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Effect of Electron Beam Irradiation Pretreatment of Walnut Green
Husk on the Properties of Its Polysaccharides
ZOU Guangming', GUO Yijia', CUI Linye', BAI Junqing’, SHEN Heyu', LUO Anwei"’

(1.College of Food Science and Engineering, Northwest A & F University, Yangling 712100, China;
2.Yangling Hesheng Irradiation Technologies Co., Ltd., Yangling 712100, China)

Abstract: In order to promote the high-value utilization of walnut green husk and provide a theoretical basis for its
application as emulsifiers, foaming agents, and antioxidants, this study employed electron beam irradiation (EBI) at various
doses (0, 5, 10, 25, and 50 kGy) to pretreat walnut green husk. The structural characteristics, physicochemical properties,
and functional activities of the alkali-extracted polysaccharides were analyzed and compared following treatment. The
results demonstrated that, compared to untreated walnut green husk polysaccharides, those subjected to low-dose EBI
(5 kGy) exhibited the highest molar ratio of xylose (16.31%), molecular weight (80.43+£2.37 kDa), particle size
(145.9944.64 nm), and water/oil retention capacity (40.61 g/g, 83.08 g/g). Polysaccharides from walnut green husk treated
with moderate doses (10 and 25 kGy) showed significantly enhanced uronic acid content (35.69%+0.14%, 36.02%+0.37%),
exceptional thermal stability (melting points of 84.87 °C and 86.63 °C), emulsion activity (emulsification index: 14.41 m*/g
and 13.64 m%/g), and ABTS'/DPPH free radical scavenging capacities (scavenging rates of 77.00% and 85.47% at 10 kGy,
respectively). High-dose EBI (50 kGy) treatment of walnut green husk polysaccharides resulted in the highest foaming
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ability (56.67%), though other functional activities were somewhat reduced. Considering the properties of walnut green

husk polysaccharides, this study concludes that 10 kGy is the optimal irradiation dose.

Key words: walnut green husk; electron beam irradiation; polysaccharides; structural characteristics; physicochemical

properties; functional activities
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#£ 1 AF EBLFIENT GWH 28094k 25 4 i 05 i

Table 1 Effect of different EBI doses on the chemical composition of GWH polysaccharides
FES NGP EGP-5 EGP-10 EGP-25 EGP-50
R (%) 8.14+0.35¢ 9.1+0.26° 9.47+0.35¢ 10.03+0.15° 10.60+0.10°
(%) 65.84+0.32° 65.08+0.08° 60.75+0.40° 60.39+0.19¢ 63.62+0.18°
HERETR (%) 30.11£1.07¢ 30.89+0.59° 35.69+0.14 36.02+0.37° 33.35+0.91°
HEHF(%) 6.33£0.72° 3.66+0.45° 4.62+0.35¢ 7.73+0.12° 8.57+0.12°

T [T A [l 5B R 2 ) 25 5 825 (P<0.05), n=3, 2., 384, 3KolH].
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IR, PP AR A S A e B 7R BB A% S i, b 2

FEHEASE YA IS, AT 530080 T 208, SRR

SBOAFIZ R EAER . SR, BT fm a2
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EBI GESIE G EIRET vh S AT s 24, DT ARE
JREE B4, Shen 455 Y 5T [FIAE F2 B EBI 7
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IR B SE R R (P<0.05) . 7E 50 kGy Y48 REFI = T,
Rha 5B E i BE IR LB (11.56%) 5 7E 25 kGy HI%RE IR
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FIFRIEFIE T, Ara I S EEIR HH(21.36%) H BR; T

TE 25 kGy BIFRMGIHE R, Glu BYEfREEIR H(17.86%)
H B, 53X B EBI 57 & W 35 52 0 2O 64 Fh 2 0 e

1, 5 kGy FRIEFH|E T EGP Hh Xyl BEJR I (16.31%)
W TF NGP 1Y 2.33%, 30T /5% . JeiiAumrss

R, AR R 5o ar 4 2R P LR AL 2 Rl R IE A E

FH W BA BL 1 £F 4 BE fy 2 b e 25 E B AR Y,

Xyl A LSRR T2 474 2205300, [k, EBI FiAb

T BE IR R A5 O 5 e A SROBE, AT R I Xyl A

GalA, 2 EGP P Xyl fll GalA BYEE/R ELIghN, %
sezb IRt 0, EBI WAL HEREAL B IR AN Mt B, HEEHY

38 ok PRAl R BUTCIR SRAG I 20

M US5RE (mAU)

25 30

10 15 20
] (min)
EBI FAbHXT GWH Z248 Bk ZH 1 A 520

Effect of EBI pretreatment on the monosaccharide

&1
Fig.1
composition of GWH polysaccharides

2.1.3 Sy Fh SRR AR Y e TR R F
YRR R Z P, i3k 3 iR, NGP Fl EGP 443
TR : EGP-5(80.43 kDa)>EGP-10(67.44 kDa)
>EGP-25( 65.25 kDa) >EGP-50( 48.50 kDa) >NGP
(38.94 kDa) . JIr MILHI & 0% B F o MR T AL BT HE
SRR K2 (GWH) 4iifgBE LS Ry, AT 25540
TP . ST W T RENSTE B
I AN PR N e NS R SR A o A ot /R e = 51| =
A% L TSRO HE TIA FR DA B T — 2 (R VR, A
S b T AE R T EOR S RS I BEA LR L, DAITTER
IS F R Z 07 R P 2 i T Hw
Ve FUIR T R, T 25 ) B b A I s 7 [ - 10 A4
PSP R B R AT B I BESRAS R T

22 AN[E EBI Flm X GWH 22851 B2 Al (BE /R HE ) B2 )
Table 2 Effect of different EBI doses on the monosaccharide composition (molar ratio) of GWH polysaccharides
UL R (BEIR B, %) NGP EGP-5 EGP-10 EGP-25 EGP-50

st 9.41+0.13° 8.56+0.03° 9.82+0.16" 10.96£0.25° 11.56£0.31°
LR 25.89+0.19° 27.38+0.33° 31.15+0.20° 31.39+0.43° 28.93+0.35"
T B 27.20+0.17° 18.48+0.08° 20.38+0.21° 17.86+0.15° 18.96+0.07°
LB 12.51+0.03° 10.60+0.01° 12.42+0.18" 12.48+0.41° 12.25+0.21°
PN 2.33+0.06° 16.31+0.01° 2.69+0.02° 2.67+0.02° 2.83+0.04°
(SR (aE 17.25+0.24° 14.66+0.17° 18.78+0.34° 19.90+0.11° 21.36+0.31°
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# 3 K[E EBI flix GWH Z M) 735 150
Table 3  Effect of different EBI doses on the molecular weight

of GWH polysaccharides
R /- F i (kDa)
NGP 38.94+1.67¢
EGP-5 80.43+2.37°
EGP-10 67.44+1.58°
EGP-25 65.25+1.39°
EGP-50 48.50+1.96°

T IR [ TR 2L ) 22 53 1. 25 (P<0.05), n=3, 5[l

i 2, (AN S Ead IR, 200 2E TE MR AT

e, ORI AR ZS Bl a5 . Rk, H

bR B FAL PR AT Re o Al oy TRk R £

WHA IS AL 7= 71 o

2.1.4 #HMERE  EL2ZRHERTEFIE(DSCO) ST T

EBI TiAb3#) GWH B, aniE 2 fisk 4 Jor
R BT ZBRETE 20~400 °C FYHRE JL R Py 2 5L
PR 8 R BRI R A . B — > BRI BRI ] R

JEH TR IIZE R, WTEE AT 5 2 g #4y

it P X TS — > pE e #R g, NGP Fil EGP
B 5 (Tm) #2017 9 - EGP-25(86.63 °C)>EGP-10
(84.87 °C)>EGP-50(81.22 °C )>NGP(80.78 °C )>EGP-
5(74.40 °C), i AT KA @ik CAHm) 3220505 A -
EGP-25(380.97 J/g) >EGP-50(355.53 J/g) >EGP-10
(353.34 J/g)>EGP-5(303.01 J/g)>NGP(277.92 J/g) -

K, 25 kGy &b FR Y ZHERE A S R A K25 % S

Xt T58 AR, BT 20 S 0 S iR R (Td)
22 G W, ks (AHAQ) 3205 f . EGP-10
(36.66 J/g)>EGP-25(35.65 J/g)>EGP-50(18.56 J/g)>

1.0
0.5 . =
z
2 — NGP
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Fig.2 Effect of EBI pretreatment on the thermal properties
of GWH polysaccharides

EGP-5(15.46 J/g)>NGP(14.13 J/g) . 5RIRZHEHH

Lk, EBI TALFH (14 22 BSOS PEAA T de sy, 427

10 1 25 kGy FlHE T,
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OHC(60.73 g/g) Lk, 5 kGy ALFEAY EGP | WHC F
OHC 473 5l ik 2l F KAH, 4350 2fy 40.61 g/g(HEm T

18.9% ) Fl1 83.08 g/g(H4/M T 36.80%) . iXLLLh AT
AE-SKFIE MY EBI FALBE S 20 GWH ZHHE il ZFL
P AR EEH) B AR /R 0 43 1A 0%, XK S FIHAE

S TR TR 2 R A A 24

100 1

EZ2 WwHC
H XN OHC
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Fig.3 Effect of EBI pretreatment on the WHC and OHC
of GWH polysaccharides
T AN 7 RER R AL ] 22 573 1835 (P<0.05), n=3, [&] 8. [&] 10,
12 [F,

2.2 St

2.2.1 KifR4SyHT  NGP Al EGP HRiAR A6 S -4
BiAE A 4 fEk 5 iR, 5 Al 10 kGy A9 HLF A4
FEWALTEIE I T GWH PR HRiis, (At 5280 T
AP SRS 434, 3X 0] Be 5 HAR = 1 4 F A
X, BRI, 5 NGP FESAH L, AR & F e
EGP-25 Fll EGP-50 A hRiARE /N 1 — I
HIJE R T BESE: 25 kGy F1 50 kGy 48 IR AL FRAZ Mk 7
Jz 2 RS T 00 K MRS, (A5 H AR H Y
WA UK AR 2 AR A, PR 2R Ry F45k 38
IRAS T SRy B RS, TV AR NP Sk T E = 4y
B, T S B H AR AR /N 25 5 S

# 4 R[A EBI Xt GWH ZHHAERE R 5200
Table 4 Effect of different EBI doses on the thermal properties of GWH polysaccharides

S8 NGP EGP-5 EGP-10 EGP-25 EGP-50
Tm (°C) 80.78+1.13° 74.40+0.92¢ 84.87+0.23" 86.63+1.46° 81.22+0.98"
AHm(J/g) 277.92+3.41¢ 303.0142.19° 353.34+1.76° 380.97+3.46° 355.53+3.23°
Td(°C) 260.82+1.41° 257.73+0.78° 258.06+0.58° 259.1342.13%® 258.72+1.13®
AHd (J/g) 14.13+1.43° 15.46£0.78° 36.66+0.66 35.65+1.81° 18.56+0.15"

H: Tm(C): JEILIREE; TA(°C): BRI ; AHm(J/g): 54k ; AH(J/g): Z3fks .
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Fig.4 Effect of EBI pretreatment on the particle size of GWH
polysaccharides

#5 A EBI A XS GWH ZHPRAZ IR
Table 5 Effect of different EBI doses on the particle size

of GWH polysaccharides
FE itz (nm)
NGP 135.69+3.95°
EGP-5 145.99+4.64°
EGP-10 143.20+2.26"
EGP-25 123.65+5.36¢
EGP-50 111.00+3.35¢

2.2.2 FT-IR AJ&] EBI & F GWH £8509 FT-IR
SCIEINE 5 AN, 7 3431 cm ! A H BRSR B wE
R IR, T B ER 200 O-H M 46 PR 30, i E
2835 cm ' AbAYES TR SIS T BEJZ R T C-H il 45 Fil s
PRSI E . 7E 1616 cm™ 4bFr 55 % IS4 AT BE X
R F COO R FILmyRIL . T GWH ZHiE
1735 cm™' A RIS, SREHZVEAN S A IRIE. 4
TE 1419 cm™ ARSI SRR Y C-H 5 ith I 3)
AR 1103 ecm™ A1 1016 cm™ b5 I AT GES>531)
Sl T EFR T C-O 1 C-O-C WHigadRsn4, 24
TE 954 cm™' F1 835 cm™ Ab ¥ IR IR 14 1T BB 43 A 2=
GWH Ry g RN o TRUBEFF 07, gh e,
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Fig.5 Effect of EBI pretreatment on the FT-IR of GWH
polysaccharides
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Fig.6 Effect of EBI pretreatment on the crystal structure
of GWH polysaccharides
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FE T GWH F R a0 RIS FRE . anlE 7
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Fig.7 Effect of EBI pretreatment on the microstructure
of GWH polysaccharides
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(i H e A SR AR Y, T8RS 2 HERER R /Ny
EZ R
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B GWH 248049 FS I £ 30 H JE 75 S R0 T a0 18
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Fig.8 Effect of EBI pretreatment on the FC and FS of GWH
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Joi . AR EEEANARY R I BE T . T ahA T R B (NG (E
T T AW AR R R BOE A . PTRAE H,
i GWH ZHEE IR Np (HE/NF 1.0, B H #
RO B PEAT S o eAh, Np (3T A . EGP-5>
EGP-10>NGP>EGP-25>EGP-50, 3£HI{E 55 EBI &
T, GWH Z BRI &, iR = WA . £
BEYOE RARIBYEA R T8 A i i 2856 | TIROAR IR
I . BELME RN, 33X 220 EGP TEYCRMHE A £ il 19
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Fig.9 Effect of EBI pretreatment on the apparent viscosity of GWH polysaccharides, and the storage modulus (G'),
loss modulus (G"), and tand curves

4 (A)FWMELE, (B)NGP. (C)EGP-5. (D)EGP-10. (E)EGP-25 H1(F)EGP-50 [ fi#RERIE (G") . #RFEFE(G") I tand 2R,



5474 5B 5 GRS, AF H TR R TR Bk T R X L W ) 5 ) - 173 -
# 6 A EBIFIEX GWH ZHHR A4S 50
Table 6 Effect of different EBI doses on the rheological parameters of GWH polysaccharides
ZH NGP EGP-5 EGP-10 EGP-25 EGP-50
Kp(Pa~s“) 0.65+0.39¢ 22.46+4.25% 6.57+0.94° 3.02+0.53¢ 2.13+0.76¢
N, 0.70+0.14° 0.90+0.04° 0.75£0.03° 0.69+0.04° 0.64+0.09°
sz 0.95 0.99 0.99 0.98 0.96
K (Pas") 3.130.05° 2.89+0.03" 1.67+0.03¢ 0.26+0.01¢ 0.57+0.01¢
n, 0.82+0.00° 0.87+0.00* 0.84+0.00° 0.74+0.01° 0.78+0.01¢
Rez 0.99 0.99 0.99 0.99 0.99

TE: Kp(Pas"): GWHZEME WP IE G Np: GWHE MR M S0A 184G R *: GWHE B RFARERL (1 YU SE SR HG K (Pa-s"): GWHEBHFL I I B EER 25 n,:

GWHZHEFLIR BT W85G R, GWHZ HEFLI A AR Y () P 40
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Fig.10 Effect of EBI pretreatment on emulsifying property of GWH polysaccharides
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H H 10 kGy F1 25 kGy 19 EAIH ( 14.41 m*/g F1
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HAh, EGP 1 ESI 7E 25 kGy (31T 5.91%) B}k %)
BRME, 455, EBI HACEEN] fERER S HELS MY
PR A, R En sk, DA K S iE FsmEl
W $ R A-—F F/800E BANZ, A B FIE B E M FL
W™, EGP 7E 5 kGy B ZLAIEPEFEHORIR e HEFR A
AR Gl B AR B S Rk B aERE,
5T T EBI TANERX ZLIRGH A p 52, ZLI Y
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Fig.11 Effect of EBI pretreatment on microstructure of NGP
and EGP emulsion particles
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Fig.12 Effect of EBI pretreatment on the antioxidant activities
of NGP and EGP
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