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W E B ELEERLRMAET ITAHEEERG S TN T R AITREDI, AEESMG R EIERRBERIE, 7%k K
18 M AE 3 (S1~S6 A Aok \ST~S18 KAl &), ZERK MG , KA RILIR 4 A S oAU € R4 4%, &84 H LCAK06/Na A
E%m%& BRVE PR 3B T A G 5 B AL, RS AR S b - AR R (B RAL) , ik 2 PR R 0.45 mL/min #7 4 %& 0.25 mL/min,
# i ok K A 440 nm (I & ER ) (570 nm (4 "IN AL ), $EAE 4 50 uL. 3K JA PASW Statistics 18.0 # 4, »A“-F 7 Euclidean 3£ & ” 4
FEEAREAE R LR B R E T kot 18 ARt AT R E o4, &R ITHEAARY S B RIF, 2O LTH; A REREL S @R
8 &£ R BT (r3 R T 0.998), &M B BT MRS 51 4 48.06 pg/L(BRAER ) . 1.501 ng/L(HRBR ) ;45 5 B & b A E Mk
RSD 3 /v F 2% ; 3 At wDI & 2 90.60% ~101.56% (RSD 4 0.88% ~2.15% ,n="6), #3E A LRy bt S b 394t 17 F &L
B, A SRR R AR e AR RARR AR ARG S EMNERG., RESHEREF,1I8IMHTARA 4% ,S1~S6
Hy—%,S7T~S9 % —% ,S10~S12 S16~S18 4 —%,S13~S15 4 —k , HisE An s LRMABOETERM—5, 4t Z7 %k
BAF AR A CRARE S E T, TR T EREAL R SRR F IR ANR 5.
KEER B RS BB T R Gk BT R AR

Content Determination of 17 Kinds of Amino Acids in Sargassum and Its Adulterants
ZHANG Xiaoping, ZHANG Wen, QI Pengfei, ZHU Renyuan, LI Jie, ZHANG Caixia, QIU Guoyu (Lanzhou
Institute for Food and Drug Control, Lanzhou 730050, China)

ABSTRACT OBIJECTIVE: To establish the method for content determination of 17 kinds of amino acids in Sargassum and its
adulterants, and to carry out cluster analysis, so as to provide reference for quality control of Sargassum. METHODS: Totally of
18 batches of sample (S1-S6 as certified product, S7-S18 as adulterants) were collected. After acid hydrolysis, amino acids
contents were detected by using automatic amino acid analyzer. The separation was performed on LCAKO06/Na sulfonic acid cation
exchange resin column with mobile phase consisted of buffer-regeneration system (gradient elution) at the flow rate of 0.45 mL/min
(elution pump) and 0.25 mL/min (derivative pump). The detection wavelengths were set at 440 nm (proline) and 570 nm (other
amino acids), and the sample size volume was 50 pL. PASW Statistics 18.0 software was used, and cluster analysis was conducted
by using group connection method of cluster analysis with “square Euclidean distance” as the measurement standard. RESULTS: 17
kinds of amino acids were well separated without interference from blank sample. The linear relationship between mass
concentration and peak area was good (all » were over 0.998), and the upper and lower limits of the linear range were 48.06 pg/L
(cystine) and 1.501 pg/L (glycine), respectively; RSDs of precision, reproducibility and stability tests were lower than 2% . The
average recoveries were between 90.60% -101.56% (RSDs were 0.88% -2.15% ,n=6). 17 kinds of amino acids were detected in
Sargassum and its adulterants, among which the contents of glutamic acid, aspartic acid, leucine, alanine, glycine and valine were
relatively high. Results of cluster analysis showed that 18 batches of sample were clustered into 4 categories, i.e. S1-S6 into one
category; S7-S9 into one category; S10-S12, S16-S18 into one category; S13-S15 into one category; which was consistent with
the identification result of Sargassum and its adulterants. CONCLUSIONS: The method is simple, rapid, accurate and
reproducible, and can be used for the quantitative analysis and identification of amino acids in Sargassum and adulterants.

KEYWORDS Sargassum; Adulterants; Cation exchange chromatography; Post-column derivatization; Amino acids
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TS O 2RI Sy il TG R VAR
iR IR B T A 2 S ARSET, A P bt
HEIM BrA L SR e e S 2 FRAE Y 2015 AR RRCH [
*EEEMJ/@«EE O B IR R T DA B A X B

SR AN N B ) S 1 v P g R 2 R T TR
Eﬁﬁ%@%,@@aqﬂ%ﬂ?ﬁa N 8.00% ", I F
PR A A 20 AR S SR AR B, HAA SCHRBF R R T, T
TR RS AR50 M58 R G R PIAR O g g
() 2R 5 FLAE TG PR A — g AR O, DAL I HDDHKs
B O AR I BT ) T R AR 2 — o b
A, E Y H AT & T i i 2R E{DI'JKEEKJ
TS, DA S B2 b AR R O S oo R Y IR
PR AR AT ) R 4 S AR 24 5 R AR Y A
G, AL R UL I H 245 Dk S 3] £ 32 o) T 38 B FLTR EAy it
T SRR ISR A A T A T B G . SR A
T R FH BH B 58 e (6 T AT 45 S A i AR s, Wi i I
TEOR & P 17 Fh IR & S TN , R AR 2 b
D ERRE S TGE 4328, DA A e 24 A ) o 42 i)
SR RS
1
1.1 ¢z

S-433D BRI SR 4> H 8l 43 B A (f34E S5200 7 4> {
SRR L S4300 T LR S BB | ST130 HY I I A7 ik
BATT  S2100 RS A4 )\ LCAKO6/Na Uitk iR S iR 1
BH 85 7SS b G 43 B9 4 (4.6 mmx 150 mm, 5 pm) 21 [
7% Sykam 23 7] ;s ME204/02 B )7 43 22 — K- S220-K HY
R B OF [ ) - F6 R 2 A A% ( B ) A R A I
DHG-9070A 7Y i, #0835 35 XU TR A (il —fE b 24X
P BR A F ) 3 N-WVAPL12 A & Wk Y ( 2% [ Or-
ganomation 2 H) ) ; Milli-Q 1Q7000 B 4l 7K 22 4t [ 45 Bl
(P EDARAF].

1.2 #AmmEIEH

AR A PRI (HED) 5 KA %% (Asp)
IR (Thr) (22212 (Ser) YRR (Glu) NZMZ (Ala) |
T2 & (Gly) . bt 2 2 (Cys) . 4 24 & (Val) | & 2
(Met) 5t 2R (1le) S22 1R (Leu) (& 2R (Tyr) AN
241 (Phe) (2241 (His) \fi 2 2 (Lys) K5 22 (Arg)
il 2 R (Pro) 5 17 M4 JERR TR & %) B ) (7 5] Sykam 23
A, #5:09070113, F Fh L RR U R 2.5 pmol/mL) ;
FHEE S a5 o, B = PR AR =8 R . 2

Pt VR ER TR SRR A S H A R 1 S e g 2k, K Sk
alisK .,
1.3 Zhtt

T 35 B VRO St it B TR T 22 ) T 2 A B
T H R MR RG  2017 AR HOR A R 250K R B M PR
PRI LA S0 L7 R BRSO RE G, 28 22 M £ 8
24 A 3 BT TR B R AT TR 25 I A, 43 o R e B
P s - AT T L IR e e | BL G e T
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Tab 1 Sample information

£ iR NT4 Kl

Sl WS (A S. pallidum(Turn.)C. Ag. H B
S2 e T () S. pallidum(Tum. )C. Ag. KETHE
$3 T (F) §. pallidum(Turn.)C. Ag. F TR
4 R (F) §. fusiforme( Harv. ) Setch. A ERL:
S5 A (E M) . fusiforme( Harv. ) Setch. A¥EBEE
56 () S, fusiforme( Harv. ) Setch. TEME T
7 lfﬂﬁ((t%%ﬁ]u) §. horneri(Turn. )C. Ag. KeERmhlcE
8 SIECR ) S. horneri( Tum.)C. Ag. TR
9 %H@F i) S. horneri( Turn.)C. Ag. AEEBRE
S10 SRR ) S. henslowiamum C. Ag. TSR
St SROEECRG) S. henslowianum C. Ag. TEMERE
S12 SRDEER ) S. henslowianum C. Ag, MR
S13 FRDREECH ) S. vachellianum Grev. MR
Si4 ﬁ&%@&*}é(fsﬂa%u ) S, vachellianum Grev. TR
S15 KOREHCR M) S. vachellinum Grev. TR
S16 (Eﬁ% i) S. kiellmanianum Yendo. HEEBRE
§17 T (R ) S. kjellmanianum Yendo. MG
S18 WEF (R S. kjellmanianum Yendo. TG

2 FiEEHER
2.1 BRAFE
2.1.1 MW (DGl A 53 BIFRBUT R — 40 11.8
e FrPEEIR6 g, BT 1 L, I K i, P i
65 mL M ER R 6 mL, Jin /K & 2%, #8650, FH vk £h 2 v 1y
pH % 345,22 0.45 pm JEMEE L, BIAS . (2) B wpi B: 4
BIFRBU R R — 88 19.6 g EUEALEN 3.1 ¢ IR 5.0 g,
T 1 L, hnd s K s ot e 45 #5650, T ER RR
7 pH £ 10.85, 2% 0.45 pm AL, BI1S . (3) FFA C:
AR BUE A1 20.0 g 4 TN 2R 02 g, BT 1L
SRR IS KSR E A FE ST, 420.45 pm JEREE
i, B o (ORE SRR B IRBUFP I IR — 4 11.8 g, B F
L LA, A MER RS 10.4 mL, I KIBMEIH RS 1
L, #5], FHWERBRE Y pH £ 2.20,%20.45 pm JEMEDE
RIAS . (5) 4 44 2% vh i - 5 UK 500 mL, i A Ff iR 4
196.0 g, = /K ZIREN 272.0 g5 , BR PP AR, FEINA
Z 1% 200 mL, FIKE R ZE 1 L, 4045 pm JERE g, B
o (6) B ¥ - e B B 600 mL, Il AER =i 20 g
R 2 g, AW Rk F B R S TR, 42 0.45 pm AL
UENEUE L, AR5 T P I AR N 2% v 400 mL, FFFE
BB , WK A R 3~5 min, RIfS
2.1.2 REXT ST RS W SRR A R 0.4
mL % 10 mL &, AR SRS B B e 25 1B iR
BT BB S T (PR S FE R YR JE 414 100 pmol/L ) o
2.1.3 BN PRIOGRE SRR (2 =51 29 0.5 g,
FEEMOE BT 20 mL K (V12005 RE) G2 A 6
mol/L i 8 10 mL, S i<, TEFR A SRS FH O, &
F 110 CHL G 1A K A 20 by B 850, 0%
W FTIFK AR R %A I mL /K & T 25 mL
FebiH, 80 CAKIEZE T, Bk LA 15 mL B b s BTV it

China Pharmacy 2020 Vol. 31 No. 4 - 469 -



SE4,450.45 um JEREELL , BIAS .
2.2 BiE&H

KA IR 4 B h o B A T e ™, gk ke Sy
LCAKO6/Na 7k iR o i P PH 125 1~ 22 S g 23 B 44 5 U
A B G R A VR DR B TR C L R TR (R
FF L 2) , 33 A 0.45 mL/min; 73745 WK B = B W,
Wik A 0.25 mL/min ; &3 K A 440 nm(Pro) 1570 nm
(HAx 16 Fh LR ) ; #EAE R 50 ul.o

x2 BEXRBRER

Tab 2 Gradient elution program

1, FNEA,  ZWEB,  FEWC, || ML, ZNEA,  ZONEB,  FRAENC,
min % % % min % % %

0.0 100 0 0 30.0 0 100 0

1.0 100 0 0 420 0 100 0
11.0 85 15 0 Q2.1 0 0 100
17.0 80 20 0 45.1 0 0 100
2.0 67 3 0 452 100 0 0
270 20 80 0 582 100 0 0
29.0 20 80 0 583 100 0 0

23 FAEFEE

2.3.1 RGEEMMRE SRR W27 MRS
XoF B VAR A S VR (G« ST IS o, I LARE L
N ZS [, 2,27 R ik SRR AR o S5 R,
TR X BE A T R S A W 17 R 2 SRR 5 0 g R
I, AT T, Bk LK 1

= w
£ s

U,mV
S
(=]

£, min

>
g
s}
0 10 20 30 40
¢, min
B AR (45 ST)
300
200
>
-_—
E 100 I
I I
0
—100 : T T T
0 10 20 30 40
¢, min
CAE AR R

e T A 570 nmy 1T AGIN 1K 440 nm
Note: [ . detection wavelength of 570 nm; II. detection wave-

length of 440 nm
Bl saEAtteRikEeitE
Fig1 HPLC chromatograms of system suitability
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232 ZBNMEXRRFEH KEWIREILRMERI S 1),
73 ) ARt 8 Y T ) B> 2 R R VAR JBE 2904 20,40
80,120,200 wmol/L () F 8 X A , 4 “2.27 301 T €33
FAFHERENE i SRR . LT AR () AAALFR 2
FEMR L (o, BANEHE Ry pg/L) AR AR , EA T4k
B A3 bR 27 7, TRIL R 3. 45 RRT, 17 g Sk
PRAES AT B B N et O 2R 0 LA (> 0.998)
®3 1THMEEREDEFAREREECE
Tab 3 Regression equation and linear range of 17

kinds of amino acids

55 BAR CIEy)3E r SR, p gL
1 Asp y=2820x 10%+311.0 0.998 5 2.662~26.62
2 Thr 7=3.034x10°x +1 003 09983 2380~2382
3 Ser y=3.659x 10%+621.0 09988 2.102~21.02
4 Glu y=2460 X 10’x+597.8 09990 2.943~29.43
5 Gly y=5.136x10°+119.2 0.9987 1501~15.01
6 Ala y=4300x 10x+387.5 09987 1.782~17.82
1 Cys y=1.892x10%+906.6 09983 4.806~48.06
8 Val $=3365x 10’x+176.0 09984 2343~23.43
9 Met y=2494x 10°x+9412 0.9987 2.984~29.84

10 lle 7=2.890x 10°x+381.7 0998 6 2623~26.23

11 Len y=2928x 10°r+566.4 0.998 6 2.623~26.23

12 Tyr y=2012x10+605.3 0.998 6 3.624~36.24

13 Phe y=2158x 10°x+428.1 0.9989 3304~33.04

14 His y=2340x 10°+1850 0998 6 3.100~31.00

15 Lys y=2.682x 10°+509.1 0.998 6 2924~29.24

16 Arg y=1930x 10+4343 0.998 6 3484~34.84

17 Pro y=6954x 10+121.9 09994 2.303~23.03

2.3.3 AEEEAL:  HU2.1.27 N IR A R IS VAT,
“2.27 I G A SRR 6 UK iC SR IR, 450,
17 Fh G iR 06 1 B RSD 24 0.08% ~1.52% (n=6) , %
AN RS 25 R AT
2.3.4 EEMRAR  KEARIR A5 (95 :ST)5 107,
B 0.5 g, #“2.1.37 50 N Jy ik il #5 A i A, #2.27
TR 0 % 45 ERE I 5E 0 SR TR, AAIMR 33 &
i, A 1T R E SR 5 5 ) RSD 4 0.50% ~1.98%
(n=5) , KA LT R AT,
2.3.5 FAEMHRIE  BU2.1.3730 F [l ik i s ik (G
5.8T), BT ER R 0.2.4.6,8.10,12,16,20,
24 h 42,27 T T 5 A5 R UEREIN A2 |, Je SR TR R, 45
TR, 17 P G FE 182 0 1R AR Y RSD M 0.80% ~1.51% (n=
10) , Fe B A TR AE 2 1R R 24 h N ETE R
2.3.6 AT RS PRI AT 5 A
(45 :ST)6 0, T4y 0.5 g AFH A “2.1.27 W IR G X
WS VA 1 mL, $52 BB “2.1.37 300 R Jy kil g Bk A A
T4 “2.27 B g S AR S | T SRl T AR T n
FERIBCR  TEILF 4. G55 3R 2O TR B R AT
24 HREENE

I I8 HEAF 5 (S1~S18) , 44 2.1.37 il F Jy i il 45 ik
ARV, F 2,27 TR ik SR UERR I E |, DLAMR T
B BAESEATINGE 3R, BOEHE , 25 R K5,
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x4 MERRKZRIRELER (n=06)
Tab 4 Results of recovery tests (n=06)

2.5 BELSM
K FH Excel 2007 B8 & & IR G 5E . 45

%5 R ek, % THMEENCE, % RSD, % SR TR E B S S PR DR i 8 A BT 1T A O
; %f’ Zz;‘é”igizj Z:iz ;?2 2, A& A BN o i 5 M 5L o i s b i
T Nivind A . . e
3 Ser 9752~103.40 974 211 R8P Glu, Asp Leu Ala, Gly , Val % HEARX B,
4 Clu 9839~10251 100,03 144 HALEE 2 Fp AR TG 2 FETR . R PASW Statistics 18.0
5 Cly 98.54~101.82 100.38 138 A AR 17 PP FEER 5 o AL TR 2 1 SRS Ty v vt
6 Al 97.44~100.58 99.44 130 N “7 ) .
. Ca a0 060 0 I8 HLFE A AT R 201, L7 Euclidean [ 27 Sk i
‘YS ‘N 3 : : Sl a3 y ) N &Y — O = N R X
9 Met 93.52~98.38 9597 163 L2,
e 0 » I 2 TR, LS HERE ST 438, 5186 3%,
Leu .58~102. . . N N \ N
2 Ty 9.52~9623 %11 107 ST~S9HA—JE,S10~812,S16~SI8 KKy —J, S13~
3 Phe 95.81~98.18 9711 0.8 S15 5 M—2, SRR E &5 FBARRT , Fe AT 74 nD K it
14 His 92.92~96.43 95.09 1.6 w5 HYR AL X
15 Lys 9.48~98.05 96.36 214 rs
Y 3 Ky
16 Arg 96.71~99.20 9793 1.06 ik . o
17 Pro 96.24~9890 976 093 3.1 SREBT TGN T ERIERE
x5 IBMHHERTHNEERSEER (n=3,mg/g)
Tab5 Results of content determination of amino acids in 18 batches of samples(7n=3, mg/g)
RGeS Ay Thr Ser Glu Gly Ala Cys Val Met IS Leu Tyr Phe His Lys Arg Po  AHREGE
sl 9589 3486 3437 1366 533 6254 06081  S098 1255 4054 762 16T 4765 2978 4669 3889 4489 8285
$ 9548 4530 4281 1094 4903 6162 05830 4820 1839 33 I8 2426 4S54 3T 443 35T 3930 8120
$3 1070 4894 4497 1207 5382 6263 05843 5047 1753 3914 T3I6 2154 4549 3314 4293 4076 3942 8476
54 100 4535 4409 1345 4980 6376 04622 4775 1881 3742 TIM 2195 4406 300 4539 3989 37%9 $3.9
5 040 4748 4088 ILT7T 4529 6137 04514 4506 L781 3615 67T 2076 4134 3454 4545 4033 7093 8257
$6 1048 4506 4289 1169 5189 6133 05902  SI36 1834 3947 7397 2000 4533 3981 4189 393 2505 8261
§7 341 6134 627 1590 7233 8200 04680 6380 2612 5076 9842 3206 6017 3395 5580 5356 5380 1104
8 078 4998 5091 1396 6102 7567 04483 5667 1800 4520 8361 2380 5225 3080 5355 4860 508 9743
89 201 5680 5279 1382 6194 7168 04412 5879 2329 4555 8708 2577 5319 3386 5078 4906 3672 9720
510 8962 3767 3538 8397 354 3960 07881 3745 1081 2468 4844 1902 3200 4404 3509 2278 2916 6334
sl 9017 391 3713 9070 3796 4517 05643 378 LI 2696 S192 1822 3399 391 3716 2571 3758 66.57
s12 $194 3818 3395 8787 3576 4213 07694 3573 100 2575 4954 1675 A7 4094 3280 2316 302 6258
s13 4910 2281 2096 5839 2602 3015 03485 2487 07461 1872 3631 1100 2234 1390 1594 1666 2.004 3992
sl4 S875 261 2573 6855 3078 3446 04063 2747 09002 2094 4093 1276 252 1693 1655 193 2308 46,09
s15 SI3 2438 2260 6131 2757 3Ty 0341 2683 07860 1979 3847 100 2305 1749 2193 1841 2263 089
s16 7000 3207 3213 M31 359 4907 0390 3271 LIS6 2425 AT LT 37T 2089 2954 2461 2681 62,05
s17 T30 3271 3041 8393 3214 4856 05792 364 1423 270 4959 1498 3058 4485 3267 2613 2530 60.73
sI8 7800 3486 3319 9032 3549 5314 04524 3703 1261 2782 5301 1508 3307 3147 3419 3024 2885 63.39
0 5 10 1o 2 % M TR 25 SR A B A AT SR /MR ¢ &
S10 N o v - N S
$12 SRR, BT DL R T R AT AR AL R TR R AR I
2}? RE O 3 R AR i Y R R
st RIBE T GTLT AL T TS e (0 R
513 Jhk g BE RGN G SRR A BT A I o TR A5 45 A Bk
S15 - NS W = PN -
il Mo il SR ek R E SRR A R 5 S AR
" AT AT, AR DT IR R U R A AT B el (EATT A 7
$3 P2/ AT B B 2 5 T 2T AN BB AR A S i A PR AT
S4 Ny S - N S
mﬂ EURGIM SR 50 AIG | e VA B 2 o Bl B TR A0 H A S S
- VE R B s o Bk vp BB — 28, B M SRR i T
:‘;2 H Wi, B — M E T AR, Je R H P A i
F-J5 Euclidean i 5 %ﬁ%ﬁﬁ/ﬁ%é‘% ) ﬁbﬂﬂzﬁ’éﬁzﬁlﬂfﬁé/ﬁl&ﬁ#&ﬁ

B2 18#tiFmP 17THEERSERESTRHKE
Fig 2 Cluster analysis diagram of contents of 17
kinds of amino acids in 18 batches of samples

HHEEZG 2020455 31 4

Mo 3%y Ak P A R 48R A DU RS P A
HENVELF i, A0 R FH G SR o M (SRS I e g M
FR b AR

China Pharmacy 2020 Vol. 31 No. 4 - 471 -



3.2 EHE KEREREENEE
S 7 SCHRHRTE 1) P A ) 2 JE R 1 ) AR
ZH XA oty BORE S K SR B AT T 5 58 A3 il RIS
[ (0.1.,0.2.0.5,1.0 g) MR i A /K A S g I il 2% f3t
ARV TR, DA 2 SE R 53 () WA TR R ) 17 (L A F8 i, 356
A HRURE S 5 [R] Bs), 25 AN [) K A s ) 0 8 X6 24 2
PRI AE s . S5 3R I, YU 0.5 g B, &5tk
WA TS R i) 107 B2 408 5 AN [ 149 7K gtk B8 AR 1) %o 7K i e
A EE MR, HA 110 Chng 20 h il LLSE 2K i 3
R, B2 1 “2.1.37 1 F AR AL B 251
3.3 MELERMBESTHENX
FH T2 AT, I8 HEAE AL AT 23l 428, S5 Sl A ol o 25
FE LA — S0 B T RSO — 2 I
ROV —28, F RS R B RN —K, KRY
FRHEN 5, MR E R 25, T E TR A AL
%, HTBEEAEY, AE T IR A, B
it 2 A AU A S IR g PR AR AR S AR (AP A= i
B ET R i 2R AR A 224K 208 i 7E [R]—AE AR L [F)
BFAEAE) , TR 25 M 80K Fr 2 4564 A i sl e, ax 2k
BB BE I S Al ke T IR, (RO iz IS TR Tz
BL, REIAA TS o 380 5 % 1 e S FL 4 AR O i rp 2 0
PR B A3 1) S DA, A T Ve D B A I R PP S K
O 2E 5 R RS M 4 SRR B, 25 Sl i 25 F R
P50 1 e e S R A v - R SRR 28 T3
[CH RS FLIR S R B TR T2 SR & i 5 L 22
SERCR HANREAE At e A S A
25 LR A 38 2 % 2 i SRR A
R EERNE S F IR R IR e B R T
IR 53 R4 B A VLD X 49, by 4 T s
SRR WSt R 1 s SRR R Ay T SE A 4 T
TRAMFFE AL T 5255 5Ll
S 3k
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