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.Bacteriological. chemical, and physical studies on
powdered milk have been carried out by many investigators (4, 15, 19, 20, 21, 27, 28, 30, 32) in order to
assess the quality of this product. In the U.A.R.
it was not until 1962 that a plant for manufacturing
dried milk was established at Sakha in Kafr-El-Sheik.
The capacity of this plant is 20 tons of whole raw
milk per day. As drying milk is a recent industry in
our country, no attempt has been made to study the
quality of the product. Therefore tile present investigation was carried out to study the bacteriological
quality, and some chemical and physical properties
of this product. Results of this study constitute the
material of another paper (31), in addition to the
present one.
Type of equipment and processing conditions at
the Sakha plant were as follows: (a) on reception,
milk is filtered and cream separated; (b) pasteurization is at 85 C for 15 sec; after rapid cooling to 4 C,
milk flows through a balance tank to the pre-heater;
(c) pre-heating is at 90 C for 20 sec just prior to
vacuum concentration; the preheater is equipped with
a flow diversion valve; preheated milk is delivered
to a small balance tank feeding the vacuum evaporator; (d) the pre-heated milk is concentrated to about
40-45% solids by means of a double-effect climbing

film evaporator ( 60 C then 40 C) connected to an
indirect barometric condenser and a vacuum pump;
(e) concentrated milk is withdrawn from the evaporator by pumping, and passes through the atomizer
feed tank via a rotating disk atomizer to the spray
drying chamber (inlet air 150 C - outlet air 96 C);
and (f) the resulting powder is discharged from the
main chamber and cyclone separators into a conveyor
which delivers it to a sifter; The final sifted powder
is discharged from sifter outlets into suitable containers.
MATEBJALS A.."ill METHODS

Samples
Fifty samples of spray-dried non-fat milk produced at
the Sakha plant were collected aseptically in sterile and tightly
closed containers. They were immediately transported to
the laboratory where they were tested.
Methads
Samples were examined bacteriologically for total viable
counts at 30 and 37 C; thermoduric, psychrophilic, and
hemolytic bacteria, adopting the methods given in Standard
Method for the Examination of Dairy Products (3). Staphylococcus counts were determined on S 110 medium ( Difco).
Differentiation between the typical colonies of the pathogenic
and the non-pathogenic staphylococci was carried out according to Evans (11). Proteolytic anaerobes were detected
following the method reported by Mackie and McCartney
{25). Saccharolytic anaerobes were determined according to
the method described by Chalmers (9). For coliform counts
the dilution frequency method (Most Probable Number, MPN)
was adopted and the MPN was calculated on the basis of
positive tubes using McCrady's Table as indicated in Standarcl Methods for the Examination of Dairy Products (3).
Group D streptococcus counts were determined on the modi-::
fled thallous acetate tetrazolium glucose agar medium recommended by Barnes (5) who divided the streptococcal colonies
that would grow on this medium into: Group 1: Streptococcus
faecium, Streptococcus durans, Streptococcus bovis, and a
number of unclassified strains and Group II: Streptococcus
faecalis and its varieties zymogenes and liquefaciens.
Moisture content and titratable acidity were determined
according to the methods given in Richmond's Dairy Chemistry
(35). Fat oontent was estimated using the method. given ·by
Ling (24). Solubility index was determined according to the
method of Crossley as described by Davis (10).
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ABsTRACT

Fifty samples of freshly spray-dried non-fat milk were
taken from the Sakha plant. The quality of this powdered
milk was assessed by bacteriological, chemical, and physical
tests. Bacterial counts showed the following averages per
gram: total viable counts, 13 X H1 at 30 C and 6.8
X 108 at 37 C; thermoduric, 1.6 X 10"; psychrophilic, 4.5
X H1; non-pathogenic staphylococci, 4 X 1()11; Group D
streptococci, group I comprising Streptococcus faecium,
Strtiptococcus durans and Streptococcus bov/8, 5.3 X 1(Fl and
group II comprising Streptococcus faecalis and its varieties
zymogenes and liquefaciens, 9.3 X 10'; and coliforms, 64.
X 1Qll. Saccharolytic anaerobes were found in 40'% of the
samples examined while proteolytic anaerobes and ,a-hemolytic
bacteria were not detected. The chemical and physical tests
showeq the following averages: 1.9% fat, 0.21% acidity, 3.25%
moisture, and 1.1 ml solubility index.
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TABLE

BACTERIOLOGICAL ANALYsis oF SPRAY DRIED MILK PoWDER

No. of
poalt!ve
samples1

Total count
Thermoduric counts
Psychrophilic counts
Staphylococcus counts
Coliform counts
Group D streptococcus counts
group I
group II
1Total

50
50
50
50
50
10
50
47

Incub.
temp.

c

M.lnlmum

Maximum

Average

80
70
9
5
3
5.4

X 10'1
X lOS
X lOS
X lOS
X 1()'1
X 103

13 X lQ'I
6.8 X lOS

7
37
37

4 X 10'1
3.2 X 1Q5
3.4 X 104
3.6 X 104
3.1 X 104
0( not detected)

37

12 X 103
O( not detected)

15 X 106
4.9 X 10'1

5.3 X 1()1'
9.3 X 104

30
37
30

1.6 X 106

4.5 X 105
4 X 105
6.4 X 102

samples, 50

Bacteriological analysis (Table 1)
Total viable counts. As seen in Table 1, the total
viable counts ranged from 4 X 10" to 80 X 106 with
an average of 13 X HY' per gram at 30 C and from
3.2 X 10:S to 70 X 106 averaging 6. 8 X 100 per gram
at 37 C. These results clearly show that incubation
at 30 C for 5 days gave higher colony counts than
incubation at 37 for 2 days. This confirms the data
,of Mattick et al. (2:1) and Hiscox (19 ). These workers
attributed this phenomenon to the inability of microbacteria, that occurred most frequently in powdered
milk, to grow at 37 C. But as the pre-heating temperature used at the Sakha plant was 90 C, thus surpassing the destructive limits for microbacteria men~tioned by Hiscox (19), therefore the difference between the counts at 30 C and 37 C is attributed to
the presence of psychrophilic bacteria, detected in
high numbers (Table 1), unable to grow at 37 C
(39). Other types of micrococci, such as Micrococcus
varians which has also been found in the samples
studied, also are unable to grow at 37 (2).
It is also quite clear that counts obtained in the
current work were similar to the findings of Anderson
and Stone (4) and Hobbs (20). However, they generally were distinctly higher than those reported by
other workers (15, 28, 30).
High counts obtained in the current work are attributable to more than one factor, such as the bacteriological quality of the raw milk used (27), and to
inadequate plant cleanliness . and sterility (26, 27).
This is also supported by the findings of Abd-elGhani (1). During a three-year study (1967-1970)
he obtained average counts of 86 X lOS /ml at 30 C
and 64 X 108/ml at 37 C for raw milk used for processing at the Sakha plant. He showed that unsatisfactory
conditions of cleanliness led to contamination during
processing and to the subsequent high counts of the
finished product;
. _
.· ~ Thermoduric counts:~< TherJ:Adguric counts . ranged
from 3.4 >< 104 to 9 x 106 ~. witri. an average of 1.6

106 per gram. The high thermoduric counts obtained in the present work are probably due to the
relatively large numbers of heat-resistant organisms
in the raw milk used (1, 13, 2:1) as well as to contamination during processing (1). Inefficient cleaning of
condensers and feed tanks were shown to be additional sources of contamination (12)
X

Psychrophilic counts. The psychrophilic counts
obtained ranged from 3.6 X 104 to 5 X 100, averaging 4.5 X 10$ per gram. Water supply is considered
the main source of psychrophilic bacteria in the dairy
industry and a second, perhaps more frequently encountered source of contamination, is improperly
cleaned equipment and utensils (40). However, since
these organisms are destroyed by pasteurization (9)
and by successive heat treatments during processing,
their .presence in the fresh dried milk samples eXamined could only be attributed to contamination after
heating. This indicates unsatisfactory sanitary conditions in the plant, particularly lack of efficient cleaning and sanitization of equipment surfaces involved
ahead of the drying chamber (1).
Staphylococcus counts. The staphylococcus counts
were in the range of 3.1 X 104 and 3 X 100, and averaged 4 X 10' per gram. None of the samples examined revealed the presence of typical colonies of the
pathogenic types (11). The presence of colonies of
the non-pathogenic types of staphylococci, being nonheat resistant, is due to contaminatiQn after processing caused by improper management I;Uld cleaning
(18).

{3-hemolytic bacteria. In none of the fifty samples
examined could {3-hemolytic non-sporing organisms
be detected.
Proteolytic anaerobes. No proteolytic anaerobes
were found in any of the samples examined.
Saccharolytic anaerobes. Stormy fermentation was
observed in 40% of the samples. Presenc!=J of these
organisms in dried milk was reported by Mattick et
al. (2:1) and Parson and Fraser (33). Saccharolytic
anaerobes were derived from raw milk. and being in
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RESULTS AND DISCUSSION
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,pl~ highly n)sistant spore form, they were unaffected

TABI.D

2.

PHYSICAL AND CHEMICAJ, ANALYSIS OJ.<' SPRAY-Dn!ED

MIIJ!: PowDER

'by the prOcess of spray-drying (27, 33).

Maxlm1lm

. .Colifdiin coont8. The ·coliform counts ranged from
0 (not--detected to 5.4 X 10\ w:ith an ave!age. of 6.4 X
·J.OS. per gram. These organisms were detected in 20%
of the samples: Sin~e the isolated coliforms proved to

1.33
0.3
1.30
0.13

Moisture (%)
Solubility index (ml)
Fat (%)
Acidity (%)

5. 90
2.5.
4.00
0.23

· Avenge

3.25
1.1
1.90
0.21

~~-

Comparing the ·results regarding Group D strepRJ1FERENcES
·tococci with those of :C(')liforms it is .obvious that the
1. Abd-el-Ghani, s. 1970! Bacteriological changes during
counts~and n~bers of positive samples of the former the different stages of manufacture of dried milk at· Sakha
.: were lhuch higher than those of the latter. Thus all plant. (Unpublished data).
the samples that reveaied presence of. coliforms wtire
2. Abd-el-Malek, Y., and T. Gibson. 1948. Studies in
also positive fqr Grop.p D streptococci but the reverse the bacteriology of milk. II.· The staphylococci and micrococci
'b d th h
of milk. J. Dairy Res. 15:249-260:
was not the case. This rould b e attri ute to e eat
3. AmeriCan Public Henith Association. 1000. Stat~.cfurd
treatments used dti.ring processing destroying t:l:.ki col- methods for the examinil:tion of dairy products. 11th. W.
iforms but not all the Group D streptococei: This Amer. Public Health Ass., Inc., New York.
·
means that negative coliform results.....in.Jhe Jinisl},ed
4. Anderson, B. H. R., and D. M. Stone. 1955. Staphyproduct do not a1way~ ensure s afety from th e hygien- lococcaf food Poisoning associated with spray dried milk. J.
.
·
f ·
I c..l
_:~,
Hyg•. Camb ..53:387-397.
1c· pomt o VIew. t wso inuicates greater accuracy
5. Barnes, E. M. 1956: Methods f6r the isolation of
of Group D streptococci as fecal pollutiofil indicatars, faecal streptococci ( Lancefield Group D) from bacon facat least in· dried ·milk; This =pomf of vicwS>l;fas been tories. J. Appl. Bacterial. 19:i93-203.
1
stressed "by Larkin et al; (:23-J and ;Rafet aJ. .. (34). ....6.~ .Bames,E, .M.· 19~. Diff~rential' l¥ld selective media
.. :17)., m·· di··s·cu·ssm
· ·g ·th'·e v"al.ue··.a·f·th·
E '"'~~ _ . 1 for the ~aecal
Bu·-u_:a·;-;
~u ......,. 1
. · streptococci
· · . ....ThJ. · Sc1.
al Food
· f th.Agr.
· 10:.656-00_.
... '
E 2_.h
·;1.• ".... ·. :.d G.
·
. . . . .. :;3 1 . · · ·•e Sr.;rwr ... 1 • ;B.uttiaux,
R. 1959.
e v ue o .e assoc1ation sc er. ic,,Ule an
roup D streptococci ~ mULcators of c0n- · :_ichui~tqup r) fueptococci in the diagnosis of contamination
tamination, regarded Group D streptococci as afford- . ,·in f~oErS:J. Appl. Bacterial 22:153-158.
'
·
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be non-heat resistant strains (31-), it can be safely ';ing a. more sensitive test .for fecal contamination of
assumed that coliforms initially present in raw milk
·
·
food than the coli-aerogenes bacteria. Taking into
. use,d for proGessing were readily destroyed during; the
consideration the heat stability (38) of the former,
. manUfacturing process (1, 27). Their presence in
a character not possessed by the latter, the presence
the dry milk samples examined is therefore due to
.
pos'theating contalnination .(27, 29 ). The same eon- of coliforms will point to post-heating contamination,
· ·
which is also an important criterion from the hy,clusion '\;Vas arrived at by Abd-el-Ghani (1) when
evaluating ·the bacteriological changes occurrir).g at ·gienic standpoint. Therefore, the presence of Group
p streptococci assoc_iated with the coli-aerogenes haceach stage of manufacture of spray-dried milk at
tlie 'Sakha plant driiing 1967~1970. ~
teria will justify the diagnosis of feca1 contamination
,
· ·· · ' ·
in powdered milk.
· ,.
Group D streptococci. Counts of group I organisms Physical and chemical analysis (Table· 2)
rarl:geo.f.rom 12 X l03 to 15 X 106 with an average
Moisture content. As seen in Table 2,: the moisture
of 5.3 )1:, J.OS. per grain and those of group IJ., from 0 content ranged from 1.33 to 5.90% with. an average
.. ~{not detected) -to 4.9. X lOS, averaging 9.3 X 104 of 3;25%. These results coincide with those reported
per gram. ·Group 1 organisms were present in all the by Napoli (32).
.
samples ·exainined (100%), while those of group II
Solubility index. The solubility index varie~''from
.W!"Jre d~tected in· 94%. '!be fact .that the counts of 0.3 to 2.5 ml, averaging 1.1 .mi. Similar results .were
group 1 were much higher than the corresponding obtained by Ibrahim (21):
· ·
. counts. of .group II .indicates that S. faecium, S.. durans,
Fat content. The fat content r3;0ged from 1.3 to
and S. bovis, were present in higher numbers than
4%,
with an average of 1.9%.
··
S. faecalis and its varieties. Similar results were
Titratable acidity. The samples exanlined showed
reporj:ed by Hashimoto (16) and Hashimoto et al.
acidity
values ranging from 0.13 to 0.23%, averaging
(17). The presence of Group D streptocoCci in spraydr:\ed milk may be due partly to their incidence in raw 0.21%. Comparing these results with those reported
milk used for processing (1, 8). Because of .. their ·by Gould and Skiver (14) it can be seen that the· current results were higher; · This could be attributed to
relativ~ly high resistance to Unfavourable conditions
like h~t treatment (38) and drying (6), they may sur- the low ·bacteriological quality of raw milk used for
.vive processing. H;gwever, reeonta:minatiqn after processing (1). In this respect, several investigators
.pasteuriZation and dming processing can not be ex- (22, 37) reported mean acidity values of 0.17% and
0.18%, respectively, for locally produced raw milk.
cluded (8, 16).
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The NRA and its individual members work cooperatively with public health officials, organizations concerned with the health and welfare of our
citizens and with other groups concerned with food
sanitation to develop and improve procedures, the

use of which will result in the foodservice industry
maintaining a high level of sanitation excellence.
As part of its ongoing program of assistance to the
foodservice operator, the Association develops and
distributes booklets, charts and audio-visual programs
for foodservice employees on the subjects of food pro( Continued on Page 44)
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