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Abstract—In the present study, effect of critical medium

components (a total of fifteen components) on athgmoduction
from waste cashew apple juice (CAJ) using yeZsicharomyces
diasticus was studied. A statistical response surface metbgg
(RSM) based Plackett-Burman Design (PBD) was usetht design
of experiments. The design contains a total of g®&emental trails.
The effect of medium components on ethanol wasiedudt two
different levels such as low concentration leve] &nd high
concentration levels (+). The dependent variabkdscged 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 evalliatCAJ
concentration, yeast extract, (Ws50O;, and malt extract showed
significant effect on ethanol fermentation. A seta@mnder
polynomial model was used to predict the experialedata and the
model fitted the data with a high correlation cimiéht (R2 > 0.98).
Maximum ethanol (15.3 g/L) and biomass (6.4 g/Lhantrations
were obtained at the optimum medium composition @ndptimum
condition (temperature-30°C; initial pH-6.8) affé2 h fermentation
usingS.diasticus.

Forestry industry wastes such as cashew appldser fiauit
(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 faeni (alcoholic
drink) [10]. Cashew apple juice normally has susfit
organic nutrients and minerals (vitamin C, calciuimn,
phosphorus, sodium, and potassium) to make it daitéor
ethanol production by fermentation with microorgemns [11,
12]. Furthermore, cashew apple has no commercikleya
except for its use by rural inhabitants in the ma@n of
homemade alcoholic beverages [13].Screening ofompiaite
carbon, nitrogen and other nutrients is one ofrtiost critical
stages in the development of an efficient and eecooo
bioprocess [14]. Response surface methodology (RSM)
powerful mathematical model with a collection oétsitical
techniques by which interactions between multiptecpss
variables can be identified with fewer experimenitils [15,
16]. It is widely used to examine and optimize tipesrational
variables for experimental design, model developiagd
factors and conditions optimization [17]. There a@ious
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|. INTRODUCTION

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

ROWING attention has been devoted to the conversidhedium components (a total of fifteen components)tize

of biomass into fuel ethanol as the promising liyfuel
alternative to fossil fuels in recent years [1-B]oethanol

production of ethanol from waste cashew apple juising

yeast Saccharomyces diasticus were evaluated. Response

has the advantage of reducing greenhouse gas emsssiSurface methodology (RSM) adopted Plackett-Burmasidh

because it has about 10-14% oxygen content [6].oMaj(PBD) was used for the design of experiments and

technical hurdles in converting lignocelluloseseitanol

optimization, and a second order polynomial waslse 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 fermentatimwn
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 rapjable
amount of sugars (total reducing sugar, TRS 28L5). 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 toaetannin
and suspended solids [18, 19]. The treated juias filtered
and treated with sodium or potassium meta-bisutphd
prevent the growth of microorganisms. The juicegie 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 tagiad on
potato dextrose agar slants of following composifio 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.Céllmass estimation

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

D. Analysis

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

Y = by + Ty biXi + T by XP + BE T by XX +e 1)
where i and j are linear and quadratic coefficients,
respectivelyb is a regression coefficieri,is the number of
factors studied and optimized in the experiment] enis
random error. The quality of fit of the second-ardguation
was expressed by the coefficient of determinafnand its
statistical significance was determined by the d$t:teThe
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 equatieras done
using MINITAB 11 software, as presented in Table I

Ill.  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 (totalfidfeen
spmponents) on ethanol production using yeastliasticus
was studied using PBD experimental design. Tabhdws

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

maintained at 250°C. Absolute ethanol (0.760 giwds used
as the internal standard (injection volume @l The peak

corresponding ethanol and cellmass production,epemrbent
variables. The variables were evaluated at differen

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

knowing the area of peak, the concentration of rethavas
calculated using calibration chart. Total reducsugar was
measured by the dinitrosalicylic acid (DNS) metfi22].

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 appatieat the
second-order polynomial model well predicted

experimental yields with a high correlation codéfitt (R >
0.98). The multiple coefficients of correlatioR)(and the
determination coefficient of correlatioR3) were calculated to

the

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

Brunswick Scientific Co., INC, USA) 3-Litre capacibaving
provision to measure and control agitation, temjpeea pH,
dissolved oxygen and antifoam. Experiments werelaoted
at various initial substrate (cashew apple) comeéioh
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 eotéd
supernatants were analyzed for ethanol and resislugar
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¢0)

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

fopddition, presence of other chemicals that are igigrt

inhibitory to the yeast fermentation may also daffeke
production rate [26, 27]. Among the medium compdsen
evaluated, CAJ, yeast extract, (N$60,, KCI, MgSQ, 7H,0,

RSM based Plackett-Burman Design (PBD) was used fpeptone, ZnSgBH,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,
KCl, zZnSQ;3H,0, NaNQ, (NH.),SO, MgSQ, 7H,0,
Peptone, CuSg Tween80, CaG)] MnSQ, and KH,PQO,.
Ethanol concentration (g/L) and cellmass conceiotmat(g/L)
were selected as the dependent variables. Therdesitsists
of 32 experimental trials and the experiments veereducted
in a randomized fashion at two levels of concerunat (high
level and low level) usin@.diasticus, as shown in Table 1. A
second order-polynomial equation was used for daagrthe
relationships among the process-dependent variafdie the

increased ethanol production (Table 1 and Tablé\}ereas,
the remaining components such as malt extract, GUS&ELC),
KH-PQO,, NaCl, and NaN@ showed decrease in ethanol
production (~5 points).

ANOVA result of the quadratic regression model for
ethanol yield is described in Table Il. ANOVA of eth
regression model for ethanol yield demonstrated the
model was significant due to a very low probabiliglue f >
F). In general,P-values used as a tool to check the
significance of each of the coefficients in turrdivate the
pattern of interactions between the variables. Alkm of P-
value was more significant to the correspondingffament.
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Student’'st-test was employed to determine the statistical
significance of the regression coefficients, anschér's test
(F) was employed to determine the second-order mode
equation. The significant factors and their intdoacs were
identified. It can be seen from the degree of ficgmce that
the linear terms of concentrations of CAJ and yesstact
have greatest effect, followed by the concentratiosf
remaining components. Fig. 1 shows the effect oflimma
components on ethanol production usiBgiasticus. The
above statement is consistent with the effect afmanents on
ethanol production, as shown in Fig. 1. It was albserved
that CAJ and malt extract showed the highest (~98%)
lowest (<10%) effect on ethanol production among th
components after 72 h fermentation.

- mw >

Medium components

02 MmO =zO0 oI X~

0 10 20 30 40 50 60 70 80 90 100

Percentage effect

Fig. 1 Pareto plot for the effect of medium compusen ethanol
production usin@.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 identifiedC#sJ-10.0
g/L, yeast extract-2.5 g/L, ammonium sulphate-1I0, gnd
malt extract-2.5 g/L. It was evident that maximumhagol
(15.3 g/L) and biomass concentration (6.4 g/L) warkieved
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 ethan
fermentation and microorganism growth.

THE EXPERIMENTAL DESIGN(CODED VALUES) FOR THE OPTIMIZATION

TABLE |

OF MEDIUM COMPONENTS ON ETHANOL PRODUCTION USING

S.DIASTICUS
Trial Medium components (coded level)= E;ggol m:\scsetl;]g;'l_)
ABCDETFT GHI JEKEL MN O Exp Theo
1 T T i e = 22 24 13
2 N U 4 + 124 125 58
Tl T . 45 43 30
4 o+ - et e 3o -+ + . + 64 63 31
5 = RO LR - == - 415 13 09
& w = g g £ e g a0 B B4 32
T o+ 4+ - -+ 4+ e + + _ 107 102 40
3 Qe L 2 e G e + 45 40 28
g B oo o+ o+t + + + 38 37 19
10 g - - R U TR - 26 21 19
11 + + o+ o+ o+ + - - + 134 135 6.0
7 o+ - - +- 4+ 4+ - 36 33 18
13 i S g S g e e 18 A4S 11
5 S U S - 43 45 29
15 B o oo ow ¥ % . - 47 1 10
16 =+ = o & 5 = % o F5E Fs + 45 47 26
17 + + + + o + + + 21 34 15
18 gop o g # oD gRER @ ST 10
18 4ok e - - Ak + o+ 4 - o+ T6 81 40
o o SRR . - o % - + %+ + - 103 103 40
SE b o om E o M T i dmer A + 47 46 29
o R ke . & P N 11
93w gEE ¥ S 4 o 153 158 64
7 R + - - 4 - + 56 51 33
25 e EEE R L . L o D5 2T 13
2% . DRI (. 12
97 4+ 4+ + 4+ o+ - + 4 + o+ - 58 53 29
28 T . AL s 10
20 i e = b = oo s e ek b 1.4 13 09
W oo Fe Fom om omom Fm = + 24 26 14
K ] T + + 61 62 31
T S PR - 22 27 15

*Exp- experimental

data; Theo- theoretical data; dashew app
juice; B-Yeast extract; C-Malt extract; D-MgS@H,0; E -CaC}; F
(NH4).SQ;; G-ZnSQ.3H0; H-CuSQ;

Peptone; L-NaCl; M-NaNgN-KCI; O-Tween-80;

TABLE Il

I-KH2PO;; J-MNnSO4; k

ANALYSIS OF VARIANCE (ANOVA) OF THE ETHANOL PRODUCTION

USING SDIASTICUS

Low

High

t‘;{i;b]es 1;_‘51 l(e:;)l 2]!;: Bcoefficient Fvalie  Pvalue i‘:\“‘:{‘;‘,;;
;;c‘:“he‘" apple 50 100 56313 28156 716 0.000 100
B-Yeast extract 1 s 2483 12406 316 0006 994
C-Malt extract 13 66T 38 2120050 950
D-Mg50.TH:0 01 1 06937 03469 088 0391 609
E-CaCl, 01 1 -08438 04210 107 0299 701
F.QNHL)SO, 01 1 18063 09031 230 0035 965
G-Zu80,3H,0 01 1 0517 02594 066 0519 481
H.CuS04 01 1 -00838 00469 012 0907 93
LKHPO, 01 1 -05%3  -02781  -071 0490 510
TMnSO, 005 1 07957 03969 101 0328 672
K-Peptone 05 2 04 02156 055 0591 409
LNaCl 05 3 -11687 0584 149 0157 843
MNaNO, 01 1 -01813  -00906  -023 0821 179
NECI 01 2 04688 02344 060 055 441
O-Tween 80 1 2 o168 00844 0: 0833 167
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IV. CONCLUSION
medium components on

fermentation of ethanol from waste cashew appleejuising

yeastS.diasticus was studied. Only 32 experiments were use

[14]

the

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

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

to find out the most influential components on etila |16
fermentation and the obtained model was adequBte< (
0.001). Cashew apple juice (CAJ), yeast extractfpe0O,

and malt extract are found to be very essential tfe

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, andtreziract-
2.5 g/L. Maximum ethanol (15.3 g/L) and biomasst (/L)

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