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Optimization of microwave vacuum drying technology of

yam and the evaluation of its functional activity
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MEASHEGZE. R AKEAFMNEF. BT LR F
Bk ABEERKBERALTELBEALE T RIL,
AR ER RS L RACR A AT T RN, B R
I EMATFRBAESS C.ARE 3 mm. AT E
—0.08 MPa, b £+ T 9L TR =R S HE T A
(4.1240.08) % . & & % (78.044-0.82) , A& & % (223.29+
13D % A& DPPH ik 2 d A RAME T 8
WAk 8 4y ) F R B (IC,) & %) 4 (18.61+0.11),
(19.86+£0.15),(21.06+0.14) mg/mL, % & . 3% 8 . & &
4 F 4 A A (0.71£0.05), (1.32+£0.04), (6.86 +
0.08) mg/g., MK AE TR %R EF. FRAIMRA
VO RHRBARAMES .

KPR ELHEAE TR ARER

Abstract: With the polysaccharide content, whiteness and rehy-
dration rate as evaluation indexes, the microwave vacuum drying
process of yam was optimized by single factor and quadratic rota-
tion orthogonal experiment, and the functional active components
and antioxidant capacity of dried yam were evaluated. The results
showed that the regression model established by quadratic
rotation orthogonal experiment could reflect the relationship be-
tween factors and indexes appropriately. The optimum production

conditions were found to be the 3 mm-thick slices were vacuumed
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with —0.08 MPa at 55 “C. Under the control of these conditions,
the polysaccharide content, whiteness and rehydration rate of
dried yam were (4.1240.08) %, (78.04+0.82) and (223.29 =+
1.31) %, respectively. The ICs of dried yam scavenging DPPH

radical, hydroxyl radical and superoxide anion radical were

(18.61£0.11), (19.86+0.15) and (21.06 =0.14) mg/mL, re-
spectively. The contents of polyphenols, flavones and allantoin
were (0.7140.05), (1.3240.04) and (6.8640.08) mg/g. re-
spectively. Microwave vacuum drying yam had strong antioxidant
capacity and good product quality. Microwave vacuum drying
technology could reduce the loss of active components and had a
good application prospect in the drying of agricultural products.

Keywords: yam; microwave vacuum drying; functional activity
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Aldrich /27 ;
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(1) e u: B LA —0.07 MPa, ¥ # % #
8 r/min Y] K JEEE 3 mm TR 55 C, % & A6 23,

2 BEEUNEEZETREIZMRARIVEZETN

H#(20,40,60,80,100 g/kW)XF Z 05 & & . [ M E K %
I
(2) B2 BE. [ 58 % B 60 g/kW. B 4% 5

8 r/min W] FJEE 3 mm, TR E 55 C, BEAR AL

BE(—0.05,—0.06,—0.07,—0.08,—0.09 MPa) X} £ ¥ &

P A0S K S A

(3) e F % . [ K & 60 g/kW., H &5 ¥
—0.07 MPa ] JEF 3 mm, TR 55 C . 8N
BRI (2,4,6,8,10 r/min) RpE L 2GS B EME
TKFE IS

4 B0 R )5 B [ o % 60 g/kW A
—0.07 MPa. % #4553 8 r/min., T 4§ 5 & 55 ° %ﬁf
[0 A RE(1,2,3,4,5 mm) X HEILZ W &2 O EME
&SP AT

(5) T R BE. [ o i 60 g/kW, B
—0.07 MPa #5553 8 r/min V) R 3 mm,%% N
[i] T 8 VLB (45,50,55, 60,65 “CHXF M & . (B E
IKER Y 5
1.3.3 i o 1 fE 1k ik 58 @L%I%@iﬁfﬁﬁﬂ T 5
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(D) Wl Z RS 0 BRI 2 g MWL 4 BFEE A
W8T 100 mL Z5 B0, 0 80 mL ZE 48 /K . 4 75 il By 42
B1.5 he FEF KB i 1 h B HE ANk B 215 4 .
B 50 mL 4R B B F 100 mL H 2 HEIB b, i 10%
o VER BB 1 mL FIBEEREL 22 4K 0.5 mL.F 55~60 C
Ff# 1 h, ﬁbn 5% WL AR 0.5 mL,F 60 ‘C/Kf# 1 h(JH
BB T K M 58 4 J5 - FE L B = ik CR B
//%iﬂmﬁ;ﬂx 5 mL 42 BUK T 50 mL B0 H. 0 20 mL
TR, ¥5 G 4 C#E L&, Bl 5 000 r/min B .0
15 min, PL3E RPA A 20 #H 2 05 &2 % 5 43 Sevag i 5
[&07 D IETEE=5:1 (KRB IBRE A ERE A G0
SRR INA 3 50K WE, ULTE PR L & ik S 2 0k
Ve AhuE R DT KB M € A 2 100 mL & . T
T — B 2 72 W00 S - LA 46 0 A s o 0 24 o s o T 2K

(2) W& : R H Hunter(Lab) i 4 R 4 FR , K
L HRRW L a0 [HFN O . e 1 M E AR HE AR
X €8, 2 IR AT €6 25 A8 v L PR £ 25 11 D & OO0 R LD T
K AT IR ek R0 Loa b H ARAFHAEAR
[(Wy=100— /(100— L) +a’+0% 1+ E &A1l A
AR, HBO 2250 HT

(3) B KM « B R F I 3k LT R /9 s e
mo s FRHE T R BT 60 CilK A 1E R R 30 min, JUH R

189



190

F & B2 | DEVELOPMENT &. APPLICATION

BT R ST B BT T my (DR R KA,

R="1%100%, D
m
A

R—5 K%,

mg SOKHTTHEL PR 4 . g5
m SOKIRHE A IR . g,

(4) HLAALTE D & - DPPH [ &8 A iy kiR
BB T E 3 0 Bk 2 43 1 5 2 0 4 4 50 9 Oy R AR
G R R O R RN

(5) Z B HEE IRFER I E 4 04 iz e
kST B S AR A AR O kAT BRI 5 L 4 T A
WL IR A
1L3.5 MR mAREMEL S WiE, R M Design-
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Origin 8.5 #{FEA .
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2.1 BERRE

M1 1~5 W7 LA 3 28 o I 488 ) 48 4 19 52
Wil AN S 2 T T AR O BE LU0 JRE R L A R RO L T R
w2 S A R K R W R

P 7 R AT AT N I AN [R) RE L OR [
ghm s, RMHE - RAEIN~8% fF

®1 FREHEELIROZ M
Table 1 Effect of different microwave power density

on yam quality (n=75)

PR/

ooy EWERY K%/ %
20 3.11+0.11¢  77.014+0.78> 218.78+1.81"

40 3.14+0.09¢  77.064+0.73> 219.12+1.63"

60 3.6440.14>  77.81+0.81* 223.74+1.39*

80 3.684+0.12>  77.89+0.83* 223.03+1.51%

100 4.03£0.15*  77.8540.76*  223.5841.72%

T RS T REAS TR R 22 5 i 3 (P<<0.05)

®2 FRAE=EXELRRHZMW
Table 2 Effect of different vacuum degree onyam

quality (n=5)

HAJE/MPa ZHEE R/ % FE HAKA/ %
—0.05 3.0740.13¢  68.52+0.68°  209.2841.21¢
—0.06 3.5140.09"  68.91+0.49¢  213.4341.67°
—0.07 4.16£0.11°  78.03=£0.61* 224.21+1.73°
—0.08 4.1470.06°  78.10=£0.73*  223.94+1.34°
—0.09 3.59+0.12>  75.53+0.81"  217.7841.55"

T R30I F B OR ] 2R 25 5 8.3 (P<C0.05)
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®3 FREHESHENELRROZ M
Table 3 Effect of different rotating speed onyam
quality (n=15)
(%.ﬁmﬁilﬁ/) LA R/ % B K/ %
2 4.06+0.13% 77.8240.61*  224.1341.49*
4 4.10+0.11# 77.85+£0.90°  223.9242.05*
6 4.03+0.05% 77.78£0.76*  224.054+1.99*
8 4.08+0.107 77.81£0.49*  224.2141.56*
10 4.0440.082 77.79+0.92°  223.9441.73*

T B R [ R 22 57 8 3 (P<0.05)

x4 AEAVREEI#ELREAOSM
Table 4 Effect of different slice thickness on yam

quality (n=5)

DR R /mm 2/ % HE SRE/
1 3.2140.15¢  68.5140.86¢ 215.56+2.13°
2 3.76+0.13"  68.9440.73¢  219.46+1.56"
3 4.1140.12¢  78.1340.77¢  223.97+1.64°
4 4.1440.09°  75.43+0.82¢  224.13F1.93¢
5 3.78+0.10>  72.46%0.59"  211.05+2.01¢

T 3 R R [ s 22 R B 3 (P<<0.05)

x5 AETFREEELREHOZM
Table 5 Effect of differentdrying temperature on yam

quality (n=5)

THIREE/C ZHEER/ % HE SRE/
45 3.8540.12>  74.9540.73"  210.514£1.49¢
50 3.844:0.08"  74.8940.92" 214.64£1.69¢
55 41240.11%  77.2840.64* 224.23+1.64°
60 3.5340.14c  71.1940.51¢  223.91£2.03¢
65 3.1040.09¢  66.4340.89¢  219.14£1.57"

T ST REAS I R 25 5 3 (P<<0.05) .

TR R B W O TR R E TR 2SR
BTt AT 55~60 Clg B3 TR, 7 REJ S E R
TERBE VR R R A o 3 T 2 B B T TR
B T R . P TR R AT B g kB IR A AP 2 B
A LA A i . SR ENC S R R R, T
PRI XTI 25 B K RA B, B EAE 50~60 C
W K E IR o BRETT R S P R B 2 K SR
B BE B A 1 K L 42 7K RE 7 7E —0.08 MPa B £ 58 » 1fif 24
L5 BE 2l —0.09 MPa B & 7K 3 5T FEAIR
2.2 ZREHEERIRE
EHHZRR IR E UZHES R AE . EKERN
Wi 7 A » B AT = R R K 0O B IE A A A i
Wi R 6, ImET R LK 7.
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2.3 EFERMEISHE x6 EEKFEHBE
WG WK EH IE &R 5 25 B, i il Design-Expert Table 6 Coding of factors andlevels
8.0.6 B EARA I A HBA WA R EE LK or  xBE SR em X vioe
R TR ) R T B Y [l A AR T , o : oo
Y, =4.130 5—0.175 0X, —0.038 8X, +0.043 8X;+
0.282 5X, X, +0.007 5X, X5 —0.035 0X, X, —0.244 8X} — ! 60 4 —0.08
0.164 8X3—0.207 3X3, (2 0 55 3 —0.07
Y, =78.242 1-0.137 9X, +1.398 2X, +1.266 7X, + . w0 ) o006
0.678 7X,X,—0.796 2X, X, —0.488 7X, X, —1.424 6X% — B
2.472 9X3 —1.513 1X7, (3 72 v : v
KT ZARBEEEXHASEITARER
Table 7 Experimental results of three factor two general revolving combination design (n=15)
i 5 Xy X X Y ZHiE R/ % Yo F Ys i K#/ %
1 —1 —1 —1 4.21+0.08 72.16+2.67 206.81+2.11
2 1 —1 —1 3.24+0.14 71.43+£1.82 215.634+3.57
3 —1 1 —1 3.394+0.11 73.23+0.98 207.5140.82
4 1 1 —1 3.26+0.10 78.44+1.42 213.2641.64
) —1 —1 1 4,26+0.09 72.54+1.67 215.4943.49
6 1 —1 1 3.114+0.13 71.85+2.11 225.6042.79
7 —1 1 1 3.094+0.16 74.88+2.36 211.6441.58
8 1 1 1 3.28+0.11 73.68+£0.98 221.23+2.62
9 —2 0 0 3.3440.06 73.44+1.27 206.6140.86
10 2 0 0 3.01+0.09 66.02+2.81 221.434+2.54
11 0 —2 0 3.18+0.12 68.23+2.03 215.26+1.34
12 0 2 0 3.814+0.15 72.314£0.99 211.8442.10
13 0 0 —2 3.08+0.11 67.15+1.69 209.2340.94
14 0 0 2 3.57+0.08 78.81£1.93 219.874+1.02
15 0 0 0 4,14-+0.09 79.06£1.56 223.4441.68
16 0 0 0 4,12+0.11 77.79+1.82 221.8540.54
17 0 0 0 4.16+0.12 78.77+1.58 224.21+1.68
18 0 0 0 4,15+0.14 78.53+2.36 225.3441.29
19 0 0 0 4,11£0.07 76.98+2.11 222.9442.24
20 0 0 0 4.15+0.08 78.66+1.86 223.214+2.84

Y, =223.178 6+3.994 3X, —1.045 1X, +3.251 7X; —

0.448 7X, X, +0.641 2X, X; —0.818 5X, X; —2.529 4X{ —
2.646 9X}—2.396 9X}, €]
X1l U3y A kAT T 2 53 B IF R AT PG A I 3

M6, 45 L 8~10,

f 2% 8 W, R T AR B Fy =5.32,P=0.007 7<C
0.01, i W] % A BUAR 0 35 5 7 B AR A ME A 3 F = 25.69,
P=0.515 4>>0.05, ¥t B 2% 4L O G 35 5[] b 455 784 ) Al G
ZECR*=0.914 9, Ut B [l U5 7 B2 R0 4K 6 45 SR 10L& B A
o TTLAIA N [0 U9 A8 Y B ST, IF RE 4R A M B A 3 AN
HiELDT R 2HEEER,

H 9 Al P R A EAR R F=4.63,P=0.012 6<C
0.05, PLHIZ A I 0 2 F AR MK F, =5.18,P=

0.064 9>>0.05, 1 BH 2 $DL 301 AN 5 32 5 [) I 485 780 %) A 26 2R 4
R*=0.925 9, Ui B 19 5 F2 A 40 45 SR 40 & B v . 7T
PATA g [ U R Y B ST o I R 5 4 b 4 58 3 3 A4S PR 36 55 9
INTRHAEZEBLR.

B2 10 AT %0, J7 #2 B H M K 56 Fo = 30.42, P <
0.000 1, LB Z A AU B 35 5 Jr R WA I F, =311,
P=0.119 1>>0.05, i} W] 2% L T AS fik 25 5[] B 482 250 1) A 0%
FHCR*=0.933 0. Ut B [0 15 7 B AL 56 45 R B & K

1o AT LATA Sy [0 05 A5 R 37, I B A8 A AR X 3 AT
FHMELTHEKEZEWXR,

24 EERZRMEMERSWT

2.4.1  FHEX Z & S0 s TAE AW N E AT |
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F10 EKREMPFRAENN

Table 8 Variance analysis of polysaccharide content Table 10 Variance analysis of regression equation of
regression equation rehydration rate model
JrEKIR FTA AmE By F{g P {H TR PIOrM HmE HUr F {4 PH
X1 0.490 1 0.490 5.420 0.042 2 X 255.28 1 255.28 88.50 <0.000 1
X, 0.024 1 0.024 0.270 0.617 5 X 17.49 1 17.49 6.06 0.033 5
X3 0.031 1 0.031 0.340 0.573 5 X 169.20 1 169.20 58.66 <20.000 1
XXz 0.640 1 0.640 7.060 0.024 0 X1 X 1.61 1 1.61 0.56 0.472 1
X1 X3 0.005 1 0.005 0.005 0.945 2 X1 X3 3.29 1 3.29 1.14 0.310 7
Xy X5 0.010 1 0.010 0.110 0.748 8 Xy X3 5.36 1 5.36 1.86 0.202 6
Xt 1.510 1 1.510 16.650 0.002 2 X7 160.86 1 160.86 55.77 <20.000 1
X3 0.680 1 0.680 7.550 0.020 6 X3 176.16 1 176.16 61.07 <20.000 1
X3 1.080 1 1.080 11.940 0.006 2 X3 144.45 1 144.45 50.08 <20.000 1
k@l 0900 5 0180 25.690 05154 kBl 2183 5 437 311 01191
22 0.002 5 0.001 RE 7.01 5 1.40
[l 3.530 9 0.390 4.330 0.007 7 EE| 789.72 9 87.75 30.42 <20.000 1
T4 0.900 10 0.090 T4 28.84 10 2.88
Sl 4.430 19 poyill 818.56 19
®9 BE@BEFREAESN AN A2 K65 CO I 1R 3k B de A1 1 B IR B NS U
Table 9 Variance analysis of whiteness regression T H AR B8 ) F S ), R S
equation om0 KV A A7 ik Bl e KA G 18 0/ . 28 L3
GEKW FHM HME  ¥H Ff Pl JURE s P SR
X 0.19 1 0.19 0.04  0.848 4 2.4.3 AR E X E KA 22 BAE T wN w oA m A 3
X 26.04 1 26.04 523 0.0452 ALY R I PR YD SR E R B A I 5 AR G SR R
Xs 27.59 1 27.59 5.55 0.040 3 R g2, ST EEE BT, Bk R e R E ., 5
X; X, 3.69 1 3.69 0.74 0.409 6 AL/ — 2 K- (45 °CH I, 52 K 38 38 B Fe A%, U W]
X1 X3 5.07 1 5.07 1.02 0.336 5 &{E&E/Jq:kﬁ{mﬁ—xj{ﬁmq:}#i}k$ﬂ§ me oy Y R
XX Lo L LOL 038 O3 e g i s 52K R W 7E 0 K OF 7 4 3K B B K
? 13.43 1 4343 873 0.0144 {Eo U R B K % e R R T 0
j{ fjio 1 1??;(’ 2;32 Ziﬁ Z i 245 1 5 e BT T M I A T2 T4 A
O B S S O *%J#s@ KA, 2% (A B R W
gl 48.21 5 9.64 518 0.064 9 _
- 155 s 031 25 EUMREZETRIZMRMUE
B 207.36 9 23.04 163 0.012 6 28 = R TR WO % K g Ko m) iz TG A . AR
4 49.75 10 1.98 3 MBIs M EEARE, SRS R AR 2K
R 25711 19 Y RLE 54 0.4,0.3,0.3, % ] Design-Expert 8.0.6 %
PRA3 AT A% 20 TR B U R B | 325 B X 0 1 2 K04 Sl
1R, TR T YD R A B A AR X 2 O 55 °C .3 mm, —0.08 MPa, Bt I 45 2 /Y M 5 45 1 43

B RN D . TR B TR, 28 e
Ja B I 0 K 22 47 38 B dwe i {E s U0 R IR S g, 2
*ﬁ“gmﬁéf‘ﬁiiivﬂéﬂ’ﬂﬁi“%‘ {H R W B A T 8 il 2R 4
FHyHEE LT 20 R R I, I T 0 K
}ﬁLJ_{JﬁZ/J\o R 75 5511 BIF 9 A LT 458 T BE R e JE
X ERAR LD 25 2 Bl A B R
2,42 & BFFR N B EAE FT R N Ay BT R 2 W]
S R E DD R TS B R LS B ) S ELAE R BE 5
Wi 2 o 2 TR R b O O G4 I i R e

BIh A 4.13% L 78.81.E K % 223.88% ., R
i DA b e i T2 S 00 0 0 AT 95 E L A5 30 HE L R
SRS R (4.1240.08) Y0 H BN (78.04£0.82) (K KR
H(223.29E1.3D) %, 5 I AE A 2 <5 %6, Thd B K IR 06 25
S5 BRI A B R . DR B 12 R N TR 3 B T AR A £k T
SHA S M E SRR A I T A — 2 B4R SR .

2.6 MELFEARSEMN

H I 4 AT B T L %(’& 8 Ko A
T2 B BRI 1 T . i L R B R I
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Figure 3

W E (50 mg/mL) B, Hoxl DPPH [ fi 3. 5% B i 3L 708
AE S 1) 375 o R 43 ) 3k 31 (88.4340.66) %, (86.52 %
0.51) %, (83.810.75) ¥, = il FR #e J&F (1C30) 433
(18.6140.11),(19.8640.15),(21.06 +0.14) mg/mL,
07 BRI s AR L2 W AR L2 U L 2K B R R
DPPH f i IC {54 %14 35.05,37.68,40.26 mg/mL,
T /INEE S OOV 5 IS 5 4 R R A 2R 1L A (25 mg/mL)
Xf DPPH B i M5 5k B b L i 15 BR 340 51 67152
M 54.45% ., Hsu PSS T &4 2 S RZEHE LS 3 4
At RIZE ¥ R T BT R R R B TR AR R B P AR
fie )1, R BBTEALTE )1 5 Bl e A TR A L TR
200 mg/mL ¥ BE K P00 ¥ VR 09 5 e L Ak B b BV B
fE J1 45 100%
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Figure 4 Scavenging capacity of microwave vacuum

drying yam for three kinds of free radicals
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