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Effect of Compound Protease Treatment on the Quality
Characteristics of Wheat Germ Powder

CHEN Fenglian', ZHANG Hongyu', TANG Xiaozhi*", HE Yinyuan', SUN Guiyao', ZHANG Na""

(1.School of Food Engineering, Harbin University of Commerce, Harbin 150076, China;
2.Nanjing University of Finance and Economics, Nanjing 210023, China)

Abstract: Wheat germ powder was hydrolyzed by compound protease, and the effects of ratio of material to liquid, amount
of enzyme and hydrolysis time on the quality characteristics of wheat germ powder were analyzed. At the same time, three
groups of enzyme hydrolyzed powder with the highest water solubility index of wheat germ hydrolyzed powder and milk
powder were compounded and sensory evaluation was made to determine the best compound ratio. The results showed that
the quality of wheat germ powder hydrolyzed by protease was better than that of wheat germ ultrafine powder. When the
ratio of material to liquid was 1:5 g/mL, the amount of enzyme was 4400 U/g and the reaction time was 2.5 h, the water
solubility index of wheat germ powder reached the maximum, which was 60.6 g/g. Compared with the water solubility
index 30.22 and 30.65 g/g of raw powder and ultra-fine powder, the water solubility index of wheat germ powder increased
by about two times after enzymatic hydrolysis. When the ratio of material to liquid was 1:4 g/mL, the amount of enzyme

was 4400 U/g and the reaction time was 2.5 h, the absorbance value decreased from 0.501 to 0.348 of unhydrolyzed wheat
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germ powder, and the lipase activity in enzymatic hydrolyzed wheat germ powder reached the minimum. After enzymatic

hydrolysis with compound protease, the water solubility index of wheat germ powder was greatly increased, the lipase

activity of wheat germ powder decreased, and the effect of enzymatic hydrolysis on the color difference of wheat germ

powder was not significant. In the experiment of compounding with milk powder, whether it was wheat germ powder, ultra-

fine powder or enzyme hydrolyzed powder, the highest sensory scores was obtained when the addition amount was 30%.

Key words: wheat germ powder; compound protease; water solubility index; water absorption index; color difference;

lipase activity

AN RS TR I TR g I i, SN R
It A w0y, AMUEA R A IR 4E
LR W), A 22 AR BRSO, BLAE AT DG
HIK. BEER . WY AE, BAPURE . Prafe.
PR . FERUS AR A B Hwh =I5 DhRE, 22—
A BIT A0 1 B/ N A DR Rt BRI IR
2 S VA B S 1D e R B S A T R O FE &5
TH 2 BEHESR Y Z2 197 2R B, T EImEl 1745
AR A Al o ORFE S 2 RS PR 1/ N
25RO R A A2 BE )/ NAE IR 2SS, AR
SELEAMsERAEY, 25 T U EIRME,
WU Rg . R AT B /N IR R
A3 R 22 Sl e AR M T 254, e 22, I HL
H TN R s R D AT s PRI I A7, B
2y 3 PRV AL ot o T LU/ INAE IR 253 AR £ )
PAHT, WA B A~ 00 7 e A AR B, G
FEA REARALII 21 AR E PEAS B OB, fl AT b A
Nz BN R

PR AP AT ROBE TR RE PR, RO A, & —
P, To 2 SR B e LR, IO A 2808 o
froegs, JILEYBOE, B fE IR nT 95, 5
PR . WK A A ™ AR L, Tt =4 A B 22 LRl
E N b R L 7o o i T R PN U 5301
PEPE BB A B RE R E U2 3 B SRR il
PRI Ay smAEN ) e Bt A B RE (AN [R) K
e B F1A) I A7 7 ) ) T S P A T A5, e e O
95% 7y o JEIEENY BUBTFER DA FORT B R AL
HS R REE TEEORRR  ROTE | REE ARS E
K. Zhao AFE g JLAPER AL BEOROK S H,
FEMFHI AP IEXT KK FH DIREE ORI AR iE PR i 52
n, 2355 RS B I ARDC T OB R AR A R
MEETE, PUAMTE WA THem . mwat™ LB, &
B B P A B AR, B s Tt SRR, 032 1)
i, FEAEA T AR TR R B9 o AR FH S , SEZR T
AHEBI IR . ESRTEAF A PR AT A 25 e i A 1™
a9 A O, B HAE AT AR E MR . AR, S TR i At
LR T INRZER S B T A HiGE

PRI, A5G DA 5 35 BB N A2 IR 204, 4R
BT A FPERR EL | BT, A S TRLGE /N2 IR 2505 il ot
FRPEROSZIR, D AUBR B AR 255, JFIRTT T B /N2
2583 S W i S MC A e A LU 91, SR/ NI 2RO
ARSI SARIE, THRE /NIRRT S

1 MREREE%E
1.1 MRS5E

BB/ N IR ZERY L /N IZE O EhkTr
KA A BRAE]; R EFRTH ERA R ]
HEEEBEGE JIHAAL 120 U/mg) EIEREAY)
BHEA R E SR 142 e AR RHE A BR
ONEL FNEE e EEME TARRA T bl X-
100 SHEISE E YR A BRAF SR ke KRR
T BOE A2 A B A5 e — &4 . B = —
BPOBIRS . HRBRIR . 1L . pH7.4 BEIRZE vhiv i b
g [ 25 L A

JCS-3000 g BT R°F  HIFEHEIRAF]; CM-5
22418 FIJER3EHER; SCIENTZ-12N BRI % T4k
Bl TRETE AR IR BRA 7l WSIB-03 %l
TEAR#E P FEAR T b R B A A B A
WH-2 B ERIR G g P irEs) A
PR RS-03 BUZZTNHRMMFEHL  VEsRET T AR
2N HH-4 BB AR IR K s H N e i 25 TR
I\ H]; SHZ-82A BUKIREIRIRZ #F & PN s
il A BR.Y F] s TDL-5-A BUGE K F B2 E 5 .OHL

SRR FR A ] H1850R 28 5 i i v 4%
BLOAL WIE SIS E AN R AR T B iiE
TRIEFEA R EE AR AT B ] ARG AT
MeFR IR ERIE AT T H L U-3900 5451
SRR TN T SAERLAAES A BRA F s A SRR
PR AR BT PR F] o

1.2 SEWFHE
1.2.1 /N WRZER S Ao e 7K 53 B il
FEFE GB 5009.3-2016 Ay AN, K55
M EFE GB 5009.4-2016 J7i%; B 10 75 5 1) 2 422
BILEGRE AU BB S &I 2% GB 5009.6-2016 2%
FCHhERTs; MHAF4EI EFE GB 5009.88-2014 ik,
1.2.2 /NEICZER IR IR HERRFRI 15 g /7
LZRRZER, INA—E [§HG 1102 6 B i, s
IR (pH=7.4) A T8 o BEARE B T8 14 HEas
BB, WP 5SS ERRE E T 100 °C UK B
K 5 min, SRR E A R R FR LA, BT
VRFEGER R 12 h A TURES, URES 58 T8 R Tk
HLBEA TV R T, ¥ R TR 58 USRS iR AL Aoy ik
60 Bifits . B AREHHEA/NEZIRZEN . /NEIREE
B 5 i 52 5 28 1 B e 11 /N2 S ZFE ity i2F



- 152 - £ Tl B4

20224 1 A

FTXTF L ELEG:
1.2.3 BAPRIZRSIE
1.2.3.1 A[EPRRR L X 8] 1 B I A7 /N 22 oA i o
PERRE  AERAFREL 15 g /NEIRZEES, TN A RSN
1600 U/g M -G8E I, 53735 H 45, 60, 75, 90 mL
PR 2% whigs i (pH=7.4) AT, A5kl e
1:3,1:4,1:5 F1 1:6 g/mL, B#EEAER 1.2.2,
1.2.3.2 AR} Wz i) 18] XoF 88 F Tt A/ S 22 RS A0y & Jo
ERPEngEsm MERRFREL 15 g /NEEIREERY, TN A &
S 1600 U/g IE ST RS, LB LN 1:4 g/mL 1)
Wi R 22 i T (pH=7.4) YEA T i, 4359 B 11 Vs
FFEPERE EJZ 0.5, 1, 1.5, 2, 2.5 h, BEfEE/E L
1.2.2,
1.2.3.3 [ it FH %o 2R 11 g A e )N 22 AR il SO 4
PEmy Rz HETFREL 15 g /NEMEERY, S i A
400, 1200, 2000, 2800, 3600, 4400 U/g I -5EH
fifE, LB LU 1:4 g/mL AUBSERRSE iAWk (pH=7.4)
AT R E TR RS L, OV 1 h JETEk
LT, BARREDL 1.2.2,
1.2.4 JKEVEFS B R EFS L FH A HT R ERf
FREX 2.500 g /NZZZER), iICEE BN Woo BEFREFY
BRI A KA Y 54 L0 B B Y S0 mL 38kLHY
FEELLE P, DB ODEREN W, MAE.LEF S
SN 35 mL 253 7oK, MG R TR -G U P
BVEW o BRI BTERCE T 30 C KRR
30 min, #EFEZE 5 min [AIECEERRE. KBTS, &
AR E T B0 HLLL 3000 r/min B335 B ES.Cr 15 min,
B = B A B IS L, iCE S W, JEAR Y
T o BE SO I TR BRI 1) S S S R AR
AR AUBEES LA, 7E 105 °C gt TR RIEE, i0
S Wio XTI 2% 1 W B8 0 45 FTTUE EA TR
=&, idE a2 W,

F IR F T K HERR BRI K P 54

KIS/ =~ & (D
WK PEFE B (%) = W.-W, x 100 ()

1.2.5 @A2epgilig  HOE S /N IRZRR B TR SR L
Fh AT S MBI S R SR LN, R 5 SR e T
FEBALUEA T L, 105 L, a1 6™H . B FR AR
S 3 UK, 3 U RIEARE Iz A i e 2 (B .
Hodp LA BRSBTS E; oL bR Tr
0], +a NELLEITT, —a N7, +b" R BT 1a],
—b T E
IR A a2 E!

X (3

L L. ag. by HoARE R AR BN E (1, 5351
A1 97.13.0.21, 1.87.

AE = \/(L* —LY +(a —a) +(b b))

1.2.6 JBWIEENG S1IE  HEFAFRE: 0.1 g /NEIZERS
BT 10 mL A EZEAE T, B 0.4 mL MYBERRSE v
W (pH=7.4) I N I IRIR G« B WAE 535
B 0.2 mL AUE AR (0.1 g XA S8 1y F AL R 7 ft
7E 30 mL SN EEF) AN 3 mL IR £.(0.4 g ¥
il X-100 F11 0.1 g P HIAA R AE 90 mL 0.1 mol/L
WEFRZE I ) I A BIRAT AR S TP ie iR iR & o
Pl & T 35 C /KBRS A 1 h ek e |
100 °C #I3B /K% P KB 5 min, FEPRESEI = =1 .
B Lk W BT E AL, BL 6000 r/min B0
10 min, X F1E W RS, T 410 nm Zb & W SG R
AW SR R Fa s te A Ng W s 1, W' B o, MR T
B Syt

1.2.7 /NEMRZER SR L SEUKES S 8
) =AM B RS, B X =R B S W58 DL 10%.
20%. 30%. 40% F1 50% 14 Lk 247 & B, #E 60 FR
B 5 g SZTOKY, IIA 50 mL BOANMIE T 85 °C myFF ki
A7 ohyEus,

X AR I, B A9 ) SRy FEB SOy A 14T LA TR B
PE5e FH 10 7t Y SRk =i A 4 s B P2 /N,
Sy A A R IXUBE | i R R PO T T
ATVE S5 PV5r, BEIUH SR 25 43, B3 100 3. J3%
BIPSPRMERLE 1.

1.3 HIEAIE

FIFH Origin8 H#fF, M EHEIHA TS oM S %0E] .
2 GBR5HH
2.1 NGRSO

JITFH/INZE IR 2500 A 1043 an 3 2 o, /N2 IR
ZER AR Oy ORHEF Y S i I/ N, AR . AR
FIBT . K /N2 H .

22 EAEBECEX/NERFHKIE TS BFIRK
eEi=Et: oA

2.2.1 BHE LEXT/ N2 M 2R 8 /K s s Borm i oKk s
BEIFEn  AKIEPEFS B K PR BOE PR A
PR R R PR 2 DS EEEEAR, KIS B, U
B AT S ) bR 22, VS f s W K P8 Bk
1=, VAR K KA A R P g 20221 28 ARt
B A5 I INE R ZE Ry 10 K B R B0 29.72 g/g,
WK PEFEEC A 272.83 g/g; /INFZ IR B UK T T
FEECH 30.65 g/g, WoKMHEHEHL 255.15 g/g. iHIdHEEIK
A GRS AR R N2 IR 2R S A o

WE 1 s, /INZ2 2R3 IR K T B b 25
W LU IS e T b e BRAIK, WK e B e A E iy
WEINSERRG T . NZEIR 2R K R Bkt
WLl 1:5 g/mL Bk B KAE 60.6 g/g, {H AT I
IR Fe/IME 213.8 g/ge MU SR AT L
B H/NEMZETP S S S (29.66%), BN
AT 1:5 g/mL B}, /N IR ZE P R 5328 1 gk
A TR AR A /NGy, 3R R Y — 4E45 1)



543 % 5 2 W) PRIRGE |, 55 S A 2R RIS/ NAZ R 23 i SR g 5 ) - 153 -
x1OREWbRIE
Table 1 Sensory scoring criteria
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PR, A TS AN, AR, W5 iR IS 0~8

BA/NEIRZFRAA AN, F Y FLAE, 3 URAS R4 18~25

AR (25%3) AN IWEF R, W YIRIE e A — € B9 G HER, BRIk, TCH bRk 9~17
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MEPE(254)) AT EEH, WEBEPEAE BRIV, T i BRI 38 2M00E 9~17
FELZ L5, BRI G5 P A, B ANER, T — BO (B 5 A KR I00E 0~8
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AN R 2 BB

Table 2 Basic components of wheat germ flour
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Fig.1 Effects of material-liquid ratio on water solubility index
and water absorption index of wheat germ powder

BEREIR, A5 /N2 IR ZE /K R B T, WK e
OB, kbR LT 105 g/mL B, T IE &
o2, GG H AR BERARRE, KK T B S5 (/)
FWRZEP R D) AL £, S 30T, A
T 385 il NAZ IR 2R PR 7K s PR R 0T B OK PEFE 24 T
Tho RN LR T 1:3 g/mL B, g a2, (K&
Al RIS, ASF TN ARG e e fh, [RRERRAR T it
fRAE RO . BT DURHR LUV 8 56 7E 1:5~1:3 g/mL
Z 6] LA .

2.2.2 AT A BEOIVE I TR/ N2E IR SRRy K e
FEBOMW K PEFS B FE ] anl&l 2 B, B 0
B T AR T N2 IR 2 iR K A RO =, WK MR
BUHA . B 0.5 h i, HUKEEFSECH 59.59 g/g,
WK PEFEECA 240.08 g/gs BN 2.5 h B, HoKE
F8ECH 63.44 g/g, WK PEFEECH 200.01 g/g. BHE
VAR NS OB NN =R o e SRS YRt 7/ DN E £/ (L5 20) 1)
SN AT INSE 4, PNIAS 2 5 2 0 K s/ NIk,

Fig.2 Effects of reaction time on water solubility index and
water absorption index of wheat germ powder
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Fig.3 Effects of enzyme addition on water solubility index and
water absorption index of wheat germ powder
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Table 3 Effect of material-liquid ratio, enzyme addition and reaction time of compound protease on
the color difference of wheat germ flour
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Fig.4 Effect of feed-liquid ratio of compound protease on
lipase activity of wheat germ flour
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Fig.5 Effect of reaction time of compound protease on lipase
activity of wheat germ powder
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Fig.6 Effect of enzyme amount of compound protease on

lipase activity of wheat germ
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Table 4 Sensory score table of the mixture of wheat germ
powder and milk powder
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