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Extrusion Material Moisture on the Property of Prolamins
from Distiller's Grains

LIU Yao, YUAN Ruoyun, LI Hongjun, CHEN Shanfeng, MA Chengye, WANG Chenjie

(School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: In this study, a single-screw extruder was used to extrude distiller's grains (DGs) and the effect of extrusion
material moisture (21%, 24%, 27%, 30%, 33%) on prolamins from DGs (PDGs) was studied by measuring the
physicochemical (solubility, hydrophobicity, sulthydryl and the disulfide bonds contents), functional (water and oil holding
capacities) and secondary and tertiary structure properties. The results showed that the modification effect of PDGs was
significantly affected by different extrusion material moisture. The damage degree of the natural structure of PDGs was
increased gradually with the increase of extrusion material moisture, and the change of molecular conformation promoted
the exposure of internal hydrophilic groups and the formation of disulphide bonds. The solubility was increased by 1.56
times to 34.75%, the surface hydrophobicity was reduced by 56.11% at 27% extrusion materials moisture, and the water
holding capacity was enhanced accordingly. The thermal denaturation temperature was increased from 96.79 °C to 102.53 °C,
indicating the thermal stability was stronger. The order of protein aggregates increased after the denaturation rearrangement
of extruded PDGs. Extrusion led to excessive degeneration of PDGs when the material moisture was too high (higher than
27%), and the destruction of the stable aggregation state would weaken the hydrophilicity, thermal property and order
degree of PDGs, indicating that the extrusion material moisture played a very important role in regulating the variation of
PDGs properties.
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1 77 R B %5 25 19 ( Prolamins from distiller's
grains, PDGs) HoA BRI ACEPE . A 4025 MERE, 721
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SCAF DGs FEATHT AN B, il i A PR PDGs, #fF
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FRAE, TRITWEIK S AEST P %) PDGs (9 BCHEALEE,
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1 MRI5RE
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FIPRE (DGs, 7K 538 & 12%, FAEE 1 21%, ¥R
U5 10%, FHEF4E 30%)  ILZRTSTESRABIAT FRIB 2
H], B, KAE. NERIEKFE 8:9:3:1 ZEIR AT
WG JoK Al AT Bo A7 R 7l e
FRGIM  IWAREIEERIAT R/ F]; BC1375-100/48s
BEESENEEFE I RESEERCE BRA
HARGI R 53 ek .

YIP200 FRAEATET AL CBRAT PN/FME: 77/79 mm,
KAE: 16.4: 1, BLFLEAE: 10 mm)  IIZRFE TR
AR FE AR RN T 5286 2= 14 Multiskan BEFRY L
FEER IR B A R 7] 5 Nicolet5700 i HL 75 4

LIHMERE R EBE AT R F]; RF-600 2864306010
EETE HARR A A F .
1.2 XWFHE
1.2.1 AT AT SRR PR R B shst
SR RS- & B A i 28: 21% . 24% . 27%.
30%. 33%, M5 fE . WwE BRSOy BE
100 °C, YEFTHEE 140 r/min. HFHPILE 25 °C TR,
i HIK S S B ETE 12%+0.5%. KT8 4 fn
KBFHE DGs 43l edtid 40 B, 253184417 -
1.2.2 PSR E IR =% Wang 251 (197
% DGs 1 DAEERE L FEEL PDGs. DGs %8 tb
1:10 5845 0.35%NaOH #1 0.5%Na,S,05 1 70% £,
BRI A, 76 70 °C FHEFEIN 1 h, Z 52175
O, B UTTEY) (PDGs) FHZEIB/KBER 3 e iF I+
KELRAT . FF R DGs H2HUY PDGs, HRIZYEI K 53
FRICH M-21, M-24, M-27. M-30, M-33, R &
DGs FH:HUA) PDGs X RELH, FRic A CK.
1.2.3  FAWRIEEES 8 A (PDGs) B LT 5 A9 2
1.2.3.1 #HAEMERE 2% Hossain 551 17750
E PDGs BIFEfRME. # PDGs 2381 0.01 mol/L
ThZ npiE W (20 mL, pH7.0) "l &M 10 mg/mL
B P2 . B 1 mL PDGs JREWHT 4 mL XX4H
BRI FIR AT, WY 30 min JF IR 540 nm Ab0K 56
B, I3 BSA A& s iR
1.2.3.2 FMGKEMIE R ANS ZE6E54EHED
M%E PDGs YR M /KM FIFH 0.01 mol/L pH7.0
PRI I R 52 PR B8 M B 3 (0.0625 , 0.0125,
0.2500. 0.5000. 1.0000 mg/mL) fJEEF IR, IR
AN 20 uL 8 mmol/L A4 ANS %W, WEGIZ W 15 min
JETEROR B 390 nm., &S 470 nm 5174 itk
AT Eefa, 2658 8 (F) X 25 P i B i 2R P [T sk
i PDGs IR MIBR/KPE
1.2.3.3 #HILA g |l PDGs MRS i
I (Cqy) MIEZSH Wang Z5U B57 . ¥ 30 mg
PDGs 5 10 mL Tris-Gly 2% w1 # ( pH8.0) . 50 pL
Ellman X5 (4 mg/mL)#R-& W 3 min J5 3250 .
JHEGEHRASCN 2 IS WAE 412 nm BIROCHEE . T ES i
Fefr R (D) T

Csy(umol/g) = 73.53x A,,, xD/C A (D

o, Ay, 1R 412 nm A IRSGEE, D AR
BT, CRERE A E (mg/mL), Cgy 1R
FE AR S o R

BB (Crgy)Z% Yang ' 197 H A
FSE B s AR S e o

Css(umol/g) = (C;3—Can)/2 X @

P, Cog Crsps Con 20 HIMCERER 1Y il
e, SIS S B AEE SIS B (umol/g) o
1.2.4 FpR/AFFMBESIIMIE S35 Peng E' 1907
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BIIMLAMEE . HERMFREL 0.50 g PDGs(m,) IIAZE
25 B T TR ER, 105 my . AEESOAE TS
JNA 5 mL B Tk R &, =% F LA 300 r/min
FEHFE 30 min DIMRIEEI 5], #& 20 min /5
L) 8000 r/min B.C» 30 min, ¥ G /HZE 5240

JEFREE, 43 5E s my Fl myo Fe7K/ASEIRE 714351
FX(3) A= (4) FEA TN E
K EE17(%) = (m, —m,)/m, X 100 A (3
Frah e 11(%) = (my —m,)/m, x 100 A @D

1, my: PDGs FYJIE, g; m,: PDGs A48 &0
TR, g5 my5: 125 BV K/ Z G B A e
HUTIERR L, g0
1.2.5 #EEPE(DSC) MlE =25 Hossain 58171 (1
FEEDRE PDGs MI#H#UFRIE. 4 5 mg PDGs AR
FEr, 78 N, 2L 10 °C/min BHNFAGE R A 20 C
FIHHZE 200 °C.

1.2.6  FIHPREIE R 45 BT ) R AE

1.2.6.1 MEHLMARIRZTISERESIHT (FTIR) K 2 mg
PDGs 5 200 mg KBr i8G5 #4784, FAEEY
4000~500 cm™, FH R EL 64 kP, H Peakfit 4.12
Ay WP R P 0T R84 o

1.2.6.2 X SIRATHHHF(XRD)  FIH X St
X (Cu-K, 40 kV, 40 mA) Xt PDGs FAT4IHH, 3L
Ik 20=5°~45°, A A7 0.02%/min"®),

1.2.6.3 24M6IE(UV) YR Zhu 28P 190778, %
PDGs ¥ THIRELZZ #h i (0.01 mol/L, pH7.0) il &%
BN 1 mg/mL AR AR, FIRER 200~400 nm.,
1.2.6.4 2GS (FD  ARYE Hu 1S By 7 3500 2
PDGs BIPIIEZEEGHE . F: PDGs IFT 70% L
4 1 mg/mL PR T, R 280 nm,
K HT61E 300~500 nm, I I LE 5 nm, FFE
240 nm/min.

1.3 HIEALIE

A E A 3 Ik, {1 IBM SPSS Statistics
26 AR T A R EATH A 2 ANOVA K5 56543 H1
(P<0.05), f#JH Origin 2021 #4347 K H-ALER
2 HBRESH
2.1 FEMRIKS X PDGs IBL M RAVENE
2.1.1 & B AL 5 CROSHE 22.26%)
L, BEPIEIK G303, £5 K PDGs ML SR
SRS RN, PEOK AT 21%~
27% B, EEfE N (P<0.05), M-27 B it i
K, N 34.75%. BFERIR T PDGs RIRIREEH, Fa8%
H TR SRR RE A, B T AR T Sk
Syt 27% B, W R BEITHIRT CK, R PEbK
Sy PR Z KT, 45 A PLE PR R FAE,
BN T E A EEERI ISP, 5 1S PDGs BRSO EIR
5, MIREAIS T 3 FEm Bk 2510 5

KPR Z R A" RS E AP g G Em AT s
AR RN, SRR YRR S ST R
PR ARG S, 520 PDGs BASTERERE, M il As H:
VSR . BPBKSIRT 27% A, B E T A 2038 5
PDGs %%

401 a

T

CK M-21 M-24 M-27 M-30 M-33
BE1 BRI 30T TR 8 2 1 ik JEE A5
Fig.1 Effect of extrusion material moisture on the
solubility of PDGs
TE: 1B AN [ 7 B 3 2 18] e 35 1 22 53 (P<0.05) 5 [4] 2~
[E 4 IEJO

2.1.2 FAFKME  ANS 58 A5 FmGK R A )
SEGFREE S W AN Rl A /K s 2R CK AR TR
IR VRS 3 v T B R JE AR A (P<0.05, 18] 2) o ATfESE:
PDGs Z25F 1 kAR SCHFIERAE, 55 T R Ay K
DL, i ANS FYZ5EE1 RORIPIREER 11122 Fsk sl
H P PR A R K U B2 K. M-27 {5
[ TIN5 R, oK o1 3R AR BAR
ARG N st H BLAT e s B A B2 (1] 1) AR ARG g e
K VE.  HERTAL YRR SriEad s B S PDGs
(Y SRAEAR L, 7 56 2 TG /K A AR H R TRTg /K
P, F 8 T HAESOKE AR R I

120007
. 900 .
#
C

26000 g«
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&
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B2 BRI PR HE 1 R T /K P Y5 )

Fig.2 Effect of extrusion material moisture on the surface
hydrophobicity of PDGs

2.1.3 FAEAMME S E WK 21%~27%
At U S i B R4 AR K O3 PR I AT, e
TR (E 3) . B sk i BT R
JE R H B, T w5 R AR TR TR 0-SH I EREA: sHT Y
FEM]-S-S-o MWK orEIt 27% B, i AR ol
B A]-S-S- & AEWr RS, IR E T ER-SH iy 221517, i
A M-30 H Ui S S 3 B a0 3 I R B AR Y T R
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R, BFE —E S5, —3B43-SH 9 AU il 5 it
&Y, 55— N)iE D SH-SS 38 e Sz v A= il i,
B, IREEIFEHH, REIETEYRIK S Sk o A
T PDGs ZE 1 35/Bi /K 50T 45 F4 10 2% B8 H0R: Fl 43 A,
AT S E T o

7 - AR R

o | = .

20 a ab, b J o
= 6 ab a L, 20
g be b 33
2 J b g
I 5 cd ~
4 2 I
AT d &
4= cil &
) g
&E 1 1 1

O E
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&3 B HPPRL K ST PR A A 0 2 S A
TR R A
Fig.3 Effect of extrusion material moisture on the contents of
free sulthydryl and disulfide bonds of PDGs

2.2 FHIKFNEFHEE

FE7K AR 11 R/ NG 35 1 2R T 5 KA BAE A
PRSP, BSOS, A2 3R BT SRt Y B R AL
IRAFHEIN, 7K B ) KA B ST & Ja FEAIR I a3, 78
Ykl 53R 27% F 30% BFASEIERFH(E 4) . BFE
J& PDGs KIRGEFIBLIEIR, SRAERI i SR AT HEZR 2%
T NERI SRR SR, AT S 2 K o1, AT
= T RPKEE I dkSei itk oy, ¥— . BUER
SR B PR BRAIR T X 7K 53T 1 W I BE 77, 1 il M-
33 REKBRE I . RElGE TG PR A s T3
TS K FEAT R AR AR B AR AR RS FEBT R e 8y bl
JIYEHF, PDGs 43 FREB T T e 5, BASPEFR B
ARG N, BT 0T 2 AR A IO SR AR, e T 3R
T B KA, BRI T 45 Ig i ae 1™, dtk Al
N, I T R RK S T 24 = PDGs I4R/K
AESIFRFIEE ST -

a = K EES mm RRIGE S 40
12 A a ab
ab be
~ c b R
S 9 bc be d <
= ! c 30 R
09 09
@=m 6 Jm
% d =
& s
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4 BEEPPRLK X RS B 2 R K Rl RE 1 5
Fig.4 Effect of extrusion material moisture on the water and oil
holding capacities of PDGs
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AR PR AR R B 1 & A AR T T B B AR TR
BERY, CK B IS VE IR N 96.79 °C, ¥ IR, M-

27 BIFASVEIR R e, 102,53 C (&l 5) . AIfigss
HEMAEIZ I RIK 53 R, B RAEUE PDGs BRI 55
B, TSR | Fad MR A REERP, Mkl SMIK
T 27% B, BYEXT PDGs #EPE R A K, H i T
27% B, PDGs #3525 1 #eE, J2 B R 57 PR A
YrBbK 53 78 B ¥A TR 5 431 2R O S AR BAE
FH, v 55 PDGs 4T 5 S E45 G R, 1 g Wil R
IR, BF R RK a5 PDGs JRAEMARITE 1
F43FFH B AE A AR, A 27% BF R
Fe A e
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- -CK
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Fig.5 Effect of material moisture on the thermal
properties of PDGs

24 ZREE
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Fig.6 Effect of material moisture on the FTIR charts and the
secondary structure content of PDGs



%453 55 15

X BE AR BYURMPEIK R IR AR BT - 89 -

SRS, A E VRIS, BT PDGs R, BEAIK
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2.5 XRD i

FBIERT S PDGs HTE 20=19°/4c 45 B B K AT 5t
W, B5 e B RATT A A s 3 A T A TR R R 1 Ak
(Il 7 Fi7s) o CK TE 20=19.04° I fiT 5538 B N 30,
FEJT, SRR 58 BE 3 AR 76 22~34, PRk 43
A1 27% BF, AT SR R R 34, R AT R AEYRL
IKGY R 27% BB HT RIS B 8 P57 SR AL HES
F], A5 AR S L W M-30. M-33 BYI6ESER 43 51
Shr 22, 24, FIHIZPRDK I %4 PDGs KL
AP, A LSRR IR, 5 e R SR AR AR AT
([ 6b), FEEARFETERY R RS

(19.18°,24)

P W g i M-33
19.46°,22

S 722) M-30
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M-27
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st i M-24
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& M

K
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C

fO iO 36 4b
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Fig.7 Effect of material moisture on crystal structure of PDGs

2.6 FIMKIE

AN ETEE TS B 5 i 8 F 5
ZAAERY . Bl 8 ShEFIRRTIE PDGs HYSEINRIKOGTE,
AE 280 nm ZeA7 A I LRY () B 1 SRR DA, T2
Weldes& i Trp 1 Try %3 B9 -7 67285 [P B

1.2

.
o
T

MR (a.u.)
<)
N

03¢

2;38 3].2 3?;6 3(;0
H (nm)
K8 Wklk4r%t PDGs AN BRI
Fig.8 Effect of material moisture on the ultraviolet
spectroscopy of PDGs

JEJ5 PDGs e W Mg sy B i 25 A8 1k, (H58 B2 BH
SRR, Pl REE B M RAEMOIRASTE 35 T 1 i
FLHEPN, SR R . M-27 S8 R AR EHE
JE AT AR S B0 AR, I AR AIR 0
ST
2.7 FWHAE

PGS H T RAEE L5 F Trp. Tyr 5%
L FE IR BE R AR, [ 9 RoR 5 CK HH L, B K
J& PDGs PSR RIS IAAS & RGBSR &A= T 284k, 3
B AR T CK(5042), HAHEY RS20 PDGs #Y28M:
FRLE, Bas T IEASRERAARIEN Trp 2LH], MifHE
PN TR, I HAR ULER 3] 5 R IRl
BIYEAS, CK 2 341 nm, $YE)5 PDGs 1 R I
WA B I3 A5 AE 342~360 nm, FH.A7E M-21 F1 M-24
eSS S B B LT AR, FORFEIZ/K G451 R T4
JE, PDGs Z5 4213 B IIFATL, A3 B T2 s Rk .

6000 |

(341,5042)
'
'
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R (au
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Fig.9 Effect of material moisture on the fluorescence
spectroscopy of PDGs
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