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The effect of t.he use of the juice of rotten--or disr:harged pineapple fruitf> and the wastes 
derived from the p rocessing of pineapple juice on ethanol production by Z. -rrwbiU .. <; .... 'af> 
investigated . Z. mobili., ;\TCC 109M produced 59.0gl-1 or et hanol in the undiluted pineapple 
juice although t.he supplementa tion of allY nutritions and the controlling of pH were not carrietl 
out. Unhydrolyzed waste and t.he enzymatically hydrolyzed \...-a5te were also converted to 
ethanol at the rela r.i Vf~ly high yi eld coefficients. Th~se res ults suggest that pineapple juice and 
the waste can be useful for ethanol production by Z . Hwf)'i l·i~. Further, it was shown lhat the 
use of expensive organic- nitrogen complex such as yeast extract and the controlling of pH can 
be omitted from the fermentation process using pineapple juice and the waste. 

I NTR ODUCTION 

The crop of pineapple fruit (Ananas comosus) is increasing in tropical regions of the 
world and 12,769,960 tons of pineapple were produced over the world in 1997. Most. of 
pineapple fruits are consumed as fresh product or processed fruit (mainly canned) but 
very high quality fruits are only selected for the processing and shipments. Low quality 
fruits is therefore left to rot on the farms due to the lack of markets. A large proportion of 
pineapple fruits are processed into juice, leaving a large amount of Wlusable pulp as waste 
material. This pulpy waste still contains 10% (w /w ) of sugars (mainly sucrose), in 
addition starch and hemicellulose. On the other hand, pineapple juice contains a lots of 
organic nitrogen compounds and minerals. Then, it is expected that the juice from these 
discarded fruit as well as the waste can be useful as the low cost substrates for t he 
fermentative proo.uctioIl of biofuel ethanol. 

The aim of this study is to investigate the effect of the use of feasibility of the juice 
from discharged pineapple frui t and the 'w\iaste on the ethanol fermentation by Z. mobilis 
ATCC 10988. 

MATERIALS AND METHODS 

Microorganism 
Z . mobilis ATCC 10988. was used throughout this study. 

Sample preparation 
Pineapples we re purchased from a supe rmarket and left t o fully ripen at room 
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temperature for 10 days . The pineapples were peeled, and blended in a house- hold juice 
maker for :3 min. The juice was then ext racted by squeezing through a double- fold of 
gauze cotton cloth, and particulate matters were removed by centrifuging at lO ,OOOXg 
for l Omin at 4 °C. The nnoihlt.ed juice, containing approximately 125.0g-l-1 sllcrose and 
the waste material obtained by the extraction of juice were separately stored a t. 20 "C. 

Enzymatic hydrolysis of pineapple waste 
~eicelasc, a eonmlercial cellulase provided by Meiji Seika Co. Ltd. (Tokyo), was used 

for the cnzymatic hydrolysis of the pineapple wastes. A 60% (v/v) suspension of 
p ineapple waste was first prepared and the pH was adjusted to 4.8 "ith 5.0 M NaOH. 
Enzymatic hydrolysis of the waste was carried out at 50 'C and for 24 hours. The enzyme 
was used at a protein concentration of 0.3 mglml with a specific activity of 1.82 (tmits/mg) 
in filter paper assay. The reaction was terminated by heating for 10 min in boiling water. 

Preparation of cult ure media 
When unhydrolyzed pineapple waste was used as the substrate for ethanol 

fermentat ion by Z. mobilis, the waste \vas appropriately dilu ted with uis tilled water 
before usc. pH was a djusted to 5.5 with 5 .0 M NaOH then the diluted waste was 
autoclaved at 12 1 ·C fo r 20 min . \\~hen enzymatically hydrolyzed waste was used as 
substrate, the hydrolyzate was diluted with distilled water to give 40% , 30% and 15% 
(v/v) aliQuots . 1\vo hundred milliliter of each diluted hydrolyzate were transferred into 
300 mJ flasks with cotton-stoppers. Three sets of flasks were prepared for each solution. 
The first set of flasks were not supplement.ed vti.th any organ.ic nutrients or mineral salts. 
The second set of 1l.asks were supplemented with 5.0 g[ , yeast extract. The third set of 
flasks were supplemented with 0.5g1 ' MgSO, 7H"O. Control cultures were also carried 
out by using a natural culture media contai.n.i.ng sucrose as carbon source or glucose. The 
natural medium was composed of 10 gt-J yeast extract.; 1 g·t J KH2P04 ; 1 g l-l CNH4}$04 and 
0.5gl-' MgSO,7H,O, and was autoclaved at 121 'C for 20min before use. The pHs of all 
culture media were adjusted to 5.5 with 5 M NaOH, then they were aULoclaved at 121 'C 
for 20 min. 

Culture cunditions 
Z. mobilis was refreshed by inoculating 0.5ml of the stock culture to 10mi of YM 

liquid medium (Difco) in a test. tube then incubating at 30 'C for ISh without shakuLg. 
Ten millilitcr of the broth was t.ransferred to 40 m! of YM medium and incubated for 18 h 
at 30 ·C. CeUs were harvested by centri fugation at 1O,000 Xg for IOmin at 4 "C, then 
rinsed ~-ith 50 ml of autoclaved dist illed water and centrifuged again. The cells were 
sllspended in fiO ml of sterilized distiUed water and used for flask cultu re and batch 
culture. Batch culture was carried out using a glass jar fermenter "'1th a total volume of 
II. The working volume was 500 m l and the agitation speed was 200 rpm. The 
temperature was kept at 30 aC. In some cases, pH was automatically maintained at 5.5 by 
the addition of 2.0 M NaOH with a pH controller (PHC- 2201, Biott Co., Ltd. , Tokyo, 
.Japan). Investigations using pineapple waste were carried out using 300 m! conical flasks 
with cotton stopper at 30'C for 24 h. 
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Analytical methods 
Ethanol concentration was determined by gas chromatography CGe 8 APE; Shimadzu 

Co. Ltd., Kyoto, Japan) equipped with a PEG colunm (80/100 mesh). The temperatures 
in the column oven and the injection room were set to 70"C and 90 vC, respectively. 
Glucose concentration was determined by a glucose analyzer (Model 23 A, Yellcnv Spring 
Instrument Co. Ltd., Ohio, USA). Sucrose concentration \-vas determined by using ,3 
-fructosidase (Boehringer Mannheim, Germany). Supernatant of culture brot.h was 
dilutcd with 2.0:'1 acetate buffer (pH 4.6) including thc enzyme then the solution was 
incubated at. 56 ~C for 90 min. Concentration of liberated glucose was determined by t.he 
glucose analyzer. 

RESULTS 

Ethanol production with undiluted pineapple juice 
Ethanol production by Z. nwbilis ATCC 10988 using undiluted pineapple juice \-vas 

first investigated by batch culture. The control culture was also carried out using the 
natural culture medium containing 1l0gl-1 sucrose. The controlling of pH during 
cultivation was not carried out. Figure 1 shows the time courses of ethanol production. 
The final concentration of ethanol was 59.0 g-l-l while that in the culture with 110 g-l-l 
sucrose medium was 86.9g"l1. Figure 2 shows the change in residual concentrations of 
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Fig. l. Time course of ethanol production in batch cultures of Z. 
mobilis ATCC 10988 using undiluted pineapple juice and 
natural culture medium without controlling pH. Symbols: 
undiluted pineapple juice; C.A.), natural medium containing 
llOgll sucrose; Ce). 
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Fig. 2. The changes in residual sugar concentration in batch cultures of 
Z. nwMli.<; ATCC 10988 using undiluted pineapple juice and 
natural culture medium without controlling pH. Symbols: 
undiluTed pineapple juice; C .... ), natural medium cont.aining 
llOgl' sucrose; C.). Solid lines indicate glucose concentration 
and broken lines indicate sucrose concentration. 
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Fig. 3. The changes in pH in batch cultures of Z. mobilis ATCC 10988 

llsing undiluted pineapple juice and natural culture medium 
without controlling pH. SYTnbo!s: undiluted pineapple juice; 
C ... ), natural medium containing 110 gl-; sucrose; Ce). 
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Table 1. The resulL!; of ethanol fermentation by Z. mobilis 
ATCC lW88 using pineapple jukes supplementpel 
"'ith 5.0 giL yeast extract or O.f.igll MgSO~7H~O 

Nutrie rl Ls 
supplemented 

to prineaDPie juice 

5.0 gil yeast extract 

5.0 f!l1. MgSO,7H,O 

Ethanol yield referred 
Fennentation time to theorel.ical yield 

(h) (%) 

21 97. 7 

21 78.3 
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glucose and/or sucrose in each .cultivation. Sucrose was hydrolyzed to glucose and 
fruct.ose then utilized by Z. m obilis ATCC 10988. The yield of et.hanol in the batch 
culture with pineapple juice was 92.4% of theoret.ical yield while that with 110 gl" sucrose 
medium was only 65.6%. These fermentation results suggest that pineapple juice 
contains adequate amounts of organic nit.rogen compounds which are essential for the 
sufficient cell growth of Z. mobilis. Filtered pineapple juice comains 17.1 gl ' protein; 
3.3 gl- ' to tal sugars; 2.6 gl ' citric acid; 0.7 g 1- ' ascorbic acid; and 0.6 gl-' phenolics 
(Lozano-de- Gonzalez et aI. , 199.1) . Therefore, it was expected that the juice e>.'tracted 
from rotten or discarded pineapples can be fermented by Z. rnob-ilis without sup­
plementing with yeast extract . Figure 3 shows the change in pH during batch culture. In 
the batch culture using the natural medium with 110 g1" sucrose, pH decreased to 3.8 
after 12 h of cultivation. In t.he culture using pineapple julce, the decrease in pH was very 
slow and pH was always higher t.han 4.8 W1til the fermentation fmished. It was thought 
that pineapple juice has strong buffering action against pH change, which resulted in the 
reduction in fermentation time in the cuJture ,""ith pineapple juice than in the culture with 
sucrose medium. The effect of the addition of 5.0 gl-' yeast extract or 0.5 gt-' MgSO. 7H,O 
into pineapple juice on t.he ethanol production by Z. mobilis was investigated by batch 
culture without controlling pH. The fermentation results are shown in Table.!. The use 
of yeast. extract slightly increased ethanol yield from pineapple juice however the use of 
MgSO,7H,O decreased ethanol yield. 

Ethanol production with pineapple waste by Z. mobilis 
The bulk of t he waste discharged from the pineapple juice- manufacturing process is 

pulp of the fruit . This bulky waste is rich in fiber, carbohydrates and unext.racted juice. 
Therefore, ethanol fermentation using the pineapple waste was also investigated. Figure 
4 shows thc concentrations of ethanol after 24 h of cultivation when various dilutions of 
unhydrolyzed pineapple "\vaste were used. More than 3.5 gl-J ethanol was produced in the 
culture using the 15% (v/v) dilution of unhydrolyzed waste. In the control cultures using 
5g1 1 sucrose and 5gl 1 glucose media, ethanol production were 1.3gl-1 and 2.3g'l -l, 
respectively. The ethanol production by Z. m!lbilis with tbe hydrolyzed waste was also 
investigated a nd the result is shown in Fig. 5. When the 15% , 30% and 40% (v/v) 
dilutions of the hydrolyzed waste werc used, the yields of ethanol were 5.0gl" , 7.6g·/·' , 
and 9.3 g l , respectively. The addition of 5.0 gl" yeast extract to hydrolyzed waste didn't 
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Fig. 4. Ethanol production in tlask cultures of Z. mobilis ATCC 10988 using variollS 
dilutions of unhydrolyzed pineapple waste. 
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Fig. 5. Ethanol production in flask cultures of Z. mobilis ATCC 10988 using various 
dilutions of hydrolyzed pineapple waste. 
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promote ethanol production by Z. mobilis. On the other haJlu, the addition of O.5g1 1 

~1gSn1 7H~O into the ilydrolyzed waste solutions slightly increased ethanol production. 

DISCCSSIO N 

Alain et al. reported f.he ethanol production from pineapple juice by the 
best- preselected yeast strains (Alan, 1987). When Sar:dw1"(nuycIJs cere-visiae var. sake 
wa, used, the Tllaxi ml1m yield of ethanol (89% of theoretical yield) was obtained but the 
productivity was 1.44gl lh I. When S. (,'(;}'nmisiae eMl was used, the maximum ethanol 
productivity (2.22g1"h ') was obtained but the ethanol yield was 77%. In our stl1dy 
employing Z. mo bi lL, ATCC 10988, the ethanol yield from pineapple juice was 92.4% of 
theoretical yield al1d the productivity was 2.68&I 'h ' . On the other hand , in the culture 
with t.he pineapple was tes, the yield coefficie nt of et hanol was not determined 
completely. The pulpy waste (press cake) of the pineapple frui ts consisted of about 80% 
(w/w) of water, 10% (w/w) of saccharides and 10% ( w/w ) of other components. 
Th erefore, theoretical yield of ethanol from the waste was estimated to be abollt 
0. 51 g-ethanollg- wasle. When a 60% (vlv) suspension of pineapple waste was hydrolyzed 
and 30% (v/v) dilution of the hydrolyzate was used for fermentation, 7.Ggl-' of elhallol 
was produced . Then, in the case of using 30% (v/v) dilution of hydrolyzed waste, the 
yield of ethanol in the culture was estimated to be 82.6% of the theoretical yield. Further, 
iL was sho\\'Jl that the pineapple juice and the waste contain u lots of organic nit rogen 
compounds which are essential for the growth of this microorganism, and the controlling 
of pH by the addition of alkali can be omitted. These results suggest that the juice from 
discharged pineapple fruits and the waste can be useflll as low cost substrate for the 
production of biofuel ethanol by Z. mobilis. 

The addition of magnesium sulfate in to hydrolyzed waste slightly promoted ethanol 
production by Z. rrwbilis. It is known that magnesium ions are cofactors for a variety of 
enzymes of the Entner- Doudoro[f pathway (Osman and Ingram, 1985). Further, 
magnesium ions have the ability to restore the stability of outer membrane penneability of 
the cell , there fore the addition of magnesium ions is useful for the resto re of the 
ethanol-damaged Z. mobilis cells and [or the preventing the cells [rom the leakage of 
intermediates. This is particularly important when ethanol concentration in culture 
system increased. However , the reason why ethanol yield decreased in the culture using 
pineapple juice which was supplemented with O.5gl" MgSO, is not clear at present. 
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