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SUMMARY

The growth of Aspergillus carbonarius on carob pods rich in tannins, under different
temperature and aeration conditions in a solid state fermentation system, reveaied
fungal preference for high humidity and aeration levels. Respiration parameters of
the fungus (CO, production, and oxygen consumption) were not affected by the
change of incubation temperature from 25° to 30°C. However, changes in
the aeration flow significantly affected fungal growth. Higher sugar and tannin con-
sumption were observed at 30°C, with an aeration flow of 30 mlVh. Under these
conditions, sugar consumption began 10 h after incubation, and continued up to 24
"h. At this point, an increase in sugar concentration of the medium was observed,
probably due to tannin hydrolysis. A significant decrease in the pH of the culture
also supported this hypothesis. ‘ '
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RESUMEN

La presencia de taninos en altas concentraciones limita la utilizacién de 1a harina de
algarroba para la alimentacién de ganado. Aspergillus carbonarius tiene la ca-
pacidad de crecer sobre dicha harina y degradar especificamente los taninos por
fermentacién sélida. En este trabajo se presenta el efecto de la temperatura y de
la aireacién de los.medios de cultivo sobre la respiracién del hongo, asi como la
consecuente degradacién de los tanines. Se demostré que aunque A. carbonarius
crece de la misma manera a diferentes temperaturas (25° - 30°C), presenta un desa-
rrollo y una respirometria muy diferentes cuando se cambia el flujo de aire. Por
consecuencia, la degradacion de los taninos estd directamente relacionada con el
flujo de aireacién de los cultivos en medio sélido.

Palabras clave: Aspergillus carbonarius, taninos, degradacién de taninos, alga-
rroba, fermentacién sélida, temperatura, flujo de aireacién.

INTRODUCTION

The presence of polyphenols in nature, especially tannins (polymerized
flavan-3-ols or flavan-3,4-diols, of 500-3500 molecular weight), has been
attributed to their capacity of binding strongly to proteins and
polysaccharides. Enzymes are totally or partially inactivated by the
formation of complexes with tannins, while potential microbial substrates as
polysac-charides and non-enzyme proteins become highly resistant to
microbial attack, after binding to tannin molecules (Grant, 1976). This
particular capacity of tannins is related to their protective role in plants
preventing any attack, either animal or microbial. The relevant property is
“astringency” (Bate-Smith, 1972), rendering the tissues unpalatable by
precipitating salivary proteins, or by immobilizing enzymes impending the
invasion of the tissues. According to this, tannins represent an 1mp0rtant
Way of plant protection.

The presence of tannins has also been associated with control of bloat im-
proved protein utilization, and reduced digestibility and palatability of the
forage (Broadhurst and Jones, 1978). However, several organic materials
have been used as animal feed, in spite of their poor nutritional value due to
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the tannin content. This is the case of carob beéns: (fruit of Ceratonia siliqua
L.), whose high concentration of tannins are limiting any further utilization.

The carob tree (C. siliqua L.) grows naturally on barren soils mainly near
the coast (often unprofitable for any other type of crop), in the warmest
regions of the Mediterranean. This species also occurs in Rhodesia, U.S.A.,
Australia, South America, and other regions with similar Mediterranean cli-
mate (Mitrakos, 1968; Imrie and Vlitos, 1975). Greece is the fourth largest
producer of carob beans with an estimated production of about 35,000 tons/
year (Marakis et al., 1993). The production of this fruit in Spain, another im-
portant producer, is of about 200,000 tons/year (Calixto and Caifiellas, 1982).

Carob fruit consists of about 90% pod and 10% seeds. The ripe deseeded
carob pods of some greek varieties contain high levels (6-13%) of total tannins
(Marakis et al., 1993), while carob pods from Portugal, Italy, and Cyprus
contain higher tannin concentrations of 20-27% (Wiirsch, 1987). Protein
content of carob beans is low (3-5%), in comparison with the high concentra-
tion (£60%) of sugars (Marakis, 1992). If the tannin content is reduced or
eliminated by microbial degradation, it could then be possible to use carob
beans as animal feed, improving their protein content at the same time.

Previous research work (Lambraki and Marakis, 1993) has identified a
strain of Aspergillus carbonarius with high tanninolytic abilities, which is
capable of growing on carob pods in a solid state fermentation (SSF) system.
However, this ability of A. carbonarius has not yet been exploited for tannin
degradation and the resulting tannase production, in spite of the wide use
of SSF for the valorization of agro-industrial products by the production of
secondary metabolites (e.g. enzymes) and other microbial products (Lonsane
et al., 1982; Lonsane et al., 1985; Roussos et al., 1991a; Roussos et al., 1994).
This research work deals with the effect of two culture conditions (tempera-
ture and aeration) on tannin degradation of carob pods by A. carbonarius in a
SSF system.

MATERIALS AND METHODS

Microorganism -

A strain of Aspergillus carbonarius (Bainier) Thom was studied, which was
previously isolated from mouldy carob beans (Marakis, 1980). This strain
was maintained and subcultured on potato dextrose agar (PDA) at 4°C.
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Substrates .

Ripe deseeded carob pods (size <0.5 mm) were mixed with sugar cane
bagasse in a 5:1 ratio, respectively (Roussos et al., 1991b). The bagasse was
autoclaved at 110°C (1 atm) for 20 min, whereas carob pods were not steril-
ized in order to avoid sugar caramelization. Under these conditions, no
contamination was-observed during the entire course of fermentation. This
substrate, without any other pretreatment, was the basal medium. No min-
eral solution was used, and distilled water was added when needed to reach
an initial moisture of 60% on dry weight basis of the substrate.

Inoculation

Spore suspensions from fresh PDA cultures were prepared in 0.01% distilled-
water solution of Tween 80 for inoculum preparation. The inoculum ratio was
1 x 107 spores per g of initial dry weight (IDW) of substrate. After inoculation,
the substrate was placed in columns of 2.5 cm diameter and 20 cm height
(Raimbault and Alazard, 1980). The total volume of the column was 100 cm?,
from which 60 cm?® are filled up with substrate, representing the actual
volume of the column.

Solid state fermentation system (SSF)

The design and control of SSF system has been previously described by
Saucedo-Castafieda et al. (1993). The column reactors were incubated at two
different levels of temperature (25° and 30°C), and aerated at the rates of
0.12, 0.9 and 1.8 L/h (Table 1) where the air passed through the actual
volume of the column was 2, 15, and 30 times/h, respectively. These data

Table 1. Temperature and aeration conditions used for fermentation of the sub-
strates. T= Temperature (°C), A= Aeration flow (IL/h).

Temperature (°C)

Aeration flow (I/h) 25 30 Air renewal (times)

Substrate names

0.12 T25A2 T30A2 2
0.9 T25A15 T30A15 15
1.8 T25A30 T30A30 30
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indicate that to achieve these aeration conditions in any size of column or
even a large-scale fermentor, the air should be renewed 2, 15, and 30 times
per hour. All air-providing instrumentation must be as accurate as in this
work, even for small air quantities, otherwise the comparison of low aeration
flow levels would not be possible. During SSF, the gas produced was analysed
automatically by CPG analyser, and results were monitored by a programme
integrated to a PC computer. CO, (%), O, (%), and the total volume of CO,

(mI/IDW) were measured by this programme All fermentations lasted 50 h.

Downstream processing

The fermented products were removed from the fermentation columns, ho-
mogenized, and weighed. A fresh sample (5 g) from this product was placed at
105°C for 24 h, to determine amount of dry matter. The pH of the extract was
measured by adding 10 ml of distilled water to a 1 g sample, and mixing
thoroughly. The fermented products were kept at -20°C until they were
lyophilized. Portions from lyophilized products were homogenized and used
for analytical studies.

Analytical studies

Sugar and tannin extraction. A sample of dried and homogenized material (5
g) was mixed with 20 ml of distilled water, and centrifuged at 500 rpm for 30
minutes. The extract was filtrated, and the filtrate used for sugar analysis.
Another sample (5 g) of dry product, after the addition of 20 ml of distilled
water, was autoclaved (110°C, 1 atm, 45 min) to prepare tannin extraction.
The extract was filtrated, and the filtrate was used for estimation of tannins.

Sugar and tannin determination. The determination of total sugars was
made according to the method of Dubois et al. (1956), using glucose as
standard sugar, while total tannins were determined according to the
method of Swain and Hillis (1959), using gallic acid as standard phenol.
RESULTS AND DISCUSSION

Effect of temperature and aeration flow on fungal respiration

Respirometry data (% CO, production, % O, consumption) of Aspergillus '

carbonarius growing on substrate T30A30 (see Table 1), in which the fungus

was best adapted, are shown in figure 1. No growth was observed before the

first 25 h of fermentation. A. carbonarius started its respiration, i.e. to pro-
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Fig. 1. Respirometry data of Aspergillus carbonarius grown on substrate T30A30 in
a SSF system (kinetics of O, and CO,). The substrate code is that of Table 1.

duce CO, and consume O,, just after this period, showing as expected that
CO, production and O, consumption were reverse phenomena.
-
Different temperature and aeration conditions had influence on the growth
of A. carbonarius, as shown in figure 2. The total CO, production per g of
initial dry weight of the substrate (IDW) is presented for the 6 substrates
analysed. The highest CO, production was observed at the medium with the
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Fig. 2. Total CO, production by Aspergillus carbonarius grown under different tem-
perature and aeration conditions (substrate codes are those of Table 1). IDW= Initial
dry weight of‘the substrate.

maximum aeration flow (830 ml/h), while an increase of temperature from 25°
to 30°C had no influence at all on fungal respiration. On the contrary,
changes on the aeration flow, ranging from 2 to 30 ml/h, gradually improved
the respiration of A. carbonarius from 2 to 25 ml CO,/g IDW. This clearly
indicated that the best growth of A, carbonarius is obtained with high aera-
tion levels.

Evolution of moisture and pH

Kinetics of the moisture content of the substrate revealed a gradual increase
during fermentation, being 4-6% higher than the initial moisture of the sub-
strates (Fig. 3). A similar result was reported for Trichoderma harzianum
growing on substrate containing sugar cane bagasse and wheat bran at a
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F.ig. 3. Evolution of humidity and pH during the course of fermentation, under
different temperature and aeration conditions (the substrate codes are those of

Table 1).
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ratio of 80:20, respectively (Roussos et al., 1991b). Further studies on the
initial humidity (%) of the substrate should be done.

The moisture of the substrates increased gradually during the first 10 h of
incubation, then remained stable up to 25 h, and thereafter began to increase
sharply until the end of fermentation course. The only exceptions were
observed in substrate T25A2, in which the microorganism hardly could grow,
as well as in substrate T25A30, in which moisture remained stable after 10 h
of incubation. We believe that these two cases are artifacts.

The evolution of the pH is similar to that of humidity (Fig. 3). With a
starting value of 5.15, the pH remained almost stable during the first 25
hours of fermentation and then, in the media where the fungus could easily
grow and tannin degradation occurred, decreased rapidly probably due to the
release of acidic substances as products of tannin degradation (e.g. tannic and
gallic acids).

Sugar and tannin consumption .

The solid fermentation of carob pods under 2 different temperatures (25° and
30°C) and 3 different aeration conditions (0.12, 0.9 and 1.8 L/h), revealed
that the consumption of sugars and tannins from the substrates was hardly
influenced by the changes of temperature, whereas significant effect was
observed by the changes in aeration flow. As the structure of carob pods did
not allow the addition of the suitable amount of water for SSF, the initial
humidity level was adjusted to 60% by the addition of sugar cane bagasse,
which is an inert support for fungal growth. This bagasse also supported
homogeneous aeration of the substrates, and did not affect significantly their
composition. :

The maximum sugar consumption and tannin degradation was observed
in the substrates T25A30 and T30A30 (Fig. 4). The aeration flow is the most
important parameter regarding fungal metabolic activity: under low aeration
conditions, A. carbonarius consumes the sugars of the substrate, without
being capable of tannin degradation; whereas under an aeration flow higher
than 15 ml/h, tannin degradation occurs and as a result sugar concentration
increases. In this case, sugar consumption began after 10 h of incubation,
and continued up to 24 h when an increase in its concentration was recorded,
probably due to tannin degradation. This hypothesis is supported by a paral-

lel decrease in the pH value. Culture conditions of 30°C and 30 ml/h aeration:; |

Sk
W
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Fig. 4. Sugar consumption and tannin degradation in the substrate studied, under
different temperature and aeration conditions (the substrate codes are those of

" Table 1).
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flow (T30A30) showed the highest proportion of tannin degradation (almost
30% on initial tannin dry weight), which seems to be very low in comparison
with liquid cultures (Lambraki and Marakis, 1993). These data suggest that
humidity can be another significant factor in tannin degradation.

It is important to mention that tannin degradation started after the first
10 h of incubation, even earlier than the respiration of the fungus. We
suppose that tanninolytic enzymes are involved either before or after germi-
nation of the spores, which are liberated in the surrounding medium in order
to look for nitrogen sources, initially unavailable in the substrate. If this as-
sumption is correct, nitrogen limitation might lead to tannin degradation.

Finally, it is possible to establish that aeration is an important parameter
not only for the growth of A. carbonarius, but also for tannin degradation. On
the contrary, changes in the incubation temperature from 25° to 30°C have
no influence on fungal growth or on tannin degradation. Future research in
our laboratory will be focused on the effects of initial humidity level in the
substrate, as well as the addition of different nitrogen sources.
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