
t ? -  ?  - ' l L  t 4 l f t

a)t?;"f^

I
R o u s s o s  S . '  ;  G a i m e - P e r r a u d  l .

Viniegra-uonrr , .  l r . r lo

B I O T E C H N O L O G I C A L  A D V A N C E S  O N  C O F F E E  B Y P R O D U C T S  U T I L I Z A T I O N

lhla-or

1  ,  D e n i s  S . l  ;  l l a r i n  B . l  ,  M a r a k i s  s . 2

r , n . 3 ;  A q u i a h u a t l  n . 3 ;  b u t i é r r e z  t t . 3

r ORSTOVI, Cenrer Monrpellier, Biotechnology Unit, 911 Av. Agropolis, BP 5045, 34032 Montpellier, France

2 Institute of General Botany, University of Athens, 157 U Athens, Greece

?r Departrnent of Biotechnology, Autonomous ivleropolitan University, IztapalapaCampus, AP 55-535,

CP 09340 México. D.F.. México

ABSTRACT

Coffee pulp is the main byproduct of coffee exploitation industry. Two tons of
green coffee produces one ton of coffee pulp (dry mater). Its production on world
scale reached to 2,762,500 metric tons in the harvest cycle during 1989 - 1990.
Coffee pulp is essentially composed of carbohydrates, proteins, aminoacids, mineral
salts, tannins, polyphenols and caffeine. The last two compounds are reponed to be
antiphysiological factors for animal consumption. Hence, coffee puip has to follow
a preliminary detoxification treatment before it is used as an animal feed. Moreover,
this byproduct can cause environmental polution if it is left as such. Various studies
based on the potential of coffee pulp on solid state fermentation (SSF), carried out
by the Mexican University UAM-Iztapalapa and our group at ORSTOM in Mont-
pellier, F'rance are presented here. And also, an evaluation is made on the advances
in technology of solid state fermentation processes and for the suitable utilization of
coffee pulp as a raw material to produce : enzymes, fungal biomass, probiotics.
biopesticides, phytohormorff and other value added products.
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INTRODUCTION

Research on biotechnological advences on coffee byproducts utilization is
being carried out by various scientific organisations. During the last few decades,
several altematives have been postulated and developed to minimize and avoid the
environmental impact due to coffee pulp. Calle in 1951 at Columbian reaserch cen-
ter CENICAFE was the first to report the use of yeast culture for coffee byproducts
utilization. Later,INCAP and ICAITI in Guatemala reported their research work on
these aspects. However the most important contribution in this field came out at the
first Intemational Conference on Coffee Byproducts Utilization and its Industrial
Application at the Costarican centre CATIE in 1974. More recently, the Mexican
centre INMECAFE (Xalapa) in 1989 and the Colombian centre CENICAFE (Mani-
zales) in 1991 organazed Intemational Symposiums on Biotechnology of Agroin-
dustry of Coffee (SIBAC) ; where eminent scientists presented their original
research contributions on coffee pulp byproducts in different sessions.

The new altemative for the biotechnological upgradation of coffee pulp is
presented in the figure 1. Fresh coffee pulp is subjected to lactic acid fermentation
and coffee pulp silage thus obtained can be used as substrate in SSF system for the
production of probiotics, enzymes, animal feeds and phytohormones. The data on
the production of coffee pulp, its biochemical composition, natural microflora,
oriented silage, caffeine degradation and pectinases production in SSF system by
filamentous fungi lke Aspergillus and Penicillium species are presented here.

Coffee and Coffee pulp word production

The data on the world green coffee and coffee pulp production for the period
1989-90 are presented in table 1. The world coffee production is five and a half
million tons. For every ton of coffee produced haH a ton of coffee pulp is generated
in humid process. This is applicable only when the coffee is processed by humid
process. In India the total production of coffee during this period was 130,000 tons,
the exact quantity of coffee pulp produced is not definitely known because both hu-
mid and dry process are used.

Coffee pulp chemical composition

TTre chemical compositior, of coffee pulp is presented in table 2. Coffee pulp is
essentially composed of carbohydrates, protein, amino acids, mineral salts, tannins,
and caffeine (Zuluaga, 1989). The last two compounds are reported to be antiphy-
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siological factors for animal consumption. The composition of soluble sugars present

in coffee pulp,represents about 239o of total solids by dry weight (Zutuaga, 1981).
The presence of protein, sugars, minerals and water in coffee pulp obtained by humid

process, offers itself as an excellent substrate for the growth of microorganisms. If it

is not utilized immediately it causes environmental pollution particularly in the rivers
surrounding the factory processing area. In order to conserve the nutritional factors
present in the coffee pulp and to maintain its quality throughout the year silage
process has been used.

,:

Natural Microflora of coffee pulp

The natural microflora of coffee pulp was evaluated according to the procedure

of Gaime et al. (1993). Bacteria represents nearly 957o of the total microflora

whereas filamentous fungi and yeast population was only about 57o. Figure 2 gives

an idea of groups of microorganisms (bacteria, yeast and molds) present in Mexican
and Columbian coffee pulp with its nutritional capacities such as amylolytic, cellulo-
lytic, pectinolytic and lactic acid bacterial population.

LONG TIME CONSERVATION OF COFFEE PULP

Conservation of coffee pulp by oriented silage

Silage has been defined as the material produced from the controlled fermen-

tation of agro-industrial by-product/waste having high moisture content. The primary

objective of silage making, is to preserve the material with the minimum loss of

nutrients to produce a value added product at later stage. The preliminary studies on

the silage of coffee pulp indicates the use of simple techniques for the conservation
of coffee pulp (Gaime et al., 1992} The data on the evaluation of natural microflora
of coffee pulp during silage inoculated with Lactobacillus plantarum A6 indicates
the domination of lactic bacteria after 24 hours of fermentation (Table 3). It is inter-
esting to note that the mould population decreased during silage process. Lactic acid
production was observed during the first three days of silage fermentation. After this
period, the level of lactic acid remained constant throughout the fermentation period
(Figure 3). However, acetic acid production was negligable during the silage process.
There was a marginal drop in the pH during this period as the initial pH of the coffee
pulp itself was around 4.25.
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COFFEE PULP DECAFEINATION BY FILAMENTOUS FUNGI
I

This conserved coffee pulp is now used as a substrate in SSF system for the
detoxification of caffeine by filamentous fungi. The various steps involved in this
process are discribed below.

Isolation of new fungal strains i

Isolation, purification and conservation of filamentous fungi capable of degra-
ding caffeine was carried out according to the procedure discribed by Aquiahuatl
(1992). Nearly 400 strains of filamentous fungi were isolated and screened for its
ability to degrade caffeine. The isolates screened belonged to the family of
Aspergillus, Fusarium, Geotrichum, Humicola and Penicillium. Studies on the
effect of incubation temperature revealed that the Aspergillzs species population
was very high (nearly 80Vo) when the incubation temperature was 35'C (Aquiahuatl,
r99Z).

Selection of fTlamentous fungi for caffeine degradation

The ability of seven fungal isolates which can degrade caffeine totally is shown
in table 4. They belong to the genus of Aspergillus and Penicillium. Of these, only
two strains, belonging to the genus of Aspergillus species (V12425) and Peni-
cillium species (V33A25) were selected to sfudy the kinetic and biochemical
pathway of caffeine degradation.

Caffeine degradation by filamentous fungi in SSF system

The SSF system used for these studies are depicted in figure 4. When Peni-
cillium sp. was used for caffeine degradation in coffee pulp by SSF system it was
observed that after 30 hours of fermentation period all the caffeine present in the
pulp was totally degraded with a concomitant increase in pH from 4 to 7.5 in the
fermented media (figure 5). Further studies on the effect of mineral nitrogen sources
on caffeine degradation by Penicillium sp., revealed that the presence of additional
nitrogen sources like urea or ammonium sulfate inhibited total degradation of
caffeine even though there was a very good fungal growth (Roussos et al., 1993).
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Biochemical pathway for caffeine degradation by fÏlamentous fungi

In order to understand the biôchemical pathway of caffeine degradation by fila-
mentous fungi, synthetic caffeine was used under submerged fermentation system
with defined synthetic medium. It has been reported that in Pseudomonas putida
strain, caffeine is degraded to urea via principaly theobromine and 7-methylxanthine
(Blecher and Lingens, 1977). The kinetics of degradation of caffeineby Penicillium
and Aspergillus species are presented in figure 6. In both cases the degradation of
caffeine is total in 50 hours, but the intermediate metabolites produced are different.
In the case of Penicillium sp.only theophylline was detdcted, whereas with Asper-
gillus species in addition to theophylline, traces of theobromine, paraxanthine and
3-methylxanthine were also detected (Denis, t992).

Pectinases production from coffee pulp in SSF

Another utilization of coffee pulp is for the production of enzymes. Coffee pulp
is an excellent substrate for pectinase production (Boccas et al. 1993). The ability of
four wild fungal isolates capable of producing pectinase in solid state fermentation
system using coffee pulp is shown in table 5.

CONCLUSION

The silage of coffee pulp under anaerobic conditions inhibits polyphenol oxida-
tion. Under aerobic conditions the caffeic acid, chlorogenic acid and tannic acid
form polyphenols which can be further oxidized in presence of air to form quinones.
These quinones in presence of proteins and free amino acids form a black water in-
soluble product. In order to overcome this, anaerobic fermentation of coffee pulp
with selected lactic acid bacteria is most efficient for preventing oxidation of coffee
pulp polyphenols. The silage of coffee pulp thus permits to conserye the good
potentiallities of the pulp for various uses.

In conclusion, it may be said that by selecting proper filamentous fungi it is
possible to detoxify coffee pulp (caffeine degradation) and upgrade the coffee pulp
for animal feed.
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Country Production
green coffee

(Ton)

Vo

coffee pulp
(Ton)

\ilorld
Brazil
Colombia
Indonesia
Mexico
Guatemala
Ivory Cost
Ethiopia
Salvador
Uganda
Costa Rica
India
Ecuador
Honduras
Kenia

5 525 000
I 416 000

780 000
391 000
309 m0
210 000
205 000
195 000
173 000
168 000
148 000
130 000
123 000
112 000
lM 000

2762 500
708.000
390 000
196.000
154.000
105 000
102 m0
97 500
86 s00
84 000
74 400
6s 000
61 000
56 000
52 m0

100
25162
14,Ll
7,40
5,60
3,80
3,71
3,53
3,13
3,04
2,68
2r35
1 ) )

2,02
1,90

Table L : World green coffee and coffee pulp production
during 1989-90



7o dry pulp

Humidity

Ether solubles

Crude fibre

Total nitogen

Ash

Total carbohydrates

Caffeine

Tanins

Chlorogenic acid

Total caffeic acid

Calcium
Phosphorus

Potassium

Sodium

Iron

6.93

2.5

15.1

13.z
8.r2
74.L
0.75
3.7
2.6
L.6
0.32
0.0s
3.L7

160 ppm

250 ppm

Table 2 : Chemical composition of coffee pulp (Zuluaga' 1989)



Days

0
1
3
5
7
10
16
2l

Bacteria

8,77E+08
9,70E+08
1,30E+09
4,29E+08
3,17E+0E
2,018+08
2,928+07
1.01E+06

Lactic
Bacteria

3"268+08
9978+08
9,668+08
4,E88+08
3,478+08
1,57E+08
8,008+07
4.73E+03

Molds

3,418+04
1,648+04

< 2J0E+03
2,43E+03
3,728+03
4$0E+03
5,73E+03
4.728+02

Yeast

351F,+06
4,13E+06
1,488+05
9J5E+04
1,89E+05
838E+04
3,10E+05
1338+04

Anaerobic
Yeast

1,17E+05
6,00E+04
1O1E+04
lr46E+04

< 4988+03
4,788+04
tP0E+03

< 4.738+03

Table 3 : Natural microflora during silage of coffee pulp inoculated with
Lactobacillus plantarum A6. Number of cells I g of dry matter of substrate.



STRAINS IDENTIFICATION
7o CAFFEINE

DEGRADATION

Y26L25

v33425

vl2A25

c23825

ct6A25

c28B2S

CL7B25

Penicihium sp

Penicillium sp

Aspergillus sp

Aspergillus sp

Aspergillus niger

Aspergillus sp

Aspergillus sp

98

90

100

92

99

98

100

Table 4 : Ability of seven fungal isolates to use caffeine as
nitrogen source in a liquid synthetical medium



Pectolytic activity (72 h)

A.niger CH 4 (ref. culture)

P enicilliutn sp. C 1 5825

A. niger Cl6C25

A. niger C28B25

A. nigerV22B35

nJ + 4.3

14.9 + 0.4

20.5 + 0.5

43.3 + t.l

47.7 + 1.2

Table 5 : Ability of four witd fungal isolates to produce
pectolytic enzymes on coffee pulp by SSF.
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Total
Microflora

Coffee Pulp
Microflora

Starch
Microflora

Pectin
Microflora

Cellulose
Microflora

MRS
Microflora

MEXICAN COLOMBIAN
PULP PULP

Figure 2 : Microflora characteristics :
I molds ; Wbacteria ; nyeast.
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Figure 3 : I Lactic acid, û acetic acid and O pH profile during coffee pulp silage
inoculated by Lactobacillus plantarum !16
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Figure 4 : Diagram of the solid state fermentation system :
1 : aeration valves panel i 2 : airsuppty ; 3 : air humidifier
4 : column fermenter ; 5 : air exit ; 6 : temperature controller
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Figure 5 : pH O profile and caffeine O degradation in coffee pulp
by Penicillium sp in SSF system
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Figure 6 : Growth curye and methylxanthines evolutions during growth of
Penicillium sp. V33425 (A) and, Aspergillus sp. V12A25 (B) in 2-l bioreactors on
medium containing caffeine as sole source of nitrogen. *, mycelium ; O, caffeine ;
l, theophylline; E, paraxanthine (conc. x10) ; O, 3-methylxanthine (conc. x10).


