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INTRODUCTION 

Goafs milk, because it apparently is easy to digest, has been rec­
ommended for infants, children, cunvalescents, and for adults troubled 
with digestive disturbances. Also, it sometimes is used by individuals 
who are allergic to other milks. 

Much of the goat's milk 'produced in this country at present is con­
f!lmed in the raw state. Goats are rarely affected with tuberculosis 
and for that reason the possibility of consumers contracting tubercu­
fasis by drinking the raw milk has given little concern to public health 
'dIiciam (fgat's milk, however, like milk from any other source, is 
.@sce~le@ contamination by various disease organisms that may be 

"91 SuUntitteOor pul;'!catlon August 11, 1949.
r;:C' Th~uthlli's acknowledge the assistance of J. Frank Cone, former associate 
lPftrkeiilk m:recialist, Division of Market-l'I'Iilk Investigations, Bureau of Dairy
ltIdus who did the bacteriological work, and of David Miller, former assistant 
'6j'pche t, ~ Cecil Van Etten, former junior chemist, Animal Nutrition Divi­
SIOn, Bu eau~ Animal Industry, who made the reduced ascorbic acid determinn­
tRms. 
~ 8118717°-49--1 ­
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present during its production and handling. The consumption of raw 
milk may be a means of contracting undulant or Malta fever (brucel­
losis), and public health officials therefore emphasize the desirabilit:y of 
pasteurizing milk that is intended for dir~t human consumptIOn. 
For these reasons the pasteurization of goat's milk is advocated and 
accordingly it becomes increasingly important to determine the effects 
of pasteurization 011 the nutritive properties of goat's milk. 

The investigations reported in this pUblication were conducted in 
1937 and 1939 by the Bureau of Dairy Industry, in collaboration with 
the Bureau of Animal Industry, with goat's milk that was obtained 
at various intervals throughout two entire lu.ctu.tioll periods of the 
animals. The milk obtained during one lactation period (1937) was 
pasteurized by the holder method, ancl thflt obtained during the other 
(1939) was pasteurized by the high-temperature, short-time method_ 
The experimental work included a study of the effect of pasteuriza­
tion, by each of these methods, on the solubility of calcillm and. phos­
phorus, on proteins (extlmt of denaturation), on curd tension, all the 
keeping quality, lmd on "o!>o~ amount of reduced ascorbic acid (one form 
of vitamin 0). 

The 1937 and 1939 investigations also included a study of the adapta­
bility of the phosphatase test to goat's milk. This revision gives 1U0re 
l'ecellt information on the phosphatase test as applied to goat's milk. 

SOURCE OF THE MILK AND METHOD OF HANDLING 

The milk used in this jm'p:::tigation -was obtained from a herd of 
goats 3 maintaille>c1 by the B11reau of Animal Tndustry, at the Agricul­
tural Research Center, Belbn-ille, l\Id. 

The herd wad handlt'd undpr a combination sy!OtcllL of stall-feeding 
in will tel" and pasturing in HUll1l1lPl'. The> ,...-inter die>t consisted of a 
mixed ration of corn. oats. whl'at bran. alltllinspetl meal. with alfalfa, 
hay and corn silage. .The grazing seaso 1 (>xtendNl from llbout April 15 
to October 15 with permanent pastul'es (. f mixed grasses supplemented 
lly t~mporary crops of wlleat. rye. barley, and soybeans being a \'Ililable. 
Gram and some hay were also fed the does while on pasture. The lac­
tation perio(ls ('xtpllded from about the 1irst of l\Ial'elt to the latter part 
of December. 

On the <lnys when milk ,vus collected for this investigation the morn­
ing's milk fmlll the entire herd was thoroughly mixed as soon as dmwll. 
A composite snmple of fro111 1 to 2 gallons was poured into a sterilized 
container, which was placed in cold wlLter for approximately :2 hours_ 
The milk container was then packed in a metal pail surrounded by 
cracked jee and sent to the market-milk laboratories of the Bureau of 
Dairy Industry in 'Yushillg-toll, D. C. The temperature of the milk 
was reduced to approximately 45 0 F. within 3 to 4 hours aft(:'r milking. 
'fhe work <?f pasteurization WilS done within aPl?l"ox.imately ii'~hou~s 
after the mIlk was drawn_ Care was taken to mmntam pl'opel'--condl­
tions about the barn and to produce 11 milk free from odor$ ana fvith a 
low bacterial count. ,0' 

I This herd consisted of purebred and grade Saanen and Toggenl;mrg gonts, two 
breeds of milk goats popular in the United States. . ; 
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PASTEURIZING TREATMENT OF THE MILK 

The holder method of pasteurization, whereby milk is heated to a 
temperature of not less than 143° F. and held a.t that temperature for 
not less than 30 minutes j is most commonly used in this country. 

When goat's milk was pasteurized by this method in this investi.. 
gation, 3 temperatures were employed, 142° F., 145°, or 147°, the tem­
perature being maintained for 30 minutes. Of a total of 25 runs made 
while using tIllS method of pasteurization, 
9 were made at 142°, 10 at 145°, and 6 
at 147°. All runs by this method were 
made with the 2-liter laboratory pasteur­
izer shown. in figure 1. Approximately 2 
quarts of milk was pasteurized during 
each run. 

The pasteurjzing flask containing the 
cold, raw milk was first immersed in. a 
preheating bath, which was held at 70° C. a 
(158° F.) by thermostatic control. The 
milk was agitated by a glass stirrer (0, 
fig. 1) attached to an electric motor (a, 
fig. 1) revolving at approximately 200 
r. p. m. Wh€:n the milk had reached the 
desired pasteurizing temperature, the flask 
waR transferred to another water bath held 
thermostatically at this temperature. 
After :~O minutes the Hask was tmmrferred 
to an i('e-water bath, and the milk stilTed 
until the temperature had dropped to ': 
10° C. (50° F.) or lower. The milk was " 

" then transferred to storage Hasks and 
'I 
" " 

placed in n, refrigerator. i 
II 

I c 
The high-temperature, short-time meth­ " 

, fod, ·whereby Illille is Ilf;ated to HiOO F. ," , 
, Iand held at that temperature for not less , 
, I 

, 
than 15 se('onds, is also used to n, large ,, ,I 

b ::extent in this country. --.;~~, 
,'... ",J'Elpven runs were llIade by this method, ,--_ .... 

with the apparatus- shown ill figure 2. In 
using thit; p:Lstel\l"izer, the prl'lwaf.illg ('oil, 
0, was immersed in a water bath held l!'IGUltE i.-Two-liter, 

. 11 }' ( three-neck flask in which tIlermostattca y at 1(liJo ~. about 7+° C.). goat's milk wus pasteur-

The gl~ss-tub.e eOllpll'l", el, alld all tubing izetl by holder method: 

connectmg ('011 c and the pasteurizing coi I, a,. Electric motor, 11, glass 

e, were wr:u .., ,:1 with cloth towe"ls to mini- stIrrer, C, thermometer. 

mize heat]( ,sses. The pasteurizing coil, e, 

was immersed in a water bath held thermostatically at 160° F. The 

temperature of the milk when in d was accurately adjusted so as to 

be 0.3° or 0.4° F. above, the actual pasteurizing temperature to com­

pensate for :lIly heat Joss by th.e milk in pas~ing to coil fl. The milk, 

under a 65-mch head, mamtamed by the SIphon levelmO" device 0 

required 15-17 seconds to pass through this coil. The :'ate of fl.o~ 

was checked at intervals by introducing a quantity of blue dye into d 
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and noting the time required for the first color to appear in a, short· 
glass tube c~nne~ting e with f, the coolin9 coil. The milk in ~lassing 
through ·thiS cOlI was cooleil. to 100 C. t50° F.) or below, and was 
then collected in a glass container. All glass portions of the apparatus 
that might expose the milk to loss of vitamin C by sunlight were 
covered with paper or cloth. 

Several liters of hot water were run through the pasteurizer ~m­
mediately after using. The apparatus was filled with a 0.5-percent 
solution of sodium hydr07.dde for 24 hours before using. This was 
followed by a liter of sodium hypochlorite solution containing 200 
p. p. m. of available chlorine. All traces of alkali and chlorine were 
washed out with sterile distilled water just before using. 

STUDIES MADE ON THE MILK 

SOLUBLE CALClU1t[ AND PnospnoRUs 

The effect of pasteurization on the solubility of calcium and phos­
phorus was determined by estimating the relative amount of soluble 
calcium and phosphorus in the milk serum of the raw milk and of 
the pasteurized mille The serum was prepared by passing the milk 
through a Chamberland-Pasteur procelain filter (porosity L-7) by 

FIGURE 2.-Apparatllil for high-tclllpE'raturc, short-time pH8teurizlltion of goat's 
milk: a, Reservoir (4-liter Erlenmeyer flask) for containing the cold, raw 
milk; 11, siphon leveling device for maintaining a consblllt head (65 inches) 
of liquid in the pasteurizer; c, preheating coil (17 feet long) ; d, glass-tube 
coupler with thermometer to show tempemtllrc of prE'hea ted milk; c, the holding 
or pasteurizing coil (10 feet long) i I, cooling coil (15 feet long). All coils are 
of pure tin block tubing, %-inch internal diameter; g. glass container for receiV­
ing the pasteurized milk. 
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suction. Bacterial growth in the milk was inhibited by adding a 
small amount of chloroform. The serum was then placed in a refrig­
erator at 40°-50° F. To correct for any difference in the porosity 
or retentive power of a filter, it was used to filter raw and pasteurized 
milks on alternate filtrations. 

Preliminary experiments had shown that during the initial stages 
of filtration some of the calcium and phosphate ions are absorbed 
by the filter, but that the composition of the serum remains consk.Jt 
after 100 ml. have passed through the filter. Therefore, in the present 
experiment this first portion was discarded before samples were col­

• lected for the determinations of calcium and phosphorus. 
The serum was a clear, pale-yellow liqUId having a faint fluores­

cence. It showed no evidence of turbidity under ordinary illumina­
tion, but exhibited a slight Tyndall effect. This indicated the presence 
of some very small colloidal particles in the serum. 

Each determination of calcium and phosphorus was made on indi­
vidual 50-ml. portions of the serum (20° C.; 68° F.). The serum 
was evaporated and ashed in platinum vessels, taken up with acid, 
a.nd filtered. These filtrates were then used directly for the calcium 
and phosphorus determinations. Calcium was precipitated as the 
oxalate, and finally titrated with potassium permanganate. Phos­
phorus was determined by precipitating with molybdate solution, 
reprecipitating with magnesia mixture, and finally burning and 
weighilla' as magnesium pyrophosphate. 

The effect of pasteurization on the amounts of calcium and phos­
phorlls passing through the Chamberland-Pasteur filter is shown in 
table 1. 

High-temperature, short-time pasteurization (table 1) reduced the 
amount of soluble calcium by 3.6 percent on an aver,'\ge for 11 and the 
amount of phosphorus by 3.2 percent on an average for 10 samples 
treated by that process. The holder method, however, caused a greater 
loss of solubility, the calcium being reduced 7.5 percent on an average 
for 21 and the phosphorus 4.7 percent on an average for 18 results 
obtained at the 3 holding temperatures. The change in t!c'mperature 
of pasteurization from 142° to 147° F. produced no definite 'tf~!")d in 

t the amount of calcium or phosphorus that was rendered insoluble. 
This loss in solubility was not so great as the SeaSOlH1~ fluctuation 

in the amounts of these substances in the raw milk. For instance, 
for the 21 mil kings obtained during the lactation period in which the 
holder method of pasteurization was used, the calcium content aver­
aged 0.0:H5 gm. per 100 mI. of raw-milk serum. The maximum for 
anyone milking was 0.0391 gm., or 13.3 percent greater than the aver~ 
age, and the minimum was 0.0287 gm., or 16.8 percent less than the 
average. Similarly, during this lactation period the phosphorus con­
tent averaged 0.0468 gm. per 100 ml. of raw-milk serum; the maximum 
was 0.0596 gm., or 27.4 percent higher than the average, and the mini­
mum was 0.0384, or 17.9 percent lower than the average. Likewise, 
for the milkings obtained during the lactation period in which the 
high-temperature, short-time method of pasteurization was used, the 
calcium content averaged 0.0389 gm. with a maximum of 0.0484 or 24.4 
percent higher than the average, and a minimum of 0.0339 or 12.9 per­
cent lower than the average. The phosphorus content of the raw-milk 
serum during this period averaged 0.0405 gm., and the maximum was 

http:consk.Jt


TABLE 1.-Effeot o.f pasteurization on the amount of 80.luble oalcium andph0.8phoroUB in go.at'8 milk 'as 
, .. 

Calcium (Ca) per 100 ml. of serum (at 200 C.) Phosphorus (P) per 100 mI. of serum (at 200 C~). 

I 
~ 

,In pas-Pasteuri21ing treatment of the milk In pas­
Deter- In raw- teur- Deter- In raw- . teur- 0' 

Reduction by Reduction by >:
mina- milk ized mina- milk ized t4;<pasteurization pasteurization
tions serum milk tions serum milk tJi serum serum 

I
gI' 

Hfgh.-temperaturc, short-time pasteuri- Number Gram Gram Gram Percent NlI.mber Gram Gram Gram Percent 
zation, at 1600 F. for 15 seconds ______ 11 O. 0389 O. 0375 O. 0014 3.6 10 O. 0405 0.0392 0.0013 3. 2 

Holder pasteurization; heated for 30 ~ minutes at: 10142.0 F __________________________ 8 .0341 .0313 .0028 8. 2 8 .0473 .0453 .0020 4.21450 F __________________________ 
.0355 .0332 .0023 6. 5 7 .0449 .0422 .0027 6. 01470 F __________________________ 
.0339 .0313 .0026 7.7 3 .0500 .0486 .0014 2.8 ~~I 

~~ 

Average 1________________ ------ ________ 1 .0345 .0319 .0026 7.5 -------- .0468 .0446 .0022 4.7 !Jl 

~ 
1 Weighted. ~ 

o 
~ 

. &i.. 

I 
a.: 

I!!:I 
.-~ 
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O~otfiO..nrl1.1pereent hlgher, and minimum 0.0365 or 9.9 percentlower 
than the avermge. 

Therefore it seems that the decrease in solubility of the calcium 
and J>hosphorus of goat's milk that is caused by pasteurization is 
insigiiificant. Although results obtained by different methods and 
techniques cannot be compared directly, the results obtained by the 
authors on goat's milk appear to be in agreement with the work of 
others on cow's milk. For instance, Dutcher (3)4 reported no reduc­
tionin calcium and phosphorus in the ultrafiltrate of cow's milk 
after pasteurization. Similarly, Kometiani (1.4) found there was 
no reduction in soluble calcium and phosphorus after heating to 
80°-120° C. for 30 minutes. Rupp (136) concluded that the soluble 
calcium phosphates do not become insoluble after holder pasteuriza­
tion. Mattick and Hallett (18) found there was no significant change 
in diffusible phosphorus, and a loss of diffusible calcium of less than 
2 percent, as a result of holder pasteurization. Bell (1) concluded 
that the losses of calcium and phosphorus by past~urization are small. 
Tria and Zummo (313) found a reduction of 1.5 percent of calcium 
and 2 percent of phosphorus in the ultrafiltrat~. Magee and Harvey 
(17) heated milk to '10° C. for 30 minutes and dialyzed this against 
running water. A 23-perc~nt loss of calcium occurred, but since the 
dialysis probablY' would upset the equilibrium in the milk, it cannot 
00 compared with the present and other studies where the milk was 
filtered. A difference in porosity of the filters used by different in­
vestigators also makes direct comparison of results somewhat difficult. 
Elvehjem (.4), on the basis of animal and human feeding experiments, 
concluded that pasteurization does not affect the digestibility of cal­
cium. Fina1ly, Holland and Dahlberg (8) concluded that there were 
no significant changes in the relative amounts of CaHP04 and 
Ca3 (P04 ) 2 at pasteurization temperatures. 

SOLUBLE PROTEINS 

The extent to which the content of soluble protein in goat's milk 
was denatured or rendered insoluble is shown in table 2. In making 
these determinations the content of total protein (casein, albumin, 
and globulin) and the content of casein in the raw milk was deter­
mined by analysis. The amount of soluble protein (albumin and 
globulin) in the raw milk was calculated as being the difference be­
tween the total protein and the total casein in the raw milk. After 
the milk had been pasteurized, an analysis was made in which the 
denature[ substances were precipitated along with the casein, and 
t.he result was recorded as the amount of casein plus the amount of 
denatured albumin and denatured globulin. From this the amount 
of casein, which had already been determined from the raw mnk, 
was subtracted to find the amount of denatured albumin and globulin. 
Then the approximate percentage of soluble protein that was de­
natured by pasteurization was calculated by comparing thH amonnt 
of denatured substances obtained from the pasteurized milk with the 
total amount of solubJe proteins in the raw milk. 

• Italic numbers in pnreJlthesell refer to IJiternture Cited, p.14. 
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TABLE 2.--Ewtent of aenaturationof 80luble proteins of goat's mille by
pasteurization . , 

Casein,de­
Albu- natured 

Total min albumin 
Deter- pro- Casein and and de-

Pasteurizing treatment mina- teins 1 in ra.w globu- natured 
tions in raw milk lin (by globulin 

milk differ·· in pas­
ence) teurized 

milk 

Percent­
age of the 

Dena- total'al ­
tured bumin . 
albu- andglo­
min bulinceD­

andglo- tent.dena­
bulin tured by, 

pasteur­
ization 

High-temperature, short­
time pasteurization, at 
1600 F. for 15 seconds__ 

Holder pasteurization; 
heated for 30 minutes 
at:	l42° F _____________ 

1450 F _____________ 
1470 F _____________ 

Average 2_________ 

Num- Per- Per­
ber cent cent 

8 	 2.443 2. 066 

4 	 2. 828 2. 325 
4 	 2.810 2.313 
4 	 2.845 2.383 

----- 2. 828 2. 340 

Per­
cent 

O. 377 

.503 

.497 

.462 

.487 

Per­
cent 
2. 094 

2.343 
2. 348 
2. 400 

2. 362 

Per- Per­
cent cent 

O. 028 7. 4 

.018 3. 6 

.035 7.0 

.017 3.7 

.023 4.8 

1 All proteins in this table were calculated as N X 6.38. 

2 Weighted. 


In this work the method used for precipitating the casein from the 
raw milk and the casein with denatured protein from the pasteurized 
milk, was that of Moir (19). The method used to precipitate the total 
protein of the raw milk has also been outlined by him (20). The ni­
trogen content of these precipitates was determined by the Kjeldahl 
method. 

High-temperature, short-time pasteurization (table 2) denatured the 
combined albumin and globulin approximately 7.4 percent, whereas 
holder pasteurization, for the three temperatures of treatment, dena­
tured these proteins an a:verage of 4.8 percent. 

Gamble, Ellis, and Besley (5) have pointed out that with Moir's 
method for determining casein, as applied to goat's milk, some globulin 
may also be precipitated with the casein. This would mean that the 
results obtained for casein in this experiment may be too high, and 
those for albumin and globulin too low. Similarly, Rowland (25) has 
!Jointed out that the use of Moir's method for determining the total 
protein of cow's milk tends to give low results. If this is also the case 
with goat's milk, the albumin and globulin figure would be decreased 
still more. These changes would consequently lower the percent!) ge 
of denaturation somewhat below that in table 2. It should be added 
that the pH of the milk was not adjusted and the fat was not removed 
in the present procedure as was done in the work just mentioned (5). 

The amount of denaturation of proteins in goat's milk from pasteur­
ization was less than the seasonal variation h: the content of these 
soluble proteins. In milk obtained during the hctation period when 
the holder method of pasteurization was used, the albumin and globulin 
content averaged 0.487 percent. The maximum amount was 0.62 per­
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cent, which was'27.3 percent higher than the average, and the minimum 
alilount was 0.30 percent, or 38.4 percent lower than the average. Sim­
ilarly,With milk obtained during the lactation period in which the 
high.temperature, short-time method of pasteurization was used, the 
ru6umin and globulin averaged 0.377 percent. The maximum cont.ent 
was '~5 percent or 15.4 percent higher than the average, and the 
ulinimuIn content was 0.30 percent or 20.4 percent lower than the 
averag~.. 

lnasmuch as the percentage of denatured proteins in pasteurized 
milk was less than the seasonal variation in protein content, the dena­
turation effect of pasteurization appears to be of minor importance. 

The results for denaturation of goat's milk are comparable to those 
obtained by other workers using cow's milk. Rowland (93,q.), using 
the same methods of analysis as were used in this study, found there 
was an average denaturation of albumin and globulin of 10.4 percent 
after heating cow's milk at 63 0 C. for 30 minutes. Kie£erle and Eisen­
reich (193) found that 2.5 to 7.5 percent of albumin coagulation was 
caused by high-temperature, short-time pasteurization. Holder pas­
t(>urization caused a loss of approximately 20 percent in albumin. All 
these studies of the latter workers were conducted with commercial 
pasteilri'zers. . 

CURD TENSION 

The effect of pasteurization on the curd tension of goat's milk was 
studied by measuring the curd tension of both raw and pasteurized 
milk with a commercial curd-tension meter. With this instrument, the 
curd tension was determined by the method of Hill (7), and also by 
the method suggested by the curd -tension committee of the American 
Dairy Science Association as reviewed by Doan U~, p. 7.40). The 
former method involves the use of a concentrated calcium chloride­
pepsin solution and the latter method the use of tenth normal hydro­
chloric acid-pepsin solution for the coagulation of the curd at 95 0 

F.±1° F. 
The results of the curd-tension measurements are shown in table 3. 
The results given in table 3 show that high-temperature, short-titne 

pasteurization reduced the curd tension 5.1 percent or 6.9 percent, 
depending on which method of coagulation was used. The holder 
method ofpastei1rization, however, caused it considerably greater re­
duction. The average reduction obtained for all three pasteurizing 
temperatures was 38.4 percent when the Hill, or 48.4 percent when the 
Association method of coagulation was used. The increase in temper­
ature of pasteurization from 1420 to 1470 F. produced no definite trend 
in curd·tension reduction as determined by the Hill method, but a 
definite and nearly constant increase in reduction was indicated by the 
Association method. 

KEEPING QUALITY 

Flavor scores and bacterial counts were used to determine the effect 
9f pasteurization on the keeping quality of goat's milk. Both the 
raw and pasteurized milk were scored for flavor and plated for bacteria 
on the day of pasteurizatjon and on the second and fourth days after 
pasteurization. Enough bottled raw and pasteurized milk was kept 

8~3777'--49----2 
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in. a refrigerator at 40° to 50° F. to have a previously unopened 'ooUlefor each determination of flavor and bacteria. Tryptone-glucose ex­tract, skim-milk agar was used as the medium and the plates 'W~re it1­cubated at 32° C. for 48 hours. .The effect of pasteurization on the keeping qualities of goat's milkis shown in table 4. 

TABLE 3.-The curd tension of raw and pasteurized goat's milk, asdetermined l.vith two different methods of coagulation 

HU,L lVfETHOD 

Average curd- i Reduc­
tension reading I tion in

Pasteurizing treatment Determi-
I___'7""___ curd ten­

nations sion by
Raw pasteur-I pasteur­
milk ized milk ization

--------------------------~------I------I-----I-----High-temperature, short-time pastenriza­ lVumber Grams Grams I Percenttion, at 1600 F. for 15 seconds___ .. ____ _ 11 17. 6 16. 7 ! 5. 1Holder pasteurization; heated for 30

minutes at:
1420 F __________________________ _ I

1450 F __________________________ _ ii 13.7 8. ii 37. 9
'!'147 F __________________________ _ 6 12.9 6.8 47.30 

5 13.8 9.9 ! 28. 3
Average 1______________________________ •• --- ­

13.41 8.31 38.4 

ASSOCIATION METHOD 

,
High-temperature, short-time pasteuriza­tion, at 1600 F. for 15 seconds_________ 11 14.4 13.4 :

i 
 ~. 9Holder pasteurization; heated for 30

miuutes at:
142

0 
F ___________________________ 145

0 
F ___________________________ 5 7. 8 4.7 ,I• 39.7

147
0 

F ___________________________ 6 10.5 5. 3 \ 49. .5
5 12.6 5.5 I 55.9

Average 1_______________________ -------- 10. 3 5. 2 j. 48.4 

1 Weighted. 

Table 4 shows that both. methods of pasteurization lowered theaverage bacterial count of the raw milk. In both trials, the aver­age flavor score of the raw milk dropped 3.5 and 5.5 points, respec­tively, in 4 days, while that of the pasteurized milk dropped only1 or 2 points in the Sllme period. In addition, the freshly pasteurizedmilk actually averaged one-balf point higher in flavor score than the
correspondin~ raw milk, in both. trials.

The raw mIlk tended to have a goaty flavor which increased in in­tensity with age. The mi1k, after being pasteurized by either method,had a less goaty flavor than did the corresponding raw milk but It.vE!ry slight astringen.cy ha~ ollveloped. On agin¥ the astriIJgency:llsappeared and the mtenslty of the goaty flavor Increased shghtly. 
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TABLE 4.-'-'1'he effect of pasteurization on the keepingquulity of 
goat's milk 

Flavor score (range Bacterial count per ml.­0-25)-

Pasteurizing treatment 

Same After 2 After 4 Same After 2 After 4 
day days days day days days 

High-temperature, short­
time pasteurization, at 
160° F. for 15 seconds: Number Number Number

Raw milk 1_____________ 
19. ° 17.5 15.5 64,000 437,400 8,027,000 

Pasteurized milk 1_______ 19.5+ 19.5 18.5 1,010 970 1, 790 
Holder pasteurization jheated 

for 30 minutes at 142°, 
145°, or 147° F.:

Raw milk 2_____________ 19.5 
17. °I 14. ° 23,500 29, 900 92,000 

Pasteurized milk 2_______ 20.0 19.5 18. ° 21 55 84 

1 Average of 11 determinations. 
2 Average of 17 determinations (5, 142° F.j 7, 145°j 5,147°) for flavor score, and 

9 (4, 142°; 2, 145°; 3, 147°) for plate count. 

REDUCED ASCORBIC ACID 

In this investigation the effect of pasteurization on the amount of 
reduced ascorbic acid contained in the goat's milk was measured by 
titration with standardized 2,6-dichlorophenol-indophenol of various 
composite samples. The samples pasteurized by the holder method 
were titrated with the dye after the proteins had been removed by 
precipitation with trichloracetic acid and metaphosphoric acid, as 
recommended by Rasmussen et al. (9393) and by Musulin and King (931). 
The samples pasteurized by the high-temperature, short-time method 
were titrated directly with the dye as described by Sharp (30). 

The sample of raw and pasteurized milk in each case was kept on 
ice, in a full, tightly capped, dark-colored glass bottle, away from 
contact wifu copper. The titrations were made within S to 12 hours 
after the goats were milked. These precautions were taken to pre­
vent destruction of the ascorbic acid and to cut down its conversion 
to the oxidized form to Ii minimum. Another sample of the raw milk 
was titrated within 5 hours of the milking. The effect of pasteuriza­
tion on the reduced ascorbic acid content is shown in table 5. 

The results as given in table 5 indicate there was a decrease of 32.S 
to 45.5 percent in reduced ascorbic acid content nfter pasteurization 
J:-y the holder method. On the other hand, pasteurization by the high­
temperature, short-time method apparently did not affect the reduced 
Ilscorbic acid. 

These results are comparable to those obtained recently by other 
workers using cow's milk. 

For example. Ron anel Watson (15) reported the destruction of 
17.9 percent of the reduced ascorbic aejd by commercial holder pustellr­
il'mtion, Ilnd SJ) percent when using glass or 4.V percent when using 
aluminlllH equipmel1t in laboratory holder pasteurization. 
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'TABLE 5.~The effect of past'eurizatiOn on the content o/,rMJuaea 
ascorbic acid in goat'8 mille 

I 
Averagl\ content of re­
duced ascorbic acid Loss from­

per liter .. 
Deter-

Pasteurizing treatment 	 mina­
tions 1 Raw Raw P9,S- Hold- Pas­milk 5 milk 12 teur- ing teur­hours hours ized of raw izationof agEl' of age milk 2 milk 

High-temperature short-time Num- Milli­ Milli- Milli- Pe7'- PeT­
pasteurization at 1600 F. beT grams (]TamS grams eerlt centfor 15 seconds ____________ 11 11. 5 10. 6 10. 6 7.8 0.0

Holder pasteurization, for 30 
minutes at:1420 F _________________ 

1450 F _________________ 4 13.2 11.7 7. 8 11. 4 32.8 
1470 F _________________ 4 13.3 12. 2 6. 7 8. 3 45. 5 

4 13.0 12.4 7.4 4. 6 40. 3 

1 Each determination represents a composite sample of morning's milk. 
2 Titrated at the same time as the 12-hour raw milk. 

Holmes and coworkers (9) reported an average loss of 18.71 per­
cent of the ascorbic acid as a result ot holder pasteurization, and, in 
another series of experiments (10), no loss as a result of high-tempera­
ture, short-time pasteurization. 

Woessner, Elvehjem, and Schuette (34) found commercial raw milk 
to contain 10.9 mg. of reduced ascorbic acid per liter, while commer­
cially pasteurized milk averaged 8.9 mg. 

Sharp (30) on the other hand, reports only "a very slight destruc­
tion" ofvitamin C by holder pasteurization. 

Reedman (fd3) found 25 percent of ascorbic acid destroyed by the 
holder method, while Whitnah and others (33), using five different 

types of commercial holder pasteurizers, reported excessive losses of 

vitamin C but no significant loss was noted when the milk \.VaS pasteur­

. ized by the high-temperatUl'e, short-time method. This latter observa­

tion was also reported by King and Waugh (13). . 

The data on the percentage loss of re<;lu<led ascorpicacid in the,l'aw 
milk between the time it left Beltsville in the morning and its return to 
Beltsville with the pasteurized samples at noon, occasionally showed 
a loss of 20 to 40 percent. Consequently the averaged values for raw 
milk given in table 5 are not entirely consistent with the results on 
pasteurization. Also, there was considerable variation in the values 
during both lactation periods, i. e., the samples titrated during the 
spring .were from 5 to 14 mg. per liter higher in ascorbic acid. than 
most of the samples titrated during the summer and fall. 

THE PHOSPHATASE TEST 

The phosphatase test has become an important means of detecting 
improper pasteurization of cow's milk. To determine whether the test 
could be used with goat's milk also, it was applied to milk heated in the 
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)• laboratory at 1430 F. for periods ranging from 5 to '35 minutes. It was.' alsp, applied to milk pasteurized by the high-temperature, short-time 
metbod'used in this investigation. In applying the tests that were 
available-at the time the experimental work reported in this bulletin 
was .donel both Schar~r's field test (29) and the Gilcreas and Davis, 
modificatIOn (6) of the Kay and Graham method (11) were used. 

When samples of fresh goat's milk were pasteurized at 1430 F. for 
periods varying from 5 to 35 minutes, all samples passed both the 
Scharer and the Gilcreas and Davis modification of the phosphatase 
test, thereby indicating proper pasteurization. The sample heated for 
5 minutes was very nearly borderline, while the sample heat~d for 10 
minutes showed a blue color considerably less dense than the maximum 
allowable blue color. Milk samples heated from 15 to 35 'minutes 
showed no blue color. ' ' 

When these two modifications were applied to various samples of the 
milk pas.teurized by the high-temperature, short-time method, all sam­
ples showed no color and therefore passed the test for proper pasteur­
ization. -

When these older modifications of the test were, applied to raw goat's 
milk, a blue color resulted which was considerably less dense'than in the 
case of a similar sample of cow's milk. This indicated that there was a 
smaller phosphatase content in the goat's milk than in cow's milk. 

In 1940, after this work had been completed, Lythgoe (16, pp.ll06­
1108) reported results of experimental work in which he used the 
Scharer phosphatase test on goat's milk. His results appeared to 
confirm those obtained in this investigation. 

It was apparent from the results available at that time that the 
phosphatase test as then conducted for detecting improper pasteuriza­
tion of cow's milk was not sufficiently sensitive for detecting improper 
pasteurization of goat's milk, even though it did indicate the presence 
of raw milk when present in considerable quantity. 

During 1945-48, Sanders and Sager (27,28) investigated the chem­
istry of the phosphatase test further and introduced an improved test 
which they applied to virtually all dairy products, including goat's 
milk. In quantitative experiments, they found that the phosphatase 
activity in ~oat's milk normally is less than one-tenth of that in cow's 
milk. TheIr improved test is more sensitive and more complete than 
the older tests mentioned above and, in addition, they developed a 
special modification for testing goat's milk, utilizing a larger sample 
and a longer period for the enzyme to act in the test. They found 
also that the sensitivity could be increased by making a two- to four­
fold increase in the concentration of substrate, disodium phenyl phos­
phate, in the test. Whereas the Sanders-Sager test for cow's milk 
will detect the addition of less than 0.1 percent of raw cow's milk 
added to properly pasteurized cow's milk, the special test for goat's 
milk will detect the addition of approximately 0.3 percent of ra"" 
goat's milk added to properly pasteurized goat's mille While not 
so sensitive as the test conducted on cow's milk, the special test devised 
for use on goat's milk is sufficiently sensitive to detect improper pas­
teurization of goat's milk with reasonable accuracy. 
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SUMMARY AND CONCLUSIONS 

Some constitutents and properties of goat's milk are altered slightly 
by the high-temperature, short-time method and holder method of 
pasteurization. 

The solubility of calcium and phosphorus is only slightly decreased 
by pasteurization. The average decrease in this study was less than 
the normal seasonal variation in calcium and phosphorus content. 

The soluble (albumin and globulin) protein fraction is not appre­
ciably denatured by pasteurization. In this study, the average per­
centage of loss by denaturation was less than the normal variation in 
soluble protein content. 

The curd tension is reduced considerably by holder pasteurization 
and only slightly by high-temperature, short-time pasteurization. 

The flavor of fresh goat's milk is improved slightly and the keep­
inK quality is improved considerably by pasteurization. 

The older phosphatase tests, which were devised for the detection 
of improper pasteurization of cow's milk, were not sufficiently sensitive 
for application to goat's milk, because goat's milk exhibits only a small 
fraction of the phosphatase activity present in cow's milk. The im­
proved phosphatase test developed by Sanders and Sager includes a 
special test for goat's milk which, while not as sensitive when used on 
goat's milk as their improved test used on cow's milk, is now con­
sidered sufficiently sensitive to detect improper pasteurization of goat's 
milk with reasonable accuracy. 

In this study, pasteurization of goat's m~lk by the holder method 
caused a decrease of from 33 to 45 percent m the content of reduced 
ascorbic acid. Pasteurization by the high-temperature, short-time 
method apparently did not affect the ascorbic acid. 

The effect of pasteurization on the solubility of calcium and phos­
phorus, on the denaturation of proteins, and on the ascorbic acid con­
tent of goat's milk are comparable to the effects of pasteurization on the 
same constituents in cow's milk, as reported by other investigators. 
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