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ABSTRACT

Several studies have shown that insulin is positively related to reproductive processes. The
objectives of the present study were to investigate the effect of three diets, consisting of different
major encrgy seurces {starch, glucose or fat) given in 2, 3 or 4 portiens daily on postprandial glucose
and insufin levels, and to assess the influence of 3 times a day fecding on follicular development in
prepubertal gilts.

In Experiment [, Polish Landrace gilts aged 142 days (n=18) were randomtly divided into three equal
groups (n=06) fed with starch, glucose and fat dict. The same animals received their diet in three frequencies
(2. 3 or 4 times daily}. Each period started with three days of adaptation to the of the same dict. On day
4, blood samplcs were taken before, during and afler feeding. The next day the frequency of feeding
was changed without change of diet. The plasma glucese and insulin concentrations were determined by
enzymatic- and radioimmunoassay, respectively.

In Experiment 2, forty-four 140 day old gilts were divided into three treatment groups and gi-
ven starch, glucose and fat diets in three equal portions at 8.00, 13.00 and 18.00h . After 25 days of
experimental feeding gilts were slaughtered the day after treatment to assess: ovarian weight, folli-
cular development and the total number of LH receptors in one ovary.

Basal plasma glucose concentrations were similar for the three diets given 3 and 4 umes a day
(3 times daily: 508249, 56.844.0, 56.3+7.4 mg/dl; 4 times daily: 53.3%1.7, 65.8£5.9, 58.317.5
mg/dl), but differed (P<0.05) for the three diets given twice daily {(71.4210.4, 40.8+£3.9, 53.648.0
mg/dl, starch, glucose, fat, respectively). The basal plasma insulin concentration was similar for
the three diets and different frequency of feeding (2 umes daily: 7.8x1.4, 9.3x1.0, 9.5+0.9 plU/mi;
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I times daily: 6.2+1.4, 10.3£1.0, 8.6£1.0 ulU/mi and 4 times daily: 8.5£1.6, 7.9£0.8, 8.2+2.7 ulU/ml,
starch, glucoese and fat, respectively). After feeding, the insulin concentration in gilts fed the glu-
cose or starch diet showed a faster increase compared with the fat diet in all studied periods of te-
eding. The arca under the total curve for the plasma insulin level was greater (P<0.05} for the gluco-
se diet than for fat diet (68701656 vs 40281751 arbitrary units, respectively for twice daily feeding;
63144718 vs 32744472, respectively for three daily feeding), whereas the starch digt was interine-
diate (61041762 and 3855729, respectively) and not significantly different from the other diets,
Four daily feeding dict not caused significant differences for starch, {at and glucose diets in area un-
der curve for insulin level. Feeding the starch, glucose and fat diets for 25 days (in three equal por-
tions) did not affect the weight (g) of the ovary (2.8+0.1, 2.840.2 and 3.0£0. 1, respectively), the nuin-
ber and size of healthy and atretic follicles nor LH receptor concentration (9.011.2; 10.5+1.7 and
9.6%1.2 tM/mg protein, respectively).

The results confirmed earlier observations that the dielary energy source affects the postprandial
plasma insulin concentrations when the dict is divided into two parts. A similar cffect was observed
when the diet was given in three, bul not four, equal portions each day. However, three times daily
increase of insulin concentration in blood samples for 25 days did not affect ovarian and follicular
development in prepubertal gilts of pure Polish Landrace breed.
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INTRODUCTION

It is destrable to induce early puberty attainment in the gilt as she is a costly
non-productive animal until the initiation of her first pregnancy. There are many
factors which can be manipulated in order to reduce age of puberty and hence
minimize the cost of introducing replacement gilts. The major ones arc growth rate,
nutrition, genetics, climate and the animals” social environment (Hughes, 1982).
Increasing dictary energy intake of gilts’ four or more days before oestrus has been
reported to increase their ovulation rate (Robertson et al., 1951; Zimmerman et al.,
1960; Dailey ¢t al., 1972). The hormonal mechanisms involved in these increases
in ovulation rate remain largely undefined. The metabolic hormone, insulin has
been implicated as necessary for reproductive processes in some studies (Siegel
and Wade, 1979; Kirchick et al., 1982). Several studies have shown that insulin can
be positively related to follicular development (Matamoros et al., 1990; Tokach et
al., 1992; Cox et al,, 1997). Plasma insulin levels can be altered by fecding level
(Booth et al,, 1996) or exogenous insulin injections (Cox et al., [997). Van den
Brand ct al. (1997) showed that the nature of the dietary energy source can affect
the postprandial plasma insulin concentration.

The objectives of the present study were to investigate the effect of three diffe-
rent diets consisting of different energy sources (starch, glucose and fat) given 2,
3 or 4 times daily on postprandial insulin concentrations, and to determine if three
times daily feeding influenced follicular development in prepubertal gilts.
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MATERIAL AND METHODS

In Experiment 1, Polish Landrace gilts aged 142 days {n=18) were randomiy
divided into three equal groups (n=0) fed with starch, glucose and fat diet (see be-
low}. The same animals received their diet in three frequencics (2, 3 or 4 times dai-
ly). Each period started with three days of adaptation to the diet and frequency (2:
8.00 and 18.00 h; 3: 8.00, 13.00 and 18.00 h; 4: 8.00, 11:30, 15:00 and 18:30 h).
Gilts were housed individually in 9 m’ pens. The day before the experiment began
all gilts were surgically fitted with a permanent jugular catheter according to the
method previously described by Kotwica etal. (1978). On day four of each frequ-
ency-feeding period, blood samples were taken before via the catheter, during and
after each feed. Following sampling, the feeding frequency was changed. Three
experimental diets were prepared (Table 1) and all consisted of a basal diet with
sufficient protein, vitamins and minerals {according to Polish Norms of Pig Nu-
trition, 1993). The carbohydrate-rich-diet (starch) contained 391.3 g/kg starch and

TABLE 1
Composition of experimental diets
Dict
Ingredients glucose fat starch
g g g
Barley 240 240 587
Wheat middlings 55 55 19¢
Toasted soyabean 57 57 -
Extracted soyabean 115 115 140
Supplement of extracted sunflower seed* 178 178 -
Extracted rape sced 40 40 -
Meat-and-bene meal 50 50 30
Lucerne meal 2 2 20
Wheat bran - - 104
Maize starch 178 - -
Glucose 60 - -
Tallow - 81 -
Chalk 8.1 8.1 5
Monocalcium phosphate 7.1 7.1 10
Salt 24 2.4 3
L-Lysine 1.2 1.2 -
DL-Methionine 12 1.2 -
Premix 5 5 5
Calculated content g/1000 g g/843 g g/1000 g
crude protein 200 200 190
starch 364.5 186.4 391.3
MJ NE (for pig daily) 12.3 12.3 12

* ingredients: barley-15%, extracted soyabean-25%, meat-and-bone meal-30%, lucerne meal-15%,
extracted rape seed-15%
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12 MJ of net energy (NE). In the carbohydrate/glucose-enriched diet (glucose} 27 g
of starch from the starch diet was replaced with 60 g of glucose. The glucose dict ad-
ditionally contained 178 g of matze starch and less barley (Table 1). The fat-enriched
dict (fat) contained 96.1 g/kg of tallow as the major energy source. The glucose and
fat diets were isocaioric (12.3 MJ NE daily according to Hoffman ct al., 1972).

At the beginning and end of the experiment gilts were weighed. Blood samples
were taken at -60, -48,-36, -24, -12, 0, 12, 24, 36, 48, 120, 150, 220 min relative to
the 8.00 h feeding. Blood samples were collected in ice-cooled polypropylene tu-
bes containing 0.3 M EDTA and 1% aspinn (pH 7.4), then centnifuged at 500 x g
for 15 min at 4°C. The plasma was stored at -20°C until analysis. The plasma insu-
lin concentration was quantified in one radioimmunoassay using the commercial kit
Coat-A-Count [nsulin (Diagnostic Products Corporation, Los Angeles, CA, USA).
The maximum binding for '**I-insulin was 46%. The sensitivity was 4 uIU/ml at 830%
binding. The intraassay coefficient of variation (CV) was 5.1%, whereas interassay
coetficient of variation was 7.1%. The plasma glucose concentration was measured
by oxidase test using the commercial kit (Alpha-Diagnostic Lid., Warsaw, Poland).

In Experiment 2, forty-four 140 day old Polish Landrace gilts were divided
into three treatment groups and given starch (n=14), glucose (n=15) or fat {n=15)
diets in three equal portions at 8.00, 13.00 and 18.00 h as described in Experiment
1. After 25 days of experimental feeding, gilts were slaughtered the next day after
treatment to assess: ovarian weight, follicular development and the total number
of LH receptors in one ovary. Ovaries collected from each gilt were weighed and
then one ovary was immediately frozen in liquid nitrogen for further determina-
tion of LH receptors. The other ovary was placed in Bouin’s fluid, embedded in
paraffin and serially sectioned. Every fiftieth section (6 um) was stained with hae-
matoxylin-eosin. In each section all antral follicles were microscopically coun-
ted. All measured follicles were morphologically classified as healthy or atretic on
the basis of degenerative changes as the presence of pycnotic nuclei and/or local
destruction of the basement membrane. The follicles were divided into three size
classes: small <Imm, medium 3-6 mm and large >6 mm in diameter.

LH receptor levels were determined, as previously described, and validated (Zie-
cik etal., 1989; Jana ct al., 1996). Briefly, ovaries were thawed, homogenized in six
volumes (v/w) of 25 mmol/l Tri HCl buffer pH 7.4 containing 2.50 mmol/l of sucrose
at 4°C with an Ultra-Torax homogenizer. The homogenate was then filtered through
four layers of cheesecloth, and the filtrate was centrifuged for 20 min at 800 g at
4°C. The supernatant was centrifuged further for one hour at 25 000 x g at 4°C and
the sediment suspended in 3 ml of ice-cold 25 mmol/1 Tris-HCI buffer, pH 7.2 con-
taining 0.1% BSA and 5 mmol/IMgCl,. Finally, obtained membranc fractions were
assayed for protein determination by the method of Lowry et al. (1951).

hCG (CR-127) was labelled using the chloramines-T method (Greenwood et al.,
1963; Catt and Dufau, 1975). Non-specific binding was measured by the addition
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of 1 ng untabelled hCG and was less than 2% of the total *#*I-labelled hCG added.
The concentration of LH/ACG, unoccupied binding sites and association constants
(Ka) for hormone binding to receptors were determined using the EBDA computer
program (Elsevier BIO-SOFT, Cambridge, UK). Seven subsaturating quantities of
unfabelled hCG (0.15-5 ng) were used for each receptar preparation,

All data were presented as mean £ SEM. Glucose and insulin concentrations
were compared by one-way analysis of variance (ANOVA). Both basal glucose and
basal insulin concentrations were calculated per gilt per period by repeated measu-
res ANOVA as the mean value of the samples taken at 60, 48, 36, 24, 12 and 0 min
before feeding, The area under the curve during the sampling period (0-240 min)
was calculated as the area corrected for basal glucose and insulin concentrations,

RESULTS
Experiment |

The gilts body weight (kg} at the start of experiment was 63.3x1.4 on starch
diet, 63.241.2 on glucose dict and 64.7+2.0 on fat diet, and at the end of experiment
was 83.612.9, 85.7+1.5 and 86.143.6, respectively.

Basal plasma glucose concentrations were similar in the three diets given 3 and
4 times a day (3 times: 50.8+4.9, 56.2+4.0, 56.3+£7.4 mg/dl; 4 times: 53.3%£1.7,
05.8£5.9, 58.3£7.5 mg/dl), but differed in the three diets given twice daily
(71.4£10.4, 40.8+3.9, 53.6+8.6 mg/dl, starch, glucose, fat, respectively; P<0.05
glucose vs starch). Pre-feeding basal plasma glucese concentrations in gilts fed twice
daily were lowest for glucose, intermediate for fat and highest for starch group. All
groups showed a similar increase of glucose concentration in plasma after feeding
which resulted in the same rate of glucose concentrations 120-240 min after feeding
(Figure 1). There were also differences in plasma glucose concentration 120-240
min after feeding in diets given twice daily (P=0.06, glucose vs starch).

The basal plasma insulin concentration was similar for three diets fed 2, 3 and 4
times daily (2 times: 7.8%1.4, 2.3+1.0 9.5£0.9 ulU/ml; 3 times: 6.2+1.4, 10.3+1.0,
8.621.0 plU/ml and 4 times: 8.51.6, 7.940.8, 8.21£2.7 plU/ml, starch, glucose and
fat, respectively; Figure 2). After feeding, the insulin concentration in gilts fed the
glucose or starch diet showed a faster increase comparcd with the fat dict in all stu-
died feeding periods. This resulted in a significantly (P<0.05) differed plasma in-
sulin level 24-48 min after feeding (P<0.05 glucose vs starch and fat in gilts fed 3
times daily; P<0.05 glucose vs fat in gilts fed twice daily; Figure 2). The highest
differences in insulin concentration among starch, glucose and fat diets 24-48
min after feeding were found in gilts fed 3 times daily (53.827.7 vs 22.3%1.6 and
27.5+2.7, respectively; P<0.05). In gilts fed twice daily the significant differences
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Figure 1. Pre- and post-feeding plasma glucose concentration (means + SEM) for gilts given starch,
glucose and fat enriched diets in two, three or four equal feed per day (a>b, P<0.05; A>B, P<0.01)
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Figure 2. Pre- and post-feeding plasma insulin concentration (means + SEM) for starch, glucose and
fat groups (a>b, P<0.05; A>B, P<0.01)
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were between glucose and fat diets (48.8+6.3 vs 24.3+5.0; P<0.05). The plasma
insulin level 120-240 min after fecding differed between diets when they were gi-
ven three times daily (P=0.07, fat vs starch). The maximum and minimum insulin
concentrations occurred when gilts were given the glucose and fat diets in all fe-
eding periods. Those for the starch diet were intermediate and did not differ signi-
ficantly from the other two diet types.

The arca under the total curve for plasma insulin level was greater for the gluco-
se diet than for the fat diet (2 meals per day: 6870656 vs 4028+751; 3 meals per
day: 6314£718 vs 32744472 arbitrary units, respectively), whereas the starch dict
was intermediate for 2 and 3 meals per day (61041762 and 3855£729, respective-
ly; Figure 3) and not significantly different from the other diets. Four daily feeding
did not caused significant differences for starch, fat and glucose diets in area under
curve for insulin level (41651840, 38401574 and 48371602, respectively).

Analyses within diets and the feeding period showed a significant maximum
insulin and minimum glucose (basal glucose - G, . ) in gilts fed twice daily. The
maximum plasma insulin level and the maximum plasma glucose concentration
ratio (1,,,./G,,, ., both 24-48 min afier feeding) significantly decreased in starch
and fat diets when compared to the glucose diet in 2 and 3 frequency periods (glu-
cose>starch>fat; Table 2). Differences in the ratio of the maximum plasma insulin
level (I, .., 24-48 min after feeding) and the basal plasma glucose concentration
(Gypgnps [-00]-0 min after feeding) were simular to [, /G, . in those same fre-
guencies of feeding. However, in gilts fed twice daily this relationship was diffe-
rent (glucose>fat>starch, Table 2). There were also differences in the ratio of in-

sulin and glucose area under the total curve (I, ,../G, .. ,; Table 2).
TABLE 2
Values of ratio 1, /G0 TuanOpacacs Laniar Gagese  three diets and frequencies of fecding
Energy
Frequency .
Of [‘eeding source IMI\)(/GMJ'\)( [MA\(/GI!A.\AI, [/\Ri,l\'/(']t\l”::‘\‘
(diet)
2 G 3.8+ 0.1 1.3£0.2° 0.7 +6.1¢
F 0401 0.6+02° 0.3+0.1°
5 0.4x0.1 0.5x0.1° 0.5+00
3 G 0.6+ 0.00 0.9+0.1° 0.4+ 00
F 0.3+0.1° 04+0.1° 02+0.0°
S 04£00° 0.6+0.1 0300
4 G 0.5+0.1 0.7+0.1 0.4+0.1
F 03=0.1 0401 02200
S 0.5+0.1 0.6+0.1 0.3+0.1

* under total curve
S - starch, G-glucose, F-fat; a>b, P<4.05 in columns for 2 and 3 frequency of feeding
I sy - maximum insulin, G, — maximum glucose, G, . - basal giucose levels, respectively

MAX
L wpar O g - area under the curve of insulin (1) and glucose (G) levels
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Experiment 2

The twenty-five day glucose, starch and fat diets divided into three equal por-
tions daily did not affect the weight of ovary (2.8£0.1, 2.8£0.2 and 3.0+0.1 g, re-
spectively). The number and size of healthy and atretic follicles did also not chan-
ge (Table 3).

The LH receptor concentration (fM/mg protein) was similar in all the glucose,
starch and fat groups (9.0£1.2; 10.5+1.7 and 9.6+1.2, respectively).

TABLE 3
Summary of ovarian weights, number of follicles and concentration of LH receptors per on ovary in
gilts fed 25 days (3 times daily) with starch, giucose and fat diets (£ SEM)

ey Total number of follicles LI
Weight . receplors
Group  of ovary <3 mm 3-6mm =6 mm .
J24
g healthy atretic hearty  atretic healthy atretic protein
rcl
{Srii‘]c;) 28 258423 124+14 13203 06403 02402 - 10.5£17
a‘;‘lcg)sc 28 279263 129520 09402 06+03 02:02 - 9.0+1.2
Fat 3.0 26438 150217 11203 0.7+0.2 - - 96+1.2
{n=15)
DISCUSSION

The aim of this study was to investigate the etfects of specific dietary sources on
the plasma glucose and insulin concentrations, and the reproductive tract and ovarian
development in prepubertal gilts of pure Polish Landrace breed. The composition of
experimental diets (glucose and fat) was based on that proposed by Van den Brand
et al. (1997) with slight modifications (supplementation of extracted sunflower sced
in glucose and fat diets, and an addition of wheat bran to the starch diet). Van den
Brand et al. (1997) used their experimental diets for mature gilts fed twice daily. In our
experiment, diets were additionally divided into three and four portions, and the plasma
ghucose and insulin profiles were determined. The postprandial patterns of the plasma
glucose concentration in our study were similar to those found by Ponter et al. (1991)
and Van den Brand et al. (1997) only when gilts were fed 3 and 4 times daily. In these
cases there were no differences between diets in basal plasma glucose concentrations
before feeding in gilts fed three various diets. However, in gilts fed the glucose diet
twice daily, the basal glucose level was the lowest and significantly differcnt when
compared to the diet rich in starch, 1t can be explained by the highest insulin release
and maintenance at high level after feeding in gilts fed the glucose-enriched diet.
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It is interesting that such a relationship between plasma glucose and insulin
concentrations was not found in gilts fed 3 times daily, but gilts fed the glucose-
enriched diet maintained the highest postprandial insulin levels in blood. The highest
basal pre-teeding level of plasma glucose in the fat-enriched diet can be explained
by the relatively low insulin release after feeding,

Generally, our results obtained in prepubertal gilts confirmed the data of Van den
Brand et al. (1997) that a dietary energy source affects the postprandial plasma insulin
levels when the isocaloric diet is divided in two parts in mature gilts, Additionally,
we were able to show the same effect when three but not four cqual portions were
applied. However, three times daily increase of insulin concentration in blood
samples during a period of 25 days has not influenced follicular development in
purebred prepubertal gilts.

The failure of the glucose-enriched and insulin generating diet to influence
follicular development could be caused by two factors: (1) too young and low body
weight gilts used in experiments and (2) the use of pure-bred gilts. Age and body
weight are very important factors for the attainment of puberty in gilts (Hughes,
1982; Britt et al., 1989}, On the other hand, pure breeds reach puberty approximately
3-4 weeks later than hybrids (Hughes, 1982).

To confirm our hypothesis we used in the next experiments with the glucose-
enriched diet, slightly older (10-15 days) and crossbred gilts to study natural and
PMSG/hCG induced puberty attainment in gtlts. In those studies the addition of
glucosc to a standard diet given in three portions daily speeded up the attainment
of puberty and increased ovarian and reproductive tract responses to PMSG/hCG
treatinent in pubertal crossbred gilts (Zigcik et al., 2002).

CONCLUSIONS

Our results are in agreement with earlier observations, dictary encrgy source
affects the postprandial plasma insulin levels in mature gilts, when their diet is gi-
ven in a twice-daily feeding regimens. Additionally a similar effect was observed
in prepubertal gilts, when their diet was given in three but not four equal portions.
However, three times-daily feeding increased insulin concentrations in blood sam-
ples during a 25 day feeding period had no significant effect en ovarian and folli-
cular development in prepubertal gilts of the Polish Landrace breed.
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STRESZCZENIE

Wplyw diety i czestotliwosei karmienia na poziom insuliny oraz rezwdj jajnika u niedojrza-
iych plciowo loszek

Insulina moze korzystnie wplywac na procesy rozrodeze. Celem badan byto okreslenic wptywu
dict zawicrajacych rozne glowne zrédia energii (skrobie, glukozg, thuszez) oraz podziclonych na 2,
314 porcje dziennie, na popositkowy poziom insuliny, jak réwnicz oszacowanie wplywu 3-krotne-
go karmienia na rozwdj pecherzykéw jajnikowych u niedajrzatych piciowo loszek.

W Dosdwiadczeniu 1, 18 loszek mieszancow w wicku ok. 142 dni otrzymywalo trzy diety (n=4)
w trzech czestotliwoséciach karmienia (2, 3 i 4 razy dziennie). Dodwiadezenia poprzedzono trzydnio-
wym okresem adaptacji do diety i czgstotliwesécei karmienia. Czwartego dnia krew pobierano przed,
w trakcie 1 po karmieniu. Nastepnego dnia zmieniano czgstotliwosé karmienia ta sama dietg i proce-
dure powtarzano. Poziom glukozy i insuliny we krwi oznaczano odpowiednio metods enzymatycz-
ng i radicimmumelogiczng.

W Doswiadezeniu 2, loszki PBZ {(n=44) podziclono nra trzy grupy i podawano dictg skroblowg
(S), glukozowgy (G) i thuszezowa (T) w trzech jednakowych porcjach o godzinic 8:00, 13:00 1 18:00.
Po 25 dniach karmienia loszki ubito w celu okreslenia masy jajnikdw, rozwoju pecherzykéw jajni-
kowych 1 ogdlngj liczby receptorow LH w jajniku.

Podstawowy poziom glukezy byt podobny przy skarmianiu wszystkich dier podawanych 3- i
4-krotnie w ciagn dnia (3 razy dziennie: 56.8+4.9, 56,2+4,0, 56,374 mg/dl; 4 razy dziennie: 53,
1,7, 65,8459, 58,3+7,5 mg/dl), lecz roznit si¢ gdy swinie zywiono 2-krotnie (71,4£10,4, 40,8+3.9,
53,6486 mg/dl; odpowiednio skrobia, glukoza, ttuszcz; glukoza vs skrobia P<0,05). Podstawowy
poziom insuliny we krwi byl podobny przy skarmianiu trzech diet i przy réznych czestotliwosdciach
podawania paszy (2 razy dziconnic: 7.8+1.4, 9.320.99, 9.50+0.9 plU/ml; 3 razy dziennie: 6.241.4,
10.3+1.0, 8.6£1.0 nlU/ml i 4 razy dziennie: 8.52t.6, 7.9£0.8, 8.2£2.7 ulU/ml; odpowiednio skro-
bia, glukoza, ttuszez). Pe karmieniu poziom insuliny u loszek otrzymujacych dietg skrobiowq lub z
glukoza wzrastal szybeiej w porownaniu z dictg thuszczowa, niezaleznie od czgstotliwosci podawa-
nia paszy. Pole pod krzywa dia poziomu insuliny we krwi bylo wigksze w przypadku diety z glukoza
niz z tluszezem (2 razy dziennie: 68701656 vs 40284751, 3 razy dziennie: 63141718 vs 32741472
jednostck umownych, odpowiednio), 1 miato wartedé posrednia przy podawaniu diety skrobiowej
(01041762 1 38551729, odpowiednio) 1 nie roznilo sig istotnie od wartosci uzyskanych przy dwach
pozostatych dictach, Podawanie wszystkich diet przez 25 dni nie mialo wplywu na mase (g) jajnikow,
liczbe i rozmiar zdrowych oraz atretycznych pgcherzykow, ani na koneentracjg receptoréw LH.

Uzyskane wyniki potwicrdzaja wezesnic)sze obserwacje uzyskane dla dojrzatych loszek, ze
rodzaj zrodta energii w diecie wplywa na popositkowy poziom insuliny, gdy paszg¢ podawano w
dwach porcjach. Podobny efekt zaobserwowano u niedojrzatych plciowo loszek, gdy dietg podawano
w dwach 1 trzech, leez nie czterech jednakowych porcjach. Trzykrotne zwigkszenic zawartosei in-
suliny w krwi w ciggu doby w ciagu 25 dni nie miato wplywu na rozwo] pecherzykow jajnikowych
i Jajnikdéw u niedojrzatych plciowo loszek rasy PBZ.



