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Optimization of Calcium Powder Production from Tilapia Fish Bones
Using Response Surface Methodology
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Abstract

The aim of this study was to investigate the optimization of calcium powder
production from tilapia fish bones. There are three factors and 3 levels for Box-Behnken
design experiment for 17 treatments. The factors consisting of NaOH concentration (1.0-
2.0%) (X4), extraction temperature (100-120 °0) (X,) and extraction time (30-60 minutes) (Xs)
were determined. The influence of three independent variables towards Calcium content
(mg) was reported through the significant (p < 0.05) coefficient of the second-order
polynomial regression equation. The effect of extraction temperature (X;) was significant (p <
0.05) in first-order linear effect (X;), second-order quadratic effect (X2, X352 X539 and
interactive effect (X; Xy). The optimal condition of calcium powder production was 1.62% of
NaOH, 112.50 °C extraction temperature and 45.15 minutes of extraction time, which gave
the highest calcium about 19.10 mg/g. The regression coefficient (R = 0.948) indicated a
good fit between the experimental and predicted yield data. An R” value closer to one
denotes a better correlation. Validation of the production conditions by adjusting to be able
to produce actual NaOH 1.62 percent, extraction temperature 112.50 °C, for 45.15 minutes,

the highest calcium powder extraction from tilapia fish bones was 19.10 mg/s.

Keywords: Tilapia fish bones, calcium powder, Response surface methodology, optimization
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2) NSTUIUNSASENEITENALAALTaNRINN19UAN
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(01=0.05) selusunsudasiziadAdnsagy (SPSS)
ey 22 insadnaienszuIun1swUsUeInIs
Meldgnmiinavisanugs dloasuivuamuaniy
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USuruaal@eu 8198935015910 AOAC (2005)
Tas1ziuSuraunadoudaduafinands
ssfUszneumaaiifidfylusegeneifosnauia
LOUTOITU (Atomic absorption spectroscopy,
AAS)

NIAINITNEATIVALY U 21 adun 2 Asngau-Sunau 2565



a s a v a
M15191 1 29AUsENaUNINLANYRIN1IUANUE

60

feena ARy Usunadlusly Usunalushiu LN
(Wosidud) (Wasidus) (Wasidus) (Wasidus)
Aauantiaan 58.03+0.92 15.47+0.48 13.52+0.87 13.79+0.28

NanN15IuLaLITAl

NANISANWIANIILNISHTENATEANALARLTININ
Mevanfimunzay

nsnsEaIngav

YaArsvanurduluduieonuiu 20 uad
Faldontanizdiudiavieanun wazdiasisi
pefUsznoumaaiide iy Usvneusieanudiy
lodiu WWshAu wazin wazussyineanluge 3
NN LANa15aza1um19 (NaOH: AR grade) Tu
9m3187U 1: 2 (M19Ualla 100 nSu Avalsazany
NaOH 200 ml) wazirluafaunadousaendiad
ausileth

NANTTILATIERIAUSENDUMLAL (11519
7 1) nudn Aevanfadivsunandn 13.79 wWedidud
Fadussruszneviifirnuduiusiulsnauaadey
Tugedreinslarfiaan deazirdavanialuade
WA BumINan st ualuNTEUIUNITEBN WU
ASNAABY

uATeiisudunsveas iy 17 39
WUA JUAIAUNITNAGET WagIATIERAIELNG fio
USunaupaden (me/e) dunanslunisnsdi 2 was
isrziainunlsUsiuiieadrsaunisnisatai
WNzEL §am15197 3 uas 4

M99 2 N19BALUUNITNARBY Box-Behnken design d@usunsiiasiziannzmsanalLaaiduuainiialan

LAAIAINITARBY (Exp.) wazAmweInsal (Pred.)

standard Code level of variables USunapal@e (me/g)
order X4 X2 X3 Exp. Pred.
1 1.5 120 30 16.390 16.217
2 1.5 120 60 16.683 17.275
3 1.5 100 60 14.607 14.780
4 1.5 110 45 19.647 19.216
5 1.5 110 45 19.157 19.216
6 2.0 110 60 16.947 16.287
7 1.0 110 30 14.563 15.223
8 1.0 100 45 15.490 15.422
9 1.5 100 30 16.203 15.612
10 1.5 110 45 18.757 19.216
11 1.0 110 60 16.697 16.592
12 1.5 110 a5 19.363 19.216
13 2.0 100 a5 14.370 14.857
14 1.5 110 a5 19.157 19.216
15 2.0 120 45 17.853 17.922
16 1.0 120 45 15.943 15.457
17 2.0 110 30 17.323 17.428

*X; (Anuduturesansavats NaOH, wWesdud), X, (@aumgl, esrwaidea,), Xs (szezian, uid)
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Msnszsiendulszanidmsunisadng TWaseauns WenensaluSunameadeon (me/s)
aunIn1sHAnKILAAG BN N AU fiangaudae wnitga efmunangnsHaRvangausoly
N193LATIERANNITAIS9809 99975 Response HedeifivdnaseUsinauaaidy
surface methodology #euanslun135197 3 way (mg/e) Ao Tuwaldudunsy (X)) Faildvidwades
f91sudadeifisnanadenszurunisuan taan Funaludauan waglumanasdes (X, Xs°, X))
Fuusyanduesthideiifinnuuansisedeiidedfy Fafdvswaderdunaludau  wariledusudnina

U598 X, Xo Adnswaseadunsludauln

A1519% 3 Regression coefficients @3u 2™ order response surface models ¥asUSuNaLAALTEL (Mg)

USunauumalden (me/g)

rarameter ferm Coefficient p-value
Bo Intercept -206.100 0.001
B X1 5.390 0.510
B X 3.793 0.001
B X 0.338 0.233
B Xi* -5.780 0.002
B2 X2 -0.019 0.000
B X5 -0.006 0.002
B XXz 0.152 0.041
B X1Xs -0.084 0.077
B2 X2X3 0.003 0.162

“X(enududuvesansazane NaOH, wWesidud), X, (@amall, ssrnaaidea), Xs (szezia, wii)
aumiﬁ’m%’umﬁwémmaL%ammmﬂﬁwﬂmﬁmmzau ﬁ@
Y= -206.1 + 3.793 X, + - 5.780 X,*- 0.01857 X5~ 0.006 X5’+ 0.152 X;X,
R? = 0.948

A19799 4 AATIZAANLUTUTIUNEDR (ANOVA) dusuaunisnasaesssuSunuuaalion (mg/q)

Responses Source df SS MS F p value

USinauueai@ius (mg)  Regression 9.000 46.429 5.159 14.100 0.001
Linear 3.000 12.257 4.086 11.160 0.005
Square 3.000 35.030 11.677 31.910 0.000
Interaction 3.000 4.763 1.588 4.340 0.050
Residual error 7.000 2.562 0.366
Lack of fit 3.000 2.137 0.712 6.700 0.049
Pure error 4.000 0.425 0.106
Total 16.000 48.991
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Uncoded 1.62 112.53 45.15 19.37 -
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Xa(enududuvesansazane NaOH, wWesidus), X, (@amall, ssrnwailua), Xs (szezaa1, ui)

" = Anedsrdnndenuuninggiu (n=3)
finfinssuysenid

AUERITEvOVRUAN 19133 wmAlulal
9IM15 AMBNYATANENS 1913 INTLNNEuNulng
ANZLNNELNULIVELAZ LN NENIEN UNINEIEE
F1uiauasesn way lsaneuiauzisiguasusil
2.9Ua31%571% 34000 iAo yATIERTRgdv

v v
o o

aonunagiasesilaelalunisviniseluasell
2 a
LANE1591999

NoIUleUILAENSATER TR UINITUTEUL. 2560.
adAn1susruswsUsenalneg w.e. 2560.
NTUNN: NIUUTEUI NTENTIUNYATUAL
annsal.

An1n1s Wwledeana. 2553, MSHAUIRER S uLETy
p1suAa@rnaInAnslaniia. Inenlinus
AINY1A1EASUNITUN R ATATVIWHIUN
HAMA MY ANEAAINNITULINYAS
UAINGTUNYATAERS.

ugen lnstuns. 2553, loNasAUUZINSINIEIAE
Uafla. drdnimuinazatenenvalulad
N1TUTZUS ATUNW NTUYTZUE NT8NT
LYATENNTOL.

unsad Jundive wazilans Junddve. 2561.015
a%w;gav’hl,ﬁmmﬁwﬂmﬁaLﬂuwémﬁmeﬁ
DIMIMAaNdmSuLESHLAALTEN. 1158NT
FHowaluladuazuinnssu. 2(2), 54-61

U13A75 Buniaseg war wdudnil Iszmauseln,
2558. myataneaaaufiazarslunsnain
niauadia. ngunne: neldguazWalul
qmammmé’mfﬁw ATNUTEUS NTENT
\NUATLATENNSEL.

s
L

7391 Juauuging MIANG wzin3eslns 81ns
WINNA glan Adau Ans wdisauans
WAZNSTING NANUALATYS. 2563. N1TWAILN
nAnfugiusiafinseviasudlonslule
wAAENIINLALAUAIYUT. 31585
IneFans uv. 48(4), 492-501

AnEuns WWemilalay. 2561. n1sanalaaIAuAoaan
wulelaslawm uaa@ou ladunazlalngu
nnudenavindnvania. Inerdnus
INYIAIE@ASUNITUAR 1A INARNUN
Usgud AuzUIsUl URIINEIAUINYAT
AR,

Amitha, C.V. Raju, I.P. Lakshmisha, P.A. Kumar, A.
Sarojini, G. endra, and J. Pal. 2019.
Nutritional Composition of Fish Bone
Powder Extracted from Three different
Fish Filleting Waste Boiling with Water
and an Alkaline Media.
journal of Current Microbiology and
Applied Sciences. 8(02), 2942-2948.

AOAC. 2005. Official Methods of Analysis. 18"

Edition. Washington, D.C., USA: Associa-

tion of Official Analytical Chemists,

M., N. Huda, and F. Ariffin. 2017.

Development of calcium supplement

International

Nemati,

from fish bone wastes of yellowfin tuna

(Thunnus albacares) and characterizat-

ion of nutritional quality. International

Food Research Journal. 24(6), 2419-
2426.

Petenuci, M.E., F. Braidoti Stevanato, J.E. Laguila

M. Matsushita, E.

Garcia, N. Eveladzio de Souza, and J.V.

Visentainer, Ecea

NIAINITNEATIVALY U 21 adun 2 Asngau-Sunau 2565



64

Visentainer. 2008. Fatty acid concentra- Nile Tilapia. Archivos Latinoamericanos
tion, proximate composition, and de Nutricion. 58(1), 87-90.

mineral composition in fishbone flour of

NIAINITNEATIVALY U 21 adun 2 Asngau-Sunau 2565



