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Abstract: Ultrasonic assisted extraction of polyphenol from walnut diaphragma juglandis fructus was op-
timized by multivariate quadratic regression equation, polyphenol composition was analyzed and antioxi-
dant activity of polyphenol in diaphragma juglandis fructus was evaluated to provide technique support
forthe development and utilization of diaphragma juglandis {ructus polyphenol. The dry diaphragma
juglandis fructus was used as the raw material, the response change of diaphragma juglandis fructus
polyphenol was analyzed on the basis of single factor experiment, and the four influencing parameters in-
cluding solid to liquid ratio, treatment time, ethanol concentration and treatment temperature were select-
ed for surface response test to optimize for the better process conditions for ultrasonic-assisted extraction
of walnut diaphragma juglandis {ructus polyphenol. The types of polyphenol were identified and ana-
lyzed by high performance liquid chromatography. The antioxidant properties of diaphragma juglandis
fructus polyphenol were investigated with the scavenging rate of superoxide anion and hydroxyl radical as
indicators. The microstructure of fructus before and after the extraction was observed by scanning electron
microscope. Better processing conditions for ultrasonic assisted dia phragma juglandis fructus polyphenol
extraction obtained by multivariate quadratic regression equation design analysis were as follows:
1: 80 g/mL of solid-liquid ratio, 21 min of treatment time, 48% of ethanol concentration and 61 ‘C of
treatment temperature. The polyphenol yield under this condition was (74.7241.85) mg/g. Four kinds
of polyphenols were identified, among which the catechin anrutinummass fractions were higher, gallic
acidmass fraction was second high, and quercetinmass fractionwas the lowest. The dose dependence of di-
aphragma juglandis fructus polyphenol scavenging capacity of superoxide anions and hydroxyl radicals
was significant. Vc, BHT and diaphragma juglandis fructus polyphenol could scavenge superoxide ani-
ons and hydroxyl radicals, the scavenging capacity was Vc>diaphragma juglandis fructus polyphenol™>
BHT. Ultrasound treatment could significantly destroy diaphragma juglandis fructus surface tissue to
make its structure relatively loose and collapsed. The results of this studycould provide a theoretical basis
for the research and development of natural antioxidants, and broaden the processing and utilization of
walnut diaphragma juglandis fructus, also provide reference for the extraction of bioactive components
from by-products of agricultural products.

Key words: walnut; diaphragma juglandis fructus; polyphenol; antioxidation
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WOSCR B2 W0 5 >R 22 90 — 0 01 U9 75 A 00 A il LB 75 Ak BB BIORE Bk 200 AR v Z2 I W) i T2 2% 0 LR L
(9 A 2 R 7 R A B PPN R AR . BT AR 22 X LS BRAE 5 e AT B 230 A R 2 B Y
ol 2 T S 3 Sy S T A 40 AR T 2 B R 1 15 OB 5 1 CHPLO KT J TR 42 1 2 2 -

1 #MRERE
1.1 #R5iRF

BE R LML 30 V0 7 R K it €0 ol 23730 o i o1 28, SRR 3 1A T AR A 38 SR e il 2 B2 I B Sy
SR SR SR B A R BV LD B A

KA O3 pral) . BRI R A RA F s K OB BB T4l . R & TR ik T4 R
AT WAERFR (3T 2l RN AR AL AR A BN R s JC/K B R &M (43 B 4D o R T Kk R Ak 2% 30 A PR A
"l s BHTOMT 2, FIgRTHL T AR R A R A /) s L) -HUIR iR . = GF W H) 20 5 be . k%
B KHIR Gy ara) . REH RV R0 A R A A s 30 Yo AL &L BRER W8k (Ar B ad) . BB 4x 1l
2R A R .

1.2 U F5E&

MS104TS HLF K-, MR HER 2408 FiA R A A L5S AT WA e B h, i A 43 A
A BRA T 3-18R B m SR VRO L. M AT AR A A BR A s LGI-22 BRIV VR TR HL, 1Y 3R 4
T BB & e AL 5t A FRA 7] 5 RE-S2AA Jighs ze ke av . LW R AR A AR )5 EM-30 5 304 i it 852
COXEM; ETD-900M /)N B8 7 S A%, b 50 B 00 WE B R & A R H] 5 U3000 = Ul AH ik A, FEBR K
NEIR
1.3 REAHE
1.3.1  #ks S KA =4 &

Wb ARG 257 B T 45 CHERT Bt T, i B 5S B H 430 AR B ik 60 B i 45 .

1.3.2 #HwmREXE

DL &R TAE A B BGR] . A  BE BOBH L (1 ¢ 20, 12 40, 12 60, 12 80, 13100 g/mL) . AbBHAT[A]
(10, 20, 30, 40, 50 min), ZEEHE (10%, 30%, 50%, 70% ., 90 %) . kb BEJE FE (20, 30, 40, 50, 60 “C),
R A (200, 250, 300, 350, 400W), LLIZ 53R 485 . BF5T 4% X2 0 22 1 4 HORICR (19 52 1)

1.3.3 AR TBRAREHXLH

B F AR E TR . RSB PRI 0. 01 g I FMARUES , T 100 mL & B0 2R 18 KIS i O 2 5 2
ZUBE . BEA), #4100 pg/mL BEF WO R % A5 Ol B0

F F Folin-Ciocaileu M@ 3", 4 BIHEM LI 1. 0, 2.0, 3.0, 4.0, 5.0 mL B TR B 5 %40 T
10 mL A8, FHZEWKEZ . #]B5), BEEHR 10, 20, 30, 40, 50 pg/mL & TR . 43910 B
BETMRER 1 mL F 10 mL ZEMP, A 5 mL 10% f@AKERF . #2), &%, 5 min JFA 4 mL
7.5 Yo BRIRENIA W, FEAYJG BEOE R 1 hy 7E 765 nm Ab I G WO R
1.3.4 SRt

22 QAU [ RE T R L WA RS . FREBURY RE I 60 BB AY A AR BN R 0.2 g BT 50 mL B R,
BHAE L 12 60 g/mL M ASEIOR . & T A 88 8 A i v 4% . B A 203 200 W, 30 “C 42 20 min,
B, 8 000 r/min .0 5 min, FIEHRCNHRBOR. W1 mL B2 OB GRAE hoin AZR IR K AT — 5 L 91
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RGBT mL AR, AR 1. 3. 3 AR M2 Oy IO, IR 2 B,
X =@ XV XN X0.001)/m

A, X AR T ZHAEER(ng/g), ¢ AREMEZMHEE (pg/mL), V NEBORSAER (mL), N HH# B
B.om NFERE ().
1.3.5 % an=kw)ax4ikit

TE 4% 52 e AR 0 Sl b, BRIBORHIRLE . AL BRI H] . SRR PR 4 MR, U2 MR N1
b, iz 2270 R el J5 B A B R AT IR i i, BT SR AR 1

F1 REERKFER

kS
v B (X)) /(g mL™ ") A (X,)/min HE CWWE (X D/ % AEFRR B (X)) /C
-1 1:70 15 40 55
0 1:80 20 50 60
1 1:90 25 60 65

1.3.6 4w AR ZEkshArh g bARXE

I3 AR Z A% R B Ar 0 ARRE S, BRI EE 12 80 g/mL fITA 48% L BE/K WL, & T
A B PG e, A DA 300 W, 61 °C R4 21 min, Z2MBOR .05, K FIEWAE 79 ‘C Rk
A0 e 4 S HEA T AROR YR VR TR RO AR B A

R A I MR O R Z WS . BUR MR (Vo S 2, 6-Z 80T F6 By (BHT) 4% 0. 25 g,
F48% B E R ZE 50 mL B 5 mg/mL WA .
1.3.6.1 XF & BB T iEBREM

S A T B E Ik, AT BB 1 B A A 0. 05 mol /L pH {4 8. 2 B9 Tris-HCI
LW 2.3 mL, ¥BE R 0.01,0.03,0.05,0.07,0.09,0. 11 mg/mL M Z BRI 1. 0 mL, 5 mmol /L 4%
AW 1 mL. RA AT R HER R 20 min J5 L BRI 2 5 HER R 1k KR . E 420 nm AR A2
JCEEAR (A, DIARIFEVREER) Ve F1 BHT BB Z W R, AE 0 BHEXT L R A

Cgupnr =A, —(A—A))/A, X100
L, Cagmmpr WEEPIE FIERED, A BZWRFNEWOCEEA . A, v LU 26K AU 2 B B O D
25 MG . AL Sy URE 4l K AR 405 2R = I TR T W0 7 A4 S WO 211
1.3.6.2 XM A B EREH

K KRR, BL0.1,0.2,0.3,0.4,0.5,0.6 mg/mL k0K Z B AW 1.5 mL, KK A
6 mmol/L FeSO, %W 2 mL, 6 mmol/L KR - L BEE W 2 mL, 6 mmol/L. H,O, W 2 mL., 37 ‘C/KIH
SR 30 min J& . fEPA 510 nm A0 E WG A CAD . RLAH TR MR E A9 Ve Fl BHT ¥ 38 8 22 M 2 00 34
VR h BE P RS S A R

Crpme = (A, — (A —A,)) /A, X 100
A, Cumpmne NEFEARBERE O, A, HEUBAKAE H, O, ¥ B I 2 A8 i WO B A
1.3.7 K S BN & BORAD E#E ST
1.3.7. 1 FE SR &

BUMDARK R 3.0 go BT 250 mL HEIE R AN 100 mL 70 Y% B9 ZBE K 7 B T 0 1 2 B0dss i e
HYEA T, T 50 °C, 300 W R, $#2H 20 min, A 2 K, SIFRBOK. K Z 8 000 r/min B0
10 min, FiSWTE 79 °C PR ZHMRIGH 5 mL 70 % 2B ERE 5 mL, B2, & —4 Cik
Firp g Y (AT RAE 7 D s Z BB 0. 22 pm SEKIERRIEIE, BT 1.5 mL SRR .
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1.3.7.2 K& 1F

CAPCELL PAK C18 354, Wik 0. 86 CRE W (A A . (i B (B AHD , #EFEEE 5 pL, Jiid
0.9 mL/min. XJHEG . WE TR, LER. SRR, FHER. WMHR., THR. RILEXR. THEE. UF&
TR PTBRCRHERART 1, AT, iR AR, W R RV R 2. WIREF 1 AR
30 °C, PK 280 nm(BEMEES BE: 0~10 min, 10%~20%B; 10~30 min, 20% ~50%B; 30~40 min,
50%B; 40~41 min, 50%~100%B; 41~50 min, 100%B; 50~51 min, 100% ~10%B; 51~60 min,
10%B) ;s Vel E)Y 2 A 25 °C, K 251 nm (BEBEAEEE: 0~10 min, 10% ~40%B; 10~25 min,
40%~60%B; 25~35 min, 60% ~80%B; 35~36 min, 80% ~100%B; 36~46 min, 100% B; 46~
47 min, 100%~10%B; 47~57 min, 10%B).
1.3.8 MULLZE ALK

SR H] SEM X 30 AM3 B 7 HIT IS AT R WUIE S5 W ¢, FERE & I EOBUI B, 78 AU I | 34 57 ik i />
AR, REZ RN, ML, PRI SEM #EATHHUES . d .
1.3.9 ##ImEAE

K EXCEL2007 #E47 804 % B, 32 1 ORIGINO. 1 #4711, R SPSS19. 0 %4 %k 328 36 % 48 17
ANOVA 34,

2 ERE55MH

2.1 HMWEXRRXRE
2.1.1 HRWNSCKREBHRBRAREG IR

TP AT, 430 R 22 T 1 25 BEDRL R LG 38 R 2 S 1 I 5 B AR A a4 B LA 1 ¢ 80 g/mL B, 43
ODARZWHGRBR R, 4 72.8741.02 mg/g; RHRIL A 1 20 g/mL I, Z W5 FREA, N 66.29+
0.24 mg/g. i B H AR B 2 W15 R G e BE 4 9. 93% (1 # 20 g/mL), 6.98% (1 : 40 g/mL), 257
B E X (p<<0.05), 3.02% (1 : 60 g/mL), 1.77% (1 : 100 g/mL), 2R LG ¥E X (p>
0. 05). 3X AT BB PR by 39 hinis 50 JORE AT 4 15 Ta) 484 O A A% Ao T ARG T4 s A% B HE SN ) . R L 4 2k
IR 22 B4 0 5 1 2 AR R R I T A I R AR R RS SR S e AR ) TR R,
PG S I T S PR R LE 1 2 80 g/mL AT Ak B,
2.1.2 AZArE A K S BRI R B R

T AL 2 AT, 430 R 22 T A5 38 I A BT ] G 52 S S R BRI F s 10~30 min 430 R Z R R R
B, EFHE RN 2. 25% (10~20 min), 0.09% (20~30 min), ZRTLHE T8 L (p=>0.05); 30~
50 min Z 15 RBEWFEAT, TR K 1. 37 % (30~40 min). 1.49% (40~50 min), Z R LG it & X
(p=0.05). 30 min i, ZHTFHREK, H 70. 11£0. 65 mg/g, HBILAAM MM EZHGFRERLLEIT ¥
L (p=>0.05). 3K Ud W] AE A< Ab 2 A ] AT 384 i 22 B 5 s dk . (ELE ) a4, U 3006k Rk 04 A 3 07 £ fin
Z AR B 2 A R RS 20 min BF, 2B REE R, N 70.05+£0. 43 mg/g. HIEFIFEAE N
A, A5 25 P 4 20 min PEAT AL L
2.1.3 CEEREHSCKREBRBRARG IR

B3 AT, SRV EEAE 10 Y0~ 30 Yoqu Bl N B, 2453 b doREs e, IR 86. 2300, 2R
Bt #F R L (p<C0.05); LRWEWRBETE 3026 ~T0 %G BN I, 2R % F A EHRKE, ZHa RN 2E 5 LS
B L (p=>0.05); LEEWRETE 7020 ~90 L JL HIN . Z MR, Z2RA5ITFE L (p<<0.05). L
WREE N 70001, Z AR R, O 62.980. 87 mg/gs B AR BE 2 Wy 45 A< 0% i By 89. 8126 (10%0)
10.38%(90%) s ZRAGIH ¥ L (p<<0.05), 1.93%(30%), 0.93% (50%), ZREFHIH¥E XL (p>
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0.05). FREEARAb R FINT T . 430 KR Z 15 2R BE £ Bk BE 38 R 72 W7 35 N i J5 8 TR B, 3 RT BE 2 4 EUHT A
IR, 2 SRS, Bl Rk BB K, VR S 2 MR R R . 2R, Ha
P B o v IR AR 55, BRSO R EEAPE L RS . Z AR BRARY . A HIE, RS bk o
WP R 50 Vo iEAT AL,
2.1.4 HXEEBEESFHSCKREZBHRBRARG I A

FH AL 4 ATAL, B X 430 R 2 W AR F 5 AT e it 2R B L (p<C0. 05). 20~60 “CHT, Z B 1535 Wi,
60 CHI Z s i K, K 73.9720. 42 mg/g. H i a5 H A IR BEB B2 AH LE 2 Bp 45 8 428 &5 21. 14 %6(20 C)
14.05%(30 “C), 10.80% (40 C), 4.67% (50 C), ZHFA G2 B X (p<0.05). &R EH T2 3 n
b, 22 5y A B PN SR R A R R L S e ) v TR 22 I R A G R i S RERE ), 7 ) S e
Pt 60 CHbfTAb 2,

90 90
80 a 80
ab a
70 - S/b.c../'/'\' 70f & & i 3 2
T 60 T 60
&0 &0
S, 50 E S0
{L:ﬁi 40 Ejb 40t
B
N 30 % 30
20 - 20 -
10 10 F
0 1 1 L 1 L ] 0 1 1 1 1 1 ]
1:20 1:40 1:60 1:80 1:100 -- 10 20 30 40 50 60
B EL/(grmL ™) AEFE I [A)/min
INEFHRARRFIER p<0.05, ZRAGIH#EX. NG FREARIRR p<C0. 05, 257A G L.
1 FAEMELLE RS E®E RN 2 AEALERENSEHBEENTN
90 90
80 80 a
b/-
70 70 c &
a a E d/s/-/
T 6OF b T 60 "
&0 &0
E 50 E, 50
gjﬁ: 40 c % 40
% 30+ % 30 F
20 - 20
10 10
0 1 1 1 1 1 1 1 1 1 ] O 1 1 L 1 L ]
0 10 20 30 40 50 60 70 80 90 100 20 30 40 50 60 70
ZEERE 1% AERIRE/PC
INE FREARFEF R p<<0.05, ZRAEGHEEX. INEFRARFER p<<0. 05, Z7A GRS
B3 AEZEREMNSHBEERNZI E4 AELXEBRENSBEERNZIN

2.1.5 REHFENSHOKESBHRRARG YA

B 5 AT, R )RR A0 R 2 AR R A it X (p<<0.05). fE 200~300 W Hf, £
Ty A5 I N0 B~ 33.58% . ZRAGIHE L (p<<0.05); 7E 300~350 W i, Z 15K T (&g E
N 23.77T% ., ZRAGIFE L (p<<0.05); 7E 350~400 W I, ZH4E R B LT AR N
300 Wi, ZM8REF R E A, K 73.3620.45 mg/g, BHAMELZMERLERAGEIT3E L (p<
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0.05). AT RE MY it PR 75 D o, s A/ o, el T 40 MO e e, 2B R4, 25— Se A A ]
Ze PRV LG T 2 WE . A AR, 7 AR RO A R, A BB AR AT B P RE DR PR 0 e A8 R T AR
JRAARE . SRR S SR H BT R L A ME VA (0 R 2 AT LAV YL SRR, R R SR g vk i
PR N 300 W EfTAbHE,
2.2 SOARSEHRENEFREER

E52 0 PR 2R I 45 SR i BR Al B, B e RS DR 300 W, DUBHR L (X)) AR BRE E] (X,) . SmEHR
(X O MAL IR (X ) 4 ANHZE N AR, U2 B3RO E B AR . SR 200 0 ml 5 77 B AR R 17
5. GRS 2 MK 3.

®2 HARAAEMFESH

R I -5 H M ¥y F 1A pH
HEE 7Y 55. 61 14 3.97 14.13 <£0. 000 1
X, 0.32 1 0. 32 1.13 0. 306 4
X, 2.27 1 2.27 8. 08 0.013 1
X, 0.11 1 0.11 0. 39 0.541 3
X, 4.01 1 4.01 14. 27 0.002 0
X, X, 1.76 1 1.76 6. 24 0.025 5
X, X, 0. 62 1 0. 62 2.19 0.160 9
X, X, 0.02 1 0. 02 0. 06 0.817 1
X, X, 1.09 1 1. 09 3. 88 0.068 9
X, X, 0. 30 1 0. 30 1.08 0.317 2
X, X, 0. 50 1 0. 50 1.77 0.204 9
X: 29. 29 1 29. 29 104. 15 <0. 000 1
X 17.05 1 17.05 60. 62 <C0.000 1
X: 4.15 1 4.15 14. 76 0.001 8
X: 14. 04 1 14. 04 49.92 <0.000 1
B 2% 3.94 14 0.28

FAME 0. 87 10 0. 09 0.11 0.997 4
HriR 2 3.07 4 0.77

oyl 59.55 28

£3 OAFEHBESH

K AR5 R B B 14 KIE &R KL RIS (L4

= 0.72 0.933 9 0. 867 8 0.8355 13.126

MFE 2 fE3ATLIFEL, Zo0 R EIH B RBME p=0.997 42>0. 05. Z70 R BH )5 7 24
R*=0.933 9, Ul BIIZA R F W00 AZ Bk 43 00 R Z B A5 R 2 v AT R AR 5 R A 0. 72 %, X
AR 0. 720 ANe HZ BB 17 i B, RUNZBAIE G R Zo0 R H F B A IE R4
(0. 867 &) 5 il ZE (0. 835 5)K N, UL Z BRI G BB [FMIh 13.126>>4, UL IZ R
RUAT R AE TR A A5 5 X 400 R Z By 15 47 W0, 00 0% 25 /. X B R AT mE AT e g, X, . X X
IR Z WS RN G5 L (p<<0.05, p<<0.01); X, X, M52 HAEH XN £ 815 R 5%t A 5 it
RN (p<C0.05)5 X7, X5s X5 K X W L BAR R A ST # 8 L (p<<0.0D).
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i3 22 90 R AT A 7 AR A B0 43 A . A5 3430 R 2 W BRSSO RRLE 12 80 g/mLL, AbFS
1] 21 min, CEEMREE 48%, HREE 61 °C, BIRIRIEN 75. 86 mg/g. KM BB ALIL IS AT: . BUETR
g R HERf P, 152 2B G RN 74. 7241, 85 mg/g. SIS MEAN . AHRR 228N, Ul I %A
XPAEAEL L TR 5300 R Z2 B A R AT AT, SR BN H AR S BT ¢
2.3 HOAKRBEBMERREDE

B 6 WA, HPLC NArDARH S E B LA R, AT R IR ik R4t 4 Rk, Kb LA RE
EOBEE . P TIRZ D BETFREM. W ZRM. JLARFRESBES T a8 I AM %R 3 Fhfk
By o33l 2. 09 . 6. 35 4%, 89. 92 ff, ZRAZITEE X (p<<0.0D); T HEE TR, WL RMIL, Bk
YT 3. 04 5. 43. 08 5, ZRAGIFEE L (p<<0.0D); WETRREM L ZME . FESHE 14. 15 5,
ZRAGIFE L (p<<0.0D).

1800 -
90 "
%ol 1600 |-
a *%k
i 1400 | o

~ 70 E/\S/E £ 1200 |
60t : -
0O 5
£ 50} 5 1000 -
t'g 40 R g0t
E mlmﬂ | ek
W 30r B 600 F

20r 400 - .

10F

200 | |
200 250 300 350 400 450 0 : .
- IWEER BT BRFE WER
B IR/W
4 £ 1k
NG FRRFFER p<<0.05, ZRAELGIH¥EX. * x TR p<L0.01. ZRAEGII#EX.
Bs5 AEAEFWEMNEHERNEIT B 6 4K H B Ep b 3¢

2.4 HOARSBMEMNEREBERBRER
2.4.1 REMBTFABRAR

HI P& 7 AT, 430 R Z By, BUIRILIR B2 BH'T 3406088 4 B 88 A 50U B TH BRAE . 35 3 28 A 47 I e 3
RE EFHEH, BRBVMRIR IHUR MR . 730 K28 . BHT. 430 KRZEBWEEH 0. 11 mg/mL &, X #
BB TR IE 52,47 % 5 PR MR W EE 2 0. 03 mg/mL B, X 0B 25 7 1 B % 3k 50. 64 %. BHT #£
55 W R U R PR S AR B B T BR SRR IR 1 50. 00 %65 MU EE R 0. 11 mg/mL B, H BHT iR HE K.
IR 27.82%. fm R, HUR MR E SO R ZWIE R R4 32,442, 0K ZEE BHT R RE R
88.58% ., ZRAGHITFE X (p<<0.05).
2.4.2 AAAHEAFHRAR

B & 8 AT, r O AR Z W, BUIRIMER X BHT X2 A i 80 — & MERERN. =FXNREEAH
L BR AR 1 B ok B 1 R R B Ry g g kB R BMRUCHBUIR R . 40 R Z By . BHT. 430
KR Z WM BHT % ¥ 56 [ B 3L R AE SR 2R B, W ERRITE 200 LT, 400 R 2 M BHT ¥ J#
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A G238 X (p<<0.05).
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