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PREPARATION OF CHITOSAN MICROSPHERES FROM SHRIMP

SHELL FOR USING IN CHROMATOGRAPHIC METHOD
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Research Project Preparation of chitosan microspheres from shrimp shell for
using in chromatographic method
Rescarchers Mrs. Kanita Tangkananurak

Miss Yuwaporn Uppa

ABSTRACT

This research is aimed to study the potential and limitation of using shrimp shell to
produce the chitosan microspheres particles for used .as a stationary phase for high performance
liquid chromatography column (HPLC-column). By the process started with recovery of chitosan
from shrimp shell to obtained chitosan molecular weight 785,980. Therefore chitosan
microspheres were prepared by using glutaraldehyde crosslinking reaction and spray drying
technique. Optimized condition for preparation of chitosan microspheres as stationary phase were
found that using 250 mL of 0.5% (w/v) chitosan. 3 mL of 50% (v/v) glutaraldehyde and atomizer

speed 35,000 rpm. The obtained chitosan microspheres had a good sphericity and a smooth,

average particle size is 4.08 jum, average surface area.of 3..02 mz/g, major pore size of 43.72 /0’-1
and amorphous form. For chitdsan microspheres were packed into HPLC column by using slurry
. technique, and show a good reproducibility of chromatographic analysis, the numbers of
theoretical plates 12,312 plates/m and the theoretical plate height minimum vaiue (4) 2.02 x 10~
m at 0.4 mL/min by using the standard toluene, the mobile phase of acetronitrile/H,0 (75:25).
The obtained findings confirm the -applicability of normal phase HPLC on the chitosan

microspheres as the stationary phase.
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Aiping Zhu UnsAME (2005) [6] 18 mswS oy O-Carboxymethylchitosan (OCMCS)
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g‘ﬂﬁ 2.8 DY WU T O-Carboxymethylchitosan (OCMCS)
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C Term: Stationary Phase Mass Transfer
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2.5.1.7 ﬂsza‘nﬁnwwmﬂaauuﬁmazmmzauﬁqﬂ (optimization of column
efficiency)
1 L4 = Jd =
1nAveInall 4, B uaz C luaumsveunuAmne T MWIsTEUNI W
9 o 4 2 9 ad '3 . o
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a a o o A a ey Pey =
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1) anvaveuraegiuinussylunedud @, Infesq) lumnaiia
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Tumadia HPLC 11 d, 904119293 - 10 pm
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2.5.1.8 ANNTINTOIUMSUEN (Resolution, R)
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Y A A o g ¢ a . '
mwmm‘wwLwﬂ@@ﬂmﬂﬂmﬂugﬂtmmmaum (gaussian peak) 9101
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(High Performance Liquid Chromatography : HPLC)
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- Gel Permeation Chromatography (GPC) Lﬁai%’ﬁaﬁmzmaﬁuw%

o o
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- Gel Filtration Chromatography (GFC) i ¥msazarwiifhindudhaza

2.6.4 Insuninnnuvusanilasilessu (Ion-Exchange Chromatography)
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P. He, S.S. Davis, L. Illum [12] lAn3oneynmansenanvedlalasnuuuuin@ueis
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3.1 mswiinazginsamlyluandse
o
3.1.1 manu

1. Twifeonlenson lod (Sodiumhydroxide), A.R. grade USEN Lab scan

2. ﬂ'iﬂ‘lﬂﬂiﬂm]?ﬂ (Hydrochloric acid), A.R. grade 1SH% Lab scan

w

. ﬂgmﬁ"a?]"laé{ (Glutaraldehyde) 50% in water , A.R. grade USHN Fluka

. NINDLHAN (Acetic acid), A.R. grade 1SH7 Lab scan

N

. Insau (Pyridine), A.R. grade USH™ Lab scan

9]

L MUDn (Methanol), A.R. grade 15¥N Lab scan

N

7. 1IMUBA (Methanol), HPLC grade 1589 Lab scan

8. zcﬁm'lu'lmﬁ (Acetronitrile), HPLC grade 158N Lab scan

9. T‘nq%u (Toluene), A.R. grade 1/58% Lab scan

10. ludila (Biphenyl), A.R. grade U5EM Sigma-Aldrich

11. "luimmu%u (Nitrobenzene), A.R. grade 158% BDH Chemicals
12. pzaillaa (Acetanilide), A.R. grade USHN Sigma-Aldrich

13. Auoa (Phenol), A.R. grade 1S¥N Lab scan

14, l,‘lJu"h"I‘hlﬁ’ (Benzamide), A.R. grade UYSHN Sigma-Aldrich

15. i3 Ly (Acetaminophen), A.R. grade UTEN Sigma-Aldrich
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4 ¢
3.1.2 3esionazgilnyel

1. m‘é’mwﬁU%’m_jum\la%’u@uﬂmﬂmﬂﬂimﬁmas"(Fourier transforms  infrared
spectrometer) : FTIR spectrum GX, Perkin Element

2. m?mwuuﬁ'\‘l (Spray dryer) : L-8, Ohkawara Kakohki Co., Ltd.

3. in5psaunwuiiedinaseulu Tasalnstl (Scanning Electrone Microscope; SEM) :
1455VP/EDAX, LEO

4. m?aﬁﬂmiﬂsmwﬁwmm,gmﬂ (Particle size analyzer) : Masterzizer X,
MaL Y=RN

5. m?aﬁﬂﬁuﬁﬁmawumg (Surface area analyzer) : Autosorb-1,Quana chrome

6. m?aﬁmiwﬁ{mﬁﬂimafga Gel Permeation Chromatography (GPC) : Waters
150CV, Water Division of MILLIPORE

6. Lﬂéﬂﬁlﬂldmzuﬂﬂ'f@u (Sieve shaker) ; Refsch type vibro

7. Lﬂé@dﬂiiﬁ!ﬂﬂﬁuﬁ HPLC (HPLC packing pump) : Model CP Lab Alliance

8. nSedlaofrofumudanialasy1Inns W (High Performance Liquid
Chromatography) : Waters 510 HPLC pump / Waters 486 Tunable absorbance detector,
MILLIPORE.

9. inseupnFstanuninladines (X-ray Diffractometer; XRD) : 08 Advance,
Bruker AG

10. Aodwi/d1 HPLC (HPLC empty column) i.d. 4.6 x 250 mm : 316 stainless steel

tubing
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- Insernanmvesla lnanuiiesonla
b4 ¥
Fuaauil 2 MIAsoNaYNIANTINaNYeI 1A Taay
- AT BBYAIANTINANYD A Taany
a < 1 { v v
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2 4 v &
Tuaaun 3 MIVTIgReRUY
o d a
- #nwinszurumsusigoymansanauves lalaanuadluneduiflemaiinyssy
uuuidlen (slurry techniques)
L4
- ussgeymansnavved lnlnanuasluneduil HPLC
3 { a a o
dupaui 4 Minaaevlssiniaimaeaud
= a a v dat a 9 a 4 a da A kY [}
- fnundseAniamasduifinga 14 Taenmsdmssimmniiinesifvives 15y
Q a 4 v v da
Iuuman (), anugavsawanmang i (1), a3 1ensminudunes, manuduiuside
9 . . o3
1§un34 (linearity) tazanueuisalumsuenvesms iudu

b4 v
TUAOUN 5 ﬂ'lii'lﬂ\ﬂ‘uNﬁﬂ']iﬂﬂﬁ'f]ﬂllﬁ%ﬁiqﬂN'ﬁﬂ']i‘ﬂﬂﬁ@\i
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3.3 35398
3.3.1 MsmlsuEIsazae
3.3.1.1 msazaelamaeslansenlsditud 8% (wiv)
S Tmdvnlonsenlad 8o ndu azaelurinduudalsulsines 1
AU 1000 AT
3.3.1.2 msazaenialalasnassntutu 8% (v/v)
Tulansalalasaassnld Iddsuins so Tadans asluviaiadsuas
1119 1000 Tadans MnulSuYSInasdaundulingy 1000 Tadans uazwirlfidhsu
3.3.1.3 msazmalm@enlaasenluadudu 50% (wiv)
$eens Trdenlonsenlod 250 05y azaoluinduudaliusinas 1
AT 500 HaAANS
3.3.1.4 E152ZAUNTABETANVNDU 2% (V/v)
Tulansaezaanlilddsuas 20 Hadans asluviaiadSuiasvuia
v v
1000 Tadaas mniulsudsunasdeindulinsy 1000 Taddns uazwe lfdhiu
3.3.1.5 msazae lalawiutudy 0.2, 0.5, 1.0 4ag 2.0% (w/v)
FeanslaTawu 0.5 nfu azaneluaisayaiensaesSandudu 2% (viv)
USuiSuasldasy 250 Hadans
amsazanelalamududi 0.5, 1.0 uag 2.0% (wiv) Tiaeats laTaam
1.25, 2.5 4az 5.0 ATU Mud1ay azawlumsazaensaesFandudu 2% (viv) USudTuas
¥asu 250 Tadans
3.3.1.6 misazaengm3an leariudu 5, 10 uaz 25% (viv)
Tulaersazarengmiad leddudu 50% (vv) USuas 10 Taddas aq
Tuwaniailiuiasuung 100 Sadaas vintuiudsuasdaeinduliasy 100 Tadans uag
wa ldnnu
asaya1engmian lemdudu 10 oz 25% (vv) Titlulamsazmeny
myan leadutu 50% (viv) USu1a3 20 uaz 50 Tadans awd1dy laluviaiadSuasvuia

o aa 3 [ o 3’ o'/ a aa 1 Y o
100 unnang i]muuﬂsuﬂsmmé’f’wmﬂauwmu 100 UaaDA3 LLﬁZL‘UUﬂ‘P’T}L"U'Iﬂu
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3.3.2 mawselalnauainnlaends
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- o A ¥
YHAIUN 1 ﬂ’]i'ﬂ’]ﬂ'ﬂﬂﬁza’]ﬂlﬂaﬂﬂf}ﬂ

o 3 3 o é = é
Tilfendundahidazern vinduhldiaddnarlseum 10 wifi Aslduds
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[ i ' a d 1w
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3.3.3 MaAIENBYNIANIINANVBS Inlna Ty
i lalaaufwson Idunazansluasazanonsaesdandudu 2% (vv) Ysuias
250 Hadans Tauwioumsazans lalagnunanududuaisg fu udnhuinseuerdiud lu
S a A Lo Adog v v ay o 9
azagesn MUANA1TFO T84 (crosslinking agent) Tufitlldaisazatengnisad lea uda
o - ad 1 q t g 1 { [~
M 1dFugddeditmsnuudalnoldinSoaunks (spray dryer) an1azmsesviuudein 14ty

b3

A
U

‘ae

. g t o o Aq Y4
- Atomizer speed (VUBYNUANIZUUY N ldFnw)
- Inlet temperature control 130°C
- Exhaust air temperature 80°C

- Pump rate 20 ml/min

d 1
33.4 AnmmanAimnzanlumaniaveymansmnanvedlalnany

as P o < as =
GI'JLL‘IJTV]1’I'Iﬂ'l‘§?fﬂ'hl'1ﬂ\‘illﬁﬂ\1‘1uﬂ'l§'1\ﬁ’l 3.1

M5197 3.1 uaasdwtlsanse lumsenymanzimingaulumsmssueymansanay

v04'la Tnau
faudls aulsulfeundnmn
1. anududuvesansazais la lnanu 0.2,0.5, 1.0 LAZ 2.0% (W/v)
Yy 9 v o o
2. mmmmuﬂmmsazmﬂﬂgmsaﬂ'laﬂ 5,10, 25 uag 50% (v/v)

= | o
3. USmmsvesasazaengmsad lan
WY 25% (viv) 1,2,3 uag 4 indans

4. ANWSI59U IUAIIHULAA (atomizer speed) (25000, 30000, 35000 LI 40000 rpm)
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. d' J = F =& o/ d‘d J =) ’
M1T1N 3.2 LTAAITN1ITAN ‘V]G],‘Ifcl,‘l-!ﬂ'l'iﬁﬂ‘l&lWI’Jllﬂ'i‘V]3JNEWI’E]ﬂ'l'ilﬂiﬂﬂf]‘lgﬂ'lﬂﬂ'i\iﬂaﬂ“l!ﬂﬁ

laTaanu
ANUITNLTY
. . anuisseulums
fralsndnmn walalnay f33msasirenTen (ml) D
WHUNY (rpm)
(Yo(w/v))

1. Anudud ueq Glutaraldehyde (25%(v/v))

laTaau %(wiv)) 0.2 3 35000
0.5 3 35000
1.0 3 35000
2.0 3 35000

2. anududuves 0.5 Glutaraldehyde (5%(v/v)) 3 35000

A13A2A1WAINIID 0.5 Glutaraldehyde (10%(v/v)) 3 35000

aled 0.5 Glutaraldehyde (25%(v/v) 3 35000
0.5 Glutaraldehyde (50%(v/v)) 3 35000

3. 5umsvng 0.5 1 35000

w1Iagany 0.5 2 35000

ngmiad led 0.5 3 35000

Wud 25% (viv) 0.5 4 35000

4. anusseuly Glutaraldehyde (25%(v/v))

ASHULUT S 0.5 3 25000

(atomizer speed) 0.5 3 30000
0.5 3 35000
0.5 3 40000

3.3.5 manszunylaasenda
(1) vheynansinanveslalaauims o lduinulumsazarelmdon laasen
o o) o [ :‘ o o
Tassidiudu 50% (wiv) Wiunat 2 F2lue Sreewiiunaedaeingu thldenld
y A a o < o

uMangMnl 60°C unat 18 F2 19

) Feoymanldulszuna 10 aSu @nInsaudszam 100 Taddas ilinu

g o S . Ao a4 & £ g
flunan 15w mmiuimssidndidunm 18 $2lue na131Abu masluwm

Aa 1a a aa 1 o o g ¥
uaa‘wuﬂimm 300 waaang ﬂi'PNL@Wﬁ’)uﬂlﬂx‘lﬁ]uﬂ'lﬂu'lllﬂ‘ﬂ'lﬂ'li“lff]ﬂm@ﬂ’)ﬂ
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(1) Inseddnpazglhazvnaveseymansinauved e lnmudlemailn
Scanning Electron Microscope (SEM)

) "Tuﬂswﬁﬁwwﬂ'ﬂiumqaﬂjaa"lﬂiﬂcmuﬁ’wmﬂﬁﬂ Gel Permeation
Chromatography (GPC)

@) IinsiednyfenFuvesoynansinavvoslnlaasudremaila Fourier
Transform Infrared Spectroscopy (FT-IR)

@) nseinsiaiseadadaemaiin X-ray Diffraction (XRD)

(5) Tns1zAMINTZIIBUBIBYNINAIEMATIA Particle Size Analysis

a 28 da Y A
(6) WATITHWUNHIIASUYUIAFWIUAWIATDI Autosorb

w < a
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o
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[ v [1
1% Ao p2d Ins lu'lnsdnii (75:25) foasns lnanie
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Y

10 pm NudeANNANGIluszuY Insin InnsveurauuaNs AU
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Y 9 A o < A
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a a aa o 4 : { o '3
USums 250 Hadans uazdutsduq gratuguldacd fie misazaengmind leadudy
1 o a aa < 1 1w 1
25% (viv) Wiy 3 fladidns uazanuiasoulumsvinudunmiiy 35,000 seudeud
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1) weanududuvesmsazarnlalagunniu tldvuialeomdoussoynin
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lalasnulngidu
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) Weanududuvesarsazarongmisad lanaaas Mldvuialasiaioves
ng o slg a o ;
ayma la Tamungiu uazi diuiveseynia lalaanugnimieuniy
A = V- ¢ a dg‘ o £y A
@) detfinasmsazmongmiad lasiudu MldunaTaumdveyninveslala
o s 4 a o ~ -4
FIUANAL LaTTNUAIENYUZE suNINAY
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nﬁ' wa ’ a o @ 9 o v A
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4 AN A 1 [ o .ﬂy a A a9 ' o 1 1
ADAUU HPLC a9 mﬂswaﬂymmﬂumdﬂan WHHAUTYDY mﬁuwmg{uﬂﬂmmg“lumq 3-10
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um nugeauangluszuuTasi InnsdveunauuuauIsoUs Qe guautAnena?

9 9

ansawuluanigmsmioneynianssnauyed la laauifiarsasatsln Taanududu

0.5% (wiv) USias 250 dfladans, msazatengmiad laadudu s0% (vv) Uswas 3

a aa < t 1 a & g = ] [
uaaaasg Lmzmmmsau"lumﬁwum?i'a 35,000 soua@UIN mtﬂuﬁmazwﬂumusmuqa

A Y
BN

v o s o 4 2 a
uduvesmsazarwngmiad lasguiluasiFen Toududu 50% (viv) Fall
g 9 ' 4
AMUBudUINANIAN1IEDUY
[ 3 = =) A 7q 8/
fauannzimingaulumsessveyniansinanveslnlaany iwelszena ld
[ 1o Ao @ v =)
nuaegnundmiuneaul HPLC Ao
(1) msazaeln Tnanududu 0.5% (wiv)
[ = ¢ Y 9 a a aa 1
(2) mﬁazmmqmsaﬂ"lamﬂmw 50% (viv) U3u1ns 3 Tadans aedisazate laTaanu
UFuas 250 Hadnns

o 1 1 =]
3) A5 2500 TN WULAS (atomizer speed) 35,000 39UABDUIN
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= [ ‘
4.2 msfpmpudnpazaymansinanvadlalnmy
ihoynanssnauveslalasuiinion ldnnanazilarsazaiela Tnsududu 0.5%
(wiv) U5 250 indans, asnzmongmiaa lesidudu 50% (viv) Ysunas 3 fiaddas uaz
' ! <4 é =) WQ‘i‘ o W 1
anu§avoulumvinude 35,000 soudewi Fedliguandaiminzaudimivlfduang

o A Y 4 o Qs w 1 Liy
fuilunedusl HPLC mdhmsfinuguanyauzdade 1

4.2.1 Yhwinluagavedlalaany
:l ar ~ =) 9 K ar =Y
vt luanaveslalaauineienld Anw1lasorfemaiin Gel  Permeation
v b4
Chromatography (GPC) 1@ InsunInunsudsuanslugdd 4.12 wudr laTaauiidmidn

Tuanaminy 785,980

A4 42 -10 8 6 4
0
2
4
6
8
10 1
12 \?ﬁzﬂ e
Mw Limit
18
...... . x Low
184 - Limit
—
22 \
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Molecular Welght Averages

H ¥ ]
51 4.12 Tasn Tnunsuwesnisinszvshmidn Tuanaves lnlaguinenld

dremaiin GPC
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Jas y
422  wyfadFuveseymansnanveslalamuiinienld
1 I w A = a s d
nyilasFuvesoynialalamuiiwionld dnv lasldinaiangiSes-nswe

d a = Y 1
WosudunsusaaidaInsalail (Fourier Transform Infrared Spectroscopy) HaZIATYNAIDYI

@235 KBr disc IAdnlnasuawaaslugili 4.13

13

1065

1000 500 4000

cn-l

51/l 4.13 R-spectrum vosoynAnsnayln lamuinsenld

u

LY

o o i v de o 4 g 4 4
910 R-spectrum 319 4.13 ngawmnisadnasundagsuilunaiiesinmsdu

HAZAITIBUDINUTE aauaadluased 4.1



M191971 4.1 UAAQ wave number A Aoy uluoyniansanawla Tnany

H}Jﬁdfﬁ‘ffu ' wave number (em’)

V., NH (-NH,) | ~ 3400

V OH ' ~ 3340

V., CH (-CH,") | ~ 2926

V. CH (-CH,-) ~ 2863

V C=0 (-NHCOCH,) ~ 1647

O NH (R-NH,) ~ 1569

U V - stretching, V_— symmetric stretching,

V,, — asymmetric stretching, - bending



70

423 Iassadveseymansananlalaai

Tnseadreveseyniansanan lnTagu Anwrlaoldmailn Xray diffraction

(xRD) lawaminasudweanaslugili 4.14

Lin (Counts)

--------------

2-Ther-Scak
Erinson_Ro.7 - fie: (505 1660 ¢_Chrbsm,_KofT_ZRAW - Tyne:2Th/Th locted - Bl L:$ 10 * - B4 40000 - Beg: DOZS * - Bep dme: 1,4 - Temp 325.°0 (Room ) - TIme Bev 62 1 5 2-Thelar S 00T * - Thela:2 S0 -
Operatons:mporl

31 4.14 aulnasy XRD eynansinanvesla Tnany

1n3U7 4.14 wun aulnasuoymansanauved I law1ueIn X-ray diffraction
~ = @ Ay v d o 1 =
pattern 1 Atianyaued lidlufiaunay Hldagl 189 eynansinauveslaTaanuiinIoy1d

[ o
Hueymansinanves lnlaanuuuvuedaigiu (amorphous)
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- (Y] :i ) k4
424  asnszediveseymansananlalnwuiiniesls
[ : =2 9 a . .
n3nszaeAvesoymansinay lalawu Anvi lagldimadia light scattering

analysis ”1@’1'Naﬁumm°lugﬂﬁ 4.15

Mowme % 100

a0

K0

J20
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N R X ) T T T 1000.0
Particle Diameter (um.)

A o A a Y
51 4.15 ueasmsnszaodveseymansnanvesla lnwuiimsonld

110317 4.15 Wuh1 eynansenavvedla laguiimion1d lasdauaind

[ o t 1
yunaduriugudnaiseglugie 4.08 Tulasmas
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Fuifwnzunagnguveseyniansenan lalaau Tagldinaiia Braunaver-

Emmett-Teller (BET method) TAwagaueadlugili 4.16

L e, ‘L - m i

—+— chitozan#2 - Adsorption

~£:- chitozan#2 - Desorption ..

i f i

R U b |
22+ ¢ { ; P

3 | 's : : .

R : : T,
ﬂc? : ; II :

| T (},j 1
18— * —

1‘. o
1.6 ’ ‘ i

i : /177
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i
{
i
i
- oz ar - i :
4 ! ] )
K / . : | '
N o S o e
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Relative Pressure (P/Po) -

511 4.16 uansgle lmmeunisuenwosy (adsorb) e luTasiouuu

Moymansananvesla lamufiaion1a

¥

a o a ' A 4 ~
INMIIATIEHAImATa BET wuh symansanauves lnTamufinsow latinum

o
A52319) 3.02 ST UNATADNTY HazUIUIMINIU 43.72 A
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4.3 msanmawdsmalasulnnsil

a s

4.3.1 msmageulszanEmmaeduimangeq
a a [ 4 = = o 9y
msnageulsz@ninmasduinimgu] lasulnns i s lalasms
£
o awv A
a$19n31MIufumes (Van deemter graph) leoldmisazarsuiasgiu luauddedlldens
mmgmiwq%u (Toluene) Lﬁamfiﬁmamwaﬂmmqyﬁ (number of theoretical plate; N)

u.athmmqwmmaﬂquyﬁ (height equivalent to a theoretical plate; HETP)

I3
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. = Jd Y 9 T 1 LYY
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i dq ddag a s v
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o 1 a aa o { a 4 { o ot
Tulnsnsudeiiagans, YSuasnaa 20 lulasans uazldmndoun ao e Ins lu'lnsdeae

¥ [
111 (75:25) A1 HETP ueiaza1 1a91nmsfiulisa1siuumanainaaimsae1Ansasi na

§ as :I’ ] o 1 v w Jda Y
A199 fu aIndwiduanal HETP  laeldgasanuduiusni B == duanasly

L
N
AIARUIN A
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Van deemter
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o
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mImuIammalasaninni

MANUIN N

Flow rate | Rrtention time Was N
VYV (cm) HETP

(ml/min) (min) (ml/min) (plate/m)
0.2 10.738 6.95 1.90 7412.627424 0.000033726233
0.3 7.105 7.10 1.60 10909.03906 - 0.0000229167756
0.4 5.267 6.60 1.40 12312.36750 0.0000203047873
0.5 4.217 6.35 1.50 9928.295556 0.0000251805558
0.6 3.517 6.65 1.60 9570.025391 0.0000261232327
0.7 3.056 8.55 1.90 11218.500000 0.0000222846192
0.8 2.683 6.95 1.75 8737.823673 0.0000286112434
0.9 2.396 7.70 1.90 9098.797784 0.0000274761574
1.0 2.164 6.40 1.50 10085.26222 0.0000247886465
1.1 1.964 5.15 1.30 8694.35799 0.0000287542795
1.2 1.806 7.05 1.65 10113.93388 0.000024718374
1.3 1.704 7.30 1.70 10215.45329 0.0000244727271
1.4 1.590 6.30 1.63 8275.908013 0.0000302081656
1.5 1.502 5.65 1.30 10464.535500 0.0000238902147

N = 5.54(L)2

Wys
ueTP =L (L=aNug17n08u1 m)

N
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