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ABSTRACT

The study of bromelain extraction from pineapple wastes which cores peels and stems.
There was the stem have the highest bromelain activity in pineapple stems. Bromelain was
obtained from stems using blender with deionized ice for 5 minutes, homogenizing for 5 minutes,
filtering by a filter cloth and then centrifuging. The absorbance of the supernatant of this process
was measured for bromelain activity. The result showed that the proteolytic activity of this extract
was higher than non homogenizing extract. The supernatant was then precipitated by 35% cold
acetone (4°C). The supernatant was repeatedly precipitated with 80% cold acetone.The first and
second precipitates were combined and then freeze dryed for 10 hours. The powdered enzyme
was statistically analyzed for the effects on the solubility of enzyme, total activity, specific
activity, yield and purity factor and the the freeze drying time had significantly effects on all 5
factors of the enzyme. The optimum conditions for activity and stability of powdered bromelain
were examined. The result showed that the optimum conditions were at pH 7.0 and 60°C. This
enzyme was steadied at pH 7.0 and 30-40 °C. After maintaining at 4°C for 24 hours, bromelain

had the residual activity at 93.86%.
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2.1.1.1 MIDUUINNBYNTHIF UV
Kingdom Plant Kingdom

Sub-kingdom Spermatophyta

Class Angiospermae

Sub-class Monocotyledones

Order Farinosae

Family Bromeliaceae

Genera Ananas and Pseudananas
Species COMOSUS

Scientific name Y9382 50 AD Ananas comosus (L.) Merr.)
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0.9-1.8 Alaniu prendredindeninia nadeuilszunn 80 wa wadosvuialng wagniuas

9
v

Judy dedmdessey Tidule nauven dufidon sendnfoanasfiadinten uulng
In617 20-25 Iudmes vuniiloldseslinnueiiiaznoufneglndfuma Jnudiuniu
dolsnuazuuas TasmwizTsaifieanazuau 1wy 8unsda v1avealny  Sugar Loaf veq
BTN UYASEY Yellow Mauritius ¥09¢3A9A1 BUREAz Juan uazignanie vasowsm

nqudanTufauiliy (Singapore Spanish) iuduizsaudsgl Ygninndidszna
siaiie dnpazialy 1o S§waudszina 50 ludedu Tue 100 mufnas veuluGeuuas
Smuufidardnos wa Aunaidnuazenannuend 2025 @uRues wansanszuen wagn
fdutuias hmiin 1623 Alandu wadevdn Wodmdsames Hidule TamAR unudn
08717 10-30 (yUAWAT 1nTina1edu azifed 0-15 $1 Mumu lsauazuuasinased

2.1.4 Wugfulzsaiilgalinlszmaine

w

VAU Moo (2526) 53y Imsdgndulzsalulszmalnadiunaiiuuds

= ]

o 3 = { o | =
Taomsdutivgiudr w1 ldsqnadunAusniinuweunsfangeriegsonluaeudy
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Doko (1991 nsadaeylanflusiiauinihdulzse uazildusqns
Taole luTnsAuasdu (microfiltration ) Idmmiusuvuia 8 Tulaswasuazhidansifio-
s Taon s 1Fwumusuisl molecular weight cut-off 1000 A1AAY Aoa LIS
anaznouTdsau 2 nia drouenTuiloudamaiisudiosa 60 uaz 70 1 ldansumus-
Tnd# 27000 g Quungd 2-3 seruaden nazviluugidenuds Tumsnanesiiinglddouas
50 esafadi lanTisaudesas 98 uazwuinen laiianuannsalunsiiauanaesening
nszvumshiiuiqnd

2.2.8 MIspEInNURGIveon eyl

¥
s o v @

- S PR ° 3/ <
oo lasleg luannsh limmnzaversi ldieu ladgadefenssy el
@ & a o w 9 S Y 2 A 2 A @
anunamitaiudaddgunn Tasmmzrnindesnmsnaanianisdi SaimsAnuismssnu
Y] o = 1 1 o o
AunaFIveaen Tai Tusiiiau Heinicke (1957) wunmsnuaane la Tasiaudaluaaslal
:’ [ L4 v a o L4 siqdy :syw =] 3/ An da
Tushadaeu lsisiesnuinnunadrveusu el ldavy uonanildannis1darssardas
a1 o [ 4 .. 1 o a
WHudesnunnunsiaveaoules  Heinicke nuamsol¥nsawu Tseniluaso-
anuasald lavoneglugilnsauulssn jiinde lnAvy Indmdon veuTmils unaifos
A A oA d’ = 1 ar ¢ =a :’ a o
vuntiduy Aeunu Taenuaz 3udug Tavorudulugradaweu lol idulumihadanse
= o = 1 R T =]
wuluszneweu laniitlonnounts 110318914999 Wiseman (1978) WU wenesau lnanea
AundovosnznILazLLS sy Ionszduuas S niaNuasivoueu Tal 1& ualinag
t 4 L]
¥iuermsiiesninon IdSuasiy  wazidieigns (2530) wudmald Tadsumen lu-
o o 4 4 g o
Fa'lWa anududu 0.01 Tvars wiedawdulalasnaslsd anududu 0.05 Tuard sovi
l:‘ "% = 4 =1
Weuwlahades fulau Taeluszozna 7 3u fanssuou ladaanuiosdovas 8
2.2.9 MIasrvaevdanssuveewlmilusiiau
= o = = cu:sé = ad
Tumisasrvaounanssueu loi Tusiauiinaiodidelumsminanssuds
3
Ay erfegumnialunmasimsgesaatsasilsznon Tlsaunaznss wgasermsiv
antludouvesTusAuuy (milk clotting)
.. = o = o o as Y
Heinicke (1957) a333aounanssuyoaeau lsid lusiau Tavhil§Aseiny
Tilsfuluasazaronsoalusiu (skim milk solution) T IwnTALINIAY 3.5 udr5ura
o uy a g o & ]
wnsenalUsAulihuusuudsdunmzidudou clot F9ezsivanniiunule McU  (Milk
Clotting Unit)
Su azame (1975) 1Adauals a3t nmsmtenssuveaey 1ol Taeldaisazan

4 o an ° = oan [ = Y
e ol 1.0 dadans Afaserdumsazmundu anududuiovas 0.6 lueamatiived
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= =4

o o s an VoA
anududy 0.05 Tuars fuew 7.0 $1u9u 5.0 Taddns Uuigumgll 37 ssruaaidoe Wunm
o as, = [} - - ey é
10 Wi udmgallAsndemsanazaou TUsduduou s Taddns Fensazaeanaznou
= dy 3 ey . . . 9/ Y
Tusauiilsenaudisnsalnsnan 1502 HAN (Trichloroacetic acid, TCA) A MU 0.11
=l = o = ¢ 1
Tua1s TmRouosdmn anududu 0.22Tuad waznsnezsan Anadusy 0.33 Tuars tu'ld
= =~ d'. 3/ by a LY (a' [}
Wuar 30 Wi nseunFUinnaznouaendlenszaunsead i hlianhlIndfiazarwey
as [ { 4 aan 4

Tasms Infiimsganauuaafinienau 280 wiluwas siwamlfasoueu lmlsanunlu

aan (:s' [] = P =
71 CDU (Casein Digestion Unit) manefia Ujisenoulmifdounduiifites 7.0 gangii 37

= Y o b - d‘ d‘ = J [ Y] a
aIf Al wam Inmnisganauuasfinnueinay 280 wi Tuwasiudumiiu In T35y

1 luTasnsy Turmar 1 wid
o o o = o
Shinya (2003) ¥inmsasueu el lustiauuazasrvasunanssuveen Ll
= an an o s ar o o«
Tusiiau 2 33 35050 M lagRoniveu ladareiaamarivimes aududy 0.05 Tuars
= e 3 3 a o '3 = = 9/ 9 = oA L'
Wio% 8.0 11 EDTA  anududu 2 dadluarsuasFoadu anwmdudy 2 Tadluard
9
imsazae lusiounens Usuiag 2.5 Gafidins uuANE5AAU N-benzyl- L-arginine ethyl
= a as Y] w =1 '3
ester (BAEF) 15u1as 2.5 fiaddas wauldidndulnmsadroIndasoulaasenlya
( 1 o [-] ~ [-"3 =Il
ANUULY 0.05 UBTNOA IUBITTUZIMINAIMUA ATUIUAINTTUDINTASUSUEUVEINS
=Y - a = o~ P o

laTas laga BAEF wazilSum Indadou laason leanlanelunaidsmus wazadiansiv

a Y] as o ar ] ad i o = ) U4
AINSTUFURANTA LN aIUIBN 2 Win1siferuou ladanday Hiaisazarsen laiin

=

a aa LY o o = s aa
1 Hanans wudeaatiives anududu 0.1 Tuars oy 8.0 USuns 2 liadans uas

v
=

msazmvndududuionas 2 USuias 1 Taddas wauldidriu tnfigangil 37 oem-
warded 1hiaa 20 i Buarsazarvnsa lasaaaTsuedan anududuovas 3 iewya
UfAsen il iamnmsganduuasiinnueaiu 280 inTuwas
° = o ' = Y
Huang  (2004) 1n1sinsizvinenssuvayeu las usiiaulasld
o
= = [ Y = =
Z-L-asparagine-4-nitrophenyl ester U511015 75 lulnsansitluasdsdu @uasazarnlusiau
- I & aa o a aa o as o ¥ Y = o= o
6 Yaaniuasiianans Usuias 0.2 Uaddas uazesFaminiesanududu 10 Tadluas
a a 9 o o Y ¥ o a =
Wiow 4.6 Nlsznoudle Indaidounaeo lsananududu 0.1 Tua1s uazusa-Fandu
Yy d 1= A aa Y Y o o 1 - a
AMINIu1.0 Tuas dsuias 3 Gaddas nouldidndu uazianinisqanduuasi
ANUBTINAY 400 W T1uuAs
o - ' Py =
Grabovac  uazAN (2006) Hinrsasaeu lad lustauuielwisy
. = 2= o I . = '
(Heparin) Lozdinsizhanssuvaaou loiein win-1ulasiuea ( p-nitrophenol ) tlday

o =Y = = =
99V N- @ -CBZ-L-lysin p-nitrophenol ester Vo401 lani lusiimu lnady ln@ouazSian
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o o 3 ¥ s o o N s o aa =
Tided anududy 30 dad Tuas Hiew 4.6 151105 2.6 Taaass uazaisazaly lusday

VoA 2 =

o
Y3inas 0.1 faddns Yuhguugil 25 ssmuraFee flunar 10 i ndmiudy N-a -
a o o Py a aa 4
CBZ-L-lysine  p-nitrophenol ester AN 50 Uad luals Usuins 0.1 Hadans e
anagnowedwiay wazti ldammisaanduuasiinnueindv 340 i luiues
o o’ =Y s @ A
Gupta HazAmMY (2006) ¥in1sa3uen ol Tustiaunudlgadufidiulany
= o = [~ 3 aSaa =
uazasndeuinssuveseu oy Tnslfinduiumsasdu dfnservesmananlulSuias
: a aa a Py o = @ o
nanua 0.5 Jaaans YszneudlrsTustauludSuadfimuizay Imdvudematdidives
¥ ¥ o a = Y ¥ a a o @ =
ANUYNYY 0.2 Tuads Wiex 7.5 uea-Fawdua ULy 5 Jad luais uas IndaFounas-
o Y g I'd aan a a' = ~ Y v v : o ]
Tsannududu 0.1 Tvans UgAsonsudo@umsazmundu anudududovar 1 shminae
YSuas USwins 0.5 Taddns vuiiguugd 37 ssruaardea iunar 5 uiil wazidn
oy Y ¥ Y =y o aan o T
d15aza1ensalasnae lsueaan anwdudiudesas 10 Taetsuas 1 iadans Taains
AANAULEINAILLIINAN 670 W1 Tuuns
Py o P=Y Py
Vall'es pazaAme (2007) as9aounonssuveuey bl lusimu laa@ues
Y o = m Ao = . ar o ¥y g
anaveuvauou lol lustiau 0.1 Taddas asazaronduluTrs-HCl YWlias anududy
d a1 = a oo = P=} a o 1 d‘
0.1 Tua1s ey 8.0 Y5u1as 1.1 Tadans uazdmadu anududu 15 JadTuars vun

= = =7 o a P=y
gunnd 37 e ualdoa 1Wual 20 R mnm‘iaxmanm”lwmaaima%m mmﬁ'fm’fu

] £

kY - o o d' o ey o V 4 ¥ =
Jouaz 5 UTuns 1.8 Nadans mevngaljnse hldihunieadonse 3000 g 1w 30 1d Ia

AINIRANAULTINANNETIAAY 280 W1 TuLuAS
. -l = o =
Habib wazAmz (2007) fimsasiadevfonssuveusy lailusiiay Taw

4
= -

$indufuarsdadu Y§Asetugruveamiswanluyuinsianua 0.5 Taddas
YsznevdrTusfauludSinafimuizay asazardamdulelasnansn anundudy
5 JadTuas vazwdu anudududovas 0.5 lumsazarwlmdsuomaiivives anu
Wudu 0.2 Tuard Aoy 7.0 UATeTuMNMTANATY Yuit 37 esruradud 15 urfl uaz
Pumsazawnsa lasnaslsuedan anuududovas 20TnetlSunsidu el sufum iy
e 10 wit sansanngneu Tasldmsiumiosd 2000 sousound 20 iR

ihdmlan1d lliannsqaniunrsveslisduiazarslunsan 275 i Tuuns
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duilzsannlsdulzsaf Sunedafiu JanTavays
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3.2 s

i = Y] ‘4

3.2.1 sl Mdmageufnssuveseu'lyy Ao EDTA Famdu Weawativimes
Iy waznia lnsnae lsuo®an
asg Y ¢ A =

3.2.2 Mswninl¥anazneueu 'yl Ao axd lau
323 muadi g lumsuilUs@ulaeiBms Bradford’s A9 Bovin Serum Albumin,

Bradford’s reagent 1X

3.3 gilnsal
33.1 inSeadaans
332 nieaafitoy
3.3.3 gAaunugungil 4 parusaiFue
3.3.4 wissanlnlas T Infined Anedriantond wasaiiaend
3.3.5 wioailumiios wosnasadmuumiosvuiadie
3.3.6 m‘s;miaiuﬁ'luf’r’uuu“l%’ﬂ?iuﬂmuﬁqa (sonic homogenizer) i wazgnea
337 whosdnh
33.8 1A5DINUTS (stirrer) ULV LM EN
3.3.9 1n309AtIy (blender)
3.3.10 nes
3.3.11 00 lathia (autopipette) Ltazn3al
3.3.12 e uazgnenviasanaaes
3.3.13 97305 udSuasvuiaa1ee wazvaa i
3.3.14 HABANARDY AT ABANAR DS

3.3.15 A1U11U19



17
FAHI ADUYANNN Wb Guaniil i Tnnis it

3.4 35MINAang
= (7] -y ] \ s
3.4.1 Anmimsaiaeulsilusiinuonaunavesduilsa
@Pauasnnuaiisazan, 2535)
o a 1 ] ] o A s 9 Qs a
3.4.1.1 Whdudesadiuaien 3 dw ueadlu uau den d1du uduazidua
1 4 ' o3 ' 3 < . . @ '
TeTwaTosdtlu lumat 5 wd Tasldiwdalsieainlooou(deionized water) lusasidiu
1:1
3 3
3.4.1.2 LINNINBBNAIMAIUIININ
o 1 P 0 v { 4 =1 t P
3.4.1.3 1hamlanld i umdesnaaansa 10000 souseuIid
= ~ a o t
pavgil 4 osruvadod Wuna 20 Wi Al
° Ay ¥ a .. 4
3.4.1.4 thmsazartowlaif1la luas1au179ns 5 (activity) o aton lass]
= P o
waznSvuoudSuaou lminana’ld

o = a
AN 1z HAINT TUYD e Tl (Shinya UngnE, 2003)

° oot a W ¢ o
1. tueu'lmin lduududemwatidosaududu 0.05 Tuats Aley 8.0
= YY) a o o ~ at ¥ a a ¢ A A P
1 EDTA AMUWUYY 2 iiad luas uazdamduanududu 5 Jad luans ieiseoraey e
uazis s ewenldidi
o M o aa ° oo o 8
2. hmnsazmoou laiidens 1.0 Taddes whljisorfumduan
= s aa a L'
Wutuiovaz 2 Ysuias 1 Taddas ludoamatwiosaududy 0.05 Tuard e 8.0
a a aa [ voa = o) o o
Usunas 2 indaaslanaeananes uniigungil 37 esruvaod unar 20 i dwiy
a9 o
puasa 15 sern lesouunumsazaoou lalidens
3 duaisazatenia einae lanesananudududosas 3 UsSuias s
» ¥ 1 » 0 )
Tiodans w1ty dana139 37 ssmuaradoe [Junad 30 wid 1wt 1l Thandeede
=3 3 { = =1
AT 4000 IDUABUNT 71 4 Barurasod (Hunal 15 win
o T Qs I -~ -:i A'l o r d' 3
4. ihaulawdadimsaanfiuuasinnuenindu 280 urTumes il
TlwnlSinmnsaoziiTuTasuSsuidfisnnnnsvunsgu
5. Mnsmuiasgiuveansaozil Tulnlsdu Tassharsazawmnsgiud
wisu e ld Idanudiudu 0, 20, 40, 60, 80 uaz100 lulnsniudoiiadans Sanins
annduuaah 280 w1 Tuwes whmd 18 ldadinsminasgiu
o = o []
6. AUIUNINTTUYDUDOU T4r1] 114MU I8 Casein Digestion Unit (CDUYml Jag

- . . . . = aaa el 1 A A oA )
CDU b Casein Digestion Unit WMangds Ujfsenenlanindesndud Mo 8.0 gangil 37

83939
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= [*) o o ¥V as
3.4.2 Anmmsanaeyleilustiay andduduizse
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3.4.2.1 Wdduduilzsmnduazioss ldlunsosdthuleenlSeudsulSum
ulsddldanmahddududzsaindvazidon lalunsesdtluidunat 5 uid Taeld
3 v
Wl eanlesouludasiaau 1: 1 ilddims laTud luddunioela lus luduuuls
adunudge Hunm s i wenmaeendasdiviuis vhdulalumlsasudy
o 1 — 3 9 y a i -1 t P
3.4.2.2 widulafnidldiinsdumIsanal1uid) 10000 seuaoUINN
= = = o r
aeimgi 4 ssrusaidos unat 20w Hudula
° o = . e
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=1 =y L' :’l acl
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3.43.2 MM Isann2137 10000 souAoUIT NgUNQH 4 pIA-
~ - d ar P H
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o T =Y o o Ao cf’ 9
3.4.3.3 thawlauuduezd Tauaunseialanumdudumundivua Aeln
ANATNDU IUAATILIAN
y = o = ] PR =y =
3.43.4 JWwrIBINaNWE? 10000 T0UADUIN Nomungll 4 esrmaaiFua
b
20 19 AUAZNOUTWAUAZNOUASIUTN
° ol = .. '
3.4.3.5 thazaeuey lmnin 1d luas19m1RenTsu (activity) voueu lasinew
o v ¥ A o Y " A d A = = o Y
M3t sR0nTo s R DU ( Freeze dryer) tvoitlSououmavesnisviua

) ° 4 a 1 o
34.3.6 U lutsdrmaSosimisiuuusitionua
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3.43.7 dueu o 18 ldasnaeumanzan’ld vifnssy (activity)
= 4 =y ™ o
wazdSurn TusAuvouou 43741033 Brandford’s (Vall'es uazamz, 2007) lasrinoulaing
Y 4 @ toa =
azmsludeamatidives fiey 8.0 19 lannududu 25 nfusedas udrasr9mdanssu
4 = ad e ]

voweu lmiuazdSua Tisaumaisaina

Y Vv
A1511USua 1158w 1a83% Brandford’s HUunouss 1l

@

° o o ' | " 3 9
1. hsazaivon lyidredan@onals ldsedundems
o A = = ] o
2. gamsazmuen lyiiveslsmas 40 Tulnsansldlunasanaaes idy
= a an o ar o oy
Bradford’s reagent 1X 131195 2 iiadans dnfuuvasdlnidsiaenlesounnuasazas
7o A
oulad daald s wd
o a - P A o 1 Any
3. MinsTamnisaanduuaanaue1anau 595 i Tuwas i 14l
nfSeuieumilsumlilsdunnnsminasgu
4. Mns s guldsau TaomSoua1saza1au1asgIu Bovin - Serum
Albumin (B2) nududu 1 fadnfuseiiadans viamavenelniszauanududu 100, 200,
300, 400 uaz 500 TuInsnsureiiadans gaatsazalouasgIuEens 40 lulnsdasldnaea
o : 1 = ar = = o Y o [l A!‘ 5
nanewazihmudunsuwRIfumMsmUsuaTdsduluasazaiseulad wdninn 18
Tadensuiasgu
3.4.3.8 msanwSeuidsuszeznmmsiudsimuzanTaesmsfiunan
8,10 uaz 12 ¥3lus asrvaeumsazan’ld widnssuazlSuallsAuvououlaideds
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=
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4,6, 8, 16,20 uag 24 ¥ 71

3. Tlaansazanoeonlol 1 Gaddnsiinmsasieninnssuveusw la lay
Tdlgsotvasazanenduy

3.4.52 Hey
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3.4.6  NINITINWHUNIINAADINDY Completely Randomized Design (CRD) llay
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TasmsifSouivuaundodudsnhinsAny11as38 Duncans New Multiple

Range Test (DMRT) uaziimsinsigviveyalasldTusunsunouiunes SPSS version 11.5



VN 4

a d
HWHAaN1INAADUIAL IV IIUNANINAADY

= @ o 1 ' o
4.1 Annmsadaeylrilusaunindumaquasdlesa
LY o ' 1 o = ny
nnMsinyImsaiaeu ledvndiudievesduilzsafimaonslugaammnssumia
(Y o ] A A o ¥ o v Qs v = A VW
MINYATUUIUATIZH 3 83U Ao uny 1laen d1au Tastdudnarludsunainmisu
¥
Y =3 ] [ o o qs ] o
wana lasmsfthusmduiuialsnannloseu sas1dau 1:1 uonnineondrefviie i
1 A0 @ o Y 4 4 o ' A e = :s
dnlai1d limstumieeianuda 10000 seudeud Agungil 4 ssiradoa e

=

= o v o Sy ¥V s s
20 wi udwlmhasazaeulain idlUasamfnssuveseulad wuidenssy
oAy g o o ! - & o § A 'oa
vouon lyih Idainnisadane 3 daufle unu nlfen uagdrdu Tawhdu 0.56, 0.34 uaz 3.16
o a4 o l:' A 4 -] = ' ] L o r e 4
amdy dsaadlumaisi 4.1 Julleiimsinrziniuuandnesnihisdifameadan
o § o n’d’ i 1 o o v = o
seAuANUFouiesas 95 w0 3 dau wuhdmvesddwiluduinuSinaves
'd o A =] = a = & 14 @ = ..
ou lnndgallenSsufeusuunuuazalien Fiaeandoefueudioves Heiicke 1oz
Cortner (1957) RIms1z¥Au nlfen unu luiima Tuidy nuadreadidu uazdrdu wuh
I 4
[ o 1 o = L4 [ & ar
Tagimnz luhedannaduvesdmueziiSuaneu laigega toraeandeadvauifoves
P 1 o ¥ o s & L4 A = o r '
Laura tazAsz (2005) inunaauvesduizsaluSunaeulaigegaiiofioududiunian
a @ z:, = 3 ' == ¥ o ¥ = o
nnnavesduilzsa aniulunmsanyr ludude llsudenldduvesdrdulundaeu o

Tustimuie W 1d/Sinaueu lanifige uazdudum 19910 lunszuiunings

1 = o a s a T 1 @
M5197 4.1 wavesnanssuveueu led lusiaunada ldnndiud e vesdurlzsa Ao unu

o ~ 1 a0t ar :’ =4
waen $1duTasmsaty dunar 5 wif saudurwdelsiaeinlesoy

A196719 funssuveuenlyl (CDU/MmL)
(nu 0.56"

1nldon 0.34°

fdu 3.16°

[
L i

MUIIME AI0NYT a, b ez ¢ HasauaviuanARNuLaaIfANuIAnMINIsaiAoe1ed

q/ 3

Hoddynszaunnuyedu Sevaz 95



23

-5 L7 -, o V¥V e
4.2 anumsadaeulsilustauonidudulzsa
v o P e 9 @ & A e o A o @
Tumsafaeulanilusdinunndrduvesdullz sadsfilTuraen lalguiiofoudiy
t A o Y o =2 o=y P o 's 9 Py
dauduquesduilzsa Idimsanyiinsatafannsaasaueneulaisenudniiga
sy M A P & at o ¥ [ 9 :’ o an a
a035Ms e AsNsiniamsatumdudulzsaduiiuvalsieeinlessu uaz it maneass
=] o ar o’ : =] 1 ) o = 4 ' o o
Atludrdududzsasuriwdalneenlessuswduiir T Ta Tud luddmnsos TaTus lud
9/ 4' - I an = & e - 9/ o d 1 e
wuvlFnduanudge wuadimsivilaunsnmsfiaodlinavesnenssueu laiviiy 336
o o [ P & a { = o ' z e
18z4.13 CDU/ml. MUAIAY LUaInns1ai 4.2 935 AaedldAenssueu laigands Aadl
P = L) 9/ (=T Y J o =
21deau1anns la Tud ludim I maddstinsuandnlaatldeseulad lusiliaueenun
4 o r:' =N { = o Qs o uy =1 ' [ o =
YU aauIT Raesfemsaudduduilzsaduiiwassean lessus wwdui 14U s Tui-
4 4 = 4 d’ @ 4
TuddmnosTaTud luduvvlanduarudgstunmzavlumsadaeulel uazroandes
[ X d‘ ] v = 4 @ o r
1938904 Heinicke (1961} 1021291015 1a1a? luduaznisuadunseazi 1dmsaning
ag ] o 9/ o [ 'd 1 dy A
PNz NaNsai IMraduanuazidanlasoou lxieanuiaindiuilotiouss
ar o 1 4 o = o
Fulzsa wazuItowed vall'es uazame (2007) Tdmoauiniieviinis lalud ludualdlu

o 7 Y v A Il Yt a ¢ &
ﬂ1‘ii‘fﬂﬂmuqmu‘i]:W‘lJﬂumalliJ‘HSﬂﬁﬁazmﬂl‘r)u"lcﬂnﬂhlﬂuﬂi]ﬂ'iimlmlﬂu‘l%ilqwu

1 a Y] o o ° Qs ad i 1
5137 4.2 waveddtmsadaeu lal lustnunndauduilzsadiedsnsatlu uaznisatlu

sauduTalud lud dlume 5 uif

FEmsada Aanssuvouou land (CDU/mL)
nsatlu 5 un 3.36
myarlu 5 winsawduTeTus lud s ud 4.13

43 annSnannududuvesezdlmudunlflumsanazneuewlsl TnalderdTnwdy
Suduniesas 35 uazlve: FlawdutnTenaeathuouas 50, 60, 70 1az 80
o o =Y o o ao = o o s \:’
msanau 1l lusiliaunnardudulzsa Tasdinsaduddududesaduiuds
drrainTeoou Wumar 5 widl saudui 1y TeTus luddlomnieelalus luduuuldaau
Anudgs 5 Win wenmnesnduina thamlan 18 liimsilumesiinnu 10000
' oA a - o A o fa A )
saUABUIN Ngungll 4 osruradod una 20 wiH hasazaiveu laifeien'ld 100
a an -~ = o = A Aan ay .
Undans WNDY AU 4 parusaikon 35 adans Naldanaznouluaniizau 90 W 7

“ [

o y { { o v - =
gunqil 4 oaruaaidea HiinsthundesfinnuG 10000 seurowIingunni4 saem-



24

d ar o a 1
wadoe Wurat 20 Wi usznoulaen1sdadovemativesfos 8.0 Wiaaulaun
a a ¢ a T o Ao & q a v
Ruerd Inusunsgnadianuidudugaiivawndmua naldanazneulumaiizidy Ju
o o o : o a = e

MIvafuaznousWuaznouaswsn thnznoweu ladin'ld luaseminenssuvoaau lad

= z H = =] =

Aenssurienuaveuou 1sf ldnnnisanaznoud180sd T ULl 4 DIATALToa
anudndugadiefosas 50, 60, 70 uaz 80 HAUMIAY 89.1, 94.2, 219 UAT352.78 gilw

AR LAAIAINITIIN 4.3

:; Le = o 9 o = =1
M13199 4.3 HauoaNsanaznewey lod lusiauanddauduiesalasess Tnuwy 4 0981
a A Y Y oA Yy y ¥4 ﬂ v 9
aIFue NANUTNTUSNAUS Y35 uazAnAZNaUTIATIN 2 1TIUA YUY

$ouny 50,60, 70 uaz 80 1una1 90 U gangdl 4 saruaATun

%%JU?I%‘“?N ﬁﬂﬂiﬁﬂﬁﬂﬂnﬂﬂlﬂi ﬁﬂﬂiiﬂﬁhﬁ”ﬂz gﬂﬂﬁ: ﬂo'Iu'JuWh
oz Tauiby ouled @iin) | Wonuaveusula! | wewwald | wesndw
(yilngiolindniy uieni
Tdsau)

50 89.1° 0.94° 18.56 0.09°

60 94.2° 1.18° 19.60° 0.12°

70 219° 1.50° 45.63° 0.15°

80 352.78" 2.19° 73.99° 0.22"

Mmg @80YT a, b, ¢ uay d ndduaviuenasiuluurazdausudastannuuanais
meadassaisdnyhszauanuifolu fevag 95
& A o = 'd T ] A @ o W an A ar A w k4
FudoRimsinizranuuanavegltbd Ay NadanssauaNuFouIosay
VA (s a o 31 a z
95 wuNNUTMaAMENTUYeIezF lawidy 4 ssrusaiFod Sovaz 80lRARINITUTaNLA

3
¢ a ) LY L3 o 1
’ummu"lcnn ﬂ‘ilﬂﬁiu‘ﬂ"l!ﬂ']%‘ﬂﬂﬂUﬂﬂlf]\i!ﬂullcﬂll gauammwaLlﬁ’uazmmumwmmm

1
ﬂfﬂi =

= ar [ ] a a d a
Usqnianga Taonpnadanaanuimsmnanududuyeesd Tauby 4 asrusadon ¥

- 2 2 I a4 2 .
THfonssuvianuaveuou ladimuuiniu fafionufau1ninesd launuinduavisnans

¥

ladiannsnaauaUNUS (dielectric constant) 1d11N s1zed Ianee Tiuonimzdanniv1d

a o o = - da 4
Jaurusouq Tdsaunua i v TdsAunnazneu uatielinisnaassnnaznauddniiu

¥ 9 o 1 9/ ¢ A J a 9 3 ; = =
anuuduiosas 90 wun ldeu lslimuiuannautosuin Naflenaiannysuiaaiu
¥ 9 a o a 9 o a =1

WuduvesesdTawbu 4 osraidud Seuas 8o iudTuaauganmuizanlunis

& o = s { ’ = =)
ANASNOU maaaﬂﬂé’mﬂmmmwm Vall’es uazame (2007) N510UNMTIANDET TAY




25

= 4 ° o Y2 ¥ 9 [
4 lu 5 veailSumsmsazamaulsdezviimsinuaznoulansiesns 96 uazaanndoany
- ' = 4 . S d 4
m'iﬁfmwm Heinicke (1961) mwmﬁmmﬂﬂxﬂau‘nmm:amﬁammSﬂﬂmﬂaumdﬁﬁm
= = = o a =
TaoldU5unsvotexd Tawmiu 1 Tu 3 vesSuwmsesazatomu e uasanaznauiyIul)
=Y o = ' dy oo oo 9 A
Psuwsoed Tauwdlu 2 W 3 vealSuasasazaroen lod uenviniiwunuiseidaudsfo
Y] =S w L4 J ¥ 3 ) = I
ULV §3TAU (2530) WUNANUERUTUVe0es Inunmuizanlunsanaznouey Tul
Tusfitauiinidouas 65— 70 uazUITHUBI MUY (2529) AUTUTITBYBI UATITT LATAMY

] o a g 9 a =1 3 a & =y
(2535) wnunmsanaznewey lwi Tusinuaeassdivesd TawdunssinidaludSun
¥ [l v [l ¥
fovaz 35 uazaseiasailuliinadevas s6 axlinadiiqa dwmiuaisuidaudaiuoniia
¥

= Voa vy - Yo v o
‘Tl”lﬂﬁﬂTJztluﬂ']'iﬁﬂ‘kﬂﬂ"lQﬂu’C'NNﬁﬂlﬂﬂlﬂaﬁﬂﬂﬂB11ﬂuUNﬂ')1mmﬂﬁNﬂu

= a YV 1A o d'd v = g
44 ﬁﬂ'H'I‘Rﬂ%L’Jﬁ]ﬂ15711!!113!!1]‘1]!!15!UBﬂll‘NTﬁlNﬁﬁﬂﬂ]iﬂﬁlﬂ!ﬂ‘l—!‘l‘-‘lﬁﬂﬂd

o 1 9 1 < @
ﬂ1ﬂ1iﬁﬂ'ﬂ1ﬂ1i$U%’;L'J'ﬁ1ﬁkﬂN1$ﬁﬂ1uﬂ157\1itﬁ’ﬂu'ﬁ'Ulﬁﬂaﬂﬂll‘llq !ﬁ'ﬂﬂﬁmﬂfﬂiﬁ%ﬂ“l

w o [ 14 <1 o Y a’: oy ]
AAINIR R AV ULFToNUY v uou Twd tazfanssuNuawoaeu latnanga laviims

q

a o : o
aftaeu lwiiazanaznou 2 aTsduesdlinwbu 4 osrmsados Wanududugainiy

d 3 Py s [ o o ]
fouaz 80 NUAZNBUMUIUADUIAY dunadnuazmIazatsvauou laal uaii lUvus
(1 =1 o [~ d’ o Y1 a 3 d 0w
WUDLEToUYS TR UHah 8, 10 uaz12 $11ue 1Ad1RnssuN muavaueu 1imify

379.91, 389.22 1A% 152.4 gHiA MUAAY LARIFIA13190 4.4

= o ¥ v A ¢ o a
MT1NN 4.4 WOYDITLHUSIOMITNILHAUUVUUTIONLANNTSOLIINT 8, 10 Uas12 EH’JIlN'YIlIN'ﬁ

14
Qs

L4
] 7] ] = ar ¢ a o
G]E)ﬂ1§f13'ﬂ1ﬂﬂﬁ\iﬂ15Ll°ﬁlﬁ@ﬂLL%Q ﬂﬂﬂiiuﬂﬂﬁuﬂﬂﬂﬂl@uqmu AINTTUIUNIS
I'd o [ = =
VN'i’illW‘UﬂQl'Eluul“h'iJ %’aﬂawmwa"lﬁ' HBSUIUMUIANTUUTAND

SZYLNINS | MTBTAIUNDINS AN fanssudwwie | fewar | d1uou
AT LT ONUTS FaMuAvDg Fanumuos Vo4 | W09

(#2Tu9) tou sl o laa] pald | Aanw
(giln) (yilmmolindngy viqni

TolsAu)
8 AsRzaLAouded | 379.91° 0.566° 31.98" | 0.345°
idnyazadoanin
ADUMITHINA




26

r 1
=1 o/

M5199 4.4 HOVBITTETOMMIMIR WUILHToNUTINTLELIA1 8, 10 uaz12 ¥ Tuenlina

¥
AonsazarendInsusidonuds AunTsuanuavouou ey AnTsudne
9

d 9 e ] o PR
ﬂﬂﬂi]ﬂil@ﬂli’)ull“]ﬁ.l ‘iE)UﬁﬁJ’ENWﬁ'lﬁ’ HAZIIUIUMYDIANNUI NG (99)

52OLIMING | NITATRIONEaInS AINTN Aanssudwne | fowar | dwau
YRTYE HEIDBNIA T A— Fanuavo ved | Iues
#21w9) o larsd sou Tl wald | anu
(giln) (yiinnolaaniy uSeni
Tdsaw)
10 msazatwaoudnen | 389.22° 0.595" 32.76° | 0.363°

110 anHuEAdE
ANNADUM TN

¥
UH

12 asavae lud U 152.4° 0.213° 12.83° | 0.130°
aznouvaon lanl
uvauasyay
asazmueay

18%a

@ W o o = J o 1 o 1
HUGIME AIDNHT a, b LAY ¢ ﬂﬁ@ﬂ'}tﬁﬂ]'ﬂllﬂﬂﬂ?ﬁﬂﬂiuuﬂﬁzﬁﬂﬂﬂllﬁﬂﬂﬁﬂﬂ'ﬂllll.ﬂﬂﬂN‘ﬂN
aa 1 A w g o A LY A4 o W
ANADINUUYAIAUNTTAUANUITONU JoUDY 95

& 4 o o d 1 [} @ 8 o an s [y N o
Fudoninmsinnzianuuandseseiitiodrfyneatanszduanuioiudovas

@ o o a ] 4 3 v [ =
95 Taog lAnnddnysudadunvTudeyaunasanus WU MuARZIZOZIMIMITILUR Jeyad

9

a o a &

o = aad as o (] o { o o
NN inaaatanyu: AURUE I Aoszeznainm s uititonuvenea luah

¥
4

¥
a @ = o @ s
10 in1sazats Aanssuianuavedeu lasl Aunssusumisvavuavououlal Sevazueg

. ,
Sad 4

ua laiag S uurnnuusgniange demeufugTuai 8 uaz12 Aelinnuuand1eed1ad
v & o aa 1M o A 3/ 3/ - J ) n’: d” A
uumﬂmummnﬂslmnmmuaﬂummaiﬂsnamawsamﬂﬂﬂ 10 %2 Tue Hetliilognn
o ¥ o o ] o = 4 9/ [ =g ..
szozmainsniurananu I Ideu laiidoan i ¥eaeandosdui1uITovos Heinicke
H ] ° [] o
{1961), Huang (1999) 1ag Vall’es UazAM (2007) Asenunnsiudasuuesdenudaudy

ad = ld' d o 4
Fmuzauiga lumsifusnuyou Ll




wnanstuenansianubidmiunislonuiionsnwinitu lueygslnilulayssloguaiunism

lunsdilas vdu Snvisnuiilusaudadiion wazmetosdsiuarvaenaisynasaninisiluly



wnanstuenansianubidmiunislonuiionsnwinitu lueygslnilulayssloguaiunism

lunsdilas vdu Snvisnuiilusaudadiion wazmetosdsiuarvaenaisynasaninisiluly



wnanstuenansianubidmiunislonuiionsnwinitu lueygslnilulayssloguaiunism

lunsdilas vdu Snvisnuiilusaudadiion wazmetosdsiuarvaenaisynasaninisiluly



30

a { o ] 1 e o o T
10991 0,2, 4, 6, 8, 16, 20 waz 24 219 nunldanenssuvesen lad Tustmumdy
4 i o a 1 1
2.93,2.91, 2.90, 2.89, 2.87, 2.85 A% 2.84 CDU/ml. HauioMn13 ATIEHAMUUANA1I00195]
eddamieadansedunnuideiiudesas 95 wunfsnssuveseu laifidianasniy
d o o T ] @ o o LY {
szoznm lumsnuinu luyn 2 9 luswandnedialtodidn dwaadluasen 4.5 uas
A a & a o A o g o o 1 Aa
WeAmduwnssuvaey lxinmasndsnnnusnyuiluszozna 24 ¥2Tus wuniinenssy
ol = | Vo g o 4
ypuou lainmaeaninuiovas 93.86 Aaanalugil 4.4 Vall'es wasAmz(2007)14
o d o ol = P {a ' 4 o
mmsAnu Inenuinuuonladfigauvgl 10 ssruradoa Ny 7.0 WunasufusaY

o ' a v a Lo @ a8 w &
ol duuis 50 52 Tue Teeligapdearfanssuveseulalodslitiod iy Fauaaslh

o ] g w o= as 1 ’ o a1 Y- H
mm1msmusﬂmmu"lcnmqmﬁnnm%s@mu‘lﬁ’mﬂmJﬂwwmmu"l.cnnmaqmﬂgnnmﬂiu

Qa

=

i ' ' @ o w aa 4 o 7
M31A 4.5 Manuuandsediieddymeatavesmatnuinyuen lalingumgil

“

4 DIFUBDTFOA N1IA1 2, 4, 6, 8, 16, 20 4402 24 T2 1349

YRRy (fﬂm) Asnssuveueu lmd (COU/MI)
0 2.93°
2 2.91°
4 2.90
6 2.89°
8 2.87°
16 2.80°
20 278"
24 2.75°

WINIMG AI8NHS a, b, ¢, d, e, £ 1AL g HAIRIRUNUANAIIAULTAID N NUUANAIY

»
LY o o A

nanasteivemdunszAuaNUFeN Y Souaz 95

LT

4.6.2 Hlloy
Qo =1 P=1 o ] ar s ) 4 iy ¥
Mmsanumnesninadennundavoueu 1l Tagtiveu lsdnei lautazanlu

doamiWiosnSodmsativives ARtava1eq1dun 3,4, 5, 6,7, 8 waz 9 Tasldiinu

= =

s =) o oA oy o ° v
Wudu 25 nfudedas i lduheungli 37 ssmuaador iunat 1 $2Tue udni lmen

WY

=

Aenssuvoaou ol wun ldadenssuveseuladvify 2,75, 2.56, 2.65, 2.69, 2.91, 2.76,

2.66 B 2.64 CDU/mI amdd Amiludosazvasionssueonlaiimie dwaaslugli 45



wnanstuenansianubidmiunislonuiionsnwinitu lueygslnilulayssloguaiunism

lunsdilas vdu Snvisnuiilusaudadiion wazmetosdsiuarvaenaisynasaninisiluly



&
uni 5
aglnamanaassazdorouauuy

msnanesiiiumsAnynszuILmsHaaew i Tusiiay Tasimsinsisidiy
araqueadulzsaldun unw 1Wdenuazdidu wuhdrduilSuimen lsinniiga 3
nszuMsHARI NI Mhdmesdduninsatuswsuiudelsenloseudi
am 5 i T TeTs lud duom s wift nimfunsesdaethunu uasvinluihudes o
dlai 18 lanaznon 2 afdavesd Tnubu 4 ssmwaidoa Tiarududugaioiiuion
az 80 hmznewou Tyeff 18 1 iud wuungi@enudadiunal 10 2 Tueez 180w lsilnedil
Usz@ngnmmsazate Aansiumavuaveaey ! Aanssusumewanuaveuoulaf fovaz
voana I8 Lagsnauwhvesanuuianiuniiga demimsdisizimiansiimnz o
dmfumshauveseu lainud e e 188fiqaiinies 7.0 uazqungi 60 eer-
wadva dmsuanuasiveson lriwuhluanizansozasou laifanuasdadeeyu
TidesHiiey 7.0 uazaagaivigil 30-40 esraoemou Ty uisadnuanmanunsia
18 minfmnfusniniigungd 4 osrnaadon Huna 24 $2Tuemuhiidenssuves

P (" 4 o a = o
o lmifinfominuieoas 93.86 Geausadnwilszansmwlumsiinuvesen i 1314

TG ATLINTE
o = ol = aly ¢ A v o ]
o lani Tusinuduonledifinsidoaninsssundlddudiongluanngi'l
mnzauAaiuTansindnensSneaanzanuasivoaon lasl Tagdsnisaeqrums
a y a s & o ea 0o A 4 o "\ Y a vay
wuasasi lunszuumswaseu leimstiasaedanlaaasdrilstdunsionodnan 414

o Tl Tusiiau

o
al

o w @ o o = A vee dd a a2 q ¥ 4 o

dwmiudunoumsndaeulml lusioun ladnuiidufivensdldew ladusqns
3 A 1 4 9 4 o = = a 9
Tdmeansdiudees 1deu lsnsfinnuusgniminzaudraunmediuemsuazanns
b4 by 1 ¢ 1 = ar 3 = =1 =2 a 9
auadmir ey lmifiawannsalunisdesaarnTlsdu daiuisnisiins@nuaziimnls
-4 o da = Y o a o o Y ¥

Tndnfledainldnisus InaluiagiuTavawnsondsslilundasusamaminide1d
dy 9 o = d; 9/ 3 A [] < A
uanaininindeanisien lal lusTmwdeo 14 luaududuiru umsunnd a9

o Y 3 el a o a ' o Y -
‘ﬂ’llﬂuﬂﬂﬂi“]ﬂ'ﬂullcﬁllqﬂNﬂ’J‘UJ‘U5q‘ﬂﬁq%lﬂgui]ﬂ']llWQﬂ'J'llﬂullnﬂush‘lﬂ']uﬂ”lﬁ—lﬁﬂ]ﬁ'lJﬂ'ﬁﬁﬂ‘H1

¥
3 = n" =£

agludumsdueulsllduigniuniu sy msldlasuTasnswifuuunannlfvuilsee

q

M3 lFdansidluassu



32

¢ ¥ v . ¥ 4 w P o ¢
U lrianadd1e AU INABINSINUSNE DU tarsi luan wasazatwnemw e wires
= i d -7 4 t& Y = Qs
ey 7.0 Junuzauigalumanuinyuou'lsy FideandonuaIuItevos Gupta uaz

. T 4 4 o a Ffeled 1 1 1
Saleemuddin (2006) wuudafusnyuou lan luries A mesuinnimiotosninlusig
o o ¢ ) kA 4 e a & ot
Wov 7.0-7.5 Anunssveuou ledezimanas Nethou lod lustaun 1ddlweu el 1d
o ¥ o 2 et 1 9/ [y o T

nnaduvesdulzsaduilueu ladita nuuendremalaseadedueu laluduvesna
w s a’;‘ r=} é F=4 c; [} :‘ Y] == L) o
Futlzsadaiu oy 4.0 Fadtufierheg luiwadudyseta lumuzavlumssnyinaune-

a o
drvouou o



PNET1591904

ar = e L4 o o 4
faw 2eAduga. 2520. mausnuazmsAnguauliavesusy lydnndduduyzsad
1 =3 Y o = o |= w = = Y- | 1
ansagesTlsau’la. InorinusSuanuviiuds, uniinededoalng.
=y = d o o L4 = Y- | 1
NAY 52NIAIA. 2539. aszadulsa. AuINBASAIANT WMIINIRoITY TH.
@ 4 w Y]
MIFRUT nowaw. 2526, Fudssatazgaaunssududzan lulszmalne. ngunne ;
UHINGIBUNYATAEARS |
Ao o a = e o o =, o ¥ o
V3301 awugy. 2530. maiulgasomsmhauveueu lad lusiiiaunsnndrdudulzsa.
=y = o ar = o o as o
TasanuAryIneenansuvniudg, ywidsInndunuasmans.
w o w d as = =Y
MU ARTYRUT. 2529, NTTUILMTANALNOUUAZANUAR IV T, TATINUALRY
= o o = w o o o
INNNAATUNITUAR, AULYATMUNTIUINEAT UHIADINGITUNBATAIARST,
= = - as = 4 o = I'4
unils1 uasqioy, quil Auzdonids uaz 1980130 WaATHgRN . 2535, nisnaaew e
=3 o ar = =Y o s Y] o ar
Tusiiaunnddudulesa. Inontinusamaluladdinm Tudininede,
aouma Tulagnszsaundudinunmsaranseia,

o= e

= = = = a = ) [
UlaNgns wsenzyiue. 2530. Mswan lusiiauanduduizse. Inotinuslaan
wriuin, IaINsEiuIINgdL.
= = 3/ = v ° ay = = L)
Usziasy nesnd. 2526, manaasald lustaurelumsininlar. InonidnutySya
UMINHe, NIAIIPAMUNITUINYAT AUSIANAT UNTINNIUNEATAIEAT,
ANNUATHINIgAMINATIL. 2545, TwnUAIzEAT NS Susgldudzsa. ngamne .
ATENINYATIMNTIN. 1-31.
A350 queida. 2541, duilzsa. madniels auzndanssumsinuas unInadoud 13,
= L4 = oema - o = = 4
13 guiysel. 2548. Uftidmsma TuTadveseulwi. madnFainenlszynd
= o ar (%
Az Inonans aoiuma luladnszeeumndugunmsaanse .
~t = U4 = J ) a = o = o
815 gniysel. 2550. maluladveueu . madnFinenlszgnd auginnmans
a =) v ¥ a’
antuma luTagwszveundudigunmsatanses.
Apte P.V., Kaklij G. S.and Heble M. R. 1979. Proteolytic enzymes (bromelains) in tissue
cultures of Ananas sativus (pineapple). Plant Science Letters. 14 : 57-62.

Balls, A.K., Thompson R.R. and Kies M.W. 1941. Bromelain properties and commercial

production. Inductrial and Engineering Chemistry. 33 : 33-35.



35

Doko M. B., Bassani V., Casadebaig J., Cavailles L. and Jacob M. 1991. Preparation of
proteolytic enzyme extracts from Ananas comosus L., Merr. fruit juice using
semipermeable membrane, ammonium sulfate extraction, centrifugation and freeze-
drying processes. International Journal of Pharmaceutics. 76 : 199-206.

Glazer, AN, and Smith E.L. 1971. Papain and other plant sulthydryl proteolytic enzyme.
The enzyme Academic Press, New York

Grabovac V. and Bernkop-Schniirch A. 2006. Improvement of the intestinal membrane
permeability of low molecular weight heparin by complexation with stem bromelain.
International Journal of Pharmaceutics. 326 : 153-159.

Gregory S.K., N.D. 1996. Bromelain: A Literature Review and Discussion of its Therapeutic
Applications. Alternative Medicine Review 1. 4 : 243-257.

Gupta P., Saleemuddin M. 2006. Bioaffinity based oriented immobilization of stem
Bromelain. Biotechnol Letter. 28 : 917-922.

Gupta P., Magbool T. and Saleemuddin M. 2007. Oriented immobilization of stem bromelain
via the lone histidine on a metal affinity support. Journal of Molecular Catalysis B:
Enzymatic, 45 : 78-83.

Habib S. , Khan M.A. , and Younus H.. 2007. Thermal Destabilization of Stem Bromelain by
Trehalose . The Protein Journal. 26 : 117-124.

Heinicke. 1961. Process for the preparation of pineapple stem bromelain.

[Online].Available : http://www.freepatentsonline.com/510662 1.html

Heinicke, R.M. and Cortnor W.A.. 1957. Stem bromelain a new protease preparation from
pineapple plant. Economic botany. 11 : 25-28.

Huang H.H., Liang H.H., Kwok K.C.. 1999. Properties of tea-polyphenol-complexed
bromelain. Food Research International. 32 : 545-551.

Huang S.H. and Chen D.H. 2004. Fast separation of bromelain by polyacrylic acid-bound iron
oxide magnetic nanoparticles. Process Biochemitry. 39 : 2207-2211.

Hunter, P.G. and Henry S.W. 1955. Cerotokysterocaeping graphy. Fertility and Sterility.

6 : 68-70.
Hwang, K. and Ivy, A.C. 1951. A review of literature on the potential therapeutic significance of

papain. Annals of the New York Academy of Sciences. 16 : 54-61.



36

Laura P.H., Paula K.G.r, Chau T.T. and Cindy L..J. 2005. Proteinase activity and stability of
natural bromelain preparations. International Immunopharmacology. 5 : 783-793.

Murachi, T. and Neurath H. 1964. Fractionation and Specificity studies on stem bromelain.
Journal Biology Chemistry. 2 :90-99.

Rowan A.D., Buttle D.J. and Barrett A. J. 1988. Ananain: A novel cysteine proteinase found in
pineapple stem. Archives of Biochemistry and Biophysics. 267 : 262- 270.

Scocca.T. and Lee Y.C. 1969. The composition and structure of the carbohydrate of pineapple
stem bromelain. Journal Biology Chemistry. 14 : 48-52,

Shinya Y., Tetsuya T., Michiyoshi K., Takanori H., Masakazu F., Masahito O. and Toshio H.
January 2003. Immobilization of bromelain onto porous copoly ('Y-methyl- -glutamate/-
leucine ) beads. European Polymer. 39 : 173-180.

Su, Y.C.;ChuC.Y.; Lai Y.T. and Lai, K.S. 1975, Studies on the production of stem bromelain
from pineapple waste. Journal of the Chinese Agricultural Chemical Society. 10 : 5-10

Vall'es D. , Furtado S., Cantera AM.B. 2007. Characterization of news proteolytic enzymes
from ripe fruits of Bromelia antiacantha Bertol. (Bromeliaceae). Enzyme and Microbial
Technology. 40 :405-413,

Wiseman A. 1978. Topic in enzyme and fermentation biotechnology. The Quarterly Review of

Biology. 53 :51-52



MANUIN N

LY d
mansaumsazmeroamaiivhivles (813, 2548)
o = o P=) v 9/ 8/ g = ¥
mmswsouasazain nuay v Taemsmhmsdensin ldamndudundesmsuns
] o ¥ ¥ U P 9/
unnwauiuli ldansaaeniaosns
a1sazae N : asazaiwved lu lunda lxdsuremna (iimsazaiy NaH,PO, 27.8
¥ y
nsulutinau 1 8ns)
a15azate v : aryazatwved lawda Tm@suoava (Fnsazai Na,HPO,.7H,0
¥ v
53.65 NSUN30 Na,HPO,.12H,0 71.7 n$uluiingu 1 das)
¥ '
Fuladfasvesmsazais 0 (x) HaudumIsazaIn  (y) Weneaaeinduiiu

200 UADANS

AMINEMIANMINT 1 LaaINISHaNiUsEnINaIsazalY N LazaITazaIe Y YoIasazaly

oo 17 1adnsaa19NAoans

X Y AINIAA X Y MNTAAN
93.5 6.5 5.7 45.0 55.0 6.9
92.0 8.0 5.8 39.0 61.0 7.0
90.0 10.0 59 33.0 67.0 7.1
87.7 12.3 6.0 28.0 72.0 7.2
85.0 15.0 6.1 23.0 77.0 7.3
81.5 18.5 6.2 19.0 81.0 74
77.5 225 6.3 16.0 84.0 7.5
73.5 26.5 6.4 13.0 87.0 7.6
68.5 315 6.5 10.5 90.5 7.7
62.5 375 6.6 8.5 91.5 7.8
56.5 43.5 6.7 7.0 93.0 79
51.0 49.0 6.8 53 94.7 8.0




mamsanmsazawdmsaivives (13, 2548)

o = ° A ¥y ¥
NINTTATYUTITDTAY N LIaL ¥ IﬂUﬂ15ﬂ1ﬂ15lﬂﬂﬂ1\1111"!@?']311]!5]”

o o Yy 9 T — ¥
‘LI'I?J'IWETIJﬂ‘LlGl‘Hvlﬂﬂ"lﬂﬁﬂﬂ%ﬂ’lﬂﬂ\iﬂ"li

1Y
UH

38

Advanmsias

AI0LA N AsazawveInsadasn aAnududy 0.1 Tuans (hinmsazaiensadasn

51.01 nSuluindu 1 ans)

M30La10 U : AI50zA0Yed IyRenFinsa (Hn1sazes CH,0,Na,2H,0 29.41p34

b4 )
lwihndu 1 ans)

o o aa as : o
MUINLBABATVDIANTALW N (x) KANAUTITAZAT0 U (y) B9t nd iy

100 Uadans

Fn‘i'Nfl"lFINu'Jﬂﬁ 2 UEAINIINANAUTZHINETAZONY N AT HITAZAY U vpImITasay

Fnsatidives I laansaa1sfidasns

X Y AINTAR X Y AINTAA1
46.5 35 3.0 23.0 27.0 48
43.7 6.3 32 20.5 29.5 5.0
40,0 10.0 34 18.0 32.0 5.2
37.0 13.0 3.6 16.0 34.0 5.4
35.0 15.0 38 13.7 36.3 56
33.0 17.0 4.0 11.8 382 5.8
315 18.5 4.2 9.5 41.5 6.0
28.0 22.0 4.4 7.2 42.8 6.2
25.5 24.5 4.6




MANHIN U

1. msmnanssuvoaeu laailusdau
MISIANNIY
a a ¥ ¥y ¢
N, @gazauAYY  azarndunuIutIudosas 2 luaisazerv0.05 Tuals
Tawda ToAouroaa (Na,HPO,.7H,0) anududiu 0.05 Tuas Ysufeniiu 7.0 Aonsa
-~ o = ¥ ¥ =4 b4
1050 0.1 weswea lanmssuas uan1zauuaz 1Maudaunasaial a15asa AT UAD
3oy Inuyniu
= o @ o ¢ o
1. msazaenlgdoniuoulyy : Weamativiosanaududu 0.0s Tuard Moy 8.0
o 3 g oo ¢ = =t 3y 9 o oa ¢ = ] [
1y EDTA Anudindy 2 Had luas wozdamduanududu s Tad Tums wionImiyniu
A. @15azatensalasnan IsuadAn :  aLa19nNIA lATNa0 1SLBTANANUITUTY

>
fovaz 3 TwinlsmeinTessweSsulminniu

marmnsinasgu

MINANUINT 3 Msdaninsganduuevesasazmeninsgn nTsdui 280 inTuwas

YsuanTsau Amsganduuasi 280 w Tuwas
(luTasniuma.) i 1 17 2 19 3 Aunde
20 0.172 0.164 0.170 0.171
40 0.356 0.350 0.350 0.350
60 0.521 0.553 0.541 0.532
80 0710 0.727 0.721 0.724
100 0.899 0.892 0.910 0.890




40

y = 0.0089x

2
R =0.9996

e

1
-~

ANIGANIHLAINAINEIIND Y 280

0.6
)
=

g /

é 04
=

v 02

0 T T T T T

0 20 40 60 80 100 120

PSawnanlsdu Aulnsniuma.)

o a ot A o A
Eﬂﬂ'lﬂﬂu?ﬂ‘n 1 ﬂi‘]ﬂn’lﬂ'jﬂ’lull'ﬂTi‘]fuﬂ’]ﬂ’]ﬁﬂﬂﬂﬁullﬂﬂ'ﬂﬂ'ﬂﬂﬂ'nﬂﬁu 280 u‘]IuﬂJﬂi

msminonssuvedoulwailusiiiau

- 4 o - o 1 -~ '
fonssuvoaeulesy = Tulasnfuvesnlsdu x Suminsdesasazaioeouls]

Tusiiiau (glia/ua.) uminTanavesInTsdu = szozianiy x Usueeou 1wl (va.)

d'l v 3 ' L=

NNTUMITVBINTIHWIATIIY y = 0.0089x (HIBUNUATY AIWAINITGANTUITIVDA
TnTssumusosiurumanutudussInlsdu Aulasasuwn.) uazihinduiania
Py o =Y 1
nenssuvouey lani ludianldlumite Casein Digestion Unit (CDUYmg tag CDU/ml Tay

& . . . . ] aan ot a o
CDU 78 Casein Digestion Unit #1100 ﬂgﬂsmmu"lmn‘nuaumvuuw WoY 8.0 guUnU 37
I} 3 e 9 P=} = 4‘! a ‘; [ =t

peruzaIgoa udi Ivainsganiiuuaainaueaniu 280 wi Tuwa sy Tn sau
1 TuTasnsy Tunar 1 i

FEMIMUIUMIAINY

¥
1. nenssuveaeulaiavua fonssuveuoulayl x Usumsveaoulay

| 4
2. ﬂﬂﬂiillﬂ‘,WlWW'UENlE)'Ll‘lcﬁﬁ'ﬁ’\‘lﬂiﬁ] ﬁﬁﬂiil]'llil@l.ﬂ'uul‘ﬂlj X ﬂiu'mwauauhﬁ

s Tilsau



41

¥ ¥ e
3. wald = fAenssuveveu leiiaonualuusazdunouvesmsiueu ladivuSeqnd = 100

AINITUYBUDU |90V IMUAYOS crude enzyme
4 $nurvenIwus gnivesiou lagl

' ‘: o Pl =
= fonssudumizveudaziunsuvesnisiuenladidusans

AINTTUIUNIZUBY crude enzyme

2. mymSinalilsaulaedsiii Brandford’s Method

Wnsmuiasguldsau lnemsoudrsazaron1asgiu Bovin Serum Albumin (B2)
anuRdy 1 Nadnsureiiadans Mmswenelviszduanududu 100, 200, 300, 400 Lo
500 TuTnsniudeiinAdnsiAL Brand ford reagent 1x ¥hmsiammsganduuasiinime

afu 595 w1 Tuwes tavadenndnasguySnaldsdu

MINMARKHINT 4 MsTanIMsganiueavesmsasmonasg i 11s@u Bovine serum albumin

1 595 w1 Tuwns

UFu19uBovine serum mmsganauudsii 595 urTuams
albumin (luInsnu/m. ) 17 1 H17 2 ST 3 Aunsy
100 0.052 0.085 0.060 0.066
200 0.136 0.205 0.200 0.180
300 0.219 0310 0.245 0.230
400 0.415 0.328 0.338 0.333
500 0.405 0.434 0.420 0.420




42

y=0.0008x
2
R =0.9931
e 05
=
=
= 04 2
=
§ /
e 03 /
L4
] *
3 02 :
L]
g /
S 0.1
[ *
=
-~ 0 T T i T T

0 100 200 300 400 500 600

avnYY BSA (Tulnsnsw/liandas)

sUMmAruIAN 2 N5 MNIRFIUVDL Bovin Serum Albumin AszAun Nty 100, 200, 300,
400 waz 500 lulasniuasiiafdas NAINIIRANAuLTIAINEIINEY 595

W lung



MANUHIN A

mIianziaNuuRpmaseaihibdwmaadndalisunsu SPSS version 11.5
4 a 1 an a £ o
MINMARKINT 5 HaMIAATIZHAIIANAIANITaRYDsfenssuvsaeu i afa 14
1 1 [ b= ] =] o 9 o
nnauaguesdulzse Aounu iden drdulaomsathy unm s

ar o 2 og
HIN '5'21]ﬂ1Ju']ll‘UQﬂ'i'lﬁ‘U'lﬂvlﬂﬂﬂu

Duncan
Subset for alpha = .05
pb]iph! N 1 2 3
wikan 3 3400
uny 3 .5600
s 3 3.1600
>19. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

1 Py o J -oa - o -]
ﬂ1§]ﬂﬂ1ﬂf~l‘ﬂ')ﬂﬁ 6 Nﬁﬂ']‘i']l,ﬂ‘i'lzﬂﬂ']'llJllﬂﬂﬂ'NTl']\]ﬁﬂﬂ‘UEN‘]J'iUTNBS’HTQHLUN
o P ¥ ¥ oA ¥ o 4 &
4 DIAUFALFUT NANTUVUUVULTUAUIDYAS 35 LAZANASNOUINIATY

= P Y oo ¢ a
‘namtﬂummwwusaua: 50, 60, 70 1@y 80 NUNASDNINTTU

b 4
nanuavo oy latlunisenaznoweuled lusdausindiau

dulzsa
Duncan
Subset for alpha = .05
ACETONE N 1 2 3 4
>0 3 89.1000
60 3 94.2000
70 3 219.0000
80 3 352.7800
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.



44

4 = 4 ' aa o = d
ﬂ151~3eﬂ]ﬂﬂ‘“’)ﬂﬁ 7 Nﬁﬂ1531ﬂ513ﬂﬂ31”uﬂﬂﬂ1~1“13ﬁﬂﬂﬂ]ﬂ\jﬂﬁﬂ‘]mﬂzcﬂiﬂu!ﬂu

1 ] ) v
4 DI NFRTUE AR NUTNIUS UAUEDERY 35 LAYANAZNDUINLAS
naouduanudududonas 50, 60, 70 uaz 80 NUHaReNINITY

L d
a 4 <
1LW'I$YNT111G\‘UBQ!E]LI"l°lflﬁuﬂ'li?lﬂﬂ$ﬂE)NI.E]N"["]JUI‘U‘HJLﬁu0']ﬂ

Do

Mdududesa

Duncan
Subset for alpha = .05

ACETONE 1 2 3 4
>0 3 9400
60 3 1.1800
70 3 1.5000
80 3 2.1900
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

3 o L4 t na = ) =]
Fl'l‘i'ldﬂ]ﬂﬂu’)ﬂﬁ 8 Nﬁﬂ'lﬁ')Lﬂﬁ'lzﬁﬂ’ﬂﬂllﬂﬂﬂ’lﬂ‘ﬂ'lﬂﬁﬂﬂ‘UEN‘iJﬁiJ'ImE]z‘tf’Iﬂuwu

a o Y ¥ oa ¥ oy 4 2
4 amaioa Annuudusududosas 35 uazanazNOURLAT
naeudunnududuiosas 50, 60, 70 uny 80 NinanaivuazUDd

9 4 4 =Y o ¥
walavoueulallunisanasnoweulad lusiiausingiau

dulzse
Duncan
Subset for alpha = .05
ACETONE 1 2 3 4
>0 3 18.5600
60 3 19.6000
70 3 45.6300
80 3 73.9900
>ig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.



45

1 a rd [ aa a o o
AISILMARUINT 9 HANITIATIZHANUUANRIIN W DAYBIT U D F [AuIU 4 par-
. ] ] v N
waFoe nanududuisuaudovas 35 uazanaznewiiunsinasuiy
Aududuiooaz 50, 60, 70 LB 80 NUHAADSIUIUNIVOIATINLTNT

o Y © as
vouou la Tusiimuanddudulesa

Duncan
Subset for alpha = .05

ACETONE N 1 2 3 4

50 3 .0900

60 3 1200

7 3 1500

80 3 2200
Sig. 1,000 1,000 1.000 1,000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

d' a o ' aan o [
MINMARHINT 10 Nﬁﬂ'li'Jlﬂ'i'lxﬂﬂ'J'IIJLLWﬂﬂ'N'Y]'Nffﬂﬂ'uEN‘i:Uznﬁ'lﬂT‘EVITLLﬁQLL'U'ULI.‘IﬂaE]ﬂ
d o o o 1 '
LW nszoznan 8, 10 unz 12 ‘D"ﬂ'iN wuwaﬁamﬁa:mwadmu"lmu

o v v o a : o
HaQ'D'IﬂN'IHﬂ'ISLL‘HI.ﬁE)ﬂLL‘\NLmZﬂ‘Jﬂ55 umwnmmmu"lmu

Duncan
Subset for alpha = .05
TIME N 1 2 3
12 3 152.4000
8 3 379.9100
10 3 389.2200
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmenic Mean Sample Size = 3.000.



46

1 o < ’ an o 1
ﬂ'ﬁ]ﬂﬂ]ﬂﬂu')ﬂ‘ﬁ 11 HONTTUATIZUA Tlllll.ﬂﬂﬂ']\'ﬁ’l'I\']ﬁﬂﬂ'ﬂﬂQSzUzna']n']‘jﬂ']llﬁﬂllﬂﬂll‘ﬂlﬁﬂﬂ

< a o aa 1
uie Aszoza 8, 10 uaz 12 $11ue Nlnadanisazarvveteu lad

o ] [ d = o a.:
‘HfN‘U']ﬂN']uﬂ'lﬂl‘]ﬁﬁﬂﬂ!li]ﬂllﬁzn‘i]ﬂﬁ'ii]Tl'lLW']ﬁ'ﬂQ‘rlﬂJﬂﬂlﬂﬁlﬂuulc]fﬁ‘

Duncan
Subset for alpha = .05
TIME N 1 2 3
12 3 2130
8 3 5660
10 3 5950
>ig. 1.000 1.000 1.000

Means for groups in hamogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

A13AIANKINT 12 HANITAATIZHANUUANA NN NADAVDIS LISV LLETen

d = a o ' ¢
WU NI2us0n 8, 10 uae 12 #2149 NUmaRoM saza1eveaeu Tl

o ' | o 1 4 4
'H'ﬁQ"l]']ﬂN'l“Nﬂ'lill‘tﬂUE_lﬂlﬁJw‘lL!ﬁxiElﬂﬁz‘llﬂ\iﬂﬁulﬂ

Duncan
Subset for alpha = .05
TIME N 1 2 3
12 3 12.8300
8 3 31.9800
10 3 32.7600
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.



47

1 < o 1 = [ L4 1
ﬂ'lﬁ’ldﬂ]ﬂﬂ‘l-ﬂﬂ‘ﬁ 13 HANITAUNTIEHANTUUANATINNADRAVDITSOZIA TN IIN NIV VUY

]
=l

Wenuda Nszoznal 8, 10 uaz 12 931ue Riinared uum1ve sy

uigqniaan
Duncan
Subset for alpha = .05

TIME N 1 2 3

12 3 1300

8 3 3450

10 3 3630
>ig- 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

4 a o v ao | Y o
MIIMARUINT 14 HANTITTNTIZHAMUANAIINIIATAVDIHAVBIAINNUAIAIVOUDU T2l
apANnssuvoaeu lmifunie iWohnsuufigungl 4 owrnwaidua

Wuszezia1 2, 4, 6, 8, 16, 20 Az 24 92104

Duncan
Subset for alpha = .05

TIME N 1 2 3 4 5 6 7
24 3| 2.7500

20 3 2.7800

16 3 " 2.8000

8 3 2.8700

6 3 2.8900

4 3 2.9000 |  2.9000

2 3 2.9100

0 3 2.9300
Sig. 1.000| 1.000| 1.000|  1.000 238 238|  1.000

Means for groups in homogeneous subsets are displayed.
3 Uses Harmonic Mean Sample Size = 3.000.



	1  Title Page
	2  Abstracts
	2  Contents
	4  Lists of Illustrative
	5.1  Chapter 1
	5.2  Chapter 2
	5.3  Chapter 3
	5.4  Chapter 4
	5.5  Chapter 5
	6  Bibliography
	7  Appendix



