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Influence of Stage Moisture Reduction on the Hot Air Drying
Characteristics and Quality of Ginger Slices
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Abstract: Objective: To investigate the effect of adjusting the relative humidity of drying medium on the drying
characteristics and quality of ginger slices during hot air drying. Methods: To study the drying characteristics, color,
shrinkage, rehydration, effective diffusion coefficient of moisture, gingerol content and total flavonoid content under the
drying conditions of 60 °C, 3.0 m/s air velocity, constant humidity (RH of 15%, 25%, 35%, 45%) and phase humidity
reduction (RH45% was kept at 15% for 10, 20, 30 and 60 min, respectively). Results: Under the condition of constant
humidity, the drying time of ginger slices was prolonged with the increase of relative humidity; Under the condition of stage
humidity reduction, the drying time of ginger slices showed a tendency of decreasing and then increasing with the
prolongation of the holding time of high relative humidity, and the drying time was shortened by 0.5 h when the RH was
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kept at 45% for 20 min and then reduced to 15% after 30 min compared with that of the constant humidity (RH of 15%).

The drying process of ginger slices was divided into ascending and descending. The drying process of ginger slices was

divided into two phases of ascending and descending, and the moisture Deff varied in the range of 5.21x107'°~

6.66x107'° m%s. The rehydration of ginger slices was the best, and the color difference value and shrinkage were the

smallest when RH45% was kept at 20 min and then decreased to 15%, and the difference was significant compared with
that of constant humidity (P<0.05); After RH45% was kept for 30 min and then decreased to 15%, the content of gingerol

and total flavonoids in ginger slices was significantly higher than that of constant humidity. Considering the drying time,

color difference, shrinkage, rehydration, gingerol and total flavonoids content of ginger slices, it was concluded that the

highest comprehensive score of ginger slices was 0.76+0.08 when RH45% was kept at 15% for 30 min, which was the

optimal drying process. Conclusion: In the initial stage of hot air drying of ginger slices, keeping higher humidity of drying

medium and maintaining it for a suitable time can accelerate the drying rate, shorten the drying time, and have better

quality. The application of the phase humidity reduction and regulation strategy to the hot air drying process of ginger slices

provides important theoretical support and technical guidance for the ginger processing industry.

Key words: ginger slices; hot air drying; stage moisture reduction; ginger; rehydration ratio

e N R A A ) M AR ZE, h
ERAEkim R AEZ A 7 E S, 2023 Fp Ep A2
B EGRFENZ) 210 JTmEM A 2R HEA AR R, (kL
WAGER, 2 B AL 4, TR O LA ), He e
F1%) 222 R 35 ) 8 e VR R R AR 1 3 L AR T AR
eI MG . ZfIm, AR . b, 1os
S RIHIVERT, e 2 2200 E KR — B TE 85%
DAL, Lo b e e i, 2R ARE, &) 20005, 25 5 I
REAS T, NGy KINAAT o DRI e 9 A= 2 )l
fif, AT DA HARZLHA, i H TS i A 22 AR
5 I R i O S 7 | e e N4 v a3 S T I S A E S I R =77

H a4 22 B iy 0y X A SR | Sk +
JRUS] | B ARV TR TR LA TN Jy 2AE, XL
T DR A TR AR, AT AR SR — ol I FH de 3k 1) )
Ik ATFEEGSEN R IR A 22, iF98 & B
PR TR AE 55~65 °C Fefd, FEZRE R, TS
A 22 e AP RO R . B B A XA 22
PR T Bh F1 24T TS, 5T eI e R B /0N
TR B TR IAREE, TR BRI, b A 2
T RERE U A AR K 43S B R B ] A AR DG R Y
Dy RRASEARL SR Y R EE S 2 mm, TR IR
60 °C B, i AP RA = HUXCT R ERVE R 2, (H 3
A HRBECRAR, 1R BV AR UE, 55 S8kl mish
5, WK TR AR Y%, MIMIER T TRl . K
it 1] 22 G 25 3 WA ORI 0%, IF 5 | KA AR s
T, B = i o o

FEXTVEE (relative humidity, RH) F2&# X e
F— R EESRL, SFPRH TR S A E R
e, TR EE R X T R R R B A T L
2R VTS FaE s ROl AL
PP E A, RO R4y, HCRBAR Ayt i skt
SR B el Y i S B e = I =1 I 71 (3 O S B R
W2 B, FEXTHEE 45% f4£5F 20 min JFFER 15%
b, AR E IR, LU R s I i st R 46
ST 8.3%, E/KMW LB . BV P eV S
AT ad B v & B, RH 7E 20%~40% B, RH ALK,

TR, TR SRR 5 h SR INE, S5iE
SRR A AH LG, PEPES T RRETRI4E 5T T 3.4%, 7K55
R BR BB KT ESHRR A, I LR
b BRI, ST AR R T2 22 B iy THRAESC
WFFEARZ, O TR BT B A 22 R TR R
B A BT I 55 20, ASF G 30T B TE S VR R RIS
BRI AAF R A 22 RR e RS TR A 52, EEARTEAS
RIS R A2 IR An 3R . K L 2SR HEER
S R A, S R TR SRR L
AEE Y Sl £ 2 R o B 5 4 =y )| | I B | 7 e
FES S RN ARYE T
1 MRERE%E
1.1 MR5EE

riefEZE WK T MR B T b, Pk TeH LA
1453, T R E G T e A SRR R SRR L, W iR
TR F T 90.35%+0.64%; oK ZBE Kt [ AL
T A RN FEEARAER  PUBERAI A RS
Al T ARAER BRSSP RL A BR AN F; I
THIREN  Hrdrall, JEET b2 S bl

Srpirali, RKidias 1tk B /] o

AHRDO10-DX & F 75 i B #2946 =R HUx 1
PRiloh e s ) ARMARET RS ARA A,
UV765 AN G RM XA R A R
Fl; HZK-FA220 HFRF eI A R
IS SC-10 224 AR = AT R A BRA F
LK-600A HUJTREMIENL Vg i (A 15 25 A bR
INFE o
1.2 L7k
1.2.1 AZEH T
1.2.1.1 WIHAEE/KFERHME R A 220085,
R VIR 1~2 mm JERY#E A B S U= A,
Y5 VA F AR B A8 N, IE SRR IR B B . AR S
A 105 °C HL G AT RRAE s M6 T 3 h JFHGRFRER,
ZJ5 % 30 min FREE 1 WK, ML MK IREZEME<
0.05 g B2 1k TR U0, 45 2] A= 22 W AR & /KRR



- 234 - £ Tl B4

2026 4 4 A

90.35%+0.64%

1.2.1.2 AZRTE ARSI, R mIKL
1 cm JEHE A, AR 19 200 g A R — 2
SIEHTERLIR BP9, ARPRER 1 3 158, BT 108
FE PN HEAT TR, R R 58 B 04 TR B A, RS
10 min BRI IFIC AT E], 1 h J54FE 30 min #R
B, LY T IS ARCRAR T 8%, sl G MK FRE
FHZEAHEIT 0.5 g ME N TR . B2H 200 g, PiZH
ST, ARHIRIG ERE 2 = IR, g5 IRBUSME. TS
PRSI BT IR 2548, R AT

*1 KRGS
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Table 2 Water D for different drying processes
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1 InMR=—1.47x10+0.4021  0.9017 6.35%10" 20 minJ5 RN 15%, 5 A2 R THEHTS AE )
2 InMR=-1.36x10"*+03535  0.954 6.28x107" }14.97+0.58; MiAETE E TR 45% ISR, A2

InMR=-1.27x10"*+03070 5.72x1071° B, . r
> 0081 RS AES K 9.38+1.59, JEPA AT fiE e T
4 InMR=-0.97x10"*+0.0824  0.9912 5.49x107" - " . . o 5,

\J ‘\ By N A - N g
5 INMR=—1.05x10*+0.1160  0.9896 5.61x1071° FEXTRREPRAT 20 min JRRER 15% B, 2R3 i T
6 INMR=—137x10+0.2296  0.9697 6.66x10710 FRRAEEPE, TRRA A, AR T A 22 e n R e i
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Table 3  Color, rewaterbernation and contractility of ginger slices under different drying process conditions

THRILZ L a b AE ok (g/g) W42 (%)

1 49.05+2.46"™ 14.59+0.54° 44.80+0.48° 5.21+0.74¢ 2.38+0.10" 35.20+1.70°

2 48.03+3.96° 10.61:£1.47° 38.43+3.56° 6.94+0.77>¢ 2.24+0.09% 34.94+2.69°

3 46.0143.26° 12.2240.73° 41.51+1.19° 8.71£1.25% 2.11+0.02% 32.06+1.45%

4 49.8243.06" 10.80:£0.97° 39.24+2.12% 9.38+1.59" 2.00+0.12° 30.34+1.00%°

5 48.77+4.77™ 15.14+0.94° 48.14+3.37° 6.01£0.41 1.930.01° 30.52+1.70"*

6 49.27+0.80" 15.05:£0.73 48.51+0.33° 4.97+0.58° 2.58+0.09° 23.27+1.21¢

7 55.37+1.78" 5.22+0.48" 40.20+1.27% 6.34+0.08 2.54+0.03% 26.89+2.68%

8 58.75+3.19° 6.13+1.04¢ 41.76+2.04° 7.7140.18%¢ 2.39:0.10% 27.27+3.56™

TE: SR bR NG PR R R 2257 3 (P<0.05), R4l o
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Fig.3 Content of gingerols in ginger slices under different
drying process conditions
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Fig.4 Flavonoid content in ginger slices under different drying
process conditions
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