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Development and Quality Analysis of Double Protein Probiotic
Fermented Milk

ZHANG Haifang', MAN Douhu®’, WANG Jicheng”’

(1.Department of Materials Engineering, Inner Mongolia Chemical Vocational College, Hohhot 010070, China;
2.Key Lab of Dairy Biotechnology and Bioengineer, Ministry of Education, Inner Mongolia Agricultural University,
Huhhot 010018, China)

Abstract: To investigate double protein product which was combined with fermented milk and peanut protein followed by
characterization of the sensory properties, acidity, viscosity, water holding capacity and viable count of probiotics after the
storage of 28 days. The pure milk was mixed with different peanut protein proportions, and after pasteurization, the mixture
were fermented with the fermentation (Streptococcus thermophilus S10: Bifidobacterium animalis subsp. lactis strain
VO9: Lactobacillus casei Zhang=10:10:1). The results showed that the group of peanut protein: milk protein=3:7 presented
better sensory characteristics (94+3) and texture properties with both color and aroma, delicate tissue, and good cohesion,
and the fermentation time was 5.4 h. Compared with the control groups, the 3:7 group showed a weak post-acidification
ability, and higher cohesiveness and viscosity index (—20.24+1.77 g, —20.63+£2.79 g's, respectively). In addition, the 3:7
group showed (1085+£100) mPa-s of viscosity and the 75% water holding capacity for the whole process. Further more, the
viable count of Lactobacillus casei Zhang and Bifidobacterium animalis subsp. lactis V9 in 3:7 group maintained
1x10” CFU/mL after the 28 d storage, respectively. In general, the product of probiotic fermented milk mixed with the
peanut protein appeared better sensory characteristics and stability, which would have potential research and commercial
values for the future.
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K PR IT N 5 2 TR AL 25 ) A AR PN 1) S BEAR 2R A
Z—, MR EEFLP AN AR, 7T L R AR B 1Y
PRIV E AN & B L SR TR se S ah G ok, izszdk
PR BEZLEA “1+1>27 RCRN, BT aREH, s
K FLAE VR 18 B R I ZE R . JRE s -X Rl Y
AL PR R AR AR O A T TR B T AR
FHU, A, 5 A= TR & 19 LA BLAT O SE g 18 AR
SHHFUBEANTOPRE | BT B R . T SF7 0 ik I 457505
FOHELEIEARE, DL R A5 A I A A 2 i A E T REP L,

T 1% FL W& T I Zhang( Lacticaseibacillus casei
Zhang) 4355 F PN 52 i 8 PR A BA TE 8 T 14 1R L 5
7 B i T B R0 82 M R A R, [H)
B, T 1% FLES AT IR Zhang i BoA P46 BEAK I
RE®. JETT Gy RGP TR —AROBE PRI PRI T
JUE N T S A5 4531 R A il B 8 s I s A U AR
AT, S BUSATB FLIE R VO (Bifidobacterium
anlmalis subsp. lactis V9) 43125 B P 5¢ iy a5 5¢ iy i
LB, BEA T B a2 IR B R,

AR X A5 “ IR ARAE”, J—FPE A . i, bkl
M SREMEY), HS 89—l “FEh =222, H
AP EAPUE SRR TR GRS, AR EE
24%~36% Y it 1E42 58 AR 20 B A4 T fE ik
W, FIHZE R IA 98%! s 164 TR I XUBR IR IR, 7K1
R, AR AR AR v s e A e i A
Y T—AE R 2K, EgE S B A hrE .
THHCER . TR B 3R BRI - BRI B IH ]
B 2P AR BN PEDIREU S, A R R, fEAE SR TR
Wil 18 FRE LR, H & NMETTRN 8 FlbTiel
LR, BEMETH B AR IE 7B IR =R,

H A7, X H & ZL AT 5 R HAE 2R E R
E o B, P AR AR, AR E N T B R XUE
PR WA ) LR 57 s R R = . TEXAUE 2
AR R BEFLAHF & 7, B RTREZH0™ 5 FEZ LR
5 AR s HRI P S S R R RS R T, {ERIE
FAE RS R LB A AR R TR R 25 57 R4
ok, W EC B A R e AR A A R E],
R AR & RN B P AR 3 . Btk
KATIZIRTE A TR VSR, AT A & B SR A
= B ME S e AR B T, T R E AR U
FL S P o AR A ZLEFLY, AT LAREARBLAS, B
7R, ST SR TR AR

Sk TN B Re B R R O S R L
AT A S, APFSRRARER L& Lh il i ZL AN E
AR R S R UKL, NS e R ) (T B ZLES AT
B Zhang R8P BUSAT B ZLIFP VO L2 g PRAE 3R B
S10)HWEXEE M2 A B A EZLA FT 171, 3453871 4 °C
T 28 d WA P9I S T R TR, S XL
L HI A BT 5 I R SRRt B .

1 #REEE
1.1 #HRIS{ER

WAE AR S 99%, 28 BH R A5G
B AR A SR KEaid3l EHEEE
3.0 g/100 mL, N5t A 0L 5 AT B A A BR A W] 5
FbBE S R B A FR A 7] 5 MRS [E A7 7%
I TR UL LR | LR b iR Ll
Yywe) B 5 5 1A ARG B F 5 I LS AT
Zhang(Lacticaseibacillus casei Zhang) . S4B UEFT
EFLIWFP VO(Bifidobacterium anlmalis subsp. lactis
V9) . B IMEEBR B S10( Streptococcus thermophilus
S10) g P52 Al K25 FL IR B B AR BT IR AR
(Lactic Acid Bacteria Collection Center, LABCC)#2
fit,

ATS-AH100D #US+5iHl % ATS Engine-
ering Inc; PHSJ-3F BUrL 7 pH it IR ER#EIX
A R ] DV-2T BG4 SE[E Brookfield 2
F; TA-XT plus BUSiAJ{Y  FE[E Stable Micro System
NS
12 EWTEE
1.2.1 AEHEAMEHERMTE  U—& ik
B TKE AR SR oy, RO TR ST, KR
AR U E R AR AT S ABE S 3.0 2/100 g.
1.2.2 feAEE Az A WA AL T

1.22.1 T 20 FEAEHR a6 AL T R IEFLH 4 10
T ARE 1 AR
IR e
L
ookt ] 2 | e s i v | e |
R
F Rl

K1 B A AR R RSN L 2R
Fig.1 Double protein probiotic fermented milk processing
process

1.2.2.2 #RAEZLS AR FREGE a4 FLAH
65 °C, W FEHIM A A RS HE K ACA: T AR 5
W, AL 15 ming & R BRAALE 65 °C, 20 MPa [1Y)
SAF T T R ELECASEA L A BRRAE 95 °C
TR 5 min R, BEIS VKRR EIE 42 C; 1R &
BT SRR EIEE 42 °C RRRAEJC TR E T R i
[ N S TR M 4 O = il il S (S O E Pl s ara | DB
MEPEEEREA S10 AUESINEL A 3x10° CFU/mL, 3L
EAFEEFLI R VO BUEINE N 3x10° CFU/mL, 11
FLESFTE Zhang MBS IITEA 3x10° CFU/mL; {Hild &
fig: BT 42 °C MHEAME, L) pH TR 4.50+0.02
A R TR 2 p s AT S 3 R Bl s i T e L,
F 4~6 C TJEE 12 h; =52 X B ZH AN te 2 45
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(BB =ASEATRES, 7B 4 °C W PE IR I8
1.2.3  BUE 4k A2 B & T L2 FBTAE X A 14 1 o
TERHTSL I AL b, 58 T R EEFLAY BB R
e 2.8 /100 mL, FAPBEGIINE N 6.5%. LUITE
AEAS4FEABAAXT S 101, 3:7,
4:6., 6:4, 7:3 VERsCne, D42 LE Q mastbk
HEEAEAXT IR 1 FIXFRELH 2, X B0 e LAY 4 1%
FLEE TIPS, DU E 25 B PR a5 B FaHn,
TR = o R R R SR 9 B EU A9, B T )
FAERC T .
1.2.4 BEIFE  FESECERRMEPEN R BB 25
BPFArE, BRI 20 1 S50 T E AP SL, XA
HATIRB L6 VRS, Wi 100 4. BREZEGPESY
FRUERT DL 1

R RELEE R RIE

Table 1 Comprehensive sensory scoring criteria
5 H WoMbRifE PEIHERI(4))
WPEIL], FOLEE, FLAERIRIE 26~30
HEL A, PIARAIR 21~25
PSR (3047)

ISR e, 1530k 1120

[EREZ SRR PN <10
FRFENE F, PRI 36~40

S o s Rk ~
FUR(40%3) M%jﬁﬂ%di A 26~35
PRWRECER I v, P — ik 16~25

TCRRYIWR, M <15
HAVIR, BERNVELF, S 26~30

st oy EEAN BRI RIEOCH 21225
I LRI, BERYE RS, RETEHBE 1120

1Z UK, BERMEZE, AR <10

1.2.5 MEAE AW A BEILG TP 2t
A7 St EC T il A 0 B AR R s A B R L R SR
2, RGP BEZH A T BT 53T o 38 b ARG T 5
SEEGZH AN B A HEZLTF 1. 7. 14, 21 X 28 d 119
pH. FAETREE . KN EE | 7Kk . BaAaetd X 25 46 TR TG
ECETEPR, 45 G BB PF R G430 i i S BT A
AR o
1.2.5.1 pH fyllE  HBUEEIAFAT 4 °C TR,
PRE B=IREMFHEBET pH HHUE.
1.2.5.2 JHERENIE %R GB 5009.239-2016
AR TR KR AR TR I e R
1.2.53 KEEERIIE 43 BIRREGE B 3=
1, ARG BEA Y 4#5% 7, $10ER 64%, 100 r/min |
MRE 30 s, TR FATIE 3 IR,
1.2.5.4 FpRIWME  43r50FRE 20.0 g FESIKE
FER, BF&E4UYTE=F T 120 min, ISR I
BREE, PEMTRESS FIFEK 1P, T A= R

F77K T7 (%) =1—(Mygyp/ M, ) < 100

T My RN TR MR Y BT 15, @5 Mgy i, FR7NAE
PE R, g0

1.2.5.5 JGOMRpPERIIIE 3 i PR EBGE oA i T bR
M, K E RS, (8 TA-XT plus BRI
FESBOPRRE | N IRIEFFR e % . e A/BE £k,
ZEDIEN 30 mm, IXEGHTHEEE Y 6 mm/s, X5 A
106 5 U [ 2 A 1 mmy/st
1.2.5.6 wi/EBETREAYITEL  $21E GB 4789.35-2016
Y Ty A BEA TS TR Sl U B LA
VO EEFEITHECIT A MRS FEfA sk R FREAE, THEEEL
B AT B Zhang M35 IR 1 HEUE FHES N 0.01%0 (J57 553
O AR MRS BHAR IR WERERM T
HiFReT,
1.3 HEAE

AW RS AT ZUCOTATINE , S5 R TR
NV EEbRE2E T o BE e B A IBM SPSS
Statistics 20.0, B3 PEK I E R 0.05, H R FH R E
FE 2257 Tukey B 3 F1 Waller-Duncan = 3547
PRV LeA 54T, BRI Gt HilfEE A Excel.
2 GERES
2.1 AREIEBREGIX & BEFL & BER E) R 200

R R JRAGE T ARIVEN T E P e A
[F A JURP A WL, A 2H R0 A e Nk 2 fras . i
2RI, LIS (3:7) B RTERTRI 2928 5.4 h, TE
5 FPHECTT v A IR B e, AR B A T A HEAE N e
KA NS ZH (7:3), JHR 292 5.7 he S3Afral AL 4
FLER P LS PR WS A s BE PR, 32 T LR R
JHFUE A FLRRIEA T A1, iAEA= 25 A i 2
VD FURE S B, SRR YA R EEFLENS, IR ] GE
K7,

2 RFEE T T A L A I [
Table 2 Fermentation time of fermented milk with different
protein ratios

A5 AEEMAAEN K ERHA] (h)
1:1 5.6+0.2
37 5.4+0.1
S 4:6 55405
6:4 5.5+0.1
7:3 5.7+0.4
oz 0:10 5.3+0.2
10:0 5.440.3

2.2 FRIEBREEAIX = REE TN HIRE

Il 2wl BERE BT TR AE AR EE 1 R B,
SO R IEFLAYVEYE P R R Horp, XTI
21 BTt (963 43), O SEsa2H (3:7) (94+
3 43), WX REZE 2 W el T 1 2l 85 A BT
O i B SAR B 22, PP (9044 53) o th
S ST AT 0, X IR 1 R PP L v T
fliZH (P<0.05), JEtPAI AT RESZ:: —J7 TASHTFE BF A 1)
KPR R RE S A T AR FLA A, BT AXHAS I 1 AEAE
AR A A BEFL ] REA AR A 22 i G 55
— 7], REFLEY RN ZH A UR S AT RE ST E AR AR TR Y
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1:1 3:7 4:6 6:4 7:3%HEZH1 XFHRZH2

K2 AEECTTF AZREFLEEE
Fig.2 Sensory scores of fermented milk under different
formulations

Gt B EAR AR RN F R R [F —H N E R B (P<
0.05); K 3. K 6 Al

A RAREHE T TSR R T, E T H = Sl i Jak
.

RYBCE 25 A PR AT, LISZEG2H (3 7) 4515
B AR M 2 A2 B & B FLIREITE 11, (i3t =L, 412
AR HBE SR PR, [RIBs e SR g 2H i HORP G o, SRS
ZH (3 7) I PS5 A2 22 57 i 55 (P<0.05) . HH
SEUERH, DIAEAE R oA R AR LR I ERGE 1 &
FEFLIRPTATIY . WOEPESCINZH (3:7) (HEAETR 1 450
HEA=3:7) AEAEre e TT, VB 5 Se 5206 AU 9L 56
2H.
23 WEAHERABIANRRSH
2.3.1 WgEHI N R EEFL pH i AEfk B IRl 3 R g,
TE 28 d IV N, =40 & LAY pH BVA R TR
R, HAH AT i k25 52 (P<0.05) . F T840
Tk BBl 7= o 1) e B B LA LI PR R 32, T FLIR PR
WG (4 °C) T asgksy= L ZLR, JE ik L IEFL
AR ZR By pHPS, 43T 2, 258 28 d A, SLEG4H Y
pH M 4.48 [FAKE T 4.24, FIET 0.24 BT XFIE
ZH 1 FIXFHRZH 2 19 pH R REIR)E S5 0: 0.28 1 0.32,
LT &, XFHELZH 2 (9 pH T BEIR B, T aLgH
By pH T IR RIS, AR HAL P XT FELH . B & R
FLAR R P e AR R S ke, RIEEFLAY pH R R
BERRN, FLIR - AR SR BERRAIG, X S XNBEER (F5E4s

g
ui

4.7 s 05
| = XL
467 ga a s XHHRZ1
4.5 ,‘
3 b
4.4+ :E 3
:Q 4.3
4.2 :.
4.1 b
4.0
3.9 B ; ' N B
1 7 14 21 28
T HREHT ] (d)
&3 SzuesH Ko BRZHTE 28 d IR N pH Y As 4k

Fig.3 Changes of pH values in experimental group and control
group during 28 d storage

SFERL. AT UL, AT 1B A= 2R 1 f A TR L
JEMRAARRERSS, REE— 2R F4ERE ™ pH MESE -
2.3.2 WHEHAPN R BRFLIEE R AR L pH FIEE
TR 2 I 2 A Tl A P R I e A v g A= A7 1
KBEFLAY SR REO, Kl 4 iR, 78 28 d B IEIN 5,
(4 O, SZHLH RN HEZH K P L )i <2 iR 5 14
EEFR Y TR, B HRE 1 AT RS IR R B AR
TERARIKAE A1, HoAh W 2H 09778 A 1982 3 39 Ab F s =k
S [R]A, ARHRIE R 28 d &, XFREZH 1 i 2 BRI
M 72 °T T2 88 °T, SCHe4H T B FR BN 75 °T
EFABT 92 °T, ¥ &:435120 16 N 17 °T; WX Bd2H
2 1T 2 TR B G 5 DRy 22 °T. Hir, SCO8 2H Y T
1 JE it 4 25 IG T 0F B ZHL 2 10 T A TR EE 1 R (P<
0.05), {H EVARTIT 75 5 2H 22 1 2L 140 T i 12 B 1 e R A
It 22 °T, B HEM T 952 . BARI I PN SE5G
ZH 1T R TR B HE AR AL A i 7K, AL 55 % BEZH AH LB L
{ARAFAIE FEEAS TS, W PR A P S B

1007
90 1

80+

BRI CT)

701

60
TP TR] (d)
Pl 4 SCRU] RO HRZAAE 28 d TR P9 iR 2 R 11 A8 Ak
Fig.4 Changes of titrated acidity in experimental group and
control group during 28 d storage

I ARRIKRE TR R A F A 0] 25 82 (P<0.05); ARE/NE
FHRFREl—H N E 5 B3 (P<0.05); & 5. & 7 [F,

2.3.3 WOEUHIN A REFLR e REFUA R T
HH S BRI R R F U B I 8 A i
A, WEE S RGBS AR 2 A AL
A EE ORI, DRIHORS RE R T AR AN A I L S i —
AEEARARCYS AN 5 s, LRI E] A LY

1700 = Ll
-m XA
1500+ -u- X AR 2
2 1300
E
= 11001
i
2 9007
700
500—— : , ; .
1 7 14 21 28
IR T (d)
B 5 SCuGeH Koo BEZHTE 28 d IV7iE A ok EE ARk,

Fig.5 Viscosity changes of experimental group and control
group during 28 d storage
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Al BRI R W RS, HARIT &, SEI02H 1 & 9L
TE I J8E 3] 4 2 AORE 3 22 Bz /)N, S 180 mPars; 7E5f
1~7 d BYNECHA AP, SEOGZH AR BE I RE2H Aok
B MR AR 21 d B, S8 20 i0 kG B 55 %) B4 2
ARG B A7 e i 35 P 25 57 (P<0.05), 153 T (1085+
100)mPa-s. JEPH AT L REEFLTIE R T 858G
FA B T J 1A, (e S G 21 A P L S B s v A A
B 5 53 AR 2] s in i s FLIES AT B Zhang 130
YRS AT B LI A VO BETE & Tzl 5o s 2 38 ik B2
FIVERRY,

2.3.4 WoBHAN ALK S iAste oKk T
7 i R LI FLIS AEAE T AR I B I 8 254 i o o,
R ML vl LB 1L ATt B . Bl Do A TR] g4
B, SRR T B AN R R EE R K.
&l 6 A, B 2H A EFLAEN R 7 d B, oK O 1
THET 82% ZiAtq; FENIER 28 d B, £:/K J1°k 69%
Zedi o FENHINI PN, SEE0LH e R K J1 R e e
75.2% ZEAT, A P R, A REJR: FH T SR T
I AR AR AR 1, HOKIS PR B =, ] Biks e 1
FEARE W, T = 4R T A LRk 152, 55
A, IS 28 d BsF, XFREZE 1 a3k SR B EE
F IBEBN T 18%, SEGLH ST HELH 2 AR T R T
11% F1 12%.  H T2 54 b IF ARG IR (] oz 751,
AP M A S 5621 A RE AR ) WEATG T X 2], mTRSE
TE 69% LI, AR EET] .

100 = SO i)
X REER 1

90

80

70

K1 (%)

60

501

40-

IR IH] (d)
Bl 6 SLHZH Ko RRAAE 28 d Vs sk 1 ARk

Fig.6 Changes of water retention in the experimental group and
control group during 28 d storage

2.3.5 WOESUN A fEFLECE PEra et s 7 Al
N, 7E 28 d WY N, L 2H IR E PR IR 2 i X
B2 2 BT, Ws W0 s T X IR 2 1 593 or .
TEES 28 d IS BV E 2R 5 PFoiA R T 82 79, 3R
B PR S) | A IRECHRIE | BREHIE 11 ZHEUEEAH
JOR. BERMERY . S G ] S AETERY pH T
R PRBE b Th | ORGEEAR /N AFOK JT IS SR AN R R,
o> R ]S R T S 2H A R LSRR R I AN
sz, vl GER TS s 2 R LY 85 FUST Lu A
G B, HACA SR IRAR XU B B B i 1 e
BT E] TIR, A e R R PR T
By BRI E R, AT ORUE 1 SCS2H A P LAE I

100+ -
N - XA
I - X} 22
—~ a s e |
S Y iy SN
= 801 ,l :
fm O
ﬁé bem
70 oF
60— : . . :
1 7 14 21 28

TP TR] (d)
P 7 SEEGA RO BRALAE 28 d IR YRR PR AR AL
Fig.7 Changes of sensory score in experimental group and
control group during 28 d storage

FECHH N B e TE -

2.3.6 WIEUAN R IBEFLAGR AR a2
RS S TR R, S0 AT T AEREE 1. 14,28 d
P I ERME | BRI R B R PR SR, A
WL 3. S 2H X B 2H & WEFL A — b A S 800
B 5 7 ) ) P4 B R T R R, ELRIZH N 22 55 B
(P<0.05) . TEWREIALE 14 d, SCEH T E B35S
A = 2H (P<0.05); [FIBSZESS 28 d B, FAHE 440
T E KO, X SRS S R L AT B
KT LS RAHSF . ENRHA ], TS R b B 1 B
Bk A EEETHES ), L B R B R B 2
K RARA . AHAS TR, IR e 28 d HY
1) PR SR e e B ) R e v, URBHASIHR SR il B8 A XL
R A 254 TR R T LA IR [A] BEAS LRIE 1 SRl 20k
BHIAET R E -

F 3 SLEGH R RRAEAE 28 d IR P9 BT R AR 1L
Table 3 Changes of texture characteristics of experimental
group and control group during 28 d storage

ZH W E (d) SRR R AHRZH2

1 203.38+0.36" 204.37+1.51° 187.85+4.83"

BAEE(g's) 14 189.6125.024° 179.94+3.25% 138.65+0.09
28 184.30+3.03" 188.01+6.83" 150.19+0.76"

1 —24.89+2.57" —22.85+1.38" —22.93+1.33°

WERPE(g) 14 —20.76x1.11° —21.49+0.55* —16.12+0.78"
28 —20.24+1.77° —19.13+1.36" —15.03+1.18°

1 ~23.7542.1° —26.98+2.12° —20.49+1.44°

B E (gs) 14 —20.1240.8" —19.14+1.25" —17.69+1.33
28 —20.63+2.79" —19.56+1.78" —12.49+3.08°

e AR E F R RR AN R 8] 25 57 8 3 (P<0.05); AR/ NG FE:3R )
ZH N2 R 3% (P<0.05)

2.3.7 WEHA N 5 A TRTE BB AR Ll R 4 AT,
B 5 IS () PR B, A PR LA 2R DR BT AR -5 = TR
B pH TR TERREE LAy S, iS5 A2 B
e A KRB T, e S Ah 35 2R TR TG B
BOKTBHT TR 25500 0T LA B P RIRRITE
PR R R AR 1Y), T & LIS AT B Zhang S0
SN AR EE S, 7655 7 d BFVE BREGA S T e
K-, BI(4.80+0.35) <107 CFU/mL; T Zh 4 S AT
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FLIVAD VO WIS BRESE F REAEaH, X AT RS T
& ZLISAT P Zhang 76 & BEZL P X PR HE MR & 14T
BT 2 A, (e ELA O A B I g A s P, 105 R KA
WIS . REFFAEGASEEE S, SEg2H Hh T i FLES AT
W Zhang K AUEAT R FLERN VO 1TSS H
SME T, 23 BEEE] T (4.50£0.20)x< 107 F1(1.80+0.15 )%
10’ CFU/mL, b4, SEEGZHFESS 28 dist, PIFP 2 A4 B
PRV BT B 7E 1x107 CFU/mL L b 1 v v 1
FUK-, BEA R B AR 5 42 B L B TS RLIR ST
AN NI e A5 H 25 A T3

F 4 SLIRAIAE 28 d WU B 55 AR TR TR AL
Table 4 Viable count of probiotics in experimental group
during 28 d storage

NN T LAY 1 Zhan, SPRUEAT FEFLIE VO
IR (x10” CFU/mL) : (x10” CFU/mL)
JERGERL 4.50+0.20™ 1.80+0.15°

1d 4.62+0.30" 1.77+0.16*
7d 4.80+0.35° 1.75+0.10°
14d 4.75+0.10° 1.58+0.11°
21d 4.40£0.22 1.24+0.16°
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