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ABSTRACT. The aim of the study was to determine the effects of fermenta-
tion of Lupinus angustifolius seeds with yeasts and multibacterial preparation
on their chemical and microbial composition, protein digestibility and selected
gut and lipid blood parameters in rats. Contents of nutrients, fibre fractions, alka-
loids, oligosaccharides, amino acids and phytate in raw (RL) and fermented (FL)
lupine seeds were determined. The RL and FL seeds and soyabean oil meal
were used as the only protein supplements in wheat diets and fed for 4 weeks
to 3 groups of 8 male Wistar rats, approximately 7-week-old. Apparent total tract
digestibility of protein (ATTD), intestinal tissue and digesta weights, caecal me-
tabolites concentrations and lipid profile in blood were determined. Fermentation
did not affect or induced small changes in crude protein, ash, fat, total alkaloids
and phytate P concentrations whereas it eliminated oligosaccharides, reduced
considerably true protein and increased crude fibre, NDF and ADF contents.
The ATTD of dietary protein was higher in rats fed FL than RL diet. Feeding
FL vs RL did not affect intestinal tissue weight, decreased caecal and colon
digesta weights, decreased pH and activity of a-galactosidase, and increased
that of xylosidase in caecal digesta. The short chain fatty acids (SCFA) caecal
concentration and profile were not affected by fermentation whereas pools of
acetate, butyrate and total SCFA were lowered. Total triacylglycerols blood level
did not differ between FL and RL group, nevertheless total cholesterol and HDL
concentration were higher in FL fed rats.

effective degradation of phytates, oligosaccha-
rides and alkaloids (Jiménez-Martinez et al., 2007;

Each year, fermented feed is gaining more in-
terest as a diet component in monogastric animals
feeding. Fermentation of lupine seeds contributes
to the improvement of nutritional value increas-
ing the availability of minerals and leads to more

Suliburska et al., 2009; Kasprowicz-Potocka et al.,
2016). Narrow-leafed lupine (Lupinus angustifolius)
is the most popular among lupine species cultivated
in Poland because of better growth condition, lower
antinutrients content and lower fibre content than
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other species. Fermentation of lupine was success-
fully carried out with the use of bacteria (L. sakai,
P pentosaceus), fungi (A. oryzae) and yeast
(S. cerevisiae, C. utilis) (Suliburska et al., 2009;
Bartkiene et al., 2013; Fritsch et al., 2015; Kaspro-
wicz-Potocka et al., 2015). The nutrient contents of
products fermented by these microorganisms are dif-
ferent. Bacteria generally reduce pH and decompose
structural carbohydrates, whereas yeast increase
protein and reduce antinutritive factors (ANF) (Frit-
sch et al., 2015). Some bacterial strains are capable
of using lupanine, the predominant quinolizidine
alkaloid in lupine species, as a sole carbon source
(Santana et al., 2002). There are no studies about
simultaneous fermentation of lupine seeds by yeast
and bacteria. There is also only few studies focused
on fermented lupine products usage in animal nu-
trition (Bartkiene et al., 2013; Kasprowicz-Potocka
et al., 2015). Fermentation of diets can be a strategy
to improve feeding effects in pigs but it should be in-
vestigated (Lyberg et al., 2006; Canibe and Jensen,
2012). We hypothesized that combined fermentation
of lupine seeds would allow to obtain new products
with higher nutritional value and better microbial
status in comparison with unprocessed seeds.

The aim of the study was to: 1. determine the
effect of fermentation on the chemical composition
and nutritive value of lupine seeds and 2. assess
the impact of lupine components as a substitute for
soyabean meal (SBM) on the protein digestibility
and intestinal ecosystem, activities of selected
enzymes and concentrations of volatile products in
digesta sampled from various parts of the intestines
of rats as the model animals.

Material and methods

Fermentation process

The seeds of Lupinus angustifolius var. Nep-
tun were obtained from the Plant Breeding Station
Przebgdowo (Przebedowo, Poland). Soyabean meal
was obtained from the market. The seeds were de-
contaminated with 0.07% sodium hypochlorite
solution (POCH, Gliwice, Poland) for 15 min, re-
peatedly washed with distilled water, dried at 55 °C
and ground in a laboratory grinder (Retsch, Haan,
Germany). Two kg of lupine meal was mixed vigor-
ously with 8 | of distilled water in the plastic fer-
mentation buckets. The fermentation of lupine seeds
was carried out using dry baker’s yeast — Saccharo-
myces cerevisiae (Dr Oetker, Gdansk, Poland) and
commercial multi-bacterial preparation (Polmass,
Bydgoszcz, Poland) containing strains of Entero-

coccus faecium, Lactobacillus plantarum, L. Buch-
neri and L. casei. Lupine meal was inoculated with
yeast (1%, by lupine mass) and bacterial prepara-
tion (0.1%, by lupine mass) and mixed. Fermenta-
tion was conducted for 24 h at 25 °C under aerobic
conditions. Next, the bacterial enzymes were deac-
tivated for 15 min at 70 °C, and the material was
dried at 55 °C. Fermented material for experiment
was produced as one part in the amount necessary
for experiment on rats.

Experiment on animals

The Local Ethical Committee in Poznan
approved the tests (Resolution No. 43/2011 of
15" May 2011). The experiment was carried
out on 24 male Crl:WI(Han) Wistar rats aged
approximately 7 weeks. The experimental diets were
administered for 4 weeks to 8 rats per group housed
individually in Plexiglas cages. The diets (Table 1)
had a similar content of protein (approximately
18.5%), fat (soyabean oil), minerals and vitamins.
Diets and tap water were available ad libitum. The
animals were kept in the room at a temperature of
21-22 °C, relative air humidity of 50-70%, with

Table 1. Composition of diets, %

Indices Diet

SBM'  RL? FL3
Soyabean meal 18.5 - -
Narrow-leafed lupine seeds 27.8 -
Fermented narrow-leafed lupine - - 20.9
Wheat 72.3 63.0 69.9
Soya oil 5 5 5
Mineral premix* 3 3 3
Vitamin premix® 1 1 1
Choline chloride 0.2 0.2 0.2

'SBM - soyabean oil meal; 2RL - raw lupine seeds; °FL — fermented
lupine seeds; “Mineral premix AIN-93G, per kg of mix: g: anhydrous
calcium carbonate 357 (40.04% Ca), monobasic potassium phos-
phate 196 (22.76% P, 28.73% K), potassium citrate and tripotassium
monohydrate 70.78 (36.16% K), sodium chloride 74 (39.34% Na,
60.66% ClI), potassium sulphate 46.6 (44.87% K, 18.39% S), mag-
nesium oxide 24 (60.32% Mg), ferric citrate 6.06 (16.5% Fe), zinc
carbonate 1.65 (52.14% Zn), sodium metasilicate 9 9H,0 1.45
(9.88% Si), manganous carbonate 0.63 (47.79% Mn), cupric car-
bonate 0.3 (57.47% Cu), powdered sucrose 221026, chromium po-
tassium sulphate 0.275 x 12H,0 (10.42% Cr); mg: boric acid 81.5
(17.5% B), sodium fluoride 63.5 (45.24% F), nickel carbonate 31.8
(45% Ni), lithium chloride 17.4 (16.38% Li), anhydrous sodium
selenite 10.25 (41.79% Se), potassium iodate 10 (59.3% 1), am-
monium paramolybdate 7.95 x 4H,0 (54.34% Mo), ammonium
vanadate 6.6 (43.55% V); SVitamin premix AIN-93G, per kg of mix: g:
nicotinic acid 3.0, Ca pantothenate 1.6, pyridoxine-HCI 0.7, thiamin-
HCI 0.6, powdered sucrose 974655, riboflavin 0.6, folic acid 0.2, bio-
tin 0.02, vit. B, 2.5 (cyanocobalamin, 0.1% in mannitol); IU: vit. E 15.0
(all-rac-a-tocopheryl acetate, 500), vit. A 0.8 (all-trans-retinylpalmitate,
500 000), vit. D, 0.25 (cholecalciferol, 400 000), vit. K, 0.075 (phyl-
loquinone)
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intensive ventilation (20 times - h™') and a 12 h light
regimen. Individual body weight and feed intake
were recorded.

In the last week of the experiment, the rats
were transferred to balance cages (Techniplast Spa,
Buguggiate, Italy), and faeces were quantitatively
collected in order to calculate the protein digestibility
coefficients. After 4 weeks of the experiment, the
rats were anaesthetized with sodium pentobarbitone
(14 mg per kg of body weight). Blood samples
were collected from the caudal vena cava. Serum
samples were prepared by centrifugation at 1500 g
for 15 min at 4 °C, and stored at —40 °C for further
analyses. After laparotomy, small intestine, caecum
and colon were removed and weighed. Directly after
euthanasia (approximately 10 min) ileal, caecal
and colonic pH values were measured, digesta
samples were collected in order to determine dry
matter, ammonia and short-chain fatty acids (SCFA)
contents and the remaining material was frozen at
—70 °C for the determination of protein content
and microbial enzyme activity. The ileal, caecal
and colonic walls were flushed, cleaned with ice-
cold saline, blotted on filter paper and weighed to
determine tissue mass.

Chemical and microbial analysis

For chemical analysis, all samples were ground to
pass through a 0.5-mm sieve. Raw seeds, fermented
products and digesta samples were analysed twice
for dry matter, crude protein, ether extract, crude
fibre, crude ash, acid detergent fibre and neutral
detergent fibre using AOAC International (2006)
methods: 934.01, 976.05, 920.39, 978.10, 942.05,
973.18, respectively. The true protein was determined
by extraction of protein with 20% trichloroacetic
acid. Protein was determined using Kjeldahl
method. Lupine alkaloids were extracted with
trichloroacetic acid and methylene chloride (Sigma-
Aldrich, St. Louis, MO, USA) and determined
using gas chromatography method (Shimadzu
GCI17A, Kyoto, Japan) with a capillary column
(Phenomenex, Torrance, CA, USA). Raffinose family
oligosaccharides were extracted and analysed using
high-resolution gas chromatography as described by
Zalewski et al. (2001). Phytate content was analysed
according to the AOAC International (2006) method
986.11. Amino acid (AA) content was determined
using an AAA-339 Mikrotechna amino acid analyser
(Prague, Czech Republic) with ninhydrin for post-
column derivatization. Before analysis, the samples
were hydrolysed using 6 M HCI for 24 h at 110 °C
(procedure 994.12; AOAC International, 2006).

Samples for bacteriological analysis were
prepared by adding 27 ml of buffered peptone water
(Oxoid, Hampshire, UK) to 3 g of samples and
homogenized for 30 s in a laboratory stomacher.
Microbial counts were determined using a decimal
dilution series of homogenised samples. Total
bacteria count and lactic acid bacteria count were
determined after 72 h incubation at 30 °C using
plate standard methods with plate count agar
(PCA) and MRS broth (Oxoid, Hampshire, UK),
respectively. Salmonella count was determined at
37 °Cusing pre-suplemented dichloran Rose Bengal
chlorcamphenicol (DRBC) and agar Salmonella
Chromogen (Oxoid, Hampshire, UK), after 18 h
and 24 h incubation, respectively. Yeast content was
calculated using pre-supplemented DRBC (Oxoid,
Hampshire, UK) after incubation at 25 °C for
3-5 days. Coliform bacteria were determined using
Violet Red Bile lactose agar (Oxoid, Hampshire,
UK) after 24 h of incubation at 30 °C.

Caecal pH was measured using a microelec-
trode and pH/Ion meter (model 301, Hanna Instru-
ments, Vila do Conde, Portugal). Ammonia was
extracted and trapped in a boric acid solution, and
then analysed through direct titration with sulph-
uric acid (POCH, Gliwice, Poland). Short-chain
fatty acids in fresh caecal contents were determined
using gas chromatography (Shimadzu GC-14A
with a 2.5 mm x 2.6 mm glass column containing
10% SP — 1200/1% H,PO, on 80/100 Chromosorb
WAW (Shimadzu Corp., Kyoto, Japan); column
temperature 110 °C, flame ionization detector (FID)
temperature 180 °C, injector temperature 195 °C).
Aliquots of caecal digesta were mixed with 0.2 ml
of formic acid (POCH, Gliwice, Poland), diluted
with deionized water and centrifuged at 10 000 g
for 5 min. Samples of the supernatant were subject-
ed to gas chromatography analysis. Caecal short-
chain fatty acids pools were calculated as the prod-
uct of acids concentrations per caecal digesta mass.
SCFA profile was calculated as the proportion of
respective fatty acid (C2: C3: C4) in sum. Activity
of microbial enzymes (a- and B-glucosidase, a- and
B-galactosidase, B-glucuronidase and xylosidase)
was measured on the basis of the rate of p-nitro-
phenol and o-nitrophenol release from nitrophenyl-
glucosides, and was expressed in micromoles of
the product formed per h per g of caecal digesta at
10 000 g for 10 min. Cholesterol, triacylglycerol
and cholesterol concentrations in the serum were
determined using Alpha Diagnostics (Warsaw, Po-
land) and Pointe Scientific (Warsaw, Poland) com-
mercial kits.
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Statistical analysis

The composition of raw and fermented seeds
(Tables 2 and 3) were presented as mean vaues =+
standard deviation. The results of the animal experi-
ment were analysed by one-way ANOVA method.
The significance of differences between groups
were calculated using the detailed Duncan’s test (for
comparing all the three groups) at P < 0.05 or Stu-
dent’s t-test (for comparison in pairs, fermented and
raw) at P <0.05. Statistical analysis was performed
using the computer programme SAS Enterprise
Guide 5.1 (Cary, NC, USA).

Table 2. Chemical composition of raw (RL) and fermented lupine (FL)
seeds

Indices RL FL

Dry matter, % 87.57 £ 0.02 97.02 +0.04

Components, % in dry matter
crude protein 38.23+0.69 39.37 £ 0.03
true protein 32.41+£0.92 2412 +0.04
crude ash 4.07 +£0.01 4.38 +£0.02
crude fat 6.12+0.02 4.66 + 0.01
crude fibre 13.65 +0.05 18.81 £ 0.03
ADF 20.46 +0.23 25.62 +0.03
NDF 21.59 +0.11 27.72 +0.02
total alkaloids 0.053 +0.001 0.052 +0.010
total RFOs 11.12+0.23 0.00 +0.00
phytate phosphorus 0.43+0.08 0.35+0.01

Indispensable amino acid, % of protein
arginine 10.43 +0.08 7.50 +0.02
histidine 2.59 +0.03 2.50 £0.01
isoleucine 3.65+0.02 4.10£0.02
leucine 6.27 +0.04 6.77 £0.04
lysine 4,20 £0.02 443 +0.02
phenylalanine 3.93+0.02 3.49+0.03
threonine 3.11+£0.05 2.73+0.02
valine 3.48+£0.03 3.87 £0.02

ADF - acid detergent fibre; NDF — neutral detergent fibre; RFO - raf-
finose family oligosaccharides; results are expressed as mean *
standard error

Table 3. Microbial composition of raw (RL) and fermented lupine (FL)
seeds

Indices RL FL

Total bacteria, CFU -g™'  5.4x10°+ 1.1x102  8.6x10° & 1.8x10?

Lactic acid bacteria, 2.4x104 £ 7.1x102  1.6x10%+ 1.2x10°
CFU -g”

Coliform bacteria, CFU - g™ 5.5x10* & 2.4x10?

1.8x10% + 2.2x102

Salmonella, CFU -g”' 0+0.0 0+0.0
Yeast, CFU -g™! 2.3x10% £ 9.9x10% 9.55x10* £ 5.1x102
pH 55+0.1 3.8+0.1

CFU - colony forming units; results are expressed as mean + standard
error

Results

Chemical composition and microbial status
of raw and fermented lupine meal

Fermentation by bacteria and yeast slightly in-
creased crude protein content but lowered the level
of true protein, increased crude fibre, acid deter-
gent fibre and neutral detergent fibre, but decreased
crude fat content in comparison with unprocessed
seeds (Table 2). Due to the fermentation raffinose
family oligosaccharides (RFO) were eliminated,
and phytate phosphorus content was decreased by
about 20%. Amino acids composition of lupine
protein differed between RL and FL to a small ex-
tent, except arginine content which was lower in FL
(Table 2). Fermentation reduced the pH of lupine
products (Table 3). Total bacteria and yeast number
were slightly higher and number of coliform bacteria
was slightly lower in the fermented than raw seeds.
The fermentation process significantly increased the
number of the lactic acid bacteria.

Feed intake, body weight and protein
digestibility and utilization

The consumption of the soyabean meal (SBM)
and experimental diets was similar (Table 4). Body
weight gain and final weight were greater in the
group fed SBM diet than RL diet (P = 0.007), but
there was no effect of lupine fermentation. Body
weight gain of rats per g of protein intake for ani-
mals offered RL diet were significantly lower than in
other groups (P = 0.004). Between the experimental
and control groups there were no differences in the
digestibility of protein. Fermentation improved the

Table 4. Feed intake, coefficients of apparent protein digestibility, body
weight gain and body weight gain per g of protein intake in rats fed
diets containing different protein supplements

Diet' Fermenta-
Indices SBM RL FL P-value tion effect,
P-value

Feedintake, g -day' 19.7 198 19.7 0.978  0.851
Initial body weight, g 182 182 182 0.995  0.930
Final body weight, g 313  300°  306® 0.014  0.212
Body weight gain, g 1312 118>  124®  0.007  0.148
Body weight gain 1292 115" 1.26° 0.004 0.019

per g of protein

intake, g -g”*
Apparent protein 849 839 854" 0.128 0.033

digestibility, %
! see Table 1; ® — means with different superscripts within a row are
significantly different at P < 0.05 (ANOVA); *** — data significantly
different between lupine groups at P < 0.05 (Student’s t-test); results
are expressed as mean =* standard error
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apparent total tract digestibility (ATTD) of dietary
protein (P = 0.033) and body weight gain per g of
protein intake in rats (P = 0.019).

Gastrointestinal parameters

The use of different high-protein components in
the diets had an impact on most of the analysed pa-
rameters of the rat caecum and colon, but not of the
small intestine (Table 5). In rats fed RL diet higher
(P=0.007) pH and ceacal digesta weight (P = 0.039)
were measured in comparison with other groups.
Caecum tissue weight (P = 0.012) and the concen-
tration of ammonia in the ceacal digesta (P = 0.049)
were higher in both lupine than in the SBM group.

Table 5. Parameters of gastrointestinal functioning of rats fed diets
containing different protein supplements

Diet' Fermentation
Indices SBM  RL FL P-value effect,
P-value

Issue weight, g - 100 g™ body weight

small intestine 2.64 264 270 0.838 0.687

caecum 0.32> 0.38° 0.39° 0.012 0.897

colon 0.42° 055 052 <0.001 0.194
Digesta weight, g - 100 g™ body weight

caecum 1190 146" 1.14¥ 0.039 0.036

colon 0.31¢  0.73°" 0.54 <0.001 0.006
pH of digesta

small intestine 6.82 6.74  6.86 0423 0.238

caecum 6.09° 6.38"" 617" 0.007 0.019

colon 590 587 5% 0.615 0.400
Ammonia, mg -g”’'

caecum 0.20* 0.16° 0.16° 0.049 0.969

' see Table 1; ° - means with different superscripts within a row are
significantly different at P < 0.05 (ANOVA);*** - data significantly dif-
ferent between lupine groups at P < 0.05 (Student’s t-test); results are
expressed as mean + standard error

The weight of caecum and colon tissue in rats
fed FL or RL diets did not differ significantly, how-
ever, in the FL group content in both sections and
lower pH in the colon was found (P < 0.007). Rats
from RL group had also higher mass of colon and
caecum digesta than rats from SBM group. The am-
monia content in the caecum digesta did not differ
between lupine groups, but was significantly lower
than in the SBM group. In comparison with SBM
group both lupine groups had increased caecum and
colon tissue weight.

Microbial enzyme activity and short-chain
fatty acids in the caecal digesta

Microbial activity of a- and B-glucosidase
and B-galactosidase did not differ among groups
(Table 6). Activity of a-galactosidase was lower in
FL group and of xylosidase higher than in RL group,

Table 6. Microbial enzyme activity in the caecal digesta of rats fed
diets containing different protein supplements

£ . Diet' Fermentation
nzyrEe ac.tlvny, P-value effect,

IlU -g"'of digesta SBM RL FL Pavalue
a-glucosidase 26.81 2923 2677 0.638 0477
B-glucosidase 29.04 2740 3096 0.667 0.446
a-galactosidase  99.03% 101.10%" 70.92* 0.006 0.011
B-galactosidase 1439 1684 1374  0.265 0.177
B-glucuronidase  72.96° 40.47° 4249 0.002 0.808
Xylosidase 12.19° 10.33¢ 14.65°" 0.012 0.014

! see Table 1; @ - means with different superscripts within a row are
significantly different at P < 0.05(ANOVA); *** - data significantly dif-
ferent between lupine groups at P < 0.05 (Student's t-test); results are
expressed as mean * standard error

whereas activity of B-glucuronidase in both lupine
groups was lower than in SBM. Also a-galactosidase
activity was lower in FL than in SBM group.
Concentrations of particular and total SCFA
in caecal digesta did not differ between FL and RL
groups whereas concentrations of acetate and val-
erate were lower and of butyrate higher in rats fed
both lupine diets than SBM (Table 7). Caecal pool
(product of concentration and relative weight of cae-
cal digesta) of acetate, butyrate and total SCFA was
lower in FL than RL rats (Table 8) and only pool of
butyrate was greater in digesta of RL than in SBM
groups. SCFA profile did not differ between FL and
RL whereas proportion of acetate was lower and of
butyrate — higher in both lupine groups than in SBM.

Table 7. Content of short-chain fatty acids (SCFA) in the caecal
digesta of rat

SCFA Diet Fermentation
ﬁz‘;f”} SBM RL FL  SEm [vaue Ef_ff;tae
Acetate 122.8° 96.6° 91.8° 4.0 0.002 0.526
Propionate 2218 19.71 2242 115 0.591 0.428
Isobutyrate 129 154 1.09 0.14 0466 0.240
Butyrate 68.59° 80.01° 85.10° 2.72 0.032 0.476
Isovalerate 129 078 1.04 014 0.319 0420
Valerate 5412 247° 223 052 0.014 0592
Total SCFA 2206 201.1 203.7 51 0.242 0.606

' see Table 1; ® - means with different superscripts within a row are
significantly different at P < 0.05 (ANOVA); results are expressed as
mean + standard error

Lipids profile of blood serum

Rats fed FL diet had a higher total and high-
density lipoprotein (HDL) cholesterol levels than
RL animals whereas triacylglycerol (TAG) concen-
trations did not differ. The TAG levels were lower in
both lupine groups than in SBM group and also total
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Table 8. Pool and profile of short-chain fatty acid (SCFA) in caecal
digesta of rats fed diets containing different protein supplements

Diet Fermentation
Indices P-value effect,
SBM  RL FL Povalue
Pool SCFA, pmol per 100 g of caecal digesta
acetate 14422  140.0°" 102.8 0.007 0.010
propionate 2640 28.73 2525 0.679 0445
butyrate 815> 117.8° 946> 0.009 0.075
total SCFA 2623 294" 227" 0.004  0.020
% of total SCFA in digesta
acetate 55.06° 47.90° 4529° <0.001 0.251
propionate  10.03 992 10.88 0.681 0.503
butyrate 3129 39.78 41.70° <0.001 0.323

see Table 1; ® - means with different superscripts within a row are
significantly different at P < 0.05 (ANOVA); * ** - data significantly dif-
ferent between lupine groups at P < 0.05 (Student’s t-test); results are
expressed as mean + standard error

Table 9. Blood serum lipid profile of rats fed diets containing different
protein supplements

Diet' Fermentation
Indices P-value effect,

SBM RL FL Pvalue
Triacylglycerols, 5500 4760 1620 0024 0438
mmol -
Total cholesterol, 4 o104 46 175 0014 0,003
mmol -
HDL cholesterol, 4 16 .93 1.12+" 0,021 0010
mmol -
Profile HDL, % 64.32 64.07 63.96 0988 0.960

' see Table 1; ® - means with different superscripts within a row
are significantly different at P < 0.05 (ANOVA);*** - data signifi-
cantly different between lupine groups at P < 0.05 (Student's t-test);
HDL - high-density lipoprotein cholesterol; profile HDL — % HDL fraction
in total cholesterol; results are expressed as mean + standard error

and HDL cholesterol concentrations were lower in
RL than in SBM rats. The HDL profile did not differ
among dietary groups.

Discussion

Chemical composition and microbial status
of raw and fermented lupine meal. The chemical
composition of narrow-leafed lupine seeds used in
this study was comparable with the values given by
Wasilewko and Buraczewska (1999), Kasprowicz-
Potocka et al. (2015) and Stanek et al. (2015).

Fermentation is a natural process in which mi-
croorganisms utilize and convert nutrients present
in the biomass and reduce contents of compounds
with anti-nutritional activity. The fermentation pro-
cess influenced the change in the content of protein
and amino acids, but strongly reduced true protein

content, what is in agreement with observation of
Kasprowicz-Potocka et al. (2015). Lupine protein is
known as easily fermented by bacteria and proto-
zoa in the rumen. Yeasts are also capable of utilizing
a range of different inorganic and organic sources
of nitrogen for incorporation into the structural and
functional nitrogenous components of the cell, such
as amino acids (and consequently peptides and pro-
teins). They possess a whole repertoire of genes
encoding enzymes to the biosynthesis of all amino
acids. From the other side the content of true pro-
tein should be higher in the case of biomass growth
(Dobrzanski et al., 2006). Recorded decrease in the
true protein may be due to the poor fermentation and
low biomass production resulted from media com-
position. Also, partial denaturation of the protein
may occurred during the drying of fermented lupine
seeds. The drying process can decrease protein dis-
persibility and solubility, or decrease biological val-
ue and protein utilization (Buraczewska et al., 1998).
Changes in the content of basic nutrients (crude
ash, crude fat and crude fibre) may be the results
of increase or reduction in (N-free extract) (NFE)
or protein fractions (Feng et al., 2007; Kasprowicz-
Potocka et al., 2015). Similar observations were not-
ed by Hassan et al. (2008) and Yabaya et al. (2009).
According to these authors, the increase in nutrients
content (crude protein and fibre) was mainly due to
the activity of yeast during fermentation.

In the present study we hypothesized that lac-
tic acid bacteria (LAB) or yeast would use some
structural sugars and would reduce fibre fraction in
the product. Lignified and insoluble carbohydrate
structures present in crude fibre, acid detergent fibre
(ADF) and neutral detergent fibre (NDF) are gen-
erally hardly fermented in comparison to their sol-
uble counterparts (NFE or oligosaccharides) (Bach
Knudsen and Jergensen, 2001). Moreover, the in-
crease in the NDF and also ADF content could be
due to the technological processes conditions, which
is usually associated with an increase in NDF-bound
protein and its lower availability (Buraczewska et al.,
1998; Hassan et al., 2008). On the other hand, the
total use of simple sugars (NFE) was relatively low,
which could be connected with the activity of micro-
organisms used, which need optimal pH and tem-
perature to act or prior hydrolysis of material
(Dobrzanski et al., 2006).

During fermentation yeast produces different
types of hydrolases, which degrade the oligosac-
charides into simple sugars (Egounlety and Aworh,
2003). The easily degraded sugars like RFO could be
partially or fully decomposed during fermentation,



332

Fermented lupine seeds for rats

which was confirmed by results of own research.
Vidal-Valverde et al. (1993) by fermenting lentils
received a total reduction of these compounds. Also,
lupine fermentation conducted by Fritsch et al.
(2015) using Bifidobacterium lactis significantly re-
duced the RFO content.

Fermentation using bacteria (Fritsch et al.,
2015) or yeast (Kasprowicz-Potocka et al., 2015)
caused also the decrease in phytate content by about
20%, and it was confirmed in our study. The ob-
served changes indicate that fermentation increases
the activity of native phytase, which can disintegrate
insoluble organic complexes with minerals.

Only the concentration of alkaloids in the fer-
mented seeds was similar to that in the raw seeds.
This is in line with observations of Kasprowicz-
Potocka et al. (2015) who found that lupine alka-
loids are resistant to both fermentations with the
yeast Saccharomyces cerevisiae, as well as Candida
utilis. Jiménez-Martinez et al. (2007) found 91%
reduction of alkaloid content after fermentation of
lupine seeds by Rhizopsus oligosporus, and Santa-
na et al. (2002) discovered some bacteria species,
which reduced about 85% of lupanine in the aque-
ous lupine media. Bacteria and yeast used in the ac-
tual research were not suitable for lupine alkaloids
degradation.

Evaluation of microbiological quality of feed
is an important element in assessing the quality
of feed. The obtained fermentation product was
characterized by a more favourable microbiological
status in relation to raw lupine seeds. A significant
increase in the number of lactic acid bacteria was
observed, correlated with a low pH of the product,
and a slight reduction of Enterobacteriaceae bacteria
that are not resistant to an acidic environment.
A similar effect of yeast fermentation was observed
by Kasprowicz-Potocka et al. (2015). The obtained
results also correspond with the results of Mbata
et al. (2009), in which natural fermentation of
maize and nuts resulted in lowering the pH value
to 3.5, which contributed to the elimination of
Escherichia coli bacteria, while increasing the
number of lactic acid bacteria and yeasts. This is also
confirmed by studies of Canibe and Jensen (2012).

Feed intake, body weight and protein uti-
lization and digestibility. Replacement of SBM
in the mixture with raw lupine seeds or fermentation
product did not affect the animal feed intake. How-
ever unprocessed seeds present in the diet caused
a reduction of body weight gain and body weight
gain per g of protein intake by approximately 10%.
It could be expected that fermentation of seeds im-
proved palatability of feed, but this effect was no

observed in this research. Stanek et al. (2015) found,
that diets containing the seeds of three narrow-
leafed lupine cultivars reduced feed intake and sig-
nificantly limited the growth rate of rats compared
to the control group (SBM in diet). Also, studies of
Zdunczyk et al. (1998) showed a reduction of body
weight gain per g of protein intake in the groups re-
ceiving raw lupine seeds in the mixture. Similar re-
lationships were found by Sobotka et al. (2013) and
Kasprowicz-Potocka et al. (2015). These authors
observed that the replacement of SBM with protein
of raw narrow-leafed and yellow lupine seeds sig-
nificantly reduced the growth rate of rats but did not
affect feed intake. Also, Bartkiene et al. (2013), us-
ing products fermented by Pediococcus acidilactici
(soyabean, linseed and white and yellow lupine) in
diets for rats, found better weight gain and feed uti-
lization in relation to the control group. Fermented
seeds were free of oligosaccharides and had a re-
duced content of phytate, which can impact posi-
tively feed utilization and digestibility of protein. It
is in agreement with Gdala and Buraczewska (1997)
and Zdunczyk et al. (1998) who found, that RFOs
can reduce protein digestibility in the small intestine
of animals.

Gastrointestinal parameters. The results of
present studies indicate the diversity of processes
in the gastrointestinal tract of rats depending on the
composition of the diet. Diets with lupine seeds (raw
or fermented) did not affect the parameters of the
small intestines, however, they significantly affected
the caecum and colon environment. The lower acid-
ity of the caecum digesta in animals from SBM and
FL group compared to animals from RL group may
suggest the formation of optimum conditions for the
development of beneficial microflora and limiting
the development of harmful bacteria (Sobotka et al.,
2013). It could be also the results of the favourable
microbial status of fermented lupine, accompanied
with lower pH.

From the other side in rats receiving raw lupine
seeds the increase of the mass of the caecum and
colon digesta was observed which may be due to
the increased mass of bacteria in the colon resulted
from the presence of RFOs. RFOs are utilized by
microflora as a growth medium in the distal parts of
the digestive tract and decomposed into the gases.
It was confirmed by Juskiewicz et al. (2006) and
Sobotka et al. (2013). The increase in both the mass
of the intestinal tissue and the mass of the digesta is
connected with the higher mass of undigested portions
of the diet reaching the colon, and a higher share of
fermentable non-starch polysaccharides, particularly
RFO sin diet with raw seeds. The presence of these
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substances in lupine seeds could result in higher
metabolic activity of microorganisms thus increase
in the energy demand, which in turn would limit the
amount of energy available to rats (Bakker et al.,
1998). In the case of fermented products in the diet
with reduced RFOs content the activity of bacteria
in the caecum and colon was lower. It’s partially
confirmed by microbial activity in this part of the
gastrointestinal tract measured by enzymes activity
(o-galactosidase). Similarly to own studies, Zdunczyk
et al. (1998) found that the amount of ammonia
produced during the bacterial degradation of lupine
seeds in rats is lower than other feed components.
This fact is confirmed by the lower activity of
B-glucoronidase in the groups receiving lupine.
The obtained results corresponds with the results
presented by Bartkiene et al. (2013) and Kasprowicz-
Potocka et al. (2015), who noted similar trends for
diets involving fermented and raw lupine seeds.

The activity of microorganisms in the caecum is
correlated with their production of SCFA. In these
studies significant differences in the pool and profile
of SCFA were found. Similarly, lower concentration
of acetate and valerate in groups fed with lupines
was observed by Juskiewicz et al. (2006) and
Kasprowicz-Potocka et al. (2015) in comparison to
control group. In animals receiving raw lupine seeds,
higher production of SCFA, acetate and butyrate
calculated as umol per 100 g of body mass in relation
to the fermented seeds was found. It is consistent
with previous observations. In own studies, similarly
as in Sobotka et al. (2013), the increase of butyrate
concentration was accompanied by an increase of
caecum tissue mass in rats receiving raw lupine
seeds in the diet. Kasprowicz-Potocka et al. (2015)
also observed a higher pool of butyrate in the
group receiving raw lupine seeds. Butyrate is one
of the major nutrients and an energy source for
the epithelial cells lining the colon and it regulates
growth and differentiation of cells (Guarner and
Malagelada, 2003). In contrast, acetates are the major
fermentation product of Bifidobacterium and affect
the formation of the caecum environment and enter
the peripheral circulation, where they are metabolized
in the tissues. The reduced concentration of pooled
SCFA may mean that the microbial activity in the
digesta from animals fed with fermented lupines is
partially inhibited; thereby the introduced biomass
constitutes a protein source in the initial sections of
the gastrointestinal tract, and does not show probiotic
effect in its subsequent sections.

The analysis of the lipids profile in blood se-
rum did not reveal any significant disorders in rats.
Replacement of SBM with lupines in the diet (raw

or fermented) resulted only in a decrease of TAG
concentrations in blood serum. Similarly as in own
studies, a decrease of TAG in the blood and liver of
animals receiving lupine in the diet was also reported
by Spielmann et al. (2007). This indicates a benefi-
cial impact of the lupine protein on the metabolism
of TAG and shows the effect of preventing the de-
velopment of cardiovascular diseases. In addition,
in the group fed a diet involving raw lupine seeds,
a significant decrease in total cholesterol and HDL
cholesterol concentrations was found. Also other
studies confirm hypocholesterolaemic advantages of
lupine (Osman et al., 2011). The inhibition of choles-
terol synthesis and cholesterol reduction in the blood
could be affected by production of SCFA in digesta
(Wong et al., 2006). However, fermentation of lupine
seeds caused a significant increase in the concentra-
tion of total cholesterol in the blood serum of rats.
The obtained results corresponds with the study of
Chango et al. (1998) and Kasprowicz-Potocka et al.
(2015).

Conclusions

Fermentation caused total reduction of raffi-
nose family oligosaccharides and partial reduction
of phytate, but the nutritional value of lupine seeds
generally was not significantly improved. An in-
crease in the content of structural carbohydrates and
similar level of alkaloids as in raw seeds was found.
Fermentation of lupine seeds increased apparent to-
tal tract digestibility of protein in rats. Raw and fer-
mented lupine seeds had an impact on gastrointesti-
nal processes and microflora, but no improvements
were observed.
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