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Abstract: The fermentation medium and process conditions of rice-milk dual protein yogurt were optimized by using rice protein and
whole milk powder as the main raw materials, self-screening bacterium (Lactobacillus farraginis and Lactococcus lactis subsp. Lactis) as
fermentation strains. Sensory evaluation, fermentation acidity and viscosity were used as the evaluation standard. The results showed that the
fermentation medium was that rice protein hydrolysate (7.5% degree of hydrolysis) was added below 40% (protein powder by more than 60%).
The best fermentation conditions as follows: the breeding ratio of Lactobacillus farraginis and Lactococcus lactis subsp. Lactis of 2:1, the
percentage of rice protein and milk protein of 30:70, the inoculation amount of 3%, and the culture temperature of 42 ‘C. The best food
additives were that the optimal adding amount of sucrose is 4%~6%, and the optimal adding combination of thickener is 0.15% pectin +0.60%
gelatin or 0.40% gelatin +0.60% HPDSP. The stable curd, uniform color, delicate taste, and distinct rice flavorrice-milk dual protein yogurt could
be obtained under the optimum medium, food additives and process conditions.
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Table 1 Uniform experimental factor and level table

KE X X, Xo% X C
6:2(1) 225775(2) 35(4) 43(7)
6:3(2) 27.5725(4) 55(8) 41(5)
6:4(3) 32567.56) 3.0(3) 39(3)
6:54) 37.5:625(8) 50(7) 37(1)
6:6(5) 20:80(1)  25(2) 44(8)
5:6(6) 25:75(3)  45(6) 42(6)
4:6(7)  30:70(5)  2.0(1) 40(4)
3:6(8) 3565(7) 4.0(5) 38(2)
2:6(9)  40:60(9)  6.0(9) 45(9)
1.3.4 B sRmA ek
1341 REFERIOLI GRERE BRI AR OK-A= G E
HIRYY

¥ 7.5% KR B OK SR E KRRk 5 PR 4%
A E 5 30:70 il Akl 7R L CRRD, 7ERRFREE
A3 HITRIN 0%. 1%, 2%. 3%. 4%. 5%- 6%- 7%-
8OIIRERE, H CUEALI LF BAR LLL BRhanc b
2:1 MR e 3% CTRIRD J3 i 2= AR ERE S &
(PRl TR, 42 C ORI 10 h IR/ 24, EATIRIEI
SE R E VFIT o
1342 MHFIEILA BEFEROK-A 00 XUE H R
L)

© 0O N o O M W N

R 2 RIEXEFEA SR EF K RIDR
Table 2 Quadratic orthogonal rotation combination design
factor and level coding table

KFlz  RI% PAM/%  HPDSP/%

+1.4142  0.22 0.64 0.64
+1 0.20 0.60 0.60
0 0.15 0.50 0.50
-1 0.10 0.40 0.40
-1.4142 0.08 0.36 0.36
Aj 0.05 0.10 0.10
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Table 3 Quadratic orthogonal rotation combination design

table (two factor)
KI5 Z Z,
1 1 1
2 g -1
3 1 1
4 -1 -1
5 -1.4142 0
6 +1.4142 0
2 0 -1.4142
8 0 +1.4142
9 0 0
10 0 0
11 0 0
12 0 0
13 0 0
14 0 0
15 0 0
16 0 0

1.3.6 BRE Aok 69N

KK PR AFRUE 4 “CUKFEHET 12 h J5#h
REESE, BRI e R &% EFKiridE GB
5009.239-2016 AT, Fh AL E R NDJI-1 B fief 3 5L
i, SCRBHRE A1 S (BERERE Y 350 r/min,
30~40 ), XFRK-A-GXUER R AT R
137 REIFE

R 12 AR S0 Aoy, BCTEY
{8 o RR-A- WA A RR W AT Vo038 S VP o bnidt
S A FE FhME GB 19302-2010, FHRiTEMEEK

(W 4. BERAIET] 70 43 LA BRI HI TRk

WY ARG &4 -
1.3.8 %ttt

FRHRRISIIBICTAT, BdELE R FELSDER
7, JHSystat Sigmaplot v12. 08 EAT1E K. SEobE
() 2 5 &8 % 1 FH SPSS 20.0 4t it % 4 H one-way
ANOVAVZELG S, p<0.05H A L3 7 7. 35150
TRIEAT e A iR 96 F DPS 7058 At HEAT 1 96 ¥ i
JEHE T

227



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.10

*® 4 RR-HNNEBRDERBE IO ERRATE

Table 4 Sensory evaluation index and standards of rice protein yogurt

BE A AR #
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Fig.1 Detection results of agarose gel electrophoresis for PCR
amplified products

WA BLAST #EATHZEY) DNA FPAILEX 45 R 5
N T UREIERES B R 4 AR ERE (1 4
5 17~20) 5l 51PN B (Lactobacillus plantarum,
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Fig.2 Effects of sucrose supplementation on the acidity and
sensory of rice protein yogurt
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Fig.3 Effects of hydrolysis degree of rice protein on the acidity
and sensory of rice protein yogurt
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Fig.4 Effects of different proportion of rice protein hydrolysates
on the acidity and sensory
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Table 5 Uniform experimental results
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Fig.5 Effects of sucrose supplementation on the acidity and
sensory of rice protein yogurt
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KK G0 AR Y E B 1970 i3 KT RIS i1 A
R 7= 5, B B3l R 90.75£3.56
89.55+3.26 #l1 88.45+3.31. FrLAikEks HPDSP. Sk
B fi R R SRS A TR R A

® 6 IR AR- 4N E BER YRR RO

Table 6 Effect of single thickener addition on viscosity of rice-milk dual protein yogurt

g bl Am0% HA0.05% HAr01% AAn015% FA02% A 03% A 04% e 0.5%
IR 611+20 655422 697+24 723+26 76727 859+28 933+30 967+32
RIR 595+19 636120 807+23 904+27 936+30 814427 654424 558+19

HPDSP 605+21 701+29 769+33 804431 851+34 921435 972436 994437
hE 617+17 631+22 647422 656121 855+32 902+36 1634452 1683163
PGA 608+20 338411 351+10 377+12 361+12 336+10 364+11 387+12

CMCNa 585+18 556+14 429+12 401+10 23316 188+4 19445 21247

P |2)8 609+22 645421 638+22 607+20 588+19 569+18 537+18 467+15
FHAR 592+19 380+10 40612 462+14 554+15 499+14 376+11 389+12
INARIZ 601+20 22618 181+7 1757 159+6 135+4 189+6 16645

TR
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H#ER
bVl 593+19 625+22 291+10 229+7 18946 18045 16946 191+7
AR 2K 60622 568+16 326x12 171+7 164+6 15245 19448 2299
RN 611+20 284+10 339+14 352417 1200453  4458+113  4855+135  5567+159
R 7 BTN AK-FNNE BRI E S 2 RIS
Table 7 Effect of single thickener addition on sensory score of rice-milk dual protein yogurt
AR ANA0.0%  AHm0.05%  ARA01% BAe0.15% RmAe0.2%  AHm0.3% ASAe04%  FHm0.5%
B 83.25+2.58 81.05+3.16 82.30+2.63 85.65+2.75 86.40+2.82 86.88+3.35 88.15+3.62 89.55+3.26
RIE 82.40+3.63 82.15+3.13 84.90+3.22 88.45+3.31 86.95+3.12 84.75+2.25 82.90+3.53 80.85+2.68
HPDSP  83.50+2.57 85.40+2.71 86.50+3.26 88.50+3.13 88.85+3.34 89.05+3.43 90.10+2.86 90.75+3.56
I hE 83.45+2.63 84.95+322 77.55+2.85 67.40+3.29 62.45+2.70 50.15+1.82 42.80+258 37.55%1.79
PGA 82.85+3.15 78.45+2.74 74.85+2.73 71.75+355 65.50+3.68 61.58+2.57 57.55+2.69 55.30+2.87
CMCNa 8235253 82.75+341 81.70+3.42 77.55+259 65.30+2.49 61.10+2.93 55.60+1.94 51.20+1.69
M4l 83.60£3.34 86.40+2.88 85.60+3.44 84.30+3.13 83.45+2.52 82.25+3.39 80.35+2.58 78.55+3.63
Fifk 82.45+2.89 80.90+3.41 77.35+2.64 74.35+2.81 70.25+3.32 64.05+2.73 61.20+2.48 57.10+2.67
JNARBE 83204327 64.50+2.86 51.25+2.35 46.75+2.76 41.75£1.71 37.20+2.48 35.00+156 34.50+1.57
#/RAK  8255+2.84 65.80+3.48 6350+2.74 45.60+1.85 40.85+2.84 36.45+2.68 31.35+158 26.35+1.79
flAEE A 83.70£3.35 83.45+3.32 75.40+2.65 63.45+3.03 58.35+2.67 54.60+1.89 52.20+2.74 50.75+2.64
e 82.85+2.94 77.60+3.62 69.70+2.93 63.80+2.64 58.60+2.49 41.85+2.58 31.65+1.89 24.60+1.76
*8 RIEXREHAS RN EITESR
Table 8 The sensory evaluation results of quadratic orthogonal rotation combination test

KI5 Z; Z, RIBAIR R &F=HPDSP iz F=HPDSP

1 1 1 90.60+£3.13 87.85+2.87 85.65+1.97

2 1 -1 87.50+2.57 85.40£1.67 85.45+3.28

3 -1 1 88.15+3.64 86.60+2.98 93.25+2.78

4 -1 -1 85.20+2.96 84.70+£3.49 89.50+2.48

5 -1.4142 0 86.75+2.48 84.45+1.88 91.55+2.76

6 1.4142 0 87.60+3.42 85.65+2.98 85.35+1.86

7 0 -1.4142 88.35+2.68 86.85+1.79 88.70£3.47

8 0 1.4142 92.40+2.64 88.55+2.49 86.55+2.65

9 0 0 90.85+3.14 86.20+3.07 89.80+3.17

10 0 0 90.55+£2.58 87.60+2.58 89.35+2.75

11 0 0 90.65+3.29 87.30+£3.65 88.60+2.73

12 0 0 89.80+2.65 86.15+2.36 89.45+3.31

13 0 0 90.40+2.85 87.65+2.96 88.30+2.72

14 0 0 89.65+3.10 86.45+2.64 89.60+2.96

15 0 0 90.40£2.77 87.75£3.53 89.35+3.36

16 0 0 89.70+3.43 86.50+2.87 88.15+2.89

2422 “IRIEA A AR E R T

WRIER 3 I RIEAS e 4 & et J7 SRt AT i

B, FEAFNLIRE (I HE AR 77 = AN IS 21 K KK 2530

B ARY A EE S R 8.

FI DPS BRAFR IR A 4 i B (R B U

SESERGHAT IR TAGEL B H, 5B 0=0.05 /K

PANEETE, SRR REE TR .
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Y=91.0588+0.25247,+1.1715Z,-1.24427,°+0.0558

Z,>-0.0252,Z, (FIRFIBAR)

Y=88.8225+0.32012,+0.47417,-1.5406Z,°+0.2969
Z,%+0.0652,Z, (FJRA1 HPDSP)
Y=87.1163-2.2936 Z;-0.3794Z,+0.8763Z,°+0.1738

Z,%-1.003 Z,Z, (BARAN HPDSP)
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RaEgi AR zi= X Xo
AJ,

R K Z2=20X-3 , B K Z,=10X5
Y=74.2663+156.852 X;+6.885 X,-497.68X,°+5.58X,’-
SX1Xz;

B OB R Z:=20X;-3 , HPDSP Z,=10X,-5 ,
Y=80.0238+184.774X,-26.899X,-616.24X,°+29.69X,*+
13 X1 Xo:

B iK Z,=10X-5, HPDSP Z,=10 X5,
Y=120.1188-10.266X,+8.916X,+87.63X,°+17.38X,>-20
0.6 X1 X7

PARR-A- G0 A R W B A5 0t AR R
A7 FETH A 3 S AN A i S R N S 2 A
0.154%7F1 0.605%, LB AOK-A4- W00 ar R WY 15
SyHeE AN 92.402.64 . FIR AT HPDSP & FCys i s
HE4 0.161%F1 0.553%,  BEE K K-AF- 950U 8 R W
JRE 139 BN 88.55+2.49. B A1 HPDSP & It
I B 2H AN 0.3929%411 0.614%, LA A K-A- 130U
RS T A5 BN 93.2543.78. 7E B IRAN B iS4
TEES> H)4 0.15%741 0.60%, FAZAT HPDSP 78 I&E4)
A4 0.15%7F1 0.55%, BHRAN HPDSP ¥ HiE4Jlh
0.40%7F1 0.60%I%% 1 T, LRI B ICK-24F
W X EE AR YR B A4S 4 o BN . 93.45+3.32,
88.70+2.74 #194.85+3.59, [A, 0.15%Hf+0.60% 1
JieEk 0.40%H ik+0.60%HPDSP #47 H LR IIS& 5N
HAR A A

3 Zig

3.1 MR WEIE AR E G s i ik E A ROK- A
WHRUE RGP B RO AN B (LF B MFLRRAL
BRI FLBA (LLL H). HRKE KBS
RFUF I IET LF e LL AR B ACK-A- 030U
FIRRYY , IR TR I FEE It o KK B 1 7K A O3 I 385K,
(HERWYE R AHBE 2 N, MK AR EEIA R 7.5%H0F, 7=
R s BEE KRS INLL B 3N, R R S
BRI S s/, TR b ) R A 22 . F
7.5% 7K M P (1 KK &R K S s i L 3 42 11 72 40%
(DUERABE ) B, Al e 7 70
43 LA B ROR- A 0 R -
3.2 BT ERIG T H OR- AR WU R W R I Bt
FETZ 444N LF A1 LL BEAECEE 2:1, 7.5% KM
ROKE KIS M EE A 30:70, &
3%, FEFRURIE 42 °C o BB IOR-A G A R
FEH AN IR 4%~6%, 383 IKIEACHErE 4 AR
3649 H 3 R OK -2 1 U (1 BR 1 (A S R 74 s T e

A H: 0.15%F1+0.60% B IR BRI 0.40%HH fi
+0.6% HPDS. fEfAEREFREA T 254 F &% 10 h
AT & R AOR- AR XU ARy B A LS e | &
FERIE) . UG KA R RIS
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