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Comprehensive Evaluation of the Effects of Different Drying Methods
on the Quality of Chinese Yam Chips Based on Gray Relational Analysis
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Abstract : In order to evaluate and compare the effects of four drying methods including vacuum freeze drying, explosion puffing

drying, vacuum drying and hot—air drying on physical properties, nutritional components, microstructure , sensory evaluation of

Chinese yam chips, this study used the coefficient of variation and gray correlation analysis to evaluate these four drying

methods. The results showed that there were significant differences in the physical properties and nutritional components of

Chinese yam chips dried by four different methods. Vacuum freeze drying and explosion puffing drying could produce chips with

good physical properties and more nutrients. Scanning electron microscopy showed that the structure of vacuum freeze - dried

product was well preserved.The sensory score of the explosion puffing dried product was the highest. Comprehensive evaluation

resulted : explosion puffing drying > vacuum freeze drying > vacuum drying > hot—air drying. Comprehensive consideration that

explosion puffing drying was the most suitable method for the processing of Chinese yam chips.
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B R T  BAS E-60 Pa, JiR&EE-40~-45 °C,
TFERFE] 14 h, TR ZEKS &8 8% LI AR iR K 22
WAL 1 8 L 25 /7 70 °C 25k T #AOXU T
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Table 1  Criteria for sensory evaluation of Chinese yam chips 5 R TR L2 P PR
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Table 2 Effects of different drying methods on the color of Chinese yam chips

EIEL 2] R TR AR 2 AL TR B TR XA H B A

L” 93.34 +0.11* 81.73 +0.73" 77.25 £1.04" 78.17 £3.05°¢ 85.54 £1.17

a” 0.33 £0.05° 121 £0.36" 1.46 +0.32" 2.12 £0.26" 0.49 £0.06

b* 6.17 £0.35° 12.08 £0.76* 9.51 +1.32" 15.31 £1.00* 7.27 £0.15

AE 7.89 +0.14" 8.56 +0.36" 8.82 £0.79* 11.28 +1.48° 0

TE [ — A7 AR A R B s 22 5 B35 (p < 0.05) , % 3 K 4 [,
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Fig.1  Effect of different drying methods

on the rehydration rate of Chinese yam chips at 25 °C
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Fig.2 Effect of different drying methods
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Fig3  Effect of different drying methods

on the hardness and brittleness of Chinese yam chips
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HASVEUR IR i UL T, 1 IR A, TG T
2y 5 A8 ek R 28 AL 7 B L IO, 11 IGE TR, A R
SR 5 A T R R RRXU T R 7t (0l T, 1 R
WarERZE . ansk 4 o, th 25 6 Fr i I8 PRI 45 2R
Fh e B HE P 2 AR IR 22 Al TR > Boas T >
BV UR TR > X8R
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Table 3 Effects of different drying methods on the nutritional components of Chinese yam chips

T4 HARHRT AR i e 22 Ak g HAE T P L

TER (27100 g) 51.80 +1.40° 47.20 +0.95" 4570 +1.23" 4720 +0.96"
Al EIEY (27100 g) 11.33 £0.58" 13.00 + 1.00° 10.67 +0.58" 11.67 £0.58"
K43 (g/100 g) 7.33 £0.57° 6.04 +1.53"™ 7.18 +0.82 6.74 £0.18"
HEHF(g/100 g) 8.31 £0.44" 7.49 +0.16" 6.90 +0.13° 7.38 +0.10"
B (2/100 g) 2.15 +0.09* 1.38 £0.15" 1.22 +0.05" 1.32 £0.07"
S (g/100 g) 0.51 £0.05° 0.44 £0.02° 0.35 £0.02" 0.44 +0.04°

Ve (mg/100 g) 3.94 £0.20° 3.94 +0.08" 2.60 +0.14" 292 +0.25"
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Table 4  Sensory evaluation of Chinese yam chips dried by different methods
iR Y EN B YR TR AR 2R AL TR HAE TR A M
EE VY 75.00 £2.00" 82.00 +1.00° 77.00 £0.00" 72.00 +1.00°
RS AWHEARACE T
Table 5 Weights of various indicators for comprehensive evaluation of Chinese yam chips
; - = . AT o E
WO AE RBUL BIE BE W R LOCE ko AR AR Mm Ve o
EpZ7 W
H 9.138 0480 0300 536.165 1460 47975  11.668 6.823 7520 1518 0435 3350 76.500
PRUEZE 1481 0296 0.098 260.077 0.285  2.646 0.981 0.501 0.586 0427 0.066 0.694 4.203
AR ZEE 0162 0.618 0328 0485 0.195 0.055 0.084 0.073 0.078 0281 0.151 0207  0.055
& 0.058 0.223 0.118 0.175 0.071  0.020 0.030 0.026  0.028 0.101 0.054 0.075 0.020
*6  HEI A4l
Table 6 Results of dimensionless method
: ; AT X BHE
T, (1) AE L W R i ) b YT v .
R wE OBE RE R — Koy AR EERE S <
T, (1) 1.000  1.000 1.000 1.000 1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000  1.000
T, (i) 1.000  1.000 1.000 0.213 0.626  1.000 0.872 1.214  1.000 1.000 1.000 1.000 0.939
T, (1) 1.085 0.797 1500 0.864 1.000 0911 1.000 1.000 0.901 0.642 0.863 1.000 1.000
T, (i) 1.118 0494 1.889 1.000 0953 0.882 0.821 1.189  0.830 0567 0.686 0.660 0.915
T, (i) 1.430 0.139 2278 0955 0.836 0911 0.898 1.116  0.888 0.614 0.863 0.741 0.878

K4 hZlfe iR BEa R ( x200)
Fig4 SEM of Chinese yam chips( x200)
T (A) HS W UR T, (B) AR R 22 AL T4,
(C) ELZE T4, (D) #XTHREY
MR AR S FRBOR 0 E A A, I3k 5 B .
RIE, IR A GBREERIE A (6) 17T H
Mk

T, (i) =§0§3 #£(6)

KH, T, ()RR X, B5F i WioEIE; X, (1)
AN X, PO W e X, (1) Ras X, IS 1 TR
HETH .

FRIEAX(T) TE LS5 X, 5T
B ) 4 F 2 125 -

A, (1) =I1T, (1)-Ty(i) | i (7)

LA, () FToRSHEHI] X, 6 i TiILEHNILIE
Sy X, 5 i Wt ERWIbE s 4a Xt 248 T, (1)
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For X, M 1 WG AIIE T, (1) TR X, BIES i T0
TG RARAE

mFE 7T Wi, B % )5 5 ) ) 4% 22
ELER B A, (i) max =3.695, A, (i) min = 0.000,
F N2 (8) THASCHE R4

A, (i) min + 3A, (i) max .

M (1) = ﬁn()i) +aA,,("i() g (8)

K, N, () o X, PAYES @ TOCHE R AL
A, (D)minfll A, (i) max 53 HFRR A, (D) 7E X, P HIER
MBI KAH 58 B8 43 38 R 50, #H MUIRUE 0.5,

2% 8 FNFR 9 FHA, L5 A QIR R B /INHEF &
ASIR IR 2Z AL T > Has B R TR > HaS T > 3
A
3 Zig

L ZGHE B/ A IR DR B, BRI T IR R T
A5 T D S, AR IR T AS R RURCE TP i PSR
W%y BE B B H 5 W A~ T ZEFE AR, AN SR BEAE H Bk A
BRI BRE AL b BLA 10 E IR A, W TE R 3R 5
FERR R . B AR B AN UL S R i N B BB, AT
HNRAL 23 3G 00 7 32 0 BE 3 A X LA ¥ R T
i AR R R 22 Ak TR B A R BT R T Y
o 22784k AFR EL SRS bR I R, BEKE B 09 B2 e 1L
25 fifs W 0 U AE B AR AR B, 45 R 2R B S v R
TR A B (AR SR B Ao

T A RO 35 ) B AR B e 5 U 1 e e T L
Zifife H R ek, ARTR R 2 AL T B A v R TR RO L
2 ife A AHOU 5 A A 35 B9 AH G 58 3K, L AS 5 R ER XL
g Ll 245 e A SO B A B R R, g 11 R
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®T SHFIE LB I 4E X 2E LA, (1) ]
Table7  Absolute value[ A, (i) ]between the reference sequence and the comparative sequence
- = e A . . BHE
AG) AR B BUEOBEE ME R T s BER mE A Ve o
[EIEY) A
A (1) 0.000 0.000 0.000 0.787 0.374 0.000 0.128 0.214  0.000 0.000 0.000 0.000 0.061
A, (i) 0.085 0.203 0500 0.136 0.000 0.089 0.000 0.000 0.099 0358 0.137 0.000 0.000
A, (1) 0.118 0.506 0.889 0.000 0.047 0.118 0.179 0.189 0.170 0433 0314 0340 0.085
A, (1) 0.430 0.861 1278 0.045 0.164 0.089 0.102 0.116 0.112 038 0.137 0259 0.122
K8 SHFFI S BT H B KT R
Table 8 Gray relational coefficient and grey correlation degree between reference sequence and comparative sequence
- o . A ' . BE
M) AR WRBUL mEE R ME SR D kg BAR AR BE Ve o d
[EIE ) WA
A (1) 1.000 1.000 1.000 0.334 0.832 1.000 0.935 0.896 1.000 1.000 1.000 1.000 0.968
A, (1) 0956 0901 0.787 0.743 1.000 0.954 1.000 1.000 0.949 0.838 0931 1.000 1.000
A; (1) 0940 0.785 0.675 1.000 0.975 0.940 0.912 0907 0916 0810 0.855 0.845 0.956
N (1) 0.811 0.681 0591 0.897 0918 0.954 0.948 0941 0943 0827 0931 0.877 0938
KO OMABSREREE (r,) HHH4S
Table 9 Results of weighted correlation(r,)
T (X)) HARUTHR(X,)  BIREEEATER(X,) HAETHR(X,) PR (X,)
IACHK B () 0.865 0.882 0.859 0.808
KIRSEHEY 2 1 3 4

JEE AR B AR B O W3 (p < 0.05) £ T HAth =
Ao, AL G 7™ s R G RE 0 2 5 i) 1R, O HL LA
VR TG T AR BRI (), 5 78 2 R B RE IR 5 A8 i
JE 25 I AL T 1R A B S TR) 35080, FEBRAN ; £ 2 07 T 2%
JELAS N S5 T U 2OXT L 245 a5 B 23 1l AN
[F) P S ), 7 ¥k s 2 8 A T g o T A i K L 245
Fr B s

S 3L Hk
[1]TERFRTEESERBELERTS . FEASE[M].
T AR R4 1993 ,103.
[2]Chen Y F,Zhu Q,Wu S.Preparation of oligosaccharides from
Chinese yam and their antioxidant activity [ J ].Food Chemistry,
2015,173:1107.
[3]Ju Y, Xue Y, Huang J, et al. Antioxidant Chinese yam
polysaccharides and its pro — proliferative effect on endometrial
cells [ J]
Macromolecules 2014 ,66(5) :81-85.
[4]Chen X, Lu J, Li X, et al. Effect of blanching and drying

temperatures on starch — related physicochemical properties,

epithelial . International Journal of Biological

bioactive components and antioxidant activities of yam flours[ J].
LWT-Food Science and Technology,2017,82:303-310.
[5]Kumar C,Karim M A, Joardder M U H.Intermittent drying of
food products: A critical review[ J].Journal of Food Engineering,
2014,121(1) :48-57.

[6 ]Karunasena H C P,Brown R J,Gu Y T,et al. Application of
meshfree methods to numerically simulate microscale deformations
of different plant food materials during drying[ J].Journal of Food
Engineering,2015,146 :209-226.

[7]Law C L,Chen H H H, Mujumdar A S.Food technologies :
Drying[ J ].Encyclopedia of Food Safety,2014 :156-167.

[8] B Ortiz - garcia— carrasco, E Yanez— mota, F M Pacheco —

aguirre, et al. Drying of shrinkable food products: Appraisal of
deformation behavior and moisture diffusivity estimation under
isotropic shrinkage[ J ] .Journal of Food Engineering,2015, 144,
138-147.

[9 ] Garcia—alvarado M A, Pacheco—aguirre F M, Ruiz—lopez I L

Analytical solution of simultaneous heat and mass transfer
equations during food drying[ J ] .Journal of Food Engineering,
2014,142(6) :39-45.

[10]Song X, Hu H, Zhang B.Drying characteristics of Chinese
Yam ( Dioscorea opposita Thunb.) by far— infrared radiation and
heat pump [ J] . Journal of the Saudi Society of Agricultural
Sciences,2016.

[11 ]Mendonga K S D, Corréa J L. G, Junqueira J R D J, et al.

Influences of convective and vacuum drying on the quality
attributes of osmo—dried pequi( Caryocar brasiliense Camb. ) slices
[J].Food Chemistry,2017,224.:212-218.

[12] Wojdyto A, Figiel A, Legua P, et al. Chemical composition,
antioxidant capacity,and sensory quality of dried jujube fruits as
affected by cultivar and drying method[ J].Food Chemistry,2016,
207 :170-179.

[131Yi J,Zhou L,Bi J,et al.Influences of microwave pre—drying
and explosion puffing drying induced cell wall polysaccharide
modification on physicochemical properties , texture , microstructure
and rehydration of pitaya fruit chips[ J].LWT-Food Science and
Technology,2016,70.:271-279.

[14] Vega— galvez A, Ah - hen K, Chacana M, et al. Effect of
temperature and air velocity on drying kinetics, antioxidant
capacity , total phenolic content, colour, texture and microstructure
of apple( var.Granny Smith ) slices[ J].Food Chemistry,2012,132
(1):51-9.

20184 51657 11



I@%sﬂ@h‘«i

Science and Technology of Food Industry

[ISTRRE, FHRME, FT4L, 5 RARKESTERKNE T
MR SR ]]. A T kA% ,2013,34(17) . 78-81.
[16] %) i, Btath, ¥, §F B RAME LT 5 EBE
HRIBEE R[] & Rk K 5K, 2009,40 (11);
116-120.

[17]FHEARERE T AN, FEERAFELEEZLER S .
GB 5009.9-2016 A& ¥ i m 2 [ S].b 5. b B AR A R
7 ,2016.

(18] Than A F B MEAE T LR SES[]]. A%
#1994 15(8) :46-47.

[19]PHEAREFREA T AN, PEAERAFAENEREET A .
GB 5009.3-2016 &% K 469 2 [ S]. AL . ¥ B AR A ik
#,2016.

[20] P oL AR Ao B A 3T, R ELERER 4.
GB 5009.5-2016 &= P& G Jregm £ [S]. b7 P B AR
ML ,2016.

[21] P AR A E T A3, P RAFELERER 4.
GB 5009.7-2016 £ 5% #i& FAR ey m 2 [ S]. b7 F B4R A &
Mt ,2016.

[22] P o ARG B T A3, FAFRERER A .
GB/T 8313-2008 vt 7% 4 B An LA H R 4 09 m & %
[S].3b 7 : ¥ B A7 h Asik , 2008.

[23] o AR EFE AR, F RAFRENEELERT A .
GB 5009.86-2016 & n ¥ V, t9ml 2 [S].b 7 . P B 47 £ iR
7 ,2016.

(EBF S5 ®|)

PRI ] 30.6 min, W [E L 11.5 mL-g ™", $ B
64.7 C ,$20UM pH8.4 , BTG IR KAH N 3.28% .

MR S R 5 VB B2 SR R AR 75 3R B 8] 31 min,
[ 11.5 mL-g ™", 3B )E 65 °C, $#HU pH8.4,
A7 3 HAT IR, 78 B A B AR R 4 I AS: =41
Al AR BOF I EAS 3.19% , 5 g i KA
3.28% e AT, UMM 7 R B nT AT
3 #ig

ARG AE AR 2 Y R b, 38 i R 1 R G
AR, 6 Ay il s BT I AR R I TR B
RS (] 31 min, W ML 11.5 ml - g™, 35 B BE
65 °C,#EHURK pH8.4 , BV} A5 ffl 4k AT 5% 4 3.19%
HEWEE 20T . DTS RS A (A) T Ee
(B) FRBUREE (C) FEZHUE pH(D) Sy B A8 i, 7 iy
TE ISR (Y) M EAE E Ny R BE R, Bl
T I AT A T 04 RIS, A 75 600 75 5 09 Tk Ak il
Fr IR T HISIR I .

S 3L Hk
[1]3r £ 3% DR RAE St LAY FHRGRR[)] ABER
Ak 3R ,1998,13(3) :44-49.
[2]Carbonero E R,Gracher A H P,Smiderle F R, et al. A 8—glu.
can from the fruit bodies of edible mushrooms Pleurotus Eryngii

and Pleurotusost reatoroseus[ J].Carbohydrate Polymers,2006 ,66

12 2018 51641

WR SRt

(24427 3K, 3 B 55, frv &, 5F AT RF R E H IR
b 25 TR Al e IR [ )] R e A 52 ,2017,38(1) :53-59.
[25 4T /KR) 5 B, % SRR T E TS AZR L
Ry o[ 1]. = d W B R B AT % ,2008,20(5) :12-17.
[26]F22 RARATHRFIXSEZEFRBROHa[]]. &
#42,2016,37(15) :100-106.

[27]3 X#, &R AEARLETRSR PN AL RN &R
B R IRE M [ T]. "R A5 ,2016,44(22) :88-92.
(28] &%, LA, 0, 5 1 Bl SRS A S by o 138 7 M4
FMN[T]. A A5 ,2012,33(15) :136-139.
(2014, Fve s, %5, 5 TR X &R £ 0 ZH
ey [ )] A A ,2017,38(1) :165-170.

[30]Chen X, Xia L, Mao X, et al. Effects of drying processes on
starch— related physicochemical properties, bioactive components
and antioxidant properties of yam flours [ J ] . Food Chemistry,
2017,224 .224.

[31] 842, ik, 25, % A FREARAF L RBER TR
B fm R Hm [ )] Rk 25, 2016,32(17);
259-265.

[R2]24%,5A .28, % T2 TR EREHZTHMLSRA
[J]. Rk T2 %4k ,2015,31(21) :271-276.

[ 33 ] Panyawong S, Devahastin S.Determination of deformation of a
food product undergoing different drying methods and conditions
via evolution of a shape factor[ J].Journal of Food Engineering,

2007,78(1) :151-161.

1101111111111 111111111111 @111 1@ -1 1@ - 11 1@

(2):252-257.

[3]Dubos t N J,0 B,Beelman R B.Quantification of polyphenols
and ergothioneine in cultivated mushrooms and correlation to total
antioxidant capacity [ J ] . Food Chemistry, 2007, 105 (2):
727-735.

(4]0 L, RigE EWEH ZRIM]. L. EHEMFHA
Sk it prAE 2000 ,429-430.

[5]2absl, £55 4, KF A XABRTELFAR BRI
BRI LA T] A S5 PR ,2014,30(2) ;. 170-174.
(617037, 5k Fid, 25 A A .o o & kAR AC AR 75 40 B 3R TR 60
BHEWESH T EHR[]] . AR T LA ,2015,36(10)
264-268.

(7] 70k, T, Zoesk, 5 o0t @ ik R ALA2 5 L 42 2
HRLFH T LAA[]]. A% T AR, 2017,38(1):
234-237.

(8] %4, 57 K, ILE,F 08 @kt 5 k4832
XERAEELF T L[T].F B bR, 2014,39 (11):
74-78.

[9]wh B, RMBAE, X BB, F W&k R REASPAL
ELFNASE[I AL ,2012,24(1) :13-14.

[10] Box G E P, Hunter W G. Statistics for experiments an
introduction to design,data analysis and model building[ M ].New

York, John Wiley & Sons,Inc,1978 ,306-336.



