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Technical Progress 

Research Objeclives 
Determine chemical and bacteriological status of goat milk in the \liddle East I IsraeL 
Jordan. and Egypt) 
Determine effects of subclinical intramammary infection on milk quality I Israel ) 
Transfer milk processing technologies (e.g .. improwments in milk storage qualit: 
and introduction of new milk products) to goat farmers in the \liddle East i.lordan. 
Egypt) 
Characterize goat production systems and practices in the \Iiddle East i.lordan and 
Egypt) 
Characterize goat disease conditions in the Middle East (Jordan) 
Introducing new technologies able to improve utilization of feed resources in the 
region either by increasing their nutritiw value. conser;ation to critical times. or 
compressing it to be easy transferable (Egypt) 
Improving goat productivity in areas of the northern Sinai of Egypt that do not have 
access to Damascus goats by distributing bucks or bv using artiiicial msemm3tll,n 
(Egypt) 
Enhance local extension capabilities by technical training (Egypt) 
Expanding project achievements through seminars and iield days with Bedouins in 
the northern Sinai region (Egypt) 

Research Accomplishmenls 

JORDA!" 

Goat milk product studies and workshops 

Previously. milk was collected. analyzed for chemical constituents. and the 
microbiological status was inwstigated. We continued milk collection from the Ajloun area to 
manufacture cheddar and white cheeses. They were evaluated for chemical composition. 
microbiological load. and sensory characteristics. These data appear in .-\PPE"DICES .-\ and B. 

Traditional milk products such as yoghurt. labanh. jameed. kishk. buner. and ghee were 
produced in the lab. Some improvements were introduced to the method of production such as 
producing jameed in small size (Icm' in size). To transfer the knowledge of heat treatment and 
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cheddar cheese production from goat milk to goat farmers. a workshop was held in the .-\iloun 
area during the period of September 29-30. 2003. Farmers learned the necessary steps for 
cheddar and traditional white cheese manufacturing. to make them learn the effect of temperature 
(pasteurization). which was discussed in detail. Some twenty thermometers were donated to 
farmers along with some annatto cheese dying materials to encourage farmers to produce 
cheddar instead of tradition white cheese ($ 2.8 per kg). since cheddar cheese is sold in Jordan at 
$ 45 per kg. A draft of a manuscript concerning milk characterization work in Jordan is giwn in 
APPENDIX B. 

Extension activities 
We continued collecting data as required by the questionnaire. which was distributed to 

goat farmers in the Ajloun. Bani Kinanh. and Jarash areas. The collected data cowred a wide 
range of information of the goat farming industry in Jordan. Questions have been asked to 
collect descriptive data on farming systems. demographic status. goat breeds. land. grazing. feed. 
animal health. types of products. milk yield. marketing. traditional products. use of available 
technology. animal care. management. record keeping. diseases and vaccination. extension 
services. etc. 

Data collection is still in progress. Some of the collected data were statistlcall: anal\ zed. 
particularly data from the Ajloun and Bani Kananh areas. Those data where presented and 
discussed in a project meeting in Cyprus meeting in October. 2003. 

Some statistically available data are presented in Tables numbered from 1-30 in 
APPENDIX A. The generated data were presented and discussed \\'ith farmers in the Ailoun 
area during the period of 29-30 September. 2003. The feedback was considered and ,.'me 
farmers showed enthusiasm toward developing their abilities to enhance their production. Also. 
goat farmers found that workshops are beneficial and encouraging. Our data showed a clear 
picture of the goat farming industry in Jordan. For example. no clear goat farming system could 
be identified: only the open farming system pre\'ails in the imestigated areas. Goat farmers in 
the investigated areas were found to be old (O\er 61 year old) with no education I a poor people 
industry). 

Tables numbered as Extension. 1-30. in APPENDIX A show age. educational Ie\ el. 
experience of farmers in goat industry. full-time. part-time farming. house hold Income from 
goat. record keeping. family member responsibility toward grazing. feeding. watering. milking. 
medical treatments. and miscellaneous farm work. goat theater. and liYestock proper!: The 
team led by the extension leader are working on the statistical analyses for the rest of the tables. 
which will provide much additional valuable information. 

Goat health: 
For an effective disease control program. it is so important to haw a record of common 

diseases prevalent in an area. Slaughter houses provide excellent opportunities for detecting 
diseases of both economic and public health importance. Accordingly. we ha\'e SUT\ey the 
disease prevalent in goats in Northern Jordan. Slaughter houses were visited between Nowmber 
2002 and September 2003: data were collected on the pathological conditions found in the 
slaughter houses. Post-mortem examination was done by \'isual inspection and palpation and by 



incIsIon of suspected organs. Specimens from affected organs were collected for further 
laboratory investigation. 

A total of 1.432 goats were physically examined in the slaughter houses. of which 79°'0 
were males and 21 % were females. Table I in APPENDIX A represents the disease conditions 
and their percentage incidence. 

ISR>\EL 

Research discussed in the previous 6-month repon was continued in this 6 months. This 
research consisted of performing tests on bacteriological status and milk composition and yield. 
based on the glandular level. A goatherd of around 80 milking does was examined through two 
lactation periods but results. Howeyer. results have not yet been fully analyzed and will be 
presented in the next repon. Panial examination of 150 does in their first lactation was 
performed and is pending future financial funding. 

Scientific background 
In Israeli dairy goat herds. various species of coagulase-negatiye staphylococci (eNS 1. 

mainly Staphylococcus caprae and Staphylococclls epidermidis. formed the main pathogen 
group in infected udder halves. In addition. milk yield was significantly higher in uninfected 
than in infected halves. However. a direct comparison between infected and uninfected gland 
was not possible because the measurements were based on the whole udder le,·el and not on a 
single-gland level. Therefore. a model based on a glandular lewl. where each animal had one 
udder-half infected with identified eNS specie and the contra-lateral gland being free of 
bacteria, was deyeloped in order to focus insight on how subclinial mastitis alTects milk ,ield 
and compositional changes in relation to curd yield. Subclinical intramammary infection (\\11 I is 
associated with increased plasminogen activator (PA) and plasmin (Pl) acti,·ities as a result of 
accelerated conversion of plasminogen (PLG) to PL in the infected glands. These changes are 
associated with accelerated apparent casein (CN) degradation. reduced curd yield. and increased 
milk clotting time. These modifications indicate that the changes in milk composition negatIvely 
affect cheese yield and cheese quality made from milk originating from infected glands. 

PL is the main proteol~1ic enzyme in cow and sheep milk. where it is found mostly as the 
inactive zymogen PLG. which is activated by PA. However. only residual PLG activity was 
found in goats. consistent with an unusual high PA activity in comparison to the values found in 
ovine and bovine. Nevertheless. PA and PL activities in late lactating goats were negati,·el~ 
correlated with the coagulating properties of milk. suggesting that this system is Imponant in 
goats as well. 

The present study used the glandular level model in dairy goats testing to elTects on milk 
yield and milk quality as reflected in curd yield and coagulation time. In order to achieve this 
goal. animals chosen had one udder half infected with identified eNS species and the contra­
lateral gland was free of bacteria. In each gland we analyzed inflammation indices. total milk 
protein. CN. whey proteins and the PA-PL system activity. and measures of proteolysis. 
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Methodology 
The methodology used in the present term was similar to that reported in the last semI­

annual report of April 2003. and thus will not be repeated. HowewT. the present study 
concentrated on a small number of individual goats. 

Animals 
Twenty-five Israeli dairy goats representing various crossbreds mainly Shami x .-\nglo 

Nubian and Saanen x Anglo Nubian. in which one udder half was infected with a single specie 
of CNS and the contra-lateral gland was bacteria-free. were selected from two !locks. \!ilk 
samples from each udder-half were tested for bacterial infection. somatic cell count I SCC I. and 
N-acetyl-glucoseaminase (.\:4Gase) activity by three consecutive weekly examinations. The 
selected goats were 40 to 120 days after kidding and their daily milk yield exceeded 2.5 L In 
both farms the goats were milked twice daily with post-teat dipping at 5 .-\\1 and 3 P\L The,' 
were kept in an open shelter providing 4 m' of shaded slatted floor and .. m= of a concrete 
surface yard for each goat. Food was offered in mangers located in the sheds. 

Milk sampling and analysis 
The measurement of milk yield and sampling procedures were carried out during the 

morning milking. Yield was determined by weighing the milk of each udder half of all the goats 
individually after hand milking. For the bacteriological tests and .\AGuw acti,ity. hahes "ere 
cleaned. disinfected. sampled. and analyzed. Three additional sets of samples were taken irom 
each udder half and distributed for analysis as follows: One set was preserwd with Broad 
Spectrum Microtabs® II (0 & F Control Systems. Inc.. CAl and was sent to a central laooratof\ 
(Cattle Breeders Association Laboratory. Caesarea. Israel) for analvsis of milk gross 
composition: protein. fat. and lactose using the 6000 Milkoscan and SCC with a Fossomatic 360 
(Foss Electric. Hillemd. Denmark). both calibrated with goat milk. The second set of the 
samples was used to determine curd yield (Yc) and clotting time !TCl. Curd yield "as 
determined after drying using Fromase 15 TL (Gist-Brocades m. Delft. Holland) as the 
coagulating enzyme. In order to determine the accuracy of the curd yield measurement. tests 
were performed consisting of determining Y c on dry and wet bases of the same sample. The 
testing of dry curd was altered to suit the modification of the present procedure. It consisted of 
weighing the wet curd after centrifugation and continuing with drying of the curd overnight in 
an oven at 100°e. This was done without transferring the curd sample to another container for 
drying. but rather leaving it in the centrifugation tube to prevent any possible loss of curd during 
transfer of the centrifuged curd pellet. The correlation between curd yields based on wet curd 
yield \'s. dry curd yield is presented in Figure I. with a regression coefficient at O.9b. Clotting 
time was measured as described previously. 

A third set of the milk sample was defatted and the skim milk was used for the analyses 
of the concentration of casein. whey proteins. albumin. proteose pe~tones Ip-pl. and activit~ of 
PA. PLG. and PL The concentrations of free (ionized) calcium I[Ca--]1 by the repeated addition 
procedure and calcium activity laca» by the uncorrected procedure were determined In these 
samples within 5 h from sampling using a specific calcium electrode. 
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Bacteriological examinations 
Bacteriological analysis was performed according to accepted standards. From e\'er: 

milk sample. 0.01 ml was spread onto blood-agar plates (Bacto-Agar: Difco Laborator:) 
containing 5% of washed sheep red blood cells and on ',lacC onkey plates. All plates were 
incubated at 37°C and examined for growth after 18 and 42 h. Colonies suspected to be 
staphylococci were tested for coagulase (tube test) (Anilab. Reho\·ot. Israel). Strain 
identification was carried out with the API STAPH-IDENT. 32 Staph kit ibio\lerieux S.A .. 
69280 Marcy-l"Etoile. France). When the percentage of micrococci-like bacteria that matched 
the test strain exceeded 90%. the strain was regarded as specific. 
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Figure I. Comparison of curd yield on dr:' basis \'S, wet basis I g L). 

Statistical analysis 
Data were analyzed with the SAS Cser's Guide: Statistics. Software Release 8.2 I S,-\S 

Ins!.. Inc .. eraI'. NC. 2002). Dependent \"ariables were SCC and Log SCc. SA Gase. milk. fat. 
protein. lactose. CN. whey proteins. albumin. p-p. rCa'"). 3<.,,'". PA. PLG. PL. curd. and Tc. 
Calculations were performed for ratios of CNitotal protein. whey proteins total protein. and 
PLGiPL and Y c, The independent \'ariables. bacteriological status and goat. were examined 
according to the model: 
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where: YIj = dependent variable: u = overall mean; G, - goat I ... 25: BJ = bacteriological status i 
= I (infected) or. 2 (uninfected); ei) = error term. 

No significant difference was found between analyses based on SCC and those based on 
Log SCC; therefore. the results presented are those based on the arithmetic SCc. 

Results 
Various species of CNS: S epidermidis. (II). S simll/ans (6). S caprae (2). S 

chromogenes (3). and S XY/OSllS (3) were the pathogens that caused udder infections. :\0 clinical 
abnormalities were visible or could be felt in more than 80% of the goats tested. Due to the 
small number of each specie and previous results on a large data set. all the C:\S species 
induced an increase of SCC to - 106 cells/m!. 

Milk yield of the infected halves (0.69 kg/milking) was significantly lower IF < 0.00011 
than that of the uninfected halves (0.98 kg/milking) (Table I I. The measurements of infection 
response. SCC and .\AGase activity. were significantly higher in the infected hahes than In the 
uninfected ones. 

Table I. Mean and SE of bacteriological status vs. the different independent variables and 
its effects of25 Israeli dairy goats over sampling (tested 3 times). 

Parameter Bacteriological Status - Effect 
Uninfected Infected Infection goat -Milk (kg/milking) 0.98±0.04 0.69±0.04 < 0.0001 < 0.0001 

SCC ± SE (x 1000) 417:::72 1750±197 < 0.0001 0.07 
Log SCC 
SA Gase 13.6±2.7 37.90,04.5 0.05 :\S 
Fat (gil) 38.9±1.1 38.8:d.2 '-:S 0.0002 
Protein (gil) 34.2±0.5 35.0±0.5 0.07 < 00001 
Lactose (gil) 47.0±1.0 41. 7::: 1.3 0.004 0.004 
\Vhey (gil) 6.l±0.3 6.B:r0.4 < 0.000 I < 0.0001 
Casein (mg/ml) 28.1±0.7 28.2:1:0.8 '-:S < 0.0001 
Albumin (fig/ml) 779.7±22.2 471.8±49.8 0.003 0.04 

Lactose concentration in the uninfected glands was significantly higher 147.0 \"S 41.7 
g/L P < 0.004) than in the infected ones. The concentration of fat did not differ between the 
uninfected and infected halves (38.9 vs. 38.8 gil). Protein concentration tended to be lower in 
the uninfected glands (34.2 vs. 35.0 giL: P < 0.07). Casein concentration did not differ (28 g L). 
while whey protein concentration was significantly higher in the infected glands 16.1 g l in the 
uninfected vs. 6.8 gllin the infected) and albumin concentration was significantly lower in the 
uninfected glands than in the infected ones (279.7 vs. 471.8 fig ml: (Table II. The goat etTects 
on these variables were significant (Table I). 

The PA and PL activities were significantly higher in the infected glands than in the 
un infected ones (Table 2). PlG activity was very low to undetectable. and therefore data on 

PLG were not presented. Concentrations of [Ca'"] did not differ. whereas aca> was significantl: 
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lower (P < 0.002) and p-p concentration was almost 2-fold higher (p < 000051 in the infected 

glands than in the uninfected ones (Table 2). Goat effects were significant for aca> and p-p and 
insignificant for [Ca2-]. 

Curd yield was significantly lower (P < 0.0001) in the uninfected ones (231.6 vs. 207.8 
giL. respectively) with a significant goat effect (P < 0.0001) Cloning time was signiiicantl\ 
longer (P < 0.02) in the infected hahes than in the uninfected ones: 295 vs. 167 sec. respectivel\ 
(P < 0.02). with a relatively low goat effect (P < O.OS) (Figure 2). 

Table 2. Means'" SE of plasmin (PL). plasminogen activator (PA). calcium activity lac/). 
free (ionized) calcium ([Ca2-]l. proteose peptones (p-p). curd yield ('{c). clotting time ITc) 

and its effects. 

Parameter Bacteriological Status 
Uninfected 

PL (unit/mil 20.32±2.4 
PA (unit/I) 3376±404.1 ,-
aca- (mmol) I.S9"'0.1 
[Ca2-](mmol) 4.SO±O.4 
p-p (mg/ml) 0.35±0.05 
Yc (gil) 231.6±2.9 
Tc (sec) 167±IS.6 
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Figure 2. Effect of subclinical mastitis on curd yield. Yc (a) and cloning time. Tc (bl. in milk 
of infected vs. uninfected udder halves. 
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Discussion 

The model and individual animal effect 
This study. consistent with a recent study on sheep. has shown that the half-udder as the 

experimental unit enables the quantification of the negative effect of subclinical mastitis on milk 
yield with high statistical reliability on a relatively small data set of 20 to 40 animals. The half­
udder model provides an effective tool to isolate the experimental effect from confounding 
effects. An alternative approach based on conventional whole udder sampling would require a 
data set in the range of 100 animals in order to account for the large and significant individual 
variation in sheep or goat effects on most indices measured in these studies. These signiticant 
sheep or goats effects most likely reflect the diversity of genetic (breed) sources in the Israeli 
flocks and are perplexed further by effects such as farm management. environmental conditions. 
age. and stage of lactation. Obviously. all the above factors are counterbalanced when the unit oi 
comparison is the two udders of the same animal. 

When the comparison variable is milk yield. it should be taken into consideration that 
compensation of milk yield in the uninfected gland was found in sheep and goats. Thus. in sheep 
the effect of subclinical mastitis on the whole animal lew I is significant if both glands are 
infected. Nevertheless. in sheep and goats. milk composition in the uninfected gland was not 
altered by this compensation: therefore. the comparison between the infected and uninfected 
glands reflects directly the effect of 1M!. 

Infection and milk vield . -
CNS bacteria. mainly S epidermidis, S simulans, and S caprae. are the most abundant 

bacterial isolates that are associated with subclinical mastitis in goat !locks in various countries. 
CNSs are not considered pathogenic bacteria and their infection is usuallv ignored t" iarmers 
and veterinarians. Nevertheless. C~S infection induces an intlammatory response. which 15 

reflected by high SCC consistent with previous findings in goats and sheep. The inflammato[\ 
response was associated with a marked reduction in milk yield in the int'ected gland in 
comparison to the uninfected one. consistent with earlier results in goats and sheep. In sheep. 
when one gland is infected. the contra-lateral gland compensates for about 800

0 ot' the reduced 
milk yield. On the other hand. when both glands are infected. milk yield losses are severe. The 
current practice. in which relativ'ely little effort is invested in preventing bacterial infection in 
dairy goat herds in most countries. will have to change if milk will start to be graded according 
to SCC and farmers will be made to pay penalties for low-quality milk. 

Calcium activity raco'-) as a measure of casein degradation 
A negative linear relationship between CN concentrations in the milk of humans. goats. 

cows. sheep. and mice. on the one hand. and <lea'- on the other. have been demonstrated. a 
finding which is consistent with the fact that C~s are powerful Ca chelators. In the present 
study. <lea"- was negatively related to measures of proteolysis (P-P). consistent with results in 
sheep, The association between C~ degradation and the reduction in ac ,:- may be related to the 
exposure of phospho serine groups that are hidden within the casein micelles. because these 
molecules are responsible for the Ca-chelating properties of C\. Casein degradation occurs in 
the gland during the intervals between milkings. Thus. the differences in 3(/ between the 

~ ~ 

infected and uninfected glands represent the additional C\ degradation in the infected glands. 
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The present results support further the conclusion that measurement of 3(,>' which is rapid and 
cheap. appears to be a valuable tool to monitor the extent of C\ degradation under various 
conditions. 

Curd yield and milk clotting lime 
The present study on the determination of curd yield based on dry matter in comparison 

to our modification as presented earlier. shows that both methods result in good approximation 
(Figure 1). However. the tedious procedure of transferring the pelleted curd from the centrifuge 
tube to the dry matter-weighing dish could not be disregarded. Thus. drying the pellet in the 
same tube without disturbing the curd results in lower deviation. which should be considered in 
cases where very limited differences occur. The conYers ion of casein to whey components Ip-pl 
by PL could partially explain the reduction in curd yield. In addition. a positiYe signiiicant 
correlation was observed between both PL and PA activities on the one hand. and rennet clotting 
time on the other. is consistent with similar interactions found in late-lactating goats and in 
subclinically infected sheep. 

Curd yield was lower in the infected halves than in the uninfected ones despite almost 
equal CN content in both glands. Thus. our data suggest that knowing the gross C\ content in 
the milk is insufficient for predicting curd yield. probably because of modifications in the C'\ 
micelles or in the different casein micelle' s components that are more detrimental to curd 
formation than CN concentration by itself. The changes in p-p and 3(/ in the infected glands 
suggest that CN was modified due to the release of certain peptides from the C'\ or a change in 
the casein micelle compaction due to changes in [Ca2

-) and 3(,'-. 

The primary enzymatic coagulation is based on the action of rennin on K-casein. which 
thereafter reveals hydrophobic sites on the casein micelle making it available for the secondary 
aggregation reaction. Thus. certain enzymatic hydrolysis of K-casein may occur with a much 
more pronounced hydrolysis of the other caseins. which thereafter interfere with the coagulation 
process. 

The increase in clotting time of milk coming from infected glands found in sheep and in 
the present study could be due to the increased PL activity. as was reported for added PL to 

bovine milk. It is suggested that the long milking inter.al of about 12 h before the morning 
milking results in considerable proteolysis of caseins by PL due to its accumulation for that long 
period. 

inlerrelalionships belween milk yield and composiNull ill subclillicolll moslinc guuls 
In general. two types of compositional responses were recorded in subclinically mastitic 

goats and sheep: 
1. Reduction in milk yield in the infected glands in goats and sheep. being lower than the 

reduction in the secretion of protein and fat. Consequently. protein and fat concentrations are 
higher in infected glands than in uninfected ones. This response was related to mild increase 
in plasmin activity (30 to 50%) over the basal level. L'nder such conditions. plasmin-induced 
hydrolysis of CN liberates a peptide from p-CN .(p-C'\ 1-281. which in tum down-regulates 
milk secretion in cows and goats: its activity was correlated with its ability to block 
potassium channels in the apical membranes of mammary epithelia. 

2. Reduction in the secretion of protein and fat being higher than the reduction in milk yield. 
Consequently. the reduction in milk yield is associated with reduced fat and protein 

9 



concentration. Such a response was observed when the increase in PL activity is high (twice 
or more). as is the case during milk stasis or inflammation. It has been shown that C'\ 
hydrolysis under high PL activity induces rapid drying-off of mammary secretions in goats 
and cows. 

3. In the present study. the reduction in milk yield matched more or less the reduction in protein 
and fat secretion. so that the total net effect was no change in protein and fat concentration. 
However. as discussed above. there is compelling evidence that C'\ was degraded and 
modified in the infected gland. The marked reduction in lactose concentration resembles the 
response in sheep and cows under high PL activity. Thus. the degree of PL activation dictates 
not only the reduction of milk volume. but also the changes in the secretion of organic 
components and. consequently. milk composition and curd yield. probably due to certain 
structural modification in the molecule ability to aggregate owing to the proteoly1ic action of 
enzymes on the casein micelle. 

Comparative aspects between goats and sheep 
In a recent study in sheep. we found that milk yield in the infected glands was about 500

0 

lower than in the uninfected glands. which is essentially similar to the percent reduction in milk 
yield in the infected glands in the present study. Thus. the fact that we used the half-gland model 
and the same set of measurements. using the same methodologies in both studies. provides us 
with a unique opportunity for performing a comparative species response to subclinical 1\11 with 
CNS. 

The levels of SCC in un infected glands of goats and sheep (around :COO.OOO cell mL) are 
higher than those reported for uninfected cows. In both goats and sheep. C'\S 1\11 increased 
SCC to above 106 cells/ml. which suggest that diapedesis in response to C'\S 1\11 in goats and 
sheep is more acute than in cows. Whether this more acute influx of leucocy1es to the mammary 
gland is associated with improved antibacterial defense capacity is a maner that remains to be 
solved. 

In goats and sheep. the reduction in whey protein secretion was lower then the reduction 
in milk yield. with the outcome of increased concentration in the infected glands in the two 
species. The gross CN concentration in goat's milk (:C8 giL) resembles that of cows and is much 
lower then in sheep (40-46 giL). Thus. both p-p concentration in uninfected glands in goats and 
the increase of p-p in response to doubled PL activity in the infected gland were much lower 
than the corresponding figures in sheep. The higher PL activity in uninfected glands in sheep in 
comparison to goats was an additional factor that probably contributed to the higher level of p-p 
in uninfected glands of sheep. 

When the activity of PLG is added to PL (i.e .. total-derived PA activity I it becomes clear 
that this value is considerably higher in sheep compared to goats. In addition to the presumed 
high conversion of PLG to PL due to the high PA activity. the initial level of the PLG pool in the 
gland ought to be much lower than in sheep. This may be an additional contributor to the 
apparent rapid disappearance of PLG in the mammary' glands of goats. 

It has been suggested that regulation of PA activity serves as a bridge between s\stemic 
hormonal influences and the local regulatory" system. In mice mammary' gland organ culture. 
hormones that fostered involution induced the synthesis of P ...... while hormones that promoted 
lactation repressed the secretion of PA. The treatments of cows and sheep with bO\'ine­
somatotrophin increased milk yield and reduced the conversion of PLG to PL On the other 
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hand. stress. stress hormones and estrogen. which induce down-regulation of milk yield. 
increased PL activity in milk. The high basal level of PA in goats may make the system 
irresponsive to systemic effects. In line with this proposition. treating goats with somatotrophin 
did not affect the PA system. whereas treating goats with adrenocorticotrophin and 
dexamethasone did not reduce milk yield. as is the case with dairy cows. 

Extension and publications 
During the period of the present report. the Israeli investigators haw visited several 

goat farms in order to conduct the experimental work and transfer the bacteriological findings 
to the farmer and his veterinarian. 

Several one-day seminars were held and data were disseminated to the Extension 
personneL who are in daily contacts with the farmers. The principal investigator was involved 
in a course on "Goat milk products and cheeses" held by the ~Iinistry of Agriculture. aimed on 
training farmers in obtaining capabilities to produce quality dairy goats products. Subjects 
covered included: milk quality and composition. milk yield and feeding. cleaning and 
disinfecting dairy equipment. pasteurization and technological aspects of goat milk. fermented 
milk products. cheese making practices. etc. 

A research paper entitled: "Effect of subclinical intra mammary infection on somatic 
cell counts, SA Gase activity, and gross composition of goat's milk" was accepteJ lor 
publication in the Journal o(Dairy Research IAPPE.\DLr 0. 

EGYPT 

Characterization of goat production s~'stems in ~orth Sinai 
This activity has been anained through use of a questionnaire forwarded to 243 Bedouins. 

representing different locations. and a follow-up study including 18 farms representing the three 
production systems identified in the region. The questionnaire activity has been completed. Jata 
have been analyzed. and a manuscript has been prepared. The follow-up study is underway. The 
18 farms continue to be visited. Visits to each flock have been concentrated (bi-weekly) during 
July, August. and September since this is the period of kidding. and monthly visits occur at other 
times. Two personnel teams are responsible for the visits. \Iedical care has been olTered to the 
flocks under study. 

Technology transfer 
At time of reporting. a large number of Bedouins were added in order to increase the 

benefit from the transfer packages. There are 5 farms where treating a\'ailable barley straw \\ith 
urea and molasses has been demonstrated. Treating com stalks with urea and molasses has been 
demonstrated at 2 farms. On I I farms feed block processing has been demonstrated. For this 
activity. farmers received support through supply of some of the feed ingredients used in making 
the blocks (e.g .. soybean meaL date stone. Olive cake and some \'itamins and minerals) 

Improving goat productivity 
The plan of genetic improvement of goats was modified slightly based on results of the 

questionnaire. The target breed for improving goats is found in the region (i.e .. Damascus l. The 
number of Damascus goats increases as proximity to the Israeli border decreases. The 
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contribution of the Damascus genotype to flock genetics relates to the socioeconomic status of 
Bedouin farmers and feed ayailability. Proyiding Bedouins in isolated areas with Damascus 
bucks will help them in genetically improYing their flocks. Therefore. 25 local Damascus bucks 
were purchased and loaned to Bedouins (23 beneficiaries) during the mating season of June and 
July, 2003 

Identifying the hygienic status of goat milk in the region 
Milk samples were collected monthly for three months from 12 flocks. '.!ilk composition 

was determined. A Masters degree student (Mam'a Hatem) carried out her research on the 
bacteriological status of milk through this project. Some of these data are shown below. 

Project publications 
Pamphlets on most packages. deyeloped and introduced to the area. were prepared. They 

addressed the areas of fanening kids, making silage, treating with urea. and processing ieed 
blocks. 

Establishing supporting facilities in the region 
A Bacteriology Laboratory has been established in the Central .-\griculture Depanment 

for direct and fast analysis of milk samples. The Laboratory is equipped with an own. incubator. 
and microscope. An additional adjacent room was prepared for sample preparation and storage. 

Table ( 1 ) : Milk composition of colostrums. early. mid and late lactation samples in the 
extensive production system of North Sinai. 

Lactation stage N 

Milk colostrum 6 

Early- lactation 25 

Mid-lactation 10 

Late lactation 13 

4.42 =0.04 

4.24=0.09 

3.77±0.02 

409=0.02 

Protein 0 0 

=SE 

3.12= 001 

Lactose 0 0 

=SE 

3.32 =0006 

3.25=0008 

12 

0.96=0.03 

075=001 

0.83= 0.006 

TotalsolidsOo 
=SE 

11.570009 

10.84= 004 

1049&11 

.-\cidir: 01) 

=SE 

015=0.001 

016=0 

PH \ alue 
= SE 

665=001 

642=001 



Table ( 2 ): Milk composition of colostrums. early. mid and late lactation samples in the semi­
intensive production system of North Sinai. 

Lactation Fat % Protein Lactose Ash% Total Acidity PH 
stage N % ~/O solids% 0'0 "alue 

Milk 
2 4.55 5.12 2.13 092 1223 021 64 

colostrum 

Early 
4 3.8 3.24 31 0.72 1125 o 16 663 

lactation 

Mid-
5 388 3.21 33 0.67 1069 016 664 

lactation 

Late 
4 4.2 2.22 3.27 0.87 1004 016 632 

lactation 

Table ( 3 ): Milk composition of colostrum. early. mid and late lactation samples in the 
intensive production system of North Sainai. 

Lactation stage N Fat % Protein% Lactose% Ash%) Total Acidity· 0 PH 
solids~o yalue 

Milk 
3 4.03 5.01 2.25 1.0 12.37 022 642 

colostrums 

Early lactation 18 4.12 3.3 314 075 11 43 o 16 661 

Mid-lactation 7 3.86 3.14 329 068 1075 016 663 

Late lactation 16 4.16 232 3.29 081 1039 o 16 637 

Table (3) shows the milk yield estimated for some farms during the period of February. 
March. and April. 2003. Although the rangelands with the natural ,egetation were in the 
maximum potentiality. the milk yield ranged from 200-1000 g day with an average of ~ 20 g day. 

Table (3): Some estimates of milk production in goats of different types in '\orth Sinai area. 
Farm Milk yield (giday) 
I 1000 
, 800 
3 400 
4 400 

13 



5 200 
6 400 
7 600 
8 400 
9 600 
10 400 

1. C) Scienlif/c impacl of C ooperalion 

As noted above. there have been considerable activities at each location in this 6·month 
period. Discussions among participants from each location in a project meeting in Cyprus in 
October were quite beneficial. In fact. based on the description of Israeli activities in the milk 
technology area. future work on this topic in Jordan and Egypt may be modified. Besides the 
exchange of information at this meeting. there is increasing communication among locations. 
Another pertinent area is the inclusion of AI-Quds University in East Jerusalem 10 perform 
activities in the Palestinian Authority. Dr. Uzi Merin. PI for the Israeli team. accompanied Dr. 
Goetsch during one of the \'isits to the Palestinian team. headed by Dr. Ziad Abdeen. 

In terms of Jordan University of Science and Technology an actiw partner of 
USAID/MERC funded regional goat project was proud to introduce four scientists from school 
of Vet-Medicine and Agriculture to this regional project to imestigate the situation of goat 
industry status in Jordan as part of the Middle East. The Uni\ersity has encouraged the 
conduction of this research. through the international cooperation. The Uni\erslt: al,c) ha, 
displayed the necessary tools and facilities to make the mission easy to help its team to 
accomplish the job. Also the Administrative and the Consultatiw center were \'ec; supportiw 
and helpful on all stages of this work. The top management of our L'ni\ersity has permitted I the 
principle four team members to travel during the semester postponing lectures and research to 

participate in regional workshops out side the countc;' and to interact with other working teams. 
On the other hand we noticed that public awareness about the project was profound at JL·ST. the 
community and among students. researchers and faculty members. Goat farmers in A.jloun. 
Bani-Kinanh and Jarash areas were the most interested. benefited and applauding people. 
This area of investigation (goat industry) have never been investigated before. the information 
about it never been exchanged with the neighboring Countries or discussed. the goat farming in 
the region has not been emphasized. the information also haw newr been shared with scientists 
in the region in such well organized plan before. The L'SAID'\IERC funded project gaw us the 
opportunity to be associated with international work. We feel that the Jordanian team is closer in 
cooperation with all teams involved in this project. The Jordanian team showed friendly 
relationships towards ali team members used to participate in meetings and workshops. we had 
the opportunity to meet. dine. email. visit cards. reprints. exchanged gifts and frUItful ideas. 

ID) Projecl impacl 

Results of this project are being used. Notable examples are the technologies transierred 
to goat farmers in the northern Sinai area by the Egyptian team. In October. Drs. Sahlu. Goetsch. 
and Merkel visited this area and many of the participating goat farms. The farmers were indeed 
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very pleased with these new practices. namely manufacture and use of supplemental feed blocks 
made from locally available byproduct feedstuffs. ammoniation v'ia urea treatment of crop 
residues. and ensilage of available byproduct feedstuffs containing anti-nutritional factors. In 
addition. there is great interest by Sinai goat farmers in crossbreeding with Damascus goats 
available through this project. Farmers in Israel now are becoming increasingly aware of the 
high prevalence and appreciable impact of subclinical intramammary infection on goat milk 
yield and quality and. thus. are making appropriate production practice modifications. Results 
from the Jordanian team are also being used by producers. The workshops held in making goat 
cheese have improved production practices. Similarly. technology transfer on goat health 
management is enhancing disease prevention and treatment practices. 

1. E) Strengthening of Middle Eastern Institutions 

Evidence of strengthening of Middle Eastern institutions should be evident by 
information given earlier for each location in the "Research Accomplishments" section. 

1. F) Future Work 

OVER<\LL 

The project is slightly behind schedule because of the length of time taken to get initial 
funds to the locations. occasional delays in subsequent fund transfers. and the current lack of 
funds available for planned activities in years 3. 4. and 5 of the project. The work plan has not 
been substantially changed. Because of initial milk quality findings in Israel. there has been 
justified attention given to subclinical intramammary infection and impacts on yield and quality 
of goat milk and cheese. 

JORDAN 

The future work will include mineral analysis of goat dairy products. the above 
mentioned cheddar cheese. Cheese will be produced using different rennin enzyme sources 
Economic (cost) will be evaluated. The generated data and knowledge will be transferred to 
farmers. The previous knowledge regarding the new technology of cheddar cheese making \\ill 
be transferred through workshops in other areas such as Bani Kananh. Jarash and Ajloun. 
Diffusion and adoption of the new technology will be preformed after these workshops \\ill be 
investigated to eV'aluate the farmer's progress in terms of the rate of adoption. the relativ'e 
advantage. compatibility. complexity. trial ability and obseryability by farmers. 

ISRAEL 

Several aspects of goat husbandry and practice in the same route are being performed at 
present. These include a study of 150 young does in their first kidding. Every goat will be 
examined a few times from parturition to the next one. Bacterial status. CAE infection. milk 
yield and properties will be recorded and statistically analyzed (this part of the project will 
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mature if the project will be financed for the future period. as the Israeli research team almost 
totally exhausted its resources obtained). 

EGYPT 

Arrangements have been made to implement artificial insemination with Damascus 
bucks. Semen is going to the Kantra Shark region (irrigated lands). The target is 100 does. with 
an expected start date of January. 2004. 

According to the collected data from the area. Damascus goats have begun to dominate in 
the region. These Damascus goats appear to possess somewhat different characteristics than 
suggested by the available information on pure Damascus goats imported from Cyprus and Syria. 
Accordingly. a component has been added to the project acti\·ities. This is to identif:. the genetic 
structure of the genotype of goats dominant in the north part of the region. Comparisons will be 
made among pure local goats (samples will be collected from the south edge of the region to be 
free of any Damascus genetics). pure Damascus goats (samples will be collected from the !lock 
kept in Animal Production Research Institute). and local Damascus goats raised in the region. 

PALESTINIAN Al'THORITY 

Initial project activities for AI-Quds l'niversity are the same as those for other locations. 
A questionnaire will be used to characterize goat production in the West Bank. \Iilk samples 
will be collected from different regions of the West Bank and analyzed for chemical and 
bacteriological properties. The possibility of a team member receiving Ph.D. training through 
this project at the Hebrew University of Jerusalem is being explored. with ad\isement by Israeli 
team member Dr. Nissim Silanikove. 

II. Project Management and Cooperation 

II. A) Jfanageriai issues 

Participants at the different locations have expressed great concern about the need for 
funds for activities in years 3. 4. and 5 of the project. Actual activities began approximately 2.~ 
years earlier. By use of some of the funds budgeted for West Bank activities in years I and 2. 
funds for the 6 month period of year 2.0 - 2.5 were disbursed. Therefore. it is imperative that 
funds for years 3, 4. and 5 be received quickly in order for continuation of project activities. 

In October. we received for the first time a short \erbal description from l>S.-\!D 
financial officer Mr. Dean Pike of a 'pipeline' report that needs to be prepared to receive funds 
for years 3. 4. and 5 of the project. Although the format of the report was not deSCrIbed in great 
detail. this report \\ill be prepared soon and sent to l'SAID'\IERC It would be desirable to 
know who else this report should be sent to. as well as any other actions that might need to be 
taken. 

The approval for participation of AI-Quds l'niversity took many months. This delayed 
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entry of AI-Quds University into the project. In fact. the appro\al was received after an OelOber 
project meeting. for which the primary purpose was an introduction of the AI-Quds team. Their 
planned activities and associated collaboration with other locations was to be the focal point of 
the meeting. Because of this delayed approval. it was not possible for the AI-Quds panicipants 
to attend this meeting. 

11. B) Special Concerns 

No special concerns protocols have been changed. 

11. C) Cooperation. Travel. Training. and Publications 

In late July and early August. Dr. Goetsch traveled to Israel. The primary purpose of the 
travel was to meet with personnel of AI-Quds University to discuss possible project acti\·ities. 
The initial meeting occurred over a 2-day period. A few days later. a second meeting occurred. 
this time with participation of Dr. lizi Merin. PI for Israeli activities. Collaboration between the 
Israeli and AI-Quds teams was discussed. One of the possible interactions is a student of AI­
Quds receiving Ph.D. training through this project. with the degree from the Hebrew L'niversity 
of Jerusalem and advisement from Israeli project participant Dr. "iissim Silanikove. Dr. Goetsch 
also discussed Israeli project activities during the visit. including \'isits to panicipating goat 
farms. 

In October. a 3-day project meeting was held in Larnaca. Cyprus. Attendees were "iissim 
Silanikove (Israel), Hassan EI Shaer (Egypt). M. Tarkek Abd EI Fatah (Egypt), Laith Rousan 
(Jordan). Tilahun Sahlu (USA). Khaled M. AI-Qudah (Jordan). Falah Shidaifat !Jordan). Essam [ 
Shehata (Egypt). Arthur Goetsch. (USA). l'zi Merin (Israel). Gabriel Leitner. and Khalil I. 
Ereifej. Activity overviews were given and future collaboration discussed. As noted before. 
Israeli findings on effects of subclinical intramammary infection may lead to slight changes in 
future milk work at other locations. There was also discussion about an upcoming training 
function on artificial insemination in Egypt. Before the Cyprus meeting. Drs. Goetsch. Sahlu. 
and Merkel visited Egypt project activity sites in the northern Sinai. Dr. \Ierkel is the 
coordinator of all other international projects of the American Institute for Goat Research l,r 
Langston University and has become increasingly involved in this project. 

lID) Requestfor (/SAID Actions 

As noted earlier. it is imperative that project funds for years 3. 4. and 5 be received soon 
for transfer to the participating locations. This concern is causing considerable problems with 
activity scheduling at the locations. 
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APPENDIX A 



Table 1: Incidence of disease conditions in goats in northern Jordan. 

Diseases condition i Number of Number of Incidence 
1 examined animals affected cases 0"0 

Caseous lymphadenitis • 1432 78 S.S 
Mastitis 301 17 )"6 

, Pneumonia 1432 31 ' , 
, Trichostrongvlosis 1432 49 34 
, Haemonchosis 1432 74 5.~ 

Dictyocaulus filaria 1432 11 1.5 
, Li ver abscess 1432 82 < " - , 

Rumenitis 1432 " ~J 1.6 
Orchitis 1131 2 0,2 

, Mange 1432 12 0,8 
, Oestrus ovis 1432 116 8, I 
! Foot rot 1432 17 1.2 
, Stomatitis 1432 14 
: Contagious ecthyma (orf) 1432 39 2.7 

Hvdatidosis 1432 57 -I 
I Pox 1432 19 0,9 

Enteritis (Coccidiosis) 1432 " _J 1.6 
, Pallillomas 1432 , 0,2 J 

Ringworm 1432 17 1.2 
Arthritis 1432 9 0,6 
Pinkeye 1432 ) 0,3 
Goiter 1432 7 0,) 
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Table 2: Parasites identified in the affected organs 

Type of Parasite Organ 

GASTRO INTESTINAL TRACT PARASITES: 

a. Trichostrongllilis spp. 
Small intestine. abomasum 

b. Heamonchus contractus 
Abomasum 

c. Moniezia expansa 
Small intestine 

d. Chabertia Ol'ine 
Large intestine 

e, Cooperia curticei 
Small intestine 

f. Marshallagia marshalli 
Abomasum. small intestine 

g. Emer;a spp. 
Large intestine 

2. RESPIRATORY TRi\CT PARASITES: 

a. Dictyocailisfilar;al 
Lung. bronch i 

b, Oestrus ovis 
"'asal ca\ir,. sinuses 

3. EXTERNAL PARASITES 

a. Psoroptes Capri Ears 

b. Choriptes C apr; Skin 

c. Sarcople s seabie i Head 
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Table 3: Bacteria cultured from the affected organs 

II Type of Bacteria Organ 

I L. :-.: .. lung 
! Corynebacterium pseudotuberculosis 

! Staphylococcus aureus Cdder. lung 

F. necrophorum biovar B Liver. lung. digits 

, F. necrophorum biovar A Liver. lung digits 

Clostridium perfringens Lung. liver 

E. coli Intestine. liver 

Bacillus spp. Cdder. li\'er intestine 

Pasturella spp. Lung 

Arcanobacterium pyogenes Liver 

Brucella melettenses Intestine 

Salmonella spp. Intestine. liver 

Eubacterium spp. Intestine. liver 
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Extension work 

Age of the response 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid 21-30 
6 57 57 57 

31-40 
15 142 142 198 

41-50 
28 264 264 462 

51-60 
, 

23 21 7 21 7 679 

>61 34 , 321 321 100 0 
Total 106 1000 100 0 

Table (1): shows that 1/3 of respondents are more than 61 years old 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid Nothing 53 500 51 0 5' -
elementary 12 11 3 11 5 6- < " -
pnmary 22 208 21 2 82 -

Secondary 10 94 96 I 933 
I 

High school 7 66 67 ! 10C G 
Total 104 981 100 0 I 

Missing System 2 19 

I Total 106 1000 

Table (2): shows that more than a half of respondents are illiterate 
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Experience in goat production 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid 1-5 4 38 38 38 
6-10 11 104 10A 142 
11-15 

11 104 104 245 

15-20 
12 11 3 11 3 358 

>21 68 

I 
642 642 1000 

Total 106 100.0 100 0 

Table (3): indicates that 213 of farmers are very experienced in goat 
production 

actial working 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid full time 68 642 673 673 
part time 33 31 1 327 100 0 
Total 101 95.3 100 0 

Missing System 5 47 
Total 106 1000 

I 
I 

Table (4): shows that 2/3 of respondents art full time farmers 

Income from goats 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid 1000 1 9 1 1 1 1 
2000 20 189 21 5 22 e 
2500 1 9 1 1 237 
30.00 5 47 54 290 
4000 2 ! 1 9 22 31 2 
5000 16 15 1 172 484 
8000 4 38 43 527 
100 00 44 415 473 100 0 
Total 93 877 1000 

Missing System 13 123 i 
Total 106 1000 I 

Table (5): indicates that a half of respondents depend on goat 
production for their income 
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Having records 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid yes 1 9 1 1 1 1 
no 87 821 989 100 0 
Total 88 830 100 0 

Missing System 18 170 
Total 106 100 0 

Table (6): shows that the majority of farmers are not keeping records about goat 
production 

Cumulative 
Frequencv Percent Valid Percent Percent 

Valid 1 58 54.7 100.0 1000 
Missing System 48 45.3 
Total 106 100.0 

Table (7): shows that the majority of farmers are grazing their goats 

Cumulative 
Freauencv Percent Valid Percent Percent 

Valid 1 75 708 1000 100 0 
Missing System 31 29.2 i Total 106 100.0 i 

Tahle (8): indicates that the majoril)· of farmers are feeding their goats 

Valid Percent 1 
Cumulatrve 

Frequencv Percent Percent 
Valid 1 76 71.7 

1000 I 100 0 
Missing System 30 283 
Total 106 100.0 

Table (9): shows that the majority of farmers are watering their goats 
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Cumulative 
Freauencv Percent Valid Percent Percent 

Valid t 80 75.5 100.0 1000 
Missing System 26 24.5 
Total 106 100.0 

Table (10): indicates that the majority of farmer's wives are milking the 
goats 

Cumulative 
Freauencv Percent Valid Percent Percent 

Valid 1 81 76.4 100.0 100 0 
Missing System 25 23.6 
Total 106 100.0 

Table (11): shows that the majority of farmer's wives are making milk 

Freauencv Percent 
I CumulatIVe 

Valid Percent Percent 
Valid 1 88 83.0 100.0 I 1000 
Missing System 18 17.0 I Total 106 100.0 

Table (12): indicates that the majority of farmers are medicating their 
goats by themselves 

Cumulatrve 
FreQuencv Percent Valid Percent Percent 

Valid 1 88 830 1000 100 0 
Missing System 18 17.0 
Total 106 1000 , 

Table (13): shows that the majority of farmers are caring the goats b~" thtmseh"ts 
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Cumulative 
Frequency Percent Valid Percent Percent 

Valid 1 80 75.5 100.0 100.0 

Missing System 26 24.5 

Total 106 100.0 

Table (14): indicates that the majority of farmers are doing other works 
than above 

Cumulatrve 
Freguency Percent Valid Percent Percent 

Valid 100 84 792 988 988 
50.00 1 9 12 100 0 
Total 85 80.2 1000 

Missing System 21 198 
Total 106 100 0 

Table (15): shows that the majority of farmers have goat theater 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid 1.00 94 88.7 100.0 1000 

Missing System 12 11.3 
Total 106 1000 

Table (16): shows that 100% of farmers owned their flock 
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Cumulative 
Frequency Percent Valid Percent Percent 

Va ltd 1 35 330 340 340 
2 26 245 252 592 

3 19 179 184 Ti -; 
4 10 94 97 874 

5 8 75 78 951 

6 2 1 9 1 9 9i 1 

7 1 9 1 0 981 

8 1 9 1 a 990 
11 1 9 1 0 100 0 

Total 103 972 1000 
Missing System 3 28 

Total 106 1000 

Table (17): indicates that 1/3 of farmers have one buck older than three 
years 

Cumulative 
Frequency Percent Valtd Percent Percent 

Valid 1 82 774 976 97.6 

3 1 .9 1.2 988 

4 1 9 1 2 1000 

Total 84 79.2 100.0 

Missing System 22 208 

Total 106 1000 

Table (18): shows that 97.6 % of respondents have one mountain buck 
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Cumulative 
Frequency Percent Valid Percent Percent 

Valid 1 1 9 1 7 1 7 
2 1 9 1 7 33 
3 4 38 67 100 
5 3 28 50 150 
6 5 47 83 233 
7 2 1.9 33 267 
8 2 1 9 33 300 
10 4 38 67 367 

11 4 3.8 67 433 
12 1 9 1 7 450 

13 1 9 1 ~ I 4E ~ 

14 1 9 1 7 483 
15 5 47 83 567 
16 1 9 1 7 583 
17 1 9 1 7 600 
20 7 6.6 11 7 71 7 

25 2 1.9 33 750 
, 

26 1 9 1 7 767 

30 5 47 83 850 
35 2 1 9 33 883 
40 4 38 67 950 
60 2 1 9 33 983 
100 1 9 1 7 100C 
Total 60 586 1000 

Missing System 46 434 
Total 106 1000 ! 

Table (19): indicates that 11.7% of respondents have 20 lamb less than 
12 months old 
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CumulatlVe 
Frequency Percent Valid Percent Percent 

Valid 6 1 9 1 a 1 0 
7 1 9 1 a 1 9 
8 1 9 1 0 29 
10 4 38 39 68 
11 1 9 1 a 78 
12 2 1.9 1 9 97 
13 2 1 9 1 9 

" 7 
15 12 113 11 7 233 
17 1 9 1 0 243 
20 3 , 28 29 272 
21 1 9 1.0 282 
22 1 9 10 291 
23 1 9 1 0 30 1 
25 3 28 29 33 a 
26 1 9 1 a 340 
27 1 9 1 a 35 a 
28 2 1 9 1 9 369 
30 5 47 49 41 7 
32 1 9 1 0 427 
35 5 47 49 476 

i 
40 6 57 58 534 
42 1 9 1 a 544 
45 9 85 87 63 1 
46 1 9 1 0 641 
50 6 57 58 699 
55 1 9 1 a 709 
60 3 28 29 738 
62 1 9 1 0 748 
65 1 9 10 75 i 
68 1 9 1 0 76 -

70 6 57 58 825 
80 5 47 49 874 

90 1 9 1 a 883 
100 4 38 39 922 
120 1 9 1 0 932 
130 1 9 1 0 942 
140 1 9 1 0 951 
150 2 1 9 1 9 971 

160 1 9 1 a 98 1 

180 1 9 1 a 990 
200 1 9 1 0 100 0 
Total 103 972 100 a 

Missing System 3 28 
Total 106 1000 

Table (20): shows that 17% of farmers have 15 does more than three 
years old. 
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CumulatJVe 
Frequency Percent Valid Percent Percent 

Valid 1 76 71 7 987 987 

100 1 9 1 3 100 0 
Total 77 72.6 100 0 

Missing System 29 274 
Total 106 1000 

Table (21): shows that 98.7% of respondents have one mountain doe. 

! Cumulatlye 
Frequency Percent Valid Percent 

, 
Perce"'_: 

Valid Enterotoxemia 95 896 896 89 E 

Diarrhea 7 66 66 962 
Pneumonia 1 9 9 972 
Others 3 2.8 28 10C 0 

Total 106 100 0 1000 

Table (22): indicates that 89.6% of respondents said that Entrotoxemia 
was the 1st reason for goat mortality. 

Cumuiatlve 
Frequency Percent Valid Percent Percen: 

Valid Enterotoxemia 1 9 1 0 . " 
~ 

Diarrhea 95 896 95 C 96: 
Pneumonia 2 1 9 20 980 

Others 2 1 9 20 ~OO 0 
Total 100 943 100 0 

Missing System 6 57 

Total 106 100 0 

Table (23): shows that 95% of respondents said that Diarrhea was the 2"" 
reason for goat mortality. 
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CumUlatl've 
Freguency Percent Valid Percent Percent 

Valid Enterotoxemia 1 9 1 1 • 1 

Diarrhea 1 9 1 1 2 -: 
Abortion In goats 90 849 947 968 
Pneumonia 1 9 1 1 979 
Others 2 1 9 2 1 

I 
100 0 

Total 95 896 100.0 
Missing System 11 104 
Total 106 100 a 

Table (24): shows that 94% of respondents said that Diarrhea was the 3'" 
reason for goat mortality. 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid 200 2 19 20 20 
3.00 4 38 40 60 
500 66 623 660 720 
6.00 24 22.6 240 960 
700 3 28 30 990 
900 1 9 1 0 100 0 
Total 100 943 100 0 

MISSing System 6 I 57 
Total 106 I 1000 

Table (25) : indicates that 66% of respondents cross breed their goats 
after five months 

PLACE 

Cumulatrve 
Frequency Percent Valid Percent Percent 

Valid lanm 101 953 100.0 I 100 0 
Missing System 5 4.7 I 
Total 106 100.0 i! 

Table (26): shows that the majority of fanners cross breed their goats in 
fann 
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Cumulative 
Frequency Percent Valid Percent Percent 

Valid .50 1 9 1 1 1 1 
1.00 90 64.9 94.7 958 
1.50 1 9 11 968 
200 3 28 32 100 0 
Total 95 89.6 100.0 

Missing System 11 104 
Total 106 100.0 

Table (27) shows that 71% of respondents made the 1s
, matting at one 

year old of goat 

CumulatIve 
Frequency Percent Valid Percent Percent 

Valid 3.00 1 9 1 0 ; c 
15.00 21 198 21 9 229 
2500 68 642 708 938 

3000 3 28 3 1 969 

3500 3 28 31 100 0 

Total 96 906 1000 
Missing System 10 94 
Total 106 1000 

Table (28) shows that 71% of respondents made the 1s
, matting at 25 kg 

of goat 
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Cumulatrve 
Frequency Percent Valid Percent Percent 

Valid 100 90 84.9 95.7 957 
1.50 1 9 1 1 968 
2.00 3 2.8 3.2 100.0 
Total 94 88.7 1000 

Missing System 12 11.3 
Total 106 100.0 

Table (29) shows that 96% of respondents made the 1st matting at one 
year old of goat 

CumulatJ've 
Frequency Percent Valid Percent Percent 

Valid 3.00 1 9 1 0 1 0 
10.00 9 85 94 104 
12.00 11 104 11 5 21 9 
1500 1 9 1 0 229 
20.00 66 623 688 91 7 

25.00 2 1 9 21 938 
30.00 3 28 I 31 969 
3500 3 28 31 1000 
Total 96 906 1000 

Missing System 10 94 
Total 106 1000 

Table (30) shows that 69 % of respondents made the 1st matting at 20 kg 
of does 

16 



M)i 

APPENDIX B 

k Double Click 
here to show w 
appendix D 

int t eln 

Chemical Composition" ,----___ -f a Quali~' And Sensory 
Characteristics of Milk, Chedd Cheese Obtained From Three 

Goat Pheno~'pes actation Periods 
ow 

B 

Nutrition and Food Technology D',,----~ 
Technology. P.O. Box 3030. Irbid. Double Click 

l....-~n University of Science and 
reifej ~ jusl.edujo) 

here to show 
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Goat's milk from three phenol)' Local (black) and \lixed Icolored) 

was collected during three lactation periods in 2002. The milk was analyzed for 

moisture. protein. fat. ash and lactose contenl. Also milk \\ as examined for \ east. 

mold and bacterial content. Cheddar and white cheese \\ere manufactured from goat's 

bulk milk and examined for chemical composition and evaluated for color. taste and 

flavor. appearance and texture and aroma. Results showed that the chemical 

composition of goat's m ilk varied significantly during the whole: ear and also among 

the three goat phenol)·pes. Local (black) goats produced milk at the iirst lactation 

period with highest (44.6 %) fat content. the lo\\est fat content was 29.8 °0 for the 

Mixed color phenotype at the end of the year. Protein showed the same trend. Shami 

goat produced milk lower in lactose and ash content than the mixed color breed. 

whereas the Local (black) produced milk having intermediate content of lactose and 

ash. Cheddar and white cheese \\ere highly acceptable. Their composition varied. 

cheddar cheese was higher in protein and NSF but slightl: lower in fat content. \\'hite 

cheese retained more lactose. Goat's milk of Shami. Local (black) and \lixed color 
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phenotypes were found to be highl~ contaminated with bacteria and mold due to lack 

of hygiene. Milk contained low number of pathogenic bacteria. Pasteurization 

temperature at 73° C for 16 sec found to eliminate them. 

INRTODUCTION 

The goat's milk production ranks third in the world after bo,ine and buffalo milk. Da,,, goat 
farming plays an important role in developing countries. Goat's milk provides one of the 
principle sources of animal protein in many regions. such as the Middle East. Southeast .-\sia 
and some tropical countries. Goat's milk also serves as a good substitute to cow's milk and is 
often recommended by the medical profession in situation where bo\ ine milk ma~ bring 
about allergic responses in indi,idual consumers (Guo et al 1998). 
Goat is a very well adapted animal to di,-erse environmental condition in Jordan. There are 
few breeds of goats raised in Jordan. The Local (black) goat which is know n as Balady. 
Shami goat which is red in color and from Syrian origin lalso known as Damascus goat) and 
the Mixed or colored goat which is a product of crossing between Local and Shami goats or 
other hybribs. Balady (Local) goat is of Jordanian origin whereas Shami has been introduced 
to lordanian fanners from Syria due to its milk producti"jty. Goat fanning is considered as an 
important socio-economic activity in Jordan. There are one million heads. mainl: Local 
(black). Shami and their hybrid goat phenotypes. Goats in Jordan are raised for milk. meat 
and hair production. Goats are raised in small livestocks. Goat milk is ver;. popular in the 
Middle East and used to be consumed as liquid milk or to produce the traditional dai" 
products such as yoghurt. white cheese. labaneh. Jameed. sour milk. kishek. buner. ghee and 
others. The goat milk indust" is still considered home indust,,: the farmer and hIS family 
members are usually responsible for feeding. management. animal medical care. hand 
milking. processing and marketing the products. The demand for meat and milk in the \l,ddle 
East is increasing and is projected at 3.7 and 3.1 0'0 respectivel: (Hajipanayiotou Personal 
com.). 
Because the goat farmers in Jordan lack the sound knowledge about milk technology. farming 
systems and management we initiated a program to help them. there for the purpose of this 
work is to study the microbial and chemical composition of milk and cheese obtained from 
three goat breeds. also to report on the variation on the chemical composition of goat milk 
during lactation periods. 

MATERIALS AND METHODS 

Goat milk samples. proximately one liter each. were collected from farms in Ajloun area once 
eve0 week during the year 2002-2003 to be tested for chemical composition and micro~ial 
content. Samples were transported on ice to laborator;. and kept in refrigerator at ';C' C until 
time of analysis which usually carried out at the same day. Goat's milk samples \a.ere 
collected from three breeds. Shami (red in color). Local Iblack) and \lixed Icolored) All 
animals were healthy. 3-5 years old and weighing 50-60 kg. 
Other milk samples were collected from bulk to examine the composition of bulk milk and 
also to test for cheddar and white cheese manufacturing. 

Chemical analysis: Goat's milk samples were subjected to chemical analysis. moisture. fat. 
protein (N x 6.38). ash and solid non fat (NSF) were determined ac<crding to standard 
procedures outlined by Richardson (1985). Lactose content was calculated by difference. 
Averages were recorded for each lactation period. Lactation periods V,'ere proposed as First 
semester or lactation period to co'er goat's milk collected during Jan. Feb. \larch and April. 
The second lactation semester started May. June. July and August. The third lactation period 
covered Sept.. Oct. Nov. and December. The same procedures were used to anal:ze v.:hite and 
cheddar cheese made from bulk goat's milk during the same lactation periods. 
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Microbiological anal~'sis: 
Goat's milk samples also were subjected to microbiological analysis. To determine TPe 

(total plate count), yeast. mold. StaphylococCI. S aureus, Srreptococci. Enterobacter. E ,-~olt. 

coliforms. Salmonella and ShIgella. Standard procedures were followed as outlined by 
(Vanderzant and Splittstoesser. 1992 ). The a,erages of cfu ml (colony forming unit per 
ml) were recorded. 

Cheddar cheese manufacturing: Ten kg of goat milk were used to produce around one kg of 
cheddar cheese. A small water bath and small cheese vat (-l5:x·Wx~5 em) \\ere used to 
represent double jacketed cheese vat. Yoghurt starter. annano and rennet enz: me \\ere used 
and the cheese were prepared according to the procedure outlined by (Kosikowski 1 Q8~ ) 

White cheese manufacturing: Ten kg of goat milk were pasteurized at 73' C for 16 seconds. 
and then cooled to 35: C. rennet was added. Curd was formed after 40 min: curd \\as cut into 
small cubes and separated from the whey. The curd was pressed overnight. Curd v~as cut into 
4x5 cm and covered \ .... ith dry salt for 24 hr. Cheese cuts \',,-ere removed from the salt and kept 
in brine (12 0'0 salt). \\-'hile cheese pieces were subjected to chemical and microbiological 
analysis. 

Sensory e\'aluation: Cheddar cheese was evaluated for acceptability b: 25 panelists for color 
(~O). taste and flavor (30). texture and appearance (25). and aroma (~51 as shown in Table -I. 

Each property was given a score (shown between brackets). The panelist was asked to taste 
the cheese and a high score to be given if it has been liked and a lower score if it has not been 
liked by the panelist. The yield was computed and the titratable acidit: was periormed by 
titrating 5 g milk with 0.1 ~ NaOH. 

Statistical analysis: 
The collected data were subjected to statistical analysis using :--lSTA TC computer pwgram 
(MSTATC program. Michigan State Lni\ersity ). The 3\erages were compared and the LSD 
(least significant difference) bet\\een the means were computed according 10 Steel anj T orTle 
(1982 ). 

RESULTS AND D1SCUSSIO!'i 

The chemical composition of goat's milk varied significantly among Shami. Local I black I and 
Mixed phenot:pes and lactation periods as shown in Table I. Data in Table I. show the 
chemical composition of pooled milk collected from each 6-10 goat phenotype during each 
lactation semester. The protein content of Shami goat varied significantl, irom lactation 
semester to lactation semester during the year. Protein content ranged from 1-.3 at the end of 
lactation to 23.7 0"0 at the first four lactation months. It was noticed also that the milk protein 
and other milk components varied from week to week or from month to month. :--lilk obtained 
from Local (black) contained higher protein than milk obtained from Shami goat and ranged 
from 24.6 (first semester) to 20.6 00 (at the second semester). Protein content was the highest 
in milk collected from the Mixed (colored) breed at the first lactation semester Ic5.6 001. 

Shami goat was introduced to Jordan due to its high milk pro-ducth-ir:. The Local black goat 
phenotype is known for its 10\\ milk production but it is favored for its meat 
Fat content as presented in Table I. 'aried significantl, and ranged from -1-1.6 for the tirs, 
semester milk of Local (black) breed to 29.8 00 for the third lactation semester of the :--I"ed 
goat breed. Lactose content also varied significantly and ranged from -1-1.9 for third semester 
of Mixed breed to 25.9 o~o for milk obtained from Local I black) at the first semester. Sung et. 
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al.. 1998 reported that the major milk components varied significantl~ among goat breeds 
(Alpine. Nubian, Saanen and Toggenburg). Data on protein. fat. and lactose shown in Table I. 
are in agreement with similar values reported b~ Sung et al 1998. De\endra 19-:. Park 1991 
Zeng and Escobar 1996. 
Goat flocks raised b: Jordanian fanners involve a mixture of Local. Shami and \lixed 
phenotypes. Fanners pool the milk collected from the whole flock and either sell or process it 
into traditional (Laban. Labaneh. white cheese. Jameed. butter milk. butter. ghee and kishek. 
These products are marketable. A sample from bulk milk was drawn e\el") \I.eek during three 
lactation periods to be tested for chemical composition. Another sample was taken to produce 
cheddar cheese and to examine its chemical composition. Table 2. sho\'o the data on bulk milk 
chemical composition. Fat. protein. ash. lactose and nonsolid fat contents found 10 \ar) 
significantly during lactation periods. Protein content of bulk milk was found to be the highe<;t 
during the second semester (~O.5 0'0) and lowest during the first semester (\9.1 °01. Fat 
contents also varied significantly and found to be the highest (35.8 ',I during the third 
lactation semester and lowest during the second semester (32.3 °0). Ash content did not sho\\ 
significant variation during the one year lactation period. Ash content ranged from 6.3 to 5-.6 
% as shown in Table 2. These data are in agreement with data reported by \lalau-Aduli et al 
2003 and data on ewe. goat and cow's milk composition reported by Hadjipana~ iotou , 199~ 1. 

Lactose and SNF varied significantly and the highest values for lactose and '\;SF are reponed 
for the second lactation period (41 and 67.7 ',. respectively) as shown in Table 2 The major 
components of goat milk varied significantly during the lactation periods. It is ob\ iOllS the 
milk content of protein. fat. lactose and ash are influenced b~ several factors such as breed 
(Zeng 1996), nutrition. animal health. management and environment. Jordanian goat fanner> 
follow the open system because goat industry is expensive and the goat fanners cannot afford 
it. They relay on free grazing. 
The data on chemical composition of cheddar cheese made from bulk goat's milk are 
presented in Table 3. Although differences in protein. fat. ash. lactose and '\;SF content are 
shown in Table 3. The differences were not statistically different during the lactation periods. 
Cheddar cheese made from goat milk \I,:as subjected to sensory e\aluation. The differences. in 
milk composition \vere reflected on the manufactured white and cheddar cheese. As sho\\n in 
Table 3.7 the chemical composition of chee<;e varied but not significantl: as affected b~ 
lactation period. Those data are in agreement with similar data reported b~ Fresno et al 1995 
on Spanish goat's milk cheese (Armada variety). 
Table 4. shows the data on sensory evaluation. As expected. cheddar cheese made from bull. 
goat's milk during three lactation periods did not differ significantl~ in color. appearance. 
taste and texture or aroma. The total scores ranged from 68.~ (third semester) to -:'6.8 I first 
semester). Although panelists are ver: familiar with the white cheese. but not the cheddar. All 
of them tasted to the tir>t time the goat's cheddar cheese. Probably that might explain the non 
significant variation in sensory evaluation of cheese characteristics. The goat cheddar cheese 
was acceptable during the three milking periods and scored higher than -:~ " except for the 
third lactation semester (68 ':,). 

The chemical composition of\\'hite cheese made from bulk goat milk IS presented In Tabie 5. 
Data show no significant variation for all major bulk milk components except for ash content 
which varied significantly during the whole lactation period. The explanation for that might 
be due to utilizing the bulk milk which is usually a mixture of milk from individual animals in 
the goat flock which involves more than one breed. Cheese qualit: is influenced b~ two 
important factors: milk composition and the effect of ripening according to Bo;azoglu and 
Morand-Fehr (2001). The values reported in this investigation on cheese chemical 
composition are in agreement with similar values reported b; Haenlein ( 19(8) and Posati and 
Orr (1976). Haenleina (1998) reported the gros> analysis of twenty type of cheeSe<;. the 
Gjetost cheese of Norway which is made from goat milk has 13,..1. 00 moisture. -l~.6 00 lactose. 
29.5 ~'ofat. 9.6 0'0 protein and 4.8 0

0 ash. 

Data on microbiological examination of goat milk are shown in Table 6. The total plate count 
(TPC). yeast and mold found to be present in goat's milk all the year around. TPC ranged 
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from 1.3xl05 to .. LlxIO~ cfu':ml. Yeast count ranged from 3.1 x 10 (milk obtained from mixed breed) to 7.9 x I 0' cfuml (milk obtained fr;m Shami ooat). \101d count was also hioh 
and ranged from I 7 x 10' to 8 hlO' Cfll ml Staphliococc,;'as found to range from 6 4xl'O (Mixed goat breed milk during the second lactation semester) to 3.5 x10' cfu ml 5 aureUS 
was reponed only once during the whole year at the first lactation period of the mixed colored goat breed. SlreplOccoci bacteria were found in the milk of the three breeds all the ~ear around ranging from 10' (first lactation period of the mixed color breed) to 5.4x I 0' cfu ml 
(milk of the Local black milk at the second lactation semester) as shown in Table 6. 
Dontorou et al (2003) reponed on the isolation of E. coli and some other bacteria 
from sixhundred animal foods including unpasteurized goat milk. Psoni et al (2003) 
also investigated the microorganisms in traditional Greec cheese prepared from raw 
goat milk. and reponed the ocurrance of aerobic. Enterobacteriaceae. Coliforms. 
Staphylococci. lactic acid bacteria. Enterococci and Yeast. The number of these 
organism found to be reduced as storage temperature is reduced from 15 C to 4 C. 
The values reponed in this investigation lower than the mean values reponed b~ Psoni 
et al (2003). 
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Table I. Chemical composition of goat milk collected at three lactation periods 

from Shami, Balady and Mixed goat pheno~·pes • 

coat Lactation Protein Fat Lactose Ash 
Breed Semester (%) (%) (%) (%) 

~3.7a 44.3a c6.0' 5.2~ 

Shami (red) c 18.3" 39.8ab 35.6b 5.0' 

3 17.3' 35.1 t>.; 34.9b 5.S-1x 

24.6 3 H.6' 25.9~ 5.0' 

Local (black) c CO.6'" 44.Y 34.4" 5.5~ 

3 22.7ab 35.0tx _W.S3 6.0'" 

25.63 ... - ... tx 
y).-' 34.1 I- 5.~': 

Mixed c 17.6" 3-lAtx 41.6' 6.4' 
(colored) 

3 18.9" 29.8' 44.9' 6.4' 

LSD P<0.05 3.1 5.8 4.7 0.7 

a= Data are average of 16 samples cellected through four months as a sample per 

week and computed on d~· weight basis 

'Means in columns followed by the same letter are not significantl~· different 
according to LSD 

22 



Table 2. Chemical composition of goat milk collected at three lactation 

periods • 

Lactation NSF Ash Lactose Protein Fa' 
Semester (%) (%) (%) (%) (%) 

First semester 63.lb 5.6J 38.4' 19.1' 37.0a
" 

Second semester 67.7' 6 " .J 41.0' 20.5 J ... .., ... t-
J_ . .) 

Third semester 64.2' 6.2J 38.8b 19 . .3 8b 35.8.1 

2.9 1.6 ' 0 1.3 2.9 
LSD P < 0.05 

a= Data are average of 16 samples cellected through four months as a sample 

per week and computed on d~· weight hasis 

*:\1eans in columns followed by the same letter are not significantl~· different 

according to LSD 



Table 3. Chemical composition of cheddar cheese made from hulk goat milk 
collected at three lactation periods 

Lactation Protein Fat Ash Lactose :-;SF 
Semester (%) (%j (%) (%) (%) 
First Semester 38.7 J 35.0" ! 0.5<1 15.S! 65.0 a 

Second 37.'23 38.6J IO.~t> 14.1' 65.1.1 Semester 
Third Semester 38.0<1 36.9" IO.3"t> 14.9' 63.2a 
LSD P < 0.05 1.8 10.1 0.3 10.0 115 

a= Data are awrage of 16 samples cellected through four months as a sample per 
week and computed on dry weight basis 

*Means in columns followed b~' the same letter are not signiticantl~· different 
according to LSD 
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Table 4. Sensory characteristic of cheddar cheese made from bulk goat milk 
collected at three lactation periods (data a"erage of 16 samples and computed on 
d~' weight basis) 

Lactation Color Appearance Taste Texture Aroma Totol 
Semester ( 20) (\5) (30) (\5) (20) (100) 
First semester 17.8' 10.5 3 

~3 . .t a 10.8' l-t.3~ i6.8! 
Second Semester 18.6' 12.0a '") '") .... 01 8" .J 15.0' '60' 
Third Semester 14.Y 8 " .J 21.301 9.301 1 ~.8' 68.:1 

LSD P < 0.05 5.3 5.8 9.3 ~.O 5.3 coA 

a= Data are average of 16 samples cellected through four months as a sample per 
week and computed on d~' weight basis 

'Values in columns followed b~' the same letter are not significantl~· different 
according to LSD 
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Table 5. Chemical composition of white cheese made from bulk goat milk 
collected at three lactation periods 

Lactation Protein Fat Ash Lactose 'iSF 
Semester (%) (%) (%) (%) (%) 

First Semester :;5.6 3 39.6~ 9.-l J :S . ..t J 60.1 
Second Semester 26.1 a 4"" .... a J.J 9.6 ' :0.7 ~ 56.:: l 

Third Semester 26.0 ' 41.6 ' 9.6 ab 23.0 a 58.5 ! 

LSD P < 0.05 0.6 4.1 0.3 58 4.1 

a = Data are average of 16 samples cellected tbrough four months as a sample 
per 

week and computed on dry' weigbt basis 

* Means in columns followed by tbe same letter are not significantly different 
according to LSD 
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Table 6. Microbiological analysis of milk obtained from three goat breeds during three lactation periods 

Goat 
Lact_tio 

Staphyloccoc 
S. 

Streptoccoc 
Breed 

n TI'e Yeasts Molds aeureu 
semester 

us us 
s 

1.7xIO' 3.3x 10' nJ 2.0x1O' 1.7, I 0' 

Shami. 2 4.hI0' 7.9x 10' 1.4, I 1.9\10' 4.8x 10' 
0' 

3 2.7xIO' 6.4\10' 3.7\ I 3.5xI0' 2.8xIO' 
0' 

1.9x I 0' 4.4xI0' 9.1 2 .. 1x 1 01 4.4xI0' 

LoCal 2 2.2xIO~ 5.2.\10' 4.2, I 2.2x101 5.4,10' 
0' 

3 1.3,10' 1.2\ I 0' 8.7x I 2 Xxi 0' 2.S,10' 
0' 

3.8\ 10' 3.1.\ 10' 9.1 16,10' 10,10' 

Mixed 2 4.7\10' l.4xIO' nd (l.4, I 0' 12x10' 

.1 2.0,10' 1.6,10' 7.5x I 2.8, I 0' 5.2x I 0' 
0' 

a= I)ata arc average nf 1(, samples cellected thrnugh fnur months as a sample per 

week 

nd"' lint dell'rted 
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Enterob E. 

Colifor Salmonell Shigell 
acteriace col 

ms - • a 

6.9xIO' nJ· 

2.8x I 0" 3.6x102 

6.5x I 0' 5.2,10' 

7.3, I (r' nd 
3.6, I (j"' 1.2.\ I 0' 

0.5,10' 9.3,10' 

2.4, I (I"' nti 
Nd nd 
7.2, I 0' 9.4,10' 



Table 7. Microbiological examination of cheddar cheese 

Lactation TPC Yeasts Molds Streptococci Other 

semester Bacteria 

First emester 4xlO4 5xlO4 
* hlO4 

Second 3xlO· 7xlO· lxlO· 
emester 6xlO· 5xlO· IxlO· 
Third 
Semester 

a= Data are average of 16 samples cellected througb four months as a sample per 

week 

• - = not detected 
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_, infections in representative Israeli limy goa!!iercs and to deicrr.,;;:e tr.e~r etTe.:t on 

4 milk quality. Fi\'e hundred goats In 1 (I flocks (If \ an0U~ breeds an.j ":~(lS5~reeJs \\ere 

surveyed. Of the 500 goats, 13.4~o \\ere In their firs:: lactatJ0n. 3(- 4~;;, \\ee lP. their 

6 second lactation and 50,1% were in their thlfd or fdgher laCtatIOn The percent.age of 

7 udders halves ".ith subclinical intramammary infection In the flocks ranged fror.-: 35 to 

8 7J~'0. The effect of the bacteriological infection on somatic cells count {sec! '''as 

9 significant (P < 0.001) Various species ofcoagulase-negatl\e st.aph~lococci ICSS\ 

10 mamly StaphylocoCClI5 capra!? and Swphyloco{cw ep:Jerm;j;,<, f0rmed the malr: 

11 pathogen group in infected udder halves Lactation number did nD: slgTIlfkan!t~ 

I:: influence either the infectIOn rate of udder haJ\es or the Sec. alth0Jgr: the percen~a£;! 

13 of udder halves WIth no bacteriological findings. was higher at the first lactat;~")ii. than at 

\4 the third lactation, ~vlilk composition - fat, proteto and lactose - \'aneJ among :l~t..s. 

15 \\ith lower mean total protein in uninfected haln~s than In Infec!ec 0~¢5 and h:gr.cr 

16 lactose in unInfected than Infected hal\'es 

17 

18 

J9 
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Intramammary infectIon (I~,1i; rai~e~ somatic eeL eOl!;"',: i sec, a .. ~ rduc.e~ r::t:k 

~ yield and milk quality In dany cows ~Harrr.or. lq,:~ a:-:d sheet' I\\"a~so:: &. B~s\~el;. 

198~). but in goats this interrelatio:1shtp 15 less cieu (Haenkir. &. Hmck!~. 1 q9~, 

4 Sanchez er o/. 20021. in goats. imolution tends 10 b-e spontaneous a:"',': 15 ass'()(lale~ 

.5 with the increase of SCC Independently of e ... tl. whIch confounds the imerrelatlOnshlr 

6 between IMI and milk yield (Foschino c.~1 uJ. '::0(1:. \\"llson d .. ': 1995. Zeng &. 

7 Escobar, 1996) 

8 In goats, the possible limitations of bactenologlcal analyses as gold standard in 

9 mastitis diagnosis can not be supplied by the Indnect test proposed. such as SCc. 

10 California mastitis test ICtvtT) or S-acery!-j3-D-g:l,cos.ml;mdJ.5t i.';.-H_;~;5<'·1 aCtl\lr: 

J I The validir:' parameters of these tests In goat milk are not defimtl\e:~ reponed an..:! 

I: funher studies are necessary for dlfTerent goat breeds and systems 0:- proouC::0n I.; 

13 cows, see is an Indication of normal or abnormal milk \\hlle fo~ goat mtlk. 11 15 

14 inappropriate because of the presence of many c~loplasmlc par1ldes resu:tmg from 

15 apocnne milk secretion (Maisi. 1990. Athenon. 1992, Hcme\er. uSing Fossoma:l(: 

16 calibrated \\ith goat milk. CMT or nen Coulter Co:...:nter after arrl~dnf an arpropnale 

17 correction factor could be used as indirect tests (Heanleln. :,,0:, lr: e.arlter sa':JleS irl 

18 dairy cows (Chaffer el Uf. 1999. Leitner t'f , •. J 2(1(,] an': dan) shee;-· I Leit:1er c.'j." 

19 2003) the changes accruing throughout lactation In the r:,clcnt""\iog:c.a~ staH.:.S 0~' .1 

~G mammary gland (quaner or halfl were minImal \\,jlh a hlgt'. co:-:-elal,o;"" t'Ct\\een l.he 

:1 pathogens identified, sec and X·i('.J.\c· aCli\lt:- These result.:: !n':lca,c tb.! te-5!in; 

cows and sheep once In mid lactatIOn );i\es a good m,j;c.atw:-. of the ujje~ 

bacteriological status. In goats. mdm!ct tests are c;ucstlonable If car.:e..:i N.:: S::0ri\ 

after kidding and towards the end (If the lactatl(l;. 



infectlOns In representati\e Israeli dairy goatherd~ a:-.d 10 ce:e:"":7:;~e t~e;r Jr::~,:er,,;e or. 

milk quality This was done by single ~rnplJng ({ mil}; c" ;r.,::\·;j:..:al u-:!je~ h.1!f 

.! between 25 and 130 d post panwn 

6 \laterials and methods 

7 Anrmals 

Ten Israeli dairy goatherds representing \3nOUS breed5- (Sa.aner,. Shami) and 

9 crossbreeds (Shami x Anglo }.;ubian. Saanen x Anglo "Sublan '. from dltTerem 

10 locations, size of herd (150 to 800 goats I and lactatIon number (1 10." \\ere sur.e~eJ 

11 From each herd. 50 goats were randomly chosen frt"'m the p.... ........ ,l (If go.a:s L,a! v .. ere a: 

I::: least 25 d and not more than 130 d after ~lddJng Anr..l2.1 lact3t:on r::,;'" :' lei': of the5-e 

\j herds ranged from 350 to 1200 I goat and the dall~ ~H~ld ranged r.e:\\een (. ~ to (: l,j 

14 Under Israeli goatherd management, the kIds are remo\ed ImmeJI3!ei:- after c:nb ar.d 

15 the goats are milked \\ith milkmg machine tWICe a da\ \\lIh tea! post·.j:rpt"g or.!~ At 

16 drying·ofT. no treatment is applied Food IS 115uall~ offered Hi mzngers E1 free st..l:~ 

17 barns 

IS 

19 ,\fdk samplmg 

~o In each goat. udder halvcs were s.ampkd and tested fN uj,j~~ been;;.: ":0fh':tliOr.. 

::1 Sec. SAGa5e activity and for the cancenlratlOn of fat. pf(l:;:in ad Ll..:ws.e In fTI:;!-.. 

Udder hal\"es were sampled during the momu,£ O~ e\ em:1f mL;.;,r.~ -:- e.a:s \\ere 

~.' cleaned and dISinfected before samrllllg \\lth Il(Y:-;-\",O\tT, h,\\~k~15- r::l':5'.e~~"': w,1'c 

_... chlorhcxidtne. cetnmlde and ethanol (~1cdl\\"q.'CS. Ai·B;;.:d. ~~a55-;jo: hzb.;';. israel, 



taken asepticall~ accordmg to Internation~il Da1r: FederatiOn r!"0Ce~~~es ,1985'1 an-:: 

kept at 4-8 C( until testeJ at the laborator: (1-5 h, sec and m::k c\. .... ;.;j:\.)S!~iOn \\ere 

determined according to the revised protocol of the A~B sub-grOL:p Of\~;:st1tiS Expem 

6 of the International Dairy Federation. IDF f 19411 Foremilk (5(1 1":11, was taken frou. 

-; eaeh half to determine see with a Fossomalle 360 and mllk co:r.;:,'s!!ion \\Hh a 

8 ~'1ilkoscan 6000 (Foss Electric, HillerNi, Denmark I. both calihated \\1!h goat milk. at 

9 the Milk Control Laboratory, Israel Cattle Breeders .-\SSOCla~lon. Caesarea. israel 

10 

II BacterIOlogical procedure 

I:: Bacteriological examInatton was performed accordmg 10 acce;:'led st.andards 

13 (Hogan ef af. 1999) 0_01 ml of each milk sample was spread O:::k' rk""Od-3p.! ~<3.tes 

14 (Baete-Agar. Difco Laborator)'-I containmg 5°_0 ofv,ashed sheer red b:c ..... >J (eBs and \..'0 

15 ~1acConkey plates, All plates were incubated at::'- cC and e.'\arr;:ned i0i grow!h at IS 

Ie and 42 h. Colonies suspected to be staph~lococci \\ere teste~ t'0r coaf·..;;ase I tub.: test. 

1- Anilab, Rehovot. Israeli Stram idenilfication \\as camed out wnh t!-,e .~l STAPH-

18 IDE NT, 32 Staph kit (bJO~1erieux S A_. 69~80 \1arc~-rEtol:e. Fra~ . .:e Wher: the 

Ie percentage of micrococcI-like bacteria that matched the tes~ stra:~ e\..::eeJed ~Y':'. the 

2C strain was regarded as specifiC If the percentage fell t-eiov, q-:,~ c. :he :;;~am \\a:, 

:: 1 registered as unidentified coagulase ne£atl\ e starh~ \o.:;o-.:Cl leSS· urarr:-negat!\c 

colonies were identified \\lth the APi ~(J E or .. \Pl ~E ku: (r:0\krie~\ 5 . .'. .. t:'':S': 

-',- ~1arcy-],Eloile. France! 



.\'.-;C!l15C res: 

ADL ~ULr.:. XiGme lest kit (ApplJed DiagnostIcs C0rrora~IO:-.. t:e:~:r.~:. Fi:1!ar,j· \\l:n 

.: a computerized microplate setting .-\ value of Ie: cor;e5J'0r:,:~ !0 t:-,e re:Ns..::: t.~I 

substrate-derived product at 5 ,umol ( mm': at ~~ C( 

6 

Stallstlcal ana~nl.l 

8 Results were analysed \\;th the SAS General Linear \1vdel pnxedure 

9 (SAS 'STAT~ User's Guide, 1990) No dIfferences were found In t::::- a:nhmellc means 

10 of IMl parameter and milk composition bel\\een all the herds and the (. goatherds that 

II had a complete dataset. Therefore, statistical anal~sls \\as done (\~:~ or: 6 g03therds 

1::: that had recorded da~s in milk fDI:-'11 Dependent \anab\es \\ere sec and L()f Sec, 

13 .YAGase, fat, protein and lactose, The independent \anab1es - ba.:tei;('I10gi.:.al status. 

14 flock. lactation number and DJ}..-1- were examined accordmg 1('1 the iT,Nel 

15 Y,. ~ _ ~ B, ~ H,~ L,. ~ DI\f. ~ e" 

16 where Y = dependent vanable: :.: = o\-erall mean. B = bacten('lJ(\~l';:-2.: 5:.1:"':5 ! =-

l' H = flock. J = 1,_ 6: L = lactallon number. k 

18 contmuous variable: e - error 

19 ~o significant difference \\as found between morning a:l': e\er."'.~ r:'.U .. 

:::0 sampling and most (8 of 10 herds) were sampled In the mC'ITr.lTig. 1;-.. :5 t:-.:5 \J.nJ.b:e 

:: 1 was excluded from the modeL 1'0 Significant ddferer..;:e was ioun: b~:\\ ;;:c~ a:-:.:.;:. S-e~ 

based on sec and those based on Log sec 



Results 

Table I depicts the dlstributior, or the fi\c r.i..::-.':~e-d 5-J7"\e~ej £oa:s ac,;:or":ing to 

flock, lactation number and aye rage number of da~s In mlik Of the 5(":1 goats. 13-F.: 

4 (67500) were in their first lactation, .36 ";°0 (1 S: 5(,1=, I \\ere In their s:xond la-:talwr: 

and 50.2~·0 were in their third or hIgher lactaI!on (~S 1 500 I The percentage of 

6 bacteriologically infected udder hah'es in the flocks ranged from 35 to -lc o Lactati0n 

7 number (J, 2, and 3 or more) affected the infection rate of udder hal\es the percent.::.ge 

8 of uninfected udder haJyes was higher but not sigmficant for first and se.:ond lactations 

9 than for third lactation (54, 56 and 3J~'0, respectively) The correlatJor: between sec 

10 and .\>/Gase activity was 10\\ (R < 0.7) ~o Interaction was found bct ..... een 

II bacteriological status and flock m Its effect on see or :·.:4Casc? aCtl\lt! The statIStical 

1':: analysis of the effect of bacteriologIcal statm I mfected or unmfected half! was foun.i 

l} significant for both ;\"AGajf and sec ii' < 00011 Flock effect was fou!1d s!gnific3nr 

14 for ;VA-Case, sec and log sec IP < 0 01 Ii Table 2! The effects of lactatIOn n~mt-.e: 

15 and days in milk on see were not slgmficant 

16 No bacterial gTO\\lh was detected in the rmlk of 48°0 (~8S out of F~~{! hahes' and 

17 those were accordingly classified as uninfected S!'~rh.","ocrICC:'5 .;:li'",',.' was dele(ted 

18 in eight flocks, in only one to six goats rer flod. and the~ caused st!or.g res1X'nses l~. 

19 Sec. which increased> .3 x 10~ cells. ml (Table .3 1 \'anous specIes of C\S fO:Tlle..i. the 

~r) main pathogemc group In Infected udders and i~lr tk maJom~ of the e"S"s sp::":le"S. 

StaphylocaCC1.·,1 £pldem;:dls formed the maJorit:- orthe C~S and the~ \~e:-e [0\,,:;1..:1;:; at: 

_.' 

Sraphylococcw. slfnu/an5. The presence ofC?\S elicited ~trong Inflam~a:0i! reSron.s.e5 

increasing see to 10~ cells ml with no sigmficant c:tTerenc.e amonf the \a:-.ous s~a;n3 



significant for all the depended variables 

Milk fat, protein and lactose concentralJor.~ \3.nec arr.0E; tl.:-.:i5::-: .. ~e ran:;.-:s I":' (, 

~ 10 55.6 g.1 for fat, 340 to 51.1 g.1 for 10131 ffCIteifi and ~-~ i.0 ~j : f.l fo~ la.:t0se 

Statistical analysis for the 6 goatherds that were Included In the mwe: re, eald th3.; 

6 the mean total protein and fat were lower In umnfected h3i\'e5 !har: that If! If,fecte':: 

7 ones (39.1 ys, 39.9 gl for protein and 375 \"5 ~~(J gJ for fat', \~he:eas Iacto5e \1,2.S 

higher in un infected than in infected hah'es 1496 \5 4i: £:1. EtTe.;ts of 

9 bacteriological status (infected or uninfected I for the 6 goatherds \\ere ON s:gn:fic.am 

10 for fat and significant (P < 0,01 and < 00(11! for protein and lact0se, re5poectl\d~ 

11 (Table 4), The flock effect on all of the parameters was SlgTIitlC::::; ·i l <: ('0<)1 

I: whereas that of lactation number was significant for protem and laclose an..:!. no: (cor ~"a~ 

13 and that of DIM for fat and protein and not for lact('lse ITa~le ~ I 

14 

15 Discussion 

16 eNS. mainly 5;raph caprac, Swph ep!.lur1ilJ:I, ,'"hip';; c;;r-("";'_;§:l1:':;; ar.": ".-.•. r;: 

17 smmbm, were the most abundant bacte-nal 1501ate5. and \~ere !o-..:;-,j l;-': a::T:Qst <1:: 

19 commonly Isolated from cases of clmical mastitiS 1 re\ lC\\ej r~ \~~r.z;;:~ ... \: RamailNr:. 

2C, 2001! therefore, the numbers of goats that were f(lund to r·e 171fe..::e': \\::~, ;hese 

:1 bactena in the presenl study did not reneet their frequencl~~ lr.l:-"e !~0;;"'5 \t0~-;:0\e,. 

in the last 5 years. sheep and goat flocks m i~rael ha\ e su:T::-:e':: rr0:T. l"l:J:~~;:J.k5 (,:' 

were acute with clmical s~lTIptoms were relilo\ cd IfClr.; the 110c;":5 



Eetlects of all C!\S Isol.J.!es in thi:' :.tudy ('In the mammary flards. a~ Indt.:ated h 

Sec. were similar the~ Increased see abO\ e LOC~' \ I (r' celis. IT.: T~,:s rrer:c \\3.5 

discussed in the review J:!y HaenJein \ ~O~l::: . reP'\'nmg over ](,: cells. i:":: Ir, res?C;1se h.~ 

~ C\'S 1.:\11 in different countries. Other f;:lctor::: s:.lch as lactation, J:\~ and ca;"lne 

arthritis-encephalitis ViruS infectIon were reponed to be associated \\"Itt: Increa...;;ej sec 

6 in goats (Haenlein and HlOckley. 1995. Ryan er a.' 1993. WI1S0:: e: a! 199~ I 

However. avoiding sampling goats immediately after panurition and no! more tron 13( 

8 d after kidding reduced the contribution of lactation number and DI\f In the rresem 

9 work and strongly suggested that increased sec IS asSOCiated with 1\,11 dunng thls 

]0 period. Therefore, it is strongly suggested that \\lthm the limn of the aboye r:eno.:i 

II see or X4Gase activity should be complemented with bactenalteStlng !o asse-ss I\'f1 

12 Moreoyer. in Israel most of the milk I::: Yielded dunng thIS -peno..: ,:~-13,) d2ys 

13 therefore, the increase In sec regardless of 1\,11 to\\ards the end 0:" b..:tatlon ha\t' 

14 lower effect on the bulk milk Sec. A similar association ~tween mie.:tlOn \\lth C~S 

15 and high level of see was also found in sheep (Flhenakls, 199·L GC';,.z.alez-Rcx1nguez 

16 er af. 1995; Las Heras er uf. 1999, Leitner c'f uf. :001 J. indlcat:n£ !~a: the Immu::e 

17 response in sheep and goats is more acute than In cows. although n0;::-.3.~ sec 1:1 £03.: 

18 and sheep are higher than that reported nonnall~ In C(IWS ( Paare &: C a;:''Je ........ 1 9"9- . 

19 Intramammary infeclion. e\ en If restncted to sue..: hmcai etTects. r:~s bee:.. re~rtej 

::0 to decrease milk yield In sheep (\1cearth~ Cf ,if. 1988: Fthenakl~ &.: Jones. 1 .... ...: l. 

21 Leitn~r el aI., 2003) One of the basic features (If rr:ammar: secretl0n!~ that the t0t.J.: 

osmotic pressure of the secretion remJIn~ arpro.\\:.lately constail: ar . .:! e~;.u! I(I t;.J.t 0:' 

2: the J:!lood (Holt, 19931 .·\5 lacto~:: IS the n:aln 0Sl.iot1C CO:TIpo.. .... ;"".::::-'.: m r.;;:~,. tt":::: 

::4 secretion \·olume follows the ch<"!nges In the secretlOn of lactose \ er;. c;o5ely ,Sharr,a: . 

.:~ ef af, 2000) Thus, based on the decreas~ Hi lactose (D"centra:lC'i. :r. the Ir.:·e":i.ej 



glands, it IS ~s5umed that subclinical mastitis I~ c.~~0C;a!eC \\;tr, re":-...~~.: :-:-.::~ ~ie:j 2.i~t1 

In goats, The decrease in lactose concentration In tl,e IrJe.:~e.j r:a.:'e5:5 Ctl:-;s;ste:-;: \\1:~ 

.; unclear whether the decrease in lactose concentratlon is rel3te':: w r:-:;.:~(',':-:a: 2.C!;\~r:- ll~ 

5- to the eftect of plasmin-induced casein-dem·ed products on mJ.;nma~ e;;:tr,elia: ce::$ 

6 (Shama) el ai, 2002, 2003) 

7 The milk of6 of the 10 farms participated In the present study IS ;,~O\:essed t-~ tr,e 

8 O\\T1erS into fermented milk products and cheese. so any changes lr: ;:,e dr;. maner. 

9 mainly casein concentration. haye an economical influence on the J:'ioducer :n the 

10 present study, Jeyels of fat and total protem were SI£lllricantl~ highe ::i the mre..:ted 

II hal\es than in the uninfected ones. consistent \\ith recent findings lri s~;eep I Leii:ner ~'; 

1: aI., 2003) In dair;. cows. AuldlSt ef a/ 119961 fllund that mlii-. w::h h~gh sec e,\!i..dt-iteJ 

13 an extended coagulation time and formed a weak coagulum, 50 tna: :he cheese hJ.d 

14 increased moisture content and the dry matter YIeld was reduce.:i S.:ha.1f &. !=unke 

16 acti\"ity and was associated \\ith reduced concentratllln of casel:1S an': ::1cre.1se"; \\ h;::-

1'7 protein concentration. Therefore. measurements of casein ~ ield. CJ.5elj", ;:'~(lp... .... rt10:-,:: J.nj 

IS curd yield and parameters reflecting cheese quallT! are ess.e:1~lal r.e.as __ ~e5 hl <J.::::e-s.s th~ 

19 eOeet of subclinical mastitis on cheese YIeld and ItS q"Jal1t~ 1Ti f('::::: 

:0 
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4 

according to flock. lactation number and a\-eragc I:: S!) da~ 5 ;r: r::;;", Jr~.~ 

Flock 

C 
2 2 
3 2 
4 6 
5 6 
6 2 
7 12 
8 , 
9 15 
10 17 

Total 67 

Lactation 

" 
36 
8 

24 
18 
J3 
26 
!3 
9 
20 
15 

182 

38 
1':­
IS 

OI\! 

6 DIM - days in milk 

\ - Four goatherds did not record 0[\1 

8 

9 

11 

13 

14 

1 ' 

16 

)7 

18 



Table 2. l'vlean and SE of Y.-i(;,~,t' acti\"ll~ and soma1.1C cells COU:l! t-:, F0ssor:-',at:..: 

360 according to udder bacteriologlca: slatus ar.c flock. lactat,o:-: r .. ...;:nlx~ ai'.,j 

davs in milk effects of 6 goatherds 

4 

Status SAC,as( see,lo' iog see 

Uninfected (327) 15.6=08 338=:9 (I Sl::-C'C;-
Infected (273) 59.2=5.3 1922=1098 (- 8~-O 08 

Effects 
Bacteriological status < 0 001 <0.00\ <(JOOi 

Flock < 0.01 < 0 ':q < C' OJ 
Lactation ''is ''is ~S 

Days in milk ]\;S "" "i, 

6 

7 

8 

9 

10 

11 

12 

17 

14 

15 

16 

IS 



Table 3. Distribution of 500 dair: goat udders' I,/ft , h;:;',es frc'~. :C d::Te:-e,,:: 

:: flocks, according to udder bacterioiog:. infeCIICI!1 an': sec i:.e.aS14re':: \~ i:h 

Fossomatic 360 

4 

Bacteria Udder half Flock see, Ie' Log see 

Staph alireu.~ 38 8 3593:::259 6 4~=O (4 

eNS 
Staph caprae 167 10 1426:::~O5 < 93=0 04 
Staph chromogenes 41 8 17-14=136 606=00" 
Staph epidermidls 95 10 1529=208 6- 0':::::0 l'4 
Staph simu/ans 66 10 19~6=18: 616=00' 
Staph xylosos 13 4 791=19: 5.8.:::0 CoS 
Non identified eNS " _0 8 1189=205 5- 6:':::(1 : 
Total eNS 435 10 1676=74 5 9':t:::O 0':: 
Other & Not IdentIfied 39 9 

Total uninfected 488 (48°.0) ~88:::'::l I 5- 19:::00:; 
Total infection 512 (52°'of 1626=708 {o ("):::(1 C 

6 

i i Un infected halves, no bacterial gro\\1h on blood-agar and \1acCo:1ke~ plates 

8 

9 

10 

11 

12 

13 

14 

1 ~ 

16 

17 

" 



Table 4. ~-1ean and SE of far. protem. and lacose. aCC0rc.:n3 to ud.:ier hJ.:f 

bacteriological status and accordmg to udder baclenologJcal S:2.WS. tlock. 

lactation number. time of milking and days In milk effects of 6 goatherds 

4 

Status Fat Protein Lactose 
g1 

Uninfected (327) 37.5=0.09 391=003 496=OOC 
Infected (273) 42.0=009 399=003 -ii.2-=O O~ 

Effects 
Bacteriological 1'S < 0.001 < 0 001 

status 
Flock < 0.001 < 0001 < H)OI 

Lactation 1'S < 0 001 < (I 001 
Days in milk < 0.001 < 0001 ~S 

6 

7 


