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Fig.1 Schematic diagram of equipment used for superheated
steam blanching and impingement drying
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Table 1 Design for the pretreatment experiments
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7£: NP: no pretreatment; HWB: hot water blanching; DH: drilled holes;
SSB: superheated steam blanching.
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Table 2 Total drying time of line pepper for different pre
treatment experiments

TN ] /R
kb3
60°C 65°C 70°C 75°C 80°C
NP 13 12 7 7 6
HWB 12 12 9 8 7
DH 9 9 6 6 6
SSB 12 11 7 7 7
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Fig.2 Curves of MR vs drying time for line pepper after
pre-drying treatments
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Fig.3 Curves of drying rate vs drying time for line pepper after
pre-drying treatments
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Table 3 InMR linear regression formulas and effective moisture
diffusion coefficients of line pepper under different pre-drying
treatments and drying temperatures

Ko A%
FUEL  EREC PERIARLA A g THAEH
eff
/10"'m%s™!
60 In MR=-7.420x107++0.3010  0.9772 1.328
65 In MR=-9.390x107#4+0.3015 0.9839 1.680
NP 70 In MR=-1.568x10"++0.2764 0.9857 2.805
75 In MR=-1.582x10"++0.2764 0.9740 2.830
80 In MR=-1.942x10"++0.3407  0.9439 3.474
60 In MR=-7.390x10°14+0.2575 0.9780 1.322
65 In MR=-7.790x107#+0.2119  0.9858 1.394
HWB 70 In MR=-1.325x10"++0.2037 0.9881 2.371
75 In MR=-1.531x10"++0.3499  0.9795 2.739
80 In MR=-1.769x10"*+0.3673  0.9748 3.165
60 In MR=-1.141x10"++0.2584 0.9866 2.041
65 In MR=-1.307x10"++0.2724 0.9856 2.338
DH 70 In MR=-1.927x107++0.2944  0.9790 3.448
75 In MR=-1.974x10++0.3311  0.9780 3.532
80 In MR=-2.093x107++0.2480  0.9880 3.745
60 In MR=-8.450x107++0.3018  0.9812 1.512
65 In MR=-9.630x1071+0.2696  0.9858 1.723
SSB 70 In MR=-1.560x10"++0.2907 0.9823 2.791
75 In MR=-1.695x10"++0.3277 0.9661 3.033
80 In MR=-1.794x10"+0.3648  0.9751 3.210

E: R MIRERR

2.5 AEIFACIE T R AT iR & F R 20

B4 SR T AR TRAR B 7 20 e B4 11
HSH a*PE. HEIWTLUE H, NP F HWB [ a*{E #RkH
S 1 FEE T T o 41 0 T 1A K )N, 70°C N IE Bl B K
4, 8O0°CH /MY, AR RERLE ST )E, TR
R E AR, A RNRD, MEER T 75CRY,
LB EIF AR E RAESE, ME)E 80OCHE, Bz
AFEE K. HWB [ o 2% 5T NP, #H] 90°C
PUKZE 3 min GEER BT O MER, %4585 Yong 25110
IR L1 —5. SSB 7EAKilh (60, 65°C) M REALE]—
SEMTEA/ER, il (70, 75, 80°C) I ANREAL F4 (4,
MIVEHT . DH 1 a (i A W 6 T s g by, A
F AR (T AR e MR B K . DH ) a*E B, R
(K] RE S DH I [ 5, BEAHLL = AR e MERR T 5
TR, 5 FERTKEG 2, BIEAH %
FhiAL Ly AT P, AR R, e S EL
MR RKEMK, POPHPRRNRET. X—4i1s
Ergiines A TarhanSf{IHF 57 4516 5.

K5 SR T AR AR BE 7 20 2R o445 i 11
FSH L. HEWTLLEH, NP B LEbEE
TF s SC BB N K, 75 C AR/ ME, RN AT fig
SR T S, BN, AEREIE A AR R,
fHRE S OBEARIE , LW/, 80°CINIEA Thm, W HER
PR kg T4 ) 1) 46 % . HWB A1 SSB ) L*{E #5553 5 T NP,

VR IR RES 2 B IR 1 s A e R0 Bl il A2 1)
fEMl. DH ) LHE 53w T3 3 4R, o H B
AN, R REAE DA TR I T B, A e A A A i
T M AR A D o

40
36 |
32 b
28

24 t

20
60 65 70 75 80

W/ °C
W TERXIE 5 mis, a* RN/

B4 TR T AR TIRE &F AL a*
Fig.4 Color parameter a* of line pepper after pre-drying

treatments
47 ¢
45 t
3| B = M NP

& HWB
A 8 DH
39 B SSB
37
60 65 70 75 80
A/ C

W THRAE 5 m/s, L*h s

A5 FERAEEMTRAMRTIRG CFAH L
Fig.5 Color parameter L* of line pepper after pre-drying
treatments

Zi LRIk, R LR P00AL HE R A 2 SR R ) P
SERCTE,  RERS B KRR D AL B R R, FEREIK
DHAE . 90°CHUKIZEL 3 min AEE B OHIVER, 110°C

TGV 2T 3 min BEEC 2 PR G E P sl A e 2R v% « B 1L
WARHIER .
3 4 it

T T I FUAL By O e BRI U o o TR
PRI LR AR AT T B 5
1) SR SLIA PR B AT LAAH J 2 BTN 1], A %%

e R AR (HRAE AR LR I, 90 CHUK R
T 3 min FRAE P ST 2% SEAS T4 N 18] o

2) SeBMAE TR SR o T A v B e T
BrBe, IRAAL TR TRIT B, A K T R A



280

ek TREZAAR

2012 4F

AT R,

3) FLIFTIAL B RERS IR LD R IR, I REIR D45

A% 90°CHUKZEL 3 min RERFIYEIIMEH, 110°Cid#
ZEVALE 3 min BEC B PRI PE BTN 2R TS« b7 1b 4 A
HIEH o

(1]

(2]

[3]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

(& £ x #
TR, frabE IR T IR A M. et PR R
PR AL, 2005,
ARGHE, AL, PR, E. LB ST LRNE 7R
R CAT. POD 5Pk AL LA ()], v BRI K 2 2
i, 2008, 13(4): 35—40.
Zhao Haiyan, Zhao Zunlian, Gong Zhenhui, et al. Changes in
nutritional quality and anti-oxidant enzyme activity in line
pepper  fruit[J]. Journal of China  Agricultural
University, 2008, 13(4): 35—40. (in Chinese with English
abstract)
Kaleemullah S, Kailappan R. Modeling of thin-layer drying
kinetics of red chillies[J]. Journal of Food Engineering, 2006,
76(10): 531 —537.
ik, B, oMLy, AE ST AU IR, W
BRUR JEXTRT]. HARZLEEET]), 2006, 4(3): 43—44.
Kaleemullah S, Kailappan R. Drying kinetics of red chillies in a
rotary dryer[J]. Biosystems Engineering, 2005, 92(1): 15—23.
Arora S, Bharti S, Sehgal V K. Convective drying kinetics of
red chillies[J]. Drying Technology, 2006, 24(2): 189—193.
SREE, oK E, ElE, S BRI T2
WRIG[I]. RAEAU =, 2007, 38(12): 223—224.
Zhang Jianjun, Ma Yongchang, Wang Haixia,
Experimental research of optimizing process on hot-air
drying properties of capsicum[J]. Transactions of the
CSAM, 2007, 38(12): 223—224. (in Chinese with English
abstract)
Hossain M A, Woods J L, Bala B K. Optimisation of solar
tunnel drier for drying of chilli without color loss[J].
Renewable Energy, 2005, 30: 729—742.
Hossain M A, Bala B K. Drying of hot chilli using solar
tunnel drier[J]. Solar Energy, 2007, 81(1): 85—92.
DRBH MR, FREE P AREI P oK BH BE T4k B ) Sk ve vt
[7]. Do KZEZEM: EARABIZERR, 2009, 26(1): 85—88.
Ouyang Sijie, Chen Jianping. Structure design of agricultural
byproduct solar drying equipment[J]. Journal of Guizhou
University: NaturalSciences, 2009, 26(1): 85 — 88. (in
Chinese with English abstract)
Weerachai K, Surachate C, Somchai W. Experimental study on

et al.

drying of chilli in a combined microwave-vacuum-rotary drum
dryer[J]. Drying Technology, 2002, 20(10): 2067—2079.

Soysal Y, Ayhan Z, Exsturk O, et al. Intermittent microwave
—convective drying of red pepper: drying kinetics, physical
(colour and texture) and sensory quality[J]. Biosystems
Engineering, 2009, 103(5): 455—463.

R L OB R R R RIE T[], A K AR
i, 2009, 31(4): 280—283.

Jin Changfu. Study on drying speed of red pepper[J]. Journal

of Agricultural Science Yanbian University, 2009, 31(4): 280—283.

[14]

[15]

[16]

[17]

[18]

[19]

[22]

[23]

[24]

(in Chinese with English abstract)

WWkRS, TIRLL. TR PR BT[] EE
B, 2008, 3(12): 86—90.

Yang Yongjuan, Ding Zhuhong. Study on color model from
capsicum of microwave drying[J]. Food Science and
Techonlogy, 2008, 33(12): 86—90. (in Chinese with English
abstract)

Ramesh M N, Wolf W, Tevini D, et al. Infuence of
processing parameters on the drying of spice paprika[J].
Journal of Food Engineering, 2001, 49: 63 —72.

Yong C K, Islam Md R, Mujumdar A S. Mechanical means of
enhancing drying rates: effect on drying kinetics and
quality[J]. Drying Technology, 2006, 24(3): 397—404.

Gupta P, Ahmed J, Shivhare U S, et al. Drying characteristics of
red chilli[J]. Drying Technology, 2002, 20(10): 1975—1987.
Ade-Omowaye BIO, Rastogi N K, Angersbach A, et al.
Combined effects of pulsed electric field pre-treatment and
partial osmotic dehydration on air drying behaviour of red bell
pepper[J]. Journal of Food Engineering, 2003, 60: 89—98.

R PRLL. AL A BRI R TR LS ZHORR ST
[D]. dbxt: HEARI K, 2000.

Gao Zhenjiang. Experimental Research on Mechanism and
Parameters of Air-Impingement Jet Drying of Particulate
Materials[D]. Beijing: China Agricultural University, 2000.
(in Chinese with English abstract)

Xiao Hongwei, Gao Zhenjiang, Lin Hai, et al. Air mpingement
drying characteristics and quality of carrot cubes[J]. Journal of
Food Process Engineering, 2010, 33(5): 899—918.

Bsctk, R, LM, A AUARSHR TR
2 BT ATT]. Aol TRRER, 2009, 25(4): 237—242.
Yang Wenxia, Gao Zhenjiang, Tan Hongmei, et al. Drying
Monukka grapes with air-impingement jet technique and quality
analysis[J]. Transactions of the CSAE, 2009, 25(4): 237 —242.
(in Chinese with English abstract)

I, WL, B, & BSOS R TR
AT ZMAN]. AR TRE4R, 2010, 26(11): 368 —373.
Lou Zheng, Xiao Hongwei, Wang Xiaotuo, et al. Air
impingement drying characteristics and processing of
chestnut[J]. Transactions of the CSAE, 2010, 26(11): 368 —
373. (in Chinese with English abstract)

ML, sk, AsRss, & & TSR TR
FEHEATTL[I]. Aok TRE244R, 2010, 26(7): 318—323.
Xiao Hongwei, Zhang Shixiang, Bai Junwen, et al. Air
impingement  drying  characteristics of  apricot[J].
Transactions of the CSAE, 2010, 26(7): 318 —323. (in
Chinese with English abstract)
Effect of
potassium metabisulphide and alkaline ethyl oleate on the
drying kinetics of apricots[J]. Biosystems Engineering, 2004,
89(3): 281 —287.

Vega A, Fito P, Andres A, et al. Mathematical modeling
of hot-air drying kinetic of red bell pepper(var.Lamuyo)[J].
Journal of Food Engineering, 2007, 79(4): 1460— 1466.
Erglines G, Tarhan B. Color retention of red peppers by
chemical pretreatments during greenhouse and open sun
drying[J]. Journal of Food Engineering, 2006, 76(3): 446—
452.

Doymaz I. pre-treatments using



ERE g PR TRAR BN SRR TS L o TR AT EPE K S 281

Effects of pretreatment on air impingement drying characteristics and
product color for line pepper

Zhang Qian'?, Xiao Hongwei', Yang Xuhai?, Bai Junwen®, Lou Zheng®, Gao Zhenjiang**
(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. College of Mechanical and Electric Engineering, Shihezi University, Shihezi 832000, China)

Abstract: The purpose of this paper was to investigate the effects of different pre-treatments on air impingement drying
characteristics and product color of line pepper. The experimental results demonstrated that pre-treatments had important
effects on drying characteristics and color. It was found that the drilling hole pre-treatment could significantly decrease
the drying time, improve drying rate and reduce red pigment loss as well as browning. Color protection was achieved by
blanching line peppers at 90°C for 3 min in hot water. It was discovered that hot water blanching pre-treatment could
extend drying time. Application of 110°C superheated steam blanching for 3 min could prevent browning. For all
pre-drying treatments, the total drying occurred in the deceleration period.

Key words: agricultural products, drying, color, line pepper, air impingement drying, pre-drying treatments



