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Research progress in the detection standards and analytical techniques of
plant growth regulators in plant-derived foods
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(Guangxi-Asean Center Food and Drug Safety Control, Nanning 530001, China)

ABSTRACT: Plant growth regulators are a class of substances those regulate the growth and development of plants.
Generally, with the features of high-efficiency, low-toxic, low-residue pesticide, they play a role in increasing
production, improving quality, shortening the growth cycle, and prolonging the shelf life. With plant growth
regulators playing an increasingly important role in agricultural production, some farmers are driven by the benefit to
abuse the plant growth regulators, and the food safety problems caused thereby have become the focus of public
attention. The research on residue detection technology is of great importance. Based on the kinds of plant growth
regulators registered in China, this article introduced the maximum residue limit of plant growth regulators in the
national food safety standards and the corresponding detection standards, summarized the latest sample preparation
methods and analytical techniques of instruments at home and abroad, focused on the application of multi-residue
determination technology, and prospected the development trend of residue analysis of plant growth regulators, so as
to provide technical support for updating and perfecting the residue limit standard and detection standard.
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YA KR (plant growth regulators, PGRs)J& A
KT GHY NIFEBR WIS N LE i —R 1A
TEMYARKEE B, WA MY R B R
SRR . 25 Rk, MPARKIEWS RN HTCH 60 241
J s, gl 2B 77 v — Bl IR SR FILE A R R R4
TR R 2. A, i, A wEMBGREN AT
RN MK RIR R GA FAEY A ER, 1R
TRH BT e A R B, — . R . (R
B2y, IENGHED AT RPN AKAHATE R, Y

il

AT AR HE AR AR PN 23 B HR R AT A e A,

A R s A5, (R AR AR AR Z AR A 7 BRI
TN R] i a2 9 L P 2 ik B A O OR,, R 22
PEBA KA, PN BL2F A0 PG AR 4 1 b 2 e SR 5 ke
INAREY R o % B AOAE ) A AR 0 e ) B AR R A A
PIOR, AR RRERE . MR SRIFRED,
oWy, BRAE . BUES . F TSR E R AR R R A R A T
BACH L, HEZ e p P AR

ARSCA T B AR R R R A A 1 R
732 . Bk B R FIAH L A IR AE, 2338 T 4k 1 A
SME AR R 73 M7 ik, DA oA S R e 8 A A
KT IR K B BRAEAR AR AR v SR AR 21Kl

2 EWMEKIFETFES

AR A R R R S RE, — R S AR
PR (A KRS RERE . WRDPRERE). LR
R ARIEGGH . i E AR5 R EE e, H AR
R AR TTRAE 51 Fh, AR RERISAMEERR . AR
e SAHmEN . IERES . SER . BT, RIM.
SREEE . 2,4-CHORRA LR . XTEARA LR Ik
B2 11 By JRE 2 A RE R, A RS AR . B
e SR IRIERS | BRI | 6- N R IRIENG | BEa St
W 6 Fift; A= KA SR R I BT 3 B, AR
KEGH AR R . 28k, RS . PUims . ok
IR TR, SALRER ., 1-HEEERNE 9 B i 21
P HABE HA PR A KA IR S SR | BfE
FL ISR e, —HIRR . TR GEER,
B LT SR KRS | S5 50, CAIRRERE | AT
SRR | S RNER . 2-(CMAEEETR ., WB=ERN
P DUIRILER . ZRNRRERR . MLt . e s it

3 EMEKADHRERERESKNGE
:3
PGRs KH» MAKEE . (K5 B AR 2y, (HEEH AT

PGRs 5T RN, HIETE MR ) b 5 21 2
FMBOMREA, bR WKW LR wERH AR
S E TS A ) A R S ) Rk B R (maximum
residue limit, MRL),

FKIE GB 2763-2016 (&t ZEARHE B2y
BRFREIRE ) SR HLE T 24 Fh PGRs 7EAH) . IR
BB B3, ACR . THACR . R AR 7 BXEYIEE
i TP Rk B PR DA R B R AR v . 255 S T AR A
FELUF IR (1)F% RS Rk bn AR &, W ARE,
BRT S-iFEpLER . BN . SR, JLT R, JEE
B3 B2 6 fl' PGRs [RIHRAAIE L RE:, 2 I-
I BRAG150 A b il 22 R AR A 25 22 2000, F AR A=
KR A 21 AR B bR, A 7 ebn ot vl fg
RMCAFLH TREEERS . FAEUR . e, PIRES ., mes
B KEAS . ZEPH U IR R, AR Ay ko T R
RWGRILH )5k FE RS . T 75 09 £ 28 1) 5 A [ 5 Fn b
XAFFERRZEME, U 2,4-D # E PR e 53 A4 (International
Agency for Research on Cancer, IARC, 2015)%1 i AZETTRERY
o R, 3 A o B A K 1 3 rh ik B RS
0.2 mg/kg, MEKEAIEEAIREFRER 0.05 mgke, HAN
0.08 mg/kg; GFRHERLE AN 5 0 )5, 18 TWARMEH A 3
TRE AR IO PR 2 IO, 4 AR KR U8 S
5P T-HURE J7 00 T e I . — A (L3R 1)

gi b, FRERE A A TR T 50 5k B R A v 5 E £
M AR, AR T ORBEA T o BT 2 4
Je A3 BT TR O A HOB ™ AR B R R T
Ak P E 2 ) R AR A —BO™ E R 20 T 3R B A 0
H5 5.

4 DHHE

4.1 HmiEE

WG F A KR4 PGRs A Y 14 N 423 Al s 5% B 1
B, AT RHEEFIRRACE, Mt TR, R BRI,
ARSI TI0 B ARl G noRal, DRI 2 BT i
HEATIE Y PR IO & 4R, DB T, 4R e ke =i
Btk ATAREE T L A WOR AR AR AR
1 QUEChERSP> 5k
4.1.1 RRFR

W ZE B (liquid-liquid extraction, LLE) /& kLAt H bz
Yol B AR vk . WORAERGE H I 2T W
R B NG . IR R . PIESEE ARG . 8 Xk
FERIRR REAS D AR PE £ 5t P BT S Ve AR L BT 454, i
FAEA PR IUNE, W T, B 1%H iR 2w
14 R 2/ N IR FRAR BB 7104 ek, PRI AR B 2
filh FNDAFA ST I I 25, RS IR BB M AL IR,
LT Boa i B | PRI
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Tablel Detection standards for PGRs in GB 2763-2016
L&Y A5 v CAlIWRTS Sk
B R AT A AL AU - T (R AT [8]
EZi U T AE HU+SPE 44k SR R - TR (LAY [9]
2R PR AT TR AE BL+SPE k. BOARE RS- B ER(E RS [10]
ZRME . P T R SR R SR PUEIER VRO ZE B+ e €0 ek BOARERS- B ER(E RS [11]
ZRE . TR CETERE, o R FORMER IRV AL IGSPE ik SAH BB E(E ) [12]
LR DU . R 2R T HE BL+SPE ik AR -T2 ) [13]
PR ERES I A BU+-SPE ¥4k WO O35 2 (P43 [14]
ZHaH RO A T+ T AT AR S L (LS [15]
R R ABE I C A AT GRS R () [16]
THRR W W A< B+SPE Ak, ARG FHSE(Z M) [17]
“HIRR WA BU+SPE ¥k %ﬁéﬁgﬁigﬁféﬁ' [18]
2,4-ZHARE LR T AR BT A +SPE ik SIS (RULST) [19]
24-"HHEH LR VROV A T3 130 1 AH 4K T WO B35BT R (2 ) [20]
TR RO AE T+ 4E AL +SPE 1k AU - TR (AT [21]
TR W HE BL+SPE ik BOARE5-BI PR () [22]
Hri TR AE T SRR T RS (AT [23]
F5 i m WA BA+SPE ik SAREEL GRS [24]

412 EA8FR

VRO 2 IR AR AT DR JE IR B A BT A EOR, (HL SR ot
IR FE R, HARRBUS R 5y kAR, R g
i F AHZE B (solid phase extraction, SPE)EC, FAIZEHLE
AR SR EEREEMER R S . TS RS Cis. N-
32— PSA | 1 84k %k B (graphitized carbon black, GCB)
YER B ERAHA T4 8, Cis BBRAEMAMETHE, QifaT; PSA B
Bl BEITR; GCB RBRAES P B R A Y. B TR AR
2k, e AESRE R L, BRI L LOEER T,
— PR A 8 LA IR B 50037 R S rh A o

T AT A I 2 TR 22 194 0 TR A BB Rk A 1y T 1 AH
ARPOBE rp, R TR 1 a0 6 5T [ AR 43 HIAS X (matrix
solid-phase dispersion extraction, MSPD)*4 | 43~ EJ1 3 [ 41
Z£ X (molecularly imprinted solid phase
MISPE)™**) | 22 BE i 4 K 4 [ £ 2% L (multiwalled  carbon
nanotube solid phase extraction, MWCNT-SPE)M“47 | i[5 4H
Z B (magnetism solid phase extraction, MSPE)[*849] jx st 3
AR R A, 152 BOM b B4 6, AT P
FIE IR, KORHE & BT ReR, B s A & HXHb &
PR PEIE 7
4.1.3 QuEChERS

QuEChERS J5 5 5L 7E 2003 4E ff Anastassiades 255"

extraction,

R, ZJE T LAEE X Ir it R, SR AL R 5L
TR GRIR BE RIS AENER T 432 AN [ 04 43 1 T AE ZE G
AR, SESNATE AR, QuEChERS ik HEA
P, W, BRM. AR, ATE. RemEER, MTRE
O IR A AR TR 26 51 89K 245, QUEChERS J5iA#R AR
T R Y P T R AT A B R, Rk 5% [ 43 b
1k 2% Z 15 2> (Association of Official Analytical Chemists,
AOAC) F1 Bk ¥ #r # & 51 & (European Committee for
Standardization, CEN)#fi & 5B J7 " FriE
42 LB TFEAR

FE ) A R 45 ) — e LUIR MR B AP A T e B o v,
ML AR R EOR S . E NN TR A K8 R 5k
ARG DN 5 A0 1 B — e e P e 3 ITE o 2t
(TAIORERA Y Qpinitd PR E v a N
421 AMMEHE

AR5 L (gas chromatography, GO T4 fAdE
PEIF . GIERWEY, WTF 25 5 G s R AR Y
J, Fa B AT AR 9 U L b g R R A e 4
KRMERIRTAEYD o AR 4 A R R 5 Ak M o AT ik A )
RPN g, 228000 G 4 R T3 B A KO B Al s
(flame ionization detector, FID)!, #+Z2 B 455278 HpF 57 p



2906 1% A T R A

F10 &

K] GC-FID HAEMEZ IR . WINLmR ., HIVE TR, I
WIRFIREIR 5 FEYAER IR, T E M, BAER
B MR R R K AR S Y 2 B R ORI B
(electron capture detector, ECD)P*3 £ At 455 %f g 352 |
IR 5E B 20 R EAT AR AR AT AR, SR A 1 -
Y4 6 BE K I 8% (gas chromatography-flame photometric
detector, GC-FPD)JIl5E, ik i J% . Brinkman %1
BT WEUE AT A R L1 ZOH R B, SR A A BRI S8
(nitrogen-phosphorus detector, NPD)43#r, HUISi = 45 5 .
T RZE PGRs T RAHXEK, HEWRMESF, N
T BAMET AT 5 404, PRIILSAH (5 72 PGR 20 i
Z PR,
422 BRI EHEE

HOR W M B 3% 7% (high  performance
chromatography, HPLC)ELA 2 A4S, 4N g s sors: il
#% (ultraviolet detector, UVD)., %4 B4 41 K M % (diode
array detector DAD) . %< 6K i #% (fluorescence detector,
FLD), A LA[FHIE 22 FA 6] B Re B Ak G4, AEfid:
PRIE, - AR (0 R 0 A B e 10 B B 5 0500 SR
YA J5 7k v] LA s B i RO, FJR AR T2k
R AR B PERENY), Peeters 2512 T — b Tt K5k
B 4379 2 €43 (ion chromatography, IC)J5 i, il FR 4
0.5 mgkg, RHEAL GC, Hal IERNIA GC Al
LC-MS Ji i il 5 ik R i o W 1 SC 2 g e i

liquid

FHEJF 2111 (high performance ion exclusion chromatography,

HPIEC): 43 B/t Sh48 38 | VL. R h iy Sk e, %
LRIV A5 4 58 40T B T8 8 HPLC 1, H T 5
TG I #5816 FH

423  Ek-FERR K

Rl 25 FEIX) PGRs fe ok i R 25K 0 Bk ™ %,
A8 T JO T P R DR LR v A e R L R REA [ ek
Tor U Z i B Ak G 400 T 328 5 A RS A A A TR R Y
BT AT PR T 1% (high-resolution mass spectrometry,
HRMS) A {SCR W R ILTIfE, B2 T 40 ) v AR
T P A A 0 P R O - AR T e 2 Jre (%1,

S AH {2 3% - B 3% BX FH 25 (gas  chromatography-mass
spectrometry, GC-MS)H T H H A 58 K AR UEISE 2 — 2
PGRs JREA M FE T T-Be . AT T4k a3l w5 46
F3% i (electron impact, EI)F1{L~%Hi i (chemical ionization,
Cl). EIZEH AR E T, TR A LS5,
CI X452 1 A 1) A6 B A 5 1) RS A ek, 10
F-4b 2 B B (negative ion chemical ionization, NCI) 2.4 Lt 1E
B 1k 8 B (positive ion chemical ionization, PCT) ¥ /& (1Y
HeFEE, IR H AT RME RS 1 GC-ECD 4 Hr R 258547
191, Chertaa %5\ Ay 38 5 I T00AH €513 R 36 I 33 %
(liquid chromatography tandem mass spectrometry, LC-MS/

MS) B K S Hs Ak % B, B (atmospheric pressure chemical
ionization, APCDH] B EL GC-MS B 7, &
RYE . A B TS (gas chromatography tandem
mass spectrometry, GC-MS/MS)J& £ 5% B 43 #1 H i il i 22
f AR PS5 o il ] 22 1 W I (multiple  reaction
monitoring, MRM) il i #& [z i Wi M (selected reaction
monitoring, SRM)AX, /R T 8 i A REQE | PR
HEES

YRR €033 R I I 5 (LC-MS/MS) AL RAERE | ot
PiFHAE S LR PGRs # FA I A7) B F AL 45
ESI fil APCI 8  ESI 2T Tk RArFA &4, APCI
— T . N AR, Liu 2V s b
JHI QuEChERS %54 [l o 22 F8 B -8 o SO A €2 1 £ 3K T ik
B 7k T TR B 325 280 FiAE U £ 5 b 19 R i A 4 ]
TR, EEEREEETIEE MO EFRERLTREE
P 22 S W AR =

HRMS B AR S 40 | Emf B LS 2 R 5
FE U R e ek, (T AR FIAE B ARG P i # ik 2
W 5| JyB2ALTB g i Mg AR, AT 4o AT A]
WL TR GPGERETE . BT DL I AR ST AR R [l i
PR BT, TRAT )BTRS AE = i & PGRs i (1 H &3 & .
Campillo %0 &4 TisH ) R 4 AR X Z2 ok SERIBE S 3
TR 4> Z4WEDR P | 1,3- R SR AN SR 22, B
FE L BT TR U, KRR, R IO A7 0 H
W - WK T ZE B (dispersion  liquid-liquid microextraction,
DLLME), ¥R E X% 0.02~0.05 ng/g Ll . Cheng %"
K A H R SCH 3 DY B AT TR AT B[R] BT (atmospheric
pressure gas chromatography quadrupole time-of-flight mass
spectrometry, APGC-QTOF-MS)%5& H shifi vt - &, #r
TR R MG T 104 FG L5 L EERE, HHLE
Y AG H FRA T 0.02~6.00 pg/kg Z IR, oA G452 ams
VUSRS HEAE 2 Bl PGRs.

2% 25 2% T I JLAE E N 2 PGRs 5% B8 40 B 771 iR,
SCHERFET 0 HES, DAREIRAE S SR BORAS &s 43 BT B R 1)
K. 2 2 B R R IR AR A BN =, i
54 QuEChERS ik H 2535 ), 78 34 M 23R 88 rikh, A
15 F1(44%)#F QuUEChERS Jr#k. 2013~2018 4F, A/
FH AT 530 0 R R M o 2, T v 2 B 1 335 - T i 2k
HORHESh Z 58 B ik ny ek g .

5 4 i

ER7/E 58S el Do s e EE R AE S P S e 1} LT
{H AR T = TE A0 5 | SRR RV o R A R SR P A
RCHLR, T Pt PR R A R 0] 5 | R ) il 2 4 ]l —
FLATAE, PGRs 5% BAGINEE AR BOHFT T DR e B dh 2 42 1R 4
A%,
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Table2 Overview of Analytical methods of PGRs in plant-derived foods
sy B AR HAL GIHT TR SCHik
TR R A ER GC-NPD(fii:1k) [56]
vl R Thizs JEA GC-FID [51]
B % TR AL LC-UV [25]
FERM, ARMR BT WA, AR, WA W 2K BU+SPE ¥4k GC-EI-MS [63]
LR TY QuEChERS HPLC-ESI-MS / MS [67]
s SN E V) QuEChEgSij;iirfé%@ﬁ GPC-GC-EI- MS [64]
ZFE P W TR AR B HPLC-UV [58]
PZEFT BT NS NN W A BL+SPE ¥4k HPIEC [61]
DY S HER Wi QuEChERS GC-NCI-MS [65]
SRR R | A Tk B RN Fm QuEChERS GC-APCI-MS / MS [66]
ALK . WERRE  BRBEBE. BUK. PEIR. A, FA DLLME LC-ESI-TOF-MS [71]
REER e OB ZE IR HPLC-UV [38]
- X3 wsrerpl  CHERIESLERN
SR WK b, PR QuEChERS GC-ECD [53]
16 Fl PGRs R FT E§ IL\ A e B AT LA by WRE 5§ 570) g T AR 4 UHPLC-ESI-MS/MS [30]
FERE, 2R SER . PUAESE 10 AVEDIIEE S QuEChERS UPLC-QTOF-MS [32]
75 LT N K N - AN TR ] QuEChERS E;;fﬁﬁiffiiffﬁ? [73]
R By TR AL IC [26]
4 fil' PGRs WE. BT TR IR I UHPLC-ESI-MS/MS [27]
3 #l PGRs EF. BB, i MWCNTs-QuEChERS LC-ESI-MS/MS [33]
7 #h PGRs Be. AL SR DRI A EI HPLC-FLD(fiE4k) [40]
5 filt PGRs V) NN AR ] [ E AT A HPLC-MS/MS [68]
B R S5 MR TR HE I UHPLC-TOF/MS [41]
TR GING) QuEChERS LC-MS/MS [46]
FHEH [iE MSPD Fil QuEChERS GC-EI-MS/MS #l LC-ESI-MS/MS  [44]
RER F il W A BU+SPE ¥4k UPLC-ESI-MS/MS [31]
6-"RHAFEIENS SES QuEChERS LC-ESI-MS / MS [34]
Lo i FrgEt MISPE HPLC-DAD/FD [59]
5 fl PGRs TRAT gi}«i’é I OB ZEIR LC-ESI-MS/MS [28]
A R AR }?Eéwrﬁ [ NN %?Eﬂﬁ%igﬁéﬁlﬁwmﬁ ETITEHMS) (4]
5 fft PGRs OBk ML RA . R QuEChERS UHPLC-ESI-MS / MS [36]
F5 R Rk B QuEChERS UHPLC-ESI-MS / MS [69]
2 (N 5 U I MISPE LC-ESI-MS/MS [45]
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asl/] b T AR By 7 VAR ISRV ik

19 ff PGRs 280 FHIEDI IR b QuEChERS UPLC-ESI-MS/MS [70]
P 21 Pl I A MWCNT LC-HESI-MS/MS [47]

4 7 PGRs e[ id MSPE GC-EI-MS [48]

i 1 O o i s
EZ IR EE S i%‘*‘ﬁgggm‘%bm QuEChERS APGC-QTOF-MS [72]
gl

24 7 PGRs Gk QuEChERS LC-ESI-MS/MS [37]

3 7 PGRs KEHF A1 S0 - MR S [#] A 22 B HPLC-UV [60]
ZIEF Tt AL FrRE. BBRVRUNE PRSI IN(QuPPe) BT R BT (IC-ESI-MS / MS)  [75]

R sl ) A 2 VA 0 BT % DB, B A ST TR W B R 4 A
RFIHES ™, — LB X R 3 A ) e 3 P A (0 i A 3y
BN H 25384 . H AT QUEChERS J2 /il & 7 & PGRs
BREA M BTN )y vk, R A R, AN IE AR
WAL A o B S5 5200 P & T —F 448 QuPPe(Pist
WA R BOR 7%, & T &, sReh T
QuEChERS A2 o

B RAE E Z0 F AR, Erkae ) ST
PEReJIA I, TCIk N v 2 5% B A BT Pkl . Bl Bl AE R R
W&, Krllgs REUE M H g R, AR ABAR &
P A, LR PR R AR T Ak S, T -
o 43 BT ELA ) B 2 A ) S A ) H AR AL G e
01, I HAESPMEXT LFHHIE A b & EcE . Xt
FHREREZRM T, AN K MR ZE B AR
BRIy 55 g Bk R R ML &, SEM R L5k
P ) PRSH T AT S B I

FEP A AR TR Tz N R R i #E B T 3 E ARl 1Y
FIREEL R R, T AR AR R R R RLYE A A, T
— S ] R T X LA AR 247 5% B B S A A0 11 57 ) F AR R
A2, AT H OB U RS R 22 5k B R A R R A
A [ AR, IR 4 AE R VR 790 R A v L R
7 AR E 5 58 .
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