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Effects of microwave power on moisture migration and quality

of persimmon slices during microwave intermittent drying
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Abstract : Objective: The effects of microwave intermittent drying
on water dynamics and microstructure of persimmon slices were
studied. Methods: Different microwave power (280, 350, 420,
490 and 560 W) were selected to dry the persimmon slices inter-

mittently. The moisture dynamics and migration of persimmon
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slices during drying were monitored, and the color, texture and
microstructure of persimmon slices were analyzed. Results: There
were three obvious water peaks corresponding to bound water
(T>21), immobilized water Ts;) and free water (T»3) in fresh
persimmon. With the increase of drying time, the transverse re-
laxation time of immobilized water and free water decreased sig-
nificantly. The values of L *, a* and b* decreased significantly
with the increase of microwave power. The AE, hardness, elas-
ticity and chewiness increased with the increase of microwave
power. With the increase of microwave power, the shrinkage and
collapse of persimmon slices become more and more obvious.
Conclusion: Lower microwave power can get better quality dried
persimmon products.

Keywords: persimmon; microwave intermittent drying; low field
nuclear magnetic resonance technology; scanning electron micro-

scope
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Figure 2 Transverse relaxation curves of dried persimmon slices with different microwave power
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Table 1 Effect of microwave power on the color of

persimmon slices

e 2h
/W

a’ b” AE

280 50.66+£0.24" 14.7440.13* 20.7440.07* 27.70+0.12¢

350 48.38+0.45" 14.5340.19* 18.9940.10" 30.40=+0.06¢

420 47.06+0.32° 13.5240.28" 15.8240.09¢ 33.047+0.09¢

490  46.18+0.23¢ 13.3140.16" 13.2740.13¢ 35.25+0.07"

560 45.37£0.32¢ 11.94£0.05¢ 9.3420.20¢ 38.24%0.10%

T FHNG FRONFEAC R 2 7 B3 (P<<0.05) .

F2 MEMENAMEREE R EBEAZN
Table 2 Effect of microwave power on hardness,

elasticity and chewiness of persimmon slices

PR /W /N Pk WL 4 /N
280 198.96+5.66° 0.54+0.09" 55.0240.60°¢
350 231.32+6.80° 0.57+0.09 56.1441.00¢
420 240.38+7.92° 0.58+0.03*  78.02+2.15"
490 310.39+£11.89*  0.6240.30%* 102.1942.72%
560 339.17423.78*  0.65+0.46* 105.91+4.35%

T RFFNG RN AR 25 7 W 2 (P <<0.05)

560 W B, K428 K 7 HE W Ry 25 3R AR R ey
BB 437K 43 AR S KO8 28 B #2 0r Hh 3R, %08 4 oK BEAE
HRiR R iR 2E % Bl 55 T A E R, Eﬁl%ﬁ‘ﬁ'
TSR AL /N, R AT B B K o Ao B, foff 2 2 AR
BB SR S .
3 i

38 A X L 3 B A AS TR R 2 R AR 89K 4 B
AR L TR IOWL 2 3R B By Rk S A AR
B R , FCi R] B B AR AR % b A AR B 1 2 2R
BETHE AR R KA AW R H B 5% B> RS
e T BB, SRR TR T R AR, A
FE B NELOE R B AR R A A AR, BESR A R R
BT AR 1 fR s 1 2 e A5 B S B AR A A R TR R, R
EE?F] fili A B B 48 1 5 BUR & ALK 53 03 A AR A

T SO S 1 X T Mg R A bR 3 A AR Ak AR A A

(a) 280 W (b) 350W

(c¢) 420W

(e) 560 W

(d) 490w

B3 FREMEKDFEHRNLEM RN E

Figure 3

SEM images of microstructure with different microwave power



&M | Vol.37, No.10

SSCSEAR S 5 R H Al SRR g A R RO BT e 1 A A
R LB 1 Bk — 2B TRAT ST

&%

[1] Fzts, BedRe, TR, 5. M7 THREOR RT3 R (1], & i
FHEE, 2020, 45(12): 53-58.

QIN Yan-ting, DUAN Zhen-hua, WEI Zhen-zhen, et al. Research
progress in drying technology of persimmon[J]. Food Science and
Technology, 2020, 45(12): 53-58.

[2] CHONG C H, FIGIEL A, LAW C L, et al. Combined drying of ap-
ple cubes by using of heat pump, vacuum-microwave, and intermit-
tent techniques[J]. Food and Bioprocess Technology, 2014, 7(4):
975-989.

[3] RS, Bedietle, 0, 5. O R b ek ) B 4 4k & H 5h
T F WS ]. £ & 5 PLIK, 2019, 35(3): 195-201.

PAN Yu-yan, DUAN Zhen-hua, LIU Yan, et al. Research on proper-
ties and kinetic model of intermittent microwave drying to pitaya
slices[J]. Food & Machinery, 2019, 35(3): 195-201.

[4] FE/INIR, 2R, 5K 1, 45 . B G A Rl 1B Bk T R T2 D). 1
i 5 LA, 2018, 34(4): 211-215.

TANG Xiao-xian, TANG Quan, ZHANG Qiao, et al. Research on
intermittent microwave drying of water chestnut starch[J]. Food &
Machinery, 2018, 34(4): 211-215.

[5] CHENG Sha-sha, LI Ran-ran, YANG Hui-min, et al. Water status
and distribution in shiitake mushroom and the effects of drying on
water dynamics assessed by LF-NMR and MRI[J]. Drying Technol-
ogy, 2020, 38(8): 1 001-1 010.

[6] FEVb YD, YRR, B3H, 45 LF-NMR Al MRI %f - Hil 454~ & K i

K 23RS K ity TR A B BIESE [J]. 20 A R 2 41, 2017, 36(10):
1 224-1 229.
CHENG Sha-sha, TANG Ying-qiang, ZHANG Tan, et al. Investiga-
tion on variation of water state and quality of dried shrimp durin-
grehydrated process by LF-NMR and MRI [J]. Journal of
Instrumental Analysis, 2017, 36(10): 1 224-1 229.

[7] CHENG Sha-sha, WANG Xiao-hui, YANG Hui-min, et al. Charac-
terization of moisture migration of beef during refrigeration storage
by low-field NMR and its relationship to beef quality[J]. Journal of
the Science of Food and Agriculture, 2020, 100(5): 1 940-1 948.

[8] k48 e, FA %), B R AE, 45 . 1% 1 0 S IR $ARBF5E 3 by 35 o 2

Xk PR B DR KPR ST AR A 0 S e (D], & Tk B, 2016, 37
(21): 66-69, 75.
ZHANG Jun-long, ZHOU Fen, SHAO Jun-hua, et al. LF-NMR a-
nalysis of the effect of starch content on water holding capacity and
texture properties of meat batters [J]. Science and Technology of
Food Industry, 2016, 37(21): 66-69, 75.

[91 P& & 58 IR A By A PR 2 WL — Bb Al R IR N 7
CN201811354433.1[P]. 2019-01-08.

Baoding Mao Yuan Fruit Limited Company. A deep processing
method of persimmon: CN201811354433.1[P]. 2019-01-08.

EnEE MR EMAMRAMKEBRTFERKSIBRRBRH N0

[10] JIANG Hao, ZHANG Min, MUJUMDAR A S. Microwave freeze-
drying Characteristics of banana crisps [J]. Drying Technology,
2010, 28(12): 1 377-1 384.

(1] EREz, XA &, 220k, S POXUAT R T 50 %0 g IR G 5T A 5%

WA [T]. Bl 5 AR A, 2018, 37(4): 429-436.
WANG Chen-zhi, DENG Zi-gao, LI Lin, et al. Changes in the
quality of dimocarpus longan during the hot-air drying and micro-
wave drying processes[J]. Journal of Food Science and Biotechnol-
ogy, 2018, 37(4): 429-436.

[12] KAMAL T, SONG Yu-kun, ZHANG Tan, et al. Effect of hot-air
oven dehydration process on water dynamics and microstructure of
apple (Fuji) cultivar slices assessed by LF-NMR and MRI[J]. Dr-
ying Technology, 2019, 37(15): 1 974-1 987.

[13] XIN Ying, ZHANG Min, BENU A. Effect of trehalose and ultra-
sound-assisted osmotic dehydration on the state of water and glass
transition temperature of broccoli ( Brassica oleracea L. var.
botrytis L.) [J]. Journal of Food Engineering, 2013, 119 (3):
640-647.

[14] B HE, X = %%, sk 5 4h, 5. 0 20 AN ST B2 X R A Bk T 94 0K
SrIER MSE I [J]. 2 i S5 HLBR, 2019, 35(8): 143-147.

ZENG Ya, LIU Yun-hong, ZHANG lJia-yi, et al. Effects of far-in-
frared radiation temperature on the moisture transfer of kiwifruit
slices[J]. Food & Machinery, 2019, 35(8): 143-147.

[15] QTIAO Y, GALVOSAS P, CALLAGHAN P T. Diffusion correlation
NMR spectroscopic study of anisotropic diffusion of water in plant
tissues[J]. Biophysical Journal, 2005, 89(4): 2 899-2 905.

[16] XU Fang-fang, JIN Xin, ZHANG Lu, et al. Investigation on water
status and distribution in broccoli and the effects of drying on
water status using NMR and MRI methods[J]. Food Research In-
ternational, 2017, 96: 191-197.

[17] #E)™, 280, R, 5. 5 TR BRI IR i & AF 8 7

B T K SRS (LR [D]. )7 AR U T K 2 2 4k, 2020, 40
(6): 123-129.
XUE Guang, LT Min, GUAN Zhi-qiang, et al. Moisture change of
Tilapia fillet in microwave vacuum drying process based on low-
field nuclear magnetic resonance[J]. Journal of Guangdong Ocean
University, 2020, 40(6): 123-129.

(18] sk ALYk, AW, 5 FE O, 5. SFEU) 5 1 7 0 24 7 i kT
BERFTEBIE ], £ 5 S P, 2017, 33C1D): 39-44.

ZHANG Li-hua, WU Li-feng, DANG Xin-kai, et al. Drying Char-
acteristics of intermittent microwave heated fresh-cut high
mountain yam slice[J]. Food & Machinery, 2017, 33(1): 39-44.

[19] Je i), Sk SCZE, MR, 5. FE T8I 4% 0l L Ik B AR iy s 2
Ji i ol K 23 B A R AR AR D], B A S LA, 2019, 35(2):
21-26.

LONG Men, ZHANG Wen-hao, ZHENG Su-ling, et al. Study on
changes of gel moisture characteristic and texture properties of
duck eggs during salting period by low-field nuclear magnetic res-

onance[J]. Food & Machinery, 2019, 35(2): 21-26.
(F#% 78 1)



78

L2 5% SAFETY & INSPECTION

& Preference, 2018, 69: 57-65.

[14] ROODENBURG A J C, POPKIN B M, SEIDELL J C. Develop-
ment of international criteria for a front of package food labeling
system: The international choices programme[J]. European Journal
of Clinical Nutrition, 2011, 65(11): 1 190-1 200.

[15] VAN DER BEND D L M, JANSEN L, VAN DER VELDE G, et al.
The influence of a front-of-pack nutrition label on product refor-
mulation: A ten-year evaluation of the Dutch Choices programme[J].
Food Chemistry: X, 2020, 6: 100086.

[16] SMED S, EDENBRANDT A K, JANSEN L. The effects of volun-
tary front-of-pack nutrition labels on volume shares of products:
The case of the dutch choices[J]. Public Health Nutrition, 2019, 22
(15): 1-12.

[17] VYTH E L, STEENHUIS I H M, MALLANT S F, et al. A front-
of-pack nutrition logo: A quantitative and qualitative process eval-
uation in the Netherlands[J]. Journal of Health Communication,
2009, 14(7): 631-645.

[18] ¥ 1. JLEK X fh Keyhole b5 % R ¢ M8 5 18 7R (7] A&7 b
i 5% 4, 2020(3): 88-91.

HUANG Ze-ying. Practice and enlightenment of the Nordic food
Keyhole symbol system[J]. Quality and Safety of Agro-products,
2020(3): 88-91.

[19] B PR P A 5 3BT 5 SAn & R Al 5% 0] &6
5 LB, 2020, 36(4): 1-7.

HUANG Ze-ying. Experience and reference of food traffic light

B 2108 | 2021 £ 10 A | RAESYIM

signpost labeling system in United Kingdom [J]. Food &
Machinery, 2020, 36(4): 1-7.

[20] Colruyt Group. The Nutri-score[EB/OL]. (2020-01-05) [2020-12-
28 ]. https:/nutriscore. colruytgroup. com/colruytgroup/en/about-
Nutri-score.

[21] Governo Italiano Ministero Dello Sviluppo Economico. Made in
italy: Notificato alla commissione ue il sistema di etichettatura
‘ NutrInform Battery” [EB/OL]. (2020-01-27)[2021-01-24]. https: /
www.mise.gov.it/index.php/it/per-i-media/notizie/2040704-made-in-
italy-notificato-alla-commissione-ue-il-sistema-di-etichettatura-nu-
trinform-battery.

[22] American Heart Association. Heart-check mark[EB/OL]. (2020-12-
10)[2021-01-11]. https: //www.heartcheckmark.org.

[23] Health Check™ Program. Canada’s health check[EB/OL]. (2014~
01-07)[2021-01-10]. http://www.healthcheck.org/page/what-health-
check/.

[24] Smart Choices Program. Smart choices[EB/OL]. (2014-01-10)
[2021-01-10]. http://www.smartchoicesprogram.com/.

[25] Nestle Cereals. Thenestlé whole grain guarantee[EB/OL].(2010-05-
10)[2021-01-21]. https://www.nestle-cereals.ae/whole-grain.

[26] EHERE, B, BERE S0, 5. T4 A A IE 108 3R bR 4 41 2R R
FR D] B IR, 2020, 42(4): 318-324.

WANG Ying-yao, ZHAO Jia, LIANG Pei-wen, et al. Classification
and characteristics of the nutrition labels on front of the packed

foods[J]. Acta Nutrimenta Sinica, 2020, 42(4): 318-324.

[20] 25 4, Bedie e, X4, 5. B RIAR 7 1% G 36 4k £ R BIF 5 98 ok

L2 R B2 G T 0 2 b K A i AR AR LA 0], B AR
2019, 40(5): 116-123.
LI Ding-jin, DUAN Zhen-hua, LIU Yan, et al. Variation in water
content during vacuum microwave drying of flavored yam chips
process analyzed by low-field nuclear magnetic resonance imaging[J].
Food Science, 2019, 40(5): 116-123.

[21] %0, XE:F5 . A Al R BOR S M. 7P ) PG W
WA R, 1995: 17,

JIANG Han-jun, LIU Gui-xiu. High yield cultivation techniques
and processing of persimmon[M]. Guangxi: Guangxi Normal Uni-
versity Press, 1995: 17.

[22] CELEN S. Effect of microwave drying on the drying
characteristics, color, microstructure, and thermal properties of tra-
bzon persimmon(J]. Foods, 2019, 8(2): 1-19.

[23] M AR S A TR EOR M. bRt R HOR
Ji AL, 2015: 30-60.

LI Shu-jun. Microwave combined drying technology for
agricultural products[M]. Beijing: China Science and Technology

Press, 2015: 30-60.

[24] ZEIK 2L, S, KA TS, 45 WPk 4 B AX TPA I 2 ff £ Bk

2 B PEAR [T, T AL R AL B)2#, 2016, 20(3): 95-100.
LI Yong-hong, CHANG Rui-feng, ZHANG Li-sha, et al. The opti-
mization of texture determination of fresh peach by using texture
analyzer[J]. Journal of Hebei Agricultural Sciences, 2016, 20(3):
95-100.

[25] %53, Z5TF A=, BUAE. 20 2L 41 B A RUTJ8 0 Bk T f0 7 T #

K B P R [0, 0 Tl R, 2020, 41(2D): 58-66.
CAI Jie, LI Bian-sheng, RUAN Zheng. Effect of far-infrared assis-
ted hot air drying on the drying characteristics and quality of saury
fillets[J]. Science and Technology of Food Industry, 2020, 41(21):
58-66.

[26] ThHl, BXIA L, ROCHE, SF. A R vk B R 4 Ab B SR 5 B B
B BRI 18] S5 R 4 i ) 2 W [7]. PR &F 50 T, 2018, 18CD: 1-7.
MA Chao, ZHAO Zhi-bing, WU Wen-neng, et al. Effects of differ-
ent concentration of ozone on textural properties of kiwifruit
during shelf life[J]. Storage and Process, 2018, 18(1): 1-7.

[27] BB Ak B T 28 O ik i W e SR G R I A6 T2 B 5T (D)
BRI FRALgOL K2, 2009: 3-5.

JIA Shu-hua. Study on blue honeysuckle (Lonicera edulisturc)
chips based on the microwave vacuum puffing method[D]. Hei-

longjiang: Northeast Agricultural University, 2009: 3-5.



