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I. Technical Progress 

LA) Research Objectives 
Determine chemical and bacteriological status of goat milk in the Middle East (Israel. 
Jordan, and Egypt) 
Determine effects of subclinical intnunammary infection on milk quality (Israel) 
Transfer milk processing technologies (e.g.,~improvements in mi& &rage quality 
and introduction of new milk products) to goat farmers in the Middle East (Jordan. 
E m t )  
Characterize goat production systems and practices in the Middle East (Jordan and 
Egypt) 
Characterize goat disease conditions in the Middle East (Jordan) 
Introducing new technologies able to improve utilization of feed resolllces in the 
region either by increasing their nutritive value, conservation 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 by using artificial insemination 
(Egypt) 
Enhance local extension capabilities by technical training (Egypt) 
Expanding project achievements through seminars and field days with Bedouins in 
the northern Sinai region (Egypt) 

LB) Research Accomplishmenrs 

JORDAN 

Goat milk product studies and workshops 

A workshop was conducted in the area of Goat Milk Technology. We trained goat 
farmen and some women on cheese manufactwing in A1 Muager town (photos) are shown in 
Appendix A). We generated some research papas. Two have been submitted and accepted by 
the International Goat Conference, which will be held in Pretoria South Africa @apers, full and 
short paper, are shown in Appendix B). We also wrote another paper that will be sent for 
publication (Appendix C). In addition, we arc investigating the variation of chemical 
composition of milk and fresh cheddar and while cheese made from bulk ww. goat, and sheep 
milk during three lactation periods. Some of the data generated is under statistical analyses. 



Lectures were given to goal farmers in Al Mauger and Engaira towns (On spot training on D a i ~  
hygiene in the dairy plant at the town. Photos # 4.5.6) on Goat dairy technoloo (Photes # 1.2. 
3) (Appendix D). 

ISRAEL 

Research 

The study of goat herds in Israel during the period of this report focused on continuing 
of sample collection and analyzing the data compiled along the project in three main areas. I. 
Analyzing the major factors that influence milk yield and consequently curd yield in Saanen and 
Shami x Anglo Nubian goats, the main breed and crossbreeds in Israel. aiming to determining 
payment schemes and consequently provide the farmer with some tools to monitor and improve 
its milk quality and quantity. 11. Identify the changes in udder infections accrue during two- 
lactations in three Anglo Nubian goats' farms and 111. Study the influence of CAE virus infection 
at age of first parturition on number of kids. milk yield. udder infections. second parturition and 
culling rate. 

I. Three farms with 682 goats of different breeds (Saanen) and crossbreuls (Shami x 
Anglo Nubian) were surveyed. Animals in each flock were sampled once during March-April or 
during September-October. At each sampling time, third of the animals were 15-30 days post 
pamun. third at the peak of lactation and third at the end of lactation before drying-off. In each 
group, about third were at the first, second and third or more lactation. Milk samples from each 
udder-half were tested for bacterial condition. California mastitis test (CMT). SCC and milk 
composition: fat, protein and lactose. Lactation number. days in milk (DIM). udder morphology 
(visual): normal. straggly, degenerated. or "drying-off' as well as milk yield. uhich was 
recorded by the owner up to 2 weeks before or after sampling time were tabulated. In all the 
farms animals were machine milked twice daily with post teat dipping at 5 a.m. and 3 p.m Two 
goat farms kept its animals in an open shelter providing 4-m2 shaded slatted floor and in12 
concrete surfaced yard for each goat and food was offered in mangm located in the sheds. One 
goat farm browses with the herd and supplementary concentrate is offered at the milking parlor. 

Since in goats there is natural drylng-off period. it was interesting to obtain reprrsentiap 
figures of the milk quantity, quality and its composition throughout the lactation. This 
information is of major importance as it influences the technological and economical value of the 
produced milk and products such as yoghurt and cheese. The outcome of this study when 
finalized might result in accurate data that will enable private prod- to determine what and 
how to handle their milk along the year. while at the same time giving large milk collecting 
cooperatives tools to determine payment schemes for small ruminant milk. This hrdy is at the 
end of its analysis and preparation of the data for publication. 

11. Study was held from February 2002 to January 2061 with three Anglo Nubian goats' 
farms. At the time of first sampling, most goats were 100 or more days in milking. Overall 361 
goats (96, 128 and 137) participated which were from first to eight lactations. Goats were milked 
until natural drying*ff or were dried 60 days before the following parturition. During the study 



time, in farm I ,  goats were kidding in two periods: October of 2002 andlor April of 2003 while 
in farms 2 and 3, goats were kidding in December 2002 and/or January 2003 with an average of 
1.8-2.2 kidslgoat. Kids were removed immediately aAer birth. The distributions of the go& 
according to lactations: first, second or third or more, at the time of fim sampling were. Farm 
one: 54; 15; 25; Farm two: 42; 15; 71 and Farm three: 43: 44; 50. In Farm ow, all milking goats 
were tested monthly by udder halves for udder bacterial condition. SCC and milk gross 
composition: protein. fat and lactose by udder halves until draying-off. On the day of parmrition. 
udder bacterial condition was tested in colostrums following by the tested noted above at 10 days 
post partum (PP) and every 4-5 weeks after until drylng off or at the end of the study. In Farms 2 
and 3. goats were tested once in mid lactation, before draying-off. 10-20 days PP and once again 
in the following mid lactation. At drying-off, goats which were found with bacterial udder 
infection, were treated intramammary with commercial cattle dry-off treatment (VEllPEK DC. 
Vetimex. Bladel, Holland), which is a combination of procaine benzylpenicillin (300 mg). 
nafcillin (109.65 mg) and dihydrostreptomycin (125 mg). a whole  be per udder half. Goats 
were machine milked twice daily with post teat dipping at 5 a.m. and 3 p.m. Average milk yield 
for the herd was 650 literlgoatnactation with a daily yield of 1 to 5 L. In Farm 1, goats wcre kept 
in an open shelter providing 4-m2 shaded slatted floor and 4-112 concrete surfaced yard for each 
goat and food was offered in indoor in mangers located in the sheds. The other 2 farms were 
forest passing with 300 g grain supplementation at the milking parlor. This study is at the end of 
its analysis and preparation of the data for publication. 

III. The influence of CAE virus infection in a young herd is still going on. where the 
goats are entering they're second kidding. After a second test of the CAEV data will be 
statistically analyzed. 

Extension and Publiations 

During the period of the present report the Israeli investigators continwd to visit goat 
farms in order to conduct the experimental work and also continued to transfer the data as 
bacteriological findings. CMT testing and milk quality to the farmers and thew veterinarians. A 
few more oneday seminars were held and data were disseminated to the Extension personnel. 

A research paper entitled: "Changes in Milk Composition as Affected by Subclinical 
Mastitis in Goats" was accepted for publication in the Journal of Dairy Science (APPENDIX D). 

EGYPT 

This p r o p s  report focuses mainly on the most recent achievements of cuneot activities 
of the project. 

Activity 1: FoUow up of flock performance under different production 
systems in the region 

According to the questionnaire sheet designed for monthly visits data have been and still 



recorded for each flock. Preliminary results of the reproductive and productive performance 
derived from these data are presented in the following Tables. The impact of introducing 
Damascus goat gene on the flock performance seems to be slightly differed according lo the 
production system. 

Table 3. Productive performance of the crossbred offsprings under the studied prodw 



Activity 2: Introducing new packages to improve goats production perform.na in tbe 
region 

Table 4. Biological performance of tbe flocks under studied production systems 

The nutritional packages early reported in the project are still ineoduced to some farms in 
new locations according to the request of the extention depanment staff. 
Improving production performance through introducing Damascus goats is applied. 
Damascus bucks are distributed to a new group of goat breeders. Tbe project is keen to 
offer vetrinary care for the flocks of those bedouins as a source of incenitive to encourage 
them to maintain collecting data on their flocks. 

Tmit 
No. of kids boddoe joined 
No. of kids bonddoe kided 
Kg of kids boddoe joined 
Kg of kids weanddoe joined 

Activity 3: Activities of Goat's milk 
concerning-the microbiology of goat milk, lactoperoxidase system (LPS) is o m  of the 

natural anti-microbial agents in milk and can be used as a method for preserving raw milk wbere 
refrigeration may not be available due to technical or economic reasons. Thus, the use of LPS as 
a temporary milk preservation has several advantages : simple, has a specific a n t i - W a l  
effect and without any toxicological risks. Therefore. we plan to study some Ranwl and 
microbial agents to improve microbiological quality of goat milk through a M. Sc. Thesis srudy. 
Milk samples were collected under complete aseptic conditions and sent to the microbiology lab 
in El-Arish which was established and well prepared to avoid any change in the bacterial count 
of milk. 

System1 I System2 
0.94 0.54 
1.24 I 1 S O  
2.09 ! 0.98 
8.53 3.39 

Total aerobic bacterial count on standard plate count counter ajar, total enmtracterocase 
on Violet Red bile glucose ajar. lactic acid bactinol on URS ajar were detennined. The milk 
samples were pastured at 80 C for 20 minute and aerobic spore forming bacvria as wel l  as 
lactoperoxidase and lysosomes activity were determined. Complete clinical and Somatic cell 
count of each sample were detennined using Milk Scan. To study the effect of LPS on the 
pathogenic microorganism that threat the human health we obtained the following 
microorganism; Listeria monocytogens. E. coli 0: 157. Salmonella typhimurium. Bacillus cereus 
and Yersinia enterocolitica. and their effects under studying. The previous mentioned 
microorganisms were detected in the milk samples by PCR technique via using specific primers 
for each type of them. 

Systemf 
1.09 
1.42 
3.1 1 
9.98 

Activity 4: Tmining package activities 

Arrangements were done to start the first training program for extension staff. Twenty om 
extentionists was invited. through the A@iculture Departments in the region. to start the wining 
program on June 2004. The training will extend for 7 days to cover : 



Nutritional packages use to enhance nutritive value of agri-by-products. 
Tools to improve production performance of local goats (management & genetic). 
Evaluation of economic performance of the available production systems of goats. 
Production of heigenic milk (source of contamination and tool to protect) 

Activity 5: Determination of genetic variations among dominated goats 
breeds in North Sinai Govemomte 

Genetic analysis using Random Amplified Polymorphic DNA (RAPD)-PCR markers was 
performed for studying the variations in goats of North Sinai Governorate using ten random 
primers to amplify DNA fragments of these goats. Fifty (50) goats were selected randomly from 
different ecotypes namely: Nearly Shami, Shami x Baladi and Baladi goats from different 
locations (El-Sheikh Zewaid, Wadi El-Arish, Nekhila and El-Hasana) belonging to North Sinai 
Governorate (Fig. 1). Genotype identification based on the variations in the morphological 
polymorphism (phenotypic characteristics). Full morphological parameters in terms of body 
length, height. heart guth, width, shape, colour ........ etc. as well as some biochemical 
parameters (total proteins, albumin. Alanine transferase, aspartate nansf- gamma globulin 
transferase, urea and createnine) in addition to milk yield were recorded for each selected goat 
supported with photos. 

RAPD-PCR analysis was used for constructing parsimony tree depicting relationships 
among the different selected goats (Dendogram). 

It was found that random selected goats were close proximately to each other. This result 
directed us toward the south area (Nekhil and El-Hasana Fig.1) which att far from the Israeli 
board where the black bedouins goats are dominant. Blood samples as well were collected and 
their RAPD test performance in progress. Moreover. blood serum was collected from each 
selected goat where liver h c t i o n  and kidney function tests were applied. 

Palestinian Authority 

Three people have been employed to work on the project in addition to Dr. Ziad AWeen of 
Al-Quds University: 

Ph.D. researcher: Ran Nashashibi 
M.S. researcher: Sylvia Hassanat 
M.S. student: Amer Ayyad 

A survey was conducted in the West Bank in order to determine numbers of goats and 
their owners. Two veterinarians were trained in conducting surveys and collecting milk from 
goats according to protocols developed at the Volcani Institute. Equipment has been purchased 
for the survey in order to test quality of milk and other data about the herds. A workshop is 
being planned in the near future with project participants of the Volcani Institute. 



LC) Scientific lmpacr of Cooperation 

How the collaborating scientists participated in the project during the reporting period has 
been addressed above. The communications among the participants in findings at the different 
locations regarding similar areas of study is having positive impacts on all of the prognms. As 
mentioned in the previous report findings at the Israeli location regarding milk technologies are 
being used to determine most appropriate related activities at other locations. 

During this last six months the Israeli and the PA team met at The Volcani Center and 
exchanged information related to future cooperation between the two teams. Part of a work 
proposed by the PA team was discussed and it was concluded that a second meeting would take 
place where testing and sampling procedures will be demonstrated in order to have similar 
experimental procedures. 

In terms of Jordan University of Science and Technology an active partner of 
USAID/MERC funded regional goat project was proud to introduce four scientists born school 
of Vet-Medicine and Agriculture to this regional project to investigate the situation of goat 
industry status in Jordan as part of the Middle East. The University has encouraged the 
conduction of this research. through the international cooperation. The University also has 
displayed the necessary tools and facilities to make the mission easy to help its team to 
accomplish the job. Also the Administrative and the Consultative center were vcry supportive 
and helpful on all stages of this work. The top management of our University has permitted (the 
principle four team members to travel during the semester postponing lectures and research to 
participate in regional workshops out side the country and to interact with other working teams. 
On the other hand we noticed that public awareness about the project was profound at JUST. the 
community and among students, researchers and faculty members. Goat farmers in Ajloun. 
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 have never been shared with scientists in 
the region in such well organized plan before. The USAIDIMERC funded projat gave 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 all team members used to participate in meetings and workshops HP had 
the opportunity to meet. dine. email. visit cards, reprints. exchanged gifts and f i t f u l  ideas. 

I. D) Project lmpacr 

Results of this project are being used. Notable examples are the technologies hansferred 
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 
very pleased with these new practices, namely manufacture and use of supplemental f e d  blocks 
made from locally available byproduct feedstuffs, ammoniation via urea treahnent 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 S u b ~ h ~ c a l  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 goal 
cheese have improved production practices. Similarly, technology transfer on goat health 
management is enhancing disease prevention and treatment practices. 

I. E) Strengthening o f  Middle Eesrern lmritutiom 

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

I. F) Future Work 
OVERALL 

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 c u m t  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 inmammary 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 p d u c e d  using different rennin enzyme sources. 
Economic (cost) will be evaluated. The generated data and knowledge will be bansferred to 
farmers. The previous knowledge regarding the new technology of cheddar cheese making will 
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 will be 
investigated to evaluate the farmer's progress in terms of the rate of adoption the relative 
advantage, compatibility. complexity, trial ability and observability by farmers. 

ISRAEL 

Future activities in Israel are addressed in the Research Accomplishment section. 

EGYPT 

Future activities in Egypt are addressed in the Research Accomplishment section. 

PALESTINIAN AUTHORITY 

Initial project activities for Al-Quds University are the same as those for other locations. 
A questionnaire will be used to characterize goat production in the W e n  Bank. Milk 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. mining through 
this project at the Hebrew University of Jerusalem is being explored. with advisement by lsnreli 
team member Dr. Nissim Silanikove. 

11. Project Management and Cooperation 

IIA) Ma~ger ia l  Issues 

There are no managerial issues to be mentioned. 

11. B) Special Concerm 

No special concerns protocols have been changed. 

11.0 Cooperation Travel. Training. and Publications 

Publications are addressed in the Research Accomplishment section. A training function 
in Egypt on small ruminant management and recodkeeping was scheduled for May. 2004. 
However. because it was only possible for Jordan University of Science and Technology project 
personnel to attend, the training session was delayed to August/September. In addition. a 
training function on artificial insemination is being planned by the Egypt team for the fall of 
2004. 

1l.D) Request.for USAID Actions 

There are no current requests for USAID actions. 
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APPENDIX B 



Yield, Aadity and Organoleptic Characteteristics of Traditional Dairy PI-odocts 
Manufactured From Goat Milk Using Merent Starter Cultores 

Milk samples. proximaaly 400 ml each unrc Edlecled fmm ga t  a rhocp udder. milked by hud han f- m 
Ajlam arcn ancc every week M n g  the ycu 2003 and wax lcrud for chemical conponh .  6r rmlk va EOI*Cled 
h m  The Apicullural Research Station located on thc umpa of Jordan U n i ~ ~ i t y  d Sricocc ud Taimob~. Olbs 
milk samples were cdklad fmm bulk (pmximaaly 10 l i e )  f a  cheddar and smile dpsc nunufroring Milk 
moles  were oanrpated on ice to labmtav and ken in rcfrizenlor at F C utuil time of .nrlwis dr d l a n l l v  

and fat content fd iowd by gmt -and cow rmlk The rmlk &om also m e d  during k lruoon &w& & m 
npficantly QKddnr dvae c h u a l  canpmlnon also vaned rtgntFKantly among thc he u n d s  mk b. Q 
vanaoon dunq lacmoon p n d s  was n u  ssp~ficant Fmh cheddar checv mde fmm gmt rmlk was Ihc hgks m 
pocctn. ash and sol& mn  fa^ whcrws rhocp was tlvemdute and mu mlk chcddu chase mas thc lorca Wlua 
chcev ma& fran cmv goat and Shap mdk showed s~gn~Tcant maoon in thcrr c h c m d  rrvlyrlr Sheep Ehdn 
found to be thc hphcst tn fat. p c t n  ash lactore and NSF cmanr fdlmved b> cow ud gm! Ehdn The 
evaluaom of chcddu chcae manufac id  from cow. gm! ud sheep nulk i)med m nguFrml rpuw. m ttnr 
cola. appunnce. a aroma All c h  had toul m p l b t l ~ t y  xmr ~ n p n g  fmn 9 . 2  to 82L Tksc rcar*r 
sugprc that we can poduce htghly rcepuble f m h  chcddu chme at my ttme dunng thc Lvumcl ~mcnar d cow. 
p a t  and sheep in rptu thc vanatm tn thctr mtlk mnpostoon 

Keywords: Cow. goat. sheep. mi lk  cheddar. chme. lacution. 

About 8000 B.C. gmt was the firw animal species to be domesucaud by thc Sumcrians tn Maopoumia. Gm W a 
smng impact on al l  p k s  of thc Sumrian's life. hl was considered by ancient poopk m a holy moly f a  =a&q 
at the side of gods In modern times goats pla) an impaunt ccmormc rde in farming. providing food la l a m u s  11 
marnminr arid and sermarid areas (HaIzunimqlar and Eloynz@u W). G m s  hn + dl ow thc =aid 
adaping very well f a  diverse envimnmna. 
Traditionally it is very well known ihu Jad.niurr.  like adrr Mmtunnan poopk prefer to s m  chcir foodr a bmr 
and to nukc it available to be u x d  all ihe ycu a m a d  wimar hequent d c t  visiting la food prrchdq. an4p 
spring time. whcn thc p a t  milk ~ . r h e s  the puls J o r d r i m  c d k  the port milk and porrn it ioto DdDaaJ 
p n d u c l s r u c h i r * m i a b r i r r d c h s r u . y o C h m . I a b h ~ g h e c . a n d M k . O d u ~ w c h ~ ~ ; . n :  
&fa& d u n  whey (called locally shanineh) am d y  consumed and m aosd as othu pDduclr The masm 
phably is msi milk pmducu are ~ I C S C ~  in a way to mrilurin ihehcs qualip wlhmn any s p d y  a dcMavm ir 

k i r  qdi ty.  u e  and f l aw.  On the aha had. such as baler lmr pum tutu) arc wsqmbk t r  

autor~daocn and rancidlry a further femrrution. Thr iatlusres ihe tua. umu ud parma andie. The d e f ~ l n  
pghtm whey is mually s@Me to rtinty and g r d  dmicmogantm due to iu high moimm cmm. 
The n s d i t i d  goat milk poducls arc smMe and h w  a ha rbclf life. f a  tnnure bbuvh t a m c a m a d  pChn lulls, 
M p tyd  in @as jam covered with dive otl aod it emuins 2-3 7 s a l ~  Junccd and keshik arc dry podunr uxi 
mta in  very low kvcl d motsnue and high salt cmlav  OESC nude fmm pal milk tr pcvrrcd also in dn c m u l u m  
a g k j n r s  with 18 S salt solution. 

Gopl nulk poducun ranks h r d  in thc world mlk *on a k r  b w n c  and buff& milk Duq  pr f m n g  pL.F 
an 1mpount rde in denlopng countnu Gmt mtlk paida m of thc pnnnpk - of mtml posetn m man? 
regtons. such as thc Mtddlc Epy. SOUthCLU Asta and I O ~  Uqncal counlnes Gcat MIL a h  ICM as 1 gad Iubmrmc 
to EOU mtlk and i s  often rccanmankd by thc medical pofess~on in ntuatm uhcrc b v n c  may bnng aban dkrpc 
responses in tnd~v~dual consumers (Guoet al 1998) 



Gou a very well ad8ptai a n d  lo drav mnmnmcoul Eoomanr In J a & n  Goyr M RlPd In d 11-k m 
mamnmnanddessmuessu,arppoltheovn~ngfuruly Gmtmlk~s*crypopvlu~nIkMdQEtnmdmnrumd 
~1fl~ldm1kPIharroru,pmduathchctndluaulmlkpmducuwrh~.~~lubnrrdckar~)urrcb 
rur mlk. kestuk. bmm. @a and uhm Thc g a t  mdk uduur). IS arll mnadmd hmw ~nd- a bummss Thc 
fnrmcr fmn~ly mcmbus uc d l y  rrrpmnbk f o  thc valr r e q d  by thc l ~ v t anc t  such u f- nv~yma 

rnunll m&cd care. mlbng. pmcuslng ud msrlreonp 
In thc IPTI huty yeur thc wald l~vcycck v c t a  hr evolved ngufiandy Thc numbcn d vunnir ban  mcmad 

f o r m p n d m k p o d u c u m t ~ u a n d ~ - F e h r M 0 1 )  I n 1 9 9 8 t h c m l k ~ h m , s k q r r r h c d  
a@ mllm tao. Ik p t  pomvd tvnlw mlbm 101s. and thc mv and M d o  pmduccd 500 m l h  umr (FA0 
1999) FA0  (1999). Small r u m m t  mk poducum rrprrrms .boul354 of ihe ld mlk  pnduced In dr rald. &c 
pcrant a grcarcr ~n thc denlqnng mmmes 175%) u canpMd wh thc denlopod mmma ( 1  5 %1 FA0 (1999) 
Thc rclaouly small tmpw can MY be o w  looked. ~ K S C  rmlk and mu1 prcducuaor play an -MI m* In Lffdl 
and marpnal anronmm such as thc M~ddle Ew MI& poducuar In thc devclapcd camma mnmncd sMc h n g  
t h c l a r 1 d c c a d r b u l r h o c p a n d p m 1 l k r h w r c d . n ~ a n d ~ m I I a n d 2 1 4 1 n n c ~ c ~ r c l )  Chthc 
other hand caw mlk  poducum In thc denlopng mnmcr  lonurcd dnwlully d m  by 77 4. skq md @a mlk 
podurnon shed slower poemr and ~ncrrrwd by 18 and 38 4 rcrpccunly ( M u  and M F e b  10011 
Sheep and goat m~ lk  p o d u ~ u m  1s ca r s~dcd  a m a p  amwry In thc Mddle E m  Gal mlk  has pou. n p u f ~ l y  ~n 
several mnmu such PT Indta B.ngladcrh and inn 

@un a ahcr aadtndlod poducu as thc c m  m J a d a r ~ ,  mtk 1s uxd lo poduce Mmozh. Jmacd Kalnt Buw. 
Ghcc and whey dnnk in addwar to vhu chme and yqhun G ~ I  md rhccp mdk md I k l r  p & a s  uc d p u  rllvr 
hrm ~ m a m a l  pant werv in ihe dcnlopmg counma bxxus they prow& pae tn  fM ud mncnlr to Ik dna m 
&omlhcyarpponfvmn1ndcrenand~nr.wfierrcwnuymbeabklo~u~Hmkm1998) 

Milking period is  very imponant L-aauv a lmgu milking pericd extends thc w m  - apanJlr f a  
mountain (Bopwglu and M d - F e h r  2001) ud dap l f un r r r .  C h l  has up lo MO day of milhmg rtrrrP rhocp 
have 250 milking dayr. 

MATERMLS AND METHODS 

A m n d  10 kg of pl milk m21c colkcled f m  f m  in A j h n  ama during qmng of XU. Milk vmpla mwe 
mqxad m ice lo labmlay and kep in rcfrigcrata at C C unlil o m  of p o r n n a g  which dip umcd an a1 Ik 
urn day. All g a s  were hullhy. 3-5 yurr old and weighing HMO L;g~ 

Y @ u ~ ~ ~ M ~ I ; b n c r a n d ~ ~ p n d u c e d h a n g D l l m : l k & n g ~ o I k ~ & ~  
m figures 1 7 Thm sunu dona rrrrr uxd ~n g a t  mlk  pmxss~ng Thc fua ~ N C  YLI ~ w m s l y  ~ r p ~ m i  
@ u n a t h a n c a n d ~ I ~ s t s c r l l c d l a u l r u n e r  T h c a c m d r u n a d ~ 1 1 M L " 7  w l u c h w a s ~ f m m  
w l a    ad ZA & Buxlbcs- B P 10. F 86220 DM@ Swd Rrmun FNIce Thc mlrd stmtcr culnoc w a  (v~bnx' 
B 5133) and was pu~hvd hrm Busch-Johnnun Sn I. D 25899 h'lebull. Gcnnany Erh pmdm m a s  fcplluud h x  
oms 



dunllcd dc~onued water and timlcd wth 002 N NJOH uong phcndphthalon as induma G k  ud bmm unp*s 
were d~rrdvcd in a mxauc of rmml ethyl nhn and pdm ether t I I) and t ~ u u c d  .eumr 002 N N.OH 

The yield of pgJIun l a w .  jnmced. L;ahiL buncr mi ghct was ukulacd as f d b :  

Y d d  '%=Weight ofthe final ppnlcuiu product (kg)/ Weight of milk usd  (kg) xl00 

The collslcd dab were wrbjectcd to wuiaical snnlysis uring dr rsndormrcd m m p k  Mad; &sip mh dime 
replicates and the mum were canpusd at a probability of 5 P. The swap w n c  crmpusd and dr LSD (I- 
sigmficant differern) berwcn the mans was canpUd srrcrding to Sacel and Tanc 11982). 

RESULTS AND DISCUSSION 

Table I shows the anmal numbcn in unc wrld regums The dur mnccnung mlt podunwa m ladm rcrr 
adaoccd fmm FA0 1999 and Bonropln and M d F e h r  2001 l l ~  I-M Suosual Dcamrrn hrrrcd Q n w  . - 
fig& f a  canle. rhocp and pa t  milt Thudwe the vuc cattle milk pmdtnim in1998 I I4 234 MT (Meoic 
taus). and the combined shcq and p t  milk pdumion in the he ).car was 67.500 MT. We 1 4  no aha daa 
available and no mustin in this re@ to present (DOS 1998). Horvcvcr dr crtimucd numb- d pur m J m h  I 
sligtly less than a million. bm the DOS 1998 shows that dr new ban goats ~11998 vnc 515.653. T b c ~  daa 
contradict with thosc rrpmcd previously (FA0 1999 and Boydqln and M d F e h r  2001)~ 

Thc chemical canposition of cow. gost and rhocp milk during t h m  IaclYlol mmcam was Rponcd pcnad! 
(Ercifcj 2004). Thc chemical analysis of goat cheddar and white chmc alsn were rrponcd IErcifej 2CO4). 

Table 2 present data on acidity and yield of the oaditiorul goa milk pmdunr All lhase p d u m  ue nudammed 
fmm femxnrcd milk. Thcrefm the lisclic acid carenmticm is  very impauot baause 11 dacrmim the uru ad 
acccpability of rhe dairy prodm. Lwtic r i d  is prcdud by the ddcd mu culnuc. Thc Lrrr rid *rd m ihr 
products depcndr on xud factors SIX+ as the unan t  d type of m e r  bmmr lnnpnnrr ud dr &rah d 
manuf&ng sleps. 

T h e a c i & t y i n k ~ n n c d a p f r u u l y . s ~ m T a b k 2  T ~ ~ E Z A L -  p r o d d k s l r o c d m p g h m  
andiabuuh(land16'%rrspccunly).theV~dyvu*pmbced214ini~hoch l l u s k u l d l r a a c d e l O P  
h@er lhan ac~dtty leu l  in yoehm The aclmty of l ~ b u r h  vaned s t g n s k d )  T k  M L ~  p o d d  1 6 Q 4~31 i s  
I 5 '% l c rs  lhan other culrurcs I t  sanr itut aclmq cmmbulc to the )txld HI* d l t y  lcldr m l u g b  ?x)d As 
expclcd the acidity of buner was ht- ihn itut ~n dr gixe The butter duaincd hon p t  MIL using chc poccdmr 
shown in fig 5 IS calkd loully b L d y  bum ahvh IS pdcmd ova the p ~ e  butter bus amlrMe m the L-C 

shefva That is because rhc cola i s  duu (m yellow). i t  has J m l d  acidic uae Beousc h l d y  hma c a m =  ml). 
potem and lacuc wid m addoon to m l k   fa^ d u t  wll mflucm the uste. flava and lrmil On the akr hmd g k c  
whch a m& ha buncd. IS bolkd. mm wll be psctmotsd alone wth ocher c a n o r u ~ r s  The m m  d a d  flu 
will solidify in the container dter chc& clah slmifica&. ihc small ac-idity lcvcl in the ghce IS a &to l m ~  d. 
i t  i s  pobably due to wm fm fatry acids M ich  might be freed during h u h ?  a m @ d  fmm m i l t  

The ylcld of the hcmdlnd p t  mk pubxs IS u r y  impmm~t 10 the g a l  1- hrm ccuumc mv p n L  Only 
pghm ylelded the whole amrunt of milk. all h r  tradtuonal pmilrts includmg the w h a  burd c k  i s  
manufactured from m i l  fncuons a is mdk hacum F l p m  fmn I to 6 s h  the m lk  pmmvng neps to pmdurr 



pghun. Isbath. j d .  MIL; hna and ghce Wc a n  concludc thc f m  thu durmg muufrrunng thc &weal 
dary pducrs  &ng i s  lost as wasc fmm the m k  all m lk  hpuom uc d as fmd 

TaMe 3 shows thc he of &~wt xnsary cvatwlia. Thc local ma vhich is  m puc !X!#U-I d n u c  due lo 
awwmination by nmd micmnm during reusing the dlm. haw resulted in lass mplbk yqhn- V i s b y d  
d t e d  in yoghun having bcna cda. u s a .  appearam and arana h M L "  and loul culrurrr the laul - 
wem 83.7 followed by ELAL'"(76.7) thcn thc local cu l lm (69.3). 

The hu wanu culnucs d to poduce hbaneh &red m hlghly w b k  pmdun alduugh Ihc tad narrr vamd 
nmficantly As shown fin Tabk 4 ihc local culnuc prfammw was s~m~lar lo ~~sbyvac* and tmw rlu. M L *  
~ & c n r .  ~ i s b y v r *  poduced pghm similar LO ih; mosr liked ).qhun pmduced by-unng thc h l  drme there la 
~ i sb~vac *  can be rsmmmcndcd k a u w  i t  i s  dry and can be dded dtrrclly lo thc milk. 

As expected them wax no sipidcant diflemnca in cdor. uac. and umu of jamced IT* SI ud 
M i k  CTablc 6). Robably the h~gh kvcl of salt mdc to lcak and m e  thc w m .  Fmhm mm dl mgh~ haw maskni 
thc l n j c  acid w e  in j a h .  

Thc laal racr f a  keshik w m  also u high as pmmdS rmr. Thcy 4 but m s~pufiuntly visbmcm W 
thc hi&s smmr 187.0). Thc cxplanalim for thu mighl be due lo lower lcvcl of salt as comprsd with pmed and d m  
thc addition of boiled &I grim which usually cmvibutc to m e  and ~ n u .  

The dam m senray  cvaluaum of h t a  mdc hrm gml m l k  maled n t h  hu m a  mltupa uc prrawcd i n  T.b* 
7 Dam show sit@ vananon m cola. task. a p p ~ n c c  and umu hl m s~lusucally d~ l f cmn B l o a  & i m d  b 
wng local slpna culnm gau  shghlly kgha ammp scores V~sby nr* and M L m  . lhr d l f f ac~~e  ua. 
stlusncplly i tg~f icant Thc cxpIanauon f u  thi' mghl be due to thc fact that p u r l m  were f m ~ l m r  wnh thc ianl b l v r  
and rhcy I t M  11 over those made by usmg V~rhy v r *  and MLm new culturu The teneramy fms  of thc vluquc 
qunl~na of pal rmlk arc pa buely known and l~ltk erplalcd erpcually m thc bgh lculs d rhm and mdwn 
c h n  faay XI& tn gml rmlk hl whrh have k e n  valued f a  m y  medud dtsadcr and &- of pop* t b l c m  
MOd) H r n l a n  2OW a h  1u1d lhal wblc pl pghun. cheese MCI mllk ponvder arc udcl) lppervlcd Mnd thc 
w d d  goa~ buna i s  na p m d d  anyhm conmacslly tn s tg~ f iun t  w l u m  

Chce made from pa l  milk using Ihrrc nmer culnucs shoved diffcma vcnd than buncr. C d a  and dared 
no sipifuant variatim. The Laslc. m a  and Id acccpabilily showed signir~anl varialicm CT.bk 8) f a  #KC 

p m d d  fmm milk inoculated with Local and M L " .  A- and ~ml rctp.bi l~ty uaa vaned upihonl). h. 
all were highly impablc .  Thc rtancr culnucs can be calcparirtd ncording to glm rccplbi l i Iy as Loal 180.3). 
Visby voc' (76.7) and l d y  E 7 A L m  (16.6). Ghce is gill like hner. m p&d anpherr in thc raM on 
~ommcrcial bilvr in lw vdumcs to rcccpizc the health benefits of rhon and medium cham of f a p  d which uc 
unique LO p t  mlk. 

Thc mule of the present audy cmfirmcd thu the chprisl l  mnporidm of p a l  milk i s  imcmdiaw a c a ~  
with rhecp and cow milk. Also thc chemical canpositim d m .  gal ud s k q  mlk  wed a g n i f d y  among hc 
animals. also vaned bul m SigIIifrandy dunng the IrPrioD priods. Similar CUICIUSKN also were .ppPcn to hc 
fresh white and cheddar chase mufn11~03 fmn bac nilk. Also we famd t h u  II s pornblc to poduoc h~ghl? 
ncrpnMe whim and chcddu c h c ~ c  at any urn dwing lrwioa per id  of cow. gml and sheep ~n lodm 

Ths rrsurch was sup@ by thc USAID Mddle E m  Repond Cmpcnoai (MERC) p m p m  lodcr popx 
number PCEC-6. ennltcd ' M u l u n a ~ d  Appmuher LO Enhance Goat Rujucnm m thc Mlddk Em. 
wth panmpMa in USA IE  IDW dc la G.ru Amnan l ~ u r u l c  f a  Gca~ R-h. b n p m  UNKN~). Egyp 
(Dwn R-h Ccnter). lwl (Thc Vduna Cmm. J a b n  (Nunnm and Fmd Technology Dcp.mrrn J a d u ,  
U~vaz t l y  of S o e m  and Technology). and Palaoruln Auhanly (Al-Qds U n l * m q I  
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Table I .  Catlleg Buffploa, Sheep and goat numbers in some world regions (in million badr 
and milk production in Jordan, FAO, 1999) 

World Region Canle Buffaloes S ~ P  Goats 

Asia 460 152 404 431 

Africa UO 3.1 237 204 

USA 480 15  115 40 

E w P e  150 0 2  159 IS 

Oceania 36 0.06 165 1 

Milk* 123 34 21 
production in 
Jordan 

M i l k  t o m  

- No production 



Table 2. Titratable dd i l y  and yield d tndit iad 

goat milk pmdocLr llsing tbrrc diffeml starla cnlhues' 

S m r  Acidity Y icld 
eolmre 1%) (6) 

Local 
Visbyvace 
mi-" 

LSDSP0.5 

Local 
Visbyvac' 
mm 
LSD 5 P 0.5 

Local 
Visbyvace 
mM 
LSD 5 P 0.5 

Local 
~ isb~vac '  
mTY 
LSDSP0.5 

Local 
visbyvace 
E24Lm 
LSD 5 P 0.5 

Local 
~ i s b ~ v x '  
mm 
LSD 5 P 0.5 0.60 0.5 

yogbm 
!.la 
I .3a 
I .Oa 

0.3 
labsneb 
1.8a 
?.la 
1.6c 
0.1 
J d  
3.la 
3 . h  
?.6a 
1.4 
K d k  
1.9b 
1.9b 
2.3a 
0. I 
Butter 
0.6a 
0.4a 
O.5a 
0.4 
Gha 
0.13a 
0.13a 
0 . a  

looa 
looa 
looa 

35.7b 
40.3a 
36.W 
2.9 

14.8a 
10.8b 
11.4b 
2.6 

12.9a 
1 1 . h  
14.3a 
4.2 

4.9a 
4.ia 
5.8a 
1.3 

1 .la 
1.8s 
?.la 

a= Data are average of Uuec replications 

*Values in damns followed by the same 

letler are not signilkmtly 

different according to LSD 



Table 3. Orgnndcptic charpetwktic of yoghort made from goat milk lging three ditfemt 
starter cultures 

a= Dptp are average of three r e p l i i o m  *VPloes in columns fdloaed by t h e w  kna src 
not significantly different according to LSD 



Starter Cdor Taste & Tuhlre & Aroms ToW 
Cultore (20) FIavor(30) Appearance (u) (loo) 

(25) 
Local 18.0'- 27.0' 22.7' 22.7' 90.3' 
visbyvacm 18.7' 27.0' 22.W 22.W 89.7' 
EZALTM 17.p 23.7h 2l.p 22.W 8 3 . 9  
LSD P < 0.05 0.8 2.0 0.8 0.8 3.0 

a= Data arc average of three replitions *V* in rduaua followed by ibc slim 

kt!er arc mt signiticaocly different srrording to LSD 



Table 5. Organoleptic characteristics of lamed made from goat milk' 

Local 18.7 25.0' 21.7. 21.3' 86.7' 
visbyvacm 18.7' 24.7' 21.7' 20.7' 85.7' 
EZAim 18.3 ' 25.0' 22.7' 21.0' 83.7' 
LSD P4.05  0.8 1.8 1.3 3.7 5.9 

a= Data are average of three replications. *Values in cdumar fdlowed by the m n ~  

letter are not significantly different according to LSD 



Table 6. Organoleptic characteristics of keshik made from milk goat using thne diffemnt starer 
culnues' 

Stnrter Cdor Taste& Texlnre& Amma Told 
e n l t o r ~  (20) R.vw App.rsoec (Zs) (1W 

(30) (29 

Local 16.7' 25.0' 21.7' 21.7  84.0' 
visbyvac' 17.0' 25.7' 22.7' 21.7  87.0' 
E Z A L ~  16.0' 24.7' 21.7. 21.0' 83.3' 
LSD P < 0.05 1.8 1.8 1.3 1.2 4.3 

a= DPts are average of three replilioar *Vnhws in dumm fobwed by tbc same ktlcr are 
not significantly different accordiag to LSD 



Staner Color Taste & Texture & Aroma Total 
culture (20) Flavor A~~earance (251 (100) . . . . . . 

(30) (25) 
Lou1 17.0.- 22.3' 21.3' 21 .3~  82.0' 
virbyua* 16.7' 23.6 20.v 19.3~ n.7' 
EZAL 16.0. 22.3' 21.3' 19.3' 78.0' 
LSD P 1.8 3.5 1.8 1.6 6.6 

Table 7. Organoleptic characteristics of buner made fmm goat milk using thrre 

different slarler cultures ' 

a= Data are average of h e  replications. *Values in columns followed by chc same 

lener are not significantly different according to LSD 



Table a Organolepic characteristics of ghee made from goat milk using three different slaner 

cultures ' 

Starter 
Taste& Textme& Aroma a v o r  ~ppemamx Total 

culture (20) 
(30) (25) 

(25) (100) 

Local 16.w 23 .e  20.7' 20.7' 80.3' 
visbyvsce 15.7' 21.@ 19.7' 19.7' 76.7' 
EZAL"' 16.W 22.7' 19.0. 19.e  76 . e  
LSD P < 0.05 2.9 1.2 1.8 1.2 4. I 

a= Data are average of chree replitions *Values in columns fdlowcd by the spmc 

letter are not signilicantly differenl according to LSD 



Goat Milk 
1 

Heat milk (85-90 "C) 

1 
Incubate for 2-3 hr. (45-48 "C) 

1 
Yoghun 

Figure 1. Schematic diagram sboas 
yoghort production from gost milk 



Goat Milk 
1 

Yoghun 
1 

Add salt to yoghun (1-3'3) 
1 

Pour in cloth bag 
1 

Drain h e  wrum (several hr) 
Might apply some pressure 

1 
Fill in container and refrigernre or 

I 
Mwld into balls and 
Reserve in olive oil 

in glass jars 

Pigwe 2. Sebemtie diagram shows 
IabDath productioa from goat milk 



Goat Milk 
1 

Yoghun 
1 

Transfer yoghun into churner 
1 

Chum the yoghun for 45 min 
1 

Collect the butter 
i 

Collect the defaned yoghun 
1 

Transfer to cloth bag 
I 

Drain until soft curd forms 
1 

Add 14 8 salt and mix 
1 

Prepare mund shape (ball) and sun dry 
1 

Dry hard balls are jameed 

Figure 3. Scbauatic diagram shows 
jnwcd prodlletioa from goat milk 



Goat Milk 
1 

Yoghun into 
Chumer 

1 
Add water ( l L water per 

3 Kg yoghun) 
1 

Chum yoghun for 45 min 
I 

Add ice to churner 
1 

Collect che formed butter 
1 

Press to remove whey 
1 

Add 1 - 1 3  Q dl 

1 
All and seal 

F i  A Sehcmsiic diagram shows 
butter pmductioa C n u n  go( milk 



Butter 
I 

Add 1-3 % salt 
1 

Add 0.5 kg boiled wheal 
grits per 3 kg butter 

1 
Boil until becomes yellow or 

to form foams 
1 

Filter into glass jar and seal 

Figure 5. Sebcmntic diagram shorn 
g k  production from goat milk 



Goat Milk 
1 

Yoghurc 
1 

Add water and ice 
Chum 

1 
Collect UK defatted whey 

from the Chumer 
1 

Pour on enough boiled wheat 
*u 

I 
Add 1.5- 2 5% salt 

I 
Mix to obtain thick paste 

1 
Prepare slaps by hand 

1 
Sun dry the slabs 

1 
Dried keshik 

Figure 6. ScbcmaPle d@mm shows 
kahik produdion from goal milk 
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Cbemieal Composition, Mierobidogical Quality and Sensory Charactuisties of 
Milk, Cheddar and White Cheese Obtained From Three Goat Phenotypes daring 

Three Lactation Periods 
K. L Ereifej 

Numuon d Fmd Tshnology Dcpuurrnt. Jordan Uniursiry d Snencc and Tcchmlqy. P.O.Box )OM. bid 
Jordan E-mail (ercifcj@jua.&.pl 

Abstract: Goal's milk from three phenotypes: Shami (red). Local (black) and Mixed (colored) was 
collected during three lactation periods in 2002. The milk was analyzed for moisture. protein. fat. 
ash and lactose content. Also milk was examined for yeast, mold and bacurial content. Cheddu and 
white cheese were manufactured from goat's bulk milk and examined for chemical composition and 
evaluiued for color. taste and flavor. appearance and texture and aroma. Results showed h a t  the 
chemical composition of goat's milk varied significantly during h e  whole year and also among the 
chm goat phenotypes. Local (black) goats produced milk at the tint laclation pxiod aim hghest 
(44.6 8) fat content, the lowest fat content was 29.8 % for rhe Mixed color phenotype a~ rhe end of 
the year. Protein showed the same trend. Shami goat pmduced 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 were highly acceptable. Their composition vaned. 
cheddar cheese was higher in protein and NSF but slightly lower in fat conunt. Whitc cheese 
retained more lactose. Goat's milk of Shami, Local (black) and Mixed color phenotypes vae found 
to be highly contaminated with bacteria and mold due to lack of hygiene. Milk contained low 
number of pathogenic bacteria. Pasteurization lcmpuacure at 73' C for 16 sec found to eliminate 
them. 
Key Words: Goat. Milk. Cbeesc. Phenotype. LacIaIim Composition. Microbiology 
IntrodDdion 
The goat's milk production ranks third in the world lfier bovine and buffalo milt. Dairy goat fuming plays 
an imponant mle in developing munvies. Goat's milk p v i k  one of h e  principle source of animal 
protein in many regions. such as the Middle Em. S u t ~  Asia and som tmpiul ~ounuicr. Gods milk 
also ma ar a good substitute to cow's milk and is oftcn recommended by the mdcai profusion in 
situation wherr bovine milk may bring abwl alkrgic rrspo~(cs in individual con-. Gou is a vay well 
adapted animal to divasc envimnmenlal condition in h d a m  Thm a n  few brads of goats raiscd in J-. 
The Local (black) goat which is known a Balady. S k i  goal which is red in color and fmn  Syrian origin 
(also known rs Damascus goat) and the Mixed or dad goat which is a poduct ol  crossing b w u n  lncpl 
and Shami goals or ocher hybrids. Balady (Lncd) goat is of ladnnian origin whueas Shvni hpc bcm 
i n n o d d  to Jordanian fvmas from Syria due to its milk pmductivity. Gou fuming is considacd ar an 
im-t socioaonomic a iv i ty  in Jordan. h sc onc million heads. mainly Local (blxk). Shami yld 
their hybrid goat phenotypes. Goals in Jordan arc raised for milk. meat and hair production. Gaur. am raised 
in small livatocks. Goat milk is very popular in the Middle Eart and used to be cmumcd ar liquid milk or 



to produce the traditional dairy pmducts such as yoghun. white cheese. labanrh. Jvnccd suu milk. kishek. 
buner. ghee and ohm. The goat milk i n d u .  is still considered home industry: the farma and his famil) 
memben are usually responsible for fading. management. animal medical care. hand milking. p a m i n g  
and marketing the pmdum. The demand for meat and milk in the Middle La is inucasing and is p r o m  
at 3.7 and 3.1 9i respctively. &cause thc goat farmen in Jordan lack thc sound knowkd~ .bout milk - - 
technology, farming iyaems -and management we initiated a program to help h. chac for the plrposc of 
this work is to study the microbial and chemical composition of milk and c h c e s  obtained fmm thee gca 
breeds. also to rcp&f on the variation on the chemical kmposition of goar milk during I d o n  periods. ' 
Malerials and Methods 
Goat milk samples. proximately one l i t a  each. were collected fmm famu in Ajloun area ma every 4 
during the year 2002-2003. 
Chemical a ~ h . s i s :  Goat's milk samples were subjected to chemical analysis. moisture fa. protein (N r 

6.38). ash and solid non fat (NSF) were &ermined according to standard prmdum. Lnow -t was 
calculated by diffuence. Averages were rcmrdcd for each lactation period. W o n  paiods were popmed 
as First semester or lactation period to cover goat's milk collated during Jan. Feb. Match and Apil. The 
second lactation semester started May. June. July and August. The third lrtation period mvercd Sep.. Oc:. 
Now. and Dezember. The same pmcedurcs were uxd to analyze white and cheddar c h m t  mdc from bulk 
goat's milk during the same lx(ation periods. 
Microbiological a ~ b s i s r  Goat's milk samples also were subjected to microbiological analysis. To dasmine  
TPC (total plate count). y e a .  mold Sraph~lwocci. S. ourcur, Srptomcri ,  Enteroboner. .E cdi.  colifams. 
Salmonella and Shigello. 
Chcddar checsc mufacuring: Ten kg of goat milk were uxd to produce m n d  one kg of chedbr  chccsc 
Yoghun starter. annatto and m a  enzyme were used. 
Whirc checse manufanuring: Tm kg of goat milk were pasuurized a 73' C f a  16 seconds. and lhcn cooled 
to 35" C, rennet was added. Curd was formed a f t a  40 min; curd was cut into small cubes and orpuucd from 
the whey. The curd was pressed overnight. Curd was cut into 4x5 cm and covered with dry wlt f a  24 hr. 
C k e s t  cuts w u e  removed from the salt and kept in brine (I 2 C salt). 
Sensor?. mahation: Cheddar cheese was evaluated for accepubility by 25 panelists f a  c o l a  (20). w e  ud 
flavor (30). texture and appearance (25). and aroma (3). Each pmpmy was givm a scwr (shown bmwacn 
bracka).  The yield was computed and h e  tivatable acidity was performed by t i m i n g  5 g milk with 0.1 N 
NaOH. 
Srarisrical Mnl?.sis: The collated data were subjected to slatiaical analysis using MSTATC canplta 
program (MSTATC pmgram. Michigan Slate University). The averages were compared md the LSD (lea 
significant diffaence) buwem the mvls was computed. 
Results a d  D i .  
The chemical composition of goat's milk varied signifiunlly among Shami. Loul (black) and Mired 
phenotypes and lactation periods. The chemical composition of pooled milk collected fmm c x h  6-10 go* 
phenotype during each lactation semester. The pmmn content of Shami gcul vuied s i g n i f i i y  from 
lactation semester to lauation semester during the yuu. Rutein content ranged fmm 17.3 at thc ad of 
lactation to 23.7 % at the first four lactalion months. It was noticad also Ihal the milk p a * n  and olbcr milk 
camponenu varied from week to week or fmm moath to month. Milk obuincd from Loal (blxk)  conuincd 
higher protein than milk obtained from Shami goal md ranged fmm 24.6 ( f im smaca) to 20.6 9 (at h e  
second x-). Protein contmt was the highest in milk collcctcd from the Mixed ( c o l d )  hurl m thc 
tint lactation xmesler (25.6 8). Shami goal war inmduced to Jadan due to its high milk pmductivity. The 
Local black goat phenotype is known for its low milk pmduction but it is f a v o d  la its mm. Fat content 
varied significantly and ranged from 44.6 for the Rrw nmester milk of Loul (black) bmd 10 29.8 9 fa the 
third laclation semester of the Mixed goal brad. Lactose contcnl also varied significantly and rangad fmm 
44.9 for third semester of Mixed b d  to 25.9 % for milk obtained fmm Local (blxk)  a thc fm xmsra. 
Sung et. al. 1998 reported that the major milk components varied s i g n i f i l l y  among breeds (Alpine. 
Nubian. Saanm and Toggcnburg). Da~a on pmtein. f a .  md in laclox arc in apanenl  with s imi l r  n l u a  
repond by other investigators. Goat flocks taiscd by J h i a n  farmas involve a mixture of Loul. S h m i  
and Mixed phenotypes. Farmers pool the milk cd*cted fmm h e  whok flock and ei lha  o l l  a praas it 
into traditional (Laban. Labanch. white cheese. J d .  b u m  milk. butbx. ghcc and kishck). Thcs products 
are marketable. A sample from bulk milk was d r a m  every week during t h t u  lactation p a i d  to be w e d  
for chemical composition. Another sample was d e n  to produce cheddar cheese and to examine i a  chemical 



composition. Table 2. show the data on bulk milk chemical composition. Fa. w i n ,  ash. lme  and 
nonroli fat contents found to vary significantly during lactation periods. Roccin mnunt of bulk milk was 
found lo be the highst during the second semsler (20.5 6 )  and lovat  during the fim raneaa (19.1 %). 
Fat contenu also varied s i g n i f i d y  and found lo be the highest (35.8 6 )  during the third I d o n  scmater 
and lowest during the second semester (32.3 9). Ash content did nof show significant variation during IIIC 
one year lactation p a i d  Ash conlent ranged from 6 3  to 5.6 R. These dua uc in  agmmnml with data 
repmed reanlly on ewe. goat and cow's milk composition. 
k o s e  and SNF varied signiikantiy and the highst values for lanose and NSF arc reported f a  the Eennd 
laclalion period (41 and 67.7 %, mrapstively). The major componmts of goat milk vr ied s igni imt ly 
during the lactation paid. I t  i s  obvious the milk conunt of pracin. fat, laaose and ash sh influaved by 
sevcial factors such as hud. nuuition. animal Mlh.  management and envimnment. J a d n i a n  golt frmers 
follow the open system because goat industry i s  expensive and the goat fm canm afford it. They nlay 
on free grazing. 
Although differences in protein. fat. ash. lactose and NSF content. The diff- were m statistically 
different during the lactation paiodc. Chedda~ cheese madc fmm goal milk was subject& to s m s q  
evaluation. The differences in milk composition wse nflened on the manufxtured while and chaidu 
c k .  The chemical composition of chase varied but not signifkantly as a f f d  by lacmion paiod. 
lhow data are in agnunent with similar data reported on Spanish goat's milk chcac (Annd. vilricly). .As 
expected. cheddar cheese madc fmm bulk goat's milk during Omc laantion paiodr did m d i n b  
significantly in cob .  appurance. laste and lexture or aroma. The tolnl scores ranged fmm 68.2 (third 
semester) to 76.8 (first semesta). Although panelists arc very familiar with the while chase. b u ~  not the 
cheddar. Al l  of them laud to the lirst time the goat's cheddar c k .  Robably ihr might explain ihc non 
significant variation in sensory evaluation of cheese characlmstia. The goal c M  chmc was aoxptable 
during the three milking pcnods and scored higher than 75 6 e x c q  for the third lacmion sanaca (68 R l .  
Data on chemical composition of white chase madc from bulk goat milk s h o d  no significant wriation for 
all major bulk milk components except for ash contenl which varied signikanlly during the whole lmation 
paid. The explanation for that might be due lo utilizing the bulk milk which i s  usually a mialum of milk 
from individual animals in the pal flock which involves mom than one b d .  Cheae qualily is influawed 
by two important f a m :  milk amposition and the effect of ripening. The vdws r e p c  in this 
investigation on cheew chemical composition are in agreement with similar values qmled  previously on 
twenty types checu. the Gjamt chase of Noway which i s  madc fmm goat milk has 13.4 9 moisture. 426 
R lactose. 29.5 4F fat. 9.6 5% protein and 4.8 % ash. 7he total plate count CTPC). yusc and d d  found to be 
pevnt  in goat's milk all the year amund. TPC ranged from 1.3~10' to 4.1~10' cfdml. Ycas~ anmt ranged 
fmm 3.1 x id (milk obtained from mixed had) to 7.9 110' cfdml (milk obtained from Shami goat). Mold 
count was also high and ranged fmm 1.7 a id to 8.7~10' cWml. S~ophvloraci was found to range from 
6.4x1d (Mixed goat breed milk during the ssond laduion semester) to 3.5 x10 ' cfdml S. anmw WAS 

reported only once during the whole year at the Iirsl lactation period of the mixed colored gou breed. 
Stmpt-ni bacteria w m  found in the milk of the three breeds dl the year around nnging horn id (firsl 
lactation paiod of the mixed mlor brad) to 5.4xid mJml (milk of thc Lml black milk a~ the s a u ~ I  
l x w i o n  sewer) .  E. coli and some other baclaia fmm six hundred animal foods including 
unpasteurized goat milk have been isolated by some investigators. Thc micmrganisms i n  
traditional Greek C ~ ~ C K  prepared from raw goat milk have been studied and r e p o d  the 
acumnce o f  aerobic. Entembacteriaceae, Coliforms. Staphylococci. lactic acid bacteria. 
Enunrocci  and Yeast. Thc number o f  these organism found l o  be reduced as storage umperalure IS  

reduced hom 15 C to 4 C. The values reported in this investigation lower than the mean values 
reported by other investigators. 
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Chemical Composition, Microbidogical Quality and Sensory Characteristics of 
Milk. Cheddar and White Cheese Obtained From Three Goat Pbenotv~es dorinn . . - 

Three Lactation Periods 

Abstract: Goat's milk fmm hree phenotypes: Shami (red). Local (black) and Mixed (colored) was 
colle.cted during thme lactation periods in 2002. lhe milk was analyzed for moimuc. w i n .  fat. 
ash and lactose content. Also milk was examined for yeast. mold and bacterial content. Chcddu and 
white cheese were manufactured from goat's bulk milk and examined for chemical composition and 
evaluated for color, taste and flavor. appearance and texrure and aroma. Results showed Lhal the 
chemical composition of goat's milk varied significantly during the whole year d also among the 
h-ec goat phenotypes. Local (black) goats produced milk at rhe first lactation period with highes~ 
(44.6 g1100g) fat contenL (he lowest fat content was 29.8 d100g for hr Mixed color phenotype at 
the end of the year. Protein showed the same trend. Shami goat pmduced milk lower in lactose and 
ash content than the mixed color breed. whereas the Local (black) pmduced milk having 
intermediale conlent of lactose and ash. Cheddar and white c h a s e  were highly acceptable. Their 
composition varied. cheddar cheese was higher in protein and NSF but slightly lower in fat content. 
White cheese retained more lactose. Goat's milk of Shami. Local (black) and Mixed color 
phenotypes were found to be highly contaminated with bacteria and mold due to lack of hygicoc. 
Milk contained low number of palhogenic bacteria. Pasteurization tempaaru~e at 73" C for 16 rec 
found to eliminate them. 

Key Words: Goat. Milk. Cheese, Phenotype. Laccation. Composition. Microbiology 

lo bod^ 
The gw's milk pmduction ranks Linl in the world aftcr bovine and bufrrlo milk. Dairy goat farming plays 
an impormu role in developing counvia. Goat's milk provides one of ihe principk rourm of aninui 
v e i n  in many regions, such as the Middle East Southeast Asta and some uopiul c ~ ~ n a i a .  Gau 's  milk 
also s e ~ s  as a good substitute to cow's milk ud is ofla, mmmnded by the medical profession in 
situation where bovine milk may bring about allergic nqons  in individual omsumus (Guo a 11.. 1998). 
Goat is a v a y  well a w e d  animal to diverre mvimnmcntll condition in ladm. T k  arc few M of 
goals raised in Jordan. The Laal (blackl pat which is known as Balady. Shmi gcat which is mi in color 
and horn Syrian origin (also know s DamaSCuS goat) and the Mixed or colored pal which is a poducl of 
crossing between Local and Sharni goats or other hybrids. Balady (Local) goat 1s of Jadanian origin 
w d  Shami has been introduced to Jordanian farmen fmm SMa due to iu mllk poductivity. Cm 



farming is c o n s i d e d  as an important scciocuxw)mic activity in ladm There arc ar million hadr 
mainly Local (black). Shami and their hybrid goat phenotypes. Goam in ladsn am raised f a  m i l t  mat and 
hair production. W s  arr raised in small livenocks. Goat milk is v a y  poplar  in thc M i  E.ll and used 
to be consumed as liquid milk or  to produce the traditional dairy poducts such as yoghur~ white than 
labaneh, lamed. sour milk. kishek. buna.  g h a  and ohas. The goat milk indusuy is ai l)  considacd home 
indusuy; the f- and his family m m b a s  arc usually responsible for fading. mrmg~aan md animal 
medical care. hand milking, processing and marketing the poducis. The demand for mat md milk in the 
Middle East is i m i n g  and is pmjeacd at 3.7 and 3.1 g/100g m p c t i v d y .  
Because rhe goat f a r n u s  in lordan lack the sound knowledge about milk ishndogy. fmniog syaam d 
management we initiated a pmgram to help them, lhac f a  the purpose of this wurk is to audy thc miaobial 
and chemical composition of milk and cheese obclincd fmm three goat brmis. also to rcpm on the vril t ion 
on the chemical composition of goat milk during lactation paiodr. 

Matrriak and Methods 
Goal milk samples. proximately one liter each. werc c o l h e d  fmm famu in Ajloun a m  once evsy w a k  
during the year 2002-2003 to be tested for chemical composition and rnicmbial a n r ~ ~ ~ t .  Sunp*s WYE 

lransponed on ice lo laboratory and kcgc in r e f r i g ~ ~ 1 a  at 4' C until t i m  of analysis which usually cmcd 
out at the same day. Goat's milk samples w a c  collfflcd from three brads. Shami (rod in color). Loal 
(black) and Mixed (colored). All animals w a e  healthy. 3-5 yurs old and weighing 5060 kg. 
Other milk samples were collected from bulk to examine the composition of bulk milk and dm to tat for 
cheddar and white cheese manufacturing. 
Chemical onolwis: GoaI's milk samples w s e  subjected to chemical analysis. moimuc. h pmccia (N x 
6.38). ash and solid non fat (NSR were duumined p a d i n g  to sundard pmcdures (Ridudson (1985). 
Lactose wnlcnl was calculued by diffu'cncc. Averages w a c  racordcd for a ~ h  l r u t i o n  priod. Lrution 
periods werc pmpossd as Erst  xmcrter a lrnation puiod to c o v a  goah  milk m l l d  dwing Ian. k b .  
March and April. The second lacmion sunsta stand May. June. July and Augua. The third lrrltion 
period c o d  Sepl.. Oct. Nov. and m b e r .  The same pmaiu res  wae used to analyze white and 
cheddar cheese made fmm bulk goat's milk during thc same lrnation periods. 
Microbiological a~ lps is :  Goat's milk samples also wac subjected to micmbiologKol analysis To &ermine 
TPC (total plau cwnt). yeast. mold. Srph?.vIoco~'. S. aureus. Strepr-i. Enrcdancr. E coli. mlif- 
SalmoneIIa and Shigella. Standard pmedures w a c  followed (Vandenant and Spli tutoesur.  1992 ). Thc 
avemges of c f u h l  (colony forming unit per ml) wac nxorded. 
Cheddar cheese manufarruring: Ten kg of goat milk werc used to poduce amund one kg of cheddo chmt. 
A small water bath and small cheese vat (45~40x25 cm) were used to rqmscnt h b k  jacLraed chocsc rat 
Yoghun s m r .  annano and rennet enzyme were used and the cheese w a c  prcplnd d n g  to thc 
scandad procedm (Kosikowski. 1982 ). 
Whitr cheese munufanuring: Ten kg of goat milk were pas t cu r id  at 73" C f a  16 semdx and IIIEI COOkd 
to 35" C. rennet was added. Curd was fomrd Pftcr 40 min; curd wrr cut imo small ruba md s c p ~ & ~ l  fmm 
the whey. The curd was prrssed ovanight. Curd was cut into 4x5 cm and c o d  with dry wh f a  24 hr. 
Cheese cuts were removed fmm the salt and kept in brine ( I ?  g/IOOg d l ) .  White chas pkm vrae 
subjected to chemical and microbiological analysis. 
Senso? o~olu(~rion: Chedbr cheese was evaluated f a  acceptability by Y panelists f a  color (20). taste and 
flavor (30). texture and appeanncc (25). and amma (3) as shown in Tabk 4. E r h  pmpary wa given a 
score (shorn  b a w a n  bnckas). The panelist was asked to l v t e  the c h a s e  and a high sure to be given if it 
has been liked and a Iowa  rorc if it has not been liked by the panelist. Ihe yield was computed and the 
tiuatable acidity was p f o d  by timaling 5 g milk with 0.1 N NaOH. 
Starkrim1 onolwis: The coll& daIa wae subjacted to rutistical analysis using MSTATC computa 
p o p m  (MSTATC propm. Michigan State Univusity). Thc a w n g a  wae canpued  m d  thc LSD (kpa 
significant diff-) b a w a n  thc - were computed ( S l a l  and Taric. 1982 ). 

R d r r  and Diramioo 
The c h a n i a l  mmposition of pa t ' s  milk v d  s igni fundy among Shami. Loul Ib l rL)  and Mixed 
phenotyps and lactation periods as shown in Table I .  Data in Table I. show the chemical composition of 
p l e d  milk collected from each 6 1 0  goat phenotype during each lactation semata .  Thc protdn anncnt of 
Shami goat varied significantly from lactation vmester to lactation omMa during the y m .  R w i n  c a u m t  



ranged fmm 17.3 at the end of lmation to 23.7 g/100g at the f im four lactation months. It was naiad also 
that the milk pmtcin and other milk components varied fmm week to we& a fmm monlh to month. Milk 
obtained fmm Local (black) contained higher protein than milk obtained fmm Shuni goat and nnged fmm 
24.6 (first semester) to 20.6 g/100g (at the scmnd semata) .  R a e i n  content was the h i g h  in milk 
collected fmm the Mixed (colored) b d  at the first lactation semcrccr (25.6 g/100g). Shuni goat vps 

introduced to Jordan due to its high milk productivity. The Local black goat phenotype is Lnmn for its low 
milk pmduction but it is favored for its meal. 
Far umtcnt as prcsen~cd in Tabk I .  varied significantly and ranged fmm 44.6 f a  the fira oarrrcer milk of  
Local (black) breed to 29.8 g/100g for the third lacmion semesvr ofthe Mixed goy brscd. Laos an ten t  
also varied significantly and ranged fmm 44.9 for third semeaa  of Mixed kui to 25.9 g/100g f a  milk 
U n e d  from Local (black) at the fint semester. Sung el. al. 1998 qmd that the nupr milk carparnts 
varied significantly among goat b d  (Alpine. Nubian. Saanen and Toggenburg). Daa on F i n .  fat. and 
lactose shown in Table I .  are in agraanent with similar valua rcponed by ocha investigatm (Sung cc d.. 
1998. Devendra. 1972. Park. 1991 and Zeng and Escobar 1996). 
Gm flocks raised by Jordanian l a m  inbolve a mixture of Local. Shami and Mixad phenaw. F- 
pool the milk collected fmm the whole flock and ei lha  sell or pmm it into tndi t iaul  (Lobm. Labamh 
white chees. Jamced. butter milk. buner. ghee and kishek). 'lhsc products am markarblc. A vmpk from 
bulk milk was drawn every week during three lactation periods to be tested for chemical canposition. 
Anolha sample was laken to produce cheddar c h m e  and to examine its chemical composition. Table 2. 
show the data on bulk milk chemical composition. Fat. protein. ash. Imose and n o w l i d  f a  antcnrs found 
to vary significantly during lactation periods. Rotein content of bulk milk was found to be lhe h i g h  during 
the second semester (20.5 g/100g) and lowest during the fim semeaa  (19.1 gl100g). Fat can ta t s  also 
varied significantly and found to be the highest (35.8 g/100g) during the third lactation semeaa  and I- 
during the second sunester (32.3 gJ100g). Ash conmt  did not show signirkant variation during them year 
lactation period. Ash content ranged from 6.3 to 5.6 g/100g as shown in Table 2. Thew dnu are in apeeman 
with data ~ p o n e d  recently (Malau-Aduli er al.. 2003) and with data reported on ewe. goat and cow's milk 
composition ( Hadjipanayiotou. 1994). 
Lactose and SNF varied significantly and the highest values fa laclore and NSF are rcponed f a  the second 
lactation period (41 and 67.7 @IN@. nspstively) as shown in Table 2. The major components of p a t  milk 
varied significantly during the lactation periods. It is obvious the milk content of protein. fat. l r t o s e  and ash 
are influenced by sevaal factors such as b d  (Zeng. 1996). nutrition. animal health. mmagamnl and 
envimnment. Jordanian goat f m n  follow the open system because goat indumy is expmsin and the gool 
farmen cannot afford it. They relay on free grazing. 
The data on che in id  composition of cheddar c k  made fmm bulk goat's milk ye pmscnd in Tabk 3. 
Although differences in protein, fat. ash. lactose and NSF content arr shown in Table 3. T k  diffamas 
were not statistically different during the lactation period!. Cheddar c k  made fmm goy milk uls 
subjetted to sensory evaluation. The diffa-ences in milk composition wen reflmed on the mmufmured 
white and cheddar cheese. As shown in Table 3.7 the chemical canposition of chme vpried bul m 
significantly as affsted by lactation period. Those data arc in agtummt with similar data rcponed by 
Fmno u al 1995 on Spanish goat's milk cheese ( A d  variety). 
Table 4. shows the data on sensory evaluation. As expsted. cheddar c h m e  made fmm bulk goat's milk 
during three lactation periods did not differ significantly in color. appunnr. m e  and tex~urc or ~ n u  

The total scores ranged fmm 68.2 (third semesta) to 76.8 (fint scmcna). Al~hough panelists ye w q  
familiar with the white cheae. but not lhe cheddar. All of lhem tasted to the time the p t S  dmddu 
cheese. Robably that might explain the non significant variation in senso~~ evalualion of chccsc 
charaaaistia. The goat cheddar c h m e  was acceptable during the three milking paiods and saacd hi* 
than 75 g/lOOg exccpt for the third lmation s e m a t a  (68 g1100g). 
The chemical composition of whitc c k  made fmm bulk goal milk is presented in Table 5 .  Data show no 
significant variation for all major bulk milk components uccp t  f a  ash content h i c h  vuicd s i g n i f i t l y  
during the whole lactation period. The uplanation f a  that might be due to utilizing the bulk milk u i k h  is 
usually a m i x m  of milk fmm individual animals in the goal flock which involves mar than o m  brmd. 
Cheese quality is i n f l w a d  by two importan1 factas: milk composition and the e l i m  of ripening ( 
Boymglu and Maand-Fehr 2001). The values rcponed in this investigation on dKae chcmial 
composition are in agreement with similar values reponed previously ( Haenlein. 1998 and P o d  and C h .  
1976). Haenleina (1998) reported the gross analysis of twenty l y p a  of chases. the GjcKsl c k  of 



Noway which is made fmm goal milk has 13.4 gI100g moisture. 42.6 gI100g I r c o p .  29.5 gl100g fat 9.6 
gllOOg protein and 4.8 gllOOg ash. 
Dam on microbiological examination of goat milk arc shown in Table 6. The tMll p h e  counl 0. 
ad mold found to be presctu in gou's milk d l  IIIC yeu m n d .  TPC mged from 1.3~10' 104.1~10' cfdml. 
Y e m  count ranged fmm 3.1 x id (milk obtained fmm mixed breed) lo 7.9 x l d  cfulml (milk obuimd fmm 
Shami goal). Mold count was also high and ranged fmm 1.7 x 10' lo 8.7~10' cfulml. 9qdpkax- i  was 
fwnd to range from 6.4xld (Mixed goat breed milk during the second lvution scmslcr) to 3.5 x l O  ' 
cNml S. aumlrr was reported only once during he whole year at the fim l rrpum puicd of thc mixed 
mlond goat b d .  Srmprmcxi bacteria wcrc found in the milk of the hu brcals dl he ).cr Mund 
ranging from I@ (fim lgtrion pcriod ofthe mixed cola brced) to 5.4r1d cfulml (milk ofthe Lml Mack 
milk at the second lactation suneslcr) as shorn in Table 6. 
Dontomu et al.. (2003) reported on the isolation of E. coli and some a h e r  bacuria hom six 
hundred animal foods including unpasteurized goal milk. Psoni el al.. (2003) also invesdped IIK 
microorganisms in traditional Greek cheese prepared from raw goal milk. and rcpatcd the 
occurrence of aerobic. Entembacleriaceae. Colifoms. Scaphylocouri, lactic r i d  bacteria 
Enemcocci and Yeast. The number of these organism found to be Rduccd as s l w ~ g e  e m p e r a m  is 
reduced from 15 C to 4 C. The values reported in this investigation lower thvl the m u n  values 
reported by Psoni el at.. (2003). 
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Langston University). Egyp (Deurt R-h Center). Isracl CThe Volcani Cmtn. Jordan Rruuition and 
Focd Technology Depanment. Jwdan. Univa-sily of Science and Technology). and M a t i n i n  Authority 
(AIQuds Univcn~ly). 



Table 1. Chemical compositioo of goat milk aD9s(cd 81 thm hd.tim periods 

from Shoni, BJsdy md Mud g a t  pbcrotrps * 

LSD P<O.OS 3.1 5.8 4 7  0 7 

a= Data are averaged 16 snmpks eoUcacd lhrougb four months as a smpk per 

week and computed oo dry weight bpris 

*Meam in rolumas fdbwed by (be same kttlr ore ilo( significantly different acaudbg to 
LSD 



Table 2. Cbcmiol composition of goat milk ed*cced at (brsc ladslioa 

paiods' 

LaclauOn Se-lcr NSF Ash Laclase Roccin hl 
id100 ( d l 0  lp/100gl WI00g1 ip/lOOel 

- ~p 

First semester 63.1' 5.6' ~ 8 . 4 ~ .  19.1b 37~0" 

Second semesler 67 7 6.3' 4 I .W 20.5. 32.3b 

Third semester 64.zb 6.T 18.8~ 1 9 . 3 ~  3 5 . 8  
LSD P < 0.05 2.9 1 6 2.2 1.3 2.9 

a= Data are averaged 16 samples mUecled lhmngb four months as a sample 

per week and eomptld on dry weigbt bvsir 

*Means in columns followed by (be same letter arc DOI dgaif5cmUy daterent 

according lo LSD 



Table 3 . Cbemid composition of dwddnr cheese mdc lrom W k  goat milk EdkNd at tLrrc 

Inecntioe pri& 

R a c i n  Fa Ash NSF 

Saood -vr 37.2 38.6' lo.? 14.1' 65 1' 
Third Scmsra 38.4 M.9 10.3~ 14.P 63.T 
LSD P < 0.05 1.8 10.1 0.3 10.0 11.5 

a= Data PIP average of 16 samples collected Ihmgb four moalhr as a sample per 

week and computed oa dry weight bPds 

*Means in columns followed by the same letter are not s g n i W g  different 

accordiagto LSD 



Second Semsvr 18.6' I2.V 222. 8.3' 15.0' 76.0' 
mid Semester 11.3' 8.3' 21.3' 9.Y 14.8 68.2 

LSD P < 0.05 5.3 5.8 9.3 4.0 5.3 23.4 

a =Data are average of 16 samples collefted throogb four m o a h  rs a sample per 

week and computed on dry weigbt basis 

*Values in columns followed by tbc same ktter are not signiSenotfy different 

amording to LSD 



Lxudcm Scrncrtcr Pmcin Fa1 Ash Lacrase HSF 
(dl%) WOW (dl%) CwW WW) 

Fin~Scmaer 25.6 ' 39.6' 9.4 ' 25.4. 60.1 9 

Scsond Scmcslcr 26.1 43.3' 9.6' 20.7 ' 56.2' 
Thmd Scmcsler 26.0 ' 11.6' 9.6* 23.0' 58.5 ' 
LSD P < 0.05 0 6 4. I 0.3 5.8 1.1 

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

week and computed on dry weight basis 

* Means in columas followed by tbe same letter are aot sigdkantly different 

according to LSD 





Table 7. anmilution d cheddar c k  

a= Data are average of 16 samples collected tbrougb roar montba as a sample pr 

w e  

' = Not detected 
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Figure 1.The Agricul~ral Direclontc at A1 Muager T o m  CnK place of the meeting) 





Figure 3. The principle investigator (Dr. Ereifej ) is giving a lecture to goat f a m e n  on dairy technology. 



Figure 4.011 spot training on diary products quality 



figure 5.011 spot mining on diary producls quality 



Figure 6.011 spot rmnlng on diary products quality 
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Changes in Milk Composition as Affected 
by Subclinical Mastitis in Goats 

ABSTRACT nlasmin. PLG = nla&open. SM = subclinical masti- 

The mechanism of the effects of subd in id  mastitis 
(SM) at  the glandular level in dairy goats on milk yield 
and its composition as expressed in curd yield Wc) was 
studied. Tsoenty-five Israeli goats of various noss- 
breeds were chosen; one udder half was na&y in- 
fected with identified coagdase-negative staphyloeofd. 
and the contralateral gland was free of bacteria. 

The milk yield of the infected halves was significantly 
lower than that of the uninfected ones. Somatic cell 
count and N-acetyl-~D-gluaaminid88e activity were 
significantly higher in the infected halves. The lactose 
concentration in the infected glands was significantly 
lower than that in the uninfected ones, casein mncen- 
trations did not differ, and the whey protein and albu- 
min concentrations were significantly higher in the in- 
fected glands. 

Plasmin activity was significantly higher in the in- 
fected glands, whereas plasminagen activity was unde- 
teetable. Concentrations of Ca2' did not differ, whereas 
Ca2' activity was significantly lower in the infecied 
glands. The p r o w  peptone concentration was 1.5 
times as great in the infected glands as in the uninfeeted 
ones. The Yc was significantly lower in the infected 
halves. and clotting time was significantly longer. 

The mechanisms of the effects of SM on milk yield 
and Yc in goats and sheep are discussed and compared. 
(Key words subclinical mastitis, goat. milk c o m p  
sition) 

Abbreviation kcy: = calcium activity. CN = 
casein. CNS = magdase-negative staphyloeofd, pp = 
pmteose peptones. PA = plasminogen activator. PL = 

- ~ ~ ~ ~~~~~ - -  --- 
tis. Tc = clotting time. Yc = cwd yield. 

The proportion of udder halves with s u b d i n i d  IW 
in goats in different countries ranges fmm 35 to 70% 
(Menzies and Ramanmn. 2001;Leitneretal..aaepted). 
In Israeli dairy goats. the main pathogen p u p  in in- 
fected udder halves comprise various species of magw 
lase-negative staphylococci tCNS). mainly Staph+mc- 
cus copme and Staph~laxxcw cpidermidis Leitner et 
al.. accepted). A survey of 20 L s r a e l i - M  dairy sheep 
(Leitner et al.. 2003) revealed similar results: the main 
inhence on SCC was IMI. and milk yield was si@- 
cantly higher in uninfeeted than in infected halves 
However. a direct comparison between infected and un- 
infected glands was not possible in that study beause 
the measurements were based on the whok udder level 
and not on a single gland level. Therefore. a glandular 
level model was developed in which ench animal had 
one udder half infected with an identified CKS species. 
and the conhalateral gland was free ofbactena, to focus 
on hoa subclinical mastitis ISM) afieaed milk yield 
and compositional changes in relatim tocurd yield IYC} 
(Leitner et al.. accepted). Applying this experimental 
design in sheep showed that subdinica) IMI was assod- 
ated with increased plasminogen activator tPAl and 
plasmin IPLl activities as a result ofaccelera~ed mover- 
sion of plasminogen (PLGI to PL in the infected glands. 
These changes were associated with accelerated appar- 
ent casein tCN) degradation, reduced Yc, and increased 
milhelotting time (Tc). These modifications indicate 
that the changes in milk composition negatively affect 
the yield and quality of cheese made from milk that 
originates from infected glands. 

Plasmin is the main proteolfic enzyme in cow and 
sheep milk IPolitis. 1996: Leitner et al.. accepted) in 
which it omvs m d y  as the inactive 2.m- PLC. 



which is activated by P A  However, only residual PLG 
activity was found in goat milk. which was consistent 
with the unusually high PA activity compared with 
values for ovine and bovine milk. Nevertheless. PA and 
PL activities in late-lactating goats were negatively mr- 
related with the coagulating properties of milk. which 
suggests that this system is important in goats as well 
IFanruz et a].. 2001i. 

The present study applied the glandular level model 
to daily goats to test the effect of IM1 on milk yleld and 
on milk quality as reflected in Yc and Tc. To achiwe 
this goal, animals were chosen that had one udder half 
infected with an identified CNS species and the contra- 
lateral gland free of bacteria. In each gland. inflamma- 
tion indices were analyzed along with total milk pro- 
tein. CN. whey proteins, the PA-PL system activity. 
and measures of proteolysis. 

MATERIALS AND METHODS 

Animals 

Twenty-five Israeli goats of various crossbreeds. 
mainly Shami x Anglo Nubian and Saanen x Anglo 
Nubian, in which one udder halfwas naturally infected 
with an identified single species of CNS and the contra- 
lateral gland was bacteria free. were selected from 2 
flocks. Prior to animal selection. milk samples from 
each udder half were subjected to 3 consecutive weekly 
examinations to test for bacterial infection. SCC. and 
NAGase activity. The sek ted  goats were 40 to 120 d 
post-kiddiig. and their daily milk yield exceeded 2.5 L. 
In both farms, the goats were machine milked twice 
daily at 5 a.m. and 3 p.m. Post k i t  dipping was prac- 
ticed. and they were kept in an open shelter that pro- 
vided 4 m2 of shaded slatted Boor and 4 m' of concrete- 
surfaced yard for each goat. Feed was offered in man- 
gers located in the sheds. 

Milk Sampling and Analysis 

The milk sampling and yield measurements were car- 
ried out during the morning milking. Yield was deter- 
mined by weighing the milk of each udder half of eacb 
goat after band milking. For the bacteriological tests 
and NAGase activity measurements. the teats were 
cleaned and dsinfeeted. and the milk was sampled and 
analyzed as described by Leitoer et al. tacceptedl Three 
additional sets of samples were taken h m  each udder 
halfand distributed for analysis as follows. One set was 
preserved by means of Broad Spectrum Mimtabs* I1 
ID &. F Control Systems, Inc.. CAI and sent to a central 
laboratory Cattle Breeders Association Laboratory. 
Caesarea, lsraelifor analysis ofthe milk gross composi- 
tion-protein, fat. and lactose contents-with the Mil- 

k- 6000 and analysis of the SCC with a Fossonatic 
360 IFoss Electric. Hi l l ed .  Denmark): both were cali- 
brated with goat milk. The second set of samples was 
used to determine Yc and Tc; Tc was measured ac- 
cording to Bemdge 11952). A third set was defatted. 
and the skim milk was used for analysis of CN mncen- 
tration. whey proteins. albumin. and pro- peptones 
( p p i  (Shamay et d.. 2000b. 20031 and for PA. PU;. 
and PLactivities (Silanikwe et al.. 2000). The repeated 
addition procedure was used to measure the concmtra- 
tions of free lionized) calcium 1ICa"l) and the unau- 
rected p d u r e  was used to determine calcium activ- 
ity 1 h L i  in these samples within 5 h of sampling by 
means of a specific calcium elecbode tSianilrove et 
al.. 2003). 

Bacteriological analysis was performed according to 
accepted standards (Hogan et al.. 1999). Prmn every 
milk sample. 0.01 mL was spread onto blood agar plates 
(Bacto-Agar; Difm Laborahyi containing 5% of 
washed sheep red blood cells and on Madhnkey plates. 
All plates were incubated a t  37'C and examined for 
grnwth after 18 and 42 b. Colonies suspeaed to be 
staphylococci were M for magulase m ~ b e  test) Ani- 
lab. Rehovot. Israeli. Strain identilieation was carried 
out with the API STAPH-DENT, 32 Staph kit it bioMer- 
ieux SA.. 69280 Marcy-I'Etoile. he). When the per- 
centage of mirraad-like bacteria that matcbed the 
test strain exceeded 90%. the strain was regarded as 
spedfic. 

Curd yield was determined according to Lei- et 
al. (2004): Fromase 15 TL(Gist-Brocades nu. Delft. The 
Netherlands) was used as the magulating enzyme. To 
determine the a-cy ofthe Yc measMmen+Ye was 
measured for a sample in both dry and wet states. The 
dry curd was tested aecmding to Melilli et al. t20021. 
whose procedw was modiiied by weighingthe wet curd 
&r centrifugation and drying it wemigbt in an oven 
a t  100'C. The curd sample was not tmuderred to an- 
other container for drymg. as suggested by Meil:Ui et 
al. 1'2002). but was left in the centrifugation tube to 
prevent any possible loss of curd during transfer of 
the centrifuged curd pellet. The correlation between Yc 
based on wet curd vs. dry curd is presented in Figure 
1: the regression coefficient was 0.96. 

The dependent variables were SCC. XAGase. milk 
yield. fat. protein. laaose. CN. whey proteins. dbumm. 
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342 i 0 5  35.0 ' 0.S 0.07 -&om1 Prrrmn'dL 
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~ 1 . C o m p ~ o f d J i e l d ~ l o n ~ b v r h . m . s d b r d s  
W1. L a m  concentration in tbe infected glands was sig- 

nilicantlv lower (P < 0.004) than h t  in uninfected - 

nlands. The concentration of fat did not difier between 

pp. ICa2'l. -". PL, PA, Yc, and Tc. Data were ana- 
lyzed with the JMF' statistical sohare (SAS, 2002) 
under a randomized black design in which goats sewed 
as blocks. Within each black, there were 2 levels of 
bacteriological status, as follows: 

where Y,, = dependent variable, p = overall mean. G, = 
goat, where i = 1 to 25, B, =bacteriological status where 
i = 1 (infected) or 2 (uninfected), and e, = error term 
texperimental variation between udder halves within 
a goat). 

No s-cant difference in SCC was found between 
the different CNS species, which was consistent with 
previous results (Leitner el al.. 2004. accepted): there- 
fore. the anal-ysis was completed over species. 

RESULTS 

The pathogens causing tbe udder infections werevar- 
ious species of CNS: S. epidermidis (n = 11). Slqphyle 
c m u s  simulons In = 61, S. copme In = 2'1. S t a p h y k -  
cus chromogenes (n = 3). and Staphylonrcub ylorua 
(n = 3 I. The bacterial species isolated from any given 
gland was identical at each sampling No clinical abnor- 
mahties were visible or palpable in SO% of the goats 
tested. 
Milk yield of the infected halves (0.69 Lg/milhsg) 

was significantly lower (P < 0.0001) than that of the 
uninfected halves (0.98 kg/milking) (Table 1). The mea- 
sured indications of infection responseSCC and NA- 
Gase activity-were significantly higher in the infected 
halves than in the uninfected ones. 

;he uninfected and infected halves Rotein mwentra- 
tion tended to be higher in the infected glands (P < 
0.07). Casein concentration did not differ. wh- 
whey protein and albumin moceobtions were signifi- 
cantly higher in the infected glands than in the urun- 
fected glands. The goat effect on theae variables was 
significant (Table 1). 

Plasminogen activator and PL .clnities were sig- 
nificantly higher in the infected glands than :n the unin- 
fected ones (Table 2). Plasminogen activity was very loa 
to undetectable: therefore. tbese data are not presented. 
Free tionizeded) calaum did not differ. whereas ac.?' was 
significantly lower (P < 0.0021 in tbe infected glands rs. 
the uninfected glands. Concentration of p p  was 1.5 
times higher IP c 0.0005) in the infected g l d s  than 
in the uninfected ones (Table 2). The gost &ect was 
significant for -" and p p  and insignificant far ICaz'l. 

PL uoit'lml 20.32 3 2.4 39.@1 z 6.1 0.- 0.005 
Ph uoit'lmL 3376 i W.1 4334 t 565.5 0.05 0002 
&".-I 1.8920.1 1.62-0.1 0.W ~ 0 0 0 1  
ICaJ7. mmd 4.80 z 0.4 5.05 r 0 3  35 NS 
pp m@uJ. 0.35 r 0.05 0.53 5 005 0.0305 OOOUZ 
Yc. &R 231 6 r 2.9 m6 = 2.: 4 . W l  4o00l  
TL s Ibi 2 16.6 295 r U . 4  4 .  4.06 

'Unit = aemnw uoit 1 luut u ihc amount dPL L ~ I  pmd- I 
c h . n g c m a b r o ~ d 0 1 a t 1 0 5 n m l a 6 0 r m a . l A l e ~ t ~ l e d  
of N S ) I  



Curd yield was significantly lower (P < 0.0001) in the Infection and Milk Ykld 
infected halves. and there was a significant goat effect 
(P < 0.00011. Clotting time was significantly longer (P Various CNS bacteria are the most abundantl oc- 
< 0.02; in the infected halves than in the uninfecd -gin isolates associaled with SM in pat  herds in 
ones, with a relatively small goat effect ( p  < 0.08) (Fig- a number of countries (Kalogridou-Vasuiliadou. 1991: 
ure 2). Conlreras et al., 1997; 1999, Haenlein. 2002). CNSs a~ 

not mnsidered as major pathogenic bacteria and the 

DISCUSSION occurrence is usually ignored by farmers and veterinar- 
ians (Leitner et al.. 2004al. However, in the present 

Model and Individual Animal Effea study, CNS infection induced the inflammnbny re 

Use of the half udder as the experimental unit has sponse, reftected in the high SCC, whicb is consistent 

been found to enable quanti6cation ofthe negabve ef- with previous findings in goats and sheep (Lenmdelle 
feet of SM on milk yield with high statistical reliability, et al.. 1992; Conhras  e t  al.. 1999. Haenlein. 2002; 
even for a relatively small data set of 20 to 40 animals. et al., 2003'- The damma- willie 

~ h , ~  finding is with that of a I.eeent study associated with a marbed reduction in milk yield in the 

on sheep (Leitner et al.. 20041. The hdf-udder model infected gland cornpad witb tbat of the uninfected 
is an effdve for isolating the -rimend dect one. which is consistent with earlier results in sheep 

from masking effects An alternative approach based (Leitner et al.. 2003, zoo4'. In sheep with both glands 
on conventional wholeudder sampling would require '"fd. the reduction in milk *eld was w c a n ~  
a data set of the order of 100 animals to amount for whereas when only one gland was infected. the mnua- 
the large and significant individual variations in the lateral gland compensated for about 60% oftbe reduc- 
sheep or goat effect on mmt of the indices measured in tion. Thus. although the point bas not pet been tested. 

these studies. These significant sheep or goat effects We amnot ~ l e  out the possibility tbnt in goats too. 
most likely reflect the diversity of genetic (breed) ~ o m p e ~ a t i o n  in the uninfected gland mitigates the ef- 
sources in the Israeli flocks, and they are further mm- fect on milk yield as  measured on a whoieanimal basis 
plicated by the effects of factors such as farm manage- when only one gland is infected. Kevertheless. the er- 
ment, environmental conditions, age. and stage of lacta- tensive s w e ?  of milk records of goat farms in France 
tion. Obviously, variationseaused by all ofthese factma b? Baud- et al. i19971 leaves no doubt that i n d  
are neutralid when the unit of comparison is 2 udders SCC associated with IM1 reduced milk yield in mmpari- 
of the same animal. son with farms with low SCC. 
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%'* a s  a Measure of CN Degradation 

Silanikove et al. 12003) demonstrated a negative lin- 
ear relationship between CN concentrations in milk of 
humans, goats, cows, sheep, and mice, on one hand. 
and %2' on the other, a dnding that is consistent with 
the fact that CN are powerful Ca chelators. In the pres- 
ent study, h2' was negatively related to measures 
of proteolysis lpp). which was consistent with similar 
findings in sheep (Leitneret al.. 2004). The assodation 
between CN degradation and the reduction in Q?' may 
be related to the exposure of phosphoserine p u p s  that 
are hidden within the casein miceUes because these 
molecules are responsible for the Ca-chelating proper- 
ties of CN. Casein degradation o m m  in the gland dur- 
ingtheintervalsbetweenmiknga(LeRoruet al., 1995: 
Urech et al.. 1999). Thus, the differences in %" be- 
tween the iniected and uninfected glands may repre- 
sent the additional CN degradation in the infected 
glands. The present results further support the conclu- 
sion that measurement of Q", which is rapid and 
cheap, appears to be a valuable tool for monitoring the 
extent of CN degradation under various conditions. 

Yc and Milk Tc 

Curd yield was lower from the infected halves than 
from the uninfected ones, although the CN contents 
were almost equal in the 2 glands. Negative effects 
of mastitis on CN content and cheese yield were also 
reporred forcow milk1Auldistand Hubhle, 1998). Thus. 
our data suggest that knowledge of the gross CN con- 
tent in the milk is insufficient for predicting Yc, proba- 
bly because of modifications in the CN micelles or in 
the various CN micelle components that are more detri- 
mental to curd formation than they are to the CN con- 
centration itself. The primary enzynatic ooagulation is 
based on the action of rennin on rCN,  which, thereaf- 
ter, exposes hydrophobic sites on the CN mifelle, thus 
making it available for the secondary aggregation reac- 
tion (Ernshorn and Wong. 1974). However. the e f k t  
of rennet and. therefore, the magulation process may 
be impeded by only partial hydrolysis of 6 C N  and more 
pronounced hydrolysis of the other easeins by enzymes 
such as PL and eathepsin (Srinivasan and Lucey, MH)2; 
Moussaoui et a].. 2003). Thus, the mnversion of CN to 
whey components l p p )  by PL may partially explain 
the reduction in Yc. In support of this hypothesis. a 
significant positive correlation was observed between 
the PL and PA activities. on one hand, and the rennet 
Tc, on the other hand. which is consistent with similar 
interactions found in late-lactating goats ~Fantuz et al.. 
2001) and in subclinically infected sheep (Leitner et al.. 
2004). The changes in p p  concentration and ac." in 
the infected glands suggest that CN was modi6ed by the 

release of certain peptides or because of a change in 
the CN micelle compaction that was caused by changes 
in b2' ILeitner et al.. 2004 and that this hampered 
the foagulum formation. The combination cf higher PL 
activity in the infected gland and the long interval of 
about 12 h between the evening and morning milkings 
resulted in a arrespondingly and amsiduahly higher 
proteolysis of CN by PL. because of the extended 
sure of CN to its action. as was found elsewhere for 
added PL in vitm 6rinivasan and Lucey. ?002b. 

The present finding ofan upregulation in the activity 
of the PL system in glands infected with SM is mnsis- 
tent with previous findings in dairy cam cSchaar and 
Funke. 1986: Auldist et al.. 1996: U d  et al.. 1999) 
and dairy sheep (Leitner e t  d.. 2000. Higher protein 
and fat concentrations were found in infected glands 
than in uninfected ones ILeitner et d.. 2003.2004): at 
the same time, milk volume dsaeased. suggesting that 
this response is related to a mild increase in PL activity 
(30 to 50%) over the basal level. Under such conditions. 
plasmin-induced hydrolysis of C?c' liberates a peptide 
fmm X N  (3CX 1-28), which in turn down-regulates 
milk secretion in cows and goats; its activity was corm- 
lated with its ability to block potassium channels in the 
apical membranes of mammary epithelia tSilanikove 
et al., 2000). However, in some individua: cases. the 
protein and fat concentrations were found u, be lower 
in infected glands than in uninfected ones Such a re- 
sponse was observed when the increase in PL activity 
was large 12-fold or more). as  is the case during milk 
stasis 1Shamay et al.. 2002. 2003). It has been shown 
that CN hydrolysis under high PL activity induces 
rapid drying-off of mammar). secretions in goats 1Sha- 
may et al., 2002) and coas (Shamay et al.. 20031. 
lo the present study. despite the doubled PL activity. 

the reduction in milk yield more or less matched the 
reductions in protein and fa1 secretion. so that overall 
there was no net change in protein and fat concentra- 
tions. However. as discussed prebiously. there is com- 
pelling evidence that the CN was degraded and modi- 
fied in the infected gland. The marked reduction in 
lactose concentration resembled the response in sheep 
and mws under high PL activity. Thus. the degree of 
PL activation determines not only the reduction in milk 
volume. but also the changes in the secretion oforganic 
components and. consequently. milk composition and 
Ye. probably because certain structural modifications 
in the molecule affect its abilip' to aggregale, owing to 
the proteolytic action of enr>mes on the CN miceue. 



Comparisons Between Goats and Sheep 

Application of the half-gland model to the same set 
of measurements performed with similar methodole 
gies in sheep and goats provides us with a unique oppor- 
tunity to compare the responses of the 2 species to 
subclinid IMI with CNS. 

The SCC levels in uninfected glands of goats and 
sheep (around 200,000 ceUs/mL)were higherthan those 
reported for uninfected cows (Maisi et al.. 1987; W e n -  
akis et d.,  1991; Bam et d.. 1994: Gonzalo et d., 1994. 
Gonzalez-Rodriguez et al.. 1995 Paape and Capum. 
1997). In both gnats (Leitner et al.. accepted) and sbeep 
(Leitoer et al.. 2004), CNS IMI i n d  SCC to >lo6 
ceUs/mL, suggesting that diapedesis in response to the 
latter in goats and sbeep is more acute than in cows. 
Whether this more severe influx of leueoeyles to the 
mammary gland is associated with improved antibacte 
rial defense capaaty is a question that remains to be an- 
swered. 

In sheep, the reduction of milk yield in the mfeaed 
glands was 53% (Gonzalo et al., 1994). which is consid- 
erably higher than the 30% reduction in milk yield in 
the infected glands of goats, whicb was found in the 
present study. It is consistent with these Merences 
that the reduction of lactose concentration in the in- 
fected glands was 25% mmpared with that in the unin- 
fected glands, i.e., twice the reduction of 11% found in 
goats in the present study. It may be concluded that 
the much higher reduction in laetose secretion in the 
infeered glands of sheep (65%) than in those of goats 
(37.56) is the main reason for the finding that the re- 
duction in milk volume in the infected glands was 
greater in sheep than in goats. 

In both goats and sheep. the reduction in whey pro- 
tein secretion was less than the reduction in milk yield. 
because of the in& protein mncentration in the 
infected glands ofboth species. The gross CN mncentm- 
tion in goat milk (28 g/L) resembles that of cow milk 
and is much lower than that in sheep milk (40 to 46 gl 
L). Thus, the p p  concentration in uninfected glands in 
goats is consistent with the lower CN wncentration. 
Moreover, the increase of p p  in the infected gland in 
response to doubled PL activity was still much lower 
than the corresponding figure in sheep. and the reduc- 
tion in %2' in the infected glands was lower in goats 
than in sheep. 

It is noteworthy that the PL activity found in the 
present study in uninfected glands (Figure 38) was es- 
sentially similar to that found in goats by Baldi et al. 
(2002), who used the same methodology. In both stud- 
ies, PLG activity was dose to zero (Figure 3b), which 
may be explained by the unusually high PA activity 
(Figure 3c). The PA activity found in the present study 

Sheep GoaE 

was even higher than that reported bx Baldi et al.. 
possibly because the PA was determined in whole skim 
milk, whereas Baldi et al. (2002) determined it in redis- 
solved Ch'. When the PLG activity is added to that of 
PL to obtain the total PAderived activip it becomes 
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