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Figure 1-1 Surimi processing flow and sample collection : (W1-W8) Indicate different wastewater
streams, (UF) Ultrafiltration and (MF) Microfiltration.

1 : Lin uazngie (1995)
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Table 1-1 Rate and composition of wastewaters collected at different points on surimi

processing line.

Waste  Wastewater/ Moisture Protein Nonprotein Fat Ash

surimi (L/kg) (%) (%) Nitrogen (%) (%) (%)

W1 0464008 97104004 2344025  0.13%0.01 0.19+ 0.01 0.41+ 0.01

w2 3.75%0.14  98.78°+0.05 097°+005 0084000  0.11%+0.01 0.38'+ 0.02

W3 10.07°+ 1.44 98.8740.01  0.99°+0.14 0.04+ 0.00 0.06 % 0.00 0.17°+ 0.0t

w4 1654049  9898°+003 086+0.01 005+0.00  0.04+0.00 0.21°+ 0.03

WS 11.02°+6.86 98.857+003 099°+0.01 004+000 0054000  0.09%+0.01

W6 2404142 9920+ 003 0.89"+001 0.04+000 008001  0.14%+£0.00

W7 2.11"+ 0.88 9920+ 0.04 046+ 0.06  0.04°+ 0.00 0.10™+ 0.01 0.12°+ 0.01

w8 0.03°+ 0.01 99.15+0.04 0.54°+0.02  0.04+ 0.00 0.09+ 0.01 0.11%+ 0.01

" and *: Denote mean and standard deviation respectively.
a, b, ¢, d: Different letters in the same column indicate significant difference (p < 0.05).
W1-W8: Sources of wastewater as illustrated in Figure 1-1.

N30 : Lin uazang (1995)
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AWl 1-2 SDS-PAGE v TilsAuluasil Tstudifuferlunszuiumsnangsi oz
Iﬂ‘jauﬁ]1ﬂ1§1ﬁ&%1ﬂﬂi$ﬂjuﬂ1iwaﬁlﬂﬁﬁ () Tus@unasg, (1) Tsauanasi,
(2) Tals@197n Rotary screen, (3) TsAunnmsifuiod Taoszun luTnsiams s,
(4-10) Tsaunnmaiufe Tasszuusans lamsFumudunoy wi-ws

Figure 1-2 SDS-PAGE of regular surimi, recovered proteins and wastewater concentrations :
(S) High molecular weight standard mixture, (1) Regular surimi, (2) The proteins
collected by rotary screen, (3) The recovered proteins by microfiltration,

(4-10) The UF concentrated proteins from waste streams W1-W8, respectively.

37 : Lin bazagie (1995)
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Lin uazfmiz (1995) finmanuie ilsaunnbdailelaus wohil Ilsfuunna
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¥
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n’; ] [ J : o a - 1 d‘ ! ﬂy 1 =
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Taonduaznisifiana liuanareingsinall dwlusduidmudansfamssu lianso
[ - y - : & 1 o w o
ndullwanunssuaunseialk dissndidndwaznduuswdennsoih I 1$fuemsdad
) 2 o ' : : 1
Huidobro tiazAwz (1998) Anwimsituife hilsdunacmeiwmihdaiiotaa
a a W e a4 Ad a YA o s ] ar
upsnATBUAIAA BT UNN IUsAuRuRe WWiNe ndun 14 lue s wudmdsen
1 ¥y o »
nyuisniduiedmuaud i i A udududedons Wamsdu omiui lusids Frozen)
nSouhoudumsiuds (Freeze-dired) wansnaaosingh Tsaufifuifernndiasuuda
1 ° =1 ar T a o o - e oo v o
Hunszuumsiudeeziinnunsianani Tsaunfuinunlugvesdiasuusuds
» »
Benjakul tazamz (1996) wunhuhdwdistawaiilsdwariianusiduuoa
1 ¥ ¥
BYIUIULIN ABIN Mireles DeWitt taz Morrissey (2002a) Tafinymstiuiien TalsAwasimine
Tunszvumsnaagsiiiosnduen Ininfinusmiassugdsguaniun ifotramsnan
Tugagmassuams wu dnnlflunszuounsnssanldsiulslas laam (Hydrolysate)
s IR e (Clarification) N3MN (Fermentation) un:msﬁﬂﬁéﬂu‘tju (Tenderization) Fudu
¢
15 mafiuwderldsfvemifdunsruuntsuingsa
g a a o A v o Wy oo gy )
msHuifier Wsauhazaonsuvivassey luveunazensai ldnmeis 1]Rud
ﬂ'ﬁliﬂﬂiﬂﬁﬁi{ﬂlﬁ%ﬂﬂ (Centrifugation) mMINwie (Drum drying) M3@NALNOY (Precipitation)
msuaniauilszy (lon-exchange) M3I5EMY (Evaporation) M3TNIAZNEY (Coagulation/Flocculation)
IASMINBUALABLAIWDINIART A (Dissolved air flotation:DAF) (i1 (Afonso and Borquez,
& dg "o ' o g L =
2002) ¥e9z1975 1anAuegSuANuMmInzanudoznsd eanndtang IdeRuazdade
uandniull o pffuienienanaznon IsAudhiEAlddunuA tnsi 13 houssinin 1
TusAwidoctn1n (Nishioka and Shimizu, 1983 #141Ag Afonso and Borquez, 2002) a3 Tuann/aou

eyl 1dkdadast TustuiuSqnusi W hnSnanios (Hone, 1986 819100 Liner at, 1995)
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¥ - r] 2 & aa g o =
aszuunInses lnelfumsudodlud nmadenuil i m s ums uf o Tusau
uTssrgaamnssulasideldnSounnnii338u (Mulder, 1993; Afonso and Borquez, 2002;
) rq
Afonso et al., 2004) (199970
() wuRsa Tdsmunotindunidls: Tosiawisod 1dnaisds fe
- IR ITdudY (Concentration) Aon1siidasiviazaivenyi iy laaisi
o v w &
ADINTTIUTUGY
1 . . < L4 o 9 < = -
- MSWUNT U (Fractionation) AOMIHENBIALIZNBUNGDIMINTIIYIIANSD
UINNTIDONVINATTHAL
o q ¥ a o . . oy 0 o PR
- MIMIRUSNT (Purification) Aenrsisaesh ludsantsoen
[} ¥ .
(2) drumeiieoni Rawsodedduszyuveriwwou navu i nd lunszaums
= - U 1 a o o, ﬂ’ &
wormIndasvasgszuuiiniamimaldae
st et a @ i ] - [] = 4
3) s nimuzdmivasihaemsnFoan wu Tusiu 1ou'ls go3Tuu
& qr.n: o ﬂ 9 49 P
Weandtil s ntudealdanudounazaisiadl
(@) el ludetenivsuiauin Seremsvswizaumsriiauldiivug
4 2
INUTIVU (Scale-up)
(5) AUt 18N IMUUNE (Batch) AL UABINL B9 (Continuous)

6) msalFsmduitnisoun'ld
2. mInsedlnalvsnuusunisanudmiunsaty

Howell (1993) Nea1 mnugu Aip Aanansidustnisveunalaeaduuay
dondhiiirdamsinvesdmlszneuluveananiu Tavordoussdusuiivh s Tnari
WULTUHAZIARN TN 1FU HAAI1IYDINTIWITUTY HTDNAA1YBIA LAY ﬁﬁﬁﬂﬁ’fmﬁ
nuauAlumsidondumisnilannn st (Semi-permeable) (GA S5zFaumn, 2541;

t

Bodalo ef al., 2001) maTuladmsnsesdromuusudenidnoamgalunmsdiaiude

=2 a ¥ ¥ oy 1 o ¥ a = yu’: = ] 2 1
suwiamaniidudy msusndn vasi Syt Tamsamsiiazmoins liazani Tagdm

' »
gzl amdunsimuqudvesndadaainasnisiniaiuge (Afonso and Borquez, 2002)

2.1 YHAYBANUILTH

Mulder (1993) wissliavewnusumuvinagnguiusiatizuo hifigngu

4 a a e oo
FTWATIOVAAIY
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= = &
211 WS UHLDU AU (Porous membranes) W15 MIBUIATHIUFIMLIGAIUUIA
Wuruguinaavesgniennuneussveaila Tas IUPAC (International Union of Pure and
»
Applied Chemistry 1985) wiisavasvuingoeniilu 3 ngu dail
2.1.1.1 Macropores fig ngusuusuiivuagwgulnainit 50 nnluwas 1114
Tunaszurums TuTasAams$u (Microfiltration)
2.1.1.2 Mesopores 719 ngusnuusuiniivanguiiog iy 250 wilusms ¥y
TunszuaunmsdansWawms¥u (Ultrafiltration)
. - ] oa o ' © 3
2.1.1.3 Micropores f1D AQUUBLITUNVIUIATHIUIANNDT 2 w1 Twes thldlsy
Tunszuaumsut TuAams$u (Nanofiltration) tnzoaa IuFafundy (Reverse osmosis)
2.1.2 s uuyy Tl gngu (Non-porous membrane) M3 810N1L5 UUUIUY
{Dense membrane) ’1%"1unszmumsuunﬁw (Gas separation) mornlwets ¥y (Pervaporation)
Tnes la%a (Dialysis) uazdian Tns laelada (Electrodialysis)
ot ar L ¥ g 1
i 13 udetnaasdiunumndaves Tnssadumeluveswusy

wpugniusazuysu luligngu

O P
%D'b' ‘o'e
.C.) O’R ?o.t

porous membrane nonporous membrane
microfiltration/ gas separation/
ultrafiltration pervaporaton

pmdt 13 s LS usylignguiazuu liliyngu

Figure 1-3 Schematic drawing of a porous and non-porous membrane.

M : Mulder (1993)
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2.2 Wszamveanszuaumsuendannuy sy
o o o o a o
Donnelly Hagamy (1998), SAU1 3525AUINUN (2541) uag Tnea Isfe (2544)
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] »
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o ﬂ o e o oo ﬂ ey ¥ o ¥ o’
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& A ' o : r .
HLTUNINUBUIUNTUIDOU (Softening membrane)
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-] a [ ] o o )
wnaan Wszina 2-20 W Tuwas dwmivuenes luenalng) wu wu'lenl aeaased tas Tilsdy
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ponvIMiLas s Wwianalbn dredwasasasinenmemunududulunszuaunist Tdun
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v viwalll msazateeulanl msdfFue uasiisnalssugaamnisu Taoldanudu
Tunsfleumsazmoshummusudszuna 100-800 kPa (1-8 atm) 1lpavINNsEUINMINTBY
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iy UF Wumsuonans wanalvg) dniuseendagnazatihuinin Tuegaunu Taold
Molecular weight cut-off (MWCO) (91 IiILISUHT MWCO 4,000 Da ¥ueanui Adgnazanud
: o ' o  ar ] o v\ ﬂ'ﬂ oy LY o'
hin Tuanawnndi 4,000 Da szgnindunnndt 90% mlddgnazarshlivimin luonad
¥ v
ahitszrnumsy I 1Atansegninduding
2.2.4 TulnsWaiwsdu (Microfiltration, MF) illunszuauns unnnsuiigngu
J ] o ar v o
Aoudlng ©.1-10 ulnswas) dmiuenarsluanalngy msuviuass nSeoymadneg
sonvInvemal Tasldnadrvesniumuiiuus dudulddgnazaroiumusuaglugag

» L4 »
100-500 kPa (1-5 atm) A5 159 ununswatefe mstdmima

23 ymumsinavesvesunaluszuumsnseadmmmusy

Zeman Udg Zydney (1996) BazSaU1 3525AUILUN (2541) sEuwgtuuuns Ina

»
vasweunan lussuLNIINIDIR B TY faitl
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Figure 1-4 The approximate pore size ranges of different types of synthetic membranes,

compared to dimensions of some components separated by membrane process.

- lwena 50T (2544)
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2.3.1 nszuumsnsieTavldnuduuuuame (Dead-end filtration) Fafiu
msfleumsazaolufimmafidennduimausy dannd 1-s NS ALAUVDIDYN ALY
FLILTY BonTUAn (Cake) MmsazauvpanmiIfaId IS InaituBuaam
19IM N8 1H8aT1015 1Ma (Flux) Ay suanain81352a137 N15AT0IUL
Tamsmnzdmiunisnsssmsazarsiidsznoudrveynravuiaidn Ysuudes
fanududud wezduiiuauuuune

232 n52UINMsnseams lastdauduuuynavina (Cross-flow filtration)
Fudlumsdeuaisazarovuufumumsuniosenindufimmiens lnaveuneiion
Finmd 1-5 pstleumisazaunyInaviiinavesusudeu midmiazareideowdn
SETUUNTOIFILNNABYNIADBNIAAINTIVBIUNILTU HAMI AL ANUDAANABIVINY i

o da J ] a o e
msanasvsadnmiaiu iz dmiunsnsssmsazaontianududugs

SUSPENSION

T

1]
=
N
o o o 2 o © z
':J o0 % o o © > 0-" 14
FILTER z 00— <Z:n
CAKEW I‘w Z © 40 +| 5
Bl b pem0
ATV T v
F ILTRATE
"DEAD- END-FILTRATION®" "CROSS-FLOW FILTRATION™

AN 1-5  nSouAoumsnsemuuilanie (Dead-end) saz Tnaw (Cross-flow)
Figure 1-5 Comparison of filtration principles between dead-end and cross-flow.

N : Kroner Uazame (1984)
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2.4 pluvvveasanysuy
Zeman B Zydney (1996) syl nmmusunionldluszundie fnaregpluny
AvaadlunInd 1-6 89 1-9 1Aun
2.4.1 BIBUTULDUND (Tubular module)
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AN 1-6  LINUTULLIUTD

Figure 1-6 Schematic representation of the tubular membrane module.

M : Zeman tay Zydney (1996)
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2.4.2 wnusuiidulonans (Hollow fiber module)

oo -1 ' Y 9ot o ar v
Funvuidanuudaswaznudeusiuldaneaunis Sdnwunilue
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FUNTWUVAINAIS (Capillary) mIsviwAnwmusuuuyi e ndesiinisdfuanimyes

M e ¥ A q" 3 o ¥ o4 o
msazaeneuind llnses issninunusunuviildensgaduuin dedfoaunsam
anuazeia 14 lagmsiinindr lsredudsanilsndng daasguulivesvesuuisy

sen 11 Yeidvaodulodnezuandie

Parmaae Aelentate

N 1-7 mmususpudulonads
Figure 1-7 Schematic representation of the hollow fiber membrane module.

N1 : Zeman 1oz Zydney (1996)
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2.4.3 WHIUTUUUDINWI02INTOY (Plate and frame module)
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Figure 1-8 Schematic representation of the plate-and-frame module.

N : Zeman (g Zydney (1996)
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2.4.4 WUUSULDUMBLI I (Spiral wounded module)
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Figure 1-9 Schematic representation of the spiral wound module.

W1 : Zeman 1o Zydney (1996)
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2.5 VOAVRINTZUIUNITNTBIA WUUMIUTH
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Figure 1-10 Concentration polarization.

At : Saun IssTauuun (2541)
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Figure 1-11 Various stages of flux decline during protein filtration.

U1 : Marshall uazanie (1993)
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Figurel-12 Schematic illustration of protein crystallization
AUt : AAU099I0 Cherdrungsi (1999) UAE Chayen (2005)
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Figure 1-13 Classification of nucleation.

A1 : Mullin (1992)
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Figure 1-14 Microbatch technique for protein crystallization.

117 : D’ Arcy UagAME (2004)
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3.4.2 NSUNIVD 1D (Vapor diffusion)
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Figure 1-15 Vapor diffusion experiment for protein crystallization: (a} Hanging Drop,
(b) Sitting Drop and (¢) Sandwich Drop.

i http://perch.cimr.ac.uk/Course/Crystals/Theory/methods.html (2003)
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3.43 ASUNIVDIVDIUNAT (Liquid/liquid diffusion or Free interface diffusion)
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Figure 1-16 Liquid/liquid diffusion experiment for protein crystallization.

flu1 : McPherson {1982)
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34.4 ooz lage (Dialysis)
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Figure 1-17 Dialysis experiment for protein crystallization.

INE Scope (1987)
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101 : Jacobsen LALAME (1998)



41

Judge uazAME (1995) NAABIANHANYDI 1o TaYliU (Ovalbumin) (AIWHA 1-19)

nnlusauliva 91nndnnis Salting-out tveanAmIMsnzaeved Isauildmsazaioeglu

=1

ANINDUAID9039 lagiauaIsazarsnaeneu lulousana (Ammonium sulfate) UH 2
Yy Tiess ol o o ' = Y I
ANUAVTY 27%w/v BE19919 a9 luasazate lsAudlegaluvasinmualsnnuiEId e

a = = = " ~ @
Ysuemilu 4.9 91 30 oo 1INNAVDY SDS-PAGE WUMETazaeNivaondInnnan
5 = = o = , ar = - L4 j
(Mother liquor) 3 T15@1 ToFayiiu (Ovalbumin) TAtiatiit (Conalbumin) waz TaTalal (Lysozyme)
c-i P | Qs = v = Y a m" 9 1
Tuvnswantimwiz Todayiiu naashamnsousnTusauliusgns 14 dew Judge wazamz
=Y ' Aa 3 =) =Y 9
(1998) Anwstiananveslalelydonaisazaenimsdudleullsdurarvsia Taely

Tsulnduiagavdalsznendinlala'lad 3.4%, TeSayiu 54%, Tastayiiu 12% uay

=D-
Lo
c=
o
o)
So.
-
ﬁﬂ
-—
"3
e
=
2)))}
=)
=2

o0
o)
—1
=3
——
De

Mnh 1-19 wanTedayiiuein Tdsaulien
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