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Abstract: Phenolic substances are important bioactive components in strawberries, which are unstable and easy to degrade. In order to
explore the changing trend of the phenolic substances in dried strawberries during storage, the degradation kinetics of these compounds in the
dried strawberries stored in different packages at 4, 20and 37 °C were examined. The results showed that the phenolic substances in dried
strawberry were unstable to heat and light. With the increase of storage temperature, the degradation rate increased and the half-life decreased. At
the same storage temperature, the degradation rate of the strawberries in vacuum light-proof packaging was the lowest, followed by those with
vacuum light-transmitting packaging, non-vacuum light-proof packaging and non-vacuum light-transmitting packaging. The degradation of
phenolic substances in the dried strawberries packaged with the four packagings all conformed to the first-order kinetic model, with their
reaction activation energies as 22.45, 17.75, 18.91 and 17.42 kJ/mol, respectively. The correlation coefficients between the validated values of
the strawberries in the four packaging materials obtained from the prediction model and the measured values, R were higher than 0.99,
indicating the effectiveness of the model. The model can be used to predict the contents of phenolic substances stored at any temperature and the
shelf life of dried strawberries. At the same time, the values of the thermodynamic parameters for the phenolic substances in the dried
strawberries were calculated and analyzed, which provide a basis for explaining the degradation mechanism of phenolics.
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Fig.1 The effect of storage temperature on the total phenol content under vacuum protection (a), vacuum transmission (b), non-vacuum

protection (¢) and non-vacuum transmission (d) packaging conditions
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Table 1 Degradation rate and reaction order of the four

packaging methods at different storage temperatures
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Table 2 The half-life of the four packaging methods stored at
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Fig.2 Vacuum protection (a), vacuum transmission (b), non-vacuum protection (c), non-vacuum transmission (d) degradation kinetics of

total phenols of dried strawberry under storage conditions of 4 °C, 25 °C and 37 °C
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Table 3 Kinetic parameters based on Arrhenius equation

BEF X 42X Ea/R LnA Ea A

Ak Y=-2700.48854x+4.0779 2700.49 4.08 22.45 50.01

ARiER Y=-2181.08124x+2.5969 2181.08 2.60 17.75 13.42
A TEH, Y=-2274.93525x+3.7090 2274.94 3.71 18.91 40.81
FATFEH Y=-2094.83322x+3.3797 -2094.83 3.38 17.42 29.36

* 4 TRIBENFEN TESHPBYBIERRANFEEH

Table 4 Thermodynamic parameters of total phenol degradation in dried strawberries under different temperature storage conditions

BEF X BE,C AH/(kcal/mol) K G/(kcal/mol) S/(kcal/mol)
4 20.15 6.84 80.46 -213.68
A 25 19.97 13.09 84.95 213.94
37 19.87 19.29 87.37 213.63
4 1545 9.94 79.60 -217.46
AER 25 15.28 10.71 85.45 21738
37 15.18 2272 86.95 21742
4 16.61 21.36 77.84 -220.93
FATEA 25 16.43 24.44 83.50 224.60
37 1633 49.88 84.92 221.24
4 15.11 29.55 77.09 223.63
FAZER 25 14.94 31.55 82.76 22742
37 14.84 64.72 84.25 -223.80
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Table 5 Validation test of kinetic model of total phenol degradation in dried strawberry during storage

AZEA AEER

A TEKE FAZER

BESC gnlbemmE MR
1% 1%

TR TR
1% 1%

TR FURAAR A
1% 1%

TR FUREAR A
1% 1%

4 4738 35.60 61.56 53.46 86 81.13 9333 89.95
25 53.64 58.28 65.88 73.79 91.76 94.88 95.67 98.80
37 6341 71.09 7137 83.09 92.54 98.16 96.47 99.41
4 2 TSRS BRI, SRR G A BTy

B R Uy AE 4. 25 F 37 °C N %

202

=

O FRE BRI & B R . Y
SRR BRI ek P (T TR, e ke



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

My S RN RS, AR EIECRR M EIYR
BRI, W TGRS ISR E
FE GO . I HATEN 500, DURp e 2R

FLAE

F R IR ) S BT 6 R R, K

BTSSR A SRR I T2, A e e
FE IR R AR BB AR S BOR S -

P

(1]

[6]

RSN EERE R 5r B AA . ARSI S5 R B F T
[D]. B 5 RO K S:,2012

LIU Wenxu. Study on the separation, purification, biological
activity and structure of strawberry phenolic compounds [D].
Nanjing: Nanjing Agricultural University, 2012

AR, KA A, AR, SR AN R B A R 5 B
SEULRE WL (1] AR 7 #412,2018,8(2):35-41

CAO Guishou, ZHANG Qianru, YIN Rong, et al. Study on
the phenolic compound content and antioxidant capacity of
different strawberry varieties [J]. Acta Agricultural Science,
2018, 8(2): 35-41

Bocharova O, Bocharova M. The dual role of phenolic
compounds in oxidative changes in fruit products [J].
International Food Research Journal, 2017, 24(3): 1261-1269
W SR h 2 B M T SR IR R R T 7
(D] RIS A 5 ALK A2,2007

YANG Chunmei. Study on the factors affecting the
antioxidant activity of polyphenols in walnut kernels [D].
Huhehot: Inner Mongolia Agricultural University, 2007
XFFZ VR, mE AL, S AR S TR R et
TS S A A B B AR A [ 0] 2 TR, 2012,33(15):1-5,20
LIU Chunzhi, XU Honggao, GAO Yanxiang, et al. Packaging
technology and engineering. Changes in physical quality of
different packaging orange juice during
Packaging Engineering, 2012, 33(15): 1-5, 20
ST KR R AR, 85 N 2% AR 0 754 SR 77 B3 Y
SN [T 6 22 4 0 AR 244,201 7,8(12):4669-4674
YANG Wenbo, LIU Hui, LIU Jiechao, et al. The effect of

storage [J].

processing conditions on the nutritional components of
candied green plums [J]. Journal of Food Safety and Quality
Inspection, 2017, 8(12): 4669-4674

Gonalves E M, Abreu M, Pinheiro J, et al. Quality changes of
carrots under different frozen storage conditions: a kinetic
study [J]. Journal of Food Processing and Preservation, 2020,
44(12): 14953

Bozkurt H, Gogiis F, Eren S. Nonenzymic browning

reactions in boiled grape juice and its models during storage

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. Food Chemistry, 1999, 64(1): 89-93

Wang H, Ni Y, Hu X, et al. Kinetics of amino acid loss in
carrot juice concentrate during storage [J]. LWT - Food
Science and Technology, 2007, 40(5): 785-792

IR B B B, AR A58 S VR SR ) I s A o ot B AR Ak
NIIPERBII) Al T FE444H,2017,33(6):301-308

LIU Chunju, QIAN Min, SONG lJiangfeng, et al. Kinetic
model of quality change during storage of quick-frozen lotus
root slices [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2017, 33(6): 301-308

R JRUER, K 2, VG A5 RBP4 22
NI HTI] B REE,2011,10:266-271

LIU Fengxia, ZHANG Yan, WANG Houyin, et al
Non-enzymatic browning kinetic analysis of thermally
crushed tomato pulp during storage [J]. Food Science, 2011,
10: 266-271

R A8 S JLRAR T R T OB R 4% ] HORBIE 7
[D] At 5T H EAR YK ,2003

QI Jinghua. Study on the formation mechanism and control
technology of secondary turbidity of apple juice concentrate
[D]. Beijing: China Agricultural University, 2003

Zcew A, Yxy A, Hpa C, et al. The shelf-life of chestnut rose
beverage packaged in PEN/PET bottles under long term
storage: a comparison to packaging in ordinary PET bottles
[J]. Food Chemistry, 2022, 370: 131044

PRI, 5 55— o R R A KL n 77 ik b [LCN
103976121A[P]

SUN Yonggang, WEI Yong. A kind of strawberry fruit and its
processing method: China, CN 103976121A [P]

B B BRIV R FKB,2015,23:56-57
HUANG Wenjie. The production of dried strawberry and
dried strawberry [J]. Nongjia Consultant, 2015, 23: 56-57

TR W XS E AL, TR BRI L L A AL ). e 5
AL, 2013,31(5):15-18

ZHANG Youfeng, DENG Jichong, ZHANG Hua. Research
on optimization of processing technology of dried strawberry
[J]. Packaging and Food Machinery, 2013, 31(5): 15-18

Kalt W. Effects of production and processing factors on major
fruit and vegetable antioxidants [J]. Journal of Food Science,
2010, 70(1): R11-R19

Martynenko A, Chen Y. Degradation kinetics of total
anthocyanins and formation of polymeric color in blueberry
hydrothermodynamic (HTD) processing [J]. Journal of Food
Engineering, 2016, 171: 44-51

Zhang W, Luo Z, Wang A, et al. Kinetic models applied to

203



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

[20]

[21]

[22]

[23]

[24]

quality change and shelf life prediction of kiwiftuits [J]. LWT
- Food Science and Technology, 2021, 138(21): 110610

2 R HVERE, R AE R AL O PR SN ) 2 B RasE
PE[I] A S RE,2018,39(5):1-7

LI Enhui, JIAO Xinyao, WANG Chenge, et al. Degradation
kinetics and stability of blueberry anthocyanins [J]. Food
Science, 2018, 39(5): 1-7

S TR, AR, SR K R I R A R AR A 2
SN DR AR T[] 2 S RE,2021,42(3):251-257

CAO Yifei, YAN Shoulei, LI Jie, et al. Research on the main
influencing factors of non-enzymatic browning of boiled
lotus root during storage [J]. Food Science, 2021, 42(3):
251-257

TN AN e ox 2L AR A B S A D] 15 22
PiAbRA#,2012

HUANG Wei. The effect of processing and storage on the

phenolic substances in red jujube juice concentrate [D]. Xi’an:

Northwest University, 2012

FERIG.pH 50 B3 R 2 By A e MR R [J]. AR AR L
F144,2014,19:297-299.4

YUAN Xinyi. The effect of pH and light on the stability of
apple polyphenols [J]. Modem Agricultural Science and
Technology, 2014, 19: 297-299, 4

W, BH Y AN RGBT Tk AR BRI A KM 5T
S E AR AR & 5 g, 2020,33(5):73-75

CHEN Yi, QU Lijie. Variation of the total phenol content of

[25]

[26]

[27]

[28]

[29]

"Zhangzagu" millet under different storage conditions [J].
Grain and Oils, 2020, 33(5): 73-75

Kalt W, CF Forney, Martin A, et al. Antioxidant capacity,
vitamin C, phenolics, and anthocyanins after fresh storage of
small fruits [J]. Journal of Agricultural & Food Chemistry,
1999, 47(11): 4638-4644

K TCTC, TR, BIAE N, 5 AR I U4E A R C RIREAR
NI1EEFFF[I) B B i RHE,2020,36(1):120-126

ZHANG Yuanyuan, ZHANG Yingtong, HU Huali, et al.
Study on the degradation kinetics of vitamin C in strawberry
juice during storage [J]. Modem Food Science and
Technology, 2020, 36(1): 120-126

AhNa Kim, HyunJin Kim, Jiyeon Chun, et al, Degradation
kinetics of phenolic content and antioxidant activity of hardy
kiwifruit (Actinidia arguta) puree at different storage
temperatures [J]. Modem Food Science and Technology,
2020, 36(1): 120-126

R R YE AR S K S B J TR A
HrF 72 7). A FE i, 2019,38(6):160-164

LI Min, XIONG Wei. Analysis of Chinese cabbage quality
kinetic equations under different storage temperatures [J].
China Brewing, 2019, 38(6): 160-164

Berlinet C, Brat P, Brillouet J, et al. Ascorbic acid, aroma
compounds and browning of orange juices related to PET
packaging materials and pH [J]. Journal of the Science of

Food and Agriculture, 2006, 86(13): 2206-2212

(3% 308 71D

[28]

[29]

[30]

[31]

204

XIAO Zuobing, LUO Jing, NIU Yunwei, et al. Olfactory
impact of esters on rose essential oil floral alcohol aroma
expression in model solution [J]. Food Research International
(Ottawa, Ont.), 2019, 116: 211-222

Yu A, Tan Z, Wang F. Mechanism of formation of sulphur
aroma compounds from l-ascorbic acid and I-cysteine during
the Maillard reaction [J]. Food Chemistry, 2012, 132(3):
1316-1323

Li X, Liu S. Effect of pH, xylose content and heating
temperature on colour and flavour compound formation of
enzymatically hydrolysed pork trimmings [J]. LWT, 2021,
150: 112017

FA BRIR RS AEE W R MR BT SPME-GC
/MS FeSU B R[] & i k,2020,41(7):162-165
WANG Liping, ZHANG Le, LIN Chen, et al. Investigation
of volatile components in peanut oil by SPME-GC-MS and

[32]

[33]

its fingerprinting analysis [J]. The Food Industry, 2020, 41(7):
162-165

TPk AR E 17,55 25T #1555 HS-GC-IMS A1 HS-
SPME-GC-MS X 5 i AR KA KR 23 73T ).
rF E1E,2020,45(9):102-111

YUAN Taojing, ZHAO Xiaoyin, PANG Yiyang, et al.
Detection of volatile flavor compounds in five edible
vegetable oils HS-GC-IMS  and
HS-SPME-GC-MS [J]. China Oils and Fats, 2020, 45(9):
102-111

ISR FF AT HS-SPME-GC-MS Z3 M40 %1
O MY 1A E AR ARL,2020,59(3):137-140
WANG Wentong, JIANG Hanmei, XUAN Feiyang. Analysis

by electronic nose,

of volatile components in nelumbinis stamen and nelumbinis
plumula by HS-SPME-GC-MS [J]. Hubei Agricultural
Sciences, 2020, 59(3): 137-140



