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Schematic diagram of derivatization of amino acid with isobutyl chloroformate
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in the presence of pyridine and 2-methyl-1-propanol
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Fig.7 Stability of eighteen amino acids derivatives
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Ui 5 2 3k TR b M 5 YL 15 31 b ol 4 O R L R S
Bl . LOD,LOQ H1 RSD 25 5E 45 5 (% 1),

i S R AN e & R AE 0.25~50.00 pg/mL £k
PEXR R BRI AP RECR T 0,999, AR &
1% |l 2 R AN R B R HL A B T I 2 Pk L AR
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BT 0,99, Bk b =2 A i) Al 520 5 % A o R
0.25~100 pg/mL WEA RIFMLIERR, EHE
SRR R AT AR T R D A R A v i A B TR
RPN R 4> N 0.5~20.0 pg/mL, % & B 15
e @R A W, w25 K e A SR
JE A NEN . A SRR A BR 7 0.02~0.35
pg/mL N R B .

R IETR TR E N 5 pg/mL A7 5 KEE
R, 6 Fr 15 RSD 7E 3.46 %0 ~10.57 % » F B 5 %
AP

x1 ISHEEBHEMEXR MR . EERF RSD
Table 1  The linear relation, LOD,LOQ and RSD of 18 amino acids
RO ﬁiﬁﬂﬂéﬂéﬁﬁ 2 1 16 2 5 LT/ i) B/ E bR/ ‘
Amino acids Standard curve R? (pg/mL) (pg/mL) (pg/mlL) RSD/ %
equation Linear range LOD LOQ
MR Ala y=1481.50 —484.39 0.997 8 0.25~100.00 0.05 0.16 8.02
HaEm Gly y=1806.22— 2985.1 0.999 2 0.25~200.00 0.06 0.20 8.57
R Val y=1179.72 —755.54 0.995 2 0.25~100.00 0.10 0.33 4.98
LR Leu y=1462.42+84.921 0.999 7 0.25~200.00 0.08 0.25 7.74
SRR e y = 910.38x—1246.4 0.996 2 0.25~100.00 0.15 0.51 4.73
8 Thr y=1517.82—752.58 0.999 6 0.25~100.00 0.07 0.22 7.78
225 % Ser y=1363.7x —1561.1 0.994 3 0.25~100.00 0.07 0.22 6.40
fifi % # Pro y= 157772 —931.4 0.999 6 0.25~200.00 0.06 0.21 7.23
RABEME Asn v =1982.232—40.943 0.999 5 0.25~50.00 0.02 0.08 10.57
B 2 MR Met y=1454.50—52.101 0.995 0 0.25~200.00 0.14 0.47 7.87
KA Asp y=1674.60+153.1 0.999 8 0.25~100.00 0.07 0.23 9.70
KNER Phe y=2150.4x — 1817.6 0.997 1 0.25~100.00 0.02 0.07 7.23
A AR Glu y= 294.46x+55.44 0.999 8 0.25~100.00 0.35 1.16 3.46
2B Cys y=2542.7x — 326.03 0.996 4 0.25~50.00 0.07 0.22 7.75
WA Lys y=2865.932+820.38 0.999 3 0.25~100.00 0.09 0.31 10.13
HE M His y= 1051.62+626.2 0.999 5 0.25~100.00 0.04 0.13 4.66
R Trp y=2610.62 —5459.2 0.995 6 0.25~100.00 0.11 0.35 10.19
Bt %R Tyr y= 2582.6x+530.35 0.999 0 0.25~50.00 0.05 0.17 9.60

24 S5TmMARHERARINE PiIFESERE K
K RSD

5 T b AT ARG SR PR 4 IO v i 1 a BE TR 1Y [l i
M RSD W 5E 25 R WL 2, BRAS B RiR G
120% .5 FlAE i R 4 22 2 R A Ta] i % 3 7
70%~120% ,RSD £ 0.27% ~ 15.67 % (4 & #l1 ¢

i B2 &R RSD A 19.70%)
25 SHEBRRTEBE_AM4E-SHBEI5HEMS
EXH PR ERKGN G AT

e T AW R S T R kAT AR M itk S
At SR T v v 22 3 R R D O v I A% TP R 4 AR
(F3) G HAMSCERW B, EH RS T i



% 2

TS TR AR 0 I A T AR Ui R R TR

127

R2 SHMRHBRARRBPHFEESERNEKEN RSD

Table 2 Recoveries and RSD of free amino acids in the extract of five spiked orange samples

) bk 18 g kit i KA
I Navel orange Lemon Grapefruit Hunan tangerine Wo mandarin
Amino
ide 5] /0 n /0 5] /0 Gl /0 [E] /0
acids mR/ % RSD/ % R/ % RSD/ ¥ mR/ % RSD/ % s/ % RSD/ % m R/ % RSD/ %
Recovery Recovery Recovery Recovery Recovery
WA Ala 101.16 2.98 114.72 0.27 110.76 3.86 110.51 3.95 118.78 3.29
HaEAm Gly 84.98 8.41 79.50 2.02 96.98 5.15 99.24 0.49 81.43 1.23
HE MR Val 72.95 13.38 101.64 4.52 102.26 1.96 99.45 4.15 97.39 9.69
@AM Leu 95.13 6.17 108.15 2.70 90.06 4.57 84.77 2.81 74.04 4.52
S5t R e 107.68 1.93 84.90 10.44 99.31 5.97 94.03 6.69 91.67 9.82
Jr @M Thr 116.62 3.35 78.34 0.47 120.23 5.28 91.46 12.49 92.32 3.66
22 5[’ Ser 125.00 10.76 77.52 2.56 113.04 9.00 121.25 0.49 86.33 2.59
i & #& Pro 97.92 4.71 128.21 5.68 121.44 2.15 132.97 3.92 111.27 1.64
KB Asn 102.27 3.07 120.41 0.94 126.47 6.89 124.68 0.40 91.45 1.21
B 2 iR Met 91.56 6.15 128.00 8.90 98.93 12.61 97.43 13.34 125.71 9.16
KGR Asp 114.16 11.53 90.39 7.42 102.81 6.41 121.27 3.64 102.72 6.98
RN R Phe 74.79 15.67 82.34 1.11 91.33 7.53 121.25 0.59 72.82 0.99
AA® Glu 130.16 1.19 95.86 0.99 100.40 6.16 92.85 0.89 84.98 6.23
AR Cys 80.44 8.07 106.89 5.04 110.55 19.70 100.09 6.63 82.34 5.24
W Lys 114.59 7.35 99.28 0.55 88.63 2.45 116.99 0.65 126.96 0.63
HE R His 103.65 0.49 89.48 13.97 99.68 6.69 122.70 1.82 114.30 6.33
@8 Trp 103.66 4.38 97.46 11.26 123.35 14.10 83.38 5.62 73.87 10.11
Bk & MR Tyr 101.95 3.98 93.73 4.67 106.85 5.94 94.62 7.84 112.06 2.13
3 XFEEEHMSEXHPIEBRKENF EXTLL
Table 3 Comparison of the proposed method with other methods reported in literatures for the determination of amino acids
, " Mk i) B / A3 4= B 6] / min 5%
I ik i 8 , Il g 3% / % o
(pg/mL) (pg/mL) RSD/ % Derivatization ik
Method Sample . Recovery .
Linear range LOD time Ref.
DLLME-SFO-GC/MS £ Tobacco  0.5~200.0 0.12~2.82 1.2~6.8  84.6~108.5 1 [26]
SPE/CE 17 Blood 0.2~1.5 0.13~0.37 4.0~5.7 52.4~70.0 — [27]
AT A:-HPLC
Pre-column K% Poria 5.8~119.0 1.96~3.98 0.8~2.0  93.3~106.2 60 [28]
derivatization HPLC
HEHT AT 4 -RP-HPLC
Pre-column "
o 25 Tea 0.004~1.000 0.4~300.0 0.36~15.38 90.3~105.4 10 [29]
derivatization-
RP-HPLC .
1ML 375 A1 24 15
L A Scrun? and milk
. 0.003~0.680
UHPLCQ- M 0.1~500.0 1/1 <12.3 77.7~124.8 10 [30]
N S . mo oxl . Y .
Orbitrap HRMS Serum, milk, 7 .
LA muscle
muscle
0.003~0.270
RS T nmol/g
ZORAT AR ki
Isobutyl chloroformate # 4% Citrus 0.25~100.00 0.02~0.35 4.73~10.57 72.82~132.97 2 o
This study

second derivatization-

gas chromatography
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AT A S % 1 AT S A A R DU B 0.02~0.35 Rl A7 2R PO b i o 3 R o o R AT R I 4 SR AL
pg/mL, B AT AE I ] 2 min, R RSD At 2% 4875 H FT0 RS 2008 Jo 2 47 7 M 5 € i o)
10.57 Y0 AT A= WI7E 24 h WEGE , 0 BT RAAR . 52 M x4 &Ik e R BE AT 5 PR 0 5 MoATH A vh BR

F W] AT vk BAT S P LG | B DR
R FRATG | A7 A DR e 454 28 R T A AR IR A P A
FE I FH T A ) b 25 AR A AR B i o R 9 20T

Fr iR Z ANERATAE A T B
A [5) ol F) A AR R BT R 9 R R R 22 S
Fo IR R ILAG I E] 16 Bhil e R, P H A R

26 SMHBRAPHBEERSENKEN 5% R 3K 249.66 mg/100 g, BN I B A AR IR
KAAP RS T H R AR AR EX 5 S &r71.6 % BRI 8R Z 4b . 22 2 R . K 4 Tk i
R4 SHHEHBRAP BHESEERNSE
Table 4 The content of 18 free amino acids in 5 kinds of citrus pulp mg/100 g
R Jof e Frig it W rE A R
Amino acids Navel orange Lemon Grapefruit Hunan tangerine Wo mandarin
WM Ala 9.32 9.88 9.30 7.84 14.15
H&Zm Gly 2.05 1.47 1.80 1.85 1.76
MR Val 1.56 1.06 1.85 1.21 1.60
LR Leu 1.10 1.10 1.27 1.80 1.45
oA W e 0.74 0.14 1.37 1.80 0.91
&R Thr 4.55 1.33 3.42 4.17 3.28
225 R Ser 12.27 9.04 10.62 10.57 8.94
Il & Pro 249.66 29.79 17.44 64.73 104.19
RA&MWE M Asn 41.18 101.03 72.12 169.35 46.86
B 2 R Met — 4.81 — — —
RE&HAM Asp 8.64 — 16.56 22.21 4.43
HKNAMR Phe 0.98 3.10 1.16 6.08 1.23
HE Glu 10.41 51.46 17.00 13.45 19.14
LR Cys 3.43 — 1.39 1.97 0.84
WK Lys 1.30 2.42 7.22 7.61 7.38
H45 MR His — 1.36 2.44 3.03 0.99
M Trp — 1.08 — 1.83 1.32
fig @ Tyr 1.56 1.56 1.52 1.99 2.09
A A BEHE Gln + — + + +
S Total 348.74 220.63 166.50 321.49 220.57
T RIR ARG ) s+ F R W] A B A R R B 2 S g (A JC i E 48T, Note:“ — “indicates none detected; " +" indicates

that the two chromatographic peaks for glutamine are detected, but can’t be quantitatively analyzed.

HRAR NARMRELARN S 7B . ET
o ) 16 Ffiie g 2 B R . K A<k I A o e KL TR
#) 101.03 mg/100 g, H Al 2 5 %5 &5 1Y 38 A I 2R
BRAR NBRM L ZIR ., SRR A b A 2] 17
Fofriite 9 2 R R L L o B o O e A R AR L R
72.12 mg/100 g, 2R . K& AR MBT ZA MR & 51
KF 10 mg/100 g. WH R ML E R & & K&,
T P RS PR B 18 e i B R R L LU AR AT A
AR A IR R E 2 AR L H R KA

Mt JHe R AR R N B IR I AR & 8w . IR
QAN E 18 Foh e s 2 S TR . M =R L KA TG A%
M N R R 22 @R & B . B 2.5 R AR

R A A TR O T R R L R A W A AR TN
IR 2 Z IR . BeAh BRI R RS R Al b

R EAINPE N LI eI R L R s
FE AR .

A I 2] Y i 5 2 IR Hf‘%ﬂ@‘iﬁ? g
S S A . o 348.74 mg/100 g, HR 2 r'ﬁ S
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il 321.49 mg/100 g, PR 2 ff%%uiﬂﬁ,{z\i B G LR B A
SrplgE 220,63 F1 220.57 mg/100 g. S ERENE 27 SHBRTE_ATE-SERIEES5EH=M-

#Ah (166.50 mg/100 g), ,ﬁ@“”@ﬁ:ﬂ;@emﬁgj
GIATASORE B - R g LA A O g s B R R AT A
T, e I 235 5K 43 331 >4 309.65.,218.63 mg/100 g; YL 434
SRR FH 1R RORORE €0 T 5 R R - R S A R
383.70 mg/100 g, AK 45 R 5 SCHRAR LU AR 2248 K,
22 5 A R U A TR 0 SRR AR A DG,
SR, AN [ i A AR e i R A R R Y
FEFE2E S H A SRR oy B BE R A 2 46, i
ABIE 5T HE ST Y TV A8 Tl AN (] it ol A A7 2R Y e i
x5
Table 5

LN AKE RN ERITLE

W 5 PR, R B = -8 A0 43 6o B v A6
A P g K R R G Y BT OEL VR Ol 57.32 ~ 67. 44
peg/mL, FHECH R 53 T IR WA A -SR03 v A
1) 44 i R R Mk 5 M 59.35~60.87 pg/mL,2 FhT
P53 AT A5 R TC o 3 1 25 % (ANOVA J7 25381 5
Bl = l-28 A0 40 o6 % B R R AT A R 95,53 % ~
112.40 % A J7 B AT A %228 98.91% ~101.46 %,
FWEAK I S5 N A e 2 4.

2HBMAET I MEERERINUELR

Results of four amino acids by two determination methods

Bl = -4 A1 4 o B vk
B Indene-UV-spectrophotometry

Amino acids

AR S T BE AT A Ak vk
Isobutyl chloroformate second derivatization-gas

chromatography

B/ (pg/mL)

Mass concentration

a4/ %

Derivatization rate

Bk %/ (pg/mL)

Mass concentration

frd 2/ %

Derivatization rate

WA Val 59.11 98.52 60.46 100.76
RABERE Asn 67.44 112.40 59.35 98.91
KA Phe 57.32 95.53 60.87 101.46
A EM His 62.07 103.45 59.70 99.49
3 W # 3.98 pg/mL, i A= i ] 60 min; FLESET g TR
AT A S A e AR €0 3 A ) 2 i o 19 o
SRR T A D R R T AT AR AR S MR A K I B SN 0.4 ~ 300.0 pg/mL, fif 2E I E] 10
EERER X AT J%Mm%%ﬁﬂ@@‘ﬁé&ﬁﬁﬂo it e A 1K 5 R SCHRAR L A O 12 B SR B A T R
A B AR T EEAE AR KA B rp AT Mk B R 0.02 ~0.35 pg/mL, B4 A9 AT A2 B[] 2 min, [A] B

P AT A Ak AT LAAE 7K 3 b R AT HLATT 2B 4% 1R R A
Horppi 2 w2 /MR O BR . WFoE R, UM
Gk X AP R TR RBUZ R,
EAEBREIEAT AR R R 4 2 O AT AR AR

HAESS 2 WRATAEAHETA ST pH AT LR B A7 42 20 Fil
AR . HJE R AT IR S T e AT A 19 SCHR R
SIERZ 2

ARE Y T AP RS T g kA

T FH A I A AR SR A 18 B i B R R . T
PRI R R 0,02 ~ 0.35 pg/mL, ff 4 W) (6] Ky
2 min, Li % @37 7 43 HOBOBTAE - (3
RGN AR 22 Hr i 11 R R L I T o — IR AT
Az A B S BEIR A A FR O 0.12~2.82 pg/mL, 4
A IE] 1 min s PR A5 ST T AR HTAT AR - RSO
T A I AR v 18 Fifr 2 R 9 A T FR oy 1,96 ~

RSD AN i
HAAR .

BT A G A i 2 R R A I 1Y SC R 41
ANZ AW SRR I 25 5 B H D 3l i S R A Bl
3 AT SRS T 57 25 1 5 % L 52 R v Jie R R 1Y 4
T T b 4S8 AU N P v R R vk I E A T
b B Ak R 0 45 SR AT . HAR O 8 TG T R
K 2R 78 M A b RN A S B E A BT A R —
AT

10.57 % AT A= 7E 24 h R . 70 #r

£ Z L ik References

C1] BRUE, AW, 4R 2 M, 55 A 2R SR () 350 07 2 2k 2 1 W 2 5
SIMELT Tl ol A 2 4. 201231 (5) £ 389-392. CHEN Y,
YU Y B,QIAN A P,et al. Determination of amino acids in dif-

ferent parts of citrus fruit[J]. Journal of mountain agriculture



130

o Al R R R

%39 &

2]

(3]

[4]

(5]

[6]

[7]

(8]

9]

and biology,2012,31(5):389-392(in Chinese with English ab-
stract).

P55, AN [7) 2 A ARG SR 52 i R 20 W43 BT B = TR O R
WARPEA (D], 8 JC . T g k%%, 2018, HE S S. The analysis of
amino acid composition of different types of citrus fruits and e-
valuation of nutritional value with “Three Degree” method
[D]. Chongqing: Southwest University, 2018 (in Chinese with
English abstract).

SR R M AR A5 RO 35 H I 5T % 1 E B4 BT
MR 2R o2 2 26 W 21 20 [, 42 i B 2%, 2018, 39 (24) - 231-238.
PENG Z P,WANG W,YE Q H,et al. Quantitative analysis of
amino acids in Chinese olive using high performance liquid
chromatography-tandem mass spectrometry[ J].Food science.
2018,39(24) :231-238(in Chinese with English abstract).
TR L ] KR X044 L S AN TR A G A AR R 2 M D
FER & AR BT AT AR AR G R E LT W 2 E EE
#4,2019,30(3) :560-563. TANG X L,HE H N,ZHAO Y M,
et al. Pre-column derivatization-HPLC was used to determine
amino acid levels in different grades of sika deer antler[]].
Lishizhen medicine and materia medica research,2019,30(3):
560-563(in Chinese with English abstract).

DU Y Q,XIA L,XIAO X H,et al. A simple one-step ultrason-
ic-assisted extraction and derivatization method coupling to
high-performance liquid chromatography for the determination
of e-aminocaproic acid and amino acids in cosmetics[ J/OL].
Journal of chromatography A,2018,1554:37-44(2018-06-15)
[2019-09-25]. https://doi. org/10. 1016/j. chroma. 2018. 04.
021.

NAMERA A, YASHIKI M, NISHIDA M,et al. Direct extract
derivatization for determination of amino acids in human urine
by gas chromatography and mass spectrometry[ J]. Journal of-
chromatography B,2002,776(1) :49-55.

AZEVEDO M S, TISCHER SERAGLIO S K,ROCHA G, et
al. Free amino acid determination by GC-MS combined with a
chemometric approach for geographical classification of bracat-
inga honeydew honey (Mimosa scabrella , Bentham) []J/OL].
Food control, 2017, 78: 383-392 (2017-08) [ 2019-09-25]. ht-
tp://dx.doi.org/10.1016/j.foodcont.2017.03.008.
TLOME B R T VF R M. 80 40 A bk 5 b 2 3t e b
Hppg eI I S8 7 24 Jk L 2018, 19 (2) : 117-120.,
DING H M,GE E N,XU J D. High performance capillary elec-
trophoresis determination of amino acids in Pheretima [ ] ].
Chinese journal of experimental traditional medical formulae,
2013,19(2):117-120(in Chinese with English abstract).
PRIOR A,COLIVA G,DE JONG G J,et al. Chiral capillary e-
lectrophoresis with UV-excited fluorescence detection for the
enantioselective analysis of 9-fluorenylmethoxycarbonyl-deri-
vatized amino acids[J]. Analytical and bioanalytical chemistry,

2018,410 (20):4979-4990.

[10] = J7 AR U B0 A, TR DA 2 34 2 A X R S0 0 0k 4

R P4k UL 90 A R 9 R A [ ] A R AR R 4R, 2017, 36
(4):33-38. JI X Y,WAN N F,HUANG Z Y,et al. Changes in
content of free amino acid in hemolymph of host larval Spo-
doptera litura parasitized by Microplitis pallidipes[]J]. Jour-
nal of Huazhong Agricultural University, 2017, 36 (4): 33-38

(in Chinese with English abstract).

(110 E28 B0 T7 2RI 2. SO A #0198 85t o i it i A 2

LR A 2 [ ], 4 Al KA %44, 2018, 37(4) :93-101.
WANG J,LIANG X F, LI J,et al. Effect of substituting fish
meal with rapeseed meal on intestinal absorption and amino
acids metabolism in Chinese perch (Siniperca chuatsi) []].
Journal of Huazhong Agricultural University,2018,37(4):93-

101 (in Chinese with English abstract).

[12] MUDIAM M K R,RATNASEKHAR C. Ultrasound assisted

one step rapid derivatization and dispersive liquid-liquid micro-
extraction followed by gas chromatography-mass spectrometric
determination of amino acids in complex matrices [ J/OL].
Journal of chromatography A,2013,1291:10-18(2013-05-23)
[2019-09-25]. http://dx. doi.org/10.1016/j. chroma. 2013.03.
061.

[13] YANG Y,FANT W M,LANE A N,et al. Chloroformate deri-

vatization for tracing the fate ofamino acids in cells and tissues
by multiple stable isotope resolved metabolomics ( mSIRM)
[J/OL]. Analytica chimica acta.2017,976:63-73(2017-07-11)
[2019-09-25]. http://dx.doi.org/10.1016/j.aca.2017.04.014.

[14] QIU Y,SU M, LIU Y,et al. Application of ethyl chloroformate

derivatization for gas chromatography-mass spectrometry
based metabonomic profiling[ J]. Analytica chimica acta, 2007,

583(2):277-283.

(150 FEHEZE A, X4 %0 TR W B OB kAT AL GC-MS

5 [ I 2R W REAS R 20 R BERR LT ] 25 % 4 4k, 2017, 52
(4):615-619. WANG G Z,HAO X,LIU L,et al. GC-MS sepa-
ration and determination of 20 amino acids in biological sam-
ples based on ethyl chloroformate second derivation[ ]J]. Acta
pharmaceutica sinica,2017,52(4):615-619 (in Chinese with

English abstract).

[16] MUDIAM M K R,RATNASEKHAR C,JAIN R,et al. Rapid

and simultaneous determination of twenty amino acids in com-
plex biological and food samples by solid-phase microextraction
and gas chromatography-mass spectrometry with the aid of ex-
perimental design after ethyl chloroformate derivatization[ J/
OL].Journal of chromatography B.2012,907.56-64(2012-10-
15)[2019-09-257. http://dx.doi.org/10.1016/j.jchromb.2012.
08.035.

[17] NUNES DE PAIVA M J, MENEZES H C,CHRISTO P P,et

al. An alternative derivatization method for the analysis of a-
mino acids in cerebrospinal fluid by gas chromatography-mass

spectrometry [ J]/OLJ. Journal of chromatography B. 2013,



% 2

ZEWRIR A GRS TS T UCRT AR ORH 10 0 AG TN AR Ui e R AR TR

131

931:97-102(2013-07-15)[2019-09-25]. http://dx.doi.org/10.
1016/j.jchromb.2013.05.014.

[18] L1J.QI H Y,WANG Y B.et al. Hollow fiber-stir bar sorptive
extraction and microwave assisted derivatization of amino acids
in biological matrices[ J/OLJ. Journal ofchromatography A,
2016,1474:32-39(2016-11-25) [2019-09-25]. http://dx.doi.
org/10.1016/j.chroma.2016.10.079.

[19] VIEIRA E F,SOARESC, MACHADOS, et al. Seaweeds from
the portuguese coast as a source of proteinaceous material: to-
tal and free amino acid composition profile [ J/OL]. Food
chemistry,2018,269:264-2759(2018-12-15)[2019-09-25]. ht-
tps://doi.org/10.1016/j.foodchem.2018.06.145.

[20] 3250 Ur W R0 25 W1 7 IR S 2 410 T A 7 3 42 IURIORS 2R
ol e A T2 [T & hh B4, 2017, 38 (20) ¢ 146-153.
PENG Z P.XIE Q.CHI Y B.,et al. Optimization of ultrasonic-
assisted extraction of free amino acids from the f{lesh of Canar-
ium album fruits by response surface methodology[ ] . Food
science,2017,38 (20): 146-153 (in Chinese with English ab-
stract).

[21] W54 AT 5. &M AP HT LM AL AT RE42 40 iAE . 2015, XTE B .
HE H. Food analysis[ M ].Beijng: Science Press, 2015 (in Chi-
nese).

[22] WA, 5k 3638, ik 45, 4 Fh IR 11 i 0 B 0B W e M i 2 e ).
el K224 . 2019,38(6) : 41-47. CHEN Z,ZHANG M
L, YIN T,et al. Effects of four kinds of proteases on properties
of silver carp fish bone soup[J]. Journal of Huazhong Agricul-
tural University,2019,38(6):41-47 (in Chinese with English
abstract).

[23] MAJIDANO S A,KHUHAWAR M Y,ZOUNR R A,et al. De-
termination of amino acids in jams, {ruits and pharmaceutical
preparations by gas chromatography using trifluoroacetylace-
tone and ethylchloroformate as derivatizing reagents[ J]. Ana-
lytical methods,2015,7:3148-3156.

[24] VANCOMPERNOLLE B,CROES K, ANGENON G. Optimi-
zation of a gas chromatography-mass spectrometry method
with methyl chloroformate derivatization for quantification of
amino acids in plant tissue[ J/OL]. Journal of chromatography
B.2016,1017:241-249(2016-04) [2019-09-25]. http://dx.doi.
org/10.1016/j.jchromb.2016.02.020.

[25] LEE JL.HARNLY J M. Free amino acid and cysteine sulfoxide
composition of 11 garlic cultivars by gas chromatography with

flame ionization and mass selective detection[ ]J]. Journal of ag-

ricultural and food chemistry,2005,53(23):9100-9104.

[26] L1G,WU D,XIE W Y,et al. Analysis of amino acids in tobacco
by derivatization and dispersive liquid-liquid microextraction
based on solidification of floating organic droplet method[ ]/
OL]. Journal of chromatography A,2013,1296:243-247(2013-
06-28) [ 2019-09-25]. http://dx. doi. org/10.1016/j. chroma.
2013.03.076.

[27] L1 Z Q,WU J,JIA L. Analysis of amino acids in blood by com-
bining zeolitici midazolate framework-8-based solid phase ex-
traction and capillary electrophoresis[ J/OL]. Journal of phar-
maceutical and biomedical analysis,2019,168:30-37(2019-05-
10) [2019-09-257. https://doi. org/10.1016/j. jpba. 2019, 02.
015.

(28] BroE, sk, B . 55 A AT A7 AE-HPLC 5 8] i 2 A [@] 7 b AR
Zoh 18 R R i ()] 25 A B kAR 2017,37(2) - 297-
303. CHEN Y,ZHANG C,GU Q,et al. Pre-column derivation
HPLC determination of 18 amino acids in Poria {rom different
areas| ] ]. Chinese journal of pharmaceutical analysis, 2017, 37
(2):297-303(in Chinese with English abstract).

[297 FL M, B L B, 45 AR T AT A - 52 AH 2 20080AR €8 335 D00 g 2 i o
19 AP eI i & B[] & A, 2018,43(10) :320-325. KONG
Q,CHEN D,CHEN Z,et al. Determination of amino acids in
tea by reversed high performance liquid chromatography[J].
Food science and technology,2018,43(10) :320-325(in Chinese
with English abstract).

[30] YIN B,LI T,ZHANG S,et al. Sensitive analysis of 33 free ami-
no acids in serum,milk,and muscle by ultra-high performance
liquid chromatography-quadrupole-orbitrap high resolution
mass spectrometry[ J]. Food analytical methods,2016,9(10):
2814-2823.

(317 a5 UL SRR o i 8 LR & By g [ ], L BRI RL 2,
2013,41(9):4088-4089. HUANG Y. Determination of free a-
mino acids in common fruits and vegetables[ ] ]. Journal of An-
hui agricultural sciences, 2013, 41(9):4088-4089 (in Chinese
with English abstract).

[32] P& AR50, Tk AT, I o R5CHOAR €2 35 D00 7 K G i i g 4
T i S L], WA RR4,1988(6) : 38-40. SHEN D L, XU
Q D,ZHANG Q. Determination of free amino acids in fruits by
high performance liquid chromatography[J]. Journal of Zhe-
jiang agricultural sciences, 1988 (6): 38-40 (in Chinese with

English abstract).



132 BN N A = = %39 %

Analysis of free amino acids in citrus by gas chromatography
after isobutyl chloroformate second derivatization

LI Xiaoqing,CAI Ying,PAN Siyi, LI Xiujuan

College of Food Science and Technology s Huazhong Agricultural University ,Wuhan 430070,China

Abstract In this paper.the single factor test was used to optimize the second derivatization condi-
tions of isobutyl chloroformate,and a gas chromatography quantitative detection method for 18 free ami-
no acids in citrus pulp was established. The results showed that the analysis conditions were the best
when pyridine, 2-methyl-1-propanol, first isobutyl chloroformate and second isobutyl chloroformate were
added in the amount of 20 pl.,120 pl,50 pl. and 50 pl.,respectively,and the extraction solvent was di-
chloromethane. The 18 amino acids showed good linearities in their respective linear ranges,and the cor-
relation coefficient R* were greater than 0.99. The detection limits were in the range of 0.02-0.35
pg/ml,and the relative standard deviations of 5 repeated tests were no more than 10.57%. The recover-
ies in five kinds of citrus extracts were between 72.82% and 132.97%. The method is simple,accurate,
reproducible,low in cost,stable in derivatives,which can be used for the detection of 18 free amino acids
in citrus pulp.

Keywords citrus; free amino acid; isobutyl chloroformate; second derivatization; ultrasonic ex-

traction; gas chromatography; quantitative detection
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