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The goal of the experiment was to find essential correlation between glucosamine content in zoo-
plankton, component of natural nourishment of carp as well as glucosamine content in ingesta and
fishing efficiency of ponds. Purpose of investigations was to use index values related to glucosamine
content to evaluate carp production with in short-term perspectives. The correlation between selec-
ted fraction of high fatty acids (HFA) in zooplankton and content of these fractions in carp meat
were also examined. It was noticed that some parameters of glucosamine content in ingesta were
statistically significant correlated (P<0,05) with ponds fishing efficiency, especially in reference to
carp fry ponds. The correlation between percentage of PUFA-3, PUFA and PUFA-MUFA sum in high
fatty acids profile in commercial carp meat and contest of these fraction in high fatty acids profile in
zooplankton was also determined highly statistically significant or statistical significant (P<0,05).
Taking into account qualitative composition of high fatty acids profile and PUFA-6/3 ratio it can be
noticed that biennial production cycle of light commercial carp provides higher dietary value meat
than meat obtained in triennial production cycle.

Fertilization of ground carp ponds with
manure and to a lesser extent with liquid bo-
vine manure has an advantageous influence
on commercial carp carcase quality, their
protection against accumulation of excess
of some heavy metals from an environ-
ment and increase ponds fishing efficiency
by enlarging the dynamic development of
aquatic invertebrates which constitute fish
food (Schroeder, 1974; Ligaszewski et al.,
2003).

One of characteristic chemical com-
pound of crustacean zooplankton armour-
head, the fish food, is chitin, built from
glucosamine chains, which is also the com-
ponent of detritus delinquenting the pond
bottom, the carp natural nutriment (Don-
nelly et al., 2004). In aquatic environment

chitin is decomposed by numerous chiti-
nolytic bacteria by-and-by (Donderski and
Trzebiatowski, 1999), in turn fishes are able
to digest animal chitin with an enzyme —
chitinase (Fagberno et al., 2001).

Fish meat high fatty acids (HFA) profile
investigation are particularly studied in sea
fish in which significant polyunsaturated
fatty acids (PUFA: PUFA-3, PUFA-6) with
eicosapentaenoic acid (EPA), decosahex-
aenoic acid (DHA) and conjugated linoleic
acid (CLA) content in HFA profile (Kuza
et al., 2006). Profile of high fatty acids in
freshwater carp (Cyprinus carpio L.) and
rainbow trout (Oncorhynchus mykiss) in
central Europe aquacultures, is also a matter
of research. It was noticed that HFA profile
in aliment has high influence on HFA pro-
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file in carp and other cyprinide fish meat.
That means it also depends on fish access
to crustacean zooplankton, their natural
food (Domaizon et al., 2000; Hadjinikolo-
va, 2000). HFA profile is also modified
by physiological mechanisms determined
by water temperature changes (Yeo et al.,
1997; Kamler and Rakusa-Suszczewski,
2000; Rasoarahona, 2004; Ligaszewski et
al., 2007).

The goal of carried research was to find
statistically significant relation between
glucosamine content in zooplankton and in
commercial carp ingesta as well as ponds
fishing efficiency and between HFA chosen
fraction in carp meat and in zooplankton.

MATERIAL AND METHODS

The research were carried out taken
during 4 years period at Roztropice carp
entity belonging to Experimental Station
of the National Research Instjtute of Ani-
mal Production at Grodziec Slaski. Study
scheme and experiment configuration were
shown in table 1. According to that, in 2004
and 2006 three experimental ponds (each
2,5 ha of area) were restocked with local
carp fry in the second year of life (1+),
using concentration 3000 pieces per hectare.
In first year of project one of the pond was
fertilized with 75 q of manure per year,
second one with 150 q per year and the
third one, treated as a control, was not fer-
tilized. In 2005 and 2007 three ponds were
fertilized according to the same scheme and
cast with commercial carp in third year of
life (2+), using concentration 1000 pieces
per hectare. From May to the middle of
August for each carp age group bovine or
ovine manure, was applied at coastal line,
depending on year of study. Carps were
fed with crop seeds. In late spring (at the
end of June) and two weeks before autumn
catgut (middle of October) random probes
of 6 carps were taken from each pond.
Then from each fish probes of meat taken
from entire body without skin and skeleton
were taken to determine a profile of high
fatty acids. Simultaneously one cumula-
tive probe of ingesta was taken from each
seasonal sample of 6 carps to determine a
glucosamine content. Cumulative samples
of zooplankton (200 g) were taken annu-
ally, from April to June, from each pond
to identify HFA profile and glucosamine

percentage. Ponds fishing efficiency ra-
tio was carp biomass assumed increment
(kg per hectare), ratio of number of carps col-
lected during autumn catgut with differen-
ce between average body mass of collected
carps and body mass of carps during ponds
restocking in spring.

Ingesta and zooplankton glucosamine
content was identified with Elson-Morgan
method (Fiema, 1983). Carp ingesta was
dried at 60°C during 36-48 hours and ho-
mogenized. Closed glass ampoules were
used to ingesta hydrolysis — 3N HCI was
added to 50 mg of sample at 100°C for 30
hours. In turn samples were centrifuged,
twice rinsed with distilled water, ooze were
collected and evaporated. Evaporated ooze
were dissolved in eligible amount of distilled
water. Glucosamine was determined spec-
trophotometrically at 530 nm wave length
according to Elson-Morgan method.

High fatty acids profile was determined
as methyl esters using gas chromatography.
Samples preparing was performed based
on Folch method (1957), using sample
homogenization in chloroform:methanol
(2:1) mixture, solvent evaporation, then
saponification (0,5 N NaOH methanolic
solvent) and estryfication (BF; methanolic
solvent). Heksanoic extracts of fatty acids
methyl esters derivatives were examined
using gas chromatograph VARIAN 3400.
Following high fatty acids profiles in com-
mercial carp meat (2+) and in zooplankton
was subjects of comparative analysis: PUFA,
PUFA-3, PUFA-6, EPA, DHA, CLA, MUFA,
MUFA+PUFA and PUFA-6/3 ratio.

Regression analysis and single-factor
variation in Statistic 5.0 software were used
to determined statistical results.

RESULTS

Correlation between zooplankton
as well as carp ingesta glucosamine
content and experimental ponds
fishing efficiency

Carp fry and commercial carp restocks
and catguts scale were shown in table 1.
These data allowed fishing efficiency rate
evaluation (tab. 2, fig. 1). It was noticed
that average elementary increment and as-
sumed increment of commercial carp (2+)
after autumn catguts was higher when bo-
vine manure was used comparing to ovine
manure. This relation was not observed at
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Table 1. Restockings and catguts from experimental ponds specification in years 2004-

2007
Restockings Catguts
Carp Manure doze; Manure; o n
Pond area year pieces/ha g%cg pieces/ha pc?s/ /kz
Carp fry control
0 g/ha; bovine; 2004 3000 16,4 5,5 1696 376 221,7
2,9 ha ovine; 2006 3000 40,0 13,3 808 584 722,7
75 g/ha; bovine; 2004 3600 16,3 5,4 376 416 1106,4
2,5 ha ovine; 2006 3600 52,0 14,4 880 352 400,0
150 g/ha; bovine; 2004 3000 27,0 9,0 1260 400 317,5
2,0 ha ovine; 2006 3000 35,0 11,7 811 630 776,8
Commercial carp control
0 g/ha; bovine; 2005 1000 332,0 332,0 604 804 13311
2,5 ha ovine; 2007 1000 148,0 148,0 972 856 880,7
75 g/ha; bovine; 2005 1200 208,0 173,3 820 1060 1292,7
2,5 ha ovine; 2007 1200 176,0 146,7 700 776 1108,6
150 g/ha; bovine; 2005 1000 200,0 200,0 638 1010 1583,1
2,0 ha ovine; 2007 1000 145,0 145,0 840 880 1047,6

Table 2. Farm results of carp restockings and catguts from experimental ponds fertilized

with bovine and ovine manure

Average elementary Assumed increment,

Carp Pond Manure; year increment, g/pieces kg/ha

Carp fry control bovine; 2004 216,0 366,0
0 g/ha ovine; 2006 589,5 344,3

75 g/ha bovine; 2004 1101,0 4140

ovine; 2006 386,0 339,7

150 g/ha bovine; 2004 308,5 389,3

ovine; 2006 765,1 620,5

Commercial carp control bovine; 2005 9991 603,5
0 g/ha ovine; 2007 733,0 661,7

75 g/ha bovine; 2005 1120,0 918,4

ovine; 2007 962,3 673,6

150 g/ha bovine; 2005 1384,0 882,3

ovine; 2007 903,0 794,6

ponds with carp fry (1+). Average conclu-
sions gained after four years of experiments,
for manured ponds comparing to control
pond, were advantageous for economic re-
sults without allowing for kind of manure.
In such long-term point of view, assumed
increment was increasing proportionally to
manuration level in carp fry ponds (1+)
and in commercial carp ponds (2+) alike.
In carp fry ponds fertilized with 75 q per

hectare of manure these increment was
6,1% higher comparing to the control pond
and in pond fertilized with 150 q of manure
per hectare these difference amount 42,1%.
In commercial carp ponds the differences
amount 25,8% and 32,5% respectively.
As it is shown in table 3 glucosamine
percentage in zooplankton cumulative sam-
ples from April to June, expanded according
to ponds fertilization level was increasing in
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Figure 1. Fundamental average values of farm results
from manure fertilized ponds and control ponds in years
2004-2007. 0 — control; m — 75 g/ha; @ — 150 g/ha

carp fry ponds (1+), from 1,25%
in control pond to 1,54% in pond
with highest manure amount used.
By contrast, in the same ponds
restocked in different years with
commercial carp (2+) zooplankton
glucosamine content was decrea-
sing, from 1,49% to 1,18% respec-
tively. Average ingesta glucosamine
content in carp fry and commercial
carp alike was descending in the
spring (from 1,49% to 1,31% and
from 1,55% to 0,93% respectively)
and was increasing in the autumn
(from 1,15% to 1,98% and from
1,20% to 2,06% respectively) ac-
cording to ponds manuring level.
As it was shown in table 4, average

Table 3. Carp ingesta and zooplankton glucosamine content

Glucosamine content, % dry matter

Year Carp age Ingesta

Spring

Zooplankton entire season
Autumn

Control pond without manuring

2004 1+ 1,52
2005 2+ 1,30
2006 1+ 1,45
2007 2+ 1,80
Average 1+ 1,49

Average 2+ 1,55

Average: 1,52

1,20 1,19
1,64 1,40
1,10 1,31
0,76 1,58
1,15 1,25
1,20 1,49
1,18 1,37

Pond fertilized with bovine or ovine manure (75 q/ha)

2004 1+ 1,46
2005 2+ 0,72
2006 1+ 1,54
2007 2+ 1,40
Average 1+ 1,50

Average 2+ 1,06

Average: 1,28

1,24 1,18
1,76 1,16
1,40 1,31
1,13 1,23
1,32 1,25
1,45 1,20
1,38 1,22

Pond fertilized with bovine or ovine manure (150 g/ha)

2004 1+ 1,36
2005 2+ 1,15
2006 1+ 1,26
2007 2+ 0,70
Average 1+ 1,31

Average 2+ 0,93

Average: 1,12

1,80 1,31
1,52 1,66
2,16 1,76
2,60 0,80
1,98 1,54
2,06 1,18
2,02 1,36
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Table 4. Carp ingesta and zooplankton glucosamine content differences

Carp ingesta and zooplankton
glucosamine content

Carp ingesta and zooplankton glucosamine
content difference, % D.W.

Year Carp age differences between spring
and aut;n;)r!h:-amples, Spring Autumn Average
Control pond without manuring

2004 1+ -21,1 27,7 0,8 14,3

2005 2+ 26,2 -7,1 17,1 5,0
2006 1+ -241 10,7 -16,0 -2,7
2007 2+ -57,8 13,9 -51,9 -19,0

Average 1+ -22,6 19,2 -7,6 5,8

Average 2+ -15,8 3,4 -17,4 -7,0

Average: -19,2 11,3 -12,5 -0,6

Pond fertilized with bovine or ovine manure (75 qg/ha)

2004 1+ -15,1 23,7 5,1 14,4

2005 2+ 144,4 -37,9 51,7 6,9
2006 1+ -9,1 17,6 6,9 12,3

2007 2+ -19,3 13,8 -8,1 2,9
Average 1+ -12,1 20,7 6,0 13,4

Average 2+ 62,6 -12,1 21,8 4,9

Average: 25,2 4,3 15,0 9,7

Pond fertilized with bovine or ovine manure (150 g/ha)

2004 1+ 32,4 3,8 37,4 20,6
2005 2+ 32,2 -26,3 -2,6 -14,5
2006 1+ 71,4 -28,4 22,7 -2,9
2007 2+ 271,4 -12,5 225,0 106,3

Average 1+ 51,9 -12,3 30,1 8,9

Average 2+ 151,8 -19,4 111,2 45,9

Average: 101,5 -15,9 70,6 27,4

difference between glucosamine content in
both carp fry and commercial carp ingesta
in autumn and in spring was increasing
according to ponds manuring level, with
autumn period advantage (from -22,6%
to +51,9% and from -15,8% to 151,8%
respectively). In turn the difference between
glucosamine content in both carp fry and
commercial carp ingesta with zooplank-
ton glucosamine content was decreasing
according to ponds manuring level, with
ingesta glucosamine level in spring (from
+19,2% to -12,3% and from +3,4 t0-19,4%
respectively). By contrast, for both carp
kinds, these differences was increasing,
with ingesta glucosamine content in autumn
(from -7,6% to +30,1% and from -17,4%
to 111,2% respectively).

Differences between spring and autumn
glucosamine content in both carp fry and
commercial carp ingesta with zooplankton

glucosamine content were confirmed with
single-factor regression analysis results
shown in table 5. Statistically significant
correlations (P<0,05) between carp in-
gesta and zooplankton glucosamine content
from experimental and control ponds were
noticed. Zooplankton glucosamine content
increment was connected with fish ingesta
glucosamine content decrement: in carp
fry (+1) in spring (r = -0,82) and in com-
mercial carp (2+) in autumn (r = -0,81).
Comparable statistically significant relations
(P<0,05) were found between carp fry
and commercial carp ingesta glucosamine
content in spring and its content in autumn
(r = -0,86 and r = -0,89 respectively).
Single-factor variation results (table 6)
exemplify at figures 2 and 3 showed a sta-
tistically significant correlation (P<0,05)
between carp biomass assumed increment
(kg per hectare) as well as some parameters
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Table 5. Results of ingesta and zooplankton glucosamine content single-factor regression

analysis
. X Differences
s o | ety v | Feasion swaton | v | ¢t |sgfns
Carp fry
Ingesta spring Zooplankton entire Y=-0,4x+1,97 -0,82 66,7 0,05
season
Ingesta autumn Ingesta spring Y=-3,38x + 6,32 -0,86 74,2 0,05
Commercial carp
Ingesta autumn Zooplankton entire Y=-1,73x + 3,79 -0,81 65,9 0,05
season
Ingesta autumn Ingesta spring Y=-1,31x+ 3,12 -0,89 78,8 0,05

Table 6. Results of farm fishing production and zooplankton and ingesta glucosamine
content single-factor regression analysis

Dependent variable, Y Independent variable (x) Differences
Carp biomass assumed Glucosamine content, Regression equation r r2 | significance
increment, kg/ha % D.M. (P<)
Carp fry

Total carp biomass Ingesta and zooplankton

assumed increment glucosamine content

(kg/ha) difference (%) Y=—-4,47x+ 453,4 -0,86 74,0 0,05
Spring and autumn
ingesta glucosamine
content difference (%)  Y=2,38 + 398,6 0,86 74,1 0,05
Ingesta glucosamine
content;
spring; Y=-854,6x+1635,8 -0,85 72,2 0,05
autumn Y=209,5x+101,5 0,82 66,9 0,05
Zooplankton glucosamine
content Y=436,0x — 173,4 0,88 77,2 0,05

Commercial carp

Total carp biomass Spring ingesta and

assumed increment zooplankton glucosamine

(kg/ha) content (%) Y=-5,17x+ 707,3 -0,84 70,86 0,05

related with fish ingesta and zooplankton
glucosamine content. Ponds fishing effi-
ciency was decreasing with different changes
between glucosamine content in carp ingesta
in spring and zooplankton glucosamine
content in ranges from —28,4% to 0,0% and
from 0,0% to 27,7% for carp fry (1+) and in
ranges from —-37,9% to 0,0% and from 0,0%
to 13,9% for commercial carp (2+). For
carp fry (1+) ponds fishing efficiency was
increasing with different changes between
glucosamine content in ingesta in autumn
and in spring in ranges from -24,1% to

0,0% and from 0,0% to 71,4% (fig. 2). Ad-
ditionally, this efficiency was increasing for
carp fry (1+) proportionally to ingesta and
zooplankton glucosamine content increment
in autumn and was decreasing with ingesta
glucosamine content in spring (fig. 3).

Correlation between some fraction
of high fatty acids in commercial carp
meat HFA profile and HFA fractions
share in zooplankton

PUFA-3 content of HFA profile in 3 years
old commercial carp meat from experi-
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Figure 2. Correlation between carp biomass total assumed increment in experimantal ponds and
ingesta and zooplankton glucosamine content regression eguation plots based on table 6
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Figure 3. Correlation between carp fry (1+) biomass total average increment and glucosamine
content in ingesta and zooplankton, based on table 6

mental ponds in autumn was oscillating
at an average from 2,2% to 3,3%, PUFA-6
from 10,7% to 11,2%, PUFA from 14,7% to
15,4%, EPA from 0,5% to 0,9%, DHA from
0,7% to 0,9%, CLA from 2,9% to 3,3%,
MUFA from 55,7% to 56,8%, MUFA+PUFA
from 71,2% to 71,5% and PUFA-6/3 ratio
from 2,83% to 5,40% (tables 7-9). Sta-
tistically significant correlation between
high fatty acids profile in commercial carp
meat was not found in spring and autumn
between ponds with different manuring
level. In autumn period in 2005 comparing
to spring period in meat samples highly
statistically significant relations (P<0,01)
between some fractions of HFA (PUFA-3,

PUFA-6, PUFA, EPA, DHA) percentages
decrement and increment (P<0,05) or de-
ficiency of between-seasonal difference of
CLA, MUFA and MUFA+PUFA level were
noticed. From spring to autumn PUFA-6/3
ratio was increasing in highly significant
way (P<0,05). This ratio was highly sig-
nificant (P<0,01) higher in pond fertilized
with lower doze of manure than in control
pond and pond fertilized with higher doze
of manure. Meat samples analysis were not
evaluated in spring 2007 and that is why
between-seasonal differences can not be
reviewed. Highly significant or significant
correlations between PUFA-3, PUFA and
MUFA+PUFA content in high fatty acids
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Table 7. Carp meat and zooplankton PUFA-3, PUFA-6 and PUFA content

Carp meat Zooplankton

Year Carp age PUFA-3 PUFA-6 PUFA PUFA-3 | PUFA-6 | PUFA

entire entire entire

spring autumn spring | autumn | spring | autumn season | season | season

Control pond without manuring
2004 1+ 30,4 21,2 23,4 311 57,0 55,1 46,9 14,6 61,9
2005 2+ 19,4 3,0 25,8 15,1 47,2 21,2 33,0 17,3 511
2006 1+ 8,5 3,2 11,4 9,0 18,3 14,3 24,8 10,1 35,7

2007 2+ - 2,4 - 6,4 - 8,8 341 11,3 453
Average 1+ 19,4 12,2 17,4 20,0 37,7 347 358 12,3 488
Average 2+ - 2,7 - 10,7 - 13,4 33,6 143 482

Average: 19,4 7,5 20,2 154 40,8 249 34,7 133 48,5

Pond fertilized with bovine or ovine manure (75 q/ha)
2004 1+ 28,0 13,4 244 31,9 552 479 406 17,3 581
2005 2+ 17,3 2,3 28,3 16,1 48,6 21,0 37,5 16,3 549
2006 1+ 10,1 3,7 11,4 9,5 23,0 151 36,5 8,7 45,5

2007 2+ - 2,1 - 6,2 - 8,4 32,0 10,6 42,6
Average 1+ 19,1 8,6 17,9 20,7 391 315 386 13,0 51,8
Average 2+ - 2,2 - 11,2 - 147 34,8 13,5 48,8

Average: 18,5 5,4 21,5 15,9 42,4 23,2 36,7 13,2 50,3

Pond fertilized with bovine or ovine manure (150 g/ha)
2004 1+ 23,4 19,0 19,4 36,4 45,7 58,2 459 16,2 62,5
2005 2+ 17,8 4,6 28,6 151 477 22,5 340 225 56,9
2006 1+ 12,4 3,2 12,7 9,1 26,2 143 374 98 47,3

2007 2+ - 2,1 - 6,3 - 8,4 32,3 5,7 38,0
Average 1+ 17,9 11,1 16,0 22,7 359 36,3 41,7 13,0 549
Average 2+ - 3,3 - 10,7 - 154 33,2 141 47,5

Average: 17,9 7,2 20,2 16,7 39,9 258 374 13,6 51,2

Table 8. Carp meat and zooplankton EPA, DHA and PUFA-6/3 ratio content

Carp meat Zooplankton
Year PUFA-6/3 EPA DHA PUFA-6/3 EPA DHA
Carp age . . . entire entire entire
spring |autumn| spring | autumn | spring | autumn season | season | season

Control pond without manuring
2004 1+ 0,79 1,55 9,40 590 114 11,2 0,31 23,4 3,80
2005 2+ 1,40 5,60 6,60 0,70 7,20 1,00 0,50 11,9 8,10
2006 1+ 1,40 2,90 200 0,70 250 1,20 0,40 5,60 1,30

2007 2+ - 2,66 - 0,40 - 0,90 0,33 11,0 8,20
Average 1+ 1,10 2,23 5,70 3,30 7,00 6,20 0,36 14,5 2,60
Average 2+ - 4,13 - 0,60 - 1,00 0,42 11,5 8,20

Average: 1,20 3,18 6,00 1,90 7,00 3,60 0,39 13,0 5,40
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And of table 8

Carp meat Zooplankton
Year PUFA-6/3 EPA DHA PUFA-6/3 EPA DHA
Carp age spring |autumn| spring | autumn | spring | autumn SZT;?n see';t::n SZT;I:H
Pond fertilized with bovine or ovine manure (75 q/ha)
2004 1+ 0,89 2,40 8,10 3,70 13,1 6,00 0,43 21,4 0,90
2005 2+ 1,70 7,860 6,10 0,50 5,00 0,50 0,40 15,0 6,70
2006 1+ 1,70 2,60 2,40 0,80 2,40 1,20 0,20 11,9 2,80
2007 2+ - 2,99 - 0,40 - 0,80 0,33 8,30 14,8
Average 1+ 1,00 2,60 5,3 2,30 7,80 3,60 0,32 16,7 1,90
Average 2+ - 5,40 - 0,50 - 0,70 0,37 11,7 10,8
Average: 1,23 4,00 5,5 1,40 6,80 2,10 0,34 14,2 6,30
Pond fertilized with bovine or ovine manure (150 q/ha)
2004 1+ 0,85 198 7,10 5,10 8,00 10,1 0,35 25,7 2,80
2005 2+ 1,60 3,00 6,00 1,40 3,90 0,9 0,70 16,1 5,10
2006 1+ 1,00 2,50 3,10 0,70 2,80 1,20 0,30 11,4 0,50
2007 2+ - 2,66 - 0,40 - 0,80 0,18 10,7 12,0
Average 1+ 0,93 2,24 510 2,90 5,40 5,70 0,33 18,6 1,70
Average 2+ - 2,83 - 0,90 - 0,90 0,44 13,4 8,60
Average: 1,15 2,54 540 1,90 4,90 3,3 0,38 16,0 5,10
Table 9. Carp meat and zooplankton CLA, MUFA and MUFA+PUFA sum content
Carp meat Zooplankton
Year CLA MUFA MUFA+PUFA CLA MUFA | MUFA+PUFA
Carp 2ge spring | autumn | spring | autumn | spring | autumn sir;t;?n sil;t;roen s:r;t;roen
Control pond without manuring
2004 1+ 3,3 2,8 19,0 216 76,2 76,7 0,5 17,5 79,4
2005 2+ 1,9 3,2 20,7 541 67,9 753 0,8 20,4 71,6
2006 1+ 1,6 2,1 46,1 58,0 68,9 72,3 0,8 27,9 63,6
2007 2+ - 3,4 - 60,4 - 69,2 0,0 19,6 64,9
Average 1+ 2,5 2,5 32,6 39,8 726 745 0,7 22,7 71,5
Average 2+ - 3,3 - 57,3 - 72,3 0,4 20,0 68,3
Average: 2,3 2,9 28,6 485 71,0 734 0,5 21,4 69,9
Pond fertilized with bovine or ovine manure (75 g/ha)
2004 1+ 2,7 2,6 14,7 256 70,4 74,0 0,3 19,5 77,6
2005 2+ 3,0 2,6 22,0 534 70,6 744 1,1 15,9 70,8
2006 1+ 1,5 2,0 43,7 57,0 66,7 72,1 0,3 18,2 63,7
2007 2+ - 3,2 - 60,1 - 68,5 0,0 19,0 61,6
Average 1+ 2,1 2,3 292 413 686 73,1 0,3 18,9 70,7
Average 2+ - 2,9 - 56,8 - 71,5 0,6 17,5 66,2
Average: 2,4 2,6 26,8 49,0 69,2 723 0,4 18,2 68,4
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And of table 9

Carp meat Zooplankton

Year CLA MUFA MUFA+PUFA CLA MUFA | MUFA+PUFA

" | sping |t | spring | astum | srng | st | e | entre | e
Pond fertilized with bovine or ovine manure (150 q/ha)

2004 1+ 29 29 238 198 696 78,0 0,4 16,1 78,7
2005 2+ 1,3 29 21,3 51,5 69,0 74,0 0,5 18,5 75,4
2006 1+ 1,2 20 388 56,0 650 70,2 0,2 22,3 69,6
2007 2+ - 2,8 - 59,9 - 68,3 0,0 19,7 57,7
Average 1+ 2,1 25 31,3 379 67,3 74,1 0,3 19,2 74,2
Average 2+ - 2,9 - 55,7 - 71,2 0,3 19,1 66,6
Average: 1,8 2,7 28,0 46,8 67,9 72,6 0,3 19,2 70,4

Table 10. Results of single-factor analysis for relation between some parameters of high
fatty acids profile in carp meat and zooplankton

. . Differences
Depen(z\?;n’t%anable Independent variable (x), % R:glr;iis(;ﬁn r r2 sign(i|f)i$nce
Carp fry
Carp meat Zooplankton entire season
PUFA-3 spring PUFA-3 Y=098-19,15 0,82 67,0 0,05
autumn Y=0,87x-23,00 0,84 70,1 0,05
EPA  spring EPA Y =0,36x — 0,77 0,92 84,6 0,01
autumn Y =0,28x - 1,80 0,94 87,6 0,01
PUFA-6 spring PUFA-6 Y =1,53x - 2,39 0,93 86,9 0,01
autumn Y =3,45x — 22,9 0,96 92,4 0,01
PUFA  spring PUFA Y=147x-38,79 0,92 85,1 0,01
autumn Y=1,88x-63,55 0,93 86,7 0,01
Commercial carp
Carp meat Zooplankton entire season
PUFA-6 autumn PUFA-6 Y=0,72x + 0,74 0,86 73,7 0,05
PUFA autumn PUFA Y =0,9x - 28,30 0,93 86,4 0,01
MUFA + PUFA MUFA + PUFA Y=0,44x + 41,91 0,91 83,0 0,01

profile increment in carp meat in autumn
samples and zooplankton share increment
of these fractions (table 10).

Current research did not allow to notice
statistically significant correlations between
ingesta and zooplankton glucosamine level
and PUFA, MUFA and MUFA + PUFA percenta-

ge in high fatty acids profile of commercial
carp meat. PUFA-6/3 ratio correlation was
not also confirmed. It was confirmed (table
7-9) that PUFA-3, PUFA-6, PUFA, EPA, DHA
shares in commercial carp (2+) meat were
twice or triple lower than in carp fry (1+)
meat. CLA and PUFA+MUFA percentage
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CORRELATION BETWEEN SOME OF CHEMICAL COMPOSITION ELEMENTS OF ZOOPLANKTON

were constant in both kinds of carp meat,
in turn MUFA shares were always higher
in commercial carp meat. PUFA-6/3 index
value in commercial carp meat in control
pond and in pond fertilized with lower doze
of manure was on the average twice higher
than in carp fry meat. Another kind of cor-
relation between percentages of examined
high fatty acids fractions and shares of these
fractions in zooplankton was found in carp
fry (table 10). If in case of carp fry these
relations regarded PUFA-3, EPA, PUFA-6
and PUFA, than in case of commercial carp
the correlation between PUFA-3 and EPA
shares in carp meat and in zooplankton
was not found, in contrast to highly statis-
tically significant relations (P<0,01) for
MUFA +PUFA.

DISCUSSION

Using aquatic invertebrates as a source
of natural carp food take on a new life be-
cause of rising prices of grain and need to
change carp husbandry to more economic
extensive breeding. Good example of such
system is model of discussed pond experi-
ment, in which carp fry and commercial
carp density in experimental ponds in 1
hectare was 30%-50% lower than in in-
tensive breeding where more than 90%
of biomass growths come from feeding
fish with grain. Reducing restock density
and using fertilization with manure (150
q per hectare) caused carp fry and com-
mercial carp biomass increment for about
30%-40% during one season, comparing
to control pond. Ponds fertilization with
bovine manure has given better results
then fertilization with liquid bovine manure
(Schroeder, 1974; Ligaszewski et al., 2003).
Glucosamine percentage in freshwater zoo-
plankton from experimental ponds reached
1,6% level, and was lower then glucosamine
percentage in saltwater — 2,5% to 11,8%.
It is important that in the same kind of
shellfishes in winter it was 76,1% higher
(Donelly et al., 2004). Cumulative samples
were taken from spring to autumn. Later on
it was impossible to take probes because of
organic suspension and algae blooming.
However based on glucosamine content in
carp ingesta in autumn and in spring it was
concluded that depending on ponds manu-
ring level glucosamine content in autumn
samples was increasing comparing to its

content in spring samples, while in autumn
samples from control ponds glucosamine
content was lower than in spring samples.
It was a proof for higher food consumption
in autumn season by carps in ponds with
higher manurating level or of increased
glucosamine content in autumn zooplank-
ton, analogically to examples of saltwater
zooplankton. Decreased water temperature
comparing to spring-summer season could
be a third reason of ingesta glucosamine
level increment in autumn season (Ligasze-
wski et al., 2006, 2007). Chitinase activity
decrement in carp alimentary tract and
chitinolytic bacteria activity abundant in
bacterial plankton and microbentos could
be a reason of such glucosamine level dif-
ferences (Donderski and Trzebiatowski,
1999). Selective food intake could be a
fourth hypothetical reason, because zoo-
plankton with higher glucosamine content
was preferably taken by carp. It can be
interpreted from regression analysis be-
tween ingesta and zooplankton glucosamine
content (table 5). Biomass increments of
carp bred with natural food in ponds with
intensive fertilization result from all four
reasons previously mentioned. Regression
analysis results between total assumed carp
biomass increment (kg per hectare) and
some glucosamine content parameters in
ingesta and in zooplankton in different
seasons showed that these parameters can
be treated as one of evaluation indicator or
economic results prediction in ground carp
ponds. This indicators seem to be especially
important to carp fry ponds fishing effi-
ciency evaluation in triennial production
cycle or to light commercial carp in biennial
production cycle. However further research
is required.

Qualitative composition of high fatty
acids profile in carp fry meat (1+) was
advantageous for consumer than its com-
position in commercial carp (2+) meat,
as it was confirmed with partial research
results (Ligaszewski et al., 2006, 2007).
Especially, in PUFA-3 and EPA, important
in human diet, level in HFA profile is higher
in younger carp meat than in 3 years old
carp. That ensures from higher natural
food in form of invertebrates in younger
carps, while in commercial carp (2+) diet
vegetable feed (crop seeds) are greatly
used.
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3ABHUCHUMOCTDb KAYECTBEHHOTO COCTABA BbICHIUX KWPHBIX KUCJIOT
B MACE KAPIIA OT HEKOTOPBIX DJIEMEHTOB XMMHWYECKOI'O COCTABA
30O0IIVTAHKTOHA 1 ITPOAYKTHUBHOCTH IIPYIOB

M. JTuzaxcesckuii, K. Benenapxcu, 5. ®uma, A. JIvicak

HccnenoBanach CBA3b MEXAY Cofep KaHUEM IMIIOKO3aMMHA B 300IJIAHKTOHE U NMHUIEBOM KOMKE C
PEIGONIPOAYKTUBHOCTEIO IPYZAOB. OZHNM U3 33/laHUH HCC/IeZ0BAHMA ObLIO U3yYUTH UCIIOIb30BaHUE
WH/IEKCOB, CBA3aHHBIX C COAepKaHUeM IMIIOKO3aMUHA, AJId OLIeHKU NPOAYKIIMHU Kaplla B KPaTKOCPOU-
HOU nepcriekTrBe. Takke UCCIeZ0BaNTNCh KOPPEIALNOHHBIE CBA3U MEXAY COAepKaHUeM OT/eTbHBIX
dpakuuil BEICIINX XUPHBIX KHCJIOT B 300IUIAHKTOHE U UX COZEP)KaHUEM B MsAce KapIia.

O6HapyXeHO, YTO TapaMeTPhI COAepKaHusA IMIFOKO3aMHUHa B TUIIEBOM KOMKe 3HAaYUTEIbHO KOp-
PeNIupoBaK C ppIOOIPOAYKTUBHOCTHIO PyZoB (P<0,05), 0cO6EHHO IO CPaBHEHUIO C KOHTPOJIEM.
Taxxe Habmroganach 3HaunTeNbHAsA Koppessauus (P<0,05) mexay cogepxxanuem PUFA-3, PUFA
u coBOKynHOCThi0o PUFA-MUFA B npoduie BBICIINX KUPHBIX KUCJIOT B MsCE TOBAapHOI'O Kapma u
coZiepxaHueM 3TuX Gpakiuii B 300IUIaHKTOHE.

Ha ocHOBaHMM KauyeCTBEHHOTO COCTaBa BBICIIUX XUPHBIX KUCIOT U cooTHomeHus PUFA-6/3
06Hapy:XeHO, YTO IIPU JBYXIOAUYHOM IIMKJIE BRIPAI[UBAHU KapIla oJydYeHHOe MACO XapaKTepH-
3yeTcs 60Jiee BEICOKOM MUIEBOM IIEHHOCTHIO, Y€M MIPU TPEXTOLUIHOM.
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MOPIBHANbHUI AHAJI3 PO3MIPHOTO CKIALY AOCTIAHNLBKAX | IPOMUCIOBWX YIOBIB

SAJIEXKHICTD AKICHOTI'O CKJIAZY BUIIINX X KHPHUX KHUCJIOT
Y M’ACI KOPOIIA BIA AEAKNX EJIEMEHTIB XIMIYHOTO CKJIAAY
30O0IITAHKTOHY TA ITPOAYKTNBHOCTI CTABIB

M. JTueancescvkuil, K. Benenapacu, . @ima, A. JTucak

JocnizxyBaBcsa 3B’130K Mi>K BMiCTOM IVIIOKO3aMiHy B 300II/TaHKTOH]I Ta Xap4oBilt rpyaui 3 pu-
6ompoAYKTUBHICTIO cTaBiB. OJHUM i3 3aBJjaHb JOCTi/XKeHb 6y/1I0 BUKOPUCTAHHS iHAEKCIB, MOB’s13a-
HUX i3 BMiCTOM IJIIOKO3aMiHYy, /I OLIiHKW MPOAYKIii Kopoma y 6Ju3bKii nmepcrnekTuBi. Takox
JOCTiXKyBanycs KopesAlifiHi 3B’A3KM MK BMiCTOM OKpeMUX $pakiiiii BUIIUX XXUPHUX KUCJIOT y
300IIAHKTOHI Ta iX BMicTOM y M’sci kopomna.

BcTaHOBIIEHO, 1O TapaMeTPH BMIiCTy IJIFOKO3aMiHy Y XapyoBiil IpyAlli KopenroBaiu i3 pubo-
IpoAYKTHUBHIcTIO cTaBiB (P<0,05), ocob1uBO MOPiBHAHO 3 KOHTposieM. Takox crocTepiranacsa
xopessnisa (P<0,05) mixk Bmictom PUFA-3, PUFA i PUFA-MUFA B nipodisii BULITUX JKUPHUX KUCIOT
y M’sici TOBapHOT'O KOpOIIa Ta BMIiCTOM ITUX QPAaKIiil Y 300IJIaHKTOHI.

Ha ocHOBI fIKiCHOTO CKJIaZly BUIIUX KMPHUX KUCIOT Ta criBBigHomeHHsa PUFA-6/3 BuaBieHo,
110 IIPY ABOPIYHOMY IIMKJIi BUPOIIYBaHHA KOPOIla OTPUMaHe M’ACO XapaKTepPU3YEThCA BUIOIO
Xap4yoBOI0 LiHHICTIO, aHiX NPU TPUPIYHOMY.

YK 639.2.053.7:591.134

MOPIBHANbHUI AHANI3 PO3MIPHOIO CKJNIALY
AOCNAHNUBKNX | MTPOMUCITIOBUX YJIOBIB

T.B. Cnecusun', 10.T. KysbmeHko, L.1O. By3eBuy,
M.J1. MakcumeHko?, C.C. TulieHko

VIHCTUTYT pubHoro rocnogapctea YAAH
2TonoBHe ynpaBniHHA OXOPOHW, BUKOPUCTAHHS Ta BiATBOPEHHS BOJHUX
XWBUX PeCypCiB i perynioBaHHs pubanbcTBa B 3anopisbkin obnacri

Memoodamu sapiayiiinoi cmamucmuku npogedeHo NOPIBHANbHUL AHANI3 PO3MIDHO20 CKAAQY Y0818

pubu Hayko80-00CAIOHUX | NpOMUCI08UX 3516po8uUX cimok. BcmaHogieHo 8i0cymHicmb cmamucmuu-

HO 3HAUYWUX PO3X00XCeHb Midc HUMU. 3p0beHO BUCHOBOK, U0 HeMdae HeobXxiOHOCMI 3miHo8amu
abo Kopuzygamu 3a2anbHo NPUllHAMY Memoouky 360py iXxmios02iuHO20 Mamepiary.

P03BUTOK pr607Z06YBHOTO IPOMHUCITY B
CyJacHU Mmepios Bii6yBa€eThCs 3 MOCTIHHUM
36iMbIIEHHAM iHTEHCUBHOCTI BUIYyYEHHSA
pubu 3 BogoHM. ITOMyK NUIAXiB 3HMKEHHSA
cobiBapTOCTi BUIOBIIOBaHOI pr6Y, 3yMOB-
Jto€ 36iMblIeHHS epeKTUBHOCTI 3HAPAAD i
crtoco6iB JoBy. 3MiHa THX ab0 iHIINUX Xa-
PaKTepUCTUK 3HapAJb JIOBY, 30KpeMa ce-
JIEKTUBHIM BUOGIDKOBOCTi 316pOBHUX CiTOK
yepes yJOCKOHaTIeHHS CiTKOBHUX MaTepialiB,
MO’Ke CIIOTBOPIOBATH JIaHi, AKi OCTiAHUKYA
OJEPXKYIOTH IIiJ 4ac IpoBeAeHHsS puboroc-
oJapCchbKUX HayKOBO-ZOCHiAHUX JIOBIB Y
nepesHEePECTOBUYN Tepios.

3MeHIIIeHHA YU CeIbHOCTi IPOMHUCIOBUX
BUZIB pub i 3aKOHOMipHe poO3TayKeHHS
MOMYJALIM Ha JIOKaJIbHi TPyIU MOXe MpU-
BHOCHUTHU iCTOTHi NMOTPIITHOCTiI B HayKOBi

JaHi, 0COOIMBO AKINO IXHIN 06cAr icTOT-
HO 3HMKY€EThCA Il TUCKOM Pi3HOT'O POAY
aZMiHICTPATUBHUX i TOCIOAAPCHKUX MPU-
yuH. Be3nepeyHuM € ¢akT, IO YacTUHA
reHepajbHOI CyKYyIIHOCTI, fIKa oZepkaHa
IIpYU IPOBeZleHHi HayKOBO-A0CTiIHUX JIOBiB
3i CTOBiZCOTKOBOIO iIMOBipHICTIO He BiZlO-
6pakae BCi XapaKTepPUCTUKU MOMYIALil
JOCHiKyBaHUX BUAIB pub. OmHak obcar
BUOIDKM NMOKJIMKAaHUN KOMIIEHCYBaTH BU-
M1a/IKOBi OTPILITHOCTI ¥ BiIXWIEHHA IIpU T0-
JanbIIOMy aHali3i OTpUMaHuX MaTepialiB.
[Tpu upboMy NUTaAHHA IOPiBHAHHOCTI JAHUX
HayKOBO-ZIOCJIiTHUX JIOBiB i MPOMMCIOBOL
CTAaTUCTUKU € TOCTiHHO aKTyaJbHUM.
MeToto po6oTu Oys10 MOPiBHAHHSA PO3-
MipHOTO CKJIaZly HAyKOBO-ZOC/IiJTHUX YJIOBIB
396pOBHUX CITOK, OTPUMAaHUX y TIepesHepec-
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