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CHEA AN BRI Ty VAR % SRR 4y B O SR AT, E 0.5~10.0 pg/mL ZRMEE I, FHCHR
(IR T 0.998, 16 FIZFERRAE A B o0 LIk FEVE B N S B R P2 G R, AR R 0.23~4.59 mg/kg. #
FRFE 3 EIKE(25. 50, 100 mg/kg) - HINAR ENSCR K 78.1%~114.4%, HIXFARHEMZE 0.7%~6.6%, MAE
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FE R, AT TR S Z2 R0 R R 5 A T I E

KRB R OB - IR AR, RR O WIJN AR Ay

Determination of multiple free amino acids in fermented bamboo shoots by
ultra performance liquid chromatography-tandem mass spectrometry

WU Yuan', QIN Hui-Li, CHEN Rong-Zhen, LIU Yong-Yi, LIN Hua

(Liuzhou Quality Inspection and Testing Research Center, Liuzhou 545036, China)

ABSTRACT: Objective To establish a method for the determination the 16 kinds of free amino acids such as
phenylalanine, leucine and isoleucine in fermented bamboo shoots of Liuzhou river snails rice noodle by ultra
performance liquid chromatography-tandem mass spectrometry. Methods After homogenization, the samples were
extracted by ultrasonic extraction with water as solvent, filtered by centrifugation, and separated by BEH Amide
column. The samples were eluted by gradient elution of ammonium formate aqueous solution and acetonitrile system,
and detected by ultra performance liquid chromatography-tandem mass spectrometry with positive ion scanning and
multiple reaction monitoring. Results The established determination method in this experiment showed good
separation and shape of peak for each amino acid, good linear relationships in the range of 0.5-10.0 pg/mL, and the
correlation coefficients (r) were greater than 0.998, the limits of detection were 0.23—4.59 mg/kg. The average

recoveries of the samples at three addition levels (25, 50, 100 mg/kg) were 78.1%—114.4%, and the relative standard
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deviations were 0.7%—6.6%. The raw fermented bamboo shoots samples taken from several prepacked Liuzhou river

snails rice noodle manufacturers were tested with the method, and the amino acids content were 0-625.8 mg/kg.

Conclusion The method is simple, rapid and efficient. It can be used for the analysis and determination of various

amino acids in fermented bamboo shoots.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; amino acids; fermented

bamboo shoots; Liuzhou river snails rice noodle
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AR, MR . WA . KARGIE 100%). &%l
B 99.5%) bk (& S 2 R E TF B ), . R
R (G5, bkt A RA ), IR
(4l 99%, 3EE ARCOS ORGANICS A7),

TR F R 2 Hh 9 RIS | RRAEE .
12 UFE5EE

Agilent 1290-6430 =5 AR (03 - = 55 DU AT BT
A [ZHER R (T EDA FRA R XP26 i3l KT (M -4E
Fl 2 E PR 5 (L) ABRA R JI 200 HLF R (FF #40H x
MY B8 7); BIR-D24UV S2I6 5 M 4liK 2 48 [P0 A% Y
A2 () SR S A PR R D, L18-Y32 BERERIBALILEH
Ay H R A H);, VIBRAX VXR basic /NHRG & [3CR(T
ML S AT FRA R ]; SK8200HP 7 P ks ( iRk
S AT PR E]); DL-5000B %38 4 7R K 45 F 8.0 ML
(Ei SRR, 022 um BIUE Z 4 (poly tetra
fluoroethylene, PTFE)ffL I MR ( 14 223 SE I B4 i 45
FR/AH]); ACQUITY UPLC®BEH Amide #1:(100 mmx2.1 mm,
1.7 pm, FERFHEAFD,

1.3 733%
1.3.1 AFEIEREH)

FAASFRERS (1 mg/mL): 23Dk 3 PRI R R
W4 5 mg EARM 5 mL FEH, In—Z0KE 7
BEZIE, T 4 CUKFRLARATT

IRAFRUED (10 pg/mL): 435 HERA 0 o 5L 1R
FRUERE A5 A 1.00 mL, & F[W—> 100 mL &), F—
FOKERBAE .

RAIRUE LAE R HERR I — & B IR A bR
VA, FH— oK R 2%, BC il B [R) B 2 Uk B2 2R 4 19
TR AFRME TAEVE W, £ 0.22 um PTFE AFLIERTE, 5
B
1.3.2 #AshAREH|

200 mmol/L FERE /KA (pH 3): FREL 12.61 g Y
W4k 224 900 mL /KA 1000 mL AEH T, REWA
25 mL B, HEBIRA A, BIUKEZIE, FridER
% pH H 3

TEhHH A: #E 950 mL —ZKH A 50 mL
200 mmol/L FMRE/KIER (pH 3), IRAIIS]. Fishtd B: 7E
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950 mL B ZHEHIA 50 mL Y 200 mmol/L FFBREL K
(pH 3), #7554 5 min ZBE W EIE .
133 Hmara

1% PR B A REAL R 42 519K 5 min, HETRFRILY
1 g0 = 0.01 g)idbFET 50 mL &0 %, ITAZ) 40 mL
—4K, ¥ | min, IR 10 min; B LSTIRIORE
50 mL tLEh, —JUKERZZIE, MRS B 10mL
P, 4000 r/min &5.0> 5 min, % 0.22 um PTFE f§FLIEME
1L, ML
1.3.4 &ig&H

{03 ACQUITY UPLC®BEH Amide #:(100 mmx
2.1 mm, 1.7 um); FisiAH A: 10 mmol/L B EREZVAR (pH 3);
WA B: Z/i5/200 mmol/L H BREZ AR (pH 3) (95:5, V:V);
W 0.40 mL/min; FEIE: 40 °C; PEFRE: 1 uL; YRR
1.
1.3.5 k&t

(RS BT IR S5

BH PR 2 AL H 88 52 2 F I (electrospray ionization,

ESI); THSIERE: 350 °C; T EL: 11 L/min; 251k
JEJ7: 15 psi; B HLE: 4000 V,

QBTG RESE

FAFEZEAL: Z 5 Wi (multiple reaction monitoring,
MRM); HAtf5 8 W% 2.

1.4 HIELIE
i1+ Mass Hunter Workstation Software 5t & St 47

Bl e e g b

®1 RECESERREF
Table 1 Gradient elution program of liquid chromatography

Fisf [] /min Al% B/%

0 5 95

45 5 95
7.0 40 60
9.0 55 45
10.0 55 45
10.1 5 95
16.0 5 95

®2 16 HMEERNRESH

Table 2 Mass spectrometric parameters of 16 kinds of amino acids

b2 E&W fEEEEA/min - BEFmz) BMREENV ERE M) RERERE/NV EWHE M) iEEfER/V

1 RN AR 6.04 166.1 70 120.1 10 103.1 30
2 AR 6.09 132.1 60 86.1 6 442 26
3 SRR 6.26 132.1 65 86.1 6 69.1 16
4 R 6.53 150.1 70 104.1 6 133.1 6
5 B TR 6.69 118.1 60 72.2 7 55.2 21
6 e 212 6.70 116.1 70 70.2 15 433 34
7 Ji% 7R 6.80 182.1 75 136.2 12 91.2 12
8 AR 7.14 90.1 30 442 7 / /
9 pix 17 7.23 120.1 65 74.1 7 56.1 16
10 oz 7.29 76.1 40 30.1 4 48.1

11 225 1R 7.42 106.1 60 60.1 10 422

12 HRATR 7.48 148.1 70 84.1 17 130.0

13 KAH R 7.69 134.1 70 88.1 6 74.2 14
14 2H 2R 7.78 156.1 75 110.0 14 83.1 30
15 KR 7.81 175.1 70 70.2 24 60.2 30
16 A R 7.86 147.0 70 84.0 20 129.9 7

T /2R N GBRTE G i (A8 A F T ok e 2 m 1o 538 A e 4k 1 7

2 GERE5HH

2.1 FRiEFHHMRIL

SR DR UEALE 43 A7 v A o 2 B R #1145 31 R B v R
SR S S, AL T 45 S SR 1 Fe A R
FEAAERERE B L . T i S SR AR U i 2 T LUK R R,
WEEZH 10 pg/mL AR AR, LI ARIEEY)
MRS, 16 R LR £ IE & A, 1 e T MS2
SCAN 44, 43344 16 Fi LA W13 5] —AN 78 B B
B IM+H], 0 B8 19 S H(miz) it &R

MITEZLHL TR o SR 518 Product Ton #22 LRI (9EBERS T M
FE A AT, B N (R R R . AREELRY 2 S
BFERAERE 1 ATFEPMA M), R
& AT E TR E, i RERESE. 16 Fili
B IR ) F R BUE SR 2 AT AT, K
TR AT 1 S B RRAE RIS T AE R R A R
PEWE R I [M+H-46] "

2.2 @EERIERE
B TREERE TR RIS, 768 R A
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ISR, Cig DR R X 2 B RR 19 1R B AR AT,
AT T H S JE IR 5 (0 A b IR B 0 I AR A 2% T —
WIPEME, K 22 55 T P A 2520 (R, ARG Rkt
THMPRMAES Cs it FE, HERAE AV
oK B f 55 AR P [ 5 AH 20 A 1Y 56 K AR 6833 (hydrophilic
interaction chromatography, HILIC)$; AR  HILIC # AR J& IEAH
R AR R, g E R AL G W IR B R IR, 58K M A
T I RSGE, AW LS, Mo 7Tt
GYRRE 5oy SR, T 2 MR SR M Y T
B @03,

AWFFER T ACQUITY UPLC® BEH HILIC FiI
ACQUITY UPLC® BEH Amide 2 it HILIC {54}, $0RPR:
I 1.7 pm, EGEFH RSN 100 mmx2.1 mm, LIAEH
e O RSB 2 R A T ke 2 S . L 10 pg/mL
WS SERRVR A A v T (VAR AR 1 pL, WEBIAHR
F 10 mmol/L FFR#(0.1% HR) & 2 1 B Ve -

MBS T K%, BEH HILIC (S 0 2 LM a — &
PR RE T, (HArBRUR— M, AAR S/ AR AN
WL RIEG, HFS iR E RS 5 R A 5L

IYES, KA FRIERIE2E HH R R (25 R LA 1),

BEH Amide €& 34106 T2 SRR 45 Lo 1 43 B R AT,
BRI R SR R B s, (B iR R
BRI W4y, RARRRIGETIA s (| 2). Hi, %48
BEH Amide i ENARYGRIG I EiERE, T —2 XA
FMEAT AL, E IR S AR AR R bR R R
2.3 REERTK

LE A PRI, L 10 mmol/L HIFRER (5 0.1%H
2) Je NG R T A A TRE BE VR, AT LA 2 2 B iR
(53 B AL R, (A A IR « AS RS 4T o I TE
ANHAR, fEAEdE— 2Rk Zs 8], O HILIC BRI
A 10 mmol/L FBR4VA I (pH 3)F1 Z.5i5/200 mmol/L H fig
ERVET(pH 3) (95:5, V:V), X B R B i ole s T &4 3%
T 1A DR B R RIS, SO AS 48 AN B B VR R vh B 28 4
FEAH R Y AR AL R BE A pH, B (A0 B8 e it o R v 7 ) 3R
BemkasE . il 3 a2k, RS R
FEPR LA A B A3 PR R IS R RD AT, I e iR
5 e SR 51 B 58 A TR S AR R IBRR T (3R 1)

x10? x10!
1.0 L o 10.0 -
FEHMRIRARMER AER
0.8 BETFRE 8.0
m 0.6 m 6.0 |-
E 04 E40l
0.2 LM 20 L
0 — 0
| | | 1 | 1 | 1 1 1 1 1 1 1 1 | | | | | | | |
1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 5.0 6.0 7.0 8.0 9.0 10.011.012.0 40 5.0 6.0 7.0 8.0 9.0 10.011.0
P B8 B[] /min £ B8 5F B] /min £ B3 B[] /min
x10! x102
5.0 100
40 1 REABRMRTER 8.0 REER
m 3.0
42‘
Eoo0l
1.0 |
0
| 1 I 1 1 1 1 i L L 1 1 1 1 1 |
2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 50 6.0 7.0 8.0 9.0 10.011.012.0
A5+ B 8] /min £ BB 15} 18] /min

Kl 1 BEH HILIC & i4E 4 Bkt i
Fig.1 Chromatographic separations of BEH HILIC column

2.4 EBEUATIANIEEE
I 2L T BB E] S 10 min B, 435048 B —42%0K .
30% H BRI 80% F BEAT A SR BOA FI A IR BUHUR . [mIseRES

BRI, FIRBEFIXS 16 FhESERR 45 A SRR g
TARXIARUED 254 1.1%~5.8%, 2550/, WKl 4, Rk
FEAPHEEE, 0f A IR TOH B —ZKAE A SR HGR R .
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UHRIBA R — GRS, B0 e 1R A S EOR )73 51
45, 10, 30 min XHERPEICRIGFI . 45 RFKM, SR ]

10 min 55 5 min A, ZHEERREIBCRIEM T 0.5%~4.1%,

MM ELEL 30 min I ZHURT 225400, K 5. Zra Ll ERER
LAGHAR, AP A ARIBUR ] 10 min,

x10?
1ok 4.0 100 -
BRI S ARUER FER
0.8 - BETHE 32 8.0 |
% 0.6 |- g 24 m 6.0
0.4 | 1.6 Eao0l
02 0.8 20 -
0 0 0
| Il | | Il 1 | L | 1 | Il | | I 1 | L | | | | |
1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 50 6.0 7.0 8.0 9.0 10.011.012.0 4.0 50 6.0 7.0 8.0 9.0 10.011.0
£ B8 5} [R]/min £ B i 8] /min 3 88 B[] /min
x10! x10!
500 125 L
SHERMSF AR REER
40| 10.0
o i
B30} 215
E =
201 5.0
1.0 2.5
0 0
| | 1 1 | I | | 1 | | | | | | 1
2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 50 6.0 7.0 8.0 9.010.011.012.0
£ ER s} 8] /min A B B [ /min
2 BEH Amide (& iH+E /3 B3 SR &
Fig.2 Chromatographic separations of BEH Amide column
102 x10* x10*
ro| WAL BRERBAARES 50T oy e 50 RAERIRER
os BETRAE 40 | 4.0
: o
o X 3.0 | 3 3.0
S 06 2 2
E 20 F 2.0
0.4
1.0 1.0
0.2
0 0 1 1 1 1 0 1 1 1 ] 1
' ' ' ' ' ' ! ! 70 9.0 11.0 13.0 70 9.0 110 130 150
1.0 30 50 70 90 110 130 150 {5 B2 B ] /min {552 Bt} /min
x10? £ BB 15} 8] /min x10-! x10%
1.0 WAL MR AR 5o MARKZEER 25 AL R AR
RETHE MR ER
a 0.8 |- 40 - 2.0
06| g 30k & 15
E g E
04} 20 1.0
02+ 10F 0.5 L
0 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 I 1 1
10 30 50 70 90 110 13.0 150 45 55 65 15 70 90 110 13.0 15.0
AR B i ) /min {5 B i} ) /min {54 i [ /min
B3 AR B i . AR . KRR . RAEMN LRI 4R . R a5 5

Fig. 3 Comparison of total ion chromatography, lysine, argine, aspartic acid and chromatographic separation of leucine and isoleucine before
and after mobile phase optimization
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Fig.4 Recoveries of different extraction solvents (n=3)

2.6 JIEEFIIE
261 AMHXARHEEMR

e BT AR 20 PR 72 i 30 v, YR A bR TARE
AT, DA S MR 19 T Uk B S A AR BR (X, pg/mL)
A E T B IS T AU INAEBR(Y), bR 4 T it
PIEMELL(S/N)R 3 A5 F0 10 A5RET % Y 24 SE 8 & 43 il it
BRI R, A BRI L TR
MRRE(r), KR, ERBILE 3. Z5RE, e
B 16 Fhad BRI R REF, MRRB(NHEEK T
0.998, 1t Al K
262 EKFESHEEE

TERRERE S 3 AT L vy & 3 ARk EE KT

FIIAR EBGREE, BT BIBCREE IR LR 4, 4555k
140
ES5Smin ®10 min
120 |
100 ¢ | l | I )

/%

&l 5

Fig.5 Recoveries of different extraction time (n=3)

B, 3 A URBEACE I IBRAE il -2 EDICRTE 78.1%~114.4%
Z 0B, TIARAE ) 5 235 SR A8 FE XS B v Al 25 (relative  standard
deviations, RSDs)E 0.7%~6.6%Z 1], JIES% Jy e B A
VRS .
2.7 #HF@mNE

DI PN AR b7 = 5450, 25 M A3 A= 7= 4 b i) Rk 22 ep
S3 A 9 #EER AN E AT SR E, Sl gk
FESE, MESSR AR 5. 45 RRWIA R B B S5Ok b
B RAEER S AR, AR RTINS 2 R R
S AR AR B O 2 I, S A5 T A R S R R
R AR AT REAF TR 2200, I 8 i R 9 R I AR I
U T 2RI T — 8 3

30 min

S [ SREIBURT ] ()[R 44 (n=3)
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Table 3 Linear ranges, linear equations, correlation coefficients (r), limits of detection and limits of quantitation of 16
kinds of amino acids
i %ix 2% VLl /(ug/mL) 2k NPTV K H B /(mg/kg) FE HEPR/(mg/kg)
EERA 0.5102~10.2000 Y=61111.4X-6524.1 0.9996 0.29 0.98
LR 0.5153~10.3000 Y=65849.1X-12397.7 0.9998 0.47 1.57
R 0.4941~9.8820 Y=69454.8X—13658 0.9999 0.62 2.06
HER 0.4951~9.9020 Y=12150X—4031.6 0.9996 0.23 0.78
ETERNA 0.5257~10.5100 Y=25083.6X+2312.9 0.9994 0.55 1.83
i 2 2 0.5081~10.1600 Y=87443.9X+723.6 0.9991 0.29 0.97
i 22 R 0.4904~9.8080 Y=1944.1X-69.3 1.0000 1.37 4.58
g 0.4832~9.6640 Y=5025.6X-971.8 0.9992 3.22 10.74
AR 0.5108~10.2200 Y=4166.1X-432.2 1.0000 1.00 3.32
R 0.5013~10.0300 Y=730.6X-83.8 0.9996 4.59 15.28
25 1R 0.5225~10.4500 Y=2383.6X+479.3 0.9998 0.72 2.41
HHIR 0.5008~10.0200 Y=4708.6X—623.1 0.9993 2.85 9.48
KA IR 0.4864~9.7280 Y=1283.0X+44.4 0.9988 4.50 15.01
2H R 0.5189~10.3800 Y=29369X-4335.5 0.9989 1.31 438
AR 0.5142~10.2800 Y=31536.9X+5253.1 0.9981 0.64 2.14
PR 0.4874~9.7490 Y=18011X+6998.2 0.9986 0.62 2.08
Fz 4 MAREBHRIELE R (n=6) =4
Table 4 Results of standard recovery test (n=6) WAy K T (mg/ke) Tl % RSD/%
Wy WK EAmgke)  ICR/% RSO})S/ » 25 91.9 13
55 oo 501 225 R 50 97.8 3.9
L : : 100 102.1 25
o o
BN 50 109.6 6.6 25 111.6 3.9
100 107.8 4.0 BAMR 50 107.4 3.8
T\_‘_‘/ o 25 113.2 4.5 100 108'9 3'1
FHMR 50 107.0 4.9 25 96.2 38
100 102.2 3.5 KA B 50 93.3 2.8
13‘5) 18}2 i; AR 50 79.7 3.9
) : : 100 84.3 0.7
Ve o
B 50 87.3 3.1 25 781 30
13‘5) 1?8? ;'3 KR 50 80.6 2.0
. : 100 92.3 2.8
= . .
EEAL 50 109.1 1.9 25 792 50
13‘5) }(1)‘0“6) ?g AR 50 81.4 2.8
e : : 100 88.7 2.2
YA 50 98.6 42
100 98.9 2.0
25 98.8 2.8
LA 50 96.4 2.3 o
100 97.4 3.6 3 &
» 25 114.4 2.6 o . s
iR 50 108.1 4.1 AR A — BB R, &0 gk Byl
B 1908 26 B, WA T IR b S R LR S ik 4B 1 R AR
AR 50 98.3 1.5 G- BRSO IE TR AT AL . R AT P
100 100.3 3.5 TN WA P s
2s 102 I3 A, A A SR A T O SRR B B R e e
A 50 106.4 2.5 B S T LB T AR S %
100 101.5 2.1
*®5 BFESERTEERDE(mg/ke)
Table 5 Content of amino acids in fermented bamboo shoot samples (mg/kg)
% fR% 1 fR%% 2 R55 3 [I7E=" I fR% 6 R 7 fR%% 8 [I7E=2]
RN R 81.8 75.7 361.3 2125 134.9 108.7 178.9 118.7 140.1
Lo R 164.3 119.2 565.8 361.4 219.9 180.3 291.7 199.6 234.4
LR 116.9 52.6 297.4 205.0 93.0 88.1 124.9 89.1 109.2
HER 26.2 4.1 78.6 19.1 39.5 31.5 25.8 253 0
TN 195.5 79.2 482.3 333.8 151.3 134.2 210.0 141.3 195.9
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= 5(8)
i %ix fR% 1 [I7E=) &3] fR%% 4 5 5 2% 6 [i7E= R% 8 FR% 9
IHE=Y iz 160 45.6 254.5 9.9 64.2 64.7 99.5 52.2 116.1
it % R 7.5 55.1 191.4 5.0 116.7 28.7 161.1 102.4 8.6
N2 R 79.2 19.6 72.8 102.0 36.1 33.4 39.3 17.8 83.6
TR 9.5 54.8 343.6 11.8 147.7 38.9 159.7 69.9 14.0
HEmR 136.8 55.5 342.8 274.6 99.5 86.7 124.0 83.1 146.2
22 R 8.2 53.7 370.5 5.6 127.9 38.2 151.3 124.1 10.4
AR 12.8 146.6 625.8 22.4 3275 176.8 449.1 303.6 340.9
KRERATR 11.4 48.7 397.0 15.4 131.1 28.9 182.6 119.1 11.4
2H %R 27.5 28.8 176.0 27.5 32.7 27.8 94.4 29.4 27.8
KR 13.6 19.3 36.7 13.1 227 18.1 34.3 19.6 13.8
Wiz R 293 80.0 467.5 30.1 180.6 437 2227 203.0 29.1
&2 W], AL TASEE, 2019, (34): 120-121.
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