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Effect of High-Power Electron Beam Irradiation on Quality of Polygonati rhizoma
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(1. School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang
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3. Irradiation Preservation Key Laboratory of Sichuan Province, Chengdu 610101, Sichuan, China)
Abstract: The Chinese medicinal and edible herb, Polygonati rhizoma, was taken as the raw material and
treated with a high-power electron beam with irradiation doses of 0, 2, 4, 6, 8 kGy. The changes in microbial
content, content of main active substances, high - performance liquid chromatography (HPLC) fingerprint,
color, moisture, ash, and extract were analyzed under different radiation doses, so as to explore the effect of
high-power electron beam irradiation on the quality of Polygonati rhizoma. The results showed that the total
aerobic microbial count, mold count, and saccharomycetes were significantly reduced by the electron beam ir-
radiation. At low irradiation doses, there was no significant change in the content of active ingredients of Po-
lygonati rhizoma (P>0.05) , and the similarity of HPLC fingerprints of Polygonati rhizoma was greater than
0.90, indicating that the fingerprint of Polygonati rhizoma was consistent and stable after electron beam irra-
diation with different irradiation doses. When the irradiation dose was 2 kGy and 4 kGy, there was no signifi-
cant change in color compared with the control group (P>0.05). The content of moisture, ash, and alcohol-
soluble extracts of Polygonati rhizoma under different irradiation doses was in line with the provisions of the
2020 edition of the Chinese Pharmacopoeia. The electron beam irradiation at a dose of 2 kGy could not only sig-
nificantly reduce the microbial population in Polygonati rhizoma but also ensure its quality.
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kG (Polygonati rhizoma) , B & Bk B (Polygo—
natum) , 2020 47 R CH E 25 80) rhlick T3 FPERS , 4
TR HORS L 22 A6 HORS R BORS ., HORS SR AR A A T
2 ARE A 79 R VRS M2 R B RS
AR KA o ANRIE TR e ok 2 A
G RE VAT B TERE PR BT AL | 5 0 UL AT i A
1 S A Y 2 LA R AR e e S5 T R v
B AE AR R ] DUR R PR EE RN, B
AT SR A 3 L R 345, ) TP 2 A B DG, EEORG
YER—Fh 25 IR 25007, i G AE B R, e
J Uz N TR 2 e i A S
PEGEiT, 2020 4EHEAG AR 11561 ¢ 247 ,2021 4F
LY 14 963 t, MR B FPAE BOK , 190 BB )™
O 1500 kg 1, BEABUAEE AT A 112 500 T,
PR RN T2 S0 & o i | PR b S ]
[ 5 i O 2 R FH 2 R R o A5 O3 1) R e 1ol
YA g - G 2 4 7= X2 — 2 b B X
ittt kR EA . PU)IE N RBUFIMVAT
B AR SR IR TN 5 250 T S 80 35
S v A R B DA NS DL D =82 TR NI o LS
e R Rl R R VU A e T 2025 AP 2Rl
B %2 J BB « 2 b Rl RS 850 0 BT VAR LA
300 AZTC LA B, BOREVE S — B 1 77 i 24 8 TR
Wb, R R R BOR .
SR HORG A7 KAk I BORE 2 08, & 72 st #2 v
KA i AR S A o o A L 25 M E
PRSI, WU B SR AP BRI AT A, T2
TP A5 8 SR A B A AT Wy BRI R 3 B R R A2 3R
PR A TR RO SRR IR EOR  FE
HAFFERERTS IR 5] $ A BB A5 B 5 1 %
FRAR B A b2 30 X 24 b8 30 A7 B 2K 0 I R 4 B
AR, G AE LM b AL R 8% B AN I 253
AT REXT AR TS A . AR TR A B R A B PR
AR ZR G, B 1k AE T 250 77 b i T 5 6 i B T
FH fff B 2% 7 R 56 SO0, e IR B AR A R —Fh %
REHAR”, BAEGMO 24 DA &5 msUiee g,
MR TG wER ik A R Har, 5
AR i T RN 58 A B b g 137 FH 24032,
fief 7] % SR04 K SRRUSI6) g ARV | PR 0819145 7 v
24 T, XoF A B AR N AT 9%t EL 28 A0 R T,
KRR JIERN K22 AR RIGE 5 R & —E
F i (4 B AR, T DA 24 4 i i, 2
TP B A3V A B A A2 SR — K v 2R R
B A RT3, AR 9T K L EORS 28 0.5~6.0 kGy
) ©Co-y SRR IS , LA W 1o b, R AE T 24
MBI SR 4P T A BB R BB OIS R 44 SUVE DY AHER
T 0Co-y S L BB A , & i F o 4 I EL AT b B A%

R REABAR b P i R 22 4 T AR A, SR TR
58 IR B AR A 25 B RN T b B 1 T SEATI AR B

ASHIFSE R T HL M0 32 g % BORGHEA T o BEHL T PR 4
HEAR B 5000 5 % BRI 22 04 B (AR o e T R A
o AR BURTESE) BRI TE B0 , PPAN 5 BE HL T AR R 4
AR B i ST REE , LY R B 5 SRR B R A B
Ve B L P —E B

1 #RE5H*®
1.1 PRSI

BN DU 1148 T 242500 A7 BR 28 7] 5 D7 %60 B 22 751
RAFTC N T (AN 98% ) « SR A MR AT R
o3 A 5 R K R B R 4 R U I 2 B B 3
FE AL R R A HR G BRI A w5 B N (3
e al)  FEER I RBHE O D A BRA 5 WA TR
B RETR AR UL KBS TR S AR A L L TOK &
B (B3R A ) - R T bR fh 2 i AT FRA F
12 S

UltiMate 3000 X =70 , - ZERAH TS - 9& R FEBR
TR F] s RHCX-350 #8755 1 YEAY 55 T oI
WA BN 7] 5 GE6ODA 13 1 28 75 K 1 i - 5 [ 2t
75 7] 3 NH300 8 BE A RN = BAF B A B A A
SPECORD 200 PLUS %84k AJ UL 5653 6O B2 11« 1 [
Analytik Jena INE] s VE-ProAce-10/20 HLFhI3 & - 1114
WP BB AR AN A PR A A BRAR A it
N8 TRFRERFFE BESE 56 2 A il o
1.3 ik
1.3.1 ARG E e

T 2R B B R R H8 = JE 0] (2015 4R56 86
5 7 e 2 g KR AT B4 e R o 0 O
10 kGy” 22K  ARMFFR IR E T 2.4.6.8 kGy 4 5 &
211 0 kGy XFHEZ (CK) .
1.3.2 5k AbRE

FHE A FEH20 emx30 em, 30 22) % Bk 5k R

TTHEZ B &0 S0 Bl %e 3 48 (548200 ),
BEHL TN 25 (FE & 10 MeV, 138 20 kW) #1552 1)
HEF  HE AT AL B, LUSE BRI 5 0 kGy 1E A X iR 4
(CK) , JFF 5 T ) 33000 50 118 56 o PR AL 1 it R
F A 0 A5 S B 0 AL ) e R R RO 2.15.4.05.6.88
8.62 kGy. Ja 3L LIk M Fon . B S 09 B0
PEATR R, 3k = S0 a8 HH o
1.3.3  IEPER SR
1.3.3.1  HEAEZHH & e

2 2020 AF R 25 810 ) BORE b A 7 I, DA
I (CoH 1,06 ) A XT B iy, T HERE i p 8RS 20 5
1.3.3.2  BREFEFEINE

DAL B A TR Sk B SR kil e, =

il
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TEH A AR ) SR AR B B, FE R 1:20 (g/mL) BORHE
b, FRE 0.2 g EOREFESD , A 4 mL 80% B, 7E 60 °C
BRI BE TR R A 4R 30 min, H AR ER 2 WK, L B
JEW, B ZE 10 mL, A . B 5 mL, 80 °C
TR INRAE ], A 0.2 mL BREC B 5% 7 5 HE-0K
B R VR, VKOK IR 25 F T A 0.8 mL & SR , ¥ 21 )5
TE 60 “CARIE 15 min, BUE B FVKKIEH 2 min, A VK
BERR 2 5 mL, # 8 30 min, 7% K 530 nm R #EF7I0OL
FEI 5 o
1.3.3.3 G B & i

DL TAE X B R AR R B ik, 2 BB 7R R
ELT T YL AT I E o EOREAE SR 80% & VS W
F B8 105 (g/mL) BB L AE 70 “CF R 45 min #H4T
PEHC, A A, i uE, BOIE 2 mL T 10 mL 30,
0.4 mL 5% NaNO, ¥ ¥ , 1 2] # & 6 min, JIl 0.4 mL
10% A1(NOs),, IR 2] & 6 min, I A 4 mL 40% NaOH
TRAT, K B2, #5515 min, 7RI K 512 nm A 5E
WL
1.3.4 A&

W5 % HER 1 ORGSR R RN
M EE T B, BT 2 1R 2020 4F R ([ 24 i)
1105 AETC TR = i i A= P BIR B A s - b ik .
1.3.5  EORAH 3 (high performance liquid chroma-
tography , HPLC) 1 I 7 48 £ (51135
1.3.5.1 A a4

G 5 PR U RS B ORGSR R, R BROBL L
1:20 (g/mL) I A B B, R, =3 T #7530 min, #K
T, BEANE T, 85 S, A
1352 @ikt

{4354 : ZORBOX SB-C18(250 mmx4.6 mm,5 wm);
WA K AT A, IS MRS B, #i 1 #E AT
Ao VR I 5 TR E 0.8 mL/min; AL : 30 °C s HEREARFH .
10 ML,*E&@TJE%*ﬁ{MﬁJ& :210 nmo

£1 wzEREER

Table 1 Time program of mobile phase

Fisf 111 /min 7K 1% 1%
0 95 5
10 85 15
37 4 96
42 4 96
44 95 5
51 95 5

1.3.5.3 frarEiER4E

iz b A Ty ik ) g e BE R T RO R AT AR
M, 75 2 B 9 HPLC 15 8015 .
1.3.6  AFE

2 MR 22 5 B SRS Jy i 3 6 B 43U o RS A

a0 D SRS EAE LH(EL VLD S o B IR ME 0
{6, I35 T I A TR R (O B B2E (AE)

€ =Ja® + b (1)
AE = J AL¥ + Aa*® + Ab* (2)
1.4 Fdmaba

K SPSS 22.0 B Rt 3 vk H A I A5 i B
HEAT 30 35 1 FUAH S 43 BT 5 SR FH o 24 € 348 S0 RS A
LB P R 48 2012 fLE AT HPLC 48 80354347 , Ori-
gin 2021 FAFHEA THE SRS I 23

2 ER55MH
2.1 HL AR BT R (A P B 1 R )
A5 BRI T AR PR I e 45 SR LR 2.
F2 BTRERLEXNEBEEYABNER

Table 2 Effect of electron beam irradiation on total microbial

count of Polygonati rhizoma

IR Gy ﬁ;fﬁf/ﬁ’ gﬁi”(ﬁffﬁ'ﬁ’
0 6.48 5.40
2 ND ND
4 ND ND
6 ND ND
8 ND ND

T ND FRERIIER 1.0 1g(CFU/g) £k .

FH % 2 AT, oA 0 4 R A0 BORE BE A 1 A W B
RFRERHE, ARG E )R, 2R
HE G TR 5] 2 kGy IS, ol A 40 8 i 349 AR AR A ) B 1A
T, RWLESR BFE A 2 kGy B, B RE L T 045 IR AE
8 PR AT BER 25 M T (R s 0 e AR SRS R I T AR
BB B A RN R T BT A (O 2 8 ) v B Y
T YR AR . R I AU ] ©0Co-y ST 2k fa IR B
KI5 52 PR Y 45 BRI R 0.5~6.0 kGy B, Boks thisAE 4
W AN A5 RO — 3. i T AR R
Qb B BE A R i v 25k R i A ) il HGR
) r 1 2 B0 1R AH R
2.2 FLF RO RO RS P A O )

RG220 R RN A RS S Ty, H
Er RV RS S R A B AR AR . AN L TR
TR IR AL RS AT HEORS RS 208 B R R R Y
AN 3 FR FR G R S R 20 B R R
(ARSI 4 PR .

% 3.3 4 n]HT, i RS O (1 E0ORS 205 O it
T A 7.87%~9.92% , 45 G v [ 25 310 ) o e 1 B0KS
ZWEE AN T 7.0% B3R . HORS SRR R o
2 kGy B, 5 CK 411 He 6 i & 125 5% (P>0.05) , 31 5
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Table 3 Effect of electron beam irradiation on active ingredients

of Polygonati rhizoma

- ERTEZ . ST
A /K G g BT R Y o

SRR /K Gy S 1% MR E % (mgle)
0 7.87+0.44" 8.44+0.06° 8.20+2.42
2 8.16+0.25" 8.37+0.11° 5.99+0.37
4 9.47+1.08¢ 8.04+0.03" 5.37+1.220
6 9.92+0.29° 7.43+0.04¢ 4.11+0.22"
8 9.62+0.22¢ 7.4620.04¢ 3.39£2.30"

TE : [ FUAN ] /NG - 75 AN (7] 59 32t H - R4 BEORE i ) 22 e 15

(P<0.05)

*4 BERVESERZESE LEFAE. SEMAEMMEXY
Table 4 Correlation among irradiation dose, polysaccharides,

total saponins, and total flavonoids of Polygonati rhizoma

TiH T Eiﬁf*ﬁ Ef’f 'E‘Aﬁfﬁ
[0 (=N (=R
8 R 1
w2 0.786 1
SR -0.943" -0.812" 1
TR -0.901** -0.826" 0.799* 1

e PR 0.05 KR ) - 58 2540 56 5 #+8m 0.01 K- (C3Ui) I
[ETE P

i PR 2 () S AR 1 DE A 56 (P<0.01) , B 4 48
SRR S 55 v B, 2 3G IR b B BORS i A &
SEPIIE Y e B M 4 BEGR i 5 kGy B, (O P R
WSR2 B, SRR B AR
J5 50 5 (A2 BORE Th K 20 Z2HEE K+
Y, AR B ARG 55 T K, i R A5 (0% 1 s W 28,
ZMl KA, AT FRALR 22 W 08 S 38 43 F- 1001, (A5
FRILFCE G INC SR ILNE R BRI A, B B e
PEm Z AR K T B R . [RIBT, Wang S5FB2RF5E &
PR, HE A L 24 0 R B 5 0 A A R, SR TE R B
o, 1 254 A R A 15.59% B B hnE] 30.05% .
P AT UL, 8 R s 2 BB A5 40 A oA | R i VA
i EEORE Z2 0 B a3 .

OB SR 7.43%~8.44% , I 25 IR R =
B FH S, AT S R IR R AR ka3, 5 CK
ZHAH L, 2 kGy 5 B o 7 SR A IR A 38U
A SRR 2 R (P>0.05) , 7E 4.6.8 kGy §&
JEGR R B i R IR (P<0.05) , 55 e AR o
2 [E) S A f 35 A R R DG M (P<0.01) o B9 & B IR
23 S 5 R B AR R A, DT L s
TR BB, NS &R )E LT A S 24 RE A S
ST Rb3 Fifi R EGR) S A 8 i g b, NS B RE
J& F VU =AY, NS B A Rb3 & —Fh KRR =
il BT, i R IR R DR A — ]
P 0 A RO EEORS TP ) i SR 2R A B AR

iR H S

Wi 5 i R P T R, ORGP R BT Y i R A
WIEARR . 5 CK 4UMIEL, 22 2.4 kGy 4% IR 7] &
FL - SR IR AR B R P R SR B R e
#5(P>0.05) ,1F 6.8 kGy & IR ] F BB &2 5
PR 3 25 5 (P<0.05) , 3 PR A ORI 9 & B8RS b 2 i
i R R P B R D, SRR G A R — 3
7T 2 W48 IR 2 (e pEFR 3 1 Pl R A9 7= A2 04, 3 S 58
HEGA 2R A OG, i — B Ul A R I R rp T RE 2
BT AAAb ) T B 3R A, DA T 3 S 8T 5 () FRAI
2.3 HL U R EORT HE SR 9 5 e

Fi& 5 [ 33 T R A AR FEAR 2 b 0 R R
245 o A ) e TR 25 SR L U T I B
o RH Origin 2021 B34 738 SCEE 2, LR
IR (CK) B E b S IS, 37 2 5 K 0E L B 3t
et CERF 1) 2 S B Ry 0.01) , [J s v L oy s 0eg i ALY 1%
FI0ES 5ICHEL, HFFRIC 11 AT AR 0 3RS A0 R AE
U 15 B FORS 1Y HPLC $5 a0 B3, an &l 1 s, 3545
HOkE HPLC Fe8CEIEARRUE , ansk 5 P

250
200f 113
Z 150 A .
= 100 7
I 8
i‘E s il
0
-50
10 20 30
5 [E] /min
R. R IR 1~ 11 kS I RRIE G ; S1~S5 2300k 0~8 kGy 4
Y=y =i

B 1 #E#5H HPLC ELEiE
Fig.1 HPLC fingerprint of Polygonati rhizoma

R 5 HEfS HPLC iEQ BiLAME
Table 5 Similarity of HPLC fingerprints of Polygonati rhizoma

WiH S1 S2 S3 S4 ss R
S1 1.000 0904 0903 0957 0965  0.983
S2 0.904  1.000  0.990  0.904 0910  0.952
S3 0.903  0.990  1.000 0908 0915  0.954
S4 0.957  0.904 0908  1.000 0993  0.983
S5 0.965 0910 0915  0.993  1.000  0.987
R 0.983 0952 0954 0983  0.987  1.000

RO HORS N B 13 5 S1~S5 20518 0~8 kGy 46 BR SR A

P 1AL, BL 150 2 ol (4 AR O B Ik ]
FIAAS W T A 1), T3 AR A 11 A A I A A X
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A5 B3 Bk 18] 14 4B X5 A I 22 (relative standard deviation,
RSD) it [ 2 0.029%~2.96% , 7 W 45 @ B i T, BOKG
TS REBURFE—30 3R 5 T, R h 25 (k4R
SUEGEFRUE PR R 48 2012 b7 HR 441548 2 B s AR
IR T 0.9, 3% 5 4R I57 S0 LR AEBEFT HPLC
F& B EITE I 25 R Ao — 3, R W AN [R] 4R e
14 F, - S R B S EORG i SIS R AR AT R — 3K
HASE A T A2 Ju N
24 %

I RFIWT 2GR T B R 2 — . B R R
5 25 770 3 5 45 R FE A 0 25 5 WL 3% 6, F5 Al
AHRAENLZ 7,

®6 BTRERMNEHBEFENZIT

Table 6 Effect of electron beam irradiation on color of Polygonati

rhizoma
R - - - Lok 1)ES -
i L* * b* AE
BEAGy {H a*fi 18 C fH
0 7.52+ 33.60+ 24.50+ 41.65+ -
0.15¢ 0.25" 1.61¢ 1.10
2 7.62+ 33.57+ 26.05+ 42.49+ 2.48+
0.04¢ 0.39" 0.57¢ 0.46" 0.54¢
4 7.67+ 31.71+ 23.69+ 39.60+ 2.05+
0.17" 0.12¢ 1.60¢ 0.94¢ 0.49¢
6 797+ 34.84+ 30.63+ 46.39+ 7.20+
0.03" 0.20* 0.53" 0.50* 0.56"
8 8.61+ 29.61+ 34.32+ 4533+ 11.39+
0.29¢ 0.13¢ 0.40° 0.34» 0.40°

T R IR 5 AN ]/ R 32 7% S [) 77 e L~ SR R
f ] 22 55 i 25 (P<0.05) o

®7 BRABSEFHMEXNE

Table 7 Corrlation between irradiation dose and color

TH R LME oM beH AL CE AEH

R IR i 1

LA 0.880™ 1
a*fi -0.532" -0.624" 1
b*{H 0.851" 0920 -0.376 1
WA C{H  0.647 0.680* 0.089 0.889™ 1

AE 0.928"  0.929™ -0.441 0.927"  0.791™ 1

Y+ 47R 0.05 7K COUI ) - 5 A6 5 #3775 0.01 ZKF- (U I
B

M2 6.7 A, 5 CK 410 L, 2448 Be 5 42
2.4 kGy B}, LMEAR KA B3 280 (P>0.05) , 48 BE5)
I R 6.8 kGy I, L*(H 8.3 1K (P<0.05) , (A% 2
P fNSEAR . 2R SCPE AT, A B L+ 5 i R o 5
A 5 25 TEAH G (P<0.01) o

CLERAE o (B AN A 45 S 35 0 IE A, B BRI 2T
ST CK 4, B PLZ 2 kGy AbFE S B9 30K , H o (B0
AL (P>0.05) ; bl 25 4 FE A R 1 K, o (H 2B
FEAR AL (P<0.05) o S A e B Ay i i ) o 36 K
B a5 5 IR R 2 SR D6 (P<0.05) .

B bMELSS RN IEE, ¥ R R H A,
AT CK 41,2 kGy Ab B EORE , L o+l 0 i 75 1k
(P>0.05) , & B i 18 K5, o+(E % 2 3 PR AR ik (P<
0.05) , SIS BUHE K ka3 M ST, b+ (E 5
T FE ) 2 (R A A S 3 T A e (P<0.01) , B 5
HEFR S 38 0, RS B 0 iR .

5 CK UMt , (OOR W0 R ¢ (B 58 B0 o
2 kGy W JC i 3 748 4k (P>0.05 ) , Fifi 5 % BR 7] 4 184 K,
C Al R BB E (P<0.05) , B4k |- 52 IR 4
BRSSP IR R A 5 15 BT R R R =
[ A7 A . 35 1A G (P<0.01) o

AE HFE BRGNS (R IR0 25
A, SREREBRT ,AE EMJEEN 2.05~11.39,
2 .4 kGy 4@ FEFE T /Y AE {EJC %2 (P>0.05) H/)
T 6, BLHHZE 2.4 kGy F 50 U5 , S0RS 20600 1 25 1
ZE5t . MHA IR R AE (A R EH R (P<0.05), 5
8 ) o 2 ) S P B 2 I AR OGME (P<0.01) . I, 24
RGN 2.4 kGy I, XFHORE A CLE R ma A /N

i 25 2 R S A 8, BORG HA S B fin 1 e
e, R A P oRe S b i 2 W 5 0T S R
K FERAE I N, S5 A FaRTE TR R i B AR AL 4
T Je PR AT s e e R RO T S 2 1 2 ) T R R
FI & A SR B R R, (145 HORS S B i 2 i €
2.5 KO fra BRSO REEEYER Y

IR R 4 R W) R o W 2 i I ) T A
Fro 2020 4FRRCH E 25 80) b RLE EOREOK 20 1 i AR
I 18.0%, MK AT AL 4.0%, B M= 1 W &
EAG DT 45.0%. L F U R HEORS TRk 4y UK
43 K eI 5 5 R DL 8, A IR R S R K 4
SRSy FNE A B A e L2 9.

*8 HBEFREBRIIEBAKS BRSRZHYHFM
Table 8 Effect of electron beam irradiation on moisture, total

ash, and extracts of Polygonati rhizoma

WRRIRAGY KA BTSN E% %’?‘;@5 6;“ Y
0 10.98+0.38* 2.70+0.07¢ 72.28+0.94¢
2 10.93+0.55* 2.73+0.04* 71.73+1.95
4 11.36+1.05* 2.40+0.02 70.95+0.712
6 10.90+0.272 2.18+0.66* 71.61+1.592
8 10.94+0.402 2.37+0.15* 71.60+1.102

1 RGN [/ ING A1 3 AN [R) 7 o F - 4 R i () 22 5 B 3 (P
<0.05).
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*9 ERFESERKSEE LRI ESEMZHYEENHEXLE
Table 9 Correlation among irradiation dose, moisture content,

total ash content, and extracts contentof Polygonati rhizoma

T mEAE KaEE BRaEE REPEE
R R 1
Koy -0.026 1
RIRA & -0.5267 0.038 1
ZihyrEse -0.180 -0.403 -0.096 1

T R 0.05 AP OB b B E M

F 8.3 9 AT A 4R BRI 5 2R Pk e Sk
10.90%~11.36%, & JK 53 75 K 2.18%~2.73% , B ¥ M
B & RN 70.95%~72.28%, H¥1'5 CK 35 %
FE2E 5 (P>0.05) o #4550 A& T #OR 7K 5 RUK
Sy FIBEE PR IR W & A A (h E 25 L) e o

3 it

AHIGE A 1 53 BT AS R 391t F - AR R A BT B RS
MAEYSE SRl EE RIS E LR
Ko A8 S0 I 1 S FE AR R I, 2 B2 H o A A 5 o
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