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Relationship between body measurements and reproductive
performance of Ossimi and Rahmani ewes

Zavislost mezi télesnymi rozméry a reprodukéni schopnosti u ovei plemene
Ossimi a Rahmani

W.H. KisHk, A.A. OsMAN, M.M. AwAaD

Faculty of Agriculture, Suez Canal University, Ismailia, Egypt

ABSTRACT: Two different local breeds of Egyptian sheep were subjected to the investigation. The body measurements regarding
length, height, weight, ano-genital distance, loin width and back hock distance were determined for 100 Rahmani and Ossimi ewes.
In addition, reproductive status in particular with ewe age, age at first service, number of services per conception, lambing interval,
twinning rate and lamb weight were recorded. Ewes were subjected to heat detection twice a day for two successive cycles during
four different seasons of the year. The results showed that there was a positive correlation between body measurements and
reproductive efficiency. Body weight (BW) correlated positively with the other physical body characteristics, » = 0.78**, 0.74**,
0.68**,0.41 and 0.66** for body length (BL), body height (BH), back hock distance (BHD), ano-genital distance (AGD) and loin
width (LOW), respectively. On the other hand, reproductive traits correlated positively with each other, especially lambing
interval and number of services per conception (» = 0.97**). The highly correlated estimates were found between physical body
characteristics (BW, BL, BH and BHD) and reproductive status especially for lamb weight (LW) and mothering ability (MA), in
which body measurements may impact most of reproductive traits in a direct manner.

Keywords: sheep; reproduction; body measurements; estrus

ABSTRAKT: Do naseho 3etfeni jsme zahrnuli dvé rozdilnd doméci plemena egyptskych ovci. U 100 kust ovef plemene Rah-
mani a Ossimi jsme zjidtovali télesné rozméry: délku, vysku a hmotnost, anogenitdlnf vzdélenost, 3itku beder a délku zadnfho
hlezna. Déile jsme zjidtovali reprodukéni stav podle v&ku bahnice, v&ku pii prvnim pfipousténi, pottu pfipousténi na zabfez-
nuti, délky mezidobi mezi obahn&nimi a hmotnosti jehiiat. Riji jsme u bahnic zjidfovali dvakrat denn& ve dvou po sobé& néasledu-
jicich cyklech ve &tyfech ro&nich obdobich. Vysledky ukazaly, Ze mezi t&lesnymi rozméry a reprodukeni schopnosti existuje
kladné korelace. Télesnd hmotnost (BW) vykazovala kladnou korelaci s ostatnimi fyzickymi t&lesnymi rozméry, » = 0,78**,
0,74**, 0,68**, 0,41 a 0,66** pro t¢lesnou délku (BL), t&lesnou vysku (BH), délku zadniho hlezna (BHD), anogenitalni vzda-
lenost (AGD) a itku beder (LOW). Naproti tomu reprodukéni vlastnosti byly ve vzajemné kladné korelaci, zejména pokud se
jedna o délku mezidobi mezi obahn&nimi a podet pfipoudténi na zabfeznuti (» = 0,97**). Odhady s vysokou korelaci jsme
zjistili mezi fyzickymi télesnymi vlastnostmi (BW, BL, BH a BHD) a reproduk&nim stavem, zejména u hmotnosti jehiiat (LW)
a schopnosti matky odchovévat mlad'ata (MA). Télesné rozméry mohou mit pfimy vliv na vétsinu reproduké&nich vlastnosti.

Klicova slova: ovce; reprodukce; télesné rozméry; estrus

INTRODUCTION red by estimating estrus status, ovulation rate, fecundity,
embryo survival, litter size, sexual maturity and estradiol

In sheep, the interval between parturition and resump-  17-8 level in blood plasma in the earlier postnatal period
tion of ovarian activity has been shown to be influenced ~ (Yue, 1996). Most of the above mentioned parameters are
by numerous factors such as management of the flock, mainly correlated with body measurements (Rondon et
body measurements and nutrition (Pope et al., 1989). Os-  al., 1996). Body measurements could be affected by the
simi and Rahmani are the dominant local breeds in Egypt. ~ ontogeny of lengthens and deepens of the lamb (Ham-
The reproductive performance of the ewe can be measu- ~ mond et al., 1984; Sinha and Singh, 1997). Dietary nutri-
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ents affect the size, vigor and viability of the newborns
and adult ovulation rates in sheep (Robinson, 1996). Fur-
thermore, Rhind ef al. (1998) demonstrated that there were
positive relationships between nutritional levels in both
early and adult life and the birth weight of lambs born to
these ewes. Syrian Awassi ewes show the seasonality of
estrus cycle (Al-Haboby e al., 1999). They found that
most of ewes came in estrus during the autumn season.
Therefore, this experiment was aimed to study the relati-
onship between body measurements and reproductive
performance during adult life and the cyclic ewes status
during different seasons of the year.

MATERIAL AND METHODS
Animals and rearing

Animals were divided into two groups: 50 Rahmani and
50 Ossimi. The ewes were housed on an Experimental Farm
of Agricultural College, Suez Canal University, Ismailia,
Egypt. Ewes were located in an outdoor yard under shade
during the daytime. Ewes were fed on green berseem (7¥i-
folium alexandrinum) during winter and spring while they
were fed on rice straw (treated with 5% ammonia) during
summer and autumn. For all seasons, ewes were supplied
with 300 g/day concentrate mixture as shown in Table 1.
Water supply was available to ewes at any time of the
day. The animals were weighed biweekly in the experi-
mental period.

Table 1. Chemical composition of feeding materials used during the
experimental period

DM% Bessesin A.mmomated Copcentratc
rice straw * mixture**
Crude protein 17.9 9.8 13.88
Ether extract 3.6 1.22 3.3
Crude fiber 25.1 36.7 9.27
Nitrogen free
extract 39.8 36.3 67.14
Ash 13.6 15.98 6.41

* rice straw was treated with 5% ammonia as dry matter
** it contained 40% wheat bran, 46% corn, 10% soybean meal,
2% salt and 2% limestone

Estrus detection

Ewes of each group were subjected to close observati-
on for four successive seasons of the year (spring, sum-
mer, autumn and winter) for estrus performance; the ewes
were subjected to heat detection twice a day for two suc-
cessive cycles during four different seasons of the year.
Rams for each group (two rams) were used to detect es-
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trus twice daily at 7 a.m. and 7 p.m. The signs of the estrus
are the following: redness of vulva, vaginal discharge and
receptivity to the male, which was considered the limiting
sign for estrus detection.

Body measurements

These parameters were investigated in ewes of each
group: body weight (BW/kg), body height (BH/cm), body
length (BL/cm), ano-genital distance (AGD/cm), loin wid-
th (LOW/cm) and back hock distance (BHD/cm). The abo-
ve body parameters were determined as follows: body
weight by using a kilogram balance, body height (the
distance between top of shoulder and hoof), body length
(the distance between forehead and tail-head), ano-geni-
tal distance(the distance between top of anus opening
and end border of vagina opening), loin width ( the distance
between either side of the fore-rump area) and back hock
distance (the distance between top of rump and hock jo-
int). The parameters were taken by one researcher for each
season to reduce the personal error.

Reproductive performance characteristics

The following reproductive performance were studied:

Ewe age (EA/month), Number of services per concepti-
on (NOSC), Age at first service (AFS/month), Lambing
interval (LI/months), Litter size (LS), Lambing weight (LW/
kg) and Mothering ability (MA) which was based on the
survival rate of lambs until weaning.

Statistical analysis

Data were subjected to statistical analysis using ANO-
VA test according to Steel and Torrie (1984). The mathe-
matical model which was used as the following formula:

chjkmn =p+BW;+ BH + BL_, + AGDg + LOW,, +
+ BHDp + €iejkmn

where: p = overall mean
BW = body weight
BH = body height
BL = body length
AGD = ano-genital distance
LOW = loin width
BHD = back hock distance
E = residual error

All the data were processed and analyzed by using SPSS
program according to the model mentioned above to find
out the effect of body measurements (independent fac-
tors) on the reproductive traits (dependent factors). Cor-
relations between body measurements and reproductive
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performance characteristics were carried out to examine
these relationships during different seasons of the year
according to Snedecor (1973).

RESULTS AND DISCUSSION
Physical body characteristics

Results of this study are presented in Table 2. These
data showed that there were no significant differences
between the two Egyptian local breeds except for loin
width, which was 28.18 + 1.31 vs. 24.24 + 0.60 cm for Ossi-
mi and Rahmani ewes, respectively. The other body cha-
racteristics were close to each other and did not vary
significantly for the rest of the body characteristics as
shown in Table 2. The superiority percent for the same
body characteristics indicated that Ossimi ewes were su-
perior in body weight (BW), body length (BL), body he-
ight (BH): these characteristics were 41.06 + 1.93, 96.65 +
1.64,72.06+1.26 and 38.12+ 1.44 kg, 94.24+ 1.28 cm, 68.88
+ 1.1 cm for BW, BL, BH for Ossimi and Rahmani ewes,
respectively. The superiority percent was favorable for
Rahmani ewes as for the ano-genital distance (AGD) and
back hock distance (BHD): these characteristics were 4.94
+0.24,49.00+ 1.20 and 4.82 + 0.20 cm, 48.71 £ 1.27 cm for
AGD, BHD for Rahmani and Ossimi, respectively.

Effect of body measurements on reproductive
performance

The results of this study are presented in Table 3. The
most of fecundity status performances of both Ossimi
and Rahmani ewes were affected by body weight. The
superiority percent showed that Ossimi ewes were super-
ior in lambing weight (LW) while Rahmani ewes were su-
perior in the other reproductive performance: age at first
service (AFS), lambing interval (LI), number of services
per conception (NOSC) and litter size (LS) as shown in
Table 3. These findings can be in agreement with other
investigators. They showed that Rahmani ewes had a lar-
ger litter size as compared to the other Egyptian sheep
breeds (Ashmawy, 1981). The importance of body mea-
surements can be manifested through their effect on both
postpartum interval and pregnancy rate. Furthermore, the
proper body measurements are necessary to minimize the
postpartum anestrus interval and to optimize the concep-
tion rate (Houghton ez al., 1990). Body weight and viabi-
lity of ewe are the most important two characteristics which
affect the lamb production (Hassan, 1993). Therefore the
body weight at any defined age is responsible for either
productive or reproductive traits while the nutritional le-
vel and quality of feeds play a great role in controlling the
endocrine system that regulates reproductive functions
(El-Barody et al., 1993). The onset of puberty and estrus

Table 2. Means + SE of physical body characteristics of Ossimi and Rahmani ewes

Physical body characteristics

Breed
BW BL BH AGD LOW BHD
mean 41.06 96.65 72.06 4.82 28.18** 48.71
minimum 31.00 87.00 66.00 3.50 21.00 42.00
maximum 58.00 114.00 83.00 7.00 39.00 63.00
Ossimi © +SE 1.93 1.64 1.26 0.20 1.31 1.27
mean 38.12 94,24 68.88 4.94 24.24 49.00
minimum 28.00 84.00 62.00 2.00 21.00 43.00
maximum 53.00 105.00 76.00 6.50 29.00 58.00
Rahmani R +SE 1.44 1.28 1.10 0.24 0.60 1.20
mean 39.59 95.44 70.47 4.88 26.21 48.85
minimum 28.00 84.00 62.00 2.00 21.00 42.00
maximum 58.00 114.00 83.00 7.00 39.00 63.00
Grand total +SE 1.21 1.04 0.87 0.15 0.79 0.86
Superiority percent (S %) 7.16° 2.499 4.41° 2.43R 13.98° 0.59R

BW = body weight (kg)

LOW = loin width (cm) BH = body height (cm)

AGD = ano-genital distance (cm)

BL = body length (cm)
BHD = back-hock distance (cm)

** mean in the column with asterisk superscript differs significantly (P < 0.01)

243



Original Paper

Czech J. Anim. Sci., 46, 2001 (6): 241-246

Table 3. Means + SE of fecundity status of Ossimi and Rahmani cwes

Reproductive traits
Breed
EA AFS LE LW NOSC LS
mean 31 10.4 11.8 3.02 1.65 1.29
minimum 24 9.0 11.0 1.90 1.0 1.0
maximum 36 11.0 14.0 4.50 3.0 2.0
Ossimi © +SE 1.08 0.15 0.24 0.21 0.17 0.11
mean 30 10.6 11.5 3.00 1.47 1.35
minimum 24 10.0 11.0 2.00 1.0 1.0
maximum 36 12.0 12.0 4.50 2.0 2.0
Rahmani R +SE 0.96 0.17 0.12 0.17 0.12 0.12
mean 30 10.5 11.6 3.01 1.56 1.32
minimum 24 9.0 11.0 1.90 1.0 1.0
maximum 36 12.0 14.0 4.50 3.0 2.0
Grand total +SE 0.72 0.11 0.13 0.13 0.10 0.08
Superiority percent (S %) 3.850 1.89® 254 R 0.66 © 1091 R 4.44R

EA = ewe age (months)
NOSC = number of services per conception

in ewe lambs were affected by energy or protein restricti-
on (Foster and Olster, 1985). Adequate nutrition and good
body measurements lead to an increase in the ovulation
rate of ewes (Thomas et al., 1987). Nutritional restriction
and decreased body weight affect the length of anestrus
in ewes (Hall et al., 1986).

Cyclic ewes during different seasons of the year

The estrus cycles in both Ossimi and Rahmani ewes in
this experiment showed the same trend. It was tonic in
winter, autumn, less tonic in summer and very weak in the
spring season (Table 4 and Figure 1). Cyclic Rahmani ewes
were slightly higher and did not differ significantly from
cyclic Ossimi ewes during different seasons of the year.
Worthy and Haresign (1983) declared the very low per-
centage of cyclic ewes during spring. They found that

LW = lamb weight (kg)
LI = lambing interval (months)

AFS = age at first service (months)
LS = litter size (No. of lambs)

Cyclic ewes (%)

Ossimi Rahmani
Season
[0 summer [E@ autumn winter [ spring

Figure 1. Percent of cyclic ewes during different seasons of the year

the onset of seasonal anestrus in all animals (sheep) was
significantly advanced in ewes adapting to long days,
with the end of the breeding season coming at the normal

Table 4. Number of cyclic Ossimi and Rahmani ewes during the different seasons of the year

Season Breed No. of ewes Cyclic ewes % of cyclic ewes Overall mean (%)

Summer Ossimi 50 31 62.00 65.00
Rahmani 50 34 68.00

Autumn Ossimi 50 45 90.00 92.00
Rahmani 50 47 94.00

Winter Ossimi 50 37 74.00 79.00
Rahmani 50 42 84.00

Spring Ossimi 50 1 2.00 3.00
Rahmani 50 2 - 4.00
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Table 5. Estimates of correlations between physical body characteristics in Ossimi and Rahmani ewes

Physical traits

Correlation

BW BL BH BHD AGD LOW MA LW
LI —0.45%* -0.39* -0.15 -0.47** -0.22 -0.32 -0.66** —0.45**
NOSC —0.47** =0.42%* -0.18 -0.49%* -0.26 =0.32 —0.57** -0.60**
EA 0.87#* 0.61%* 0.59** 0.44** 0.40% 0.54** 0:57%+ 0.22
MA 0.44** 0.45%* 0.27 0.16 0.11 0.26 v 0.14
LS -0.10 -0.10 0.02 -0.32 -0.01 -0.24 0.06 =0.74**
AFS -0.23 0.07 -0.04 -0.01 -0.31 -0.04 -0.14 -0.23
LI = lambing interval NOSC = number of services per conception EA = ewe age
MA = mothering ability LS = litter size AFS = age at first service
BW = body weight BL = body length BH = body height

BHD = back-hock distance
LW = lamb weight
* P <0.05 ** P<0.01

AGD = ano-genital distance

time of the year in ewes maintained in short days. Where-
as in Egypt, where the light-darkness ratio is not so great,
El-Sheikh ez al. (1980), working with Egyptian Barki, Rah-
mani and Ossimi sheep, showed that the estrus period
tended to be longest in autumn months and shortest in
the spring. Matter (1987) reported that Egyptian sheep
showed their highest number of cyclic ewes in autumn
and the lowest in spring seasons. However, there are lar-
ge breed differences in the extent of the postpartum ane-
strus prior to a fertile estrus, reflecting a strong genetic
component in addition to seasonal influences (Pope et
al., 1989). Rahmani and Ossimi ewes exhibit a long bree-
ding season from June to March and a short anestrus
period from March to June (spring) under Egyptian con-
dition. The Manchega sheep is a domesticated Spanish
breed that exhibits a long breeding season from June-July
to February-March (Comez-Brunet and Lopez-Sebastian,
1991). At the other extreme, the European Mouflon (Ovis
gemelini musimon) is a primitive sheep originating from
the Mediterranean area that exhibits a shorter breeding
season (Hafez, 1952), ranging from October to February-
May (Santiago-Moreno et al., 1995).

Correlations between body characteristics and
reproductive status traits

As regards correlations between physical body charac-
teristics and reproductive traits with each other, these
estimates of correlations showed that there were positive
estimates of correlations (Table 5); the body weight (BW)
was correlated positively with the other physical charac-
teristics (Table 5). Also reproductive characteristics cor-
related positively with each other especially for lambing
interval (LI) and number of services per conception (NOSC)
(r = 0.97**) as shown in Table 6. In addition, the same
situation was observed in ewe age and mothering ability

LOW = loin width

Table 6. Estimates of correlations between reproductive traits

Correlation MA LS AFS NOSC
LI -0.66** 0.26 0.15 0.97**
NOSC —0.57** 0.40* 0.19 -
EA 0.57** 0.03 -0.26 —0.44%*
MA - 0.06 -0.14 0:57%*
LI = lambing interval LS = litter size

MA = mothering ability
NOSC = number of services per
conception

EA = ewe age
AFS = age at first service

* P< 0,05, ** P <001

(r = 0.57**), litter size (LS) and NOSC (r = 0.40%). The
more closely correlated estimates were found between
physical body characteristics (BW, BL, BH and BHD) and
reproductive status especially for lamb weight (LW) and
mothering ability (MA) as shown in Table 5.

It could be concluded that there were no significant
differences in most body characteristics between Ossimi
and Rahmani ewes except for the superiority of Ossimi
ewes in body weight. Rahmani ewes were superior and
did not differ significantly in most fecundity traits and
especially in the twinning rate and number of cyclic ewes.
The Egyptian local breeds Rahmani and Ossimi exhibit a
long breeding season with a short anestrus period from
March to June. There was no relationship between ewes’
body measurements and the number of cyclic ewes du-
ring the different seasons of the year.
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Microsatellites on chromosome 6 and their association with milk
production traits in Czech Pied cattle

Mikrosatelity na chromosomu 6 a jejich asociace s mléénou uzitkovosti
u Ceského strakatého skotu

O.M. JANDUROVA, L. SABLIKOVA, J. WoOLF, L. DEDKOVA, S. HORACKOVA

Research Institute of Animal Production, Prague-UhFinéves, Czech Republic

ABSTRACT: Five microsatellite loci (ILSTS093, BM143, ILSTS097, MB062, BM2320) located on bovine chromosome 6 were
tested as potential markers for milk production traits in five families of the Czech Pied breed. The effect of segregating marker
alleles was estimated in 33 sons of 5 grandsires using a granddaughter design. Significant associations between markers within
grandsire and breeding values for milk protein and fat yields were detected for four loci (ILSTS093, BM143, MB062, BM2320).
None of the selected markers showed a significant influence on the breeding value for milk yield. Two new alleles were detected at
microsatellite locus MB062 (162 and 164 bp) and one new allele was identified at microsatellite locus BM143 (85 bp).

Keywords: cattle; Czech Pied breed; chromosome 6; milk performance; association

ABSTRAKT: Pro testovani polymorfismu bylo vybrano p&t mikrosatelitnich lokust (ILSTS093, BM143, ILSTS097, MB062,
BM2320) na bovinnim chromozomu 6. Testovani bylo provedeno u péti rodin &eského strakatého skotu. Vliv segregujicich alel
markerd byl odhadnut u 33 syni péti dédu metodou granddaughter design. Statisticky prikazna korelace mezi markerem déda
a plemennou hodnotou pro obsah bilkoviny a tuku byla zjidténa u &tyF lokust (ILSTS093, BMI43, MB062, BM2320). Zadny
z testovanych markerd nemél vliv na plemennou hodnotu pro mnoZstvi miéka. Zjistény polymorfismus byl porovnan s Gdaji
v bovinni mikrosatelitni mapé& a byly zji§tény dvé& nové alely v lokusu MB062 (162 a 164 bp) a rovnéZ u lokusu BMI143 byl
pocet alel o jednu vy33i (85 bp).

Kli¢ova slova: &esky strakaty skot; chromozom 6; asociace s mlé&nou uZitkovosti.

INTRODUCTION

Numerous studies identifying genetic polymorphism at
the DNA level and the generation of bovine microsatellite
maps (Bishop et al., 1994; Barendse et al., 1997) open the
way for the use of marker assisted selection (MAS) in
breeding schemes. The efficiency of MAS depends on
the successful dissection of individual genes which influ-
ence production traits by closely linked microsatellite
markers (Weller et al., 1990). In the specific case of milk
production traits, there is a considerable advantage to
sample very large half-sib families. By concentrating on
the segregation of the genes originating from the com-
mon founder sire in a within-family analysis, the genetic
heterogeneity for the milk production traits in the given
family can be efficiently reduced.

For milk production traits, an early interest was directed
towards analyses of polymorphisms of casein (CSN) ge-
nes and, consequently, to bovine chromosome 6 (BTA 6),
where the casein genes are located. Various polymorphic
genetic markers were used to scan the whole chromoso-
me 6 for the existence of QTLs for milk production traits.
Georges et al. (1995), Spelman et al. (1996), Zhang et al.
(1998) and more recently Kiihn et al. (1999) and Velmala et
al. (1999) performed half-sib population analyses using
either maximum-likelihood or least squares approaches.
Although the above mentioned investigations were per-
formed on different breeds (Dutch, German or American
Holstein, Finnish Ayrshire and Norwegian cattle), the
obtained results support the existence of QTLs for milk
protein and milk fat percentages nearby the markers BP7
and BM143.

Supported by the Ministry of Agriculture of the Czech Republic (Projects M02-99-02 and 0176).
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The existence of positive results in QTL mapping on
BTA 6 was the main reason for starting investigations on
polymorphisms of markers on this chromosome in the
Czech Pied breed. The first aim of the present study was
to set up a multiplex of informative microsatellites and to
check up their main characteristics on a sample of the
population. The second goal was to investigate informa-
tive markers for their association with the breeding values
for milk, protein and fat yields and to recommend selected
markers for further investigations and their possible im-
plementation in marker-assisted selection programmes.

MATERIAL AND METHODS

Czech Pied cattle is a dual purpose breed of Simmental
type. Five nonrelated elite sires from the lines Bavor, Lom,
Primus, Junek and Redaktor and their 33 tested sons (4 to
8 per grandsire) were genotyped for the following micro-
satellite markers: JLSTS093, BM143, ILSTS097, MB062
and BM2320. In every family 7-18 granddaughters per
sire were also genotyped for all five markers.

Primers for loci BM143, ILSTS093, ILSTS097 and BM2320
were chosen from the database http://sol.marc.usda.gov. The
microsatellite marker MB062 which is located in intron 3
of the CSN3 gene was amplified using primers described
by Leveziel et al. (1994). The reverse primers were 5’end
labelled with HEX (BM2320), FAM (BM143, MB062) and
TET (ILSTS093, ILSTS097). The PCR reaction was per-
formed in 20 pl, containing 100 ng of genomic DNA, 2.1 pl
10xreagent buffer (100mM TRIS-HCI pH 8.3, 500mM
KCl,15mM MgClL, 0.01%(w/v)gelatin), 10 mM each dNTP
and 0.35 pl (5U/1pl) Gold Polymerase (PE Biosystem, New
Jersey, USA).

After the first denaturation step at 10 min, 30 cycles of
amplification were performed, with denaturation at 94°C,
30 s, annealing at 52°C 30 s and elongation at 72°C 30 s.
The last step was extension for 10 min at 72°C. The analy-
sis of PCR products and allelic size computation were
performed using ABI PRISM 10 (PE Biosystem) and Gene
Scan Analysis software.

For estimating the breeding values of the daughters of
genotyped sons, information from the whole population
of Czech Pied cattle was used. The data set contained

Table 1. Structure of the granddaughter design

records of milk, fat and protein yields from the first lacta-
tion collected from 1991 to 1999. The pedigree was traced
back to 1984 for dams; the whole available pedigree infor-
mation for sires was used.

The single-trait animal models used for all calculations
were equal for all traits containing herd-year-season as
fixed effect, animal as random effect with relationship matrix
and linear and quadratic regression on age at calving and
days open. The program PEST (Groeneveld et al., 1990)
under LINUX was used.

The effects of the genetic markers were estimated from
a granddaughter design. The model of Weller ef al. (1990)
was used:

Vi =G +My +Sy +eyy

where: y,, = breeding value for milk, fat or protein yield of grand-
daughter /, daughter from sire k (who is son of grand-
sire /) that received marker allele j from grandsire i
G, =effect of grandsire i, M, is the effect of marker allele j
of grandsire /
S, = effect of sire k with marker genotype / from grandsire i
e,y =residual effect

The equation is the model for a three-level analysis of
variance with sires nested in marker alleles and marker
alleles nested in grandsires. The calculations were carried
out using the procedure GLM of SAS (SAS Institute Inc.
1989a). In total, twelve calculations were carried out (three
traits x four markers). The F-test in the analysis of varian-
ce was carried out on the basis of Type I1I Sums of Squa-
res (SAS Institute Inc., 1989b).

Table 1 contains some basic information on the structu-
re of the granddaughter design. The five grandsires were
heterozygous in two or three markers. The number of sons
per grandsire ranged from 4 to 8, the average number of
daughters with records per son was between 57 and 70.

RESULTS

Table 2 contains the main characteristics of all five micro-
satellites typed in 38 sires and 409 cows in comparison
with published data from the bovine microsatellite map of
Barendse et al.(1997). In the population under study two

Number of daughters with records per son

Grandsire Heterozygous for loci Number of sons — -
minimum average maximum

1 BMI143, BM2320 8 54 66.4 86

2 ILSTS093, BM143, BM2320 8 38 56.8 82

3 BM143, MB062, BM2320 6 34 66.2 85

4 ILSTS093, MB062, BM2320 4 51 67.8 93

5 BM143, BM2320 ¥ 41 70.4 97
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Table 2. Characteristics of five polymorphic loci in Czech Pied cattle

Locus Data from the bovine microsatellite map MARC97! Results from the present study

rcla'ti.ve No. of size hcter.ozy- No. of size heter_ozy-

position alleles range gosity alleles range gosity RS PIC

(cM) (bp) (%) (bp) (%)
ILSTS093 0.0 18 179-202 83 179-197 67.6 0.2776 0.6991
BM143 49.4 12 90-118 62 12 85-113 83.9 0.0440 0.7936
ILSTS097 67.2 3 234-240 48 233-239 46.2 0.0217 0.3478
MB062 82.6 6 167-179 79 162-178 58.2 0.2027 0.6395
BM2320 120.7 10 128-152 83 12 127-154 76.4 0.4204 0.7654

PIC - polymorphic information content
!http://www.marc.usda.gov/cgi-bin/species_chromosome?cattle+06

new alleles (162 and 164 bp) and one new allele (85 bp)
were detected at microsatellite loci MB062 and BM143,
respectively. At ILSTS093 and ILSTS097 lower polymor-
phisms than expected were found. The heterozygosity
estimates of the two last mentioned markers depended
also on the family and on the sires’ genotype, respective-
ly. The value of polymorphic information content (PIC)
was relatively low for JLSTS097. But for the remaining
four markers, the PIC values were high enough for a possi-
ble use of these markers for linkage studies and QTL map-

ping.

The evaluation of the effects of investigated markers
on production traits was influenced by the heterozygosi-
ty or homozygosity of the grandsires and sires. Two grand-
sires were homozygous for three loci (MB062, ILSTS093,
ILSTS097) and three grandsires were homozygous for
two loci. Due to low PIC, ILSTS097 was excluded from all
subsequent analyses of variance. Similarly, the noninfor-
mative sires were not taken into account in these analy-
ses either.

The results of the analyses of variance are summarised
in Table 3. No factor showed a significant association

Table 3. Analysis of variance for marker locus /LSTS093, BM143, MB062 and BM2320

F-value for
Locus Factor df
milk yield fat yield protein yield
ILSTS093 Grandsire 1 0.59 14.90** 24.38"

Marker within grandsire 2 0.32 2.25 3.30°
Sire within marker and grandsire 8 1.16 2.32° 2.64"
Residual 713

BM143 Grandsire 3 0.41 0.92 5.72%
Marker within grandsire 4 0.28 3.09" 10.49"*
Sire within marker and grandsire 21 1.33 2.19* 6.48"
Residual 1 846

MB062 Grandsire 1 0.04 8.76"" 1.29
Marker within grandsire 2 0.37 3.05° 7.95%
Sire within marker and grandsire 6 0.98 1.50 2.44°
Residual 658

BM2320 Grandsire 4 0.60 3.89" 7.42*
Marker within grandsire 5 0.60 1.10 3.39*
Sire within marker and grandsire 23 1.20 2.65" 6.92""
Residual 2113

* P<0.05

** P <0.01
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with the breeding value for milk yield. The grandsire (fa-
mily) influenced significantly the breeding values for fat
and protein yields in three loci in each case. Similarly,
there was a significant effect of the sire within grandsire
and marker on the breeding values of these two traits for
all but one or all loci, respectively.

The marker within grandsire was significant in all four
loci for the breeding value of protein yield and significant
in two loci (BM143, MB062) for the breeding value of fat
yield. Though the F-values cannot be directly compared
between markers, it seems that the region between BM143
and MB062 might be most interesting for looking for a
QTL for protein yield.

DISCUSSION

The results indicate that the investigated marker loci
are highly polymorphic in Czech Pied cattle. A valuable
result is the detection of two new alleles with a length of
162 and 164 bp, respectively, inside of intron 3 of the CSN3
gene. This finding extends the results of Leveziel ef al.
(1994), who investigated the same region in nine different
breeds and in one crossbred and found only six alleles
with size ranging from 167 to 179 bp.

In the present study, four markers exhibited a signifi-
cant association with breeding values for protein yield
and two markers with breeding values for fat yield. In the
literature reporting on QTLs on chromosome 6, the mar-
ker BM143 is most frequently considered to be a candida-
te marker for protein percentage (Spelman et al., 1996;
Gomez-Raya et al., 1996; Georges and Anderson, 1996;
Velmala et al., 1999 and Kiihn et al., 1999). The hypothe-
sis resulting from the present findings that a QTL for pro-
tein yield might be located between the microsatellites
BM143 and MB062 is also supported by the fact that
these loci have a significant effect on the fat yield, too.
This influence on the fat yield can be a side effect of the
influence on the protein yield, as fat and protein yields
are generally strongly correlated with each other.

It has been hypothesized by Georges and Anderson
(1996) that different breeds may share identity-by-descent
QTL alleles, which can be maintained through similar sele-
ction goals. This may also be the case for similar QTL alle-
les on chromosome 6 which occur in different cattle breeds.

The existence of a QTL inside or near the CSN3 locus is
still an open question. Our results indicate that there may
also be a QTL on chromosome 6 affecting milk protein
and fat yields segregating in Czech Pied cattle. The occur-
rence of specific alleles in intron 3 of the CSN3 gene can
also be connected with the existence of breed-specific
haplotypes, nonrandomly distributed in different breeds
and populations (Lien and Rogne,1993). The evidence of
associations between casein haplotypes and milk produ-
ction traits was clearly demonstrated by Lien et al. (1995,
1999).
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Grading versus animal model evaluation in arctic fox
(Alopex lagopus)

Bodové hodnoceni versus hodnoceni pomoci animal modelu u lisky polarni
(Alopex lagopus)

H. WiErzBICKI, A. FILISTOWICZ

Department of Genetics and Animal Breeding, Agricultural University of Wroctaw, Poland

ABSTRACT: Coat and conformation traits (body size, colour type, colour purity, coat density, hair length, general appearance,
total score) of 4 306 arctic foxes bred on the Sniaty Fox Farm (Poland) in 1985-1998 were evaluated using the grading standard
(based on the point scale) and the BLUP with a single-trait animal model. Pearson correlation coefficients between the trait scores
and their estimated additive genetic effects were calculated within each year of the analysis. Moreover, Spearman rank correlation
coefficients for 20 animals ranked highest according to the BLUP evaluation and their ranking based on the scores was estimated.
Pearson correlation coefficients ranged from —0.128 to 0.970 (most often 0.7-0.8) indicating (with some exceptions in 1991, 1992
and 1998) that the trait scores are usually consistent with the corresponding estimates of additive genetic effects. In contrast, for
each trait analysed Spearman rank correlation coefficient was significantly negative (ranging from —0.687 to —-0.857, P < 0.01)
showing that the best animals according to the two methods of evaluation did not overlap. Negative and low annual genetic trends
estimated for the analysed traits (ranging from —0.00041 to 0.02822 point/year) suggest that the conformation scores as selection
criteria are not effective.

Keywords: arctic fox; animal model; grading; genetic trend; selection

ABSTRAKT: V letech 1985 aZ 1998 byly hodnoceny pomoci klasifikaéniho standardu (zaloZeného na bodové stupnici)
a s pouzitim jednoznakového animal modelu metody BLUP srst a znaky exteriéru (velikost téla, typ vybarveni, &istota vybar-
veni, hustota srsti, délka chlupy, celkovy vzhled, celkovy potet bodi) u 4 603 polarnich lidek chovanych na li3¢i farmg Sniaty
(v Polsku). Pro kaZdy rok samostatn& byly stanoveny Pearsonovy koeficienty korelace mezi bodovymi hodnocenimi jednotli-
vych znaku a odhady aditivity genetickych efekti. Déle byly stanoveny Spearmanovy koeficienty korelace pofadi u 20 zvifat,
kterd se umistila nejvy3Se podle hodnoceni BLUP, a podle jejich umisténi na zaklad€ bodového hodnoceni. Pearsonovy korelagni
koeficienty se pohybovaly v rozmezi —0,128 aZ 0,970 (nejéastéji 0,7-0,8) a naznalovaly (s vyjimkou let 1991, 1992 a 1998),
Ze bodové hodnoceni znaki se obvykle shoduje s pfisludnymi odhady aditivnich genetickych efekti. Naproti tomu Spearma-
nuv koeficient korelace pofadi nabyval vyznamné zaporné hodnoty (od 0,687 do —0,857, P < 0,01) a naznacoval, Ze se nejlep-
3f zvifata podle obou zpisobu hodnoceni nepfekryvala. Zaporné a nizké ro¢ni genetické trendy, které byly odhadnuty pro
jednotlivé analyzované znaky (v rozmezi od —0,00041 do 0,02822 bodu/rok), ukazuji, Ze nenf vhodné pouZivat bodové hodno-
ceni exteriéru jako selekéni kritérium.

Kli¢ova slova: polarni lidka; animal model; klasifikace; geneticky trend; selekce

INTRODUCTION

The breeding value of animals bred on farms is usually
estimated using the mixed model methodology. A mixed
analysis of variance model, referred to as an animal model,
is most often employed (Engel et al., 1999). The animal
model implies a unique type of analytical procedure that
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incorporates all sources of genetic information (all avai-
lable records of animal’s own performance and its re-
latives) into the prediction of breeding value, and
consequently high accuracy of predictors is achieved
(Wright et al., 2000). Identification of individuals with
the highest genetic merit is a key point in achieving ge-
netic progress.
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Fur animals are not the most important species bred on
farms, but in some countries (Norway, Finland, Denmark,
Russia, Poland) fur production is of economic importan-
ce. The keen competition on the international fur market
forces breeders to speed up the genetic progress in fur
animal populations. Genetic evaluation based on the mi-
xed model methodology is a good tool to achieve this
goal. However, the introduction of this methodology for
breeding value estimation has been delayed in farmed fur
animals. Although major species of livestock have been
selected on the basis of best linear unbiased predictions
(BLUPs) of their breeding values (Robinson, 1991) for al-
most two decades, in fur animal breeding the BLUP with
an animal model for routine evaluation was introduced
only at the beginning of the nineties (Sméds, 1992). Since
that time in Scandinavian countries, where this method is
widely used (Serensen et al., 2000; Hansen et al., 2000),
considerable genetic improvement has been achieved.

In Poland one of the most important fur animals is the
arctic fox (Alopex lagopus). In Polish fox population ani-
mals are selected on the basis of conformation evaluation
or simplified selection index. The single or multi-trait ani-
mal model is not routinely used in practical fox breeding.
As far as we know, only Wierzbicki ez al. (2000) and Ja-
kubczak (2000) have used the mixed model methodology
for breeding value estimation in Polish fox population.
The mixed model applied by Jakubczak (2000) included
three fixed effects (effect of year, effect of sex x dam age
interaction and effect of year of birth x whelping season
interaction) and one random effect (additive genetic ef-
fect). However, the authors estimated breeding values and
genetic trends for scientific purposes. In practice, coat

Table 2. Principles of the construction of simplified selection index

Table 1. Grading standards

Trait Scale of scores

Old grading standard (until 1996)

Body size 0-3
Colour type 0-6
Colour purity 0-6
Coat density 0-6
Hair length 0-6
General appearance 0-3
Total score 0-30
New grading standard (from 1997)

Body size and conformation 0-6
Colour type 0-3
Colour purity 0-5
Coat quality 0-6
Total score 0-20

and conformation traits are evaluated according to the
grading standard (Frindt et al., 1984). Each trait is evalua-
ted on a point scale and the sum of scores gives the total
score (Table 1). The individuals with at least one trait
assessed negatively (score = 0) are discarded. Arbitrarily
assigned scores introduce a large amount of measure-
ment errors, thus the total score is not reliable as a predic-
tor of aggregate breeding value. The problem of subjective
evaluation of conformation traits in fur animal populati-
ons was raised by Jezewska and Maciejowski (1983), who
suggested that unsatisfactory genetic gain could be brou-
ght about by the grading method.

Source of information Evaluated trait

Grading scale Index equivalent (points)

Parents average total score of parents (points) 28.5-30 3
25.5-28 2
22.5-25 1
19.5-22 0.5
Litter the animal was born in litter size (pups) 29 3
7-8 2
5-6 1
<4 0
Uniformity of litter the animal average conformation score 17-18 6
originated from of full-sibs (points) 16-16.9 5
15-15.9 4
14-14.9 3
13-13.9 2
12-12.9 1
<12 0
Body conformation (points) body length 2-6
coat colour 2-6
coat structure 2-6
Maximum index value 30
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On larger fox farms where the breeding work is assisted
by computers the animals are selected on the basis of a
simplified selection index. The principles by which the
index is constructed (Kuzniewicz and Filistowicz, 1999)
are given in Table 2. When constructing the simplified
selection index, some information on relatives is inclu-
ded, hence this type of evaluation should be considered
more accurate than the total score. However, the total score
is still the basic selection criterion in Polish fox farming.

It can be anticipated that regardless of the method used
(total score or simplified selection index) for the breeding
value evaluation neither unbiased predictions of an indi-
vidual’s genetic merit nor fast genetic progress will be
achieved.

The present study is aimed at comparing the two me-
thods of arctic fox evaluation: the subjective grading based
on a point scale currently used in Polish fox population
and the BLUP — animal model intended to be implemented
for routine evaluation in future.

MATERIAL AND METHODS

Records of 4 306 arctic foxes of blue and white colour
type bred on the Sniaty Fox Farm (Poland) in 1985-1998
were analysed. The data were collected in the database of
the LISY computer program (Chudoba et al., 1988) deve-
loped to assist breeding work on a fox farm. Only indivi-
duals with known parents and full information on their
pérformance were taken into account.

Evaluation of foxes was done by a skilled judge accor-
ding to the grading standard used in Poland until 1996
(Table 1; Frindt et al., 1984). The graded traits were: body
size, colour type, colour purity, coat density, hair length,
general appearance and the total score. Number of eva-
luated animals, mean scores and standard deviations of
studied traits in the successive years of the analysis are
shown in Table 3.

The estimation of additive genetic effects for the traits
under study was performed using the BLUP with the fol-
lowing single-trait animal model:

yr=X;b+zru+el

where: y, is vector of observed responses (studied traits),
b, u and e are vectors of fixed effects (effect of year, effect
of colour type), random genetic effects (breeding values)
and random errors, respectively. The structure of avai-
lable data did not enable to include more fixed effects in
the model. X and Z are design matrices. It is assumed
that:

u ~ N (0, 03 4)
e~N (0,020

where: u and e are independently distributed, o2 and o?
represent additive genetic and environmental variances,
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and A is additive genetic relationship matrix between all
the animals. The following heritability estimates were used
in the genetic evaluation: body size — 0.288, colour type —
0.342, colour purity —0.491, coat density — 0.305, hair length
~0.533, general appearance — 0.226, and total score —0.374.
Detailed description of their estimation was reported by
Wierzbicki (2000).

Pearson correlation coefficients between the results of
the two methods of fox evaluation (scores versus additi-
ve genetic effects) were estimated. Furthermore, Spear-
man rank correlation coefficients for 20 animals ranked
highest according to the BLUP evaluation and their ran-
king based on the scores were calculated. In order to as-
sess the efficiency of breeding work in the studied fox
population over the period of 14 years (1985-1998) gene-
tic trends were estimated. The average annual genetic
trends for the studied traits were estimated as a regressi-
on of the mean additive genetic effects of animals born in
the same year on time. All statistical analyses were per-
formed using the SAS program (1990).

RESULTS AND DISCUSSION

The results of both types of evaluation and Pearson
correlation coefficients between them are presented in
Table 3. Within each year of the analysis the studied traits
are characterised by the mean scores and their standard
deviations (results of subjective grading) as well as mean
additive genetic effects (results of animal model evaluati-
on).

The correlations between mean scores and mean additi-
ve genetic effects were relatively high ranging from 0.7 to
0.8 (on average) although in some years the negative or
very low correlations were found (e.g. colour type and
general appearance in 1991, r = -0.062 and r = -0.128,
respectively; general appearance in 1992, r =—-0.013; ge-
neral appearance in 1998, r =—0.002; colour type in 1992,
r=0.007; general appearance in 1995 and 1997, r=0.027
and » = 0.020, respectively). When the correlations were
estimated using all data (not within years) the highest
correlation was found for hair length (0.793) and the lowest
for body size (0.702).

Comparatively high correlations between the methods
of evaluation do not mean that they are similarly accurate.
The correlations only indicate that the direction of both
evaluations is similar (better animals are evaluated higher)
but the accuracy may be markedly different. For example,
the Ist and the 10th fox from the ranking list made accor-
ding to the total score were given 30 points. Based on
these scores it is not possible to distinguish which of
these two individuals is superior (has higher genetic me-
rit). In contrast, the additive genetic effects of the same
individuals estimated for the total score were: 2.8446 and
2.6797, respectively. In consequence of high accuracy of
the animal model evaluation, the individuals took 10th
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Table 3. Number of animals, mean scores, standard deviations (in brackets), mean additive genetic effects of studied traits and Pearson
correlation coefficients between mean score and mean additive genetic effect of each trait in subsequent years of analysis

Year Num_ber Trait Meanoiate Mean additive Pearson correlation
of animals genetic effect coefficient
1985 386 body size 2.71 (0.47) -0.0703 0.815
colour type 4.73 (1.33) -0.1683 0.861
colour purity 4.44 (1.29) -0.2415 0.799
coat density 5.29 (0.98) -0.1408 0.861
hair length 5.42 (0.83) -0.0737 0.875
general appearance 2.89 (0.31) -0.0016 0.762
total score 25.49 (2.84) -0.6962 0.839
1986 463 body size 2.67 (0.50) -0.0224 0.843
colour type 5.26 (0.96) -0.0877 0.862
colour purity 4.49 (0.89) -0.1117 0.795
coat density 5.38 (0.74) -0.0627 0.877
hair length 5.69 (0.50) -0.0218 0.766
general appearance 2.93 (0.25) -0.0140 0.775
total score 26.45 (2.08) -0.3164 0.879
1987 503 body size 2.43 (0.57) 0.0740 0.872
colour type 5.45 (0.93) 0.1544 0.804
colour purity 5.26 (1.02) -0.0289 0.757
coat density 5.51 (0.61) 0.0221 0.881
hair length 5.48 (0.59) -0.0924 0.853
general appearance 2.81 (0.39) 0.0108 0.904
total score 26.91 (2.10) 0.1592 0.692
1988 359 body size 2.56 (0.69) 0.0572 0.890
colour type 5.82 (0.67) 0.0958 0.797
colour purity 4.69 (1.16) 0.0664 0.898
coat density 5.73 (0.51) 0.0456 0.879
hair length 5.35 (0.72) 0.0496 0.903
general appearance 2.83 (0.38) 0.0263 0.909
total score 26.99 (2.01) 0.3503 0.887
1989 273 body size 2.26 (0.71) -0.0223 0.907
colour type 5.88 (0.46) 0.1677 0.741
colour purity 5.69 (0.79) 0.4085 0.604
coat density 5.14 (0.73) 0.0979 0.839
hair length 5.47 (0.67) 0.1697 0.880
general appearance 2.74 (0.46) -0.0223 0.918
total score 26.97 (3.03) 0.8204 0.522
1990 175 body size 2.64 (0.55) 0.0398 0.674
colour type 5.95 (0.29) 0.1054 0.515
colour purity 5.45 (0.91) 0.2049 0.501
coat density 5.47 (0.55) 0.0636 0.618
hair length 5.22 (0.67) 0.0644 0.656
general appearance 2.89 (0.30) 0.0133 0.241
total score 26.71 (0.99) 0.5061 0.403
1991 195 body size 2.94 (0.22) 0.0048 0.459
colour type 5.99 (0.10) 0.0621 -0.062
colour purity 4.26 (0.78) 0.0936 0.764
coat density 5.01 (0.39) -0.0036 0.697
hair length 5.41 (0.60) 0.0646 0.738
general appearance 2.99 (0.10) -0.0182 -0.128
total score 26.62 (0.92) 0.2225 0.690
1992 346 body size 2.95 (0.24) -0.0460 0.755
colour type 5.99 (0.11) 0.0356 0.007
colour purity 4.08 (0.39) 0.1059 - 0.470
coat density 5.07 (0.29) -0.0374 0.577
hair length 5.58 (0.49) 0.0712 0.734
general appearance 2.99 (0.05) -0.0002 -0.013
total score 26.67 (0.66) 0.1448 0.543
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Table 3 to be continued

T Num.ber Trait M 's6oré Mean .additivc Pearson t.:orrclation
of animals genetic effect coefficient

1993 178 body size 2.94 (0.24) -0.0009 0.906
3 colour type 5.98 (0.15) 0.0173 0.422

colour purity 4.35 (0.76) 0.0346 -0.559

coat density 5.08 (0.33) 0.0033 0.638

hair length 5.67 (0.54) 0.0098 0.721

general appearance 2.94 (0.23) -0.0020 0.724

total score 26.99 (0.80) 0.0759 0.612

1994 283 body size 2.98 (0.13) -0.0102 0.719
colour type 5.98 (0.21) 0.0137 0.505

colour purity 4.23 (0.64) 0.0249 0.788

Coat density 5.26 (0.47) 0.0041 0.842

hair length 5.56 (0.50) 0.0327 0.807

general appearance 2.98 (0.12) 0.0005 0.970

total score 26.99 (0.82) 0.0808 0.780

1995 352 body size 2.98 (0.14) 0.0009 0.511
colour type 5.95 (0.30) 0.0218 0.426

colour purity 4.32 (0.75) 0.1264 0.813

coat density 5.31 (0.48) 0.0902 0.816

hair length 5.69 (0.48) 0.0443 0.789

general appearance 2.99 (0.05) 0.0080 0.027

total score 27.26 (1.00) 0.3046 0.806

1996 300 body size 2.98 (0.14) -0.0051 0.862
colour type 5.89 (0.48) 0.0171 0.709

colour purity 5.47 (0.87) 0.1946 0.770

coat density 5.23 (0.44) 0.0926 0.797

hair length 5.37 (0.58) 0.0322 0.853

general appearance 2.99 (0.05) 0.0003 0.857

total score 27.94 (1.09) 0.3581 0.801

1997 303 body size 2.98 (0.13) -0.0033 0.858
colour type 5.76 (0.64) 0.0354 0.889

colour purity 5.01 (0.99) 0.0455 0.906

coat density 5.02 (0.43) 0.0824 0.894

hair length 5.57 (0.49) 0.0542 0.886

general appearance 2.99 (0.06) 0.0044 0.020

total score 27.36 (0.98) 0.2366 0.861

1998 226 body size 2.99 (0.07) -0.0071 0.125
colour type 5.70 (0.78) -0.0324 0.915

colour purity 5.42 (0.91) 0.0666 0.935

coat density 4.98 (0.30) 0.0156 0.859

hair length 5.56 (0.50) 0.0336 0.916

general appearance 2.99 (0.07) 0.0039 -0.002

total score 27.67 (1.12) 0.1002 0.907

Total 4306 body size 2.76 (0.50) - 0.702
colour type 5.76 (0.81) - 0.770

colour purity 4.74 (1.05) - 0.719

coat density 5.29 (0.62) - 0.766

hair length 5.51 (0.61) - 0.793

general appearance 2.92 (0.27) - 0.784

total score 26.88 (1.83) - 0.764
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and 70th positions, respectively, on the ranking list made
on the basis of the additive genetic effects.

Low accuracy of the grading results from two main rea-
sons. First, the scales of scores are narrow (especially for
body size and general appearance, see Table 1). The nar-
row scale does not permit to reflect variability of traits
leading to biased assessments (Wierzbicki ef al., 2000).
The general appearance (evaluated on a scale 1-3; ani-
mals with score = 0 are culled) is an excellent example
supporting this presumption. Pearson correlation coeffi-
cients between scores and additive genetic effects of this
trait most often had low (in 1990, 1995, 1997) or negative
(in 1991, 1992, 1998) values. Similarly the colour type (al-
though evaluated on a scale 06, the judge can give 0, 2,
4 or 6) was characterised by low or negative correlations
between the obtained scores and estimated additive ge-
netic effects (very low and low in 1990, 1992, 1993, 1994,
1995, and negative in 1991).

The second drawback of the grading is subjectivity of
this method. This problem was raised by many authors
(Jezewska and Maciejowski, 1983; Jezewska et al., 1994;
Lohi, 1995; Lohi ef al., 1996; Rasmussen, 1996; Reiten,
1977).

Jezewska and Maciejowski (1983), who carried out the
study in populations of mink, arctic and silver fox, found
that the repeatability of the grading was low, ranging from
0.250 for the coat density to 0.664 for the total score. Ac-
cording to Reiten (1977) the correlation between succes-
sive evaluations which can be achieved by a well trained
judge is not higher than 0.50— 0.68.

An interesting study was carried out by Jezewska et al.
(1994) in a population of chinchilla. The authors estima-
ted repeatability of conformation grades given by judges
to the same § animals evaluated three times. Furthermore,
the total variation of the grades was partitioned into com-
ponents. The repeatability of grades ranged from 0.302
(belly coat) to 0.735 (colour purity). Detailed analysis of
sources of variation and their contribution to the total
variance of grades revealed that only 20.68—53.68% of the
total variability of grades was determined by animals,
whereas up to 60.34% of the total variance was defined as
an error variance. The judges’ contribution to the total
variance of grades was estimated at 4.69—43.56%. These
results clearly indicate that the grading as a subjective
method of coat and conformation evaluation is not reli-
able. Hence, the grades should not be the only criteria
when selecting animals.

The estimates of additive genetic effect and the grades
of each evaluated trait were used to prepare two ranking
lists: 1st ranking according to the results of the animal
model evaluation, and the 2nd ranking according to the
judge grading, For each studied trait Spearman rank cor-
relation coefficient for 20 animals ranked highest using
the BLUP animal model and their positions on the 2nd list
was calculated (Table 4). It was found that all correlations
were negative and significant (P <0.01). The highest discre-

Table 4. Spearman rank correlation coefficients (Ry)

Trait Ry

Body size =0.715%*
Colour type —0.825**
Colour purity —0.857**
Coat density —0.733%*
Hair length —-0.853**
General appearance —0.744**
Total score —0.687**

**P <0.01

pancy was observed between evaluations of the colour
purity (—0.857) and the lowest between the total evaluati-
ons (-0.687).

Spearman rank correlation coefficients sharply contrast
with Pearson correlations presented earlier. We can assu-
me that according to the grading, majority of superior
animals are ranked higher but we do not know exactly
whether the best ones are at the top, in the middle or at
the bottom of the ranking list (low accuracy and narrow
scale of the grading makes it impossible to distinguish
which of two similar individuals is superior and conse-
quently should be higher on the ranking list). The decisi-
on (more or less subjective) which individuals should be
selected must be taken arbitrarily by a breeder. In con-
trast, the estimates of additive genetic effects enable to
prepare the ranking of animals with high accuracy, and
animals are ranked according to their breeding values.
Comparison of the two rankings made according to the
above rules led to significantly negative Spearman rank
correlations because the best animals from the two lists
did not overlap (as an example, the positions of the two
individuals according to both rankings were presented
earlier).

The results of the comparison cannot be related to the
other ones since the available literature does not quote
the results of similar studies. Only Socha (1996) studied
the results of blue fox evaluation comparing rankings ac-
cording to the grading and selection indexes constructed
by the method described by Kiinzi (1976). Spearman rank
correlation coefficients between the total score and the
selection index ranged from 0.568 to 0.713 depending on
the number of traits included in the index (3, 4 or 5). Re-
gardless of the relatively high correlations the author
concluded that the top animals from both lists differed
markedly and this discrepancy could lead to different se-
lection decisions.

In the analysed years (1985-1998) the selection criteria
in the studied arctic fox population were the total score or
the simplified selection index. Only animals with the
highest total score or selection index were selected for
further breeding. In order to evaluate usefulness of both
methods for achieving genetic progress, the genetic
trends for the traits under study were estimated (Table 5).
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Table 5. Average annual genetic trends (AG) for studied traits

Trait AG (point/ycar) AG (%)
Body size -0.00041 -0.0153
Colour type 0.00067 0.0124
Colour purity 0.01264 0.2834
Coat density 0.00855 0.1559
Hair length 0.00543 0.1003
General appearance 0.00030 0.0103
Total score 0.02822 0.1085

The annual genetic trends were expressed in absolute
terms (point/year) or as percentages of the average trait
scores of the foxes born in 1985 (first studied generation).
All estimated genetic trends were low ranging from 0.00067
(0.0124%)) for the colour type to 0.02822 (0.1085%) for the
total score. The genetic trend estimated for the body size
was found to be negative (—0.00041; —0.0153%).

The genetic trends have been estimated in majority of
domesticated animals. The rates of genetic progress, ex-
pressed as percentages of the means, were found within
the range from 1% to 2% per year (Falconer and Mackay,
1996).

Jakubczak (2000) estimated the genetic trends in a pas-
tel fox population using the BLUP with a multiple animal
mode] and found the low genetic trends for analysed traits.
The annual genetic trend for the total score reached 0.1319
point/year. Socha (1996), who carried out the study in the
blue fox population, also found low genetic trends for the
conformation traits. The genetic trends ranged from —
0.0051 (-0.18%) for the body size to 0.0734 (0.28%) for the
total score. However, the author estimated the genetic
trends using the method described by Smith (1962), thus
the results cannot be compared directly to those obtai-
ned using the mixed model methodology.

The low annual genetic trends estimated in the studied
arctic fox population as well as unsatisfactory genetic
progress in the other fox populations (Jakubczak, 2000;
Socha, 1996) suggest that the efficiency of breeding stra-
tegies applied in the Polish fox populations is not high.
One of the main reasons for which the selection response
is very small is a low accuracy of the fox evaluation. In
Scandinavian countries where animals are evaluated using
the mixed model methodology the selection response is
satisfactory. According to Stawon (1995), 12.5% and 42.5%
of fox skins offered by Norwegian and Finnish breeders,
respectively, were large whereas only 2.75% of Polish skins
were of the large size. In the studied fox population (Wierz-
bicki, 1999) the most numerous were medium-sized skins
(65.3%) whereas the largest ones were very rare (0.2%). A
similar situation was found as far as the coat structure
was concerned.

The results of the present study and the reports of other
authors clearly show disadvantages of the selection cri-
teria currently used in Polish fox population. The introdu-
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ction of the mixed model methodology for the estimation
of a fox genetic merit as well as some other changes which
were postulated by Filistowicz et al. (1999) are needed for
substantial genetic improvement of foxes kept on Polish
farms.
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Frequency of Bacillus bacteria in raw cow’s milk and its relation
to other hygienic parameters

Vyskyt bakterii rodu Bacillus v syrovém kravském mléce a jejich vztah
k ostatnim hygienickym ukazatelim

M. VyLETELOVA', O. HANUS', Z. PACovA%, P. Rousar?, P. Kopunecz*

1Research Institute for Cattle Breeding, Rapotin, Czech Republic

2Czech Collection of Microorganisms, Faculty of Science, Masaryk University, Brno, Czech Republic
3Dairy Research Institute, Prague, Czech Republic

dCentral Laboratory, Pardubice, Czech Republic

ABSTRACT: Monitoring of Bacillus strains presenting hygienic and safety hazards in bulk milk samples was the primary
objective of this study. Two sets were formed: 54 samples representing 27 sampling sites in Northern and Central Moravia were
included in the Ist set, the IInd set (324 samples from Moravia and Bohemia) was completed in the Central Laboratory at
Pardubice. Representative samples (158) of Bacillus strains were isolated and identified in the Czech Collection of Microorganis-
ms at Brno (CCM). The following frequencies were found on the species level: Bacillus licheniformis (102; 64.6%), Bacillus cereus
(43; 27.2%), Bacillus pumilus (5; 3.2%), B. subtilis (2; 1.3%), B. badius (1; 0.6%), B. fusiformis (1; 0.6%), B. sphaericus (1; 0.6%),
Paenibacillus glucanolyticus (1; 0.6%). Two psychrotolerant strains of Bacillus cereus (growth at 4-7°C, negative growth at
40-43°C) were also isolated; they were classified provisionally as Bacillus weihenstephanensis according to Lechner et al. (1998).
As for B. cereus strains, 4 intermediary strains characterized by multiplication rates not corresponding to B. cereus or to B. wei-
henstephanensis were isolated. These strains grew at 7-10°C, they did not grow at 4°C and 40-43°C. Isolation of
B.stearothermophilus and B. sporothermodurans species was not successful. The nutritive and sensory milk quality can be
affected by proteolytic and lipolytic enzymes, produced also by Bacillus strains. Production of proteolytic enzymes was evident
in 100% and of lipolytic ones in 61-82% strains of B. licheniformis. All B. cereus strains (100%) produce the proteolytic enzymes
whereas lipolytic activity was evident in 12 and 30 strains (28 and 70%). The proteolytic and also lipolytic enzymes were
produced (excluding B. badius, B. sphaericus and P. glucanolyticus) in the remaining strains. Frequencies of the following microor-
ganisms were monitored simultaneously with total Bacillus bacteria frequency (TCBa): total count of mesophilic (TCM), thermo-
resistant (TRM), and sporogenic anaerobic microorganisms (SPAN). Linear regression was used for analyzing relationships
between TCBa frequency and other hygienic parameters TCM and TRM. Non-significant correlation coefficients » = 0.04 (Ist set)
and »=-0.003 (IInd set) were found for TCM x TCBa. Significant correlations »=0.77 (I)and »=0.15 (I[)- P < 0.001 and P <£0.01
— characterized the TCBa xTRM relation. Significant differences (P <0.05) were found between geometric means of the mesophi-
lic group of TCBa and SPAN (IInd set) by the unpaired ¢-test. Non-significant difference (P > 0.05) was found between B. cereus
and SPAN and between B. licheniformis and SPAN. Less frequent captures of psychrotrophic bacilli document hypothesized
primary effects of milking hygiene on bacilli frequency in raw milk stored at 4-6°C and less important effects of milk storage and
transport. These facts conform to bibliographic references presenting relatively close correlations between spore-forming bacteria
frequencies in feedstuffs, faeces, litter, milk, and udder surface. Mostly significant relations of bacilli to TRM and non-significant
relations of bacilli to TCM issue from their relatively high or low proportion in the mentioned microbial groups. The ratio index
(TCBa/TRM) was p; = 0.3 in both sets; geometric means TRM were g = 10.34 (Ist set) and g = 165.33 (IInd set). The TRM limit
<2000 CFU/ml corresponds (according to p, = 0.3) to the value 600 TCBa CFU/ml. The higher rates of bacilli associated with the
positive SPAN test demonstrate important negative impacts of bacilli on cheese production quality. Evident abundance of bacilli
in milk even in the case of negative SPAN capture documents a potential inadequate function of this test under practical conditions.
Processed data (CL Pardubice 1997-1999) document that more than 85% analyzed milk samples comply with TCM and TRM
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frequency standard according to standard CSN 57 0529 (TCM < 100 ths CFU/ml; TRM < 2000 CFU/ml). The seasonal effects on
TRM frequency were not demonstrated whereas data of SPAN show their highest frequency in January and November.

Keywords: raw milk; total number of Bacillus bacteria; identification; total count of microorganisms; total count of
thermoresistant microorganisms

ABSTRAKT: Byl sledovén vyskyt hygienicky a zdravotné rizikové skupiny mikroorganismi rodu Bacillus v bazénovych
vzorcich mléka v oblasti severni a stfedni Moravy (27 odb&mych mist, I. soubor 54 vzorkd) a oblasti Cech a Moravy (1.
soubor 342 vzorku z Centrélni laboratofe Pardubice). Celkem bylo izolovano 158 kmenu bacild, které byly identifikovany
v Ceské sbirce mikroorganismi, Brno. Nejeetn&jsi zastoupeni mé&l Bacillus licheniformis (102; 64,6 %), déle Bacillus cereus (43;
27,2 %), B. pumilus (5; 3,2 %), B. subtilis (2; 1,3 %), B. badius (1; 0,6 %), B. fusiformis (1; 0,6 %), B. sphaericus (1; 0.6 %),
Paenibacillus glucanolyticus (1; 0,6 %) — tab. 1. Byly rovnéZ izolovény dva psychrotolerantni kmeny B. cereus (rostly pfi
teploté 4-7 °C, nerostly pfi 40 aZ 43 °C), které byly podle Lechnerové et al. (1998) pfedb&Zné urteny jako Bacillus weihen-
stephanensis. Mezi kmeny Bacillus cereus byly izolovany i &tyfi intermediarni kmeny, které schopnosti ristu pfi riznych
teplotach neodpovidaji druhu B. cereus ani druhu B. weihenstephanensis. Kmeny rostly pfi 7-10 °C, ale nerostly pti 4 a 40 aZ
43 °C. Izolace druhl B. stearothermophilus a B. sporothermodurans nebyla usp&3na. Nutri¢ni a senzorické kvalita mléka mize
byt ovlivnéna proteolytickymi a lipolytickymi enzymy produkovanymi i druhy rodu Bacillus. Kmeny B. licheniformis vyka-
zovaly schopnost tvorby lipolytickych enzymi v 61-82 % a proteolytickych ve 100 % pfipadi. Vechny kmeny Bacillus
cereus vytvéfely jasnou proteolytickou zénu a pouze ve 12 a 30 pfipadech (28 a 70 %) produkovaly lipolytické enzymy.
Ostatni kmeny (vyjma B. badius, B. sphaericus a P. glucanolyticus) projevovaly schopnost tvorby obou lytickych enzymu
(tab. 3). Sou&asné s celkovym podtem bakterii rodu Bacillus (déle jen TCBa) byl sledovan vyskyt celkového po&tu mezofil-
nich, termorezistentnich a sporotvornych anaerobnich mikroorganismi (TCM, TRM, SPAN). Mezi vyskytem TCBa a hygie-
nickymi ukazateli TCM a TRM byla provedena statistickd analyza linearni regresi. Korelaéni koeficient mezi TCM a TCBa
byl vzhledem ke zpiisobu kultivace obou skupin mikroorganismi nevyznamny a &inil » = 0,04 (I. soubor) a » = -0,003 (1L
soubor). Zajimavéjsi je vztah mezi TCBa a TRM, ktery byl vyznamny pro oba soubory a korela¢ni koeficienty byly r = 0,77
(I) a » = 0,15 (II) na hladinich vyznamnosti P < 0,001 a P < 0,01 (tab. 2). Mezi geometrickymi priméry mezofilni skupiny
TCBa a SPAN hodnot II. souboru byla zji§t&na neparovym t-testem vyznamna pritkaznost rozdila (P < 0,05). Mezi B. cereus
a SPAN a B. licheniformis a SPAN byla pritkaznost rozdili nevyznamné (P > 0,05) — tab. 2. Nizké zachyty psychrotrofnich
bacilt dokladuji, Ze vyskyt bacili v syrovém mléce v prvovyrobé (iloZné teploty 4-6 °C) méné souvisi s uloZenim a transpor-
tem, ale spide s hygienou dojeni, coZ také potvrzuji v literatufe uvadéné pomé&mé tésné korelace mezi vyskytem sporotvor-
nych bakterif v krmivech, vykalech, podestylce, na povrchu vemene a v mléce. PfevaZné vyznamné vztahy bacild k TRM
anevyznamné k TCM jsou dany jejich relativné velkym, resp. malym podilem ve zminénych technologickych mikrobiélnich
skupinach. Pom&rny index TCBa/TRM byl pro oba soubory p, = 0,3, geometrické priméry byly g = 10,34 (I. soubor) a g =
= 165,33 (IL. soubor) — tab. 5. Z uvedené hodnoty p; Ize vypoditat, Ze limit pro TRM < 2000 CFU/ml koresponduje s hodno-
tou 600 TCBa CFU/ml. Vy33i zachyty bacil pfi pozitivnim nilezu SPAN dokléadaji podstatnou roli bacili pfi ohroZeni syraf-
ské produkce. Ztetelné zastoupeni bacili v mléce i pfi negativnim zachytu SPAN dokldda pfipadnou nedostatetnou
zpusobilost tohoto testu i v praktickych podminkach. Z vysledki CL Pardubice (1997-1999) vyplyv4, Ze vice nez 85% v3ech
bazénovych vzorki mléka vyhovuje pozadavkim normy CSN 57 0529 (TCM < 100 tis. CFU/ml; TRM < 2000 CFU/ml).
Vyskyt TRM pro jednotlivé roky je vyrovnany a nenf odvisly od ro&niho obdobi. Nejvy3si hodnoty SPAN byly naopak
dosahovéany v mé&sicich listopad a leden (tab. 4; obr. 1 aZ 3).

Klitovi slova: syrové mléko; celkovy potet bakterif rodu Bacillus; identifikace; celkovy potet mikroorganismi; celkovy pocet
termorezistentnich mikroorganismu

INTRODUCTION

In general, spore-forming microorganisms represent
important problematic contaminants of raw milk and milk
products above all. Their ability to survive heating to the
pasteurization temperature or ultrahigh-temperature (UHT)
treatment facilitates their passage into the food-chain re-
sulting in potential incidence of alimentary disorders.

Bacillus licheniformis (Ist morphologic group), which is
also associated with food spoilage (Salkinoja-Salonen et
al., 1999), Bacillus circulans and Paenibacillus polymyxa,
formerly Bacillus polymyxa, (1Ind morphologic group) are
the most frequent mesophilic bacteria, B. stearothermo-
philus (1Ind morphologic group) is the most frequent ther-
mophilic bacterium. Bacillus cereus —the primary initiator
of alimentary intoxications caused by dairy product con-
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sumption — is the most controlled bacillus in the Czech
Republic as well as abroad. Valik et al. (2000) mention e.g.
347 patients in a boarding-house (Slovakia, 1984). Larsen
and Jorgensen (1997) found 10°to 3 x 10° CFU/ml of psy-
chrotolerant strain B. cereus in pasteurized milk. Noter-
mans (1997) noted that 7% of the portions of pasteurized
milk being consumed in the Netherlands could contain
more than 10°-10°B. cereus per ml. In Sweden, B. cereus
is considered as a parameter limiting stable quality of pas-
teurized milk. The legal count (1000 spores /ml) must not
increase during the guarantee period (storage at 8°C) —
Christianson et al. (1999). Psychrotolerant species B.
cereus can survive at low temperatures 4-7°C. Griffiths
and Phillips (1990) found these microorganisms in 60%
raw milk and in 70% pasteurized milk. Ternstrém et al.
(1993) found strains B. cereus viable at 7°C in 82% pas-
teurized milk products. In 1998, psychrotolerant strains B.
cereus (growing at 4-7°C, not growing at 40-43°C) were
classified as a new species Bacillus weihenstephanensis
(Lechner et al., 1998). Some members of the genus Bacil-
lus participating in technological milk processing produce
highly heat-resistant endospores (HHRS strains). There-
fore they can survive and germinate in final dairy prod-
ucts after pasteurization or UHT treatment. Mesophilic
strains classified in HHRS group represent a homoge-
neous group of non-pathogenic bacilli characterized by
particular demands necessary for their multiplication (dis-
similar from the species identified until now). In 1996, this
group was classified as an independent species Bacillus
sporothermodurans (Petterson et al., 1996).

According to standard CSN 57 0529 (quality of raw
cow’s milk) frequencies of psychrotrophic microorgan-
isms (CPP), thermoresistant (TRM) and spore-forming
anaerobic bacteria (SPAN) are classified as a complemen-
tary trait of hygienic quality. Majority of microbiologic
contamination of raw cow’s milk is eliminated successful-
ly by pasteurization or UHT. Problems appearing during
the successive technological process and during produc-
tion of specific dairy products are caused by thermostable
enzymes of psychrotrophic microflora (Vyletélové et al.,
2000) or by enzymes of spore-forming thermoresistant
microorganisms. Spore-forming microorganisms (Bacillus,
Clostridium) in raw milk are hardly detectable without
heat activation — they survive in passive form (as spores).
Heat treatment of milk contributes to their multiplication
by distorting spore walls resulting in bacteria germina-
tion. Their active form can produce lytic enzymes or en-
terotoxins reducing healthy and technological safety of
foodstuffs or milk as other raw material.

Screening of Bacillus bacteria in raw cow’s milk (sam-
ples collected in Northern and Central Moravia, samples
from various sampling sites of Moravia and Bohemia an-
alyzed in Central Laboratory Pardubice), bacteria identifi-
cation and analysis of relationships between Bacillus
bacteria incidence and other hygienic milk parameters were
the principal objectives of the presented study.
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MATERIAL AND METHODS
Milk sampling, transport, and storage of samples

Pooled milk (Ist set) was taken into sterile samplers con-
taining a preservative agent (30 ml milk, 3 ml Heeschen’s
agent) — Heeschen ez al. (1969). Milk samples were trans-
ported in thermoboxes with cooling cushions. Samples
were analyzed immediately after their receipt or stored in
the refrigerator (6.5°C) and analyzed within 2 hours at
maximum. The identical system was used for collection
and transport of samples into the central laboratory. Sam-
plers with milk intended for analysis of total microorgan-
ism count (TCM) on Bactoscan were stored in the freezer
(~18°C) after TCM analysis. Frozen samples were trans-
ported in thermoboxes to the research laboratory, stored
in the freezer (-18°C) and analyzed sequentially.

Sample cultivations

a) Ist sample set was tested by routine methods: total
count of mesophilic microorganisms — routine culture
medium GTK (Milcom, Tabor) modified according to
IDF standards (Havlova et al., 1993) was used. TCM
and TRM were cultivated 3 days at 30°C, spore-forming
anaerobic bacteria (SPAN) were cultivated 3-5 days at
30°C according to the protocol specified by Havlova ef
al. (1993). Petri dishes with 20-200 CFU/ml and test
tubes with positive gas production were classified.

b) IInd sample set from the central laboratory:

— TCM values were measured by Bactoscan;

— CPP analysis: agar broth with GTK or GTKL (Milcom,
Téabor), inoculation made by Minipetrifoss apparatus,
10 day-cultivation at 6.5°C;

— analysis of thermoresistant microorganisms: samples
were inactivated at 72-75°C (20 min), inoculated
(Minipetrifoss), inoculum was embedded (agar broth
GTK or GTKL) and cultivated at 30°C (72 h);

—analysis of spore-forming anaerobic bacteria: milk sam-
ples were inoculated (0.1 ml) into the broth in the test
tube, embedded (1 cm sterile paraffin mixture: 1/2 va-
seline : 1/2 paraffin), test tubes were plunged into the
water bath (85°C, 10 min). Samples were cooled to 37°C
and incubated for 5-7 days (37°C). Broth was pre-
pared from skim-milk poured (by 10 ml) into test tubes
and sterilized recurrently (after 24 h) at 120°C (30 min).
Broth was heated to 100°C and cooled to 37°C fore
inoculation. Test tubes with positive gas production
were classified.

¢) Bacillus strains were isolated on the modified MYP
Agar complemented with egg yolk emulsion and Poly-
myxin B sulphate (HiMedia), and on Milk Agar (Merck)
at cultivation temperature 30°C for 3 days for meso-
philic strains (Havlova et al., 1993), at4.0-6.5°C for 10-16
days for psychrotrophic strains (Lechner ef al., 1998),
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at 55°C for 48 h for thermotolerant and at 60°C for 48 h
for thermophilic strains (Phillips and Griffiths, 1986). The
Brain Heart Infusion Agar (Oxoid) with vitamin B,, and
cultivation temperature 37°C for 5 days were used for
isolation of B. sporothermodurans from milk samples
which had been heated to 100°C for 30 min to enrich for
HHRS strains (Petterson et al., 1996; Klijn et al., 1997).
A total 158 strains of Bacillus species was isolated.

Morphological characteristics

Colonial and spore morphology was examined on blood
agar and nutrient agar with 10 mg MnSO,.H,0/11 for 1-7
days, respectively.

Biochemical and physiological characteristics

Phenotypic tests (production of acetoin, reduction of
nitrate; gelatine, Tween 80, esculin, tyrosine and starch-
hydrolysis; haemolysis catalase, urease; growth in 7%
NaCl, growth at 4, 7, 40, 50, and 55°C, acidification of
glucose, mannitol xylose and lactose) were carried out by
routine conventional methods (Gordon e? al., 1973), argi-
nine dihydrolase by the method of Brooks and Sodeman
(1974), ONPG by the method of Lowe (1962), phosphatase
production specified by Pa¢ova and Kocur (1978). The
following commercial tests were used: Simmons citrate
(OXOID CM155), B. cereus agar (HiMedia M833) for egg-
yolk reaction, medium for anaerobic growth (BBL No.
10926).

Production of proteolytic and lipolytic enzymes
Ability to produce proteolytic and lipolytic enzymes
was tested in all strains on Milk Agar (Merck) and on

Tributyrin Agar (Merck), respectively. Strains character-
ized by a distinct zone around colonies were classified as

Table 1. Species identification of genus Bacillus and their percentage

positive ones (Havlova et al., 1993), and compared with
the results of gelatine and Tween 80 hydrolysis on medi-
um according to P4%ova and Kocur (1984)

Identification of strains

Identification of isolated strains was performed on the
basis of 26 classical phenotypic tests. Differential tables
and keys according to Gordon et al. (1973), Priest et al.
(1988), Alexander and Priest (1989), Petterson et al. (1996),
Lechner ez al. (1998) were used for identification.

Statistical evaluation

With regard to the typical distribution pattern of data
sets the results of all microorganism sets were transformed
into logarithms —mean values were presented as logarith-
mic or geometric means. Linear regression was used for
statistical evaluation of relationships between total count
of Bacillus microorganisms (TCBa) and TCM and TRM.
Unpaired #-test was used for evaluating TCBa x SPAN
differences.

Patterns of TCM, TRM, and SPAN

Results of analyses carried out in the Central Laborato-
ry at Pardubice in 1997-1999 were processed and evaluat-
ed in Dairy Research Institute Prague — they represent
arithmetic means in specific years or months.

RESULTS AND DISCUSSION

Bacteria that produce heat-resistant endospores are clas-
sified in 9 genera of group endospore-forming gramposi-
tive rods and cocci (Holt ez al., 1994). The genus Bacillus
is the largest and best-known member of this group, aero-

Strains Ist set IInd set Ist + Ind sets
(number) (%) (number) (%) (number) (%)
Bacillus licheniformis 16 69.6 86 63.7 102 64.6
Bacillus pumilus 2 8.7 3 2.3 5 3.2
Bacillus subtilis 1 4.3 0.7 2 1.3
Bacillus cereus 3 13.1 40 29.6 43 27.2
Bacillus weihenstephanensis 2 1.6 2 1.3
Bacillus badius 1 0.7 1 0.6
Bacillus sphaericus 1 0.7 1 0.6
Bacillus fusiformis 1 4.3 1 0.6
1 0.7 1 0.6

Paenibacillus glucanolyticus
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bic or facultatively anaerobic, usually catalase positive,
while the other genera, including Clostridium spp., are
mostly anaerobic and catalase negative. Mesophilic and
psychrotrophic Bacillus spp. are important contaminants
in raw and pasteurized milk. Crielly et al. (1994) present
B. licheniformis and B. cereus as most commonly isolat-
ed species of Bacillus found in milk at all stages of pro-
cessing. The frequency of identified species of Bacillus
is listed in Table 1.

Frequency of Bacillus bacteria in the Ist set

The identified set of 23 strains (Table 1) formed a homo-
geneous group of mesophilic species; the highest fre-
quency was mentioned in “B. subtilis” group including
isolated strains of B. licheniformis, B. subtilis, and B.
pumilus. Isolation of mesophilic species found in raw milk
corresponds to bibliographic references (Sutherland and
Murdock, 1994; Crielly et al., 1994; Patova et al., 1996).
As for the species more resembling psychrotrophic strains
initiating alimentary intoxications, B. cereus was identi-
fied (13%). Non-significant correlations »=0.04 and » =
0.15 (Table 2) were found between mesophilic TCBa xXTCM
and B. licheniformis x TCM, resp. Significant correlations
(P<0.001)»=0.77 and r = 0.86 were recorded in TCBa x
TRM and B. licheniformis x TRM, resp. (Table 2). The
other relationships were not analyzed with regard to low
numbers of registered bacilli frequencies.

Table 2. Results of statistical analysis of Ist and IInd sets

Frequency of Bacillus bacteria in the IInd set

In this set a higher (more than five-fold) number of
strains was identified than in the Ist set (Table 1); fre-
quency pattern of specific bacilli was, however, similar.
The frequency of mesophilic species of “B. subtilis” group
amounted to 70.4%; almost similar frequency (as related
to the above-mentioned group) was found in B. licheni-
Jformis (63.7%). Frequency of B. cereus increased from
13 t0 29.6%. Two psychrotolerant strains (growth at 4°C,
no growth at 40-43°C) identified as Bacillus weihen-
stephanensis according to Lechner ef al. (1998) were iso-
lated in B. cereus set. Four intermediate strains of B. cereus
— B. weihenstephanensis (Lechner et al., 1998) were iso-
lated. These strains grew at 7-10°C, but they did not grow
at 4°C and 40-43°C. Application of specific molecular-
biology methods is necessary for final classification of
2 strains as B. weihenstephanensis and for identification
of intermediary B. cereus strains.

Other representatives of Ist-I1Ird morphologic groups
were identified sporadically: B. badius (Ist morph. g.), Pae-
nibacillus glucanolyticus (excluded from B. circulans
strains, IInd morph. g.), B. sphaericus and B. fusiformis
(IlIrd morph. g.). The isolation of B. stearothermophilus
was not successful. The isolation of B. sporothermodu-
rans species (group of strains characterized by high re-
sistance of spores to high temperatures — HHRS strains)
was not successful either, probably due to the insuffi-
cient heating temperature of sample.

TCM

TRM

SPAN

I. set mesophilic
TCBa

y = 0.097x + 0223

y = 0.776x + 0.135

r=0.04 r = 0.77%** XXX XXX
n=>54 n=>54

B. licheniformis y=0.121x + 1,083 y=0.84x + 0.206
r=0.15 r=0.86%** XXX XXX
n=16 n=16

I1. set mesophilic

TCBa y =-0.005x + 0.74 y=0.Ix+ 0491 g =559 negative
r=-0.003 r=20.15** g = 1467 positive
n=342 n=342 ttest o =228 > 1,,1.96 P <0.05

B. cereus y=0.118x + 0.665 y=-0.034x + 1.258 g=9441 negative
r=011 r=-012 g =13.646 positive
n=40 n=40 ttesty; = 0.5 < 1,377 P> 0.05

B. licheniformis y=-0051x + 1611 y=-0.047x + 1.534 g=2818 negative
r=-0.06 r=-0.06 g=3.897 positive
n=82 n=86 rtesty, = 0.38 < 1,3.79 P> 0.05

n = samples number; g = geometric mean in ths. CFU/ml; r = correlation coefficient; ** = P < 0.01; *** = P < 0.001; xxx = wasn't deter-

mined
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Data describing the mesophilic group were chosen for
statistical processing. Psychrotrophic and thermotoler-
ant Bacillus bacteria were not evaluated (low frequen-
cies). Similarly like in the previous set, very low correlations
r=-0.003,=0.11, »=-0.06 were found in TCBa x TCM,
B. cereus x TCM, and B. licheniformis x TCM, respec-
tively (Table 2). Significant (P <0.01) correlation »=0.15
was determined in TCBa x TRM (Table 2), non-significant
correlations r=-0.12 and » =-0.06 were found in B. cereus
x TRM and B. licheniformis x TRM, resp. (Table 2). Sig-
nificance of differences between two geometric means of
TCBa sets (or B. cereus and B. licheniformis) in the case
of positive SPAN and negative SPAN was tested, signifi-
cant difference (P <0.05) was found in TCBa (t-test ,, =
2.28>1t,, 1.96). Non-significant differences (P> 0.05) were
determined in B. cereus (t-test,, = 0.5 <1, 3.77) and
B. licheniformis (t-test,, = 0.38 <z 3.79) (Table 2).

Production of lytic enzymes
Production of proteolytic enzymes was evident in 100%

and lipolytic ones in 61-82% strains of B. licheniformis.
All B. cereus strains (100%) produce the proteolytic en-

——1997
1003 —m— 1998
90 4 —a— 1999
2 80
X
Z 7
|}
60
50 ; o .
1 2 3 4 5 6 7 8 9 10 11 12

Figure 1. Occurrence of TCM in the individual years (monthly values
are TCM averages in the individual months)

zymes whereas lipolytic activity was observed in 12 and
30 strains (28 and 70%). The other strains (excluding
B. badius, B. sphaericus and P. glucanolyticus) were able
to produce both lytic enzymes. The results mostly con-
formed with the results of gelatine and Tween 80 hydrol-
ysis on medium according to P4¢ova and Kocur (1984) —
Table 3.

Patterns of TCM, TRM, and SPAN in 1997-1999

Processed data (CL Pardubice) document that more than
85% of analyzed milk samples comply with EU criteria for
TCM, i.e. less than 100 ths. CFU/ml. Almost 70% of milk
samples were classified (according to Czech criteria) as
prime grade milk (TCM < 50 ths. CFU/ml, CSN 57 0529).
Average TCM value varied from 65 to 79 ths. CFU/ml, the
lowest quality was recorded in summer (Figure 1, Table 4).
Approximally 86.0-92.5% of pooled milk samples complied
with TRM frequency standard (CSN 57 0529). Seasonal
effects on TRM frequency were not demonstrated (Fig-
ure 2, Table 4). Figure 3 presents only positive SPAN fre-
quencies amounting to 25% maximally in all monthly
controls.
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Figure 2. Occurrence of TRM in the individual years (monthly values
are TRM averages in the individual months)

Table 3. Production of proteolytic and lipolytic enzymes in Bacillus spp. srains

Strain Total Gelatine hydrolysis Skim milk agar Tween 80 hydrolysis Tributyrin agar

count count % count % count % count %
B. licheniformis 102 102 100 102 100 62 61 84 82
B. pumilus 5 5 100 5 100 1 20 5 100
B. subtilis 2 2 100 2 100 2 100 2 100
B. cereus 43 43 100 43 100 30 70 12 28
B.weihenstephanensis 2 2 100 2 100 2 100 2 100
B. badius 1 1 100 1 100 0 0 0 0
B. sphaericus 1 0 0 0 0 1 100 1 100
B. fusiformis 1 1 100 1 100 1 100 1 100
P. glucanolyticus 1 1 100 1 100 0 0 0 0
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Table 4. Summary of TRM and TCM evolution in years 1997, 1998 and 1999

Year 1997 1998 1999
TCM average (in ths. CFU/ml) 79 66 65
Comply with EU standards of TCM (%) 85 920 88
Comply with GSN standard (prime-quality of TCM; (%)) 70 70 70
TRM average (in ths, CFU/ml) 13 1.2 1.2
Comply with CSN standard of TRM (%) 86 93 95
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Figure 3. Occurrence of SPAN in the individual years (monthly val-
ues are the averages of positive cases of SPAN occurrence)

Analysis of relationships characterizing frequencies
of studied microorganism sets

Very low frequency of bacilli was found in the group
cultivated at low temperatures (4.0—6.5°C). Therefore pre-
dominance of mesophilic and thermotolerant Bacillus
bacteria in raw milk can be presumed. Their multiplication
in storage tanks is exceptional under actual storage con-
ditions (4-6°C). Their presence in raw milk (before milk
processing) is associated with external contamination
(udder surface, technical equipment). Milk storage and
transportation do not increase the bacilli frequencies con-
siderably. Technological equipment of dairy plants is an-
other source of potential contamination. The mentioned
fact confirms exceptionally close positive correlations
(high correlations: 0.69-0.80) between the frequencies of
anaerobic spore-forming microorganisms in feedstuffs,
faeces, litter, and on udder surface and in milk. Passage of
spores through the digestive tract and resulting milk con-
tamination were mentioned as the principal causes (Pe-
tersen, 1985 — cit. Kratochvil, 1991).

The relation between TCBa frequency and TRM was
significant (Table 2), as for B. licheniformis, the same fact
was stated in some cases only. On the contrary, non-sig-
nificant relations to TCM correspond to the following fact:
bacilli and their specific strains represent a relatively low
proportion of TCM, but a high proportion of TRM. There-
fore they are undesirable for technological milk process-
ing. Dominant position of B. licheniformis in bacillary
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Table 5. Characteristics of TRM occurrence in the Ist and IInd set

Statistical parameter Ist set IInd set
Variation range (CFU/ml) 0-100 0-8 500
Geometric mean g (CFU/ml) 10.34 165.33

Correlation coefficient »

(log TRM x log TCBa) 0, 77**% 0.15%*

Ratio index p, (TCBa/TRM) 0.3 0.3

=P <001; *** =P <0001

contamination of raw milk (Table 1) confirms the mentioned
facts. Thus the analysis of TRM frequency is advisable
in the case of composite dairy technologies. The ratio
index (TCBa/TRM) was p, = 0.3 in both sets. The TRM
limit <2000 CFU/ml corresponds (according to p,=0.3) to
the value 600 TCBa CFU/ml. The geometric means of TRM
were g=10.34 (Ist set; 0—100 CFU/ml) and g = 165.33 (IInd
set; 0-8 500 CFU/ml) — Table 5. This indicates good qual-
ity of milk from the Moravian catchment area. The differ-
ence can be affected by lower quantity of samples, shorter
period of monitoring, or by potential factors of laboratory
(these factors must not be excluded). It is evident these
problems must be studied in future.

It is obvious that technological testing of SPAN cannot
be adequate for some composite dairy technologies. Geo-
metric means documenting the non-negligible frequency
of bacilli (Table 2) even in the case of negative SPAN test
support the mentioned hypothesis. Therefore more pre-
cise laboratory tests should be applied for studying qual-
itative problems of cheese production.
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Effect of breed on chemical composition of goat milk

Vliv plemene na chemické sloZeni koziho mléka

N. ANTUNAC, JASMINA LUKAC HAVRANEK, DUBRAVKA SAMARZIIA

University of Zagreb, Faculty of Agriculture, Dairy Science Department, Zagreb, Croatia

ABSTRACT: Research was focused on the effect of breed (Alpine and Saanen) on changes in the chemical composition of goat
milk in the course of five successive lactations. The total number of performed analyses varied depending on the number of
monthly checks of milk yield, the number of goats involved and the number of the content-determining analyses: total solids,
solids-non-fat, fat, protein, lactose, ash, calcium, phosphorus and acidity level. Daily feed ration consisted of fodder (meadow hay
and clover-grass mixture) with the addition of corn silage. The second part of daily ration was a feed mixture for goats containing
14% protein. Average chemical composition of milk (%) of Alpine and Saanen breeds of goat, respectively, was as follows at the
start of the lactation period (day 50): total solids (12.29 and 11.76); solids-non-fat (8.57 and 8.20); fat (3.68 and 3.57); protein
(2.96 and 2.81); lactose (4.61 and 4.52); ash (0.802 and 0.787); calcium (0.129 and 0.125); phosphorus (0.095 and 0.088) and
acidity (7.01°SH and 6.25°SH). At the end of lactation period (day 200), the average content of milk was: total solids (12.01 and
11.91); solids-non-fat (8.26 and 8.33); fat (3.71 and 3.56); protein (3.04 and 3.11); lactose (4.23 and 4.23); ash (0.834 and 0.828);
calcium (0.118 and 0.111); phosphorus (0.092 and 0.091) and acidity (7.42°SH and 7.62°SH). It can be said that breed had a
significant effect on the content of total solids, solids-non-fat, protein, lactose, ash, calcium and phosphorus, all of which were
found to be higher in milk of Alpine breed throughout the five lactations.

Keywords: chemical composition; goat milk; Alpine; Saanen; acidity, stage of lactation

ABSTRAKT: Vyzkum jsme zaméfili na vliv plemene (alpského a sanského) na zmény chemického sloZeni koziho mléka
v prub&hu péti po sob& nasledujicich laktaci. Celkovy pocet provadénych rozboru se lidil podle po¢tu mési¢nich kontrol doji-
vosti, po¢tu zahrnutych koz a po¢tu rozboru stanovujicich obsah: celkové sudiny, tukuprosté susiny, tuku, dusikatych latek,
laktézy, popelovin, vapniku, fosforu a vy3i kyselosti. Dennf krmna ddvka se sklddala z objemné pice (lu¢nfho sena a jetelotrav-
ni smésky) a pfidavku kukufiéné sildZe. Druhou &ést denni davky tvofila krmnd smés pro kozy s obsahem 14 % N latek.
Pramérné chemické sloZeni mléka (%) koz alpského a sanského plemene na zagatku laktace (50. den): celkova susina (12,29
a 11,76); tukuprosta susina (8,57 a 8,20); tuk (3,68 a 3,57); N létky (2,96 a 2,81); lakt6za (4,61 a 4,52); popeloviny (0,802
a0,787); vapnik (0,129 a 0,125); fosfor (0,095 a 0,088) a kyselost (7,01°SH a 6,25°SH). Hodnoty primé&rného obsahu v mléce
na konci laktace (200. den) &inily: celkové suina (12,01 a 11,91); tukuprosté suSina (8,26 a 8,33); tuk (3,71 a 3,56); N latky
(3,04 a 3,11); laktoza (4,23 a 4,23); popeloviny (0,834 a 0,828); vapnik (0,1118a 0,111); fosfor (0,092 a 0,091) a kyselost
(7,42 °SH a 7,62 °SH). Lze konstatovat, Ze plemeno mé&lo vyznamny vliv na obsah celkové suSiny, tukuprosté susiny, N latek,
popelovin, vépniku a fosforu. Viechny tyto hodnoty byly v prib&hu péti laktaci vy$si v mléce alpského plemene.

Klitov4 slova: chemické sloZenf; kozi mléko; alpské plemeno; sénské plemeno; kyselost; laktatni faze

INTRODUCTION provement of livestock breeding defines the conditions
for goat breeding. The ever increasing demand for goat

Results achieved in goat breeding throughout the world  milk, and the considerable production capacities that go-
have influenced the revival of this activity in Croatia, where  ats possess, have contributed both to the development
it was not only neglected but also banned by government  of goat farming and the fact that goat milk production and
regulations for years. The newly introduced law on im-  processing became an important activity in many parts of

Supported by the Ministry of Science and Technology of the Republic of Croatia.
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Croatia. Goat milk is mostly processed into soft and semi-
hard cheeses. This demanded that traditional, extensive
farming be replaced by modern farming methods for dairy
goat breeds. Accordingly, Alpine and Saanen dairy bre-
eds have been imported from France and Germany. Cur-
rently there are 90 000 goats in Croatia, 20% of that number
being covered by selective monitoring, while the percen-
tage is increasing year by year. The new approach to goat
farming also demands comprehensive research on the
chemical composition, physical properties and quality of
goat milk. Although Alpine and Saanen breeds are both
quality, high-yielding dairy breeds, certain differences do
exists between them. Due to the effect of numerous fac-
tors the chemical composition of milk varies considerably
during lactation periods. The report on the composition
of goat milk during lactations was prepared by Mba et al.
(1975), Boro3 (1986), Csapo et al. (1986), Voutsinas et al.
(1990) and Khaled et al. (1999). The aim of this paper is to
establish the effect of breed and stage of lactation (begin-
ning, middle and end) on changes in the chemical compo-
sition of goat milk.

MATERIAL AND METHODS

The research project focusing on the effect of breed on
the chemical composition and individual physical proper-
ties of milk covered a part of the population of Alpine and
Saanen milk goats during the five lactations. All animals
were kept on a farm. The number of Alpine and Saanen
goats was as follows: 5inI,6inIl, 6 inIII, 8 inIV and 8 in
V lactation respectively, depending on their health condi-
tion. Average age of goats at the beginning of the first
lactation was 15 months for Alpine and 13.5 months for
Saanen goats. Due to the fact that the age of animals at
the start of individual lactations varied, correction was
carried out by non-linear function. Goats were housed in
separate boxes, each 20 x 5 m in size. Each animal had 2 m?
of floor area and about 2.5 m? of outlet.

All animals were kept under constant similar conditions
and were provided with the same care and feed. Daily
feed ration comprised roughage (meadow hay and a clo-
ver-grass mixture) with the addition of maize grain silage
as well as a portion of fodder mixture with 14% protein
content. Since the goats produced kids in winter months
(February and March), their daily ration at the start of
lactation period consisted of hay (ad libitum) and 700 g
of fodder concentrate per animal. At the start of the vege-
tation cycle (April and May) the animals received a daily
ration of 5-6 kg of cowpea or common vetch. During July,
August and September they were also given a clover-
grass mixture. A total of 8-10 controls of milking were
carried out, depending on the duration of lactation peri-
od. The animals were milked manually on the day of the
controls, and a proportional sample of milk was taken from
each animal from both moming (6 a.m.) and evening (6 p.m.)

milking. Milk samples were not conserved but they were
kept in a refrigerator at a temperature of +4°C up to the
time of analyses. The number of milk samples per month
in the course of individual lactations depended on the
number of monthly controls of milking capacity and on
the number of goats. During the milking period throug-
hout the five lactations, 584 samples were collected. The
analyses of milk included total solids, solids-non-fat, fat,
protein, lactose, ash, calcium, phosphorus and acidity.

Work methods

The following methods were used for determining the
chemical composition of milk: total solids (%) — gravimet-
ric method, drying at 102°C, FIL-IDF, 21B:1987; solids-
non-fat (%) — calculation of the difference in total solids
and fat content; fat (%) — butyrometric (volumetric) me-
thod (Gerber) with calibrated butyrometers, FIL-IDF,
105:1981; crude protein (%) — dye-binding (Amido Black),
FIL-IDF, 98A:1985. Pro-Milk apparatus was calibrated aga-
inst the known sample standards. Protein percentage is
obtained from a calibration curve based on the crude pro-
tein content established by the Kjeldahl method in 10 sam-
ples of milk. Lactose-monohydrate (%) — titrimetric method
with chloramine-T, FIL-IDF, 28A:1974; ash (%) gravimet-
ric method — furnace < 550°C, AOAC, 945.46: 1995; calci-
um (%) — titrimetric, after oxalate precipitation, FIL-IDF,
36A:1992; phosphorus (%) — spectrometric, molybdenum
blue, FIL-IDF, 42B:1990. Method used for determination of
acidity level (°SH) — titrimetric, Soxhlet-Henkel method.

Statistical data processing

Data processing of results obtained for individual com-
ponents of milk was based on 2nd degree polynomial:

Yn=Sa,x"

where: a = parameter
X =time

The estimated values of the 50th, 100th, 150th and 200th
days of lactation were used to determine the effect of
breed and number of lactation on the chemical compositi-
on of goat milk, in accordance with the linear model (Har-
vey, 1975):

Yijk= ].I+A/+ Bj+e,'jk

where: Y, = value of the observed characteristic
p =mean value corrected to factors 4,and B,
A, =fixed effect of the number of lactation (i=1...5)
B, =fixed effect of breed (j=1and 2)

e, =unexplained effect

Significance test was conducted by F-test. Statistical
values for each lactation were calculated on the basis of
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data obtained through the Harvey model. Thus we obtai-
ned the least squares means (LSM), standard deviation
(SD), standard error (SE) and the coefficient of variation
(CV). The analysis of variance enabled us to use F-test
for checking the effect that individual factors have on
specific characteristics. Correlation coefficients between
all milk components were also calculated in the course of
five lactations.

RESULTS AND DISCUSSION
Total solids

The effect of breed on the average content of total so-
lids for lactation periods is presented in Table 1.

Alpine goat milk had a higher content of total solids
than that of the Saanen breed at the beginning (50th day),
in the middle (100th and 150th days) and at the end (200th
day) of all lactations, although a significantly (P <0.01)
higher content was recorded at the start of the lactation
period only (50th day). An almost identical total solids
content was found in milk of both the Alpine breed, re-
ported by Miletic and Antunac (1987) and Voutsinas et al.
(1990), and the Saanen breed, reported by Anifantakis
and Kandarakis (1980) and Merin et al. (1988). No signifi-
cant differences were found between the Alpine, Saanen
and local breeds by Csapo et al. (1986) and Kompan et al.
(1998).

Solids-non-fat

The effect of breed on the average content of solids-
non-fat in goat milk for lactation periods is presented in
Table 1.

A significant difference (P < 0.01) between the breeds
was established only at the start of lactation period (50th
day), when Alpine goat milk contained 8.57% of solids-
non-fat and that of the Saanen breed 8.20%. At the end of
lactations (150th and 200th day), Saanen goat milk conta-
ined an insignificantly (P > 0.05) higher level of solids-
non-fat. A lower content of solids-non-fat in Alpine milk
was reported by Voutsinas et al. (1990) while Anifantakis
and Kandarakis (1980) found a similar content in the Saa-
nen breed.

Fat

The effect of breed on the average fat content in goat
milk for lactation periods is presented in Table 1.

No significant differences in fat content in the milk of
Alpine and Saanen goats were found at the start (50th
day), in the middle (100th and 150th day) or at the end
(200th day) of lactation periods. At the start of lactation
(50th day) milk of both breeds had approximately the same
content of fat (Alpine 3.68% and Saanen 3.57%) as it did
at the end (200th day) of the lactation period while the
Alpine breed displayed an insignificantly higher fat con-

Table 1. Effect of breed on the average content of total solids, solids-non-fat and fat (%) in goat milk during the lactation periods

Day of 50th 100th 150th 200th
lactation n LSM  SE n LSM SE n LSM  SE n LSM  SE
Total solids

Alpine 33 12.29* 0.11 33 1144 0.10 33 1139 0.10 33 12,01 0.12
Saanen 33 11.76° 0.11 33 1124 0.10 33 1124 0.10 33 1191 0.12
X 12.02  0.08 1134  0.07 1131 0.07 11.96 0.08
cv 5.28 498 4.90 551
Solids-non-fat

Alpine 33 8.57°  0.07 33 815 0.06 33 803  0.06 33 826  0.07
Saanen 33 820° 0.07 33 8.0l 0.06 33 805  0.06 33 833 0.07
X 838  0.05 8.08 0.04 8.04  0.04 830  0.05
cv 4.63 3.90 420 4.82
Fat

Alpine 33 368 0.08 33 332 0.07 33 333 0.07 33 371 0.08
Saanen 33 3.57  0.08 33 324 0.07 33 317 0.07 33 3.56  0.08
x 3.63  0.05 3.28 0.05 325 0.05 3.63  0.05
cv 11.75 12.69 12.10 11.99

b means in a column with different superscript differ (P < 0.01)
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tent. Both breeds manifested the lowest fat content around
the 150th day of lactation, which resulted from the me-
thod of feeding, season and lactation stage (Alichanidis
and Polychroniadou, 1995). Average fat content in both
Alpine and Saanen breeds was almost identical at the start
(3.63%) and at the end (3.63%) as well as in the middle of
lactation (3.28% and 3.25%, respectively). Throughout all
five lactations Alpine goat milk contained more fat (P >
0.05) in comparison with the Saanen breed (see Table 1).
Findings of a higher content of fat in relation to the Saa-
nen breed were also reported by Boichard er al. (1989),
Bonsembiante et al. (1990), Anonym (1988), Ricordeau
(1993), Sung et al. (1999). Kompan et al. (1998) reported
findings of identical fat content in milk of both breeds. On
the contrary, Pasquini ef a/. (1996) reported the higher fat
content in milk of Saanen goat than in Alpine goat milk
(3.35% and 2.74%)).

Protein

The effect of breed on the average protein content in
goat milk for lactation periods is presented in Table 2.

Significant differences in protein content in milk between
the two breeds were established at the start of lactation
period (50th day). Alpine goat milk contained more pro-
tein (2.96% and 2.78%) at the start (50th and 100th day)
while Saanen breed (2.81% and 3.11%) had more protein
at the end of lactation periods (150th and 200th day)
(Table 2). A higher protein content in milk of Alpine goats

in relation to the Saanen breed is also reported by Rakes
etal.(1981), Anonym (1988), Boichard et al. (1989), Bon-
sembiante et al. (1990), Ricordeau (1993), Kompan et al.
(1998).

Lactose

The effect of breed on the average lactose content in
goat milk for lactation periods is presented in Table 2.

A significant difference (P < 0.05) between the breeds
with regard to lactose content was found only at the start
of lactations (50th day), when Alpine goat milk contained
more lactose (4.61%) than that of the Saanen breed (4.52%).
In the middle of the lactation periods (100th and 150th
day) as well as at the end (200th day), milk of both breeds
showed approximately the same lactose content (P> 0.05)
(Table 2). Voutsinas et al. (1990) quote 4.3% as the avera-
ge lactose content in Alpine goat milk in the lactation.

Ash

The effect of breed on the average ash content in goat
milk for lactation periods is presented in Table 2.

No significant differences (P > 0.05) were established
between the two breeds although Alpine goat milk showed
a higher ash content (Table 2). Throughout all five lacta-
tion periods the ash content in milk of both breeds was
very close to even, which is documented by the values of

Table 2. Effect of breed on the average protein, lactose and ash content (%) in goat milk during the lactation periods

50th 100th 150th 200th
Day of
lactation n LSM  SE n LSM SE n LSM SE n LSM  SE
Protein
Alpine 33 2.96* 0.04 33 2.78 0.03 33 2.77 0.04 33 3.04 0.05
Saanen 33 2.81° 0.04 33 2.72 0.03 33 2.81 0.04 33 311 0.05
X 2.89 0.03 2.75 0.02 2.79 0.03 3.08 0.044
cv 751 7.13 792 9.21
Lactose
Alpine 33 461 0.03 33 4.39 0.03 33 4.29 0.03 33 4.23 0.03
Saanen 33 4.52b 0.03 33 4.40 0.03 33 4.32 0.03 33 4.23 0.03
X 4.56 0.02 4.40 0.02 4.31 0.02 4.23 0.02
Ccv 3.78 4.11 3.37 3.40
Ash
Alpine 33 0.802 0.006 33 0.789a 0.005 33 0.794 0.006 33 0.834 0.007
Saanen 33 0.787 0.006 33 0.774b  0.005 33 0.787 0.006 33 0.828 0.007
x 0.794 0.005 0.782 0.004 0.790 0.004 0.831 0.005
cv 4.63 399 3.99 5.07

% b means in a column with different superscript differ (P < 0.05)
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Table 3. Effect of breed on the average calcium and phosphorus content (%) and on acidity (°SH) in goat milk during the lactation periods

50th 100th 150th 200th
Day of
lactation n  LSM  SE n LSM SE n LSM  SE n LSM  SE
Calcium
Alpine 33 0.129  0.002 33 0.116 0.001 33 0.112  0.001 33 0.118a 0.002
Saanen 33 0.125  0.002 33 0.114 0.001 33 0.108 0.001 33 0.111b 0.002
x 0.127  0.001 0.115 0.001 0.110  0.001 0.115 0.001
cv 7.48 6.21 6.29 7.85
Phosphorus
Alpine 33 0.095* 0.001 33 0.086° 0.001 33 0.085% 0.001 33 0.092 0.001
Saanen 33 0.088% 0.001 33 0.079¢  0.001 33 0.0817 0.001 33 0.091 0.001
x 0.092 0.001 0.082 0.001 0.083 0.001 0.092 0.001
Ccv 7.61 8.55 8.38 8.63
Acidity
Alpine 33 7.01*  0.108 33 6.49¢ 0.112 33 6.76 0.124 33 7.42  0.141
Saanen 33 6.25  0.108 33 6.08d 0.112 33 6.71 0.124 33 7.62  0.141
x 6.63 0.077 6.28 0.080 6.73 0.089 752 01
cv 9.35 10.24 10.67 10.86

a.b.¢.dmeans in a column with different superscript differ (P < 0.01)
ef  means in a column with different superscript differ (P < 0.05)

coefficients of variation (from 3.99% in the middle to 5.07%
at the end of lactation periods). Voutsinas ef al. (1990)
found the ash content in milk of the Alpine goat to be
0.76% while Merin et al. (1988) when investigating the
Saanen breed, established the ash content in their milk as
being 0.8%.

Calcium

The effect of breed on the average calcium content in
goat milk for lactation periods is presented in Table 3.

A significant difference (P <0.05) between the breeds
was established only at the end of lactation periods while
the average calcium content throughout the five lactati-
ons proved higher in milk of the Alpine breed (from 0.112%
on the 150th day to 0.129% on the 50th day).

Phosphorus

The effect of breed on the average phosphorus content
in goat milk for lactation periods is presented in Table 3.

Phosphorus content in milk of both breeds was found
to be fairly similar throughout the lactation period, but it
should be noted that milk from the Alpine breed contai-
ned a significantly higher level of phosphorus at the start
(P <0.01) and in the middle of the lactation periods in
comparison with the Saanen breed. Our results were very
similar to those reported by Boro$ and Herian (1986).
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Acidity

The effect of breed on the average acidity of goat milk
for lactation periods is presented in Table 3.

Alpine goat milk showed a significantly (P <0.01) higher
acidity at the start and in the middle of lactations (7.0°SH
and 6.5°SH) while milk from the Saanen breed had a higher
acidity (P> 0.05) at the end of the lactation periods (7.6°SH)
(Table 3). At the start and in the middle of lactations, milk
acidity of Alpine goats (7.0°SH and 6.5°SH) was signifi-
cantly (P < 0.01) higher in comparison with milk of the
Saanen breed (6.3°SH and 6.1°SH). At the end of lactati-
ons (200th day) no significant difference in milk acidity
was established between the breeds although the acidity
of milk of Saanen goats was found to be higher.

Coefficients of correlation

Correlation coefficients between individual milk com-
ponents, as found at the beginning (50th day), in the mid-
dle (100th and 150th day) and at the end (200th day) of
lactation periods, are presented in Table 4.

In the course of all five lactation periods highly signifi-
cant (P < 0.001) correlations were found between total
solids and fats, and proteins and lactose. Highly signifi-
cant (P <0.001) correlations were also established between
the solids-non-fat and protein and lactose, which was co-
herent with the results reported by Zeng and Escobar
(1996). Ash content in milk was in correlation with calcium
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Table 10. Coefficients of correlations

Day of Solids-

Yictation  'nonifat Fat Protein Lactose
Total 50 0.78** 0.75** 0.66** 0.41**
solids 100 0.76** 0.81** 0.67**  0.42**
150 0.77%% 0.72**  0.63**  0.56**
200 0.74** 0.8** 0.61**  0.46**
Solids- 50 0.21 0.81%%  0.49**
non-fat 100 0.25 0.80** 0.61**
150 0.16 0:75%% -7 0.65%*
200 0.21 0.73*% ~ 0.47%*
Fat 50 0.23 0.19
100 0.3* 0.11
150 0.23 0.23
200 0.25 0.29*
Protein 50 0.14
100 0.34*
150 0.36*
200 0.09
* P<0.01
** P <0.001

(0.53**,0.22, 0,34* and 0.46**) and phosphorus (0.39**,
0.43**,0.56** and 0.33*) contents from the beginning to
the end of all five lactation periods.

CONCLUSION

The effect of breed on the content of total solids, so-
lids-non-fat, protein, lactose, ash, calcium and phospho-
rus was significant, being higher in the Alpine goats milk.
The effect of lactation stage on the chemical composition
and acidity of goat milk was found to be also significant.
The lowest contents of total solids, solids-non-fat, fat,
protein, ash, calcium and phosphorus were established in
the middle of lactations while the highest levels were found
both at the beginning and at the end of individual lactati-
ons. The lowest acidity of milk was determined in the mid-
dle of lactations, and the highest at their end.
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In vivo assessment of meatiness and fattiness of Charollais
ram-lambs

Hodnoceni zmasilosti a ztuénéni na Zivych zvifatech u beranki charollais

M. MILERSKI

Research Institute of Animal Production, Prague-UhFinéves, Czech Republic

ABSTRACT: The goal of this study was to verify whether the values of fat and muscle tissue measured ultrasonically (echoca-
mera) on the back of live Charollais lambs could be applicable to estimations of some traits of carcass quality. The results obtained
in a set of 83 Charollais ram-lambs show very low ultrasonically measured backfat thickness (1.38 mm, s.d. = 0.54 mm) and
percentage of kidney fat in carcass (0.60%, s.d. = 0.33%) which were deternined even at the average age of lambs 138.4 days (s.d. =
12.0) and the average live weight 36.7 kg (s.d. = 4.2). On the other hand, the lambs had a large eye-muscle area measured by
ultrasound (UMLTLA, 13.01 cm’?, s.d. = 2.25 cm?) and on carcasses after slaughter (CMLTLA, 13.01 cm?, 5.d. = 2.24 cm?) as well
as very good percentage of meat in leg (77.1%, s.d. = 1.9%). The examined characteristics of carcass quality were adjusted
according to the joint effect of flock and year, effect of litter size, age and live weight at slaughter. The effect of live weight had the
highest impact on the studied carcass quality traits. UMLTLA and CMLTLA provided the similar residual correlation coefficient
to other characteristics of carcass quality measured after slaughter. UMLTLA even more closely correlated with the percentage of
meat in leg (r,,= 0.451; P <0.001) than CMLTLA (r,,= 0.407; P <0.001). Residual phenotypic correlation coefficient between
UMLTLA and CMLTLA was r,,= 0.687 (P <0.001). The percentage of leg in carcass did not show any significant correlations
with other carcass quality traits. Ultrasonically measured backfat thickness was slightly correlated with subjective classification
of carcass fattiness (r, = 0.312; P < 0.01) and moderately correlated with percentage of kidney fat in carcass (r,,= 0.501;
P <0.001).

Keywords: sheep; Charollais; carcass quality; ultrasonic measurements

ABSTRAKT: Cilem préace bylo ovéfit, zda ultrazvukova méfeni svalové a tukové tkdn& na hibetu Zivych jehiiat charollais
mohou byt pouZitelné pro odhady n&kterych znaku jatedné hodnoty. Vysledky ziskané na souboru 83 beranku charollais
v primé&rném véku 138,4 dne (s. d. 12,0 dne) a pfi pramé&mé Zivé hmotnosti 36,7 kg (s.d. 4,2 kg) ukazuji na velmi nizké
hodnoty ultrazvukové méfené tloustky hibetniho tuku (1,38 mm, s.d. 0,54 mm) a nizky podil ledvinového tuku v jatedné
upraveném té&le (0,60 %, s.d. 0,33 %). Na druhé stran& plocha hibetnich svalii za poslednim Zebrem méfena ultrazvukem
(UMLTLA, 13,01 cm?, s.d. 2,25 cm?) i pfimo na jate¢né upraveném téle (CMLTLA, 13,01 cm?, s.d. 2,24 cm?) , jakoZ i obsah
masa v kyté¢ (77,1 %, s.d. = 1,9 %) byly vysoké. U hodnocenych charakteristik jatetni hodnoty byla provedena korekce na
vliv stada a roku, &etnosti vrhu, véku a Zivé hmotnosti pFi poraZce. Efekt Zivé hmotnosti mé&l nejv&tsi vliv na variabilitu sledo-
vanych znakud jatedni hodnoty. UMLTLA i CMLTLA vykazovaly podobné hodnoty korelaénich koeficienti ve vztahu
k ostatnim charakteristikAm jate&ni hodnoty m&fenym po porazce. UMLTLA byla dokonce v t€sn&jsim vztahu k procentické-
mu obsahu masa v kyté (r,= 0,451; P < 0.001) nez CMLTLA (r,,= 0,407; P < 0,001). Mezi UMLTLA a CMLTLA byl
zjistén koeficient reziduélni fenotypové korelace ve vysi r,,= 0,687 (P < 0,001). Podil kyty v jate¢n& upraveném téle nevyka-
zoval Zadné statisticky vyznamné korelaéni vztahy k ostatnim znakim jate&ni hodnoty. Tloustka tuku na hfbetu méfend ultra-
zvukem byla slabé korelovéna se subjektivni klasifikaci ztu&n&ni jatetn& upraveného téla (r, = 0,312; P < 0,01) a stfedné
korelovana s procentickym obsahem ledvinového tuku.

Kli¢ovi slova: ovce; charollais; jate¢nd hodnota; ultrazvukové méfen{
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INTRODUCTION

The change in production orientation of sheep hus-
bandry has occurred in the Czech Republic in the last
decade. This situation evokes the necessity to direct the
attention of sheep keepers and breeders at breeding work
aimed at improvement of traits determining the level of
meat performance in sheep. The carcass quality by the
side of reproduction traits and growth intensity also per-
tains to this group of traits. The consumers demand the
excellently conformed carcasses with optimal fattiness
(Ellis et al., 1997). The traits connected with carcass qual-
ity usually have medium heritability and suitable variabil-
ity, which is favourable for the genetic improvement of
these traits (Croston and Pollot, 1985). On the other hand,
the characteristics of carcass quality cannot be measured
directly on live animals and there is a reason for use of
ultrasound measurements for objective in vivo assess-
ments of carcass quality in sheep.

A number of authors were engaged in ultrasonography
and related techniques of in vivo assessment of meati-
ness and fattiness of lambs (Krauth, 1987; Simm and Ding-
wall,1989; Kadim et al., 1989; Cameron and Bracken, 1992;
Fenessy et al., 1993; Milerski et al., 1994; Ringdorfer, 1995;
Gut et al., 1996; Cadavez et al., 2000 and others).

Charollais is the most numerous sheep meat breed in
the Czech Republic. The process of adaptation of this
breed to conditions of the Czech Republic was examined
by Kuchtik ez al. (1996) and Shaker-Momani ef al. (1995).
Horak and Zizlavska (1999) examined the efficiency of
Charollais sheep in a system of mixed grazing with cattle.

The main goal of this study was to verify whether the
fat and muscle tissue measurements done ultrasonically
with echocamera on the back of live Charollais lambs could
be applicable for estimations of some traits of carcass

quality.

MATERIAL AND METHODS

The ultrasonic measurements of live animals were used
for the prediction of carcass quality. Investigations were
carried out in 2 flocks in the years 1996-2000. In total 83
purebred Charollais ram-lambs (progeny of 17 sires) were
included in the data set. At the end of fattening, the aver-
age age of animals was 138.4 (s.d .= 12.0) days and their
average live weight was 36.69 (s.d. =4.18) kg.

The ultrasonic measurements were carried out at the
end of the fattening period. The real-time scanner Aloka
SSD 210 DX II with the 5 MHz linear probe UST 5813-5
was used for this purpose. The ultrasonic measurements
of back cross-section were done on the level of 1st lumbar
vertebras. The ultrasonic pictures were recorded with
photo-camera from the screen of the machine and then
analysed. Measurements of cross-section areas of mus-
culus longissimus thoracis et lumborum (UMLTLA) were
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carried out as well as measurements of the backfat thick-
ness. Subsequently, all measured lambs were slaughtered.
After slaughter the carcass weights were recorded and
the dressing percentages were computed. After 24 hours
of chilling the carcasses were subjectively classified ac-
cording to SEUROP system of carcass evaluation. Class-
es for conformation were marked by numbers (S=6.... P=
1), fattiness classes was marked from 1 (least) to 5 (high-
est). Also the measurements of carcass rump circumfer-
ences were carried out at the level of the tuberae
ischiadicii of pelvis. Then the kidney fat was separated
and weighed and the carcasses were dissected into 7 parts:
scrag, middle neck, best end neck, loin, leg, rack and flank
(Figure 1). The weights and percentages of these cuts
were determined. In addition, the eye-muscle areas were
measured by planimetry on the section between the last
thoracic and 1st lumbar vertebras (CMLTLA). One leg
from each carcass was dissected into meat (muscles + fat)
and bones and the percentage of meat in leg was comput-
ed.

Figure 1. Cuts of lamb

Variance of examined traits was analysed by the least
squares method. Software SAS STAT was used for the
statistical processing of the data (SAS, 1998). Procedure
PROC GLM variant SS4 was used for the estimation and
correction of systematic effects. The following statistical
model was used for the correction of systematic effects
on all examined traits of carcass quality:

Yig=p+FYi+ LSj+a+b+ej (Model 1)

where: y,, = measured trait
p = common constant
FY = joint effect of flock and year (fixed effect — 6 classes)
LS, = litter size (fixed effect — 2 classes)
a = linear regression according to live weight
b = lincar regression according to age
e, = residual error

Phenotypic correlation coefficients (»,) were computed
from the row data. The residual phenotypic correlation
coefficients (r,P) between the residual values of examined
traits after correcting the data according to Model 1 were
computed. Then the multiple residual correlation coeffi-
cients (r,,) between the characteristics of carcass quality
that were measured after carcass dissection (percentage



Czech J. Anim. Sci., 46, 2001 (6): 275-280

Original Paper

Table 1. Basic statistical characteristics of the data set (n = 83)

Variable Unit Mean S.D.
Age day 138.4 12.0
Live weight kg 36.69 4.18
MLD area measured

by ultrasound (UMLTLA) cm? 13.01 2.25
Back fat measured

by ultrasound mm 1.38 0.54
Dressing percentage % 46.39 3.52
SEUROP conformation point 4.07 0.76
SEUROP fattiness point 2.34 0.62
MLD area measured

on carcass (CMLTLA) cm? 13.01 2.24
Percentage of legs

in the carcass % 35.15 2.19
Percentage of meat in leg % 77.14 1.87
Percentage of kidney fat % 0.60 0.33
Carcass rump circumference cm 61.59 3.68

of meat in leg, CMLTLA) and group of traits determined
on live animals (UMLTLA) or on carcasses before dissec-
tion (SEUROP classification of conformation, dressing
percentage, rump circumference) were computed.

RESULTS AND DISCUSSION

The mean values and standard deviations of examined
traits are presented in Table 1. Dressing percentage and
percentage of legs in carcass were approximately on the
same level as Kuchtik ef al. (1996) or Shaker-Momani ez
al. (1995) report for Charollais lambs reared in the condi-
tions of the Czech Republic. Isterdael et al. (1985, cit. by
Kuchtik ez al., 1996) found out higher dressing percent-
age of Charollais breed in France. Percentage of meat in
leg was a slightly higher (77.14%; s.d. = 1.87%) than that
reported by Kuchtik et al. (1996), who found out average
percentage of muscles in leg 69.5% + percentage of fat in
leg 5.7% in the set of Charollais lambs at the age 129 days
and live weight 32.9 kg on average. Also the mean per-
centages of legs in carcasses of Charollais lambs present-
ed by Kuchtik ef al. (1998) were lower (33.2% in average
age 148 days) than the values determined in this work
(35.15%; 5.d. = 2.19%).

There were not found any differences between averag-
es of MLD areas which were measured by ultrasound on
live animals (UMLTLA) and MLD areas measured on the
carcasses 24 hours after their slaughter (CMLTLA). This
finding does not correspond with our results achieved
previously on crossbred lambs (Milerski ef al., 1994) when
the UMLTLA were significantly lower than CMLTLA. On
the other hand, Cameron and Smith (1985) and Krauth
(1987) did not find out any significant differences between
average values from ultrasonic measurements on live an-

imals and the same measurements post mortem. It is diffi-
cult to compare our values of the eye-muscle area with
the results published by other authors because this trait
is markedly influenced mostly by the live weights of the
examined animals which were very different in various
reports. The values of UMLTLA were given by Kempster
et al. (1982), Krauth (1987), Cameron and Smith (1985),
Jensen (1992) and ranged from 7.7 to 17.1 cm?at live weight
of lambs 32.2—44 kg.

The values of backfat thickness measured by ultrasound
were extremely low in the examined set of animals. This
fact had influence on the precision of measurement. Only
are the results given by Kempster et al. (1982) or Gut et al.
(1996) nearer to a certain extent to these results. The above
cited authors found out on average 2.7mm thickness of
subcutaneous fat. Cameron and Smith (1985), Krauth
(1987) or Ringdorfer (1995) found out the subcutaneous
fat thickness on the back of young rams even higher than
7 mm. The percentage of kidney fat in carcass weight was
also quite low at the age of almost 140 days and was
distinguishably lower than the same characteristic found
in other sheep meat breeds (Suffolk 1.09%; Romney 1.06%)
at comparable age (136.7 days; 146.8 days) and weight
(36.15 kg; 36.01 kg) in the Czech Republic (Milerski, 1998).
The individual systematic effects on the performance of
investigated traits were also studied (Table 2). The joint
effect of year and flock (FY) was statistically highly sig-
nificant for fattiness characteristics — the subjective car-
cass fattiness classification and the percentage of kidney
fat. Traits connected with meatiness were less influenced
by this effect. Nevertheless, it is necessary to correct data
of performance recording according to this effect. The
effect of litter size was significant only for dressing per-
centage and for percentage of meat in leg. Surprisingly
twins had higher percentage of meat in leg (1.s.m. = 77.4%)
than single born lambs (L.s.m. = 76.4%; P < 0.05). Age and
live weight of lambs are closely correlated with each oth-
er. However, the differences in live weight influenced the
variability of all examined carcass quality traits to a great-
er extent than the age of lamb.

The achieved coefficient of determination of model equa-
tion was the lowest for percentage of legs in carcass
(R?=0.171) and backfat thickness measured by ultrasound
(R*=0.244). On the other hand, the used statistical model
allowed to explain a high part of variability in the case of
carcass rump circumference (R?= 0.792), SEUROP fatti-
ness classification (R?= 0.664) or percentage of kidney fat
(R?=0.619).

Table 3 shows the phenotypic correlation coefficients
from row data and the partial phenotypic correlations af-
ter correction of the data according to model equation
Model 1. The partial correlation coefficients between
UMLTLA and indicators of carcass quality that were de-
termined after slaughter were mostly highly significant.
The correlation between UMLTLA and CMLTLA was
medium (v, = 0.687). Gut et al. (1996) found higher correla-
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Table 2. Least squares analysis

Source

MLD area measured

MLD area measured

D.F Dressi t Percentage of Percentage of
of variation > by ultrasound (UMLTLA) on carcass (CMLTLA) 1=3sing; percentage legs in carcass meat in leg
mean square F value mean square F value mean square F value mean square F value  mean square F value
Flock*Year 4 2.34 0.86" 3.68 1.64" 17.30 1.82m 4.48 1.00" 3.41 1.80 "
Litter size 1 0.04 0.01m 0.04 0.02"s 43.94 4.61* 0.34 0.08ns 12.85 6.78*%*
Live weight 1 165.81 60.92%** 171.03 76.03%** 79.00 8.29%* 56.16 15.57 %% 90.44 47.69%**
Age 1 0.08 0.03" 0.45 0.20"s 36.70 3.85* 5.80 1.30m 5.01 264"
R? 0.519 0.600 0.316 0.171 0.518
Residual s.d. 1.65 cm? 1.50 cm? 3.09% 21% 1.39%
Table 2. continuation
Source SEUROP SEUROP Back fat measured Percentage .
of variation DB meatiness class fattiness class ultrasonically in vivo of kidney fat e Sl e ace
mean square F value mean square F value mean square F value mean square F value  mean square F value
Flock*Year 4 0.54 35 2.12 14.58*%** 0.36 1.49m 0.72 15.41%%* 32.03 9.86%*
Litter size 1 0.30 0.75™ 0.00 0.00 0.00 0.01ns 0.05 1.10 3.39 121 %
Live weight 1 15.37 38.76** 1.84 12.67%** 3.20 13:1%%* 0.50 10.78** 337.6 103.4 ***
Age 1 0.53 1.35m 0.00 0.00™ 0.00 0.00" 0.02 0:370% 3.14 0.97m
R? 0.384 0.664 0.244 0.619 0.792
Residual s.d. 0.63 point 0.38 point 0.50 mm 0.22% 1.80 cm

ns = non significant; *P < 0.05; **P < 0.01; ***P < 0.001

dadpg (purBrip

087—S£Z (9) 100z ‘9¢ “1o§ wauy r 422z
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Table 3. Phenotypic correlations between carcass quality traits computed on the row data (below diagonal) and residual correlations after
correction of systematic effects according to MODEL 1 (above diagonal

1 2 4 5 6 7 8 9 10

1 MLD area by ultrasound (UMLTLA) | 0.687 0.519 0.025 0.451 0.412 0.234 0.250 0.153 0.520
2 MLD area on carcass (CMLTLA) 0.840 0.519 -0.031 0.407 0.382 0.294 0.313 0.105 0.544
3 Dressing percentage 0.537 0.510 0.062 0.452 0.546 0.373 0.115 0.289 0.741
4  Percentage of leg in carcass 0.234  0.210 0.143 -0.060 0.070 0.183 0.181 0.204 -0.029
5 Percentage of meat in leg 0.576 0.639 0.330 0.158 0.442 0.441 -0.023 0.152 0.450
6  SEUROP conformation classification 0.606 0.573 0.557 0.248 0.583 0.328 0.004 0.062 0.492
7  SEUROP fattiness classification 0.471 0.444 0.507 0.131 0.384 0.338 0.312 0.571 0.249
8  Back fat by ultrasound in vivo 0.458 0.498 0.151 0.297 0.247 0.195 0.296 0.501 -0.131
9 Kidney fat percentage 0.441  0.430 0.255 0.224 0.387 0.147 0.651 0.539 -0.082
10 Carcass rump circumference 0.771  0.771 0.610 0376 0.575 0.728 0.320 0.349 0.238

Residual correlations higher than » = 0.215 are significantly different from 0 at the level of significance P < 0.05

tion (r = 824**) between these traits in a set of 40 lambs
slaughtered at the average age 140 days. As can be seen
from Table 3, the correlations with other carcass charac-
teristics were comparable for UMLTLA and CMLTLA. As
far as the proportion of meat in leg is concerned, the
UMLTLA showed even a higher partial correlation coeffi-
cient (= 0.451) than CMLTLA (7, = 0.407). These facts
allow us to consider that ultrasonic measurements of MLD
area on live animals are approximately as good predictors
of carcass meatiness of Charollais lambs as measurements
of MLD area on carcass after slaughter.

The correlation coefficients between the percentage of
leg in carcass and other characteristics of carcass quality
were very low. Taking into account this fact, the useful-
ness of the percentage of leg for evaluation of carcass
conformation is rather questionable.

On the other hand, the carcass rump circumference
showed highly significant correlation relations to the other
examined indicators of carcass quality. Especially the cor-
relation between the carcass rump circumference and
dressing percentage was high (r,,=0.741).

Ultrasonically measured backfat thickness slightly
positively correlated with MLD area measured by ultra-
sound and on carcasses (rrp= 0.250 and 7= 0.313, re-
spectively). Partial phenotypic coefficients of moderate
correlation were calculated between the backfat thickness

measured on live animals and characteristics of carcass
fattiness (SEUROP fattiness classification and percent-
age of kidney fat). The backfat thickness was not mea-
sured directly on carcasses in this study because it was
technically very difficult to guarantee accurate measure-
ments of such low backfat thickness (average for ultra-
sonically measured fat was 1.38 mm). In the previous study
correlation coefficient » = 0.659 was determined between
backfat thickness measured ultrasonically and the same
trait measured on carcass (Milerski, 1998). Delfa et al.
(1996) mention the respective correlations ranging from
r=0.18 to » = 0.33 in dependence on the site of measure-
ment. On the contrary, Bass et al. (1982) found out correla-
tion = 0.92 between the backfat ultrasonic measurements
and carcass fat thickness. These different results show
the difficulty of backfat thickness measurements in young
lambs. However the ultrasonic measurements of backfat
thickness could be effective due to the aforementioned
positive correlation coefficients with the carcass fattiness
characteristics. Lambs with fat thickness higher than 3
mm can be easily detected by this method.

The computed multiple correlation coefficients between
the set of characteristics determined before carcass dis-
section and traits detected after dissection are presented
in Table 4. By the use of the set of four traits it is possible
to predict the CMLTLA only slightly more accurately than

Table 4. Multiple residual correlation coefficients between traits detectable before carcass dissection and characteristics obtained by carcass

dissection

Traits

% of meat in leg MLTL area in carcass (CMLTLA)

MLTL area measured by ultrasound (UMLTLA)

MLTL area measured by ultrasound (UMLTLA)

+ SEUROP conformation classification

MLTL area measured by ultrasound (UMLTLA) + SEUROP
conformation classification + rump circumference

MLTL area measured by ultrasound (UMLTLA) + SEUROP

0.451 0.687
0.499 0.704
0.537 0.711
0.575 0.721

conformation classification + rump circumference + dressing percentage

279



Original Paper

Czech J. Anim. Sci., 46, 2001 (6): 275-280

on the basis the UMLTLA only because the respective
correlation coefficients were r, = 0.721 and r_= 0.687.
More beneficial is the use of multiple correlation if the
percentage of meat in leg is predicted ,,=0.575 and
r,,=0451).

CONCLUSIONS

Very low backfat thickness was observed on Charollais
lambs even at the age of almost 140 days. This fact docu-
ments the ability of Charollais lambs to be fattened to
high weight. MLD area measured by ultrasound seems to
be applicable to prediction of some indicators of carcass
quality (dressing percentage, proportion of meat in leg,
SEUROP classification of carcass conformation, ramp cir-
cumference), while ultrasonic measurements on the one
hand, and measurements of MLD area directly on car-
casses on the other hand, showed comparable relations
to the aforementioned carcass quality traits detected af-
ter slaughter. The ultrasonic measurements offer higher
accuracy of carcass quality evaluation in live animals.
The use of this method proved to be very suitable espe-
cially in selection programmes for sire meat breeds of sheep
including Charollais.
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The stability of resistance in a field housefly population,
Musca domestica, over 60 generations, following the interruption
of insecticide selection pressure

Stabilita rezistencie synantrépnej populdcie muchy domacej (Musca
domestica) po preruSeni selekéného tlaku insekticidov pogas 60 generacii

A. KocCisovA

University of Veterinary Medicine, Department of Animal Hygiene, Kosice, Slovak Republic

ABSTRACT: Our experiments were aimed at the stability of resistance in a field housefly strain to insecticides commonly used
to control flies in animal rearing. The stability is expressed by changes in the values of resistance factors and concentrations lethal
to 50% of individuals. The stability of resistance to azamethiphos, dimethoate, pirimiphos-methyl, bendiocarb, cypermethrin,
deltamethrin and permethrin was investigated over 4 years (60 generations) in a multi resistant “KP” population of flies by a tarsal
contact test. This population of flies was kept under standard conditions in an insectary without any insecticide selection
pressure. Of all the insecticides investigated, the resistance to bendiocarb was the most persistent. Therefore the first more marked
decrease was observed starting with the 35th generation. The resistance to pyrethroids lasted up to the 30th generation. Of the
organophosphates tested, the resistance to dimethoate was relatively the most stable. A considerable decrease was observed
starting with the 12th generation and the characteristic feature was alternate decrease and increase in LCs, values. The resistance
to azamethiphos decreased considerably between generations 4 and 13 and starting with the 35th generation the lethal concentra-
tion was lower than that for the control strain SRS/WHO. The LCs, for pirimiphos-methyl reached the values characteristic of
sensitive flies as early as in the 5th generation while the values for generations 6-60 were constantly below those in the susceptible
control strain.

Keywords: Musca domestica; Diptera; Muscidae; resistance; insecticides; stability

ABSTRAKT: V na$ich experimentoch sme sledovali stabilitu rezistencie populdcie miich, ktor bola odchytenéa z chovu oipa-
nych na vybrané, beZne pouZivané insekticidy v Zivo&i¥nej vyrobe. Stabilita je vyjadrovand zmenami hodndt faktorov rezisten-
cie a LCs,. Stabilita rezistencie na insekticidne latky azamethiphos, dimethoate, pirimiphos-methyl, bendiocarb, cypermethrin,
deltamethrin a permethrin bola sledovand v laboratérnych podmienkach podas 4 rokov (60 generdcii) u mnohonasobne rezis-
tentnej populdcie mich ,,KP* testom tarzdlneho kontaktu, priom populdcia mich bola chované v podmienkach bez pdsobenia
selek&ného tlaku insekticidov. Zo sledovanych latok bola najstabilnejsia rezistencia na bendiocarb, ked’ prvy vyraznejsi pokles
letalnej koncentracie bol zaznamenany aZ od 35 laboratérnej genericie mich. Rezistencia na pyrethroidy bola stabilna do 30 ge-
nerécie. Z organofosfatov relativne najstabilnejSou bola rezistencia na dimethoate. VyraznejSia zmena bola zaznamenand od
12 genercie mich a bola charakterizovana striedavym poklesom a vzostupom hodnét LCs,. Rezistencia na azamethiphos vy-
razne poklesla medzi 4 a 13 generaciou a od 35 generacie bola hladina LCy, niZSia neZ u senzitivneho kmeiia SRS/WHO. Hod-
noty LCq, pre pirimiphos-methyl dosiahli hodnoty citlivych mich uZ v 5. generécii a od 6. aZ do 60. generécie boli vZdy pod
uroviiou kontrolného kmetia SRS/WHO.

KPidové slovd: mucha domica; Diptera; Muscidae; rezistencia; insekticidy; stabilita

INTRODUCTION the development of resistance to insecticides. The deve-
lopment of resistance is an example of rapid microevoluti-

Musca domestica Linnaeus, 1761 is one of the insect on caused by artificially produced changes in the
species most frequently used in experimental studies of  frequency of randomly mutated normal selection genes.
physiological, genetic, and biochemical mechanisms in It develops over several generations exposed to constant
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selection pressure by insecticides causing death of a cer-
tain portion of the exposed population. Recently publis-
hed scientific papers focus mostly on the assessment of
the rate of development of simple and cross-resistance in
flies under laboratory conditions following a strong inse-
cticide pressure (McDonald ez al., 1983; Saito et al., 1991;
Learmount, 1994; Pap and Toth, 1995). Less attention has
been paid to the stability of resistance to commonly used
preparations. Once selected for, resistance genes have
very lengthy persistence in wild insect populations (Ge-
orghiou, 1964). Although the gene frequency of a speci-
fic resistance allele may decrease upon removal of
insecticide pressure, the persistence of a changed backg-
round of residual inheritance in the genome causes the
strain to regain its resistance as soon as the insecticide is
re-applied. The stability of resistance is an inseparable
part of any studies related to resistance and is important
from both the theoretical and practical points of view. Qur
experiments investigated the stability over 60 generati-
ons, of resistance in a wild multi-resistant population of
Musca domestica to 7 insecticide preparations most fre-
quently used to control flies in animal production in the
Slovak Republic. The changes in resistance after inter-
ruption of selection pressure with the insecticides can be
of both scientific and practical importance. The investi-
gations of resistance stability in field populations may
give an answer to the question if an insecticide to which
resistance has developed can be used effectively again.
This knowledge can help to formulate the strategies for

fly control programmes.

MATERIAL AND METHODS
Flies tested

A field population of flies denoted “KP” was collected
on a pig farm in the KoSice district. The flies were kept in
an insectary where they reproduced in special cages 20 x
20 x 30 cm in size, made of stainless wire, with a solid
bottom on one side. The cage frame was covered by tech-
nical tulle of meshes 0.15 x 0.15 cm. The standard of kee-
ping and the conditions of the flies were considerably
affected by the larval medium. Our medium consisted of
100g dried yeast, 100g dried milk, 20 g agar and 1 000 ml
water (Rupes et al., 1975). The flies were kept at 24-27°C
in a relative humidity of 42-57%. Adult flies intended for
tests were fed glucose and water. Individual tests were
conducted on females of F-F laboratory generations,
4-7 days old. The parent material from a minimum of 1 000
flies (1 : 1 male-female) was used to establish each suc-
cessive generation. A susceptible strain SRS/WHO — Stan-
dard Reference Strain/World Health Organization, kept
under identical conditions, was used as a control and
obtained from Dr Rupes’s laboratory (National Institute
of Public Health, Czech Republic).

282

Determination of LCjs, values and the resistance
factor

A method of tarsal contact (Rupes and Rettich, 1975)
was used. Discs of filtration paper (Filtrak 388), 9 cm in
diameter (63.5 cm?), were impregnated drop-by-drop ei-
ther with 0.6 ml (approx. 60 drops) water emulsion or with
a suspension of insecticide preparation. They were dried
for 24 hours on a table on pinheads to prevent the loss of
insecticide. Individual concentrations were selected so
that they caused mortality ranging from 0 to 100%. A mi-
nimum of 6 different concentrations of preparations was
tested each time, Fifteen females of flies were exposed to
the impregnated paper for 24 hours while ensuring their
access to water for the whole period of testing. The mor-
tality of flies was determined after 24 hours. Controls were
carried out simultaneously by exposing flies to a filter
paper impregnated with drinking water. In control groups
with mortality scale between 5-20% the correction of ex-
perimental values was carried out according to the equa-
tion by Abbott (1925). The final values of LC for wild
and sensitive flies were calculated using the probit me-
thod (Roth et al., 1962) and an adjusted computer pro-
gramme Plot 50. The LC, values were expressed as the
amount of an active ingredient in pg/cm? of the filter pa-
per. All experiments were repeated 3 times. The results are
presented as mean values with standard deviations. The
resistance factor (RF) shows how many times the resistan-
ce of a field strain to the insecticides tested exceeds that
of the sensitive insects of the same species. In our expe-
riments we determined it as a ratio of mean values of LC,
of the wild “KP” population tested and the correspon-
ding values for the sensitive strain SRS/WHO.

The insecticides used

Filtration paper discs were impregnated with commer-
cial insecticides, the doses of which are expressed in
Table 1 as mg of the active ingredient per 63.5 cm?. All
insecticides are applied as residual sprays except azame-
thiphos, which is randomly used as a toxic fly bait (SNIP)

Table 1. List of preparations used in the experiments

Concentration
used
(mg/63.5 cm?)

Preparation Active in_%rcdicnt

(a. i.

Actellic 25 EC pirimiphos-methyl (250 g/1) 6.0-0.0117
Alfacron 50 WP azamethiphos (500 g/kg) 7.5-0.0073
BI 58 EC dimethoate (380g/1) 6.7-0.0065
Coopex 25 WP permethrin (250 g/kg) 0.38-0.0004
Ficam 80 W bendiocarb (800 g/kg) 1.44-0.0014
Kordon 10 WP cypermethrin (100 g/kg) 0.6-0.0006
K-Othrine 25 FLOW deltamethrin (25 g/l) 0.03-0.0001
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in the Slovak Republic. New products were used for expe-
riments every year.

RESULTS

The stability of resistance in the flies to azamethiphos
is illustrated in Figure 1. While the mean LC, value for
60 generations in the sensitive strain SRS/WHO was
0.788 pg/cm?, ranging from 0.746 to 0.811 pg/cm?, the field
KP strain exhibited a decrease from 10.047 to 0.523 pg/m?
over the same time. During he first three generations, the
values of LC, were approximately on the same level. A
considerable decrease was observed between generati-
ons F, and F ,. Between 13th and 30th generation the va-
lues of LC, decreased further to the level observed in the
sensitive strain and starting from the 35th generation they
were lower than those observed for the strain SRS/WHO.

The overall picture of resistance to dimethoate in the
flies investigated is shown in Figure 2. The initial LC,
was 2.34 pg/cm?and decreased almost 20 times (Table 2)
to 0.119 pg/cm?. However, the decrease differed from that
observed for azamethiphos. Up to the 11th generation the
values of LC, ranged from 2.475 to 1.983 pg/cm’. Starting
from the 12th generation a gradual varying decrease to
the level of the sensitive strain was recorded.

The tested KP population showed low resistance to
pirimiphos methyl. The decrease in LC,; values is shown

in Figure 3. A decrease from the starting value of 1.300 pug
per cm? to 0.131 pg/cm?in the 60th generation was obser-
ved. The presented values were 5.3 times lower (Table 2)
than those in the sensitive strain. A marked decrease al-
most to the half of the starting value was observed
between 2nd and 4th generations. Starting from the 6th
generation the LC_ values were below those determined
in the SRS/WHO strain.

The resistance to bendiocarb in the investigated popu-
lation (Figure 4) persisted for a long time. Up to the 35th
generation the level of LC, showed very little variation.
Its values for the tested carbamate decreased conside-
rably from 41.372 pg/cm?to 1.831 pg/cm? between genera-
tions F,; and F . The first marked decrease in LC,, was
observed with the 40th generation and was followed by a
rapid decrease from 30.223 to 1.831 pg/cm? However, the
mean value of 0.109 pg/cm?, determined for the sensitive
strain, was not reached.

The decrease in resistance to cypermethrin was the
slowest and consisted of several successive stages. The
first, stable stage, occurred between generations F, and
F,,and the values of LC, ranged between 1.544 and
1.368 pg/cm? (Figure 5). The second stage, marked by a
moderate decrease, was observed between 11th and 13th
generation while the third one, characterized by a sub-
stantial decrease, lasted from generation 14th to 25th. The
decrease in LC, recorded in the above-mentioned stages
was not rectilinear but showed some variations, i.e. decline

14 0.84
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Figure 1. Values of LCq, (ug/cm?) for Alfacron 50 WP (a. i.
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) in the housefly over 60 generations following the interruption of
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Table 2. Mean values of resistance factors (R.Fg) of the field “KP” population of flies over 60 generations

Factor of resistance (R.Fgj)

Generation
of flies A Di P-M B C D P
1 12.7 25.6 1.9 378.4 180.2 96.0 13.7
2 12.8 249 1.5 380.2 180.0 105.9 13.9
3 14.3 24.1 1.5 367.4 173.0 107.5 13.8
4 10.4 26.2 1.5 375.6 176.6 96.0 12.2
5 10.3 24.7 1.1 376.1 159.9 93.0 11.1
6 8.9 27.1 0.71 379.3 160.7 91.5 11.1
7 9.3 22.7 0.46 3747 155.4 109.4 10.5
8 9.7 21.9 0.83 375.6 170.1 103.9 10.6
9 8.4 24.1 0.48 376.6 160.5 116.9 9.5
10 6.6 22 0.31 375.6 159.6 90.0 112
11 3, 24.8 0.44 369.2 141.6 95.0 9.5
12 6.2 21:7 0.38 371.1 129.6 84.8 10.3
13 2.8 19.6 0.33 372.9 148.2 76.1 10.6
14 23 18.1 0.39 367.5 133.8 87.6 10.5
15 2.4 19.7 0.46 360.9 107.4 90.6 9.5
20 1.3 14.8 0.36 361 113.1 92.5 9.1
25 1.0 10.9 0.34 366.5 115.2 91.0 9.1
30 1.2 8.6 0.37 360.5 90.4 86.1 8.8
35 0.83 5.3 0.46 349 47.5 71.1 5.7
40 0.71 10 0.28 277.4 20 69.7 335
45 0.9 2.1 0.32 224.1 18.4 27.5 2.2
50 0.47 4.3 0.25 77.8 19.9 27.4 2.7
55 0.71 1.9 0.21 32.1 17.6 14.1 1.3
60 0.66 1.3 0.19 16.5 15.4 9.4 141
A~ hiphos; Di — dimethoate; P-M — pirimiphos-methyl; B — bendiocarb; C ~ cypermethrin; D — deltamethrin; P — permethrin
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and return of lethal concentrations to the values recorded  in LC,; occurred and after that the LC, levels remained on

in the preceding generations, or even higher. In the fourth  the same level between 0.170 and 0.132 pg/cm?
stage, between 30th and 40th generation, a sharp decline
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The changes in resistance to deltamethrin (Figure 6)
could be divided into five stages. The first one was ob-
served between generations F, and F,, peaking with the
9th generation (LC,, = 0.078 pg/cm?). The second stage
lasted from 10th to 13th generation and peaked during F,,
(LC,, = 0.064 pg/cm?). The third stage was observed
between 14th and 40th generations with peak during the
20th generation (LC = 0.062 pg/cm?). After that, between
40th and 45th generation, a marked decrease in lethal con-
centration values was recorded. In the last stage, from
generation 45th to 60th, the values of LC,; remained un-
changed.

The resistance to permethrin (Figure 7) changed in four
stages, similar to those in cypermethrin. In the first stage,
F -F, the highest value was recorded in the second ge-
neration (LC, = 1.256 pg/cm?). During the second stage,
F,, to F,,, the lethal concentrations were more or less on
the same level with a slight decrease only, ranging between
1.009 and 0.796 pg/cm?. A marked decrease was recorded
in the third stage between 30th and 40th generation. In
the last stage (F,—F,), the values decreased gradually
always to the level of the sensitive strain SRS/WHO.

DISCUSSION

The stability of housefly resistance to commonly used
commercial insecticides differs depending on many fac-
tors, most of all on the persistent frequency of genes con-
trolling the principal resistance mechanisms (Keiding,
1986). The stability of resistance was investigated fol-
lowing the interruption of insecticide selection pressure.
With the exception of pirimiphos-methyl, for which the

lower values of LC, than those for the standard strain
were recorded already in the 6th generation, the process
regarding susceptibility was slow and long-lasting. The
situation which occurred with pirimiphos-methyl was li-
kely to result from the fact that the values of resistance
factor (Table 2) were low at the beginning of the experi-
ment (1.9). We ascribe this to low prevalence of resistance
to pirimiphos-methyl, which was manifested phenotypi-
cally by low values of lethal concentrations and resistan-
ce factors. In the area where the field population was
collected the factors of resistance to this insecticide ran-
ged from 8 to 10 (Kotiova et al., 1994). Between 1st and
65th generations the sensitivity of flies to pirimiphos-
methyl increased 5 times in comparison with the standard
sensitive strain. The values of LC in the 60th generation
for the two additional organophosphates investigated,
azamethiphos and dimethoate, were also lower than tho-
se in the sensitive strain. In the case of azamethiphos the
decrease was gradual and the LC, value approached that
of the SRS/WHO strain during the 20th generation. On
the other hand, the development of resistance is quite
rapid. Saito ez al. (1991) exposed a certain strain to sele-
ction pressure by azamethiphos in laboratory and obser-
ved 100-fold higher LC, already in generations F,—F, but
he did not introduce the initial level of resistance. The
decrease in the resistance to dimethoate was not uniform.
This can be accounted for by higher prevalence of re-
sistance to dimethoate and also by heterogeneity of the
tested population.

The stability of resistance to bendiocarb is comparable
to that reported by Georghiou (1964). He investigated the
resistance to dimethyl carbamate and methyl carbamate
over 62 generations. While the resistance to dimethyl
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carbamate persisted up to the 41st generation, the
resistance to methyl carbamate decreased at a higher rate,
particularly between 11th and 19th generation. Starting
from the 54th generation the investigated strain was fully
sensitive to methyl carbamate again. Georghiou assumed
that dimethyl carbamate led to the development of a
relatively stable resistance phenotype while methyl
carbamate induced a non-stable phenotype. He also
proved that the resistance to the investigated carbamates
is inherited in a monofactorial fashion (Georghiou and
Garber, 1965). Our observations showed that the resistance
to bendiocarb persisted up to the 35th generation and
then started to decrease rapidly. We assume that a stable
resistance phenotype developed in the investigated “KP”
population.

The decrease in the resistance to pyrethroids occurred
in 34 stages. The first three stages were characterized by
a gradual decrease in resistance and more or less comple-
te return to the LC,; values of the preceding generations.
With cypermethrin and permethrin the resistance decrea-
sed markedly after 30 generations, which is comparable
with the study of Szabo (1989), and in deltamethrin the
decrease was observed after 40 generations. A similar
decrease in resistance from 263.6 to 12 over 3 years of
keeping under laboratory conditions was observed for a
wild Oakland strain (Learmount, 1994), which exhibited
initially high resistance to cyanopyrethroid alpha cyper-
methrin. After the decrease described above, the strain
was exposed to selection pressure by cypermethrin again.
Anincrease in LD, from 11.9 to 503 pg per fly was obser-
ved as early as after 5 selections. Scott and Georghiou
(1985, 1986) stated that the high level of resistance to
pyrethroids observed in a LEARN-pyr strain resulted from
three different mechanisms of the development of resistan-
ce, namely the increased oxidative metabolism, insensiti-
vity of the target site of action (kdr), and decreased
penetration of the respective insecticide. We assume that
the stability of pyrethroid resistance observed in our stu-
dy was caused by the three mechanisms mentioned.
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