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Statistical Screening of Medium Components on
Ethanol Production from Cashew Apple Juice
usingSaccharomyces Diasticus
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Abstract—In the present study, effect of critical medium
components (a total of fifteen components) on athg@moduction
from waste cashew apple juice (CAJ) using yeZs&icharomyces
diasticus was studied. A statistical response surface melogg
(RSM) based Plackett-Burman Design (PBD) was usethE design
of experiments. The design contains a total of @®emental trails.
The effect of medium components on ethanol wasiefudt two
different levels such as low concentration level énd high
concentration levels (+). The dependent variabkected in this
study were ethanol concentration (g/L) and cellmamscentration
(g/L). Data obtained from RSM on ethanol productizere subjected
to analysis of variance (ANOVA). In general, initigubstrate
concentration significantly influenced the micrdbigrowth and
product formation. Of the medium components evellatCAJ
concentration, yeast extract, (WtB0Q,, and malt extract showed
significant effect on ethanol fermentation. A sedamder
polynomial model was used to predict the experialetiata and the
model fitted the data with a high correlation cimiét (R% > 0.98).
Maximum ethanol (15.3 g/L) and biomass (6.4 g/Lhamntrations
were obtained at the optimum medium composition @ndptimum
condition (temperature-30°C; initial pH-6.8) aff&2 h fermentation
usingSdiasticus.

Forestry industry wastes such as cashew appldsar flauit
(Anacardium occidentale L.) contains approximately 30%
fermentable sugars (fructose and glucose), which ba
utilized for fermentation of ethanol [9]. It carsalbe squeezed
for fresh juice, and then fermented into cashewewimhich is
a very popular drink in West Africa. In parts ofdla, it is
used to distill cashew liquor, referred to faani (alcoholic
drink) [10]. Cashew apple juice normally has suéitt
organic nutrients and minerals (vitamin C, calciuimgn,
phosphorus, sodium, and potassium) to make it [deitéor
ethanol production by fermentation with microorgamns [11,
12]. Furthermore, cashew apple has no commercikleya
except for its use by rural inhabitants in the pritn of
homemade alcoholic beverages [13].Screening ofocgpiaite
carbon, nitrogen and other nutrients is one ofrtlost critical
stages in the development of an efficient and econo
bioprocess [14]. Response surface methodology (RSM)
powerful mathematical model with a collection oéttical
techniques by which interactions between multiptecpss
variables can be identified with fewer experimentills [15,
16]. It is widely used to examine and optimize tiperational
variables for experimental design, model developiagd
factors and conditions optimization [17]. There awious
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|. INTRODUCTION

and reliable shortlisting of process conditionsgenstanding
interactions among them, and a tremendous reduttidotal
number of experiments. Thus, in the present stedyical

ROWING attention has been devoted to the conversidgRedium components (a total of fifteen components)ttee

of biomass into fuel ethanol as the promising lifuel
alternative to fossil fuels in recent years [1-B]oethanol
has the advantage of reducing greenhouse gas emsssi
because it has about 10-14% oxygen content [6].0Maj
technical hurdles in converting lignocellulosesethanol

production of ethanol from waste cashew apple juising
yeast Saccharomyces diasticus were evaluated. Response
surface methodology (RSM) adopted Plackett-Burmansigh

(PBD) was used for the design of experiments and

optimization, and a second order polynomial waglee the

include the lack of low-cost efficient enzymes forPrediction of experimental data.

saccharification of biomass to fermentable sugard the
development of microorganisms for the fermentatimhn
these mixed sugars [7]. Inexpensive waste produais the
forestry industry as well as agricultural residuesn be
utilized as raw material for biofuels [8].
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Il. MATERIALS AND METHODS

A.Materials

Waste cashew apple juice (CAJ) was exploited ased f
stock for ethanol production, since it contains rap@ble
amount of sugars (total reducing sugar, TRS 28L). g/
Cashew apples were cut into slices and were crughed
mixer cum grinder. The juice was extracted by acqui
squeezer and clarified by adding 1 % gelatin toaertannin
and suspended solids [18, 19]. The treated juias filtered
and treated with sodium or potassium meta-bisubphd
prevent the growth of microorganisms. The juicegle was
collected in a jar and preserved at 4°C.
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B. Microorganism and culture maintenance

Yeast Saccharomyces diasticus MTCC 251 was obtained
from Institute of Microbial Technology (IMTECH),
Chandigarh, India. The yeast stock culture was ta@iad on
potato dextrose agar slants of following composiiio grams
per liter dextrose-20.0; peptone-1.0; and agar-20.Be
culture was periodically subcultured to maintaie tultures
active and suitable for fermentation.

C.Cédlmass estimation

Centrifuge tubes were well washed and dried in\@ndo
remove all the moisture content. About 10 ml of ¢tked broth
was centrifuged (10, 000 rpm) for 20 min using higpeed
centrifuge. The settled biomass was dried in thenoto
remove all moisture content. The weight of the osdiss was
found from the difference in measured weights [20].

D. Analysis

independent variables. The second order-polynomédel is
given by equation (1)

Y = by + X biX; + Diey by XE + X X b XX + e 1)
where i and j are linear and quadratic coefficients,
respectivelyb is a regression coefficierit,is the number of
factors studied and optimized in the experimentl anis
random error. The quality of fit of the second-ardguation
was expressed by the coefficient of determinaf®nand its
statistical significance was determined by the g%:-telhe
significance of each coefficient was determined ngsi
Student’s t-test. The coefficients of the equatiorere
determined by employing MINITAB 11 software. Andly®f
variance (ANOVA) for the final predictive equatievas done
using MINITAB 11 software, as presented in Table Il

I1l. RESULTS AND DISCUSSION

The ethanol concentration was quantified using NMICO ~A. Optimization of medium components on ethanol
5765 gas chromatography (GC) with a flame ionizatio Production

detector (FID) and chromatopak column (10% Carbo2@
M) using N> as the carrier gas. Hydrogen and compressed
were used as fuel gas [21] and the oven temperatas held

The effect of critical medium components (totalfiffieen
gihmponents) on ethanol production using yeastliasticus
was studied using PBD experimental design. Tabthdws

at 80°C. The injector and detector temperature wefBe experimental design of 15 independent variabléh

maintained at 250°C. Absolute ethanol (0.760 ginds used
as the internal standard (injection volume flp The peak

corresponding ethanol and cellmass production,epemrtient
variables. The variables were evaluated at difteren

eluted was noted (using WINACDS 6.2 software) aryd pconcentrations levels i.e. high level (+) and lawdll (-), as

knowing the area of peak, the concentration of rethavas
calculated using calibration chart. Total reducsugar was
measured by the dinitrosalicylic acid (DNS) metffi22].

E. Batch fermentation

Ethanol fermentation experiments were conductedann

presented in Table 2. The predicted ethanol yiglthe model
equation is also shown in Table. 1. It was appateat the
second-order polynomial model well predicted

experimental yields with a high correlation codffit (R >
0.98). The multiple coefficients of correlatiolRR)(and the
determination coefficient of correlatioR%j were calculated to

the

online monitored modular fermentor (BIOFLO 110 NewgValuate the adequacy of the model, data not shdwe.

Brunswick Scientific Co., INC, USA) 3-Litre capagcibaving
provision to measure and control agitation, temioeea pH,
dissolved oxygen and antifoam. Experiments weredagoted
at various initial substrate (cashew apple) corredon
keeping the temperature, pH, agitation and dissblweygen
(DO) as constant using microbes for 72 hours. Sesnpte
drawn at regular intervals of 6 h and centrifuged a
laboratory desktop centrifuge at 1200 rpm. The extéd
supernatants were analyzed for ethanol and resigsughr
concentrations [19]. Finally, residue was used
determination of cell mass.

F. Design of experiments and statistical analysis

minimum (6.43 g/L) and maximum ethanol yield (15¢Q)

was obtained at run #28 and #23, respectively aferh
fermentation. The low ethanol yield obtained at#2® was
apparently due to the low supplementation of sabestr
(cashew apple juice). Thus, substrate concentration
significantly influences the ethanol production anétrobial
growth. It has been demonstrated that high sulestrat
concentration could adversely affect the micrograwth and
product formation due to substrate inhibition [Z3-2In

fopddition, presence of other chemicals that are igigrt

inhibitory to the yeast fermentation may also dff¢ke
production rate [26, 27]. Among the medium compdsien
evaluated, CAJ, yeast extract, (N4$O,, KCI, MgSQO, 7H,0,

RSM based Plackett-Burman Design (PBD) was used fpeptone, ZnSEBH,O, MnSQ, and Tween 80 showed

the design of experiments for the screening of fifical
medium components, as independent variables. Thables
were cashew apple juice, yeast extract, malt extidaCl,
KCI, ZnSOr3H,0, NaNQ (NH4)2804 MgSQ1 7H,0,
Peptone, CuSg) Tween80, CaG)] MnSQ, and KH,PO,.
Ethanol concentration (g/L) and cellmass conceiotnat(g/L)
were selected as the dependent variables. Therdesitsists
of 32 experimental trials and the experiments veeneducted
in a randomized fashion at two levels of concertrat (high
level and low level) usin@.diasticus, as shown in Table 1. A
second order-polynomial equation was used for d@agrthe
relationships among the process-dependent variatde the
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increased ethanol production (Table 1 and Tablé\Zereas,
the remaining components such as malt extract, GUS&L),
KH,PQO:,, NaCl, and NaN@ showed decrease in ethanol
production (~5 points).

ANOVA result of the quadratic regression model for
ethanol vyield is described in Table 1l. ANOVA of eth
regression model for ethanol yield demonstrated tha
model was significant due to a very low probabiligiue P >
F). In general,P-values used as a tool to check the
significance of each of the coefficients in turrdioate the
pattern of interactions between the variables. Alkn of P-
value was more significant to the correspondingffadent.
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Student’st-test was employed to determine the statistical
significance of the regression coefficients, angckér's test
(F) was employed to determine the second-order mode
equation. The significant factors and their intéacs were
identified. It can be seen from the degree of Sicgmce that
the linear terms of concentrations of CAJ and yeastact
have greatest effect, followed by the concentratiasf
remaining components. Fig. 1 shows the effect ofliom
components on ethanol production usiBgliasticus. The
above statement is consistent with the effect aimanents on
ethanol production, as shown in Fig. 1. It was abserved
that CAJ and malt extract showed the highest (~99%g
lowest (<10%) effect on ethanol production among th
components after 72 h fermentation.
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Fig. 1 Pareto plot for the effect of medium compusen ethanol
production using.diasticus after 72 h fermentation.

B. Optimum concentrations and verification

A quantitative evaluation of ethanol production ngsi
Sdiasticus was performed at the optimum medium
concentrations and verified. The critical mediunmponents
and their optimum concentration were identifiedG#sJ-10.0
g/L, yeast extract-2.5 g/L, ammonium sulphate-2/I0, gnd
malt extract-2.5 g/L. It was evident that maximuthamol
(15.3 g/L) and biomass concentration (6.4 g/L) wabkieved
when the fermentation was conducted at the optimedium
concentrations. It was calculated that about 3%-46lative
increase in ethanol concentration was achieved wihen
fermentation conducted without critical medium caments.
Hence, medium components play a vital role in eathan
fermentation and microorganism growth.
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TABLE |

THE EXPERIMENTAL DESIGN(CODED VALUES) FOR THE OPTIMIZATION

OF MEDIUM COMPONENTS ON ETHANOL PRODUCTION USING

S.DIASTICUS
Trial Medium components (coded level)” EE;?.EOI m:ls(::!;-‘}'_}
ABCDETF GHI J KL MN O Exp Theo
1 e "~ g e 24 13
2 + o Ae — o+ o+ -+ A+ o+ - 4+ 124 125 5.8
3 oL SR R 2 o el B o 2 ogom AR 43 30
4 + - -+ + + + + - - - o+ = . o+ 04 6.3 ER!
5 T T T T I 15 00
6 S e - = & 84 32
7 4+ 4+ - - o+ + 4+ 4+ + - - - o+ + - 107 102 40
8 S TS S o e e O 40 238
9 - - = 4+ - - + - =+ - - + + + 38 37 19
10 - + - + + . ¥+ + - - - 206 21 19
11 4 odeep e e o o = o= o oo 13 135 6.0
12 4+ o 4+ - - 4 - 4+ - - + - 4+ + - 36 33 18
13 - -+ - -+ -+ F - -+ + + + 15 15 1.1
14 T LS. - TR SO R T T L 435 29
15 = - N S~ . & | 14 1.0
16 4D R Y L o2 Yo Feoch e = o4 A3 4.7 26
17 e L M 34 12
18 e N R R S T e S S SR S - 19 10
19 FIC TN S R « RN S WO S 81 40
20 F ¥ F - - - F+ - FF+ -+ - 103 103 4.0
21 e .~ UTTCIREP e . 5 40 29
2 - = = - 4+ - - 4+ -+ + - - + + 16 14 11
23 F S ¥ oo o D oS 25 ges o= o4 - 153 158 64
24 T T T S - 51 33
25 e m e FOR - 3 F o F o o - B 27 13
26 S e S s T 0y ¥ Ay SR < | 18 12
27 4+ + 4+ 4+ + - - - = 4+ - + = + - 38 53 29
28 i owomn R S B o S e oo 2 S s 15 10
20 T S g o iy - ey I 15 09
30 e ¥ - ¥ o4 4 - - - -+ - 4 o+ 24 26 14
31 + 4+ 4+ - 4+ -+ - - - - 4+ - - 4+ 61 62 31
32 I T T S o T o i 27 15

*Exp- experimental data; Theo- theoretical data; ce&shew app

juice;

(NH.),SQ;; G-ZnSQ.3H,0; H-CuSQ;

B-Yeast extract; C-Malt extract; D-MgS@H,O; E -CaCj;
I-KH:PQy; J-MNnSO4; k

Peptone; L-NaCl; M-NaN@N-KCI; O-Tween-80;

TABLE Il

ANALYSIS OF VARIANCE (ANOVA) OF THE ETHANOL PRODUCTION

USING SDIASTICUS

t\;{?me; :E.%‘i {(’%?): éii?:t B-coefficient F-value  P-value ([.:f']d (?;f;
;cfSh"“' apple S0 100 56313 28156 716 0.000 100
B-Yeast extract 15 24813 12406 316 0006 994
C-Malt extract 13 16687 38M 212 0050 950
D-Mz50.THO 01 1 0§07 03469 088 0391 609
E-CaCl, 01 1 -0888 040 -107 0299 701
F.(NH.),50, 01 1 18083 0.9031 230 0035 935
G-Zn50,3E,0 01 1 05187 02594 066 0519 481
H-CuSOs 01 1 -00938 00469  -012 0907 93
LKHFO, 01 1 -05563 02781 -071 0490 510
IS0, 005 1 07937 03969 101 0328 672
K-Peptone 05 2 042 02156 055 0591 409
LNaCl 05 3 -L167  -0584  -149 0157 843
MNaNO, 01 1 -0I813 00906 -0 0821 179
NECl 01 2 odeE 02344 060 055 41
O-Tween 80 1 2 o168 0.0844 021 0833 167
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IV. CONCLUSION

fermentation of ethanol from waste cashew appleejuising

yeastS.diasticus was studied. Only 32 experiments were use

[14]

medium components on the

to find out the most influential components on etia [i6
fermentation and the obtained model was adequBte< (
0.001). Cashew apple juice (CAJ), yeast extracHpE0O,

and malt extract are found to be very essential tfo
maximum growth ofS. diasticus and ethanoproduction. By
solving the regression equation, the optimum coreptsand
their concentrations were determined: CAJ-10.0 g/éast
extract-2.5 g/L, ammonium sulphate-1.2 g/L, andtresfract-
2.5 g/L. Maximum ethanol (15.3 g/L) and biomasst (6/L)

concentrations were obtained at the optimum medium
composition and at optimum condition after 72 mfentation
usingS.diasticus. Results indicate that RSM not only helps ug20]
locate the optimum concentrations of the procesmbigs in
order to enhance the maximum ethanol productionh,also
proves to be well suited in evaluating the main imeraction
effects of the process variables on ethanol pragludirom
cashew apple juice.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the Departmet
Chemical Engineering, Annamalai University for garg out
the research work and for the financial assistance.

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

REFERENCES

L.R.Lynd, Cushman, J. H., Nichols, R. J., angr#én, C. E. (1991)
"Fuel Ethanol from Cellulosic Biomassience 251, 1318-1323.
C.E.Wyman, and Goodman, B. J. (1993) "Biotedbgyp for Production
of Fuels, Chemicals, and Materials from Biomasappl Biochem
Biotech 39, 41-59.

L.Lynd, Greene, N., Dale, B., Laser, M., LashBf., Wang, M., and
Wyman, C. (2006) "Energy returns on ethanol pradatt Science 312,
1746-1747.

K.Grohmann, Himmel, M. E., Hinman, N., and WymeC. E. (1990)
"Production of Fuel Ethanol by Enzymatic-Hydrolysi$ Cellulosic
Biomass" Abstr Pap Am Chem S 200, 52-Cell.

A Aristidou, and Penttila, M. (2000) "Metabolicengineering
applications to renewable resource utilizatioBlrr Opin Biotech 11,
187-198.

C.E.Wyman, (2010) "Introduction Overview: Worlehergy Resources
and the Need for Biomass for Energy and Lower F&@ssibon Dioxide
Emissions"Biotech Agr Forest 66, 3-23.

J.Zaldivar, Nielsen, J., and Olsson, L. (200R)el ethanol production
from lignocellulose: a challenge for metabolic ewegiring and process
integration”,Appl Microbiol Biot 56, 17-34.

M.E.Silva, Torres, A. B., Silva, W. B., Silv&,. L. H., and Swarnakar,
R. (2007) "Cashew wine vinegar production: Alcobolind acetic
fermentation"Braz J ChemEng 24, 163-169.

T.L.Honorato, Rabelo, M. C., Goncalves, L. R, Binto, G. A. S., and
Rodrigues, S. (2007) "Fermentation of cashew appte to produce
high added value productdtorid J Microb Biot 23, 1409-1415.
P.Wimalsiri, Sinnatamby, A., Samaranayake,&®g Samarasinghe, C.
R. (1971) "Cashew apple winéhdustrial Prospect Report 44, 15-19.
L.Kinh, Do, V., and D., P. (1996) "Chemical aposition of cashew
apple and cashew waste ensiled with poultry litteiestock Research
in Rural Development 9, 1-8.

J.N.Nigam, (2000) "Continuous ethanol prodoctifrom pineapple
cannery waste using immobilized yeast celldBjotechnol 80, 189-193.
K.Szambelan, Nowak, J., and Czarnecki, Z. @0Wse of Zymomonas
mobilis and Saccharomyces cerevisiae mixed withy¥duomyces
fragilis for improved ethanol production from Jealesn artichoke
tubers" Biotechnol Lett 26, 845-848.

111

(17]
(18]

[19]

[21]

[22]

(23]

(0]

[24]
[25]
[26]

[27]

R.Balusu, Paduru, R. M. R., Seenayya, G., &uatldy, G. (2004)
"Production of ethanol from cellulosic biomass byos@ridium
thermocellum SS19 in submerged fermentation - $angeof nutrients
using Plackett-Burman desigrtppl Biochem Biotech 117, 133-141.

5] D.Bas, and Boyaci, I. H. (2007) "Modeling aoptimization |: Usability

of response surface methodologyFood Eng 78, 836-845.
0O.Jargalsaikhan, and Saracoglu, N. (2009) Ti&ppon of Experimental
Design Method for Ethanol Production by Fermentatixd Sunflower
Seed Hull Hydrolysate Using Pichia stipitis NRRL412Chem Eng
Commun 196, 93-103.

K.J.Lee, and Rogers, P. L. (1983) "The ferra&oh kinetics of ethanol
produciton by Zymomonas mobilisJpurnal of Chemical Engineering
27,31-38.

D.C.P.Campos, Santos, A. S., Wolkoff, D. B.atk4, V. M., Cabral, L.
M. C., and Couri, S. (2002) "Cashew apple juicebifiz@mtion by
microfiltration”, Desalination 148, 61-65.

M.Karuppaiya, Sasikumar, E., Viruthagiri, Tand Vijayagopal, V.
(2009) "Optimization of Process Conditions Usingsptnse Surface
Methodology (Rsm) for Ethanol Production from WaG&shew Apple
Juice by Zymomonas MobilisChem Eng Commun 196, 1425-1435.
K.Manikandan, and Viruthagiri, T. (2009) "Siitaneous
saccharification and fermentation of wheat branrflimto ethanol using
coculture of amylotic Aspergillus niger and theroletant
Kluyveromyces marxianuskrontiers of Chemical Engineering China
3, 240-249.

J.C.Anthony, (1984) "Gas chromatographic deieation of ethanol in
beer",Analytical Chemistry 64, 192-193.

G.L.Miller, (1959) "Use of dinitrosalicylic ad reagent for
determination of total reducing sugaAnalytical Chemistry 31, 420-
426.

Y.Lin, and Tanaka, S. (2006) "Ethanol fermeioia from biomass
resources: current state and prospegsfll Micrabiol Biot 69, 627-642.
S.Ozmihci, and Kargi, F. (2007) "Kinetics adtbh ethanol fermentation
of cheese-whey powder (CWP) solution as functiorsulfstrate and
yeast concentrationsBjoresource Technol 98, 2978-2984.

S.Ozmihci, and Kargi, F. (2007) "Effects oetesugar concentration on
continuous ethanol fermentation of cheese whey powsblution
(CWP)", Enzyme Microb Tech 41, 876-880.

B.L.Maiorella, Blanch, H. W., and Wilke, C. R(1984) "Feed
Component Inhibition in Ethanolic Fermentation bgc&haromyces-
Cerevisiae"Biotechnol Bioeng 26, 1155-1166.

J.R.M.Almeida, Modig, T., Petersson, A., HaHagerdal, B., Liden, G.,
and Gorwa-Grauslund, M. F. (2007) "Increased toleea and
conversion of inhibitors in lignocellulosic hydretes by
Saccharomyces cerevisiad'Chem Technol Biot 82, 340-349.





