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Production of water-soluble protein powder
by mixed fermentation with milt and soybean meal
LIU Yan-ni, WANG Jian-lei, LIU Jie, CHENG Wen,MOU Hai-jin"

(College of Food Science and Engineering,Ocean University of China, Qingdao 266003 , China)

Abstract: The production of water-soluble protein powder was studied by mixed fermentation of Bacillus subtilis
N-2 with milt and soybean meal as culture medium.Five factors,including fermentation time,inoculum volume, solid
—-water ratio, fermentation temperature and initial pH were studied by single - factor experiments, in order to
analyze the effect on water—soluble substance dissolution rate,water—soluble protein extraction rate, acid-soluble
protein extraction rate, free amino acids content and nucleic acid content of protein powder. Fermentation
conditions were optimized by response surface methodology based on the single-factor experiments.The optimum
fermentation condition was as follows: fermentation time of 60h; solid — water ratio of 1:1.4; initial pH of 7.2,
fermentation temperature of 36°C, inoculum volume of 8%.In this fermentation process, water- soluble substance
dissolution rate was 80.25% ,water-soluble protein extraction rate was 91.86% ,acid-soluble protein extraction rate
was 57.25% ,free amino acids content was 25.9% ,and nucleic acid content was 11.2%.The proportion of essential
amino acids in total amino acids increased significantly in the protein powder which was prepared under the
optimum conditions.
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subtilis) N-2 X SOR1FURH 8 11 T HFTIE fi i 0 £
B {E XA P B K R R R T 4085 . 3R T — ) @,
AR K A0 R K S TR S R, AR ST SR
RS MTR & ST WS L W 120, DL 81
$ v JEURE oK I PR R N R T AR 1 AR 3 1 H L
2, ISy —Fp B R4 a0 5 R4 5 2 T
WAk F=FR R W E A & T2, I R B R ar
EFRMAE R K 2R By, JE T R a2 R 7= 1) 25
G R E AT ZFT F 3eal .
1 #RlEF*
1.1 #RENEE

i S RAARA RS Sk
51 Sl A BR 2 7] HR AL ; Al B 2R AT B ( Bacillus
subtilis ) N=2 Fl i [ Vg v R 2% o 802 1 S 56 Z5 A%
PR AR RD B IR LA Y B IR 10g/L, 4 A
H 3g/L, & AbN 5¢/ L, pH7 .2 A4 TR R A RE .
BREREN AT BREN N B IR S DU IR AL R | AH R e
TRFR AR = AR G LA Bl

DNP-9052 AU B IR IEIRFA LB 4
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BN F] 5 LDZX-40B RISy 287K By il 2e s
JTAT) s R R WM ERR A S (1)
FHIRAF G BEREHL JUBEAROY A BR S & 57228 W L4y
IR R B RN ER A R A] s TDL-5- A
Bl R R
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Hee R BT A5 4Rl Ll R ANTs 9, SR e K
F105°C &4 P = aE, Mie(80~100 H) , & F
TR PR, ST 105CH T2 aE,
Wik Ko/ 0.9~2.5mm .,
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H1J5 PATE AL 00 A B ZE AR TR A} T 1 — PR DR R S R AR
FhFREFE 3L, BT 32°C IR K, 170/ min | % 3%
24h, 1.
1.2.3  HEAmhlsr B RS0 B ORI 0 1 i iR
L5:1 () B LR &, 2 A 250mL i) = ff i,
ra] FerP R AN 2% 1 EEREFI 0.1% 1) KH,PO, , 7E 115°C
BOZSF N KT 30min, LA A& RS IE] 220 & CRK HE
KR R BTG pH VE A 5514, LK)
JRVS 3R K R AR BCE  TRIE R R IR
SRS AR & 5 oI e IR bR, SR & KW
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1232 W AEREE FERKIL 115, ¥l ik
pH6.0, B5FRIEE 32°C , K lERTa] 48h M54, %52
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F
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28 32 .36 ,40°C % [ 3 B X A5 T FE bR G 52 i
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1.2.4 HEEAMMGHIES  FREC— @ RE N R B,
[ H A 20 FEARFL K, FE4 53 1h,40001/min
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JE B WA IR R A R T R R SR s
1.25 W RPHA AL TESM RN ER
SCEGLE AL AR UK ThOK 8 B A HR BORE T FE AR,
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#£4T Box—Behnken 306G 11, PL 4k f 11— 0K & B il
KB AR T2, N KRR IR 1,
F L W R AT B S KR
Table 1

Variables and levels in response surface design

K
= -1 0 1
A K EERHE (h) 24 48 72
B kK Ik 1:1 1:1.5 1:2
C ¥4 pH 6.0 7.0 8.0

1.2.6 8 FHBy 930 FE A 0 J7 ik
1.2.6.1 JKIEMWEWIFRHH R RIEE RN A, W EEE
PR CDL T B, # R 1.2.4 T E RIS E AR,
PRE A,

A% ) =42 x 100

Bl 25 B9 VB T 20 A%k, SESBERE 1h,
E LR 6845
1.2.62 JKEEEAME K Folin— i a7
217 AR O K AR T A R R R UK
WYEE AU B, o i85 85 Uk 09 S50k R R 5T
BEE A, Tl SO R R (PIL O k)
i R A SRR 2L 0 AR A 2 (A 1 s A AR,
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IKEFEARBCR (% ) =% x 100

1.2.63 MFHEANE FIH =R LR (TCA) T
PERYTTIRER 5 A B0 H A ORI BE IR, 2R 5 R
Folin— 270135 I % 85 FOBY Hh IO BRI 25 (o5 i, TH 3
HHEB P EREE H B B,
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1.2.6.4 Vs LRI SE SR W R s kst
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57‘7 B}o
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WS E IR & (%) :A—3 x 100
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1.2.6.6 ZFEMRAMHIME Kt SO ARELR
P T 25 AR Dk, TR 1R 8 3 43 AT AR T 2
ALY .
1.3 e

A ECPE Y o 3 IR LR ST A, s T
Excel g4 FREA-FN Design expert V8.0.6 Gt it-#ff
PEATEAE 53T , [RI2R F] SPSS 13 Ff4- X i 4758
43T, 3BT ANOVA X BRI 2R 25 K (B E 17 b 354
ST, KB E R p <0.05,
2 HREHMH
21 BRERIHRER
2,11 R [E] XS A PRy 25 1 B8 DR R S g 4
I TR I ) 252 Wi £ 1 — 0K 2 T o) 45 & 1 B 19 — 1>
IR EZEWE R, HE 1 A, FEE K B R ST
B, 2R VB K PR BT 00 1 H R OR WT RS i, 7E Oh B
“h 13.28% , 1 48h Htik 3] 77.15% ,{HAE K 8 48h =
JEAAEAR I, KT 48h B, KT IR BOR (TR IF &
EERIBCR P 2 5 iR & AR R & i, IR B AR
{8, FRAE R AT 0], &30 hn & S 2 R . Kbk
1% Oh Ak 7K 25 45 1 42 B3O T 1R ¥ 2 1 4 B 40 0 ohy
15.67% F11 8.76% , /& W% 48h s} 43 5l ik F] 90.16% #1
53.90% . HCRWERTIE]LL 48h Zi A5 HHL o

R O KB TEE R
100 - B EREHE FIHIUR W R AR A
| RiAliain a a
a a
a a
a a
a b
48 72 96
IR 1] (h)

BIL eI )% 8 A 25 (4 52
Fig.1 Effects of fermentation time on the
components of protein powder
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Fig.2 Effects of inoculum on the components of protein powder
13 HCR 43 551 f 48.58% ,39.36% A1 20.5% , B &5 %)
BEE KA B9 38T, 2% TS BRIZ WG 0, 2R K T
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R S S R el i N | W
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Fig.3 Effects of solid—water ratio
on the components of protein powder
2.1.4 R X R 8 A 0 R DR 3R S G 4
R 4 AT, B A IR R B A, 2KV PR i
HOVE R G IR AR A —E By LIS, HAE 36°C 4%
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H, B IR BT, N=2 @948 53 BE g 14 5, Bl
KAw Wy BTl o3 v by (H AR A R AR W I, w025
AR 36°C 2 N=-2 A P9 Y e ddl it B2, {HL ¥t B2 AN A4 iy i
IV T S5 36 A3 B PR 2R e
2.1.5  wihf pH XF 3 OBy il A A0 R N RSB0 45
LS TR, el pHOG i P — RORTR G A e i 5 2
FUBYAT —E S0, 249) 4G pH 84 7.0 i, S Foks b
TS BRI I8 B 5 AR, H A K 8 P 5 H R A
IR IR 55 1) 35 1) 82.66% 1 91.23% , 24 pH
VHEE R 6.0 5 8.0 ], /K MM B R AR A
PEIPCRA BT o B AR AE £ 1 - SORTTR & R 90
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Fig4 Effects of fermentation temperature

on the components of protein powder
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Fig.5 Effects of the initial pH

on the components of protein powder

2R LS i 2 19 — AR #K, £ Box— Benhnken
O A BETHIY PR 20l 25 485X — AN PR 2 4 3R 1 By ok
R H R IBCR I SE N, SCIG BT M SR g SR LR 2,

FIH Design expert V8.0.6 G il %#{4-XF 3 2 s
IOER AT B RLG 15 B /K B 2R I FR IR X T iE 3
AR ZR 0 R Z2 T [ AT Sy

Y = +90.46 +4.53A +0.76B + 0.96C-5.17AB -
0.38AC +0.86BC—-5.26A>-4.63B>-2.19C’

8.0

&l 5

2$2  Box—Behnken SZH5 1 fr 45
Table 2 Box—Behnken design matrix

and experimental results

JR =) IKBEEH
A B (e
1 0 0 0 90.26
2 -1 0 -1 77.15
3 0 -1 1 82.35
4 0 0 0 90.27
5 0 1 1 86.66
6 -1 -1 0 70.56
7 1 0 1 88.12
8 0 0 0 90.99
9 0 0 0 90.12
10 -1 1 0 81.34
11 1 0 -1 86.77
12 1 1 0 80.25
13 -1 0 1 80.04
14 0 1 -1 83.23
15 0 0 0 90.68
16 0 -1 -1 82.34
17 1 -1 0 90.15

b R AT K e, 5 7 2% 43 BT
(%£3).
A s T L 2B B T A LC L AB.

A? (B? (C? X 2R K K B S R 9 5 i b i
(p <0.01) , 30 AT B LA XA H I BC X/KIEEHA
FRICR Y2 2.2 (0.01 <p <0.05) , FK B4 PR R X)
AR R KIS AR R BRGNS R SR A 2R PR e
ERTIP S 3273 55 -

38 A XE YR 9 S Oy FR IR T O 2243 0T, O FR B
FE R =0.9949 , KT Joglekar il May X457 g 52 57
B0 0.8 BOEEBURRME" , 2 B2 50 1 T 00 42 5

K3 NARERI Y Ty 25 o3 BT R
Table 3 Analysis of variance for quadric regression model
Ti ERIR 5 FIH B ¥or F1H pia o F
iR 536.04 9 59.56 138.34 <0.0001 e
A 163.81 1 163.81 380.47 <0.0001 * %
B 4.62 1 4.62 10.73 0.0136 *
C 7.37 1 7.37 17.12 0.0044 ok
AB 106.92 1 106.92 248.33 <0.0001 * %
AC 0.59 1 0.59 1.38 0.279
BC 2.92 1 2.92 6.79 0.0351 *
A’ 116.36 1 116.36 270.28 <0.0001 ok
B? 90.34 1 90.34 209.83 <0.0001 ok
(o8 20.14 1 20.14 46.78 0.0002 ok
B2z 3.01 7 043
E=Lie 2.49 3 0.83 6.38 0.0527 N
ARz 0.52 4 0.13
B 539.06 16

TE s JURMEE ,p <0.01; = fLREE,p <0.05;NALEARE,
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SEBME Z A B0 A DG PE . T FIZ A R X oK % AR
EFRIBCRIEAT 43 AT AT . BT A8 p < 0.0001 ,
CANGACIVE R R ST 35 s er il [ Y Sl
REIE R AL R, =0.9872 , R W12 A AU BEAL firt Bt 98.72%
B B A AL, 2SI Y F = 6.38,p = 0.0527 >0.05,
HIJAUIAS 2 2, U307 R RE FE 73 I MRS PR L o

DA 25040 0 16 BH 2 ASE 7R (g 4005 B 58 300, DRI U
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pH X ER P10y (7K i 8 R BCR I 52

TS 1 PR 2R X 1y KV R PR BRI 52 1)
KM g K BT 6] > W0 4f pH > BEK B, B & e
(1) Xef 7 3 A 1 R BSR4 B e K
2.2.2 i T E S-S O ez TAT ] i v AR
X 459256 N 28 BT AR R Y = ¢ =S 1] il A, BT DU EY
S WA I3 P 3R () S AR L I 6 0 R B
25 PR 722 AR g i oz TR 3D S0~ AF 1T, DA i )z TAT
AT AT LA B e AT 2 M) B9 AR EAE R, A5 e L
PN AE [F]— A [ 250 g gl 26 1, 7K 2R P 3R BOR 2 A1
&, i O A S B e o S5 R T AR T S ik
22 BRS04 3R 55, W TR TR 2 7 R IR 38 38 AR
A T IR W R A8 HAE RS . sk,

L9

1,60

700 S 149
C-, 50 1. AN
fj/éﬁ‘p&[ o 600 1.00 20 gfﬁ‘}( e

Fl6  REERTRI(A) BBK L (B) ARG pH(C)
X £ = ORATRE A A I i 5 B R K I 2 R ORI
Fig.6 Effects of fermentation time( A) ,solid—water ratio( B)
and initial pH( C) on protein extraction rate of protein powder

by mixed fermentation with milt and soybean meal
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2 AR AR 00 A S ot i SR AR B IR AR /N
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—Expert 8.0.6 {4 >R A5 1M 1) 25 3 K3 o K 55 25 1 $2
BRI T 225 0 K R 18] 24 60.53h, 6K Lk
M 1:14, R EERIGG pH S 714 B AR BCR RO
TN F] 91.64% . {H R T B UEA R (AT %ok, 3% &
B S0 2 S R AV 1 R S 56 N AR Y R BR M, & 1 s T
S 60h BLK HR 1:1.4 LI ih pH o8 7.2, Fi gL
B IELF, 34T =R PAT G TIE S 56, A3 BRI 2] 1 32
B 91.86% , 5 PRI TIUMAB B A &, [R] I 7E 1 2%
I FIRIAE AR R 57.25% , B A 5% & &R
25.9% KR Er i A 11.2% o PR i 37 T 43407 92
Ak BN T A& BT 5, A SEHNE .
2.3 SEBARDH

SRR XA AR OB R SR A R,
HEIBAMRER, OFEER S F AR E T
Y LEAE 7351 2 35.75¢/100g Fi1 35.16g/100g (3£ 4) . iR
G RER I T R, AR 77 Sl SRR AE 2 Sk 12
B Le W] R3S £, Sy 37.062/100g, I H: 2 0 24
fR b o bb A i . AR AR T S R . —,
SHESEAM L T IR eE T gE , $8 v TP ph 221 2 )
AEAEZA/EH. RO a3 & & 49.22g/100g,
T RAVE R — T g O B A B 7 o

R4 DM AR BRI R BRI R
Table 4 Amino acid composition of

soybean meal , milt and protein powder

FOLER _ @%(g/'IOOg) _
T fH EHAK
REA R Asp 5.90 3.92 4.13
IR Thr * 2.26 2.13 1.40
2\ Ser 273 2.19 1.37
B Glu 9.09 6.42 10.51
HEm Gly 1.91 3.89 2.58
AR Ala 1.98 4.15 232
e Val # 3.07 3.39 2.67
SR le = 1.91 2.24 2.07
SeRMR Leu 3.10 422 3.89
i 2 R Tyr 2.04 1.43 2.05
RN R R Phe * 2.36 1.90 2.44
Pkt Lys * 3.18 3.76 4.69
AR His 1.43 1.44 171
IR Arg 3.59 7.62 227
&R Pro 1.81 235 278
HAMR Met s 1.09 0.85 1.08
1 ok R Cys 0 0.69 1.26
IR 47.44 52.59 4922
Wi SR 16.96 18.49 18.24
Wit B AR/ BAR B 3575 35.16 37.06

H o AR B LR
(TF 3% 256 W)
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