I ARZERFR,2023 £,39 %, % 4 #1 Journal of Guangxi Academy of Sciences,2023,Vol.39 No. 4

SHEGEHTFRMT ¢

THRAXMNERF TR EMRR SR R0

FRR CERZTLERESVEZAR R ER . FREY HERY

A7 BHER, BREARNERRETEETRE, S BHT 530007:2. AT FRELSBAZERT ISR, EHT
53020033, /" @A G L AFRAE ) B M 546800:4. J BAFHRRKEEALH. &d T 530007;5. 7 BAF R RE S
.J @k E  546100)

WE . NIRRT AT RO IEE 25K (Polygonatum kzngzanum Coll. et Hemsl, , LLF i FR“8E K™ BT
S5 R M RVROUE 485 4 19 B2 ) D0 328 0RO 2K R T S ¥ R T8 (Vacuum Freeze Drying, VFD) (#4
KT (Hot Air Drying, HAD) . %5 T4 (Vacuum Drying, VD) % T (Microwave Drying, MD) 4 T
$5 07 20 LA BRI ) 7 34 TR 30 A ROK 3 9 BRI 6 R R K L L BE AR DL K T 45 48 A 48 B
HEAT VAN . S5 AR B B TR R B0 BORS T R I R] B2 B BEAE 23 0 4 131 min. 5. 78 (kW « h)/kg, ¥ i3
AR T At 8 5 =K 5 e T R o ) S T AR R K SOK B AR A ) A 0,025 84 g/ (g min) (6. 49 X
1071 m® /s, B9 35 o T HAG T4 O o5 BB TR R S i L (B (76. 40) (4 8 (69. 4296) VB IK 1L (4. 39 g/)
FIVROW 25 ¥ Y5 402 0 B0 28 ¥ VR TR RE O, 0 28 v T RRORURT L 25 TR AR O . 286 75 ™ i BTt L T MR 80K i T AR
A VO O T4 A 0K e v s B K T B

KRB LU AL EORS s TR 7 2 TR - B0 BEAE OV 45 1

hE 4 ES . TS205 X EEERIRAD : A X E S .1002-7378(2023)04-0445-07
DOI:10. 13657 /j. cnki. gxkxyxb. 20231226. 011

LI MBI BORS (Polygonatum kzngzanum Coll. et ARG ZE RS & 2 W 20 DL R S B2 A W is )
Hemsl. ) 2 H & FF (Liliaceae) M ¥ 21 fE M #ORE T 0 R, 224 6 A W5 1k 0 8% b v 24 . e 3% RS Wi 4K i i
Ja BIAR 25, ISk T O e N RIG RN 2 8 (— ) LK S BN B ER BT, AR ARE, A
(2020 4E RO L FR R Ay sk RGNk B, £ FF IR AN IE 5 . KBRS T 0 A IURE I ok ) 38 b

W s B 1 :2023-08-15 % B B #1:2023-09-15

* 7T AREO R BB (A AB18294028) , % i T 4 B AR 3h & R & (4 AFA] CX2009008) A T AL B R A 5 A0 H 6 B A B Bt & % R H
(CQ-E-2419) ¥ 8 ,

(% —1E#HAN]

#FARRA9IT6-), B, TR, £ F N F R & IH %, E-mail: huangjimin@gxas. cn,

[ x BEEHGA]

FFIEN982-), 8,9 %R, £FNFK™ & ITH % ,E-mail:libingzheng@gxas. cn,

FEERA965-), F KR EFENFE LY HE R K, E-mail: hzming@163. com,

L5 A A X1

ELR . ERZHES . TRV AMERF TIREEAMAENE P mI] ) A ¥ K ¥4#,2023,39(4) :445-451.

HUANG ] M,WANG Z L,QIU Z H,et al. Effects of Drying Methods on Drying Characteristics and Microstructure of Polygonatum kzngzanum
Coll. et Hemsl. Slices [J]. Journal of Guangxi Academy of Sciences,2023,39(4) :445-451.



HARE THRAXAXEER TRISEMRIEEE 0

FBENE . 0 REHE AL L2510 A F T A BOR7r i R A S
TR T H 5 59 50 T UA RO b K o3 5 & 1
KIS, WD i O T RS B AR R

H i EORS B 48R 07 ¥R 8 R R R I A EAX
F 4 (Hot Air Drying, HAD) 55 46/ T. 7% . iR
545 B9 S RO I L A MR 1k A A A
BOR P2 2R R R B W A TR ALy . X
M IE B 9% & B A5 % R T4 (Vacuum Freeze Dr-
ying, VFD) b BEAG 21| (4 80KS R A% i 10 B8 2 | 5% 4 S i
WP S5 45 b di H2 O TR SRS TR B BORS s HLHC A
BP0 T A SR T MR PR J8 RIR T R IR R 22 AL
TR 4 PO UL E S RS . EE Y BE S
IR HORE LS V8 VR T e R v A AR I TRD B R
BE K T H 28 L8 BE X BORS (8 22 (Y B A W S,
T AR, TR AR AR B I T v B R R BT
R GORE B0 TR J7 05 208 B J2 N T8 E TORS fl Y
TR Z R E R,

ABFFEE SR TN SRR TR B
F 4 (Vacuum Drying, VD), K T #: (Microwave
Drying. MD) %% 4 Fh 1 75 X0 21 78 3 8085 CLUT
PREBORE ™) TR R A ROK 3 I B R B (L
Wi 2R K L B BEFE DL SR Z R B R e L B
BORE A dod TR 07 2, O EOR R B9 TN TR e
WA

1 MH5RFE

1.1 FEREmAE

BRI ATV A AR R HIR R, &)
PG A PP 2 AR IR 27 5 5 A e 2 TR O 8 5 Dl 21 4E
H K ( Polygonatum kzngzanum Coll. et
Hemsl. ), Pkt Tog Ho 3 FATLBAR 15 00 7 6 50K L v
VEBR 25 3R TH U8 V> AR BRI T R U e % U1 7 MLy
WUEE N 4 mm B EREI A,
1.2 UFE5KE

T TR HL (Webox-A6 HY, £k I 7 i W B H A
PR T o 8 KT 4 (DHG-9240A B, | — 15 R}
AR A PR A ED ¥ R TP (Sciontz-12N/c AL, T
Bl Z AR RO ARS A, B2 TR A48
(DZF-6050 #1, I-iff —fHF AU A R A RD B+ K
- (JJ1000 B8 3T XA LA & T+ 7K 23 I 7 X
(DHS-20A B, B RANERFHEA R A FD . 68 @
2271 (CR-10Plus, H A Konica Minolta 2 ), £
L i i B8 (S-3400N, H A% Hitachi A ),

1.3 FrRRFAZ*

VRS R Y50 i 4 A, B4 360 gL BRI 450 °F
TR AL 2 BRI LR 4 Fhor KA TR A
L, TP EFBR PREKER0.125 g/g. ODEZ
AR T — 40 C IR A 24 h A BFHEE A - 50 C,
FLZS B 50 Pa LLF B8 120 min fR— K ik, @
WA iR B 70 °C L B BR 30 min FR— IR BT & .
QHZ T RE N 70 °C L A:Ff 30 min Fr— K i .
@R T4 Bk T # ok 280 W, I Bt 8] [ 2 4 2
min, [AJ B )24 1 min, A )R ) 50 5 04 0
I T A
1.4 EHREINERITERZ
1.4.1 ¥4 KkE

K DHS-20A AR 3 /K 230 5 {3 72 28
B K A5 B B R P I bR S K&y 77,7804,
1.4.2 FTHEKE

T3 K O IR YRR R K A T SR Y R R
fh 2 %ot TR B 2 b L R (D3

m, —m

M = . (1)

AP M AT R B 210982 & KR (g/g);
m, AT B ZI YR BT (9) sm A2 XT TR
JiH (g,
1.4.3 F¥ Tl

S 2 T g 5 SR R 8 B B TR P9 A R R K A Y U
AR ) RN

pr = Mo ;Mw : 2)
K, DR TR H R, g/ (g » min); M, PRI
TIEIKE (g/g) s M, Nl K45 R at Pk T 3L &
Kt (g/g) st R T EEFE] (min) ,
1.4.4 Ko

IR A3 R A i v T 4% 1) R B 2 PR K A L 4 X
GOt

MR _M, 3
=i

K MR KA M, T8 % ¢ B 210 PRk 5
TKE(g/2),
1.4.5 HRAITFHEZHK

A BOK 39 W (D ) S R i & ) R TE
Pk A b HOK 73 78 kSl R g 1Y H AR AR, Dy
T U 7K BE R L I L% R O R N K A
HO AR R A A B Y, B H Fick 5



I ARZERFR,2023 £,39 %, % 4 #1 Journal of Guangxi Academy of Sciences,2023,Vol.39 No. 4

A TUE AT AT TR AR K A R RO R

DI{

lnMR—ln(—)—( 1),

KL sk A %EE"J—:F(mm);t o A A I 1)
(s)s Do A BOKTY BRE (m®/s) o Wi A 5]
InMR R E] ¢ B9 21k ¢ & L L2007 7 19 R R
k ARAAZ )RR A BOK SR B

L*
D :*7/30
g

4

(5

1.4.6 &%

SR PE P 2548 T B R I AR AR —
JETEHIER A SR M EE S, MR 6210
E R BB B E RE S RS RE L T, HAEROR,
7 il P 2 R A TR T LA B £V B B IR
REARE S E I E 3 W U (.

1.4.7 K&

W BORE 0Lk IR RE A L R A - RO & B0RS A

IORER A IS Llﬁzéﬁﬁzi'% KA 6) R,

-V,

X .
Vo 100 %

K, SR AU 4 % (%) V., A I B 20 iR R
(mm®);V, Jy ¢ BFZIA AR (mm®) ,
1.4.8 Ak

2 g oAy BORE i A K 3 . 80 °C IR IR
1 30 min J5ECAE T KAL WK 20 min, FH I8 400 X
R K 4y, e MO, THEE K, n s (7
Bt

SR(/)— (6)

KRR HE K (g/g)sm, NEESZKIG W T K
O3 P RRAG 0 S 3 (@) som KRR i SR K T I B 2 (@)
1.4.9 #4igk

FH AR 1 kg BEORS Rk 43 T T #E 1) il it ok SR 1E 3%
R 0 T B e 48 [(kW « h)/kg ], i@ i B fig %
et
1.4.10 ML A2

TR R VIR 2 mm X 2 mm /M3,
6 FH 451 4 P S B L K R TR — )2
W & b O R R e A FL AR, w8 4, TAR R
N 15.0 kV, R A5k 150 5,
1.5 HESH

I EE 3 W IR 45 R LOE 4 (E + br il e 22
Kon . K SPSS 27. 0 i x il g6 B s 47 B M

5o M MR 22 FA ZE K5 . >R AT Origin 8. 0 41
Z A,

2 HRE5HSMH

2.1 ARFEARXNGERZF FRESENZ I
2.1.1 RAEATHBRFXSEHAFTFRAESKERT RN
18] 9 %5 v

P P 1 Ca) W0 Bl A T 8 B ) ) A28 K, S ]
J7 20T R R T RS KRR REAL . B 1 (b T
A1, VFD, HAD, VD, MD ¥ T & i} 8] 43 % 4 660,
240,340,131 min, A i, MD 4 T 4§ i 18] & . 5
VFD.HAD., VD # H, B2 51 45 %8 80% . 45% .
61%.,

m,
RR =—, D)
n,
(b)
3.5 i
> 700 A
£30 600 1
g ] k=
S 2.5 £ 500
0)3 ko
3 E
2 2.0 = 400 1 B
2 1.5 —e—VFD & 300 ¢
3 —e—HAD I
2 1.0 —A—VD 200 - 1
= —*—MD D
8 0.5 100 -
0.0 — T — T 0
0 100 200 300 400 500 600 700 VFD HAD VD MD

Drying time/min

Drying method

Different capital letters indicate significant differences among drying methods (P <C0. 05).

1
Fig. 1

AR 77 0T BN A 4

Drying basis moisture content and drying time of P. kzngzanum Coll. et Hemsl.

oK S R ]

slices under different drying methods



HARE THRAXAXEER TRISEMRIEEE 0

2.1.2 ARETFBRFXAEAHRFHYFREEFRA KL
N & &R

H L 2 AT AT, BORS R A6 SF 249 M R MR IR R
MD>HAD>VD>VFD, 54 &% i 0 57 45 B 2%
L. AT RS2 R A Ol 5 A A o Y 2 37 1 R0 R A
O T IR B v e R o TT 2 9B kL R X R
FEARTEAT NI HE K 3 I PN 5 5 7% 2 1 L 4 ) A2
I Jin 34 57, JF HOBE P s 2% KK 4y, R R
B,

R 1 AT 4 Fh T8 7 ST 05 S R A
HOKA RN 1.46 X 10 —6.49 X 10 ' m?/
s HITER TR AE SRS A A X107 " -
1X107" m*/$)FEE M. MD 4 J i 18] e 0, A
ROK A B R B ]9 6. 49X 107" m*/s; 1l VFD
1) T B ) R, A ROK 3 9 R B ik, o 1. 46 X
107 m*/s, £ L, MD A SBOUKSY B AE RS T
Hofth 3 Fp 407 3, 32 B2 DR B I M R b, 3%
£1 ARAFEARTHERKITHER

LR A TR A R

0.030 -

/T%
§ 0.025 1 |
g
&
= 0.020 4
o B
<
o 0.0154 T
£ l
o

C
2 0,010 2
0.005 4 ﬁ
VFD HAD VD MD

Drying method
Different capital letters indicate significant differences
among drying methods (P<C0.05).
2 NIRRT T RS RS 2 T R R
Fig. 2 Average drying rate of P. kzngzanum Coll. et

Hemsl slices under different drying methods
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Effects of Drying Methods on Drying Characteristics and Micro-
structure of Polygonatum kzngzanum Coll. et Hemsl. Slices

HUANG Jimin', WANG Zhenlan®, QIU Zhanhong®, WU Zhaolong'*,QIN Haibo'*,
LI Bingzheng'**" " ,HUANG Zhimin'" "

(1. Guangxi Key Laboratory of Advanced Microwave Manufacturing Technology, Guangxi Academy of Sciences, Nanning, Guan-
gxi,530007, China; 2. College of Food Science and Quality Engineering, Nanning University, Nanning . Guangxi, 530200, China;
3. Guangxi Huatai Pharmaceutical Co. ,Ltd. . Hezhou, Guangxi, 546800, China;4. Institute of Grand Health, Guangxi Academy of
Sciences, Nanning , Guangxi,530007 ,China;5. Laibin Branch,Guangxi Academy of Sciences,Laibin,Guangxi,546100,China)

Abstract: In order to explore the effects of different drying methods on the drying characteristics and micro-
structure of Polygonatum kzngzanum Coll. et Hemsl. slices, and to optimize the optimal drying method of
P. kzngzanum Coll. et Hemsl. slices,four drying methods including Vacuum Freeze Drying (VFD), Hot Air
Drying (HAD),Vacuum Drying (VD) .and Microwave Drying (MD)were used. The drying time,average dr-
ying rate, effective moisture diffusion coefficient, color, shrinkage rate, rehydration ratio, unit energy con-
sumption and microstructure were used as indicators to evaluate. The results showed that under microwave
drying,the drying time and energy consumption of P. kzngzanum Coll. et Hemsl. slices were 131 min and
5.78 (kW « h) /kg,respectively,which were significantly lower than those of other drying methods. The aver-
age drying rate and effective moisture diffusion coefficient of microwave drying samples were 0.025 84
g/ (g * min) and 6.49 X 10" m®/s, respectively, which were significantly higher than those of other drying
methods. The L * value (76. 40) ,shrinkage rate (69. 42%) ,rehydration ratio (4. 39 g/g),and microstructure
of microwave drying samples were similar to those of vacuum freeze-drying samples, which were significantly
higher than those of hot air and vacuum drying samples. Considering the product quality,drying efficiency,
and processing costs,it is recommended to use microwave drying as an efficient and high-quality dehydration
method for P. kzngzanum Coll. et Hemsl. slices.

Key words: Polygonatum kzngzanum Coll. et Hemsl. ;drying method;drying characteristics;unit energy con-

sumption; microstructure
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