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Effects of Alkali Water on Dairy Products
By
C. Larsey, Wy WHITE, D. E. BAILEY.

INTRODUCTION

, - Alkali water, or water containing an unusual amount of
soluble minerals, especially sulphates, is chiefly found in arid
and semi-arid regions. Since the minerals are in the soil, the
amount and kind of minerals contained in the water varies ac-
cording to kind of soil. lay of land, kind of cultivation, manured
or unmanured. drained or undrained, and climatic conditions.
The amount and kind of minerals found in the examined and
analyzed water from the different wells may be found in Tables
I and IT.

Many inquiries were received from localities in which
alkall water is most prevalent. relative to the ettects of its use
in connection with the varied phases of the dairy industry.
Experience of certain dairy farmers indicated that the milk
from cows drinking alkali water did not coagulate normally for
cheese-making purposes when rennet was added. Others re-
fused to let the cows drink it, fearing that the cowsand the
milk might be injured, while other dairy farmers tlought that
washing the butter in alkali water would affect the butter. At
the National Creamery Buttermakers® Convention held in St.
Paul in 1907. a creamery operator from an adjoining state
asked the question, “Is it injurious to wash butter in alkali
water?’ 1In this large audience composed of practical and

scientific dairy and creamery men, no one was able to give a

definite answer,

With a view of gaining information and obtaining data,
giving at least partial light on these subjects, the herein re-
ported experiments were conducted.

It was the intention of the investigators to first carry out
the experiment on the part of the subject related to the effect
of alkali water on dairy cows. This was deemed most urgent,
first, because the dairy cow is basic to obtaining dairy products,
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and if certain etfects are found on the cow. these same effects
might have some bearing en the kind of products produced by
the cow. Secondly, because certain localities were bothered
with diseased cows. It was thought by some that drinking
alkali water caused this disease.

To properly carry out this phase of the proposed experi-
ment, suitable equipment, co-operation from the veterinary de-
partment and other necessary adjustments which could not
then be made were essential. On these accounts the phase re-
ferring to dairy cows will be investigated durine the coming
year in co-operation with the veterinary department of this
Experiment Station. ;

PLANS OF INVESTIGATIONS

The tfirst point to ascertain was, whether alkali water
could be obtained from a well which would yield a sufficient
amount of water on which to feed not less than three cows
during the whole year, and from which the quality of alkali
water would vary as little as possible, and which contained water
fairly representative as to average quality and strength of al-
kali water in the state and which is not stale and putrid. due to
decayed organic matter.

In order to ascertain these things, examinations and an-
alysis of the alkali water from various wells were made. A
well in Midland was finally selected to supply the needed al-
kaliwater. This water was shipped in ten gallon milk cans by ex-
press. Several shipments were made by freight, but on account
of the irregularity of arrival, and the length of time in~ transit,
exposure to frost and other unfavorable conditions, this method
of shipment was discontinued. Large quantities could not he
shipped at any one time, as on standing it became brackish in
taste and the cows objected to it. The water was fed to the
cows while fresh from the well. [t arrived in ten.can lots.

This water was fed to two lots of cows, number I, and
number II. There were three cows in each lot. The cows
were first put on a definite, normal ration, and received ordi-
nary well water from the college well, Number 1. in Table I.
Chemical analysis and other examinations, physical and bac-
teriological. were made of the milk and milk products under
these normal conditions.
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The cows in Lot I were fed soft water and those in Lot 11
received alkali water. The cows received all the water they
wanted three times per day. The water drunk was carefully
weighed. The guantity and quality of the grain ration and
silage remained the same throughout the preliminary and ex-
perimental periods. The amount of hay was fed adlibitum,
being the only part of the feed ration except water that was
elastic in quantity.

Then Lot I. which was on soft water was changed to alkali
water, and Lot I'l which was on alkali water was changed to
soft water. A preliminary period of ten days was allowed be-
tween each period for the cows to get used to the change. No
records except the amount of water dyunk were kept during
this interval.

Each experiment was carried on for a period of twenty-
four days. ,

The cows in the two lots were carefully selected as to the
average quantity and quality of milk, time of last freshening
as well as time of future freshening, The cows in Lot [ were
in calf, while the cows in Lot TI were barren.

The milk from the two lots of cows was carefully examined
with a view of finding out whether there was any physical
difference in the milks from the two lots of cows. Rennet
tests were also made during the different periods.

Complete chemical analysis was made of the milk and
its ash from each lot of cows, wita a special view of finding
out whether there was any difference in the amount of ash and
kind of mineral constituents of the milk.

Likewise. butter and cheese were made frou: the milks of
the two lots of cows. Examination as to quality and the vari-
ous tests and analyses reported in the following tables were
made. J

The milk and milk products needed for these examinations
were obtained and made during the last seven days of the
twenty-four day experimental period. This was done so that
the cows would show the fullest effect of the change of water.



The water from the Midland well number, thirteen (13). in
Tables | and II, contained the highest per cent of total miner-
als and also the greatest uantity of sulphates. Considering
this, the quantity of water that could be supplied. and the near-
tiess of well to shipping point on direct line to Brookings. this
water was selected for the experiments.

Althougch located in town, the water from this well was not
ascd for live stock except in case of necessity. The owner of
the well explained that it was too strongly alkali and was too
danzerous to use for stock, although he had used it at times for
the family cow.  This water had a distinet saline, acrid and
sharp tuste,  As far as could he determined, the water dicl not
have any stale and other undesirable Havors due to decayed or-
canic matter. The well was about 30 feet in depth and located
on a side hill leading to a creek alout 200 feet from the well.

At intervals the total minerals in the water were deter-
mined with a view of ascertaining the strength of same duriug
the ditferent seasons, and daring the progress of the experi-
ments.  The total solids varied slightly.

The following table shows the composition of the water
obtained from ditferent wells.



TABLE NO. I.

Showing Amount and Kind of Minerals in Alkali Waters Examined from Different Wells
Analysis of Alkali W ater

(Parts per million parts of water)

Labovatory Ne. ...... 1 2 B 4 5 6 T 8 9 10 11 12 13 14
‘ ' Belle Belle Brook- Wort Fort Mid-  Miles-
2 (L L R e e ARty Brookin’s Mitch'll F'urche F’urche ings Pierre Presho M Clure Pierre Philip  Sanzave Philip land ville
artesi'n bored college  Shallow Bored
IS Ao SV el e .5 tap water 90 ft dp| 600 ft | 20 feet well 2018 15 ft. 12 {t.
BAEY R Bottom near trib. to
R'd’wtr Willow  Stony 20 ft. Ante-
S LQUOGINGSS WL A il SE - praae= ]| T 7 ol gl b Oreek i o g04.: . Creek Butte fm dam lope Cr. e - : s e s ; n
slightly very quite thicki’h  thicki'h strong  dist’'nly slight &
SUASICE = M i T L unpleag’t thickish mineral none sharp slight punge't punge't punge't & p'ng't &p'ng't & briny salty saline ™
Odor slight none none none slight none none none none none none slight none none e

Turbidity zht bad bad clear clear qte bal clear slight bad slight clear very b'd slight clear

Reaction ...alkaline alkaline alkaline alkaline alkaline alkaline alkaline alkaline alkaline alkaline | alkaline alkaline alkaline alkaline
Sp ot sl ARSI | T4L.000]  846.000]  869.000] TIK.000[ 48T.000 2215000 F51.000] 1623.000] 3205.000] 3L54.000' 2840.000] 2573.000] 7358.000] 180S.000
T.oss on lgnition ..... 186..000] ‘.’1);’.()()0[ 138.000{  230.000] 181.000 283,000 182.000] 271.000] 407.000[ 432.000' 413.000] 361.000] 573.000, 193.000
e T T T o] (THAC ) W T T S 1 it 1 2 0068 0112 006 181G 0.041] 0301 0.362] - 0.010
Albuninoid  Ammonia OEQRYID S0 0w S0y 0.020 0.081]  0.040 0.036] 0 0.010 n.omf 0.2181  0.018
Nitrates 0.060] 0 o ] RGeS0 0 ] 0.3m 0 i T e sl tr | s )
Nitritos 0.0031 0.005) 0.002] (l.()mi 0 0 | (L()ﬂx[ 0.007] 0.007] 0.008 0.013] slotr | 01004
Chlorvine 1.2090] 40:210 13.2000 26770 6.470 161150 10.460]  10.360]  21.210]  43.230 16.610] 211.250 |+ 42,640
Sulphstess o e 220.600]  267.100 L0000 2061001 45.800 | 109:3.900]  229.800]  721.800] 1726.900] 1639600 | 1362.700] 2887.000] 1010.30
Cavbonates (CO3) ... 0 | ] 6.100] 0 ! 0 0 0 (] ‘ (] { 0 0 ] 0 0
icarbonates (11COY) 412.000f 325.-100] 255.200] a81.500] 3805.200  229.50.; 270.900[ 413.200( 456.500] 310.400  556.S00f 668.200]  252.100
phates  (PO4): .. 0 1A 0 T e Lo 8 (1) T oh S L WY L [ SR | | [ .
i e Rl SR ST =y vl 10.100] 47400 9.600]  10.800 2%.100 16.400] H.700 2].00{)] 10.0001 11.100 000
lron and Aluminum . 4.100] A = R Sl ol 1.500 1.500 1.400 2.000] 4,900 3.700 7.000
T R (G e D aee o 131.200]  131.900] aL.600[  97.400]  32.500 556200 85.200[ 225.100} 416.200] 256.000 334.800] T 193.000
Magnesium  (Mg) 5000 39.100 26.000[  58.100]  46.500 T1L.700)  16.600 454001 85.000[  121.000 107.500]  167.6 65.800
Nadium /Na) 20,6000 26.600] ~130.200[  39.600]  24.400 109.100]  143.500] 195.200 350.300| 456.300 236.7000] 1577.600  264.600
I'otassium () 1.700] 7.000 70600| 3.800] 2.400 16.200] 8.8001  20.000 15.000 11.500 11.600] 8.500 28.500|  10.500
U GIELINNES XIC Be i )l N T A | 4.500] 1.450] 9.600| 1,360 23,750 30,000 8.800]  16.200 23.000 50,000| 21,650 870.000] 8.500
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The exact combination in which these minerals exist in
the water is dificult to state. The following table shows the
hypothetical combination of minerals in the water calculated
from data in previous Table No. I. and in accordance with rules
on Page seventeen (17) of Bulletin Number Ninety-one (91),
Bureau of Chemistry, United States Department of Agricul-
ture. ;



Nunthers ot Wkl o og. b
Ammonium  Chloride

Irotassium Chlovide
PPotassium Nulphate

Nodium Chloride
Sodium Sulphate
Sodium  Nitrate

Sodium  Biearbonate
Magnesium Sulphate
Magnesium Biecarbonate
Calcium  Sulphate
Calcium Bicarbonaie
Caleium Carbonate

Iferrcus Bicarbonate .
e i CR ()T (eI, Rl e 5
Caleium Silicate
Caleium  Oxide

Siliea g

Showing Hypothetical Combination in which Minerals Exists

(Parts per million parts of water)

TABLL NO. 1.

Sy

MR TYe

7
[

)
o
B

5.0

in Alkali Waters

wrase DD

| (D S (P P )
2.5 | 56.4 <
109.0 | 14.8
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MILK FROM COWS RECEIVING ALKALI WATER

In addition to the regular examination of the milk made
by the various members of the Dairy Department, a number of
dairy students were requested to pass judgment on the compar-
ative (uality of milk from the two lots of cows receiving soft
and alkali water. respectively. The results of their judgment
are as follows:

Total number of students examining the milk, forty (40).

Number of students pronouncing the milk from cows receiv-
ing the alkali water. the best. twenty-one (21). ;'

Number of students pronouncing the milk from cows re-
ceiving soft water, the best, twelve (12).

Number of students having no preference. seven (7).

The students did not know from which lot of cows the milk
came.

The ditference in appearance. tlavor odor. and other physi-
cal characteristics of the two kinds of milks was so slight that
it could not be discerned by the ordinary keenness of sense
smell. taste and sight,

The milk was carefully examined as to tlavor and aroma
throughout the experiments. and no definite difference could b
found. traceable to the alkali witer.

The reports or complaints made by some dairy farmers as
to the probable, undesirable effect of alkali water on the flavor
and properties of the milk, evidently should he accounted for
in other wayvs than by the alkaline condition or excessive amount
ot minerals in the water.

It has been amply demonstrated that stale and putrid water
will impart undesirable tlavor and odors to milk when drunk
by the cow. Some alkali wells contain water which is not only
rich in soluble minerals. but which is also brackish and almost
putrid in taste and smell. When suech water is drunk by the
dairy cow. her milk will not he clean of flavor and smell. This
undesirable quality of milk can not be laid to the alkali or min-
erals in the water, but rather to the decayed organic matter so
common in alkali water. In the semi-arid regions, especially
in the newly settled localities, shallow wells are common, and
the water from such wells many times contains too much organ-
ic matter.
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Alkali water evidently has the ability of dissolving more
organic matter than will ordinary well water. Especially is
this true if the water contains very much sodium carbonate
{(Na2 CO3)orwhatis known as black alkali. This substance de-
rives its name from the fact that it has the ability to dissolve
organic matter. From the analyses made, it appears that this
is substantiated. The greater the amount of minerals, the
more organic matter or loss on ignition. The loss on ignition
may also be due in part to the decomposition of carbonates.

Whether or not the germs have the ability to decompose
this organic matter in alkali water so rapidly as in ordinary
water is yet a question, At any rate, a large proportion of the
alkali wells examined contained water which had a bad odor
and taste, not due to minerals, but to decayed organic matter.
Special precautions were taken to select alkali water from
which organic matter was excluded as much as possible for use
in these experiments.

COMPOSITION OF MILK

Chemical analyses were made of the milk from all the cows
and also of the milk ash. The samples of milk for chemical
analysis were composite samples carefully taken as to average
quality and proportionate in size to the amount of milk given
by each cow. The taking of these composite samples extended
over a period of seven consecutive days, and they were ob-
tained during the latter part of the twenty-four day experi-
mental periods.

The following table shows the composition of milk and
milk ash from the two lots of cows fed on normal, soft, and al
kali water.
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TABLE III.

Composition of Milk (per cent).
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E
B

= <

o V] &
< @ | .4
0.74 5.11 0.749
0.87 5.00 0.804
0.70 5.05 0.773
0.77 5.05 0.775
0.73 4.73 0.791
0.70 4.82 0.725
0.82 5.20 0.788

0.75 | 4.92 | 0.761

Fxperimen_tal Period |

0.7 | 459412 0.775
0.80 | 5.03 | 0.799
0.64 | 5.05 ’ 0.788
0.74 ‘ 5.01 | 0.981
0.71 | 4.85 | 0.783
0.75 | 4.74 | 0.708
1.03 } 5.0 | 0.758
0.83 | 4.89 | 0.750

Experimental

0.82 5.18 | 0.768
0.90 | 4.82 | 0.771
0.69 | 5.00 | 0.753

0.80 5.00 0.764
0.67 4.83 0.773

0.64 4.75 0.736
0.95 |4.99 0.749

0 | s | 0.752 |

v,
Y Y
=} =
) 2=
= =
= =
o 7
760.0 225.0
770.0 233.0
802.0 169.0
777.0 209.0
863.0 228.0
996.0 220.0
703.0 208.0
854.0 219.0
749.0 224.0
754.0 217.0
774.0 | 198.0
|
759.0 | 213.0
804.0 281.0
1032.0 213.0
756.0 | 256.0
864.0 | 250.0
Period II.
713.0 | 237.0
775.0 264.0
833.0 | 206.0
774.0 | '236.0
852,071 2110
il G150 1= 22520
| 768.0 185.0
937.0

2070 |

Phosphates

3040.0
3288.0
3189.0

3172.0
3556.0
2441.0
3315.0

3104.0

3146.0
3289.0
3310.0

3248.0
2888.0
2102.0
3153.0

2814.0

3194.0
3124.0
3114.0

3144.0
2074.0

2492.0
3184.0

meso |

Showing Composition of Milk and its Ash, from Cows Drinking Alkali and Soft Water

Preliminary period under normal conditions

Constitueats of Ash (parts per

Caleium

| b

0
0
1293.0
1302.0
1085.0

0

0

1127.
1393.

1255.0
1298.0
1316.0

1290.0
1086.0

1099.0
1393.0

| 1193.0

1286.0
1205.0
1215.0

1235.0
1139.0

1239.0
1332.0

1237.0 |

Magne-
== sium

=
)

n of milk).

g i
= n
= <
= -
(=} (=]
@ &
382.0 | 1435.0
41.0 | 1495.0
423.0 | 1464.0
415.0 | 1465.0
379.0 | 1661.0
484.0 | 13%5.0
375.0 | 1207.0
413.0 | 1418.0
443.0 1380.0
449.0 | 1523.0
636.0 | 1418.0
509.0 | 1450.0
455.0 1741.0
656.0 | 1334.0
510.0 | 1191.0
| 540.0 | 1422.0
435.0 | 1410.0
427.0 | 1508.0
496.0 | 1440.0
152. 1463.0
561.0 | 1697.0
672.0 | 1157.0
438.0 | 1261.0
554.0 | 1372.0

623
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TOTAL PER CENT MILK ASH

The percentage composition of the milk yielded by the
same lot of cows receiving the different kinds of water in the
ditferent periods is normal, and varies so little that the varia-
tion is no greater than such as is within the range allowed for
experimental variation.

From the table it will be noted that the total per cent of
mineral or ash is quite uniform, no matter what kind of water
drunk by the cow. This is true when the same individual cows
in the different experimental periods at different times are com-
pared, with the other individuals in the other lot at the same
time. For instance: the milk frcm cow No. 1 in Lot No. I, re-
ceiving soft water. contained 0.775 per cent ash. In the
second experimental period when this same cow received alkali
water the milk contained 0.768 per cent of ash, an almost iden-
tical per cent. This same thing holds true with each of the
other cows also when similiarly ccmpared.

When the individual cows in the different lots at the same
time are compared, there isagain a very slight difference in the
per cent of minerals or ash in the milk from the two lots of
cows. For instance: the milk from cow No.1 in the first ex-
perimental peried contained 0.775 per cent ash, while the milk
from cow No. 4 at the same time receiving alkali water con-
tained 0.783 per cent ash.

The average per cent ash from the three cows in each lot:
show similiar results when compared. The average per cent.
ash in milk of Lot I, is 0.781, while receiving soft water, and
the average of the same lot while on alkali water is 0.7(4 per
cent. When one lot is compared with the other at the same
time in the first experimental pericd, Lot I drinking soft
water yielded milk containing on an average 0.781 per cent
ash, while the average per cent ash contained in milk “from
cows in Lot IT on alkali water is 0.750.  In the second experi-
mental period when the kind of water was changed, the milk
from cows in Lot I while receiving alkali water, contained the:
average of 0.764 per cent. and the milk from Lot I, receiving:
soft water, contained 0.752 per cent of tolal ash.

Although the cows receiving alkali water consumed about
one-half pound more of the different soluble minerals perday, this
did not have the effect of increasing the total per cent minerals
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or ash of the milk. Undoubtedly the cow’s system isso construe-
ted that in this respect it maintains a certain constancy in
thetotal percentage of minerals or ash 1 the milk. Just where
and how the execess of minerals taken into the digestive tract of
t he cow are disposed of, and what the possible etfect on the
s ecretory and vital organs of the cow are, is now being investi-
gated,

MILK ASH CONSTITUENTS

The results shown in Table III and Table IV as to the
milk ash constituents indicate that some of the component
parts of the ash may be slightly varied in per cent as well as
total amount, by feeding unusual quantities of certain water
soluble minerals to the cow. This variation however, is slight,



T.ot
Kind of
Water

|
| Col. Well
1| Soft
Alkali

Col. Well
11 Alkali

Soft

Water

86.57
86.35
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From these experiments it seems safe to state that the
variation in the composition of the milk ash due to the con-
sumption of a mixture of unusual quantities of soluble minerals,
is not so great as to cause any undesirable or other characteris-
tics ditferent from those that are natural to normal milk.

As shown in Table 6 the cows on atkali water received on
an averagze about one-half pound of mixed soluble minerals (com-
position of which is shown in Table IT) per day more than
did those receiving soft water. Yet there is but slight effect
upon the component parts of the ash of milk.

Different investigaters have experimented with differen
minerals and their effect on the milk when fed to cows:

J. Neuman* reports that he fed calcium phosphate to three
cows Hrst during a period of less than two weeks without any re-
sults. Then he fed one hundred grams of calcinm phosphate daily
in the regular ration to cach cow during about five weeks. The
calcium increased from 1.4791 grams to 1.5916 grams, and the
phosphoric acid from 1.9598 crams to 213235 grams per oue
thousand gramsof milk. The increase occured -in the latter
part of the five week period.

E. Hess & Schaeffert came to similiar conclusions, that by
feeding fifty grams of calcium phosphate per day to the cow,
the phosphoric acid of the milk ash was increased from three
to four per cent.

E. Hess. Schaetfer. and M. LangS§also found that Glaubers’
salt, (Na2804) forty to sixty grams per day, caused a peculiar
acid taste to the milk. It also caused a decrease in the coagula.
bility of the milk with rennet.

In this connection it should be stated that calcium phos-
phate is present in larzest quantities of any of the milk ash
constituents. It is therefore natural to expect a greater varia-
tiorf in this than in any of the other minerals of the milk ash.

In considering the above reported variation in the caleium
phosphate, one should keep in mind that the single minerals
were fed in excess. Ditferent results might have been ob-
tained had the same amount of calcium phosphate been fed in
connection with a mixture of excessive amounts of other mine-

*Milch. Ztg. No. 43, p. 701. Year 1893. Abs. E. S. R. Vol. 5, p. 639.
tLandw. Jahrb. d. Schweiz. 1891. p. 70. Abs. E. S. R. Vol. 3, p. 744,
$Landw. Jahrb. Schweiz. 7, (1903) pp. 210-229.
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rals. The mixture of minerals may cause chemical changes,
cleavages and synthetic products that would affect the milk
differently than if only asingle mineral was increased.

C. Schulte & Bauminghaus* studied the influence and
disposition of some mineral substances fed to milch cows. A
study was made of the effect of feeding calcium hydroxide,
sodium caloride, iron acetate and calcium phosphate. None
of these substances atfected apparently the yield of milk or its
fat content. Neither was the total ash appreciably affected.
Calcium hydroxide and calcium phosphate increased slightly
the percentage of calcium in the ash. There was no increase
in the phosphoric acid or iron due to the feeding of these sub-
stances. :

@®. Jensent fed lactate of iron, calcium sulphate, di-sodium
phosphate. di-calcium phosphate, di-magnesium phosphate,
potassium chloride, sodium chloride and potassium nitrate.
Potassium nitrate was detected in the milk six hours after in-
gestion, but not after eighteen hours. The other remaining
substances did not affect the yield and composition of milk,
only the coagulability of the milk with rennet.

G. Von Wendtf added various salts to the rations of milch
cows and studied their effect upon the chemical composition
of the milk. Some of the author’s conclusions are as follows:

Common salt, carbonate of lime, sodium phospbate, mag-
nesium bromide, and calcium glycero-phosphate appeared to
have no effect on the composition of the milk. Acid calcium
phosphate appears at times to influence favorably the fat and
to increase the relative amount of original calcium. The per-
centage of albumen does not increase toward the end of the
lactation period. Phosphorous, total nitrogen and casein. are
the least variable, while chlorine, potassium and albumen are
the most variable of the milk constituents.

C. Moi§ experimented with two cows with a view of find-
ing out whether the percentage of iron in the milk could be in-

*Mitt. Landw. Inst. Univ. Breslau No. 2, 1902, No. 1, p. 25. Abs. E.
B RENO1S1%5: Ik

TLandw. Zahrb. Schweiz. 18 (1904) No. 10. p. 471. Abst. E. S. R.
Vol. 16, p. 1010.

fSkand. Arch. Physiol. 21 (1908). No. 2-3. pp. 89-145, Mitt. Landw.
Inst. Leipzig, 1908. No. 9,—. 127. Abst. E. S. R. 20, pp. 1177.

§Ztschr. Uttersuch. Nahr. u. Genussmtl., 19 (1910) No. 1. p. 21,
Abst. E.S. R. 22, p. 678.



creased. The ration given the cow in alarge measure was com-
posed of a proprietary feed that contained a large percentage
of iron. Tt was claimed that this would raise the perce.tage
of iron in the milk. This claim was not sustained by the ex-
periment,

In these experiments, the constituent parts of the ash which
show evidence of varying most in quantity with the amount
taken into 1he system are the sulphates and potassinm. Lot T.
on soft water on an average. yielded milk which contained 213
parts of sulphate per million parts of milk. The same lot on
alkali water yielded milk containing 236 parts of sulphates per
million parts of milk,

This same thing holds true with the cows of Lot I1. While
they received soft water their milk aveéraged 207 parts of sul-
phates per million parts of millkk. When receiving alkali water
the sulphates increased to 250 parts per million parts of milk.

The increase in sulpbates is fully as marked when Lot I
is compared with Lot 1T during the same time. The cows in
Lot T receivinwseft water yvielded milk centaining 213 parts of
sulphates per million: while these in Lot 1T on alkali water
during the same time yielded milk that contained 250 parts of
sulphates per million, of milk. When the cows in Lot T re-
ceived alkali water their milk contained 236 parts of sulphates
per million, while the milk from the cows on soft water in Lot
1T at the same time dropped to 207 parts of sulphates per
million parts of milk.

Considering the large amounts of sulphates taken into
the digestive tract in the form of water, this increase of sul-
phates in the milk is very slight.

Since the sulphates in the alkali water occur in combi-
nation with some mineral. chiefly sodium, it appears that
there should at the same time be an increase in these sulb-
stances in the milk ash. This is not shown in the results.
Considering the properties of soditum and the combinations in
which it occurs with the sulphate, the corresponding increase
of the sodium could at the most be only approximately one-
fourth as much as that of the sulphates.

The mineral that shows an increase due to the effect of
drinking alkail water is potassium. Although a less (uantity
1s present in the alkali water it is probable that the potassium
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compounds can more easily pass through the various processes
of absorption and assimilation into the milk without being
eliminated than can any other of the alkali water mineral com-
pounds. In this connection one should keep in mind that
potassium ranks second highest in quantity in the milk ash.
The phosphate is the only one exceeding it in quantity.



TABLE V.

Comparison of the Average Amounts of Milk and Ash Constituents from the Same L+ of Cows Drinking Different
Kinds of Water During the Three Successive 24 Day Periods, Pounds.
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TABLE VII
Comparison of the Average Amount of Milk and Ash Constituents from the Two Lots of Cows Drinking Different Kinds
of Water at the Same Time During the Three Succesive 24 Da-y Periods.
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CTOAGULABILITY OF MILK WITH RENNET

At the same time that the composite samples of milk were
obtained for chemical analysis. larger samples were taken from
each cow’s milk for the purpose of testing the etfect of alkali
water on the coagulability of the milk.

These samples were taken and rennet tests made at once
after milking. The Marschall rennet test was used. The
same kind of rennet was used throughout for the various tests.
Otherwise rennets having different strengths might have caused
an error in the results for comparison. Efforts were made to
use the same amount of rennet for each test, tuus having the
difference show only in the time or number of spaces on the
test required for coagulation. On account of the limited num-
ber of spaces on the test, it was found necessary to vary the
amount of rennet used.



TABLE VIl
Effect of Rennet Test of Milk From Cows Drinking Soft and Alkali Water.
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From the table above it will be seen that there is consider-
able difference in the coagulability of the milk from the differeut
cows. This ditference does not seem to vary with the kind of
water drunk and the amount of minerals taken into the body,
but rather according to the individuality of the cow and ad-
vance in gestation period.

As formerly stated the cows in Lot I were barren or not
in calf, while the three cows in Lot II were about five months
along in the gestation period at the time of the second experi-
mental period.

This fact may have a bearing on the greater quantity of
rennet needed for coagulating a given amount of milk. It
seems probable that some of the calcium is utilized by the de-
veloping foetus, which otherwise should go to the milk. This
appears to bear out the theory that the blood in the individual
cow is capable of assimilating only so much of the necessary
minerals. Certainly there was more than enough calcium
present in the water and feed to satisfy the demand of the
foetus and milk both, if the circulatory system could have ab-
sorbed and assimilated it.

The milk from cows Number four and five in Lot II con-
tained considerably the least calcium, as may be seen from
Table ITI, and it was this milk which required the most rennet -
for coagulation and which had the softest coagulum. It ap-
pears to be quite evident, that the more calcium in the milk,
the less rennet is necessary for coagulation and the firmer the
curd. The less calcium in the milk the more rennet was
necessary and the softer was the coagulum, In fact, after a
certain point an increase in the rennet did not hasten the co-
agulation of the milk in proportion to the increase of the ren-
net. It seems, asthough only so much rennet is necessary,
and when tlis necessary amount has been added, an increase of

rennet over this amount hastens the coagulation of the milk

but little. From the above results it appears that a cow well
advanced in the gestation period is likely to yield milk low in
calcium and therefore less coagulable.

If a cow isalready receiving a normal ration containing
normal quantities of the various ‘minerals, especially calcium
phosphate, an additionof excessive amounts of minerals, such
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as is contained in alkali water does not atfect the coagulability
of milk when rennet is added.

In this connection it is also interesting to note that the
acidity of the milk from these two cows is lower than that of
the others. The acidity of the milks was determined at once
after milking, so the acid reaction cannot be due to any de-
veloped acid in the milk, but evidently is due principally to
the acid calcium phosphate, partially if not wholly combined
with the casein. 'The less acidity therefore corroborates the
less calcium found by analysis.

EFFECT OF ALKALI WATER ON BUTTER

Butter was manufacturea from the milk of each of the two
lots of cows, first when the cows were on normal ration and
drinking the normal well water. This was done with a view of
getting a rating on the quality produced before the cows in
the two lots were changed to soft and alkali water respectively.

Likewise butter was made from the milk of the cows in
each of the two lots, while drinking alkali and soft water.

The butter was judged by J. C. Joslin, Federal Dairy Ex-
pert, stationed in the Chicago butter market, and by C. Larsen,
The tubs of butter were numbered and their source was un-
known to the judges. C. Larsen scored the butter when fresh,
and J. C. Joslin when it was about a week old. The shipping
of the butter from Brookings to Chicago delayed the scoring
about one week.

The average results are shown in the following table:

TABLE IX.

Butter from Cows Drinking Alkali Water vs. Butter from Cows
Drinking Soft Water.

Test Ngi: of Water “C. Larsen |gcore by |.\verage of AR
O Ty Drank Score by 3. C. Joslin/both scores & 4
T 1 ‘ Cellege Well | 92 ‘ 92 ‘ 92 \ 1.8

| 2 College Well | 92% 93 Al 92 20
11y 1 Soft 94 ; 93 B 93% ' 1.8
11 2 { Alkali B R 92% 18
) 2 Soft | 92 92 92 2.0
Iy 1 ’ Alkall [ 01 ‘ 92 ‘ 913 ’ 20

The butters from the two lots of cows were made under
like conditions through the various processes of manufacture.
From the results shown in the table there is very little dif-
ference in the quality of the butter made from the milk pro-
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duced by the cows receiving alkali and soft water. This was
rather to be expected. inasmuch as alkali water had been found
not to atfect the quality of the milk. Inasmuch as the quality
of the butter corroborates what has already been found 1n re-
spect tothe etfect of alkali water on the (uality of the milk it
was deemed unnecessary to repeat this experiment more than
three times.

WASHING BUTTER IN ALKALI WATER

A certain amount of cream was putin a vat and thoroughly
mixed. This eream was prepared for churning in the usual
way. The details of manufacture shall not be given here. as
they are alike for each experiment and therefore do not attect
comparisons, This cream was divided into two equal lots and
churned separately. The butter from one lot, or one half of
the cream, was washed in water from the college well. or in
freshly cooled condensed steam, as indicated in the table. The
butter from the other half was washed in alkali water from
the various alkali wells. which is also indicated in table X.

The alkali water used for washing the butter had a distinct
sharp and slightly saline taste, hut otherwise it had no real of-
fensive smell and taste. The washing of the Dbutter was done
in the usual way by first rinsing the Dbutter and draining it.
Then it was thoroughly washed in the particular kind of water.
Equal amounts of water and washings were used in washing
the butters to be compared. In two experiments the butter
was not salted.

The unsalted butter really atforded the best opportunity
for finding the effect of alkali water on the quality of the butter.
This is also the only butter in which the alkali water Havor
could at all be detected. Tt will be noticed that after the first
week the butter washed in alkali water scored a tritle Tower
than did the butter washed in the regular well water and con-
densed steam. The average ditference at the end of the first
week 1n favor of the butter not washed in alkali water is one
point. This difference is however small. but inasmuch as it
was continuously noticed, the difference must be due to the
alkali water, and cannot be considered within the limit of error
usually allowed in judging butter. In the salted butter neither
the local or the Chicago judge could find any difference in the
quality due to the alkali water.
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The question has often been raised: Do certain minerals
contained in the wash-water ¢o into chemical combinations
with lactic acid aud probably other decomposition products
already in the butter when made, or developed in the butter
on standing: and thereby produce undesirable effects on the
quality and keeping property of the butter.

Theoretically, the soluble lime or calcium carbonate, lime
or caleium sulphate may possibly under favorable conditions
unite with lactic acid to form their salts and thereby produce
a sourish Havor in the butter. From a practical standpoint
this theory was not found to be of any importance. It is pos-
sible that if the lactic acid is not properly washed out of the
butter that the above mentioned principle would affect the
quality of the butter.

The alkali water used in these experiments contained very
little iron and magnesium. Iron and magnesium are known to
comhine  with lactic acid to  form the respective lactates.
and each substance imparts a bitter tlavor to butter. If butter
1= thoroughly washed while in granulated condition, the acid
of butter is reduced to its minimum, and if the wash water doeS
not contain abnormally larce amounts of these minerals, as
nsually it does not. and if the butter is kept in cold storage at
low temperature. which reduces chemical changes, there should
not he enough changes deleterious to butter due to the soluble
minerals in the alkali wash-water.

The great dancer to butter from wash-water comes not so
much from inorgcanic impurities as it does from organic
substances and the presence of undesiralile organisms. The
former under favorable conditions may undergo chemical
changes: but the latter (organic matter) in the presence of
bacteria undergoes both fermentative and chemical changes de-
leterious to butter. Such putrid water may atfect the swmell
taste and even the healthfulness of dairy products. Ferments
associated with organic impurities in wash-water are known to
belong to the groups of bacteria that decompose constituents,
especially the proteids of butter.

At the same time that the butter washed in the dilterent
kinds of wash-water was judged at Brookings, the acility was
also determined. The acidities were determined as a check on
the judges to determine the comparative keeping properties of
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butter washed in alkali water. versus that washed in other kinds
of water. The acid tests corroborated the results of the judges.
that alkali water 1f otherwise pure and free from organic mat-
ter does not materially affect the uality of salted butter. The:
alkali water flavor of unsalted Dbutter washed in alkali water-
can be recognized and slightiy lowers the quality of the butter.

BACTERIA IN BUTTER AND IN WASH-WATER

Quantitative bacterial analyses were made of the ditferent
kinds of water used for washioge butter. and also of the hutter
when fresh, one month, and three months old. Qualitative
analyses of bacteria in the water were made to the extent in-
dicated in table 11.

The samples of water and butter reported in table N1 are
the same as those reported in previous table, No. X. In
reality this table should be a part of table X, but is separated
for the sake of convenience.

TABLE XI.— Part I.
~ Showing. Number of Bacteria in Alkali Water and Butter
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It will he noticed that moulds and chromogenic or color
producing bacteria are numerous in the water used in the first
experiments. It is possible that the time of year may have some
bearing on this. Tt was during the fall before a hard frost that
these experiments were conducted. and the well had not been
so thoroughly pumped out previous to this time. Later the
cround surface became frozen and covered with snow, which
prevented surface seepage water from entering the well. Tle
well was nearly pumped dry each time that the ten cans were
filled. This appears to be the only explanation of the change
in the bacterial tlora of the wash-water during the ditferent
geasons.

The number of germs in the college well water also varied
considerably. This is as expected. This water is pumped
from the well into alarge tank, and from there it passes through
a system of pipes to the creamery.

The average total number of germs found in the colleze
well water is 21,696 per ¢. ¢. and 601.280 per ¢. ¢. in the alkali
water.

The total average number of germs in the fresh butter
washed in the college well water is 3.939,000 per uram. The
batter washed in the alkali water contained 4,645.000 per gram
of fresh Dbutter.

From the table it will he noticed that the totali number of
bacteria in these butters decrease with age. When one month
old the germ content in the butter washed in alkali water da-
creased to 2,667,500 per gram, and that washed in the college
well water to 1,865,000 per gram of butter. When the Dbutter
washed in college well water was three months old the number
of zerms had decreased to 1,470,750 per gram and the average
number of germs in the Dbutter washed m alkali water de-
creased to 1,670,500 per gram of butter.

One interesting factor of these analyses is that the chronio-
cenic or color producing germs appearing in some of the wash-
water are entirely absent trom the butter. even when the bugter
is fresh.

The acid producing germs entirely absent in the wash-
water are extremely numerous in the butter especially, while
fresh. Tt appears that the germs of the acid producing species
in the cream and churned butter are so numerous that they al-
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most entirely supplant and overcome those germs in the wash
water used. This evidently applies only to the particular
wash-water used in these experiments, as investigators, notably
Jensen, have found that certain species of germs found in water
are capable of developing in and decomposing butter.

Another interesting result is the large number of moulds
present and develeping in the butters in experiments two and
three. As indicated in Table No. NI these butters were not
salted.

The results of these experiments indicate that the germs
in alkali water although more numerous and presenting a
ditferent bacterial flora, are no more deleterious to the quality
of the hutter than arethose present in the ordinary well water
and condensed steam used for comparison. In this connection
it should be noticed that the creams churned and used in these
experiments were properly pasteurized and ripened with a pure
culture.

EFFECT OF ALKALI WATER ON CHEESE

The milk from the three cows in Lot Il was not used in de-
termining the effect, if any, alkali water might have on the milk
for cheese making. These cows gave so small a quantity of
milk that toolong a time was necessary for obtaining the re-
quired amount to make cheese. Secondly they were so near
freshening timethat it was deemed inadvisable to compare the
milk of these cows with that of Lot I. Hspecially considering
the difference that was found to exist in the coagulability of
the milk, from this particular lot of cows.

The three cows in Lot I, not in calf, were fed the alkali

rater from well No. 13 continuously after the milk and butter
data previously reported had been obtained.

Cheese was made from the milk yielded by thislot and com-
pared with the cheese from an equal amount of milk of the re-
mainder of the herd, drinking the normal water from well
No. 1.
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From the various examinations made as to physical and
chemical properties and characteristics of milk, it appeared
improbable that the quality of the cheese made from the milk
of cows receiving alkali water should be effected in any way.
Why there should be a difference in the solubility of protein in
the fresh cheese the investigators are not prepared to state at
this time.

Six comparative trials were made and the cheese scored
when one month, two months, and three months old.

Chemical analyses were made of the cheese made in three
of these experiments when fresh and when one month old.

Asto changes in the curd and characteristics of the cheese
throughout the processes of manufacture there were no ap-
parent differences between that made from the milk obtained
fromthe cows receiving alkali water and that made from the
milk of cows receiving normal water.

The chemical analyses show one difference in the two kinds
of cheese, and that is in the brine soluble protein. In each of
the three experiments in which cheese analyses were made the
brine soluble protein runs low, the water soluble protein
runs a trifle low, and the insoluble protein runs high in the
cheese made from the milk of cows receiving alkali water. The
extent of difference may be noted from table XII.

This difference in amount of soluble and insoluble protein
is much reduced at the end of the first month.
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Conclusions

1. Cows receiving alkali water did not produce milk con-
taining a greater per cent nor a greater amount of total minerals
than did cows receiving soft water, although each cow receiving
alkali water consumed about 0.5 of a pound more of soluble
minerals per day than did those fed on soft water.

2. The milk ash from cows receiving the alkali water may
vary in its percentage composition without affecting the total
per cent of ash. In theseexperiments the sulphate and potas-
sium were the two chief ash constituents that showed an in-
crease by feeding alkali water. Considering the large amount
of sulphates consumed this increase is however small, and so
-far as the investigators were able to ascetain, this variation in
per cent of ash constituents was not sufficiently great to affect
in any way the various normal properties of the milk and its
products (butter and cheese).

3. The coagulability of milk with rennet was not affected
by feeding alkali water to the cows. On the other hand the
variation in the coagulability of the milk appears to bear a
relation to the per cent of calcium in the milk and individuality
of the cow. The milk low in calcium required the most rennet
for curdling and produced the softest coagulum; and this milk
was produced by cows well advanced in the gestation period.

4. Alkali water, free from decayed organic matter and
foreign odors, when fed to cows did not taint the milk, even
though the water had a distinctly sharp and slightly saline taste.
Neither did the butter made from this milk differ in quality
from that made of milk produced by cows receiving normal
and soft water.

Some of the alkali water examined was foul and stale and
gave evidence of containing decayed organic matter. Such
water is dangerous to use for dairy cows, for cleaning dairy
utensils, and in connection with the manufacture of dairy
products.

5. DButter washed in alkali water and containing a normal
percentage of salt, was not found to differ materially in quality
from that washed in normal water and condensed steam.
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The unsalted butter washed in alkali water was scored
about one point lower in quality than was the butter washed in
normal wash-water.

Although the alkali wash-water contained a large number
of non-acid producing germs, these were almost entirely sup-
planted by a still larger number of acid producing germs in the
butter shortly afterits manufacture. .

6. The cheese, made from the milk produced by the cows
fed alkali water, was normal, both through the various stages
of manufacture and during the curing time. By the senses of
taste, smell and sight no qualities were found different from
those of cheese made of milk from cows receiving normal water.

From the analysis, the brine soluble protein is low, and the
insoluble protein is high, in freshly made cheese from the milk
produced by the cows receiving alkali water. These differ-
ences however are much diminished after the cheese had been
cured one month.
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