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Quantitative determination of chlorophyll content in vegetables by
convergence chromatography
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ABSTRACT: Objective To establish a method for the determination of chlorophyll a and chlorophyll b content in
vegetables by convergence chromatography (CC). Methods The Soxhlet extraction method was used for efficient
extraction of chlorophyll from vegetables and their products, followed by separation and detection using an
ultra-performance convergence chromatography system coupled with a ultraviolet-visible detector. Results Through

comparison of the stability of different solvents, petroleum ether was selected as the extraction solvent, and the extraction
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conditions were optimized. The method was validated with a limit of detection of 0.02 mg/kg, a limit of quantification of

0.06 mg/kg, a linear range of 0.06-800.00 mg/kg, a spike recovery rate of 99%—102%, and a relative standard deviation of

2.2%-14.0% for real samples. The reliability and accuracy of the method were confirmed through precision testing of real

samples, including kale, fresh mustard greens, pickled mustard greens, dried pickled mustard greens, steamed dried

pickled mustard greens, and boiled dried pickled mustard greens, as well as cross-validation with existing standard

methods. Conclusion This study establishes a CC-based method for detecting chlorophyll a and chlorophyll b in

vegetables, demonstrating high sensitivity, a wide linear range, good specificity, and precision. The method is not only

suitable for laboratory research but also has practical application potential.

KEY WORDS: convergence chromatography; chlorophyll; kale; fresh mustard greens; pickled mustard; preserved

pickled mustard
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MR EARATEE INERZ —, BERIOLZ
R TEERIZINE, B RDEAE YR A K At
M-S A I AEE T I T b P, R M g S R
BT IRV IIREME Y, HABUEED Hik©
AR PG RS V5 5 g o T LI 36 A0 i, AR RIS
st PRI B0 B A AR A S R JE I A Ml 3 S £ 45
BRARFAE, MERE AR, RIS A B KT R .
SR, T R AN AETE T 255 W), X FoR
FRURE T 25 Mo 2 5 SR A R 1 S 2R N R R AT AL
VIR, R 2 BT [R] | U IR SRR bR 2 1 52
mitO SRR R Ry, W E S5 R S B Ak,
PHA R TR, BARHE PR BHERLEYSE,
T il 2 2 A MR 06 B S A T e R R R
DRI P2 28 I T T K, — BRI 40 b (A

2T T2 A RS 2R A I i e ] TSR R Y
GrME, Horh EEAARE AR SRR gk
PRI TR R i TR L BRI, AN R R X
2 R DGR AR R, PRI RT3 AT A X
Xt B AR [ F) B BB 70 AR Y, 2 3 v i 4 P
FelEsh 22w 28550 o BR T RR i HAb (L K 5k, MEE
I £ 2R S5 I 3R KA 7 0 ] T AR TEAR LA 27 4540, 2 TR
FEF DO A T Z AT R ROBOH €53 (high
performance liquid chromatography, HPLC):: A X5 k& 1 13
TTHoy s, Rff AL &9 T A7 Jr s, Hoh XL
J2 A HPLC Jyfi# WA I E AR AY, BIInAIH] Cys BURHAY
HPLC 73 Bt il v B9 K P 4 3 B 4 e Rl fe vp, o3
BT a ARG USSP N L pse
AR @R BTEALRE I RIS, AT Cso HURHY HPLC
ST T ITERER a FINFAEER b SRS R S A SRR
KA 30 fil HLAE A G S 1) AR R R 4 B RO A,
75 5 T EE AN AR EIAR, SR R R, FLARSR

Koz AMAREARW T, N T M — i, 8
# HPLC 235 B A 815, G e AR AE 1 7~ A —aK
O3 SRR = P T A L B AN R AR A2 L B TR —
DUREAT IR 75 Bl P A i A2 2K 2 FIEE3R b1,
HLI 25 B 1 DR 45 8 B 1 BIF B 02 T D 20 B v R
AR gt 7= 20 R T TG - 204 Dk o B A A B 85 11
BT A, AR T I e R e . I L4 R A
JORC R 1 S D PN 4 e AR B A I B A R AR, S xd s Y
KRN

4 F {8, 1% (convergence chromatography, CC)#i A fE—
A T MBIE AR (5% (supercritical fluid chromatography,
SFC)HI HPLC {E# MR . CC SCH A T I 5
CONEHHHIEFNHMIENAE . XFBAR I CFHESE COz
TER G FORAS i B A I 0 b B A E M BOR B, Btk
RS S = A 2 BIRCR A AR 2 B ) L A A
FHHAZESE I S ] HPLC, BT COMMRGT A ms 31, CC
38 H LA G VRORE €T A T A ] Y R AL T 4 1 3 S R
SR, DLSCR T2 AL G s M A

AT 0L FH 2 A B 3 %o i S I o 5 o g bt
R TR AR, SR MR CC AN EE & 2L 5h-1T LA
i, TR SR, JEX AT T UL ERIE . Syt
SRR E IR T AR 0 ATk

1 MR5RE

1.1 #R5ERF

2 FhPIA T ik (Brassica oleracea var. sabellica)3 [ #i
VLM, AN TG ME4% 1%, % 37 3¢ (Brassica juncea var.
crispifolia) R A WL T, MFCHASE 55, SH3RMHTHR
[F) SR FP TSN, 15% 50kt LRI E] 6 A~ 5 #§T3% B i
RE MG HAS, KEi 34.7%; B3NS 78 4%
HEOGIEE NI B 3 S EFPLE R AT 4 W15 4% 5.(Vigna
radiata)ifi 5%, #i% 5 d.

L AHEEGB R 30~60 °C) . JLKBREREN . (%
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Mradi, EZGEREERRERAR), FEE(figad, £E
Supelco Analytical Products 23 7]); CO2 (4N %, T I ¥
SRR, M4RE a STHESL . AR b X R S (4l
90%, IR AEYRIEAA BRA T, AR TR E A
il LB K.

1.2 UE5EF

Soxtec2500 H & KA (F1ZZ FOSS A wl), FLss
A NDC FUEHR K ENEF AN FFRL AR FRA F);
Milli-Q B F/K &L (EE Millipore 237]); ACQUITY
UPC? PDACC &% . Torus DEA f43E41(3.0 mmx100 mm,
1.7 um)(3E [ Waters 2 ] ); BlueStar B %1540 Al L2366 BE
AR RN RHMUEAT R A F); KS4000ic 45 47 IR (14
E IKA 2vH]); R-210 RUjEEEZE A (EiE BUCHI 2 H));
N-EVAP 112 B & W % (3¢ E Organomation 2\ & );
Quintix 124 B, T KPS 0.1 mg, 7E[H Sartorius 23 ).
1.3 LWHE
1.3.1 RAAH &

FE P RE b B R R R LA R, AT R S
R, PUHIH & 2 2RIRSE DI ES, 513 R A A
TR G, MBS A, -80 °C g fE 5.
132 AToktgiteetgdne

I BT 2RE S K IR NY/T 3082—2017 K
F B Sh rARR S R AINE AR WE TIE .
1.3.3 AR/ Fo AT A Ja 6 BL )

A3 AEF RIS SR a FIFEREE b A B gL
SR B R, TEd AL 1 mg/mL A9 BRARFT 1 mg/mL FITR
PRAEF, TE-20 °C R REOGEAE, FeHlE 4 H M. R8s
WE TR i 2 R Bl 40.0, 20.0. 10.0. 5.0, 2.0, 1.0,
0.5 pg/mL. FEHUE G Ak 5250 b B E RS 5 I LG 45 8
Ao FEPIEEFMAREE & i AR IS 48 (30T, AS 10
BI5GB AR A% R 0~2 °C I HEFE 15 min il
T A R ZAE i A BRAE o B BB
134 &EyEs

Torus DEA fB,341:(3.0 mm> 100 mm, 1.7 pm), ¥izhtH:
AN CO,, B HIEE, (KFREL Ny A:B=92:8, ZEEyefii; Wik
1.5 mL/min; #E: 1800 psi; #:i: 40 °C; AR &= IR
4 °C; PFFERE: 1 Ly ZMATAT ] 5 min.

135 HRRER

FEAREUAR AL T . FERAR RS 5~10 g
FEGRATH, FFIAK S S TA TOK IR N, (B IR 704y
DS, AR RIERELHEH, FHAH 10 mL 21
VA K 8 AR TN BB B A v 1 R o T A I 0N (68 25 AR A
FEO B9 o K IR ATAR R ZE ORI B AR AU,
A 70 mL ZEBUAER, FFIRZEI . SR8 e AR T 7 1R
We, AHEATEEF R T4, WEIE R, IR e

RS, FHEBERRAKRT, B REL R EH
F29 1 mL, FHWETRAE SR, 1 0.45 pm BERYSE b
WLRFIN . 2550 bR 2R ARk 2 fe o
1.3.6 LA

PRPUAFIMEERE, B H5H 1.3.3 FrH R s
PRBUE IR R WRE R T, R EE, /. A
P 80 mL A3 A AZEBURAR A, AL G 7L 2R K
PR HEAT IR, VB AR R B 2 IR VR AR R 20 2
/s, Bk EREEERH EER, BRI %E
L MLAG I
1.3.7 A & FRFe 2 2 FRAG A T

2 [E ZAUEIA W] W B4 TR B 2 ) B Akt
i B AL AT TR R R ), MR TR T T R Y
TP REUEE DL, L% B KA 2 %46 H R
(limit of detection, LOD)J N frilll 6 M HrAEAS AL S, St
Ko &85 3 3F 54 W bR v 22 (standard  deviation, SD). LA
LOD-3SD, LOD, LOD+3SD 3 M i 7K S 43 BIs 20 4~
FRUETR AR S, A5 19 ASFE SRR ROR: H v B2 R Jr
ERIF R o 7 S PR (limit of quantitation, LOQ)I%E K 3 £i%
LOD, FfIRE ik 50k,
14 HIEALE

SEHG AR S ARG AR I O 2 S5 TSR b FR e
R-Studio (Version 1.3.1093)?74f4:, 5T R (version 3.6.1)24F

170 2% R HELT ggplot2 B (version 3.3.3), & LOD
W SER T AR AN 20 41, HAbSZIG TG RECH 6.

2 FER5HH

2.1 BIERHEE

M2E 3 a FIMTSE 3R b 782K AR HAE R s AR
B R AT WOEIE AN R 1 B, Qi 1 TR, B a fil
44 b 2 HI7E 665.5 nm Fl 655.6 nm 40 A FFAEME AR I,
L RO K 22 50K 9.9 nm, Sy 1RSI 5 vk
Il % 305 P AN 0 4 B 0 I 2R A - mT DA ) 8 G €548, ks
R A 15 B R, BESh 660.5 nm. MH4EER a
FFERE b R 53518 665.5 nm Fl 655.6 nm,
A5 AT R A i LR g WA 5 R AR B, H X 5 B
ali A e T AR K (M4 28 a: 665 nm; PF4RE be
650 nm)PUEAT 225, X AR CC WM T A A R
Ak (supercritical carbon dioxide, scCO,) 3, scCO, LMK
L 120 o S R o9 i & 9 73 e R 2 )
FERAT B BE RS GOR [R5, AR R R V590 4% B A8 1k
St — AR S R AR 7R 660.5 nm T A L
GIEEE 2 BiR, WE 2 ERTLIE B4R a FI-4E K b
CL IR B LR A i, DR A0 P 450 32 0 sl AH B AT il J22 40 8 T
SR, TR BEAE 47 AL i 2 B s [A]
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Fig.l1 UV-Vis absorption spectra of chlorophyll a and chlorophyll b
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Fig.2 Typical chromatogram at 660.5 nm

2.2 REEMHRIERE

2L, WEE . SRR TE 22 FCH AR A b i [l
BARL 2 /s B, XEROMPHORE S FIE 70, 135 A
175 C.o iAHXS R, HAEZEBOR A REAR I 2 an &l 3 s o
WE 3 FR, HESRZED, TR a BEMH4E% b #
TCHE AR R o 31X 32 B2 R VAR 0 W s R T B R I R
TRE, T L T T A MR, ANE R B
JRALA T BERE IR Tk R AR E TR i AT IR A YRR

fR IR ATAS, Al SR 2 S R REISAE 12 h NZERrRRE,
WA R, RSS2 R NAETL, NY/T 3082—2017 H
JIT IR S AR EUA R N - TR W, Herh R AL R i
M EVERENS A B T N depa b s, BEH T
VAR 76 224 AR Ry ) B R0 R A T4 B, T A R e
AR IUA R, fEAES T ZEETUR, AU
W RE SRR BEE W LATR o SRIBOAE R A ik (G A
30~60 °C); HREUNA]: 8 h; HnHMIRE: 70 °C,
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Fig.3 Stability of chlorophyll a and chlorophyll b in methanol, ethanol, and petroleum ether under different solvent extractions (n=6)

23 FEEFIIE
23.1  Aof A KL

7% GB/T 274172017 { GH& TP 6225007 Jr 154
INFNIGESE TG ) BORIGAE T 6 4147 Hdn i th 4 RE b A A
KFRF(RT 0.99, Hr ANt 4¢ 5 a brifE i A z0h
Y=2.565x10*X+1.005x10°, r’=0.9999; W-%4#2 b Fruiith2e >
N Y=2.480%10*X-1.992x10%, r’=0.9993, . Y by FAEWK
R, pg/mL, X BARZ AT IS TE R, TN
232 KR FIRIEIE

2233 6 47 LOD 24 0.02 mg/kg 7K IMbnEe s, 3
BRI E a FIMLEE b XTI A SD 4051k 5.7 ng/kg M
6.4 ug/kg, LOD-3SD., LOD, LOD+3SD 3 A~/KEHybrts:
SRR ZE SRR 1 Fow, Sadit R, K a fitgiE b
i) LOD #44 0.02 mg/kg. LOQ WI%E K 3 £ LOD, I HAE
FRUERE TGN, S 0.06 mg/kg. ARG = HORAH
g - BB AT G R, 4R a 1Y LOD 7] LAGAF]
0.24 ng/mLP%, DIZKF %% B BEA T4 08, H AR 9 O R A,
R A B U PR S ARG 2 A 2R -] LS i R A (H
ARSI LOD A1 LOQ AH#E NY/T 4357—2023 {Hi¥IR
PEA S S R I R RO B k) R NY/T
3082—2017 (KSR | B R B Rt R SR E o
FEE ) REET R, FILESR LOD il LOQ Alnitst
o R, (HAEE AN b RS, & T
S WA RN, W LA T IR S T R A RIE
233 EAMIE

TE A B 3 3 R 25 R O R T I A B R A AT
B TR RS . AT 42 1 T GRS R 5 40 B RSB )
ARG O, &% (il i Tl ik 2407
LEIERY ) & C3.

%1 LOD-3SD, LOD. LOD+3SD 7K fiitxrAY
R E a MR E b MNELR(n=20)
Table 1 Determination of chlorophyll a and chlorophyll b in
matrix samples spiked at LOD-3SD, LOD, and LOD+3SD
levels (n=20)

Hird [dEY & A 55 SR K AR

(ug/kg) [(pnglkg) %

20.0-3%5.7 3.84+4.0 65

MRz a 20.0 18.0+6.4 95
20.0+3x5.7 39.3+5.3 100

20.0-3x6.4 2.2042.8 45

M4k E b 20.0 20.245.5 95
20.0+3%6.4 38.1+4.3 100

I3 WIAABESE T IT % () CC J5 B AL T43 6 6 B B9
o AT SRR [R] A9 i, ) S T 8 5 S A i P I 2 2R
Erig, RN IE SIS S SR S AT SR e R
AT, HAEREE 2 i, XTHMF LRy gE R, of
TUILABNTAHZETE 3 FhEES BN T 10%RAEEE R Y YA
NI 2E), W OLASHE 5 I3 Jr R AR ] BEAEAE R LAY
BETHT, RARFR SR B AR 25 R, X 3R
FEXF S R R R R
2.3.4 LOQ. &MWIEE e ik B 5 I E

22 (b Ll b= ook RiE Ry ) , t
FHAE G IEARMEY) 5T (certified reference material, CRM),
) 30 3 D R A R T P A L 0 A B A 4 Tl
RPAF, WET LOQ. 2% LOQ. 10 1% LOQ HIMIARK: &b
AT T IEREEAERE, BEAMABEE TIRKF(8 me/ke). H
TR (80 mg/kg) A S 4 4 3 FRl A A e e A % 1 800 mg/kg
B JACE BB FUMAREE S AR 10 B KT, FoAR T 45 2R 4o
F 3 e W IR UERR T o SRR, AR SR IR
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Fz2 EXHSNSAAETRIHFRERRS CC KENEREITEZE (N=6)
Table 2 Spectrophotometric chlorophyll results of real samples and relative differences with CC results (n=6)
&K a HegE b
FE SR RE IS 7 it CC Mt AL AR o i/ cC Mg a A
/(mg/kg) /(mg/kg) M2E/% (mg/kg) /(mg/kg) HHZE/%
P 1 (2.09£0.13)x10? (2.14+0.06)x10? 1.90 (3.04+0.22)x10? (3.19+0.12)x10? 1.30
PIAHE 2 (1.92+0.13)x10? (1.89+0.05)x10? 1.60 (2.67+0.24)x10? (2.71£0.08)x10* 1.50
BT (5.05£0.36)x 10 (5.01£0.24)x10 0.65 (6.10£0.53)x10? (6.09£0.13)x10? 0.09
<3 EFRMERFE AR EE R0 E YR (n=6)
Table 3 Results and recoveries of matrix spiked samples (n=6)
o 4% a 4t%E b
“HA . N
£ /(mg/kg) T3/ % [l R SR /Y% B /(mg/kg) [l %/ % [l R SR /Y%
LOQ (6.04+0.40)x1072 101 70~110 (5.98+0.30)x102 100 70~110
2LOQ 0.119+0.003 99 80~110 0.120+0.006 100 80~110
10 LOQ 0.604+0.012 101 80~110 0.610+0.022 102 80~110
KA 8.09+0.16 101 80~110 7.95+0.21 99 80~110
K 80.7+1.6 101 80~110 80.5+1.0 100 80~110
=y S (7.970.06)x 10> 100 90~100 (8.00£0.08)x 10> 100 90~100

P AE TV N, JF FLAE R vk B R R gl
WHAL 100%, BEIHA ik 25 R0 e JERF 5 o0 B T
RHER . Hp LOQ /KT, BISCRAFAZR, EA
X LOQ /K- R S BE RS HERf 2 B o [FIRE, X TR
il PAY % 1 1k FEE 7K P (HQO) FR TE Aff 1k % 2 R W, ANy ik A4k
LRI R 0.06~800.00 mg/kg T, FEMSHERIE . HARENL
RELE 100% 2 EH, F2 i FInbske s A me o8 2R
RESLRESRITE R, S EB RS A e — 2 R R . 55
Sl FH [ R AR Oy i A T R AR, 1R th T 2
B 2 S S BAR BRI bR R S A7 1 22 5P R,
WAIRILR Ay 2 R A A0 ) FH b A T) D ARG Iy v R4 728
NIRRT R 2 KA, A A AR R AT S
BrAGH I (4 75 2K
24 EXHFMEPRRA

AW FE R, X F A ST bR UE R 22 (relative  standard
deviation, RSD) Y%K 32 2| HEAK & & g, 7l #2372
RSD (RSD) 5 FEdh i & 54T 56, it Horwitz 5 FEPYE 2/3
REHATIHE, B LA 20(1) . Horwitz J5 2 DL —Ffi fij

B R A AR B, T DR A S0 AN E 1 AP
PERRMEZE, FERRES SR M TS, BERS P A 45 R
ATEEME R — Mk, JF HIE T2 B BESE IR, I 2r 2k
PR, NARMREE N (07 5 IR SR AL 1 RS A4 B2 b
A MRS (3R 4), AE 5 FELIIRE S R, ARSI
IR BT S ONEIT LR 2R . A5 R B9 RSD
RIS MR R, RARTEM R ZRAE R, X [ — At
17 220 BB SR I, S B 45 R A — Btk BRI R,
JERZEN — PR Ty 2, T PR 2 U 2 ] A S
Pho EA VR RO, DL 2 Uil 4 2R 2 8] 1 22 S b
AN, DRSS RGBS E o ANE R XM . 2T
JK AT S SR AR 25 AT DL, n SRR AR T8 PR,
W2 A i M PR W IGO0 T Se i ke g0 I FLAE AR B i)
TR AT MR REAS I B 5% B A4 R, RWIA T LY

ARCASY M B X T £ i fin T SRR 5 1 A1
RSD,:§ x 2(1-0.5)log;,C? (1)

i1 RSD, N A[4£5Z RSD, %; C JidFErh -4 % a 5§
M4 b FRRASH, RN,

4 EIHBM CCRVLERN=6)
Table 4 CC test results of real samples (N=6)

e M52 a 4R b
" & /(mg/kg) RSDs/% RSD 3K /% i /(mg/kg) RSDs/% RSD 3R /%

IR K 1 (2.1440.06)x10? 2.6 11 (3.19£0.12)x10? 3.7 10
PR K 2 (1.89+0.05)x10? 2.8 11 (2.71£0.08)x 10? 3.1 10
By 50.142.4 4.7 13 (6.09+0.13)x10? 22 9.1
EPd 17.3+£0.8 4.4 16 25.7+0.9 3.4 15
T3¢ 2.69+0.14 5.0 21 11.6+0.7 5.7 17
KEMTE 0.389:0.036 9.4 28 1.13+0.08 7.0 24
KRBT (6.53£0.70)x1072 10.7 36 0.187+0.026 14.0 31
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AW RS T —FhEET CC ARG SEh4¢2% a Fi:
SR b Wik HALAE BRIy v S ) A0 b ek (g
30~60 °CTEMPHRIEIE 70 °CF X473 )5 I F JC K RER 4
KRR EAT 8 h PR ICHHER, fhiRmvk g T J5 DL H
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