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Abstract: A new type of oat yogurt was developed with oat milk and reconstituted milk as raw materials and commercial
yogurt fermentation strains as starter. Sensory score and acidity were served as indexes, the effects of oat milk and
reconstituted milk ratio, amount of fermentation strains, fermentation time, and fermentation temperature on the quality of
oat yogurt were studied by single factor experiment. Based on the results of single factor experiment, the optimal
fermentation process of oat yogurt was determined by orthogonal test. The basic physical and chemical indexes of oat
yogurt including protein, fat, amino acid, acidity, pH were analyzed. The antioxidant activity of oat yogurt was evaluated by
ABTS and DPPH methods, and the flavor compounds in oat yogurt were determined by GC-MS. The results showed that
the optimal fermentation process of oat yogurt was as follows: Oat milk/reconstituted milk was 2: 1, the inoculation amount
of fermentation bacteria was 0.2%, the fermentation time was 9 hours, and the fermentation temperature was 34 °C. The oat
yogurt produced by optimal fermentation process presented uniform creamy-white, moderate sour and sweet taste and rich
in oat fragrance. Thirty-six aroma components of oat yogurt were detected by GC-MS, including esters, acids and
aldehydes. Protein content of oat yogurt was close to commercial yogurt, but the fat content of oat yogurt was only 60% of
commercial yogurt. In addition, the antioxidant activity and contents of glycine and arginine of oat yogurt were significantly
higher than commercial yogurt (P<0.05). Therefore, oat yogurt has higher nutritional value for public, especially for obesity.
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MEAK (T AR ) PR BAR R

A BRONE; T S5 1E a-TE (S J79% 77, 20000 U/mL) |

WL (5 J71% 77, 150000 U/g) TR J7 3RS0 A B

O IR AR 3 EURA YRR R A RRA
Al S ENRERYRS . BRYY T Ak, ATH
Fik . TCK ZWEH R prat) SRR LA AT R
OSEL AMTEEDE Ml e AR A BRA ]
O G250(BR)  AERBHELAA A FR AT .
FA2204 HF43rHT 7 J B 77 e 17 EB
A TAYES) s MG38CB-AA EHLIES &K
&1 5T B5 HL A il 15 A B2 W] RD-700T SRR3R GA B Y
Bl Ao A /NG R F; DZKW-S-4 FL A
TER KA BT RS G BRITAER A IR A F]; SZ-
1 iR iR G e B M B SR AN A e B AT BR A |
AllegraX-30R =R 7R ELOHL DL ve S SR FFRT BE
(M EDAA R E]; FlveEasy Plus pH it Ag4R-F6H]
2N (L) A RS E]; Biotek synergy HTX BiEFR{Y
BioTek Instruments, Inc 2\ &); SB-5200DT #7 Ji
IHGEHL T PORT AR R A RS F s SZT-06A
Nz A 25 M T R AL 28 A B 2S5 7890A-
5975C ARG -RIEECHIL  EE Agilent 23 Al
SPME F44. 65 um DVB/CAR/PDMS ZEHGk  SE[H
Sigma-Aldrich 2\ F] .
1.2 KWHE
1.2.1 FMERFRUS T 20 B ETL S R L%
— WAL IE Wb — R F L
(2R FL) —> KB -3l — Rl — 1 58S B — e
1 175
1.2.1.1 MEEAFLHIE  PRAEZE AL A Rk
180 °C, HLIEIEAZ K 20 min, BB HTTHFEA, H AN H
BIREZE, B RIS AR MU S I A BN Lh (R te g/g)
114 YUK 12 hy B i A ik —
A RS GIRALIE GAR T T T2 0.05%
BT T 25 Ve o-TE A5 1, 80 °C 7K ¥ 50 min ¥ T WAL -
B AL IS BoFeE 3 it 80 BT, BUIEMIINA 0.11% HE
ALE 60 °C 7K 70 min BEATHHIL, 152 T
1.2.1.2 #EEBRYTHIE FEAFEABEF SN
By—42(25 g)IA 160 mL 50 °C BYIRITF K, K&
15 min; #MEEFL 58 AL —E LR A JF 95 C.
10 min ASHE, A IE TR KIFEIMAKESGHAT
BRI, 1 % BT IR THESZ TR WL 4 °C Y2 7% 12 ho
1.2.2 FEEMRYIRWE T 200
1.2.2.1 MEEMRYIARETZE BHE FATR G,
Lk 0.05% TENTHE, 0.11% BE{LEgET Tt . BEfbim it
TEHIIS IR L S R 11 IREGIEFR Y5 & 18
), FEBEAT SN 0.2%, ZBHEE N 37 °C, KB}
(G4 9 h LAl [, LUBCE PR S B e b, F4%
MEEF S E LA EM(3:1,2:1, 1:1,1:2,1:3),
HAPZRINE (0.11%. 0.14%. 0.17%. 0.2%. 0.23%) .
KEERFE (6, 7. 8.9 . 10 h) . KEFIEEE(31. 34, 37,
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Factors and levels of orthogonal test

ARiclt BEFHERE:  CRMmT  DARARE

Table 1

Y o ) (h) (c)
) 1:2 0.14 7 34
2 1:1 0.17 8 37
3 2:1 0.20 9 40

1.2.3 MEEFMRUVEE PEE  BEE 20 ALl Aise

ABUIL 10 A0, TSI, P
HEMETTAT 3, PESSHRE L 202524

2 MAATRYIEE bR
Table 2 Sensory scoring standard of oat yogurt

TiH Wb B (43)
Bt 0~5
% PSR 6~10
(2093) EREARE) . BRAA 11~15
RS R O S E 16~20

AAIR . BERL RS AR, AL 0~5
BEFLAH GV | AT REL AT FLIEHTH 6~10

HLURT
(304%) Y%I’?Liiﬂ’ﬂﬁéﬂiﬂﬁc%%@%?ﬁ\ e B N 1120
FLIET

BEFLISIAIN. FIEDGHT . TR, LIS 21~30

IR S5 0~5

JRB TCHEAZ W . AU BRIk 6~10
(2043) TS e R | SHIE 1 R TR 11~15
HHRBAYTEAZ R | 20 F A9 RR I 16~20

FB S 0~5

% IR | A7 TR R it 6~10
(3047) PR I | BRI 11~20
IR R T . AR 21~30

1.2.4 MEERYIFRILFESR
1.2.4.1 MEMRUIMAEWIEIE  FLEREW: =1 GB
4789.35-2016 & i & 4= B FEARUE £ S il 24K
56 LR PR 56 YU AE o

FKIGHFFTHE: 20 GB 4789.3-20164 & ih 24 EHEK
FRUE B E R SG TIA TR BRI EOMIE
1.2.42 FEZRUIFEABIAIERNE RE: S
GB 5009.239-20164 & f & & EFZhrifE BRI
) Y RE o

pH: ASSLEG R FHE A AT (pH. 1) X TReEZ R )
4 pH MIAE o

EHFE S E: RHE S 285 G-250 7%, B
120 U/mL /% 4= Ifi. 7% & 1 0.20. 0.40. 0.60. 0.80.
1.00 mL JINAZEH/KFGRESE 1 mL, 53 53INA 5 mL %
T W G250 W, IR /F F (25+1) C KB
10 min, T* 595 nm ZNMRE, [FIETEL 1 mL 7848 /K il

B, RIVESR I . ¥ 1 mL RS RE 100 1%, INA
5 mL & SR HE G-250 HIF L, R ABRR
71 (y=0.0016x-+0.06, R>=0.9986) T34 A FI AL 5t 5 1
5I5: 208 GB 5009.6-2016 £ 224 [FE S5hn i

B T IR PRI YIS o

FER: 288 GB 5009.124-2016 & 24 H 5%
Bt B S SR I YIS o
1.2.5 Prafeid ot
1.2.5.1 FESAATALER  JHEZZ KMET A F 5, 3o
60 B, HREL 1 g A 9 mL Jo/K ZEE, 1200 W, 25 °C
FE A PEE 15 min J5 ZE & 13000 r/min &> 10 min,
B 7S W EVEMIE A 4 °C YA

WEZFL . R YT, TR YIS, FREC 1 g INA
9 mL Jo/K 4B, SZ-1 JEimiE A #aieindRy 10 s 1R
5], SRR I
1.2.5.2 ABTS H H HIFBRF I 2 B 2 mL
ABTS 5E W, A 1 mL BB B, IRS )G
W S22 10 min, 78 734 nm FASAE I SEIE A B
I mL JC/K ZBES ABTS Il &2 & I 0 I 52 e S'G AR

Ab[zs—zg]O
ABTS F HEEERFITEN AT
S A 327 Ab - Aa
ABTS H HH AL R (%) = x 100

b
K A, S ABTS WIEWR S5FE SIS RIR G IR
W GAE; Ay S8 ABTS W8 M-S To/K LB TR G
PSR
1.2.5.3 DPPH HHIESRMINE H 2 mL DPPH
VW, A 2 mL B0 3O BB W, 1R 515 S N
30 min, 7E 517 nm AL E K SGE A, B 2 mL
ToK Z BE 5 DPPH W 52 W& S N I 2 T D6 AE A,
2 mL Jo/K ZFES 2 mL AR ST e e E
AC[25729]O
DPPH H HEIERRFIHA AT :
A - A,
A

b

DPPH [ 15537 (%) = [1_ ]x 100

o A, i DPPH W& W SR S I RITR G IR Y
W YGAE A, A DPPH U M-S JC/K B iR A5
MG s AL SRR SIS S TC/K LB R G R
P SGAE
1.2.6 FHEZZ RS RIS BT 53 AT
1.2.6.1 FESMES  FREX 10 g BE5LT 40 mL THZSHR
F1, A 10 mL K. 3 g EALENFIEL T, £ 80 °C 2%
TP 15 min. #F PDMS [l AH 32 Bk $f AL &
FR A 40 min, PR A SARERE TSR T, B
5 min, i SPME £ 4 3 1 JEE N B i 452 2 P nle o3 7E =i
G RE AT, B AT iEsd GC-MS U i 485 .
1.2.6.2 XRS5 R SPME-GC/MS 43#7B%, GC
2547 i FH HP-5ms 3P B 40454 (30 m*0.25 mmx
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0.25 pm); FEFFHR: I 40 °C, fRF%F 2 min; 285
L5 °C/min 7+ 2 160 °C, £&£%F 1 min; F-LL 5 °C/min
F+2Z 260 °C, £FF 5 min; FEFE DR 250 °C; 2R
He, JiidE 1.0 mL/min; fEHTIE B 250 °C, fi# W B [a]
5 min, NG

MS 4 BB 7 = HB TR 5 (electron ioniza-
tion, ED) J§; FEFHER 70 eV; fEHIZRIEE 290 °C; B
FIRIEEE 230 °C; TUARATIEEE 170 °C; HHHr=X: &
FH s BRI Bl m/z: 35~350 amu; A& 5T H R
34.6 pA; Kl E 100 V.
1.2.6.3 EMEREFE  EPE: B C~Cyy BYIER KL
Yo, RS ARSI [RIRE 5 A 7M. IE SR IEA e
JRAR R A HH W ) R B B TET, SRR B FE B2t T iR
28 2 : RI=100Z+100%[tR(x)—tR(Z)]/[tR(Z+1)—tR(Z)]
THE AT A A 00 RIUE, 0P x ZORFE0raitk
B Z FoRIEABERR R I T80, H tR(Z)<tR(x)
<tR(Z+1)., RI ZF{Hilid NIST JFii/ER 2.

JHI ML Xcalibur T AER, 35 F B AR MER:
AR A 5% B (national institute of standards and techno-
logy )NIST 08 MS E(HEFER 2R, N T4l BT IE 1

AE g 38 3 T AU — AR SR AR AR R P XUk
LAY TERES R I 4
1.3 BRI

i SL ¥ EE 3K, RHRFE G T K A4F
SPSS23.0 AT G 1143 M, 45 H LAV I {H 5 fE 22
(x£s)FErR, 2R JH Origin2018 1ER
2 HRESH
21 MERINAET ZRBERSL
2.1.1 MR S5EJFZUAIEINS b XT3 iR 405 i B Y
sema fE 1 AT, JHEEE FL S A2 IR LI b X JHE A TR
T 5 T R SR, B AR M FREAE FR WS 1 2 TR R
Wt 2 R FUINA LA A, R A TRESZ TR W3 1
BEZUT LT, Wk B S E HE S XU A e B 55, e B
SyiESe IR FREREES, HEEZLIMA L £/
H R M IHE A R Wy P IRe A IXUBR (MR 5 . (H X4 3He 22 FL
Al 2, el TN 3:1 BF, RN
40.97°T H. 20205t W% 3, BB PRt R 40 43,

180

50
150
40
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3:1 2:1 1:1 1:2 1:3
ek 7L R T L
P e L5 S AN R IC RGO e BR WY i Jo 1) 2 )
Fig.1 Effects of different proportions of oat milk and
reconstituted milk on the quality of oat yogurt

M AL R LA LRy 201 B, BRE VRS R
S 77 Gy, BB 04 JHE 2 TR W R B Oy 54.21°T, pH iy
4.05, & P TR W 3 v HL B JHEAE JURE Y IXUBR,
K, @ EE N e 201 e&adE, w3 201, 1:1,
1:2 = A ELE TIE RS .

2.1.2  PAFPEINE X TR IR Y S TS BRI
NN e PR WS &t SR A RE M 25 SR OLIE 2, IR 2 7
S, FEE PRI 0.11%~0.23% i, BEE B A0
RGN, A LR TR R BRI LR, R TR )
MR RE b e, TESEg b R, AT ES & It
TR 5 P S MR AN TR, (H S AR ER N iR 145 3] 0.23% By, 7HE
PR WL FREB, KURAS I, HEPLEMTH T E . RS
BB PP Se i = PR, PR RTINS 0.20% B,
BRI 52.84°T, pH & 4.08, JE P4kl 77 43 o
K, BRI 0.20% M, 3% B 5 Al s in it
0.14%. 0.17%. 0.2% HATIEASIRIE

Vs _ 60
80 - RS
_a- i EE »
~_ 70 L . /WW!WW i
: o 50 £
A |
& 60 — Ov
& o
8]
40 N
30 :

0.11 0.14 0.17 0.20 0.23
RGN (%)
P2 BRI IR X FHE A IR 7 i Jo )
Fig.2 Effect of strain addition on the quality of oat yogurt

2.1.3 REEHFRIXTHEZ PR YA ST sgma IRl 3 AT
T, WA R RS (] AR 0, FHEAZ TR 0 P P S8 S5 T 1 v
[T B PPt S b B ka3, SR R W IS B P 7E
K EERT[E] S 9 h B ik Bl 4w &, LAY AR B 54.71°T,
pH 2l 4.04. KWz ]l kg B, JREZE PR W51 FEAIG, &
P AN v, L OIRAS VA 38 B AR, AU 11 )%
A, KEERTIEI A 9 h B, e R 4H R ¥ g 541
A, LW AT . R EERTAIFE R = 10 h, FHEEIRYS
TR HZLIEHT H 5, TR AN G 19 XU, SBT3
K. PR, 9 h Al & B ], SePREe i i For 4,

185
[ ity i _
80 A REE P ] §(5)
: ol . 170
2 E 165 &
= 160
N i M
5 - 155 &
B / 150
7 145
"L 140
I I I : — 35
‘ ’ 8 9 10

JETTR] ()
B3 I TR) RS FHEAE 1 it i ) S

Fig.3 Effect of fermentation time on the quality of oat yogurt
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2.1.4 R TRREE X HEZE TR WY Wl ST A2 R TR
K IREAZ R WG Sh TR SR ULIKT 4. Fh &l 4 A, A A
RN 34~43 °C X[A] PN, HEZF TR IR S b 1 ka3,
BB PRS- SEI I RRAIS, FER IR 37 °C KIEM
T PR W B VS Be =, [FIB 37 °C 2 R mIFhAY
BeiE AR IR . 34 T 40 °C B, BB PRy AH 228
Ko KIBEURFENRRT, FRWH A0 XURTE iR X212, 7 22
A 2 IR TR AR A o R IR L =i i, R iR St
15, KPR R b P, S VSRR B R A1) S o I ol XU
YR, FR W R R R, R, 37 °C SRR BRI B
R TRIRE

80 F "’@Eﬂzﬁ

i G
T Toa 60

70 r A

-l —~

i =

S 60t / 0 %

) |4

i &
B sor 140
i 135

40

> (51)

31 34 37 40 43
RIBFIRE (°C)
P4 i R X g A2 PR i S AR 52
Fig.4 Effect of fermentation temperature on the quality
of oat yogurt

2.2 FERINEIE T ZLEIALE

WA TRYG T A IESSI IR L R WL 3. itk
ZE5HT AT, R \>Rg>R >Ry, BN BRI E VAT
B FER N FAR O AL FL S ZIEFLAEC I . B R
S A PRERTE] L R BRI E . J7 220 T AR ULER 4,
FE 4 a0, S HCEE | AR IR0 A PR a] X 36
LEIRAT AR 5 (P<0.01), KR XA S0 25 AT
A (P<0.05) o MEALPRWS T 2L SE 5 1
MITRAE N ABC3Dy, e T 245Ny e
FL: S EFL 2115 BAHERTEE 0.2%; ZBERSTE] 9 h; &
WL 34 °Co (EME T ZAIF T #EAT AL PR WS il

3 IR AR
Table 3 The orthogonal test design and results

1E, IR EPE)R, BB 84 41, HiliT e A iR
WHEK A, BEFLIIS), DS AN EIE , RN b,
FrAH, IRYIREEIE, B A MG

4 IEZRKTT 20 Hrs

Table 4 Variance analysis of orthogonal test results

SRS A B C D BTG (4))
1 1 1 1 1 67.82
2 1 2 2 2 71.43
3 1 3 3 3 72.97
4 2 1 2 3 68.72
5 2 2 3 1 71.51
6 2 3 1 2 70.12
7 3 1 3 2 73.35
8 3 2 1 3 73.06
9 3 3 2 1 77.41
k, 7074 69.96 7033 7225
k, 70.12 7200 7252 71.63
k; 74.61 73.50 7261 71.58
R 4.49 3.54 2.28 0.66

SFei SEH df ¥y F Pl
A 104.834 2 52.417 76.104 0.000™
B 46.264 23.132 33.586 0.000™
C 18.776 2 9.388 13.631 0.000™
D 5.880 2 2.940 4.269 0.030"
R 12.398 18 0.689
AR5 188.152 26

e * PR E R (P<0.05); **FR 22 F 0 B3 (P<0.01)

2.3 FEBLINIRICIENR

2.3.1 YRR MEETRYTHUEYFERR AN 5, K
R OIS PR . HE S TR W T A M AR AR AF & GB
19302-2010C & f =5 RIFEFLYMIEDR .

®S5 O OMARYIMAYIEbR
Table 5 Microbial indexes of oat yogurt

(BGRYEEN FLRR T KIGFF
I %L (CFU/mL) >1x10° <3.0

2.3.2 HAMAEIEPR  ARYE ESSIEGAT A E T
AR F A A PR, PO HLEA R bR, A5 4
Rk 6 iR, H£48647 5 T/WSID 12-2020<HEH %)
HFEHRYCE FIPIRRYI )Y ESR

6 MAMYIEATLIEDS

Table 6 Basic physical and chemical indexes of oat yogurt

BAME:  EAB(g/100g)  JEN(¢100g)  FREE(T)  pH
MR 2.39 1.51 58 4.45

i B 8, 1 IO 2 e ) v AT R 1 IO i () — A B 22
FEbR, B U0 S S, SRR R . WS EREE RN
YR AMIEERA, &Y E SR E
M, LR RS A MZELE A, e P, Ao
[FIAFI A2 T FEZZ oK | HESZ 2L X i B PR 0 i B T &
= MRAENTE i, T SRR YT L, 2RI 5.
FHIE 5 AT %0, PURPAE S Z MBI AR A T S 5 2= 5
W2 (P<0.05), 57 7| 5 HEZZ K AH LY, B 5 AR 5T
AR B REMR(P<0.05) . TEFER FL A B IRe 22 R
W AR, T EEFLAINA, e BRI -P AR R
EAHBESESHMEAAM A —EN LI, HERY,
SR YAE Lk, 85 BT & HAHZE 0.31 ¢/100 g,

GBIV & A HN 60%,. HIREZZFRWSH 5358 4
SR T THEE FLA T R P, SER O Y R TR, B
A I B AR A AR B TART S MRS 53 B k), /8% H
2.3.3 AR TR ZHR GB 5009.124-20164&
i A [ SRR B TR S IR 0 R ) I R THE
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4r o g Ko MIHEAZ FLBNTHAZ BRI FP FH th BEAYTE BRI
121 % G TS, UL AT RESE ) i BOPT AR, i
w107 A PRI R 1 ] 2E0E 5R, BT RAFAOPTAR
(=3
= 8r i TE
R
I -
ol ) 801 5 aBTS
d C b DPPH %
il e Bl
0 %
MK MEEFL MERY) TR & w0l
K5 ek, ezl M BRI b i B IR s 2 n) 2 1 o e ﬁj
PRI X L o= 2
=20k
Fig.5 Comparison of protein and fat content among oat rice,
oat milk, oat yogurt and commercial yogurt 0
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Table 7 Comparison of amino acid content among oat rice, oat
milk, oat yogurt and commercial yogurt
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Table 8 Types and contents of main flavor substances in oat yogurt
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