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REACTION OF SPRING BARLEY TO LONG-TERM
MONOCULTURE IN DIVERSIFIED CONDITIONS
OF CHEMICAL PROTECTION
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Abstract

The reaction of spring barley to 38—47-year monoculture carried out in 10-year studies
(2005-2014) on albic luvisol soil at the Production and Experimental Station in Balcyny near
Ostréda town in different conditions of chemical protection has been presented. The following
chemical protections of a barley canopy: 0 — without protection; H — protection from weeds and
HF — protection from weeds and diseases have been considered. The cultivation of spring barley
in 6-field crop rotation: sugar beet — maize — spring barley — pea — winter rape — winter wheat
was as a comparative object. In a crop rotation the average yield of spring barley grain amounted
to 6.88 t ha'l. The cultivation in 38—47-year monoculture has decreased its yielding on average
by 20.4%. The biggest decrease of its productivity took place on the object without protection —
27.5%. The application of herbicides has limited the decrease to 17.5% while combined
application of herbicides and fungicides up to 16.5%. Less decrease is the result of plant
protection products higher efficacy in monoculture than in a crop rotation. Herbicides on that
field has increased spring barley yield on average by 17.9%, the combined application of
fungicides and herbicides by 24.8% while in the case of a crop rotation by 3.6 and 8.3%
respectively. Worse yielding of spring barley in a monoculture are conditioned by thinning out
density of ears per 1 m2, and the decrease of grains weight from an ear and the weight of 1.000
grains.

Address: Arkadiusz Stepien, University of Warmia and Mazury in Olsztyn, pl. 1.6dzki 3, 10-718
Olsztyn, Poland, phone: +48 (89) 523 32 66, e-mail: arkadiusz.stepien@uwm.edu.pl
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Introduction

The cultivation of wheat, rice, maize and barley dominates agricul-
tural land in many countries of the world (FAOSTAT 2017). Appropriate
succession of crops based on environmental factors in connection with the
appropriate agricultural practices to a large degree ensures a successive
increase in spring barley yields (ADAMIAK et. al. 2000, BLECHARCZYK et. al.
2005, GAWEDA and KWIATKOWSKI 2013, GAWEDA et. al. 2014). In crop rota-
tions with a large share of cereals, particularly in monocultures, undesir-
able phenomena may occur, mainly stress from pests and unbalanced
depletion of nutrients in soil. These phenomena, in turn, are the main
reasons for reduced productivity (ADAMIAK et. al. 2000, BERZSENYI et al.
2000, JONCZYK and KAWALEC 2001, LEMANCZYK 2002, TANAKA et al. 2002,
BLECHARCZYK et al. 2004, WOZNIAK 2006, BURACZYNSKA and CEGLAREK
2008, FERNANDEZ-GETINO et al. 2015). As far as the negative response to
cultivation in a monoculture, wheat is the most sensitive (NORWOOD 2000,
ADAMIAK 2007, WESOLOWSKI et al. 2007). The high sensitivity of barley to
this system of crop succession results to a large degree from its high vul-
nerability to diseases of the base of the blade (BLECHARCZYK et. al. 2005,
KUROWSKI and ADAMIAK 2007, WANIC et. al. 2012). The negative effect
of spring barley on a monoculture is also connected with its weak competi-
tiveness towards weeds (WESOLOWSKI et. al. 2003, BLECHARCZYK et. al.
2005, ADAMIAK 2007, FERNANDEZ-GETINO et al. 2015, ADAMIAK et. al.
2019). On the other hand, due to the importance of barley in human and
animal nutrition, it cannot be expected that its share will decrease in the
cultivation structure. The negative effects of its large share in crop rota-
tions may be alleviated by introducing factors reducing undesirable suc-
cession (ADAMIAK et. al. 2000, KWIATKOWSKI 2009, WANIC et. al. 2012).
In some cases, in order to compensate for the negative effect of spring bar-
ley monoculture on the yield level and weed infestation, it is sufficient to
introduce intercrops or organic fertilization (YANG et. al. 2000,
BLECHARCZYK et. al. 2005, TURKINGTON et. al. 2005, KWIATKOWSKI 2009).
Achieving high yields requires the application of chemical protection, how-
ever, in the opinion of some authors (ADAMIAK et. al. 2000, KWIATKOWSKI
2004, STUPNICKA-RODZYNKIEWICZ et. al. 2004, GAWEDA et. al. 2013)
the comprehensive protection of spring barley only partially compensates
the effects of inappropriate crop succession.

The aim of this article was to determine the impact of plant protection
(herbicides and fungicides) on the yielding of spring barley grown in
a 38—47-year monoculture.
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Materials and Methods

The field experiment on plots concerning the crop of 10 species
of plants in monoculture has been set up in autumn 1967 at the Produc-
tion and Experimental Station in Batcyny (53°36' N, 19°51' K, Poland)
village near Ostréda town, on albic luvisol soil formed from sandy clay. 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. Till 1992 the cultivation of 10 species
of plants in two 5-field crop rotations was as a comparative object. During
the growing season 1992/1993 the winter triticale and pea were introduced
into the experiment and from that time two 6-field crop rotations were as
a comparative object.

This paper presents results of a 10-year experiment (2005-2014) con-
cerning spring barley response to a 38—47 — year monoculture. Previous
results were published in ADAMIAK (2007).

Before starting the present research, the soil was characterized by the
following chemical properties: pH value in 1M KCI solution was equal
5.7-6.0; COrg content amounted to 0.90—-0.96%, and the content of available
macroelements as follows: phosphorus (P) 8.9-9.6 mg; potassium (K)
15.0-20.7 mg; calcium (Ca) 48-56 mg, and magnesium (Mg) 6.4-7.0 mg
in the sample of 100 g of the soil.

The following research factors in 3 replications in this experiment
have been considered:

I. Crop sequence system:

A. The cultivation of spring barley in 6-field crop rotation: sugar beet
— maize — spring barley — pea — winter rape — winter wheat.

B. The cultivation of spring barley in a 38—47-year monoculture.

II. Chemical protection.

0 — without protection;

H — protection from weeds;

HF — protection from weeds and diseases.

Weeds were controlled with the following herbicides: Chisel 756 WG
(a.s.: thifensulfuron-(methyl) + chlorosulfuron) — 2005, 2006, 2009 and
2010; Mustang 306 SE (a.s.: florasulam + 2,4 D) — 2007, 201, 2012 and 2014;
Chwastox Turbo 340 SL (a.s.: MCPA + dicamba) + Puma Uniwersal 069 EW
(a.s.: phenoxaprop-P-ethyl + mefenpyr diethyl) — 2008, 2013. Fungal dis-
eases were controlled through 1-2-fold spraying in the growing season of
spring barley with the following fungicides: Amistar 250 SC (a.s.: azo-
xystrobin); Amistar 250 SC + Artea 330 EC (a.s.: propiconazole + cypro-
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conazole); Capalo 337,5 (a.s.: phenpropimorphe + metrafenone + epoxi-
conazole); Fandango 200 EC (a.s.: prothioconazole + fluoxastrobin).

Spring barley was sown in the amount of 300 sprouting grains per
1 m?2 between 27 March and 14 April. Mineral fertilization was identical in
both crop rotation systems and amounted to 184 kg ha'! of NPK (N-70;
P-31; K-83). Additionally every 3 years the monoculture of spring barley
was fertilized with manure in the amount of 15 t ha'! in order to equal the
organic fertilization applied in the case of the sugar beet crop rotation
(30 t ha'l).

In the analysed 10-year experiment, the influence of the experiment
factors on the yield of grains from one hectare, and on the number of ears
per of 1 m? surface, length of an ear, the number and a weight of grains
from an ear, the weight of 1.000 grains have been carried out. In order to
assess relationships between the yield of grains and the aforementioned
parameters as well as the number and the weight of weeds per 1 m?
the classical methods of correlation and simple regression were used. In
the analyses of variance, correlation and regression, the statistic package
STATISTICA® 13 has been applied.

In stages of the biggest demand of spring barley for water, precipita-
tions were optimal in general (Table 1). A water shortage that caused
lower yielding in the case of spring barley took place in the growing sea-
sons 2011/2012 only. The discussed growing seasons differed in thermal
conditions. In comparison with the long-term average values (1981-2012),

Table 1
Sum of precipitation [mm] in the years 2004—2014 (data according to the Research Station
at Balcyny, 53°36' N, 19°51' E, Poland)

Growing Sum
ceason Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. IX_VIIT

2004/2005| 41.9 | 77.6 | 27.8 | 39.5 | 50.3 | 21.4 | 29.3 | 22.0 | 68.2 | 35.4 | 83.9 | 39.6 537

2005/2006| 17.9 | 19.3 | 31.1 | 82.9 | 153 | 26.7 | 3.1 | 24.2 | 93.2 | 83.5 | 27.1 |141.7| 566

2006/2007|105.6| 34.3 |107.3| 60.0 |110.2| 14.6 | 27.9 | 26.8 | 79.7 | 60.8 |176.5| 81.0 885

2007/2008| 65.4 | 48.9 | 50.0 | 9.0 | 30.8 | 33.9 | 47.1 | 33.8 | 48.4 | 27.8 | 47.0 [103.1| 545

2008/2009| 17.0 |104.6| 40.5 | 29.4 | 16.2 | 14.7 | 68.0 | 3.7 | 89.6 [133.1| 82.2 | 25.7 625

2009/2010| 15.6 | 58.5 | 40.8 | 29.6 | 13.3 | 14.2 | 23.8 | 9.4 [105.5| 73.7 | 87.8 | 99.3 572

2010/2011| 45.0 | 11.2 |110.4| 39.2 | 29.6 | 20.5 | 8.6 | 33.7 | 41.5 | 56.2 |171.9| 83.6 | 651

2011/2012| 38.9 | 29.9 | 9.6 | 46.0 | 87.7 | 24.9 | 21.3 | 44.7 | 42.5 |107.2| 11.2 | 25.7 490

2012/2013| 41.0 | 57.6 | 48.5 | 15.1 | 34.6 | 21.3 | 14.0 | 22.5 | 46.2 | 45.4 [163.8| 37.6 548

2013/2014| 69.3 | 15.4 | 23.2 | 34.1 | 44.0 | 11.4 | 55.7 | 26.1 | 34.9 | 72.2 | 20.4 | 35.0 442

1981-2012| 56.2 | 51.2 | 46.1 | 42.6 | 30.1 | 23.1 | 30.7 | 29.8 | 62.3 | 72.9 | 81.2 | 70.6 597
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warmer growing seasons were: 2006/2007 (the warmest one) 2007/2008,
2008/2009, 2011/2012 and 2013/2014; colder ones were 2005/2006,
2009/2010, 2010/2011 and 2012/2013 respectively (Table 2).

Table 2
Mean air temperature [°C] in the years 2004—2014 (data according to the Research Station
at Balcyny, 53°36' N, 19°51' E, Poland)

Growing Av.
season Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. IX_VIII

2004/2005| 13.0 | 9.2 | 24 | 23 | 06 | -3.2 | -1.4 | 7.7 | 125|149 | 18.9 | 16.8 7.8

2005/2006| 153 | 83 | 2.8 |-1.1|-87|-3.3 | -25 | 7.8 | 12.,5|16.0|21.0 | 17.3 7.1

2006/2007| 15.7 | 10.1 | 56 | 42 | 24 | 20| 5.4 | 7.3 | 13.7|17.5|17.5 | 18.2 9.6

2007/2008| 12.6 | 74 | 1.0 | 0.4 | 0.7 | 23 | 2.9 | 7.8 [ 12.3|16.6 | 18.3 | 17.8 8.3

2008/2009| 11.8 | 87 | 40 | -0.1 | -3.7 | -1.5 | 1.9 | 9.7 | 12.2 | 14.7| 189 | 185 7.9

2009/2010| 14.7 | 5.9 | 52 | -1.7| -89 | -29 | 2.1 | 7.9 | 12.0 | 15.7 | 20.8 | 19.3 7.5

2010/2011| 122 | 53 | 44 |-69|-16|-6.1| 2.0 | 9.7 | 136 |17.5|18.0 | 18.1 7.2

2011/2012| 146 | 86 | 3.1 | 2.4 | -20 | -7.5 | 3.5 | 84 [ 139|152 |19.0 | 17.9 8.1

2012/2013| 14.0 | 79 | 49 | -3.3 | -45 | -08 | -40 | 6.3 | 150|174 179|174 7.4

2013/2014| 115 93 | 49 | 23 | -356| 2.0 | 5.5 | 9.5 | 13.3 | 14.8|21.0 | 17.0 9.0

1981-2012| 13.0| 81 | 28 | -1.0 | -24 | -1.6 | 1.8 | 7.7 | 13.2 | 15.8 | 18.3 | 17.7 7.8

Results

Spring barley was cultivated in a crop rotation in the period 2005-2014;
its average yield amounted to 6.88 t ha'l (Table 3). In particular years its
yield varied from 6.36 (2011) to 7.36 t ha'1 (2007).

In the case of monoculture in the tested 10-year experiment, the average
yield amounted to 5.48 t ha'! of grains i.e. by 20.4% less than in the crop
rotation. The biggest yield decline i.e. by 34% was stated in 2006, in the
39th.year of spring barley cultivation in a monoculture. After this quite
deep slump, the decreases of yields in next years have stabilized on the
level 15-26%, except for 2011 (44th year of the monoculture) and amounted
to zero (0). In essence what is presented through the trend of yielding
throughout of the years (Figure 1), along with the elongation of the culti-
vation time of spring barley in monoculture, the differences of its yielding
in the compared crop rotation systems have decreased.
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The scale of yield reduction in monoculture depended on the control
level. In the monoculture with no control, the yield of spring barley in par-
ticular years were by 19-35% lower than on the analogical crop rotation
object, on average by 27.5 % less. The yielding trend presented on Figure
1 shows that continuation of spring barley cultivation through the years
on that protection object in both crop sequence systems resulted to a simi-
lar decrease tendency.

The application of protection from weeds (H) significantly reduced the
negative influence of monoculture on yielding of spring barley. On that
object the yield of spring barley in 2011 (the 44t? year of monoculture)
were by 11% bigger than in the case of a crop rotation. In the remaining
years they were by 10-32% lower on average by 17.5%. The limitation of
losses in the yields of monoculture results from a higher increase of spring
barley productivity in the monoculture than in the case of crop rotation
through the influence of herbicides activity. First of all herbicides signifi-
cantly have limited the competition of such weeds as: Avena fatua, Cheno-
podium album, Fallopia convolvulus, Galium aparine, Polygonum lapa-
thifolium and Veronica persica, that numerously occurred on a canopy of
the unprotected monoculture (data not shown). The result of herbicides
application has increased spring barley yielding in a monoculture in the
range from 3 to 43%, on average by 17.9% (i.e.by 0.86 t ha'l). In the crop
rotation, the yield-creative effect of herbicides varied from its negative
value 1.e. (-3%) up to maximally increasing level by 15%. The average
increase of the yield within the 10-year assessed period amounted to not
quite 4% (0.24 t ha'l). Thanks to better the yield-creative effect of herbi-
cides in the monoculture they were not able to cause increased trend of
yielding in the monoculture, and minimal decreased trend in the crop rota-
tion (Figure 1). Therefore on this object, the difference in the yields of
spring barley has expanded for the worse of the monoculture but with its
continuation it has decreased.

The combined application of protection from weeds and diseases (HF)
has reduced the decrease of the yields of spring barley in the monoculture
on average by 16.5% (Table 3). In particular years of the cultivation the
yields varied from 12% of the increase over the level in the case of the crop
rotation up to 36% of the decrease. So the function of that protection
variant in the compensation of the negative position, which is a monocul-
ture, has appeared practically the same as in the case of the application
only herbicides. It results from the fact these fungicides in relation to the
object treated solely with herbicides have increased the productivity of
spring barley in both crop sequence systems in a similar scale i.e. in mono-
culture on average by 5.8% (i.e. by 0.33 t ha'!) while in the case of the crop
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rotation by 4.5% (i.e. by 0.31 t hal). Analyzing spring barley yielding trend
through the years on this object its distinct growth tendency in the case of
monoculture and practically invariable one in the case of crop rotation
(Figure 1) have been noticed. It means that also on this object, the diffe-
rence in the yields of spring barley between crop rotation and the monocul-
ture has decreased with the time of that experiment continuation.

The crop sequence system the most strongly diversified the number
of ears per 1 m? and next the weight of grains from an ear and the weight
of 1.000 grains (Table 4). The aforementioned parameters have achieved
the least values on unprotected object of a monoculture. They were by
6—22% smaller than on the analogical object of a crop rotation. Intensifica-
tion of chemical protection has decreased the differences among positions
because herbicides and fungicides more favourably increased their values
in the case of a monoculture than in the case of a crop rotation. The favo-
urable action of plant protection products taking into account the best of
their efficacy has appeared in the density of ears per 1 m?, and next the
weight of grains from an ear causing the decrease of differences among
crop sequence systems up to 4-10% in discussed parameters. The crop
sequence systems did not diversify the number of grains in an ear.

Table 4
Simple correlation factors of spring barley yields vs. weed infestation
and with elements of structure and biometry, average values for 20052014
. . Crop rotation Monoculture
Specification - - —
0 H HF means 0 H HF means

Number of weeds per 1 m?2 n.s. n.s. n.s. n.s. -0.41 | -0.60 | -0.62 | -0.68
Weight of weeds per 1 m? -0.38 | n.s. n.s. n.s. -0.40 | -0.55 | -0.66 | -0.61

Number of ears per 1 m?2 n.s. 0.38 | 0.47 0.47 n.s. n.s. n.s. n.s.
Number of grains in ear n.s. 0.42 | 0.38 0.53 n.s. n.s. n.s. n.s.
Weight of grains per ear [g] | 0.45 | n.s. n.s. n.s. -0.47 | 047 | n.s. n.s.

Weight of 1.000 grains [g] 0.42 | 0.48 | n.s. 0.46 n.s. 0.79 | 0.76 0.67

*0 — without plant protection; H — protection from weeds; HF — protection from weeds and disease

The size of the spring barley yields in monoculture on all protection
levels was significantly negatively correlated with the number and the
weight of weeds per 1 m?, and additionally on the object without protection
was correlated with the weight of grains from an ear. On the objects che-
mically protected, the yields positively correlated with the weight of 1.000
grains, and only on the object treated with herbicides were correlated with
the weight of grains from an ear (Table 5). In the case of the crop rotation
significantly negatively impact on spring barley yielding on the object
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without protection had the weight of weeds per 1 m2 while positive one had
the weight of grains from an ear and the weight of 1.000 grains. Next in
the case of objects with chemical protection the yield positively correlated
with the number of ears per 1 m? and the number of grains in an ear, and
with the weight of 1.000 grains on the object with weed control only.

Table 5
Crop yield structure and biometry of spring barley, average values for 2005-2014
Plant Crop rotation | Monoculture Relative
Specification rotection values
P (CR) o) M:CR [%]
0" 709 554 78
H 749 673 90
1. Number of ears per 1 m? -
HF 739 707 96
means 732 645 88
0 62.6 61.4 98
H 64.5 63.2 98
2. Ear length [mm)]
HF 63.0 63.0 100
means 63.4 62.5 99
0 17.6 17.3 98
H 17.9 17.9 100
3. Number of grains in ear
HF 17.8 17.7 99
means 17.8 17.6 99
0 0.90 0.81 90
4. Weicht of . g H 0.93 0.88 95
. Weight of grains per ear
& & P & HF 0.95 0.89 94
means 0.93 0.86 92
0 51.5 48.5 94
. . H 51.7 48.2 93
5.Weight of 1.000 grains [g]
HF 53.2 50.2 94
means 52.1 49.0 94
LSD, o5 for: 1 2 3 4 5
I. Crop sequences system : 23 0.8 n.s. 0.05 0.5
II. Plant protection: 15 1.1 0.3 0.03 0.5
II1. Interaction I x II: 21 n.s. n.s. n.s. n.s.

*0 — without plant protection; H — protection from weeds; HF — protection from weeds and disease

Discussion

The decline of spring barley yielding, by 20.4% on average in the
38—47-year monoculture should not be recognized as a big one. There are,
nevertheless, papers informing about similar or even greater losses of
yields in a shorter time of monocultures. BLECHARCZYK et. al. (2005, 2009)
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has informed about 30% decline of spring barley productivity in 42—49-year
monoculture. The aforementioned studies have shown the reduction of
yields in monoculture depends on apart from the time of its continuation,
agrotechnological factors as well as weather course in consecutive years.
Especially the variability of the latter ones causes that reductions of yields
in monoculture duration have fluctuating character.

The negative response of cereals to its crop in a monoculture forces to
the application of different soil sickness factors inhibiting the yield decli-
nes. From among factors compensating the faulty position, the intensifica-
tion of mineral and organic fertilization were the most often (BLECHAR-
CZYK et al. 2005, TURKINGTON et. al. 2005, MALECKA et. al. 2007) ones.
In studies carried out by the authors of this paper researches, the chemical
protection from weeds and fungal diseases served as a compensating fac-
tor. The application of herbicides thanks to the competition elimination
of weeds has increased the yields of spring barley in a monoculture by 17.9%
while in the case of a crop rotation by 3.6% only. As a result of that appli-
cation the regress of spring barley yielding has limited from 27.5% to
17.5% on the object without protection i.e. by 10.0%. In previous resear-
ches carried out by ADAMIAK (2007) the compensating activity of herbi-
cides has achieved 2—5%.

The application of chemical protection from pathogens has increased
the yields of barley in the range 0.2-29% (YANG et al. 2000, BLECHARCZYK
et. al. 2005, KUROWSKI et. al. 2007, WANIC et. al. 2012). In the presented
studies fungicides in relation to the object treated with herbicides has
increased the yields of spring barley in the crop rotation on average by
4.5% and in monoculture by 5.8% respectively. Their combined application
with herbicides gave similar soil sickness effect as the only herbicides
application because that protection variant (fungicides + herbicides) has
reduced losses of spring barley yields by 11.0% compared to the object
without protection. However, making a reference to only fungicides acti-
vities it should state their soil sickness effect was insignificant. They have
caused the decrease of yields only by 1.0% in a monoculture. In previous
studies in the carried out experiment the fungicides have slowed down
losses in yields of barley in the range 2—5% (ADAMIAK 2007).

Lower yielding of spring barley in the monoculture than in the case
of crop rotation has been caused by deterioration in phytometric factors,
especially the density of ears and the number of grains from an ear, and
a smaller weight of 1.000 grains (MALECKA et. al. 2007). In presented stu-
dies, especially the monoculture without protection has shown the biggest
reduction of ears density and then the weight of grains from an ear and the
weight of 1.000 grains.
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Conclusion

1. The cultivation in a 38+47-year monoculture has reduced the yiel-
ding spring barley by 20.4%. The application of chemical protection of
a canopy significantly decreased losses of spring barley i.e. from 27.5% on
an object without protection to 17.5% on the object with a protection from
weeds, and to 16.5% on the object with combined protection from weeds
and diseases.

2. The chemical protection had significant effect on yielding of spring
barley in monoculture. In this position the application of herbicides has
increased yields of spring barley by 17.9% (by 0.86 t ha'l) while in the case
of combined application of herbicides and fungicides by 24.8% (by 1.19 t ha1).
In the case of a crop rotation the yield of increase of spring barley amoun-
ted to 3.6% and 8.3% respectively.

3. The crop sequence system diversified the yield structure parameters
of spring barley. The long-term crop of spring barley in monoculture has
caused the biggest decrease of ears density (by 12%), a little bit smaller of
the weight of grains from an ear (by 8%) and the weight of 1.000 grains (by
6%). The biggest decreases of the aforementioned parameters took place
on the object of unprotected monoculture.

Translated by JAN PRUSIK
Accepted for print 15.11.2018
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Abstract

This work aim was to study the influence of low temperatures on the behavior, productivity
and heat production of cows with different types of bedding material (deep litter, sawdust, com-
post manure) keeping conditions. During keeping at low temperatures on deep litter, the highest
average daily temperature was observed (-11.8°C) and the lowest humidity was 84.4% as compa-
red to the sawdust and compost manure litter. There were observed higher temperature values
of the room and resting place under the lying cow when keeping on a deep litter. The total energy
expenditure for heat production in cows with keeping on deep litter was by 2.95 and 2.43 MJ
lower, as compared to keeping on sawdust and compost manure bedding. With temperature
decrease there was observed a tendency to increase the duration of rest in a lying position with
all variants of litter. The highest value was with keeping on deep litter — 846 minutes per day.
At the same time, the duration of food consumption was slightly decreased. Productivity of cows,
when keeping on sawdust litter, declined by 9.11% (2.38 kg), with compost manure bedding — by
8.36% (2.45 kg), and with deep litter — by 5.31% (1.36 kg).

Introduction

Among weather factors, affecting the functioning of dairy cattle, the
most impact is done by environment temperature (GANTNER et al. 2011,
SCHULLER et al. 2014). KNIZKOVA et al. (2002) have found out that thermo-
-neutral temperature for dairy cattle is in the range from -5 to 25°C. WEST
(2003) states that the temperature change in the range from -0.5 to + 25°C

Address: Alexandr A. Borshch, Bila Tserkva National Agrarian University, pl. 8/1 Soborna 09100,
Bila Tserkva, Ukraine, phone: +38 098 622 07 97, e-mail: borshcha@outlook.com
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does not affect the cows productivity. During thermo-neutral temperature,
the body spends a minimum amount of energy to maintain life or balance
with the environment. The amount of lost heat 1s equal to the amount of
produced heat. As the distance from the optimal temperature goes higher
or lower, the energy exchange and the level of heat production increases,
which leads to inappropriate consumption of feed and relevant reduction
in feed conversion. The effect of cold on the body was mostly investigated
on meat or lactating animals in conditions of year-round grazing (GRANKE
et al. 2011, WEBSTER et al. 2008). However, the low temperature has
a negative effect on the cows body also when kept inside (HERBUT 2013,
BORSHCH et al. 2017a). Cold weather has an impact on the cattle physiologi-
cal characteristics and behavior (BERGEN et al. 2001, KENNEDY et al. 2005).
The sympathetic nervous system causes three basic physiological responses
to cold stress: increase in heat production metabolism, pulse rate, and mobi-
lization of free fatty acids for metabolism (BROUCEK et al. 1991). Behavioral
reactions to low temperature can be divided into two categories: search for
a warm comfort rest place to reduce the temperature factor influence and
change in the duration of the basic behavior acts (HOUSEAL and OLSON
1995, REDBO et al. 2001). When cows are kept inside at low temperatures,
the lying position rest and food eating duration increases (FISHER et al.
2003). Cold stress significantly affects animals body during keeping the
whole year on pastures. Thus, the research results of TUCKER et al. (2007)
and WEBSTER et al. (2008), conducted in New Zealand under grazing con-
ditions, indicate significant changes in behavior and productivity during
a periodof cold load. Lying and grazing duration decreased in comparison
with the thermo-neutral period. Low temperature, combined with wind and
precipitation, increases the cortisol level in cows blood, which is a stress
marker (WEBSTER et al. 2008). Animals begin to seek shelter in the form
of a tree, or sheds, and are reluctant to lie on wet and dirty land, which
leads to loss of productivity (SCHUTZ et al. 2010). Accordingly, the effect
of these conditions leads to the cows increased metabolic activity to pro-
vide heat to maintain their body temperature (AMES 1987). As a result,
there is an increased need for energy for the basic metabolism (main
exchange), and accordingly the amount of energy for other processes, such
as milk production and sexual activity, decreases (BROUCEK et al. 1991).
The bedding material has special place in ensuring comfort of dairy
cows (VAN GASTELEN et al. 2011, MITEV et al. 2012, BORSHCH et al. 2017b,
JONES et al. 2017). The most common litter material in Ukraine is the
straw of grain crops. In addition, depending on the geological and indu-
strial characteristics of certain regions, sand, sawdust, peat and compost
manure are also used. Each of these litter variants has advantages and
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disadvantages, connected with storing, depositing, removing, recycling
and ensuring the closest natural conditions for comfort and well-being
of cows at high and low temperatures (HULSEN 2006, ECKELKAMP et al.
2016, PILATTI and VIEIRA 2017).

Our research purpose was to study the influence of different bedding
material types during the cold-thermal period on the behavior, producti-
vity and heat production of cows.

Material and Methods

Climate

The research was conducted at various temperature periods in the
central part of Ukraine (49°34’56” North latitude, 30°38’10”East longi-
tude; 49°48'45” North latitude, 30°38'56" East longitude; 48°57°47” North
latitude, 30°7’57” East longitude) during January 2018. The first period
(12 days) was thermo-neutral with average daily temperature + 2.8°C, and
the second cold-thermal period (10 days) with temperature -17.9°C with
strong wind and daily precipitation in the form of snow. The main weather
indicators in different periods of research are given in the Table 1.
The Ukraine territory is located in a moderate belt. The continental cli-
mate is characterized by four distinct seasons of the year. The winter
weather changes average daily temperature from +4 to -18°C. This range
is due to frequent changes in air mass types. Tropical air masses provide
warm and dry weather in winter, and the arctic ones — long low tempera-
tures, sometimes with significant precipitation in the form of snow.

Table 1
The main weather indicators in different periods of research
Indicators Thermo-neutral period Cold-thermal period
Air temperature [°C] 2.8 -17.9
Relative air humidity [%] 54.8 94.3
Wind speed [km h1] 18.4 59.8
Average daily precipitation amount [mm] 28 429

Stall bedding types and barns

To conduct our research, there were selected three farms with cows,
kept on different types of bedding material: deep straw litter, sawdust and
compost manure. All the farms had lightweight types talls and each of
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barns are divided into 4 sections. In a deep litter stall there were kept 409
cows. The room parameters were (L x W x H): 100 x 60 x10.5 m. Animals
rest in a separated zone from the feeding passage. The straw delivery into
recreation area is done daily at 8 kg rate per head. Manure removal is
performed three times a year. A stall with sawdust litter holds 422 cows.
Room parameters are: 150 x 40 x 10 m. Animals rest in boxes equipped
with rubber mattresses. The stall with compost manure litter holds 393
cows. Parameters of the room are 150 x 40 x 10.5 m. The solid manure
fraction is disinfected and dried in an aerobic bioreactor for 24 hours (dry
matter content 36-41%). Rest of cows takes place in the boxes. Compost
manure brought into the boxes everyday (layer 2—3 sm). Removal of
manure from passages is carried out by a scraper. The farms apply same
type year-round feeding of cows with complete mixed fodders. The feeding
level is quite high: animals consume 21.5-22.4 kg of dry matter per day,
the energy value of the consumed feed is 211-223 MJ.

Animals

The Holstein breed cows were used as the research material. The
dynamics of productivity, dry matter consumption and behavior in diffe-
rent temperature periods were studied on all the livestock. Energy expen-
diture for heat production was studied in cows after 60—70 days of lacta-
tion (n = 25).

Behaviour

Cow’s behavior was determined using internal surveillance cameras.
In farm with deep straw litter installed 12 IP cameras (2 MP). In farms
with sawdust and compost manure litters installed 16 Hikvision cameras
(Full HD). Filming in all barns takes place around the clock. Placing came-
ras in the barns allows you to record a recreation area, feeding passage
and drinking bowls area and also cows moving. At first processed obtained
data for each of the four sections. After it determined average indicators
on a farm. The daily behavior of cows was studied during 2 consecutive
days in the thermo-neutral period and in the period of low temperature.
Every 10 minutes, in experimental groups, there was recorded the number
of cows, which during the observation consumed food, were resting by
standing or lying, were moving and drinking water. Data undertook by us
from video cameras two last days before temperature decrease and two
first days after temperature decrease.
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Thermal conditions

The air temperature and relative humidity in the barns were determi-
ned by a combined digital environment meter Velleman, model DVM401
(Belgium). The wind speed inside the barn was determined by handheld
pocket digital anemometer AZ, model AZ-8919 (Taiwan). The average
daily precipitation was determined by the Kyiv Center for Hydrometeoro-
logy. The cows skin surface temperature was determined in two places: on
rumen and in the region of the last inter costal space by using a remote
infrared thermometer Thermo Spot Plus (Germany). The temperature at
the resting place as well as under the lying cow was determined by the
thermometer A36PF-D43 (USA). Costs of energy for heat production were
calculated according to the methods of KADZERE et al. (2002).

Calculation of and wind chill temperature index
and cold stress index

The wind chill temperature index (WCT) was calculated according to
TUCKER et al. (2007). This index helps to evaluate the effect of low air tem-
perature in combination with the wind speed on the cold stress of animals:

WCT =13.12 + 0.6215 - T,;, - 13.17 V%16 +0.3965 - T ;. - V0-16
where:

WCT — wind chill temperature [°C]

T,;, — air temperature [°C]

V — wind speed [km h1].

The cold-stress index (CSI), which indicates the level of animals stress
resistance to sharp wind speed and precipitation, was determined by the
DONNELLY (1984) method:

CSI=[11.7+(3.1- WS 95)] - (40-T) + 481+ R

where:

CSI — cold-stress index [MdJ/m?/h]

WS — mean daily wind speed [m s™1]

T — is the mean daily temperature [°C]

R=418- (1-6'0’04 : rain)
where:

rain is the total daily rainfall in millimeters

e —natural logarithm = 2.718.

Statistical analysis

The obtained data were statistically processed using STATISTICA
(Version 11.0, 2012) software. The Student’s ¢-test was used to estimate
the statistical significance of the obtained values. Data were considered
significant at P < 0.05, P<0.01, P<0.001.
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Results and Discussion

The cattle organism is under the constant influence of combined action
of meteorological factors: temperature, humidity, atmospheric pressure,
air speed, precipitation. At the same time, one of them may be overwhel-
ming, and other factors increase or weaken its effect on the organism
of animals. The manifestation of meteorological phenomena within a day
can widely vary and affect their health, behavior and productivity (BRO-
UCEK et al. 1991, KADZERE et al. 2002, ANGRECKA and HERBUT 2015).

The results of our research indicate that the decrease in air tempera-
ture in combination with wind gusts and atmospheric precipitation signi-
ficantly influenced the indoor microclimate (Table 2). Due to daily straw
and excrement accumulation and the permanent microbiological processes
in the bedding, the room air temperature with the deep litter was somewhat
higher than when using of other types of bedding material (SOMMER 2001).

Table 2
Indoor microclimate indicators under different weather conditions
Thermo-neutral period Cold-thermal period
Indicators compost compost
deep litter | sawdust p deep litter sawdust p
manure manure

Air temperature
[°C]
Relative air
humidity 55.3+2.56 | 56.3+3.32 | 56.9+1.71 | 84.4+2.37 85.7+2.74 85.9+2.19

[%]

Wind speed
[km h-1]

Note: as compared with deep litter bedding material *P < 0.05; ***P < 0.001.

ek

6.7+0.22 | 5.7+0.31" | 6.4+0.38 |-11.8+0.14 | -14.4+0.29 -13.9+0.16™"

1.58+0.05 | 1.72+0.08 | 1.65+0.04 | 2.66+0.11 2.66+0.18 2.62+0.12

Thus the average daily temperature during keeping on deep litter decre-
ased by 18.5°C, as compared with the thermos-neutral period, and amoun-
ted —11.8°C. The most significant decline was observed in the keeping
technology with sawdust as litter material — by 19.9°C, with an average
temperature of -14.4°C, which is by 1.5 and 2.6°C lower than when keeping
on compost manure and deep litter. Indoor keeping of cows on all types
of litter material, had the air humidity increase during the period of tem-
perature load by 29.1-29.5%. The highest average daily air humidity was
in rooms with compost manure bedding — 85.9%. With the deep litter and
sawdust technology, these values were 84.4% and 85.7% respectively. This
is explained by the fact that the daily adding of straw, which has a hygro-
scopic quality of 450%, contributes to a decrease in the room humidity.
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Sawdust as bedding material has also high hygroscopic quality — 490%
(NORRING et al. 2008). In addition, wind speed also increased during the
cold thermal period by 0.94 to 1.08 km/h in comparison of thermos-neutral
period.

By the wind chill temperature (WCT) and cold-stress (CSI) indices
there was estimated the influence of low temperatures in combination with
air flow speed and precipitation on the cold stress. In the cold period, with
all variants of litter, there was observed WCT and CSI decrease (Table 3).

Table 3
The indoor bio-climatic indices values in temperature load period

Indicators

Bedding material

deep litter

sawdust

compost manure

Wind-Cold index [°C]

-17.06+0.27

ke

-18.724+0.26

ek

-18.17+0.31

1671.46+73.74

1713.88+81.42

1700.51+67.87

Cold-stress index [MdJ/m?/h]
Note: as compared with deep litter bedding material ***P < 0.001.

The WCT value shows the effect of low temperatures, combined with
the air flow speed in the room, on productivity, comfort of keeping con-
ditions and behavior of cows. According to our research, it was found that
the lowest average daily value of WCT in the period of low-temperature
load was in the keeping technology, using sawdust as a litter -18.72°C. At
the same time in a room with compost manure litter this value was
somewhat higher and amounted -18.17°C. The highest value was observed
in keeping animals on deep litter — (-17.06°C).

Knowledge of CSI allows to consider how wind speed and precipita-
tion, which are the main factors of the real temperature sensing, affect the
productivity and behavior of cows. The highest average daily value of CSI
was observed with keeping on the sawdust litter — 1713.88 MdJ/m?2/h. With
keeping on compost manure and deep straw bedding, these indicators
were somewhat lower — 1700.51 and 1671.46 MdJ/m?2/h, respectively.

The environmental temperature is the biggest influence on the ther-
mal state of animals, changing the course of vital processes. The thermo-
regulatory mechanisms allow animals to adapt to different temperature
fluctuations of the environment and to transiently tolerate significant
temperature deviations from the usual for them values. However, the body
heat regulation values are not limitless and the violation of the thermal
equilibrium changes the physiological state, resistance to diseases and
animal productivity. Functional body disorders are possible due to the
action of both very high and very low air temperature. High productivity
is closely linked to high heat production (BERMAN et al. 1985). In the indu-
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strial conditions, dairy cows experience lack of heat in the winter and
transition seasons of the year. Decrease of the indoor air temperature dra-
matically increases the body heat release (LOBECK et al. 2011, ITO et al.
2014). Animals are trying to reduce the heat release, thus the pulse slows
down, breathing deepens, and food consumption increases. Due to exces-
sive and prolonged air temperature decrease the animals over cooling
occurs, and this helps to provoke chills and other diseases. Daily yield at
average daily temperature below -10°C can be reduced by 12—14%, and at
temperatures below -20°C the loss of productivity is even greater.

The greatest impact on the duration of animal rest, along with the bed
characteristics (solid or elastic coating, the presence or absence of litter,
clean or contaminated, dry or wet) and the type of litter, has the heat capa-
city of the bedding material (CALAMARI et al. 2009, ECKELKAMP et al.
2014). When the animal is lying, one third of its body surface contacts the
floor, so the floor should be quite warm. Loss of heat through the floor is
12-20% of the total heat loss of the room and depends on the floor thermo-
-physical characteristics and the bedding material. Feed energy loss by
animal for creation and use of heat energy, to warm the bed, instead of
turning it into milk is rather irrational. Low temperature cause the incre-
ase of physiological heat expenditures in cows. When these costs exceed
100 kcal h'l, then for 12 hours (average rest period in a lying position),
they are equivalent to a caloric value of 2 kg of milk (KIBLER and BRODY
1951).

In our studies, the resting places temperature was not much different
from the indoor air temperature (Table 4). The highest temperature
of resting places during the cold period for cows on deep litter was— (-11.4°C),
which is by 2.1 and 1.9°C higher than for keeping on the sawdust and com-
post manure bedding. The temperature of the resting place under the lying

Table 4
Temperature indices of rest places and energy expenditure for heat production in different
weather conditions (n = 25)

Thermo-neutral period Cold-thermal period

Indicators

compost deep litter| sawdust compost

deep litter| sawdust
manure manure

Rest place temperature
[°C]
Rest place temperature
under lying cow [°C]

5,8+0,15 | 5,1+0,20™" | 5.3+0.12" |-11.4+0.39|-13.5+0.84"|-13.3+0.57""

26.5+0.42 |23.8+0.78"|24.2+0.58"| 24.5+1.03 |19.9+1.17""| 20.5+1.24"

> energy for heat
production [MdJ]

Note: as compared with deep litter bedding material *P < 0.05; **P < 0.01

*

45.34+1.03| 45.73+1.12 | 45.59+1.38 |54.08+0.88|57.03+1.23"| 56.51+1.39
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cow during the cold period was also the highest in deep litter — 24.5°C,
which is by 4.0 and 4.6°C higher than for keeping on the compost manure
and sawdust bedding.

Significant decrease in the average daily temperature for all keeping
options led to increase in energy expenditure on heat production. The
energy expended on evaporation, radiation and convection is directly rela-
ted to the ambient temperature and has a significant impact on the cows
behavior and productivity. In experimental cows with keeping on deep lit-
ter the energy consumption for heat production was increased by 8.74 MdJ,
as compared with the thermo-neutral period. The heat production on the
compost manure and sawdust bedding increased by 10.78 and 11.44 MJJ,
respectively. The highest average daily energy expenditure was observed
with keeping on sawdust bedding — 57.03 MdJ. This is explained by the fact
that, along with good hygroscopic and adsorption properties of sawdust at
low temperatures, it is less heat accumulating in comparison with other
variants of the bedding material.

A similar tendency was observed for all types of bedding material
in the cold period: the duration of rest in the lying position increased
by 47-53 min in comparison with the thermo-neutral period (Table 5).

Table 5
Duration of main daily behavior reactions under different weather conditions, min (n = 25)
Thermo-neutral period Cold-thermal period
Indicators
deep litter sawdust compost deep litter sawdust compost
manure manure
Lying 793+8.93 | 761+8.72" | 774+10.63 | 846+6.11 | 808+12.94" | 821+8.24"
Fodder 274+3.91 | 259+2.63" | 286+3.35" | 265+4.19 | 252+5.32"" | 274+3.53"
consuming
Moving 56+0.16 | 48+0.21°"" | 58+0.27°" | 39+0.12 | 32+0.19"" | 42+0.26™"
Standing 18142.24 | 212+3.497 | 162+2.57 | 174+3.51 | 187+2.26™ | 159+3.18™"
Water Sk ke ek Kk
L 39+0.21 | 31+0.54 36+0.17 25+0.14 | 27+0.32 32+0.22
drinking

Note: as compared with deep litter bedding material *P < 0.05; **P < 0.01; ***P < 0.001

At the same time, the increase in the duration of rest in the lying position
was accompanied by a reduction of time for walking, standing and water
drinking. Duration of feed consumption during the low temperature period
has somewhat decreased. Our data do not coincide with the data of MUL-
LER et al. (1996) and FISHER et al. (2003) who report, that at low tempera-
tures the lying time of cows has decreased. The results of our studies coin-
cide with the data of ADAMS et al. (1986), which show that at low tempera-
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tures there is some reduce in feed activity and duration of eating. The cows
rest in lying position together with the feed consumption are the main
ethological indicators, which values indicate both positive and negative
signs of keeping technologies and use of different bedding material types.
The highest duration of cows resting during the cold period was with
keeping on deep litter — 846 minutes, which is by 23 and 38 min more than
for keeping on compost manure and sawdust, respectively. Under keeping
with the optimal daily delivery of straw, which is extremely effective heat-
-insulating material, and it also massages and dries the animal’s skin,
provides the most comfortable conditions (LOMBARD et al. 2010).

Our studies do not coincide completely with the studies of OFNER-
-SCHROCK et al. (2015), which found that in the thermo-neutral period
with keeping cows on the compost manure bedding, the duration of rest in
a lying position was prevailing similar indicators for other types of bed-
ding material.

Typically, low temperature periods are accompanied by cow producti-
vity decrease by 5-20% (KADZERE et al. 2002). It is established that at low
temperatures the feed conversion is reduced. Our studies confirm this evi-
dence, because in all variants of litter material in experimental cows there
was a decrease in productivity (Table 6).

Table 6
Cow productivity and feed conversion under different weather conditions
Thermo-neutral period Cold-thermal period
Indicators
deep litter | sawdust compost deep litter | sawdust compost
manure manure
Yield [ kg] 25.63+0.51 | 26.12+0.84 | 27.34+0.46 |24.27+0.73 | 23.74+1.08 | 24.89+0.32

Dry matter

. 21.43+0.23 | 21.77+0.36 | 22.43+0.31" | 21.38+0.25 | 21.63+0.38 | 22.36+0.43"
consumption [kg]

Feed conversion,
kg of dry matter 1.19 1.20 1.22 1.13 1.08 1.11
[kg of milk]

Note: as compared with deep litter bedding material *P < 0.05; **P < 0.01

Thus, the greatest reduction in cow productivity was under the tech-
nology of keeping with on sawdust litter —by 9.11% or 2.38 kg. The keeping
on compost manure litter during the cold period, the average decline in
productivity was 8.96% or 2.45 kg. At the same time, the highest producti-
vity stability during low-temperature load was showed by the cows keeping
technology on deep litter. Under this variant of the litter, the productivity
dropped only by 5.31% or 1.36 kg. As for the dry matter consumption
during the cold period there was no significant decrease of this indicator
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for different variants of the litter material — by 0.05-0.14 kg. This is due
to the fact that low temperatures led to decrease in the duration of feed
consumption by cows. Decrease in productivity and consumption of dry
matter, along with an increase in the cost of heat production, resulted in
feed conversion decrease by 0.06 kg of dry matter kg'! of milk with keeping
on deep litter and by 0.11 and 0.12 kg of dry matter kg'! of milk with
keeping on compost manure and sawdust.

Conclusions

The air temperature decrease became a significant stress factor, which
significantly influenced the duration of basic behavioral reactions and pro-
ductivity of cows, as compared to the thermo-neutral period. The keeping
technology on deep straw bedding due to the higher thermal insulation
and hygroscopic properties and constant microbiological processes in it
showed the best indicators of microclimate. At the same time, due to
a smaller decrease of the indoors air temperature, there were the smallest
losses of energy for heat production and productivity decrease of cows, as
compared to keeping on sawdust and compost manure litter.

Translated by VYACHESLAV SEMILLETKO
Accepted for print: 28.08.2018
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Abstract

This study was aimed to determine the influence of Pleurotus ostreatus on response of broil-
er chicken. One hundred and eighty day-old broiler chicks (90 each of Cobb and Marshall strain)
were administered extract of Pleurotus ostreatus at 0, 2000 and 4000 mg/litre water. Data were
collected on performance, carcass attributes, faecal oocyte per gram (OPG) and caecum microbial
(CM) population. At day 28, strain had effect (p < 0.05) on feed: gain (F:G) with better value ob-
served in Cobb. At day 56, Cobb had higher (p < 0.05) final weight (FW), total weight gain (TWG)
and daily weight gain (DWG) with lower F:G. Highest (p < 0.05) FW and lower F:G were ob-
served in birds administered 2000 and 4000 mg 1-1. Interaction had effect (p < 0.05) on FW,
TWG, DWG and F:G with best value observed in Cobb administered 4000 mg 1'1. Cobb recorded
higher (p < 0.05) dressed weight (DW%), breast% and thigh%. Increasing Pleurotus level resulted
in highest DW% and breast in both strains. OPG and CM was lowest at 4000 mg 1! in both
strains. The study therefore concluded that for optimal performance, Pleurotus can be adminis-
tered at 4000 mg 1-1.

Introduction

Conventionally, control and treatment of poultry diseases is based on
the use of synthetic products but the increasing trend of antimicrobial
resistance calls for the need of having alternative approaches to manage-
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ment of poultry diseases. Antimicrobial resistance, cost and availability
of the conventional medicines and residues in animal products and the envi-
ronment are the major challenges in the poultry industry in developing
countries. As the consequences of these problems, people in rural commu-
nities have continued to use indigenous plants as a convenient alternative
for control and treatment of diseases (BAKARI et al. 2012, EKUNSEITAN et
al. 2016a,b). In most cases, plants are used for treatment in their crude
forms without known or determined concentration, established dosages
and known side effects to treated subjects.

Mushroom have been reported to have immune enhancing and
stress-reducing properties (DALLOUL and LILLEHOJ, 2006, BORCHERS et al.
2008) which is a necessary requirement for perfect biological processes.
Oyster mushroom (Pleurotus ostreatus) is one of the commonly cultivated
mushroom spices and its antiviral and anticancer properties ascertained
(BOBEK and GALBAVY 2001). Additionally, several medicinal mushrooms
have demonstrated powerful antioxidant activities (MINARECI et al. 2011,
LI1U et al. 2013) likewise antibacterial potentials (EKUNSEITAN et al. 2018)
and, as a consequence, have potential application as natural growth and
health enhancing agent. Mushroom (Shiitake: Lentinus edodes) extract
contains substrates capable of increasing the population of important bac-
teria (bifidobacteria and lactobacilli) (GUO et al. 2004)

It has been reported that the microbial communities in the gastroin-
testinal track of poultry are influenced by a number of factors including
stocking density, diet, feeding practices, housing conditions, age of birds
and pathogens (TOROK et al. 2007). Also it is very well established that
bacterial communities change radically between the different anatomical
segments of the digestive tract. The use of synthetic drugs has been impli-
cated in the decimation of important microbes e.g in the gut of birds which
are necessary for proper biological functions. Increase in pathogenic micro-
bial substances due to gap in the intestinal immune system may lead to
antagonistic reactions to nutrients and tolerance to pathogens. Intestinal
microbial profile can be modified and affected by the diet, phytobiotics and
changes in dietary composition (YEGANI and KORVER 2008). Therefore, the
maintenance of health of intestinal ecosystem is highly essential for opti-
mal health and growth of animals.

Although researches have been conducted on the influence of intensive
growth of mushrooms with various cellulosic substrates which, after fruit-
ing remains as a source of protein that can be used to feed livestock strat-
egies. A possible strategy in reducing the presence of pathogenic microbe
shedding in final products from poultry is the possibility of using or ascer-
tain its antibacterial potentials (EKUNSEITAN et al. 2018) of Pleurotus ost-
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reatus in decreasing their populations in the gut. However, documented
information on the use of Pleurotus spp. as regards to its effect on broiler
performance and carcass characteristics is limited in the tropics where the
growth of bacteria is highly favoured. This research work was directed
towards investigating the influence of Pleurotus spp. on growth perfor-
mance indices and carcass characteristics when orally administered to
broiler chickens at different levels of concentration.

Materials and Method

The experiment was carried out at the Poultry unit of the Teaching
and Research Farms, Federal University of Agriculture, Alabata, Abeo-
kuta, Ogun state, Nigeria. The Farm lies within latitude 7 10 N. Longi-
tude 3 2 E and altitude 76 mm (Google maps 2018).

A 1 kg of fresh oyster mushroom was soaked with 2litres of ethanol at
a ratio of 1:2 and was left for 3 days (72 hours) for extraction. After 72
hours, the extract was sieved out using a muslin cloth. The extract was
clarified by filtration through celite on water pump and then concentrated
in vacuo using a rotation evaporator.

One hundred and eighty day old broiler chicks of two strains (90 each
of Cobb and Marshall Strain) were used for this experiment. Birds were
raised under intensive management system. Variation in this research
was based on two (2) factors; strain type (Cobb and Marshall) and levels
of oral administration of Pleurotus ostreatus mushroom extract: O for con-
trol, 2000 and 4000 mg 1! of water. Each strain was allotted to the three
levels of administration of Pleurotus ostreatus containing 30 birds per
treatment and further divided into replicates of 10 birds each. The extract
of Pleurotus ostreatus was administered via water once in a week at the
stated levels. Vaccination was given to all treatment while medication
(antibiotics and coccidiostat) was administered only to the control group.

The birds were given starter diet up to four weeks of age (crude protein:
22%, metabolizable energy [kcal kg 1]: 3000, fibre [%]: 3.5, fat [%]: 6.00) and
29-56days (crude protein: 19%, metabolizable energy [keal kg'l]: 2900,
fibre [%]: 3.5, fat [%]:4.00). Fresh feed and water was provided on a daily
basis. Data on performance parameters were taken on weekly basis.

At the 56th day, two birds from each replicate with weight closest to
the mean of the group was selected. Selected birds were starved for
12 hours. The birds were slaughtered via neck slit and properly bled,
plucked and eviscerated. The cut-up parts and Organs were weighed using
a sensitive scale and were expressed as percentages of the live weight.
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Caecum was removed at the 56" day from slaughtered birds and
placed in a sample tube. Estimation of total bacteria count in the gut sam-
ple while bacteria identification was carried out according to COWAN and
STEEL method (2004) using morphological and biochemical tests.

Triplicate fresh feaces (5 g) were collected randomly from each repli-
cate at 56 days of age using swab sticks Oocyst count was determined out
using McMaster egg-counting technique (HAUG et al. 2006).

Data obtained was arranged in a 2 x 3 factorial layout and analyzed
using the General Linear Model of SAS. Differences amongst groups were
determined using Duncan’s multiple-range test while statistical signifi-
cance were based on P < 0.05.

Results

The effects of strain and oral administration of Pleurotus ostreatus
(oyster mushroom) extract on the growth performance of broiler chickens
at starter phase is shown in Table 1. All parameters considered were not

Table 1
Main effects of strain and oral administration of Pleurotus ostreatus (oyster mushroom)
extract on growth performance of broiler chickens at starter phase (0—4weeks)

Strain Pleurotus ostreatus
Parameter Mar- Cobb | SEM P-Va- control | 2000 mg 1’1 | 4000 mg 1'1 | SEM P-Va- Sx PE
shall -lue lue
Initial weight
. 36.45 38.36 | 0.08 | 0.300 | 37.39 37.44 37.39 0.44 [ 0.937| NS
[g/bird]
Final weight | o5 65 | 894.69 [10.38| 0.085 | 806.48 | 810.19 813.89 |14.94|0.839 | NS
[g/bird]
Total weight
. . 759.28 | 786.33 [11.31| 0.105 | 769.10 772.75 776.50 14.77(0.840 | NS
gain [g/bird]
Daily weight
108.46 | 112.33 | 1.62 | 0.105 | 109.87 110.39 110.93 2.110.840 | NS

gain [g/day]
Total feed

intake 1334.48|1325.70| 4.50 | 0.536 |1326.92| 1326.88 1336.47 4.44 1 0.484 | NS
[g/bird]

Daily feed
intake 47.66 47.35 | 0.16 | 0.536 | 47.39 47.39 47.73 0.16 | 0.484 | NS
[g/day]

Feed to gain | 1.76% 1.69% | 0.02 | 0.042 1.73 1.72 1.72 0.03 [ 0.897 | NS

@ b _ Means in the same rows by factor with different superscripts differ significantly (P < 0.05)
SEM — standard error of means

S x PE — strain and Pleurotus ostreatus interaction

NS — not significant
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influenced (p > 0.05) by strain except feed: gain. The feed to gain (FCR)
was lower and thus, better in the Cobb strain (1.69). It was observed that
final weight (816.67 g/bird), total weight gain (778.53 g/bird) and daily
weight gain (111.19 g/bird) values were numerically higher in the Cobb
strain. The effect of oral administration of Pleurotus ostreatus (oyster mush-
room) on growth performance of broiler chickens at starter phase revealed
no significant (p > 0.05) effect. However, the final weight, total weight gain
and daily weight gain were numerically higher in the 4000 mg 1! dosed
group. The interactive effect between strain and oral administration of
Pleurotus ostreatus (Oyster mushroom) had no effect (P < 0.05) on growth

performance indices of broiler chickens at starter phase.
Table 2

Main effects of strain and oral administration of pleurotus ostreatus (Oyster mushroom)
extract on growth performance of broiler chickens at finisher phase

Strain Pleurotus ostreatus
Parameter | Marshall| Cobb |SEM Pl_X;_ control [2000 mg 11| 4000 mg I'! | SEM PI_IY:- Sx PE
Initial
weight 795.68 824.69 |10.98| 0.094 | 806.48 810.19 813.89 15.45|0.931| NS
[g/bird]
Final

weight | 2278.09% | 2549.38%|27.51| <.0001 |2352.78%| 2443.98% | 2444.44% | 6.39 [0.046| S
[g/bird]

Total

weight
gain

[g/bird]
Daily

weight
gain

[g/day]
Total feed
intake 4283.49 | 4282.72 |13.99| 0.972 | 4275.00 | 4308.56 4265.74 [17.72|10.276| NS
[g/bird]

1482.41% | 1724.69%|30.33| <.0001 | 1546.30 | 1633.80 1635.56 |60.62|0.124 S

52.94b | 61.59¢ | 1.08 |<.0001| 55.22 58.35 58.23 2.16 |0.124 S

Daily feed

intake | 152.98 | 152.95 | 0.49 | 0.972 | 152.68 | 153.88 152.35 | 0.63 [0.276| NS
[g/day]

Feed to b b b

oain 2.89¢ | 249> |0.05|<.0001| 2.78¢ 2.65 2.65 0.10 [0.040| S
Mortality | ;) 0.00 |0.06] 0.337 | 0.00 0.17 0.00 0.06 [0.397| NS

[%]

@ b _ Means in the same rows by factor with different superscripts differ significantly (P < 0.05)
SEM — standard error of means

S x PE — strain and Pleurotus ostreatus interaction

NS — not significant
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Table 2 shows the effects of strain and oral administration of Pleuro-
tus ostreatus (Oyster mushroom) on the growth performance of broiler
chickens at finisher phase. Final weight, total weight gain, daily weight
gain and feed conversion ratio were significantly (P < 0.05) affected by strain
type. The final weight (2549.38 g/bird), total weight gain (1724.69 g/bird)
and daily weight gain (61.59 g/bird) values were higher in Cobb strain.
The feed to gain (FCR) was higher in the Marshall strain (2.89). Total feed
intake value was slightly higher in the Marshall strain (4283.49 g/bird).

The oral administration of Pleurotus ostreatus (oyster mushroom)
extract had no significant effect (P > 0.05) on the growth parameters
of broiler chickens measured except final weight and feed: gain. The
observed final weight was highest (2444.44 g/bird) in birds administered
4000 mg I'! administration level and lowest in the control groups. However,
numerically feed to gain (FCR) value observed was similar and best in
2000 mg 1'! and 4000 mg 1'! groups but highest (2.78) in the control group.

The interactive effect between strain and oral administration of Pleu-
rotus ostreatus (Oyster mushroom) on growth performance indices of
broiler chickens at finisher phase is presented in Table 3. The interactive

Table 3
Interactive effect of strain and oral administration of Pleurotus ostreatus (Oyster mushroom)
on growth performance parameters of broiler chickens at finisher phase

Strain Marshall Cobb
Pleurotus control |2000 mg 1'1|4000 mg I'!| control 2000 mg 114000 mg 11| SEM | FV&
ostreatus lue

Parameter

Initial weight | 7o) o | 78519 | 82037 | 83148 | 83519 | 80741 |18.39| 0.219

[g/bird]
le}:}b‘ﬁ‘z]ght 2238.89¢| 2325.00¢ | 2270.37¢ |2466.67¢| 2562.96° | 2618.52¢ |37.70 | 0.017
Total weight gain d b
(/bird] 1457.41¢| 1539.81¢ | 1450.00¢ |1635.19¢| 1727.78% | 1811.11¢ | 38.42 | 0.035
Daily weight gain d d b b
52.05 54.99¢ 51.79 58.390¢ | 61.71¢ 64.68¢ | 1.04 | 0.040
[g/day]
TOtal[gf‘;;’ié?take 4261.11 | 4337.50 | 4251.85 | 4288.89 | 4279.63 | 4279.63 |20.67 | 0.219
Daily feed intake | 5o 1o | 15497 151.85 | 153.18 | 152.84 152.84 | 0.74 | 0.219
[g/day]
Feed to gain 2.94¢ 2.820 2.94¢ 2.620 2.48¢ 2.374 0.08 | 0.029
Mortality [%] 0.00 0.33 0.00 0.00 0.00 0.00 0.06 | 0.397

a. b, ¢,d e_Means in the same rows by factor with different superscripts differ significantly (P < 0.05)
SEM — standard error of means
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effect had influence (P < 0.05) on final weight, total weight, daily weight
gain and feed to gain. Final weight, total weight gain and daily weight
values increased in Cobb strain with increasing level of administration
of Pleurotus ostreatus with the highest weight observed at 4000 mg 1'1.
Feed to gain ratio decreased with increasing Pleurotus ostreatus adminis-
tration in Cobb with lowest and best feed to gain ratio observed in cobb
strain on 4000 mg 1'1.

Table 4 shows the effects of strain and oral administration of Pleuro-
tus ostreatus (Oyster mushroom) on carcass characteristics of broiler chic-
kens. Live weight, dressed weight, kidney: live weight, liver: live weight
breast, thigh, head and the following organs; liver, kidney, gizzard, and
spleen were significantly (P < 0.05) affected by strain. The dressed weight
observed was greater in the Cobb strain (73.36 g). The Cobb strain also

Table 4
Main effects of strain and oral administration of Pleurotus ostreatus (Oyster mushroom)
on carcass characteristics of broiler chickens

Strain Pleurotus ostreatus
Parameter Va. Va-
Marshall| Cobb |SEM Ph\;: control 2000 mg 1'1[4000 mg I'Y| SEM PIX: Sx PE
Live 9055560 | 2555.569(31.07| <0001 | 2350.00| 2425.00 | 2441.67 |75.62| 0.245 | Ns

weight [g]

Dressed | 0 00b | 73.36¢ | 0.61 [<0001| 70.84 | 70.56 7068 | 1.36| 0967 | S
weight [%)]

Back [%] | 13.87 | 1379 |0.23| 0807 | 13.64 | 13.85 1399 |027] 0713 | NS
Breast [%] | 19.530 | 24.61¢ | 0.65|<.0001| 22.19 | 22.28 2274 | 1.36| 0865 | S
Thigh [%] | 10.590 | 11.41¢ | 0.24 | 0.044 | 10.40 | 10.83 11.87 | 0.34| 0.500 | NS
Dr“[ror/‘?mk 9.96 10.04 |0.23 | 0.805 | 9.96 9.70 10.34 | 0.28] 0.356 | NS

0

Wings [%] | 7.77 783 |0.14] 0727 | 7.52 7.90 798 |0.15]0.138 | NS
Neck [%] | 5.77 531 |022] 0193 | 577 5.56 5.28 | 0280501 | NS
Liver [%] | 2.10¢ | 1.726 |0.09 | 0015 | 1.86 1.89 1.80 |0.14]0785 | S
Kidney [%]| 0.52¢ | 0.37% |0.04| 0.044 | 0.45 0.42 041 | 0.06| 0836 | NS

Gizzard « b

Toc 1.67 143 | 0.07| 0.043 | 1.52 1.62 151 |0.10]| 0.69 | NS

Heart [%] | 0.5 0.43 |0.02| 0.064 | 0.49 0.46 0.44 | 0.03| 0494 | NS
Abdominal | o 181 [0.17 0089 | 1.73 2.18 219 | 022 0244 | NS

fat [%]
Spleen [%]| 0.12¢ | 0.070 |0.01|0.0004| 0.11 0.09 0.09 |001|029%6 | S

@ b= Means in the same rows by factor with different superscripts differ significantly (P < 0.05)
All parameters are expressed as a percentage of the live-weight
SEM - standard error of means
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recorded greater breast, thigh and drumstick weights (24.61g, 11.41g and
10.04 g respectively). Back, shank, wings, neck and liver: spleen weights’
values observed were comparable between both strains.The oral admini-
stration of Pleurotus ostreatus (oyster mushroom) extract at different
levels had no significant effect (P > 0.05) on all carcass characteristics
of broiler chickens across all treatment groups. Although not significant,
observed live weight improved with increasing administration levels with
the highest value (2441.67 g) recorded in 4000 mg 1'1. Breast weight values
were comparable in control and 2000 mg I'! administration level.

Table 5
Interactive effect of strain and oral administration of Pleurotus ostreatus (Oyster mushroom)
on carcass characteristics of broiler chickens

Strain Marshall Cobb
Pleurotus control | 2000 mg I'! | 4000 mg 1'! | control | 2000 mg 1! | 4000 mg 1'! | SEM | P-Value
ostreatus
parameter
Live [Z]elght 2283.33|  2300.00 2183.33 |2516.67| 2566.67 2583.33 |51.99| 0.872
Dressed | o7 soc | gg.97¢ 67.39¢ | 72.380 |  73.420 74.29¢ | 0.97 | 0.0320
weight [%]
Back [%] | 14.11 13.94 13.57 14.05 13.59 1371|038 ]| 0.691
Breast [%] | 18.87¢ |  19.12¢ 20610 | 22.870 |  25.69¢ 25.67¢ | 1.04 | 0.011
Thigh [%] | 10.63 10.41 10.74 11.32 11.03 11.87 | 0.40| 0.708
Dru[I;?tICk 9.97 9.85 10.05 10.83 9.44 9.87 0.35 | 0.220
0
Wings [%] | 7.79 8.05 7.46 7.91 8.01 7.58 0.21 | 0.736
Neck [%] 5.84 5.54 5.93 5.03 5.28 5.62 0.39 | 0.953
Liver [%] | 2.21¢ 2.0640 2.05b 1.89ab 1.570 1.68ab 0.15 | 0.0392
Kidney [%] | 0.48 0.57 0.52 0.37 0.36 0.37 0.06 | 0.879
Gizzard [%] | 1.80 1.55 1.66 1.48 1.43 1.38 0.12 | 0.522
Heart [%] | 0.49 0.45 0.57 0.44 0.43 0.42 0.03 | 0.336
Abdominal | 2.59 1.76 1.79 1.94 1.69 0.28 | 0.486
fat [%]
Spleen [%] | 0.12¢ 0.10¢ 0.10¢ 0.09b 0.07% 0.07% 0.01 [0.00813

@, b, ¢, d _Means in the same rows by factor with different superscripts differ significantly (P < 0.05)
All parameters are expressed as a percentage of the live weight
SEM - standard error of means

Table 5 shows the interactive effect of strain and oral administration
of Pleurotus ostreatus (Oyster mushroom) on carcass characteristics of bro-
iler chickens. The interactive effect had no influence (P> 0.05) on all para-
meters considered. Increasing level of Pleurotus ostreatus administration
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resulted in higher live weight and dressing percentage in both strains.
Increase in breast [%] was observed in Cobb strain statistically similar
values in 2000 mg 1’1 and 4000 mg 1'! groups. Cobb strain had the lowest
values for spleen in the 2000 mg I'! and 4000 mg 1'! groups.

Table 6
Main effect of stains and varying levels of Pleurotus ostreatus on Qocyst Per G of Broiler birds
Strains Pleurotus ostreatus
Parameter
Marshall | Cobb | S.E.M | P-value 0 2000 4000 SEM | P-value

OPG b

6 1 83.33 |50.00| 24.49 | 0.25 | 100.00¢ | 87.50 12.50¢ 21.94 0.007
[10%cfu ml-1]

a.b.c _ Means with different superscripts along the same row are significantly different (p < 0.05)
SEM - standard error of means

Main effect of strain and varying levels of Pleurotus ostreatus on OPG
is presented in Table 6. The strain types had no significant (p > 0.05) effect
on the OPG of the excreta of the birds at week 8. However, Cobb strain
recorded lower OPG value (p > 0.05) compared to the Marshall strain.
Varying levels of administration Pleurotus ostreatus had significant effect
(»p < 0.05) on OPG of birds. A continuous reduction in OPG value was
observed as the level of administration increased with the lowest value
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2 100 :
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Fig. 1. Interactive effect of strains and varying levels of Pleurotus ostreatus on OPG
of broiler chickens
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recorded in birds administered 4000 mg 1"l Pleurotus ostreatus while the
highest was recorded in the control group.

Figure 1 shows the Interactive effect of strains and varying levels
of Pleurotus ostreatus on OPG of broiler chickens. Gradual decrease was
observed as level of administration of Pleurotus ostreatus increased in
Marshall Strain. Lowest OPG values was recorded in Marshall and Cobb
strain administered 4000 mg 1! Pleurotus ostreatus.

Effects of strains and varying levels of Pleurotus ostreatus on Microbiota
population caecum of broiler chickens (week 8) is presented in Table 7.
The strain type had no significant (p > 0.05) effect on the microbiota popu-
lation. Pleurotus ostreatus was observed to significantly (p < 0.05) affect
the microbiota population of the caecum. Highest (p < 0.05) microbiota
population in caecum was recorded in birds administered 0 mg 1! and
2000 mg 1! Pleurotus ostreatus. Interactive effect of Strain and varying
levels of Pleurotus ostreatus on microbiota population of the caecum
of broiler chickens revealed significant (p < 0.05) differences in the values
of microbiota population recorded. The lowest population was observed
in 4000 mg 1'! in both strain.

Table 7
Effects of strain and varying levels of Pleurotus ostreatus on microbiota population of the
caecum of broiler chickens (week 8)

Strains Pleurotus ostreatus

Parameters
Marshall | Cobb | S.EM | P-value 0 2000 4000 S.EM | P-value

Caecum

a a b
[108cfu ml!] 0.90 1.22 | 0.27 0.23 | 1.432 | 1.432 | 0.33 0.19 0.01

Strain Marshall Cobb

Pleurotus 0 2000 | 4000 0 2000 | 4000 | SEM |Pvalue| -
ostreatus

Caecum

b b C a b c _
[106cfu mI1] 1.10 1.40 0.20 1.75 1.45 0.45 0.21 0.006

abc _ Means with different superscripts along the same row are significantly different (p < 0.05)
cfu — colony-forming unit

Discussion

Strain affected feed to gain significantly with the Cobb strain consu-
ming lower feed quantity daily and in total to gain more weight daily and
in total consequently reaching higher final weight of and also lower and
better feed to gain value within the pair at the end of the starter phase.
At the end of the starter phase, administration of Pleurotus extract nume-
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rically improved the performance of the birds as the bird in the 2000 and
4000 mg I'! group recorded higher daily and total weight gain to attain
greater final weights and recording numerically similar and better feed to
gain values than the control group with the 2000 mg 1'! group consuming
the least quantity of feed among the treatment groups. These outcomes
synchronize with the reports of (KABIR et al. 2004, SAMLI et al. 2007) that
feeding of probiotics options to broiler birds cumulates to improvement in
growth performance and feed efficiency and also the reports of (NAHAN-
SHON et al. 1992) that the means of action of probiotics in poultry include
improving feed intake and digestion.

Strain effect was noticeable in the performance of the birds at the
finisher phase particularly in Cobb strain which demonstrated better feed
utilization resulting in substantially higher final weight, daily and total
weight gain while consuming lesser quantity of feed than the Marshall.
This is a reflection of considerable individual variations which is a con-
sequence of type and feed ingested, species and breed (KOKOSZYNSKI et al.
2017) as genetic variations in broiler lines affects the rates of development
of intestinal tracts and likewise the digestion potentials. These differences
accounts for the distinctions observed in some performance indices of the
two strains.

The oral administration of Pleurotus ostreatus extract positively
impacted the final weight and feed to gain values of the birds at the finisher
phase. Observable increase in the final weight, total weight gain and daily
weight values as well as the similar but better feed to gain values of the
birds in both 2000 and 4000 mg 1! group can be associated with improve-
ment in the growth performance of birds administered Pleurotus ostreatus
extract. These results indicates improvement in growth performance and
feed efficiency of broiler chickens prompted by the direct action on impro-
ving feed intake and digestion analogous to probiotic mode of action postu-
lated by NAHANSHON et al. (1992). This mode of activity has been posited
(TOGHYANI et al. 2012) to be the decimation of gut microbial load which
results in improvement in animal’s utilization of nutrients from diets fed
resulting in feed efficiency and enhancement of growth.

At the finisher phase, the final weight, total weight gain, daily weight
gain and feed to gain of the birds were influenced by the interaction of
strain and oral administration of Pleurotus extract with no particular
trend observed in the combination of Marshall Strain and Pleurotus ostre-
atus extract across all treatment groups. The interaction of Pleurotus
ostreatus extract and Cobb strain displayed a noticeable development as
seen in the increasingly changing final weight, total and daily weight gain
values and better values of feed to gain with declining total and daily feed
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intake from the control group to the 4000 mg 1! group. These trends indi-
cate a better performance outcome of birds administered Pleurotus ostre-
atus extract at both 2000 and 4000 mg 1’1 treatment groups compared to
the control group. These outcomes support the theory of (AWAD et al. 2009)
that the efficacy may be potentiated by several approaches: the selection of
more efficient strains, combination of probiotics and synergistically acting
components of mushrooms (EKUNSEITAN et al. 2017). These differences
accounts for the distinctions observed in some performance indices of the
two strains.

Strain effect was evident on some carcass traits such as Live weight
and dressed weight percentages, cut-up parts and organs. The Cobb strain
indicated lower organ relative to live weight. Cut-up parts which are eco-
nomically important components of carcass were of higher percentages in
the Cobb than the Marshall. Similar observation was put forward by SAN-
DERCOCK et al. (2009) of strain direct effect on carcass attributes. The oral
administration of Pleurotus ostreatus extract had no influence any of the
carcass characteristics considered. Although cut-up parts increased nume-
rically as level of administration increased. The interactive relationship
of strain and Pleurotus ostreatus extract brought about improvement in
the dressed weight percentage, breast percentage of body weight as well as
lesser organ weights with increase in administration of Pleurotus ostre-
atus extract. The non-significant effect observed in organ percentages indi-
cate no health issue, denoting no overload on the functions of these organs
and therefore pose a threat to health of animals. The 2000 and 4000 mg 1!
groups of both strains had better breast weight compared to their control
groups. This portrays better carcass production when Pleurotus ostreatus
extract 1s administered as the breast is the meatiest part of chicken howe-
ver, the Cobb strain recorded the higher breast percentages between both
strains.

The reduction in OPG observed with increase in Pleurotus ostreatus
possibly indicate that the prophylactic efficacy of Pleurotus ostreatus in
reducing Eimeria oocysts with increased inclusion level. This is possible
by binding and removing pathogens from the intestinal tract resulting
thereby in better intestinal tract integrity and stimulation of animal’s
immune system (YEGANI and KORVER, 2008, TOGHYANI et al. 2012) as
Eimeria multiplication in the intestinal tract causes hemorrhagic tissue
damage results in mortality, disruption of digestive processes, depressed
weight gain, and vulnerability to other disease causing organisms
(Mc DOUGALD and F1Tz-CoY 2008). Since there exist a direct relationship
between oocysts concentration and lesion development, a reduction in
oocyst counts will help in curtailing the incidence of severe intestine
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lesions or eroding of absorption sites resulting in better improvement in
broiler growth performance. This positive observation may suggest that
parasite reproductive status has been compromised by the administration
of Pleurotus ostreatus, leading to the possible reduction in the production
of trypsin and bile in the duodenum responsible for activation and release
of its sporozoites (JORDAN et al. 2011).

Microbes in the GIT is subdivided into pathogenic or beneficial groups,
pathogenic bacteria causes systemic infections, intestinal putrefaction,
and toxin formation. The identified microbes in the study were harmful
bacterial and their population was greatly reduced in both strain at the
highest level of administration. Pleurotus ostreatus administration demon-
strated similar ability as probiotics (JEURISSEN et al. 2002) in offering pro-
tection from gut pathogenic organisms. This is also supported by study
conducted by EKUNSEITAN et al (2018) which demonstrated the ability of
Pleurotus ostreatus in inhibiting in vitro growth of enteric pathogens. And
as widely emphasized a good gut health leads to positive production attri-
butes. This will also help in reducing the shedding of microbes in flesh
of meat during processing

The use of Pleurotus ostreatus can serve as an option in replacing
conventional and growth promoting drugs as indicated by its ability impro-
ving feed to gain thereby resulting in better growth in Cobb strain up to
400 mg 1'! and 2000 mg 1'! in Marshall. Likewise, Pleurotus ostreatus sho-
uld be administered at 4000 mg 1'! for reduction of caecal pathogenic popu-
lation and bacterial organisms in both Marshall and Cobb broiler chicken
strains.

Accepted for print 27.12.2018
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Abstract

The aim of this study was to determine nutrient digestibility, nitrogen retention, and
calcium and phosphorus balance in growing-finishing pigs fed control complete diets containing
soybean meal and soybean oil, and experimental complete diets where soybean meal and soybean
oil were replaced with toasted full-fat soybeans, cold-pressed rapeseed cake and extruded
rapeseed cake.

The experiment was performed on 28 crossbred pigs (Polish Large White x Polish Landrace
sows) x (Hampshire x Pietrain boars) with average body weight of 55-60 kg. The animals were
divided into 4 groups of 7 animals each, based on the percentage content of the following
components in complete diets: soybean meal, toasted full-fat soybeans, cold-pressed rapeseed
cake with increased oil content, extruded rapeseed cake with increased oil content.

The processes of extruding rapeseed cake and toasting soybeans had no significant effect on
protein digestibility or nitrogen balance. The digestibility of calcium and phosphorus decreased
insignificantly in pigs fed diets with rapeseed cake, compared with pigs fed diets with soybean
meal and toasted soybeans. Extrusion of rapeseed cake increased the digestibility of ether extract.

Introduction

Soybean meal, which is one of the main sources of protein in animal
feeds, has a high content of protein with an optimal amino acid composi-
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tion (JERZAK et al. 2012, STEIN et al. 2016). Soybean meal is characterized
by a high content of essential amino acids, a low content of crude fiber and
antinutritional factors and, consequently, high nutrient digestibility (BIEL
2011, KM et al. 2012). Each year, Poland imports more than 2.0 million
tons of soybean meal, but significant fluctuations in soybean prices and
widespread concern regarding the use of transgenic plants and genetically
modified soybeans in animal feed prompt the search for alternative, local
sources of protein. In Poland, the by-products of rapeseed processing offer
a viable option (FIEDOROWICZ and SOBOTKA 2013, HANCZAKOWSKA and
SWIATKIEWICZ 2014, JUST and SMIGLAK-KRAJEWSKA 2015).

Rapeseed is one of the major industrial crops grown in Poland
(KACZMAREK et al. 2016). Double-low varieties of rapeseed with a reduced
content of glucosinolates and erucic acid, yellow-seeded varieties with low
fiber content and the use of rapeseed as a biocomponent in the biofuel sec-
tor have increased the role and significance of rapeseed-based feeds
(BRZOSKA et al. 2010, STEIN et al. 2016). Rapeseed meal and oil cake, the
by-products of rapeseed production, are used in the production of animal
feeds (KALEMBASA and ADAMIAK 2010).

The chemical composition and nutritional value of rapeseed-based
feeds are influenced by the production technology. Crude protein content
ranges from 29% in rapeseed oil cake to 38% in rapeseed meal (BRZOSKA et
al. 2010, EKLUND et al. 2015). Rapeseed-based feeds are characterized by
similar biological value of protein, and according to many authors (OCHO-
DZKI et al. 1995, PASTUSZEWSKA et al. 1997, LIPINSKI 1998, STEIN et al.
2016), the biological value of rapeseed protein is comparable to that of
soybean meal.

The ingredients used in the production of feeds for monogastric ani-
mals are hydrothermally processed to improve nutrient digestibility and
reduce the content of antinutritional factors, including glucosinolates
(EKLUND et al. 2015). Hydrothermal processing lowers the excretion of the
undigested feed fraction, which delivers significant environmental bene-
fits (SMULIKOWSKA and VAN NGUYEN 2003, LIPINSKI 2003, KORNIEWICZ
et al. 2007D).

The aim of this study was to determine nutrient digestibility, nitrogen
retention, and calcium and phosphorus balance in growing-finishing pigs
fed control complete diets containing soybean meal and soybean oil, and
experimental complete diets where soybean meal and soybean oil were
replaced with toasted full-fat soybeans, cold-pressed rapeseed cake and
extruded rapeseed cake.
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Materials and Methods

Digestibility and balance trials were performed on 28 crossbred pigs
(Polish Large White x Polish Landrace sows) x (Hampshire x Pietrain
boars) with average body weight of 55-60 kg. The animals were divided
into 4 groups of 7 animals each, based on the percentage content of the
following components in complete diets: soybean meal, toasted full-fat soy-
beans, cold-pressed rapeseed cake with increased oil content, extruded
rapeseed cake with increased oil content:

— group I — control, fed diets where soybean meal was the main pro-
tein source and soybean oil was the main energy source;

— group II — experimental, fed diets where toasted full-fat soybeans
were the main source of protein and energy;

— group III — experimental, fed diets where cold-pressed rapeseed
cake with increased oil content (21%) was the main source of protein and
energy;

— group IV — experimental, fed diets where extruded rapeseed cake
with increased oil content (21%) was the main source of protein and energy.

In each group, complete diets in mash form were offered and the
amount of feed administered individually to pigs was recorded in succes-
sive stages of the fattening period. Pigs were feeding ad libitum from live
weight 22 kg to 55-60 kg, then in digestibility trial 2 kg of feed daily, and
in the end of experiment on 90 day ad libitum. Average daily gains, feed
intake and feed consumption per kg of body weight gain were monitored
on an individual basis on days 26, 60 and 90. During the digestibility and
balance trial, the animals were fed complete diets in mash form. Chemical
analyses of the ingredients of complete diets were performed by standard
methods (AOAC 2005).

The results of the above analyses were used to determine the content
of nutrients and minerals in complete diets. The energy value of diets was
calculated based on own analyses of feed components, and nutrient digest-
ibility coefficients and formulas given in the Polish edition of Pig Nutrient
Requirements (2015) and CVB (2004). The percentage composition and
nutritional value of diets are shown in Table 1. The glucosinolate content
of rapeseeds and rapeseed cakes was determined by the glucose release
method (CISKA and WASZCZUK 1995). The results of chemical analyses
were used to calculate nutrient digestibility coefficients, nitrogen balance
and mineral balance (JAMROZ 2004).

Pigs were placed in individual metabolism cages, and were fed com-
pleted diets at 2 kg daily. The feed was consumed in its entirety. A three-
day adaptation period was followed by a 4-day collection period when feed
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Table 1
Composition and nutritional value of experimental pig diets
Group
Specification Unit I I 1t v
soybean meal | toasted full-fat | rapesed extruded
+ soybean oil soybeans cake |rapeseed cake

Wheat % 40.000 40.000 40.000 40.000
Barley % 43.775 42.495 39.355 39.345
Soybean meal % 11.500 4.000 4.000 4.000
Toasted full-fat soybeans % — 10.500 - -
Cold-pressed rapeseed cake % - — 14.000 -
Extruded rapeseed cake % — - — 14.000
Soybean oil % 1.750 - - -
Limestone % 0.730 0.730 0.750 0.750
Monocalcium phosphate % 0.530 0.550 0.200 0.200
Acidifier (Lonacid Max) % 0.300 0.300 0.300 0.300
Salt % 0.450 0.450 0.450 0.450
L-lysine HC1 % 0.320 0.330 0.340 0.350
L-threonine % 0.070 0.070 0.050 0.050
DL-methionine % 0.050 0.050 0.030 0.030
L-tryptophan % 0.010 0.010 0.010 0.010
Natuphos 5000G % 0.010 0.010 0.010 0.010
Rovabio Excel % 0.005 0.005 0.005 0.005
0.5% Grower Premix % 0.500 0.500 0.500 0.500
Metabolizable energy MdJ 13.25 13.25 13.20 13.25
Crude protein % 16.4 16.4 16.4 16.4
Crude fiber % 3.1 3.3 4.1 4.1
Ether extract % 3.2 3.5 4.2 4.2
Lysine % 0.93 0.93 0.93 0.93
Methionine % 0.29 0.29 0.29 0.29
Met+Cys % 0.60 0.61 0.64 0.63
Threonine % 0.59 0.59 0.59 0.59
Tryptophan % 0.20 0.20 0.20 0.20
Calcium (Ca) % 0.60 0.60 0.60 0.60
Available phosphorus (P av) % 0.30 0.30 0.30 0.30
Sodium (Na) % 0.19 0.19 0.19 0.19
Glucosinolates mM kg'! - - 2.37 1.96

Premix composition: 24.6% Ca, 2 000 000 IU vitamin A, 400 000 IU vitamin D3’ 14 000 mg vita-
min E, 12 727 mg DL a-tocopherol, 300 mg vitamin Kj, 300 mg vitamin B;, 800 mg vitamin B,,
600 mg vitamin Bg, 5 mg vitamin B,,y, 400 mg folic acid, 2 000 mg pantothenic acid, 4 000 mg
niacin, 20 mg biotin, 60 000 mg choline chloride, 8 000 mg Mn, 20 000 mg Zn, 20 000 mg Fe,
4000 mg Cu, 120 mg Co, 240 mg J, 60 mg Se, 30 000 mg Herbiplant CS
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intake and excretion of urine and feces were recorded daily. Urine was
collected in plastic containers placed under the cages. Each day, 10 ml of
10% sulfuric acid was added to the containers to reduce ammonia emis-
sion. Feces were collected on a plastic mesh under the slatted floor of the
pens. For four consecutive days, urine and feces were collected at the same
time, and weighed. Samples accounting for approximately 20% of daily
urine and feces collections were placed in jars sealed with cork stoppers
(urine) and plastic bags (feces). The samples were stored in a refrigerator
at a temperature of 3—4 °C. Urine and feces collected over four days were
thoroughly mixed, and 1 kg feces and 1 1 urine samples were taken. Wet
feces samples were assayed for the content of dry matter and nitrogen.
Dried fecal samples were assayed for the content of ether extract, crude
fiber, crude ash, calcium and phosphorus. The content of nitrogen, calcium
and phosphorus was determined in urine samples. All analyses were per-
formed using standard procedures (AOAC 2005).

The results, including body weight gains, feed intake, feed conversion,
nutrient digestibility and nitrogen balance, were processed statistically by
one-way analysis of variance (ANOVA). The significance of differences
between groups was estimated by Duncan’s multiple range test using
STATGRAPHICS v. 5.0 software. The results were expressed as arithme-
tic means and standard deviations.

Results and Discussion

Chemical composition of rapeseed cake and extruded
rapeseed cake

The proximate chemical composition of rapeseed cake and extruded
rapeseed cake is presented in Table 2. Extrusion contributed to an increase
in dry matter content, from 92.16% to 94.31%. The analyzed rapeseed cake
contained approximately 29% of crude protein (CP), 21% of ether extract
(EE), 10% of crude fiber (CF), 5.7% of starch and 5.4% of crude ash.
An analysis of detergent fiber revealed that neutral detergent fiber (NDF)
and acid detergent fiber (ADF) accounted for approximately 20% and 16%
of total dietary fiber, respectively. Extrusion had no significant effect on
the mineral content of rapeseed cake.

Toasted full-fat soybeans (GMO) were finely ground in a mill to obtain
a homogeneous product. Low moisture content (up to 9.5%) prevented
mould growth. The major nutrients were crude protein (35%) and ether
extract (21%). Crude fiber content was 5%, including 9.7% of NDF and 6%
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Table 2
Nutrient content of soybean and rapeseed based feed materials
Toasted
Specification Unit | Soybean meal full-fat Raf;;sed ra:;?;él igke

soybeans
Dry matter % 89.98 90.68 92.16 94.31
Organic matter % 84.08 85.98 86.81 88.77
Crude protein % 46.40 35.32 28.57 29.39
Crude fiber % 3.20 4.91 9.75 10.06
Ether extract % 1.70 20.39 21.20 21.70
Crude ash % 5.90 4.70 5.35 5.54
Starch % 2.66 3.47 5.73 5.73
Sugars % 8.22 6.81 8.26 8.31
N-free extractives % 32.78 25.36 217.29 217.62
ADF * % 5.10 6.00 15.85 16.85
NDF ** % 9.30 9.70 19.53 21.31
Calcium % 0.29 0.22 0.67 0.67
Phosphorus % 0.65 0.48 0.94 0.94
Sodium % 0.03 0.01 0.01 0.01

*ADF — acid detergent fiber, **NDF — neutral detergent fiber

of ADF. Starch content was only 3.5%, sugar content was 6.8%, and ash
content — 4.7%. The concentrations of mineral nutrients were similar as in

soybean meal (Table 2).

Growth performance

The average daily gain of control group pigs fed diets containing soy-
bean meal reached 942 g (Table 3). The average daily gain of group II pigs

Table 3
Growth performance of pigs
Group
Specification I i} I v

soybean meal | toasted full-fat rapeseed cake extruded

+ soybean oil soybeans P rapeseed cake
Body weight [kg]
— initial 22.1 21.9 22.1 22.3
— final 107.0 111.6 102.7 107.6
Days of feeding trial 90 90 90 90
Average daily gain [g] 942+160 998+16¢ 895+17¢ 947+210
Daily feed intake [kg/animal] 2.44 2.51 2.45 2.47
Gain: Feed ratio [kg kg'!] 2.59+0.03% 2.52+0.03% 2.74+0.04b 2.61+0.04¢

a,b—p<0.05
A, B-p<0.01
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fed diets where soybean meal and soybean oil were replaced with
toasted full-fat soybeans was 5.9% higher. The average daily gain of group
IV pigs receiving extruded rapeseed cake with increased oil content was
comparable with that determined in the control group. Group III pigs fed
diets containing cold-pressed rapeseed cake were characterized by lower
average daily gain and higher feed intake per kg body weight gain (by 5%)
compared with control group animals and group IV pigs receiving extruded
rapeseed cake.

Nutrient digestibility and nitrogen balance

The results presented in Table 4 show that feed ingredients had no effect
on dry matter digestibility, which was similar in all groups (83.3-83.9%).
No significant differences in the digestibility coefficients of organic matter
were found between the groups, either (84.9-85.7%). The digestibility
of CP from diets based on soybean products and diets containing 14% of
rapeseed cake was comparable (83.7-84.2%). The processes of toasting
soybeans and extruding rapeseed cake had no significant influence on the
digestibility of CP contained in complete diets. Ether extract digestibility
was relatively high in all groups. In the control group, where soybean
meal-based diets were supplemented with soybean oil, EE digestibility

Table 4
Apparent digestibility coefficients of nutrients [%]
Group
Specification I I 111 v
soybean meal | toasted full-fat rapeseed cake extruded
+ soybean oil soybeans b rapeseed cake
Drv matter 83.3 83.9 83.4 83.4
v matte +1.71 +1.40 +0.83 +1.90
Oreanic matter 84.9 85.7 85.2 85.0
gamic matte +1.80 +1.12 +0.90 +1.88
Crude protein 83.7 84.2 83.8 84.0
ude prote +£2.14 +1.18 +1.21 +3.31
72.49 74.54 68.658 78.940
Bther extract +5.89 +3.33 +2.49 +2.03
25.7 27.4 25.4 25.7
Crude fiber +3.27 + 1.75 +4.14 +3.61
53.0 53.6 53.1 53.9
Crude ash +275 +2.34 +3.52 +3.37
. 89.1 89.6 90.2 90.0
N-free extractives 171 L 197 +134 L184

a, b — p<0.05
A, B - p<0.01
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reached 72.4%. The digestibility coefficient of EE was somewhat higher in
group II fed diets with toasted full-fat soybeans (74.5%). Pigs receiving
diets with cold-pressed rapeseed cake with increased oil content were
characterized by the lowest fat digestibility (68.6%).

The extrusion of rapeseed cake had a beneficial influence on fat utili-
zation — the digestibility coefficient of EE was highest in group IV (78.9%).
The difference in EE digestibility between group IV and group III fed diets
containing cold-pressed rapeseed cake was statistically highly significant
(P £0.01). The extrusion of rapeseed cake with increased oil content con-
tributed to a significant increase in EE digestibility, relative to the control
group fed soybean meal-based diets supplemented with soybean oil
(P<0.05).

Crude fiber digestibility was at a similar level (25.7-25.4 %) in the
control group and groups III and IV (fed diets containing rapeseed cake).
An insignificantly higher digestibility coefficient of CF was noted in group II
(fed toasted full-fat soybeans). The extrusion of rapeseed cake had no effect
on CF digestibility. The digestibility coefficients of nitrogen-free extractives
and crude ash were highly similar in all groups.

Similar values of nutrient digestibility coefficients were reported by
KORNIEWICZ et al. (1999) in pigs fed diets containing 18% of rapeseed cake
or 11% of soybean meal. In the cited study, the digestibility coefficients
of dry matter and organic matter reached 83.5% and 85.3%, respectively,
whereas CP digestibility was lower (77.6%) than in our experiment (83.7%)
where pigs were fed diets containing 14% of rapeseed cake. The above
authors demonstrated that the digestibility of all nutrients was higher in
control group animals receiving 11% of soybean meal than in pigs fed 18%
of rapeseed cake.

LIPINSKI et al. (1994) found that rapeseed meal and rapeseed cake
decreased organic matter digestibility in growing-finishing pigs, but had
no effect on the digestibility coefficients of other nutrients. In a study by
KUSNIEREK et al. (2005), the extrusion of rapeseed meal at a temperature
of 140°C and 160°C decreased the total and ileal digestibility of protein
and amino acids. The total digestibility of CP was 86.9% in soybean meal-
based diets and 78.2% in rapeseed meal-based diets. The increase in tem-
perature from 140°C to 160°C led to a considerably decrease in protein
digestibility, from 76.18% to 67.54%. KEADY and O‘DOHERTY (2000) inves-
tigated the effect of extrusion on the nutritive value of rapeseed meal as
a protein supplement for growing-finishing pigs and found that the extru-
sion process had no influence on the digestibility coefficients of nitrogen
and NDF. PASTUSZEWSKA and OCHTABINSKA (1998) evaluated the digest-
ibility and biological value of protein contained in rapeseed and Brassica
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rapa cake and meal. The protein digestibility of rapeseed cake and meal
was 84.9% and 80.1%, respectively. An analysis of CF digestibility revealed
even greater differences between rapeseed cake and meal (52.1% vs.
29.3%). KALDMAE et al. (2010) compared the nutritional value of heat-
treated and cold-pressed rapeseed cake and found that heat treatment
improved CP digestibility (70.4% vs. 68.4%, P < 0.05).

PASTUSZEWSKA and RAJ (2003) demonstrated that CP digestibility is
largely determined by technological processes which lead to the formation
of indigestible complexes that resist enzyme action in the gastrointestinal
tract of monogastric animals, and increase the amount of neutral deter-
gent insoluble crude protein (ND-ICP), i.e. the amount of protein bound in
the NDF fraction. According to SMULIKOWSKA and VAN NGUYEN (2003),
part of rapeseed CP is strongly bound to dietary fiber fractions, which
decreases its digestibility to 77-79%. BURACZEWSKA et al. (1998) deter-
mined the content of NDF, including protein and essential amino acids, in
rapeseed cake and meal heated for 0, 20, 40, 60 and 80 minutes at a tem-
perature of 130°C. In the cited study, prolonged heating increased the
NDF content of rapeseed cake (from 21% to 34%) and rapeseed meal (26%
to 38%). At the same time, protein concentration in the NDF fraction of
rapeseed cake and meal increased from 10.5% to 24.0% and from 15.7% to
28.2%, respectively. The ileal digestibility of CP and amino acids deter-
mined in growing pigs decreased with increasing NDF content. The
authors concluded that the NDF content of rapeseed meal exceeding 30%
points to overheating in the processes of deoiling and toasting, and to
a relatively low nutritional value of rapeseed meal, as confirmed by low
ileal digestibility of CP (approx. 60%).

The results of the present study and the findings of other authors indi-
cate that in finishing pigs over 50 kg of body weight, the utilization of
protein contained in cold-pressed rapeseed cake with low glucosinolate
content and soybean meal is equally efficient. In the current study, the
extrusion of rapeseed cake with increased oil content did not improve pro-
tein utilization efficiency.

Nitrogen balance

Nitrogen intake was identical in all pigs, therefore nitrogen balance
could be compared across dietary treatments (Table 5). Daily fecal nitro-
gen excretion was similar in all groups, at 8.3-8.5 g N. Relative to nitrogen
intake, nitrogen excretion in feces accounted for 16% on average. Urinary
nitrogen excretion was much higher, at approximately 40% of nitrogen
intake. Control group pigs excreted 20.7 g of nitrogen in urine. Urinary
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nitrogen excretion was at a similar level (20.9 g N) in group IV pigs fed
diets with extruded rapeseed cake. Nitrogen excretion in urine was lowest
in group II (19.5 g N), and the difference between group II and group III
(fed cold-pressed rapeseed cake) was statistically significant (P < 0.01).

Table 5
Nitrogen balance
Group
I
Specification I toasted 111 v
soybean meal + extruded
. full-fat rapeseed cake
soybean oil rapeseed cake
soybeans
N intake [g] 52.5 52.5 52.5 52.5
N excretion [g]:
Fecal 8.5 8.3 8.4 8.3
+1.11 +0.71 + 0.48 + 0.63
urinary 20.74B 19.54 21.4B 20.94B
+ 1.38 + 1.25 + 1.27 +0.64
N retention [g] 23.34B 24.64 22.68 23.348
+ 1.43 + 1.22 +1.21 + 0.62
N retained as % 44.6ABab 46.942 43.18 44.1b
of N intake + 2.81 +2.34 + 2.28 +1.30
N retained as % 52.9 55.8 51.4 52.7
of N digested +2.90 +2.68 +2.72 +1.25
a, b—p<0.05
A, B-p<0.01

Nitrogen retention was highest in group II, at 24.6 g, i.e. 46.9%
of nitrogen intake. Nitrogen retention in the control group and group IV (fed
extruded rapeseed cake) was identical (23.3 g N). In group III pigs fed diets
with cold-pressed rapeseed cake, nitrogen retention was lower (22.6 g N)
than in the remaining groups. A highly significant difference (P < 0.01) was
found between group III and group II (fed toasted full-fat soybeans).

Similar results were reported by MCDONNELL et al. (2010) who exam-
ined the effects of replacing soybean meal with rapeseed meal in diets for
growing-finishing pigs. Urinary nitrogen excretion and nitrogen retention
decreased with increasing levels of rapeseed meal in the ration. LIPINSKI
et al. (1994) demonstrated that pigs fed rapeseed meal were characterized
by lower nitrogen retention and utilization. In another study, LIPINSKI et
al. (1997) found that rapeseed products (meal, cake, seeds) improved nitro-
gen retention and utilization efficiency.
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Calcium and phosphorus balance

In the digestibility and balance trial, dietary calcium intake was 12 g
and dietary phosphorus intake was 10 g; the Ca:P ratio was 1.2:1.0. The
results presented in Table 6 show that the analyzed alternative sources of
protein and energy had no significant effect on calcium balance. In all groups,
pigs excreted from 7.10 to 7.24 g Ca in feces, which accounted for 59-60%
of calcium intake. Urinary calcium excretion was low, at 0.25-0.33 g, 1.e. 2%
of calcium intake. Calcium retention was 4.44-4.61 g, i.e. 37.0-38.4% of cal-
cium intake. The differences between groups were statistically not signifi-
cant, but calcium retention and digestion was somewhat lower in groups III
and IV fed diets with rapeseed cake.

Table 6
Calcium and phosphorus balance
Group
Specification I I m v
soybean meal | toasted full-fat rapeseed cake extruded
+ soybean oil soybeans p rapeseed cake

Calcium balance

Ca intake [g] 12.00 12.00 12.00 12.00
Ca excretion [g]:
Fecal 7.10 7.10 7.24 7.23
+0.33 +0.46 +0.28 +0.29
Urinary 0.322 0.292b 0.25P 0.332
+ 0.08 + 0.05 + 0.03 + 0.05
Ca retention [g] 4.58 4.61 4.51 4.44
+0.33 + 0.49 +0.25 + 0.32
Ca retained as % 38.1 38.4 37.6 37.0
of Ca intake +2.77 + 4.06 +2.10 + 2.64
Apparent total tract 40.8 40.8 39.6 39.8
digestibility [%)] + 2.76 + 3.82 + 2.33 +2.43
Phosphorus balance
P intake [g] 10.00 10.00 10.00 10.00
P excretion [g]:
Fecal 5.53 5.57 5.72 5.76
+0.25 +0.44 +0.20 + 0.50
Urinary 0.09¢ 0.12ab 0.16b 0.15%
+ 0.03 + 0.07 + 0.04 + 0.02
P retention [g] 4.37 4.30 4.12 4.10
+0.24 +0.42 +0.22 + 0.49
P retained as % 43.7 43.0 41.2 41.0
of P intake + 2.37 + 4.16 + 2.21 + 4.90
Apparent total tract 44.6 44.3 42.8 42.4
digestibility [%)] +2.45 +4.44 +1.98 +5.00

a, b—p<0.05
A, B-p<0.01
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In all dietary treatments, phosphorus balance was more efficient than
calcium balance. Pigs excreted from 5.53 to 5.76 g P in feces, which acco-
unted for 55-57% of phosphorus intake. Urinary phosphorus excretion
was low, at 0.09-0.16 g, i.e. 0.9-1.6% of phosphorus intake. Phosphorus
retention was 4.10-4.37 g, i.e. 41.0-43.7% of phosphorus intake. A minor
decrease in phosphorus retention and digestion was noted in pigs fed diets
containing rapeseed cake (groups III and IV), but the observed differences
were statistically not significant.

Similar utilization efficiency of calcium and phosphorus was reported
by other authors (FANDREJEWSKI 1997, ORDA et al. 1998, USYDUS et al.
2006, KORNIEWICZ 2007a, KORNIEWICZ 2007b).

Conclusions

It can be concluded that the processes of extruding rapeseed cake and
toasting soybeans had no significant effect on crude protein digestibility or
nitrogen balance. Rapeseed cake with increased oil content and extruded
rapeseed cake had no adverse influence on the balance of phosphorus and
calcium from complete diets. Extrusion of rapeseed cake increased the
digestibility of ether extract. The nutrient digestibility coefficients deter-
mined in pigs indicate that extruded rapeseed cake with increased oil con-
tent can be a viable alternative to soybean meal in pig nutrition.
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Abstract

Light is considered as an important source of energy for all types of plants, and any change
in its quality or quantity such as R:FR ratio affects plant growth through physiological,
morphological, and biochemical processes. To examine the impact of changes in light quality on
sunflower canopy, a factorial experiment with three replications was conducted at the Research
Farm of Faculty of Agriculture, University of Birjand, in spring and summer 2014. The
treatments included planting density (5 and 10 plants per square meter), leaf arrangement (no
defoliation, and defoliating 50% of leaves of each plant when heads became visible), and the
colors of optical filters wrapped around the shoot (blue cellophane with R:FR = 1.84 passing blue
spectrum with the wavelength 480.62 nm, white cellophane as a control treatment for the blue
one with R:FR = 2.40 which transmit the whole spectrum contained in the sunlight, and
a control where no filter was used). The use of blue filters resulted in greater stem elongation,
reduced stem diameter, and reduced amounts of plant dry matter allocated to each sunflower
head as well as the achene number per capitulum. Blue filters had no significant impact on
100-grain weight. During the growing period, reduction in the dry matter allocated to stem was
smaller when blue filters were used, especially for the defoliation treatments, compared to where
no filter or white filters were used. Defoliation in combination with using blue filters at a density
of 5 plants m2 increased specific leaf area (SLA) due to larger leaf areas. It seems any variation
in R:FR, plant density, and/or leaf density can influence sunflower yield through affecting photo-
morphological processes.
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Introduction

As an important environmental factor, light not only acts as a source
of energy but also regulates morphological processes in plants (ALABYEV et
al. 2002). Quality of light affects growth, flowering, and morphology of
plants (KUBOTA et al. 2000). Quality and quantity of light are altered thro-
ugh plant canopy. Quantity of light drops in shades while quality of light
changes through increase in quantity of infrared light (700-800 nm) and
reduction in blue (400-500 nm), and red light (600-700 nm) (SARALA et al.
2007). Green leaves absorb red light and reflect infrared. Therefore, closed
and dense canopies have lower red to far red ratio (R:FR) and reflect larger
quantities of infrared light (KASPERBAUER 1987, KASPERBAUER and KAR-
LEN 1994, MALIAKAL et al. 1999). Allocation of dry matter to different parts
of a plant under farming conditions is associated with the R:FR ratio
received during the growing period (KASPERBAUER 1987).

Red light-intercepting films have been designed to decrease R:FR
(WILSON and RAJAPAKSE 2001). There are instances where light quality
variations were employed to develop desirable changes in plant products
in the market. For example, FR increased chlorophyll content and leaf
length as two important factors for marketable Allium wakegi (YAMAZAKI
et al. 2000). Lowered R:FR (0.01, 043, and 0.65) has been reported to
improve growth and flowering in Eustoma grandiflorum, while evidence
suggested that increased R:FR delayed its growth and flowering (YAMADA
et al. 2008). Plants that receive lower R:FR often have longer leaves with
smaller width, longer stems, and smaller roots. Stem elongation is the first
observed response to reduced R: FR even when light cannot directly touch
the stem (KASPERBAUER and KARLEN 1994). Such responses may negati-
vely affect crop productivity as reduction in R: FR may limit available
resources for growth of harvestable organs of sunflower (LIBENSON et al.
2002).

A large body of research has focused on responses of photoreceptors
and phytochromes to FR and R (ZHOU and SINGH 2002). Reduced R:FR
ratios received through phytochromes at the base of grassy plants shoot
(LIBENSON et al. 2002) are known to affect stem elongation in response to
crowding and vegetation shading, and this is believed to be a form of ada-
ptive phenotypic plasticity. Stem elongation allows a plant to develop its
leaves above those of the adjacent plants to receive more light.

Using phytochrome family of photoreceptors, plants are able to sense
changes in light quality (MALIAKAL et al. 1999). Irradiating the plant with
blue light will cause canopy to grow toward the light. This phenomenon,
referred to as phototropism, is one of the most well-known responses in
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plants (VOLKOV et al. 2004). A phototropic response is composed of four
processes: receiving light signal, signal transduction, transforming the
signal into physiological response, and creating a directional growth
response (VOLKOV et al. 2004). Irradiation of soybean with blue light plays
an effective role in positive phototropism. In addition, researchers have
pointed out that K™ and Ca2* channel blockers, like tetraethyl ammonium
chloride and ZnCl,, can block propagation of action potentials induced by
blue light and may inhibit phototropism in soybean (VOLKOV et al. 2005).

Leaf epinasty is controlled by cell elongation on the abaxial epidermis
triggered by blue light irradiation of the axial side of the leaf. It is observed
that blue light, under red light conditions, created a larger leaf area in
lettuce (FUKUDA et al., 2008). The rate of O, evolution by wheat seedlings
with blue light, compared to red light, was over 50% (optimal tempera-
ture) and 60% (after exerting 45°C) (ALYABYEV et al. 2002). A study on
incomplete mutants produced in response to specific spectral wavelength
indicated that blue and far-red lights are effective in blocking ethylene
impacts (VANDENBUSSCHE and VAN DER STRAETEN 2004). The phytohor-
mone abscisic acid, cytoplasmic concentration of the secondary messenger
Ca?*, as well as blue and red lights modulate sensitivity of stomatal guard
cells to internal CO, (LUTTGE 2007).

Reduced leaf area is a common response to fungal and arthropod
attack, hails, herbivory, etc. A number of studies tried to explain the effects
of defoliation on plants (MORIONDO et al. 2003). Defoliation studies have
provided a better understanding of physiological processes involved in
vegetative and reproduction growth in several corps (CRUZ-CASTILLO et al.
2010). For sunflower (Helianthus annuus L.) there has been a large empha-
size on the link between the reduction in leaf number and final amount
of plant production (MORIONDO et al. 2003, ALIMOHAMMADI and AZIZOV
2011). In this regard, the aim of this work was to analyze sunflower respon-
ses to artificial manipulation of R:FR ratio, blue light, plant density, and
defoliation for better understanding of some plants physiological proces-
ses, such as source-sink relationships, dry matter allocation, and compen-
sation manner.

Materials and Methods

The experiment was carried out in Research Farm of Faculty of Agri-
culture, University of Birjand, Iran, during spring and summer 2014. The
farm is located 8 km far from Birjand, adjacent to Birjand-Kerman Road
(32°56'N, 59°13'E, 1480 m elevation). Based on Emberger’s classification,
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the region is a hot arid region. The soil contained 20% clay, 19.4% silt,
60.6% sand, with an electrical conductivity (EC) of 3.85 dS m™! and a pH
of 7.97. The preceding crop in the experimental field was sugar beet. The
common farming operations were used to prepare the seed bed. The same
amount of fertilizer was applied to all plots based on soil tests before plan-
ting, including 30 kg ha! phosphorus (P), 75 kg ha'! potassium (K), and
138 kg ha'! N. One third of the nitrogen fertilizer plus all P and K fertili-
zers were applied before the planting and the remainder of N fertilizer was
added to the soil at 6-8 leaves stage along with irrigation. Weeds were
removed by hand hoeing over the entire growing season. No indication of
disease and insect damages were observed from germination to final
harvest. Irrigation method was the same for all treatments (7-days irriga-
tion intervals).

The study conducted using a factorial experiment based on randomi-
zed complete block design with three replications. Each plot consisted of 7
planting rows. The treatments included planting density (5 and 10 pl m2),
leaf arrangement (no defoliation, and defoliating 50% of leaves of plants
(every other leaf) at flowering stage), and the colors of optical filters wrap-
ped around the stem (blue cellophane with R:FR = 1.84 passing blue spec-
trum with the wavelength 480.62 nm, white cellophane as a control treat-
ment for the blue one with R:FR = 2.40 which passed the whole spectrum
contained in the sunlight, and a control where no filter was used with
R:FR = 2.40). The plant rows were spaced at 50 cm with a space of 40 cm
(for 5 pl m2) and 20 cm (for 10 pl m2) between two adjacent plants. To
plant the crop, 3 to 5-cm deep holes were dug at the pre-specified spacing.
Three sunflower (Euroflor cultivar) seeds were sown at each hole on
29 April and emerged plants were thinned to one plant at 2-4-leaf stage.
Euroflor is an oily single cross hybrid, French origin, with intermediate
maturity and lodging resistance (YOUSEFPOOR and YADAVI 2014). At the
beginning of the flowering stage (20 June) and after exerting leaf density
treatment, cellophane filters were wrapped around the stems, leaving
a 2-cm space to let the air flow. The wrappings were maintained until stem
elongation was completed.

Samples were taken at three stages: head-visible stage (HV, 26 June),
pollination (PO, 14 July), and physiological maturity (PM, 20 August). At
each stage, three plants were randomly selected from the second, fourth,
and sixth rows of each plot by leaving 50 cm at either side (to allow for
marginal effect). Before each sampling, the radiation flux density was
measured at the top and bottom of canopy using Sun scan (AccuPAR
LP-80, DECAGON devices, Made in USA) at 11:00 to 13:00 (Table 1). Fur-
thermore, number and area of leaves, stem length and diameter, as well as



Response of Some Physiological Parameters of Sunflower... 67

Table 1
Radiation intensity [umo m2 s'1] at above and bottom of the sunflower canopy, measured
at different growth stages. Plants were sown at two different plant density (5 and 10 pl m2)
and all measurements were carried out between 11:00 and 13:00

) . Measuring place
Specification
above the canopy bottom of the canopy

Growth stages 10 pl m2 5 pl m2
Head visible (26 June) 1420 300 540.33
Pollination (14 July) 1332 490.66 798.5
Physiological maturity
(20 August) 1066.5 451 566.25

the dry weight of leaves, stem, and inflorescence were measured,
separately. At the third sampling, achene number per capitulum and
weight of 100-grain were also measured. Leaf area meter (WD4-R5 model,
Delta-T Devices, UK) was used to measure leaf area. The stem length
was measured using ruler, stem diameter was determined with caliper,
and achenes were counted by seed counter (Contador Model, Pfeuffer
GmbH, Germany). To measure dry weight, plant parts were first placed
in an oven set at 72°C for 48 hours. SLA, leaf weight ratio (LWR) and
capitulum weight ratio (CWR) were obtained using Equations (1), (2), and
(3), respectively.

SLA [cm? g'1] = LA/LDW 1)
LWR [g g'1] = LDW/TDW ©)
CWR [g g'1] = TCW/TDW (3)

Where, LA and LDW are leaf area and leaf dry weight, respectively;
TDW and TCW indicate total and capitulum dry weights, respectively.

The data were normalized and analyzed by Genstat (V.9) and the
means were compared using FLSD.

Results and Discussion

In the present study, the first growth response of sunflower to increase
in density from 5 to 10 pl m2, was an increase in the length and reduction
in the diameter of stem; however with the progress of growing stages, the
difference between the two levels of density reduced (Table 2). Increased
plant densities decreases light penetration inside the canopy and incre-
ases the level of competition between individual plants for water and
nutrients and meantime, plants react to increase in crowding with diffe-
rent mechanisms including morphological changes such as changes in
stem length and specific leaf area (SLA) (LAMBERS et al. 2008). There was
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a negative correlation between the length and diameter of the stem (-0.80,
-0.32 and -0.29 in the stages of emerging inflorescence, pollination and
physiological maturity, df = 35). With increase in plant density and decre-
ase in light penetration into the canopy, the competition for absorbing
light will increase and the plants, especially those sensitive to shade, will
increase their height in order to receive more light as a mechanism for
shade avoidance (ROSHDI et al. 2009, XIAO et al. 2006, SMITH 1982, MILLER
and FICK 1978). This will mainly be accomplished to the cost of reduction
in the stem diameter (BABAEI-AGHDAM et al. 2009). It i1s known that phy-
tochrome B has a significant role in forming this response, even though
two phytochromes D and E are also involved in inducting the mentioned
reaction (FRANKLIN and WHITELAM 2004).

Increasing plant density per area did not have a considerable effect on
the number of leaves in the plant, even though a minor reduction was
observed with the progress of growing season. Nevertheless, this density
increase primarily caused an increase in the leaf area in the stages of flo-
rescence emergence and pollination, which could be a response to reduction
to the radiation availability at these stages. On the other hand, as growth
continued, as a result of density increase, the leaves number and area redu-
ced at the physiological maturity, indicating the leaves abscission in high
density after the pollination (Table 2). This may be a result of increase in
competition and shading in the density of 10 pl m2 which exerts a high
pressure on available sources. Leaf area reduction in plants as a result of
density increase has previously been reported in sunflower (BANGE et al.
1997) and corn (SANGOI et al. 2002). Basically, plants growth and develop-
ment in response to competition for light is much more effective than any
other factor in controlling leaf area expansion (BALDISSERA et al. 2014).

Despite increasing leaf area and decreasing leaf dry weight at high
density, no significant difference was observed in LWR between the two
plant densities (Table 2). This indicates that plants allocated the same
rate of produced assimilates to the leaves at high and low densities. These
factors together caused an increase in SLA at higher densities in all three
growth stages in spite of allocating the same amount (and a lower amount)
of dry matter to the leaves. This indicates that plants struggle to enhance
their leaf area through decreasing the leaves thickness, which is a response
to increased competition for incident radiation, leading to more light
absorption in each unit of weight assigned for leaf production. However, in
the next growing stages , the difference of SLA between the two densities
became lower (Table 2), which might be owing to the indirect effect of defo-
liation treatment (Table 2) and increase in light penetrating through
canopy (Table 1).
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SLA increase as a result of increase in plant density has also been
observed in other plants such as potatoes (VOS 1995) and tomatoes (HEU-
VELINK et al. 1999), the reason of which has ascribed to the reduction in
the average of the light received by leaf area in high densities (LEE and
HEUVELINK 2003). Generally speaking, high densities cause a response
similar with the situation being plants in the shade; the plants growing in
shade, have more tendency to expand their leaf area, and their leaves are
rather thin and thus they have high SLA and low leaf mass density (LAM-
BERS et al. 2008). Reduction in sunflower leaf dry weight in response to
increased densities is caused by photosynthates deviation to acquire reso-
urces such as radiation, water and nutrients, as a result of intensification
of interplant competition (POURSAKHY and KHAJEPOUR 2014).
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Fig. 1. A comparison of 100-grain weight [g] for 5 and 10 pl m2 during physiological maturity
stage under two situations: no defoliation (shaded bars) and defoliation (white bars). Bars with at
least one common letter indicate no significant difference according to LSDy,,
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In addition to the leaf weight, the dry weight of the stem and capitu-
lum of sunflower or, in other words, the dry weight of the whole plant, also
decreased in response to density increase (Table 2). The stem dry weight
in the density of 10 pl m™2 were 21.2, 22.5 and 28.7 percent lower than the
values gained in the density of 5 pl m™ in the stages of head visible, polli-
nation and physiological maturity, respectively (Table 2). POURSAKHY and
KHAJEPOUR (2014) observed that increase in the density of sunflower
plants caused reductions in stem dry weight of individual plants. Simi-
larly, at the physiological maturity, high plant density (10 pl m'2) caused
small capitulums with less weight which was most likely due to a lower
achene number (18.5%) and lower 100-achene weight (27.4%) compared to
the density of 5 pl m™2 (Table 2 and Figure 1). achene weight reductions at
high densities indicates a drop in production capability of individual plants
(source limitation) and reduction of the whole photosynthates partitioned
for seed filling (BARROS et al. 2004). The interesting point is that the capi-
tulum weight ratio (CWR) did not show significant differences between the
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two densities at any growth stages (Table 2). Basically, thinner leaves
with higher SLA produced at high densities have a shorter life span (LAM-
BERS et al. 2008), which in turn limits the source activity of plants. Nega-
tive effect of increased density on weight reduction of achene in sunflower
has also previously been reported (GHOLINEZHAD et al. 2009, HOLT and
ZENTNER 1985). IBRAHIM (2012) found that low density of sunflower is
effective in height reduction and increase in achene weight, leaf area, dia-
meter of capitulum, oil percentage, unsaturated fatty acids percentage
(oleic and linoleic) and the length of maturation period. He stated the
reason of such changes was the greater usage of assimilates for compe-
tition at high densities compared to lower densities. BARROS et al. (2004)
reported that two densities of 3.5 and 4.6 pl m™2 of sunflower produced the
same number of achenes per m2, with a lower achene weight at higher
density. They attributed this lower achene weight at higher density to less
produced dry matter in that density, which reduced remobilization of
assimilates during achene filling period. This condition will finally lead to
a reduction in radiation use efficiency (RUE) as a result of increase in
plant density (MORRISON and STEWART 1995).

Using blue filter caused more reductions in R/FR (7.10%) in compari-
son with white filter (4.7%) and the control (0.075%). Physiological and
morphological responses of sunflower to the quality of radiation were the
same in both stages of pollination and physiological maturity. White filter
did not induce a significant difference in stem length compared to the con-
trol in the two mentioned stages, whereas blue filter caused a significant
increase in stem length compared to the control (Table 3). On the other
hand, control plants had the highest stem diameter and using white and
blue filters caused 5 and 16.5 % decrease in stem diameter compared to the
control, respectively, while this reduction was only significant in blue filter
treatment (Table 3). This has also been observed in soybean plants in
which the decrease of red to far-red ratio reduced stem diameter (YANG et
al. 2014). It seems that a reduction in R/FR ratio during the plant growth
is one of the most substantial factors causing elongation in plant height
and at the same time reduction in stem diameter. In the plant canopy, the
quality of radiation transmitted through the leaves or reflected is changed.
This is because the plants absorb red light and transmit or reflect far-red
radiation. This causes a reduction in R/FR under shaded environments
(TAIZ and ZEIGER 2006). As blue filter absorbs and reflects a part of incident
visible light spectrum, it can induce the effects of increased far-red radiation
(or reduction in R/FR ratio) in the plant. Increase in the internodes length
and stem elongation as a result of reduced R/FR ratio have been reported in
Sinapis alba, Chenopodium album and Datura ferox (BOOTH et al. 2003).
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Table 3
Average growth parameters for sunflower: impacts of optical filters at pollination
and physiological maturity stages
Shoot | Shoot
Treatments | length |diameter Leaf |Leaf area| LDW | SDW | CDW | LWR | CWR GPC

em] | [em] | PO |lem?® Pl le Il pl |l pl ]| g g |lg &7

Pollination

blue |98.958| 0.915 | 12.7 |688.5167|12.287|24.298| 11.033 | 0.258 | 0.231| —
Light | white [85.375| 1.096 | 10.3 | 526.770 | 9.1 |15.460| 17.083 | 0.218 | 0.410| -
filters |control|81.125| 1.163 9.2 | 451.5687 | 9.008 |14.024| 19.396 | 0.212 | 0.457 | —
LSD | 6.69 0.13 1.16 | 126.03 | 1.58 | 3.78 3.53 10.0279(0.073 | -

Physiological maturity

blue [105.62| 1.02 [11.791| 569.7 | 10.93 | 30.15 | 83.25 | 0.144 |0.449| 3275
light | white [95.125| 1.32 | 9.25 | 414.98 | 8.29 |22.39 | 46.74 | 0.100 | 0.641 |450.12
filters |control{ 94.083| 1.5 | 8.75 | 3854 | 7.82 | 20.29 | 50.44 | 0.106 | 0.610 [473.75
LSD | 682 | 024 | 1.49 | 80.78 | 1.90 | 4.63 | 7.1 |0.021|0.054 | 81.96

LDW - leaf dry weight; SDW — shoot dry weight; CDW — capitulum dry weight; LWR — leaf
weight ratio; CWR — capitulum weight ratio; GPC — grains per capitulum

BALOCH et al. (2009) stated that phytochromes and photoreceptors
families are responsible for perceiving the R/FR ratio throughout canopy
and decrease in this ratio can lead to stimulating the elongation of inter-
nodes and consequently increasing the stem height .They believed that the
effects of far-red radiation on stem growth can be considered as a part of
shade avoidance response. Similarly, the high amounts of intercepted far-
-red radiation stimulates the plants, through decreasing P /P, ., to allo-
cate more assimilates to the stem in order to reach a greater height (TAIZ
and ZEIGER 2006) (Figure 2). It is thought that phytochrome B is involved
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Fig. 2. A comparison of shoot dry weight [g] at pollination stage for three treatments (blue filter,
white filter, and the control treatment) under two situations: no defoliation (shaded bars) and
defoliation (white bars). Bars with at least one common letter indicate no significant difference
according to LSD5,,
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in intensifying the response of stem elongation to a reduction in R/FR ratio
(XIONG et al. 2002). It has also been observed that R/FR reduction can
increase the content of gibberellic acid (GA;) and auxin (IAA) phytohormo-
nes in internodes and leaves of sunflower, which in turn reduces the level
of ethylene in internodes, (KUREPIN and WALTON 2007, KUREPIN et al.
2007) through influencing DNA (PRICE and JOHNSTON 1996). Increase in
stem length, plant fresh and dry weight and leaf area as affected by far-red
radiation has also been observed in watermelon (HEATHER et al. 1997).
Reducing R/FR using blue filter caused more increase in SLA at
maturity compared with white filter and the control (Table 4). Similarly,
the blue filter increased LWR, leaf number and area, and leaf and stem
dry weights during plant growth, whereas it significantly reduced the capi-
tulum weight ratio (CWR) (Table 3 and Table 4, Figure 3). Similar results
have been reported in different plants, for example, OYAERT et al. (1999)
reported that using blue filter increased leaf number per plant, plant dry
and fresh weight, and LWR in chrysanthemums. Increased stem dry and
fresh weights under high levels of far-red radiation has also been reported
189 _a_
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Fig. 3. A comparison of leaf number in pollination stage for three treatments (blue filter, white
filter, and the control treatment) under two situations: no defoliation (shaded bars) and defoliation

(white bars). Bars with at least one common letter indicate no significant difference according
to LSDx
5%

in lettuce (KRIZEK and ORMROD 1980). The variation rate in different tra-
its caused by blue filter and the control treatment at the pollination stage
was different as compared with the physiological maturity stage. For
example, using blue filter caused more increase in some traits in the polli-
nation stage compared to the physiological maturity, including number of
leaves (38%, 34%), leaf area (52.4%, 47.8%), stem dry weight (73.2%,
48.5%) and stem length (22%, 12.2%). On the other hand, rate of increase
in some other traits resulting from using blue filter was lower in the polli-
nation stage compared to physiological maturity including leaf dry weight
(36.4%, 39.7%) and then LWR (21.6% and 35.8%). In contrast, there was
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a sharp decline in capitulum diameter at pollination (49.4%) and stem
diameter at physiological maturity (32%) as a result of using blue filter
(Table 3). It seems that greater increase in the characteristics such as leaf
number, leaf area, stem dry weight and stem length resulting from blue
filter (compared to the control) at pollination stage is owing to the greater
importance of shade avoidance responses at this stage, which leads to
more assimilate allocation to stem elongation and leaf area expansion in
this critical phase of plant growth. Given that blue filter creates
a lower level of R/FR ratio, it induces the sensing of being under high den-
sity or shade conditions by plants, and the morpho-physiological responses
that arise in these conditions are similar to the responses resulted by cul-
tivating plants at high density to some extent. LAMBERS et al. (2008) sta-
ted that the plants growing in shade invest a large portion of their assimi-
late and other resources in leaf area; these plants have a high leaf area
ratio, rather thin leaves with a low mass density. Elongating stems is
another strategy employed by plants growing under shade conditions. It
has been stated that low R/FR ratios caused stem elongation in Vigna
sinesis, and it seems that preventing stem elongation by light is related to
decrease in responsibility of tissues to Gibberlines (OLSZEWSKI et al. 2002).

Table 4
Average values for some physiological traits measured at pollination (PO) and physiological
maturity (PM) stages, as influenced by optical filter, plant density, and leaf density treatments

Light filters Blue White Control

Plant density
[pl m"%]

Leaf density D* C D (e} D C D C D C D c
Total dry |PO | 44.34 | 63.28 | 34.28 | 48.57 | 41.75 | 53.23 | 32.00 | 39.60 | 39.34 | 55.58 | 35.30 | 39.50
weight [g] |PM| 62.20 [104.05| 56.50 | 74.62 | 71.46 |103.14| 57.89 | 77.23 | 67.62 |109.05| 57.86 | 79.74
Shoot dry | PO | 22.26 | 33.93 | 15.82 | 25.18 | 15.13 | 19.29 | 12.87 | 14.55 | 13.3 | 17.3 | 12.65 | 12.85
weight [g] |PM| 26.58 | 45.08 | 21.57 | 27.37 | 21.87 | 32.08 | 13.2 | 22.45 | 16.23 | 28.32 | 15.9 | 20.74
Leafdry |PO|11.43|16.67 | 8.83 |12.22| 8.18 | 11.63| 6.8 | 9.78 | 7.82 | 13.18 | 7.17 | 7.87
weight [g] |[PM| 84 |16.68| 6.62 | 12.05| 8.02 |11.83| 5.3 | 8.02 | 7.25 | 10.3 | 5.48 | 8.25
Capitulum |PO| 10.65 [12.683| 9.633 [11.166|18.433| 22.3 | 12.33 | 15.27 | 18.22 | 25.1 | 15.48 | 18.78
dry weight [g]|PM| 27.22 | 42.28 | 28.31 | 35.2 | 41.58 | 59.23 | 39.39 | 46.76 | 44.13 | 70.43 | 36.48 | 50.75
Leaf area | PO |468.58|758.45|569.35|957.68|346.32(537.08(431.68|792.00 | 306.52 |457.37| 450.78|591.68
[em? pI'l] | PM|561.05|724.47|390.28603.03|367.63|508.55|310.87|472.90|370.23 | 506.18|258.52 | 406.68
SLA PO | 43.27 | 46.08 | 64.42 | 77.45 | 45.35 | 46.08 | 63.17 | 81.71 | 39.50 | 40.11 | 62.91 | 75.22
[em? g1]  |PM| 73.86 | 44.09 | 79.95 | 51.03 | 48.19 | 42.37 | 72.62 | 61.99 | 55.84 | 49.80 | 60.71 | 51.20
LWR PO| 0.26 | 0.26 | 0.25 | 0.26 | 0.20 | 0.22 | 0.21 | 0.25 | 0.20 | 0.23 | 0.19 | 0.22
[ggl] PM| 0.13 | 0.16 | 0.12 | 0.16 | 0.11 | 0.12 | 0.09 | 0.10 | 0.09 | 0.11 | 0.09 | 0.10
CWR PO| 0.25 | 0.20 | 0.28 | 0.24 | 0.44 | 0.42 | 0.40 | 0.39 | 0.46 | 0.45 | 0.20 | 0.18
lg gl PM| 0.43 | 0.40 | 0.50 | 0.46 | 0.58 | 0.57 | 0.68 | 0.61 | 0.65 | 0.65 | 0.43 | 0.39

* D — defoliation; C — no defoliation (control)
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The reduction in R/FR through using blue filter also caused a reduc-
tion in capitulum weight, achenes per capitulum and CWR (Table 3), while
it had no significant effect on achene weight (data not shown). This effect
is similar to the response where sunflower is cultivated at high densities
which lead to a reduction in the achenes per capitulum and achene weight
(Table 2). Competition between adjacent plants at high densities usually
causes a drop in produced biomass and also assigning more resources for
vegetative growth and, as a result, a reduction in achenes per capitulum
(GARDNER et al. 1985). It seems that reducing R/FR ratio using blue filter
in this study, through simulating crowding and competition between
plants, has forced them to allocate more dry matter to vegetative organs
such as stem and leaves (LIBENSON et al. 2002) and to remobilize assimi-
lates from reproductive organs to promote vegetative growth (TAIZ and
ZEIGER 2006). Obviously, this will lead to reduced reproductive growth
and subsequently less achene set in sunflower plants. In this case, achene
yield and achenes number per plant will decrease, with no effect on achene
weight. Under these conditions, the competition that occurs between vege-
tative and reproductive structures is harmful for seed setting and seed
filling (LIBENSON et al. 2002). It has been proved that in response to R/FR
reduction, the level of soluble metabolites and structural carbohydrates
(cell-wall carbohydrates) increase and sucrose concentration reduces in
sunflower stem, which expectedly are in the favor of carbon unloading
from stem phloem (MAZZELLA et al. 2008).

Defoliation, beside its direct effects on reducing leaf number, area and
dry weight per plant, caused a significant reduction in stem and capitulum
dry weights at pollination and physiological maturity, and also decreased
SLA, achenes per capitulum and achene weight at pollination stage, while
did not have a significant impact on the stem length and diameter (Table 5).
It is acceptable that a damage such as removing leaves can affect a num-
ber of plant physiological processes, like sink and source balance, hormone
production and changes in radiation absorption in different layers of
canopy. In both stages of pollination and physiological maturity, defolia-
tion treatment was accompanied with a compensative response to increase
single leaf area per plant; in the way that in the stage of pollination, the
average area of single leaf in defoliated plants and in the control treat-
ment were 57.4 and 48.7 cm?, respectively, which reduced to 52.3 and
42.4 cm? at physiological maturity. This indicates that the defoliated
plants increased the single leaf area in order to compensate the manipula-
ted reduction in their leaf area (Table 5). By increasing radiation entry
into the canopy and increase in R/FR, defoliation caused SLA reduction at
the pollination stage. Forming thick leaves with low SLA appears to be
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a kind of avoiding from high radiation damage which have been previously
observed in different plants such as tobacco (BALLARE et al. 1994) and
Plantago lanceolata (VAN HINSBERG and VAN TIELEREN 1997), that is the
result of forming thick ladder tissue consisting of two cell layers in the
growing leaves (TERASHIMA et al. 2006, YANO and TERASHIMA 2001).

Table 5
Average growth parameters for sunflower: impacts of leaf density at pollination and physiological
maturity stages

Sampling stage Pollination Physiological maturity

Leaf density defoliation | control | LSD 5% | defoliation | control | LSD 5%
Shoot length [cm] 88.36 88.611 | 5.249 96.611 100 5.352
Shoot diameter [cm] 1.044 1.072 0.103 1.186 1.377 0.193
Leaf number [no pl!] 7.472 14 0.95 7.194 12.66 1.21
Leaf area [cm2 pl-1] 428.872 |682.377| 102.90 | 376.43 | 5369 | 65.95
Leaf dry weight [g pl'] 8.488 | 11.775 | 1.29 6.844 | 11.188| 1.55
Shoot dry weight [g pl'1] 15.336 20.518 3.08 19.22 29.34 3.78
Capitulum dry weight [g] 14.125 17.550 2.15 36.18 50.77 5.87
SLA [em2 g'!] 52.201 62.307 7.39 65.194 50.080 | 20.263
Grains per capitulum - - - 378.47 455.77 | 49.87
Grain weight [g 100 achene!] - - - 3.35 5.33 0.84

In the maturity stage, more leaves shed in control plants and the SLA
severely increased in defoliated plants. All of these factors together caused
a reduced difference between control and defoliated plants at the maturity
stage (Table 5). This indicates that sunflower is able to compensate the
damage caused by defoliation in certain growing stages through increase
in leaf area or delay in its senescence and that the effect of defoliation on
crop yield mostly depends on the growing stage (in which defoliation has
occurred), the rate of defoliation and genotype (POLAT et al. 2011, SCHNE-
ITER and JOHNSON 1994, SCHNEITER et al. 1987, MORIONDO et al. 2003).
When the reproductive phase begins, the vegetative phase does not stop
completely and as the demand for the carbohydrates in reproductive
organs increases, the plant will be able to meet the sinks demands by
maintaining its remaining leaves (SEVERINO et al. 2010). Although it has
been stated that leaf removal will enhance photosynthesis and growing
of remained leaves (ALKIO et al. 2003), it seems that resources deviation
from reproductive growth toward compensatory mechanisms has caused
the plant not to have a chance to recover its yield (number and weight
of achenes) — Table 5. Defoliation caused a 37% reduction in leaf area at
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the pollination stage, while the capitulum dry weight and total biomass
decreased 19.5 and 23.4%, respectively, indicating the high compensation
ability of sunflower at this growth stage.

In the physiological maturity, cutting half of the leaves caused a 30%
decrease in leaf area, while the achenes per capitulum dry weight, achene
weight and total biomass (capitulum + leaf + stem) decreased 16.9, 28.7,
37 and 31.8 percent, respectively, indicating the greater sensitivity of
achene weight to defoliation treatment than achene number (Table 5).
Decrease in capitulum diameter (POLAT et al. 2011) and achene number
per capitulum (NEZAMI et al. 2008) have been reported as two important
components in determining sunflower achene yield under defoliation con-
ditions; which is due to the influence of leaf removal in reducing source to
sink ratio (ALKIO et al. 2003). Eventually, decrease in photosynthesizing
area as well as loss of stored carbohydrates in shedding structures and
increase in energy consumption for compensatory processes as the result
of defoliation will cause severe reduction of biomass and achene (both
number and weight) production. This may indicate that sunflower yield
production is a source-limited process. It has been reported that reduction
in source-sink ratio through shading over soybean plants (increased den-
sity) or defoliation can reduce the size of cotyledon cells, leading to lower
seed weights (LINDSTROM et al. 2006).

While defoliation in 5 pl m2 density caused 44.3% decrease in 100-ache-
nes weight, this came down to 25.9% in 10 pl m™2 density, indicating more
impact of increasing density on the control plants (Figure 1). Lower reduc-
tion of achene weight as the result of defoliation at high density might be
correlated to the compensatory role of greater density for the enhanced
radiation penetration into the canopy due to defoliation. A similar reaction
was seen in leaf dry weight under the influence of density and defoliation
at the pollination stage (Figure 4). Due to the loss of some sources of
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Fig. 4. A comparison of leaf dry weight (gr) for 5 and 10 pl m2 during pollination stage under
two situations: no defoliation (shaded bars) and defoliation (white bars). Bars with at least one
common letter indicate no significant difference according to LSD,,
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assimilates (IBRAHIM 2012), defoliation caused a decrease in achene weight
and leaf dry weight in both densities. However, by increasing the radiation
penetration into canopy, the difference of the achene and leaf weight at
high density (10 pl m2) to low density (5 pl m'2) was reduced. One of the
possible reasons for this decreased difference between two densities can be
an increase in the proportion of sunlit leaves and better radiation distribu-
tion through canopy under defoliation treatment. Using blue filter in both
groups of control and defoliated plants, which simulates the shade and
high density conditions, resulted in a greater dry stem weight, whereas
defoliation accompanied with blue filter, white filter and control (without
filter) caused 35.5, 17.2 and 13.9 percent reduction in stem dry weight
compared to non-defoliated plants, respectively (Figure 2). The highest
number of leaves were also observed in plants covered with blue filter
(Figure 3). In both the total above-ground dry weight and number of leaves,
the greatest difference between control and defoliated plants was observed
where the blue filter was used. As the blue filter decreases R/FR in canopy
and, on the other hand, defoliation increases radiation penetration into
the canopy and therefore the R/FR ratio, it seems that defoliation has miti-
gated the effects of used blue filter on the leaves number and stem dry
weight of sunflower.

Even though defoliation and a reduction in plant density caused more
light penetration through canopy, blue filter covering on the stems caused
the plants not to be able to completely perceive this increase in radiation
level in canopy and then as a result, plants showed a response similar to
the condition of low R/FR ratio in canopy. Using blue filter combined with
defoliation and density of 5 pl m™2 led to considerable increase in stem dry
weight at the pollination and physiological maturity compared with white
filter and control (Table 4). Previous findings indicate that increase in
R/FR ratio causes reduction in stem dry weight in chrysanthemum (Den-
dranthema X grandiflorum (Ramat.) Kitamura) and bell pepper (Capsi-
cum annuum L.) (LI et al. 2000). On the other hand, the cumulative effect
of decrease in R/FR ratio on promoting dry matter allocation to the stems
has been previously reported (HURD 1974, KASPERBAUER 1987).

Decrease in R/FR ratio is effective in accelerating leaves senescence,
and perceiving an increase in R radiation by phytochromes in sunflower
delays this phenomenon (BALLARE and CASAL 2000). At the end of the gro-
wth (stage 3), the leaf area in the defoliated plants at 5 pl m™2 in all optical
filter treatments, unlike the non-defoliated plants, still was increasing,
while at high density, leaf area showed a decreasing trend (Table 4). It
seems that leaf removal, especially in combination with blue filter and low
density, has slowed the aging process of leaves by activating the mecha-
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nisms of compensating for source shortage. By removing the leaves, it
appears that radiation is distributed more uniformly inside the canopy
and the lower leaves that received little radiation, especially at high den-
sity, compensate for detached leaves. In high density, as well, a much less
decline in leaf area was occurred in the defoliated filtered plants than
intact ones (Table 4).

In comparison with control (intact) plants, defoliation in both densities and
in all applied filters caused a reduction in LWR or, in other words, dry
matter allocation to the leaves in both pollination and physiological
maturity stages. As a compensatory mechanism for this leaf area removal
and reduction in partitioning, SLA increased at the maturity stage in all
filters in the density of 5 pl m 2 that can be a response to increase in the
intensity of the radiation intercepted by remained leaves (Table 4). While
the number of leaves in defoliation treatment decreased to half, the amo-
unt of decrease in leaf area in different treatments ranged between 22 to
40%, and SLA in all treatments in the stage of physiological maturity
increased from 12 to 67% as compared to its previous stage, which indica-
tes a severe reduction in leaf thickness to compensate the leaf area reduc-
tion at the physiological maturity stage (Table 4). Two mechanisms have
been proposed for increasing leaf area: changing the allocation of assimila-
tes during leaf growth through decreasing dry matter allocated to the
stem, or increasing the SLA and more leaf area accompanied with the
same biomass invested in leaves (MORIONDO et al. 2003).

In all levels of density and defoliation, using blue filter caused a severe
increase in leaf area as compared to white filter and control (without filter)
in similar levels of density and defoliation. In the physiological maturity,
using blue filter accompanied with defoliation in both densities led to
a higher SLA as compared to its corresponding treatments in white filter
and control (Table 4). As previous studies showed the effect of a reduction
in R/FR ratio on increasing the leaf area (HEATHER et al. 1997), it is expec-
ted that using blue filter with reducing R/FR ratio exerts more influence
on increasing leaf area than its dry weight.

Increased density effectively decreased SLA in all three filters (blue,
white and control) and the amount of SLA reduction in non-defoliated
plants at the physiological maturity stage compared to the previous stage
was higher in 10 pl m2 than 5 pl m2. Using blue filter in each density,
with or without defoliation, increased leaf dry weight compared with using
white filter and control at similar levels of density and defoliation (Table 4).
According to BRITZ and SAGER (1990) when plants are growing under redu-
ced levels of blue light, transport of photosynthates outside the leaves is
reduced, thus their leaves dry weight would be increased. As blue filter
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Table 6
Correlation coefficients between measured traits in three sampling stages (n = 36)
. Achene| 100
Leaf | Shoot | Capitu-
Shoot Shoot Leaf Leaf per Ache-
length diameter| number | area dry dry |lum dry|  SLA LWR CWR Capitu-| nes

weight | weight | weight lum | weight

Heading visible stage

1
-0.817ms| 1
0.005 18 | 0.343 1S 1
0.799 15 [.0.7198[-0.509 88| 1
-0.431 78| 0.839° [0.21378[-0.244 18| 1
-0.595 88| 0.858" |0.094 1 [-0.317 15(-0.947" 1
-0.0477s[ 0.334 s [ 0.307 s | 0.383 s [0.743 S| 0.753 1 1
0.629 15 [ -0.9407 | 0.374 15 | 0.614 1 [-0.880" | -0.824" [-0.374 1| 1

© W 9 3 Ot R W N =

-0.213 ${ 0.451 1% 1 0.616 8 |-0.576 "510.241 1| 0.028 5 [-0.390 2${-0.550 P 1
10 | 0.143 15 | 0.061 s [-0.442 1| 0.582 1S |0.515 1| 0.558 1S | 0.952" |-0.103 S| 0.624 1 1

Pollination stage

1
-0.324" 1
0.295" |-0.2191s 1
0.557"" | -0.294" | 0.766™ 1
0.1391s [.0.213 18| 0.675 | 0.380" 1
0.387" |-0.199 1| 0.681™ | 0.502"" |0.746™ 1
-0.609™ | 0.386" |-0.015 1| -0.313" |0.069 1s[-0.262 ns 1
0.385" [-0.18315(0.249 18 | 0.669™ | -0.383" |-0.121 18| -0.314" 1

© o N e G s W N e

0.370" |-0.416™ | 0.310* | 0.345" |0.595""| 0.262 1S | -0.477" [-0.103 1S 1
10 |-0.657| 0.365° |-0.434™" |-0.504™" [-0.490™"| -0.746™ | 0.787"" |-0.078 15| -0.612"" 1

Physiological maturity stage

1 1

2 | -0.294" 1

3 |0.1691s [-0.018 s 1

4 | 0.318" |-0.067 1| 0.604™ 1

5 [-0.058 5| 0.025"s | 0.831" | 0.621™" 1

6 [0.2047s(.0.093 15| 0.755™ | 0.713" | 0.692" 1

7 ]-0.351" | 0.682™" | 0.332* |0.007 s [0.261 18| 145 0s 1

8 | 0.4317 [-0.085 1| -0.402" | 0.174 18 |-0.590™| -.139 s | -.265 1 1

9 |-0.0117%| -0.310" | 0.493™ | 0.382" |0.745™| 0.305* | -0.321" |-0.602"" 1

10 [-0.391| 0.493™ |-0.452"" | -0.626™ |-0.493™| -0.676™" | 0.557"" | 0.050 s | .0.645™ 1
11 [-0.0917s| 0.581"" [ 0.019 ™ | 0.081 s '0'“0579 0.064 s | 0.545™ | 0.145 s | -0.462" | 0.400™ | 1

12 |0.15608| 0.311° | 0.543" | 0.346% |0.424™ | 0.644™ | 0.429"" |-0.091 1$|-0.039 1$|-0.168 15| 0.418™ | 1

** and * means correlation is significant at the 0.01 and 0.05 probability level, respectively;
18 means correlation is not significant
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reflects blue light, using this filter may face plants with the blue light defi-
ciency. Simultaneously, as growth proceed, leaf dry weight and LWR
decreased and leaf area and stem dry weight increased under blue filter+
leaf removal +low density, as compared to the previous stage (Table 4).
Therefore, as low density and leaf removal causes more radiation penetra-
tion and increase in R/FR ratio through canopy, which in turn is effective
in increasing SLA (MORIONDO et al. 2003), the reduction in leaf thickness
and increase in leaf area (SLA increase) after limiting the source (leaf
defoliation) in the above-mentioned treatment combination is an effort for
compensating the decrease in radiation interception during the growth
season and preventing from a sharp drop in growth of reproductive organs.

In all filters and plant densities, defoliation reduced capitulum dry
weight as compared to the control. In each stage, using blue filter in all
levels of density and defoliation caused severe reduction in capitulum dry
weight in comparison with the white filter and control (without filter) tre-
atments. In the contrary, the highest LWR was obtained using blue filter
in each level of defoliation and density (Table 4). A negative correlation
between LWR and CWR at the pollination (-0.61™) and physiological
maturity (-0.64™") stages indicated that using blue filter will cause more
assimilates allocation to the leaves (higher LWR) and a lower allocation to
capitulum (reduction in CWR). Moreover, considering negative correlation
of LWR with capitulum dry weight (-0.32") and achenes per capitulum
(-0.46™") one could say that blue filter can decrease the amount of photo-
synthates allocated to the reproductive organs by increasing allocation to
the leaves and stem (Table 6). The greatest amount of assimilates alloca-
ted to leaves (the highest LWR) and stem (the highest stem dry weight)
was observed in blue filter treatment with the density of 5 pl m2 without
defoliation (Table 4). LIBENSON et al. (2002) reported that low R/FR ratios
cause a decline in sunflower yield as the result of decrease in the number
of achenes produced in plant. They stated that at high densities, stimula-
ting stem growth in low R/FR ratios may decrease the available resources
for the seed yield.

Conclusion

As with other crops, the morphology, physiology, yield and yield compo-
nents of sunflower are all affected by its density. By increase in plant’s
population at high densities (crowding), the competition between the plants
for growth will lead to taller plants competing for light (IBRAHIM 2012). In
the present study, the reduction in radiation penetration into the canopy
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through increasing plant density or using blue filter caused a reduction in
R/FR ratio through canopy which, in turn, triggered the shad-avoidance
mechanisms in sunflower. Under these conditions, the plant managed to
increase leaf area and stem length to better benefit from radiation by incre-
asing photosynthate allocated to leaf and stem and also decreasing leaf
thickness. On the other hand, these increased allocation to vegetative
organs effectively reduced the share of reproductive structures from photo-
-assimilates, resulting in reduced achene weight, number and capitulum
weight. Among these, grain weight was affected more than its number.
Decrease in plant density and leaf defoliation causes increase in R/FR ratio
through canopy by increasing radiation penetration, thereby moderates
shade-avoidance responses to some extent. However, the findings of this
study showed that defoliation was not able to completely compensate the
decrease in R/FR ratio entering the canopy caused by using blue filter.
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Abstract

The nature of nanoparticles and their effective application has been given considerable
attention by researchers in various fields, mainly agriculture. The present investigation
examined the foliar effect of zinc oxide nanoparticles (ZnO-NPs) on plant growth profiling,
photosynthetic machinery and associated biochemical changes in tomato (Lycopersicon
esculentum) following growth in various concentrations (10, 50, 100 and 200 ppm ZnO-NPs).
After 15 days of transplantation, ZnO-NPs sprayed to the foliage of tomato plant for five days
(35-39 DAS). Treated plants at days 45 and 60 (pre-flowering stage), registered an increase in
growth and biomass over their respective control. Among different concentrations of ZnO-NPs
[0 (control), 10, 50, 100 and 200 ppm], 50 ppm proved to be the optimum foliar spray treatment
and increase the SPAD chlorophyll (27% and 32%), net photosynthetic rate (31% and 35%), leaf
protein content (17% and 22%), catalase (CAT, 55% and 61%), peroxidase (POX, 68% and 75%)
and superoxide dismutase (SOD, 50% and 55%) activity. Interestingly, significant increases in
lycopene (23%), S-carotene (25%) content followed by a decrease in the content of ascorbic acid
(38%) in response to above treatments. Number of fruits and fruit yield in the treated plants
were also higher (21% and 28%) as compare to respective controls. These results suggest that
7Zn0O-NPs interact with meristematic cells triggering biochemical pathways conductive to an
enhancement of growth attribute. Further studies are needed to investigate the mechanisms and
the side effects of ZnO-NPs on tomato plants.
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Introduction

In the recent years, NPs has been attractive area of research due to
their exclusive properties, such as better electrical conductivity, plasticity,
roughness, and formability of ceramics, escalating the hardness and
potency of metals and alloys, and by increasing the radiant effectiveness
of semiconductors (RITTNER and ABRAHAM 1998). Alongthis, some other
properties, such as small size, high surface-to-volume ratio and unique
physio-chemical properties, leads to the use of NPs in industries and wide
range of consumer products (STAMPOULIS et al. 2009).

The demand of agriculture production is increasing day by day due to
uncontrolled growth of world population. Therefore, it is necessary to
increase the productivity of the crop by using modern technologies. Nano-
technology is one of the most promising areas which can be exploited to
achieve the goal. It has been studied by various scientists, that NPs has
the potential to increase the productivity of the crop (Scott and CHEN 2002,
BATSMANOVA et al. 2013). In plants, NPs either harmful or beneficial, it
mainly depends upon the given manner and used nanomaterials (MONICA
and CREMONINI 2009). Limited reports are available on nanomaterials
effect on flora (BERNHARDT et al. 2010). NPs Study in flora have recognized
that NPs may be taken-up (KUREPA et al. 2010, SCHWAB et al. 2015), trans-
ported, (WANG et al. 2012, ZHAO et al. 2012) and concentrated in vacuoles,
nuclei and plasmodesmata (KUREPA et al. 2010, SCHWAB et al. 2015),
which modify physiological processes of plant as well as growth and devel-
opment (BURKLEW et al. 2012, GARCIA-SANCHEZ et al. 2015). In plants,
reactive oxygen species (ROS) is formed as a natural by-product of the
normal metabolism of O, and have very promising roles in cell signalling
and homeostasis (RAY et al. 2012). Imbalance in ROS causes oxidative
stress, higher formation of ROS damage to DNA, proteins and lipid and
finally cell death (TRIPATHY and OELMULLER 2012). To overcome the toxic
effect of oxidative stress plant activates enzymatic (CAT, POX and SOD)
and non-enzymatic (proline) antioxidants (TRIPATHY and OELMULLER
2012, SEWELAM et al. 2016). These enzymes are the key elements in the
defence mechanism (ANDRE et al. 2010). ZnO-NPs included as a third most
widely used NPs with an estimation of total global production about 550
and 33,400 tons per annum (BONDARENKO et al. 2013, CONNOLLY et al.
2016, PENG et al. 2017). ZnO-NPs included as a bio-safe materials that
give their impacts on the biological and chemical species from the pho-
to-oxidizing and photo-catalysis (SIRELKHATIM et al. 2015).

The data present a new approach to evaluate the impact of ZnO-NPs
on the performance of Lycopersicon esculentum in respect of growth param-
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eters, photosynthetic attributes, biochemical parameters and yield charac-
teristics. The hypothesis of this study is that the effect of ZnO-NPs on
plant production is directly related to the photosynthesis process and indi-
rectly in context with the defence system of the plant.

Material and Methods

Plant material and treatment

Seeds of Lycopersicon esculentum var. PKM-1 procured from Depart-
ment of Horticulture, Indian Agricultural Research Institute, (New Delhi),
were surface sterilized with 1% sodium hypochlorite solution for 10 min-
utes, followed by repeated washings with double distilled water (DDW).
The experiment was arranged in a completely randomized design in the
net house of the Department of Botany of Aligarh Muslim University,
Aligarh, India, under natural environmental condition. In earthen pots,
sterilized seeds were sown to make nursery. At the stage of 20 days, tomato
seedlings were transplanted to the maintained pots, filled with soil and
farmyard manure (6:1). The plants were treated with DDW (control) and
10, 50, 100 and 200 ppm of ZnO-NPs as foliar spray at 35-39 DAS at eve-
ning. Each plant was sprayed thrice at a time. The nozzle of the sprayer
was adjusted in such a way that it pumped out about 1 cm? of the solution
in a single spray. Therefore, each plant received about 3 cm?® of DDW or
Zn0O-NPs solution. Each treatment was replicated five times with three
plants per replicate and plants were sampled at 45 and 60 DAS to assess
various growth, photosynthetic parameters, biochemical characteristics as
well as the yield.

Source of NPs

Characterization and manufacturing of ZnO-NPs as KHAN et al. (2016)
described. Material study and properties are included under the process
of characterization. Widely separation, microscopy and spectroscopy used
in this procedure (FABREGA et al. 2011). ZnO-NPs were procured from Sig-
ma-Aldrich Chemicals Pvt. Ltd. India. A stock solution of 200 ppm was
prepared by dissolving required amount of ZnO-NPs in 10 ml DDW in
100 ml volumetric flask, and make total volume 100 ml adding DDW.
Other required concentrations were prepared by diluting the stock solu-
tion.
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Plant growth analysis

The plants were detached from pots along attached soil and were
dipped in a water filled bucket. Soil removed gently and the lengths of root
and shoot were measured by using a meter scale. The plants were stored
in oven and run 24 hours at 80°C, and weighed the dry plant weight.
Through the meter of leaf-area (ADC Bio scientific, Hoddesdon, UK), delib-
erate leaf area.

Determination of chlorophyll content
and photosynthetic attributes

The SPAD value of chlorophyll in newly leaf was calibrate through
SPAD chlorophyll meter (SPAD-502; Konica, Minolta sensing, Inc., Japan).
Net photosynthetic rate (Py), stomatal conductance (g,), transpiration
rate (E), and internal CO, concentration (C,) at each selected stage, was
measured in fully expanded leaves of the plants by using portable photo-
synthesis system (LI-COR 6400, LI-COR, Lincoln, NE, USA). The atmo-
spheric conditions during measurement were photosynthetic active radia-
tion, 1,016 pmol m2s~1, air temperature, 25°C, relative humidity, 85%,
CO, concentration, 600 ppm and photosynthetic photon flux density
(PPFD), 800 pumol mol—2 s~1, respectively. All the measurements were
made between 11:00 to 12:00 h under the clear sun light.

Analysis of NR and CA activities

Activity of NR was compute by JAWORSKI (1971) procedure. A mixture
of newly form leaf (0.1 g), phosphate buffer (pH 7.5), KNOg, and isopropa-
nol was store in incubator at 30°C for 2 h. Sulfanilamide and N-1-napthy-
lethylenediamine hydrochloride mixture were added to the incubated mix-
ture. At 540 nm read absorbance with a spectrophotometer (Spectronic
20D; Milton Roy, USA). CA action in leaves was measured through
DWIVEDI and RANDHAWA (1974) procedure. Leaf was slash into minute
pieces in a cysteine hydrochloride solution. They were blotted and con-
veyed in a test tube, pursue phosphate buffer addition (pH = 6.8), 0.2 M
NaHCO,, bromothymol blue, and red indicator of methyl. 0.5 N HCI used
for titrating.

Protein content estimation

1 g newly formed leaf, homogenized in freeze buffer extraction, which
is consisted of 40 mM tris-HCI (pH = 7.5), 0.07% f-mercaptoethanol, 2%
polyvinylpyrrolidone, 0.5% Triton X-100 and 1 mM phenylmethane sulfo-
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nyl floride (PMFS), 1 mM ethylenediaminetetraacetic acid (EDTA) by pes-
tle and mortar. Centrifuged at 20,000 xg for 10 minutes, and supernatant
was collected to valuation the protein by BRADFORD’S (1976) method.

Antioxidative enzymes assay

In antioxidant enzymes estimation, the leaf tissue (0.5 g) was homog-
enized in a 50 mM phosphate buffer (pH = 7.0) containing 1% polyvin-
ylpyrrolidone. Centrifuged at 15,000 x gfor 10 minutes at 4°C, resulting
supernatant used as a source of enzymes like CAT, POX and SOD.

For the estimation of POX activity, the enzyme extract (0.1 mL) was
added in the reaction mixture of pyrogallol, phosphate buffer (pH = 6.8),
and 1% H,O,. The change in the absorbance was read at every 20 seconds
for 2 minutes at 420 nm (CHANCE and MAEHLY 1956). A control mixture
was prepared by adding DDW instead of enzyme extract. The reaction
mixture for CAT consisted of phosphate buffer (pH = 6.8), 0.1 M H,O,, and
enzyme extract (0.10 mL). H,SO, was added to the reaction mixture, after
its incubation for 1 minute at 25°C, and it was titrated against potassium
permanganate solution (CHANCE and MAEHLY 1956). The activity of SOD
was assayed by measuring its ability to inhibit the photochemical reduc-
tion of nitroblue tetrazolium following the method of BEAUCHAMP and
FrRIDOVICH (1971). The reaction mixture consisted of 50 mM phosphate
buffer (pH 7.8), 20 uM riboflavin, 75 mM nitroblue tetrazolium (NBT),
13 mM methionine, and 0.1 mM ethylenediaminetetraacetic acid (EDTA)
were irradiated under two fluorescent light tubes (40 pmol m™?! s71) for
10 min. The absorbance was measured at 560 nm with a UV-visible spec-
trophotometer (KONO 1978) with slight modifications. Blanks and controls
were also run in the same manner but without illumination and enzyme,
respectively. The amount of SOD activity that gave half-maximal inhibi-
tion of NBT reduction was defined as one unit of SOD activity.

Determination of proline content

BATES et al. (1973), method was used for identification of proline
amount in newly form leaves. Leaves extracted in sulfosalicylic acid,
an equal volume of glacial acetic acid and ninhydrin solutions was added.
The sample was heated at 100°C, to which 5 ml of toluene was added.
The absorbance of the aspired layer was read at 528 nm on a spectropho-
tometer.
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Determination of Lycopene, f-carotene
and ascorbic acid content

In ripe fruits amount of lycopene measured by the method given by
RANGANNA (1976). In this procedure, pigment was extracted in acetone
and transferred to petroleum ether layer in a separating funnel. Absor-
bance of the petroleum ether layer was recorded on spectrophotometer at
503 nm. Petroleum ether is also used as a blank. Lycopene content in the
sample was calculated by the formula-

L _1, _ 31.20 - absorbance
yeopene [mgg™] = weight of sample [g]

f-carotene content in a fruit h described by method given by SADASIVAM
and MANICKAM (1997). Pigment was extracted in acetone and hexane and
absorbance was read at 436 nm with the help of spectrophotometer. The
amount of carotene in the sample was calculated by using standard curve
prepared from pure carotene and expressed in pg g} FM.

In the mature fruit content of ascorbic acid was determined through
the procedure given by RAGHURAMULA et al. (1983). The samples were
homogenized with 4% oxalic acid and then centrifuged. Supernatant was
titrated against 2, 6-dichlorophenol indophenol dye. The amount of dye used
was placed in the following formula for calculating ascorbic acid content

05mg 100 cm?®
Viem3  5cm3 Wt of sample

100

Amount of ascorbic acid [pug g~! FM] =

where:
V, — liter value of working standard
V, is the liter value of the sample

Wt — the weight of the sample.
Results were expressed as milligrams per gram on fresh mass basis.

Yield characteristics

At the stage of harvesting (180 DAS or post flowering stage), 9 plants
(3 plant from each pot) representing each treatments were randomly sam-
pled and counted for the number of fruits and per plant and weight to
assess fruit yield per plant.

Statistical analysis

The experiment was conducted according to simple randomized block
design. Each treatment was replicated five times. Data were statistically
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analysed for analysis of variance (ANOVA) using SPSS, 17.0 for Windows
(SPSS, Chicago, IL, USA). Least significant difference (LLSD) was calcu-
lated to separate the means.

Results

Growth biomarkers

Zn0O-NPs treated plants showed an obvious increased in the growth
of the plant, and the increased in the growth were positively related
with the concentrations of ZnO-NPs applied upto certain concentrations
(Figures 1la—f, Figure 2a). The maximum increase in shoot length (30.1%),
shoot fresh mass (27.7%), shoot dry mass (29.0%), root length (28.7%), root
fresh mass (26.1%), root dry mass (24.6%) and leaf area (24.1%) at 60 DAS
was recorded in the plants treated with 50 ppm of ZnO-NPs over their
control. The maximum decrease was reported in the plant sprayed with
200 ppm of ZnO-NPs.

SPAD value

With the progress of time from 45 to 60 days stage, SPAD chlorophyll
content increased and also increased in the presence of ZnO-NPs in a con-
centration dependent manner (Figure 2b). Moreover, the maximum
increase (32.1%) in SPAD chlorophyll values was found in the plants
sprayed with 50 ppm of ZnO-NPs over their control.

Leaf gas-exchange traits

The foliar application of 50 ppm of ZnO-NPs proved best and increased
the values of Py (35.1%), gs (29.1%), Ci (31.2%) and E (32.4%) over their
non-treated control plants at 60 DAS (Figures 2 c—f). The pattern of
response of plants for photosynthesis and related attributes are 50 ppm >
100 ppm > 10 ppm > 0 ppm > 200 ppm respectively.

Activities of CA and NR

Plants raised from foliar application of ZnO-NPs had significantly
higher activity of CA and NR over their respective controls. Out of 2 stages
of analysis (45 and 60 DAS), the maximum CA (25.9%) and NR (28.5%)
activities were noted at the stage of 60 days (Figures 3a—b). 50 ppm ZnO-
NPs demonstrated to be best.
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Protein content

It is induced from the Figure 4a that protein content in the leaves
increased with the advancement of age irrespective of treatment. The max-
imum value of protein content was recorded at 60 DAS in the plant treated
with 50 ppm of ZnO-NPs as foliar application. The pattern of response of
plants for ZnO-NPs 1s 50 ppm > 100 ppm > 10 ppm > 0 ppm > 200 ppm
respectively.

Activity of antioxidant enzymes

Activity of antioxidant enzymes (CAT, POX and SOD) increased with
age of the plant. Effect of ZnO-NPs varies from concentration to concentra-
tion in all the antioxidant enzymes. The maximum activity of CAT, POX
and SOD (60%, 74% and 55%) was recorded in the plant sprayed with
50 ppm of ZnO-NPs at 60 DAS (Figures 3c—e).

Proline content

In tomato leaves content of proline was significantly elevated with
application of ZnO-NPs. The leaves of plants exposed to the 50 ppm ZnO-
NPs possessed the higher concentration of proline as compare to the non-
treated (control) plants at 60 DAS which was 54 % higher (Figure 3f).

Lycopene, f-carotene and ascorbic acid content

Fruits grown from ZnO-NPs treated plants had higher content of lyco-
pene and f-carotene as compared to control plants. Maximum value of
lycopene and f-carotene was noted in plants whose leaf exposed with
50 ppm of ZnO-NPs. The respective increase was 22.6% and 24.9% over
their controls at 180 DAS (Figures 4d—e). Ascorbic acid content decreased
in the fruits in proportion to the treatment of ZnO-NPs (Figure 4f). Foliar
application of ZnO-NPs had a negative impact on ascorbic acid content,
and decreased the ascorbic acid content as compared to that of control
plants.

Number of fruits and fruit yield

Graph 4b and c clearly revealed that the plants treated with ZnO-NPs
had significantly higher fruits number and yield at harvest. ZnO-NPs (50
ppm) greatly increased fruit numbers per plant (21.1%) and fruit yield
(19.4%) over their respective controls.
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Discussions

Nanotechnology is a one of the new discipline and NPs have become
a centre of attraction for researchers due to its exclusive physico-chemical
properties compared to their large particles (MONICA and CREMONINI
2009). Zn used in various functions like protein synthesis, membrane
activity, elongation of cell etc. (CAKMAK 2000). In recent years scientist
work in the field of nanotechnology and try to increase the crop productiv-
ity through changes in physiological and biochemical parameters. In
plants, NPs increased crop productivity by alteration in photosynthetic
machinery, biochemical and growth parameters. This increment mainly
based on the concentration of NPs and its size (KHODAKOVSKAYA et al.
2012). Therefore, the present study was undertaken.

In the present study the value of growth biomarkers (root & shoot
length, leaf area, fresh and dry masses of plants and leaf area) increased
significantly when exposed to the ZnO-NPs. Application of ZnO-NPs could
enhance the rate of photosynthesis of the plants, which leads the increased
cell division and ultimately enhanced the biomass of the plant (ALLOWAY
2004). However, this study is further corroborated by the study of MAR-
SCHNER (1993), where ZnO-NPs increased the values of shoot length, root
length, shoot and root biomass in Cyamopsis tetragonoloba plant. Alongthis
various other researchers also confirmed the present observations (PAN-
DEY et al. 2010, PRASAD et al. 2012, SEDGHI et al. 2013, MUKHERJEE et al.
2014, RAMESH and TARAFDAR 2014, RASKAR and LAWARE 2014, FAIZAN et
al. 2018) on various other crops. The chlorophyll content in leaves was
measured as an indicator of the plants photosynthetic performance. ZnO-
NPs (50 ppm), treated plant leaves showed maximum increase in chloro-
phyll content (SPAD value; Figure 2b). It is hypothesized that ZnO-NPs
involved in the enhancement of transcription and/or translation, this leads
the increase chlorophyll content in plants, and more efficiently for the syn-
thesis of photosynthetic pigments which increased the rate of photosyn-
thesis (Figure 5). This statement is corroborated by the study of AN et al.
(2008), where NPs treatment increased the chlorophyll content in Aspara-
gus plant. In sustainable agriculture routine, NPs arbitrate changing
mechanism, need to additional investigation.

The photosynthetic machinery is the back bone of plant system; there-
fore if any enhancement in photosynthesis occurs due to ZnO-NPs, the
related attributes such as gs, E and Ci will also increases. In this observa-
tion, photosynthetic machinery shows irregularity in contrast with differ-
ent treatments of ZnO-NPs. Application of ZnO-NPs increased the forma-
tion of chlorophyll pigment and encourages Ribulose 1,5-bisphosphate
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carboxylase (Rubisco) activity which stimulates the photosynthetic rate in
plants. Moreover NOJI et al. (2011) suggested that silica nano particles
obligated with PS IT and induce constant performance of oxygen evolving
reactions of photosynthetic machinery, signify the light directed transport
of electron to quinine molecules from water. NOJI et al. (2011) also sug-
gested that complexity of PS II have potential to form photosensors and
imitated photosynthetic system. In this study, photosynthetic efficiency
increased by the combined effect of all these altered processes (Figu-
res 2¢—f). Higher activity of photosynthetic system in plants would lead
the higher yield of the plants (Figure 5).

In this study it was found that foliar application of different concentra-
tions of ZnO-NPs treatment enhanced the photosynthesis and related
attributes along with the CA activity (Figure 3a). There are several factors
which determine the activity of CA, like hormonal signalling, light inten-
sity, availability of Zn and regulation of genetic expression of the tran-
scripts (TIWARI et al. 2005). Moreover, ZnO-NPs enhanced the assimila-
tory rate of CO,, which are helpful to increase the CA activity. This can be
supported by the result of Faizan et al. (2018) where ZnO-NPs treatment
enhances CA activity in tomato. SiO,-NPs also improve the photosynthetic
rate by improving activity of CA (SIDDIQUI et al. 2014, XIE et al. 2012).
Nitrate reductase is a primary enzyme in nitrate assimilation pathway
and plays a role as a limiting factor of plant growth and development. NR
activity provides an excellent estimation of N, amount in plant and is rel-
evant to plant development and yield (SRIVASTAVA 1980). In above obser-
vation ZnO-NPs increased the activity of NR at certain concentration
(Figure 3b). The total content of organic N, and head nitrogenous metabo-
lites enhanced quantitatively during higher supply of NO; in plants, this
is reflected on increased plant growth and development (BOSE and SRIVAS-
TAVA 2001). It is hypothesized that ZnO-NPs enhanced the activity of NR
enzyme and NOjy uptake, this leads to higher growth and yield of the
plant (Figure 5). Alongthis, the increase in chlorophyll content and CA
activity by the application of ZnO-NPs enhanced the rate of photosynthe-
sis, which finally increased the overall growth to the plants (Figure 5).

Plant yield depends on the ability of plant to adapt various types
of environmental adversities, which mostly cause oxidative stress. Envi-
ronmental stresses stimulate the formation of reactive oxygen species
(ROS) in plant cell and cause dangerous oxidative damage in plants, which
ultimately inhibit the growth and development of the plant (CAVERZAN et
al. 2016). To overcome the production of ROS, plant produces several
enzymes i.e. CAT, POX and SOD (CAVERZAN et al. 2016). However, appli-
cation of ZnO-NPs considerably increased the formation of antioxidant
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enzymes (Figure 3c—e) as compare to the non-treated plants. It is believed
that increased activity of antioxidant enzymes is due to Zn, which main-
tain the protein and biomembranes stability which balance the production
of scavenging ROS (KHAN et al. 1998). In stressed condition plant accumu-
late compatible solute i.e. proline. This solute is highly soluble and non-
toxic. Proline provides protection against stress by maintaining cellular
osmotic adjustment. ZnO-NPs increase the accumulation of proline in
plant cell (Figure 3f) by conversion of glutamate into proline. It is hypoth-
esized that ZnO-NPs increased the phosphorylation of glutamate, and this
glutamate reduced into glutamic-5-semialdehyde (GSA) through the
enzyme D1-pyrroline-5-carboxylate synthetase (P5CS), and randomly
catalyzed into pyrroline-5-carboxylate (P5C). This P5C finally reduced
into proline (Figure 5). Protein protects the plant cell from potential oxida-
tive damage. Application of ZnO-NPs in tomato plants enhanced the con-
tent of protein through the activation of transcriptional and/or transla-
tional processes (Figure 4a). These results are lined with the earlier find-
ings of RALIYA and TARAFDAR (2013) and MUKHERJEE et al. (2016), where
treatment of ZnO-NPs increases the protein content in cluster bean and
green pea respectively.

ZnO-NPs treated plants had higher level of lycopene and S-carotene in
the mature fruits, over their respective controls (Figure 4d—e) and 50 ppm
of ZnO-NPs proved best. Unlike lycopene and f-carotene the treatment
(50 ppm) significantly decreased the ascorbic acid content in the fruits. It
assumes that the increasement in lycopene and S-carotene is due to the
ethylene-mediated alteration. A similar observation was found (KOLE
et al. 2013) in bitter melon, in which they found an increase of 82% lyco-
pene by carbon based fullerol NPs. Number of fruits and fruit yield ele-
vated by the treatments of ZnO-NPs (Figure 4 b—c). The best concentration
was noted to be the feeding of 50 ppm. The fruit bearing capacity of the
plants is mainly determined by the density of the flowers retained in
the plant (ZHAO et al. 1987). Therefore, higher yield of plants could be due
to the better flowering and fruit development and improved photosynthetic
rate (Figure 5).

Conclusion

The present study provides some important clues about the physiolog-
ical role of ZnO-NPs in plants. NPs promote the photosynthetic rate and
antioxident system of tomato plants at different concentrations. Out of the
concentrations tested (0, 10, 50, 100 and 200 ppm); 50 ppm ZnO-NPs
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increased the efficiency of photosynthesis and enhanced the antioxidant
system of the tomato plants more significantly. Beyond this concentration,
response was not very promising. The highest concentration tested
(200 ppm ZnO-NPs) had an adverse effect on growth of tomato plants, and
therefore should be considered as a toxic concentration. Consequently, it is
concluded that 50 ppm ZnO-NPs is the preferred concentration to be used
for enhancement of plant growth and development.
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Abstract

In the counteract pathogenic fungi, alternative methods of plant protection are becoming
more and more important, using both antagonistic microorganisms and vegetable active
biological substances. The purpose of the work was to determine the effect of dried three plants
on the growth and development of 8 species of phytopathogenic fungi, economically important
(Botrytis cinerea, Fusarium avenaceum, F. culmorum, F. oxysporum, F. solani, Monilinia
fructigena, Sclerotinia sclerotiorum, Trichothecium roseum). For fungi cultures, the method
of poisoned substrates was used, in which macerates of plants in a concentration of 2% and 5%
were added to the glucose-potato substrate (PDA). The experiment was carried out for two weeks
in duplicate. The growth of mycelium and the ability to form spores were assessed. The research
shows that plant additives have a different degree of impact on the studied phytopathogens.
The most effective turned out to be cinnamon, which completely inhibited the growth of all
the fungi examined. The presence of the antagonistic fungus 7Trichoderma viride has definitely
influenced the development of the studied fungi. In all cases, the rapid growth of 7. viride
mycelium was noted and inhibition of phytopathogenic fungal growth.

Introduction

In modern agriculture, according to the integrated plant protection in
force since 2014, in the fight against phytopathogens, biological methods
of plant protection are becoming increasingly important. These methods
use natural antagonistic mechanisms between microorganisms: antibio-
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sis, competition and parasitism, as well as phytoncides present in plants.
Therefore, research on alternative and effective plant protection agents
focuses on the search for antagonistic microorganisms secreting antibiotic
substances, volatile compounds and lytic enzymes, as well as plant resis-
tance inducing agents (SANTOS and MARQUINA 2004, EL-TARABILYA and
SIVASITHAMPARAMB 2006, MATYJASZCZYK and SOBCZAK 2011, WALKOWIAK
and KRzZYSKO-LUPICKA 2014), thus inhibiting the growth of pathogenic
microorganisms. Important biological agents with antibiotic, competitive-
ness and parasitic abilities include Trichoderma (KASHYAP et al. 2017).
Numerous studies prove different efficacy of these fungi (T. harzianum
Rifai, T. koningii Oudem., T. viride Pers.) in relation to numerous phyto-
pathogens (WOJTKOWIAK-GEBAROWSKA 2006). Therefore, biopreparations
are available on the market based on Trichoderma spp. (BRIAN and HEM-
MING 2008), which can be successfully used, among others in greenhouses,
in crops under covers, conducted using conventional methods as well as in
organic crops. Recent studies show on this subject is also focused on sub-
stances of plant origin (KRECIDLO and KRZYSKO-LUPICKA 2017). The com-
pounds contained in various species of plants — phytoncides, have been
known for a long time as a natural passive chemical defense against phy-
topathogens (KOZEOWSKA 2007). Numerous of them with fungistatic prop-
erties have been used to develop biological agents, such as Biosept 33
based on grapefruit seed extract or Bioczos based on garlic (SZOPINSKA et.
al. 2007, MARJANSKA-CICHON and SAPIEHA-WASZKIEWICZ 2010, ZYDLIK
2008). However, new, effective plant compounds are still being sought for
acting against numerous dangerous pathogenic fungi.

The aim of the work was to determine the effect of three plant addi-
tives with different concentrations, as well as the influence of the Tricho-
derma viride saprotrophic fungus on the growth and development of sev-
eral species of phytopathogenic fungi, economically important.

Material and Methods

Eight fungal species were selected for the study: Botrytis cinerea
(Pers.), Fusarium avenaceum (Fr.) Sacc., F. culmorum (W.G. Sm.) Sacc.,
F. oxysporum (Schltdl), F. solani (Mart.) Sacc., Monilinia fructigena
(Honey), Sclerotinia sclerotiorum (Lib.) de Bary and Trichothecium roseum
(Pers.) Link. The strains were isolated from diseased crop plants (pump-
kin, apple, carrot, wheat, vines). For the isolation of fungi the method of
moist chambers was used, to which sick parts of plants were laid out. After
24h, in order to obtain pure cultures, fungal isolates were passaged onto
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standard PDA medium used in phytopathological diagnostics (MARCIN-
KOWSKA 2003). In order to carry out the experiment, cultures were carried
out in petri dishes using the poisoned substrate method. The dry mass
of three plant species: mint (Mentha), cinnamon (Cinnamomum) and
English herb (Pimenta dioica), were added to 15 ml of liquid PDA medium
in two variants:

— 2% concentration: the substrate PDA prepared in 3 flasks was suc-
cessively added mint, cinnamon, allspice (2 g of dry matter/100 ml of
medium);

— 5% concentration: the substrate PDA prepared in 3 flasks was suc-
cessively added mint, cinnamon, allspice (5 g of dry matter/100 ml of
medium).

The experiment was carried out in a few repetitions and in 2 variants.

Dry mass were obtained by grinding the dried parts of plants in a sterile
mortar until fine dust was obtained. The control sample consisted of iso-
lates of the tested fungal species sown on a PDA medium without herbal
additives. In order to determine the effect of saprotrophic Trichoderma
viride, the tested species of phytopathogenic fungus and 7. viride were
placed next to each other on Petri dishes with PDA substrate. The Petri
dish with isolates was sealed with parafilm. The experiment was carried
out for two weeks, in duplicate, at room temperature of 22°C. During daily
observations, the diameter of the mycelium was measured and the time of
spore formation was recorded. For this purpose, preparations from Ger-
lach’s culture were made. Under sterile conditions, pieces of adhesive tape
with a length of about 3 cm were prepared and imprints of grown mush-
room colonies were made. This material was transferred to the primary
slide, with the adhesive side up, a drop of blue with lactofenol applied and
covered with a coverslip. The preparations were viewed under an OLYM-
PUS Bx4 optical microscope.

On the basis of the obtained results, the percentage of mycelial growth
inhibition was calculated according to the formula:

KO_F-100

pzw =
0

where :

pzw — percent inhibition of growth;

K, — diameter of the culture in the control combination (culture covering the whole

pan);

F — diameter in combination with plant additive.

The given values were averaged.
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Results and Discussions

Different effects of plant additives on the development of the fungi
studied were found. In all cases, total inhibition of mycelial growth was noted
by the addition of cinnamon at a concentration of 2% and 5% (Table 1).

Percentage of growth inhibition (pzw) of the fungi examined on the substrate with plglib o
additives
Herbal Cinnamon English herb Mint
additives
Species 2% 5% 2% 5% 2% 5%
of fungi
B. cinerea 100% 100% 55% 100% 7% 100%
F. avenaceum 100% 100% 68% 100% 2% 55%
F. culmorum 100% 100% 66% 100% 44% 10%
F. oxysporum 100% 100% 44% 81% 1% 50%
F. solani 100% 100% 31% 81% 22% 44%
M. fructigena 100% 100% 66% 100% 83% 100%
S. sclerotiorum 100% 100% 7% 66% 44% 55%
T. roseum 100% 100% 44% 77% 33% 66%

Available literature indicates that the ground cinnamon bark is fungi-
static and bactericidal. It results from the oil substances contained in it —
mainly cinnamon oil (ZOHREH et. al. 2011, PIEKUTOWSKA 2017), which
includes cinnamaldehyde. Research conducted in 2005, by JHAM et. al.,
showed that cinnamaldehyde is the main fungicide of cinnamon bark,
while other components addively or synergistically affect the total fungis-
ticity of cinnamon. Similar results were obtained by other scientists test-
ing the effectiveness of cinnamon bark extracts in inhibiting the growth of
fungi of the genus Fusarium. The largest inhibitory effect, in vitro and in
vivo, using cinnamon was recorded by EL-MOUGY and ABDEL-KADER
(2007).

The addition of English herb (5%) to four fungal species was also suc-
cessful: Botrytis cinerea, Fusarium avenaceum, Fusarium culmorum and
Monilinia fructigena. The most important phytoncide contained in fruits
of English herb is essential oil, which consists of: eugenol (60—80%), meth-
yl-eugenol (20-30%), feldenne, cineole, cariophylene and palmitic acid
known for its antimicrobial and antifungal properties (CZERWINSKA and
PIOTROWSKI 2005, BERTHOLD-PLUTA and KURZYNSKA 2010).
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The weakest fungistatic properties were observed in the case of mint,
the addition of which (5%) inhibited the growth of only B. cinerea and
M. fructigena (Figure 1, Figure 2). Mint leaves contain about 3% essential
oil, tannins, phenolic acids, triterpenes, carotenoids and flavonoids.

8
_ 6 B PDA + cinnamon 2 %
Ea PDA + mint 2%
2 B PDA + English herb 2%
0
Y &
& N &
& ¢ & & e
ot o & £ Fog
q '00 ¥ 0’55 < s\(‘)’ c,\é N <°

B PDA + cinnamon 5%
PDA + mint 5%
B PDA + English herb 5%

Fig. 2. Effect of vegetable additives (5%) on PDA substrate for mycelium development

Contained in the essential oil — menthol, has strong antimicrobial
properties. Some authors claim that this oil affects the growth of mycelia
of yeast-like and mold fungi (KUSIAK et. al. 2010), and also inhibits the
production of mycotoxins, e.g. ochratoxin A by Aspergillus parasiticus
(FERDES and UNGUREANU 2012). Studies carried out by FERDES and
UNGUREANU (2012) showed a strong effect of peppermint oil on inhibiting
the growth of F. oxysporum mycelium, which was not observed in our own
studies. This is probably due to the fact that FERDES and UNGUREANU
(2012) used a pure, extracted peppermint oil in which the concentration
of active compounds was very high, which had an effect on inhibiting the
growth of the Fusarium fungi tested. However, the higher concentration



112 Karolina Nowacka et al.

of dried mint leaves added to the medium increased the degree of mycelial
growth inhibition of the phytopathogens tested. EJECHI et. al. (1997) also
drew a similar conclusion, stating the effectiveness of biopreparations
with increasing their concentration.

The antagonistic effect of Trichoderma viride on the development
of the fungi studied was found. The largest was demonstrated in the case
of F. solani, whose diameter of the mycelium was only 1 cm (pzw = 88%). In
the remaining species, the percentage of mycelial growth inhibition ranged
from 66% to 82%. The exception was F. culmorum mushroom, which in the
presence of T. viride developed abundant mycelium (pzw = 44%) — Figure 3.
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Fig. 3. Effect of Trichoderma viride on PDA substrate for fungal growth

Trichoderma viride is a rhizosphere species. Its antagonistic effect on
pathogens results from aggressive competition for nutrients and space, as
well as from the production of various active substances that inhibit the
growth of other pathogens. These substances include lytic enzymes that
interact with antibiotics (WOJTKOWIAK-GEBAROWSKA 2006).

An inhibition of spore growth was observed in 3 examined fungal spe-
cies. The addition of 5% English herb delayed the formation of Fusarium
solani spores by 6 days and at F. oxysporum by 3 days compared to the
control. In the case of the addition of 5% mint, the delay in spore formation
was noted in M. fructigena, whereas in F. avenaceum no fungal spores
were observed in the presence of this plant supplement. In the remaining
species studied, forming conidial spores, their formation was not inhibited
compared to the control.
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Conclusions

Summing up, the results obtained in the conducted study indicate the
different properties of fungistatic compounds contained in plants. The
most effective was the addition of cinnamon, which already at a concentra-
tion of 2% completely inhibited the growth of mycelium of the tested iso-
lates. Further research should be directed to the use of this herbal supple-
ment as an available biological agent in the protection of plants against
phytopathogens. T. viride significantly reduced the growth of mycelium of
all tested fungi, with the exception of F. culmorum.

Translated by KAROLINA NOWACKA
Accepted for print 17.09.2018
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Abstract

The paper presents the qualitative composition of the fatty acids in the selected fish oil
available on the Polish pharmaceutical market. Determination of the fatty acids composition was
performed by gas chromatography (GC-FID). The results showed that all the tested fish oil
composition contained essential fatty acids (EFA). All tested fish oils were characterized by high
content of fatty acids from the group of n-3 and n-6. Differences in the composition of fatty acids
in the tested fish oil were observed. The Norwegian fish oil was the richest in n-3 acids, i.e.
eicosapentaenoic acid (34.43%) compared to the other samples tested: Icelandic fish oil (7.95%);
Scandinavian fish oil (7.01%); Norwegian lemon fish oil (8.34%); kaps fish oil (7.95%); Norwegian
fish oil forte (10.90%) and Scandinavian multi-tabs fish oil (6.11%). The highest share of acids
from the group EFAs ie. linoleic acid n-6 (6.07%) and a-linolenic acid, n-3 (1.02%) was found in
Scandinavian multi-tabs fish oil.

Introduction

Until the end of the 19tk century, it was thought that the only and the
most important role of fats in the body is the supplying of energy. Fats also
have many other important functions, i.e. facilitate the perception of taste
and food swallowing; inhibit stomach cramps and secretion of acidic gastric
juice; they build cell membranes in the white mass of the brain; protect
against excessive heat loss (as subcutaneous fat); stabilize the kidneys
and other organs inside the body (as organ fat); provide essential fatty
acids, from which tissue hormones regulating processes in the cells of
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various parts of the body are produced; determine the efficiency of the car-
diovascular system by increasing the blood flow through the coronary ves-
sels of the heart; affect the condition of the skin and hair and are a carrier
of some vitamins (A, D, E, K), facilitating their absorption from food (MAR-
CINIAK-LUKASIK and KRYGIER 2004).

An important role in the proper development and functioning of the
human body act essential fatty acids (EFAs) from the series n-3 and n-6.
They should be provided in the diet because they are not produced by the
human body. Among them, the following are considered to be basic:
a-linolenic acid (C18:3) from the n-3 family, which is a precursor of eicosa-
pentaenoic acid (EPA) and docosahexaenoic acid (DHA) and linoleic acid
(C18:2) from the n-6 family as a precursor of arachidonic acid (AA) (MATE-
RAC at al., 2013). The rich source of these acids are fish products, seeds and
nuts and fats obtained from them.

n-3 fatty acids

Polyunsaturated fatty acids (PUFA) from the group of n-3 and n-6 are
part of the phospholipids of cell membranes and their quantitative rela-
tion depends on the proportion in the diet. These acids are released from
the phospholipid material for the synthesis of eicosanoids: prostaglandin
(PG), prostacyclin (PGI), tromboksants (TXA), leukotrienes (LT). The
health effects of EFAs are due in large part, to the effects of the activity
of eicosanoids — tissue hormones. EPA and DHA influence on various
metabolic effects in the human body. EPA affects the cardiovascular sys-
tem by the synthesis of eicosanoids. DHA is an important structural com-
ponent of the nervous tissue, especially the brain and retina cortices. Also
it has an important role during development of the nervous system that
occurs in early childhood and foetal life. Too low level of DHA in the diet
of women may shorten the period of pregnancy, and may lead to low birth
weight of the child. Mother’s milk is the source of EPA and DHA for young
children, and their content depends mainly on diet and ranges from 0.05%
to 0.7% and even 1.9% at women which consume large amounts of fish.
Scientific reports show that low intake of DHA affects the lower intelli-
gence rate. Declining with age D4 desaturase enzyme activity leads to the
inhibition of the synthesis of DHA and of disorders of the central nervous
system of the elderly. Therefore, an adequate level of intake of n-3 DHA is
especially important for the elderly people. In addition, the beneficial
effects of DHA 1is the prevention of stress, depression and aggression
(THIES et al. 2001, COREY et al. 2015, SZPONAR et al. 2007).
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Significant action in the human body show the long-chain fatty acid
forms (LC PUFA). The beneficial effect of n-3 LC PUFA on the functioning
of the human body were observed for the first time in the 1970s. DYERBERG
et al. (1975) conducted experiments among Greenland Eskimos have
observed a very low incidence of cardiac diseases, psoriasis, cancer, allergy
and lack of atherosclerosis in this population compared to the population
of Denmark. An important fact is that the Eskimo diet is rich in choleste-
rol due to the high consumption of fish and marine mammals, and includes
few fruits and vegetables, which were considered the main dietary risk
factors for cardiovascular disease. Analysis of the results confirmed that
the health effects are combined with a high level of n-3 LC PUFA in the
diet. The fat fish and marine mammals are particularly rich in n-3 LC
PUFA. Despite the health benefits of n-3 acids, their excessive consumption
may lead to the development of certain health disorders such as: lengthe-
ning the bleeding time and the formation of bruising, blood clotting disor-
ders, and the development of type II diabetes and most of all severity of
lipid peroxidation within the body, especially the LDL-cholesterol fraction.

Fortification of food with n-3 acids

N-3 LC PUFA are obtained from fishes in the form of oil. The term
“fish oil” is quite extensive, and its composition may vary depending on:
the species of fish, their age, time and place of fishing and area of life. It is
assumed that all marine fish, in particular fatty fish, have a significant
content of n-3 LC PUFA. This includes some predatory species of freshwa-
ter fish (eg. from the salmonid family). The most important raw materials
for the production of fish oil are: cod (langoustine), herring (menhaden),
anchovies, mackerel, tuna and salmon., Two types of fish oil are obtained
on an industrial scale. The first one are tissue oils obtained by extrusion
of overcooked fish raw material, and the second are obtained from fish
livers such as fish cod liver oil. They are the main source of vitamin A and
D. Fish oil is used for the production of dietary supplements and is a rich
source of squalene and alkylglycerols. Formerly, fish oil was considered as
a by-product in the production of fishmeal. In industrial conditions, fish oil
1s subjected to hydrogenation. This process extends durability and chan-
ges its state from liquid to solid. Hydrogenation saturates the double bonds
and causes the loss of health-promoting properties of LC PUFA. Fish oil
used for the production of supplements and food additives shouldn’t be
subjected to a hydrogenation process.
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International Society for the Study of Fatty Acids and Lipids recom-
mends the consumption of n-3 fatty acids up to 0.65¢ DHA and EPA acid
per day (at least 0.22 g per day). The ratio of n-6 to n-3 in the diet should
be 4: 1 (MARCINIAK-LUKASIK 2011). Low fish consumption is observed in
highly developed countries. For this reason, fish oil rich in long-chain n-3
PUFA is added to food products. Alternative sources are currently being
sought of n-3 acids, e.g. from Crypthecodiniumcohnii microalgae cultures,
which oil contains 40% DHA (with a small amount of other unsaturated
fatty acids). This DHA source is called DHASCO. Food and Drug Admini-
stration qualified these products as GRAS (Generally Recognized as Safe)
(MATERAC et al. 2013).

Food enriched in n-3-acids are produced in South Korea, Japan,
European Union USA, Australia and Canada on industrial scale. In 1995
the first products with the addition of EPA and DHA appeared in Europe.
The Spain offered a wide range of such products. Mainly used are prepara-
tions of n-3 acids to enrich fats for spreading bread, pastas, breakfast cere-
als, milk desserts, meats, confectionery, cottage cheese, eggs, milk, yogurt,
bread, salad dressings, food concentrates, mayonnaise and instant pro-
ducts. In highly developed countries food with n-3 and n-6 acids appeared
for pregnant women in the form of bars and for school-aged children (milk
and bars). Research is still ongoing on the use of fish oil preparations for
production: milk products, fruit juices, oils, sausages, smoked and seaso-
ned products (MASZEWSKA and GANKO 2010, COLDER 2001).

Inadequate diet and pace of life causes deficiencies of appropriate
nutrients in the human body. An alternative to supplement such deficien-
cies is supplementation, which of course can’t to replace a well-balanced
diet. Fish oils contains large amounts of n-3 and n-6 fatty acids as well as
fat-soluble vitamins. It has a positive effect on the body, especially on the
teeth, eyes, cardiovascular system, immune system and improves concen-
tration. That is why fish oils are recommended by dieticians or doctors in
order to supplement everyday menu with valuable active ingredients.
Introducing new products rich in n-3 fatty acids may contribute to incre-
asing the share of these acids in the diet (COREY et al. 2015, SZPONAR et al.
2007).

The aim of this study was to evaluate the qualitative composition
of fatty acids in selected fish oils available on the Polish pharmaceutical
market.
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Materials and Methods

Determination of fatty acids

The material for research were 7 selected fish oils available on the
Polish market. The characteristics of the trans containing the manufactu-
rer’s code (indicated by symbols A to G), the trade name and declared com-
position of the most important fatty acids shown in Table 1.

Table 1
Characteristics of selected fish oils
Declared composition in one capsule
(ca. 0.69 g)
Producent The name of fish oils DHA "EPA . .
code — docosa- | — eicosapen- vit. A vit. D
hexaenoic | taenoic acid [ng] [ng]
acid [mg] [mg]
A Icelandic fish oil 28 21 110 1.5
B Scandinavian fish oil 57.5 46.5 120 1.45
C Norwegian lemon fish oil 30 20 125 5
D kaps fish oil 110 90 300 2.5
E Norwegian fish oil 38.5 31.5 105 0.9
F Norwegian fish oil forte 108 146.5 250 5
G multi-tabs Scandinavian fish oil 70 50 120 1.25

About 100 mg of fat samples were weighed into glass ampules (20 ml
capacity). A volume of 0.1 ml of hexane solution of internal standard (hep-
tadecanoic acid — 10 mg ml'!) was added to the extract (KOWALSKI 2007).
Fat saponification and fatty acid esterification (with a 14% solution of BF3
in methanol) were performed in accordance to previously described proce-
dures (Animal and vegetable... PN-EN ISO 12966-1:2015-01, Animal and
vegetable... PN-EN ISO 12966-2:2011, KOWALSKI 2009).

GC was performed with Varian GC 450 gas chromatograph equipped
with a flame-ionization detector FID. The fatty acids methyl esters were
separated on 30 m X 0.32 mm X 0.25 pm film of Select™ Biodiesel for
FAME. A temperature gradient was applied (200°C for 10 min, then
incremented by 3°C/min to 240°C, 240°C for 5 min) The injection port and
detector temperatures were 250°C and 300°C; split ratio 1:50; Flow: carrier
gas (helium) — 28 ml min."!, detector supply (hydrogen) — 30 ml min."1,
detector supply (synthetic air) — 300 ml min."!; flow rates have been adju-
sted so that the ratio of gas flows (column + carrier gas): (detector supply):
(air) was 1:1:10.
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Quantitative analysis was performed with the method of internal noxr-
malisation, assuming that the sum of surface areas of peaks was 100%.

All tests were performed in triplicate.

Data were analyzed by analysis of variance (Duncan’s test) at 5%
significance level using the SAS statistical system (SAS Version 9.1, SAS
Inst., Cary, N.C., U.S.A)).

Results and Discussion

Table 2 presents the results of the content of selected fatty acids in the
tested fish oils.

The Figure 1 shows the percentage of n-3 and n-6 acids in the tested
fish oils.

It has been shown that all of the tested fish oils in the composition
contained a significant proportion of EFA with linoleic acid LA and
a-linolenic ALA. The highest content of these fatty acids as compared to
other characterized Scandinavian fish oil “G”, respectively: LA acid —
6.07% and ALA — 1.02% acid. In contrast, the lowest content of these fatty
acids was observed in Norwegian fish oil “F” i.e. LA — 1.28% and ALA —
1.11%. The remaining fish oils were demonstrated the following concen-
trations of LA and ALA respectively:

— Icelandic fish oil (A) — 2.57% and 1.06%;

— Scandinavian fish oil (B) — 1.6% and 1.03%;

— Norwegian lemon fish oil (C) — 2% and 1,01%;

— kaps fish oil (D) — 3.45% and 1.41%;

— Norwegian fish oil (E) — 3.18% and 1.37%.

GRELA and DUDEK (2007), confirmed that LA was dominant in the
group of n-6 fatty acids in the meat of selected marine fish species. BAKES
and NICHOLS (1995) showed in fish o1l from shark liver oil the presence of
LA in the share of 1.4%, while there no ALA acid was found. In fish oil, the
percentage of LA was 1.43% and ALA 0.17% (GUIL-GUERRERO and BELARBI
2001). In other studies, no ALA was found and LA concentration was 1.6%
(THORSTEINN et al. 2016). For comparison, in vegetable oils, ie., soybean,
corn, sunflower, grape seed is from 55.07 to 65.90% linoleic acid (CICHOSZ
and CZECZOT 2011). The above results show that oils obtained from fish
are not a good source of these acids in comparison to vegetable oils.

The test fish oils are characterized by a high proportion of oleic acid,
1.e. from 13.84% for F'to “26.67” for A. The fishes are a source of oleic acid,
for example 9.11% was found in carp fat and 8.89% in salmon fat, 6.23% in
salmon fat, 11.6% in herring oil (LUCZYNSKA et al. 2011). GRELA et al. (2010)
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Fig. 1 Percentage of n-3 and n-6 acids in the tested fish oils labeled with letters A to G * the
designations are given in accordance with Table 1

confirmed that the lipids of carp and bream were dominated by oleic acid
32.63% and 20.9% respectively, while in pike fat 17.4%. For shark liver oil,
BAKES and NICHOLS (1995) have demonstrated its presence in the amount
of 48.8%, whereas in fish oil, GUIL-GUERRERO and BELARBI (2001) showed
in the composition of 14.5% oleic acid content. This result are similar to
the obtained value for F. Higher content of oleic acid in fish oil was given
in the work of THORSTEINN et al. (2016) at the level of 16.3%. Oleic acid is
a fatty acid common in our diet and no deficiency is observed. A good source
of oleic acid are vegetable oils such as olive o1l (68.76%), rapeseed oil
(57.14%) and animal fat — lard (43.20%).

Figure 2 shows percentage of n-3 and n-6 acids in the tested fish oils in
relation to the composition declared by the manufacturers. The compo-
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Fig. 2. Percentage of n-3 and n-6 acids in the tested fish oils in relation to the composition declared
by the manufacturers * the designations are given in accordance with Table 1
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sition of the tested fish oils and the content of n-3 acids (DHA and EPA)
declared by the producers was mostly consistent with the results of the
analysis (Figure 2). Fish oil A according to the quantitative declaration for
DHA and EPA acid should contain respectively 8.32% and 7.95%. In the
present work were obtained for slightly higher levels of DHA — 10.18% and
a similar concentration of EPA — 7.64%. In this study was obtained similar
levels to the declared by the manufacturers contents of DHA and EPA acid
for fish oils B, C, D and G. However, in fish oils E and F, lower levels than
those reported by the manufacturers were found. According to the manufac-
turer fish oils £ and F should contain respectively 24% and 45%. The obta-
ined results of the analysis are at the level of: 10.9% E and 34.43% F.
The variable acid content may be due to the raw material from which
the fish oils were obtained. According to KRIS-ETHERTON et. al. (2003) fat
content in tissues of various fish species depends not only on the sex, but
also on the season and age of the individual.

Fish oil is the main source of long-chain n-3 PUFAs in the diet. It was
found that the PUFAs: EPA and DHA acid have the better beneficial effect
on the health due to the prevention of cardiovascular disease than a shor-
t-ALA acid (RUXTON et al. 2003, STEPHENSEN 2004). KOLANOWSKI (2007)
and KOLODZIEJCZYK (2007) report that fish, including fish oils, are the best
source of polyunsaturated fatty acids n-3. The studies showed a high con-
tent of EPA acid. The highest content of EPA acid in respect of the others
was found in the Norwegian fish oil forte F' — 34.43%. In other fish oils
observed comparable amount of the acid in the range of 7.01% to 10.90%.
CIicHOSZ and CZECZOT (2011), indicated the presence of EPA and DHA
acids only in fish oil. LUCZYNSKA et al. (2011) showed the highest content
of DHA acid in trout muscles (14.5%), in salmon muscle tissues and carp,
this acid was present in the amounts respectively of 9.93 and 3.39%. Accor-
ding to HALILOGLU et al. (2002) trout are the best sources of DHA (19.17%)
and EPA acid (3.07%) compared to other fish species. According to GRELA
and DUDEK (2007), the group of n-3 in the meat of marine and freshwater
fish are dominated by DHA and EPA acids. GRELA et al. (2010) showed the
presence of DHA and EPA acids in poultry meat respectively (16.01%) and
(13.64%) and in pike meat (15.73%) and (13.64%). BAKES and NICHOLS
(1995) for fish oil, showed the presence of DHA and EPA acids respectively
in 7% and 0.7%. GUIL-GUERRERO and BELARBI (2001) in fish oil showed
that the amount of DHA acid in the study was 10.7% and EPA acid 8.89%.
These values are similar to those obtained during the above analysis.
THORSTEINN et al. (2016) observed a slightly higher content of these acids,
in the amount of 9.6% — for EPA acid and 12.5% for DHA acid.
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The analysis of the average diet of Europeans and Americans, too low
intake of fatty acids from the n-3 family is observed, mainly DHA and EPA
acids (MASZEWSKA and GANKO 2010). In many developed countries, the
consumption of these acids is on average 0.15 g per day and is below the
recommended level (THAUTWEIN 2001, KOLANOWSKI et al. 2004). The use
of a daily diet of foods enriched with fish fats or using supplementation
prevents the deficiency of nutrient DHA and EPA in the human body.
The source of ALA from the n-3 group are leafy vegetables and oils, i.e.
linseed, rapeseed and soybean, which are commonly found in our menu.
However, the source of EPA and DHA acids are greasy sea fish, which can
be replaced with encapsulated fish oils.

The obtained results confirm that acids in the n-3 family dominate in the
fish oils. This is particularly evident for example, Norwegian fish oil forte “F”,
which contained fatty acids from the group n-3 in the amount of 53.44%
(Figure 1). According to the FAO/WHO, the recommended dose of polyene
acids (PUFA) in a healthy diet in daily nutrition is (5—-10): 1 (n-6: n-3) (MAR-
CINTAK-LUKASIK 2011). Although there is no established reference rela-
tionship, it is recommended to aim for the maximum consumption of ome-
ga-3s in relation to omega-6 (KOSCIEJ et al. 2017). Appropriate amount
of DHA acid in the diet can be provided by eating fatty fish such as her-
ring, sprat and salmon 1-2 times a week. Recent research results show
that early fish consumption promotes the development of immune tole-
rance andreduces the risk of allergies (SZAJEWSKA et al. 2014).

The fatty acid composition of all the analyzed fish oils were similar.
However, individual deviations from the declared composition were repor-
ted, where the percentage of EPA and DHA acids differed from the others.

Summary and Conclusions

It was observed that manufacturers declare higher levels of fatty acid
content compared to the results obtained during the analysis. The compo-
sition of the selected fish oil declared by the producers didn’t differ slightly
in the results obtained. The studies showed that all the fish oil are charac-
terized a high content of acids from the group of n-3 and n-6. Fish oil had
a higher content of n-3 acids than n-6. The average value was higher
4 times compared to the other tested fish oils. The content of other acid

were at a similar level.
Accepted for print 19.11.2018
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Abstract

The aim of this research was to assess the possibility of using matcha green tea powder in
the production of corn puffs, as well as to determine its impact on the quality features of the
extrudates.

The research material consisted of corn puffs (without and with 1%, 3% and 5% addition of
matcha green tea powder) obtained by the extrusion process under laboratory conditions. The
aim of the research was realized by examining the mass, geometrical characteristics, hardness
parameters using the Universal Testing Machine (Instron) and color using Digital Image
Analysis of the extrudates. In addition, moisture and water absorption capacity of finished
products and raw materials were determined.

It was shown that matcha green tea powder causes a significant extension of the products
(with simultaneous effect on reducing the width), the lower share of the additive also affects the
increase of their weight and volume. Matcha green tea powder changes the strength
characteristics of corn puffs, primarily increases their hardness, which consequently leads to
deterioration or even disappearance (5% addition) of elasticity and flexibility. On the basis of the
obtained results, it can be concluded that 1-3% addition of matcha green tea powder to corn
puffs not influence significantly on the quality features, and may be use in extrusion process to
obtain a product with an attractive green color and probably a higher nutritional value.
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Introduction

A snack is a small portion of food that is often eaten between meals.
Nowadays, consumers want snacks to be tailored to their needs and
requirements (PEKSA et al. 2007). The use of extrusion in the food industry
enables the creation of a new range of products, definitely other than
potato chips and pretzels that dominate the food snacks market (CISNEROS
and KOKINI 2002). Corn puffs are very popular among consumers both
adults and kids, the intake is about 21% of the total snacks consumption
(MRUK and TELEZYNSKA 2009). They are most often made from corn or rice
grits and are liked by consumers due to their characteristic sensory and
physical characteristics (PASTOR-CAVADA et al. 2011). Corn puffs are char-
acterized by small size, various shapes and also have a crisp texture.
In addition, extrudates are completely microbiologically safe and can also
be stored for a relatively long period of time due to their low moisture con-
tent (FILLI and NKAMA 2007).

The production process of extruded snacks consists of several stages,
including mixing of ingredients (according to the recipe), material dispens-
ing, extrusion with appropriate parameters adapted to the type of snacks
(also shaping the final product using molding dies) and possibly drying the
products to the appropriate moisture content for safe storage. The produc-
tion of corn puffs is carried out at moisture content of the raw materials
of 14-17% and at temperatures above 100°C, which allows to obtain
a crunchy consistency of product as a result of rapid evaporation of water
(M1TRUS and WOJTOWICZ 2011). Unfortunately, the nutritional value
of extruded products, including corn puffs, is relatively low, this causes
attempts to be made to enrich the products with nutrients using various
additives (PEKSA et al. 2007). Currently, cereals and vegetable additives
such as amaranth, pumpkin, flax, and dry legume seeds are very popular
(CHAVEZ-JAUREGUI at al. 2003). In addition, the production of corn puffs
also uses protein preparations obtained from whey, soy, yeast, or potato
(MIKOLAJCZAK 2016, PEKSA 2006), vitamin preparations and fiber (BIS-
HARAT et al. 2013).

Matcha or matcha green tea is becoming increasingly popular product
among consumers (TOWNSEND et al. 2011). It is obtained from the plant
Camellia sinensis, which is grown in areas with mild climatic conditions
and in shady places. Three to four weeks before harvest, the plants are
almost completely shaded, which improves the quality of tea as a result
of prolonged puberty (COOPER et al. 2005). Matcha tea is a valuable source
of phenolic compounds (WEISS and ANDERTON 2003), among which the cat-
echins dominate (they constitute 80% of all polyphenols). In addition,
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59% of all catechins consist of epigallocatechin gallate (EGCG), which is
the most widespread and bioactive polyphenol in green tea (COOPER et al.
2005, Koo and NOH 2007). WIGHTMAN et al. (2012) found that EGCG can
reduce heart rate and the level of oxygenated hemoglobin, SCHOLEY et al.
(2012) showed that it increases calmness and reduces stress, and the last
studies of other authors clearly indicate its antiproliferative effect in can-
cer cells (DU et al. 2012).

Besides polyphenols, matcha tea contains significant amounts of free
amino acids (mainly L-theanine, accounts about 50% of the total amino
acids), and caffeine (WEISS and ANDERTON 2003). Studies with a dose
of L-theanine in an amount of 200—-250 mg showed that it affects mood,
alertness, mental fatigue, relaxation and anxiety level (GOMEZ-RAMIREZ et
al. 2009, ROGERS et al. 2008). While caffeine, which is a stimulant all over
the world, increases blood pressure (BARRY et al. 2005), affects cognitive
functions (EINOTHER et al. 2010), and also provides better performance,
motivation and concentration in a short time (PAULUS et al. 2015).

Research on the use of matcha green tea powder in food products are
taken to a small extent (DIETZ et al. 2017). The technology of extruded
products production allows the use of various raw materials that have
a positive effect not only on nutritional and sensory elements of products,
but also can cause significant and not always beneficial changes in their
physicochemical properties (PASTOR-CAVADA et al. 2011). The aim of this
research was to assessment of the possibility of using matcha green tea
powder as an additive in the extrusion process, as well as its impact on
selected quality features of corn puffs such as water absorption capacity,
mass, color, geometrical and strength characteristics.

Materials and Methods

Corn grits (Krupiec, Krzyméw, Poland) and matcha green tea powder
(Taheebo, Michatowice, Poland) were purchased in one of the supermar-
kets in Olsztyn. Both products were characterized by the current date
of shelf life, appropriate organoleptic characteristics, and until the extru-
sion process they were stored in a dry, cool and darkened place.

Corn puffs (without any addition, and with 1%, 3%, 5% share of mat-
cha green tea powder) were obtained by extrusion process using an
extruder type S45A-12-10U (Metalchem, Gliwice, Poland) with a power of
10 kW and efficiency of 10 kg h'l, whose basic working element was a cyl-
inder (length 12.0 mm, nominal diameter 15.0 mm) connected to the dis-
charge nozzle (diameter 4.5 mm). The extrusion process was carried out at
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constant operating parameters: the cylinder temperature distribution pro-
file was 105°C/130°C/110°C, the screw rotation was 80 rpm (revolutions
per minute). Fresh extrudates were cooled (4 h at 19+2°C and relative
humidity of 54+2%), packed in plastic bags and stored in cool and dry place
until analyzes.

In raw materials (corn grits, matcha green tea powder) and corn puffs,
the moisture content using the thermal research chamber KBC-100 W type
(Wamed, Warsaw, Poland) according to the Polish Standard (Chrupki —
metody... PN-A-88034:1998P) and water absorption capacity in accordance
with the method given by EKIELSKI et al. (2013) were determined.

The mass of individual corn puffs was determined by weight using the
laboratory weighing machine type PS600.3Y (Radwag, Radom, Poland),
the volume by placing corn puffs in the cylinder, which was filled with
a constant volume of amaranth seeds and read from the scale of the differ-
ence in volume, and geometrical features such as length and diameter
were measured using a caliper. The specific density of corn puffs was
determined by the weight-to-volume ratio of individual extrudates (MORSY
et al. 2014). Based on the results of geometrical characteristics, the shape
factor — elongation as the quotient of the length to the diameter of the
product, as well as the expansion index as the quotient of the corn puff
diameter to the diameter of the extruder nozzle were calculated (MORSY
et al. 2014). The mechanical properties (displacement, hardness, energy
compression) were determined by a Universal Testing Machine 4301 type
(Instron, Massachusetts, USA), and the uniaxial compression test of indi-
vidual product was used. The breaking stress was evaluated as the force
divided by the cross-section area of corn puffs (LEE at al. 1999), while elas-
ticity index as the product of strength (hardness) and displacement. The
color of corn puffs (Figure 1) was measured with a Digital Image Analysis
set and expressed in CIE L*a*b* color system (TANSKA et al. 2011). Images
were acquired with a Nikon DXM-1200 (Nikon Instruments, Melville,
USA) charge coupled device (CCD) color camera. Based on average values
of CIE L*a*b* parameters for samples with green tea powder additive and
control sample, estimated such color attributes as a total color difference

Fig. 1. Cross-section of obtained corn puffs: @ — control; b — with 1% matcha green tea powder
addition; ¢ — with 3% matcha green tea powder addition; d — with 5% matcha green tea powder
addition
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(according to the equation given by TANSKA et al. (2017), a color saturation
parameter (AC) and a saturation index (SI) (according to the equations
given by GALUS and LENART 2012).

The results of all analyses (were made in five repetitions) were ana-
lyzed using Statistica 13.1 PL software (StatSoft, Krakéw, Poland). The
differences between the means were determined using analysis of vari-
ance (ANOVA) at a significance level a = 0.05 with Tukey’s test.

Results and Discussion

Table 1 shows the values of basic parameters such as moisture and
water absorption capacity for raw materials (corn grits, matcha green tea
powder) and obtained corn puffs.

The highest moisture was characterized by corn grits (12.76%). The
use of the extrusion process and matcha green tea powder additives (mois-
ture was 7.04%) significantly affected (p < 0.05) the moisture of the
obtained products, reducing the moisture by an average of 5% in relation
to the basic raw material (corn grits). The moisture content of corn puffs
with matcha green tea powder additions were lower (7.02—7.80%) than the
moisture of control corn puffs (7.98%) and were characterized by a positive
correlation according to the share of the additive used.

Table 1
Basic characteristics of raw materials and obtained corn puffs
Corn puffs
Parameter | Corn grits Matcha green P
tea powder control 1% MP 3% MP 5% MP
Mo[ljt]ure 12.769+0.33 | 7.049£0.00 | 7.98%+0.01 | 7.02%:0.28 | 7.17¢:0.13 | 7.80°+0.33
0
Water

absorption | 239.52/+0.59 | 282.939+0.88 | 365.19:0.73|391.475+0.78| 405.299+0.84 | 276.36¢+0.20
capacity [%]

MP — matcha green tea powder addition; a, b, c... — average values in lines with the same letter
are not significantly different at p > 0.05

Corn grits was characterized by the lowest water absorption capacity
of the analyzed products and amounted to 239.52%. The water absorption
capacity of control corn puffs was 365.19%, while the use of 1% and 3%
matcha green tea powder additives resulted in almost 30 and 40% increase
in water absorption capacity of the obtained products, respectively (signif-
icant differences, p < 0.05). The addition of 5% matcha green tea powder
had similar water absorption capacity as raw materials, in particular mat-
cha green tea powder (282.93%).
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Matcha green tea powder is characterized by low moisture content,
which can affect the low values of this parameters in obtained corn puffs.
Moisture content in obtained corn puffs is typical for brittle and crunchy
extruded products obtained from cereals. Similar values were found for
crispbread (GONDEK et al. 2013, JAKUBCZYK et al. 2015), breakfast extru-
dates with a varied composition (CHANVIER et al. 2014) and many other
products. According to literature data, this moisture content is optimal
from the point of view of storage stability (GONDEK et al. 2017).

The water absorption capacity index is a measure of the ability to
absorb and maintain water by samples. It depends to a large extent on the
applied temperature of thermal processing during the production of snacks
and the water content in raw materials (GAMBUS et al. 2000). The research
only partially confirms the accepted statement that corn puffs produced
with a large share of starchy raw materials in the recipe show the greatest
ability to absorb and retain water (WOJTOWICZ and BALTYN 2006). A con-
firmation of this thesis is only a variant with 5% matcha green tea powder
additive, where the share of corn grits (as a source of starch) account for
95% in whole product and ensures lower value of the water absorption
capacity index than corn puffs (100% of corn grits in whole products).

Geometric characteristics of corn puffs were highly varied (Table 2). The
largest mass (1.28 g) was obtained for corn puffs with 3% and 5% matcha
green tea powder additions. This mass was more than 2-fold higher than for
the control corn puffs and puffs with 1% matcha green tea powder additive.
Different results were observed in the volume analysis, the largest volume
was characterized by the control corn puffs and puffs with 1% and 3% mat-
cha green tea powder additions (5.16-5.40 cm?). Puffs with 5% addition had
the smallest volume, which was only 1.68 cm? and was 3-fold lower than the
control corn puffs (significant difference, p < 0.05). Densities of products,
which were estimated as the quotient of mass and volume, showed a rising
tendency (higher share of additive means higher density of products).
According to this statement, the highest specific density was characterized
by corn puffs with 5% matcha green tea powder additive (0.77 g cm™).

The use of 5% matcha green tea powder resulted in a significant
increase in length (4.64 cm) and a simultaneous reduction in the width
(0.60 cm) of products. Similar observations were noted for 3% matcha green
tea powder addition, where the length was 4.29 ¢cm and the width was
1.42 cm. The dimensions for the control corn puffs and puffs with 1% addi-
tive of matcha green tea powder slightly differed from each other (p > 0.05).

Analysis of parameters such as elongation and expansion ratio, which
estimated on the basis of length and width, showed that the additives used
in the research also influenced their values. In the case of elongation, matcha
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green tea powder addition of 3% and 5% significantly increased its value
(p < 0.05), which was 2.4-(3% additive) and 6.2-fold (5% additive) higher
than for the control corn puffs (1.25). However, the same additions resulted
in a reduction of expansion ratio by almost 30 (3% additive) and 70% (5%
additive), while expansion ratio was the highest for the control corn puffs
and amounted to 4.07.

Table 2
Mass and geometrical characteristics of obtained corn puffs
Geometrical characteristics Corn puffs
Control 1% MP 3% MP 5% MP
Weight [g] 0.530+0.01 0.570+0.01 1.289+0.12 1.289+0.06
Volume [cm?] 5.409+0.34 5.169+0.30 5.38%+1.70 1.680+0.25
Specific density [g cm™] 0.10°+0.01 0.11¢+0.00 0.265+0.10 0.779+0.10
Length [cm] 2.279+0.08 2.52¢4£0.07 4.29+0.11 4.649+0.13
Width [cm] 1.839+0.02 1.640+0.04 1.42¢+0.08 0.609+0.00
Elongation [-] 1.259+0.04 1.54¢+0.06 3.00%+0.12 7.779%+0.16
Expansion ratio [-] 4.079+0.00 3.645+0.03 3.14¢+0.02 1.339+0.00
MP — matcha green tea powder addition; a,b,c... — average values in lines with the same letter are

not significantly different at p > 0.05 1 aPle 2

To sum up, the addition of matcha green tea powder increases the mass
and density of corn puffs, and at the same time reduces their volume. The
obtained corn puffs are also longer and thinner than the control corn puffs.

The expansion index indicates the degree of starch degradation in the
product. The value of the expansion index depends on the type and amount
of gelatinized starch, on the type and amount of additional raw materials,
as well as on the extrusion conditions. The use of additives may contribute
to a change in the temperature of starch gelatinization, which directly
affects its expansion. The higher starch gelatinization index causes
a higher value of the expansion index and contributes to a product with
higher porosity and thinner pore walls (BISHARAT et al. 2013).

The addition of the largest amount (5%) of matcha green tea powder
causes a reduction in the value of the expansion index. Literature data
show that this effect may be caused by a higher share of protein and fiber
fractions in the obtained product (STOJESKA et al. 2008).

The use of matcha green tea powder additions influenced the hardness
parameters of corn puffs (Table 3). Analysis of the results showed a rela-
tion between the share of matcha green tea powder addition and the indi-
vidual elements of hardness (a higher addition of matcha green tea powder
resulted in higher values of individual parameters, p < 0.05).
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Table 3
Strength characteristics of obtained corn puffs
.. Corn puffs
Strength characteristics
control 1% MP 3% MP 5% MP
Displacement [mm] 3.480+0.54 2.83¢+0.61 2.219+0.36 4.169+0.06
Hardness [N] 41.109+1.66 62.00°£1.85 | 126.300+2.39 | 1005.109+2.96
Energy compression [md] 108.50¢+£3.24 150.40%£1.21 245.600+1.34 | 1105.229+6.45
Breaking stress [MPa] 9.749+0.34 13.93+0.96 20.13b+1.42 354.82%+1.88
Elasticity index [N mm)] 153.45¢+3.44 181.63b+1.07 162.96°£2.45 | 4111.469+3.06

MP — matcha green tea powder addition; a, b, c... — average values in lines with the same letter

are not significantly different at p > 0.05

Parameters such as hardness (41.10 N), energy compression (108.50 mdJ),
breaking stress (9.74 MPa) and elasticity index (153.45 N mm) were the
lowest for the control corn puffs. The use of matcha green tea powder in an
amount of 1% and 3% resulted in an increase in the value of individual
parameters (p < 0.05), from 43% (1% addition for breaking stress) to even
126% (3% addition for energy compression). The most visible changes were
observed for the highest matcha green tea powder addition in the amount
of 5%. In this case, energy compression increased 10-fold, hardness and
elasticity index 25—-27-fold, and breaking stress up to 36-fold compared to
control corn puffs (significant differences, p < 0.05). Slightly different
results were obtained with regard to displacement. The addition of matcha
green tea powder in the amount of 1% and 3% reduced the value of dis-
placement by almost 20% for 1% additive and almost 38% for 3% additive
in comparison to the control sample (3.48 mm). The significant increase
(p <0.05) was found only for corn puffs with 5% share of matcha green tea
powder (4.16 mm).

Hardness is a parameter very often determined during the examina-
tion of food products. In the evaluation of extruded products, this is one of
the most important decisive factors in their consumption suitability. The
value of this parameter in extruded products should be as small as possi-
ble, which affects the high brittleness of products (SUROWKA 2000).

The use of matcha green tea powder additive in the extrusion process
results in an increase the hardness of the products, the significant differ-
ences at level of p < 0.05 are only present at the highest addition (5%). The
literature data show the impact of production parameters and the compo-
sition of raw materials on the hardness of products. For example, FORNAL
(1998) reports the hardness of extrudates with 10% of casein addition from
47 N to 86 N. Whereas RZEDZICKI (1999) states that extrusion with oat
components up to 20% allows obtaining a high quality product with
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increased hardness of extrudates. A similar effect was observed by other
authors who used various types of fiber (KITA et al. 2002) and protein
preparations (PEKSA et al. 2007).

Corn puffs without matcha green tea powder were the most flexible,
which indicates their high ability to return to their original shape after
stopping the deforming force. Matcha green tea powder contributed to the
lower elasticity and flexibility of obtained corn puffs. The products with
the highest addition (in amount of 5%) were characterized by very high
values of these parameters, which results in the destruction of their struc-
ture during the compression test (no ability to return to the origin form),
additionally they have a solid and hard structure (high values for hard-
ness, breaking stress, energy compression).

One of the most important distinguishing features of the product,
which are decisive for acceptance by the consumer, is color. Different sys-
tems and color models are used to define it, but the CIE L*a*b* model is
the most popular. Parameter L* denotes brightness [%], parameter a*
defines green (negative values) or red (positive values) color and b* defines
blue (negative values) or yellow (positive values) color. The constituent
values of the CIE L*a*b* model for the obtained corn puffs are presented
in Table 4.

Negative values obtained for the a* parameter indicated the green
color of the tested puffs. The highest share of greenness was observed for
corn puffs with 5% matcha green tea powder addition (-6.46). The values
for other variants were similar (p > 0.05) to each other ((-8.74) (-8.28)). The
b* parameter was characterized by positive values, which was directly
related to the occurrence of yellow color in the corn puffs. The most yellow
color was observed for the control corn puffs (29.38) and puffs with 1%
matcha green tea powder addition (29.46). The lowest value of this param-
eter was found for corn puffs with matcha green tea powder in the amount
of 5% (almost 33% compared to the control sample). Analysis of the bright-
ness parameter (L*) did not show significant differences between the con-
trol corn puffs and puffs with 1% matcha green tea powder additive. The
least light were puffs with 3% matcha green tea powder (78.29%) and with
5% matcha green tea powder (78.38%) additions (p > 0.05%).

Based on the constituent values of the CIE L*a*b* model, the differ-
ence in colors (AE) was determined by comparing the color of the control
corn puffs with particular puffs variants with the addition of matcha green
tea powder. In the discussion of results, the criteria given in ROJ and PRZY-
BYLOWSKI (2012) were used. Estimated values were in the ranges
2.44-11.78, which indicated the difference in color between the obtained
corn puffs and control corn puffs. The determined difference in color
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between the control corn puffs and corn puffs with 1% matcha green tea
powder was 2.44, which indicates a noticeable difference in color even for
an inexperienced observer (2 < AE < 3.5, according to ROJ and PRZY-
BYLOWSKI 2012). However, the significant differences (p < 0.05) was
recorded for the control corn puffs and corn puffs with 3% and 5% matcha
green tea powder additive (7.50 and 11.78, respectively), these values
show a large deviation of color (AE > 5, according to ROJ and PRZYBYLOWSKI
2012). Changes of color were also noticeable in the visual assessment
of the obtained products (Figure 1).

Color saturation (AC) is characterized by the distance from the center
of the system, the most saturated colors are on the outside, and the least
saturated ones are in the middle of the system (CZAPSKI 1997). The esti-
mated values of the color saturation parameter showed that the addition
of matcha green tea powder causes a gradual increase in the color satura-
tion of the tested extrudates (Table 4). The highest parameter value was
observed for corn puffs with 5% matcha green tea powder addition (10.08),
which indicates that the color of these corn puffs was more saturated (and
thus more vivid) compared to the color of the control sample (the distance
from the center of the system is large, the color directed towards the out-
side of the system). Whereas, 1% matcha green tea powder addition showed
a small impact on the value of color saturation parameter, the estimated
value for this variant was only 0.47 compared to the control sample.
In addition, the color of these corn puffs was close to the center of the sys-
tem (white color), which clearly indicated a light color (close to gray) and
low saturated (shades of gray characterized by lack of saturation).

Table 4
Color attribute of obtained corn puffs
Corn puffs
Color attribute

control 1% MP 3% MP 5% MP
L* [%)] 84.469+0.23 82.076+0.28 78.29¢+£0.16 78.38¢+1.02
a* [-] -8.285+0.26 -8.74+0.82 -8.396.¢£0.57 -6.46%+0.57
b* [-] 29.389+1.10 29.469+1.98 25.100+1.17 19.46¢+0.88
AE [-] - 2.44 7.50 11.78
AC [-] - 0.47 4.28 10.08
ST [-] 30.53 30.73 26.47 20.50

MP — matcha green tea powder addition; AE — total color difference between color attributes of
sample with matcha green tea powder and control sample; AC — color saturation parameter be-
tween color attributes of sample with matcha green tea powder and control sample; SI — satura-
tion index between color attributes of sample with matcha green tea powder and control sample;
a, b, c... — average values in lines with the same letter are not significantly different at p > 0.05
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The value of the saturation index (SI) for the control sample was 30.52
(Table 4). The use of matcha green tea powder addition during the produc-
tion of corn puffs resulted in a decrease in the value of saturation index,
excluding corn puffs with 1% matcha green tea powder additive (values
comparable to the control sample). In the other two variants, the decrease
in the saturation index value was noted by 13.30% (3% matcha green tea
powder additive) and 32.85% (5% matcha green tea powder additive).

Color is an important physical feature of the product, which has a sig-
nificant impact on the choice of the product by consumers. It can be
a source of information about the chemical composition of the product, its
suitability for consumption and the storage process (LUKASIEWICZ and
ZAPOTOCZNY 2012). It was shown that the color parameters (in extrudates)
change significantly even with small changes in the formula of mixtures
and may be an indicator of their composition (ZIELINSKI 2013).

The addition of matcha green tea powder influences the color of the
obtained products, which is mainly related to the dark and green color
of additive. These changes were visible primarily with the addition of 3%
and 5%, these results in a darker and greener color, as well as a lowering
the share of yellow color. PEKSA et al. (2015) studied the color of corn puffs
with various additives. They found that brightness of the corn puffs after
adding a mixture of flours containing powdered pumpkin resulted also in
a decrease in the brightness of the color from level L* = 78.77% to
L*=67.95% compared to the control sample. Research conducted by LUCAS
et al. (2018) showed that the addition of Spirulina sp. LEB 18 (in amount
of 2.6%) had a significant effect (p < 0.05) on the color of the extrudates.
The additive used by the authors resulted in a decrease in the values of the
L* and b* parameters, which determined the darker color of the snacks.
Similar tendencies were also found by TANSKA et al. (2017) during the
analysis of corn extrudates properties (including color) enriched with spir-
ulina.

The structure of corn puffs was porous, but its appearance depended
on the amount of the additive (Figure 1). The control corn puffs were char-
acterized by a small number of pores with thin walls (a). The use of mat-
cha green tea powder additive resulted in an increase in the number
of pores (b, ¢), and was also observed the presence of empty spaces filled
with air (c¢). A change in the thickness of pore walls was also visible (c, d).
The 5% addition of matcha green tea powder caused a compact structure
with small pores (d).
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Conclusions

The results obtained in this research indicate the possibility of using
matcha green tea powder as the additive in the extrusion process. How-
ever, the use of a larger amount of the additive (in this case 5%) resulted
in a dense and hard structure of corn puffs, which may mean the necessity
of using additional treatments, e.g. grinding, which will allow the product
to be used in direct consumption. Matcha green tea powder also changes
the taste of corn puffs causing a noticeable bitterness during the consump-
tion of the product which may result in a negative approach by consumers
with a rather sweet taste preference.

Matcha green tea powder addition affects the quality features of obtained
corn puffs:

1. The use of a small amount of additive (1% and 3%) affects the lower
water content, while ensuring greater water absorption capacity of the
final product.

2. Matcha green tea powder additions increase the mass and specific
density of corn puffs (a larger share of matcha results in a higher value
of these parameters), at the same time reduces the product volume (which
the most visible changes are at 5% additive).

3. The addition affects the geometric characteristics of corn puffs. The
obtained products are characterized by a gradual reduction in width, with
simultaneous effect on product elongation.

4. The obtained products have other strength characteristics than
control corn puffs. The addition of 5% matcha green tea powder signifi-
cantly increases the hardness of the product, as well as reduces its elastic-
ity and flexibility.

5. Matcha green tea powder additive affects the color of the final prod-
uct, with increasing the share of matcha green tea powder, the color of the
product becomes mimic and greener.

Translated by NATALIA MIKOLAJCZAK
Accepted for print 18.12.2018

Acknowledgment

The authors would like to thank dr hab. inz. MALGORZATA TANSKA, for
substantive and editorial assistance in the implementation of this rese-
arch.



The Impact of Different Matcha Green Tea Powder Additions... 139

References

BARRY R.J., RUSHBY J.A., WALLACE M.J., CLARKE A.R., JOHNSTONE S.J., ZLOJUTRO I. 2005. Caf-
feine effects on resting-state arousal. Clin. Neurophysiol., 116(11): 2693-2700.

BISHARAT G.I., OTKONOMOPOULOU V.P., PANAGIOTOU N.M., KROKIDA M.K., MAROULIS Z.B. 2013.
Effect of extrusion conditions on the structural properties of corn extrudates enriched with de-
hydrated vegetables. Food Res. Int., 53: 1-14.

CHANVRIER H., JAKUBCZYK E., GONDEK E., GUMY J. C. 2014. Insights into the texture of extruded
cereals. Structure and acoustic properties. Innov. Food. Sci. Emerg., 24: 61-68.

CHAVEZ-JAUREGUI R.N., CARDOSO-SANTIAGO R.A., PINTO E SILVA M.E.M., AREAS J.A.G. 2003. Ac-
ceptability of snacks produced by the extrusion of amaranth and blends of chickpea and bovine
lung. Int. J. Food. Sci. Tech., 38: 795-798.

Chrupki — metody badarn. PN-A-88034:1998P.

CISNEROS F.H., KOKINT J.L. 2002. A generalized theory linking barrel fill length and air bubble
entrapment during extrusion of starch. J. Food. Eng., 51: 139-149.

COOPER R., MORRE D.J., MORRE D.M. 2005. Medicinal benefits of green tea. Part 1. Review of non-
cancer health benefits. J. Altern. Complem. Med., 11(3): 521-528.

CZAPSKI J., LIMANOWKA-JACYGRAD D., MILLER A. 1997. Przewidywanie barwy mieszanin roztworéw
czerwonych barwnikéw buraka ¢wiktowego i karmelu. Zywn-Nauk. Technol. Ja., 4(13): 26-35.

DIETZ C., DEKKSER M., PIQUERAS-FISZMAN B. 2017. An intervention study on the effect of matcha
tea, in drink and snack bar formats, on mood and cognitive performance. Food. Res. Int., 99:
72-83.

EINOTHER S.J., MARTENS V.E., RYCROFT J.A., DE BRUIN E.A. 2010. L-theanine and caffeine im-
prove task switching but not intersensory attention or subjective alertness. Appetite., 54(2):
406-409.

EKIELSKI A., ZELAZINSKI T., FLORCZAK 1. 2013. Wplyw rozdrobnienia ekstrudatu na wskazniki
wodochtonnosci i rozpuszezalnosci w wodzie. Inz. Rol., 4: 79-89.

FILLI K.B., NKAMA 1. 2007. Hydration properties of extruded fura from millet and legumes. Food.
J., 109(1): 68-80.

FORNAL L. 1998. Ekstruzja produktéw skrobiowych — nowe wyroby. Pasze Przemyslowe, 3: 7-14.

GAMBUS H., GOLACHOWSKI A., BALA-PIASEK A., NOWOTNA A., SUROWKA K., MIKULEC A., BANIA M.
2000. Ocena jakosci ekstrudowanych chrupek z otrgb zbozowych. Zywn-Nauk. Technol. Ja.,
4(25): 55-63.

GALUS S., LENART A. 2012. Wptyw emulsji ttuszczowej na wartosci optyczne filmoéw serwatkowych.
Acta Agroph., 19(1): 29-36.

GOMEZ-RAMIREZ M., KELLY S. P., MONTESI J. L., FOXE J. J. 2009. The effects of L-theanine on al-
pha-band oscillatory brain activity during a visuo-spatial attention task. Brain Topogr., 22(1):
44-51.

GONDEK E., GAUZE J., JAKUBCZYK E., JANCZAR-SMUGA M., NOWAK D., STASIAK M., KAMINS-
KA-DWORZNICKA A., SAMBORSKA K. 2017. Wysokobtonnikowe przekaski zbozowo-warzywne —
analiza wybranych witasciwosci fizycznych i funkcjonalnych. Zesz. Probl. Post. Nauk. Roln.,
590: 15-27.

GONDEK E., JAKUBCZYK E., HERREMANS E., VERLINDEN B., HERTOG M., VANDENDRIESSCHE T.,
VERBOVEN P., ANTONTUK A., BONGAERS E., ESTRADE P., NICOLAI B. 2013. Acoustic, mechanical
and structural properties of extruded crisp bread. J. Cereal Sci., 58: 132—139.

GUANG-JIAN D., ZHIYU Z., XIA0-DONG W., CHUNHAO Y., TYLER C., CHUN-SU Y., CHONG-ZHI W.
2012. Epigallocatechin gallate (EGCG) is the most effective cancer chemopreventive polyphenol
in green tea. Nutrients., 4: 1679-1691.

JAKUBCZYK E., LINDE M., GONDEK E., KAMINSKA-DWORZNICKA A., SAMBORSKA K., ANTONIUK A.
2015. The effect of phytosterols addition on the textural properties of extruded crisp bread.
J. Food Eng., 167: 156-161.

KiTA A., PEKSA A., ZIEBA T., FIGIEL A. 2002. Influence of pellets moisture and dietary fibre addi-
tion on some potato snack properties. Acta Agroph., 77: 33—43.



140 Natalia Mikotajczak, Daria Anna Sobiechowska

KitA A., POPIELA-KUKUS K. 2010. Wplyw dodatku wyttokéw Inianych na wybrane wiasciwosci
smazonych chrupek ziemniaczanych. Acta Agroph., 16(1): 69-77.

Koo S. I., NoH S. K. 2007. Green tea as inhibitor of the intestinal absorption of lipids: Potential
mechanism for its lipid-lowering effect. J. Nutr. Biochem., 18(3): 179-183.

LEE E.Y., RYU G.H., LiM S.T. 1999. Effects of processing parameters on physical properties of corn
starch extrudates expanded using supercritical CO, injection. Cereal. Chem., 76: 63—69.

Lucas B.F., DE MORAIS M.G., SANTOS T.D., COSTA J.A. V. 2018. Spirulina for snack enrichment:
Nutritional, physical and sensory evaluations. LWT., 90: 270-276.

LUKASZEWICZ N., ZAPOTOCZNY P. 2012. Pomiar barwy w zywnosci. Laboratorium — Przegl. Ogdl-
nopolski., 7-8: 58-65.

MIKOLAJCZAK N. 2016. Wptyw wybranych dodatkéw na cechy jakosciowe chrupek kukurydzianych.
Ekologia i Technika, 24(3): 112-118.

MITRUS M., WOJTOWICZ A. 2011. Wybrane cechy jakosciowe przekqsek ekstrudowanych z dodat-
kiem skrobi modyfikowanych. Acta Agroph., 18(2): 335-345.

MORSY O.M., SHAROBA A.M., EL-DESOUKY A.I., BAHLOL H.E.M., ABD EL. MAWLA E.M. 2014. Pro-
duction and evaluation of some extruded food products using spirulina alga. Ann. Agric. Sci.
Moshtohor., 52: 329-342.

MRUK J., TELEZYNSKA K. 2009. Raport — rynek stodyczy i stonych przekqsek. Poradnik Handlowca,
http://www.poradnikhandlowca.com.pl/archiwum/10-2009,Rok-2009,29.html.

PASTOR-CAVADA E., DRAGO S.R., GONZALEZ R.J., JUAN R., PASTOR J.E., ALAIZ M., VIOQUE J. 2011.
Effects of the addition of wild legumes (Latyhyrus annuus and Lathyrus clymenum) on the
physical and nutritional properties of extruded products based on whole corn and brown rice.
Food. Chem., 128: 961-967.

PAULUS R., ROTH A., TITUS L., CHEN R., BRIDGES M. C., WOODYARD S. 2015. Impact of various caf-
feine vehicles on mood and cognitive, neurological and physiological functions over five hours.
Ohio. J. Sci., 115(2): 12-23.

PEKSA A. 2006. Ocena jakosci preparatéw biatka ziemniaczanego otrzymanych w réznych warunk-
ach technologicznych i ich przydatnosci w produkcji wyroboéw ekstradowanych. Rozprawy
CCXXXVIIT Akademii Rolniczej we Wroctawiu, 533: 1-101.

PEKSA A., RYTEL E., KAWA-RYGIELSKA J., GRYSZKIN A., ZIEBA T. 2007. Effect of protein pre-
paeations addition on prpoperties of potato snacks obtained from extruded semi-products. Pol.
J. Food. Nutr. Sci., 57: 429-435.

PEKSA A., RYTEL E., TAJNER-CZOPEK A., KITA A., DANILCENKO H., JARENIE E., FIGIEL A., LECH K.,
MIEDZIANKA J., DROZDZ W. 2015. Wplyw surowca i parametréw procesu na cechy sensoryczne
i fizyczne ekstrudowanych przekqsek. Zywn-Nauk. Technol. Ja., 3(100): 176-189.

ROGERS P. J., SMITH J. E., HEATHERLEY S. V., PLEYDELL-PEARCE C. 2008. Time for tea. Mood,
blood pressure and cognitive performance effects of caffeine and theanine administered alone
and together. Psychopharmacology, 195(4): 569-577.

ROJ A., PRZYBYLOWSKI P. 2012. Ocena barwy jogurtéw naturalnych. Brom. Chem. Toksykol.,
XLV(3): 813-816.

RZEDZICKI Z. 1999. Badania mozliwosci zastosowania surowcoéw owsianych do produkcji ekstru-
datéw spozywczych. Zywn-Nauk. Technol. Ja., 1(18): 214-223.

SCHOLEY A., DOWNEY L.A., CIORCIARI J., PIPINGAS A., NOLIDIN K., FINN M., WINES M., CATCH-
LOVE S., TERRENES A., BARLOW E., GORDON L., STOUGH C. 2012. Acute neurocognitive effects
of epigallocatechin gallate (EGCG). Appetite., 58(2): 767-770.

STOJESKA V., AINSWORTH P., PLUNKETT A., IBANOGLU E. 2008. Cauliflower by products as a new
source of dietary fibre, antioxidants and proteins in cereal based ready-to-eat expanded snacks.
dJ. Food. Eng., 87: 554-563.

SUROWKA K. 2000. Tekstura Zywnosci i metody jej badania. Przem. Spoz., 10:12-17.

TANSKA M., KONOPKA 1., KORZENIEWSKA E., ROTKIEWICZ D. 2011. Colour of rapeseed (Brassica
napus) surface and contamination by fungi during storage of dry and wet seeds. Int. J. Food.
Sci. Technol., 46: 2265-2273.



The Impact of Different Matcha Green Tea Powder Additions... 141

TANSKA M., KONOPKA 1., RUSZKOWSKA M. 2017. Sensory, physico-chemical and water sorption
properties of corn extrudates enriched with spirulina. Plant. Foods. Hum. Nutr., 2(3): 2560-257.

TOWNSEND D., MAITIN V., CHESNUT T., VATTEM D. 2011. Anti-retroviral activity of phytochemical
rich dietary ingredients: Herbs, spices, fruits and matcha (green tea). Faseb. J., 25(1 suppl.):
350-352.

WEISS D.J., ANDERTON C.R. 2003. Determination of catechins in matcha green tea by micellar
electrokinetic chromatography. J. Chromatogr. A., 1011(1): 173-180.

WIGHTMAN E.L., HASKELL C.F., FORSTER J.S., VEASEY R.C., KENNEDY D.O. 2012. Epigallocate-
chin gallate, cerebral blood flow parameters, cognitive performance and mood in healthy hu-
mans: A double-blind, placebo-controlled, crossover investigation. Hum. Psychopharm. Clin.,
27(2): 177-186.

WOJTOWICZ A., BALTYN P. 2006. Ocena wybranych cech jakosciowych popularnych przekqsek
ziemniaczanych. Zywn-Nauk. Technol. Ja., 2(47): 112-123.

ZIELINSKI T. 2013. Wplyw dodatku gryki na zmiany barwy ekstrudatu kukurydzianego. Post.
Techn. Przetw. Spoz., 2: 25—-30.






POLISH JOURNAL OF NATURAL SCIENCES
Abbrev.: Pol. J. Natur. Sc., Vol 34(1): 143-156, Y. 2019

THE IMPACT OF POLLEN ON THE HEALTH STATUS
OF ANIMALS AND HUMANS

Maria Michalczyk, Rajmund Sokot

Department of Parasitology and Invasive Diseases
University of Warmia and Mazury in Olsztyn, Poland

Key words: pollen, health, bee, animals, humans.

Abstract

Pollen is collected by worker bees from different plant species. This is a special product, rich
in biologically active substances, that comprises food for larvae in bee colony. Chemically, it
consists of approx. 250 chemical compounds, especially A, B, C, D and E vitamins, proteins,
amino acids, fatty acids, as well as flavonoids, sterols, simple and complex sugars, and micro-
and macronutrients such as potassium, calcium, magnesium, phosphorus, iron. Due to very
diverse chemical composition and properties, pollen has been used for many years in natural
medicine, but may be an allergen due to its composition. Standardized extracts of pollen
positively affect the immune system, which consists of the activity of white blood cells and other
forms of transmitters functioning in systemic blood and lymph. However the cross intake with
drugs for these diseases shoud be carried out with precautions to avoid serious interactions.

Introduction and objective

In botanical terms, pollen is composed of male reproductive cells, pro-
duced by the plant in anthers (part of the stamens). This product, in the
form of pollen load (bee pollen) or bee bread (stored inside the hive and add
with honey) is the base food for the offspring (larvae) in the bee colony. To
use bee pollen as food or as a complement in the diet is most valuable
when it comes from as many various plant species as possible given, like
this, the major variety of compounds. Its chemical composition depends on
the season, in connection with the flowering phases specific to various
plant species as well as on the soil fertility, the soil moisture and the
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weather conditions during anthers’ formation and maturation. While col-
lecting pollen, worker bees mix it with a small amount of the secretion
from their salivary glands. Then, pollen is put in baskets, located on the
third pair of legs, and transported to the hive. Finally, pollen is placed in
the comb cells (MALERBO-SOUZA 2011).

Pollen (bee pollen) in the form of the so-called pollen load or bee bread
1s successfully used in apitherapy and alternative medicine because of its
diverse composition and chemical properties. As a dietary supplement it is
an important alternative solution to standard treatments for many dis-
eases (YILDIZ et al. 2013, DENISOW et al. 2016, KUMARI et al. 2016, BAZMAN-
DEGAN et al 2017). However, until now the scientific data available is not
enough to consider this product as safe to be considering a drug. Increas-
ingly, doctors, patients, as well as animal owners, acknowledge diets based
on natural products and bee pollen follows that tendency because the tra-
ditional use in certain countries. A number of positive effects of pollen
have been proven so far, effective against fungal, bacterial and viral dis-
eases, as well as anti-inflammatory and immune-stimulating properties
(KROYER et al. 2001, ALMARAZ-ABARCA et al. 2004, KOCOT et al. 2018).
Nevertheless, in the majority of the cases, the activity is dependent of the
floral source and the quality control of the product wil be the only way to
assure that correspondance with the potential bioactivity. Propolis and
bee pollen extracts are used instead of the raw substance due to the fact
that they contain higher amounts of bioactive components. The properties
of the extract depend strongly not only on the solvent used but also on
extraction conditions, that is, time and temperature as well (KIM et al.
2015, DENISOW et al. 2016, PASUULETTI et al. 2017) . Pollen is collected
from various species of plants by worker bees and the selection of the spe-
cies involved in the mixtures collected are difficult. This natural product is
rich in biologically active substances and more research should be carried
out to assure the efficacy, safety and quality control required for the World
Health Organization. In apitherapy, a way of treat peoplewith bee prod-
ucts such as honey, propolis, pollen or bee venom are used in the treat-
ment and prevention of various diseases. These products should be safe as
all the others used in medicine. (KOMOSINSKA-VASSEV et al. 2015, OLCZYK
et al. 2016). Many scientific studies have confirmed a wide spectrum
of pollen properties, for example: nourishing, detoxification, antisclerotic,
antibiotic and anti—inflammatory (MOREIRA et al. 2013, WEI et al. 2017,
KocorT et al. 2018). However, to complete a full analysis a scarce essays
were carried out to assure the safety of the product despite various coun-
tries have already legislation to assure the quality control of the product
in the market
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Description of the state of knowledge

In chemical terms, pollen contains approx. 250 substances and chemi-
cal compounds, especially B vitamins (thiamine, riboflavin, niacin, panto-
thenic acid, pyridoxine, inositol, cyanocobalamin) and pro-vitamin A in the
form of B-carotene, ascorbic acid (vit. C), calciferol (vit. D) and tocopherol
(vit. E), 22.7% protein (albumin, globulin, glutelin, prolamin) and protein
enzymes, 10.4% amino acids (aspartic acid, threonine, serine, glutamic
acid, proline, glycine, alanine, valine, methionine, isoleucine, leucine,
tyrosine, phenylalanine, histidine, lysine, arginine, cystine and trypto-
phan), fatty acids (saturated acids: myristic, palmitic, stearic, arachidic
and unsaturated fatty acids: oleic acid, linoleic and a-linolenic acid) and
flavonoids 1.4% (mainly kaempferol, quercetin and isorhamnetin), sterols,
simple and complex sugars and micro- elements such as potassium, cal-
cium, magnesium, phosphorus, iron, sodium and zinc (RZEPECKA-STOJKO
et al. 2015, PANCHE et al. 2016). Phospholipids represent 1.5%, phytos-
terols 1.1% and phenolic compounds 1.6%. The detailed chemical composi-
tion of pollen depends on the plant type, geographical origin, climate con-
ditions, soil type and even the breed of bees (NOUGEIRA et al. 2012, SILVA
et al. 2014). Furthermore, the color, shape (round, cylindrical, triangular)
and weight of grains of pollen depend on the plant species from which it is
collected (ALMEIDA-MURADIAN et al. 2005, ARRAEZ et al. 2007, Campos et
al. 2003, 2008, KEDZIA et al. 2005, KHALIL et al. 2010, LEJA et al. 2012,
SARIC et al. 2009, SHUBHARANI et al. 2013, Xu et al. 2009). Some studies
have shown that the content and properties of bee pollen are dependent on
the kind of its plant source and the conditions of the plants growing for
example like soil and climate (FEAS et al. 2012, PASCOAL et al. 2014).

Research has confirmed a broad spectrum of pollen properties. For
example, pollen as a potential as analgesic agent thanks to the content of
ethanol extracts obtained from a pine species growing in Korea (Pinus
densiflora), CHOI et al. (2007), have demonstrated its antinociceptive
effects. They administered intragastrically to mice, these extracts in
a dose of 100 and 200 mg/kg b.w. an hour before testing for analgesic activ-
ity. They have proved that these extracts were characterized by potent
antinociceptive properties comparable with aminopyrine (a standard pain-
killer).

Moreover, anti-angiogenic properties of pollen were study. The angio-
genesis is a process of formation of blood vessels from a primary endothe-
lialand increases the supply of nutrients, growth factors and molecular
oxygen to sites damaged or renewed during such processes as pregnancy,
menses, wound healing and revascularization of ischemic tissues. How-
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ever, an excessive angiogenesis (neovascularization) is characteristic
of rheumatoid arthritis, atherosclerosis or retinal vascularization (IZUTA
et al. 2009). IZUTA et al. (2009) considered the effect of the pollen of two
plants: Cistus ladanifer and C. albidus (grey-leaved cistus) on angiogene-
sis of endothelial cells of human umbilical vein (HUVEC). They found that
the ethanolic extract is characterized by potent anti-angiogenic properties,
i.e. inhibiting angiogenesis. They also found that humans receiving the
pollen showed a 30% reduction of the ability of blood platelets to aggregate
and a reduction of the level of lipids and cholesterol from 30 to 20%. This
therapeutic potential of C, ladanifer and C. albidus bee pollen should be
study in further research, however the hemorrhagic side effect due to the
reducing of platelets aggregation need to be controlled.

SIAFAKA-KAPADAI et al. (1986) also demonstrated that a glyceryl ether
fraction obtained from the Pinus halepensis pollen by chromatography
showed anti-platelet aggregation properties. The fraction at a concentra-
tion of 4.5 pmol 1'! inhibited in vitro aggregation of a rabbit’s blood platelets
induced with an activating factor (PAF) at a concentration of 1.5 nmol 1-1.
This bioactivity as a potential for prevent atherosclerotic events but,
as mentioned above, the precaution with the hemorrhagic side effect is
crucial for the success of further investigatios.

Antiatherosclerotic properties preventing ischemic myocardial disease
and strokes in humans receiving the pollen were carried out by KEDZIA
et al.(1994) and SZCZESNA et al. (1999) among others. Patients with multi-
ple atherosclerotic arteries and advanced myopia and partial optic nerve
atrophy showed a reduction of the levels of serum cholesterol as well as an
increased field of view and stabilization of visual acuity after administra-
tion of the pollen (MACHOY-MOKRZYNSKA et al. 1992). In several studies
on animals, pollen bioactive substances improved liver function (UZBE-
KOVA et al. 2003). KLARIC et al (2018) determined the influence of dietary
supplementation with propolis and bee pollen on liver pathology in broiler
chickens. The control group of chickens received a basal diet, the experi-
mental groups of chickens were fed with the same diet further supple-
mented with bee pollen and propolis. Researchers showed that the clusters
of lymphocytes in the hepatocytes, the vacuolar degeneration and necro-
sis of the liver parenchyma, the bile ductile hyperplasia, and the various
forms of pathological changes in the liver arteries and veins were more
frequent in liver tissue samples of the control group compared to liver tis-
sue samples of all the experimental groups. KLARIC et al. (2018) suggested
that the supplementation of broiler chickens with bee pollen and propolis
has a strong protective effect on liver pathology in broiler chickens.
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The protective properties of pollen against ionizing radiation and its
anti-platelet activity with regard to blood platelets as well as inhibiting
the production of lipofuscin pigment in experimental animals have also
been described. WANG et al. (1987) y-irradiated with a dose of 7-8 Gy
(grays) a group of mice fed with standard diet, and another group whose
feed with a diet contained pollen. The experiment showed that in the group
of mice whose feed contained pollen, the mortality rate reached 23.3%,
while in the other group, with no pollen added to the diet, the mortality
rate was in a range of 83.3% .

The consumption of pollen also has an effect on the production of lipo-
fuscin. As an organism ages, a brown pigment (lipofuscin) accumulates in
the cells. This accumulation is directly proportional to age. LIU and LI
(1990) have demonstrated a significant reduction in concentration of lipo-
fuscin in the myocardium, liver, brain and adrenal glands of mice fed with
pollen as compared to the levels found in animals which were not receiving
pollen. They have proved that the pollen slows down aging processes of
animals (LIU et al. 1990).

Through the presence of phospholipids, pollen can protect the body
against hepatosis (functional disorder of the liver), thus against the devel-
opment of atherosclerosis. Phospholipids found in pollen, as lipotropic fac-
tors, inhibit the accumulation of lipids in hepatocytes, and protect the
body against hepatosis. These compounds are part of cell membranes and
they regulate selectively the penetration of substances into cells, thus they
play a very important role in metabolism (PAUPIERE et al. 2014). Pollen
supplementation also regulates the lipid-protein metabolism of the organ-
ism. Matuszewski and Drake’s research proves that pollen normalizes the
lipid-protein metabolism, as the level of liver enzymes in the blood serum
has been significantly reduced. Served with toxic substances, pollen pro-
tected the liver cells from their harmful influence. The phenolic compounds
contained in pollen exhibit a broad spectrum of biological activity in the
body, i.e. they have an anti-inflammatory, antioxidant and anti-arterio-
sclerosis function, they strengthen capillaries and protect against ionizing
radiation. Tikhonov et al. investigated the effect of pollen in the case of
hypoxia in experimental animals — rats. The first group of animals had
been receiving an intragastric preparation based on pollen preventively
for 14 days, while the other group within the same period had been treated
with Piracetam (a drug acting on cells of the central nervous system).
Piracetam is a product which increases the use of oxygen and glucose, and
improves blood circulation in the brain by reducing blood viscosity. More-
over, it improves microcirculation without broadening blood vessels or
changes in blood pressure. Brain hypoxia was invoked in rats by ligature
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of both artery blood vessels. The analysis of the results showed that after
7 days in the control group receiving no preparation or drug — 27% of ani-
mals survived, in the group receiving Piracetam it was 38% and in the
group receiving the pollen preparation — 55% of animals (TRICHONOW et al.
2008). Thus, flavonoids and phenolic acids play an important role in the
process of detoxification of liver tissue (ADRITOIU et al. 2014, FLOREK et al.
1995, JUZWIAK et al 1992, KHALIL et al. 2010, PUT et al. 1994, WOJCICKI
et al. 1985, YILDIZ et al. 2013).

Pollen supplementation in the diet intends to increase the mental and
physical efficiency of people. It has been demonstrated that pollen has an
adaptogenic (adaptive) effect by increasing the resistance against harmful
factors: physical, chemical and biological. The increase encompasses both
physical efficiency of the organism in situations of increased physical effort
and the improvement of brain functions such as memory, learning, think-
ing and the ability to concentrate, as well as an increase of the body’s
resistance to infection. Clinical studies were conducted with the participa-
tion of people suffering from mental illnesses and the elderly. Due to its
nourishing and toning properties, pollen improves mental abilities and
strengthens the nervous system weakened by stress or overwork. Particu-
larly positive results were obtained in the elderly. The long-term use of
pollen, even in small doses, results in a gradual improvement in the mood,
restores interest in life and strengthens the body (WOJCICIKI 1991). Both
pollen and its extracts can be used in post-infarction states, as well as in
peripheral circulatory disturbances and hypertension. In addition, in the
case of the elderly the administration of small doses of this product helps
inhibit cerebral atherosclerosis and improves cerebral circulation (HOWE
et al. 1985).

TELESZUN et al. (1993) compared the effects of pollen in the form of bee
pollen loads, and a lyophilised extract of pollen in the rehabilitation of
workers eliminating the breakdown in the Chernobyl nuclear power plant,
and suffering from complex neurological diseases. Bee pollen basket and
the lyophilized extract of pollen were administered to patients with vege-
tative-vascular dystonia and organic damage of the central nervous sys-
tem caused by ionizing radiation. It was proved that the neurological sta-
tus of both groups of patients improved significantly after the treatment
with pollen. They obtained better results using pollen loads compared to
treatment with the lyophilised extract. The symptoms like headaches,
pain of vegetative points, irritability, vascular lability and sleeping disor-
der disappeared after a few days. Also, it was observed that the adminis-
tration of pollen results in a significant increase in phagocytic activity of
peripheral blood. In the case of treatment using pollen loads, the number
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of phagocytes capable of absorbing and disposing of pathogenic microor-
ganisms has increased x 2.26, while using the lyophilized extract of pollen
x 1.9 (TELESZUN et al. 1993).

GULHAN (2018) investigated therapeutic and protective effects propo-
lis and pollen on reproductive functions of L-NAME-induced hypertensive
male rats. Animals were indiscriminately separated into four groups: con-
trol, L-NAME, L-NAME+ propolis, L-NAME+ pollen. He showed that the
levels of parameters (TOS, NF-kB, MDA) in L-NAME+ propolis and
L-NAME+ pollen groups compared to the L-NAME group have decreased.
TAS levels, PON1 and CAT activities were significantly decreased in testis
tissue samples in the L-NAME-induced group. He thought that propolis or
pollen is thought to help regulate reproductive function by inhibiting the
functioning of inflammatory pathways leading to hypertension.

The impact of pollen on the physical condition of climbers was also
evaluated. It was noticed that after pollen supplementation the number of
various forms of white blood cells, including lymphocytes, monocytes and
eosinophils, significantly increased. The level of eosinophils in climbers’
blood serum at the end of the experiment was 2x higher, monocytes 2.5x
higher than in serum prior to the experiment (DROZDZ et al. 1986). MALM-
STROM and CEDERLOF (1983) used the properties of pollen in the treatment
of the upper respiratory tract. For 14 days soldier trainees received pollen
preparation to prevent a cold. It was demonstrated that only 35% of them
developed various kinds of infections of the upper respiratory tract. Those
who did not receive the pollen, had a cold of various intensity. There are
many reports on the antibacterial and antifungal effect of pollen. It affects
both human pathogenic bacteria (Staphylococcus aureus and Gram-nega-
tive bacteria including Escherichia coli, Klebsiella pneumoniae, Pseudo-
monas aeurgionsa) and the yeast-like fungi (Candida albicans). Mainly
flavonoids and phenolic acids are responsible for this effect (BALTRUSYAT
et al. 2007, ERKMEN 2008, LIEBELT et al. 1994, MATEESCU et al. 1997).

Pollen also has a positive impact on curing prostate inflammation. In
the research, approximately 87% of patients with nonbacterial inflamma-
tion of prostate felt better after pollen treatment. What is more, a positive
effect was observed in 50% of patients with the benign prostatic hypertro-
phy (DOBROVODA 1986, KRIWCZANSKIJ 1987). Pollen can also be used in
curing iron deficiency anemia. It was noticed that in people treated with
pollen, the number of red blood cells and the level of hemoglobin and Fe
increased. Clinicians have proved that pollen is very effective in curing
duodenal ulcer disease. The radiological and endoscopic research has
proved that after administration of pollen the duodenal ulcers began to
cicatrize. Satisfying results were also obtained in the treatment of bleed-
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ing duodenal ulcers not qualified for surgery. The hemorrhages disap-
peared after 3—4 days of pollen treatment, while in the traditional way it
takes 10 days to stop duodenal ulcers bleeding (KEDZIA 1994). Pollen
showed good effects in treating: gout, kidney inflammation, urinary tract
disorders, climacteric and vegetative dystonia. There is an increasing
amount of data on supplementation of pollen to animal diets, for example,
the research on its influence on the condition of pigs. Pollen is character-
ized by a high anti-inflammatory effect confirmed in animal studies. Its
properties can be compared to anti-inflammatory drugs such as naproxen
or indomethacin. The mechanism is based on inhibiting the activity of
enzymes responsible for forming inflammatory mediators in tissues. Con-
centrated extract of the pollen fed to a rat eliminated paw edema associ-
ated with the administration of carrageenan. Flavonoids, phenolic acids,
fatty acids and phytosterols which are present in pollen are responsible for
the antioedematous effect. It has been demonstrated in experimental stud-
ies that the administration of pollen in a dose of 50 mg/kg b.w. eliminates
75% of paw edema (CHOI 2007, LOSCHEN et al. 1991).

It has been proved that pollen has a high nutritional value. Mice and
rats fed with pollen were characterized by a higher content of vitamin C
and Mg in tissues and a higher content of hemoglobin, as well as a bigger
number of red blood cells compared to animals given a standard feed.
Feeding with pollen caused a rapid increase in the body weight compared
to an ordinary diet served to starved animals or animals on a diet without
vitamins. OLIVEIRA et al. proved that a crucial role in this process is played
by exogenous amino acids, vitamins and bioelements. Moreover, studies in
rodents showed that the contents of vitamin C and Mg in the thymus,
heart muscle and skeletal muscles increase after pollen supplementation.
Both the level of hemoglobin and the number of red blood cells was higher
compared to the results obtained in animals fed with standard feed
(OLIVEIRA et al. 2009, LIEBELT et al. 1994, MATEESCU et al. 1997).

A hypolipidemic effect of the pollen has also been reported. Scientists
conducting research on rats and rabbits have discovered that pollen
reduces the content of total lipids, triglycerides, total cholesterol, LDL cho-
lesterol fraction and f-lipoproteins in blood serum (JUZWIAK et al. 1989).
Similar studies were conducted in humans. They confirmed that in the
blood serum of people with impaired lipid metabolism, there was a reduc-
tion in the content of lipids after the administration of pollen (MANNING
2001, KASSYANENKO et al. 2010).

Due to high contents of phytosterols, pollen shows an estrogenic effect
by stimulating the process of producing and maturation of ova in animals
and humans (TRICHONOW et al. 2006). Pollen contains 0.1-1.6% of phytos-
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terols. Phytoestrogens are structurally similar to endogenous estrogens
and therefore they connect with estrogen receptors. Also, a relationship
has been detected between the activity of estrogen receptors and cardiac
physiology, which influences the regulatory systems of oxytocin. The estro-
genic activity of these compounds has a beneficial effect on the maturation
of oocytes in animals. Researchers conducted tests on rabbits fed with pol-
len which checked:

a) the functioning of ovaries;

b) therapeutic effects on blood profiles and parameters;

¢) the number of offspring.

They discovered that a dose of 200 mg/kg b.w. in a rabbit caused an
increase in the quality of sperm, increased fertility, as well as improved
blood and biochemical parameters (ATTIA et al. 2011).

Many publications are devoted to the detoxifying properties of pollen
(FLOREKET al. 1995, JUZWIAK et al. 1992, WOJCICKI et al. 1989). Polyphe-
nols, mainly flavonoids and phenolic acids present in pollen play an import-
ant role in the process of body detoxification. Studies were conducted in
rats which were administered organic solvents, such as carbon tetrachlo-
ride and trichloroethylene. These substances caused deep damages of the
rats’ liver cells. The animals were also given ethanol and allyl alcohol
which caused fatty liver cirrhosis, as well as drugs: acetaminophen and
hydrocortisone. After feeding rats with pollen the level of liver enzymes
and bilirubin in the blood serum was reduced to physiological values.
There was a very high concentration of alanine, aspartate transaminase,
acid phosphatase and bilirubin in the blood serum. Hence, pollen is recom-
mended in acute and chronic inflammation, in the early stages of degener-
ative diseases, congestive liver diseases, as well as toxic and traumatic
injuries of this organ.

Metabolizing properties of Fe, Ca and Mg in rats with anemia were
examined, as well as the antiallergic properties of myricetin present in
pollen given to mice. The impact of the pollen and propolis on the organism
was studied. It was found that the addition of these products to the diet
resulted in body weight gain. An increased level of hemoglobin in animals
with anemia was observed, and a positive effect of these products on the
level of Mg in the organism (HARO et al. 2008). The therapeutic effects
of the pollen present in Apiter product were observed in dogs and cats
infected with rickettsiales. The pollen was administered to animals at the
age of 2—8 months with bone and articular diseases and ascertained
rickettsiosis. Patient selection was based on the analysis of X-ray images and
biochemical tests. Research has shown that in animals supplemented with
pollen, biochemical parameters have reached a physiological level: Ca level
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increased from 4 mg dl'! to 9.2-11.5 mg dI'l, P from 1.6-3.81 mg dl'! to
4.1-5.7 mg dlI'l, Mg level normalized (2.5-3 mg dl'!). The reduction in
alkaline phosphatase 116-443 UI I'1 to 77-187 Ul 1'! has been reported,
with a simultaneous normalization of liver enzymes (ALT, GGT, AP) (SAP-
CALIU et al. 2009). The influence of pollen on the length of the villi of the
small intestine in broilers was studied. It was found that the supplemen-
tation of pollen in the feed has a beneficial effect on the intestinal villi,
increasing their length (in the 15t and 2°¢ week of age in chickens) by
37.1% and 29.4% in duodenum, 28.1% and 33.7% in jejunum and 18.6%
and 16.2% in ileum (Wang et al. 2009).

On the basis of the above mentioned research results it can be con-
cluded that flower pollen (bee pollen) is characterized by a number of
favorable biological properties which are often used in medicine to improve
health (ALYANE et al. 2008, ARCT et al. 2008, PASUPULETI et al. 2017). For
many years we have been observing an increased interest of supplements
based on bee products which are often used in alternative medicine or as
a supplement to conventional medicine.

The major problem is that bee-collected pollen may constitute risk fac-
tor concerning the presence of contaminants like a heavy metals, pesti-
cides, bacteria, antibiotics). Therefore standardized pollen tablets are rec-
ommended. Moreover, allergic reactions including anaphylaxis have been
recognised after intake of bee-collected pollen. Patients who are prone to
allergies or atopic individuals should avoid any type of bee pollen, bee-col-
lected and extracts. The application of bee pollen should be discussed with
doctors in order to avoid complications (DENISOW et al. 2016).
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Abstract

Bacteria play an extremely important role in the digestive processes occurring in the
digestive tract of all vertebrates. A disturbance of microbial balance may lead to disorders in
digestive processes. Due to the high demand for fish from aquaculture, many studies have
focused on the microbiome of the digestive tract in these animals, especially synbiotic
Lactobacillus bacteria, which play an extremely important and beneficial role in digestive
processes. Research conducted in recent years has shown that many factors influence the
microflora in fish, such as the surrounding environment, oxygenation, water temperature, food
intake, antibiotics, chromium oxide, linoleic acid, and finally the development stage of the fish.
The authors of the publication provide an overview of the current knowledge on the
gastrointestinal microflora of Cyprinidae and its effect on their digestive processes. In this
context information on the probiotic therapy in Cyprinidae was also presented.

Introduction

In terms of their taxonomic diversity fish constitute the greatest group
among all the vertebrates found on Earth (NAYAK 2010, RAY et al. 2012).
They inhabit both small freshwater watercourses and vast saltwater
oceans. They have adapted to life under diverse environmental conditions,
which affect the composition of their bacterial microflora, both external
and internal. The microbiome in fish may be divided into autochthonous
and allochthonous (RING@ and BIRKBECK 1999, SYVOKIENT 1989). The for-
mer is a natural, endogenous element, while the latter is exogenous in
character. In these vertebrates aerobic bacteria predominate along with
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facultative anaerobic bacteria (GHOST et al. 2002). The bacterial count in
the digestive tract of fish is estimated at approx.108 aerobes and 105 anaer-
obes per 1 gram (TRUST and SPARROW 1974, KAMEI et al. 1985). The vari-
ation in the quantitative composition of the bacterial population in the
surrounding environment exceeds that of the bacteria found in the diges-
tive tract of fish (CLEMENTS et al. 2014). The common bacterial species
colonizing the digestive tract of both freshwater and marine fish include
Vibrio, Aeromonas, Flavobacterium, Plesiomonas, Pseudomonas, Entero-
bacteriaceae, Micrococcus, Acinetobacter, Clostridium, Fusarium and Bac-
teroides, which occurrence may differ depending on the species as well as
environmental conditions. Moreover, several previously unknown bacte-
ria, 1.e. Mycoplasma, Arthrobacter, Brochothrix, Jeotgailbacillus, Ochro-
bactrum, Psychrobacter and Sejongia, have been identified in the digestive
tract of various fish species (NAYAK 1997).

Aeromonas, Pseudomonas as well as Flavobacterium are dominant
bacteria in freshwater fish species. However, feeds have a crucial effect on
the composition of the intestinal microbiome (BAIRAGI et al. 2002, SAVAS et
al. 2005). In the case of farmed fish Enterobacteriaceae account for approx.
50% bacterial population in their alimentary canal, which is directly
related with the feeds used in fish farming, while in the case of species
living in natural water bodies bacteria from genera Aeromonas and Lacto-
bacillus predominate in their microflora (GANGULY et al. 2013). Recent
research indicates that percentage shares of individual bacteria in the spe-
cies composition depends on the position of the fish in individual trophic
classes. In the case of herbivorous fish Proteobacteria account for 45.52%,
while in predatory, omnivorous and planktivorous fish they constitute
32.82%, 37.32% and 38.13%, respectively. Bacteria Firmicutes rank sec-
ond in terms of their numbers, with their shares in these groups of fish
ranging from 21.16% to 27.13%. For example, in predatory fish bacteria
from the genus Fusobacterium account for a considerable share 21.91% in
the bacterial population, in comparison to 9.41% in planktivorous fish.
An opposite situation is observed in the case of Acidobacteria, accounting
for 5.21% bacterial population in planktivorous fish, whereas in predatory
fish it is only 1.08%. The shares of the other taxonomic groups are smaller
(L1U et al. 2016). In the case of cyprinids Firmicutes and Bacterioides are
dominant, while when consider the quantitative composition of bacteria
Proteobacterie and Firmicutes are most numerous. Abundance of Bacteri-
oides is relatively limited (WU et al. 2012).

Cyprinids are dominant fish in Polish aquaculture. The most numer-
ous representatives of that family in fish farming is the common carp
(Cyprinus carpio). Production of common carp for human consumption in
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2016 in Poland was 18.55 thousand tons, which constituted 49% fish farm-
ing production in this country (LIRSKI and MYSZKOWSKI 2017). The other
cyprinid species raised in Poland include the grass carp (Ctenopharyn-
godon idella), the crucian carp (Carassius carassius), the silver crucian
carp (Carassius gibelio), the tench (Tinca tinca) as well as two planktivo-
rous species: the bighead carp (Hypophthalmichthys nobilis) and the silver
carp (Hypophthalmichthys molitrix).

Functions of intestinal microflora in fish

An appropriate composition of the intestinal microflora plays numer-
ous roles required for the physiological function of the entire organism.
This microflora produces antibiotics against pathogenic bacterial strains
constantly penetrating the animal’s body from the external environment.
It participates in the host’s digestive processes and supplies the host with
active nutrients, such as digestive enzymes, vitamins and amino acids
(SHCHERBINA and KAZLAWLENE 1971). It needs to be stressed here that in
herbivorous fish the degradation of crude fibre, i.e. practically cellulose,
takes place, among others, with the participation of aerobic bacteria or
facultative anaerobic bacteria (SAVAS 2005). However, not all fish (Caras-
sius auratus, C. idella) predominantly utilize cellulolytic bacteria to
degrade crude fibre (GANGADHARA et al. 2004). Apart from microbial
enzymes fish also have endogenous enzymes at their disposal. These
enzymes have been described by numerous authors (DHAGE 1968, KAWAI
1972, SHCHERBINA et al. 1976, FAGBENRO 1990, DAS and TRIPATHI 1991,
FAGBENRO et al. 2000). A good example in this respect may be provided by
a-amylase, produced practically over the entire length of the intestinal
section of fish both endogenously and by intestinal microflora (FAGBENRO
et al. 2000, TENGJAROENKUL et al. 2000, ALARCON et al. 2001, FERNANDEZ
et al. 2001). Thanks to the colonization rate of the digestive tract by enzy-
matically active intestinal bacteria, certain fish species digest some nutri-
ents more readily than even closely related other fish species. Conducted
studies have shown that intestinal bacteria are capable of producing vari-
ous bioactive substances such as tetrodotoxin, vitamin B12, biotin, eicos-
apentaenoic acid or antibiotics, which through their action exert a positive
effect on the host’s organism (GANGULY and PRASAD 2012). Studies have
shown that in common carps bacteria from the genera Firmicutes and Bac-
terioides promote a more rapid growth rate thanks to improved feed diges-
tion and nutrient absorption (LI et al. 2013).
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Gut microbiota and digestive processes in cyprinids

The microbiome of the digestive tract is not identical in all fish species.
Differences are observed between various species from the family Cyprin-
idae or even individual representatives of a given species. A considerable
variation is found in cellulose degrading microorganisms. The silver cru-
cian carp (Carassius auratus gibelio) does not have its autochthonous cel-
lulolytic microflora. In turn, the cellulolytic microbiota content in the grass
carp is below 103 b.b./g (LESEL et al. 1986). Its nutrition is based on the
consumption of large amounts of aquatic biomass and recovery of disac-
charides and protein from that biomass (GANGADHARA et al. 2004). In con-
trast, the cellulolytic activity of the intestinal microbiota in the common
carp is high (BAIRAGI et al. 2002). Two theories have been proposed on the
origin of cellulase. One refers to the participation of the endosymbiotic
flora in the production of this enzyme. This hypothesis is supported by the
inhibition of cellulase secretion after fish have been administered antibiot-
ics (SAHA et al. 2006). Common carps are capable of endogenous produc-
tion of cellulase by the autochthonous microflora (SHCHERBINA and
KAZLAWLENE 1971). This process takes place in the proximal section of the
gut, where a portion of crude fibre is digested. The rest of this nutrient is
digested in the distal sections of the intestines. In view of cellulose diges-
tion, the diet of herbivorous cyprinids has to contain crude fibre (DAS and
TRIPATHI 1991). Another theory proposes that fish collect cellulolytic flora
with the consumed plant food. Conducted studies have shown a positive
correlation between the amount of cellulase and the consumed food (PREJS
and BELASZCZYK 1997). Those authors confirmed that bacteria subsequently
found in digestive tracts of fish were isolated on aquatic plants. These bac-
teria exhibited cellulolytic activity. Cellulase seems to be of both exoge-
nous and endogenous origin. This would explain digestion of cellulose by
certain fish species, having no autochthonous cellulolytic microflora, e.g.
the above-mentioned C. auratus, or those having small amounts of this
microflora, e.g. the grass carp. In the case of cellulase producers in com-
mon carps the most important bacteria included strains from the genera
Vibrio spp., Aeromonas spp. and Bacillus spp. as well as the species Bacil-
lus megaterium and Enterobacter asburiae (FENG et al. 2008). The most
specific as well as the most numerously represented cellulolytic bacteria
found in the digestive tract of the grass carp included Aroxybacillus, Leu-
conostoc, Clostridium, Actinomyces and Citrobacter (WU et al. 2012). The
greatest cellulolytic activity is observed for such species as Bacillus circu-
lans or B. megaterium. However, the composition of the cellulolytic micro-
biota varies both between individual fish specimens and depending on the
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feed it consumes (KOIKE and KOBAYASHI 2001). Starch is a major nutrient
for freshwater fish, including also cyprinids (TAKEUCHI 1991). It is
degraded by amylase, an enzyme abundant in the digestive tract of cypri-
nids (SUGITA et al. 1997). Similarly, as in the case of cellulase, amylase
activity depends mainly on the environmental conditions and feed quality.
It also varies in individual fish species (SILVA et al. 1995). A considerable
role in the production of both amylase as well as other enzymes is played
by bacterial colonies inhabiting the gut (GANGULY and PRASAD 2012).
However, it also needs to be stressed that fish utilize sugars ingested with
food only to a relatively limited extent. Availability of certain types of car-
bohydrates for fish may be limited (FURUICHI and YONE 1982). In the com-
mon carp an increased a-amylase activity is observed when administering
diets rich in carbohydrates (AL-TAMEEMI et al. 2010). For this reason, in
the case of fish from aquaculture it is necessary to include animal origin
feeds into their diet, e.g. fish meal (DAS and TRIPATHI 1991). There is no
consensus among researchers concerning factors having a major effect on
the activity of individual enzymes. On the one hand it was stated that
a-amylase activity is closely related with the phylogenesis and plays
a markedly greater role than diet (CHAN et al. 2004). In contrast, other
researchers concluded that diet has a much greater role in the modifica-
tion of enzyme activity (FERNANDEZ et al. 2001). However, the latest stud-
ies confirm that diet has a more important effect on enzymes (KUZ'MINA
1996, HOOPER and MACPHERSON 2010). The activity of a-amylase is great-
est in herbivorous fish. Its level decreases in omnivorous fish, while it is
lowest in predatory fish (COWEY 1989, GERMAN et al. 2004, GERMAN et al.
2009, AL-TAMEEMI et al. 2010). It depends on their nutrition (GERMAN
et al. 2009). Amylolytic bacterial populations are mainly composed of
Bacillus spp. Amylolytic bacteria composed of Bacillus spp. predominate
in the digestive tract of the common carp and the grass carp (SASHA et al.
2006, GANGULY and PRASAD 2012). In 2002 three species from the genus
Bacillus were isolated from the digestive tract of the common carp and
they were classified as, Bacillus pumilus and Bacillus cereus, B. circulans.
Also B. megaterium has a amylolytic activity (SASHA et al. 2006). These
microorganisms are characterized by an extensive adaptability to changes
in temperature and pH (GHOSH et al. 2002). Studies show that they are
a permanent element in the digestive tract of common carps. They may be
classified as autochthonous flora. They play an advantageous role in the
digestive processes in common carps (GHOSH et al. 2010). Studies have
shown the degradation of bacteriocenosis over the length of the gut. Strains
of autochthonous bacteria were isolated from the proximal (PI) and the
distal sections (DI) of the intestines in three cyprinid species: Catla catla,
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Cirrhinus mrigala and Labeo rohita. The populations of amylolytic strains
were the most numerous in PI of C. catla and the least numerous in DI
of L. rohita. The greatest viable populations of bacteria producing cellu-
lase and protease were recorded in DI and PI, respectively, of C. mrigala.
More active cellulase producing bacterial strains were isolated from distal
sections of the gut (RAY et al. 2010). The certain cyprinids are charac-
terized by a relatively high activity of this enzyme. Such an example is
Labeo bata, a species belonging to the family Cyprinidae. In this case,
exogenous amylase activity is greater in proximal sections of the intestine
(MONDAL et al. 2008). It 1s an opposite situation to that in cellulase, which
generally is exogenously found in the distal sections of the gut. Proteases in
common carp, and grass carp originate from two sources. They are synthe-
sized endogenously by gland cells and by the intestinal microbiota. Gener-
ally, the distal sections of the gut exhibit the greatest proteolytic activity
(MONDAL et al. 2008). The study indicated that greatest cellulolytic activity
1s observed for such species as B. circulans and B. megaterium have a pro-
teolytic activity (SASHA et al. 2006). The intestinal microflora in the common
carp is capable of producing vitamin B12. This concerns obligate anaerobic
bacteria from the genus Bacterioides type A, to a lesser extent other repre-
sentatives of the family Bacterioidaceae, as well as the genus Clostridium
(SUGITA et al. 1991). Aerobes play a much lesser role in its production. How-
ever, it needs to be stressed that the process of vitamin B12 synthesis
involves also bacteria from the family Enterobacteriaceae, as well as genera
Pseudomonas and Plesiomonas. Thanks to their specific microflora common
carps do not require a share of vitamin B12 in the diet (SYVOKIENI 1989).
It needs to be stressed that bacteria from the genus Bacterioides type B,
as anaerobes, do not efficiently produce cobalamin. It is useful from the
point of veterinary practice that the supply of sulphonamides does not
always reduce the level of synthesized vitamin B12 (KASHIWADA et al. 1970).

Probiotic therapy

The development of aquaculture as a branch of economy supplying fish
to the food market has rapidly accelerated in the last decades. Consider-
able needs in terms of increased disease resistance, growth of aquatic
organisms and feed conversion rates have resulted in the application of
probiotics in fish farming practice. Probiotics were first used in 1986 to
verify their capacity to promote growth of hydrobionts (organisms living in
the aquatic environments). Later probiotics were used in order to improve
water quality and control bacterial infections (MARTINEZ CRUZ et al. 2012).
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Fish are exposed to many external factors affecting negatively their
homeostasis, such as e.g. inappropriate environmental conditions, stress,
inadequate diet or antibiotic therapy. They are also exposed to the action
of pathogenic bacterial strains. Aeromonas hydrophila, a gram-negative
bacterium from the family Aeromonadaceae, is one of the most significant
pathogens for fish (RAHMAN et al. 1997). It is found in freshwater lakes
and rivers, under aerobic and anaerobic conditions (HANSON et al. 1977).
Disturbance of fish homeostasis during fish growth in aquaculture is
a highly disadvantageous phenomenon, since it results in a reduction
of body mass increase. It is crucial to maintain an appropriate composition
of the intestinal tract microflora, which facilitates minimization of the
negative factors as well as boosts the immune system (HOOPER and
MACPHERSON 2010). It has an advantageous effect on phagocytic proper-
ties of the host, on the activity of lysozyme and antibodies, while it also
affects peroxide production. However, antibiotics, stress, poor diet, pollu-
tion of the surrounding environment or diseases may disturb the physio-
logical structure of the microbiota (LARSEN and ARIAS 2014). The
above-mentioned factors may cause excessive growth of bacterial strains,
which leads to intestinal dysbacteriosis, and thus many pathological phe-
nomena taking place in the host organism, such as e.g. diarrhea or reduced
immunity, potentially resulting in disease (TAMBOLI et al. 2004).

Probiotics promote the maintenance of physiological microflora of the
digestive tract. Evidence has shown that they may improve digestibility
and absorption of nutrients and enhance the activity of digestive enzymes
(FULLER 1989, TOVAR-RAMIREZ et al. 2004), increase stress tolerance and
encourage reproduction activity (MARTINEZ CRUZ et al. 2012). They also
stimulate the immune system and warn the organism during pathogen
penetration (HARIKRISHNAN et al. 2010). As a result, they act as alterna-
tive measures in relation to antibiotics or other bioactive substances
(MAZURKIEWICZ and PRZYBYL 2010). Knowing the adhesive properties of
pathogenic bacterial strains in relation to the host’s mucous membrane it
may be stated which probiotic may be most effective towards these micro-
organisms (GRZESKOWIAK et al. 2011). Microorganisms producing diges-
tive enzymes may be collected from the fish digestive tract and used as
probiotics. They may be successfully used in rearing of fish, particularly in
the larval period, when feed production costs may be minimized (GANGULY
and PRASAD 2012). Probiotics composed of such bacterial genera as Lacto-
bacillus, Lactococcus, Leuconostoc, Enterococcus, Carnobacterium, She-
wanella, Bacillus, Aeromonas, Vibrio, Enterobacteri, Saccharomyces,
or even potentially pathogenic bacteria from the genera Pseudomonas
or Clostridium have successfully been used in fish farming practice.
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The most commonly used probiotics are spores of gram-positive bacteria
from the genus Bacillus (WANG et al. 2008). They are characterized by
exceptional stability as well as resistance to environmental conditions.
The species of that genus most commonly used in the therapy of cyprinids
include Bacillus genus, Bacillus coagulans, Bacillus subtilis, Bacillus
licheniformis, Bacillus amyloliquifaciens and Paenibacillus polymyxa.
YANBO and ZIRONG (2006) indicate that the probiotics composite with
Bacillus sp. highly increased the growth performances and digestive
enzyme activities and decreased FCR of common carp. They act as excel-
lent immunostimulators, also against A. hydrophila (VIJAYABASKAR and
SOMASUNDARAM 2008). Studies have shown a positive effect of bacteria
species B. coagulans, P. polymyxa and B. licheniformis on growth incre-
ments, feed uptake and survival rates of common carps (VERSCHUERE
et al. 2000, GUPTA et al. 2014). According to literature reports, carp was
observed increased survival after experimentation infection A. Aydrophila
bacteria and application of bacteria probiotic Lactobacillus acidophilus
and also B. coagulans, Bacillus licheniformis, Paeninibacillus polymyxa
(ALY et al. 2008, KAZUN 2018) However, it needs to be stressed that the
action of probiotics varied depending on the species, age, nutrition, as well
as the composition, manner and frequency of probiotic application (LARA-
-FLORES 2011). For example, studies conducted under laboratory condi-
tions showed that the application of identical probiotics as those given
to common carps (B. coagulans, P. polymyxa, B. licheniformis) has no effect
on growth or feed uptake in the Nile tilapia (Oreochromis niloticus)
(GANGADHARA et al. 2004). However, in other studies indicated that
B. subtillis and L. acidophilus increased survival rate of Nile tilapia
infected for A. hydrophila and Pseudomonas fluorescens (KAZUN 2018).
Probiotic therapy has been shown to have a highly advantageous effect
in younger fish. In contrast, fish with an anatomically and functionally
developed digestive tract responded much less markedly to administered
probiotics (MAZURKIEWICZ et al. 2007). A positive effect of B. circulans bac-
teria on digestive processes was observed in common carps. A probiotic
preparation based on this bacterium enhances the secretion of endogenous
digestive enzymes. This probiotic causes an increase in weight gains and
reduce FCR rates in common carps (SIVANI et al. 2016). A positive effect on
these parameters was also observed at the application of preparations
from Streptococcus faecium bacteria. Moreover, a complete elimination
of Escherichia coli bacteria from the intestinal microbiome was recorded
during supplementation with this probiotic. Studies were conducted on
common carp from India (GHOSH et al. 2003) and from Israel (BOGUT et al.
1998). Probiotics containing lactic acid bacteria by reducing pH in the gut
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prove to be excellent growth inhibitors against pathogenic bacterial strains
(FAYOL-MESSAOUDI et al. 2005). Lactic acid bacteria is the most frequent
used probiotic, both in human and animals nutrition, including fish. They
occur in sweet fish as one of components of natural intestinal flora of cold-
blooded animals (HOFFMAN et al. 2017). They promote expulsion of patho-
genic bacteria from the intestines. Apart from lowering pH, they are capa-
ble of producing various metabolites such as bacteriocines, hydrogen per-
oxide, acetic aldehyde and other substances, which also inhibit growth
of pathogenic bacterial strains (PRZYBYL et al. 2006). L. acidophilus have
a positive effect on increased body weight gains in grass carp (WANG 2011).
In addiction, the study indicated that the isolation of Lactobacillus bacte-
ria from the intestinal tract of adult fish can be used as an addition to food
intended for young fish stages (HOFFMAN et al. 2017). The studies showed
no positive effect on the growth increment in common carp during supple-
mentation either with Carnobacterium divergens (MAZURKIEWICZ et al.
2007). However, probiotics for fish composed of bacteria C. divergens and
its metabolites inhibit activity, growth and survival of the A. hudrophila,
Aeromonas salmonicida, Vibrio angillarum, Edwardsiella Tarda (GRAJEK
et al. 2015). C. divergens can stay in the gut for a long time and is also
capable for producing bacteriocins, that inhibit bacterial growth (MAZURK-
IEWICZ and PRZYBYE 2010). The study indicated, that Carnobacterium
maltaromaticum and Carnobacterium mobile have a bacteriostatic effect
on bacterial strains of V. anguillarum, Vibrio salmonicida, A. salmoni-
cida, Vibrio splendidus potentially pathogenic to fish (RING@ 2008). In
addiction, the study indicated that Carnobacterium pisciola inhibit the
growth of A. hydrophila (MAZURKIEWICZ and PRZYBYL 2010). BALCAZAR
et al. (2008) indicated that probiotic with Lactococcus lactis reduced
the adhesion to the intestines of A. hydrophila, A. salmonicida, Yersinia
ruckeri and V. anguillarum,whereas Lactobacillus plantarum reduced
the adhesion of A. hydrophila and A. salmonicida. In the same study found
that Lactobacillus fermentum reduced adhesion to intestinal mucus
of A. hydrophila, A. salmonicida, Y. ruckeri. The same results obtained in
the case of B. subtilis. In the case of the silver crucian carp bacteria from
the genera Proterobacteria and Firmicutes are dominant in its intestinal
microflora. Analysis of 10 most numerous taxonomic units showed the pre-
dominance of Firmicutes. The isolated bacteria presented in the decreas-
ing order depending on the population size include Veilonella spp., Lach-
nospiraceae, Lactobacillales, Streptococcus spp. and Lactobacillus spp.
Potential probiotic bacteria (Lactobacillus spp., Bacillus spp.), as well as
opportunistic bacteria (Aeromonas spp., Acinetobacter spp.) were isolated
in relatively small numbers from the intestinal tract of the silver crucian
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carp (WU et al. 2013). This indicates that supplementation with probiotics
composed of lactic acid bacteria may not always bring satisfactory results,
since the growing population after probiotic supplementation decreases
rapidly within a period of several days, when probiotic supplementation
ceases (WU et al. 2013). Due to the considerable shares of bacteria from the
genera Pseudomonas and Aeromonas in the fish microbiota they may serve
important biological functions and may be used as probiotics (WU et al.
2012). However, the bacteria from the genera Pseudomonas and Aero-
monas may prove to be potentially pathogenic for fish. Further studies
need to be conducted in order to precisely determine their role. The micro-
biome in the digestive tract of the silver crucian carp is strongly related
with the benthic microflora, on which it feeds, as well as ingested food,
since 75% taxonomic units were identical to those isolated from the used
feed (HAN et al. 2010). This is valuable information in view of the oral
administration of probiotics together with feeds. Additionally, a docu-
mented positive effect on body weight gains in common carp is also
observed for probiotics containing yeast Saccharomyces cerevisiae, as well
cyanobacteria Spirulina maxima (RAMAKRISHNAN et al. 2008). Determina-
tion of the physiological intestinal microflora and identification of properly
selected probiotics is a key element of appropriate fish rearing. Probiotic
therapy is a perfect form of veterinary prophylaxis, facilitating mainte-
nance of homeostasis and immune equilibrium, and as a result promoting
physiological digestive processes. It has an essential effect on good health
and high productivity of fish (MAZURKIEWICZ and PRZYBY% 2010).
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