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Abstract
Vinegar fermentation was essentially a two-stepcess comprising the anaerobic conversion of sugaethanol (GHsOH) and the
aerobic oxidation of ethanol to acetic acid (§3D.H). It was to be found that vinegar could be susfigly produced from the juice
extracted from banana using yeast and Acetoba®&eanana fruit pulp was a suitable raw material fath&nol production by

fermentation and for vinegar production by thisaatal.

The present study indicates that a relatively gga@ld of ethanol and acetic acid can be obtainegtrabptimization of certain
physical conditions for fermentation. For Bananad¥iol, thehighest alcohol level was 7.77%t 10% sugar level, 8% yeast cell
concentration for 48 hrs. at 28. For Banana Vinegar, thmaximum acidity was obtained 4.67 &6 7.77% of alcohol level, 15% of

A. aceti cell concentration for 72 hrs. at %37.

The Response Surface Methodology (RSM) was adoptegtimize the process parameters like Alcoholteaty A.aceti cell
concentration and time for the vinegar fermentatisng Acetobactor aceti (MTCC 2623) using statédtsoftware , Design Expert
(version 8.0.7.1., StatEase, Indvlinneapolis, USA The statistical analyses and the closenesseéxperimental results and model

predictions highlight the reliability of the regen model.

Keywords:Fermentation, Vinegar, Ethanol, Acetobactor adetdsponse Surface Methodology

*k*k

1. INTRODUCTION

Vinegar was known worldwide as a seasoning or food
preserving agent. Vinegar is defined as “ a liditibr human
consumption, produced from a suitable raw mateaoél
agricultural origin, containing starch, sugars, starch and
sugars by the process of double fermentation, alootand
acetous, and contains a specified amount of aaeiit’ (Joint
FAO/ WHO Food Standards Programme, 1987).

Vinegar, a traditional acidic condiment, is widglyoduced
from rice, malt, apples, wine and various othericadfural
material (Ciani, 1998; Horiuchiet. al, 1999). Vinegar
production ranges from traditional methods emplgyimod
casks and surface culture to submerged fermentation
acetators (Moraleset al 2001).Vinegar fermentation is
essentially a two stage process, being the firse tme
anaerobic conversion of fermentable sugars to ethag
yeasts, usually Saccharomyces species, and thexcsdhe
aerobic oxidation of ethanol to acetic acid by beet usually
Acetobacter species (Adams, 1998; Horiuehi al, 2000).
Acetic acid yield from fermented sugar is approxieha40%,
with the remaining sugar metabolites either lost to
volatilization or converted into other compoundsidiyield
improvements can be achieved using high rates iaerat
during continuous production (Ghommidbt al 1986).

Vinegar bacteria, also calle&tetic Acid BacteridAAB), are
members of the genuscetobacterand characterized by their
ability to convert ethyl alcohol, £sOH, into acetic acid,
CHsCO,H, by oxidation as shown below:

Anaerobic Aembi
2C,HsOH ———» 2CH;CHO——» 2CH3CO,H + 2H,0

Vinegar traditionally has been used as a food pvesige.
Whether naturally produced during fermentation or
intentionally added, vinegar retards microbial gttowand
contributes sensory properties to a number of fodte wide
diversity of products containing vinegar (saucesichkup,
mayonnaise, etc.) and the current fall in wine comgtion
have favored an increase in vinegar production (Dget al
2002).

According to FDA (Food and Drug Administration, UBA
vinegar as a sour solution, contains not less thgnams of
acetic acid in 100 cubic centimeters at 20°C thgtroduced
through alcoholic and successively acetic fermenabf
sugary and starchy substrates. Earlier processed for
making vinegar were the Orleans process (whichls® a
known as the slow process), the quick process fwisialso
called the generator process), and the submergédreu
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process. The quick process and submerged cultweegs
were developed and are used for commercial vinegar
production today. Further processing of vinegatlofang
substrate conversion to acetic acid may includgafion,
clarification distillation and pasteurization at518°F (74°C)
before it is bottled. Acetic acid concentrationvinegar may

be expressed using the term “grain”.

India is leading the world in the production of baas. Mostly
in India, Tamil nadu is the state produces the ésglguantity
of bananas. Due to a high rate of productivity ahdénas in
India they are easily available and available at fwices in
the market. As bananas have a short shelf-liferetis a rapid
rate of deterioration of this fruit (Akubor et @003). Banana
(Musa sp.) is a large perennial herb with leaf gfethat form
trunk-like pseudostem. It is rich in vitamin B6, ish helps
fight infection and is essential for the synthesfi©ieme—the
iron containing part of haemoglobin. Banana is aist in
potassium and is a great source of fibre. A goadlity
alcoholic base for producing vinegar containing%-@cetic
acid was obtained. Simmonds (1966) reported thetgar has
been prepared by fermenting a mash of banana papeel.
Vinegar production from banana may enhance miniroas
of production and eco-friendly.

Traditionally ethanol has been produced by batch
fermentation; employing Saccharomyces cerevesiaendme
first applied by Meyen (1838) to distinguish beeragts from
those isolated from other alcoholic beveragesillsastmajor
concern of all the researchers in the field. Yeaststhe only
organisms currently used for large scale industeanol
production. Many of these newly developed biopreessfor
ethanol are mainly aimed at to enhance the prodtyctoy
employing high cell densities in the fermentor.his been
well recognized that alcoholic fermentation areitéd due to
the inhibitory effects of both substrate and praduc

An efficient ethanol production requires four compots:
fermentable carbohydrates, anefficient yeast strainfew
nutrients and simple culture conditions. In thigp@xment,
Saccharomyces cerevisigeast is used to convert glucose
into ethyl alcohol. The yeast cell contains enzycagalysts
that provide an energetically favorable pathway the
reaction. Acetic fermentation is the next step Inokolic
fermentation, where alcohol molecules are oxidin¢éa acetic
acid molecules by the action @fcetobacter acetbacteria,
giving it the characteristic vinegar taste.

Response surface methodoldd@®SM) has been successfully
used to model and optimize biochemical and bioteldyical
processes related to food systenhis methodology is
employed to optimize media for Acetic acid ferméiota

1.1. OBJECTIVE OF THE PROJECT

To produce vinegar from banana which provides
more practical feasibility due to its low cost

» To optimize the conditions of fermentation for the
production of banana juice vinegar.

» to verify the effects of the initial concentration$
ethanol and acetic acid as two independent vasable
on process yield and productivity

» to process optimization by the statistical desidgn o
experiments

» To optimize of the different factors that play an
important role in banana juice vinegar production.

2.MATERIALSAND METHODS
2.1. BANANA ALCOHOL PRODUCTION
2.1.1. SOURCE OF BANANAS

The bananas used in this study were variety ‘Sipgha
(Musa cavendishi) obtained from local markets inlkidta,
West Bengal, India. The bananas were selected diogoto
the required degree of ripeness needed at a tinpeirchase.
Occasionally, the bananas continued to ripen ato@mr
temperature until the proper degree of ripenessoltgEned.

2.1.2. PREPARATION OF BANANA JUICE

Several bananas were selected at random to bezadalyhe
whole fruits were weighed and peeled. The fruitsentnen
weighed. The components were hand chopped, crushed,
sampled and immediately frozen until analyzed. Hawvethe
stored samples were utilized within 24 h of coilerct

2.1.3. PRE-TREATMENT OF BANANA SAMPLES

Moisture content in the raw banana samples andnaapalp
of was determined by drying in oven at 105°C foh.2The
titration method of Lane and Eynonl is used to deiee the
sugars content of banana juice and after pectiaddiion, the
total sugar content of banana juice. The bananas wreshed
in mixer and the pulp was adjusted to 15° Brix @amtration
of soluble solids) by the addition of distillatechter. The pH
content of the raw banana samples and the bandpavas
estimated by the pH paper.

2.1.4. DEPECTINISE THE PECTINASE
MATERIAL (PECTIN SUBSTANCES) OF
BANANA PULP BY THE USE OF PECTINASE
ENZYME

A sequential working was done on the activity & grectinase
enzyme on the banana pulp which was very much bulky
obtain a clear juice from that bulky material, jprease enzyme
was treated in very minute quantity (0.0003 %) ahd the
banana pulp was then incubated for about 6 hours at
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temperature of 38 degree centigrade with occasistiraing.
A work had been done by taking of 0.0001 % (w/\p0D2%
(w/v), 0.0003% (w/v), 0.0004 % (w/v),0.0005 % (w/he
best result was obtained at 0.0003 % (w/v) and mami
juice was extracted using this percentage of thetimese

enzyme. The 0.0001% and 0.0002% (w/v) showed altresu

with incomplete breakdown of the pectin substarnicdsmnana
pulp and hence the juice remained as partially yoalfd the
juice extracted was less and more residues weraingiot
which showed that the deficiency of the enzyme tioe
breakdown of the pectinaceous material. And 0.004rtd
0.0005 % (w/v) showed no difference in the volunfiguice
that was extracted by using the 0.0003 % (w/v) ipast
enzyme and also in no difference in the weighthef banana
residue. The experiment showed that the pectinazgnee
remained unused in case of 0.004 % & 0.005 % (wience,
we lead to a conclusion that the exact amount cfimpese
enzyme required to breakdown the pectic substancdbe
pectinaceous materials present in the banana pW®003 %

(w/v). Enzyme activity of the pectinase enzyme 4sllU per
gram.

2.15. CULTURE MEDIUM PREPARATION AND
INOCULUM & INOCULATION

In culture medium preparation, a pinch of activg geast
(Saccharomyces cerevisiae) was added to the stelie
warm water. Then it was kept for 10 mins. The yé&astulum
was used at 10% to inoculate sterilized YEPD brhV
1000ml, Peptone 5gm, Yeast Extract 5gm, Dextroggn]l @H
5). Then these growth medium was kept for aeraiof8°C
on a rotary shaker (200rpm) for 24 hrs before perfog the
fermentaion.

2.1.6. LABOTORY SCALE OF BANANA
ALCOHOL PRODUCTION

Chart-1: FLOW CHART OF ALCOHOL FERMENTATION

FERMENTATION MEDIUM PREPARED WITH BANANA JUICE

AUTOCLAVED (142, 15psi)

|

STERILE MEDIUM—

YEAST GROWTH MEDIUM
8%18% addition

l )
SETA SETB
SUGAR =10%

YEAST INOCULATE = 8%

SUGAR = 10%
YEAST = 10%

l

SETC
SUGAR =12%
AET =100

e

KEPT FOR AERATION
(TO CONTINUOUS SHAKING WITH COTTON PLUGGED, 2HRECP

v

MEDIUM COVERED BY AL. FOIL

ANAEROBIC CONDITION MAINTAINED,
EEP IN DARK CONDITION FOR 48 HRS. OR LONGER

DISTILLATION

4
CHECK ADBOL% OF THE FERMENTATION BROTH
BNXEPT AT REFRIGERATED CONDITION
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2.1.7. DETERMINATION OF ALCOHOL 2.2.VINEGAR PRODUCTION
CONTENT OF BANANA FERMENTATION 2.21. MICROORGANISM S, CULTURE MEDIA
BROTH AND CULTIVATION

The ethanol concentrations were estimated using the Lyophilized culture of Acetobacter aceti (MTCC 2§28as
potassium dichromate redox titrations with Sodium obtained from the Microbial Type Culture Collecti@nd

Thiosulphate (this method was determined by College Gene Bank (MTCC), Chandigarh, India. The strain was
Science, University of Canterbury, ChristchurchwNé&ealand maintained on YPM agar medium (Distilled Water 1900
(www.outreach.canterbury.acyz Yeast Extract 5gm, Peptone 3gm, Manitol 25gm, Agggm,

pH is Not adjusted) slant at %7 for 24 - 48hrs. Then one loop
of cells from the slant was inoculated into YPM rnoed
(Distilled Water 100 ml, Yeast Extract 0.5gm, Pe@®.3gm,
Manitol 2.5gm, pH is not adjusted) and incubated on
continuous shaking for 24-48 h at’@7 and then Acetobactor
aceti growth medium was prepared and ready forutabed to
fermentation broth samples (SET A, SET B, SET C) to
produce vinegar.

@) )

Fig- (1): After yeast cell inoculation and after 2 Fghaking,
(2) Alcohol fermentation broth to allow anaerobic
fermentation

Chart-2.  FLOW CHART OF PRODUCTION OF VINEGAR

ALCOHOL FERMENTATION BROTH
SET A, SET B, SETC

}

CENTRIFUE FOR 15 MINS

|

COLLECTING SUPERNATENT USINE ICE BATH

|

SET A, SET B, SET C FERMENTATION BROTH
I ADDITION OF 5%, 10%, 15% EACH
A.aceti GROWWIEDIUM
CONTINUOUS SHARINT 37°C FOR 24 HRS., 48HRS.,72HRS.

'

VINEGAR PRODUCED
& STORE IN REFRIGERATED CONDITION

CHECK pH, TOTAL ACTY %, OD IN EVERY 24 HRS, 48 HRS. & 72 HRS.
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2.2.2. ESTIMATION OF TOTAL ACIDITY % OF
VINEGAR

Total acidity was evaluated bgcid — base titratiorwith
standardized solution of 0.1 N sodium hydroxidejngis
phenolphthalein as a indicator and the results wapessed
as acetic acid conte(AOAC, 1990).

The stochiometry of the titration is given by:
CH;COOH + NaOH=CH3COONa + H,0
The formula to calculate %TA as acetic is as below:

%TA = (ml of NaOH) x (N of NaOH) x (60.05)\ 10 x
Sample Weight

The (w/v) % acetic acid content was determined qughe
standard method for determination of acetic acid\igisen
(1994).

2.2.3. ESTIMATION OPTICAL DENSITY OF
VINEGAR FERMENTATION BROTH

Optical density (OD) measurement of bacterial aceluis a
common technique wused in microbiology. Using a
spectrophotometer to measure the optical densi§08tnm
(OD600) of a bacterial culture to monitor bactegedwth has
always been a central technique in microbiologye TD of a
bacterial culture is not a direct measure of béterowth
number, but increase in turbidity does indicate térdal
growth.

2.3. STATISTICAL DESIGN OF EXPERIMENTS
2.3.1. EXPERIMENTAL DESIGN

The response surface methodology was applied terstaohd
the interaction of various variables and then usefind the
optimum concentration of the main medium componémas
affect the response.

A statistical program package, Design Expert (werd.0.7.1.,
Stat-Ease Inc., Minneapolis, MN) was used for regjmn
analysis of the data obtained and to estimate dbé&icient of
multivariate equation. This software was also ufmdthe
experimental design, data analysis and quadraticdeimo
building. Response surface and contour plots wereeigted
to understand the interaction of different variable

2.3.2. CENTRAL COMPOSITE DESIGN (CCD)

The first experimental CCD was carried out in order
identify and optimize the total acidity % and optidensity of
the production medium that have a significant dffec the

vinegar productionThe variables are coded according to the
equation:
e (X=X ) 1A X

WhereX;, x andx,are the coded value, uncoded value and the
value at the center point respectively of the tést variable
andA x; is the step change value. The full experimentaigtes

in coded and uncoded form is given in Table 1.

Table-1: Experimental Range And Levels Of The
Independent Variables For Vinegar Production

INDEPENDENT -1 0 +1
VARIABLES
ALCOHOL 6.29 7.47 17.77
CONTENT , %
INOCULUM 5 10 15
VOLUME , %
TIME, HRS. 24 48 72

The Behavior of this system was explained by tHevigng
second-degree polynomial equation:

Y = Bo+ B Xi+ &Ry X2 +EBy X X

Where R0, 3(=1,2,3),8 (i=1,2,3)andiR (i = 1, 2, 3;]
=1, 2, 3 and _j) are constants for the offset term, linear
effects, quadratic effects and interactions effespectively.
Xi(i=1,2 3)andXj (j =1, 2, 3) ( _j) are the process
parameters andis the response variable.

The graphical representation of these equationscalied
response surfaces, which was used to describentlidgdual
and cumulative effects of the test variables on résponse
and to determine the mutual interactions between tdst
variables and their subsequent effect on the respofihe
correlation measures for the estimation of the esgjon
equation are the multiple correlation coefficidRtand the
determination coefficierf®2. ANOVA (Analysis of Variance)
was used to test the significance and adequadyeahbdel.
TheF value (Fisher's variance ratiqg SR/Se2) was calculated
from ANOVA. F values much higher than unity indicate that
the factors explain adequately the variation in diaga about
its mean and effects of estimated factors are Trhe.Student-
t-distribution and the corresponding probabilitylues @
valueg indicate the significance of each of the coeéiiti
which in turn governs the patterns of interactibeswveen the
variables. The smaller the value Bf the more significant is
the corresponding coefficient.

Using statistical software Design Expert (version 8.0.7.1.,
Start-Ease Inc ), CCD and RSM were used in the design of
experiment and in the analysis of the results.
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3.RESULTS AND DISCUSSION
3.1. BANANA ALCOHOL PRODUCTION

Table-2: Physicochemical Analysis of Banana Samples

TOTAL SUGAR,
SAMPLES pH MOISTURE BRIX TOTAL PECTINASE AFTER PECTINASE
SUGAR ADDITION ADDITION
RAW 5 72.7% - - - -
BANANA
BANANA 6 73.2% 18 18.23% 0.0003% 24.68%
PULP
Table-3: Analysis of Banana Sample Broth
Sample pH Before pH After Alcohol % Of Residual Sugar %
Fermentation Fermentation Fermentation Of Fermentation
Broth Broth
SET A 4 7.77 0
SET B 4.5 4 7.47 0
SETC 4 4 6.29 0

7.77 % alcohol was produced by 8 % yeast cell cunagon
at 28C, pH 4.0 and 10% sugar concentration for 48 htg. B
under the same time of 48 hrs., 10% yeastcell cdretéon
produced 7.47% of alcohol. Alcohol production waadyally
decreased with sugar concentration from 10% to T86ugh
alcohol production takes place under resting comgit
decrease in yeast cell concentration, more amofirsugar
was utilized by yeast to be converted to alcohohe T
distillation process was the most troublesome sincequired
the combination of many equipments which led to esom
malfunctions. From the above observations, we aarclode

that the above process was highly suitable for strial
production of alcohol from banana fruits because dtcohol
yield was low cost technology and also ecofriendly.

3.2. VINEGAR PRODUCTION

3.21. PHYSICOCHEMICAL ANALYSIS

The pH, titratable acidity and optical density avery
important parameters in the vinegar fermentationcess.

Table-4: pH In Vinegar Fermentation Broth Measuring By Paper

Acetobacter aceti
SAMPLE NAME GROWTH AFTER 24 HRS. AFTER 48 HRS. AFTER 72 HRS.
MEDIUM
INOCULATION
5% 5 4 4
10% 4 4 3
SET A 15% 4 3 2
5% 5 4 4
10% 4 3 4
SETB 15% 5 4 4
5% 4 3 4
SET C 10% 4 4 3
15% 6 3 4

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 506




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

Table-5: Titrable Acidity % in Vinegar Fermentation Broth

SAMPLE NAME Acetobacter aceti AFTER 24 HRS. AFTER 48 HRS. AFTER 72 HRS.
GROWTH MEDIUM % % %
INOCULATION
5% 3.66 4.23 4,52
SET A 10% 3.70 4.25 4.62
15% 3.79 4.27 4.67
5% 3.28 4.13 4.40
SET B 10% 3.39 4.17 4.48
15% 3.48 4.20 4.43
5% 2.73 4.07 4.30
SET C 10% 2.91 411 4.32
15% 3.19 4.15 4.37

Table-6: Optical Density in Vinegar Fermentation Broth

SAMPLE NAME Acetobacter aceti ABSORBANCE AT 600nm
GROWTH MEDIUM
INOCULATION AFTER 24HRS. | AFTER 48HRS AFTER 72HRS
5% 0.389 0.449 0.569
SET A 10% 0.519 0.579 0.699
15% 1.065 1.128 1.245
5% 0.992 1.005 1/026
SET B 10% 1.308 1.316 1.342
15% 1.318 1.326 1.352
5% 1.001 1.012 1.026
SETC 10% 1.434 1.445 1.459
15% 1.426 1.441 1.459
SETA
< AFTER 24 hrs. y = 0.065x + 3.586
= R2=0.953 SETB
35 v=02-1X+3-183 ——SETA-TA%
3 : — . —p— R?=0.996
i"' 2 —8—SETB - TA%
E1
o : : : .
5o ook 155% SETC -TA%
A.aceti CELLCONC.

Chart-3: Effect Of Different A.aceti Cell Concentration Qitrable Acidity % Of
Samples Set A, Set B, Set C After 24 Hrs.
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Chart-7: Effect Of Different A. aceti Cell Concentration Qptical Density of Samples Set A, Set B, Set GAH#S Hrs
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After 72 hrs. SET A

W= 0.338Bx 4+ O.1L61
R=* = 0.887
SET B
w=0.676x 0.4549

RZ = 0./55

SET C
= 0.216x 4+ O.8=21

R =0.75

——SEl A - ABSORBAMNCE

Absorbance (nm)

—_— SET B - "BSORBAMNCE

o 0 0 F B BB
B OW R NBMO O
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0
"

o]

5246 102

A . aceti Cell Conc.

Lincar (SET A

ABSORBAMNCE)
Linear (SET B -
ABSORBAMNCE)
Linear (SET C -
ABSORBAMNCE)

Chart-8: Effect Of Different A. aceti Cell Concentration @ptical Density Of Samples Set A, Set B, Set @AR2 Hrs.

The result of this study indicated thfatetobactor acetiwith

good fermentation attributes, which may enhancal &tidity
and minimize cost of production, could be obtainétegar
from banana alcohol.Acetic acid takes into accdhat other
organic acids are present in vinegar at negligijplentities. It
is possible to suppose that total acidity is a gmmticator of
the acetic acid concentration.

In this study, the physicochemical properties ( @) ) and
acetic acid content of banana vinegar were analy2digr
fermentation, the vinegar has found a color of patdow.
The results showed that acetic acid concentratiooeased
with an increase in inoculum level examined. Aheist acetic
acid concentrations of 4.67 % and 4.62% were oleskat the
15 and 10 % inoculum level, respectively for highalsohol
contained sample (SET A). It was found from thepgra
(Chart-8), optical density or bacterial growth increasedhwit
an increase in inoculum level at the same time.

Acetic acid fermentation was successfully completesihg
banana juice. Most of the total sugar was convetdeacetic
acid via ethanol. Evaporation of volatile compouimaduding
ethanol, acetaldehyde as well as acetic acid duhiagacetic
fermentation process is one of the main causeweéred
concentration of acetic acid.

3.3. STATISTICAL OPTIMIZATION
TECHNIQUE

Response surface methodology is an empirical nogleli
technique used to evaluate the relationship betveeset of
controllable experimental facts and observed valudse

response surface methodologies involving centrahpmsite
designs have been successfully applied to evathateffect
of alcohol content , time, inoculum volurdeéceti cell
conentration) on titrable acidity % and optical sien for
vinegar fermentation b&cetobactor sp(MTCC 2623) .

Table-7 shows the results obtained from the ceotalposite
design regarding the studied variables: the conatoibs of
cell (A aceti), alcohol content %, time using treolated
Acetobactor sp. for the production of vinegar. Emalysis of
variance (ANOVA) of the quadratic regression model
demonstrates that the model is highly significaite
correlation measures for the estimation of the esgjon
equation are the multiple correlation coefficieR) (and
determination coefficient @ The closer the value of R to 1,
the better is the correlation between the obsematde and
the predicted values.

The 3D response surface plot is a graphical reptaten of
the regression equation. It is plotted to undetstdhe
interaction of the variables and locate the optileat! of each
variable for maximal response. Each response sufftatted
for acetic acid production represents the different
combinations of two test variables at one time w&hil
maintaining the other variable at the zero levdie raphic
representation of response surface shown in Fig-Bigk-4
helps to visualize the effects of alcohol content a¥d
inoculum volume %.
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Fig-3: Response Surface Plot For Titrable Acidity %

Table-7 Coded and Uncoded Full Factorial Central Compd3ésign

RUN | ALCOHOL CONTENT INOCULUM TIME IN HRS. RESPONSE | RESPONSE 2:
% VOLUME % 1: OPTICAL
CODED | ACTUAL | CODED | ACTUAL | CODED | ACTUAL | TITRABLE DENSITY
VALUE | VALUE | VALUE | VALUE | VALUE | VALUE | ACIDITY %

1 1.00 7.77 -1.00 5 1 72 452 0.569
2 0.00 7.47 0.00 10 0 48 4.17 1.316
3 1.00 7.77 0.00 10 1 24 3.79 1.065
4 0.00 7.47 0.00 10 0 48 4.17 1.316
5 -1.00 6.29 -1.00 5 1 24 2.73 1.001
6 0.00 7.47 0.00 10 1.68 72 5.16 2.022
7 1.00 7.77 -1.00 5 1 24 3.66 0.384
8 1.00 7.77 1.00 15 1 72 4.67 1.245
9 0.00 7.47 0.00 10 0 48 4.17 1.316
10 1.68 7.77 0.00 10 0 48 4.93 1.259
11 0.00 7.47 0.00 10 0 48 4.17 1.316
12 0.00 7.47 0.00 10 0 48 4.17 1.316
13 -1.00 6.29 -1.00 5 1 72 43 1.026
14 0.00 7.47 0.00 10 0 48 4.17 1.316
15 -1.00 6.29 1.00 15 1 72 4.37 1.459
16 -1.68 6.29 0.00 10 0 48 3.43 0.765
17 -1.00 6.29 1.00 15 1 24 3.19 1.426
18 0.00 7.47 1.68 15 0 48 4.88 2.006
19 0.00 7.47 0.00 10 -1.68 24 2.71 0.628
20 0.00 7.47 -1.68 5 0 48 3.45 0.325

could occur due to noise.Values of "Prob > F" kass 0.0500
indicate model terms are significant.In this caseBAC are
significant model terms.Values greater than 0.10@lcate
the model terms are not significant. If there aranyn
insignificant model terms (not counting those reedi to
support hierarchy), model reduction may improve rinedel.
Here the value of R indicates a high degree ofetatipn
between the observed and the predicted valuesvalue of

Table- 8 shows the results of the second-orderoresp
surface models for titrable acidity in the form afalysis of
variance (ANOVA). The regression equation demonstra
that titrable acidity was an empirical functiontest variables
in coded units.

The Model F-value of 13.05 implies the model isndfigant.
There is only a 0.02% chance that a"Model F-Vathé&'large
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the determination coefficient {R-0.9216) being a measure of

goodness of fit to the model, indicates that 7.8¥%he total
variations are not explained by the model. The sidpli B
value (0.8510) is also high, making the model \&@gpificant.
The coefficient of variation (CV) indicates the deg of
precision with which the treatment is compared. dllgu the
higher the value of CV, the lower is the relialyiliof the
experiment. Here the low value of CV % ( 6.50 )idades a
greater reliability of the experiments performed.

The "Pred R-Squared" of 0.4009 is not as closbke¢d'Adj R-

Squared"” of 0.8510 as one might normally expedtis Thay
indicate a large block effect or a possible probigith model

and/or data. Things to consider are model redoctiesponse
transformation, outliers, etc."Adeq Precision" meas the
signal to noise ratio. A ratio greater than 4 ésichble. The
ratio of 12.932 indicates an adequate signal. Tuslel can
be used to navigate the design space.

Table-8: ANOVA for Response Surface Quadratic Model On TA%

SOURCE SUM OF DEGREE OF MEAN FVALUE P-VALUE
SQUARES FREEDOM SQUARE PROB > F
MODEL 8.10 9 0.90 13.05 <0.0002
SIGNIFICANT
A-ALCOHOL 1.53 1 1.53 22.20 0.0008
CONTENT
B-INOCULUM 0.76 1 0.76 10.97 0.0078
VOLUMN
C-TIME 5.43 1 5.43 78.71 <0.0001
AB 7.813E-003 1 7.813E-003 0.11 0.7434
AC 0.13 1 0.13 1.85 0.2038
BC 0.017 1 0.017 0.25 0.6292
A? 0.018 1 0.018 0.26 0.6191
B? 0.024 1 0.024 0.35 0.5685
c? 0.21 1 0.21 3.12 0.1080
RESIDUAL 0. 69 10 0.069
LACK OF FIT 0.69 5 0.14
PURE ERROR 0.000 5 0.000
CORRECTED 8.79 19
TOTAL
Table-9: R value for model
Std. Dev. 0.26 R-Squared 0.9216
M ean 4.04 Adj R-Squared 0.8510
CV.% 6.50 Pred R-Squared 0.4009
PRESS 5.27 Adeg Precision 12.932
Table-10: Coefficients in Terms of Actual
COEFFICIENT FACTOR ESTIMATE
I nter cept 4.18
A- Alcohol Content 0.33
B- Inoculum Volumn 0.24
C-Time 0.63
AB -0.031
AC -0.13
BC -0.046
A2 -0.035
B2 -0.041
C2 -0.12
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Final Equation in Terms of Coded Factors:
Titrable Acidity = +4.18+0.33 x A+0.24 B+ 0.63 x

C-0.031x AB-0.13 x AC - 0.046 x B - 0.035 2 A 0.041
x B2 - 012 x @

Final Equation in Termsof Actual Factors:

Titrable Acidity = + 4.17597 + 0.33483 x AlcohBbntent +
0.23541 x Inoculum Volumn + 0.63048 x Time0.031250
x Alcohol Content x Inoculum Volumn - 0.12625Aicohol
Content x Time - 0.046250 x Inoculum Volumifiime -

0.035490 x Alcohol Contefit- 0.040793 x Inoculum
Volumr? - 0.12211 x Timé

Response surface study was made between TitraldigtyA%o
of acetic acid fermentation against inoculum voluiued
alcohol content keeping time of fermentation at * Gcoded
level , i.e., 48 hrs.

Now the 3D response surface study showed that @lcoh
content and inoculum level had a positive effectTén% of
fermentation broth. But no clear experimental zooke
optimum could be obtained. So the optimun was alsud
point within our experimental zone. Maximun valué o
Titrable Acidity % was obtained at 4.67 % for 72 .hwith
alcohol content 7.77 %and yeast cell inoculatiorellel5 % .
From this study , we can conclude that the TA% was
independent of alcohol concentration , but inocuhmlume
had a positive effect both on the TA % and the Ificall
growth.

The result of second — order response surface nisaele for
coded and uncoded test variables) fitting in themfoof
analysis of variance (ANOVA) is shown in Table- Ihe
regression equation demonstrated that optical ensis an
empirical function of test variables in coded units

Table-11: ANOVA for Response Surface Quadratic Model On OD

SOURCE SUM OF DEGREE OF MEAN FVALUE P-VALUE PROB
SQUARES FREEDOM SQUARE >F
MODEL 2.84 9 0.32 2.95 0.0536 not
SIGNIFICANT
A-ALCOHOL 0.048 1 0.048 0.45 0.5165
CONTENT
B-INOCULUM 1.86 1 1.86 17.35 0.0019
VOLUMN
C-TIME 0.56 1 0.56 5.22 0.0454
AB 0.031 1 0.031 0.28 0.6052
AC 0.011 1 0.011 0.11 0.7509
BC 8.000E-006 1 8.000E-006 7.471E-005 0.9933
A’ 0.27 1 0.27 2.50 0.1452
B” 0.097 1 0.097 0.90 0.3644
c? 9.382E-003 1 9.382E-003 0.088 0.7733
RESIDUAL 1.07 10 0.11
LACK OF FIT 1.07 5 0.21
PURE ERROR 0.000 5 0.000
CORRECTED 3.91
TOTAL
The Model F-value of 2.95 implies there is a 5.36B&nce Table-12: R value for model
that a "Model F-Value" this large could occur due t :
noise.Values of "Prob > F" less than 0.0500 indicaodel Std. Dev | 0.33 SunZ\red 0.7264
terms are significant. In this case B, C are sigaift model -
T Mean | 1.15 Adj R- 0.4802
terms. V_?Iues Ig%r(;ater than 0.10(_)0 |_nd|_:c:_ate ;[hr;d)h;;adas(aret Squared
not significant.If there are many insignifican rms (no
counting those required to support hierarchy), rhoguction CV.% | 2835 SPc;Sng;-j -1.0778
may improve the model. PRESS 813 Adeg 5884
Precision
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A negative "Pred R-Squared" implies that the oVerean is
a better predictor of the response than the current
model."Adeq Precision” measures the signal to n@tie. A
ratio greater than 4 is desirable. The ratio 888.indicates
an adequate signal. This model can be used to atavihe
design spac&he coefficient of determination {R was
0.7264, indicating that 72.64 % of the variability the
response could be explained by the model. The tadjus
determination coefficient (adj. R0. 4802) was also not
satisfactory for confirming the significance of tmeodel.
Fig-4 displays the surface response plot of thegheduation.

Table-13: Coefficients in Terms of Actual

COEFFICIENT FACTOR ESTIMATE
Intercept 1.32
A- Alcohol Content -0.060
B- Inoculum Volumn 0.37
C- Time 0.20
AB 0.062
AC 0.038
BC 1.000E-003
A2 -0.14
B2 -0.082
c2 -0.026

Design-Expert® Software
Factor Coding: Actual
Optical Density

0

2022
0325
XL=A: Alcohol Content

X2=8: noculum Volum

Actual Factor
C:Time =000

Optical Density

" A: Alcohol Content

B: Inoculum Volumn

100100

Fig-4: Response surface plot showing the effect of alcohol
content and inoculum volume on optical density

The observed values are the experimentally obtairsddes
and the predicted values were calculated based hen t
respective model equation for each experimental Tfinere
was a good coordination between the observed aed th
predicted values in models. Regression equatidheofinear
model was analyzed using 3D response surface pldtieh
help to understand the effect of alcohol conterid ¢heir
range of optimum concentrations required for opta=nsity

in vinegar fermentation. 3D response surface plotge
obtained by plotting the response (OPTICAL DENSITOf)
the Y-axis against two variables (alcohol contemd A.aceti
cell concentration level) while keeping other vhkatime at
‘0’ level.

Response surface study was made between opticsitylef
acetic acid fermentation against inoculum volume alcohol
content keeping time of fermentation at “0” codeddl, i.e.,
48 hrs. It was clear that at a particular alcotmitent level,
the optical density of fermentation increased viittrease in
inoculum level.

Now the 3D response surface study showed that ear cl
experimental zone of optimum could be obtained. ts®
optimun was a suddle point within our experimeataie.The
optimization of the analyzed responses demonstrabed
Maximun value of optical density was obtained d59.for 72
hrs. with alcohol content 6.29 %ardaceti cell inoculation
level 15 %. The goodness of fit of the model wasfieel by
the determination coefficientRf). In this study, bacterial
growth had been increased significantly using stiatl
optimization techniques.

4. CONCLUSIONS

As a result, this study recommended that the vinegast be
subjected to sensory analysis, descriptive and woaes
acceptance, for further evaluation and to investigthe
amount of toxic compounds in banana vinegar anégort of
isolation and identification of an Acetobacter stra

Moreover, this study encouraged that the furtheeligment

of this study by addition of some spices and fodditares and

by application of new principles discovered, asiftem
extending the fermentation time and also looking $tvains
with high vinegar production as well as suitabléetance
against high ethanol concentrations and production
temperature.
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