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 EARPIRLLT ASRE SRR AR, SR RO 3% (HPLC) JEX0 A 6] S by v 6 Mok rE4ed: 5
(VB1 VB3 VB6 VB9 VBI2 1 VC) & & #E A7 [R Bl &2 . #ESATAL IS, £ Agilent Zorbax Eclipse XDB-C, 4 8 i
FE(250 mm x 4.6 mm,5 pm) 535, DL 0. 1% BEER /KR (A) -2 (B) i s AHBEA 745 FE B, Vi 0.9 mL/
min; A1 30 °C AP 267 nm ZhRIN . Z5RERET 6 FKIETELEA: RAE 17 min NSE4 5055, £ 0. 06 ~49. 60
pg/mL(R* =0.9999 ~1.0000) % B 4F ALtk R K HBR M 0. 03 ~0.27 pg/mL, a2 & R4 0.08 ~0.82 pg/mL,
SRR A 99.06% ~101.72% ,RSD 47 0.49% ~0.98% , #F—# %I Xt 7 AN S R RE AR SEA TR
251 BoRFrEREAR T VO &R E T B g R &R, S_NM 1 VC & B 5 (57.96 £0.56 mg/100 g) ,EUR
_D 1 VC T RFRAR(27.37 £0.27 mg/100 g) o FMA 53T HR T ARG ok P 2 2F 22 0 RE UbE: A 22
S, S_NM MZEATTMr 5 50w T Hfth 6 MFES B EUR_D 45 ST 8 0L % T EUR_C 1 EUR_Y, %
PRAETRI A RGeS MR R, WA ORI AT vh 2 Rk R A R 0 B i 7 A AR AT R
T A R 28 S R s UM T A h A A B AR bR S AR

KABIA AT KIS PEAE AR 3R 5 R BOBORE 3 5 (R B IU R 5 32 1805340 AT

FRE4r2S:Q946.6 ZERERIRAG A DOI:10. 16333/j. 1001-6880. 2016. 12. 015

Simultaneous Determination of Six Water-Soluble Vitamins
in Lemon by High Performance Liquid Chromatography

TU Xun-liang, KOU Xin,MA Xiao-li, GUAN Jv,HUANG Ben-yi,LV Xiu-lan"
College of Horticulture ,Sichuan Agricultural University , Chengdu 611130, China

Abstract; In this study,the content of water-soluble vitamins in juice of 7 different lemon varieties were simultaneously
determined using high performance liquid chromatography ( HPLC). The chromatographic separation was carried out on a
ZORABX SB-C 4 column (250 mm x 4.6 mm . D. ,5 wm) using 0. 1% phosphoric acid aqueous solution-acetonitrile
as mobile phases at a flow rate of 0.9 mL/min kept at 30 °C through gradient elution and detection wavelength was 267
nm. The results indicated that six water-soluble vitamins were thoroughly separated within 17 min. This method exhibited
a linear range from 0. 06 to 49. 60 wg/mL with the correlation coefficients above 0.9999. The limits of detection (LOD,
S/N =3) ranged from 0.03 to 0.27 pg/mL,and the limits of quantification (LOQ,S/N =10) ranged from 0. 08 to 0.
82 pg/mL. The average recovery rates ranged from 99.06% to 101.72% with RSD between 0.49% and 0.98% . The
results indicated that vitamin C was the major component in seven lemon varieties, the content of vitamin C was the high-
est in R_NM juice (57.96 £0.56 mg/100 g) and the lowest in EUR_D juice (27.37 £0.27 mg/100 g). The similari-
ties and differences of water-soluble vitamins in different lemon juice were revealed by principal component analysis. The
comprehensive evaluation index of S_NM was higher than other six samples, and EUR_D was lower than EUR_C and
EUR_Y.

Key words ; lemon ; water-soluble vitamins ;high performance liquid chromatography ; simultaneous determination ; princi-

pal component analysis
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H AT, AU P4 A 3R A B S 5T sk 2 A [ B
FRUES KRG A 20 SR B A3 Ml
P ARSI M R AR
W4Tk, Kafkas %2R B HPLC 35 %5 3 A Hi i
Ffrepr 12 A @R SRy o R AV 34T T =
SE , B R B AN [a) Pl 288 R it ot A SR ol L R AN
VC &A% At s v wAg T f Ve & &b
RS A A R R T Gazdik 1R
HPLC-ED i 7 B #5 R 52 rh iy VC & &4 30 ~ 56
mg/100 ¢, SR F VC &1 K 11 ~ 19 me/100 g,
Nisperos-Carriedo 25" % Fff HPLC [R] il 52 T 7 Fil
AR P A VC & & 0 ~3.9 mg/100 g, VC
S} 29. 1 ~63.4 mg/100 g, Nazmul %5 R H
HPLC [RlA I 1 5 S RS 9 4 Fhok g 1k 2
A FR L TE 12 min N5ER 505, VB2 7E75 Ui (VB3 7E
T JIN VB6 ZESIUII: i i) 5 it e o

¥t ( Citrus limon L. ) J&— s & 44 R K
B, 100 g 47 E A VC 53 mg L /b i B RAEAE R,
K HPLC 3005 AR s 4 A8 &, 4 i H 20 LG
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Table 1  Information of lemon samples
7 B it SR
Producing area Sample Code Harvest time
UYIE-SEE pWIL R EUR_C 2015-10-22
Z M Ju I sk EUR_D 2015-08-31
IREROE Ju Tk EUR_Y 2015-09-18
TR W AR S_NM 2015-09-21
i AT LSB 2015-10-30
AR dbadrts M_NM 2015-10-30
Giyy =R FFTE R_NM 2015-10-30
1.2 {5 B1) VB3 ( Vitamin B3) VB6( Vitamin B6) VB9 ( Vi-

LC-20A & %% W& #H {2 3% 1% ( Shimadzu Co. , Ja-
pan) , i & DGU-20A3 7EZ ML . SPD-20A 224h kG
M . LC-20AB 15 % ¥ %% . CTO-10AS FF: Jf 4 AN
SIL-20A [ Zh#ERE#Y; UPH-11-20T 4t K AL (19)1]
IRFFIR KA PR 25 A BRA 7)) 3 BT124S Hi 1 K
(Sartorius,, Germany ) ; FBHETT 28 .

1.3 RH
FrUE X B8 5 VC ( Vitamin C) . VB1 ( Vitamin

tamin B9) F1 VB12 ( Vitamin B12) , 4fi i Y57 98% L)
0 A SRR A BR A FL SN R B
Al W [ 3L E Fisher 24 w) 5 W02 Ry 73 M 2, 14 [ A
AT AL Ab Tk Atk [ il
1.4 #HEH&E

S0 Okwu 251 [ 77 W R M ket o SR FH R A
P BUB AR AT I XUZ 20 A 1 8 05 25, W
—E IR E T = A, A 0. 1% B 1R
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IR R 2 20 mL, 7 15 min, JUETERZE 0. 22
pm LA HLIE R U8 5, SRR E
1.5 #REBRRAEF

WEW FREL VB1 4. 14 mg. VB3 6. 42 mg, VB6
6.02 mg VB9 5.50 mg,VB12 5.60 mg fl1 VC 4. 96
mg T 10 mL FR 5w D, 1P BRI T2 25 2 %)
FEL NE IR G ARE S A I, 20 CARAES
1.6 RHHEGBILEH

f0,4% # . Agilent Eclipse XDB-C; (250 mm x
4.6 mm,5 pum) ;i AH A:0. 1% BERR KT Ui 3h
FH B: O s #EREAARRR 10 WL ik 0.9 mL/min; #4:Ji
30 °C s kil P+ :267 nm,

BAEEVE B L0 ~5 min, 1% B;5 ~ 10 min,
1% -20% B; 10 ~20 min,20% B;20 ~22.5 min,
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20% ~70% B;22.5 ~25 min,70% ~1% B,
1.7 HESH

K EXCEL 2016 #4784 45 11, SPSS 23. 0 i
1777243 #7 ( Analysis of Variance, fijF& ANOVA ) FI
FE % 43 43 M1 ( Principal components analysis, faj %
PCA) .
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1.VC;2. VB3;3. VB1 ;4. VB6;5. VB9 ;6. VBI2

1
Fig. 1

2.1.1 ZMXAZABAAEBR EZRME

A S HBLAS A4 A 3% A 5 VRIS ) A [ e JRE A6 2
IPRIEVER I, 1% © 28 £ N 0 B (03 2R 1R R RE 24T
DA T RO PN AR R (V) s v 8 9 1) 96 JEE (pg/mL)
DREARAR (X)) , e bR 2, THEA AR 26 69 0113

6 FkEMEEZTRAXNBRZR(A) FHERAR(B) Y HPLC BIEE

HPLC chromatograms of mixed standards of six water-soluble vitamins (A) and S_NM sample (B)

TR AR R B, Wk 2, i3k 2 Al I, VO VBL,
VB3 . VB6 VB9 FlI VBI12 F i it #e J& 5 AH bz e vy AR
ERAF AR R & YR R R R R AE
0.03 ~0.27 pg/mL, 5 fHFR7E 0. 08 ~0. 82 pg/mL,
R T5 ik RO .

R2 OFKBRMELERHEEXR MHRMEER

Table 2 Linear regression, limits of detection (LOD) and limits of quantification (LOQ) of the six water-soluble vitamins

Yprp 2 l”lﬂﬂjﬁi /fﬁﬂ‘éf??ﬁ( ?}iﬁ{'l'l K R E HEBR
Vitamins Regression Correlation Linear range LOD LOQ

equations coefficient (R*) (pug/mlL) (pg/mlL) (pg/mL)
VC Vitamin C Y =14999.06 X + 4668.413 0.9999 0.50 ~49.60 0.27 0.82
VB1 Vitamin Bl Y=164449.1 X + 8843.471 0.9999 0.28 ~28.00 0.16 0.50
VB3 Vitamin B3 Y=12397.23 X + 4842.827 1.0000 0.06 ~6.42 0.04 0.11
VB6 Vitamin B6 Y =128006.2 X - 5811.897 1.0000 0.08 ~8.28 0.05 0.14
VB9 Vitamin B9 Y =47747.76 X - 1750.137 1. 0000 0.06 ~6.02 0.03 0.08
VBI12 Vitamin B12 Y =74834.26 X - 9883.498 1.0000 0.11 ~11.00 0.06 0.19
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2.1.2 MEEEE

TE 1.6 (5T, B 18] —TR 5 bn ME 7 W 3% 22
HEFE 6 UK, e SRR, A& A R 3 AR X A
el 2= RSD, 255 /=l 4% VCVBI VB3 [ VB6
VB9 F1 VB12 {a i 4 [ 1A RSD 430k 1. 81%
0.48% .1.05% .0.67% 0. 81% .1.90% , 3% B i%{X
B RE R
2.1.3 EAMHER

FATHIAE 6 4y EUR_C R, 76 1.6 1k
MR 6 0 SRIGT A R A AR S
K RSD, 5 4oR 6 Pk Es M4k R % & 1Y RSD
BI/NT3.0% , KU i BA RAFEE

2.1.4 REMZE

SEATHI 4 6 1y EUR_C SEHHA W, 7E 1. 6 A
M, 0T 0.2.4.6.8.12 F124 h J5IE , TR
Yt Z A A RSD, 45 IR 6 MUK RS
A RSD {HH/NT 3.0% , KBIRE SR WAE 24 h Y
2.1.5 efreEnick L

SERII 6 By T 6 FUKIFE4EA: RS
EUR_C 91, 948 1.5 M7 el s R i, 20 e it
WIS AEE RS RGN . TSGR G5
KARRE M (3R 3) , 45 4k A4 R 9 F- 3 i o8
99.06% ~101.72% ,RSD 4 0.49% ~0.98% .

%3 EURC Rimk@issEmeEgREs

Table 3 Recoveries of six water-soluble vitamins in EUR_C juice

YR Contents in IR HEGS=:s &S RSD

Vitamins cample (mg/g) Added (mg/g) Founded (mg/g) Recovery (% ) (%)
Ht4: 2 C Vitamin C 0.488 0.496 0.993 100.91 0.98
4i/f: % B1 Vitamin Bl 0.012 0.041 0.053 99.06 0.69
442 % B3 Vitamin B3 0.027 0.064 0.090 99.45 0.49
4= % B6 Vitamin B6 0.014 0.060 0.074 99.73 0.66
4i:/f: % B9 Vitamin B9 0.002 0.006 0.008 100. 52 0.77
44 2 BI2 Vitamin B12 0.004 0.006 0.010 101.72 0.79

2.2 HmpKAMELEZNSENE

1.5

(7 W 6 A A 9, 7 1. 6 (B3

FAET AT AR B A 3R A oy IR AT E
b, ES R WA 4,

x4 TRHERTD 6 MAKBREHEERNEE

Table 4 Content of the six water-soluble vitamins in different samples

.53 ¢ Content of compounds (mg/100 g)

:
o derE % C Hert % B Hert % BI Hert % B6 At % B Hert % BI2
vitamin C vitamin B3 vitamin B1 vitamin B6 vitamin B9 vitamin B12

EUR_C 48.79 +0.47 Dd 2.70 £0.03 Dd 1.25 +£0.01 Dd 1.38 £0.01 Aa .23 £0.002 Bb 0.42 £0.004 Gg
EUR_D 27.37 £0.27 Ff 0.80 +£0.01 Gg 1.60 £0.02 Bb 0.89 +0.01 Cc .29 £0.003 Aa 0.58 +0.01 Dd
EUR_Y 55.91 £0.54 Bb 3.35+0.03 Bb 1.56 +£0.02 Ce 1.28 £0.01 Bb .23 +£0.002 Bb 0.46 £0.004 Ff
S_NM 57.96 £0.56 Aa 4.32 +0.04 Aa 1.12 +0.01 Dd 0.87 +0.01 Dd .20 £0.002 Ce 0.61 £0.01 Ce
LSB 52.14 £0.51 Ce 2.99 +0.03 Cc 1.04 £0.01 Ee 0.63 +0.01 Ee .23 £0.002 Bb 0.54 £0.01 Ee
M_NM 38.86 £0.38 Ee 1.41 £0.01 Ee 2.47 +£0.02 Aa 0.58 +£0.01 Ff .19 £0.002 Dd 2.10+£0.02 Aa
R_NM 57.44 £0.56 Aa 0.88 +0.01 Ff 1.23 +0.01 Dd 0.59 +0.01 Ff .28 £0.003 Aa 0.76 +0.01 Bb

T Rl —SEUESG /NG FRERIR 0. 05 K28 5 B35 s RE FRERIR 0. 01 KPP 22 il B35

Note ; Values followed by different lowercase letters within the same column indicated significant difference at P =0. 05 ; Values followed by different upper-

case letters within the same column indicated extremely significant difference at P =0.01.

M3 4 nlAL AR ECR T 6 Rk TE4E A
RO EAEREZESR,T FrBRIT b VO ST
T B4R R S AR T MATERI R, VC R

o 27.37 £0.27 ~57.96 0. 56 mg/100g,S_NM
e ERE; VB3 & E70.80 £0.01 ~4.32 =
0.04 mg/100g,S_NM & & f &5 VBL [ & &>
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1.04 £0.01 ~2.47 +0.02 mg/100 g, M_NM 1 & i
5 VB6 [ &4 0.58 £0.01 ~1.38 £0.01 mg/
100 g, EUR_C & e ; VB [ &4 0. 19 +
0.002 ~0.29 +0.003 mg/100 g, EUR_D & & &
3 VBI2 [ &4 0.46 £0.004 ~2.10 £0.02 mg/
100 g, M_NM rh & f i o
2.3 ERH IR EHEBAOEEITEN

B0 oo v wan sl uil RV €T S D]

OIMTHEAR o LA AR IEAR I DT R 5 e 3 A3
I A5 AN RS T TR 6 ARl a3 A I 5E 25 SR
FrEMI T B S Al AT 3 AW 1%
AR T 0.9, H R BITTHRR 1k 93. 91% , LW i
3 AR REAS AR WL S WA Rl AR Y 6 4
o E R PR BRI 3 4> 32 B oV D B i 1B 5 Y

LEE TR

RS HRIERSHDTERRE

Table 5 Total variance explained of principal components in samples

VIEFFAE(E Initial Eigenvalues

FRE R )5 Al Extraction Sums of Squared Loadings

F 5
PRIN LERNR(E TTERE FHTTERR FEAE(E DI EY AT

Eigenvalue Proportion (% ) Cumulative (% ) Eigenvalue Proportion (% ) Cumulative (% )
PRIN 1 2.84 47.30 47.30 2.84 47.30 47.30
PRIN 2 1.82 30.25 77.55 1.82 30.25 77.55
PRIN 3 0.98 16.35 93.91 0.98 16.35 93.91
PRIN 4 0.31 5.16 99.07
PRIN 5 0.05 0.89 99.96
PRIN 6 0.00 0.04 100. 00

F6 MmO NEHREXERENRFERE
Table 6 Eigenvectors of correlation matrix of six indexes in samples
845 Index

PRIN #eE% C “irk % B3 Hert % Bl HeE#K B6 AL B9 HeA: 2 B12

vitamin C vitamin B3 vitamin Bl vitamin B6 vitamin B9 vitamin B12
PRIN 1 0.71 0.75 0.86 0.55 -0.01 0.85
PRIN 2 0.36 0. 60 0.33 -0.03 -0.98 0.49
PRIN 3 -0.45 0.08 0.32 0.80 -0.09 -0.10

HRAE 6 T8 bR AH OCHE BE: A9 FRAiE ) 5, 7T 5] i
3 AN E A PR R

F, =0.71x, +0. 75x,-0. 86x, + 0. 55x,-0. 01x,-
0. 85x,

F, =0.36x, +0. 60x, +0. 33x,-0. 03x,-0. 98x +
0. 49x,

Fy =-0. 45x, + 0. 08x, + 0. 32x, + 0. 80x,-
0. 09x,-0. 10,

M 6 Al &, VC VB3 7 PRIN1 H A4 KA
IEREH, KW PRINI EZ B T4 HE 5 VC I
VB3 & 58w 194 ; VBL F VBI2 7E PRIN2 rhAg
BRI IE Z80MH , 229 PRIN 2 FZ bk 7 &4 5
VB1 il VBI2 4 545 &5 (0 5P 5 i VB6 M7 PRIN3

A ORI IE RBUE , KW PRIN 3 F2 B 145+
i VB6 5 A i A

Il 3 A AT S L5 A P AS R AGERE A B4
i, HEE G AN R ECH -

W =0.50F, +0.32F, +0. 17F,

M7 AT B, S_NM (1) 4k 2 45 5 v E M F5 51
B HA 6 R, EURLY f1 EUR_C 4 24
BN R =B & T EURLD,

3 WSS

FABCHEAF 6,18 CHPLC ) b K024 1 32 5
(72— AETORY DR B 255 £l LA KRBT
Geo RIERES R RP-HPLC ¥k I T 5K
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Table 7 Principal component factors and evaluated results of samples

x7 HEREKSEFREEITEM

GG

Samples £y F, Fs v
EUR_C 36.00 19.54 -20.30 20.80
EUR_D 18.65 10. 83 A1 11 10.90
EUR_Y 41.18 22.62 23.44 23.85
S_NM 43.37 23.90 24.76 25.13
LSB 38.26 20.92 22.46 22.01
M_NM 25.05 16.48 -16.34 15.02
R_NM 40.06 21.69 25.01 22.72

H1 VC . VBI VB2 VB3 VB6 . VB12 I FI KA it iz 8
FOKIE AL Z . 20 4% B A HPLC
GE TR 2 FR AR R (VALVE)
16 FhK M 4E: % (VC, VB3, VB12 ,VB6, VB2,
VB1) (9 i, ASWFGE dEr 1 [a) B o A A8 R 7
6 Bl K M 4 25 25 0 = RO RS vk, 0 R
WAL ZE MR- CIE R RTE 17 min NRISEHLZ
Pk s PR A= 200 [R] s 00 7, O L 45 A 17 B0, R 9%
JE M R R M DR AR AT R
Z PPk IR A 2R (R A A 0 1 o B 43 B T B, AT
BRI S B R I T Z AR TS

BRVEPEAE A R UK 4R AP TARFEIK
RREES T Okwu 25 K I C LM E T 5
A b A b VC O VBL VB2 VB3 19 &, &K ILAT
Bt VC &8k 61. 60 mg/100 g, VBl 44 0. 08
mg/100 ¢, VB2 & &>~ 0.02 mg/100 g, VB3 & &N
0.14 mg/100 g, A LI T A A it b
) VC S ice T B YRR & i, i85 27. 06 +
0.26 ~57.22 +0.56 mg/100 g,iX 5 Gazdik %' fpi
Nisperos-Carriedo 25! RF 5% 45 FARSAU 5 B 44
%P VBI2 I VB1 A H R, X 5 Okwu 251
AT FE A RN, B, 7E R RGO 5 b i R e R
[F] I 5 Z2 R A A 3R Al (B AR KA Y i A =
[ 00 5 2 o 4 A= BT ST, Sancho 25 % BUR
[ AR A VC & itk 25.1 ~58. 6 mg/
100 g, Rz 7.4 ~23.4 mg/100 g, 4irt: 2 4
22 5 TG A R RN B A
A ST REAE R AN [ b Pl 2 [ AR] Jl o0 T A7 AE 25 5%
Jefit— oAk,

RN D R N N [ A L S 2o = s T L
FRT oK M e A R 0 & i, S T WA 6

Rk PELE A R HPLC ¥k, 2550 s AR [R] S by
BRI ORI A R 25 B E, R
5 R (LR ) 7 B KON A O s
AYHT AR RIAFREE S R ) 6 Fhdi A Z464kh 3 A&
A, Bt T 6 FhgEA: 2 93. 88% H{E B, AR 32 AR
LR AT PR, WAL A S R Y A,
U, B RAME ] A g A RS AR LIS I
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