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Abstract—The starch content material contained in
Liquid Waste of Tapioca Flour (LW-TF) may be processato
glucose via way of means of a hydrolysis processjctwvhwas
previously carried out by a chemical pretreatmenbpess. The
purpose of this research is to find the optimizatiof pH in the
pretreatment process with LW-TF and Hydrochloric ac{#i-Cl)
volume, the usage of software program with regresseguation.
The filtration process was carried out to removepmrities, the
chemical pretreatment process used LW-TF with a véida of
200 to 1000 ml and a hydrolysis temperature of + @G, H-CI
variable 5 to 25 ml, and a stirring time of 30 mites using MS-
20D type digital magnetic stirrer. In the fermentah process the
addition of Amylase enzyme as much as 11 %w/v andtbde

enzyme as much as 9%w/v to glucose contains 24.9v%v/

Optimization of pH using Response Method Surface wimg
similarities to Regression Equation, obtained optimyhi of 8.85,
Liquid Waste of Tapioca Flour volume of 1165.69 naihd volume
of H-ClI 0.859 ml, used as a reference for the negtrhentation
process to obtain optimum glucose levels.
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the pretreatment process and the distillation peoabtained
15.6% ethanol content [9], the hydrolysis procetiiizimg
enzymes, to obtain higher ethanol with 20 %v/v etha
content [10], cellulose as raw material in the ptia
purification technique, using distillation techné&g) the
results ethanol content of about 95-96 %v/v [11].

The study was conducted to evaluate the acid
bioethanol

pretreatment of waste raw materials for
production, optimization of sulfuric acid hydrolgs{12].
Pretreatment of biomass containing Lignocellulosih w
sulfuric acid (H2S04) and phosphorus (H3PO4) iselyid
used because it is relatively inexpensive and iefficin
hydrolyzing lignocellulose, although the beautiéffect is
lighter and more environmentally friendly. Hydroght acid
(H-CI) is more volatile and more easily recoverad attacks
biomass better than H2SO4 [13]. Similarly, nitricida
(HNO3) has a good conversion rate of celluloseiras[14].
However, both acids are expensive compared torsuHaid.
Lignocellulose pretreatment has received considerab
research globally due to its impact on the technica
economic, and environmental sustainability of deBic
ethanol production, reviewing the emerging knowkedgd

The technology ethanol feedstocks which includencor nethods of chemical pretreatment, combining chemica

and sugarcane can't meet the worldwide call foramth
manufacturing, some other opportunity to agricaltuvaste,
however, has demanding situations and obstacldsnsitie
the biomass process, and the glucose and xyloskigtion
tactics require new fermentation technologies [$hgo

starch manufacture for ethanol manufacturing aequir

glucose containing 47 %w/w, and ethanol containisgs
%v/v [2]. Carbohydrates in the form of disacchasidee
converted into maltase form, then hydrolysis isriedrout
with enzymes to form reducing sugars [3]. Feeda# flour
the hydrolysis process with Bacilllus to 5-10 %ghacose

level, and the fermentation process with Sacchacesy
the

Cerevisiae to 11-16 %v/v bioethanol level [4],
fermentation system makes use of SaccharomycesiSiare

and Zymomonas Mobilis produces bioethanol 10-155% [

to gain bioethanol content material of 36% v/v tigb batch
distillation system [6].

pretreatment with other methods to improve carbodigd
preservation, reducing formation to degradationdpots. ,
achieves high sugar yields under mild reaction tants,
reduces solvent load and enzyme requirements, exhetes
waste build-up [15].

The application of the basic type of fuzzy control
with quadratic optimization problem formulationadopted
to obtain a feedback controller output, which candabout
a slight change in the index number dynamically
compensated by the set-point controller, which ¢en
changed according to the changing conditions obtittom
layer [16]. Theoretically the reservoir tank cofigg
computer simulation was carried out with the resgriank
controller, the numerical results obtained wereduse
validate the performance of the reservoir tank .[IIfe
concentration of ethanol that needs to be considéne
deionized water in the fermentation process, thalte show

Ethanol with purple sage as raw material derivedpe |imit of detection is 140 times used biochetsznsing

from cellulose with nitric acid at pretreatment gess, and a
delignification process to remove lignin contenttlie raw
material before the fermentation process
hydrothermal hydrolysis process to remove carbaxide
[8]. Acid at the hydrolysis process, a simple pssdacluding
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systems [18]. Clostridia enzymes are used for thidigation
of bio-acetone and bio-butanol, impurity molecuiesthe

[7],  te&orm of bio-molecules, sustainable benefits andeasing

the yield of the next generation [19].



Starch is a more complex component than disacasrid
before the fermentation process, starch must beshrdown
using the amylase enzyme (which is abundant in ieted
wheat) into disaccharide components, namely maltBye
using the enzyme maltase, maltose will be hydralyir¢o
glucose.

E. Amylase
L 1/2n G2H22011

E. Maltase
1/2n CzH2:011 + 112N O ——»

( CgHcOs)n + 1/2n

1/2n QaH 1206

The hydrolysis process is influenced by severatofac
including the amount of starch content in the raatarial,
the degree of acidity (pH), the concentration ofl arsed, the
hydrolysis time, the hydrolysis temperature, arel ¢htalyst
[20].

In the formation of bioethanol through the ferménta
process, the role of microbiology is very larged arsually,
the type of microbiology used greatly affects therfentation
process. Alcoholic beverages resulting from thenfartation
process that is produced without distillation, dlyuaave an
alcohol content between 3-18%, to increase thehalco
content in the product, often the result of therfentation
process is carried out by a distillation processd ahe
resulting alcohol content is between 29-50% [21he T

Y=1(X, Xo, X) +¢ (D)
Description:
Y is a reaction variable, f (X X; Xi) are loose
variables/factors, andis an error.

The first-order polynomial equation and first-ordaodels
are:

@)

The two-level factorial design and second-order ehaded
polynomial models are:

Y=8,+ Z%(=1 BoX;

Y= 8,+ Z{(:l BoX; + Z{(:l BuXi2 + :(:_11]];2 Bi,]'Xl'Xj te

(3)
The optimal results will be using graphs and nurabafr
calculation results.

The closed-loop system in the fuzzy method is boid
discrete form, where input variables and outpuialdes are
sent to set-points and performance indexes, raspgcf25].
Computer simulation results are used to controld an
numerical results to validate the performance efdbitator
tank, to obtain optimum results [26].

Deionized water and white wine as raw materialtha
fermentation process, with the WSRM method can awer
the sensing detection in biochemistry, the resalitained in
the sensing detection are 140 times better thanPA

method [27]. Clostridia enzymes are used in theaégrtation

reaction of the ethanol formation process with theprocess, for the purification of bio-acetone arattmitanol in

fermentation process:

Yeast

CeH 1206 » 2GHsOH + 2CQ

The result of the fermentation process is usualijiie
alcohol solution because the yeast cells will digem the
ethanol content exceeds 12-15%. The ideal resulthef
fermentation process is 51.1% ethanol and 48.9%o0ar
dioxide. The results of the optimum alcoholic fentaion
process include Ethyl alcohol 48.8%, Carbon dioxXif@ie&%,
Glycerol 3.3%, Succinic acid 0.6%, Cellulose andisd..2%
[22]. Other factors that influence the fermentatimocess
include pH, a good pH for the fermentation prodestsveen
pH 4-5 because good lactic acid is a good acidyéast
growth, but the bad thing is that butyric acid lesiet can
grow, which can be detrimental to yeast growth [ZR}e
time required for the fermentation process dependshe
temperature and concentration of sugar, in gentraltime
required is between 36-50 hours,
temperature for the fermentation process is betvz®e80
0C, the lower the fermentation temperature the drighe
alcohol content produced, at low temperatures \oide
alcohol because it is carried away by carbon dxgals [24].

The consequences of the technical glucose andhaioeit
ranges test have been sought most beneficial coesegs

the usage of the Response Surface Methodology (RS

technique. RSM is a mixed technique of mathematceal
statistical engineering, used to version and exananY
reaction motivated via way of means of numerouoose
variables to optimize the reaction. The courtingpamthe Y
reaction and the X-loose variable is:

the form of bio-molecules, as well as removing imiyu
molecules (petrochemicals) [28]. The chemical hiykie
process, using solid Na-OH, and optimization of the
fermentation process using the yeast turbo enzyeselted
in a maximum technical glucose of 18% v/v, androf#ation
of the fermentation process with a second ordeyruohial
equation [29].

From previous studies, to produce optimum glucose
levels and pH by optimizing pH in the pretreatmgrtcess.
In the chemical pretreatment process using LW-TEh wi
variable (200-1000) ml and variable HCL (5-25) rahd
stirring time of 30 minutes. A filtration process $eparate
the filtrate and sediment. The filtrate obtainedswaen
subjected to a hydrolysis process at a hydrolgsigperature
of + 40 0C, the addition of the Amylase enzyme agimas
12% wlv, and the Maltose enzyme as much as 9 %tav/v
produce glucose levels between 20-25 %v/v. Optitiinaf
pH using Response Method Surface showing simiaritd
Regression Equation, to produce an optimum pHtof&.

generally, a good

Il. METHODOLOGY

The stages of making glucose from LW-TF with a
variable (200-1000) ml were carried out with a pr@tment
process with a variable H-CL (5-25) ml and a stgriime of
30 minutes using a digital magnetic stirrer MS-28pe,

btained a pH between 4.5-8,5. The next proces8lisation

rocess to separate the filtrate and sediment.obitained
filtrate was then hydrolyzed at a hydrolysis tenapere of +
40 0C, the addition of Amylase enzyme as much &y,
and Maltose enzyme as much as 9%w/v to remove sfuco
levels between 20-25 %v/v.



compared with previous studies on the biologicalrblysis

The liauid waste of tapioc process using Bacillus, glucose levels were obthfram 3-

\ 9 (%VIv) [6].
H-Cl | .. Pre- = pH TABLE | showed the change in substrate pH in each
5-25 T e process. LW-TF dissolved in distilled water (suatj has
— . an initial pH of about 10, therefore variations {Cl are
Filtration - Sedime added to achieve a pH variation of 4.5 to 8.5. lie t
1 pretreatment process, the larger the volume of L&Y {he
Amylas | . Filtrate, _| Maltas smaller the addition pH. In volume variations 00201000
e Hvdrolvsis e ml, with the addition of 5 ml of H-Cl volume, a pRcrease
1y in the range of 7.5 to 8.5 was obtained, and tldétiad of 25
Glucose ml H-Cl volume obtained an aQQition of pH in thegea of
20-25 4.5 to 6.5. The greater the addition of H-CI volutine more
significant the decrease in pH. The final pH of phecess has

decreased due to the bleaching process with thiéaddf a
Fig. 1. Flow chart pre-treatment and hydrolysiscess litle powdered activated charcoal and also duethe
1. RESULTSAND DISCUSSION filtration process which allows contamination frothe

environment.
In the hydrolysis process with a hydrolysis tenapare

of £ 40 OC, the stirring time is 30 minutes usingligital 9.C
magnetic stirrer MS-20D type. In Table 1, the pratment 8.5
process and hydrolysis process are carried outrewtre 8.0
pretreatment process with LW-TF is between 200-10a) 75
H-Cl volume is 5-25 (ml), and pH is between 4.5-8.5 70
TABLE 1. THE EFFECT OF LW-TF AND HCL VOLUME ON pH  pH 6.5
IN PRETREATMENT PROCESS 6.0 LW TF =200 mi
55 LW TF = 400 ml
The volume of liquid 5.0 tw $E i ggg m:
waste of tapioca flour Volume H-Cl PH 4:5 —e—LW TF = 1000 ml|
(ml) (ml) 4.0
5 7.6 25 5 75 10 125 15 175 20 225 25 27.5
10 7.4 H-CI volume (ml)
200 15 6.8
20 54 Fig. 2. Effect liquid waste of tapioca flour voluragd HCL volume on pH
25 4.5 In Fig. 2, the effect of pH in the pretreatmentqess
5 74 greatly determines the results of glucose levelstha
10 7.1 hydrolysis process. For the LW-TF volume betweed-200
400 15 6.9 ml, the pH ranges from 4.5 to 7.5, with the optimbemng at
20 5.6 pH 7.1. Relatively significant in the linear andaguatic
25 5.2 coefficients of the interactive effect coefficierthe real
5 73 response data plotted against the predicted resp@s
10 72 presented in Fig. 2. The predicted response wasptigum
600 15 71 pH 7.1, the LW-TF volume was 600 ml, and the H-@lLvne
: was 15 ml. From the results of the pretreatmentegss,
20 5.8 . .
starch hydrolysis was used, the process of breaftown
25 4.9 starch into simpler glucose structures, which wasied out
> 78 enzymatically. In the starch hydrolysis procesgrdéhare
10 7.7 several stages, namely gelatinization, liquefactiamd
800 15 7.6 saccharification. At all stages using heating withater bath
20 6.1 so that the hydrolysis process takes place evé&mligymatic
25 5.2 hydrolysis of starch (starch) aims to break dovarcst into
5 8.5 simpler constituent parts such as dextrin, isorsaltand
10 3.3 glucose using enzymes. The starch used comes &pioca
1000 15 81 flour solid waste which has a starch content 0f035%
>0 72 consisting of 15.8429% amylose and 60.2121% amyglope
o5 63 In Fig. 3, it is shown that the smallest pH erar of

0.918 is in the LW-TF volume of 1000 ml, and thegyést pH

The optimum glucose levels were 24.9 %viv, Amylaset"0" bar o_f 1.341 is in the LW-TF volume of 200. ihhe
Enzyme 12 %w/v, Maltase Enzyme 9%wi/v, with a volwhe différence in pH between the average pH and ther drar
600 ml LW-TF, 600 ml H-Cl addition, and a pH of Vhen from a volume variation of 200-1000 (ml) indicategH of



about 5 to 6.5. The highest glucose level was fatqH 7.1
at 24.9 %vlv, the best pH for the pretreatment gseavas at
pH 5.5. The optimal pH for the glucoamylase enzysné-5

[20], while the optimum pH for glucoamylase enzyme

activity is 4.5 [12].

Cl Volume*H-Cl Volume + 0.00005B6iquid Waste of
Tapioca FlourH-CI Volume

pH = 8.30 - 0.00274 X- 0.073 % - 0.000003 X? - 0.00233 %?
+ 0.000056 %Xz

When:

X1 = Wheat Flour Liquid Waste

X2 = H-Cl Volume

10.0
6.9 07'18 The complex effect of the process variables ie, T?/-
8.0 6.4 6.5 1169 : volume (X1), H-CL volume (X2) on pH was investigate
1.341 0976 1.064 ’ using a pretreatment process in a stirred tankstzalize the
6.0 effect of independent factors on responses. RMSused to
< determine the significance of the parameter regress
coefficients. The coefficient with the larger thalue of the
4.0 LW-TF volume and the smaller the volume of H-Cg thore
significant it is for all variables of an interamti.
2.0
0.0
200 400 600 800 1000
LW-TF volume (ml) 3
Fig. 3. The error bar obW-TF volume variable to pH =
-0
a
Before entering the starch hydrolysis stage using £25

enzymes, the cassava is gelatinized first. Thetigake
process for tapioca flour is 52-64 0C, so the galation

process on solid waste tapioca flour continuesl the

temperature of the substrate solution reaches &0cC, or
when the substrate begins to thicken. The temperatithe
substrate solution should not be too high, becatiske

temperature is too high then the substrate solutidlh

become a very thick gel (like glue). If the subirsolution
is very thick, it will complicate the liquefactiqurocess, the
added enzymes will not work optimally because thisra

change in the structure of the starch which caubkes
substrate solution to become very thick. On thewoltand, if
the temperature at the time of gelatinization i low, the
starch swelling process will be limited becauseam®unt of
water absorbed is limited, the water absorbed Ig 86%

[29].
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Fig. 4. Effect of volume of liquid waste of tap&odour and volume of
H-CL on pH to two-dimensional
Regression Equation in Uncoded Units:
pH =8.30 - 0.00274iquid Waste of Tapioca Flour
- 0.073 HCI Volume -0.000003quid Waste of Tapioca
Flour* Liquid Waste of Tapioca Flour0.00233 H-

<20
15
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800 1000
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Fig. 5. Surface characteristics of contour plot respon$edsn the volume
of liquid waste of tapioca flour and HCL volume pH

Response Optimization: pH

Parameters
Response  Goal Lower Target Upper Weight Importance
pH Maximum 4.5 8.5 1 1
dolution

Wheat Flour

Liguid HC1 Volume pH Composite
Solution Waste (ml) (ml) Fit Desirability
1 1165.69 0.857864 8.64921 1

Multiple Response Prediction

Variahle Setting

Wheat Flour Liguid Waste f(ml) 1165.69

HCLl Volume iml) 0.857864

Response Fit &E Fit a5% CI 95% PI
pH 8.85 1.17 (6.07, ll.62) (5.50, 12.20)

Fig. 6. Output result of the response between the voluitiqud waste of
tapioca flour and HCL volume on pH

In Fig. 4 for two dimensions and Fig. 5 for three
dimensions list the regression coefficients, valoeX1 and
X2 for all linear, quadratic, and interaction eteof the
parameters. The coefficient of the linear and qakideffect
of the reaction time of LW-TF volume (X1), H-CL wwhe
(X2) on pH (Composite Desirability = 1) is very sificant
as shown in Fig. 6 with the prediction of an optimpH



value of 8.84921, LW-TF volume of 1165.69 ml, aneCH
volume of 0.857864 ml.

V. CONCLUSION

Optimum pH in the pretreatment procesgbf 7.1, the

LW-TF volume was 600 ml, and the H-CI volume wasiil5
and the stirring time of 30 minutes using a digitegnetic

stirrer MS-20D type. Prediction using Response Médth

Surface an optimum pH value of 8.84921, LW-TF voduoih
1165.69 ml, and H-CI volume of 0.857864 ml. andvging

similarities to Regression EquatiopH = 8.30 - 0.00274 X
- 0.073 % - 0.000003 X2 - 0.00233 %>+ 0.000056 XX2

when X = liquid waste of tapioca flour, 2= H-CI volume.
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