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ABSTRACT

In Kenya use of exotic dairy goats in breeding pragmes for smallholder production
systems has become popular, but information omilieproduction and nutritional quality is
scarce. This research project was done to investtba milk yield and its nutritional
composition of Kenya Alpine dairy go&apra aegagrus hircydor value addition. The
initial work constituted assessing the dairy geaiding practices in the study areas of
Mukurweini, Kieni East and Kieni West, where it wiasind that all the households involved
in the study relied on natural pastures as a safrfaed for dairy goats. The dairy goats in
Kieni East and Kieni West were fed with concensaad mineral supplementation during
milking, while Mukurweini farmers used less congatés and no mineral supplements. The
ix,grade in Kieni East gave the highest arhotimilk per day, while the foundation
kurweini produced the least. There vigisificant increase in daily milk

Ith crossbreeding in Kieni West, frdme briginal to pedigree grade.

Conseque @ere was no improvement in dailk mibduction with the crossbred goats in
the Kieni Eas ukurweini. The dairy goatsts@aiproduce milk at the age of 2.0 to 2.9
years in the three %{s with milk yield showsignificant variation in different age

groups. There wa gnificant increase in mitidpction for the pedigree grade at the age
of 5.0 and 5.9 years yfﬂons were noted in milkmical composition for dairy goats in
semi arid and high potentia as under the stddkurweini dairy goat milk had higher

amount of ash, fat and pr compared tottier dwo regions of the semi arid area. The
mineral composition d among the éregions with Mukurweini giving
significantly higher a of c c , magnesiinor), zinc, sodium and potassium In the
semi arid areas of Klenl airy gaatly adapt to the harsh climate and
scarcity of fodder while in e|n;$( areddly available fodders to feed the dairy
goats, thus the high mlneral C ents. Signifitam levels of niacin and riboflavin were

noted in Kieni west, while Muku pregi gl amounts of riboflavin ang-
tocopherol as compared to the oth regi igh potential areas of Mukurweini
the milk was significantly higher in patiiiC antbaric/acids, and low amounts of lauric
acid. Mukurweini region also had signifi r@@v ethionine, phenylalanine,
threonine, histidine and leucine were obtai t Mukurweini region. The
significant amounts of essential amino acids ifkmrbiein ue to the high nitrogenous
fodder given to the dairy goats in this region. mil eer cheese chemical
composition, showed significant difference in fahtent. There »lgnlflcant liking for

e, i

cow milk Paneer cheese as compared to the goatFailker chee J_Erms of taste and
aftertaste, where cow paneer had creamy milky tastenutty after ta @ompared to that

of goat milk which had slightly bitter/sour tastesmooth texture/appear

characteristic of the two cheese samples whiletbam of cow milk chees pure white
colour of the goat milk cheese were both acceptabllee panelists. A reduction of the scores
for body and texture was observed in both goat amié& cow milk natural yogurt. Among all
analyzed types, the goat milk yoghurt with 2% dtamvealed the highest overall
acceptability, while natural yoghurt from goat mél&ored the lowest overall acceptability. A
higher score for goaty flavor in goat milk yogusttified with 2% starch and vanilla flavored
was observed indicating a higher acceptabilitytherflavor of the new product. Analyzed
results for odor showed a high score for all typlegogurt indicating that the goat milk
yoghurt did not produce an off odour, as is pereieulturally. The study established that
the geographical location of the dairy goat readffgct both the quality and quantity of milk
produced, which is also dependant on the typedido available in that region, feeding
practices, age of the dam and the grade.
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CHAPTER ONE

INTRODUCTION

1.1 Background of the study

The ag &sector remains a key pillar of Klemyan economy contributing about 25 percent
of GDP. H productivity in the sector is sfipantly lower (2-3 times) than international
benchmark count mau et al., 2010). The sector possesses additional opportanitie

unlock potential of Ken fand with a strong ndedlegal and institutional reforms. Kenya

Vision 2030 envisages a / rmation from theremdr practices to a more commercially

oriented agriculture. )\&

In Kenya, one way of mltlga,ms/he bI of malhition is to encourage sustainable
production with overall balance of tnenb@ments at farm level through integrated
farming for crop production and ammal{ . W oat farming is more sustainable
as compared to cow farming on small piec to be supported with good
agriculture practices, with the farmer unhzmgethmJuTe for g food crops and fodder
for the goats. The small-scale farmers are facdid hmited fodder foMIh’eir livestock, due to

the small sized farms; hence need to maximallyzetihis space for susta roduction.

Increased human population pressure, and the endand demarcation in Kenya, have
stimulated use of dairy goats in rural developnedfarts, which according to Kosgey al.,
(2006), pure exotic or crossbred dairy goats ast@sted technologies are preferred as a
fast means of improving animal production of smaltller farmers and, quickly boosting

their economic status and diet quality.. Goats argood pathway out of poverty for

13



smallholders and the high quality of goat’s millnGaddresses malnutrition at the household

level especially through value addition.

Factors favouring the rearing of goats are thay thenerally thrive well across agro-
ecological zones, which is reflected by the degrk¢heir adaptation (i.e., survival under
environmental stresses like diseases, parasiteBighdemperatures), functional contribution
(i.e., meat, milk, fiore and skins) and socio-eguirelevance (i.e., security and income
generati vendra, 2001; Peacock, 2005). Gittebutes of goats are multi-parity and
multiple birthsy ter generation interval, lovilevestment, higher digestive efficiency for
roughage and Iowe@éd requirements as compareatite. Raising one mature dairy cow is

equivalent to raising five i%ature goats (&t al.,2002).

Dairy goat productior/ﬁ\ een;g?zing populanitymany countries of the world in the

recent years and among t &ill- c armers, des not require large areas to keep

d%nd f%dm’é to its unique and equally important

nutritional value. Smallholder farmerQ<<enya ﬂ%singly turning to dairy goat rearing
in some regions as a means to grow incor@c?ﬁac@wtrition in rural areas, as well
as commercial benefits of goat dairy products ( <}Aﬂ09). @orease milk production at

farm level, selective breeding supplemented withdgoutrition an& gement feeding as

them, as well as the increasing

well as general care of a dairy goat is importavitich calls for value n to enable

market penetration.

The study was carried out to evaluate how the diyaanhd quality of dairy goats’ milk is

affected by the age of the dam, grade, feeding,gaographical location of the goat rearing.
This was achieved through investigating the mikdgiof dairy goats reared in Nyeri County
in two different geographical regions; Mukurweiapresenting high potential area and Kieni

East and West representing semi arid area. Thengadrom this study formed the basis for

14



dairy goat improvement across the board and vahlditian through locally adaptable
technology that can be used to enhance the incérie @oor farmers and enhance poverty

eradication at village level.
1.2 Statement of the Problem

Food Security and poverty alleviation have beeramated to the top of the World’'s
prioriti the recent spike in world food priceBhese problems have taken on an added
dimension '@e developing countries like Kenyahewe major obstacles are still
encountered in th& fight against malnutrition arskase. One way of mitigating the problem
of malnutrition is to encpfage milk productionenmpirises among small-scale farmers, where

business incubation enter@will provide a ltergn response to these problems through

securing food reserve%( criticallynaddressirgg liting poverty that is pervasive in the

rural areas of Kenya. ( /s/' /37
The production of goat’s milk in I%as b%sing steadily over the past few years.

However, very little scientific and techwnical™ & available on the quantity and

quality of milk produced by the different goa@zais d S?untry. The status of dairy
goat products acceptability and the communitiesc@gtion towaﬁ;ﬁlry goat products are
milk yi

6and nutritional
Qﬂ@ relationship

characterization of goat milk was evaluated to gabetter understanding

also not known. With the aim of filling this knowdge gap, the

that exist between the physico-chemical propertiésKenyan goats’ milk and milk

processing technologies. However, dairy goat nphoduction has not gained much
popularity, due to issues perceived to includeucalt perception, lack of information on
production, marketing and consumption as well aagpreference of alternative dairy milk.
There is also lack of product development and coesupreference evaluation of products

developed from goat milk. Although several authbave examined the nutritive value of
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goat milk taking into consideration various factodndrade and Schmidely, 2006,
Matsushitaet al., 2007, Pandya and Ghodke 2007) little is known alitsucomposition in

relation to geographical location in a specifie@aain Kenya. In areas where the land
holding/family are too small (0.5 to 1.5 acres}¥tgport large ruminant livestock, dairy goats
have become appropriate targets for research amelagenent attention and it is on this

background that the researcher undertakes thisgiroj
1.3 Ove jective:

To determine theymilk yield of dairy goats rearedthree regions of Nyeri County, and

evaluate nutritional andée.mlcal composition @fitimilk for product development.

1.3.1 Specific ObjeCtIV% %}\

1. To determine the yleld o@a Alpine dairgaj breeds in regard to age and

grade of the goat in three %s 0 i County

2. To determine the nutritional %osition/oﬁpaﬂknfrom the pedigree grade of

Kenya Alpine dairy goat from differ s of Nyeri County

3. To develop goat milk Paneer cheese a ogh%pedlgree grade and

determine their consumer acceptability. %

O

1.4 Research hypotheses

Hypothesis 1There is no difference in milk quantity among goat different age and grades

in Mukurweini, Kieni East and Kieni West regionsNferi County

Hypothesis 2. There is no difference in milk quality among goafspedigree grade in

Mukurweini, Kieni East and Kieni West regions oféiyCounty

16



Hypothesis 3.There is no difference between sensory attribufegoghurt and cheese

products from goat and cow milk.
1.5 Expected output

Small holder farmers keep dairy goats to providartiwith milk for home consumption and
sale; manure to fertilize soil and income fronfesaf live goats. With the extra income,
farmer ay household bills; send childrerchmsl or reinvest in the farm.

The Dairy ssociation of Kenya (DGAK) has bgeomoting dairy goat keeping in
Nyeri County, v’vﬂ e aim of creating sustainapilwith various groups of small scale
farmers, but there are)f;tudies taken to askessrplication of this project, including
documented management{@ces and effect ofdimng goat crossbreeding programme on
the milk yield and qu |s |dent|f|@ubnstra|nts and opportunities for guidance
and targeting of expansmn%d in at mlittgion and how the programme can be
improved, for income generati Ken licgaimmendations towards better milk
yields by the dairy goats and im m ngﬁﬁeattipes aimed at cheaper and
effectively utilized inputs may be a priority iry dustry. The findings from this
project will form the basis for dairy goat mprove}ﬂcros@ oard and value addition
through locally adaptable technology that can bedu® enhanc %,\ncome of the poor

/(\

farmers and enhance poverty eradication at villagel
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1.6 Limitations

1. Dairy goat feeding practices was faced by nutrdldimitations under normal
circumstances where the goats relied only on niategetation. The main feed resources
for smallholder farmers consisted of three categpiNapier grass, natural pastures and
crop residues. The researcher had to conduct farraning on feeding practice to
ensure proper utilization of fodder available anddynutritional management before the
proje@@wmenced. This lead to delay in initiating baseline study to determine the
milk yield hree regions.

2. Some farmers vdefexcluded from this project dusddequate recording where no
monitoring of anima u;U dry could be undertakan.smallholder farmers, most of
whom are iIIiterateyQ em is was to keepeherding system as simple as is
practically possible. @Cﬂcor@s notedrdpthis study, with some goat

registration cards lacking the\yfport tbormat'required by the researcher, resulting

to elimination of such goats fro @)roje@éx a big constraint to this work in the

semi arid areas, where the research< to 1 oats in the same field of

study, whose owners could consistently m%r%

3. Another limitation faced by the researcher wasgiesg the eé;)rment to fit in with the
scheduling and area under study. Mukurweini regvas identified‘as a high potential
area in Nyeri County that was sampled by censusrevall the dairy g@@alifying to
the requirements and registered with DGAK wereudel in the design. The households
were scattered in the region, leading to greatliraraent in travelling and sampling. It
took ample time to define exactly what data wowdduseful and analyzing. By the end of
the study it was clear that the dairy goat diet th@smost critical portion in determining
milk production and quality. Efforts to establiskk@ntrol farm in Mukurweini failed,

where farmers identified sold the dairy goats artidvew from the project.

18



CHAPTER TWO

LITERATURE REVIEW

2.1 Livestock production in Kenya

The agricultural sector is the backbone of the Kengconomy as it contributes to around

25% of the GNP and employs 75% of the labour fqhteze, 2008). The livestock sector

number ound 13 million cattle, 22 million shesap goats and 1 million camels, and

contribute@é(Ksh. 79 Billion) to the GNP of wi3.5% originates from the dairy sector.

It plays a cruci le at both the national andidehold level and has been identified as
1

critical to the overal gﬁgnic and social devetent (Ministry of Livestock and Fisheries,

2009). /7
)

A\ S
Livestock farming is a key in the achievement af timportant MDG, because it's the

mainstay of most rural households, and contribgigsificantly to the livelihoods of the

citizens of this country. Kenya Alpine dairy goatsually live in the Central and Eastern
highlands of Nyeri and Meru Districts respectivebyt in recent years they have spread to
other areas of lower potential compared to theimmigentry areas. These areas are
characterized by a humid to sub-humid climate Wethg, wet and cold wet seasons. Herds
are usually zero grazed and stall fed on greens ey little or no concentrate

supplementation is provided. Water is also providedhe shed. The kidding season is

usually not synchronized but rather depends onitiond of pasture.

The Dairy Goat Association of Kenya (DGAK) has be@eomoting dairy goat keeping with
various groups of small scale farmers in Nyeri QGguibut there are no studies taken to
assess the implication of this project, includinguimented management practices and effect

of the dairy goat crossbreeding programme on tHk yield and quality. There is need to
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identify constraints and opportunities for guidara® targeting of expansion of the dairy
goat multiplication and how the programme can b@rowed, for income generation in
Kenya. Policy recommendations towards better mighdg by the dairy goats and improved
management practices aimed at cheaper and effigctitibzed inputs may be a priority for

the dairy goat industry.

The Dairy Production, is a major source of livebdofor the families of about 6 - 800,000
small-s@&mers for whom dairy farming is axmty activity (Kiptarus, 2005). Dairy sub-
sector const the largest share of livestooktribution to the country's GDP.
Smallholder dairy 4Juctlon accounts for over 70%total milk production (Kiptarus,

2005). The milk is pnr@ roduced from cattiegamels and dairy goats, their relative

shares in the estimategdhtotal/mie output being 84296 and 4% respectively (Kiptarus,

2005). The dairy indus@ heg\ developedhmntthe livestock sub-sector and is

dominated by the small- scale acchnurﬂO% of the dairy industry's output.
The global market is highly com¢ Wltl-@/ersny of milk and milk products of
high international standards. Therefore &ve intense co-operation between
farmers industry, research institutions and g @ igh processing efficiency,

which leads to lower consumer price and developestsified glo@mducts.

Among the developing countries, Kenya has one efrttost rapidly ex@ii g dairy sub-
sectors (ILRI, 2000). Smallholder farmers using texalairy cattle breeds, mainly in the
highland areas, dominate the dairy sub-sector (@mbal.,1999). The major constraint to
improving production and reproductive performandedairy cattle is scarcity of feed

resources and their poor quality (Metiual.,2001).

Almost 90% of the milk produced in Kenya, origiratieom cattle (MoLD, 2006). Camel

milk is produced and consumed in the ASAL areasatS&are kept in the high potential areas
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as well as in the ASAL areas, and goat milk counstg about <0.5% of the total milk
production (MoLD, 2006). In dry areas where it ifficult for dairy cows to survive, goats

(and camels) play a greater role in providing milk.

Several studies indicated that people with cow’'sknallergy could tolerate goat’s milk

(Restani and Fiocchi, 2004). Livestock products ardy provide high-value protein but are

also impqrtant sources of a wide range of essemii@onutrients such as iron and zinc, and
vitamins @\as vitamin A. In addition to milk antkat, manure is also an important by-
product for fa@ in this area, and is used tilifee vegetable plots. For the large majority
of people in the \@{, particularly in developirmguntries, livestock remains a desired
source of food for nutritio value and taste. ffwirpose goats can be recommended

introduced, particularl%low e householdairter to maximize food production and

security. 6\0&% O
2.2 Sheep and Goat ¢O/ % )

Compared to cattle, keeping dairy goats has beendfdo be a cheap way of improving
S~
living conditions of many smallholders (WHO, go%mQ\vts of the world where the
geophysical properties of the terrain are not biétéor other Iive% pecies, goats seem to
be the best choice. Based on the accumulated iat@mon goat characteristics, it can be
stated that goats have a specific place in the aragricultural economy o )\Q\y countries.
They can withstand heat stress and can endure ngedowater deprivation. They have
additionally great adaptability to adverse climaitd geophysical conditions, where cattle
and sheep cannot survive. They can efficientlyizatipoor quality forage and cover long
distances looking for food. Their peculiar feedimapbits make it easier to choose diets to

meet their requirements. Goats are the most rotibmesticated ruminant. Faster

reproduction contributes to the genetic progresg tan be achieved and enables their
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owners to recover quickly. Farmers and pastosbgt increasingly relying on goats as
means of survival and a way of boosting their ineo(Reacock, 2005). The increasing
frequency of droughts, with long-term environmerdabradation is causing pastoralists to
change from cattle or sheep to camels or goatstgbaang makes rangelands increasingly
suitable for browsing species such as goats. Thespread decline in services supplied by
governmental agencies encourages farmers to move keeping cattle to goats. Goats
provide@ir owners with a broad range of prodictd socio-economic services that have
played an% ant role in the social life of mgogople being used as gifts, dowry, in
religious rituals’za%ﬁs of passage (PeacocR6)19Goats, especially dairy ones, are an
ideal species for pover}f:eduction and economwmelipment for the poor in developing

countries. Several reasor{@ke goats particulathactive for poverty reduction and

improvement of family’fo@thsecurity and livelihoofl the poor in developing countries: the

poor easily acquire goats,( a%/'hey@ire modestirg) capital, the weak, women or
Q@Em\%ﬁmwmuable nutrients. Goat eats little,

occupies a small area and produce ough |wraverage unitary family, whereas

children easily tend goats; an

popularity of goat as the poor person’s cow.

maintaining a cow at home cannot be Q@ %owner, hence, the growing

)\
Government and donor projects have promoted dugbogse meh@milk goats on
highland farms, but it is unclear what proportidrkenya’s goats and sheefyﬁb milked (Roy
and David, 2011). These animals are generally mitked exist in small numbers. Sheep are
milked in ASAL areas, but the practice is not comm@oats are routinely milked in the arid
and semi-arid regions of the country, but the exagportion is undocumented. . According
the 2009 census, there are 25,250,865 head of go&SAL regions of Kenya (Roy and

David, 2011).
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2.3 Dairy Goats Production

Dairy goats produce about 15.2 million metric t@g) of milk, accounting for about 2% of
the world total amount of milk produced by livedtospecies (FAOSTAT, 2008). The
developing countries produce approximately 83%heftbtal amount. Goat's milk is a very
good source of calcium, protein especially the angiaid tryptophan, phosphorus, riboflavin
(vitamin ,B2) and potassium. Previous research hasnd some anti-inflammatory
compou In form short-chain sugar molecules datiigosaccharides present in goat's
milk that ma@ sier to digest, especiallyhe tase of compromised intestinal function
(Ensminger andzsrdf, 1986). In animal studies, goat's milk has alsonbskown to

enhance the metabolisﬂo th iron and copperasly when there are problems with

absorption of minerals)‘the tive tract (Ebg@t al., 2007). These factors and others
are likely to play an i t rog/'\s}he toleitiyp of goat's milk versus cow's milk.
Allergy to cow's milk has be d i mahy peopléh conditions such as recurrent ear

infections, asthma, eczema, an rh@oiﬂitbﬁ (Kesse-Guyot et al., 2007).

Replacing cow's milk with goat's milk é Ip g\some of the symptoms of these
conditions. Goat's milk can sometimes even d e ment for cow's milk-based

infant formulas for infants who have difficultiestivdairy produc({)\

According to Galal (2005), while the developing ntiies harbor the hi@ umber of the
world goats’ population, it has only 60% of the dnts. Europe has the heaviest goat breeds
with the largest litter size and milk productionod®s contribute largely to the livelihoods of
low- and medium-input farmers, many of whom haves feesources beyond their small
holdings and livestock (Boyazoget al.,2005). The high goat population in the developing
world is largely due to the fact that goats arelveslapted to the tropics, have short

generation intervals, high fertility, prolificacynd fecundity; have high heritability for milk
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production (0.5); lower nutritional requirement@smpared to the cow and they are a quick
source of cash and food (Hossanal., 2004). The world’s highest goat milk producers
include India, Bangladesh, Sudan, Pakistan, FrandeSpain; they contribute 62.2 % of the
goat milk produced in the world (Table 2.1). Mos$ttlee produced goat milk is directed to
self-consumption while the rest is marketed ashftegiid milk and/or transformed into

cheese or candies (FAOSTAT, 2012).
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Table 2.1: Goat milk production in the world

Region Milk Production Dairy goats (millions Litres/goat/year
(millions of litres) of heads)

Asian 9,794 110.9 88.3

Africa 3,751 61.9 60.6

Americas 541 8.4 64.3

EuropO 2,604 9.8 265.7

Total &O’q 16,690 191.0

Several studies indica t people with cow'skmailergy could tolerate goat's milk

(Restani andfiocchi, 20% Li@o k products not only provide highality protein but are

also important sources @Nide rafge of essemiigonutrients such as iron and zinc, and

vitamins such as vitamin A%itio 46 ilk antkat, manure is also an important by-

product for farmers in this area, %se i, vegetable plots. For the large majority
of people in the world, particularly in@@pl les, livestock remains a desired

source of food for nutritional value and ta@ oats can be recommended
introduced, particularly in low-income householddrder to r& e food production and
security. F

O
Dairy farming in zero-grazing sheds is widespreadanes of high to me(f&agricultural
potential where average household land holdingnialler than 5 acreinistry of Agriculture,
2008. Farmers with higher milk production practice madanimal husbandry that includes
use of appropriate inputs (Republic of Kenya, 2008)e size of land holdings is rapidly
decreasing owing to subdivision as a result ofaasmg human population (Gitaet al.,

1994; Staalet al., 1998). About 80% of the dairy animals in the regigde managed under
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zero-grazing production systems where farmers usarwd-carry feeding methods (Staal

al., 1998). About 80% of the households have improvaidyccows, with an average of 1.7
cows per family. The average milk production is gcew/day; it is used both for home
consumption and for sale (Minae and Nyamai, 1988itki, 1998). Dairy goat rearing is a
rapidly growing enterprise in the area, which istipalarly suited to poorer households

(Wambugu and Franzel, 2004).

Dairy Qx%‘e progressively entering into thediock matrix of smallholder farmers in

view of rising d for milk in a situation ofdli@ing land holding. However, goat milk is

yet to penetrate Io@ﬁarkets which are dominatedow milk whether in pure form or in

products such as yoghurj

2.4 Overview of dairy go z&(od g Kenya

In Kenya, goat population |s mal( b 18illion, with over 1 million dairy goats

(MOLDF, 2009). There are two mali ger@e«ad&enya the East African and the

Galla. Both breeds are kept mainly for ever, the Galla is milked by the
local farmers and has been known to produ@ Itte@ ilk daily. The main dairy
breeds reared in the study area are the Alpinestlandr ogge/ )}g breeds, with Alpine
breeds being the majority, estimated to be over, %% Toggenbur re@ less than 5% of
the total dairy goat population (Kipsereghal.,2011). The Kenya Alpine b@ed iS a cross
breed between the German Alpine and the local Eagtan goat (Kipserenet al., 2011).
The majority of these animals are found in smaltlanfarms in dry pastoral areas and in the
highlands (Sibandet al.,1999; Jumaet al.,2010; Ahuyeet al.,2005). Interest in the value of
goats as domestic livestock is presently widespirdtie region due to their role in food

production as well as other economic importancéhéntropics and sub-tropics where they

are concentrated forming an important componeitaafitional farming systems (Devendra,
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1985). Kinyanijuiet al., (2010) studied the socio-economic issues of theydgiat in Kenya
and revealed that about 57% of the milk produced w@sumed in the household. Thus,
dairy goats enable households to access milk edpyefor the children, the sick and the old.
Surplus milk is sold despite the little amount oagmilk produced. Kinyanjwet al., (2010)
was also able to establish that the farm gate pfficethe milk ranged from Kenya Shillings
120.00 to 150.00 per liter in hospitals, hotelsjrch congregation and dairy processors who

purcha@oat milk for making cheese forming theydgat milk market in Nairobi.

Though dairy roduction is playing an impottarie in the improvement of income of

the poor farmers, @ty and hunger alleviatibie, dairy goat production is still faced by

market and poor managem ctices (Ndegwal, 2000). Among infectious diseases,

challenges such as disjay! (diarrhea and pneymonieeeding, poor feeding, lack of
e%z,vl

mastitis is one of the isegﬁ\sgﬁectingydgbat productivity. Several causative
agents and predisposing fac%
sts.ﬂ%}%ﬁ reported a overall prevalence of

subclinical mastitis in Kenya to be 28.4) vel rs including, milking hygiene,

ave/be@impdic'mtedairy goat mastitis. Etiological

agents include bacteria viruses a

management practice, feeding, number of japs \Sqeographical locality have

influenced the type and frequency of isolation mfamisms caud@}wastitis (Ndegefaal.,

O

Kenya Alpine dairy goats usually live in the Cehtaad Eastern highlands of Nyeri and

2000).

Meru Districts respectively, but in recent yearsytthave spread to other areas of lower
potential compared to the original entry areas.s€hareas are characterized by a humid to
sub-humid climate with long, wet and cold wet seasdlerds are usually zero grazed and

stall fed on greens and very little or no concdatsupplementation is provided. Water is also
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provided in the shed. The kidding season is usuadtysynchronized but rather depends on

conditions of pasture.

The German Alpine dairy breed has been used fasbreeding with local goat with good
results in Nyeri. The quality of dairy goats in tbeuntry was standardized when the dairy
goat project started, through proper record keepimdj choice bucks for breeding purposes.
DGAK was involved in training farmers to ensure geobreeding practices, with each goats
registeQ

@h the Kenya Stud Book (KSB). Thisugrd that the history of the dairy goats

was well knowa? Earmers could rely on the recoalgdt good quality goats whenever they

wanted to buy then‘@ﬂ this is no more.

2.5 Dairy goat breeds /@

The Kenya Alpine dain@\bre%

IR0 has been implged for close to twenty years,
during which period breeding we{wcemfmermany. The foundation stock was
all from German Alpine with no re of t)@des. There was repeated sourcing of
breeding bucks from Germany but d{ ckéf recording, it was not clear if
considerations were made about their relati .nt@\sque to the outbreak of the
“Bovine Spongiform Encephalopathy” (Mad Cow Disdase E(g}g importation of live
animals was banned. Since then, breeding bucks lhese sourced é from within the
small Alpine population but without proper recordsd procedures (y%ablish their
relationships, they could not be used to contrbreéeding. The breed has not yet been
stabilized and therefore effects of inbreeding wlordverse the initial breeding objectives.
Although inbreeding leads to reduced fitness, tbgrele to which populations suffer from
inbreeding and its effects can vary widely depegdon population history, the trait

examined lineage effect and the environment (Bighal., 2001; Frankhanet al., 2002;

Reed and Frankham 2002).
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Heifer Project International-Kenya (HPIK), one dfetnon-governmental organizations in
Kenya, implemented a community-based dairy goatiplightion programme since the year
1994 using high value exotic genotypes (SaanentisBriAlpine, Ango-Nubian and

Toggenburg) to improve the nutrition and incomeshofiseholds adopting the technology
(Ogolla et al., 2011). Goats were introduced on a “pass-on” maagltract and dairy

entrepreneurial skills imparted to the farmers. Thedel is a loaning system whereby a
benefi@of a doe pays in-kind by giving out fivet two female offspring free to the next

listed ben '(@s who will in turn do likewis@his was supposed to ensure sustainable

spread of dairy ﬂtjﬁthe communities involved.

Factors favouring the ri%of goats are thaly thenerally thrive well across agro-
ecological zones, whicbhns r #d by the degrkéheir adaptation (i.e., survival under

environmental stresses @Cﬁeas sygsl/rasitehighdemperatures), functional contribution

(i.e., meat, milk, fibre and SH%I é'z@(m'rmrelevance (i.e., security and income
0

generation) (Devendra 2001; Pea S@Hbumas of goats are multi-parity and
multiple births, shorter generation interg J e% higher digestive efficiency for

roughage and lower feed requirements as co ongt al.,1994; Brakeet

al., 2002). /
9

According to Kosgeyet al., (2006), dismal performance of program /{Q/olvbrged
substitution of exotics for indigenous breeds arabsbreeding with temperate breeds have
stimulated a recent 4@rientation of breeding programmes in tropical does to utilize
indigenous breeds, and most programmes are intipiEme dairy goat entrepreneurs
therefore need to improve the quality of breeddhagimes go by. According to statistics, out

of the 100,000 dairy goats in the country, onlyODD, are registered with the Kenya Stud
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Book (Kamauet al., 2010). Registered goats fetch premium prices ag #re of higher

breeding value in the class of pedigree

Breeding objective refers to the trait(s) that farsmwant to genetically improve in their
individual animals and flocks because in one wagrwther, they influence the flock returns
or cost of flock production. Therefore, clear idBcation and statement of the breeding
objectives is normally the first step in establighiany meaningful breeding programme
(Philipss 0). The traits identified for impemment among the local goats include milk
yield, mature ize and conformation, growtie rdocility, fertility (age at first kidding,
kidding interval an¢le the high disease and tmlarance/ resistance as well as certain
coat colours. The quah@ iry goats in themtoy was standardized when the dairy goat
project started, throug cord keeping ahdice bucks for breeding purposes.
DGAK was involved in t@ n?\ to ensure geo breeding practices, with each goats

he r @t good quality goats whenever they

registered with the Kenya St (N( Thiswred that the history of the dairy goats
was well known. Farmers could %

wanted to buy them, but this is no more: O &

Goats have become very popular with small schﬁ&s in and densely populated
areas. Land sizes are too small to support datjecén which cas tfy_g.oats are stall fed on
fodder and crop residues. The main dairy goat lsreedred in Kenya i@j/éToggenburg
which is brown with white line on the face, legail tand has a high twining rate; Saanem
which is white with pink skin pigmentation and hagh twining rate, Anglo Nubian which is

whitish brown with long drooping ears and adapteddt climates and German alpine which

is brown with a black stripe on the spine and sthend.
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In addition to increasing milk production crosstgeatlapt well to the local climate. They
mature fast and in a year they are ready to mate.naturity they weigh over 35 kg
compared to local breeds that weigh 15kg afterethoefive months. Some local breeds that

can be cross bred are the Galla and Zebu (Ggjah, 2010)
2.6 Dairy Goat Feeding

Goat is a?uminant with a digestive system comggstif a four compartment stomach (rumen,
reticulum, omasum and abomasum) and the smalltimeesThe rumen is the largest of
compartments and contains many of the “bugs” (lb&ctprotozoa, and fungi) that digest the
feed. The bugs produce enzymes that aid in thekbosen of fiber. The breakdown of fiber
or cellulose converts to volatile fatty acids white absorbed through the rumen wall and
provide up to 75% of the goat's energy ( Irene 2003otein is produced by the bugs from
nitrogen in the feed. Vitamin K and the B vitamiagse also manufactured by the
microorganisms. The reticulum (honeycomb structisethe second area and is just below
the opening of the esophagus. The omasum small round area which contains hanging
layers of tissue. The large surface area of thelsts fallows for the absorption of moisture
and volatile fatty acids from feed. Thebomasum is considered the "true stomach". It
functions like a simple stomach in a monogastricnafs and contains hydrochloric acid and
enzymes that breakdown feeds to be absorbed hiptéstines. The intestines absorb amino

acids, sugars, minerals, fats and other nutrieota fligested feed.

Goats are kept in a wide range of agro-ecologioaks and management systems in Africa
(Peacock, 1996). There are many reasons for treeesutdse in popularity of the dairy goat in

Kenya. One reason is that raising a dairy goatasencost-effective than a cow. Goats feed
on 5 to 8 kg of fodder per day while a dairy couiees 50 to 100 kgs of feed per day. It is

for this reason that farmers with land scarcitybems opt to keep dairy goats. Acquiring the
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desired dairy goats has been very difficult in Kenhe shortfall in the supply of dairy goats
is mainly attributed to limited breeders in the octvy as well as low levels of management.

Goats are relatively cheap to acquire and reprodqualy.

Initiation and maintenance of a successful lacteitsoa result of proper dry doe management
Irene (2003). If the dry doe was maintained propdHe metabolic adaptations which occur
after parturition should be fairly easy on the daker parturition, the doe has a high nutrient
demand to support milk production. Several thingsuo to meet this demand. There is an
increase in nutrient absorption by the udder tissne increased mobilization of minerals
(like Ca, P and Mg). The size of the gut and thsogltive capacity increases to allow for
greater absorption of nutrients. To meet a higkical demand, increased intestinal calcium
absorption and mobilization of bone occurs. Witbgar management in the dry period, this
calcium demand can be met without causing probliéasmilk fever. Energy demands as
the doe reaches peak lactation follow a similarseu Energy is the most limiting nutrient to
dairy goats. Sources of energy are grass, alfedfeeal grains such as corn, oats, wheat and
barley and bypass fats. Energy limitations mayItdsom inadequate feed intake, too much
low quality feed, incorrect roughage to concentnatios. Insufficient energy can lead to
weight loss, infertility and reduced production. #&fas essential in digestion, assimilation of
nutrients, excretion of waste products, controbodly temperature, growth of young animals

and milk production. Access to clean water is vargortant in dairy goat production.

The goats can be fed on many types of fodder imufubapier grass, pasture grasses, sweet
potato vines and household vegetable waste. Instbdy some respondents indicated that
special fodder such as stinging nettleychuthiandmaigoyaare fed to the goats in order to

increase certain ingredients during the produatiomilk.
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The main feed for dairy livestock in the centrajiom of Kenya is Napier gragBennisetum
purpureum)grown on small plots, crop residues, and occa#iipgaass collected from the
roadsides and neighbouring public land. Foddertages are mainly experienced during the
dry season when the farmers traditionally suppldnten grasses with banana pseudo stems
and indigenous fodder shrubs. To meet the nutatioequirements of these animals, farmers
are forced to spend part of their precious incomeparchasing commercial dairy meal
supple@s (Franzet al., 2003). However, farmers often complain that theepof dairy
meal is hi @that they lack cash to buy anasprart it from the market to the homestead.
Many also susp its nutritive value, mainly bessawf scandals in Kenya concerning

fraudulent crop seeds, I feeds and agroché&stgol to farmers (Franzet al.,2003).

Fodder shrubs offer ?\alte iye source of higitgin supplementary feed for dairy
animals. Intensive rese% pl@st}on andzatibn of fodder shrubs in Kenya was
conducted in 1990s by joi ' ctsélalving Kanygricultural Research Institute
(KARI), Kenya Forestry Researc ute Hternational Centre for Research in
Agroforestry (ICRAF) and the Internatmé@esk egearch Institute (ILRI). Most of the
agronomic fodder research in Kenya was c teld@ gional Research Centre,

Embu. The species that were found to have highnpiatein mO&E dairy productivity

included Calliandra calothyrsus Leucaena trichandraSesbania hamaecytlsus
palmensis(tagasaste, or tree lucerne) aMdrus alba (mulberry). Most (w(% available
agronomic and socio-economic data isGalliandra calothyrsusbecause this is the species

most widely adopted by farmers in the central negsd Kenya and other sites in the East

African region (Franzel and Wambugu, 2004).

Concentrates contain high-energy feedstuffs tretdded to a ration primarily to increase its

energy density. They are mostly cereals or cengglrbducts, roots and tubers, liquid feeds
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like molasses, fats and oils. However, these ensogyces also contain small quantities of
other nutrients—proteins, minerals and vitaminse Energy is in the form of starch, with a
crude protein content of 8-12%, high in phosphdmuisiow in both crude fibre and calcium.

Concentrates also contain protein supplementsneltfas feedstuffs that contain more than
20% crude protein on the basis of dry matter. Cotmaées are characterized by; high nutrient
density, high DM, less bulky, longer lifespan, lowde fibre. They can broadly be divided
into two categories; Energy source and protein camuEnergy sources available in Kenya
include: maize germ and bran, wheat pollard and,sarghum and cassava, while protein
sources are maize gluten feed/meal, cotton seet] suedlower, groundnut meal, soya meal,
copra meal, bakers’ yeast, fish meal etc. The comaledairy feeds are produced on an
industrial scale that involves the combination odiny ingredients blended and mixed in
proportions in accordance with dairy cattle feedspgcification outlined by KEBS (NAFIS,

2016)
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Table 2.3: Ordinary Dairy Meal:

Ingredient %
Maize germ 43
Wheat pollard 16
Wheat bra 26

Sunflo@neal 55

Cotton me§o 6.75
Lime @ 0.t

Di-Calcium Phosphate (g% 1
Magadi Soda )\ ' 9)\ 1
Premi» O /%QQ

Total

Note: KEBS specifications for 10.5 ME/Kg (EnerggZP 14 16%, Cal = 0.7% & P=0.5%
~ v

National Farmers Information Service (NAFIS) Repeilof Keny(/&m://www.nafis.qo.ke/

@)

A large proportion of the feed it eats is converiet milk. A goat can convert more dry

Accessed on January®,2016

roughage into milk compared to a dairy cow, but film@ge must be clean and dry all the
time. The amount of feed a goat eats depends dodyg size and also on the quality of the
feed. From the different types of feed given, arkar can tell which type of feed it likes most.
Remove waste feed at least twice a day. If theaeldd of waste, this should tell you the goat

is either being given too much feed than it canagdt does not like type of feed. A 45 kg
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goat that is being milked should be consuming up per cent of her body weight (about 3.4

kg) of dry matter and can drink 4 to 5 litres afarh water daily.
2.7 Dairy goats in Nyeri County

Nyeri district was the pioneer district of the Kanglpine dairy goat, the breed has spread
out in other areas of Central, Eastern and Wegtevinces (Maretet al.,2007). This meant

that th a Alpine dairy goat is continuallyrmpiaccepted as an alternative small holder

milk produ @eed

Nyeri County is ordo( the seven districts of Cahfrovince and forms part of Kenya’'s
eastern highlands. It co y area of 3,266 s@hdhis situated between Longitude$ 36
and 38 east and betW}}q th ,ﬁator and Latitfd@80south. (Ministry of Planning and
National Development, N ounty cons#figix constituenciesNyeri Town,

Othaya, Tetu, Kieni, Mathira %k rw ini. Ny&Zounty is home to 693,558 people

|ng @matlonal Census. Nyeri county has

some of the lowest temperatures in hIC ween 12°C in the cold months

(male - 49% and female - 51%),

(June and July) and 27°C in the hot months@ September October) with
high precipitation all year round. The rainfall eage lies betw/ySﬁ mm and 1500 mm
during the short and long rains periods makingahducive for i se agrlcultural

activity.

The northern part of the Nyeri County is flat, wiees further southwards and western, the
topography is characterized by steep ridges arndy&loccasionally interrupted by hills such
as Nyeri, Tumutumu and Karima,. The major riverss 8agana and Chania, joined by other
numerous streams that make the county self sufticie surface and sub-surface water

resources for domestic, agricultural and industdalelopment. Due to physiographic
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conditions in the county like soil erosion, roadhsimuction and farm mechanization, there is

increased exploitation of land for settlement agucalture.

Kieni East and West are the only semiarid areadlysdri County, which make up Kieni
constituency which is one of the most expansivestirencies in the country, covering the
entire span from the slopes of the Aberdares teslbhges of Mt. Kenya. As with other semi
arid regigns, Kieni is characterized by low primavggetation productivity and high
geograpé@ind seasonal variability in water labdity (both surface and accessible
ground wate is also explains the scant vemetain the two divisions. Livestock
production is a madéconomlc activity in the dions. Agro-pastoralism is the dominant

livelihood system in the iys ns with househofidgpplementing their agricultural income

with livestock-based activities key livest@pecies are cattle, goats and sheep and are a

supplement to agncultw@c-dqctl

The other part of Nyeri D|str|ct gart: Othaya, Tetu, Mukurweini, is a
vibrant agricultural sector that provi em of livelihood for over 82% of its

residents. Three commodities with varie e and dairy - are the main
agricultural enterprises. In terms of Iivestocke fry s ads with nearly every
homestead having at least one or two exotic daatglec Land “in district has been
fragmented into very small units due to high popala pressure. @/&rage, each

household owns about 0.64 hectares (Boekat.,2009)

Nyeri is one of seven districts that make up thet2é¢ Province of Kenya. It is the seventh
most populous district in Kenya, the third richsthe province and is ranked as having the

fourth lowest absolute poverty levels in Kenya ¢Bwaterhouse Coopers. 2005).
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In Nyeri County there are 250 registered dairy ggaiups, under the DGAK, with 3250

members and 9750 numbers of goats (DGAK Office).

Dairy goats farming is most advanced in Kieni, Mukeini, Tetu, Nyeri Central and Nyeri
South sub counties. This enterprise is popularigh Ipotential areas, where subdivision of
land into small land units cannot sustain daintleaiThe main breeds kept are the German
Alpine crgsses and a few Toggenburg and Saanerthendcrosses. In 2013, the industry
earned a total of Kshs 19,800,000 (Nyenur@®p Government, 2015). The main
stakeholder @ nterprise is the Dairy Goasossation of Kenya a farmers’ organization
which provides keﬁﬂwces like routine de-wormipgovision and rotation of breeding

bucks, marketing of live j}f s and milk and regison of breeding stock

The main feed for da ts i County asppier grassRennisetum purpureym
grown on small plots, crop es, a /occaslwgadass collected from the roadsides and
neighbouring public land. Fod e@ortag marperienced during the dry season

when the farmers traditionally sup ent SWIth banana pseudostems and

indigenous fodder shrubs. Fodder shn% %ve source of high-protein

supplementary feed for dairy animals. \S}

)\
Dairy goats in Kieni East and West are reared irop@n grazing ﬁbsometlmes with
little or no grazing rotation. They rely on raindf@astures that receiv pplementary
irrigation throughout the year. Dependence on sedseeather variations therefore, becomes
a major influencing factor on their productivity amfested in low milk production and loss
of livestock body condition during the dry seasam digh production coupled with good
body condition during the wet season. Sometimesméieseason is accompanied by such a
high level of milk production that the capacitytbe market to consume it is overwhelmed

bringing about a milk glut ( Mirara and Maitho,1X)
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Farmers are involved in keeping dairy cattle anatgéor meat and milk purposes. The Dairy
Goats Association of Kenya (DGAK) in Nyeri is redag 250 litres per day from farmers
(Phyllis and Muturi, 2015)The demand for goat milk is higher than the supgly.a study
carried out by Wambugu and Kirimi (2010) on Daiiyiin Kenya, they indicated that the
milk industry has a number of challenges alongctiein caused by seasonality in production
leading to reduced exports and loss of export ntadckeompetitors, cost of electricity/ fuel is
high, h@ cost in initial investment, infrastue bottlenecks, competition from cash based
informal m oor access to breeding, animaltheand credit services; cost of artificial
insemination (A %efflment distribution meatism, poor interaction and priority setting

between research, exteyfan and training and ipfrastructure.

To make the sector pro farmers valddition is important and processors need
to expand to nontradmo@ ket})glde thentgu The government should ensure good

infrastructure to ease transpo Oﬂ{ cation.

2.8 Dairy Goat Association of Kenyac% @

keepers/breeders, which was registered in April41%s a n/)vflt making and non-

Dairy Goat Association of Kenya is an As small scale Dairy Goat
governmental organization. It consists of groupsswfallholder daify g@ farmers. As a
Service Provider it helps in improving nutritionatatus in the family z@‘in poverty
alleviation. DGAK has an ordinary membership of enothan 13000 farmers. The
Association has a total of 1004 member groupsidigegd in most parts of Kenya, with an

average of 15 farmers per group and an averaggoa® per farmer
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DGAK is aiming to raise the income of its membemnd anhance their food security through
increasing their capabilities and skills in dairgat) breeding, dairy goat husbandry and

marketing of dairy goats and their by-products.

The Dairy Goat Association of Kenya gives serviteghe farmers through; provision of
breeding stocks (registered bucks and doe) thréeage or purchase, buck rotation/exchange
between groups or members to avoid interbreedegistration of the dairy goats with Kenya
Stud Bo rketing of milk and breeding goat®tigh organised sales and provision of
extension se ’?through the DGAK Assistants varg location. The DGAK aims at
poverty reduction &@Aood security for small sciaeners through sustainable dairy goat
farming. The goats are/rj(ist ed with cards dédi#ht colour for each type of grade. At the
start of breeding a IO(?.goat fully selectedrossbred with a pedigree alpine goat to

produce a foundation g hicl?i;\gyisteredh witwhite DGAK card. The foundation

goat then is crossbred with a 'reéldw tmlyre an intermediate grade, registered
with a yellow card. Subsequently @ dix 9r, aduced and registered with a green
card and finally upgraded to a pedigré tig &\with a pink card. The DGAK
Assistants coordinate the registration and rot@\ bu@ sure harmony in the field.
During the survey it was noted that some essedétdils are on(i}éd in the cards, like the
history of the buck, birth date and weight of theedand the servick: S. This caused a

drawback to this project since some of the colkatata was based on t QIQGAK register,

making the researcher exclude such dams from tiy st

2.9 Dairy Goat milk products

2.9.1 Yoghurt

Yogurt is the food produced by culturing one or enaptional dairy ingredients with a

characterizing bacterial culture that containsléwtic acid-producing bacteriaactobacillus
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bulgaricus and Streptococcus thermophily®lsen, 2002; CFR, 2008). One or more other
optional ingredients may be added prior to culrivogurt contains not less than 3.25
percent milk fat and not less than 8.25% milk sohdt fat, and a titratable acidity of not less

than 0.9%, expressed as lactic acid (Stephetrag, 2009)

Yoghurt is a dairy product of high nutritional value and healthful properties. The most important
benefits of :oghurt consumption cover the reduction of blood cholesterol level, anti-cancer effects

and the | &w—nent of antimicrobial activity and immunity in the human body (Desobry-Banon,

ﬁ

The special prope&% yoghurt begin with theéqua properties of the microorganisms

1999)

used in their production, ives the prodwstesal benefits including; enhanced shelf
life, appeal, and digesti k Yogud a fermented dairy product resulting from
the symbiotic growth oStr ;@) ophilasdLactobacillus bulgaricuso produce

a smooth viscous gel with a d cuIt redditain addition,Lactobacillus acidophilus,
Bifidobacteriaspecies, and other str y b d forpheported health benefits.

After milk inoculation, Streptococcus ther ilus a@zes milk proteins by its
extracellular proteinases and generates amino, sh are ary for good growth of

Lactobacillus delbrueckii subsp. bulgaricus. Lactoltlus, in turn, prot!\ﬁes formate, which
stimulates the growth of Streptococcus speciesglB#)05). Both are ne to produce a
desirable product. Yogurt process and formulatiarations determine the body and texture,
depending upon the type of ingredients, processtayter cultures, flavor, and packaging
that is used. The processing involve various stelesiding, pasteurization, homogenization,

culturing and cooling, packaging and storage.
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In blending dry ingredients are incorporated irtite milk with agitation, without formation
of foam that may give the product a weak body. iRgeedients added to the yogurt base are
very hygroscopic to avoid lumping. Milk is pre-heatto about 550C, prior to adding the dry

ingredients, to completely hydrate the stabilizedt aid in mixing and suspension.

Pasteurization of yogurt mixes can be accomplidhedeveral different methods. As with
any other dairy product, the purpose for pastetiomais to heat treat milk to eliminate

pathogQ@cteria. In addition, it is very impoit to denature the proteins to attain the
highest level tionality from the milk probesi. Pasteurization also aids in the hydration
of the stabilizers a@lry ingredients that werdealdduring blending, as well as adding a

pleasant cooked flavor. y/ ghurt mix is then bgemized with the appropriate stabilizer,

cooled to normal set es range betweerar82 46C, and inoculated with

appropriate culture. The C«{bat @dltioresdnpendent upon the type of cultures used

and the type of yogurt produc%

Beside the sensory quality, another i |mpor tor for‘ﬁ nsumer's acceptance of the product
are the rheological properties of yoghurt, such as %ws d flow behaviour. Yoghurt is a
non-Newtonian, rheological unstable, viscoelastic and pse lasti f id, It is also shear thinning,
which means that its viscosity decreases as the shear rate increases @ ddition, behaves as
pseudothixotropic because its structure cannot recover completely during the reIn time, when
shear forces are relented (Jacek, 2008). These properties are also of main significance in dairy
technology, especially in the manufacturing, storage, process design, product development and
establishment of the product's quality. Rheological and sensory properties of yoghurt may be
influenced by some technological factors, which mainly include the type and amount of dry matter
fortification, preheating intensity of the milk and whey protein denaturation, specific properties of
starter culture and addition of stabilizers (Jacek, 2008). An important role is also played by the

composition and physicochemical properties of milk which yoghurt is prepared from. Because of the
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differences in composition and physicochemical properties of goat, cow and sheep milk differences
in the rheological properties and sensory quality of yoghurt from these types of milk can be

expected.
2.9.2 Cheese

Numerous varieties of goat's milk cheese are preduworldwide, depending on the
geogra | location, milk composition and thehtemlogy used in the cheese making
process. Lﬁ\@cently, in Kenya, goat’s milk Haeen less appreciated than cow milk for
various milk pro nd specifically cheese potidm. However, goat cheese consumption

is undergoing a develop t process with varioosgssors incorporating it in their process,
like Raka Milk Processors%

Cheese aroma is a ve@ %ﬁptlon as tinasoutcome of the action of many

compounds that may also b fooddiféérent kinds (rbach, 1997) and it is
considered as a quality element o @t rele@heese makers. Most cheese varieties
contain similar volatile compounds bu@ i{fer ions.Cheese is a concentrated
dairy food made from milk, obtained by drai@ be@ isture or serum of original
milk) after coagulation of casein, the major milloggin. Casein u/c ulated by acid, which
is produced through the addition of select micraoigms and/or by coagulating enzymes,
resulting in curd formation. Milk may also be adiell by adding food acidulants,
which is the process often used in the manufaaififeesh cheese. Cheese can be made from
whole, low fat or fat-free milk, or combinations tiese milks. The concentrations and
proportions of volatile and non-volatile flavourmepounds are probably responsible for the
specific flavour of each varietyr¢x et al., 2000) The specific aroma of goat cheese has
been well identified by different authors (CarurechiVhetstineet al., 2003, Engelet al.,

2002). 4-Methyloctanoic and 4-ethyloctanoic acidsenbeen found to be the main volatile
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compounds responsible for the goat flavour and treyperceived at very low concentration

(Salles, 2002)

Sensory analysis is becoming increasingly widesphraad its use may often be considered
scientifically rigorous; it is a key element in ohéfig cheese quality and is therefore seen as

an essential tool in the food industry, particylanl the dairy sectord(sta, et al., 2008)

2.9.2.1% Cheese

Paneer mearQ duct obtained from cattle milgrbygipitation with sour milk, lactic acid,
or citric acid. It shé@& contain more than 706isture and the fat content should not be
less than 50% expresse (y y matter. (Shahnawshklahammad, 2011). Milk solids may
also be used in prepaytjon neer. Paneeres insa variety of forms like; base for

variety of culinary dishe dlerg\ va nousgetable dishes, snacks, among others.

Paneer is a rich source of an|/§/ |n a ke comparatively lower cost and forms an
important source of animal protein f getarlaﬂ(vnd above its high protein content
and digestibility, the biological value of i PQ is in the range of 80 to 86
(Shrivastava and Goyal 2007). In addition, Pane&\?alua&& rce of fat, vitamins and
minerals like calcium and phosphorus. It has a aealsly Io shelf life under

refrigeration.Good quality Paneer is characterizg@ marble white colo eetish, mildly
acidic taste, nutty flavour, spongy body and clpskhit, smooth texture (Shahnawaz,
Mohammad, 2011).In a research carried out by Sheikk., 1988), they found that Paneer
made from goat milk resulted in a product that éatkompactness. Agnihotri and Pal (1996)
prepared good quality creamy white Paneer, frem fyoaty smell or salty taste, from Barbari
goat milk with 4.86% fat and 8.96% SNF employin@guolation temperature of 87-88 °C

using 0.15% citric acid. Prasad al, (1990) made Paneer from goat milk with acceptable
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characteristics and without any goaty odour. &aal., (2008) standardized the processing
variables (heat treatment of 90 °C, coagulationpenature of 90 °C and coagulant strength

of 2% citric acid) for the manufacture of Paneenirewe’s milk with 6.94% fat.

The quality of Paneer depends upon the quality it from which it was made. Milk fat
exerts significant effect on the organoleptic gyabf Paneer. Padt al.,(1991) observed that
the sensqry score of low-fat Paneer was greatenwtfikk was heat treated at 118 °C rather
than at@ “Kumaet al., (1998) found that the body and texture and ovexatkeptability
scores of Pa de using calcium lactate castgukre better than those obtained for the
product made usir@(ric acid or sour whey. Citrid yielded sensorily superior Paneer
compared to malic acit(;fh_ dy and texture ofeRambtained using malic acid was quite
poor (Pal et al., 1999));[%92) found that the total sensory score of Pameale
using different milks te d r;ﬁ; in théowaihg order: Paneer from buffalo milk
with 6.0% fat (93.33 score) fron(c milk with 4.5% fat (88.97 scoré®aneer
from skim milk with 0.1% fat (84.&@@1 @6) observed that use of 0.05% CaCl2
in milk diluted with water to 4.6% fat aé 0 S d in Paneer comparable to that
made from normal milk (5.5% fat and 9.0% S@ﬂm@@m?, 2008) found that the
sensory score of Paneer decreased with an incinade Ievf )\incorporation of the
coagulant i.e. from 0.2 to 0.6%. Pail al., (2008) found that acce@bPaneer could be
obtained from ewes’ milk by coagulating the milkS& °C using 2.0% strengﬁ\)f citric acid
solution. Paneer represents one of the soft vasieif cheese family and is used in culinary
dishes/snacks. It's simple method of processingezsily be adopted at farm level, where
farmers can utilize lemon juice as a coagulant, @& Paneer to enrich the locally available

food.

2.9.3 Sensory evaluation
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The application of sensory perception is one ofkiings to the nearly ubiquitous wholesome
and flavorful image that dairy foods continue tqognwith consumers. Due to the pivotal
role that sensory perception occupies with the etarg of dairy foods, some means of

sensory measurement is often a final step in prtodiesxelopment.
2.9.3.1 Acceptance testing

In acc@wce testing, consumers are presentedpnatiucts and asked to indicate their
degree of n a scale. The most commonly xde is the 9-point hedonic scale. This
scale is bipolar anchors are dislike and likand has been widely used since its
invention in the 194? tz and Cardello, 200hg scale is used to effectively indicate

differences in consumer I@f products. Thedp hedonic scale has proven to be a

robust and perhaps m r ser a%estimatermlmer liking

2.9.3.2 Free choice proflllng @ /
Sensory characteristics of a cheese % tm%mption reflect the milk from which

it was produced, the processes used in i e physical and the chemical

changes that occurred during maturation. F \S\/)\

Free choice profiling (FCP) is a sensory technidgereeloped to reduc& eed for extensive
panel training, and eliminates the pre-establishedsure of agreement arry@the panellists
on their interpretation and meaning of the terney twill employ (Delizaet al., 2005). Free
choice profiling assumes that assessors do noerdiffi how they perceive sensory
characteristics, just in the way they describe thekssessors develop idiosyncratic
vocabularies (Williams & Arnold, 1985), which wilhevitably vary from assessor to
assessor, as they are grounded in individual eapeesi and familiarity with the product.

These procedures require little training; assessurst be objective, capable of using line
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scales, and use their vocabularies consistentl{li@iWis and Langron, 1984). The technique
has shown results compatible to those obtained bse rmonventional procedures, and has

many practical advantages (Williams and Arnold 1985

In summary it can be said that limited research been done to understand consumer
perception and acceptability of the flavour prdfilef cheese, using preference mapping
techniqu (Young,et al.,, 2004). Factors, like diverse processing proceduaad

demogr contribute to different attitudestietato consumer acceptability of cheese.

Thereisnos &reports that exist of freeicdrofiling on goat milk cheese attributes.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Determination of Dairy Goat milk yield
3.1.1 Study design

The st opted a descriptive survey method, lwhias considered ideal for the study,
because i ht to gain insight into a phenomeasna means of providing basic
information in the jarga of study. It provided quiative and qualitative descriptions of some

parts of the population yf:.described and expththe larger population (Bless and Higson-

Smith, 2000). )\/@
In order to meet the ob% for@udy beticondary and primary data were used to

generate the information required Jhe priméry deda collected through an in depth face to
face interview using a questionnai @)end@s guestionnaire comprised closed and
open ended questions. Participant obg fon d. Besides, secondary data on
dairy goat entrepreneurs was obtained fror@ﬁnﬁ%{wat were available at the
DGAK, reviewed journals and books. Two-group simpiadomi/e sign was applied, by
defining the population first and then from the plapion a sample was selected randomly,
for the baseline survey. The selected samples vegr@omly assigned to w(\experimental

and control groups, for the nutritional evaluateord product development.
3.1.2. . Study site

The study site was iNyeri County, which is partly an agriculturally higpotential region
with plenty of rainfall, and 51 percent of the Couibeing semi-arid (Price Water House

Coopers, 2005). The semi arid areas are Kieni &adtKieni West, which are characterized
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by low primary vegetation productivity and high geamphical and seasonal variability in

water availability.

Nyeri County is located in central Kenya, about ¥sl@meters north on Nairobi. It borders
Laikipia to the North, Meru to the North East, Kiyaga to the East, Murang’a to the South
and Nyandarua to the West. It covers an area of7.38Bf and is situated between
Longitudes 36° and 38° east and between the ecmradokatitude 888 south (Phyllis2015).
The cou in the dissected slopes of the édner Ranges (4,001m) to the West, 1,500 m
above sea IeQ, t has greater topographic vhtyatlHuman habitation extends up to the

mountain about 2,1%above sea level (PhyllisNMuatlri, 2015).

The study site included N@counties of Nyesufty; Mukurweini as the high potential

area, and Kieni as t &ml ara as, which wasliigided into Kieni East and Kieni

(Appendix 1) /s/
3.1.3. Study Population % @

The study population comprised farmers o [ ho are engaged in dairy goat
rearing in the entire study area, and were re@ﬁlevith t } Goat Association of
Kenya (DGAK) having undergone adequate traininglairy goat e%’uag, practicing good
husbandry and producing milk. The farmers were tifled with the hhe DGAK
Assistants who could indicate potential farmers nehibe researcher could obtain adequate

and accurate data.
3.1.4. Sampling procedure and sample size

Two sampling techniques were applied;
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Mukurweini Sub County — Sampling done by censuser@ta 100% of the population was
sampled. All the farmers practicing good animaldamry and maintaining proper records

were included in the study.

Kieni Sub County - Purposive sampling techniquebe Trespondents from the target
population was purposively selected after consigdefactors such as accessibility and the
significance of the study information from the fams and other stakeholders to be collected.
Using thé@sroach, the researcher selected alsarhpegistered dairy goat groups which
represented ’? section of area of study. fitezia for selecting sites depended largely
on dairy goat regiﬁ@ﬁon with DGAK (Appendix VJhe farmers were interviewed and
provided with questionﬁj@s Appendix 1V) seekinfprmation on goat identity, types of

fodder used, goat milk percep y the farmer goak milk utilization.

@asistanteanh area of study, and the researcher.

The technical team incIude@?G
li t@n Tab%mumber of dairy goats sampled for all

@)ne dairy goat.
Table 3.1: Dairy goat farmers from the study @l ’9\9
AN

Farmers interviewed were as

the households were 191. Some hou ds h

Area Number of households (Farmers) Numb(r)?’iflts
Mukurweini 39 39 c O
Kieni East 40 79 /<\
Kieni Wes 40 73

Total 119 191

3.1.5. Data Collection

Questionnaires containing structured and semitstred questions were used (Appendix V)
collect quantitative information, comprising aninmaisbandry practices, type of feed given to
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the dairy goats, dairy milk production, dam birtkight and age of the goat. Reference was
made to the DGAK registration card (Appendix V) é&ach goat. Additional data was on type

of kids, their birth weight, weaning weight and gtb weight.
The milk yield data collection was based on twegaties:
Category 1 — Pre-weaning period

The da%\milked once per day- The dairy farnpeasticed a partial suckling system,

allowing the stay with their dams duringe tHay, but separated at night, for one
months @

Daily yields during the su/\«@)eriod were obtinby doubling the yield recorded in the

mornings. )\& 'y)\
Category 2 - Post weaning pe@ /37 O

The dam was milked twice a day (m%g ando{ amyl the yields recorded separately

for one month O 6\
G R

3.2. Dairy Goat Milk Nutritional and Chemical Composition /)\'
3.2.1. Sample Collection Q<\

Pedigree dairy goats reared in three regions vademtified and selected for milk analysis on
nutritional quality. Ten pedigree goats in ten farper region were identified, based on the
best animal husbandry practices, like cleanlinfssjing and dairy upkeep of the goats. For
product development, dairy cows in the same farmewdentified to draw milk for making

products that could compare with goat milk products
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Milk collection was done once a week in each fawhere 200ml of milk was drawn per

milking session.

Samples were collected from the farms and frozes2@C. Before analysis samples were
thawed at room temperature, and warmed -320C by transferring it to the beaker and
keeping it in a water bath maintained at®4045°C, with slow stirring for proper
homogenijzation. The samples were mixed thoroughlgduring back into the bottle, mixing
to dislo y residual fat sticking to the sidesl pouring it back in the beaker. The

samples wer d to come to room temperat@®- (28’ C) and withdrawn immediately

for analysis. @
3.2.2. Determination of MI%SOlIdS and Solid-not-fat

Determination of total S 32\ ut bsngmetric method (AOAC 2005)

The moisture dishes were he;% h thei @dade in the drying oven at least for 1
hour, and then the lid placed on the and transferred to a desiccator. These
were allowed to cool to room temperature @ nd weighed to the nearest 0.1
mg. 5 ml of prepared sample was added , the li the Q@/ d weigh again. The dish

was placed without the lid on the vigorously bailwater bath in s ck_way that the bottom
of the dish was directly heated by the steam. IHgatontinued till mos@t e water was
removed. The dish was removed from the water lvaifted on the underside and placed in
the oven alongside the lid and dried in the over2fbours, then transferred to the desiccator.
The dish was allowed to cool and weighed to theastd.1 mg. The dish was again heated
with its lid alongside in the oven for another Juhcand transferred to the desiccator to cool
and weighed again. This was repeated until themffce in the two consecutive weightings
did not exceed 1 mg. The lowest mass was recorded

Total Solid Content=m,-mjy x100

ml-mO



Solids-not-fat was determined by subtracting thewam of fats from the total solids.
3.2.3. Crude protein

Protein content (N x 6.38) was determined usingiSéitro Kjeldahl Method according to

the AOAC (2005) procedure 978.04

Digestion; About 1 g of sample was accurately wedythen transferred to a digestion flask
together catalyst composed of 5 g of potessulphate and 0.5 g copper sulplzate

15 ml of con d sulphuric acid. The mixtui@sweated in a fume hood till the digest
colour turned blue4»ﬁfying the end of digestmocess. The digest was then cooled and

transferred to a 100 ml volymetric flask and toppg@dto the mark with distilled water. A

)\

Distillation and titration: Th IIed e svaubjected to distillation and titration using

KJELTEC AUTO 1030 analyzer (@tor A%anaseﬂm)

3.2.4. Determination of Ash content

blank digestion was aI?grep

The ash content was done according to the AOA&(ZG(EH&%? .05. 2-5 g sample were
weighed in pre-conditioned crucibles. The samplesewirst charred by.flame to eliminate
smoking before being incinerated at 550°C to thiatpaf white ash. The@/%*es were then

cooled in desiccators and the weights taken.
3.2.5. Determination of Fat content

Fat content was determined using Gerber methoddightvas described in AOAC Official

Method 2005:18, for fat content of raw and pasadiwhole milk.
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Milk test samples were placed in water bath maieiat 39 +iC. Level of water was
maintained at or above milk level. The milk was etx10 times by inversion. If fat line
remained on inside surface of container, hot wates run over outside surface for 15 to 20
seconds. The milk was mixed thoroughly by inversiand test portions weighed
immediately. The milk was not allowed to remainviater bath more than 15 min after

reaching 38C.

Sulphur;@x 10.0 £ 0.2 ml, were added into &itmmeter, and tarred on an analytical
balance. 11.18-# 003 g tempered milk test sampleweighed into the butyrometer, adding

milk slowly at first @fevent charring and viotereaction with acid. 1 £ 0.05 ml isoamyl

alcohol was added to t rometer with testiportLock stopper was inserted securely
using hand-held key. aring_imsulated gloves, ihyrometer was grasped at graduated
neck with stoppered en ith@ywing sniailb to empty, shaking was done until

all traces of curd disappeared. dinﬁw)mmmoth stoppered end and graduated
neck, it was inverted at least 4 ti mix %}ining in the small bulb and graduated

neck with the contents of larger bulb. @/ &\placed in centrifuge, small bulb
pointing up, and counterbalanced. Centnfu@ in after proper speed was
reached. The butyrometers was transferred to arwath md(y)‘med at 60-83 and
immersed leaving only small bulb exposed. The fdtumn was Iefko&ilibrate forb

minutes. The scale was promptly read at bottonpptu meniscus to nearesy(.\GS%

Analysis was repeated if fat column was turbid arkdin colour, or if there was white or
black material at the bottom of fat column. Accéfeafat columns were pale to strong

yellow and uniform throughout with ni light or daplarticles.

Sulphuric acid, 10ml, was measured into a butyremetbe without wetting the neck of the

tube. 10ml of milk was then be added into the mmeter tube along the side wall without
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wetting the neck. 1ml of amyl alcohol was then Hdeal and the butyrometer cocked with a
stopper. The butyrometer will then be shaken umiihogenous and placed in a water bath
for 5minutes at 6% then centrifuged for S5minutes at 1100rpm. Thetrdege was then
being allowed to come to rest and the tube remoaed placed in a water bath for
5minutes.The butter fat content and specific gyapitthe samples were used to calculate the

solids non-fat (SNF) content of the milk by Richrd@nformulae as follows:

3.2.6. F§@Nds Profile og goat milk

This was carrieﬂt@sing the Bligh and Dyer mdfi®59),with modifications.

1ml of milk was measu/rjd_ to it added 3.75 md ahixture chloroform/methanol (1/2),
then vortexed for 10—1?(1in. ixture was adtlé&#d ml chloroform with mixing for 1
minute and 1.25 ml wat j ix'ﬂ?\ r anothemnote, then centrifuged. The upper phase
was discarded and lower phaSe Iecté &brdoglmyness in a rotary evaporator. The
lipid residue in the flask was comp drie@cuum in a desiccator over fresh KOH
pellets (about 1-2 h), and the weight {ws d expressed as percent on dry

matter basis. This oil was used for fatty acid @I Ey g%d chromatography (GLC),
and also for vitamin E analysis. /)\

Methyl esterification of lipids for fatty acidssieby gas chromatograph@ was done by
refluxing 2-5 mg of oil in 2 ml of 95% methanoligdrochloric acid (HCI) for 1 hour. Methyl
esters formed were extracted thrice using 2 ml-bkxane. A small amount of anhydrous
sodium sulfate was added to the extract, to renveater. The solvent was evaporated to
concentrate the extract to 0.3 ml using a streamitodgen. This was injected to the GC
machine for the fatty acid profile. Identificatiaf fatty acids was done by comparing with

known methyl ester standards from Sigma (Code 18%84-17, and M-3378).
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Instrumentation: The analyses were performed uairfghimadzu GC-9A (Shimadzu Co.,
Tokyo, Japan) fitted with a glass column, prepaclked preconditioned by Shimadzu;
Shinchrom E-71 5% Shimalite (80-100 Aw), 3.1 mendth by 3.2 mm internal diameter and
flame ionization detector. Isothermal column terapere of 208C was used and

injector/detector temperature of 280

Flow rate,was 8 ml/minute, injection Volume 1ul.98a used were nitrogearrier gas at
2.63 kg drogen at 0.68 kg/cfrand air at 0.35 0.68 kg/éGmShimadzu integrator

software was@?o calculate the peak areas.

3.2.7. Determination ofjfaeral composition

Sample treatment: Th?sh solved in 15 MIHECI in a volumetric flask which was
then topped up to 100 W|t02\ til ed waiEhis was used for mineral determination
according to the AOAC m Iron, coppealcium, sodium, magnesium,
potassium and zinc were (& @/Atomlc Absonp Flame Emission

Spectrophotometer (Shimadzu Corp., { ap &QA 6200), using the respective
cathode lamps. The individual mineral elem@ﬂmﬁ%calculated from the AAS

readings obtained for both the blank and the tastisn. /)\

Phosphorus was determined with the vanadomolybztateimetric meth@’ arson, 1976)
with potassium phosphate as the standard. 50 mbplsanvere pippeted into 125 ml
Erlenmeyer flask and added a drop of phenolphthatelicator. 8 ml combined reagent (5 N
sulfuric acid, ammonium molybdate solution, 0.1Ma@bic acid) were added and mixed
thoroughly. Absorbance was measured after 10 nmsnatte880 nm, using a blank reagent as
the reference solution. All determinations were elam triplicate and reported in mg/100g

sample.
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3.2.8. Determination of Vitamins
3.2.8.1. Determination of Vitamin E

Vitamin E (@-Tocopherol) was analyzed using Perkin-Elmer (PEjies 400 liquid
chromatography fitted with a UV detector using thethod of Ubaldiet al., (2005), with
some modification. Milk sample was treated with atlmanol/ethanol solution to denature
Iipopro@. Alkaline saponification of the tesatarial eliminates fats and liberates vitamin
E from tes ial as unsaponifiable materiat thauccessively extracted with petroleum
ether. The extra’cﬁ/ dried, solubilized with maetti and injected in HPLC (C18 column,

reversed-phase). The itative determinatiovitamin E was carried out by UV detector

settled at 294 nm. )\/@

After homogenization, m plez\ re dividedLOyg aliquots, conserved in polyethylene
tube and frozen at —20°C unti sis./M@amplat room temperature, were mixed and

brought to 80°C in water-bath while pug

10g were put into a round-botto K, 1@0&@0 acid solution were added and
@vithl S. At boiling point (after about

twenty minutes) 2ml of KOH solution were m@ﬁ‘ﬂ%es the flask was removed

from water-bath and kept in the dark until cooling. /)\

After cooling, test material was put into a sepagatunnel, rinsed two ti ith 5ml water
and successively with 30ml ether. The funnel wased and mixed several times. Aqueous
phase was recovered in the round-bottom fl ask ethdr phase was put into a fl ask.
Extraction procedure was repeated 2 times with 3gthwr. Ether phases were combined and
transferred in the separating funnel, rinsed 6 simdéth 50ml water, and recovered in a
round-bottom fl ask. Separating funnel was rinsetth \itOml ether recovered in the round-

bottom fl ask. Then, the test material was evapdr&b dryness in a rotary evaporator under
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partial vacuum at water-bath temperature of 45°@n{Butes). After cooling, test material
was recovered with 5ml methanol, well mixed anadfarred in a glass tube, centrifuged at

4000 rpm for 5 minutes. To prepare four samplesibfour hours were needed.

Standard curve was prepared using known conceamgatifa -tocopherol against tocopherol
internal standard ration. Linear regression anslyss used to predict concentrations of the

unknown

o
The analy§ performed using a HPLC Model 1088, Shimadzu Corp., Kyoto, Japan
fitted with UV de’tgt at 205-340 nm wavelengikefi, stainless steel column NOVA-PAK
Cis 3.9 mmX15 cm col}fn at 35 oven temperature. Mobile phase: methanol: waes 9
(both HPLC grade) at a fl%e of 8 ml/minute anjction volume of 20 ul. Shimadzu

software was used t late eak areas. Reigkts of tocopherol in the sample

extracts were measured an%ar@h thoseeaftandards.

3.2.8.2.Determination of Water Sltam@
3.2.8.2.1 Determination of Ascorbic acu( in a &an

Ascorbic acid, thiamin and niacin were determlne crib e method by Ekinci and
Kadakal (2005). Deionized water (50ml) was addew if gén\ and the mixture
homogenized for 1 minute, then centrifuged for liutes at 14 x ﬁ)rp@/&e\staﬂonery

phase was flushed with 10 ml methanol and 10ml mthien adjusted to pH 4.2 to activate
the stationery phase. Acidified water was prepéeddding a 0.05 M HCI solution drop by
drop with stirring until the pH reached a predeteed value. The sample was eluted with 5
ml water (pH 4.2) then 10ml methanol at a flow ratd ml/minute. The eluent was collected

in a bottle and evaporated to dryness. The resiae dissolved in mobile phase, filtered

through 0.45 um micro filters, and injected inte thPLC column.
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The column eluate was monitored with a photodiodayadetector at 265 nm for vitamin C,
234 nm for thiamine, 261 nm for niacin, 324 nm pgridoxine, 282 nm for folic acid, 204

nm for biotin and pantothenic acid.

Standard curve: Standard curves were prepared ugiogin concentrations of vitamin
standard (ascorbic acid, niacin, pantothenic apigtidoxine, thiamine, folic acid and
riboflavin), against vitamin internal standard ratid.inear regression analysis was used to

predict C rations of the unknown water solwiimins.

Instrumentation: walysis were performed usingPLC (Shimadzu, Japan) PE series

400 liquid chromatogra ted with a photo-diadietector, a ¢ column ODS 250 mm X
4.0 mm stainless steel at“ﬁ% temperature. Mobile phase was 0.1 mol#itngotassium

phosphates (pH 7): A?e&apof%: flow rate O.fim/and injection volume 20 pl.

Shimadzu software was us%lc@he pesisar
3.2.8.2.2. Determination of Ribof%( %
pl%emmd using a mechanical

blender. 10 ml of the homogenate sample WasA@wmQ(%i and transferred into a

HPLC AOAC 2005 method was used. T

100ml round bottomed flask. 20 ml of 0.1N sulphw@d was adcg}_each sample and the
mixture stirred. The mixture was hydrolyzed oveilibg water for 1 h /& pH of the
mixture was adjusted to 4.5 using 2.5M sodium deedad then cooled to room temperature
and added 0.3g of papain. The sample extract wasbated for two and a half hours in the
oven at 48C. The extract was cooled to room temperature #edefd under vacuum using
the Whatman filter paper No. 42. The residue wasrifeged for 10 minutes at 10,000

revolutions per minute. The supernatant was traredfeinto a 50ml volumetric flask and
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made to the mark with diluted- deionized water. Thixture was filtered through the

Millipore filters and an aliquot of 30 was injected into HPLC for analysis.

The mobile phase was made by mixing 0.01M sodiumsphate buffer containing 0.005M
1-hexane sulphonic acid (pH 7.0) methanol and adete in the ratio of 90:10. The mixture

was filtered through Millipore filter and degas$ed 10 minutes.

Standa@urve: Standard curves were prepared ksiagn concentrations of riboflavin
standard @ vitamin internal standard ratianear regression analysis was used to

predict concentﬁ%f the unknown water solwiiEmins.

Instrumentation: The anjlyf were performed usingPLC (Shimadzu, Japan) PE series
400 liquid chromatogr%fitt ith a UV detectidetector, a ¢ column ODS 150 mm x

4.6 mm stainless steel en tz\erature, at 270 nm. Shimadzu softwaseusad to

calculate the peak areas. @ / O
3.2.9. Amino acids profile of goat milQ %

Amino acid profile of milk samples was perf dwi rotocol ofadeela (2013)
with modification from Walsh and Brown (2000). Tim#k samplg )ku'e centrifuged at 5000
rpm for 15 min at 4°C to separate the fat. Hydrodhlacid (6 M) wé d to the sample
vial for a final concentration of 5 mg of proteir/of HCI. Hydrolysis vial wd(ﬁaced in an
ultrasonic cleaner and flushed with nitrogen gdeneesealing under vacuum. Samples were
placed in a heating block for 4 hr at 145°C. Aftards, samples were removed from the
heating block and allowed to cool before filtratibmough 0.2um filter. Samples were dried
with nitrogen gas and dissolved in a dilution buffehe prepared samples were analyzed for
amino acid profile by running through Automated AmiAcid Analyzer. Areas of amino

acid standards were used to quantify each amimbimacepresentative sample.
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3.3 Dairy Goat Milk Product Development
3.3.1 Product preparation

3.3.1.1 Paneer cheese

Paneer cheese was prepared using Goat milk andniibvas per the method of Shahnawaz
& Mohammad (2011). Fresh goat milk was pasteuriait stirring to 98C for 20 seconds.

This wg@wed by coagulating the heated milkhva 0.2% citric acid solution. The curds
and whey Weﬁ\allowed to cool for half of an hdben strained through a muslin cloth and

the curd pressed @ﬁight. The Paneer was cutpieites and packed for freezing. The

Paneer cheese from goai %ﬂs clean white.
3.3.1.2 Yoghurt &

Pedigree dairy goat milk was ed 6.5% sugar and brought to boil €85
for 5 minutes, with stirring, and fi oIe A culture containingtreptococcus

thermophillus andLactobacillus bulgaric 4\®mo &and the milk held for 4 hours at

45°C. Afterwards the coagulum was broken b)@r (%et milk yoghurt.

The same procedure was repeated using cow millbtairocow 4\ ghurt for sensory
evaluation comparison test. The products weregesfated for a maximu@/&ee days, for
sensory evaluation.

3.3.2 Compositional analysis

3.3.2.1Paneer cheese

The cow milk and Paneer cheese were analyzed fafecprotein, fat content and ash
contents following the procedure described by AQ&Q05).

3.3.2.2Yoghurt
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Goat and cow yoghurt were analysed for total solids, asteipr fat(Gerber methodjnd total sugars of
yoghurt samples were determined according to AOAC (2005)pHhef yoghurt samples was measured after 1
day of storage at’@ using an Hanna pH meter calibrated with two standard soldiidfered at pH 4.00 and
7.00.

3.3.3 Sensory Evaluation
A group of twenty untrained panelists were seleéteth the Food Science and Technology

student d staff, to evaluate the organoleptidityuof Paneer cheese and yoghurt products.
3331Ac@§ ce Test

Sensory analyse §W based on Vargas et al. (20@8)some modifications. Evaluation

was based on five senrﬁ‘;.ttrlbutes Paneer chdeswaire/appearance, taste, smell, colour

and aftertaste; and yo thness colaste t odour and overall acceptability. Prior
to the formal testing s sessmeﬁevperformed to define and describe the
attributes, find appropriate |t tiv aBd familiarize the panel with the samples

and methodology. O @
/&

A thirty member untrained panelists wer sion, which was repeated four
times with different groups of Food Science a@ é ts and staff. Yoghurt and
cheese samples were placed in white plastic capgldd and pla@n benches in a way
that there was no interference between the pasel&mples were d in the order

presented form left to right. Water was provided the panelists to rinse @mouth after

each test.

Sensory attributes were analyzed by 12 trainedllistsen terms of lower or higher intensity
using an unstructured scale anchored on the lefft Wwieak’ and on the right with ‘strong’.
Each judge on the sensory panel performed thdhest times. The acceptance sensory test

was conducted with 120 untrained yoghurt consuni8s40 years of age. The evaluation
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was conducted using a 5-point hedonic scale (1likeligery much and 5 = like very much).

See appendix VI and appendix VII.
The reference sensory properties are as follows:

» Colour - typical, characteristic, intensive white,
* Taste — sour, characteristic,
. @I — characteristic and intensive,

o Text pearance/Smoothness — uniform and compaemy not lumpy, without

syneresis ;@
3.3.3.1 Free Choice Prof'jip%

This involved develop{&and r@ﬁ tanding of boties before the analysis with the
assessors being asked to tasteftwo of. sampdegamerate as many terms as possible to
describe appearance, texture, arﬁd o] ,tand aftertaste. In order to ensure that
panelists were not influenced in any v@ no i@ with regard to the nature of the
samples was provided. Panellists receive b 1cm Paneer cheese samples
from both goat and cow milk. This size, consid&alalrger\%ﬂ average bite size, was

employed to ensure enough sample was availabieaiaae all the ne%esary categories.
3.4. Data analysis /<\

The data was analyzed using the Statistical Packag&ocial Scientists (SPSS) software
Version 18 of 2010 (IBM Corporation). General Laneviodel (GLM) Univariate procedure
was used to perform a two-factor analysis of Vargaat 5% significant level for milk yield,
and descriptive statistic techniques including @iepy and crosstabs, were applied for

nutritional composition and product development
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CHAPTER FOUR
RESULTS

4.1 Dairy Goat Feeding Practices

Data o ity_goat feeding for the study area ss@nted in Table 4.1. All the farmers
included in tléu y fed the dairy goats with ratpastures which include weeds, shrubs;
banana Ieaves,j@eels, fodder crops likeieagpass, maize stalks, sweet potato vines,
green leafy twigs. The@ﬂ used available plenatterial found on the farm. Only few
farmers supplemented the f ﬁth concentratéactathat contributed to the dairy goats

low milk production, whi@C'Ragr nt withdings of Ogolaet al.,(2010).

Table 4.1: Dairy Goat Feeding%es O
~ 7],

\/(deni% Kieni West ~ Mukurweini

(nQ@ L&/@‘G)’ (n=39)

Type of Feeding

Normal Pasture 100% W 100%
Normal Pasture + Concentrates 43% 5% 13%
Normal Pasture + Mineral supplements  48% 32% /@%

4.2 Kenya Alpine Dairy Goat Breed Milk Yield

4.2.1 Effect of Dam Grade on Dairy Goat Milk Yield

Using the General Linear Model (GLM) Univariate perform a two-factor analysis of
variance, the effect of grade per region on daillk production was evaluated as presented
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in Table 4.2. The highest milk yield was found ineli East, with significantly higher

amount of 2.69 litres per day.

Table 4.2: Effect of Dam grade per region on averagdairy goat milk yield

Kieni East Kieni West Mukurweini
Dam Grade

(n=78) (n=73) (n=39)
Original 2.28+0.924 1.00+0.06 1.33+0.40
Foundation 1.25+0.38 1.53+0.47 0.98+0.17
Intermediate 2.04+0.70 1.81+0.77 1.08+0.25
Appendix 2.69+0.35 1.77+0.40° 1.34+0.39
Pedigree 2.07+0.78 2.15+0.62 2.31+0.68

The data are mean value™s Standarg’deviation (8Bixaeplicates.
values within a column a@i wit /nt supeirs are significantly different (P <.05).

The difference in milk prodé/}ps si@c ntl{P<0.05) lower for dairy goats in
Mukurweini region, except the Pedi ade significanly (P<0.05) high amounts
of 2.31 litres. The appendix grade in Kie@lslegi ighest milk production of 2.69
litres per day. This being a semi arid area thb@ﬂmod @could be attributed by the

good feeding programme as demonstrated in Table 4.1 )\l

Table 4.3, shows the significance value of the gt te the ANOVA, \A% 0.001, an
indication that the dairy goat milk production fiifferent grades is significantly different for
each region under study. However the R square shomesak relationship of 29% among the

different regions and grades.
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Table 4.3: Analysis of variance for effect of dammude and region on daily milk yield

Source Type Il Sum of Mean Partial Eta
Squares df Square F Sig. Squared

Corrected Model 38.34 14 274 5.198 0.000 0.294
Intercept 335.86 1 335.86 637.620 0.000 0.785
Region 10.122 2 5.06 9.608 0.000 0.099
DamGrade 15.33 4 3.83 7.277 0.000 0.143
Region 14.5¢ 8 1.81 3.45( 0.001 0.13¢
DamGrade
Error 92.18 175 0.52
Total 816.94 190
Corrected Total 130.51 189

%R Squared = .294 (Adjusted R Squared = .237).

4.2.2 Effect of Age on Pedigree Da‘/(@at N%

The Effect of dam age on milk yield was areas as presented in Table
4.4. The pedigree dam starts to produce milk ?gs The average milk
production between the ages of 2 to 2.9 years wasignificantly diffefeniP<0.05)), for the

three regions. At the age of 3.0 to 3.9, Kieni Egeste significantly hig unt of 2.34
litres, as compared to Kieni West and Mukurweininn2.19 and 1.88 litres respectively. A
further similar increase was noted for the dailntgaat the age of 4.0 to 4.9, with Kieni East
having significant higher amount of 2.66 litrescasnpared to other two regions. There was a
notable increase at the prime age of 5.0 to 5.9reviMukurweini significantly gave the

highest amount of 2.96 litres per day.
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There was, however, significant increase in milkdurction at the age of 5.0 to 5.9 years for

both Kieni East and Mukurweini, giving 2.84 and@IRers per day, respectively.

Table 4.4: Effect of Pedigree dam age on daily miliield per region

Age 2.0-2.9years 3.0-39years 4.0-4.9year5.0-5.9years

Kieni East
1.82+0.271 2.34+0.48 2.66+0.26 2.84+0.36

(n=10)
Kieni %

01.6410.56‘ 2.19+0.47 2.38+0.22 2.40+0.36
(n=10) ,y

Mukurweini
1.7910?% 1.88+0.7% 2.28+0.58 2.96+0.19
(n=10)
The data are mean valyés st d_deviation (8Bixaeplicates.

#Values within a row Ma wit dﬁ(ent superptare significantly different (P<0.05).

4.3 Nutritional and chemicaQ positi /f pedigre dairy goat milk

The chemical composition of

pe@ gagoats in different geographical
locations is shown in Table 4.5. Acco to t variations were noted in milk

chemical composition for dairy goats in semi@ﬁgh \tsﬂtial areas under the study.

Non-protein nitrogen and lactose were not signiﬁl;adiffer%kP%0.0S) in the three
regions. Mukurweini Region had significant (P<0.8B)her amount of asbt and protein as

compared to the other two regions of the semi anga. /<\
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Table 4.5: Chemical composition of pedigree goat tkifrom the three regions

Kieni East Kieni West Mukurweini
g/100ml
(n=10) (n=10) (n=10)
. a b a
Moisture 84.87+0.7 87.46+0.1 85.03+0.1
a a b
Ash 0.20+0.00 0.25+0.00 0.96+0.01
a b C
Fat O 2.49+0.1 3.43+0.03 4.01+0.01
. a a b
Protein ( 5) 3.42+0.2 3.43+0.02 4.58+0.5
. . a a a
Non-protein Nlﬂ% 0.001+0.00 0.002+0.00 0.003+0.00
a a a
Lactose 4.64 +0.10 4.02+0.07 4.76 +0.24
. b a b
Total solids 15. .00 12.54+0.54 14.51 +0.94
| & T2 : :
Solids-non-fat J@lﬂ.O?‘s/ 9.11+0.49 10.50 +0.37
/(/ / »

The data are mean value * standa eviatio Bixweplicates.

#Values within a row marked with t are significantly different (P<0.05).

The mineral composition differed clearl arbgh/é?r ions as shown in Table 4.6, with
< ,(@ﬁgr

Mukurweini region giving significantly (P nts of calcium, magnesium,
iron, zinc, sodium, potassium. Copper content wa#ected ?Qeatments, while equal

amounts of phosphorous was obtained in both Kiest Bnd West. %

%
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Table 4.6: Mineral composition of pedigree goat mi from the three regions

Kieni East Kieni West Mukurweini
Minerals mg/100ml

(n=10) (n=10) (n=10)
Calcium 41.69+1.10 50.33+1.18 152.61+3.80
Magnesium 3.92+0.30 4.31+0.56 19.90+1.56
Iron 0.12+0.0f 0.15+0.0F 0.84+0.04
Zinc O 0.15+0.0F 0.18+0.0F 0.57+0.0F
Copper &O 0.03+0.00 0.03+0.00 0.06+0.01
Sodium ﬁ@ 13.95+0.40 15.99+0.4¢ 51.04+0.46
Potassium /1?) 2+1.06 46.09+1.23 196.65+4.76
phosphorous 1. 1.12+0.07° 0.86 +0.0Z

The data are mean valu nda atlon (8B weplicates.

#Values within a row mark uperpt:lare significantly different (P<0.05).

The vitamin compositions of goat’s %rom tr/ eographical regions are shown in
Figure 4.2. Water soluble vitamins and to%nﬁﬁc @Hat dairy goat milk obtained
from the three regions did not differ &gmﬁcan&é'o 05)®&m|ne content, while
significant (P<0.05) low levels of niacin and riteofin, were in Kieni west.

Mukurweini gave significantly (P<0.05) higher amaumtf riboflavin 1.%‘1 anda-

tocopherol 1.35ig mL™ as compared to the other two regions.
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Kieni East Kieni West Mukurweini

Region

Figure 4.1: Vitamin Co@in of pedigree goat mk from the three regions

The fatty acid proflle & ' ﬂ d its chasgresulting from the geographical area are

shown in Table 4.7. No sigqifi td'ﬂ%@' eshe polyunsaturated, monounsaturated, and

in most saturated fatty acid lev: ng t%samples from the three regions.

In the high potential areas of Mukur\'é e

saturated fatty acids; palmitic 28.56% and st !0:0

ignificantly (P<0.05) higher in
ilk produced in the semi arid

areas, and significantly (P<0.05) low amounts afitaacid 3.6
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Table 4.7: Fatty acid composition (%total fat) of digree goat milk from the three

regions

Fatty acid % Kieni East (n=10) Kieni West (n=10) Mtukurweini (n=10)
Caproic (6:0) 0.3&0.09° 0.46 +0.35 0.28+0.75°
Caprylic (8:0) 1.56 +0.52 1.72+0.41° 1.65+0.28°
Capric (10:0) 8.993.41° 11.81+6.31° 9.67+2.74°
Lauric @) 4.461.27° 7.41+0.21° 3.66+0.53°
Myristic (1§\O 9.92+0.71° 9.81+3.5€° 10.82+0.5(?
Pentadecanoic (1 (’?% 1.80.51° 1.11+0.00° 0.89+0.57°
Palmitic (16:0) ,1.11 135.71° 17.00t7.29° 28.56t3.11°
Heptadecanonoic (17:0) 4@31a 0.54+0.11° 0.70+0.22°
Stearic (18:0) 6&3 17.04+6.52° 22 7745.65°
Myristoleic (14:1 . 0.31+0.21° 0.31+0.21°
Palmitoleic (16:1) 24+1.52° 2.13+0.36°
Oleic (18:1) cis 2.18&3.51a @26 2.19+8.06°
Elaidic (18:1) trans 2.2%1.06° @ 3.12+1.51°
Linoleic (18:2) cis 1.74041° 2. 35&00a \S} 1.77+0.47°
Linolelaidic (18:2) trans ~ 1.4£8.19° 1.87+1.68° )\}_QJiO.GOa
Linolenic (18:3) 2.540.18° 2.55+3.68° 2.@. 8°
Arachidonic (20:4 0.54+0.34° 0.3£+3.3¢° 0.9€+0.75°

The data are mean value + standard deviation (§Bixaeplicates.
#Values within a row marked with different superptare significantly different (P<0.05).
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The amino acids profile of pedigree dairy goatknsl shown in Table 4.8. Since tryptophan
is destroyed by acid hydrolysis (McKenzie, 197@3, values are not reported. Because
glutamine is converted to glutamate and asparaggirespartate during the hydrolysis, the
values reported as glutamate include both glutaraate glutamine and those for aspartate
include both aspartate and asparagine. Total am@w concentration is the sum of all

particular amino acids analyzed. Significant (P<P.Bigher amount of amino acids were
obtain@ both Kieni East and Mukurweini regiongith lysine 7.62% and 7.92%

respective leucine 5.62% and 5.99% respelstivand valine 7.62% and 7.98%
respectively. Mukurweini region also had signifitgR<0.05) high amount of methionine

2.84%, phenylalanine 5?6%, threonine 4.79%, hie8l61% and leucine 10.73%. The
significant amounts of ess%amino acids irkrmpilotein were due to the high nitrogenous

fodder given to the dai&

egion.

i
NS
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Table 4.8: Amino Acids profile of pedigree goat mk from the three regions

Amino acid concentration(g/100g protein)

Essential amino acid Kieni East (n=10) Kieni Westn=10) Mukurweini (n=10)

Lysine 7.62+0.33 6.69+0.45 7.92+0.34b
Methionine 2.24+0.3:° 2.13+05:° 2.84+0.46°
Phenylalanine 4.98+0.81 5.01+0.25 5.56+0.57
4.15+0.35 3.98+0.43 4.79+0.22
Husudué\o 2.90+0.08 2.70£0.24 3.6120.13
Leucine 'V 10.24+0.08 9.81+0.15 10.73+0.19
Isoleucine o 11° 5.31+0.26° 5.9¢+0.24°
Valine 7. @ 6.05+0.25 7.98+0.3%
Trg -
TEAA (%) &\/\ );( 41.6¢ 49.4;
Non- essential amino acid \.. )'/
Aspartaté 8.68+0. 40’ [/ W)ﬁm 8.10+0.40
Serine 2.90+0.51 O 2.52+ 2.54+0.5F

Alanine 3.54+0.06 % 3.76+0.06
b RS,

Cysteine 2.87+0.08 2.81+ )0\1+0 .08
Tyrosine 3.68+0.1% 3.62+0.40

Arginine 3.31+0.12 3.32+0.47 3.461(@;0
Glutamat® 21.26+0.4:° 21.21+0.12° 22.35+0.42°

®Mean values having different letters within coluame significantly difference at P<0.05
'TEAA = total essential amino acids

Zaspartate includes both aspartate and asparagine

3glutamate includes both glutamate and glutamine
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4.4 Goat Milk Products
4.4.1 Product Chemical Composition

The composition of Paneer cheese developed front golk is shown in Table 4.9.
Compared to the composition of fresh cow milk, godlk had higher fat, protein, and total
solids, with the total protein content being highlean values reported for goats’ milk of
differer@)rldwide breeds (Guet al., 2001; Stelios and Emmanuel 2004; Piesial.,
2007). Go @cow milk Paneer cheese chemicaposition, showed significant (p<0.05)
difference in fat'(% t, with cow Paneer givihg highest amount of 24.98 g/100ml. Both
goat and cow Paneer cpfge had significantly (p¥xCh@fh amount of ash, fat and protein as

compared to their fresh n/v@cause of whey dngirthat gives a concentrated product,

with higher total solids? &

Table 4.9: Proximate Composff%( 0) t and Cw Fresh Milk and Paneer Cheese
/ z;% A

Sample ’”7( Protein

Goat 0. 96+o\ojo 4. d( 4.58+0.5°
Fresh Milk @

Cow 0.91+0.7% (g\s 0 3.62+0.64

B8,

Goat 1.57+0.8" 20.95+1.0° ¢ 0.61+0.8°¢
Paneer Cheese

Cow 1.45+0.32 24.98+0.4% 10@0.29

The data are mean value + standard deviation (8B aeplicates.
alues within a column marked with different supeist are significantly different
(p<0.05).

The pH of the fresh milk was remarkably decreasechf5.83 to 5.72 for goat milk natural

yogurt and from 6.04 to 5.59 for cow milk naturalgyrt. Fortification with starch did not
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significantly affect the pH of the products fromattof natural yoghurt. The ash and protein

slightly increased in yoghurt products fortifiedthvstarch at both 1% and 2%.

Table 4.10 Proximate Composition (%) and pH of Goatand Cow Fresh Milk and

Yoghurt Products

Sample pH Total Solids Ash Fat Protein

Goat  5.83+0.65 14514094 0.96:0.0f 4.01+0.0 4.58+0.8
Fresh Mil
@w 6.04+0.15 12.97+0.48 0.91+0.78 3.56:0.26 3.62:0.64

Natural Goa¢5.7210.2"‘5 14.74+0.15 0.97+0.58 4.10:0.5% 4.59:0.57

Yoghurt Cow 55%1 13.12+0.57 0.92+0.5? 3.61+0.68 3.65+0.22

yoghurt (1% Goat @og 94:0.38 0.99:058 4.11:0.38 4.61:0.04

starch) Cow 5601% 64%6/8 0.95+0.583 3.65+0.54 3.68+0.53

yoghurt (2% Goat 5740, 86 1€%t0 +o 54 4.12+0.45 4.60+0.25

starch) Cow  5.61+0.3%5 13. 93+QCQ % 3.65+0.18 3.69+0.18

The data are mean value * standard deviation (Sﬁkmephca\’éy)\
® Values within a column marked with different supeist ar ﬂlflcantly different
(p<0.05).

4.4.2 Sensory Evaluation
4.4.2.1 Paneer Cheese
Preference test of the two Paneer cheese produgsesented in Table 4.11. There was a

significant (P<0.05) liking for cow milk Paneer ckeeas compared to the goat milk Paneer

cheese.
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Table 4.11: Least square mean values for the prefence of Paneer Cheese samples

(n=120)

Paneer cheese samples Liking (Mean value of 9) P{da

Goat milk Paneer cheese 181

: b
Cow milk Paneer cheese 3779 <0.05

®samples with different letters are significantlgferred to one another

Sensory a@ es for Paneer cheese from goatawdmilk samples are presented in Table
4.12 and 4.13: e cow milk Paneer cheese wdsrpgé in terms of taste and aftertaste,
which had creamyﬁﬁ(y aste and nutty after taggecompared to that of goat milk which
had slightly bitter/sour t 9@ A smooth texturpkgrance was characteristic of the two
cheese samples while)e cr f cow milk chemdegoare white colour of the goat milk

cheese were both accer@@p th@ists.

Table 4.12: Sensory attributes fo er Q}ﬁm goat and cow milk samples.

4 J/
Goat W Pan(eb

Attributes O milk Paneer cheese
cheese G /9
a Lo
Texture/ Appearance 4 12+0 35 4.8516'.3,()\
a b
Taste 4.15+0.24 4.92+0.26 O
a a
Smell 3.85+0.13 3.21+0.28 /<\
b a
Colour 4.98+0.15 3.00+0.21
a b
Aftertaste 3.25+0.30 4.64+0.22

®The data are mean value + standard deviation (8Bixaeplicates.
#Values within a row marked with different superptare significantly different (P<0.05).
5 point Hedonic scale
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Table 4.13: Free choice profiling - List of idiosyoratic sensory attributes developed by

ten semi-trained panelists to describe the goat andow milk Paneer cheese samples

(n=20)
Texture/ Taste Smell Colour Mouthfeel Aftertaste
Appearance
Goat  Smooth Milky Creamy  White Hard Nutty
Panee Sour Flat White Fatty Sweet
cheese S éo Slightly sweet Off Cream Astringent Creamy
Fine 'y Flat Milky Bright Dry Fatty

wf.nery Odorless

Fat@ Less
)&my’?}\creamy

Les ﬁg/y /»ty

Cow  Rough Sourcrea¢ﬁl/ Dal% Cream Hard Nutty
Paneer Smooth Sour /ﬂmte Fatty Sweet

cheese Coarse Sweet MI|Q Creamy

Milky Creamy }m’mte \S\/)\
Bitter creamy %

Fatty

4.4.2.2 Yoghurt Product /<\

Yoghurt products were prepared from goat and couk,mand subjected to sensory
evaluation, as shown in Table 4.14. A reductionth® scores for body and texture was
observed in both goat milk and cow milk natural yagAmong all analyzed types, the goat
milk yoghurt with 2% starch revealed the highestrall acceptability of 4.1, corresponding

to “like” in a 5-point hedonic scale, while natugalghurt from goat milk scored the lowest
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overall acceptability of 2.88, corresponding toither like nor dislike” in a 5 point hedonic

scale. A higher score for goaty flavor in goat myitigurt fortified with 2% starch and vanilla

flavored was observed indicating a higher accefiyldor the flavor of the new product.

Analyzed results for odor showed a high score lotypes of yogurt indicating that the goat

milk yoghurt did not produce an off odour, as isceéved culturally.

Table % Yoghurt products sensory analysis

6\ Overall
Sample O Smoothness Colour Taste Odour .
acceptability
a a a a a
Goat . 9;9.32 2.88+0.30 2.76%0.28 4.27+0.32 2.88+0.30
Natural
yoghurt
c b a b
Cow @f;ﬁ &O 14 3.65+0.23 4.62+0.31 3.59+0.28
@ a b
Yoghurt ~ C°3  3.00£0.26 0 02% 21 4.06x0.26 3.50%0.32
(1%
starch) b /? a b
Cow 3.50+0.23 3.70+0.2 &53+0 .23 3.50+0.28
[ [ Cc ¥y [
Yoghurt Goat 4.20+0.26  4.4+0.81 4.2+0.21 4.25%. 2701.110.45
(2% /<\
starch) c b b a b
Cow 3.90+0.28 3.8+0.25 3.4#0.73  4.19+0.28 3.6+0.29

The data are mean value + standard deviation (§Bixaeplicates.
% Values within a column marked with different supeist are significantly different
(P<0.05). 5 point Hedonic scale
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CHAPTER FIVE

DISCUSSION

5.1. Dairy Goat Feeding Practices

Data on dairy goat feeding for the study area es@nted in Table 4.1. In all study sites,
Kieni E Kieni West and Mukurweini, 100% houdebkded the dairy goats with natural
pastures \@@clude weeds, shrubs; banana leputso peels, fodder crops like nappier
grass, maize st , Sweet potato vines, greey tedds. The farmers have set aside patches
of land for grazing o t%)wn land in additiandff farm grazing. However, most grazing
land comprises unimprova@ral pastures, witktures of grasses e.g. Kikuyu, star and

couch grasses. They@y ﬁgd;\vailable planemaatfound on the farm. Only few

farmers supplemented th @j wit)/%}entratéactathat contributed to the lower milk
production by the dairy goats, h,is in@e ih findings of Ogolaet al., (2010).
Most Grazing hours varied betweer@(g h%gmn season and feeding system.
Farmers offered additional forage or sup m@ t that varied across farms and
sites depending on season and farm product@ y @ rage was offered during
the wet season than during the dry season. Formgeashrubs, sweg\wto vines, weeds and
vegetable crop residues the high potential area of Mukurweini, the f@so comprised
nitrogenous rich shrubs lik€alliandra, Tithonia, Lantana camaraSwee(%ato vines,
Lucerne, Desmodiumgnd green nappier grass. In Kieni East and Wdstider mainly
comprised, dry grass, tree shrubs, and vegetabferesidues from the dominant crops like

maize, beans, potatoes and cabbages and othefoessant crops like peas, wheat, onions

and carrot. But beaten by the harsh climate, fasnimve embraced goat rearing in this
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region, with the dairy goats providing them plewfymilk for house hold use a swell as

income generation.

Dairy meal was the principal commercial concentratiered to dairy goats, which was
available at a cost from livestock feed storestetavithin several rural-urban centers in the
study area and was normally offered to lactatingtg@luring milking time. In Kieni East and
Kieni Wegst 43% and 5% of farmers respectively, dusencentrates, as indicated in Table
41. | rweini 13% of the farmers used conmmes during milking. Mineral
supplements was provided inform of blocks wherenkKEast and Kieni West used 48% and
32% respectively. %ers in Mukurweini did not wmeplementation due to the high
nutrient fodders availab/led are known to contadequate nutrients. Mineral supplements
blocks were placed ins?uhe where dairysgaatessed them when housed. During the
study, it was noted th isd?e\ to educatendrs on efficient feed utilization to
achieve maximum returns. F plefeptation edtitentrates and mineral supplements

was higher in Kieni East than the c@ tw ctor that contributed to higher milk
/ = 3

production Feeding higher amounts of concentrate in earlyatamt has been shown in
A A

Kenya to increase lactation milk yield by 20% (Rayet al.,2000).

~ l A\l 0)
When giving concentrates as a supplement to the pasture-dominatgd.diet, milk yield can
increase due to a stabilized body weight and goadly condition (R @c- al., 2009,
Musaliaet al.,2007). Concentrates has a higher digestibility a@fiteh a higher concentration
of energy and protein compared to forage. Kitadyi al., (2005) found out that few
smallholder farmers give their animals concentrat@snly depending on lack of capital in

the African set up. Amount of energy requiredrfatk production varies among breeds due

to differences in milk yield and the fat contenitédyi et al.,2005). Goats should have free-
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choice access to mineral in loose form rather thanblock, and salt and bicarbonate of soda

supplements at all times (Dairy Goat Society of esAustralia 2008)

Goats are by nature browsers not grazers - thimsntt they prefer eating leafy plants,
weeds, and woody plants, reflected by pasture gsaasd hay. They require five major
classes of feeds, energy, protein, vitamins, watet mineral salts. Goats consume a wide
variety of grasses, weeds and small branches dfelsuand trees, leaves, peelings and roots
of vegetables, husks of corn, citrus and bananbngeand other waste plant residues. Also
being fastidious feeders they thrive well in drougtricken areas like Kieni East and West
regions of Nyeri County. For good milk productiodairy goats need to be fed with
maximum amounts of high quality fodder balancedhvétgrain ration containing enough
protein, minerals and vitamins to support producttamd animal health. Dairy Goats are
fairly picky eaters and will resist eating soileab@l unless starved. Dietary needs of dairy
goat can be easily met through a balanced combmati forages, feed based on grain and
grain by-products (corn, wheat, sorghum, sunfloama cotton seed), and the integrated use

of nutritional supplements (minerals, salt) in teeding program.

oY -
On overall, the adequacy and timeliness of feedﬁ*ﬂgen?;é)@s found to be among the

factors that mainly contributed to low milk prodiact, which was it a ment with findings
of Ogolaet al., (2010). Generally, proper feeding would enhanazd m@r f the dairy
goats and, consequently, better milk yields whiem @nable farmers to cater for their

household needs as well as for enterprise.

Estimate by Reynoldst al., (1996) showed that smallholder dairy farmers peeduabout
70% of the feed required from their own resouraes this situation has remained relatively
the same, even in the semi arid areas of Kieni &adtWest. Inadequate nutrition is a major

constraint that impact negatively on the growth aiability of the dairy farming in Kenya
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(Njarui et al.,2009). Inability to provide sufficient quantity guguality of feed to livestock is
widespread in East Africa (Hadt al.,2007). In Kenya, majority of smallholder farmeesek
more animals than they can feed from their own JaiMhbintaining access to adequate

guantity and quality of feed resource is crucialrfolk production in dairy goats
5.2. Kenya Alpine Dairy Goat Breed Milk Yield
5.2.1. @t of Dam Grade on Dairy Goat Milk Yield

A study on milk yield and milk composition is impant to evaluate the milk production
ability of milking animals. Milk yield of the Kenyalpine dairy goat addresses the amount of
milk produced per day Milk yield by the doe is det;ned by several factors including
7/
.7

genetical composition, feeding regime, stage oftal&an, production system and
7

suckling/milking frequency (Goetsedt al.,2011). The average milk yields by Kenya Alpine
) ]

Cy "
dairy goats in the present study were similar tws¢hobtained by Eilet al., (1996) who
_ s \a _
obtained the average daily yields ranging from i€y per day to 2.3 liters/day. Huge
N\ v// ~
individual variations in daily milk production webserved among the different dairy goat
U~ A
grades in the three regions as shown in TabIeILhé.Appepdix grade in Kieni East region
VS P2

gave significantly (P<0.05) highest amount of mRl§9 litres per gay, while the foundation
grade in Mukurweini region gave significantly (P8®) lowest amount of milk, 0.98 litres
per day. The low milk production in Mukurweini cduhave been due tg Igv;v‘concentrates,
13%, fed to the dairy goats in this region, andmmiaeral supplementation (Table 4.1) n.
However, the pedigree grades in the three regibksemi East, Kieni West and Mukurweini
did not significantly (P<0.05) differ in milk yieldvith 2.07, 2.15, 2.31 litres per day

respectively. The pedigree grade being an impromemmiethe local goats is expected to yield

more milk per day in all the regions.
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Mukurweini region has good crops yield, therefaarfers tend to concentrate more on crop
production and cattle rearing, as there is enoodddr for the cattle, hence the diminishing

interest in dairy goats rearing.

The average daily milk production of the dairy goais mainly affected by the dam grade as
well as feeding program. Proper improvement of ireeding, through record keeping and

follow up can lead to superior pedigree grades Wwigher milk production. Due to lack of

-

concentrates and mineral supplements, the farmweosld utilize plant material already
NN
available on the farm such as nappier grass, heodoacand shrub legumes, plants rich in

Ya

nitrogenous matter like forage legumes and Calliandmong others, in order to achieve
v

high milk yields. Increasing milk production atwer costs will not only improve the

Y

nutritional status of resource-poor communities kil also improve the incomes of
ooy
smallholder dairy farme@&sero gsagiequate,nailklairy goat requires a well-balanced

diet for both self-maintenance@ rod ctwkrﬂ(amauet al.,2008).

~N ..

Volume and composition of milk produced is cont&dllby the goat's genetics but greatly
AV WA
influenced by the diet consumed (Robettal., 2008). Crossbreeding local goat with the
Gy "MaA
German alpine breed was a way of realizing faséeretic imp'ro/vement than by selection,

matching genotype with the environment and bemefifrom the complementarity of the
’,

o~
breeds involved. The benefits that farmers enjajunhe faster growth rates and more milk

AN
from the crossbred goats. According to the findin§this study, the results were in contrary
with those of Lina (2011), who found that crossbiieg greatly led to increase in milk yield
in exotic breeds. There was significant increasdaity milk production with crossbreeding

in Kieni West, where the original gave significdR&0.05) lowest yield of 1.00 litres per day

and pedigree gave 2.15 litres per day. Consequeh#dye was no improvement in daily milk
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production in the crossbred goats occurred asudtrekthe crossbreeding in the Kieni East

and Mukurweini.
5.2.2. Effect of Age on Pedigree Dairy Goat Milk Yald

The results in Table 4.4 indicate that dairy gatdst to produce milk at the age of 2.0 to 2.9
years in the three regions. Milk yield showed digant variation in different age groups in
the thr ions. At the age of 2 to 4 yearsdite is kidding hence producing less milk.
This result with the report of Akers (200Rp stated that pregnancy has a negative
effect on milk yi decline in milk yield witlpregnancy in dairy animals was also
reported by Khamtf ). This may be due to hormonal changes, causgrgssion of
the mammary gland and r/ requirements ofdkéus, reducing available nutrients for

milk production. The rgs alsozysg with thok&ik et al., (1996) where the milk yield

was lower in the suckling d mp@m doelsowit suckling kids.

¢

There was a significant (P<0.05)% in Mi tion for the pedigree grade at the age
of 5.0 and 5.9 years. At this age the £r®re té/&ding age, giving more milk for
household use. In the present study age sigRifi ue e milk yield by the goat,
where as the goat gets mature, milk yield increages is similarlﬂ olaiman (2010) who
showed the increase in the goat milk productiorhvage and thé peak production was
attained in the fourth year of age. The increagbenmilk yield with respec @e age of the
goat could be due to the in the increase in bodghtevhich is related to the increase in the
udder and the volume of gastro intestinal tractchhis related to the increase in the digestive
capacity and the increase in the cisternal capasitihe age of the doe is increased (Goetsch
et al., 2011). Despite the increasing demand for daintggdae to diminishing land sizes,
milk production is growing very slowly due to pobreeding and management practices at

the farms.
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The increase in milk yield with advancement in afe¢he doe concurs with the study by
Muller (2005) who reported that does which kiddédgounger age had lower milk yield
compared to those with higher age. Further, Ciappest al, (2004) reported a similar

increase in milk yield with age of the doe.
5.3. Nutritional and chemical composition of pedigee dairy goat milk

Accord@o this study variations were noted inknwhemical composition (Table 4.5) for
dairy goats\ mi arid and high potential areadeu the study. The non-protein nitrogen
and lactose We@yypignificantly different (P<0(.Dbthe three regions. Lactose is the main
determinant of milk volyfa A close relationshigveen lactose synthesis and the amount
of water drawn into milk n{@actose a stabl&kradmponent (Pollott 2004). As in cows,
lactose constitutes th%«q cgyayqrate in gaklt iBoat milk does contain less lactose

than cow milk (on average

4.1% vs@b), but catre regarded as a dietary solution to

nceé&f ket al., 2010). Milk composition and
/s

guality are important attributes that determinerhbgitive value and consumer acceptability.

people suffering from lactose i

However, when different geographic re n actices are considered, the

various nutritional components vary considerab y.} \9/

similar to

)\

Goat milk protein content in Kieni West 3.43 g/100and Kieni E&% g/100ml were
within the normal range for goat milk (Geo al.,2001; Vilanoveet aI.,ZO%

values reported in other goat breed (Kuchtik ardié8kova, 2003; Ciappescoat al.,2004).
However, Mukurweini Region had significant (P<Q.Gkgher amount of ash 0.96 g/100ml,
fat 4.01 g/100ml and protein 4.58 g/100ml as comgdo the other two regions of the semi
arid area. Ash content was low in Kieni West, 0/286ml and Kieni East 0.20g/100ml, and
significantly increased in Mukurweini region, 0.98600ml. As indicated in Appendix I,

goat’'s milk reported to provide higher proportiohtotal solids, protein and fat than cow
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milk (Eissa,et al., 2010). Nutritional value of milk is closely reldtevith its composition,
which is highly affected by factors such as brefsd#d, and stage of lactation, season
(Greyling et al., 2004). Total protein content was comparable taeslreported for goats’
milk of different worldwide breeds (Guet al., 2001; Hadjipanayiotou 2004; Stelios and
Emmanuel 2004; Guler 2007; Piredi al.,2007) while, fat in Mukurweini was comparable to
goat milk from other breeds (Guler 2007). The fattent in Kieni East was significantly low
as cod to Kieni West. The goat milk from Muwkeini was rich in terms of ash, fat and
protein, wh be contributed by the nutritibyyses of fodder available in that area. The
percentage of total fat in goat and cow milk istedimilar, and the fatty acid composition
depends to a Iarge& n the diet compositioboth species (Silanikowet al., 2010).
Two characteristics of goa{@fat have importaohsequences for manufacturing. One is

the smaller size of the’t obulgs}@oat milkcomparison to those in cow milk. In both

5um is approximately 60% in Wh% igoEpximately 80% in goat milk. This
difference results in the softer texturg%ﬁoalk n(

species the fat globules range jrom’1 PO but the number of fat globules smaller than
NN
=
butter from goat milk difficult. The second J he@ cid composition of goat milk.

s, though it makes manufacture of

It contains a higher proportion of medium—chandmcids,@caproic (C6:0), caprylic
(C8:0) and capric (C10:0), which are partly resjaiasfor the ch@eﬂstic “goaty” odour

of goat milk, as much of the odour originate frdra buck. Q<\

Goat milk do not differ significantly from cow milkAppendix 1) in terms of protein
percentage and, in contrast to milk fat, the proteintent in both species is less amenable to
dietary manipulation. Agangs al.,2002; Othmanet al.,2002; Gucet al.,2004; and Soryal

et al., 2005, reported that the content of total proteigoat milk was highly dependent on
the stage of lactation. However, casein micellegdat milk are large, 100 and 200 nm as

compared to cow milk, 60—80 nm (Silanikogeal.,2010). Another key difference between
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species is the low level af;-casein, where in goat milk it ranges from 0 to/lZ @Martin-
Diane et al., 2002). This variability is associated with polympbisms within the alphg-
casein gene, which are very common in goats (M&iane et al., 2002). As human milk
lacks asi-casein, the low levels afs;-casein in goat milks and higher proportionpetasein
means that goat milk casein profile is closer tman milk than that of cow milk (Clark and
Sherbon, 2000). Bevilacquet al., (2001) noted that contradictory results that haeen
report the use of goat milk in cow milk allergould be due to the high genetic
polymorph goat milk proteins, particularty;-casein. Goat milk is reported to form a
finer curd than milk following acidification, mich mimics the conditions in the
stomach, suggesting it be more readily deggé¢Park, 2007). Variuos research studies
have established that the%ﬂ of goat milk arerdigestible (Lopez-Aliagat al., 2003;
Haenlein, 2004), and Ie’% ara-Villdslat al., 2005). Similarly, the fat of goat
milk is more digestible (Alf ee Z@and it may be considered an excellent goofrc
energy for use in various met aed éor combating metabolic diseases

(Sanz -Sampelayet al.,2007).

Raynal-Ljutovacet al., (2008) reported total sol to @v/w) ,Up to 5.63% (w/w)
and crude protein contents up to 4.09% (w/w) wmrehe far the levels that were

found in this study, but close to those of Mukumieiregion. H(ﬁ/ the values for
proximate composition obtained in this study alese to the average conﬂ@rations given
by Souci et al., (2000) and Vedranhal., (2010), which is very often used by food chemists
as a source of reference values concerning the asitqn of foods, (13.4% total solids,

3.92% fat and 3.69% crude protein).

Milk is an important source of mineral substanasgpecially calcium, phosphorus, sodium,

potassium, chloride, iodine, magnesium, and smalbuats of iron. The main mineral
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compounds of milk are calcium and phosphorus, whighsubstantial for bone growth and
the proper development of newborns (Al-Wabel 2008)e mineral composition differed
clearly among the three regions as shown in Tabe with Mukurweini region giving
significantly (P<0.05) higher amounts of calcium H2ng/100ml, magnesium 19.90
mg/100ml, iron 0.84 mg/100ml, zinc 0.57 mg/100mbdium 51.04 mg/100ml , potassium
196.65 mg/100ml. Copper content was not affectethbytreatments, while equal amounts of
phosps 1.12 mg/100ml was obtained in bothiktast and West. In the semi arid areas
of Kieni E t@i West, dairy goat easily adapthe harsh climate and scarcity of fodder
while in Mukurweiyli there are readily available @ms to feed the dairy goats, thus the high
mineral components. ﬁfhough the dairy goats in nKi&ast and Kieni West used
supplementation, this did %d to milk with m@sh as well as minerals as compared to
milk from the high pot%@rea f Mukurweini. dlesults show that farmers in this region
do not supplement the feed\wi neitﬁes’;pncerﬁraw mineral supplements, since the type
of fodder used is sufficient to su e né! trients. The high bioavailability of these
minerals influences the unique nutr@f va@ . Goat milk is characterized by the
lowest concentration of iron, zinc, and %{8%011). Despite the low iron

concentration in goat milk, iron is more bioavai at n it is in cow milk. The
explanation for that is that goat milk containsighlker share of nu@_des which contribute

to heightened absorption in the intestine (Raynatdvacet al.,2008). Q<\

Milk is a valuable source of vitamins, both wateluble and fat-soluble ones. According to
Figure 4.1, water soluble vitamins and tocophenotcated that dairy goat milk obtained
from the three regions did not differ significant{i?<0.05) in thiamine, content, while
significant (P<0.05) low levels of niacin 0,09 mL™ and riboflavin 0.3g mL™, were

noted in Kieni west. Mukurweini gave significant{i?<0.05) higher amounts of riboflavin

1.04ug mL™* anda-tocopherol 1.3;g mL™ as compared to the other two regions. Goat milk
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is a good source of vitamin A, niacin, thiamin,afilavin, and pantothenic acid. However, it
contains 5 times less vitamin Band folic acid than cow milk does (Bartowska 20IH)ea-

tocopherol is chemically and biologically the mastive among the vitamin E molecules, an
important component of the cellular defense syst@ah protects the cell membrane and cell
content from oxidative damage (Slavica, 2012). Mita E is only biosynthesized by plants

and distributed in milk principally astocopherol.

In the tential areas of Mukurweini the millas significantly (P<0.05) higher in
saturated fatQ' ; palmitic 28.56% and ste22i@ 7% than milk produced in the semi arid
areas, and signific@/(P@.OS) low amounts ofLawric acid 3.66%, as shown in Table
4.7. Mukurweini being }6 ler area as comparedht other two regions, this is in
agreement with study carrie by Soj&k al., 012), where it was found that cool

climate affect milk we@ 2\ sition, and tbadre negatively correlated. Milk

composition can have &gnﬁ%fe/ s in anagnd minor components (Haenlein
ate@ilﬁemas Regardless of genetics, the

composition of the dairy diet and its am @mj o4roduction requirements can cause

2004), which are confounded

significant changes in milk composition (Hae ). | to cover nutrient needs of
high production, the energy and protein densitythad daily f@{ntake must increase,

because of the limitation of the rumen in volumeamity. Roughé& ike grass, hay or
[

silages are mostly low in energy and protein dgnsécause of high d/or water

contents (Haenlein, 1995).

The high-quality protein in milk plays a crucialean nutrition which could provide amino
acid (AA) for the human body, especially in devehgpcountries where diets are largely
cereal based. Very few data are available on theaacid composition of goat during the

lactation period, which are vital nutrients for gtb and maintenance of health in dairy
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goats. The amino acids profile results in Tableiddicate that some of the essential amino
were significantly (P<0.05) higher in both Kieni Easd Mukurweini regions. These were
acids lysine 7.62% and 7.92% respectively, isoled.62% and 5.99% respectively and
valine 7.62% and 7.98% respectively. These es$emtino acids make the milk nutritious in
terms of protein content. Mukurweini region alsa lagnificant (P<0.05) high amount of
methionine 2.84%, phenylalanine 5.56%, threonir@¥,7 histidine3.61% and leucine
10.73°/©1e significant amounts of essential anaoils in milk protein were due to the
high nitrog fodder given to the dairy goatshis region. The other two regions being
semi arid haveﬁy rubs that are low in nitrogsnmatter. Due to the great variability in
the protein composition /fgoat milk, careful cahiof the amino acid pattern of protein used
is important, when the mil@ed in the manufeetof other products. The non essential
amino acids were ne@fié@%y@m.%) diffarén the three regions under study.
Glutamate which includes %ut@acid andiaghine, was the highest amino acid
t We

identified for the three regions, Ki g protein, Kieni East 21.26 g/100g

protein and Mukurweini 22.35 gllooggkein. agngdto Guoet al., 2007; and Shengt

al., 2008, bovine milk is a good supply of %c %uld be used in the biological

protein metabolism in the body.

)\
Amino acids pattern in milk protein changes onlyhivi the frame of kpeﬁental error. The
amino acids analysis was done to detect typicalnamacids that ar% present in
milk. Hydrolysis was carefully done to avoid degtmy sensitive amino acids and
hydrolyzing reagents removed by evaporation thenvalgzed with a fluorometric reagent
before detection. Of the essential amino acidsemteshe most abundant in both the goat
milk were lysine, leucine and valine which wereagreement with findings of Sabahelkheir

et al., (2012). In accordance with findings of Hejtmankatéal., (2004), goat milk amino

acid profile is similar to that of ewe and also cowk. Amino acids are vital nutrients for
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growth and maintenance of health in humans. Furdgmsrarch and more data are needed for
determination and validation of the real patternsaffur amino acids in goat milk. The
content of nitrogen components in goat milk vaaesording to breed, genetics, season, stage
of lactation and feed (Park, 2007; Patkal., 2007). The goat milk has a natural whey-to-
casein ratio of about 20:80. Total non-proteinagén content is around 5-8 % of total
nitrogen (Prossest al.,2008). The main components of the non-proteirogén fraction are
urea ( ), free amino acids (with taurine, L-ghg; L-glutamic acid and L-glutamine
being the § undant) nucleosides, nucleotiddspolyamines (Paw al.,2007; Prosser

et al., 2008). A ding to VeliSek and HajSlova (2008g aabundance of cysteine in goat,
ewe, and also hum)P

s very similar and alwlagher than in cow milk (in goat milk

up to twice), however cow m@ntains more metime.

2%

Amongst branched cha Ci Ieucme playsngportant role in dietary protein
metabolism. The breakdown n Iactlaerilver and skeletal muscles (Layman,
2003). It undergoes transaminatio m@dnsfemng into glutamine or alanine
that ultimately converts to glucose in t( neogenesis; a unique pathway,
for the maintenance of blood glucose level ( ial., ). Hence dietary proteins
rich in essential and branched chain amino acidscpéarly Ieucﬂ(?covide health benefits

that are not usually observed for diets contaipirajein from other sofirces(Wolfe, 2002).

8
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5.4. Goat Milk Product development
5.4.1. Proximate Composition
5.4.1.1 Paneer Cheese

Goat s of great importance for milk technojognd nutrition, due to its small-sized
globules, uni protein and fat distribution tmaake it easily digestible. Nutritional value
of milk is closely d with its composition, eh is highly affected by factors such as
breed, feed, stage)o?

on and season (N@@y0Q). Compared to the composition of

fresh cow milk, goat milk b@ugher fat, proteamd total solids, with the total protein

content being higher t ﬂ ted for goailk of different worldwide breeds (Guo
et al., 2001; Stelios and E uel 2 / Piasial., 2007). Goat and cow milk Paneer
cheese chemical composition, s S|g @xifference in fat content, with cow
Paneer giving the highest amount o 8 g/l latter being taken as reference milk

product, there is a significant dlfference® Q nd cow Paneer cheese had
significantly (p<0.05) high amount of ash, fat apJ(an as‘g%pared to their fresh milk,
because of whey draining that gives a concentrgiemtiuct, with higher.total solids. There
was no significance (P<0.05) difference in ash amdemn content of bot@a oat and cow
milk cheese. The chemical composition of Paneeorted in earlier research showed a
significant variation (Sunilet al., 2011). These differences may be attributed to the
differences in the initial composition of milk, nheid of manufacture and losses of milk

solids in whey.

5.4.1.2 Yoghurt
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Proximate Composition (%) and pH of Goat and CoeskrMilk and Yoghurt Products is
shown in Table 4.1Preparation of yogurt slightly changed the leveputdtein, fat, ash, total
solids and for both goat and cow milk products,gasging the effect of the indigenous
microflora on such constituents. The pH of the Hresilk was remarkably decreased from
5.83 to 5.72 for goat milk natural yogurt and frénmd4 to 5.59 for cow milk natural yogurt.
Results for pH were higher than those found byi@&eind Emmanuel (2004) and Maria et
al., (Zo@in goat milk yoghurts from Alpine geaGreek goats and a mixture of goat and

sheep mil @): 3.97, 4.15 and 4.28, respectively.

Fortification with 5@4 did not significantly &iét the pH from that of natural yoghurt.
Constituents in yogurtgfa_y" fluenced by the fer@aion process, draining of yogurt,
cooking, and manufacping ils (Guler 200Me Bsh and protein slightly increased in
yoghurt products fortifie@é\starg\ both 1%da2%. Goat’s milk reported to provide

higher proportion of total soli s@ei aw’aan cow milk (Haenlein 1996). Ash and
protein contents are close to wh rtin—@l., (2003) and Marieet al., (2012)

previously found for caprine yoghurt wit p@cﬂjc @

The nutrient compositions of goat milk can be gyLnﬂuen several factors such as

season, stages of lactation, breed, diet, indiVidmamal and en@mental management

O

conditions (Haenlein 2004).

5.4.2. Sensory Evaluation

5.4.2.1 Paneer Cheese
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Goat and cow Paneer cheese were evaluated for rmensacceptability. Preference test for
the Paneer cheese samples shown in Table 4.11,agaigmificant (P<0.05) liking for cow

milk Paneer cheese (3.79) as compared to the gbaPaneer cheese (1.81). As indicated in
Table 4.12, there was significant (P<0.05) likingcofv milk Paneer cheese in terms of taste
and aftertaste, which had creamy milky taste arty miter taste, as compared to that of goat
milk which scored significantly (P<0.05) low due sbghtly bitter/sour taste. However the

goat m@’neese had an appealing white coloumngivi an attractive appearance. A smooth
texture/ap @ce was characteristic of the tveesd samples while the cream of cow milk

cheese and purg%' colour of the goat milk aheee acceptable to the panelists.

Free choice profiling v@ ied out accordingTable 4.13, in order to relate sensory

characteristics of Pant?\che to hedonicotéamed from the untrained panelists. Semi

trained consumers desC¥ nd*é\se/ived the fyjeah and cow milk cheese, and used

their own attributes to descri d qé@tlfmaese products. According to Berridge
%

end yitigological or functional components
of pleasure of eating as complexity f@uro &(@Ietermined the liking extent

(1996), preference assessments

unconsciously. The free choice profiling resul that er cheese from dairy goats
can be described as smooth soft texture, miIkyeIasteam/ %II, white colour, dry
mouthfeel and nutty fatty aftertaste, while thatnfocow milk is Cl’&c ized by coarse
texture, creamy sour taste, cream white colouty faard mouth feel an ru@sweet taste.
Sensory characteristics of a cheese at the tints obnsumption, reflect the milk from which

it was produced (e.g., a goats’ milk cheese isirdistfrom a cows’ milk cheese), the
processes used in its production, and the physicdlthe chemical changes that occurred
during processing. Understanding the developmethtvanations in flavour that occur during
the development of cheese, is an important todkiiining consumers’ expectations of taste.

Free choice profiling is a sensory technique depadioto reduce the need for extensive panel
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training. It also eliminates the pre-establishedsuee of agreement among the panellists on

their interpretation and meaning of the terms thélyemploy (Delizaet al.,2005).
5.4.2. Yoghurt

Goat milk yoghurt was compared with cow milk yoghas shown in Table 4.14. A reduction
of the scores for body and texture was observeloih goat milk and cow milk natural
yogurt,@ring the lowest overall acceptability2088, corresponding to “neither like nor
dislike” in @nt hedonic scale. Natural goalkngogurt was evaluated as less consistent
and more acid, non-typical yogurt taste #lador. Similar sensory characteristics
were reported by other ;fearchers ( Duboc ande2001; Vargast al.,2008) of yoghurt
manufactured from goat n@ese poor charadtesisvere improved by fortification with

starch at both 1% and%ogeg%ddition of lealeissence. Among all analyzed types,

the goat milk yoghurt witv%ta(c%evealed thghbst overall acceptability of 4.1,

Wedo%higher score for goaty flavor in goat
milk yogurt fortified with 2% starch %anillaa@ was observed indicating a higher
y

%to the masking ability of the

peculiar thinness by the addition of starch asicakﬁ‘er. Th s a significant liking of

corresponding to “like” in a 5-p
acceptability for the flavor of the new pro

goat milk yogurt fortified with 2 % starch, givirgn overall acce taﬂmy of 4.1 due to the
thick consistency and viscosity. According to e¥sé by Marieet al., (20 K higher fat

content in the milk matrix is important for strehghing the structural network formed by
caseins during the fermentation process of yoglagtit contributes to higher viscosity in

yoghurt with higher concentration of milk.

Analyzed results for odor showed slightly higheorscfor all types of yogurt indicating that
the goat milk yoghurt did not produce an off odoas, its perceived culturally. Average

overall acceptability scores ranged from 3.5 toahiong the three goat milk and cow milk
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yogurt samples thickened with starch. Moreover, theults showed that the overall
acceptability of cow milk yoghurt with 1% was nagrsficantly different (P>0.05) from goat
milk yogurt with 1% starch although goat milk yogwith 2% starch gained a higher overall
acceptability. Natural yoghurt from goat milk ocad to have a loose and weak consistency,
high syneresis than yoghurts from cow milk. Thessen quality of yoghurts from non-
concentrated goat, cow and sheep milk was assegsddrly by Pazakové&t al., 1999. In
their |r@| ations goat milk yoghurt had a matietjoat" flavour, which negatively
influenced nsory quality. Fresh goat milk hwot) analyzed in this work revealed no
"goat" flavour. gree goats selected forstinely, were not housed with the buck that
is known to contr|b;¢ej e goaty off flavour.thdugh consumers are clear in indicating
the products they prefer, z@ecription givercbgsumers tends to be of a hedonic nature

and not descriptive. | essarye@ble to relate external information about

re g
the products to consumer eferenc gs niyt tonunderstand the market, but also to
generate a successful new pro

5\
4>%
yR
%
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CHAPTER SIX
CONCLUSION AND RECOMMENDATION
6.1. Conclusions

The study established that the geographical locatibthe dairy goat rearing affect the
quality@ﬂlk produced, which is also dependanttbe type of fodder available in that
region. D%at milk production is also affecteg the age of the dam, the grade
(breeding), andﬁ%g practices. The househaldsa study sites of Kieni East, Kieni West
and Mukurweini, rellé on natural pastures as arceowf feed for dairy goats. Feed

supplementation with con%es and mineral sup@hts was higher in Kieni East than

the other two areas; @ contrlbuted ighdr milk production. Farmers in
Mukurweini did not use su ent t| ue to tigh mutrient fodders available that are
known to contain adequate nu Th endadg in Kieni East region gave the

highest milk yield, while the founda rade @veml region produced the lowest
amount of milk per day. There was no at increase of milk yield with

crossbreeding in the three regions. The milk y&i}‘med si%t\variation in different

age groups, with age significantly influencing myfleld, where as th%dairy goat progresses

in age, milk yield increases. Q<\

Nutritional and chemical composition of dairy goailk was affected by the geographicl
region, where Mukurweini produced milk with high emmt of ash fat and protein as
compared to the other two regions of the semi arie€a. Also dairy goat milk from
Mukurweini region had higher amounts of calcium, gmasium, iron, zinc, sodium,
potassium than the milk from the other two regicaswell as riboflavin and-tocopherol;

and palmitic and stearic fatty acids. Goat milknfrdéMukurweini region had higher amount
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of the essential amino acids:- methionine, phdawglae,, threonine, histidine, and leucine
than the other two regions. In the semi arid adasieni East and West, dairy goat easily
adapt to the harsh climate and scarcity of foddbilenin Mukurweini there are readily

available fodders to feed the dairy goats, whioh w&holesomely nutritious thus the high

composition of the essential nutrients..

Chemical, composition of Paneer cheese made frofmereigoat or cow milk showed
differen at content with goat milk cheeseihg significantly lower fat content than
cow milk. Th s higher rating of the preferen€eow milk Paneer cheese in terms of
taste and aftertast4¢( compared to that of gitlat trdowever the goat milk cheese had an
appealing white colour/gﬁ jt an attractive agg@ace. A smooth texture/appearance was

characteristic of the twagyghee mples whilecteam of cow milk cheese and pure white

colour of the goat milk c%ver%tablbemanelists.

Comparison of goat milk yoghu v@h co fkpyoghindicated a reduction of the scores

for body and texture. A higher scoreQ{ﬁoaty d(ﬂoat milk yogurt fortified with 2%

starch and vanilla flavored was observed i@ i @&eptability for the flavor of the
Q‘B ecu@nness by the addition of

new product. It may be due to the masking abi
starch as a thickener. Analyzed results for odom&u slightly hi@ﬁore for all types of
yogurt indicating that the goat milk yoghurt didtr@roduce an off odo@/&s perceived
culturally. Natural goat milk yoghurt in comparistmcow milk yoghurts was less acceptable
organoleptically due to its looser and weaker cirgicy. However this was improved by
fortifying with starch as a binder and thickenemagd| as vanilla flavour that lead to a highly
acceptable product. Different proportions of starclgoat milk led to important differences

in terms of physicochemical and sensory charatiesisf yoghurts, mainly in respect of total

solids content, fat, sensory acceptance. The adddf 2% starch increased total solids, fat
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and overall acceptance of yoghurt, besides magkimgoaty flavour, all relevant parameters
in consumer acceptance. Yoghurts made from capnitie 2% starch flavored with Vanilla
extract reached good sensory scores and when cethparnatural goat and cow milk
yoghurt and that fortified with 1% starch, receivbeé best sensory scores among the milk
mixture samples. Considering the socioeconomic mapae of goat milk, product stability

could be further investigated for the developmenhew fermented dairy products for the

markel%
6.2. Recome

6.2.2. Recommende f earch

Further research is re)u on goat milk chereskict development where trials can

e
be done for other type@d&ees ;s/addltloﬂaoburlngs for consumer acceptability.
Further consumer education i red @mktand its products acceptable locally.
Other factors that may be of inter @ont@es include shelf stability, variation in

flavors and colors, and alternative p rization techniques. Economic

ces
feasibility and marketing research will also n E rf% ensure the success of the

product. /)\%

6.2.1 Recommendations for policy and practice Q<\

Improving the production and marketing of dairy o&ept by smallholder farmers

especially in the semi arid areas of Nyeri Couraty the potential to be a route out of poverty
for millions of families in the region. Selectivededing is important, but farmers require
extensive services on dairy goat nutrition and rmgansent feeding and general care of a
dairy goat in order to improve dairy goat productiblevertheless, this will result to increase

in milk production, which calls for value additibm enable market penetration. There is need
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for the development of an appropriate goat techmolat the learning institutions like
incubation centres, where farmers can contact tpiiee the necessary knowledge in dairy
goat rearing. These institutions can also be ire@lwn agricultural shows and exhibitions to

educate the public.
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Appendix |: Average composition (g/kg) of basic nuients in caprine, ovine, bovine and

human milk

Composition (g/kg) Goat Sheep Cow Human
Total solids 1194 190.0 128.9 127.4
Fat 335 79.0 38.5 40.0
Solids, nonfat 89.0 120.0 90.0 89.0
Lactose 6\ 455 49.0 47.0 69.0

Protein 33.0 62.0 33.3 12.0

Casein @ 25.5 42.0 27.0 4.0

Albumin, globulin i/@ 75 10.0 6.5 7.0
Nonprotein I )\&

Ash Qs/ /sﬁa 9.0 7.3 3.0
Calories(*kcal/100 mL) %7004/ 105 69 68

Cholesterol (1 0.13 n/a

Source: Vedraet al.,2010 '()\F‘@\S\/
7y
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Appendix II: Gross composition (%) and pH of goat aad cow fresh milk and yogurt

Sample pH Fat Protein Ash Moisture Total solids
Goat 598 43¢ 518 0.8 87.2 13.2
Fresh
milk
Cow 637 376 338 077 87.8 12.6
Goat 57f 44F 510 0.84 87.3 13.2
Yogurt
@%\ 560 37F 35 079  87.4 12.8
+SE %.11 0.20 0.47 0.15 0.50 0.22
2

Values are means 6‘ ree independent determinatlean values having different
superscript letters in a o%mn for each samplesigmraficantly different (P<0.05)

Source:Eissagt al., (2010). @

@O/}s,/

X
>
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Appendix IlI: Nyeri county research areas (indicatel by arrows)

Nyeri District : Kieni East and
) Kieni West — Semi

Livelifiood ~ones Arid

Mukurweini —

High potential area

T Location Houngary

Nyeri Livelihood Zanes

EEE Forast

© Formal EmplaymentiCasusl Wagad Labous/Busines
o Margmal Mized Farming

o Mived Farming: Food CropsfC offeedDairy

o Mided Farming: Livestock/Food CropfHaniculiure
o Mined Farming: Tea/airy

The Eousdaries 2nd names shewn and designations wsed on thismap 42 nat
teap by WEPAAK Kenys, Fabr uary 2008 ImpiroHicial endersemant or acoeptnes bythe United Hations
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Appendix IV: Dairy Goat Questionnaire
DEDAN KIMATHI UNIVERSITY OF TECHNOLOGY

FOOD SCIENCE AND TECHNOLOGY DEPARTMENT
(RESEARCH QUESTIONNNARE)

DAIRY GOAT RECORD CARD

Name of the Farmer:

Group:

Name @at:

Type of g%ing:

Grazing:

Full housing: @

How do you use: i @
Goat milk:

Dairy goat meat: &C\ /:( R

Skin: %)'//
Manure: ~\ L//I

Fat: ) f\ Q

Odour: F "\9/\

Sweetness/taste: L

What kind of feed do you give

your goat?

Have you been selling goat

milk? If so where and how

much per litre?

How have you benefited from

the group:
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Appendix V: DGAK Dairy Goat Registration Card
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Appendix VI: Cheese Products Ranking Questionnaire

Preference Test — Ranking

Please rinse your mouth before starting
You may rinse again during the test if you need to

O lease taste the two samples in the order presdrdedleft to right
dou may re-taste the samples once you have tried tlem

Rank the sam’r%h the terms given from the mpoeferred to the least preferred, using
the following

1. Dislike very much, 2. / e, 3. Neither likenor dislike, 4. Like, 5. Like very much

&

I
&,\ )\589 374 Comment

L
1 | Texture / Appearance /$/ /
N7,

2 | Taste ’ VO\/V //‘,
3 | Smell O N & /0
4 | Colour N }’ ' 0}/\

5 | Aftertaste kn
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Appendix VII: Yoghurt Products Ranking Questionnaire

Preference Test — Ranking

Please rinse your mouth before starting
You may rinse again during the test if you need to

O lease taste the six samples in the order presdriedleft to right
dou may re-taste the samples once you have tried tlem

Rank the sam’[%h the terms given from the mpoeferred to the least preferred, usin
the following

1. Dislike very much, 2. % 3. Neither likenor dislike, 4. Like, 5. Like very much

)3'\589 7}( 233 694 521 428 Comment

N

1 | Smoothness (‘/s’/

2 | Colour , l/c %

3 | Taste C>\ Q>
4 | Smell V}—’ "\S\//\

‘v
~\\

4
L N

5 | Overall acceptability kn
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Appendix VIII: Dairy Goat Milk Fatty acids Profile
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Appendix IX: Products for Sensory Evaluation

Sensory evaluation Session
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