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1\1 ANY FRUITS ARE FERMENTED (010 aleoholic drinks final product while others got a considerable amot
e.g.. grapes mto wines and apples mto cider. Smmlarly, of it.
many cannery wastes from botl fruits and vegetahles On the strength of these and similar exaniples f
are utilized for the production of cthanol by fermenta- writers thought it proper to make a preliminary sun
tion. Because most of these plunt materials contain of the entire field in order to elucidate the follows
varied amounts of pectin. 1t often happens that during points :
their alcoholic fermentation. ar prohably just before it (a) Can the pectin be demethoxylated by veast {
some ¢f the pectin substances are hyvdrolvzed. the mentation alone >
methoxy! groups split oif, and the resulting drink then (b) Why do two plant materials containing equa
contains greater or lesser amounts of methanol along- large quantities of pectin differ so urterly
side with ethanol. : their methanol content after fermentation -

Although grapes, for instance, are known to contain (¢) What is the reason for the wide differences
pectin, wines normally are free of methanol except per- methanol content after fermenting one and -
haps for traces. However, it has came to our knowledge same plant material when treated under differ
that some wines recently imported into the United conditions of pH and temperature *

States from other countries were refused admission due
to excessive methanol content. Apples and citrus fruits
present another interesting case: whercas fermented
apple cider contains no methanol, citrus juices after
fermentation exhibit the presence of considerable
amounts of it. Moreover, citrus wastes when serving as
raw material for ethanol production. both limed and EXPERIMENTAL
non-limed. result in spirits practicallv unfit for human
consumption because of their high methanol content.

The answers to all three questions are to be fou
in the vast literature on pectic substances and pectoly
enzvmes; however, they are rather scattered. and
clearer view on the situation would be of great pract
value to the processor and the distiller.

The experiments that follow were primarily undertaken v
a view to seck confirmation of various facts already known

unless properly rectified. An additional example is the pectin and  pectolytic enzymes. They were designed in
case of sugar beets, whicl were recently used in Isracl cordance with the 3 auestions posed above.
for the production of ethyl aicohal hefore the sugar Methods employed. .\l iermentations were carried out v

ordinary baker’s veast (Saccharomyces cerevisiac) at 30°C

refinery was completed. Althongh suguar beets contain Ehrlorimmncnr foclc mf SO0 1l enrh awhich Lo d s o eocior
- T - k . <oy -
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Photoelectric
Cul(\nmeVur using the green filter (5000 A) \\hun exhibits the
I Dromicds,
AOLAC 19, the <olutions ha\n;: been prepared
For comparison, standard solutions
were prepared  contaiming pure methanol dissolved i 3
ethanol-water in various proportions. Readings on the arbi-
of the Klett photocoiorimeter were 3inted arainst
standards and being proporuenal to the eptical density
- was easy to establish the relation between the scale reading,
sho percentage of light transmission, and the percentage of
methanol in solution.

Measurements of pectin esterase (PE) activity were made
pv means of a Beckman Potentiometer with a glass electrode
according to the method originally developed by Kertesz (3]
and subsequently modified by others (37 in which the increase of
iree carboxy! groups was determined by the amount of 0.1 N
NaCH consumed during 30 min., in order to keep a given pectin
solution at pH 7.

the trermenicd medatd.

described b_\'
according to Woodman (7).
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A. Experiments in model solutions

The question whether yeasts alone can cause the demethoxyla-
tion of pectin was tested on-a series of model solutions all con-
taining 10¢ sucrose, some ammonium phosphate (19¢ of the
sucrose) and various amounts of pectin. All samples were
brought to pH 3.5 by means of citric acid, sterilized as above,

“and baker’s yeasts were added after cooling. In all, two series

of 4 experiments each were run, every experiment comprising
three equally set up test flasks. The results are presented in
Table 1—experiments 1 to 8.

When all the above experiments showed negative results,
further series of the same tests were run with the addition of
fungi such as Aspergillus niger (experiments 9 to 13 in the
above table) and Penicillium glaucum. The fungi were left to
act on the pectin solutions for 3 days at the end of which the
whole was sterilized, innoculated with baker's veast and
methanol contents estimated aftcr the fermentation. ¢ Sce Table
1, experiments 14 to 18).

B. Experiments with yeast juice

A series of experiments was then run with triturated veast
cells in a solution containing 10% sucrose, 0.5%¢ pectin at pH
4.5. The yeast cells were triturated by known methods in a
Fisher disintegrator using (a) carborundum (SiC). (b) silicic
acid (Si0.) and (c) corrundum (ALO:). A microscopic
examination after trituration showed that 78-80% of the yeast
cells were completely broken. To these three runs a blank was
added using untriturated yeast for control.

TABLE 1
Pectin Action | Fermen- !
Test content of tation H Ce ' V4
No.t Or of fungi, time, p Methanol Ethanol
T.S.8. hrs. hrs.
1 none 72 none | 4G,
2 0.25 72 none I A%
3 0.50 72 none | 4%
4 0.70 72 none ! 4%
5 none 96 none ' 4.5
6 2.5 96 none i 4.5
7 5.0 96 none | 4.5
8 7.5 96 none { 4.5
92 none 72 120 none none
10 0.50 72 120 >0l | none
11 1.25 72 120 0.1t00.2 | none
12 2.50 72 120 0.3100.4 |  none
13 5.0 72 120 well over 0.3 ' none
14 5.0 72 96 0.6 none ino fermen-
f tation
15 5.0 72 96 2.2 >0.1 o4,
16 5.0 72 96 6.0 over 0.5 ! 4,
7 i 3.0 72 96 12.0 over .5  no fermen-
{ | tation
18 I 5.0 72 96 13.0 over 0.3 no fermen-
l | tation

3 Each test comprised 3 parallel runs. .
* Each of the following tests comprised in addition 2 blank containing
ne fungi for control.
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D. Influence of pH

v one and the same plant material the influence of pH was
tested one citrus pedls with a high content of PE. These were
disintegrated as before and fermented with baker's yeast at
various pH levels. The amounts of methanol received in the
distillates are shown in Figure 1.
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Figure 1. PE activity in citrus peel juice (measured as per-
cent of methanol) at different pH.

RESULTS AND DISCUSSION

Results in Table 1 clearly show that model solutions
of sucrose containing various quantities of pectin had
no methanol after fermentation. Indeed, if the veasts
themselves would not split the methoxyl groups there
would hardly be any other cause to account for, because
any amount of PE possibly present in the model solu-
tion, would have been inactivated by sterilization.

On the other hand, the introduction of fungi, such as
Aspergilli or Penicillia, quickly changed the picture:
after a comparatively short time the pectin present was
demethoxylated by the fungi. This probably also ex-
plains why wines may often contain some methanol
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fermentation: if the grapes carried with them
somie fungi, the latter's PE contents would be sufhcient
1o hyvdraolvze the pectin.

Because of the failure of the veasts to exhibit the
actien of PI0t was thought that the many hvdrolvtic

after

enzvmies present in veast are all intracellular com-
ponents 2. whereas the fungi work apparently extra-
celinlariv. This point was worth further elucidation. It
mav well be that if the hvdrolvtic enzymes of veast are

present mrracellularly, thev could not attack the pectin
molecule which is quite large and cannot penetrate the
semipermeable yeast membrane. The above reasoning
called for a fermentation experiment in which yeast
juice could be used instead of intact yeast cells, thus
enabling the intracellular hvdrolytic enzymes, if
present, to act on the pectin molecule.

However, as mentioned above, the experiments with
vexst juice gave also negative results. Thus, the baker’s
veast used by us contained virtually no PE, not even
intracellularly. This confirms previous ohservations by
Kertesz and others (5) who were unable to show the
presence of PE in Saccharomyces cerevisiae.

Turning from model solutions to fresh fruits and
vegetables, 1t was found, as expected. that onlyv citrus
fruits and tcmatoes, which actually exhibited the pres-
ence of PE gave place to pectin hvdrolvsis. It i~
obvious, then, that at acid or neutral pH and at normal
temperatures, only pectin-containing materials winch
have also at the same time the PE can give rise to
methanol on fermentation. No methanol will appear in
the absence of the enzyme.

When investigating specifically the mfluence o pH
on the same plant material, it was observed that in the
range of pH up to 2, there were nou appreciable amounts
of methanol (0 to less than 0.1 ). From pH 2.0 up to
pH 7.0 the content of methanol rises quickly with the
rnise of pH. These findings are in agreement with the
general statement by Kertesz (4) summarising different
opinions on this matter. At higher pH ranges the PE
activity is said to be even stronger. However, it is
obvious that in such cases the demethoxylation can be
related rather to the action of the alkali than to PE
alone. h

As far as thermal influence is concerned. we could
only say that in the experiments carried out hy us. no
demethoxﬂanon occurred while heating pectin solutions
at 100° C., 110° and 115° C. for time permds of up to
2 hours, but on further elevation of the temperature to
120° C. traces of methanol were detected. These experi-
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ments were periormed in three media: (a) models ¢
sugar and pectin, (b), apple pulp and (c) sugar beet

However, the alcohol produced from sugar beets b
one plant in Israel contains very considerable amoun
of methanol. This plant disintegrates the beets by th
Henze process, which consists of cooking them in a
autoclave at a pressure of 4 atm. followed by a quic
release of the pressure. The demethoxylation of th
pectin 1n this case can only be explained by the treat
ment at this high temperature. Further experiment
in this direction are now in progress.

SUMMARY

A preliminary surveyv was made in order to elucidat
several points regarding pectin hvdrolysis in certai
fruits during alcoholic fermentation.

Apparently pectin is not hydrolyzed by ordinar
baker's veast during fermentation, nor does it becom
hydrolyzed with veast juice.

Unless the fruit in question contains pectin esteras
or the medium 1s contaminated by fungi, which in mos
cases contain this enzyvme, the pectin 1s not hvdrolyze
during fermentation and no methanol is formed.

Differences in preparation procedures before fermen
tation. such as liming and thermal treatment are largel
reqpunthe for the wide differences in methanol con
tent of alcohol produced irom one and the same plan
material.

The influence of pH on the PE activity of citrus pee
Juice was explored.
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