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Abstract : Studying the change polyphenols content of walnut diaphragma juglandis fructus and walnut shell to provide
technical support for the utilization of walnut by-products. Analyzing the change and composition of polyphenols different

parts of walnut fruit based on ultrasound effect by different solvent extraction. Secondly,the composition of polyphenols was
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identified by HPLC, and then the microstructure was observed by SEM. Walnut diaphragma juglandis fructus and shell
polyphenols extraction conditions were optimized by Multivariate Quadratic Regression Equation Model. The better
extraction conditions were as follows ;solid to liquid ratio 1:59(g-mL™") | treatment time 31 min, methanol concentration
67% ,ireatment temperature 61 “C ,ultrasound power 250 W. At this time ,under methanol extraction the polyphenol yield of
diaphragma juglandis fructus was(72.7£1.57)mg-g”". The regression equation was established ; Y=71.12-0.079X, +0.36X,-
0.13X,+0.40X,-0.91X, X,-0.17X, X,-0.31X, X, -0.45X, X, +0.23X, X, —0.60X, X, —2. 10X; - 1.42X; - 0.68X; — 1.35X, ; solid
to liquid ratio 1:85(g-mL™") ,treatment time 29 min ,treatment temperature 61 °C , ultrasound power 250 W. At this time,
under water extraction polyphenol yield of diaphragma juglandis fructus was(58.06+1.62) mg-g™". The regression equation
was established ; ¥=53.96+2.19X, -2.31X, + 1.25X, - 1.08X X, +0.66X, X, —0.62X, X, —2.68X; —5.76X; - 2.91X;. Solid to
liquid ratio 1:60( g+mL™") , treatment time 31 min, methanol concentration 67% , treatment temperature 61 °C , ultrasound
power 300 W. At this time, under methanol extraction polyphenol yield of walnut shell was (20.04+1.32) mg-g™'. The
regression equation was established; ¥'=19.58+0.047X, +0.35X, —0.096X, +0.55X, - 0.42X, X, - 0.39X, X, +0. 038X, X, -
0.52X,X,+0.27X,X,-0.35X, X, - 1. 74X; - 1. 28X - 0.59X; — 1. 21X, ; solid to liquid ratio 1:90(g+mL™") , treatment time
37min, treatment temperature 55 °C , ultrasound power 250 W. At this time, under water extraction polyphenol yield of
walnut shell was(15.43+1.18) mg-g™'. The regression equation was established; Y = 13.77+0.45X, 2. 18X, +0.36X, —
1.08X, X,-0.42X X, +0.13X, X, -0.29X7-3.20X>+0.22X>. Through the HPLC analysis ,under methanol and water extraction,
two common kinds of monophenol identified in diaphragma juglandis fructus were gallic acid and catechin, gallic acid con-
tent was higher in water extraction and catechin content was higher in methanol extraction. Two common kinds of monophe-
nol identified in the walnut shell were gallic acid and vanillic acid, gallic acid content was higher than methanol extraction,
while the vanillic acid content is not much different between methanol and water extraction. The polyphenol yield was
significantly higher in diaphragma juglandis fructus than walnut shell ;the extraction effect of methanol solution is significantly
better than that of pure water exiraction. Scanning electron microscope of the surface of diaphragma juglandis fructus and
walnut shell proved that ultrasound effect can significantly damage the surface tissue structures of diaphragma juglandis
fructus and walnut shell ,to promote the polyphenols to release more and faster,and dissolve into the extraction solution.
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Fig.1 Effect of solid to liquid ratio on the extraction effect of polyphenols
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Fig. 2 Effect of treatment time on the extraction effect of polyphenols
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Fig. 4 Effect of treatment temperature on the extraction effect of polyphenols
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Fig. 5 Effect of ultrasound power on the extraction effect of polyphenols

2.2 ZSOLAMZTESEMERNTZEIPFFESER

TEFEMARZAE 7000 AR 58 22 B4R UL N SR 4 SR A 6l b Bl TP R K =R R K -k s
FAYIRII N 250 W 250 W,300 W .250 W, DURHE L (X, ) ARBREE] (X, ) | AR EE (X ) FIAR 3R I (X))
4 ANFON AR, IR o0 RAIE BAs4 (V) R Z o0 R IBA 5 AR A 405, [ VA2 2 05 2257
Pré iz 1 23 5.

R1 ORAFRHFEST(RE-7DOK)

Table 1 Analysis of variance for regression equation ( methanol-diaphragma juglandis fructus)

P 3 SR ERZiDE S ¥ FAE P1H
ki 49.82 14 3.56 6.76 0.000 5
X, 0.075 1 0.075 0.14 0.71
X, 1.56 1 1.56 2.95 0.11
X, 0.20 1 0.20 0.38 0.55
X, 1.87 1 1.87 3.55 0.08
XX, 3.33 1 3.33 6.32 0.025

X, X5 0.11 1 0.11 0.21 0.65
XX, 0.39 1 0.39 0.74 0.40
X, X5 0.80 1 0.80 1.52 0.24
XX, 0.20 1 0.20 0.38 0.55
X;X, 1.45 1 1.45 2.76 0.12
X2 28.47 1 28.47 54.05 <0.000 1
X3 13.01 1 13.01 24.70 0.000 2
X3 3.02 1 3.02 5.74 0.031 2
X3 11.89 1 11.89 22.57 0.000 3
hk2E 7.37 14 0.53
P 0.88 10 0.088 0.055 1.00
iRz 6.49 4 1.62
pegil| 57.20 28

®2 ERFEHFEN(K-FILK)

Table 2 Analysis of variance for regression equation ( water-diaphragma juglandis fructus)

Kl N A Y17 F1H P1H
HEETRY 327.05 9 36.34 14.73 0.000 9
X, 38.41 1 38.41 15.57 0.005 6
X, 42.64 1 42.64 17.29 0.004 3
X, 12.45 1 12.45 5.05 0.060
X, X, 4.62 1 4.62 1.87 0.21
X, X, 1.73 1 1.73 0.70 0.43
X, X, 1.53 1 1.53 0.62 0.46
X2 30.15 1 30.15 12.22 0.01
X2 139.74 1 139.74 56.65 0.000 1
X2 35.74 1 35.74 14.49 0.006 7
B 17.27 7 2.47
R 4.47 3 1.49 0.47 0.72
HriRE 12.79 4 3.20
AN 344.32 16
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£3 ORFRHFEST(PE-ZHE)

Table 3 Analysis of variance for regression equation ( methanol-walnut shell )

KR S5 A e ¥y FAH P1E
FEL 37.78 14 2.70 15.05 <0.000 1
X, 0.026 1 0.026 0.15 0.71
X, 1.49 1 1.49 8.32 0.012
X, 0.11 1 0.11 0.61 0.45
X, 3.56 1 3.56 19.88 0.000 5

XX, 0.69 1 0.69 3.84 0.070
XX, 0.62 1 0.62 3.44 0.085
XX, 5.625E-003 1 5.625E-003 0.031 0.86
X,X, 1.09 1 1.09 6.09 0.027
X, X, 0.30 1 0.30 1.69 0.22
X;X, 0.50 1 0.50 2.77 0.12

X3 19.59 1 19.59 109.28 <0.000 1

X3 10.70 1 10.70 59.67 <0.000 1

X2 2.23 1 2.23 12.46 0.003 3

X2 9.47 1 9.47 52.79 <0.000 1
B 7% 2.51 14 0.18

) 1.16 10 0.12 0.34 0.92
iR 1.35 4 0.34

poyil] 40.29 28

®4 EEAFERHAESNT(K-ZHRE)

Table 4 Analysis of variance for regression equation ( water-walnut shell )

KR S5 H H ¥y FAH P1E
LAY 90.34 9 10.04 10.16 0.002 9
X, 1.65 1 1.65 1.67 0.24
X, 38.15 1 38.15 38.61 0.000 4
X, 1.04 1 1.04 1.05 0.34
X, X, 4.62 1 4.62 4.68 0.067

X, X, 0.70 1 0.70 0.71 0.43
X,X, 0.07 1 0.07 0.071 0.80
X2 0.36 1 0.36 0.37 0.56

X2 43.21 1 43.21 43.73 0.000 3

X2 0.20 1 0.20 0.20 0.66

Bk 2% 6.92 7 0.99

A0 0.83 3 0.28 0.18 0.90
i s 6.09 4 1.52

=¥l 97.26 16
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Table 5 Fitting analysis of the regression model

E4 A5 5 R % RE R IE REL iRIUESA {5 1L
LR DR N 1.05 0.87 0.74 0.73 9.01
K= AR 3.23 0.95 0.86 0.73 9.85

FH - bk e 2.41 0.94 0.88 0.78 12.60
S 8.13 0.93 0.84 0.77 8.84

M1 RS [ LIFH, 270 R A5 BB UE P 4 1.00,0.72.,0.92,0.90 KT 0.05, £ 7T
TWRENE SRR RE R YIRTF 0.80, B £ 50 R 1A Jr AR AL FH 350 43O AR FAZ AR SE 2 B AR & il AT
. BRI AR S R EONHE 10% LT R mIE 5 R 8 B M. 200 kI R R, 5 RS BN %
I, U IZBCEA R A AR B R, i 22 o0 R IE A 7 B B AR IR LY R T 4, B Ee= R R 0%
S5 5 X0 43 D AR RS 2 B A5 28B4 T 300, 365 25 /).

i 1 22 70 R LA D7 R A AR R TR 434, 45 21 B BER 0o 00 R 2 B AR AL S5 SRR EL 1259
(g-mL™") ALFHEFAE] 31 min  FHEEIRE 67% ALBRIERE 61 C , FIISHREUCE N 71.22 mg-g s AKIRBUP AR L



PSR 4R (AR R 55 45 45 3 151(2022 4F)

B B A AL 25 P R L 1:85(g-mL™") ALFRINE] 29 min AEFRIEE 61 °C , HHEHRBUR K 55.00 mg-g .

R U b e 22 B AR AR S5 R L 1:60(g-mL ™) ALBREE] 31 min  FH W 67% Ab RIS
FE 61 C,HISHEBCE R 19.71 mg- g™ s KR HZBE e Z W B AEL AL A BN EE 1:90(g-mL™")  AbFHAT i)
37 min ACPERE 55 °C, FIISRECE N 15.11 mg-g .

KPS AL HEECSEA: , 36:T0E TUI00 235 SR A e v, 45 31 Y I/ 7K — 430 A R HR B/ K - 52 Z2 T 15 R 3
4 (72.70+£1.57)mg-g " . (58.06+1.62) mg-g ' .(20.04+1.32) mg-g ' . (15.43+1.18) mg-g ", 5 HIB (K
KT FRTHER 225N, U BHIZ B A AR A T D M ASSARL R 0 AZ A 4300 AR TN 72 22 B 45 3, DA IE B 42 B
SE AT T
2.3 B OATMTSEMEER

1 L 6t AN TRV 7135 4 X A Ak SR S [ A 1201 3 wmspok
LEBRENA . TR K-S OREBERET At
s/ K-7e 2 1558, B2 W R0 5, F EE -2 0 S ki
AR>IK =00 AR>S B B -7 > 7K — 5 5 Bl AR )35 07 17
T, H KB A K BEBCICR AT ; W -3 O K 22
RN 72.7 mg - g71 A s N NI Ao

Z15%/(mg-g™)
3

25.22% , J& W /K - 3214 3.63 f5 (P<0.01, F ) . o & .
D AN \ZEL 3 ffs B =]

4.71“1;] ,7Jirﬁ’ L 7"5%4%‘1?X!ﬁjjﬂ“58.06¢mg g - & Ho HAUENEETEHER

ﬁﬂ @?/ 7J(_JLE/‘J 2.90 ’T% \3-76 1%; Eﬁ @?/ 7J<_'E% %4%> s Fig. 6 The polyphenol yield at the optimal

BT A 20.04 mg-g™' 15.43 mg-g”, FEERKIZ extraction conditions

# Fn 22 S PE 35 (P<0.05)

R EEH 29.88% (P<0.05).
% TN RN 3 (P<0.01)

2.4 FBS AT T B

1P 7 R, F RS KRB AR FIFE R R I Hh BRI B B 1R (& A PSR K= DA B TR
FrEEREN 260 pgeg” HEE-IMOARBE TS BEIKZ N 50 ng-g' , K-7e BT IR & AR 40 pg-g™,
Al —Se BB TR RN 9 pg-g. K-POARBEE TR S 5 R -0 AR H R/ 7K 52 A T2
5.2 1#%.28.89 5 6.5 1. HIEE/ 7K =73 Co RPN Hh LR ZR Ay, LA SR BRI 1 - AR h & e
1200 pg-g™ K= OAREREAR N 380 pg-g ™ BBTeHH A RN LA ZR  (EAG I H 7 e R BRI, P e/
K NS ZE .

1400 3 WEEIROA 0. O M-
IK=GrAR K-5¢E

B B 2
on on
2 2
1 L o5t
= 700 H s
z z

0 , 0

BE TR AR BE TR AR
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Fig.7 Types and content of monophenol

2.5 BELEXZMS OARFEHMEHI R

Hi P&l 8 RT3 X AZ G 73 AR S AZ AR5 A IO S M S MEAR K. H 18] 8—a AT Y, X BRZH 7000 A
A LI/ NLIEE L a5 FOb B 5w, S HUIR. & 8-b 8—c I Hi AL BHAH 73 AR
SERANTE 2SR TEARANHLIN , EALL BRI, 2 2 205 22 o] AR R Y AN 3, R i 44 AR T AR A2

M 8-d 8-e 8~f A i, X MR BE T ARA RN, R A8 HA /N R IR B L1, 2 i A7
TE—E R0 B/ML B A A5y HECR 8> 2 2 T 12 A 800 B4 Ak B2 3% v i 1M I3 i 3 76
B, AL W] R K, R W P AL BRI R A R T, e (2 S n] eI L.
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8 ks ARFATH SEM [E ( x1000)
Fig.8 Scanning electron microscope micrographs of walnut diaphragma juglandis fructus and shell powders( x1000)
T :8-a.8-b.8-c HIMLA,8-d 8—e 8—1 NHZHEFE, Hirh 8—a 8—d NAFIRLL 8-b 8-c Ny H IR 8-c 81 H/KIZHE.

3 Wi

PRIy Z2 W 25 L), T AP RIS AN [) sl ) PR R AS [RIBA7 , 75 5 TR FHAS [R) T 28 AN [ )
TAESHCY. R TRBGRIRECR S Al PR KA 2 W, SR 22 00 R LAy RS R4 A kA Ak
P2, Lk BIE B R HE O b A Yh R R Z , W R 5300, L, X8k
FEREATIE LA, N SR W29 5, i i F 2 b S A 70 LA — R B S 2 S ) il A AR
Tk Z R BT 2 AR R LG 1:30(g-mL™") B[] 25 min , AR5 40% T JE 60 CRY 5%
By &N 6.5 mg-g . PNETESEDY K BRI LE 1:20 | L BEAF M40 50% JRFE 50 °C S Th % 200 W L%
e 2 B RN 2.36%. ARSI B IBUZ Ak e 2 AR 0 20.04 mg- g™, KSR HUZ BT 2 15 3k
#)15.43 mg-g™", GAIFMFEE D ERA —E A, T RERARBUAFIANR , LB H B KT AR, Hk
Pt 22 5 5 DEAER P 1 FE 2 s Hh BOR S BT AR [R] i EL AR5 o 2R F AR e R Ak i
S i o BT AR S A A 22 5% R ) i DX A 00 S A B RB R AR S X 2 e ik s P 2 B W R
B B d e s — S, SN T 2 S S, PR AT N B | TR R VR M DX R R AR A Ak
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FEAE KA A AR A T RSS2 SR LR R R 1 S SR AT BRI ILANARI A
H R BETERE SR TSR 22 60 H 0, A A5 BF S BT F I FERE 0 20 HL AR S 0B RN 7R TR
fER i R S R W PR i ) 2D AR AN R AR A BAET ST I S | Y B AR AR R i ) £
BAZAR T2 W, CBEAE R PR HUS BT, 78 22 By 1 f B0 A0 R vk B B, W BBk IR SR 4 URICRAE , SR AR
WFFE KR HETE Z IS AR i AT EAAE | 3l B S AE SR IR [R] SRE Sl AR B 7 2006 R k. ARTIFSE
IR HE A Bk 7 22 IS R 5 PNV 256 Y RO 98 245 SR — 3, KR SR BE T Z 015 RAK T AN G %Y A
HIBIF ST 45 3L | A BILA T 7KV T BB 8 B ey e It 2 13 0 o Y 2, X S AR AF R 45 2R — 3k

Ebkor AR Z By i &, AR O ARSI Z By, I 0 F &, v R R = Ak B R B
{B. XUERED R IURNR L 1:62 | ZBAABI 0 50% FE7 50 min JRE 71 °C , ZEHRECR N 6.98%. FREHk
2301 AR OB [ 1 :40 | Z VR BE 30% 7S 15 min JREE 50 °C 28 &K 56.46 mg-g ™', ASHFSY B HL
LSRN 72.7 mg-g". KIRIZ W5 555 3 58.06 mg-g ' W EE R IEAHF 5245 1Y 22 B 45 R 5 X0
ST NGRS — 3, SRR BRI ST 45 AN TR , 3% 5 R BOR A DL SIS R A 6, I 22 B e AR A
PRI AT ALV T BE /Iy R BERCAR B Tl g, S80ft 22 B A5 301 /KR SR AR F 5245 10 2 B 15 5 5 R e AR
SO E A R — 3, BRARBUA RN 2 AR r= A oh , He e PR 3SR 45 SR A5 i iR 28 200, 44 1)
RZ SCHRGERE S A ST R 45 2R ,60 ~ 70 °C 24 R T8 3 A58 K FH B A0 B[] A 39 2 3 v
HBREARAE S BRI (I 2 B iR 5 4.

FEF 6 7 RN A AT RN SR 3R U DR S e i B 2, BB 18T 2 , A — e W A= 7= A 5. 7
BAL PR 2R A 1 Aty R FH 22 50 R BT A 7 R X B 1A T A AT R I S A R A R s AR R[] 0 43 AT 4 R
2 BRI A Ak BT 8] () 22 ELAE G Y SR 312 000 AR 22 B A5 53R 5 M) J 3 5 R LG 45 Ak B[] (74— Y0 3 X
TR L5300 A 22 By A5 Z8 AT WS ] 5 ALk 3L 1] — R 0T A 3L (7] 5 £ e B 1) 52 B A FH G R Bti 4 5 22 1y
A S35 M) S 5 T ALk S R 88— YR X L M W e 5 AL BB (] B — IR X KR 5T 22 T A R 7 A A i 2
sZ. R 200 R B H 5 BEANLRE 73 B 25 IR 22 (0] 22 BAE AT 2 B A9 SR 09 52 38 n] AR A Ak 4300 AR
ST Z BT 2, W0 S B PR, D AN TR B S BEIR A TR A A A0 R S5 T ) 2 T AR
H, 2% BB 19 2 B A AR AL 22 i o 46 T T o

4 &k

FEFE RN R I3 AR S A 5E 20 B 728 AT T AN TR (LA A AR 2 Ak 5 PR K IR 32 70 AR A
Bibbre Z B RCR W AL T 2K R 32 ;12 F1Z2 00 R IR 07 R AT 70 D AR I B e 2 B4R B, SE PR 2 i R
5 S N B H 0T RS B P A v, TR I R R T B, ELZR %, T TR 52 2 B4R I 730 AR M
FEMb TSR TE RS PRIE T 2 B, TN 1 22 Wy i $ B Al 1T 3R OICR. AW el IO
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