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Optimization of low temperature storage and preservation technology of

fresh walnut by response surface method
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Technology Ressarch Center, Wudu 746000, Gansu, China)

Abstract: [ Objective] In order to prevent the loss of nutrients and prolong the shelf life of fresh wal-
nut during storage, the best preservation conditions of low temperature storage for fresh walnut were op-
timized. [Methods] In this experiment, the fresh fruits of Qingxiang were selected as the test materias.
Under the conditions of cold storage [temperature: (-1+0.5) 'C, relative humidity: 70%-80%], the wal-
nut kernel moisture content, seed coat color difference, peel color conversion index, peel browning in-
dex, fruit cracking rate and decay rate were evaluated, and the comprehensive indexes were calculated
according to Hassan method. Then, single factor experiments were conducted on the number of 1-meth-
yleyclopropene (1-MCP) preservative bags, the thickness of polyethylene (PE) bags, and the number of
holes on the bags. 1-MCP was directly put into the PE bag. The response surface design was used to op-
timize the best preservation process parameters with the comprehensive scores as the response value. Fi-
nally, according to the best preservation process parameters, the fresh walnut fruits of Qingxiang were
kept fresh for 90 days, and the comprehensive quality evaluation and sensory quality level were dater-
mined according to the consulting survey results of consumers (18-45 years old). The changes of fresh
walnut flavor during the preservation period were analyzed by principal component analysis. [Results]
The best technology of low-temperature storage for 5 kg fresh walnut fruits was 1 bag (0.625 g) of
1-MCP , 40 um PE and 1 holes on the bag (hole diameter 5 mm:; fresh keeping bag 400 mm x 600 mm.
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The theoretical comprehensive score was 94.48. From the perspectives of sensory and flavor evaluation,
the sensory quality level and comprehensive quality evaluation of fresh walnut stored at low tempera-
ture for 90 days under the best technology were less than grade 2, the color difference of seed coat
could not be distinguished by naked eyes, and the flavor basically did not change, which indicated that
the best technology of this experiment had a good preservation effect on fresh walnut. [Conclusion]
The results showed that the best low-temperature storage technology for 5 kg the Qingxiang fresh wal-
nut is 1 bag of 1-MCP, 40 um PE and 1 hole on the bag. The results of this study would provide a basis

for low temperature storage of fresh walnut.
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Table 1 Factors and levels of response surface experiment
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Table 2 Definition of each sensory quality classification of walnut kernels

124 Character

‘£ Classification

18 Grade 1 28} Grade 2 34 Grade 3 4 £ Grade 4 58 Grade 5

s kAN E IG5 I £ s L

Seed coat color Light bright yellow Drark yellow Dark brown Brown Black brown

Pl Hlz 43 B I DEERFNCE T A by A VLR, 7] 3¢ IH 3

Seed coat separation Can be easily stripped Can be stripped in small JChEFE B Difficult to Sameaslevel 3 Same as level 3
in large piecas pieces, have residue strip, & lot of residue

B aE A g=fey g Hi LT

Color of walnut kernel White Yellow white Yellow Yellowish brown  Black brown
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Table 3 Design and test results of response surface test

Fig. 3 Single factor analysis of the relationship between the number of holes and preservation effect

F3 WEEERIEHSREER

1-MCP S5 745 Kt PE 4L he

THLEC

)

;;;;’ Mumber of1-MCP  PE bag Mumber Gomprehensive
" preservativebags  thicknessum  of holes score
1 0 30 1 87.10
2 0 50 1 £9.02
§ 1 30 0 79.05
4+ 1 30 2 78.10
5 2 40 2 72.03
6 2 40 0 81.02
[ 40 2 66.10
& 4 40 1 87.04
8 1 40 1 92.05
10 2 50 1 77.10
11 2 30 1 87.03
1z 1 50 0 87.05
B 40 1 89.07
14 1 40 1 93.05
15 1 40 1 88.06
B 1 50 2 64.03
17 0 40 0 82.03

M3 A B p B/ T 0.01, T % 8 U 4 L3,
LA pE KT 0.05, A 538, HLMRL Y [0 H 77 2 1)
L& RE A =0978 7. K IE Y E R Ay = 0951 4.
W A CV =59, UL L&, Z R A
R < SR R 25 D, B 85 2 IF Hh Sz B 1-MCP {2 68 77 4%
O PESSEE LB S BRI B R e s
PRI B2 40 26 5, AT DL A B IR R e R e 2
BEAT A di A0 T .

1-MCP i i 7 4 % (PE 45 B P 4T fL ¥ 2 B
1 FE A B 4% bR 1 I8 e ] O B 1 25 B2 ol £ 3D o) ¥ ]
40 ] 4~ P 6 BT o, ) i PR A VR A S % i [
B RTTE R it = 48 47 () ih i B G St e ER R
PR BB () A TP A L 3L dh 2R BE  WZ R &
SO R I AR B TR R 4 B VR A0 S R R, M
4~PE 6 7T LAFE HH , PE 43 J5L FE St e 2 o (U L 0] O
S T A B e I L 3T LB w22, 1-MCP i fi



1808 L4 L]

EE #Ha8tG

GEV
Comprehensive score

1.00 <500 1.0
0.50 o'a'cr i 1) —
fpreséﬁ‘va:jVe ?E\h'-dﬁ'

E4 1-MCP R8240 5 PE REEZ 8
A H{ER =400 R E
Fig. 4 3D response surface graph of interaction between
the number of bags of 1-MCP preservative
and the thickness of PE bag

e

g
53
o2
£
(=]
[
1.00"- iy
e 0.50
N 000 % ﬂl1tmn 050 %
Mbep .+ ofy ?’,—}'{.r% -1.00 yTALAL s
§ ho
Numper ©

El5 1-MCP {REF| EH ST E =
T EER=4t0EmEE
Fig. 5 3D response surface graph of interaction between
the number of bags of 1-MCP preservative
and the number of holes

—

4

Cornprehensive sCOre

[+
[ ]

e o
SR
e —

g

EEELLE

—1nu--;ﬁ' = o

9 00

0.00" P -
050~ ——Fs 000 050

P‘{:w 1 1.00 1,00 FraL

C\‘& Numwniholes

E6 PEREBESHTFLAZEIZER=ZHumEE
Fig. 6 3D response surface graph of interaction between
the thickness of PE bag and the number of holes

FIEZ R A o o iR B A B 5 R, T A 5 T
AR ENE TR A k(5 kg) IR REAR A T2
R T2 1-MCP friif7m 1 48 PE 421 0 40 pm T
FLE 4 BB ER ST v 94.48.
23 REHRITMH

EREREE T2 %0, SRR 15 d,
BB S 0 an B 2 O 1 4, fn SR BT 1.2
20 ; [l 5 (I i I 5 S B 1) 1] 4 L R B IR TR
5] i LR S A LTS (R AR R
frfiF 45~90 d P , BF 1% BR A BB 1 & 0 2 1) o BT &5
g T 2o, HETARE(p<0.05 (&7~
BE 8) , [F] Bhf 7 8 /> O ok 8 o 8 0 kR 0 2 R

a0 - a o a 4
i = =2 B2 =5
a
& 16 |
= b
= L2 r ¢
=]
=08 -
= o4t
0.0

15 30 15 G0 7h 1]
{2 EE0 ] Preservation tm ed

B 7 SHEHEE R Al
Fig. 7 The sensory quality grade analysis of fresh walnut

20 r

o

a
A
16 |
12

0.8 |

o BLAE S AT A )
Comprehensive guality evaluation level

0.4 |

0.0

15 30 45 fil) 7 i)
(BR8] P reservation ti e
8 HEHEERRESITEM
Fig.8 the comprehensive evaluation of
sensory quality of fresh walnut

K PRIBR X 43 B AR C P 90 5 B b by i B 4 it
P 2 1 0o e R e O I 8 SR e
B bk DR A 5 A A 2 B S R S Ll 5 5E
A AL R R A I I I P B B 1
RN a ™. B Bbk R AT BLE i
Bk it BT A A R T R U A EOBE , 7
RAE T R i 7 o B RO AR b Y 3

8 kS



E104

PEZETT S W« o | o RS2 1 i 10 A B A B R I R B 12 1809

15 30 45
-G£ (1] Preservation time/d

B9 BMAERMIZTHEGEEZT®
Fig.9 Change of seed coat color difference under optimal preservation technology

Hr 4 B AP 10, 58— e ) 5Tk 0y 64.4% . 55—
F AR TR 3 25.4% SR U1 A2 89.8% . e
FOMREd FEE S . HE0 A, S S R
B T2 T B R AR LB R 5 /2 45~
90 d, KUBRFE A TC AL , e A A S0 B T 2T &
AR IR R R e T2 R,

e
t s
. 150
g
% = wid
i ih= , P :|g‘.:|
b e @ i
E rry H
T o
s o
-4
11} 5 0 ] []
PCAZ=25.4%

B 10 SHEHHREE D2 P REE LS
Fig. 10 Analysis of flavor changes of fresh walnut
during preservation

3 #w W

BB EOR S R R A R R IR F I
SRR T ZHKS. EHAERDITH LI, £
SR 2% 1R b, 2 1-MCP {3 5 7] 4% $0 i 180 in e
S Bk IR W R OR B ER S Ay % LTHE R
HIXRET-MCPREFFIR S QIR Z WS &
P e 1 L o G 98 BELWY AR IE 06 & b oy TG
P HE-MCP REF A R AMEEMN, &
1-MCP {3 71] 48 B0 i 2] — 52 HUR T L (R EEAR A 34
SIS A A, AR SRR AN B
B B A, A REFROR B R . BEWFFIES A
5 EbSFEFR I FEAE R — 8. = PE SRR B AN,

80 75 a0

0 G R ER PR LR S VR 2%k B THE TR
%, R B A PE S5 5 1 [R) 6L 1 5 4 T RE SRR BH AL
LR C<<1 nm), AT LL{E RS 43 (0, . CO) i i )
I L AH A AR K a7 E i i , H PE AR IR
FHAKHERE 2t 7=, MPESER R4, B
49 ] Bt A 2 ™, 25 B IR Btk 4 PE 48 4 O,
K CO it ™, 3 B ok K, B b3 B2 B e 8
12 BB R A K R I 45 PE 48 9 0. 5 COili
i, S B 2 W AU B YRR, 2B S E R B
i A0 ok S0 A0 AL SR ™, B AL B FR i b, RIS
LW EE —ENT AR, R R
PE 484 0.3 £ CO. /b , irf % bl £ Wy U AL B 6 R 58
o, i 2 By S A AL A BRI , M 5|
Bbh s B BB oAb i R A R AR, R
19 3| [ 558, A ] F R Crbf A U A | 2 3
TE B 5% T TS R A R 5 KR R S
A2 bk e i W 7 2 A D S R WO K A s I, SR
SRR WA A 7E e B R R b, 7 A8 b Bl
F T LB I, B B RIR R R B R S iR &
S b ARG TRER XSPESERRR, HENT
T PE S8 7 S A i 43 Ll g9, 4 [X 51 02 PE 48 JELRE
J& FRON, FTFLE R TR, 8 RGBS &
{2 AL B {8, £2 Design-Expert V8.0.6 &
£ o Bl A4 A BT &= St R A/ pld A T
0.01. J 3 LIl p i s T 0.05. BERS £ g[8 19 5 1201
&R AF=0978 7. FIEhE £5 F. = 0951 4.
B R CV=59, i B AR & B 50 iR =
7 T RAR i B R R i £ 8 T 2 AT R by
Fepgie=, ARG i Bk (KR R e R tE L 2
9 1-MCP {3 8 71 1 4% . PE 45 J5 FF 40 pm . 7 FL %1
A FE 45 6 1F 4 o 94.48, FLfE 4 Bk 70 16 35 0 5
45~90 d P, B R B 1 B B0 S R L TR 4 ST

(C)1994-2021 China Academic Journal Electrome Publishing House, All rights reserved.  htpd//iwww.enkinet



1810 H et

1 #Ho8E

i Fa2e, B EFARE (p < 0.05), RBkiEAR
FoHA , [N £ B A~ (R 1L B rb B R Bl 1 €5 22
B X 7 PR R, 150 O A A AR D 9 O i T 20 e
Bk R 8 SR L £ L St T 1-MCP R 71 5 208 52
WE A I BRI RE, R 2
s BRI, L 1-MCP {6 71 28 5 L PE %8 L2 AT L%
i B, & By EULE (PPO) L JIE L& B (LOX) 7K P 5%
(RS, 4 R A 1 G SRRk OT R, GBS 1 IR
e A i ] .

4 & i

A S E B K AR B, USSR 1 AR
fi » 5 Fi] Box-Behnken Design M [u7 T 2 fiff 5 5 4% 1k
(5 k) {6 i W R 6 e 1 T2 5% 4 9 1 - MCP f-fief
#1148 (B %5 A PE %) \PE £5 5 B 40 pum 3T 4L 31
AR LE AT N 94.48, £ (R EE N BT (IR
9 90 d Py . F SR B B A B L R AR A R
T 28, AMRAEA T, RUE T2 06E i
S B B IR e, D 2 A e AT R AR AT AR
i L2280, HE g b R e R R L i &,
kA e i 0 AR B AT LR B H A .

23k References:

(1] #RF LR THE, S, B, B R

§ B o L 3 T ) M o e 2 A = B 2
)71, 2018,39(2):34-45,
BU Tianyu . HU Qufei, WANG Xiangyuan. BAl Ruxue, ZHAQ
Baowsi, ZHAI Meizhi. The studies on walnut principal compo-
nent analysis and superior variety sslection[J]. Journal of Inner
Mongolia Agricultural University (Natural Science Edition).
2018,39(2):34-45,

(2] Bedn ELEE, SRS B EE. TS B

A 1-MCP HelEnh 5 17 R vk o 0 ) % BT AL A AL
T[], 00 Wt 7, 2019, 37(2) . 73-81.
CHEN Bat. JIE Minhua, WU Xiachua. WANG Xuexi. JING
Xinxin. YU Jiang. HU Yunging, YANG Zhongjie. Effects of 1-
MCP concentration on quality and antioxidant activity of ‘Qin-
gxiang ' green walnut during cold storage[J]. Non-wood Forest
Research,2019,37(2) . 73-81,

(3]  FhREPTF EEMK ER 08180k 37 R T R

AAEAT ). T i, 2014, 21(3) : 21-24.
SUMN Yuan, ZHANG Pingping . WANG Zhiyong, WANG Na. Nu-
trients determination and quality evaluation of fresh and dry wal-
nuts[J]. Journal of Tianjin Agricultural University, 2014, 21(3):
21-24.

[4] ORHAN | E.SUNTAR |. AKKOL E K. /n vitro neuroprotective

[5]

(6]

I7]

(8]

(o]

(1]

[12]

effects of the leaf and fruit extracts of Juglans regia L. (walnut)
through enzymes linked to Alzheimer ' s disease and antioxidant
activity[J]. International Journal of Food Sciences and Nutrition,
2011.62(8):781-786.

EE L FRETSS R R ok TR TR R S R b i R
FHE A A R e A B U] HR ARl R
2019,54(8): 108-116.

ZHAN Jin. ZHONG Peifang, LI Yi., XIE Huimin, ZHANG Yu-
jie. ZHOU Pengfei. Effects of different irrigation amounts on
the diurnal fluctuation of chlorophyll fluorescence in walnut
seedling[J]. Journal of Gansu Agricultural University, 2019, 54
(6):108-118.

CAREY A N.FISHER D R.JOSEPH J A, SHUKITT-HALE B.
The ability of walnut extract and fatty acids to protect against
the deleterious effects of oxidative stress and inflammation in
hippocampal cells[J]. Nutritional Neuroscience. 2013, 16(1): 13-
20.

MORACUBILLOS X, TULIPANI 5. GARCIAALOY M, BUL-
LO M. TINAHONES F J, ANDRES-LACUEVA C. Plasma me-
tabelomic biomarkers of mixed nuts exposure inversely corre-
late with severity of metabolic syndrome[J]. Molecular MNutri-
tion and Food Research.2015,59(12): 2480-2480.

B HH L T RRE  RIER . AR R
I G SR A ], S 2018, 47(3) 4144,

LI Yongpeng. PAN Li. NING Delu. GENG Shuxiang. ZHANG
anli. Effect of different treatments on preservation of fresh wal-
nut fruit at room temperature[J]. Journal of West China Forestry
Science, 2018,47(3) : 41-44,

Lok AEIERE SRS R ARl | A (R R L e e
HEmn R U LA RanE 0], P bR f 441 . 2008(6) : 159-161,
WANG Wei, LI Pengxia. LIANG Lisong . WANG Guixi, WU Yu-
jie. Effects of storage temperature on fatty acid oxidation of Jug-
fans RegialJ]. Journal of Northwest Forestry University. 2008
(6):159-161.

TR O S et AN R S 4 i (S
T T R S B 4], R A% 5 1 T 2020, 20(1)-
41-47.

CHEN Bai, JIE Minhua, WANG Xuexi, WU Xiachua. ZHANG
Xin, JING Xinxin. Effects of different preservatives on storage
quality of Qingxiang green walnut fruit[J]. Storage and Process.
2020,20(1):41-47,

LR G L IR 23 MRS | IR A 1-MCP L3t
7 ke e RO R (R ), £ d S B RE 0Nk, 2014, 40(9):
198-203.

LI Jiangkue . LIU Chang. ZHANG Peng . LIU Ling . CHEN Shao-
hui. Effect of different concentrations of 1- MCP treatment on
quality and texture of green walnuts [J]. Food and Fermentation
Industries . 2014 ,40(9) : 198-203.

TECER IR, R SR R AR PE R
O bk S R R R TR S B Y T o e, 2013, 34
(18):295-300.



=10 PEZETT S W« o | o RS2 1 i 10 A B A B R I R B 12

1811

[13]

[14]

[15]

[16]

17

(18]

[19]

[20]

FENG Wenyu, JIANG Liuging . MA Huiling . MA Yanping . ZHU
Xu. Effect of modified atmosphere packaging with different
thicknesses of PE films on postharvest physiology and presarva-
tion of green walnut fruitlJ]. Food Science. 2013, 34(18) . 295-
300.

O B Ey AU 0 T R S . BARSA
1 Ak SR R ). Sk TIR R4, 2012, 28(2),
262-267.

MA Huiling . SONG Shuya . MA Yanping. LIU Fancong. LI Jia-
zheng . MA Changkun, Effects of modified atmosphere package
on preservation of green walnut fruit [J]. Transactions of the Chi-
nese Society of Agricultural Engineering. 2012, 28(2) : 262-267,
ARz e b RE T R R 9 O B e S T A R U B
e ] A SRR L 2018, 30(11): 37-42,

LIU Fengyun. XIE Jinzhi, Microwave- assisted enzyme meathad
extracted walnut leaf tannins based on the response surface
methodology[J]. Food Ressarch and Development, 2018, 39
{11):37-42.

R | el N TR R AT R RE 7 2] e S5 imis
2017.30(7):45-47.

KING Wenjun. Research on production process of Chinese
chestnut and walnut crisp by response surface method[J]. Cere-
als & Oils. 2017,30(7) : 45-47.

SRR B s o SR bR AL B AT
ST R ). b 5 40k, 2000,35(8) - 26-29,
WU Wei, CUl Guanghua, LU Bin. Optimization of multiple
evariables: Application of central composite design and overall
desirability[J]. Chinese Pharmaceutical Journal. 2000, 35(8): 26-
29.

SO PR AL, R B M B LR L AR RO Lt
{00 O v ). £ SF 2012, 33(16) : 297-301.
ZHANG Wentao. JIANG Linhui, CHEN Chen, X1AQ Hongmaei .
CQHU Liangyan. Effect of different modified atmosphere packag-
ing an storage quality of walnut kernels[J]. Food Science, 2012,
33(18):297-301.
T TR il TR T SO E B RTINS
O MR B B o R B ] HRAT £ R 2014,
30(3):168-178,

WANG Jin, MA Yanping, CHEN Jinhai, MA Huiling, FENG
Wenyu, WANG Dianru. Effect of modified atmosphere package
conditions on preservation of green walnut fruit and kernel traits
[J]. Modern Fooed Science and Technology . 2014, 30(3): 168-
176,

WAEa, Edh o SR A T W AR AT AT
SR A B TS TEMRL B X 23], £5 S HAE T . 2019,37(4) : 188-
193.

ZHANG Zhengwu WANG Bo. LIU Yun, GUO Lixin, ZHU Jian-
chao, REN Miao, CAOQ Yonghong. Identification of Longnan
pepper cultivars based on electronic nose technolegy[J]. Non-
wood Forest Research,2019,37(4):188-193.

HOSSEINPOUR M N. NAJAFPOUR G D. YOUNESI H,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

KHORRAMI M. VASEGHI Z. Lipase production in solid state
farmentation using aspergillus niger: response surface methodol-
ogy[]. International Journal of Engineering. 2012, 25(3): 151-
159.

O Fof AU A P TR R HEET L 8 (b B R
BLbSE U o U], B4, 2020.37(7 ) :1016-1024.
SHI Tianlei. L1 Xiaoying. ZUO Bo. XU Ping. ZHANG Libin,
SHEN Yanhong. Analysis of the main aroma substances in eight
walnut accessions[J]. Journal of Fruit Science. 2020, 37(7).
1016-1024.

MARTINEZ M L, MAESTRI D M. Oil chemical variation in
walnut (Jugfans regia L.) genotypes grown in Argentina[J]. Eu-
ropean Journal of Lipid Science and Technology . 2008, 110(12)
1183-1189.

T Hi . HS-SPME-GC-MS £5 & ROAV it iy 48 B B i F Uk
A 0BR[] R e S e . 2020, 33(B) - 63-66.

WANG Yong. Analysis of aroma componeant in commercial wal-
nut oil by H5-SPME-GC-MS combined ROAV method[J]. Care-
als & Qils, 2020.33(6): 63-66,

Wk ER B R Dl ST MEE R
ol R B A B TR RE ], GRS 0 T, 2017, 17(1) . 117-
121,

CAD Sen. WANG Rui. ZHAO Chengfei. MA Chao. JI Ning.,
XIE Guofang. Advances of ressarch on postharvest physiology
and preservation technology of green walnut[J]. Storage and Pro-
oess, 2017 17(1): 117-121.

BERNARDINO M A, CASTILLO-ISRAEL K A T.SERRANO
E P.GANDIA J, ABSULIO W L. Efficacy of 1-methylcyclopro-
pene (1-MCP) post- cutting treatment on the storage quality of
fresh- cut 'Queen’ pineapple (Ananas comosus (L.) Merr. cv.
‘Queen’) [J]. International Food Research Journal. 2016, 23
(2): 667-674.

Bnd i . 1-MOCP £ £ GIO, S 7 % B 1 7 2= JE - @ 2 L e g
[D1. PEBH - EE PRl K2, 2020,

CHEN Guanpeng. Effect of 1-MCP and CIO; sustained-release
agent on fresh- cutl broceoli stroagement[D]. Shenyang: Shen-
yang Agricultural University . 2020.

T HE R, T MRS, B S B ET . CIO A 1-MCP 4t He 2Bk
AR R RL]. PR R 2015, 15(3): 137-145.
WANG Jin, JIJANG Liuging. MA Huiling, ZHOU lJing. YANG
Zhe, Effect of ClO. and 1-MCP on preservation of green fruit
and peeled walnut in two-step storage(J]. Journal of Chinese In-
stitute of Food Science and Technology .2015, 15(3): 137-145.
TR ] BB, H U R a0, SR SPEEK/PE H &M
PR A TEMIE AR R W L] B it B 2020, 360100
1-8,

WANG Zhen, HE Jiapeng, ZHAN Kai. XIAQ Kaijun, XU
Rongxiong. ZHU Liang. Preparation of SPEEK/PE composite
membrane and application in lettuce preservation[J]. Modern
Food Science and Technology .2020,36¢100:1-8.

JHA A, KUMAR A, JAIN P. GAUTAM A K. RASANE P. Ef-

ATl rehts reserved.,  hupsdwww.enki.net



1812

® W

1 #Ho8E

[30]

[31]

[32)

[33]

[34]

11994-2021 Ch a Acadennic Jouma :"l.\il..., Publish

fect of modified atmosphere packaging on the shelf life of lal
pedalJ]. Journal of Food Science and Technology . 2013. 52(2):
1068-1074.

o R DO L TR . MA LR R aR
00 B T O A ()RR R[], AL T B L 2015(4) 1 123-
128,

LI Qing. LIU Dan. MA Yanping, KOU Liping. JIA Caixia. Ef-
fect of different modified atmosphere packages on shalf- life
quality and endogenous hormones content of fresh walnuts[J].
Northern Horticulture. 2015(4):123-128.

I AR TR 1-MOP &5 L AR E R A AL T A
Fo NG s A M ). 36 TR 2021, 42(9) - 56-63.

JI Ning. WANG Rui. CAO Sen. MA Lizhi. Effect of 1- MCP
combined with ozone treatment on postharvest storage quality
of crystal grape [J]. Packaging Engineering. 2021 .42(9) . 56-63,
R R B R L A DS AL TR AR
6] GO, 14 % () i [J]. 2k TR . 2009, 25(2): 290-293.

LI Fujun. ZHANG Xinhua . SUN Xisheng. LIU Lugiang. Effects
of different packaging thickness on carbon dioxide injury to
pears (Pyrus bretschneiderf Rehd. cv. Changba) during shelf life
[4]. Transactions of the Chinese Society of Agricultural Engi-
neering. 2009, 25(2) : 290-293.

TR | A e W R OE[D]. At L ko g
2005.

D1 Jianjun. Study on inhibiting of coating to walnut rancidity
[D]. Taigu: Shanxi Agricultural University . 2005.

T FMEEE W Y0 e R R S R R
L REL). e N 1, 2017(19) : 61-63.

LI Jig, SUN Yanxia, LUQ Jianxun, Research progress on storage
and quality evaluation of fresh walnut in Sichuan[J]. Farm Prod-

I_I__I;cjl

[35]

[36)

[38]

ucts Processing,2017(19):61-63,

Vel W 452 AR B ST e G B Y
SeHH TS PE A T L R ). B A 2 4240, 2020. 56
(B): 1231-1242.

LU Shengbo. CHEN Jing . ZHANG Wen ' e, PAN Xuejun. Effect
of shading on polyphencls. related enzyme activity and gene ex-
pression in gresn husk of Jugfans sigitfatalJ]. Plant Physiology
Journal , 2020, 56(6): 1231-1242.

b TR T L BB o B e T A e
A PREEIAD A ], P2 ¥, 2019, 33(12) : 32-38.

ZHANG Baigang, SHAQ Lin., YANG Gaoji. LU Qikun, SU
Fengxian. Formulation optimization of composite preservative
for soy sauce-marinated meat by response surface methodology
[J]. Meat Research,2019.33(12).32-38.

B2 AR RN b, JUAEI SR B PR I N
Ak o L ) A TD. B (R 4 2019, 40
(5):987-994.

JU Xueli, TAN Haisheng. YANG Jinsong. GUO Haiyang. SHI
Yike, WU Yurnxue, Optimization of fermentation technology for
yellow wine from acerola cherry and rice by response surface
methodology[J]. Chinese Journal of Tropical Crops. 2019, 40
{5):987-994.

S0 i e RH L LA AR R e SRR . 1-MCP AbE
S 00 R B ERE R SR S R TR B ). fr A
2014.35(10): 252-257.

GUQO Yuanyuan, LU Xiaoxiang. LI Jiangkuo, CHEN Shaohui.
ZHANG Peng, LI Bogiang. Effects of 1-MCP and film packag-
ing treatments on postharvest quality of green walnuts[J]. Food
Science. 2014.35(10) - 252-257.



