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Quality of fresh-cut Angelicae Sinensis Radix from Yunnan under different drying
conditions and “microorganism-component” correlation evaluation
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Abstract : Based on the entropy-comprehensive scoring method , the changes of pharmacodynamic components of fresh-cut An-
gelicae Sinensis Radix from Yunnan (YASR) under four drying conditions (sun drying,40,50,60 °C hot air drying ) were
studied ,and the correlation between microbial community composition and pharmacodynamic components was analyzed. The
electronic nose was used to quantify the odor of YASR and principal component analysis was performed. The contents of vola-
tile oil, ferulic acid, ligustilide , polysaccharide , total phenols and total flavonoids were determined. The free radical scavenging
ability was evaluated by the DPPH method and the ABTS method. The 16S and ITS microbial high-throughput sequencing was
used to reveal the changes in microbial community composition during the fresh-cut drying process,and the correlation analy-
sis of “microorganism-component” was carried out. The results showed that the comprehensive score of sun-dried samples was
the best, followed by hot air drying at 40 °C. Their traits ( warping rate, odor) , pharmacodynamic components ( volatile oil,
ferulic acid, ligustilide , polysaccharide, total phenols, total flavonoids) and antioxidant activity ( DPPH, ABTS free radical
scavenging activity) were the best. 16S and ITS microbial sequencing showed that drying conditions significantly affected the
composition of microbial community, and the change of fungal community was dominant. Among them, Aspergillus , Serratia ,
Aptotrichum and Naganishia were closely related to the change of component content. In summary, it is recommended to use

40 °C hot air drying in large-scale production to balance the drying efficiency and the quality of YASR. This study also pro-
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vides a theoretical basis for optimizing the drying process of YASR and the mechanism of “microorganism-component” inter-

action during the drying process.

Key words : Angelicae Sinensis Radix from Yunnan;fresh-cut; drying; microbial community ; pharmacodynamic components;

correlation analysis
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Fig. 1 Radar image (A) and PCA plot (B) of the electronic nose of Angelicae Sinensis Radix

from Yunnan ( YASR) under different drying conditions
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Fig. 2 Slices and microstructure (13 000 x ) of YASR under different drying conditions
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Standard curve for determination of polysaccharide (A) ,total phenols (B) and total flavonoids (C) in YASR
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Fig. 5 HPLC chromatogram of mixed reference substance (A) and YASR (B)
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B T T v R IS T PR R A (R S L SR A E
REEEIHI S A H B EE2E R (P <0.01) , IE{HYY
HILAE 50 °C B & ik B g5 (43900 R 95. 44 mg/g
F10.960% ) o (HAFH I, 275 & 29538 b (BR
FA IR ) EEYIHIN T s g T, it
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Table 3  Effective components content of different fresh drying

conditions and traditional processing YASR (; +s,n=3)

Iy R P& AR A Py G 2 pENL SR
Processing Volatile oil Ferulic Li 777.1. d (Ho/ ) Polysaccharide Total phenols Total flavonoids
method content (% ) acid (%) Agusitide L9 (mg/g) (mg/g) (mg/g)
fi+ Sun-drying 2.00 +0.09 0.248 £0.002" ** 0.658 £0.002*** 62.55+2.15*** 5.79+0.37"" 11.29 £0.34* "~
40 C 1.80 +0.16 0.243 £0.000" " * 0.943 £0.017"* 56.87 +£1.33** 4.64 £0.27 8.72+0.34" "~
50 C 1.60 £0.09 0.187 £0.001 0.960 +0.001 " ** 95.44 +5.57***  3.37x0.25 7.56 £0.16* "
60 C 1.60 £0.00 0. 188 +0.008 0.849 £0.014"** 87.54+2.82"** 4.17+0.70 7.81+£0.24" "
{£4; Traditional-drying  1.80 £0.28 0. 185 +0.004 0.898 +0.003 47.15+1.11 4.32+0.16 6.47 £0.08

2.3 FREMEX =L DPPH 71 ABTS H A&
FRBE BRI

TR AT X 2 VAR A PR Y R R F 5 R
W], DPPH %11 ABTS 3AI5E (9 A th FETE BR AE 1 3

5N R B R AR A SRR, 3 5 R AR G
(D23 .38 4) , U WS M A S i 4 O A 3% 1Ak

Y A R SRR B AR X 5 Fu &

AR FEA — B, HARTN S, BEIRLE T, = 294
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DPPH #1 ABTS [ty 53 BRAE /13499855 . SR, 515
SEA M LR EEIHI 454 ABTS [ i SLT5 K e 11 1 5
F T (P <0.001) 1 DPPH [ iy 2535 BR AE 7 & fi

DI ENRTAE G4, 1 -5 5 1 M0 A B 55 2 Al
AT B, TR S5 2225 PF 40 R S4B v
IR ABTS [ty 536 BRAE 1 %0 o

R4 FRABLETREGFEGNTEYITREUFME (x+5,n=3)

Table 4 Antioxidant activity of different fresh drying conditions and traditional processing YASR (; ts,n=3)

L5k

Processing method

DPPH [ dy BT ER A
DPPH free radical scavenging rate (% )

ABTS [t LR
DPPH free radical scavenging rate (% )

fifi+ Sun-drying 36.78 £1.36 " * 97.95£0.08 " * *
40 C 40.87 £0.79 94.41 £0.59 " " *
50 C 38.83+2.26" 85.04 £1.30" " "
60 C 31.42 +£0.54* "~ 84.66+0.99* " *
{4 Traditional-drying 42.04 £1.53 69.14 £1.07

2.4 ZIYHPEHEVHARTRZGEEES
EREEREW] AR R AN = AR AR b
ARISEME AN TR 32 T A BF 57 SR FE08 L 32 %o 25 R AR b A 7
FOVAE S, v R UL B R R , 3 TEAR
ERMMARE . IR EGERS 25805 T o AR
HRFES) W, PIBLER S8R 2R AR

BHRPIAE RS R N ZE G IR (W3R 6) TR AN
THRAAFLRA VEST el o BRI Sy < i 1) i g 1
>40 °C >50 C >60 C > &5,
2.5 FREEHNZIFABEDEZFND
2.5.1 a $HM

18 7 A, FUHTEERE & (Q) AR EL , AR T4 A%

RWIXLEIEAR N THRIIE N P AT 20, ST PRRORES, TP A 45 5 5% Chao 1 ACE MIZHEME

RS ARAFTEREZFGZYHEABEENERY
Table 5 Weight coefficient of entropy method of YASR under different drying conditions

TEPRE GESSCHLE T BAHE W
Targeted value Information entropy value Information utility value Weight (% )

¥Rkl Volatile oil 0. 646 0.354 19.391
Pif#RAR Ferulic acid 0.533 0.467 25.560

FEA NG Ligustilide 0.852 0.148 8.098
ZH Polysaccharide 0.753 0.247 13.520

JEL i} Total phenols 0.799 0.201 10.988
ST Total flavonoids 0.752 0.248 13.592
ABTS $r454k ABTS antioxidant 0.838 0.162 8.852

*6 AERHTEZHENEEMNIZLYAEEES

Table 6  Comprehensive score of different fresh drying conditions and traditional processing YASR

ML I5 ik &l BT ZRIR A Py i E21i pevi; MEE ABTS Hi4fk LER Y
Processing Volatile Ferulic Li 7'<tl 1 (Hq ) Polysaccharide  Total phenols Total flavonoids ABTS Comprehensive

method oil (%) acid (%) 1gustiade 170 (mg/g) (mg/g) (mg/g) antioxidant score

T 2.00 0.248 0.658 62.55 5.79 11.29 97.95 92.79
Sun-drying

40 C 1.80 0.243 0.943 56.87 4.64 8.72 94.41 86.34

50 C 1.60 0.187 0.960 95.44 3.37 7.56 85.04 79.59

60 C 1.60 0.188 0.849 87.54 4.17 7.81 84.66 79.42

.
st 1.80 0.185 0.898 47.15 4.32 6.47 69.14 73.01

Traditional-drying
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54X Shannon | Simpson ¥4 34 i, H B 7 7K & R AR
BT AR N 60 C TR 2 E K& 50%
IFE A (Z.60) 119 =F & FE 48 %X Chao 1 FlI ACE 11K,
W12 150 Ul 4% 1 00 25 B AV T A ol vl %) 4 R A S 4
O AHEEZ T ,40 CHIRE S (Z.40 (H.40) F150 C 4
R (Z.50 H. 50) 1) =5 2 4 50 303 BT /)N , 10
AUl 5 I R AR A o 4t 7 4 P S BSORE W AR . L

A BT (H. S) .50 °C (H.50) .60 °C (H.60) [ ELH
Fm B BN Z R BOIR TR B AR (Q) , Ui
I sk 2 v R 43 LA 3 2 T L {H HL 40
R 9 B R B = TR AR A, X AT REIH R T 40
C AR TR AE B A b 1T, Bz
LG S T I A I

F7 AEFREGEYAMENEESHEIERSN (v £5,n=3)

Table 7 Analysis of microbial community diversity index of YASR under different drying conditions(; +s,n=3)

BE #H1# Bacteria H.# Fungus
Sample Chao 1 ACE Shannon Simpson Chao 1 ACE Shannon Simpson
0 201778 £1.848 22797 £1.765 0.618 +0.024 0.388 £0.031  161.744 £16.288 167.620 +14.131 3.2630.237 0.918 +0.023
Z.$ 23.917+1.712 24.429 +1.472 0.586+0.036 0.345 +0.035  180.263 +15.944 182,697 +15.641 2.824+0.213  0.860 +0.029
740 24.167+8.721 23.652+6.648 0.5630.094 0.340x0.073  163.333£10.773 163.713£10.997 3.129 +0.522  0.858 +0.076
250 27.167+9.259 27.293+9.141 0.783x0.281 0.394x0.054  186.431 +33.410 188.371 £32.077 3.336£0.105 0.898 +0.021
7.60 19.867 £4.970 20.413 5.424 0.618£0.049 0.3790.020  209.702 +2.625 213.512%5.783 3.655+0.434 0.922 £0.045
H.S 31.361 £10.035 32.248 £9.891 1165 +0.403  0.538 £0.096  151.678 £32.627 152.108 +32.895 2.934 £0.268  0.843 =0.049
HA40  25.500+3.082 26.192+3.758 1.376+0.679 0.611+0.223  199.043 18.016 196.596 £17.095 3.302 £0.561  0.899 +0.053
H.S0  25.833+4.836 26.343 +4.938 0.888+0.202 0.472+0.051 146,424 +25.572 145.459 +23.887 3.502+0.316 0.915 +0.032
H.60  30.889 +0.685 29.856+3.008 0.829+0.279 0.430 +0.061  126.975 +77.763 134.836+69.639 2.1331.481  0.676 +0.211

2.5.2 B HAM®

Y T 3 AL AR 2 BT (PCoA) 45 S I 7k PCoALl |
PCoA2 [ BTk R 43 31 Hy 30. 80 .23. 46% , B it ik
a0 54.26% , A LAFRAE R FR 43 1748 1 P AL, 45 A
r S8 A H, U BH S LA o 1 A TR L R R 22 R
(LK 6A) . ELIA () PCoA 455 7Rk PCoAl PCoA2
BTk 2 20 51 o 16. 30,7, 67% , BRIt 5T Hk R
23.97% , U LR AV S5 S 4%, 2 > PCo XEDLTE
ARKARE X A7 R (UL 6B)
2.5.3 frAMBE(BAKT) E AR

T AR P A ACE i TA R, TTKF

A

0.2

Group

0.0+ - ¢

B
)

PCoA2 (23.46%)
.

0.2 0.0 0.2
PCoALl (30.80%)

Pt #E 8 3% 1 unidentified-Cyanobacteria . KX 3C
K& (Erwinia) AR H20 i F & ( Pseudomonas ) V)
B & (Serratia ) |\ ¥7 15 BR 41 14 J& ( Citrobacter ) 45 2
o TEZR AT AL B, 72 H. 40 #£5h A D
it A RS TR T e AR SR AN TR R A . LR /K- 2
K 7B fr/n. J@KFE L, EE W lyonectria , Linne-
mannia , Solicoccozyma , Tausonia . Operculomyces . || 75
1 & (Aspergillus ) SF i, TR AT = 5 FRE i A
PIL llyonectria FEXTFEEARME, 20 TR Z )5
PRGN, 78 H. 40 FPARRX 21 ik 80% , &M 11-
yonectria TE 2 G L A B & 3h 21k

B

)

PCoA2 (7.67%

02, Group

0.0

0.0 03 0.6
PCoAl (16.30%)

Eo6 AETEZUHRIUEMME(A)MERE(B)B SHEESHT
Fig. 6 Analysis of bacteria (A) and Fungi (B) B diversity of YASR under different drying conditions
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Fig. 7 Analysis of bacteria (A) and Fungi (B) community composition at the genus level of YASR under different drying conditions
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Fig. 8 Correlation analysis between bacteria (A) and Fungi (B) community ( genus level) and odor value of YASR



1732 RIRFIIO 5 T 4

Vol. 38

3
4
E
g

|

s S
¥l ivolatile oil 3 =
2

% hPolysaccharided
2
T

i M MiF erulic acid

LM Toal 11

B9 ZHPHABMASSHEE(A)MEE(B) #% (BAT) WEAXESHT

Fig. 9 Correlation analysis between effective components and bacteria (A) and Fungi (B) community ( genus level) of YASR
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