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CONTINUOUS FERMENIATION OF APPLE 

JUICE BY IMMOBILIZEO YEAST CELLS 

K. Oa].imann ~, Zs. Buz@s and 8. Szaj~ni 

Oepartment of Biochemist~y~ Attila J6zsef 

On)vecsity, Szeged, Hungary 

S ulj)Jm_.arv_: The sugar content of an ~pple juice was continuously 

r~ F ~ " ~onverte ~ z, to ethanol by Saccharomyces ~:erevisiae er,trapr:ed in 

Ca-algina":e gel. l he aw~cage values characterizlno the process were: 

fermentation efficiency, 84./f4.2 %. ethanol concentration in lhe 

mash, ]8.9. i.9 g.i -I aqd volumetric productivity, 6.3-+0.5 g.l-l-h -1. 

INTRODUCtiON 

Bungscy is a tra;11tie:lal exoorter of apples of good quality. A 

considerable quantity is processed in the canning" industry. The 

surp].u~:, ,~',~iri 0 to i t s  o]igosacuhal:Jde content, :i_s su i tab le  fo: the 

production of a lcohol ic  beverages. Using immobilized yeast ce l l s  a 

continuous fermentat ior  could be carr ied out. A s imi la r  pi,:c,:-:ss has 

been published by Rosario and Pamatong (]985) for  the bana~~a f:cuit 

pulp. 

MATERIALS ANO MEfHOOS 

Microorganism- and cu$ture medium. Commercial bakers' yeast ~aas 

used. The cells were grown in ~ water ba~h shaker at 30~ in a culture 
-I 

medium containing lOO g-1 sucrose and ~JLtfk!rP~nt nutrients as 
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described by Wada e t a l .  (1979), [!~e pH was adjusted to 4.0.  Cel ls 

were harvested by cen t r i f uga t i on  at 2500 x g for  ]0 min. 

Immo~llizat$on. lhe cells were suspended in a sterile sodium 

a]gmate solution (Protanal SF 120, P~-ot~Jn and Franerturi A.S., 

Orammen, Norway). The final cell oensiL, was i..-5.106 ceils.el -l. Beads 

(~ 4 ms) were formed by dripping the suspension through a syringe into 

sterile 1% calcium chloride solution. The cells were grown in a water 

bath shaker at 3one for 24 h. The column reactor was then filled with 

a lg inata  bmJds. 

Fermentation. For continuous lermentat ion the app]e pulp was 

ext racted by cen t r i f uga t ton  (2500 x g for  10 min). Af ter  s t e r i l i z a t i o n  

(at  12One for  15 s in )  tlae ju i ce  was supplemented wi th  a CaC12 so lu t i on  

up to a 5.8 g.1 - i  concentrat ion.  The pH was not adjusted. The j u i ce  

contained no supplement other than calcium ch!cr ide .  

Ana]}-i!.Ica]~ m_Ls_~heds. The total so[jar content was measured by the 

anthron reaction (Hanson and PhilJaos~ 198!). The carbohydrate compo- 

sition of the j,!ius was analysed using quant i ta tJv ,  ~ t h i n - l a y e r  chro- 

matogcapt~y on Kieselgel  60 plates :;4ecck, Darmstadt F.R.G.) (Siegen- 

tha]er and RJtter, i977) .  

-h,, :I [,- ni,y bh, om 4 type GO Ethanol was dete~:inineO by qas ~ .... o,~at,:,,ra~ . usino a ~ ~ 

chromatograph (Laboratocni Prlst:o}e [caha~ Czecn.s:s!ovakia) equipped 

with a flame ionize~i:~s detector cpd 8 2oraoak Q (80 100 mesh) column 

(250 em Ioi,g anti :{ mm i.d.). Ni: /ion ~.,.as used as: a carrier oas and 

methanol as a~ is~err;ai .-ytapdare. 

RESULTS AND OI,,uUaa.l.,]-I 

An apple jus witl~ 85o~> .g.1 io ta1 sugar co ~ten~ ,.~as cor.- 

t iJ luously converted i~',to an, eth~;nqL centai~.tp.g mas~ ~ USLng a cslumo 

reactor  f.-!l,.;d wi th ~;el sntrapped yeast ce!Zs, the: J:eactor vo]ame and 

the ].ength,/d-.ametes r a t i o  was 760 n,i and 9.& resp~.c-~ive].y. Tiie t o t a l  

gel vo].uu~a (260 ;'111) wJ '~h a c(:-~'l _4~ns].ty of i09 ceJ.is.atl -! gel was 

equal ly d iv ided on %o 7 perf~:;ra~ec t rays .  r~{e unai].uted s t e r i ] e  apple 

}u ice (the main carbohydrate com;~onents ,,,ere 50-nO Z gibccs and. 

f_ructose), wes pass~:d ti-rougn the reactor  at  a ailut~_on rate (D) of 

0 . ] ]  h - j  wi thout  -.-:eratior:. The er~.g::,,-:~l pH of 9~ice (5.7) was not 
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adjusted because it was ~ound to be suitable fo[ '  the achievment o~ 

maximum fermen[ation capacity in the case of immobilized yeast cells 

(in press). ]he temperature was mair, tained at ]O~ The progress 

curves of the fermentation are presentE~d in Fig.1. 
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Fig. ]. Progress curves of the fermentation of mi]i:le juice. 

Fermentation efficiency, O; mthanol concentrstion, ,; volumetric 

p coductivity, X and total sugar concentration,~. 

The average values characterizing the process were found to be: 

fermentaLion efficiency, 84.7~4.2 %~ ethanol concentration in the 

mesh, ]8.9• -I and volumetric productivity, G.]~0.5 g.l-l.h -I. 

During the contin~ous fermentat~or~ the structure nf the a]ginate gel 

was not destroyed and the high conversiun shows that the apple juice 

contained anouoh rutritive material to maintain tile growW] of yeast 

cells and the fermentation prc~cess without any supplementation. 

The distiiia~ion of mash resulted in an aopie brandy of good 

quality. 
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