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A b s t r a c t

The results of the study devoted to cultivation technology effects on the indices of yield 
structure of sweet maize are presented. Field trials with the crop were carried out during  
2014–2016 at the dark-chestnut slightly saline drip-irrigated soil by using the randomized split 
plot design method in four replications. Three factors were studied in the trials: depth of mouldboard 
ploughing (20–22, 28–30 cm), nutritive background (no fertilizers, N60P60, N120P120), plant 
density (35 000, 50 000, 65 000, 80 000 plants ha-1). Increase in the depth of ploughing and plant 
density to 80 000 plants ha-1 leads to considerable decrease of the structural indices and yields. 
The best yield structure was obtained under the mouldboard ploughing at the depth of 20–22 cm, 
nutritive background N120P120 and plant density of 35 000 plants ha-1. The highest yields  
of sweet maize ears with husks (14.00 t ha-1) were achieved under the higher plant density  
of 65 000 plants ha-1. 

Introduction

Sweet maize is a valuable vegetable crop that has high nutritive and 
dietary value. It is widely cultivated all over the world (EfthiMiadou  
et al. 2009). Most cultivation areas are situated in the USA where sweet 
maize is a national product. Hungary is the European top producer of 
high-quality sweet maize (SZyMaNek et al. 2006). Sweet maize becomes 
more and more popular in Europe from year to year. Demand for fresh and 
processed sweet maize products increases, and satisfaction of the growing 
demand requires significant increase in produced gross volumes of the 
Address: Pavlo Lykhovyd, Institute of Irrigated Agriculture, Naddniprianske, Kherson, Ukraine, 
73483, e-mail: pavel.likhovid@gmail.com
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crop. Thereby, scientific researches in the field of sweet maize cultivation 
technology are on the table for modern agricultural science. Previously 
conducted studies proved that sweet maize yields and their structure 
depends on a number of natural and anthropogenic factors, viz.: genetic 
features of the cultivated hybrids (LaZcaNo et al. 2011), phytosanitary 
status of the cultivation area (TurSuN et al. 2016), environmental and 
weather conditions (Garcia y Garcia et al. 2009), water and nutrients 
availability (MaharjaN et al. 2016), general peculiarities of cultivation 
technology (KWabiah 2004, Sahoo and MahaPatra 2004), etc. Special 
attention in the researches has to be paid to the peculiarities of yield struc-
ture formation, because yield structure determines not only yield levels, 
but qualitative parameters of the obtained yield, such as size and mass of 
the marketable ears, and these parameters are very important for fresh 
market realization. The aim of our investigations was to determine effects 
of some cultivation technology treatments (depth of ploughing, nutritive 
background, plants density) on the sweet maize yields and their structure 
under the drip-irrigated conditions of the South of Ukraine.

Materials and Methods

The field experiments were carried out by using the randomized split 
plot design method in four replications during the period from 2014 to 
2016 at the irrigated lands of the Agricultural Cooperative Farm “Radi-
anska Zemlia” (Kherson region, Ukraine). Geographical coordinates of the 
experimental field are: latitude 46°43′42′′N, longitude 32°17′38′′E, altitude 
42 m. The study envisaged research of the following treatments:

– factor A – primary soil tillage (mouldboard ploughing at the depth  
of 20–22 and 28–30 cm);

– factor B – nutritive background (no mineral fertilizers applied; min-
eral fertilizers applied at rates of N60P60 and N120P120);

– factor C – plants density (35 000, 50 000, 65 000 and 80 000 plants ha-1).
The soil in the field experiments was represented by the dark-chestnut 

slightly saline soil. The humus content in the arable soil layer was 2.5%. 
The bulk density of the 0–100 cm soil layer was 1.35 t m-3. The content  
of the lightly-hydrolyzed Nitrogen was 35 mg kg-1, the mobile Phosphorus 
content was 32 mg kg-1, the exchangeable Potassium content was 430 mg kg-1 
in the arable soil layer. The weather conditions during the period of the 
experiments are presented in the Table 1. The hydrothermal coefficient 
(HTC) was calculated as a relation of the sum of precipitation to the sum 
of positive temperatures above 10ºС (UShkareNko et al. 2014).
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Table 1
Weather conditions in the field experiments with sweet maize

Month Decade Air temperature 
[ºС]

Relative air humidity 
[%]

Precipitation 
amounts [mm] HTC [units]

2014

May
І 13.7 75 33.0 2.4
ІІ 17.8 75 5.2 0.3
ІІІ 22.2 61 0.0 0.0

June
І 22.4 64 13.3 0.6
ІІ 20.0 58 28.6 1.4
ІІІ 20.0 64 22.5 1.1

July
І 23.5 53 0.0 0.0
ІІ 25.5 56 9.4 0.4
ІІІ 26.1 49 10.0 0.3

2015
May ІІІ 19.6 69 70.7 3.3

June
І 21.3 61 7.1 0.3
ІІ 21.3 67 3.4 0.2
ІІІ 20.0 73 27.8 1.4

July
І 22.8 74 84.9 3.7
ІІ 21.0 66 19.7 0.9
ІІІ 26.0 67 0.0 0.0

August І 26.0 49 0.0 0.0
2016

May ІІІ 18.5 77 20.7 1.0

June
І 17.8 70 16.2 0.9
ІІ 21.9 75 12.8 0.6
ІІІ 26.5 62 14.0 0.5

July
І 22.4 61 21.6 1.0
ІІ 25.8 59 0.0 0.0
ІІІ 25.0 54 24.7 0.9

August І 26.0 55 0.6 0.0
Long-term data (for the period from 1986 until 2005)

May
І 14.1 63 15.0 1.1
ІІ 16.6 62 14.0 0.8
ІІІ 17.4 66 13.0 0.7

June
І 19.2 68 13.0 0.7
ІІ 19.5 65 18.0 0.9
ІІІ 21.2 67 14.0 0.7

July
І 21.3 62 22.0 1.0
ІІ 22.3 61 14.0 0.6
ІІІ 22.1 61 13.0 0.5

August І 22.4 61 7.0 0.3
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We used the variety Brusnytsia (standard sweet – su, with duration 
of vegetation period of 77–79 days) in the field experiments. Sweet maize 
cultivation technology was based on the common recommendations for cul-
tivation of the crop under the irrigated conditions of the South of Ukraine. 
The previous crop was winter wheat. Stubbling at the depth of 10–12 cm 
followed by the mouldboard ploughing was conducted after the harvesting 
of the previous crop. Mineral fertilizers (ammonium nitrate and super-
phosphate) were applied with accordance to the experimental design in 
pre-ploughing period by the means of a seed drill. Soil cultivations at the 
depth of 8–10, and further at the depth of 5–6 cm were carried out in the 
spring period. Sweet corn was sown at the depth of 5–6 cm with an inter-
row spacing of 70 cm. The time of sowing was: 1st of May in 2014, 22nd  
of May in 2015 and 21st of May in 2016, respectively. Herbicide Harnes 
(a.s. – acetochlor, 900 g dm-3) was applied in pre-sowing period in the dose 
of 2.0 dm3 ha-1. Karate Zeon insecticide (a.s. – lambda-cyhalothrin, 50 g dm-3) 
was applied at the stage of 3–5 leaves of the crop in the dose of  
0.2 dm3 ha-1. Master Power herbicide (a.s. – foramsulfuron, 31.5 g dm-3, 
iodosulfuron, 1.0 g dm-3, tienecarbazon-methyl, 10 g dm-3, cyprosulfamide 
(antidote), 15 g dm-3) was applied at the stage of 7–8 leaves of the crop in 
the dose of 1.25 dm3 ha-1. Koragen insecticide (a.s. – chlorantraniliprole,  
200 g dm-3) was applied at the beginning of the flowering stage in the dose 
of 0.1 dm3 ha-1. Soil moisture during the crop vegetation was maintained 
at the level of 80% of the field water-holding capacity by the means of drip 
irrigation. We applied irrigation water 10 times at the rate of 5 mm before 
the stage of 7–8 leaves of the sweet maize, and then 12 times at the rate  
of 10 mm in the further period of the crop vegetation in 2014. In 2015 and 
2016 we applied irrigation water in the above-mentioned volumes, but 
fewer times: 6 and 9 in 2015, 8 and 12 in 2016, respectively. The total vol-
ume of the irrigation water applied at the field was 170 mm in 2014,  
120 mm in 2015, and 160 mm in 2016.

Sweet maize yields at the technical ripeness stage were hand-har-
vested and weighed on the digital weighs. Time of harvesting depended on 
the cultivation technology treatments, and it is given in the Table 2. The 
number of marketable ears per plant was counted in the pre-harvesting 
period. Physical sizes (such as diameter and length) of the marketable 
ears were assessed by the means of calliper.

The experimental data were processed by the means of the multi-fac-
tor analysis of variance (ANOVA). The least significant difference (LSD) 
was estimated at the reliability level of 95%. We used AgroStat add-on for 
the Microsoft Office Excel as a tool for the statistical evaluation of the 
experimental data (UShkareNko et al. 2014).
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Table 2
Time of harvesting of sweet maize ears depending on the cultivation technology

Cultivation technology treatments Years of study

Mouldboard 
ploughing depth nutritive background plant density 

[plants ha-1] 2014 2015 2016

20–22 cm

no fertilizers

35 000 15.VII 31.VII 1.VIII
50 000 15.VII 1.VIII 2.VIII
65 000 17.VII 1.VIII 2.VIII
80 000 18.VII 3.VIII 3.VIII

N60P60

35 000 19.VII 3.VIII 4.VIII
50 000 20.VII 4.VIII 4.VIII
65 000 22.VII 7.VIII 4.VIII
80 000 23.VII 8.VIII 4.VIII

N120P120

35 000 21.VII 5.VIII 4.VIII
50 000 22.VII 7.VIII 4.VIII
65 000 23.VII 8.VIII 4.VIII
80 000 25.VII 10.VIII 5.VIII

28–30 cm

no fertilizers

35 000 15.VII 31.VII 4.VIII
50 000 15.VII 1.VIII 4.VIII
65 000 17.VII 1.VIII 4.VIII
80 000 18.VII 3.VIII 4.VIII

N60P60

35 000 19.VII 3.VIII 5.VIII
50 000 20.VII 4.VIII 5.VIII
65 000 22.VII 7.VIII 5.VIII
80 000 23.VII 8.VIII 6.VIII

N120P120

35 000 21.VII 5.VIII 6.VIII
50 000 22.VII 7.VIII 6.VIII
65 000 23.VII 8.VIII 7.VIII
80 000 25.VII 10.VIII 7.VIII

Results and Discussion

The most important yield structure indices for sweet maize are: num-
ber of rows per ear, number of kernels per row, length and diameter of ear, 
ear mass, quantity of marketable ears per 100 plants (Table 3).

All the studied treatments had significant effect on the yield structure 
indices of sweet maize. We determined that mouldboard ploughing at the 
depth of 28–30 cm does not have positive effect on the yield structure, 
unless the crop is cultivated without fertilization (Table 4). This fact could 
be explained by the peculiarities of nutrition absorption by plants from 
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Table 3
Sweet maize yield structure depending on the cultivation technology 

(average for 2014–2016)

Mouldboard 
ploughing 

depth

Nutritive 
background

Plant density 
[plants ha-1]

Number of Physical sizes of the 
marketable ears

rows
ker-

nels in 
a row

kernels 
per ear

marketable 
ears per 

100 plants

length 
[cm]

diameter 
[cm]

mass 
[g]

20–22 cm

no fertilizers

35 000 14.1 25.5 358 55 16.2 4.3 187
50 000 13.8 25.2 346 42 16.0 4.2 182
65 000 13.7 24.7 339 35 15.9 4.2 178
80 000 13.5 24.3 327 30 15.7 4.1 166

N60P60

35 000 14.4 28.1 405 100 16.9 4.5 203
50 000 14.2 27.5 388 85 16.6 4.4 192
65 000 14.1 26.9 378 82 16.4 4.4 188
80 000 13.9 26.7 371 61 16.3 4.3 181

N120P120

35 000 14.8 30.1 445 120 17.6 4.8 229
50 000 14.6 28.6 419 102 17.4 4.7 218
65 000 14.5 28.4 412 100 17.2 4.6 215
80 000 14.2 27.3 387 75 16.6 4.4 205

28–30 cm

no fertilizers

35 000 14.1 25.5 361 61 16.3 4.3 190
50 000 14.0 25.2 354 49 16.2 4.3 183
65 000 13.8 24.9 345 41 16.0 4.2 179
80 000 13.7 24.5 336 34 15.8 4.1 167

N60P60

35 000 14.3 27.5 394 93 16.5 4.4 193
50 000 14.1 27.2 383 78 16.3 4.3 186
65 000 14.0 26.9 376 69 16.1 4.2 183
80 000 13.7 26.5 363 54 15.9 4.1 169

N120P120

35 000 14.6 28.9 421 105 17.1 4.5 222
50 000 14.3 28.6 408 88 16.9 4.5 215
65 000 14.2 28.2 402 80 16.6 4.4 213
80 000 13.9 27.7 386 60 16.5 4.3 200

LSD (at p < 0.05)

A

N/A

9.63 1.7 0.15 0.08 1.57
B 12.95 1.2 0.12 0.08 0.78
C 10.84 2.1 0.19 0.14 2.46

ABC 30.08 5.4 0.49 0.37 6.14

the soil and mineral fertilizers (UShkareNko 1994). If we do not provide 
the crop with additional nutrition in the form of fertilizers it needs to 
develop more roots and go deeper into the soil profile to find the necessary 
elements for growth and development. Therefore, sweet maize cultivated 
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with no fertilization shows better performance in yields and their struc-
ture at the deeper ploughing, which makes easier for the roots to penetrate 
down into the soil profile. However, if we give the crop additional artificial 
nutrition, there is no need to go deeper to find nutrition. In this case, the 
crop has an opportunity to find all the necessary elements for growth and 
development in the upper layers. And deep ploughing under the condition 
of artificial humidification just leads to migration of mineral fertilizers 
down by the soil profile and makes them less usable for the crops. Increas-
ing crop density is also unreasonable, because it leads to significant 
decrease of all the studied structural indices because of increasing 
intro-specie competition and more plants per the same unit of life factors 
(light, air, nutrition, etc.). Application of mineral fertilizers is a factor  
of the greatest improvement in the studied parameters of sweet maize yields. 

Table 4
Sweet maize yields depending on the cultivation technology [t ha-1] (average for 2014–2016)

Mouldboard ploughing 
depth

Plant density 
[plants ha-1]

Nutritive background
no fertilizers N60P60 N120P120

20–22 cm

35 000 3.60 7.09 9.62
50 000 3.82 8.14 11.14
65 000 4.05 10.03 14.00
80 000 3.99 8.82 12.32

28–30 cm

35 000 4.06 6.29 8.15
50 000 4.49 7.24 9.45
65 000 4.78 8.20 11.07
80 000 4.54 7.30 9.62

LSD (at p < 0.05)

A 0.07
B 0.15
C 0.18

ABC 0.47

And this fact is not surprising: the better you feed plants, the better produc-
tivity they usually show. The highest outlet of the marketable ears with the 
best visual parameters (sizes and mass) was achieved under the combina-
tion of treatments: mouldboard ploughing at the depth of 20–22 cm, plant 
density 35 000 plants ha-1, nutritive background N120P120. The results of 
our study are in agreement with ones obtained by the foreign scientists in 
this field. So, we proved that the higher nutritive background is, the better 
sweet maize yield structure is. And the structural parameters become worse 
under the higher plant densities (OkteM and OkteM 2005). Also, we were 
not the first who mentioned that maize yields increase due to the better 
structural parameters under the tillage minimization (Torbert et al. 2001).
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We established that all the studied factors significantly affected the 
yields of the crop according to the ANOVA results. Previous scientific 
investigations discovered that better sweet maize yields could be obtained 
under the conventional tillage system than under the conservation tillage 
(EdGeLL et al. 2015). However, it was defined that increased depth  
of mouldboard ploughing led to considerable decrease in yields on the fer-
tilized experimental treatments in our study. On average, deep ploughing 
decreased sweet maize yields by 13.4–14.1%. The best performance of the 
deep ploughing was established on the non-fertilized variants (sweet 
maize yields increased by 15.7%), while fertilization levelled the advan-
tages of the deep soil loosening. It is interesting that the results of some 
other studies report that the best sweet maize yields could be obtained not 
under the mouldboard, but under the disk ploughing (ShaMS et al. 2015, 
ShaMSabadi et al. 2017). These differences in the crop productivity could 
be put on the differences in the conditions of sweet maize cultivation, and 
differences in used machinery and varieties. Increasing sweet maize plant 
density from 35 000 to 65 000 plants ha-1 is an effective way of productivity 
increase – in average, it raised by 33.9%. Of course, the ears picked from 
he plots with plants density of 35 000 plants ha-1 were larger than the ones 
picked from the plots with higher crop density. But a significant increase 
in the number of ears per area unit provided a bigger increase in total 
mass of ears than a decrease in the mass of every single ear. However, 
enormously dense crops cause a negative effect and lead to significant 
losses of the yields (in average by 11.4%). The same results presenting 
that too dense crops have lower productivity were obtained earlier (Bhatt 
2012). We think that this phenomenon is connected with drastically 
increase of intro-species competition within the crops that fatigue plants, 
which is reached at the certain point of plants per area unit. And this point 
of curve will be different for different varieties cultivated under the differ-
ent environmental and technological conditions. Some researches pointed 
out that sweet maize yields at different plants densities depend on the 
genotype features of the cultivated hybrids of the crop (AL-NaGGar et al. 
2015). However, if we discuss green mass yields they are considerably 
higher under the higher plants density (RaGhaveNdra et al. 2016). All in 
all, nutrient management and mineral fertilization seem to be the most 
important factor of sweet maize productivity (WadiLe et al. 2016). Higher 
fertilization rates significantly increased crop yields: application of min-
eral fertilizers at rates of N60P60 – by to 96.1%, and N120P120 – by 168.4% 
in comparison with non-fertilized treatments. The similar results were 
earlier obtained by some other scientific groups (AkPaN and Udoh 2017, 
Rivera-HerNáNdeZ et al. 2010). It was determined that sweet maize 
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yields increased by 34%, 44%, 52%, and 54%, respectively, under the applica-
tion of Nitrogen mineral fertilizers in the doses of 30, 60, 90, and 120 kg ha-1 
(KhaN et al. 2018). As we see, the question is not of “do we need to fertilize 
sweet maize”, the question is “how much fertilizers should be applied in 
this concrete conditions”. However, cultivation technology of sweet maize 
is a complex system and needs a complex investigation approach. So, our 
study has a number of limitations and the question of sweet maize agro-
technology remains actual and needs further researches.

Conclusions

1. The results of the investigations showed that the yield and yield 
structure of sweet maize were significantly affected by the studied factors. 
However, the strength of the effect was uneven. The highest effect on the 
studied parameters of the crop productivity had mineral fertilizers, and 
the least – the depth of mouldboard ploughing.

2. The best parameters of the sweet maize yield structure were pro-
vided by the mouldboard ploughing at the depth of 20–22 cm, nutritive 
background of N120P120 and plants density of 35 000 plants ha-1 as fol-
lows: marketable ears length was 17.6 cm, diameter – 4.8 cm, ears mass in 
husks – 229.0 g, marketable ears per 100 plants – 119.8.

3. The maximum yield of marketable sweet maize ears with husks 
was observed under the mouldboard ploughing at the depth of 20–22 cm, 
nutritive background of N120P120 and plants density of 65 000 plants ha-1.

4. There is an obvious tendency of significant increase in sweet maize 
yields and yield structure with increase of the mineral fertilizers applica-
tion rate. However, increase of the depth of ploughing considerably 
decreased the above-mentioned parameters of the crop productivity. Reg-
ulation of the plants density is a flexible instrument of adjusting the yields 
and their parameters for the actual market demands.

Accepted for print 26.11.2018
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A b s t r a c t

Present paper analyzes the effect of biomass ash and lime fertilization on changes in macro- 
and microelements content in soil and in winter wheat grain of RGT Kilimanjaro cv. (Triticum 
aestivum var. Kilimanjaro). Fertilization with wood or straw ash had no influence on changes in 
the pH and content of organic carbon, nitrogen and available phosphorus in the soil from 
experiment. As a result of fertilization with ash from wood or straw, a significant increase in the 
soil abundance was achieved in relation to: available potassium and exchangeable calcium. 
Increasing the dose was a factor that resulted in even higher efficiency of fertilizers. Analysis  
of the content of microelements in the soil (copper, chromium, nickel and lead) shows that the 
application of fertilization in the form of wood or straw ashes and lime PROFITKALK did not 
exceed the threshold values for soil from the first group of ground Results concerning the impact 
of ashes from wood or straw and lime PROFITKALK on changes in the content of macro- and 
microelements indicate that when cultivating wheat of Kilimanjaro cv., it is justified to use them 
as a fertilizing material.
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Introduction

Ashes from biomass are increasingly treated as a fertilizer. The bio-
mass ash is one of the oldest mineral fertilizers. They contain almost all 
nutrients except nitrogen (füZeSi et al. 2015, zapałowSka et al. 2017). 
The impact of used ashes from wood and straw of crops is the subject of 
many studies emphasizing the beneficial effect on both the quality of soil 
and plants (bakiSGaN 2009, SchieMeNZ and eichLer-LöberMaNN 2010, 
PiekarcZyk et al. 2017, ochecova et al. 2014, bradNa et al. 2016). 

The composition of ash from biomass is generally very diverse and 
depends on the type of biomass combusted (PiekarcZyk et al. 2011, Pie-
karcZyk et al. 2017). The reduction in the resources of biomass from fore-
stry and the wood industry induces attempts to look for other plant mate-
rials that constitute energy, as for example straw. In Poland, it is predic-
ted that in 2020 year straw production will amount 30.5 million tones,  
of which 17.4 million tones will be used for agricultural purposes, and the 
remaining 13.1 million tones may be used for energy purposes (Madej 
2016). Literature data indicate higher calcium and magnesium contents in 
wood ash as compared to straw ash (kaJDa-Szcześniak 2014). 

As you know use of biomass ash can cause changes in soil chemical 
properties, especially in the upper layer. The use of ash is possible only if 
it does not threaten the quality of the soil and the obtained crops of plants 
are of good quality.

Winter wheat of RGT Kilimanjaro cv. is a cultivar recently introduced 
into cultivation, which justifies conducting thorough studies on the impact 
of using different fertilizers on changes in the chemical composition of the 
grain.

Present paper analyzes the effect of biomass ash from wood and ash 
from straw and lime fertilization on changes in macro- and microelements 
content in soil and in wheat grain of RGT Kilimanjaro cv. (Triticum aesti-
vum var. Kilimanjaro). 

Materials and Methods

Experimental characteristics

The experiment was carried out in 2016 in Wrześnica (54º40’N, 
16º77’E), the Sławno County in the West Pomeranian province. The study 
compared two factors: wood ash and straw ash (I. factor), 4 doses of ash 
and lime mixture (mixture composition in the proportion of 70% ash and 
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30% lime) (factor II). The subsequent doses were as follows: a – 0; b – 7 + 2.1; 
c – 14 + 4.2; d – 21 + 6.3 Mg ha-1. The fertilizer lime used is a calcium 
post-cellulose fertilizer, variety 07, with the trade name PROFITKALK 
and imported by the Polish company Agro Trade Ltd. from Scandinavia. 
The lime contained in the fertilizer is in the form of carbonate and its con-
tent is 28.0% Ca. The fertilizer contains phosphorus and magnesium in 
the amount of 0.25% P i 0.42% Mg (Wapno PROFITKALK… 2019 ). Value 
of pH and content of macro- and microelements in ash from wood and 
straw are given in Table 1.

Table 1 
Value of pH and content of macro- and microelements in ash from wood and straw 

Parameter
Type of ash

wood straw
pH in H2O 12.3 10.2
pH in KCl 12.5 10.0

g kg-1

Phosphorus/P 13.6 20.8
Potassium/K 6.8 80.9
Calcium/Ca 35.4 15.6

Magnesium/Mg 6.4 3.9
mg kg-1

Iron/Fe 8290 988
Maganese/Mn 9220 351

Zinc/Zn 1830 966
Copper/Cu 157 61.2
Chrome/Cr 35.2 2.64

Lead/Pb 34.5 33.0
Nickel/Ni 26.4 2.97

Fertilization was applied in autumn 2015 before wheat sowing, on 25 
September. The experiment was established by means of a random block 
method in 4 replicates The soil was loamy sand (USDA 2006). The soil 
from the experiment was characterized by the following parameters: 
pHKCl = 6.4, Corg = 11.0 g kg-1, Pavail = 37.0 mg kg-1, Kavail. = 177 mg kg-1, 
Mgexch .= 165 mg kg-1. It was the soil contained an average level of avail-
able phosphorus and potassium and very high exchangeable magnesium 
(eGNer et al. 1960, Soil quality… ISO 13536:1995).

The area of the plot was 500 m2. Material for analysis consisted of 
winter wheat of Kilimanjaro cv. grain (Triticum aestivum var. Kiliman-
jaro). In Poland, winter wheat RGT Kilimanjaro has been entered into the 
National Register of Varieties on 19.09.2014 and the expiration date is 
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31.12.2024 (Polish National List of Agricultural Plant Varieties 2017). 
RGT Kilimanjaro is currently one of the highest yielding winter wheat 
cultivars available in Poland; it is very highly evaluated for winter hardi-
ness – the score 4 classifies it in the forefront of the most winter-resistant 
cultivars. Good quality results of the grain resulted in qualifying it to the 
quality group A.

Wheat was grown on a post after winter oilseed rape. Nitrogen fertil-
izers were sown on 2 April 4, 2016 in an amount of 120 kg of ammonium 
sulfate (25.5 kg of N) and 300 kg of urea, (140 kg of N) per ha and on May 
28 – 150 kg of urea (70 kg of N) per hectare. Wheat was harvested on 
August 15, 2016. Care treatments for sowing were carried out in accor-
dance with the principles of Good Agricultural Practice.

Methodology of chemical analyses

Soil samples were taken after winter wheat rape harvest, using Egn-
er-Riehm’s cane from a 0–20 cm layer in accordance with the standard 
(Analiza chemiczno-rolnicza… PN-R-04031:1997) from each plot. The pH 
of the soil was determined potentiometrically in accordance with the stan-
dard (Soil quality… ISO 10390:1997). The amount of organic carbon was 
determined using dichromate(VI) oxidation and combined with sulfu-
ric(VI) acid (Soil quality… ISO 14235:1998). Nitrogen was determined in 
solutions after mineralization of soil samples and in sulfuric(VI) acid with 
H2O2 by means of Kjeldahl method (Soil quality… ISO 11261:2002). Avail-
able forms of phosphorus and potassium in the soil were determined using 
the Egner-Riehm method (eGNer et al. 1960). In order to determine 
exchangeable forms of magnesium and calcium contents in the soil, a buff-
ered barium chloride solution was used (pH = 8.1) (Soil quality… ISO 
13536:1995). Determining the total content of metals: potassium, calcium, 
magnesium, iron, manganese, zinc, sodium, nickel, lead, copper and chro-
mium in soil samples and grains were wet digested in a mixture of nitric(V) 
and chloric(VII) acids at 1:1 ratio (Animal feeding… ISO 6869:2000). Anal-
yses were performed using the Atomic Absorption Spectrometer Appara-
tus (Thermo Fisher Scientific iCE 3000 Series). After grain mineralization 
in sulfuric(VI) acid in combination with H2O2, nitrogen content was deter-
mined applying the Kjeldahl method (Cereals and pulses… ISO 20483:2013) 
and phosphorus by the colorimetric method using ammonium molybdate 
at 470 nm (Animal feeding… ISO 6491:1998).
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Statistical treatment of data

The results were statistically processed using the variance analysis in 
a 2-factor system of random blocks. Confidence sub-intervals were calcula-
ted using Tukey’s multiple test, assuming a significance level of p = 0.05. 
In addition, the analysis of variance with regression for the quantitative 
factor – the dose of mixture – was performed for selected soil features. The 
significance of regression equations was determined using the F-Fisher-
-Snedecor test. Regression lines are shown in diagrams. Statistical analy-
sis of results was carried out using the Statistica 10.0 software.

Climatic conditions

The fairly high air temperature maintained in November 2015, on the 
one hand, created favorable conditions for emergence, growth and develop-
ment of winter crops, on the other hand, deficiencies of moisture in the soil 
occurring in this period caused weaker growth of plants before winter. 
January frosts in the absence of snow cover, caused losses in winter cereal 
crops. The weather course in February 2016 posed a slight threat to plants, 
and the high temperature of air and soil that persisted during the month 
caused disturbances in the winter dormancy of plants. Weather in March 
favored drying up of fields and heating the soil, as well as vegetation. The 
cold rainy days occurring in April inhibited the growth and development of 
plants. Shortage of rainfall caused that the water needs of crops were not 
fully satisfied. The warm and sunny weather at the beginning of May favo-
red the growth and development of plants. As a result of the spring shortage 
of rainfall, the condition of many crops has deteriorated. Rainfall recorded 
in June improved the condition of soil moisture (Serwis IMGW-PIB... 2019).

Results and Discussion

Soil acidity, organic carbon and nitrogen in soil

After the experiment was completed, the soil from the control object was 
characterized by slightly acidic reaction – pH in KCl = 6.36 (Soil quality… 
ISO 10390:1997P). The introduced fertilizing materials were characterized 
by alkaline reaction (Table 1), however, fertilization with ash from wood or 
straw did not cause soil alkalization (Table 2). As a result of the use of com-
bined fertilization with ash and lime PROFITKALK, however, an increase in 
the soil pH to 6.75 was recorded (Table 3 and Figure 1). The alkalizing effect 
of lime as a fertilizer is confirmed in the literature on this subject (eichLer-
-LöberMaNN et al. 2008, GibczyńSka et al. 2014, GouLdiNG 2016). 
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Table 2 
Value of pH and content of macro- and microelements in the soil depending on the type of ash

Parameter Control 
Type of ash

wood straw average LSD0.05
pH in KCl 6.36 6.61 6.62 6.62 n.s.

g kg-1

Organic carbon 12.5 12.6 12.7 12.6 n.s.
Nitrogen/N [mg kg-1] 0.94 0.97 1.01 0.99 n.s.

Iron/Fe 8.21 8.62 8.73 8.67 n.s.
mg kg-11

Available phosphorus/Pavail 37.2 40.8 39.4 40.1 n.s.
Available potassium/Kavail 173 210 225 217 18.3

Exchangeable calcium/Caexch 780 1020 946 983 105.3
Exchangeable magnesium/Mgexch 188 205 177 191 n.s.

Manganese/Mn 470 458 447 452 n.s.
Zinc/Zn 40.7 40.9 39.8 40.3 n.s.

Copper/Cu 6.19 6.37 6.74 6.56 n.s.
Chrome/Cr 21.2 21.2 20.7 20.9 n.s.
Nickel/Ni 7.47 8.09 7.00 7.54 n.s.
Lead/Pb 13.1 15.0 10.7 12.8 1.729

n.s. – not significant difference

The average organic carbon content in the soil from the experiment 
was 12.5 g C kg-1 while the nitrogen content was 0.94 g N kg-1. Fertiliza-
tion with biomass ashes and PROFITKALK lime did not affect changes in 
the amount of these parameters in the soil (Table 2 and Table 3).

Fig. 1. Regression equation between dose of mixture and pH in the soil
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Table 3 
Value of pH and content of macro- and microelements in the soil depending on the ash doses

Parameter
Dose of ash [Mg ha-1]

0 7 + 2.1 14+4.2 21+6.3 average LSD0.05
pH in KCl 6.36 6.63 6.73 6.75 6.62 0.283

g kg-1

Organic carbon 12.5 12.4 12.6 13.0 12.6 n.s.
Nitrogen/N 0.937 1.046 1.010 0.957 0.987 n.s.

Iron/Fe 8.21 9.20 8.57 8.72 8.67 n.s.
mg kg-1

Available phosphorus/Pavail 37.2 41.5 42.2 44.4 41.3 4.53
Available potassium/Kavail 173 219 232 246 217 45.3

Exchangeable calcium/Caexch 780 1009 1039 1104 983 226.4
Exchangeable magnesium/Mgexch 188 191 195 193 192 n.s.

Manganese/Mn 470 440 454 447 452 n.s.
Zinc/Zn 40.7 40.6 40.1 40.0 40.3 n.s.

Copper/Cu 6.19 6.34 7.32 6.39 6.56 n.s.
Chrome/Cr 21.2 21.8 20.2 20.6 20.9 n.s.
Nickel/Ni 7.47 7.58 6.76 8.37 7.54 n.s.
Lead/Pb 13.1 12.2 12.6 13.5 12.8 n.s.

n.s. – not significant difference

Available phosphorus and potassium in soil

The content of available phosphorus in the soil from the experiment 
was 37.2 mg P kg-1. Ashes from biomass were characterized by relatively 
large amount of this element (Table 1), however, there was no effect of 
their presence on changes in the amount of phosphorus available to plants 
in the soil. Soil alkalization resulting from the use of lime was a factor 
responsible for a dose-proportional, significant increase in available phos-
phorus to the level of 44.4 mg P kg-1 (Table 2 and Figure 2).

Fig. 2. Regression equation between dose of mixture and phosphorus and potassium content  
in the soil
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In the experiment, ash from straw contained about ten times more 
potassium than wood ash (Table 1). For comparison, jaGuStyN et al. (2011) 
show that the potassium content in ash from straw was as much as 19.9%. 
The abundance of ashes relative to potassium was a factor causing signifi-
cant increase in the content of available potassium in the soil, after the 
completion of Kilimanjaro cv. wheat cultivation to 225 mg K kg-1. As  
a result of a gradual increase in the doses of both fertilizer materials, the 
amount of available potassium in the soil amounted to 246 mg K kg-1 and 
the soil was characterized by very high available potassium level (Table 2 
and Figure 2).

Exchangeable calcium and magnesium

Unlike potassium, wood contains more calcium than straw, and it ran-
ges from 0.8 to 2.7 g K kg-1 (SZáSZ-LeN et al. 2016) and the above depen-
dence is reflected in the abundance of ashes (Table 1). As a result of ferti-
lization using ash, a significant increase in the amount of exchangeable 
calcium in the soil was obtained: by 31 and 21%, respectively.

By using the combined fertilization with PROFITKALK ash and lime, 
a proportional significant increase in the content of exchangeable calcium 
in the soil was observed by as much as 41% at the maximum dose (Table 3 
and Figure 3). füZeSi et al. (2015) explain the above relationship that the 
calcium oxide present in fertilizers getting into the soil, in combination 
with water, transforms into calcium hydroxide. The hydroxide reacts with 
carbon dioxide from the air, which results in the formation of more easily 
soluble calcium carbonate. Higher amount of magnesium in wood ash, as 
a result of its use as a fertilizer, caused significant increase in the content 

Fig. 3. Regression equation between dose of ash and calcium content in the soil
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of this macroelements from 188 to 205 g Mg kg-1 of soil (Table 2). The 
increase in ash doses in combination with lime was not reflected in chan-
ges in the amount of exchangeable magnesium in the soil from experiment 
(Table 3). PROFITKALK fertilizer in its composition contains little magne-
sium (0.7% MgO) and the increase in soil pH value as a result of fertiliza-
tion may be a factor that inhibits the solubility of magnesium compounds.

Iron, manganese, zinc, copper, chromium, nickel and lead

Manganese and iron undergo analogous geochemical processes. The 
amount of iron in wood ash was many times higher than in ash from 
straw. The soil from the experiment was characterized by an iron content 
of 8.21 g Fe kg-1 and manganese 470 mg Mn kg-1 soil.

Wood ash contained twice as much zinc as compared with straw ash, 
i.e. 1830 and 966 mg Zn kg-1. General abundance of zinc in light soils  
varies between 7 and 150 mg Zn kg-1 soil (kabata-PeNdiaS 2011). The 
average content of zinc in the soil of variant without fertilization was low 
– about 35 mg Zn kg-1 soil.

The amount of total copper in wood ash was about twenty times higher 
than in the studied soil, whereas in ash straws – tenfold and were respec-
tively 157 and 61.2 mg Cu kg-1. Soil from the control object contained much 
less copper, i.e. 6.19 mg Cu kg-1 soil.

Wood ash is richer in terms of chromium in comparison with ash from 
straw (Table 1). The content of chromium in soils is generally low. The range 
of mean concentrations of chromium varies from 7 to 150 mg Cr kg-1 and its 
content and distribution in the soil largely depends on the type of the soil’s 
mother rock (jaNkieWicZ and ptaSzyńSki 2005). The amount of chromium 
in the soil from the experiment was 20.0 mg Cr kg-1 and it was lower than 
the average content of 60.0 mg Cr kg-1 soil (kabata-PeNdiaS 2011).

Nickel plays an important role in regulating the assimilation of free 
nitrogen in soil by bacteria; its content in the soil from the control object 
was 7.47 mg Ni kg-1 soil, and this is a level many times lower than permis-
sible standard for the first class soil (Rozporządzenie Ministra Środow-
iska… dZ.u. 2016, pos. 1395). 

Soil fertilization with biomass ashes, as well as increasing their doses 
in combination with lime did not cause significant changes in the soil fer-
tility in relation to iron, manganese, zinc, copper, chromium and nickel.

The average amount of lead in Poland’s soils is 27.0 mg Pb kg-1 soil 
(kabata-PeNdiaS 2011). Soil from the experiment was characterized by 
lower lead content, i.e. 13.1 mg Pb kg-1 soil. As a result of soil fertilization 
with wood ash, an increase in lead in soil by 15% was obtained. As a result of 
soil fertilization with straw ash, an decrease in lead in soil by 18% was 
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obtained. In view of the results of lead content in soil as a result of fertiliza-
tion with biomass ashes, there is no indication against their use as fertilizers.

Macro and microelements in Kilimanjaro winter wheat grain
koZLovSký et al. (2009) reported that the average amount of nitrogen 

in wheat grain is 2.18%. The content of nitrogen in the wheat grain from 
the experiment was on a similar level, i.e. 23.8 g N kg-1. The lack of influ-
ence of ash fertilization from biomass and lime on changes in soil was 
confirmed by uniform amount of nitrogen in wheat grain cultivated in the 
experiment (Table 4 and Table 5).

Table 4
Content of macro- and microelements in the wheat grains depending on the type of ash from 

biomass 

Parameter Control
Type of ash

wood straw average LSD0,05
Nitrogen/N [g kg-1] 23.4 23.8 23.8 23.8 n.s.

mg kg-1

Phosphorus/P 4.40 4.25 4.65 4.45 0.346
Potassium/K 3.90 3.86 4.04 3.95 n.s.
Calcium/Ca 0.467 0.539 0.535 0.537 n.s.

Magnesium/Mg 1.02 1.02 1.00 1.01 n.s.
Sodium/Na 38.1 38.5 38.1 38.3 n.s.

Iron/Fe 25.9 29.1 28.2 28.7 n.s.
Manganese/Mn 7.21 7.96 6.02 6.99 1.15

Zinc/Zn 31.6 27.7 29.2 28.4 n.s.
Lead/Pb 0.047 0.055 0.055 0.055 n.s.

n.s. – not significant difference
Table 5

Content of macro- and microelements in the wheat grain depending on the ash doses

Parameter
Dose of ash [Mg ha-1]

0 7 + 2.1 14+4.2 21+6.3 average LSD0.05
Nitrogen/N [g kg-1] 23.4 23.9 24.1 23.8 23.8 n.s.

mg kg-1

Phosphorus/P 4.40 4.56 4.46 4.38 4.45 n.s.
Potassium/K 3.90 4.08 3.84 3.98 3.95 n.s.
Calcium/Ca 0.467 0.551 0.559 0.571 0.537 n.s.

Magnesium /Mg 1.02 1.05 0.99 0.99 1.01 n.s.
Sodium/Na 38.1 37.5 37.4 40.3 38.3 n.s.

Iron/Fe 25.9 30.6 30.1 28.0 28.7 n.s.
Manganese/Mn 7.21 6.53 6.90 7.31 6.99 n.s.

Zinc/Zn 31.6 27.9 26.7 27.6 28.4 n.s.
Lead/Pb 0.047 0.054 0.056 0.063 0.055 0.011

n.s. – not significant difference
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The standard wheat of Tonacja cv. is characterized by the content  
of macroelements in the dry mass of grain in the amount of: phosphorus 
0.38%, potassium 0.42%, magnesium 0.13% and calcium 0.034% (racHoń 
and SzuMiło 2009). Assessment of the abundance of the aforementioned 
macroelements in grain cultivated in the Kilimanjaro wheat cultivar 
shows that it was very similar to data characterizing the standard wheat, 
with the exception of phosphorus, the content of which was higher. Changes 
due to fertilization, soil content, available phosphorus and potassium, and 
exchangeable calcium and magnesium were not reflected in the abundance 
of wheat grain of Kilimanjaro cv.

The amount of sodium in Kilimanjaro wheat grain was on average 
38.3 mg Na kg-1 which was, close to 32 mg Na kg-1 given by NabiPour 
et al. (2007) for wheat of Chamran cv.

Content of iron in wheat grain varies and depends on the cultivar 
ranging from 21.9 to 40.3 mg Fe kg-1 (woźniak and MakarSki 2012). The 
amount of iron determined in the wheat grain of Kilimanjaro cv. was on 
the level from 25.9 to 30.6 mg Fe kg-1 (Tables 4 and Table 5).

The average content of zinc in wheat was 28.4 mg Zn kg-1 which was 
at a lower level than in wheat grain of Tonacja cv. (34.9 mg Zn kg-1) 
(racHoń and SzuMiło 2009).

The lack of influence of the applied fertilization on changes in the 
amount of iron and zinc in the wheat grain results from an analogous 
dependence on this parameter in the soil (Table 2–5).

The range of manganese content for wheat cultivated in Poland accord-
ing to SZteke et al. (2004) is 24–29 mg Mn kg-1. Grain of Kilimanjaro 
wheat cultivated in the experiment contained one fourth of this value, on 
average 6.99 mg Mn kg-1. Many times smaller amount of manganese in 
ash from the straw compared to wood ash probably caused a reduction of 
this element in the grain to the level of 6.02 mg Mn kg-1 (16%) (Table 4).

Wheat grain cultivated in the control object contained 0.047 mg Pb kg-1. 
Increasing the ash doses in combination with lime resulted in a 34% 
increase in the amount of lead in grain, and its maximum content was 
0.063 mg Pb kg-1 (Table 5). Permissible lead content in cereals and legumes 
determined in COMMISSION REGULATION (EU) 2015/1005 of 25 June 
2015 amending Regulation (EC) No. 1881/2006 as regards maximum lev-
els of lead in certain foodstuffs, amounts to 0.2 mg Pb kg-1, therefore, there 
are no contraindications for introducing ashes from biomass or lime into 
the soil (Official Journal of the European Union L 161/9. 26.6.2015). 
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Conclusions

1. Fertilization with wood or straw ash had no influence on changes in 
the pH and content of organic carbon, nitrogen and available phosphorus 
in the soil from experiment. 

2. As a result of fertilization with ash from wood or straw, a signifi-
cant increase in the soil abundance was achieved in relation to: available 
potassium and exchangeable calcium. Increasing the dose was a factor 
that resulted in even higher efficiency of fertilizers. 

3. As a result of soil fertilization with wood ash, an increase and straw 
ash, an decrease in lead in soil and was obtained. 

4. The presence of lime fertilizer PROFITKALK was a factor causing 
as the dose increases proportional in the content of available phosphorus, 
potassium and exchangeable calcium in the soil. 

5. Analysis of the content of microelements in the soil (copper, chro-
mium, nickel and lead) shows that the application of fertilization in the 
form of wood or straw ashes and lime PROFITKALK did not exceed the 
threshold values for soil from the first group of ground defined in the Regu-
lation of the Minister of Environment of 1 September 2016 on the way of 
assessing the pollution of the earth’s surface. 

6. Results concerning the impact of ashes from wood or straw and 
lime PROFITKALK on changes in the content of macro- and microele-
ments indicate that when cultivating wheat of Kilimanjaro cv., it is justi-
fied to use them as a fertilizing material. 
Translated by GEMINI Biuro Tłumaczeń Językowych
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A b s t r a c t

The quality of wheat grain determines the quality of flour and this becomes important in 
subsequent processing stages and impacts the end products. The objective of the studies was to 
determine whether a method of applying nitrogen both with and without compound fertilizers at 
different growth stages of spring wheat impacted the crop yield and qualitative parameters  
of grain and flour. A three-year field experiment was in north-eastern Poland at the Teaching 
and Research Station of the University of Warmia and Mazury in Olsztyn. Spring wheat was 
cultivated with the application of different treatments of nitrogen fertilization with a total dose 
of 120 kg ha-1. The nitrogen fertilizers were applied to the soil or to soil and on leaves (foliar 
application) with and without microelements at the following growth stages: tillering, stem 
elongation and heading. It was concluded that the fertilization methods did not impact the grain 
yield. Soil urea application at doses of 40 kg ha-1 at the tillering and stem elongation stages 
mostly increased the protein content in grain and flour, vitreousness of grain, gluten content and 
alveographic – W parameter compared to the other fertilization variants. Soil application of the 
fertilizer with macronutrients and trace minerals generally produced worsened grain parameters, 
especially the protein grain content and the Zeleny index. The weather conditions most affected 
the grain yield and such grain and flour parameters as kernel weight, kernel diameter, hardness 
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index and P/L index. The soil urea application at a dose of 40 kg ha-1 at the elongation stages 
contributes to better grain quality than foliar application of urea at doses of 20 kg N ha-1 at the 
stem elongation and heading stages.

Introduction

The quality of wheat grain is influenced by numerous factors, of which 
its genotype is the major one; in addition, it is also impacted by environ-
mental factors during the growing season and cultivation techniques 
(kNaPoWSki et al. 2010, Stępień and WojtkoWiak 2016, heLLeMaNS  
et al. 2018). It is believed that of the cultivation procedures and techniques, 
nitrogen fertilization plays a basic role in determining the quality of gra-
ins, with the key role being attributed to the dose and allocation of nitro-
gen during the cultivation cycle, the type of fertilizer and the time and 
method of application (raLceWicZ et al. 2009, abedi et al. 2010, fuerteS-
-MeNdiZábaL et al. 2010, bLaNdiNo et al. 2015b, raNSoM et al. 2016, Xue 
et al. 2016a). Wheat slowly uptakes and accumulates nitrogen during the 
early growth stages until tillering; afterwards, the uptake of nitrogen is 
rapid till the heading stage and then it slows down again after flowering 
till the milk ripening stage (McGuire et al. 1998). The accumulation of 
nitrogen in the early and intermediate-early growth stages mainly serves 
to increase the grain yield, whereas during heading and afterwards its 
main purpose is for cereal protein synthesis. Under proper environmental 
conditions, the application of divided nitrogen doses results in higher 
nitrogen uptake by plants (ercoLi et al. 2013). The use of divided nitrogen 
doses increases the total protein content in the grain in comparison with 
the same dose of nitrogen applied once. There are also some results indica-
ting the lack of impact of divided nitrogen doses on the protein content in 
the grain (SchuLZ et al. 2015). The availability of nitrogen for plants is 
determined by the form of nitrogen found in a fertilizer. The source of 
nitrogen (urea, nitrate-N, and ammonium-N) may impact the protein con-
tent and quality of wheat mainly by changing the absorption of nitrogen 
by plants (Xue et al. 2016a). Numerous studies indicate a positive effect of 
nitrogen applied at the heading and anthesis stages, implicating it as  
a useful tool for increasing the protein content (bLaNdiNo et al. 2015a, 
dick et al. 2016, raNSoM et al. 2016). In different wheat varieties, there is 
a tendency for varied reactions to nitrogen fertilization (raNSoM et al. 
2016). The content of protein in the grain is often negatively correlated 
with the yield since higher grain filling is linked to increased starch sto-
rage (bLaNdiNo et al. 2015b). Protein is the main parameter in evaluating 
the quality of wheat grain since the content and composition of protein in 
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the grain (and consecutively in flour) impact the quality of bread (ZhaNG 
et al. 2009). Dividing the total dose of nitrogen and applying it at different 
growth stages affects the quality of wheat flour because belated nitrogen 
application favours the accumulation of protein over starch and prolongs 
the grain filling time (Xue et al. 2016b). The other factors determining the 
quality of grain include: grain size, bulk density, hardness, flour extrac-
tion rate, ash content and flour colour – these are the basic parameters of 
grain milling quality (caMPbeLL et al. 2012, PaGaNi et al. 2014).  
The quality of wheat grain determines the quality of flour and this beco-
mes important in subsequent processing stages and impacts the end pro-
ducts (ZhaNG et al. 2005, PaGaNi et al. 2014). 

The objective of the studies was to evaluate the impact of nitrogen 
application method, both with compound fertilizers added and without at 
different spring wheat growth stages on the content of protein and other 
qualitative parameters of the grain and flour.

Materials and Methods

The studies were carried out in north-eastern Poland at the Teaching 
and Research Station of the University of Warmia and Mazury in Olsztyn 
(5372N, 2042E). The field trial was conducted in 2009–2011 on brown soil  
of a granulometric composition of light loam. Its composition was as follows: 
2.8–3.2% of fractions with their diameters below 0.002 mm; 30.4–31.9%  
of fractions with their diameters range – 0.002–0.050 mm, and 64.9–66.8% 
of fractions with their diameters range 0.050–2.00 mm, respectively. 

table 1
chemical characteristics of soil before the start of the experiment

Measurement Values
Soil acidity [1 mol L-1 KCl] 5.5–6.1

Humus [%] 2.02
Total N [g kg-1] 1.23–1.25

P [mg kg-1]*  63.7–97.2
K [mg kg-1]* 141.1–199.2

Mg [mg kg-1]* 46–56
*–  available forms

The selected parameters of soil sampled before the trail are presented in 
Table 1. The experiment was based on a random block design in three repe-
titions. The area of cultivation plots was 6.25 m2 and the harvesting plots 
were 4 m2. Two varieties of spring wheat (Triticum aestivum ssp. vulgare) 
Parabola and Radunia were selected to compare the applied fertilization 
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methods. The wheat grains were sown at a density of 5 million grains ha-1, 
with row spacing of 10.5 cm. The dose of 30.2 kg P ha-1 as 46% triple super-
phosphate and 83.1 kg K ha-1 as potassium salt was applied. The dosage of 
nitrogen fertilization was 120 kg ha-1 yet 40 kg ha-1 N as ammonium nitrate 
was applied before wheat was sown. The remaining nitrogen dose was deli-
vered according to four different nitrogen fertilization strategies (T1–T4):

T1, to soil at 40 kg ha-1 N as 46% urea at the tillering stage (GS 23) and 
to soil at 40 kg ha-1 N as 46% urea at the stem elongation stage (GS 31),

T2, to soil at 20 kg ha-1 N as 46% urea and at 20 kg ha-1 N as the Azo-
foska fertilizer at the tillering stage (GS 23) and to soil at 40 kg ha-1 N as 
46% urea at the stem elongation stage (GS 31),

T3, to soil at 40 kg ha-1 N as 46% urea at the tillering stage (GS 23) and 
at 20 kg N as foliar application of 10% urea solution at the stem elongation 
stage (GS 31) and at 20 kg N ha-1 as foliar application as 10% urea solution 
at the heading stage (GS 52),

T4, to soil at 40 kg ha-1 N as 46% urea at the tillering stage (GS 23) and 
at 20 kg N as foliar application of 10% urea solution with the Ekolist mikro Z 
product at a dose of 1 dm-3 ha-1 at the stem elongation stage (GS 31)  
and at 20 kg N as foliar application of 10% urea solution with the Ekolist 
mikro Z product at a dose of 1 dm3 ha-1 at the heading stage (GS 52).

The amounts of macronutrients and trace minerals applied with the 
Azofoska fertilizer and the Ekolist mikro Z product are presented in Table 2. 
The fungicides (a.s. ciproconazole + propiconazole and azoxystrobin) were 
used to protect wheat against fungal diseases and a herbicide (a.s. florasu-
lam + 2,4-dichlorophenoxyacetic acid) was applied to reduce weed infesta-
tion. At crop maturity, grain was harvested using a plot combine. 

table 2
amounts of macronutrients and trace elements applied with azofoska  

and ekolist mikro Z fertilizers
Type of fertilizer N P K Mg S Cu Zn Mn Fe Mo B

Azofoska [kg ha-1] 20.0 2.69 23.3 3.98 13.52 0.26 0.07 0.39 0.25 0.06 0.07
Ekolist mikro Z [g ha-1] 104.8 – – 79.2 112.6 9.18 23.6 25.6 26.2 0.14 0.42

The grain samples were analysed for moisture content with the ICC 
110/1 method. Hardness index (HI), kernel weight (KW), and kernel dia-
meter (KD) were determined on 300 kernels using the Single Kernel Cha-
racterisation System (SKCS) type 4100, Perten Instruments North Ame-
rica Inc., Reno, USA (Method AACC 55-10, 2002). The evaluation of Test 
Weight (TW) was performed in accordance with the AACC 55-31 method. 
Grain vitreousness was assessed by analysing the cross sections of grain 
and expressed as a percentage of vitreous kernels on a 50-item sample. 
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Partially vitreous kernels were categorized as semi-vitreous grains and 
their number on a sample was multiplied by 0.5 factor. The protein con-
tent in the grain (g kg-1 dry matter, DM) was measured with the Kjeldahl  
(N 5.7) method on a KjelFlex K-360 apparatus (Buchi, Germany). The ash 
content in the grain and flour was determined following the ICC 104/1, 
1990 method. Following preliminary humidification to 15% moisture con-
tent, grain was milled in a Quadrumat Jr laboratory Mill (Brabender, Ger-
many) equipped with a 70 GG cylindrical sieve (PE 236 μm). The grain 
samples of 125 g were weighed on a WLC 2/A1 electronic scale (Radwag, 
Poland, d = 10 mg) and were then processed and milled according to the 
laboratory procedure. Three samples of each type of material were ground. 
Flour extraction rate was defined as the percentage of straight-grade flour. 
The wet gluten content in grain, Zeleny sedimentation index and flour 
moisture level, flour protein content (the result was expressed at 12% 
moisture basis – mb) and flour water absorption were determined on  
a NIR System Infratec 1241 Grain Analyser with flour module (FOSS, Hil-
lerod, Denmark) that takes transmission measurements of near-infrared 
waves (570–1050 nm). This device was also used to determine two major 
alveographic parameters in flour: W – mechanical deformation of dough 
(energy) and P/L – the ratio of maximum resistance and elasticity of dough. 

The results were statistically analysed with two-way analysis of 
variance (ANOVA) taking the treatment and variety as the independent 
variables. The ANOVA analysis was run individually for each year. The 
significance of differences between the means was determined with Tukey’s 
test. The correlations between the individual parameters were evaluated 
with the Pearson’s test. Statistical calculations were performed with STA-
TISTICA for Windows v. 10 software (StatSoft Inc.). Statistical hypothe-
ses were tested at p ≤ 0.05.

Results and Discussion 

In 2009–2011, the weather conditions during the growing season are 
presented in Table 3. Of the three wheat growing seasons, the highest 
temperature was recorded in 2010 (13.2ºC) and it was higher than the 
average multiannual temperature. Considering the monthly distribution 
of temperatures, it was found that July and August in 2010 were much 
warmer than the corresponding months from the other growing seasons.

The average precipitation level from March till August 2009 was  
320.1 mm and thus comparable to the average multiannual precipitation. In 
the 2010 and 2011 growing seasons, precipitation was high and higher than 
the amount of precipitation in 2009 (by 39.7% and 42.6%, respectively). 



Małgorzata Warechowska et al.204

table 3 
climate conditions during wheat vegetation

Factor/Years
Months

AverageMar. Apr. May Jun. Jul. Aug.
Temperature [°C]

2009 1.3 9.4 12.4 14.9 19.2 17.6 12.5
2010 2.1 8.1 12.0 16.4 21.1 19.3 13.2
2011 1.6 9.1 13.1 17.1 17.9 17.6 12.7

1961–2005 1.2 6.9 12.8 15.9 17.8 17.7 12.1
Sums of monthly precipitation [mm] Sum

2009 57.9 4.8 52.9 136.9 48.3 19.3 320.1
2010 36.7 18.2 131.9 84.8 80.4 95.3 447.3
2011 16.3 22.5 51.1 81.7 202.0 82.1 456.5

1961–2005 27.6 35.7 51.9 78.5 75.1 66.1 334.9

From May till the end of June, i.e. during tillering and stem elongation 
and when spring wheat has the highest demand for water, the lowest level 
of precipitation was recorded in 2011 (132.8 mm) while the highest was in 
2010 (216.7 mm). The nitrogen fertilization treatments did not impact the 
grain yield (Table 4), which is consistent with the results presented by 
SchuLZ et al. (2015). However, due to different climatic conditions, the 
yield average varied in the individual growing seasons. In 2010, proper 
distribution of precipitation during tillering and stem elongation contribu-
ted to the highest grain yield. The varieties significantly differed in the 
grain yield in two growing seasons (2009 and 2011). A reaction of the 
varieties to weather conditions was different and this thus influenced the 
volume of crop yield. In 2009 the Radunia variety produced a significantly 
higher yield and the same was reported was the Parabola variety in 2011, 
whereas, in 2010, no significant differences were found. The differences in 
crop yield of the individual varieties may result from a varied capacity for 
nitrogen uptake by each of them (Xue et al. 2016a). 

Grain test weight (TW) depended on the fertilization procedures and 
the variety itself, with higher test weight being reported for the Radunia 
variety. Foliar urea application at GS 31 and GS 52 (T3) produced the 
highest value of grain test weight in each growing season (Table 4). ruSke 
et al. (2003) reported a similar relation with increased test weight resul-
ting from the application of additional nitrogen (as urea) at the anthesis 
stage. bLaNdiNo et al. (2015a) reported that TW was significantly incre-
ased when nitrogen was applied late in the growing season and in the form 
of ammonium nitrate. The author’s research (data not shown) demonstra-
ted a negative correlation between the grain yield and TW (r = -0.48). 
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It means that smaller wheat kernels were produced with a higher crop 
yield. Lower test weight may implicate smaller kernel filling, which trans-
lates into lower flour yield (ruSke et al. 2003). 

table 4
effect of N strategies and cultivar on grain yield, test weight, kernel weight, kernel diameter, 

hardness index and vitreousness in years 2009, 2010 and 2011

Years Factor Treat-
ment

Grain yield
[t ha-1]

TW
[kg hL-1]

KW 
[mg]

KD 
[mm] HI [-] Vitreousness 

[%]

2009

N (A)

T1 6.28a 77.8b 44.7a 3.06a 62.9a 36a

T2 6.16a 77.8b 43.7a 3.02a 63.3a 26b

T3 6.03a 78.0a 44.6a 3.06a 61.8a  22bc

T4 6.08a 77.6c 44.0a 3.05a 63.8a 21c

P(F) ns *** ns ns ns ***

cultivar (B)
Parabola 5.94b 77.3b 49.6a 3.11a 63.5a 35a

Radunia 6.33a 78.3a 38.9b 2.98b 62.5a 18b

P(F) *** *** *** *** ns ***
A x B P(F) ns *** ns ns ns ***

2010

N (A)

T1 6.82a 76.4a 41.4a 2.95a 64.4bc 49a

T2 6.79a 76.4a 40.8a 2.93a 64.1c 42b

T3 6.74a 76.6a 40.8a 2.95a 66.3ab 46ab

T4 6.80a 76.1b 40.5a 2.95a 67.6a 44b

P(F) ns *** ns ns *** **

cultivar (B)
Parabola 6.85a 75.7b 44.3a 2.98a 67.4a 55a

Radunia 6.73a 77.1a 37.5b 2.92b 63.8b 35b

P(F) ns *** *** *** *** ***
A x B P(F) ns *** *** ** ns ***

2011

N (A)

T1 5.68a 78.1b 46.8ab 3.12b 67.1a 56a

T2 5.92a 78.1b 45.8b 3.10b 66.8a 56a

T3 6.06a 78.8a 48.3a 3.18a 66.2a 57a

T4 5.75a 77.9c 45.8b 3.09b 66.7a 49a

P(F) ns *** *** *** ns *

cultivar (B)
Parabola 6.27a 77.3b 48.9a 3.16a 66.9a 53a

Radunia 5.43b 79.1a 44.5b 3.09b 66.4a 55a

P(F) *** *** *** *** ns ns
A x B P(F) ns *** *** *** ns ***

a, b, c – averages designated by the different small letters in the columns of the table, separately 
for year, are significantly different at p ≤ 0.05
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability level, respectively 
ns – not significant at the 0.05 probability level 
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The variety and climatic condition in the individual growing seasons 
influenced the kernel weight (KW) and kernel diameter (KD) the most. 
The interactions between the variety and nitrogen fertilization methods 
were significant in 2010 and 2011 for kernel weight and in 2011 for kernel 
diameter. Of the two varieties used in the trial, Parabola’s wheat grain 
had higher weight and diameter. Weather conditions in the individual gro-
wing seasons influenced differently on the wheat varieties cultivated and 
therefore the Parabola variety had the highest kernel weight and diame-
ter in 2009 and Radunia in 2011, but their yield was lowest in these 
seasons. The tested nitrogen fertilization treatments did not influence the 
kernel weight or diameter in the first two wheat growing seasons. In the 
third growing season (2011), there was an impact of foliar urea application 
at the GS 31 and GS 52 stages (T3). In comparison with the other treat-
ments, T3 variant contributed to an increase in both the weight and dia-
meter of the kernels.

Kernel hardness was most impacted by the weather conditions in the 
individual wheat growing seasons, with the grain from 2011 being the 
hardest. The wheat varieties and fertilization treatments affected the ker-
nel hardness only in one growing season, i.e. in 2010. In this season signi-
ficant differences in kernel hardness were demonstrated between the tre-
atment that differed in the way nitrogen was applied: to soil (T1 and T2) 
and on leaves (T3 and T4). Foliar urea application combined with Ekolist 
mikro Z product and without it substantially increased the hardness of 
grain. The Parabola variety was harder than Radunia. Kernel hardness 
was significantly (p < 0.001) correlated with kernel vitreousness (r = 0.78); 
the data is not shown. Kernel vitreousness was most influenced by the 
year of cultivation. The variety and nitrogen fertilization variants exerted 
an impact on kernel vitreousness in the first two growing seasons (2009 
and 2010). In these seasons, soil urea fertilization at the tillering (GS 23) 
and stem elongation (GS 31) stage (the T1 option) produced the grains of 
the highest vitreousness, although this value was higher in the Parabola 
variety. The environmental condition, particularly the temperature and 
sunny weather, may have contributed to the differences in kernel vitreo-
usness, as reported in other studies (oury et al. 2015).

The grain protein content depended on nitrogen fertilization treat-
ments (Table 5), but the outcome of such procedures was determined by 
weather conditions in the individual growing seasons (amount and distri-
bution of precipitation) that affected the availability of nitrogen and its 
absorption by plants. Importantly, there was also an impact temperature 
during the grain filling phase. In the 2010 growing season, when higher 
temperatures were recorded in June and August than in the other seasons, 
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table 5
effect of N strategies and cultivar on grain protein content, gluten content, Zeleny index  

and grain ash content in years 2009, 2010 and 2011

Years Factor Treat-
ment

Protein content 
[g kg-1 DM]

Gluten content 
[%]

Zeleny index 
[cm3]

Ash 
content
[% DM]

2009

N (A)

T1 136.2a 34.0a 56.8ab 1.92a

T2 129.7b 32.5b 54.2b 1.96a

T3 131.4ab 33.8a 57.4a 2.00a

T4 128.2b 33.6a 57.2a 1.95a

P(F) ** *** * ns

cultivar (B)
Parabola 138.5a 36.0a 62.5a 1.99a

Radunia 124.5b 31.0b 50.3b 1.93b

P(F) *** *** *** *
A x B P(F) * * ** *

2010

N (A)

T1 136.3a 35.0ab 55.9b 2.00a

T2 132.1b 34.6b 53.7c 1.97a

T3 136.7a 35.1a 55.8b 2.01a

T4 137.4a 33.1c 57.5a 2.00a

P(F) *** *** *** ns

cultivar (B)
Parabola 138.2a 36.8a 56.5a 2.05a

Radunia 133.1b 32.1b 55.0b 1.95b

P(F) *** *** *** ***
A x B P(F) *** *** *** *

2011

N (A)

T1 138.5a 36.1a 59.7a 2.03a

T2 133.9b 33.0c 58.6b 2.01a

T3 131.9b 32.8c 58.8b 1.98a

T4 130.8b 34.0b 56.1c 2.00a

P(F) *** *** *** ns

cultivar (B)
Parabola 134.9a 34.9a 56.9b 2.01a

Radunia 132.7b 33.1b 59.7a 2.00a

P(F) * *** *** ns
A x B P(F) ns *** *** ns

a, b, c – averages designated by the different small letters in the columns of the table, separately 
for year, are significantly different at p ≤ 0.05
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability level, respectively
 ns – not significant at the 0.05 probability level

the content of protein in kernels was highest. A positive impact of high 
temperature on protein synthesis during the grain filling phase in durum 
wheat was reported by de StefaNiS et al. (2002). When hydration of wheat 
at the tillering and stem elongation stages (May 2009 and 2011) was com-
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parable to the multiannual average value, soil urea application at GS 23 
and GS 31 (T1) increased the protein content in kernels in comparison to 
the other fertilization options. In these seasons, the biggest differences in 
grain protein content were demonstrated between the T1 and T4 fertiliza-
tion variants, respectively 5.87 and 5.56%. However, in May 2010 when 
the precipitation level was over twice as high as the average multiannual 
precipitation level, soil urea application with Azofoska at GS 23 and urea 
at GS 31 resulted in a significant reduction of kernel protein content com-
pared to the other fertilization variants (T1, T3, and T4) by 3.18, 3.48 and 
4.01%, respectively. Different nitrogen sources, such as urea, nitrate-N 
and ammonium-N, may affect the protein and quality of wheat mainly by 
modifying the uptake of nitrogen by plants (Xue et al. 2016a). The results 
of studies conducted by bLy and Woodarda (2003) demonstrate that the 
total protein content is modified not only by the nitrogen dose but also by 
applying it at divided doses and at different time points. However, the 
finding of studies on the impact of divided nitrogen doses on the protein 
content are not unequivocal. The studies by SchuLZ et al. (2015) indicate 
a lack of the impact of divided nitrogen dose on the protein content in 
grain. In contrast, the results reported by Xue et al. (2016b) showed that 
dividing the nitrogen dose resulted in an increased content of cereal prote-
ins, although the effect was more evident when nitrate-N was applied 
instead of urea. raNSoM et al. (2016) indicate that foliar urea ammonium 
nitrate application after flowering may increase the protein content in 
spring wheat as compared to applying a similar nitrogen dose at sowing. 
The collected data shows that divided nitrogen doses affects the protein 
content in kernels more than the grain yield, which was confirmed by the 
results reported in studies by bLaNdiNo et al. (2015b). Wheat yield and 
reaction of protein to nitrogen are divided into three phases: in the first 
phase, the yield of grains increases while the protein content drops as 
starch accumulation is more reactive than that of protein. In the second 
phase, the yield and protein content increase in response to increased 
nitrogen level and, in the third phase, the yield is maximized by nitrogen, 
but the protein content still increases together with higher N values 
(broWN et al. 2005). In the presented studies, in 2010 the wheat crop yield 
was highest at the highest protein content, which may indicate the second 
reaction phase. In comparison with Radunia, the Parabola variety had 
higher protein levels in all growing seasons, with the highest protein con-
tent recorded in the season in which the grain yield was lowest, which may 
implicate a protein dilution effect in the other growing seasons. Conside-
ring the qualitative requirements for wheat grain for the milling industry 
(the minimum level of protein in food wheat should be 120 g kg-1 DM),  
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it was found that these requirements were met in all fertilization variants. 
Like for protein, the gluten content and Zeleny index were substantially 
modified by nitrogen fertilization, weather conditions in the individual 
growing seasons and the variety. The highest gluten level in wheat ker-
nels in the 2009 and 2011 growing seasons was demonstrated with soil 
urea application at GS 23 and GS 31 (T1) (though in 2009 the difference 
was insignificant) whereas in 2010 it was T1 with urea applied to soil and 
T3 with both soil and foliar application. The gluten content in Parabola 
grain was significantly higher than in the Radunia variety. The reaction of 
wheat, expressed with the Zeleny index, to different nitrogen fertilization 
strategies differed in each growing season. However, the Zeleny index was 
found to be substantially reduced when urea was applied together with 
Azofoska at GS 23 (T2) in the first two wheat growing seasons. The value 
of this index was also much affected by the variety. For the first two gro-
wing seasons, it was demonstrated that the Zeleny index was significantly 
higher for Parabola, while in the third season, it was higher for Radunia. 
abbad et al. (2004) showed that the sedimentation index was substan-
tially higher when nitrogen was applied during flowering. Different 
variants of nitrogen fertilization did not impact the content of ash in ker-
nels. The variety influenced the ash level in the first two growing seasons, 
with a higher content recorded in the Parabola wheat grain.

Flour yield (FY) was determined by the applied fertilization variants 
and the wheat variety (Table 6). In two growing seasons (2009 and 2011), 
the highest FY value was produced with foliar urea application at GS 31 
and GS 52 (T3). In these seasons, the grain with the highest TW was also 
harvested with the same fertilization treatment, which translated into the 
largest flour extraction rate. Higher flour extraction was always reported 
for the Radunia wheat variety. As with the results for grain protein, in 
2009 and 2011 soil urea fertilization at GS 23 and GS 31 (T1) increased the 
flour protein level in comparison with the other fertilization variants. 
However, in 2010 the highest protein content was demonstrated in flour 
produced from the grain after foliar urea application (T3). In each wheat 
growing season, the flour from Parabola wheat had a significantly higher 
protein content.

None of fertilization strategies affected the ash content in flour, flour 
water absorption or the P/L index. These parameters depended mainly on the 
wheat variety and growing season in which they were cultivated. Contrary to 
Radunia, the Parabola wheat flour was characterized with higher values of 
these parameters. The results of the present studies that did not demonstrate 
significant differences in the P/L values are consistent with the findings 
reported by bLaNdiNo et al. (2016) and fuerteS-MeNdiZábaL et al. (2010). 
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table 6
effect of N strategies and cultivar on flour yield and some flour quality traits in years 2009, 

2010 and 2011

Years Factor Treat-
ment

Flour 
yield [%]

Protein content
[g kg-1 at 12% mb]

Ash content
[% DM]

Water 
absorption 

[%]

W 
 [J 10−4]

P/L      
[-]

2009

N (A)

T1 67.6ab 125.1a 0.61a 61.2a 427a 0.32a

T2 67.2b 119.4c 0.61a 60.2a 404c 0.22a

T3 68.3a 124.1ab 0.61a 61.2a 418b 0.35a

T4 67.1b 122.7b 0.60a 61.0a 415b 0.28a

P(F) ** *** ns ns *** ns

cultivar 
(B)

Parabola 66.1b 128.8a 0.65a 63.8a 441a 0.38a

Radunia 69.0a 116.9b 0.57b 58.0b 391b 0.22a

P(F) *** *** *** *** *** ns
A x B P(F) * * ns ns ** ns

2010

N (A)

T1 68.7ab 124.2b 0.64a 59.0a 378a 0.63a

T2 69.2a 122.3c 0.64a 58.1a 370a 0.68a

T3 68.2bc 125.7a 0.63a 59.2a 370a 0.67a

T4 67.9c 124.4b 0.63a 59.1a 370a 0.58a

P(F) *** *** *** ns ns ns

cultivar 
(B)

Parabola 67.6b 126.4a 0.67a 61.0a 377a 1.12a

Radunia 69.5a 121.9b 0.60b 56.7b 368b 0.17b

P(F) *** *** *** *** *** ***
A x B P(F) ** *** ns ns ns ns

2011

N (A)

T1 68.5b 125.2a 0.64a 62.7a 359a 1.62a

T2 69.6ab 120.4b 0.64a 61.5a 344b 1.47a

T3 70.2a 119.1b 0.64a 62.3a 339bc 1.65a

T4 68.7b 119.1b 0.64a 62.3a 332c 1.62a

P(F) ** *** ns ns *** ns

cultivar 
(B)

Parabola 68.4b 122.2a 0.67a 64.1a 343a 2.11a

Radunia 70.1a 119.7b 0.61b 60.3b 344a 1.07b

P(F) *** *** *** *** ns ***
A x B P(F) * ns ns ns ** ns

a, b, c – averages designated by the different small letters in the columns of the table, separately 
for year, are significantly different at p ≤ 0.05 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability level, respectively
ns – not significant at the 0.05 probability level

Soil urea fertilization at the tillering and stem elongation stages (T1) 
increased the W index in comparison with the other fertilization variants. 
A similar effect was reported by bLaNdiNo et al. (2016) with applying 
ammonium nitrate to soil at the initial phase of heading.
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Conclusions

The results of nitrogen fertilization strategies (time of application, 
type of fertilizer, and application techniques), expressed as the yield and 
the properties of grain and flour depended on weather conditions. Soil urea 
application at doses of 40 kg ha-1 at the tillering and stem elongation stages 
mostly increased the protein content in grain and flour, vitreous aspect  
of grain, gluten content and alveographic – W parameter compared to the 
other fertilization variants. Foliar application of urea at doses of 20 kg N ha-1 
at the stem elongation and heading stages produced the highest value  
of grain test weight in each growing season. Soil application of the fertili-
zer with macronutrients and trace minerals generally produced worse 
grain parameters, especially the protein grain content and the Zeleny 
index. The weather conditions most affected the grain yield and such grain 
and flour parameters as kernel weight, kernel diameter, hardness index 
and P/L index. Our research shows, that soil urea application at a dose  
of 40 kg ha-1 at the elongation stages contributes to better grain quality 
than foliar application of urea at doses of 20 kg N ha-1 at the stem elonga-
tion and heading stages.
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A b s t r a c t

The experimental materials comprised 600 BIG-6 turkeys (360 ♂ and 240 ♀). Females were 
raised to a maximum of 16 weeks of age and males to 22 weeks of age in accordance with 
universally accepted standards. All birds were weighed at 14-day intervals. Males were 
slaughtered at 16, 18, 20 and 22 weeks of age, and females at 12, 14 and 16 weeks of age; 24 
males and 24 females were slaughtered each time. Chilled carcasses were divided into parts and 
dissected. Pairwise comparisons (correlated observations) were performed. Pairs of females and 
males with similar body weight, slaughtered at different ages, were formed. The results of this 
study indicate that the percentage content of breast muscles, leg muscles and total lean meat in 
the carcasses of heavy-type male and female turkeys is influenced by body weight at slaughter 
and carcass weight rather than by age. 

Introduction

In poultry, the length of the rearing period is determined by species, 
type and gender. The rearing period is the shortest in broiler chickens and 
the longest in turkeys. bochNo et al. (1993) demonstrated that the 
optimize productivity WAMA-1 female turkeys should be reared for 12 up 
to 16 week and males for 16 up to the 24 week of age. At the lower age 
Address: Katarzyna Tomaszewska, University of Warmia and Mazury, ul. Oczapowskiego 5,  
10-718  Olsztyn, Poland, phone: +48 (89) 523 41 28, e-mail: katarzyna.tomaszewska@uwm.edu.pl
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limit, birds reach relatively high body weight (♀ > 4.0 kg, ♂ > 7.5 kg), a low 
feed conversion ratio and a low content of fat with skin in the carcass. 
However, they are also characterized by low carcass dressing percentage 
and low carcass lean content.

In the past 50 years, the length of the rearing period has been considera-
bly shortened in all species of intensively farmed poultry, in particular bro-
iler chickens and turkeys (hafeZ and hauck 2005, caSe et al. 2010). There-
fore, the question arises whether birds slaughtered at an early age can reach 
their full genetic potential for growth in terms of body weight and the most 
valuable muscles (breast and leg muscles), and which is more important: 
slaughter weight or slaughter age (WaWro and brZoZoWSki 1998, WaWro 
et al. 1999). Age at slaughter influences not only the body weight of birds, but 
also carcass quality and proportions between edible and non-edible compo-
nents in the carcass (MuraWSka et al. 2011, MuraWSka 2012, 2013a, 2013b).

The aim of this study was to determine carcass lean content in heavy-
-type turkeys with similar body weight (within sex groups), slaughtered at 
different ages.

Material and Methods

The experimental materials comprised 600 BIG-6 turkeys (360 ♂ and 
240 ♀). Females were raised to a maximum of 16 weeks of age and males to 
22 weeks of age in accordance with the recommendations of aviaGeN tur-
keyS (2007). The experiment was approved by the Local Ethics Committee 
(authorisation No. 54/2010). Day-old poults were marked, weighed and 
allocated to 16 pens (10 pens of males and 6 pens of females). The chemical 
composition of diets and feeding periods are presented in Table 1. 

Table 1 
Chemical composition of diets

Item

Diet
R 280* R 281 R 282 R 283 R 284 R 285 R 286

feeding period [weeks]
1–2 3–5 6–8 9–11 12–14 15–17 > 18

Dry matter [g kg-1] 911 908 900 903 903 899 901
Crude ash [g kg-1] 92.7 89.8 72.0 65.2 58.0 51.2 49.5
Total protein [g kg-1] 272 255 230 226 195 182 165
Crude fat [g kg-1] 48.5 53.9 58.0 68.9 85.2 84.2 85.0
Crude fiber [g kg-1] 27.5 32.0 33.0 34.8 41.0 35.0 35.0
Metabolizable energy MJ kg-1 11.6 11.4 12.2 12.2 12.2 12.8 12.9

* Commercial indication of compound feeds
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All birds were weighed at 14-day intervals. Females were slaughtered 
at 12, 14 and 16 weeks of age, and males at 16, 18, 20 and 22 weeks of age; 
24 males and 24 females were slaughtered each time. To ensure sample 
representativeness, turkeys were arranged in ascending order based on 
their body weights, and stratified random sampling was carried out.

Turkeys were slaughtered after 12-h fasting. Carcasses were plucked 
and eviscerated, and the heads, shanks and wingtips were cut off. Chilled 
carcasses (approx. 4oC, 24 h) were divided into portions (kLecZek et al. 
2006) and dissected. Breast muscles (superficial and deep) were removed 
from the breast portion by cutting along the breastbone crest, clavicle and 
coracoids, and the line connecting the breast muscles to the ribs. In this 
article, total lean weight comprises the weight of muscle tissue from all 
carcass cuts excluding intermuscular fat that was separated during dis-
section, and skin with subcutaneous fat.

The statistical analysis included the determination of arithmetic 
means (x), coefficients of variation (cv%) and significant differences in the 
analyzed parameters between turkeys of the same sex representing diffe-
rent age groups (t-test).

Table 2
Body weight, carcass weight and the content of the analyzed muscles in turkey carcasses

Item

St
at

i-
st

ic
s

Gender and age [weeks]
♀ ♂

12 14 16 16 18 20 22

Weight of body [g] x 
cv

7099a

5.15
8984b

6.65
10649c

7.83
14200a

5.94
16387b

7.56
19692c

5.48
21753d

5.98

Carcass x 
cv

5895a

5.81
7053b

7.05
8416c

8.39
11327a

5.93
13200b

7.82
15949c

6.17
17577d

6.76

Breast muscles x

cv
1476a

7.88
1996b

9.92
2384c

11.1
3219a

8.12
3720b

10.7
4553c

8.50
5289d

9.97

Leg muscles x

cv
1243a

6.08
1572b

6.77
1822c

10.2
2563a

6.14
3031b

8.96
3610c

6.21
3978d

8.60

Total lean meat x

cv
3731a

6.16
4338b

7.16
5748c

9.09
7856a

5.86
9203b

8.38
11096c

6.20
12448d

7.06

Content in carcass [%]: 
Breast muscles

x

cv
27.3
4.83

28.3
4.43

28.3
4.91

28.4a

6.59
28.1a

4.92
28.5a

6.10
30.1b

5.82

Leg muscles x

cv
23.1b

4.13
22.3ab

5.17
21.6a

4.38
22.6
3.19

22.9
3.55

22.6
3.80

22.6
5.48

Total lean meat x

cv
69.1
1.98

68.6
3.00

68.3
1.99

69.4a

1.73
69.7a

1.65
69.6a

1.23
70.8b

1.14
Mean values in groups of males and females followed by different letters are significantly different 
at α ≤ 0.05 
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The presence of significant differences in average body weight between 
turkeys from different age groups (Table 2), which significantly affect carcass 
lean content, necessitated the use of a statistical method that would hypo-
thetically eliminate the effect of increasing body weight on muscle deposition 
in growing turkeys. Therefore, pairwise comparisons (correlated observa-
tions) were performed. Pairs of females and males with similar body weight, 
slaughtered at different ages (2-week difference), were formed (Figure 1).  
The number of pairs in the analyzed groups was as follows: females slau-
ghtered at 12 and 14 weeks of age – 8 pairs, females slaughtered at 14 and 
16 weeks of age – 10 pairs; males slaughtered at 16 and 18 weeks of age 
– 12 pairs, males slaughtered at 18 and 20 weeks of age – 8 pairs, males 
slaughtered at 20 and 22 weeks of age – 10 pairs. The significance of dif-
ferences in the mean values of the analyzed traits between turkeys repre-
senting two successive age groups was determined by the t-test (Stati-
stica 10.0).

Results

Average body weight ranged from 7099 g at 12 weeks of age to 10 649 g 
at 16 weeks of age in females, and it exceeded 21753 g at 22 weeks of age 
in males (Table 2). 

The weight of breast muscles, leg muscles and total lean meat in the 
carcass increased significantly with age, and the highest values of these 
traits were noted in the oldest turkeys, i.e. 16-week-old females and 
22-week-old males (Table 2). The differences in the mean values of the 
analyzed parameters across different age groups of males and females 
were significant. 

Different trends were observed in the percentage content of muscles in 
the carcasses of turkeys slaughtered at different ages (Table 2). Breast 
muscle content was only around 1% lower in the youngest females than in 
their 2 and 4 weeks older counterparts (27.3% vs. approx. 28.3%). In males, 
breast muscle content was significantly higher (30.1%) in the oldest birds 
(22 weeks of age) than in those aged 16 and 20 weeks. Different trends 
were noted in leg muscle content, which was highest in the youngest fema-
les (23.1%) and lowest in the oldest ones (21.6%). Age had no significant 
effect on the proportion of leg muscles in males across age groups (above 
22.6% on average).

Total lean weight expressed as a percentage of total carcass weight 
(Table 2) was determined by the high content of breast and leg muscles. In 
females, total lean weight was highest (69.1%) in the youngest birds  
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(12 weeks of age) due to high leg muscle content. In males, total lean 
weight was highest (70.8%) in the oldest birds (22 weeks of age) due to 
high breast muscle content. 

Figures 1–6 present the effects of age and gender on carcass lean con-
tent in heavy-type turkeys after the impact of body weight had been hypo-
thetically eliminated. Breast muscle weight was determined by age and 
gender to a greater extent than by body weight only in 12- and 14-week-old 
females (Figure 1). Older females were characterized by significantly higher 
breast muscle weight than younger females, despite similar body weight at 
slaughter. In the remaining cases, breast muscle weight was not higher in 
older turkeys than in 2 weeks younger ones in both males and females. 

Fig. 1. Weight of breast muscles in turkeys (♂ and ♀) slaughtered at different ages. Birds’ age 
[weeks] is shown inside the bars; a, b – significant differences at α ≤ 0.05

Fig. 2. Weight of leg muscles in turkeys (♂ and ♀) slaughtered at different ages. Birds’ age 
[weeks] is shown inside the bars; a, b – significant differences at α ≤ 0.05
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Age had a significant effect on leg muscle weight (Figure 2) and total 
lean weight (Figure 3) in female turkeys slaughtered at 12 and 14 weeks 
of age and in male turkeys slaughtered at 16 and 18 weeks of age. Two 
weeks older birds were characterized by significantly higher leg muscle 
weight and total lean weight than younger ones, despite similar body 
weight at slaughter.

The content of breast muscles (Figure 4), leg muscles (Figure 5) and total 
lean meat (Figure 6) expressed as a percentage of total carcass weight was 
similar in older and younger turkeys of both sexes. The obtained results indi-
cate that the percentage content of the most valuable muscles (breast and leg 
muscles) and total lean meat in the carcasses of heavy-type turkeys is influ-
enced by body weight at slaughter and carcass weight rather than by age.

Fig. 3. Total lean weight in turkeys (♂ and ♀) slaughtered at different ages. Birds’ age [weeks] 
is shown inside the bars; a, b – significant differences at α ≤ 0.05 

Fig. 4. Breast muscle weight expressed as a percentage [%] of total carcass weight in turkeys  
(♂ and ♀) slaughtered at different ages. Birds’ age [weeks] is shown inside the bars
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Discussion

Research results show that modern commercial turkeys bred for meat 
are characterized by a fast growth rate and high muscle deposition (haveN-
SteiN et al. 2007, taha and faraoN 2009, taha 2012). The results of our 
study, which investigated age-related changes in the body weight, breast 
muscle weight and leg muscle weight of turkeys, are consistent with the 
findings of other authors who also analyzed BIG-6 turkeys (MakoWSki et 
al. 2007, MikuLSki et al. 2008, daMaZiak et al. 2012, MuraWSka 2013a). 
The differences in the content of breast and leg muscles in the carcasses  

Fig. 5. Leg muscle weight expressed as a percentage [%] of total carcass weight in turkeys (♂ and ♀) 
slaughtered at different ages. Birds’ age [weeks] is shown inside the bars

Fig. 6. Total lean weight expressed as a percentage [%] of total carcass weight in turkeys (♂ and ♀) 
slaughtered at different ages. Birds’ age [weeks] is shown inside the bars
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of male and female turkeys slaughtered at different ages, noted in our 
study, partially corroborate the findings of other authors (WiLkieWicZ-
-WaWro et al. 2004, MuraWSka and bochNo 2008, MuraWSka 2013a) who 
demonstrated that breast muscle weight increased and leg muscle weight 
decreased with age in different poultry species, in both males and females.

Previous research revealed that both body weight and muscle weight 
increased significantly in growing turkeys, and the proportions of different 
tissue components changed with age (bochNo et al. 1993, MuraWSka 
2013a). An important consideration is whether carcass lean content in tur-
keys is affected to a greater extent by slaughter weight or slaughter age. 
Earlier experiments involving Muscovy ducks (roMboLi and avaNZi 1997), 
Pekin ducks (WaWro and brZoZoWSki 1998) and chickens (WaWro et al. 
1999) show that carcass lean content in young birds is determined prima-
rily by age and gender, followed by body weight. The efficiency of poultry 
meat production is largely determined by the slaughter value of birds and 
meat yield. Correlations between the age and body weights of birds vs. the 
yields of most valuable muscles were described by other authors who stres-
sed that birds raised for meat should be slaughtered at a specified, opti-
mum age (Wood 2009, caSe et al. 2010, MuraWSka et al. 2015).

The results of this study indicate that the percentage content of breast 
muscles, leg muscles and total lean meat in the carcasses of heavy-type 
male and female turkeys is influenced by body weight at slaughter and 
carcass weight rather than by age. The research results also indicate that 
due to the slaughter value traits, the turkey body mass should be taken 
into account when optimizing the term of slaughter. 
Translated by aLekSaNdra PoPraWSka
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A b s t r a c t

The aim of this study was to use behavioural observations to assess the welfare of the red- 
-necked pond turtles (Mauremys nigricans) kept in a zoo. In 2000, red-necked pond turtles were 
put on the critically endangered list. Today, the species appears to be extinct in the wild.  
The welfare of captive populations of the species will have an important impact on their survival. 
Due to unusual aspects of reptile biology and a lack of monitoring standards, the main criteria 
available for welfare assessment for these animals may be behavioural. Based on the results  
of this study, it can be inferred that the welfare of the observed turtles has been moderately well-
preserved; however, the artificial conditions created by humans are not able to fully satisfy the 
behavioural needs of the studied animals.

Introduction

Welfare studies are usually restricted to “higher” vertebrates (mam-
mals, birds) and are primarily referred to in the context of farm animals 
(pigs, cattle, poultry) and companion animals (dogs, cats, rodents) (kaLeta 
2013). Over the years, there has been a lot of concern regarding the wel-
fare of cattle or pigs, but “lower” vertebrates are increasingly popular 
today (WabNitZ et al. 2003). Reptiles, amphibians and fishes have become 
very common among zoological gardens, private breeders and industrial 
farms, in which they are raised for hides and meat (kaLeta  2013). Assess-
Address: Damian Konkol, Wroclaw University of Environmental and Life Sciences, ul. Cheł- 
mońskiego 38 C, 51-630 Wroclaw, Poland, e-mail: damian.konkol@upwr.edu.pl
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ment of the welfare of fishes, amphibians and reptiles can be challenging 
compared with that of mammals and birds, due to relatively limited avail-
ability of guidance criteria, although some multi-taxa scientific sources 
are now available (WarWick et al. 2018). The unique biology of reptiles 
and the existence of specific adaptive features make the task even harder. 
However, it is certain that both reptiles and other “lower” vertebrates are 
capable of experiencing stress, which manifests as unusual, altered 
behaviour (MoberG 1985). Contrary to popular belief, reptiles exhibit  
a number of abnormal behaviours that are the result of excessive stress 
and are either atypical in nature and/or occur out of the context under 
stress conditions (WarWick et al. 2013). Therefore, behavioural criteria 
should be the primary foci of research assessing the welfare of these ani-
mals. Ensuring adequate animal welfare and reducing the stress that ani-
mals experience should be the aim of every private person or institution 
that maintains living animals (bayS et al. 2006).

Mauremys nigricans is a medium-sized turtle from the Geoemydidae 
family. These turtles are characterized by daily activity and strong sexual 
dimorphism. Females are much larger than males and can grow to 30 cm 
in length, while males do not exceed 20cm and have longer tails. The colour 
of the carapace of these turtles can vary from chestnut to black, and the 
tympanum region is decorated with several irregular, narrow, creamy or 
yellow strips stretching across the neck. The pharynx is covered in dark 
brown to black stripes interrupted by red streaks in males and cream 
streaks in females. The exposed parts of the forearms and hind legs may 
be characterized by creamy pigment, although in males these spots may be 
red (aNderS and iverSoN 2012). The name of red-necked pond turtle was 
first used by iverSoN (1985) and is still valid today. Breeders also call the 
species the Kwantung River turtle.

The general range of this species is defined by the Pearl River in 
Guangdong and Guangxi Provinces in the People’s Republic of China 
(iverSoN 1992). Current knowledge about the natural distribution of the 
red-necked pond turtle is derived from the reports of Mell (1922, 1929), 
who claimed that it was an upland species inhabiting mountain streams. 
The water temperature of the described streams was 16–17oC in August. 
MeLL (1922) also reported a decline in activity of the species from Novem-
ber to December and a rebound in activity in the spring. The above infor-
mation were obtained through observations of captive specimens that 
were kept in external enclosures at latitudes consistent with the natural 
range of these turtles (aNderS and iverSoN 2012). The natural diet of  
M. nigricans is not known, but the construction of the head and jaw sug-
gests that it consists mainly of molluscs and crustaceans. Reproductive 
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behaviour has been observed only in captivity, but MeLL (1929) reports 
that females of this species lay two eggs per year. The mating season 
begins in spring, when the males become intensely red in colour. Accord-
ing to artNer (2009) the female accepts the male by retracting her fore-
arm and sliding the hind limbs so that the back of the shell and tail are 
raised. Some copulations can take aggressive character, evidenced by the 
male biting the neck of the female. 

Mauremys nigricans is a species that is desirable by collectors around 
the world, and this combined with its very limited range has led to a sig-
nificant decline in the species’s population. Poachers trapping these tur-
tles for the needs of Chinese folk medicine have contributed to the heavy 
decline in the number of M. nigricans. GaiLLard et al. (2017) reported that 
500 grams of the red-necked pond turtle in 2015 reached a price of 80 000 
dollars for males and 50 000–60 000 dollars for females. Another factor 
responsible for the population decline is the degradation of the turtle’s 
natural habitat, in particular via deforestation, construction of hydroelec-
tric power plants and stream liming. In 2007–2009, attempts to find  
M. nigricans in the provinces of Guangdong and Guangxi failed, suggest-
ing that the species may have disappeared entirely from its natural habi-
tat; no wild populations of these turtles are known today (aNderS and 
iverSoN 2012). 

Mauremys nigricans was listed on the Red List of Endangered Species 
in 2000 (IUCN, 2017). In 2011, this turtle was included on the IUCN’s list 
of the 40 most endangered freshwater turtles (Turtles in trouble... 2011). 
Field trials and studies conducted on captive specimens may be useful for 
M. nigricans protection. It is also necessary to educate human societies, 
especially local ones, about M. nigricans conservation. The welfare of the 
individual turtles of this species that are kept in captivity must also be 
safeguarded. General welfare principles state that captive animals should 
be provided with five freedoms: freedom from hunger and thirst, freedom 
from discomfort, freedom from pain, injuries and diseases, freedom from 
fear and stress, and the ability to express normal behaviour (FAWC 1992). 
Unfortunately, in the case of reptiles it is believed that it can be very diffi-
cult to evaluate and ensure the conditions conducive to these five free-
doms, particularly with regard to behaviour (kaLeta 2013, WarWick et al. 
2013). The physiology and morphology, life history, and diversity of living 
environments of these animals makes it extremely difficult to identify con-
sistent behavioural patterns for them (kaLeta 2013). In addition, captive 
reptiles are usually restricted to small and often poorly-constructed enclo-
sures, leading to physical and behavioural problems. Examples of beha- 
vioural disorders are given in Table 1.
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Table 1
 Abnormal behaviours of turtles kept in captivity (MorGaN and troMborG 2007,  

WarWick et al. 2013, kaLeta 2013, areNa et al. 2014, SiLveStre 2014)
Behaviour Possible cause

ITB (interaction with transparent bound-
aries)

an inability to detect invisible barriers, stemming 
from adaptive limitations of these animals

Hyperactivity excessive density of animals and poorly designed 
premises, stress, fear, lack of shelter, hunger

Hypoactivity
cold temperatures in the enclosures where ani-
mals are kept, infections, injuries, harassment by 
other occupants

Hyper-alertness fear
Head-hiding fear, excessive lighting

Co-occupant aggression hunger, overcrowding of animals, lack of ability 
to escape in poorly designed enclosures

Human-directed aggression fear
Freezing fear

Grating of jaw pain, fear, poorly designed enclosures, nutrient 
deficiencies

Prolonged retractions of head, limbs or 
tail fear, pain, illness

Cloacal evacuations when handled fear 
Pseudovocalisation fear, pain, illnesses

Atypical location of animals diseases, injuries, discomfort, co-occupant aggres-
sion, hyperthermia, hypothermia

Accelerated body movements stress, fear
Boundary exploration excessive animal density, lack of shelter
Accumulation of individuals at the sur-
face

excessive animal density, poorly designed enclo-
sures

Anxiety behaviour stress, fear, co-occupant aggression, pain

Cannibalism excessive animal density, hunger, poorly de-
signed enclosures

The aim of the present study was to assess the welfare of captive  
M. nigricans specimens based on observations of their behaviour. Obser-
vations consisted of documenting the turtles’ time budget and defining 
individual behaviours. Observational data were used to establish hierar-
chy in the observed animal group. Observations also focused on the occur-
rence of abnormal behaviour, which may be caused by stress or distur-
bance, and additionally aimed to determine the nutritional preferences  
of the observed animals.
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Materials and Methods

This study was conducted at the Wroclaw Zoo (Poland) in September 
and October of 2017. The focal group of turtles consisted of five individuals 
aged four years, whose gender has not been determined. The turtles aver-
aged 10 cm in length. The animals were kept in an aquaterrarium with 
separate water and land portions; the “land” area consisted of numerous 
stones and roots placed in the water. The average water temperature in 
the aquaterrarium was 21oC and the average land temperature was 24oC. 
In the autumn and winter, the entire terrarium building must be heated, 
with the result that the temperature in the individual animal enclosures 
also increases. The turtle aquaterrarium was designed to provide numer-
ous hiding places for the animals. The aquaterrarium had glass walls and 
overall dimensions of 120/50/50 cm. The rear wall was covered with mor-
tar in imitation of rocks. A photograph of a turtle aquaterrarium is included 
in the supplementary materials. 

The turtles were fed on Tuesdays, Thursdays and Fridays. Their diet 
consisted of dead suckling mice, fish, shrimp, earthworms and plants (chicory, 
plantain, dandelion). Food was dropped into the water. On Tuesdays the tur-
tles were fed in the afternoon but on Thursdays and Fridays in the morning.

Observations were carried out during daylight hours for three hours 
per day over 20 days. Thus, the total time devoted to turtle observation 
was 60 hours. Observations consisted of documenting the turtles’ time 
budget and identifying individual behaviours. Data included the quantity 
of time spent in water and on land, feeding, in quiescent rest (eyes closed, 
relaxed limbs), basking, and in aggressive behaviour. Chasing other spec-
imens, biting, and fighting for food were classified as aggressive behaviours. 
Observations also focused on the occurrence of behaviours commonly 
regarded as abnormal, such as: interaction with transparent boundaries, 
hyperactivity, hypoactivity, hyper-alertness, freezing, grating of jaw, pro-
longed retraction of head and pseudovocalisation. Observations addition-
ally aimed to determine the dietary preferences of the observed animals.

Behavioural observations assessing the time budget devoted to indi-
vidual behaviours were analysed using Statistica ver. 13.1. A nonparamet-
ric Spearman’s rank order correlation analysis was performed.

Evidence of abnormal behavioural data was examined to determine in 
what situations and with what intensity the behaviour manifested.

Animal nutritional preferences were determined on the basis of per-
centage of total food intake. The turtles were fed on a different type of food 
on each feeding day, and it was determined which type of food was taken 
most frequently.
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Results and Discussion

The turtle’s diet was varied, and the contribution of various elements 
to the diet is presented in Table 2.

Table 2
 Percentage of individual components out of the total diet of red-necked pond turtles  

(Mauremys nigricans)
Component Percentage [%]

Suckling mice 40 
Fish 20 

Shrimp 15 
Earthworms 10 

Plants (chicory, plantain, dandelion 
in equal proportions) 15 

The most commonly consumed food was suckling mice, shrimp and 
earthworms, which were always completely eaten. When fish was offered, 
75% of it was eaten. Greatest feeding interest occurred in the early stages 
of each feeding; after a few minutes, the turtles stopped hunting. The tur-
tles were reluctant to eat the plants that were offered, consuming only 
10–15% of the total plant feed available. 

Table 3 presents the correlation coefficient and time budget devoted to 
each individual behaviours.

Table 3
 Time budget and correlation coefficients for individual behaviours

Specification Mean ± SD
Time 

spent in 
water

Time 
spent 

on land

Time spent 
in quiescent 

rest

Time 
spent on 
basking

Time 
spent on 
feeding

Time spent 
in aggressive 

behaviour

Time spent 
in water

138 min 
15 s ± 7.86 1 -1* 0.43 -0.97* 0.07 0.13

Time spent 
on land

41 min 
45 s ± 7.86 -1* 1 -0.43 0.97* -0.07 -0.13

Time spent 
in quiescent 

rest

58 min 
50 s ± 3.85 0.43 -0.43 1 -0.45 0.41 0.02

Time spent 
on basking

35 min 
30 s ± 6.68 -0.97* 0.97* -0.45 1 -0.17 -0.15

Time spent 
on feeding

10 min 
40 s ± 1.61 0.07 -0.07 0.41 -0.17 1 0.7*

Time spent 
in aggressive 

behaviour

1 min 
31 s ± 0.45 0.13 -0.13 0.02 -0.15 0.7* 1

*significant differences at P < 0.05



Using Behavioural Observations to Assess the Welfare... 229

The observed turtles spent 76.75% of their time in the water and 
23.25% of their time on land. Time spent feeding was positively correlated 
with the time spent in water. This was to be expected, due to the fact that 
many species of turtles are unable to swallow food while on land. Time  
of day did not affect food intake; turtles consumed food willingly in the 
morning and afternoon. The test animals always fed together, since indi-
vidual animals were not separated during feeding time.

Rest was quantified as the combination of quiescent rest and basking. 
The animals rested both as a group and individually. Time spent in quies-
cent rest was positively correlated with the time spent in water and nega-
tively with time spent on land; this may be due to the fact that turtles 
resting this way also tried to hide from the light, which was impossible on 
land. Turtles often spent quiescent rest in hiding places that also occur in 
the wild. Time spent basking was positively correlated with time spent on 
land and negatively with time spent in water, since the temperature on 
land was higher than the water temperature. Quiescent rest was usually 
observed in the mornings, and after some time the turtles went ashore to 
bask and then returned underwater again. Additionally, the animals 
basked after feeding. Time devoted to aggressive behaviours was posi-
tively correlated with time spent in water and time spent feeding. Turtles 
exhibited aggression against each other only at feeding times. This aggres-
sion was demonstrated to other individuals as a consequence of turtles 
competing for food. No aggressive behaviour was observed in other situa-
tions. Turtles investigated the environment regardless of the time of day, 
and in the vast majority of cases they did so individually. Investigation of 
the environment usually consisted of calmly swimming to the gaps between 
the rocks and examining them. Sometimes turtles tried to swim against 
the glass or attempted to climb walls. These were symptoms of interaction 
with transparent boundaries. No hierarchy structure was observed within 
the group. None of the turtles initiated group activities such as foraging or 
basking together. 

SchofieLd et al. (2006) created a simplified ethogram for loggerhead 
sea turtles (Caretta caretta). They divided the investigated behaviours  
of the turtles into individual and group behaviours. According to that study, 
among individual behaviours one can distinguish: locomotive behaviour 
(surface rest, resting at the bottom, swimming vertically, horizontally and 
near the surface, patrolling), digestive behaviour (searching and eating) and 
comfortable behaviour (self-care) (SchofieLd et al. 2006). Group behaviours, 
on the other hand, include agonistic behaviours (male conflict, conflict 
between females) and reproductive behaviours (aesthesia, copulation,  
copulation with the assistance of another male) (SchofieLd et al. 2006). 
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The observations of the Schofield et al. (2006) study differed slightly from 
those carried out in the course of this study. The turtles observed in the 
Wroclaw Zoo exhibited specific individual and group behaviours. Explora-
tion of the environment took place in an individual manner, as was found 
by SchofieLd et al. (2006). Consumption of food among the animals 
observed in the Wroclaw Zoo also took place in a group, probably as 
a result of certain feeding times. The turtles could not search for and take 
food at any time, so they took the opportunity to take food when it was 
distributed. Self-care behaviours were not observed in this study. Conflicts 
between males and females in this study were impossible to identify 
because the sex of the turtles was not determined. There were no conflicts 
between turtles observed in this study other than those observed during 
feeding. However, these behaviours were the result of natural co-occupa-
tion rivalry. Although they are a natural phenomenon, these behaviours 
can result in undesirable injuries and infections if left unmanaged. No 
reproductive behaviour was observed in this study, because of the young 
age of turtles.  

Observations carried out in the Wroclaw Zoo revealed several abnor-
malities in turtle behaviour. One of these was evidence of interaction with 
transparent boundaries, resulting from the fact that the walls of the turtle 
enclosure were made of glass. The turtles did not see transparent barriers 
and therefore pressed against them, trying to get out of the aquaterrar-
ium. Theoretically, the turtles could also see their reflection in the glass. 
In this case, pressing on the glass would not be an effect of the interaction 
with transparent boundaries, but rather an attempt to interact with the 
turtle’s own reflection. However, it is difficult to determine whether this 
was occurring. It is also abnormal that there was no hierarchy in the group 
examined in this study. Under normal conditions, animals living in  
a group usually develop a hierarchical structure. boice et al. (1974) stated 
that hierarchies are established after natural cycles such as hibernation. 
However, no such natural cycles occurred for this observed group, and this 
could be responsible for the lack of hierarchy. The resting patterns of the 
animals in this group are also noteworthy. According to SchofieLd et al. 
(2006), resting should be an individual behaviour. Therefore, resting in  
a group may be a form of previously unspecified disorder resulting from  
a limited living space. On the other hand, it may also be that for this species 
group resting is normal behaviour resulting from an increased tolerance of 
these turtles towards their co-occupants. Other observed behaviours 
included turtles hiding their head, limbs and tails in the shell, excreting 
urine or faeces and hesitating during food catching, but these behaviours 
are typical in the face of danger, so they were not considered to be abnormal. 
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Normal behaviour of reptiles associated with a sufficient level of wel-
fare includes environmental exploration, species-specific behaviour (gear-
ing, thermoregulatory behaviour) and behavioural diversity (iZZo et al. 
2011, but see baShaW et al. 2016). According to WarWick et al. (2013), 
normal behaviours include quiet environmental exploration, subtle 
changes in body posture and orientation, calm food intake and quiet 
breathing. 

The turtles examined in this study demonstrated behaviours consis-
tent with these standards. The only exception was the lack of calm feed-
ing, which was probably tied to group maintenance and specific feeding 
times. 

The aim of this study was to determine the welfare of the focal turtles 
on the basis of observations of their behaviour. It was shown that the 
observed turtles were characterized by a number of normal behaviours. 
However, there were also a few behaviours that indicated a reduced level 
of animal welfare. These behaviours may have resulted from the moderate 
stress associated with the large number of people visiting the zoological 
garden in Wroclaw, in combination with the adaptive limitations of the 
examined animals, as well as a limited and controlled living space. Based 
on the results obtained here, it can be inferred that the welfare of M. nig-
ricans has been moderately well-preserved, but that the artificial condi-
tions created by humans are not able to fully satisfy the behavioural needs 
of the studied animals.
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A b s t r a c t

The aim of this study was to determine the possibility of increasing the efficiency of biogas 
production from perennial grasses by their co-fermentation with maize or waste from the agro-
food industry. Biomass of miscanthus, Spartina, switchgrass, and big bluestem was harvested on 
October (second harvest, autumn regrowth) and ensiled. Silages were made also from sugar beet 
pulp and particular grasses mixed with maize or apple pomace in the weight ratio of 50:50. The 
silages produced were of good quality. The methane fermentation of silages from grasses blended 
with maize or particular waste enabled achieving from a few to several dozen percent higher 
biogas production compared to the mono-fermentation of grass silages. It was concluded that co-
digestion of perennial grass silages with apple pomace or beet pulp is an useful method for post-
production waste utilization. Moreover, using perennial grasses for biogas production as blends 
with maize affords an opportunity for the partial replacement of maize as the main substrate 
with no loss of biogas and methane yield.

Introduction

Agricultural biogas is produced as a result of methane fermentation of 
raw materials of plant or animal origin, derived mainly from the agro-food 
industry. Most of the crops with a high biogas potential constitute a group 
Address: Marta Kupryś-Caruk, Prof. W. Dąbrowski Institute of Agricultural and Food Biotechno- 
logy, ul. Rakowiecka 36, 02-532 Warsaw, Poland, phone: +48 (22)  606 38 96, e-mail: marta.ku-
prys@ibprs.pl
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of the so-called strategic raw materials and their wider use for energy pro-
duction may affect the balance of the food production chain (GołaSzewSki 
2011, RaMa et al. 2013). Therefore, perennial plants that are not foodstuffs 
nor feedstuffs, are becoming increasingly important in renewable energy 
production. The reason behind that is that maize silage, which is nowa-
days used as a basic substrate for biogas production, is going to be repla-
ced by cheaper and easily accessible organic waste from the agro-food 
industry. An increasing role of agro-food waste in renewable energy pro-
duction is due to the fact that using this kind of substrate for biogas pro-
duction is also a means of waste management and that it fits into the cir-
cular economy trend that is currently in force in the EU.

The efficiency of biogas production in a given installation may be incre-
ased through various solutions, like e.g.: using a specially designed system 
for fermentation bulk mixing (Yadvika et al. 2004), controlling the concen-
tration of ammonia throughout the process (NieLSeN and aNGeLidaki 
2008), adding micronutrients to increase the activity of microflora in the 
fermentation tanks (DeMirci and DeMirer 2004) or to manipulate basic 
process parameters such as temperature, retention time, and degree  
of substrate disintegration (Yadvika et al. 2004). New methane fermenta-
tion systems are being developed, the aim of which is to maximize biogas 
production through the use of modern solutions in the construction of fer-
mentation tanks (NdeGWa et al. 2008, kaParaju et al. 2009).

Another way to increase the efficiency of biogas production is to fer-
ment properly composed blends of different substrates, i.e. using the 
co-fermentation process (GeLeGeNiS et al. 2007). Co-fermentation offers 
multiple advantages, like e.g. enrichment of the fermentation bulk with 
additional nutrients, improvement of carbon to nitrogen ratio (C/N), and 
attenuation of the negative impact of inhibitors (DubroWSkiS et al. 2012). 
As a result, an increase in daily biogas production can be obtained from 
the unit volume of the reactor and an increase in methane content in bio-
gas (SoSNoWSki et al. 2003). Optimization of batch parameters (e.g. dry 
matter content) and an increase of the amount of bioavailable carbon, 
makes co-fermentation superior over mono-fermentation, as it enables the 
processing of a wider range of substrates which cannot be used as mono-
substrates, e.g. due to their low biogas potential, tendency to undergo bio-
chemical conversion in a different direction than methane fermentation, 
or the presence of fermentation inhibitors (MycZko et al. 2011). 

The increase of methane content in biogas and daily biogas production 
was observed by KacPrZak et al. (2009) who in their study co-fermented 
two and three different substrates. As a result of co-fermentation of silage 
from maize and wheat grain, they produced 33 dm3 of biogas/day. The 
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addition of glycerin to these substrates enabled a daily increase in biogas 
production to 55 dm3. The use of grass silages in the form of co-substrates 
in a mixture with slurry is also a very good way to utilize animal feces, 
which due to their low methanogenic potential cannot be used as mono-
substrates in biogas installations (FuGoL and SZLachta 2010). MurPhy et 
al. (2013) agrees with Xie et al. (2011), that the addition of slurry to grass 
silage stabilizes the pH value in the digester, counteracts the inhibiting 
effect of ammonia, increases the content of micronutrients, and optimizes 
the C/N ratio of fermentable bulk.

This study aimed to determine the possibility of increasing the effi-
ciency of biogas production from perennial grasses through their co-fer-
mentation with maize or waste from the agro-food industry.

Materials and Methods

Materials

The following perennial grasses were used in the study: miscanthus 
(Miscanthus sinensis x giganteus JM Greef & M. Deuter), Spartina (Spar-
tina pectinata Bosc ex Link), switchgrass (Panicum virgatum L., variety 
Dacotah), and big bluestem (Andropogon gerardii L., variety Bison). Bio-
mass was harvested in October (the second harvest, autumn regrowth) at 
the collection of energy crops located in Skierniewice (central Poland), 
belonging to Department of Agriculture and Biology of the Warsaw Uni-
versity of Life Sciences (SGGW). Maize (Zea mays L., variety Ulan V270) 
originated from the Agricultural Experimental Station SGGW in Żelazna 
and was harvested on October. After harvesting, the biomass was cut into 
1–2 cm pieces (using a forage harvester so as to reflect the conditions that 
exist in an industrial environment) and ensiled in barrels (10 kg per bar-
rel, in triplicate). Biomass was compacted very thoroughly, no head space 
was left. 

Fresh pomace was obtained from an agro-food processing plant located 
in the Mazovian Voivodship, while beet pulp was obtained from a sugar 
factory in Glinojeck. The beet pulp and the pomace were ensilaged in bar-
rels (in triplicate). Silages were made also from particular grasses blended 
with maize or apple pomace in the weight ratio of 50:50. 

All barrels were filled completely, tightly closed, and stored at room 
temperature for 3 months. During the ensilaging process (lactic acid fer-
mentation), the resulting gas was removed by the valves located on barrel 
closures.
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Analytical methods

After 3 months of storage, the barrels were opened and chemical para-
meters of the silages were analyzed. Dry mass (DM) and organic dry mass 
(ODM) contents of ensiled biomass were determined according to Polish 
Standards PN-EN 12880 and PN-EN 12879, respectively. Chemical com-
ponents of grass and maize silages were determined by NIRS method with 
a NIRFlex N-500 spectrometer according to the Polish Standard PN-EN 
ISO 12099. Parameters of silages from waste (beet pulp and apple poma- 
ce) were analyzed by classical methods: mono sugars were determined  
by the Luff-Schoorl method, crude fiber content was determined according 
to the Polish Standard PN-ISO 5498:1996, and protein content was de- 
termined using the Kjeldahl method. In all silages, pH value was determi-
ned with the potentiometric method and the content of organic acids was 
determined with the enzymatic method using UV tests (r-Biopharm, Ger-
many).

Anaerobic fermentation

Biogas production from the ensiled plant material was analyzed in 
batch anaerobic digestion tests (BMP tests), in 1.3 L fermenters (glass 
bottles with special construction). 5 g of the substrate and 100 mL of the 
inoculum (content of secondary digester from an agricultural biogas plant 
after five days of incubation at 39°C to completely decompose the remain-
ing organic matter) were added to each fermenter (in triplicate). The con-
trol assays were also prepared by adding 100 mL of the inoculum into the 
fermenters but without the substrate. The fermenters were encapped 
with measuring heads of OxiTop® Control (WTW, Germany) pressure 
monitoring system, flushed with N2 to remove the air from the headspace, 
and incubated in a thermostatic cabinet on mixing platforms (WTW, Ger-
many). During methane fermentation, an increase of biogas pressure was 
measured and saved every day by manometric sensors in measuring Oxi-
Top® heads. Anaerobic digestion was conducted at 39°C for at least 30 
days until plateau has achieved. At the end of the fermentation process, 
data was wirelessly transmitted (infrared) from the measuring heads to 
the OxiTop® OC 110 (WTW, Germany) controller and then transferred to 
a PC and processed in Excel program. Volume of the gas pressure was 
converted into the amount of biogas (in moles) using the ideal gas equa-
tion: 
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     pV = nRT (1)
where: 
p – pressure [Pa]
V – reactor capacity [m3]
T – temperature [K]
R – universal gas constant 8,31 [J· (mol K)-1]
n – number of moles.

The amount of biogas was then converted into the volume of biogas 
referring to normal conditions (1013.25 hPa, 273.15 K) and expressed in 
cubic meters [N m3]. The amount of biogas produced from the inoculum 
itself (control assays) was subtracted from the amount of biogas obtained 
from the tested substrates. 

 Biogas composition was analyzed using a gas analyzer (COMBI-
MASS®GA-m, Germany).  

Statistical analysis

The analysis of variance (ANOVA) was performed, after checking if 
the data meet the assumption of ANOVA (normality of distribution and 
equality of variance). In the case of significant differences between parti-
cular mean values, a post hoc analysis was performed (Tukey test). For all 
results, the level of significance was set at 0.05. The analysis was perfor-
med using Statistica 8.0 (Statsoft, Poland).

Results

The chemical composition of silages made from particular grasses was 
presented in Table 1.

Table 1 
Chemical composition of silages made from perennial grasses or maize 

Material DM
 [%]

ODM
[% DM]

Protein
[% DM]

Crude 
fibre

[% DM]

Mono 
sugars
[% DM]

pH
Organic acids
[g kg-1 DM]

lactic acetic
Maize 28.4±0.50 94.5±0.50 9.9±0.60 23.8±0.40 6.7±0.30 3.9±0.00 11.6±0.21 1.9±0.10

Miscanthus 23.5±0.30 93.0±1.18 13.3±0.33 27.6±0.36 3.5±0.34 5.3±0.06 44.0±8.70 4.0±0.14
Spartina 35.7±0.62 93.8±1.68 10.1±0.32 29.4±0.50 2.7±0.21 5.2±0.03 2.5±0.42 2.2±1.62

Switchgrass 35.5±0.47 94.4±0.85 10.1±0.53 28.8±0.21 6.1±0.41 4.9±0.05 18.4±2.63 10.8±2.44
Big bluestem 28.8±0.50 94.0±0.66 11.1±0.39 28.6±0.60 5.9±0.07 5.2±0.07 15.8±3.87 6.1±2.02
± standard deviations
DM – dry mass
ODM – organic dry mass
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Maize silage was of good quality, it had a low pH value (under 4.2) and 
no butyric acid – being an indicator of the spoilage processes (data not 
presented). Thus, the excellent usefulness of maize for ensiling was confir-
med (KhaN et al. 2015). 

Silages from perennial grasses were also of good quality, as evidenced 
by a lack of molds and butyric acid (data not presented) – Table 1. 

Silages from beet pulp and apple pomace had low pH values, with no 
signs of molds growth (Table 2). The characteristics of beet pulp silages 
(with reference to the content of lactic acid exceeding acetic acid content 
and the lack of butyric acid) was similar to that of beet pulp silages presen-
ted by duLcet et al. (2011). 

Table 2 
Characteristics of ensiled waste from the agro-food industry

Material DM 
[%]

ODM
[% DM]

Protein
[% DM]

Crude fiber
[% DM]

Mono 
sugars
[% DM]

pH
Organic acids
[g kg-1 DM]

lactic acetic

Apple 
pomace 33.2±0.50 98.0±0.10 6.3±0.02 72.0±0.90 1.9±0.20 3.4±0.00 16.8±0.50 5.8±0.25

Beet 
pulp 17.2±0.50 96.5±0.60 4.2±0.10 18.7±0.25 0.4±0.03 4.0±0.00 8.1±0.45 0.3±0.12

± standard deviations
DM – dry mass
ODM – organic dry mass

A new solution, proposed in this paper, is to ensile the blends of peren-
nial grasses with waste from the agro-food industry or with maize. Silages 
made from blends of perennial grasses and maize had lower pH values 
than the silages made only from the grasses. In contrast, silages made 
from blends of particular perennial grass with apple pomace had lower pH 
values than the silages made only from particular grass, and were charac-
terized by a delicate smell of acetic acid, the content of which in silages 
was higher than that of lactic acid (Table 3). The higher content of acetic 
acid compared to the lactic acid resulted probably from decomposition of 
pentosanes (e.g. xylan) by heterofermentative lactic acid bacteria. Pento-
sanes built of xylose or arabinose are constituents of hemicellulose, the 
content of which in lignocellulose biomass amounts to 20-35% (Liu et al. 
2008).

In this study, a high biogas yield was obtained from grass silages, i.e.: 
from 445.7 m3 Mg-1

ODM (Spartina) to 622.8 m3 Mg-1
ODM (miscanthus) – 

Figure 1. The content of methane in biogas ranged from 54.6 to 55.1%. In 
turn, maize silage enabled gas production at 737.8 m3 Mg-1

ODM (data not 
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presented in Figure 1) with 55% methane content. piątek et. al. (2016) obta-
ined comparable results of biogas yield from Spartina (404.5 m3 Mg-1

ODM) 
and big bluestem (546.6 m3 Mg-1

ODM), while from miscanthus they achie-
ved less biogas yield (487.9 m3 Mg-1

ODM). Biogas yield from grass silages 
in this study was comparable with the biogas yield from maize silages 
(456.6–599.7 m3 Mg-1

ODM) reported by vervaereN et. al. (2010) or KLi-
Miuk et. al. (2010). 

Table 3 
Chemical composition of silages made from a mixture of perennial grasses and maize  

or apple pomace

Grass pH DM 
[%]

ODM
[% DM]

Lactic acid
[g kg-1 DM]

Acetic acid
[g kg-1 DM]

Grass + maize (50:50)

Miscanthus 4.9±0.06 29.0±0.50 93.6±0.15 13.4±1.85 0.8±0.26

Spartina 4.8±0.00 32.4±0.42 93.5±0.06 13.4±2.78 0.5±0.25

Switchgrass 4.8±0.06 33.5±0.31 94.2±0.26 12.5±4.37 0.3±0.15

Big bluestem 4.6±0.06 30.9±0.35 93.4±0.44 17.9±4.12 0.3±0.06

Grass + apple pomace (50:50)

Miscanthus 3.9±0.00 28.6±0.50 93.4±0.36 11.1±1.27 14.1±2.35

Spartina 3.9±0.06 35.6±0.15 93.0±0.36 11.0±2.35 39.0±7.38

Switchgrass 3.9±0.06 36.2±0.80 94.1±1.06 7.1±2.21 37.6±1.93

Big bluestem 3.8±0.06 33.3±0.80 93.9±1.06 12.5±2.21 15.3±1.93
± standard deviations
DM – dry mass
ODM – organic dry mass

Fig. 1. Biogas production (mean values and ± standard deviations) from silages made of perennial 
grasses through mono- and co-fermentation with maize or agro-food waste



Marta Kupryś-Caruk, Sławomir Podlaski240

As a result of co-fermentation of silages made from blends of perennial 
grasses with maize or apple pomace or grass silages blended with ensiled 
beet pulp, in most cases a significant increase in biogas yield was observed 
in comparison to the mono-fermentation of grasses (P ≤ 0.05). The co-fer-
mentation process of silage from grasses with maize resulted in from 5.5 
(blends with miscanthus) to 65.8% (blends with big bluestem) significantly 
higher biogas production compared to the mono-fermentation of particular 
perennial grass (Figure 1). Co-fermentation did not affect the percentage 
of methane in biogas, which in the case of fermentation of blends ranged 
from 53.9 to 58.4%.

In the case of co-fermentation of grasses ensiled with apple pomace, 
the increase in biogas yield in comparison to grasses mono-fermentation 
was from 1.9 (blends with miscanthus) to 25% (blends with switchgrass). 
In the case of ensiled blends of apple pomace with big bluestem, a reduc-
tion in biogas yield was observed compared to the mono-fermentation of 
the grass, but the difference was not significant (Figure 1). Methane con-
tent in biogas produced from the blends of particular grass and apple 
pomace ranged from 55.6 to 56.5%.

In the case of co-digestion of ensiled grasses with ensiled beet pulp, an 
increase in biogas yield was also observed in relation to the mono-fermen-
tation of particular grass silages. The increase in biogas yield in the co-fer-
mentation process was the lowest in the case of the blend of beet pulp and 
miscanthus (by 5.7%) and the highest in the case of the blend of beet pulp 
and switchgrass (16.8%) – Figure 1. Methane content in biogas from the 
blends of particular grasses and beet pulp was in the range of 55.5–57.6%.

The co-fermentation of silages from the grasses with maize or waste 
caused no significant changes in methane content in biogas as compared to 
methane content in biogas obtained as a result of the mono-fermentation 
of particular grass species.

Discussion

After harvesting the biomass should be preserved, mainly via the ensi-
ling process. The quality of silage is of great importance to the methane 
fermentation process. The use of spoiled and moldy silages affects the 
reduction of biogas production (KalaČ 2011). Perennial warm-season gras-
ses, such as miscanthus, may be difficult to ensile due to their little-solu-
ble carbohydrates and a high buffering capacity (doS SaNtoS et al. 2013). 
For this reason, demonstrating that perennial grasses are susceptible to 
ensiling is in this case a valuable observation. 
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Ensiling is an excellent means to preserve quickly spoiling waste from 
the agro-food industry. Beet pulp is a difficult to store substrate. Due to 
the high content of sugars, it is an excellent medium for microorganisms 
development during storage, e.g. in heaps, which results in the loss of 
sugars and the overall technological value of beet pulp. Alcoholic fermen-
tation may occur during beet pulp storage, as it was reported by FuGoL 
and PiLarSki (2011). The use of spoiled beet pulp for biogas production 
resulted in the loss of control over the methane fermentation process and, 
as a consequence, in its inhibition. Apple pomace is also a quickly spoiling 
substrate due to the high content of water (up to 73%) and easily fermen-
table sugars, which causes the rapid development of microorganisms and 
alcoholic fermentation (KuMider 1996). This paper confirms the useful-
ness of the ensiling process for preservation of this kind of waste.

A new solution, proposed in this paper, is to ensile the blends of peren-
nial grasses with waste from the agro-food industry or with maize. Ensi-
ling the blends of different substrates brings many benefits, for example 
when one of the raw material has too low dry matter content. The ensiling 
of plants with dry matter content below 28% may result in a large amount 
of leachate appearing during storage of silage and thus in energy losses (in 
the case of storing silages e.g. on piles while the emerging cell juice is 
discharged to the sewage). The addition of a substrate with a higher dry 
matter content is aimed at absorbing effluent cell juice (MycZko 2011). In 
this study, the silage made from miscanthus biomass had a low dry matter 
content (23.5%), which could cause the appearance of leachate during pro-
longed storage. In the silage made from the mixture of miscanthus and 
maize or apple pomace, the dry matter content increased (to 29 and 28.6% 
respectively). 

In this study, co-fermentation of grass silages with maize or agro-food 
waste increased biogas production compared to the mono-fermentation of 
grass silages. This may be due to a better carbon to nitrogen ratio during 
co-digestion. The excessive carbon to nitrogen ratio occurs during an ana-
erobic digestion process of crop materials, especially lignocellulosic bio-
mass (ZhoNG et al. 2012). Agro-food waste, such as beet pulp or apple 
pomace, as an external nitrogen and a source of nutrients, is responsible 
for new quality of feedstock obtained and thus for higher biogas produc-
tion compared to the mono-fermentation of perennial grasses. 

The co-fermentation of lignocellulosic biomass with easily biodegrada-
ble material increased biogas yield also in the study described by YaNG  
et al. (2009). As a result of the mono-fermentation of Spartina alterniflora 
358.5 m3 Mg-1

ODM of biogas were produced, while during the co-fermenta-
tion of the mixture of spartina with potato waste in a mass ratio of 4:1 
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and 6:1, biogas production reached 433.6 and 460.1 m3 Mg-1 ODM, respec-
tively. Analyses of structural changes of Spartina alterniflora after anae-
robic digestion indicated that the co-digestion improved hemicellulosic 
degradation. 

In another work apple pomace or maize silage was co-fermented with ensi-
led lignocellulosic biomass of knotweed bohemica (Reynoutria × bohemica Chr-
tek & Chrtkova). As a result of mono-fermentation of knotweed 327 m3 Mg-1

DM 
of biogas was obtained, while co-fermentation with maize or apple pomace 
resulted in biogas production increase to 650.6 and 494.3 m3 Mg-1

DM 
respectively (kupryś-caruk et. al. 2014).

Conclusion

The co-fermentation of ensiled lignocellulosic biomass of perennial 
grasses with maize or waste from the agro-food industry is a way to incre-
ase biogas yield compared to the mono-fermentation of grasses. The use of 
the proposed blends of ensiled materials for biogas production brings many 
benefits, including: waste management and the possibility of partial repla-
cement of maize silage with perennial grass silage with no loss of biogas 
and methane yield. Study results indicate that ensiled perennial grasses 
can be alternative sources of biogas and may be successfully used as sub-
stitutes or supplements to the main substrates used in agricultural biogas 
plants based on maize silage.

References

DębowSki M., Dudek M., ZielińSki M., GraLa A. 2013. Technological effectiveness of methane 
fermentation of prairie cordgrass (Spartina pectinata). Proceedings of ECOpole, 7(1): 49–58.

DeMirci G., DeMirer G. 2004. Effect of initial COD concentration, nutrient addition, temperature 
and microbial acclimation on anaerobic treatability of broiler and cattle manure. Bioresource 
Technology, 93: 109–117.

dubrovSkiS v., KoteLeNcecS V., CeLMS A., ZaborovSkiS E. 2012. Co-fermentation of biomass 
with high content of lignocelluloses for biogas production. In: Conference materials. Renewable 
energy and energy efficiency. Latvia University of Agriculture, Jelgawa, pp. 121–126.

DuLcet E., DorSZeWSki P., KaSZkoWiak J., BoroWSki S., RaMa R., BujacZek R., ChojNacki J. 
2011. Analiza  jakości  kiszonek  z wysłodków  buraczanych  sporządzonych  przy  użyciu  prasy 
zwijającej do materiałów rozdrobnionych. Acta Sci. Pol., Technica Agraria, 10(3–4): 19–26.

Frąc M., ZieMińSki K. 2012. Methane fermentation process for utilization of organic waste. Inter-
national Agrophysics, 26(3): 317–330.

FriGoN J.C., Mehta P., Guiot S. 2012. Impact of mechanical, chemical and enzymatic pre-treat-
ments on the methane yield from the anaerobic digestion of switchgrass.  Biomass and Bioener-
gy, 36: 1–11.



Intensification of Biogas Production in the Process of Co-Fermentation... 243

FuGoL M., PiLarSki K. 2011. Burak cukrowy jako substrat do biogazowni. Inżynieria Rolnicza, 
5(130): 63–71.

GeLeGeNic J., GeorGakakiS D., ANGeLidaki I., MavriS Y. 2007. Optimization of biogas produc-
tion by co-digesting whey with diluted poultry manure. Renewable Energy, 32(13): 2147–2160.

GołaSzewSki J. 2011. Wykorzystanie substratów pochodzenia rolniczego w biogazowniach w Pol-
sce. Postępy Nauk Rolniczych, 2: 69–94.

KacPrZak K., KrZyStek L., LedakoWicZ S. 2009. Anaerobic co-digestion of agricultural products 
and industrial wastes. Environmental Protection Engineering, 35(3): 215–224.

KalaČ P. 2011. The required characteristics of ensiled crops used as a feedstock for biogas produc-
tion: a review. J. Agrobiol., 28: 85–96.

KaParaju P., ELLeGaard L., ANGeLidaki I. 2009. Optimisation of biogas production from ma-
nure through serial digestion – Lab-scale and pilot-scale studies. Bioresource Technology, 100: 
701–709.

KhaN N., Yu P., ALi M., CoNe J., HeNdrikS W.  2015. Nutritive value of maize silage in relation 
to dairy cow performance and milk quality. Journal of the Science of Food and Agriculture, 
95(2): 238–252.

KLiMiuk E., Pokój T., BuDzyńSki W., DubiS B. 2010. Theoretical and observed biogas production 
from plant biomass of different fibre contents. Bioresource Technology, 101: 9527–9535.

kupryś-caruk M., poDlaSki S., wiśniewSki G. 2014. Suitability of knotweed bohemica 
(Reynoutria x bohemica Chrtek & Chrtkova) for biogas production. Zeszyty Problemowe Postę-
pów Nauk Rolniczych, 579: 27–36.

Liu Z., Saha b., SLiNiNGer P. 2008. Lignocellulosic biomass conversion to ethanol by Saccharo-
myces spp. In: Bioenergy. Eds. J. Wall, C. Harwood, A. Demain. ASM Press, Washington, D.C.

MurPhy J., WaLL D., O’kieLy P. 2013. Second generation biofuel: biomethane from co-digestion  
of grass and slurry. In: Proceedings of the 17th Symposium of the European Grassland federa-
tion, Akureyri, Iceland, pp. 505–513.

MycZko A., MycZko R., KołoDzieJczyk T., GoLiMoWSka R., LeNarcZyk J., JaNaS Z., KLiber A., Kar-
łowSki J., DoLSka M. 2011. Budowa i eksploatacja biogazowni rolniczych. Poradnik dla inwe-
storów zainteresowanych budową biogazowni rolniczych. Wydawnictwo ITP, Warszawa – Poznań.

NdeGWa P., HaMiLtoN D., LaLMaN J., CuMba H. 2008. Effects of cycle-frequency and tempera-
ture on the performance of anaerobic sequencing batch reactors (ASBRs) treating swine waste. 
Bioresource Technology, 99: 1972–1980.

NieLSeN H., ANGeLidaki I. 2008. Strategies for optimizing recovery of the biogas process following 
ammonia inhibition. Bioresource Technology, 99(17): 7995–8001.

piątek M., LiSoWki a., kaSPrZycka a., LiSoWSka b. 2016. The dynamics of an anaerobic diges-
tion of crop substrates with an unfavourable carbon to nitrogen ratio. Bioresource Technology, 
216: 607–612.

RaMa R., BoroWSki S., DuLcet E. 2013. Biogazownie rolnicze konkurencją dla rynku żywności. 
Inż. Ap. Chem., 52(2): 60–61.

doS SaNtoS J.,Lira M., GuiM a., doS SaNtoS M.,  juNior j., de Lao de MeLLo a. 2013. Elephant 
grass clones for silage production, Sci. Agric., 70: 6–11.

SoSNoWSki P., WiecZorek A., LedakoWicZ S. 2003. Anaerobic co-digestion of sewage sludge and 
organic fraction of municipal solid waste. Advances in Environmental Research, 7: 609–616.

VervaereN H., HoStyN K., Ghekiere K., WiLLeMS G. 2010. Biological ensilage additives as pre-
treatment for maize to increase the biogas production. Renew. Energy, 35: 2089–2093.

Yadvika, SaNtoSh, SreekriShNat T.R., KohLi S., RaNa V. 2004. Enhancement of biogas production 
from solid substrates using different techniques – a review. Bioresource Technology, 95, 1–10. 

yaNG S., Li j., ZheNG Z., MeNG Z. 2009. Lignocellulosic structural changes of Spartina alterniflo-
ra after anaerobic mono- and co-digestion. International Biodeterioration & Biodegradation, 
63(5): 569–575.

ZhoNG W., ZhaNG Z., Luo y., Qiao W., Xiao M., ZhaNG M. 2012. Biogas productivity by co-di-
gesting Taihu blue algae with corn straw as an external carbon source. Bioresour. Technol., 
114: 281–286.





POLISH JOURNAL OF NATURAL SCIENCES 
Abbrev.: Pol. J. Natur. Sc., Vol 34(2): 245–256, Y. 2019

HEAVY METALS POLLUTION OF SMALL URBAN 
LAKES SEDIMENTS WITHIN THE ONEGO LAKE 

CATCHMENT AREA*

Aleksandr Medvedev1, Zakhar Slukovskii2, Dmitry Novitсky3

1 ORCID: 0000-0001-8234-156X 
2 ORCID: 0000-0003-2341-361X 
3 ORCID: 0000-0003-0342-0249 

Institute of Geology
Karelian Research Center, Russian Academy of Sciences in  Petrozavodsk, Russia

K e y  w o r d s: sediments, heavy metals, geo-accumulation index, pollution. 

A b s t r a c t

A geochemical investigation of two sediment cores retrieved from Plotich’e and Kitaiskoe 
lakes (Republic of Karelia, Russia) has been carried out. The content of eight heavy metals  
(Pb, Cd, Zn, Cr, Ni, Cu, Mn, and V) in the modern bottom sediments was determined. The sources 
of pollution of the sediments of the lake have been revealed. In order to estimate the negative 
impact of human activities on the urban lakes, the geo-accumulation index has been calculated.  
It is noted that Plotich’e and Kitaiskoe lakes are contaminated by heavy metals in different ways.

Introduction

Waterbodies, which are located either within urban areas or nearby 
towns, are permanently subjected to anthropogenic load. The extent of the 
load can be determined via the investigation of the chemical composition 
of both water and sediments. Lakes, as a rule, are considered as a land-
scape depression, since they are capable of the accumulation of natural 
material (dauvaLter et al. 2011), delivered from the catchment area thro-
ugh rivers as well as temporary flows. As a result, lacustrine sediments 
(especially closed-basin lakes sediments) are considered as perfect archi-
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ves (SuN et al. 2009). These can be used for reconstructing past sedimen-
tation processes, assessment of the modern ecological conditions, and pro-
gnostication of possible ways of changing in the future. 

The purposes of this survey are to define the heavy metals content in 
the lake sediment cores, which were retrieved from the central parts of 
Plotich’e and Kitaiskoe lakes (Medvezhyegorsk town, Republic of Karelia) 
and to the main sources of heavy metals input to these waterbodies. 

Research area, Materials and Methods

Medvezhyegorsk is a small town with population of 15 thousand peo-
ple, which is situated in the central part of Karelia Republic. The town is 
washed by Poveneckii bay (Onego lake) from the south. The main possible 
sources of urban environment pollution are railway and automobile mean 
of transport, a crushed stone quarry, a milk plant, a bakery plant and  
a number of woodworking enterprises.

Plotich’e lake (Figure1) is a small water body, which is situated in the 
West part of Medvezhyegorsk. This water object is actively used in house-
hold and recreation purposes (swimming, fishing). In March of 2016,  
a 28-cm sediment core was retrieved from the central part of the lake (the 
site’s depth is roughly 20 m) through a Limnos sampler. The total number 
of samples obtained from this lake was 13. The sediment core, except the 
bottom 4 cm, was split into 2 cm layers and sealed in plastic containers. 

Fig 1. Map of the research area
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Kitaiskoe lake (Figure 1) is also a small water body, which is located 
in the South-West part of the town. This lake is mostly used by domestic 
fishermen. In June of 2016, a 20-cm sediment core was retrieved from  
the central part of the lake (depth is approximately 26 m) through a Lim-
nos sampler. The total number of samples obtained from this lake was 10. 
The sediment core was split into 2 cm layers and sealed in plastic con- 
tainers. 

Each 2 cm layer was put into a refrigerator bag and transported to the 
Institute of Geology RAS, Petrozavodsk. Dried sediment samples were 
then decomposed by acid autopsy with an acid mixture in an open system. 
The method for preparing the samples for chemical analysis was described 
in (SLukovSkii and PoLyakova 2016). Metal concentrations in the bottom 
sediment samples were estimated using the mass-spectral method on  
a ХSeries-2 ICP-MS instrument at the Analytical Centre of the Institute 
of Geology, KarRC, RAS, Petrozavodsk. Each sample was measured in 
three repetitions. The final concentration is an average of these repeti-
tions. The geo-accumulation index Igeo of heavy metals in bottom sedi-
ments was calculated using the formula:

where C is the metal concentration in the layer of interest, B is backgro-
und metal concentration measured in the deepest layer of the core (GuPta 
et al. 2014). The concentrations of heavy metals in the lowest layers were 
accepted as the background for each of the researched lakes.

Results and Discussion

Table 1 and Table 2 represent information about the concentration of 
eight heavy metals in sediments of Plotiche and Kitaiskoe lake. As it can be 
seen from the data, the lead concentration reaches its peak (155 mg kg-1) 
in the 6–8 cm layer of sediment core retrieved from Plotiche lake, while the 
maximal rate of the element (42.6 mg kg-1) in Kitaiskoe sediment core was 
detected in the 4–6 cm layer. In general, both lakes have similar lead con-
tent through sediments columns. The largest values were ascertained in 
the upper 14 cm layers. Then there is a noticeable decrease in the lead 
concentration in the underlying layers. The average concentration of the 
element in sediments accounts for 62.7 mg kg-1 for the former lake and 
26.4 mg kg-1 for the latter. 

𝐼𝐼geo =  log2( 𝐶𝐶
1.5𝐵𝐵), 
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Table 1
Concentration of heavy metals in Plotiche lake sediments [mg kg-1]

Specification Pb Cd Zn Cr Ni Cu Mn V 
0–2 79.4 1.24 577 41.7 40.8 790 363 101
2–4 89.6 1.53 563 42.8 41.5 105 306 96.6
4–6 113 1.81 624 53.6 45.4 70.5 330 106
6–8 155 2.03 571 60.2 45.4 90.9 353 95.4
8–10 104 1.62 339 60.7 43.6 61.9 371 78.9
10–12 77.8 1.28 191 45.3 34.6 47.0 338 76.4
12–14 55.7 1.38 123 73.1 60.6 54.7 301 103
14–16 32.6 0.80 113 23.5 24.3 21.3 228 121
16–18 30.7 0.58 123 25.8 25.7 23.6 240 128
18–20 24.0 0.46 67.7 19.3 21.1 16.9 205 109
20–22 26.2 0.52 70.5 20.8 22.6 18.9 215 109
22–24 24.6 0.46 63.2 20.1 21.9 17.1 213 109
24–28 2.60 0.34 97.6 21.3 18.1 19.8 164 160

Х Average 62.7 1.08 271 39.1 34.3 103 279 107

Table 2
Concentration of heavy metals in Kitaiskoe lake sediments [mg kg-1]

Specification Pb Cd Zn Cr Ni  Cu Mn V 
0–2 35.4 1.24 391 19.9 30.3 47.6 1713 26.2
2–4 39.8 1.27 384 19.8 27.6 44.5 1578 26.7
4–6 42.6 1.28 380 20.9 31.0 47.1 1600 27.2
6–8 42.4 1.31 361 20.1 30.1 45.4 1453 24.8
8–10 38.6 0.85 283 19.4 29.2 42.1 1127 23.2
10–12 27.0 0.73 228 18.4 27.1 33.9 1178 19.2
12–14 23.3 0.71 215 21.5 26.2 38.9 1041 18.5
14–16 7.06 0.24 82.0 18.6 24.8 37.3 690 16.4
16–18 2.74 0.17 45.2 16.9 24.1 31.5 550 15.6
18–20 5.36 0.25 85.3 17.9 25.0 53.7 428 21.9

Х Average 26.4 0.81 245 19.3 27.5 42.2 1136 22.0

According to the tables, the cadmium concentration has its maximal 
rate in the 6–8 cm layer in both lakes. It amounts to 2.03 mg kg-1 in 
Plotiche and 1.31 mg kg-1 in Kitaiskoe lakes sediments. As in the case with 
lead distribution, the highest concentrations of cadmium were detected in 
the upper 14 cm layers of both sediment cores, while the rates of the heavy 
metal in the underlying layers do not exceed the average concentrations 
for both columns.
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The upper 10 cm of a Plotich’e lake sediment core is considerably con-
taminated with zinc. The 4–6 cm layer has the maximal rate of the ele-
ment – 624 mg kg-1. The minimal concentration – 63.2 mg kg-1 was detec-
ted in the 22–24 cm layer. The highest rates of zinc in Kitaiskoe lake sedi-
ments core has been concentrated in the first 14 cm layers with a maxi-
mum of 391 mg kg-1 in the 0–2 cm layer. The lower concentration of the 
element was ascertained in the 16–18 cm layer.    

The maximal concentration of chromium – 73.1 mg kg-1 in sediments 
of Plotich’e lake was detected in the 12–14 cm layer. The minimal rate of 
the element – 19.3 mg kg-1 is concluded in the 18–20 cm layer. In general, 
the chromium average rate of the upper 14 cm of the column is roughly 
twice higher than the bottom 14 cm one. In contrast, the content of chro-
mium in Kitaiskoe lake sediments varies inconsiderably throughout the 
column. The maximal rate of the element – 21.5 mg kg-1 was detected in the 
12–14 cm layer, while the minimal chromium concentration – 16.9 mg kg-1 
was found in 16–18 cm layer.       

As in the case with chromium distribution in the Plotich’e lake sedi-
ment core, the maximal rate of nickel – 60.6 mg kg-1 was found in the 
12–14 cm layer of the column retrieved from the lake. The minimal con-
centration of the heavy metal –18.1 mg kg-1 was detected in the bottom 
4-cm layer. The maximal value of nickel in Kitaiskoe lake sediment core –  
31.0 mg kg-1 was detected in the 4–6 cm layer, while the minimal content 
of the element – 24.1 mg kg-1 was found in the 16–18 cm layer. 

The concentration of copper ranging from a maximum of  790 mg kg-1 
in the first 2-cm layer to a minimum of 16.9 mg kg-1 in the 18–20 cm layer 
in Plotiche lake sediments and from the largest of 47.6 mg kg-1 in the first 
2-cm layer to a low of 31.5 mg kg-1 in the 16–18 cm layer in Kitaiskoe lake 
sediments.   

The highest concentrations of manganese were established in the 
uper sediment 14-cm layers of both lakes. However, there is a substantial 
difference in the values of the heavy metal in these two lakes. The content 
of manganese for Plotiche lake ranging from a maximum of  371 mg kg-1 
in the 8–10 cm layer to minimum of 164 mg kg-1 in the 24–28 cm layer, 
while sediment core retrieved from Kitaiskoe lake has the maximal rate of 
the element equals to 1713 mg kg-1 (found in the 0–2 cm layer) and mini-
mal rate equals to 428 mg kg-1 (found in the 18–20 cm layer).    

The concentration of vanadium in sediments of both lakes varies 
inconsiderably throughout the columns. In Plotiche lake sediments the 
highest concentration of the element – 160 mg kg-1 was found in the bot-
tom 4-cm layer. In sediments of Kitaiskoe lake, on the contrary, the maxi-
mal rate of vanadium was detected in 4–6 cm layer.    
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In order to estimate the extent of anthropogenic influence on the heavy 
metals concentrations in the sediments of these waterbodies, the geoaccu-
mulation index was used. The index is calculated through the formula:  
Igeo = log2 (C/1.5B), where C is the measured concentration of the element 
in the sediments fraction, B  is the geochemical background value, 1.5  is 
the correction factor due to lithological variations (MüLLer 1979). Accor-
ding to forStNer et al. (1993), the geoaccumulation index classification 
consists of 7 grades (Table 3). 

Table 3  
Index of geoaccumulation and contamination levels

Sediment Igeo contamination 
value

Geoaccumulation class 
Intensity Index, Igeo (sediment quality)

>5 6 very strong
>4–5 5 strong to very strong
>3–4 4 strong
>2–3 3 moderate to strong
>1–2 2 moderate
>0–1 1 uncontaminated to moderate
>0 0 practically uncontaminated

Source: GuPta et al. (2014)

As it can be seen from the Figure 2, the first 2-cm layer of Plotich’e 
lake sediment core has a very strong Cu contamination (class 6), strong to 
very strong Pb contamination (class 5), and moderate to strong Zn conta-
mination (class 3). The 2–6 cm layer is polluted by Pb (class 5), Cu (class 3), 
and Zn (class 3). The 6–8 cm layer is also contaminated by Pb (class 5),  
Cu and Zn (class 3) plus there appeared Cr contamination (class 3). The 
8–10 cm layer is polluted by Pb (class 5) and Cr (class 3). In the 10–12 cm 
layer just Pb contamination (class 4) was found. The 12–14 layer is conta-
minated by Pb (class 4), Cr (class 3), and Ni (class 3). The 14–24 cm layer 
is only contaminated by Pb, values for this heavy metal are in class 3. The 
bottom 4 cm layer of the sediment core does not consist of any heavy metals 
contamination footprints. 

The upper 8 cm layer of Kitaiskoe lake sediment core is characterized 
by high values for Mn (class 4), Pb (first 2 cm layer – class 3, 4–8 cm layer 
– class 4), and Zn (class 3) – Figure 3. The 8–14 cm layer is strongly pollu-
ted by Mn (class 4) and has moderate to strong Pb pollution (class 3). In 
the 14–18 cm layer moderate to strong Mn contamination was detected. 
The bottom 2 cm layer has no heavy metal pollution.
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According to the calculations, copper has the maximal value of geoac-
cumulation index (5.6) among the eight heavy metals and it is observed 
only in the upper 2 cm layer of the sediment core retrieved from Plotich’e 
lake. Kitaiskoe lake, on the contrary, doesn’t have high levels of the ele-
ment throughout the whole sediment column. It could be connected with 
the fact that copper is used in agriculture (fertilizer and pesticides) (kaba-
ta-PeNdiaS and Mukherjee 2007). Because Plotich’e lake is located in  
a zone of housing with a plethora of private kitchen-gardens, which are 
located up to the territory of the lake, it is possible that this heavy metal 
is delivered into the waterbody through the surface flows. Seemingly, cop-
per precipitates and gets “fixed” in the surficial sediment layer of the lake, 
which could be considered as a vertical geochemical barrier between the 
water and sediments. Kitaiskoe lake, by contrast, is rather secluded from 
any dwelling and agricultural objects. So, the Cu content in the sediments 
of the lake is considerably lower, than in the Plotich’e lake sediments.

Lead also has a rather high value of the geoaccumulation index, espe-
cially in the upper 10 cm layer of sediment core sampled from Plotich’e 
lake, reaching its peak at 4.9 in the 6–8 cm layer. The maximal value of 
the geoaccumulation index for Pb in Kitaiskoe lake sediments (3.1) was 
found in the 4–8 cm layer. Exceeded lead content in the sediments is pro-
bably connected with the effect of global pollution by Pb compounds 
(MccoNNeL and edWardS 2008, NortoN et al. 1990), such as tetraethyl 
lead, which was actively used in knock-sedative dope in gasoline in the 
middle of the XX century (NriaGu 1990, koMarek et al. 2008). This metal 
together with Cd and Sb from the lake sediments of the Republic of Kare-
lia, the Murmansk Region and Finland, including Arctic zone of these ter-
ritories, behave in a similar manner (ukoNMaaNaho et al. 1998, verta 
and toLoNeN 1998, dauvaLter and kaShuLiN 2010, dauvaLter et al. 
2011, SLukovSkii et al. 2018). The influence of the long-distance air trans-
port of heavy metals is observed in these cases (viNoGradova et al. 2017).

Moderate to strong zinc pollution is revealed in the upper 8 cm sedi-
ments layer of both lakes. Zinc contamination could be related to non-fer-
ric metal industry (kabata-PeNdiaS and Mukherjee 2007). Possibly, the 
high level of this metal in the sediments caused by the activity of the 
Nadvoickii aluminum plant, which is located 100 km northward from 
Medvezhyegorsk town. The plant was placed in operation in 1954, for this 
reason, Zn contamination is observed only in the first 8 cm of both sedi-
ment cores. 

Manganese contamination from strong to moderate is observed thro-
ugh the whole sediment core of Kitaiskoe lake, except of the bottom 2 cm. 
Sediments from Plotich’e lake, by contrast, do not have any traces of high 
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Mn concentration. Inasmuch as the manganese content could be connected 
with igneous rocks and glacial depositions (MartyNova 2012), it is possi-
ble that it has entered into the lake owning to intensive weathering, occu-
rring within the local catchment area of Kitaiskoe lake. 

Moderate to strong chromium pollution was found in 6–10 cm and 
12–14 cm layers of Plotich’e lake sediments. Cr is used in woodworking 
industry as preservatives (kabata-PeNdiaS and Mukherjee 2007, beS-
SoNova and ivaNcheNko 2011), so the chromium contamination in 
Plotich’e lake sediments may be caused by the activity of woodworking 
enterprises, which are located in Medvezhyegorsk town. 

In order to determine if there is a difference in the value of parameters 
between two columns of sediments, Mann-Whitney U-test was run. The 
test is meant to be used for comparing two independent samples, when  
the assumption of normality of equality of variance is not met (Pereira 
and LeSLie 2010). Figure 4 demonstrates that there is a discrepancy in V, 
Mn and Cr content in sediments of Plotich’e and Kitaiskoe lake, whereas 
the three heavy metals are in the zone of significance.

Conclusions

Thus, sediments of Plotich’e lake are mostly polluted by copper (the 
highest value of Igeo – 5/6 found in the upper 2 cm layer), lead (the highest 
value of Igeo – 4.9 found in the 6–8 cm layer), zinc (the highest value  
of Igeo – 2.8 found in the 4–6 cm layer), and chromium (the highest value 
of Igeo – 2.3 found in the 12–14 cm layer). Also, it is considerable to point 

Fig 4. The Mann-Whitney U-test for heavy metals content in sediments of Plotich’e and Kitaiskoe 
lakes
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out that there is no manganese contamination in the sediment core retrie-
ved from Plotich’e lake, while sediments of Kitaiskoe lake are contamina-
ted by this heavy metal (the highest value of Igeo for Mn – 3.7 found in the 
first 2 cm layer). Other valuable contaminants revealed in sediments of 
the lake are lead (the highest value of Igeo – 3.1 found in the 4–8 cm layer) 
and zinc (the highest value of Igeo – 2.1 found in the upper 4 cm layer). 

In general, it could be concluded that the highest values of pollutants 
are concentrated in the upper 8 cm layer of both sediment columns. The 
basic pollution sources of the lakes sediments are the railway and automo-
bile means of transport, fertilizers, woodworking industry, and an alumi-
num plant. 

Accepted for print 16.04.2019
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A b s t r a c t

Cyanide is one of the dominant pollutants in the environment. This study aimed at 
exploring the potential of microbes in the detoxification of cyanogenic substances. Bacillus sp. 
WOD8 KX774193 and Corynebacterium sp. WOIS2 KX774194 strains were isolated from solid 
waste leachates. The doubling times of strain WOD8 and strain WOIS2 when grown on 
glutaronitrile and benzonitrile (without supplementing glucose) were 12.2 and 7.86 d (specific 
growth rate, µ: 0.057 and 0.088 d-1) and 15.75 and 13.33 d (specific growth rate, µ: 0.044 and 
0.052 d-1) respectively. Also, strains WOD8 and WOIS2 grew on glutaronitrile and benzonitrile 
(with supplementing glucose) with doubling times of 9.76 and 7.62 d (µ: 0.071 and 0.091 d-1) and 
10.5 and 8.15 d (µ: 0.066 and 0.085 d-1) respectively. The results from the present study suggest 
that the nitrile-metabolizing capabilities of these bacterial isolates can potentially be explored for 
the degradation and bioremediation of nitrile contamination in the environment. 

Introduction

Nitriles are cyano group (-C ≡ N) containing organic compounds with 
the general formula RC ≡ N. These compounds are cyanide-substituted 
carboxylic acids and are produced naturally as well as synthetically. These 
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are found naturally in plants, bone oils, insects, and microorganisms 
(SMith 1965, diGeroNiMo and aNtoiNe 1976, MukraM et al. 2015) and it 
has been proved that microorganisms can also synthesize them (kNoWLeS 
1976, baNerjee et al. 2002). The synthetic nitriles have extensively been 
used in the manufacture of solvents, extractants, pharmaceuticals and 
drug intermediates (baNerjee et al. 2002). Besides, they have also been 
used in the manufacture of herbicides such as dichlobenil (2,6-dichloroben-
zonitrile), bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) (aShtoN and 
craftS 1973, MukraM et al. 2015), the synthesis of polymers and plastics, 
and are widely used as organic solvents (heNahaN and idoL 1971, MukraM 
et al. 2015). Several studies on the application of nitrilases in chemical 
synthesis have been carried out, since the discovery of first nitrilase in the 
early 1960s (thiMaNN and MahadevaN 1964, GoNG et al. 2012). The com-
mon causes of nitrile entry into the environment include effluents from 
industrial processes either engaged in nitrile production or processing 
(Wyatt and kNoWLeS 1995, rodriGueZ 2014), accidental spillage of nitrile 
from the storage tank (deShkar et al. 2003), the use of nitrile compounds 
as chemical herbicides (voSahLova et al. 1997) and processing of shale 
deposit for oil extraction may lead to significant contamination of air, soil, 
and groundwater (haWthorNe et al. 1985, aiSLabie and atLaS, 1988, 
rodríGueZ 2014). Therefore, the removal of nitrile from industrial effluents 
and contaminated places should be of prime importance. Nevertheless, 
nitrilases play a key role in the bioremediation of hazardous nitriles from 
the contaminated air, soil, and water systems. Meanwhile, nitrilase-me-
diated bioremediation is an efficient method for scavenging highly toxic 
nitriles from environmental wastes and contaminants contaminants 
(MartiNkova et al. 2009, Vesela et al. 2010). The present investigation 
describes the isolation and characterization of two tropical bacterial spe-
cies capable of metabolizing glutaronitrile and benzonitrile and a variety 
of other cyanogenic molecules.

Materials and Methods

Sample collection

Solid waste samples were collected from the dump sites at two loca-
tions, Olusosun, Ojota (Coordinates: N 6°29’21.8’’; E 003°23’29.3’’) and 
Oke-Afa, Isolo (N6°27’11.0002’’; E3°23’44.9999’’) in sterile sample bottles, 
properly labeled and stored at 4°C, and processed within 24 h. Figure 1 
shows the satellite view of dump sites and sampling points.
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Culture conditions and microbial bacterial enrichment

The bacteria capable of metabolizing glutaronitrile as the sole carbon 
and nitrogen source were isolated from solid waste leachates by selective 
enrichment culture technique (SaNtoShkuMar et al. 2011). About 1.0 g  
of each of the solid waste samples was suspended in 50 ml of mineral  
salts medium (MSM) (K2HPO4 2.5; KH2PO4, 2.0; MgSO4.7H2O, 0.5; 
MnSO4.4H2O, 0.1; CaCl2.2H2O, 0.06; FeSO4.7H2O, 0.1; Na2MoO7.2H2O, 
0.006) supplemented with glutaronitrile (0.2% v/v) in a 250 ml Erlenmeyer 
flask. The flasks were incubated in an orbital shaker (180 rpm) at 32 °C for 
7 days. For further enrichment, 5% inoculum was transferred to fresh 
MSM containing the same concentration of glutaronitrile. After several 
repeated subcultures, the culture was streaked on MS agar plates conta-
ining glutaronitrile. The colonies that grew on agar plates containing glu-
taronitrile but not on control plates (without glutaronitrile) were selected 
for further identification. The purity of the culture was checked periodi-
cally by plating on agar plates. 

Cultural, morphological characteristics and microscopy

The cultural attributes of the isolates were observed visually on 
nutrient agar plates using a magnifying lens. Cellular morphology was 
observed using a light microscope. The fresh culture samples were used for 
the microscopy. The samples were sub-cultured on a fresh nutrient agar 
plate, smeared and then Gram-stained as described by oGuNyeMi et al.  
(2010). They were examined for Gram’s staining status and other charac-
teristics by using a compound microscope (Hitachi S-3500N model, Ther-
moNaran, Hitachi technologies, Schaumburg, Illinois, USA). 

Biochemical characteristics

Various biochemical assays such as catalase reaction, oxidase, urease, 
indole, citrate utilization, nitrate reduction, methyl-red-Vogues Proskauer 
reaction and sugar fermentation were carried out as described by LaNyi 
(1987). The pure cultures of the bacterial isolates were identified accor-
ding to the identification criteria of Bergey’s manual of determinative bac-
teriology (hoLt et al. 1994).

VITEK identification system 

The available identification system was applied to the two (2) isolates 
obtained and the assays were performed according to the manufacturer’s 
recommendations. VITEK 2 fluorescent card assay were carried out on the 
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two isolates and the results with very good identification of species of Cory-
nebacterium sp. strain WOIS2 and Bacillus sp. strain WOD8 were subjec-
ted to 16S rRNA gene sequencing. 

16S rDNA gene sequencing 

The genomic DNA of the strains was extracted and purified following 
standard protocol for bacterial genomic DNA preparations using Jena Bio-
science DNA preparation kits (Germany). 16S rDNA was amplified by 
Polymerase Chain Reaction (PCR) (94°C for 5 min, 30 cycles consisting of 
94°C for 30 s, 55°C for 30 s, 72°C for 90 s followed by a terminal incubation 
at 72°C for 10 min) using universal 16S rDNA forward 27F (5’-AGA GTT 
TGA TCM TGG CTC AG-3’) and reverse 1492R (5’-GGT TAC CTT GTT 
ACG ACT T-3’) primers. The quality of the PCR amplified DNA segments 
where check by electrophoresis on a 1.5% agarose gel stained with ethi-
dium bromide, using 100 bp DNA marker (Promega, USA) as DNA stan-
dard, Millipore water (blank) was used as negative control. The gel was 
run for 80 min at 100 V, and the amplified products were observed and 
imaged by Kodak fluorescent imaging equipment, model IS 4000R (Kodak 
image station, care stream molecular imaging health Inc. Rochester, NY, 
USA.). Furthermore, the PCR amplified product was purified and the nuc-
leotide sequence was determined with an automated sequencing appara-
tus (ABI PRISM 377, PE Biosystems Inc.). The 16S rDNA sequences of the 
strains were searched for homology with the sequences in public databa-
ses using the BLAST search program (http://www.ncbi.nlm.nih.gov/) to 
find closely related bacterial 16S rDNA gene sequences. The generated 
sequences were deposited in the National Centre for Biotechnology Infor-
mation (NCBI) nucleotide sequence database as accession numbers 
KX774193 and KX774194. Phylogenetic and molecular evolutionary 
analyses were conducted using MEGA version 6 (taMura et al. 2007). 
Neighbor-Joining method was used to construct the phylogenetic tree. 

Growth and substrate utilization studies

About 1.0 ml of 48 h grown pure isolate was inoculated in a 250 ml 
conical flask containing mineral salts medium (MSM 100 ml, pH 7.2, 
nitrile 0.2% v/v) and incubated at 30°C and 150 rpm. The aliphatic, as well 
as aromatic nitrile compounds, were tested for their abilities to support 
the growth of the nitrile-metabolizing bacteria. In order to determine the 
effect of supplementing glucose with glutaronitrile and benzonitrile in 
MSM for enhancing the growth of strains of WOD8 and WOIS2, a compa-
rative growth analysis of strains was performed using mixture of each of 
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the nitrile (glutaronitrile and benzonitrile) and glucose (0.5% w/v). The 
culture broths were sampled at an interval of 48 h and tested for nitrilase 
activities over a period of 12 days. For each substrate, two sets of controls 
(the uninoculated: MSM with the substrate and the inoculated MSM with 
glutaronitrile and glucose and MSM with benzonitrile and glucose; without 
any substrate, were put in place to monitor the growth rate of each isolate 
and to rule out contamination. The bacterial growth was determined by 
recording the turbidity of the growth medium against the controls in 
UV-visible spectrophotometer (Thermo Fisher Scientific, USA) at 600 nm. 
The hydrolysis of glutaronitrile and benzonitrile was measured using 
spectrophotometer estimation of ammonia release at 630 nm (GuPta et al. 
2010, aLMataWah et al. 1999). The release of ammonia is an indicator  
of cyanide cleavage which simultaneously increases the pH of the medium.

Nitrilase assay
Culture filtrates collected at 48 h intervals from each of the culture 

flasks were centrifuged (10,000 g, 4°C, 10 min). The supernatants were 
used as the source of enzymes. The reaction mixture (3.0 ml) comprised of 
culture supernatant (1.0 ml), glutaronitrile (1.0 ml) and 1.0 ml phosphate 
buffer (0.2 M, pH 7.2). Nitrilase activity was measured as described earlier 
(GuPta et al. 2010, aLMataWah et al. 1999) by monitoring the production 
of ammonia using a UV-visible spectrophotometer at 630 nm for 10 min. 
One unit of enzyme activity was defined as 1.0 mM of glutaronitrile oxid-
ized per minute. The uninoculated medium was used as the control in all 
the experiments. All the experiments were carried out in triplicate.

Results

Morphological and biochemical characteristics

By selective enrichment culture technique, eight bacterial strains 
metabolizing glutaronitrile as the sole carbon source were isolated from 
solid waste leachates, out of which two were found to grow efficiently on 
aliphatic as well as aromatic nitrile compounds. Various morphological, 
physiological and biochemical characteristics of the strain WOD8 and 
WOIS2 are summarized in Table 1. The light microscopy showed that the 
strains were Gram’s positive (Figure 2). The colonies of strain WOD8 
appeared cream-colored, spreading with noticeable smell or pigmentation, 
while the colonies of strain WOIS2 were white-colored, glossy and non- 
-spreading without any noticeable smell or pigmentation. The strain 
WOD8 was rod-shaped, while strain WOIS2 was rod-shaped either stra-
ight or slightly curved. They were catalase positive and oxidase negative. 



Nitrile-Metabolizing Bacterial Strains Associated with Municipal Waste Tips... 263

Fig. 2. Light microscopy of Bacillus sp. strain WOD8 (a) and Corynebacterium sp.  
strain WOIS2 (b) at x 1000 magnification. The scale bar indicates 10 µm

Table 1
Morphological, physiological and biochemical characteristics of test strains

Characteristics WOD8 WOIS2
Gram reaction + +

Shape R R

Colour C W

Motility – +

Growth + +

Catalase – +

Oxidase – –

Urease – +

H2S – +

Indole – +

Citrate + +

MR – –

VP – –

Glucose + +

Lactose + +

Arabinose + +

Mannitol + –

Maltose + +

Putative identification Bacillus sp. Corynebacterium sp.
+ – positive reaction; – negative reaction; C – creamy, R – rod shaped 
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The isolates were capable of fermenting glucose, lactose, arabinose, 
mannitol, and maltose, except the strain WOIS2, which could not ferment 
mannitol and maltose. They utilized citrate and WOIS2 were found to be 
positive for H2S production, urease and indole tests, whereas WOD8 was 
found to be negative for the same tests. They tested negative to methyl red 
and the Voges Proskauer test. The isolates were able to produce gas from 
glucose. The bacterial species were further characterized using VITEK 2 
identification system. 

Genotypic identities of isolates

The 16S rRNA gene sequences determined the positive identification of 
isolates. The corresponding genes of strains WOD8 and WOIS2 were sequen-
ced (approximately 1500 bp each) with GenBank accession numbers KX774193 
and KX774194, respectively. The homology search showed that the 16S 
rRNA genes of strain WOD8 had 99% similarity to Bacillus sp. Ba29b 
KU851836, whereas the 16S rRNA genes of strain WOIS2 shared 99% 
homology with Corynebacterium sp. 1031B 12EMannit KU644524 (Table 2). 

Table 2
 Genotypic identities of nitrile-metabolizing bacterial isolates from amplified sequences of 16S 

rRNA fragment of genomic DNA

Bacteria 
strain Tentative identity

GenBank 
accession  
number

Closest 
strain (s)

% 
identity

GenBank
accession 
number

WOD8 Bacillus sp. KX774193 Bacillus sp.
Ba29b 99  KU851836

WOIS2 Corynebacterium sp. KX774194 Corynebacterium sp. 
1031B12 12EMannit 99 KU644524

The dendrogram constructed for comparing the sequences of some 
other bacterial strains associated with nitrile degradation in the GenBank 
indicated that strain WOD8 belongs to the genus Bacillus, while WOIS2 
belongs to the genus Corynebacterium (Figure 3). The dendrogram showed 
two major distinct clusters; the Bacillus group that was closely related and 
likely to have evolved from same ancestors, and the Corynebacterium 
group that was also closely related but distant from the Bacillus group. 
Strain WOIS2 belongs to cluster one having Corynebacterium sp. 1031B 
12EMannit KU644524 as member while strain WOD8 belongs to cluster 
two which had Bacillus sp. Ba29b KU851836, as member (Figure 3). 
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Growth studies of bacterial strains
The growth patterns are shown in Figure 4 and Table 3 revealed the 

nitrile-metabolizing potential of bacteria. They exhibited exponential growth 
patterns in the first two days. The highest growth exhibited by Bacillus sp. 
strain WOD8 on glutaronitrile (without supplementing glucose) was 0.552 
(O.D 600 nm) with a specific growth rate of 0.057 d-1 and doubling time of 
12.16 d. Whereas Corynebacterium sp. strain WOIS2 recorded highest gro-
wth of 0.859 (O.D 600 nm) with a specific growth rate of 0.088 d-1 and  
doubling time of 7.86 d on glutaronitrile (without supplementing glucose). 

Fig. 3. Phylogenetic tree (dendrogram) of nitrile-degrading Bacillus and Corynebacterium species 
based on 16S rRNA sequences using the neighbor-joining method (Saitou and Nei 1987). Boot-
strap test = 1000 replicates. The evolutionary distances were computed using the Kimura41 para-
meter method. Analysis involving 20 nucleotide sequences was computed using Mega 6 software

Table 3
 The growth potentials of nitrile-metabolizing bacteria on glutaronitrile and benzonitrile  

in mineral salts medium
Isolate μ (d-1) Td (d)

G G + g B B + g G G + g B B + g

WOD8 0.057 0.071 0.044 0.066 12.16 9.76 15.75 10.5

WOIS2 0.088 0.091 0.052 0.085 7.86 7.62 13.33 8.15
μ – specific growth rate, Td – doubling time, G – glutaronitrile (without supplementing glucose), 
G + g – glutaronitrile plus glucose (with supplementing glucose); B – benzonitrile (without sup-
plementing glucose); B + g – benzonitrile plus glucose (with supplementing glucose) 



Fig. 4. Growth profiles and pH changes in the culture fluids of Bacillus sp. strain WOD8 and Co-
rynebacterium sp. strain WOIS2 on glutaronitrile and benzonitrile: a – Bacillus sp. strain WOD8 
on glutaronitrile (with or without supplementing glucose in mineral salts medium); b – Bacillus sp. 
strain WOD8 on benzonitrile (with or without supplementing glucose in mineral salts medium);  
c –  Corynebacterium sp. strain WOIS2 on glutaronitrile (with or without supplementing glucose 
in mineral salts medium); d – Corynebacterium sp. strain WOIS2 on benzonitrile (with or without 
supplementing glucose in mineral salts medium).  G – glutaronitrile (without supplementing glu-
cose); G + g – glutaronitrile plus glucose (with supplementing glucose); B – benzonitrile without 
supplementing glucose; B + g – benzonitrile plus glucose (with supplementing glucose)
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While the maximum growth recorded by Bacillus sp. strain WOD8 on 
supplemented glutaronitrile (with supplementing glucose) was 0.777  
(O.D 600 nm) with a specific growth rate of 0.071 d-1 and doubling time of 
9.76 d. whereas Corynebacterium sp. strain WOIS2 showed maximum gro-
wth of 0.933 (O.D 600 nm) with a specific growth rate of 0.091 d-1 and 
doubling time of 7.62 d on supplemented glutaronitrile (with supplemen-
ting glucose). Similarly, Bacillus sp. strain WOD8 had highest growth  
of 0.324 (O.D 600 nm) with a specific growth rate of 0.044 d-1 and doubling 
time of 15.75 d when grown on benzonitrile (without supplementing glu-
cose). Whereas Corynebacterium sp. strain WOIS2 recorded highest gro-
wth of 0.564 (O.D 600 nm) with a specific growth rate of 0.052 d-1 and 
doubling time of 13.33 d on benzonitrile (without supplementing glucose). 
While Bacillus sp. strain WOD8 had maximum growth of 0.614 (O.D 600 nm) 
with a specific growth rate of 0.066 d-1 and doubling time of 10.5 d on sup-
plemented benzonitrile (with supplementing glucose). Whereas Coryne-
bacterium sp. strain WOIS2 had maximum growth of 0.778 (O.D 600 nm) 
with a specific growth rate of 0.085 d-1 and doubling time of 8.15 d on sup-
plemented benzonitrile (with supplementing glucose). 

The change in pH

Continuous monitoring of pH revealed a drop in pH (7.2–5.0) and  
(7.2–6.1) of the medium containing glutaronitrile (with or without supple-
menting glucose), respectively, inoculated with Bacillus sp. strain WOD8 
(Figure 4). While on benzonitrile (with or without supplementing glucose), 
the pH of the culture medium with the same strain, sharply dropped from 
7.2 to 4.8 and from 7.2 to 5.6, respectively (Figure 4). Similarly, when 
Corynebacterium sp. strain WOIS2 was grown on glutaronitrile (with or 
without supplementing glucose), the pH of the culture medium considera-
bly dropped from 7.2 to 4.5 and from 7.2 to 6.2, respectively (Figure 4). 
While the growth of the same strain on benzonitrile (with or without sup-
plementing glucose), the pH of the culture medium significantly dropped 
from 7.2 to 5.0 and from 7.2 to 6.1, respectively (Figure 4). From these 
analyses, it can be concluded that the supplementation of glucose in the 
culture medium promoted the substrate utilization by the test organisms.

Nitrilase activity

Bacillus sp. strains WOD8 and Corynebacterium sp.WOIS2 had maxi-
mum nitrilase activities of 3.44 ∙ 10-2 mg ml-1 min-1 (day 6) and 2.63 ∙ 10-2 
mg ml-1min-1 (day 8) respectively when grown on glutaronitrile (without 
supplementing glucose) (Figure 5). While optimum nitrilase activities  
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of 3.94 ∙ 10-2 mg ml-1min-1 (day 6) and 3.89 ∙ 10-2 mg ml-1 min-1 (day 8) 
were obtained by the same strains on supplemented glutaronitrile (with 
supplementing glucose) (Fig. 5). On the other hand, the maximum nitrilase 
activities of 1.89 ∙ 10-2 mg ml-1min-1 (day 8) and 2.12 ∙ 10-2 mg ml-1 min-1 
(day 8) were observed by strains WOD8 and WOIS2 when grown on benzo-
nitrile (without supplementing glucose). While maximum nitrilase acti-
vities of 2.52 ∙ 10-2 mg ml-1min-1 (day 6) and 2.56 ∙ 10-2 mg ml-1min-1  

(day 10) on were recorded by the same strains on supplemented benzo- 
nitrile (with supplementing glucose) – Figure 5. In the previous studies, 

the selected strains showed varying detoxifying potentials when cyanoge-
nic natural growth substrates were used (oGuNyeMi et al. 2019). In gene-
ral, the supplementation of glucose with each of the nitrile substrates pro-
moted the nitrilase activity. 

Discussion
This study represents the first reported characterization of two nitri-

le-metabolizing bacterial species from solid waste leachates in Nigeria. 
The two nitrile-metabolizing bacterial species were isolated from solid 
waste leachates by selective enrichment technique, which were identified 

Fig. 5. Niltrilase activities of Bacillus sp. (WOD8) and Corynebacterium sp. (WOIS2) in growth 
cultures: 

G – Glutaronitrile (without supplementing glucose); G + g – Glutaronitrile plus glucose (with 
supplementing glucose); B – Benzonitrile (without supplementing glucose); B + g – Benzonitrile 

plus glucose (with supplementing glucose) 
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as Bacillus sp. strain WOD8 KX774193 and Corynebacterium sp. strain 
WOIS2 KX774194. The combination of morphological, cultural, and the 
biochemical characteristics, as well as the 16S rRNA gene sequences iden-
tified strains WOD8 and WOIS2 to belong to the genus Bacillus and Cory-
nebacterium, respectively. The characteristic features of the strains were 
similar to those reported previously by breNNaN et al. (2001), yaSSiN et 
al. (2003), LoGaN et al. (2009) and LudWiG et al. (2007). The result of the 
phylogenetic tree shows that both the organisms are closely related to 
each other. Bacillus sp Ba29b KU851836 is closest to the strain WOD8, 
while Corynebacterium sp. 1031B12 12EMannit KU644524 is the nearest 
neighbor of strain WOIS2. The sequence analysis of 16S rRNA gene and 
unrooted phylogenetic tree showed that Bacillus and Corynebacterium spp. 
are likely to have evolved from the same ancestor; however, belong to two 
different clusters. Although, yaMada et al. (1980) isolated identified 
Pseudomonas sp. strain K-9; as capable of utilizing only glutaronitrile but 
failed to utilize other nitrile compounds as growth substrates. Also, diGe-
roNiMo and aNtoiNe (1976) isolated a strain of Nocardia rhodochrous 
that metabolized a selected number of nitrile compounds and their deriva-
tives to carboxylic acids and ammonia. NaWaZ et al. (1989) isolated bacte-
rium capable of utilizing high concentrations of acetonitrile as the sole 
source of carbon and nitrogen from which had increased growth rates in 
the media containing range of nitrile compounds including range of nitrile 
compounds including butyronitrile, glutaronitrile, isobutyronitrile, metha-
crylonitrile, propionitrile, succinonitrile, valeronitrile, and their corre-
sponding amides, such as acetamide, butyramide, isobutyramide, metha-
crylamide, propionamide, and succinamide. kao et al. (2006) and MukraM 
et al. (2015) reported utilization of acetonitrile, propionitrile, benzonitrile, 
phenyl acetonitrile and butyronitrile by Klebsiella oxytoca. Rhodococcus sp. 
MTB5, capable of utilizing benzonitrile as the sole source of carbon and 
nitrogen, was isolated from a nitrile-contaminated agricultural soil sam-
ple by selective enrichment culture technique. In this study, Bacillus sp. 
strain WOD8 and Corynebacterium sp. strain WOIS2 isolated were able to 
utilize both aliphatic (glutaronitrile) and aromatic nitriles (benzonitrile) 
as a carbon source. baXter et al. (2006) explored the potential of a known 
acetonitrile-metabolizing organism Rhodococcus sp. AJ270 for the degra-
dation of acetonitrile and investigated its effects on soil bacterial commu-
nity, and postulated that the use of such microorganism could play an 
important role in the detoxification of the toxic compound and thereby, 
decreasing the risk of environmental contamination. kobayaShi and 
ShiMiZu (1998) proposed that the use of specialized consortia of microorga-
nisms could be a viable alternative to activated sludge for the degradation 
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and management of toxic chemical wastes. Likewise, kohyaMa et al. 
(2006) developed a process for the treatment of acetonitrile-containing 
wastes by employing two nitrile-degrading microorganisms, viz., Rhodo-
coccus pyridinivorans S85-2 and Brevundimonas diminuta AM10-C as  
a source of NHase and amidase, respectively. These strains rapidly esta-
blished in the nitrile soil community and successfully carried out the bio-
remediation of nitrile contamination and the addition of acetonitrile signi-
ficantly affected the composition of the bacterial community in the soil. 
The drift in pH of the culture medium within 12 days of incubation further 
confirmed changes in the composition of nitrile substrates possibly degra-
ded by nitrilases (Zhou et al. 2005). The microbial degradation of nitriles 
often leads to the production of carboxylic acids and ammonia (hoWdeN 
and PreStoN 2009). Hence, the formation of acids may probably lead to 
the reduction in pH levels, which advocates the nitrile utilizing abilities of 
the strains. Also, in this study, the concentration of ammonia in the resi-
dual medium was estimated at different time intervals for the highest 
accumulation. The prolonged incubation of the culture failed to increase 
the concentration of ammonia and pH of the medium. The time course 
study showed a decrease in the concentrations of glutaronitrile and benzo-
nitrile accompanied by the accumulation of ammonia. It was observed that 
the growth of the selected strains was optimum in glutaronitrile than ben-
zonitrile. Interestingly, the strains displayed substrate dependent nitrilase 
activities. Furthermore, the bacterial species were grown in cassava efflu-
ent and solid waste leachates as natural cyanogenic substrates (sole carbon 
sources) and they efficiently degraded the cyanogens (oGuNyeMi et al. 
2019). The current study claims that the culture conditions and the nature 
of substrate are the most important factors in the production of nitrilase.

Conclusion

In the present study, the bacterial strains capable of utilizing glutaro-
nitrile and benzonitrile were isolated, characterized, and identified as 
Bacillus sp. strain KX774193 and Corynebacterium sp. strain KX774194.  
These strains were able to grow successfully in aliphatic as well as aroma-
tic nitriles as determined by the growth kinetics. Besides, the strains have 
the ability to utilize the natural substrate of both cassava effluent as well 
as solid waste leachates. Therefore, these two strains may be used as the 
promising tool for the remediation of sites contaminated with both alipha-
tic and aromatic nitriles. Further research is going on that would focus on 
deciphering the metabolic pathways and determining the degradative 
enzymes involved and their metabolic products.
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A b s t r a c t

Evaluation of selected quality parameters of oleogels made with one type of lipid solvent – 
rapeseed oil was done. The effect of two gelling agents: ethyl cellulose (EC) and monoacylglycerol 
(MAG) on the hardness, lubricity and stability of organogels was determined. Oleogels containing 
7% and 8% w/w of single EC or MAG were prepared, as well as mixed variants with 3.5% MAG 
& 4.0% EC and EC 3.5% & 4.0% MAG in rapeseed oil. It has been shown that both: ethyl 
cellulose and monoacylglycerol had structural-forming properties. The greatest hardness and the 
least spreadability was found in the oleogel with an 8% polysaccharide addition. EC showed good 
ability of gelling rapeseed oil but organogels with EC were less stable in time compared to the 
single-monoacylglycerol oleogels. Mixed variants had the lowest stability compared to oleogels 
with the addition of a single gelling substance. 

Introduction

Vegetable oils containing essential unsaturated fatty acids are a desir-
able ingredient in the daily diet. Due to the presence of acids from the 
group of n-3, n-6, n-9, antioxidants and the lack of cholesterol are recom-
mended for consumption by both food technologists and dieticians (LiN  
et al. 2013). Confectionery or bakery products require the presence of solid 
Address: Anna Żbikowska, Warsaw University of Life Sciences, ul. Nowoursynowska 159C,  
02-776 Warsaw, Poland, phone: +48 (22) 593 75 26, e-mail: anna_zbikowska@sggw.pl
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lipids in order to obtain the appropriate sensory and physical quality 
(ŻbikowSka 2010, ŻbikowSka et al. 2015). In technological terms, liquid 
oils are not, therefore, recommended substitutes for shortening or other 
solid bakery fats, which contain nutritional undesirable fatty acids iso-
mers in trans configuration (jaNG et al. 2015, hWaNk et al. 2016, doaN et 
al. 2017). The search for an alternative to these lipid food ingredients has 
become one of the reasons for the formation of oleogelation (MaraNGoNi 
and Garti 2015, PateL 2015). It is a process of forming semi-solid consis-
tency of liquid oil with the use of a gelling substance (MaraNGoNi 2012). 
Oleogelation is a physical transformation, based on the dissolution of gela-
tors in a lipid medium whose chemical properties do not change during 
process (PateL and deWeNttiNck 2016). Gelling substances that are cur-
rently used in the production of oleogels are, among others, polysaccha-
rides (e.g., ethyl cellulose, hydroxypropyl methyl cellulose) monoacylglyc-
erol, natural waxes, or low molecular weight gelators (LMWGs) (WriGht 
and MaraNGoNi 2007, huGheS et al. 2009, hWaNk et al. 2016, SaGiri et 
al. 2017, MeNG et al. 2018).

The most commonly described compound in the literature, having the 
ability to gel vegetable oils is ethyl cellulose (EC). It consists of 1,4-D-glu-
cose molecules linked to the ethyl groups at 2.3 and 6 carbon atoms (roG-
erS et al. 2014). It is the only cellulose derivative that has the ability to be 
directly dispersed in liquid oil (PateL and deWettiNck 2016). The non-
smooth, rough structure of the network formed by ethyl cellulose ensures 
the maintenance of oil particles (roGerS et al. 2014). This biopolymer is 
one of the most effective gelling agent used in the food industry (davi-
dovich-PiNhaS et al. 2016). It is generally permitted for use in food in 
accordance with the principle of quantum satis as an additional substance 
(Regulation of the Minister of Health…  2010). According to StortZ et al. 
(2013), ethyl cellulose is one of the gelling agents with the ability to create 
a network that maintains fat molecules, e.g. in chocolate or nut butter. In 
the form of oleogel, EC could be used as a lipid component of frankfurters 
(ZetZL et al. 2012).

Another substance that has the ability to form a gel in a lipid solvent 
is monoacylglycerol (MAG). It is a single chain of fatty acid (most com-
monly palmitic or stearic acid), connected by an ester bond with a glycerol 
molecule (eichMaNN and kNitteLfeLder 2015, cheN and tereNtjev 
2015). According to GoLdSteiN et al. (2012), monoacylglycerols exist in 
two crystalline forms: α and β. The first of these is used to produce baked 
products, e.g. cakes, because it facilitates the insertion of air into the fat 
phase. The crystalline form β is in turn more suitable for harder products, 
such as biscuits, due to its greater hardness.
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Monoacylglycerol-contained organogels may be produced using one of 
the two methods: as an oil solutions or water-lipid mixtures. However, 
those that have water in their structure are four times less durable (GoLd-
SteiN et al. 2012). According to cheN and tereNtjev (2015), monoacyl-
glycerol organogels, in particular, could be used in the production of ice 
cream, as ingredients that create their creamy consistency.

This paper compares two additional substances, belonging to different 
groups of chemical compounds: ethyl cellulose (polysaccharide) and mono-
acylglycerol (lipid), as single and mixed gelators of rapeseed oil. Their 
impact on selected qualities of oleogels (hardness, spreadability, as well as 
centrifugal and filtration stability) were evaluated.

Materials and Methods

Raw materials and preparation of organogels

Ethyl cellulose (EC) and monoacylglycerol oleogels (MAG) were made 
in two variants. The first one contained 7%, the second 8% of a single gel-
ling substance. The organogels, being a mixture of the mentioned gelators, 
consisted of 3.5% EC (EC45 Std Premium – a gift from Dow Chemical 
Company, Germany) and 4.0% MAG (Lasenor, Spain), or 4.0% EC and 
3.5% MAG (two variants). In all oil gels, rapeseed oil (ZT “Kruszwica” S.A., 
Poland) was used as a lipid solvent. 

Preparation of organogels consisted in dissolving a gelling substance of  
a specified concentration in rapeseed oil at a temperature allowing the dis-
solving of gelators, i.e. 90oC for monoacylglycerol lipid gels and 140–160oC for 
ethyl cellulose and mixed oleogels. Prior to qualitative determinations,  
the oleogels were allowed to solidify for 24 hours at a temperature of 20 ± 1oC.

Analysis of fats

The rapeseed oil was subjected to derivatization into fatty acid methyl 
esters (Animal and vegetable... ISO 5509:2001) to the content analysis of 
FA by the GC method in gas-liquid partition, according to recommenda-
tions in the ISO standards (Animal and vegetable... ISO 15304:2003, Ani-
mal and vegetable... ISO 5508:1996). The analysis was carried out using 
the gas chromatograph Agilent Technologies 6890 II with the software 
ChemStation with an FID detector, equipped with an SGE BPX 70 capil-
lary column. The temperature during the analysis was maintained between 
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140 to 220°C. Identification of peaks of fatty acids was carried out by com-
paring them with the retention time of samples of fatty acid methyl esters 
(Supelco 37, Sigma Aldrich, St. Louis, MO, USA) – Table 1.

Table 1
The fatty acids composition of rapeseed oil (g FA/100 g FA)

Fatty acids

C16:0 C18:0 C18:1 C18:2 C18:3 C20:0 C22:0 C20:1 C22:1 another

3.6±0.02 2.4±0.01 57.9±1.02 21.1±0.05 9.8±0.01 2.1±0.01 0.6±0.02 1.0±0.02 1.1±0.03 0.4±0.02

Hardness of oleogel

The hardness of oleogels were shown using penetration test. Samples 
were tested using a TX.AT plus device (Micro Stable Systems, UK). It con-
sisted of dipping the cylinder shape tip (P/0.5R), with a diameter of 1 cm in 
the sample to a depth of 5 mm. Samples were poured into glass weighing 
dishes (diameter 3.5 cm) to a height (H) of approx. 2.5 cm. The speed at 
which the rod moved was 1 mm s-1. Results were obtained in the form of 
curves on the graph, illustrating the force (y-axis) in time (x-axis). The 
highest penetration value obtained, expressed in Newton, was the hardness 
of the gel. The measurements were realized executed at room temperature. 
A total of twelve determinations were carried out for each type of oleogel.

Spreadability of olegel

The spreadability determination was based on the penetration test, 
which consists in submerging the tip of the measuring apparatus in the 
shape of a cone (spreadability ring) with a diameter of 45 mm, in a special 
container perfectly suited to it. The speed at which the upper working ele-
ment was lowered (until 1 mm gap obtained between the two measuring 
parts) was 3 mm s-1. The test was performed using a TX.AT plus device 
(Micro Stable Systems, UK) at room temperature. Spreadability was 
determined as a total value of twelve for each type of oleogel in the 
N mm unit, as the area under the curves on the graph illustrating the 
force (y-axis) in time (x-axis).

Stability of oleogels – centrifugal separation method

The stability of the oleogels was determined on the modified method of 
da Pieve et al. (2010). The oil-gel samples were transferred to empty tubes 
(mt) at 3.00 g weight. The whole samples were centrifuged at 3500 rpm. in 
the MPW-340 centrifuge (MPW Med. Instruments, Poland). The duration 
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of the process was 20 minutes, after which the mass of the gel and the 
centrifuged oil (mgo) was determined. The liquid collected at the top of the 
test tube was drained. The residue was weighed with the tube [mg]. Each 
variant was subjected to nine determinations.

The stability of the oleogel determined by the centrifugal method (ST) 
was calculated from the modified yiLMaZ and Öğütcü (2014) formula:

Oil binding capacity

The oil-binding measurements were managed using modified bLake 
et al. (2014) method. It consisted in measuring mass (gram) of rapeseed oil 
leakage, filtered through a 150 mm diameter filter paper (Munktell-Ahl-
strom, Germany) at 20 ± 1°C. Thirty-gram samples of all the oleogels were 
placed on glass funnels with filter paper located in pre-weighed conical 
flasks. After 15, 30, 45, 60, 90, 120, 180, 240, 300, 360 minutes, and after 
24, 48 and 72 hours, rapeseed oil leakage was weighed. The oil binding 
capacity of gelling agents was determined as the percentage loss of the 
initial weight of organogel. It was measured in sixplicate.

Statistical analysis

Statistical preparation was carried out using the software Statgraphics 
Plus 4.1. Analysis of the obtained results of physical parameters of oleogel 
was performed using one-way analysis of variance and regression. The 
assessment of the significance of differences between the means was per-
formed using Tukey Test (p ≤ 0.05). The regression method was used for 
model determination. Based on the experimental data for each dependent 
variable (y – mass of liquid fraction – the size of mass loss) equations were 
formulated (y = a0 + a1 + … ak x) in which a0,1, … k are appropriate coeffi-
cients determining intercepts, and x is the time of measurement.

Results and Discussion

The effect of gelling agents on the textural parameters of oleogels

Hardness is a mechanical texture feature, expressing the force that 
causes a specific deformation. The results showed that the highest hard-
ness was characterized by oleogels with the highest percentage of single 

ST = (mg − mt)
(mgo − mt)  ∙ 100% 



Anna Żbikowska et al.278

gelling ingredient, i.e. 8% polymers (EC) and 8% monoacylglycerol (MAG). 
The maximum force causing their deformation in the penetration test was 
1.8 N and 1.7 N (Figure 1). This proves that the higher the concentration 
of a single gelling substance in rapeseed oil, the harder the oleogel struc-
ture. Organogels, being a mixture of two gelling substances, were charac-
terized by lower hardness (more than twice) in the case of lower EC 
content (for the variant 3.5% MAG & 4.0% EC – 0.7 N and for 3.5% EC 
& 4.0 % MAG – 0.3 N). This results suggesting that polysaccharide gelator 
causes an increase in the hardness of the organogels.

GraveLLe et al. (2014) proved that as the percentage of EC in rape-
seed oil increases, the hardness of the gel increases. Similar relationships 
were found in the tested ethyl cellulose oleogels, produced with the parti-
cipation of rapeseed oil (Figure 1). Si et al. (2016) also obtained such a link, 
but for two variants of monoacylglycerol oleogels, containing 3% and 6% 
MAG. The solvent for mentioned gelling agent was soybean oil. The hard-
ness of oleogels tested by Si et al. (2016), increased with increasing MAG 
concentration and was successively: 0.1 N and 0.4 N. These values are 
lower than obtained in organogels containing rapeseed oil as a solvent, 
which additionally confirms the dependence of force from monoacylglyce-
rol concentration in the penetration test.

The Figure 2 presents the value of area, under the force-time penetra-
tion curve, interpreted as the spreadability. It is a parameter that charac-

Fig. 1. Hardness of oleogels [N]; *a, b – different letters indicate mean values being statistically 
significant, p ≤ 0.05
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terizes the texture of food e.x. margarines, creams, peanut butter.  
The greater its value, the worse the possibility of spreading them (ja- 
kubcZyk et al. 2014). The obtained data indicate an upward trend in the 
spreadability values of oleogels containing a single gelling substance 
(MAG or EC), along with their increasing percentage in organogels. 

The highest value of the tested parameter – 51.0 N mm, was obtained 
by the variant containing 8% concentration of ethyl cellulose in rapeseed 
oil. Oleogel with an 8% addition of the lipid gelator MAG had more than 
twice the lower spreadability value (22.7 N mm). The results indicate the 
effect of ethyl cellulose on the increase in the value of this parameter. 
Among mixed oleogels, the variant with higher concentration of ethyl cel-
lulose – 3.5% MAG & 4.0% EC obtained a more-than-twice-higher spre-
adability value, which also confirms a stronger structural effect of the 
polysaccharide gelling agent (EC). 

Stability of the tested oleogels

For examination the oil binding capacity of gelling agents, a stability 
test was carried out using the centrifuge method. The results present  
a relatively high durability of the structure of the all organogels (Figure 3). 
The mean values did not differ significantly and ranged from 97.9% for the 
variant containing 8% ethyl cellulose to 96.7%, for the oleogel with 3.5% 
MAG & 4.0% EC. This proves that both mentioned gelators created a sta-
ble oleogel network, resistant to centrifugal force. 

Fig. 2. Spreadability of oleogels [N mm]; *a, b – different letters indicate mean values being  
statistically significant, p ≤ 0.05
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yiLMaZ and Öğütcü (2014) received 99.8% stability for oleogel with 
a 7% share of monoacylglycerol in hazelnut oil. This is a 2.1% higher 
parameter value, compared to an organogel with the same content of gell-
ing substance in rapeseed oil (Figure 3). The difference in the stability 
of the mentioned oleogels indicates a more stable bonding of hazelnut oil 
by monoacylglycerol. This also presents, that the oil binding capacity is 
affected not only by the concentration of the gelling substance (MAG), but 
also by the type of lipid solvent.

Determination of stability by filtration was aimed to present the dura-
bility of the structure of oleogels at room temperature depending on time. 
The weight of the oil phase was measured. The stability of the systems 
was expressed as a percentage of the effluent relative to the initial weight 
of the filtered oleogel. 

All organogels have retained their structure within 1 hour (Figure 4). 
The first spills were observed after 1.5 hours in variant with MAG 3.5%  
& EC 4.0%, which proved to be the least stable system. Oleogels with the 
most stable structure turned out to be those of variants that contained 
only monoacylglycerol – the first leakage was recorded in MAG 7% conical 
flasks after 24 hours and after 48 hours in MAG 8% (Figure 4). Also the 
variant with an 8% concentration of the polysaccharide gelator obtained  
a longer time of the first drop of oil and a smaller loss of mass throughout 
the entire test. These results show the dependence that the higher the 
concentration of a single gelling substance, the longer the separation time 
of the oleogels and thus their greater durability. 

Fig. 3. Stability of oleogels; *a – homogenity group 
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Both variants of ethyl cellulose-monoacylglycerol oleogels were cha-
racterized by very similar values of mass loss after 72 hours, higher, com-
pared to organogels with a single gelling agent. However, the first filtrates 
were observed at an uneven time: after 1.5 h in MAG 3.5% & EC 4.0% 
flasks and after 3 h in EC 3.5% & 4.0% MAG variant (Figure 4). Determi-
nation of oleogels stability by filtration presents that lipid-type gelator 
had better binding capabilities of rapeseed oil than polysaccharide-type.

After the regression analysis, different models of the equation were 
obtained, depending on the type and amount of gelator additive – Table 2  

Table 2 
Correlation between loss mass (rapeseed oil leakage) and test duration 

Gelator Correlation Model equation R2

MAG 7%
MAG 8%

0.83
0.96

Y = - 0.92 + 0.44x 
Y = - 0.11 + 0.02x

68.4
91.6

EC 7%
EC 8%

0.99
0.99

Y = 0.34 + 0.13x 
Y = - 0.08 + 0.04x

97.3
98.6

MAG 3,5% & EC 4,0%
EC 3,5% & MAG 4,0%

0.97
0.96

Y = 1.14 + 0.26x
Y + 0.75 + 0.26x

93.4
92.2

(R2 = 68.4 for MAG 7% to R2 = 98.6 for EC 8%). Stability of all oleogels, 
regardless of the variant, decreased statistically significantly over time 
(the mass of the liquid fraction in the oleogel increased statistically). The 
size of the leakage significantly increased (p <0.05). The weakest correla-
tion was found between a lipid gelling substance (MAG 7% and MAG 8%) 
and the time of measurement (Table 2). The strong (R2 > 0.9) model was 
obtained during regression analysis: leakage mass = - 0.11 + 0.02x (Table 2) –  
for oleogel with a 8% share of MAG. In the other variants, stronger models 
were obtained, i.e. the systems were less stable over time.

Conclusion

Ethyl cellulose as a sample of polysaccharide gelator and monoacylgly-
cerol as a lipid gelling agent are able to convert rapeseed oil into semi-solid 
oleogel structure, also as gelling mixtures. Increase in concentration of 
single mentioned gelling agents by 1% influenced the increase of hardness 
and spreadability of oleogels, as well as their stability in room tempera-
ture depending on time (especially variants with EC). The ethyl cellulose 
and monoacylglycerol belonging to different groups of chemicals do not 
show any synergy in the structuring of rapeseed oil. 
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A b s t r a c t

The effect of dietary inclusion of amaranth meal on hematology and blood biochemistry,  
of rainbow trout Oncorhynchus mykiss was examined. The fish (mean length 35.2 ± 0.6 cm; mean 
weight 524.8 ± 28.5 g) were divided into three groups: a reference group (RF) fed commercial trout 
pellet and two experimental groups (EF5 and EF10) fed feeds containing 5.0% and 10.0%  
of amaranth meal respectively. Determined indices covered: packed cell volume, red blood cell count, 
hemoglobin concentration, mean cell volume, mean cell hemoglobin concentration, mean hemoglobin 
content, inorganic phosphates, total proteins, albumins, globulins, ammonia, triacylglycerols, 
glucose, and the activity of creatine kinase, alkaline phosphatase and aspartate aminotransferase. 
Supplementation of feed with amaranth meal significantly raised levels of blood glucose, cholesterol, 
total protein, ammonia, creatinine and aspartate aminotransferase activity in trout blood. 

These results indicate that inclusion of amaranth meal in extruded diets for rainbow  trout 
can get negative effect on liver and blood biochemistry profile.  
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Introduction

The replacement of fishmeal as a major protein source with plant ori-
gin components is challenging the sustainability of aquaculture industry 
(viLheLMSSoN et al. 2004). There is a general interest in increasing the 
level of plant protein ingredients in feeds for farmed fish. (GatLiN et al. 
2007). Many researchers in recent years investigated influence of vegeta-
ble components on fish growth, liver and intestinal histology (haNSeN  
et al. 2006, 2007, eScaffre et al. 2007, LaNSard et al. 2009, borQueZ et 
al. 2010, MuraShita et al. 2013, raNdaLL et al. 2013), hematological and 
blood biochemical profile (yaMaMoto et al. 2010, MuraShita et al. 2013, 
tuSche et al. 2013, LóPeZ et al. 2015). 

The main problem with plant components is anti-nutritional factors 
(ANFs) impacting salmonid fish yield, by means of decreased digestion 
and reduced utilization of proteins followed by decreased growth rates 
(MoyaNo et al. 1991, kroGdahL et al. 1994), feed intake and decreased 
nutrient absorption (fraNciS et al. 2001). Some researchers reported 
impact of ANFs on fish hematology and blood biochemistry (ShafaeiPour 
et al. 2008, iWaShita et al. 2009, kuMar et al. 2010). Protease inhibitors, 
phytic acid, lectins, gossypol, glucosinolates and saponins are some of the 
most common ANFs in plant ingredients used in fish feeds (tacoN 1997, 
kroGdahL et al. 2010). The effectiveness of common processing techniques 
such as dry and wet heating, solvent extraction, and enzyme treatment in 
removing ANFs from vegetable raw materials was discussed in many 
papers (fraNciS et al. 2001, kuMar et al. 2010). However, processing is 
usually expansive and/or decreases nutritional value of raw materials. 

Balanced amino acid profile with high level of lysine makes amaranth 
(Amaranthus cruentus) seeds attractive protein source for fish (PederSeN 
et al. 1987). However, chemical analysis of amaranth showed low level of 
ANFs: phytic acid and saponins (eScudero et al. 2004). Previous studies 
have shown, high level of amaranth meal (level at 5–10%) summplenta-
tion induced negative influence on the growth performance and liver con-
dition. (NieWiadoMSki et al. 2016). 

We suppose that the addition of amaranth flour may have a negative 
effect on the health status of rainbow trout. Current research was at the 
aim of the study was the assessment of effect of dietary inclusion of ama-
ranth meal on health status – hematology, blood biochemistry and liver 
histology of rainbow trout Oncorhynchus mykiss.
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Materials and Methods

Fish, feeding, experimental system, diet preparation

Rainbow trout with initial mean length of 35.2 ± 0.6 cm and mean 
body weight of 524.8 ± 28.5 g were used in the experiment. Fish (n = 144) 
were randomly divided into three groups: a reference group (RF) fed com-
mercial trout pellet and two experimental groups (EF5 and EF10) fed pel-
lets that contain 5.0% and 10.0% of amaranth meal respectively. Fish were 
distributed in 9 tanks (3 groups in triplicates; n = 16 for each replicate). 
Experimental conditions have been described by NieWiadoMSki et al. 
(2016). Fish were sampled after 21 days of feeding. Ingredients and 
nutrients composition of the experimental diets are presented in Table 1. 

Table 1 
Ingredients and chemical composition of experimental diets (following NieWiadoMSki et al. 2016)

Ingrediens [%] EF5 EF10 RF*
Fishmeal 44.25 44.25 NA

Wheat flour 20.31 20.31 NA
Soybean meal 15.00 10.00 NA

Amaranth meal 5.00 10.00 NA
Fish oil 6.24 6.24 NA

Soybean oil 6.00 6.00 NA
Vitamin premix1 2.00 2.00 NA
Mineral premix2 0.10 0.10 NA

Choline 0.50 0.50 NA
Ascorbic acid 0.50 0.50 NA

Chromic oxide 1.00 1.00 1.00
Chemical composition [%]

Dry matter 94.27 95.02 93.51
Crude protein 41.01 40.62 42.26

Crude fat 11.95 13.45 13.70
Crude ash 10.44 10.43 8.52
Crude fibre 3.27 3.25 3.22

Chromic oxide 1.00 1.00 1.00
Gross energy [MJ kg-1] 18.04 15.41 17.42

* Data not available
1 Witamin premix (IU kg-1 or mg kg-1 dry diet): witamin A – 15 000 UI kg-1; witamin D – 6000 UI kg-1; 
witamin E – 15; witamin C – 70; witamin B1 –  0.8; witamin B2 – 3.0; witamin B6 – 1.50; witamin B12 
–  8 ∙10-3; witamin K – 1.5; biotin – 2.5.
2 Mineral premix (mg kg-1 dry diet): calcium – 25 ∙103; phosphorus – 27 ∙ 103; sodium – 18 ∙ 103; 
magnesium – 2 ∙ 103; mangan – 720; iron (II) – 400; copper – 127; zinc – 800; iodine – 23.
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Experimental feeds were extruded with a co-rotating twin screw extru-
der (METALCHEM, Poland) equipped with a Ø 4.5 mm pellet stencil. 

Chemical analysis

The content of the basic chemical components in feed (dry matter, 
crude protein, crude fat, ash) was determined in accordance to standard 
methods (AOAC 2016). Dry matter was determined by drying in an oven 
at 105°C for 24 h. Total protein was determined by Kjeldahl’s method and 
crude fat by Soxhlet’s method. 

Hematology

Before the blood sampling, fish were caught, immediately anaestheti-
zed with propofol – 7 mg dm-3 (GoMułka et al. 2014). Blood was sampled 
with a syringe covered with heparin lithium salt from caudal vessels. 
Hematological indices were determined according to Svobodova et al. 
(1991) and covered: hematocrit (PCV), hemoglobin concentration (HB), red 
blood cell count (RBC), mean cell volume (MCV), mean cell hemoglobin 
concentration (MCHC), mean hemoglobin content (MHC). 

Biochemistry indices

Blood samples were centrifuged at 12 000 g for 30 s and frozen. Pla-
sma samples were analyzed with a Catalyst Dx Chemistry Analyzer (Idexx 
Lab; USA) using dedicated test slides (custom panels). The following bio-
chemical measurements were performed: albumins (ALB), globulins 
(GLOB), total protein (TP), ammonia (NH3), glucose (GLU), triacylglyce-
rols (TAG), cholesterol (CHOL), creatinine (CR) and the activity of amy-
lase (AMS), lipase (LIP), aspartate aminotransferase (AST) and alkaline 
phosphatase (ALP). Each plasma sample was thawed only once at room 
temperature and all of the above measurements were performed at once to 
eliminate multiple freezing/thawing cycles.

Liver histology

Randomly collected liver samples (n = 9 per group) were fixed in Bou-
in’s fluid, dehydrated in ethanol, cleared in xylene, embedded in paraffin 
blocks, and then sliced into 4–5 μm sections with a RM 2155  rotational 
microtome (LEICA Microsystems, Wetzlar, Germany). Cross-sections of 
tissues were stained with haematoxylin and eosin (ZaWiStoWSki 1986). 
The number of hepatocytes was established in a field with a surface area 
of 2500 μm2 (50×50 μm). These measurements were performed with  
a LEICA DM 3000 light microscope and LEICA QWin Pro micro image 
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analysis software (LEICA Microsystems AG, Heerbrugg, Switzerland). 
For each fish, the diameters of 100 hepatocytes (HD) and their nuclei 
(HND) were measured under the light microscope equipped with computer 
analysis software. Nuclear-cytoplasmic index (NCPI) was calculated as 
follow: NCPI = HND ∙ HD-1. 

Statistical analysis

Normality of data distribution was tested by Shapiro-Wilk test and 
variance homogeneity by Leven’s test. When above assumptions were met, 
differences between means were analysed using ANOVA and post hoc Tuc-
key’s test (TT). For the others, Kruskal-Wallis ANOVA and Dunn’s test 
(DT) were used. Results were analysed with Statistica 12.0 (Statsoft, USA) 
software at significance level P ≤ 0.05.

Results

Haematology

No significant differences were found between experimental groups in 
RBC, Hb, PCV, MCV and MHC (TT, P > 0.05). Significantly higher values 
of MCHC were determined  in EF10 group (TT, P < 0.05) when compared 
to the reference group (Table 2). 

Table 2 
Hematological indices of Oncorhynchus mykiss fed experimental diets formulated  

with amaranth meal 

Specification RF EF5 EF10

RBC [T l-1] 0.74a ± 0.15 (0.44–1.01) 0.66a ± 0.15 (0.36–0.97) 0.67a ± 0.18 (0.34–0.99)

Hb [g l-1] 97.2a ± 8.9 (74.6–115.8) 98.9a ± 10.5 (77.7–117.5) 102.1a ± 10.0 (84.5–119.5)

PCV [1] 0.34a ± 0.06 (0.22–0.47) 0.35a ± 0.03 (0.27–0.41) 0.33a ± 0.04 (0.25–0.39)

MCV [fl] 449a ± 74 (333–554) 565a ± 157 (378–958) 518a ± 175 (253–1072)

MHC [pg] 138a ± 37 (93–251) 159a ± 47 (95–276) 163a ± 52 (101–303)

MCHC [pg fl-1] 285a ± 33 (222–331) 284a ± 34 (214–348) 319b ± 50 (251–427)
Results are presented as mean ± SD (range). Number indexes show columns with significantly 
different results (P ≤ 0.05)

Blood biochemistry profile

 Results of biochemical blood analysis are presented in detail in Table 3. 
No significant differences were found between experimental groups in the 
case of TAG, ALB, GLOB, AMS, LIP, ALP level (TT, P > 0.05). In the other 
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biochemical indicators not mentioned above, a statistically significant 
increase was observed in relation to the reference group (TT, P < 0.05). 

Table 3 
Blood biochemical parameters of Oncorhynchus mykiss fed experimental diets formulated  

with amaranth meal 

Specification RF EF5 EF10

GLU [mmol dm-3] 5.73a ± 2.06 (2.97–9.72) 8.43b ± 3.51 (3.01–17.35) 7.38ab ± 2.60 (2.26–13.86)

TAG [µmol dm-3] 2.47a ± 0.86 (1.31–4.11) 2.94a ± 0.85 (1.38–4.24) 2.72a ± 0.97 (1.04–4.24)

TP [g dm-3] 45.0a ± 7.3 (34–60) 51.5b ± 9.0 (37–74) 50.1ab ± 8.7 (37–66)

ALB [g dm-3] 18.5a ± 2.9 (15–25) 19.0a ± 2.4 (12–23) 19.1a ± 2.2 (16–23)

GLOB [g dm-3] 26.5a ± 5.0 (19–55) 33.0a ± 8.8 (22–55) 31.9a ± 7.6 (21–47)

CHOL [mmol dm-3] 4.85a ± 1.02 (3.34–7.39) 5.88b ± 1.62 (3.73–8.76) 5.86b ± 1.32 (3.82–7.76)

NH3 [µmol dm-3] 126a ± 54 (37–220) 184a ± 80 (49–333) 207b ± 79 (71–373)

CR [mmol dm-3] 13a ± 4 (9–19) 89b ± 36 (35–164) 123b ± 83 (33–330)

AMS [U l-1] 1279a ± 369 (506–2019) 1240a ± 377 (490–1841) 1176a ± 341(641–1736)

ALP [U l-1] 193a ± 86 254a ± 100 243a ± 123

LIP [U l-1] 153a ± 38 (84–232) 176a ± 110 (95–647) 154a ± 30 (106–203)

AST [U l-1] 39.9a ± 16.7 58.3b ± 20.1 56.3b ± 18.6
Results are presented as mean ± SD (range). Number indexes show columns with significantly 
different results (P ≤ 0.05)

Liver histology

The addition of amaranth meal affects the size of hepatocytes and the 
NCPI is statistically significant increase (TT, P < 0.05) in experimental gro-
ups (Table 4). The representative histological picture of liver sections from 
the fish fed with experimental and reference diet are shown on Figure 1. 

Table 4 
Measurements of hepatocytes of Oncorhynchus mykiss fed experimental diets formulated  

with amaranth meal 

Specification RF EF5 EF10

HD [µm] 14.60a ± 41.99 16.88b ± 0.99 17.63b ± 1.44

HND [µm] 5.86a ± 0,59 5.81a ± 0.21 6.35a ± 0.06

INCP [1] 0.41a ± 0.03 0.34b ± 0.01 0.36b ± 0.03
Results are presented as mean ± SD. Different superscripts means significantly different results 
in rows (P ≤ 0.05). HD – hepatocyte diameter; HND – hepatocyte nucleus diameter; NCPI – nuc-
leo-cytoplasmatic index
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Discussion

The hepatosomatic index (HSI) is among the most popular indices 
used to identify possible liver disorders (vaN der ooSt et al. 2003). The 
HSI in experimental fish (1.96 and 2.08 for EF5 and EF10 feeds respec-
tively) was much higher compared to values reported for rainbow trout fed 
with soya meal based diet (1.18) (ØverLaNd et al. 2009) and lupine meal 
based diet (1.1) (borQueZ et al. 2011). This increase was probably caused 
by fat and/or glycogen accumulation inside hepatocytes (Figure 1), what 
was followed by the increase of mean hepatocyte diameter and resulted in 
growth of liver mass. GüMüş anD İkiz (2009) found that increasing NFE 
level in feeds caused the HSI increase in rainbow trout. Although the NFE 
levels in reference and both experimental diets were similar (25,81% and 
27.60% and 27.70% respectively), our results seems to be in agree with 
above finding as apparent digestibility of NFE was much lower in refer-

Fig. 1. Representative picture of liver sections of Oncorhynchus mykiss fed reference and experi-
mental diets formulated with amaranth meal content. H & E. Reference feed (RF), experimental 
feeds (EF5 and EF10), hepatocyte nuclei (arrow heads), vacuole (arrows). Photographs were 

taken at approximately 40x. 
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ence diet comparing to EF5 and EF10 feeds (47.4% and 75.5% and 78.4% 
respectively) (NieWiadoMSki et al. 2016). Higher digestibility of amaranth 
meal NFE can be probably addressed to small-particle size and easy to 
digest amaranth starch (eckart et al. 2002). However, MuraShita et al. 
(2013) recorded similar histopathological changes in liver of trout fed feed 
with soya meal-based diets. 

High digestibility of NFE was probably the cause of hyperglycaemia 
found in the experimental fish. Usually, glucose level in blood plasma of 
rainbow trout ranged between 4.25 and 5.73 mmol dm-3 (fiGueroa  
et al. 2000, SaNtiN et al. 2013). In our experiment, glucose level reached 
7.38 and 8.43 mmol dm-3 in EF5 and EF10 respectively. These level 
is much higher than results reported for fermented soya meal (5.7–6.6 and 
6.2–6.6 mmol dm-3) and soya protein concentrate (3.34–5.67 mmol dm-3) 
diets respectively (yaMaMoto et al. 2010, 2012, kuMar et al. 2010, and 
MuraShita et al. 2013). yaMaMoto et al. (2007) and tuSche et al.  
(2013) reported similar results for trout fed soya protein concentra- 
te (7.2–7.6 mmol dm-3) and potato protein concentrate based diets  
(7.4–9.9  mmol dm-3) respectively. However, we are aware that the very 
high glucose level could be the result of our experiment design. We did not 
stop feeding 24 hours before blood sampling because we examined apparent 
digestibility of nutrients in the same experiment (results are reported in Nie-
WiadoMSki et al. 2016). From the other hand, blood glucose level in the refe-
rence group (5.73 mmol dm-3) was not altered. 

Morphological changes in the liver were accompanied by 1.5-fold 
increase of AST serum activity in experimental groups. AST similarly to 
ALP and ALT belongs to cytoplasmic intracellular enzymes and it appears 
in blood plasma due to a damage to cell membranes. Such increase of 
activity can be a result of parenchymal organs damage or breakdown  
of red blood cells (racicot et al. 1975). However, as we did not record any 
differences in RBC or PCV between reference and experimental groups, 
we believed that the AST activity increase is the sequel of pathological 
processes observed in fish liver. Moreover, increase of ALP activity, 
although not significant, suggest increased metabolic burden of the liver 
(kuMar et al. 2010) and support above statement. 

From the other hand, 7.9 to 9.5-fold higher level of CR in fish fed with 
experimental diets (89 and 123 µmol dm-3 for EFD5 and EF10 respec-
tively) when compared to reference group (13 µmol dm-3) suggest that 
some kidney failure also occurred. According to charoo et al. (2013) high 
CR level is an indicator of impaired renal function. Moreover, mean CR 
level was correlated to mean NH3 level (r = 0.9996; p < 0.05) which was 
also significantly higher in experimental fish blood. 
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Total protein level in trout blood in experimental groups (50.1–51.5 g l-1) 
was higher than those reported by yaMaMoto et al. (2007, 2010) for fer-
mented soybean meal (30–36 g l-1), kuMar et al. (2010) for jatropha flour 
(38–41 g l-1), MuraShita et al. (2013) for soybean meal (33–36 g l-1) and 
tuSche et al. (2013) for potato concentrate (33.3–36.8 g l-1). According to 
baNaee et al. (2011) there is a close relationship between the rate  
of protein synthesis in the liver and the concentration of total blood pro-
tein. However, such high results suggest some pathological reasons. Sha-
MouShaki et al. (2012) studied the EDTA toxicity to rainbow trout. They 
found similar TP levels in trout exposed to 1.4 g l-1 to 2.1 g l-1 of EDTA 
(52.3 g l-1 to 58.3 g l-1 respectively). yiLMaZ et al. (2015) found TP levels as 
high as 100.2 g l-1 to 106.3 gl-1 in trout orally exposed to carvacrol. These 
authors addressed the increased level of TP to the increase in innate 
immune response of fish. However, in their study TP level in the control 
group was also extremally high (87.2 g l-1). 

Many authors found lowered CHOL level in fish fed feeds based on 
plant origin raw material (roMarheiM et al. 2006, iWaShita et al. 2008, 
yaMaMoto et al. 2007, 2010, kuMar et al. 2010). Values of CHOL recor-
ded in experimental fish blood plasma (5.86–5.88 mmol dm-3) in our expe-
riment were much higher than those reported by ShafaeiPour et al. (2008), 
iWaShita et al. (2008), yaMaMoto et al. (2010, 2012), MuraShita et al. 
(2013) for rape (2.10–2.83 mmol dm-3), soybean (2.04–2.32 mmol dm-3), fer-
mented soybean (2.74– 2.96, 2.93–3.41 mmol dm-3) and modified soybean 
(3.22–4.09 mmol dm-3) meals respectively. We suppose that such high 
increase of blood CHOL level in experimental fish was a result of choleste-
rol synthesis in the liver from the squalene which is present in amaranth 
seeds. Squalene is the precursor of cholesterol. The squalene level in ama-
ranth meal is about 6.23% (eScudero et al. 2004). The increase of chole-
sterol synthesis was found in hamster fed with amaranth supplemented 
feed (MeNdoNça et al. 2009). 

According to deNG et al. (2013) the blood cholesterol level is built by 
exogenous cholesterol supplied in feed and cholesterol synthetized de novo 
in the liver. The authors suggested that in case of excessive supply of cho-
lesterol for a longer time, fish can inhibit endogenous cholesterol produc-
tion. ShafaeiPour et al. (2008) obtained the reduction of CHOL level in 
trout blood plasma after 112 days of feeding with experimental canola 
diets when compared to results obtained after 56 days of feeding. We can 
expect that longer feeding with amaranth meal feed can result in lower 
cholesterol blood level. 

kroGdaL et al. (2010) found that despite heat treatment many ANFs 
(for example saponins) are not eliminated from feeds. Saponins present in 
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both soya and amaranth meals can impact some blood parameters inclu-
ding CR, TP and NH3 causing liver and kidney (PiSarikova et al. 2006) or 
gills impairment (fraNciS et al. 2001) 

Conclusions

However, one should take into account that the experiment was rela-
tively short. Thus, our results should be considered as a preliminary study. 
These results suggest that inclusion of amaranth meal in extruded diets 
for rainbow trout can get negative impact on functional status on liver and 
kidney of rainbow trout. We assume that the obtained results were influ-
enced by ANFs derived from soybean meal and amaranth meal. Next expe-
riment, describe to the effect of amaranth meal feeding on fish with ama-
ranth meal as the only one source of potential ANFs.  
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A b s t r a c t

Limb diseases are the most common ones next to the mammary gland diseases (mastitis) 
and those connected to reproduction (metritis, endometritis). Appearing lameness significantly 
decrease welfare and have an impact on the culling of cows in herds and what is more important 
lower milk performance and decrease its composition as well as its technological usefulness in 
processing. Prevention is based on the timely hoof correction and hoof baths in the 10% copper 
sulfate water solution or 5% formalin. The assessment of the level of lameness, which is 
performed on a moving cow (locomotion scoring) with the use of a 5-point Zinpro (2014) scale, is 
essential to the fast diagnosis. Performing timely hoof correction, should be performed twice 
a year in case of the all year alcove keeping system. It is advised to prefer the free-standing 
housing system, which considerably enhances welfare of cows. 

Introduction

Systematically appearing increase in dairy performance of cows, as 
well as selection-achieved increase in cow body weight, especially in Hol-
stein-Friesian  breed, favors the more common appearance of metabolic 
diseases including locomotion diseases (Goff and horSt 1997, köNiG et 
al. 2005). Such problem concerns most herds in Poland and in the world. 
Limb construction defects, lameness and soft pastern occurrence concerns 
from 6% to 16% of dairy herds in our country, additionally including over-
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-gaped hoof (5–7%), limbs twisted inward (5–9%) and to limbs directed 
under the trunk or too wide ankles (about 1%) (kołacz and bodak 1999, 
WiNNicki et al. 2006).

Frequency of various types of hoof diseases is different (Table 1). 
Lameness caused by the plantar ulcer, double sole, digital skin inflamma-
tion and the inflammation of the skin of the interdigital area most often 
occur in cows kept in the indoor system, without the access to pasture. In 
cows kept in the mix inn-outdoor system, which use pasture in the sum-
mer season the most often diseases are: toe ulcer, white line disease, hoof 
wall traumas, interdigital growth (limax), bruised soles and overgrown 
claws (GreeN et al. 2014). In 8/10 cases lameness is caused by toe diseases 
(herNaNdeZ-MeNdo et al. 2007).

Table 1
 Frequency of hoof diseases occurrence in dairy cattle based on different authors

Type of disease

Frequency of lameness occurrence [%]
WiNkLer and 
MarGeriSoN

(2012)

de fraiN et 
al. (2013)

Navarro et al. 
(2013)

GreeN et al.  
(2014)

Sole ulcer 17.14 21.05 6.84 38.68
Bruised sole 28.57 1.43 10.00 12.98

Digital dermatitis 22.86 47.67 3.68 10.00
White line disease 5.71 17.26 16.32 8.28
Interdigital growth 2.86 0.19 6.84 4.50

Overgrown claw – 31.08 3.68 3.11
Toe ulcer – 2.61 3.68 1.79

Double sole – – 6.84 7.42
Vertical sand cracks – 0.33 8.42 –

Heel erosion – 0.04 6.84 –
Other 22.86 8.34 26.86 13.24

Such diseases were observed on the 3rd place among the factors lowe-
ring milk producing breeding farm activity income, right after reproduc-
tion problems and mammary gland inflammations (mastitis) (GreeN et al. 
2002) and reduce the healthy quality of cow’s milk MicińSki et al. 2012, 
MicińSki et al. 2013). Appearing lameness significantly lower welfare and 
have an impact on the level of cow culling. The highest culling risk of cows 
appears at the beginning of lactation. Lameness, which appear during the 
first 30 days after calving may be connected to ovary cysts presence, which 
lower the calving probability (SoGStad et al. 2005). 

In limping cows reproductive processes are elongated. Resting time 
i.e. time from calving to the 1st insemination attempt increases nearly 
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three times, whereas the service period i.e. time from the 1st insemination 
attempt to successful fertilization increases more than fifteen times. Such 
state results in an increase in insemination treatments per calving 
(haSkeLL et al. 2006, herNaNdeZ-MeNdo et al. 2007).

Lameness is considered a serious problem in high-performance dairy 
cattle hers. Their occurrence is matched to many factors, such as keeping 
system and nutrition, age, performance, condition. Lameness causes 
decrease of animal welfare, as well as economical losses caused by a decre-
ase in performance and fertility of animals and by an increased cow culling 
(fLiS 2015).

For the breeder early (from the start of lactation) limping cow identifi-
cation is essential. This way the spread of lameness in the herd is reduced 
allowing for hoof diseases treatment in their early stages. 

The aim of this work was to present and characterize chosen hoof dise-
ases, as well as to present their impact on performance and welfare of 
Holstein-Friesian cows. 

The work is a review, where the scientific literature characterizing the 
most important limb diseases of cows was collected and main factors 
impacting the incidence of such diseases, as well as the decrease in morbi-
dity level were presented.

Discussions

There is a very large diversity of limb diseases, mostly concerning hoof 
and the hoof gap, whereas in bedding-less cowsheds bruises as well. Those 
may be caused by differences in the ways of cow keeping, thus differentiated 
hoof exposure to environmental factors (SWaLve et al. 2005). The most com-
mon limb diseases are (baGGot and ruSSeLL 1981, Nocek 1997, berGSteN 
1999, cruZe et al. 2001, GreGory 2004, verMuNt and hiLL 2004, SoGStad 
2005, hoLZhauer et al. 2006, eLLiott and aLt 2009, evaNS et al. 2009).

Horn rotting – mainly concerning heels. It occurs most often in cows 
kept in bad zoohygienic conditions i.e. standing in the so-called fecal 
manure. During the first period of a disease hoof correction and tar soaking 
may be enough. However, during the intensified stadium of disease it is 
essential to apply iodoform and copper sulfate dressing.

Whitlow – the disease of the hoof gap and its surroundings. It deve-
lops as a result of anaerobic bacteria activity, as well as due to inap-
propriate bedding, stony passes and pastures. Hard surface is a source  
of different types of hoof gap injuries. Treatment is based on antibiotics 
application at the place of injury, as well as iodoform and rivanol wraps. 
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Prevention means: disinfection, proper animal nutrition, obeying hoof cor-
rection schedule and keeping them clean, as well as hoof hardening.

Sprains and dislocations – these are painful and complicated dise-
ases. Edema appears. They are hard to treat, often being untreatable.

Joints inflammation – develops during hits or sprains, as well as  
a result of injuries, when contamination from blood or surrounding tissues 
occurs. This disease is manifested by a painful and hot edema making ani-
mals lie most willingly, also decreasing their appetite and dairy performance.

Finger skin inflammation (dermatitis digitalis) – superficial skin 
inflammation at the border of the coronet edge of pads. Changes develo-
ping during the finger skin inflammation may transform into the papillary 
formations. The disease often appears in dairy cattle herds in Europe and 
South America. Favoring factors are not known. Only adult cattle get sick. 
Finger skin inflammation is a contagious disease. It is believed that spiro-
chetes of the Treponema species are the infectious factor.

Fingerpad skin inflammation (erosion ungulae) – it appears as 
irregular cavities in the pad horn in the form of many dark holes (black 
color) or pockets with cavities. As time progresses, such cavities transform 
into oblique grooves. Such disease is widely distributed among the cattle 
kept in buildings during winter. Usually, symptoms disappear during the 
pasture period. Predispositions for the appearance of this disease are 
humid environment and long lasting contact with manure. 

Interdigital fissure skin overgrowth (hyperplasia interdigitalis) – 
the disease is based on the expansion of the interdigital area skin of all 
limbs, most often posterior ones, with the tendency to keratosis and necro-
sis, as well as purulent inflammations. Disease etiology is complicated. 
One of the causes is a mechanical overload of the interdigital skin area 
and as a result it grows fast. Genetic factors have a major impact on occu-
rrence of this disease, especially the low endurance for interdigital ten-
dons stretching. The changes are located in the interdigital area in the 
form of growths and thickenings. The tumor is painless and hard. The 
disease develops into the disintegrating form manifesting itself as tumor 
rupture and wound contamination leading to inflammation.

Hoof box rupture – this disease is based on the mechanical damage 
to the hoof box. It is conditioned by the presence of obstacles on animal’s 
way, which may lead to box injuries. The mechanical injury opens the way 
for pathogenic microorganisms to soft tissues of hoof and development of 
inflammation, thus leading to phlegmon and horn rotting.

Interdigital skin inflammation (dermatitis interdigitalis) – it is 
manifested through mild inflammatory changes in the interdigital skin, 
leading to moderate pain. Fissures in the pad’s horn may lead to the 
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damage of dermis or later plantar ulcers. In such conditions the lameness 
may be of high degree or chronic. Such disease starts with the moment of 
wet, smelly skin inflammation in the interdigital area. Breeders often call 
this disease “smelly leg”. The inflammation may expand to the heel horn 
of the adjacent hoof. The improper shaping of the horn area may lead to 
pressure on the cortex there with the evident pain or lameness. 

Rusterholz ulcer – it concerns the softened hoof horn and leads to  
a change called the “plantar ulcer”. It appears in animals of higher body 
weight, with faulty hoofs and improper posture. Changes in hoof called 
“plantar ulcers” need hoof correction with a proper cleaning, applying 
dressing with an antibiotic and then with iodoform. Prevention is based on 
a timely hoof correction and hoof bathing in formalin. Ulcers are mainly 
caused by a high body weight and injuries; they are very painful and usu-
ally lead to severe lameness. Rumen acidosis favors this disease. Plantar 
ulcer is manifested by an unwillingness to move, elongated standing phase 
(“kneeling” on wrists) and with both legs used – “sitting dog” posture. Sick 
cows avoid hard surfaces, moving better on the soft ones. Abduction relie-
ving the outer hoof is visible and the movement may be mowing. Animals 
in the advanced state of the disease lose appetite. Treatment is based on 
the removal of the horn in places where the exudate had separated it from 
the laminar layer. Then the exposed dermis may be precisely cleaned. The 
role of the dressing under the band is to keep medicines for a longer time, 
put a pressure on the laminar layer, stop the bleeding and reduce overgro-
wth of the repair tissue. Treatment is supplemented by a proper hoof 
shape correction favoring the relocation of the point of support of limbs 
from the back to the front. It is recommended to use the relieving block 
(heel) in case of necrotic changes. Thanks to such a procedure the sick hoof 
is not used in supporting of the limb, thus it is not stimulated and it does 
not cause pain and is not getting dirty. The dressing should be changed in 
the 10-day intervals.

Exudate (interdigital phlegma) – it is an interdigital inflammation, 
thus inflammation above the interdigital skin and is connected to  
a hard swelling in the middle of the staple area, precisely above the inter-
digital area. Cow is evidently limping in this case. Fast treatment at the 
early stages makes the inflammation slowly disappear and not doing any 
persistent damage.

Laminitis – the aseptic inflammation of the laminar layer of the hoof 
wall; develops due to the damage of the capillaries caused by toxins and 
histamine, which are overproduced in severe indigestions (rumen acido-
sis), uterus and mammary gland inflammations and after complicated 
parturitions. Diffused inflammation of the hoof laminar layer is connected 
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to the permeation of the serous liquid from blood. The course of the process 
is subacute, acute or chronic. The disease attacks both posterior hoofs at 
the same time. Sick animals lie on the side with limbs stretched. Hoof cans 
are painful. Red discolorations are visible on the plantar side. Such  
animals are unwilling to stand up at all, taking improper postures, stret-
ching front limbs, sometimes crossing them and consume the feed in the 
kneeling position. Their body temperature, heart rate and respiratory 
rates increase.

Most often the appearance of main limb diseases is caused by the 
improper cow keeping, thus it is connected to the technical equipment of 
farms, as well as cow keeping and nursing. It is also connected to feeding, 
posture of the back limbs or genetic factors (cattle breed for example). It is 
essential to avoid prolonged exposure of animals to wet surfaces, as well as 
to diagnose fast – the faster, the smoother the course.

Systematic control of hoof condition is an essential nursing element. It 
allows to detect posture faults, diseases and hoof deformation. Hoof nur-
sing should be understood as taking care of proper environmental and 
hygienic conditions of barns and especially their state as well as material 
from which the ground for cattle stands is made (Webb and cLark 1981). 
Negligence of hoof nursing leads to lameness, bone and joints deformation. 
The most important part of nursing treatments is a timely hoof correction, 
which aims to reestablish physiological posture of a limb and hoof, defor-
med in the breeding conditions. 

Decontamination and hoof hardening liquid baths are very helpful in 
the prevention of hoof diseases. A 10% aqueous solution of copper sulfate 
or 5% formalin is used for this purpose. Such prepared liquid is stored in 
special pools of smooth spades and shores to assure cows take a bath while 
moving through it. The deepness must be enough for cow to dip the hoof and 
the interdigital fissure. Proper feeding and animal maintenance is an equ-
ally essential prevention factor. Alternatively, spraying hoofs with disinfec-
tant may be a good solution. Most often solutions based on copper compo-
unds are used, however here environmental factors should be considered. 
Research concerning the effectiveness of aqueous copper sulfate solutions 
are still in progress. It has been stated that copper compounds have a signi-
ficant impact on the treatment of skin processes. In some cases, depending 
on instructions, a proper solution of potassium permanganate is used. In 
cattle hoof nursing special self-adhesive bandages are used as well.
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An assessment of lameness level in the herd of dairy cattle

The simplest form of on-farm lameness detection is visual locomotion 
scoring. For the assessment of the level of lameness in dairy cattle  
a 5-grade scale of locomotion review is commonly used. The assessment of 
a moving cow (locomotion scoring) provides basic information on the lame-
ness level in each cow. The first people who introduced such locomotion 
assessment system were Americans, and then it was successfully introdu-
ced in other countries as well. It allows for a fast lameness diagnosis and 
use of proper treatment (adaMS et al. 2016). Locomotion assessment is 
based on cow observation in the standing position, as well as in motion on 
the hard surface, focusing especially on the back line. The review is 
5-grade, and according to Zinpro (2014) it consists of:

10 – normal posture. In the standing posture and while moving the 
back line is straight, legs and hoofs are properly aligned.

20 – light lameness. In the standing position the back line is straight, 
while moving it is slightly curved; a subclinical form of lameness.

30 – moderate lameness. The cow is standing and moving with the 
curved back, it makes short steps with one or few limbs; a subclinical form 
of lameness.

40 – lameness. The curved back in the standing position and while 
moving, cow is limping on one or more limbs, lameness is visible; a clinical 
form of hoof lameness.

50 – acute lameness. The back is strongly bent, the cow is unwilling 
to stand and load at least one of the limbs, it may have difficulties with 
standing up or it does not want to do it; a clinical form of lameness.

In order to keep the 1st level and avoid lameness in dairy cattle  
a proper hoof correction must be performed at least twice a year, while in 
case of cows in which the subclinical form of lameness has been diagnosed 
(2nd and 3rd degree) it is essential to perform an additional correction. The 
4th degree is connected with the 17% decrease in milk performance, whe-
reas the 5th degree – 36%. In cows with the 2nd degree or higher serious 
reproduction problems are diagnosed as well. The probability of culling of 
such cows increases 8.5 x as well. vaN NuffeL et al. (2015) identified at 
least 25 different visual scoring systems for dairy cow lameness characte-
ristics. They noted that although these methods are relatively easy to use 
and inexpensive to implement, the amount of time it takes to conduct sco-
ring on an entire herd means they are not often executed.

Now, individual animal monitoring technologies have shown potential 
for lameness detection. Walk-over or stand-on load cells, pressure-sen-
sitive position mats, vision techniques, accelerometers, and other already 
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available sensor data have all been evaluated for the possibility of automa-
ted lameness detection (vaN NuffeL et al. 2015). Producers tend to unde-
restimate the prevalence of lameness in their herds. They perceive lame-
ness management to be more challenging to include in daily routines com-
pared to other health issues, like mastitis, which can be managed in the 
parlor (Leach et al. 2010). Instead, lame cows are often only identified 
after they become severely lame (MiLL and Ward 1994), completely igno-
ring mildly lame cows that would benefit most from early detection. 

In summary, a basic element of the hoof nursing in herds are periodic 
inspections of limbs. The aim of such inspections is to diagnose posture faults, 
as well as diseases or hoof deformations in order to perform correction.

The influence of chosen factors on lameness appearance  
in cows

Nutrition

In case of nutrition it is essential to focus attention on functioning  
of the rumen. High intake of concentrated feed (NFC fiber) with a simulta-
neous low volumetric feeds intake (NDF fiber) causes an increase in the 
pH level of rumen content, thus causing production of histamine and endo-
toxins, which get to capillaries in hoofs, destroy them and impair produc-
tion of good quality horn tissue (braMLey et al. 2008, LeaN et al. 2013). 
What is more, mineral i.e. S, Cu, Zn, Se, Mn and Co, as well as retinol and 
biotin deficiencies, so elements and vitamins taking part in keratin meta-
bolism, decrease horn hardness. Such elements are components of antioxi-
dative enzymes, which protect lipids in the horn tissue from free radicals. 
Their deficiency leads to an increase in concentration of sialic acid and 
malonic dialdehyde causing oxidative stress in the organism. Oxidative 
stress causes destruction of hoof`s capillaries, insufficiencies in oxygen and 
nutrients supply and as a consequence  – development of low quality horn 
(aL-Qudah and iSMaiL 2012, toMLiNSoN et al. 2004, Seyrek et al. 2008).

Housing system

In the free standing cow keeping system a cow should spend half of the 
day on the bed. Interruption of that leads to limp overload and worsening 
of rumen digestion and blood circulation having a direct response in the 
decrease of milk yield. The main load of the body weight is on the back 
limbs (additionally loaded with the mammary gland) showed by a common 
appearance of hematomas on the lateral wall of the back hoofs. Standing 
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and moving takes the cow ⅕ of a day in average, so about 5 hours. It is 
important that the floor area, on which cows move or stand waiting for 
milking, is of a proper quality i.e. slightly roughened, non-slip and cushio-
ning. It is important to take shape, hardness, abrasion and the ability to 
maintain hygiene into account (SoMerS et al. 2003). In proper conditions, 
when cows have an appropriate amount of motion, the balance between 
the horn proliferation and its abrasion appears (kołacz and tracZ 2008). 
The surface of the floor of high roughness leads to an excessive abrasion of 
hoofs, thus causing easily observable lameness. Increasing the number of 
cows in herds leads to building of bigger barns. In such barns cows move 
over higher distances in order to get to the milking hall. It also influences 
higher abrasion of the hoofs’ horn (NaWrocki et al. 2004). 

Age

bieLfeLdt et al. (2005) i haSkeLL et al. (2006) during their lameness 
risk assessment in herds have shown that risk cofactors are higher in older 
cows, thus in IV, V and further lactations (Table 2).

Table 2
 Cofactor of lameness appearance risk in dependence on age of cows (bieLfeLdt et al. 2005, 

haSkeLL et al. 2006)

Lactations
Risk cofactor

bieLfeLdt et al. (2005) haSkeLL et al. (2006)
I 0.28 0.10
II

0.37
0.20

III 0.24
IV

0.80
0.23

≥ V 0.33

Whereas fLeiScher et al. (2001), barańSki et al. (2008)  and kucZaj 
et al. (2008) have shown that lameness are a cause of all cullings in herds 
in 13 to 23% and these indicators are higher in older cows (Table 3).

Table 3
 Age-dependent cow culling in percentage (kucZaj et al. 2008)

Culling – reasons
Lactations

I II III IV ≥ V
Lameness 19.15 12.68 22.37 25.00 29.17
Infertility 38.30 49.30 27.63 20.00 25.00

Low performance 12.77 14.08 11.84 2.50 –
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Influence of lameness on production parameters  
of cows

Milk performance

Many papers show that the higher the milk yield of Holstein-Friesian  
cows the higher the risk of lameness appearance (bieLfeLdt et al. 2005, 
archer et al. 2010, koeck et al. 2014, aLaWNeh et al. 2014). High-perfor-
mance cows i.e. which performance per 100 kg of body weight exceeds 1000 kg 
of milk in the 305-day lactations are twice more often exposed for lame-
ness than low-yield cows i.e. which performance is lower than 1000 kg  
of milk (bieLfeLdt et al. 2005). A phase of lactation and cows age also 
have a significant impact. The most lameness were noted in the first three 
months of lactation and in older cows (fLeiScher et al. 2001, bieLfeLdt 
et al. 2005, haSkeLL et al. 2006, WiNkLer  and MarGeriSoN 2012, 
Navarro et al. 2013).

huXLey (2013) summarized previous studies that estimated a milk 
yield loss of 270 to kg per lactation when lameness occurred. Evidence 
exists that this milk loss occurs during not only clinical lameness, but also 
pre-diagnosis and post-recovery depending on lameness type (charfed-
diNe and PéreZ-cabaL 2017).

According to herNaNdeZ (2005), reader et al. (2011) and vaN her-
teM et al. (2013) the deterioration of cow locomotion causes a decrease in 
their daily milk yield. Such a decrease is noted even about 5 weeks before 
the lameness can be spotted. Simultaneously it was noted that cows with 
a slight lameness (3 BCS pts.) are characterized by a significant decrease 
in performance. The biggest yield decreases concern cows in which lame-
ness appears at the beginning of lactation and in cows in which it persists 
(archer et al. 2010). oLechNoWicZ and JaśkowSki (2010) noted a decre-
ase in fat, protein, lactose yield and an increase in somatic cells content in 
the milk of cows, which received worse grade during locomotion assess-
ment. oNyiro et al. (2008) have shown the negative correlation of milk 
yield with locomotion (-0.04±0.03) and positive concerning fat content in 
milk with locomotion (0.22±0.03). GLeeSoN et al. (2007) have shown that 
cows in which one of many lameness variants were found rarely appro-
ached milking robots in the VMS (voluntary milking systems). Such a situ-
ation had a negative impact on mammary gland health and caused infec-
tions through teats which were impaired by a higher pressure and swel-
ling. reader et al. (2011) state that in cows with treated lameness milk 
yield increases only after a month of milking since the moment of loco-
motion improvement.
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In 1994 barkeMa et al. (1994) have noticed that 1.1 x more lameness 
were seen in cows which yield in the last lactation increased by every 100 kg 
of milk in the first 100 days of lactation. 

Reproduction

WaLker et al. (2008) stated that in cows with diagnosed lameness the 
period from calving to the first observed oestrus and the beginning of inse-
mination is prolonged. It causes the elongation of parturition interval. In 
cows suffering from lameness the first successful insemination indicator 
decreases by 13%, whereas the calving indicator by 9% (MeLeNdeZ et al. 
2003, kiLiç et al. 2007). WaLker et al. (2008) present that cows of bad 
locomotion have a lower oestrus activity, lower progesterone and luteini-
zing hormone concentration in milk outside the oestrus period and higher 
concentration of progesterone during ovulation. MorriS et al. (2011) have 
observed a decrease in the level of estradiol in the plasma of lame cows and 
have shown that 21% of suffering cows did not show oestral behaviorde-
spite a properly developed ovarian follicle. What is more, authors presen-
ted that 29% of cows with improper locomotion did not develop follicles 
after the injection of oestrus synchronizing hormones. oNyiro et al. (2008) 
have shown that the length of the calving interval is positively correlated 
with locomotion and susceptibility to hoof diseases.

Welfare

Nowadays the most popular are two types of barns: loose housing 
(non-tethered) and tie-up housing (tethered). The number of cattle influen-
ces the choice of the keeping system. In the barns amounting over 25 cows 
it is recommended to use the loose housing system, where the conditions 
are similar to the natural ones and where welfare needs are fulfilled.

The loose housing barns have many advantages, such keeping system 
is similar to a natural one, thus positively influencing animal performance. 
With the loose housing system cows tend to suffer less from the limb and 
mammary glands diseases and are more fertile. In the loose housing 
cowshed they have more movement freedom so they can fulfill their natu-
ral needs, having the possibility to move and contact with different ani-
mals in the herd. Milking is performed in the separate rooms i.e. in the 
milking halls or in the VMS system (voluntary milking systems) and 
thanks to that the milking itself is more efficient with a higher milking 
hygiene. Among the loose housing barns several types can be distin-
guished:
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– with the separate standing while eating part, with deep bedding 
and a collective lying area,

– with the separated parts for laying and feeding,
– with boxes fulfilling the nutritional, as well as laying role at the 

same time (combiboxes).
In the loose housing barns the couching-places must allow laying down 

and standing up in a proper for a cow way. The number of the places must 
correspond to the number of animals. If this condition is not fulfilled 
weaker cows are phased out by the stronger ones and are not allowed to 
use the couching-places. The loose housing barn with a deep litter is divi-
ded into two parts: resting and feeding. The feeding part (3–3.5 m) should 
be separated from the resting part with the stairs. The area of the couchin-
g-place should be adjusted to the number of cows kept in the herd, for one 
animal there should be about 5 m2 of a couching-place, bedding usage with 
such a keeping is around 8 kg per piece per day. Instead of bedding also 
grated floors are used, however these increase the point load of the hooves.

In the loose housing, boxed cowsheds there are special boxes corre-
sponding to the number of the animals. These should be adjusted, so the 
animals can move freely. The ground may be bedded or un-bedded, where 
bedding is replaced by the plastic mattress. In the loose housing, boxed 
sheds the use of a bedding is about 1 kg per piece per day. With combi-
boxes feeding is performed on the couching place. On each side of the feed 
corridor there are combiboxes, their dimensions should be adjusted to the 
dimensions of the animals: 110–120 cm or 170–180 cm. The couching-place 
dimensions should be taken into consideration especially in the tie-up 
barns. Places too short or too narrow lower animal condition, restrict the 
movement and are unacceptable due to zootechnical reasons. The tether 
should allow the cow to move forward, stand up, lay down and move bac-
kwards freely. The grated couching-place must be secure from mammary 
gland damage. There are two types of couching-places: short and long. The 
short one is 180–190 cm long, used most often in the un-bedded cowsheds, 
the length should be adjusted in a way that the back limbs of a cow are 10 cm 
from its border. Too short place leads to cows standing in the manure canal, 
thus many diseases. If the proper distance from the border is kept, the 
excrements will land in the canal. The long couching-place is  210–250 cm 
long, such places are recommended for birth or treatment. They are big-
ger, so harder to keep clean. Contaminated couching-place helps to infect 
the mammary gland. When choosing a specific type of a barn it is essential 
to look on the herd’s size, economic factors, animal welfare, as well as com-
fort and work safety. With 30 cows in a herd the cost of building of the 
loose housing and tie-up barns is similar, the difference is visible from  
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60 cows and more in favor of the loose housing system. Nowadays, in 
the EU countries there is a focus on the animal keeping conditions and 
that is why many breeders, after Poland’s entrance into the EU, had to 
modernize their cowsheds, also in terms of welfare. 

Conducted research (berGSteN 1999, MaNSke 2002, cook 2003) has 
proven that the all-year keeping on concrete grates in the loose housing 
system is better for hooves if combined with pasture grazing in the sum-
mer. On the other hand, (Whay 2002), gives proof that the least amount of 
lameness cases are observed during the all-year use of pasture, domina-
ting in countries such as New Zealand, Argentina and Chile, where cows 
have total freedom of standing and laying on earth i.e. surface which is 
amortizing the pressure of body weight on limbs most efficiently. 

An important factor for the occurrence of limb diseases is a surface of 
the milking hall anteroom, where cows sometimes spend several hours. 
Improper abrasive surface and ground slope predisposes for hoof horn 
damage appearance. Cows feel hesitant on such surface, making cautious 
steps, in wrong order and wrong angulation, which damages very delicate 
laminae of the white line of hoof. Similar effect is caused by improperly 
designed milking halls, where entrance and exit are set at an acute angle 
(herLiN and dreveMo 1997).

The stressed of cows often move out of the milking hall fast and when 
they meet the sharp turn on their way to the feeding table they perform 
unnatural limb twists, overloading the white line, leading to its strain or 
damage. Particular attention should be paid to primiparous cows, which 
are kept with older cows right after calving. Stress caused by relocation to 
a different place, change in feeding and beginning of milking is multiplied 
by the presence of dominating cows in the herd and may cause more sel-
dom staying of primiparous cows on the couching place, thus overload of 
limbs. With the improper surface the risk of plantar surface ulcers rises 
(Webb and cLark 1981). 

Research presented by teLeZheNko and berGSteN (2004) concerned 
animal locomotion on different surfaces. Measurements of length of steps 
and hoof stepping angle on 5 different surfaces: grated concrete surfaces, 
grates covered with mattes, smooth concrete surfaces, concrete surfaces 
covered with mattes and compressed sand surface, as the one which is the 
most similar to the natural pasture surface, were performed. The abrasive 
ability of these surfaces was also examined. Three groups of cows were 
used for this research – the ones which did not show any signs of lameness, 
ones which showed the angulation of the back during walk, with no sign of 
it while standing and ones with angled back in both cases. The results 
showed that the most slippery surface was the grated concrete one and the 
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most abrasive was continuous concrete surface. The lowest movement 
speed was noted on the concrete surfaces. Cows were moving faster on 
grates covered with mattes.

Lameness prevention

Prevention means adopting a specific plan. These can be control and 
prevention strategies for reducing lameness incidence repetitive actions or 
one-time long-term investments. Examples of repetitive investments inc-
lude preventive hoof trimming, footbaths, hoof health feed additives, or 
even genetic selection. An example of a long-term investment in lameness 
prevention would be the installation of rubber flooring or the redesigning 
of poorly constructed freestalls (fjeLdaaS et al. 2006, LaveN and huNt 
2002, berGSteN et al. 2003, Pritchard et al. 2013).

One of the most common prevention elements is a timely hoof trim-
mers. On-farm staff, hoof trimmers, or veterinarians most frequently treat 
lameness. In a survey of 184 farms across the United States, 77% of farms 
used a professional hoof trimmer for hoof trimming services whereas 16% 
used a veterinarian or on-farm staff and 7% used no hoof trimming servi-
ces at all (adaMS et al. 2016). Its frequency depends on the cow keeping 
system and is most often performed once a year – in the pasture-alcove 
system or twice a year – in the all-year alcove keeping system (MaNSke  
et al. 2002). 

When making a decision of a treatment the abrasion of the hoof horn 
is taken into account assuming that the hoof’s horn grows from 3 to 13 mm 
monthly in average. That is why there is a need to perform hoof trimmers 
at least twice a year. Most often the first one is performed in May i.e. 
before releasing animals onto the pasture or not later than 4 weeks before 
them leaving. In the loose housing barns it is enough to make such treat-
ment only once, as an increased cow activity appears there. Animals are 
able to rub off the hoof horn only slightly during the daily activity both in 
the cowshed, as well as on pasture. The problem concerns cows kept in the 
deep-bedding system also, where the approach to the feeding table and its 
surroundings is most often hardened.

The lack of hoof trimmers and faulty surface makes the horn rub off 
unevenly or too slow. As a consequence the overgrown hoof horn, mainly in 
the front, causes improper body mass distribution leading to calluses, as 
well as an overload of the finger and joint capsule tendons. This leads to 
hoof joint bones inflammation and a visible lameness and unwillingness to 
move. Such animals stumble, slip, lose balance making injuries even big-
ger and deeper.
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Skillfully carried out correction reestablishes a proper hoof shape, 
allowing to distribute body weight evenly and lowers the amount of visible 
joint swellings. An optimal slope angle of the frontal wall of the hoof is 
50–55o, whereas the back wall 45–50o, the most optimal setting of the 
ankle joint viewed from the side is 145–155o.

Conclusion

Surfaces on which cows move should be clean, comfortable for moving 
and if possible allow to rub off the hoof. Hoof baths while moving should be 
regular and adjusted to herd’s requirements. It is needed to observe cows 
in order to detect lameness early and perform a proper treatment fast. All 
lameness in the herd and their causes should be noted down to enhance 
cows welfare, for example to change cow keeping system. Hoof correction 
should be regular and carried out professionally. Cows with lameness of 
the 2o and 3o types show almost 3 times higher re-insemination per one 
fertilization index. Lameness lower cow performance, because they defini-
tely eat less feed. The share of leftovers in cows reaches 36%. On farms, 
which do not perform limb and hoof based selection and do not maintain 
basic limb diseases prevention together with providing cows with welfare, 
more disease cases are observed with the biggest share of limb diseases. 
The enhancement of limb structure in dairy cattle, through selection, 
requires a very long time, as features connected to their structure and 
health are of a very low inheritance. Due to this fact it is essential to take 
care of the practical aspects connected to a good milk-producing environ-
ment. 

In summary, it is right to say that lameness are very costly cow dise-
ases, both in terms of herd health, as well as farm profitability. Costs inc-
lude milk losses, veterinary services, decrease in milk performance and as 
an effect – much earlier cow culling. Research shows that the differences 
between farms in terms of appearance, as well as lameness degree assess-
ment are significant, meaning that it is needed to act to improve such 
situation.
Translated by: bartoSz MicińSki
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A b s t r a c t

The enhanced safe drug delivery properties of polyethylene glycol (PEG) – modified 
Diaminazene aceturate nanocomposite against Trypanosoma brucei infected rats were evaluated. 
The drug conjugation was carried out by adding gold nanoparticle to PEG and diminazene 
aceturate. A group of infected rats were treated with free diaminazene aceturate, while other 
groups were treated with conjugated drug at different drug release time interval. Results 
revealed complete parasite clearance on day 4 and 6 post infection for rats treated with free drug 
and nano-formulated drug at 3–15 minutes release time. Rats treated with three minutes drug 
release shows satisfactory serum and liver enzyme activities as well as high RBC counts when 
compared (p < 0.05) with infected untreated and infected treated with free drug. The 
hematatological indices of non treated rats were lower than those treated with free and nano-
formulated drug. Nanoencapsulation of diminazene aceturate therefore improved drug delivery 
and reduced toxicity in the treatment of African trypamosomiasis. 

Introduction
Most drugs are limited by their pharmacodynamics properties, cyto-

toxicity and aggregation due to poor solubility, nonspecific delivery and 
short circulating half-lives (LiaNG et al. 2008, ParveeN et al. 2012). Nano-
particles emerge as the future of drug delivery technology as they might be 
Address: Bashir Lawal, Federal University of Technology in Minna, P.M.B. 65, Nigeria, phone: 
+234 08165112378, e-mail: Lawal.b@st.futminna.edu.ng



Oluwatosin Kudirat Shittu et al.318

future crucial diagnostic and therapeutic tools (bharaLi et al. 2009). 
Additionally, one of the major benefits of nanotechnology is the targeted 
drug delivery at the site of the disease by passive targeting of drugs to the 
site of action or by selective active targeting of the active pharmaceutic 
agent (adeyeMi et al. 2014). Drug delivery nanomediated systems are based 
on biocompatible nanocarriers, such as gold nanoparticles, carbon nanotu-
bes, nanovesicles, micellar systems and dendrimers (tiNG et al. 2009). Of 
these, gold nanoparticles with their unique chemical and physical proper-
ties have emerged as promising carrier for delivery of various molecules 
with therapeutic properties (GiLjohaNN et al. 2010, Shittu et al. 2018). 

Trypanosomiasis, a disease of major importance in human and ani-
mals has continued to threaten human health and economic development 
(MaNN et al. 2011). Natural products and chemotherapy are the most 
widely used means of controlling  trypanosomiasis (baShir et al. 2015a). 
The few registered trypanocides are often associated with severe side 
effects and require lengthy parenteral administration and lack efficacy 
(LeGroS et et al. 2002). Therefore, novel drug-delivery systems which will 
offer better efficacy, safety as well as enhance the pharmacokinetics of 
easily degradable compounds and havea short half-life in vivo are urgently 
needed (MocaN et et al. 2010).

Biodegradable polymeric nanoparticles, particularly those coated with 
hydrophilic polymer such as poly ethylene glycol have been used as car-
riers of DNA in gene therapy and as a potential drug delivery devices 
because of their ability to target an organ and circulate for a prolonged 
period of time (Lee et al. 2005). In this study, the use of Hyptis suaveolens 
aqueous leaf extract in the biosynthesis of gold nanoparticles and its capa-
bility as drug carrier using polyethylene glycol as a coat in the formulation 
of nano drug was investigated in the treatment of Trypanosoma brucei.

Materials and Methods

Plant sample. Fresh leaves of Hyptis suaveolens was obtained from 
Minna, Niger State Nigeria. The collected fresh leaves of Hyptis suaveo-
lens were destalked, washed with clean-water, dried at room temperature 
and finally grounded using a grinder mill.

Experimental animals. Healthy albino rats of average weight  
120–150 g were obtained from Small Animal Holding Unit, of Federal Uni-
versity of Technology, Minna, Niger State Nigeria. The study was carried 
out per the Guide for the Care and the Use of Laboratory Animals of the 
Institute of Laboratory Animal Resources, Commission of Life Sciences, 
National Research Council, USA (CCAC, 1997).
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Reagent and assay kits. The gold chloride (HAuCl4) was a product  
of Sigma Aldrich. The assay kits for AST, ALT and ALP were products  
of Randox Laboratories Ltd, United Kingdom. Diminazene aceturate  
(Berenil®) was a product of NGL Fine-Chem Ltd, India.

Parasite strain. The parasite Trypanosoma brucei brucei was obta-
ined from the Nigeria Institute for Trypanosomiasis Research (NITR) Vom 
Jos, Plateau State.

Synthesis of Gold Nanoparticles. Gold Nanoparticles was synthe-
sis as described previously (Shittu and StePheN 2016a, jae et al. 2010). 
Briefly, 100 ml of distilled water were added to 5 g of milled plant in an 
Erlenmeyer flask and then boiled for 5mins after which it was filtered, and 
then 0.5 ml of the plant extract was added to 9.5 ml of 1 mM aqueous 
HAuCl4 solution for the reduction of Au3+ ions.

Characterization of biosynthesized Gold Nanoparticle. The 
UV-spectroscopy measurements of the HAuCl4 – Plant extract solution 
were carried out using UV-1800 Shimadzu spectrophotometer with various 
peaks present over a range of 300–800 nm. The hydrodynamic diameter of 
the nanoparticles in solution was determined by dynamic light scattering 
(DLS) with the help of a Zetasizer 3000 (Malvern Instruments, UK) using 
an argon ion laser beam at a wavelength of 550 nm and a scattering angle 
of 90º. The levels of functional groups were evaluated using Fourier trans-
form infrared (FTIR) spectroscopy. The biosynthesized gold nanoparticles 
were freeze-dried into pellets and washed with deionized water to get rid 
of the free proteins/enzymes that were not capped on the gold nanopartic-
les. Thereafter, the samples were dried and ground with KBr pellets and 
analyzed on a thermo Nicolet model 6700 spectrum instrument. The ima-
ges were studied using Scanning Electron Microscope (SEM), HITACHI 
(model: S-3400N) with secondary electron detectors at an operating vol-
tage of 30 kV. Energy Dispersive X-ray Spectroscopy (EDAX) of the redu-
ced gold nanoparticle was done on S-3400N, Hitachi instrument as descri-
bed previously (Shittu and StePheN 2016a, 2016b).

Drug conjugation and release. Drug conjugation was done by adding 
standard drug (Diminazene aceturate (Berenil®) to Polyethylene Glycol 
(molecular weight 3000 M) functionalized gold nanoparticles in aqueous 
phase and stirred for 30 minutes at room temperature. The diameter and 
height of the formulated tablet was taken and the tablet was dissolved in 
a beaker containing 3 ml of sterile deionized water at a release time of  
3 min. this was done until the tablet finally dissolves. After the release, 
the absorbance of each release was determined spectrophotometrically. 
Each release was kept in a sterile bottle and stored in a refrigerator.
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In vivo antitrypanosomal study

Inoculation of experimental animals

The blood of the heavily infected rat was collected from the tail and 
immediately diluted with physiological saline (0.9%) to serve as the ino-
culums (ekaNeM and yuSuf 2008, Shittu et al. 2013). Twelve (12) heal-
thy rats were infected intraperitoneally with 0.2 ml of the inoculum conta-
ining about 1x103 T. brucei brucei parasites per 0.2 ml of blood (ekaNeM 
and yuSuf 2005). Infection was monitored after 72 hours for the appe-
arance of parasites in the newly infected animals. This was done on daily 
basis for microscopic examination of blood sample taken from the  tail  
of the infected animals and viewed under microscope at x 40 magnification 
(ekaNeM and yuSuf 2005).

Experimental design

Thirty five (35) albino rats were group into 7 groups (A–G). Groups A 
to E were treated with 3 (IT3), 6 (IT6), 9 (IT9), 15 (IT15) and 21 (IT21) 
minutes released formulated drug, while Groups Fand G were treated 
with free standard drug and distilled water (untreated) respectively. Para-
site count was done on daily basis, by preparing a wet film  that wasviewed 
under a microscope at x 40 magnification (yuSuf et al. 2012).

Collection of blood and isolation of liver

The procedure described by yuSuf et al. (2018) was adopted for the 
preparation of serum and tissue homogenates. Briefly, the animals were 
anaesthetized with diethyl ether and the blood was collected through car-
diac puncture. Blood was collected into EDTA bottlesand EDTA free bott-
les. The rats were dissected to reveal the internal organs and the liver was 
removed and placed in sample bottle containing sucrose solution (0.25 M) 
to maintain a normal physiological environment. The liver was homogeni-
zed and the supernatant of the homogenized liver and serum were stored 
at -4oC for further studies.

Haematological studies

Automated Haematologic Analyzer (Sysmex Haematology Systems, 
Sysmex America Inc., model no. KX-21N, Kobe, Japan) was used to deter-
mine the levels of haemoglobin (Hb), packed cell volume (PCV), red blood 
cells (RBC), mean corpuscular volume (MCV), mean corpuscular haemo-
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globin (MCH), mean corpuscular haemoglobin concentration (MCHC), 
white blood cells (WBC), neutrophils, lymphocytes and platelets as descri-
bed by dacie and LeWiS (1995).

Determination of biochemical parameters

The biochemical  parameters were determined for alkaline phospha-
tase (ALP) based on methods of tietZ (1995), Aspartate transaminase 
(AST) and alanine transaminase (ALT) as described by reitMaN and 
fraNkeL (1957). The serum catalase activities was determined as descri-
bed by beerS and SiZer (1952).

Statistical analysis

Data analyses were performed using SPSS software (SPSS 10.0 for Win-
dows, SPSS Inc, Chicago, IL). All data are expressed as mean ± SEM. Analy-
sis of variance (ANOVA) was used to test for differences between the groups. 
Duncan’s multiple range tests was used to determine the significance of dif-
ferences among the mean values at the level of p < 0.05 (MahajaN 1997).

Results

Characteristic of the Biosynthesis of Gold Nanoparticles  
from Hyptissuaveolens leaf extract 

The synthesis of gold nanoparticles was confirmed by color changes 
from yellow to rubyred. Tyndall effect of the synthesized gold nanoparticle 
(Figure 1) shows that the light rays are only scattered by the solution of the 
synthesized gold nanoparticle when a direct light from laser pointer was pass  
through a solution of gold chloride and biosynthesized gold nanoparticle. 

Fig. 1. Tyndall effect of gold nanoparticle and gold chloride solution
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Fig. 2. Absorption spectra of gold chloride before and after reduction from Hyptis suaveolens

Fig. 3. Particle size of gold nanoparticle from aqueous leaf extract of Hyptis suaveolens

Fig. 4. TEM micrograph result of synthesized gold nanoparticle
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UV-Visible spectrophotometric analysis of the gold nanoparticles shows  
a surface resonance with visible peak of 535 nm with an absorbance of 2.641 
(Figure 2). Figure 3 shows the average particle size of biosynthesized gold 
nanoparticles to peak size 50 nm with intensity of 18%. The TEM micro-
graph result of synthesized gold nanoparticle is shown in Figure 4. The 
fourier transmission infrared FTIR spectroscopy of gold nanoparticles syn-
thesized under optimized condition showed strong band at 34 488.84 
cm-1and a weak band at 1643.41 cm-1 (Figure 5). The energyDispersive 
Xray Spectroscopy of the gold nanoparticle are shown in Figure 6, while 
the drug  release capability of nano formulated drug (diminazene acetu-
rate) [mg ml-1] over time (minutes) are shown in Figure 7.

 

Fig. 6. The result of EDS of gold nanoparticle from aqueous leaf extract of Hyptis suaveolens

Fig. 7. Release capability of nanoformulated drug (Diminazene aceturate) with time
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Antitrypanosoma activities

The effect of nano formulated drug on parasite count in T. brucei infec-
ted rat are presented in Figure 8. The parasitaemia of infected untreated 
group increased infinitely while infected rat treated with free drug and 
those treated with poly ethylene glycol modified drug-nanocomposite at at 
3–15 minutes release time produce a complete parasite clearance on day 4 
and 6 post infection  respectively. However, the 21 minutes release poly-
ethylene glycol modified diminazene aceturate nanocomposite exhibited 
complete parasite clearance on day 7 post infections. 

Biochemical parameters

The serum ALT activities shows a significant increases in the infected 
un-treated, infected treated with free drug andinfected treated with IT6 
(nanoformulated drug) when compared with the rats treated with IT3 and 
other nanoformulated groups (Table 1). Similarly, the liver ALT activities in 
rats treated with free drug and IT6 (nanoformulated drug) were significan-
tly raised when compared with other experimental groups.The serum AST 
activities showed significant increases in the infected un-treated, infected 
treated with free drug and infected treated with IT6–IT15 (nanoformulated 
drug) when compared with the rats treated with IT3 and IT21 (Table 1). The 
liver AST activities in rats treated with IT21 were significantly lower than 

Fig. 8. Effect of Nano formulated drug on parasite count in T. brucei infected rat
INT: infected not treated, ITFD: infected treated with free drug, IT3: infected treated with three 
minutes of formulated drug release:  IT6 – infected treated with six minutes of formulated drug 
release; IT9 – infected treated with nine minutes of formulated drug release; IT15 – infected tre-
ated with fifteen minutes of formulated drug release; IT21 – infected treated with twenty one 

minutes of formulated drug release
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all other experimental groups. The serum ALP activities shows a signifi-
cant increases in the infected un-treated, infected treated with IT6-IT21 
(nanoformulated drug) when compared with the rats treated with IT3. The 
liver ALP activities in rats treated with free drug were significantly raised 
when compared with other experimental groups.

Hematological parameters

The haemoglobin concentration, PCV, MCV and MCH of infected not 
treated rats were significantly lowered (p < 0.05) when compared with rats 
treated with free drugs and formulated drug. The RBC was significantly 
lowered in the infected un-treated and infected treated with free drug 
when compared to the rats treated with nanoformulated drug. However, 
the WBC was significantly raised in the infected treated with IT21 nano-
formulated drug (Table 2). 

Discussion

Synthesis of nanoparticles from various materials has been reported, 
but among all, biosynthesis of nanoparticles from plants is considered the 
most suitable method. In this present research, Hyptis suaveolens aqueous 
leaf extract successfully reduced gold chloride to nano size. Previous stu-
dies have also reported a rapid synthesis of gold nanoparticles with neem 
(Azadirachta indica) leaves and sundried C. campphora leaves, they attri-
buted reduction and stabilitzation of gold nanoparticles to water soluble 
heterocyclic compound found in the plants (ShaNkar et al. 2004, huaNG 
et al. 2007). The tyndall effect of light scattering by synthesized gold nano-
particle solution indicated that the solution is colloidal. Gold ion is also 
present in reduced forms. This was confirmed by the UV-visible spectra. 
The nanoparticles showed an absorption band at 535 nm but gold chloride 
shows no absorption band. An absorption band of range 500–600 nm 
of gold nanoparticle has been reported (uMeSh et al. 2011).

The biosynthesized gold nanoparticle was further characterized using 
nanosizer confirming the gold nanoparticle to have a peak size of 50 nm 
which is within the range of 1–100 nm. The TEM result from Figure 4, 
shows that the the biosynthesized gold nanoparticle is hexagonal in shape. 
FTIR analysis used in the characterization of the biosynthesized gold 
nanoparticle shows a strong band at 3448.84 cm-1 and a weak band at 
1693.41 cm-1 (Figure 5). 

During the in vivo studies, T. brucei parasite produced a severe acute 
infection in rats. The parasitaemia of untreated infected rats continued to 
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rise steadily and mortality of some rats were recorded 6th day post-infec-
tion. The parasitaemia count obtained from treatment with diminazene 
aceturate showed the drug produce satisfactory efficiency in clearing the 
parasite from circulation. This is in agreement with pervious work of eka-
NeM and yuSuf (2015). However, the unwanted deleterious effect of this 
drug is the major concern (Shittu et al. 2018). The delay in parasite cle-
arance of the nanoformulated drug could be attribute to controlled release 
of the active ingredient, a property confer by the nanoparticle

The biochemical indices monitored in the liver and serum  areuseful 
‘markers’ for assessing tissue damage (Shittu et al. 2015). The liver which 
plays a vital role in the intermediary metabolism of biomolecules and 
drugs, couldalso be affected by the toxic side effects of these drugs and 
diseases (LaWaL et al. 2016). ALT and AST are markers of liver damage 
and can be used to assess liver cytolysis (yuSuf et al. 2018b). The increase 
in ALT and AST activities in the infected un-treated, infected treated with 
free drug, infected treated with IT6 (nanoformulated drug) may be related 
to liver inflammation and is an indication of abnormal function of the liver. 
The elevation of these enzyme levels recorded here agrees with earlier 
reports from natural and experimental infected animals (uMar et al. 2007, 
Shittu et al. 2017). The results suggest probable infiltration of vital body 
organs and inflammation particularly of liver, muscles, and kidneys by  
T. b. brucei. Elevated enzyme levels may also result from effect of trypano-
some lyses resulting from the host’s defense mechanisms (keNNedy et al. 
2004).

Alkaline phosphatases are often used to assess the integrity of plasma 
membrane and endoplasmic reticulum (LaWaL et al. 2016b). The altera-
tion in serum and liver ALP activities in rat treated with free drug andthe 
infected un-treated groups suggested that the integrity and functionality 
of endoplasmic reticulum and plasma membrane have been comprised by 
the trypanosome infection as well as the administration of free drug 
(yuSuf et al. 2018a). Although some alteration in the activities of these 
biomarker enzymes in infected treated with IT6–IT21 (nanoformulated 
drug) were comparable to those observed with free drugs. Rats treated 
with IT3 nanoformulated drug shows satisfactory activities of biomarker 
enzymes which were an indication of preserved organ integrity.  

Oxidative stress play important etiologic role in the pathogenesis  
of African trypanosomiasis (oGuNSaNMi et al. 2007) Superoxide dismutases 
reduce the concentration of highly reactive superoxide radicals by convert-
ing it to H2O2 whereas catalase convert H2O2 into H2O and O2 and protect 
the tissue from a highly reactive hydroxyl radical (LaWaL et al. 2016). In  
a disease condition, catalase activity in serum and organ is reduced. In the 
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present study, there was no significant difference (P · 0.05) in both the 
serum and tissue catalase activity, in all groups. Contrary to these find-
ings, Shittu et al. (2014), reported that there was a significant difference 
(p· 0.05) in serum catalase activities in rat treated with diminazene 
aceturate compared with untreated rats.

Measurement of anaemia gives an indication of the severity of the 
disease (ekaNeM and yuSuf, 2008). The increases in RBC observed for 
infected rats treated with nanoformulated drug in comparison with infec-
ted un-treated and infected treated with free drug suggest that nano-enca-
psulation of drug reduces the severity of T. brucei infection as well as toxi-
city of diminazene aceturate in rats. WBC and its differentials are known 
for their defensive role against foreign body and infectious agents through 
the production, transportation and distribution of antibodies in immune 
response (beriNyuy et al. 2015). The increased WBC counts in infected 
treated with IT21 nanoformulated drug are also indicative of the increased 
host action in the presence of nanoparticles against the infection as these 
will contribute to the development of phagocytes and antibodies against 
the recognizable antigens of parasite origin.

Conclusion

From these findings, Hyptis plant shows the ability to reduce gold 
chloride to gold nanoparticle which confirms the potential value of the 
plant in nano particle synthesis. The nano-encapsulation of diminazene 
aceturate reduced the toxicity on hematological and biochemical indices 
that are associated with the drug in the treatments of trypanosomiasis. 

Ethical approval

The principles governing the use of laboratory animals as laid out by 
the Federal University of Technology, Minna Committee on Ethics for 
Medical and Scientific Research and also existing internationally accepted 
principles for laboratory animal use and care as contained in the Canadian 
Council on Animal Care Guidelines and Protocol Review were duly observed.

References
adeyeMi o.S., faNiyaN t.o., adeyeMi o.S. 2014. Antioxidant status of rats administered silver 

nanoparticles orally. J. Taibah Univ. Med. Sci., 9: 182–186.



Polyethylene Glycol – Modified Nanocarrier Encapsulation of Diminazene... 331

baShir L., Shittu o.k., SaNi S., buSari M.b., adeNNiyi k.a. 2015. African natural products 
with potential antitrypanosomaproperties: A review. Int. J. Biochem. Res. Rev., 7(2): 45–79.

beerS r.f. jr., SiZer i.W. 1952. Aspectrophotometrical method for measuring the breakdown of 
hydrogen peroxide by catalase. J. Biol. Chem., 195(1): 133–195.

beriNyuy E.B., LaWaL B., oLaLekaN A.A., oLaLekaN A.A., yuSuf A.A., SakPe S., oSSai P.C. 
2015. Hematologicalstatus and organs/body-weight parameters in Wister rats during chronic 
administration of Cassia occidentalis. Inter. Blood Res. Rev., 4(3): 1–7.

bharaLi D.J., khaLiL M., GurbuZ M., SiMoNe T.M., MouSa S.A. 2009. Nanoparticles and cancer 
therapy: A concise review with emphasis on dendrimers. Inter. J. Nanomed., 4: 1–7.

CCAC guidelines on: animal use protocol review. Ottawa, Canadian Council on Animal Care. 1997, 
http://www.ccac.ca/Documents/ Standards/Guidelines/Protocol_Review.pdf, Access: 1.12.2016.

dacie J.V., LeWiS S.M. 1991. Practical hematology, 7th edition. Churchill Livingston, Edinburgh, 
pp. 1–22.

ekaNeM J.T., yuSuf O.K. 2015. Activities of alkaline phosphatase, glutamate oxaloacetate trans-
aminase and glutamate pyruvate transaminase in liver and serum of Trypanosoma brucei – 
infected rats treated with honey. Biokemistri, 17: 185–191.

ekaNeM J.T., yuSuf O.K. 2008. Some biochemical and haematological effects of black seed (Nigel-
la sativa) oil on T. brucei – infected rats. Afr. J. Biomed. Res., 4(11): 79–85.

GiLjohaNN D.A., SeferoS D.S., daNieL W.L., MaSSich M.D., PateL P.C., MirkiN C.A. 2010. 
Gold nanoparticles for biology and medicine. Angewandte Chemie International Edition, 49: 
3280–3294.

huaNG J., Li Q., SuN D., Lu Y., Su Y., yaNG X., WaNG H. 2007. Biosynthesis of silver and gold 
nanoparticles by novel sundried Cinnamomum camphora leaf. Nanotechnology, 18(10):  
10 5104–10 5115.

jae Y.S., beoM S.K. 2010. Biological synthesis of gold nanoparticles using Magnolia kobus and 
Diopyros kaki leaf extracts. Process Biochem., 44: 1133–1138.

keNNedy G.E.P. 2004. Human African trypanosomiasis of the CNS: current issues and challen-
ges. J. Clin. Invest., 113: 496–504.

LaWaL B., Shittu O.K., iNje O.F., beriNyuy E.B., MuhaMMed H. 2016. African natural products 
with potential antioxidants and hepatoprotectives properities. A review. Clin. Phytosci., 2(23): 1–66.

LaWaL B., Shittu O.K., iNje O.F., MohaMMed h., uMar S.I., haruNa G.M. 2016. Antimicrobial 
evaluation, acute and sub-acute toxicity studies of Allium sativum. J. Acute Dis., 5(4): 296–301.

LaWaL B., Shittu O.K., bLeSSiNG ucheNNa A.B., haruNa G.M., abubakara. N., beriNyuy E.B. 
2015. Alteration in biochemical indices following chronic administration of methanolic extract 
of Nigeria bee propolis in wister rats. Asian Pac. J. Trop. Dis., 5(8): 654–657.

Lee M., kiM S.W. 2005. Polyethylene glycol-conjugated copolymers for plasmid DNA delivery. 
Pharma. Res., 22: 1–10.

LeGroS D., oLLivier G., GaSteLLu-etcheGorry M., PaQuet C., burri C., jaNNiN J., buScher P. 
2002. Treatment of human African trypanosomiasis – present situation and needs for research 
and development. Lancet, 2: 437–440.

LiaNG X.J., cheN C., Zhao Y., jia L., WaNG P.C. 2008. Biopharmaceutics and therapeutic poten-
tial of engineered nanomaterials. Curr. Drug Metabol., 9: 697–709. 

MahajaN B.K. 1997. Significance of difference in means. In: Methods in biostatistics for medical and 
research workers. 6th edition, JAYEET Brothers Medical Publishers, New Delhi, pp.130–155.

MaNN M., oLuWaSeyi R.I., abduLfatai T.A., chidiebere U., ekPeNyoNG E.U., iSaac I.O., 
MohaMMed S.S., dauda R.I., yuSuf A.Y., kabir A.Y., oGbadoyi E.O. 2011. In vivo antitry-
panosomal effects of some ethnomedicinal plants from Nupeland of North Central Nigeria.  
J. Tradit. Complement. Altern. Med., 8(1): 15–21.

MocaN T., cLichici S., aGoşton-coLdea L., MocaN L., şiMon Ş., iLie I.R. 2010. Implications  
of oxidative stress mechanisms in toxicity of nanoparticles (review). Acta Physiol., 97: 247–255.

oGuNSaNMi A.O., taiWo V.O. 2007. Pathobiochemical mechanism involved in the control of the 
disease caused by Trypanosoma congolense in African grey duiker (Sylvicapra grimmia). Vet. 
Parasitol., 96: 51–63.



Oluwatosin Kudirat Shittu et al.332

ParveeN S., MiSra R., Sahoo S.K. 2012. Nanoparticles: a boon to drug delivery, therapeutics, 
diagnostics and imaging. Nanomedicine. Nanotech. Biol. Med., 8: 147–166.

reitMaN S., fraNkeL S. 1957. A colorimetric method for the determination of serum glutamic 
oxalacetic and glutamic pyruvic transaminases. Am. J. Clin. Pathol., 28: 56–63.

ShaNkar S.S., rai A., ahMad A., SaStry M. 2004. Rapid synthesis of Au, Ag, and bimetallic Au 
core Ag shell nanoparticles using neem (Azadirzchta indica) leaf broth. J. Coll. Inter. Sci., 275: 
496–502.

Shittu O.K., LaWaL B., oLuyoMi O.I. 2014. Effects of methanol extract of Musca domestica larvae 
on antioxidants enzymes in T. brucei infected rats. Nig. J. Biochem. Mol. Biol., 29(2): 1–10.

Shittu O.K., MuSa F., GbadaMoSi D.F. 2013.Trypanocidal activity and heamatological changes 
in T. brucei infected rats treated with methanolic leaf extract of Thymus vulgaris. Inter. J. 
Appl. Biol. Res., 5(1 and 2): 109–114.

Shittu O.K., StePheN D.I. 2016a. Cytotoxicity property of biologically synthesized Gold Nanopar-
ticles from aqueous leaf extract of Calotropis procera (Apple of Sodom) on MCF-7 Cell Line. 
Brit. J. Med. Med. Res., 15(12): 1–8.

Shittu O.K., StePheN D.I. 2016b. In vitro membranous activity of biosynthesized Gold Nanopar-
ticle from aqueous leave Extract of Nelsonia canescens. Europ. J. Med. Plan., 15(2): 1–8.

Shittu O.K., aaroN S.Y., oLaduNtoye M.D. LaWaL, B. 2018. Diminazene aceturate modified 
nanocomposite for improved efficacy in acute trypanosome infection. J. Acute Dis., 7(1): 36–42.

Shittu O.K., LaWaL B., adeNiyi A.K., kiLaNi L.T., Saka R.B. 2017. Effect of Methanol extract 
of Musca domestica larva on some enzymes and haematological parameters in Trypanosoma 
brucei brucei – infected rats. Nig. J. Basic Appl. Sci., 25(2): 66–74.

tietZ N.W. 1995. Clinical guide to laboratory tests. 3rd ed. Philadelphia, PA, WB Saunders Com-
pany, pp. 286–288.

tiNG G., chaNG C.H., WaNG H.E. 2009.Cancer nanotargeted radiopharmaceuticals for tumor 
imaging and therapy. Anticancer Res., 29: 4107–4118.

uMar I.A., oGeNyi E., okodaSo D., kiMeNG E., StaNcheva G.I., oMaGe J.J., iSah S., ibrahiM M.A. 
2007. Amelioration of anaemia and organ damage by combined intraperitoneal administra-
tion of vitamins A and C to Trypanosoma brucei brucei – infected rats. Afr. J. Biotechnol., 6: 
2083–2086.

uMeSh K.P., bireNdra K.B., PadMaLochaN N. 2011. Green synthesis and characterization  
of gold nanoparticles using onion (Allium cepa) extract. World J. Nanosci. Engineer., 1: 93–98.

yuSuf A.B., uMar I.A, Nok A.J. 2012. Effects of methanol extract of Vernonia amygdalina leaf on 
survival and some biochemical parameters in acute Trypanosoma brucei brucei infection. Afric. 
J. Biochem. Res., 6(12): 150–158.

yuSuf A.A., LaWaL B., abubakar A.N., beriNyuy E.B., oMoNije Y.O., uMar S.I., Shebe M.N., 
aLhaji Y.M. 2018a. In-vitro antioxidants, antimicrobial and toxicological evaluation of Nige-
rian Zingiber officinale. Clin. Phytosci., 4(12): 1–8.

yuSuf A.A., LaWaL B., yuSuf M.A., oMoNije Y.O., adejoke A.A., raji F.H., WeNaWo D.L. 
2018b. Free radical scavenging, antimicrobial activities and effect of sub-acute exposure to 
Nigerian Xylopia Aethiopica seed extract on liver and kidney functional indices of Albino Rat. 
Iran J. Toxicol., 12(3): 51–58.


