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ABSTRACT

An attempt has been made in this study to isolate A identify
thermoduric A psychropivilic bacteria, which are the most serious
spoilage organisms, from milk obtained from timm Addis Ababa Oairy
Hovelpoment Enterprise (AADDE). An effort was also made to trace the
sources A origin of these organisms so as to prevent or at least reduce
their access into milk A hence increase the shelf-life of the
pasteurized milk A milk products.

The standard plate count {SPG) ranged between 4 X 107 A
3 X 109 bactoria/ml for raw milk, between 6 X 10% A 3 X 10\ for plant
pasteurized milk A between 3 x 103 A 2.5 x 10 for laboratory
pasteurized milk. The high standard plate count for the plant
pasteurized milk, as compared to that of the laboratory pasteurized
milk,, has been found to bo due to the ability of many organisms to gain
access to the pasteurized milk as poét pasteurization contaminants.,

Psychrophilic bacteria wore the most dominant organisms in
both raw (98.1%) A plant pasteurized (53.0%) milk samples. Laboratory
pasteurized milk, on the other hand, contained predominantly
thermoduric bacteria.

'During the course of study, bacteria belonging to 14 genera

were isolated, the most dominant being: Streptococcus (27%),

Staphylococcus (19,5%), micrococcus (13.9%), Bacillus (12.9%) A

Arthrobactor (11.3%). Out of the 185 representative isolates identified
50% were cocci A 40% rods.
As many as 16 species of bacteria belonging to 9 genera were

isolated from raw milk, while 20 species of bacteria belonging to 14




VI

gonora wore isolatcd from tho plant pasteurized milk. This indicated
that bacteria, other than those found in raw milk have been introduced
into the pasteurized milk as post pasteurization contaminants from the
bulk tanks, fillers A their pipelines and the plastic bags that contain
pasteurized milk. This fact has also been supported by data from
keeping quality tests performed at different sampling sites.

Sodium hydroxide (dnOH) A sodium carbonate (NaC(3), chemicals
regularly used for rinsing A disinfecting utensils at the Addis Ababa
hairy development Enterprise, were found to be ineffective in
inactivating bacteria at concentrations as high as 1:100 at 50-90
minutes holding time. Other disinfectants tested such as Savion, A
Chlorox, on the other hand, were found to i> effective in eliminating
the same group of bacteria at lower concentrations (3:H00) at 15-30
minutes holding time.

Based on this study, therefore, recommendations are made by
which the Dairy Plant can improve milk handling A processing conditions

A produce milk A milk products with improved shelf-life.



1. INTRODUCTION

Milk arid milk products have been consumed by man even bgfore
the dawn of civilization. Because of its high nutritive value, milk is
considered as one of the most important diet items of many people. In
addition to protein, fat, carbohydrate S Ca, milk serves as a
significant source of many vitamins ft trace elements (Pederson, 1979;
Scott et ah, 1981),

Bovine milk contains specific ft non-specific antibacterial
factors which may play a role in protection of the neonate from enteric
infections (Reiter, 1978). One of the most potent antibacterial factors
of milk is the lactoperoxidase system, This system has been activated
for use in milk preservation (Bjorck, 1978) ft to improve performance of
calves fed on raw milk. Activation of the lactoperoxidase system
results in generation of intermediate oxidation products of
thiocyanate, including the hypothiocyanate, which are bactericidal to
many Gram-negative bacteria (Ekstrand, rtullan ft Waterhouse, 198ft). This
activity is strong in fresh milk but the inhibitory effect is lost
after a few hoursa

Species belonging to lactic acid bacteria such as

Streptococcus lactis, Streptococcus cremoris, Lactobacillus casoi and

the higher acid producing species of the genus Lactobacillus are

important microorganisms which bring about desirable changes, On the

other hand, species of the genera Escherichia, Enterobactor,

Micrococcus, Bacillus, Serratio, Pseudomonas, Alcaligenes and others

are undesirable because they are responsible for various forms of

spoilage such as gassiness, putridity, fruitiness, bitterness,
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proteolytic conditions, rancidity, ropiness or other forms of spoilage.
These bacteria act on the different components of raw milk as soon as
it is collected from the animal ft unless the milk is maintained at
reduced temperature or boiled, it spoils right away.

Post pasteurization contamination (PPC) due to psychrotrophic
Gram-negative bacteria is the most significant factor responsible for
reducing the keeping quality (KQ) of refrigerated pasteurized milk ft
cream (Phillips, Griffths ft Muir, 1981; Schroder, Cousin ft McKinnon,
1982; Schroder, 1904).

Thermoduric organisms that survive pasteurization become
important only when they are psychrotrophic or if the product is kept
at ambient temperature for several hours (Cox, 1975; McKinnon ft
Pettipher, 1983).

Normal milk contains low bacterial counts as it leaves the
udder of a healthy animal, but gets contaminated later from the
environment, exterior of udder, manure, water, soil, milker's hands ft
utensils. Contaminated milk can serve as a source ft/or vehicle for the
spread of certain bacterial diseases like tuberculosis, diphtheria,
brucellosis, salmonellosis ft food poisoning ft intoxication if it is
consumed raw (lsani, Sheikh ft Arain, 1936). Milk at most places in
Ethiopia is consumed raw. Milk products such as yoghurt, butter and
butter milk are also produced using raw milk as starting material .
Hence, there exists the possibility of consuming milk which has been
contaminated with disease causing organisms.

According to Gebhardt ft Nicholas (1975), ravi milk may contain
not more than 7.5 X .10° to 2 X 10 bacteria per ml by the Standard
plate count(SPC). Pasteurized milk may not have more than 1,5 X 1W to

2.5 X 10% bacteria per ml by the SPC at the time of delivery. As Brock
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ft Brock (1078) put it, the bacterial count of pasteurized milk
generally ranges from 2,000 to 20,000 bacteria per ml, whereas the
bacterial count of raw milk will generally range from 500,000 to
3,000,000 bacteria per ml. Standards based on long term research
findings in Ethiopia are lacking. The Addis Ababa Dairy Development
Enterprise (AADDE) doesn't have standards for raw ft pasteurized milk.
And without such bacteriological standards it becomes impossible to
implement quality control programs.

i In countries with poor milk production ft marketing practices,
one can expect high initial viable bacterial counts posing as a health
hazard as well as spoilage of large quantities of this important food
(Bari ot al., 1986). The actual methods of storage on the farm ft mode
of transportation to the processing plant do not prevent nor delay
microbial activity in the raw milk in our country. Pasteurization ft
post pasteurization handling ft marketing of milk has its own problems,
hence the KQ is also low. Due to either surviving thermoduric bacteria
which are also psychrotrophic ft/or post pasteurization contamination,
the shelf life of pasteurized milk at ambient or refrigeration
temperature decreases through time.

It was those important reasons, then, that have led to the
need of the present study. The primary objectives of this study,
therefore are :

1. To investigate the sanitary aspects of the milk processing
equipment, containers, pasteurization ft storage parlours in use at
the AAODE.

2. To follow up the overall processing of milk in the AAODE, starting
from the collection of raw milk until the processed product reaches

the consumer ft investigate the sources of contamination.



d.

T

To monitor the contributions made by the different types of
equipment used in the pasteurization process to the final microbial
load in the milk.

To estimate the range in microbial load of : a) raw milk collected
from collection centers b) raw bulk milk which is about to be
pasteurized c) pasteurized milk processed at the Dairy Plant.

To isolate ft identify the major contaminating microorganisms which
are responsible for reducing the KQ of the milk.

To propose ways ft means of increasing the shelf-life of pasteurized
ft raw milks after identifying the sources of contamination.

To recommend standards which are attainable for raw ft pasteurized
milks based on this study,

To recommend on the use of certain chemicals at specified
concentrations for use at the Dairy Plant as disinfectants which
might help it to produce milk ft milk products with longer shelf-

life ft acceptable flavor to its consumers.



2. LITERATURE REVIB)

2.1. MILK ft ITS KEEPING QUALITY

Many industries have gone to great lengths to develop milk
products with long shelf-lives. Changes in un-farm procedures of milk
collection, longer refrigerated storage of raw milk at the farm, plus
additional storage periods in bulk silos prior to processing, may
contribute to decreased shelf-life of pasteurized milk,

Previous investigators have found that taste defects of
pasteurized milks occur when bacterial counts reach IOM/ml. other
workers have suggested a count of 10M/ml for similar results (Langveld
et al., 1976; Schroder, Cousin ft McKinnon, 1982; Schroder, 1984).
Rodrigues ft Pattipher (1984), on the other hand, defined KQ as the time
taken for the bacterial count of the refrigerated milk to reach an
intermediate count of 5 X 100/ml.

The KQ of milk is influenced by a great number of factors,
many bearing upon the milk's microbial content ft the conditions that
enhance or inhibit growth of the milk's microbial flora. Inspite of our
knowledge of the microbiology of milk ft milk products, KQ is difficult
to predict on the basis of laboratory estimates of the microbial
content of freshly pasteurizéd milk (Hankin ft Stephens, 1972).

There is continuing interest among milk processors who wish to
extend the shelf-life of milk ft milk products through the use of higher
processing temperatures ft also prevent recontamination by
psychrotrophic bacteria after pasteurization. Maintaining the quality
of raw milk to extend the shelf-life of milk ft milk products is of
greater importance. It has been said that " You cannot make a better

finished product than the original starting product." Controlling
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microorganisms in raw milk is of prime importance because this is the
starting product (Janzen ct al., 1982), Janzen (1972) suggested that
shelf-life of pasteurized milk is influenced by somatic cell
concentration in raw milk. High somatic cell concentration in raw milk
is indicative of abnormalities in the cow that is frequently associated
with increase in microbial population.

The KQ of milk ft dairy products is increased by a reduction in
storage temperature. This is because of the reduction in the growth
rates ft biochemical activities of most bacteria at reduced
temperatures. At low temperature storage, however, psychrophiles
increase markedly ft ultimately arc: the cause of spoilage. These
observations have led to the conclusion that KQ ft psychrotrophic count
are closely related, because of thes« reasons, the SPC (at 329C) has
been shown to be of little value for predicting the KQ. At times the
psychrotrophic count at 7°C for 10 days may also be of little value.
This is because a low level of contamination with a biochemically
active, rapidly growing psychrotroph results in a poorer KQ than that
resulting from a relatively large number of biochemically inert or
slowly growing psychrotrophs. Many workers give emphasis to the type of
contaminating organism rather than to the number in evaluating KQ
(Witter, 1961),

Product temperature is a major factor influencing shelf-life.
The relatively high temperature of fluid dairy products in many store
coolers, dairy cases ft home refrigerators is responsible for reduced
KQ. Product temperature must remain between 4-50C for maximum shelf-
life. As a general rule, for every 2.8°C rise in temperature, shelf-

life is reduced by about 50% (Parnard, 1972).



2.2, MILK QUALITY EVALUATION

Khile there dis almost univorsal agraement  concerning  the
desirability of having high quality raw nilk, thero apgears to be a
decided lack of agrcement as to the best way of determining the quality
of this milk, “ecause of the variability of psychratreohic bhacteria
that can gt into milk, & the enzymes they produce, as well as the
interacting offects of other microoryanisms, somatic cills, inhibitory
substancues & temperature, it is probably impossible to dovise a single
test of milk quality that can have all the desirable attributes
(Marshall & Harmon, 19783,

Ihe SPC has been used as an index to ascertain the
bacteriological acceptability of raw milk. Juhns {1975 arques that the
psychrutrophic bactorial count (PC), serves as a better indicator of
whether or not milk has been praduced under sanitary conditicns,
However, thoe FUC, which calls for a 10 day idincubatisn at 7”6, is
considered by most to be impractical from a time standpoint., Puc they
still regard it as the "standard" to which the newer, more rapid tests
could be camparad (Mhite ot al., 1978, Smith & Yitter, 1979),

Twd of the more promising tests, which arc basically designod

{nd

to measure the number of psychrotrophs in milk are a) ?Preliminary
Incubation {PI) of samples at 139C for 18 hours followed by SPC, & h)
Microscopic Colony Count (MCC) - a test perfected by Juffs & “abel
(1975),

Aothird test known as the Mrseley test has alse becen widoly

appticd & gencrally accopted as an indicator of KO of milk, In this

tost containers of frashly pracessed mitk arc stered in A refrigerator




at 77C for 5 or 7 days after making an S & then raplatad, btarge
increases in bacterial count botwesn the first 4 sccond plating suggest
that KQ problems can be oxpected during refricerated storage of the
product, However, the time needed to obtain results randers the Moscley
& other tests rather impractical for monitoring the quality of a
perishable product (Bishop, White & Firstenburg-Eden, 1984).

The microbiolngical techniques discussed wcarlier cannnt be
employed  for dnmediate use as tost results are not available until
several days aftor the milk products have bheon shipped to cnnsﬁmers
{(dohns, 1969: Hartley, Yedamuthu & R=>inboln, 1969:; “lankenagel, 1976).
Thire is abviously a nzed for a rapid tast that would provide raliable
astimates of milk shel¥-1ife within a time period which would allow for
affective corrective neasures to be taken, The time frame should
preferably be 1-ss thm 48 hours (Patel & Uiankenagel, 1972; White &
LittTe, 1983),

Continuous impedance measurements during the incubation noriod
of microorganisins has permitted dairy microbivluogists to evaluate the
degree of bacterial contamination (Bossuyt & Macs, 1983), Impelance
change is brought about as a result of chemical changes which alter the
electrical resistance (impudence in an AT circuit) of milk {(Cady et
al., 1978). The tiwe required to preduce 3 significant impedance
change, i.e, the detectivn time is idinversely proportional to the
initial number of bacteria,

The dmpedance monitoring techniqus has three advantages over
the previous tests @oa) it predicts shelf-1ife botter than others b) it
is less labour intensive & ¢) it requires only 1-2 days; as naposad €
7-$ days to complete [Mishop, White & Firstenburg-Fden, 19584),

Furthermore, since impedance measurcments detect activity not only from




organisms prosent in the wmilk but <1se enzymos ramsining feom bacteria
killed by pastenrization, inpedance: wINItoring provides a new weans of

predicting KO (Cady ot al., 1978: Gnan o Luedecke, 1942),

é.3. MILK SPOILAGE NRGANISMS & THEIR ENZYMES

Storage of milk for Tong poriods at refrigeration tomperature
has created now brobiems related ta K for the dairy industry., Those
nrablems are mostly related to the arowth & metabolic Activities of
microorganisms. These microorganisms which are tormed psychrotrophs,
are ubiquitous in nature & are commen  cantaminants of milk (Cousin,
1882) . Psychraphilic microorganisms arc rFesponsible for one of the
mast important probioes facing the dairy industry { vercast, 1968},

In the dairy industry, 4 te some extent in other foud
industrics, psychrotrophs are defined as those microgrganisms which ars
able to grow at 79C ap below regardléss of theie optimum growth
temperatures {Thomas, 1969: Collins, 1981},

vsychratre phic growth is well distributos among  the bactoria,
yeasts & molds (Witter, 1861; Stokes @ Redmend, - 1966), Theose
microeraanisms may include Tlong & short rads, vibring, cocci, Gram-
positive or Gram hegative bactoria, spore formers op nan-shure formeg;;
‘aerobic, facultative anaernbic or anasrobic microarganisms (Cousin,
1982). Hany investigators have confirmed that soil, water, nlant &
animals foria the natural habitats af these arganisms (Stokos & Radmond,

1966, Thomas, Yruce & favies, 1966), Poorly cleanad & sanitized dairy

farin & processing plant equipment probably constitute majur foci for

s

contamination of mitk with the psychrotriphs {Thimas, 1966; Thomas &

Co

Pruce, 1969; Thomas & Thamas, 1$73: Thomas & Thomas, 1976: Thomas

Thomas, 1978),
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Micraorganismg that spoil milk at tomperatyrag sTightly ahoye
freezing are predominant 1y Gram—nggativw, nun—spnrb farming, catalase
Positive ruds (Thomas, 19583; Ingraham, 1962, Stokes, 1963), Hactﬂrja
halunginy tu genus Qseudmmonag are most frequently encountored in the
dairy industry 2 are the mosi tLraublesome Dsychrophiies, This 1ig
bacause of their sronvunced ability to roduce  undesirable flavors,
Sdors & pigments (Thomas, 1958 Sfokes, 19635 Jones g Langlois, 1977),
Nther Lranl-negat § ve bacteriaj] qenera most common ]y .fuun(! T contain
pPsychrophilic species are Qghrumobﬂctggg A]ca]igeqii, F1av0bncteriw3,
Escherichia, 4 Eﬂgggggggggg (indrey & Frazier, 1959 Credit et al.,
1972}, Gram-negative facultativo anaerubic ruds of the Tamily
ﬁnturnbdcteriacqu collactively reforped Lyas coliform bacteria hayo
been alsg the mast frequently isylated frop refrigerated  raw milk
(Thumas, 19705 Thomas & Ciruce, 1972 Thomes, 1974 Thomas & Thomas,
1975), 1n additian ty fermenting Tactase {n acid & gas at 37C, the
Psychrotrophic coliforms are responsipio Tor ratenlytic Spnilage of
MiTk. vresence oF coliforms jg SLTIT beinyg ysed Lo assess the sanitary
production of mitk & dairy Products sipce these Hrganisms aro
Indicataps of faccal contaminating ¢ milk & other milk products (Juven
et al., 1981 flunez, Chavarii % Nunez, 1084) ,

Considerabfe attention has beecn given t the incidence of
heatnresistant spore-torming bacteria that Can grow at 790 ap less ip
Pastourized pyip, SpOres af  the QunUs Tacitlus have been found iy
nearly all mjg supplies ¢ consequently, they are 4 major nroblem ip
heat treatment of miik (Martins 1974 Sonnelly & Pusta, 1881; Shehata
et al., 19x3), Psychiraphilic bacilii haQe been isolatid fray raw gk
(Shohata g Lollins, 1971) & pasteurizod milk roducts (Grosskanf g

Harper, 1969; Jonnston & Fruce, 1982 ), ther wurkers {Ciung 4 Cannon,
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1971 Shehata, 2uran & Collins, L7 Wilkinson & oavis, 1973) have
also raperted on the prosence & selected growth cnaracteristics of

psychrotrophic spore-formers in nasteurized milk, cccurrence of 1,

cereus in milk has been reported since 1916, The roale of h.oceraus in
outbreaaks of fosd-borne i1lness is well dguctmented, 4 Targs number of
viable cells of 3, cercus is required to cause illness. Mumbars in
excess of 10% - ]UG/Q have been encountered in food suspactad as
causing iliness (Gapfert, Spira & Kim, 1972). w#wultiplicatien f 8,
cereus in dairy products is nut only of concern as a public health
hazard but also as a cause of cconumic loscs throwyh spoilage of
contaminated products (Ahmed, Moustafa a‘ﬁarth, 1983),

Thermophilic organisms are those that grow at pasteurization
temperature, Those arganisms occupy an impuftﬂnt place in the dairy
industry. Although they are loss harmful to health, they are
responstible for changes in the organuieptic properties of milk
products,

Tha bacturial count varics with the sources of contamination,
praocessing of milk & the type of milk. ‘n fa;ms, that use sterite
utensils, the arincipal sources of contamination are poorly wasﬁed
udders & dafoctively designed milking machines (Chattelin & Richard,
1981). Washing the udder & adjoining arcas & cleaning the machines &
pipelines with hot detergents or disinfoctant solution can further
reduce contamination (Marshall, 1982),

Mhen wilk samples are collacted without washing the udder &
milking machines, the bacturial counts averaged 2.2 X ]UG/mI @ 20,000
- 100,000/ml in milk collected on the farms that washed udders &
mitking machinas (Piton & wichard, 1982),

Thermaduric arganisms do ot grow at high temperatures (the
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maxima are 35 to 40°C) but can withstand the pasteurization
tmparature, dany strains can survive a temperatura o1 809C for as long
as 15 minutes (Stainer, Mouduroff & Adelbory, 1970).

There has been much investigation concerning the incidence &
significance f theemoduric bacteria in mitk and dairy esquipment. The
healthy udder is not a primary source of thermoduric bacteria. Their
prasence in raw milk is always due to dmproperly cleansced milking &
cunling equipment. ccasionally milking cans are also prolific sources
(Thomas ot al., 1967).

Various findinys indicate that the predominant groupy of
bacteria found on dairy equipment, which survive labaratory
pasteurization of farm milk supplies are @ certain species of lactic
acid bacteria, facillus species, Hicrococcus spacies £ nccasianally
Grap-negative bacteria (Themas et al,, 1967; #artin, 1981),

Tho compinatinn of thermoduric & psychentrophic propertics

confers considerable spoilage potenti=T upon a microorganism (dhnston

#

&odruce, 1982}, nccording to Rlankenagel (1976), it has heen estimated
that as few as 10 thermoduric psychrotrophs in a guart of ailk can
cause spoilage within a few days. The presence of heat resistant
bactarial spores is a wajor concern in the production of high Ky milk,
Recent findings, however, suggest that heat resistant enzymes sresent
equally important shelf-Tife problems as the spore formers,

Mast psychrotrephs produce extracellular enzymes in larye
quantities & seme of these, mainly lipases & proteases affact the
storage stability of wmilk {Juffs, 1976; Cliff & lLaw, 1982: Patel,
Bartlett & Hamid, 19835 Gilliland & Ewell, 1983), Heat stable proteases
aof micrabial arigin have been reported by many invnsfigatnrs

(Mayernafer ot atl,, 1973; Law, Androws & Sharpe, 1977; Gebre-Egziabher,




Humbert & lankenagel, 1980),

i property that distinguishes most psychrotrophic microbial
enzymes from those of wilk origin is their extren: huat resistance,
This enables theom to retain activitics even after strong hoat
treatments & consequently affect the storage stability of milk (Law,
Andrews & Sharpe, 1977; Anderson et al., 1981).

Mtra-high temperature (UHT) treatment of milk creatos an
anvironment suitable for protease activity. The protoases attack
proteins & ar: responsible for the development of bitter flaver or
gelatinn in milk {Adams, barach & Speck, 1976; Gebre-Egziabber, Humbert
& slankenagel, 1980: Adams & vrawtey, 19815 #cKellar, 1981).

The rancid flavor produced in milk & milk products through the
action of the micrabial lipases is highly objectivnable to man, The
rancidity is mwainly duc to the liberation of butyric acid from
trigliycerides by the lipases,

In addition tn the psycurophilic, thermoduric & thermophilic
arganisms or their thermostable enzymes, other physical factors, such
as light & oxyugen, also cause defects in milk flavor. In avaluating

flavar & quality of fresh & stored (sell-by-idate) market milk, several

investigators (Fandler & Molf, 1879; Marnard, 1979; Shipe ot al., 1980)
raported that more than 50% of the stored samples had objectinnable
aff-flavors,

The adverse effoct of light on wilk flavor is well Known
(Dimick, 1973; Hedrick & Glass, 1975). ther authers have also reported
more rapid off flavor changes in mitk packaged in plastic &for clear
glass than in paper board whon subjected to sunlight or Tights in milk
display cases. In rec.nt years nilk is being packad in unpigmonted

polyethylene bags & paperboard cartens. Investigaticns have shown that
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nrotection of milk quality offercd by these containers differs, Their
measureimants indicate that nilk is very susceptible ty alteration by
exposure to light. Flaver changas 2s well as Toss of vitamins & other
nutritional components aro attributed to chemical reactions induced in
the nilk by light with wave lengths below 550 nm {Halson & Cathcart,
1984), For unpigmented blow-malded plastic milk containers, light
transmission of 25 to H0% were renerted by Yarnard (1972).

Milk contains Vittls cxygen in the utder (Ford, 1967), but
normally bocomes saturated with it between mitking & heat processing.,
Even though the solubility of axygen in milk is not groat, reactions of
oxygen in milk generally lead to less of quality which may bg
nutritional or arganonleptic or both, Ascorbic acid § falic acid are
readily axidized. Losses of vitamins B12, A & E alss depend on the

oxygen content of milk (Hansen, Turner & Aurand, 1972 Schrodop, 19823,
2.4, MILK PROCESSING : INHIGITION & CONTROL OF MICRIIRGANISMS

Application of teat is the most comman methodt of destroying
microorganisms in foods, Testruction of pathogenic organisms that may
be present in milk is achioved fhr»ugh pasteurizntiﬂn.-This requires
heatfng the milk to a specific temperature, holding it there for a
specifigd~tiﬁe perind & subseguent conling of the product rapidly. High
temperature short time (HTST) pasteurization or continuous methad
consists of heating the milk at 72°C far 1% scconds white the low
temperature Tong time (LTLT) or holding type of pastourization requires
treatment at 639C for 30 minutes (Tuszynski, 19783,

The process of pasteurization is, however, not adequritc for

present «day merchandising of milk products. A recent study at the
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University of Flnrida ravoiled that Tecaving rogular pasteurized milk in
a shopner's autnmpbile ancourayed  growth of microorganisms that
survived the pasteurization Process or weroe prescnt as pest
Pasteurization contaminants, This in effect reduces subsequent shelf-
tife of the milk (Aggarwal, 1974).

Host pracessors exceed the time-temperature relationshin
estabiished for pastzurization to increase the shelf-1ife of their
wraduct, Heat treatments considerably above pasteurization have boon
riferred to as Ultra-High Temperature (UHT) processes, iccording to the
International airy Federation, UHT procassas refer to pasteurization
techniques with tempoeratures of at least 1309¢ in a continunus flow 7
helding times appraximately 1 second or mare, Many UHT systems have the

/
potential of producing a sterile, or at least a product with Tong
shelf-tife & wnaltered flavor & texture (Mesthoff & vanpas, 1976),

The use of UHT sracess & aseptic packayging of non-
refrigerated milk product has been in practice in many Eurancan
countries & Canada fur soveral years. Hore racent technical advances
utilizing continuous flow UNT systems (huth s$team injection & steam
infusion) have resultad in nNighly acceptanle products. srecessing with
UHT of this typa mllowed by aseptic packaying apnears to be the nnly
practical way at this time to produca a goud quality product which only
spuils occasénna]]y, In most cases sprilage is due to contamination
accurring during the filling operation (Westhofr §& fougherty, 1981),
Studiés made by Gebre-Egziabhor, Humbert 2 “lankenagel  (1980) have
shown that complete destruction of hoat resistant proteases in milk by
UHT treatment is difficult to achieve.

kacontly a device has baeen developad which autometically

controls the quatlity of UHT milk., This device aperates on the basis of
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electrical registration of cnangos in hydrodynamic propertics (eq,
yiscosity) due toomicrobial activity. It chiecks cach packayes separatoly
¢ automatically rejects faulty jpackages which have microorganisms in
the milk {Hoisio & Kreuls, 1973).
| Shelf-Tife of 140 bottlos (250 @l ecach) of milk processed with
an indirect UHT system, constructed at Kansas Stat: University at 1350C
for b scconds, was prolanged e 4 menths when held at 7 4 320
(Wadswarth & Bassotte, 19853,
The processing & cistributicn cnsts for UHT milk was found to
b between 65 & 85 % of those for pasteurizad milk, Rased on this &
many othor studies, it appears that marketing UHT milk would be

economically viabla (Ramm, 1978; Anon, 1979: Hehta, 1980).
2.5, MILKING & MILK PROCESSING EQUIPMENT

Many bacteria in natural waters 4 binlooical fluids are able
to attach tn available surfaces & preliferate {Corpe, 19705 flowman,
1974}, Pacteria attached to inanimate surfaces are important not only
as agents of biofouling & surface corrusion  but alsa as potontial
contamination sources for any material which contacts the surface.

The generally accepted model of bacterial attachment is the
two phase serption suggeosted by Marshall, Stout & Mitchell (1971). In
this wadel, bacteria are rapidly attracted to a surface , but arge hold
only weakly., This reversible sarption may bhe followed hy an
irreversible phase nf adhesion in which the bacteria can ne longer be
removed by washing., The second phase of attachment is often sscoribed to
synthesis by the cells of extra-cellular polvieric glue, although such

synthesis may not always be necessary (Stanley, 1983),
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Pacterial attachment is affected by the dintringic orooopreies
af the attachoent surfac. (farszalok, Gerchakny 4 Udey, 1979} viz,
topography, surface charge & wattability; 4 the nature & concentration
of dons {Stantey 5 jose, 1967 @arsha11, Stovt & Witchell, 1971
Flatcher, 1976),

Proper cleaning 4 sanitizing of dairy farm equipment is vital
for production of hiyh quality milk (Migalke, 1878%, However, civaning
procedures in dairy plants are uften inefficiont in remuvind all

hacteria frem the equinnent (Kaufmann et al., 1960; Maxcy, 1969),
2.6. MILK.QUALITY IMPROVEMENT

Thera still ore many appertunities €0 fmprove milk guality in
general & manufacturing-gracde milk quality in particular. Efforis made
hy field men, labaratery personnel, & milk sanitarians are stﬂrling tn
pay off in impuroved acteriological qualitly nf manufacturing-arade milk
marketed from many dairy farms {Larranys, 1979).

A new possibility to improve a high bacterialagical quality of
raw milk at amhient tomperature has haen tostod in many countries
including Kenya & Sri-Lanka by the activation of the Tactoperoxidase
system. This is a aturally occurring inhibitery system in raw milk
Lhat can reduce the pacterial contapt of milk (Rjorck, 1978; Rjorck ot
al., 1975; Reiter, #arshall G Thillips, 1980), The tactoperoxidase
systom, inhibits ‘Yactic straptococci & Gram-negative rods especially
pseudomonads. This new mothod is based anoactivation of the naturatly
nccurring lactoneroxidase system in milk by increasing the
cancantration of the twn reactants, thiccyanate 2 hydrasgen neraxide, te

aptimum 0, 250K {("jorck, 1978). 1n practice, activation aof the
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lact-proxidase syston can b made by adding Hp'p {np Hptio donor} to the
above comcantranion 4 increasing the natural content of thiscyanate
(nrmally around 0.05md) to the same levil (Zajac et al., 1983).

niorck, Classson & Schulthess (1879) oexperimented with tiis
system as a temporary srescrvative for ravw milk in developing
countries, dosults of these studies demonstrated that the length of
hacteriestasis is temperature-dependent: 7 to 8 hours at 300C, 11 to 12
hours at 257C, !5 to 16 heurs at 20¢C & 24 to 26 heurs at 189C. The
quality of treatad milk, nmeasurod by the resazurin test showed a
sionificant improvamont over that of the untreatid contral  {Cousin,
1982). Activation of the antibacterial lactaperoxidase system in milk
results in a substantial reduction of the bacterial flora & pravents
the nultiplication oy psythrutrnphic pacteria for up to 5 days. This
treatment has ne offect sn the physico-chemical properties of mitk &
dansn't Tead to the accumulation f resistant bacteria {'i3orck, 1978).

Snuilage of refrigerated untreated whole milk was found o ber
inhihited by the atditien of Clp & the effect was enhancod with
increasing concentrations of Clp & decreasing storage tomperature,

Experimants with pure cultures ~f Pscudommas fluorescens showet that

the inhibitory eifects of Chg ware not dua to increasad acidity or to
displacement of dissolved “p, but ©o the prasence of Cilp per se which
induces an increase in the duration of the lag-phase of growth, Storage
af milk containing 20-30 wit dissolved Clp at 109G Hrobelw reducerd the
growth rate of psychrotrephs in raw milk (Kiny & #ashbitt, 1982), The
Cito addad creates an acidic taste but can ba removed from the mitk by

warming under reduced prassure,




3. MATERIALS & METHODS

3.1, SAMPLING & SAMPLE COLLECTTON
Samples of raw &/or pasteurized milk wers collocted wvary week

from Hovember 1926 up to February 19288, from the 4tlis Abzba Daijry

il

Gevelopmant Enterprise (AANSE). three privately owned & thros
government ovmed dairy farms arcund Addis sbaba. The AARNSE enllects
nilk froam farms arcund 4ddis fbaba and framsports it to the olant in
containers on open lerries unrcfrigerated, 1t normally takes 3-6 hours
butwaen collection and pasteurization,

Aosampte in this stody, consisted of 4 sub-samplas cach of 250
Ml quantity. These wers:
Looa) raw milk froam the bulk tank containiny all the milk obtainsd from
different farms & collection centers (1) b) raw ailk frem privately
vened farms or ¢) raw milk fron government owned farms,
2. ¢asteurized milk fromo a2 tab just past tha cosling unit in the
pasteurizer (1),
3. Pasteurized milk containod in bulk tanks & reardy to be packaged (22)
1. Vasteurized milk collected from 500 ml capacity plastic bags, a few
minutes after packaging (23).

Unless wviharwise specificed, pasteurized milk in this study
weans '3,

The tanks, twe of which have a capacity of 10,000 Titers cach
& third with an 11,000 liters capacity, were all from Boerry (The Herry .
Enginecring Horks Ltd., UK). The packing units, vropac (Ville Juif 9d-
France) are three in number, Tie pasteurizing unit is Alfa Laval

(Sweden) which pasteurizes by flash technious at 72UC for 16 seconds.
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fhe milk samples had o tamiorature of 59C, Samplas fop
bactericlagical analysis were cotlected dn sterile bottles &
inmediately transported to the taboratory. fnalysis wis carried aut in

1255 than 3 hours,

3.2, CONTRIBUTION 9F EQUIPHMENT & UTENSILS TO THE TUTAL SPECTRUM

AN MICROBIAL LOAD OF MILK

Two different byt conptemantary taechniques ware emlayed to
determine the contributions made by the wquipment to the total
micrabial 1oad & spectrum of micraarganisms, The rinse sclutione from
the 3 cifforent bulk tanks (iF2) were taken to the Tahoratsry for
bacteriological analysis, ‘ne ml burtions ﬁf the rinse selution wero
seeded in 3 sterile petri-dishos 4 1518 @) af sterils Trypton: Suya
Agar (1S4) (' xaid, England) was paurad into cach plate, The platos were
gently rotated to hring abosut offective distribution of the sarples,
These were then allowed to solidify & incubated at 79¢ tor 7-10 days,
320C & 559C for 21-48 hours, Colonies were counted & results recoprdad,

[n addition, the 2eplicate rgenism tirect Agar Contact
(R IAC) plate mothod was also used to estimate the microbial 1sad of

the equipment at the AADDE,

3.3. BETECTION & ENUMERATION OF MICROORGANISMS IN THE AIR IN THE
PASTEURTZATION PARLOUR

vetri dishes containing sterile TS were Teft open for 15
minutes at the sites of sampline, The plates were then carried to ohe

Taboratory & incubatod at 329¢ for 24-48 hours, Colonies weroe then
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countad & recorded as enlony forming units {cfu) / plate / 15 minutes.
Represaptative colenies wers also subculturet am to TSA slants for

irdentificatinn purpi-ses.
3.4, ASSESSING CONTAMINATICN OF THE PLASTIC BAGS

The microbial load of the plastic bays was alsn gvaluated
before G atter the UY treatment of the bags using <00AC plates. The
ROOAC plates were then dincubated at 32°C for 24-48 hours.
kepresentative colonies were subcultured on to TS slants for future

binchemical work.
3.5. KEEPING QUALITY DETERMINATYION

From the milk samples brought to the laboratory as well as the
Taburatory nasteurized milk, duplicate 20m1 amounts were transferrod to
sterile tost tubes O maintainad at room 4 refrigeration temperatures to
assess thoir K. The tubes were then checked for curdling & acid
aroduction. The eartiest time at which the milk started to get spoilad
or the warlicst time at which the milk started to get an unusual odor
aor curdling was racorded as a criterion fur assessing K(,

Sniffing for unusual odars was performed by me throughout the

investigation perind,
3.6. DETERMINATION OF APPROPRIATE CONCENTRATIONS OF DISINFECTANTS

fototal of 5 chemicals, twe of which are raogularly usod by the

AL, for sanitization purposes wers assessed fupr their bactericidal/
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bacteriostatic activities. Soda aesh {NapCiiz) & caustic soda {raH) used
at the ‘airy Plant rasularly, werc preparod at g/t and 26.5¢/1
concentrations {aqueuus), respectively. Savion, .ettol & Chlorox
(SELEX, Ethiopia) were used at 1618, 1:100, 1:500, 1:1000 o 1:2000
dilutiuns,

To Sml nf chemical contained in 4 test tube at q specified
concentration, Iml of bacterial cell suspension whose N0 yas
adjusted to 0.1 was introduced intn it, mixed thoraughly & Kept at roon
tenperature for the duration of the test, Nuplicate 0.iml samples wopre
removed from oach tube fullowing aseptic techniques @ spread plated on
TSA plates every 5 minntes fop the first 15 minutes & thereaftop ovory
30 minutes for upto 2 hours,

Saveral microorganisws witich were found as the most
predominant species wore used te aeternine their sensitivity to those

chemicals,

3.7. BACTERIOLOGICAL EXAMINATION JF MILK SAMPLES

The cillected milk samples were serially diluted in a quarter
Ringer's snlutinn following recommenged pracedures  (Marth, 1978), Six
TSh plates wern surface plated with 0.1lm} Lortions from each 4ijuiinn,
Juplicate plates were then incubated at 79 far ahout 10 days for
psychrotrophic count, 320C far 24-18 hours for SPC (aerohic mesophilic

caunt), G oat 5500 for 24-48 hours fop thermnphilic count.

3.8. LARIRATORY PASTEURIZED MILK CAUNT
Fooodoternine the thurmodﬁric counts, ton ml amounts of cach
sub~samplc were placed in sterile tost tubes & pasteurized in a water-

bath at 62,89C for 3g minutos, Immadiataly following the Heat
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treatment, tie milk samples were coolas raprdly in cold water g
appropriate dibitions wore surface plated on TSA & incubatod at 390
for 240-48 hours, |
Reprasentative colonies wore pickad & subcultured on TSa
slants. Thase were restreaked .n TSA plates tn isclate pure cultures,
The pure cultures were then maintainod on TSA slants & used for

biochemical tests,
3.9. IDENTIFICATION OF {SOLATES

Cultures wers picked from aach petri plate after checking the
colony merpholagy, cnlor in medium and Gran reaction,

[snlates shtained from milk samplas, rinse solution, {9AC
plates, room contamination & plastic bays were identified to the
species levels after conducting standard hiochemical tests. The
fellowing were consulteas for identification & naming the ?)acferia:
:wuchapnan & Gibbons (1974), Collins & Lyne (1976), suxton & Frasep

(1977}, & Harvey & Gilwour (1985).




4, RESULTS
4.1, THE STANDARD PLATE COUNT

The standard plate count {SPC) s suitable for mensurinﬁ
hbacterial populations in must tybes of dairy preducts. It is the nost
frequontly employed dindex used for measuring the sanitary quality of
milx & for detarmining the a2fficiency of pasteurization. [t alsn gives
cnough information about the microbial 1oad in the dairy product. The
numbers & kinds of Tiving bactzria nresent in any food also serve as a
good index Tor measuring the shelf-life (KQ) of the foud, In the case
of dairy products, bacterial count is a]su"une af the Tegally specified
criterion by which the product is assigned a grade,

Recauss of these reasons, SPC was alse determined for row,
pasteurized & laboratary pasteurized milks obtained from the "AWE &
other privately & government owned farms, As can b soen from Table 1,
the counts for the milk samples fall hetwesn 107 - 109, 107 - 100 & 103
- 109 for the raw, pasteurized & Taboratory pastourized wilk samplos,
respectively,

As much as 13.3% of the raw milk samplcs had counts equal to
or well aver 109 bdcteria/ml. Howevor, 86,71 of the raw milk samples
had bacterial counts greater than 107 but less than 9.9 X 108701,
the other hand 33.3% of the plant pasteurized milk samples had counts
graater than 106 bacteria/mi, while 53.3% had counts well over 10°
hacteria/ml, lLaboratory pasteurized milk contained fewer bacteria, but
hers ton, 30% of the samples showed counts of 109 g greater, Thorefore,
the majority of the raw milk samples had counts between 107-108
bacteria/ml, Evonthough most sampies freom the laboratory pastourized
milk fell below 10% those pasteurized at the Mairy had counts 1ess than

or equal to 109 bacteria/ml {Table 1).
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Table 1. Abundance
for raw, pasteurized 4 laboratory pasteuriz

e milk samples,

of samples falling in different bacterial counts

Racterial count RAY PASTEURTZEN LAY, PaSTEU.,
range . . ] ] \
107 INE 109 It 100 106 13 10% 105
Number of 14 12 4 4 16 10 3 18 9
Samplos*
% 46,7 ) 13,3 13.3 53,3 33.3 10 &0 30

*oaumber of samples oguals o 30 throughout this study,

[n axdition to the total count, Lsychrotrophic, thersinduric &

thermophilic counts were alsa nbtained far the raw, masteurized 0

laboratory pasteurized ailk samples. This was basically done in order

A
[ &4

to compare the prapartinn of psychratrophic to thermoduric

thermophilic caunts in the . The percentage

different miltk samples
abundance of these bacteria in the differont samples is given in Tablos

2 4 3. As can be saen frem thosoe tables, psychrotroghs make up tho

greatest proportion of bacteria in hoth raw {98.1%) & plant pasteurized

(53%) mitk samples, In the taboratory pasteurized milk samples, wm the

Jsther hand, the dominant group are thermoduric srganisias making up
70.4% of the population follnwed by the psychrotrophs & thermophiles,
In the raw milk samples the majority (86.6%) of the

psychrotrophic bacteria had counts in the range -t 105°-100/m1, In the

plant pasteurized milk sanpies 90% of the psychrotrophic count ranges

Fall between 10% & 109, In the faboratary pasteurized milk, on the

other hand, 70% fall in the 103 bacterial count range & the rest 30% in

the 104 range,
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Table 2. Comparative propartions of the psychrutrophic, thernoduric & thermophilic
arganisms from raw (k), pastourized (P), A laboratory pasteurized (LP) mi
samples,

* Total count dincludes mesophilic count which is net given in this

tablo.
PSYCHI TR PHIC THERM M IURIC THERIA PHILIC THTAL*
- Count " )
range 105 106 107 1n° 106 qot 15 106
Ao, of
Samples 10 16 4 2% 5 18 10 2 5.7 X 108
R
% 33.3 53.3 13.3 83.3 16,7 - 60 33.3 6.7
Cutint - . . ,
range  10% 105 106 W04 105 106 13t b
P Ho, of o , o ]
Sanples 12 15 3 15 13 2 10 15 5 1.9 X 106
p 4) 50 10 50 43,3 6.7 33.3 50  16.7
Count ‘ . - ’ ¢
range 103 10% 04 109 103 198 108
£y . uf
Ly Samples 21 9 . 12 18 _ 6 19 5
2 % 10"
9 030 A 60 20 63.3 16.7
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fore than 80% of the thermeduric arganisms in raw milk fall in
the 10% hacterial count range, wiile in the plant pastaurized &
Faboratory pasteurized nilk samples majority of the organisms (more

than 90%) fall between the rangss of 10% & 109 bacteria/ml, The lowest

. . . 1 N .
count for pasteurized milk was 6 X 10% while the highest recordod was

3 X 106 /m1.

Table 3. PYarcentage distribution of bacteria in different
mitk types.

%» istribution of Dacteria
Tybes of

Hryani sing R PLANT PAST, LAn, PAST,
;sychrutruphs 98.1 53.0 4.1
Thermoduric 1.4 39.5 70,14 N
Thermophilic 0.5 7.5 25.5

4.2. SPECTRUM NF MICROORGANISMS ISULATED & IDENTIFIER

In the course of this study 185 isclates ware identified &
their abundance in milk determined, The bactoria disolated & the
relative propartions they occur in the milk is shown in Table 4, The
isolates balong to 14 gunera. These inc]uda bath Grem-positive & Gram-
negative rods as well as Gram-positve cucci; The fmds & cocci appear to

exist in a proportion of 10 to 60% respectivily (Table 5).

Species balonging to the genera Streptococcus, Staphylococcus,

Micrococcus, “acillius, & Arthrobacter ware found to be the most

abundant (Table %), f these, the group with coccal morphulogy were

found to be highar in abundance than thase of the rods,
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Table 4. Bacterial genera isolated fram wmilk samples.

[solated Genera o, of isolates g
Strontococcus 50 27.0
Staphylncoccus 36 19.5
Micrococcus 25 13.5
tacillus 24 12.9
Arthrobactar 2) 1.3
fier monas b 2.7
Lactobacillus 4 2.2
suudomonas 4 2.2
Citrobacter q 2.2
Streptonmyces 3 1.6
tnterobacter 3 1.6
Escherichia Z 1.1
Mcaigenes 2 [
Corynebactaerium ? 1.1
Total 185 100%

‘ The rod-shaped hacterial population was ayain classifinod intn
twn depending upon thair Gram's reaction. The Gram-gositives ware found
to represent the highest prapertien of the rod-shaped bacterial
poputation, thus making up /3% & the rist, Gram-nogatives, make up 27%

(Table 6).
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0f the Gram-positive rods W% were found to be spore formers
& the remaining 55,6% were non-spore formers (Table 7), The Gram-
positive spore forming population comprises exclusively species which
belong ton genus Bacillus, the most abundant being &, subtilis & B,
punilis (Table 9}, The Gram-positve non-spore forming population, on

the otherhand, is dominated by species belonging to genus Arthrobacter,

the most abundant being ﬁf implex (Table 8),

Table 5. Total number & relative proportions of rods to cocci,

Group of Organisms Ho. of isolates %
Cocci 111 60
Rods 74 40
Total 185 100%

‘Table 6. Total number & relative proportions of Gram-
negative to Gram-positive rods,

Rods Mo. of Isolates %
Gram-positive 54 73
Gram-negative 20 27

Total 74 100%
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Table 7. Total number g relative proportions of Spora
forming t. non-shore forming Gram-positive rods.

Gram-positive rods No. of Isulates %

Spore Formers 249 44,4

Non-spore Formers ‘ 30 55.6
Total 54 100%

Table 8, Gran-positive nen-spore forming bacteria,

Gram-positive

Non-spore forming prods Hoo ef Isnlates
Arthrobacter simplex 14
Arthrobacter terregggg 6
Lactebacillus brovis 4
Stroeptomyces Spp. 3
Corynebacterium Spp. 2
Arthrobacter glohiformis 1

Total 30
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Table 9. Gram-positive spore formers,

— g -

Gram-pusitive Spore formers Mn. of Isolates
3acillus sunhtilis 6
Pacillus pumilis 6
dacillus Ticheniformis 4
BQaciilus circulang 3
Bacillus coereus _ 2
Hacillus polymyxa ‘ 2
Racillus macerans 1
Total 24

The Gram-neyative rod shaped bacteria which made ups 278 of the
total rod shaped bacterial population represented 6 ganera, The most

abundant was qenus Aeromcnas  followod by Citrobacter, Pseudomonas &

Enterobacter, The 7 different species which helanged to the six genera

are Tisted in Tahle 10,
AT bacteria with coccal morphology were found to he Gram-

positive, They all fall into one of three genera, namely,

Streptucoccus, Staphylococcus, & micrococcus (Tahle 11), As shown in
Tanle 12, the Gram-positive coccal poputation was dominated by

Streptococcus species followed. by Staphylococcus & Micrococcus species.,




Table 10,  Gram-negative rad-shaped bacteria,

Gram-negative rods Nu. of Isolates
i
Aoromonas spp. 5
Citrobacter freundi 4
Enterohacter liguifaciens 3
Mcaligenes faecalis 2
Fseudomenas aeruginosa 2
Psuedomonas spp, 2
Escherichia coli 2
Tata] 20

Table 11, Total number & relative proportions of the three
coccal bacterial genera,

Coccal Genera No. of Isolates %
Streptococcus 50 45,1
Staphylacoccus 36 32,4

Wicrgcocous

]
[
[
At
.

[

Total 111 100%
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Tahle 12, fbundonce of Gram-positive coced,

Gram-positive Cucci M, of Isolates
strepltococcus lactis 30
streptococcus durans 20
Staphylocnccus epidermidis 19
Staphylococcus aureus 17
Micrococcus varians 12
Micrococcus luteus 9
ilicrococcus roseus 7
Total 111

An attempt was wmade to determine if differences existaod
amongst the nacerial specics found in the threo types of milk i.e. raw,

0

pasteurizod {

Tahoratery pasteurized samples. The organisms isolated
from the raw itk belonged to 9 genora & consistod of 16 spacies {Table

13). The most abundant of these organisms calonged to genus

streptococcus. It comprised 39% of the total raw mi bk isalates, This

was followed "y Staphylocnccus comprising 21,7%, hacitlus, 114 &

Micrococcus, 10.9%.
“m the other hani, organisms isolated from pastourized nilk
constituted 20 species which nelonged to 14 genera, As can be seen from

Table 14, the most abundant of these Belonged to the gyenera

stroptocuccus {25.7%), Staphylocuoccus (18.5%), Arthrobacter (14,3%) &

Hicrococcus (12.9%).
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A
Racteria falling into 7 gepera were also isnlated from the
Fabmratory pasteurized wilk (Table 15). The most anundant arganisms in

this group belonged again to the genus streptacoccus which mado up to

354, genus Bacillus 20%, & ycnus Staphylocuccus made upte 17.5% of the

total thermoduric urgandsms,

Table 13, Total numbor 2 relative praportions of organisms
tselated from raw milk.

frganisms No, of Isolates %

Struptococcus lactis 12 26,0
Streptocnccus durans f 13.0
Staphylococcus zurous H 13.D
Staphylococcus epidermidis 4 8.7
Micrococcus varians 3 0.5
#icroceccus lutous 2 4.4
Arthrobacter simplex 2 4.4
Citrabacter freundi 2 4,4
Bacillus coreus ? 4.4
“acillus subtilis 1 2.2
Pacillus pumilis 1 2.2
Bacillus polymyxa 1 2.7
Psaudomonas azruginosa 1 2.2
Pseudomonas sp. 1 2.2
Alcatigenes Taecalis 1 2.2
ACPOIONAS sp. 1 2.2

Total 45 100%
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Table 14, Tot~l nunber & relatiys proportions of arganisms isnlated
from plant pasteurized milk.

“rqanisms Ho. of Isolates b1
Stroptoceccus lactis 13 18,6
staphylococcus aurcus 8 11,4
Arthrobacter simploex 8 11.4
staphylocaccus epidermidis 5 7.1
Streptucoccus durans 5 /.1
Micracuccus varjans 5 7.1
Aersmonas sqn, 4 0.7
Bacillus punilis 3 4,
Enterobacter Viguifaciens 3 4.3
Micrococcus Tutius | 2 2.9
ﬁicrocﬁccus reseus 2 2.9
Arthrobacter terregens 2 2.9
Lactnbacillus brovis 2 ‘ 2.9
Escherichia ¢olj a 2.9
sacttlus licheniformis 1 1.4
Citrovacter freundi 1 1.4
Alcaligenes faccalis 1 1.4
Pseudomonas Aeruginosa i 1.+
Streptomyces sp. 1 1.4
Corynchacterium sp, 1 1.4

Total 70 1002




Table 15, Total numior & relative proportions of orgenisms is:lated
i r. .
from the Taboratury vasteurizod milk.

Organisns Mo, of Isolates %
Stroptacaccus durans 9 22.5
Staphylocnccus zpidermidis 7 17.5
Stregtococcus lactis b 12.5
Bacillus subtilis % 10,0
Bacillus circulans 3 7.5
icrococcus lutaous 3 7.5
fiicrococcus varians Fd 5.0
Arthrobacter §implex 4 5.0
Lactobacillus brevis 2 5.0
Racillus Tichniformis 1 2.5
Arthrobacter terregens | 1 2.0
Corynehactorium sp. 1 2.0
Total , 40 100%

4.3. SOURCES QF CONTAMINATIUN

Studies were also conducted to detormine the sourcos of
cantamination as wcll as the relative degree of contaminating
microhinta contributod by wach of the sources.

Raw milk oCrought from difforent collection centzrs: 3
srivataly owned O another 3 government owned farms were sampled before
Cheing dintraduce ! into the bulk conling tanks. The SPC & psychrophilic

counts af the milk samples ohtained from the different farms were

|-
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determine ) (Talle 16), The spectruin of microorganisas fount in the milk
samples was not differcnt from that founst in the bulk cooling tanks.
The micrabial Toads (SPC) as well as tha psychrophilic counts of the
rav milk samples collecte:t from privately or gavernment owned farms
vere very sitmilar. Howover, state farms hat fewer psychrophiles,

The secund source of contamination that was considerad,
inclulde? the utensils used for holding raw & pasteurized milk., Botn the
ROGAC plate metho! & the rinse mechol were used to dotermine the
contributions made by the utensils th the total wicrobial Toast, “oth
methods demonstrated that the bulk tanks were heavily contaminated with
a variaety of micrcorganisms (Table 17), the majority of which were
thermnturic, These same organisms were alsa isalated from the

pastourizoed milk.

Table 16. Comparisan of bhacterial 1oat in raw milk ontained from

three state & three vrivats farms.

STATE FARKS PRIVATE FARMS

COUNT

t

—
o
(%]

B I e T s B SR R LN R S R
—
i~
(5]

t

SPC 5.4 X 109 5 x 108 4 x 108 8.6 X 109 4,1 x 1% 7.4 x 109

Pt et g

I
_ I

PSY® 2.8 X108 2 x107 1x107 1 1.2 %109 2.2 %109 1.5 x 109
I
I

* Psychroaphilic
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The RODAC plate mathod was also used to study PPC in the
blastic bags beiure & after UY treatment in tha fillars. As can be scen
from Table 19, UV treatment befnre packing yreatty reduced the
bacterial 1nad in the plastic bags, eventhough complete storilization

was not possibla,

Table 17. Organisms isclated from bulk tanks by the rinse & RODAC
plate methods,

RODAC RIMSE
Staphylacnccus aureus Staphylocaccus aurcus
Staphylococeus epidermidis Struptncnccqg lactis
Micrncncecus varians Bacillus subtilis
Micrococcus tuteus Hacillus ]ichﬁnifﬂrmiﬁ
Streptococcus lactis Hicrococeus rmgeus
Bacillus pumilis Citrobacter freundi
Bacillus licheniformis Arthrebacter simplex
Arthrobacter simplex Arthrabacter terreqens
Arthrobacter terrsgens Arthrobacter globifarmis
Pseudomanas sp. streptococcus durans

fhe rooms where milk is processad have also hoen examined to
find out if they contributo to some extent to the bacterial count in
milk. The organisms isnlated were sitmilar to those isolated from

pasteurized wilk (Table 18),
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Table 18. Organisus isolsted from the rooms whoes milk is
processed at the AANDE,

PREDORIHAMT ROOM COBTAHIHANTS

- Staphylococcus opidernidis

Streptococcus durans

Bacillus pumilis

Bacillus macerans

Microcnccus lutaus

Hicracnccus varians

Arthrobactor simplox

Arthrobactoer torrogens

Table 19. List of gencra isolatod from plastic bags before &
after UY treatment by the RODAC plate method,

RACTERIAL GEMERA ISOLATED FROM PLASTIC BAGS

Before Y treatment Atter WY troatment
Bacillus Bacilius
Staphylncoccus | Staphylacnccus
Arthrabacter Arthrobacter
Mierococcus Hicrncnccus
stroptococcus Streptacaccus

Escherichia

Corynebact-riun

Alcaliyencs

Pseudomonas
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4,4, ASSESSMENT OF KEEPING QUALITY

The shelf-Tife (KQ) of raw, pasteurized (Pl, P2, & P3) 2
labosratory pasteurized milk samp]u; was alsa detérmined during this
study perind. The range of KQ at differegt storage temparaturas is
given in Fig. 1.

A comparison of the KG for the raw, pasteurized & laboratory
pasteurized milk samples at different storage tomperatures is plotted
in & bar graph in Fig.l. Lahoratary pasteurized milk had a KG of 180h
(7.5d) at refrigeration tomperature & 10%4h (1.3d) 2t room temperature,
Raw milk has the shortest Kb, 48h (2d) at refrigeration tenperature §
22h (0.9d) at room temperature.

The KQ of the plant pastourized milk at different sites (P1,
P2 & P3} has alsn bLeen compared follawing the same procedures. It has ,
therefore, been found that plant pasteurized milk samplad fram- the
pasteurizing unit (P1}, has a better KG at buth storage temperaturas as
compared to milk samples taken from the bulk tanksL(PZ) & plastic bays
(P3). As can boe seen from Fig, 1, Pl has a KQ of 173h (7.2d) at
refrigeration temperature & 74h (3.1d) at room temparatury, Thb g of
PZ & P3 milk samples, on the other hand, is vary 1nw at both storage
temperatures as cnmparod to the KN of P1, Milk sample P2 has a KO of
91h (3.8d) at refrigeration temperature & 54h (2.3d) at raom
temperature; & P3 , 78h (3.6d) at refrigeration temperature & anly 50h
(2.1d} at room temperatura. ilk samples P2 & P3, therefourc, have

comparable KQs at both storage temperaturcs as can be seen from Fig.1,




LU0

160

140

120

100

80

GO

Fig.

1.

ey

74
104
a1
87
7
54
LI Vi 50 7 _‘3 #
. e
pa
o
R .
7 18°¢

STORAGE TEMPERATURES (V0)

Comparative shelf-life (h) of raw (K), laboratory pamtem'izeg
(LPS & plant pas‘r,r—-\%rized {PJ ,P,},Pg) milk samples at room (18 )

= . 'q( = E M .
& refvegeration (7 C) temperatires.




4.5, DETERMINING THE APPROPRIATE CONCENTRATION OF DISINFECTANTS

The effectiveness of 5 disinfectants, twe of which arc
reqularly used by the AADDE, has boen tested in the Tabaratory using
the most predominant microorganisms isolated from the Dairy Plant's
milk. Snda ash (10g/1) & caustic soda (26.5G/1) used at the PDairy Plant
regularly were found to he ineffective not only at the concentrations
used at the Dairy Plant but also at higher concentrations at 15-30
minutes holding time. OQther disinfectants like Savlan & Chlarox, on the
other hand, were found to be much more offective at a much Towir
concentration - as Tuw as 1 : 500 at the same hulding time (Table 20).

The bacteriastatic/bactericidal offact of these disinfectants

decreases for some organisms like Bacillus. cercus. In yeneral,
however, the disinfectants are more effective on Gram-positive than on
firam-nzgative bhacteria,

Table 20, Effoctivensss of disinfoctants at different

concentrations to the major groups of bacteria isolated
from the AAPDE milk at 15 - 30 minutes halding time,

CORCEHTRATION OF DISINFECTANTS

TYPES
OF
DYSTHFECTANTS 1 1000 1 : 500 1 100 1:10
Caustic soda ~ - - "
Soda ash - - - ¥
NDettol - - + +
Savlen - + E +4
Chlerny - + ++ ++

- Hot offoctive + Effective ++  Highly effactive




5. NISCUSSION

In mnst countrics where the risk of contaminaticn during milking,
transpurting, storage etc. is Tow, the standard plate count {SPC) for
raw milk is alsa low. Goebhardt & Hicholes {1975) reviewing
micreobinlngical standards in milk, state that the SPC for raw nilk in
developod countries falls between 7.5 X 104 tn 2 X W9, This is at
Jeast 100 times luss than what has been recorded for raw milk brought
to the AADDE for pasteurization purposes.

During this study period the lowest SPC was found to bo
A X 107 while the highest was 3 X 10?7 bacteria/ml of raw milk. ﬁuwcver,
as much as 46.7% af the milk sampled had counts of n’/ hacteria/ml of
rav milk. Therefore, one could assume that under current wilk handling
procedures, here, the SPC of raw milk to bo about 107/ml. Of course
with slight effort in dimprovements in collection of milk, this value
could b2 raduced signifjcant]y. Pasteurized milk, depending upan the
sampling site at which it was collected, showed SPC values ranging from
6 X 10% to 3 X 100%/ml. However, 86.6% of the pasteurized milk samaples
collected during this study perind had counts  botween 107 and 106
bacteria/ml (Table 1), This could, thereforc serve as a standard to
quality assessment nf milk. This is supported by the data obtainad from
the Tabaratory pasteurizod milk samples. This again‘is higher than the
allowahle masophilic aerobic count in pasteurized milk (Gebhardt &
Hichnles, 1975). The raw milk which was pasteurized in the Taboratory
following the holding-type process, showed far fewer counts than the
milk which was pasteurized at thoe AADBE, In fact a significant
percentaye {70%) had less than 109 & as wmuch as 10% had counts well

below 10% bacteriafnl.




44

This demonstrates the heat sunsitivity =f most of the
microorganisms present in the milk at the beginning, The high bactorial
count of the plant pasteurized milk was, thercfore, found to be due to
the initial high load of microorganisms in the milk processing
equipment which are heat resistant & also microoryanisas which were
introduced into the milk just after pasteurization,

Psychrotrophs, which are considered to be the most serious
spoailaye organisms cnnstifuted the greacest proportion of the total
bacterial count in both raw & pasteurized milks. If one considered the
relative proportinns of psychrophiles to thormeduric to thermophiles,
the psychrophilic group made up 98.1% of the total microbial population
in raw & 53% in pasteurized milk samples. Thermndurics constituted 1,4
of the total bacterial count in raw & 39.8% in nasteurized milk
samples. On the other hand, it is the thermaduric group (70.4%) which
prodominated iﬁ the Taboratory pasteurized milk (Table 3).

The psychratrophs known to be present in milk balong to the

=

gencra of Psesudomonas, Alcaligones, Bacillus, Streptococcus,

1)

Micrococcus & Arthrobacter. The most commenly occurring psychrotrophs

in fresh milk are Gram-negative raod-shaped bacteria of which
Pseudomonas species account for about 50% of the total Gram-negative
bacterial species (Juffs, 1973). Although most of the psychrophilic
isolates from fhe raw witk were Gram-negative rods (GHR), a significant
nuaher were also Gram-positive species. Similar types of dsalates wore
recorded by Shehata & Co11ins {1971) & Hasham, 01son & Vedamuthu
(1977},

The prevalence of high numbers nf nsychrotrophic bacteria in

milk appears tn be due tn gross contamination, In additien to this,
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absence of cold storage facilitics at the Dairy Plant & dairy farms
from where the milk s collacted scoms o be responsible for the
increased thermoduric psychrotrophic count, In milk stured &
distributed under chillad conditions, psychrotrophic microbial growth
Timits KQ. In this group of worganisms, GHR have the highest growth
rates at Inw tzumperatures. The GHR found in wmilk are highly sensitive
tn heat treatment (Schroder, 1984).

Psychrotrophic bacteria are narmally difficult to exclude from
rav mitk & many grow & proaduce protenlytic enzymes during refrigerated
storage, Hanci, if sufficient heat stable enzymes are in raw milk prior
te pasteurization, defects may become more pronounced afterp
pasteurization during rafrigerated storage (Adams, Barach & Speck,
1975 Janzen et al., 1982). According to Adams, Barach & Speck (1975),
all of the psychrotrophs isolated from raw wilk produced heat resistant
enzymes & 70 to 90% of the raw milk samplas tested, containaed
psychrotrophs capable of producing these onzymes, The presence of these
proteasas in raw milk results in the development of bitter flavor
(Gebre-Eyziabher, Humbart & Blankenagel, 1980: Torrie et Ql., 1983},

Evidence sugyests that such detects are produced by raw mitk's
protenlytic psychroatrophic bacterial popuiations, Psychrotrophs cause a
variety of prenounced flavor defects when they occur in numbers
exceeding 100/m1 (Law, Andrews & Sharpe, 1977; 0'Connor et al., 1986),
Other organisms do not cause detoctable defocts at 10 times the
payoutatinn level. This is because of the difference in biachemical

activities,

The wajority of the raw mitk samples analyzoed had

psychrotrophic populations excaeding 106/m} (Table 2), It is,

thercfore, highly probable that defocts are produced in thoe raw milk
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through the psychrntruphic-prwten1ytjc enzymes roleassd during yrowth
nf the psychratrophic group of bacteria,

Thermoduric count is aften used as an index for mzasuring
equipment sanitation. If milk utensils & milk processing equipment are
mishandled & not properly disinfected, many kinds of bacleria
especially thermoduric ones could survive & protiferate on the surfaces
thus hecoming potential spoilage arganisms which will be respunsible
fer the deterioration of the shelf-life of milk & its products, The

o

praliferation of thermoduric bhacteria on poorly cleansed dairy
cquipment has been amply documented (Parfitt, 1944; mMurray, 1949;
Cuthbert, Egdell & Thomas, 1953; Thomas et al., 1957; delson, 1981;
Speers et al,, 1984),

The thermoduric group which representod 1.4% of the total
microbial population in raw milk had 39.5%% share in pasteurized & 70,49
in Taboratory pasteurized wilk samples (Table 3}. This truly reflects
the decrease in psychrophilic populatien during pasteurization rather
than an increase in population of the thermodurics,

With the exception of a few strains of onterococci & some

Bacillus ar Clostridium species, thermoduric bacteria do not grow at or

bulow 7.29C. Hence they do not play an important role in the spoilage
of properly refrigerated, pasteurized milk, Mevertheless, above this
temperature, they do grow ¢ become a wajor factsr in the spoilage of
milk & other dairy products not properly refrigeratad.

Since raw milk is transported unrofrigerated to the AMIDE From
Tong distances, it is likcly that the thermuﬁuric population will
increase in number, This group alss survived the pasteurization
temperature at both the AADDE & the laboratory pastcurizers. Some

thermoduric psychrophiles have alsa been isolated from milk {iaw,
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1978). Since they are alsc well known for their ability to peoduce
extracellular proteinzses, they tend to increase the soriousiness of the
thermoduric organisms as spailage agents (Priest, 1977 Richtor ot al.,
1979).

Pasteurized milk is transported to The market in npan,
expased lorries, whare the temperature is higher than ambient due to
the expusure of the milk contained in plastic bags to direct sunlight.
The retail shops also stare the milk in shelves where the temperature
is ambient (18-229C). A1l these improper methods of @ik }mndling,
theretere, allow the thermoduric organisms to play a major role in the
spoilage of the pasteurizoed @ilk. Ia this study the thermaphitic group
represented  the least populatisn in both raw & pasteurized milk
samples.,

In the coeurse of this study bactoria bzlanging to 14 genera
were isciated from raw & pasteurizod milk & milking utensils. The most

predominant genera werc: Streptococcus (27%), Staphyloceccus (19.5%),

dicrococeus (13.5%), Bacillus (12,9%) & Arthirohacter (31.3%) (Tabie 4).
Spacies in these genera include psychrotrophic & thernoduric organisns,

The GHR bacteria belonging to the gencra of Pscudomnnas, Alcaligaencs,

Lscherichia, Acromonas & Citrobacter were foyer in aunber than the

Gram-positive bacteria,

Out of the 185 ropresentative isolates identificd during the
course of study, the cocci made up 60% & the rods 409 (Table 5), The
Gram-positive rods constitutod 739 of the rod shaped bacteprial
population & the Gram-nogative rods 27% (Table 6). Similarly most of
the isolates from pastourized milk were Gram-positive bacteria, This
indicates that they have greater heat resistance than the GNR. This

finding supports previous reports made by investigators (Shehata &
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Collins, 1971y Uasham, 0lsan & Vedaouthu, 1977).

Out of the Gran-pesitive rods the spore formers constituﬁed
44.4% & the non-spore formers 55.6% (Table 7)., Spore formers are
generally soil residents. Their presence in large numbers in milk is
indicative of diract ar indirect contamination with soils, The majority
of the spore forming isolates were thefmoduric & as a result survived
the pasteurization temperature. These survivors are responsible for the
spoitage of milk & its products. The spore forming poputation
exclusively constituted Bacillus species (Tabie 9). Many workers have
also identified this group as being responsible for the spoilage of
milk & milk products in their investigations.

Bacillus species is known to account for about 259 of the

total spore fTorming bhacteria in milk with Clostridium species

comprising the remainder (Martin, 1974). In this study all the spore
forming isolates were Bacillus species, howsver, the anaerobic spore
tormers ware not investigated. Previous findings indicated that 8.

ticheniformis & B. subtilis are the most frequently occurring aerobic

masophilic spore formers in raw milk. B. subtilis tends to be more
predominant in spoiled sterilized milk {Franklin, Williams & Cleg,
1956; Hesthoff & Dougherty, 1931). 1t has alse boen demonstrated that

spore formers in Indian milk were B, subtilis, B, cereus, B, pumilis,

8. licheniformis, B. coagulans & K. stearothermophilus (Atwal et al.,

1974}, In this study, too, B. subtilis, B. pumilis, 8, licheniformis,

8. circulans, B. cereus, B. polymyxa & B. macerans have been isolated.
It, therefore, appears that essentially the same spacies of spore
farming microorganisns are involved world wide with the most CIMADN

being B, subtilis, 8. licheniformis & B8, cereus. The only major

difference appears tu be the variation in the relative proportions of
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these organisms in milk collected from different countries ({iartin,
1981},
The fGram-positive non-spere forming rod-population was

dominated by Arthrobacter spacies {Table 8). A1l the Gram-negative rods

(Table 10} which were isolated were found ta be psychrotrophs. The

dominant organisms in this group included Aercmonas, Citrobacter 7

Entervbacter species,

The Gram-positive cocci comprised 6% of the total hacterial

isolates. These belonged to 3 genera namely Streptococcus (45.1%),

Staphylococcus (32.4%), & RMicrococcus (22.5%) (Table 11). Of the Gram-

positive coccal isolates Streptococcus lactis, Streptucnccus durans,

Staphytocnccus  a2pidermidis, Staphylecoccus aursus & Hicrococcus

varians were the most predominant (Table 12),

As many as 1% species of bacteria falling inte 9 genera were
isolated from raw milk. Dn the ather hand 20 spccies belonging to 14
genera ware isolated from pasteurized milk. Laboratory pasteurized
milk, however, yielded only 12 species helonging to 7 genera (Tables
13, 14 & 15). This study shaus that wore bacterial species are found in
pasteurized milk than in the raw or laboratory pasteurized milk. This
clearly indicates that organisms, other than those found in the raw
milk have gained access tn the pasteurized wmilk. These contaminants
ariginate from the bulk tanks, rooms, fillers & their pipaelines. Though
of winor importance the plastic bags also contribute their own share of
hacteria to the pasteurized milk.

The microgrganisms in the Jaboratary pasteurized milk were
gither thermophilic or thermoduric bhacteria bzlonging to the genus

Streptococcus, Baciilus & Staphylococcus. Other thermoduric organisms

including tiicrococcus, Arthrobacter & Lactobacillus were also found in
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the laboratory pasteurized milk (Tanle 18), In goneral, however, the
microbial type & number in the Yabhoratory pastourized milk was by far
tess than that of the plant pasteurized mwilk. This, tharcofore, can
explain the unsanitary & improper milk handling & processing in the
Dairy Plant,

The‘pasteurizatinn process, which is a flash technique (720C
for 15 seconds) is efficient enough to eliminate the majority of the
heat sensitive organisms, except those that do survive the
pasteurization temparature.

The bacterial load in the samples was greatly reduced just
after pasteurization (P1) (Fig.1). However, the count as well as the
number of bacterial genera present in the pasteurized milk increased as
it was transferred to the bulk tanks. This was painly due to PPC,

As described carlier, the differant socurces of contaminatinn
were identified & the degraw to which each was responsible for this
contamination determined. Study was also conducted to find out if
milking conditions were also serving as major sources of contamination,
This study, therefore, involved thw-determinatinn of SPC &
psychrophilic count of milk samples obtained from 3 state & 3 privately
owned farms. Their total (SPC) & psychrophilic counts vare more ar loss
similar & fall well over the assumed average standards (Table 16). Host
of the organisms isnlated were not psychrophiles, However, more
psychrophiles were isolated from privately owned than from state nwned
farms,

About 25-30 thousand Titars of milk is received every day by
the AADDE from state & private farms as well as collection centers.
This value, nf course, varies depending upon the szason of the year.

The state farms' contribution is slightly more than 50% of the milk
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supplied to the RBairy Plant., The rest is supplicd by orivate farms o
through collection conters from individuals,

The contribution made by the sterage bulk tanks, holding the
pasteurized milk, fto the post pasteurization contamination (PPC) was
investigated., As can be seen in Table 17, more organisms are introduced
into the pasteurized milk as it goes to the packing parlour. Data
obtained using RODAC plates & rinse solutions ctearly indicate that the
tanks do contain soveral species of wmicroorganisms (Table 17),.
Assessment of KQ of milk samplaes from the different sampling sites also
revealad this condition, showing a decrease in KQ of pasteurized milk
from these bulk tanks (P2) as comparcd to the KQ of milk sample from
the pasteurizer (P1) (Fig. 1). Another Tmportant source for pPPC
occurred din the fillers. tarshall & Apel  (1973) surveyed 12 modern
fluid milk plants & concludad that relatively larae numhers_of bacteria
are introduced from pipelines valves § tilling machines inta
pasteurized milk, This has also buen confirmed by Wilkinson & Davies
(1973) & Eden, Rnsen 2 Mannheim (1979).

Due to lack of milk containers, plastic rolls were fitted to
hold milk after being treated with Uy Vight in the fillers. The plastic
bags which arc used for packing the milk are made up of plastic rolls
which originally served for storing sugar & other solid food items.
These plastic rolls were not aither properly sterilized or coverad
after WV treatment to avoid recontaminations. The sheets are carried to
the packing parlor & Jeft apen until they are fitted to the fillers,
The mishandting which occurred aust have oxpusod the plastic rolls to
microbial contaminating from the surrounding anvironment 2 personnel,
Hence, the microbial contaminatian of the plastic rolls alsg

contributed to the final Toad of microbial mass in the milk, Asscssment
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of microbial contamination of these plastic contatners by RODAC Mates
has shown that bath UV treated fountecated ones contain many arganisms
{Tabie 19), vy troatment of packing materials has becn found to
decrease the microbial 1nad to a certain extent, 23l {1981) pointad
out that the action of UV on nicroorgani sus depends upoh the quality of
radiation that reachas the arganisms &, therefore, the Systen must pe
Properly cnginceraq & maintained, UY radiation will not work
effectively uniess environmental sanitation is also maintained
properly,

Room contamination also contrinutoes greatly to the entrance of
spoilage microorganisms ipte the pasteurized Atk & milk products ip
these arcas. This has been assessed using TSp Plates that wepe Tett
vpen for 15 minutes the diffoprent sampling sites, Thic assessmont
has, therefope, revealed that tho Alr in thoese rooms contained a gareat
variety of microorganisims which are potential contaminants of milk
{Tabic 18}, Many of those microorganisms isolated from the rooms are
the same as those isolated frop pasteurized milg,

Bimick (1973) exposed pasteurized nilk to 60 foot candles of
fluorescent light for 48 hours §& exanmined the milg for off-flavap,
There was , detectable off-flavor in milk in clear plastic & flint
glass containers: however, there Has no off-flavor ip milk in Pegular_
paperboard containers, This has alsn been repeatedly reported by many
workers, Light has been found, by Many workers, to have an  adverse
effect on mifk flavor, The transportation of mitk by the AMIDE in
transparent plastic containers ip Open trucks exposcs the nilk to
light, This mest probably will affect the quality of the milk to some

extont,
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Hanson, Turner & Aurand {1972; 1975) recommendad that  for
minimum cost, oxidized flavor & vitamin destruction in fluid milk
packaged in plastic bags can be reduced with gold & green filters in
dairy cases. Plastic containers made with a patented green pigment
(Rile Coe) gave 100% protection of shelf-Tife for milk. Helson &
Cathcart (1984) also reported that piagmented polyethyienc milk
containers coated with 4% titanium dinxide result in a substantial
reduction in 1ight transmission,

The KQ of the different mitk samples was studied by storing
them at different storage temparatures, Refrigeration increases the
shelf-tife (K@) of a food or sampie. Tha fowsr the bacteria in the
milk, the Tonger is the KO (Lagrange, 1879, Schroder, Cousins &
pcKinnon, 1982). The labaratory pasteurized mitk whether maintainad at
refrigaration or room temperature had the best K (Fig, 1). Since the
rat2 of contapination was higher far the plant pasteurized milk, its Kq
was also nuch lower than that of the laboratory pasteurized milk. #ilk
samplas collected after pasteurization at various sites, identified as
P1, P2 & P3, also showed progressive decrease in KO, This complements
the carlier findings made in this study concerning the high degres of
contamination which emanated from the utensils § other sources after
pasteurization (Fig. 1).

Psychrotrophic Gram-ncgative bactsria are responsible for
reducing the KO of refrigerated pastaurized milk (Philips, Griffiths &
Huir, 1981; Schroder, Cousin & McKinnon, 1982; Phillips & Griffiths,
19865 Krall & Rodrigues, 1986). In pasteurized milk, psychrotrophic
GHRs have been found to grow more quickly at 52C than do psychrotrophic
Gram-positive bacteria, but the reverse holds true at higher

temperatures (Rodrigues & Pettipher, 1984).
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The optimum control for psychratrophic bacteria is, therefore,
to have the least PPC followed by holding the product at the lowest
practical temperature & certainly nut above 59C. Even relatively short
periods of warm up may so accelerate growth that KO is reduced
significantly. Admittedly the best way of reducing or retarding
nsychrotrophic bactaria is by preventing their entry into milk at the
farm. After all, prevention is the best metnod & one which is
technically feasible, but it is not easily achicved (Uhite & Shilotri,
1479},

The chemicals used for rinsing & disinfecting the utensils at
ARDDE regularly are MaOH 2 MaCl3 at 26.5g/t & 10g/1 concentrations
respectively. Investigation on the effectiveness nf thasa two chemicals
to remove or kill bacteria which are nostly asseciated with the
utensils was carriad out. As can be seen from Table 20, the chemicals
were completaly ineffective in inactivating bacteria at 1:100
concentratinon =ven if maintained for up to 60 & 90 ninutes. On the
‘pther hand, disinfectants such as Savian & Chlorox at 1:500
concentrations for 15-30 minutes killed the bacteria. The only group
which withstood this treatment were those belonging to genus Bacillus,
Post pasteurization contamination can be greatly reduced if such types
of chemicals are used at the concentratinns shown in Table 20 or at
lower concentrations if disinfection is continued for a longer time

period,




6. CONCLURING REMARKS & RECOMMENDATIONS

Milk intended for consumption must be free from pathogens &
must, if conditions permit, contain no or few bacteria. Clean milk
could only be abtained if effective sanitary measures are taken
starting from the point of wilk withdrawn from the cow until it reaches
the consumers. The shelf-life (KQ) of milk, be it raw or pasteurized,
is only increased if the total microbial load in the milk is low at the
start. tlost nations have set up bhacterial quality standards far milk &
milk products. These standafds are set bhased on expericnce. A
requlatory agency then enforces the rules set,

An effective milk control program depends upon:

1} =stablishment of.standards 2) use of effective unforcement &

3} education of producers, processors, distributors & consunars.
Effective standards must apply to all aspects of production, processing
& distribution,

Cleanliness involves washing & disinfecting the udder,
wilkers' hands & milking utensils. The aseptically cnllected milk must
then be stored & transported cold to the Dairy Plant. Gold storage
temperatures, minimal storage times & basic equipment sanitation are
very important to milk quality.

The raw milk collected an the average has an SPC which ranges
between 107 to 109, On the other hand, the pasteurized milk has a SPC
of 10% to 106, The SPC of pasteurized milk is higher than that of other

countries, hence, its KC is much lower,
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such as Savlan, Dettol, Chlarox or uther§ ahich contain Active
ingredients such as Chltorhexidipe o Cetrinide {3avlon),
Chloruxyieno) (Nettol} & Chiorine (Chlorox) could be used at
desirable Concentrations ty disinfect the utensils, This wil] onsure
Pasteurized milk whose SPC & KO are acceptable,

It is recommendod that the plastic roils be Yy radiated fyr Tnnger
duration & be maintained under aseptic conditions unti] use,

It is recommended that the clear polyethyiena plastic bags ho
replaced with eithor pigmented poiyethylone bags op haperboard
CArtons s» &s to reduce tight transmission % hence prevent the
adverse effaocts of light «n mitk, This can, therefors, increase the
shelf<lite of pasteurized milk & provents its vitamin destruction,
The roon sanitatinn must ajsg be maintained, This could invalve
using wetting anonts on the finors to avoid dust"particles Trom
hanging in tho rooms,

In order to inplement quatity control programs & tn make sure that
the abave recommendations are futfilled, establishiment of sfandards

& the use of effactive enforcement are @ssential.
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