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Determination of sec-butylamine residues in fruits and vegetables by
gas chromatography

GUO Xiao-Lei, CHEN Ren-Xi, XIA Jin, HUANG Xiao-Qian, WANG Fang-Fang,
LUO Yi-Mei, ZHANG Xiu-Qin"

(Centre Testing International Group Co., Ltd, Shenzhen 518101, China)

ABSTRACT: Objective To establish a method for the determination of sec-butylamine residues in fruits and
vegetables by gas chromatographic. Methods The sample was shaken in acidic solution, capped and heated at 60 °C
for 40 min. The sec-butylamine in the sample would diffuse into the gas phase in the closed container’s acidic
solution. The content of sec-butylamine in the upper gas phase was determined by gas chromatography, and quantified
by external standard method. Results Sec-butylamine showed good linearity in the range of 0.1-2.0 mg/L, and the
correlation coefficient (+?) was over 0.99. The limit of detection and limit of quantitation were 0.05 mg/kg and
0.1 mg/kg, respectively. Recoveries ranged from 84.1% to 91.8% with relative standard deviations less than 15%.
Conclusion This method is simple to operate, has a fast analysis speed, high sensitivity, good repeatability and
accurate results. It can be used for the determination of isobutylamine residues in fruits and vegetables.
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T B —Fh R R R R AR, EILARA
VBT T I A O RIS R e e Y, e
BB DB T S T, R T AR
AN B A B R, AR T e B) 1 SR R T Ak
BRI Sk S B T S

T ey A DL 2R AE M S E U O E, K
BRI AP T e, FIXTME RS, TS Yrae Xl &
Gl E . HETEPREAE AT 55 UL (International Agency
for Research on Cancer, IARC)ABH T 4] S BHHR S0 47,
THER > A AR R AL B W) NI B« B-Zhe . 4-24 0k
R | 225 HoA Som e s scst BoR, slEih T
Jie ] R R R B CAn PR B ) B e R, (B
VRSO i JC B, T VX0 H AR KR
FRAT T R B R RAE N 0.1 mg/ke®Y, FRE AR E T
iz ) F R % B PRt (maximum residue limit, MRL)23,

FEMATTIARE NY/T 946—2006 (e . FHHH.
REARG 2 R T e B AU E ) SR AT DL Ao B
A2, LA BRI 5 (0.672 mg/kg), JEIAH AR AR B A
3K, Gy RRAL, HOR BRI, 2t 28R 20
WG ZAB IR, BERER, FBBR S Bk,
SEMAAS I AER s [l B I VO R, ANEEXTRREE . R
MitE . A 4 FPREE, TOAE RS20 WS,
PER 2 . SN/T 5598—2024 ( Hh MBS FIKCR 57 T e . 5+
PIRE . TR, IEIRE . IESOKE . 2-FF 3T RN IE O s
BRI E AR ERE-BE ) | R R
FEEA W RTE, 0.003 mg/kg AOAS: HBR AT v 2 AR 5% B8 A6 )
FOR, ABAEERT A A 0T o i T O R PG 2E, HEE
oA M 22, %07 TR TR R A A N R R PR R, (H
fir Az BN B R A | S o7 e T A s ol SR R, L
M2 Bl = RBUT A AT 2R TIE Z, keIl 45 R,
WAL, fA LRSIk — 20 &2 b AR AR, A A
Ja A, ELA A AR A R T A A, RIS R RES A
V5 Y, MELLSTIRHE R AR 0 AR I T9ES A AT A
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BNV IS, AR R A3 ARSI, TCRE XA
TTE M ZE PRI . A ZE AT A b B, DA Sk 7 fh 45
ETLRE, WA aritde 5 A iR 2s, R e G fis Az R e
R LA G I 5575 e AR s 285G AR i R L
B RRE S, TR E AN R R, BRI
R B BRER S SR A, SO R B
R R T SR R AR AR AL T —FE . IRAS . T
HIRT k. B AR LTRSS gl e K R AEE S
T sk BRI ARE . T LAASTF 8 5 X BUA Jr i i B
. BRAES ATAE O SR 2 SO AR, LR b

B SRR | RS EE TE | FRARACIN BLA A% H
bR, ZEA AR T WG R B B, SRR A iR AR
RALGE I AARARIR . AR AE T 77 A A B 2428, P SA
(e T LR T T ISR B R I i B T
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1 #HRERE

1.1 #&EXKiIE

IR IRV SR it 15 kg WAL K 1 7 B ™ ik
1.2 UE5RH

Agilent 7890 S AH 4 % AL [ B A A Bt W 2
(nitrogen-phosphorus detector, NPD), 3£[E Agilent 23 H]];
PLOT-Q {41 (30 mx320 pum, 10 pm, b ¥EZi%sciflH
HBRAH]); METTER BSA4202S HLF K- (&t 0.01 g).
METTER XSR205DU H FKF-(Ji#t 0.00001 g, #4F#-#4
FIZA R WD), HH-4 $m A8 IR K a8 Gl KA v PR
A T)); Aglient G1888 [ i Thi2s HEAE RS . Aglient A-Line 20 mm
EAE A TR 35 25 G5 LR B A BRA R ); 20 mL 1548
MR G B 11 465 1D 25 AR DU S 2 AR REAR IS 2R e, Wi
WA AT BRZA F]); UPR-11-15TNP 413 2 51 8 4l K HL () 1 4
H AR AT B A FD

T Be(BlifE 98.8%, dbat& mads Al AW, NER(t
TEAL) | LR (T sl (E 2542 Bk 2= A IR A R, —2oK
Mok EEgmE AR, DA e, Jeat R0y FHiE
Fa At TATBR A wl); i B IR ZE IR K (T 8)

1.3 LWHE
1.3.1 AR 4 ek

T e fRFR R A5 A TR (1000 mg/L):  HERRFREL 10 mg
CKfZE 0.01 mg)brifEsh, ANMEMHIFEAEZE 10 mL,
~18 “CHEEARTF o

FrRUErP A MERR B BOPRHERE A9 | mL, fA 10 mL
(S, FF DA B e 5 20 B, Bl B 100 mg/L 11 J5 o
WBE, 18 °CHEYGIETT o

PR TAERM: SIS mL 288K T 54> 20 mL THizs
HEREIRE TR, 43BN 600 pL 2R, FREEAMA 0.5, 1.0,
2.0, 5.0, 10.0 ug BT T RehnifERs R, SURPRRAC .

132 #TAE G %

FES 28 BRI 3% IR GB 2763—2021 (&
A AR UE B R 2t R AR BB ) BLE AT X
ASREINRE S, BURE S AT AR B X AR 1 A
PSR, AT E X FRA SO BRI F 4330 300 i/ N Ak 2
YFAK . RO A S B AT A E R RS, W7
AL ICN B NBER AR B BUS AR Sk )
W, FRAMEAT, VY51 BORE B B B2 A 425 WML 45
PRBLEIIK o U500 g STHAORE L, BEA TSR N H, 1



290 B T A R 174
BIARIC . AR 253 (10% L 20% . 30% . 40% S A ALANTA )

FRIL S g(R§Ifi % 0.01 g)ME 5T 20 mL Tz dFREf A,
W 600 pL 2R, FEHIA 5 mL ZE08K, $RA R IR IH7E
MK, SR E I TR R ae A i, R,
133 MEEH

0075 AR S5 INHAAE IR B CP- B TR ): 60 °C; FRER
TR 70 °C; fEHZRIR I : 80 °C; AF & F-#r i [H]: 40 min;
MG XAGIRETE]: 16 min; fIEEE: 0.2 min; 37
BERFIE]: 0.2 min; FESTEFA]: 1.5 min; %3 high.

1.4 SHEHGEHESN

RR - LIRHAR B AR PLOT-Q (30 mx320 pm,
10 pm); FEFHERF: 70 °CHAEF 0.5 min, Pk 20 °C/min F+ 5
150 °C#35 5 min, DL 50 °C/min F+ 3 270 °CH£35 1 min; /<
AR, AEAMET 99.999%, Fi 2.5 mL/min; JERE IR E:
125 °C; #FE R ROFHAE, 1.6 min J5 3T IR0 1R AR
IR, KRR 330 °C; &/URE: 3 mL/min; 25
SH: 60 mL/min; B 9 mL/min.

1.5 TEMMEENHT

FETE AT BT ART R bm v T T 1 D R T T A )
TSR IERE, TE A R IR, AR T R AR v AR
PR I) A v, A R R A G A A AR B ) O R 22
+0.05 min, BIAIEZA S I T R, @RI #ErAni
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A& PR R T A T e B i, ARAARK (D, AT
TR R

R AR T R Y i IR (DT
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X=_ )

o X A T e 4 BT 40, me/kg; C pnifErTZR
EEGHEEYR SR, ngy m NIARER TR, g TS
FAUGERNT 1 mg/kg I, REPIGARECT; HERK
T 1 mg/kg BFORER 3 10 A R8T
1.6 HUEALIE

SEROAR AR AT 3 APATRER RO E, J5 i e T
6 APATHEM B AE, SEBRFE SRS I AT ROPATINE o R
Fl Agilent OpenLAB CDS ChemStation C.01.05[351%k {4
ASRAE ISR R | %o SR A B S B d 264 7 20 M7 8 Origin
2025 FAFAEATIERL

2 HER5SH

2.1 HmETAEF AR

SBIEFEA [ B O R0 H AR T PRS2 R, A5
RRGENEX MBI, SCRiE 8 T EAR, 4T
20 mL T0ZS SRR A3 BIIA S mL SRR ok BEp

RS2 K (— 2ok . oK, T B R ZERK . A il
FEEK) SRR A 600 pL ZREW, ZRTERSIRS)
Jei, A TR S A T B A B, KR AT A
TG T o ZEEHHT, 40% R A LN 25 110 1 AF L
10%. 20% 5% 30%S B AL TRAR, 22T mig/h,;
I — 2K . oK B i B I B FQ 208K, o b (R4
Ze SR He A, T A K S e (R R AR, AT
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Fig.1 Changes in response values at different extraction reagents
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R Forh, 78 330 CCAAHET, T He it o i i {5 3 fpe
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Fig.2 Changes in response values at different
detector temperatures
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AWFFEBEE 120, 125, 130, 135, 140, 145 °C 6 4> gjg
WAEEBREE, FGEH SR RN T M R R . 5 =yl 25
Sosk AN, MURAEE 125 °CHE, T e 0L L 224} ¢
ARLERHCRIE, WA BB BT, A DL RS 22}
o ARBFTE AL B AR ERE LR 125 °C, &IRAERT 20——=5 60 70 )
L A P R4 LD 3. TR

331
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2.9
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Fig.3 Changes in response values at different injection
port temperatures

223 RWAETH LG
fE2.2.1 M 222 TEMSKMET, IIUEER R, A&
WFFREET 8. 9. 10, 11, 12 mL/min a3 8% A8 44
RERYSENA . WA RLE AN 4 iR, R RWOR R,
W2 7 (2 BT SR AR B, FRTE 9 mL/min B35
Bl g, KR BUE R, R, ABFRHE 9 mL/min i
AR, RS A T 1T,
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Fig.4 Changes in response values at different tail blow flow

224 FHBEHHR

AR RGN T FAFEE (0. 60, 70, 80 °C)
XFTIZS B AR . Cs T4 R W, 60 °C itk
4P, DL E Ar iy v e R 107 5 e (1] 5), R 2R RS B
fho 50 °C B AFHELE AR, EHEYRAL; 70~80 °C HIKIK
THIE . BbRY 2 KA, mani T RE, R, 7 AR R i
FEHN 60 °C.

5 TSP I E T W (R AR Ak
Fig.5 Changes in response values at different
equilibrium temperatures

2.2.5 CR#eTIE ey ikdE

T 2.2.1~2.2.4 HisE G, 25T LA RS A a1 (10
20.30.40 min)Xf 1% & AERCR M, LTS % 40 min
T A5 v i AL (B 6), ELAEIZ AR T A WL ) Ze
WETERTRRIE AT o PR - IRD > 40 min, JR2R5CHE
BIE A5 R kAT

32
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Fig.6 Changes in response values at different equilibrium times

22,6 MLEABER BRI

AR EHE A TS 2 E, X 0.5 pg 1T g
PRUETRA T AT, DABRE DAk 5 (38 S 80 aE v . 45
WE 7 FiR, FEESEIRE TR, T R ais s FraQ e,
PR E, R, HOE g, U EgRE
B, BT AR SRR S B R4 R At R 47 Y a3 4y
BAT RS R R, JESIZS A A A, TR, WTHT
JEEHT . TILALETRT 0.5 pg P T WebR e AT 2047,
ZERNE 8 Fr/R, HARUEAR BB, (R HBET S .
23 HWUHRFAMEZMR

S VEAS B 5 ) R AR, KPR GB 5009.295—2023
CEMZEE AR L0 ) R RE@m N ), ARFo ik
WU S FISE S B AR S, S0 R 906 B R B %) A T B
WERIR, JHH% 1.3 AW ik il g . DMEMELL 3<S/N<10
IF, W Ry e PR S/N= 10 I, Wk T E R IR, 1
FPEM RS S5 SR (3R DR, FEANINE N 0.05 mg/kg B, SIN
KT 3 HARBFE R 10; HSPNE#ESE 0.1 mg/kg
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FH1TE

B, SIN BIRRETE 10 L b o JEFARIFREE R, B Ao
JrgE i T A R 0.05 mg/kg, fEEFEA 0.10 mg/kg.

24 ZMXER

AR AT T Bt R 5 5 i BROK P, MR A% O ]
AR BIbRAEP IR, B T3 5 mL AR TS =R, I

a3 A A 600 pL 21, Bl fh T & &5 51 0.5, 1.0, 2.0,
;.i 5.0, 10.0 pg B RIIFRUEA R . LA EE T, 15240 T
42 = e =y TS S L N
o JEAE 0.1~2.0 mg/L 5T & Vi J3E I [l 0N 1% 42 [l 05 7
< 4 - ¥=5.07022X-0.436214, HIXEFREL N 0.99988. %45 K
£ i . — S L o2
g B, WERAF HARMI R & B RIT IR R
E 40r 25 FHEREEMERE
39l HAGFEM F RS E S WER/E, R
GB/T 27404—2008 { SEe B fsmliie b ) b
38+ ‘ S P-[ICR R AR B 2R T IR, SRR .
— B, ZHAE | mREE | MR A A 6 R ACERMERES, 4 9IFE 0.1,
370 111 2}2 3:3 414 515 6‘.6 7I.7 &IS 0.2 *u 1.0 mg/kg 3 4%%%@%1?71[]%@4&%3@, /ET?/I\ZK
PR BRI i) /min SEEATINE 6 UKo IS A [RTIACR K AH XA v i 22 (relative
7 0.5 pg T R EIEE standard deviation, RSD)WL3& 2, ZEARIEIEF A, T
Fig.7 Chromatogram of 0.5 pg of sec-butylamine SE ISR K 84.1%~91.8%, RSDs 4 2.3%~8.0% . Fir A [l
REERBFF 4 GB/T 27404—2008 1%t 0.1~1.0 mg/kg He T
43| Bl A9 2 ik 222K (80%~110%), [l 45 €8 /KF-F) RSDs {1
T IR AE 5 B W RLE OB 15%). SEIRES SRR,
42y AR A AN ) 5 5 o A T ) A RORS 9% 1
41t F2 AEHZFMHTERIEZER RSDs
j‘i ‘ Table 2 Recovery rates and RSDs of sec-butylamine in
@ 401 “ different samples
2 | e PLRWE  THEE RSDs
T 3ol [ /(mg/kg) 1% 1%
[ 0.1 89.1 7.6
35l f ;‘ ‘: i 02 84.1 6.2
L RN A, - 1.0 89.4 8.0
37 L | 1 L | 1 L |
0 1.1 22 33 44 55 66 77 88 01 847 4.2
£ B 5} ] /min HR 0.2 85.6 43
1.0 85.8 4.6
B8 0.5 pg T Mok & (JC H bri) o1 266 ia
Fig.8 Chromatogram of 0.5 pg of sec-butylamine (no target peak) : ’ :
FHEL 0.2 89.1 43
#z1 KMUERANEEROFHE 1.0 88.1 45
Table 1 Determination of limit of detection and
limit of quantitation 0.1 88.3 3.6
Ea i 4 TN/ (mg/kg) SIN FRAE 0.2 88.9 2.3
NS T R 0.01 / 1.0 89.4 2.8
PN SR T R 0.05 6.5 0.1 88.3 5.1
PN EE mmis 0.10 13.2 itk 0.2 91.8 33
HIR T I 0.01 / 1.0 88.4 2.8
W T R 0.05 7.4 0.1 84.7 5.0
E T R 0.10 14.5 ikl 0.2 90.1 3.3
W EMEHH SIN R ; 1R R I 1.0 85.9 4.9
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(], HATHE S IIARM H o LR 5 HEUFE 5 Y ST €2 3% 2] I,
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Fig.9 Spectrum of lychee sample
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