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Chemical Identification of TCM Sargassum Based on Characteristic Fatty Acids

GENG Xicheng', MA Shanpeng'”, CHEN Jiapeng', CHEN Lujing', LIN Lidong’*, LIU Hongbing'*** (1. Key
Laboratory of Marine Drugs, Ministry of Education, Ocean University of China, Qingdao 266003, China; 2. Laboratory for Marine
Drugs and Bioproducts, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China; 3. Marine and
Fishery Development Research Center of Dongtou District, Wenzhou 325700, China; 4. NMPA Key Laboratory for Quality Research and
Evaluation of Marine Traditional Chinese Medicine, Qingdao 266000, China)

ABSTRACT: OBJECTIVE To study the identification of Sargassum fusiforme and other sargassos (algae from the genus Sargas-
sum) by targeted lipidomics combined with chemotaxonomy methods. METHODS Twenty-seven batches of S. fusiforme were collect-
ed and the GC-MS fingerprint of fatty acids (FAs) was established. The principal component analysis and orthogonal partial least
squares discriminant analysis were used to compare S. fusiforme with other 8 species, total 22 batches of sargassos. Based on the differ-
ential FAs between S. fusiforme and other sargassos, combined with the analysis of FA biosynthesis pathway, the Q-marker was
screened. RESULTS A total of 29 common FAs were identified by the fingerprint, and the similarity was greater than 0. 96. The
chemical pattern recognition method can well distinguish S. fusiforme from other 8 species, and the discrimination model established by
this method can accurately verify 15 batches of commercial slices. Based on the analysis of differential FAs and FA biosynthesis path-
way, monounsaturated fatty acid was found to play an important role in chemical classification. The ratio C20: 1 n-9/C16: 1 n-7 was
proposed to be used as a candidate Q-marker for the identification of S. fusiforme and 14 batches of commercial slices can be accurately
verified. CONCLUSION This study establishes the identification model of S. fusiforme and other confused sargassos, finds the Q-
marker of FAs, and provides a reference for the establishment of the identification method of TCM SARGASSUM.

KEY WORDS: TCM sargassum; Sargassum fusiforme; fatty acid; chemotaxonomy; Q-marker
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Tab.1 Information of sample of sargassos and Sargassum slices

Sample Sample number Place of origin (in Chinese) Acquisition time Notes
Sargassum fusiforme SFO1 Wenzhou , Zhejiang , China ( H [E WiV TIE M ) 2021.01 Wild
Sargassum fusiforme SF02 Rongcheng, Shandong , China ( /[ 1L < 22 A% 2021. 01 Wild
Sargassum fusiforme SF03 Wenzhou , Zhejiang , China ( 7 E @i 7LIE M ) 2021. 01 Wild
Sargassum fusiforme SFO4 Nan'ao, Guangdong , China( H1 [ Z5 5 {0 ) 2020. 02 Cultured
Sargassum fusiforme SFO5 Rongcheng , Shandong , China ( H [ 111 75 5 1%, 2020. 02 Wild
Sargassum fusiforme SF06 Wenzhou , Zhejiang , China ( Fp E WiV iR ) 2020. 02 Wild
Sargassum fusiforme SFO7 Wenzhou , Zhejiang , China ( 7 = @i 7L ) 2020. 02 Cultured strain-1
Sargassum fusiforme SFO8 Wenzhou , Zhejiang , China ( H [E @i 7L ) 2020. 02 Cultured strain-2
Sargassum fusiforme SF09 Wenzhou, Zhejiang , China ( H FEI#T VLI ) 2020. 02 Cultured strain-3
Sargassum fusiforme SF10 Wenzhou , Zhejiang , China ( H1 FE#f LI ) 2020. 03 Cultured strain-1
Sargassum fusiforme SF11 Wenzhou , Zhejiang , China ( /P E WiV iE M ) 2020. 03 Cultured strain-2
Sargassum fusiforme SF12 Wenzhou , Zhejiang , China ( H [E @i 7LIE M ) 2020. 03 Cultured strain-3
Sargassum fusiforme SF13 Nan'ao, Guangdong , China( H1[E "~ Z< 5 1) 2020. 03 Wild
Sargassum fusiforme SF14 Rongcheng , Shandong , China ( [ 111 75 5 1%, 2020. 03 Cultured
Sargassum fusiforme SF15 Wenzhou , Zhejiang , China ( H FEI# VLI ) 2020. 03 Wild
Sargassum fusiforme SF16 Wenzhou , Zhejiang , China ( /P EWiVT IR ) 2020. 04 Cultured strain-1
Sargassum fusiforme SFK17 Wenzhou , Zhejiang , China ( Fp E#VT IR ) 2020. 04 Cultured strain-2
Sargassum fusiforme SF18 Wenzhou , Zhejiang , China ( H7 [E #i VLR ) 2020. 04 Cultured strain-3
Sargassum fusiforme SF19 Wenzhou , Zhejiang , China ( H1 FEI# VLI ) 2020. 05 Cultured strain-1
Sargassum fusiforme SF20 Wenzhou , Zhejiang , China ( H FE#T 7L ) 2020. 05 Cultured strain-2
Sargassum fusiforme SF21 Wenzhou , Zhejiang , China ( /P FE# VTR ) 2020. 05 Cultured strain-3
Sargassum fusiforme Sk22 Nan'ao, Guangdong , China ( H1[E ] Z< 5 1) 2020. 12 Cultured
Sargassum fusiforme SF23 Rongcheng, Shandong , China ( /P [ 111 < 28 A%, 2020. 12 Wild
Sargassum fusiforme Sk24 Wenzhou , Zhejiang , China ( H E# 7L ) 2020. 12 Cultured
Sargassum fusiforme SF25 Nan'ao, Guangdong , China( H1[E ™ Z< g ) 2020. 12 Cultured
Sargassum fusiforme SK26 Wenzhou , Zhejiang , China ( /P E# VT IR ) 2020. 12 Wild
Sargassum fusiforme SK27 Wenzhou , Zhejiang , China ( Fp E WiV ) 2020. 12 Cultured
S. pallidum SPAO1 Yantai, Shandong , China( H [E 1L ZZ M0 & ) 2022. 06 Wild
S. pallidum SPAO2 Yantai, Shandong , China ( H1[E 111 <M &5 2022. 06 Wild
S. thunbergii STO1 Wenzhou , Zhejiang , China ( H FE#f VLI ) 2021. 01 Wild
S. thunbergii ST0O2 Wenzhou , Zhejiang , China ( Fp WL iE M ) 2020. 01 Wild
S. thunbergii STO3 Wenzhou, Zhejiang , China ( 1 [E#T 7T ) 2020. 02 Wild
S. thunbergii STO4 Wenzhou , Zhejiang , China ( H [E @i 7TiE M ) 2020. 03 Wild
S. thunbergii STO5 Wenzhou , Zhejiang , China ( 7 [E Wi 7TiE M ) 2020. 04 Wild
S. thunbergii ST06 Wenzhou , Zhejiang , China ( H FE#f VLR ) 2020. 06 Wild
S. thunbergii STO7 Wenzhou , Zhejiang , China ( FP [E#HT7TIR M) 2022. 05 Wild
S. thunbergii STO8 Qingdao , Shandong , China ( H1 [ 111 7575 % ) 2022. 05 Wild
S. horneri SHO1 Wenzhou , Zhejiang , China ( H [E Wi 7TiE M ) 2020. 02 Wild
S. horneri SHO2 Wenzhou , Zhejiang , China ( H [E Wiy TR M ) 2020. 03 Wild
S. horneri SHO3 Wenzhou, Zhejiang , China ( W TR ) 2020. 04 Wild
S. horneri SHO4 Wenzhou, Zhejiang , China ( 1 [E#T7TIRMN ) 2020. 05 Wild
S. horneri SHO5 Wenzhou, Zhejiang , China ( H3 [ #T VLI M ) 2020. 06 Wild
S. horneri SHO6 Wenzhou , Zhejiang , China ( H [E Wi 7TiE M ) 2022.05 Wild
S. miyabei SMO1 Yantai, Shandong , China ( 7 [H I ARG ) 2022.05 Wild
S. oligocystum SO01 Trat, Thailand ( ZE[E 15 1)) 2019. 02 Wild
S. oligocystum S002 Trat, Thailand ( Z= [E k1)) 2019. 02 Wild
S. polycystum SPO1 Chonburi, Thailand ( Z= [ £ 50H) 2019. 02 Wild
S. ilicifolium SI01 Ranong, Thailand ( %% [EH74¢) 2019. 01 Wild
S. binderi SBO1 Chantaburi , Thailand ( %2 [E43471%) 2019. 01 Wild
Sargassum slices YPOI1 Shandong , China( H7[E 111 75) 2018. 05 S. fusiforme
Sargassum slices YP0O2 Shandong , China ( H[E 111 73) 2019. 05 S. fusiforme
Sargassum slices YPO3 Shandong , China( H1[E 111 75) 2021. 05 S. fusiforme
Sargassum slices YP04 Guangxi , China ( H [5)7) 2019. 05 S. fusiforme
Sargassum slices YPO5 Shandong , China ( H7[F 1] 5 ) 2015. 05 S. crassifolium
Sargassum slices YP0O6 Zhejiang , China ( H1 [E #iVL) 2019. 11 S. thunbergii
Sargassum slices YPO7 Shandong , China ( H[E 111 %3) 2019. 12 S. crassifolium
Sargassum slices YPO8 Fujian, China ( HF E &) 2019. 05 S. miyabei
Sargassum slices YP09 Fujian , China ( H [E#5 &) 2017.03 S. sp.
Sargassum slices YP10 Zhejiang , China ( H [ #iVT.) 2019. 05 S. fusiforme
Sargassum slices YP11 Zhejiang , China ( H [E #iVL) 2019. 05 S. fusiforme
Sargassum slices YP12 Zhejiang , China ( H [E #iVL) 2018. 05 S. fusiforme
Sargassum slices YP13 Zhejiang , China ( HF E i) 2020. 05 S. thunbergii
Sargassum slices YP14 Shandong , China ( H7[F 1] %5 ) 2015. 05 S. horneri
Sargassum slices YP15 Shandong , China ( H[E [1] %) 2015. 11 S. horneri
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Fig.1 GC-MS analysis on faity acids of S. fusiforme
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Fig.2 Principal components analysis score plot of S. fusiforme and other sargassos
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Fig. 3 Orthogonal partial least squares-discriminant analysis of S. fusiforme and other sargassos
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Tab.2 The verified results on OPLS-DA model of sargassum

slices
Discriminant index
Sample
S. fusiforme Other sargassos

YPO1 1.010 1 -0.010 1
YP0O2 1.097 8 -0.097 8
YPO3 1.1459 -0.1459
YP04 0.883 0 0.117 0
YPO5 -0.2325 1.2325
YP0O6 -0.2750 1.2750
YPO7 -0.090 3 1.090 3
YPO8 -0.3927 1.3928
YP09 0.340 1 0.659 9
YP10 1.026 9 -0.026 9
YP11 0.708 3 0.2917
YP12 0.706 8 0.293 2
YP13 -0.468 2 1.468 2
YP14 -0.070 8 1.070 8
YPI5 -0.090 3 1.090 3
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SRS, P <001,
P <0.01, compared with S. fusiforme.
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Fig. 5 Monounsaturated fatty acid ratio of S. fusiforme(n =27) and other sargassos(n=22). x +s
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Tab.3 Monounsaturated fatty acid ratio of sargassum slices

Fatty acid ratio

Sample
C18:1 n-9/C16:0 C16:1 n-7/C16:0 C16:1 n-7/C18: 1 n-9 C20:1 n-9/C16:1 n-7
S. fusiforme(n =27) 0.20-0. 61 0.07-0. 30 0.25-0. 67 0.43-1.45

YPO1L 0.24 0.09 0. 40 0.96
YP0O2 0.27 0.09 0.33 1.26
YPO3 0.25 0.09 0.36 1.01
YPO4 0.33 0.12 0.37 0.71
YPO5 0.23 0.07 0.32 0.12
YPO6 0.25 0.07 0.29 0.13
YPO7 0.50 0.12 0.24 0.07
YPOS 0.29 0.12 0.41 0.09
YPO9 0.17 0.07 0. 40 0.85
YP10 0.27 0.09 0.35 1.17
YP11 0.30 0.13 0.42 0. 80
YPI12 0.30 0.12 0. 40 0.82
YP13 0.24 0.24 0.98 0.20
YP14 0.57 0.28 0.49 0.35
YP15 0.61 0.29 0.49 0.32

MR SRR B S, A R S 0 R LU AR EA T
A 25 58 O &, 151 4 Barthetca & Bt n-7/n-9
MUFA A] i F X2 &R, Wu &5 F
C18:1 n-9/C18: 2 n-6 H| 5454 W BHEH) , Khotim-
chenko 25" }5E 18: 1 n-7/18:1 n9 .C20: 5 n-3/
C20:4 n-6 435I AT FH 4R80T L3 T 25T
3 Zit5itie

Hh 2T I 2020 AR R HR 24 L) — T R )

R 2 s 2024 B 5 715 59 4 10 1)

2 PRI R e M Z — (T — WA ) o e
TR RN Y 2 —, FE A0 T IR E 5
TR 05 5 T DRI A R U A AR L, BT
GAR/D WLENZFN 258 o FEGSRAETRIE C B AL
FRAE) S Y R 2 SR A R (R R
Tl By FE e B 5, B 1] A R L R S s

LR WK, W GL PR Sargassos, J& T # ¥ 1]
( Phaeophyta) #&ffi % H ( Fucales ) & £ 3 Fl ( Sargas-
saceae) , LA TR AR L ZE (FEZE A ZK) (ot
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R4 XHMAE L REE C20:1 n9/C16: 1 nT thfh
Tab.4 Verification of the ratio of C20: 1n-9/C16: In-7 in sar-

2assos
C20:1 Cl6: 1 C20:1 n-9/
Species Reference
n-9 n-7 C16:1 n-7
S. fusiforme 1.89 3.71 0.51 [30]
S. fusiforme 2.00 4.49 0.45 [30]
S. fusiforme 2.22 3.03 0.73 [30]
S. fusiforme 2.03 3.01 0.67 [30]
S. fusiforme 2.47 4.04 0.61 [30]
S. fusiforme 2.09 4.93 0.43 [30]
S. ilicifolium 0.20 8.20 0.02 [31]
S. polycystum 0.12 3.81 0.03 [32]
S. fulvellum 0.16 4.03 0.04 [33]
S. horneri 0.08 2.97 0.03 [33]
S. boreale 0.21 4.70 0.04 [33]
S. thunbergii 0.17 5.48 0.03 [33]
S. yezoense 0.10 1.85 0.05 [33]
S. muticum 0.58 6.08 0.10 [34]
S. polyschides 0.07 2.17 0.03 [34]
S. tenerrimum 0.67 4.83 0.14 [35]
S. sp. 0.36 2.74 0.13 [36]

(RHE) FIAEFEHE (HEHE MEHE) Sl BIREEAZ
AR AR R SR K, Bl E 1820 4R
JR LI, Wy e i) — BRI ME A S8 A Y M
AR A3t DBl 0K R T, S 6 i) ol o L ™
F T 2T BRI R FH 25 A B e etk . A
WEFELAERSE N BIF S0 5, S T 38 1) g i iR GC-
MS $540[E§iE , A 3E 7 OPLS-DA #E# X 4y i385
Ivi) a8 ity b o o 5 B 1 I R B R R ) 22 SRR W IR
HEAA RO, BIREE 1 A C20: 1 n-9/Cl16: 1
n-7 ] SR S S 0 i T AR . ARFSR
WAEERE B A IR 2 A R 2L, 85 R A 1F
FRIMEAEARMER . DF5E B EIL 5] £, & #5]
FEL T IR TR v 24 5t 1 G 7, ] i i 3K [
W,
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