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Abstract Potato pulp, one of the agricultural waste
products obtained in high quantities during starch pro-
duction, contains starch, cellulose, hemicelluloses, pec-
tin, proteins, free amino acids and salts. It exhibits
physical and physicochemical properties of a typical
colloid. It is mainly used, in a dried and pelleted form, as
cattle feed. Its autochthonic microbial ¯ora (bacteria,
fungi) was identi®ed and studied with a view towards the
degradative potential of the microorganisms and ways
of conserving the pulp for subsequent technical appli-
cations; 33 isolates (28 bacteria, 4 fungi, 1 yeast), be-
longing to 15 genera were characterized. Biological
conservation was possible at very low oxygen pressure,
brought about by the autochthonic anaerobic microor-
ganisms causing acidi®cation. Chemical conservation
was achieved with sorbic aicd. By treatment with hot
water vapour under pressure (autoclaving), followed by
a pressure release procedure, intact cells in the pulp
(both potato cells and microorganisms, not spores) were
destroyed, and their contents and wall fragments were
set free. This process resulted in low drying costs and
was a prerequisite for the production of a powder that
can be used as glue or as animal feed.

Introduction

During the production of starch from potatoes, huge
amounts of waste products are produced. Remnants of
cell walls of potato tuber, including the skin, and re-

sidual intact cells containing starch are mixed with po-
tato fruit liquid. The potato fruit liquid can be separated
from the particulate fraction. It is characterized by a
high content of proteins, free amino acids and salts,
whereas the particulate fraction, called potato pulp,
besides remnants of fruit liquid and water in intact cells,
contains starch, cellulose, hemicelluloses, pectin and
proteins (Kempf 1980) (Table 1). Even after separation
of the fruit liquid from the particulate fraction (pulp),
the pulp contains up to 90% water; it is highly viscous
and exhibits the properties of a colloid.

Potato fruit liquid is primarily used as a source for
the enrichment of proteins and amino acids, and as a
fertilizer because of its high nitrogen contents. Potato
pulp is applied as cattle feed, as a substrate for cultiva-
tion of fungi, which may be used for degradation of soil
contaminants, in enzymatically treated and condensed
form as syrup for crisps and chips and for the produc-
tion of cosmetics. However, all these applications only
minimally reduce the amount of potato pulp piling up in
years of high potato production; amounts close to
1 ´ 106 tonnes per year can be reached in Europe. Pulp
not used up for the purposes mentioned above has to be
returned to the soil; however, this may result in over-
fertilizing or damage to the soil and the subsoil water
because of the high contents of mineral salts.

Therefore, processes and products should be estab-
lished that convert potato pulp into valuable ``bulk''
technical products. An advantage of such an approach
would be the low cost for the raw material; money could
even be saved that would have to be payed to get rid of
the hundreds of thousands of tonnes of pulp. A major
drawback is the fact that removal of water from this
colloid is very expensive. The water is not only tightly
bound to ®bres and pectin in the wall fragments, but it is
also entrapped in the residual intact cells and would
have to be transported across the cell membrane. Ap-
plication of wall-degrading enzymes might be a solution,
but this approach is not feasible because the amount of
pulp to be treated is too high for such a process to be
cost-e�ective when a bulk product is made.
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One of the preconditions for the technical use of
potato pulp is that the pulp is available all year round
in a state that allows its application. It is an intrinsic
feature of the system that fresh potato pulp (and starch)
are only produced during potato harvest and for fol-
lowing 5±6 months, and not during the remaining
months of the year. There are two possible ways to solve
this problem. One is to develop strategies for the con-
servation of fresh pulp, the other is to convert fresh pulp
into a modi®ed form, which can be stored at low cost.
The ®rst approach necessitates a detailed microbiologi-
cal characterization of the autochthonic microorganisms
degrading or conserving fresh pulp; the second approach
includes removal of water, and the transformation of
pulp into a form that will withstand contamination by
microorganisms during long storage periods and is
suitable for multiple applications. This second approach
would, in addition, have the advantage that only the
particulate fraction, not water, would have to be stored
and transported to the site of application.

The present paper describes results of studies aimed
at the microbiological characterization of fresh potato
pulp, and it gives an outline of a newly developed
technology for transforming fresh potato pulp into a
powder that can be stored and used as animal feed
(Mayer 1991) or as a glue (Mayer 1995, 1996).

Microbiological characterization of potato pulp

For the cultivation of bacterial reference organisms and
isolates from potato pulp, growth media were used that
are speci®cally designed for growth of the following
bacteria:

Bacillus sp.: FP agar (containing trace element solution
SL 8; Pfennig and Lippert 1966)

Lactobacillus sp.: MRS agar (De Man et al. 1960), Ro-
gosa agar (Rogosa et al. 1951)

Flavobacterium sp., Pseudomonas sp., Sphingobacterium
sp., Sphingomonas sp., Xanthomonas sp.: Nutrient
agar (containing meat extract and peptone)

Pseudomonas sp., Sphingobacterium sp., Sphingomonas
sp.: King agar B (King et al. 1954)

Pseudomonas sp.: Cetrimide agar (Brown and Lowbury
1965), Pseudomonas agar F (King et al. 1954), Pseu-
domonas agar P (King et al. 1954)

Pseudomonas sp., Xanthomonas sp.: GSP agar (Kielwein
1971a, b)

Clostridium sp.: Clostridium agar I (Hippe et al. 1992),
Clostridium agar II (Skinner 1960), DRCM (Gibbs
and Freame 1965)

Acinetobacter sp., Micrococcus sp.: Corynebacterium
agar (containing peptone, yeast extract, glucose,
NaCl)

Aerobic bacteria in general: standard II agar (Levetzow
1971)

Starch-, cellulose-, pectin-degrading aerobic bacteria:
complex medium (Madi 1987) containing vitamin
solution (Wolin et al. 1964) and trace element solu-
tion SL 4 (Pfennig and Lippert 1966).

Growth parameters were determined according to
DIN techniques or with commercially available kits:
water contents of soil (DIN/ISO 287, 1985), pH value
(DIN 53124, 1988). Organic acids (lactic acid, acetic acid,
butyric acid) were determined by using kits from Boeh-
ringer Mannheim, Germany (Boehringer Mannheim
Gmbh 1989). Gases in potato pulp were determined gas-
chromatographically with standardized gas mixtures for
comparison (O2, CO2, CO, H2, CH4 mixtures from Scott
Specialty Gases, Houston, Texas, USA). Starch was de-
termined according to established procedures (Keppler
and Decker 1974; Beutler 1978), triglycerides according
to Eggstein and Kuhlmann (1974).

Special growth media for various microorganisms
were also used as standarized kits purchased from bio-
Merieux, NuÈ rtingen, Germany: API test systems 20E,
20NE, 20A, 50CHB, 50CHL, 20C AUX and 32 STAPH.

Bacteria were identi®ed by analysis of morphology,
motility, cell wall type (Gram staining), by the amino-
peptidase test (Cerny 1976) and by the KOH test
(Gregerson 1978). Ultrathin sections were used for
con®rmation of data. In addition, standardized test kits
(bioMerieux, NuÈ rtingen, Germany) were used for aero-
bic, anaerobic, and facultatively anaerobic bacteria, for
gram-negative and for gram-positive bacteria. Enzyme
activities (catalase, oxidase, polymer degradation) were
determined qualitatively or semi-quantitatively (e.g., the
Bactident oxidase test system 13 300; Merck, Darmstadt,
Germany). Pro®les of fatty acids were measured and
compared with published data, and various additional
biochemical and physiological tests (kind of substrate,
related enzyme activity) were performed (reference data
from DSMZ Braunschweig, Germany). The detailed
determination of the relationships of isolated microor-
ganisms to reference organisms was performed by par-
tial sequencing of 16S rRNA (DSMZ Braunschweig,
Germany) in cases where computer-supported numerical
taxonomy (performed with data collected according the
procedures described above) did not give satisfactory
results.

Table 1 Components of conventional wet potato pulp

Component Relative to
wet pulp
(% w/w)

Relative to
dry matter
(% w/w)

Dry matter 13.0 ±
Total organic matter 12.5 96
Ashes 0.5 4
Starch 4.9 37
Cellulose 2.2 17
Hemicellulose 1.8 14
Pectin 2.2 17
Fibre (unidenti®ed) 0.9 7
Protein/amino acids 0.5 4
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Table 2 presents a list of bacteria found to occur as
autochthonic ¯ora in potato pulp. Similarity values (%)
are given, which indicate the degree of similarity of each
isolate to the respective reference organism, based on the
evaluation of computer-supported numerical taxonomy
and, in part, on 16S rRNA analyses.

For the cultivation of fungi and yeasts (reference
organisms and isolates), the following growth media
were applied: potato-glucose/agar (Beever and Bollard
1970), Sabouraud glucose/maltose/agar (containing
peptone), malt extract/agar (Reiss 1972), Ogy agar
(Mossel et al. 1970).

Fungi were identi®ed according to culture size, colour
and shape, cell morphology and physiological proper-
ties. Commercially available test kits were used for the
identi®cation of yeasts, in combination with computer
analysis (software Apilab plus, version A 1990/91, Api-
lab, NuÈ rtingen/Germany).

Table 3 summarizes the fungi and a yeast isolate
found in potato pulp, and data regarding their occur-
rence.

Degradation of potato pulp by microorganisms

Aerobically stored potato pulp exhibited degradation
by autochthonic microorganisms in the uppermost
layer. This was shown by measurement of the biological

activity with a microcalorimeter. In this layer, biological
activity gradually increased during storage. In the lower
layers, the pulp turned into an anaerobic state, and
biological activity gradually decreased to a value close
to zero (see below: Conservation of potato pulp).
Samples treated with sorbic acid lost any biological
activity within a few days of aerobic storage; parallel
determination of aerobic degradation of starch and

Table 2 Bacteria isolated from
potato pulp Isolate Similarity value (%)

(comparison with
reference organism)

Remarks

Gram-negative eubacteria
Acinetobacter lwo� 95.0

All aerobic mesophilic bacteria
together: 107±108cells/g wet pulp
(in upper layers)

Acinetobacter johnsonii 98.1
Burkholderia cepacia 99.9
Flavobacterium indologenes 99.8
Pseudomonas aeruginosa 98.5
Pseudomonas ¯uorescens 96.9
Pseudomonas putida 98.4
Pseudomonas stutzeri 99.9
Sphingomonas multivorum 99.9
Sphigomonas paucimobilis 98.1
Xanthomonas maltophila 99.1

Gram-positive eubacteria
Bacillus amyloliquefaciens 98.9
Bacillus cereus 99.9
Bacillus circulans 99.9
Bacillus macerans 99.3
Bacillus polymyxa 99.9
Bacillus pumilis 99.8
Bacillus subtilis 98.9

Clostridium butyricum/C. beijerinckii 99.9 102±104 cells/g wet pulp
(in lower layers) (anaerobic)Clostridium sporogenes 94.8

Lactobacillus brevis 98.6

107±109 cells/g wet pulp (in lower
layers) (anaerobic, but
aerotolerant)

Lactobacillus casei 94.8
Lactobacillus delbrueckii 80.6
Lactobacillus helveticus 98.6
Lactobacillus lactis 94.0
Lactobacillus plantarum 99.9
Micrococcus varians 99.9

9>>>>>>>>>>>>>>=>>>>>>>>>>>>>>;

�
9>>>>>>=>>>>>>;

Table 3 Fungi and yeast isolated from potato pulp

Isolate Remarks

Geotrichum candidum Very common on patato pulp under
aerobic conditions; medium growth at
25 °C; minor growth at other tem-
peratures

Penicillium roqueforti Only present in few samples; medium
growth at 25 °C; good growth when
acetate was present; no growth at
37 °C

Arthrinium phaeospermum Not very common in potato pulp;
good growth at 25 °C; no growth at
37 °C

Mucor circinelloides Very common in potato pulp; good
growth at 20 °C; very minor growth
at 37 °C; mycel only few mm in height
at 15 °C

Rhodotorula sp. (yeast) Very minor growth under all condi-
tions tested
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triglycerides con®rmed these results. The presence of
enzyme activities (a-amylase, pullulanase, glycoamylase
and cellulase) was shown. Pectinolytic activities could
not be detected.

In addition, a study analysing the degradation of
potato pulp in de®ned soil (``compost'') was performed.
Standardized compost soil was used (EWEDRA,
Dransfeld, Germany) and quantiative studies were per-
formed by putting pulp samples, surrounded by a plastic
ring, into the soil (containing a de®ned amount of water)
and measuring the degradation of starch, triglycerides
and organic polymers, with simultaneous detection of
the presence of the respective enzymes (amylase, pull-
ulanase, glucoamylase, cellulase, pectinase).

Macroscopic evaluation of the change of appearance
of the potato pulp, both untreated and treated by
physical modi®cation (see below), revealed complete
degradation of the pulp within a period of 90 days. The
fastest degradation was observed for samples pretreated
by physical modi®cation, and under aerobic incubation
in compost.

Conservation of potato pulp

The presence of autochthonic aerobic bacteria, lactic
acid bacteria, clostridia (Table 2) and fungi was deter-
mined quantitatively during conservation tests. This was
done by counting the viable cells (see above: Microbio-
logical characterization of potato pulp) at various times
after inoculation, and under various conditions [aerobic
or anaerobic incubation, aerobic incubation after addi-
tion of 1% (w/w) sorbic acid, incubation after physical
modi®cation of the pulp]. Within 2±3 days after the
beginning of the experiments, lactic acid and acetic acid
concentrations increased drastically (by factors of 7±25)
in the anaerobic area of stored potato pulp, i.e. several
millimetres or more below the (aerobic) surface. Butyric
acid increased by a factor of 6 in this area, whereas an
increase by a factor of 21 was measured for this acid in
the aerobic part of the stored pulp sample. These pro-
cesses were accompanied by a gradual decrease of the
pH down to 4.2 in the anaerobic part, and development
of a characteristic smell (butyrate).

Fig. 1A±D Light micrographs
of samples of potato pulp. A
intact starch cell. Note starch
granules (S) and intact cell wall.
B as A, but after autoclaving.
The cell wall (W ) is preserved,
the starch granules are no
longer visible. C Result of a
treatment of a pulp sample by
pressure release, without pre-
ceding autoclaving. F destroyed
cell walls, S preserved starch
granules. D as C, but sample
autoclaved prior to pressure
release. Starch granules are no
longer visible. F destroyed cell
walls. Magni®cation bars
0.1 mm
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Parallel measurements of gases in potato pulp re-
vealed that, after 2±3 days of storage, the CO2 concen-
tration remained constant, with values around 30%
under aerobic and anaerobic conditions, and signi®cant
reduction (to about 5%) when sorbic acid had been
added. O2 concentration decreased within 2±3 days to a
constant value ranging between 0.3% and 0.5% both
under aerobic and anaerobic conditions. When sorbic
acid had been added, the O2 concentration remained at
around 19%. After equilibration of gas concentrations,
fungi grew at the aerobic surface of the stored pulp.
Under anaerobic conditions, no such growth of fungi
could be observed even at the surface, nor did fungi
grow when sorbic acid had been added.

Physical modi®cation of potato pulp, and applications

Potato pulp was treated with hot water vapour under
pressure (5 min at 121 °C, ``autoclaving''), followed by a
pressure-release process (various pressure values be-
tween 120 MPa and 170 MPa, performed with a French
pressure cell). Potato pulp physically modi®ed in this
way was analysed by conventional light microscopy for
cell integrity, size of wall fragments, and the size and
state of the starch (Fig. 1), and by transmission electron
microscopy for size and shape of the submicroscopic
wall fragments. This material was also analysed with
respect to biological degradation in de®ned soil (see
above). Its complete mineralization within a period of
less than half a year is not surprising; after all, it consists
of remnants of potato tuber. The ®nal state of the potato
pulp after physical modi®cation, i.e. a ®ne-grain powder,
was obtained by spray-drying. It had a low water con-
tent (less than 10%), a weight of 350±400 kg/m3, and
could be stored, without any precautions, under room
conditions. It retained its properties without contami-
nation for several years (Fig. 2).

The powder is characterized by the small sizes of its
components, the absence of intact cells, denaturation of
starch and other macromolecular components, and
a very low number of viable microorganisms (only
spores).

When resuspended in water, it can be used for nu-
tritional purposes, e.g. as animal feed, provided no
clostridial spores have been preserved. Technical appli-
cation as a glue was successfully demonstrated for the
production of particle and ®bre-boards, and for surfaces
with minimal pore sizes which may subsequently be
painted. The usual pressure, and temperatures above
140 °C should be applied in the process. This modi®ed
potato pulp can partially or completely replace any
other glue usually applied in the process, it can replace
other kinds of glue in the production of small containers
such as plant pots etc., and it should be possible to use it,
in a mixture with starch, for the production of small
containers for the packaging of food etc. An initial ®rst
estimate of the costs of the amount of potato pulp glue
needed for one tonne of ®bre board (see above) is
around DM 70±140, with a sales price of DM 1.00/kg
glue powder.

The competitiveness of this new kind of glue has not
yet been completely evaluated. When produced in high
quantities, its cost of production should be equivalent to
the cost of other glues, e.g. formaldehyde/urea, the
competing glue, usually applied for similar purposes. Its
major advantages are that the raw material is an agri-
cultural waste product available at very low cost, and
that the glue is completely biologically degradable. In
these respects, it will be of advantage compared with
conventional glues.
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