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Foreword 

FOREWORD 

The information in this manual is based on I LCA's experiences, and particularly the work 
of the late Frank O'Mahony, in Ethiopia between 1984 and 1986. 

The manual is intended as a teaching aid for extension-level technicians, and this is
reflected in the practical iiattre o) the material. Thelievel of techualogy is largely aimed at
individual snallholdhr, but with sone reference to techniques that could be used by groups 
offarmers or producers' coope'ratives.

Despite being limited to experiuu-e gained III Ethi.pia, we believe that tl.- information 
and techniques given in this nianual will he us i'lI to daily lecli ologists and development
workers in other parts of Africa. 

~L 

John Walsh 
Director General 
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Introduction 

1. INTRODUCTION Ini Africa, milk is produced in most agricultural pro­
duction systems. It is either sold fi'e dh or consumed as fer-Milk and milk proclucts havc been used by maln since pre- mented milk and )roducts such as )utter, ghee and cheese.historic times. lluttcr-lnakiilg was recordled as har back as Sour milk is the most conimon product, and milk is usually2000 b.C. It is thought that clicse-,aking was (liscovercd soured befi;rc any further proccssing is done. \Vhile thereaccidenttally all initially dfvlccoped illIraq Ci 60Cti((00- are scveral milk processing ilants illAfrica, much of'the7000 B.C. and sprCad with the tnigratioi of' populations milk piroducedl by rural stnallholders is processed on-thil Indie to flinics, conflicts and invlsio:s. Examples of this using traditioiil technology. It is imllporlant, therefore, toarc the d'luelit of'Swiss clicests by (tel I lclvcti trihc ill cotsidcr Ihlse prtoccsscs and look to possible techlnologicalSwitzcrlatnd and the intr ouctiot of' cliesc-tuakitng into ilitcrvcntiois at this scale wlln considering diairy develop­

E."ngland by the Rollialls. Bccal.sC of' dldirle'l't illgriculi- Iletnt illthe rural sector.
tlirlal
COllditiolis jlrt'viilillg ill \;Ittit'rsc'ilh coliiitrV, cheese il'arters illtie Etliopian hiiilands trodhucle sour 
peculiar to cact lcgioll dev'oped. Tlcre are, it l)rcst.ll al- inilk, butter anti cottage chcesc for sale, and similar pro­niost 2000 rccogtiscd vin'itti('s ofc'cese(, dncts at ralgcl:inds. 'I'lhcniade illthe Nmasai in Keniyaleruileltd milks Ilavt' it' prepared for mioritiot makeat gloc froi stil milk. I'erniecd imilks aire llade2000)yeatrs.'A"\lownmimlk to I'crnnti naturallylprofhccsi aln througlotmt silb-Saht'all .ifica, and coticcntratted fi'r­acidic iprodict which (ccs tiot plitrefy. lvr'nittd milks Ilcittcd nlilks are Iatl.in solnc parts of the cotiiclt.are wlolelsole and r'cilily di4cstible. Exiltinplhs ()f such \hi.lil ' io.'csst's tuscd havv not bcli subject to cxtt'lnsi\,c
p'odlts ar' yoglutit, laefir, Iwmio aild icitohils nilk. scientific investigation, th1cey'hlv devcelilviitto'li miiilk separator illthcI 19th 

illoppar to i'ctiv' ntctliods
emi- of' colvertil g inilk into stable marketable prodtucts andlury lliad, centrilism'd milk processilng possible. Initially, hia'e ilg beeii unsc finoir ocssiig stirllhlis nilk.

CrVillli s('liral ilWas,it ad (it fheslih skini mtilk rtlulriel[ to Milk is I)tlocesscd primarily to convert it into it tiorethe milk prodficers, thc crcaii bloiig retiilcd fior butler- stable priltlh ;fr iiexamile, I'ni'ticlted niilk 'ami be storedmatkiig. :\s th( nitltiitioiAl imporiice fskiii liiilk liccat'in for about 20 days. M ilk prodiiucts ie lore stable thali fresht'ecoglisetl, l)lt(eSe wr vi'fdcvvu'(lt colservcthilk niilk lecauise they lir ltote acilic alitd/or contiin less Illois-
Vl to 

solids-nol-flt (SN F"). Ciseilititlidis ii lrouti's wrCPt- tire. Plrcservallvs llav also he added. Thus, bN increasing
parel, iswell its laclos ilt ( dried milk. 'odiv, i lirge aciditv aid reducing llliisttlr( 'oliltli:, the storage stiabilityanlmUlit of the nilk pirodlct'(l t worll is coivelIcd into ofnilk c-ali be iitreased.
dehydrated milk priducs and fiods containitng itlarge This mlnuil deals with rural milk processing. It con­
proportioli of'milk solids. In cotmnirics with comtminnerciatl ccnlraIt's oln Elhiiopian traditioniil pruoticts orotn l)roductsdairying these p~rocesses aric carried (it ill hllrgc-citpiait y that ite casily Illidte, li'ed little spcci alised equipm ent andprocessing plants. Call be easily idapted to the rural )rocessing plant. 

http:l)rcst.ll
http:Bccal.sC
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Some background information in the are ,s of milk suitable construction methods and the installation and carechemistry and microbiology is also given. Milk a;halysis is of processing equipment.
covered at a simple level, as is dairy engineering, in%luding 



Milk as afood 

2. MILK AS A FOOD The whey proteins are of higher nutritional value than ca­
scin. Milk proteins are outstanding sources of essentialMilk is secreted by the mammary gland ofmammals to feed am!no acids.

their offspring. Cows milk is commonly used as human The nutritive value of milk products is based on thefood, but milk from sheep, goats, buftalo, yak, horses and high nutritive value of milk :is modified by processing.camels is also used. Milk contains large amounts o!(essen- Over-processing and, iII particular, severe ivat treatmenttial nutrients and has rightly been recognised as nature's reduce tile nutritional value of milk. Butter-making con­single most complete fb)od. centrates the fat-soluble nutrients, while cheese-makingAS a )o(I, milk serves the fillowinlg broad pinposes: coiccltrates the milk Ilat and hIll-mia.ljor protein fractions.(a) growth, (b) reproduction, (c) supply of' elergy, (d) It soic instances milk is fbrtified with certain nut­naintenlance and repair and (e) appetite satlislfclion. The rients, e.g. vitamin 1). It is also )ossible to replace butterfatrequirements of these catcgories vary with the individuial, with a cheaper lilt, is is ofteni donle il the miianifacture ofand ill some instalnces not all thc state(l functiols of the fi)od calf milk rel)lacers ml inil)lowdcred milk fbr certain mar­I:eed to be served, e.g. adttlts no Ilnger" r tbod forfolii kets. Milk comlpol iits are also Ised il other foods: sodiumgrowth whereas ililts do. lhe t'nictions of a timid are casilnate is useod as alprotein solrce ill sausages and "fil­served specifically through the various nutritionally illpor- led" Imeats, whey proteins are isel ill confectionery andtaut components, comprising pt'o(inls, carbohydrates, milk proteins arc uscl ill sauces for instant fiols.lipids, ninerals, vitamins anod water. F'igtre I shows the inajor milk constituents alnd theNutritionally, milk has becn defined as "tle most products that can be moadc lroi, ach ol'thcn. Rural pro­nearly peri'ct fiod". It provides llore esltial nutrientills il hutelrS maIke )utter aid glce from theilat fraction oflnilk.significant amounts thla any (tlher single fIod. Milk is anl (huce has an cxcelhlnt storag stability. \Vhere ghee is notoutstanding source of' calcil, aol lalnosdl lolns fir bonIes made, butter is occasionally spiced and heated to preserveand teeth, and contails riboflavil, vitamins B'j, A and lBI ill it. Salt is rarely used as at ibutter preservativc ill the rural
significant amounts. also co 1 .,,It tllaiIs 1I the' alitilen',li- sector.
cious anaemia vitamlrill. Casein is recovereod with fat ill cheese-making and canMilk fat or butterfat is the secon( largest collpon(nlt of be recovered from sour milk after churning to make amilk and i., ofmajor commercial value. It serves nutrition-

cot­
tage clheese. Because of' their greater souhbility, the wheyall), as an energy source and sup)lies essential fatty acids, proteins are more dillicult to reco' er as a discrete productFat content is closely fbllowed by milk proteins at about and il the smallholder setting are best utilised by direct3.4%. Milk proteins ill turn are subdivided into caseill, consumption.

comprising approx. mately 76-80% of the total milk pro- NMilk sugar- lactose - is soluble ill milk. Som peopleteins, anr' the whey proteins, comprising roughly 20-24%. are allergic to fresh milk becaus, of lactose intolerance but 
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Ruraldairy technology 

can consume sour milk because the lactose level has been solids. Lactic acid contributes to the flavour of many milk
reduced by fermentation to lactic and other acids. This re- products. Because it is present in solution, lactose is diffi­
duces milk pH and assists in the preservation of other milk cult to recover as a discrete product. 

Figure 1. Flow chart illustrating the incorporation ofthe major milk solidfiaction in milk products. 

Whole milk solids 

aaterotein Lactose 

milk Precipitate pH 4.6 Supernatant 

Casein Whey protein Bacterial 
Cream 35% fat fermen­

tation 

Churn
 
cream 
 Whey 

Butar 82% fat Lactic acid 

Acetic acid 

Propionic acid 
Remove 
 Aldehydes 
nioisture Ketones 

! Hard Cottage
 
Butter oil cheese cheese
 
99% fat 
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Factors affecting milk composition 

3. FACTORS AFFECTING MILK much shorter interval between the morning and evening
COMPOSITION milking than between the evening and morning milking. If 

cows were milked at 12-hour intervals the variation in fat 
Milk composition is aflectecd by genetic and environmental content between milkings would be negligible, but this is 
factors, 	 not practical)le oti most farms. Normally, SNF content var­

ies little even i' thc intcrvals between milkings vary. 
3.1 GENETIC 	 3.2.2 Stage of lactation 
3.1.1 Breed and individual cow 	 'I1w fat, lactoseand prtincontents ofmilk vary according 
Milk composition varies considerably among breeds of to stage of lactation. Solids-not-fat content is usually high­
dairy cattle:.Jersey and (Guernsey breeds give milk of higher est during the first 2 to 3 weeks, after which it decreases
fat and protein content thtan Shorthorins and lFriesialis. slightly. Fat content is high immediately after calving but 
Zebu cows can give inilk containing lip to 7 V lit. soon begins to f' ll, and continues to do so fbr 10 to 12 weeks, 

after which it tends to rise again until the end of the lacta­3.1.2 Variability among cows within a breed tion. The vari;: '.,ion in milk constituents throughout lacta-
The potential fiat (oltent of'milk i oni an individul cow is tioii is shownii Figure 2. 
de e'rmined genetically, as 'are pirotein and lactose levels. 
Thus, selective breeding cj;il be tisecI to u)grade milk q(tl- 3.2.3 Age
ity. Heredity also deternines tle potential milk productioln As cows grow older the flat content of their milk decreases 
of the animial. lowever, environmcnt and various 

by about 0.02 pc'cntage units per lactation. The fall inplivsiologica! falctors grca t!y influence tlh' aiiiommt anid SNF contnt is ntt11ch greater.
coml)ositiom ofimilk that is actually produced. Hll record- N tr
ing oftotal milk yields and flat aid SNF lpr(vintages w1illii- 3.2.4 Feeding regime
dicate the most productive cows, and replacemen t stock 
should Ile bred l'roi these. Umderfeding reduces both lhe fat and the SNF content of 

milk lproduced, although SNIF content is more sensitive to3.2 ENVIRONMENTAL 	 fi'eding level than flht content. Fat content and fat composi­
3.2.1 	 Interval between milkings tion are influenced more by roughage (fibre) intake. 

The SNF content can fall if the cow is fed a low-energy
The fat content of milk varies cotsiderablv between the diet, but is tot greatly influenced by protein deficiency, un­
morning and evening milking because tere is usually a less the deficiency is acute. 

5 
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Figure 2. Changes in the concentrations offat, protein and lactose over a 3.2.5 Disease
lactation ofa cow.S lactationcofntrationBoth 
 fat and SNF contents can be reduced by disease, par-Solids concentration ticularly mastitis. 

(9/litre) 
55-
 Fat 	 3.2.6 Completeness of milking 

The first milk drawn from the udder is low in fat while the50-
 Lactose 	 last milk (or strippings) is always quite high in fat. Thus it 
is essential to mix thoroughly all the milk removed, before45 1" . taking a sample for analysis. The fht left in the udder at the 

Protein eud of a milking is usually picked up during subsequent
40- \ 	 .­ ' -	 milkings, so there is no net loss of fat. 

35­

30­
0 I T1

T 40 80 120 160 200 240 280 320 360 
Parturition Stage of lactation (days) Dry period 
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Milk chemnistry - an introduction 

4. MILK CHEMISTRY -	 resents an equilibrium which is influenced by other sub-AN INTRODUCTION stances in the solution and by the pH (or hydrogen ion con­
centration) of the solution. Molecular solutions are usually

4.1 PHYSICAL STATUS OF MILK 	 oforganic compounds. 

About 8 7 %ofiilk is water, in which the other constituents 4.1.3 Colloids 
are distributed in various forms. We distinguish among In a colloid, one substance is dispersed in another in a finer
several kinds of'distribution according to the type and size state than an emulsion but the particle size is larger thanofparticle present in the liquid. that in a true solution. Colloidal systems are classified ac-

Kind ofsolu tion Particle diameter (nm) cording to the physical state ofthe two phases. In a colloid,
onicsolution 	 0.01 -1 solid consisting of groups ofmolecules float freely.The particlesparticles in a colloid are much smaller than those in a

Molecular solution 0. 1 1 uspension and a colloid is muh more stable. 
Colloid 	(fine


dispersion) 
 I- 100 4.1.4 Emulsions 
Coarse dispersion Au emulsion consists of'one immiscible liquid dispersed in(suspension or emulsion) 50- 100 another in the [orin ofdroplets - the disperse phase. The 

In milk we find examples of emulsions, colloids, ot'" r phase isreferred to as the continuous phase. The sys­
molecular and ionic solutions. terns have mininial stability and require :1i presence ofa 
4.1.1 Ionic solutions 	 surlice-active or emulsifying agent for stability. In fbods,

emulsions usually contain oil and water. Ifwater is the con-An ionic solution is obtained when the Iirces that hold the tinuous phase and oil the disperse phase, it is an oil-in­
ions together ii asolid salt are overcome. The dissolved salt water (o/w) emulsion, e.g. milk or cream. In the reverse
breaks up into ions which float freely ini the solvent. 'hlius case the emulsion is a water-in-oil (w/o) type, e.g. butter.
when common salt - sodium chloride - is dissol'ed in In summiary, an emulsion consists of three elements, thewater it I)econes an ionic solution of free sodium and continuous phase, the disperse phase and the emulsifying
chloride ions. Ihouic solutions are largely of inorgaiic coin- agent.
pounds. 4.1.5 Dispersions 
4.1.2 Molecular solutions A dispersion is obtained when particles ofasubstance are 
In a mol,.cular solution the molecules are only partly, if dispersed in a liquid. A suspension consists of solid particles 
at all, dissociated into ions. The degree of dissociation rep- dispersed in a liquid, and the fbrce of ,ravity can cause 
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them to sink to the bottom or float to the top. For example,
fine sand, dispersed in water, soon settles out. 

4.2 pH AND ACIDITY 


An acid is it substance whi-h dissociates to produce hydro-
gen ions in solution. A hase (alkaline) is a substance which 
produces hydroxyl ions in ';olution. It cati eqlally be Stated 
that an acid is a substance which donates a proton and it 
base isa substance which acceptst proton.

The symbol JAI isUsed to denoteacidity; itisinverselyrelated to hydrogen iLor concentration. 

Neutrality is pH 7
Acidity is hss tbit pH 7 
Alkalinity is more than pH 7 

acidic.Fresh milk has a pl- of 6.7 and is therefore slightly 

When an acid is tnixed with a base, neItralisationtakes place; similarly a base will be neutralised by an acid. 

4.2.1 Buffer solutions 
Buffers are deftined as materials that resist a change in pH 
oil additin ofacid oralkali. Characteristically they consistofa weak acid or a weak bas' and its salt. Milk conttains a
large inmber of these substances and cotnsequttntlv be­haves as a btfler solution. Fresh cows milk has 
tpI oflbe­
tween 6.7 and (.. \'altues higher than 6.7 denote mastiticmilk and values below pH 6.5 lenot. the l)resence olcolos-
trum Or bacterial deteriorat: m. Because milk is a hulir 

solution, considerable acid development 
 matv occur before 

the pH changes. A pH lowtr than 6.5 the('ieforc indicates
 
that consideralble acid (lwVhoptment has taken place. This is
normally due to hacte;ial activity. 


litnins test papers, which itndicate plI, are used to 
 test 

milk activity; p-I ileasurementets 
 are often used tsaccep-
tatice tests f'or milk. 

Measuring milk acidity is art impoartant test tsed to de-
termine milk quality. Acidity tlteasttreItte(tts are AsO use(l
to monitor processes stch itscheese-taking and yoghurt-
making. The titratable acidity offIesh inlk is expressed itt 
terms of percentage lactic acid, because Iactic acid is the 
principal acid produced by fiernciitatiot after milk is 
drawn from the udder ard fresh milk contains onI traces of' 
lactic acid. However, dute to the buftferi. g capacity of the 

8 

proteins and milk salts, fresh milk normally exhibits an ini­
tial acidity of 0.14 to 0.16% when titrated using sodium 
hydroxide to a pienolphthalein end-point. 

4.3 MILK CONSTITUENTS 
The qunantities of th main milk constituents can vary con­
siderahly depending on the individual animal, its breed, 
stage of lactation, age and health status. Herd management 

practices and environmental conditions also influence milkconposition. The average composition of cows milk isshown in Table I. 

lalble I. (,'om/ipition (iOcoui milk. 

Main Constituent Range Mean
(%) (%) 

\dtt, 
 85.5 - 89.5 87.0
 
"Totalsolids 10.5 - 14.5 
 13.0 

Fat 2.5 - i.(0 4.0 
Proteins 2.9 - 5.0 3.4
l.actose 3.f - 5.5 4.8 

Water is the main constituent ofmilk and much milk 
processing is designed to remove water from milk or reduce 
the moisture content ofthe product. 

Ifinilk is left to stand,it layer ofcream fbrms on the surface. 
'lte cream difl'ers considerably inappearance from the 
lower layer of'skim milk. 

Under the itticroscope cream can be seen to consist of 
a large number fspheres of varying sizes floating in the 
milk. Each sphere is surrounded by a thin skin - the fat
globule ttwtnhrate - which acts as the emulsifying agent 
lir t lftcfm suspended in milk (Figure 3). The membrane
 
protects the tt front enzymes arid prevents the globules
coalescing into butter grains. 'h'lie fat is present as an oil-in­
water ertiulsiotn: this emulsion can be broken by mnechani­
cal action such as shaking. 
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Figure 3. Fat globules in milk. bond. Examrpes of' each type of fatty acid arc shown in 
Fat globule Figure 4. 

Fatty acids vary in chain length fron 4 carbon atoms, 
as in butvric acid (lfiund only in b.itterf'at), to 20 carl)on 
atols, as in arachidonic acid. Nearly all the Ilatty acids in 
milk conitain ain (etn nuliner ofcarlbon atoms. 

Fayt acids can also vary in degree of unsaturation, 
e.g. C18:0 stcaric (saturated), C:18:1 oleic (one double 
bond), C18:2 linolcic (two doulih, bonds), C 18:3 linlolenic 
(three double bonls). 

'he most imlportant l]tty acids found in milk tri­
glycerides are shown in Table 2. Fatty acids are esterilied 
with glycerola s fholows: 
l1,--(--)11 I I )()C:-R II,;-C-O()CR1 

II - ()1I + I110(:-R.,- f-( :--()O(CR, +3M20 

11 ---:L-- 01 l)()(- 12I-L-. t( CR 

(;lxcr il + Iai ttv acidls * triglyceride (fait) +I water 
The Inciting point and hardtiess oftIle faty acid is af­

fected by: 
,,oerum • the length ofthe carbon chain, and 

0 thc degrec oftinsaturation. 
As chain Iength ilicreases, inciting poit increases. As 

the (thgree offilisaturalttiil increases, ihe inciting point de­
crealses.Fats are partly s1lid itl r<miti tellcerattllC. The terml Fats c('oil)o)sid nf'shri-chlaill, tisatiltrated lttty acidsoil is reSCrved iM lit thlit MrV eitl~heiey liquid at roolm have low mIting points and are liquid at moInl tcnlpera­ten]perattlr. Fiats 11d )lk, lie so luble in llini-Iolatr s,,l- tore, i.e. ofils. Fats high in ioi g-chtin .iatuattlittclhttt acids\'ontts, e..g. 'the'r. havc high unilting points antnd are so!id at roioi teipera­;\fbout i 'F t1iilk i is, iixtu1.r ,f trila'\I tIre. Bttterlitt is a tIixtl'e of falltty acids with difleirent

glyciridcs. ''luti" Mv als liiltral lipids, Elit-s ) ldc viti- MCtlt ilgloiits, and thdile ocr(hcs nlt have a distinct meh­nillsitad litgutlis (.g,. ti , x hih gives littil its ing loiint. Sinice utterflt melts gradually over the tenlpera­yellow cour), stcrIds ,ld wes. kats stlpl,, titn body tiil' ritige f (-llJ'( , sonic of' the lit is liquid and sotewith a concentrat d Snid -I) t[l.iA ,)Xidali(nl (of'ftt ill tlw solid at titll)erattlres b(twccn 16 andi25"C. The ratio ofbody yields 1)cdoiliusg. Nilk liM atui s I a solv'ti fi ih- solid to liquid lit at tile time of' clturtIing itflueiices the ratefat-soluhle vitamins A, I), 1 aiod K andi alsiu supplies issut- ()fIttrning andillth yield and quality oflbutter.
tial Iltty acids (timh'oleic, liiioheiiic and arachid ,ii). Fats readily absorb flavouurs. lor example, butter

A itty-acid mo'lecule carises a fiydioa,uttn chain made iii a snmoktd gourd has a sinokey flavour.and it carboxvlgitii (-g(1)( )II). Itsattiretcd ttlt Fats illacids blods are sulject to two types of'detcriorationthe carboln .tt(Mis are linked in d l'hain hy single holitls. In that allfct the flavour of bod products..
unsatitratil tittm acids thn is Im dohbtlle bodt and il I. lHdrolytic ymuidi,: Iii hydrolytic rancidity, fatty acids 
pilly-ltsatittratcd littv aids tlrtmi is Iin. thalt ot. d bloth are broken oflfrot the glycerol molecule by lipase 
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Figure 4. Strcturaljormulaeoffour 18 -carbonfitl, acid. zarin,' indgree qfsaturation. 
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Table 2. Principalfatty acidsfound in milk trigwrerids. 

Molecular fbrmula Chain length Melting point 

Butyric CHl1 (C114X),OI 8"C4 0 
Caproic CH:i(CI 12) COOlt C6 -2"C 
Caprylic C H (C1 I,)C( )011 CH 16"C1 
Capric C IfI (C It )C()( ) I CIO 31.5"C 
Lruric C:'(CIl,) 1 C( )() I C12 44"C 
Myristic CH-,(C[1t) 1 2:()I C14 58 0C 
Palmitfic CIl(C I,) 4.'(,co 11 C1 6  64"C 
Stearic CIlI1 (cII c,) ()II,C( CIB 70"C 
Arichidhnic (1 I ((:11i")1 co(m!I C20
 

ILinotvic (CHt(Ck1),f((:I1 =cI.I.( 'lI, ( '1),('OOt1 C111:2 -_5"C
 
ILill nelic C I,Ij.(
C II_.(C1I = C I I') (WI "C )( I1---l1.( I.)i, C lil
 

enzylIes )rodltl l by illlk bacteria. 'Thr"l.SiI IioII li-c' R represents the organic radical. Each aminoacid has
fatty acids 1", 'olatil alll (olllilillc Sij.4ii'iciIiIlIt Io Idiflerernt radical and this allerts tilteproperties ofthe acid. 
tiet(flavolir of'do i(l It. lIre (',(lttllit a ce (oifTh li s'ql rii nilno aci(ds in a protein there­

2. Oxidative rhmidi/r: ( )xidaive railltl w(tlllwhel f*0re' afiict its propel Iics. Somel" proteins Contltail su bstances 
lifmty a'ids awe ,)Xidi'id. I irilkolltduits it iaus other tlai amilino aicids, e.g. lilpoprotCins contain f7itand
tallowy flavours. ( )(idiuili e rtiiii i itst 11b ierf~rl pirocil. Sti'h prorills an illel coillgaled proteins:(llsis iifl-fLrl\lrrill iii tihlijiif.( nilk." 

Phosphoproteins: lwlisl)hatt , is linked chemically to these4.3.2 Milk proteins I)ritcirrs -- cxamplis -Include casciri in nilk anid pliosplho 
Proteins an, an cxti lel Inro1.10 i i riatiralh p vlass - ir it's iii vilk. 
(etirrrillg min tonljllhlihat sirt'i,ii Ii(ill lift .ii els's. Il.ipoprotin: 'lhese c(mibiiuiratijrios of lipid arid protein are 
TI hV pelIrMirrr italvai Id fiiicirli s inI livinlg m'gllriss xc×cllrli einulsilving agents. lipoproteins are fiinl inrallingi lnll )liiiig strillitic tI reprmiuilon. Milk iilk a lndegg yol)k. 
proteinls retresnritlii. wI li gratest iiiniutiirs mi rii k (Jirmnoprotins: hose arc pol'lills with a Coloured prosthetic
to trunri olIIit l. 

hllilt'it(S Iare acids. 21) qmi n n ldeiilm lbl a dIv o ilpilyrrinrs (i&amilriinro ( I:il\ difl,- griiup aid irlirde h9i(,erirolobin inyoglobir. 
rent arinirlmi w cril wginlal In liritiirs [frv have tIh 
general S t rliotIn: Casein 

NiIIICast'i- was first separatecd I 'm milk ill1830, by adding acid 
R--(1--.(:()( )1 tIomilk, thus csiablishing its existence as a distinct protein.

Inr 1895 the whey proleins wrew separated into globulin and 
I1 
 albulin fiacto is. 

11
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It was subsequently shown that cascin is made up ofa 
number of fractions and is therefore heterogeneous. The 
whey proteins are also made up ofa number ofdistinct pro-
teins as shown in the scheme in Figure 5. 

Figure 5. Ml pwotrin ftactions. 

Proteins (30-35 g/1) 


Minorproteins Enzymes 

Caseins Whey proteins ­
(76-86%) (14-24%) 

- a-Caseins (60%) a-Lactoglobulin ­
(7-12%) 

a,-Caseins (45-55%) 
a-Lactalbumin ­

K-Caseins (8-15%) (2-5%) 

- -Caseins (25-35%) Immunoglobulins ­
(1.3-2.7%) 

y-Caseins (3-7%) Blood serum 
albumin ­

(0.7-1.3% 

Proteose-
Poptones ­
(2-6%~) 

Casein is easily separated from milk, either by acid 
precipitation or by adding rennin. In chiese-making most 
of the casein is recovered with the milk fat. Cascin can also 
be recovered from skim milk as a separate prodlu.

Casein isdispersed in milk in the fbrm oftnicelles. '[lhe
micelles are stabilised by the K-casein. Caseins are hydro-
phobic but K-caseiii contains a hydrophilic portion known 
as the glycomacropeptide and it is this that stabilises the 

micelles. The structure ofthe micelles is not fully understood. 
When the pH of milk is changed, the acidic or basic 

groups of the proteins will be neutralised. At the pH at 
which the positive charge on a protein equals exactly the 
negative charge, tie net total charge of the protein is zero.This pH iscalled the isoelectric point of the protein (pH 4.6 
for casein). Ifan acid is added to milk, or ifacid-producing
bacteria are allowed !o gow in milk, the pH falls. As the 
pH falls the charge on casein fhlls and it precipitates. Hence
milk curdles as it sours, or the casein prccip;tates more 
completely at low pIt . 

Whey proteins 
After the fiat and casein have been removed from milk, oneisleft with whey, which contains the soluble milk salts, milk
 
sugar and the remainder of the milk proteins. Like the pro­
teins in eggs, whey proteins can be coagulated by heat.
When coagulated, they can be recovered with caseins in the 
manufacture of acid-type cheeses. The whey proteins are 
made up of a number ofdistinct proteins, the most impor­
tant of which are 8-1actoglobulin and lactoglobulin. /3­lactoglobulin accounts for about 50% of the whey proteins, 
and has a high content ofessential amino acids. It forms acomplex with .,-casein when milk is heated to more than 
75'C, and this complex affects the functional properties of 
milk. l)enaturation offl-lactoglobulin causes the cooked 
flavour ofheated milk. 
Other milk proteins 

In addition to the major )rotein fractions outlined, milk 
contains a number ofenzymes. The main enzymes present
are lipases, which cause rancidity, particularly in homo­
genised milk, and phosphatase enzymes, which catalysethe hydrolysis oforganic phosphates. Measuring the inacti­
vatioti ofa!kaline phosphatase is a method oftesting the ell 
tiectiveness ofpasteurisation of milk. 

Peroxidase enzymes, which catalyse the breakdown of 
hydrogen peroxide to water and oxygen, are also present.
Lactoperoxidase can be activated and use is made of this 
for mi!k preservation. 

Milk also contains protease enzymes, which catalyse
the hydrolysis of proteins, and lactalbumin, bovine serum 
albumin, the immune globulins and lactoferrin, which pro­
tect the young calf against infection. 

12 
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4.3.3 Milk carbohydrates Because lactose is not as soluble in water as sucrose, 
Lactose is the major carbohydrate fraction in milk. It is adding sucrose to milk forces lactose out of solution and it 
made up of two sugars, glucose and galactose (Figure 6). crystallises. This causes sandiness in such.products as ice
The average lactose content of milk varies between 4.7 and cream. Special processing is required to crystallise lactose
4.9%, though milk from individual cows may vary more. when manufacturing products such as instant skim milk 
Mastitis reduces lactose secretion. powders. 

Some people are unable to metabolise lactose and suf-Figure 6. Structure ofa lactose molecule. fer from an allergy as a result. Pre-treatment of milk with 
lactase enzyme breaks down the lactose and helps over-CH2 OH CHI OH conic this difficulty. 

OH 0 H 
In addition to lactose, milk contains traces of glucose0 and galactose. Carbohydrates are also present in associa­

tion with protein. K-caSeinl, Which stabilises the casein sys-
OH H 0 OH tern, is a carbohydrate-containing protein. 

H H OH 4.3.4 Minor milk constituents 
H OH H OH In addition to the major constituents discussed above, milk 

Galactose Glucose also contains a number of organic and inorganic com­

pounds in small or trace amounts, affectLactose is . source of energy forr the young calf, some of whichand both tlie processing and nutritional properties of milk. 
provides 4 calories/g of lactose metal)lised. It is less soluble 
in water than sucrose and is also less sweet. It can he broken Milk saltsdown to glucose and alactose hv b~acteria that have the Mlkstsaemilenyme ~glcos ind lSe. Th gluc a 11M OWgrt ilk salts mainly chiorides, phosphates and citrates ofthen be fermented to lactic aid. '[his occursand ilk 
sodium, calciurn atnd magnesium. Although salts compriseesour. Under controlled Tis occurs when lk goesr nd er ccntoieditiolIs , 1' l Acas 

less than I % of lthe milk they iniluence its rate ofcoagula­tion and other funictional properties. Some salts are presentfermented to otherato iw a esnu'dflve bur in true solotion. The physical state ofother salts is not fulfy
proJpionic acid fermentationi inl SWISS-ChICeSe nlianuf"Ctt Ire-. 

Lactose is present inmilk in rn heculir solution. In Understood. Calcium, magnesium, phosphorous and citrate 
cheese-mlaking laictose renains in the whc fraction. Ii has .are (istributede s between the soluble and colloidal phasesbeen recovered frolm whey fbr inthC%%lirniuceticalI ('l'able 3). Their equilibria are altered by heating, cooling 
dustry, where its low solubility in water imakes it suitable ,lnud a change in pH.by 
for coating tablets. It is iused to fortify baby-huod formula. 
Lactose canl be sprayed oni silage to) increatse lte rate uf'aci diTabh,'1. Ditribution (Ynil salts beteen the soluble and colloidalphases.
developnment in silage f'ernentation. It can be converted Total Dissolved Colloidal
into ethanol using certain strains of'yeast, and the v'(ast (mg/l00 nil ofmilk)
biomass recovered and used isaninal feed. llowever, -- (mg/100mlofmilk) -­
these processes are expensive and a large throughput is 
necessary for them to I.e profitable. For sinalllolders, whey
is best used as a food ,ithout anly further processing. Magnesium 10.8 7.9 2.9

Heating milk to above 100"C' causes lactose to coin- Total phosphorus 36.395.8 59.6
bine irreversibly with the milk proteins. This reduces the Citrate 156.6 141.6 15.0nutritional value of the iiilk and also turns it brown. Citrate_156.__ 
 141.6 _ 15.0 

13 
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In addition to the major salts, milk also contains trace complex and C in association with the water phase. Vita­elements. Some elements come to the milk from !eds, but mins are unstable and processing can therefore reduce themilking utensils and equipment are important sources of effective vitamin content of milk. 
such elements as copper, iron, nickel and zinc. 

Milk vitamins 

Milk contains the fat-soluble vitamins A, I), E and K in as­
sociation with the fat fraction and water-soluble vitamins B 

14 



Microbiology 

5. MICROBIOLOGY Some bacteria are capable ofoomotion by eans of 
flagellae - long, hair-like appenlag.s growing out or theNlicro-organisin is tile term al)plie( to all microscopically cell. Some ro(l-shalpe(l bactcria contain spores. These aresmall lviugorgallisrlns. We tend to ass(ti itt lli'r()-rga.llisinls IrrnIed whell tthe cclls are flaccd with a(kvrse ci u ditios,with discase. Micro-orgalisnis which cause (lisease are called such as high tenmperalttre: lnce suitable cot,(litions are re­pathogets. I lowever, fcw mircr()-orgattlistlls art.)athogens e'stahlislte(l the sp(wes germinate to form new cells.

,ittI.
liicro-rgal',snils pi:y a crucial part in the liPt oflour Close examination of the simple cell reeals that it is
planet. l(w xaml)lc, ty i)wivi(le food fun fish, tlhy wcurr 
omposcd ofhv th lhwing contplnents (Figure 8):ill soil where they . nulvldl plait ,ttd tli'y play (ellwalltltricnts 1I61 - this gives the cell its shape anti retains the 
an important role inrtitnant iligestion. clsltltitents 

Itl (Iiryitng 5,tne tticro-lrgiittisltus re hlartltl -i.. (ell I rtillti - llsi(d fir liltering ili fto(I Coll-Spoilage otgantismts, pathogells ­ while (tllert>, ate lt teli- stillitllt it , (I(lischl"git vaste prl(lucts;
Cial - chts altl([g()lhlrt tite'ts, vsts ;itl(l ttIol(l tt,((l • Nlellet.. wlhrc tile gentlic tmaterial of' the cell is 
inct itrolhe( fi'rin ttitaim s int milk J)t(llccssitt. stt)or(l;T('lllicl()-(
rL-allir+In> princ~ipllyv ci ut.ettr( illthe 0 Cy+tolasm. - ,a+('iliitui(l plc(illatuc.( s Sust an..,t.lce 
(lair il(l sttr ar bacteria, \ists, timllds ;ti1l viruses. which co(taitlls Starch. Flot attI tnzlllteS. 

5.1 BACTERIA Thw cll tltbralli is Semtipermeabli attd allows tle
ell(.to fl(I by (stlllsis, i. the exclttgi' l'water betweenBacteria arte sitl-ccllh(l orgatuisuits. They are prisetnt it tIhr ctla)ttSll (fa iliing cell atid th sttt'ilittt(litgl watery

air. wattr al(Il tt(ist S(Ili(Il matrials. BacterialI)It cells are llt atrial. ()tliv small nolecilhls call pass il atl (lit ofrtilev\r stiall ati call 4)1ily. h Suit with the aid ()la llictosco)pc. ce.ll, e.g. witll tsla s()lltillI( mvot' si(Il ol'a stiliperttne­
\lien l ])st'(l n(h.r t tiictil scil)< the cills cat I able tttnltbraiie and wlacr ()it ilc othir. water will (liljlis.Seen lo (litotl'r iltshape all( illc(lflinltlail (I gtt(l)Ilps u in, (lifttitg tIlc sugar solti uI. The Sugar mtolecules calllilt

cells. Cells arte eithr splhetical (,vr)l-shal).(I (FligitrC 7). ­pass ()utsi i hy(h'tstatii pressure, known itsosll()titicpes
Spherical bacteria a ll.dcc( ci; tllose that are rol- Sr, (hvclop ,.
shap call](I bacilli. C'his is tIle first basis fur (lifli-t II- lBactitia (an ider bv seictive inlake Otmttriuits Iis­ti' . w'e bacterial cells. solve'd itt water. 'lhcy (a;lalso take initltlrienis agailnst theBacteria are also) classifie( ac'iurditig to cell (luster lilt- nirttiil (oS.,oti. fliw - active tratsport.
 
lttil)n:
 

l)ipliii'oci - two cocci cells paire(I 5.1.1 Bacterial growth

Stapvhylocci - tntmber of((.lls cltst together
oge Bacterial growth refi s to ait intcriase in cell numl)ersStrept ococci - a 1ttbetr(if((lls arratge.d ili l ('haill rather tlain an ittcr'asi itt cell size. 'h'l()ro'ess by which 
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Figure 7. Rod-shaped (bacilli) andspherical (cocci) bacteria. 

With endospores 

With flagella 	 ~0 

Rod bacteria (bacilli) and spiral bacteri". 

bacterial cells divide to rproduce themselves is known as 
binary transverse fission. The time taken from cell forma-
tion to cell division is called tie generation time. The gener-
ation time can therefore be defined as the time taken for the 
cell count to dollble. 

[he curve slowin in i"igu re 9 siows the phases of* 
bacterial growth fillowing inoculation of bacteria intoI a 
new growth medium|n. The f6l lowing phases can be iden-
tilled: 
1. 	Lag phase: There is usually son dCelay in growth tol-

lowing inoculation of' bacteria into a new inmediunm, 
during which time the bacteria ;idal)t to dhe medium 
and syn thesise the enzymes needled toebreak down the 
substances in tie growth mecdtium. 

2. 	 Logphase: Once the bacteria have adapted to the new 
medium tie), start to rel)rodluce quickly and their 
numbers multiply evenly for each increment oftime. A 
plot of the log number of cells against time gives a 
linear relationship: this is thereforc called the log 

00 	 000
 

0 
Diplococci 	 Micrococci 

StapyloccciStreptococci 

Staphylococci 	 0 0 

0
 

Spherical bacteria (cocci) 

phase. The ce;ls are at their greatest activity in this 
phase. Transferring cultures to a fresh medium at reg­
ular intervals can maintain the cells in an active state. 
An active culture can rapidly dominate any new envi­
ronment. 

3. 	 Sationary phase: As the bacteria dominate the growth 
medium, they deplete the available nutrients or toxic 
waste products accumulate, slowing the rate of repro­
duction. At the same time, cells are dying on'.A state 
of equilibriumn is reached between the cleath ofold cells 
and foirmation of'riiew cells, reulting in no net change 
inl cell nimrs. This phase is called the stationary 
phase. 

4. 	 Death phase: In the next phase the formation of' new 
cells ceases and the existing cells gracually die off. 
This is called the death plhse. 
'I'lie 	 log phase can be prolonged by removing toxic 

waste, by adding more nutrients or both. 
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Figure 8. Schematic illustrationofbacterialstructure. Figure 9. Thefour phases ofbacterialgrowth. 

Nucleus Number of bacteria (log) 

Cytoplasm 

Cytoplasmic 
membrane 

-Cell wall 

-Capsule 

a b c d Time 
a Lag phase c Stationary phase 
b Log phase d Death phase 

Flagellum organisms require more heatsevere treatnent, e.g. live 
steami atl 120"C' fibr 30 minittes. 

Bacteria can be classified acci; ding to temperature
Ipreference: tRgcrophilic bacteria grow at temperatures 

below 16"C, mesoophilic bacteria grow best at temperatures 
betwcen 16 and 10"C, and thermop/ilicIbacteria grow best at 
ternlperati ue-s aovt .10",. 

Nutrients: Bacteria ncd nutricnts 10r their growth and
sonic need more nttrients than others. lactolacilli live in 
milk and have lost their ability to sytithesisc |1an\ co\i­
pounds, whil, Pi3eudonmna.v- call snt'lesise ntuttrienits fi-om 
very basic ingrdeints.Factors affecting bacterial growth Bacteria normally li-ed oiiorganic mattcr; as well as
inaterial fbr cell Ibrtoajliol organic tnatter also crmlitaits theBacterial growth is allicted by (I) temnperaturc, (2) nutrient ltVss1tmrV ellergy. Such nitmtst watertIiattci be sololeh" inavailability, (3) water stipply (4)oxygen Supply, and (5), anld oh'low nmolecular weight to be able to pass through tleacidity o'tli ledittiti cell lt tb'anct.Bactc'ia ther-forv ned wate'r to trlis).Jt 

Teniperature: 'l'leoretically, iactria call grow at all tell- Iutriclits into tile cell. 
perattures betwct,l tOw fihrzitng poitit of'water andilthle tern- Iftilenuittient tiaterial isnot suficientlv broken 
peralll't at whi(h p)rtelli or lt'toplasil coagulates. Solite- down,tl iicro-orgalism cat l)roduce exo-mozy'tnes whichhetweertw lre" the.se 1taxittmum aand ilintr points lies split tIln liutricltts into sitiallhr, silplhr cotopor .titsso theythe olptiritii tel)ler;tture at whichi tl bacteria grow best."le 't'sIelow thc milimmn stop Iact rial 

cart enter the cell. Inside the cell till(-nutrielnts are brokent berat down firither by othicr ,lzyntcs,releasing .lergy which is 
growthi but do iot kill tIe organisi. However, il tIe ten- used by the cell. 
perature is raised above the maxintntn, bacteria are soon iater: Bacteria cannot withott water.grow Many bac­kilhd. Most cells diiai'ter exposurte to litat treatnients ill teria are qiuickly killed by dry conditions wltenrtas otltersthe order of 70A( for 15 seconds, aliugh sporv -ring can tolerate dry conditions tor i ,onths;bacterial spores cali
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survive dry conditions for years. Water activity (AW) is 
used as an indicator of the availability ofwater for bacterial 
growth. Distilled water has an AW of 1. Addition ofsolute, 
e.g. salt, reduces the availability of water to the cell and the 
AW drops; at AW less than 0.8 cell growth is reduced. Cells 
that can grow at low ANN are called osnwphiles. 

Oxygen: Animals require oxygen to survive but )acteria 
differ in their requirements fbr, and in their ability to 
utilise, oxygen. 

Bacteria that need oxygen for growth are called aerobic. 
Oxygen is toxic to some bacteria and these are called 
anaerobic. Anaerobic organisms are responsible ftbr both 
beneficial reactions, such as methaoe productiol in biogas• 
plants, and spoilage in cannecd Ibods and clicescs. 

Some bacteria can live either with or wit otit oxygen 
and are known as faculatize anaerobicbacteria. 

Acidity: The acidity o1a noutrient sulbstratc is most siioply 
expressedias its pH valeic. Sensitivity toi)l-I varies rint olie 
species of'bacteria 'llolhcr. 'hc terIls pl I o)tilllllll and 
pH maximum are use(l. Most bacteria [)refir ; growth 
environment with a plH ofal)out 7, i.e. netrality. 

Bacteria that can tolerate low pH are called acitric. 
Lactic acid bacteria iii milk produce acid and contine t(; 
do so until tie pll of the imilk fills to btelow -1.6, at whiclh 
point they gradually die ofil ln cauning citrus fruits, mild 
heat treatments alt sullicient because the low pl- of the 
fruit inhibits tie grOwth fulmost bacteria. 

Bacteria in milk 

Milk fresh from a hcalthv cow contains few bacttri, ill 
d nhydrates

Coltnalnu Iati ilg handling can rapidly increase act-
rill numnbers. Milk is aa ideal Id and many, bacteria grow
readily Inl it. 

Some bacteria are tisefil in milk processing, catising 
milk to sour iliaturtllv, headinlg t) )roc(ts such as irg,. 
However, milk can also itrl + pathogcnic bacte'ria, sulCI ,is 

Salnonella, TIberculo.oos boi. and Brucella, andt calt this 
transmit disease. Othtr bacteria can cause spoilage of' the 
milk, and~l spilage aiiit fpoor yils oflfprotlicts. 
5.2 MOULDS 

Moulds are a hctcrogcnous group of mitlticelled organisms 
which reproduce asexually either by spore fbrmation or by 
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fragmentation. They can grow on a wide variety of sub­
strates and are generally regarded as spoilage organisms. 
However, moulds are used in the prodiction of antibiotics 
and in certain cheese varieties. Mou.ds are aerobic or­
ganisms and their growth on fbods can be retarded by ex­
cluding air through careful packaging. They can be killed 
by relatively mild heat treatments, but mould spores are 
more resistant to heat. The structure ofmoulds is shown in 
Figure 10. 

gort 1t. Structure ofmoulds. 

Aspergillus Penicillium 

5.3 YEASTS 

Yeasts ar uniceillilar organisms which reproduce asexually 
by budding. They are tised industrially to ferment carbo­

to such produtts as alcohol and citric acid. Yeas,. 
a o used inl norniallynot uistally milk processing and are 
regardcdi as spoilage organisms in dairy products. The 
strinetire of yeasts is shown in l"igure 11. 

5.4 VIRUSES 
Viruses ar extremely small organisms conprising a splicri­
cal head containing the geneit material and a cylindrical 
tail. They canlnot reproduce themselves, and must invade 
other cells in order to reproduce. Viruses that attack bact­
rial cells are known as bacteriophages: bacteriophages that 
attack acid-producing bacteria inhibit acid production in 
milk. 



Microbiology 

Figure 11. Structureofayeast cell. Table 4. Bacterial typej connonly associated with milk. 

Fat globules 	 Pseudomonas Spoilage 

ucleus 	 Brucella Pathogenic 

Fnterobactcriac.ae Pathogenic and spoilage 
Cell wall Staphylococci 

Staphylococcusaureus Pathogenic 

Streptococcus
C S. agalactiae Pathogenic 

S. thermophilus Acid fermintation 
. . S. lactis 	 Acid krientation 

S. lactiv-diacetyllactic 	 Flavour production 
S. cremoris 	 Acid fermentation 

Leuconostoc lactis 	 Acid fiermentation 

Bacillus cereus 	 Spoilage 

lactobacilhlls
 
L. lactis 	 Acid production 
L. bulgaricus 	 Acid production 

Cytoplasmic L. acidophilus Acid production
membrane Propionibacterium Acid production 

M)cobacteriun tuberculosisI 	 Pathogenic 
Vacuole 

Microbial growth can be controlled by cooling the 
milk. Most micro-organisms reproduce slowly in colder en­

5.5 MILK MICROBIOLOGY vironments. Cooling milk also slows chemical deterioration. 
The temperature offireshly drawn milk is about 38"C.

In addition to being a nutritious food fbr humans, milk t,, Bacteria multiply very ral)idly in wa'mi milk and milk sours 
vides a favourable environment fbr the growth of micio- rapidly if held at these temperature:;. If the milk is not 
organisms. Yeasts, mnoulds and a braoad specttrum of Ibac- cooled anti is stored it the shade at ; i average air tempera­
teria can grow in milk, particularly at temperatures above ture of' 1(6"C, the temperature of' the milk will only have 
16"C. Ihllen to 28"C after 3 hours. Cooling the milk with running

Microbes can ciiter milk via the cow, ain, feedstuls, water will reduce the t(enl)erature to Il6"C after 1 hour. At 
milk handling eqttipicnt and the iilke'r. Once micro- this temnperature bacterial growth will be reduced anrl en­
organisms get into the milk their nmlers ii-crease rapidly. zyme activity retarded. 'Thtus, milk will keep loger if 
It is more elhctive to exclude micro-organisins than to try cooled. 
to control microbial growth once they' have entered the Nattu";l souritig of milk may be advantageous: Ibr ex­
milk. Milking equil)ment should be washed thoroughly bc- ample, in smallholder buttec-making, the acid developed
fore and after use - rinsing is not ctiough. assists in the extraction oflat during chUriling. The low pH

Bacterial types commonly associated with milk are retards growth of lipolytic and proteolytic bacteria and 
given in Table 4. thcrcfore protects tIi' flt and protein in the inilk. The acid­
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ity of the milk also inhibits the growth olpathogens. It does 
not, however, retard the growth of moulds. 

Naturally soured milk is used to make many products,
e.g. hgo, yoghturt, sour cream, ripened buttermilk and 
checese. These products provide ways of preserving milkand are also pleasant to consume. lcy are produced by
the action offernientative bacteria on lactose and are more 
readily digested than fresh inilk. 

The initial iicrollora of raw milk reflects directly
microbial contamination during productiol,. The micro-

flora in milk when it leaves the li'i is determied by the 

temperature to which it has been cooled and the temilil)(i-

ture at which it has been stored. 


The initial bacterial count of'ilk may alge froli less

than 1000 cells/mi to 10/il. High counts (inure than 10'/l) 

are evidence of poor productiolI hygiene. Rapid tests are 

available fi estimating the bacterial quality of'nilk. 


5.5.1 Milk pasteurisation 

Pasteurisatioa1 is the most colnulon process uised to destroy
bacteria in milk. li pstc'urisation, the milk is heated to t 

tenperattre stIllicivit to kill path<ogcllic bacttria, but wIll 

below its boiling point. This also kills many non-patiogeniIC

orgalisils and thcrelw 'xtet'ds the' storalge stability of the 
milk. 


NUmlneoiuS tillic/tIlnln atlture co mbi 
 ntions ale recol-

niended b1ut 
 the most tustal is 72' for 15 s,'collds fillow C(l

by rapid cooling to below I "C.(
'This Is normally referred to 
as High "eliphriatmlre Short Time (HITST) treatilient. It 
is carried oit as i continouis pocss using a plate h at-
exchanger to heiat tIn' milk and atholding sctioll to etisulle ure 
that the milk is completely i)astvurisd. Milk is normally 
pasittrised prior to sale liquidas milk. PasteIrisatio ismakiiig,used to ('cliltheimicrobial counts to ept('l'iligredutceaud is jiastet'uised piriorii ilk Ibr Icese-it-

rmakingd i 'selcris. prirtobuitter-muakiitg il soit h'ltolics. . o 

Batci pasteurisatio is used where milk quanitities iklI 
too smail to justil'y the use of'a plate ieat-exchanger. It 
batch pasteurisation, fixed (JualItities of'iilk are healed to63"C and ield at this temperature fbr 30 minutes. The milk 
is then cooled to 5"C and packed. 

The lower temperature used fbr batch pasteurisation 
means that at longer time is reqluired to complete the pro-
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cess ­ 30 minutes at 63"C, compared with 15 seconds at 
72"C. 

Effects of pasteurisation on milk 

Pasteurisation reduces the cream layer, since some of the 
fitt globule memlrane constituents are denatured. This 
inhibits clustering of the fit globul,,s and consequently 
reduces the extent of' creaming. However, pasteurisation
does not reduce the fitt content of milk. 

Pasteurisation has little vilhet on the nutritive v'alue of 
milk. Ille major nutrients are lot altered. There is some 
loss of vitalnin C and B group vitamins, but this is insig­
filicant. 

'[lie process kills many f'ernientative organisms as well 
as pathogens. Micro-organisms that survive pasteurisation 
are putrealictive. Although pasteurised milk has a storage 
stability of'2 to 3 days, sulbsequent deterioration is causedby putrelctive oIranisms. Thus, pasteurised milk will put­refy rather tliall develop acidit\. 

lit rural milk processing, niany proc'esses depend oil 
the cevelopit ofacidity, and hence pasteurisation may 
not lie appropriate. 

5.5.2 Milk sterilisation 
In pasteurisatioi, milk receives mild heat treatmtent to re­duct the utilliber of bacteria prsent. Ii sterilisation, m ilk 
is subjected to sev\ere heat treatinet thlat ensures almost 
complete destrulctim o f the microbial population. The 
prduct is tlien said to be comnercially sterile. Tiie/ten­
pcrature treatnleilts o'aliove 100"'C fbIr 15 to, 0 mii tes are 

tl. Te ll( l as a longer shelllife than pasteu ised 
milk. 

Amnother method of' sterilisation is ultra-heat treat­I'I.l 'lelohssstein, milk is heated under prs
StiT to albout It0"C fbr 4 seconds. The product is virtuallysterile. However, it retains more of the properties of fresh 
milk than conventionally sterilised milk. 

5.6 MICROBIOLOGY OF BUTTER 
Butter is made as a means ofextracting andi preserving milk 
fat. It can be made directly from milk or by separation of 
milk and subsequent churning of the cream. 



__________Micro 

5.6.1 Sources of contamination 
In addition to bacteria present in the milk other sources of 
bacteria in butter are (1) equipment, (2) wash water, (3) air 
contamination, (4) packing materials, and (5) personnel. 
Equipment 

In smallholder butter-making, bacterial contamination 
can come from unclean surfaces, the butter maker and 
wash water. Packaging materials, cups and leaves are also 
sources of contaminants. Washing and smoking the churn 
reduces bacterial numbers. But traditional equipment is 
often porous and is therefore a reservoir fir many organisms. 

When butter is made oin a larger processing scale, 
bacterial contamination can come from holding-tank sur­
faces, the churn and butter-handling equipment. 

A wooden churn can he a source of'serious bacterial, 
yeast and mould contamination since these organisms can 
penetrate the wood, where they can be destroyed only by 
extreme heat. If a wooden churn has loose hands, cream 
can enter the crevices between the staves, wlirl' it provides 
a growth medium for bacteria which contaminate sub-
sequdent batches of bitter. However, if' cale is taken in 
cleaning a wooden churn tins source of'contamination can 
be controlled. Similar care is required with scotch hands 
and butter-working equipment. 

Wash water 
Wash water can be a source of contamination with both 
coliform l, teria and bacteria associated with defects in 
butter. Polluted water supl)lics can also be a source of 
pathogens. 

Air 
Contamination from the air can introduce spoilage or-
ganisms: mould spores, bacteria and yeasts can f ll on the 
butter ifit is left exposed to the air. Moulds grow raF.dly on 
butter exposed to air. 

Packaging 
Care is required in thre storage and preparation of packag­
ing material. Careless handling of packaging material can 
be a source of mould contamination. 

biologv 

Personnel 
A high standard of personal hygiene is required from 
people engaged in butter-making. For example, in New 
Zealand the 1938 dairy produce regulations stated "no per­
son shall permit his bare hands to be brought in contactwith any butter at any time immediately following man­

ufacture or during the wrapping, packaging, storage and 
transport of such butter". 

Personnel pass organisms to butter via the hands, 
mouth, nasal passage and clothing. Suitable arrangements 
for disinfecting hands should be provided, and clean work­
ing garments should not have contact with other clothes. 
5.62 Control of micro-organisms in buffer 

Salting cffectively controls bacterial growth in butter. The 
salt must be evenly dispersed and worked in well. Salt con­
centration of 2 % adequately dispersed in butter of 16% 
moisture will result in a 12.5% salt solution throughout the 
water-ii-oil emulsion. 

Washing butter does little to reduce microbiological 
counts. It may be desirable not to wash butter, since wash­
ing reduces yield. The acid pH of serum in butter made 
from ripened cream or sour milk may control the growth of 
acid-sensitive organisms. 

Microbiological analysis of butter usually includes 
.some ofthe following tests: total bacterial count, yeasts and 
moulds, coliforin estimation and estimation of lipolytic 
bacteria. 

Yeast, mould and coliform estimations are useful for 
evaluating sanitary practices. The presence of defect­
producing types can be indicated by estimating the pre­
sence of lipolytic organisms.

All butter contains some micro-organisms. However, 
proper control at every stage of the process can minimise 
the harmful effects of these organisms. 
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6. MILK PROCESSING have along life when properly maintained. Importation of 
In rural areas, milk may be processed fresh or sour. The such equipment is, therefore, advantageous.

The procedures given here are very precise. In manychoicc depends on available equipment, product demand rural dairy processing Flants, however, monitoring equip­
and on the luantities of' milk av'ailaleh or processing. In meil may not he available and, although yields may be
Africa, sinallholder milk-processing systems use mostlv 
sour ilk. Allowing milk to frmt prior to processing s maxi prescribed procedures, all 
a number ofadvantages and proccsing sour i!l. wvill ('oi- these produIts can be successfull' made by approximating 
tinue to le itlportait in this sector. temptrature, time, pH etc to the best ofone's ability. It isStar 	 t cula rly important in clieese-making to proceed whenWherc greater voldume's ofmilk ('arm be .sscmilel, 1rw- th curd is ill a suitable condition. ''heref'ore, times given
cessitig fresh nlk gives ninor produt options, allows greater are only approximate and the processor will, with experi­
throughput of milk and, ill somec instainccs,rtr recov e a si to his/her own environ menVt. 
of milk solids ill product. dicc. adolt methods suitatue 

lBeicause of (fifl'renices betwc.t processitg svstens,
each will be dealt wihl sel)airaily. I'e section on Iresh­
milk tcchnology deals with technitques used fir processing The fat Fraction scparates from the skimin milk when milk is
fresh milk in batches ofu ) to 500 litres. Sour-milk technol- allowed to stand fbr 30 to '0 minutes. This is known as 
ogy is used fir prccssing baltles of I ) to 15 litres of' a- creatiing'. 'lhe creaming process can be used to remove
cumulated sor : nilk. This will h' described in the section fat from milk inIa more concentrated lbrm. A number of
oil sour-tiilk tcchno gy methods are employed to separate cream f'roim milk. An6.1 	 FRESH MILK TECHNOLOGY undtrstanlding (o" the creating pl)cess is necessary to 

Iraxiraiise th( eflit'incy of the separation process. 
This section (lescribes ilm imantuifitturc of' skim milk, 
cream, butter, buttcr oil, glhe, boIld-curd anid pickled Grmaty separation
cheese varieties and fi-rueited i lks from Fresh niilk. 'T'he Fat globules iin milk are ligter than the plasa phase, and 
pr cessing scale enivisagcd is 100 to 2(10 litres of' milk per hence rise to fbrm a cream layer. The rate of rise (V) of theday. However, thlie lrcesse~iuescri bed are suita c fe'or individual fat globule can be estimated using Stokes' Law,
batcltes of'iup to )500litVes per (]ay. Most of the equipemnt which defies the rate ofsettling ofspherical particles in a 
described can be libricated locally. h'Aluiprlnct not available 
locally, such as a milk separator, has a cost advantage and liquid:
quickly gives a good financial return in terms of increased ri(dr -d(!2)g
efficiency. Hand-operated milk separators are(durable and V 9q 
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where 	 r = radius offat globules 

di= density ofthe icquid phase 

d., = density of the sphere 

g = acceleration .luc to gravity, and 
q = specific viscosity otfthe liquid phase 

Particle r": As ttmlperature increases, falt expanids anid 
therefore r2 increases. Since the sedimecntation v'locitv of 
the particle increases in proportion tot hv square ot'tlh' par-
tic!e diameter, a particle of radius 2 (r- =1) will settle bour 
dines us fast as a particle radius I (- : l). 'llus, libat-
ing increasecs sedim entationi velci t . 

dr-d2 : Sedimentation rate inctrcases as the diflirt-ct be-
twe(ti (I anMd d --itIet t a -. tl 'i~iw20 ;llt]50"( , niiilk Liti 
expands flister than tilt- liquid plse on hevating. 'ihcre i)re,
the difl'rence hetwet-cn d I and d., iit'viitses with inicreaising 
te llperature. 

g: Acctlration dlue( to gravity is cmistat. This will be( c(ii­
sidered whel discussing c'intritigal set.f)ariil. 

IF Set 1ii 	viscositvde'creasts v.'ithi <'ilasing t. atroe. 
CaCuLiMi o1' theW sdiioltatlo velocity ,," aI Lit 

globule reveals that it rises vev slowly. .s shw()rliill tlt 
eq ti itio , the vel cit I , rise' is di I ctlyv r )l rtiI o la toIothl'h 
square of"tle radius o t-e ghobh'. Larger globulhs owr-
take siiAler ,ties qtiick!y. \Wheni a ltartglobule o.is ito, 
cotact witi a siialler gh )ile tle t\ jolliatd t'ise toge'thtr
eviii Li;ste.r, )v gri'ate'r evli'itiv'prititil beaillit' of1 thl'ir 
radius. As they rise theyN umtilt. ill c titaLct with, thilti 
globules, (oiliing clust('s o,cmisiderable size. 'I'se chIs-
ters rist' 1u('h fittr tHumxiiildividuatl globiiles. l(ttht'y (lii hilt hli'hl~i', stric'tly iti .iecoall't wxith Stokes' L~aw 

bec't loleIw(hav' ill ilrtgll~t shape atid c ntaill son1' 
milk seruio. 

l'actorsaIctng cre.aming: (reaml1i hlIv'i ,v)!utu is grest il 
milk that has high flit cmitt'llt ,tild relitiv.Iv lrge Lft 
gloulies, be'caiuse such milk lntitiiis ili.re lat'ge clust'rs. 
Howelvl'r, t'ti)crature and agitatio tlafliet i'ri'itvainig, irt<is-
pecti\'el'ofthlic'L t tht'iilk.cotetnt Ileatiig to abovet6'(:reduces crealuing; niilk that is heated to abovi' I01 +,': re(-
tains very little creaming ability. 

Excessive agitation disrupts ourmal cluster fi riiation,
but creamitng it c(ld toilk nay be itncr'asd by mild agitation
since such 	treatment livours larger, loosely packed clusters. 

Batch separation b)- gravi),: Creamr can be separated from 
milk by allowing the milk to stand inI a setting pan in cool 
place. There are two main mIethods. 
Shallow pan: Milk, pr-cfi'rablv fiesh toit thtlicow, is poured
into a shallow pall 10 to 6l ()li in diatmeter and :about 10 cm 
dep. The pall should i:c in;a co:l place. After 36 hours 
practically all oftl teit capabhl ol'rising by tills no thod will 
have c()1 to the sticr, and tll cream is skininied offwith 
; spoon or ladle (Figure 12). 'li'h skim tiilk usuall .onl­
tai~s ,Olt (_ to 0.ai',, IItterlitt. 
i iak/h rpaiali ~nI l v ,ra i r (a) S/i/ha tllouin/tod,'2 

(b) drji-.elttngtnettnwd. 
a. S hallow pan b. Deep-setting 

Cream skimmed off 
with ladle Cream 

Skim milk 
Cream 10cm Skim milk 
Skim 
milk 	 - 60 c rough

4C -60 cm 	 t ap 

I )ep-setting: Milk, pin.li-rablv lie"li fiti tille( cow, 
p 

is p mrd 
into t deep ,allo Stmjall dialitlt. lh' call is I' l in (ld 
wter ,anid kept as c(ol as possiOle. Alir 2 1 hours tilt- se)­
iattWiii is 	isii llv is ioiph't' .ts it is psl, h to secilre by
this tii'thmd. Tle skim iiilk is winoved thr gh attaip at the 
bottonilf thl' ,an (ligio' 12). I'mnde(r 6iiniu coiditiois,the' it conte'nlt u~thie skim milk atvera+ge+s atbot (1.2 or(ll3<%. 

'lh Idlns S'hould bcl rinsed \'ilt \wter i.Inii'hdiately
,iti'li,, sitih(d with hotw tt'r iiid scaldvd with Ioiling 
wilt('i s' i'lctimio 1h11il'itlig). 

Centrifugal separation 
( travity sepiratioll is slh v anid icil'ficii't. C'triu'tigal sep­
aratioti is 	quicke'r antI moilre cl'lcicit, leIvitg less than0.1% it in th' s'parated milk, compared with (.5-0.6% 
alter gravity s('piiratili. 

The cetltriftigal sepatator was iiventedl in 1897. By tile
turti of the century it had altered tit( dairy industry by inak­
ing centralised dairy processing possible Ior the first time. 
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It also allowed removal ofrcrei.m and recovery, of the skim sity ciflerential between the fitt and liquid phase and the
milk in a fresh state. size ofthc fht globules.

"I. setaration of 'ream from milk in the centrifugal Speed ofthe separator: Redcting ti s)e(' ofthe separator toseparator is Iased i tie fiact that when liquids of'difler'lit 12 rpil less than the recoimended sieed results in high fatspecific gravities revolve around the samc centre at tIhe losses, with ul to 12',, the ftl present remaining in the
Sante distatnce with the same angularr velocity, a greater skim milk.
centiifugal frce is exerted oi the heavier liquid thtlo(t the Residence time in the separator: O)verloading the separator re­lighter m. MIilk cn, he regardedi as two, liquids Of(difleelilt (lures tire tnw that tI(imilk slendis in tit( separator and con­s,).('ioic gravities, tilte srunt and till. 	 S(IttCtll rdu'cs skirninring efiiecv. Hwever, operating

Milk entets tihr rapidly revolving bowl att tht to ), ti theseprator helhw cap)acity gives no special advantage
tiiddlror I hotton (o tile. biw (Fligute 13). \\hrrlt tir uiores trot iirreasc tile skiinntiig cflicienrcy appreciably but 

--
in-

it 

bo)wl is revo'lv'ingt ra;)i(cll tJc 'cfgratvirv ist i~ver' te b\ tI itrs tr trh rtheedId to separateit given quantity ofttnilk.ti' citrifrigal Irc, 	vilch is .50)1)) to If)1000) tiurs greirtc l'/ct qftempnrat Freshly dtrawin, tincooled milk is idealthanl graviilatiorlitl lri'c. E'ver pilrtitih irr thita tting ,'ssrI lir istive skiirririittg. Such uilk is rela-tivel fluid atA theis suijected t() a hir't which is drtrrtinel by tihe distanre I& lilt is :;ill inr "ebrin ollinirici ittttrLrt. Ifthe teiperature (ftire iltrt i fi ml til' axis (of otatiort atni its llrguLt " vc<lity. tirt ttilk titlls b chhw 22 ( skirtmirtn licietcy is seriusly re-If we srbstiuri rri~IfI glal acrrlrhiliom xprssedr dur'(l. Milk tirust licr-linc e icrtrof trr1iiuit, tht(lilt. Heat­
tII()- (wfr-re ri is tit raulial list~itr r lti il r.ln r thr"pattint

rritre of" r'otttioi ,trl i, is aire;rrirtrirerrt of tire ;rLtrgrrll r ingmilk to 0(A: gives th-r (q)tlirrrrrr skiirririg cficiet'c'.
 

velcity) ior acr-hlt til rlilt- t, gravitv 
 gL),wr ofrtrine 	 l/ret ofthe position 0/tih crr'mscrew: lir ereaur sertv' rc'gtt­lts tirte ratir (rlskiri irlk t() ('mai. Most sepJarat )rsper-V I-d. rrI, Irrit a rtrhcr wide( rairtge of it (ote't(I t'cai ( Ii-.50%) 
!lithmit arivihrsely rtlttill skitintirig 'titicicry. I rowever, 

.rus, Sirr(irrntirirll ,rll ic ai tli'nfr rr, Ill gta'- ptn triil nrrrofclaill rhnlairting less than I8' rr imirri than
it\ .Irtathirn, tin it rhrrnti ,rr (fur to grir- it,lii (r'rrit%' .pil 	 is cotirstart. 1)) sril,ts Irs clieirint separati(m.r-;irr.rtirn. tin (rtitrilrgil lir ;n'nirrg 

n itr 
otrr ()tiettlrcnn isthat ln-cit the skirrrrrrirrg rlicIerrtv are:

the partirh, catll britArleu h\ .tri rigc tir .spend I'rtill * ' hr' quality of tihe rilk: Milk i lpoor IihVsiCal 'rridi­
(riti scp rlil r I II\. I. titful (r which is Irllrdv will ut s+ aratl, cotm pletely.

Ill sejrl r lli ,ll. mrilkis i t)odluttr l into) sieiatatioti * NL ir tN;i rldtithetonsrcpatatrrr: A.\ si ratr r iil poornh ntirrl tire er - tOir( e i k , rs, t wi m r l it f lws iir- rtrcklrmidrrrl, l nrlr s '; rrilk ei ietri e i iir will IIrrt l;rrite l'.
\'ills. ( )rr :lih . is\ t rmir(i l tr l-nhtir ls, ',ilii irrIrnliei,'s \\hir-l Sipatirtinir is ronrp hnti- tire sej),rtir orrist be
;ta- svjw.tr-ril liorir 	 fir irmilk i tflrr,\r tin-ijuk ahmg l isirirtir-ri iriui e'i-lriei ilt<iugll. 
mnr silh. ''l (fit. rimn " h)fir irlrfivI nil tin- st'Ilrtlrl" Hand separator
biiw t in t "n-dnirrrri In irdcr I(i,,i%i r ti. ni.l rr spm v. \s tilnlrilk ulldertstand III\% t' iuf l sepai wsrratin rks,
pas's ,lri tihr fill iul iri il th,. dimrnii. i trri- f.rt6hwrtire rrrirsolti Ilk tirighi aS.Itrlratth, 	 w,1shail rll 	 rl)owl.lr:IsSirgi allowMS iCrri 	 srrrll lMJirtirles t, Ir srllanud 'lii .\s irilk flh)iws into a rapidly r-llviirg howl it is acted uponlcreani, i.C. Lit gihil,, is Is , rhrse thin ti( skimri rnilk and liv b<,th gravity arid tir-er-nt rifrigal force ri.rated by rota­
thre'Iric-ittirs illrlds ill tire ni:uirr'ls, toc.rils ;ais of lhe 
rrrt:titrr anrdrl p;r:ssi-s It);i 

mt no.o ertnrifrlgal fir'e is '1))) tor I1) 1))() times that of
axial ,itct. 'li(r skiir nrilk Imoves gravity, arid Ille eflit (dfgrlavitv thris Ibeer inls negligible.ollt%,:lls tI tir spmar nlrirsidi- Ile disc stack ind 	 ,i ' u'rrtifirr milk eltering ti( horwl is lhrowi()h tte outer

throiuigh ir n betwetitil ((I)p (lisc sltk aiid tire will ofl'h IblmI ratier tin Llliig to Ihv birttonm.'ii'al lirrorl ofthc S(I).it ii wl Milk seritur has i higher spret'ifit giavitv than fat andAlifi'licy If scprtratli(i is inflei i-clry ilurILItrlrs: is tIhrowi t itt(i outer )art of th brwl while th( cream isthc spurerd i tI I irwl, residecie tilli in tIh( b(wl, tire dlln- forcedf towards tIre ceinir( oliet borwl. 
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Figure 13. ('utaut),dia4granis o(e,) hand-operated milk separatorand (1))the bowl showing the pathi o/mil and cream/iaction. 

a)Supply can 

Faucet 


Regulating chimber 
C ros 
am sc re v 

Cream spout
Bowl shell 

Milk distributor 

Upper bearing
 
Lower bearing 
Sight glass in oil reservoir 

Assembling the bowl 

b)
 
Bowl__.
nut; 

- Tubular or central 
- feed shaft Cream screw 

A,,
Creamsscre	 Cream outlet 
Skim -milk - ....-­
outlet 

Bowl shell 
Cream screw Distributordis 

Rubber ring 

;)Port.d ior 	 the 
Fitth mik lisrittlortihithi 11Icd alllg)ImI. 	Fit the milk distribi rtotifttltr tltt l i'as hal 

oi-ljlld case. 'I'll(. bowl iS risrially sripp-e riltl 
2. 	Fit tle dis(' il (lIhe 

h. t.ti. Itrt aill)d I)ariilgs; (t 1t) rt its wtight andl c 
lios to.() St'l)ipp

~3. Fitli vcl'r ntstcirw tiSt. (m cit s\,+' seconid t()hold it uipright. Thcllupper htearing is usuallyitted i side a steel sp ilng so that it ca n k ep the bowl up­4. 	 Next, lit tllI rllor rig to Oit bt"t. itI)t bit., right vveu ilthe fiautc )fth( r achiiire is not exactly level. . P ilto 	ilt w slt n g i i s h lOwi 
bas., 

6. 	 Finally sc're'w%tht )()%l flit +ilto). 
Now thl(bowl is as'silrhlid anl I a.;Itlv\h)i.ist-. 

olthe st'l-,ralht< is cs .ritiallv a set ldgt'ars st)arral gct 

es'l)hcInid Th ' I v 'is lowtrted in to the"rec ep ta c le, 
making suir that the heiad olt Ihe s)indhle fits correctly into 
the l htlow ()fthc central Iit(.!shalt. 

,l.est 
as tol Optoration

peririit tht spindlt, ti which tin bowl is (.tltrittt, tol it I. Whrtn thei bowl is set, fitthe skir mrilk spout and the
turhtd ,athigh slictd. Ille gears art rttriiallv (icltt std ill creainr siotit. 
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2. 	 Fit the regulating chamber on top of the bowl. reduces the amount of separated milk available for other
3. 	 Put the float in the regulating chamber, uses and increases the volume ofcream to be handied. Low­
4. 	 Put the supply can in position, making sure that the fat cream is also more difficult to churn efficiently.

tap is directly above and at the centre of the float. Cream containing more than 45% fat clogs the sep­
5. 	 Pour warm (bod\ temperature) water into the supply arator and causes excessive loss of fat in skim milk. Cream can. of abnormally high fat content also gives butter a greasy
6. 	 Turn tilie cranink hanidle, increasing speed slowly until body due to lack of milk SN F. When adjusting the cream

the operating speed is reached: This will be indicated screw it is important to remember that it is very sensitive; a 
on th lIandc or in thei rmnuifacturrer's manual ofoper- quarter turn ofthe screw is sufficient to change the percent­
atio. I he ll o)il the crank handle will stop ringing age lat in the cream appreciably.

when tille )rrect sp'ed is reathlietd. 
 l'he fht content ofwhole milk influences the fat content

7. 	 ()pen tle. tap ,and allow tlh warn water to flow into (ofcream and this must be considered when adjusting the
the bowl. This rinses and hieals tih' owl and allows t cream screw. lor exalmple, ifthe cream screw is set to sepa­
sinloth flow of nilkinritras.s steparation efficili'n.aoTI 	 rate milk at t ratio of 85 parts of separated milk to 15 parts8. 	 Next, put watrin milk (37-10"C) jin th Sltl(l)lv ca'll. of cream then, with all other conditions constant and as­
Repe)lat steps i and 7 aloive and cull tin' skim milk suning efficient separation, milk of 3% fat prod-ices cream 
and crevailm separaitil. ()1'20% fiat whereas milk oflt. 5 % fiat produces cream of30% 

9. 	 \\'l n all ilo' milk is us'd up arid tin I])' ,f r l',lstops, ltrt. 
pitlr altmn 3 lities l'ti' sv'plitcatd iilk int, hll('stipply 'I'he fat content of the creait can be calculated usingcall to recover rcsidutil (01111 tripped ilwen tie' discs. tihe f'ollowing equatiOli:

I1. (,mntinic' tu*riing the ci k lcaidlie and iluh th W 	 l Fm 
s'partcr with \\;waln wittcr. -c = 

(Ovlll ii tin separattor: lain ofti it ilk Wcimlpl nM.s il- in 
collect is slliv ,f"la);ili bo wl. This slino' =m idic \\ill t a' \Vi weight offnilk Fm lat content ofmilk 
contains rc iants of r lk, skini mrrilkad icin'n Al c wiiici \c = weight of cream l"c = fiat content of'cream 
will dtic ilmrrtst' .mi l 'rrrr ' t thi ',S l(1'lh ,,%r(l i lrlt.. 

If 1t wasird a l fti'cd filon lllinlrriti.s Ohl' sr)- Ill it'lirst ('xample, Fc 100 X 3 = 20
aralor b)o\l I c ,nn a sit ri)te itr(l in.ci l11', )bilctmlailirtati 15
Skinim ing is also ( h - ti seprilrtrflifici'irv r('tict r Itw 100 x 4.5
blowl ant diss ir dity. MIlilk delsits t.i' seplrator cal litilsc(ns il exanlpl Fc - = 30 
('aris it l'I' i I.5 
\iashig di' St'l)mrlmtE: A:ifl iishint ti' '' pta r ith ''hIrfbrv the setting of' tie cream screw depends on 

milk, bowl 	 citihwvairi skii ilic ioihil in' flusli'd wt l ilir' fat content of'the nilk being separated. The milk should
wat'r until tire t1istlihig' fli tin' skim rilk sllt is chin be rnixe1t tii(ntighly prior to separation to ensure even 
This ri ,oves n\y ,<sidual nirlk solids anti makcs sub- distribution trf'cream in the milk. 
sequ'int t'h'.raiiig (i' Ol lm(1'asic'r.'Ih )owl sli ld tt'n Separator maintenance 
b' 	 disrirantlct \W'ash all Iarts <Oftli bwIwl, b wl co)ver, dis- * 'l'he gears inhst be well lubricated. Follow the direc­
chargt' spoi s, finltt slpply tank and buckets with a blrish, tions ofthe mianufacturer. 
ht watc.r and R'negit. 0t Iimise with scaldirng watt'r. Allow The level of' the lubricant must be kept constant;the parts to drain ill a cearl plat'e )rtt(i'tl t r lm observe tire oil level through the sight glass.dust and 
flit's. This l)r(c,'.ss should be fulhuw'd ,aftercach s .'prationi. * The bowl must be perfectly balanced. 
Cream screw adjustment 'Tihe bowl should b - cleaned thoroughly in.mediately
'I'hl craini screw should be adjusted so that the flat content after use to ensure proper functioning of the separator
of the cream is about 33%. lrodch.i,:, exc(essively thin cream and for hygiene. 
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Ruraldairy technology 

Calculations 
Once milk passes through a separator it is recovered in two 
fractions, the high-fat cream fraction and the low-fat skim 
milk. 

Assuming negligible loss of fat in the separator, the 
amount of fat entering the separator with the whole milk 
will be collected at tie other side of the separator in either 
the cream or the skim milk. 'T'lerefbre, if'we separate 200 kgof milk containing 4.5% butterfat, what weight of' cream 
containing 30% butterfat cal we expect? 

Let Wm = weight of milk 
Fm = fat content of theimilk 
Ve weight oi cream 
Fc = fat content of the cream 
\Vs = weight of sl:iin milk 

Assuming that all of'the fat present in the milk is recov-
ered in the cream, then: 

Vil x Fll= We x Fc 

and Vi - Wc = \Vs 


and Win - Ws = \Vc 


Since Wm x Fin = Wc x Fc 


WmCX Fm = w 
h"c 

T'lerefibte \Vs = \Vm - Vin x Fm 

Fc 


= WC 


In this case: - 200 200 x 4.5 

30 

-200 -30 

= 17) kg 

Since WC = Wil - WVs 


Wc = 20P - 170 = 30 kg 

Percentage yield of skim milk: 


WsX 100 170 x 100 
W - 200 = 85% 

Percentage crean (% Vc) 
= /o~nill- Vs\ € 


= 100 - 85 = 15% 

Ifin practice we obtain only 28 kg of cream containing 
30% butterfat, then (2 x 0.30) kg or 0.6 kg of butterfat has 
not been recovered in the cream. Since it is assumed that 
there are o significant losses f'fat iii the cream separator, 
the lat not recovered in the creani is lost in the skim milk. 

Since 28 kg ofcre;tn was produced, and 
\Vs = \Vm - Wc 

then WVs = 200-28 = 172 kg
Thus there is 0.6 kg ot'lat in172 kg ofskim milk. The 

fat percentage of the skim mik is therefowe: 
0.; x lM 

i = .35%* 
i72 

The percentage offat in milk and in cream influences 
WVc and \Ws where the latis reco'ered in the cream. 

If' Fm = 3% 

IFe = 30%
 

\Vni = 100
 
Then \Vc = WVm ll
 

Fc
 

We= 100 X- = 10 kg
30 

\Vs = Wil - Vc
 
= 100 - 10
 
= 90 kg
 

whereas if Fm = 4%
 

Fc = 30 
Wc = 100 

Then Wc = 100 x- 13.3 kg= 
30
 

Ws = 100- 13.3 

= 86.6 kg 

Standardisation of milk and cream 
Iffine adjustment of the fat content ofcream is required, or 
if the fat content of whole milk must be reduced to a given 

* The skim moilk contains ).35% Iat, which may tbincorporated incot­
tage cheese. lfthe skim milk is consumed, no nutritional loss occurs, but= iAancial loss isilclrred si ttc ailisnorc valuable ifsolt as butterthar as cottage chces' or ifit is coll:.Iim d directly. 
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Milk processing 

level, skim milk must be added. This process is known as Cream 2 .9 
standardisation. 

The usual method of making standardisation calcula- N,
tions is the Pearson's Square technique. To make this cal- -.
 

culation, draw a square and write the desired fat percent­
age in the standardised product at its centre and write !he N ­
fat percentage of the materials to be mixed on the upper ( 3
 
and lower left-hand corners. Subtract diagonally across the (desired) 30
 
square the smaller from the larger figure and place the re- N"
 
mainders on the diagonally opposite corners. The figures
 
on the right-hand corners indicate the ratio in which tile
 
materials should be mixed to obtain the desired Cat percent- Skim milk " 
age. 0.1 4 

The value on the tol, right-hand corner relates to the 
material on the 1o1 left-hand corner and the figure on the If 29.9 parts of'cream require 4 parts ofskim milk, 200
bottom right relates to the material at tle bottom left parts of'cream require x parts ofskim milk. 
c')ruelr. 
Example I \Weight ofskii milk needed = x = -0-. = 26.75 kg 

29.9
 
3 6 \Whole milk 29 Example 3
 

" The fat content of 300 kg of whole milk must be reduced 
N . from 4.2% to 3% using skim milk containing 0. 2 % fat. 

- 4.2 Whole milk 2.8 

(desired) 3.0 

/ N 
/\(desired) "1311, 

. Skim milk \0.6 "N 

In this example, the fat content of whole milk is to be 7 Skim milk N 
reduced to '3.0%, using skim milk produced from some 0.2 N 1.2 
of the whole milk. Using P ear s o n 's Square, it canl be seen 
that fbr every 2.9 litres of'whole milk, 0.6 litres of skim milk Every 4.0 kg ofthe mixture will contain 2.8 kg ofwhole 
must be added. milk and 1.2 kg ofskim milk. 
Exam)le 2 If2.8 kg ofwhole milk requites 1.2 kg skim milk, 300 
How much skim milk containing 0.1% fat is needed to kg ofwhole milk requires 
reduce the percentage flt in 200 kg of cream from 34% to 1.2 X 300 = 128.6 kg ofskim iik 
30% ? 2.8 
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Thus, 128.6 kg ofskim miik (0.2% fat) must be added 
to 300 kg of whole milk (4.2% fat) to give 428.6 kg of milk
containing 3% fat. 
Example 4 

The fat content of milk must be reduced from 4.5 to 3% 
prior to sale as liquid milk hut skim milk fbr standardisa-
tion is not available. 

In this case, we must calculate (;a) what proportion of 
the milk must he separated to provide enough skim milk to 
standardise the remaining whole milk and (b) th1e expected 
yield ofcream. 

AssunLC tha tit ft *contentof'"l(I) kg of milk contain-
ing 4 .5 % milk flit must be reduced to 3%. 'i'lw amount of 
cream to be removed can he ealcultd as bIllows:Let = weight of95ilk to be stardisrl - ilthis examl, 100 kg. Thrdedrc M = 1in0 

Fm = lilt (tt of the origillal Olilk 1t.5C = weitght ofedlil 1
FC = lit evntcut tfthe crea = 33%,
S w('llht ot!stallr(liscd olilk 5atheatically 

F"smn = flit coiltrllt of itc staldami-isel milk 3.0=rit 
Since the milk is claratcd ilto crraei and standard-

ised milk 
IsI + ( = NI 

I) o.r SN + C - I00 
There are' lb IM losses; ile"weight offlit ilt thI cr%' 

the original milk will Iv eqlual to til wcight Of fit in the 
standardiscd milk alld (r-ni.

(Weight offlit il a I)roduct is tile weight dfpmlmuct X% I'M/

100) 
 l'hcreforc ,SNI x [:.111 (' 10x Ic NIx10x l"mit 

-+ - - __ __
I(( 1010 It)(1 

35x3 x 	 SNl 5 X C (t1)x,.5I 
or -+ =-- -

100 100 100 
(2) or 0.:3 SMI + 10.35 C = .1.5 
Equations (I) and (2) givc two ((uations with two 

unknowns, so they can be solvctl as follows: 
(1) ,SN + (: = 100 
(3) or 0.03 SNI + 003 C 3 

Subtracting (3) fim (2) 

0.32 C = 1.5 
C = 4.6875 

= 4.7 corrected to one decimal place 
The weight of cream is thus 4.7 kg.Therefore, the weight ofstandardiscd milk is 95.3 kg.
Ter hec9
 

Answer check
 
The original milk conmined 4.5 kg offat.
 
The cream contains -1 5 = 


100 .645 kg offat.
 
Thereforc .1.5 - =
1.645 2.855 kg offht in the standardised 
milk. 
The Ilat percentage of the standardised milk is 

2.855 X 100 
= 3%
 

The calculation
95.3 call also be made using Pearson's 

Square. This is essentially a reverse stamlardisation, i.e."hokv much crcam conuainIing 35%, fit and milk containing
fiat should be mixed to get milk colltaining1.5% filt?" is 

time sante as "how onuch cream containing 
t,,e mil nen" toto35% 11! must be removedtoTt f'roincmilk contaaining -. 5( Iat 


staldadis the milk to 3 lit ctent?'
 
I. 	 Place tile i'at cmitenIt ifwholc milk ill ti" ce'ntre. 
2. 	 Placc the flit content of"cream on the top left-hand 

corner. 
3. 	 Place ile desired fiat coltlnt of the stamdardised milk 

oil tile hiottloil lefi-hand corner. 
35 Cream- - 1.5 
3._. 

\ '.. 

1. 
.5 	 -

Stamidardised milk-,
3 	 .5 

3-2 32 
4. 	 For every 32 parts of whole milk, there are 1.5 parts of 

cream to he removed and 30.5 parts of'standardised 
milk. 1.5k 

Thereore Wc 	= --	 x 100 = 4.6875 = 4.732 

Vsm = Wil - Wc = 95.3 
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The Wsm and fat to be removed can be calcilated in a Butter can be made from either whole milk or cream.
number of ways. Whatever method is used to calculate the However, it is more efficient to make butter from cream 
amount of cream to be removed, it is then necessary to cal- than from whole milk. 
culate the amount of milk to be separated to achieve the 
desired reduction in fat content. Buttor-maklng theory 

Wm X Fm = Wc X Fc To make butter, milk or cream is agitated vigorously at a 
temperature at which the milk fat is partly solid and partlyTherefore Wm X 4.5 = 4.7 X 35 liquid. Churning efficiency is measured in terms of the tirme 

and Wm = 4. / X 35= 36.5 required to nroduce butter granules and by the loss of fat in
4.5 the buf.termilk. Efficiency is influenced markedly by churn-

Therefore, 36.5 kg of milk are separated and the skim ing temperature and by the acidity of the milk or cream. 
milk is then combined with the remaining whole milk. In churning, cream is agitated in a partly filled 

Standardisation such as this can be used to increase chamber. This incorporates a large amount of air into the 
income from milk production as follows: cream as bubbles. The resultant whipped cream occupies a

Assume liquid milk price of 70 cents/kgA laryer volume than the original cream. As agitation con­tinues the whipped cream becomes coarser. Eventually the 
Assume butter price of EB* 10/kg fat fbrms semi-solid butter granules, which rapidly increase 
Income front 100 kg of iilk = E13 70 in size and separate sharply from the liquid buttermilk. 
Income from 95.3 kg of milk = 66.71 The remainder of the butter-making process consists ofre-
Fat removed = We × Fc = 4.7 × 0.35 =1.6415 moving the buttermilk, kneading the butter granules into acoherent mass and adjusting the water and salt contents to 
Expected bIuttc: - 1.9 kg the levels desired. 

oincome from butter = B Theoy ofthe mechanism ofchurning 
In considering the mechanism of churning the followingMargin = EB 15.76/100 kg ofimilk Factors must be taken into account: 

STlie function of air;6.1.2 Butter-making with fresh milk or cream * The release ofstabilising material from the fat globule 
Butterfit can be recover ed froir milk and converted to a surface into the buttermilk;
 
numnher of rnets, thlie most coinnioii of which is butter. The differences in structure between butter and
 
Butter is an enarlsion ol watcr in oil and has the h)Ilow%iig cream; and
 
approx:mate corl)siton: • The temperature dependence of the process.
Air is thought to be necessary for the process, but somelat 80% workers have demonstrated that milk or cream can be 

Moisture I61% churned in the absence ofair, although it takes longer.
Salt 2% About one half of the stabilising material is liberated
Milk SNF 2% into the buttermilk during churning. It is thought that dur-

In go)od butter the moisture is evenly dispersedthroughout the butter in tiny droplet-. In most dairying 
ing churning the fat globule membrane substance spreadsout over the surface of the air bubbles, partly denuding the

coIntries legislation defines the composition ofbutter, and globules of their protective layer, and that a liquid portion
butter makers conbrm to these standards insofar as is pos- of the fat exudes from the globule and partly or entirely cov­
sible. ers the globule, rendering it hydrophobic. In this condition 

the globules tend to stick to the air bubbles. Free fat de­
*EB = Ethiopian birr (US$ I = El 2.07) stabilises the foam, causing it to collapse. The partly de­
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stabilised globules clinging to the air bubbles thus collect in 
clusters cemented together by free fat. These clusters ap-
pear as butter grains. 

Churning cream 

Cream prepared by gravitational or mechanical separation 
can be used. Good butter can be made in any type of churn 
provided it is clean and in good repair. 

Churnpreparation 
Tile chun is prepared by rinsing with cold water, scrub-
bing with salt and rinsing again with cold water. Alterna-
tively, it can be scalded with water at 80"C. After the butter 
has been removed, the churn should be washed well with 
warm water, scalded with boiling vater and left to air. 
When not in use wooden churns should be soaked occasion-
ally with water. A new churn should first be washed with 
tepid water, scrubbed with salt and then washed with hot 
water until the water comes away clear. A hot solution of,
salt should then be allowed to stand in the churn for a short 
time. After rinsing again with hot water the churn should 
be left to air for at least one day before being uiscd. 

Churnintg temperature 
The temperature of the cream during churining is ofgreat
importance. If too cool, butter ormiation is delayed and the 
grain is small and diflicult to handle. IUFthe temperature is 
too high, the yield of' buttcr will Ie- low, Icause itlarge
proportion of the fat will remain in the buttermilk, and the 
butter will be spongy and of poor quality. Cream should be 
churned at 10-12"C in the hot season arid at 14-1 7"C in 
the cold season. The tein perat tire may be raised by stand-
ing the vessel containing the cream in hot water, or may be 
lowered by standing tte vessel in cold spring water fbr a few 
hours before the cream is churned. The churning tempera-
ture may also be adjusted by the water used to dilute the 
cream. In the hot season, the coldest water available should 
be used, preferably water that has been stored in a re-
frigerator. 

The amount ofcreatn to be churned should not exceed 
one half the volumetric capacity of the churn. An airtight
chuzii should be ventilated frequently during the first 10 
minutes of churning to release gases driven out of solution 

by the agitation. If butter is slow in forming, adding a little 
water which is warmer than the churning temperature, but 
never over 25'C, usually causes it to form more quickly. 
When the butter appears like wet maize meal, water (I litre 
per 4 litres of cream) at 2C below the churning tempera­
ture should be added. It may be necessary to add water asecond time to maintain butter grains of the required size. 
Churning should cease when the butter grains are islarge 
as small wheat grains. 

Washing the butter 
When the desired grain size is obtained, the buttermilk is 
drained off and the butter washed several times in the 
churn. Each washing is done by adding only as much water 
itsis needed to float the butter and then turning the churn 
aiew times. The water is then drained olE As a general rule 
t%,,owashings will sulfice but in vcry hot weather three may
be Ilecessacy belore tile water coenis away clear. In the hot
 
season the coldest wVater available should be used for wash­
ing, and in the cold s'asol water about 2 to 3C,colder than
 
the churning telmltcraturc should be used.
 

Salting, working and packing the butter4
lquipment for working may c(nsist ol butter worker or atub or keeler. Good-quality spatulas are important, and a 
sieve and scoop fIailitate the rcinoval of' butter f'roi tile 
churn. "'1 is equipment must be clean (refir to method of 
cleansing and prel)aring a ThCuri)The butter is spread on
 
tht(' worker, which has been soaked previously with water of
 
the same t'mpera tire its
tlie washing water. If'salted butter 
is required, the butter should be salted before working at a 
rate of 16 g salt/kg or according to taste. "lic salt used should 
be dry and evenly ground and of the best quality available. 

The butter is then either rolled out 108 to times or 
ridged with the spat ulas to remove excess moilsture. If the 
butter is to be heavily salted, it niust be worked more in 
proportion to the amount of salt used, as uneven ldistribu­
tion of the salt causes uneven coiour. Ihe Ihutter should be 
worked until it seems dry and solid, but it must not be 
worked too much or it will become greasy and streaky. 

The butter is then weighed and packed fbr storage. It 
should be packed in polythene-liied wooden or cardboard 
cartons and stored in a-cool, dry place. The butter should 
be firm and of uniform colotir. 
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Washing the chum andbutter-makingequipment after use for every 80 kg of butterfat purchased 100 kg of butter
 
The churn and butter-making equipment should be should be produced, orforevery 100kgof butterfat purch­
washed as soon as possible, preferably while the wood is ased 125 kg ofbutter should be produced.

still damp. 
 The differenve between the number of kilograms of 
Ghum: Wash the inside of the churn1 hu tterfiat churned and the number of kilograms of butterthoroughly with hot Inade is known as the overrun. This (liflerence is clue to the 
water. Invert the churn with the lid on in order to clean the fact that butter contains non-fitty constituents such as
ventilator; this should be pressed a few times withIll( back mloisture, salt, curd and small amounts of lactic acid and 
of a scrubbing brush to allow water topass throulgh. (N.B. ash in additien to butterfa.t.

The ventilator should be dismantled otcasioially 10, cOlIn- The ovel run is filancially important to 
the dairy in­
plete cleansing.) dustry and cnstitutes the tmargin between the purchase

Remove the rubbcr band from tile lid and scrutb the plrice oflbutteriat and tie sale price ofbutter. Thedairy unit 
groove. Scald thc inside of tie c1urn with boilittg water. dependsIlargely on overrun to cover manufacturing costs
This step is very important. Invcrt and leave to air. Dry the tandto defray expeirses iIcurred in the purchase ofmilk.
outside and treat steel parts with vase'linc to preve-It rust- As stated above, the naximtini legitinate overrun, ising. The rubber band should not be placcd in boiling water; 25%).li conmercial operation, however, it is not possible
dipping in warn water is sttfficient. to establishl the degree of accuracy that is assumed in the 
Butter worker/keeler: Place the sieve, scoop and spades on calculation of theoretical overrun, and the actual overrun
the butter worker or keeler. Pour hot vater-,.'cr all oftlren shows the difli'rence betwcen the anotnt of butter churned
and scrtb well to rtenov(' all traccs of gre'ast. Scald with out and tiletamount ofltitteriat bought.
boiling wvater aid leave to air. lreat the steel piart of the Overrun is alli'ctcd by:

butter \vorker with vaselilo to prevent rusting. * Accunracy ofwetighi nig nilk received.
 

Storage ofbutter * Accuracy of'sampling and testing milk for fat. 

Surph,: good-tuality butller callbe slored, but should co-
taini llore salt thanr Usual - at least 3(1 g/kg. Low nloisture 

N 
The [I,.d Itl)-ct whtcn sampling milk isrefi'rrcd to in the section deal­

content is desirabhI. The hutter Iiust Ie iacked incleatl ing with bttttt.1aitttesting. For exan e, ifcareless sampling and testing
contailne rs, such as sasotlled boxes or glazed Crocks, arnd Icsuts ina l) iing of.l6%; against an actual content of 3.2%btutterlit 

stored ill it ( rtlI ollllor Illitcoll, airy place. Ifa box is iutt<rItt, what will eC Icct tti. tbtt i i l.'Irru fron 10 kg ofntilk?

istd. it shoul be lineid with good-qtt;tlity polythelne. 'lhe 
 tat paid fur = 100x 0.036 = 3.6 kg ofiittrrlat. 

contailrer should be filled to1capacity fr,.Ilone chulrtling. Maxinium thorcrtical yietd o'tntter'I'l<( ioIc l y Iuttrr is = 3.6 x 1.25 kg 4.5 kgpickc'l, tIre letter; it nlVay e Fat r cci..d = 100bXe0.0T) = 3.2kg 
covered with a laver of salt, 1(it this is not esseitial. h'e MaxiriuIn theott'rical yitld = 3.2 x 1.25 = 4 kg
contaititrl should Ihosecurely covered wihlla lid or a sheet of Our overrun riciefrr' is 
strong paper. lutter inadc = 1kg 

Overrun and produce inbutter-making .1tttirfitpaid tbr 3.6 kg 
OverunOverrun 
 =- = 1.111Overrun '3.6 

An enterprise engaged in Iutter-lnaking must be able to 11%. 
measure the efliciency of the process, i.e. by measuring the Thus, carelessness at the testing stage can result in serious man­
yield of butter from tire butterft purchased. t facttring losses. ,Losses at any stage in the process should be avoided. 

First, the theoretical i'overrun islow, each step ofthe process should be checked carefully inyielI of butter has to lbe esti- order to trace the loss.
mated. Butter contains al average of'8 (0% butterfat. Thus, Anore comprehensive calculation ofoverrun isgiven inAppendix I. 

33 

http:100bXe0.0T


Ruraldairy technology 

* 	 Losses during separation 
* 	 Efficiency ofchurning.
* 	 The percentage of fat in the butter. 2 

* 	 The amount ofsalt and water in the butter.2 

• 	 The amount ofproduct loss throughout the process.
Butter composition also aflects overrun. If the mois-

ture content of butter is 14% instead of 16%, 2% more of 
the total weight must be pr.,vided by butterfat. This re-
duces the theoretical overrun irom 25% to 21.95%. 

Produce 
Another method for estimating the efficiency of a process is 
to measure the number of litres of milk required per kilo-
gram of butter produced. 

For example, how many !itres o' nilk containing 4% 
butterfat are required to make 1kg of butter? 

In 1kg of butter there is 0.80 kg of butterfat. 

In the milk we have 4kg fiat/ 100 kg or per 100 litres.
1.032 

Therefore we have: 

I kg fat in - 24.22 litres1.032 X 4 

or 0.8 kg fat in 19.38 litres. 


Therefore 19.38 litres of milk containing 4% fat wili be 
required to make 1kg of butter. Thus the tiliciency ofoper-
ation can also be checked by calculating output.

The fat content of the whole milk, skim milk and but-
termilk should le checked daily. TFhe moisture content of
the butter should be checked for each batch. The accuracy
of weighing scales and other measuring devices should be 
checked regularly. 

2 The non-fatty constituents of hutter are moisture, salt and curd. In most
of the principal hutter-producing countries the percentage of moisture 
in butter is limited to 16%. Salt content 'aries largely according to mar-
ket requirements and can be as high as 3%. Curd content is fairly tn-
iform at 0.5-0.75%.or 

Any practice that increases the percentage of non-fatty constituents
in butter automatically lowers the percentage of fat and increases theoverrun. It is because of this that most countries legislated for a
minimum of8O% butterfat in butter, 

Butter quality 

Butter quality can be discussed under two main headings:
* 	 Compositional quality 
* 	 Organoleptic quality

The compositional quality of butter can be further di­
vided into two subsections: 
0 Chemical composition 
* 	 Bacteriological composition 

Compositionalquality 

The chemical composition of butter is determined at the 
processing stage when the salt, moisture, curd and fat con­
tents of the product are regulated. Once these parameters
have been set there is little one can do to change them. The 
microbiological quality of butter is also determined during
the production and processing stages.

Chemical composition affects butter yield, while but­
ter of poor microbit, igical quality will deteriorate rapidlyand become unacceptable to consumers. The butter may 
also contain pathogens. Cleanliness at all stages ofproduc­
tion is, therefore, essential. 

Organolepticquality 

The organoleptic quality of butter can be described as the
customer's reaction to its colour, texture and flavour. It hasbeen said that the consumer tastes with his or her eyes, and 
it is true that a person's initial impression of a food will 
often determine whether or not he or she will buy it. It is im­
portant, therefore, to produce butter that has an even col­
our, clean flavour and close texture. It is also important
that it be free from defects such as loose moisture. It should 
be packed attractively, both to attract customer attention 
and 	to retain its quality. 

Butter produced carelessly and without the use ofpre­servatives has a very short shelf life. Preservation of butter 
quality can assist the smallholder in two ways:
* 	 The less perishable the product the longer the smai-

Iholder can retain it to obtain a good price.
0 He or shc can store the urplus made during the pro­

consumption during the season in 
which he or she cannot produce butter. 

The first step the producer can take to ensure a high­
quality product is to make it in a clean, hygienic manner. 
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This results in fewer spoilage organisms being present in Ghee is a more convenient product than butter in the 
the butter. Another step is to take care in the handling and tropics because it keeps better under warm conditions. It 
storage of the butter. has low moisture and milk SNF contents, which inhibits 

The use of permitted preservatives is by fhr the most bacterial growth.
effective means of maintaining butter quality when used in Milk or cream is churned as described in the sections 
conjunction with the above precautions. Salt - sodium dealing with churning ofwhole milk or cream. When enough
chloridc - is an excellent preservative, and salting butter butter has been accumulated it is placed in an iron pan and 
to 3%extends its storage life: salted butter can be stored for the water evaporated at a constant rate of boiling. Over­
up to 4 months without significant deterioration. A salt heating must be avoided as it burns the curd and impairs
concentration in excess of 3% gives little advantage and the flavour. Eventually a scum forms on the surface: this can 
can adversely affect the flavour of the bitter, be rcmoved] using a perforated ladle. When all the moisture 

Aside from the influence of salt on the flavour and has evaporated the casein begins to char, indicating that 
keeping quality ofthe butter, adding salt is ofeconomic im- the process is complete. The ghee can then be poured into 
portance as it increases overrun, an earthenware jar fbr storage.

Adding salt to butter disturbs the equilibriun of the A considerable amount of moisture and milk SNF can 
emulsion (tile butter). This, in turn, changes the character be removed prior to boiling by meting the butter in hot 
of the body and alters its colour. Unless the butter is sub- water (80"C) and separating the fat layer. The fat can be 
jectetl to sufficient working to regain the original equilib- separated either by gravity or using a hand sep?'rator. The 
riui of tile citilsion, itwill tend to have a coarse, leaky fat phase yields a product containing 1.5% moisture and 
body andtilnlevel colbtir. little fat is lost in the aqueous phase. 

Salt is added to butter most coniionly using the dry- Alternatively, the mixture can be allowed to settle in a 
salting method, in which dry salt is sprinkled evenly over vessel similar to that used inlthe cheep-setting method for 
the butter and worked in. separating wholc milk. Once the fat has solidified the aque-

Butter inust be adcquatcly worked if it is to be stored oius pliase is drained. The fat is then removed and heated to 
fbr a long time. First, working distributes tie Salt 116il1rly evalporate resilual moisture. Products made using these 
ill( .hellisture' and this lelps inhibit lincrbill growth. methodls exhibited excellent keeping qualities over a 5-
Secoindly, it (listributcs the salh solution into 1anillyl\ timy 0101nthi test period. 
droplets rather thaii fewer large (nes. For a givell level of' 
mnicrolbial Colntauijiation, the microbes will be inure iso)- 6.1.3 Cheese-making
latcd iL smiall (Il-olfhls and will hl e\'eh'ss oIfth'ImltI'rs fu­
trielits ,tvilabl(' to tln liir gr-owth. (lheese isa oncenlirate oflthc milk constituents, mainly fat, 

AFh' sainog, the buttt sl otld be stor'd illa clean casein and insoluble salts, togetl; with water in which 
('0iialtl1'r, ;ul11 illt c liulr sealehd. It should thn be small alliololits of Soluble salts, lactose and albumin are 
stered il a (1 . dark lahe. lmcl. To retain tflese costittnts inconcenitrated form, 

milk is coagulated by direc acidification, lactic ac'sGh e e , butter oil and dry butterfat 1111 1 (e l f yIl c e i , b 1lll L e e , o 
by o o l n t oprodcledo by bacteria, by addhling relifn't, or aIcombination 

These products ilr al ost clti l uttrliat 1and ofacilificatioll ani(l alldlition oftrcnnet.i cotliin 
practic'ally no water or milk SNF. (;It(eis niae in eastern 
tropical countries, iistially f'roin bull]do mijk. \i identic'al Rennet coagulation theory 
prouct called ,san is inade illSudan . Niuci (f'the typical Rclnct, aiprotcolytic enzyule extracted firoin the abomasum
flavoti conmes fion the bulned milk SN F remlaining in the of suckling calves, was tradlitiontally used fbr coagulating
product. Butter ofil or anhvdroius milk flit is a refined prod- milk. Originally, tileabonasun was itsc lf immersed in 
uct mace by centriflging melted butter or by wparating milk. 'Theextraction of rennet that could be stored as a 
milk flit Fiom high-fitl creali, liquid was the lirst step towards refining this procedure. 
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This was followed by purification and concentration of the 
enzyme. The purified enzyme was originally called rennin,
and is now called chymosin. 

On 	weaning, the chymosin of the suckling calf is re-
pla,:ed 	by bovine pepsin. With the decrease in the practice 
of slaughtering calves, chymosin became scarce, resulting 
in 	a search for chymosin Substitutes. Rennet is a general 
term currently used to describe a variety of enzyrn( s of'ani-
mal, plant or mic obial otigin used to coagulate milk in 
cheese-making. 

Rennet transforms liquid milk into a gel. While the 
process is not fully understood, rennet coagulation is 
thought to take place ill two distinct )lhIases, the first of 
which is regarded as being enzymatic, the second non-en-
zymatic. The first, or priaiary phase, can be illustrated its: 

waterCasein ) para c'asci .- glycotnacropeptide
rentnet Lly 

Since K-caseill stabiliscs tit( other caseiis aidl its hyd-
rolysis leads to the coagulatioi of the caseit f'ractioin, tIl 
primary phase c:ti also be expressed s: 

K-caseiri w;Itea K-',as('iii + glyc)nmacro)eptide
r'enet (insoltdbh) (soltuble,) 

The eflict of milk coagulants ()n the o(ther cascins is 
thought to Ibc negligible at this stage. 

Ile second, or scoindary, lhase' is the noi-enzyimatic 
precipitation ofpara caseilt I calhitain ionls. Para casein, il 
assocliation with I(e calcitttll i s, is thought to irodctce, a 
lattice structuret throughot the iilk. ''is traps the hut aid 
whey is gradually exuded. Tle coagutiln their contracts, a 
procss ktiowi as syi 'r('sis. 'his is acceleratted by iIt'l(as,itg thet tC(tnl)'tta Irc and etlIrcing phI to is low as pA 4 .. 

Reti tlso) has a t('ttiar\ ;ttiti ,n milk pr)t'iiis. 
This occurs turing clrhe'su'iip'rii. , (dining which tenunt'l 
hydrolyses milk proteins. Iftlie desired hydrolysis is not )h-
taitied, the clit-ese e(.)it'll(.s bittlr. While t wid' variety of 
prottolytic einzvins c(<)agtilat. milk, tiltI tertiarv atioi'I of' 
many ofthese otn milk proteins causts ndcsiralehflavours iii 
chee!se', w,'hich litiits tire rang olcoaf 	 gtuts that cati be use'd. 

Cheese varieties 

Many che's' vari('ties ar' Itanufactttred arouind thre world 
but they arc all broadly classili( d by hIardn'ss (i.e. very 

hard, hard, semi-soft and soft) according to their moisture 
content. 

Cheese is usually ide from cows milk, although sev­
eral varieties are made from the milk of' goats, sheep or 
horses. low diagrams f[or the nmanufacture of the varieties 
discussed at e shown il Figures 14 to 17. 

Queso blanco (1I'hite cheese) 
Queso blanco is a L.ati-.\ wrican fresh, white cheese. It is 
ustually made from milk containing 3% lit, using an or­
ganic acid, without starter or rennct. 

Procedure 
I. 	 Take fresh whole milk and detertnine its fat content. If 

the fat content is higher ihaii 3%. standardise using 
skim milk. 

2. 	 Transfer the standardised milk to a cheese vat, prelcra­
a dotilh-jackettd staindard cheese vat, and heat to 

82"C. 
3. 	 While the milk is being heated meastire out lemon 

,Jiceof'l)l I about 2.5 in ;amteastring jar. About 3 ml of 

leinoijuice should I' added per 100 ml of'milk.
4. 	 l)ilutc til(, hlo.itjice with an (qual amoutit of'clean, 

fresh water. 
5. 	 WN;hen the milk templerature reaches 82"C, add the di­

luted lemon juice careflly atul tiirmly whii' stir­
ring. For even distritbution of' the Juice, add in three 
sePa'at( aotlnits. 

6. 	 lhe curd precipitates almost immte(liatelv. Continue 
to stir f'r 3 minutes after addinig thirjtice, tiei allow 
the curd to-o'sttl( ) niutii(s.

7. l)rain the tirlruti a niital !;icve or cleese cloth.))(h-y 
8. 	 W\le draining thet whvy, stir the cu1rd to prevllt ex­

(t'ieSSmatting. 
9. 	 l)istribute a total ofaboutl3.5 to 5 kg of'sat to 100 kg 

curd, *ii three applications. 
10. Prepare a cyliltdrical or square ho0op )y lining wid 

cice,' cloth and scoop thee( salted curds into it. 
1 I. Press the curd overnight at roonli tempri tuire.12. Remove theipresse(d ('ii'se and cut iunto blocks of'O.5 

or I kg. 
Que'so blan(' is made withotut start'r or rennet. A var­

iety of'acidulants (';tilt ie uis(,(] fir its mnuitufacture. Heating
the milk to 82"C pasteurises the milk and denatures the 
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Figure !4. Manufacturingstepsfor Queso blancocheese. 

Fresh milk 

Cream }Standardise to 3% fat by addition of separated milk 
Cream Ior by partial removal of cream. 

Standardised milk 

Heat to 820C. 
Acidify with dilute lemon juice.
 
Continue stirring for 5 min.
 
Allow precipitate to settle for 15 min.
 
Drain off whey.
 

W Supernatant PrecipitateWhey 

Fat, casein, 

denatured whey 

proteins 

Stir and add 3.5 to 5 kg salt' 00 kg. 
Press overnight. 

Pressed cheese 

I Cut into blocks of 0.5 or 1kg. 

Cheese for 
consumption 

or storage 
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whey proteins, so that tlcy are recoverd with ti t curd. cheese is best after .10 days but call also be consumedThis increasvs chevsc yieldf. The chese h'ls good keeping just alter inaiuliciture.quality and is thus sulitalble fr nutirufactr it- rutral aicas. 
Expected yicld: I kg oicliiesc fi'rn 8 kg of milk (12.5%). 

Halloumi 
H a llo u n i is tle. cur , litr c d lby ),11ating h ole em ilkusing rennet tor sinilar enzyns, fon which palri ofl tit. 
moisture (whclv) has bccn reitve(d b\ cuttil (bleding).
warmlling and piressill. 

Procedure 

I .	 Ficat tht(. m ilk t :12-35"C.
2. 	 .'\dd rcrlct or a siroilar rtvlnaccord ig ttthe,maln. 

rihetrr's directions, whil stirrin iflt milk. 
3. 	 Ihdd tile- milk at 32-- 35(: futil tille curd sc's. 
"1. Check jit stinig (fc1teril- 11y )) li ioi rc to,

ti 'dgid, t the milk \%hvl 'cit i ttl't ltis ill ct %\fitllt 
at. using ;rslitulr or a ktiil' si at ,rid tilt. llt . 

cI .,I 	 is sct it oIilces .t\%i\ iIi 	 liii tr \\Ill 1oftin Iat.
5.	 .ftir (ih ilii dl"i ( ill trio4 11111(i lib s 

rising vrtiinWl rird hili i/t tal ki\ is.6. 	 l d tire cltd ill \\1,'\ ftll.h, i ( 2H' tlilts.+ stirrilg
gcntly arid t o tirrlrm i\l . th,'u1rmird ull,1\ i1 t,, set'th. 

7. 	 I)rain tirec- \%lie t i s o ,( il tI mur ilto ,a hilly
lit'd with clire.e, mii . l ' hss, t ti . 

8. 	 \Vhilh til tl l is iii lil pIs , he. ti(r \ c+ to alotiut 
80- 90A r.'his ;icin tl %ieshc\ I 1 i,ttirus.,w huhir.trsl l 
(tl thcn bc icur,\col fitul lircsseud tto uarke nt\If'\
cli1s:' Iaal ). 

9. 	 likc out thc litisscl titd. t ititl pie( cs it1 I 
x ' cii at I, h t t 11 8iN)"( ' ill h1,1\\ hc\. ( :(Illn titlcatirig ttil ti, ,iecsI crud lh41 t i l1c smtLt iCof
tirwi 1.i\n bet riti offt ruil 4.1stiC. 

10. 	 Rerio l itill t clid niics t \ hcir still and citit 
pross ill tIre hlnls, fhhlill or ti1 llih.d, 'il fill)oi in tlit 	 t dr' salt Iiixcl %itlh di,1d I i\vs (d. lewnha ;, 
(S)c:irrint).

11. i ho'll- t 

Notc: 15% salt cuncentratiorI in whey b-ine is normally used. 
' lI';l.-Tcted yield: I kg (fclilSe. from 9 kg ofnilk ( I I1%Y). 

lDoniati --l (i a b-,da
kl 

this ais il)litwill cl'ese. 

hro 	'du re' 

I. 	 I hat Ifesih milk to i:'(A: arid I(cl enugh salt to give a 
7 )tI salt stoution ili tie m ilk.o% 

2. 	 Add iriough renct t) c)gtlilatc tIhe milk in 4 to 6 
hmrs. 

3. 	 ()iicc trasfer Owset. thlie c)agI lrrr tof woden moulds 
lined %%itllIntislirn. 

I .ll t \ 
. ()ri th i ll s ir 

lhe iiittsrnaces 
G. Seal tIe tins lb r 

Ntes: 

Ito 	drill 
11i\, pack the clitcsc ill tills and fill 

lh (vernight. 

with whey. 
sou rrig. 

I arid 2. li s(oi intras i elrrt Is added bcfiorc salting. In 
this lru cd itc, salt is rt added Irrtil it ciaguillll has 
lflrlr led , ll'silt is ti ctil li irirenn ct it is riot advisab le 
to add rirte rllnlit tIlshotl u 
this re Ildi quality lftiurs tin 

I). \Vhc,. CrXllul rh (tlllllllltm ti)rl 
c lic stI irulhuls. 

die to rilaiil tim e, its 
clitcs..
 
uri g Slorage.( and the
 

Exl; 	 Ctcdl vihIl: I kg dclirecst, fini 7 kg ()frnmilk ( I-r). 

F'eh'rll 
Ihis is. loriutr-pick-dlclrtt. It can c inlade lIorinn milk of
ro\s, shirtp or g)afts. "ta (Itit bc ad without starter aird
iar 	 also, In Illatr fiont standaidised milk. Ihelr( iocedure 

l tdcscrilitl litr is fIr ti llrilntiifctIrt" (oft', li'liitype t leese%\v l additivi's.withotut starter 

cit',s nolii. ])f (th,'ur ill ()tittitllr s ilholerocedime\\ith ,,m il, 01ci, Irir nr.il rnd stmc ini a Ir()() plmc I. Stirnltlrdisc tihe nilk to 3" lilt, hcat totio 	 rinot itl flit (Iils\s. ul(t 32"C 
aniid alltiw to ripen filr nc hroo beirct adding teilulet.12. 	 .\ftor rilcnirrou l inn ail 	striutritight amntdit'o 2. \dd c(nnrtt-cial rirnot at tIlt" ratc oi"25ill 	 ritiritrtr it loss than 12"( . lihciocis ril/l0 litres

\rill ktecp ol irilk. heavvitlt rilk until ; fir'm chlt 	has liirnled ­itllsfilr 	 s'\Vt h tionii tlr throt. m.tii li s. Ilallounli this tosually takes .(1 If ) 	 rrnlinutes. 
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Figure 15. Manufacturingsteps for lalloumicheese. 

Fresh milk, unstandardised 

Heat to 320C, add rennet. 
Continue heating until curd sets. 

Coagulated milk 

SCut curd into 3 to 5cmubs 

Curds and whey -

Heat to 400C. Gently stir continuously.
 
Stop heating and allow cuid to settle. Drair whey.
 

HatteC.Press for 2 hours.- Filter.-

Whey Wheycheese P 

Wheyhey ceeseRemove and cut into 
blocks of 10x 10x 3 cm. 
Heat inwhey at 8000. 

S Curd floats, 

P- textured ar id plastic 

Remove and press inhands. 
Rub in salt and mint. 

SCheese for storage 

3 
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Figure 16. ManufacturingstepsforDomiatilGybna bevda cheese. 

Fresh milk 

Heat to 350C.
 
Add 8% salt by weight.
 

Salted milk 350 C 
SAdd rennet. 

Set for 4 to 6 hours. 
S Coagulated milk 

Transfer to moulds and allowwhey to drain overnight. 

Whey 

Wheytod ain vernght. 

Used for brining 

:Whey 

,40 

Soft curds 

Cut curd into 10 cm cubes. 
Pack in cans and fill 
interspaces with whey. 

Curdsand I 

8% salt 

Seal cans and 
ripen cheese. 

I Store for up to 1 year. 

Cheese 



Milk processing 

Figure 17. Manufacturingstepsfor Ftacheese. 

Fresh milk
 

Cream IStandardise to 3% fat.
 
Heat to 320C and ripen for 1hour.
 

Ripened milk 

Add rennet at 25 mI/i 00 litres. 
Set for 40 min. to 1hour. 

Coagulated milk 

Cut curd into 2-3 cm cubes. 
Allow to settle for 15 min. 

Whey Supernatant 	 Precipitate Curds 

Transfer to moulds 
Whey lined with cloth. 

Place lids on moulds. 
1Invert moulds every 1 hour. 

Formed 

curds 

4 Whey 	 Allow whey to drain 
overnight. 

SSolid curd -

Cut into 10 cm cubes. 
Place in 15% brine. 

Cheese 


4 
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3. 	 Cut the curd into 2- to 3-cm cubes to facilitate whey 
drainage. Allow 15 minutes for the whey to separate.
Stir intermittently during this time. 

4. 	 Allow the curds to settle and decant the supernatant 

whey. 


5. 	 Transfr the curds and some whey to cheese moulds 
lined with m uslin. Place the lid on the mould and in-
vert at half-hourly intervals ilthe first liw hours to fit-
cilitate whey (Irainag. 

6. 	 Allow the curd to sctth"overnight, 
7. 	 On the following day, cut thi curd mass into blocks of 


suitable size and sprinkle them with salt. 

8. 	 Place tie salted blocks iii a I.'%brine solution to give


6-8% salt in the cihese at equilibrium. 

The high salt coucent,:ttirm r'tards bacterial activity.


However, air should Ibe cxcluded from to- brining coni-
tainer to prevent the growth ol'toulds. 

Fetat hec'se cart b' eaten after a few (lays or can bc 
stored for long periods in tle brine, providcl that air is 
excluded. The cfces, develops a soft, crultlbly texture dtr-
ing ripening. 

Expected yield: I kg,of(lose t 9)kg oftnilk (11%). 

Cheese yield 
In cheese-making, tI(milk 1it ad caseit lr r'covred 
with sonic otoisture. lh yiuld ofuhtoest' call be (xpr(ss(d ill 
kilograms ofch(ese(.()tain(l petr 10)( kilgraiis ol'dk plro-
cessedl. Che.;(. yield is itfltncic(.d by milk cotlposition , the 
moisture content otthe fitial clheese and the degreev of recv-
ery oftat and protein ii the curd (huring ciese-mtaking. 

Milk low inl total solids will give a low riti'si' yield,
while milk high intotal solids will giveia high cIrst.N'iI'ld. 
In order to pre(dict (te teor(etical yie'ld (f 'ltese, tile fit 
and cascin conteiit oftile milk tmust he known. B'('allse of' 

mediate check oil efficiency, but a universal yield factor for 
cheese varieties is unrealistic. 

If the yield of cheese is less than expected, the follow­
ing checks should be made: 
0 Veigh and record milk received. 
0 	 Sample and analyse milk received. 
* 	 Weigh, store and record cheese made. 
* 	 Sample and analyse whey. 

The Iat coliteIt o',lwy should be analysed for each 
batch olfcheese made. 

In estimating tIhe prolitalbility of cheese-making enter­
prises, ;tnaverage annual yield of"95) /,, i.. 9.5 kg of'cheese 
prer 	 (10 kg ofrmik, is used. 

Milk standardisalion mmy Ie used to increase cheese 
yield, particularly with high-lit itilk. Stlndardisation also 
gives a good re'turn bIr skiri milk. -lowcvcr,over-standard­
ising rcsults lit'oarst-texttmrtd clteese with poor flavour. 

I ligh Illoistlrir conttetnt tincrecrast's cheese yield, but re­
dltccs keepiiig qalily.Che'stoses lioistrire[(during stor­
age 	it it is not prolptuely wrapped, thus reducing cheese 
yied. \Vaxint, reihces toistire loss, as does storing the 
cheese iII brine. 

6.1.4 Milk fermentations 
Raw milk i)r(ldu'.d under nornmal (onditions develops acid­
ity. It has long bein rccognised that highly acid milk does 
tint putrefy. Therefire, allowing milk to de\lop acidity 
niaturall preserves the other milk constitu(itts. 

Bact(ria it nitlk are resloiisihle for acid development. 
They produ',I acid by the anaerobic bteakdown of' milk 
carbohydrate - lactose - to lactic acid and other organic
acids. Anaerobic breakdown of carbohydrate to organic 
acids (r alcohols is called 1rilentati,)t. 

Pyruvic acid formation is antintermediate step con­difficulties elicoulttt'd ii esimatitg (tt(tittirt, thce minii to most carbohydrate fermentations: 
following formula is often used to estitate chit's, yield: 

(2.3 x fit I%)+ I.A = cl*e'se yield (kg/ (10 kg tiilk) 
Therefore, with millk containinlg 4 'lltthe expected 


yield would )e: 
(2.3 	 X 'I) + I. = 10.6 kg/100 kg tilk 
This form la gives trt estimate of'cheese yield and is 

applied most often to Cheddar chiese. It is usef'ul itsan ir-

CH , 2 CH-i.C().(:()-I 
However, fertnetations are usually described by at 

identifiable end product such itslactic acid or ethyl alcohol 
aid carbon dioxide. 

A number of sugar firntentations are recognised in milk.They can be either ho0 olecnmr e tat ive, with one end product, 
or ieterofiermentative, with more than one end product. 
The fermentations discussed are outlined iinFigure 18. 
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Figure 18. Outline oJfour important lartosefermentations. 

Lactose 

Lactic acid 

propionic acid 2 Pyruvic Lactic 
+ acid acidacetic acid 
+

c02 

1 p 
Lactic acid 

Ethanol + 
C002 4 + 

+ acetic acid 
C02. + 

ethanol 

C02 + H2 

Organisms responsible: 

1. Streptococci and Lactobacilli. 
2. Propioni bacteria. 

3. Yeasts - Candida and Torula. 
4. Coliform bacteria. 

0 hi. Iat't c ;i Ui lriiiciilatiolj is the(mostlt1ipo -lallt one The' coliform gassy ierientation is aill example of ain iilk miI is c itral 1(1min, processe's. spoilage fermnienat ion. L.argv numbers ofcoliform bac­" Ir-lonic 1 is ai iix'd-,'id hlI-riuentatioi teria in milk indicates poor hygiene. The coliform
l'rnC'iitialoi 


andul is ts('1 i tie
(IillatiIir Ilrv Swiss cheese varh'ienes. gassy Ii'inieitationi disrupts lactic ,'icid fermentation,* 	 \lcohol l-rincIintialioln call Iek. used to prltpare cerltaill and also Causes spoilage in cheese.l'r nlite(l milks nl ,also to make' 'l ,cohio Ifromut The 	 Iactors that all'ct microbial growth also affectwhcy. milk fiertienltation. "ertmcit 'atenrs will generally parallel 
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the microbial growth curve up to the stationary phase. The 
type offermentation obtained will depend oln the numbers 
and types of bacteria ia&the milk, storage temperature and 
the presence or absence of inhibitory substances. 

The desired fermentations can be obtained by temper­
ature manipulation or by adding a selected culture of 
micro-organisms - starter - to pasteurised or sterilised 
milk. In smallholder milk processing, traces of milk from 
previous batches arte often used to l)r'id(e 'starter' fibr sub-
sequent batches. Other sources include the container and 
additives such as cereal grains. 

The fcrneritation will be cstablished once the or­
ganisms dominate tie incdium and will continue, until 
either the substrate is 01ehetedor tie' ejid pr clCt aecnLm-
lates. In milk, accumulation ofend product usually arrests 
the fermentation. For exaunilh,, accuiunlation oflaetic aeid 
reduces milk pH to below -1.5, which inhibits the growth of 
most micro-organisns, inilhuding lactic-aeid p)oducers.
'[he fermentation thei slows and filally stops. 

Fermented riilks are" wholesome foods alid inlaily have 
medicinal propeitics attrilbuted to them. 

Fermented milks 

The types offernieni ted miilk discussed here are those made 
by controlled li'rmentation. This is achieved by (stablish-
ing the desired inicro-organisis ili the milk and by Imain­
taining the milk at a tenperature fivourable to the fermen­
tative organism. 

A variety of fiwninted milks are inade, caeh diflering 
markedly from tl i(-ther.However, a number of steps are 
common to eaeh inanutiaturiig proc'tss, and these are out­
lined illFigure 19. 

Standardisation 

Occasionali some fit is removed or inilk SN F added. In 
some instances, tit removal OfIoisturt duli-ing heating in­
creases the proportion of'solids in the final product. 

Heating 


Milk is heated to kill piathogerns and spoilage organisms
and to provide a cleaner niedium in which the desired 
micro-orgaiisSi can be established. Heating also removes 
air from the milk, rcsulting ii a more ftivourable environ-

Figure 19. Flow diagram offermented milk manufacture. 

Fresh milk 

Cream 

Standardise 

Heat 

Cool to incubation 
temperature 

Iulate with starter 
I a t e
 

Pack and store 

mert fbr thetfirmentative organisms, and denatures thewhey proteins, which increases the viscosity of the prod­
uct. 

After heating, tire milk must be cooled before it is in­
oculated with starter, otherwise the starter organisms will 
also be killed. 
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Inoculationwith starter 
Starter is the term used to describe the microbial culture that 
is used to produce the desired fermentation and to flavour 
the product. When preparing tie starter, care must be 
taken to avoid contamination with other micro-organisms.
Companies that supply starter cultures detail the precan-
tions necessary. ,are should also he taken to avoid con-
tamination when inoculating the milk with starter. 

Incubation 
After inoculation the milk is incubated at the ol)timun
tempe :'tiure for the growth of the starter organism. lncu-
bation is continued until the fermentation is complete, at 
which time te product is cooled. Additives may be added 
at this stage ;iand -le prodhuct packed. 

hlhetnai u-ao'IitIring l rcedures f r a i n I I r of' It'r­mented iiil ks alre g.,ivetl inl Tbhl 5.lernaio 

Preparationoftlhefenentation vessel 
The fermutation Ve'ssel is first wasled to remove visible 
dirt. It is thie'i driel and smoked by putting enbhors 
of Olea af1ricana, wattle or acacia into tdo .(sel and closing
the lid. Ile <'('ss(.l is Own shaken vigorously and the lid 
openc'd to releasc tih' smoke. This lrwceltre is ruelat('.l
until the inside of tIh' vessel is lit. Smoking flavours the 

product and is also thought to control the fermentation by
retarding bacterial growth. While it is known that smoke 
contains compounds that retard bacterial growth, the pre­
cise effects ofsmokii'g on fiermentation have not been inves­
tigated. 

Once smoking is complete the vessel may be cleaned 
with a cloth to remove charcoal particles. However, in 
sonic' areas the charcoal particles are retained to add colour 
to the product. 

Milk treatment 
In some l)ro(esses the milk is boilcd prior to fiermentation. 
It is theti allowecd to cool and the surfece (reami removed. In 
other processes the milk is riot given any prefirrientation 
treatneiil. 

mThe milk is placed in tile smokc(I vessel and alloved to fer­ment slowly ill a cool place at a teni)ratiire of'about 16­
18(. 'T'l li'rincitation is lmthost c'otmlplete iter 2 (lays,

niiringbut may be contiticl lir i fit hier 2 days, by which time 
tile flavotir is filly developed.lThe milk must hi'ricnt ait low 
t(W'nu[)iratinre, otherwise fermentation is two vigorous, with 
nuic'h ,lleving oll'inl gas production.

Th' proluct has a storawge stablility of 15 to 20 lays. 

Table 5. .llanu/cturing/redun'.lOT toghuTI, aiidophilu.tmilk and kA/ir. 

Product Milk Statdardise Sterilise Starter Incubation Incubation 
tem)eratur' time 

Yoghurt Cows Optional 95"C S. thermophilus 37"C 4-6 hours 
30 min. L. bulgarian 

Acidophilus 

milk 
Cows Optional 120"C 

20 min. 
L. acidophilus 38"C 18-24 hours 

Kefir Cows - 85"C Kefirgrains* 22"C 12 hours 
Ewes 30 rain. 

Goats 

Mares 

Kefir grains are irregular grantles inwhich bacteria anl yeast grow. When ttey are introduced into the milk, tie micro-organisnis on the granules
bring about the fermenttion. 
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Concentrated fermented milks 
Concentrated fermented milks arc prepared by removing
whey from fermented milk and adding fresh milk to the re-
sidual milk CoinStituelits. 

The firmentation vessel is prep)ared as lor leirmentel 
milk. The milk is allowed to t'nment in a cool place for ul 
to 7 da s, during which milk may br added daily. After 7 
days a zoagultu l s forlmed allti th( clear whey is re-
moved. Fresh milk is then adtdedl and, loliowing further fer-
mentation, whey is again removed. In this way theicaseiM 
and fat are gradually concentratedt in a iprocluct ofcxtindetl 
keeping quality. "'heiactual degree of"co ceitratioli dt'-
petuls on the amnount of whey reion)e(l and of fticsh milk
added. 

Milk 

ill. Sll'h' 
s Coagulm+ > Stored 

Casein 

W hey proteins \- Vhey l"cd to calv 's 

6.2 SOUR-MILK TECHNOLOGY 

Sinallliol(ler milk p)r)cessing is based ()it sour milk. 'lis is 
dtue to a inumber of reasons, inrlutldinlg high al'ii'It ti-
p)eraturcs, small daily quantities ofuilk, comnsumeo'r lprt'ei-r ­
ence 	and increascd kct-pin g quality olsour nilk. 

Protlucts inade fronisoil' milk include' fi'rmnt'nt milks, 
coiceitrat'cl leirintitd niilks, huiter, glice, cottage clices.' 
and whcty. ( )ther j(Intti'ts tiialh. (' t'la '(.5(' anI p~rotlucts 
ma(1' by nixing fi-rmnte(tl nilk withlbih(l cereials. 

The C(luililnent In'quir(ld for Jiroct.ssiig sioi milk is 
sil)Itle and is allavailable locally. Milk 'esselscan br mia(le
from clay, gourds and w oil, and(;tt hc 'wov' lron fibre, 
such as the ,u/ letJ'ilitainutr uscIl l'hioraa palivt lastoralists 
inl'Athioplia. 

6.2.1 	 Making butter and cottage cheese 
from sour whole milk 

"vieproducts andIbyptro lcts of buttcr-tnaking fironm sor 
whole milk are shown ill ligure 20. 
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Butter-making from sour whole milk 
TIis is a e'ry important process in many parts of Africa. 
Smallholders produce I to 4 litres of milk per clay for pro­
cessing. Under normal storage conditions tit, milk becomes 
sour ill 4 to 5 hours. The souring of milk has a ntimber of 
aclvantages. It retartls the growth of undesirable micro­
organiss, suclit as plathogens ant l)ltrelactive bacteria, 
and makes the milk easier to chturn. 

Milk Ibr churning is accumulated over several (lays by
a(lding fresh milk to thel milk already accumutlated. The 
clhurn holds about 20 litres and tite aniunt ofimilk churned 
ranges from .1 to 1( litres. Theinilk is normally accultt­
latcd ovcr 2 or miorc days. Butter is niac by agitating the 
milk until butter .grains foini. llv churn is tion rotated
slowly until the latt coaletscs into a contitiLois mass. The
butler thus form0il is takeni from tit' chun and kneaded in 

col(I water. 
liilk is usuallyl;I1gititCe b p)laiciing the ehmirn on a 

mat oin th( flor itla rolliig it to and fron. It can a!so be 
agitated h% .aking tIhi chtirn () t the lap or httng fhom a 

tripo(l. r of 	 churimg tili,.'tors iiiflu mic' 	 "Indre­

, ' i(' ' 	 kIy tit t is butter: 
0 lilk ocilitv
 
a (thurning tlmiCemat nur


l)egre Ol',agitttiou, and
 
0 lxt'it uffilliig tIn(' churn
 

l' /]ilt elacidilv: lr'sh nilk is ditictth to churn: chutrning 
tlnc is lon)g auid rt't'ove'iy ofliultvtritt is )o)r. Milk contain­
ing at least 0.6% lactic acid is easie'r to churn. Acidity 
higl,'r thiami().6'%, does ot signiicatly influence chturning 
tir' 	 or fat le)oJ'iv. 
l'efrcl q]/em/nrature*: Sour miilk is normally ihuricl at be­
tweeli 15 and 26"( , (h'j).ii(limig on t'i'viiunmntal ttctpcra­
tim.. :\I low tempi)'ratntr's clurning tinme is hog; btutter­
graii liirmation camn take 5 hours ()Ilonge'r. As chcrning 
teiml)eratulre ilic'mt'.as's 'imrning tilit' d('''r('ases. Illis 	be­

tisiti 	 ll istlt' (114' is l ouctiiihilg 
ellicit',nuy b(t..,ast w'hte tl iuilk isripeing itisalso tling and the fal 
is rvstalilising. t)i 'icta(idiication )f fresh milk increst'es biulttr yield,but lhowing inilk to dv(.h ('t(ciit. duringi i ) ning priod of'2 to : 

y alhuws c,)isiditttt' t ''stalt. 
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Figure 20. Products and byproducts ofbutter-making from sour whole milk. 

Sour whole milk 

Churn 

SourButter buttermilk 

Remove moisture
 
and SNF
 

Butter oil 

without further 

processing Heat to 500C 

Precipitate Supernatant 

CottageWhey 
cheese 

comes marked at temperatures above 20"C, but as little as offat recovered as butter is increased, with as little as 0.2%60% of the butterfat may be recovered as butter at 26"C. fat remaining in tie buttermilk. However, the process isControl of temperature is therefore critical. very temperature-dependent and chuarning at .empera-Degree of agitation: Increasing agitation reduces churning turcs above 20"C results in short chiu ,ing times with poortime. Fitting an agitator to a traditional churn reduces recovery of fat. The optimum churning temperature is be­churning time and increases butter yield. The percentage tween 17 and 19"C. 
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Extent offilling the churn: Churns should be filled to between 
a third and half their volumetric capacity. Filling to more 
than half the volumetric capacity increases churning time 
considerably but does not reduce ft recovery, 

Thus, when churning whole milk, the fbllowing condi-
tions should be adhered to: 
* 	 Milk acidity should be greater than 0.6%. 
* 	 The temperature should be regulated to about 18"C. 
* 	 Internal agitation should he used to reduce churning 

time and increase filtrecovr\'. 
* 	 The churn should not bc filled to mOorC thai] half its 

volumetric capacity. 

Once the tilt
has benm rCco'ered, thc soucd skim milk 

contains casein, whey proteins, milk salts, lactic acid, lac-
tose, the LillicoVerd fit and Sollic t-globle-membrane 
constituents. 

l)efatted milk is suitable, and is ofteno used, iowdirect 
consumption. It is also used to inoculate resh milk to en-counrage acid de velopmncmi t. 

Cotage cheese 
The casein and some oftlie tireco\verecd Iht in skini milk cami 
be heat-peciipitated as collag cheese, kilo~iw in Ethiopia 
as avib. 

'l defittted iiilk is heated to about 50"C tmtil ;adis-
tinct curd nlisS liins. It is then allowed to cool gradually 

and the curd is ladled out. Alternatively, the curd can be re­
covered by filtering the cooled mixture through a muslin 
cloth. This facilitates more complete recovery of the curd 
and also allows more effective moisture removal. Tempera­
ture can be varied between 40 and 70"C without markedly 
affecting product composition and yield. Heat treatments 
between 70 and 90"C do not appear to aflict yield but give 
the product a cooked flavour. 

Tll whey contains ao)tut 0.75% protein, indicating 
liear-Com[)lete reco\ery of casein. \Vhey can be consumed 
by humans or fI'dto animals. 

The cottage clheese o n-priscs 79.5% water, 14..7% 
protein, 1.8% Iht, 0.9% ash and 3.1% soluble milk con­
stitments. It has a short shelflifi because of its high mois­
ture Contelt. Sielflihi6 call be increasecl by adding salt or 
by reTucing tle lIOisttire comtent oftde cheese. Storing the 
product in an air-tight container also extends storage lifte. 

i izEquipmtent: Skill milk can be-heated in any suitabl sizedvessel that is able to withstand heat. Heating can be direct 
Or indirect. .\ ladle Or muslin cloth can be used fbr product 
rec(Iery. 
Expectedyield: hleyield depciis on milk composition and 

li the m]]OistIUrc colItenot of' tIe l)roduct, 1)(1 should be at 
least I kg of cottage cheese from 8 litres of milk (12.5%). 
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7. 	 MILK RECEPTION Weight 
Milk is broght from the farm to the dairy for processing. The quantity ofnilk received can be estimated either vol-When received at the dairy, the fbllowing information on umetrically or gravimetrically. Milk processors usually
the milk is required: base payments for milk on its solids content, andihence it is* 	 Quality 
 more appropriate to use weight to estimate the quantity of
" Weight milk being tendered. 

Composition 
 In a small-scale processing centre a spring l)alance
* 	 Presence of' eontaminants - neutralisers, preserv- and a stainless-steel bucket can he lIsed to weigh milk.The

atives etc., and milk weight must be recorded accurately as losses can be" 	 Presence ofadded water. incurred or underpayments made to suppliers ifcare is not 
taken at this stage.

Quality 
Before weighing the milk, its quality should be checked. Composition of milk and presence of additives 
Taste and smell arc good prelimi,marv indicators of milk 
quality, and visual observation can also be useftd. If' the A dairy engaged in butter-making will need to base its pay­
person receiving the milk suspects that it is of'poor quality, ments on the butterfat content of the milk. The milk re­
he or she can carry out one of the Iblowing tests: acidity, ceived will have to be sampled fbr butterfat analysis. The 
pH,alcohol and clot-on-boiling. These will determine the procedure for this is dealt with below. Spot checks can alsoquality of' the milk. Once the person receiving the milk is be carried out to test for added water and the presence of
satisfied with its q uality, it can be weighed and the weight neutralisers if malpractice is suspected. 
recorded. 
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8. DAIRY ACCOUNTING 2. Calculate the value of f litre of skim milk. 
(:ottage cheese made from freriemnted skim milk has a 

To facilitate tie recording and a'ccouitnting of milk supplies value ofEA 1.50/kg. Since there is about an 8-fold con­
each supplier shotild be given a code number. This code centration of casein in the manufacture of cottage
should have two (hliemmts: cheese from skim milk, assume an average yield of I kg 
I. A cdlc for tilt produccr and of cottage chcese frim tVlitrcs of'skim milk. Therefore,each litre (i'skim mil' ias a value of 18 cents.
2. A codle for the dairy c operativc or )citSaIts' associa- 3. Clcdlation of thetvalue of milk received: Assume thetioll of which till( p'o(ltcr is atmenlher: a register of producer delivers 100 litres of milk containing 4% but-

ProIMtwieTs and their 'CorrolSIMildiig 'o)(t's shuld iV terfiat.kept at tile lair\ cilrc. 3.1. Calculate tit' weight and value of ' utterlat rc-
The code is recorded in theimilk rccord book, with the ceived: 

weight of'tilk reccivcd, and also oi thw sample bottle. The The specific gravity of milk is 1.032 kg/litre.
supplier shold be i;vt' a, copy of"tis rcord ch week. "lhrfclre, the \vight of milk received
He/she should bc inforted cit'h day ofl tin quality of the0i 
milkl = 100 litres X 1.032 = 10.2 kg

)muc the"pwdtts to be' made htim, tlte tilk havc beenl \\'eight offat r'ccived can be calculated by multi­dCcidCel anld the pric's o1' the 1)rlud(ts determined, milk plying the weight ofmilk received by the fat c:',t­
ericcallbe alculated as follows, assuluing that butter and tent: 

cottage chcese are the choseti' products*: × 0.01 

. alculate tit valuc od I kg ofbuttcirft fitoo tlt known Valu ofbuuttrimt purchased from 


= 103. pu h .128 kg 
the producer is

price olfbutter, e.g. LB It). equal to the weight of butterfat received multi-
Butter comprises 8(% butterlit. (Other 'olstitulnits plied bv the price per kg of butterfat: 
are regarded as having no coninct-cial valhe. There- = *1.128 x 1l1 12.5 E1B 51 .60= 
fore, the price of I kg ol'butterfat 3.2. Calculatt. tit volume and value ofthe skim milk. 

0 x 100 While the actual recovery of skim milk may be = IB 12.5 greatcr, ill commercial )ractice it is normally as­80 suItn'd(that 80% of the whole milk is recovered as 

skim milk. 
* Thc oneitio giveno here isa "ul-<of-toiint" dpplroaoh - for fiurther (Ik. 1I this case, we thereforc recover 80 litres ofskimmilk wit h a lue of 18 cents/li t..
 

tails, sce Appendix I. 
 \ale of'skim milk = 80 x 0. 18 -- EB 14.40 
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3.3. To obtain tht total valu oifthe. rIilk received, add 
the valties o)tainied ii 3.1 and 3.'?: 

El 51.60t;l) Ibu ttilrtIt 
E 1.4 .ski"i(ilk1t. 

El 6i~i.)U) 


I'll Irtl: divav'rag'-vi e oI*I liirr oir k is 66; (' 5.o'f,()I-(.,
valtiaileIthit' ' sourIt is itl iortanl that. SiIllt'il( lei tteriit is til<e il .41ll4' )iJ, tct'(hli .15 14li s iiilk. iili' mnilk follows-t sani t. d fr 'l Iy.vs milk otrt'reaml, in It t ilkOf-h:..,'s

mlost valtat ith t'rtijl til milk viI,, itc'l l h'ra n, p)li',.ill 
propor(tion to>bttttrl'it ct et,,


It is ass ilit'd tliat l ltt('eifll c(iItllilt an b ' 'sti .,lilt'd.
Ili lrtrg' dairy plants, m ilk li(ti, iccIh's.,d , tlt i(- lhltclL 

j nillk , .
 
Slas,.tilss lt' 


t ' I( iti 41 (lt'n ,'.1111 "' lni ll-s pnn,",-
m t l1'1
,ik and shoul hc 

Proiductio n ,-~~ ) a.tlt 1)1("(-(,is an~d dt i lt](I 1,4ul.11 

p t i m ll i m i k ] r t .( t r .t ti , , , t s I . 
iiite po tinak n W ii(Idu tinIkc )(il ilk i lsI~i% d~) VIn,.d c w ht'n c(ilhl(1.11 l thl(- iIf'p ~aidi ft, wr,fiwtOw lm)
milk. 

8.1 MILK ANALYSIS 
M ilk ana.l\sis Ii,t~i'11I o ,t- ,'mt t n. 
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* M ilk 1titu'1tI' , it ,m'. lltlt cilcl('tiatitnl 

8.1.1 Sam pling 
'n iIIt\v 	 lf)-A ' C'('sc' , sailnlph. Is-csv.,lli'li l"' liltv c sliIn1.
 

Miilk tnfic', s l k'l I \ 11 11lll.f r (,Iil,nllh,'ih b,isis 
It<odt'tuttclweIInii. t i (h i htil 'ta t'5r '.,t' u Ibcll it tt,tOw Ibllrli. ,.1 ids '' ilalis.,1,Icli ,h,m,.s , Iilr> ,Id 
m ilk ,n ( wain,. l+ A].CtIlllatlc,,'l-wi..€.
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sam pleh tlilbor e '.iiu l'vl. 
M ilk52st Il"mix 'dthm m,,, li,'l li,alp lu a ctanly.sis lo)tcl.k,l hl\
';I . clsa'+,'n,;~o ph.. It thc 11111 v 


minIIk ll11'.t.If, .Ii,iofI\ I 
II th I 
potnr"l i'o,, 

is s II . lIII, ofI I ,, II miIkllI\ I)(-
m 't(- l if)anothiv, InIl .Isrna lsam ple. o,f 

m ilk take'n imm vtdiltclv . But it liiii. :,lunicts ililk an-, (I't
handl~cd, the< milk (),- ccti intst Ili' nixcd hy stilrillu,. 

lhwever, it diffllht,11)o lai,, a ,elmprc',itti\'
is\'v'r\ 


sample f'milk or civaiii v.w'l .,lilrgc k-1,h1111c Isdullp('d 

5'2
 

into a large contain'r. Ii such a case tii milk must be stir­
red thorougily and small samples take'n Iom three or more 
places ill tIbe coiltilr,"(r. Fo Ibest results, milk or cram must
be sal hid .whenI it is at a tt'il)crat ure hetweenIh th l-.ain is too cool 	 15 andit ,ill bt' thick and \'iscotus 

arid will t' diiuitilt to sa,,ltp .. 

Sou, m ilk )r ecr.nhic'l , l eic sitscinI n 	 has cagrilatcd,Thtrst lie sailI tiijiit'rytl',kiitly. Sampling 

, h lsIbt'e sta ndinig fi ith illi., tion' +n d a c'lp sit has form ed 
ol th 
 1,lilev' ld ".,ic ':;,ltilw u litailietr, it should btI \vIle iltliainlg iiu 'foit sa ipie Is removed. 
v I t ih u .itltinse. 'iiji. Slnli h'ls c 'r est'd.s"', c r tainsnn(ysI'l\, iilek sa pleh a ll )t'ItIl'It','\'s c. 

5i1ilk nti t s ptift . l llloil
nd luaiSai ph's oi"li rt''vjitllt16

th;,\nl.,,t( i l 1w pleservedlts ,li, alln, corro­
bu lli'teritt-

SIV.Csullili mliim, F, tISSHiIndichI o< inattt. For) . iaclan;ly­

scs.1 l l. is ' r' , tu , [\ .%-o <
111it be'i IIIn d , l c a tis i n t( t'its 

tht' s.olids cmvit ht'milk, Inllut'ncim,4 totall
solids d'(n
n li l . 
h ti .
 

8.1.2 Estimation of milk pH by indicator 
A\..rltlh -' tinatitIII I ni.t\ lr obtain d using, paper strips, 

inliprl'irnitl \'. ttor. lpt-n strips tre ited withith al indlio t i
 
I)ri,,,,,.,i I)lIlht .1u( iu illollh\ ,1 illlli (114t1il(r's
art'.
,s(.] ()I,I tt':lul% lplal~l"1 sIrjti. in, wfsts, fll.r .	 milk. 

tl',, Is.*4 dj iluli t sIiJt Itha Bu'i ,il1 4 I "h' lic ,riI yelhow to 

ili,-,,l,,l . s+, l \t,, Il,,,l,,S 4il ii il,, ili,-gr,,.,., 

8.1.3 Electrom etric m easurement of pH 
ict ht'rnl 

ti'll mt 111),<,cift..cl.it Hdc'lswlit-l arn. 

E"]'+ l,('tIIf lw 1 ,01C)IelI llliIde.it,.l,' l l Ow,ioclh,t.­
1.%t o 'tr Ilh(' 


i	t I\lt lwit (ileilit' slitIter.A h cts. w'hs 
l vl,ial Is II IIllt ,( t the p!.I (A t li ;Al|'<tt 1+,(01'%%l t l>,d fl, 	 , antial islifr~qliollil t(o
Ihv hydo iiul 

+Hi o l I t 'stsact rloll it, 111c l h.an.' tlst'd..Satu~ratedl 
c~ill clv'l<ttiodo's ,ili",itil y~Used ,ast<cli'r(encit.eIt-ctrlohcs,
 
itildl
Ililss ('h't-t,'dt's ;arwI,cd to nl'astrin lf.
 

hIltummctts which ,,wa.;stjlr(.
tillv
ctirrvilt produce'd by 
hl.' lcil'ce"illpoltcntial btweve('l Ihv",glass anld callumel 

viectrodtes ;it( called pFIlw-tc s. 
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Dairy accounting 

Preparation of the pH meter 8.1.4 Determination of milk acidity 
I. hllt IlH icier shlould 'litkpt ill d dry l hriS)ilV. The jrdiutctitn dacd in ilk is nrtllilv tcrtnviI "sour­2. Bcibrc using it itw gItss ictr)(It., It" gLlass chctrlt(i ang".tithc srl t;lslt'0t'sclh itilk is dlii t, latti" d il. Thewhich has b neelstoluc litr son i tiuti', soak il cuihctrttde 1)t('ellial &t 6 pi se t Illuhaity h )i (itici ill all time isill N/I10 Il I aimtlit .5 hout1rs. ittt.icat 4nttit age otir mlktcant ultme is) 

3.h(,it t lI It tliti t btl h hd..As ncnilw aIcarlinrig.m ircsha n milkr lal sttIlh Iit sithi t 'lt iid t elt 
it 

Iu 
hlt 

Ili i 
-, 

~g siiiit' ,itlwi hlm(1s il'lII( vt (ti - Ila. all initial hiydrolix des ,11 >;CiIV.IlIt htinl 

lttlit ttiSet lilg , - tt k d I (lt 

j tilu tit ilti i t h .
 0 .J I(ill) I 1)(lii ti ltt t 

6. Th'lleIt~bbc' ',tl l,,-I ()I ill (ill thw filhlu. ilrtnl ,d th,'cl5 

t C s t. R+etan l.. 

Standardising and using the pH m eter ( )i It(p- .cm A,,ituu~hyiiriin pi vioh.t ali 

I ,t li t li.((niid, l,' (i.llc. \;wh \l ,!(\%). w I 1. Using N/10 sodium hydroxide
 
'2. S v'itIl," t ttil, % tit
pl,' a~ lh," ,(,t(iwi, kind)l (Ith,- li't,' Prce urtwsvt thi 'll, . Idtt. 1r, ilth-= tdIi ,' ii i OLLmIi'uI,(A It) "tatl .II
 

Ow, Ill,'tr.. 
 I , Fl ill (h<.imt,.tt. \ith N/10)NAt )II mill inakc su~re the+re
.1le 

kiti,'. :1Ii ,". ,, I l l .1 IllI .as,< h ,v,.i,, 
r t. 

3. Sta1l ld~i i,. tll(. Il I 't' l n .1 hImli,- ',dutim, ll I M V , I , il l b hb's trappcdI ill tll,," h()%(.
Ithlfirl. s,,ltut \ti<, 2. .\d tust the+ 1.,\,.l ,,d N ao+) l Iin tlr hircttc tiw topl ,', Il"1l,' t,) tdial ,ith, t,'( ,l ,,l 

to 
marltk - th,'-hlm+,st iv;d ill firing .,t Ili(c ulplet't en l1. '111111O l li czc, t,,-,I t,, - l. i I1 1114-, ,,41rllll Ow, 3. l1tnilk, skini i'lk -,, lIlt' lH k I",Ili bc t,.st 'd , placn.Ill I th,"i l tillult ,,O 1,1tl 1 w,,lli' l,,t.r ,idOw,u1w t,'l 18 L ill th,'4 111t sll aiNI ,.1)1t:l p l l . . u, lf 'c lnil is totA(IS, Ow,pflf (dO,, IlIcs,.ll bc,' t 'st ,'d', t () ill] p~ip,,tt. (Ili %'l,'LX t ji IILKtbt)tlt

+.S,'t O mLh,,. ,.tr \\it( h t,, I I',,till).
fibfB,+, , l .v, itlt O lh, 1,,,1 tHic If'."I .,.tr=lll h . [HI +,,tit,' 1. .\(Il +,1,, -, (Ii,, f i ulilp hl tl,.il I(, (t sa l h, ill 
(.I( ttIl .(d , %ill d ilil itl, \.,l I ' atlldl Ill"\ IlIvI,' lh ,. (Ill).

7. Sv't ith,.t,.m lic,i.mt r,.(,ito it,,t cia. v Ilw ''I thr"NA )I lltt d lh w r lw I l lq,= d N\ ,,t h,()( .a lli, Owh,"bu t'ti at ithe 

8. l'Il,', Ow " , I t l ,l .ll O dc1, pll~l ,tht "t pl,'" lm\ ,lh 'll,,%N )IfIt,, fil\\ v ( 11ht- A, ihc NAI ,hmdh IttIi c tm taiulilt l ,'ic, I(, (lip lillt,, (Ill- "1411t41,1. lilt' ati l Ic.lt l stil l ti t, u l . \'hcxl it filitm butt dhe­. .Switdt til-h,' Lr,,tI-,,l, [(,f ki)(1,l t,,til , c i lt pink ,= t  , ; t + l , l hr,,t i'll -1, itit bevil,hltti t c lias 

1l0. R~inse till. (.'h',t I, s,',, l.tr iu.,, 1 1(nK<',el th, v'hrttl, th I. Tlake' tilt' ivt, lin,4 ,l'th,' lur "ttc ;It Oil.' h~m t'st I int oflips ill (iIStilhe'd \%.,lt' bl,, %v,', t, ., Ohw rl ,'list'ln". Sutbtrmtt t],, lilst rI- i ttunF()Ill ithe scc-Always foll w ti ll.11,1111t( Itlil'"s ills[Il(.[ Jinil i lthc t I l ti ew'ntrilt i wht' l+ ibcr (& 1illilitre's (dl alkaliparticular Inlstrunment. (NaOHl) re'qtilic'l ttm eu,, all.sc the atcte ill thc samnplc. 
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Rural dairy technolog 

Calculation 

Percent latic acid = lmlN/10 alkali X 0.0009 X 100grants tol'saltleh. 

II. Using N/9 sodium hydroxide: Milk, skim milk and 
buttermilk 

p p aral .o 

SHall as otr I. 

Reagenit. ht lic s, itiou i lheoilluhaleio ' 

O 	 N 'IsciitimIt\ (It idexih. 
l'rnie'duh'uvd 

I. 	 Pd ll ) [Ill , i 1,11lk ill . Ji t 'li llui. 

u2. l ii1 

l l.Uing h N hydri eih:,Cream 

S11"111,,,,lu 
Cah11c 	 latiln 

Il1 d Va_'. 
V 

\\ 'h ,' c<'"i\\= , , ml ' , l N ' IN A(M1I ,'n i l h ,' t lll l ) li l 
V -- \,,Itm ic ( tnmilk tatkvuii t ,fill i 'l 1 0ll) l 

Ill. Using N/9 sodium hydroxide: Cream 

I'..'cdun' 
Plcdrljoilim4 

I . Ptl Ill Il l ,( 1 I ,, ,.l u.111t l ,'l 11I'I 
2. 	 .\(hIll 1 ill ,,I %,+,t %,th tit, *.mwi, lpip .. 
3. 	 .\(Il I)-) fil ,, 1 W", lI, ,l~+ ,,~ 
1 .	 'l It M C,\%.til l N ' ) N ,i ( Il 
5. 	 ( :,l.tI . ,' , Ill I I 

i l l dr 't i l lt l l , ,n+,1d,Imi t I dl l \ I l l ( I c .o l l t dwmL.f tvt 
pert v t.,ag (d till- I v i nl'.. 1,,11hd Ill I]. ,itulfill- (,hf tdt-kil.,,,% 
tI,,u Is wt, h4dh( m,. 1 

MtI(lt,Im 411 w al, x. P+;) 

.\c lt f'"t,,'rtm = -----


8.1.5 Alcohol test 

Tle,alcohol test, together with the acidity test, is uscd on1resh milk to inl(icate whether it will coagulate on process­ing. Milk 	that contains more than 0.'21 % acid, oir calcitim 

adl(l ilagilesirl ('omp)otlnds ill greater tian normalaloliolits, will toagulaitclwltu llollol is adhded. 

A pp aratus 
• 	 ( f)rdinulry 6-ii'h (5 (111)test tilixs. 

lcsi-itulw racks or hfloks ol'woo( with loles bored to 
liit 	 I ctst tilthrs. 

Ieatgents 

lc (iu\ r'agrit licc(Ihd is a 73! alcohol solution. Iltis is 
listially plc p all (l h-iiit .. .ih lcol~ ndl~ I.', by utixiug with (listil­hiu wat,\ r 	ill tl Illj I poi tn iit79 pill ts of','95'. itcoliol to 21 
par , of ,tlh' \lr. 
2.I t,"d tdutim i titt it,,ltllttcii h.
Prliedgree.6I Cllt-w nbo 

iti1. 	 PutIai \lltll ' 	 n ilk awl 7.5% alcolio i test 
2. 	 l1m vii ill(" tv.,t tilc ',v'.c al thiin ". \\ i tittl tu il) lick] 

l+ xaumn 	 thr fill)( I()ihetrifilo . \,,hcilh i t-th- nillk hias 
t t Iuli has,, fillc pltldh.s ,d c.tlrl will hll vis­

i ll . 

816Co-nbiigts 

.\ i(lt'.drh ' w (.'th1.v ca' slt,tlblilt, cll milk. Tll- chot-on­
Ic"t I,, ti .'d t4 llcicrlninnc \dw miilk Ishlht' ulitall]'lo~l' 

l ,"+,vssiii. as it im lh m v-t,*M wh,'hr m ilk 1,, likkl il, tcoiiqu­
Lll.tt't n u ~ ,t.,.= u..uull p l t.lisa,,il~ ). II is lpt'­

lM ,'vl\Own' milk 1 Im. ,,u t ., i11h t it, ll(-<p sini. plamt--
tl l - n ill k f a ill , i l i h 't . .tIt P , i , l, t , .l 

l, (,'.,Ow . ,,tin asm,,,,u lt,' ' lllm ,llllitt's. tiw, Al­
, d i l ~ t .,, .d h j i v I cic M tl l 0 .2 o,t c ,tl b m I mw i~ n h 'hr i 2 2 -1 % 

thlh'I . As, tp. dt,,,. ,I21 "., l(in ti'ialh il tv ,s. It hias the 
il\,IInI.IL+v 1h1t1,1 n. aw' ,','d . I Io\\x c\vr, its dlis­[ t h,'nlhi'11" 
.l,luw a. ,' 1,. thatt, i ltuh altitm (h' m ilk (anmd all liquids) 
llil,, at l,,l . 'l l, 'lt~li nl (ll lor ll., till tc~ltis (welln 



Dairyaccounting 

Apparatus 

* 	 One boiling water bath (a 600 ml beaker on a heater is 
adeqluate). 

* 	 lest tuLbes. 
* 	 Timer (a watch or clock is adequate). 

Reagents 

None 

Procedure 

I. 	Place about 5 il of milk in a test tube (the til(eTt 
adiount is not critical), and placl te(' test tubte il boil-
inlgwater for 5 Itilttcs. 

2. 	 (Careifilv rem(i (,o- xamint lowtest 	tb l(l )re-
lilpiltc. "lh milk is lhilti( il',tyv ttr,(i lii ,s. 

8.1.7 Butterfat determination 

'Fllc Ilainl t sts (Is d 1t)dh't<',nil<. Ow,lilt c(m tt'nt 	 bI vt r. IttII w ,c.Ss (,toof',l|il.,oI'lle roll( 	 tolp ,lithc acid.
 

andl nillk Ill (,dI(t, atrI,[ir and Bablo( .utuf wk Ists. 
mttatedi ,lel]iui(sllattlet's t

lo, trstit .,,itlk ,r low' tisctl itt ce.,.tralolIll
lL it'v , t(nil, itov 

The Gerber test 
tliwd H~h\x ,~r
'rht 	l),t.tnn., +
Ti lit -cclitil-socitlitod Ihci 

.MlilA 


.tivIpp
r t. 


*Ill(.'app~aaltH S I 

ris r~l'	 s: 
I.	 (;lwml 


lilr. IM)htit'li ll 

u, dltele,( 

sr~ t<cht.'~niwt e
tet.ttllit (-1used to ll loI*I 

({,t 	cltlll lss coIll-

'r 	alil aw.tdcicl to,le'ad (0-- ()-5),, 


2. 	 h l ttd 11 ." 
3. 	 M i miti \c yusc.tlt tiscmttolthil till ll ltytc rlte3 . M ilk pml l---lm%4dul ilt.mtt. I tlt I)illtt (inv l l~lit,."c 

.1i.1 ,* 
5. 	 I ttt l)iltlttc lei lcilucttitl ,* tvl ,hl)hlt, 

6. 'illcrittletcr to lead I--IN)("C 

Atviltnalctik, . a. it(,lclnct i.,a c t, usicd tiutclvuiimuihtiv~i - i nld-
suphuic .uia(I and I cut ,,It tt ah c.4d 

7. 	 Water hath. 

8. 	 Gerber centrifuge. 
Reagents 
* 	 1.825 specific gravity stlphuric acid 

Amvl alcohiol 

Procedure 

I. .Mix tl milk sample (temiperature about 20"C) 

thrrotighlly, taking care to inititmise incorporation ofair. Allow the satiplv to stand fr a fiw minutes to dis­
charge anyair Ihtihes. Mix gently again befbre pipet­
tihug. 

2. 	 1ipette (,r(lislie i) m10fil acid i0' still)h ri(- theeto 
littvrol.t(cr. 

3. Pipette tIle rclttirl( \oItin (I milk into tile I tvr)­

1iclteter. (are motist he takenl to lv(id charrling of(thc nilk,lby cistilttg that tit milk lhows geunitly dhown the inside 

'I.Pipette or (lispentse I fil 'iattmIalcohol. 
5. Clean tIle neck of itlbiltvrolicic with a tissue o (Iry 
6. cloth.Stopper thliittvromott, tiglhtly using a clIan, dry

stipper. Shake and ite'rt till litrtttletcr several 
IIIIIes ititil all titv milk has l)1 aisorh)t(dwater by theaitacid.(i""C7 rhctt ilatc thu iltvrottctttr ima baith 

1. 	 tutn tlc ltw ltcttr tIntit witrhathi lbt i5"­
ltels, (ilsu(ditg tkskt till w.ate'r ('e 1 is high tl gh t 

h8./t tt l -i I Iuon.Ceh.a It 

1(0. Rcad tilt- l'it . Ifl tlilt'l(p)cl€it-c g ''c'ssi,ly,I coItnII 

ut. a(ljllste'd by tlgltflatintg, till'(.t,, 	 ) itisiiin ,l'the stlcpper.
H zad 

* Sulplhtric acid is toxic, htigily ((lrrsiv' anti will cause 
st.\r("l*ulrinhg if it ('()tties itt.(lcttact with tIle skin or(s
 

hll
llixing tle Ibutyronletr ccli teits, considerable
hllheat is generatted. 

l'fthe stopper is slightlvN loose, leakage may occur during 
mixing, ectntril'tging ot- holding in the water bath. 

Precautions 

eVar protectivc eyv goggles. 
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Rural dairy technology 

* Avoid all spillagc atd dropping (ifsulphuric acid from 
acid dispensers.

* 	 WhenImixing. hold tiel' }otyromevter stopper Ithnty to 
ensure that it cannot slip. U.se a cloth ()rglove to pro-
tect ti( hands when mixing. 

Sl)o not poitn t le biltyrtint r at anyoe when ,,mixinlg. 

Skim milk, buttermilkand i/ut 

Apparatu.v 

Standard Gerber butvroiett.is designed ifr testing skim 
milk. The rest of'the. apparatts is tit(sante as that used lifrw\hole ntilk. 

Reagents 

'[lle 	same' reagevnts are r.qitied as IM whole nilk. 
Procedure 

Te' 	 prec(.hci is ti( san' as tir wlhl 1iilk tip to and ill-
cluding the( lirstceltlljiil IitL. 
placed in the witler hathbii" a I Ut"( 

ntnutitcs and atgain 
the 'ya rc )l at cd i i t. 

'lc ii 'uot +++ ire thIa 
si., t ptis titwii, 1I"to 2 

1'tiliL'nu'l T]he'nli4 I t(.5nimittis. 
hiltit 2 tIl 3 tltitt its a nd 

read. \ 'heck wtadiing i inade aliet tie\Ilhul.*oeI placed. IIItl. 
witIe" bath f(ir 2 t, n3 iltlnilt. T hc,iewntdilgs <b tin<idlt II)' coret '"c(dativs 

l(FercIIitadg ,n'iti 

butyroi ttr 
<t0. 10% 
0.10 to 0.2.5 /o 
>0.25'Y,, 

ream.. 


Apparatus 

(orrection 

Add 0.0.5% 

Add 0.02% 

No correction reVuireTd 


The 	alpp~araitis reiuired fur vh ictmnilk,lltyrppaters aruidtlt 	 'x<'t'pt brt tellewIleI fou ipett, is stelheptiwtte(.
certain acitionad it(- Isfi tsii cream. ls bsupplete 
ate stinati (;n'rl)r reatif citvt itemsui'trs. ( )tiesr
clude a Grealancerir tI(()Iveihi rHg tir (.(105 g; a stand ti 

support the butyronieters onttte' balance or a stoipper
weighing funnel, and a wash botte ctutaining warn (30-
,O0"C) (listilhed water.
Reagentilld wSpecific 
Reagents 

The same as for whole milk. 

Procedure 
I. 	Mix tile sample tlioroughlIy, tIough cautiously, toavoid f'rothing. lftlte sample is very thick, it should be 

Wa1llu'd to between 37.8" and 50"c: to facilitate mixing.
2. \eigh 5 g of('crcan into the but'ronleter. 
3. 	Add ablout i il of'warrn listill'l water frorn the wash 

Ivottie. 
.. Add 1(0 n1 t1fstilphuric acid and I ml ofamIyl alcohol.ile llnaiuing procedures are the same as for whole 
milk. 

(he+
Iht (hetetinititiol in (.lese is carried out inIa similar man­
ier to that lotr nilk. 

(;I-rler checrs,,, r stamtedbtitynyrlit "3 g cheese". Other 
apluiattats satn as it ;crlwr milk fat analysis. 

* 	 l)i tilh'd .atr 
* 	 S u lpIn\ ti t l id 

' l,
 
rocedur, 

I. 	 \Vcili mt 3 ± 1.01 g of'chees" on a counter-balanced 
piece f ge(is'-proufpaper. 

2. 	 1)inpeutspc Mi1 suilphuri" acid into the Iutyrometer. 
Add 3 nil ,fwaer carefiully so that it rest .on the acid. 

3. 	 \\raI thi'3 g of"tlt<'e' in tlit(' grease-proof paper to 
firi ait id.r that tils into th, buhtrrnter. 
Add a I'h tiit I1rt,5 nil td'wat<.r. 

C.	 Add 1 1i1 (Ifaittyl a th,hl. 

ellr
ft. 	 Stopplr hlt vriete.r siciur'ly and shake t(o dissolve 
clese. (It ntay hc difficult to dissolve tile chee:;e.

1v lict y is expericnced, place th( butyronieter in
thu 	 hvtte(f water bath tilIeo('V 

tixing 1t11il the 


and pteriidically for
Ii- 'hchse is fully diss(lv'ed.)


ci('cese btntyrct(',-s ;rt' centrifuged and 
read as fbr 
mik anl erean.
8.1.8 Determination of milk specific gravity 

gravity is the relation between the mass of a given\'olune of any sul)stance and that of an equal volume of 
water at the same temtperatuire. 

56 

http:butvroiett.is


Daily a:counting 

Since I ml ofwater at -1"Cweighs I g, the mass ofairy
material exprcssed in g/ml and its specific gravity (both at 
4"C) will have the same numerical value. The specific gray-
it)1.0 3 .of2 g. milk averages I.032, i.e. at 4"C I ml of milk weighs

•l 

Since the mass ofa given vrlutef wter at a given

temperature is kiowi,the voliume given mass,ag tienofwa 
tempeat iure 


mass of a given volume ol'milk, cre riil, ski nm ilk etc t'1be 
calculated fron its specific gravity. For examleh., tite litreoo" \,'ei.,r 'C has a mass of I ks. and since the average:tt 

specific gravity ofmilk is 1.',2, 
one liteo average milk 

will have a tss of 1.032 kg. 


Apparatus 

S .actorir't'cr - this is a lrvirorrt'tr (a de'vicie loit ure'a-
stiriig specific gravity) adaptcd to lhrnotir,1r alrtrge (f 
tire 5[ ciiic 'ra itv ofririlk. It is isurallv calihratd it
teadI iir laOtorrter de'grs (1.1trtthrr ihar slrcificgravity pem '.I Irehttlt rdsigri htt',' trle( tSpcific 

I__ 
+ I = ('iic (sp. r~r)s .ItLavitv

1'r 
Thus, if' 1. = 31, splecifi. gravity = 13I. 

* 	 A tall, wide, glass or plastic ("ylirh'l. 
S 	 .\ tIerimroir'trei -- tihr Lctom .tr niray have attheri io-


lit~ter i1rcor<rr attd. 


Procedure 

Ilh',t rt' if irilk5,,ixjilh' ti -tb"(: atrnf ho1 lo 5 raili-'(SNi"). 	 I1orc delnsi, than waterTh'relre, iilk with high iLtand SNI" contentsites. Thiis Is to get all tilr fat iti a liquid state sinice 
ciystalline,Lit has a very difi'rett d el',sity to liq,,id Iat, 
arid lit crVsgallisi's or rrIiis slowly. After 5 Ilinltt's, 
coil tle' iilk to 20t"( :. 

2. 	 Mix the ti ilk saririle throtghly but grntly. Do not 
shake vigorotsly otI air ibtlvhh's will l' incu'inrJirated 
and will allbet it( result. 

l milk inthe cyindt 
rInilk will overtlow when tite lactotcier isinsertedi. 

3. 	 Place tile r. Fill stiflicieilt that tilt' 

4. 	 iHoling tire lactriiiiter by tire tip, lower it gently into 
tire milk. )onot l't go until it is alniost iII eqilibrium. 

5. 	 Allow tl(' lactoiieter t, flulat freely until it reaches 
equilibrium. Then read thi(' lactonieter at the top of the 
meniscus. Immediately, read tire temperature of' tire 

milk. This should be 20"C. If the temperature of the 
milk is between 17 and 24"C, the fbllowing correction 
factors are used to determine L: 
'l;).. (C) 7 18 1920212223 24tp( , 7 1 9 
2 1 2 3 2
 
Correction -0.7 -0.5 -0.3 ­ +0.3 	 +0.5 +0.8 + 1.1 
e.g. 	 The lactonrcter reading is30.5 and the tempera­

is 23"C.Corrctd lctt rneler = Ix = 30.5 + 0.8 = 31.3 

Cahculations 

All calclations alway use I, the corrected lactometcr 
reading. 'Ti calhulat the specific gravity, divide the cor­

rcted lactoneter reading by 1000 and add I. 

31.3 
Itourcxaiipl': Sp. gr. - +I = 1.0313 

1000 

8.1.9 	 Determination of total solids (TS) and 
solids-not-fat (SNF) in milk 

The total solids ('oti'et i'niilk is the total amtoutnt of mate­rial dispersed ii tire lt(truos phase, i.c. SNI" = I'S - o fat. 
The oirlv ac.trate wav to dletermine 'I'S is bv (vap­

orating tre .waterfroln air acratelv weighed samle. low­
ever,readinrg.'IScat lie (stinatr(F Front1'Ilh 	 resurlts are t( co ritcted lactomneternit likely to be vrny accurate he­
cause specific gu.rvity isdII tio water, Material less dense 
than water (lit) andltlteial 

cou ldhave thr(' satime specific gravity as milk with low fat 
and lhw ,,SN Fc itentis. 

Ix 
'I'S 	 =- + (1.22 x fat %) + 0.72 

SNF 	= 'I'S - lit 'Y 
Lc 

or = - + (0.22 x %) + 0.72fitt 


It should be noted that the relationship between Lc 
and I'S varies from cuntry to country depending on milk 
composition. lihe above fiornulac are called the Richmond 
formulae and were calculated for Great Britain. 
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8.1.10 	Determination of moisture content 
of butter 

Apparatus
pp 

* 	 Alum iniuin, platinum, nickel or porcelain cup, flat-
bottomed, a)out 3 cm in diameter, and not less than 
2.5 cm deep, withi a spout.

A glass stirriiig rod with fideiiul
lat end. 


* 	 A Spoon f.steel bladt. 
* 	 A })uitter trie'r. 

'\ butI.I.Ca/rulatians* Alcohol laillp or other means oflheating the sample.* 	 \ccurate moist r'elalalnce. 
* 	 Iron tripod. 
* 	 Asbestos-c'eniire wirt gauze. 

Procedure 
1. 	Weigh lOgof butter into thecup. Heat the butter over 

a low flame until itceases foaming and a light-browncolour appears. When heating the sample, place the 
container on the asbestos-centre wire gauze on a 
tripod. This distributes the heat evenly across the hot­
ton. of the Cu). 

2. 	 After the moisture is driven from the butter, allow the 
sample to cool and reweigh. 

Percentage lltOiStUre ('ontent of the butter is calculated as: 
Moisture % = Original weight - linal weight 

Original weight 
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9. 	 CLEANING, SANITISING AND I. Physical cleanliness, where all visilwe dirt has been re-
STERILISING DAIRY EQUIPMENT moved. 

Chemical cleanliness, here, in addition to all visible 
dirt, microscopically small residues have been re-Thorough cleaning and sanitiing ofall dairy equipment is moved. 

an essential part of all milk processing. Water alone is in- 3. Sanitation, where, in addition to being chemicallyadequate fOr cleaning and sanitising and, therefire, chemical clean, the equipment has been tr "ed in such a man­agents must be used. ner as to remove most ofthe mi -organisms presentCleaning and sani tising dairy eq uiplicnt is necessary on itssurfpce.to prevent: 4. 	 Sterilisation, where, in addition to being sanitised, the
" 	 Accumulation of unlesiralble nlicro-organisms i1tie equipment has been treated inl such a manner as to de­equipment; stroy all micro-organisms present on the equipment." )evelopment of' bad smells in tie equipnent which Sanitation and sterilisation are easier to achieve if thepass on to tle)(product; 
 equipment is initially at least physically clean. Therefore,* 	 Loss ofefliciency ill a dirty separator; the 	equipment is normally cleaned before sanitation or
* 	 Possible corrosion of metal parts due to lactic acid; sterilisation. 
* 	 Mould growth Oil wooden surfaces leading to mould 

contamination in tlie product and discolouration of Chemicals used for cleaning
the churn surice; and 
Gontanination ofthe product with pathogens.C I)etergents are chemical agents that assist in the cleaningThe cleaning of' )utter-inaking e(uipment was dealt process by solubilising the deposited dirt, thereby makingwith intliesection oil Iibtt 	r-niakiiig. 'l'his,;ectioli discusses its removal easier. Sodium salts are the commonest andthe principles of' cleaning, sanitation and sterilisation of, cheapest detergents. Sodium hydroxide, sodium carbonatedairy equipment and the various treatments or chemicals and sodium tripolyphosphate are commonly used. Syn­used. thetic detergents, such as alkyl benzyl sulphate, and biolog-
Processing equipilent should be clean and look neat. ical detergents are also used. 

The processing room should also be well lit and ventilated,
clean and neat. However, sanitation of processing equip- Sterilisers 
ment means more than having the equipluelit looking clean
and neat. Chemical sterilisers are agents which, when added to waterTihe cleanliness of equipment can be classified at fbur at a specific concentration, reduce the number of micro­levels: organisms on previously cleaned surfaces to very low levels. 
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The active sterilising ingredient is usually iodine, chlorine, 
nitric acid or quaternary ammonium compounds. Organic 
sterilisers such as chloramine-T, halane and isocyanuric 
acids are also used. 

Cleaning procedure 

Before using any detergent or steriliser, remove as much of 
the product as possible from the surface of the equipment. 
Product not removed befbre washing is wasted. 
1. 	Prewash the equipment with clean, cold water. This 

removes much ofthe dirt and should be carried out im-
mediately after the product has been removed. After 
washing with cold water, wash the equipment with 
warm water (50"C) to remove fatty material. If the 
equipment is washed thoroulghly with water, much
less detergent is required in later stages. 

2. 	 Wash the equipment with a detergent solution, follow-
ing the nanmtilitcturer's instructions. h'lleeqtuipitent 
should be cleaned thoroughly at this stage to ensure 
that it is chemically clean. If the equipment is cleaned 
hy hand it should bhe sctllbed thorough ly u,;ing the 
detergent solution. )etergent cleaning als) reduces 
bacterial numbers on the equiplment. 

3. 	 Drain the detergent ;olutioll. It may be retained fbr 
washing other items of equipment, provided its 
strength is maintained. After draiiing the solution, 

rinse the equipment at least three times with cold water 
to remove all traces of the detergent. If not removed, 
traces ofdetergent may be incorporated in subsequent 
batches ofproduct. Rinsing three times with small vol­
umes of water removes detergent residues much more 
effectively than rinsing once with a large volume of 
water. 

4. 	 Sanitise the equipment using one of the cotrnpudnd­
mentioned above. Chlorine compounds are particu­
larlv corrosive and should only be used in accordance 
with the manufhcturer's instructions. After sanitising, 
rinse the equipment again with clean water to remove 
all residues of the sanitising agent. In the absence of a 
suitable chemical steriliser, the equipment can be 
scalded with water at 80"C. 

5. 	 Once washed and rinsed the equipmnt should be
stored in a clean, dry, dUst-firce area. 

Notes: 
* 	 l)etergents and sterilisers are normally chemically ac­

tive coll)ollds and great care is required in their use 
and handling tc avoid injury to personnel. 

0 	 l)etergent sterilisers are compounds formulated to 
clean and sterilise equipment at the same time. They 
are generally expensive, but reduce the overall time re­
quired for cleaning and sterilising equipment and also 
reduce the amount of water needed for rinsing as only 
one set ofrinsings are required. 
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10. DAIRY BUILDING DESIGN AND 10.1.2 Land availability and qualityCONSTRUCTION Wli,, sClti,,g a site one shuld allow fIr possible fututre 

expailsioll. le Site should he Well drainlcd.
 
This section gives gulid.leilnes for the coilstrotion ofl'a
sili­
pie building sitalble as a dairy proccssing room f' hall- 10.1.3 Other buildings
ig ip to 500 litres of im .
ilk per (li It is iIOJ),rtilt to locate' tln t+rrecdtlclairv c in relation to 

otler btildii gs. It s1hohl( lot b hlocatcl near a hay iarl or10.1 SITE SELECTION aniial bIcd str,,whitr mold .o)lreaild dust are present 
as they (.;III ((ltal1illate tle raw matcrial atnl pro(hucts. It 

'I'lh* 
should also h. lowiati' aw;v'front other souires of clmltaiiii­cfl l owing sp - sSh ou hldI b c c' * sid .rc l wl ens ect.i ng nati n tc'h €i'sll , p.0Icarca tth( .ss i l Iva rea s.
 a site for th (.uil' plroct.Siig ioolli:
 

\ater supply and+,
qualitv;
* Nlilk ulpl)ly "(atc'hili,t": 10.1.4 Proximity to the road" Land availality andel ftlaftv:orproduct (istrill­* Other buillings anl ativiti(Is lnll the site; For Xthelaisldt. t. lted le aill ldI wevg,i 
* Proxi. i t,to a road: cht hotdd be hocat d a l.Ioll, tlle +,, However,if
E'fllticctttsal; aislp l
l'(;fll+litl disosaln,. ~ili~a the l) dilclilg is t0 ((ear tll roldcl (lst ,ttalilinattio will bel) emhl(.'Illre,r.,the doors and willows should not 

ofacethe road. \\'iWl'lws for httiln, ill light oily can LII'c tile 

10.1.1 Water supply 
10'ti1 a dairy, suhl~\Vatter ,5trvtes muaix' fil't ill as was'htn,. 10.1.5 Effluent disposal 

indirect leating, cooling milk and adljulsting p~roduct com- 'lI'he sltislilototrV (isposal OhIlle llfrm1 tllc dair' is ill]­position. portallt. Sit lllmost (ll111cl(t (o<les ront washitng and 0rom
\Vater conles into dice't cCI'ltctt with the ploadllct. It is spillagc, it call he lliniis(e(l by carefitll prodli't rcover\ry,important, therefore, locate dairy neial itpletifilto tlhel propelr processing raclit- and (-ill(- to avoid spillages.Suplply olfclean water. \Vater call b colle-tt( fron) tI rol Ritisings and wash wter s510h( libe piped away frotolof iahr uiilIg or tICarhv b;.s bV ptlttilg gltteri g hl)thliling fira distanceofl'at least 15 meters and dirctcedaround the rool'atll directitlg, tilc water to a storage lank. int<o a soak pit. Raw efilicten should not be Juijucd directly 
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into a river or stream. Ifthe effluent isnot piped away from 
the building it will become a source of contamination and 
of foul smells. 

10.2 	TYPE OF BUILDING 

A simple building of 25 onf internal loor area is ade(L nate 

for processinom a t tl( scale Ieing discussed. ,\n additional 
roo ot 10 11f floor atrca is (esiralle for use. as a product 
store and OfliC. 

10.2.1 Construction materials 
The foundation aid floor should be constructed fiomlnror-
rotting material. Iittenaf lr the Sulpcristrtcture is best 
hose.,. accorrding to availability and cost. The dairy call 

made frn. basit" Iat'rials a1di does r ot need extravagarll 
const ruct tiol. 

10.2.2 Floor 
Wlier. 	ljossibhi, all floors should be clstrtcted of'coincrete 
with ellnrt surlfacing. ITIe floor should slope (1-1.5%) to 
ont end to f"Icilitteic draiag , adl cleaning. lThe c'eIInit 
shorld coritirllt (II)the intrnal walls fir at least one It'tre 
ifthe sul).rstrtrctrre of tli builirg is not construrtcdtfrom
ceen't1. 

10.2.3 Effluent piping 

lhe sloped floor draris to an ouitlet. Effluent shotild be 
pipe(d froni tlie outlet to the"soak pit through Concrete pipes
1) cmii 	 ini diarriter. 

10.2.4 Light 
O(e or two screetned wirndows should be installed to pirrit
tile o)eration offtIr dairy without artificial light. The win-
dows can also bet usec for ventilation, but should Ie 
screened with mesh to reduce the rumber of;nsccts rnter-
ing the building. 

10.2.5 Ceiling 

Where possible, a ceiling should be included. This will help 
to improve the hygiene of the building and also keep the in­

cool.10.2.6 Door 

The main door should be wide enough to allow for equip­
ment installation and easy access of personnel with milk 
calls (IC. 

10.3 	 ARRANGEMENT AND INSTALLATION 
OF EQUIPMENT 

10.3.1 
1.1 Arrangement 
When arranging equi)tict one must consider: 
0 ''lre flow ofraw material through to product i.e. pro­

tess se(it l we.0 Access to each itern ofequipinent fbr operation, clean­
ing and Storage.

0 Storage and sale oflproduct. 
0 l)isposal ofl)yproduct. 

lfboth cheiese and burtwr are being made, the process 
lixrs should be located at either side ofthe dairy. 

10.3.2 Installation 

Soie ite'ms of ci uIliilelet itist lbe securely fixed. ['lhe 
creani separator should be. mountcd onl a level stand fixed 
firmiily to the floor and sholuld bv at a convenrient height for 
working. O(ce' the separator is mountd on tire stand the
level should he checked with a spirit level belre final tight­
ening (if tIr fixing screws. Similarly, the ciurn stand and 
hutter-working table should btc fixed. 

Cheese vats oftthe necessary capacity a,-( portable and 
ean be located as desired. 

The fixing block fbr a lever-action cheese press should 
be fixed firmly to tile wall. 

If the water supply permits it, two hose points should 
be installed on opposite walls to facilitate cleaning. 
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Appendix 

APPENDIX 1 or 0.001 S+ 0.35 C = 4.0 
0.001 S + 0.001 C = 0.1

While tile calculation of butter-making efficiency and 0.349 C = 3.9 
economic value giveu in tile text provides a useful rule of' C = 11.17
thamb, the method given below provides a more corn- Therefore, the separation yields 11.17 kg ofcream and 
prehensive analysis. 88.83 kg ofskim milk.

In order to go through this process, the composition of Therebre, fat losses i- lie skim milk 
butter must be known accurately. This manual gives the 
method for moisture content. The salt cCOjtmt cll b calcu- 88.83 0.0888 kg
lated, as the aiotnt of'salt added is known. 100 

Sa (rm o;'salt adde'd 0.0888 X 100
 
(Yoslta x 100 Percentage loss = = 2.22%
Final weight of hotter + salt 4 
The milk SNI content cain b taken as (.7%. Churning efficiency
Assu ne that 100 kg ofnmilk conaiining 4% fht is to be

made into butter and that the composition ofthe butter will Some fat will remain in the buttermilk. This will also have
beI 16% water, 0.7% SNIF, 2.0% salt and 81.3% fit. to be determined using the Gerber method as for skim milk. 

BM = weight of buttermilk
Separation efficiency Fbm = percent fat in buttermilk = 0.5 

B = weight of butter (after salting)
Some hit will remain in tIlie skiin milk. This should be mea- Fb = percent flit in butter = 81.3 
sured using the Gerber skim milk test. Assune that tlie fat BM + B = 11.17 
content of the skim milk is 0. 1% and that tile fiat content o0" BM + B = 3.1the cream is 35%. 0.005 BMI + 0.813 B = 3.9 

M = weight ofniilk Fm = fat content of milk 0.0 B = 085
C = weight of creallm Fc = fat content of cream B 3.84=S =weigh t of ski i milk h's = tilt content of skim milk B=47

The yield is thus 4.75 kg of butter and 6.42 kg of but-
S + C = M termilk. 

or S+C= 100 The loss of fat is 0.032 kg 
S X Fs C X Fc M X Fm 0.032 X 1000 + - 10 Percentage loss = 

100 100 100 
 4
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The final production figure (making no allowances for Therefore the total value of productionlosses during production) is 4.75 kg ofbutter from 4.0 kg offat.= = 4.75 X 10 = 47.5 birr4.5 × 1 =475b rTherefore, percentage overrun = 18.75% = 95.25 X 0.18 = 17.1 birr 
However, the actual yield of skim milk is 88.83 kg and Total value 64.6 birrthere is also 6.42 kg of buttermilk, both of which would be 

valued at 18 cents per kilogram. 
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