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Optimization of the vacuum freeze drying process of Chinese yam slices

MA Li-Na, RUAN Chuan-Qing, ZHOU Xian-Zhi, CHEN Yang*

(Agricultural Bio-resources Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350001, China)

ABSTRACT: Objective To optimum technology parameters of vacuum freeze drying of Chinese yam slices.
Methods Fresh cut yam slices were used as materials, the eutectic point and co-melting point of the yam slices were
determined by electric resistivity method. Through determination of juice leakage, recovery rate, center temperature
and moisture content, the pre freezing and sublimation drying process were studied. Through the orthogonal
experiment and determination of the recovery rate and taste as indexes, fresh yam slices soaking treatment was
established. Results The fresh slices were heated in 95 ‘C water bath for 60 s, then soaked with ‘5% NaCl+10%
maltodextrin+15% glucose’ for 30 min. Under these conditions, the recovery rate of vacuum freeze drying products
was up to 83.27%. After rehydration, the taste was better, and the yam slices did not change color during the whole
process. The eutectic points of 5~6 mm yam slices was -20 ‘C, and the co-melting point was -18 C. It took 16 h to
complete sublimation drying of yam slices. Conclusion The Chinese yam slices prepared by the established method
have high recovery rate and good taste, which provides technical support for the processing of Chinese yam slices.
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Table 1 Factors and levels of orthogonal design
KR
KA -
A/NaCl (%) BIZZ LRI (%) CIE %I (%)
1 5 10 10
2 0 0 0
3 3 15 15
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FEIEAZFR Lo(3*)BUHI 1 9 R4y i b B 72 V22 /5 vy o 1
R, BT R B Tl i, B 6, 546 01D
A AT R 2 IFR 65.7%~85.5%(F 2). /T4 REN, WK
ANaCl) &1ty S%(RPES 1 K IHF; R B 2K
BN 10%GE 1 KE)EH 15%GE 2 K, W H A
RIFRT R EET, B ARGIEE, B S KP4
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2 ATRAE W, 77 R R IR OIS A A ) NaCl
5%, 2% ARG 10%, FARE 15%, 3%F NaCl 5%, &4
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Table 2 Results of orthogonal experiment

BIZE 2R ClA %)
o igg% ig? SR %)

1 1(5%) 1(10%) 1(10%) 81.7°
2 1(5%) 2(0%) 2(0%) 71.6™
3 1(5%) 3(15%) 3(15%) 85.5°
4 2(0%) 1(10%) 2(0%) 65.7°
5 2(0%) 2(0%) 3(15%) 70.6"
6 2(0%) 3(15%) 1(10%) 72.9°
7 3(3%) 1(10%) 3(15%) 81.6°
8 3(3%) 2(0%) 1(10%) 73.8°
9 3(3%) 3(15%) 2(0%) 722
ki 79.60° 76.33° 76.13°
Iy 69.73¢ 72.00° 69.83¢
ks 75.87° 76.87 79.23*
R 9.87 4.87 9.40

VSR RNG SRR F A ISR, P < 0.05.
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B R FRT A 03R4 R . e 3 F4 EXRBER
A, B h 4 ?(NaCl)ﬂy% 1 RIS 3 AOE 7 Table 4 Results of orthogonal experiment
dh, LTV, FLR TS 2 K. B R o ANCL o BEERING CAUERE
SEMPRE SR A LRSS 2 KF R A, TUBROMEAIR, B n ne
FAETH 3 AT BPh © IR ARG R 1ok Lo IGO0 0 86
W N . . \, e 2 1(5%) 2(0%) 2(0%) 6.3°
T, P AMEE TS 3K AR 3K X 3 1(5%) 3(15%) 3(15%) 5.6°
st A = 5 B8 dE Rk i A H.. ° ’ ’ '
F5 2 K 8t 1R IR, AR iR R R 2 4 2(0%) 1(10%) 2(0%) 5.4
A HENaC)3%(EH 1K)k 5% 3 K, B B #H 5 2(0%) 2(0%) 3(15%) 62"
W) 10%E 1K) sk 0%(35 2 /K F), C R (%) 10% 6 2(0%) 3(15%) 1(10%) 5.6°
(3B 1K), 7 3(3%) 1(10%) 3(15%) 8.2
8 3(3%) 2(0%) 1(10%) 8.7
9 3(3%) 3(15%) 2(0%) 5.2°
3 EXRBAENNE ki 6.8" 74 76"
Table 3 Results of variance analysis of orthogonal experiment 5 5.7° 7.1° 5.6°
N ] N N ks 7.4 5.5 6.7°
% A FHM HBE ¥HhF FAE Py R 16 19 20
NaCl 148.91 74.45 33337  0.00299 H: RN FRAAREA B EEER, P<0.05,

B R bi 42.75 2137 9570 0.01034 A RMENEY R R TR EREM IR, K8 6
- ABTREL Ty, PTG . SR gk
g 13766 68.83 30819 000323 6 g RN T S T R 2,

1;—'&29: 0.45 0.22 ﬁ;ﬁ\%/’%ﬁj@ 1o 1@?’45‘12%}5‘ D@E%E/‘J%{%#'{& 10 FJ?
DIEEHE 1, BIC T NaCl 5%, 22 440145 10% R 48
LA 329.76 15% MW, AbEE LB, PR T S R UR T, I
FRAF T 5 BT 5 1 R R A A 1 11 J%
*5 EXREAESHR
Table S Results of variance analysis of orthogonal experiment
K% A 5 >F- J5 A A B ¥y F1iE PiE
A/NaCl (%) 4.16222 2 2.08111 144.0769 0.00689
B/ ZEMKE (%) 6.40889 2 3.20444 221.8462 0.00449
C/HIEIHE (%) 6.00222 2 3.00111 207.7692 0.00479
R 0.02889 2 0.01444
B 16.60222
F6 EXREPEERKERELRSNFL
Table 6 Screening of optimum combination factors in orthogonal experiment
F5 A/NaCl (%) B/ZZ WG (%) C/AHIE (%) 5 (%) g
1 5 10 15 83.27+0.5364° 7.81£0.0660°
2 5 15 15 87.50+0.5131° 4.90+0.0997¢
3 3 10 10 74.17£0.6119° 7.59+0.0938°
4 5 10 10 79.53+0.4096° 8.55+0.0289"
5 3 0 10 66.30+0.5507" 6.23+0.0333¢
6 5 0 10 69.30£0.4619° 6.33+0.0333¢

T WA RN P AR EAT B TS, P<0.05,
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Fig. 1 Curve of resistance changed with falling temperature
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Fig.2 Juice leakage of yam slices after being frozen for different
time at -30 C (n=3)
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Fig. 3 Recovery rate of frozen-dried yam slices after being frozen
for different time at -30 ‘C (n=3)
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Fig. 4 Curve of resistance changed with increasing temperature

332 FHEFRIZHUER
B TR, S IR B AN L LD R 3R
-18 CHY, TFFERT 16 h A K LL /K & R = 9.6%, T AUE
WA BT T R . BUJETE 25 CHET 4 h, AR RS
IKEREZE 4% T . T EaEEH, ZR%EE 84%.

90 0.0
—o— iR

-5.0
~10.0
-1502
-20.0 gi(
2250
2300
2350

2 4 6 8 10 12 14 16
THETF i [a)/h
B 5 el e THE T Jad i v A WD RRIELEE F 5K R

Fig. 5 Changes of center temperature and moisture content of yam
slices during sublimation drying

4 G5
AR BRI NaCl, % WA 22 25 B PG 12 9



oM

R, 2 T S

RUR TR T ZE

YR 3471

W, T LIRS B A K, ELIC 5 fRi e, S 4R
P ILZEEEY) 5 G TE 45 CHUKHZIE 10 min, A LIZEAR
1254575 . Noel 251N 1125 7E 60 CHUKH#Z 20 min, 7]
DABIE N T8 L 24 b i a5 o 2875 4O 5 e 1
IZHTE 90 CHUK HFIZEE 1 min B AT B 148728 o A8 87
YIRILgG R Ae 95 CARIEFR T ZE 1 min, $ERCER R AT,
B ZEEWIR AN A, 308 41 M N 10 SR B 5 s il
B, T AN N R A S S T RS, AR B, AR
SRER AL SR P S SR 2 T R
PR TAR TR, A ZERORE W R S5 S PERIC) . B ST
K, BB —ERiE, BARBAMAMRS, £ 6k, a7
R L SR ER A i 2 e, RoKes, BRI EA By B S5 Kb,
A F TR A KPR,

AHFFE I FHE L ZG R 3L i 0220 °C, 7ERAIKIER
UKFE-30 C21 T HIA 2 h ATl 2 s TRk L2 A
A HAE S -18 °C, TEWIRHEBEARF el b, B2s T4
AFIEIA 16 h, HRTF MBIt A, 2R (83.27%), 25
B B LA mOR R L AL SR e e, <L A R
AYILFhEE-26 °C, RS IE-17 C; Hip s Sm AL
AU A I AT 1L 25 B AR, BT
LTI 552 0 9 i R A i 05 g 22 °C, FR IR BT S R L
2L AR 2 C. TR E i R R S
232 °C, TS SE-28 °C, s e R A, (BRI
T2 R B(E . e SR S 32 e s, R
A Z R EME AL OSSO E SR F 2= FR K, N
M L 25 {Aféﬂstrél ST, R R TR . T A
s R 5 T 5 — O st — g

SE M

[1] Phak, vrfg, AIEMR, 5. SR/ 55 T 200k
2 2011, 32(10): 92-96.

- EARE

Sun H, Jiang M, Zhu ZN, et al. Optimal process for quality improvement
of freeze-dried Yam slices [J]. Food Sci, 2011, 32(10): 92-96.

[2] Hsu CL. Chemical composition, physical properties, and antioxidant
activities of yam flours as affected by different drying methods [J]. Food
Chem, 2003, 83: 85-92.

[3] &30, ERE. WG PFEEMA S EN D] BRI Sk,
2008, 34(8): 72-74.

Fan WG, Wang QG. Studies of biochemistry and physiology of fresh-cut
Yams [J]. Food Res Dev, 2008, 34(8): 72—-74.

[4] TRALHEE, skHtbfh, BIRE. INE2 R TR IIRATI]. R
FHER, 1996, 16(6): 449-452.

Xu CH, Zhang SW, Hu TY. Experimental study on vacuum freeze drying
for the Chinese Yam [J]. Vacuum Sci Technol, 1996, 16(6): 449—-452.

[5] BRZLfe, midede. SRILZS ek T 28R ). i
32-33.

Chen HB, Gao J. The Freeze-drying of edible slices of Chinese Yam [J].

HLBK, 2001, 6:

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Food Mach, 2001, 6: 32-33.

Lin YP. Dehydration of yam slices using FIR-assisted freeze drying [J]. J
Food Eng, 2007, 79: 1295-1301.

FEIBR, RIS, SR, 55 IECE UL R L 2 O B B s v R T
BT L] BmFLE, 2015, 36(12): 12-16.

Ren GY, Ren LY, Zhang W, ef al. Optimizing microwave-assisted vacuum
freeze-drying of dioscorea opposite by orthogonal array design [J]. Food
Sci, 2015, 36(12): 12-16.

Y, WP, SRR, BT BRSO Y e AR IR A
FIPLERN]. B f TR, 2008, 28(2): 89-92.

Han T, Li LP, Ai QJ. The effect and mechanism of firming of fruits and
vegetables by low-temperature-blanching [J]. Sci Technol Food Ind, 2003,
28(2): 89-92.

E, BEOGH. A2 ARSI K i K R PR ] B
Tl ML, 2004, 4: 84-85.

Wang H, Que WT. Research on utilization of maltodestrin in the recovery
of flied tomato [J]. Sci Technol Food Ind, 2004, 4: 84-85.

BUDRHR, KA. TS R THEORTTIE]. BHEiR, 2009, 4:

34.

Wei QR, Song JL. The technology of vacuum freeze-drying technology of
food [J]. Forum Sci Technol, 2016, 4: 34.

FBER, AR, KR, . HORR T IR ARSI
2015, 42(24): 38-39.

CTTRAET,

Wang XQ, Yang S, Zhang C, et al. Studies on recovery technology for
lyophilized Longan [J]. Guangdong Chem Ind, 2015, 42(24): 38-62.

W, ERR, TR, . BRI A R AR R R
ST IR B R, 2013, 2: 30-32.

Cao F, Wang JF, Qi Z, et al. Research on co-crystal temperature and
co-crystal temperature of Bacillus natto microecologics by resistance
method [J]. Shandong Food Ferment, 2013, 2: 30-32.

JES . DPS FiAb R GE M. JLat: Bl i, 2010.

Tang QY. DPS data processing system [M]. Beijing: Science Press, 2010.
TRHIA, SKE, MRE . AR U TR L Z el G A a1
ME ], & TAkRHE, 2005, (5): 56-57.

Xu YY, Zhang M, Tan YB, et al. Determination of eutectic and co-melting
point of different materials [J]. Sci Technol Food Ind, 2005, (5): 56-57.
Noel A, Joseph H. How blanching and drying affect the colour and
functional characteristics of yam (Dioscorea cayenensis-rotndata) flour [J].
Food Chem, 2003, 82: 257-264.

B A, AR, BPE. A L2 BUAL R 2R
it Toll, 2006, 12(4): 19-21.

YR R

Gong JJ, Li ZH, Zhong HY. Study on blanching technology for quick
freezing of Yam [J]. Bever Fast Frozen Food Ind, 2006, 12(4): 19-21.
PRI, SRS, SREniE, 45, SR ELA VR TR OCHEEOR 1], Ik
TR, 2011, 27(4): 356-360.

Chen YN, Guo SS, Guo JH, e al. The key technologies of vacuum
freeze-drying of Litch fruits [J]. Chin Agric Sci Bull, 2011, 27(4):
356-360.



3472

B 24 iR AR I 2 4l

[18]

[19]

R, M, KPS, S AR TR L Z BRIt S e
GO W IREERT L RS2 (A ARRERR), 2008, 24(6): 752754
Ji AM, Yang MM, Zhang QG, et al. Determination and analysis on eutectic
point of sea buckthorn fruit in vacuum freeze-drying technology [J]. J
Harbin Univ Commer (Nat Sci Ed), 2008, 24(6): 752—754.

TH, BT, FES VR TR T A R S A ST E 1],
PIsET Ol RHE, 2011, (3): 69-70.

Ding W. The determination of eutectic point and co-melting point of
Malus prunifolia Borkh in vacuum freeze drying technology [J]. Inner

Mongolia Agric Sci Technol, 2011, (3): 69-70.

CGriesi: £ )

& &N

Swl, REW, TEMRFEARK
KRMIEESHRIERAKE .
E-mail: 136845925@qq.com

FRPE, L, BIMARR, EEHRA
[ AREEHAEE SR IBERAAR.
E-mail: cyang2@163.com



