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ABSTRACT

Optimum conditions for demineralization and deproteination from shrimp shells by lactic
acid and bromelain was studied. Response surface methodology and central composite design
(CCD) were applied in order to determine the optimal condition. The response effect of ratio of
shrimp to 1% of lactic acid (1:10-1:30) and soaking time (3-7 days) on demineralization were
investigated. The optimize conditions for demineralization was found to be ratio 1:30 and soaking
time for 3 days, which value of demineralization of 81.40%. The effect of concentration of
bromilain (0-2%) and soaking time (30-90 min) on deproteination were investigated. The
optimize conditions for deproteination was found to be 0.66% bromilain and soaking time for 30
min, which value of deproteination of 49.00%. The optimize conditions for deproteination by
pineapple peel extract 10% was to be ratio 1:10 and soaking time for 12 days, which value of

demineralization of 96.58 %.

Keyword: chitin, demineralization, deproteinization, lactic acid, bromelain
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2.6 IMsnuAINUaURI (01103, 2552)
ax &’ a I A @
ATNMINURNINDUAUDY (Response surface method, RSM) WUNMSUAAINTOAIUNUNIY

A A o 4 o < s @
Li“]ﬂﬂﬂl@]ﬁllﬁli‘]_llﬁ@Wﬂ@]@ﬂﬁu@ﬁ]ﬂﬂﬁ?uﬂi (Response) Qﬂﬁ%)"lx‘llﬂuﬁﬂﬂ%u‘llﬂﬂﬁﬁuﬂi
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aad

1 3}./ a v J [ o 4
Maiy matiameadail 1unun1maesuag (contour plot)lunsasisaeunNuduUT VO
o ' ~ Ay v A A A A L.
awtlsaegnaula wanld Ae awrsanaznigas wsean1IzMuIZay (optimization) 910

o v J 1 3}./ 9 A a o A [ ?x‘a 9 (% 9)3 ~ 9 9
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~ A 1 < I o
Y =f(X,, X,, ... X) + E 1o Y A9 A1@0Ua 104 (response) Fudludalsauuas X, X,, ...,
A Y] ~ P % 9 [ v J A s O @
X Aodaudsnauls suiluaiualsau, E = error term U84ANNANNUTHIBWINTUVDIA IS

9y v [ v
maniin 1 aumsd1auNMila (first order model) HIDAUNTAIAUNADA (second order model)

A = =\ . I Y a ax AadqQ YA a0 w ~
30U Ina luiioa (polynomial model) 11Jua95118 1ae 5 n19dnan leao I5Masaoan
$ 4 [ a FaR] EE) H [
Uoofiga (the least square method) 10U 3zaNUAIVBINITINADIANY TaeWsnsun lHiFon

fitted response function : y =b+b, X+ ... +b X
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2.6.1.5 WFIULUUIADI (validation) Iﬂﬁlﬂﬁ‘ﬂWﬂﬁ‘ﬂﬂﬁ@\?iﬁh%1ﬂi}ﬂ“ﬁm1ﬂ$ﬁu
v @ 1 o v = o T AN Yo
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{ X '

(model) NANGA VoY
I A
115151zt uIsNa

Y v v
VAT MUAUAILAGUAY TUNTANNUHUNTNAGDINTUATIZHAY

{ ° ] <
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I3 A9 Y 1 o v W & A v W
HUDTIADINABINT 19 19U D UTIABIBUAVHHA (first order model) HIDOUAUEBY (second
] ?,‘, = 9 a 4 A " W a QJ %
order model) ¥aaINUUIFMIAATIEHaUMIDAD RO ST MmN sEANT VRIS
LR TIEALGE
4
2.6.2.2 33MsuuuTIavdangl (reduced model technique) 35NIHHAAIVUTIAO
A @ AA o o o o Yy 9 v J A
vuvaagl Tag@endunlsnidediagy luunudiaoanleai1aunun I nABUNITHI 0 surface

a { a 4 g’z '
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2.6.3 MINWHUNINATDITIHIV RSM (0147013, 2549)
a 9y = = ' .
HeuldnisnaaosuuuunaneFea n1snaaosuaneiTeau19d9u (fractional
factorial) N1INADDIULVUYIYU (Rotatable design), Central composite design (CCD), Box-
Y Y Y
Behnken design 182N13NA0MULNEN (Mixture design) 1911015 19n1snaasanuylaiuog

v 9 o

o [ a o ~ A 9 a o 1 1 a3 @
AU AN199 Faveduuusassnzidenly uazyiiaveadinlsaran 3uiluadnlsly
Y
TUADUVDINMINAUIGATHIONTTNIT
2.6.3.1 MIsNaaeIdHSUl¥uUUS18090UAY 1 (first order model)
a k
-minaasauanaiioa 2° 14 CRD or RBD
= ' k = o [ v . 2 o v
-minaasaudansiFoauiaain 28 Fuledevanly aliase Fanuuaz iy
-msldunaneidea 2 5eaU 2-level factorial) #0935z 33lumslduuusians
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o ' s ' o o
UAVUNUN (first order model) LWiwxﬂzhluﬁuiﬂW%uﬁLﬂuwa@,mﬁzmnﬂmwaﬂ (cross
A . . ] 1 o A o == A (aaa v o Jdo
product Y139 interaction term) mﬁ%uu%mﬂm&mmmﬁﬂyfluuﬂgﬂimﬁuwuﬁﬂu
2.6.3.2 tuumInaaead s ulsuuud1a099HAY 2 (second order model)
=} k é U 3 3
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-msnaasuaneiseaureaiulu CRD or RBD
- Rotatable design
- Central composite design
- Box-Behnken design
- Mixture design
[ = = 1 9 1
fni%ﬂﬂWiﬂﬂﬁfJ\‘ll!UUL!Wﬂcﬂﬂliﬂa LLa%ﬂWﬁ‘ﬂﬂa@ﬂllWﬂ‘ﬂﬂliﬂﬁUNﬁﬁuGluhl@ﬂaTJhlﬂ
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Mainaaoanianeizea 2° NNBU 11U rotatable ten1INAARINANDITEA 3° VFHAMIUUN

114 rotatable design
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M3AIUIN 2-level coding
1 d' U
LANRAYV0ITZAY (avg)
2. MMBNNANVOITLAY (Mid): Mid = (upper level — lower level)/2
3. Code 52AUYD9190
Code level = (ture level — avg)/Mid
Central composite design (CCD)
o 4 4 4 ' o v q ¥ 2 A g v
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o v o A Aq Yy Y A ' o 2 d v o A an Y A
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Y
I .
4) CCD 213U rotatable design A
dyt: o %‘ ~ @ @ A 9 A
M5NAA0Y CCD HUileums1nszaunalsvesdadaie l¥dszuunnuaaiamnaou
=< A o H = o = 9 A ° 2
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4 2 3 a Y 1 I3 A oA o ° 1 '
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~a & ] A A X 1 ' Y J
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3 P . o ' . . = <
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2.6.4 M Desirability

Y v o ' Y @
mswﬁ 2.1 B ANANNUTUNUTUDIANT Desirability ﬂmzﬂ‘ummﬁﬂwaﬁlmmzﬂmmwmm

HanRSaA
A1 Desirability FTAUANN AUMNVBIHANS U
=
Nanoele
aA A = A d'
1.00 anga Hanuiiane livsenunmunniga
= o Y aa I o 1 =2 =2 A ]
1.00-0.80 aun vousu lauazanga fludisuendegunmuaainun
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2 o Y a [ Y Y
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1 1 @ A o a (= o 1
0.37-0.20 e Tsonsy iesniningau hifigunmaziihlganu
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131 : Lazic (2004)
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MenIua Ysuadinanivednvanidzvesnisasnilaenluvuiumsnan n1zma

a o J A J @ A < o 2% o
InrnmsuazszszmMsnsyiuguesdadi esnlsenounanlunlaenudavesdadninginon
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e 2 D2 o 3 2 4 A N 4
VUUABUNUFIUOY 3 YuADU Al TUABUN 1 N15u8n 11)5AY (deproteinization) YuABUN 2

d . . 2 | 3 . L 2 :
MISLENIT519 (demineralization) HAZYUADUN 3 MITUENIAT (decoloration) FIVUADUN 1
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£y o a 4 £y ' o | o
A0ANABINUMINAABIVBIDIUNS (2527) Tasreauineu laiTustimulunaduilzsany
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k4
J a a A J ' o J ' 1
wnTudiwile ulden unu taggnaud1dy WoNITUIBNTNATINILHINWNUFUALTIUAI
' ' & % v J I A (A o S A 2
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322 Lﬂﬁﬂﬂﬁ‘ﬂ‘ﬂgiﬂ llﬂi‘lJﬂ’JHJ’E'Jlé!!,ﬂﬁ'lzWi]’lﬂi?ll"lﬂ‘c’lﬂﬁ%J“]JiL’Jﬂ!iE]‘lﬂJ?iTJ‘I/]EﬂaEJ

ad [} Y a
3.2.3 Toinsa AS10%% SATITUBIN

3.2.4 0wl Tusau v

A A ¢
3.2 !ﬂiﬂﬂﬂﬂ!!ﬁgflﬂﬂiﬂ!

3.2.1 é’auau%’eu (hot air oven)
3.2.2 e Tl (furnace muffle)
3.2.3 19309808 11/5A1 Gerhardt
3.2.4 193995AN5A-A19 (pH meter)
3.2.5 hot plate

3.2.6 1930993 4 L

327 82005218194 (crucible)

3.2.8 Ta@ﬂmméffyu (desiccator)
3.2.9 aluminium foil

3.2.10 Vd5uf5uas

3.2.11 WA yuvLIa 250 mL
3.2.12 Y56

3.2.13 e

3.2.14 NTZUONAN

3.2.15 A (tong)

3.2.16 FoUAnNa3

Memmert
Nabertherm
Gerhardt
Suntex 'g"l U SP-701
Tesco

Mettler Toledo

Taiwan

Germany
Germany
Germany
Taiwan
China

Switzerland
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H a dJ
3.3 msaRNFlums da s

3.3.1 nsauanan 98% Loba Chemie Pvt India

332 nsalalasnaosn QReC Malaysia
3.3.3 Tmdeylenson lod Poole BH15 England
3.3.4 n3adays ndudu QReC NewZealand
3.3.5 NIAUDIN 2% Ajax Finechem Pty NewZealand
3.3.6 aetli)oiFaumln Carlo Ltaty

3.3.8 TnunaiFeugamle Carlo Ltaty

3.4 YUADUUAZITNTNANDI

= o w A Ay a v a
3.4.1 Anannzmsiinanasuslisasnisiminzanlaamslinsananin
~ a Y 9 Y o A 4 v
wagnasazalgnsauaaaniuIy 1% uanindaennausluaisazalonia
v v

uandnludasidau (1:10-1:30) (X,) Taeldarlumsnin (72-168 ¥2Tu9) (X)) 901U
o A Y Ay a '3
dregranlaenten ldnamaz

- fS1aud1 (AOAC, 1990)

INUKNUNITNAADY Response surface 11U Central Composite Design (CCD) 1o

~ o w A ' A v v a
mannznminzaylunmsmianaons lunlaenialesldnsauanan

o v Y ad
3.4.2 Anannzmsinamnasuslu/dendeimmnzanlasmslamnsa
ad o & I @
wsenaNmTNTuYeslomsacx,) (10-20%) naiinna 13itluszezinar 72 42 1us
4 s X a av a Y o Ay Y as v '

anulsuanseyauniduaznsauanan) udnindaendaunuinlulomsalusadiu (x,)

o o g o o ' { a 4

(1:10-1:30) Tagldarlumsminx,) (72-168 2 1u9) mmiwidedulaeni launlins e
- Snaudh (AOAC, 1990)

INUNUNITNADDY Response surface methodology 11U Central Composite Design

4 { o w J Y ad
(ccp) momanmzimimzanlumsmsamnaeous luldendlasms 1y lonia
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3.4.3 Anmannzmsanallsavlunldendeivinzaslasmslfeuleilustiay

vldendaniimsmisalusauTasms Ieu i Tusiauntianududu (x)

] o U o 1 v o w ] {

(0-2%) miniuszezinai(x,) (30-90 w1i) Tagldoasidau (1:6) USupH 110D 9 1hdaeg 190
9 a J
lauainsen

- JsuaTilshu (AOAC, 1995)
INUNUNITNADDY Response surface methodology 11D Central Composite Design

(ccp) owiannzinanganlumsmialusaulunlaendelaenis 1deu lai Tusau

3.4.4 Anmaamrmsaiialdsiuluddendafiminzanlasmslin/denduilzsa
dhnldendaihimstisalusauTaomslshdudzsaiianududy 10% wiin
Fuszeznan(x,) 0-3030) TaslFensdancx,) (1:10-1:30) dhaededi IfinTins 1zl
- JsuaTalséu (AOAC, 1995)
INUHNUNITNANDI Response surface methodology 411 Central Composite Design

(ccp) emannziminganlumsivallsaululdendalaemsldnldenduilzsa
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=
UYnn 4
a J
HNANIINAADIIATIVDTIIY
= o w A Ay oA v a
4.1 anpaanzmsdinamnasusluilaenfefiisnzaalagmslinsauandn
namsaneIaarimuzanlasl¥n15119WUA1TNAABY  Response  surface

methodology 11111 central composite designTagdi 13 m3naavauazll 2 Tode Ao 11a1 (X)) uaz

oasdIu (X,) Woldnsauananiudu 1% Aa151ei 4.1

M5197 4.1 M30ONUUUMITNABBIAZHANTTIALIT1A Iaeldnsauanan

Coded Uncoded Response
Run Time Ratio DM
x1 x2

(days) (w/v) (%)
1 1 1 7 30 76.61
2 -1 0 3 20 67.28
3 1 -1 7 10 77.44
4 -1 -1 3 10 65.21
5 -1 1 3 30 81.78
6 0 0 5 20 70.45
7 0 0 5 20 66.97
8 0 -1 5 10 69.11
9 0 1 5 30 76.64
10 0 0 5 20 71.03
11 1 0 7 20 68.06
12 0 0 5 20 70.35
13 0 0 5 20 70.39

DM = Demineralization
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A VA 9 o w J A (= 1 J 3 J
03190 4.1 wuduleldan1izlunismaanssignanulinaasn)esiduans

o w U A Y [ o A A o w U 1 '
maaussiglulaendandeinmisananen Tagaslanaaen1snIdanss19og I ued
a d 1 o w J a
65.21-81.78% nwamsaaszianuulslsiuvesainismiianssiglasldnsauanan

o A 19 Ay v o 9 <3 Y 2 oA A

A1a15190 4.2 wundeyahn Idensohuaduiluaums lduaziinnuinietoe Tagnsy
9I0A1 P-value U949 Model HTANuUAnAIN U 1Nlisd 1Ay NIIadaNszaAuA T
95% 1AzA1 P-value Y03 Lack of Fit ¥4 lulinnuuananedslsdinynisana Taolian

2 . 2 Y] o a0 9 Y v oA Y
R’ 18y Adj R’ 11101 0.9061 1az 0.8391 awday Iaeliaudnlng 1 uaasnmildaain

o a1 YA v 9 a [ 3}/ = Y a 4
HUUTAINM INAIABINUTEYaINNITNAADITII AIUWTIVIENT0 1HIT RSM WATIZHN

{ o v ' a a 4 1w 1
anngimmnzanlumstivauisialaoldnsauanan @ tazainmsiingizd nuidasaiu
A 9 1 a A 1 o w 1 d' [ d'i ) 1 =
yoaldonfeaoniauananinanon1snidauis1aNszaUANFeNY 95% daunal lull

dNTNaneMIMIALI 519 BNENATINURITTETNAWAZERTIdIuveuAentnensaLanani]

HAABNITAIALT IR LaznUNEUNNSAs 1M dendeaensauanan i ldmsmdaus

' '
aad [ A

signuldendalinnuuanaedeiiisdinyneananszaua e 95% Weihdoya
a3 NANMIUUUTIa0INIANAM AT YDIAINITATALI TIQUAAIAIANNIST 4.1 810150
o v @ { : (% 1 4
umm%’nuwumwmumawaaﬂmmwﬁ 4.1 G?\‘lllﬁﬂ\?Wﬁﬂl@\‘]&’]ﬁﬂlagﬂﬁiWﬁ’Ju Lﬁ’t]al‘]?
nsaLaaan NIy 1% wazansoiaunisuiiuiean e iz anlunsmtaussig
9 @ ~ A 9 @ @ A o 1 [ I Y1 o w '
Vlﬂﬂaﬂﬂﬁ151\‘lﬂ 4.3 79 1$1921MIHINUIU 3 T4 NOATIEIU 1: 10 T]Wiﬁvlﬂﬂ1ﬂ1§ﬂ1%ﬂllﬁ‘ﬁ“ﬂ

110 81.40%
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H a J 1 o w 1 a
M9 4.2 Naﬂ"li’JLﬂS"l%Wﬂ’J”liJLL']Jiﬂi’J‘LlGU’ENf"I"Iﬂ”ISﬂ”lilﬂl!i‘ﬁ”l@ﬂﬂfl‘l%)ﬂimmﬂ@]ﬂ

Source Df %DM
Model 5 53.02%*
X -time 1 10.24
X, -ratio 1 90.25**
X, X, 1 75.69%*
X/ 1 0.0025
X, 1 75.69%*
Residual 7 3.92
Lack of Fit 3 5.62
Pure Error 4 2.65
Cor Total 12 -
R-Squared 0.9061 -
Adj R-Squared 0.8391 -

* significant at p <0.05
** significant at p <0.01

**% significant at p <0.001
auMsvesan eI auveIMsmsanssig lasldnsauanan
%DM = 57.5642 + 4.9283X, - 0.6187X, - 0.2175 X X, +0.0075X,” + 0.0524X,’ (4.1)
4 A
e X, Ao 1A

X, flo oas1dIU

VMU 41 WUNBATIAIUTINENAAEMTMIIANTEIY  Taoiomusuiu

a

1 Y v
msazarensatananiiudu 1% mlduua Tdumsmsaus sqududesinurans A e

2

dy v 4 A o o = y A 2 o
Tlulﬂil”lﬂﬁ”liﬁ‘l/] 4.2 11099 1nAMaza1eanad a1sazarelnnuiuridauiniy il

v

Usganiamlumsmiiaussinanas awmsimuszozna lildihlduunTiduvesnsiida

A

1 A 49@} o ¥ o= 9 o w J Y = A [ Y v J A
HIDIUWNUU mumﬂﬂmaﬂumiﬂnmﬁm@;uaawqﬂﬂa 37U uaﬂ%mmmuquﬂﬂa

A Y Y1 o w J
1:30 o 14 ldamstvaussiggega
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30.00

78.6141

730489

25.00

2000

B: ratio

B57.4837

15.00

730489

10.00
300 400 5.00 6.00 7.00

A: time

M 4.1 waveanaazoasaIu e ldnsavanfndudu 1%

M519h 4.3 anmzimunzauveamsmianssig Iaeldnsauanan

Lower Upper Lower Upper Predicted

Name Limit  Limit Responses  Desirability
Goal Weight Weight
(%) (%) (%)
DM(%) Maximize 6521  81.78 | | 81.40 0.992

ANIZNMIIZAN : a1 =3 U, das1au = 1:30 e ldnsauanandudu 1 %

1INA151991 4.3 WA Desirability 11171 0.992 Falineg luszauanuianeleszay
=3 U dl d‘ Y g’/ [ 1 Y o
aun neaNnuNEaMzinzaun Iniuaunsaanaussigeenlaa awnsaiiaag

@ 1 EY o w 1 9 a 4
asnarnlglumsiivauisiglaeldnsauanan 1
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=] o w A L A v d‘ Y ad
4.2 Anmanzmsmaanasusluasniefitimnzanlaamslylamia
naMsAnEIan iz an Tas1¥n11519HUNITNARBY Response surface methodology
. . = = v A AR~ o ad
1Y central composite des1gnIﬂEJll 20 MINAaedazl 3 1998 Ao 1losidua lania (X1) 31

(X,) Hazdns1aIu (X,) An3199 4.4

Y o w J ad
mswﬁ 4.4 ﬂTﬁ@@ﬂLL‘U‘Ufﬂi‘ﬂﬂaf)\‘ll!ﬁ%Waﬂﬁﬂﬁﬂuiﬁmﬂﬂﬁﬂ%ﬁmﬂiﬁ

Coded Uncoded Response
Run
Yogurt Time Ratio DM
x1 x2 x3
(%) (hrs.) (w/v) (%)

1 0 0 0 15 120 20 91.99
2 0 0 0 15 120 20 92.09
3 1 0 0 20 120 20 96.98
4 1 1 1 20 168 30 99.66
5 0 0 1 15 120 30 99.13
6 0 0 0 15 120 20 96.43
7 0 0 0 15 120 20 98.77
8 -1 -1 1 10 72 30 98.92
9 1 1 -1 20 168 10 98.29
10 1 -1 1 20 72 30 99.54
11 0 -1 0 15 72 20 95.31
12 -1 0 0 10 120 20 92.35
13 -1 1 1 10 168 30 99.21
14 -1 1 -1 10 168 10 94.1

15 0 0 0 15 120 20 92.47
16 0 1 0 15 168 20 98.91
17 0 0 0 15 120 20 90.23
18 -1 -1 -1 10 72 10 81.1

19 1 -1 -1 20 72 10 78.92
20 0 0 -1 15 120 10 84.33

DM = Demineralization
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A VA 9 o w J A (= 1 J 3 J
1NATINN 4.4 W‘iJ’NLiJfJGl‘]fﬁﬂ1’J$Gluﬂ1ﬁfﬂ‘i]mli‘ﬁ“ﬂ‘ﬂﬂﬂﬂuhwaﬁ’ﬂlﬂﬂitcﬁuﬁﬂ1i

[ J

o Y [ [ ' { o v 1 ]
mvaussg ludendanaimsanauen Tagazlaundonsnineglusig 78.92-99.66% 110

a 4 1 o w U E% ad [ A 'V 9
WﬁﬂﬁﬂlﬂiwﬁﬂﬂﬁJuﬂiﬂi’luellfNﬂ1ﬂﬁﬂmﬂlliﬁmﬂﬂ&lﬁl‘]ﬂmﬂi@l ANAITIN 4.5 WUNUBYA

o Y

A Y A A A A 1 = 1
141@ﬁ1h15ﬂu1u1@15%‘1?[1!ﬂﬁ“lflMﬂﬂﬂJuH“ﬁ@ﬂ@IﬂﬂﬂﬂUMﬂﬂW P-value Y93 Model $LONAY

o a

MUBE 1T AN INEDANIZAUANUEFDITU 95% LiazA P-value YD Lack of Fit 4 liTUA11

9

uANANEINTIedIAYNINEDA tazA1 R uaz Adj R® 11101 0.8917 1ag 0.7943 ad1a 9

A { o w U a 4 J
a150ld3s RSM wianzimuzaylumsiisaussig 4 nazennsinsizinun

aa

ad 1 1 o o 1 (Y] 1 1 ad a 1
Tﬂlﬂi@]]lllﬁNa@]@ﬂﬁﬂﬁlﬂui‘ﬁWJ amwmummyﬂﬁaﬂfi’mahmmu nEInawInnIIalung
3 J ! Y A A Y 1 ad K o Yo w ' Y
NIALITT Wll18?’1’3111’31ﬂ1'51611']JSll”lﬂll,ﬂﬂ’f)ﬂf]\W]BTEJLﬂi@]?J1ﬂmuﬁ]%‘ﬂﬂﬁﬂﬁ]ﬂui‘ﬁ1ﬁ]1ﬂﬂ1ﬂ

dg! I A o [ ad o y A a A = a dg!
VYU Lﬂm‘w318ﬂﬁlfwuamm’m@umTammilx‘inﬂmwuﬂimmﬂsmmﬂﬁﬂmWamluiﬂa

A J

a 1 a a a o aan o 4
fgamnsaﬂqmmﬂ@ﬂuacﬁmmﬂﬁﬁa (LAB) Tﬂﬂﬂimlaﬂﬁﬂﬁ]%‘Vnﬂ;]ﬂSEJ”ImJ!,maL%EJNﬂ”IﬁJ@LUG]
Y

Y = = Yy ax v =<
Llajqﬂllﬂalgﬁﬂﬂllaﬂlﬁiﬂ G]Nﬁ”lllﬁmwﬂ’e)’e)ﬂ"l@lﬂ’.lfl’;ﬁﬂ”limﬂ(]ung agaay, 2005) 3

ADANRDINUANMTUULTININNATAMAATIIN RSM vaea1msmsaussiguansldeg
AUMIN 4.2 TN URNUNINADUNITWOAAININD 4.2 4.3 uae 4.4 uaziiloiin e
o A o w ' 9 ad 9 ) A A 9 A
Weanmziminzaulunsmianssialaeldlonia lanaseasian 4.6 Ao 14lemnsa

10% naTumsnin 72 ¥ Tue Hoasraau 1: 20 IR laamsmdaus s1emny 91.88%
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DM
Source Df

(%)
Model 9 72.96%**
X,-yogurt 1 5.94
X,-time 1 132.35%%*
X,-ratio 1 356.65%**
XX, 1 4.80
XX, 1 0.11
XX, 1 127.68%*
X/’ 1 0.031
X, 1 17.91
X, 1 21.99
Residual 10 7.97
Lack of Fit 5 5.49
Pure Error 5 10.44
Cor Total 19 -
R-Squared 0.8917 -
Adj R-Squared 0.7943 -

* significant at p <0.05
** significant at p <0.01

**% significant at p <0.001
A o w J 9 ad
ﬁiJﬂ"IiGIJ’ENﬁﬂ”I’Jg‘V]L‘W?J”I%ﬁ?JGIJ’ENﬂ1§ﬂﬁ]ﬂll§‘ﬁ"lﬁ]jﬂ81‘]51mﬂiﬁ

%DM = 61.3993 - 0.3145 X, - 0.0720X, + 2.7625X, + 0.0032 X X, - 0.0024 X, X,
~0.0083 X,X, +0.0043X,”+0.0011 X," - 0.0283X,’
4 A 72 Iy ad
e X, Ao wlesidualunie
A
X, A9 nal

X, foonTIaI

4.2)
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VNN 4.2 4.3 1182 4.4 WUNBATIFIULINTNAWINTge e InMaiuSuuah
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o Yy A A ] a A o Y1 I ' =
agany ﬂﬂ‘l’ilﬂﬁﬂ‘ﬂu@Qﬂ'liJ‘ﬁiiiJ‘]f1ﬁ11!L1Jﬁ’é]ﬂ Q%%ﬁgZHEI’E]’é]ﬂiJTVlﬂﬁﬂ'lﬂTlﬂJlﬂuﬂiﬂﬂNiJ

a A J

¥ v
AT AUADNTTINIUYDUFOYAUNIINgUUAAANIDTALUATE S (LAB) dewaldiiy

Aanuenin lumsmiaussg (Hsuw, 2555) tagwuauiemunal lduua Tduvesains

[ G o

o 1 A da! A a 4 a a dﬁf A ] = 1 9
NIVALTTIALNNUU LUBIVTINYAUNTY Qﬂ\‘lwaﬂﬂiﬂlmﬂﬁﬂﬁUuLiJf]Ua1W'lu"l‘lJ FIA1991NN5 1%

a { 1 1 o o J 4 1 a a 3
E‘T'Iiaga'Iflﬂiﬂl,mﬂ@ﬂ‘ﬁl’.]a'lilglliJﬁNﬁﬁE]ﬂ'liﬂ'li]ﬂui‘ﬁ'lﬁ] L‘ﬁ@Qil'lﬂ]’l,uﬁﬂ'liﬂm@]ﬂiﬂl,mﬂ@ﬂ"]]u
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Tusereamsvun ﬁ'J‘LlL']J'E]iLGB‘M@]Iﬂlﬂi@UlﬂJ?J@VI‘ﬁWE‘]@E]ﬂ'ISﬂ'Iﬁ]ﬂLLS‘ﬁW] Lﬁ@\ﬁ]'lﬂ‘l]iu'lmﬂiﬂ
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A A g A Y A v A -T2 ad 1 @ v ¥ =2 A 9 s 3 o ad
llaﬂ@]ﬂﬁu@]uuﬂ11ﬂal,ﬂﬂQﬂu%lﬂﬂil%u@Iﬂlﬂﬁ@@’Nﬂu ﬂ\ﬁ«luﬁ]ﬂla@ﬂi%lﬂﬂil%u@Iﬂlﬂi@@’]

Ngafo 10%

ash
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97.2001
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72.00 I I ‘
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a sE Iy Aad A 9 Yo v
MNN 4.2 wavoutlediFua laniauaznal s l¥onsiaiv 1:20
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ash
30.00
25.00
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10.00
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B: time

d' v 1 A Y ad
MNN 4.3 NAVDINIDDTOATITIU Welylunsa 15%

ash
30.00
25.00
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10.00
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A: yogurt

a -2 ad Y ' A o
MNN 4.4 Wﬂmﬂﬂlﬂﬂilcﬁuﬁiﬂlﬂiﬁllﬂ3@9’]5’]11'3“ oaIan 120 G]f'JIiN
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d’ d‘ o w 1 9 ad
MM 4.6 AN NENHNZAUURINIMIANTT9 Tag 15 Tainia

Lower Upper Lower Upper Predicted

Name R
Limit Limit Responses Desirability
Goal Weight Weight
(%) (%) (%)
DM(%) Maximize  78.92 99.66 1 1 91.88 0.767

{ ad ] o 1
FANZNMIIZAN : LOINTA = 10% , 1381 = 72 B2 119, 8AT1dIU= 1:20

A ! ! . e ' o 2 A 1 (% =3 A
INAITNN 4.6 WUIAT Desirability t1N10Y 0.767 G]NiJﬂTEJQGluigﬂ‘Uﬂ’NiJW\‘]W@GliWIﬂ

9
v A

NUIANUNTN IS AUN M uTaanInNg  asnianizasnanu ldlunisiida

q

uisglaol¥lonse 18
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o v 3 d
4.3. Anmaanzmsiinalistulunldendsiimanzaslaamslfenlsilusfiay
nnmsAnaazitinzau Tag19n15919uHUN1NAABY Response surface methodology
U central composite design Tagdl 13 Msnaae uazll 2 avs Ao a1 (X,) Hazoas1dIU

A Y o 1 A Y %’ v A
(Xz) LNBi‘]ﬂ@ﬁSTﬁ’JULﬂﬂ@ﬂQQ@@‘HT 1:6 AT 1NN 4.7

a o W = 9 " =
M1319N 4.7 miaammumimamuazwamimmTﬂmuTﬂﬂmﬂ%mu”lcvﬂmmau

Coded Uncoded Response
Run Time Concentration
X1 x2 DP(%)
(min) (%)

1 0 -1 60 0 51.09
2 0 0 60 1 52.93
3 0 0 60 1 28.94
4 -1 -1 30 0 24.60
5 -1 1 30 2 54.66
6 1 0 90 1 47.00
7 -1 0 30 1 57.59
8 0 0 60 1 56.34
9 1 -1 90 0 33.55
10 0 1 60 2 56.20
11 0 0 60 1 50.59
12 0 0 60 1 50.45
13 1 1 90 2 53.57

DP = Deproteinization

A A 9 o w A A v A 1 I J
NANTNN 4.7 wuuelraniizlumsmialdsaunaenuiinanen)odgudanis
mia Tlsaululdendundimsanauen Tagazlinundomstivasglugie 24.60-57.59% 910

nan13nIeraunlsUsiuaesaimsmisaldsaulasldoulel Tusiiau aen13199 4.8

v [ [

W11 Model Fa0ANUUANA1NDE1NTITAUNINADANTEALANUFDIU 99.99% (1A% Lack of

g

Fit %9 luflianuuanavedniidodingnana a1 Ruag Adj R* 19100 0.9480 Lag 0.9877

9

o v X ga A o w = a 4
AUAIAY 391995 RSM mwianzimuzanlunsmaaldsau Tagnnnanisinsiziam
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Y 9 o =\ Aa A 1 o w A A o A @ A
Wutuveueu i Tustauiianinadeniamaa lUsaunszauanudoiy 99.99% Iagiiieo
A Y 9 P - o q ¥ D) o o a A2 ' ™
ANty aou Tl Tusimuri lduur Tduveansiida Tdsaumuay drunai 1l
Aa a 1 o w = VoA A Y 9 " =\ o Y o w
answanonsmaallsau uaznudemuanuwutuveou lsi Tustiau M ldasma
9 1 1 [ o % an { [Y] 4 ) 4 o
Tsauannuldendelinnuuanasedeiived Ay neadanszauAUT01IY 99.99% 1ot
o a I'4 1 o w [ {
doyantadaunsnuuiiaeimadamansueninismia llsaunaaeasaunsn 4.3
o v J [ { .
N0 A IUHUMNADUNISNADARINING 4.5 FIUTAINAVDUIA AL AN UV UYD
o A d' Y o 1 ) o A
u'lai Tustay s l¥onsiaiu 1:6 tazausninaumsuiingaazimuzanlunisg
o w [ 4 Y] [} o
fealdsauldrnaniaisian 4.9 ae 1aminuIu 30 Ju anudutuve o lsi Tusiiau

4 1 3 o ' o w 1w
0.66% Wosasdulaondaneiin 1:6 1w ldamnmsmdalusauminy 49.00%

M19197 4.8 Wan3unIzianunlslsmaesmmsman ldsaulag 1Fou la Tus oy

Source Df %DP

Model 5 278.34%x%
X, -time 1 9.73
X,-concentation 1 868 3Dk
XX, 1 30.86
X/’ 1 20.57
X, 1 466.84%%
Residual 7 10.91
Lack of Fit 3 873
Pure Error 4 12.54
Cor Total 12 -
R-Squared 0.9480 -

Adj R-Squared 0.9108 -

* significant at p <0.05
** significant at p <0.01

*** significant at p <0.001
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A o o = 9 o =\
AuMsVBITA Mz Iz avvaInImaa TUsau Taglden lai Tustiauy

%DP = 41.1349 - 0.4140X, + 32.4770 X, + 0.0926X,X, + 0.0030 X, - 13.0010X,’ (4.3)
A A
V3] X1 9 1381

A Y o a
X, A9 mmmmummmu%ﬂmmau

A 1 Yy 9 o = Aa A 1 o w =
INNINN 4.5 W'U'.]'Iﬂ'.]'liJL"U3J5Uuﬂlﬂﬁl'ﬂu]l"]fﬂIﬂﬁﬂlﬂuﬂﬂﬂ‘ﬁwtﬁ@'ﬂﬂ'ﬁﬂ'ﬁ]ﬂiﬂi@ﬂjﬂfJ
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Lower Upper Lower Upper Predicted

Name o e
Limit Limit Responses Desirability
Goal Weight Weight
(%) (%) (%)
DP(%) Maximize 24.6 57.59 1 1 49.00 0.792
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M1919914.10 N3P NULUUMINAavazHanamaa 1Usau Tasms 1dlasnduilzsa

Coded Uncoded Response
Run Time Ratio DP
x1 x2
(days) (w/v) (%)
1 | 0 30 20 98.01
2 0 0 15 20 98.11
3 1 -1 30 10 98.11
4 0 -1 15 10 97.20
5 0 0 15 20 97.85
6 0 0 15 20 97.41
7 -1 0 0 20 91.85
8 0 0 15 20 97.35
9 1 1 30 30 98.37
10 0 0 15 20 97.31
11 -1 1 0 30 91.75
12 0 1 15 30 97.60
13 -1 -1 0 10 91.48

DP = Deproteinization
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M919N4.11 Hansaaszranunlslsiuvesmmsmaa lusau Iaeldldenduizsa

Source Df %DP
Model 5 17.02%%%*
X, -time 1 62.79%**
X,-ratio 1 0.14

X, 1 0.000025
X/’ 1 18.35%%
X, 1 0.032
Residual 7 0.087
Lack of Fit 3 0.035
Pure Error 4 0.126
Cor Total 12 R
R-Squared 0.9928 -

Adj R-Squared 0.9877 -

* significant at p <0.05
** significant at p <0.01

**% significant at p <0.001
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DP(%) = 91.0191 +0.5597X, + 0.0589X, - 0.00002X,X, - 0.0115X,*- 0.0011X,’ (4.4)
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M99 4.12 ez avveinaman llsau Tasldaldenduizia

Lower Upper Lower Upper Predicted

Name IR
Limit Limit Responses Desirability
Goal Weight Weight
(%) (%) (%)
DP(%) maximize 91.48 98.37 1 1 96.58 0.762
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1. 35mamnzrimfSanalds@udtoamari (AOAC, 2000)

. 1ngeslUsau (Kjeldahl flask) ¥11@ 250-300 Uaaans
. %ﬂﬂﬁuiﬂiau (semi-micro distillation apparatus)
. 12aU50U51105 (volumetric flask) 1A 100 Haaans
. 433U0Y (Erlenmeyer flask) Y119 500 Haaans
. tlar (pipette)
. U159 (burette)
Y
. gaun

. NITAIYNIDA (filter paper)
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235 3n51241/53a881 (AOAC, 1990)
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1. W1 (muffle furnace)

v A . .
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a d X
3. 35U MR NN (AOAC, 1990)
d

aunsos

1. §®U1W%1 (electric oven)

2
2. TaganNuFY (desiccator)
9

3. m%uzazgmuﬂuf‘imwmmm%u (moisture can)

4.195.09%.9 Iihyiinaziden 4 dumiia
ad
BN

o o e tY 9 A A =~ < @ °

1. sumyuzdmivmanuduludeu IWihnguwgi 105 esrmuaadod iunar 3 5 Tue 1

9 1 dy 1 Qy 9 o a 1w a9y
aaﬂmﬂ@,au‘la“lﬂuia@,ﬂmmw Uavenalarunszny gungiiveimruzanad MNUQuUNYLH0a

Y o %} v A g}J
LAIFI HINUNBNATY
o 1 = v 9 k) v g v A d g}.; a [ 1A A Aa o
2. U@ uTe 1 a1 ldnanaueatiminna aenseanaeny Ly 1-3 Haansy

' 1
v v 1 I}

Y dy o v 3 o ' @ J dy A
3. G]NG]'J@EJ’I\TI/WI'EJ\?ﬂ’lﬁﬁ’lﬂ'ﬂll“]fuGlﬁllﬂu'lﬂuﬂl!uu@u 1-2 AT Glﬁ'aﬂ‘luﬂ'l"]fugﬂ’]ﬂﬂ'lﬂalfuﬂ

a

¥ o A 1 o 9 A I~ o Y '
nywhinimiven W leuludeuiguigil 105 esuwaidoa u 5-6 whwensindenld1ilu

U

¥ 1 Qs’ Y < a 1T W
Iﬂ@ﬂﬂ??ﬂ%u ﬂaaﬂm"l’;i]uﬂizmqmwgmmm%ugaﬂmmmu

a y Yy & 3 v W 1
PUNNUTDILAIVI UINUNANIDYIN

Q u

Ed v
U v A

4 1 %} v { Q'J 1 U rTa a a [
4. eucvmu"lﬁ’wamwmumuﬂﬁm mﬁmmwﬂ@mﬂu"lumu 1-3 yaansy

MIATUIN

e 1 so’ % % ) ! 3 3
ﬂ?mmmm%u = HAANVNUINUNNIDYIINDUBULUALYIAIDY (NTY) x 100

J 3 J* ¥ o ¥ v o ' A 9 Y
(Lﬂ@ﬁl%uﬁiﬂﬂuTWUﬂ) UIHUNAIDYNUTUAU (NTN)



MANUIN
gasnldlumsmua

mamaalilsau

DP (%) = (PO x O) (PR x R) x 100
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Optimization conditions of demineralization and deproteination from shrimp shell

by lactic acid and bromelain
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Abstract

Optimum conditions for demineralization and deproteination from shrimp shells by lactic acid and
bromelain were studied. Response surface methodology and central composite design (CCD) were applied in
order to determine the optimal condition. The response effect of ratio of shrimp to 1% of lactic acid (1:10-1:30)
and soaking time (3-7 days) on demineralization was investigated. The optimized condition for
demineralization were found to be a ratio of 1:30 and soaking time for 3 days, which rendered the value of
demineralization of 81.40%. The effect of concentration of bromilain (0-2%) and soaking time (30-90 min) on
deproteination was investigated. Bromilain concentration at 0.66% and soaking time for 30 min, were found to
be the optimal conditions to obtain a deproteination of 49.00%.

Keyword: demineralization, deproteinization, lactic acid, bromelain
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Table 1 Central composite design and response value.

Run Coded Uncoded Response
X, X, Time (days) Ratio (w/v) DM (%)
1 1 1 7 30 76.61
2 -1 0 3 20 67.28
3 1 -1 7 10 77.44
4 -1 -1 3 10 65.21
5 -1 1 3 30 81.78
6 0 0 5 20 70.45
7 0 0 5 20 66.97
8 0 -1 5 10 69.11
9 0 1 5 30 76.64
10 0 0 5 20 71.03
11 1 0 7 20 68.06
12 0 0 5 20 70.35
13 0 0 5 20 70.39

DM = Demineralization
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Table 2 Analysis of variance of independent variable on the response variable for demineralization

Source Df MS

Model 5 53.02**
X,-time 1 10.24
X,-ratio 1 90.25%*
XX, 1 75.69**
X7 1 0.0025
* 1 75.69**
Residual 7 392
Lack of Fit 3 562
Pure Error 4 265
Cor Total 12 -
R-Squared - 0.9061
Adj R-Squared - 0.8391

*oie

* significant at p <0.05 significant atp <001 *** significant at p <0.001
AuNIINEan NI ranaaenisanus g e ldnsauamiEn
%DM = 57.5642 + 4.9283X, - 0.6187X, - 0.2175 XX, + 0.0075X,” + 0.0524X,’ (1)

= = = o '
Ble X, A2 a1 X, AR ERsIEI
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Table 3 Optimization of deminelization

Response variable Goal Lower Upper Predicted Desirability
Responses
DM(%) maximize 65.21 81.78 81.40 0.992

ANVTINUHNZA - FTEZIIANMIIN = 3 TU WATARFIEIU = 1:30 Waldnsanamsnidand 1 %

30.00

25.00

20.00

B: ratio

15.00

730489

10.00
3.00 4.00 5.00 6.00 7.00

A: time
Fig 1 Contour plots 1or the effect of lactic acid ratio (x1) and time (xz} on demineralization.
o o - | as o

2. Anmantznisanatdsauluddann@uanzanlaanisldiaulmiiusdau

annsAnEnanmenmnzanlunsiiantlshiuanlasndelaaldnisnwununimeneas RSM e 13

1 Y

nsneaed wazd 2 tlade Ae 1an (X,) sazarsdnduasaeulsiusiiau (X,) Waldenmdauaenfseuimin
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wusna s srazaan luntsu bildinlgnsindalsinlne e lsllusiiawiingauiletsananaulsT
Tusiiounsd wazidevinuaaniazinzaslunisindaldsiu nudnflaldszaznanlunisiilfieen 30 wi
A uduaeweuladlusiaufenas 0.66 Lm:;'é”mwiqum%@ﬂrﬁwi'a{'iﬂmlh 1:6 v linananinan T g6
Uszannifasnas 49.00 Taaiifn Desirability Winfu 0.792 (Table 6) ainuani1sAaeIdanAdasiy Mizani and
Aminlari (2007). Fleldeulasisaniaannsdiduianas 0.5 nnaallsiuluifansnsandalisiulsfeaas
46.7

Table 4 Central composite design and response value.

Coded Uncoded Response
Run

X, X, Time (min) Concentration (%) DP(%)
1 0 -1 60 0 51.09
2 0 0 60 1 52.93
3 0 0 60 1 28.94
4 -1 -1 30 0 24.60
5 -1 1 30 2 54.66
6 1 0 90 1 47.00
7 -1 0 30 1 57.59
8 0 0 60 1 56.34
9 1 -1 90 0 33.55
10 0 1 60 2 56.20
11 0 0 60 1 50.59
12 0 0 60 1 50.45
13 1 1 90 2 53.57

DP = Deproteinization

Table 5 Analysis of variance of independent variable on the response variable for deproteination

Source Df DP
Model 5 278.34™*
X, -time 1 9.73
X,-concentation 1 868.32"*
XX, 1 30.86
X7 1 20.57
X, 1 466.84**
Residual 7 10.91
Lack of Fit 3 8.73
Pure Error 4 12.54
Cor Total 12 -
R-Squared - 0.9480
Adj R-Squared - 0.9108

* significant at p <005 * significant at p <0.01 significant at p < 0.001
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Fig 2 Contour plots for the effect of concentration of bromelain (X,) and time (X,) on deproteination.

Table 6 Optimization of deproteination

Response variable Goal Lower Upper Predicted Responses Desirability

DP(%) maximize 246 57.59 49.00 0.792

ANMEAMINZAN - 1981= 30 U7 AsdsdL = 0.66 % aldanmdaiutlaanesiatiugin 1:6
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