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Abstract

The continuous enzymatic membrane reactor (CEMR) is the system of alternative
for hydrolysis process involving proteins which has higher productivities and more uniform
products than batch-type reactors. In this study, the CEMR was employed to produce ACE
inhibitory peptides from tilapia protein. A hollow fiber membrane (MWCO 1 kDa) was equipped
with stirred reactor tank. The enzymatic hydrolysis and separation of peptides conditions were
performed at constant transmembrane pressure (1.3 bar), cross flow velocity (1.5 m s),
temperature (50°C) and pH (8). The investigations of the effect of substrate feeding pattern,
enzyme concentration, and gas-liquid two-phase flow on performance of CEMR were studied. It
was found that the substrate feeding pattern A which was the most suitable for producing of ACE
inhibitory peptides because it gave constant flux and high ACE inhibitory activity. The enzyme
concentration at 15 unit g”'protein gave high ACE inhibitory activity conversion and productivity.
Addition of gas sparging into the membrane module led to increase permeate flux compared with
that without gas sparging. In addition, gas injection factor up to 0.35 gave the best improvement
of permeate flux, and ACE inhibitory activity of permeate was increased. Operating using
substrate feeding pattern A, at € = 0.35, TMP = 1.3 bar, CFV = 1.5 m s, and enzyme
concentration = 15 unit g'1protein at 720 min of operation, ACE inhibitory activity conversion and
productivity were 400 % and 3.40 mg ACE inhibitory peptides unit’ of enzyme. Simulated
gastrointestinal digestion on the ACE inhibitory activity of peptides in pre-hydrolysis, retentate
and permeate were investigated. The results showed that peptides in permeate gave the highest
ACE inhibitory activity when digested with pepsin and pancreatin. This result indicates that

CBEMR was successfully employed to produce ACE inhibitory peptides.
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Effect of enzyme concentration on enzyme activity during CEMR system using
substrate feeding pattern A (S, = 1 % w/v, TMP = 1.3 bar, CFV = 1.5 m s,
temperature = 50 %C, and initial volume = 550 mL) (A, ‘, and .; enzyme
activity at E, (pre-hydrolysis time) = 10 unit g'protein (150 min), 15 unit g'protein
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Effect of gas-liquid two-phase flow on protein conversion and productivity of protein
during CEMR system using substrate feeding pattern A (E,= 15 unit g”protein, S,
= 1 % whv, pre-hydrolysis time = 120 min, TMP = 1.3 bar, CFV = 1.5 m s,
temperature = 50 °C, and initial volume = 550 mL) (O, <> /\ and |:|; conversion
of £=0,025 035and 0.5and @, €, A and I productivity of € = 0, 0.25,
0.35 and 0.5, respectively)
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time = 120 min, temperature = 50 OC, and initial volume = 550 mL). Pre-
hudrolysis: The peptide solutions were incubated in buffer solutions (HCI

and potassium chloride buffer). Pepsin: The peptide solutions were incubated
with pepsin (20 ug/ml) solution for 4 hrs at 37°C. Pensin + panceatin: The
peptide solutions were successively digested with pepsin for 4 hrs. They
were further incubated in pancreatin solution for another 4 hrs at 37°C. The
ACE inhibitory activity are expressed as mean +* standard deviation (n = 3).
Effect of simulated gastrointestinal digestion on the ACE inhibitory activity of
peptides in retentate (Ey= 15 unit g‘1protein, S, =1 % wiv, pre-hydrolysis time
=120 min, TMP = 1.3 bar, CFV =15 m s'1, temperature = 50 OC, initial volume =
550 mL, and € = 0.35). Retentate: The peptide solutions were incubated in
buffer solutions (HCI and potassium chloride buffer). Pepsin: The peptide
solutions were incubated with pepsin (20 ug/ml) solution for 4 hrs at 37°C.

Pensin + panceatin: The peptide solutions were successively digested with

Wb
31

32

33

34



Figure

17

msﬂ'mumw (List of illustrations) Ma

pepsin for 4 hrs. They were further incubated in pancreatin solution for another
4 hrs at 37°C. The ACE inhibitory activity are expressed as mean + standard
deviation (n = 3).

Effect of simulated gastrointestinal digestion on the ACE inhibitory activity of
peptides in permeate (E,= 15 unit g”'protein, S, = 1 % wiv, pre-hydrolysis

time = 120 min, TMP = 1.3 bar, CFV = 1.5 m s, temperature = 50 °C, initial
volume = 550 mL, and € = 0.35). Permeate: The peptide solutions were
incubated in buffer solutions (HCI and potassium chloride buffer). Pepsin:
The peptide solutions were incubated with pepsin (20 ug/ml) solution

for 4 hrs at 37°C. Pensin + panceatin: The peptide solutions were
successively digested with pepsin for 4 hrs. They were further incubated in
pancreatin solution for another 4 hrs at 37°C. The ACE inhibitory activity are

expressed as mean * standard deviation (n = 3).
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HAANaT lagadiUTungIuazdamnInG Perea Waz Ugalde (1996) Uz Prieto LAz (2007)
nanfinmIdygndltizuy CEMR lunszuiunfand Indlinfanagiuazyildlaing Ind nd
PUIAAINABINNTUITNIINTU3z’NTNINENTNITMINEALDUAILAN uaznIHEaduUnIot
L&mLuml,auvlfﬁﬂm!ulfmul,mm]: (Cyclic batch enzymatic membrane reactor, CBEMR) (Chiang
etal, 2006) laslunszuiuntanfadioszuy CEMR # snsasduazgniduasldludadfnaaldae
USHNaIAIivnnuNIT asanvadwadiianatnddatila aradaNe WUI1IzUU CEMR an
o a (n:id nf a s a dl a 6
iandszgndllunszuiunsnfawd indndgninsfinwaniagdufinannaie a1l 1
14584 (Perea and Ugalde, 1996) ©1L%a84 (Chiang et al., 2006) 2112 (Chiang et al., 2008)
Lﬁawg (Wei and Chiang, 2009) SRR (Huang et al., 2011) LLazﬂQL@m%’mLLﬂdmﬁ (Cui et al.,
2011).

a a =) QE‘ v J 1 @ L=
UszanSawuainiininaisaangniniaiinwaluszuy CEMR dunagnunansaidy

v
%

917 Aanssnvadanlod soznamlumsdifiunsluscuy anauduturaIansaIanLazian sl
3“1]LLUUI%ﬂ’]SL@Nﬁ’]i@%ﬁulﬁ"ﬁjﬁzuu samdnasannsuaotanls WAL AFUL AU BILUNLLITY
(Lee and Kim, 1993) I@mgﬂLmumaomitﬁm’mﬁ@TmiﬂﬂlmzuuLLa:mﬂmmaoLwaﬁLamaﬂ
mﬂi:uuaﬂ'wa@imﬁaaLﬂuﬁaﬁﬁﬂ"'mu@iaﬂizﬁ‘ﬂ%mwmaommﬁmwﬂ"lmﬁ (Lyagin et al., 2010) Lee
ez Kim (1993) ﬁﬂmwamaogﬂLLmJ"uaomilﬁwms@fdéfﬂm:uu CEMR wWuinUIunm dnnaw
1na$7 (conversion) %%amnﬂﬁuuuﬂmi’mqﬁuvmLﬂumawﬁmﬁaﬂa RUNUTALIATINTLANET
@ﬁiﬁuslumzmummﬁmmagiaamﬂﬁannzﬁﬁmu@ WONINHANUTUTUVDITTAIGH 128N
ANTANAUNTT waza NIt TuUedtaw ey FinNadaUseANTAINVITELUY CEMR
Grzeoekowiak-Przywecka iz Slominska (2005) FENUNATBIANNTNT UL W bl lunTEuInANg
HAARASTINNIUASIRI832 UL CEMR wud1 matfinanudutusasianloiain 0.80 FAU g
DS 19 2.65 FAU g"'DS dswamstindSunauanlng 2.5 111 nasniiun1snsassdssaanilaas
i (ultrafiltration)

oo ldTymadgfnulunszuiunisnsssdiosaanfanstudonisaaasmanad
mmﬁaamnmnﬁmﬂmuﬁ'a (flouling) LRTADULTINTT WA bILTTH (concentration polarization)
(Paolucci-Jeanjean et al., 2000b) @”aifumsmuqumuﬁ@vima505& dugssndulunszuainms
nAamInaay Inadndonsmedann ﬁﬁ)ﬁgﬂ'uﬁmiﬁmmys] mﬂﬁﬂw’]ﬂitﬂqﬂ@ﬂfﬁ’lwaUﬂﬁi
nyasusaaanITuiaiudWanduaanadian (permeate flux) wsaaansL AR LT
miﬂiaumumzuaﬁmgmu (vortex flow filtration) (Agarwal, 1997) n13UsuaAMLTUNIAES
(pH adjustment) (Waungana et al., 1998) NMIANNA1NVIN (cross flushing) (Kennedy et al., 1998)

AnangInga (critical flux) (Field et al., 1995) NNTITAIMNAUTUUULUNIN RIBUUUEAUNAY



(transmembrane pressure pulsing or backpulsing) (Kim et al., 2007) Was AT ARLUURDITDIUY
(two-phase flow) (Lee et al., 1993) gﬂLLUUﬂ’]SVL%aLLUU 2 80w (two-phase flow) Va4
2Y89LUA7 (gas-liquid) %38 gas-liquid two-phase flow Lﬂuﬁﬁmwﬁaﬁmau‘lﬁ]ﬁgﬂﬁﬁm‘l,fl,ﬁiaﬁasJ
AANILAANIIAITILNNLLTY lagaun1a289WeIaINIALAZNIT ARTBIVBILAAINETILN
Tmaqamaamsﬁﬁaamimaamugwgwaamemu WATANIENBWNIATEIENTIEN lUTaw9NT
azamjaoagkmﬂs'fiaLﬂumm@;maaﬂ’mﬁ@wn?{d M8 sun Ny duas i asuuRunaY
Tale (Li et al., 2008; Youravong et al., 2010; Laorko et al., 2011; Charoenphun, 2013) n13
UszyndlFazuy gas-liquid two-phase flow lunIzuIuN1INTAIGIBLUNLTYL L% N1TusnLawlmsf
ﬁnﬂﬁ’mﬂm‘gm (Li et al., 2008) ilgu1s23@ (Youravong et al., 2010) iuelils (Laorko et al.,
2011) m‘su,zmLwﬂiﬂﬁﬁﬁqwﬂumsﬁmaggaSai:LLaszﬂ"LmTﬁﬁqwﬁslumié'uLLﬂaLS‘fmw
(Charoenphun, 2013) waznsusniwdindddanslunisdugaiewlod ACE drssaanainsin
(Charoenphun, 2015) 9%uN1IHAARIToENANEIUNTsEUsILawles ACE anntitearfiadae
32UU CEMR TauAUMTLE gas-liquid two-phase flow muﬁamimaﬁmauqmmwmauwﬂ"l,m‘fﬁl
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a o a 6 XK = d a'l 1 = Aa o aq: =1
Nﬁ@]vl,@"'l,mzuumaaamaL@ummwaowm FaduuwInaniningulalunisdnsdaslua o

isTannarainazlasy

o v = o s [ ] A ] Aa fa A Ai

1. ldnTuds anudmagueafasedneg wazsnziwmanzdamaniamn inandgnslu
midudaawled ACE anlusdudanila vl Jnishwaunmenloiliiguniw uazfiusunm
HANRAEY

o [ qzni s ' a {Ad ni

2. magamunIINEINIIThasdauiT ld ldWandesaalunmskiawd indniiontlunns
gugatanbmi ACE annlusdutaniia

3. MIgTAnEALAzANIRINIIREMINAIMAATEENA lasaansnaieyadIng
msmwmﬂﬁﬁ'umiumwmm@wwuﬁmﬂmﬁa LLazLﬂumaLﬁ'aﬂlﬁﬂﬁﬁumﬁwgﬁaaanNﬁmﬁ'msﬁ
wiszdandaniia
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1. 1AL

1.1
1.2
1.3

2. @151@d

21
2.2
23
24
2.5
26
2.7
2.8
29
210
2.1
212
213
214
215
2.16
217
2.18
219
2.20
2.21

¢ a
qﬂmmuamﬁms

ssadiuazalnial

#1N78992UU RO (reverse osmosis water)
#naw (distilled water) #%suAlazinaail

Uanfiarwianand (350-500 NTuda6a)

N-Hippuryl-His-Leu hydrate (Sigma Chemical Co., a%%’gam%m)
n3alnsnaalsaz@da (RCI Labscan, ng)

A3AU3N (RCI Labscan, bne)

nyawaawasn (RCI Labscan, ne)

nyalalasaaa3n (RCI Labscan, ng)

aathdas (Il) Tawwa (Univar, saaasiag)

wnlaw3a (Captopril) (Sigma Chemical Co., 8nigatuin)
1@y LAATILBLIA LAAN LA TN

lgdsunaalss (RCI Labscan, ne)

ladauasuaiua (Univar, 8aLATLAY)
lmdsulaadasaina (RCI Labscan, ne)
lzdsulnunadaunisinsn (RCI Labscan, ng)
ladsylaasenleod (RCI Labscan, tne)
ladoulalunaalsyt (Loba, Buide)

auea-lalslalssnea (RCI Labscan, tne)
lalmduunasna (RCI Labscan, ng)

Tnls%u (RCI Labscan, vlml)

lulasiauufia (Thai Industrial Gas Co., Ltd., tne)
Imm%ﬁé’agﬁu (RCI Labscan, 'lng)
IwunsiGouaaabsa (RCI Labscan, ng)

Waﬁuﬂmmag?mﬁm (Loba, BLfe)



2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29

2.30

lululmidsunasne (RCI Labscan, ne)

083lN-WINAN a8d Lae (Sigma Chemical Co., §%33aL43N1)

@uaa (RCI Labscan, ne)

1@fiaeGina (RCI Labscan, tne)

Law brafiwun3Ladn 970 porcine pancreas (Sigma Chemical Co., &133alu5M1)
Law braflwdu 91N porcine gastric mucosa (Sigma Chemical Co., &W3gatasn)
wau lrdsanas 2.4L 970 Bacillus licheniformis (Novozyme, \@#u13n)
waddlatnudu-nauiasadiaw lasi 310 rabbit lung (Sigma Chemical Co.,
R13IFOLNINN)

WaR-T3% (Sigma Chemical Co., X%133844301)

3. nvaviiauazainant

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

3.9

3.10
3.11
3.12
3.13
3.14
3.15

\NIAAINNAY (Sang Chai Meter Co., Ltd., ne)
1A389N589%N32 UL RO (Drink Dee Co., Ltd, 'Ing)
LA3BININENIULL Overhead Stirrer (IKA, 1a535)
\w3a9tasimsin Wi (AND Co., Ltd, dilw)
Lﬂ%iaaumffa (Kenwood, Huizhuo, mmsm%’gﬂiwwu?m)
in3asiadranuluniacg (Eutech Instruments Pte Ltd, F9aly3)
Lﬂ%iamw@m@@mﬁulmd (Thermo Scientific GENESYS 20, tﬁﬂqu)
1309310 T1A1U6% 35 Kieldahl
Digestion Unit §%a Buchi §4 K-435 aiaLsesuaud
Distillation Unit §%® Buchi 1 B-316 aIalmasuaud
Lﬂ%‘ia\‘m&lqumfjm (Andreas Hettich GmbH & Co. KG, Lﬂaiuﬁ)
@@ﬁdﬂg‘jﬂitﬁ (B.E.Marubishi (Thailand) Co., Ltd., vl"nil)
Tusasmpeng (Masterflex, J1IFaLNIN)
TwaTa lWwuNLL T (Healthcare Bio-Science (Thailand) Ltd, tne)
wnanannunitanuylwariugasuay (Schott instruments, Loasuil)
sue19Balanu (Masterflex, §3gaLuInT)

dvhauaNannd (Memmert, Loasuil)
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1. ﬂﬁiﬂﬂﬂlﬂﬂlﬂﬂﬁﬁqnﬁi%ﬂ’]iﬂﬂEl\‘lL?J%l‘li&l ACE mmﬁaﬂmuaﬁ'smzuu CEMR

nstasanasazatalidstwarnitailaina

=4 o 1 = &' a va A s U s 6

nIaSuuarat19gTazatuldsdnainitadarialtasni1sUsusAINaILaaa la i
(alkaline treatment) lasaautasitnisved Raghavan ag Kristinsson (2008) #1daitagauuia
A8 (350-500 NINGEGD) watewddIndulile wunie wazrtsvateen ualdaziduadis
LAIAILALIED VL@TLﬁmema:LﬁﬂwﬁﬁIﬂiﬁuL%uﬁuagiumﬁayaz 17 019 25 AINWUTI A LA O
fIBNFNTERINLHaUauaazfuadatn luaagInTaL el UaazLA e 1 FIudaTN 14 8%
Usudranuiduniadayinny 11 aruatazanslaaunlaasanlodainududw 2 Tuans uas
nwkaN I InauLdwaT 30 win ﬁqmvm“ﬁﬁaa LazUTUANAN VLT UNTAAIVDIVDINRNLINAL
8 A28aNIazAUNIA lalaInaaIn AUtk 0.1 luans wazwasiwatiwwasniungulwoingw
L3287 30 W ﬁqmﬁgﬁﬁaa NTAIRIIACANUNIFNNIRNAGILEIVIILNY  LAUAIDENIRITALAE
NRNNNIWATNTEI WA TeRUSInalys@ulAee3T Kjeldahl (AOAC, 1999) lawazldznsazans
dld =1 v U v g’ L= 1 a dl v @ [ dq’
ARlUsAuwa NIl TzimIasar 1 (lasinindaySunas) ssazaen ledanumeiduiite
a o A 1 o Q =} £% Qs = 1 1 U 1 Qs
L@mﬂuamnﬂ;uuﬂﬂmm'}wu@mUmma@ﬂ’nwu@l,l,uu"lmmumamﬂuvl,@mm’mu 0.0019
U1RANAETWIN ULASIABIRINAIBLATITINRIAGN IR LA LYInnY 1366 ﬁIan%’miaQﬂmﬂﬁ
LAY

nsInnaInIsNBastawluNllstitos

mysafanssuvaenloilusdealasldasazarslusduanitodafialuansesdn
faulasisnmIuas Wang uaz Hesseltine (1965) taulaslusaiaanldlunmesasda tonladss
ANLAE 2.4L 90 Bacillus licheniformis Gawuinddszansawlunndesldsdulmitoarfialwle
il lnendanilunisaussonled ACE §9 (Charoenphun et al., 2013) Suanmyitenlad 1
Jafaas lalunsaanaaad ﬂu‘ﬁ'qmﬁgﬁ 40 99 TaLTaE LTUIaTWI% 5 WIN NEUNFNND
WostaWiwas anutudn 0.1 Tua1s Adarnnudunsasariiny 7 Usunes 1 Saaaas uay
dumsazansldsduandanilafianfanududuuasldsduiosas 1 nawliidanu s luvud
9NN 40 aseoaiFos Luan 10 win wunsalnseaalsesdaandanudutuionas 5
Usu1as 3 Uadaas Lﬁuvﬁﬁaﬁﬂmnﬂﬁﬁauﬂunmmu 30 W11 LAZNIBIHIBNIZAIENTD
Whatman No.1 $N&13828187H1uN13nT89u8) 1 Ssaaas nannuasazaslaoifouaiiuaiue

v v 6 a a aa a a a a v v 6 o
ANNLTNVYW 0.4 IEJﬂ’]‘i UIN197 5 Uafaas LG]&IWG&%‘HIE]LLﬂﬂ(ﬂ‘iL@L’ﬂ%ﬂ’)’]ﬁJL“D&l"ﬂ% 1 Ha3UA



133195 0.5 UaFaAT ﬂmﬁqm%gﬁﬁaauwu 30 U f@ﬁwms@@ﬂﬁmmaﬁm'}um’mﬁu 660 W1

liwaas lagloinawduiussd nnwanasgvldasszaisinlsduduasuasgiunsisana

Wt 0 9 100 lulasnsudeladans NansTnvesanlodlusfesdwinauaunin (1)

[fnsganduussft 600 wiluaas X dinnemimue X Hiuwwrianuiand]

Aanssnvasionloilysdas = -
[Frenuguvesaums X 1am]

*Rantsuvadtanlaililsalas ﬁ‘vxmsJLﬂugﬁm@iaﬂ%“maﬂﬂsﬁuﬂmﬁa
= 4‘ a QZ' % ] a a o‘d'd
1.1 msdnszduuufimanzanvasnsiaaasasawaalszansnmasandndng

tE Y QZ' 6 t:ly a 1
analwnsgugstanlas ACE annthalaihanaszuu CEMR

snssazanslusdunnilaUaiiafiaionldusinas 550 Gaddas laludsugnsal aougu
A1enANUIUNIAEIYINAL 8 gunni 50 89ALTALTERAREANTINARDS \Antanloiaana s
24L (@anduenloidessazaslUsduriiiy 20 giadaniulusdu) desludsdjnsalidu
a1 90 Wt nawsunted lasldiwuwawa 1 Alaaadn snnzfldlumnsasveswaiusuie
AMNAUTY 1.3 U135 ANNLTIANNVING 1.5 LUATABTIUNT  ANBIUZNITIAINITZUUAILAAI L1
Figure 1 Usznaudisdansasfelwidalnuauiusiuuiusuid MWCO amwa 1 Alamadn 1na
IAANUABFINILIAAMNAWLTILAZDANINNLNNLLTY mmL%qmm’mmuqui@ﬂfﬁ”ﬁ@mﬂ
84 SruanuautuaIvgulasliinumnigs uaz iwedianandd gungiivasszuugnaluga
I@;Jmtnwuaaf’:ﬂmmﬁmuquqm%gﬁmﬂuﬁhﬂﬁmtﬁ ﬂ%mmmauwaﬁl,awi'@sl,ugﬂmaaﬁmﬁfﬂ
fraaaata LW AquANITITaINMINIudIsluNaialuisiuuduuun (flat blade disc

turbine) A1 Reynolds number (R,) t¥inNU 21,228 (McCabe taz Smith, 1976)

Back pressure valve

Pressure indicator

Flow meter
Membrane module

Needle valve

Reactor

Electrical balance

(R—
Feed pump

Figure 1 Schematic diagram of CEMR system



nmdnszduuuraInsiduamsasduudinisnasssaanidu 4 Uuuy dsznaudis jduuy A
& a < o ' oA v |1a € 1 o @ a

dunaduasasduatvdaiiiasludal fnsalirhivdannisinaeanzasnadion jUuuu B C
uaz D tdumad@uansasdulunsdnsotldivinnudsnnesisudn 550 Saddas WedSunasluag
Ufjnsniaaadionas 5 10 waz 25 2a9U3uan3udu arnsau lagldszaziialunisdiiiu 720
wifl udiadimng 1 $alus naluiwefiianuaziinwnn uazliannuioun 95 asaaaidos
\uaan 10 wfl iNangafanTInvasiowls] Sianzgnalunssusaenles ACE vaswlng
miadanfialuiimnn usziwalion an13sInIulys@u (protein transmission (T,)) Auame

AIRNANTN 2

, L ~ anududusasldsiuluwaiion
A IainIwlUIAn (%) = — . — x 100 )
anututupasllaulussasanaGudn

a

d'l ¥ v = a 1 < a A et ] aa
Lda m’mLmumumaﬂﬂwuu%mmﬂu UAANIUGADURRINAT

mahanzignilunissusaenled ACE saamdIndanitalmilasaudasaniznig
NANB3IYaI Cushman LLaz Cheung (1971) It N-Hippuryl-His-Leu hydrate (Hip-His-Leu) uans
G961 NIINARAILTHIINNITINAIDLIINNIUNITINTDINILA AN TINALATTUNN 50 lulasaas  uas
8138aNULa% k3 ACE ANuLTNTW 2.5 afgfia USunas 100 lulasaas LGuadlug1Iazans N-
Hippuryl-His-Leu hydrate @3l ugw% 12.5 Aadluas U5u1as 100 laulasaas Nazaelulaidoy
Aaa l3a-UalIe UWas anuuTn 1.0 Tuans na1anuidunsasig 8.3 ﬁﬂ"lﬂﬂuﬁqm%nuﬁ 37
aseLraLdoR 1waan 1 T2l %é’amnﬁu%q@ﬂﬁﬁmﬁaﬂmﬂﬁwmm:mﬂﬂm"l,aimﬂaa'ﬁﬂ
ANNNTY 0.5 natua Usnnas 250 lulasans ananIaddiin (hippuric acid) 8anaNEILANT
WWutafinandinaad USu1as 1.5 Ja8aas ﬁ']"l,m”mhmsg@nﬁul,lmﬁamﬂ%aai’@@h@@ﬂﬁuum
NAMNLIAAK 228 WILWLUAT IINUWIATN L6 bldwrmniTeuestaw bl ACE wasiwid Indain
Afll a s 1 o =} ada £% (2 1 % Lo 6 1A
hadaiia AL WAIVANYILNNBUITNIIVIIAY ueazldartazarauiwiwasUsuias 50
lulasfias unumslgaagsnidiumnsasdrsasanfaastu lduadlansaidusnsanasgiui
\ v o =< e A aa v @ eaa nﬁL v &
390 MNTNT® 0 59 100 lulasniudafiadans anududuwsasndIndndgnslunsguds
el ACE ﬁ‘ﬁmmﬂuhﬂmn%’mm&amaaLmﬂimw’%a@iaﬁaﬁﬁm wiadwinlugdionazns

susaawlasl ACE vaandIndnnitadafiasiaunsh 3
Inhibition level (%) = [(E, - EJ(E, - E] X 100 @3)

Wa  E = AmIganduuasn 228 wilwaas vastieiniewnyal iz

E = AmIganduuasn 228 wlwuas nasngaljism
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E, = Ansganauuan 228 wilwaas vaddrattaunyalfizm

° ! & o . A A @ A = a A
ANWIRAIAAULIDITY (conversion) ®HIaNTILUR UuLLiJam@lq@UVLﬂLﬂuwawa@'ﬂaﬂﬁ] LAY

ANAANTN (productivity) AnAawIaITTUAN laannnIaauladidfnsues Cui uazame (2011)

Cp XVp

Protein conversion (%) = x 100 4)
CfXVf
‘ﬁl v v = QI v _1
Wa  Cc, = AT uvadlUsduluasazansisudu (mg mL)
c, = anudutuaasldsdulmwadianiivnanlasg (mg mL™")
V, = USuevasansazanasuas (mL)
v, = YSunavaawaiiianfiianlag (mL)

maaswulssssazaelusawliduwnwd Indadgnilunssusaenlas ACE wldan

M3auUaiidNIIT8d Cui Lazamke (2011) AIRNNT

Cp XVpXAp
CfXVfXAf

ACE inhibitory activity conversion (%) = x 100 (5)

e A = amasaninvenndndiidgndlumssudsenlssd ACE TuavazaeiSudu

(ug captopril g protein)

A, = anwswnsnvenndindifgnilumssusiewlsd ACE lwwafianfinalag

(ug captopril g protein)

ﬂ’%mmwﬁmnﬁwmaaiﬂsauﬁwwuﬂﬁiﬂamiagﬁmaamu"lmﬁﬁwmmluﬁmﬂ piladaniu
lisdiu w3 yiadadadniulysdu (unit g protein or unit mL™ of protein) W1ldann1saaulas

AN I89 Cui uazAke (2011) AIRNNNT

Protein conversiong X So¢ X F X t

Productivity of protein = ,
Enzyme concentration X Substrate volumey

Aldsdunaniassuiiala g

A . .
Ly protein conversion,

enzyme concentration = AN adLawh o] (unit mL™ of protein)
substrate volume, = PSnewsssszanslunsdfnsoiniailas (mo)
S, = anutuTwpaslsduninualuasdfnsaiinailag (mg mL™)

F, aaM T nazadwedianinainsdesla g (mL min™)
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t = nalunstasazan (min)

Usunmuaamwaasnd inandgnalunisdudsowlsd ACE daoszuuy CBCMR w'let
NMIaaLUaIITNIV89 Cui LazAte (2011) AIENANT

. . o Bioactive activity conversiong X So¢ X F X t
Bioactive productivity = - (7)
Enzyme concentrationx Substrate volume;

¢ A A & £
1.2 NIANBINAVBIANNALTNTW VDLW B Aol sEansa nasnd Indnagnsln

nsgugstanlasi ACE anntalarnaniaszuy CEMR

5 % U U Y 3’ b 1 a 1 2 6 @ ci
IAIduaNNTNTuTasa: 1 (lagiwindadSuias) desmuianloiaaniag 2.4 L 7
ANLTNTUT8RZ 5 10 15 Las 20 Qﬁ@@iﬂﬂ%’waﬂﬂsﬁuﬂmﬁa @qumﬂgmumiﬂaﬂ 50
asenLraldos Nenanudunsadis 8 lunsdfnsod win 180 wifi szALNTLREVEIRIBE197A
mﬂﬂ%mmw‘"uﬁ:l,wﬂvlmfﬁgn@”@ laolt3Teasin-w1nan 8adtas (OPA) aakladannisn1sves
Wanasundara et al. (2002) 33013342 RL50INNSLASEN0a5IN-NINEN 085 136 SLaLaud
a ' o & ~ a o A & v o A a &
(L@]ﬁuuﬂaulmnﬂﬂia) @388 2a3IN-WINAN 8ad bae ANNLTNTY 6 Tadluans (ezanslulan
waaANNdNTuIasas 95 (lasdSunasdadSunas) uaz waa-1a lslalssnes ANNGLT® 5.7 U84
luans azanelulodoy taasvuatea wanlatasn anudutusesa: 2 (lastinindadSuas)
wazlafoulaadasate (0.4 Jadand) wanluaasin-wan1an oadlas 3L0Laua 3 JaaaaT
i lduuidwaan 20 wn ﬁqm%gﬁﬁaa mﬂﬁfuﬁ']"lﬂi'@@hmig@nﬁuuaaﬁmmm’mﬁ'u 340 W)
2 d'l a 6 o al a ci 2 ] o

Tuluay aroiaIasridninslwladiaas mmmaaﬂmazﬂuamzﬂ@mnmmaUmmmslugﬂ
W84 serine-NH, lasld L-serine tiussazansuiaigin niaezdlusuduninualuitatanila
FUIBINNNTLBHAIUNIA LT laTARDINNAMNNTNTY 6 luans Namnnil 110 sseiaaidus 1w

1987 24 T L3d FI kI aUAZNNTEaLGILENNIIN 8

[NHz]r,—[NHz]T
DH (%) = X 0
(%) [NHz2]Totai—[NHz2]T

x 100 (8)

Wa  [NH,J,, Va9 O-NH, Nanlunsdas 0 wif

[NHZ]TX

UIuad O-NH, lusrulanaiannmstasaisian loiaanas

2.4 L 1duan x wn

[NH, ] o IUIUaI O-NH, 3NNIIEaLaILNIa
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BAIIRIUNITIARILWI NV ILRAILAANTAIUWIMINNATLNALA BTV INTAAANT gas
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U, = anuHlumslnavesveanal (ms™)
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W A1N3TNNINARBIVBY Laorko LaTAAT (2011) WdWanduadiwadiieon myasrulysau
wazintInddfgnslunisdussewlad ACE Tasrialunisifinauisranueing uaznsiia
anuLivasiadirinliauidudon (shear stress) AT UNIUTWAND Y @1 shear
stress number (N,) ﬁwﬁfammmugnmmLﬁsmﬁ'um’mw”um”u (Chiu 1La James, 2006) fi1 shear

stress number VaINT IAALNEIWRLAED (single-phase flow) FWITAINENANTA 10

2
PliquidU” liquid
NS =

TMP (19)

M3 RaLUL gas-liquid two-phase flow ﬂi:ﬂqﬂ@‘i‘awmnﬁaﬁ’m’sm%ﬁm shear stress number

(N&) lédamunsdi 11

/ Pmixture¥mixture
Ng = (11)
TMP
A . "
We  Pliquid = AMNAUILUUVBIVBIART (kg m™®)
Pmixture = AMURUILUUVBIVDINEN (kg M)
Uliquid = ANLIIVBIVBINART (M s™)
Umixture = AMLIIVBIVBINRY (M s™)
TMP = AUAKIL (Pa)

AMULTIVAIVDINFUATWIHINFUNTN 12

Umixture = Uliquid T+ Ugas (12)
ﬂ')’]ll‘ﬁu’]LL‘]/L%?]QG?]ENNﬁwﬁquamﬁ]’]ﬂawﬂqﬁﬁ 13

__ PgasUgastPliquidUliquid

Pmixture = . (13)
mixture

lunisdnsasifiaunainasaasnisiafmaddriiiy 0 025 035 uaz 0.50 wiafid1 N
WAL 0.020 0.026 0.030 L&z 0.039 ANEIAL MIANWINAVEY gas-liquid two-phase flow fa
AU umunIsianaassinnslasaaulasisn1meassuas Razavi uazams (2004)
lapawandoesinefienuazainsnnnusaswuiusm dudfugasausyouslunszuinnsam

W% sw1Inefuisdrsngaes Darcy lasenwsandazuaasfitSunasvasiwaiionfienuay
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LWInABRUIBNUNGBLIAT (Krishna et al., 2003) LAZRINIID Lﬁﬂulugﬂmaau,nﬁwﬁ'u LAZA2TY

FUWNUNT AR LA AITE

TMP
J= (14)
MR

di [ 6 a -1
Wwa  J = Wandvadtwadian (ms™)

™P = AMULANGANVAIANNAK (Pa)

u = ANuniauadiwailian (Pa.s)

R, = AMNGIWNUIIN (M)

AMUTUMUTINEIWIWAIINFNNITN 15

R=R,+R;+R; (15)
Ri = Riint Riex (16)
Wa R, = @NUNIRLBRANLTH (M)
R, = anwdwmunidsuuuiunayle (reversible fouling) (m™)
R, = anudwmundsuuudunsuldle (ireversible fouling) (m™)
R, = anudumurnidsmelusuudungulalld (internal irreversible fouling) (m™)
R. = anudwmunnsimeuenuuudiunasldle (extemal imeversible fouling) (m™)

v { a 3 1 Qs = =)
AMNUAIUNMUNLAATRTNAGaWANTUDILWARLANVDINTZUIWMTINULILTH  IWIAN2UNE

o ° \ o ¢ S o \ o o ¢ S
ANNIB R, drwmlasassanananduesinnenlsiim a1 R, milaanwanduasitdiuiua

% v 1 U [ Q Qs v v g/ IA o
LWTWARI LTI LAz R, i laannawangnasannaismiiazena ﬁmmmmm:gﬂmmm
granaduRTAlane g R, Aannudumuny dwmlasldauniin (15) uaz (16) f1 R, %1
MNNINTUAIIN %é’omﬂmzmumsmm@ﬁazham%aﬁuﬁmﬁwaammmngn"ﬁ:ﬁwﬁmﬁﬂ
2010 Mﬂjmzﬁmﬁwauwaﬁwm:gﬂﬂ@lufmaumsﬁnmmazammmmuﬂwa:mmﬂm
RN NLLTHALAINLIINNNDIN 1.5 LUATAAUIT WAAMNAWIY 0.5 U1T LTuiaa1 15 wifi
%ﬁi‘]mﬂmiﬁﬁqﬂ%ﬁLLsma%?{mﬂﬁi‘waaLwaﬁmm:gm% wazvinnITIaa WangiNal sz
ANAIWNIBAITLAANAIIRT AINWRTANBIUNATLANINATIANIILNNLUTWAILFIITAZANY

= 6 v £Z 6 o a =) % % 6

Tmaoalaasanladaiuidutn 0.5 wasua aonnil 50 a9ALTALTU ANNATY 0.5 LT Uae
= A A A A o o a o o M v
AMNLSIANVINY 1.5 LuATABIUNN LTWIa1 40 wH LWannIaNIRINBRanLUUNWAaL Ll le

WaINLRANRITAzAs A s laaTan LA ana 8 8219 LazIaaIWanSLNaUIZAIN LAY
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Frunmuauiuts luduaandasmid R, lasarsdsmiazansladonlalyasalsinaa
Vg 50 AWLEY aunnd 50 adauTaLTad ANUAURTL 0.5 U1T ANNTIANNIINN 1.5 1aTde
A7 1wan 40 wan @hmnmﬁ"ﬂuw’mgﬂﬁm’]ﬁ’]mmI@U‘L%amms‘ﬁ' (15) Waz (16) WAIIN
HWANUEZ AN AN THA BTN Rz 810 anudasasazaslmdsnlaasenladanuidutu 0.5
waiin gaangil 50 avrioalFow wa1wY 1 il wasldinazanadadrandaranui
nIeNavinny 7

mmfuﬁ'@Lﬁaﬂama:ﬁﬁﬁqmmmsﬁﬂmwamaa gas-liquid two-phase flow @7 ¢
AvzuIwNIe A AatasTuAele total recycle mode VANBINAVD gas-liquid two-phase flow
AENTZUIBNNTOAATINALATTHUULNE (batch mode) LHWLIa1 360 W71 FwI kAN recovery a9

FUNSN 17

Recovery (%) = Z2m22te®on o 100 (17)

USnaasua

2. msdnsnavaswlIndfiignalumssussienlss ACE Ainanlaln CEMR Aaszu
5’1&16071'10@%6'1%'1‘5‘1!60&%%5(Gastrointestinal tract, Gl-tract)
@T’;asj'mLwﬂvlﬂﬁﬁiwﬁmvlﬁgﬂﬁﬁmwmaulm:umﬁmao‘maLﬁummimawgwﬂ( lag
saulasau3innsuas Hwang (2010) daeesiinunlenagouinavue 3 daet19 Usznauee
m”aazhﬂﬂiﬁuﬁgﬂsiayﬁamauvlmﬁé'aml,amﬂunm 120 WAL IHI WA TATR I BN LT
28819 NG U 29T INIINNEIWARBITZUY CEMR wazaasgnandIndluiwadiandind
HIW52UU CEMR dra819anuituduiosas 1 lagiinindatsunnas) azanaluiwiwed
(wunsfounanlse-lalasaassn) anududn 0.1 Tuans Usunas 1 Sadaas nenanuunsa
619 2 waunuLen kiU SudSuas 1 §adaas @nuduau 20 lulasnsudadiafany) vudu
I8N 4 fﬁiwaluéwﬂauquqm%nﬂﬁﬁ 37 29ALTALTOR ﬁw"[ﬂlﬁmm%’auﬁqmﬁgﬁﬁwLaa@ 15
W Lﬁa%q@ﬁﬁmssmauauvlsnﬁ wussszasladoalaasenlad USuas 1 Sa8das inana
g 2 wasia waUsuaanuunsad1sliiniany 7 Jadienuduniadrsdasiaiasiadn
anuduniasng (pH meter) utisasazanafilsuananudunsassuds Usinas 1 Sadans 19
m'%iamz,‘lumffmﬁmmﬁnau 10000 g tJwiIan 40 Wi ‘ﬁ'qmﬁgﬁ 4 peraaios dauiiin
vasnarlalyanaseugnilunisdusaewlel ACE miszaefiUsuanudunsadaringy 7
guinaalsunes 1 daases hluiduenlofunuedieduanududusos: 2 (lagtiwinda

o

WRn) UTunas 1 adaas uwiﬂﬁmluéwamuquqm%gﬁ 37 29 TALTHR WA 4 32139

A

ﬁﬁ"l,ﬂlﬁmm%"auﬁqmunuﬁnﬁaﬂ 15 w1N Lﬁa%ﬂq@ﬁamsmauaﬂmﬁ i LT aIas
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WAKLWIBINANLTITOY 10000 g L% 40 w1 Ngawnndl 4 aseiaaifoy dawniin

yoamadlaluarasaugnilunissusaenles ACE

MIALAIEANRDAYINNITNARAS 3 T ﬁnﬂﬁfuﬁwﬁagaﬁiﬁm?mﬁzﬁﬁaQamoaﬁa‘[@al
NM133LA312R AN NLYTUTIU (ANOVA) LashINRINAaaddnnuuandi1s intn1snagaualny
LANATIVRIANLRREA283D Duncan’s New Multiple’s Range Test (DMRT) (Duncan, 1995) N13zau

AL TN WIDHAY 95
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25 PaIUSNIATISNGU FINALAAINANTVAINOTLaNAARILIAIRINITNIDIW BT LT4DIINNTT
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Flux (L m2h?)
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Figure 2  Effect of substrate feeding pattern on permeate flux during CEMR system (So = 1
% wiv, Eo = 20 unit g™tprotein, pre-hydrolysis time = 90 min, TMP = 1.3 bar, CFV
= 1.5 m s, temperature = 50 °C, and initial volume = 550 mL) (®,®,A and H;
permeate flux of pattern A, B, C and D, respectively)

Anandaaawadioniianmadisuudaininarluniiniasdieg afueldannuavasnis

LAQLUNLUIWNANIAS (Table 1) WU Lﬁalﬂﬁgmmu ABC uaz D @1anueunInIIg A0

%

AUNIUNIIFINNAL TS A1ANFIWNIBNIIRINI WAL UNWNAL LN L LAZAIAIINEI N

D

'
aa o A

Wnssnmaluwuuiwnaulale wandrinuagrlinedmaynmesianszauanubadusasaz 95

(p<0.05) MudnaIIAIAUILIULL A ldranudunmunnfewnaule denuduniuni
a3 euwanuuunwnas b le LLa:@hmmﬁmmuWnﬁamﬂlmmuw”uné’u"l&i"l,ﬁ@‘hﬂdﬂgﬂl,l,m B
C A D eMUAIAU ANNNANIINARDIN LOT IR INNIAUEIIAIG ot B LThaIVINALNIT LAa
a ) AI o °| dl o dld A A 6
aanvadwatlanlna N uuIuWaRlwIzaudT hadnnIvnaunddssansaiwaadian ko
' & o ' ' a ' £ P '
sl,ummaﬂmsmmuamaam;a mﬂa@agmﬂmaﬂﬂwmmml%mm snﬂﬂsmuakl,mﬂmm@lmy
Lﬂumm@mﬂﬁ,ﬁmummuvxlmaﬁavleﬁ’ wanNHEIRINaaaIIN1TtaslUsauwduwni Inauwe

=3 a é/ v 1 1 d' v Q' é/ dl v o s dq, Y &
LRALAAUW laatnIdaLihag ﬂ’)’]&J@]’]u‘ﬂ’]ui’mLW&I‘U‘%L&IQI"HE‘HLLSIJSLJ B C uaz D aN&ay BIHiHAn
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Table1 Membrane fouling of UF membrane in CEMR at TMP of 1.3 bar and CFV

of 1.5 m sas varying substrate feeding pattern

Substrate

feeding R/Rm Rr#/Rm Rit/Rm Rit-ex/Rm Rit-in/Rm

pattern
A 1.3 1.0 0.2 0.12 0.10
B 1.3 1.0 0.3 0.14 0.16
C 1.6 1.0 0.6 0.35 0.22
D 2.0 1.2 0.8 0.46 0.38

miﬁ@muNamaagmmumnﬁumiéﬁﬁmaﬁaﬂﬁmaal,au"l,snﬂm:uu WU NITLAN

mm‘“\iéfugmwu A ﬁiwalﬁﬁamwmauauﬂmﬁamaganiwgﬂLLmJ B C uaz D I32UU CEMR
. . . a A a &

(Figure 3) Paolucci-Jeanjean Lazatke (2000a) aTuNuNNTAARITINANTINLEU Lol a1t Aindn
CAUVERHERTVNS i1 LIILDaU gounadl LLa:ms@Wﬁ'umaommmu Lyagin WasAtuE (2012) ANEN
matdasundasfianssupssewladluszuu U fnsolwuusuwanlad wudn nsaassvasianssy

ca & A a ) ¢ A = < A
Lau"l,émmwumaamnmnmaﬂmsJLLazmsgﬂgwn‘umaaLau"l,sﬁmuamm:uu Tuns@nwavan
LiwuRanssuaadaw o lugIwuadnatian laaiin 1 TangwNaN1IINAFaLINNITIANINTIN
YILAY LTAINI LEIBTDIWARLANLAZSINULNN

Table 2 memmaagﬂLLUUﬂﬁLﬁwmiﬁ\‘i@Tﬂm:uu CEMR @aflafsn1yaaninlisén

a {Ad ni s oq: 6 1 a aq; 2 1 1 1
wazhanTruvadwd Inandgnlunsaugaanlas ACE wuin JUupuMIANIIAIAuEINAGaN
missrnuldsduuaziansamaantindifignslunssudienlsd ACE atnifdbidyneaia
(p<0.05) Imgﬂu‘uu ABusz C W@hmiﬁhNﬁuiﬂiﬁuqaﬂdﬁgmmu D anatiaangduuy D i
é’@mmslﬁumsﬁaﬁu"l,mm;aﬁ'ums"l,ﬁaaaﬂ"lﬂmaawﬁﬂn”mmsluizuu CEMR naheaaanaluan
a VL (aid nil C Oq: VL 6 (% s n' g
Aansruvaanwd Inanigndlunivauasianlod ACE 8989 §OAARINUNNTINNTUYDILUNIL TN
A8 Juuny A sxlddRanssuveandinandgnalunisdussonlss ACE FNFARAANDS
nuduwafionwanduazdimassimlsdu  analiasnnanuangavainl jisenszning
& o & o A o & = o A A o &

mimmmmuaﬂmmglmmuwmmmu aaiuzluuy A mgﬂﬂ@Laamwalmﬂm&lumu@au
dalil
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20 ~

Enzyme activity (Unit g-'protein)
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Figure 3  Effect of substrate feeding pattern on enzyme activity during CEMR system (So =
1 % w/v, Eo = 20 unit g™protein, pre-hydrolysis time = 90 min, TMP = 1.3 bar,

CFV = 1.5m s, temperature = 50 °C, and initial volume =550 mL) (O, ¢, A and
M; permeate flux of pattern A, B, C and D, respectively)

Table 2 Effect of substrate feeding pattern on average of Tp and bioactive activities during
CEMR system (So = 1 % w/v, Eo = 20 unit gprotein, pre-hydrolysis time = 90 min,
TMP = 1.3 bar, CFV = 1.5 m s, temperature = 50 °C, and initial volume = 550
mL)

L L Substrate feeding pattern
Tp and bioactive activities

B C D
Tp (%) 85.35+0.01°  83.45+0.02° 81.67+0.03°  78.12+0.04%
ACE assay* 93.34+0.03%  91.11+0.04° 90.05+0.03°  88.76+0.03?

a, b, c and d mean with same row sharing same letter were not significantly (P<0.05) different.
* Unit for ACE assay is pg captopril g* protein

Tasvliuarszuy CEMR laiwasudazidwszuunimslausslomianniaw ol laasing
U ] v & dl % a % 6 A % 1 a a a a 3
duen duduszuunsansodausnaianusiidmansndainmsadnadidsiniaw maduanias
dugtuuy A Tnaaauasin %?amsmﬁﬂmmmf@qﬁﬁmLﬂuwawﬁmﬁaﬂa LAY ANNARNTNN

gind13Uuuy B C uaz D (Figure 4 Uae 5) HANMINARBINFING LG WU ANRaIBTTY Las
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ﬂ"mﬁmmwmaaLwﬂvl,mi‘ﬁqu%iumiﬂ'u{i'al,auvl,sm]’ ACE \ilaiimaiduansdsdugduuy A B C uaz
v QI &/ § o =) QI &/ a W 1
D fuwaldudndu Warsszaziiamdiinvnisluizuy CEMR wWadn lunsdfidnisen
€ A A o A a v A& a P & v & & o
ﬂaunaﬁmﬂamnﬂaﬂm@q@msmumLﬂuIﬂsmuawssﬂaLﬂul,wﬂ"lm@msl AIVUAINDWLIDITY
gamadLwﬂvlm@i’ﬁﬁq“n%iuﬂ’]sﬁ'uﬂ'ol,au"l,sﬁﬁ ACE 9 Wi mandand Indsoauidgnslunis
dudaawlad ACE g4 luduvasdnianmwdwislugvassSunaundndndanslunisdues
6 dl a U a 6 a A % j P A 6
Law bl ACE ﬂwamvlwagumauau"lw mwammwa:mnmauawuagﬂummswauauvlw
FORIIAIAY INIANBIATIH WU mmﬁm’mﬁﬁéfugﬂuuu D lwdnaauiasoulaz A NaanIw

(ﬁ’]ﬁq(ﬂLﬁé‘lLiﬁfJULﬁﬂﬂﬁﬂﬂ’]ilﬁﬂﬁ’li@ﬁﬁ%gﬂLL‘]JUS%IWE&SUU CEMR
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Figure 4 Effect of substrate feeding pattern on protein conversion and productivity of protein
during CEMR system (So = 1 % w/v, Eo = 20 unit g™*protein, pre-hydrolysis time =
90 min, TMP = 1.3 bar, CFV = 1.5 m s, temperature = 50 °C, and initial volume
=550 mL) (O,&, A and [T; conversion of pattern A, B,Cand D and @, ¢, A
and W; productivity of pattern A, B, C and D, respectively)
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Figure 5  Effect of substrate feeding pattern on ACE inhibitory capacity conversion and
productivity of ACE peptides during CEMR system (So = 1 % wi/v, Eo = 20 unit
g lprotein, pre-hydrolysis time = 90 min, TMP = 1.3 bar, CFV = 1.5 m s?,
temperature = 50 °C, and initial volume = 550 mL) (O,<, A and [J; conversion
of pattern A, B, C and D and @, ¢, A and H; productivity of pattern A, B, C

and D, respectively)

. £
1.2 nMIANIHATaIANTNTRYalawlBaAalseAnS A nasnd Indndignaln

¥ v
ﬂ’]iﬂlﬂﬂdtﬂ%l‘ﬁ&f ACE mmﬁaﬂmuaé’ffmszuu CEMR

anuduTwasewlsidnnuiandelie@ninwuesszuy CEMR 1wl szaumstias
ARAWIDITH ANEANIW LWaTLanWand uas wuuTwNa1es Nasnadaslginslunmnse
(Paolucci-Jeanjea et al., 2000b) HWAVBIANULTNTUVBILAW I INAaT=ALUNTEo8WEAILY Figure 6
wuin anudutuaasiewloiuazaanlunstossinadeszaunistes F9szaUnTEes tANDW
atITIaTluga9 60 wfiusn SauaznIteslszan 35 Iﬁ@hﬁamﬁmauwﬂ"lm?ﬁﬁqw%‘l,ums
susiotonlas ACE §9 (Charoenphun et al., 2013) feanudutuvasienloduaziianisdesi
10 giladaniulusdiu (150 wifl) 15 piladansulusdiu (120 wifl) uaz 20 pfiadansuldsén (90

W) gﬂLﬁaﬂml‘*ﬁﬁm%’umiﬁﬂmlmzuu CEMR iiasnnnlrdnszaunstdesdszanuiasas 35
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Figure 6 Effect of enzyme concentration on degree of hydrolysis (So = 1 % w/v,
temperature =50 °C and M, A, ¢, and @; E =5, 10, 15, and 20 unit g

protein, respectively)

naroInuENTusestewlsddadinsnduaswadianiniuszuy CEMR I@]UI“EEﬂLL‘U‘U
milﬁumi@%ﬁugmmu A (Figure 7) WuU71 finanutguda 20 gﬁ@@iaﬂﬁ'ﬂﬂiﬁu@iam AR
Tug79 60 wift wsn lagenWanduaswaSioniade 4.61 ansdaasswasaatalug s 720
wifi dnsndueanadianadofianudutusoanlad 15 gﬁ@@iﬂﬂ%’ﬂﬂﬁﬁu WiNNU 4.60 8913
foA31910A36 8T 19 lduandrvadrelinedaunieaiia (p<0.05) WarSsuifisufinang
intuvaanlad 20 giadaniuludn dvanduaanadianfenusutuasianled 15 uas
20 Qﬁ@@iaﬂ{uiﬂsﬁuﬁﬁﬂga Laas A RE IS U AL RN AU A BN TYNI WY DIRNTA IR
awladluszuy mIdswulaswasdnandiwadianiiaszazianlunsdninnsluszuy 720
wIN 'ﬁ'mﬁmiuiu"uaaLauvlfﬁﬁsm”mmG] it FINAFENITU AUULU I8 NN LTUNATIAS (Table
3) Tagenanudunuiy sanudumunnasrunsuled  danudiununiasniasen
wuurunaulaile wazdnanuduwmunasmslueuudunsylald sewuiuTwanasndsunids
Aumsspase N Tuvasewlod Aanudutuasanlss 10 piiadaniulysdu Juialiy
msmmmmﬁaﬂmaﬁagoﬁqﬂ wwrlifvosmstfianannas aanudwmunaswnaule
vasawloifiaududu 15 uaz 20 gﬁmﬁan%’ﬂﬂiﬁu lduandsadelnedaynieaia
(p<0.05)
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Figure 7  Effect of enzyme concentration on permeate flux during CEMR system using
substrate feeding pattern A (So =1 % w/v, TMP = 1.3 bar, CFV =1.5ms?,
temperature =50 °C, and initial volume =550 mL) (A,<>, and @; permeate flux of
E (pre-hydrolysis time) = 10 unit g™*protein (150 min), 15 unit g™protein (120 min),
and 20 unit g*protein (90 min), respectively)

Table 3  Membrane fouling of UF membrane in CEMR at TMP of 1.3 bar and CFV of 1.5

m s'tas varying enzyme concentration

Enzyme
concentration Ri/Rm Rri/Rm Rit/Rm Rit-ex/Rm Rit.in/Rm
(unit g*protein)
10 1.6 11 0.30 0.31 0.16
15 15 1.0 0.24 0.15 0.14
20 1.3 1.0 0.22 0.12 0.10

NAaTeInNULTNTRYatew sidafanTINvasiawloslussuy CEMR (Figure 8) @714
utuvasienloiuaznsdosmsszatslusiutowdnluszuy CEMR finnutuduvasianlasd
Waza MLl 10 piiadaniulusdu (150 wifl) 15 gliadaniulusdu (120 wifl) uaz 20 gila
donsulusan (90 wiil) iszaunstesszanmineas 35 nlianloianududugs Tdaanlu
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‘IN'U']'WLNQ?&EIZL’Js’*ﬂ@’]L%%ﬂ’]iI%izﬂﬂ CEMR %’I‘H?Juﬂ"ﬂﬂﬁill"llQGLﬂ%vLéﬁNNLLHUI%Nﬂ@ﬂG
Mannheim W&z Cheryan (1990) a%‘mUﬁomm@;mmcﬂawaoﬁﬁmssuLauvl,sﬁﬂmwuﬂﬁmrﬁmu
€ a & v a a A a a a A '
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Figure 8 Effect of enzyme concentration on enzyme activity during CEMR system using substrate
feeding pattern A (So = 1 % wiv, TMP = 1.3 bar, CFV = 1.5 m s, temperature = 50 °C,
and initial volume =550 mL) (A, €, and @; enzyme activity at Eq (pre-hydrolysis time)
= 10 unit gprotein (150 min), 15 unit g*protein (120 min), and 20 unit g™protein (90

min), respectively)

v v € 1 A 1 [l a a {d‘d a%

NavRIANNLTNT e W I midaaafuuainIasEwlUsnuaziansInaaawdindniigns

Tunsdudaianlol ACE luszuy CEMR (Table 4) fianadutu 15 uaz 20 giladaniulusdiu

paamIssrmldsin dmdsriuldsinuasianssumdIndadonslunisdugsionlasd ACE Tu

520U CEMR hiuandsadelinedanniegia (p<o.0s) msqtyl,ﬁzlﬁﬁmﬁmadl,auvlsnﬁﬁ
v 1 ai ¥ v a 1 e a ai 1 o 6 a =3 v

wwliuaassganitfianududu 10 gladaniulysiu vaundmandvaoanadiondumalila

NARIRDAARBINLNIITILII YD Paolucci-Jeanjean et al., (2000b)
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Table 4  Effect of enzyme concentration on average of T, and bioactive activities during
CEMR system using substrate feeding pattern A (So = 1 % w/v, TMP = 1.3 bar,
CFV = 1.5 m s}, temperature = 50 °C, time = 720 min, initial volume = 550 mL)

Enzyme concentration (unit gprotein)
10 (120 min*) 15 (90 min*) 20 (60 min¥*)
Tp (%) 81.45+0.02° 85.20+0.02° 85.35+0.02°
ACE assay* 88.38+0.03¢ 93.00+0.03¢ 93.34+0.03¢

a, b and ¢ mean with same row sharing same letter were not significantly (P<0.05) different

Tp and bioactive activities

*is pre-hydrolysis time

** Unit for ACE assay is pg captopril g protein

dnaniastunazanaanwaaanwy Indndgnilunissugaenled ACE 7 15 uaz 20
gﬁ@@iﬂﬂ%’ﬂﬂiﬁu Tuszuy CEMR AN lduandn9ns (Figure 9 waz 10) Deeslie Was Cheryan
(1981) 891N aVDIANNTNTHDBILaw bl lunszuaumsndalds@uaandasluszuud fnsol

6 ni £% £% s’t; A a a a % ] a aa a
LUNLUT WL L] NANNTNTwaILaw lrid1Ae USu1me 0.011 Jadniudatadaany USunm
WAauaf laddTunatasnitfianududuesenlolgs (0.012 fadniudedadifns) 10 17
ROAARBINUNANTTILINUVBY Olano-Martin LazaAhe (2001) NANELALINUNEVBINNUTNT U
enlosidan1suaalaflnusaalsdluszuy CEMR Paolucci-Jeanjean Waz@nse (2000b) o
ANBINATDIAN VLT LT UYDILaW LT daA N8Itz UL CEMR lagldainuidutwya

1 6 a 1 a s 1 1 (UJ a v nl &/ Ai
e lrailuwgag 1.2-5.5 Qﬂmﬁmsﬁumummaﬂiamw WU AnawtIasTunlun luLNudwia

£% U = a a' J ai £ % 6 6
A ULTUT WU ILaW bl Iz UUTUSHI AN Y Taunanu T Ut wuadLawlay 2 anuAn
LTwALNATAaNlanI AF1nawiasTwIaLaz 61

= < X ' ~ v o 4 A ' o A v & o

Tun3ANEIATIRNUAN NN NTwYadtaw Loy 10 Qu@@amuiﬂmu Td1aautIasmu
LLaxmwﬁmmwﬁﬁﬁq@ WatlSuuaunuNaINNLTNTW 15 Was 20 gﬁ@@iﬂﬂ%’ﬂﬂsﬁu FOAARDY
nuNanTtURunidasarwanduadinatian MIFINIWILTAR LAzNITAMLUNLTWNAII R AITh
nanududuasewlsd 15 giladansulusdugnaaiianiiayinisdnsnaes gas-liquid two-
phase flow donsugmndIndfidgnslunissugaawlsd ACE aniflalanfiadruszuy CEMR
Tuawaaudall tHhasanindwaruutwnirnanzgd [WUssENTAINNIINRAG LLANEIIALN

AMNLTNTU 20 gﬁm@ian%’ﬂﬂsﬁu
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Figure 9 Effect of enzyme concentration on protein conversion and productivity of protein during
CEMR system using  substrate feeding pattern A (So =1 % w/v, TMP = 1.3 bar, CFV =
1.5 m s, temperature = 50 °C, and initial volume =550 mL) (A, <>, and O; conversion
and A, ¢, and @; productivity at Eo (pre-hydrolysis time) = 10 unit g™protein (150 min),
15 unit g*protein (120 min), and 20 unit gXprotein (90 min), respectively)
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Figure 10 Effect of enzyme concentration on ACE inhibitory conversion and productivity of ACE
inhibitory peptides during CEMR system using substrate feeding pattern A (So =1 %
wiv, TMP = 1.3 bar, CFV = 1.3 m s, temperature = 50 °C, and initial volume = 550
mL) (A, <, and O; conversion and A, ¢, and @; productivity at Eo (pre-hydrolysis
time) = 10 unit g™protein (150 min), 15 unit g™protein (120 min), and 20 unit g™protein
(90 min), respectively)
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1.3 ANBINAVDY gas-liquid two-phase flow aan1suanndlng ﬂ“qﬂﬁ‘lumsﬂum

L'e]%l‘ﬁ&l ACE mnmaﬂm%ammwu CEMR

mtszyndlt gas-liquid two-phase flow luszuy CEMR Hwnafiandtefivhanla sansn
WANUTzENSnnn13nsadld MIldTr L ULARZEINANITNUANNLTINI DO INNILING DY Uas
Frosaasulinsuendiedn (Li et al., 2008) Figure 11 L&AINAVDI gas-liquid two-phase flow 68
dvsnduaanaiionluszuy CEMR wudn fidn gas injection factor 1¥11 0.5 aWanguasiwal
LaNABY 9 aaasadadaifiaslugag 30 wiflusnvasnInias MntuiWanduawadianisuaed
Twadnudiuns 720 wift faanduaswefiioniaiowinny 4.87 fasdaanaiuaidatalug
Ta91uea lifin13@nsn13le gas-liquid two-phase flow TunsudandIndddgnalunissuds
tawlasd ACE anniiteUanfiadaeszuy CEMR drulnajazdizendld gas-liquid two-phase flow
‘lm:uuﬂﬁﬂ'@ﬁ%ﬁﬂ Nogue (2005) 189U T b gas-liquid two-phase flow T8aaNIILAANA
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Figure 11 Effect of gas-liquid two-phase flow on permeate flux during CEMR system using
substrate feeding pattern A (Eo = 15 unit g™tprotein, So = 1 % wiv, pre-hydrolysis time =
120 min, TMP = 1.3 bar, CFV = 1.5 m s}, temperature = 50 °C, and initial volume = 550
mL) (O, &, A and H; permeate flux of ¢ = 0, 0.25, 0.35 and 0.5, respectively)

a 1 v € a A o a A X a
ﬂ'ﬁLﬂﬂU%LLﬂﬂGﬂWWﬂﬂsﬁTa\‘]LWQ&JLa‘YlLﬁJaL’Ja']i%ﬂ'ﬁ(ﬂ']Luuﬂ']‘iLWll"ll%ﬁ']&l'ﬁﬂaﬁU']El 11N

MINALUNLLIBWAIIRY (Table 5) INMNNANTINAIBINLIT AIAMUATUNIWTIN AIAINF TN
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WAsEwNaL e Aanudumunfsasnenuuudwnay laile wazdranudununiigg
Amuluwuudunaulild vesiuNiuTuaAaILYIHANUALNISLAN2BIAN gas injection factor
laonaly danumumunifeiunatlasunmamaalanadousafon laganizadgnabaluy
Aa = . A < o ' A
sIazaoNfaunaswiaian igu i Indndluanasuwiaian @waluanaesnit 5 Alaaa
au) MANVMUMUANIEIAsReLLUEUNEL L kazAtaNdumunasmsluluuiunay
y , o o - .

6 azaaniiiadn gas injection factor 1ANU N1InTAIFIAzAEAdaymavmalrguazsua
WnuaNAudILdaanWaastu naiaaawawnIty Inar lsistusesluanaswialng azgn
1300 8NALTILRDUAILUTINAIRTLUNLLITH PN INVBINBIDTNARING LALUNLLITH
Wa1Asaaad (Cui et al, 2003) lunsdnsasainydszyndld gas-liquid two-phase flow ¥inli
a A 1 a dl dl €d‘d =3 a nal dl AI
ausnfenluszuuguaiunmnafounvesndindniiauniansmaidn inanafsaaasiiioiy

fiN gas injection factor

Table 5 Membrane fouling of UF membrane in CEMR at TMP of 1.3 bar and CFV of 1.5 m

s'as varying gas injection factor

Injection
Rt/Rm er/Rm Rif/Rm Rif—ex/Rm Rif-in/Rm
factor (¢)

0 1.3 1.05 0.30 0.16 0.14
0.25 1.2 1.01 0.16 0.16 0.00
0.35 1.0 0.93 0.10 0.10 0.00
0.50 0.9 0.87 0.05 0.05 0.00

3INN1IANBINAV8IN1IUIzENE LT gas-liquid two-phase flow luszun CEMR danns
wWaswulasAanssuvasian b (Figure 12) WU m3lgufanien gas injection factor LYinAL
0.5 f;e'mNa‘lﬁ@hﬁﬁmﬁmmLauvlsﬁﬁa@aamﬂﬁq@LﬁaLﬁﬂuﬁ'mzuuﬁvl,ajﬁﬂﬁlﬁuu,ﬁ"a BINANNS
nanasfilezaansosnsnaandindndgnilunmssudsewlsd ACE nnilasiiadasszuu
CBEMR msaaasaasfanssuanladluszuuonafinanuavesdasfiiiaduileinsdusie
gonalitlassarsvasianladiinnisidaouutas (Clarkson ef al., 1999) Table 6 WHAIHAVAS
mtszyndld gas-liquid two-phase flow Tuszun CEMR doradonsssiulysauuasfinnysy
maamﬂ%ﬁﬁﬁqw%‘lumsﬂ'ﬂﬂgal,auvlsﬁﬁ ACE WU71 61 gas injection factor WUIRWAIINLAINT
gornldsaunazAanssuaasiny Indidgnilunisgussonla’ ACE fien gas injection factor
sy 0.5 Trenmsasrinuldsauuas Aansrusaswdnendgnslunssussias ol ACE goﬁq@
%11/%'Lﬁu’j’m’ﬁﬂitﬂqﬂ@{1°ﬁizuu gas-liquid two-phase flow 8181701301395z un CEMR 144

=) =) &/ v
UszANTNIWATU L6
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Figure 12 Effect of gas-liquid two-phase flow on enzyme activity during CEMR system using
substrate feeding pattern A (Eo = 15 unit g™tprotein, So = 1 % wi/v, pre-hydrolysis time =
120 min, TMP = 1.3 bar, CFV = 1.5 m s}, temperature = 50 °C, and initial volume = 550
mL) (O, &, A and H; permeate flux of ¢ =0, 0.25, 0.35 and 0.5, respectively)

Table 6 Effect of gas-liquid two-phase flow on average of Tp and bioactive activities during
CEMR system using substrate feeding pattern A (So = 1 % w/v, Eo= 15 unit.g*protein,
pre-hydrolysis time = 120 min, TMP = 1.3 bar, CFV = 1.5 m %, temperature = 50 °C,

and initial volume =550 mL)

) ) L Gas injection factor ()
Tp and bioactive activities

0 0.25 0.35 0.5
Tp (%) 85.20+0.05a 86.33+0.03b  87.60+0.04c  88.00+0.05c
ACE assay* 93.00+0.04a 93.76+0.05a 95.01+0.05b  95.45+0.05b

a, b, c and d mean with same row sharing same letter were not significantly (P<0.05) different.

*Unit for ACE assay is g captopril g* protein

Namaamsﬂszqﬂmﬂ% gas-liquid two-phase flow J432UU CEMR damaidasuulairinas
Naftuuazniannaasnwd Indfidonlunssugaianwled ACE (Figure 13 uaz 14) wudn fien
gas injection factor LYy 0.5 1ﬁmﬂauna§°ﬁ'w,l,am§@mwmﬂﬁq@whﬁ'u%auaz 404 U@z 3.6

=3 a e { a)l L= Qq/, 1 =) v QI ‘3’
fasnsuveandIndidonilunisdudsewlsd ACE magumauauvlsnﬁ uasduma lskuAadn
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athsdatiiaadanalunsdniinnsidindn dnsdaiiulysduasszuuiledn gas injection
factor 1YL 0.35 uae 0.5 lauan@NadAhEMAYNNEAA (p<0.05) 99kuen gas injection
factor LYiNNU 0.35 ?iogﬂﬁ'@LﬁaﬂLﬁalﬁuﬂ’]iﬁﬂw’lmzu@]aun‘“mvlﬂ \fawSeuisunussuy CBEMR
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Figure 13 Effect of gas-liquid two-phase flow on protein conversion and productivity of protein
during CEMR system using substrate feeding pattern A (Eo= 15 unit gprotein, So=1
% wiv, pre-hydrolysis time = 120 min, TMP = 1.3 bar, CFV = 1.5 m s}, temperature =
50 °C, and initial volume =550 mL) (O, <>, A and [J; conversion of & = 0, 0.25, 0.35
and0.5and @, ¢, A and H; productivity of ¢ =0, 0.25, 0.35 and 0.5, respectively)
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Figure 14 Effect of gas-liquid two-phase flow on ACE inhibitory capacity conversion and
productivity of ACE inhibitory peptides during CEMR system using substrate feeding
pattern A (Eo= 15 unit g™lprotein, So =1 % w/v, pre-hydrolysis time = 120 min, TMP =
1.3 bar, CFV = 1.5 m s, temperature = 50 °C, and initial volume =550 mL) (O, <, A
and [1; conversion of e =0, 0.25, 0.35 and 0.5 and @, ¢, A and l; productivity of ¢ =
0, 0.25, 0.35 and 0.5, respectively)
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Figure 15 Effect of simulated gastrointestinal digestion on the ACE inhibitory activity of
peptides in pre-hydrolysis (Eo= 15 unit g™*protein, So = 1 % wiv, pre-
hydrolysis time = 120 min, temperature = 50 °C, and initial volume = 550 mL).
Pre-hudrolysis: The peptide solutions were incubated in buffer solutions (HCI
and potassium chloride buffer). Pepsin: The peptide solutions were incubated
with pepsin (20 ug/ml) solution for 4 hrs at 37°C. Pensin + panceatin: The
peptide solutions were successively digested with pepsin for 4 hrs. They were
further incubated in pancreatin solution for another 4 hrs at 37°C. The ACE

inhibitory activity are expressed as mean + standard deviation (n = 3).
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Figure 16 Effect of simulated gastrointestinal digestion on the ACE inhibitory activity of
peptides in retentate (Eo= 15 unit g™*protein, So =1 % w/v, pre-hydrolysis time
=120 min, TMP = 1.3 bar, CFV = 1.5 m s}, temperature = 50 °C, initial volume =
550 mL, and ¢ = 0.35). Retentate: The peptide solutions were incubated in
buffer solutions (HCI and potassium chloride buffer). Pepsin: The peptide
solutions were incubated with pepsin (20 ug/ml) solution for 4 hrs at 37°C.
Pensin + panceatin: The peptide solutions were successively digested with
pepsin for 4 hrs. They were further incubated in pancreatin solution for
another 4 hrsat 37°C. The ACE inhibitory activity are expressed as mean +

standard deviation (n = 3).
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Figure 17 Effect of simulated gastrointestinal digestion on the ACE inhibitory activity of
peptides in permeate (Eo= 15 unit g™tprotein, So =1 % wlv, pre-hydrolysis
time = 120 min, TMP = 1.3 bar, CFV = 1.5 m s, temperature = 50 °C, initial
volume = 550 mL, and ¢ = 0.35). Permeate: The peptide solutions were
incubated in buffer solutions (HCI and potassium chloride buffer).

Pepsin: The peptide solutions were incubated with pepsin (20 ug/ml) solution
for 4 hrs at 37°C. Pensin + panceatin: The peptide solutions were successively
digested with pepsin for 4 hrs. They were further incubated in pancreatin
solution for another 4 hrs at 37°C. The ACE inhibitory activity are expressed

as mean = standard deviation (n = 3).
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