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Study on preparation and emulsification properties of distillers dried grains

with solubles arabinoxylan hydrolysate/soy protein isolate complex

Yu Shuo  Guo Qingbin  Zhao Shudi Li Zhenjing Jia Xing Kang Ji
(Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: [ Objective] To expand the application fields of distillers dried grains with solubles and improve its market value. [ Methods]
Arabinoxylan (AX) was extracted from distillers dried grains with solubles and modified to prepare AX with different molecular structures.
AX was then reacted with soy protein isolate (SPI) via the Maillard reaction to prepare the AX-SPI covalent complex. The structure of the
complex was characterized using circular dichroism spectroscopy, Fourier transform infrared spectroscopy, particle size, and Zeta potential,
and its emulsifying properties were studied. [ Results] The AX-SPI covalent complex is formed by SPI and AX via the Maillard reaction,
and differences in the polysaccharide molecular structure affect the extent of the Maillard reaction. As the relative molecular mass and chain
length of the polysaccharide increase, the difficulty of its attachment to the protein peptide chain also increases. Compared with SPI, the
protein solubility of the covalent complex increases by 16.29%, indicating that the solubility of the complex in the isoelectric point region is
significantly improved. The average particle size (0.799 pum) of the emulsion stabilized by AX-SPI is small and evenly distributed, and the
absolute value of the Zeta potential is high (38.19 mV). [Conclusion] The AX-SPI covalent complex exhibits better emulsification and
stability than SPI. Moreover, the emulsifying properties of the complex increase with the decrease in the relative molecular mass of the
polysaccharide. When the relative molecular mass is similar, a shorter polysaccharide chain length results in better emulsifying properties.
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K # (distillers dried grains with solubles, DDGS)
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FERW ZH T sk, v Mgk, mro &,
DDGS & & P45 A g E EAB Nl & E Ry,
15 B BT 3 % W T 42 4 A R A AEAE W] R R

Wi 47411 A B 4% (arabinoxylan, AX) J& DDGS H 2} £F 4
R0 FEAATLEIE S, 322 ok B A0 5 AR B 4 A .
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L I A e 2T AR 14X - 1850 B, 35 [ e v ALY £
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YK kL BE M Zeta HL 37 43 T AY : Zetasizer Advance #Y ,
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BT R4 - DGG-101-2B 1], Kt i K S5 3 A 4%

AR
[B] — (5, 3% 4% : MOS-450 B! , ¥ [ Biologic Y 7 o
1.2 FHik
12,1 AX & AT B8 B0 32 B L A X B R 0

T I H R JE k O A F, A B A B S TG K 2D
1:3 (g/mL) W LR G, B2 h, B2 Sk, JLIEY
BT, 58 7KL 1:20 (g/mL) 1 L BIFE 95 CF
AT e R - V8 M3 BEBE $F 4 h s T4, 45 20 B 25 B8 1y Fn i
B RE

W 25 i U5 B A GO i LA 1: 20 (g/mL) 19 RE ¥ HE AE
0.5 mol/L NaOH ¥ ¥ /1 2 iR i % 12 h, 2.0 (4 000 r/min,
30 min) B 1V R pH U8 2 4.0,4 CH# & 8 h, B OISR |-
WL IMASRE IR K OB, 4°CHE S hF B L
(4 000 r/min, 5 min) , YLHEYITE 60 C T ¥ i 58 42 J5 IR I
UL, B 0 (4 000 r/min, 5 min) 3 25 7K IE )5,
BT 72 h, W AE TS R AX .
122 KPIH & B AXECH AR & 50k 1% 1R
W, AR JEMEE (1.0 g/L)7E 50 “CF 4b 38U [W) 1 8] (5, 30,
60 min) , WKV 5 B0 8 R R A5 3 3 R OR R 4
S5 0 AX, 4 0 A 4 R s AR X 4 BT A AR T )
(AXgy) HUA X 2 ok Tl A% 7 4 ( A X g,) RO X 43
o il 7 ) (AX ) 580 °CTF L 1 0.05 mol/L = 9, Z iR /K
fi A [G] B 1] (5,20, 30 min) J& BETT #5010 45 21 3 Fh R [ 4
T 45 M B AX, 53 il i 44 Sy s AR O 43 B A TR AR T )
(AX ) AR 43 7 5T 4 1R % 7 1) (AX ) R AR X 43§
TR R 7 (AX ) o
123 AR Hr H BCA & (& iRk A & 2 E
AX B R = W i B 1 0 85 40 R JH 2K B — B R ik
1) 30 35 BBG 2% L 0 32 00 S R RO I R 10 o
Jil 5 75 RID-20A 6 10 21 119 125 R0 058 e 1k BEL 2 33 32k 30 5 A %
G F R,
124 HILAHT 20 Guo S kT IN E . BR
mi (4.0 mg) 7 80 °C N H.%5 4% , i A DMSO (0.5 mL), H
HOAE B OFAE S RN P 2 58 2 WM . il A NaOH
(20.0 mg) FE £ 2 hJ5 A 0.5 mL Al F B2 66 £ 2.5 h, 6 JiF
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S8 G AE A e R R AT AT
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M . AX,,-M AX,;-M \AX; -M \AX,-M AX-M)

(2) LM B2 & W48 F VR TR oK B F 80 “C A X T
BE 79% (1 1 4% 5 h, 15 5] AX-SPIIL 4 &2 4 ¥ (AX-SPI,
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spD)'”
1.2.6  AX-SPIILAN & & W25 40 RAE

(1) 8 2T AR S35 438 6 T B AR 5 (1 mg) PR Ak
B (150 mg) TG B 51 I BFEE B oK, TR R R T%Ez%iﬁc
JU 2 4 000~500 cm ™' Ay HEEE 4 om KR T B
32 A

(2) [ =038 43 BF < 3 3 (B — 40 105 6 28 1 0 1
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1.2.7  AX-SPULM & & ¥ 09 T e bk
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420 nm AR RE FE 5 I IOE

(2) 25 1A J00 9 i B 0 < BRI 50.0 mg B & I 1 7
5.0 mL PBS #2522 v P, 1] 1.0 mol/L HCI 8¢ NaOH
WK B pH M 4.5, & R B FE 30 min J5 , B0
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FRV R, % ;
IVJ:{EJ R A B R, mg/mL;
W5 U 2 1A T
1.2.8  AX-SPIILAN & & W FL W FLAL Rt
(1) KA PR & 45 02 ghE AL 75 CT E 2B
T8 7K (98.8 mL) 1, Jil A 1.0 g 25 A6 AT il , fili FH &1
5T HLFE 7 000 r/min F 87 41 2 min, ] & & ¥ 5T HLTE
180 kPa T #JJ5 3 min 75 2 ZL IR, I LAAR 8] 09 5 326 Wl 4 &
B[ 437 411 1B ( gum arabic, GA ) iYL AE % I8
(2) FLACKLA M SE - A8 FBORRL R 3 7 40 2L
RLJE 3, K R ZE AL AT Il B 3T 9 Fe 8y 1.333 il 1,449, 3
e 23K B 15%~20% , M@ HAE 0,1,3,7, 14 d RT3
R (D, 5) o
(3) FLVH Zeta ¥ {3700 52 - 25 B 7 /KO8 2L RS R
100 1% )i, JH AN KL JE K Zeta B A7 43 AT ARG R 5 B89 Zeta
VAR
12,9 HAnb S50 A g B 25 3T 3
F A, RN N £ bR i fR 25, 6 A5 SPSS 26.0 #F 17 2
FE AT, P<<0.05 gt M . SR A Origin 2021 ¢
1 F LA B
B
2.1 WEARFIBEISFRESH
i 1 AT, R IUTT A5 AX OB & & 7 81.34% , B
TR N 2.24%, B AR 6.92% , HEEAR 2 A S5 T
WFFEOGE FART . Bl 35 /K A 5 T B 385 00, B 5 Y T
WAV, R T T2 2 & 389 T T o 5 3T R R PR Sy M TR 1 X K

,mg/mL.

il AT R BRI HRATT 3, X BT 5 BE 0P Rl 04 5 1) A3 B
R A AR o TR KA Ak B B S R AW

T TR K it 7 0 A 1 AT T T e R IR O AXCE B

(10 000 r/min, 20 min) , W4 LIEW . #X (D) iHHEEA
B iR ke S P o S eb (e Sl A BN Y S TR (RS S € A e
W, BEWT L, 0T 2 0y BT AR R ok, S A B R M
Se =y, 2 100%. o 1 2 2 T A1, 3 SR A8 B AX 0 R 5 T 5 B
K 539 020, £ A [A) Jr 2 Ak ¥R JF AX A X4 T 1 Rl K fif
F1 AXREKBFYHLZELMEN S FRE
Table I Chemical composition and relative molecular mass of AX and its hydrolysates
FE SBEE B % A% W TR 5 4k /% AHXS 43 F JoT ik
AX 81.347-2.47 6.920.14° 2.2470.19° 539 02016 670
AX,, 79.06+4.04™ 5.34+0.35¢ 3.26+0.25" 377 570+ 16 840
AX,, 77.5642.45% 4.93+0.34¢ 2.6540.26° 153 7507 890
AX,, 72.2542.36° 4.90+0.11¢ 4.6140.26" 66 4302 770
AXp, 80.86+2.62° 8.78+0.72" 2.77+0.22° 364 870413 070
AXp, 74.7342.43% 8.10+0.78° 2.89+0.09°¢ 12 956+2 770
AX, 78.11+0.66" 9.70+0.68" 3.1340.22" 82 900+ 1 490

T TR R R 22 5 B 3 (P<20.05) .
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R2 AXKRHEKBFEUHRELSH
Table 2 Methylation analysis of AX and its hydrolysates

JE IR 5380/ %
B i TR PMAA
AX AX,, AX,, AX,; AXg, AXy, AX,,
RIS T-Araf 2,3,5-Me;-Ara 263404 229401 14211 187401 21.8+02 212402 23.6+1.4
3-Araf 2,5-Me,-Ara 29401 43400 39402 21401 46+00 1.8+0.1 3.1+0.2
2-Araf 3,5-Me,-Ara 31401  34+01 28+01 154500 22400 13+01 15+0.1
2,5-Araf 3-Me-Ara 62402 61400 92403 50403 44401 54+05 50+04
PN T-Xylp 2,3,4-Me,-Xyl 9840.1 13.7+03 100407 82404 10.0+0.1 105+0.6 8.1-+0.5
4-Xylp 2,3-Me,-Xyl 155402 198402 209406 250400 11.0+02 13.040.6 14.2+0.1
3,4-Xylp 2-Me-Xyl 205400 158403 193404 175415 26.0+0.0 20.0+0.5 19.540.0
2,3,4-Xylp  Xyl-(OAc); 117402 87400 80+06 78401 13.0+1.0 74405 82+0.6
L ELbE T-Galp 2,3,4,6-Me,-Gal 2.1+0.1  27+01  56+01 65103 13402 7.6+04 3.0+0.3
HAHE  T-Glep 2,3,4,6-Me,-Glc 00400 08+00 19402 27401 1.14+00 47+0.1 54+0.1
4-Glep 2.3,6-Me,-Gle 20400 1.8+0.1 42401 49403 48+03 73405 8.5+0.6
Fisk [0 5% o1 3 591 A ER 22 66 430 A1 82 900, 15 HH 7K fifp ik B A5 5%
FEAR T AX B AR 43 T3 .
22 BEL ES
PETT R 09 B AL A R A T iR 2 R . AX F ﬁg
I AP 4% (38.49% ) AMI A% 9 (57.42% ) 2 FLIE % 3 v@i O
(2.12%) A 265 40 % 2 (1.97% ) 20 B KL v By 37 41 0 5% 5t e S
KEB 43 H7 T-Araf(26.25% ) 3 A ME5R FE K HE 4 H 3, 4-Xylp ) | i |
(20.46%) . 58 W15 U 15 19 AX S B 3, 4-Xylp y 32003600 i 118093
S —— 4000 3500 3000 259{;%000 1500 1000 500
FH % 2 T, £ 96 Mot Ao LU 2 B (000 B A% 3R S R 08 o 14 Wavenumber/om™
A5 A FE AR A BOR Tl TE = L R A B R L B K fie b i 14 B 1 AX.SPI.AX-M #= AX-SPI & &4 % FT-IR &
T BT A A R R MR R I E 2 T-Araf 1) Wi Figure 1 FT-IR spectra of AX, SPI, AX-M, and AX-SPI
2] = 9 2 R A T T-Avvafs 75K RO AL BT complex
KA E LSS0 AR SRR R S HU T B, R AR ARG 232 B @Sl WERIPIR,SPLME AW &H

F A S8 A 45 5%, A SR W I RE 0 0 1o 2 A AR 24 11
B-C1,4) WS ok i 22 B 24 T 8, 20 I AR J
23 AX-SPIZMEESWEMRIE
231 AL AN HT WIEL L TR, SPLAY ML ALY
T4 AE W BT 1655 em ' (C=0 $ii {1 , Amide I IX ) |
1541 cm "(N—H & , Amide I X)L & 1399 cm '
(C—N PL i1 N—H 25 fly , BE Rz ) Ak

HAX-MA L, M EEWIE1655,1 541 cm '4bAY
W i i 2B/ IXAIE ST T SPT S AX &R T M EE ST
S 30NH, 0 A S S ARG B R R A R .
3 600~3 200 cm ' &k Y W WL I AR TE L T AL B B T Y D
Hab , 3 BT 56 R4 R G TR I h i EE R H o b
Hh,TE 1 180~953 cm ' IX A M i , AX-SPTLIL M & 5
SR SR, B AR IE A PR E R C—N AN A R Y
45 4R 3, 3kt ilE— 25 R AX B2 i C—N LA g
5 SPIEAEIMAER P,

4 Fp Z G5 (MR TE p-HT B p-HE AN TE RS ), o,
-1 (31.74%~49.48% ) Fll JC #4511 (23.98%~28.69% ) /&
FE RGN AN G Y o RS T
M 55 44 % SPLA i 2, g1 & 45 4 o 3 , R AR A
T G 4 32 ) 5 A BORE A B 0 O FE 3 Rl I
T A 11 25 i SRR RS A A B A ) e e
A PN, X 5 Liu %8R A9 45 A . -8 e 45 4
Bk 1 AT L R 22 B v 1 P R RN R T A o - R v i B
AT e- Bk 2 1) K A R A I 4 SR T - e 4 A B
S IR A 235 5 T 3 3k 3% B 7 Iz 0 1 58 A 40 2R 4 T
ZI M EAE P B s T A R R R AX S
SPI 2 [ 38 3 35 i fl S 1 2 A T 3 25 4

24 AX-SPIE£MEAYWHI B IE

241 WA dE 28, 5 SPIAH L, AX-SPIIL A
AW BUA 8 38 0, FLY BE 22 5 A0 6F 43 5 ik 1Y) B
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Table 3 Apparent secondary structure contents of SPI and AX-SPI covalent complex

FE a-Y2JE /% BT % -5 101% TS /%
AX-SPI 3.28+0.13° 49.48+0.74" 22.5340.44 24.7140.16"
AX,,-SPI 3.3440.22° 48.8340.25 22.944-0.05 24.8940.02"
AX,,-SPI 2.78+0.08° 49.32+0.10" 22.72+0.06 25.19+0.12°
AX,;-SPI 4.6740.20° 47.4440.63° 22.6340.16 25.2640.27°
AXg,-SPI 7.66+0.56" 45.54+1.17° 22.6440.17 24.114-0.51°
AXg,-SPI 6.72+0.67° 46.4240.37" 22.8940.27 23.9840.56°
AX,,-SPI 2.7440.22° 49.0340.04 22.924-0.03 25.3140.16"
SPI 17.16+0.63" 31.74+0.13¢ 22.4140.13 28.69+0.62°

T TR R R 22 5 i 3 (P<20.05) ¢
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Figure 2 Browning degree of SPI and AX-SPI covalent
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5 52 50 T T 5 B ARG B R 3, 0 T AR X 43 1 Joi R R i)
P S KAy T R B, ELAH A 4 B RN Y
BB 2 5 8 R AR LN S5 A S ) BN 3R e R B
BeilbAT o T BIME A T AR Y 5 PR 7 36 P78 1 7 36 )
AR AT I o U5 A I 25 A 7 R, SPLB R S [ &
SR I ERCRE SE , FETE URT A 2R T R SRR IR AR T
e 25 4 YT AX,-SPIL AX ,-SPIL AX,,-SPI (1) #5
A T R A AT gy, 3O PR A T AR AL P R AR T 4 L
JIE T 11 22 M ] o7 BEL 5 1 fie 7= ) T /N, T A2 (1 25
i B SEAREAILNEE . s Rt
— UL T AX HSPTZ i) & AR T 5 hi 2 v, H 2 M
AR A3 o i B 22 A K B ook 56 i 1 2 7 ik A7 7 ELAT
HE

242 WAFREME WE 3R, AX-SPLLME &Y
B4 B 1A T I ik B 3 v TSP, R WA R IC ) 1 R SR 7R 1 4%
P A DXk 10 i P A9 2 I G, R EIH AT AX I A
M T 5 AW 45 TP S5 K 1 SE ] —OH (W 5 i, Hoas ]

1 BA
Protein solubility/%
= w = [

wn
T

N

AN NN
S ISENES SVEN SHEN SRS S

215

Group

TR ) 3R 2R VA i I 22 5 135 (P<<0.05)
B3 SPI.AX-SPIXM A &4y & & s L
Figure 3 Protein solubility of SPI and AX-SPI covalent
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2,50 REAR g AS [ 0 R I I LR e R A A BN AL
FBPRLAR (D, ) A2 A R PP AGFE S B FL AL ME T . &l 4(a)
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