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ABSTRACT

KEYWORDS

The enzymatic hydrolysis of starch isone of many optionsin the food and
beverageindustry in particular in the manufacture of glucose syrup. Inthis
study the effect of time and the use of saccharification enzyme
glucoamylase concentrations studied and optimized to produce glucose
syrup from sabrang potato starch (Coleus tuberosus Benth). There are two
variables used in this study with three levels in each variables. The first
variableissaccharification timewhich are 12, 24 and 36 hours. The second
variableisglucoamylase concentrationswhich are 3.00, 4.50 and 6.00 mg /
ml. The results in the hydrolysis of starch potato sabrang enzymatically
analyzed using Design Expert softwareversion 7. Statistical significance of
the model isvalidated by the F-test for analysis of variance (p < 0.05). The
results showed that the optimum conditions for saccharification time of 27
hours 49 minutes, and glucoamylase concentration of 4.96 mg/ ml. The
maximum production at optimum conditions produced glucose levels by
22.69%, with the value of dextrose equivalent as much as 89.11% and

Hydrolysis;
Saccharification;
Glucosg;
Dextrose equivalent.

produced 75.63% of glucose.

INTRODUCTION

Glucose syrup production continuesto grow aong
with theincreasing devel opment of thefood and bever-
ageindustry. Sugar productsarewidely used asaswest-
ener, thefermentation process, and raw materialssuch
asvariousderivatives sorbitol, matitol, and so onf®!,
Deve opment of scienceand technology has success-
fully reved ed theimportanceand potential materials
containing starch asaraw materia intheglucosesyrup
industry. One of thetuber starch hasgreat potential to
be developed into glucose syrup is sabrang potato
starch, because it contains up to 20% carbohydrates
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(mainly starch)™,

Glucose syrup, or glucoseliquidisclear and vis-
cousliquid, with amajor component of glucose de-
rived from starch hydrolysis®¥, thesweetnessintensity
of 8051, Glucosesyrupistheresult of hydrolysisof starch
that can be done either acidi?”, or enzymatical ly!*%,
Production of glucose syrup by enzymatic hydrolysis
occursthrough two important phases, thefirst phase of
theliquefaction and the second phaseis saccharifica
tion*”, Liquefactionisthe processof starch hydrolysis
to convert it into smaller mol eculesthan oligosaccha-
ridesus ng a-amylase enzymeto produce matodextrin,
while saccharification isafurther hydrolysis process
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wheremaltodextrin asaresult of theliquefaction stage
is hydrolyzed and convert into glucose by
glucoamylasg*13.

Severd factorsmay affect glucoseresults obtained
on liquefaction and saccharification processeswhich
arefactorsof temperature, pH, substrate concentra-
tion, enzyme concentration and hydrolysistime. This
research aimsto study the hydrolysis of sabrang po-
tato starch into glucose syrup to get themaximum glu-
cose syrup, the use of enzyme concentration and hy-
drolysistimewereinvestigated asanimportant factor
in the process of making glucose syrup from sabrang
starch potato. Theeffect of enzyme concentration and
hydrolysistime optimized to determinethe condition
of agood processin the manufacture of glucose syrup
from sabrang starch potato. Response surface method
isone of the techniques used to understand how far
an optimum processisinfluenced by variableswith
experimental dataand requirelittletimeand costina
study, the ultimate goal of thismethod isto optimize
the response®.

MATERIALSAND METHODS

Materidsused in thisstudy issabrang potato (Co-
leustuberosus Benth), which were obtained fromlocal
farmersin Lombok West NusaTenggaraProvince, In-
donesia. A-amylase enzyme Liquozyme Suprabrand
with activity of 19.07 U / ml and NovozymeA 9913
glucoamylase Cheme Germany with activity of 9.63U
/ ml, which is obtained from the Laboratory of Bio-
chemistry in Faculty of Agricultural Technology in
BrawijayaUniversity, Malang - Indonesia. Distilled
water, CaCO,, NaOH 1N, 0.1N HCI, NaCO_.H.0,
H,SO,, rochelle salt, sodium bicarbonate, sodium sul-
fate anhydrous, CuSO,, CuSO,.5H,0, ammonium
molybdat, Na,HASO, and dinitrocaycylicacid (DNS).
Thetoolswhich used arethegrinding machine, blender,
Sevesize 100 mesh, knives, water bath shaker, centri-
fuge, electric oven, and apH meter.

Preparation of raw materials

Potato tubers sabrang sorted, cleaned with water,
peel ed, then washed with running water. Bulbsthen
milled and screened, after mixed withwater intheratio
1.5 (1 Kilogram tuber pulp mixed with 5litersof wa
ter). Screening results deposited 10 hours. Starch

deposition resultsrinsed again with water and precipi-
tated for 3 hours. Dried starch deposition resultsusing
theéelectricoven at atemperatureof 60 ° C for 5 hours,
thenontherollersand onthe 100 meshsieve. Starchis
stored in a sedled plastic to be used as raw material
glucosesyrup.

Sabrang potato star ch hydrolysisenzymatically

7.5 grams of sabrang potato starch added into 25
mL volumetric flask, added distilled water to mark
boundaries, homogenized and pH set to 5,3. Gelatini-
zation of starch at 90 °C for 10 minutes, then liquefac-
tionwith a-amylaseenzyme. After the saccharification,
first should be cooled theresult solution from liquefac-
tion and adjusted pH to become4,5. Saccharification
process at atemperature of 60 °C with glucoamylase
concentration (3.00; 4.50 and 6.00 mg/ ml) andtime
(12; 24 and 36 hours). Glucose syrup resultslater in
thecentrifugeat 2,500 rpmfor 15 min, then performed
an anays sdextroseequivaent (Lane Eynon method in
theInternational Starch Institute, 1999) and glucose
leveld'2., Glucoseyidd cal cul ations performed on the
average percentage of thefina resultsobtained by op-
timization.
Research design

Thisstudy usesthe steepest d opewith two factors
astheinitia step of determining the center of timeand
the use of saccharification enzyme concentration (un-
published data) and continued with CCD optimization
using response surface method. Optimized variables
consisted of two factors, namely saccharificationtime
(hours) and glucoamylase concentration (mg/ ml), the
results of theresponseintheform of glucose (%) and
dextrose equivalent (%). A highsand lowsfactors of
real variablesencoded by +1 and -1, whereasthe mid-
point coded with 0. Independent variablein thisstudy
isthetime (x1) and enzyme concentration (x2) encoded
by thelevel presentedin TABLE 1. Saccharification
process optimization phase of the program Design Ex-
pert computerized system has 13 treatment that istime
and concentration glucoamylase saccharification. Re-
sponse datadextrose equivaent glucoselevelsand is
used to analyzethe optimization processof making glu-
cose syrup saccharification of sabrang potato starch
based variable saccharification enzyme concentration
andtime.
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TABLE 1: Variablecodeand theactual valueof theresearch
variables

Variable Par ameter _ Level Code

-1 0 +1
X1 Saccharification time (hour) 12 24 36
X, Enzyme concentration (mg/ml) 3,00 4,50 6,00

RESULT AND DISCUSSION

Thisstudy investigated the saccharification process
for obtaining the maximum glucose syrup. Responses
wereusedinthisstudy isthelevel of glucoseand dex-
trose equivalent. Saccharification isan advanced stage
of theliquefaction process, whichisthe processof bond
breaking a - 1, 4 and a - 1, 6 glucoside to produce
glucosefrom starch using glucoamylase. Hydrolysis
saccharification processisthefinal stageinthe manu-
factureof glucosesyrup andisthemost important stages
in producing glucose. According Endah et al .1, sac-
charificationisavery important milestonefor produc-
ing high glucose, sothat the processconditionssuch as
theuse of enzymesfor saccharification determineglu-
coseresultsto beobtained. Optimizationisperformed
to determine the optimum time points saccharification
isneeded and how much the use of theenzymes needed
to produce the maximum glucose. Combination treat-
ment saccharification processoptimization resultsglu-
coseresponse(Y 1) and dextroseequivalent vaue (Y 2)
from the central composite design are presented in
TABLE 2.

Thedatain TABLE 2 showsthat the treatment cen-
ter point, whichis 24 hoursof saccharificationtimeand
glucoamylase concentration 4.50 mg/ ml glucosere-
sponse and produce dextrose equivalent valueisbest
compared with the responseto other treatments. Re-
sponse dataand dextrose equivaent glucose obtained
was used inthe statistical analysisto optimizethe pro-
cessvariablesof timeand concentration of glucoamylase
saccharification required. Predi ction equati ons appro-
priate optimization modelsobtained with thehelp of the
program Design Expert Version 7.

Polynomia equationsto model predictionsglucose
response of multipleregression analysis of experimen-
tal dataresponse, the polynomial equation glucosere-
sponse shaped quadratic model with theform of the
equationY1=21.97+1.43x1+1.12x2-0.81 X1X2
-1,86x12-1.39x22.... (1), whilefor response model
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predi ctions dextrose equivalent polynomia equation
multipleregression analysisof experimental datare-
sponse, the response polynomial equation dextrose
equivaent quadratic model with theform of theequa
tionY2=88.103.45+2.95x1 + 0.29 x2 + X1X2 -
5.16 x12 - 5.97 x22..... (2), where x1 and x2 is the
value of variablestested code each time saccharifica-
tion (hours) and glucoamylase concentration (mg/ ml).
Quiality of the quadratic model responseand dextrose
equivaent glucoselevel sdetermined by analysis Se-
quential Model Sum of Squares, Lack of Fit Test and
Modd Summary Statistics.

Theresults of the three model sel ection process
that has been done, the best model for the response
surface glucose and dextrose equivalent isquadratic
mode and then performed analysis of variancefor the

TABLE 2: Responsedata optimization saccharification pro-
cesscentral compositedesign

Variable

Saccharification Variables Code Respond
Time Enzyme. Glucose De>.<trose
(hour) Concentration X1 Xo Level Equivalent
(mg/mi) (%) (%)
36 3,00 1 -1 19,4524 75,8713
12 3,00 1 -1 15,2017 70,6875
36 6,00 1 1 21,0375 86,1336
12 6,00 1 1 20,0288 79,7749
24 4,50 0 0 20,8213 84,1120
24 4,50 0 0 21,4697 87,2820
24 4,50 0 0 21,0375 86,0448
24 2,38 0 -1,414 18,0836 73,5225
24 6,62 0 1,414 19,8847 76,5193
40,97 4,50 1,414 0 20,2450 82,3251
7,03 4,50 -1,414 0 15,8501 70,9482
24 4,50 0 0 22,6225 88,5274
24 4,50 0 0 22,8386 88,8223

guadratic model. Results of analysis of variance
(ANOVA) of the program Design Expert for response
to glucoselevelscan beseenin TABLE 3, whilefor
dextrose equivaent responsesare presented in TABLE
4,

Resultsof analysisof variance TABLE 3 showsthe
quadratic model treatment time and concentration of
olucoamylase saccharification asignificant influenceon
theresponseof glucoselevelswhiletheinteractionwas
not significant. The F-test proving quadratic modd sac-
charificationtimeand concentration of glucoamylasehas
ahigh Fvaluewhichis 21.95 timesthe value of the
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variable F and F value of variable concentrationsis
12.27. Quadratic model hasasmadler p-vaueof 0.0045
islessthan 0.05, which meansthat themode issgnifi-
cant at the 95% confidencelevel . According to Baskar
et a., (2008), the higher thelevel of significance of a
model indicatesthat the model isvery valid in deter-
mining thevaueof theresponse. Thus, inthisstudy it
can be concluded that the treatment time and concen-
tration of glucoamylase saccharification hasahigh ac-
curacy of theglucoseresponseat thelevel of 95%. The
model has acoefficient of determination R2 0.9085
(90.85%), thisvalueisquite good valuein describing
the glucose response model. As expressed by
Peatciyammal et d ., the R2 v uefor themodd de-
scribing theresponseisthevalueof R2 ismorethan
80%. Adj R-Squared value of 0.8322, indicating that
themode obtainedin thisstudy isquitegood and from
Adj R-Squared values obtained show that 83% of the
total variationinglucoselevesisdetermined by thein-
dependent variable and the remaining approximately
17% of tota variation can not beexplained by themodd.
Quadratic model to demonstrate appropriate response
to glucoselevessgnificantly. Second order polynomid
equation of the glucose response Design Expert pro-
gram codeintheform of variablesthat equation (1).
The actual equation isan equation that is needed to
study theresponse of glucoseleve sthat would be ob-
tained if thevalue of thevariableistreated differently.
From the equation above showsthe coefficient of x12
and x22isnegative, it indicatesthat the maximum sta-
tionary point of theresponse surface. Negativeva ue of

TABLE 3: Analisaragam (ANOVA) respon kadar glukosa

Sum

Sour ce SqL?;res df Szlu?rnes Vaﬁue Er\é?;]:E Description
Block 533 1 533
Model 5336 5 10,67 1191 00045 sgnificant
A-Waktu 1646 1 1646 1837 0,0052
B-Konsentras 10,03 1 10,03 11,20 0,0155
AB 263 1 263 293 01377
A? 1967 1 19,67 21,95 0,0034
B? 1099 1 1099 1227 0,0128
Residual 538 6 090
Lack of Fit 1,98 2 099 1,17 10,3987 notsignificant
Pure Error 3,39 4 0,85
Cor Total 64,06 2

Description: A = variable x1 (saccharification time), B = x2 vari-
ables (enzyme concentration); AB, A2, B2 = interaction between
variables

the coefficient of x12 and x22 squared variableindi-
catesthe maximum obtained quadratic patternwithform
graph aparabol athat opens downward. Saccharifica
tion time treatment, and different concentrations of
glucoamylasegiveavery significant effect onthein-
creased levels of glucosein which theamount of glu-
coselevelsranged from 15.20% to 22.83%. Sacchari-
fication time of 24 hoursand theuse of glucoamylase
concentration of 4.50 mg/ ml istheoptimum point sac-
charification processis done becauseit producesthe
highest glucose level s which amounted to 22.83%.
Graphstheinteraction effect between timeand con-
centration glucoamylase saccharification to glucosere-
sponseispresentedin Figure 1.

Lack of Fit Test results obtained F value of 4.16
whilethe p-vaue 0.1055 which indicatesthat theinac-
curacy of themodel isnot significant tothe pureerror
and isconsidered as an appropriate model equations.
Themodd hasacoefficient of determination R20.9058
(90.58%) whichisapretty good valuein describing a
processresponse model. Baskar et al ¥ suggest that to
describe agood response then the minimum valuefor
R 1s80%, the coefficient of determinationismorethan
80% isagood vauefor aresponse model describes
theresults of researchi*, whileAdj R-Squared values
obtained at 0.8590, suggesting that themodel isvery
good andfromAd;] R-Squared vaueindicated that 85%
of thetotal variation of dextrose equivalent isdeter-
mined by theindependent variablesand only about 15%
of total variation that can not beexplaned by themodd.

TABLE 4: Analyssof variance(ANOVA) dextroseequivalent
response

Source Schn[n df S(l\q/luzarmes Va'J:ue Er\c/)?)]:lf Description
Squares
Block 42,01 1 4201
Model 44317 5 88,63 11,53 0,0049 significant
A-Waktu 9544 1 9544 12,42 0,0125
B-Konsentrasi 6955 1 6955 9,05 0,0237
AB 0,35 1 0,35 0,045 0,8392
A? 152,18 1 152,18 19,80 0,0043
B? 20355 1 20355 26,49 0,0021
Residual 46,11 6 7,68
Lack of Fit 31,13 2 1556 4,16 0,1055 not significant
Pure Error 1498 4 374
Cor Total 531,28 12

Description: A = variable x1 (saccharification time), B = x2 vari-
ables (enzyme concentration); AB, A2, B2 = interaction between
variables
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TABLE 5: Resultsof analysisand prediction of glucose and dextr ose equivalent optimum solution point selection process

optimization using design expert program

Saccharification Enzyme

Prediction

Experimental Result

Time (Jam)

Concentration (mg/ml) Glucose Level Dextrose Equivalent Glucose Level Dextrose Equivalent

27,49 496 22,36

89,05 22,69 89,11

Quadratic mode fit to demonstrate equival ent dexrose
response significantly. Second order polynomia equa
tion dextroseequivaent of Design Expert program code
intheform of variablesthat equation (2). Theequation
looksx12 and x22 coefficient isnegative, it indicates
that the maximum stationary point of the response sur-
face. Negative va ue of the coefficient of x12 and x22
squared variabl eindi catesthe maximum obtai ned qua-
dratic pattern with form graph aparabol athat opens
downward. Dextrose equival ent response best results
obtained on treatment for 24 and saccharification en-
zyme concentration 4.50 mg/ ml with dextroseequiva
lent value of 88.82%, thisisan optimal point of treat-
ment timeand concentration glucoamylase saccharifi-
cation. Thereationship between timeand concentra-
tion glucoamylase saccharification of the dextrose
equivaent responseispresented in Figure 2.
Optimization isbased on theanalysisof eachre-
sponseto treatment. Mode anaysisof the significant
response, further optimized to obtain theoptimumtreat-
ment. Optimization of saccharification processof treat-
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ment time and concentration of glucoamylaseweresta
tistically analyzed using Design-Expert softwarever-
sion 7. Variabletime points saccharification and opti-
mum concentration of glucoamylasethat provide opti-
mal resultsand dextrose equivaent glucoselevelsare
determined ontheresponse surface curvesin Figure 3.
Solution points saccharification optimum timeand con-
centration glucoamylase Design Expert program com-
puterized results and the predicted value and there-
sponseandysisresults obtained fromthetreatment are
presented inTABLES.

Theresultsof the optimum point solutions saccha
rification processTABLE 5 showed that glucoselevels
by 22.36%, whiletheresultsof experimentsby 22.69%.
Asfor the prediction of maximum dextrose equivaent
of 89.05%, whilethe experimenta resultsby 89.11%.
The correlation coefficient between the experimental
val ues and the predicted maximum value of the pro-
gram, namely: glucoselevel shave acorre ation coeffi-
cient of 1.0147 and hasadextrose equivaent va ue of
the correlation coefficient of 1.0006. The correlation
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coefficentisnot stigticaly sgnificantly different at the
95% confidenceinterval between theexperimental re-
sultswith predicted va ues program. Theseresultsindi-
catethat therelative val ue of theindependent variable
corresponding toyield an optimal response, inaccor-
dancewith the experimental valueof predictivevaue

program, otherwise regression models accurate and
suitablefor the saccharification process.
Glucoseyield valuein this study was cal cul ated
based on theresults of the validation process of sac-
charification after optimization. Theresultsof calcula-
tionsyield values of the processof producing glucose
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syrup from sabrang potato starch is 75.63%, whichisa
fairly highvaueinthe manufacture of glucosesyrup.

CONCLUSION

Calculations using response surface method able
toreveal an efficient saccharification processinthe
manufacture of glucose syrup from sabrang starch po-
tato. Optimal conditions of saccharification process
occursinatimeof 27 hours49 minuteswith asmuch
glucoamyl ase concentration of 4.96 mg/ ml glucose
response with the result of 22.69%, 89.11% of dex-
troseequivaent, aswell asthevaueof glucoselevel
whichisquitehigh at 75.63%.
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