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Abstract: In order to explore the effects of short-and medium-wave infrared radiation drying on the drying characteristics,
energy consumption, nutritional quality and antioxidant activity of mulberry, fresh mulberry was dried by short- and
medium-wave infrared radiation drying at different drying temperatures (50, 60, 70 °C), and compared with hot air drying
under the same drying temperature (50, 60, 70 °C), the drying characteristics, energy consumption, contents of phenolic
monomers, total phenols, total flavonoids, vitamin C, total anthocyanin and antioxidant activity of mulberry under different
drying conditions were investigated, and the short- and medium-wave infrared drying mathematical model of mulberry fruit
was established. The results showed that the short- and medium-wave infrared radiation drying could significantly improve
the drying efficiency of mulberry (the drying efficiency increased by 55.7% at 50 °C, 46.1% at 60 °C, and 33.3% at 70 C),

and the Weibull distribution model could well simulate the drying process of short- and medium-wave infrared radiation
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drying at different drying temperatures. In addition, the energy consumption of mulberry dried by medium and short wave
infrared was lower. Twelve phenolic substances were detected in dried mulberry fruit, among which chlorogenic acid, rutin
and catechin were the main phenolic substances. Compared with the traditional hot air drying, the short-and medium-wave
infrared radiation drying had higher drying efficiency, higher contents of total phenols, total flavonoids, vitamin C and total
anthocyanins, the total phenol content was 463.1~568.8 mg/100 g. The total flavonoids content was 312.6~402.6 mg/100 g.
The contents of vitamin C was 30.1~37.8 mg/100 g. The total anthocyanin content was 153.6~195.6 mg/100 g. In addition,
compared with hot air drying, the antioxidant activity of mulberry fruit was significantly enhanced after short- and medium-
wave infrared radiation drying (DPPH free radical scavenging ability was improved by 32.8% to 42.6% compared with hot
air drying). Compared with hot air drying, iron ion reduction ability was improved by 21.1%~34.1%), short- and medium-
wave infrared radiation drying of mulberry fruit had higher drying efficiency, lower energy consumption and better quality
of dried products. Therefore, short- and medium-wave infrared radiation drying was an excellent drying way of mulberry

fruit, which could provide theoretical reference for the dried processing of mulberry fruit.
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Table 1 Experimental conditions of different drying methods
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I 50 2 1125 - -
AT Hh Il 60 2 1125 - -
m 70 2 1125 - -
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Table 2 Frequently-used mathematical models of thin-layer drying

=2 A2 R HerdakaX
1 Page MR=exp(—kt")
2 Lewis MR=exp(—kt)
3 Logarithmic MR=a exp(—kt)+c
4 Weibull distribution MR=exp[—(t/8)°]
5 Two-term model MR=a exp(—kt)+b exp(—k;t)
6 Henderson and Pabis MR=a exp(—kt)

Ve SO BRI, hi k. kg k., a. b, o, @l SREEL



- 42 - £ Tl B4

2021 4 6 H

*3 MUY

Table 3  Gradient elution procedure

T(min) A(%) B(%)

0.0~5.0 95 5
5.0~25.0 88 12
25.0~40.0 70 30
40.0~50.0 55 45
50.0~60.0 95 5
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Fig.1 Drying curve under different drying methods
and drying temperatures

S LT AT 2R B PO 8, ZR S Rl R
AN, B PR A T A SRR A b ) R KPR
2%, B TR ) A B 7K 53 5 S R 2NN B T
RS PE R ST F YRS Ak R B HANAE R
WK AR A I BB K B985 R 25 FHLLE 7K 434k
AP, 3 PECT I RR WA S . B TR
BT, AHEI R AR PR R SR R TR
PR I AR, FAHR IR P LT
St A= 2 R o e = A PS S A WA NG 5 e v
o, PR S R EL R R IE Y RN AN I FAJE] [l 2 4,
YA R A B S A I TR PN/, TR R
TS OB B YRR T 7K 4323, DRI P e e 2T
INIEAR TR SR e B B R TR
2.1.2 FEPEIELTANTERECAAR A N7 S B UE
AN[R My s BB R SR s S5

LA RIS 45 AN ER 4 TR, R R?. o2 Fil RMSE
RPFN T Z RIS, 255 = A8 A4S
F|: Weibull 43 fi SR 7E A TR IRE T 19 R? {H AR K,
¢ A1 RMSE B/, FUE RO 405, RIS 0 Hh e
VLT AT A TR AS AL Sl Weibull S3 AR5,

B =LA FIREE (50, 60, 70 °C) FRag L1411k
Z2 BT ERBE S5 T 5 Weibull S A AR Y (1005 54%
A TIGUE, A El 2 PR, SRR LT AT AR
MR FHE SIS (B RS X b, v E BT Hd o B
VELE y=x M, HiR2ZE8/N, Rt Weibull 37y
PO FITIMRSCSR s a3 FH AN [R) a3 AR e
PELT AN I
22 FETFREGTRENBRAYRSE

FHICFFE R W S P iy S ot & i T s ),



B E 12

F 4 THRBCARRINLE SR
Table 4 Fitting results of drying models

FERIF M R P (x107) RMSE
50 0.9901 0.06452 0.05147

1 60 0.9915 0.02145 0.01934
70 0.9912 0.03612 0.02169

50 0.9908 0.05135 0.01998

2 60 0.9915 0.03128 0.02361
70 0.9911 0.03612 0.02895

50 0.9921 0.02113 0.04598

3 60 0.9924 0.02516 0.03522
70 0.9927 0.02072 0.02784

50 0.9993 0.00353 0.00456

4 60 0.9997 0.01011 0.00218
70 0.9991 0.01037 0.00365

50 0.9975 0.04226 0.01918

5 60 0.9979 0.03479 0.02132
70 0.9982 0.05214 0.01985

50 0.9983 0.03673 0.05698

6 60 0.9991 0.02283 0.03258
70 0.9967 0.03568 0.02887
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Fig.2 Experimental values and predicted values of short- and
medium-wave infrared Weibull distribution model for mulberry
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Table 5 Contents of phenolics in mulberry fruit under different drying conditions (mg/100 g DW)

g IR 1 I 1 v \4 Vi
WP AR 11.5+0.2° 9.23+0.4¢ 8.1+0.2¢ 11.1£0.1° 11.3+0.4° 10.3+0.3° 13.7+0.3
JLAE# 42.940.6° 36.5+1.0° 33.740.4¢ 28.5+1.1" 31.940.5° 27.6+1.4 21.3+0.8¢
P LR 12.8+0.4° 10.4+0.3¢ 8.4+0.2° 9.4+0.2¢ 10.1£0.4° 11.2+0.7° 11.3£1.2°
SRR 46.8+1.1° 38.8+0.8° 32.3+0.8¢ 29.6+0.4° 32.4+1.2¢ 28.3+0.3 20.5+1.0¢

WETFIR 2.9+0.2° 3.5+0.2¢ 4.7+0.4° 8.5+0.3" 3.9+0.5¢ 5.6+0.4° 8.3+0.5°
JFILZER 13.8+0.3° 10.6+0.3¢ 10.4+0.3¢ 11.4+0.8¢ 12.1£1.1° 12.240.7° 15.3+1.1°
HFHIR 5.8+0.3" 4.8+0.2° 2.340.8° 4.6+0.2° 3.4+1.2¢ 4.3+0.5¢ 3.540.4¢
Hit iz % 10.2+1.6° 7.3+0.4° 6.2+0.3¢ 8.6+0.4° 8.4+0.5 6.4+0.5¢ 7.740.4°

FT 44.542.3° 41.240.9° 37.640.4¢ 32.2+1.4° 35.140.5° 28.5+1.4¢ 22.540.5"

THER 9.2+0.5 6.5+0.4¢ 6.0£0.2¢ 7.540.5% 8.5+0.9" 7.240.5¢ 7.740.4%
FILZKE 12.740.3 10.5+0.4° 8.5+0.3° 7.6£0.3¢ 10.5+0.4° 11.5+0.4° 11.8+0.4°
X R 4.940.2° 5.4+0.3¢ 6.6+0.3¢ 8.3+0.6° 6.540.6° 7.840.7° 10.240.5°

T TR PR AN =B 25 122 53 (P<0.05)
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Table 6 Nutrient composition and antioxidant activity of mulberry at different drying conditions
B Jsyi §58::1L ] 43R C SAEETE DPPH FRAP SARERE
(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mgTE/g DW) (mgAAE/g DW) (kW/h)
fitf L 682.1+18.7° 452.2+7.4° 45.1£1.2° 242.149.5% 7.4+0.3% 11.3+0.2° -
I 568.8+11.2¢ 402.6+8.8" 37.8+0.7° 195.6+5.7° 6.7+0.2° 9.5+0.2° 20.6+0.3¢
I 512.4+9.3¢ 359.34£5.7° 32.2+0.4¢ 172.544.8° 6.1£0.2° 8.7+0.1¢ 17.1+£0.2°
I 463.1£10.1° 312.6+7.2¢ 30.1+0.1° 153.6+5.2¢ 5.4+0.1° 8.2+0.2° 14.2+0.2°
v 503.4+8.3¢ 368.3+6.7° 31.2+£0.4¢ 179.543.8° 4.5+0.2¢ 7.5+0.2" 32.1+0.1*
AY 453.1+8.1° 322.6+7.2¢ 26.1£0.3" 151.6+4.2¢ 4.1+0.1¢ 6.5+0.2¢ 25.0+0.2°
Vi 401.2+7.5° 289.849.5¢ 21.8+0.3¢ 126.3+2.4° 3.1£0.2° 5.440.2" 18.9+0.1¢

T [FFE bA [N 5B AT 225125 57 (P<0.05)

LRy | S A R R (P<0.05), HUE i
LY 58.8%~83.4%, S B S i IR 64.1%~
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SR R SRR R B AR AR v, T RE A D R A LR
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TH AR, B AR RS AT e s 1, (B FEAH R+
YT B BEIRRE R TR E] 22 HE AR E K, B
ST 2y R s & T S A2, AR R R
I LTS MR AR AR b SR Ly A R T
e RS, XS Horszwald 4509 X PR A4 19
TS EE I3, T2 R PR Sk v e e 2T A g st TR 4
5, I o5 SRS Akt T s d, P BE SR s i, axX e
A5 R AE HE HR A B 20 2T A ) T R A
VBRI o

L g 3R C E—FhEsbiaE e, gk
RIS e I PO e o e 4 B S Ol S E 17 B2 RO PS TR 7
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TR, S L P Aa I LT AT AR AT S A 3
CEHRBETRE, P s T R L h YR
C &H R 16.2%~33.3%, P TR0 Hgi R R
C &HE FREE MR, AR TEET 30.8%~51.7%,
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