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Abstract : The enzymatic modification was used to improve the application characteristics and functional quality of Polygona-
tum odoratum whole powder (PWP). The application characteristics and functional quality were evaluated by comparing the
quality characteristics of PWP prepared by enzymatic modifying, vacuum freeze-drying, traditional processing and vacuum mi-
crowave drying. PWP was modified by compound enzymes consisting of pectinase, cellulase and papain,and the process pa-
rameters of enzymatic modification were studied and optimized by response surface method,and physical properties ( disper-
sity and colour) and chemical index (total polysaccharides and flavonoids content) as evaluation indexes. In vitro antioxidant
capacity (Fe’* reducing ability, DPPH - scavenging ability and - OH scavenging ability) and in vitro hypoglycemic ability
(a-amylase and a-glucosidase inhibition) were applied to evaluate the the functional activities of PWP. The optimum enzy-
matic hydrolysis conditions of PWP were as follows:3% enzyme dosage,80 min enzymatic hydrolysis time,40 °C tempera-
ture,pH 5.5. The Fe’ " reducing ability and - OH scavenging ability of PWP were enhanced ,and the inhibitory ability of a-
amylase was also enhanced. The antioxidant and hypoglycemic effects of PWP were improved by enzymatic modification. The

performance of compound enzymatic modification can effectively improve the application characteristics and functional quali-
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ty,and enhance the health function value of PWP.

Key words : Polygonatum odoratum whole powder ; enzymatic modification ; physical and chemical properties ; antioxidative a-

bility in vitro ; hypoglycemic ability ; weight analysis
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Effect of enzyme dosage on all indexes of P. odoratum whole powder
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Table 1  Effect of enzyme dosage on the quality of P. odoratum whole powder
i 11 £t Kbt i % BEE O RAE W4
Enzyme dosage( % ) Moisture content(% )  Dispersity(s) Colour(a) 1ol polysaccharides Total flavonoids Score
(mg/g DW) (mg/g DW)

1 7.84 5.57 £0.34" 12.55 £0.31" 71.41 £1.18¢ 1.41 +0.06° 51.93

2 4.72 4.82 +0.26" 12.49 +0.24" 76.09 +0.99° 1.84 +0.08" 70.01

3 8.57 4.64 £0.23" 14.71 £0. 22" 107.87 =1.45" 2.16 £0. 14* 75.56

4 10.48 4.29 £0.19" 15.23 +0.18" 95.65 £1.07" 2.12 £0.09* 65.14

5 5.10 4.12£0.33" 15.40 +0.25" 52.44 +1.01° 0.79 +0.11¢ 9.63

TE PRER R R A BENE 2SR, P <0.05, A,

Note ; Different letter indicates significant differences, P <0.05,the same below.
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Fig. 2 Effect of treatment time on all indexes of P. odoratum whole powder
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Table 2 Effect of treatment time on the quality of P. odoratum whole powder

I Ji) K Gy R ke i€ 2 ST e
Treatment time Moisture content Dispersity Colour Total polysaccharides  Total flavonoids Seore
(min) (%) (s) (AR) (mg/g DW) (mg/g DW) Soore

40 6.80 4.71 £0. 14* 11.72 +0.26" 51.78 +1.11° 1.53 £0.04" 33.28

60 5.88 4.57 £0.10* 11.93 £0.21° 53.28 =1.19¢ 1.80 £0.03" 45.35

80 9.82 4.54 £0.12¢ 12.65 +0.38 72.42 +0.98°¢ 2.01 +0.08* 70.48

100 10.38 4.48 +0.10" 12.56 £0.33" 82.26 +1.30" 1.18 £0.06° 49.08

120 8.40 3.89 +0.15" 13.48 £0.32° 86.47 +0. 88" 1.10 £0.03°¢ 46.91
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Fig. 3  Effect of treatment temperature on all indexes of P. odoratum whole powder
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Table 3 Effect of treatment temperature on the quality of P. odoratum whole powder

i Koy i N ; JoE 2 ST -
R .k/-}ﬁ 8 W (a7 EZ . Fifi] o N
Treatment Moisture content Di ity (s) Colour( AE) Total polysaccharides  Total flavonoids S
temperature (°C.) (%) e o (mg/g DW) (mg/g DW)
30 9.00 4.41 +0.08" 13.68 £0.24" 26.94 +£0.96¢ 1.94 £0.05°¢ 8.10
40 8.16 4.47 £0.11° 13.44 +0.31° 31.89 £0.82° 2.69 +0.12" 61.63
50 5.15 4.23 £0.17° 12.14 £0. 19 39.31 £1.02° 1.98 +£0.06" 43.47
60 7.92 3.97 £0. 12" 12.95 £0.23* 45.12 +1.09" 1.95+0.11*° 47.13
70 6.25 3.73 £0.09" 13.31 £0.25* 29.73 £1.31° 1.82 +0.10¢ 14.83
A B 201
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Fig. 4 Effect of pH value on all indexes of P. odoratum whole powder
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Table 4  Effect of pH value on the quality of P. odoratum whole powder
Koy Hiles ke BEhE S W
pH Moisture content Dispersity Colour Total polysaccharides  Total flavonoids Seore
(%) (s) (AE) (mg/g DW) (mg/g DW) o
4.5 8.60 3.83 +0.08" 13.40 +0.21" 30.28 +0.72¢ 2.13 £0.03" 25.64
5 8.74 4.59 £0.07" 14.36 +£0.19* 33.27 +0.84° 2.17 £0.05" 22.44
5.5 8.16 4.67 £0.04" 14.90 0. 15° 41.52 £0.68° 3.03 £0.10° 75.09
6 8.25 4.92 £0.10° 12.99 £0.26° 39.95 +0.89" 2.55 +0.06™ 69.34
6.5 7.78 5.14 £0.13* 12.87 £0.27° 29.12 +0.61¢ 2.31 £0.09" 27.40
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2.1.5 mp@EEER B AU A 1T (central composite design, CCD) |, DA
WA LU S R TP Desin 58 W A0 (AT T2 280, AT 2
Expert 8.0.6. | A[FF T £ 5407 4 3 KT &S,
x5 MEEREEZEKTE

Table 5 Response surface test factor level

K A F B i} [d] Time C

Level Enzyme dosage( % ) ('min) Temperature ( °C ) bpH
-1 2 60 30 5
0 3 80 40 5.5
1 4 100 50 6

CCD IR BT AR I 6, MU BB E XS s Rt 55 220 b 4 R W3R 7
F6 MEEREZITSER

Table 6 Response surface test design and results

S&’B‘ﬁ?ﬂ A il .B EQ‘I‘EH C D pH LAV
Experimental group  Enzyme dosage(% ) Time ( min) Temperature( C ) Score
1 1 0 1 0 40.97
2 0 0 -1 1 26.76
3 0 0 0 0 50.40
4 1 0 0 1 8.31
5 1 0 1 0 22.60
6 0 0 0 0 60. 16
7 0 1 -1 0 36.75
8 0 -1 0 1 27.07
9 1 1 0 0 25.66
10 1 0 1 0 17.06
11 0 0 1 -1 46.18
12 0 1 1 0 29.56
13 1 0 0 1 33.00
14 1 1 0 0 34.90
15 -1 0 0 1 43.26
16 0 1 0 -1 35.82
17 0 1 0 1 26.74
18 0 0 1 1 47.01
19 0 0 0 0 51.70
20 -1 1 0 0 32.33
21 0 0 0 0 40.59
2 1 0 1 0 28.24
23 0 0 0 0 35.96
24 0 1 1 0 26.20
25 0 -1 0 -1 40.73
26 1 1 0 0 16.07
27 0 1 1 0 26.23
28 0 0 1 1 29.55

33
o
—_
(=}
(=)
'
—_

27.717
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I 7 AT, [EEER F =4.95,P =0.001 7 <
0.01, Z M I ml I )5 AR 22 5tk 5, L LA 42
HEEE L, KA F =0.42,P =0.892 3 >0.05, %
Ml ANk 3, A WM AU R, ] FH AR X A 4
BB e T E AT Mo N e T 224

[T 5 8 P 2 S SR T A0, VR Nk (A) K B
FHASEE AL . (P <0.01) A% 38045
®7T EARBFESH

Table 7 Regression model analysis of variance

SO R B, C° AR S R B, PAEK
ANTTRN, 2% PR ZE BAT A BT s I HE T o
g7t (A) >pH(D) > &EE(C) > A (B), LA
ZRETFAr R NAE , 45 2 2550 4 B0 B X b [
AS A A A 7 FE R Y = 47.76-7. 944 + 0. 758 +
2.52C-2. 83D + 3. 04AB-4. 5TAC-7. 43AD-12. 98A>-
9.49B°-7.11C*-5.22D°

T3 22 KR 5 A A ¥y FAg PH W EE
Variance source Sum of squares df Mean square F-value P-value Significance
FEH Model 2795.94 11 254.18 4.95 0.001 7
A 755.73 1 755.73 14.72 0.001 3
B 6.66 1 6.66 0.13 0.723 1
C 75.95 1 75.95 1.48 0.240 5
D 95.77 1 95.77 1.87 0.189 8
AB 36.97 1 36.97 0.72 0.407 9
AC 83.45 1 83.45 1.63 0.2195
AD 220.82 1 220.82 4.3 0.053 6
A2 1.092.03 1 1.092.03 21.27 0.000 2
B 584. 04 1 584.04 11.38 0.003 6
c? 327.69 1 327.69 6.38 0.0217
D? 176. 84 1 176. 84 3.44 0.080 9
72 Residual 872.75 17 51.34
4l Lack of fit 505. 84 13 38.91 0.42 0.8923 ENTES
1524 Pure error 366.9 4 91.73
ELF Cor total 3 668. 68 28

[E:"P<0.05, 2253 W3 ; " " P<0.01, ZREENE; """ P<0.001, ZRM W3,

Note: * P <0.05,significant difference; * * P <0.01 ,highly significant difference; * * * P <0.001 , extremely significant difference.

5 it T 20N Z00 BT A £ i SR W 4 )
i T P R 2 e P DL I 5 2 T S A 0 A
AR AR T 2SO W i 3% , Ab BRI
6] 80 min, {40 C,pH {H N 5.5, fE L A5 1F
Ml MI S LRGP O 47. 76 Bk ik g 4
RMI R S5 E T 5 BT A 2T, R W] A
BT B M TN £ AT 2R R T 2240
2.2 EEMEEMEMIESNIEEITM

Iy B A TR BT 2k (ZW) (B
Y UR TR AT 4k (LD) AL GeMa il £ 47283 (CT)
VER LLEX R, ZW SRR 2 I8, LD 0 BAR
Wil T AR, CT S i B 2 18, LSS 70 A B
YT A RERFIERI L 5 221k

2.2.1 #RAMHHE

Hi[ET 6 A FIHL, 4 Fh T AT A R BEHR ) ) B A 42
Ui Fe' 30 JERE F7, LR H B 800 ) d- 000 ¢
Fo Hrb LD BERPxF Fe'* )3 J5RE S A 4522
CT B35t Fe' " B JELAE 11 0L F LD, R H B2 o
TR ARG BT RS Fe' ™ 1 3E JFUFE I 154
Z it IARECVE IS ATk Fe' " IR ELAE 1y it — 2
nin , HLU e T HA 3 B AT A0, 3 AT AE-S A
J AT 2o R S B S A O A K

11l 6B RIH,4 Fift AT 44 42 HA 849 DP-
PH - [l L5 BRAE ), H B B4 i 2 m 38
JEXF DPPH - [ fy ZE W5 BR BE 12 i g ot , 12 9L K
BREYER, ZW LD Kk MJ BB %t DPPH -
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Fig. 5 Response surface plot and contour plot of the influence of various factors on the quality of the P. odoratum whole powder
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Fig. 6  Antioxidant function of 4 kinds of P. odoratum whole powder
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Fig. 7 Inhibition of a- amylase activity
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