 4E B
3 (P<0.05). M FIEP]HN, AN[A] R ZRXTHEZ AR
L PR BB P43 R WA 0 R« ACRHAE HE) >B (322 F+
B >CCREERTE]) o mi ) il 56 45 5 26 W, RH H
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Fig.2 Response surface plots for the interaction effects among
factors on sensory scores of oat plant-based yogurt
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Table 5 Comparison of texture properties between oat plant-
based yogurt and stirred yogurt
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Fig.3 Comparison of rheological properties between oat plant-
based yogurt and stirred yogurt
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Table 6 Comparison of physicochemical indicators and nutri-
tional components between oat plant-based yogurt and stirred

yogurt
Eistan WA AE Y SRS PP R Y
pH 4.04+0.01° 4.25+0.01°
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HEHF(g/100 g) 2.61+0.09* 3.00+0.00°
HEWi (/100 g) 3.06£0.12° 3.60+0.00°
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Table 7 Microbiological indicators of oat plant-based yogurt
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