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Effects of different drying methods on browning of walnut endotesta dur-
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Abstract: To investigate the impact of drying methods on the browning of the endotesta during walnut storage and to

provide a theoretical basis for the control of endotesta browning during walnut storage, this study used the walnut variety

“Qingxiang” as the experimental material. Four drying
75 B #9:2024-05-09 methods were employed; natural sun-drying ( CK) , hot-air
EETE . HNE [ ARME 340 B (22JR5RK1049) 3 Hlr 48wk 2 drying (T1), vacuum drying (T2), and variable-temper-
TR 3 451 H (2024B-333) 5 H 48 1 S5 22 e A 3 Al ature vacuum drying (T3). During storage, changes in the
HEPBCETH [ HE0E R (2023) 14 5 7 Bl KA appearance of the kernel and browning indices of the en-
M AL RE ST $R T T AR H [ H #7468 (2023)29 5] dotesta were measured. Path analysis was used to identify
TEZF N T (1986-) I3, HolALE A, WL, ) ok, W5 U5 1) the main factors affecting endotesta browning in walnuts.
NHEYAEMAEL . (E-mail) wangyifeng0305@ 163.com The results indicated that with the extension of storage
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time, the color of the kernels in all treatments gradually darkened and the degree of browning increased. Compared with
CK, the kernels in T2 and T3 treatments had lighter color and lower degree of browning. The relative electrical conductivity
and the content of malondialdehyde (MDA gradually increased with the extension of storage time. The increase was the
highest in CK, while the increments in T2 and T3 treatments were relatively smaller. The total phenolic content in the wal-
nut endotesta decreased at 30 days of storage, increased at 60 days, and then decreased again at 90 days. However, the
magnitude of these increases and decreases was not significant. Throughout the storage period, the total phenolic content in
the walnut endotesta remained at a relatively high level. Compared with CK, the total phenolic content in the endotesta of
walnuts in T2 and T3 was generally higher. The activities of polyphenol oxidase ( PPO) , superoxide dismutase (SOD) and
Na'/K*-ATPase in walnut endotesta increased first and then decreased. Compared with CK, the activities of SOD and Na*/
K*-ATPase in walnut endotesta under T2 and T3 treatments were generally higher, and the activity of PPO was generally
lower. The peroxidase (POD) activity of walnut endotesta showed a downward trend as a whole. Compared with CK, the
POD activity of walnut endotesta in T2 and T3 treatments was generally higher. The activities of catalase (CAT) and lipoxy-
genase (LOX) showed an upward trend. Compared with CK, the activity of CAT was higher and the activity of LOX was
lower in T2 and T3 treatments. The path analysis results indicated that different drying methods had different effects on wal-
nut browning during storage. For walnuts in the CK, the main factors influencing browning were the activities of PPO,
POD, and Na*/K*-ATPase. For walnuts in T1 treatment, the main factors influencing browning were the total phenolic
content, CAT activity, and Na’/K"-ATPase activity. For walnuts in T2 treatment, the main factors influencing browning

were the activities of SOD, POD, and Na*/K"-ATPase. For walnuts in T3 treatment, the main factors influencing browning

were the total phenolic content, POD activity, and Na'/K"-ATPase activity.
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Fig.1 Effects of different drying methods on the color and browning degree of walnut endotesta
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Fig.2 Effects of different drying methods on relative electrical conductivity and malondialdehyde content of walnut endotesta
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Fig.3 Effects of different drying methods on total phenolic content and polyphenol oxidase ( PPO) activity of walnut endotesta
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Table 1 Correlation analysis of walnut endotesta indices during storage

EEL 7
THoTE 6k

X X X3 Xy X5 X X7 Xg Xg Y
CK % 1.000 0.971"
*2 0.999 ** 1.000 0.973"

X3 -0.961°  -0.969 " 1.000 -0.906

Xy 0.741 0.729 -0.775 1.000 0.560

x5 0.727 0.721 -0.802 0.988 1.000 0.544
Xg 0.914 0.926 -0.879 0.422 0.432 1.000 0.976

%7 -0.828 -0.844 0.792 -0.257 -0.274 -0.984" 1.000 -0.927
Xy 0.998 ** 0.999* -0.975" 0.764 0.758 0.905 -0.816 1.000 0.960 "

Xg 0.459 0.459 -0.608 0.888 0.934 0.157 -0.007 0.504 1.000 0.245
T1 % 1.000 0.984~°
) 0.972" 1.000 0.983"

x3 -0.808 -0.919 1.000 -0.839
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Xg 0.879 0.920 -0.816 0.211 -0.080 1.000 0.949
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Xg 0.560 0.499 -0.452 0.976 0.972* 0.126 0.141 0.416 1.000 0.420
T2 X 1.000 0.993 ™
Xy 0.988 " 1.000 0.999 ™

X3 -0.842 -0.891 1.000 -0.870

Xy 0.502 0.368 -0.228 1.000 0.394

x5 0.690 0.603 -0.190 0.596 1.000 0.640
Xg 0.941 0.982*  -0.904 0.188 0.503 1.000 0.975"

X7 -0.842 -0.913 0.846 0.044 -0.403 -0.972" 1.000 -0.901
x3 0.980" 0.984*  -0.800 0.356 0.713 0.964"  -0.905 1.000 0.990 "

Xg 0.696 0.578 -0.388 0.967 0.738 0.415 -0.199 0.580 1.000 0.604
T3 X 1.000 0.992™
22 0.967 " 1.000 0.986 "

X3 -0.883 -0.921 1.000 -0.875

Xy 0.633 0.418 -0.423 1.000 0.336

x5 0.735 0.657 -0.343 0.517 1.000 0.754
Xg 0.946 0.997  -0.903 0.347 0.656 1.000 0.975"

Xy -0.829 -0.926 0.753 -0.111 -0.686 -0.953" 1.000 -0.893

xg 0.862 0.902 -0.665 0.271 0.855 0.921 -0.964 " 1.000 0.914

Xg 0.753 0.561 -0.522 0.983" 0.641 0.499 -0.286 0.441 1.000 0.673

CK.T1. T2, T3 WLI 1 . xp o AL S s, o T R 5 ik sy« BB 5 ik 50y PPO TP 505 : SOD TRV 50 : CAT 3 ¥k 5, : POD T P 5 g - LOX TP 5
%9 :Na* K" -ATPEERE VL V. W B, 7R AR GNE B35 (P<0.05) , ™ FoRAR KR 23 (P<0.01)
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27 ARAFRAELEBEHZRNTEETHIER
VXl

25 P2 B A OC R RE SR B T R 2R () 1) L2
KR NARCHREE RN BE 58 4 0 22 25 B R X Ak
2 4 728 ARG BB, A i — AR AN R T
PR ITIEAC BRI AZ AR P9 A H 4 78 1 E R R X H
FFImAR AT AR IR T8 A R 00 BT &% DR 3 R X i B
PE, Hrh POy SRR R R R x, XA FE
(Y) I EEON s P oA IR A 4, SR R o, 38
i x (i) XY BFERT,

i 2 1, CK 4b 3 PPO J54%: (x,) POD 35 PE
(x,) FeNa" K" -ATPEEHE P (xy ) SA%Bk N R 48 25 BF
ARG, P8 A8 B B E 02 PPO T
(P,=0.745) , HEIE w2 ) /E R, HkO& POD 1
(P, =-0.689) , FF- UK J& Na" K" -ATP g {if 14 (P, =
-0.406) ; 7 4M, Na'K*-ATP§ 15 A1 PPO 15 PERY 2
AR IR AR B R AR A T e L B B ., T Ab
PR 5 i (ay) L CAT 36 PE () S Na*K*-ATP fiff 15
#2 TETRHELROLMA B TIERERES

PE (o ) 02 REMAAZAE I D B2 48 A8 B, o CAT 15 7%
XF 48 A8 FE ) 5 W B 9k (P = 1.063), H K 2
Na'K*-ATPEEE PE (P, = 0.375) , TR J& M & &
(P,=0.197) ; 7340, BBy & il i CAT 1M X 48 4
R B (P, ¢ =-0.867) . T2 kb3 SOD i ok
(x5) JPOD JE M (x,)  Na"K*-ATP B G ¥ (xy ) X%
BN B 4748 B BLAT 2 52, b POD 3% P X 48
708 I RS N e R (P, = —0. 822) , HiYR S Na K -ATP
W5 1 (Py = 0.467) , FFIRJE SOD 15 1 (Ps =
—0.036) ;. SOD T 1k 38 3k JH- Ay P 32 %65 4683 728 J32 1Y) 5% i)
WAL, T3 Ab3EEM & & (x,) . POD WM (x,)
FeNa K -ATPEEHEME (xg ) XHRZHE N T e 46 725 B BA
W5, b POD 5 PE X8 AR BE B 5% e K
(P,=-0.637), H: K J& Na"K*-ATP fif§ {if ¥4 (P, =
0.391) , FF-U & Bl & B (P, =-0.192) , A 4b, B
T iE o POD T PR X A8 AR BE Y 5 e A S W
(P,,=-0.479) .

Table 2 Path analysis of browning indices in the endotesta of walnuts treated by different drying methods

EELN
TR i ECIa
%y x4 xs g pa %
CK 2 0.745* 0.177 -0.361
% -0.191 -0.689" 0.003
X 0.662 0.005 -0.406"
Tl %3 0.197° -0.867 -0.169
X -0.161 1.063* 0.047
% -0.089 0.134 0.375°
T2 xs -0.036" 0.331 0.345
% 0.015 -0.822° 0.093
%o -0.027 0.176 0.467
T3 %3 -0.192° -0.479 -0.204
% -0.145 -0.637° -0.112
% 0.100 0.182 0.391°
CFOR GRS BB R R (P, HARBAR M EAR R (Py) o CKT1 T2 T3 WL 1, w0y ~x9 WAR 1,

RTR) T 12 A B P A% Ak PR o e e AR P R
UNZE 3 TR, WA ) Ak B4 DR 25 X4 28 B A b R
o g xHE R/ NHEF 25 R W . #E CK 1, PPO T 1
JE R I HAB AR 1) 5 — N & (d, = 0.555), PPO Al
Na* K" -ATP B 1 138 BAE S 52 i HAs A8 (1 55 —
HE (d, ,=-0.478) , POD T 1 J& 5% i FA8 2% 1 5

=IHNZE (d,=0.475) ;76 T1 LB | CAT 15 P50
HABAS B —N K (dy=1.129) , HoAth P 235 48 25 iy
SN 76 T2 T3 Ab B, POD i 1 2 5% i H A
AR E BN R HAL P Z XA i, 54h,
CK H1P, =0.152, FBIRZm CK HAZ Bk P Fh i 4 A8
B ZFR T PPO &1k . POD 1% PE Na"K*-ATP il
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Y S BT Z S HARE RIS B AF e HoAfl P 3R T
T2 T3 kb B p BIAR /N F B AR 046 22 1 [ 3R
EEANFIE,

F3 AETRAELEHZEAFHEBETHRERE
Table 3 Determination coefficients of walnut endotesta browning

treated by different drying methods

, e Tk

RERH CK T1 T2 T3
dy 0.039 0.037
dy 0.555
ds 0.001
dy 1.129
d; 0.475 0.676 0.406
dy 0.165 0.141 0.218 0.153
ds ¢ -0.342
37 0.184
dy g -0.067 0.078
dy 0.264
dyy -0.478
ds 5 -0.024
ds. -0.025
d6,7
dg.o 0.100
dqs -0.004 0.153 0.142
>d 0.977 1.000 0.999 1.000
P, 0.152 0 0.032 0

CK.T1.T2.T3 W& 1, P, . F4EZREL,

3 WheSEe

A= SR RS 2R R A B A &S
AIWA CY L RS @A, 8 55 R 5E R Ak
Ko ARBEFTH, Bl BT E] A0 ZE K | 4% A BEAZ A Y
B Y T OINRAR A (ER IR AR B AN [, Hovp
H AR T (CK) A B e AR fh e P FUIMR 3R o, |
23 AR T (T3 AR ) FIECZS T4 (T2 Ab3) iAo~
RN | BRI s Rk P Tl e 48 28 3 )
S5 R FENEGE R, A AR T (CK) MR AR B
0 T A TR LS AR TR (T3 b3 )
FLAS T (T2 A3 ) BBk P9 B 48 745 B W I T
Fofb T RS R R AN R TR A 38 A%
BEAEN it B v R b Bz 4 A0 A8 B AN (] 3l AR 53 AT 45

SR AR T 5 1k 2 el A B I R 2
M) R ot R 4 A8 ) T2 B PR 22, 1 TR M A AR AR

VR A 0 A L R A SR A 7, T S5 A
iR B 2 R IR B A P 3 T e AT 400 e R i AR 1, =
SRR AN S S A0S L S i, B, MDA
O FIREDG H 5 8] DAAE A PPN AR ) 40 B RS i 2ot 4
fERERE R EE bR | IR it S P AR 4 o 2
MEESHCS . AW FE A Bl A R A SE
FALFR MDA F 52 A X L 5 540 2 Tk 3
FCA B30 d P b TR B fok, 30 dfE BT
WA/, BB AL R 1 SR AE I 8K 14 30 d PN 4 i
g5 3R A EE, X 0] B T X — B B AR R
AR L, S AN, IR 30 d .60 d, T3 ZbFEAY MDA
AR B S AR CK AL, R s TR AR
T A5 R VA 00 00 B P 405, 3k T B R
75 TR s T AR, HAS TR T i 0 TR T R ALK
Je S v T T AR B ) 5, A2 BR80T BB AE 2%
TREBREL

SRR ERRZ , Hi PPO 5]
(2 I AR A R B A AR A F B R
AN TN oA £ 5 B2 i, — 7 Ry 25 i
A SR BT AT P R ORI A% sz IR i
MIEACTERS R A T, 5 — i, B 284 Ik
SAE NS AR , 78 PPO (AL B E ALt
o] 8 AR A 7T 45 R 3R B, A I R Y A
30 d, 5 A BRAZHE PN RN R S i R R
PPO TEMELEI R T30 d 5 b TF#a3A, T BE A2 IRt
FIHT30 A H PPO AL 51 1 il 02 48 A2 38 ™
R T B2 o 1) 5 B TR R] ) S 4K
PPO &R T G N v RE &R T
Y S0 1] it 5 AR e 22 7 ) g B R T PPO
PR ARSI G R T, T3 AR
=T CK, 1M PPO 3G MEAE 30~ 60 d W E (KT
CK, W] EL 25 AR R T RE 2 R A2 AR b3t 2 v A vy
KV Z B & &, Wi AR IS PPO 2 5 Y EEIE 45
A T RE I R AE AR, AR T4 R BOR, #E CK
H, PPO M2 52 A% BE Y A R 4 AR 15— R R
TE T1.T2 T3 AbBEH PPO 15 A 2 5 M Ak 3 o Bz
WA —-HNER, X R REN, 5 CK ML,
HAf 105 20T LIZE PPO AL B AYHEAE

SOD .CAT } POD 2BV H LRI R G+
SrEEME AR A A TR R S UL R
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FUINER ™ WA RS INEMY =S, =g
P14 T A AN B B T S (R R R SR A2 7 X 4 o s g
P AR HIEET, 2 AL B SOD T PR
T, T RESE TR A AR R AR R A
YRR S W, £ A3 SOD T % T i
R, T RE A BE I AES ] A R 0 A AR
FFE SOD WG E TR Hirk CK I T1 Ab FEAETY
J#60 dJF SOD M T BRI, T2 T3 Zb 3 SOD i 1%
T RERCNE R 90 d T2 T3 Ab ¥ SOD % = T CK
FIT1 Ab P 2 HH EL2S T4 A B2 AR T TR AZ Ak
Toft Bz 10 3 Ak F5 0 0 1 SOD 1 AT 2808 1 RS 1Y)
FACVERT . 2 ARE B CAT W6 PETE I 96 b i v 3% 4
5 ETHESE EAE K 0~ 30 d b Th sk AP, 30 ~
60 d b FHEEER S, 60~90 d X HRE FT-, 7] fig &
TR A & A AR F = AT PR AR, 5 R P Ak
RGN N A4S CAT W& Ve ) B %
PEE AR R Bt T CAT 15 PR N A« BIAE , il
1 CAT WPk AR AR R G R 5
CAT &1 X HF IR T+ >, POD Tz fE4E THIM 4
2l HIGPERR , & — P& 21 3R 1 8 b8 S
REAS TG BRAN Mt A Al = A9 1,0, , FEM A K A E
P P b B EEAEH, IR, 7 H,0, /77 T
AL T A AL AL SR B AR AR A
B IR (] Y B G 45 Ab 3 POD T T SR 5
RS WA HTEE SRR POD TEME X AR B Y
S, e I FEAZARI g RE H POD 32 B E i
Bi H,O, M & =P b aE Ay, 1 e 21 48 2% 5 & 1 1R
M. WAL POD 1EMES5HBAL M R 5 Y
Y E S S

A& E IR IR , N I IR 1 A2 AE A A i ok
PP A A R ER A YRR E A (LOX) R — K
EMARKMEN, ) AT AL, S5EY)
(10 AT S B DA 5 S TR 1R 1) S B il , 3=
LI 175 SRR AR RUAS 0 RN i R S Ak i R 4
AR AL, AT S B i g iR Y B A AT
SERLFRI LOX T M5 RSB ARG S AR
GBI AEREA WG e rh, £ 3 LOX T
PEY R F TR S, HVEE A RT30 d b T R R,
30 dJi T R AR N, 3% BH I A A IR 2 0 SR AR
FAE 30 dJF AARVERIAR 55, AHOCHE /Tl SR
B CK.T1 4b3 T2 Ab AL BN R B2 4 A8 B 5 LOX
T 22 0 A B A A G, R I R A I i

H 1 LOX BIAS AR A R 2 5 A48 A8 1) 32 22

B et L 07 A 2 ) R S o 3 R SR S5 AR R
R EZAEA, ATP BN RE = ACHAIE T ATP &
TP OGS, 7 R S AR A R A e B AR T
PR N R 2t AN A 5 L, SR AR Y AT
FUMAR I M 25 TR, 4 Fp 0805 1 b B4 R Bk 48
AR BE Y 5 Na K -ATP il 1 7 1o 25 A0 5¢ , RN [F] T
P A B A AR ZE R e 4 A 34 5 g £
WAH K, B, AR R EW AR EXT
Na'K*-ATP g EAT — & B8 03 1 F , 4 20 it o it 4
ARAE G B8 B, Na*K*-ATP i 175 14 23 1 2 A1)
A BF 5% v, BE R ] A AE K 4% kb B Y
Na'K*-ATPREHEGME 256 A5 T FEry s il e e
P T H B B AR k 4AUAb 1 5 S0 M 245 4 A2 48, AL
R EMEE R, T2 ATP LfE B ATP 5
AT B T BT ) A A4 | S A b I BG i ™= A
(9 R A B ATP & i T 0 S BT
PET M, FEI O B, T2 T3 &b J Na*K*-ATP il
TEPEE TR B SOD (CAT ,POD 151t 15 T X IR
FEUH B A TR B A AR R T BE DB A BRI o
o A A SR AR 32 v Na " K -ATP R 5 P, 1
TEZAE A

AR g AR AT A R R AN R ik Ak
FRARZBE R i HAB AR 1) E BN E A, 7E CK H,
PPO {1k POD T 1 5 4%k P9 R e 48 48 8 38 A G,
JERZI PRl RS AR B £ &R, PPO AL S AR 1Y
FEWg, POD 154 H,0,fE7E It Re A 1k 2 1 4 1k,
PR , 3 W] RE VAR 2835 B AR W T A A Bk 76 I et
P R AR R R AR AR SR, T1 b
S CAT 1R g e AR 1) R R, Z B H
ABGRMPUAILRE T & RIR PR, CAT 2
BB , HA TS LW SoD EPiE R
G —IE PR, S e bR A B, RS
H,0, I & B CAT APX S5 ER H,0, , T8,
ATEPEER R R R BT, 28 BOX T 4R A A%
MEAEI i 7 P o e e 2 R AR AL e
(), Had S b e, T2 Zb3E v SoD W& POD
TG XA P i R 48 A8 ELAT 0 2552 T J2 52 el P9
P AR i BN 2, R B LA TR 1 AR R I
T ol R e 2 2 R A AR A A T B 1 1 (L3 4
TRAERRER T3 AbBE Bl 5 i POD 1 T XAZ Ak
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PR B 4 7 ELAT fb 255 T 2 ] P R A AR Y
BRI R, R L2 AR I TR 0 R e I B rh
Tt e 4B A8 S 3 S A 5 R 1 (R SR E . O
AN, BT A TR 5 3R b B R Bk A I G AR R
Na* K" -ATP BE P 3406 9 B Bz #8728 HL A i 2552
Ut B BB B = 2 T il A B AR I A P A AR 1Y
HEJHH

AL, BBECR G TR B | B A T A R A
PR A EE R R, AR AR B AT
B, Hofth 3 Fh T AR FLRETE AR, FL P SR
PR U ke B FEL /D (REFE N B T 1 ke
AR IRFER 1.2 kW - h) , B2 TR A2 AR R T
PRI IR B AN A A R TN AR AR
(E2 TR R T 1 kg BEIRFFER 1.5
kW « h) , EL23 A8 10 B T g s R O R
HLRE B o (REAE WA TH 1 ke BB IR IRFER 2.0
kW - h),

ZE LT, A SR Tk BRI HLRETHAE , (A%
MRAET it 2 s A8 =, AT R AR R LS T
PR RN LS AR R TRk FERE D (HAZARAE I it
ke AR B B T LA TR R B s AR IR TR
LS AR TR AR BB AERF Ak A B A i 1 2 1
it ¥ SOD (CAT POD “FHi 8 AL BHE M | W R R
il 7 PPO LOX T M B 78 B (B SR 5 HL 2
PRk ERARE, HFRREE TRILE., 565
J& TEAZARR 5 R S AR AR B s TR R LS
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