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Abstract

Caulerpa, such as Coccoloba uvifera and Caulerpa racemosa, is reported to be rich in caulerpin.
They have several benefits to human and plant, including anti-inflammatory, antitumor,
anti-tuberculosis, and regulation of growth. The major goal of this study is to setup an autotechnical
procedure of ultrasonic extraction and purification for effectively collecting the active ingredients
(caulerpin) in several kinds of freeze dried Caulerpa powders. Additionally, there are no commercial
standard solution for caulerpin analysis, and it have to be produced by a reliable process, as well as an
analytical quantitation technique.

This research will be accomplished by two stages. The main purpose in the first stage is to develop
an auto-technical procedure for extracting the standard solution of caulerpin, and further replace the
traditional extraction-purification processes for extracting a single natural ingredient by a prepacked
silica gel column elution. The purified caulerpin solution were identified by Fourier-transform infrared
spectroscopy (FT-IR), Nuclear magnetic resonance (NMR), Liquid chromatography-mass spectrometry
(LC/MS-MYS) for its chemical structure, molecular weight, and purity. The above method is expected to
significantly save working space, man-hour, and solvent consumption. This environmentally friendly
and highly flexible procedure could become a novel method to extract the other single natural
ingredient with high purity. The second part of this research try to use a simulated moving bed (SMB)
system to modify and optimize the operation parameter for caulerpin extraction and purification. For
example, the packing materials (C8, C18, and silica gel), solutions, their composition, and mass
flowrate for mobile phase, concentration of natural extract, flowrate of feed stock, extraction, and
raffinate phases, and the timing of column switching in extraction processes. Finally, an automatically
continuously feeding and producing commercialized production model will be demonstrated in the end

of this project.
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Customized Report: (None)
Sorted By Signal
Calib. Data Mecdified : Thu, 25. May. 2017,03:21:38 pm
Multiplier : 1.000000
Dilution : 1.000000
Uncalibrated Peaks : not reported
Signal 1: DADl A, Sig=315,16 Ref=360,100
|Amount |Peak| RT | Type | Width | Area | Area % | Name
[ [ug/ml]| # | [min] | | [min] | I
[ === [==== == [ === | === | [ === [ ==
| 0.000] 11 11.427 MM | 0.1101 1.181] 0.014]
| 0.000] 2 12.380 MM | 0.264] 4.143] 0.049]
| 0.000] 31 13.710 MM | 0.196] 11.355] 0.134]
| 0.000] 4] 14.488 | MM | 0.195] 57.530] 0.681]
| 0.000] 5] 17.377|MM | 0.177] 8374.900] 99.122
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Qualitative Analysis Report

(@)

Data Filename

caulerpin scan pos2.d Sample Name

Sample Type Sample Position Vial 11
Instrument Name Instrument 1 User Name

Acq Method MS scan pos.m Acquired Time

IRM Calibration Status Not Applicable DA Method Default.m
Comment

Sample Group Info.

User Chromatograms

caulerpin scan pos

7/18/2017 4:16:46 PM

Fragmentor Voltage 135  Collision Energy 0 lonization Mode  ESI
x10 6 | *ESI TIC Scan Frag=135.0V caulerpin scan pos2.d
241 1
1.5
14
0.5
0- T T T
0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1
Counts vs. Acquisition Time (min)
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
135 0
x10 5 | *ESI Scan (0.247 min) Frag=135.0V caulerpin scan pos2.d
] 3090.2
24
1.54
14
400.2
051 401.3
0l g - T - - T - n ; "
397 397.5 398 398.5 399 399.5 400 400.5 401 401.5 402
Counts vs. Mass-to-Charge (m/z)
Peak List
[m/z z |Abund
399.2 1 219289
400.2 1 |56768.7
401.3 1 [22166.6
(b)  Project Name: 20170804
Instrument Name: Instrument 1
Instrument Model: G6410B
Compound Name Formula Mass Sample Position
Caulerpin 398 Vial 1
Method Name Polarity Ion Source
D:\MassHunter\Methods\Find condition.m Positive ESI
Precursor Ion Fragmentor ProductIon Collision Energy Abundance
399.01 "145 367.1 13 35643
399.01 "145 280.1 41 "12403
399.01 "145 279.1 49 "15023
399.01 "145 293 37 "13089
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(@)

Caulerpin CD2C12

(b)
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__________________ BRUKER
W e,

PROCNO 1
Date_ 20170822
Time 17.44
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG zg30
TD 65536
SOLVENT cp2cl2
NS 32
DS 0
SWH 8992.806 Hz
FIDRES 0.13721% Hz
AQ 3.6439073 sec
RG 4600
oW 55.600 usec
DE €.00 usec
TE 300.1 K
D1 2.00000000 sec
TDO 1
=====—=== CHANNEL fl ========
NUCl H
Pl 11.80 usec
PL1 1.20 dB
PL1W 16.84427261 W
SFOl 500.1032495 MHz
ST
SF 500.1000147 MHz
WDW EM
SSB 0
1B 0.10 Hz
GB 0
PC 1.50

[I-]
o ]

T T
7 6 5 4 3 2 1 0 ppm
w Q|| e (N =
N~ |22l >
- NN NN v
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(c) '
L
iy
=16
L T
w2

m

&

E

w%T

a0

n I3

m 17867

{32 84
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1 1 1 1
000 150x10 ° 30010 °  450x10 °
Concentration ( ug/ml )
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> @
]
M @
0 2 4 6 8 10 12 14
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DUR RAE T 2R (Extract) ERREER Y (Raffinate) ©

Extract Feed

HVAHVALWA)—(W%I)—LV%)—(VA])—»
Desorbent C1 C2 C3 C4 C5 C6 Raffinate

Section | Section 11 Section 111

11 PR BN PRAH G R ]

4.3.3 REFS BN R B B Lt R

RERSEN RSN > FBIREEREE 2280 FHiic & =AM E S UREE LR S BIR
PIHARSERS o BFZT AT B Ay R~ 5 1.D.10 mm x 250 mm > 3£} B Welch Ultimate AQ - C18 -
RIS — BV EERETR - A LUBGEMEAYFLIRE R 0.296 » Ka 2 Kg 73731 5 0.545 7 0.860 - fR
BRI R FI B e - WA = APkt e LS B R B B (R0 - WE 12 - Frek
TERVR BRGEE57 B B © #8h4H (Desorbent) 7.5 mL/min ; #EfH(Feed) 0.3 mL/min ; Z£H % (Extract) 4.4
mL/min ; ZZg5% (Raffinate) 3.4 mL/min » Va5 53Rl Fy 3.5~ 4 ~ 455 §7 5.5 43§# - B T HESS
BEEWEUE > YFFE AR REE & H A CHYRURGREE T - BT E DR E Y B NGB RS
B PR R (i H Y HPLC [EfsEsE b anlE 13 -

PRI [E] S R A R AT R > AR FETER 3 3 15 FVIZMCSE Ky 4 73 30 PO » ZEHIUmAYAE
EREAR - (S UHREEE 73 51 By 4 7388 30 FORFBHARA B 0 WO AL R W B 1 A » BRI
WAL R A SRR IR4E/ )N - EHR VIR 2 4 73 15 P00 » o4l R A o < m A i -
1 HLa g T HAAE S BRI TE R BRIm AR M i > ZEHIRAE A AT RCERAL R AR 96% -
I 4 73 15 70 BB SRS B PR i (R Y DA -

4.3.4 EEFRMEE

TEF A BERS BIPR rBE A L R ARG - (R O BURERYFR K - v DI = A R RES )0y
PR AR AT IOR 2 B H FR e B 0.5kg ARGIRIFCS FH 221 AIHE (Feed) B3 % £y 23 mL/min
T4 &Ef1H (Desorbent) 250 mL/min ; Z£Hj% (Extract) 160 mL/min ; Z£&47% (Raffinat) 113 mL/min > {7
IS4 5 4.5min > BEHEXCUR 50mm x 300mm HYEAE » BEIFROREAL ZFESY 10kg » AR =
AR EEBES AIE 14(a) - &GRSR FE B IR Fy S0kg FBfF U 1% E)1H (Desorbent)
1350 mL/min; 3} (Feed) 115 mL/min; Z5 & (Extract) 800 mL/min; 25651 (Raffinat) 665 mL/min -
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