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Figure 1. Absorption spectra of tartrazine (A) and six carlenoids
(B) obtained from strain CQV97. 20.0 mg/L Tartrazine. 1 -6:
Lycopene, Anhydrorhodovibrin,  Spirilloxanthin,  Rhodovibrin,
Rhodopin, 3,4 - didehydrorhodopin. The concentration (mg/L) of

1t 6: 1,49, 3.81, 2.41, 0.71, 1.62 and 1.26.
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Figure 2. TLC profile of pigments (A) and HPLC profiles (B) of six carotenoid standards obtained from strain CQV97.
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Table 1. Rt, purity, &,

and A, of carotenoid standards and the concentration of carotenoid standard solutions

No. No. R; Rt (min) purity / £ petroleum ether by p— pl
components

HPLC TLC TLC HPLC % [L/ (mol*cm) ] (nm) (mg/L)
H1 T4 rhodovibrin 0.59 7.545 97.7 152800 494 115.55
H2 T6 3,4-didehydrorhodopin 0.37 10.517 98.3 132000" 482 475.55
H3 T5 rhodopin 0. 44 11. 104 95.5 165600 474 2718. 67
H4 T3 spirilloxanthin 0. 80 11. 867 97.9 147200 494 168. 89
H5 T2 anhydrorhodovibrin 0.90 13. 854 99.5 152800 482 234.22
H6 T1 lycopene 0.97 17. 183 98.0 184900 472 405.78
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€A 4TS5 nme TEIEFEM S AF T, HPLC g% R 4F 7
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b, mean molar extinction coefficient, data from literature [19] .
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5
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Table 2. Repeatability and time stability of individual carotenoid component

Rt (min) S time stability
samples No. components
x RSD x R/% RSD (RSDy, /RSDg)

Car H1 Rhodovibrin 7.603 0.02 528439 10. 68 1.8 0.8/2.1

H2 3,4-didehydrorhodopin 10. 552 0.02 1293154 26.13 2.1 0.5/1.7

H3 Rhodopin 11.109 0.02 2076102 41.95 2.1 0.6/1.4

H4 Spirilloxanthin 11. 815 0.2 178620 3.61 1.4 0.6/2.4

HS Anhydrorhodovibrin 13.875 0.2 460964 9.32 1.4 0.4/1.4

Hé6 Lycopene 17.192 0.2 411166 8.31 1.3 0.3/1.9
Tar Tartrazine 1.814 1.3 403212 - 1.9 1.6/2.0

R, retention time. S, peak area. R, relative peak area. RSD, relative standard deviation, (%) . x, mean.
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A y=ax (R >0.999) , fii 6 Fl Car bz 7 ih £k
UG 7 B R® AR A, Ju 2L J H4 VHS Fi H6, 41l
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Figure 3. Standard curves of six cartenoids (H1 — H6) and tartrazine (Tar) .
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Table 3. Fitting equtions, detection limit and linear range of standard curves

equtions detection linear equtions
No. components R’
y=ax+b limit range ng ¥ =ax
H1 rhodovibrin S=10751m -41631.2 0.9992 2.25 ng 7.8 -52 S =9656. 6m 0. 9854
H2 3,4-didehydrorhodopin S =56616.8 m -912477 0. 9996 1.55 ng 32.1-214 S =50790m 0. 9855
H3 rhodopin S =15652. 5m - 1477603 0. 9996 4.67 ng 183 - 1223 S =14061m 0.986
H4 spirilloxanthin S =5429.4 m -91595 0.9994 5.09 ng 19.0 -76 S =3839.0m 0. 8981
H5 anhydrorhodovibrin S=7672.9m - 174188 0.9993 8.12 ng 26.3 - 105 S =5492. 6m 0.904
H6 lycopene S =17083m - 619018 0. 9995 8.86 ng 45.6 - 182 S =12609m 0.9186
Tar tartrazine S=1842.9 m +4394.2 0. 9996 9.42 ng 10. 0 - 1600 S =1846.8m 0. 9996
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Table 4. Content calibration relationship between tested samples and substitute standards

calibration equations calibration equations
No. component R? R?

(8,49 and §,) (8,49 and S;,)
H1 thodovibrin m; =0.1714 m, +4.2812 1 m; =1.589 m  -53.71 1
H2 3, 4-didehydrorhodopin m, =0.0326 my, +16. 194 | m, =0.3017 m,,, +5. 183 |
H3 rhodopin m; =0. 1177 m,,, +94. 681 1 m; =1.091 m; . +54.85 1
H4 spirilloxanthin m; =0.3394 m,, +17.680 1 m; =3.146 m,  -97.14 1
H5 anhydrorhoduvibrin m; =0. 2402 mq, + 23.274 1 m; = 2.226 my — 57.97 1
H6 lycopene m; =0. 1079 m,,, +36.493 1 m; =m 1

2.9 RHERPEAL NRASMIEMNE AT FE R RSD & Car AR gl (S,,,) 220058 19 45 R

MR FE S Car 414> HPLC 43 H7, CQV9T7 B bk
26 F Car (H1-H6) , LL CQV97 2y Car & 1 br
Y128 & bk T B 3 Ff Car, 4) 54 H3HS 1 H6.
% Car Hor S EFTUNER 6 F1FE 7 iR, Car brdE i
72: (S,,0) M : CQVIT R B Car & 20 43 % i (pg/
g) f£ 61.75 - 281.71 2 Ji], L 7" Rhodopin 7 & i
Bl Car SR 44.35%; Y128 - % Rl B
Rhodopin, (5 Car & 1 70. 26% ; It 4 5+ % Car
oy ENE I RSD A KT 150 2 Pl AR b v b
(S, F1 S ) VE I 52 (AR B 5 b Car #2015 5 5

RAaF ) &, ST AR #E R 72 /N T 0. 1%« S5 3R
WY < by A R B3 i 21 R AT Car 21 73 (0 8% AX s o
T T 5 5 B E O 3 A% 3 A5 D Car 20 23 2 T 1) 2 {H
KA o Car bl bl ik 5 AUkRHE W LT H 1 CQVIT7
W AR AR R Car 4173 (1R A X 5 L A e T B T
SR E RAN LA B 22 57 o S0 st DA 0 i A AN
R, BRIE TR S B ROE M DGR R, H A5 A0
e 7 B 5 M) B O AR AR BN IR AT [R5 2 3 R
JE 45 R T2 S I T BRI

F 5. Car #@mEEHSD MIREWENE (n=6)

Table 5. Recovery determination of tested samples (n =6)

adding standards peak area dilution p/ (ug/mL) recovery /%
N p/ (ug/mL) x RSD/% factor (f) X RSD/% x RSD
HI - 528430 1.8 1 2.6512 1.7

2.3111 483641 1.7 2 4.8858 1.6 96.7 2.4
H2 - 1293154 2.1 1 1.9479 1.2

9.5111 11726997 1.9 1 11. 1623 1.7 96.9 2.1
H3 - 2075102 2.1 1 11.3487 1.2

54.3733 18647818 2.1 1 64.2882 1.9 97.4 2.4
H4 - 178620 1.4 1 2. 4884 0.9

3.3777 536554 1.4 1 5.7847 1.2 97.6 2.1
H5 - 460964 1.4 1 4.1389 1.0

4. 6344 1186155 1.4 1 8. 8646 1.2 100.9 2.2
H6 - 411166 1.1 1 3.0152 0.5

8. 1156 3276282 1.3 1 11. 4011 1.1 103.3 1.5

F 6. 4 T E D CQVIT EHE Car tAH B LA (n =6)
Table 6. Comparison of individual carotenoid from strain CQV97 by four different methods (n =6)
S0 St S relative area/%
No. Wi/ Wi/ Wi/
R/% RSD /% R/% RSD/% R/% RSD/%  « RSD

(pg/g) (pg/g) (ng/g)
HI 65.79 10. 36 1.3 65.78 10. 36 1.3 65.79 10. 36 1.3 10. 68 1.8
H2 48. 34 7.61 1.5 48.38 7.62 1.5 48.32 7.61 1.5 26.13 2.1
H3 281.71  44.35 1.5 281.66  44.35 1.5 281.68  44.36 .S 41.96 2.1
H4 61.75 9.72 1.1 61.75 9.72 1.1 61.73 9.72 1.1 3.61
HS 102. 71 16. 17 1.2 102.72  16.17 1.2 102.66  16.17 1.2 9.32 .
H6 74.83 11.78 1.1 74.83 11.78 1.1 74. 83 11.79 1.1 8.31 1.3
sum  635.13 100 - 635.12 100 - 635. 01 100 - 100 -
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7. 3MAEDH YL28 Eik Car HS BIELE (n=6)

Table 7. Comparison of individual carotenoid from strain YL28 by three different methods (n =6)

S0 S S
No.
Wi/ (pngl/e) R/% RSD/% Wi/ (pg/g) RSD /% Wi/ (ug/e) R/% RSD/%

H3 290. 06 70. 26 1.1 290.012 70. 26 1.1 289.983 70. 26 1.1

H5 52.21 12. 65 1.4 52.211 12. 65 1.4 52.192 12. 65 1.4

H6 70.57 17.09 1.2 70. 569 17.10 1.2 70. 565 17.10 1.2

sum 412. 84 100 - 412.792 100. 00 - 412.740 100. 00 -

W], 158 25 AN [ Fh vl HA fR AR 0 18 22 B Ko 20 i AT 4

3 iTie ST B TR AR R R 1 b A B R L

PE B IR e s P 2 S B i oA AR S R T IR %
. APB A RN 5 Car A1 BChl PR (0 %,
TRES T BChl, 2 K52 Car 4145 19 s 2558 K
JL SR & HPLC R 45 i 5 op 1 ok 52 43 0O, B
1 BChL 3% 1T 7= A o 2k A48 (10,) 5 5 BORE b
Car 5o ™" o BHt, AR UERERELR T
FE&L P BChL, i Car [FII % @& HR e . 4% 10
Car Ff & B A8 45 T 300 lux %5 I W) % . 24 b py
HPLC 52 U 5 e 5 1k 4 B b £ B R 7k 8 4 6 A
HPLC 3 H7 23k .

AR b v 0 5 BN T 10 SR 41 4
WEAT 5 PE 4y BT HPLC. UV-Vis F1 MS ¥4 25 & 40
7o & BT APB Car 52 7 19 2 0 5 i, 1H% 7 0
1 2% SR LSRR A B St R IR B . 153
ik T 38 (1) HPLC 95 80813 L3 B 2 Car 52 PE 4 B
) T AT 77 % 5L bt T P i e B I ) R e
i DL AN 5 4 4 2 6] ) 22 57, 5 o b vE R
I 7 U L8 500 94 Y28 5, 32 () HPLC [ 3%
ik H2 O H4 03 i, H3 AR Ak 90, 5 [ I 5
CQVI7 Car (3 J&] LL L, W 2 55 %0 46T CQVIT
T AR BB T 2 R R 6 Bl Car, 1T HL % 41 40 10 €5
U 5% T T DR O AT R S A i A R 4
BB S R [ B L CQVOT Y Car 4154 H

A b il 1D R AR IE DR T I R B o %
PRBRAE bt R 0 22 APk 7, L v ot B R
i 22 4153 17 A5 T 5 R0 A AR AR 0 A ) B 5
3 3 AR A i 5 2 AN T 4 R T PR T R
T (RCF) , SEHLT 435 DIRE b 22 900 5 40153 1) [7) 25 )
SE T HRATIAE W S T R e, A i A A it 2k
FILL, % RCF K IF 19304 2 85 K, #53l Car 443 R

i J RS AR WU 2 23 ) bR i e AN 2 0 DR A 2
TG Ha, 25 5 ik J5 A JEhR e 240 & i R B
B/NT0.9. fE AT B AR VR R IE R A
TE A T A i ik J S B Bl Je S AR R B T
AN AR A o 2 2 TR], DU AN BE TR A A S R
ARARTE i 11 7 3 0 e 5 A R i 5 R U 2 T
RIER R BT IXRE L, FATT 22K T & AChR 4
B IE B BUEREAT T Car 4190 10 5 2 40 #» LB 2
TELR T A HE N & AN A5 U4 43 1 2 6 5 4G 00 48 i
T R R R B A & A WAL 5y 2 1] e YA
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Quantification of carotenoids of spirilloxanthin series from
anoxygenic phototrophic bacteria by substitute reference
standard calibration function method

Chungui Zhao, Minquan Zhuo, Suping Yang

Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen 361021, Fujian Province, China

Abstract: [Objective] In this study, we developed a strategy for accurate, rapid and simultaneous quantification of six
carotenoids by substitute reference standard. [Methods] We prepared six carotenoid standards of spirilloxanthin series
from Rhodopesudomonnas palustris CQV97 by spectrophotometry, thin layer chromatography and HPLC. The simultaneous
quantification method for six carotenoids was established by HPLC using tartrazine and lycopene as substitute reference
standards. [Results] We established the HPLC fingerprinting of carotenoids of spirilloxanthin series. The quantitative
calibration function relationships between two substitute reference standards and six carotenoids were explored. Based on
the quantitative calibration function relationships, we quantitatively analyzed carotenoid contents of two samples of CQV97
and YL28 strains. The RSD and recovery of carotenoid contents determined by substitute reference standards method were
consistent with quantitative analysis of carotenoid standards method. [Conclusion] The substitute reference standards
were capable of accurately transmitting the quantitative relationship of tested samples. The method could realize the
simultaneous quantification of six carotenoids.

Keywords: quantification, carotenoids, spirilloxanthin series, substitute reference standard
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