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L. Introdection

The soods of the Indoncsan population for flowr Bave incramed from years, due 10 &
larpe number of procewsed food praducts that use flour o 2 basc ingrodiont, inclading
prodects sech as soodics, bevad, cakes, erc. This & suppomed by [1] which states the
Iadoncaia i e socond-Rarpest country 1o conssmne soodies after Chima, This condition i one
of the causes of increased demand for Boar. Inceeased utilizathon of kocal posestal can be
used @ a0 opportenity 10 overcome e demand for Mlowr subntiouie Moer. Ose of the hocal
potentials that cas be raned is soeghum. Sorghum o a cereal crop subntitule foe fice and coen,
however, s use for food prodeces is stll very limeed. Soeghum Nour bas a ferly good
nutrient comtent, and this & suppored by [2] tha sorghem soods contmis cartohydraoes
84.16% G 0.355% and protes 3,.58% . Sorghem also hos anti-oetritional propertios, namely
tannin, snd physae. The content of anti-netritional substances can be reduced by modification
usitg fermentation [3), w0 o 10 mprove digoability, Fermentation can also iscreane the
crysalliney of stach gransdes, thorchy mcocasing relydration power. Sorghum  four
fermentation can be done by usmg lactic ackd bacteria tha are consdesed safe for humun
conmwmpenn, one of which & Lacsobaaliggrlasrarm,

Maodifsad Sorghum Floar (MOSOF) can be applied 10 food prodects. (4], stated thes the
use of 25% cpps and pastially wabstimstod wheat Mour with MOSOF, appescally can produce
noadies with good physical and chemical geality. Besides moodie peodocts, MOSOF can also
be appliad 1o crackers. Crackers are inchaded in Biscuits type, which in dicis masulactere con
be done with/without the fermentation process and there 1s a Limesateon prooess so that it i
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flar snd of beokes the sppearsace books layosed (5] Craclens do oot use cpps in the
mansfacturmg process, w0 ofher mgredionts such 2 margarine aw nooded 1o imp@ve their
textare. One of S cracker's quality paramcten@s monture content because it is nelasad so
shelf life, The method of &terminmg shell Bfe with e critical water comiont approach was
chosen boci)e it was considorad witable for prodects Bt were casdly damaped due %o water
atnceptig) This study was desipaad 10 detormine the helfl lifle of the best MOSOF foemula
crackers with the criscal waler contoat appecach .

D et
2.0 Macrals

The mew macrials usod in this @dy were carly musered sorghum sceds, whech were
obtaincd from Madurese farmen and Lactobacilio plonsernee FNOC 0027 bacteria from the
Center for Food snd Nutrition Ssedies (PSPG) of Universitas Gadjah Mada, Yogyakana. The
ingredients Tor makieg crackerns in this study are modenne peotein Nour (hlec wiangic trand),
marpaing, yoas, sugar, shim malk st and sodium bicarbosato, The chomicals usod for the
mnalysis weee concentrased H2SOM, bonc acid, BOG-MR indcaoes, HCL, aquades, K2504,
NaOH., MRS broth,

22 Research Stages

This rescsech coments of 3 sages, Bhe preparation of ssaicniah, sanufacture of crackens
ond physical analysis of chemacal crackers. The explanation s a follows:
Stage | Material preparation end chemical analysis

Al this stage, thery are seweral seatoents inchading:

a. Making Sorgham Floer Staner (Ariyasn, 2016)

Prepuration of soeghum Bour starter was i sad by inoculatica of the sepuvenated
starser Lactobocillus plantarsm FNCOC 0027, 10 5 mil of sorile MRS booth and thon incubused
for 24 howrs using o temperature of 37°C. Followad by trassfer 10 100 mi Erfenmeyer which
had previcusly boen filled with S g of sorghem Mo aod 15 mi of Satillod water aseptacally,
Then the incubation tomperatese is 37°C for 24 hoen,

b. Masufacesre of Madifiod Sorgham Flour (MOSOF) and chemicad amalysn

The modification of sorghum Dour win camvied out by fermentation using the modiiod
Afniyasts (X016) method, Beginming with flosr making by washing sweghum seals using
distilled water, and contimued by soaking usag 02% NaZHPOM for 2 hoon @ WOC,
Sorghem seads are then washed again usag distilled waser, then dred ar 650C for 3 hoess.
Dry soeghum soods are then crudhed sad poured mio a dish mill, then sicved using a saee of
€52 mesh, o obtain sorgham Bour. The socghum Bour that is formed is then fermented, soaked
using disilled waler sing & rtio of 12 3 (w7 ¥) and isoculated Lacoobacillus plastarus
FNCC 0027 by 107% for 3 days. The nest stage is winking with distillod waser, filering and
drying for 2 hours usisg a sempenature of 650C. Afer that, the thour is refined and scved
using 8D med size.

Chemucal analyses camed ot include oven water coment [6], ash costest [6). prosein
coment (6], fag coment (6], stawrch content |6], crede fider content (6],

Stage 2. Crackers Mamufactuning snd Asalysis
Theve are 3 reatments, namely manufactunag crackens., mnd physical-chemical analyse
a, Making Crackers
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Malirg thowe orchon using the Arnyantigxthod (2016). As for e formulas and
explanations reganding making crackers. cach cam be soom in Table | and Figwes |
b. Determimation of the best treasmangl)

The bout treatment was chosen benod on the resalts of the cepmoleptic tosd usng the
bodontic mxecthod. This fes was conducied by 25 semi-trained pomelings, with the soxt attnbesos
inchadang oodor, aroma, taste and EXIUne ' on speaess.

Stage 3. Paysical analyss of chemical crackens

Ths stage is grven 10 the bed meatment of organcicptc tes sesults. The analyses
conducted is crispoess and handnoss with a testee smaly 2or, dovelopmcnt rafio, walor coofiont
(6], ash comtent (0], ot content [6), pootein comtent [6), cardobiydrse by difference
(Ancaymous, 2005), abelfl ke [8)

The steps taken i calo@uag the shell hfe (main sescarch) arc

I, Detorminstion of e intial moisere conlent (Moistere Initial 7/ Mi (Mol The
determimnatson of initial water consent in Sis stady refers 1o 19).

2. Desermunation of parameters and oritical waler content [ 100, The parsmneters used in this
stndy are sextore. color, aroma, and taste, From these four paramcters then a ranking sest wis
conducied by 25 panclists. The lowest rank was chosen as a contikal parameser. Furthermore,
the delermination of critical waler contest begins with storage of the product o room
temperatene for § days, with dadly wator contont testing and Bodonic tosting, on a scale of 17,
D ducts with a vadue of 3 ave comidered as oritical motsture coment (pancings rejecied).

3. Determirstion of oquliboum water costent (“4db) asd wepton ruthermic curves. The
oquilibeium water content is obtained by stonag the peoduct in § differont types of saturated
sales, in the hussidaty chamber. The five types of satesaiad salt can be seon in Table 2.

Bpble 1. Formula crachens (p%g)

Jagredents 1 N W l!_.! MM Vim X
Wheat Flows AN XN N 0 9 & & &
MOSOF o0 o &0 50 o “ 40 40 40
Margarine 1S pa 35 15 2% 3 15 25 s
gx ' 1 | | 1 1 | ! |
2 ] ] 2 2 2 2 2 2
Skim Milk 2 2 2 2 2 2 2 2 2
Sodismbcatosate 025 025 025 025 025 025 025 025 028
Yeaast 2 2 2 2 2 2 5 2 2
Tetale 1223 1323 1423 1223 1323 1423 1IR3 103 142
Source: [T
Tahle 2. Types of Salt and Water for Manufaxcturmg Saturatod Sal
Totale
T’%‘i“" ok ShE W)
2 s
Kl (2] ) 15
Na(l 7% ) 25
KQ " &0 - ]
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Sowce: [11)
Equilibrivm water coment (%db) and Aw obtained, hencelonh are ased 10 create sorption
mothermic curves, Aw is obtained by dividing the RH of cach humidity chamber by 1040,

4. Detcrmmation of sorption swotharmic models. Determination of sorptaon isothenm modd
by entering $e value of equilibrium water content (Me) (%db) aad Aw inlo Be sorption
sotemal oquation formuda, and Bes evilested wing MRD (Mean Relative Deviation).
MRD valoe <5 » dtormined as e chosen oguation bocause it m comsidered capable of
representing acosad condinons. The MRD calculation formmla is as folkows:

']
MRD ' m |———|"' o
=)

Mi = eaperiment waer costient; MPL = calicelaod the moisture conticet, N = amsount of &ala

Eguatons wsad in this stady aee Chen Clayton, Hendersoa, Hasley, Oswia and Cawrie. The
sclocied sothermic sorption maodel 1 Shan wsod to fad the valee of Jope (B), by entering the
cakulation gits of equibrium (Me) ad Aw. The lingar form of the sothormis oguation
moded [12], cam be soen i Tale 3,

Table 3. Form of Liscar Eguation baothermic Equation Mode|

wﬁg-b
= Wy 1) - y =~y Lo i

P2 g Me x = fog Me
~ PLe)
- )
Ghwn-Llargton I Vawl] =PV} - PGy = in el Vaw)
. = Me
o=y
b« - P2
Hemderson g PNt c il =g K em y=tog (it - s
g Me x = log Me
n g X
ben
Canare e = n 1) - e ¥y~ nMNe
e
" =n1
b= - P2)
v - Mae = n 1)« ) ¥y~ n Mo
e} — wil] e e L
=)
b= 1)

S, Cakulation of ¥l life, by detcrasining the vialue of several variables 10 complete the shelfl
Me oguation. These variables mclude packagag permeability, prodig) dry weight per
package (Wy), paclaging arca (222), and satursted watcr vapoe peeswre. The shelf Be of the
prodect Is thes calculated usiag the Labuza equation (1952). The formela for calculating the
Labuza aquation is 2 Tollows:
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s = estimuied shelf lifetme (days) @

Afe = peodduct oguihbnum moissre content (g HXD / 2 solids)
Mi = il prodect molsure comtent (g HXD / g solids)

B = slope of the tvathemic sorpticn @Jrve

M = cntcal water contont (g H2O / g solids)

K/ x = permesiility of packaged water vapor (g / m3 day menlig)
A = srface aoca of packagag (m2)

Wi = peoduct dry weight in the packagpe (g solids)

Fo = sateraled vapor presure (mmHg)

Experimental desips

The experimental devipn wed 8 crkon products is 3 sisgle factor Randomized Complete
Design (CRD), wih 2 replicassons analysis. The data obtained wese then amalyzad by
ANOVA usd DMET 95% wiing SPSS 19

Whicat fhoar (76 ) - MOSCHE (%) - Magunae (%)
(40 60 15,50 .50 5. %0 &0 39

4
Howvarperacatam
*
Yoot . S K"'““"-‘“‘n
Bcabonse 025, 3+
wps 1%, wh 2%
dm ik fermont for M) snonscs I
et Ml v
Patsicning %o form Sects
L]
Adbing O Tlling b bl of the =
et
Wheet Bow 29% ?
Sochuin Scamima—]____ Shoet foding
035wt 0.3% v
Cutting oo St Xm

1
Towwwnt fuw 10 mdnetes
+
Rosating a1 1 15°C for W0 imimans

.............................

+
| Ovpanedepek  testeg  (ovder,
Croclers — & e, wnel dus wese)

............................
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Fig | Making Cexckers |7)

RESULTS AND DISCUSSION
Prefissisary Rescarch
Making Modified Seeghum Flour

In this stody, sorghem Mour was ssalyred using fenmentation (MOSOF), then e results
were compesnd with the literatuee . The average chemsical composition of MOSOF cosld be
scen in Table 4.

Froms Table 1 it can be soon that the modification of sorghsm flour uasy fenmentation
can iocroase the waner contont and stanch, whalle the ash. prosein, fat and arude fiber content
(% wh) have decseamed. This decrense is thought 10 be camsad by the sumber of water-soloble
components lost dering immenion. In addition, formentation can alvo mcrease starch conent,
especully the anmylose coment, so !hat it abo has an imgact on redecing now starch conent.
The cototituent componcnts of starch are aey lose and amvy lopectin. Meanwhile, the incresse
n water coment in MOSOF is thoaght 10 be camsed by amsy hose. [ 4] stased ot amy lose has »
pode i the bisding of water and the formation of o strong gel that M¥ects the Increase in witer
coment of MOSOF. Fermentation cas e the cutting of branching boods (amylopecta),
this is a resek of tho metabolic rosults of lactic acsd bacieria that is able 0 produace
pullslamase that plays & rede = cutting sy lopectin, thus Canvng an Z)rease in asvylone fanbo,
Thin s Socwr with the watoment of [15], whch waies fot pulllinase (pellulan 6-
glocanchydolase. BC 5.21.41) has a rode as a debmanching onzyme. which s %0 ot off

Table. 4 Chemical componition MOSOF (% wh)

.. Component MOSOF Songhum Flowr
Mosure 1042 6,75

Ash 110 LS Y

Protewmn 356 1245

Fat 128 3,704

Crade Fiber .13 618,

Starch T6A2 A%

Sources: a. |13k b.[14)

MOSOF Crackers Prodocts

MOSOF s s used %0 male cracken. From B¢ fomela costainad in Table |, ihe
reselogrtained that the Sth formsuls with the formula of wheat flose: MOSOF: sarganine =
S0:-S0r 28, was choson s the best seatiment bocawe # ban the highest argancicptic lesting
valoe, with e value of taste, color, seoma, and textre. ¢ach s 630, 574, $36 and 624 The
revelts of the chemical analyus (Swh) of Ses formula, which includes waler, prodein, fa1, and
carbohiydnates by differences, we 4,46 eachc 7.0, 2328 and 66 86, Meanwhile, e results of
pliysical analyss sclading fractuee (N) and dovelopmscetad wreagth (%) woare 2586 and
384 vespectively. This formala s then ssed for the main roscarch, which s testing shelf life
with the criscal water content method
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MaiResearch

The mam rescarch wans carmiod oot by calculating the best xholf life odimsation o) ocemmla
orackers by the antical water contest method, which win then ferthor calculatied using the
Lahusa aquation
Initiad Water Contemt

The initial moisere content of g MOSOF cracken was 00564 g H2O / g solid. This
reselt ks ot 000 far from the results of the initkal molsture contont sest of com crackors which

6 0867 g HAO /g solid [10], 50 it cam be categorized accordingly «

Critheal Water Content Based on Organoleptic Tests

The kowest ranking valee i the toxture parameier, s the lextens parssscior is seloctod an
EBrocal parameter. These sextuse paramcters are then gives hedoaic testing %o determane the
critical water comtent. The resalts of hedonic testing condectad by 25 paselists, and cansed
out for 13 days showed St the Jonger the sesting time, the kevel of prefosence has docroaed,
Thes pesalt 1 abwo sepporiad by e moreasing levels of waler crackers with screasing westing
duration. From te bedonic test sesulis, it can be desermined that the criticad water costent
value is 926, The sehection of arsical water content is based on hedonic tost reselts with 2
value of X [10], states thet a score of 3 i organokeptic lesting is comidered a prodixt
rejectod by panclists, therefore hodonic Ioal revalts with 3 soore of 3 are comsiderad prodeces
that have critical water cooient. The grapgh of the rclationship hotween $he hodonic test
(panciinl acceptance level) and the length of time the MOSOF crackers aoe stored can be seen
n Figere 2.

Critical Water Content Based oo Orgasoleptic Tests
The lowest ranking valee & the sextune parameter, so the textere parsmsctor is selectod as
| parameter. These textuse parameters are thes gives hedonic testing %o determmne the
watior content, The resslts of hodonic sesting conducted by 25 pamelints, and carmiod
out for |3 dayys showed that the Songor the sesting time, the kvel of prefosence has decreased.
Thin sesalt 1 xho sepportod by the moreaming levels of water crackers with increasing lesting
duration, From the hedonic fest sosults, it can be &termined that the critical waler contont
valoe Is 926, The selecton of cracal water content is basad on hedonic test sesults with a
vadue of 3, 110§ states that a score of 3 in ceganoleptc testing = comsiderad a prodect roected
by pemclings, thorefore hodonic test rosults with 2 soore of 3 are considored products that hanve
critical water comtent. The graph of e relationship between the hadonk test (panclist
acceptance bevel) aad e length of time the MOSOF crackers are sicead can be soen in Faguee
2.
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Fig 2 Daerminagion of the critical moiture content of MOSOF crackens through bodonic
et

Equiibrbam Water Content and Sorption Isathermibc Curves

The equilibnum waler costent is obtaisad by stormg MOSOF crackers in 4 &fferent
types of saturstod salt solutioas, samely MpOI2, NaCl, KCl and BaCY2. The rowlts of the
oquilibeium mosture caloslation are Bon ssed %0 make the srption iscdharmic cenve. The
revelts show that the sothermal curve of sorption crackers sored in 4 Kinds of saturated salt
s in the form of the sgmoad. The MOSOF crackens nothermic curve caa be soen in Figere 3

(<] 02 o4 0s ox ]
Aw

Fig 5. lsothermic Curve Soepoon MOSOF Crackens

The Sorption hothermic Model 5]

BEguations used 10 determine the ssothermic moded of sorption are Chen Clayton, Hasley,
Headerson, Canric, and Oswim. The Cudceluton resalts of these oguanions are thea corrected
using MRD, with 2 value <5 comiderad 10 be able 10 roprosost the actiad conditions. From
the %est pesuls odtasned that the sorption sothermal egquation maoded That is able 10 describe
the real condition is the Haskey oquation, amd tha is alwo supposted from the MRD sosults thae
show peselts <8, The selocied sothermic sorpoon mode] is then used 1o find the dope (b)
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value. The shoge value ebtained o this stody was 0303 (value b). The praph of the isothensic
sorption moded { Hasley) can bo soon in Figure 4,

10

== - — e
5om
= Asased ———Sercn |
g 000 — Linow (Sesten1)
inm

o -

o 02 04 06 Ox |
Aw

Fig 4. Sorption isothermic madel (Hasley )

20
Eatimsated shelf life
e otmated shelf Nl is calculsied using the 18era cakoulation formels. The
packaging permscability (k / 1) used is this stedy o ({3136 g / m" day mmHg, packaging arca
(A) 00396 m®, &y weight (Wx) 10 grams, the ssturatiod vipor peessare @t 30° C, (Po)
31 5240 Mz

Cong)rson
The el Nife of MOSOF crackers packaged s metalized plastic pockaging, sored o
B4% RH, wah stiorage Baving o ssturated vapor peessare of J0°C has 2 shelf life of 207 &ays
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