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Changing Pattern of Characteristic Components in Black Garlic during Processing Analyzed by Ultra-high
Performance Liquid Chromatography-Triple Quadrupole Tandem Mass Spectrometry
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Abstract: An analytical method based on ultra-high performance liquid chromatography-triple quadrupole tandem mass
spectrometry (UPLC-TQ-MS/MS) was established for the simultaneous determination of 10 flavor precursors and 21 free
amino acids in black garlic. The method was applied for exploring the changing pattern of characteristic components in black
garlic during processing. The results showed that the characteristic components in black garlic changed significantly during
processing at 75 “C and 85% relative humidity. Among them, y-aminobutyric acid, S-allyl-L-cysteine, isoalliin, glutamine,
methiin, alliin, tryptophan, and y-L-glutamyl-S-allyl-L-cysteine changed most obviously, and were identified as the chemical
markers of changes in small molecular metabolites during the processing of black garlic. The established method has high
sensitivity and accuracy, and can meet the detection requirements.
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Table1 Retention times, MRM ion pairs and mass spectrometric
parameters of 31 characteristic components in black garlic and Trp-D;

T ] iz BE R
FAE WiEmin ~ gEF  FEE  BEN  EEN
P (alanine, Ala) 3619 90.1 44.0¢ 60 5
FEH (alliin) 4750 1781 741882¢ 65 2141
Fi% (arginine, Arg) 3408 1751 7004601 93 2513
FATtHE asparagine, Asn) 3563 13301 743811 93 13/5
FAE/ (aspartic acid, Asp) 367 1340 734882¢ 13 919
Wa 3912 1781 9L1882¢ TS 95
IR (cysteine, Cys 3800 120 894759 70 179
FIREAR (cysteine, Cys) 4

VEETH G-aminobuyricacid, GABA) 3673 1041 81451 78 54l
PRABEIAR (guamylyeteine, o3y e g o s

7-GC)
AAFM (glutamine, Gln) 3616 1471 84.1%130.1 88 17/5
KA (glutamic acid, Glu) 3712 148.1  84.1%/102.0 8 1319
HER (glycine, Gly) 3.545 76.0 30.0%/48.1 78 515

FLBERE-SHGTE-L- R R (L .
glutamyl-S-allyl-L- cysteine, GSAC) 12632 P M3.2132 $0 13023

LARER-S-TE-L- LR (L
glutamyl-S-methyl-L-cysteine, GSMC) 968 2051 N9II62 75 138

A (histidine, His) 3345 1561 11014830 93 915
SR Gsoleucine, Tle) 8.859 132.1 86.1%/43.1 83 5N7
FHRER 5288 1781 882M21* 65 1713

2 (leucine, Leu) 9.825 21 86l 8 5025

i (lysine, Lys) 3293 147.1 84.1%/130.1 88 13/5
B (methionine, Met) 6.031 1500 1040%133.1 83 505
FEGER 3.679 1520 88.1%420 65 917
KHEE (phenylalanine, Phe) 12560 1661 1201%77.1 88 9/45
&R (proline, Pro) 3941 1161 70.0%682 88 1333

( Ssalkliﬁgcyétj;ﬂet%%c) 9618 1621 45030 70 5013
SR (serine, Ser) 3565 1061 60.0%420 83 on7

( S-miS %éyii}ﬁ?%m 42600 1360 191%731 60 517

( S("af&lpﬂﬁ%l))ifyz’feﬁiﬁ oo 1239101 sem0 6 5
J R (threonine, Thr) 12565 1201 1031770 139 17729
@7 (tryptophan, Trp) 12676 2051 188.2%/146.1 93 5113
Trp-D, 11931 2101 150.0%1222 88 1729

TR (tyrosine, Tyr) 9132 1821 136191 83 929
SR (valine, Val) 49 181 T2I¥S50 8 521
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i ] /min
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Fig.1 Ion current chromatograms of m/z 178.1 — 88.2 (A),
m/z 178.1—74.1 (B), m/z 178.1—42.1 (C), and m/z 178.1-91.1 (D)

22 ikl

31 ML E R brEfi 6. LODRMILOQ IR 2 fir
N, ORI R AL W R 3T . SRR, 31 Fb
EWTE S BT A S 20 R &M xR
(R>0.9943) . RGABA (LODFILOQ4} 542 000 pg/kg
14 000 png/kg) 4+, HALLEPWHLODMLOQIA &+
500 pg/kgFl1 000 pgrkg, A ERTI TR . FF A L0 7E
3 AR AKCE TR B RN R AE60.55% ~136.23% 2 8], FHXT
brdifm 22 (relative standard deviation, RSD) 1% T20%.
R/ i% 31 P b AP B SR 2S LR SRR S, PTRES S
T FCRAEN SRR R S A — i, Bk, AR
HE— B R TrpW AL Z (Trp-Ds) Xt 7 1: A 2 34T
BAE, MEE3FTLLEH, Trp-DJEME. H. &= ANk
PR, BUCRAEIO% ~102% 2 8], HE—BI6AE T ik
HETME . A, WP, 31 FhAb &9 0 3 7 RS A8
0.8~1.2Z[f], FEFAITE N, A RHEFIARFEEAT
SER . ZIEGEIAR. BEYCE, AT, Eik, A
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SEIG 37 [ UPLC-QQQ-MS/MS & & /01 7 v B A BT 1K)
HERPERRE % B2, T T BEms o 3 1 FRRAIE F 70 AR

42 31 FFHERE ) RITrp-Ds iy ik lhZk . LODMILOQ
Table 2  Standard curves, limit of detection and limit of quantification of

31 characteristic components and Trp-D;

IR Bl %ﬁﬁ?’ S
HaR y=368.755951x4+3 193.843 745 5~2000 0.999 8 40 200
Arg y=24.483 890x—3.788 215 5~1000 0.9999 50 100
Asn y=230.666 087x+336.745 572 2~2000 0.9997 40 80
Asp y=54.929 098x—40.556 129 10~2 000 0.999 0 200 400
AR y=27435415x+435.119 973 10~2 000 0.999 6 200 400
Cys y=107.558 786x—282.546 324 5~2000 0.999 4 200 500
GABA y=10.752 662x—121.596 787 100~5000  0.996 0 2000 4000
1-GC y=415340 799x—4 718.328 895 2~2000 0.999 0 40 80
Gln y=57.791 883x—440.205 134 10~2 000 0.9997 500 1000
Glu y=261.859925x+2281.914 744 2~2000 09980 40 80
Gly »y=280.317333x+2011.167 538 2~5000 0.9999 40 80
GSAC y=19.120 606x+57.208 514 10~2 000 0.9999 200 400
GSMC y=234.491 766x1481.564 451 0.5~2000 0.9999 20 50
His y=70.483 452x—351.921 775 5~1000 0.9999 0.1 0.3
1le y=212.981 545x+805.283 301 10~2000 0.999 8 200 400
SRaR y=1305.447095x—1124.799 600 ~ 5~5000 0.9999 80 200
Leu y=30.261 366x+2357.162 995 2~2000 0.9959 70 200
Lys y=1322.941 547x—6 158306260  5~5000 0.999 8 80 200
Met y=285.193 278x—6 425459620 5~5000 0.9943 80 200
FHZRR y=195.385 979x—873.177 764 5~2000 0.9999 80 200
Phe y=105.139 346x+1600.556 423 5~1000 0.999 6 100 200
Pro y=795.618 088x+3 849.447365  0.1~5000 0.9999 2 4
SAC y=872.545 142x+753.511 291 2~5000 0.9999 40 80
Ser y=248.045 422x—963.294 841 5~1000 0.9999 100 200
SMC y=236.316 252x—526.875 051 2~2000 0.998 5 40 80
SPC y=339.450 194x1674.508 057 5~1000 0.9999 0.5 1
Thr y=48.127 502x+501.591 851 5~500 0.999°5 50 100
Tip y=288.005 119x+2253.175399  2~2000 0.9999 40 80
Tip-Ds y=378.378 002x+3 080.333 845 0.5~5000  0.9999 8 20
Tyr $=99.416 200x+53.231 660 10~1000 0.9999 500 1000
Val y=239.176 645x—376.109 616 10~5000 0.9999 200 400
AR y=T71.176 040x+7279.463 519 5~2000 0.999 4 80 200

#3301 FMEAERE 5 A Tep-DAEAK. . 533 ANk K - T il
KRR e 2 006 R 3 i

Table 3  Recoveries, relative standard deviations and matrix effect of
31 characteristic components and Trp-D; at three spiked concentration levels
" g (mghe) i i fi HF
FHERD — - - i

£ & ElEm RSD% BNk RSD RN RSDIG AR

A 250 500 1000 10835 204 1790 612 10353 1208 09
Arg 5 50 100 LIS 307 1320 88l %24 511 Ll
Asn 25005000 10000 7185 1292 9158 1392 7407 955 08
Asp 5001000 2000 12092 355 12570 12310 10308 300 LI

SEER 500 1000 2000 1250 739 1499 1731 1731 327 Ll
Cys 1000 2000 4000 13623 729 1807 893 9764 260 11

GABA 5 10 20 6148 359 6267 1000 6863 420 LI
)-GC 30 100200 6055 474 6267 515 6508 149 11
Gln 5 10 20 9323 914 10817 257 10862 162 LI
Glu 5 10 20 6209 398 6200 1050 6103 L8 10
Gly 250 500 1000 9885 IS7L 9780 1287 10213 256 12

43
I/ (mgkg) 1§ i i B
& 4 A FElEm RSDM FAEG RSDI% [k RSDG AN
GSAC 500100 200 8699 409 99T 513 %610 L9 Ll
GSMC 250 500 1000 10620 409 10396 405 10357 0% 12
His 5001000 2000 179 756 1312 709 9750 109 LI
e 500 100 200 8150 666 7959 1B T 34 09
GHEAR 100 200 400 BT 366 9K T2 W3 1% 10
Leu 5 020 6801 1037 8924 265 10999 315 Ll
Lys 300500 1000 8903 28 %46 926 9819 279 10
Met 300500 1000 10702 192 1272 97 10608 185 10
EEEGERO S0 100 o489 195 9563 480 W0 M 10
Phe 30500 1000 1846 614 1497 754 10885 270 L
Pro S0 1000 2000 9864 078 10298 SI0 9590 140 LI
SAC B0 500 1000 857 887 K241 1566 9203 392 10
Ser B0 500 1000 9238 371 %4 T80 %K 22 10
SMC S0 1000 2000 8702 1702 %995 1365 I0LT4 1009 10
SPC 100 200 400 92 576 900 308 %584 0% 10
The S0 1000 2000 7880 982 10736 1646 I3l 4% 12
Tip S0 1000 2000 9419 325 10438 530 9626 212 10
Tip-D, 5 020 94 338 %8B 7M 9 913 Ll
Tyr 5 020 %% 220 w8 630 10206 939 10
Vil 100 200 400 9522 94 %49 7B %M 38 10
FAR 500 1000 2000 %04 4% &2 N %36 576 09

SERY

23 BRI Tk R R RRAE o AR Ak KA

EE I EPI € A IR - N )
RIEANFRECEFFHATPCA, 45 B ERAR R . AR
T B A BB R AR T DAKR 931 FhERAE 40 1 & B K4y
K3 4, BNO0. 1~3 dfi4~8d, JLHJE0d (FF) K
FE S SO RE 5 22 S BOR, Ul W SR RRTE N AT S
R T RIZIR % . SRR, AT R A i 5 52 A ) i
TR T &P AP 0 RN, B S SRR s AR T
YT AR AR, SRR S R, K
A ARSI N . TERER I, R R RS R
JEH30 °C, WEIERI6S CH, BEIEMEIEA KD, W
AT BEE N TR NTS C, Ik, FREREFSIR
PURTE . BREGAE SN AN, fEmi kT, R B
Je A f 2 R A 2 A R FR R 1 oy AR R R . (A
I, FEPEFRIN T B B R A B I B, S
JRNL 3 TR T B

T B BB R N B B R, A
I A FEE A BB P S P A3 1 PRI R 43 AT PR G 2 1)
SE RN E2BI N . BEE KB R IRE R, 31 Rtk &40
SEBRET ENEL. Hd, Ala, SMC. HEE
2. GABA. SACHISPCIH & EIE R e =G T
B, (HA SR TGS E: Gly. PheMThrif & &
TERBEL TR R A — RIVBA )G, &S EEIKTYIS
fH; AspfERMEIREP L TREA R, REATESVISG
FEPE; CystERBEL I E =2 “BE-TH-F” 1
s, RAHERERACHET RRKBERE S A &mE
BEE R ART T, e RRH BN T
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bro FEEETHEEJLALE Y, BRALSMI NSRS
oo 21 Flfe B9 G HE IR Bk Ala s b & B T T B, IR
PR AT e SR AR N T RE A, ER 11 R A I K R 2 1 2k
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