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VOLUME XXXV FEBRUARY, 1952 NUMBER 2 

E F F E C T  O F  ANTIOXIDANTS IN T H E  CONTROL O F  OXIDIZED 
FLAVOR DEVELOPMENT IN STORED FROZEN CREAM. 

I. USE O F  ETHYL CAFFEATE, SUSTANE, 
TENOX I1 AND TENOX BHA 

A. J. GELPI, JB., L. L. RUSOFF AND R. D. SKOLE 
Louisiana Agricultural Experiment Station, Baton Rouge 

With a declining butter market and an  expanding ice cream industry, a con- 
siderable amount of fluid cream goes into frozen storage to be utilized a t  some 
later date. The utilization of stored frozen sweet cream for the ultimate manu- 
facture of ive cream is by far the most profitable way of disposing of surplus 
milk, particularly that produced in fluid milk sheds. 

The development of oxidized flavors in stored frozen cream presents a serious 
economic problem. This problem with its complexities has opened many avenues 
for research by nunlerous workers in this and related fields. The prevention of 
oxidized flavor in  cream has been investigated by many workers using various 
substances and procedures including high temperatures and homogenization (5) ,  
ascorbic acid (3, 4) and nordihydroguaiaretic acid (NDGA) (6, 7 ) .  Stull et al. 
( 6 )  found NDGA will retard oxidized flavor development in  concentrations of 
0.00125 to 0.005 per cent (butterfat weight basis) in sweetened frozen cream 
during storage for 12 1110. Stull et al .  (7 )  also compared the effect of NGDA on 
unsweetc.ned frozen cream with arid without added Cu for 11 mo. The cream 
failed to hold 11p when Cu was added, regardless of the quality of eream used. 

METHODS 

r i a  1. I11 this study ethyl caffeatel and Sustane2 (butyl hydroxyanisole) 
were used as antioxidants. Cream of average quality containing 40 per cent fa t  
was pasteurized a t  150° F. for 30 min., cooled to 40' F. and divided into two 
equal portions. One portion received 0.5 ppm. of Cu as CuSO,. The antioxi- 
dants were dissolved in small amounts of warm glycerol, added to the cream and 
thoroughly distributed \i,ith a mechanical agitator. The two portions of cream 
were treated with the antioxidants a t  0.04, 0.022 and 0.002 per cent levels on a fa t  
basis, with and without 0.5 ppm. Cu added. 

The treated cream was placed in 0.5-pt. standard glass milk bottles with parch- 

Received for publication Aug. 1, 1951. 
1 Obtained from green coffee and prepared by Edwal Corp. N. Y. C. 
2 Courtesy Universal Oil Products Co. Cliicago, Ill. 

Copyright 1952, by the AMERICAN DAIRY SCIENCE ASSOCIATION 
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melit paper under plug caps to eliminate a possible source of cappy or other 
similar flavors. Iinmediately after bottling the samples were placed in storage 
a t  - 10" I?. Organoleptic examinations were made of samples every 30 days for 
a 6-mo. period and then again a t  the end of 12 mo. 

Trial 2. Comparisons were made using ethyl caffeate and Sustane which 
were used in the first trial, Tenox 113 (butylated hydroxyanisole + citric acid + 
propyl pallate in propylene glycol) and Tenox BHh3 (butylated hydroxyanisole 
without synergists). 

The procedure used was similar to that in the first trial with the exception 
that the antioxidants were dissolved in small amounts of 95 per cent ethyl alcohol 

TABLE 1 

The effect of adding etllyl careate and Sustane to summer cream stored at -10" F. 

Oxidized flavora after 

Treatment storage time (mo.) of:  
1 2 3 4 5 6 1 2  

- - + + +  
- - - - - - 

- - - - - 
- - - - t 

- + + * * *  
- - ? -  - 

- 8 - + + +  
- t + + + ! - + t  

- + . t t *  
- - - - + 

- - - - - + 
- - + + + + 

t + + t i + + + * + +  

- t + + + + I - *  
? + + + + + +  
- e e s + + +  

a + = Slightlp oxidized - = Negative 
++ = Pronounced oxidized ?=Doubtful 

+tt = Very pronounced 

in place of glycerol. Also, an additional series of samples were stored in 0.5-pt. 
friction-top tinned cans. The antioxidants imparted no detectable color, odor 
or flavor to the cream. 

RESULTS AND DISCUSSIOS 

Trial 1. Table 1 gives the effect of ailtling ethyl caffeate and Sustane 011 

oxidized flaror development in frozen, stored summer cream. Samples of cream 
with added ethyl caffeate showed no evidence of oxidized flavor after 12 mo. of 
storage, with the exception of the one containing 0.004 per cent ethyl caffeate, 
which had a slight oxidized flavor after 12 mo. When Ca mas added, no oxidized 
flavor appeared after 12  mo. of storage with the 0.04 per cent level of ethyl 

3 Courtesy Tennessee Eastman Corp. Kingsport, Tenn. 
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caffeate. The sample containing 0.022 per cent ethyl caffeate with Cu gave slight 
evidence of oxidized flavor beginning at  5 mo., while cream containing the 0.004 
per cent concentration became slightly oxidized a t  3 mo. This sample showed 
less oxidized flavor development when compared to the control plus copper. 

Sustane a t  the 0.04 and 0.022 per cent levels without added Cu inhibited the 
oxidized flavor development for at  least 6 mo. After 12 mo. of storage, only 
slight oxidized flavor was apparent. The cream containing 0.004 per cent Sus- 
tane became slightly oxidized a t  4 mo. without increasing in intensity through 12 
mo., while the control cream sample showed increasing intensity of oxidized 
flavor beginning at  4 mo. 

TABLE 2 

The effect of adding ethyl caffeate and Sustane to  winter cream stored at  -10" F.  

Oxidized flavora after  

Treatment storage time (mo.) of:  

1 2 3 4 5 6 

Control - - - + + t J d +  

0.04% ethyl caffeate - - - - - - 
0.02% ethyl caffeate - - - - - - 
0.004% ethyl caffeat - - - - - - 

Control + 0.5 ppm. Cu ...................................................................... + + + t + t f t t + i - t  

0.04y0 ethyl caffeate t 0.5 ppm. Cu ................................... .... + + + t + S f C + t +  
0.02% ethyl caffeate + 0.5 ppm. Cu ..................................... + + + t + t J r S t i - t + t  
0.004% ethyl caffeate + 0.5 ppm. Cu .............................. + + + t + t + + t + f t +  

0.046 ethyl caffeate in tinned cans ................................... - - - ? + +t 
0.026 ethyl caffeate in tinned eans ..................................... - - - B + ftt 
0.004% ethyl caffeate in  tinned cans .................................. - - - B + ftt 

- - - + +kt +tt 
- - - - - - 
- - - - - - 
- - - - - - 

................................................................... + + f t + t i t t * t  

+ + H + + t - + H + i +  
+ + + t + t + + t + t l +  
+ f + t + t + H + t + t  

0.04% Sustane in tinned can - - - - 
- - - - 

+ +t 
0.02% Sustane in tinned can 

- - - 
+ ++ 

0.004% Sustane in tinned ca - + ft 

a See table 1. 

A11 treated samples containing added Cu showed some indication of oxidized 
flavor after the first month of storage. Some of the samples were classified as 
doubtful. Even with added Cu, the Snstane appeared to delay oxidized flavor 
when compared to the control sample containing added Cu. 

Both ethyl caffeate and Sustane definitely were of value in preventing the 
development of oxidized flavor in the frozen stored summer cream. Ethyl caf- 
feate was a little better than Sustane as an antioxidant. 

Trial 2. I n  this phase ethyl caffeate and Sustane were used on winter cream. 
Also, two additional antioxidants, Tenox I1 and Tenox BHA, were used. 
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The data are presented in tables 2 and 3. All antioxidants used were effective 
in preventing oxidized flavor development during the 6-mo. storage period when 
no Cu was added. All samples with added Cu became oxidized within a month 
of storage. The copper-treated samples in trial 2 developed the oxidized flavor 
in a shorter period of time than those in trial 1. This difference might be ac- 
counted for by the fact that the cream used in trial 1 was produced in the spring 
of the year a t  a time when the cows were consuming an abundance of green feed 
and high quality roughages, which probably supplied sufficient carotene to pos- 

TABLE 3 

The effect of adding l'enox 11 and Tenox BHA to winter cream stored at -10 F. 

Treatment 

Oxidized flavora after 
storage time (mo.) of:  

Control 

0.04% Tellox I1 
0.02% Tenox I1 
0.004% Tenox I1 ............................................................................ 

Control + 0.5 ppm. Cu 

0.04% Tenox I1 + 0.5 ................................................. 
........................................... 0.02% Tenox I1 + 0.5 ppm. Cu 
......................................... 0.004% Tenox I1 + 0.5 ppm. Cu 

0.04% Tenox I1 in tinned cans 

................................................................... 

0.04% Tenox BHA t 0.5 ppm. Cu 
0.02% Tenox BHA + 0.5 ppm. Cu 

............................... 0.00470 Tenox B H A  f 0.5 ppm. Cu 

0.04% Tenox BHA in tinned cans 
0.02% Tenox &HA in tilllied cans 

.................................. 0.004% Tenox BRA in tinned cans 
- -- -. - - - 

a See table 1. 

sibly delay oxidized flavor development, as suggested by Henderson (2) and 
Erown et al. (1). On the other hand, the cream used in trial 2 was produced 
in the fall of the year and during a prolonged dry spell when little green feed 
and principally poor quality roughages were fed. This observation on the sea- 
sonal quality of the cream used may be an important factor in the storage of 
cream. The four antioxidants appeared to be equally effective in the prevention 
or delay of oxidized flavor development. 

Samples without added Cu stored in tinned cans developed the oxidized flavor 
in 4 to 5 mo., with the exception of those treated with Tenox EHA, which held up 
through the 6-mo. period. Thus, the type of storage container also is a factor in 
storing frozen cream. 
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The data indicate that (a )  quality of the cream, (b) season of the year the 
cream is obtained and (c) type of container used for storage are some of the 
factors which may affect the keeping quality of frozen stored cream. 

SUMMARY 

Studies on the delay or prevention of the development of oxidized flavor in 
stored frozen cream with and withont added Cu were conducted using ethyl 
caffeate, Sustane (butylated hydroxyanisole), Tenox I1 (butylated hydroxyani- 
sole with synergists, and Tenox BHA (withont synergists) as antioxidants. 
Samples containing 40 per cent pasteurized cream from milk produced in early 
summer and from milk produced in the fall were stored a t  - lo0 F. in 0.5-pt. 
standard glass milk bottles and in 0.5-pt. friction-top tinned cans. Results of 
the two trials indicated that the antioxidants were effective in preventing the 
development of oxidized flavor for at  least 6 mo. or longer in the absence of added 
Cu. I n  the presence of added Cu, however, ethyl caffeate a t  the 0.04 per cent 
level in summer cream was effective through 12 mo. but was ineffective in winter 
cream. None of the other antioxidants used was effective beyond 5 mo. of stor- 
age. Samples containing antioxidants and stored in metal cans without added 
Cu failed to hold up for a 6-mo. period. 
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FIELD-CURED AND FIELD-BALED ALFALFA 'IAY VERSUS ARTI- 
FICIALLY DRIED AND CHOPPED AND PELLETED ALFALFA 

HAYS AS A SOURCE O F  CAROTENE AND ROUGHAGE 
FOR GUERNSEY AND HOLSTEIN CALVES1 

11. D. EATON, K. L. DOLGE, R. D. MOCHRIE AND J. E. AVAMPATO 

Animal Industries Dept., Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs, 

AND 

L. A. MOORE 
Bvrearr of Dairy Industry, U. S. 1). A., Washington, D. C. 

The need for excellent quality roughage in limited whole milk calf feeding 
systems has long been recognized (10, 14) and the inadequacy of poor or average 
quality hay to meet the calf's carotene requirement demonstrated (3, 5 ) .  The 
actual production of excellent quality hay in the northeastern states has not 
been realized ( I ) ,  particularly in Connecticut, because of unfavorable weather 
conditions (11). Artificially dried and pelleted alfalfa hay when compared to 
field-cured and field-baled alfalfa was found to be a superior source of carotene 
and roughage for Holstein calves u p  to 105 days of age ( 3 ) .  Whether these re- 
sults were applicable to smaller breeds was not determined. Therefore, a further 
comparison between field-cured and field-baled alfalfa hay and artificially dried 
and chopped or pelleted alfalfa hays as a source of carotene and roughage for 
Guernsey as well as Holstein ralves was undertaken. 

EXPERIMENTAL 

Animals. Eighteen male calves, nine Guernseys from Lyman Farm, Middle- 
field, Conn., and nine Holsteins from the Mansfield State Training School and 
Hospital, Mansfield, Conn., were obtained during the months of October, Xovem- 
ber, and December, 1950. The Guernsey calves were allowed to nurse their 
dams for approximately 24 hr. and the Holstein calves were separated from their 
dams shortly after birth. The calves then were transported to the University 
research barn and placed in individual tie stalls in a separate portion of the barn 
in which the temperature n-as maintained a t  a minimum of 10" C. A randomized 
block design was used with the three different types of hay and two breeds of 
calves. The first three calves of each breed were assigned a t  random to the three 
hay groupings and successive trios were treated in a similar manner. Since 
preliminary data (13) indicated that Jersey calves did not readily consume 
pellets of the size used in the previous experiment with Holstein calves ( 3 ) ,  a 
smaller pellet a-as made for the Guernsey calves. However, in the presentation 
of the data, no differentiation is made in size of pellet. 

Received for publication Aug. 6, 1951. 
1 This study was made in part with  fund^ provided by the Research and Marketing Act of 

1946, tlirougli a contract between tlie Storrs Agricnltural Experiment Station and the Bureau 
of Dairy Industry. 
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Thc~ thrc~e alfalfa hays csti111atc.d to be in initial bloom ~vhen cut were produced 
and processed in the same area and manner as previously described (3) .  The 
hay, which was field-cured and field-baled, required 3 days from cutting to 
storage. This hay was not rained upon. The average chemical composition of 
the hays as fed is given in table 1. The field-cured, field-baled hay as fed graded 
U. S. no. 2 alfalfa hay and contained on the average 0.7 per cent timothy, 0.5 
per cent foreign material and 38 per cent leafiness of legun~es. The per cent 
color of the hays were 39, 61,70 and 71 for the field-baled, the chopped, the small 
pellets and the large pellets, respectively. A sample of the chopped hay aver- 
agcd 2.8 & 1.5 cm. in length and the passing of a 100-g. sample through a series 

TABLE 1 

The mean chemical composition of the feeds fed8 
-- 

Composition 

Feed Dry Per cent of dry matter 
-- -- Carotene 

matter l'rotein Fat Fihor N.F.E. Ash 
- 

(%) (ms./lb.) 
Field-cured field- 

baled alfalfa hay 89.43 18.63 1.75 31.28 37.77 10.56 3.88 
field-cured field- 

baled alfalfa hay 
weighback 89.65 15.90 1.34 35.77 3i.53 9.46 1.73 

Artificially-dried 
and ellopped 
alfalfa hay 90.99 01.08 3.01 26.70 37.62 11.39 22.24 

Artificially-dried 
and pelleted-small 
alfalfa hay 91.55 19.59 3.66 27.08 3i.50 12.18 22.74 

Artificially-dried 
and pelleted-large 
alfalfa hay 92.04 20.54 3.45 26.07 38.60 11.33 23.02 

Calf starter 89.91 20.36 3.44 6.93 83.49 5.78 0.25 
Depletion ration 87.86 16.48 3.01 13.32 61.64 5.54 0.08 

-- - -- .- 

a The herd milk contained 191 y of carotene/lb. and 178 y of vitamin A/lb. 

of U. S. standard sieves resulted in 34.6 per cent of the sample being retained 
by a no. 12 sieve, 38.6 per ce,nt by no. 40, 4.8 per cent by no. 60, 1.5 per cent by 
no. 80 and 0.5 per cent by no. 100. The small pellets were cylindrical in shape, 
0.7 cm. in diameter and 0.6 +- 0.2 cm. in length, and the large pellets were 1.7 cm. 
in diameter and 0.9 + 0.2 em. in length. 

The Guernsey calves, which were permitted to nurse for 24 hr. after birth, 
received 7 lb. of Holstein herd milk daily the second through the seventh days 
and 6, 5, 4 and 2 lb. daily for successive 7-day periods thereafter. Each Holstein 
calf received 8 lb. of its dam's colostrum the first day and 8 lb. of I-Iolstein herd 
milk daily for the second through the seventh days. Thereafter each received 
7,5,4,  and 2 lb. per day for the second, third, fourth and fifth weeks, respectively. 
After the seventh day all calves were allowed free access to hay and water and a 



maximum of 2.5 Ib. of starter2 per Guer.nsey calf per day and 3.0 lb. of starter 
for Holsteins. All hays were fed so as to allow a minimum weighback of 10 per 
cent. 

When each calf reached the 106th day of age, it was placed on a low-carotene 
ration so that the vitamin A storage could be determined. This ration, the "de- 
pletion" ration3 was fed according to the following formula Y = 0.0561W0.87 
(where Y = the lb. of feed required and 1V = the weight of the calf in lb.) I t  
was derived using Morrison's mid-interval, T.D.N. requirements for 300-lb. grow- 
ing dairy cattle (9 )  and Rrody's calculation (2) of Morrison's suggested weight 
relationship for the maintenance requirement of dairy cattle. The amounts of 
the depletion ration fed were adjusted to the weight of individual calves a t  suc- 
cessive 7-day intervals. \iThrn the blood plasma vitamin A value remained less 

TABLE 2 

The effect of type of alfalfa 11ay on the total feed consumption and total carotene intake of 
Guevnscy and Holstein calves 

Feed 

- - -- 

Field-cured and Artificially-dried Artificially-dried 
Breed ficld-baled and chopped and pelleted 

alfalfa hap alfalfa hay alfalfa hay 

Milk (Zb.) Guernseys 
Holsteins 

Starter ( l b . )  Guernseys 194.3 f 6.6 188.8 f 3.7 193.4 f 1.6 
Holstcins 237.6 f 8.0 234.9 f 6.5 169.8 f 57.2 

Hay (Ib.)  Guernseys 125.9 -t 18.9 133.4 f 21.5 140.3 & 12.4 
Holsteins 167.8 -1 29.6 220.2 2 9.9 235.2 f 30.3 

Carotene (ntg.) G u e r n m ~ s  792 f 125 3263 f 617 3006 & 195 
Holsteins 882 f 100 4365 f 505 4775 f 735 

than 4.0 y per cent for two consecutive 7-day intervals, each calf was considered 
depleted of its vitamin A stores as defined by Jacobson et al. (5) .  

Scours was treated as previously described (3 ) ,  except that sulfamethazine 
was not administered unless scours was accompanied by rectal temperatures of 
103" I?. or above. 

Samples and analyses. Procedures used were identical to those previously 
reported (3) but in addition, height at  withers, heart girth and girth of paunch 
were measured at  14-day intervals to the nearest 0.5 in., as described by Brody 
(2 ) .  The data presented in tables 2, 3 and 4 are arithmetic means and their 
standard errors. 

2 The starter contained per ton 519.5 lb. of cracked corn, 400 lb. crimped oats, 300 Ib. 
wheat bran, 140 lb. linseed oil meal (expeller process), 280 Ib. soybean oil meal (expeller proc- 
ess), 140 lb. dried skimmilk, 40 lb. B-Y 500-potency dried fermentation solubles, 0.5 Ib. 
irradiated yeast (Standard Brands type 9-F), 20 Ib. bone meal, 10 Ib. iodized salt and 150 Ib. 
cane molasses. 

3 A mixture by weight of one-third of dried beet pulp and two-thirds of a grain mixture 
composed of the following: 419.5 Ib. ground barley, 500 lb. crimped oats, 500 Ib. wheat bran, 
150 lb. linseed oil meal (expeller process), 150 Ib. soybean oil meal (expeller process), 200 lb. 
cane molasses, 40 lb. B-Y 500-potency dried fermentation solubles, 20 Ib. steamed bone meal, 
20 Ib. iodized salt, and 0.5 Ib. irradiated yeast (Standard Brands type 9-F) per ton of mixture. 
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RESULTS AND DISCUSSION 

Peed consumed. There were no real differences in either total milk or starter 
consumed (fig. 1 and table 2).  The rather low average starter consumption of 
those calves fed the pelleted alfalfa was due primarily to one Holstein calf which 
had a particular aversion to starter. This calf consumed a total of 55 lb. of 
starter, while the other two Holstein calves in the group averaged 222 lb. 

- --- FIELD-CURED FIELD-BALED 
ARTlFlClALLY DRIED-CHOPPED .-.-. ARTIFICIALLY DRIED-PELLETED ,/ lzO 

HAY 
4 

./' STARTER Ioso 

Both types of dehydrated alfalfa hay were consumed (fig. 1 and table 2) in 
greater quantities (P < 0.05) than the field-baled hay and Holsteins ate greater 
amounts of hay ( P  < 0.01) than did the Guernseys. When the amounts of hay 
eaten were adjusted to the initial weight of the calves a t  7 days of age, the dif- 
ferences in consumption between types of hay were reduced ( P  < 0.10) and the 
breed difference was accounted for. 

Calculation of the total carotene intake4 (table 2) and the mean daily carotene 

VITAMIN A INTAKE 

4 All feeds fed were included in the calculations and 0.25 y of vitamin A was considered 
equivalent to 0.60 y of carotene. 
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intake per pound of bodyweight by 7-day periods' (fig. 1 )  indicated the supe- 
riority of the artificially dried alfalfa hays in supplying the carotene require- 
ments of the young dairy calf. Inspection of figure 1 shows that  a t  no time did 
the average carotene intake of those calves recriving the artificially dried alfalfa 
hays fall below the level recommendcci by the National Research Council's Com- 
mittee on Animal Nutrition (7)  or the Moore et al. physiological requirement for 
carotene (8).  I n  contrast, those calves fed the field-baled alfalfa hay did not 
receive sufficient carotene according to the National Research Council's standards 
until after 8 wk. of age and were borderline in carotene intake according to 
Moore's standards from 21 to 49 days of age. 

Growtlz data. Both liveweight and heart girth ineasnre~nents (table 3) ad- 
justed to the initial value a t  7 days of age were greater ( P  < 0.10) in those calves 
fed the artificially dried alfalfa hays than in  calves fed the field-baled hay. An 

TABLE 3 

The efect of type of a.lfalfa hall on *arious growth criteria iib Gaernsey and Holstein calves 
- 

Field-cured and field- Artificially-dried and Artificially-dried and 
baled alfalfa  hay chopped alfalfa  hay pellrted alfalfa  hap 

Breeds - -- 
Value Value Value Value Value Value 
on 7d. on 105d. on 7d. on 105d. on 7d. on 105d. 

Liveweight (lb.) 
Guernseys 74 & 6 178 f 10 73 & 4 188 C I 0  71 2 4 181 2 3 
Holsteins 95 k 4 223 C 9 93 f 7 050 & 11 108 2 5 260 k 2 4  

Height a t  zc~itlrers (in.) 
Guernseys 28.7 2 0.9 34.2 & 0.7 28.5 f 0.3 34.2 C 0.3 28.7 f 0.7 34.0 & 0.6 
Holsteins 30.8 2 0.4 36.3 2 0.2 30.3 C 1.4 35.7 f 0.7 30.8 t7 0.4 36.2 C 0.3 

Heart  girth (in.) 
Guernseps 29.3 -C 0.4 37.5 f 0.5 28.8 f 0.2 37.5 k 0.5 29.5 2 0.5 38.0 2 0.6 
Holsteins 30.8 2 0.6 39.3 f 0.4 31.0 1.9 40.8 -t 0.6 31.7 2 0.3 42.0 & 1.2 

Girth of pazrnch (in.) 
Guernseps 29.2 2 0.3 46.5 f 0.3 29.0 f 0.8 47.7 C 1.2 29.5 2 0.8 45.0 C 1.2 
Holsteins 29.5 2 0.9 49.5 f 7.6 99.7 2 0.9 53.8 f 1.3 30.7 2 1.4 54.5 _f 3.1 

.. - 

additional adjustment for total dry  matter intake accounted for a part  of these 
ration differences by reducing the degree of significance to P < 0.20. No ration 
effects were observed for either height a t  withers or girth of paunch. When ad- 
justment was made for the initial value a t  7 days of age, IIolstein calves made 
greater increases in height a t  withers ( P  < 0.05)' heart girth ( P  < 0.05) and 
girth of paunch ( P  < 0.01) than did Guernsey calvc>s. 

V i t a m i n  A metabolisnz. Plasma carotene and vitamin A levels and time to 
deplete the calves of their vitamin A stores (table 4) were greater in those ani- 
mals which received the artificiall>- dried hays than in the animals fed field-baled 
hay. When adjustments were made for the initial value a t  7 days of age, the 
differences in plasma carotene mere of the order of P < 0.01 and plasma vitamin 
A of P < 0.05. An  additional adjustment for the mean carotene intake per 
mean pound of bodyweight accounted for the ration differences in plasma caro- 
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tene. It should be mentioned that  there was a suggestion of greater utilization 
of the carotene in the chopped alfalfa than in the pelleted (P < 0.10). This 
can be seen by inspection of plasma carotene levels in table 4. A similar addi- 
tional adjustment for plasma vitamin A levels, although feasible statistically, does 
not appear to be valid because of the lack of close correlation between blood 
plasma levels of vitamin A and carotene or vitamin A intake (6 )  and a possible 
antagonlsin between carotene and vitamin A metabolism as recently reviewed by 
Wise e t  al. (15). 

The mean depletion time (table 4) was 5.8 wk. for the calves fed field-baled 
hay, 9.3 wk. for those fed chopped hay and 7.7 wk. for those fed pellets. These 
differences were not statistically significant. Adjustment of the depletion time 
for mean daily carotene intake per pound of mean bodyweight failed to reveal 
any significant differences between rations in utilization of the carotene. Assum- 

The effect of type o f  a l fa l fa  Ray on the mean blood plasnta carotene and vitamin A levels and 
the mean time to  deplete the vitamin A stores o f  Gtcernsey and Eolstein calves 

Guernseys 
Holsteins 

Guernseys 
Holsteins 

Guernseys 
Holsteins 

Mean carotene 
intake per 1b. 

ar. bodyweight 

Plasma carotenc Plasma vitamin A 
-- 

Value Mean Value Mean 
at 7d. 14-105d. at id .  14-1OFid. 

- - - - - - - - - -- 

( Y % )  (Y%) 
Fieltl-baled and field-citred alfalfa hay 
73 f 9 ti9 2 9 21.1 2 2.6 17.7 f 2.3 
13 f 3 .i5 f 4 12.0 2 2.3 13.7 & 0.4 

Artificially-dried and chopped 
33 2 5 215 2 48 17.2 2 3.0 20.3 f 1.6 
23 f 2 147 f 46 15.1 2 1.5 17.2 f 1.1 

Artificially-dricd and pelleted 
60 f 8 168 -C 26 17.2 f 1.8 19.3 f 2.8 
19 & 6 108 f 17 11.9 -1- 2.2 17.7 f 1.6 

Depletion 
time 

(wk . )  

ing the carotene to be of equal value from the three types of hay, linear regres- 
sion equations of depletion time ( Y )  on mean daily carotene intake per pound 
bodyweight (x) for Guernseys was Y = 3.27 + 0 .0183~  and for the IIolsOeins, 
Y = 5.88 + 0.0113~. Although derived from limited data exhibiting a high de- 
gree of variability, these equations are in agreement with a n  observation of a 
more rapid depletion rate in Guernsey male calves than in Holstein male calves 

(4) .  
Scours. Four calves fed the field-baled hay had scours for a total of 17 days, 

four calves fed the chopped hay for a total of 25 days and four calves fed the 
pelleted hay for 27 days. Conversion of each calf's per cent days free of scours 
to the appropriate angle (12) and subsequent analysis of varianee of the angles 
did not show differences between rations. Howe~-cr, there was a suggestion of a 
breed difference in  that  Guernsey calves appeared to have a greater incidence of 
scours (P < 0.10) than IIolstein calves. 

These data are in grneral agreement with those prerionsly reported for 1x01- 
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stein calves ( 3 ) .  Although the magnitude of the differences for the Holsteins 
does not entirely agree with last year's data, the trend is the same. Guernsey 
calves differ in some respects from Holstein calves, but in general follow the 
same trends as the IIolsteins. 

SUMBlARY AND CONCLUSIONS 

Eighteen 7-clay old male calves, 9 Guernseys and 9 EIolsteins were used in a 
comparison of the relative value of field-cured and field-baled alfalfa hay with 
artificially dried and chopped and pelleted alfalfa hays as a source of carotene 
and roughage. Both types of artificially dried hay were eaten in greater quan- 
tities accompanied by greater increases in liveweight and heart girth, higher 
levels of blood plasma carotene and vitamin A and greater vitamin A stores than 
field-baled alfalfa hay. Holstein calves made greater increases in height a t  
withers, heart girth and girth of paunch than did Guernsey calves. 

I n  light of the results presented here together with those of the previous 
paper (3 ) ,  the following conclusions appear to be justified : 

( a )  Holstein and Guernsey calves consume larger quantities of alfalfa hay 
as dehydrated pellets. or as dehydrated chopped, than as long, field-cured hay. 

(b)  Largely because of this higher consumption, calves grow faster on the 
dehydrated hays than on the field-cured hay. 

(c) The dehydrated hays, used in these studies on unlimited feeding, provided 
adequate carotene to meet the calf's requirements from 7 to 105 days of age. 
The field-cured hays did not. 

(d )  The dairyman who must purchase hay for his calves might well consider 
using dehydrated-chopped or dehydrated-pelleted alfalfa. The relative costs of 
the hays would have to be considered, of course. Economic considerations were 
not a part  of this study. 

The authors are most grateful to B. A. Donahue, Mrs. Priscilla Howker and 
C. W. Van Cor for technical assistance during the course of the experiment; to 
W. H. Hosterman, Inspection Div., Grain Branch, Production and Marketing 
Adm., U. S. D. A. for grading the hay samples and to 11. J. Fisher, Conn. Agr. 
Expt. Sta., New Haven, for the proximate analysis of the feedstuffs. We also 
are indebted to Russel Garrigus of Mansfield State Training School and Hos- 
pital, Mansfield, Conn. and to Donald Gates of Lyman Farm, Middlefield, Conn. 
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of the manuscript. 
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FACTORS THAT A F F E C T  T H E  FORMATION O F  A CRYSTALLIKE 
DEPOSIT IN EVAPORATED MILK 

Bureau of Dairy Industry, Agricultural Research Administration, U. 8. D. A., 
Washington, D. C. 

The white crystalline deposit that  occasionally forms in evaporated milk dur- 
ing storage has been shown to consist largely of calcium citrate (2).  Small but 
rarying quantities of tricalciurn and trimagnesium phosphate are present, but  i n  
most cases 98 per cent of the crystalline deposit is calcium citrate (1).  

The factors that  affect the formation of calcium citrate crystals i n  evaporated 
milk have not been investigated extensively. The possibilities that  season of 
the year, stage of lactation of the cow producing the milk and solids content of 
the finished product may affect the formation of sediment have been discussed 
by Hunziker (5).  

Mojonnier and Troy (6)  found that  crystal formation was retarded during 
storage of evaporated milk a t  low temperatures. Additional studies of the chem- 
ical and physical factors that  affect calcium citrate crystallization in evaporated 
milk are needed to aid in  the prevention of crystal formation. 

EXPERIMENTAL 

Commercial evaporated milks and experimental samples, prepared in the 
Bureau laboratories with pilot plant equipment, were examined for the presence 
of calcium citrate crystals before and after storage a t  controlled temperatures. 
The milk from each can was carefully poured off, the sediment was thoroughly 
agitated with 25 per cent alcohol and the liquid decanted. This treatment was 
repeated several times until the wash alcohol showed no turbidity. The crystals 
were dried and weighed. Results were expressed as the weight of crystals 
present in a 14.5-02. can of evaporatecl milk. 

Ca, Mg, P and citric acid were determined by the methods used in  earlier 
work (1).  

The origins of the commercial milks differed. Some lots were obtained di- 
rectly from the manufacturer who furnished descriptive data with the samples. 
Lots of eight or ten cans of evaporated milk of the same brand and code number 
were purchased from retail stores. Nine ~5-ell-known brands of lnillr mere rep- 
resented in this latter group. 

To study the effect of the stage of lactation upon the growth of crystals in 
evaporated milk, three groups of cows from the Bnrrau herd were selected as a 
source of milk samples. Each group consisted of five cows. The first group had 
freshened recently, thc second mas in the middle and the third in a late stage of 

Received for publication Aug. 10, 1951. 
lRetired June 30, 1950. 
2 Present address: Xationnl Dairy Resenrcll Labs., Oakdale, N. Y. 
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the lactation period. Composite samples from each lactating group of cows 
were manufactured into evaporated milk in the laboratory pilot-plant equipment. 
All milk used in the experiments on the influence of the lactation period on 
calcium citrate crystallization was produced in the months of October, November 
and December. 

All experimental samples were prepared by forewarming raw milk a t  203' F. 
for 10 min., concentrating i t  in a batch vacuum pan, homogenizing, cooling, 
standardizing and sterilizing i t  a t  240°P. for 15  min. Processes used in the 
preparation of commercial evaporated milk are substantially the same as this 
laboratory procedure. 

I n  some of the work, salt solutions were added to the concentrated milks be- 
fore they were sterilized. Disodium phosphate was used as a stabilizer. Ten 
per cent solutions of sodium citrate, CaC1, or  a normal solution of citric acid 
adjusted to p H  6.66 with NaOH and mixtures of these, were added to experi- 
mental samples to induce the rapid formation of calcium citrate crystals. When 
additions of Ca and citrate ions were made in  the experiments reported in  this 
paper, 9 ml. of 10  per cent CaCl, were added with stirring to 2,250 g. of concen- 
trated milk. This was followed a t  once by the addition of 15 ml. of N citric acid 
( p H  6.66). Control samples were prepared by the addition of 24 ml. of water 
to 2,250 g. of milk. I n  each case the milk solids content of the samples was ad- 
justed after concentration, so that  the product would be of the desired concen- 
tration (usually 26 per cent total solids) after addition of the solutions. 

RESULTS 

A preliminary survey of 45 14.5-02. cans of commercial evaporated milk, 
bearing 11 diflerent brand labels, was made. The cans had been held a t  room 
temperature for about 2 yr. These samples contained from zero to 0.66 g. of 
calcium citrate crystals per can, with a n  average of 0.26 g. per can. Later, a 
shipment of three cases of 14.5-oz. eans of milk was examined, this milk being 
part  of a large batch rejected because of excessive crystallization. These samples 
had been held in storage about 3 yr. The reaction of 30 cans opened ranged 
from p H  6.03 to 5.98 and the weight of crystals per can from 0.25 to 0.61 g. with 
an  average weight per can of 0.37 g. A dozen cans from a third batch of com- 
mercial milk that was 2 yr. old contained an  average of 0.52 g. of crystals per can 
and after storage for another year, cans from the same batch averaged 0.50 g. 
per can. Seven cans from a fourth batch of commercial milk received after they 
had been held in storage 2 yr. varied from 0.39 to 0.64 g. per can with an  average 
of 0.52 g. Of approximately 300 cans of crystal-bearing laboratory and eom- 
mereial milk from which the crystals were recovered quantitatively, washed and 
dried, the largest harvest of crystals was 0.74 g. The over-all average was 0.426 
g. It should be emphasized that  the 300 cans of milk in which crystals were 
found were actnally screened from a much larger number which were crystal- 
free. Only cans containing crystals were received from outside sources; these 
must have been only a few from thousands of eans of crystal-free milk that  were 
not seen. 
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Calcium citrate crystals did not usually develop in evaporated milk during 
the first few months of storage. Maximum development was during the storage 
interval from 4 to 20 mo. Crystallization often did not continue beyond 2 yr. 
and there was a tendency for the total crystal weight per can to be less a t  reac- 
tions below p H  5.95. 

Table 1 shows the extent of crystal formation in six commercial brands of 
milk, together with the viscosity and reaction of the samples. There was signifi- 
cant crystal growth in only two of the six brands of milk. Those milks that  were 
held beyond the 283-day storage period a t  86O F. were not acceptable for  most 
evaporated milk uses because of deterioration in color, flavor and physical sta- 
bility. 

TABLE 1 

The  formation of calcium citrate crystals ( i n  grams per 14.5 oz. can)  and the accompanying 
changes i n  the v~scosi ty  and acidity i n  evaporated milk during undisturbed storage at 86" F. 

Lot  1 Storage 
time Viscosity p~ 
p~ 

(d.1 (c.p.1 
28 19.23 6.06 

112 17.95 6.00 
172 18.98 ...... 
283 ...... ........ 
390 27.36 5.83 
548 ....... ......... 

Lot  2 Lot  3 

Crystals Viscosity pH Crystals Viscosity pH Crystals 

(9.)  (c.P.) (9 . )  (c.p.1 (9.) 
none 25.65 6.07 none 20.52 6.06 none 
0.0016 29.07 6.03 0.019 17.10 6.02 none 

. .  ........ 0.014 42.75 0.058 20.53 none 
none 64.12 5.95 0.195 23.09 5 . 9 ? 0 . 0 0 1 5  
0.078 88.06 5.86 0.272 38.47 5.83 

........ . . .  ......... 222.3 ....... 0.426 0'.006 

Lot  4 Lot  5 Lot  6 

28 17.10 6.08 none 16.25 6.07 none 17.10 6.09 none 
112 17.10 6.04 0.03 15.39 6.03 none 15.39 6.00 0.0027 

......... ........ 172 27.36 ......... 0.01 17.10 none 18.17 0.027 
283 59.85 5.93 0.01 47.02 5.95 none 55.58 5.91 0.155 
390 55.57 5.88 0.005 38.47 5.84 nonc 116.15 5.83 0.244 

...... ........ 548 47.02 ......... 0.031 ......... 0.004 29.90 0.386 

Attempts were made to accelerate crystal formation in  evaporated milk. 
Addition of CaCl, followed by citric acid to milk before sterilization always re- 
sulted in the development of crystals during storage. These usually appeared 
after the milk had been held 60 days a t  86" F. The crystals continued to grow 
for about 250 days, after which the rate of crystal formation declined until it 
finally stopped when the milk was 1.5 to 2 yr. old. Some of these relationships 
are shown in  figure 1. 

The effect of making evaporated milk from milk produced a t  different times 
during the lactation period of the cow was stuclied. Results of one typical ex- 
periment are given in the lower par t  of figure 1. There was no significant dif- 
ference between the quantity of crystals that  formed in the milk produced early 
or late in lactation. Crystallization was stimulated about equally in the various 
samples by the addition of Ca and citrate ions. 

Evaporated milk was seeded with minute quantities (6 mg. per can) of pow- 
dered calcium citrate before the milk was sterilized. This slightly accelerated 
the formation of crystals but did not materially change the quantity finally pro- 
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duced. I n  some cases only the seed was recovered a t  the end of the storage 
period. The recovered deposit was in the form of fine granules which did not 
resemble the aggregates that were normally seen. 

Cans of cormnercial and laboratory-made evaporated milks were subjected to 
various kinds of agitation in an attempt to speed up the crystallization of calcium 
citratc. Two cases of connncrcinl milk were stored a t  86' I?. for 4.5 yr. One 
case was tnrned ovvr evrry month for 1 yr. and not turned thereafter. The 

I / 082B45i7CALCIUM I AND CI/RATE ADDED I 1 

- ,- /x060745 1 
I CALCIUM A N D  CITRATE ADDED 

- 
x -  

110145 X 

- ./' CONTROL- NO ADDITIONS 

X 

MILK FROM COWS 
IN EARLY LACTATION 

0 
0 200 400 600 800 1,000 1,200 1,400 

TIME OF STORAGE AT 86OE ( D A Y S )  

FIG. 1. The effect of time of storage on the development of calcium citrate crystals in 
pilot plant evaporated milk samples treated differently. The number on each curve refers to 
the date of manufacture. 

other case was held without turning. KO crystals developed in either case dnring 
the first 2 yr. of storage. Crystal development thereafter was approximately the 
same in the cans of both cases. After 4.5 yr. the average weight of crystals from 
all cans opened during the entire storage period was 0.45 g. per can in the un- 
turned milk and 0.44 g. per can in the turned milk. 

Cans of evaporated milk were placed in a continuously rotating device so that 
the cans received end-over-end rotation a t  86' F. Several different batches of 
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milk werca used for this experiment. The cans were rotated a t  16 r.p.m. for 
periods up  to 100 days. The rotation caused a churning of f a t  in the milk. At  
the end of the rotation period the cans were held in still storage until opened. 
Representative results for one batch of milk follow. The control samples held 
still for 1 yr. did not develop crystals. A sample rotated the first 34 days of a 
year storage time had 0.001 g. of crystals per can. Samples rotated the first 68 
days of storage periods of 158 days and of 1 yr. contained 0.008 and 0.065 g. of 
crystals per can, respectively. Samples rotated the first 103 days of storage 
periods of 150 days and of 1 yr. contained 0.017 and 0.025 g. of crystals per can, 
respectively. It was concluded that the amount of agitation evaporated milk 
receives during ordinary handling is a factor of minor importance in the develop- 
ment of calcium citrate crystals in the milk. 

High temperatures of storage promoted crystal development in evaporated 
milk. This was to be expected since the solubility of calcium citrate decreases 
with increasing temperature. However, uncontrolled factors must have affected 

Stor:rge a t  50"  1". 
Crystal Weight 0.29 gr. 

p H  6.18 

Storage a t  86" F. 
Crystal Weight 0.48 gr. 

p H  5.81 

FIG. 2. Effect of temperature of storage for 614 days on the formation of calcium citrate 
crystals in 14.5-02. cans of evaporated milk. 

the rate and amount of crystallization in the experimental samples. There com- 
monly was more rapid growth of crystals a t  the higher storage temperatures. 
The quantity of crystals that formed in four types of evaporated milk are given 
in table 2. The difference in the kind and quantity of crystals found in cans of 
milk p (table 3)  after storage for 614 days a t  50 and 86' F. is illustrated in 
figure 2. 

Analyses of four samples of evaporated milk were made to determine whether 
the salt composition of the milk bore a relationship to salt crystallization during 
storage. The results are given in table 3. No correlation appears to exist be- 
tween the Ca: P or citric acid ratios and crystal formation. Batches 214 and 
218 were made in the same plant from milk obtained from the same supply, the 
one within 2 days of the other. Batch 214 was lower in total solids than 218 but 
it developetl crystals while 218 did not. These results inclicatc that the salt con- 
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centration as  determined analytically was not the principal factor concerned 
with calcium citrate crystallization. Sample 218 contained much more phosphate 
stabilizer than sample 214. While this does not appear in the Ca : P : citric acid 
ratios, i t  may explain why crystals failed to develop in 218. Experimental milk 
092545 (figure 1 )  also was phosphate-stabilized and i t  developed only a trace of 
crystals during the first 2 yr. of storage. The possible importance of phosphate 
as an inhibitor of calcium citrate crystallization was not apparent until the  
project was nearing completion. There then was no opportunity to study this 
point a t  greater length. Tinfortunately stabilizer figures were not furnished 
with samples M and 563. 

A large part  of the soluble calcium in evaporated milk seems not to be avail- 
able for the formation of calcium citrate. An  average value for the crystal 
weights in all the crystal-bearing milks that  were examined was 0.426 g. per 
14.5-oz. can. An average figure for soluble CaO in fresh milk is 0.060 per cent. 
I n  a 14.5-02. can of evaporated milk (411 g. of milk concentrated 2.11 to 1) there 
would be 0.126 per cent or 0.517 g. of soluble CaO if the processing treatment did 
not decrease soluble Ca. This could produce 1.7 g. of calcium citrate. 

Soluble Ca was determined in the clear serum from two samples of evap- 
orated milk. No. 1 was only 2 mo. old, while no. 2 was about 3 yr. old and without 
calcium citrate crystals. The milks were filtered through a pyroxylin filter and 
the sera analyzed to obtain the results shown in table 4. The 0.104 per cent sol- 

TABLE 4 
Composition of the clear ultrafiltrate from 2 samples of evaporated milk 

pH Composition of  ultrafiltrate 
Milk no. 

Milk Ultrafiltrate Solids Ash Soluble CaO 

( % I  (%) (%) 
1 (fresh) 6.10 6.08 14.93 1.27 0.104 
2 (aged) 5.72 5.72 14.15 1.23 0.102 

uble Ca in  evaporated milk serum could form 1.44 g. of calcium citrate per 14.5- 
oz. can of milk. The highest amount of sediment found was 0.7 g. per can, indi- 
eating that  more than half of the soluble Ca did not enter into the reaction t o  
form the citrate salt. The anhydrous citric acid needed to form 0.7 g. of calcium 
citrate was 0.47 g. or 0.11 per cent, calculated on the basis of a can of evaporated 
milk. If the citric acid content of evaporated milk is assumed to be 0.35 per cent, 
then only a third of the available citric acid combined with Ca to form crystalline 
calcium citrate. 

The data indicate that much of the Ca and citrate that  appears to be present 
in the serum of evaporated milk does not precipitate as the insoluble crystalline 
salt during storage. Several reasons for this could be suggested. Nordbo (7) 
reported that only 20 per cent of the diffusable Ca of fresh milk was present as. 
Ca ions. He also believed that a small amount of Ca was bound as a nonionized 
Ca-lactose compound, but that  the concentration of this compound represented 
less than 1 per cent of the concentration of lactose. Hastings et al. (3) consider 
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that  calcium citrate ionizes in two stages and that the secondary dissociation is 
quite incomplete, resulting in the binding of par t  of the Ca as a complex calcium 
citrate ion with one negative charge. 

The solubilities of calciiim citrate and of dicalcium phosphate are 0.23 and 
0.024 g., respectively, per 100 ml. of water a t  8 6 O  F. (4). If no other factors 
than solubility were involved it would be expected that the use of disodium phos- 
phate stabilizer and the provision of an  excess of phosphate would loner the con- 
centration of ionized calcinm to such an extent that it would preclude the forma- 
tion of calciun~ citrate. The nature of the equilibrium between Ca ions and the 
calciuni casciiiate in the fresh and aged milk also may cause shifts in Ca ion 
concentration which are not now understood. 

Whittier (8)  has observed that if KaOII is gradually added to an acid sol11- 
tion of calcium citrate, a volnminous, highly hydrated precipitate occurs. The 
precipitate gradually dehydrates on standing and crystalline calcium citrate is 
formed. If this hydrated precipitate were present in fresh milk or formed 
during concentration of milk, then slowly dehydrated as the milk was held in 
storage, calcium citrate crystals might form. 

SUMMARY 

The average weight of the calcium citrate crystals found in 300 14.5-oz. cans 
of crystal-bearing evaporated milk was 0.1'26 g. per can. Many more cans were 
rsainiiied which contained no crystals. 

The occurrence of crystals could not be correlated with the time during the 
lactation period of the cow when the milk was produced, the movement or agita- 
tion the ~ni lk  received during storage, the salt composition of the milk as deter- 
mined analytically, or the p H  or viscosity of the milk. 

Conditions usually favorable to the growth of calcium citrate crystals in 
evaporated milk were storage a t  temperatures above 60" F. and direct additions 
of CaCl, and citric acid solutions to the milk before sterilization. Thc period of 
maximum crystal growth was cluring the storage period from 4 to 20 mo. 

The growth of calcinm citrate crystals in several batches of evaporated milk 
apparently Tyas retarded by addition of disodiuln phosphate as a stabilizer before 
sterilization and by storage a t  low temperatures. 

REFEREXCES 

(1) DEYSHER, E. F., AND WEBB, B. H. The Chemical Composition of the Crystalline Deposit in 
Evaporated Milk. J. Dairy Sci., 31: 123-126. 1948. 

(2 )  G~ULD,  I. A., AND LEINIXGER, E. The Compositioll of the Solids which Deposit from 
J<Cvapor:~ted Milk during Stor:tge. Mich. Agr. Espt. Sta. Quart. Ilull., 30: 54-56. 
1947. 

(3)  IIASTINGS, A. B., MCLEAN, F .  C., EICHELBERGER, L., HALL, J. L., AND DACOSTA, E. The 
Ionization of Calcium, Magnesium and Strontium Citrates. J. Biol. Chem., 107: 351- 
370. 1934. 

(4) HODGNAN, C. D. Handbook of Chemistry and Physics, 32nd ed. Chemical Rubber Pub. 
Co., Cleveland, 0. 1950-1951. 

(5) HUNZIKER, 0. F. Condensed Milk and Milk Powder, 7th ed., p. 294. Published by  the 
author, La Grange, Ill. 1949. 



CRYSTALS IN EVAPORATED MILK 115 

( 6 )  MOJONNIER, T., ASD TROY, H. C. Z'ec.11nical Control of Iluiry Prodttcts. 1st etl. Mojo~~nier 
Ilros. Co., Chicago, Ill. 1922. 

( i )  SORDBO, R. The Concentration of Ionized Magl~esium n ~ ~ d  Calcium in Milk. J. Biol. 
Chem., 128: 745-75'7. 1939. 

(8 )  WHITTIER, E. 0. Bureau D:~iry Ind. Private communicntio~~, Apr. 3, 1946. 



T H E  AMMONIA CONTENT AND FORMOL TITRATION O F  ROLLER- 
DRIED BUTTERMILKS AS INDICES O F  T H E  QUALITY 

O F  T H E  SOURCE CREAMS1 

V. C. VAN DEVENDER, JR.,z. 3 H. G. LYON* AND E. W. BIRD 

Iowa Agricultural Experim.ent Station, Ames 

Dried buttermilk is considered satisfactory for human consumption if clean, 
sweet cream is the source and if no deterioration occurs after the churning 
process. I n  the United States 0.2 per cent acidity is the arbitrary point of de- 
markation between sweet and no. 1 sour cream. Therefore, cream can be classi- 
fied as sweet, although some slight acidity development has occurred. This 
project was undertaken to determine whether or not proteolysis occurred in suf- 
ficient amount in the cream, prior to churning, or in the buttermilk to be reflected 
in the ammonia content and formol titration values of roller-dried buttermilks 
and, if it  did, a t  what acidity development in the cream the proteolysis was 
detectable. 

METHODS AND APPARATUS 

The formol titration method employed was that of Walker (4), except that a 
10-g. sample of liquid or reconstituted buttermilk was employed and the results 
were calculated as the quantity equivalent to 100 g. serum solids. 

A modified Choi e t  al. (1)  method was employed for the ammonia determina- 
tion. The modifications were: (a)  Use of a 10-g. sample of liquid or reconsti- 
tuted buttermilk; (b)  removal of precipitated proteins by centrifuging in 50-ml. 
tubes, in an  International clinical centrifuge for 10 min. a t  2,000 r.p.m.; (c) 
catching about 21 ml. of distillate (7 min.) in a 25-ml. volumetric flask contain- 
ing 3 nil. 0.01 N HzS04, warming to room temperature and making to 25 ml. 
volume; (d )  transfer of the 25 ml. distillate (after mixing) into a 125-ml. Erlen- 
meyer flask and agitating thoroughly before the sample was pipetted for color 
development; (e) use of a 30-min. color development period in a metal water 
bath (with lid) a t  room temperature; ( f )  calculation of results on the basis of 
100 g. serum solids; and (g)  use of the apparatus shown in fig. 1 for distillation 
of ammonia from the protein-free aliquot. 

Distilled water, containing 15 ml. of a solution of KzCr,O, and I-IzS04 (5  g. 
and 5 ml. c.p. conc., respectively, per 100 ml. H,O) per 18 1. of water was re-dis- 
tilled in a Pyrex glass still, with a quartz condenser inner tube. This re-dis- 
tilled water, to 18 1. of which 15 ml. of the K2CRz0,-H2S04 mixture were added, 
was employed in the steam boiler (fig. 1, 2).  Powdered pumic was added to 

Received for publication Aug. 16, 1951. 
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prevent bumping. The boiler water was changed when the dichromate color 
began to fade. 

The trap (fig. 1, 4) was joined to the boiler by a standard-taper fitting. The 
inlet to the trap projected through the t rap  wall and mas bent downward, ex- 
tending to within 0.75 in. of the bottom of the trap. The stopcock a t  the bottom 
of the t rap  was opened slightly during the determination to bleed condensate 
from the trap. The lower end of the condenser tube (fig. 1, 7 )  was sealed to a 
5-mm., i d . ,  glass tube to facilitate introduction of the condenser tube into the 
acid contained in the receiving, volumetric flask (fig. 1, 8). 

A Coleman model 11 spectrophotometer was employed in  evaluating the de- 
veloped color. Readings were made a t  610 mp in square cuvettes. The blank 

was set a t  100 per cent transmittance. The cllvettes were matched a t  the stated 
wave length with 0.35 per cent chromic chloride solution in 95 per cent ethanol. 

Ten g. dry  buttermilk were reconstituted with 93 g.  freshly re-distilled water 
a t  43" C., by agitating for 5 min. in a Waring blendor. 

F a t  and total solids determinations were made on all liquid and reconstituted 
buttermilks by the Mojonnier method (2) .  

The creams were neutralized by adding the calculated amount of sodium ses- 
quicarbonate in a 15 per cent aqueous solution. All creams were pasteurized i n  
a water-jacketed laboratory pasteurizer a t  160-165" F. for 20 mill., unless other- 
wise noted in fig. 2. The creams were neutralized in large beakers and then 
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were divided among the small pasteurizing "vats." Each vat plus cream was 
weighed before pasteurization and again after pasteurization and cooling. Boiled 
distilled water was added to the pasteurized cream so that the weight was equiva- 
lent to that before pasteurization. 

The creams were held at  35 to 40' F. overnight after pasteurization. They 
were churned at  this temperature in glass-lidded, quart fruit jars in a shaker 
with reciprocating action. 

The buttermilks, which were to be dried, were centrifuged for 20 min. in 
250-ml. bottles at  1,800 r.p.m. in a size 2 International centrifuge. The bottles 
were chilled to solidify the fat  layer. The buttermilks as drawn off had suffi- 
ciently low fat contents to dry satisfactorily. 

I. RAW SWEET CREAM CONTROL. CHURN 4000' '  OETN. NH3 8 FORMAL TITRAT., LIO. 8-MILK 

n. SWEET CREAM CONTROL. PASTEUR! I E O O ~ ~  IN 3 LOTS 6009. DETN. N H ~  
AN0 FORMOL TITRAT. ON LIO. 8 DRIED. 8 - M I L K .  

RIPEN I Rnw CREAM) I REMAINDER 

35 Ib. RAW 

ICE,HOLD INDICATED 
OVERNIGHT. ) C ~ b ~ E 6 ,  

CULTURE 
AOOEO. POSSIBLE 

a. SOME ALLOWANCE FOR MECHAN. LOSS. 

CHURN 4 0 0 g  RAW DETN. NH, 8 
FORMOL TITRAT. ON LIO. 8 -MILK.  

IX. CHURN 400qa RAW. RUN NH3 i:3 I/ 8 FORMOL TITR. ON 
L IP .  8-MILK. 

'X PASTEUR. REMAINDER 
CARB. TO 
0.15% 

NEUT. CREAM, COOL, HOLD 

ACIDITY OVERNIGHT, CHURN, DETN. 
NH, FORMOL T I T R A T  ON 
~ l b  8 DRIED B-MILK. 

J \ ~ y , p R o c E E D  A s  FOR o.w/* A c l o  CREAM 

b. PASTEUR. 2 0  MIN,, 160-165.E, COOL TO \'zzy) PROCEED AS FOR 0.25*,. ACID CREAM 

CA. 10O0F., MAKE TO ORIG. WEIGHT WITH 
COOLED, BOILED, DIST. H20. TRANSFER 0 . 5 5 %  PROCEED AS F O R  0,25% A C ~ D  CREAM 
TO OT MASON JARS (IN WHICH CHURNED,, 'AclDITy} 
C H I L L  I N  ICE 8 HIO B A T H  FOR IHR.. 
HOLD OVERNIGHT AT 40-45.F. 

c. NEUT. IN LARGE BEAKER; D I V I D E  C R E A M  I N T O  L O T S  FOR PASTEUR. AFTER NEUT. 

FIG. 2. F l o u - - s h e e t  of methods o f  handling s a m p l e s .  

The buttermilks were dried with a double roll, atmospheric, model Buflovac 
drier (the steel rolls were 6 in. in diameter and 7.5 in. long). The drier did not 
operate satisfactorily until baffles of aluminum sheet were made to: ( a )  prevent 
the milk from fouling the knife blade on the underside by splashing over the 
rolls and (b)  prevent splashing milk over the end of the rolls into the dry milk 
receivers. The blades were sufficiently flexible that it was necessary to place 
additional set-screws in the blade-guards, 0.25 in. from the ends of the blacle- 
guards and mid-way between each pair set in the blade-guards by the manu- 
facturer. 

The final runs, designed to determine the increase in the ammonia content 
and form01 titration of the liquid or reconstituted buttermilks as the quality of 
the cream decreased, were conducted as indicated in fig. 2. 
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RESULTS 

Evaltiation of the method. 

The method for the determination of ammonia was studied to determine the 
accuracy of the method in our haacls. Considerable difficulty was experienced 
in obtaining agreement among blank determinations. It was necessary to temper 
the blanks in  a covered, room-temperature metal water bath;  even under these 
conditions considerable variation occurred. 

Russell ( 3 )  has shown that  the p H  of the medium in  which the color is de- 

I 2 3 4 5 6 7  
AGE, ALK.- PHENOL SOLN., DAYS 

w 
0 

5 9 5 -  + 
t 
I 

$ 9 4 -  U K t- 93 
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o 92- 
K 
W 

FIG. 3. Relationships among the age of the alkaline-phenol reagent, the pH of the final 
colored solution read and the percent transmittance of tho colored solution. 
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pH OF BLANK DETN. 
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velopecl is important; maximum color development was indicated at  about pH 
12.0. Graph 1 of fig. 3 shows that the transmittance of the blank is a function 
of the pH value of the colored solution in the pH range sprcified by Russell; a 
variation of 0.15 pII unit will cause a change in transnlittailce of 1.7 per cent. 
Neither the transmittance change (graph 2 of fig. 3)  nor the pH of the colored 
solution (graph 3 of fig. 3) is a function of the age of the alkaline-phenol reagent. 

There was some question as to the effect of the anion of the ammonium salt 
upon color development, since volatile acids and lactic acid might distill and be 

TABLE 1 
The difference between the ammonia added to  the solution and that calculated for the solution 

front the regression equations, as the percentage of weights added 

(NH,),SO, solutions (NH,) ,C,O, solutions 
NH, in 10 ml. 
soh. read NH, calc. from (1)-(2) as % NH, ealc. from (1)-(4) as % 

(1) regression equation error of (1) regression equation error of (1) 
(2) (3) (4) ( 5 )  

a Equations presented in table 2. 

present in the final mixture. For this reason standard reference curves were 
established using ammonium sulfate and ammonium oxalate. The data of table 1 
show that when the concentration of ammonia in the colored solution read is 3y 
or more per 10 ml., the deviation of the values from the regression are within the 
limits anticipated for biological work and, that one equation is about as satis- 
factory as the other. Table 2 indicates that a t  the same transmittance reading 
the two curves can be used interchangeably in the region 20 to 90 per cent. 
These data indicate that the anion involved should not affect the results. 
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Difficulty was encountered in removing precipitated proteins by filtration, as 
was recommended by Choi et  al. ( I ) ,  because some filter papers add considerable 
ammonia to the filtrate and the filtration is slow. Fritted-bottomed glass cru- 
cibles were likewise slow. The proteins could be satisfactorily and easily re- 

TABLE 2 

NH, calculated by the regression equationsa obtained f r m  (NH,),SO, ano (NH,),C,O, standard 
solutions. The difference between the calculated values as percentage of the (NH,),SO, value 
- 

NH, NH3 Diff. as % 
G reading (NIL) ,SO, (NHI) $201 Diff. (NH,)zSO, 
selected regression regression (2)-(3) value 

(1) (2) (3)  (4)  (5) 

a (NH,) ,C,O, regression equation : 
Log G = 1.9929 - 0.03493 (y  NR,) - 0.000141 ( y  NH,)' 
(NH,) ,SO, regression equation : 
Log G = 1.99023 - 0.03201 ( y  NH,) 

moved by centrifuging (table 3). This method was employed in obtaining the 
data presented below. 

The recoveries of ammonia by the modified method employed were satisfac- 
tory if quantities of ammonia added were 30 y or more per sample (table 4) .  
Thirty y per sample are equivalent to 3.75 y in the colored solution read. The 
limitations of the method are virtually those encountered in preparing the ref- 
erence curves (table 1). 

TABLE 3 
The effect of the method of removal of proteins on the ammonia values obtained for reconstituted 

dry buttermilk 

Av. NH, content of dry buttermilk 
Sample treatment 

Trial 1 Trial 2 Trial 3 Trial 4. 

(ms./100 s.) 
Centrif ugeda ............................................................................................ - 5.28 5.27 1.69 1.92 
Centrifugeda filtered through filter paperb .......................... 6.93 5.36 3.20 2.38 
Centrifugeda filtered through sintered glass cruciblec 5.17 5.43 2.53 1.02 

a Samples centrifuged 10 min. at  2,000 rpm. after treatment with H?SO, and sodium tung- 
state. 

b No. 42 Whatman, 12.5 em. papers. 
c Medium-porosity, Corning crucibles. 

The replicability of the method was determined by analyzing three lots of 
dried buttermilk. Three samples were taken from each lot and each sample was 
analyzed in triplicate. No significant differences were encountered. The de- 
terminations were accurate to 0.242 mg. ammonia and 0.126 ml. 0.1 N NaOH 
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(formol titration) per 100 g. of serum solids. For this reason one analysis was 
made per sample of buttermilk. 
Ammonia  and formol ti tration values of fllrid and dried b ~ ~ t t e r m i l k s .  

The outline of the experiment is presented in fig. 2. The experiments were 
run on a laboratory scale because of shortage of sweet cream and fat  costs. With 
the exception of two instances (in which two runs were made with cream obtained 
a t  different times from the same producer), each cream was obtained from a 
clifferent producer in order to introduce as much variation as possible. 

The small scale operation can be criticized in that the bacterial flora of these 
creams will be much less uniform than would those of creams that were mixtures 
from a number of herds. Therefore, these data may show much greater varia- 

TABLE 4 
Recoveries of ammonia from aqueous solutions and reconstituted dry bwttermilks 

Per cent recovery of ammonia from 

NH, added 
to sample -- 

Aqueo~s solutions Reconstituted dry buttermilk 

Run 1 Run 2 AT. Run 1 Run2 -4-7. 

tion than would have been obtained in a conimercial operation. Despite these 
shortcomings, these data should yield valuable preliminary information. 

The ammonia values for the liquid buttermilks from the non-neutralized 
creams (tables 5 and 6 )  mere plotted against the raw cream acidities (graph 
not presented). A virtually linear graph was obtained which indicated that 
ammonia values as high as 40 to 45 mg. per 100 g. of serum solids might be ex- 
pected for a buttermilk from a cream with 0.2 per cent acidity, obtained from a 
single producer. 

Detailed data for butterniilks from naturally soured creams are presented in 
table 5 and the average trends in fig. 4. The ammonia values increase in non- 
linear manner with the acidity of the raw cream and are not appreciably affected 
by neutralization and pasteurization. Drying liberates the ammonia from the 
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buttermilks obtained from neutralized, pasteurized creams. The a~nmonia 
values would be of no value as an index of the quality of the raw cream. How- 
ever, the ammonia values of the liquid buttermilk may serve as an index of its 
quality for central drying plants, if samples were taken and iced by the tank 
truck operator. The ainmoliia value of butter serum might likewise serve as an 
index of the quality of the creanl froill which i t  is made. 

The fornlol titration ralues (table 5, fig. 5) in the buttermilks increase as 
the acidity of the raw cream rises and then stabilizes. Keutralization and pas- 

0.1 02 0.3 0.4 0.5 0.6 
AV. TITRATP.BLE ACIDITY OF CREAM JUST BEFORE 

NEUTRALIZING 
FIG. 4. The rolatio~~sl~ip I~etwce~r the :~rirlit,y of c.rr:lm and the :~mmo~tin content of tlie 

I~uttcrmilk from tii:~t erc:tln. 

tcurizatioii reduced the arrrage values sornt,what in thc ram caream ticaitlity range 
0.2 to 0.5 per cent. Drying affec+ts thr ralue in lunch the same way as it does 
the ammonia values. 

With both the aninlonia cleterlninatioll and the for11101 titration, the varia- 
tions encountered among different lots of buttermilk were sufficiently great 
(tables 5 and 6 )  that these tleterminations wonld hare been of no value for pre- 
dicting the quality of the raw carealns. The data of tables 3 and 6 suggest that the 
variation among samples might hare resulted from differellees in bacterial flora 
of the raw creams. Large batches of commercaial creams should have flora that 
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are more nearly alike from batch to batch and might yield buttermilks that 
wo~ild have less variation alllong saniples than tho.;e fount1 in this study. 

Table 6 indicates that there are considerable differences alnong the quantities 
of ammonia and the forn~ol titration values produced when the creams were in- 
oculated with Stvrptococc~rs lacfis,  Eschericltia coli or AeroOacfer aerogenes. 
The inoculated creams were handled as indicated in fig. 2 ;  they were ripened a t  
room temperature. Thv time elapse to produve thr luaxin~nni acidity was longer 
with the cultured than with the n,~t~iral ly soured crchams: S. lactis, 23 hr., E. coli, 
29 hr. and A .  aevogeltcs, 32 hr. 

With S .  lactis ( 1  per cent inoc.ulum) thch ammonia values ant1 forniol titra- 
tions shojvcd no tendency to increase a t  acidities up  to O.5;5 per cent. E .  coli 

0.1 0.2 0.3 0.4 0.5 0.6 

AV. TITRATABLE ACIDITY OF CREAM JUST BEFORE 
NEUTRALIZING 

FIG. 5 .  The relntio~~sltip between the acidity of cream and the forlnol titration of the 
I~uttermilk froin that rre:lm. 

(1.7 per cent inocnl~un) rctlnced the am~nonia and formol titration values as the 
cream acidity increased to 0.35 per cent, but increased these values between 
0.35 to 0.65 per cent acid in the cream. A. aerogenes (1.7 per cent inoculum) 
iccreasrd the ammonia valurs of the liquid buttermilk as the cream acidity rose; 
the formol titration values rose slowly until the cream acidity was 0.31 per cent 
and more rapidly thereafter. 

The method for the determination of ammonia adapted to dry milk by Choi 
et al. (1) was modified slightly and used in this study. This method and the 
form01 titration method of \Valker (4) were shown to have an accurracy of 0.242 
mg. ammonia and 0.126 ml. 0.1 S KaOH, respectively, per 100 g. serum solids. 

For naturally ripened creams, ammonia values of liquid buttermilks increased 
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as the acidity a t  the time of neutralization and pasteurization increased. Neu- 
tralization and parteurization had little effect on the magnitude of the ammonia 
value of the liquicl buttermilk. Drying expelled ammonia from the sample and 
virtually eliminated differences among the values of buttermilks from creams of 
widely different aciilities. Form01 titration -values increased to a lesser degree 
with cream acidity and were lowered to a greater degree by neutralization and 
pasteurization than were the animonia values; such differences as existed were 
largely eliminated by drying. 

Results with pure cultures of organisms depended upon the type of organism 
in the cream and the results with any single organism are not necessarily in 
accord with the results obtained with naturally ripened creams. These data sug- 
gest that  the variations among the values obtained with different naturally 
ripened creams result from the particular mixed flora of organisms present i n  
the cream from a single producer. 

Ammonia and form01 titration values can not be employed to estimate the 
quality of cream from which a lot of d ry  buttermilk was produced. There is a 
possibility that the alnnloilia value may be used to determine the quality of 
liquid buttermilk received a t  drying stations. 
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were obtained before the calves had an  opportunity to suckle and 16 samples 
were collectecl 24 hr. postpartum. Two of the cows had freshened for the first 
time, five for the second, seven for the third and one for the fourth time. Colo- 
strum was obtained from three cows on successive parturitions (K4, Kg, K18). 
Fifteen 60-day composite milk samples representing that  produced on the 59th, 
60th aud 61st days of lactation were collected for analysis. The samples were 
obtained from four cows during their first lactation, nine cows during their sec- 
ond and two cows during their third lactation. Milk samples were obtained 
from two cows (K12, K16) on successive lactations. Thirteen terminal milk 
samples were obtained on the last day of lactation before the cow was started on 
her d ry  period. Pour cows had completed their first lactation, seven their sec- 
ond and two their third lactation. Terminal samples were obtained from three 
cows (Kg, K12, K16) on successive lactations. All of the colostrum and milk 
samples mere collected over a 2-yr. period. 

Animals .  The cows numbered K 1  through K12 represent the Jersey breed, 
whereas those with numbers above 12 represent the Holstein breed. The odd 

TABLE 1 

Organisms, media and range of standards used for  detrrmining specific amino acids 

Orgauism 
St:mdard curve 

Amino acid increment 
- 

( ~ / t u b e )  
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 

S. faecalis (9790) a 
L L 

L. mesenteroides P-60 (8042)a 
< I  

L. plantarum 
S. faecalis 
L. plantarum 

' I  

a Americali Type Culture Collection, Georgetown TJniversity, Rletlical School, Washingtoll, 
n n 
Y. u. 

b See table 2 f o r  composition of media. 
C 20 ml. of tomato eluate added per 500 ml. of medium (7) .  

numbered cows receive the feeds grown on the unfertilized soil and the 
even numbered cows receive the feeds grown on the highly fertilized soil. Both 
groups of cows are maintained on the same plane of nutrition, are being fed for 
full  milk production and are living under identical conditions of care and manage- 
ment. None of the cows has received green feed or silage since the inception 
of the investigation. 

Methods. Total nitrogen was determined by the Kjeldahl method. The 
total crude protein content calculated for each colostrum and milk sample mas 
obtained by multiplying the nitrogen value by 6.38. 

The hydrolyzates for the determination of arginine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, threonine and valine were prepared 
according to the method of Stokes et al. (14).  Ten ml. of colostrum or 20 ml. of 
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milk were diluted with an  equal volunle of concentrated HCl and antoclaved 
for 8 hr. a t  15  lb. pressure. The hydrolysates were cooled, neutralized to p H  
6.6 to 6.8 with 18N NaOH, made u p  to 100 ml., filtered, covered with a few drops 
of toluene and storecl i n  the refrigerator for subsequent analysis. Fo r  the tryp- 

TABLE 2 

Conlposition of media used in amino acid assaysa ( P e r  SO0 11~1. of rlolrble-strength medium) 
-- 

Composition of medimn : I ( 1 3 )  11 (3)  I11 (10) I V  (6 )  V (9)  

..................... Casein hydrolyzate (g.) 
.................. H?O, treated peptone (g.) 

DL(-) -Alanine (mg. 
L(+) -Arginine - I-ICI 
L-Asparagine (mg.) 
L(-) -Cystine (mg.) 

DL-Methionine (mg.) . . . . . . . . . . . . . . . . .  
DL-Phenylalaninc (mg.) ................ 

.......................... L(-) -Proline (mg.) 

. . . . . . . . . . . . . .  
......................... 

.................. DL-Ca pantothenate (mg.) 
Riboflavin (mg.) ............................... 

. . . . . . . . . . . . . . . . . . .  Nicotinic acid (mg.) 
. . . .  p-Aminobenzoie arid (mg.) 

.................. 

a The amino acid to be assnycd is 

...... ......... 

. . . . .  ......... 
200 100 

50 50 
2 0 0 200 
100 200 
400 400 

20 20 
50 50 

200 200 
200 200 
"00 200 
100 100 
100 100 

50 50 
50 50 

200 200 
50 100 
50 100 

200 200 
20 20 
20 . . .  

...... 25 
..... 
500 . . 

500 5000 
200 200 

10 10  
10 10  
10  10 
10  10 
10 10  
10 10 
10 10 

O..? 0.5 
1.0 1.0 
0.5 0.5 
0.5 0.5 
1.0 1.0 
0.1 0.1 
0.001 0.001 
0.01 0.01 

6.6-6.8 6.6-6.8 
-- 

omitte(1 from the mcltl ium. 

tophail assay, the enzymatic digestion procedure was esseiitially that  proposed 
by Wooley and Sebrell (16). Five ml. of colostrum or 10 ml. of milk were 
pipettcd into 100-ml. volumetric flaslrs, 20 mg. of pepsin and 40 ml. of 0.1N H,SO, 
were added to each flaslr and the flasks incubated a t  37' C. for 24 hr. with con- 
stant shaking. The c o n t ~ n t s  of the flasks then were transferred to 100-ml. beak- 
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ers, 3.0 g. of IC,HPO, were added to each beaker allil the pII  adjusted to 8.4 with 
3N NaOII. The solutions \\.ere trailsferred again to 100-ml. vohlmetric flasks, 
20 mg. of trypsin were added ailcl allowed to incubate a t  40° C. for 24 hr. with 
constant shaking. The contents of the flasks wert, coolccl, adjustcad to pIX 7.0, 
diluted to 100 ml., centrifuged, filtered, preserved with toluene ancl stored in the 
refrigerator. I n  all cases, the assays were run  after the proper dilntions had 
been made. 

Assay stai.cdarrls. DL-Configurations of isole~~cint~, lencine, methionine, 
phenylalanine, thrcoainc and valine were used in the preparation of standards 

TARLE 3 

Essential amino acids i n  colostr~ivn f r o n ~  cozus r r c e i v i ~ ~ g  fertilized feeds 
(Amino acid ~ n l u e s  expressed an per  cent of the crlide protein) 

. -. -- - - - - - 

Cowno. ................... K 4  K 6  IC4 K10 K l 2  1<18 K18 I<16 S.D. 

Freshening no. ....... 2 2 3 3 3 1 2 2  .4v. 

"Firs t"  colostru~n 
Arginine ................. 5.06 4.85 4.62 4.56 4.76 4.30 4.44 4.27 4.61 0.097 
Histidine . . . . . . . . . . .  2.74 2.29 2.63 2.92 2.37 2.64 O.li7 2.35 2.58 0.078 
Isoleurine . . . . . . . . . . .  %!I8 5.27 5.14 5.09 5.72 5.47 5.M; 5.17 5.44 0.115 
Leueir~e .................... 9.07 8.59 8.37 8.50 8.27 8.48 8.41 8.59 8.54 0.086 
Lysine .......................... 7.84 7.70 7.13 7.50 7.68 i.13 6.90 7.16 7.38 0.121 
Methionine . . . . . . . . .  1.96 l . i ( i  1.68 1 . 1  1 .  1.77 1.7: 1 . 7  1.76 0.042 
Phrnylnlanine . . .  4.54 4.70 4.59 4.69 4 . 5 2 4 . 7 3  4.37 4.59 4.59 0.042 
Threonine . . . . . . . . . . . .  7.62 7.4(i i.15 7.58 7.67 7.44 7.(il 7.39 7.49 0.061 
Tryptophan .......... 1.74 1.77 1.63 1.85 1.92 1.55 1.92 1.74 1.77 0.047 
Vnli~ic . . . . . . . . . . .  8.55 8.13 8.26 8.(i2 8.(i(i 8.25 8.25 8.08 8.35 0.080 
Tot:~l protein % . 1:3.89 15.08 17.0.5 7.80 19.22 6.43 13.97 15.72 13.6.5 1.553 

................. Cow 110. 

Freshening no. . . . . .  

Arginine .................. 
Histidine .............. 

............ Isoleucine 
Leueine . . . . . . . . . . . . . .  
Lysine ......................... 
Methioninr ................. 
Pl~enylalm~ine ......... 
Threonine ................. 
Tryptophan .............. 
Valine ............................. 
Total protein % ...... 

for these amino acids, whereas the 1,- onfi figurations \\.ere used for the preparation 
of the arginine, histidine, lysine and tryptophan standards. 

The organisms, concentration ranges and the media usecl for determining 
the specific ainino acids are given in table 1. The composition of the variotis 
media are given in table 2. 

Assay proeedlrrc. For the assay of the various amino acids, 5-1111. quantities 
of the appropriate basal medium (table 2 ) ,  free of the amino acid to be assayed, 
were placecl in lipless cnlture test-tubes. A standard curve of eleven levels 
was prepared by adding, in triplicate. ail~ounts ranging from 0 to 5 ml. of the 



132 C. W. DUNCAS ET AL 

standard amino acid solution to separate tubes of medium. To another set of 
tubes containing 5 ml. of the particular amino acid-free medium were added in  
cluplicate LO-, 2.0- and 3.0-ml. quantities of the appropriate dilution of the pro- 
tein hydrolyzate to be assayed. The total volume in all tubes was brought to 10 
ml. with water. The tubes were capped and sterilized by autoclaving a t  15 lb. 
pressure for 10 min. Each tube was inoculated aseptically with one drop of the 
appropriate organism suspension and then incubated for 72 hr. a t  37' C. to 
permit the development of lactic acid to the maximum degree permitted by the 
available amino acid. After incubation, the lactic acid in each tube of the 

TABLE 4 

Esseatial anlino acids in colostrrrm from co7i.s receiling anfrrtilized feeds 
(Amino acid values expressed a s  per cent of the crzide protein) 

Cowno. ................... K 3  K 5  K 9  K11 K 9  

Freshening no. ......... 3 3 3 3 4 

" Firs t"  colostrum 
Arginine ..................... 5.65 5.33 5.10 4.88 4.89 

2.50 2.93 2.52 2.82 2.60 
4.95 5.24 5.29 5.54 5.29 
8.38 8.49 7.99 8.02 8.55 
7.79 8.13 7.94 7.50 7.41 

Methionine ............. 1.62 2.00 1.68 1.94 1.81 
Pl~enylalanina ........ 4.00 4.46 4.42 4.77 4.65 
Threonine . . . . . .  7.40 7.62 7.01 7.08 7.41 
Tryptopl~:~n ......... 1.87 1.55 1.70 1.67 1.80 
Tnlinr . . . . . . . .  8.37 8.15 8.06 8.28 8.45 
T o t : ~ l p r o t e i n % .  22.97 11.92 20.28 11.13 8.02 

Conno.  ......................... K3 K.5 KR I<11 K 9  

Fresliening no. ..... 3 3 2 3 4 

24-hr. colost~.um 
Arginine 5.70 5.55 5.66 5.14 5.18 
Hist,idine 2.82 2.73 2.51 3.01 2.89 
Isolcueine 5.71 6.24 5.82 5.89 5.60 
Leurine . . . . . . . . .  8.8:) 8.57 8.61 8.77 8.48 
Lysinc . . . . . . . . .  7.58 8.33 7.78 7.27 7.83 
Methionine ........... 1.60 1.94 1.72 2.06 2.04 
Phenylnlaninc ...... 4.43 4.37 4.47 5.03 4.58 
Threonine . . . . . . .  7.91 7.77 7.58 7.69 7.16 
Tryptol>!1;111 . . . . . .  1.77 1.64 1.89 1.52 1.54 
Vnlinc 7.60 8.09 7.97 7.86 8.20 
Total protein 70 7.90 6.23 10.20 6.11 4.61 
p~ 

medium was titrated electrometrically with 0.1N 
liability and reproducibility of the various amino 
this work have been reported previously (12). 

RESULTS AXD DISCUSSIOS 

5.30 5.87 5.49 0.107 
2.79 2.86 2.80 0.059 
6.38 5.78 -5.92 0.108 
8.81 8.13 8.61 0.097 
7.12 7.56 7.64 0.151 
2.11 1.96 1.92 0.072 
4.70 4.75 4.62 0.089 - - 
I . ,  3 7.43 7.61 n.094 
1.68 1.39 1.63 0.063 
8.29 8.18 8.03 0.090 
6.21 4.55 6.54 0.745 

- 

NaOH to p H  7.0. The re- 
acid determinations used in 

The results of the microbiological determinations of the essential amino acids 
in the "first" am1 24-hr. colostrum samples from each cow receiving the feeds 
grown on the highly fertilized soil are compiled in table 3 and the data obtained 
from each cow receiving the unfertilized feeds are presented in table 4. These 
data are expressed as the per cent of the indiriclnal amino acid based on the 
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amount of total crude protein in the sample. I t  is recognized that  the amino 
acid data expressed as per cent of total protein may have questionable value (5) 
since the per cent of total protein was obtained by calculation. The calculated 
protein and amino acid values are extremely useful for comparative purposes, 
because the amounts of the various amino acids in the colostrum and milk pro- 
teins are reduced to an  approximately equivalent basis. All of the values can 
be easily recalculated to milligrams of the appropriate amino acid per 100 ml. of 
colostrum or milk and the per cent of total protein can be recalculated to per 
cent of nitrogen. The data obtained from the 60-day composite milk sample 

TABLE 5 

Essential aiipino ac.ir1.s in 60-(1. conrposite ~ibilk 
(A~nino  acid values expressed a s  per cent of the crude protein) 

- 
.......................... Cowno. K 4  K 6  K 8  K10 K12 K12 K16 1116 I i18 

Lactationno. . 2 2 2 2 2 3 1 2 1 

Cows reeeived fertilized feeds 
Arginine .................. 4.08 4.18 3.84 3.88 3.77 3.95 4.27 3.86 3.87 
Histidine ................ 2.61 2.80 2.91 2.99 2.95 2.93 2.40 2.71 3.07 
Isoleucine ..................... 6.76 6.57 6.91 7.07 6.69 6.82 6.51 6.93 6.57 
Leueine ........................... 9.73 9.57 9.58 10.17 9.68 9.85 9.80 10.04 9.61 
Lysine ....................... .. 7.74 7.97 7.87 7.69 8.04 7.71 7.84 7.76 7.85 
Methionine ............... 1.97 2.36 1.88 1.86 1.82 2.38 2.28 2.01 2.19 
Phenylalanine ........ 4.78 5.00 4.55 4.37 4.38 4.66 4.35 4.33 4.77 
Threonine .............. 4.89 4.86 4.40 4.76 4.53 4.93 4.71 4.55 4.59 
Tryptophan ......... 1.83 1.55 1.66 1.70 1.63 1.39 1.40 1.42 1.33 
Valine ............................ 7.23 7.17 7.16 7.49 7.49 7.63 7.41 7.47 7.42 
Totalprotein% .... 3.48 4.14 3.61 3.38 3.68 3.41 2.55 2.77 2.83 

Cowno. ....................... K 3  K 5  K 1 1  I19 K15 K l 7  

Lactation no. .......... 2 2 2 3 1 1 

Cows received unfertilized feeds 
.................. Arginine 4.37 4.40 4.31 4.40 3.63 4.25 

.................. Histidine 3.17 2.81 2.69 3.14 2.45 2.44 
6.56 6.45 6.45 6.42 6.93 6.71 
9.94 10.06 9.38 9.01 8.64 8.56 
7.69 7.64 8.47 7.92 7.75 8.32 

Methionine ................ 2.04 2.54 2.32 2.24 2.39 2.47 
Phonylalanine ......... 5.05 4.93 5.02 4.74 4.85 4.83 
Threonine ............... 4.69 4.48 5.04 4.72 4.11 4.69 
T r ~ p t o p h a n  ............. 1.52 1.39 1.60 1.33 1.40 1.30 

................... Vnline 7.29 7.16 7.37 7.12 7.36 7.57 
Totalprotein% . 3.28 3.35 2.87 3.77 2.80 2.92 

Av. 

S.D. 

* 

from each individual cow in both groups are compiled in  table 5 and the data 
concerning the coinposition of the terminal milk from each cow are presented 
in table 6. 

The data in  table 3 show the relative percentages of the ten essential amino 
acids found in the "first" and the 24-hr. samples of colostrum obtained from 
each of the Jersey and Holstein cows which had been maintained solely on the 
feeds produced on highly fertilized soil. From an  examination of both the indi- 
vidual and averaged data, there is relatively little difference in  the amino acid 
pattern of the "first" colostrum and that  obtained 24 hr.  later when these values 



are expressed as per cent of the total protein. The greatest concentration of 
each amino acid occurred, however, inlmediately after parturition and then de- 
creased rapidly during the next 24 hr. as mammary secretion progressed. The 
average amount of total protein in the 24-hr. sample was approximately 60 per 
cent of that  present in the "first" colostrum, but indivitlnal cows varied 
markeclly. 

Table 4 presents the data secured from the Jersey and IIolsteiu cows rnain- 
tainecl solely on the same species of plants grown on soil that  was severely de- 
pleted of mineral elements. Again, there is little difference in the amino acid 

TABLE 6 

Essential amino acids in I r r ~ r ~ i ~ i a l  111ill. 
( A I I I ~ I ~ O  acid values expressed as per cent of tile crude protein) 

Corn no. .......... 

Lactation no. 

Arginine ................ 
Histidine ..................... 
Isolcneine ............. 

. . . . . . . . . . . . .  Leucine 
. . . . . . . . . .  Lysinr 

Mcthioninr . . 

Plirr~ylnlani~ie . . . .  
. . . . .  Thrronine 
. . .  T r y p t o p l ~ ? ~ ~  

V:~line . . . . . . . . . . . . . .  
Total !nrotcin % .... 

Cow no. .................... 

Lnrtxtion no. ......... 

Arginine .................... 
Histidine ............. 
Isoleucine . . . . . . . . .  
Leucirlc . . . . . . . . . . .  
Lysinc ................. 
Methinnine ............ 
Plienylalanine ....... 
Threonine ............... 
Trgptoplian ............ 
Valine ................... 
Total protein % .... 

K 4  K 8  K12 R12  

2 2 2 3 

Cows received fertilizt- 
3.84 3.92 3.86 3.88 
2.58 2.74 2.91 2.74 
6.62 6.57 6.65 7.02 
8.04 8.61 8.22 8.31 
7.28 7.94 7.95 7.46 
2.24 2.46 2.62 2.28 
4.5.5 4.8i 4.14 4.61 
5.39 5.60 5.46 5.18 
1.12 1.41 1.43 1.25 
? - .  
I . a  7.98 7.55 7.70 
4.75 5.05 4.73 4.56 

Covvs 
3.77 
2.84 
7.29 
9.11 
i.88 
2.43 
4.98 
5.54 
1.32 
7.12 
4.25 

receivt 
3.75 
2.76 
7.15 
9.22 
7.91 
2.47 
4.76 
5.43 
1.66 
7.18 
4.73 

ulifertilized feeds 
4.07 4.27 4.08 
2.83 2.46 2.47 
6.65 6.77 6.67 
9.02 9.58 8.99 
7.88 7.77 7.68 
2.20 2.44 2.23 
5.25 5.17 4.83 
5.47 5.57 5.47 
1.42 1.41 1.20 
7.47 i.27 7.33 
4.99 4.76 3.75 

K18 

1 Av. 

S.D. 

k 

patterns of the 'first" and 24-hr. colostrum samples. The first noticeable differ- 
ence observed in these two sets of data is the consistently higher arginine va lws 
present ill the "first" and 24-hr. samples obtained from the cows receiving the 
unfertilized feeds. The coilcentration of all of the other amino acids are within 
-C 10 per cent of those found for the group receiving the fertilized feeds. The 
significance of the higher arginine values is not ericlent. The average amount of 
total protein in the 24-hr. sample was less than 50 per cent of that  present in the 
"first" colostrum. This observatioll is of interest because both groups of cows 
received comparable protein intakes in their rations. The decrease in total pro- 
tein during the first 24 hr. postpartum is in contrast to the findings of Miller 
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ef 01. (11) who reported that the highest total iiitrogell and amino acid concen- 
trations occurred in human colostrum on the fifth to eighth day postpartum. At- 
tention should be called again to individual row differences in  regard to the 
amount of total protein secreted in the "first" and 24-hr. samples. 

Table 5 presents the indiviclual row data obtained from the analysis of fifteen 
60-day composite milk samples for both gronps of co~vs. These salnples were 
taken a t  a definite stage of lactation, not only to compare the amino acid patterns 
but also to study the characteristics of the mature milk proteins in regard to rat  
nutrition. It was thought that a coiilparison of these inilks might help to ehici- 
date the nutritive characteristics of the milk proteins proclnccd by cows receiving 
feeds grolvn on highly fertilized soil and on depleted soil. The results of this 
research will be the basis of a subsequent publication (1 ) .  An examination of 
these data sho~vs very little tlifferencc in the amino acid patterns of the milk 
proteins that  can be attributed to the method of producing the feeds. The aver- 
age nlethionine value of the milk prodnchrd by the cows receiving the unfcrtilizecl 
feed was 12.0 per cent higher than that produced by the co~vs receiving the feed 
grown on tlie fertilized soil, IT-hereas the tryptophan content of the milk produced 
by the co~vs rrceiving the fertilizetl feed was 9.2 per crnt higher than that pro- 
duced by the cows receiving the unfertilized feeds. The cliffrrenc~es between all 
of the other amino acids, however, are less than t 7.0 per rent. The average 
amount of crnde protein secreted in the milk was allnost iclentical for both groups 
of corns. The differences observed ill the protein and ainino avid contents of these 
milks are attributed to the inherited characteristics of each cdov ancl not to the 
feeds. 

When the cAoncentrations of the vario~ls essential amino acids in the ($0-clay 
colnpositc salnples are (.ompared with tlie concentrations in "first" colostrum, 
chertain differences are apparent. The amounts of arginine, threonine, trypto- 
phan and valinc are iloticeably higher in the "first" colostr~uln than in the inilk, 
whereas the amounts of isoleucine, leucine and inethionine are markedly highrr 
in milk. The amounts of histidine, lysiiie and pheiiylalariine are approximately 
the same in milk and "first" colostrmn. The5e tliffertwces and similarities are 
fomid in both gronps of cows and can not be attributed to any differences in 
agronomic practices of producing the feeds. 

I t  was thought that if any differences bet~veen the two groups were manifest, 
they should appear in the terminal milk a t  the. completion of 10 mo. of laetation. 
NO pronounced difference was evident in any of the essential amino acids in the 
milk proteins of these t ~ v o  gronps (table G ) ,  except that the average leucine con- 
tent of the milk producetl by the cows rcveiving the unfertilixecl feed was 9.3 per 
cent higher. 

The average amounts of arginine, threonine, tryptophan and valine in ter- 
minal milk proteins are considerably less than that found in "first" colostrum, 
whereas the amount of isoleucine and methionine are increased. The amounts 
of histidine, lysine and phenylalanine in the terminal milk proteins are the same 
as those found in "first" colostrum. T i t h  the exception of threonine, the ter- 
minal milk proteins of both gronps are the same as those found in the 60-day milk 
samples. Threonine, however, was consistently (16 per cent) higher in the ter- 
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minal milk proteins than in the 60-day samples in both groups. The significance 
of the bovine st~creting larger amounts of this amino acid a t  the end of lactation 
is obscure. 

A comparison of the "first" colostrum data obtained from the three cows 
(K4, IZ18, K9)  shows good agreement in their individual amino acid patterns on 
successive parturitions (table 3, 4 ) .  T i t h  the exception of the isoleucine, lysine 
and methionine contents in the colostrum of cow IZ4 and in tryptophan (IC18), 
there was less than i 10 per cent difference in concentration among all of the 
other amino acids of individual cows on successive parturitions. The amount of 
total protein in the "first" colostrum increased on each succeeding parturition 
of cows K4 and K18, but decreased in cow Kg. 

The 60-day milk samples obtained from two cows (K12, K16) show regular 
uniformity in their indiridual amino acid patterns; however, the inethionine con- 
tent of the milk proteins of both cows, the arginine and histidine contents in the 
milk of cow IZ16 and the tryptophan content in the milk of cow IC12 varied more 
than + 10  per cent on successive lactations (table 5 ) .  All of the other amino 
acids varied less than * 10 per cent. The total protein content increased in the 
milk of cow K16 on succeeding lactations, but decreased in the milk of cow K12. 

The milk samples obtained from three cows (R9, K12, K16) also show good 
uniformity in their individual amino acid patterns a t  the end of succeeding lac- 
tations (table 6 ) .  The inethionine content in the milk proteins of cows K12 and 
K16, the tryptophan content in the milk of cows IC12 and K9 and the arginine 
and histidine contents in the milk of cow IC9 varied by inore than t 10 per cent 
a t  the time the cows ceased to milk. The variation was less than f 10 per cent in 
the case of all of the other amino acids. The amount of total protein in the ter- 
minal milk of two cows (Kg, K12) was the same a t  the end of each succeeding lac- 
tation, but the amount was markedly less in the case of cow K16. When the 
above comparisons are exanlined c~ritically, there is nothing to indicate that  feeds 
grown on the fertilized soil have either superior or inferior nutritive properties 
to the same kind of feeds grown on depleted soil. 

Since no major differences were noted in the amino acid patterns of the colos- 
trum or milk protein secreted by these two groups of co~vs that  could be attributed 
to feeds grown on highly fertilized or depleted soils, the data for each group were 
weighted and combined to  illustrate the changes in protein distribution which 
occur as lactation progresses. The results of these (table 7 )  indicate 
that:  ( a )  the amounts of arginine and valine decreased during the first 60 days 
postpartum and then rc>mained constant throughout the rest of the lactation 
period; (b)  isoleucine and nlethionine increased throughout the entire lactation 
period; (c)  histidine, lysine and phenylalanine remained unchanged in  both 
colostrum and milk; ((1) leucine was higher in milk secreted 60 days poqtpartum 
than in colostrrun or terminal milk ; (e)  thrronine was higher in colostrum, mark- 
edly lower in milk secreted 60 days postpartum and intermediate in terminal 
milk; whereas, ( f )  tryptophan decreased progressively from colostrunl to ter- 
minal milk. 

The ratios of the individnal amino acids in colostrum and milk also are shown 
in table 7. The distribution of histidine, lysine and phenylalanine is relatively 
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unchanged in the transition from colostrum to milk and milk contains more iso- 
leucine, leucine and lnethionine and less arginine, threonine, tryptophan and 
valine than colostrum. 

Kniken and Pearson (8 ) ,  Miller et  al .  (11) and Ray Sarkar et a,L. (12) have 
recently reviewed the literature on the amino acid composition of colostrum and 
whole milk proteins. I n  most instances, the values recorded in tables 3 to 7 are 
in good agreement with published values, but comparative data of this nature are 
extremely meager ant1 unavailable for terminal milk proteins. Consistently 
higher arginine values were fouiicl (ca 16 per cent) in colostrum and milk pro- 
teins, both in this work and that  published previously (12), than has been re- 
ported by Kuiken and l'earson (8 )  and Hodson and Krueger ( 4 ) ,  but the other 
average values were comparable. Sutton and Esh (15) reported a n  average 
value for tryptophan of 3.85 rng. per gram (range 1.42 to 5.94) from the chemical 

TABLE 7 

Comparison o f  the  a n ~ o t i ~ t t s  of the  esse7ltial amino acid i n  " f i r s t  " c o l o s t r n ~ ~ ~ ,  colostrlc~n secreted 
24 hr .  postpartum, milk secreted 60 d. postpartli?tr and t o ~ i t i n a l  qnilk 

( A l l  ra l~ te s  expressed as per cent o f  the  total protein) 
-- 

Colostrum Milk Rat io  
Amino acid 

0-hr. 24-hr. 60-d. Term. M/Ca 
-- -- 

4.89 4.82 4.07 3.99 0.83 
2.63 2.76 2.80 2.76 1.06 
5.32 5.85 6.69 6.84 1.26 
8.40 8.57 9.58 8.72 1.14 
7.56 7.65 7.89 7.51 1.04 
1.80 1.88 2.18 2.33 1.21 
4.56 4.61 4.71 4.80 1.03 
7.43 7.45 4.66 5.40 0.63 
1.76 1.66 1.50 1.36 0.85 
8.31 8.17 7.36 7.49 0.89 

13.83 7.40 3.26 4.72 0.24 

a 60-d. milk  and 0-hr. colostrum. 

analysis of ten first-milking colostrum samples. The average value found in  this 
investigation by a microbiological method was 2.45 mg. per milliliter (range 1.00 
to 4.29) and 2.53 in a previous report (12). Miller et  al. (11) found 2.05 mg. 
per milliliter as the average amount present in human colostrum. 

From the results obtained in this investigation, the amount and kind of amino 
acids in  colostrum and milk proteins apparently are very similar irrespective of 
whether the feeds consumed by the cows are grown on highly fertilized or badly 
depleted soil of the same type. I n  case of a deficiency of protein or any essential 
nutrient in the feed, the first defense mechanism would operate to limit milk pro- 
duction rather than to alter the amount or kind of protein in  the milk. The im- 
portance of this and related fields of research is obvious, both from the standpoint 
of plant, animal and human nutrition. 

SUMMARY AND CONCLUSIONS 

The essential amino acids in colostrum and milk proteins of cows maintained 
on feeds grown on highly fertilized and 011 highly depleted soil of the same type* 
have been determined. 
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There was no essential difference between the amino acid pattern of the 
"first" colostruin and that  obtained 24 hr. postpartum when the values are ex- 
pressed as per cent of the crude protein, except that  the arginine content was 
higher in the colostrum secreted by the cows receiving the unfertilized feed. The 
amount of crude protein in colostruin declined approximately 50 per cent within 
24 hr. postpartum. The genetic differences between cows appear to be greater 
than differences between groups. 

The amino acid conuentratiolls of the 60-day composite niilk saniples obtained 
from each group of cows varied less than 10 per cent, except that  the methio- 
nine content of the milk produced by the cows receiving the unfertilized feeds 
was 12 per cent higher than that  produced by the cows receiving the fertilized 
feeds. The average amount of total crude protein in  the milk was almost iden- 
tical in both groups. Individual cow differences were larger than group dif- 
ferences. 

The average amino acid values in  the terminal milk proteins from each group 
of cows deviated less than A 10 per cent, except that  the leucine content of the 
milk produced by the cows receiving the unfertilized feeds was consistently 
higher than that produced by the cows receiving the fertilized feeds. The aver- 
age total protein content i n  the milk produced by both groups was approximately 
the same. 

The amounts of isoleucine and inethionine increased as lactation progressed, 
whereas arginine and tryptophan decreased progressively from colostrum to ter- 
minal milk. Threoiiine decreased markedly during the first 60 days postpartum 
and then increased slightly as lactation progressed. The other amino acids were 
relatively unchanged. 

The concepts that  badly depleted soils produce crops of lower nutritive value 
than highly fertilized soils or  that  commercial fertilizers decrease the nutritive 
properties of crops are not confirmed by this investigation. Insofar as the 
amino acid composition of milk proteins is concerned, evidence is lacking which 
indicates that the nutritive value of feeds is dependent chiefly on soil fertility. 
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CYTOCI-IEMICAL REACTIOKS O F  BOVINE SPERMATOZOA A S D  
SEMINAL PLASMA 

R. M. MELAMPY, L. F. CAVAZOS A ~ T D  J. C. PORTER 

l)epart~r~ents of Zoolog?/ anti E?tto?,tology and Aniitlal Hnsbnndr!l ,  Iozcn Stafe College, Amesl 

The use of cytochemical procedures permits the characterization and localiza- 
tion of various components such as nucleoproteins, lipids, carbohydrates and 
enzymes which constitute cells. Results of such investigations not only are of 
importance in an  evaluation of cellular morphology but also are useful in the 
functional analysis of cells and tisbues. Wislocki (20) made a comprehensive 
study of seasonal changes in the male reproductive tract of deer, using histo- 
chemical methods, and, in a later study (21),  presented results of cytochemical 
investigations on human spermatozoa and seminal plasma. An  investigation of 
the chemical composition of bovine spermatozoa has been reported by Porter 
e t  al. (19). 

This paper presents cytochemical reactions of bovine spermatozoa and seminal 
plasma. 

lMATERIAL AND METHODS 

Samples of bovine semen were collected by means of an  artificial vagina from 
bulls maintained for breeding purposes a t  lowa State College. Motile sperma- 
tozoa were present in all samples used. I n  experiments where it was desirable to 
remove adsorbed materials such as seminal plasma from the spermatozoa, the cells 
were washed by repeated centrifugation, using a Ringer-phosphate solution a t  
pH 6.8. Smears of semen or washed spermatozoa were prepared soon after the 
collections were made and allowed to dry  for 1 to 24 hr. before fixation. 

The following fixatives, reactions and staining procedures were used in  this 
study: 

Acid phosphatase. Sinears were fixed for 4 hr. in acetone a t  approximately 
4" C. After fixation, the acid phosphatase reaction was carried out a t  p1-I 5.0 
for 48 and 72 hr. a t  37' C., as outlined by Gomori (8) .  Sodium glycerophosphate 
and adenosine triphosphate were used as substrates. 

Alkaline phosphatase. Smears were fixed for 12 hr. in 80 per cent ethyl 
alcohol a t  approximately 4' C. This reaction was carried out a t  PI-I 9.0 for 48, 
72 and 96 hr. a t  37' C., according to Gomori (7) .  Sodium glycerophosphate and 
hexose diphosphate (fructose-1,6-diphosphate) were used as substrates. 

Gram's stain. Hucker's modification of Gram's method as described by 
Guyer (9) was used. 

Peulgen reaction. Smears were fixed 1 to 12  hr. with picric-sulfosalicylic 
acid mixture and stained 18 to 24 hr. with Feulgen's staining solution (Schiff's 
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reagent) diluted with tlistillrci water to one-half strength, according to Lhotka 
and Davenport (13).  

Tolq~iclin blue. Smears were fixrd for 24 hr. in 4 per cent basic lead acctate 
solution followed with 24 hr. in 10 per cent formalin. They then mere stained 
in ;t 0.5 pcr cent toluidin hlue in .3 per cent alcohol solution for 30 min., as sug- 
gested by lfTi~locIii (21).  After staining, the slides were \vasheil rapidly in 95 
p r r  cent alcohol, dchydratcd and nionnted in clarite. 

Raker 's  acid henzatei~l test for phosplzolipids. This method and its control 
procedure (pyricliae extrac.tion) were carried out as outlined in detail by Bloom 
and Wislocki (2) ancl lVislocki (21). 

81~c lan  Black B. Snirars were fixed in 10 per cent nrutral formalin for 6 hr. 
l%llo\ving fixation, they were stained in a saturated solution of Sudan black 13 
in 70  per cent alc.oho1 for times varying from 1 min. to 12 hr. After staining, thr 
slides were dipped in 'iO per caent ethyl alcol~ol, washed in distillecl water ancl 
mounted in glycarrine jelly. 

Rodia~z 's  protargol vletlrorl. Smears were fixed in Bodian's fixative no. 2 
(90 ml. of 80 pc.r cent ethyl alcohol, 5 ml. of 37 per cent formaldehytle and 3 1n1. 
of glacial avctic acid). The staining procedure was rarried out in accordance 
with the directions of Dawson and Barnett (3 ) ,  as recommended by Wislocki 
(21) .  The preparations were dehydrated, cleared and mounted in (*larite. 

I'eriodic ocid-h'chiff proccdlrre. Smears were fixed for 12 hr.  in Orth's flnid 
(2.5 g. potassium bichromate and 1 g. sodium sulfate were dissolvecl in 100 ml. of 
distilled water. To 100 1111. of this solution were added 10 ml. of 37 per cent 
fornlaldehyde before using.) Follo\ring fixation, the smears were washed in dis- 
tilled water, stained by thc periodic. acid-Schiff proredure according to MeManus 
(17) and then dehydrated, cleared and ~iiounted in clarite. The three types of 
cwntrols for this inethotl were as follows: ( a )  Smears stained with the SchifT 
rcitgent without previous treatment with periodic acid were prepared. Staining 
was considered signifirant only after periodic acid action. (b )  In order to re- 
move polysacchilrides such as glycogen, hydrolyzable by salivary amylase, smears 
were treated with saliva for 1 hr. a t  37" C. before treatment with periodic acid- 
Schiff rcagent. (c)  I n  order to reniove glycolipids, smtws mere extracted for 16 
hr. with a mixture of eclual parts of inethanol atid chloroform a t  34" C. prior to 
treatmc,nt with periodic. acid-Schiff reagent. 

(;l?ycoget~. Smears wrre fixed for 12 hr. in Rossnian's fluid (90 ml. of abso- 
lute alcohol saturated with picaric acid and 10 ml. of 37 per (dent for~naldehytle) 
in a refrigerator. After fixation, the smears werc ~vashed in absolute al(.ohol 
followtvl by distilled water bdore  staining with the I3auer-Feulgen and perioclic 
acicl-Srhiff methods. Control \ ~ l l ( ~ i ~ r \  werr tr('ilted with saliva for 1 hr. at 37" C. 
beforo staining. 

Schiff renctioa (I'la~nial reaction of Frulgen ant1 Yoit). Smcbt~rs Tverc2 fixed 
in 10 per rent formaldehytlt~ for 12 hr. ant1 the staining procetlurc. of Ilerliian 
(10) was follo~-ed. 

RESULTS 

Acid phosphatose. I'hitip sotli~um glyc.rrophosphate as a s~~bstr;rte a t  pIT 5.0, 
positive reacations were obtained in spermatozoa and seminal plas~na. The post- 
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E s p l a ~ ~ : i t ~ o i i  of fignres 

All figures are of I~oxiiie sl)cr~natozoa :IS ohsrr\.c~d in slncLars of senini. 1)ranii \!it11 an 
X93 olj.]cctire :untl XI0 ocul:~r. 

1 Spermatozoon staiiic~tl for  arid phosl)l~:~ta$e. Slncwr inrul):~ted 48 hr. 
2 Sl~er~ i ia to~oi in  s t a i i~ rd  for acid phospl~:~tnse. Slllear iiicol)ated 72 lir. 
3 Spermatozotin stainrd for  alkaliile pl~osphatase. Smear illrubated 48 Ilr. 
4 Spcrmatozoiin staincd for  alkaline pl~ospliatasr. Smear iiirubated 'iflhr. 
5 Rpermatozoi~ii staincad for a1k:lline phosplratasc~. Sniear ii~canhated 96 Ilr. 
6 Spermatozoa stai~ietl I I ~  Gram 'h metllod. 
7 Spermatoeo:~ stained for  tlie E'c~ulgen  metio ion. 
8 Spcr~natozon stained nitli  toluidin 1,lue. 

nuclear cap of the heail stained Inore intensely than the acLrosolnr, with a faintly 
staining elliptical zone sc.parati11g the two (fig. 1 and 2 ) .  The neck, middle- 
pieve, main-piece and tip of the tail sholvrd a positive rcvwtion. The staiiliilg 
intclnsity of the spermatozoa was rc~dnced with washing but thc pattern of the 
response was not altered. A positire reaction was observccl in the neck, middle- 



Esplnn;~t ioa of figures 

All figures are of Ijovine sl~c*ln~atozo;c as  obsc~rred in slrtcnrs of sc,nlerl. 1)1.ann wit11 an 
X95 objective and X10 ocnlar. 

9 Sperm:~tozoa st;lilied by R:ckcr's acid l ~ e ~ n a t e i n  rnetliod. 
10 Sper~~intozon st:~ined by B;lkerJs rol~trol  method (pyridine estrnction). 
11 Spermatozoa stained wit11 Sudan black R. 
12 Sperniatozoii~i stained by Rodian's protargo1 method. 
13  Spermatozoa stained by the periodic acid-Scl~iff procedure. 

piece and tail when adenosine triphosphate was used as a substrate a t  PIX 5.0. 
Alkaline phosphatase. Using sodi~uin glycerophosphate as a substrate a t  pII 

9.0, the acrosonle stained more intensely than the post-nuclear cdap. The middle- 
and main-pieces showed a positive reaction, but the neck reillailled unstained 
(fig. 3, 4, and 5) .  Seminal plasma was negativcl for this enzyme. There was no 
indication in the head of an  unstained elliptical zone, as observed in the acid 
phosphatase reaction. As in the case of acid phosphatase, the staining intensity 



of spermatozoa was recluctvl by washiag, but the pattern reniained the same. 
Hexose diphosphate (fructose-1,6-diphosplrate) also was used as a substrate a t  
pH 9.0 and a positive reaction was noted in the lieatl, neck, midcllc-piece and tail. 
Furthermore, there was a slight stai~ling ill the serr~inal plasnla with this substrate. 

Gram's sfal11. I3ovine spernlatozoa \wre uniformly Gram positive through- 
out the head (fig. 6 ) .  l7h(1rc was no rc.ac.tion in the seniinal plasnia. 

Feztlget~ reacfiou. h nniforn~ly positive rclac.tion was obtainetl throughout 
the head and there was 110 line of tlcmarc*ation brtween the arrosonle and the post- 
nuclear cap (fig. 7 ) .  

Toluidin  bltip. The heads nert. stained throughout and there was no indiva- 
tion of a metachromatic* rear+tion (fig. 8) .  I11 addition, there was no staining in 
the seminiil plas~na. 

Baker 's  acid hen~a f (~ i r l  f e s f  for plrospholipids. The presenc.cA of phospholipid 
in the middle-piece wa.; de~~~ons t r a t ed  by a positive reaction with this method 
(fig. 9 ) .  Preparations t r ea t~ t l  according to Baker's control procedure, c.oiisisting 
of pyridine extrartion prior to staining, sho\vt.d a uniform bluish-grey c.oloratioil 
throughout the head, whereas the middle-piew remained unstained (fig. l o ) ,  in- 
dicating the remoral of th(3 phospholipid fritc.tion from this region. Seminal 
plaslna was negativt~ after liaker's a ~ i d  he~ilateiii twt,  but the control prepara- 
tions were c.haracterizt.d by a bluish-grey stippling. 

S ~ ~ d a n  black R. The presence of lipid in the mitldle-pit3c.e TTRS d~moii~tratecl  
with this stain (fig. 11).  The chief eonstitnents of this region are generally be- 
lieved to be of mitochoildriitl origin. I t  should be indicated, however, that  the 
test was rather faint in all the preparations studied, its niight be t~xpectetl, since 
the total lipid content of moisture-free spernlatozoa was 1.2 per cent according to 
Porter et al. (19). Furthc~r~nort~, the seminal plasma showed a grey staining, 
indicating the presence of lipid material. 

Rodian's protargo1 vletlrod. The hoaclc, of the sper~natozoa were distinctly 
stained by this procedure. The ac+roson~t. mas stained a luniforni greenish-grey. 
The post-nuclear vap was heavily iinprt*gnatetl with silver ancl was separated 
from the acrosome by a narrow n~lstaint>tl elliptic~al zone. Furthermore, heads of 
spermatozoa observed in profile showed the lightly staining anterior portion, the 
ui~stainecl zone and the relatively (lark posterior region. The nevk did not stain. 
whereas the entire tail showed a faint positive reaction which became only 
slightly perceptible to~vard the distal entl of the main-piece (fig. 1 2 ) .  Seminal 
plasma did not s11on- a reaction with this method. 

Periodic acid-Sckiff veaction. The acrosonir gavcL a weak rc.action with the 
Schiff reagent after oxitlation with periodic at id (fig. 13).  There wa.; no tlif- 
ferencse in thc reac~tio~i of prc>paratious treated ~ ~ i t h  saliva or extracted with 
heated methanol ant1 t.hloroform mixture ant1 that of untrc~ated cchlls. i~ldicating 
absence of both glycogen ant1 glycolipid. 111 atldition, a iii~~c.opoly~ac*charide does 
not appear to be co~ic*crnetl in the reaction h(.c.ause of the absenct. of metachro- 
matic. reaction with tolnidin blue. A slight positive reaction was obtained with 
semiilal plasma. Thr cytoplasmic. clroplet occasionally folmd in varying posi- 
tions on the tail also garr  a c.onsi.;teiitl~- strong periodic* acid-Stahiff reaction 
(fig. 13). 



(;lycoqeit. The prescxnc+r of glycogeli in borinc' spermatozoa rould not be 
de~i~onst~.ated by either thcl Baurr-Feulgen or pc,riodic, ac*icl-Schiff reaction. 

8ch if plnsnial 9.cnctio,t. lZovine spermatozoa tlitl not stain ~ r i t h  this pro- 
cctlnre. 

DISCUSSIOX 

I'hospl~ata,.s(sc rrc.actio)l.s. 111 this study it was obscrvctd that when sodiu111 
glycerophosphate was used as a sl~hstratc a t  pII  5.0 the post-nnclear cap pave a 
niore intense rractioo than thch acrosome, wherras a t  pII !).O the reverse was true. 
Since there was a retl11ction it1 phosphatase acdtirity with ~vashing, it appears that 
thrse etlzylnc.s are couc.t~ntrated on the snrfaee of the c.1311. IIowevtr, this tloes 
not rsplaill the apparc>nt 1oc:alizations of acicl and alkalincl phosphatase rractions, 
as sho~\.n iu figurt~s 1, 2, 3. 1 ant1 5 .  Since the acrosoine and post-nuc.l(.ar caap 
are of tlift't~ring origil~s, as shown by Gatenby ant1 B e a m  ( 5 ) ,  i t  is likely that 
tllesc~ c.ovt>rings possess dissimilar molc.c.ular constitutions ancl, therefore, may 
exhibit different adsorptive capacities for various seminal co~lstituents snch as en- 
zylncs and snbstrates. I t  is of interest that \i,hel~ sodiuln glycerophosphate was 
used as a substrate at plI  5.0, the neclr gave a positire phosphatasc. reac*t,ion, 
whereas when the satne substrat(. was employecl at pII I1.O there was no lovaliza- 
tion of el~zy~natic. avtivity i.11 this region. 

MacLeod and Snnimersoll ( I  6 )  demonstrated that human spc~rtnatozoa washed 
frrv of srmin;~l plasma coultl not hydrolyze beta-glycerophosphate, glncose-l- 
phosphat,~~, hexose-6-phosphatti and fruc-tose diphosphatc. but could act upon 
adenosi~~cb triphosphate. It was possible to confirin their finding in this investiga- 
tion with a c.ytochcniica1 proct~durtl, as spernlatozo;i showeci a positive reaction 
in the ntlc.k, ~niddle-pievc. and tail when atlenosine triphosphate was used as a snb- 
strate at pEI 5.0. The inlportal1c.c. of this phosphatca in sperm metabolism is sng- 
pc.stecl hy the ~vorlr of Ilardy ef ol. (12),  who reported that epididymal sperma- 
tozoa inc.ubatt>d arrobically c.sterified inorganic phosphate to produce an ester 
which appeared to be ;idenosine triphosphate. 

I t  is~saggc~sted that  the enzymatic activity of bovine spermatozoa on hexose 
tliphosl~hate (frucatose-l,6-tliphosphate) may in solnc way be related to the utiliza- 
tion of fnlvtose by these cc1lls. 111 a study of thr  frucatose content of the semen 
of 36 bulls by Mela~npp ct rrl. (18) i t  was found that the concentration of this 
sugar varied from 60 to 1.070 111~. per 100 1111. of S ~ I I I C I I .  with an average of 510 
~ n g .  per 100 ml. 

Tlrisloc.l;i (21)  observetl in the. case of human spermatozoa a similarity in the 
staining pattern of acid phosphatase ai~cl the deposition of silver by Botlian's 
protargo1 method. This also was obscrmd to br the vase ill the bovinc~, as sho~r-n 
in figart. 12. 

C*ran~'s stain atttl Peitlfjcn renction. Bovine spt.rtnat,ozoa wcw Gram positive 
(fig. 6 ) .  111 some eases \vashcd sprrrn snsl~ensions Tvcre trc.ated with 0.1 Jf potas- 
si11m iodide for 24 to 48 hr. before making smc>ars, t,o stntly thc rffeat of this salt 
on the staining capacity of the cells. It mas obserrrcl after such treatment that 
thr spermatozoa btac.ame Gram negative. S I I C ~  Gram negative sperlnatozoa, how- 
errr ,  sholred a positive Feulpen reaction. This rsperin~ent snggests that the 
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ril)onuc:leic. acitl prt.srnt was (,strac.tcvl by t h ~  potassir~m iotlitle solution, I\-hcbreas 
th(> clesoxyribonuclt.ic. acid renlainecl ill thr ccll. The Granl positive reaction of 
bacdteria ac.cortlinp to 1)uhos (1) is dnr to the ribonuc~l~~ic ;wid prthsc>nt in the. cells. 

[I'olttirli~r b l ~ i e .  Aletac*hroniatic. cwmpo~~c~nts \vercx absent from the' head of 
l )ovi~~e spc.nn;~tozoa ant1 sen~ilial pliisr~~t~. IIo~vevor, \ITislocki (11) obsc,rretl 
i~ietac.liro~~liisiil as well as hlne staining in Ii~unatl se~ninal plas111a. 

Lipids .  Vsil~g Sutlan blavlr 1% for lovalization of lipid, a positive rtbaction was 
obtained in the ~ilitltll(~-pioc~t~. It sho~lld bth pointed o l ~ t  that IVisIo~ki (21 ) ob- 
servc.tl a spiral arr.ang?.c,lllcJnt of lipid 111ilterii~l in the nritltlle-1)iec.c. of h11111an spcJr- 
Inatozoa, whereas in the, SRIII(> region borint. spern~atozoa hat1 a Inor(. luiiforn~ ap- 
pcarant.e (fig. 11.) lii~lrer's ac.itl hematc~in prort~tl~irc~ \\.as r~setl for the loriiliza- 
tion of phospholipids ;is this luethotl is c.onsitleretl specdific. for this type of lipitl. 
I3aker (1) observetl the prtbsencr of phosptiolipitl in the middle-piece of the 
mouse spennatozoii~l a ~ ~ t l  \I~i;.ilocki (21)  c.onfirn~t~(l this fillding all(\ r(>porte(l a 
similar localization in h111nan sper~~~i i to~oi l .  12ovi11cl sperlnatozoa also sho~vecl thc 
same retlction for phospholipitl, as shown in fignre !). 

Periorlic acid-Sclt i f  rcwctiorr. This 111t.thot1 was tlt~vrlopetl hy J1t.RIan11s (17)  
ant1 1atc.r critically rralnatetl fro111 a cIi(~mic.al stantlpoil~t by IIott*hkiss (11). 
Acc.ording to Ileblond ( U ) ,  nnder the conditions that t h t~  nic>thod is used, it is 
likely that th(> substances tletec.ted arc, ( a )  glyc.ogrn, 1vhi~l1 ]nay be renloved fro111 
preparations by hydrolysis with salivary amylase. ( b )  11111copl.oteins ant1 ( c )  
s~~c.h i~iucopolysacc~haritlrs as ~nucoitin s~~ lphur i c  acid, heparill and hyaluronic: 
a:itl. Gersh ( 6 )  has obstv-ved the presencae of a glyc.oprotein ill the Golgi ap- 
parat,us of intestinal c~pith(~liunl 1v1iic.h gave a positive reacdtion. 

111 thv present invrstigation a ~veak positive. reat.tion was observed in the 
arrosomt. of ejacwlatc.tl spc.1.11i with thc. Schif reagent after periodic: acid oxitla- 
t i  ( f i g  I ) .  This rc.action probably i s  relat.ed to siniilar staining observed in 
preceding tlc~velopmei~td stapes of this <*ell. In a study of this reaction in bull 
testes, it  \\-as observed that the cyt,oplasm of the interstitial t~cllls, walls of blood 
vessels, 1aint~ll;lted t:onnectivc. tissne and basement membrane of the seminiferous 
tllbules gave a positive. periotlic acdid-Svhiff reaction. Within the seminiferons 
tltbules the vytoplasni of Sertoli's (.ells gave a positivt. reac*tion. The clevt.lop- 
nient of thr acrosonie was trac.c.d hacbk as far as t h t~  s p e r n ~ a t o ~ y t c ~  where prriotliv 
acid-Svhiff positive inaterial \\-as fo11nt1 to oc.c.11r in the region of the (iolgi ap- 
paratus. 

The c.ytoplt~sn~ of the spern~atitls pave a positivr reat.tioii and the acroblast 
\\.as dist,inctlp visible as a bright rc~d bead. S~tbseq~~ent,ly, this bead spread over 
the nnc.lms to form a t h i ~ ~  vap (a~rosome),  as described in 111~11 by Gatenby and 
Beams (5) .  This reac.tion showed that this cap c.ort>red the anterior two-thirds 
of the sperm head in accordance with the findings of Leuchtenberger and 
Schrader (14) for the bnll. The prcsent:e of the periodic acid-Schiff positive 
bead and its spreading o w r  the nncle~is was con~parable to that rc~porteci for the 
rat by Leblontl (13).  Dllring the formation of the acrosome, there \\*as an 
(,longation of the nncl(~ns and the cytoplas~ii passthd towart1 the tail. This capto- 
plasrnic inass carried with it the excess periodic acaid-Schiff positive granules and 



fortnrtl tht. so-c*all(,tl protoplasn~ic. droplc.t, as sho\vn in fignre 13. It a p p a r e d  
that the a ~ i i o ~ ~ n t  of positiv(1 n~attsrial protlncetl by the cell was in r x c ~ s s  to that 
needed for tht, protl~~cdtion of the ac*roso~nc ant1 this exc.c,ss was discharged ill the 
extruded cytoplasn~. Experin~eiltal resnlts of Lcuchtrnhc'pt~r and Schrader (14) 
indicate a possible relationship b(.twcea the hyal~~ronit l i~sr  ant1 the periodic avid- 
SchifT positive material of the acrosome. 

1<y using acc.rptchtl c.ytovhc.lnir.itI tcchniclut>s thcl follo\ving reactions \Irere ob- 
sc.rvcltl in bovinc, ~l)erllliito~oii : Avitl phosphatase was prcBsent througho~~t  with a 
slight rcvic~tion in thcl c.clnatorial scyn~ent when sotl i~u~l glycerophosphate was 
usc~tl as a snbstrat:~ at pII 5.0. All ial i~~e phosphatnse was presc,r~t, with the ex- 
ception of the ~ieck, ~vlien the same substrate was en~ployed a t  p H  9.0. EII- 
zymatic ac+tivity was found in the n ~ c k ,  ~nitldle-pirce ilntl tail when ;~dcnosincx 
triphosphate was 11setl at pH 3.0. The ocvurrellc.cx of an tanzytne acting upon 
hesose diphosphatch (fructose-1,B-tliphosphatc~) at pII 9.0 \Tiis iiotc>d in the head, 
aerli, inidtlle-pic3c.c. alitl tail. ( + ~ ~ I I I ' s  stain alitl t h ~  Fc,nlgen reac*tion were posi- 
tive th rougho~~t  tlich head, indi(.itting th(' presrnce of both r ibo~~uclt~ic and desoxy- 
ribonncleic acAids. Metacghron~atic. staining was not obtained with tol~lidin blne, 
indicating thc absenc*e of ~~~~~copolysaccarides.  Fat, including phospholipitl, was 
localizetl in tht, ~llicltlle-piect.. The acrosome was charac+terizc~d by a slight posi- 
tire reaction with thcb periotlic acid-SchifT reaction \vhic*h was not due to glycogen, 
glycolipid or ~~~ncopolysacc.haride. Furthermorr, the protopli~sn~ic droplet which 
oc*c.asionally ~vas  ~)rc~s(>nt on the tail g a v ~  an intense reaction with th(> pclriodic 
acsid-Schiff proc.c~dnrc.. 

Seminal plas~ila pare t l i ~  follolvillg rc>actions : Acid phosphatase \\.as positive 
with sotlinni glycerophosphate as a substrate a t  pII 5.0 and alkaline phosphatase 
wi~s characterizecl by a \veal< response with hexose tliphosphate (frl~c.tost.-1.6- 
diphosphate) at pII 9.0. Oram's stain and toltiidi~l blue gave no reactions. 
Baker's ac.id heluatein test for phospholipid was negative, but the colltrol prep- 
i~riitions were cdharactrrized by a bluish-grey stippling and a positive t ~ s t  was ob- 
tained with Sudan b1ac.k B. S o  reaction was obsc~rved with Botlian's protargo1 
mcthod. A slight positive rcwtion was obtained with thr periodic acicl-SchifP 
rri~ction. 
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T H E  INTRACELLULAR PROTELNASES O F  CERTAIN ORGANISMS 
I"R0M CIIEESE AND TIIEIR R E I I A T ~ ~ S S I I  11' TO TIIE I'RO- 

TEISASES I S  CIIEESE1. ' 

I,. E:. BARIRO:{ .\XI> 1.:. hl. FOSTKH 

I)epartirle~rt of Hartrriology, Univrrsit?/ of Wisconsin, Madzson 

111 chvese ripening thc breakdown of casein represents one of the most im- 
portant changes. This breakdown has been attributed a t  one time or another to 
the natural proteinase in n~ilk,  to the proteinases in rennet, or to proteinases of 
microbial origin. I n  recent years new evidence has been presented to direct 
attention to the inicrobial proteinases. 111 stuclying the proteinases of cheddar 
cheese, Petc~rson e t  al. (10) found that the initial enzyme content was relatively 
low but it increased steadily as the cheese ripened. This increase could be pro- 
duced only by ~nicroorganisins growing during the ripenlllg period. 

The predominance of Streptococcl~s lacfis and Lnctobacilllcs cnsei in cheese 
during manufac.ture and ripening has led to the belief that  these species are im- 
portant i n  casein breakdown and would therefore be the most probable sources 
of microbial proteinase. If this is true, the proteolytic enzymes extracted from 
checw should posscss, in some degree, the characteristics of the proteolytic en- 
Z ~ I I I ( ' S  fro111 thrsc. organisms. 

I'rterson ef al. ( 9 )  dt~tcrmined some of the charactclristics of enzyme extracts 
from cheddar cheese. 111 the present investigation a study similar to theirs was 
don(. with c.xtracats fro111 1 -yr.-old chcddar rheese mad(. froni pastellrized 111illi anti 
also with intracellular proteinases extracted from single strains of S. lactis, L. 
casci and llficrococc~~.~ frcr~tlc~ircicl~ii. T11v l;ltt(*r organisin was included because 
Alford ancl Frazier (1)  reported that several strains of this species improl-ed the 
flavor of cheese when they mere added with the starter. Pasteurized milk mas 
used for nlaliing the chersc to avoid complications caused by the natural milk pro- 
teinases and proteinases from a mixture of organisms snch as would be found in 
cheese niadtb from raw milk. 

The characteristics of each of the microbial proteinases were compared with 
those of chctlse extract. By this c~o~nparison it waq hopcd that information could 
bc obtainecl on the role of each organism in casein breakdown during ripening. 

Organisnrs. S. lncfis 171 and I,. rtrsci 112 wc,rca isol;~trtl froin raw-111i1li ched- 
dar cheese. They wrre selected f r o ~ n  a group of :GO isolates of lacdtic. rods aucl 
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cocei bccaust. of their ability to prodnchc the. greatest incr(visc. in nonprotein 
~iitrog(.n (XI'S) for thr  particular specicls when grown in 111il1< containing 
CaCC),,. Thc. streptoc.oc~c*i \vercA ide~ltifietl its S. lactis by thc tlesc.riptions of 
Shrrntan (11) mid Xire11 c t  a,Z. (8 ) .  The l;tvtobacilli wercA itlt>ntifiod by reference 
to Ilrrc.tl r f  al .  (1). A I .  fre1ccle)tvrichii :3% was obtait~cd from Alfortl ant1 
Frazic.r (1) .  

I 'vcparat io ,~  of cltr!jntr ex tracts .  Ilarge (1uantitic.s of (*ells of S. lactis 171 
ant1 I,. cnsri 1-F \\-rrc, obtained by growing the organisnls in carrot-lirer extract 
broth of the follo\ving conlpositio~i: 100 1111. liver extract, 100 ml. carrot extract, 
5 fi. gluc*ose. 5 g. 1i2111'0,, 2.5 g. Difao ~ieopeptone, 2.5 g. 1)ifco peptonizeci milk, 
1 p. l;~c,tose, 0.5 p. T\~eell  80 and 800 1111. distilled watc.r. The cc.11~ of M. f?.c'tsrlen- 
1.rirlrii 32.5 Jvc.rc1 protlnc.etl in a nicdium of the same composition with the excep- 
tion that 1 g. of yeast c3xtract rc1pl;iced the T~v(-c.c~n 80 and lactose. Thr ~nc~dia 
\vc.Ibr. adjnstetl to pII 6.8! dispr~~setl  ill 16-1. (1uantitic.s in pyres cdarboys and auto- 
claretl a t  121' C. for 45 1ni11. 'I1h(1 earrot ant1 1ivc.r c.xtracts \vcArc. prepared. by 
thtl n~rthods descdribed by Barber and Frazier ( 2 ) .  Either pork or beef lirer was 
cxtraeted by heating in at1 autocdlare to 121" C. as rapidly as possible. 

You~ig broth cultures were used for inoculation a t  the rate of 1.25 per cent. 
All of thr  c l ~ l t ~ ~ r e s  7f7ere inc*ubated a t  30" C.. S. lncfis  for 5 to 'i days, L. casei for 
'i to $1 (lays alld .1/. f).rtrtlc)t~eiclzii for 3 days. The cultures were nr~~tra l ized  with 
sterilr 2 S S a O l I  as often as necessary to ~rlaintain a pII  aborr (i.0. 

Tht. cells were collrctcd in a Sharplrs Supcr Centrifuge operated a t  35,000 to 
40,000 r.p.m. They n.(>rc1 ~vashed with distill(>d water by mixing in a lITaring 
blentlor and again col l t~ tcd  in the Sharplrs Super Centrifnge. The washing 
-\\.its rcptaatetl four or fir(. times. The cells ~ v c ~ e  stored a t  5" C .  tlnd used within 
5  tlt1ys. 

Enzynie estracts of A'. lactis I71 ant1 I,. cnsri 1.1'3 wrrt3 prepared as follows: 
C!c.ll pa,te was n~istld with glass glow br~ads at the rate of 1 g. of paste to 20 g. of 
bri~ds. Approxiniately 210 g. of this ~nixtnre were plac.cltl ill  a 250-nil. centrifuge 
bottlr ; the air was rc.plac*ed by flnshing with CO, and t,hc bottle was closet1 with 
a rubber stopper. The niixture was shaken for 15  min. a t  475 strokes per minute 
in a mechanic.al shaker. This disrupted about 98 per cent of the cells. The 
mixture was lrclpt cold, but not frozt'n, with dry ice. After shaking, 2  ml. of dis- 
tilled water pcr gram of cell past,(. were added and the mixture was placed in the 
refrigerator for 24 hr. The extracat then was rt~lnorctl fro111 the beads by cen- 
trifugation. It was kept lulder toluene a t  5' C. ant1 used within 2  clays. 

The eells of J I .  frcndc)/rriclri i  were disintegrated with a Booth-Green mill (3) 
in a cold rooni. One ml. of distilled water was added per gram of cell paste and 
t h ~  mixture was gromnd for 60 niin. The resulting mixture was diluted to ap- 
prosin~atcly 4 ml. per grmn of paste with distilled water. Intacdt cells were re- 
moved by crntrifngation at 3,500 to 4,000 r.p.ru. 

Chrcbse enz~-nle extracats were prepared by the 111ethod of P(~tc~rso11 et  a l .  ( 9 )  
with the follo\\~i~ig exceptions: A 1 : 5 dilntion of the cheese was prepared instead 
of 1 : 10 ancl the extracts were further purific.tl by filtc>ring through coarse filter 
paprr, the11 through a St42 filter to re~nove the bacteria. This filtration was 
ncc.cs.;ar)- to aroitl conta~nination in the rc~action mix t~~res .  Contamination was 



not a pro1)lrlli for 1'etc.rson c ~ f  nl. becawuse thry usetl a short iiic.ubatioii tinie a t  a 
fairly high teiilperat~vc,. 

I-'repcr~.nfion ond nno1,ysi.q of rencfiolz miztlcrcs. Difco sodimn casc.inate prc- 
pared acvorcling to the methotl of Peterson e t  01. (9)  was used as the substrate. 
b'oaiilinp was rc~tlurrtl b -  adding 1 nil. of oetyl alcohol to the mixtore in the 
Warin? blentlor. The cascin suspension was a t l j ~ s t ~ c l  to pl1 5.1. This value 
also \\-as nsetl for the c.omplete reaction inixtnres because it is near the pI I  of t.he 
c.heest1 ;ind also is vlose to thc reaction uscltl by 1'c.terson c~t a,/. 

Tlie inixture c.onsisted of 2.3 1111. of sl~bstrat(,, 0.5 to 2.0 rn1. of enzyme 
extracst, 0.3 1111. of b~~f t ' r r ,  0.5 ~ n l .  of reducing agent, 0.5 1111. of metal artivator and 
0.1 1111. of t o l~~ene .  Thr volun~t. was atljnstrtl to 6.1 1111. with distilled water. 
Unless other~vise spc.c.ifietl, 0.1 11.1 ilcetatc. solution adj~lsted to pII  5.1 was used as 
the staiidarct bufT(,r, 0.1 .lI t+ysteinc~ hydrorhloritlc as the standard reclueing agent, 
and 0.1 JI c.alcil1111 lacatat(. as thr  standard ~t~c>ta l  ion activator in the rcaction 
rnistl~re. Tlie enzy~ne extract stc.amed for 5 111in. was nsetl as a control. 

The reaction mixturr \r-as shaken approxiinately 20 times, then incubated i11 

stoppered tubes tit 30" C.. for 36 hr. or a t  11" C. for 7 (lays. One-ml. aliquots 
were take11 for S I 'S  tletrriiiinations imn1cdi;ltely before and aftrr  incubation. 
An incrcasc in XPN rc.presentcv1 casein hydrolvsis and therefore the anlount of 
protei~~ascl activity. 1)uplicatr determinations mrre made for each reaction niix- 
turv ant1 the rti111es wvre averaged. 

The S I ' S  was detrrniiiietl by precipitating thcx protein with triohloroacetie 
acid and analyzing the protc~iil-frc~e filtrate for total Icjeldahl nitrogen. For  
this purpose, 1 inl. of the reaction mixture was ~iiixed thoroughly with 19 ml. of 
0.3 JI trivhloroacetic acid. The mixture was filterecl through paper and analyzed 
for nitrogen by the c.oloriiuetric nlic+ro-Kjeldahl niethod described by ,Johnson (7)  
with the follo~ving ~~iodificatiolis: After atldition of the acid digestion mixture, 
the samples were plac.ed in an orcw at  110" C. for 12 to 18 hr. to remove the 
excess water. The samples were kcpt in i1 hot sand bath for the necessary time, a.; 
determiiiecl by inspection. Also, the digestion was aidecl by the addition of one 
drop of snpc>roxal per tnbt.. 

Tlie iiiic.ro-Rjeldahl nlrthod was reported by Johl~son ( 7 )  to have a 3 per cent 
error bet~vet~n clnplic.ate sanlples. On this basis analyses showing 45 y of nitrogen 
pcbr sainplr \\-ere considered to have an error of 1.35 7. When calculated on the 
basis of tht. results reportrd here, difftrences of niore than 0.09 mg. of NPN per 
milliliter of enzyme extract were significant. 

The for~nnla for calculating the data is as follolvs: 

11ic.reased SPS i11 y x clilution ~v i th  trichloroacetic 
acid x nil. of reaction mixture - XPN in mg. per ml. 

311. of enzynie extract in reaction mixture x rill. of of enzyme extract 
trichlororoacaetic acid dilntion analyzed x 1,000 

RESULTS 

E f e c f  of temperatuve of rncubation or1 enzynzp ac t i v i f y .  The first characdter- 
istic of the enzyme extracts to be deterinined was the effect of tenlperature on 
activity. Figure 1 sho~vs that the enzyme extract from year-old checldar cheese 
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was most active above 45" C. However, there \\.as a sc~condary optiiiluriz between 
11 and 18" C., showing that there wcre at least two enzymes ill the ch'ese extract. 
By extrapolating the line brtween 30 and 23" C. it can be sho\vii that  the enzyme 
with the higher temperature optiiiium \voal(i have relatively less acdtivity a t  
cheese ripeiiiiig temperatures than would the cnzjule with the lower optimum. 
Therefore, on the basis of temperature, the enzyme with the lower optimum might 
be considered the more i ~ n p o ~ t a i l t  ill casein breakdou~n. 

. Effect  of tc~npernture of incubation on aetirity of tllc protein:lses. 

It shonltl be pointed out that I'cterhon et  (11. (!I, 10) drterniinc~tl prottkolytic 
activity of cheese extracts a t  40' C. With a n~ixture of eiizynies such as those 
present i11 cheese, each having a differt~ilt teluperat11rt. optirnum, the activity 
occurriiip at high tt~mperatnres does not iiecessarily reflect that which occurs 
under chees? ripening conditions. Thcrc,forc. in this study thc activity mas de- 
termiiied a t  both 11 and 30" C. iii most of the experiments with enzyme prepara- 
tions that sho~ved evidence of having two temperature optima. 
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The activity curve for the enzyme extract of L. casei 142 resembled that  of 
the cheese extract in that  both showed a low-temperature optimum as well as 
greater activity a t  a higher temperature. The rapid decrease in  activity of the 
L. casei extract above 37" C., however, shows that  nlzyines from other sources 
were active in the cheese extract. Even so, the similarity in the t x o  curves 
below 37" C. is  somewhat surprising in view of the fact  that  the cheese was made 
from pasteurized milk and therefore would not be expected to contain appreciable 
numbers of L. casei. 

The eiizyme extract of S. lactis 171 was most active a t  40 to 42' C. Thus, i t  
might account in par t  for the proteolytic activity of the cheese extract a t  the 
higher temperatures. The S. lactis extract did not clearly show two temperature 
optima, although after long incubation of the low temperature samples there was 
a change in  the slope of the line, indicating a secondary optimum similar to that  
of the cheese extract. Although the curve for the 8. lnctis enzyme extract does 

FIG. 2 .  Effect of pH of illcubation 011 activity of the proteinases. 

not resemble that  of cheese, it  can be seen that  considerable activity would occur 
a t  cheese ripening temperatures. iM. frez~denreiclzii 325 showed only one opti- 
mum, a t  30° C. Tf large numbers of this organism were present in cheese they 
also might contribute significantly to casein breakdown. Because there was no 
indication of a secondary temperature optimunl, further tests with this organism 
were run only a t  30" C. 

Effcct of pH on cnzynre activity.  The pH of the reaction mixtnrc was regu- 
lated by use of a c*on~posite 0.5 iM acetate, 0.5 M phosphate arid 0.5 -11 borate 
buffer adjusted to the desired pH with 2 -1' XaOII or 2 N H,SOI. The data in 
fignre 2 show the efftlct of p H  on activity of the enzyme extracts a t  11 and 30" C. 
Generally, thwe was little difference between the \ample., incubated a t  these two 
temperatures. It was expectetl that  the two enzymes indicated by the tempera- 
ture optima might have different pI-I optima. This then would be expressed by 
different p I I  actirity curves a t  11 and 30" C. I t  has been found throughout this 
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study, howel-er, that  with few exceptions the characteristics of the c.nzyine ex- 
tracts were similar when incubated at either 11 or 30' C. The data show that 
enzyme extracts fro111 the year-old cheddar cheese were nlost active a t  p11 5.0 to 
5.5. A secondary optimuin for activity ocacurred near neutrality, indicating a t  
least two enzymes basecl on pII  optinla. These data are s i~ni lar  to those reported 
by Peterson et al. (9) .  

B y  contrast, the mic,robial enzyine extracts were most active a t  pII  ~ a l u r s  
near neutrality and only one, S.  lactis 171, sho~ved evidence of a secondary opti- 
mum near p H  5.0 to 5.5. This dissimilarity in the appearai1c.c of the curves for 
the cheese and microbial extracts is difficult to undrrstand in terins of i~ l fo r~na -  
tion now available, but it suggests that cheese inust contain rnzynles fro111 sourc2es 
other than microorganisms like those nsed ill this study to accom~t for the ac- 
tivity in the cheese estracts a t  p I I  5.0 to 5.5. Davis and Davies (3)  reported 
that  rennet contains, in addition to pepsin, proteolytic pilzyines with pI I  optinla 
a t  4.7 and 6.2, which caould account for the enzymes in the rhec.se extract with 
the optimum pI1 in the acid range. I n  view of the results reported here, how- 
ever, this explanation could be acceptable only if it  is assumed that microbial 
enzyines with p I I  optima near neutrality are first forilled in the ?heese but later 
are inactivated during ripening. There is no evidence for this asslunption. 

Peterson et al. (10) rcportcd a low proteinas(. coiltent ill cheose in 
the early stages of ripening, as (.ompared with that  after several ~nonths. From 
their data i t  appeared that  the c~oiitribntion of rennet to casein brealrdown was 
negligible conlpared to that  of the enzymes of microbial origin. Froin the el-i- 
dence, then, i t  must be ass~uinrd that the organisnls which proclrlced the protein- 
ases measured by I'cterson et  al. were different than the ones nsecl h~ this study, 
otherwise the activity would have been greater near neutrality than a t  p I I  5.0 to 
5.5. 

S tab i l i t y  of t he  profeilzascs. For  determination of the p I I  stability, the en- 
zyme extracts were adjusted to p H  values froin 3.4 to 8.6 and incubated a t  30' C. 
for 50 hr. After incubation, the enzyine was i~lixcd with the remainder of the 
reaction mixture containing 0.5 1111. of 1 iC' acetate buffer atljnsted to p I I  5.1. 
The final p H  of the rc.action mixtnre was 5.1 + 0.03. Activity was deterininetl 
at 30' C. The proteinase in each of the enzyme extracts was relatively stable 
over a considerable pI1 range, inclndiiig the p H  values ilorinallp found in checsc. 

The heat stability of the enzyme extracts was determined by heating thein at 
pH 5.1 and 60" C. for  different lengths of time. A heated control, which was 
autoclared for 10 inin., and an unheated control were nsed for comparison. 
Activity was meac;ured a t  11 aiicl 30" C. The enzyme extract obtained froin the 
year-old cheddar chec,se consisteil entirely of heat-stable proteiuasc~, as deterniined 
a t  both 11 and 30" C. (fig. 3) .  The extract of S. lactis 171 inc~tbated a t  11' C. 
also was heat-stable, but the same extract incubated a t  30" C., appeared to con- 
sist of both heat-stable and heat-labile enzymes. The extract of L. casci 142 
sho\vecl heat-stable and heat-labile fractions a t  both 11 and 30" C. incubation. 
The proteinase of ibf .  freudeolreichii 325 was heat-labile. 

These data suggest that t h ~  heat-labile fraction of the inic.robial extracts, if 



ever present i n  cheese, is destroyetl cluring ripening. Further i~~vtahtigations of 
month-old cheddar c.hecse mad11 with a coni~nercial starter sho~v\.c~l that it also (lid 
not contain heat-lahilt. proteinases. I-Iowever, with lots of c.h(.c>scl ill whic.11 0.23 
per cent ~ a c h  of 8. lactis 171 ancl I,. caser 112 werc addrd with the regular czoiu- 

CHEDDAR CHEESE S. LACTIS 171 L ,  CASE1 171 
0.8 - 

IL - INCUBATED AT 30. C FOR 3 6  HOURS 
0 &--A INCUBATED AT I I' C FOR I WEEK 
i 0.7 - 
I 

> 
t ? 0.3 - 

g 0 . 1 -  
r 

0 I6 30 0 16 3 0  0 I6 3 0  0 I6  3 0  
MINUTES OF HEATING 

FIG. 3. Effect of time of heating a t  60" C. on activitv of tlle protcili:~st~s. 

nlercial starter, the product a t  1 ino. contained both heat-stable and heat-labile 
tlnzymes. In  this cheese i t  is evident that  the enzymes of S. lnctis 171 and L. 
casei 142 were detected. However, i t  raises a cluestio~i as to whether the heat- 
labile fraction is ever present normally in cheese. 

E f f e c t  of redlrcing agents om enzyme  act ic i ty .  One-half-1111. amounts of 0.1 i?!l 
solutions of 1-arions reducing agents were added to the reaction mixtures. Ac- 

TABLE 1 

Ef fect  of redttcing agents on  t k c  actzvlty of proteznase\ f rom elrctltlar clrrese nnt? f rom 
n~zcroorganisnzs 

Reducing 
agent 

,None ................................ 
Cpsteine KC1 ............. 
Thioglycollate .......... 
Na,SOs .......................... 
Ascorbic acid ............ 
KCN ................................... 

Increase in  N P N  i n  mg. per  ml. of eilzylne extract a t  tlle 
teinperatures indicated 

S. lactts L. cascz M .  frr~ldenreiclzii 
- -- 

11" C .  30" C. 11" C. 30" C. 30" C. 
-- 

0.22 0.64 0.29 0.34 0.12 
0.54 9 0.45 1.08 0.70 
0.i.5 1.10 0.35 0.99 0.20 
0.49 1.09 0 . 4 2 l . 1 4  0.07 
0.77 1 . 1  0.35 0.63 0.92 
1.02 1.50 0.74 0.94 

- 

t i r i ty a t  pI1 5.1 was measured a t  11  and 30" C. The enzynle extract to be tested 
for activity was prepared without the usual precautions of maintaining anaerobic 
conditions, i. e., without preparing and storing under CO,. Table 1 shows that 
all of the enzyme extracts were activated bj- reducing agents, althongh there was 
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much variation between thc reducing agents with differeilt enzyme extracts. 
Peterson c t  al. (10) noted a greater amount of cysteine-acti~vated protr.iilase in 
raw-milk cheddar cheese than in pasteurized-milk cdheese and suggested that 
cysteinr-activated proteinase was of microbial origin. Judging from the results 
in table 1, the orgariisnls used ill this study cdoulcl have eontribnted to the c+ysteine- 
activated proteinasr f o l ~ n d  in c.h(>ese. 

TABLE 2 

Effect  of  bwffers on the activity of protrtnases froin clreddar clrcrsr and from ?r~icroor,qa?ris~~~s 

Jnrrease in N P N  i n  mg. per ml. of ellxglne cstrardt nt  the 
temperatrtrex indieatecl 

. - -- - -- - -- - - - - - 
Buffer Cl~cese S. lactis Tz. caa.sei M. frritdenrrirlrii 

-- - -- -- -- 

11" C. 30" C. 11" C. 30" C. 11" C. 30" C. 30" C. 
-- - - - - . - - 

Acetate 0.39 0. i4  0.39 0.70 0.51 1.44 0.44 
Phospha 0.29 0.69 0.31 0.65 0.31 1.02 0.68 
Phthalate . . . . . . . . . . . . .  0.15 0.48 0.34 0.61 0.4i 0.93 0.70 
Citratr .......................... 0.24 0.51 0.32 0.51 0.59 0.97 0.53 

- .- 

E f f e c t  o f  b ~ ~ f f e r s  011 e)lrynte actiubty. Several compounds TI-ith buffering 
capacity near p H  5.1 were tested for their effect on the enzynle extracts. One- 
half nll. of a 0.1 M solution of the bnffer adjusted to p H  5.1 with 2 N EI,SO, was 
added to the reaction mixture. Activity was deternlined a t  both 11 and 30' C. 
Table 2 sh01r.s that  acetate gc,~lerally was the best buffer, escaept for thr  rhnzynle 

TARLF: 3 

Bffect  of nletal ions on the activity of p~oteinases frovl cl~etldur cllrcse and from ~i~icroorgarrisn~s 
- - . - . - - - -- - - -- - - 

Increasr in NPN i n  mg. per ml. of enz?-me estr:~ct a t  tllr 
tc.nlprrature in~lir:tte(l 

Metal - -- 

ion CIleese S. 1acli.s L. c-asei M .  fre~tdenrriclrii 
-- - --  -- ~- - -  

l o  . 30" C. 11" C. 30" C. 11" C. 30" C. 30" C. 
-- - . ~  - -- -- -- 

S o n e  . . . . . . . . . . . . . . . . . . .  0.31 0.49 0.24 1.13 1.04 0.85 0.57 
Cat- ................................. 0.28 0.54 0.28 0.92 1.06 1.01 0.53 
Mnti ............................... 0.23 0.43 0.20 0.92 O . i O  0.78 0.45 
Mg++ ......................... 0.31 0.51 0.10 0.63 0.61 0.81 0.54 
Cu++ .............................. 0.35 0.31 0.21 0.96 0.37 0.45 0.12 
Zn++ ..................... 0.29 0.46 0.04 0.83 0.76 0.71 0.08 
Co"* ........................ 0.31 0.51 0.11 0.99 0.67 0.92 0.55 
Fe+- .......................... 0.32 0.52 0.19 1.02 0.96 0.82 0.54 
Fet+* ................ 0.30 0.52 0.30 0.80 0.99 0.54 0.54 

-- -- - - - - - - - - - - . . - - 

extravt of -11. fre?ldenreichii  :32.5. For  this organism, phosphate and phthalate 
appeared to be superior. I'eterson r t  01 .  ( 9 )  also fouild acetate to be the most 
effective, buffer for caheese estracAts. There was 110 consistent difference between 
the samples of the enzyme estrac.t\ incubated a t  11 30" C. in so f a r  as their 
activity in the different buffers is concerned. 

Effect  of nzetal i o ~ l s  on cnzynbe activit!y. Preparations of the enzylne ex- 
tracts were tested for activation by different metal ions. One-half-ml. amounts 



of the follo\ring solutions were used: 0.1 M Ca(C3H50,), . 5H,O, FeC1,. 6H20, 
FeSO, . 'iH,O, IfnSO, 4II,O, MgSO, 'iII,O, and ZIISO,. 'iH,O, and 0.01 M 
CuSO,. 5I1,O and CoCl,. Activity a t  plI 5.1 was determined a t  11 and 30" C. 
For  the most part, the ~netal  ions either had no effect or were inhibitory (table 3) .  
I n  the initial trials, which were made with I,. cnscji extract, ealciu~n was slightly 
stimulatory; hencae it was used in the standartl reaction mixture. There was no 
consistent difference between samples incaubated a t  11 and 30' C. in so far  as 
their activity in the presence of different metal ions is concerned. 

The sodinnl salts of the anions chloriile, sulfate and lactate had no effect on ac- 
tivity of the enzyme preparations. 

Effect of r c n ~ t c t  p1lt.s nzicrobinl c)tz!jntr.s ort cascitt brcnkdotun. Davis e t  a l .  
(6) showed a much greater increase in nonprotein nitrogen on prolonged incuba- 
tion of cultnres of lactic bacateria in ski~tnnillc c*ontaining sterile rcl~~nrt  than in 
similar cultures without rennet or in the millc containing rennet but no bacteria. 
Their resnlts might be interpreted in either of two ways: ( a )  that the products 
of rennet action sti~nulated growth of thc lactic acaid bacteria, thns (&ansing more 
bacterial enzymes to be proclnred; or ( b )  that the b:tc.trrial enzynlcls relra.;ed on 
autolysis acted more readily on the. proclucts of rc>nnc.t artion than on the whole 
proteins of the milk. I%oth of theso expl tu~at io~~s  havc bee11 atlvanc+rd f ro~n time 
to time to account for the protcbolytic. activitirs oc.c.urring in vheescb. Th(3rc. is no 
doubt that the first can be trne, bnt, as far  a.; is known, there are no published 
results of criticaal experiments done to test the sec.ond. Tf it is trne that the 
products of rennet acation are nlorc. suitable sllbstrates for protrinascs of the 
lactic acid bacteria, thrn greater (.aschin breakdo~vn should result with a mixtnre 
of rennet ( A )  ancl microbial enzyme (B) than the slun of their separate actions. 

To test this possibility, t h t~  arnorlnt of c.a.;rin degratlation products formed by 
a mixtnrc. of A and 13 w;ts c.o~nparetl with the slun of the prodncts formed by the 
same concentrations of A and 13 tested srparatrly. The protlncts were mc.asured 
as trichloroacetic acid-solublr and as arrtir ac.id-soluble nitrogen. Activity a t  
pH 5.1 waq nleasnred at 11 i~11d 30' C. TJsing c~aeh of the microbial enzyme ex- 
tracts as B, i t  was observed that a mixture of A and B, without exception, caused 
no more casein breakrlown than the total for A and R determined separately. In  
fact, the value for t h ~  ~ n i x t ~ ~ r r  was always slightly less, although the difference 
usually myas not significant. This was true whether the products were measured 
as trichloroacetic acid- or as acetic acid-soluble nitrogen. Thus, as far  as the 
organisms used in this study are concerned, the product? of rennet action are not 
a more suitable substrate for the bacterial protcinases than is casein. 

DISCUSSION 

It is too much to hope that a study of this type with only three strains of bac- 
teria could explain the complex proteolytic changes that occur in cheese and the 
role of barteria therein. The proteolytic activity in rheesr is the result of the 
action of several enzymes. Not only are these from different sources, such as 
rennet and a variety of microbial species, but also from each type of organism 
may come an entire system of proteolytic enzymes. With such a mixture, the 
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activity resulting under a given set of conditions niay be such that  certain en- 
zymes, if not denatnred, are relatirtaly inactivt,. Therefor(. any coinbination of 
temperature, pI-I, buffers, reclucaing agents, nletal ions, etc. selects those enzymes 
whose activity is measured. At  thr  present state of kno~vledge it is i~npossible 
to duplicate in the test tube under c.ontroll(bc1 c.onclitions the environmet~t that 
exists in cheese. Complic.ating any attempt to tlo thi\ is the fitcat that the en- 
vironment in cheese changes fro111 (lay to day. 

Even though i t  is simple to c.ontro1 the tc.~nperaturc., pII, buffers, reducing 
agents and other ingreclic.nts of an clnzymr, rrac.tion ~nixtnre in a test tube, there 
are other factors not so easily controlled w1iic.h may bcl important in regulating 
the activity of specific. enzymes in caheesc,. lqor example, the prodncts of one 
enzyme may become the. snbstrate for another, resulting eventually ill the. (.om- 
plete breakd0w.n of casein to amino acids and annnonia. 

I n  this study there was considerable similarity between the c.haracteristics of 
the cheese enzyme extrac*ts and thc ~nicrobial cxtracats. A11 of the microbial ex- 
tracts were fairly active at the nornial tc,inptlriitl~rtl of vhec.sr ripening. They also 
resembled the cheese extritvts in that they \ ~ ( ~ r ( .  affec.tc~cl by the same bnffers, metal 
ions and reducing agents. 

There were, howc.ver, two miljor differenc,c~s h~twoc~n the clieescl extravts an(1 
those of the organisms. These differences were in th(. p I I  for opti~nunl activity 
and in the heat stability. Fro111 the pII-ac+tivity curves (fig. 2 ) ,  a large part  of 
the proteinase extracted from the cheese apparently did not cdome from organ- 
isms like those used in this study. If i t  had, thc cheesc extract wonld have been 
more active near p H  7.0. Tberr are two possible sonrcLes of the enzymes   no st 
active a t  pI I  5.0 to 5.5. One is rennet, t h ~  other is organisms similar to those 
used here but whose proteolytic el1zymc.s have lo\vcr pI1 optima. Tarnanen (12) 
showed that extracts of Racteritinz casci were 1no5t activca a t  about pI I  6.0 whm 
incubated a t  42' C. This is slightly lo\ver than the optinnnn shown by L. casei 
extracts used in this study (fig. 2 )  but still is not low enonph to account for the 
optimum of p H  5.0 to 5.5 po~sess(~d by the cdhrc~sc~ extrac.ts, c>ven if it  were assu~npd 
that  1;. casei grew in the cheese made from pastrurizc~d ~nillr. VThether there are 
other lactic acid organisms whose, enzyme extracts show lower pI1 optima is 1111- 

determined. It should be empha\izccl that the resnlts of this study rtlprcsent 
only two strains of the laptic* acid bacteria that generally are considered to fnnc- 
tion in cheese ripening and a strain of a illicrococczcs species that has bee11 s11g- 
gestecl as a possible agent in flavor prodnc.tio~l during ripening. The latter or- 
ganism is not comn~only present in largc n ~ l ~ n b e r s  in cheese and ~voulcl 11ot be 
expected to have much fnnrtion in protein breakdown. 

It also is possible that  organisms s11c.h as those used in this study grolv in 
cheese and release their enzymes, whicah are acative for a period of time and then 
are inactivated. This would leave the enzymes from rennet as the maill pro- 
teolytic agents in an old cheese-provicling they were not also inartivated-a11d 
could explain the low pII  optimum observed for the extract of the year-old 
cheese used in this study. Experiments with cheeses of different ages might 
confir~n or deny this sngpestion. I t  shonld be re-emphasized that the extracts of 
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the organisi~is used ill this study were relativel?. stabl(~ a t  the p H  of cheese for a 
period of 50 hr.  a t  30' C. S o  illforillation is available, however, on their stability 
over a period of ~ ~ r c l k s  or months. 

Although the telnperat~ire curve for cheese extract indicated the presence of 
a t  least two enzynles with different temperature optima, the differences in  pH for 
optimum activity, pl1 and heat stability, and other characteristics on incubation 
a t  11 and 30" C. Tverr slight. This likewise was true of the extract of L. casei. 
I t  is difficult to c.oncrir~ that  the properties of two enzymes with widely separated 
tc~niperature optima would be so inuch alike in other characteristics. Unfor- 
tunately i t  is iinpossiblr a t  this stage of investigation to state with certainty what 
part, if any, S. lactis and L. casei play in casein breakdown during ripening of 
cheddar cheese. Perhaps further viorB with other strains of these organisms and 
with cheeses of different ages will help to ans~ver part of the questions that  re- 
main. 

Some of the results of this study are difficult to reconcile with those of Peter- 
son e t  al. (10).  The large increase in the proteinase content of cheese that  these 
investigators reported could be caused only by growth of microorganisms. Since 
they made their a c t i ~ i t p  tests a t  40' C., however, the increase that they measured 
may bc of less significance than ~vonld be inferred fro111 their results. Proteinase 
analyses of 15 samples of cheese varying in age fro111 1 to 2-1 mo. \\.ere iilade in 
this laboratory by following their method closely. The values obtained were 
only about one-tenth as high as the ones they reported. Also the inrrease in pro- 
teinasr content of cheese up  to 8 mo. of age was considerably less than they re- 
ported. It appears that  further studies with other cheeses are necessary to ex- 
plain these differences. 

SUMMARY AND CONCLUSIOPI'S 

Some of thr  characteristics of the intracellnlar proteinasrs of one strain each 
of L. casei, S. lactis and LM. freicdenrcickii were determined. The characteristics 
of the microbial ei1zymt.s were conlpareci with those of the proteolptic enzyines 
extracted fro111 a J-ear-old cheddar cheese. From this 'o~nparison it was con- 
cluded that the organisms useil i n  this study possrssed enzymes which could ac- 
count for only a part  of the proteinasrs found i11 the cheese. Enzymes froin other 
sources are necessary to account for the remainder. It is suggested that  rennet 
may provide par t  or all of the other proteolytic enzyrnes. 
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OBSERI'ATIOSS ON T H E  TACTUAL FLAVOR QIrALITTES O F  
HEATED MILK1, 
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illally of the off-flavors of l~lilli have been given coinprehensive study. HOW- 

ever, the literature pertaining to tactual flavor defects of beverage nlilli is lim- 
ited. Interest in this subject has increased inaterially as a result of the armed 
forces' unfavorable experieilce with reconstituted dry  milk during '\ITorlcl War  11. 
The tactual flavor qualities of this prodnct have been characterized by the terms 
"chalky," "rough," "powdery," "astringent," etc. A similar defect may be 
noted consisteiltly in evaporated milk. According to Trout (4 ) ,  homogenized 
milk occasionally is criticized as being chalky. Such a defect seems to be rarely 
encountered in fluid raw or pastenrized milks. 

Prelinlinary observatioiis have suggested that  heat treat~lient of inilk is a 
principal factor i n  the development of tactual flavor defects (2). The purpose 
of this study was to investigate the significance of heat treatment and to deter- 
mine if possible what milk constituents are involved in production of s11c.h tlefects. 

EXPERIMENTAL 

S a m p l e  prcpnrat lon:  Fresh raw milk, adjudged to be of good quality, mar 
securetl each inoriling of the day tasting sessions were held. Ti1 order inore or 
Irss conipletcly to de-fat the inilk, it  was separated in a 1)eLaval E 19 separi~tor 
a t  a teniperatnre of 30" C. The various samples for tasting were made from the 
raw sliimmilk as follows: ( a )  Rnw .skimn~ilk: KO further treatnlent. (b )  Itrclu 
w h e y :  Raw skinlnlilli mas set with rennet a t  the rate of 4 oz. per 100 gal. of sliim- 
milk a t  a te~nperatnre of 30' C. The curd was cut after 30 min. ant1 heated for 
an  additional 30 inin. a t  46 to 48" C. to expel the whey. Follo~ving this, the whey 
was drained off and filtered through a Bnchner filter with vacunm, employing 
no. 1 filter paper. (c) l l c a t e d  skimnzilk: Raw sliiinmilk lyas hratecl iiioinriitarily 
to 95" C. in a Pyres  beaker over a direct flame. To prevent " burnilig-on," a 
mechanical glass agitator with adjustable speed was usecl. Time to come up to 
temperature was standardized a t  approximately 12 min. The sample v a s  cooled 
illlmediately to 20" C. by means of a water bath. Further cooling JTas accom- 
plislied in a refrigerator. (d) Heated  w h e y :  Raw whey Fas  processed using the 
same procedure as for heated skimmilk. (e)  Cen t r i f uged  Frenfed skivnnzilk: Raw 
skililinilk was heated in the usual manner (95" C.).  While still hot, the sliim- 
milk was clarified by passing i t  through a Sharples super-centrifuge a t  35,000 

Received fo r  publirntioll Aug. 23, 1951. 
1 Portions of this rese:rrcli were y e l f o r ~ ~ i c ~ d  by the autl~orq ~vliilc ill resi~lenctl at  the Dniry 

Tecll~~ology I)ep:lrtment, Ohio S tn t r  University, Colum1111s. 
2 Authorize11 fo r  publication ns paper no. 1683 on Augi~s t  8, 1951 in the Journal  Series of 

Tlie P e l ~ l ~ y l s : ~ n i a  A g ~ l r n l t u r : ~ l  Exlicr l~ncl~t  Statior~. 
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rpni. Follo~ving clarification, the slrinnnillr \\-ils c.ooled iilllnctliatc~ly in a \vatel. 
bath to 20' C. and further cooled in a refrigerator. ( f )  Centrif'rcgetl hcatrrl 
to l~cy:  Ram whey \yas heated and ceiitrifugccl according to the proceih~re tlr- 
scribed for ce~itrifuged heated skimmilk. ( g )  Thirty-min. centrifuged heafcrl 
skin~tuilk: Treatiiient was the same as for centrifuged slrimmilk, except that a 
batch centrifuge bowl was used and centrifuging a t  35,000 rpm. was continl~c,tl 
for a period of 30 ~ l ~ i n .  (11) Thirty-win. crnfrifuged lteatcrl tc~Ac!j: This pro- 
cedure wa.i thc hanit. as for 30-inin. centrifnged, heated skimmilk. 

Tasting procedtr~e: The tasting was performed by five trainctl ohservcrs. 
Tasting sessions \\-ere held from I! to 5 p.m. During the period of the taste 
tests only one observer' a t  a time, a person to present samples and a data re- 
corder were permitted in the room. The length of the taste session for anp 
one 0 was limited to 30 min. and the number of prese~itatioiis to 24. While 
tasting, the 0 would sit relaxed in a chair. The samples \\-ere nlaiiitainecl a t  
37' C. i n  a constaiit temperature bath ont of sight of the 0 .  All samples were 
tasted by the 0 without knolvledge as to sample makeup or treatment. Each 0 
was instructed to give "a complete qualitative description" of his taste re- 

TABLE 1 

Il'nrtval flator rrspon.ses to  skimmilk and its rrnnet .tolre?la 

Flavor Raw Raw Heated Heatcad 
response ski~~~milk whey ski1111nilk wl~ry 

- A 

(%) (%) ( % I  ( % I  
Rough ......................................... 15.5 5.9 42.2 57.0 
Sliglltly rough ............................ 19.3 28.2 20.0 17.8 
Smootl~ ..................................................... 28.1 22.2 8.1 5.2 

-- - 
a 13.5 presentations of e a r l ~  namplc trc:~tmc'~lt.. 

sponses to each sample. The samples wcre prc~scntcd using the aspersion tech- 
nique. Essentially, this consisted of drawing u p  :3 ml. of sample into a 3-1111. 
pipette by means of an  attached rubber bulb, then spraying the sample onto the 
anterior two-thirds of the 0 ' s  tongue. Cool tap  water was used for the purpose 
of rinsing the mouth. The samples were presented in random order. 

RESULTS 

Although gustatory and olfactory responses to each sample presentatioil were 
recorded, only the tactual responses are presented here, since these are most per- 
tinent to the present study. I n  addition, the term ' L  rough" has been used 
throughout to denote the many terms used to characterize the tactual defect(s). 
Although this term may oversiniplify the phenomena involved, the purpose has 
been to make a clear contradistinction to "smoothness." 

The tactual flavor qualities of raw and heated skimmilk were compared with 
those of raw and heated whep. A compilation of results pertaining to these es- 
periments is presented in table 1. I t  will be notecl that the total of tactual flavor 
responses for any sa~nple reported in tlie tables does not equal 100 per cent. 

ITereillafter referrcd to as 0. 
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This resnltod from failure of the 0 ' s  to report tactual obsrrvatio-is after every 
sainple presentation. Th'sc. data clernonst,riitc~ that heating slrinlinilk or rennet 
whey sanlples nloinentarily to 93' C. nlaterially increases the m~nlber of rongli 
taste responses to s1ic.h samples and lowers the number of smooth responses. 
The data also infer that casc~in does not contribute to this heat-generated flavor 
defect. 

The heating of rennet whey was observed to produce a considerable a ~ n o ~ l n t  of 
precipitated material. The possibility that this inaterial eontrib~rtcs to the 

TABLE 2 

Tke effect of rr~rtf'ifngafioi~ on tlrr tactctal flavor grtalrtirs of licated tclieya 

Flavor 
responnc 

- -- 

Raw Heated 30-min. 
C(,lltrifuged relltrif uged 

~vhey whey lleatecl wl1e?. heated wllov 

(%I (70) ( %  (%) 
Rough ............................................. 0.0 66.7 --.- 09 9 8.9 
Slight1)- rough ............................... 11.5 8.9 30.0 30.0 
Smooth ................................................ 41.1 3.3 11.1 20.0 

a 90 presentations of each n:~ml)lc trratmel~t. 

tactnal flavor defect was invt~stigated throngh the effect of its rclnloval by super- 
centrifugation from heatctl whey. The data in table 2 clearly reveals that  the 
floeculatctl inaterial in heated whey contributes to roughness of the proiluct. 
Clarification alone signifirantly reduced the number of rongh responses and in- 
crrast3d the number of snrooth respol1sc.s to the heated whey. This trend was 
amplifiecl by batch c~c~ntrifngation of the whey for 30 mill. 

111 order to ronfirn~ further that the flocculated material from heated whey i~ 
responsible for the til(.t~lal flavor defect, residue deposited on the centrifuge bowl 

l'h(. cffrct of iarorporflti~r(~ centrifrcge rrsidrlr from heated zrlrc!l 11cto raw 1c.1rey ctl?o~r cts 1rrc.trtnl 
j'lacor qetalhtiesp 

-. - 

Flavor Raw ITcated C e ~ ~ t r i f  uged Raw whey 
plus respo~~nc whey \vl~ey 

residue 11(.:1trtl whey 
.- 

(%) ( % )  (%) (%) 
Rough ............................................. 0.0 76.6 80.0 23.3 
Slightly rough ........................ 53.:< 6.7 0.0 26.i 
Smooth ................................... 36.7 0.0 0.0 3.3 

-- ... 

a 30 presel~t:~tio~ls of o:teh s ;~n~plc  treatmelit 

from heated whey was redispersecl in raw ~vht.?.. Tactual responses of the taste 
group to this and related samples are given in table 3. Thrse tlatil also show the 
heat-coagulable whey constit~ients are of primary in1portanc.e in the tactual 
flavor defect. Raw whry to which no c.entrifl~ge residue hat1 betbn added elicited 
few rough ancl a considerable nuniber of smooth responses fro111 the taste group. 
Raw whey containing the centrifuge rrsiclne was distinctly rough tasting and 
produced no smooth rtasponses from the group. An additional trial ill which the 
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centrifuge residue from heated whey was incorporated i n  raw skinnnilk gave 
results essentially the same as those obtained with raw whey containing the 
residue. 

The question arose as  to whether srtbstances responsible fo r  roughness could 
be relnoved from heated skimmilk i n  the sanle lnallner as  was fotuid possible with 
heated whey. It may bc seen from table 4 that  the substances responsible fo r  

TABLE 4 
2'be cffcct of eentrifrt~~aliow oir tlre tacfrtal JInz'or qualities of heatrtl ski?irii~ilka 

Flnror 
response 

R:lw He:ltctl Centrifuge11 30-min. centri- 

ski~~llliilk skinl~nilk lientc,(l fuged heated 
skimmilk skimmilk 

(%) ( % I  (%) (%) 
Rough 3.3 50.0 40.0 '76.7 
Sliglltly ro11g11 30.0 10.0 20.0 26.7 
Smootll 80.0 0.0 0.0 3.3 

roughness arc. llot nearly so reaclily removed fro111 lieatetl s k i n ~ l ~ ~ i l l i  as from 
heatccl ~r-hey. Crl~tr i fuging the heated skinlinilk for  30 ~ n i n .  (lid not ~na t (~r ia I ly  
r e t l ~ ~ e e  the aumbrr  of roltgh P ~ S ~ O I I S C S .  a l thol~gh the elatil indicate tlie tlcg~.ce of 
rongh~less was dimi~iished. As suggt,stetl previously (:$I, cdiisein appcXars to be- 
have in the lnan l~er  of a protective colloid toward the 11cli~t-c:oagnlable ~ r l i ( ~ y  pro- 
teins. This may ac.c.ol~nt fo r  the observed clificulty ill r (~n~ovil lp  the s ~ ~ b s t a ~ ~ c c , s  
rc.spol~sible fo r  rol~gl i~lcss  from heatrtl ski~~rniillr. 

This st11~1y has not cstilblishrd the prccgisc idcntity of the heat-coagulable sr11)- 
sti111(*(~~ from whey ~rhic.11 ar(, responsibl(~ for  tlic tactual flavor ctefect of hcatcxcl 
rnillr. Ilo~vc~ver, recent rclscai-ell (1) has intlieated that  both the serum protrins 
alttl 111il1i ~ i i l t ~  1i1ay be i11volvc.d in  the pheno~ncnon. 

Fivv c.sl)c1rienced tastc obsc.rvers were usetl to investigate ti1vt11a1 flavor 
c.hanpc~s i~l t l~~c*et l  in  ~ni l l i  1)\- ~~lonlcnt ; t~-y heating to 95' C. Such licat treatment 
of milk inc.rcwsecl ~nater ial ly  thc nlullber of "rol1g11"-"chalky" type. of taste re- 
sponses elic.itc.tl by the proup a ~ l t l  lorvered the n u ~ ~ ~ b c r  of "smooth" responses. 
I reat  coaguli11)lc sttbstancrs from the 1~11ey portion of inilk w1re  f o ~ ~ n d  respon- 
sible fo r  t h r  flavor c1efrc.t. Thclsc: sttbstances may be removrcl rather rradily 
from 1ieatc.tl nhc>)- by supercentrifugilig. I Io~vevrr ,  they are  not ~.cbadil,y recov- 
crccl from heatetl skinilllilk. appitrc.ntly because of protective colloid a ~ t i o n  by  
VitS(?lll .  

7 7 Illis paper rcbports research untlertt~lren by The Ohio State  University lie- 
sc~;~rc*l~ Fouildation ill 'oopcration with The, Quartermaster Food ancl C'ontairlcx- 
111stit11t~ for  the Ar111rd lgorces ancl has been assigned m ~ m b e r  332 i n  the series 
of lxtpc~rs approved for  pnblication. The views and  conclusions contained i n  
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this report are those of the authors. They are not to be construed as necessarily 
rcflecti~ig the ~ i e w s  or endorsements of the Department of the Army. 
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FLUORESCENCE AND ASSOCIATED CIIASGES PRODUCED UPON 
STORAGE OP' EVAPORATED 1IILR1 

H. D. SIMOSSON .\SD S. 1'. TARASSUIC 

1)ivision of Dairy Indrtstry, U n i v e ~ s i t ! ~  of Cn l i f o~n in ,  Davis 

The browning and fluoresveiice cl1arac.teristic.s that develop upon sterilization 
of evaporated mill< hare been cliscussed by the authors in a recent publication 
( 5 )  IIere it wah observed that many of the associated changes, such as produc- 
tion of COL, consmnption of 0, and incrrase in color, continue (luring storage. 
011 thr bzt~is of analyses of aged sa~nples of evaporated mill<, it  appeared that 
fluorc>\c2enc.c. also c.ontinnes to increase during storage. I'earce ( 3 )  and Olcott 
ant1 1)ntton (1) have indicated that this is true in the case of storcld driecl eggs. 
Pearvr ( 4 )  stated that milk powder samples showed an  increase in fluorescence 
upoil storapcx ant1 that fluoresc~ence meas~~remetits hiivc> been used to fiiw an in- 
dicdation of the storapt. history of wheat germ (2) .  The behavior ancl separation 
of the flnorrsc.ent matc.ria1 appear to vary somewhat with tliffrrc~nt produc4ts. 
Stutlies 011 eraporatc.tl ~nilli have shown that enzymatic hydrolysis of the separated 
protein material is the   no st satisfacdtorg method for releasing fluorescence (5 ) .  
Data pertaining to thr devt~lopmc~nt of flr~orescence in stored food products arr  
not extensire. Consrqnently, it  appea~*cld advisable to study the nature of the 
flnorescence derelopmc~iit in storc.tl evaporated milk, observing the effect of tenl- 
perature of storage npon thch rate of clevrlopn~ent, and how the fluorescence is 
associated with other phenomena, such as milkfat separation, color development 
and pII changes. In  addition, it was desired to determine whether evaporated 
milk prepared by companies in tliffrrent localities behaved similarly with regard 
to thme various aspects. 

Further studies were carried out on another series of samples with the pur- 
pose. of studying changes brought about by storing samples of evaporated milk 
prclpareil by high-tenlperature, short-time sterilization procedures. The data are 
cliscnssed in t h ~  \econd part of this report. 

I'ART I .  MATERIALS AND METHODS 

The eraporatetl 11lilli sa~nples used in the first part  of this stuil?. were obtained 
from threr c.onimrrc.ial cwmpanies in California. Some cans were removed from 
the line prior to sterilization, while the remainder were sterilized acdcaording to 
tht. c.onvtwtioilal proc*clss for evaporated milk. The sterilization ti~iies and trm- 
peratures varicltl so~nc.what with the caompany. Sterilized samples from each 
company were htoretl at room te~iiperature (70 to 80' F . )  and in a refrigerator 
a t  40" F. Th(. cxns were i l ~ v ~ r t r t l  every 2 wk. Samples of the sterilized and 
unsterilized milks \vc~.c. analyzt~cl immediately for fluorescence, color and pIT a?- 

Recei~ed for pu1)licwtion Aug. 26, 1951. 
1 This study was sopportetl in part I)y fu11ds fro111 tllc. California. Dairy Industry Advisory 

Board. 
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cortlinp to methods previonsly described ( 3 ) ,  ant1 snbsequcntly, the sterilized 
sa i~~ples  mere analyzed each inonth over a periocl of 11 mo. I n  addition, the milk 
mas checliecl each il~onth for any visible indic~ation of separation, gelation or 
other defects, and the relative degree of variation between the samples stored 
a t  the two temperatures was uoted. 

Figure I illnstrates the chonrse of flnorescence development over a period of 
11 1110. for  illilk fro111 (.ompani(~s A, R and C. A large initial increase in fluores- 
cence occurred 11pon sterilization, as indicated previously ( 5 ) .  From the time 
of sterilization, tlifferences were apparent in fluorescence values of the samples 
froin different companirh. This is to be expected, since it is lrnown that rela- 
tively small ~a r i a t ions  ill thc time and temperature of sterilization have a con- 

. . EtTeet of tiinr niltl trnil)c.rat~~re of storage 011 tlie fluoreseenee of evaporated milk. 

siclerable effect upon the fluorescence. Fluorescence derelopecl more slowly fol- 
lowing sterilization, but a t  a constant rate in each of the milks over the 11-mo. 
period. At  all times during the storage period the samples stored a t  40' F. were 
lower in value than those stored a t  room temperature, indicating that the changes 
taking p1ac.c. arc retarded a t  the lower temperature. Data pertaining to sanlples 
stored a t  a relatively high temperature would be advantageous for colnparative 
purposes. Such data, but on a different series of samples, will be given in the 
next par t  of this study. Observation of changes in the stored milks indicated 
that, after approximately 5 mo.. separation was ~~ i s ib l c  in the samples stored a t  
room temperature. It appeared that  this eorrespo~ided to a fluorescence value of 
18 to 20 units. Separation mas not evident in the samples stored a t  40' F., even 
after 11 mo. At  this time the fluorescencac value of these samples was approach- 
ing 18 to 20 units. Whether this valne might be critical as far  as separation of 
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fa t  is conceriied in samples prepared and treated according to the conrc~ltiorial 
process, was not ascertained. 

Figure 2 illustrates the rllanges in the color of evaporated milk upon storage. 
Milk exhibiting the greatest flnoresc.mCc~ is the clarkest in color. Sanlples froin 
each of these companies behavrd si~nilarly, and color increments from 1 mo. to 
the next are not significantly clifferc~nt. The samples stored a t  40' F. were con- 
sistently lighter in color than those storecl a t  rooin temperature. This was 
evidenced l-isibly, as well, indicating that the rolor-mearuring techniqne was not 
sufficieiltly sensitive. Xo doubt the values obtaincltl were aff(.c.tecl co~lsiclerably 
by physical and chemical changes taking p1ac.e in the ntilk, sinctl they were based 
upon reflection from the surface of the milk. Webb & IIolln ( 7 ) .  rising ?IIui~sell 
equipment, state that the color developed upon s t e r i l i ~ ~ t i o ~ l  of eraporated milk 
is different in characater from that developed during the caoursc of storage. T'sing 

COMPANY 

Stored o t  room t e m p e r o t u r e z A  

-c 
e-a.4 

Stored a t  40. F --a* 

FI(+c 

-.- _ ____--- - -  - - 

d 1 I I I I I I I I I 
I I 

st$Ea+,on 1 2 3 4 5 6 7 8 9 10 1 1  
I 

Storage Time, months 
I .  2.  l.:flect of time an11 tenlpor:lture of  stor:~gr 011 tl~c. color of cv:~l)ot.:ltr(l n ~ i l k .  

tllclir ter~rlillolopy, the hue and brilliance during storage rc.main relatively un- 
changed, 1r1icrc.a~ the. rariation in chroma is responsible for the color change. 
The IIunsell ecl~iip~tlclnt appearcd to be far  more scllsitivc to roli~tirrly small 
changes in volor thitn t h ~ .  reflrction method usecl in this stntl-. 

The changes ill pII ~lpoii storage of evaporatecl milk are sllo~vn in figure 3. 
Th? pI1 tlat;~ a1~. illnstratetl togcthrr for each of the series of milks fro111 com- 
panies A, R. and C. I t  app(>ars that the pI I  changes in the lnillrs from each of 
the companies arc silnilar. Thwe is a decided decrease in the pH of the samples 
stored a t  room t c ~ n p c ~ r a t ~ ~ r r .  ITo~vrvcr, in each case the final p H  rclading on the 
sanlples stored a t  40' F. is higher than the initial pH. Khi le  this variation is 
possibly within the error of thc pII lnrter reading, i t  does not explain satisfac- 
torily the reason for the consistency of the observation in the previous months as 
~vell. Separation of nlillrfat b(,ga~l o(,(:l~rrillg a t  a plI of approxinlately 6.1. 
Ttrebb and Dersher (8)  indicate that evaporated milk renlains in good condition 
during storage mitil its reaction is bclolv pIT 6.0. Observations in this study clo 
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not confirm a pII as low as this. If p H  were a criticaal measure. of acceptability, 
this factor as well a9 the fluorescence values would indicate that the samples 
stored a t  40' F., (,re11 for 11 mo., constitnte a very acaceptable prodnct. 

I II tht. \rc.ond part of this worlr, a study was ~lntlertaken of thtl rfecats of tern- 
peratnre and time of storage upon ~vapora ted  niillc sterilizecl a t  higher tempera- 
tures and shorter times than those nsed in the conventional process. The sa~~lples  
of evaporated milk were obtained from a lorkil com~iiercial plant just prior to 

COMPANY - - - ..oA 

-.- --... 8 

I -.-.- x i x c  
z A = - .  

.-a - . '=---=-?= 
I I I I I I I I 

After 2 4 6 8 1011 
sterilization Storage Time, months 

(Stored at  room temperature) 

sterilization and heated in a For t  Wayne pilot batch sterilizer2 a t  the following 
temperatures and times : 

I 
n * 

COMPANY 

Series Come-up time Sterilization temperature 8ter.ilization t i~i le  Cooliug time 

6.0- 

2 The sterilizer was :~dapted fo r  stcarilization a t  high trlllprmtures by adjustment nf the 
safety valre to release a t  30 Ib. pressure. Temperatures were obtained manually I)?. the stc:l~n 
inlet m l ~ c .  I n  this m n ~ u ~ e r ,  it is possil)le to  obtain any one of t l ~ r  indicated tcmpcraturc.~ ill 
8..5 min. or more. Tlw come-up time effect was minimizrd I)?. keeping this time nitllin 9 to 10 

- - -eeeA -----... 8 
-.-.-xrx c 

I I I I I I 

After 2 6 8 10 11 12 
sterilization Storage Time, months 

(Stored at 40.F) 

FIG. 3. Effect of tilne aud temperature of stornge 011 the p1I of evaporated milk. 
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A nuniber of cans from eaeh series was stored at 92' F., rooin tcniperature 
(50 to 80' I?.) and 10' El. These cans never were ilirertc.tl d11ring storage and 
conseqnc~ntly, fat separation was tt1lowc.d to proceed unclistnrhetl. Th(k saiiiples 
were tested initially and every 2 ]no. over a period of 8 111o. for fl~~oresc.c~nc.c~ and 
p1I. They also Jrerc obsc.rred for any physicill changes that  nlight O ( ~ ( + I I ~ .  

The fl11orrsc~eiic.e data obtainctl arc illustrated in figurca 1.  I11 gcweral, de- 
velopnient of fluorcsc*encc has a similar trend regardless of the nianner of prep- 
aration of the saniples. Thv samples of series I exhibited the greatest a~nount  of 

O' 8 
Storage Time, months 

0- 8 

Storage Time, months 

Storage Time, months Storage Time, months 
FIG. 1. Effect of time and temperat~lrca of storage on fluorescence of e~apora ted  111ilk 

stcsilized a t  rarious tempcratnres. 

fluoresrence, follo1~-ecl b;- series 11, I I I  and IV, respecti~el- .  For each of the 
series the temperatnrc. of storage apparently hacl a considerable eRec.t oil the 
fluorescence derelopnlent. This is particaularly tr11e for the sanlples stored at, 
92" F. The degree of rariation among storage temperatures is not so ellaracter- 
istic in the saiiiples stcxrilized a t  243" F. for 15 1iii11. ; these initially hat1 a hirlier 
fl11oresce1ic.c. I t  is of particnlar interest to not,(. that initially ant1 t11rougho11t 
tlic storage period. at all storagcl tenipcwttnrcs, swnples stc1rilizc.tl by high-tenl- 
perature, short-time sterilization procrsses never fl~~oresc.etl to t l ~ c  san~c> extent 
as those sterilizcltl at 24:3" for 15 mill. Likewise, tllc>re \\.its less tlerelo1)ment of 
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fluorescence as the temperatures of sterilization were increased and the tiines 
correspontlingly clcc.rcv+srtl. Phyhival exan~ination indic.ated that illilkfat separa- 
tion oc.cl~rrcatl in all the serirs storeil a t  roorrl trmpc,raturr aiitl at 92' E'. Analysis 
of the datw i l l~ l i ca t~s  that the in~reni (~nts  in fll~orc~sc.enc+r rarietl froni I!) to 26 
in thr  sai~lplc\ storetl at 92' F., froiri 5 to 9 in the aan~plrs storc'tl at room tem- 
1wratnrcX, ilntl from 1 to 1 il l  thr  sanlpler storc.d a t  40' F. I t  appears that, if 
there is not to bc, separation, the fl~~oresc.rnc+r in(*r(>as(, (luring all 8-nio. storage. 
~)criotl must not exceed that inc.urretl in the sanlplt>s htoretl a t  40" F. All the 
saniples storetl at t his temprrat~~rc.  wero of good qllality at the ter~nination of the 
study. 

0 2 4 6 8 
Storage Time, months 

0 2 4 6 8 
Storage Time, months 

-8 

Storage Time, months 
FIG. 3. Effect of time and temperature of 

various temperatures. 

Storage Time, months 
storage on pH of evaporated milk sterilized 

The p H  values obtained on the samples over the 8-mo. period are sho~vii ia 
figure 5. There was very little change in pII in samples stored a t  40' F. The 
decrease ~ v a s  considerably greater in saniples stored a t  room tenzperature and 
most pronoui~c.~d in the san~pl(.s stored a t  92' F. 

Associatetl with the decrease in p H  arid increasr in fluorescence mere changes 
in the physical colnpositioll of the millr. Upon sterilization, the color of the 
product brcaame progressively lighter and lms viscous as the temperatnre of steril- 
ization ~ v a s  inc.reased for the recorded time. Consrqnently, the san~ples of series 
IV, steriliz(~c1 at 261" I? for 1.5 min., were very light in (dolor and low in viscosity. 
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The 2-1110. exanlination revealed fa t  separation in all the sainples storecl a t  92" 
F. for each of the series, the separation becoming more severe as the temperature 
of sterilization inrreasecl. There was no evident separation in any of the samples 
stored a t  roo111 teniprraturc> or 40" F. The 4-mo. exailiination rerealed a similar 
separation in the sainples ator(~c1 a t  room temperature as well, and furthermore 
the series IV samples stored a t  92" F. now exhibited a gel formation. A t  this 
time there was no separation in the samples stored a t  40" F. The term "gela- 
tion" as used here refers to the defect known to be associated with high-tempera- 
ture, short-time sterilization commonly termed "sweet curd," or simply "partial 
coagulation." The milk is smooth and thin after sterilization but gradually 
thickens to a gel in storage. I n  many instances, this gel is reversible. On shak- 
ing, it reverts to a sol which on standing again conrerts to a gel. Gelation serves 
to differentiate this defect from another form of coagulation due to excessire 
heat during sterilization. Coagulation by heat is not a reversible phenomenon, 
and. furthermore, the coaguluin differs in composition from the liquid phase. 
I n  the case of gelation, it was found that  the composition of gel and liquid phases 
is essentially the same except for the greater percentage of fa t  in the gel phase. 
The 6-1110. examination showed an  increase in the severity of separation, with the 
samples of series IT1 stored a t  92" F. having formed a gel. The samples stored 
a t  -10" F. s h o ~ ~ e d  no fat  separation or gel formation. The 8-1110. examination 
indicated gel formation in all the samples stored a t  92" F., ancl the samples of 
series I11 and I V  showed ~rheying off. I n  addition, the samples of series IV 
stored a t  roolu temperature now shovc-c~l gel formation. The samples stored a t  
40" F .  \rere still free from fa t  separation and gelation. These observations serve 
again to emphasizr the important par t  that  storage temperature plays in the 
lrceping quality of evaporated milk. This is especially true in samples prepared 
by the high-tempc,ratnrc, short-time stc.rilization proress where the riseosity is 
l o  The physical effec'ts observed here are only briefly c.oilsidered. qi11c.e a more 
complete t1ii;rnssioti is givc.11 in another publication (6) .  

SUMMARY 

Fluorescence and associated changes that  t a l e  place in evaporated milk upon 
sterilization proceed, but a t  a much slower rate, during subsequent storage. The 
extent of these changes is dependent upon the sterilization treatment and the 
storage temperature. The high-temperature, short-time sterilization process re- 
sults in the production of a milk lower in  fluorescence and lighter i n  color than 
the regular sterilization process of 243" for 15 min. Temperature of storage is 
a n  important factor in the rate of deterioration of the stored milk. The observed 
changes. particularly flnorescence, are greatly inhibited in milk storecl a t  40" F. 
and accelerated a t  92" F. 

F a t  separatioil and gelation lik(3m~ise are directly associated with the steriliza- 
tion temperature and the temperature of storage. Both defects are acrented in  
evaporated nlillr prepared by the high-temperature, short-time sterilization proc- 
ess. IIowel-er, even after 11 mo. of storage a t  40" F., milk treated according to 
this procdess showed no f a t  separation or gelation and represented a superior 
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produat with respect to c.olor and flavor. This was particularly true of the 
samples strrilized at 261" B. for 1.5 min. 

I t  appvars that until snch a time as fa t  separation and gelation are controlled, 
a superior quality of evaporated nlilk with respect to brown discoloratio~l and 
cooked flavor inay best be prodncecl by high-teinperatnre, short-time sterilization 
and subsc~clnent storiqc at a low teinperatnre (40' F.). 

REFERENCES 

(1) ol.COTr, H. S., IND I)I  TTON, EI. J. C l ~ a n g r s  I11 Stored 1)ried Eggs. Ind.  Eng. Cl~em., 
37: 1119-1121. 1943. 

(2 )  ~ ' E Y R C E ,  J. .I. 1Sffec.t of Storage 011 T l i i : ~ ~ ~ ~ i n  Co~lteilt  : L I I ~  011 I)c~eloprnent  of 
i n  \1'11ent Germ. Can, J. Researc,li, 21: 5 - 6 5 .  1943. 

(2) YFIRCF., J .  A. 13rlintior and  Xa tu rc  of t l ~ c  Fluorescing S u l ~ s t a n c ~ s  i n  Dried Rgg  Po\rclers. 
CRII. J. I<(>sc'a~cl~, 21: 98-107. 194:'~ 

(4)  PEIRCE, J .  Fluorrscencc D e r c l o ~ ~ m e n t  ill Vnrioos Footl P ~ o d u c t s .  C:III. . I .  Rcscnrch, 
22: 87-93, 1941. 

( 5 )  T a ~ ~ s s r r c ,  S. l'., Asn SraroNsoli, 11. D. S3rowning :u1c1 I.'luorrscnlce of F,vapor:~tc!d Milk. 
Food Tec.l~~iol., 4: 88-92. 1950. 

(6) T.\RASS~IC,  S. P., IND SIJIOSSOS, TI. I). Gel F o r ~ n : ~ t i o ~ l  : L I I ~  F a t  Separation i n  lCmporated 
Milk :is Affceted 11y tli' S t a t e  of Milk Proteins. A l ~ s .  of paper prcncntcd at meeting 
of ~211lcric.:1u Dairy  Scicwc.r Ansociation, Iinosvillc,  Tcw~. ,  June ,  l!).'il. 

( 7 )  \\'EBB, I<. It., AXD ITor.~r, (;. E. ('olor of I.:ralror:~t~cl Jli lk.  J. I):~ir?. Sai., 13: 25-39. 
l<l:<(l. 

( 8 )  IVEHH. I(.  IT., .\SD I)EUSIIKK, E. I?. Effect of Storage Teml~cratnro  011 Properties of 
Evnporated Milk. A ~ J s .  of I>al)er presented st meeting of Anlr~. ic . :~~l  Dairy  Scic,nce 
Association, Iinoxrillc,  l'cnn., .Tune, 1951. 



T H E  RELATIONSI-IIP O F  MILK ENERGY AND TOTAL PROTEIS  TO 
P E R  CENT FAT I N  BROWN SWISS HER,D Af.ILI< 

S.  I). MUSGRAVE AXD G .  W. SALISRURY 
Departnaent of Datry Sczcnce, Unzz'rrsity of Illlnots, T'rbana 

INTRODUCTION 

Investigations to date have resulted in two interpretations as to the actual 
relation of Calories per kilogram of milk and per cent fat, and between per cent 
total protein and per cent fat. Bonnier e t  al. (1)  presented data based on 2,152 
samples of milk from monozygotic and dizygotic. twins showing that the relation- 
ship between Calories per kilogram of milk ancl the per cent f a t  of that milk was 
not linear. The fitted curvilinear regression line representing their data was 
concave in an upward direction. These data were not in accord with the earlier 
work of Gaines and Overman ( 3 ) ,  who showed that milk energy was related 
linearly to the per cent fat  of that milk. Overman and Gaines (4) ,  using three 
sets of available data, have shown two instances in which milk energy was related 
to the per cent fa t  in other than a linear way. The smoothed curves representing 
this relationship were found to be concave downward in both instances. The 
third set of data, based on 305-day partial lactations, definitely showed a linear 
regression of milk energy on the per cent fat. 

Bonnier e t  al. (I)  hare shown that the regression of per cent total protein on 
per cent milk fat was not linear. They found that protein followed the quad- 
ratic function of fat    no re closely than it did the linear fuartion of fat. 

It is the purpose of this paper to present additional evidence on the relation- 
ship of milk energy and milk total protrin to the per cent of lnilli fat. 

DATA 

The data presented here are based on the results of laborat,ory analyses1 of 
491 samples of B r o ~ ~ - n  Swiss herd milk2 talrnr from 39 Bro~vn Swiss herds located 
in 16 states. Sanlples wrre taken a t  approxi~aately monthly intervals during the 
time of sampling for each herd. The mean nmnber of samples per herd IYas 12.7 
and ranged f1.0111 10 to 1'7. Each sample TYHS a repres(>ntative composite of two 
consecutive milkings starting with the night milking. The period of sampling 
for all herds ranged from I)c~c.ember, 1946, to May, 1!)50. Methods of obtaining 
and preserving sa~nples and ana1ytic:al procednrt.~ for the determination of Cal- 
ories per kilogram, per cent total protein, and per cent fa t  hare bren described 
preriously (5). 

RESULTS 8X1) DISCUSSIOS 

The energy valnc of the 494 salnplrs ranged fro111 (i6!).02 to 914.28 Ca1. per 
kilogram of milk wit11 a mean ~ a l u r  of '755.60. Lilre\visc, pr r  cent fa t  of these 

Receil-cd for pul~liratio~i Sept. 1, 1951. 

1 Analyses \\-ere mndr 1)y the late 0. R.  0rc~1.11la11, R.. J .  Krirs and 1.:. 31. Crainr. 
:! Sripportcd ia  part 1,y the R ~ o ~ r n  S~rins ('nttlv Rreede~s'  Assori:~tiol~, Beloit, Wis. 
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samples ranged fro111 3.22 to 5.32 with a mean value of 3.95. A correlation of 
+ 0.92 was found between Calories per kilogram and per cent f a t  for the 494 
samples. This value is not as high as that previously reported by Gaines ancl 
Overman (3 ) ,  where individual cow samples were dealt with. The distribution 
of Calories per kilogram of milk when plotted on per cent of milk f a t  is shown 
in  figure 1. The linear regression line A, of figure 1 is fitted from the equation 

3.0 32 3.4 36 3.8 4.0 42 44 4.6 4.8 5.0 5.2 5?1 5.6 
W 
a PERCENT FAT 

Fro. 1. Calories of milk energy platted against per cent f a t  (494 samples of Brown Swiss 
herd milk). Line A represents the linear regression equation, E = 343.483 + 103.833 k 1.965) f. 
Line B represents the curvilinear regression equation, E = 287.062 + 132.125 f - 3.529 f2. 

E = 343.483 + 103.833 ( *  l.965)f. The inodel used here was of the type :j = a + 
bz. Pitt ing the same data to a curvilinear equation of the type y = a + bx  + cx2 

gave the equation E = 287.062 + 132.127f - 3.529f2. This equation is fitted to the 
data as line B, of figure 1. I n  these equations E is Calories per kilogram, a is a 
constant and f is per cent fat. As niay be seen in figure 1, line R is slightly con- 
cave downward. This trend is not in agreement with the data of Bonnier et al. 

TABLE 1 

Regression of Calories per kilogram of mflk on per cent fat  

Source Degrees of Mean 
freedom square 
--- 

Total 493 
Due to linear regression 1 441,290.9069 ?i9.0216** 
Due to curvilinear regression 1 122.8286 0.i766 
Deviation from curvilinearity 

of regression 491 158.1565 
-- - - 

** - - confidence limits a t  the 99% level. 

( I ) ,  but agrees with the findings of Overinan and Gaiiies (4) .  The mean square 
(table 1 )  due to cnrvilinearitp of regression, is not statistically significant, while 
that  due to linear regression is significant a t  the one per cent level (6) .  Here 
then is  evidence, based on data of a slightly different nature (herd milk samples 
instead of individual cow milk samples), that the best estiniate of the relationship 
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between Calories per kilogram and per cent f a t  of cows' milk i~ that  described 
by a linear regression equation. 

Using the linear equation, E = 343.483 + 103.833f, i t  is possible to predict the 
energy in Calories for herd milk of differing fat  content, as was done previously 
by Gaines and Davidson ( 2 )  for the milk of individual cows in deriving their 
f a t  corrected milk (FCRI) formula. In  the present equation, when f is equal 
to 4.0, E (4 .0 )  is equal to 738.815 Calorirs. Division of the right side of this 
linear equation by 758.815 gives 0.45 + 0.137f. I t  is necessary to multiply the 
factor 0.137f by 100 to convert this part of the formula froin per cent f a t  to 
units of fat. Therefore, the formula reads PCJf = 0.45M 1 13.7P and these 
values correspond to the formula of Gaines and Daridson (2)  ( F C M  = 0.4iM + 
1 5 F ) ,  where Jf is milk and P is mill< fat, all ill the same unit of w igh t .  While 
the values obtainecl froin the equation presented here differ quantitatively from 
those of Gaines and Davidson (2)  for indivith~al cows, the end resnlt in terms 
of FCJI  as drtrrmined by the two formula3 differs rery  little for milk ranging 
from 2.00 to 6.00 ppr cent fa t  as shown in table 2. Ohriously the differences 

TABLE 2 

A ro?nparzson of Ike amor~n t  of FCM pcr polold o f  nzillc o f  differing f a t  perccnfages when 
co?nptited b y  t h e  for?n~tlas FCJZ = 0.45M + 13.73, and I'CM = 0.461 + 15P 

Amoun t  FCM/II,. of milk 
F a t  -- - -  -- 

FCM = 0.45M t 1 A.7F FCM = 0.4M + 1BF 
.- - -- 

( % I  ( l b . )  (ib-1 
2.0 0.72 0.70 
2.5 0.79 0.78 
3.0 0.86 0.85 
3.5 0.93 0.93 
4.0 1.00 1.00 
4.5 1.07 1.08 
5.0 1.14 1.15 
5.5 1.20 1.23 
6.0 1.27 1.30 

--- - 

shown in table 2 are greatest a t  the evtreilles of per crnt fat. Fo r  Erown Swiss 
herd milk the extreme range is less than that sho1r.11 in table 2, suggesting that  
no real difference exists in the forniula for calculation of FCM from the present 
data on Brolvn Swiss hercl nlillc and that ealculatcd earlier by Gaiiies and David- 
son (2) from data on the milk of individual corns. 

I'er cent total milk protein in the same 494 samples ranged from 3.10 to 4.11 
with a mean of 3.52. The relationship of per cent total protein to per cent fa t  
of these sa~nples is described by a correlation coefficient of +0.30, a linear re- 
gression equation of P = 2.785 0.186f t 0.0265 (line C, of figure 2 ) ,  and a 
curvilinear regression equation of P = 2.480 + 0.3387f - 0.01899fZ (line D of 
figure 2).  Here P represents per cent total protein and f represents per cent 
fat. The distribntion of the 494 samples is shown in figure 2 when per cent total 
protein is plotted on per cent fat. The mean square clue to cnrvilinearity of re. 
gresqion is not statistically significant (table 3 ) ,  while that clue to linear re, cr'res- 
sion is signficant a t  the 1 per cent level. This is not in agreement with the data 
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of Bonnier e t  a / .  ( I ) ,  but does support the data of Uaines ancl Overn~an ( 3 ) .  As 
a result of the present data and earlier work, it is felt that  the best estimate of 
the relationship of per cent total protein ant1 per eent fat  of corns' milk is one 
expressed by a linear equation. 

1 I I I l l 1  I I 

Z 
4.2 

Z . .. . 
y 3.0 L I I i I I  I I I I I 

3 3.0 3.2 34 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 54 5.6 
a PERCENT FAT 

1710. 2. Pe r  cent total protein plotted against per e r ~ ~ t  f a t  (494 saml)les of R r o ~ u  S ~ ~ i s s  
Ilerd milk). I,incl C rrprclsents the linrar regrcssio~i equation, P = 2.783 + 0.186 (f 0.0265) f. 
Line D ~ ~ . ~ ) I . c s ~ I I ~ R  the ~ur \ i l inea r  rcgr(~.~.sioil ecjuatio~l, P = 2.480 i 0.3387 f - 0.01899 f?. 

An analysis of the relationships bct~vetn Calories per kilogram and per cent 
fat  and between per cent total protein and per c m t  fa t  has been made from data 
based on detailed analytical determinations of the chen~ical composition and 
energy content of 1!)4 samples of Brown S~viss herd milk. 

Re.qrcssion of pr.r cc2nt total protein on per cent fat 

Source Degrees of Mean 
f rccdom square 

Total 493 
Due to linear regression 1 1.4229 49.578** 
Due to currilinenr regression 1 0.0036 0.1105 
Deviation from eurrilinearity 

of r rg ress io~~  491 0.028'7 
. -  - -- - - - - - - - - - 

x x  _ - eonficle~~ee limits a t  the 99% lerel. 

A highly significant (1 per cent lerel) linear relationship existed between 
Calories per lrilogranl and per cent fat  and betwccn pcr c.ent total protein and 
per cent fa t  of con~posi t~  samples of colvs' milk. Tests of the significance of the 
departure from linearity iaclicated that the minor effect of curvilinearity was not 
statistically significant in either case. 

From the data arailable an FCh2 formula mas ~a l (~u la t ed  for B r o ~ m  Swiss 
herd milk having the values FCJf = 0.45.11 + 13.7P. ITowever, while quantita- 
tively different from the original FCM = 0.4JfL 15P of Gaines and Davidson, the 
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ralues obtained fro111 t h ~  us(. of this fonnl~la indicate that no important illcrease 
i11 accuracy of cstiniating tht. c.oinparativc. energy e(1uivalents of Brown Swiss 
lilarltet inilk of diferillg fat  c.olitelit \roril(l be avhiered by its use. 

REFERENCES 

(1) ROSNIER, G.,  HANSSOPI', A., .\SD .TARI., F. St1111ies in the T:~ri :~t ions of the Calory Content 
of Milk. Acta Agr. Suee:~~la, 2: 159-169. I!I-l(i. 

(2) GIISES, \V. I>., AXD I).\VIDSOX, F. A. Rc1:1tio11 I)t~t\ve('i~ l ' e r rc~~tage  I'at Coiitnit and 
Yield of Milk. Ill. Agr. Expt. Sta. Bull. 245. 192:s. 

(3) G:~INES, W. L., nivD OVERYAN, 0. R.. I i i t e r r ~ I : ~ t i o ~ ~ s  of Milk-fat, Milk-lrroteiii, and Milk- 
energy Yield. J. Dairy Sei., 21: 261-271. 19BX. 

(4 )  OVERMAN, 0. R., A N D  G A ~ E S ,  IT. I,. Linearity of l i ~ ~ g r e s s i o ~ ~  uf Milk Energy on F a t  
Perrentagcx. J. Animal Sci., 7: 55-59. 1948. 

(5) OVERMAPI', 0. R., KEIRS, R. J., -4SD CRAINE, E. M. Coi~iposi t io~~ of T3ro\v1i Slviss Herd 
Milk. Ill. Agr. F:sl)t. St:\. Rull. ( I n  Press). 

(6)  SSEDE(.OR. G. IV. Statist ienl .Iletl~ods, 4th ed. Iows. State College Press, ~\nies. 1946. 



JOURNAL OF DAIRY SCIENCE 

ABSTRACTS OF LITERATURE 
Prepared in  cooperation with the 

International Association of Ice Cream Manufacturers 
ancl the  Milk [ndnstry Foundation 

CHEESE spoilage is difficult because there is no apparent 

A. C. DAHI.RERG, SECTION EDITOR 
change in pH or gas formation. The heat re- 
sistance of the organism drpends on the number of 

53. Sur le chancre superficiel des fromages spores/unit volume. A minimum of 16.4 min. 
ferme (Rotten spots a t  the surface of hard at  243' F. is necessary to control this defect. 

cheeses). J. KEILLINC;, J. CASI.AIS and N. MAURO. Regular bacteriological examination of the raw 
Lait, 31, 307 : 353-360. July-Aug., 1951. milk supply is rrcommendrd, along with adequate 

A defrct of hard cheeses, in which the surface cleaning and sterilization of all milk equipment. 
bcco~nt-s pitted, cavitied and discolored is de- H. H. Weiser 
scribcd. Economic significance as well as earlier 
research on the problem are discussed. 56. Psychrophylic bacteria in Edmonton milk 

Two groups of microorganisms are concerned. and Cream- 1. Numbers. 1. E. E R I ~ I A N  and H. 
Yeasts which readily tolerate salt and utilize lactic R. T H ~ R N T O N ~  Univ. of Alberta, Edmonton. 
acid crcate favorable conditions for growth of Can. J. Technol., 29, 5: 232-237. May, 1951. 
caseolytic fungi which poduce the cavities. Pre- Ten samples of winter raw milk, 23 of summer 
vention of the defect is facilitated by repeatedly 'aW milk and 28 of summer churning cream were 
scrubbing the cheeses with clean water during thr cO'lrcted and plated at  35.5' C., as well as at  

Ist 3-4 Hpk. In  addition, woodrn utensils should 10.5 and 4.5' C. The 10.5O C. counts expressed 
kept clean, free of rot and dry when not in a percentage of the 35.5' C. counts varied from 

use. The microbiological condition of Ilrinrs 36-350%. The 4.5' C. counts were considerably 
should be closely followed and all possible mrns- Iowrr. The major source of the psychrophiles is 
ures to prevent surface contamination of the non-sterile utensils. They rarely survive pasteur;- 
cheeses should be takrn. S. Patton "ation and thrir presence in freshly pasteurized 

products indicates inefficient plant sanitation. 
54. Le fromage blanc comme aliment exclusif 
au presque exclusif du rat blanc (Cottage cheese 

0. R. Irvine 

as an exclusive or nearly exclusive diet of the 57. Psychrophilic bacteria in Edmonton milk 
white rat) .  C .  RICHET and R. MARET. Lait, 31, and cream. 11. Kinds. I. E. ERDMAN and H. R. 
307: 361-367. July-Aug., 1951. THORNTON, Univ. of Alberta, Edmonton. Can. 1. 

White rats fed cottage cheese exclusively sur- Technot., 29, 5 :  238-242. May, 1951. 
vived 6 mo. or mow. However, multiple defi- From the bacterial plates discussed in the pre- 
ciencies wcre manifest on this diet. Reproduction ceding paper, 722 psychrophiles wcre isolated. 
was delayed and the young, continued on cheese These were studied as to morphology, Gram reac- 
alone, rapidly succumbed. Better results were tion and certain other cultured characteristics and 
obtained when cottage cheese was supplemented found to be quite hetcrogenrous, rspecially at  
with green vegetables. The 2nd generation on higher incubation temprratures. 190 cultures 
this diet, although hardier than that receiving were classified into the following genera: Pseudo- 
cheese alone, developed nephritic lesion and moflas, Lactobacillus, Streptococcus (lactic acid 
also died prematurely. S. Patton streptococci), Aerobacter, Flavobacteriun and 

DAIRY BACTERIOLOGY 
Escherichia. No spore formers were encountered 
and no culturr grew at 35.5O C. AH isolates pro- 

p. R. ELLIKER, SECTION EDITOR duced flavor defects in skimmilk, bitter flavor 
prcdominating. 

55. Thermal resistance of a faculative aerobic 0. R. Irvine 

spore-forming bacterium in evaporated milk. E. 58. Bacteriological aspects of the evaluation of 
H. RUYI.E and P. SOGNEFEST, Am. Can Co., adequacy of pasteurization. F. W. BARBER, Natl. 
Maywood, 111. J. Milk & Food Technol., 14: Dairy Research Lab., Oakdale, N. Y. J.  ilk 
173-175. Nov.-Dec., 1951. & Food Technol., 14: 170-172 and IX. No"..- 

The custard-like consistency of commercially Dec., 195 1. 
canned evaporated milk is due to the growth of Use of Micrococcus MS-102 as a typical heat- 
Racillus subtilis in the product. Detection of this resistant test organism in determining the 
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ciency of pasteurization is suggested. The thrrtnal 
death time of various pathogens should be detrr- 
mined in different dairy products. Studies of this 
kind would be useful in showing any combination 
of time and temperature in detrrmining satis- 
factory pasteurization. 1-1. H. Weiser 

59. Conservation du lait par des mtthodes autres 
que les mtthodes classiques (Conservation of milk 
by methods other than the classic methods). (;. 
RAY. Lait, 31, 307: 375-383. July-Aug., 1951. 

T h r  mcthods discussed include inhibition or 
destruction of bacteria by heavy metals, mechani- 
cal abrasives (such as fine carborundum or glass 
beads), ultra-violet rays, a combination of ultra- 
violet and infra-rcd rays, ultra-sonic vibrations and 
high intrnsity electronic impulses. 

S. Patton 

60. Average plate count ratios of dairy products 
calculated for periods of six months. J. L. 
COURTNEY, Dept. I'ublic Health, Oak Ridge, 
Tenn. J. Milk & Food Tcchnol., 14: 176-178. 
Nov.-Dec., 195 1. 

Average standard plate count ratios betwcen 
dilutions 1 : 100 and 1 : 1,000 w8crc determined on 
12,109 samples of dairy products during the 3 
yr. of grading periods. The average ratio was 
1.8. This may be useful in securing comparable 
results in differrnt control laboratories, as wc!l 
as encouraging laboratory technicians to attain 
greater skill in their work. This study is basccl 
on U.S.P.H.S. recommendation that average ratios 
should not be over 2.0 for those samples for which 
2 dilutions show betwcen 30 and 300 colonies. 

H. H. Weiscr 

61. Etude bacttriophagique du colostrum. I .  
LIPSKA. Lait, 31, 307: 383-385. July-Aug., 
1951. 

In  ordrr to demonstrate that the beneficial ef- 
fects of administering polyvalent bacteriopha~e 
to the new born infant were not arising from 
phagic activity of the mothers' colostrum, 60 colo- 
strums and 60 milks were analyzed for phage ac- 
tivity. The results indicatrd that the microflora 
of colostrutn and milk are very similar and that 
neither, in thrse instances, contained bacterio- 
phage. S. Patton 

62. A study, by means of paper chromatography 
of the growth-stimulating properties of liver ex- 
tract, yeast solubles and trypsin digest of casein 
for Lactobacillus casei. I. I\'. COI.F.~IAN, Univ. 
of Manitoba, tl'innipeg. Can. J. Med. Sci., 29, 
4:  151-158. Aug., 1951. 

Transverse sections of linrar partition chromat- 
ograms on filter paper when eluted with basal 
medium for L. casei showrd Wilson liver fraction 
L to contain at  least 2 growth-stimulating factors 
for this organism. Three such factors were 
demonstrable by this technique in trypsin diqcst 
of casein, in contrast to dried yeast solubles \vhich 
contained 1 such factor. The factor from yeast 
was separated and partially purified. The evi- 
dencc suggests it is peptide in naturr. 

0 .  R. Irvinc 

DAIRY CHEMISTKY 
H. 11. SO3I.\IER, SECTION F.DITOK 

63. Fat emulsion in milk from a chemical 
standpoint. H. M. S~hf l lF .~ ,  Univ. of Wisconsin, 
Madison. Milk Dealer, 41, 1 : 58-74. Oct., 1951. 

?'he chemistry of fat emulsion in milk is sum- 
marized. Milk fat and butter fat are not strictly 
synonymous. Besides tri-glycerides, milk fat con- 
tains various lipids in traces, including phospho- 
lipids at about 0.7-0.8 g./100 g. of fat. Tri- 
glycerides of milk fat contain from 13-20 differ- 
ent fatty acids; thc exact number, chosen for pur- 
poses of discussion, will depend on the decision 
as to amounts that are significant. \Yith 18 dif- 
fercnt fatty acids, 5,832 diffcrcnt tri-glycerides are 
theoretically possible. Rules have been stated for 
computing thc nutnbers of several different types 
of glycerides. Analytical evidence indicates that 
glyceride composition of milk fat is in harmony 
with expectations based on random distril~ution of 
fatty acids. A fat globule 1 p in diameter will 
contain about 380 million tri-glyrrridr molecules; 
a 10 globule will contain 380 billion. There is 
no good evidence to support thr belief that compo- 
sition of globules differs according to their sizr, 
except that in the case of small glohulr  the lipids 
that coat the surface constitute a larger fractiol~ 
of the total globule. A theory has been advanced 
to account for the assortment of glohulr sizes in 
terms of concentration and rate at which glycer- 
ides form and collect, as opposed to the rate at  
which their surface tends to become sealed off 
iqainst further growth. 

Calculations have been offered in support of the 
throry that globules are covered with a mono- 
laycr of phospholipids. The reactive groups in 
the phospholipids have bren emphasized. .At- 
trntion has been called to the formation of corn- 
plrxcs hy the phospholipids with fats as well as 
with proteins. Thc evidence as to the nature of 
proteins or proteins associated with the surface of 
fat globulcs is confusing and needs re-study in 
light of cxpanding knowledge of milk proteins 
end techniques for their study. In such stud\- 
the several factors need to be controlled, including 
particularly the effect of previous temprrature his- 
tory. Temperature activation of lipolysis is re- 
producible with synthetic emulsions and with 
pancreatic lipase, but phospholipids must be pro- 
vided. The phrnomenon is observed when the 
enzyme is applied after the cooling-xvarnming-cool- 
ing treatment. Effects of tcmprratltrr tnanipula- 
tions are visualized in terms of fractional meltinq 
of fat and resulting changes in con~position and 
orientation of the molecules representrd in the 
glohule surface. C. J. Babcock 

64. Le test de  la phosphatase appliqut i la 
recherche de  la pasteurization des laits de  froma- 
geria (Use of the phosphatase test to study pas- 
teurization of milks at  the cheese plant). A. 
<:AXIZ.S and R. AI.IFAX. Lait, 31, 307: 367-374. 
July-Aug., 195 1 .  

Appearance of phosphatase activity of micro- 
bial origin in cheese prepared from adequately 
pasteurized milk prompted an investigation of 
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the phenomenon as a function of storage time and 
point of sampling in the cheese. Phosphatase 
activity in soft chcesc \\.as greatest at the surface 
of the chcesc arid essentially absent at  the ccn- 
tcr; activity tended to increase with storage time. 
In  the case of C.ruyPrc., phosphatasc activity was 
cvidcnt throughout the cheese and tended to 
rc.;~ch a maximum in approximately 1 mo., after 
which time it decreasc.d. Thc authors sugg~st 
that protcolysis of the elrzyme is responsible for 
the decrease. Practical implications of the rc- 
sults, with rc.spc3ct to che~-king pasteurization of 
milk by testing the cheeses, are discussed. 

S. Patton 

65. The  precipitation of whey proteins using 
waste sulphite liquor. J. H. HARE and 13. E. 
BAKER, Macdonald College, Quebec. Can. J. 
Technol., 29, 7: 332-336. July, 1951. 

Whey obtained from a muriatic-acid casein 
plant was treated with sulphite waste liquor at 
rates of 1-15 g./100 ml. whey. Solid sodium 
lignosulphonate also was used at  rates of 0.1-2.5 
g./100 ml. whey. The maximum proportions of 
protein precipitated were 73.5 and 81.9% re- 
spectively. Acidification to pH 2.0-3.5 aided 
precipitation. Attempts to isolate the whey pro- 
teins from the lignosulphate complex have hern 
unsuccessful. Preliminary rat-feeding tests indi- 
cated that the lignin-protein complex could he 
well tolrrated when it supplied 10% of the crude 
protein of the diet. 0. R.  Irvinc 

DAIRY ENGINEERING 
A. W. FARRALI., SECTION EDITOR 

66. Agitation of milk by air. R. E. STORCK, 
Dairymrn's Lrague Co-op., New York. Milk 
Ilealcr, 41, I : 52, 127, 130. Oct., 1951. 

Air agitation of milk in holding tanks offers ad- 
vantages, hoth from an economic and sanitary 
standpoint. I t  takes only 2.5 min. to agitate a 
tank of milk with air, whereas a minimum of 20 
min. is required to do the work with the average 
lncchanical agitator. By the latter method a 4,000 
gal. tank calls for the use of from 2-3 h.p., de- 
pending upon the design of the agitator. With 
air, only 0.5 h.p. is needed and it will do a more 
thorough job. With air agitation, milk in the 
tank can be mixed down to the last 4 in. There 
will be air in milk if it is raised to the point where 
it will fall and form a number of spheres or drops. 
In  a properly designed air agitation system, the 
volume of air supplied is regulated so that milk 
will rise to the surface with the air and roll to 
the sides; the milk will never be agitated so vio- 
lently that it will splash above the surface and 
fall back to that level in drops. A technical sys- 
tem of agitating by air and the proper cquiprnent 
and installation are discussed. C. J. Babcock 

67. Cold milk separators. Anonymous. Milk 
Dealer, 41, 1 : 50-5 1 .  Oct., 195 1 .  

Cold milk separators diffrr from the conven- 
tional type in that milk at 40' F. can be run 
through them and efficiently separated. They also 
can be used to separate hot milk. Cold milk sep- 
aration is economical as the heating and cooling 

of the product in the hot milk process costs from 
30-500/hr./5,000 Ib. of milk separated. Also 
the equipment made for this heating and cooling 
can be eliminated or released for other plant op- 
erations. This reduces the labor required for 
wash-up and cquiplnent assembly. Other ad- 
vantages claimed for cold milk separation arc 
that the viscosity of the cream is increased nt 
least 10% and it has a lower bacterial count. To  
obtain mztxitnum efficiency ~vith the cold milk 
separator, it is necessary to reduce the capacity 
to about half that of the hot milk separator. Pre- 
cautions should be taken to prevent the butterfat 
in the milk from becoming churned because it 
will have a tcndency to plug. Back pressure on 
the cream and skimmilk discharges of the sepa- 
rators should be kept to a minimum. 

C. J. Babcock 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C. THOJISEN, SECTION EDITOR 

68. Distributing milk through vending machines. 
Anonymous. Milk Dealer, 41, 1: 16, 114-117. 
Oct., 1951. 

Ritting Bros. operate approximately 500 milk- 
vending machines in Buffalo, Rochester and New 
York City. Experience has been acquired with 
hoth glass and paper containers in pints, half- 
pints and third-quarts. Salcs are approxin~ately 
51% white milk, 36% chocolate drink, 12.5% 
orange drink and 0.570 buttrrmilk. Variations 
occur during certain seasons or in certain types 
of outlets but ovrr :t pcriod of time the average 
generally follows this pattern. An increase in 
price sharply reduces sales. When changing eco- 
nomic conditions made it necessary to increase the 
price from 5 to 106, volulnr dropped 20-25%. A 
machine which does not produce sales of 30 
units a day minimum should he moved to a new 
location. Selecting locations, machine main- 
trnancc and operations are discussed. 

C. J. Babcock 

69. Frozen concentrated orange juice on milk 
routes. Anonymous. Milk Dealer, 41, 1 : 42-43, 
85-97. Oct., 1951. 

Extensive study of sale of frozen foods on re- 
tail milk trucks, initiated 4 yr. ago, showed that 
frozen orange juice concentrate had the greatest 
possibilities. This study was conducted in Wash- 
ington, D. C. and Detroit, Mich. Extensive 
study and development also has been carried on 
for the last 18 mo. on retail routes in Detroit, 
Boston, Bridgeport and Washington, D. C. The 
accomplishment in each of the above cities is 
given. Well-developed merchandising patterns 
arc being successfully followed by a number of 
milk dealers. These should be studird hcfore 
the distribution of frozen orange juice concen- 
trate is started. C. J. Babcock 

70. Statistics vital to ice cream management. 
A. S. ARONSON, Natl. Dairy Prod. Corp., New 
York City. Ice Crratn Trade J., 47, 9: 50, 76. 
Sept., 1951. 
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Internal statistics relating to facts concerning 
the operation of a particular business and ex- 
ternal statistics relating to things which happen 
outside a particular business may be used advan- 
tageously by management in arriving at sound 
business decisions. 

Profit and loss statements, balance sheets and 
inventories, make it possible for the manager 
to make comparisons with previous years busi- 
ness. statistiis on the oprrGion of ench depart- 
ment make it possible to operate more efficiently. 
These should include sales, manufacturing and 
administration. 

External statistics are available from many 
sources such as the Internatl. Assoc. of Ice Cream 
Manufacturers, various government agencies, 
Bureau of the Census, Bureau of Agriculture Eco- 
nomirs. Bureau of Labor Statistics. United Na- -- - --. 

tions, Dept. of Commerce and others. 
W. H. Martin 

71. Trends in ice cream costs. Anonymous. 
Ice Cream Trade J., 47, 6: 24-26, 89. June, 
1951. 

Annual expense comparisons for the years 1945- 
49 for the ice cream industry, show that total cost 
of ice cream has increased each year since 1945. 
In  1949 products and manufacturing expense5 
accounted for a little over 70% of the total and 
distributing costs were 25-29%. Product costs 
were 48.95% of total costs. There has been a 
marked increase in the sale of novelties and 
packaged ice cream and a large decrease in sale 
of bulk icr cream during the 4-yr. period 194649. 
Manufacturing costs increasrd 68%, delivery 
costs 88 and total costs 26%. W. H. Martin 

72. What are you doing about labor turnover? 
E. R.  QUACKENBUSH, Rorea, 0. Milk Dealer, 
41, 1: 98-102. Oct., 1951. 

Too large a labor turnover is costing the dairy 
industry much in actual money and, indirectly, 
has its effect on morale and standards of service. 
Obsenration of methods employed by concerns 
which have not had such a high turnover shows 
that they have several points in common: ( a )  
They have a continuous list of prospective employ- 
ees which is kept alive and up to date. (b). Using 
such an organized list of prospects, these firms se- 
cure all the information possible and carefully 
select those men who give indication of the best 
possible chance for permanent success. ( c )  They 
realize that a new man needs to be given confi- 
dence in his ability to satisfy his employer and 
is most alert to any positive suggestions during 
the first few months. They spend considerable 
time and attention getting him started off "on 
the right foot," making him feel "at home" in 
his organization and proud of it. 

C. J. Babcoclc 

ICE CREAM 
C. D. DAHLE, SECTION EDITOR 

73. First history of the ice cream industry. V. 
M. RARUFFO. Ice Cream Trade J., New York, 
N. Y., 47, 5 :  38. May, 1951. 

Items covered include early history, evolution 

of delivery equipment, ice cream history down 
through the ages, first trade paper, development 
of the ice cream freezer, early advertisements, 
the first trade association, development of ice 
cream items, the ice cream sandwich, the story 
of the ice cream cone, package development, stick 
confections and other novelties and many other 
topics relating to the development of the ice 
cream industry. W. H. Martin 
74. Problems in the manufacture of soft ice 
cream mixes. J. J. SHEURINC and P. F. R o s s ~ ,  
Univ. of Ga. Ice Cream Trade J., 47, 10: 74-76, 
106-107. Oct., 1951. 

In  this study 95 mixes of variable compositio~i 
were frozen into soft ice cream. Observation5 
were made on rate of freezing, amount of over- 
run, appearance of ice cream and quality factors. 
An excellent product can be made from a mix 
containing 6% fat or above, 9% milk solids not 
fat, 0.15% emulsifier and 0.40% stabilizer. Pow- 
dered eggs tend to improve the whipping proper- 
ties, smoothness, firmness and luster of soft ice 
cream. A drawing temperature of 20' F. gave 
the best results for mixes studied. 

W. H. Martin 
75. H.T.S.T. pasteurization of the ice cream 
mix. F. W. BARBER, Natl. Dairy Research Lab., 
Inc., Oakdale, Long Island, N. Y. Ice Cream 
Trade J., 47, 6:  52, 95-96. June, 1951. 

Ice cream mixes were inoculated with test 
organism and pasteurized at 165, 175 and 185' F. 
for 25 sec. and 190, 210, 240 and 260° F. for 
1.4 sec. Portions of the same mixes were vat- 
pasteurized and pasteurized in test tubes in the 
laboratory at  155' F. for 30 min. The results 
showed that at  175' F. and above using 25 sec. 
holding time and at 190° F. and above with a 
minimum holding time of 1.4 sec., the bacterial 
destruction was comparable to that obtained at 
155O F. for 30 min. in the laboratory and by batch 
pasteurization. The U.S.P.H.S. has granted ten- 
tative approval for the pasteurization of ice cream 
mix at  175' F. for 25 sec. W. H. Martin 
76. Production tips. W. J. CAULFIELD, Iowa 
State College, Ames. Ice Cream Trade J., 47, 
9: 42. Sept., 1951. 

Prolonged storage of ice cream mix a t  high tem- 
perature may result in high bacterial count and 
increase the amount of refrigeration required for 
freezing. 

The maximum safe storage temperature at  
40° F. is 4 days if the standard plate count is to be 
maintained at less than 50,00O/gram and the 
coliform count at 10 or less organisms/gram. By 
lowering the mix temperature 10' F. the refrigera- 
tion load may be reduced 8%. Prolonged hold- 
ing of the mix may result in development of un- 
desirable flavors and result in ice cream which 
may show a greater tendency toward shrinkage. 
Dating of mix cans and the use of recording ther- 
mometer in storage rooms are suggested. 

W. H. Martin 
77. Wil Wright markets a 25 per cent butter fat 
ice cream. Anonymous. Ice Cream Trade J., 
47, 8: 34, 69. Aug., 1951. 
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Wright's ice cream which is reported to contain 
25% butter fat and weigh 2 Ib./qt. is made by 
hand in French pots, with mechanical mixing and 
automatic controls. The pots rotate in a brine 
solution in spherical tanks. The brine is brought 
to a precise temperature within a given length of 
time and the freezing through rotating action is 
controlled to a given number of minutes by cir- 
cuit-breaking regulators. The paddling by hand 
begins in about 12 min. when the brine reaches 
the right temperature and continues for 26 rnin. 
The ice cream is sold in Wright's own stores in 
Los Angeles and also is shipped to Dallas, Kansas 
City, El Paso and out-of-town points. The bulk 
prices range from $1.50/qt. for some special 
flavors. Wright's stores have standardized special 
designs and colors. W. H. Martin 
78. Candies for ice cream production. A. 
MANN, MANN'S Candics, Los Angeles, Cal. Ice 
Cream Trade J., 47, 8: 36, 81. Aug., 1951. 

Mann has developed a special process for mak- 
ing a candy which may be used for flavoring ice 
cream without the danger of jamming fruit feed- 
ers. 3-6 lb. of candy is recommended for each 
5 gal. of mix. Candy is available in a variety 
of flavors, including peppermint, lemon stick, but- 
ter pecan crunch, almond, hazelnut, English tof- 
fee, butter brittle and midget marshmallows. 

W. H. Martin 

79. Processed nuts for use in ice cream. C. A. 
PETERSON, Cleveland, 0 .  Ice Cream Trade J., 
47, 6: 40, 92. June, 1951. 

A brief history of the most common nuts used 
in ice cream is presented. Only 1st grade nuts, 
uniform in quality, size, texture and flavor must 
be available to insure a quality ice cream. All 
pieces of shells, and inferior nuts should be rc- 
moved, as well as any foreign matter, and the 
nuts carefully tested. T o  insure best results nuts 
should be stored in the cooler, kept dry and used 
as cold as possible. W. H. Martin 
80. Ice cream sandwiches by the millions. An- 
onymous. Ice Cream Trade J., 47, 8:  38, 81-82. 
Aug., 1951. 

An automatic process for making ice cream 
sandwiches has been developed for use by the 
Pioneer Ice Cream Div. of Borden Co. in New 
York City. The sandwiches are made in Ander- 
son Bros. Model no. 193, which is hooked up 
directly with 3 150-gal. Vogt continuous freezers. 
The ice cream is fed to the machine and is ex- 
truded between wafers which fall into place 
from chutes on either side of the extruder. A 
pusher cuts the ice cream into proper size and 
move.; sandwiches to the automatic bagger, and 
from there to a conveyor where they are placed 
in trays to be transferred to the hardening tunnel 
As they emerge from the tunnel they are boxed 
before being placed in the hardening room. 

W. H. Martin 
81. Ice cream bon-bons. Anonymous. Ice 
Cream Trade J., 47, 10: 50,51. Oct., 1951. 

The Borden Co. in New York, Canada and 
California is making ice cream bon-bons, bite- 
size portions of ice cream coated with chocolate. 

Five bon-bons weighing approximately 2.5 fluid 
oz. retail for 10-156 in theaters. 

The production of this item is completely auto- 
matic with 3 persons employed in a double set-up 
capable of producing 2,400 doz. cartons each 
containing 5 bon-bons in an 8-hr. day. 

W. H. Martin 

82. Hood's introduce a 2f oz. nickel ice cream 
bar. Anonymous. Ice Cream Trade J., 47, 10: 
48-49, 156. Oct., 1951. 

Hoodsie bars is a new 2-flavored wrapped piece 
produced by automatic means at the rate of 750 
doz./hr. with newly developed equipment. The 
bar wholesales to dealers for 454/doz. 

Ice cream is frozen dry to 20' F. in 2 150-gal. 
Vogt freezers, chocolate in one and vanilla in the 
other. The 2 flavors are piped directly to an ex- 
truder head by means of swivel-jointed sanitary 
pipe. The 2 flavors meet at the center of the ex- 
truder head and are cut off in regular pieces 
weighing 2.5 fluid oz. and dropped to an 8-ft. 
canvas-treated conveyor. The conveyor moves the 
bars into a freezing tunnel for hardening a t  
-30 to -35' F. The bars are wrapped and packed 
3 doz. to the box and returned to the hardening 
room. W. H. Martin 

83. Insulated overwraps the latest phase in paek- 
ages. Anonymous. Ice Cream Trade J., 47, 
8: 28, 29, 32, 85. Aug., 1951. 

The insulated overwrap package for ice cream, 
first introduced by Plantation Food in Florida, 
now is being used by H. P. Hood & Sons in New 
Engl~nd,  Bowman Dairy Go. in Chicago and the 
General Icr Cream Co. in New York and New 
England. In some plants the insulated wrapper 
is formed by machinery from a large roll of light 
corrugated paper, after which the package is over- 
wrapped with a colorful printed wrapper. In  
other plants, the insulated sleeve is purchased 
completely made up and scored lightly so that 
it may be tucked in at  the sides, following which 
the over wrapping is applied. The estimated cost 
of the wrapper is 8-12&/gal. W. H. Martin 

84. New walk-in delivery truck. Anonymous. 
Ice Cream Trade J., 47, 7 : 40-41, 98. July, 195 1. 

A new-type ice cream delivery truck designed 
to provide for greater pay loads, faster loading 
and delivery, more selling time for the driver, 
readier accessibility to merchandise on the truck 
and a larger variety of items available, has been 
built by the Pioneer Div. of the Borden Co., New 
York. 

The new truck body was built on a Ford 1.5 ton 
chassis, the interior is lined with shelves on both 
sides so the driver can walk into the truck and 
select his items quickly. The interior has 5' 8$" 
of head room. There are 2 14-gauge steel shelves 
on either side and the floor makes the third shelf. 
The body built to aproximate 1,200-gal. capacity 
will hold a mixed load equivalent to what a body 
of that size will hold, plus several hundred gal- 
lons which may be stacked in the aisle without 
interfering with driver activities. Faster loading 
is accomplished by running a skate-type conveyor 
through the tall rear door. The aisle space meas- 
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ures 26 in. The truck has a 3-ft. shorter wheel 
base than the conventional type and is equipped 
with a Copeland 2 H. P. compressor. The body 
consists of a wooden frame lined with steel in- 
side. I t  has 5 in. of hard rubber board insula- 
tion on the floor, ultra-lite 8 in. side walls, ultra- 
lite in the room and aluminum sheets on sides of 
the body and the steel roof. W. H.  Martin 

85. Building half-gallon sales with a price pro- 
motion. V. F. HOVEY, JR., Gen. Ice Cream Corp., 
Schenectady, N. Y. Ice Cream Trade J., 47, 11 : 
36. Nov., 1951. 

Increases as high as 500% on the sale of 0.5- 
gal. packages of ice cream resulted from a sales 
promotion program in which wholesale prices 
were rcduced from $1.85/gal. net to $1.60. The 
resale price was rcduced from $1.15 to 98&/pack- 
age. During the month of promotion, the percent 
of 0.5-gal. sales to the total sales of the plants 
increased from 7.0-16.9%. The 0.5-gal. carton, 
by making ice cream available in the house, will 
substantially increase consumption. 

W. H .  Martin 

86. Franklin ice-cream-a-teria. Anonymous. 
Ice Cream Trade J., 47, 10: 60-61. Oct., 1951. 

The Franklin Ice Cream Co. in Cleveland, O., 
has applied the principles of food cafctcrias to the 
dispensing of ice cream. The customer choses 
a glass dish and the serving girl places the dips 
of ice cream in the dish. The customer then 
moves to the syrup department where he chooses 
the topping for his ice cream. At the end of the 
line he picks up spoons, straws, napkins and a 
paper cup of water, while the clerk adds up the 
sale on a register. Malts and sodas also are 
available. W. H. Martin 

87. State standards for 1951. Anonymous. Icc 
Cream Trade J., 47, 10: 136. Oct., 1951. 

The minimum percent of fat and milk solids for 
plain, fruit and nut ice cream and milk sherbets 

and the weight standards of ice crean/gal. are 
presented in tabular form. Twenty-three states 
have minimum standard of 10% fat for plain 
ice cream, 5 have an  8% standard, 16 a 12% 
standard and 4 have a standard of above 12%. 
All states except 7 allow for 2% less fat in fruit 
and nut ire cream, 3 in plain ice cream. 

Sixteen states have a minimum weight of food 
solids/gal. and 22 states have a minimum weight/ 
gal. One state (Ill.) limits the overrun to 100,' 
can and I state (Iowa) has a minimum weight of 
18 oz./qt. in factory-filled packages. 

W. H. Martin 

88. Texas defines vegetable fat frozen dessert. 
Anonymous. Ice Cream Trade J., 47, 10: 46. 
Oct., 1951. 

The Texas Statr Health Department has pro- 
mulgated a legal drfinition for vegetable fat frozen 
dessert, and has ruled that the product must be 
called Mellorinc.. 

"Mellorine is a frozcn or unfrozen product made 
from edible fat, solids and sugar, ~vi th  or without 
a natural flavoring, and contains not less than 6% 
edible fat and not less than 30% of all solids . - 
including fats and may contain not more than 1 % 
of a stabilizer approved by the State I-Iealth 
Officer, and may contain 1 or more of the follow- 
ing optional ingredients: eggs, fruit, salt, nuts, ex- 
tracts, harmless solvent, chocolate or cocoa and 
sucrose, dextrose, fructose and any other mixture 
approved by the State Health Officer. 

"The use of the word cream or its phonetic 
rquivalent, however spelled, in connection with 
the labeling, advertising, branding or sale of this 
product is prohibited by article 708, penal code 
of Texas. 

"Thc manufacturers of Mellorine shall meet the 
samr rules and regulations that govern the pro- 
duction and manufacture of ice cream and other 
manufacturcd products as promulgated by the 
State Iiealth Dept., Jan. 1 ,  1946." 

\2:. H. Martin 
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Complete Stabilizers 
and Emulsifiers I 

BODY - GUARD@-for  the finest 
grade of ice cream, high active in- 
gredient content-83@/lb. 

PRI DEXB-for ice creams with pleas- 
ing mellow consistency-economi- 
cally priced-57$/lb. 

I Straight Stabilizers ( 
I H Y - G U A R D @ - f o r  ice creams, milk 

sherbets, ices and stick confections- 
excellent stabilization-57d/lb. I 

I PRIDEB-for deliciously smooth tex- ( 
I tured ice cream. with maximum sta- 

bilization at  low cost-53P/lb. I 

I Straight Emulsifier 
EM EX@ - for increasing whipping I 

ability of ice cream and controlling 
overrun when used with good sta- 
bilizers-44$/lb. . . . 

Ask your Dairy Supply Jobber or us 
for testing samples and bulletins. 

@-Registered U.S. Patent Office 

I Writr for litcrnt~lrc. c l rscr ihi~~g G.B.T. I 

I Ice Cre:~~n Stnbilizc~s : ~ n d  Elnillsifiers I I GENERAL BIOCHEMICALS, INC. ( 
1 2 0  L A B O R A T O R Y  PARK C H A G R I N  FALLS, O H I O  

M e n -  a n d  I n s p e c t o r s  
Mineralight is a compact portable long wave 

ultra-violet light which causes fluorescence in 
milkstone fats and other soils not readily 
seen by the ey;. Used like a flashlight. Oper- 
ates 110 V-AC or batteries. Adapter available 
for 110 V-DC. Carrying case optional but 
necessary for battery operation. Moderate 
cost. Valuable aid to any size plant. Indis- 
pensable in improving sanitary standards. 
Write for literature. 
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DAIRY PREPARATIONS
, for High Quality Dairy Products
_Ii

CHEESE RENNET AND COLOR

COnAGE CHEESE COAGULATOR

ANNAno BunER COLOR

DANDELION BunER COLOR
CERTIFIED BunER COLOR

STARTER DISTILLATE
ICE CREAM COLOR

LACTIC FERMENT . CULYURE

ODORLESS TYPE DAIRY FLY SPRAY

CULTURE CABINETS

TESTING SOLUTIONS
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Advertisements

Copies of the 20-Year Index

covering Volumes I to XX,

inclusive are available at the

following prices:

MEMBERS

Cloth Bound $2.35

Paper Bound . . , . . . . . . . . 2.00

NON-MEMBERS

Cloth Bound $5.50

Paper Bound . . . . . . . . . . . 5.00

You r adn~ rt iscment is bei ng re~u in cY c r~· State and in 45 Foreign Countries



NOTICE TO CONTRIBUTORS 
Authorsl~ip of Oriyiaal Artioles and Be.c.iee8.--Space in the JOURNAL is reserved for the 

publication of original research voluntarily submitted bp members of the Association to the 
qlOURNAI, and review articles by invitation. Jn the case of joint authorship, the membership 
ruliug applies to one author only. 

Papers that nlreaily have appeared in print or that are inteuded for simultaneous publica- 
tion elsewhore will not be accepted. 

Manusoript8.-Manuseripta should be submitted i n  double spacing on one side of suitable 
81"x  11" papcr. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in ca:lses of invited reviews, papers must be limited to 12 printed pages unless previ- 
O U 8  permission from the editor is obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. I n  order to 
speed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.-Original drawings, diagrams and charts should be done in India ink on tracing 
cloth (or white board) not larger than standard letter size (84"~ 11"). All lettering should 
he inked in block style and be of such size that tbe lettering will be not less than g in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is  not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Pibotographs.-Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.-Legends for figures and photographs should be typed on a sheet separate from 
the illustrative material and should be made as coucise as possible while retaining their descrip- 
tive character. 

l'abular Haterial.-Tabular material should be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, o, etc., should be used for footnote 
designations. If  possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

Beferenoe8.-=terature reviews should be limited to  only the most pertinent references. 
Reference lists should be double apaced and arranged alphabetieauy a8 to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to  multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, anthor(s), title of article, 
name of journal, volume number, f i s t  and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published article8 
in the JOURNAL fay proper citation. Publications are abbreviated mcording to the form 
given in CHEMICAL ABSTRACTS, voL 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) JONES, L. W., AND SMITE, J. D. Effect of Feed on Body 
of Butter. J. DAIRY SCI., 24: 550-560. 1941. 

Sample of book citation: (1) LANDSTEINEB, I(. The Bpmijicity of 8erologiCal B8mtions. 
Rev. Ed. Harvard University Press, Cambridge, Mas .  1945. 

For Experiment Station publications, the citation should be as follows: (1) CouLTaB, 8. T., 
AND JEIVNESS, R. Paeking Dry Whole Milk in Inert Gas. Minn. Agr. Erpt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(6); cc., cubic centi- 
me te r (~ )  ; g., g r a m ( ~ )  ; mg., rnilligram(6) ; y, microgram(s) ; ml., milliliter(6) ; mp, millimi- 
c r o n ( ~ )  ; C., Centrigrade; F., Fahrenheit; lb., pouud(s) ; oz., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 

In preparing manuscripts, use of first person should be avoided. 

Your advertinement is being read in every State and in 46 Foreign Countries 



I for Microbiological Assay . 

of 

VITAMINS and AMINO ACIDS 
Bacto dehydrated media containing all the necessary nutriments and 
growth factors for the microbiological assay of vitamins and amino 
acids are now available from Difco. These basal media require only 
the addition of graduated amounts of the substance under assay to 
obtain linear growth of the test organism for construction of the 
standard curve. The vitamin or amino acid content of the material 
under assay is determined by adding appropriate concentrations of 
the test substance to the basal medium and comparing the growth 
response obtained with the standard. 

BACTO-FOLIC ACID ASSAY MEDIUM BACTO-RIBOFLAVIN ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-THIAMIN ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-VITAMIN Bn ASSAY MEDIUM 

BACTO-B, ASSAY MEDIUM U S P 

I The method employed in carrying stock cultures of the test organisms 

l 
and preparing the inoculum for microbiological assay is important. 
The following media have been developed especially for carrying 
stock cultures and for preparation of the inoculum. 

BACTO-MICRO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH 
BACTO-NEUROSPORA CULTURE AGAR 

% ' P I S '  

BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid hy- 
drolysate of vitamin free casein prepared especially for laboratories 
investigating microbiological assay of vitamins. 

5 

I Descriptive literature is available upma request. 

Ill Specify 66DIFCOy9 
THE TRADE NAME OF THE PIONEERS 

In the Research and Development of Bacto-Peptone and ,Dehydrated Culture Media 

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 

1 1 1  
Your ndrertisemcnt is being rend in every Stntc and in 45 Forrlgn Countries 
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