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MILK POWDER STARTERS 

IN CREAMERIES 
By C .. LARSEN and W. WHITE 

SUlVllVIARY. 

1. lVIJlk powder can be successfully used for starter
making in creameries. It is a suitable substitute for natur
al skimmilk in creameries where skimmilk is not easily 
obtainable. 

2. Two drums of dried milk were kept in good condi
tion in a room adjacent to the creamery for over a year at 
ordinary room temperature. 

3. Three ounces of milk powder to one quart of pure 
· water are the proportions which gave the best results in 
these investigations. 

4. The milk powder should be dissolved in pure warm 
·water, preferably clean distilled water. Pure well water 
also give g�od results. Add powder to water rather than 
water to powder .to get the quickest solution. 

5. The cost of skimmilk. powder is 16 cents per pound. 
VVhen it is dissolved in water in proportions given above 
the cost is 11 cents per gallon and $1.32 per hundred 
pounds. 

6. The advantages of skimmilk powder for starters 
in creameries are that a large supply may be secured at 
one time, it is always on hand when needed and always 
fresh and is not bulky to store and to transport. 

7. The chief disadvantage of milk powder for start� 
ers is the cost and some additional work in preparing t�e 
starters. 

INTRODUCTION. 

lVluch experimental and practical work at various ex
periment stations and factories has demonstrated that a 
good starter properly used in cr�am in connection with the 
manufacture of butter improves the uniformity, quality, 
and keeping property of the butter. 
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With the introduction of the hand separ.ator and the 
increased use of the skimmilk for feeding purposes on the 
dairy farms, and the centralization of butter factories, 
creameries have experienced increased difficulties in secur
ing a uniform supply of a good quality of skimmilk for 
starters during the various seasons of the year. This is 
true especially in South Dakota and also in other central
west states. 

Successful methods of reducing milk to powder have 
been in operation on a commercial basis but few yea1·s. 
With the advent of dried skimmilk which has good keeping 
properties and can be redissolved, and obtained at a reason
able cost, a new source of skimmilk for starters in creamer
ies is at hand. The writer conceived the applicability of 
powdered milk in this connection three years ago while 
visiting the plant of Merrell-Soule & Co., in New York. 

MOTHER STARTERS. 

In ,starting to investigate the practicability of using 
- a milk powder solution in place of the natural milk for 
starter-making, the first fact to be ascertained was whether 
this milk powder solution would furnish the proper con
ditions for the normal growth of the desirable or lactic acid 
producing germs. In making up the different milk pow
der solutions two conditions are under our control-(1) 
the purity of the water used and (2) the degree of concen
tration of the solution made. 

Condensed steam from steam pipes was used for 
redissolving the powder. The common well water in the 
college creamery was also used with success. This water 
however is pure. Care should be taken to use only the 
best of water. 

In order to determine the degree of concentration _that 
would supply the best conditions for bacterial growth, 
solutions were made at the rate of 2, 3 and 4 oz. of milk
powder to 1 quart of water. These different solutions 
were placed. into sterile pint glass bottles, which, together 
with a control sample consisting of a bottle of selected 



fresh milk, were placed into a sterilizer and heated :at 
190 degrees Fahrenheit for 1 hour. Having been cooled, 
they were inoculated with a commercial culture and rip
ened, all under exactly the same conditions. When ripe 
they were scored, re-set and carried along from day to day 
as commonly done in practical creamery work and exam
ined daily as stated above. The following table shows the 
relative quality of the powder solution starters as com
pared with the natural milk starters . 

.. 



TABLE I. 

I 2 oz. Milk Pow-13 oz. Milk Pow- 4 oz. Milk Pow-
1 I der to 1 qt. der to 1 qt. der to 1 qt. Natural Milk 

_______ , water water water ______ _ 
Score ... ··I 90 

___ 
9

_
5 _

______ 9_0___ 95 

I Flat Watery Good Keen Sickening
. 
,after 

Remarks . . Flavor I Fruit Flavor 
1 
______ _ 

Score . . . . . 90 95 I 90 95 

I Keen Flavor, 
I 

Rich, . Sicken� Flat Watery 
Remarks .. 
Score ..... 

Remarks .. 
Score ..... 

Remarks .. 
Score ..... 

Remarks .. 
Score ..... 

Remarks .. 
Score ..... 

Remarks .. 
Score ..... 

Remarks .. 
Score ..... 

Remarks .. I 

-� 
90 

Flat Watery 

88 

Under ripe 
flavor 

88 

Little Rich mg , ______ _ 
95 

---92 ---1· ___ 9_5 __ _ 
Keen Acid I Too Rich. 

i
i 

95 I 9o__ 95 

1

1 Keen Acid ! Sickening 
• 
Good Milk Acid 

Flavor I Flavor 
_ 95 I 90 95 

Lacking, Thin. I Clean Acid 4
I 

Thick Rich 1
1 

Clean Acid 

92 
Fla_t __ 

92 
Watery 

90 
Flat, Thin 

90 
Flat Watery 

Flavor 
I 94 i 90 I 
I Good Sickening 

- ------

-1 Cle::::cid 
\ ______ _ 
1- 94 

Keen Acid 

I 

I 
I 

I 

90 
Sickening 

90 
Too Rich 

90 
Too Rich 

. 95 
Mild. Clean 

95 
Good Keen 

Acid 
95 

Good Keen 
Acid 

Score ..... ----=9-::2 ___ , ____ 
9

_
5 

__ _ 
92 96 

Watery Good 
Clean Acid 

Too Rich But 
Clean. Good. 

Good Kean 
Acid 

I -
I 90.4 95.1 

Remarks . ··
1 Average ..... 
1
-------·i-------

S_c_o_r_e_. _ .. __ ._._._._·�' ___ 9_ 0_.2 ___ .:..__ __ 94. 6 

I 
I' 
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The data in the table shows the milk powder solution 
in the propol'tion of 3 oz. of powder to 1 quart of water 
gave much better results than the stronger and weaker so� 
lutions, that is, from the standpoint of quality as judged 
by the senses. Cultures grown in this solution produced 
a finely flavored starter which compared very favorably 
with that grown in the natural milk. 

In scoring these milk powders starter� the judge has· 
omitted a consideration of the scorched flavor which all 
milk powder solutions have, at least those experimented 
upon. This flavor is similar to that developed in over
pasteurized milk, or milk heated until it begins to turn 
brown. However this flavor was not detected in any oi 
the butter made. 

The optimum temperature for ripening and the proper 
degree of acidity to develop are the same for milk powder 
starters as for natural milk starters. In fact, the milk 
powder in solution in the proportions recommended is 
practically the same as natural skimmilk and should be 
llandled in exactly the same way as such at every step in 
the making of starters. 

GROWTH OF BACTERIA IN MILK POWDER SOLU
TIONS. 

fo order to obtain an exact knowledge of the growth 
and development of the bacteria in the different milk 
powder solutions as compared with natural milk, cultures 
were grown under laboratory conditions. 

The five different solutions used were prepared as· 
follows: 

1. Two ounces of milk powder dissolved in one quart 
of water. 

2. Three ounces of milk powder dissolved in one 
quart of water. 

3. Four ounces of milk powder dissolved in one quart 
of water. 

4. Natural skimmilk. 
5; Natural skimmilk diluted with one-third water. 



8 

The perecentage of milk solids ( 9 per cent) iii the so
lution of 3 ounces ·of milk powder to 1 quart water is ap
proximately the same as that of natural skimmilk. And 
the percentage of solids (6 per cent) in the solution of 2 
ounces powder in 1 quart of water is about the same as 
skimmilk diluted with one-third water. 

The solutions were made, pasteurized in pint bottles 
at 190 degrees Fahrenheit for one hour, cooled to. 80 degrees 
Fahrenheit and inoculated with a definite percentage of 
ripened culture. Sterile, graduated pipettes were used in 
making the inoculations and every possible precaution was 
taken to have conditions uniform and exact. 

The specific gravity of the solutions was determined 
with the lactometer. 

The acidity of the solutions before inoculation and 
after ripening was determined by titration with tenth
normal potassium hydroxide. The more concentracted so
lutions of milk powder have a greater initial acidity dn,: 
to the greater percentage of solids present; so, to compare 
the amounts of acid developed in each case, the initial 
acidity was subtracted from the ultimate acidity, which 
gives the developed acidity. 

The number of bacteria per cubic centimeter in each 
of the starters was ascertained by making cultures on 
lactose agar plates. These plates were incubated for 5 
days at 21 degrees C. 

Detailed data is given in the following table. 

TABLE II. 

Table showing the comparative development of acidity 
and bacteria in Mother Starters prepared from Milk Pow
der and Natural Skimmilk. 



TABLE· II. 

Table showing the comparative development of acidity 
and bacteria in Mother Starters prepared from Milk Powder 
and Natural Skimmilk. 

Propagation Propagation 
First Second 

Q) b 
a> I t 0. 0. 

h ;a ·;:: ;a 
·c3 Q) ·c3 '"' .:::  .::: < 8 .:::  .::: < .8 0 Q) ...... 0 Q) 

Q) "- ..::: <:v ·- ..c:: 
� d  � 'O � d  � 'O 

Q) Q) 

Propagation 
Third 

I . 
t 0. 

Q) ·;:: ;a 
·c3 '" .:::  .:: < .8 o I a> 
'O 

i ; 0 

'3] a t  
...... ..... ::, 0. 
o ;  Z Ill 

:r 
l "g 

b 
0. :,..3 >. 0. 0. 
0 ...., o  � 1 � ...., o  ..... 0 

;a g ai ·- 0 ;a g ;a ai 
<1> 0  ll) ·;:: 

� �< � 2  
·c3 '" ro  t � ;a > 'O .::: ·- > > 

C) H CJ Q) ·o H C) <1) 'o H

, 
·o Q) 

< < A < < I . A < < A 
<1) 

� <1) 1  > � 
� < < 

.,,--�=--,-���� � � '-
2 oz. Powder per qt. water l l . 0 2Y-

l
. 0 9

1
. 6 3 l . 54  

l
. 0 8  j .6 0 1. 5 2

1
. 0 8  1 . 5 45  . 465  .508 1 1 41 , 0 0 0 , 0 0 0 

3 oz. Powder per qt. water ll .033  .13  . 8 71 .  74 . 1 2 5  . 8 8 . 7 5 5  . 1 2  . 8 0 0 . 680 . 7 2 5 1 ' 9 3 . 0 0 0 , 0 0 0  

4 oz. Powder per qt. waterj l. 0 3 9  . 1 8  1 . 0 0 1 . 82  . 1 7  1 1 .0 01. 83 . 1 7 5 1 . 9 9 0 . 815  . 8 2 2 1  � 0 9 , 0 0 0 , 0 0 0  

Skimmilk . . . . . . . . . . . . . . .  1 1 . 0 3 5 1 .l 7 2 1 . 8 7 \. 6 98 1. 1 9  I .9 6 . 7 7  1 . 1 9  1 . 84 0 .6 50 . 7 0 6 1  r n 3 , o o o , o oo 
2-3  Skimmilk & 1-3  waterl l . 0 23 1 . 1 0 2 .64  . 538 1 . 1 1  . 65  .54  . 1 1  1 . 58 0 . 4 70  . 516 1 1 fi O  0 0 0 . 0 0 0 

The growth of the bacteria and the development of 
acid and flavor in the milk powder solutions are normal. 
Stained preparations of the bacteria from milk powder 
solutions appear the same under the microscope as those 
grown in natural milk. 

A comparison of the specific gravities, amount of acid 
developed ·and number of bacteria per cubic centimeter, 

· shows that the solution of 3 oz. powder in a quart of water 
furnishes for bacteria, conditions approaching very closely 
those found in natural milk. 

The greatest desired bacterial growth as measured 
by the amount of acidity produced and total number of 
bacteria is obtained in the milk powder solution of greatest 
concentration . The diluted skimmilk and the weaker milk 
powder solution show a less bacterial growth. 

The powder starters of greatest concentration, al
though furnishing a medium for greater bacterial develop
ment, were not scored the highest by the judge. This may 
be due to the fact that our standards for judging starters 
have been obtained from natural skimmilk, which has a 



concentration similar to tha� of the medium strength milk 
powder solution experimented upon. 

This data shows that - it is not a good practice to· dilute 
natural sldmmilk ,,,ith water for starters. 

Considering the cost of milk powder, the consistency 
of the milk powder solutions for handling and use, the 
quality as judged by the senses and the comparative growth 
of germs,- the proportion of three ounces of milk powder to 
one quart of water is most suitable. 

MILK POWDER STARTERS IN BUTTERMAKING. 

A great deal of work has been done by various experi
ment stations showing the value of good starters in butter
making. It is an undisputable fact that the proper use of 
starters improves the quality of the butter. The purpose 
of this work is t� determne the value of milk powder 
starters as compared with natural skimmilk starters. 

A number of churnings were made to compare the 
quality of butter made from cream ripened with natural 
milk starters, with that_of butter made from cream ripened 
with milk powder starters. The cream used was taken 
from the regular run of cream received at the college 
creamery. In all churnings the method employed was as 
follows : Cream for the two comparative churnings was 
placed into a vat, pasteurized, cooled and thoroughly mixed 
into a homogeneous mass, then divided into equal parts and 
ripened under exactly · the same conditions ( except the 
kind of starter used) . In the churning, washing, 'Salting 
and working, conditions were maintained as nearly the 
same as wa_s possible so the only factor that could affect 
the quality of the butter was the starter used. A detaHed 
record was kept of each step in the process of manufacture, 
but these details do not bear greatly upon the results so are 
omitted here. 

The butter was scored by an impartial judge who was 
given no information regarding the identity of the butter. 
The acidity of the butter ( no. c. c. tenth-normal potassium 



11 

hydroxide required to neutralize 10 grams butter) was de
termined at each scoring. 

In all cases "natural milk starter'' is the natural skim
milk or whole milk pasteurized and ripened with a commer
c�al culture. 

TABLE III. 

Milk Powder Starters vs. Natural Milk -Starters 

l · 
1

1

1

1 

I 
s! I Score and Acidity 

I 

of Butte

l 

When 

I 
I td 

ai I 
Fresh 2 wks. 4 wks. 6 wks . 

.. , s 1

1 

l� i------11-� e t � 'C .5 8 1  . I :.. � td C) � ...., t  I 
I 2 M in M td ....,  I rn o ""' ::I  lit td I 

\ O ,._. .,_. � 0 5 ....., ifl  I 

z
l 

: : 1 0 � §  � � I � � f � � �-'C<G: 1 �  � ,g c: .5 ;... ..... ,i:: I I-< "-' I O .... 0 ...... 0 - 0 ...... 
E-; I g � , � I � � · 1 � �  . r)S � 1 a; � a; a; � 
l JNatural milk Sweet;l 30 I . 7 6 1  34 . 1  9 4 1 , . .  · j 

9 1 1  . .  , I 9 1 1  2 . 0 1  9:01 2 . 1  
2 Milk Powder S'weet l 30 1  . 6 5

\ 
34 . I  9 4!1 , .  . . 9 1 1 , . , I 9 0 1  2 . 0 1  9 0 1  2 .1  

3 1Natural Milk Sweet l 2 l l  . 5 8  3 0. 1 9 5 1 , . . . 1 9 5 1 , . .  1 9 3 1  1 . 8 1  9 2 1  1 . 9  
4 !Milk Pow d e r  Sweetl 2 1 1  . 67 1  3 0 . I  9 5 1 , . .  - 1  9 5 1  . . . I 9 3 1h l 1 .9'1 93 1  1 . 9  
5

1
Natural Milk Sour .  1 40 1  . 5 8 1  30 . I  9 5 1  1 . 6 1  9 2 1  1 .7 1 86 1 1 . 9 1 . . . .  1 . .  . 

6 Milk Pow der  Sour . 14 0 \ 
. 6 1

1 
30 . I  9 4 1h ,I 1 . 6. · 9 2 [  h 8 1  8 6 1  1 . 8 1 . . . .  1 . .  . 

7 Natural Milk Sou r . 1 3 0  . 4 5  31 . I  9 2 1  1 . 0 1  9 3 1  1 . 2 1  9 0 1  1 . 5 1  . . . · I ·  . .  
8 Milk Pow iJ ,n Sour .  1 3 0 1  . 4 8

1 
31 . 1 9 2

1 
1 . 0 I  93 , 

1 . 1.I i9 0 1  1 .4
, 

. . . . 
9 !Natural Milli Sweet l 1 2

1 
. 5 7  45 ' 95 2 OI I I 

l O IMilk Powder Sweet l 1 2  . 5 7  4 5'. j 9:5</ 
1 :9[: :  '. '. 1 ·. :  : , : : : : / : :  : . : : : : 

. .  
' 

l l !Natural Mil k  Sweet! 8 . 5 1  4 5 . 1 93 1 . 6 1  . . . .  1 . . . 1 . .  , · : . ,  · j · . 
L 2 1Milk Powder Sweet! 8 1  . 5 1:I 45 . ! 9 2 1hA 1. 6 1 , . . . 1 . .  · ·I · ._ . .  , 1 ,  . . . . 
Average Milk Powder . . . . . . .  , I 93 . 8 1  1 . 2 5 l 93.6 6 ! 1 .45 j 89 . 87 ! 1 . 77 1 91 . 50 ! 2 . 05  
Average Natural Milk . : . .  . . . .  I 94 . 0 1  1 . 55 1 93 . 66 1 1 . 45 1 90.00 l l . 8  1 91 . 00 1 2 . 05  
Grand Average Milk-Powder . . .  ! 9 2. 2 0 7 1 1 . 6 9 7  . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Gra� Average Natural · Milk. . . .  1 9 2. 1 6 5 1 1 . 712  . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

The gweet cream used was separated from the milk at the college 
creamery. Sour cream was farm separated. 

Butter �ade from cream ripened with milk powder starter scored 
on an average of . 0 4 2  points higher and !.bowed an acidity of . 015  c. c. less 
than the butter made from cream ripened with natural milk starter. 

DISSOLVING THE MILK POWDER. 

Milk powder is of about the same consistency as flour 
and dissolves in water with similar difficulty. It was found 
that if the powder was put into the can and the water 
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poured in on top of it, the powder would stick to the bot
tom and dissolve very slowly; also, the powder would form 
into little balls or lumps with a wet, sticky coating on the 
outside, but dry inside. And H was found that the powder 
dissolved more quickly in warm or hot water than in cold. 
The following method was adopted because it broU.ght 
about the solution of the powder with the greatest ease and 
rapidity. 

The pure water was weighed · or measured into the 
starter can and the � Learn turned on. While the water was 
heating the proper amount of milk powder vrns weighed 
out, then e�ptied upon the surface of the warm water and 
stirred or beaten violently with a stirring rod until dis
�:;o l ved. When lumps for·med the stirring was repeated at 
intervals of about ten minutes until all were dissolved. 
1'he heating was continued Hnd the milk pasteurized the 
same as any other starter milk. 

COST OF MILK POWDER STARTERS. 

Skimmed Milk Powder costs 16c. per pound by the 
barrel. Using the solution in the proportion of three 
ounces of powder to one quart of pure water makes the cost 
of starters llc. per gallon or $1.32 per 100 pounds. 

Many creameries and especially central plants have 
difficulties in securing a uniform supply · of good quality 
of milk for starters. Whenever such is obtained the price 
is usually almost as high as that prepared from powdered 
milk. 

Skimmilk powder keeps well and may therefore be 
secured in large quantities and be kept in a dry cold place 
ready for immediate use. A drum of milk powder was 
kept at this Station at room temperature for more than a 
year. The cost of this starter per pound of butter made 
depends upon the percentage of starter used. This in turn 
depends upon the quality and richness of the cream. Cream 
rich in fat, old, and of poor quality needs a larger percent
age of starter to oviercome llS much of the undesirable cream 
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characteristics as possible. A large percentage of starter, 
if good, does not injure any cream. The amount should be 
governed by general creamery conditions and the per cent 
fat in the cream. 

If between 8 and 25 per cent of starter is used in cream 
containing between 25 and 35 per cent fat the cost will 
range from, 3�. to le. per pound of butter manufactured. 

HOW MILK IS  POWDERED. 

The following is taken from a paper entitled, "Eco
nomic Reasons for the Reduction of Milk to Powder/' o.v 
Lewis C. Merrell, read before the Syracuse, ( N. Y. ) Sec
tion of the American Chemical Society, Nov. :::1 r-d .  mos : 

"Fresh whole milk is dr�wn into a vacuum pan a:µd a 
portion of its water removed. This condensation is halted 
while the milk ·is still in a fluid condition and before any 
of the milk albumen has been cooked on tu the walls of the 
vacuum chamber. The milk is the!l drawn from the vacuum 
pan and sprayed into a current of hot alr. The moisture 
in the milk is  instantly absorbed by the air and the par
ticles of milk solids fa] l like snow. Upon examination, 
they are found to conta in less than 2 per cent, and some
times n ot more than one-half of one per cent of moisture. 
The hotter the air is the more rapid the drying effect and 
the less danger there is of injuring the milk solids by heat." 

"No bacterial action has been discovered in milk pow
der containing less than 3 per cent moisture, and no chem
ical deterioration takes place. It is, therefore, evident that 
the milk powder product d escribed above, fulfills my defi
nition of an ideal preserved milk, for decomposition is pre
vented merely by dryness and without the use of preserva
tive substances and without changing the chemical com
position of the milk." 

"I will say, however, that this whole milk powder is 
in use in place of fresh milk at several of the United States 
soldiers' homes and military posts as well as in the navy. It 
has been subjected to the most exhaustive tests by the 
United States Department of Agriculture, Bureau of Chem-
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istry, and by the Experiment Stations of different  tates. 
The Pacific fleet carried a ton of it around the Horn under 
an absolute guaranty as to keeping quality, and ha since 
re-ordered largely." 

CONCLUSIONS. 

The foregoing pages show the practicability of using 
milk powder solutions in place of natural milk as a medium 
for growing starters for buttermakii1g. In making butter 
from sour, Lan d  separator cream _and in making butter 
from sweet, fresh cream, the milk powder starter has pro
duced the ame good fla -rnr a natural milk starter, so that 
the one may replaee the other in practical creamery work. 
The cost of the milfr pmvder is greater than that of natural 
milk · under normal creamery conditions, but the location 
of many big central p lants in large citie makes· conditions 
such that an ample supply of good mil.k cannot be obtained 
at the usual price. It is under these or similar conditions 
that milk powder has its val ue for starter-making. 
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