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Abstract

The quality of goats’ milk can become labile if not aseptically handled and stored properly. thus, there is need for immediate cooling

of milk to ameliorate putrefaction. This study investigated effects of storage methods and storage durations on physicochemical and

total bacterial count of bulked milk from west Africandwarf (wad) goats. The milk collected was bulked, refrigerated at 6°c and frozen
at -4°c for duration of 0 hour (fresh), 24, 48, 72,96, 120, 144 and 168 hours respectively. The result showed that storage method and
duration significantly (p < 0.05) affected protein, lactose, solid non-fat, moisture, casein, total solids contents, titratable acidity and

ph of milk. Refrigerated milk had higher (p < 0.05) protein, ph, casein and moisture contents while frozen milk had higher (p < 0.05)

lactose, solid non-fat and total solids contents. Highest values of protein, casein and ph were obtained at 0 hour (fresh), however, it

decreased from 24 to 168 hours without definite trend. The interaction between storage methods and storage duration had effects

only on titratable acidity and ph of the bulked milk. Storage method and duration had no significant (p > 0.05) effect on total bacte-

rial count (tbc) of milk from wad goats. The isolated bacterial in this study at 0 and 24 hours were Shigella, Pseudomonas Aeruginosa,

Esherichia Coli, Staphylococcus Aureus, Staphylococcus Epidermis, Salmonella Enteric. The study concluded that bulked milk of wad

goats can retain its nutrient content by refrigerating and freezing up to 48 hours.
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Introduction

Milk is the product of the total secretion by mammary glands
of a lactating female animal in good health, well-nourished and
not overworked [9]. Its demand by humans is very high due to its
nutritional adequacy. Goat milk is a valuable product worldwide,
with total production increasing from 12 million tons in 1993 to
nearly 19 million tons in the last 24 years [21]. The west African
dwarf is an indigenous goat breed found in southern and northern
Nigeria, respectively. The meat and skins are mostly harvested, but
its milk is scarcely produced, especially in commercial quantity.
Milk quality deteriorates rapidly if not aseptically handled and ap-
propriately stored hence contamination by microorganisms which
cause spoilage, thereby reducing its quality [1]. Cooling milk at low

temperatures can control microbial growth because it slows down

chemical deterioration and enzymatic activity. extended storage
times of raw milk at low temperatures (2-6°c) have a significant
influence on the natural present microbial population [30]. This
current study investigates changes in milk’s physicochemical and
total bacterial count in bulked milk from west African dwarf goats

preserved under different storage conditions.

Materials And Methods
Experimental site

The experiment was carried out at the small-holder dairy goat
research farm, directorate of university farms (dufarms), federal
university of agriculture, Abeokuta, Ogun state, Nigeria. The site is
located in the rain forest vegetation zone of south-western Nige-
ria within latitude 7°13’49.46” n, longitude 3°26’11.98” e and an
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altitude of 76 meters above sea level [22]. It lies within the south-
western part of Nigeria with a prevailing tropical climate and mean
annual rainfall of 1131.1 mm. annual mean temperature and rela-
tive humidity is 34°c and 82% respectively [49]. Milk physicochem-
ical analysis were carried out at the animal physiology laboratory,
college of animal science and livestock production, and bacterial
analysis was carried out at microbiology post graduate laborato-
ry, college of biological sciences, federal university of agriculture,

Abeokuta, Ogun state, Nigeria.

Experimental does and management

Thirteen (13) lactating west African dwarf (wad) goats were
managed under a semi-intensive system and fed 0.3-0.5kg of for-
mulated concentrate feed per head per day. The goats were allowed
to graze on a Panicum Maximum and Pennisetum Purpureum Domi-
nated pasture for 2 hours and brought back to their shed, where

water was provided, and supplemental forages provided.

Milk collection

The experimental animals were hand milked as described by
[36] at 7 am in the morning. Milk was bulked into a milk collection
bottle, there after placed in an icepack to cool down in order to
prevent putrefaction. The bulked milk was divided into two groups.
Each group was appropriately labeled to be refrigerated at 6°c and
frozen at -4°c for the duration of storage at 0, 24, 48, 72, 96, 120,
144 and 168 hours.

Determination of various constituents
Protein

Protein determination was done by formaldehyde titration as
described by [44]. 10ml of milk was pipetted into a 250ml coni-
cal flask. 1ml of phenolphthalein indicator was added to the milk,
thereafter, 0.4ml of neutral saturated potassium oxalate solution
was added and mixed thoroughly. The mixture was neutralized
with 0.1m of sodium hydroxide (NAOH) to a saturated pink colour.
Formalin (2 ml) was added and mixed properly and the mixture
was allowed to stand for 2mins. the acid produced was titrated
with 0.1m NOAH to same pink colour and the titre value noted as
‘a’. Mixture of 2ml of formalin and 10ml of water were titrated with
0.1m NAOH separately and the titre value noted as ‘b’ then, the pro-

tein content was calculated using pyne constant of 1.7 * (a-b) %.

Fat
The fat content of milk was determined Babcock method as de-

scribed by [25]. 10 ml of liquid milk was measured into a graduated
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test tube and 92% sulfuric acid was added and shaken appropri-
ately. The mixture was centrifuged at (45°c)/1,100revolutions/
seconds for 4 minutes using refrigerated centrifuge (thermos fish-
er, d-375200sterode, Germany). The fat content that separated out

in the test tube was read.

Casein
The percentage milk casein was determined by multiplying the
burette reading obtained from the milk protein determination by a
constant [19] as reported by [3] and the formula as shown below:
% Casein Protein = Burette Reading (Obtained from Protein De-

termination) 1.38

Lactose

Lactose was determined by conducting solid-not-fat, protein
and ash analysis as described by [15]. Percentage values of protein
plus ash was subtracted from percentage solid-not-fat to obtain
percentage lactose.

Lactose = Snf - (% Protein + % Ash)

Solid-Not-Fat

The solid-not-fat of the milk was determined by direct oven
- ether extraction where percentage fat was subtracted from
percentage total solids to obtain percentage solids-not-fat as de-
scribed by [10].

Total Solid
Total solid was determined by direct oven drying method as de-
scribed by [10].

Ash

The ash content was determined by incineration with the muffle
furnace (Gallen Kamp sg93/11/895, UK) at 550°c for 2hours. por-
celain dish containing the total solids was transferred into muffle
furnace and ashed at 5500c for 2h. Thereafter, was cooled in a des-
iccator before weighing. The difference in weight was calculated in
percentage (%).

% Ash = (weight of crucible + Ash) - Weight of crucible weight

of milk sample

Moisture
The moisture content of the milk was determined by direct
method (oven drying) according to [6] using oven, (Ite Oldham

0l37en, Great Britain).
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Titratable acidity

[5] using phenolphthalein (Kem light an iso 9001:2008 Mum-
bai, India) as an indicator. The acidity of the samples was calcu-
lated using the following equation:

Titratable acidity (%) = 0.009 x volume of n/NOAH used x 100/

weight of milk samples.

Ph
The ph of the milk was determined using Hanna instrument hi

98107 phep ph tester, with +/-0.1 accuracy.

Specific gravity

The specific gravity of milk was determined using the mass and
volume of the milk as described by [4]. Milk collected was weighed
using electronic weighing scale to determine the mass of the milk
yield and measuring cylinder to determine the volume of the milk
for each of milk samples.

Calculation of the specific gravity of the milk:

Density of milk = Mass of milk yield (G) Volume of milk yield
(Cm?)

Specific gravity of milk Density of milkDensity of water

Culture media used for the study
The culture media include mannitol salt agar, nutrient agar, plate
count agar, salmonella shigella agar, MacConkey agar, sim agar. they

were constituted according to manufacturer’s instruction.

Determination Of Total Bacterial Count
Total bacterial count was determined by standard plate count
method as described by [48].

Identification Of Isolates
Bacterial isolates were identified as described by [7] using

bergey»s manual of systematic bacteriology.

Results and Discussion

Effects of storage methods on milk composition

The results on tables 1 and 2 showed that milk compositions
vary in percentages with different storage methods. the protein,
lactose, solid-not-fat, moisture content, casein, total solid and ph
percentages of the bulked goat milk were significantly (p < 0.05)
affected by storage methods table 1 and 2. storage method did not
influence fat, ash, energy, titratable acidity and specific gravity per-
centages of the bulked milk table 1 and 2. The protein, moisture
content, casein and ph had higher percentages with refrigeration

method more than freezing method. freezing method significantly
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(p < 0.05 influenced lactose, solid non-fat and total solids percent-
age contents of the milk more than refrigeration method. The ob-
servation that storage method significantly influenced changes in
protein content of bulked milk from wad goats could be as a re-
sult of the presence of proteolytic enzymes secreted by bacteria or
enzymes from somatic cells which degrade protein in milk during
cold storage [53]. This study is in line with the findings of [31] who
reported that storage method had influence on milk protein con-
tent at refrigeration temperatures. However, the result of this study
was not similar with work of [20] who reported that milk stored at
4°c did not significantly affect protein content of milk from goats.
The higher mean value of lactose under freezing over refrigera-
tion could be due to the temperature gradient between freezing
and refrigeration. This study does not corroborate the findings of
[20] who reported that lactose content of milk preserved for up to
5 days at 4°c was not significantly affected. The higher percentage
of solid non-fat content of milk observed during freezing could be
as a result of expanding water crystals which caused mechanical
damage to fat globules and make them accumulate [32]. Higher
percentage of solid-not-fat observed with freezing could be as a
result of higher lipolysis which will lead to further break down of
milk particles [13]. Refrigeration influenced the moisture content
of milk more and this could be as a result of decrease in total solids
content of milk, this happened more significantly in milk preserved
at temperature slightly above 5°c [12]. The result from this study
does not corroborate the findings of [20] who stated that refrig-
erated method did not influence moisture content. Refrigeration
method influenced casein content of milk more than freezing could
be as a result of casein micelles losing their stability and precipitat-
ing. [23] reported a significant proteolytic activity in milk stored at
4°C. the report of this study is not in line with the findings of [40]
who detected no effect of temperature on casein content in bulk
tank milk. Total solids content of milk from wad goats was influ-
enced by the storage method with more percentage in frozen milk,
this could be due to less growth of psychotrophic which increased
the activities of degradative enzymes present in milk. This study
corroborates the report of [41] who reported that milk stored at
2°c had less impact on total solids compared to milk stored at 4°c.
The report of this study differed from the findings of [17] who re-
ported that cooling and freezing did not affect the total solids con-
tent. It was observed from this study that refrigeration had more
percentage of milk ph than freezing method and this could be as
a result of high activity of lactic acid present in milk which leads
to fermentation thereby altering milk ph. [34] reported a change
in ph at low temperatures known as post acidification. the result
of this study is not in line with the study of [38] who reported that
storage method did not affect milk Ph.
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Factor ‘ ‘ Protein (%) Fat (%) Lactose (%) | Solid Non-Fat (%) | Ash (%) Moisture Content (%)
Storage Method
Refrigeration | 32 | 2.34+0.09% | 3.27+0.22 | 8.28+0.32" 11.38 + 0.34° 0.76% 0.08 85.35+0.312
Freezing 32| 1.93+£0.09° | 3.38+0.22 | 9.47+0.32° 12.33£0.34* 0.93 +£0.08 84.28+0.31°
Storage Duration
0 8 | 3.66+0.19* | 3.75+£0.43 | 6.96 % 0.64° 11.55 £ 0.69° 0.93 +0.15 84.70 £ 0.61°«
24 8 1.49 £0.19¢ | 3.21+0.43 | 9.03 + 0.64%¢ 11.16 + 0.69% 0.64 +0.15 85.63 + 0.61
48 8 | 1.99+0.19™ | 2.78+0.43 | 11.45+0.64° 14.01 £ 0.692 0.56 +0.15 83.21+0.61¢
72 8 | 1.75+0.19* | 3.73+0.43 6.99 £ 0.64¢ 9.42 £ 0.69¢ 0.67 +0.15 86.85 +0.61*
96 8 | 2.07+£0.19" | 3.46+0.43 | 9.79 +0.64* 12.73 £ 0.69* 0.87 £0.15 83.80 + 0.61*
120 8 | 1.77+£0.19* | 3.20+0.43 | 9.03 + 0.64% 11.95 + 0.69%¢ 1.16 £ 0.15 84.85 + 0.61«
144 8 | 2.34+0.19" | 3.66+0.43 | 8.64+0.64" 11.86 + 0.69° 0.88+0.15 84.48 + 0.61°«
168 8 | 1.99+0.19>* | 2.83+0.43 | 9.09+ 0.64% 12.15 + 0.69%¢ 1.07 £ 0.15 85.02 £ 0.61%
Table 1: Means showing effects of storage method and duration on protein, fat, lactose, solid non-fat, ash and
moisture contents of bulked milk from west African dwarf goats.
ADMeans in the same column with different superscript differ significantly (p < 0.05).
Factor ‘ Casein (%) | Energy (%) | Total solids (%) | Titratable acidity (%)| Ph (%) Specific gravity (%)
Storage method
Refrigeration | 32 | 1.90+0.08* | 71.92 +1.85 14.65 + 0.31° 0.27 £ 0.09 7.55+0.022 1.09 £ 0.02
Freezing 32 | 1.57+0.08" | 76.04 +1.85 15.72 £ 0.31° 0.25 £0.09 7.46 +0.02° 1.04 £0.02
Storage duration
0 8 297 £0.15* | 76.24 +3.69 15.31 +0.61% 0.22 £0.02¢ 7.63 £0.04* 1.06 £ 0.04
24 8 1.21+£0.15¢ | 70.95 * 3.69 15.31+0.61% 0.23 + 0.02" 7.60 £ 0.04® 1.20 £ 0.04
48 8 | 1.62+0.15> | 78.79 +3.69 16.79 £+ 0.61° 0.26 + 0.022 7.20 + 0.04¢ 1.05 £ 0.04
72 8 | 1.43+0.15* | 68.54+3.69 13.15+0.61° 0.30 + 0.02%® 7.53 + 0.042b¢ 1.01 £ 0.04
96 8 | 1.68+0.15" | 78.61+3.69 16.20 £ 0.61° 0.26 + 0.022 7.58 + 0.042* 1.06 £ 0.04
120 8 | 1.43+0.15* | 71.97 +3.69 15.15+ 0.61% 0.25 £ 0.022¢ 7.45 +0.04°¢ 1.08 £ 0.04
144 8 1.90 £0.15° | 76.86 +3.69 15.52 £ 0.61% 0.31+£0.022 7.47 +0.04" 1.04 £ 0.04
168 8 | 1.62+0.15* | 69.81+3.69 14.98 + 0.61% 0.24 £ 0.022®¢ 7.52 + 0.042b¢ 1.04 £ 0.04

Table 2: Means showing effect of storage method and storage duration on casein, energy, total solids, titratable acidity,

Ph, and specific gravity content of bulked milk from west African dwarf goats.

ADMeans in the same column with different superscript differ significantly (P < 0.05).

Effects of storage duration on milk composition

Storage durations affected (p > 0.05) percentage milk compo-
sitions of protein, lactose, solid-not-fat, moisture content, casein,
total solid, titratable acidity and ph of the bulked wad milk table 1
and 2. Storage durations had no effects on fat, ash, energy and spe-
cific gravity percentages of the bulked milk. The protein percentage
was highest at 0 hour followed by protein percentage at 144 hours,
with lowest percentage at 24 hours. The storage durations of 48,
72, 96, 120 and 168 hours of storage durations had similar pro-
tein percentage content. table 1 showed that the lactose percentage

was highest at 48 hours milk storage duration and lowest at 0, 72

hours storage duration. There were similarities in lactose percent-
age at 24-, 120-, and 168-hours storage duration. The percentage
of solid-not-fat was highest at 48 hours and lowest at 72 hours and
had similarities percentages at 0-, 120-, 144- and 168-hours stor-
age duration. The moisture content percentage was highest at 72
hours and differed (p > 0.05) from moisture content percentage
at 48 hours but similar to 24, 96 hours storage duration. Table 2
showed that storage duration significantly affected casein, total
solids, titratable acidity and ph of the bulked wad milk. The per-
centage of casein was highest at 0, followed by 144 and lowest at

24 hours respectively. There were similarities in the percentage of
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Factors N Total Bacteria Count (Cfu/Ml)
Storage Method
Refrigeration 16 23.2X10°%£5.54 X 10°
Freezing 16 23.8X10°+£5.54 X 10°

Storage Duration

0 Hour 24 19.5X10°£ 4,18 X 10°
24 Hours 8 27.6X10°+7.25X10°
48 Hours - -

Table 3: Means showing the effects of storage method and duration on total bacteria count of milk from wad goats.

Probable Organism Gr Mp Mt In H,s ‘ Ur ‘ Ct
Bacteria
Salmonella Enterica -Ve Rod +Ve -Ve +Ve -Ve -Ve
Escherichia Coli -Ve Rod +Ve -Ve -Ve -Ve -Ve
Acinetobacter Baumannii -Ve Rod +Ve -Ve -Ve -Ve +Ve
Staphylococcus Aureus -Ve Cocci -Ve -Ve -Ve +Ve +Ve
Staphylococcus Epidermis +Ve Cocci -Ve -Ve -Ve +Ve -Ve

Table 4: Reaction, morphology and biochemical test of microorganisms isolated from 0-hour (fresh)

wad goats milk preserved under different storage conditions.

Gr: Gram Reaction; Mp: Morphology; Mt: Motility; In: Indole, H,s: Hydrogen Sulphide; Ur: Urease Test; Ct: Citrate Test

Probable Organism Gr Mp Mt ‘ In ‘ H,s ‘ Ur ‘ Ct
Bacteria

Salmonella Enterica -Ve Rod +Ve -Ve +Ve -Ve -Ve

Pseudomonas Aerugi- -Ve Rod +Ve -Ve +Ve -Ve +Ve
nosa

Staphylococcus Epider- +Ve Cocci -Ve -Ve -Ve +Ve -Ve
mis

Staphylococcus Aureus -Ve Cocci -Ve -Ve -Ve +Ve +Ve

Shigella Spp +Ve -Ve Rod -Ve -Ve +Ve -Ve

Table 5: Reaction, morphology and biochemical test of microorganisms isolated after 24 hours from wad

goats milk preserved under different storage conditions.

Gr: Gram Reaction; Mp: Morphology; Mt: Motility; In: Indole; H,s: Hydrogen Sulphide; Ur: Urease Test; Ct: Citrate Test

casein in the milk for 48,72,96 and 168 hours storage durations.
The percentage of total solid for storage duration of 48 and 96
hours were same but differed significantly (p > 0.05) from storage
duration of 72 hours and similar to the percentage at 0, 24, 96, 120,
144 and 168 hours of storage duration. Titrtable acidity percentage
observed at 144-hour storage duration was highest and lowest at
0 hour storage duration. There were similarities in the percentages
of titratable acidity at 24,48,72,96,120 and 168 hours storage dura-
tion. The percentage of ph was highest at 0 hour, followed by 120
hours and lowest at 48-hour storage duration. The percentage of

ph at 0 hour was similar to 24 hours storage duration. The stor-
age duration at 72, 96 and 168 hours had same percentage of ph.
the percentage of protein at 0-hour storage duration was more and
this could be as a result of less degradation of protein in fresh milk
by proteolytic enzymes. The less protein percentages observed as
storage duration increased could be attributed to increase in levels
of total bacteria and psychrotrophic bacteria activities [39]. The
production of microbial proteases with storage duration will con-
tribute to increased proteolytic activity [2] this will further reduce

protein percentage. There were inconsistencies in milk protein

Citation: Essien Kemfon Friday., et al. “Effects of Storage Methods and Storage Durations on Physicochemical and Total Bacterial Count of Bulked Milk
from West African Dwarf (WAD) Goats”. Acta Scientific Veterinary Sciences 4.4 (2022): 50-58.


https://www.sciencedirect.com/science/article/pii/S0022030216308682

Effects of Storage Methods and Storage Durations on Physicochemical and Total Bacterial Count of Bulked Milk from West African Dwarf

(WAD) Goats

percentages with storage duration and this could be as a result of
the proteolytic activity of enzymes naturally present in stored milk
which increases over time during long term storage [28]. This ob-
servation varies from the report of [29] who reported that storage
duration did not affect protein content of milk from goats. Storage
duration influences lactose percentage of the wad goat milk and
was highest at 48 hours. The main source of dietary carbohydrate
for microbes in milk is lactose, it maybe that the degradation of
lactose in milk to release glucose occur more at 48 hours storage
duration. This report is in agreement with the findings of [43] who
stated that storage duration influenced milk lactose. However, this
does not corroborate with the findings of [35,18] who reported
that there was no significant effect on milk lactose when preserved
from 24 hours to 120 hours at 4°c. Storage duration influenced the
solid non-fat content of milk and this could be due to the physical
damage to milk fat globule membrane in raw milk which initiates
lipolysis. This agrees with the report of [53] who stated that low
temperature storage conditions had influence on solid non-fat con-
tent of milk when preserved over long periods. Reports from this
study corroborates the findings of [43] who reported that cow’s
milk preserved for up to 24 hours was affected by storage dura-
tion as an increase in mean value was observed between 0 to 24
hours. moisture content of milk from wad goats was influenced by
the storage duration and this could be due to solubilization of pro-
tein and total solids components of milk during long term storage
thereby leading to an increase in the moisture content. However,
this study does not corroborate the findings of [41] who reported
that storage duration did not affect the moisture content of milk. In
this study, storage duration had effect on casein content with high-
est value obtained at 0 hour and decreased as duration of storage
extends. This suggested less proteolysis at 0-hour storage durations
and it agrees with work of [23] who reported a reduction in casein
with increased proteolytic activities in milk stored for 6 days. [40]
Also reported that over time the casein content of bulk tank milk
increased from 3.19 to 3.22% between 0 and 48 hours and then
decreased to 3.18% between 48 and 96 hours. The decrease in ca-
sein as storage extend could also be as a result of degradation of
casein micelles by microbial proteases which leads to a reduction
in calcium phosphate causing instability in milk components [23].
The observation that the total solids content of milk from wad goats
was influenced by the storage duration may be due to degradation
of total protein and decrease in fat content during storage period.
[24] Stated that a decrease in total solids content was mainly due to
degradation of total protein and fat content during storage period.
This study varied from the work of [16] who reported increasing
total solids content with the advancement of storage period. Titrat-

able acidity was shown to be affected by storage duration and could
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be due to fermentation process, acidic coagulation which occurs
in milk during long storage and also the action of predominating
lactic acid bacterial degradation of lactose and other sugars when
stored for a long period of time [26]. This observation is in line
with the findings of [11] who reported an increase in milk titrat-
able acidity from 24 hours to 48 hours’ duration and [27] who re-
ported that titratable acidity increased with the advancement of
fermentation period up to 16 days. The ph of the milk was affect by
storage duration as can be linked to the high activity of lactic acid
during storage which leads to fermentation thereby altering milk
Ph. [33] Stated that increase in titratable acidity during storage is
as a result of proliferation of lactic acid bacteria. [47] Study on milk
stored for 5 d at 5.5°, the titratable acidity increased from 0.15
to 0.17%, and was linked to increased microbial population within
the storage period from 560 to 120,000 cfu/ml.

Effects of storage methods and storage duration on total bac-
terial count

Storage method and storage duration had no significant (p >
0.05) effect on total bacterial count (tbc) of the bulked milk from
wad goats table 3. However, there were variations in the number of
total bacterial Present in all storage methods and durations. Gram
negative organisms’ salmonella enterica, Escherichia coli, Acineto-
bacter Bahmani and gram-positive organisms staphylococcus au-
reus and staphylococcus epidermis were isolated at 0-hour (fresh)
bulked milk of wad as shown in table 4. The bacterial isolated at
24 Hours Storage Were Pseudomonas Aeruginosa, Staphylococcus
Epidermidis, Staphylococcus Aureus and Escherichia Coli Table 5.
At 48 hours no visible growth of bacterial was detected. storage
method and duration did not significantly influence the total bac-
terial count of bulked milk from west African dwarf goats. How-
ever, an increase in total bacterial count was observed in bulked
wad goats milk preserved under different storage durations due
to presence of dominant psychotropic and psychrophilic bacteria
capable of surviving under cold temperatures. This result agrees
with the findings of [37] who reported that bacteria can grow at
a relatively rapid rate below 8°c and are capable of forming vis-
ible colonies on incubated plates. [8] Also reported that spoilage
bacteria such as proteolytic and lipolytic bacteria can also grow in
milk during cold storage and alter the quality and shelf life of the
milk. the isolated bacterial in this study at 0 and 24 hours were in
line with the work of [37] who stated that Shigella, Pseudomonas
Aeruginosa, Esherichia Coli, Staphylococcus Aureus, Staphylococcus
Epidermis, Salmonella Enterica species of bacteria have the ability
to grow at temperatures just above freezing point. The study con-
cluded that bulked milk of wad goats can retain its nutrient content

by refrigerating and freezing up to 48 hours.
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Conclusion

The study concluded that bulked milk of wad goats can retain
its nutrient content by refrigerating and freezing up to 48 hours.
storage method and duration did not significantly affect the total
bacteria count; however, it ameliorated the growth of microorgan-

isms in milk from west African dwarf goats.
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