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Abstract: In order to satisfy the demand of consumers for a diversified intake of high quality protein, a fermented plant-
based milk substitute product was developed from pea protein. The relationship between the addition of pea protein powder,
pea starch and white sugar and the organoleptic quality of the product was analysed in an orthogonal test to determine the
optimum amount of pea protein powder, pea starch and white sugar. The results showed that the best fermentation effect
was achieved at 4 h and 10% inoculum of fermenting agent. The main physical properties of the product were as follows:
Brightness (L") 74.74+0.02, hardness 124.45+£0.30 g, viscosity 233.11£7.27 g-s, water holding capacity 92.13%. The
product was a non-Newtonian fluid and elastic, the surface microstructure was denser, more porous and smaller compared
to traditional yoghurt. Therefore, this study provides technical support for the development of new plant-based yoghurt and
further broadening the application and production of plant-based yogurt.

Key words: pea protein; fermentation process; sensory evaluation; physical properties

KRR EHA: 2023-04-16

HETH: b7 BrHA AR ERTE (YDZX2021111) ;4@ (20220185)
{EBBI: EIHE (1995—) %, AR A, HFR 7 8): 5L 5aAn T, E-mail: 958569437@qq.com.
*BIEIEE: SRk (1974-) , B, ML, 8130%, AFR 77 %) R #H4, E-mail: fanrongbo@qau.edu.cn,


https://doi.org/10.13386/j.issn1002-0306.2023040090
https://doi.org/10.13386/j.issn1002-0306.2023040090
https://doi.org/10.13386/j.issn1002-0306.2023040090
mailto:958569437@qq.com
mailto:fanrongbo@qau.edu.cn

- 176 - £ Tl B4

20244 1 A

PRy LA AR A FLal e 2L o IORE, 22 IRE AT IR
LRI SISV R A 3R AT A2 T2 171 )l A A ¥ Bl 1Y)
FLAS . WS E BRI AG B TR I IE R . 2
A IEAERR | PR S T, [RI A ) T REAR O i A
YI « HE BRI FIRRIE i) A 38U R F S R,
P W 1A X 2L D HE 5 78 D LA TSR S SV A 41 A
FERR PRIX ARG A ) N A 2 AN T 5300

Wi (Pisum sativum L.) J& G RHEY) SR 7T
RN T, SRR 2R WISHAEY, B 2E | 5
T S5 455 i, DR HG S W BB ) 58 7 T B 4% b ) vz A
FEM . B IR R UL, B BT & 2
18%~30%., £ 4k 5290 10%~20%. GEW & 8 2
N 40%~50%"°, [A] Bf B A7 2 R FIDRS R 55 8 A
AT EEENR, S R A= 2R A5 N AR T TR R
HEORYETE,

B AL 2e el 5 R e, (BRI E | ST Lk
RIREFIERAN o S ZL Y R A P Ay
s FRFAA IV BTN, A7 5 P A ATk B8
P B = A HE R S AR TR A ) 45 3,
Z RN R SO SRR R T
i AR ) S ) e RS A RS A ™ i
A BB IR UEAR B4 4 | BB 22 A FIE B 4 14 AT
R 1 —pog 7 =0 AR SR, Al A
MPAEH T AT IO RIBERL) . A4 (ROKFNIHERR ) |
IR HE (AR T) 45 0 JEURH L AR ) B S Ok
CAET g hinEs kM. TR SR AL stk h, B i
HEA RAFALRK M R R SR R, 5
REE AL, 9 2 E SRR, B TN
AR 53R AR L, 9O AE H BAA AR, $
H ., FAEEEE, R IE R SEOEEC Y, HBi G
P L N ST R o I N B e o e ed & DA £
RLUF e PE, i L A L2 W —2F, 480F
JASTEAR . PRI 8 TR R P I ER, J&
AR ) FACFLA S e sl . TR LA o R
B TR BFSY T, Ma S50 B9 T 2288 It
FC BRI SR T 2R 0 T S R XK (9 Sz ), ]
HHIFSE T 6 FhAS[R] A8 T B B3 X A IR X 9 w2 R W5
BRSBTS, SZAF S R B T 2D UGS T K
PR XU, [RIEST 08t Sl 5 B R R R TR, 2%
TR WA AR, BEAAR RS2 5 . Klost 55
WFFE T EIN 10% B30 L8 UK IR BRI L5 14
FIEERFER A, S5 RFRIIE 11 5T &t B s
T B EER T . XEAER WY TSR L
HYLEFLAN S FLIR -G A WS IR WA BIAL PET . b As 2
FRPE | OSSR RSB RS2, S5 R ER I AFL S
L 11 IS RIERYSE 28 d WA PV EA R
R B R E ORI AR e T

H AT, ¢ T 9 S U0t o7 245 B A BEE 5k
KW e PRI ST )Z T, O T3 S8 R 9 FL (pea
protein fermented milk, PPFM) I T T 25 B = fh 4
PERIBIFFEARXS A BR o ASSCLASI &8 POy S 2 50K,

DU E PEEVE N S PP AR, W53 & B8R R s i
HE L WESIERY S INGE . 48 FUOBEAS Ind . R IR TR] . &
PR 2R B X PPFM 5 JO 14 52 i i 34, i of FR e 3
SCEGFNIE ARG 2 H — OB FUER, (OISR
1 PPFM YINTL L2248 L2 PPFM 5
BRS04 7 S AL X b, R EPE L FEK T1PEIN R
Wy e RS v, TR |« T AS AV ES A -
FRWS PR BEEIC R . AT ENXT PPEM A7 T.Hh 4%
SR R RIS IR A T 2 ee, B HIg T fk
A PR AR

1 MRSEE®

1.1 MRS

B R R B DER AR AE Y TR
Uy A BRA VL PR 7 5 Y 8 TR ICELAT B AR
ATV FR FEREEBRTE SR R FLA ST
ARG A FLGR SRR ERD IS a4
FEHAA BRA T

GYB60-6S BB AL LI ARMEFERITRIL
DH6000B HUE R IEFZFE  RIEET Z R A R
5] G180T2 MU R K i JE I 1 BUMAN AR VS-
1300L-U BEEH TAES 03N LR TEARARRA
#]; TD50001C #UHLF ISP RFR AR UER A R
7N Fl; 5810R .00l fE [ Eppendorf 2\ H] ; CR-
400 Mo 224 p[Je R ERR AN S5t TAXT
PlusC B (h5& K ) P [E Stable Micro Systems
45 ) MCR302 S G AR B bl A 22 A 48 &) 5
JSM-7500F e ik HASH FRk=USH: .
1.2 LWHE
1.2.1 #il%& PPFM. MR T 2 it S E 2 A,
1.2.1.1 T ZnfR ERAGHPE -
i — I — K B — 1 H 3R — JO R &
P — V2 PR 20— it
1.2.1.2 ¥RAEZS FRim: FEIESH L FR Wi O 2R
PR B e

TRADRE: Wi S AR AR . Wi e LR
G E gl oK, Fo43 PRl L e S5 e, 28 AR B
(10 pm) JEA 78 L8R Pk B 4nfk, il sl 295704
Wi R A . PRI LA A F Lo EURL, AT 245
i, Ragid 200 H2MAE LIEHERRZF .

. i T HIER 50~60 °C JEERIN#H 30 min,
—J7 IR BEAA R PR BT R T, I R
093, [RIEHE 00 8 IS o

Y e [ e R A5 (Wil S B 1AW 23 MPa.,
A4475 17 MPa) ¥ TS 56 58K i i el AR 22
ML R, LMFAIE R i S Ra e .

IR e 2 FUORE S NS S b0 s i, TR &

A/ 5

KEH: FE 90~95 °C YLK TR E 5 min, AR KH:
AR, RIS S e AR P AR B T R B AR A LA
AT K



545 % 5 2 )

UG |, 4 R A RREFLAY T2 S0 ™ AR <177 -

A B KR e 0B 05 8] VA R B A WA
K, il GRS A 45 °C LUTR, B A B s Fh
PRIVRLRE o i 2k 250 o

T R BT AL A 0 78 EQ LA B AR I 1 SIS
ARG REEER PR TR G TAAPREST, AT E B A
B B Ao 1 B9 SR PV MR B AR W 2 e L T 7R 4y
VRA, B E 1~2 min [HEEFIFEE .

TCPATER : E TP E G T IO HTERS .

KR AETE IR A R R e B T B .

VoI5 S W R U IR PR WA HI I 2R 2508, 778
KT m ek sl . BWAIEELA 4 °C BvKFaHE
IS5 EA 24 he
1.2.2 JFUBEInE X PPFM BB PRS- mssm) LI
AR AT WS RERI IR OB R, BRI R
10%. RIS 42 °C. KEEERIA 4 h, 53500758 R
BHAS I EXT PPFM & 53 (A 52 o 1% 5 B DR 38 4544
Wi S A K E SR 4%, 6%. 8%. 10%.
12%, K T2t ol e i 1ok JB B DT 4 SR < HH i o 2R
RS 7K 1 BeAE E 815 1 0 5 3R Ry -5 7K H R UT I o2
YOI LIRS, A 0.5%. 1%, 1.5%. 2%. 2.5%
B GE, A TR o e i A SRR T PR A4 SR
B0 TEM A il TN s R AR PO S K B E
Bz BT 2 M e G EE ELIR A, 233 4%, 6% .
8% 10%. 12% W48 0, K4S 5B B E TEE
PR 85 SR 5 4 F OB I R AN I
1.2.3 A EEEE]X) PPEM BB PEAEM 9T &
BEEHE] T PPFM B4 B2 i BsF, AR SR 1.2.2 Jrfs iy
Wi G Y B TER . 4 OB A0 Bl A I s,
RN 10%, ££ 42 °C E IR 3746 T 4 B 5% 72
3.4.5.6h, KREE I DBCE P 45 S8
PPFM [P 38 A R Ta] o
1.2.4 $ZFpEXT PPFM BB I pOs2Im 9T & 15
FHERP R PPEM WSR2, AR YR 1.2.2 i3 Ad
Wi AR R . WS GER . A FONE I iRl B, X
SAEEEW LR E SN 8%. 10%. 12%, %
1.2.3 JUrfs ) i il & st Al EA T 42 °C &R liE. K%
285 o o BCE VT 1 25 SR . PPFM 1) i 432
Fhi,

1.2.5 ZHZEXT PPFM BB IErI5EM N T #iE
PPFM JEURL Y S s 2, AR 4 3R B PR 3 S i 2%

SR, 35 FH B SR PR Bk . 4R PO Bl s
5, 7F 42 °C (EIRIEFHA D REE 4 h, W EN 10%.
SR 3 B FE 3K IEsSiR g 1T T2 ik (A
2 1) o DUBCEPEAME R 1E 38T 56 i) e 2 F WA i
ffiE i PPFM OB T 22550

1 IERE KT
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Fig.1 Sensory scores of PPFM at different pea protein

powder additions
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Fig.2 Sensory scores of PPFM at different pea starch additions
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Fig.3 Sensory scores of PPFM at different levels of
sugar addition
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Fig.4 Sensory scores of PPFM at different fermentation times
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Fig.5 Sensory scores of PPFM at different fermentation
agent inoculations
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Table 3 Results of orthogonal tests

L BmEAE Bk P
T méﬂngf('jf) Pﬁ};]ﬂi};?i) mgf%) BEFH)
1 4 0.5 6 76
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Table 4 Results of yoghurt and PPFM colouration
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Table 5 Results of yoghurt and PPFM texture
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Fig.6 Rheological behavior test results of yogurt and PPFM
shear scan mode
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Fig.7 Rheological behavior test results of yogurt and PPFM in
frequency scanning mode
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Table 6 Results of yoghurt and PPFM water holding capacity
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Fig.8 Scanning electron microscopy of yogurt freeze-dried
powder (A, a) and PPFM freeze-dried powder (B, b)
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