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Content Determination of 17 Amino Acids in Dendranthemae Flos by Pre-column Derivatization and RP-
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[ Abstract ] Objective: To investigate the amino acids of Dendranthemae Flos with different harvest
periods and processing methods to provide scientific basis for Dendranthemae Flos’s quality, processing and
application. Method: The majoramino acids content of Dendranthemae Flos were determinated by pre-column
derivatization and RP-HPLC, the quality differences of Dendranthemae Flos with different processing methods and
harvest periods were evaluated. Result; The results showed that Dendranthemae Flos contains 17 kinds of essential
and non-essential amino acids, and the amino acids content of machined samples was higher than the manually
processed ones; i-test indicated significant differences in content among 15 amino acids, except praline and
cystine. The different processing methods had the most significant impacts on aspartic acid, glutamic acid, serine,
valine and lysine ( VIP > 1) by partial least squares-discriminate analysis ( PLS-DA ). In addition, the two
processing methods can be clearly distinguished by their advantages and disadvantages. No significant impact of
harvest periods were detected on the nutrients according to amino acids content (P >0.05). Conclusion: The
analysis of amino acids by pre-column derivatization and HPLC methods could be one of the effective methods for
evaluating Dendranthemae Flos’s quality. Mechanical processing can ensure stable and high quality of
Dendranthemae Flos.

[ Key words | Dendranthemae Flos; amino acids; high performance liquid chromatography; PLS-DA

[WFEEHEI] 20150428(011)

[E€TIB] Wrila = KRR E (2009C02005)

[%E— 1’E%] R e, TRRW B, N N T 5 4 A WS, Tel :0575-88132300 , E-mail ; songhaiyan188 @ 126. com
[EIRAERE]T kB R, B 1 T R AR 25 W fh 24 I 0 i 4% il BF 53, Tel :0571-63743855 , E-mail ; xinfengxh@ hotmail. com

.82 .



221 B4 20 1)
2015 4 10 H

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 21, No. 20
Oct. ,2015
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O3 M — PR AR R K At = BE TR [ 3h o3 b BURE A AT AR
HPLC 43 ™, DR 2 i Jm R, i 4 35 1 4
MrE R MG . SCERHRIE # H A9 AL /A7 AR R 47 4
Pl ARG L 17 Bh AR LR AR, SR R
B A (PITC) JEATHE AT AT A= , 45 & [ AH HPLC 43
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1 #ra

L1 A% A-1260 F 51 fm RO (5% 4 (5% 1 oo
R H SRR A DAD K& , 58 B 251 ) , AB204-
L 2 & 7 49 1 K3 ( Mettler Toledo) , MILLT-Q %48
afi K 4l £ 48 (Millipore )

L2 5] 17 Fha SRR IR 5 X IR i 5 W6 45 R 4
2R (Asp) , F 2R (Glu) , 2Z &R (Ser) , H & MR
(Gly) ,H %M (His) , K 2 8 (Arg) , 75 & B (Thr) ,
NEIR (Ala) , Jifi Z R (Pro) , B 2 R (Tyr) , %l & IR
(Val), # 2 B2 (Met), Bt 2 B2 (Cys), 5 5& & R
(lle), 5% & MR (Leu), A N & MR ( Phe), i & MR
(Lys) , %0y [ 3£ [ Waters A BRA A

SRR KR (=99% , A 54k B Tk #R 204
), OB (A5 2, 22353050 ), H sl ) 1 ok 43 B
i, oK R A il 2K
L3 2k HAZUHHMAEYEHH
( Dendranthema lavandulifolia ) W) 4635 v R £, & &
FHHET W R, T 2011 £ER A Wi moK i A B
A7 GRAE P AR M, A [R) 45 B2 R W R AR ), 2 01 iz
FHALARAN A P T T o 07 0 AT 0 T

BUA I T & S A W] 10 63 4 i, S B 42
T PR R T, IR T 5 e sl o PR T a5 1 WL
R AR, AP AR SE R TR B R B

T TINTRE G O R A R Al T TR MK

Ji& &7 2 Bk s P HE AL T A, 3 10 3 o AP WRIR B 4G
o, (RN S A IR SERE IR 75 BN

AN TR SR WS S0 AE il DA DK BT T (AT SR A 3
NEHIC10 H 8 H) (10 A 15 1), J5H (10
H22 H) (11 A 2 H)4 AW, BT FE Y
K AL T AR 3
2 HEEER
2.1 PR IR PG RI O O BRTA TR s R
TRA T W8S VE W, B R M B R 1250 pumol - L1 H:
4% 16 R LR FE 1R 2 500 pwmol - L™ T K Af
g T A AT A5 7R 2= R TS 0.5 h,

SR AR AR T N T TR« R S TR L
BEVAWE 0.12 mL & 10 mL BT, JH 2 &
2

SO ONEVE W WE ARSI = Z i 1. 40 mL &
10 mL S, HO 2 H B2

10% Z, T2 % W : B 78 B & R 1.00 mL T
10 mLig b, HZE WK E X 22 .

O TR AN GE PP ER TR MERR PRI =K TR M 2. 72

g ¥ 1 000 mL 7K, 550 R A )5, 0. 45 wm 7K AH
UERE L uE R 10% 2829 pH % 6.2, 5 30 min
o
2.2 HPLC {541} Phenomenex Gemini Clsﬁﬁ%
(4.6 mm x 250 mm,5 um), i 3h # 2 f5-0. 02
mol L ™" Z,TRHN (£ 0.05% = 2 g, % pH 6.2)-7K,
FEWR 38 °C, KW % 4 254 nm, A& 10 wL, 3 3
1 mL-min " BEREVEME . WA 1,
2.3 BGORBE S R K A SRR R AT AR R A HERR AR
HLO.5 g Ze A5 WA K AR, 8 T KR8 v, BRI AU
MR 7.0 mL, A Z WAL I e K A v 7E ARV B
J& 110 C AT KM% 24 h, % H) 5 ot g % 10 mL %]
FER A, /D 2 UGB 4K sh K R A, st TR A
R R B 4K E R E 10 mL,
R H 1.0 mL, J] = Z 4 pH 2 rp: J5 I8 2tk
EARZRE 10 mL,

YEB B U2 /K A i 25 W% 0. 20 mL, ¥ T 2 mL &
LA HERA I S 0 SRR AR TR S G VMR 0. 10 mL,
S OMECREW W 0. 10 mL, $25) =W FE 1 h )5,
HERR A 10% PR 30 wL, 355, 7EE.OE H
IMAIECHE 0.4 mL, ¥z 1 min, 732 )5, BT )2
Wi, 250.45 pm A HLIE M g, fEm

A EaEmR it B AN X =CxVx
FxM/mx10°, X X S S EER S, C N
AR Hh e SR AR RE i rp & SRR ) & LV N
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1. Asp;2. Glu;3. Ser;4. Gly;5. His; 6. Arg;7. Thr;8. Ala;9. Pro;10. Tyr;
11. Val;12. Met; 13. Cys; 14. Ile; 15. Leu; 16. Phe; 17. Lys; A. X} 18 5 ;
B. A i

Bl sEHBMIEX HPLC

Fig.1 HPLC chromatography of 17 amino acids standard and

Dendranthemae Flos

AR S R AR RS KO 10, MO AR 73 5T
i ,m N HEURE

2.4 Jrike st SRR ERI2. 1 T TR
A S IR W RS VA R 200,400,800,1 600,3 200 wL
Sy ALK EAE 10 mL, # 2.3 TR kb7
FPAALHE AR A 2. 2 T5 G35 A% P D0 E 45 4 JE R 0 1l
R, DA% ik T o R A 8 R A A o, e T AR D A A
b, 2 il b o £, 55 A9 [0 )9 07 B, AR Al 3 4 A I
FE(S/N =3) i i Fe AR A PR

Fa e PRI - CIR) — 03 A Af 4% 2. 3 TR J7 ik Ak
T B T R K R, 2. 2 T3 Sk AR AE
0,4,8,12,16,24 h Jt#E ME 25 R WK 1.

TR [ Wi 3 16 < A 2 PRI R A [R] — 1t
Bt O B3, 3 I 3 ANV B AR 5 0 IR R (93
AR 3 R n =3) o 4% 2.3 TR J5 ik A B
IFRTA 5 2.2 TiUT (3 AR AR E  THI A AR
PR R AR ILE 1,

2.5 AR E K o B

2.5.1 R[5k B3 KRB R I E A BB
T T 00 TR A KRR A A% 10 1L ) R R
o PR R AT E AR LR 2, 2.3 TR
T3 % B K AT A B 2. 2 T3 O 1R X A
ah EAT R IR F A E o A ¢ K I8 A A T
TIEALBRG HOKR S B AR R 2257, T 2%
BEAN [ SR WS IR 300 64 2 KR i B R TR 5 R 22 L Al
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F1 EREIEBRBEEIN(n=9)

Table 1 Analysis of amino acid derivatives solution stability (n =9)

J— 4 5 1 43 4L RSD St [a] g R
B B
/mg-g /% /%

RE&AR 1 592. 60 1.3 97.76
wHE R 1578.75 0.8 94. 10
25 R 1211.11 1.2 93.28
HHEm 2015. 46 0.9 91.23
A 460. 25 1.1 97. 60
K = R 883. 30 1.0 95.75
AR 978. 30 0.8 100. 95
AR 1 .837.98 1.5 95.95
i 2 R 1 .803.71 0.9 95. 06
ik 2 R 118. 10 1.6 96. 34
4 A R 1 608. 10 1.2 96.78
HER 213.72 1.2 98.27
ot 2 R 105. 54 1.5 95. 87
AR 1 254.33 2.2 89.26
SRR 1 936.90 0.2 95. 60
FE A 909. 42 1.1 92. 83
W R 2261.62 0.2 96.33

Al SIMCA-P % it # 4 ( Version 11.0,
Sweden ) #E 17l 5z /1y 3¢ 15 #5143 BT (PLS-DA) |, i%
G3 AT 5 AT AR AR B S (VIP) S 08 AL
THEEAS BT X 43 B 7, VIP (AT 4 A 2 X2 A
I7] 2 B0 1) B g 6T 46 3R X G2 AT 20 261 . IR AR
R & 1 Ry A8 dE R AT I e /> 36 ik 4 0 43 A ( PLS-
DA) |, 43 A7 AN [0 T 05 96 %) 2 K S ik % 7 B 1 52
GER LK 2,
2.5.2 NIRRT B A ok th BRI B R LR
FERAE I Y, B3 B — J] R i — b AE A, SR AL AR
T, NP il B SRR R R AT A, 4 R UL AR 3 (B
N mgeg ™), HBCHE O 22 43 M 45 SR 3R IR [ R i i
WEEmRT R LR EER., WE3,
3 itig

A3 5 v R FH R 5UBR 2R g (PITC) ¥ A i AF
Az Rb BEEE S R HPLC X A7 238 K b 17 Rl SR
HEAT & 8 A8 32007 1 AR E , 7T X 4 0K 1Y) 2 R
BRI . N3 2 it 45 5k F , Lo T
T it 0 i e R R A 0 T R IR B AR L T
iR o WA, 3 oK e ff R R AR 21 B R o R TR
MR 60% LI F(F T8 63.1% WLk R 62.3% ) ,
2 o TRE A R g B R RR A R R B Y
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R2 HHWMIEFINISERSSLE (x+5,n=10)

Table 2 Amino acid content of Dendranthemae Flos by mechanical and manual processing (x +s,n =10)

AR FTMT/mg-g™' HU N T /mg-g ™" o 5 VIP
K&K (Asp) 15.70 £1. 85 19.05 +1.51 0. 000 1. 106 09
A (Glu) 23.46 £2.29 27.44 £3.33 0. 004 1.204 8
22 5 % ( Ser) 5.81 +0.44 7.28 0. 64 0. 000 1.107 5
4% (Gly) 5.68 +0.34 6.65 +0.58 0. 000 0. 969
2 %% (His) 2.76 0. 38 3.40 0. 27 0. 000 0. 902 943
AR (Arg) 6.72 £0.75 8.28 £0.97 0. 000 0. 985 427
&R (Thr) 5.62 +0.47 6.57 +0.51 0. 000 0. 945 908
&% (Ala) 6.98 0. 60 8. 11 £0.63 0. 000 0. 960 388
it 42 i% ( Pro) 7.01 20. 84 7.59 0. 57 0.071
% %2 1% ( Tyr) 0.99 +0.13 1.26 £0.24 0. 005 0. 898 528
% 5% (Val) 6.76 0. 42 8.06 0. 68 0. 000 1.012 9
T 5 1% (Met) 1.13 £0.31 1.58 £0.25 0. 001 0.921 767
& (Cys) 1.42 0. 11 1.51 0. 17 0. 157
2R (1le) 5.63 +0.35 6.61 +0.54 0. 000 0. 986 937
253 (Leu) 8.63 0. 55 10. 34 £0.97 0. 000 0.970 048
TR (Phe) 5.23 +0.34 6.19 £0.58 0. 000 0. 974 407
15 % (Lys) 5.83 +0.63 7.75 +0. 80 0. 000 1.004 28
=83 115.37 £9. 16 137.68 +11. 19
o AR 38.84 £2.69 47.11 £4. 10
e AR 76.54 +6.72 90.57 7. 31
fief I 2 i 1 39.16 £3.87 46.49 +4.22
Aok 2 HE R 33.65 £2.63 39.29 £2.70
R LR 41.57 +3.09 50. 64 +4. 58
R SR 0.99 0. 13 1.26 £0.24

TE AR E B 17 &R P
AT Tyrs BT LR A bR S203E AR A1 A £ S 3 DR A B R

12 T «FET
/ T
0.8 /,// ves \\'m&
04| - N
o S — vss
04 v e
- . e
0.8 N o e
T ——— o8 —
-1.2 B e
-10 -8 6 4 -2 0 2 4 6 8 10

B2 2#mMIFiEFKE PLS-DA 547 Scores

Fig. 2 PLS-DA scores plot of Dendranthemae Flos with two

processing methods

36% . I ¢ K E, PRI T R AL B A K 17 Fh
FIER b, 5 i 2 R AUbE 2R A, Ho = BRI AR AT AE

325, Wl B R & & PLS-DA (43 #Hr, P Fil
B T5 R BA B R R X, IF B 05 ¥R R R A &
[N 73N éﬁ—:ﬁﬁa‘é A1 2 T R fSE TR 114 5 ) e R
(VIP>1), 38 2 B & & 050, R 1.7

JLRAT Lys, Phe, Thr, Tle, Leu, Val; 8 b & JE R A7 Glu, Asp; iUk & 3R AT Asp, Gly, Phe, Pro; ¥ Uk %0 4t

HATI A X 53, PR I 3 e 2R R A 70 ) 00 5 T LK)
Wi T Ik 0 25 o AR BRASTA B ) FH 3 1R 26 25 A 2%
IR S JBEE 45 A A S LRI T 077 32 T ORI 4 oK
il B R AT 4 SR E WL T B A
RAEH o HgARAR J R WU PR o 7 IR st +
PR RS I (BR 25K, SR B P DRI A oK A SR
B AU R R 2 R — R AR E 5 T T
TR 3K 7 T g R v 2 Ak PR S
B il (1 R 3 5 BE R 22, T WU REANRRUE
LU 22 R o AR BRSSO 3], B st SR 4
PAYAETE T FIBUMIN T AR B, 734 2 B S Bk 1R 7 i
25 AN S Ul AR SRS P9 I T 07 3 3 45 K B
TR A — RE R o AS T8 R i RO i vk oy
B2 R (98 I5 0 R B R o b AT o PPAY, R A
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PRI T AL T A O 3, DRt ISR AT 2538 K 0 77 IX (2] REWR,ZETFIL,PEE S ZEHKRITAFREHE

S 5 W PN = N VT A N . -
T AN AR BTy 2, AT CHR 1 86 oK B R ARLIT- HHLAO B, 2003(4) :176-178.
- - [3] M ARMNAHEIM]. Jbat: b E P EZ R
x3 FAERUHEPEHFAESEBRIESN i 1998
Table 3 Amino acid content of Dendranthemae Flos in different ’ ) o N
b . . [ 47 W-SEM, fRFsSE, T, 5. 38 K 32 O &7 ok 1 8 1F
arvest times mg-g
- — Lo HoPLHIWF 58 [T ). v [ 9 204 B 2% 35, 2007, 23
IR T 389 i) J 39 e 4
(4) :644-647.
K4 AR (Asp) 21.54 19. 59 19. 87 21.98 . o . N
(Gl [5] MBOS, W34, 0K, & AR J5 & %) 46 0k
25 R (Gl 28.22 28. 86 29.19 27.65 e ” e N
! RO o3 & i [T ] v 52 0 O R g A R
24 % 1% ( Ser) 7.43 7.05 6.78 7.41
2013, 19(3) :79-82.
H & Wz (Gl 6.94 6. 64 6. 44 6.76 2 e N ) N — oy
Lo (6] T B 4T, % BeH T o A R A
2H & %
4R (His) 403 s 4 36 BEASSEALA [J]. B b 2 26k, 2011, 36 (19)
A (Arg) 9.71 9.07 8. 67 9.33 26329635,
IR (Thr) 7.81 7.40 7.18 7.61 [7] Wang L, Xu R J,Hu B, et al. Analysis of free amino
MR (Ala) 8.90 8.62 8.25 8.70 acids in Chinese teas and flower of tea plant by high
% (Pro) 7.36 7.93 9-15 7.36 performance liquid chromatography combined with solid-
ik &2 (Tyr) 1.37 1.37 1. 16 1.33 phase extraction[ J]. Food Chemistry, 2010, 123 (4):
251 & 2 (Val) 8.42 7.68 8.01 8.19 1259-1266.
AR (Met) 1.41 1.53 0. 80 1.82 [8] Kim MY, Chung L M, Lee S J, et al. Comparison of
&R (Cys) 1.56 L.51 L.55 1.45 free amino acid, carbohydrates concentrations in Korean
5T (Tle) 6. 85 6.34 6. 60 6.69 edible and medicinal mushrooms [ J ]. Food Chem,
52 MR (Leu) 10. 68 9.98 10. 02 10. 48 2009, 113(2) :386-393.
KN4 ( Phe) 6.41 6.05 6. 06 6.29 9] Wb, WeBitk, 4= 0. FEH7AT A - B AR & OB
R R (Lys) 8.32 7.51 7. 66 7.74 ORI E 2 R e IR R S )] 4
AR 146.97  140.69  141.75  144.41 Bkl 2013, 34(16) :49-52.
Wi TR 49.90 46.50 46.33 48.82 [10] BZRTt, Dhbemn, 28T, . A AT A -5 A AL
A b T R I TR 97.07 94.19 95.43 95.59 TR (3 2 () 0 5 nT £ 24 8RR 18 b i
i I 4 1 49.76 48. 45 49. 05 49. 62 HAEERTE[I]. Yok, 2013, 33(6):
FIFR 2 iR 41.43 40. 69 40. 15 41.11 963-968.
R 54. 41 50. 18 51.39 52.35 (1] $pHT, w20, REIET, 5. PITC A A A7 A4 ¥ S0K
bl 2R 1.37 1.37 1.16 1.33 ARG LI E B R 17 R AR OT AT (T]. R
W, 2010, 37(5) .74-76.
i [12] Westerhuis J A , Hoefsloot H C J, Smit S, et al.
[ &%k ] I
Assessment of PLSDA  cross validation [ J ].
[0 FSBEME, SRR, 25 25K U T A AL R Metabolomics, 2008 , 4 (1) :81-89,

A A 5T [0 ] £ ah B, 2009, 34 (2):
192-195.
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