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ABSTRACT

The addilion of fish protein concentrabe (FPC) is axpacied b mindmize protes malmutrition
probéam of childran aged 3-6 years. This reseanch was aimad 1o find the aplimum proporion
of FPC in the formulation of a type of traditional food cake that s popular among children in
an ared with a significant case mainui@ion problem. The raditional fosd cake is ‘gapl’, an
Indonesian flour based roasted cake while the area is Bloa Regancy of Central Java
Prowince. The research was done in following an expermental methodological approach
invohing fhees treatments, namely HP| proparion, additional of flavo@g agent, and rmasting
time. Determination of the optimum formeda was done following the Response Surdace
Methodology (RSM) and was processad using the Design Expert (0X) Program Yersion 11.
Using sensory paramebers applied trough hodonic 1esls, the delermination of optimum
lormula was carred out involving 50 untrained panelisi@ children aged 3-6 years from the
3 regions most affectad by stuniing in Blea Regency. The resulls showed that the optimum
formula was that of 15% FPC with durian flavor and 2 minvle roasling time. In terms ol
acceplance, this product is highly appreciated by panelists, indicated by odor, tasie, color,
and extune $cores of B2M0D0, B3M0D0D, 800, and BANDD, respactivedy; and desirabilly of
B0fe. Mulrition-wise, the product has the composition of 4.8% moistune, 1.29% ash, 12.4%
prodein, 3% fat. and B1% carbohydrate.

KEY WORDS
Fish protein concentrate; gapit cake, optimization; response sueface methodology

Protein deliclency is among desturbing malmudnition cases In Indonessa, Unless this
casa is taken cane of sarously, the country will face multidimansional nagative mpacts. As
repored, lack of profeln will educe the quality of e individuals with eftects a decrease in the
immung system (Maggini ai al. 2018), causes of kwashiorkor and marasmus in children
{Grover & Ee, 2009; Kemenkes, 3013). Among segments of ages in a human [#e span, the
children's phase is the mosl criical and impotant phase; physical, mental, as wall as
paychosacial devalopment in the adult time are datemmined by how profein sufliciency is mat
in the chikdhood ages (UNHGR, 2001 ; Sulistiyowati, 2010,

Mationaly, in Indenesia fish is available in abundance and aloerdable price (Nimgsih,
2018; USAID, 2018). Howaver, many fish production cenlars are bealed far avaay from the
concantration of consurmears (&e et al., 2013). As the resull, many locations remain lacking of
access 1o cheap and enowgh amount Tsh and e people become susceptbhe 10 protein
deficiency, Several species of fish are avadable in large guan@ies and refativaly much
cheaper compared 1o othess, for example indian scad (Decaptanis russalll) (Mugroho et al.,
2013). The cumrent national producticn of indian scad is 195.96 Tonstear (BPS, 2018) with
average price of Rp 20,000.00kg (BPS, 2017}, Unforunasely, given the geographical size of
the country ko bing this sounrce of profein from production centers o consumens is obviously
a wery challenging problamn, both technically and econprmacally.
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Fish Protein Concantrate (FPCH opens an opporiunity 1o iackle the problem. FPC 1€
high prober produc resding from & process whane water and ail is remdved From teh, an
excallent source of highty digasiible amino acids and other nArent materials (Mohamed et
al, 2014), Among others, & way 1o remove oil and water from the fish the B type prooess,
which includes cooking, pressing, and drjng (Windsor, 2001; Widyaningsih &t al., 19488).
With FPC, the best part of the fish s made less voluminous and theredore can be fransporied
more aasily. Only parts with good functional characieristics are delivered to consumers.

Thiz niril chalgnge is because FPC is lasieless and not ready for congumplion, Ong
way overcome khis challenge is by adding FPC 1o food making process such thaf the result
will b a product of high prolein conbent, acteptable laste and mode added valie (Allen &
Benois, 2006). A number of research regarding foddification FPC on food products can be
found in literature, Among thesa rasearch ara FPC fortification on melarat crackers [Asriani,
2018), biscuits (Fatimah et al., 2018; Afrani et al., 2016; Kholilah, 2002; Anugrahati, N.A et
al, Anugrahati ¢ al, 2012; Dewidla @ al, 2011), and on sweet bread (Delfra o1 al., 2019
{Defira et al.. 3319).

ini lire wall ihe problem of proten deliciency menkoned earlier, the food 1o be lortified
of courss has 1o maich with the preferance of targeded consumers. For the casa of children in
tha region of Bloa Regency. thens is a type of snack food thal seems o be accapiable by
children in the reglon. The snack food s called gapit. Gapit |z a tradiional cake very popular
in Blara and in fmany olbes places in Indonesia. This cake is rmade from the basie ingredie s
of rice flour, sago flour, eggs. gramudated sugar, and higuid cocomut milk. R is called gapit
because the process involves gapd, a local term for pinching (Khikmawati, 2014). Gapit s
crspy and most importandly for child consumers | normally has swoeel tastes. This then
justifies an experimental research regarding the fortification of Indian scad FPC on gap#t
sneck food targeting school chikdren aged 3-6 years.

METHODS OF RESEARCH

Sieps of preganng fhe FPC can ba sean in FIGURE 1 while sleps for making gapif
snack lood are shown in FIGURE 2. Combinations of variables, namealy the concantrations of
the FPC and flour, and roasng time wene tested o find the oplimum ones acconding to
ofgandleplic cilena, Tz oigancleplic tes! was canmed oul wsing 30 untrained panelsis ol
kindargartan schoolkchildren aged 3-6 years drawn andomly from 3 regions of the most
significant mainutr@ion case in the sludy kocation, Blora (BRHO, 2018). Three replcations
wis adoplad =0 that n iodal there wene 30 dala.
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Figure 1 — Staps lor FIPC praparation
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Addition of FPC 1o gapd ingredients

4

Mixing

|

Hairring

|

Bhapang and Roasting

!

Gt mnack lood
Figure 2 — Steps lor gapd praparation

The next step of the research was lormula optimiza@Zin lolowing the Response Surdace
Methodalogy (RS5M) mathod (Monigomarny, 2013), which is a collaction of mathematical and
stalistical techniques used for modeling and analysis of problems n a response that is
influencad by several varisbles and its purpose to optimize the respons@) Following from
Orarmahi (2016) this mothod was adopted in this research o know the effect of the
independand varabla on response. gol a8 model of the relationship between the indapandent
variable and the response and gob the process oonditions that prodeced the Best responss.
The advantages of this ASM methad include thal it doas nol require large amaunts of trial
data and does nof require a long time. Operationaly, the approach was done through data
procassing using the Desipn Exper (DX) Program Version 11 (Slal-Ease, 2018). This
consisbid of 4 sages, mamely: (1) prepaning the lomulation and response disign, 2)
formulation, 3) responsa analysis, and 4) opSmization.

Formutation and response cesign was camied oul using the DX 11 Program fo
detarming fixed varables and independent variables. Fived varable is a variable whose
value Iz made the same In each Feaiment because it is considered not to aflect the
response. Meanwhile, the independent vanable i5 a warighle that will alledt (he response
generated. In this study the fixed vanabtle was the number of main ingredients in making the
gapil snack food, namely the amount of stcky rce flowr, tapioca flowr, sall, sugar, and
coconul milk, while the independent vanable was the addition of the concentration of durian
flavared indian scad FPC and the roasting time. Delermination of the indepandant varable
based on resuls of similar previous research Khollah, 2002; Alranl et al, 2016 Mowva &
Kristmsiub, 2017, Khikmasali, 2014) to determing ihe minirmsm and magimum Bmiks, as seen
in Table 1.

3
Tabla 1 - Tha range of independent wariable values

Com ponged indapencient Variable =~ 0 @ ) Minamim Muaimum
A Comcertmtion fiy ish proten conoenirate [9e) i [x] ;0
B Time (Minute) 1 3

Minimum and maximum limd values were enfered into the DX11 RSM Box-Behnken
Dexsign program for randomization. After randomization of the combinations, 15 reatmants to
be anahyzed were determined (Table 2). FAesponses to be measured and optimized
FERGRONSES wind Brogeghl o an ongindobeplc W6t which imahaad odor, taste, cokor, and fexiune
enlgna, And lolowing the BSN [2006) slandard, evaluation of the 1esled Samphs wias dond by
giving gualty assessment based on &e or not ke panelist's judgment to product The
results of this descrplive test of all panelists were then compiled.
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in this slep, gapl snack food was made according 1o the formulas shown In Table 2
with @ Bage ingredien! composition as shown in Table 3 and a process My @Eagram
presantad in FIGUARE 3. As shown in this figure, the process started with weighing the base
ingredients. Then, durian Mavored indian scad FPC was added accoeding 1o the forrmasla
produced by the program, This was based on a frial and emmor which referred 10 research
rasulls Khaliah (2002), Anugrabati ef ai (2012). Mext was mixing and stiring until lender
dough was produced. The dough was then was shaped and roasied. The roasiing lime was
based on a tAal and ermor lesting which rderred to eseanch resulls ol Hapsors (2013),
Hasan et al (2014}, N&isar (2016}, and Khikmawati (2014].

9%2-&:Mdﬂh1ﬂslpﬂmﬁwdm

Formada Facior 1 Factor 2
A Concentration ksh probbin concenliate %) Timas | MiFwita)

1 15 F4

2 ] 3

a 783 z

4 15 4

& 1% 2

B 15 058

T 15 -4

B 15 341

& = 1

10 10 3

11 15 2

12 b 1] k!

13 =2 2

Tabia 3 - Initiad {omulation of making Gapdt cake

Wisgra, o
inguis ricay Rour H e}
Tapind-a foue 125
Salt ]
Gardic i
S 3
Cpccem mik 154

Each response variable was then analyze§f)sing the Quadratc ANOVA. This ANOVA
modal was adopled as it was the oné that gave significance to ANCVA and non-sgnificance
io lack of fit. in addition, this was also based on the result of the DX 11 Program, @hich
provided & nommal plot of residual, indicating whethar e diference batween the acual
rasponse and the predicied responsae valwe foliowad the normality Bne (straight Bne). MNormal
line data indicated that actual results would ba closa to the results pradicted by the DX
prograrm (Murmiah et &', 2013).

Al this step. each responsa (odar, 1aste, color, taxdure) was determined by The objaclive
of optimization stated in the Design Expert 11 Program. This program cared @ut
cplimization acoording 1o the inpulied vanable data and response measurement data, The
oufput of the optimization slage was the mcommendation of saveral new optimal formulas

to the ram. The most optimal formula was a formuka with a maximum

rability value Desirability value was the value@lf the objective optimization function thal

showed he ability of the program o fullill desires based on criteria Set on the final product,

The wakms ranged betwean 0 and 1.0. The desirability walue wiich close fo 1.0

indcaled befier abddy of the program 0 produce he desingd product purposa of

opfimization was not to obtain a desimabiity vaiue ofgfRl. but 1o lind the besi conditions that
broasghd togethar all the objective hendtions (Nurmiah af &, 2013 Rushing &f al, 2013).

Tha proximai alysis consisted ol moislure contanl analyss using e owen
avaparation method lollewing the Indonesian National Standard (SMNI) 01-2891-18982 (BSN,
19821, ash contant analysis using dry ashing mathad following the SMI 01-2881-1882 (BEN,
1992), protein content analysis using the Kialdahl method (BSN, 2011), lat content analysis
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using the Sodhlet method (SMI 01-2B91-1882) (BSM, 1992), and carbohydrate content
analysis using the by difference method (Mialsen, 20100,

RESULTS AND DISCUSSION

The effect of varabon of formula and roasting time on accepiability of the product was
defecied. Table 4 shows the processed data ol respondenis’ prelerence scoring on the
small, taste, colar, and texbune of e products of diferent compasition and raasing time. The
table shows that the ranges of scores were 65 10 87 for odor, 48 1o B7 for taste, 60 to &7 for
color, and texiure 60 to BE for texture,

Table 4 = Processed dala al respondents’ prelference sooding
FRE FE R R e S S

{ |

%) (MINUTE] DR TASTE COLOR TE
1 15.00 200 a3 5] &0 L0
z 2000 300 83 a2 Bz a1
3 783 2.0 a2 B4 [ i
L 15.00 2100 78 & 2 B
5 15.00 F00 78 B4 o B4
& 15.00 029 L 48 i G0
T 1500 200 8a Ir B2 Bz
& 15.00 341 75 i3 ki B
# L0 100 78 ez &0 EE
[ 1000 300 B &y ar e
mn 15.00 2100 ar B4 B3 B
iz 100 .00 T 83 -] B4
13 AT 2 T _BO B _BS

Furthermmore, the anealsis of vanance (ANOWVA) perdormed 1o loBow up these resulls
prochuced numbors 85 presenied in Table 5, which suggests that quadralic model was found
beftar than other models. The quadralic model has a larger R? value than the other modeds:
(.64 for odor, 0,86 for taste, 0L5F for color, and 0.88 for textere. Furtharmone, using the p <
(.05 criteria, the model also was found signéficant for most preference critena (00044 for odar,
0.0091 For tasie, and 0.0018). This means thal vanation in the snack lormula and roasting
tima statistically had a significant effect on panalists” prefarence on smell, taste, and texiure,
and not To@Ee color of The produd,

The Lack of Fit (LoF) st also showed that the model was found good. p value of
tha LoF 1ast was 0.2385 for ador, 00504 for asie, 0.2388 for color, and 0.1384 for texdure,
all ol which were greater than 0.05. ﬁmmwﬂftmmtmimtadﬂmiﬂumF was Mo
signilicant, Redarring 1o tha literalure (Ke i g al, 2010; Nurmiah of al, 2013; Sukasih af
al, 2018), this means Thal the mode 15 model a5 # shows suitability ol the response

diata with the rmodel.
Table 5 — Resut of anahlsis of varance
Sgmwlomce Leosof Fr
Aisgerse  Modol Equation e
{pCuDesh (p=1 05
Cidor Cuairas  T=B120=- 1 10As3620 « 1.00 AB « 071 &'+ 404 B7 Q04D 02388 026
Teomle Ouatrsic Ye D180 200 A+BRIE+ 400 AD + 141 A - T340F Q001 008 DB
Coler Cusiiie YouTRA-410A+3828 +3T5AB+ 1M A-208B° Q384D 02068 oETEE
_Tashes Cuptraie Yo MIB-2H0A+ 401 B+ 75 AR+ OPL A - BR0E QoA 0,138 nEml

h:.-'u-d.:.r'arrhmFFE 8= sne.

Foliowing from ‘Winame (2004) and Trihadita ef al (2018) regarding sensory
obsarvaiion of odor, the following i3 the results of the RSM odor response equalion
parformed to optimize the condition of the process of FPC fortification lo gapif snack food:

Odor = =113 A4 + 352 8 + AR +0.71 A + 4.04 8¢
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Whene: & - Properion of FPC (9); B - Time (min).

Tha aduetion showird that the odor responge would incraasse direcily propartional to the
increase in time and inversaly proporional fo component of FPC. The lower roasting time
and the higher concen of FPC the lower the panelists’ preference Tor the odor
response 1o the gapd and Mis resull & in line with the shudy of Nurmiah &f al (2013).

The validsy of this result was confirmed by the data nomaity 1est &3 presented below.
Figure 3 shows the nomal plot of residual odor responsa, whidh indicates nomality of data.
Az sean by this figure, there are sirong refationship batween the actual valee and the
predicted value. Refering to Trhadtia ef &l {(3018), this can be inlarprated that the actual
results woulkd be close o the results predicled by the DX Program.

e H-cllrl"\#P’lnl o h_"'""”

Mo T Aroaine g
EE © FN RE
]
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L ]
ar

a i

] am am 3] 09
Esprrpicy S oierdond B i

Figure 3 — Normal plol of ressdual odor responss

Using the above equalion formula, FIGURE 4 shows a contour plot graph which links
thie value odor responsa and combinations of treatmants (FPC proportion and rmasting timea.
More specifically, the graph provides the foleaing: (i) different coloms whach reflect diffe@@nt
values of odor response and (i} dotted lines which show combinations of treatments that
produce the same odor response valug, (i) the ellect ol the combination ol reatmants on

odiar response,

maa wa - e
[ ——

1T i

L1} [ H L ] u =

Figure 4 - Conlour plot graph of odor responss | eplimization regon of oder

As e in thie graph, the lowest odor responge value is 65, which is indicated by he
biue color; meanwhile, tha highest cdor response is 87, which is indicated by the red color, It
wig bownd that the higher the FPC and the shorter the roasting time, the smaller iz the value
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of odor response, Releming to finding of Widyaningsih et al. (1886], this can be linked to the
addition of Ty B FPC and incomphide rodsting procass, in this Gass, the anoma and tste of
fish sl remains in the product added with tha Type B FPC, and corversely the lower
conceniration of fish profein concentrale and the pnger masting Bme then the greater soor
responge. More explanation can be lound in Imaavanti @t al (2017), who staled that such
phengmenon occurred because during roasting, temgerature increased and made volatile
aroma-lomming compounds evaporats.

As abso sean in the graph, the boundary anga for oplimization has e lowesl vahie ol
74 and the highest value of 84. In this casa, the pradicted odor optimum value is indicated by
the red point, which is 81.2, This value cormasponds 10 a FPC proporion of 15% and roasting
fima of 2 (two) minules roasting,

The naolion of taste in this research relars to something thal is fell by the taste buds ol
tasie can help in the identification, naming, and appreciation of foed. And the notion adopled
hari connobes an undersianding raised by Sharl of &l (2017), who sabed that it includes 4
fypes of lasle, namely sweel, salty, sour, and bitter, impressions oblained afer someone
swallows a product (Winamao. 2004), transiormed by laste reurcns (Hiroi & Tanimura, 2008).
Fallowing from the above understanding. the following s e mesults of the RSM tasie
respanss analysas. The equalion necessary 1o find the combination of treaiment for best
tasle |

Tiste = =390 & BHIA & 4AH + L4147 = 73454

Where: A - Proparion of FPC (%); B - Tima (min).

The equalon shows that taste response increases direclly propomtional to the increase
B roastng time and imersely propoctional i FPC propadion. The shorler reasting tirme and
thi higher the proporion of FPC, the lower the panelists’ laste preference.

Thie validty of this el was conlirmed by the dsta normalty esl as presenied balsw.
Figure 5 shows the nomal plat of residual odor msponise, which indicates normality of data
As sean by this figure, there ane strong refationship between the actual value and the
predicted value. Redering fo Trhaditia et al., 2018, this can be interpreied that the actual
rasulls would be cloge o the resulls pradicled by the DX Program

Using the abowe equaticn formula, FIGURE & shows a contour piot graph which links
e value odor response and combinatons o reatmants (FPC proportion and roassng time).
More specifically, the graph provides the Toliowing: (i) different colors which reflect diffe@nt
values of odor response and (i) dotted Enes which show combinatons of treatments that
produce the same taste responsa value, (i) the effect of the combinaton of treatments on
LS neSpOnSe,
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Figure 5 = Momal plol of resadual Bashs response
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As seen in tha gragh, the lowes! taste response value s 48, which is indicated by the
Blu colar; maanwhile, the highast tTase response i 87, which is indicaled by e red color,

It was found that the higher the FPC and the shorer the roasting tima, the smaller is
thie value of odor response. In the onginal form, ®e laste of gapl menely is influenced by ils
main normal ingradiants, whene the taste s sweal, owing o the presence of sugar in it
{Zaitoun af al, 2019). This is what actualy makes gapt s iked by children because children
prefer sweeiness (Mannella & Bobowski, 2015), whose formation comes from caramelization
from high ermperbure cooking of suglr (Kokkinidou af al, 2018). During tas! roasting, as @
cocurred in this research, the desired high temperafwre did mot occur so that the
caramebzation process was nol formed pereclly. In the meantime, it caused the fish taste
from the addiion of a high proportion of FPC. Rederring 1o the similar process of Windsor,
2001, the fish taste o soma extent covered the weat taste of e gapil This phanomenon
can be chearly seen in the contour graph that links FPC and time treatments and the taste
FEESEHOT Sk,

As also seen in the graph. the boundary area for optimization has the loweast value of
B0 In this case, e predicted taste oplimum value s indicated by the red poinl, which is
81.8. This valua cormesponds 1o a FPC proportion of 15% and roasSing time of 2 (two)
minubes roasting.

i e T

T . TESTE

e e

§ T ST

B PR R CORRC LR TRATE R

Figura & — Contour plol graph of 1asie responss | oplimization regon of taste

Color is wvery hwmﬂmﬁmgmfmdmmbﬂmnlwﬂraﬂmﬂ‘u first
consumer's assessment of the product and also provides sensory information thal can
interact with 1aste, smed and texiural cues to datermine owverall product accaptance (DuBose
el al, 2017). Color is the ligh§Epried af the wavelangth absorbed by the eye that is changed
by the brain of the color we 588, Light can be decomposed inlo a spadcirum of six differand

colors: red, crange, yellow, green, blue and purple [Singh, 2006). In this experimental
resaarch. the rasults of the color-concemed RSM aquation are as follows:

Calor = =4, 194 + 1,628 + 3,.7548 + 1.244° = L2658

Where: A - Propartian of FPC (%) B - Tima (min).

The equaton shows that taste response increases diredly proportional to the increase
B roasting lirme and imerstly propdionad i FPC propadion. The shorer rgasting tirma and
the higher tha proportion of FPC, the lower the panelists’ color praference.

The valicily of this resdi was contirmed by the dsla normalty a5 as presenied below.
Figure 7 shows the normal plod of residual color response, whach indicates normalty of data.
As saan by this figure, there are sirong relationship between the actual value and the
predicted value. Releming to Trihaddia of & (2018), this can be iMerprated thet the actual
rasulls would Be close o the resulls pradicied by the DX Program.
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Figune 7 — Momal plol of ressduwal coloe response

In thes research, color was taken as a pant of the locus of the analysis considering that
as staled by Huang & Lu (2015) that it is a very imporanl afiibube, which can arouse
consumers’ appelite and plays roles in the recapion of food products. it was also considered
o carry oul an analysis on color because the expenment imvolved addition of a high conten
profein source (FPC) and high temp@fture process (roastingl. Several factors have been
reporied 1o affecl oolor changes on the product surace, amino ackis, ingredients,
lempearature, air welocity, humidity and heal transfer info the sample. (Abraha ef g, 2018);
this has proven for example by Lund & Ray (2017, who found thal the amaunt of FPC and
the lack of baking te mperalure will causa a brownish discoloration. In this ressarch, the effect
of Ireatments on color can be seen FIGLRE 8 for those who wish a clearer observation
Thesa figures show thal the lowest boundary valua for optimization was 70. Meanwhile, the
best optimization is shown by the med poind, which ls 784, which corresponds o 15% FPC
and 2 minule roasting lme
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Figura B - Compur plol gragh of color responss |/ cptimization region of color

Obserdation of the etect of the trealmenis on texdure was inspired by the repors of Liv
ef &l (217} and Costell & Durdn (20090 In the reparts, it was staled thal somemns would
feal a bad or good texbure sensation readily when ha [/ she chewead tha food. In this research,
regarding fexiure response, it was found that the RSM eguation for optimization of
traatments was as lolows:

Texture = —2.34 + 4918 + 47540 + 0.954* — a08°

Where: A - Proportion of FPC (%) B - Time (min).
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The equation shows thal texture response increases drectly proportional to the
increass B roasting tmae and nversely proportional 1o FPG propdnion, Tha sharbir rossting
fima and the highar the proporion of FPC, the lower the panelists” color praferenca.

The valicity of this resull was confirmed by The dala normaity st a5 presented below.
FIGURE % shows the nomal plod of residual texture response, which indicates noamality of
data. As sean by this figure, there amre strong relationship betweean the actual value and the
predicted value. Refeming to Tnhadiia of al (3018), this can be inferpreted thet the aciual
resulls would B closa o the esulls pradicled By tho DX Program.
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Figura 8 — Mormal plot of residual feches response
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Figure 10 = Corour plol graph of |exture response [ optimi zation region of bexiure

Thee riesponse value W0 S combination of treatments can Be seen in he comour piod
grapgh in Figuere 10, Different colors on the conloar graph also show the texture response
value, blug indicales the lowes! lexture respons@Balue 60 and red color indicales the highast
texilura sensory response B6. The dotted inesg the combination of two treatments Bl
produca the same exbure response valee. Figure 12 and Figeee 13 show thal the lowasd
boundary for the optimization was 70 while the highest was 85 The besl oplimization
pracicton of texhwe is shown at the red pod value of B3.6, cormesponding o 15% FPC
progortion and 2 minutes roasting Bima. This raseanch also found that short roasting tima and
massive addion of FPC produced a product whose lexiure performance was below perect.
This might be refaled o0 finding of Jakubczyk ef sl [2008), who observed a similar
phanomanon, whare cispress of thair produc] was low, Something that he linked with tha
increase in watar activity.
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Following from Purnoma ef ail (2012), oplimization in this research was done 1o get
SENSOrY responses that ane in accordancd with the responsas thal could be received by the
panalists (desirability). Figure 11 was presentad with a purpose of optimization, whara efior
nedded was minimum and the degired was maximum, Degrabdity optimezaton resulted in a
value of U799, meaning that the sensory response D e gapd acoepled by panelists was
79.89%. Table & shows the optimized treatments, targeats, minimum and maximamn mits, and
thie level of mportance ai the optimization stage of the formula. Based on the optimization
process of the DX 11 program, & recommandsd combination of treatmens is presented in
Tabla ¥. The treatment combination of 15% FPC and 2 minutes rasting time is the best
combaalion with sansony response accepted by panalisis by 79.9%

LR i Jsiny
R TR

Solution 1 oen of i

Figure 11 — Desirabslity

Table & — Componants and optimézed response, goal, limits, and impostance
in Ehis aptimization stages of the lormuls
_W’“ Targe Lermrar Lirm# Upper Limd  Imporiance
mbon FPG (5.} Aargn 10 20 3 4t
Time (Mirie) Range 1 3 3 e}
Small Maximum 65 a7 5 (et
Tasie Mlaeimim 4R a7 S il4estt)
Calonr Rargo 60 ar 3 s}
_Tashans Maximium Ll B4 B freait]

Table 7 - Formula resulied from optimizaion phase
Mo FishprotonConconirate ~ Time  Smell  Taste  Colr  Teium  Doswablity

1 s F] BIL463 BT ATE  TRES  BRgeE DOw

The proximate figures of the treatment combination of FPC 15% and 2 minutes
roasting time can be seen in Table 8. The table the gapil proximate with the addition of FRC
as companid 10 e chmrmencial gapl prodimdle, | can be S Sl the gigl productd in
this research better than the commercial ona and |t meets the standard reguirements set by
the Indonesian standard (BSN, 2011),

Tahlis & - The: compasitian of the gapi praximale

Aralyss Gapit Cake wih Fomita Commercial Gapt Cake
Mioishure 4. Ta8 5 01750 BH5E 1 00556
Ash 11845 g D.OSET 18137 & 002545
Prodain 1235 20,1718 5,88 ¢ 0.555738
Fal 3041 £ 05BN 5081 & 0,233153

_ Carbotydrati #0643 = 0107 X G51 & O PERED
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CONCLUSION

Interaction ocowrs between the components of the procass of making a gapit between
the proportion of FPC and e time of roasting 10 the sensory response of odor, srmpll, taste,
color, and lexiure. Diflerences in the freatments o the gapld making process affect
thie sensory value of the odor, taste, color, and textune produced. Oplimization that uses the
DX 11 Program with RSM-Box-Behnken produces an optimal combination of 15% FPC and 2
rinules roasting lwme. In this condition, il produces a sensory vakee ol 81.5, lasie of 825,
color of T8.7, and texture of 84.0 with an acceptable response from the panelsts of 79.9%.
The final product o the gapit has a moisture content of 4,745% £ 0.175, ash of 1.1845% =
(0527, protein of 12.350% & 0.1716, lat of 3.041% £ 0.5651, and carbohydrate of 800664%
£+ 0.107.
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