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ABSTRACT. The effects of potato protein concentrates (PPC) differing in di-
etary solanidine glycoalkaloids (SGA) and trypsin inhibitor activity (Tl), and of
potato sprouts with differing SGA levels, were studied in rats. In Experiment 1,
semi-purified isoprotein diets containing casein or one of six PPC contributing
from 116 to 439 mg SGA - kg™' and from 0.13 to 0.45 mg - g™ of Tl activity, were
used. Weight gain was significantly greater on the diet containing PPC with low
SGA and low Tl than on PPC with high SGA and moderate Tl contents, and
also higher than on casein. Weight gain was also slightly depressed on diets
with the highest Tl activity. Substitution of PPC for casein resulted in lowering
the pH of caecal digesta and increasing short-chain fatty acids concentration.
Feeding diets with the greatest SGA content induced depression of protein and
organic matter digestibility while diets with the greatest Tl activity decreased
protein digestibility but did not affect pancreas weight. In Experiment 2, a com-
mercial rat diet, supplemented with increasing amounts of potato sprout meal
providing SGA in the range from 0 to 300 mg - kg™', was used. Neither growth
performance, organ weights, caecal parameters, nor enzyme activities were
affected by the diet. It is postulated that the less evident response of rats to
SGA in the natural ingredient than in the semi-purified diet was due to the at-
tenuating effect of more intensive bacterial fermentation. Potato trypsin inhibitor
should be considered as an antinutritional factor in PPC; interactive effects of
SGA and Tl are presumable.

(Tusénio et al., 2011), and the stimulatory effect of
potato protein on Clostridium perfringens infection

Potato protein concentrate (PPC) is one of
a few vegetable protein sources having an excel-
lent amino acid composition that can replace animal
protein in piglet and chicken diets. There are, how-
ever, several factors which limit the efficient use of
PPC such as solanidine glycoalkaloids (SGA) and
trypsin inhibitor (TI), the resistance of potato pro-
tein to enzymatic digestion in rats (Morita et al.,
2004; Taciak and Pastuszewska, 2007) and in pigs

and intestinal lesions in chicken (Palliyeguru et al.,
2010; Fernando et al., 2011). Most of these effects
concern the gut and can be interrelated, but SGA
and TI seem to be primordial factors. Whereas the
tolerance of different animal species to these com-
pounds has not been established, knowledge about
their antinutritional effects is important for the safe
use of PPC, particularly because of its highly vari-
able contents (Pastuszewska et al., 2009).
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In the experiments of Kerr et al. (1998), piglets
fed on diets with different but low levels of PPC
showed deterioration of feed intake and growth per-
formance related to the solanidine glycoalkaloids
content of PPC, but this relationship has not been
quantified. In the experiments of Tusnio et al. (2011)
growing pigs performed well on a considerably
higher dietary level of PPC and SGA than piglets
used in the study by Kerr et al. (1998). Chickens ap-
pear to be less tolerant to dietary PPC than pigs and
they seem to better tolerate increases in the dietary
level of SGA than of the respective level of PPC
(Tusnio et al., 2013). This may indicate the presence
of other factor(s) in PPC that lower its acceptability
in birds. The inconsistency of the reported results
may stem both from varying experimental design
and from different susceptibility to SGA and PPC of
the animal species under study.

The main methodological difficulty in studies
on the tolerance of animals to SGA is separation of
the effects of SGA from those of TI and of potato
protein itself. Due to the very high price of syn-
thetic forms of glycoalkaloids, it is most often im-
possible to use them as dietary additives and check
their effects directly. Diets differing in SGA and
TI, but uniform in PPC contents can be formulated
only when PPC of known and diverse SGA con-
centrations and TI activity are available, as in the
experiment of Tusnio et al. (2013) on chickens. An
alternative solution may be providing SGA using
potato sprouts, which are a very rich source of these
compounds. Both methodological approaches were
applied in the present study performed on rats. Its
objective was to determine the response of growing
rats to increasing amounts of dietary glycoalkaloids
contributed either by potato protein concentrate or
by potato sprouts, and to approximate the effects of
potato trypsin inhibitor present in PPC. Feed intake,
growth rate, weight of the gastrointestinal tract and
body organs, activity of selected liver enzymes, and
intensity of bacterial fermentation in the caecum,
were measured. Digestibility of organic matter and
protein in diets containing different concentrations
of SGA and TI activity were also determined.

Material and methods

Diets

Two experiments were performed. In Experi-
ment 1, six semisynthetic, isoprotein diets contain-
ing PPC (obtained from Polish starch factories) dif-
fering in SGA concentration and TI activity (diets
No. 2 to 7), and a control diet containing casein
(diet No. 1), were formulated. The composition
of the diets is shown in Table 1. In Experiment 2,
commercial Labofeed H diet for growing laboratory

Table 1. Composition of diets used in Experiment 1

Diet No
1 2 3 4 5 6 7
Ingredients, g - kg
casein
potato protein

Indices

4 - -~
concentrate' - 134 134 135 136 133 132

maize starch 626 616 616 615 614 617 618
constantingredients?250 250 250 250 250 250 250
SGA®%, mg - kg™ - 16 125 164 215 331 439
T# mg-g™ - 042 013 045 014 029 0.27

Crude protein, 99.4108.7 1125 106.2 103.1 106.9 104.4
g - kg' (analysed)

' potato protein concentrate with different SGA and TI; 2 per kg of
diet, g: saccharose 120, cellulose 40, soya oil 40, minerals 35, vitamin
10, choline chloride 2, chromium oxide 3; ® solanidine glycoalkaloids;
* trypsin inhibitor activity

Table 2. Composition of diets used in Experiment 2

Indices Diet

1 2 3 4 5 6
Ingredients, g kg
Labofeed H 960.0 9586 957.1955.7 954.3 952.8
Rapeseed oil 40.0 400 40.0 400 40.0 400
PSM! - 14 29 43 57 72
SGA?, mg kg diet - 60 120 180 240 300

Crude protein, g- kg 220.0 220.0 220.0 220.0 220.0 220.0

' potato sprout meal, 41.85 mg SGA per g; 2 solanidine glycoalkaloids,
calculated

animals (Morawski Feed Factory, Poland) was sup-
plemented with increasing amounts of potato sprout
meal (PSM) containing 41.85 mg SGA per g of dry
matter. The PSM was prepared from sprouts har-
vested from potatoes prior to planting at the Experi-
mental Station of the State Institute of Plant Breed-
ing and Acclimation in Jadwisin (Poland). Fresh
sprouts were dried at 60°C for about 24 h, ground in
a laboratory mill, analysed for SGA contents (Berg-
ers, 1980) and stored until use. Six diets contain-
ing Labofeed H diet without PSM (control diet No.
1) or supplemented with 1.4,2.9,43,570r72 g
of PSM per kg, were prepared. Due to the scarce
literature data, the SGA levels in the experimental
diets were chosen according to our best knowledge.
The composition and SGA contents of the diets are
given in Table 2. The dietary content of SGA and
TI activity were calculated from values obtained by
analysing potato products.

Animals and experimental procedures

The experimental procedures were approved by
Local Ethics Committee for Animal Experimenta-
tion. Both experiments were performed on male
Crl:W (Han) Wistar rats, six animals per group, and
mean initial body weight 65 and 70 g in Experi-
mentsl and 2, respectively. The rats were housed
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individually in wire-bottom cages designed to sepa-
rate faeces and urine, in a room with a 12 h light-12 h
dark cycle at 22° = 1°C. Experiment 1 comprised
18 days of ad libitum feeding and 6 days of semi ad
libitum during total collection of faeces and urine.
Experiment 2 comprised 28 days of ad libitum feed-
ing. Feed intake was measured weekly in both ex-
periments. At the end of the experiments, the rats
were sacrificed and the stomach, small intestine,
caecum (full and empty), liver, pancreas, spleen and
kidneys were excised and weighed. Blood was col-
lected into heparinized tubes by intracardiac punc-
ture. Caecal digesta was collected for short-chain
fatty acid (SCFA) determination.

Analytical methods and measurements

Total glycoalkaloids in potato concentrates and
sprout meal were analysed as described by Bergers
(1980). Trypsin inhibitor activity in PPC was deter-
mined using the method of Kakade et al. (1974) and
expressed as milligrams of trypsin inactivated by
1 g of the concentrate.

The nitrogen content of diets, faeces and urine
was determined by the standard Kjeldahl method,
and dry matter and ash contents of diets and faeces
according to AOAC (2000). Selected biochemical
parameters of blood plasma were determined on an
Ectachem DT60 Analyzer (Eastman Kodak, Roch-
ester, NY, USA). Measurement of the pH of caecal
digesta, preparation of the samples, and analysis of
short-chain fatty acids were performed as described
by Barszcz et al. (2011).

Statistical analysis

The effects of diets in Experiments 1 and 2 were
subjected to the one-way ANOVA procedure. The
design of Experiment 1 was imposed by the com-
position of the available material that did not allow
for separation of the effects of glycoalkaloids and
trypsin inhibitor.

The analyses were performed according to the
model:

Vy=rToTe
where:
Vi~ ij-th observation,
p — overall mean,
o fixed effect of treatment (i =1, 2, 3,4, 5,6, 7

in Experiment 1 andi=1,2,3,4,5,61in

Experiment 2),
e~ random error connected with ij-th observation.

Differences among the groups were evaluated
by Fisher-Snedecor test and Tukey HSD test using
the STATGRAPHICS® Centurion XVI ver. 16.1.03
(StatPoint Technologies, Inc. 1982-2010) statistical
package.

Results

Experiment 1

The content of SGA in six diets increased from
116 to 439 mg - kg! and the activity of TT contrib-
uted by PPC ranged from 0.13-0.14 to 0.27-0.29
and 0.42-0.45 mg - g"' (Table 1).

Feed intake was not affected by either diet or
SGA and TI. Body weight gain was significantly
greater on diet 3 (125 mg - kg and 0.13 mg - g! of
SGA and TI, respectively) than on diet 6 (331 mg -
kg'and 0.29 mg - g! of these compounds), and did
not differ among other groups, including the control
group (Table 3).

Table 3. Feed intake and body weight gain of rats in Experiments 1
and 2

Diet Content of Growth performance
No SGA' T feed body weight
mg- kg™ mg-g’ intake, g gain, g
Experiment 12
1 - - 254 70.584
2 116 0.42 258 75.0%
3 125 0.13 276 87.0°
4 164 045 268 78.22%
5 215 0.14 276 81.9%
6 331 0.29 250 67.2°
7 439 0.27 259 70.2%
SEM 1.0 4.28
Experiment 2°
1 - - 542 161.6
2 60 - 527 159.8
3 120 - 555 168.8
4 180 - 553 168.9
5 240 - 539 159.0
6 300 - 547 161.2
SEM 15.4 5.98

' see Table 1; 2 18 days of feeding trial; 28 days of feeding trial;
4 values with different letters within the column differ at p < 0.05

Table 4. Apparent total tract digestibility of protein and organic matter,
%; Experiment 1

) Content of Apparent digestibility, %
Bft SGA! T crude organic
mg -kg” mg-g”’ protein matter
1 - - 90.8v2 94.6°
2 116 0.42 90.3° 94.2%
3 125 0.13 92.2¢ 94.3%
4 164 0.45 90.5° 94.2¢
5 215 0.14 91.20 94 4pe
6 331 0.29 88.42 93.6°
7 439 0.27 88.4 93.8%
SEM 0.34 0.14
'see Table 1;

2 values with different letters within the columns differ at p < 0.05
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Table 5. Relative weight of body organs, g - 100 g~ body weight

Content of Body organs
Diet 1 1
No SGA » Tl » stomach .Sma”. liver pancreas  spleen kidney caecum

mg-kg™' mg-g intestine full empty
Experiment 1
1 - - 0.61°<2 2.708 3.98 0.38 0.22 0.91 1.33 0.25
2 116 0.49 0.56° 3.01% 3.93 0.38 0.21 0.90 1.30 0.24
3 125 0.13 0.57% 2.88%® 4.06 0.40 0.23 0.91 1.28 0.26
4 164 0.45 0.58% 2.85% 4.08 0.35 0.20 0.89 117 0.23
5 215 0.14 0.56° 2.93® 4.16 0.39 0.22 0.86 1.33 0.26
6 331 0.29 0.60° 3.18° 4.16 0.39 0.21 0.94 1.32 0.25
7 439 0.27 0.62° 3.16° 414 0.37 0.21 0.94 1.25 0.25
SEM 0.010 0.079 0.094 0.018 0.01 0.023 0.091 0.009
Experiment 2
1 - - 0.52 2.99 4.90 0.38 0.24 0.98 2.87 0.47
2 60 - 0.49 3.00 4.98 0.39 0.25 0.97 3.13 0.50
3 120 - 0.50 2.99 4.98 0.35 0.23 0.95 2.81 0.48
4 180 - 0.48 297 5.00 0.39 0.26 0.95 3.13 0.50
5 240 - 0.51 3.02 497 0.3 0.23 0.94 3.15 0.49
6 300 - 0.52 2.93 4.91 0.39 0.25 0.97 3.04 0.50
SEM 0.001 0.069 0.135 0.014 0.011 0.027 0.125 0.016

' see Table 1; 2 values with different letters, within the columns differ at p < 0.05

Apparent total tract digestibility of potato pro-
tein contributing up to 215 mg SGA - kg did not
differ from that of casein, whereas digestibility
of PPC protein in diets 6 and 7 containing 331 and
439 mg - kg! of SGA and TI activity 0.29 and
0.27 mg - g, respectively, was significantly lower
than in casein- and other PPC-containing diets. Digest-
ibility of organic matter (OM) of casein and PPC diets
containing less than 331 mg SGA - kg! did not differ,
but OM digestibility of diets 6 and 7 with the high-
est SGA concentration and moderate TI activity was
significantly lower than on the control diet (Table 4).

Only the relative weight of the stomach and
small intestine were significantly affected by the
diet (Table 5). The weight of the stomach was the
greatest in control animals and those fed on diets 6
and 7 with the highest SGA content and moderate
TI activity, whereas the weight of the small intestine
was the smallest in control animals and the greatest
on diets 6 and 7.

The activity of liver enzymes, asparagine ami-
notransferase and gamma-glutamyltransferase, did
not differ among groups. In contrast, the activity of
alanine aminotransferase (ALT) was considerably
smaller in the control group than on diet 7 (Table 6).

The total concentration of short-chain fatty ac-
ids (SCFA) and the concentration of particular ac-
ids, except propionic acid, was numerically greater
on diets containing PPC than casein (Table 7). The
acetic acid concentration was significantly greater
on diets 3 and 5 (125 mg - kg! and 215 mg - kg™
SGA, both low TI: 0.13 and 0.14 mg - g'), that of

isobutyric acid was significantly greater on diets 3
and 6 (125 mg - kg! SGA, 0.13 mg - g! TT, and 331
mg - kg' SGA, 0.29 mg - g*! TI). The concentrations
of butyric and isovaleric acids varied in an irregular
manner, whereas the concentrations of valeric acid
in all groups, except on diet 4 (164 mg - kg™' SGA,
0.45 mg - g! TI), were significantly greater than on
casein and did not differ among PPC. The SCFA

Table 6. Activity of liver enzymes in rats, Experiments 1 and 2

) Content of Liver enzymes, U - 1!
Diet - Sear T
No _ _ AST? GGT*  ALT*

mg-kg' mg-g’

Experiment 1
1 - - 53.9 5.7 12.7%
2 116 0.42 51.5 5.6 19.6%
3 125 0.13 49.1 5.8 15.4%
4 164 0.45 55.5 5.9 18.7%
5 215 0.14 52.6 54 15.2%®
6 331 0.29 55.9 5.7 20.0®
7 439 0.27 60.0 6.0 20.9°
SEM 312 023 1.85
Experiment 1
1 - - 744 - 49.0
2 60 - 83.4 - 51.5
3 120 - 7241 - 434
4 180 - 71.3 - 54.7
5 240 - 7741 - 55.5
6 300 - 73.9 - 47.1
SEM 181 - 1.72

'see Table 1; 2aspartate aminotransferase; ®gamma-glutamyltrans-
ferase; “alanine aminotransferase; °values with different letters within
the columns differ at p < 0.05
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Table 7. Short-chain fatty acids (SCFA) concentration in caecum, umol - g~' digesta; Experiments 1 and 2

Diet Content of SCFA
No SGA', TI', oH acetic propionic  butyric isobutyric  valeric isovaleric

mg-kg' mg-g’ acid acid acid acid acid acid
Experiment 1
1 - - 7.25%2 22.242 414 3.66° 0.442 0.332 0.20° 31.012
2 116 0.42 6.822 27.98%® 4.61 6.65 0.55% 0.52° 0.38%* 40.69*
3 125 0.13 6.76° 31.34° 447 7.28¢ 0.58° 0.58° 0.41° 44.66°
4 164 0.45 6.942 26.36% 4.39 5.44a 0.50% 0.46% 0.37% 37.52%®
5 215 0.14 6.76° 30.39° 4.45 6.94 0.56% 0.54° 0.41° 43.29°
6 331 0.29 6.99% 25.83% 3.86 5.16% 0.63° 0.48° 0.45° 36.41%
7 439 0.27 6.872 27.98% 4.61 6.65" 0.55% 0.52° 0.38%* 40.69*
SEM 0.069 1.659 0.332 0.474 0.030 0.032 0.005 2.463
Experiment 2
1 - - 6.57 68.68 26.22 8.62 448 3.91 449 116.40
2 60 - 6.44 70.68 26.24 11.35 3.95 3.75 3.19 119.16
3 120 - 6.66 62.36 27.66 8.99 5.04 412 5.97 114.14
4 180 - 6.35 74.69 25.09 12.28 4.01 4.03 3.37 123.47
5 240 - 6.45 64.57 23.08 10.87 375 3.76 2.83 108.86
6 300 - 6.45 64.22 27.00 10.89 3.90 3.80 3.03 112.84
SEM 0.083 4.155 1.585 1.088 0.381 0.242 0.192 5.761

"see Table 1; 2 values with different letters within the columns differ at p < 0.05

profile differed slightly between the casein and PPC
diets, the proportions of propionic acid being small-
er and those of butyric, isovaleric and valeric ac-
ids, greater on PPC than on the casein diet, whereas
the proportions of acetic and isobutyric acids were
similar (not shown). The pH of caecal digesta of rats
fed PPC diets was substantially lower than on ca-
sein (Table 7).

Experiment 2

No effect on growth performance, weight of
body organs, biochemical blood parameters, or in-
tensity of fermentation was found of the diets con-
taining commercial feed supplemented with potato
sprout meal to contain from 0 to 300 mg SGA - kg™
(Tables 3, 5, 6 and 7).

Discussion

Potato concentrate fed to rats as the only source
of protein in semi-purified diets did not reduce feed
intake, as compared with casein, and numerically
even increased body weight gain, except in diets 6
and 7. This may be attributed to the excellent potato
protein amino acid composition, as has been report-
ed by many authors (Xie and Jokumsen, 1997; Jin
et al., 2008; Ohh et al., 2009; Lynch et al., 2012).
Moreover, contrary to expectations, growth perfor-
mance parameters were not negatively affected by
the increase of dietary SGA content up to 330 mg -
kg™' in Experiment 2 and to 439 mg - kg™' in Experi-
ment 1. The only statistically significant difference
between the greater body weight of rats fed on diets

containing low levels of SGA and TI and those fed
on a high level of SGA and moderate level of TI (diet
3 vs 6) could not be attributed to the effect of SGA.
These results contrast with the common opinion on
glycoalkaloids as the main factor responsible for
depression of feed intake and growth rate of piglets
and fish fed PPC (Kerr et al., 1998). Also chickens
were less tolerant to SGA than rats, since in an ex-
periment of similar design, birds fed a diet contain-
ing 318 mg SGA kg™ substantially decreased both
feed intake and growth rate (Tusnio et al., 2013).
The discrepancy between the reported results and
those of our study may probably be explained by the
smaller sensibility of rats than other animal species
to alkaloids, but may also result from the different
type and composition of the diets affecting animal
response to SGA.

Since the design of Experiment 1 did not allow
for application of two-factorial analysis of variance
separating the effects of SGA and TI and showing
their interaction, it may be only speculated that the
smallest body weight gain on diets 6 and 7 contain-
ing 331 and 439 mg - kg' of SGA and TI activity
0f 0.29 and 0.27 mg - g!, respectively, could be the
effect of the interaction of both compounds.

The effects of the potato protease inhibitor
found in Experiment 1 show that also TI should
be considered as the antinutritional factor in potato
concentrate, since even relatively low dietary con-
centrations may depress growth rate and gut func-
tions. The increase of TI activity from 0.13 to 0.42
and from 0.14 to 0.45 mg - g' of the diet induced
a small depression of apparent protein digestibility,
but did not affect the digestibility of organic matter.
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The effect of TI on protein digestibility, but not on
growth performance, is in line with the results of
Tusnio et al. (2013) on chicken and those of Bajko
et al. (1979, 1980) and Lee et al. (1985) who found
that potato trypsin inhibitor stimulates exocrine pan-
creatic secretion and affects protein digestibility in
a similar way as the protease inhibitors present in
soya bean. However, in contrast to the common ob-
servation on the hypertrophy of rat pancreas induced
by soya bean inhibitors, such an effect of the TI of
potato origin was not observed in our experiment.

The structures and activities of many potato
protease inhibitors have been recently studied with
particular emphasis on their role as antimicrobial
and antifungal factors (Kim et al., 2005; Park et al.,
2005; Jin et al., 2008). It has been postulated that
potato protein of particular potato varieties may be
an alternative to medicated feeds due to its antimi-
crobial activity (Jin et al., 2008). The results of our
study show that the trypsin inhibitor present in po-
tato protein concentrate produced from potatoes of
different varieties does not reduce the intensity of
bacterial fermentation in the large intestine of rats,
whereas its effect on pathogenic strains was not es-
timated.

In view of the presented results it is concluded
that potato trypsin inhibitor should be considered as
an important antinutritional factor and its tolerated
levels should be estimated both independently and
in a well-defined interaction with glycoalkaloids,
since both compounds are present in PPC in widely
varying amounts (Pastuszewska et al., 2009).

The elevated level of liver enzyme ALT at the
highest SGA concentrations in Experiment 1 im-
ply hepatotoxicity of these compounds when fed at
the concentration of 439 mg - kg™! and are in line
with the tendency towards increased relative liver
weight. The enhanced activity of these enzymes is
indicative of impairment of liver functions by tox-
ins, including glycoalkaloids (Rupin et al., 1982;
Friedman, 1996). The response of rats differs in this
aspect from that of chickens, in which a slight but
non-significant decrease of AST activity was found
at a similar SGA concentration (Tusnio et al., 2013).

Bacterial fermentation was far more intensive
in animals fed on natural ingredient diets in Experi-
ment 2 than on semi-purified diets in Experiment 1,
and was also slightly more intensive on semi-puri-
fied diets containing potato protein than casein. The
conclusion on the stimulating effect of potato pro-
tein on caecal fermentation is based on the signifi-
cantly lower pH of caecal digesta and numerically
greater sum of SCFA on PPC diets. This result cor-
roborates the hypothesis of Morita et al. (2004) on

the role of potato protein as a resistant protein pro-
viding gut microflora with a greater amount of ni-
trogen than does casein, which is almost completely
digested in the small intestine. Among the particular
SCFA, the most regular and important modifications
were found for the concentration and proportions of
butyric and valeric acids, which were substantially
increased in rats fed on potato protein. The rise in
the butyric acid concentration is in agreement with
the results of an earlier study by Taciak and Pas-
tuszewska (2007).

Glycoalkaloids appeared to influence fermenta-
tion in rats fed semi-purified diets in Experiment 1,
but not the natural ingredient diets in Experiment 2.
The modifications consisted in the changes in the
concentrations of isobutyric and isovaleric acids,
the products of bacterial metabolism of branched-
chain amino acids. This may suggest that SGA af-
fect the composition of protein catabolized by mi-
croflora in the large intestine, probably due to the
stimulation of endogenous secretion. This interpre-
tation is supported by the negative effect of SGA on
apparent protein digestibility in the whole digestive
tract. Since one of two mechanisms of the harmful
effects of SGA in organisms is disintegration of cell
membranes, including those of the intestinal epithe-
lium (Smith et al., 1996), it may be hypothesized
that impairment of digestion was caused by damage
of this structure.

The results of the present study show that the
dietary concentration of glycoalkaloids tolerated
by rats depends on the type of the diet and varies
depending on the criterion applied. Animals fed a
semi-purified low-protein diet only slightly stimu-
lating fermentation were more affected by SGA
than animals fed a commercial breeding diet result-
ing in substantially more intensive fermentation.
The microbial fermentation rate may be important,
since in vitro studies have shown that rumen micro-
organisms hydrolyse SGA to less toxic compounds
(Kuiper-Goodman and Nawrot, 1996), therefore,
similar effects of the microflora of the large intes-
tine of monogastric animals may be assumed.

When growth performance of rats fed the semi-
purified diet was the main parameter, the tolerated
level was about 331 mg-kg™!, but could not be clear-
ly discriminated because of likely interactive effects
of TI. Small but distinct depression of protein and
organic matter digestibility indicating impairment
of gut functions may imply that the tolerated level
is below 330 mg - kg ! of SGA, whereas appearance
of metabolic effects not earlier than at the highest
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SGA concentration suggests that it is between 330
and 440 mg - kg'. It should be stressed that the
increase of SGA content within the experimental
range did not provoke any evident symptoms of
toxicity or neural disorders.

Conclusions

The dietary concentration of glycoalkaloids tol-
erated by rats depends on type of the diet and var-
ies depending on the criterion applied. Substitution
of potato protein for casein in a semi-purified diet
increases the intensity of microbial fermentation
and modifies the short-chain fatty acid profile in
rats. The less apparent effects of solanidine glycoal-
kaloids in animals fed natural ingredients than the
semi-purified diet may probably be explained by a
greater intensity of microbial fermentation. Potato
trypsin inhibitor should be considered as an impor-
tant antinutritional factor in potato protein concen-
trate, but its effects on the pancreas seem to differ
from those of soya bean T1.
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