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Allicin UPLC Detection Technology and Tts Utilization in
Garlic (Allium sativum L. ) Genetic Resources
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(Institute of Vegetables and Flowers ,Chinese Academy of Agrucultural Science ,Beijing 100081 )

Abstract : Garlic (Allium sativum L. ) is one of the most important bulb crops. Allicin was proved as the most
important composition which has been used for human,animal and plants to fight against kinds of diseases. So, the
allicin content was the most important quality trait for garlic. An efficient UPLC method for determination of allicin
in garlic bulb were developed and used to detect the allicin content among 212 accessions of garlic germplasm. In
the UPLC method , methanol/water (50:50,v/v) as a mobile phase which ran through at a constant flow rate of
0. 3ml/min was performed on UPLC™ BEH C,4 column. Allicin content of 212 accessions of garlic were determined
by the UPLC. The content of allcin among the germplasm was significantly different. The highest content is 3. 01%
which was almost four times of the lowest content of 0. 82% .
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WA A3 (UPLC) 55 4819 HPLC A HE, HLAe s i |
R Ry B EA B EEAR . Z
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TR SR 5y P 4. 55 1 3553 A AN )
PRIy s AR IBUATR S 5555 B0 4 FhAb 3
R E S ESRI SN 55 2 FRAr MR TR 2
Iy R EERE R UR TR 55°C M1 3 AhAbHL,
L1.1 KEERZERAEEN RIOEE G
Ay 4 DI 16 MRIRAL A . FEBURFTH 20
30 .40 ,50ml ; #8745 I A0 FRAE] A 0.3 .5 Tmin; B0
BFIE] . 0,20, 30, 45min; 35 37 B [8] 2 015,30,
40min, IRIGHIEER T iHT,
1.1.2 KHERIERiEAZE KK f
MEERE TR VR TR LR E I T

BERE L R IR HCA AR ME R BE 25 5 3 RS B
1AM 2E BRI AR 20ml UK 9/ be
PR R R BT DA 85 258 59 5% 0. 2em® I/NB SRR
YRI5 AR A K ZE 50ml, 4°C &
> 8min, 1 0. 45wm &, FALKGI
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WE L 0. 45wm i I8 % UPLC & FHAIG
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PEAT A 0 SRIBURTIN S Iy k) 1,
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1.2.1 AREIAF KR bRES (1100mg/1)
JSE F Chromadex 2% & ( Chromadex INC, Irvine,

USA), N5 W B [ Merck 72 7] ( Merck , Darms-
tadt, Germany ), W2 3£ F DIMA technology Inc
(USA) , e i 7K 2 Milli- Q water- purifica-
tion system (Millipore, Bedford, MA, USA) #174fifk,
1.2.2 krEmGBIERHERRI KRR
fitt 35 WE 3 19 WCIR 53 0 i B A 510,255, 170,
127.5 .51, 10.2 F1 2. 04mg/L By RN M . KL $2
BOTERE 1. 1.2 TRERBOT
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Fig.1 Origin distribution charts of 212 accessions of garlics
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Fig.2 The effect curve of orthogonal experimental
Table 1 The intuition table of orthogonal experimental de- . .. .
. . . design for allicin extraction
sign for allicin extraction SRR b AT . BT d 5591 o TR
E A PUARL B (min) BO (min) 2250 55 (min) a: Volume ;b ; Ultrasonic ;¢ : Centrfuge ;d ; Blank ;e ; Culture
Test No. (ml) Volume Ultrasonic  Centrifuge Blank  Culture
WEBAKTT 1,598 1.64 1.625 1.637 1.63 R2 AHRRRRIGEFEN
Kb FHIKSE 2 1.593 1. 663 1.645 1.637 1.65 Table 2 The ANOVA analysis of the methods for allic
LbHAES 1,685 1.63 1.64  1.65 1.645 in extraction
LhPKF4 1,697 1.64 1.663 1.647 1.645 75 5 S 5 IR AME By FHE pfE
e 0. 104 0.033 0.038 0.013 0.018 Origin of variation ~ Square sum Df. Mean square F value P value

4 FALPRARCR SN Hh & (18] 2) B S A i, H:
R IBUA TR0 4 D gl de K, A Ak BB R fif 4.
WA, $RBUATILE 30 ~40ml 22 [8] Hi B0 2 455
J3H 20 ~30ml K 40 ~50ml (49420 3 A B 51X
VEIAXT 0. 4g FIFGATHr 40ml JEFRHA B EEIARTR

T3 2253 Hr it — 2 B AIE , VA TR AR R R ik B T
TR, At A BTG k2 M DX 1) b B 28 BAE FHAS
B (£2),

HIRAR Volume  0.0374 3 0.0125 72.1325 0.0027
# A Ultrasonic 0. 0023 3 0.0008 4.3735 0.1284
B0 Centrifuge 0. 0029 3 0.001  5.5301 0.0969
B3 Culture 0. 0007 3 0.0002 1.2892 0.4198
12 Error 0. 0005 3 0.0002

S Total 0.0437

LR IESCIA: | EDWL T A5 28 0B , B IBUA AR
X G SR (2 3, oA AR BTG W2 X, AR
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Table 3 The effect of pre-treatment methods on allicin ex-

traction
G LSy W72 R (% ) Allicin content SE44{ + RSD
Code Treatment 1 1 m Mean + RSD

8N036 HtT Dehydrating  0.883  0.865  0.889 0.879 =1.25
#iFE Fresh 1.834  1.878 1.856 1.856 +2.20
BT 1,991 1.963 1.923 1.959 +3.42

Freezing drying
8N043 4T Dehydrating  0.806  0.976  0.799 0.860 = 10. 02
{EFE: Fresh 1.634  1.653 1.703 1.663 +3.56
BT 4R 1741 1.757 1.813 1.770 £3.78

Freezing drying

2.3 KFFERZE UPLC #ill{k &R

2.3.1 ZRGENME ME3ATLEH, KRR
PREE B[R] 2924 0. 95min, A 1 AL & B [E] /N F
4min, FEZS IS I B AR R BE, ZEFRE 5
FEah g B ARIERTE A 22 T4, R RGeS

PIVEELLS
2.3.2 FREBMZREVERTE]  ARIERN R REAT R R

WA TRT AR UL G 4 LAAR I (i Vi B2 M i Ak e, i 1T L
PARARIBEAT IR, £3 A7 y = 874. 47x —408. 95
(R*=0.9991), UL KFAERTE 2.04 ~510mg/L
TN RAFERMECR, et LA 4,

2.3.3 FEEMMEETE 3 Rk AR ES RN E
ORI EE R L 5, N S haTLIE W B i
AR UE T (2. 64mg) P3[R 99. 66% , H: RSD
WA (0. 65% ) o WHNZKF-24 0. 055mg Fl 0. 55mg
A 55, ~F- 35 [0S 2R 43 il 2 98.98% F11 98.83%
RSD 431 0. 80% F1 0. 71% #A W B [X 5], PiWA %
I8 i TS Ay ERf PR s, (H 3 MR
TZKSE RSD ¥J3E/NF 15% , i W K3 B2 (19 UP-
LC MR 7 i s vl 5 . ML S rom] U B
Je 1) B b e 2 R S E B O R R Y 2 f A A T
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Fig.3 Chromatograms of Allicin blank(a) ,

allicin standard (b) and sample (c)

x4 REHZLHR
Table 4 Equation of standards

o HE iy AT 2 PR (mg/ L) TR (AU)
Dilute times of standards Concentration. Area
250 2.04 1672
50 10.2 8392
10 51 48492
4 127.5 103730
3 170 153998
2 255 217851
1 510 447433

§

y=874.47x—405.95
Ri=0.9991

FRiEF Area { UA
¥ 5 3
o EEEZ

=

} 2040 40 GO
% Concentration ( mg/1 )

B4 R

Fig.4 Linearity quotation of standards
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R5 KRFEREORERILE
Table S Recovery of allicin

AL (mg) TFFHRER Bk (mg) WA (mg) B (% ) P B (% ) N HIX PR
Y3 Y2 Y1 X Average SD RSD
2. 64 2.226 4.88 100. 66 99. 67 0. 64 0.65
2.226 4.86 99. 69
2.224 4.84 98.91
2.225 4.86 99.71
2.224 4.85 99.36
0. 055 2.224 2.28 99. 46 98. 98 0.79 0.80
2.226 2.28 98.46
2.226 2.28 98. 00
2.225 2.28 100. 00
2.224 2.28 98.99
0.55 2.224 2.77 99. 00 98. 83 0.70 0.71
2.225 2.77 99.23
2.226 2.77 98.36
2.22 2.77 99. 66
2.224 2.76 97.90

Y1 SEIE AR S P KRR A Y2 o R v KRR O R 5 Y3 U I A RRR R 3 A 5 X IO ; Average -5 YRR IR T-H)
H5SD : bRifE 22 ; RSD : AR X Ao 22
Y1 : Allicin content detected after adding the standard ; Y2 ; Allicin content of sample without adding the standard ; Y3 ; Allicin content of the standard added

in the samples; X Recovery rate; Average X : Average of recovery of five replicates;SD ;Standard definition; RSD ; Relative standard definition
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Fig.5 Chromatograms of original sample and samples added standards
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a:added sample, b : original sample
2.3.4 BN KNRFMGHR 75 1d WrgiEL  BETERRAIN, A7 g A R (LOD ) FAS i PR
RO 27, FRUE S B RSD /NT 1. 64% , BEGEY RSD - (LOQ) 40514 0. 79mg/L Al 2. 63mg/1..,
$90.76% ;78 5d NGRS T drdEsh iy RSD /- 2.3.5 HERAFHREZLEMXERN  XF 10 K
T 1.68% ,F£4 RSD J 1.07% . X ULM, 76 1d  FRiF ikl R (R 6), KRB R & /& Ih
IR ZE L 5d N R I&5 R EFIE R (5 5d 1. 14% B i 2. 45% , 10 yRESL G 3 YR EE 2 AG
DA R ARG 55 AT SR A R B0 T 2 2 OFE N . FTA,  RSD M 0.30% %= 1.58% , M &5 0 LLFE H UPLC
KFERAZEN UPLC AT AT DAFE 5d IXHRIRFE S KGR i RSl R %) & SR DU 2 MR T 51
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K6 10 RRFHRAFRESE(TE)NEER

Table 6 Allicin content of 10 accessions of garlic germ-

plasm ( dry weight)

2.4 ZREBEBEDPAFRBENKRFHRZS=RN
212 iy R Fh B K s MR & &=, 4 i 78
0.82% ~3.01% zZ[a], =53 B3& e orim Sl

BEARAFE (%) Content  PRfE(% ) HAXHERMER HZEAHZET 4 5 (R 7)o RN RGRBER & W e
Varieties 1 1 m Average RSD 212 153\1%7,}?\'43%5&IE?§5}?E( [7{2] 6) .
M boiniw e o RS OXERBSKENELRNTR,
e o T ok 3K SP TT A R VR 4k 5 KB (T 7)
¥IEEE 198 196 2.00 1.99 1.40 Hrp B NN E S S — 28500, &
EEPN 1.98 2.01 2.0l 2.00 0.26 BHN2.21% ~3.01% , 2 10 (% PFE, LM T MV
et am s e . BYER A%, S RE 1519 ~2.07% 2, 4y
&L 1.93 1.94 1.96 1.94 1.01 ML 82.9 R I8 R BEUR, (ML ER V A & ik
=A% 1.85 1.84 1.84 1.84 0.30 ZEFAN T 2 TR — 28 58 VIR I K A
TR 1.84 1.88 1.84 1.85 0.79 B RIR(ES) .

R 22 HBAFHEAFRHEEESE

Table 7 The allicin content of 212 accessions of garlic
i 2 5 EA s FE(% ) ol 5 4 5 E4 (%) i i G5 EA (%)
Code Name Content Code Name Content Code Name Content
8N001 VK 1.53 8N042 B2l S 1.55 8N094 IR PN 1.68
8N002 EE:S 2.03 8N043 HETELT R 1.81 8N096 I Wk 2155 1.18
8N003 IVEET 1.82 8N044 T K s 1.81 8N097 A 1.63
8N004 SRR 2.21 8N045 B 2.06 8N099 TLACR 1.34
8N010 LG 1. 64 8N046 B 1.85 8N100 RE2S 1.83
8N013 AR 2 5 1.46 8N047 HH 2.21 8N101 &R 1.29
8N016 W77 2.26 8N060 T R R 1.65 8N102 Wi i 5% 2.21
8N017 T 2.06 8N061 [l 3472 2.00 8N104 Hik 1.47
8N019 =A% 1.85 8NO64 H 1.49 8N107 FH A 1.63
8N023 U A % 1.76 8N065 TR E 1.37 8N108 Brakes 1.34
8N024 =H# 2. 06 8N066 PP B 2.07 8N109 P E R 1.31
8N025 — A 1.73 8N067 RN 1.37 8N112 £ ) &Y 1.31
8N026 A REHA K 1.47 8N069 etk 2.60 8N113 FEHELT R 1.54
8N027 + 7% 2.21 8N070 MR R 1.58 8N115 ERCY NG 1.27
8N028 R BH R 2. 00 8NO71 W BT B 1.26 8N116 BT DA A e =3 1.31
8N030 BT 2% 12 7 1.73 8N072 NP 1.44 8N117 LN 1.27
8N031 bR S 1.47 8N073 TH 1.63 8N118 RPN 1.54
8N032 [EEANAES 2.06 8N074 TIRK R 1.34 8N120 PR KR 1.53
8N034 T4 Fi 1.85 8NO076 R 1.73 8N121 MEHR1S 1.83
8N035 DY 7S R 2.21 8NO78 1B 2.07 8N122 MERm2 5 1.42
8N036 KIEHEK 1.99 8N079 il 5 1.58 8N123 TR 1.33
8N037 T g LR 1.65 8N084 B R 1.33 8N124 =H# 1.99
8N038 HHHE 1.51 8NO085 i35 1.67 8N125 JI5E7e] P 75 1.48
8N039 AN 1.94 8N089 I Wk 1 1.26 8N126 JFER] A b 57 1.58
8N040 FAF RS 2.00 8N091 ESIpN 1. 44 8N127 JR ARG 1.54
8N041 FR ARG 2.38 8N093 3% 1.24 8N128 B HE G 1.53
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T U E2S (%) Tl i Gt 5 SR F(% ) s i 5 R (%)
Code Name Content Code Name Content Code Name Content
8N129 XN 1.99 8N205 AN 2 1.42 8N269 AR 3 5 0. 83
8N130 LN 1.83 8N206 S) & 1.67 8N270 W35 1.26
8N139 = AlIpN 1.13 8N207 SRR 1.53 8N271 K K s 1.26
8N140 K 1.51 8N208 (LSS 1.47 8N272 ER PN 1.26
8N141 VF648 2.07 8N209 /N 0.96 8N273 M5 5 1.78
8N145 oty 2.06 8N211 Kk 1.78 8N274 BRI T 7 1.48
8N146 g 1.26 8N212 BRI 1.61 8N275 VF05 1.61
8N147 T W 1.26 8N215 J/R4535 -1 1.84 8N296 Bl 1.57
8N148 L3k 1.26 8N217 CILISES 1.51 8N298 K 1.26
8N149 FIMVE 75 1.29 8N218 CUES 1.57 8N302 I\—f 1. 64
8N150 F N 2 1.22 8N219 % VF106 1.77 8N303 K 1.84
8NI151 AR 1.08 8N220 % VFO5 1.53 8N304 K 1.47
8N152 s 2 1.09 8N221 # 681 1.42 8N306 PN 0.83
8N154 £51%5 1.13 8N222 682 1.52 8N307 £ 1.78
8N155 TSR 1.51 8N223 # 868 1.47 8N308 EL DN 1.61
8N156 VTR 1.48 8N231 Kk 1.56 8N309 EL DN 0.89
8N157 [P 2.06 8N232 Kis 0.83 8N310 Kz 1.82
8N167 PN 1. 44 8N233 e B 1.22 8N312 Kz 1.99
8N168 KR 1. 66 8N234 KR 1. 64 8N313 b 1.84
8N169 NGy 1.09 8N236 K 1. 68 8N314 Kz 1.47
8N170 AN 1.48 8N237 SCH 1.04 8N315 Kz 2.03
8N172 K& 1.63 8N238 =Hi 1.73 8N318 PR 55 1.26
8N173 B3 25 55 1.21 8N239 ELiNg 1.59 8N320 Kz 1.48
8N175 TR 1.71 8N240 VN 1.26 8N321 MR K5 0. 83
8N178 AR 1. 44 8N241 AN 2 2.28 8N322 IS 1.26
8N179 K 1.33 8N242 ERKH 0.90 8N323 i B 55 1.75
8N180 3 1.11 8N244 A H R 0. 45 8N324 PN 1. 64
8N181 K 1.62 8N245 1R K 0.93 8N325 K 1.78
8N182 HAw 1.09 8N246 SCE R R 1.53 8N326 Kk 0. 89
8N183 i ¥ 1.48 8N248 gl 1.99 8N327 K 1.61
8N185 K& 3.01 8N249 LSl 1.78 8N329 K 1.57
8N186 BEER 1.94 8N254 FEFF R 1.42 8N330 T 1.57
8N188 N 1.17 8N255 Kz 1.48 8N351 A KR 1.23
8N189 K 1.32 8N256 SRR 1.54 8N352 [N 1.32
8N190 SRER KR 1.17 8N257 afh4 5 1.53 8N355 Uigs 1.34
8N191 I P 1.27 8N258 TN LT 1.61 8N358 Mokpo 1.84
8N192 K 1.33 8N259 ENER S 1.84 8N359 Jumbo 1.47
8N193 K 1.95 8N260 Wil % 1.47 8N360 Solyeny 1.82
8N194 HACK 7 1.26 8N261 w4 % 0.83 8N361 Deseo 1. 64
8N195 Kz 1. 64 8N263 a5 1.78 8N362 Namdo 0.83
8N197 K 0.99 8N264 VF684 1.51 8N363 Morado I 1.48
8N198 KIew 1.95 8N265 MR 1.61 8N364 American Early 1.26
8N200 YRR 0.89 8N266 FEHR 1.84 8N365 Morado Be Quenca 1. 64
8N201 Y 1.31 8N267 w25 1.47 8N367 Thermid Drome 1.61
8N202 g 1.82 8N268 VF it 4 1.99
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Fig.6 The distribution histogram of allicin content

among 212 accessions of garlic
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Table 8 Allicin content distribution of garlic accessions a-

mong categories

el KRS (%) BRI AR
Groups Allicin content range Accessions
| 2.21~3.01 10

I 1.61 ~2.07 32

I 1.56 ~1.59 9

\ 1.51 ~1.55 18

Vi 0.49 ~1.49 93
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Fig.7 Cluster tree diagram based on allicin

content of 212 accessions of garlic
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