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Extraction of Caffeic Acid and Rosmarinic Acid from Zostera marina Based
on Ionic Liquids and Deep Eutectic Solvent
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Abstract — The applicability of the dipping, ultrasonic-assisted, heating methods to the extraction of useful compo-
nents from Zostera marina was investigated. For the increase of the extraction yield of caffeic acid and rosmarinic acid
from Zostera marina, ionic liquids and DES were used as additives in the extraction solvent. The optimum extraction
conditions were found: dipping extraction, methanol as extraction solvent, 0.005 g of freeze-dried material powder, 5 mL
methanol, 30 min and 0.5 g of DES-3 (Et,NCI and phenol) as additive. As a result, 0.19 mg/g of caffeic acid and 8.48 mg/g
of rosmarinic acid were obtained. This method is simple and sensitive, and has been applied successfully to determine
the component of caffeic acid and rosmarinic acid in Zostera marina and these results indicate that DES were used as
additives is more suitable than traditional extraction for the extraction of useful components from Zostera marina.
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Fig. 1. Structure of target compounds.
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2-1. A=z R AISf

B Aqto|A AR A= 913 95 (Incheon, Korea)ell 24
Il Q= AR AT Aol Algsilt. FEAIR1] 7H)lrk ==
FARE-(Milwaukee, WI, USA)IA 918131 o, 353} o5l
AF8-% methanol, ethanol, acetonitrile, ethyl acetate, n-hexane,
dichloromethane, phosphoric acids= DUKSAN pure Chemical CO.,
LTD (Ansan, Korea)®] HPLC grads AR-3ISITE. 01240 )] 3+ Al
AR ¥ 1-methylimidazole, bromobutane, chrolobutane, hexafluorophos-
phoric, sodium tetrafluoroborate 72} 3 lithium+= Sigma-Aldrich
(Milwaukee, WI, USA)IA T3]3t DES 373 Al AR methyl
triphenyl phosphonium bromide (Me(Ph);PBr) (>98.0%), ammonium
chloride (Et,NCI) (>98.0%), choline chloride (ChCl) (>98.0%), Ethylene
glycol (>99.5%), 1,2-butanediol (>98.0%), urea (>98.0%)= Tokyo
Chemical Industry Co. Ltd. (Tokyo, Japan)llX] 18191 24, phenol
(>99.0%)2 (Milwaukee, WI, USA)IA 7-815dt} Adlof Akg-¢
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BE AlEE2 HPLC Y371 el TE|(MFS-25, 0.45 um TF,
Whatman, U.S.A)E ©]€-3}o] oJ3}3513iT).

2-2. HPLC =A

Aol AREE B418- HPLCE Waters 1525 Binary HPLC pump®}
Waters 2489 UV/Visible detector (Waters Associates, Milford, MA,
U.S.A)YE ARSI A8 ZH8)2 RS tech (Deajeon, Korea) Al
OF Cyg (5 um, 250x4.6 mm) 2 ARE3ISITE o 5] A2
water-methanol-phosphoric acid (50/50/0.1, v/v)°©% 5 0.5 mL/min
ST FFAIR 9 AAAE 10 pLE F98H] 330 nm 2F
oA 483t

2-3. EER0HO| FH[Q} =&

2 Ao AR BFENS BFEAIR JHIRIAN 2 Eelint
< methanol®l] =1 712} 0.005, 0.1, 0.25, 0.5 mg/mL2] FE==
Az}, o]FA e BF L] HIAE e o)E
B2 Alggds B30T 1 A shQlalke) 2 =ok-iake
Ag 37] s dE 5 dler Ak A y=1.0x10°8
x(?=0.996)2] ¥7421& 2F=m3Ak] H9- Y=3.0x10"x (= 0.997)2]

WS Qs 9 g

o

HellM xi= EEE] Feolal yi A
ErtE o] 9)30] HAE JERTE o] A AL FEE UX
Tk % AR89 A% 24 3] HEl AR

Ay el 1S 247 0.5 emE A F TAAZX A 1
A7 2 Ao 3k FElE Egivh o el 2o 005 g=
5 mLe] 18] 7}#] % E-vll(methanol, ethanol, acetonitrile, ethyl
acetate, n-hexane, dichloromethane)°l] 22} &3151] 304 E<F ultra
sonicE ©]8-3f F=3I3itt.

2-4. 0|24 x|t DESO| &Y

o] || 3Mdekr] A T viet ek~ 1 mLY 1-
Methylimidazol#} 1.1 mL%] bromobutane®} chrolobutanes Yol &
statod 353 Kol 6417 52t 7143l WES-A1Z] o ethyl acetateE
o] g-3ke] A A s [BMIM][Br], [BMIM][Cl]°] 22} g4t}
[BMIM][BF, &= o2 BEe] Xgkgox ddert. $Aj%
[BMIM][Br]2} sodium trafluoroborates methylene chloride®} <3¢
sto] Aol 301 F= AT Alto] A gk £ G T 79
402 Yroixint, o] wje] ZdZH-ol methylene chloride$} |2k
o] HA7F EABER AT FEE T35 methylene
chloride® SWAI7 7 213k¥ [OMIM][BF,}& €& 5 vk
[BMIM][PF4] ¢} [BMIM][TE,N] &/ ¥ [OMIM][Br]ell =3}
hexafluorophosphoric¥} lithiumE 217} H]o]A ol Z3}ato] A-2-of
305t HES AT Algte] Ak § o2 7 7j9] Ao % o]
Rtk 5] =5 AAANA FH [BMIM][PFJ2HBMIM][TENFS
T4 & I} Table 1ol 2 A3l AR o] &/ AA|9] 55
ot}

DESE o273 ix)|¢] 3 1} 3ieket whH o R et 4= gl
A2 o2 93 hydrogen bond donors(F4A% 57}, HBD)E Uh=
HlEE 233 5 373 KoM &l Aol & wi7bx] A3ulE o] -3l
& Alo]Et}. Table 2i= 2 Aol AN DES®] 94, HBD, ¢
HBD?] H]&& HojFt}.
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Table 1. Structures of all the ionic liquids

Table 4. Effect of extraction methods

No Cations Anions Structure
~or
1 [BMIM] [Br]
2 [BMIM] [cn \"/®\"/Cs
\®/
3 (BMIM] [PF,] o
BMIM PF,
oy
4 [BMIM] [BF,]
&/
Table 2. Compositions of the synthesized DESs
Abbreviation Salt HBD Salt/HBD ratio
DES-1 Ethyl glycol
Chel v Eveo
DES-2 1,2-Butanediol 12
DES-3 EANCI Phenol ’
DES-4 4 Urea
DES-5 Me(Ph);PBr Ethyl glycol 1:4

Et,NCI (Tetramethylammonium chloride)
Me(Ph),;PBr (methyltriphenylphosphoniumbromide)

3. 23 ¥ nFE

3-1. FHHQIA 2XARZIMO| FF

WA, 2o ARE {5 A3 1814 water, methanol, ethanol,
n-hexane, ethyl acetate, acetonitrile, dichloromethanes 22} &<
AREBIITE F52 0.05 g0 &9 &) 9k 9l s mLe §HE 7t
Z} mjo]de]] Yl ultrasonic-assisteds ©]-§31] 304 F<F =3}
Atk Table 3 212te] Gufjolx] & 7114w} =zmlirtke]
&= HER AL Sl ol K= Sl o) waterell ] FE3
FHAQIARS 036 mg/gs EZVFEIARS 020 mggS FE3oF
methanolell A FEFS uf 7104t 0.08 mg/g E=vRIARS 3.57
mg/gite FEH AT FHRIib} Zxnlgiste] & G&0] A
TR Grfiellx] 242} v 7] 241w 9l o i Aol Zmeisk
o] & afol 28 9 methanolS & |2 ARSI 7}
HMk} 2z rke] 3= P Sl =5A17](-OH)yE 2L Q)
] water®]t} alcoholel] 2 3= A4S Z4a1 Q7] il W A+
wwoll A FHIALY 2 =mpAkS F2E57] 2l El A waters)
methanol& &9t} ARE-SRL QUUH15]. T1efuh & AddelM= F%

ol mlo
ST

Table 3. Effect of extraction solvent

. Amount (mg/g)

Extraction Solvent - - —
Caffeic acid Rosmarinic acid

Water 0.345177 0.196717
Ethanol 0.030289 0.499913
Methanol 0.08043 3.572787
Ethyl acetate 0.026464 Nd
Acetonitrile Nd Nd
N-hexane 0.005242 0.005407
Dichloromethane 0.024337 0.02863

% Nd: No detection (Extraction method: Ultra sonic, extract: Zostera
marina root, solid/liquid ratio: 0.05 g/5 ml, time: 30 min)

Amount (mg/g)
Methods Caffeic acid Rosmarinic acid
Ultra sonic 0.06043 2.572787
Dipping 0.036174 3.71438
Reflux (353 K) 0.025619 3.211753

(Extraction solvent: Methanol, time: 30 min, extract: Zostera marina root,
solid/liquid ratio: 0.05 g/5 ml)

T2EE STRFI7] Qe H7HAIEA o] A9 DESE AHER
Tk, Water®] 73-¢- H3t sigHay) 719 A5 AHE-S wElE = 9l
O PR waterh U= methanols A 88T 1 203 3w A
He 5 el g FlRlAy) 2=alike] 5 588 5

k= 213 © 2 Dipping, ultrasonic-assisted, heating W' o2 7z}t
30 &<t AEsA . == Wl A ultrasonic-assisted= 9]
70 W, 40 kHzollA 2313191, heating 5+ 353 KellA 28-S
Z1B3I3ATt. Table 4004 2424e] 32 el gt 7hRik =
ZnfdAke] FE¢ko] YERIS) 21 Dippinge] 7HI1AE 0.04 mg/g,
2ZulIA) 3.71 mg/g® = ultrasonic-assiste?} heating® T} & Z=w 214k
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| ZZ Rosmarinic acid

Amount of target compounds (mg/g)
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Fig. 2. Effect of Ionic liquids and DESs (Extraction method: Dipping,

extraction solvent: methanol, time: 30 min, extract: Zostera

marina root, solid/liquid ratio: 0.05 g/5 ml, ILs and DESs
concentration: 0.01 g).
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Fig. 3. Effect of concentration of DESs (Extraction method: Dip-
ping, extraction solvent: methanol, time: 30 min, extract:
Zostera marina root, solid/liquid ratio: 0.05 g/5 ml, addition
agent: DES-3).
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Fig. 4. Comparison of caffeic acid and rosmarinic acid cotents according
to root and leaves in Z. marina (Extraction method: Dipping,
extraction solvent: methanol, time: 30 min, extract: Zostera
marina root and leaves, solid/liquid ratio: 0.05 g/5 ml, addition
agent: DES-3, DESs concentration: 0.5 g).
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