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Optimization oflow 3-MCPD wheat gluten protein hydrolysate

by response surface methodology
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Abstract; Given the high quality wheat gluten protein, the hydrolysis
conditions including hydrochloric acid concentration, hydrolysis time
and solid-liquid ratio were optimized with the degree of hydrolysis,
umami amino acids (aspartic and glutamic acid) as indices using hy-
drochloric acid, and the processing technique was expatiated. Moreo-
ver, 3-monochloropropane-1, 2-diol (3-MCPD) combining with ac-
idolysis process was measured and sensory evaluation assessment
team was organized to do the sensory evaluation of hydrolyzed vege-
table protein under different conditions. Additionally, the optimum
preparation was selected. Finally, on the basis of single factor experi-
ment, the response surface of the 3 level design (Box-Behnken de-
sign) was used by degree of hydrolysis and glutamic acid content as
indexes to optimize the hydrochloric acid concentration. hydrolysis

time and solid-liquid ratio. The best acid hydrolysis condition included
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a hydrochloric acid concentration at 1.6 mol/L, a solid-liquid ratio at
1: 4, hydrolyzed for 4 h. Furthermore, 3-MCPD was compared be-
fore and after using activated carbon, thus expecting to get high-
quality and umami, safe and low content 3-MCPD content wheat glu-
ten protein hydrolysate for industrial mass production.

Keywords: wheat; wheat gluten; sensory evaluation; hydrolysis;

3-monochloropropane-1,2-diol(3-MCPD)

T AR B I R 1 2 R A AN R AR R AR ROk A
7R A i RT3 R SR R R ) b R H At . A
HEHRALBERPEZNEQE, EZORET A bR
EI s 26 NS 2ttt BB T Z R, A
1866 4F 4% Jyi o s BT Ok ) 4 73 R D o 3 ol 12 ff e 11 e 3
e Hf s LA R (LB £ A B SUA7 78 T K i 80P ) A B8 iR de
5 . TR o 76 T 25 B KR VRIS UL SR R )T A AR R
KRG A R R SRR A R

/INZZ 1 A 2R 1 (wheat gluten) J& /N 22 ¥F 4L P 1 fif 9 2R
F AR AE T /N2 ch 00 SCRERR S 0 4 T A9 L 4 e
B. EfEA—MEFRYREST EMELLENWEVEN. EX
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25 31.13% , KA N 2.39% ; SRR & 5L/ . N & %
i 3.37% . HEM Y 9. 11% ., Z2E MR Y 5.01%, &R &
14.80% , F 2 R i 0.89% , il Z R 7 0.96 %0, JLiT 67.67 %,
v BEAT 2 1 2 2R 1A KA R DU 3 S I o R 3 R T T vk
TR e F gL

RTE S RS R 1 45 1 K i, &= AR BUE M 1,32
S{-2-TEE(1,3-DCP) #l 3-4(-1,2-T§ —- [ (3-MCPD) % 4 Fip %}
AR B R 2 R G A WO B W Wy A AT, EE
Zogisr T B 3-MCPD & 4 i B K AR E (GB/T 5009.191—
2003) . fH iy F 3-MCPD & & L HoAh SN B2 9 0 v 1R 2 4%
7 L 26 M5 A R S [0 e 2 B 4 ol 50 P9 Tt 1 AR KR, R Ui
W LA 3-MCPD & & Hil 46 45 . B KB R A2 HVP (19
PR AR UE A 3-MCPD 3 B 9 B 4 225K (<C1.0 mg/kg) , Bk
Bk 0.02 mg/kg? .

ZHIERE 25 O T Y E AUOK R LA WS B
JEFE AR 3-MCPD & Hi 45 A 78— . W F5 25 A I B S5 VP ik
ARE SR B DA B e Ak 5 Ak B 4% 1R 45 . AR I 5 SR L A% 4
PR FE 7K A o 4 JEORHTE 5 38 2% 10 #E AT R /K A% LU IR T A5 45
F A8 UL R B 1 R 4 LU B R Ok e AT AL
UE S HER T 45 o e KA W L s MR 4 EATORG L TR B S
AT B, BF 58 R [R] & R B S B 95 M R X K iR
3-MCPDE 5 J MU 5 i . 700300 49 380 o o 8 IR G T By
o 14 /0N 22 T A A 1 KR R A D0 TR R BT ) =
1 #RL5 5%

1.1 FEHRGMNE
1.1.1 #H
B WO 7R 58 45 0 7 LIRS Ve M BHE A PR A A .
1.1.2 k5
R 136 00, [E e 4 BIL A IR R A BRA 7 5
SEAL A T VAR R A - 0 A Al Y B Ak T
A BR T

Te KGR BR N < A M 4, [ A AR A A4 30 A FR A A 5

NG - B35 9, 32 [ Thermo Fisher {71 2 7]

TEES M Al e ' CFURIRD L g Ak T BRA
CHRRLIR A AR 5

3-MCPD 47 it L 9T Bt WK W A 5t 23 B 4, 1T 22 3%
YNNI
1.1.3 A 5is

4 A YLK E B : Kjeltee 8400 %1, J} 3 48 7 (FOSS)

NG
K1 S S B P  J0-1 R, N [ AR A 2 BR A F
L2 AL :8890C-02 B /R I L =5 e 4% 1 5 ( i) A IR
INHE]
PR ) BEFE A H-3 B & ki AR 5
B v R AE 98- 1-C #L, Ry 2R B RS A BR A 7 5
WEHE 78 4% - N-1100 B, F i 2 WU 3 A IR Al
S 53 B A 7890A-7000B B, % £ 4 Bl £
NEIE

TR R VR R A (T A AR I ) A T ) - 1290 T

finity [[ %, ZHERAHEAH .
1.2 KA =E
12,1 BESOHI & MR IR b Lk R e B K fige b ()
o] A R A B R 280/ min, L E TR
FEBE A 118 °C , I 15 K A 8B 5 h 1 I NS IR B2 Sy 107 °C
oA s KR R BR VR B2 AN [] L K A A8 €8 2 BE AN [R] MWD B TR 5
F10 B TR 25 B3 MR S A I 18] 50 min~2 h R4,
WIS 56 149 7K Y0 8 2o ¥4 0 103 4 8 30 Y T8 K sk TR M
Y pH B ME 5 £ 4. ik (Mg K @ kBl 126 ~
128 mL Ji 2 108~112 mL Z 47 . il 3E 5 B9 AS 5 49 1S 4 SR
SRR R AN 14.3%0, R F R S F TSR KK
FE 5P LBk F5 R A0 B R UTTE . K AR B R RO 1A
T 2/3 48 5L B2 o 1) 43 SLtE — 25 48 kL OF FLORTE R
W) AT HE 0 20 3 Ve 6 0 K R TR T K B R 4k A % pH SRy
5.1, A5 3% R RS S A A B R . AR B A S K S R
£ TR e R B 0 s 2 R R 8 A R AT R
Jndet 3k 2 KA O SRR K, Hoad iR A e A AR L, 2 pH
FKE] 5 B KRR H R E 2k B AR . R [ 3 R

LBME 20 WEBmmhpikas 3. BIUM MBI 4 %k
F 5. BKEM 6. BB mME
Bl #EDARREETENR

Figure 1 Reaction device working scheme

1.2.2 MEAMRME % GB/T 147711993 YLK E A%
AT,
1.2.3 FSAEMWE  # GB/T 5009.39—2003 1 F H % 3
EEIAT.
1.2.4 JKfEBEERME  MRAECHk(12], 4 1.2.3 RS RE
i 1.2.2 RS ARG
1.2.5 3-MCPD pyillE MR SCRkC12] B oo T A g —
FL (R ARAG I v A v 13- 1, 2-TH R A JZ T AL 4 B
b, S T EBER M AT AR A 1. 2-— CE R T BEA ED-3- AN .
A5 A W P AORE G (SR H, T 3R AR I 500 < AP 125 ik
3-MCPD #r #f fl 28 9 22 i - FR X 0.100 0 g 3-MCPD #5
LR R E AR R 100 mL, L IE & ke M B & 0.00,
0.01,0.05,0.10,0.50,1.00,1.50,2.00 pg/mL. 4|0 5 mL
FRUERFIEW T 8 K 10 mL ZI BEBg.Coal A h . i 50 pl LR
TR, s R IR A d T4 W iEIR G 1 min, £ 70 ClHEE
30 min, A EF\., MK 3 mL. WIER G 1 min. B L
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ST e 4 « AR SN /N 2 T A B K AR R R T 2 Al

FH AW W 5 45 K 2 W S 3 52 Im K L 0 2 K
BRI AR, B WRAE 40 CTHRFAWREKAE 1 mL. A2
300 mg FE/K AR BN . FE 4 PR 4% | min, # E J5 A SO 35 5
RE IR AL A3 BT

B FRI 5.000 g B F 100 mL BERR . W5 g
PRIBFER L B P 5], A CIRKFE 1 em & 19 TCK R
FRANAT S g REBE LB ZHT AL, B H RS 1 om &
W TEKGRER 4N . FH 80 mL WVEW (9 MABLIE ke m 1 14
JK R W VE PR bk e BE 22 3 mL/min, 3 KM UE
M 150 mL JosK ZHEVENE . e BE 2 Jy 3 mL/min, WA
PR T 250 mL B IR B . 7E 40 “CF FIER% 28 K A0k 4
ZiET ., HIECREWEAE BB A 10 mL 2.0l 84, A
FokiERE S mL, 4% LMY,
1.2.6 SN E (R ARG R UAERID KR
Fi ke 50 A%, i B )5 i Bh W & R A RN % BE & ZORBAX
Eclipse AAACEFLFR 3 1) 038 4, A F 48 2K — H i (OPA)
927 Y 3L 50 W R g (FMOC) A 7K 7 10 FF 420 3 R 2k 47 1 2k

Jo o G A R B A D 2% kA S AT A3 AT R R AR R AR
9]‘13]<{izﬂ3$c B 3 R A5 ME A (1 nmol/pl) B H e il 5
0.125,0.250,0.500,0.750,1.000 nmol/pL 5 4~V B, I ] %
POk BE AR UE TAR I LR . K4 e HE (R % 58 ZORBAX E-
clipse AAA S HidE TARIFFF & 0 L& 07 ik s Ak 3R A
(NaH, PO,) Fl BCH B2, & B 7K ), B B2 Ve B, A IR 46 0
40 °C L #ERE I N 0.5 L, DAD £ 3 K & 338 nm,
12,7 PRI i 3 HUER IR TR MR B LK i B
] CERBCEE 3 AN BB R I A 3 k. LUK VA
HEmam (EPEE R R ma EmMm KT &R,
3-MCPD & & B H S 1745 BRI M 8 AR HE1 T 480

(1) Bk BB R 11 6(g/mL) . KR AtiA 5 h
R R VR B4y 3% 0.4,0.8,1.2,1.6,2.0,2.4 mol/L, Jll i
KRR R ITA AR A AR .3-MCPD [1{H .

(2) KABHF B LR 10 6 (g/mL), $h MR W B Hy
1.6 mol/ L, ¥ /K fif isf /&) 3 % 1.2.3.4.5.6.7 h, P K

3 min,

TN 5E R RE VR T & BR A BRI
1.2.8  mARANAR Tk B R mI AR T3 Ak

AR R AR BE KR (] DRH LR AT e R TR 5 . B T K AR
TP G A R I BUK R IS AR & A R bR .

1.2.9 M SR A1 K f B0 PR e W M A5 A X s R T
56 B ORLARE M ¢ L I i R AR 3 P e L U RO R R
i 3 I M e A3 KT g A AR 7 A AR TR A 0 KA VI P BB
w4y R 0.0%0.0.5%0, 1.0%0s 2.5%0+ 5. 0%0» 10. 0%
25.0%0,50.0%0 . #% K 70 “C, #3180 r/min, I [A] 14 h) #E 4T
X EAR T . SN S8 T s A R AT AP WAC R VR S L&
BEmR B 3-MCPD il s , #3538 19 o 4 38 41 .
1.2.10 JRE I WEE AR E YR Ot B
TEbR o FEARURGE 4) TR VR LA LR 5 AR, H s UK R 5 A
FABR 5L R S ) 5 A 2 B0 ) O G R 0L BE B 9 R I
SR IR P R A RS R L T I AN R o LAt 4 b e A i 0 H A
SR A0 R B A B . R R A e o RO R — A
BGAR S E T ETENA (I 6 44,5050 20 % 2 £
228 2424 4 2 %) AT A B E AT BB KK
2 52 JBE o 3 T TR A 0 3k 0 B VAR K i R W J 52 B O O R AT
FEOBT A5 L2 1, JBE S T8 53 25 5w AR
WHAT R I TR (35 mmol/L FEMFVA 0 - BRI (1.5 mmol/L
WA B WD, B BR (40 mmol/L NaCl ¥ ¥ ). fif B
(10 mmol/L 4 % B S ), # 0k (20 mmol/L L-5 55 4
T2 B A R - e OIS AT 251 4R

A L 0 KRBT LY o 20 ZURR R S 3 /N 2 X B A
BEAT T RCE ST LABR VR R L B LR A IR L R B T
PERAL PG WRE AT AT 4. A 10 s i 0 W 4 A R
R R N B R A A DR A OF 5 B R R KR L A
TR 46 Am 2 WV S e 26 5 38 R N A 1R 1 — T B AR bR . 5 —
ZHHEAT 6 A7 i 4 S O TR R R Mk BE 0 R K i, RS
PR IEPEER TRV BE O 1.2 mol/L M #F &, S8 25 5 1R
W3 7 2.4 mol/L (/K R URUE KTE . 5% 4 7 M A
S TE A 7] 7K A I 18] 8 4 45 1, HC e 5 h g ik 255 G

fife BE VR IT T4 EIR A Z IR IMA . R TERE I AR k. BB =LA R 6 AR A R L
(3) BHELL : FhAR MK L 1.6 mol/L, /K AT Ky 5 h, 2 TR LA, R A3 S PP BB T ORHI L 11 6(g/mDL)
B LN T T S(g/ml DYiN ?iﬁﬁff\ﬁ"]?fﬁl*—“ﬁ Al I 3 7K AR IR A T 5L R AR T B . 255 EE S IE R 45 R
Rk 14,1 :5,106,1:8,1: :10(g/mL), FRITER DR 2% 014 35 D0 45 L A 2 i) N T £ A% A o
*1 FTARAREHFTHEERNBEEET
Table 1 Sensory analysis on different single factor samples
EhmR e B/ YT B S 7K i AT 5 e B L YT o
(mol*L” 1 2 3 4 5 6 f/h 1 2 4 5 6 (g/mLy 1 2 3 4 5 6
0.4 0 1 0 1:4 0
0.8 1 1 2 0 1:5 1 1
1.2 1 1 1 1 4 3 0 1:6 1 1 1 1 1 )
1.6 1 1 4 1 1 1:8 0
2.0 0 5 1 1 1 4 1:9 0
2.4 0 6 0 1:10 0
7 1 1
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2 RS0
21 BEFRABER
ANZE T R K S0P 3R TR SRR R S B T R, —
BRI KR LB K . TERRIRK LR T 2 mol/L i, 7K fif
BEAFA W) 34 DR AR 7 8 ) s i 94 38 £ TR A el 94 1)
1’EFHAbEﬂ%%&WjMK%%}¥ TN IR EE 1) . BT &
TR RS T EL R R VR I R 2 T B

ﬁ% 3-MCPD & & &3 m . MRk B K+ 1.6 mol/L 5,
3-MCPD % £ 5 RCH FR 1 (0.02 mg/kg) . PRI R R TR B AN BT

a7 o A 0 TR IR U PR R R K JIE 1.2,1.6,2.0 mol/ L, /N2 THI
é%El/kﬁ??&ﬂ@/kﬁ?ﬁ%/l(ﬁ?ﬁﬂﬂ?iﬁﬁ}Jﬂﬁ’ﬁ*jt (ER=VIS AR EIN
F 6 h )5 KRR AR TR, ARAEMRA R ER &
B 6 h UEﬁvﬁZ/'\E’J%f},LEHﬂ?{:ﬂj‘lﬂﬁﬁﬁ& 12 fif
BT EBERRAEENIR . R SRR A AN R E] Dy 4,
5,6 h, JKfiFRRE e Wb SRR 5 ik I G W A 0 5 /S T 980N
R BRI, 7K AR T AE Y 25 2 e Ao 7B 20>, 6 A [ 11 6 T e 2
UK RO BHR MR 10 4,1 05,1 1 6(g/mb),

2.2 MEMRKKRER
2.2.1 WM ET Y
WL 2.3,

SERPHT We N TR I BT M A
F2 MEEEZITKBRULREHEFSKE
Table 2 The factors and levels in response surface design

for wheat gluten hydrolasate

= A SRR i/ B K fif B C BHK b
e (mol« L™1) [6] /h (g/mL)
—1 1.2 4 1:4
0 1.6 5 1:5
1 2.0 6 1:6
x 3 MoK EHR I &R AE RS
Table 3 Response surface experiment condition and
the corresponding results
e A B BERMR TR/ IK A BE /
(107%g + mL™1) %
1 —1 —1 0 1.569 47.00
2 1 —1 0 3.540 59.96
3 —1 1 0 2.196 46.56
4 1 1 0 2.850 56.14
5 —1 0 1 1.701 47.71
6 1 0 1 2.250 47.93
7 —1 0 —1 2.562 45.24
8 1 0 —1 4.149 57.25
9 0 —1 1 1.494 46.02
10 0 1 1 2.250 52.12
11 0 —1 0 4.788 60.23
12 0 1 0 2.148 47.61
13 0 0 0 2.512 60.61
14 0 0 0 3.558 59.45
15 0 0 0 3.553 62.92
16 0 0 0 3.684 60.23
17 0 0 0 3.672 59.48

2.2.2  WEVEAME XE LA b R] U R 4% 30 kA7
Migh AR W 4.5,

R I 22 e M R L B B W M (P =
0.008 3<C0.05) , %UIWP)ﬁFJ;H«TFﬁFH*%W Hi A
R FH 2 TR . ARSI R T R 25
i P=0.633 6>0.05,1E%1§Ti’ﬂﬂ1ﬁf§% SR ME E A7
16 e n] A Jed )3 O AR A R R B B S S R I A R R AT
Mo FIAMESBEM S0, A2E & — R AGRR W JE) .C
CRHREE) k30 BC (K fifk B[] 0 L T EG 9 38 B AR D X 4%
TR & R 2 (P<T0.01) . PRI AT AR 3% M 8 43 17 45
SR AR

VE-Y RN

x4 FREBRAEDRABRAZESINR
Table 4 The regression equation ANOVA table of

GLU content

JEKBE FOrM AmE Hh%E FE PfA 3

(i 13.46 9 1.50 7.18  0.008 3 HEBE

A 2.83 1 2.83  13.59  0.007 8 iR

B 0.47 1 0.47 2.27 01754 ABFE

C 4.43 1 4.43  21.24  0.0025 MW

AB 0.43 1 0.43 2.08  0.1924 AR

AC 0.27 1 0.27 1.29  0.2931 A

BC 2.88 1 2.88  13.83  0.0075 B

A? 0.78 1 0.78 3.75  0.0941 AR

B2 0.77 1 0.77 3.67  0.0969 A

C? 0.38 1 0.38 1.81  0.2202 A%
CEAM 146 7 o2l

e L5 0.47 3 0.16 0.63 0.6336 A%

B 0.99 4 0.25

B 14.92 16

x5 KBEBRAFRAFESHER
Table 5 The regression equation ANOVA table of
degree of hydrolysis(DH)

FEEKIE PR AmE BWHE FE P i 25
BB 653.67 9 72.63  22.09 0.000 2 k@
A 151.12 1 151.12  45.96 0.000 3 {EF
B 14.53 1 14.53 4.42  0.0737 K=
C 34.24 1 34.24  10.41 0.014 5 e
AB 2.86 1 2.86 0.87 0.3824 A=
AC 34.75 1 3475  10.57 0.0140 3
BC 87.61 1 87.61  26.64 0.001 3 W%
A? 107.07 1 107.07  32.56  0.000 7 M ipE
B 39.95 1 39.95 12,15 0.010 2
c? 149.70 1 149.70  45.53  0.000 3 R
CEAWM 2302 7 320
LI 14.94 3 4.98 2,47 0.2018 ARFE
R 22 8.08 4 2.02
MESE 676.69 16
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ST e 4 « AR SN /N 2 T A B K AR R R T 2 Al

K M BE AR R A Ty 22 43 M R R B 3 M (P =
0.000 2<C0.05) , 7K fi# B 18l 19 75 #2 75 2% 43 Bt vh R L350 P (B hy
0.201 8>>0.05, Yt B iZ AL R AT {5 i i . TC R 00 P & A7 PR Utk
B [0 091 5 A I 0 0 5 5 0 2 SRl AT A0 . )
SMESBE R S H0h, A2 — I AR YR ) L C ORI
H) VI AC BCL A% (B CP X K fiff BE 8% B 3 (P <
0.01) . P AT AR HI A8 R 43 A /K it J3E 19 A 4L

MTT 2253 M 26 ] A2 - 2 3 AN X o oy (i 48 L R 5 =
R P 2P AR Bl B B 2 AN R K
B/ YR Sy o P e J3E R K Sk Bt 1) 5 3 A o Wi 7 L KA 1Y
SR, IR B i o B T 2 MR N R K
B/ YR S B EE K St B 1]

=W N JOO\OND O
S LSO O OODN O
T T T T T

ES M
Nomol probobility/%

2.2.3  FRZESTHT W Hk 22 AR A K (K 2)F BK
ff B AT SRR 43 A AR 2 0 TR R 4R U B AR 25 1 0 A
TR . FR22 X I AE 1 434 (& 3) . 78 0 4b Jo L
s A, BUE S LR EE ORBE—KHL L. Bt
B o A0 B B AT R B S
2.2.4  HEAIM3C HART

(1) Sk @ BERRZ R . BB 5 7] LLE H3h R W 5 R )
Vb X 7K A JBE B 8 MR 2 35 19 (P=0.014 0<C0.05), H Ak
Lo HL K R B 1 AR A S R . BHIR ELTE 0.23 22 A7 HOK i
PR, & 6 W] LLE K R B ) 5 ORER LG R K i B Y 52
Wi S &8 3 i (P=0.001 3<C0.05),

(2) X AR . b 7 a7 LUE K A i T 5 8

9

TE A %
Nomol probobility/%
—1JU) L 100

O OO O OO

1 2
WA Ak 22

Intemally studentized residuals

(h) AR

B2 RBERLARSENEREZESMESHAA

Normal Plot of Residuals(DH and GLU)
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Figure 3
651
60+
X
&3 55t
=5
B '; 50F
=
45-
407 L L L L L
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b fE
Actual/%
(a) JKfEE

Residuals vs. Predicted(DH and GLU)

W

)

~
T

w
T

[\S]
T

Preducted/(107 g + mL~

1 2 3 4 5
EMUNIE]
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(b) AR i
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Figure 4 Predicted vs. Actuals(DH and GLU)
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KA
Degree of hxlrolysis/%

AW
\,‘C,\| K‘““\

Ca) W TG

CoRHE L
Liquid to material ratio(g/mL)

1.6 1.8
Aﬂmmr

HCl/(mol - L™
(h) FEmLk

B 5 HBRESH R ZARR SRR R A

Figure 5

oK A
Degree of hxlrolysis/%

BR%&

<)m by AT

The response surface and contour of the effect of interaction between HCI and liquid to material ratio on DH

= 025§
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Z 023
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< 019
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Time/h
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Figure 6

N

B AR
Glu content/(107 g + mL™)

e

Liquid to
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(a) ;T
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The response surface and contour of the effect of interaction between time and liquid to material ratio on DH

0.25

0.23

0.21

(OF 27354
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Figure 7 The response surface and contour of the effect of interaction between time and liquid to material ratio on Glu
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Table 6

3-MCPD changes by different content of activated carbon
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