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Fruit vinegar is one of the fermented products that combine beneficial properties of afruit and vinegar, which
is gaining importance as a functional nutraceutical food. The present study is aimed at optimizing the acetic
acid fermentation conditions for mango (Mangifera indica Linn.) vinegar production by Response Surface
Methodology (RSM). The juice was extracted from mango fruits by enzymatic treatment and adjusted to
25°Brix. It was used asasubstrate for vinegar production, first by alcoholic fermentation using Saccharomyces
cerevisiae strain (CFTRI 101) that gave 11% (v/v) ethanol, followed by acetic acid fermentation using
Acetobacter acetie (MTCC No: 2945) that produced >4.5% acidity. The ethanol and acetic acid levels produced
were analyzed by Spectrophotometric method and titrimetric method, respectively. The optimaof temperature,
pH, time, ethanol content and inoculum volume were found to be 30 °C, 4.5, 113 h, 8.0% and 10.5%,
respectively for the highest yield of acetic acid (65.12 g/L) by the RSM. This has a dual advantage of
effective use of surplus mango fruit as well as a value-added new vinegar product.
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INTRODUCTION

Vinegar is an important food preservative and condiment
which hasalong history starting from ca. 3000 BC (Li etal.,
2014). It is produced through the action of acetic acid
bacteria on dilute solutions of ethyl alcohol derived from
yeast fermentation, which has versatile and distinct
organoleptic properties. It is a liquid fit for human
consumption produced from asuitable raw material having
starch and/or sugars of agricultura origin, containing a
specified amount of acetic acid (Codex Alimentarius, 1987).
Currently, thedemand for fruit vinegar consumed asahealth
food product is growing (Ou et al., 2009) asit isrich in
amino and organic acids, vitamins, and aroma compounds
(Changet al., 2004). Fruit vinegar isknownfor itsaccelerative
buffering effect during the digestion and the acetic acid,
which is the main component of vinegar, significantly

reduces both blood pressure and rennin activity and the
subsequent decrease in angiotensin 1, a typical blood
pressureregulatory system (Kondo et al., 2001). In addition,
it has been reported that regular consumption of vinegar
contributes to some beneficial effects in terms of anti-
oxidative propertiesand lowering lipid content (Chou et al .,
2015). Reducing effects of diabetes and prevention of
cardiovascular disease are the described functional
therapeutic propertiesof vinegar (Shimoji et al., 2002). These
health benefits were lead researchers to consider the
production of natural vinegarsfrom different raw materials
including cane vinegar made from fermented sugarcanejuice
(Kocher et al., 2014), pineapplevinegar (Silvaet al., 2007),
tomato vinegar (Lee et al., 2013), blackberry vinegar
(Antonio et al., 2016), persimmon vinegar (Hidalgo et al.,
2010), onion vinegar (Horiuchi et al., 1999), water melon
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vinegar (Chen et al., 2017), orange vinegar (Cristinaet al.,
2016) and so on. However, there are few studies made on
the mango fruit vinegar.

The mango (Mangifera indica L.) has gained great
popularity worldwide among the tropical fruits as a
commercially significant fruit, because of itshigh nutritive-
medicinal value, uniqueflavorsand taste. It isknown asan
excellent source of B-carotene (provitamin A carotenoid),
vitamin C and polyphenolic compounds with traces of
vitamins E, K and B. It isthe 2™ largest tropical crop and
India accounts for 52% of the world’s production of mango,
whichisnearly 12.75 milliontonsper annum, but hardly 1%
of the total mango produced is processed in to various
products. In spite of some alternatives to direct
consumption haveal ready beenimplemented, alarge amount
of fruitsareleft un-utilized in thefields creating both ecologic
and economic problems. As the consumption of fruit
vinegarsare significantly increasing over synthetic vinegars,
this study isaimed at the production of mango vinegar and
optimized by Response Surface Methodology (RSM).

Optimization of parameters by the conventional method
involves changing one independent variable while
unchanging al othersat afixed level. Thisisextremely time-
consuming and expensive for alarge number of variables
and also may result in wrong conclusions (Adinarayana
et al., 2003). RSM is a combination of mathematical and
statistical techniquesthat is useful for analyzing the effects
of several independent variables on the system response
(Ohetal., 1995). Therefore, RSM techniquewasappliedin
the present study and results obtained are discussed in
this paper.

MATERIALS AND METHODS

Processing of Mango Fruits

Totapuri variety of mango fruits were obtained from the
local market of Tirupati (India), during the months of May
and June. The fruits were processed according to the
method of Varakumar et al. (2012) and the samples were
stored at -20 °C until further use. Completely ripened mango
fruits were selected randomly, peeled and stones were
separated manually from the pulp. The pulp thus obtained
was ground in a mixer. The homogenate was treated with
pectinase (Bio-Tropicase, Biocon, India) enzyme then
filtered through two layered cheese cloth. The juice thus
obtained was centrifuged at 10,000 g for 10 min at room
temperature to obtain clear supernatant.

Microorganisms and Preparation of
Inoculum

The Saccharomyces cerevisiae strain (CFTRI 101) was
maintained on MPY DA dantscontaining (g/L): Madlt extract,
3; Peptone, 5; Yeast extract, 3; Dextrose, 10; and Agar, 20
(pH 5.0) and stored at 4 °C. The yeast cells were grown by
inoculating the slant cultureinto 25 mL of the sterile MPY D
liquid medium in 100 mL Erlenmeyer conical flask and
incubating on a rotary shaker (100 rpm) for 24 h. This
inoculum (3x10° cellgmL) wastransferred to 250 mL conical
flask having 100 mL sterile mango juice and incubated at 28
°C, onarotary shaker (100 rpm) for 24 h. Thiswas used as
inoculumin thefermentation of mango juiceto mangowine
(Kumar etal., 2009).

For acetification, the inoculum was prepared by
inoculating a standard culture of Acetobater aceti (MTCC
No. 2945) from Y PMA dantscontaining (g/L): Yeast extract,
5.0; Peptone, 3.0; Mannitol, 2.5and Agar 20.0,intoal150 mL
Erlenmeyer flask containing 50 mL gterileliquid YPM medium
and incubating the flask on arotary shaker at 200 rpm and
30°Cfor 24 h.

Alcoholic Fermentation

The alcoholic fermentation was carried out by adding
aseptically 5% inoculum of the actively growing
Saccharomyces cerevisiae strain (CFTRI 101) intoa5.0 L
stainless steel fermenter (BioSpin-05i, BIO-AGE, Mohali,
India) having working volume of 3.0 L of sterile (sterilized at
121 °C for 20 min.) mango juice as fermentation medium.
The fermentation wascarried out at 28 °C under agitation of
100 rpm for 5 days. After fermentation, the broth was
centrifuged at 5000 rpm for 20 min to separate out the cells,
and then the supernatant wine was pasteurized (using a
water bath at 65 °C for 30 min). Thiswinewasstored at 8 °C
in amber colored airtight glass container to avoid oxygen
contact as described by Naresh et al. (2014).

Acetic Acid Fermentation

The acetic acid fermentation of the above winewas carried
out by setting pH to the desired value (3.5 t0 5.5) by means
of calcium carbonate or citric acid addition, and inoculating
with A. aceti (MTCC No: 2945) inoculum (5 to 15%) and
incubating on arotary shaker incubator at 160 rpm at different
temperatures (26 to 34 °C) and time (48to 144 h). All theruns
were carried out, according to the Central Composite Design
(CCD). Thefermented broth was centrifuged at 10,000 rpm,
and the supernatant vinegar was pasteurized by using a
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water bath at 65 °C for 30 min. The sampleswere analyzed
for various parameters.

ANALYTICAL PROTOCOLS

Determination of Soluble Solids and
Ethanol of Mango Wine and Vinegar

The soluble solid content was determined at 20 °C with a
refractometer (0-30) (Erma, Japan). All measurementswere
conducted intriplicate and reported as °Brix. The percentage
of ethanol produced during alcoholic fermentation and
acetic acid fermentation were determined by
Spectrophotometric method (Caputi et al., 1968). According
to thismethod, diluted sasmple wasdistilled at 40 °C and the
distillate containing ethanol was reacted with chromic acid
and incubated at 50 °C for 30 min. The colour developed
was read using spectrophotometer at 600 nm.

Determination of pH and Titratable
Acidity of Mango Wine and Vinegar

Sampleswere centrifuged (5 min at 350 x g) and the pH was
measured at 20 °C using a hand digital pH meter (Eutech,
Japan) which was pre-calibrated with buffers of pH 4.0 and
7.0. Titratable acidity wasdetermined by titratingwith 0.1 N
NaOH previously standardized using standard oxalic acid
and the values were expressed astartaric acid equivalents.

High-Performance Liquid
Chromatography (HPLC)

The content of organic acids was detected through HPLC
(Shimadzu) using a Supelco gel C-610H column (Supelco,
Bellefonto, PA, USA) connected to aUV detector. Mango
vinegar sample (1 mL) and distilled water (9 mL) were mixed
for 2 min in a 10 mL flask using a vortex mixer. The
supernatants were filtered twice using a 0.2 um filter
membrane. The columntemperaturewas set at 40 °Cwitha
degassed agueous mobile phase containing 8mM H_SO, in
Milli Q H,O (isocratic mode). Theinjection volumewas 10
uL., and the detection wavelength was at 210 nm. The flow
ratewas 0.7 mL mint. All organic acidswererecorded ona
computer-based data system. Each compound was
quantified by comparing its peak area against the standard
curve obtained specifically for the reference solutions
containing that compound.

Measurement of Colour

The colour of the mango vinegar sample produced was
measured using a Hunter’s Lab color measurement device
(Hunter Color UltraScan PRO, Hunter Associates L aboratory,

Reston, VA, USA). The colour valueswere expressed asL*
(whiteness or brightness/darkness), a* (redness/greenness),
b* (yellowness/blueness), chroma (saturation, C*) and hue
angle (h°) at any time, respectively.

Sensory Analysis

The mango vinegar produced with the optimized conditions
is subjected to sensory analysis using ten-point Hedonic
scale with trained panel experts to evaluate its quality by
comparing with the original vinegar produced with normal
conditions. A structure scale was used to score al the
attributes, with 9-10 representing outstanding vinegar, 7-
8.9 representing standard vinegar 5-6.9 representing
commercial vinegar, 3-4.9 representing below commercial
vinegar acceptability and 1-2.9 spoiled vinegar. Coded
samples identified by three-digit random numbers were
presented to panelists in random order. The analysis was
carried outintriplicate.

Experimental Design of the RSM

It isan empirical mathematical modeling technique which
was employed in this study to understand the interaction
influence of temperature, pH, incubation time, alcohol
content and inoculum volume on acetic acid production by
A. aceti. A 45-runs central composite design was employed
using aCentral Composite Design (CCD) according to RSM
using STATISTICA version 8.0 software (Stat-soft Inc.,
Minneapolis, MN, USA) for thisstudy. All selected variables
werestudied in 5levels. Table 3 depictsthe selected variables
and their levels and Table 4 depicts the experimental plan
along with the results obtained. All real values were coded
intothe-2to + 2 according to Hymavathi et al. (2009). The
obtained results were subjected to multiple regression
analysis. The empirical formula of the regression equation
isasfollows:

Y, =bo+zk:bixi +Zk:biixiz+lz<: Z]:bijxixj +e—-——()
i1 izl 5

where Y, is the predicted acetic acid production, b is the
offsetterm, b, isthei™ linear coefficient, b, isthei™ quadratic
coefficient, bij istheinteraction coefficient x and X are input
variables that influence the response variable, and eis the
error. The regression analysis was performed with coded
values. The correlation coefficient (R?) value was used to
determine the percentage of the variability of the
optimization parameter that isexplained by the model. The
statistical analysis of the model was performed in the form
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of an analysis of variance (ANOVA) which is depicted in
Table5. Thesurface (3D) and contour (2D) plotswere used
to determine the interactive effect of selected variableson
acetic acid production.

Statistical Analysis

All experiments were performed in triplicate. Results were
expressed as the mean values with standard error. Analysis
of Variance (One-way ANOVA) followed by Duncan’s
multiple range test was performed to identify differences
between means, using SPSS Software version 20.0 (SPSS-
IBM Chicago, IL, USA). Differences were considered
statistically significant when p < 0.05.

RESULTS AND DISCUSSION

Determination of Soluble Solid Content,
Ethanol Content, pH and Acidity of
Mango Wine

Changes in soluble solid content and ethanol content of
mango wine during acoholic fermentation are shown in
Figure 1la. The soluble solid content decreased gradually
during alcoholic fermentation while the ethanol content
increased gradually and reached 5.5 °Brix and 10%,

respectively after 5 days of alcoholic fermentation. Changes
inpH and titratable acidity during alcoholic fermentation of
mango wineare shown in Figure 1b. The pH decreased from
5.5t0 3.5 over 5 daysof alcoholic fermentation. The acidity
increased gradually during alcoholic fermentation and after
5 daysit reached 0.40%.

Determination of Soluble Solid Content,
Ethanol Content, pH and Acidity of
Mango Vinegar

Changes in soluble solid content and ethanol content of
mango Vvinegar during acetic acid fermentation are shown
in Figure 1c. The soluble solid content as well as ethanol
content decreased gradually, during acetic acid fermentation
and reached 4.8 °Brix and 0.4%, respectively after 5 days of
acetic acid fermentation. Changesin pH and titratable acidity
during acetic acid fermentation of mango vinegar are shown
inFigure 1d. The pH decreased from4.5to0 2.8 over 5 days
of acetic acid fermentation. The acidity increased gradually
during acetic acid fermentation and after 5 days it reached
6.9%. The acidity differencesin various vinegars could be
attributed to variationsin the raw materials, inoculum volume
of acetic acid bacteria added, as well as fermentation time

Figurel: Changesin TSSand Ethanal (a), pH and TitratableAcidity (b) (DuringAlcohalic Fermentation) Followed
by Changesin TSSand Ethanol (c), pH and TitratableAcidity (d) DuringAceticAcid Fermentation
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anddilution (Li et al., 2014). Theacidity obtained wasinthe
samerange as strawberry and persimmon vinegar (Hidalgo
etal., 2010). Thefinal acidity achieved inthe present study
was higher than that achieved in ginger vinegar (4.82%),
garlic vinegar (4.9%) and tomato vinegar (5.6%) (Koetal.,
1998; Leeetal., 2013; and Leond et al., 2015).

Organic Acids in Mango Vinegar

Thelevel and nature of the organic acids present in vinegars
may provide information concerning the origin of the raw
material, microbiological growth, and even processing
techniques. Although many organic acids are present in
vinegars, the titratable acidity of vinegars is typically
expressed as acetic acid, whichisthemgjor organic acid in
vinegars (Moraleset al., 1998). In the present study, oxalic
acid, tartaricacid, malic acid, acetic acid, citric acid, succinic
acid and propanoic acid werefound in mango vinegar (Table
1). The mgjor organic acid in this fermentation was acetic
acid and its concentration reached to alevel of 65.12 g/L
after acetic acid fermentation. The amount of acetic acid in
mango vinegar was higher than that of onion vinegar (29.4
g/L) (Horiuchi et al., 1999) and watermelon vinegar (52.95 g/
L) (Yang Chen et al., 2017). A similar observation had
previously been made in white wine vinegar, red wine
vinegar, alcohol vinegar, malt vinegar, and cider vinegar
(Moraleset al., 1998; and Saiz-Abgjo et al., 2005). Hence
the mango winefermentation to vinegar yields better levels
of acetic acid and other organic acidsthan the other sources.

Determination of Colour of Mango
Vinegar

The colour or pigment in the fruit vinegars represents the
presence of certain biologically active phyto-chemical

Table1: TheMain OrganicAcidsContent of theM ango
Vinegar (g/L)

Organic Acids Mango Vinegar
Oxalic acid 0.85+0.17
Tartaric acid 1.07+0.01
Malic acid 1.16+0.02
Acetic acid 65.12+0.08
Citric acid 0.49+0.02
Succinic acid 0.57+0.01
Propanoic acid 0.61+0.05

Table 2: Hunter’s Color Value of Mango Vinegar
Hunter Par ameters Mango Vinegar
L* value 15.56+0.07
a* value 2.9240.05
b* value 11.81+0.04
Chroma (C*) 12.17+0.05
Hue angle (h*) 76.13.£0.03
Note: Mean + standard deviation (n=3).The values are given as
mean * standard deviation of triplicate determinations.

compoundsthat have been reported to promote good health
as well as the quality of the product. Since, colour is an
important factor related to the sensorial properties of vinegar
(Lopez et al., 2005), the colour of mango vinegar was
measured and the results are given in Table 2.

Model Prediction and Optimization

The single-factor experiment showed that the temperature,
pH, time, a cohol content and inoculum volume significantly
affected the quality of mango vinegar fermentation. To
improve further acetic acid production and to determinethe
interactioninfluence of these parameterson acetic acid yield,
a CCD method of optimization was employed. The full-
factorial CCD with 45 experimentsrunsalong with obtained
experimental results are shown in Table 4. Through the
experimentation, it was shown that the acetic acid
production varied from 2.5 to 6.5% indicating the influence
of selected parameters and their levels on A. aceti
metabolism and subsequent effect on the acetic acid yield.
To understand the relationship between selected variable
and acetic acid production, a regression analysis was
performed. In regression analysis, the acetic acid yield was
taken as a depended variables and selected parameters as
independent variables. The analysis of data yielded the
following second-order polynomial equation (Equation 2).

Acetic acid%(Y) =6.47625 +0.12750* X1 +0.11250* X2
+0.63750* X3+0.15750* X4 +0.11250* X5-0.96016* X1*X1
-0.63516* X2* X2-0.48516* X3* X3-0.44766* X4* X4-
0.29766* X5* X5+0.090625* X1* X2+0.12187* X1* X3
+3.12500E-003* X1* X4+0.071875* X1* X5+0.14062* X2
* X3-0.015625* X2* X4+0.028125* X2* X5-0.021875* X3
* X4+9.37500E-003* X3* X5+0.028125* X4* X5  ..(2)

The model’s goodness of fit was checked by
determination coefficient (R?). The R?which can be defined
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Table 3: Experimental Rangeof AlphaValuesof thel ndependent Variablesfor theM angoVinegar Production

Variables Coded Lewels
Step Change (AS)
Real Coded -2 -1 0 1 2

Temperature, (°C) X1 26 28 30 32 A 2
pH X2 35 4 45 5 55 05

Time, (h) X3 48 72 % 120 144 12

Alcohol content, (%) X4 6 7 8 9 10 1
Inoculumvolume, (%) X5 5 75 10 125 15 25

Table4: Central Composite Experimental Design for Optimization Alongwith Experimental
and Predicted AceticAcid %

Temper ature Time (h) Alcohol Inoculum % of Acetic Acid
S. No. °C) (X1) pH (X2) (X3) Content (% ) | Volume (% ) . .

(X4) (X5) Experimental Predicted Error
1 28 4 72 7 75 29 2.96 -0.06
2 28 4 72 7 125 32 291 0.29
3 28 4 72 9 75 3 329 -0.29
4 28 4 72 9 125 33 335 -0.05
5 28 4 120 7 75 38 373 0.07
6 28 4 120 7 125 36 372 -0.12
7 28 4 120 9 75 41 397 0.13
8 28 4 120 9 125 4 4.07 -0.07
9 28 5 72 7 75 2.7 2.7 0
10 28 5 72 7 125 238 2.76 0.04
1 28 5 72 9 75 29 296 -0.06
12 28 5 72 9 125 3 314 -0.14
13 28 5 120 7 75 43 4.03 0.27
14 28 5 120 7 125 39 4.13 -0.23
15 28 5 120 9 75 41 421 -0.11
16 28 5 120 9 125 4.6 442 0.18
17 3P 4 72 7 75 27 264 0.06
18 32 4 72 7 125 28 2.88 -0.08
19 32 4 72 9 75 3 298 0.02
20 32 4 72 9 125 33 333 -0.03
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Table4 (Cont.)
21 32 4 120 7 75 4 39 01
22 32 4 120 7 125 43 418 012
23 32 4 120 9 75 42 4.15 0.05
24 32 4 120 9 125 45 454 -0.04
25 32 5 72 7 75 28 274 0.06
26 32 5 72 7 125 3 3.09 -0.09
27 32 5 72 9 75 32 3.02 018
28 32 5 72 9 125 34 348 -0.08
29 32 5 120 7 75 45 456 -0.06
30 32 5 120 7 125 54 495 0.45
31 32 5 120 9 75 4.6 475 -0.15
32 32 5 120 9 125 52 525 -0.05
33 26 45 9% 8 10 25 238 012
A A 45 9% 8 10 27 2.89 -0.19
35 30 35 9% 8 10 37 371 -0.01
36 30 55 9% 8 10 41 4.16 -0.06
37 30 45 48 8 10 34 3.26 0.14
33 30 45 144 8 10 5.6 581 -0.21
39 30 45 9% 6 10 4 4.37 -0.37
40 30 45 9% 10 10 53 5 03
41 30 45 9% 8 5 5 5.06 -0.06
42 30 45 9% 8 15 55 551 -0.01
43(C) 30 45 9% 8 10 6.5 6.48 0.02
44(C) 30 45 9% 8 10 6.5 6.48 0.02
45(C) 30 45 9% 8 10 6.5 6.48 0.02

astheratio of the explained variation to the total variation
wasameasure of the degree of fit. Thecloser the R valueto
1, the better the empirical model fits the actual data. The
value of determination of coefficient R%is 0.9794, which
indicated that model could explain 97.94% of variability and
unable to explain only 2.06% of the total variation. The
adjusted R?was acorrected valuefor R? after elimination of
the unnecessary model terms. If many non-significant terms
have been included in the model, the adjusted R? would be
remarkably smaller thanthe R?. The adjusted R?was0.96223,

whichismore suitablefor comparing modelswith different
numbers of independent variables. The observed low
difference (0.01717) of the adjusted R?value (0.96223) and
the R value (0.9794) further confirmthe dataaccuracy. The
predicted values of acetic acid are presented in the Table 4.
It was noticed that majority runs have the percent error
below 5. The low percentage of variation between the
observed and predicted values indicates the accuracy of
the experiments done. Figure 2 depicts the correlation
between the experimental and predicted values. Inthisfigure

Thisarticlecan bedownloaded from http: ww.ijfans.com/cur rentissue.php

52



Optimization of Mango Vinegar Production by Using Response Surface

Methodology (RSM)
Harika A et al.

Figure2: Predicted vs. Actual Observation Run Valuesfor AceticAcid Yield
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all the data points nearer to the regression line indicate the
good correlation of obtained and predicted acetic acid yield
values.

Theanalysis of the variance (ANOVA) of the quadratic
regression model demonstrated that Equation 2 is
statistically significant model of acetic acid content response
inthevinegar samples, aswas evident from higher F-value
(51.32) and lower p-value (p<0.0001). Further the adequate
to precision value of 28.266 and coefficient of variation value
of 5.35indicatesthat thismodel can be used to navigatethe
design space. Table 5 shows the effects, regression
coefficients and ANOVA. From the effects in the table, it
was noticed that among sel ected parameters square term of
temperature has highest effect followed by square term of
pH and linear term of time. The interaction terms have no
significant effect, which signifies that there is no strong
interaction influence of selected parameters on acetic acid
production by A. aceti. Temperature, pH, alcohol content
and inoculum volume has higher effect valuesin their square
terms compared with linear terms, whichindicatesthat these
parameters levels have high influence on the acetic acid
production, asmall variation could resultinalarge variation
in the production. Coefficients which have a low p-value

and high F-value are considered as significant terms. Based
on this, all linear and sguare terms are significant. The
interaction terms of temperature with pH and time (X1* X2
and X1*X3) aswell as pH and time (X 2* X 3) weresignificant,
remaining all other termswereinsignificant.

The regression Equation (2) developed here was used
to generate 3D, 2D surface and contour plots respectively.
Using the drawn surface and contour plot interactions,
selected parameters at different conditionswere eval uated.
All contourswere circular or éliptical in nature, indicating
that all selected parameterswere independent of each other.
Figure 3aand ¢ depict the interaction of temperature with
pH, fermentation time and alcohol content. Temperature at
therange of 30-32 °C was optimum for effective acetic acid
production by A. aceti. The maximum acetic acid yield
obtained at higher fermentation time with the temperature
at itsmiddlelevel. The Figure 3d representstheinteraction
of the pH and time on the acetic acid production. The
interactive effect of the variable on the response was found
to be significant. A dlight changein pH does not affect the
production of the acetic acid. Figures 3e and 3f depict the
sgnificant interaction of inoculum volume with fermentation
time and alcohol content, respectively. Increased or
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Tableb: Effectsand Analysisof Variance(ANOVA)
Factor Effect Coefficients SS* DF* MS* t-value p-value F-value
Mean or Intercept | 6.47625 6.47625 55.7455 0
X1 0.255 0.1275 0.65025 1 0.65025 3.8018 | 0.000868 | 14.4536
X2 0.225 0.1125 0.50625 1 0.50625 33545 | 0002636 | 11.2528
X3 1.275 0.6375 16.25625 1 16.25625 | 19.0089 0 361.3389
X4 0.315 0.1575 0.99225 1 0.99225 4.6963 0.00009 220554
X5 0.225 0.1125 0.50625 1 0.50625 3.3545 0.002636 | 11.2528
X1*X1 -1.92031 -0.96016 23.60064 1 23.60064 | -22.9039 0 524.5877
X1*X2 -1.27031 -0.63516 10.32764 1 10.32764 | -15.1512 0 2295596
X3 X3 -0.97031 -0.48516 6.02564 1 6.02564 | -115731 0 133.9361
X4* X4 -0.89531 -0.44766 5.13014 1 513014 | -10.6785 0 114.0312
X5 X5 -0.59531 -0.29766 2.26814 1 2.26814 -7.1004 0 50.4155
X1*X2 0.18125 0.090625 0.26281 1 0.26281 2417 0.023615 | 58417
X1* X3 0.24375 0.121875 0.47531 1 0.47531 32504 | 0.003399 | 10.5651
X1* X4 0.00625 0.003125 0.00031 1 0.00031 0.0833 0.93427 0.0069
X1* X5 0.14375 0.071875 0.16531 1 0.16531 1.9169 0.067231 3.6745
X2*X3 0.28125 0.140625 0.63281 1 0.63281 3.7505 | 0.000987 | 14.066
X2* X4 -0.03125 -0.01563 0.00781 1 0.00781 -0.4167 | 0.680588 0.1737
X2*X5 0.05625 0.028125 0.02531 1 0.02531 0.7501 0.46049 0.5626
X3*X4 -0.04375 -0.02188 0.01531 1 0.01531 | -05834 | 0565063 | 0.3404
X3 X5 0.01875 0.009375 0.00281 1 0.00281 0.25 0.804691 | 0.0625
X4* X5 0.05625 0.028125 0.02531 1 0.02531 0.7501 0.46049 0.5626
Error 1.07973 24 0.04499
Total SS 5240311 44
Note: SS*- sum of squares, DF- degree of freedom, MS- mean square.

decreased concentration of alcohol content eventually
decreasesthe acetic acid yield at longer fermentation time.

By using the numerical methods from Equation 2 the
optimum conditions were determined. The optimum
combination of factors was as follows. temperature (30.26
°C), pH (4.5), time (113 h), alcohol content (8.16 %) and
inoculum volume (10.57%). At these conditions the acetic
acid predicted from the mode was 6.48%. Repeated

experimentswere performed at optimum conditionsto verify
the predicted model. The actual acetic acid obtained was
6.5%. Validation experiments indicate that the developed
model was precise for acetic acid production by A. aceti.

Optimized Fermentation Conditions

The independent variables, namely fermentation
temperature, pH, time, alcohol content and inoculum volume
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Figure 3: Response Surface Plot Show thel nter active Effect of Selected Parameterson AceticAcid Yield,
a) Temper atureand pH, b) Temper atureand Fer mentation Time, ¢) Temper atureand Alcohol Content, d) pH and
Fermentation Time, €) Inoculum Volumeand Fer mentation Time, f) Alcohol Content and I noculum Volume

were optimized. For convenient practical operation, the
optimum combination of factors was set as follows:
temperature (30 °C), pH (4.5), time (113 h), alcohol content
(8%) and inoculumvolume (10.5%) gives65.12 g/L of acetic
acid production. In comparison, the production of acetic
acid by Acetobacter pasteuriemAS.1.41is52.45 g/L which
is relatively lesser than present result, and also reported
that theinoculum volume, alcohol content and temperature
influencethe acetic acid production (Qui et al., 2015). Ghosh
et al. (2012) reported that the highest yield of acetic acid
was 68.12 g /L by Acetobacter aceti (NCIM 2251) where

pH, temperature and time were regarded to have significant
influence.

Sensory Evaluation

From the sensory analysis of the mango vinegar, it was
found that the overall acceptance (8.12 + 0.23) of optimized
vinegar intermsof aroma(7.21 £ 0.86), taste (6.97 + 0.32),
appearance (7.14 + 1.6), astringency (6.57 + 0.02) and
sourness (6.89 + 0.15), was better than the sensory
analysisof theoriginal vinegar which has shown the overall
acceptance (7.05 + 0.15) with respect to aroma (6.1 + 0.02),
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Figure4: Sensory Evaluation of Original and Mango Vinegar

——Mango vinegar —¥— Original vinegar
Aroma

10

Overall . Taste
acceplance
Sourness Appearance
Astringency
taste (4.9 0.15), appearance (6.9 + 0.26) astringency (5.72 ACKNOWLEDGMENT

+0.02) and sourness (5.42 + 0.05). Thus, the mango vinegar
obtained with the optimized fermentation conditions has
been found to possess better sensory characteristics
(Figure4).

CONCLUSION

Optimization of vinegar fermentation using mango juice/
wineby CCD and RSM hasbeen found to anideal and time
saving approach that overcomes the problems faced in
conventional method of optimization. Optimal levels of
process variables such as temperature, pH, fermentation
time, a cohol content and inoculum volumewere determined
for maximum acetic acid production of 65.12 g/L, and proved
to be well suited for evaluating the main and interactive
effects of the processvariables on vinegar production from
mango wine. The present studies have reveal ed that mango
fruit could be successfully utilized for the production of
vinegar. However, in order to commercialize the process,
the pilot scale trials are to be conducted to evaluate the
technology. Thiswill have a positive economic impact on
both the mango processing and vinegar industries.

Ms.A.Harika, acknowledges the grant of Research
Fellowship from DST-INSPIRE Programme. Specia thanks
to Dr S.C. Basappa, Former Deputy Director and Scientist,
Central Food Technological Research Institute (CFTRI),
Mysore, for his encouragement and critical comments on
the manuscript.

REFERENCES

¢ AdinarayanaK, Ellaiah P, Srinivasulu B, Devi RB and
Adinarayana G (2003), “Response Surface
Methodological Approach to Optimize the Nutritional
Parametersfor Neomycin Production by Streptomyces
marinensis Under Solid-State Fermentation”, Process
Biochem, Vol. 38, pp. 565-572.

¢ AntonioM,LimaK P, QueirozV A, HeinzOL, Adriana
C and Schmidt P (2016), “Blackberry Vinegar Produced
by Successive Acetification Cycles: Production,
Characterization and Bioactivity Parameters”, Braz.
Arch. Biol. Technal., Vol. 59, pp. 1-10.

e Caputi A, Ueda M and Brown T (1968),

Thisarticlecan bedownloaded from http: ww.ijfans.com/cur rentissue.php



Optimization of Mango Vinegar Production by Using Response Surface

Methodology (RSM)
Harika A et al.

“Spectrophotometric Determination of Ethanol in
Wine”, Am. J. Enal. Mitic., Val. 19, pp. 160-165.

Cgludo-Bastante C, Castro-MgjiasR, NateraMarin R,
Garcia-Barroso C and Duran-Guerrero E (2016),
“Chemical and Sensory Characteristics of Orange Based
Vinegar”, Journal of Food Science and Technology,
Vol. 53, No. 8, pp. 3147-3156.

ChangR C, Lee HCand OuAS M (2005), “Investigation
of the Physicochemical Propertiesof Concentrated Fruit
Vinegar”, JFood Drug Anal., Vol. 13, pp. 348-356.

ChenY, Ba Y, Li D, Wang C, XuN and Hu Y (2017),
“Improvement of the Flavor and Quality of Watermelon
Vinegar by High Ethanol Fermentation Using Ethanol-
Tolerant Acetic Acid Bacteria”, International Journal
of Food Engineering, Vol. 13, No. 4, doi:10.1515/ijfe-
2016-0222.

ChouCH, ChengW L, Deng JY, Hsieng Y, Samuel W
and Chen C Y (2015), “Amino Acid, Mineral, and
Polyphenolic Profiles of Black Vinegar, and its Lipid
Lowering and Antioxidant Effects in vivo”, J Food
Chemigtry, Vol. 168, pp. 63-69.

Codex Alimentarius (1987), “Codex Regional Standard
for Vinegar”, Codex Sandard Vol. 162, FAO/OMS,
Geneva.

Ghosh S, Chakraborty R, Chatterjee G and
Raychaudhuri U (2012), “Study on Fermentation
Conditions of Palm Juice Vinegar by Response Surface
Methodology and Development of a Kinetic Model”,
Brazilian Journal of Chemical Engineering, Vol. 29,
No. 3, pp. 461-472.

Hidalgo C, Mateo E, Cerezo A B and Torija M
(2010), “Technological Process for Production of
Persimmon and Strawberry Vinegars”, Int. J of Wine
Research, Vol. 2, pp. 55-61.

Horiuchi J, Kanno T and Kobayashi M (1999), “New
Vinegar Production from Onions”, J Biosci Bioeng,
\Vol. 88, pp. 107-109.

Hymavathi M, Sathish T, Subba Rao Ch and Prakasham
R S (2009), “Enhancement of L-Asparaginase
Production by I solated Bacilluscirculans(MTCC 8574)
Using Response Surface Methodology”, Appl.
Biochem. Biotechnal., Vol. 159, pp. 191-198.

Ko E J, Hur SSand Choi Y H (1998), “The Establishment
of Optimum Cultural Conditions for Manufacturing

Garlic Vinegar”, Journal of the Korean Society of Food
Science and Nutrition, Vol. 27, pp. 102-108.

Kocher G S, Dhillon H K and Joshi N (2014), “Scale
Up of Sugarcane Vinegar Production by Recycling
of Successive Fermentation Batches and its
Organoleptic Evaluation”, J Food Process Preserv,
Voal. 38, pp. 955-963.

Kondapalli N, Sadineni V, Variyar P S, SharmaA and
Obulam V S R (2014), “Impact of y-lrradiation on
Antioxidant Capacity of Mango (Mangiferaindical.)
Winefrom Eight Indian Cultivarsand the Protection of
Mango Wine Against DNA Damage Caused by
Irradiation”, Process Biochemistry, Vol. 49, No. 11,
pp. 1819-1830.

Kondo S, TayamakK, TsukamotoY, IkedaK and Yamori
Y (2001), “Antihypertensive Effects of Acetic Acid and
Vinegar on Spontaneously Hypertensive Rats”, Biosci
Biotechnol Biochem., Val. 65, pp. 2690-2694.

Kumar Y S, Prakasam R S and Reddy O V S (2009),
“Optimisation of Fermentation Conditions for Mango
(Mangiferaindica L.) Wine Production by Employing
Response Surface Methodology”, Int J Food Sci
Technal, VVol. 44, pp. 2320-2327.

LeeJH,ChoH D, Jeong JH, LeeM K, Jeong Y K, Shim
K H and Seo K (2013), “New Vinegar Produced by
Tomato Suppresses Adipocyte Differentiation and Fat
Accumulation in 3T3-L1 Cells and Obese Rat Model”,
Food Chem., Val. 141, No. 3, pp. 3241-3249.

Leonel M, Suman P Aand Garcia E L (2015), “Production
of Ginger Vinegar”, Ciéncia e Agrotecnol ogia, Vol. 39,
No. 2, pp. 183-190, https://dx.doi.org/10.1590/S1413-
70542015000200010

LiT,LoY M and Moon B (2014), “LWT-Food Science
and Technology Feasibility of Using Hericium
erinaceus as the Substrate for Vinegar Fermentation”,
LWT-Food Sci Technol, Val. 55, No. 1, pp. 323-328.

Lopez F, Pescador B, Gudl C, MordesM L, Garcia-Parrilla
M C and Troncoso A M (2005), “Industrial Vinegar
Clarification by Cross-Flow Microfiltration: Effect on
Colour and Polyphenol Content”, Journal of Food
Engineering, Vol. 68, pp. 133-136.

MeenaB, AnburgjanL, Sathish T and VijayaR (2015),
“L-Asparaginase from Sreptomyces griseus NIOT-
VKMAZ29: Optimization of Process Variables Using

Thisarticlecan bedownloaded from http: ww.ijfans.com/cur rentissue.php

57



Optimization of Mango Vinegar Production by Using Response Surface

Methodology (RSM)
Harika A et al.

Factoria Designsand Molecular Characterization of L-
Asparaginase Gene”, Nat Publ Gr., pp. 1-12.

MoralesM L, Gonzalez A G and TroncosoA M (1998),
“lon-Exclusion Chromato-Graphic Determination of
Organic Acids in Vinegars”, J of Chromatography A.,
Vol. 822, pp. 45-51.

Oh S, Rheem S, Sim J, Kim S and Baek Y (1995),
“Optimizing Conditions for the Growth of Lactobacillus
casai YIT 9018 in Tryptone-Glucose Medium by Using
Response Surface Methodology”, Appl Environ
Microbial., Vol. 61, pp. 3809-3914.

OuASand Chang R C (2009), “Taiwan Fruit Vinegar”,
inSolieri L and Giudici P(Eds.), Vinegarsof the\World,
pp. 223-242, Springer-Verlag, Itdia.

Qiu S, Wang Y, Zhou R, Yin A and Zhou T (2015),
“Optimization of Cultural Conditions for Vinegar of
Litchi (Litchi chinensis Sonn.) in Liquid State
Fermentation”, Journal of Food and Nutrition
Research, Vol. 3, No. 10, pp. 641-647, doi: 10.12691/jfnr-
3104.

Saiz-Abgjo M J, Gonzédlez-Séiz JM and Consuelo P
(2005), “Multi-Objective Optimization Strategy Based
on Desirability Functions Used for Chromatographic
Separation and Quantification of L-Proline and Organic
Acids in Vinegar”, Analytica Chimica Acta., Vol. 528,
pp. 63-76.

Shimaji Y, TamuraY, Nakamura, NandaK, Nishidai S,
Nishikawa Y, Ishihara N, Uenakai K and Ohigashi H
(2002), “Isolation and Identification of DPPH Radical
Scavenging Compounds in Kurosu (Japanese
Unpolished Rice Vinegar)”, J Agric Food Chem.,
Vol. 50, pp. 6501-6503.

SilvaM E, TorresNetoA B, SilvaW B, SilvaFL H and
Swarnakar R (2007), “Cashew Wine Vinegar Production:
Alcoholic and Acetic Fermentation”, Brazlian Journal
of Chemical Engineering, Vol. 24, pp. 163-169.

Varakumar S, Naresh K and Reddy O V' S (2012), “Effect
of Co-Fermentation with Saccharomyces cerevisiaeand
Torulaspora delbrueckii or Metschnikowia
pulcherrima on the Aroma and Sensory Properties of
Mango Wine”, Ann Microbiol., Vol. 62, pp. 1353-1360.

Thisarticlecan bedownloaded from http: ww.ijfans.com/cur rentissue.php

58



|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

International Journal of Food
And Nutritional Sciences

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



