
Introduction

Feed protein deficit has been a problem in Poland and Europe 
for years. The deficits are supplemented by importing soybean 
meal, which increases the feeding costs, thus contributing to the 
lower profitability of animal breeding [1]. Native leguminous 
plants can compete with soy; however, their nutritional value 
is limited by antinutrients, low digestibility of raw seeds and a 
low level of sulphur-containing amino acids [2]. Therefore, it 
is necessary to limit the use of unprocessed leguminous seeds 
in farm animal feeding. An improvement in the nutritional 
value can be obtained by mechanical, physical and barothermal 
treatment; however, these processes are expensive and they 
lower the content of some antinutrient substances without 
having a positive effect on the amino acid content and profile 

of the protein [3]. To improve protein quality, natural biological 
processes can be used including fermentation or germination 
[4–6]. The global annual production of consumer sprouts from 
beans only is estimated at approx. 40 million tons per year [7]. 
Germination causes significant chemical changes in the seeds, 
such as a higher content of proteins, vitamins, antioxidants with 
a simultaneous decrease in the antinutrient content [5,6,8,9]. 
Seeds are usually germinated hydroponically in the so-called 
aqueous culture, which limits the use of pesticide and product 
contamination and also eliminates allergens. In this case, only 
water is provided to the plant without any additional mineral 
substances and owing to the substances accumulated in the 
seeds, the development occurs more rapidly than in soil. The 
availability of water and oxygen, the ambient temperature and 
the germination time are the basic factors conditioning the 
effectiveness of the germination process. During the germina-
tion process, no protein substances are lost, only changes in the 
chemical composition of nitrogen compounds occur and the 
protein level increases, which is accompanied by an increase in 
the content of amino acids and other nitrogen compounds. The 
research, which has been conducted on lupin so far, has shown 
a positive influence of germination on the protein content and a 
decrease in the concentration of alkaloids (by approx. 30%) and 
oligosaccharides (by approx. 80%) [5,9]. The research conducted 
by Chilomer et al. [6] showed that lupin seed germination did 
not have a positive influence on feed digestibility and feed use 
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by growing animals as compared to raw seeds, which was caused 
by a low nutritional value of the protein.

The rate of plant development and the chemical composi-
tion may be affected by the presence of various chemical 
compounds in the environment, which, depending on their 
chemical characteristics or concentration, may affect the seeds 
as germination stimulators or inhibitors. It has been shown that 
salts added during the germination process at appropriate small 
concentrations (fractions or a few %) may have a stimulatory 
effect on the seeds, while these compounds can be toxic in 
large doses [10–16]. It is also possible to enrich sprouts with 
minerals (e.g. selenium) by introducing salt solutions into the 
environment [17,18]. In particular, nitrogen is indispensable for 
plant growth. Under natural conditions, nitrogen bound in soil 
may occur in the form of four compound types – ammonium 
salts (NH4

+), nitrates (NO3
−), proteins and products of their 

decomposition (amino acids, amines, peptides and humus 
compounds). Therefore, it seems that lupin seed germination 
in solutions containing an appropriate source of nitrogen could 
cause advantageous changes in the seed structure, thus probably 
improving their nutritional value and usefulness as feed. No 
data are available in the literature concerning the influence of 
the type and quantity of nitrogen compounds on the chemical 
composition of germinated seeds in the nutrient and antinu-
trient aspect [19]. The aim of the preliminary research was to 
define changes in the chemical composition of lupin seeds under 
the influence of the germination process conducted for 3 or 4 
days in an aqueous solution containing the following selected 
nitrogen compounds: urea, nitric acid, ammonium sulphate, 
methionine and yeast extract at a 1% concentration.

Material and methods

Samples and chemicals
Blue lupin of Neptun cultivar lupin seeds was selected for the 

research. Urea (POCH, Gliwice), nitric acid (POCH, Gliwice), 
ammonium sulphate (POCH, Gliwice), methionine (98% of 
pure amino acid; Ajinomoto) and yeast extract containing 64.5% 
of total protein (MERCK, Germany) were used to prepare the 
1% nitrogen solutions. The amino acid composition of yeast 
extract protein (g/100 g of protein) was: alanine 8.8, lysine 8.0, 
arginine 5.1, methionine 1.4, aspartic acid 9.9, phenylalanine 
3.7, cystine 0.9, proline 4.0, glutamic acid 16.3, serine 4.6, 
glycine 4.8, threonine 4.3, histidine 2.1, tyrosine 2.4, isoleucine 
5.5, tryptophan 1.3, leucine 7.6, valine 5.9.

Germination
The seeds were disinfected by soaking in a 0.09% sodium 

hypochlorite solution for 15 minutes, and next in deionized 
water until a neutral pH value was obtained and stored in a bag 
at room temperature. Portions of seeds (approx. 200 seeds in 
each) were placed in glass containers and soaked in deionized 
water for six hours to swell. The seeds were germinated in two 
repetitions in Bio-natura germination dishes equipped with 
an aeration, hydration and draining system. The germination 
process was conducted in darkness in an incubator at 23–24°C. 
During the first 24 hours, the seeds were germinated only in 
water in all experiments, and next the seeds were watered 
twice a day with water or 1% aqueous solutions of the selected 
chemical preparations, depending on the variant. The excess of 
the solution was removed from the containers each time, which 

ensured appropriate moisture levels in the dishes. After days 3 
and 4, the seeds were rinsed with deionized water to remove the 
residues of the solutions and impurities and they were dried at 
55°C until approx. 95% dry mass was obtained and they were 
then milled using a Retch laboratory mill. During the experi-
ment, the effectiveness of the sprout growth, the smell and the 
color of the rinsed solution were observed. Only germinated 
seeds were selected for chemical analyses.

Chemical analysis
Raw and germinated seeds were analyzed in duplicate for 

dry matter (DM), crude protein (CP), fat (F), crude fiber (CF), 
and ash using AOAC [20] methods 934.01, 976.05, 920.39, 
978.10, 942.05, respectively. For chemical analysis, the samples 
were grounded to pass through a 0.5-mm sieve. Nitrogen-free 
extracts (NFE) were calculated. The amino acid content was 
determined using a type AAA-339 Mikrotechnia Amino Acid 
Analyzer using ninhydrin for postcolumn derivatization. 
Before analysis, samples were hydrolyzed with 6 N HCl for 24 
h at 110°C (procedure 994.12). Methionine and cystine were 
determined as methionine sulfone and cysteic acid after cold 
perfomic acid oxidation before hydrolysis (procedure 994.12, 
alternative 3). Phytate content was analyzed according to 
methods 986.11. The protein biological value was determined 
by means of indexes: CS – the index of limiting amino acid, 
calculated with use of Mitchel and Block’s method, EAAI – the 
index of exogenous amino acids calculated with the use of Oser’s 
method. Tryptophane concentration was taken from tables. 
Lupin alkaloids were extracted from flour by trichloroacetic 
acid and methylene chloride. Determination was provided by 
GC method (Shimadzu GC17A) with capilar column (Phe-
nomenex). Raffinose family oligosaccharides were extracted and 
analyzed by high-resolution gas chromatography as described 
previously Zalewski et al. [21].

Statistical analysis
A two-way analysis of variance (ANOVA) was used for 

statistical testing – the germination time and the source of 
nitrogen and the interactions between them were used as ex-
perimental factors. The significance of differences was analyzed 
using Tukey’s test, at P < 0.05. The STATGRAPHICS statistical 
package ver. 5.0 (USA) was used for statistical analysis.

Results

The organoleptic evaluation showed that approx. 95% of seeds 
had germinated in water (Fig. 1). The length of sprouts was 40 

Fig. 1	 The comparison of germination affectivity (%) and length of 
germs (mm) after 3 and 4 days of germination in water or 1% solutions 
of nitrogen compounds.
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and 60 mm on the 3rd and on the 4th day, respectively. The seeds 
germinated in water were characterized by a specific odor and 
the rinsed solution had a light yellow color and it was cloudy. 
The germination rate was the lowest in the 1% urea and nitric 
acid solutions (5–10%), they were poorly formed, misshapen 
and they reached a length of only a few millimeters. The seeds 
germinated in a urea solution were characterized by an intense 
odor of ammonia and the rinsed solution was yellow-greenish 
and cloudy. The seeds germinated in the nitric acid, on the other 
hand, had a light color and the rinsed solution was light and clear 
with an odor reminiscent of “sweet cherry compote”. The seeds 
in the methionine solution germinated at a slightly better rate 
(approx. 30%), reaching the average length of 12 and 14 mm on 
the 3rd and 4th days of germination. The seeds germinated in a 
methionine solution had an odor reminiscent of sauerkraut and 
the rinsed solution was light yellow. The seeds in the ammonium 
sulphate and in the yeast extract had the highest germination rate 
(approx. 50% and 55%, respectively) with the length of sprouts 
of approx. 20 and 23 mm (ammonium sulphate) and 26 and 39 
mm (yeast extract) on the 3rd and 4th days, respectively. These 
sprouts were the best formed, without deformities and they were 
thicker than the remaining sprouts. The seeds germinated in a 
1% ammonium sulphate solution had a specific odor and the 
rinsed solution was cloudy and greenish-grey in color, while 
seeds germinated in a 1% yeast extract solution were character-
ized by a specific, slightly fermented yeast odor and the rinsed 
solution was light with a yellowish color.

As compared to unprocessed lupin seeds, a higher content 
of total and true protein and a lower antinutrient content were 
found in all variants of germinated seeds. The type of the nitro-
gen source had a significant influence (P < 0.05) on the content 
of crude ash, crude fiber, nitrogen-free extract compounds and 
true protein (Tab. 1). Moreover, significant changes (P < 0.05) 
were found in the amino acid composition of protein (Tab. 2) 
in terms of isoleucine, leucine, methionine, valine, tyrosine, 
cystine, aspartic acid, glutamic acid and proline as well as nu-
tritional indices of the protein nutritional value – CS (P = 0.001) 
and EAAI (P = 0.002). Cystine + methionine were amino acids 
limiting the protein synthesis, except for the seeds germinated 
in a 1% methionine solution, in which valine was the limiting 
amino acid. The type of nitrogen had a significant influence 
(P < 0.05) on the antinutrient content (Tab. 3) – oligosaccharides 
from the raffinose family and alkaloids – and on the structure 
of these compounds; however, it did not affect the phytate 
content (P > 0.05).

As compared to seeds germinated in water, the seeds ger-
minated in urea had a significantly lower content of crude ash 
(P < 0.05) as well as isoleucine, tyrosine and aspartic acid in the 
protein – they did contain more crude fibre, the true protein 
and cystine and glutamic acid in the protein. Moreover, a sig-
nificantly higher raffinose content (P < 0.05) as well as lower 
alkaloid content (P < 0.05) was found in the seeds germinated 
in urea with a higher content of 130H lupanine and a lower 
content of lupanine.

The seeds germinated in a 1% ammonium sulphate solution 
were found to contain significantly less crude ash and less amino 
acids, tyrosine and aspartic acid, in the protein and a higher 
content of true protein, cystine (approx. 50%) and glutamic 
acid in the protein as compared to seeds germinated in water. 
Moreover, a significantly higher concentration of oligosaccha-
rides (raffinose and verbascose; P < 0.05) was found in seeds 
germinated in ammonium sulphate. The lupanine content was 
significantly lower (P < 0.05), and the 13OH lupanine content 
was higher than in seeds germinated in water; however, the 
total alkaloid quantity was similar (P > 0.05).

The seed germination in nitric acid significantly reduced the 
crude ash content (P < 0.05), its content was the lowest among 
all the variants, while the content of nitrogen-free compounds 
and that of the true protein were significantly higher than in 
seeds germinated in water. Moreover, a significant influence 
of nitric acid on the protein structure was found. The content 
of isoleucine, leucine, valine, glutamic acid as well as proline 
was significantly higher (P < 0.05) than in the protein of seeds 
germinated in water; however, the content of tyrosine and 
aspartic acid was lower (P < 0.05). Moreover, no presence 
of cystine was found in the protein from these seeds and the 
methionine content was nearly 50% lower (P > 0.05) than in 
seeds germinated in water. It had a significant influence of the 
protein nutritional value indices, which were the lowest for 
seeds germinated in nitric acids and amounted to: CS – 5.5 
and EAAI 54.5 vs. 28 and 65.5 for seeds germinated in water. 
Nitric acid did not affect the oligosaccharides and phytate 
content in the seeds; however, it lowered the alkaloid content 
significantly, with higher isolupanine content (P < 0.05). The 
alkaloid content in the seeds germinated in nitric acid was the 
lowest of all the variants.

Seeds germinated in a 1% methionine solution contained 
less crude ash and more true protein (P < 0.05). The protein of 
seeds germinated in this solution contained significantly less 
tyrosine and aspartic acid (P < 0.05) and more glutamic acid 

Components
Raw lupin 

seeds

N-sources (N) Time of germination (T)
Mean effects
P < 0.05

Water Urea
Ammonium 

sulfate
Nitric 
acid Methionine

Yeast
 extract SEM 3 days 4 days SEM N T

Crude protein 33.03 40.59 40.97 41.75 37.73 39.02 41.35 0.40 39.42 B 41.05 A 0.69 NS 0.034
Crude ash 3.88 4.49 a 2.99 c 3.16 c 1.29 d 3.90 b 4.35 a 0.11 3.41 3.31 0.06 0.001 NS
Crude fibre 17.41 17.35 bc 19.96 a 16.34 c 18.24 b 17.85 bc 17.81 bc 0.40 17.92 17.93 0.23 0.016 NS
Ether extract 4.64 4.70 5.99 5.41 4.67 7.34 5.13 0.84 5.2 5.90 0.49 NS NS
NFE 36.76 32.89 b 30.10 b 33.35 b 38.08 a 31.90 b 31.36 b 0.94 34.05 A 31.85 B 0.54 0.016 0.035
True protein 24.26 23.38 b 31.71 a 27.77 a 30.98 a 29.97 a 27.78 a 1.07 28.95 28.23 0.62 0.020 NS

Tab. 1	 The impact of N-sources and time of germination on the chemical composition of lupin seeds (% DM).

A, B – value in rows differs significantly in the time of germination (T) at P < 0.05; a, b, c, d – value in rows differs significantly in the type of N- 
sources (N) at P < 0.05. NFE – nitrogen-free extracts; NS – not significant; SEM – standard error of mean.
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than the protein from seeds germinated in water. Moreover, a 
nearly fivefold increase in the methionine content was found 
in the seeds, while the cystine content was 2.5 times higher 
(P < 0.05). It had a significant influence (P < 0.05) on the protein 
nutritional value indices, which were the highest for seeds 

germinated in the methionine solution and had the following 
values: CS = 48 and EAAI = 72. Valine was the limiting amino 
acid. The seeds germinated in a methionine solution had the 
highest oligosaccharides content (P < 0.05), especially of stachy-
ose and verbascose; however, no influence of methionine on the 

Components

Raw 
lupin 
seeds

N-sources (N) Time of germination (T) Mean effects

Water Urea
Ammonium

sulfate
Nitric
acid

 
Methionine

Yeast
extract SEM 3 days 4 days SEM N T

Arginine 12.17 8.22 9.24 9.41 8.71 10.22 9.46 0.64 9.46 8.95 0.37 NS NS
Phenylalanine 3.48 4.07 4.11 3.56 3.90 3.66 3.86 0.20 3.89 3.83 0.11 NS NS
Histidine 3.75 3.35 3.00 2.88 3.04 2.61 3.20 0.28 2.91 3.11 0.16 NS NS
Isoleucine 3.54 3.69 c 3.90 b 3.66 c 4.17 a 3.70 c 3.60 c 0.05 3.79 3.78 0.03 0.002 NS
Leucine 5.90 6.18 bc 6.52 b 6.27 bc 7.05 a 6.27 bc 5.97 c 0.12 6.40 6.35 0.07 0.011 NS
Lysine 5.26 4.50 4.88 3.92 4.80 4.27 4.04 0.21 4.50 4.29 0.12 NS NS
Methionine (M) 0.53 0.67 b 0.66 b 0.41 b 0.32 b 3.24 a 0.55 b 0.21 0.95 0.99 0.12 0.001 NS
Threonine 3.27 3.33 3.26 3.38 3.21 3.27 3.46 0.05 3.28 3.35 0.03 NS NS
Valine (V) 3.57 3.76 b 3.80 ab 3.64 b 4.13 a 3.53 b 3.69 b 0.09 3.75 3.76 0.05 0.048 NS
Cystine (C) 1.38 0.96 c 1.20 c 1.50 b 0.00 d 2.31 a 1.51 b 0.08 1.18 1.31 0.04 0.001 NS
Tyrosine 3.74 5.18 a 3.60 c 4.30 bc 2.89 d 3.92 bc 4.48 ab 0.23 3.97 3.98 0.13 0.004 NS
Alanine 3.03 4.76 3.77 3.94 3.53 3.55 3.86 0.24 3.78 4.02 0.14 NS NS
Glycine 3.98 3.52 3.83 3.93 4.14 3.65 3.57 0.13 3.61 3.74 0.07 NS NS
Aspartic acid 8.95 15.71 a 9.12 b 9.91 b 9.46 b 9.12 b 14.94 a 1.17 10.75 12.00 0.67 0.027 NS
Glutamic acid 22.74 16.68 c 23.49 a 24.88 a 23.30 ab 21.77 ab 18.99 bc 1.15 22.03 21.00 0.66 0.024 NS
Proline 5.58 5.90 b 6.16 b 7.04 ab 8.52 a 5.53 b 5.40 b 0.45 6.62 6.22 0.26 0.026 NS
Serine 4.39 4.54 4.50 4.43 4.34 4.43 4.44 0.09 4.42 4.47 0.05 NS NS
CS 33 28.0 c 32.5 bc 33.0 bc 5.5 d 48.0 a 35.5 b 1.7 30.8 30.0 1.0 0.001 NS
Limiting amino acid M + C M + C M + C M + C M + C V M + C - - - - - -
EAAI 62 65.5 b 66.5 b 64.5 b 54.5 c 72.0 a 65.0 b 0.7 64.8 64.5 0.4 0.002 NS

Tab. 2	 The impact of N-sources and time of germination on amino acids composition (g/100 g of protein) and protein value (CS, EAAI) of 
lupin products.

A, B – value in rows differs significantly in the time of germination (T) at P < 0.05; a, b, c, d – value in rows differs significantly in the type of N- 
sources (N) at P < 0.05. NS – not significant; SEM – standard error of mean.

Components

Raw 
lupin 
seeds

N-sources (N)
Time of germination 

(T)
Mean 
effects

Water Urea
Ammonium

sulfate
Nitric
acid

 
Methionine

Yeast
extract SEM 3 days 4 days SEM N T

Total oligosaccharides (% DM) 7.36  0.38 cd 0.59 bc 0.97 a 0.22 d 1.12 a 0.67 b 0.08 0.78 A 0.56 B 0.04 0.002 0.019
Raffinose (% DM) 1.22 0.00 c 0.09 a 0.04 b 0.01 c 0.00 c 0.00 c 0.01 0.03 0.01 0.01 0.001 NS
Stachyose (% DM) 4.15 0.38 bc 0.39 abc 0.58 ab 0.18 c 0.62 a 0.30 c 0.06 0.48 A 0.33 B 0.03 0.021 0.026
Verbaskose (% DM) 1.99 0.00 b 0.11 b 0.35 a 0.03 b 0.50 a 0.37 a 0.06 0.24 0.21 0.04 0.012 NS
Total alkaloids (% DM) 0.044 0.048 a 0.014 b 0.031 a 0.004 b 0.043 a 0.035 a 0.005 0.031 0.028 0.01 0.007 NS
Angustifoline (% TA) 6.30 7.08 5.26 6.01 11.40 9.13 8.81 1.57 8.57 7.32 0.91 NS NS
Isolupanine (% TA) 5.06 4.92 b 5.07 b 4.11 b 6.22 a 4.30 b 4.42 b 0.29 4.75 4.93 0.17 0.026 NS
Lupanine (% TA) 70.42 68.90 a 61.23 b 61.78 b 64.34 ab 60.47 b 65.38 ab 1.43 63.39 64.01 0.82 0.050 NS
13OHlupanine (% TA) 18.21 19.00 d 28.43 a 28.09 ab 18.03 d 26.99 b 21.37 c 0.605 23.26 23.74 0.35 0.001 NS
Phytate (% DM) 0.58 0.47 0.47 0.53 0.39 0.45 0.49 0.41 0.47 0.46 0.02 NS NS

Tab. 3	 The impact of N-sources and time of germination on oligosaccharides, alkaloids and phytate concentrations in seeds after germination.

A, B – value in rows differs significantly in the time of germination (T) at P < 0.05; a, b, c, d – value in rows differs significantly in the type of N- 
sources (N) at P < 0.05. NS – not significant; SEM – standard error of mean; TA – Total alkaloids.
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phytic phosphorus content and the total alkaloid concentration 
was confirmed, despite a decrease in the lupanine content and 
increase in the 130H lupanine content (P < 0.05).

The proximate composition of seeds germinated in yeast 
extract did not differ from seeds germinated in water; but 
they did contain more true protein (P < 0.05). The amino 
acid composition of the protein was similar, except for the 
methionine concentration – its content was by 50% higher, 
which increased the CS index to 35.5 vs. 28.0. A significantly 
higher oligosaccharide content was found in seeds germinated 
in yeast extract (P < 0.05), especially of verbascose; however, 
the phytate and total alkaloid content was similar, with a higher 
concentration of 13OHlupanine.

The extension of the germination time from 3 to 4 days had 
a significant influence on an increase in the protein content 
(P = 0.034) and a decrease in the concentration of oligosac-
charides from the raffinose family (P = 0.019), mostly stachyose 
(P = 0.026), as well as a decrease in the content of nitrogen-free 
compounds (P = 0.035). No interaction between the nitrogen 
source and the germination time was found.

Discussion

Selective preparations, which do not have contaminated 
seeds with heavy metal salts, and preparations containing 
micronutrients and growth substances have an advantageous 
influence on plant germination. Concentrated, non-selective 
substances have a negative effect as their cause sprout deforma-
tion. The group of well-known germination stimulators used 
in research includes thiourea, urea, potassium nitrate as well 
as glutathione, glutamine and vitamins [15,19]. According to 
Pérez-Fernández et al. [14], the germination reaction of plants 
to the medium composition may vary; however, the quantity 
and form of nitrogen in the medium have the greatest influence 
on the process, which is confirmed by this research. Out of 52 
plants examined by Luna and Moreno [15], potassium nitrate 
had a (positive or negative) influence (in the amount of 20 mM) 
on only approx. 25% of species.

In the research presented, the nitrogen substances were 
selected so as to ensure the availability of various chemical 
forms of nitrogen: (i) inorganic – anion (NO3)

− in nitric acid 
and cation (NH4)

+ in ammonium sulphate, (ii) organic – urea, 
(iii) amino acid – methionine and, (iv) protein – yeast extract. 
Due to the same 1% content of the individual compounds in 
aqueous solutions, the nitrogen content varied and it amounted 
to 0.46 g N/100 ml of the solution for urea, 0.21 g N/100 ml – for 
ammonium sulphate and nitric acid and for the methionine 
and yeast extract solutions – 0.10 g N/100 ml. These levels are 
similar to those used by Bremner and Kogmeier [13]; however, 
soil was used as the substrate in their research. Presented 
research should be treated as preliminary. Due to the unavail-
ability of data concerning the influence of the concentrations 
of the selected compounds on the sprout composition, it was 
not decided to equalise the solution concentrations in terms 
of the nitrogen content. These compounds are, in addition 
to being a source of nitrogen, also a source of carbon (urea, 
methionine, yeast extract), sulphur (ammonium sulphate, 
methionine, yeast extract) and other minerals (yeast extract), 
which may affect the germination process in various ways, as 
shown in this research. The 1% content of each of the selected 
chemical compounds containing various forms of nitrogen 
had an inhibitory effect on sprout development; however, the 

degree of the inhibition varied (from 45 to 95%). Hardly any 
seeds sprouted in the 1% solutions of urea and nitric acid, while 
their growth in the methionine solution was slightly more 
rapid. Approx. 50% of the seeds germinated in the solutions 
of ammonium sulphate and yeast extract. Research by other 
authors shows that inorganic forms of nitrogen (ammonium 
and nitrate nitrogen) are incomparably better assimilable by 
plants than its organic compounds, except for urea, asparagine 
and glutamine [22]. In the research presented, the source of 
nitrogen did not have a significant influence on nitrogen as-
similation (understood as an increase in the protein content) 
in germinated seeds and ammonium sulphate and urea caused 
a similar increase in the protein content, despite the different 
rates of sprout growth. It probably results from inappropriate 
selection of the concentrations of the individual nitrogen 
compounds. Similar conclusions were drawn by Bremner 
and Krogmeier [13], who germinated cereal seeds in a stable 
substrate with the addition of various nitrogen compounds 
[urea, ammonium sulphate, ammonium carbonate, ammonia, 
sodium nitrate (III) and (V)] in the amount of 0.25; 0.5 and 
1.0 mg N/g of the substrate. The highest concentration of urea 
inhibited the germination completely, while none of the am-
monium sulphate concentrations influenced the effectiveness of 
seed germination. The aforementioned authors also found that 
ammonia has a harmful effect on the sprouts. It is neutralized 
in plants by forming glutamine and asparagine or urea, which 
is a source of nitrogen used for building proteins [22]. Under 
natural conditions, this compound accumulates in cells in small 
amounts, while its higher concentrations may have a toxic ef-
fect. This is confirmed by the research presented here in which 
the added urea decomposed to ammonia, probably under the 
influence of native urease, which was confirmed by the odor of 
the sprouts and the rinsed solution. This finding is consistent 
with the observations made by Bremner and Krogmeier [13], 
who found that the addition of pure urea to the substrate at a 
concentration of over 1.0 mg N/g of the substrate had an inhibi-
tory effect on the effectiveness of cereal seed germination and it 
inhibited this process completely at a concentration of 2.0 mg 
N/g. Moreover, the addition of urease to the urea-containing 
substrate results in a complete inhibition of germination. As 
shown by research by Borek et al. [23], urease plays the key role 
in the germination process and its activity during germination 
of lupin seeds is high.

The present author’s own research reveals that also nitric 
acid significantly inhibited sprout development, which prob-
ably results from the chemical character of this compound and 
the low pH value of the solution used. This is consistent with 
findings by Hernández-Ferretiz et al. [24], who observed germ 
destruction following the use of sulphuric acid. Sulphuric and 
nitric acid, concentrated or diluted, is often used in practice 
for several dozen seconds up to even 24 hours as scarifying 
factors, which accelerate the germination of seeds of various 
plant species. On the other hand, moist and swollen seeds may 
be severely damaged or even die under such conditions, which 
is confirmed by the low number of germinated seeds and the 
changes in the seed composition, which are connected with, 
for example, the rinsing of mineral compounds, degradation 
of amino acid (cystine) or alkaloids. Moreover, Bremner and 
Krogmeier [13] found that nitric acid salts might influence 
cereal seeds in a variety of ways. Sodium nitrate (V) did not 
affect the seed germination ability; however, sodium nitrate 
(III) at a concentration of 0.5 and 1.0 mg N/g of the substrate 
had an inhibitory effect. 
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Research on sterile cultures has shown that Leguminosae 
plants (e.g. pea seeds) assimilate some amino acids quite well: 
glycine, α-alanine, glutamic and aspartic acids if they are the 
only sources of nitrogen [25]. Other amino acids, on the other 
hand, have a negative or even toxic effect on plants and germs, 
e.g. glycine can be assimilated, but the development of roots 
was inhibited; phenylalanine and tyrosine had a toxic effect; 
and plants grew poorly on a substrate with the addition of 
lysine. The use of methionine in the author’s own research 
resulted in a poor growth of sprouts as compared with seeds 
germinated in water, which confirms the considerable inhibi-
tory strength of methionine or its inappropriate concentration, 
which requires further clarification. According to Grzesiuk 
[22], replacement of individual amino acids with their mixture 
results in a poorer seedling development than the use of mineral 
nitrogen. Other scientific research also provides evidence that 
treating seeds with, e.g. alfalfa leaf powder, casein or peptone 
containing various nitrogen components resulted in a decrease 
in the germination ability [25]. This phenomenon is probably 
connected with the accumulation of poisonous products of 
organic compound decomposition. Partially, a similar effect 
was observed for yeast extract, which contained all necessary 
amino acids, as well as ones with a well-known inhibitory effect. 
Observations were made, which confirm the opinion that the 
germination ability of plants depends on the species as well as 
the form and concentration of the available nitrogen; hence, 
the selection of the qualitative and quantitative composition 
of the substrate seems to be of key importance in this case.

All research quoted above focuses basically only on the influ-
ence of physical and chemical factors on the seed germination 
effectiveness; however, no data are available on changes in their 
chemical composition, especially in terms of their nutritional 
value. The initial seed germination stage is characterized by 
an abrupt increase in respiration and intense water intake. 
The general balance of metabolism is negative during the first 
germination stage and a decrease in the dry mass of germinat-
ing seeds may reach up to 20% [25]. Seed storage reserves are 
respiration substrates in germinating seeds. Initially, these are 
simple sugars occurring in lupin seeds in small amounts (ap-
prox. 1–2%), next, reserves of oligosaccharides, mostly sugars 
from the raffinose family (approx. 1%), polysaccharides of cell 
walls (lignin, approx. 1%), and finally basic reserve substances 
in the seed – polysaccharides, lipids and reserve proteins. This 
is confirmed by a significant decrease in carbohydrate content, 
especially oligosaccharides, that has been observed in this 
research. These compounds undergo degradation and are used 
as a source of carbon for the biosynthesis of other compounds 
[5,26]. The addition of nitrogen compounds during germina-
tion also influenced transformations of oligosaccharides, which 
implies their higher level in all research materials (except for 
nitric acid) as compared with seeds germinated in water. On 
the other hand, the presence of an additional source of nitrogen 
had a stimulatory effect on nitrogen transformations, which is 
reflected in a significantly higher concentration of true protein 
and a lower content of lupin alkaloids. During seed germina-
tion in water, reserve proteins are the source of food for the 
sprout. During the swelling process, they undergo hydrolytic 
and oxidative decomposition to form free amino acids as well 
as glutamine and asparagine amides, which are the source 
material for the synthesis of new proteins. Aspartic acid and 
glutamic acid are the first products of ammonia assimilation 
as a result of deamination of nitrogen compounds, followed 
by alanine, valine and leucine [27]. The presence of glutamine 

and asparagine as well as arginine in the seeds allows for 
transamination and creation of new amino acids [28]. Lupin 
germinated in darkness may contain up to 10% of asparagine 
in dry mass. In the author’s own research, the aspartic acid 
content in the seed protein increased by approx. 50% during 
seed germination in water and yeast extract and a significant 
increase in the glutamic acid concentration was recorded in 
seeds germinated in all solutions containing an additional 
source of nitrogen as compared with water, which confirms 
the occurrence of dynamic metabolic transformations. In the 
case of arginine, which is a reserve substance, a decrease in 
its content in the protein is observed. During germination, 
arginine is transformed into a keto acid and it is used further 
in the Krebs cycle; it also undergoes enzymatic transformations 
to form polyamides, ornithine, ammonia and carbon dioxide 
[23]. The results of research by Dougall [29] show that a range 
of exogenous amino acids are used for synthesis of proteins 
much more easily than endogenous amino acids formed from 
glucose. These include histidine, arginine, threonine, methio-
nine, isoleucine, phenylalanine and tyrosine. The results of seed 
germination in a solution of methionine and yeast extract also 
seem to confirm the hypothesis that exogenous amino acids 
may be assimilated by plant tissues and included in the protein 
without prior degradation. When seeds were germinated in 
a methionine solution, this amino acid was used for protein 
synthesis, which is confirmed by an increase in the protein 
concentration in the seeds and methionine and cystine in the 
protein. Insofar as an increase in the methionine concentration 
in the sprouts may result from the amino acid being absorbed 
directly from the aqueous solution, the simultaneous increase 
in the cystine concentration is difficult to explain. It seems that 
these amino acids must have been transformed here. A similar 
relationship was found in seeds germinated in yeast extract, 
which contained methionine and cystine amongst other things. 
The methionine level did not increase in the germinated seeds; 
however, a significant increase in the cystine level was observed, 
which probably resulted from direct cystine assimilation or 
from the biosynthesis of this amino acid and obtaining mutual 
relations of sulphur amino acids in the germinated lupin seeds, 
which is characteristic of this species. This may also imply that 
cystine is more easily assimilated than methionine. At the same 
time, a significant increase in the cystine concentration was also 
found when seeds were germinated in an ammonium sulphate 
solution. It can be concluded from this fact that the compound 
was used by the seeds not only as a source of nitrogen, but also 
as a source of sulphur and the level of sulphur amino acids in 
the seeds depends on the availability of this element. Thus, 
the presence of sulphur may be a factor limiting the sulphur 
amino acid content, which shows the necessity of enriching the 
substrate with this element. This hypothesis is confirmed by the 
fact that there was no significant increase in the cystine content 
in the seeds germinated in a urea solution. From the point of 
view of the nutritional value of sprouts, these observations are 
extremely important because the nutritional value of protein 
increases significantly together with an increase in the sulphur 
amino acid concentration, which is reflected by the values of the 
CS and EAAI indices. In contrast, a significant decrease in the 
protein nutritional value indices was found in seeds germinated 
in the nitric acid solution, in which complete degradation of 
cystine occurred. Sulphur amino acids are amino acids, which 
limit protein synthesis and their low content limits the use 
of lupin seeds in farm animal nutrition. It should be noted 
that antinutrients also have a negative effect on monogastric 
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animals, which undergo considerable degradation during the 
germination process. As a result of germination (in water and 
in nitrogen solutions), the sugar content from the raffinose 
family decreased by 85–97%, which is advantageous due to the 
lack of endogenous enzymes in animals, which could degrade 
these compounds from the feed. The majority of authors also 
observe a decrease in the alkaloid concentration during seed 
germination in water, depending on the lupin species, germi-
nation conditions and germination time [5]. In the research 
presented, seed germination in water did not influence the 
reduction of the alkaloid content, while the decrease in the level 
of alkaloids, and especially of lupanine, ranged from 10 to 90% 
in the presence of an additional source of nitrogen.

Chilomer et al. [6] found that the germination of lupin seeds 
in water did not have a positive influence on the content and 
intestinal digestibility of amino acids or on the feed intake 
and use by growing pigs. It does result from the research con-
ducted, however, that additional sources of nitrogen (as well as 
additional sources of carbon and sulphur) can be used in the 
germination process for protein synthesis, and in particular 
for the synthesis of sulphur amino acids, which considerably 
influences their nutritional value and, as a result, also the feed 
usefulness of lupin sprouts. The possibility of enriching lupin 
sprouts with sulphur amino acids appears to be a likely oppor-
tunity for the improvement of their nutritional value, especially 
with a simultaneous reduction in the antinutrient concentra-
tions. Nevertheless, the effect largely depends on the appropriate 
selection of the qualitative and quantitative composition of 
the substrate, which will ensure not only the desired chemical 
composition, but also proper growth of sprouts. Currently, 
ammonium sulphate and yeast extract seem to be the most 
promising from among the nitrogen sources tested; however, 
further research is needed to confirm this thesis.
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