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Some investigations of the changes in number of living bacteria during 
storage of milk products, especially of milk powder have been reported by 
HIGGINBOTTOM (1944), FINDLAY et al. (1945) and several other workers. SUPPLEE 

& ASHBAUGH (1922) and HIGGINBOTTOM (1953) have also investigated the variations 
of number of bacteria in the milk powder stored under different relative 
humidities. However, in these cases, few statistical tests on the changes of 
number of bacteria were made. 

In the writers' previous report, it was stated that the numbers of living 

bacteria in spray-dried skim milk powder of 26 samples preserved at room 

temperature tend to decrease with the lapse of time; the results obtained were 
analysed statistically. But, as the data used in the first report were taken from 

materials which are respectively different in respect to storage period after 

manufacture, it is possible that this factor influenced the results. To avoid such 
influences, for this study samples of the same lot number spray-dried modified 

milk powder were employed. There was no alternative but it was necessary to 
employ the· modified milk powder as no suitable material of skim milk powder 

could be obtained. 

MATERIALS AND METHODS 

For the present experiment, three cans each 450 g net weight of modified milk powder 

were supplied from a certain Dairy Products Co., Ltd. They had been processed on Aug. 

4th, 1956: their numbers of living bacteria were found to be respectively 26, 29 and 64 

thousand per g of milk powder at the preliminary examination on 10th Oct. On 16th Oct., 

* So-called modified milk powder in Japan is one fortified with vitamins, minerals, 
/3-lactose and so on for nursing babies specially. 
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all milk powder in these 3 cans was aseptically mixed in one after which it was again 

redivided and sealed into 18 poly-ethyl en bags pasteurized by ultra violet ray for 20"'-'30 

minutes; each weighed about 50 g. The numbers of bacteria of all of them were again 

simultaneously counted on 13th Nov. and then after resealing they were kept at room 
temperature. Taking out one of them at random every two weeks from the 14th Nov., 

the writers made enumeration .of number of bacteria. The last sample was taken out at 
the 38th week of the experiment-on Aug. 7th, 1957, just one year after manufacture. 

As reported in the previous paper, the count of living bacteria was made using the 
standard agar plate counts method described in the "Manual of Food Hygienic Inspection" 

compiled by the Ministry of Health. However, as it seemed inaccurate to enumerate the 

numbers of bacteria on only 2 agar plates, 10 plates were used in this experiment. From 

the results of the preliminary experiment, the solution of sample to pour in dish was 

found preferably to be 1 ml of hundredfold diluted original material. So, this technique 
was employed through this experiment. The agar used was the same lot one made by the 

TABLE 1. Change.~ and Survival Rates of Number of Living Bacteria in Spray-
Dried M od1:fied Milk Powder Preserved at Room Temperature 

NUMBER OF LIVING BACTERIA/g 
SURVIVAL LOGARITHMIC 

Before After Storage RATES SURVIVAL 
Storage 

Weeks 
b/a (%) RATES 

a b 

21,090 0 21,050 99.81 2.00 

23,060 2 22,330 96.83 1.99 

26,190 4 19,130 73.04 1.86 

24,290 6 15,350 63.19 1.80 

33,270 8 10,600 31.86 1.50 

25,310 10 13,190 52.11 1.72 

23,430 12 11,880 . 50.70 1.71 

21,970 14 7,320 33.32 1.52 

22,440 16 8,810 39.26 1.59 

29,670 18 10,270 34.61 1.54 

30,290 20 7,060 23.31 1.37 

30,200 22 14,680 48.61 1.69 

24,540 24 7,440 30.32 1.48 

23,180 26 6,180 26.66 1.43 

22,330 28 10,240 45.86 1.66 

23,130 30 9,340 40.38 1.61 

32 1.48* 

33,020 34 7,350 22.26 1.35 

36 1.22* 

34,490 38 4,270 12.38 1.09 

. Data missing 

* Estimates by calculation 
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Nihon Eiyo Kagaku Co., Ltd. for the routine examination of dairy products. 

BACTERIAL COUNT AND SURVIVAL RATE 

Respective numbers of living bacteria obtained in the 18 samples are shown in table 
1. Despite complete mixture of milk powder in 3 C3.ns, the numbers of bacteria in the 

redivided 18 samples on 13th Nov., ranged from 34,490 to 21,090 per g, but these numbers 
of bacteria belong to the same population (p<O.01). The survival rate of the number of 

living bacteria in each sample is respectively presented by the ratio of the number of 

bacteria estimated after storage to the number before storage. On the whole, with the 
lapse of time the survival rates of number of bacteria decrease from 99.81~"; (the first 
examination at 0 week) to 12.38;;>'; (the last examination at the 38 th week). 

On the other hand, in order to ascertain the bacteria species in the samples, 0.1 ml of 
a hundredfold diluted solution of each sample was cultivated on sheep blood agar. After 

24~48 hours' cultivation at 37°C, large, fht, dried, greyish-yellow colonies and large, flat, 

moist, yellow ones were most frequently seen. These colonies consist of gram-positive 
cocci in tetrad which at 60°C survive for 15 minutes but not for 30 minutes. 

Staphylococcus aureus, B. subtilis-like spore-forming bacillus and others were not observed 
in any great number. 

ST ATISTICAL ANALYSIS 

When the logarithmic survival rates (Y) are plotted against the weeks elapsed (X), 

the regressions appear to be nearly linear in three different groups (Fig. 1), which consist 
of the survival rate between 0~10th week (A group), between 8-30th (B group) and 

between 28.-.38th (C group). As in the previous study, by the calculation of a regression 

FIG. 1. Correlation between the Weeks Elapsed after Storage and 
Logarithmic Survival Rates of Living Bacteria in Spray-
Dried Modified Milk Powder 
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coefficient for each group the authors can obtain the followin~ results and establish three 
regression equations. 

A group 

B group 

C group 

0-10th week 
r = -0.837 
Fs = 9.32 

P r . {F>6.61} = 5%, 
Pr. {F>Fs} < 5,?''; 

Y = 2.021-0.042X 

8-30th week 
r = -0.151 

Fs = 0.23 

Pro {F>4.84} = 5% 
Pro {F>Fs} > 5,?''; 

Y = 1.612-0.002X 

28-38th week 
r = -0.995 
Fs = 321.16 

Pro {F>16.26} = 1,?'b 

Pro {F>Fs} < 1% 
Y = 3.355-0.059X 

Pro {F>16.26} = 1~';; 

As mentioned above, in all the groups, A. Band C. the coefficients of correlation are 
negative. in other words. the number of bacteria in the milk powder decreases with the 

lapse of storage period. In group B the numbers of bacteria decrease very slowly, while 

in both group A and group C each coefficient of correlation is rather great; the second 

power of their regression eqm.tions is not signific:mt (p<O.05), that is, the numbers of 
bacteria decrease linearly in each group. It follows that the survival rates of living 

bacteria decrease in proportion as time passes. 

DISCUSSION 

It was reported in the previous work that the logarithmic values of the 
numbers of living bacteria in preserved spray-dried skim milk powder would 

decrease linearly with the lengthening of storage period. 
According to the report of SUPPLEE & ASHBAUGH, the numbers of living 

bacteria in the roller-dried milk powder containing more than 10 thousand living 
bacteria per g, decreased remarkably for several months immediately after 

manufacture, but they became almost unvarying from 6 months after manufacture. 
HIGGINBOTTOM3

) also reported that many samples of spray-dried milk powder 
showed little alteration in their numbers of living bacteria after 6 months or more 

after manufacture. 
In the present experiment, as shown in figure 1, in group A the numbers of 

bacteria decrease rapidly, but in group B slowly. The fact of the rapid or slow 
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decrease Df the numbers Df living bacteria in A and B grDups is in accDrd with 

the abDve mentiDned repDrters' results. This is true because the present 

experiment was begun with the 3rd mDnth after manufacture and the final 

CDunt in A grDup was Dver at the 10th week frDm the beginning Df the 

experiment, in Dther wDrds at abDut the 6th mDnth after manufacture; Dn the 

Dther hand, the first CDunt in B grDup was made at abDut 6 mDnths after 
manufacture. HDwever, it is nDticeable that the decrease Df the numbers Df 

bacteria in grDup C was again remarkable; mDreDyer it decreased mDre rapidly 

than in grDup A. FDr explanatiDn Df this phenDmenDn, such factDrs as the 
difference Df bacteria species in the milk pDwder, the cDntainers Df the samples, 

the cDnditiDns Df stDrage, the quality and the quantity Df milk pDwder, etc. 

shDuld be cDnsidered. But additiDnal and mDre precise experiments are needed 
to. clarify the reaSDn Df decrease in numbers Df bacteria in grDUp C. 

As it was presumed that the bacterial CDunt made Dn Dnly 2 plates as 

prDvidJd by the Manual wDuld cause large errDr in DbservatiDn Df chan~~s Df 

number Df living bacteria, in Dther wDrds as it was desirable to. '~~t higher 

precisDn fDr the enumeratiDns Df number Df bacteria, 10 plates were used fDr 
every diluted sample sDlutiDn. 

The variance resultant frDm use Df 10 plates fDr each Df samples was small 

and the significant test Df these variances shDwed no. significance (p<0.05). 
On the Dther hand, YAMADA (1947) has pDinted DUt that the dissDciatiDn Df 

bacteria clumps in cultures Df raw milk wDuld cause the mean value to divide 
into. 2 grDups, Dne Df which cDnsists Df 14 plates distributed arDund coordinate 
A (66.8) and the Dther Df 6 plates arDund B (271.3), even thDugh use was made 

Df 20 plates. HDwever, in this present wDrk, the dissociatiDn Df bacteria clumps 

was nDt Dbserved as it was by YAMADA in Dne diluted sDlutiDn. 

SUMMARY 

In Drder to. knDw hDW the number Df living bacteria In spray-dried mDdified 

milk pDwder changes with the lapse Df time after manufacture, a series Df 

DbservatiDns Df the bacterial CDunt in milk pDwder preserved till 1 year after 
manufacture was designed. The results were subjected to. statistical analysis. 

The bacterial CDunts were calculated in 18 samples Driginated frDm 3 cans with 

the same lDt number. In advance all the milk pDwder Df 3 cans was aseptically 
well mixed and redivided into. many small bags; then these bags were kept at 

rDDm temperature. The number Df living bacteria in each Df bags selected at 

randDm was cDunted at 'tWD week intervals frDm 14th to. 52nd week after 

manufacture. 
The result Df this DbservatiDn ShDWS that there is a negative cDrrelatiDn 
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between the logarithmic survival rates of living bacteria and the weeks elapsed 
after storage. 

When the test period was divided into 3 groups, A CO--10th week after 
storage), B (8--30th) and C (28--38th), the coefficients and regression equations 

for each group were obtained as follows: 

A group 

B group 
C group 

r = -0.837, 

r = -0.151. 
r = -0.995, 

Y = 2.021-0.042X 

Y = 1.612-0.002X 
Y = 3.355-0.059X 

From these equations, it was shown that the survival rate of living bacteria 
in modified milk powder tends to decrease remarkably in the first group A, 

slightly only in B group and rapidly again in C group (Fig. 1). 
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