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... pass the test for true economy 
T o  determine the cost of dairy containers, look 
beyond their first cost. 

High-quality, returnable glass bottles are unequaled 
for keeping container costs low. That's why Duraglas 
bottles are so carefully controlled in manufacture to 
assure high quality and long life. You can depend 
on them to deliver dependably the high trippage 
that means trrre economy. 

ACL-Each bottle can be a "talking salesmsn" for 
the dairy with Applied Color Lettering designs. 
Stock designs are always available, and our artists 
are ready to develop special designs. 

Your ndvertisement is  Ibring reall in every State and in 45 H'orelgn Countries 
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cut costs 

with 

CHERRY-BURREL L 

and get ... 

Ask your Cherry-Burrell representative for details on profit- 
able and efficient processing with Cherry-Burrell equipment. 

CHERRY-BURRELL CORPORATION 

P Generol Soles and Executive Office: 
427 West Randolph Street, Chicago 6, Illinois 
Milk ond Food Plant Equipment ond Supplies 
FACTORIES, WAREHOUSES, BRANCHES, OFFICES OR 
DISTRIBUTORS AT YOUR SERVICE IN 56 C I T I E S  

SANITATION - Stainless 
steel sanitary fittings, valves and 
tubing are your protection 
against product contamination. 
These fittings are highly corro- 
sion resistant. Will not add un- 
desirable flavors to product.You 
can get prompt delivery. 

EFFICIENCY - Flexflo pumps 
offer design features that mean 
higher efficiency, greater sani- 
tation, easier cleaning and less 
maintenance. All stainless steel 
product contact surfaces.. .non- 
foaming. Available in six sizes 
to 18,500 gallons per hour. 

QUALITY IMPROVEMENT 
-Many food plants use Super- 
homo, industry's most advanced 
homogenizer, to improve texture 
and mixture of ingredients. San- 
itary, easy to clean, heavy-duty 
construction. Capacities from 50 
to 2,500 gallons per hour. 

CONVENIENCE -The handy 
Univat can be moved to any part 
of the plant to provide thorough 
heating and mixing of liquid in- 
gredients, thawing frozen eggs, 
etc. All stainless steel lining . . . 
sturdy agitator. Sizes from 50 
to 200 gallons. 

CAPACITY -The Round Prac- 
essor has the strength and power 
to thoroughly mix heavy-bodied 
products. Spray-type or direct 
steam heating principle. Uniform 
heating, cooling and pasteuriz- 
ing. Smooth stainless steel lin- 
ing meets highest sanitary stand- 
ards. Sizes from 300 to 1,000 
gallons. 

Your ndvert isement is  being rend i n  every S t a t e  a n d  in 45 Foreign Countr ies  
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Save Bulk cooling and tanker pickup of milk have increased milk 
checks and reduced power bills on dairy farms in al l  parts 
of the country. Milk is weighed and sampled in milk house, money eliminating stickage, spillage, and fat laws. Lower hauling 
costs are often possible. Bulk Cooler compressor runs only 

with during milking; less power is used. Fast cooling to 3 8 O F .  protects 
m i l k  qua l i t y ,  a n d  
much labor is saved. 
Get the money-sav- 
ing facts about Bulk 
Cooling. Write for  
Mojonnier Bulletin 
240 "The Bulk Cool- 
ing Story." 

Left: W. D. Hohn, Ceres- 
ville, Md., in milk house 
of one of his two forms, 
watches driver of pick- 
u p  t a n k e r  "weigh" 
milk. 

ADDRESS MOJONNIER BROS. CO., 4601 West Ohio St., Chicago 44, 111. 

\ 7 
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I S  IMPORTANT ! 
Leading agricultural 
scliools and col1egc.s 
agree that the regular 
weekly use of FLAV- 
0-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 

FLAV-0-LAC 
(slio~~-n) produce a quart of the finest 
starter on a s ~ ~ i g l e  propagation. Single 
bottles $2.00. 

SPECIAL FLAV-0-LAC FLAKES "40" 
produce 40 quarts of starter on a single prop- 

M e n -  and I n s p e c t o r s  agation. Single bottles $3.75. PIUS portage. 
Mlneralight is a compact portable long wave Free Cultural Manual of Fermented Milk 

ultra-vlolet l ~ g h t  whlch causes fluorescence In 
m~lkstone, fats, and other soils not readlly 

Products on request. 
seen by the eye. Used l ~ k e  a flashlight. Oper- 
ates 110 V-AC or batteries. Adapter ava~lable 
for 110 V-DC. Carrylng case optlonal but 
necessary for battery operatton. Moderate 
cost. Valuable a ~ d  to any slze plant. Indls- 
pensable In irnprovlng sanltary standards. 23rd ie Locust Bts., Phlh  3, Pa. 
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CYLINDRICAL 

STORAGE TANKS 

in a System Engineered for the Job 
At Joppe's Dairy, r a w  milk i s  Flo H. T. S. T .  Pasteurizer, the 
received in two refrigerated CP milk goes to two more CP Cold- 
Cylindrical Cold-Hold Tanks.  Hold Tanks that serve for storage 
After pasteurization in a CP Full- and surge. The whole operation 

fits together into a smoothly flow- 
ing flexible schedule that can be 
easily adapted t o  day-to-day 
changing conditions o r  contin- 
gencies. 

Pasteurization can be handled 
when most convenient. If for any 
reason filling is delayed, the milk 
can be held safely over night, if 
necessary, in  the final two C P  
Cold-Holds. This makes the sys- 
tem also ideal for 6-day plant 
operation. 

Would a CP Job-Engineered s ys- 
tem like this improve your opera- 

Joppe's Dairy, Grand Rapids, Michigan uses four 3,000 gal. CP Cylin- tions? Why no' talk it over-with 
dricol Cold-Hold Tanks, and a CP Full-Flo 12,000 Ib. H.T.S.T. Plate C p  Representative now? 
Pasteurizer in the fiexible system described here. Plant also uses a CP 
Full-Flo Plate raw milk cooler. 

1243 W. Washington Bivd., 

THE -F& MFG. COMPANY 
Branches Chicago in 21 Principal 7,111. Cities 

Your advertisement is being rend in every Stnte a n d  in 45  Foreign Countries 
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Against O x i d i z e d  Flavors 
Don't "sweat-out" the period when your frozen cream is in 

the freezer! Every year about this time many plant operators and 
technicians gamble on the holdin% quality and flavor of expensive 
frozen cream. 

For 2/10fh of a ceitt her pozrnrl of B.F., the unpredictable risk of 
oxidized "off" flavors can be eliminated with N.D.G.A. Antioxidant. 
Non-toxic, colorless and tasteless, N.D.G.A. has been proved in 
plant after plant as the most effective and inexpensive protection for 
Frozen Cream. 

For specific information on N.D.G.A. application in your plant 
write: Wm. J. Stange Co., 342 N. Western Avenue, Chicago 12, 
Illinois. 

N.D.C.A. ANTIOXIDANT IS DISTRIBUTED NATIONALLY 
TO THE DAIRY INDUSTRY BY: 

CHERRY- BURRELL CORPORATION 
and their Associate Distributors 

Yoor i ~ d v t ~ r l ~ b e l l ~ t ~ t ~ t  ih Iwini: read in c1rr.v St;ltv an11 in 43 1"oreipn ('onntries 
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THE ABSORPTION OF VITAMIN A NATURAL ESTERS AND OF 
CAROTENE BY YOUNG MALE HOLSTEIN CALVES1 

MAONAR RONNINGZ AND C. B. KNODT 

Pennsylvania Agricultural Experiment Station, State College 

The importance of vitamin A and its precursors in the rations of dairy calves 
has been well established. On the basis of the research published, however, in- 
formation is needed relative to the site of absorption of these compounds in 
obtaining an understanding of the mechanisms involved in their utilization. 
Popper and Volk (10) determined that absorption of vitamin A in rats was most 
rapid in the upper part of the small intestine. Barrick et  d. (3) indicated that 
the small intestine was most important in the absorption of vitamin A by sheep. 
Eden and Sellers (5) demonstrated that vitamin A was absorbed primarily in 
the duodenal area of the small intestine in sheep and in rats. The absorption of 
carotene and its subsequent conversion to vitamin A is not well understood and 
there appears to be considerable species variation in the mechanism of utiliza- 
tion of carotene (1, 3, 4, 6, 9). I t  was the purpose of this experiment to obtain 
information concerning the site of absorption of vitamin A natural esters and 
carotene by young dairy calves. 

EXPERIMENTAL 

Male Holstein calves were left with their dame for 24 hr. and then were 
placed on a vitamin A- and carotene-deficient diet for a period of 7 days. The 
purpose of this stabilization period was to deplete the digestive tract and its 
contents of carotene and vitamin A. The experimental ration consisted of a 
mixture of 0.2 lb. dry whole milk replacement, 1.8 Ib. water and 3.0 lb. skim- 
milk fed twice daily. No hay, grain or additional fluids were made available. 
The calves were penned individually on wire screens to prevent eating of bedding. 

After completion of this stabilization period, the calves were administered 
one of the following preparations dispersed in the experimental diet to insure 
more homogeneous distribution in the digestive tract: Group A, 5.0 g. commercial 
corn oil; group B, 2.0 g. concentrated fish liver oil containing 608,000 I. U. vita- 
min A per gram; group C, 5.0 g. cottonseed oil containing 255,000 I. U. vitamin 

Received for publication Sept. 9, 1951. 
1 Data contained in this publication are from a thesis submitted by the senior author to the 

Graduate School of The Pennsylvania State College in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. Authorized for publication as paper no. 1681 in the 
Journal Series of The Pennsylvania Agricultural Experiment Station. 

2 Present address: Department of Dairying, Oklahoma A. & M. College, Stillwater, Okla. 
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A equivalent in the form of @-carotene per gram; group D, 0.5 g. of the above 
vitamin A oil as used in group B ; and treatment E, 1.25 g. of the above carotene 
oil used in group C. The total amount of oil was adjusted by adding corn oil as 
needed so that each calf received a total of 5.0 g. oil. The concentrate oil was 
added to 1 lb. of skimmilk of the ration, heated to 37O C. and dispersed by 
vigorous shaking. This mixture then was dispersed in the total test meal by 
thorough stirring and a sample for analysis was taken while the material was 
swirling in the bucket. 

Eight hr. after feeding this meal the calves were stunned with a blow on the 
head and bled to death by severing the left carotid artery. The body cavity was 
exposed, the esophagus tied off and the digestive tract ligated as soon as possible 
in the following places to prevent as much as possible the movement of material 
from one portion to another: Between the rumen and abomasum; the pyloric 
and ileocecal valves; and at  several places throughout the small intestine. The 
tract then was removed intact and taken to the laboratory and prepared for 
analysis. 

The contents of the rumen, abomasum and the large intestine, including the 
cecum, were removed and identified as R, AB and LI, respectively. Because 
of a lack of sufficient material, the contents of the reticulum were included with 
those of the rumen for analysis. Similarly, the contents of the omasum were 
included with those of the abomasum. The small intestine was divided into 
three sections approximately equal in length and the contents removed and 
identified as 81-1, 2 and 3, beginning from the duodenal end. 

Blood samples were taken for vitamin A and carotene analysis prior to 
administration and a t  time of slaughter. The livers were removed and pre- 
pared for analysis for vitamin A and carotene. 

The mesenteric membranes, adhering fatty tissue and lymph nodules were 
removed from the outer surface of the digestive tract and the inner surfaces 
washed thoroughly with a 0.9 per cent saline solution. The mucous tissue of the 
abomasum and of the three sections of the small intestine were removed by 
carefully scraping the inner surfaces with a knife. The two layers of these 
sections and the tissues of the rumen and of the large intestine were prepared 
for analysis by grinding and macerating. 

Analyses for carotene and vitamin A were made on the test meal, digestive 
tract contents, tissues of the digestive tract walls and livers after saponification 
and the extraction of the nonsaponifiable material with ethyl ether. The con- 
centrations of vitamin A and carotene of the feed and digestive tract contents 
are reported in terms of I. U. per gram of dry matter. The concentrations of 
these compounds in the tissues are presented on the basis of I. U. per gram of 
fresh tissue. The Carr-Price reaction was used in the analyses for vitamin A, 
while the carotene was measured calorimetrically in petroleum ether, using the 
Evelyn calorimeter according to suggestions by the Association of Vitamin 
Chemists. Chromatographic purification (2) of the carotene extract was not 
employed since it had been predetermined that interfering pigments were not con- 
centrated sufficiently to affect the final results. Blood analyses for vitamin A 
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and carotene were ~nade  according to a co~nbination of methods proposed by 
Moore (8) ant1 ICimble (7) .  The per cent dry matter of the feed and of the 
digestive tract c.ontents were determined by using a Brabender semiautomatic 
moisture tester. The samples were dried a t  100° C. with forced draft for 4 hr. 
which had been predetermined as the time required for constant weight. Three 
calves were subjected to each of the dietary treatments described. 

RESULTS 

The concentration of vitamin A and carotene in the digestive tract contents 
from the ~ a r i o u s  secstions are prc~sented in figure I. These levels may be com- 

SI-I 51-7 
SCCTlOh 

nlon LEVEL VITAMIN A 
LOW LEVEL VITAMIN A 

CEZl  nlon LEVEL CAROTENE 
LOW LEVEL CAROTENE 

FIQ. 1. Concentration of administered compound in cligest,ive tract contents I.U./g. D.M. 

pared with the average levels of the administred con~pound present in the feed, 
which were as follows as determined chemically: High level vitamin A, 5330 I. U. 
per gram dry matter; low level vitamin A, 938 I. U. per gram dry matter; high 
level carotene, 3079 I. U. vitamin A equivalent per gram dry matter; and low 
level carotene, 939 I. 11. vitamin A equivalent per gram dry matter. The test 
meal and the digestive tract contents of the control group showed only traces 
of vitamin A and carotene values and these in all probability were due to the 
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presence of very small amounts of interfering substances. The cherriically cleter- 
mined values of vitamin A and carotene of the feed were appreciably lower than 
the calculated values, which indicates that considerable loss in potency was 
suffered during the time of dispersing the oil with the feed. Some oxidative 
destruction may have taken place while shaking the heated mixtnre and further 
loss may have resulted from adherence of some oil to the utensils nsed. 

C O ( T R O L  
HIGH ma VITAMIN A 

0 HIGH LEVEL CAROTENE a 
LOW LEVEL VITAMIN A 

LOW LEVEL CAROTENE 

FIG. 2. Concentration of carotene G.I. tract tissue I.U./g. 

WTROL ezaulcn LEVEL VITAMIN A a HIGH LEVEL CBROTENE 
LOW LEVEL VITAMIN A 
LOW LEVEL CAROTENE 

FIG. 3. Concentration of vitamin A G.I. tract tissue I.U./g. 

A very high concentration of vitamin A in the abomasnm resulted from the 
administration of this compound a t  both levels of dosage. The lowest level of 
vitamin A was observed in the upper one-third of the small intestine in the 
low-dosage group and in the middle one-third of the small intestine in the high- 
dosage group. There appeared to be a concentrating effect upon vitamin A in 
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thr  1o1vc.r one-thircl of thcb silrall illtestin? ant1 in the large il~tc,stinc, ~vhivh was 
KrOIlp. partic*ularlJ- c.vi tl(1nt in t h ~  h iph-dosa, 

The vai.ott.llc l(.vels of tht. tlipe\tivc. tracdt coatc'nts of the two group\ at1111ini~- 
tercvl this c.onli)o~~ntl w r r  cluitcb co~nparab l~ ,  ;~lthonph the lo~v-tlosapc~ group re- 
cei~et l  o111y a b o ~ ~ t  one-thirtl as inuch caroteilcL as the high-tlosage group. The 
c.onc.c~itriltion of ci1rote11(> \vas lo\vest ill the ~l~i(l(llo o~~(l-tllircl of thc' s111i11l i~lt(>stine 

HISCUUR WALL HlGH LEVEL 
MUCOUS LAYER HlGH LEVEL 
MUSCULAR W U  LOW LEVEL 

=MUCOUS U Y E R  LOW LEVEL 

1 4. The distr i l~ l~t io~i  of c : ~ r o t c ~ ~ e  I~ctwecn the mucous layer a n d  muscular wall. 

M U S C U L A R  WALL HIGH LEVEL 

DZMUCOUS LAYER HIGH LEVEL 
-MUSCULAR WALL LOW LEVEL 

 MUCOUS LAYER LOW LEVEL 

SECTION 

FIG. 5 .  The (1istril)ution of v i tnn~ i l~  A I)et\vce~~ t l ~ e  I I I U ~ O I I ~  I:~yrr : I I I ~  musrul:rr wall. 

ant1 highest in the abol~la<~lm. The 'ontac>ntration of carotcll~e \vas cluite high in 
the large intestincl, approac*hing that obrt~rrcvl in th(> abo~llasn~rl. A grclat deal 
of individual rariation was observed ill the levc.1~ of calaotcn(> ill the contents of 
the rullien, inflnenc~ed probably by the passapc of liquid illaterial into this section. 

The average d r y  matter contcnt of the cli~estive travt caontents \vas 61.5 per 
cent of that in the feed. This had th(, etl?ec.t of incrca.;ing the concentration of 
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vitamin A and carotene per unit gram of d r ~  matter. The total amount of these 
(~on~ponnds, how~erer, was somewhat less in  the digestive tracat (.ontents than in the 
f(v.4. The recovery of vi tan~in A was 83.7 and 65.4 per vent in  the high- and 
loxv-atl~lli~listratio~l pronps, and the recovery of carotene was 21.6 a i d  64.3 per 
cent in the high- and lox-intake groups, respectively. 

Tht. c.onc.entrations of varotene and vitamin A in the tissues of the various 
portions of th(' digcastire trac*t are s~nnmarized in figiires 2 and 3. The total 
amount of tht~se co~i~porunds in the tissues ditl not appear to be related to the 
concentrations of vi ta~nin A or carotene in the corresponding digestive tract 
caontet~ts. At  both Ievtlls of dosage the c.arotene c.oncentrations were highcst in 
the rnmen tissue and lowe\t in the niid-section of the small intestine. The con- 
centration of carotene in the tissue9 of the digestive tract wall was caonsiderablp 
higher in the high-dosage group than in the lo\f7er level intake group. IIowerer, 
a t  both levels of carotene tlosage, the carotene c.onc.entr~tions in the digestive tract 
contents were nearly the qalne. The concentration of ritarnin A in the tissues 
of tht. walls of t h ~  digestive travt was highest in the abomastun ant1 became 
progressirrl- lower thronghout the ren~aindrr  of the tract, in the high-dosage 
group. At t h ~  lo\xT-level intake, the digestive tract tissne levels of vitamin A were 
c(11ite uniforn~,  with son~cnhat  higher levels in the upper two-thirds of the s~rlall 
intestine than elsewhere. 

TABLE 1 

lfeiglrts  nwd cnrotenr n ~ t l  vitamin A contrt~ts of ccrlf liv('rs 
- - 

Calf Treatment* Wt. Cnroteneh Vitamin A 
-- - -- -- 

("0.1 (f7.) (I. 71.) (I. U.) 
282 A 776 498  30,410 
289 8 i 8  2,.521l 85,078 
292 - 735 809 2,793 
X 796 1,2i(i 39,427 

278 B 825 2,368 61,215 
285 790 8159 6,565 
291 i 63 1,099 10,758 - 
X '793 1,445 2(i,179 

280 C 924 I ,(i.54 2,495 
?sf; 838 2,506 38,715 
290 897 484 4,575 
- 
S 886 1,548 15,2(52 

287 D 1,199 2,090 54,914 
294 958 1,494 40,332 
29fi 1,024 2,202 77,414 - 
A- 1,n6o 1,995 57,553 

288 I3 824 1,673 --- 72,759 
295 7116 I 1 1  1,483 
2517 
- I79  1ii 

- -  :3,36.5 
s- .>, 11 876 

- - - .. - - -- - - - - 
25,869 

- ----- - 
a A, Coi~trol;  R j  I~iglr-lrvc.1 vit:lnlill A ;  (', I~igli-lrrel cS:~rotcbnr: I), lor~-lrrc~l vitanlin A ;  

F:, IOIT-level rnrotrnr. 
ZJ \ - i t : ~ i i i i ~ ~  A e r l t ~ i v : ~ l ( ~ ~ ~ t .  
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The distribution of carotene ant1 r i t a m i ~ ~  A bt t~veen the nlnvolls layer ancl 
the musc.nlar wall is p r e s ~ i ~ t ( ~ l  in figures 4 ancl 3. 'I'he c+ont.e~~tratiol~ of carotene 
ill thes(' two tissue layers was nearly eclnal. V i t a ~ ~ ~ i n  A, ho\rerer, ~ v a s  prt~dolni- 
nitntly higher in t h ~  nlllc.ons layer as c*orriparrtl to the 1n11.;(+11lar tissue. The (+on- 
ventration of r i t a n ~ i n  A was highest in the rnllcolls layer in the upper two-thirds 
of the 5111all intestine in  both (losage groups. 

Fro111 the data sn l~~mar ized  in table 1, liver storage of v i t a ~ ~ l i n  A apparently 
~ r a s  not affected by any of thrse treatments during the 8-hr. periotl follo~ving 
adrnini\tration. Thv hight.st conct~ntration of rita111in A mas found in thc l i rer  
of a valf of the vontrol g r o ~ l p  anti only one of th(. four snpplenirntetl groups 
showed a higher arcirage lirc~r c*onc*entratio~~ of the vi tan~in than did t h ~  caontrol 
group. It shol~ltl b(> noted in table 1 that  (lrl'll a f t w  the periotl of stabilization 
thcre were largc~ variation\ in t h ~  conc.rntrations of liver carotc.nc. and vitamin A. 

The c.hanpc1.; in  blood plasn~a ritaniin A and rarotene resulting frorn the 
treatments cmployetl in this c~xpc~ri~nent a r r  prescanted in table 2. A great deal 

TABLE 2 

Blood plasi~to ecirotrnp ctn(7 v i t n l ~ ~ i t c  A 
-- - - - - - - - -- - - - - - - - - -- 

Carotene Vitaillin A 
(y/lOO qnl.) (y/100 ml.) 

"If Treatlnrnta - - ---- -- -- 

(no.) 
282 A ll.6fi 10.69 - 0.9i 14.16 r 89 15.55 - 0.98 2:i.32 - -- 14.57 

F -- 292 
-- 

( . ( I  1.1 I 0.00 3.91 
X 11.M 11.01 - 0.65 13.80 

278 B 20.40 19.43 - 0.97 12.91 
285 11.66 9.72 - 1.94 

- -- 
1 .11  

291 $1.72 6.80 - 2.92 3.91 
- 
X 13.93 11.98 - 1.95 8.20 

280 c 6.80 I.l I + 0.97 0.no F -- 
286 13.60 I -5.55 + 1.95 12.91 
2!10 4.86 3.89 - 0.97 8.t; 1 
- 
S 8.42 !1.07 + 0.65 7.17 

287 I) 1 . 1 1  6.811 - 0.9i 5.25 - -- 
294 1.94 4.81; + 2.92 11.66 
296 6.80 .5.83 - 0.97 1T.V; 
- 
X 5.50 5.83 t 0.33 11.33 

288 E 14.67 17.49 t 2.92 2(i.$lO 
295 1.94 10.69 + 8.75 3.9 1 
297 3.89 4.86 +O.!li 5.25 - 
X 6.80 11.01 + 4.21 12.02 

- ~ 

' A ,  Control; B. l~igll-lc3vc.l rit;rn~il~ A ;  C, lligll-lcvel c;~rotc-~lr; I), 

l':, low-lrrel carotene. 

of illdividual rariation \vas obsrrrctl ill the chal~ges ill blootl plas~iia lerc~ls of both 
vitamill A- and (.arote~~e-ft,d valves. On(, calf of the ritamin A-a(lulillistc>re<J 
groups clicl ]lot eshi1)it it11 increase in blootl ~ I R S I I I H  viti1111i11 A. 0111y OIIP (calf 



of thch caitrotelle g r o ~ ~ p s  sl~o\vc'tl a11 aplx.c~c.iabl(~ i~~c.rease in blootl plas~lla caro- 
ten(.. C11a11gc.s ill blootl plasn~a v i t i u ~ ~ i l ~  A rc,sultilrg fro111 c.;lrotcvie i t i l ~ ~ ~ i ~ l i s t r a t i o ~ ~  
\v?rc. re l i~t ivel~-  s~ l~ i t l l  i t ~ ~ t l  cl~titc. inco~~sis tc~nt  rn~t ler  th(. c . o ~ ~ t l i t i o ~ ~ s  of these ex- 
per i l~~rn ts .  

The i~lc.~c>i~sc~s i l l  blootl pl i ts~~la vititl~lin A rcxs~llti~~g ~ I . ~ I I I  the, a t l l l~i~~ist l .a t io~t  o f  
this t.olllpo1111tl ilt I)otll l(.vels of i ~ ~ t i ~ k c .  were sigl~ific.a~ltly cdor'r(>li~tc2tl to the, c.011- 
c . t . ~ ~ t l * i ~ t i o ~ ~ s  of v i t a l l ~ i ~ ~  A ill t h ( ~  I~I I I (WIIS  l i~yers  of the tissuc.s of t,lle 11-alls of thr  
s~~li t l l  i~~tes t i l l r .  'I'h(~ ( . i i l (*~~Ii i t~( l  eo(ffivio11t of co~*~.eliitio~i \vi~s 1 .  = 0.97, ~ v l ~ i ~ ~ l i  \v;is 
sipnificitl~t wit11 I' > 0.01. So other r(~Ii~tio~ishil)s (~>111(1 be s h o \ r ~ ~  b(.t\~chc,~~ blootl 
] l ~ i l ~ l l l i l  ~ h i l l l ~ ~ ~  all(1 ~ ~ O l l ~ ~ e l l ~ r i l ~ ~ O l l ~  Of ('ilrOt?ll(' or ~itillllill 11 ill the ( l i g e ~ t i ~ ( ~  
I l'act tis.;~~tas or ( ' O I I ~ C I I ~ S .  

r 7 1 htb ~ o l ~ t . ( ~ ~ ~ t r i t t i c , ~ ~ s  of viti1111i11 i\ a l ~ t l  c.arotckllc ill thv iligcstivc~ tl-act c.ontcnts 
and tissuc.s itfttbl. il, sii~gl(-' ad~l l i~ t i s t~ .a t io i~  of eithvr t * o ~ i ~ p o ~ ~ i i ( l  a t  ;I high or low 
l(bv(.l to yonllp c+alvcbs I~itve b(1c.11 stlitlic>tl. E'II~~IIPI* ol)ser\.atio~~s \vt,rr nlatle \vitl~ 
rc>spcxc*t to tllc. c.fftxt.t of s11c11 i~tlnti~iistri~tions u p o l ~  liver storage ant1 11po11 blootl 
])1as111it c.arotr~ic. a11c1 vititn~in A. 

r 7 Ill(. r c ~ s n l t i ~ ~ g  tlata il~tlicittc. that thv most acdtivck a1)sorptioli of r i ta l l~in A takvs 
plac.c> i l l  thc. nppcsr tno-thircls of th(> sl~lall il~tc~stine. 'l'he c~o~lc~c~l~tr i i t iol~ of vitit- 
111in ,\ ill the tligc.stivc. tract t.ontc~nts aftchr thv a t l t~ t i t l i s t r i~ t io~~ of on(, si11gIe 
tlosc, \vils lo~vest i l l  this i~rc~a.  The I I I ~ I ( . ~ I I S  tissues of t h ~  11ppc.r t\vo-thirtls of the 
s~rli~ll int t~st i~ie  \vcw Illore c.ollc.rntr;ttrtl \vitl~ r i t a ~ l ~ i l ~  A than those c*lsc~\vlierc.. A 
highly sig11ific.allt ~ o r r ( l l a t i o ~ ~  c.o(4fi(*it~ltt \\.ilS ( ' ~ l ~ ~ ~ l i i t e ( l  b(>t\veel~ the illt*rease ill 
blootl pli~s~tla viti1111i11 -4 and the ~ ~ t ~ ~ ( ~ l ~ t r a t i o ~ ~  of \rita~l~iil  A ill the IIIIICOIIS t i s s t ~ ~  
of th(> s1ua11 ilitc~stilie a f t r r  thc atlnlinistratiol~ of it single close of viti1111i11 A. 
A h s o r p t i o ~ ~  src~ll~c.tl to bc, lin~itc.tl ill the, lon.csr ollc>-third of th r  sillall intestiile a11d 
ill th(, litrgc, i~~tcxs t i~~e .  sinc.e thew ;~ppc>arc~tl to bv a c.oilc.e~~tration c.ff(1c.t 11po11 thc 
vi ta~nin A that ],itssc.cl illto thc~sc. t\vo sectiolls. 

1'11(~ lo\\ c o i i c . ~ ~ ~ t r a t i o ~ ~  of c.ilrotcltc. i l l  thc. ii~itltllc on(.-thirtl of the s111i11l ill- 
tc,sti~~cs aftcar a single i~d~~r i i~ i s t r . a t io i~  of this c.ol~tpo~u~tl 111ig11t ill(li(*itt(l t h i ~ t  ah- 
s o r p t i o ~ ~  takes plit~t '  most ral)itlly in  this arc,a. The lo\v c.ont.c,l~trati~)~~ of c.i~rotcne 
ill th(1 tiss11c.s of thv tligc.stivc1 trac.t \\.a11 may be c~videncsc, of c.i1rotc.11(1 c . o ~ ~ v ( ~ r s i o ~ ~ ,  
but c~o~lc.ul-rtwt i~ic.~~c~asc~s ill vitalnil~ A conltl not be tlrlllonstratc~tl 1 1 1 1 ( 1 ~  t h ( ~  
conditions. 

A li~rg(. sillgle tlosci of v i t i ~ n ~ i l ~  L\ or of carotene (lid not affert lirclr storapc. 
of vitalnil1 i\ d u r i ~ l g  the 8-hr. periotl follo~vinp ad~~i i~ i i s t ra t ion .  Thr administra- 
tion of v i ta~ l~ i i i  A in a single close i~~c.reasetl blootl plasma vitamill A in a11 ill- 
S ~ H I I V C S  b l ~ t  o11(%. Ca~-ot(~lit* a ( l i~~i~ l i s t~-a t ions  r t~s~l l ted ill i ~ ~ e o ~ i s i s t ~ l l t  a11(1 rela- 
tively s ~ u i ~ l l  c.l~a~igc~s ill blootl PIHSIIIH (*arotri~(l ant1 vitaillin A ill thwr  c~xperi~neuts. 
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T H E  COPPER COXTEST O F  I3UTTER MADE BY A COSTISTO1:S 
MET1IOn1 

1). E. MILLER:: .\XD 1'. H. TRACY 

Depnrtrrrr?rl of Pood Teclrnolo,q!l, G n i ~ r r s i t ! /  of I l l i ~ ~ o i s ,  Urbnarr 

The Clx content of fr('slily (Ira\\-n ~ n i l k  has been detern~inetl by sereral inres- 
tigators. The values reported vary frorn 0.06 to 0.80 ppni. 1)ifferences in  terh- 
niyue possibly account for  some of the diffrrc~nces in  results reported. Some 
studies (12, 4) hare been ~ r ~ a d e  of the CLI roiltent of butter but  none have been 
reported on t h r  CLI ronteiit of butter macle by oncJ of the newer continuous pror- 
esses dereloped i n  this country. I t  was for the purpose of obtaining such infor- 
ination that  this study' \\-as inatlt.. An  attmmpt also was n~aclc to tleterlnine 
whether the C'II is associatetl with tlrc. fa t  or n011-fi~tty portions of the butter. 

Ordinarily t.oloriiurtric methotls are  nsed for clrtc~rrnining the anionnt of Cn 
in dairy protl11c.t~. Research workers, howerer, do not agree on the b ~ s t  ~n(.thod 
for  preparing the salnple for aiialyhi.; (1, 3. 5 ,  6, 8, $1, 10, 11, 13) .  

Conn e t  n l .  ( 2 )  fo1111tl soclium dic~thyltlithioc*arbarnltte niost desirable as a 
cdolorin~etric reagent in the determination of Cu. They stiltc that the scnsitirity 
fo r  t l ~ c  carbanlate in(,tllotl is 0.01 ppm. Jloir and Antlrc~~\-s (10) also f o ~ u ~ d  it  
clesirablt.. Hetrick a t ~ t l  Tracy (7) stat(. that few metals itltrrfere with the car- 
ba~ni~t t .  tletrrinination and, with the clsc.eption of cobalt, ~licaliel and bismuth, 
these. intc~rferences can bt. clli~ninatetl by estrac~tion of the CII c.arbamate with 
carbon tctrachloricle fro111 a n  ammoniac.al vitrate solution i ~ t  p I I  8.5 to 9.0. 
Thest, n,orlrers also fonntl that if the iiirlirl conc.cntration is r c l ~ ~ a l  to the CIL con- 
centration. a high c1egrc.e of acdt.llrary cannot br hitd with the c*ilrbi1111~te mc~thod. 

The ilry itshing nlethotl \\-as scllec*tect for this study becansc. of it4 greater sim- 
plicity ancl because of thr  satisfacatory results obtained in a ~)l't,viol~s in~~es t iga-  
tion ina(I(1 in thiq 1abo1-atory (7 ) .  

The apparatus usecl consistetl of 100-1111. pyres  beakers, p la t i t~~u~l - t ipped  tongs. 
Cole~nan U n i ~ e r s a l  spectrophotonic~ter, matched pyrex c~ivettes, muffle furnace 
cclnipped with rllc~ostat and pyro~neter,  heat la~nps.  pyrex glassware, 125-ml. 
pyres  separatory fr~nilels ancl pyrcs  still to prepare ill1 tlistilled water. 

1)istilletl v7att>r was nscd for  all tlil~ltions. All glass\\-are was clthanecl and 
rinsetl with nitric: ac.itl, follo~\-ctl with tlistilled water. All reagents were stored 
ill pyres t~ontaii~crs. The reagents \\-tar(, preparetl ils follows : 

Rtnceived for p~iI~lir;~tion Septeu11)er 12, l!l.il. 
I Tile ('herr7-Burrell t ~ o ~ ~ t i n ~ ~ o u s  metlloil of I)rlttcar m : ~ k i ~ ~ g .  
"I'resrnt address, (':~rn:ction Milk ('o., W~~tcrloo,  Ia. 
I This report is :I portion of :L thesis nul)n~ittr~l I)y the senior :~r~tllor in p;~rti:~l fulfillincnt 

of the req~~iremrnts for ;I  3I.S. (lc.grce ill 1)nir.v Terl~nology in tile (:r:~~lu:rtc~ Srl~ool of tl~ca Uni- 
rcrsit? of Illinois. 
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COI'I'ER IK BUTTER 

( a )  HCI-50 per cent sol~ition of concentratc~tl IICl in water. 
( b )  citric aritl (C.P.)-1.5 per cent solution. 
(c)  amlnoni~nn hytlroside (C.P.). 
(d )  cresol red-0.02 g. in 100 1111. rcxdistilled water. 
( e )  sodium diethyldithiocarballlate solution 111acIe by dissolvii~g 1 g. in 1 1. of 

redistill(~d water and storetl in brown bottle. 
( f )  (.arbon tetravhloritle (C.P.). 
( p )  stantlard Cn solntioii made by dissolving 0.5000 g. of electrolytic Cu foil 

in 15 1111. 6 S HXO:,, warmed gently to dissolve metal and expel fumes. This 
solr~tion then was (~ooletl and tliluted to 500 1111. with water. ml. of this 
solutioii was tlilutc>tl to 1 1. ancl vontaiaecl 1 y of C I ~  per milliliter. 

. .lshi,~y p r o c e d ~ r r ~ s .  111 the course of t h ~  study, it was llec.clssary to malte a 
Cu analysis of bntter, fat voncdelitrates, cream, ski~umilk, salt ant1 watt>r tlsed for 
stalltlardixing the buttvr. The methods used for ashilig were: 

(a )  Ih t te r ,  fat vonventrates and cream. Weigh 35 g. of butter or fa t  con- 
centrate, or 20 g. of c.realil into a clean 100-1111. pyres beaker. Rt21i~ove water 
fro111 the prod~lct by placing beaker under an infril-red lamp ant1 regnlate heat 
by rilrying the dist,ance of the lamp from the bra1it.r. Ren~oring water prior to 
ashing prevents spattc.ring ant1 loss of proc111c.t i l l  thr. muffle f ~ ~ r n a ( * e .  i lbo~it  
2 hr. are reyuirecl to rc~inore all tracges of moisture from the product,. as intli- 
cat,etl by the browning rc.action. 1'lac.e the btlilker ill a voltl ilntffle fnrnaec. a11tl 
raise tc.mpc=ratlire slowly to 550' C. The sample is l ~ f t  in the muffle f~irnacc 
for approximately 9 hr. R(.lnorc. beaker from the f~ l r~ lace ,  cool and wash down 
the ash adhering to the side of the beillter with approxi~llat(~ly 10 ml. retlistilled 
water. Again dry the sainplr l l i id~r  the lainp, then plarc. it in a (.old ninffle fur- 
nace and raise tempc,ratr~re slowly to 550' C .  ant1 lcvive it ill the 11111ffltl f~lrlia('e 
overilight. This donblt, ashiilp trchilique removes all carbonaceous material. 
Atld 5 1111. of t h ~  HCI solr~tioii to the ash and carefi~lly heat to boiling, holtling 
at  this temperature for 5 niili. to c.nsurc, colnplt~te solntioii. Transfer this sol~i- 
tion to a separator- funnel. Rinsc the bealter with six snccessive 5-1111. portions 
of rc.ilistilled water allcl transf(1r ~ ~ a s h i n g s  to the separatory fminc~l. 

( b )  Skimmilks. The sliin~lllilk samples are ashetl in the sa111e manner as the 
brlt,ter, f a t  conrentrates and creaili sa~llples except that 20 g. of slti~mnilk are 
dried in the 100-ml. pyrex bealters over a boiling water bath. rather than with 
thc heat lainp. 

(c) Salt. Weigh 5 g. of tlrietl salt directly into the separatory funnel and 
rlissolue with reclistill(.d water and 5 ml. ITCI. Add 10 1111. of citric avid and 
rletc.rminc~ CII. 

((1) Standardizing water. I'ipcltte 60 1111. of water into a clt,an 100-n11. pyres 
beaker ai~cl place it ulitler the Iiclat lamp and evaporate to a rolunir of approxi- 
rnatc.1.v 20 ml. Wash t.onterlts tlirectly illto the scxparatory f111111el and atltl 5 1111. 

of IICl and dcter~nille Cu, brgi~i~l ing with the addition of 10 1111. citric. acitl. 
Tronsnliffonc~ tletr~.nrirrnfio~r. Transfer samplt! solntioll of ash, preparetl as 

previously desctribctl, to a 125-1111. pyrex separatory f ~ ~ n n e l .  ,4dd 10 ml. of the 
+ric acid and 5 drops of crc.sol r(v1 iiltlit4ator. Adjust to pI1 8.5 to 9.0 by iitlding 
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abont 0.3 ml. of C.P. SII,OII after solution rrachrs thc riolet color of cresol red. 
lCIalie volume up to 53 1111. with redistilled matclr, and then add 10 1111. carban~ate 
solution. Allow i t  to stand for 5 Inin. for Cu caarbalnate color formation and 
add exacatly 10 1111. carbon tetrachloriclr. Sllalrc vigorously for 5 rain. ancl let 
mixture stand for 2 ~tlin. to allow the ei~rbon tetrac.hloritle layer to settle to the 
bottom of the fnnnel. DPRTV OW (*arbon tetrachloride cdontaining the coloretl Cu 
carbarnate into a rlei~n tlry test tube. Stopper tube ant1 allow it to stand for 
20 ~ n i n .  Transfer coloretl carbon tetrachloride to the enrette and determine 
transmittanc+e in the spec.tropl~oton~eter a t  a ware length of 440 mp x-i-ith a hlanlr 
of (.arbon trtrachloritle in the other e ~ ~ v e t t c ~  set a t  100 per vent transmission. 
Cu was c.sti111atetl from a standard reference vurrc. 

Prccn~rfiot~rrr!~ n7cnslrrc.s. The 100-1111. beakers IIS(Y~ for the CLI deternlinations 
should be handled with platin~uu-tippet1 tongs to avoid possible mcatal contatnina- 
tion of the sa~nple. Only beakers free fro111 exc~essiv~ etehing shoi~ld be nsrtl, as 
ba(11~- rtchtld glass~vare leads to inconsistent rtlsults. The tlistilled ~vater  uscd 
should be redistilled fro111 pyres to aroitl Cu contaminatio~is. All glassware 
shonld be pyres. The  a arb on tc,trachloritle and t h ~  soiliunl (1iethyldithioc.tlrba- 
mate solutions should be protc.cted against light . 

S H I I I ~ I C ~ S  to be ashetl sho~lld he ~noistrlre-free to prevent spiltteril~g in the 
muffle furnace. 

RESULTS 

To tletermine whether or not Cu was lost d ~ u i n g  the ashing procetlure, known 
amounts of CII were added to weighrd portions of butter. From tht. resr~lts in 
tablr I ,  i t  is evident that satisfac-tory recoreries were made. 

TABLE 1 
h'rcoroy of odderl nnlo~rnts of CII to b?rffer 

A series of tests were ~ ~ l a d ~ ,  of tlicl CLI colltent of butter nlatle in the I-niversity 
dairy ~ l a n t  by the batch systc~m. Twelve samples \rerc. analyzed. The lolvest 
value fount1 was 0.18 pp111. ant1 the highest r a s  0.38 pprn. of Cu. The averagc 
\va\ 0.27 pp111. 
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Eight samples of butter made by the continuous inethod also were analyzed 
for Cu. The lowest value found was 0.12 ppln. and the highest Jvas 0.27 ppm. of 
CII. The average was 0.19 ppm. 

To stndy the relation of each step in the process of nlaking butter by the con- 
tinnous ~nethods. samples wercl obtained from fonr different plants. Table 2 

TABLE 2 

Ctr co?ttrat of smnplrs talirrl aft1.r rack step ill tltc co~~tiattorrs prows8 of b~tllcrittnliing 
- -- 

C'U c o ~ ~ t e ~ i t  
-. -- 

Protluet Etlirr-solul~le Total 
rxtr:ict 11:~sis weight bnsis 
-- 

(11~111.) ( P P I ~ . )  
Plflllt A 

0.03 0.01 
0.10 0.05 
0.18 0.14 

First I~rnry skini~~i '  1.65 0.11 
1.20 0.09 

F:lt eot~centr:i 0.01 0.19 
After sttuiil:~r 0.21 0.17 

........ 0 
S:tlt ...................... ........ 0.71 
Standnrdizing w:~tcr .................................................................... . . . .  0.09 
First l~utter t l ~ r o ~ ~ g l ~  pril~ting lnarhine ......................... 0.35 0.2!1 
1 ~ 1 s t  l~uttcr tlirougll pril~tiog ~ n a c l ~ i ~ ~ e  0.21 0.10 

Plnrlt R 
Raw cri~1111 ............................................................................ 0.62 0.01 

8.45 0.66 
1.70 0.15 
0.13 0.1 1 
0.20 0.19 
0 . l i  0.14 

0.40 0.14 
0.3; 0.13 
0.11 0.10 
3.19 0.'7!1 
:$.en 0.23 
0.13 0.12 

Concrl~tratc nf 0.12 0.10 
0.12 0.10 
0.19 0.15 

0.40 0.14 
0..51 0.18 
1 .57 0.55 
0.47 0.4'7 
2.33 0.21 

H r a r ~  skimniilk 22.37 1.70 
0.04 11.114 
0.02 ll.02 

~ -- - 

gives the results. The Cu va1uc.s arc. espresscvl on the, basis of ether-sohtblr 
material, as 1~el1 as total weight. Sin(.(, i t  is commonly thonght that  the Ca-fat, 
relationship is in~portant  fro111 the standpoint of Irrc,ping cluality of blitter, the 
discussioli is based 11po11 Cu as espressc~tl in  ppm. of cthcv--solt~blr ~uatchrial. 
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Plrcnt A.  Data on the various p r o d ~ ~ c t s  in plant A indicate that considerable 
CII eonta~~linat ion ovcnrrt~d in the rreamery. The (.ream hat1 a low original CII 
c o n t e ~ ~ t  but as it  entered the separator the Cu contrat was three tinles greater 
than the original a~nolult.  After separation, the CII in the c,onctlntrate was six 
titnes greater than the original a i n o ~ ~ ~ l t ,  indicating significant containinatiou be- 
tween the creanl rec,c>iving vat ant1 thr  co~nposition control ra t .  

Sta~ltli~rclixation ~vitll  water did not alter the Cu cAontent enough to be signifi- 
(*ant. I I o ~ v e ~ r r .  t h ~  first b n t t c ~  through the printing ~ n a c h i ~ l e  had a much 11igllrr 
Cu (*ontent than ditl the last, i~ltlicatiilg that the first protlaet absorbed most of 
the free Cu. The last butter through t h t ~  printing n~achine had the same CII 
c.ontrnt as the standartlixed concc.ntrate. 

I'ln~rt R. D a t i ~  from plant R indicatc~ that most of the CII in the raw cream 
passt.tl illto tho sltitnmilk in the separation process, bevilnsc. the Cu content of the 
c*oncc>ntriite was less than one-fifth of th r  original. So Cu contamination of the 
1)uttc.r took place in th r  procdess. 

1'ln?1f C .  Data fro111 plant C i~~t l i ca te  again that nlost of the Cu present in 
vrraln was eliminated i n  the sc>paratiol~ process, becn~lse the Cu c>outcAnt of the 
ronc.cntrate was only one-fourth as much as that of the crraltl. These data also 
indicate that no c~ontan~ination of the pr0dnc.t ocacnrrt.tl n l ~ t i l  after printing ant1 
pa'kagi~tg. Sin(.c> thcx b l ~ t t e r  was \+,rappet1 in parchnle~~t ,  some c~onta~nin i l t io~~ 
could hare oc*currc,d i l l  the printing ant1 wrapping proccbsses. 

Plntrf 7). Data for plant D iiltlicatc. that n1nc.h Cu c o u t a ~ ~ ~ i n a t i o n  took placc 
in t h ~  vrralnery itself, as the ereiun clntering the sc.parator had a Cn cot~tent 
allnost fo11r tiines preatrr t11a11 thv ~ontvi l t  of the raw crc'am Rowevor, the inl- 
portant fact is that i111nost a11 of t h ~  CII p res t~~l t  was c~linli~tated in the first scapara- 
tion of the crearn. The fat  voncrntratv was reseparaterl into butttar oils contain- 
ing 99.0 aud 99.5 per vent fat.  In  both of these prod11(:ts the CII conte~lt ~ v a s  
extren~ely low, being 0.04 ant1 0.02 ppln., rc.spectire1.v. This indictates that sepa- 
ration re~ttoretl   no st of the C'n and that it was not tlissolred in or cornbillet1 \vit,ll 
the fat.  

'1 metl~od for n ~ e a s ~ ~ r i n g  the Cu c-ontent of butter has bt.en presented that has 
bwn follntl satisfacatory. 

The C'u in nlillr products Ilas b r e ~ l  fonnd to be associated with the non-fat 
portion ratht.r than th(3 f a t  phase. 

111 two cases out of thrcv, butters nlade by tht> continnous process contained 
less C'u than the original creain when the CII content was expressed on the f a t  
basis. 

Butter inade b -  the contin~lous process ill four  commercial creameries con- 
tained Ic.ss Cn than b ~ l t t e r  niaile by the batch s y s t m ~  in the University tlairy 
plant. 

E l r ren  samples of buttc,r 111ade by the continuous procvss were fonnd to con- 
tain from 0.12 to 0.27 ppm. of CII on a total ~vtligl~t basis \vith a n  averagcl of 
0.1 !) ppm. 
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The centrifugal t rea t~nent  given cream in the procdess of niaking butter by t h r  
continuous  neth hod rc.sultr in  concentration of the Cu in the nun-fat portion. 

Butter  oils lnadr b -  the centrifugal process i n  the coiitinuous ~ n ~ t h o c l  of 
nli~king butter c~ontaili only minntr  traces of Cu. 
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T I I E  LIBERATIOX O F  \TTATEII-TNSOIJITRLE ACIDS IK CREAII 
BY GEOTRICIIC,lil CdSDII)C.II 

MI('TIAE1, PIJRKO, TO. 0. SELSOS .\SI) IT. A. TTOOD 
I,aborator!l of Bactrrrolo,q!l, Drpnrtr~r~nt of Dazrg Srlencc, Cnzvcvs~ty of Ill~nor\, rr1)n111& 

Reventl- attention has bren directcbd to the lipolytic reaction in crtJam because! 
the extent of lipolysis, as measnrcld by thc acc~miul;ttio~l of \\-ater-insoluble acids 
(\VIA), has b(~e11 proposcvl as  a nieans of el.aluating the quality of cream and 
butter ( 6 ) .  

Snmc~rous studies have de~nonstratc~l  that  lipolysis of b l~ t te r fa t  in  ram 
(.rean1 r e s ~ ~ l t s  fro111 t h ~  action of lipovlastic ~nicroorganisnls and/or natural nlillr 
lipases. tiipolytic. microorganis~l~s, inclutling Gcotriclr trni cnitdirlirnc, hare been 
considerc~tl by so~lle a l~ thors  ( 3 )  to be of grcaater significance than ~ n i l k  lipase 
as a c.ausc> of fat hydrolysis in raw cream. Other investigat,ors (8)  hare revealed 
that th r  n a t ~ ~ r a l  nlilk 1ipilsc.s nlay c.anse significant inc*reases ill the \VIA values 
of vreanl. l'eters c t  01. ( 9 )  reported that the types of nlicroorginlisl~ls, the amount 
of lipas(. present ant1 the time and t e ~ n p c ~ r a t l ~ r e  of cdreani storage ilrtc>rlnine the 
degree to which W I A  va111es c+hange in a gi\-cw sanlple of raw carea1n. 

IIillip c t  al. ( 6 )  attrihnted t h ~  inf(~rior  clnality of sollie vreanl to inlproper 
procluction practices alld reported that the rate of vream tlecoulposition depencls 
chiefly on the storage tc.n~peraturc.. \jratcr separation was t:onsitlrrc~tl also by 
thwe a ~ ~ t h o r s  to be a c o n t r i b ~ ~ t i n g  factor to early drc.onil,osition of crc1iilii. 

Babel (2 )  was unable to fiiicl a significant difference in  the W I A  content of 
bntters nlade froni raw caream hold at 55 or 7.5" 14''. for periods I I ~  to 10 days. 
The same author i ~ ~ d i c a t ( ~ d  that  1vhc11 ihreiun sonrs rapidly, the lipases ilre in- 
hibited bccansc~ of tht. nnfarorablc p l l .  In ailtlition, crcbam h i t ~ i l ~ g  a low iitcdidity 
and c.ontaining pntrc~factivc. typvs of microorganisuls iisually proi111c.rd butter 
with ;I high M71A (#ontent. 

3Ia11y inr(~stigations dealing with fa(*tors i n f l ~ ~ ( ~ ~ ~ c i ~ l g  t l l ~  gro\vth of nlold in 
rrealn ant1 its significance in crcinn quality hiire bren rcyorted and snmmarized 
(4 ) .  IIo~vc~rc.r, data t l (~~~lons t ra t inp  the rc~leasc~ of \VIA in creillll by thtb action 
of sl)ecifict organisms are Irc1ry ~~lc~agcr-.  Th(. purpose of this rc3port is to pre- 
sent datil 1vhic.11 inclic.;ite that vc.rtai11 c~li\-irol~nlc~l~tal factors I l i ~ ~ e  a profo~und 
infll~rnc.c> I I ~ ~ I I  the rat(. a t  rnhic.11 \VIA are rc.leascd in stc~rilizc~il c.rc.an1 by the 
aCtioli of G .  cnrcdirlitrrr. Thcb data ol)ti~inotl scXrrc3 to ernpliasize t h r  lipolytic. potcn- 
tial of this (~on11110111~ ( ~ ~ l v o ~ ~ n t ( ~ r ~ d  tlairy c o ~ ~ t a m i n a n t  ant1 d ( ~ ~ ~ ~ o n s t r a t c ~  thiit G. 
cnrtrlidtrrrc is c.apahle of rcbleasil~g nllus~lallj. large* cl~~antitic>s of \VIA fro111 the 
butterfat in vrcliml. 

ESL'ICRI.\IES'Cl\l I'I{OC'EI)ITRI.: 

The rate at  ~vhic.1~ G .  c:arrtlidirrrr protluvc.~ \VIA fronl bnttcbrfnt WilS s t ~ ~ t l i e d  
by growing thr  test organisnl in steri1izc.d c+reilln i~lc+nbilted ilt 20" (1. or other 
srlectetl storage teniperatnres for a pclriod of !) (lays. \VIA valucls of t h r  sam- 
plcs wcAre cleterruincltl a t  :<-day i~~ter\-ills d ~ ~ r i n g  t h ~  i~ic.ul)ation pc.riotl. 

Recri\-cil f o r  ~ ~ u h l i c : ~ t i o n  Ort. 8, 1951. 
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Thr lots of paste~~rizc~tl crealll 11sed in thrse expc.~.ilj~c~nts wc,rca obtained 
from the TTnirrrsity of Illiilois creamery and contained approxin~ately 33 per 
cent butterfat. The V I A  content was measured grauimetricall ill accorclailre 
with thc3 methotl describctl by IIillig ( 5 ) .  Thc illeall molecular weight of the 
\TTIA was freqllc.ntly detc.rininecl as an analytical control procedure. The but- 
terfat cdontent of vach saillpl(. was dttcr~llined by the Babcoc*lr ~r~ethocl (1 ) .  

The vream was tlispensed into 1-1. Erlerlmeyer flaslrs in 150-1111. alllom~ts and 
sterilizc~tl at 121 C. for 15 ~n in .  Thc salnples \vc,r(' cooled to iilcnbatioll tc~in- 
peratnrc. and inoc~~latcd with 1-1n1. portioi~s of a sta~~tlardized i~locnlum prepared 
from a 24-hr. agar slant cultnrr of G .  ca i rd id l~m.  All inocula wcrr standardized 
b -  diluting the snspc~nsion with sterile water to 97 p(>r cent light trailsillission 
nsing a T~lunetron ~olorimcter, rriodel 400-A, eqnip1)c.d with a no. 530 filter. 

The cnltl~r's employed in this investigatio~l nerr  froin the c.l~ltnre collection 
of the Dairy Sciencde 1)epartinent. ITniversity of Illi~rois. G. candid~in? 110. 13 
mas originally isolated from co~mnc.rcial creain and itlentified in this laboratory, 
while those cdultures designated by alphabeticaal symbols wcbre origint~lly obtaii1c.d 
from the Northern Regional Res~arch Laboratory, I'SIIA, I'eoria, Illinois. 

Duplicate flasks of (.ream were 11secX for all analyscbs. The WTA content 
was determined on sterily control sarnples a t  the beginning and co~~lpletion of 
each experirnel~t. All res~llts arc rc.c*orded as ~nilliprai~ls of \171A per 100 g. 

of butterfat. 

Sforage co,zdifio?zs. The influence of the tiir~e and tc~i~lpc~atn'e of storage 
on the rate of \VIA liberation in crram supporting the growth of B. c'nrrdidum 

The effcct of storngc tc~~lpP~.af?irr  on rate of W I A  prodtrction i n  crrcclr~ B!] G. cancli(l~c?~l 13 
~ - - - . - . - - - 

Experi- Mg. WIA/100 g. f a t  :ifter: 
Storage -- -- 

-- -- 
ment temp. fl 41. 9 (1. $1 (1. 110. (Sterile) 6 (1. (Strrilc,) 

-. -- - - 

("  C.) 
I 4 l i 5  2:lOa 242 :3 -5 7 222 

.. ,.. . 22ja - 332 . . .>(j? 

1 0  257 453 4,3i(l  4,913 2fl4 
. . . . . . . . 575 4,lRi 4,902 

2 1 162 6,245 12,784 18,969 293 
5,40i 12,722 18,147 

29 162 8,064 14,67.5 23,652 228 
7,188 11,533 22,132 

37 218 12,027 16,6R.? 30,i93 336 
10,086 15,627 28,742 

- -- .. - - - -- - 
a Values of daplicnte flasks of ereanl sl~own for  3, 6 and 9 d. of s to~age .  

strain no. 13 is shown in table 1. The \fTIA values increased oizly slightly 
when cream samples were held at 4' C. for If (lags. IIigher storage temperatures 
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up to 37" C. increasecl the rate of \VIA fon~~a t ion  in a manner directly pro- 
portional to the increase in inciibation temperature. The TTlA values also 
were proportional to the length of storage time. The rolatile acaidity of the 
cream samples did not i11creas(' during thr 9-clay inc.ubation period. Therefore. 
this analysis was not repeated in other experiments. 

In  actual prac4tice oream may be subjt~c~ted to varying storapc. temperatures 
during production and shipping operations. Thus, an experinlent was clrsipncd 
to  test the influc~1lc.e of sec.ondary storagc~ temperat~~res on the rate of \VIA 
formation in sa~nples of crc3artl where growth and lipolysis prcxviously hat1 been 
established by prinlary incaubation. E'or this purpose, vrranl cw1tnrc.s of G.  
candidrrnt were prepared in the usual manner. Mycarlial gro\vth was estnblished 
by incubation at 27" C. for 2 days, aftc~r whicah t,he cn1tnrc.s were stortbd at 4, 
10, 16, and 27" C. for hadditional (lays. The WIA values increasc~cl from 
244 to 4,978 my. per 100 g. fat during the first 2 days storage a t  27" C. Two 
adilitional days' storagr a t  27" C. resiilted in an additional increase of 4,091 
mg. WtA. whcrclas the \VIA values of samples stored a t  4. 10 and 16" C. for 2 
additional days increasc.d 520, 1,313, ancl 2,64.5 mg., respectively, per 100 g. fat. 
These data show that storage a t  1owc.r temperatnres. even after appreciable mold 
growth and fat hydrolysis had oc.curred, retartled the subsequent rate of XTTA 
production. Secondary storage at 1" C. reslilted in almost complete inhibition 
of lipolysis, whereas only a slight depression of rate ovcnrred a t  16" C. 

Creant acidity.  The influe1lc.e of cream aridity on TVIA production was 
tested by comparing thc rate of \VIA formation in low-acidity (0.13 per cent) 
cream with that in creain aciclified with lactic acid prior to inoculation. As 
table 2 shows lower RTA vali~es were obtained in the samples adjusted to 0.50 

TABLE 2 

The r f e r t  of rrra~tl  acit7it.11 oit rate of TYIA prodttefion b y  G .  ra?trlitlttm 13 
-- - 

Jig. TTIA/100 g. fat  after: 
Initial cream 

0 (1. 
(Sterile) 3 (1. 9 (1. 9 d. 

(Sterile) 

alld 0.88 per cent lactic acidity than in the lu~acidified flasks. Thr decrease in 
\VIA levels was directly proportional to the initial lactic acid content of the 
cream. However, after 3 days of i~lcnbatio~l, the acidified sanlples containetl 
sufficient WTA to indic.ate extenrivcl fat hydrolysis. Apparently G .  cnnclidttnr 
i s  capable of causing lipolysis in acidified cream. This conclusion is snpporteci 
further by the fact that essentially the sanle results w r e  obtained when B. can- 
d i d f ~ n t  was cultivated a t  20" C. in association with Rfrepfococcris lacfis  and 
Lactobncil l t~s casci. The 3-day \VIA values for cream supporting G. canrlidiin~ 
i n  association with either L. casei. S. lnctis or S. lnctis and I;. cmei  together 



were 6,608, 5,366 ant1 .5,99(i 111g. per 100 g. of fat,  1-c~spectivc4y. The titratable 
acidities of thew san~ples ~ v r r c ~  0.80, 0.84 and 0.!)1 pcJr cent. After 9 diiys these 
values had incrc~asc.cl to 11,1!)4, 8,861 ant1 9,886  up. \VIA per 100 p. of fat. and  
1.56, 1.29 and 1.50 pw cent titratable ac.idity. The \VIA prodirc+tion by A'. lactis 
ant1 1,. cnsei in  th r  absenc.c. of 0. cal~rlidrrn~ \\.as nil. Thew rc~sults sho11- that 
consitlerable yr~antities of IVIA were produced hy (;. ca.~~rlirlr/nr in ataicl c*realn. 

Slrrfnce rrrra. The growth of G. cu)rrlidtinr is largely c.onfined to the. snrfac*c> 
of a n  1uiidisturbt.tl nietliun~. Consc~~uc~ntly, tl(~\,c.lop~nent of this orgtlnis111 (.an 
be lin~itetl  by rc>stricting th r  creanr surface arclir. This i ~ r  turn shorrltl c*anse a 
dec.rt.ase in tht> rate of IVIA prodaction. 'l'o tc~st this possibility, constant 
vo111111es of c r r i r ~ ~ ~  werv atldc~l to various flasks so as to prrspilt \vitlely tlifferent 
surface : v o l t u ~ r ~  ratios. The s a ~ x ~ p l ( ~ s  then w e r ~  i i io(~~ilat(~d (~11ually and int*llbated 
a t  20" C. Th? results presentcltl ill table 3 t l t ~ ~ ~ ~ o ~ i s t r a t t .  that  t h ~  lipolysis rate 

The inflrrrlare of crrarlr srrrfarr ctrrjn 0 9 ,  the rate of W I A  prorluctioit b y  (;. crr~rtlidrc~i~ I.( 
- - - - - .- - - - - - - - - - 

Mg. WIB/100 g. f:ct :tftcr: 
Surface :~rez  - 

. -.PA 

o f  rream 0 d. 6 d. 9 (1. 
(Sterile) ' ( ~ t c r i l e )  

- - - -- 
( in .?)  

I 01ti 2,380 4,882 7,540 240 
12.6 .,.I., --- 6,854 l0,8R(i 19,'204 21 i  
2.5.8 224 l0,40(i 14,Gl:3 05,857 240 

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

in it 'onstant volruue of carean1 varied dirclctly with the snrfac~e area, ant1 lipolysis 
was greatly retarclc~d by restricated snrfave area. 

( ' l t l t ~ ~ r e  var int io?~.  Great rariations are  rncwuntered in cultures c.lassified 
as G. candidlcn~. Distincat differcances in  ~norphology and biologicaal activity 
are to be expected. The data shown in table 4 illr~strate the d ibere~~vc~s  in the 

TABLE 4 

Conlparinon o f  W I A  ca1rrc.s r~1'0dlrr~d b?/ 9 strains o f  G .  ma~lirlrrtrt {!rozrii irr .7.i% creaqw 

Mg. WIA/lO0 g. fnt after: 
.- . -- 

Culture n d. 
(Sterile) 3 (1. 6 (1. 9 d. 

Sterile c,o~itrol 

G. ca?ididirm 13 
6 1 A 
' I  R 
' 6  

' L  
C 
D 

lipolytic activity of nine cultures of G .  candirlltn~. Eight of the i l i~ie  cultures 
cal~sed a rapid and extensive hydrolysis of the butterfat in cream. Four  



cultures yielded \VIA ra1uc.s ranging fro111 23,000 to 25,000 1119. per 100 g. of fat.  
The values obtai~lc.tl fro111 four other cdultures ranged frorn 16,000 to 19,000 
mg. per 100 g. of fat.  Although strain D was lipolytic, i t  l~ydrolyzetl the fat  
a t  a c.onlparatively sloll, rate. This strain also grew poorly on laboratory ~nc.dia. 

A con~parison of WIA va1uc.s protlnc.ccl in creanl by G. conrlidltnt, Cnttdida 
l i p o l ~ t l c n  and thrcv ~~nidentific.tl lipolytic hactwial species isolatecl from c.o~n- 
n~ervial rrralu is \hewn in tablr .5. Thwe clata emphasize t h r  r i~p id  a c r ~ ~ ~ u u l a -  

TABLE 5 

W I A  ralrres pror711r.r.rl b y  lipol!/tic ?i~icroor,fjcrnismn 
-. -- - - 

Mg. WIA/100 g. fat after: 

pp - - 

f;, ranf7id11111 160 4,175 12,049 21,010 100 
........ C. lipol!/ticn ..... 2,750 10,120 16,670 
......... Species A (gram-rod) ...... 1,023 2,910 7,410 
......... Sl~cricn B (gr:tm-rod) ....... 887 1,785 3,192 
........ Slweien C (granl-rod) ...... TUG 1,244 2,642 

- - -- 

tion of IVIA in crc.am co~ltanlinated with G. carrdirlrrnz or C .  lipolyticn, as ~ o m -  
pared with sel-era1 other n a t i ~ r a l  con t i rn~i~~ants  of c.ream. 

E.rtcnt of contnminatio~z.  Production sanitatioll and storage conditiol~s are 
among thcs ~ n a ~ l y  fac*tors influencing th r  ~nold  c~ontrnt of cream. The original 
c*ontami~lation of c.r(.am by G .  canrlidzrnt inay be slight or ext t~~lsire ,  depc>nding 
upoil t h ~  level of pr'otluction sanitation. Accordingly, a n  esperiment was de- 
signed to test the influence of the extent of contaniinatioil on the rate of ITIA 
productioll. Samples of crealn wrre artifivially contaminated a t  different 1crt.l~ 
by inoc~~lat ion ~ r i t h  1.0 1111. of a f:. candicli~nt suspension c.ontaining either 48.000, 
4,800 or 48 organis~ns per milliliter. Thcb calcnlatc~il final c.onc.clntratio~~s of 
(;. cnnclirllrnr in the three series of sanlples \wre 320, 32 ancl lcss than 1 per 
milliliter of c.rcxam, respec.tirely. The TITIA Irrels ill care:na having a calculatetl 
original plat(. cdonnt of less than onc cdolo~iy of G. cn~irlirlitnr per ~nilliliter ditl 
not c.hange appreviably tlnring t h r  first 3 t l i ~ y ~  of incubation a t  20' C. (tabl(3 
6) .  Only a nloderate inc*rclase in  TTlA liberation occurred between the third aritl 

TABLE 6 

Thc i r l p ~ r ~ s c e  of tlre c.?tent of c o n t a i i ~ i n a t i o ~ ~  on tire r a f c  of W I A  prorlrrrtioll b!/ G .  rni~rliclrcii~ 1.7 
~ --- 

P1:itr count JIg. WIA/100 g. fat aft,cr: 
. - - -. . - 

of i~~ornlnm 
/ml. n d. 3 (1. 0 d. 9 (1. 9 rl. 

(Rtcrile) (Strrile) 
- - - - . . -- 

48 250 299 1,853 11,587 2.53 
4,800 ........ 2,408 1 1 , 5 1  19,671 . . .  

48,000 . . 5,GR(i 15,722 22,392 

sixth day of storage. RIasinmm lipolysis occurretl btltween the sixth ancl ninth 
day. Other sa~llples having cal(.ulated original G. cnndirlrcnz plate e o ~ u ~ t s  of 32 
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and 320 u~l t le r~vt~nt  rapid allel extc~nsivc. fat hydrolysis. although a short lag in 
wIA fornliltion was enco~ultc~retl in t h ( ~  intc~rrueditite si~~llpl(>s. I n  a11 instanves 
the rate of \VIA prodn(:tion was essc.~~tially proportiolial to the extent of con- 
tamination. 

I~tilizablc cn~~Oohyrl~.atc~s. T s ~ ~ t ~ l l y  tlnr gro11-tl1 of pure. c~iltures of G .  cn~eclitl~im 
in riiilk ant1 oth(&r 1ac.tose-colitaini~lg 111c'dia is ]lot ilc+colllpanic~tl 1)y an acid reac- 
ti011 resulting fro111 carbohydrate. tlegratlatio~i. I'ntler such c.ontlitions, 111axi111un1 
levels of lipas(. itre el~countered. Thv acltlition of utilizabl(. c o ~ ~ ~ l ) o ~ u ~ t l s ,  s11vli as 
gl~~caose or glycc~ol, cdauscls invrc~i~sed growth b11t decrc~asetl Irrcals of lipasr ( 7 ) .  
An expcrilllent was cdonductetl to test the cff'ect of ~itilizablr carhohytl~~ttrs,  such 
as glucose, upon the rat(. of \VIA prodnvtion ill crealn. The clccreasc. ill thc. rate 
of W I A  producatio~~ in crc.am containing glucosr is illnstrtited ill tahle 7.  

T k c  c f f c c t  of glnirons on tlie rnlr  of 7PIA prorl~lrl io?~ by G .  cant l i t lu i~~  13 
-- -- 

hfg. WIA/100 g. fat  a f t e r :  
Glucose - - - - - - - - - -. - 

ad~lc.~l 0 d .  
6 (1. 9 d. 

(sterile) "' I) (I' (Strrilr) 

The forrgoing experin~cnts tle~nonstratc~ that those conditions ~vhich are 
known to i~iflut~nce the growth of C:. ~~~ctl idl i r rc  ( 4 )  also i11fluc~1ic.e the ratc of 
\ITIA f o r ~ ~ ~ ~ t i o l i  by this organis111. 17nd(1r niost con(1iti011s G. ca?ldideo~~ pro- 
dt~c~cd all extrc~~nely rapid and progrc.ssivc deco~nposition of the. fa t  in  c r ~ a ~ n .  
I n  somc instanc+es \VIA values a s  high as 20,000 to 25,000 ring. ])car 1 0 0  g .  of fat 
wcrc enco~interecl. This reprt3scants t~l)proxiniatc.ly 2% to 28 ppc.r cent Inydrolysis 
of the fat. 

The observed \YIA ralnes producwl by G. cantlirlernc were of suvln a 111ap11i- 
tucle as to bc of i~riportancc~ in creani quality, espc~c.ially if one assmnles that 
the W I A  valurs of buttclr correspond approxin~ately to those of thv ereall1 uscltl 
in its manufacture and that ralnes in esvess of 400 mg. of \TTA per 100 g. of 
butterfat are indicative of tleconlposition of cream resulting fro111 i ~ ~ ~ p r o p c r  
product,ion and haadling practices. 

Data which c~nphasize t h ~  lipolytic. potet~tial of pure cnltnrcs of C;. coierli- 
dltn~ have been presented. Thescl data show that eight of nine. test c.alt11rc.s 
prodncaed a rapid and extensive hydrolysis of butterfat in ereani. 

The rate and extent of JITIA librration in steri1izt.d c*rc,am i ~ ~ e r e ~ s r c l  with 
inenbation time. storage tcmperatnrc, inoc~nlum size and (+ream surface area. 
This rate drc*rc>ased in direcat proportion to the added lactic, acid c*ontc.nt of the 



crpam. The adtlitioli of 5.3 per yelit gluc.osc> to cdrc>anl 111arkt.dly tlcvrc.as~d t11~ 
rate aiitl extch~it of WILZ forui~tioii .  
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ADAI'TATIOS ()P TI I E  I3ARKER-SITMMERSOK LACTIC ACID NIETHOI) 
TO ICE CREAM AND I S G R E D I E S T S  F O R  ICE C R E A N  

.TOY S. IUI~:IDI,ISGI.:R,1 C. A. I<F:MPF,l . i ~ n  AT-RRET P .  STEWART, JR. 

Rrsra~.c.h I,nboratorirs of Golrlr~n State Co., I,trl., San Fmncisro, Cal. 

Thrre has becw a uec.tl for a reasonably fast, deltr~ldable niethod for  deter- 
niining la('ti(# ion in icr c6reali1, ivr n~ i lk  ant1 rt.latt.tl tlairy protlllvts. Suvh a 
nlt.thotl is partic.ularly needt.d ill the case of icc. c.rcAaln c.ontaining allzalinr 
stabilizing salt,s, where it is difficdult to obtain a tlnantitative nieasnrc3 of dr- 
vcllopc~tl avidity by t1irrc.t titratioll. The IIillig ( 7 ,  9)  luetllod, now the official 
iitt~thotl of t h t ~  A.O.A.C., whilt. clriite rt,liablr, is tiillt~-c.o1lsluili11:r and can b t ~  usc~cl 
for rclatirtbly few sa~npl(.s a tlay. Troy ant1 Sharp (11) statc.tl that their nlrthotl 
was not applit!ablc> to  sweettlnetl products. The silliplifietl FeCI:, procetltlre of 
Vent~lzan1p ant1 Iir~~isllc>c.r (1.') is not suficiently sc~iisitirc~ in the intern~ediate 
and lo\t-(,r ranges of tlerelopc~cl acidity. The ~ ~ o r l i  of IIt~illenlann ( 6 )  and of 
Tierslna and \'en(~kanll) (10) with the rrratroltl 111t'thod indicatc~ci that the color 
devc~loprric~nt is hard to control. Rarlrer and S~uri~lirrson (1) presc~ntetl a very 
sensitire ant1 sprc.ific. niethod for lavtic acid in biological flnitls, based on the 
color reat*tion between p-hyclroxydiphenyl and tlir ac.rtaldehytle formed by the 
oxidativc~ clec~arboxylatio~i of lavtic ;~c*id. Cupric. ions were nsed to intensify the 
color obtainc~tl and a high degree of spet:ificit-y 1vas obtainetl by c*artlful t reatn~ent  
of the saniple to rcltuovcA intc,rfering substanc*c.s. Davitlson ( 2 )  applied the 
Barker-Snninierson nit>thotl to nlilk and milk powders, obtaining very gootl re- 
sults, but they did not p r twnt  any data on s~vc*c~tenc~d prodnc.ts. The lnodifica- 
tion used by ~i~vidsoll-siliitl~ta11col1s deproteinization and renioval of lactose 
by lime ant1 CnS0,--c.annot be used for the rc.moval of interfering snbstances 
fro111 a swretrned or flavorc~d product. The original Rarlwr and St~~niliersorl 
111t~thotl hns been applied to ice carealtl, and to its ingrt.dients with satisfacatory 
results. A technic.ian, using coniparatively simple ant1 inexpensire eqnipnient, 
can make 30 analyses in a n  8-hr. day. 

METHOD 

The I3arkc.r ancl S111111ilerson method was followed in all  essential details, 
which are discussed thoroughly in their original publication (1). Particular 
attention must be paid to the precautions, some of which arc2 incdladed in the 
followirlg discussion. For  example, contact of t h ~  sanlpl(x with skin surfaces, 
directly or indirc~c*tly, can add as  n1ut.h Iac+tic acid as wa.; in the sample originally. 

The basic steps in the procedure are:  ( a )  Renloral of protein by pretaipitation 
with l\'a,WO, and I12S0,. (b) Removal of interft>ring subrtal1c.e~ from the 
protein-free filtrate with CuSO, ant1 Ca(0l-I),. (c)  C'onrrrsion of the lactir acid 

Received for pul)lic:~tion Oet. 12, 195 1. 
1 Present :~ddress: Inter~l:~tion:il  Dairy Suppl?. Co., O:~kla~ld ,  C:II. 
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to aceti~ldeliyde by hcating in concentrated I-I,SO,. ( d )  Development of color 
throng11 the reac.tion of tho acc.taldehyd(~ and p-hydrosydiphei~>-1 i n  the presrnce 
of CII ions. (e )  3feas11re111(>11t of tht. caolor in a photoelcc.tric. colorinietcr (,quipped 
\\it11 a filter gi~7i11g ~ni lx im~~l l l  transnlission at  36.7 111p. 

The ileproteinization was carried out hy the Ipolin ant1 TTn Sa2TlT0,-H2SOs 
proc*cxclnre, as ontlinecl in 1Ia1r.l; ct  01. (.5). iZ C(~nco photc~lomc~tc3r was 11sc>c1 for 
rolor alc~i~snrc>ment. A Rubicon #565 filtcr was c.i~sily insti~lled i1ftt.r rc>n~oving 
the regular fi1tc.r c-arrier. The efY(,ctivr diil~netc,r of the ccll nsed in the. photelorn- 
rter was 1.5 c.ln., instea(1 of 1.0 ('In. ils in thc ins t r l~n~(>nts  I I ~  by J%arkc.r i~rld 
Suni~nerson. This ~iecessitated using $1 ml. H,SO, in  s t ~ p  11 ,  inst(li1d of 6 1111. 

Pvcpnmtion of stanrJnrd ctsrvc. I~ i th ium lactate is mad(, by the following 
proretlnrr: T'ST' lilc+tic i~cicl (85 per rent)  is di111tt.d with iln eclnal vollu~le of 
tlistilled water and a few drops of phenol red indirator are atlded. ,2 saturated 
solution (approsimatc.ly 20 per cc~nt) of C.P. LiOII is addetl to slight excdrss, 
as indicatetl by the phenol red. The solution is ht~atetl to boiling ant1 the alkali 
again added to slight alltalinity befor(. cooling. Fonr volu~nc.s of 9.5 per vent 
alc.oIio1 are  i~ilcletl and, aftcxr roolinx for  s o m ~  time, the mass of crystals is floitted 
on a Ruc*hncr f11nnc4 ant1 washed thoroughly with $1.5 per c.c>nt a11~hol .  The 
lithium lactate is recrystallized frorrl uratcar ant1 dr i (d  ilt 100° C. 

The stocalt standard solution of lithiuril lactate for the s ta~ l t l i~ rd  c.urvcx is 
prel)aretl by dissolving 0.213 g. of pure d ry  lithitun lavtate in abont 100 ml. 
of distillrd water in a 1-1. vohi~netric. flask, adding about 1 inl. of c+o~ic+ontratc>d 
II,SO, ((2. P.), thcn tliluting to the mark ant1 mixing. This is stitble if licbpt 
in a refrigerittor. It c~ontains 1.0 nlg. of lavtic avid in 5 ml. of solution. The 
tlilntc' stilndartl i.; niatle by mc~asuring 10 1711. of th r  stocB sta~ltli~rcl into a 
100-1111. flask ancl bringing to volu~nc. with tlistillt~cl water and mixing. This 
preparation c o ~ ~ t a i n s  0.020 ilig. per millilitc.r a ~ ~ d  must he preparetl fresh 
t)cforc> us(.. 

S r ~ e r i ~ l  portions of the dilntc~ standard arc, mt,asnred into sc,pari~te c~cxntri- 
fltge tltbes c.ovcri~ig the ~ 'ange  of 0.01 to 0.10 ma. of lac.ti(* acditl. The provchilure 
is started a t  th r  CII-limcl stage aftchr hringiag a11 roltunrs to  9.0 ml. 11-ith dis- 
t i l  t r .  The final r('ac1i11gs arc. plotted on sc~milog paper apainst the ~nicaro- 
grams of lartic acid prcsc'nt ill thc 1 ml. of the supc'rnatant from thr  CII-lime 
t rratmel~t .  Thr  srrit.s is repeated to i11snrc1 acc.1lrac.y. 
,I straight linc is obtained if micarogran~s lavtic* ataid are plotted against per 

cent transmission on semi-logarithmic paper. PIarltcr ancl Sunimcrson prefer 
r ~ u m i n g  known lrvels of lac*tic acaid with each set of ~ u ~ k ~ i o \ v n s  in order to obtain 
a proportionality factor from whic.h the lactic avid contclnt may b~ calvnlatrd. 
IIo\\c,ver, if rare is talt('n in  pcrfor~ning the test in rxactly t h ~  same way from 
day to (lay, a calibration c*urvc is quite satisfactory. Th(> curvcJ ant1 tht. tecah- 
11iqi1(1 arv rhrc.keil ot*casionally by r~u in ing  a sample of k n o ~ v ~ ~  lt~vtic avid (,ontent. 

Culclrlntio1~ of r c s ~ / l t s .  From the standart1 curlre reatl thcl mic.rogriims of 
lactic. acitl presrnt in the 1-1111. aliqllot taken fro111 the CII-lime snpernatiunt. A 
convenient general formula for c.alcnlating thc resnlts is: 
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micarogra~ns read 
100 

X 
100 

x c*urve = l l l g . / ~ ~ ) ~ )  g. iccl 
(a) grams of sample nrl. protein- 1,000 c.rram or other 

cdontained in aliquot free filtrate producat 
to be tlt~protc.iiiizetl rrsed 

This formula ]nay be nsc4 to calvnlate the Iac+tic acid Ierel in thv sample of 
original dairy protluct either when the iimol~nt of sample cl(~proteinizet1 is dif- 
ferent from that  snggcbsted, or whrn the milliliters of protein filtrate usecl are 
varied from that  snggc~sted. If the exavt quantities arc, used, as snggested for 
the ice, cretlni analysis, the form111a sinrplifies to the following: 

(b )  5 x mic.rogranrs rvad from stirndiird curves = mg./lOO g. original material 
and 
(c)  0.001 x mg./100 g. original ~rraterial = perrent lactic. acid in original ~natcr ial  

Procer11rt.e for  ice crcant. Weigh o l ~ t  20.0 g. of ice c4ream into a 100-inl. bealter- 
on an a i w ~ r a t e  torsion balance. Add some. distilled water ilnd illlo\\. to softe11. 
Tra~isfer  with u-ashing to the 100-ml. volumetric* flask and 111ali(l u p  to rollniic 
with distilled water. Aftclr thorongh mixing transfer a portion to a tlry braker 
for pipi>tting. \Tit11 an Ostmaltl pipette transfc~r 5 1111. of the ice, creinl solntion 
(rc~~resc>nting 1 g. of ice vreanl) to ii 22 x 145 mm. test trtbe. Add esactly 3.0 
ml. of tlistilletl water fro111 the burette. Add 1.0 ml. of 10 per cdent solntion of 
C. 1'. Ka2\lTO, ' 2I1,O solntion and swirl to nrix. Atld 1.0 rnl. of 0.66 S IILSO, 
solr~tion, 2 t o  3 drops a t  a time, swirling between additions. (Prec.ipittrtion shollltl 
begin ~vhen  about 0.8 1111. havc~ been added.) I ~ e t  stand 1 0  to 1.5 min. 

Filtclr through \fThatman #T, filter paper, being cdarefr~l to wear rubbw 
gloves when preparing the paper (see l'rec*antions). Transfer 2.0 1111. of thc3 
filtrate to a 15-1111. centrifugc~ tub(*. Add 1.0 ml. of a 20 pcAr cent solution of 
CoSO, . 511,O. Atld 5 ml. of distillet1 water from the burcltte. Add approsi- 
mately 1 g. of C. 1'. Cir (011 ), powcler, using a snrall picwe of parc.hment paper 
to aid in the transfer. Shake \-igorously after c.losing the trlbe by m(hiins of a 
square of pirrafilnl. fresh strrfacr d o w ~ ~ ,  held in place by thc f i n ~ ? ~ r .  IJ('~ stillltl 
a t  roonr telnperat~~rc. for O..5 hr. with oc.c.asional shalrinp. C(.ntrif~rge at  1,200 to 
1,300 r.p.111. for abont 5 ~irin. to p a ~ k  the solids. 

I'ipettc, a 1.0-inl. aliclnot of the sllpernatitnt sollition (the sanrple shonltl bc 
p i p c t t ~ d  from beneath thv snrfac+c film which uslrally is pr(>seiit, ant1 the t ip  of 
the pipette wiped fri~cb of any atlheriug solids brfore transferring) to a 22 x 145 
mnr. test tnbe. Adtl 1 drop (0.03 1111.) of 4 per vent CuSO, solution. F i~ l i~ l ly .  
add 9.0 1111. of c.onc.c~ltratc.cl H,SO, from a burclttc~, swirling the tnhe to nris whilt. 
thc i i~i t l  is being atlded. 1'lac.c. upright in boiling watvr bath for 5 nrin. R(lrrloxt> 
and cool immc~tliatc~ly in ire water to 20" C. or below. \Vhcn c*olcl, ;ltlcl 2 tlrops 
(0.1 ml.) of th(. p-lrydrosydiphen?.I rc~agc~nt, so that the tlrops fit11 tlirectly upon 
the acicl iurfac.e. (The p-hytlrosytliphenyl is a 1.5 per (.cant solntiou in 0.5 pcbr 
cent XaOII. It is prepared bjr dissolvil~g, by I I I P ~ I I \  of w a r ~ ~ l i n g  illrtl stirring, 
1.5 g. tlry p-hydrosydiphenylL in 10 rnl. of 5.0 per caont S a O I I  to which has been 

2 E : I S ~ I I I ~ I I  I<od:~li. 
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added fro111 10 to 20 lnl. tlistilled water. The solutioll is coolc~d and nlade u p  to 
100-ml. voltune. Storetl in a brown bottle, the solntio~i is stable for ~rronths. 
High blanks indic~ate deterioration.) Swirl the tribe carefully but thoroughly 
to dispc.rse t h ~  precipitated p-hydrosydiphenfl uniforarly throughor~t thc solu- 
tion. I'lace the tub(, i11 a :No C. M'ater bath for  30 ~rrin., s\virling to ~ n i s  a t  least 
o11c.e dnring this prriod. Aftc~r 30 1rri11. a t  30' C. transfer to a boiling water 
bath for  90 s(*v. R(~niorc~ ant1 c*oo1 i~nnl(~diately to roo111 t e ~ n p t > r a t ~ ~ r e  ~ v i t h  i'ca 
water. Fi l l  th r  photelon~c.ter absorption cc.11 to the rc~qnired level with the re- 
sulting liquitl ant1 take reading in th r  C(>nco photelonrc~ter cxqnipped with a 
Rubicon 56.5 111p filter. A reagcwt blank shonltl be r111 through thc procedure 
\vith (~acli set of sanrples. Star t  reagent hlanlr 11sing 9.0 1111. water, 1.0 ml. 20 
pchr cent CuSO, . 5E120,  1 g. Ca (OH ) , powtler and continue through remaining 
steps of th(. provcdurr. This blank, which shollltl be colorltw. is nscld to set the 
p h o t r l o ~ n e t t ~  at 100 pc,r vont transmission. 

Tlrc, stantlartl v u r ~ r  is (*alibri~ted i l l  t e r ~ n s  of the lnicrograiils of lac'tic ac.id 
present in thc 1-1111. aliclnot take11 fro111 thcx Cn-liltre s ~ ~ p e r n a t a n t .  This aliquot 
shoultl rontain b(.t~vec.n I and 10 y of lactic. acaitl. If a sa~nple  of ice. (.ream 
is lrno~vn to he mi~tle of high cluality ingredic.nts, il 1: 50 clil~rtion of a 1-g. SHIII- 

pit> is most suitable, as ontlined in t l i ~  proc~(1d1u.c'. If the c l~~a l i ty  of the ivc 
caream is unl i t~o~vn,  a 1 : 100 dilution. or 1 1111. of the filtrate, fro~rr the protein 
prclcipitation, shoultl be 11secl i l l  the Cu-lime tr(>at~nc>nt. This tlilutioir will c.o~~er. 
all samples c*ontaining b(.t~vc>t>ir 10 ant1 100 nig. la&* acaitl per  100 g. ice c.rc.ani. 
Orrasionally, furthvr clilution nray h(, nercJssary ; in this riis(l t h ~  filtl.i~te fro111 thch 
protein preripitation sholild be d i l~~tec l  b(2forc. transferring a n  aliqllot to the. 
Cn-lime.. 

P r o c c d ~ t r c  for ice o.cnnt  ~ I I ~ I - e r l i e n t s .  

(a )  D n i r y  ,produc ts .  The procedlire which has been ont1inc.d in detail for 
ire crc.anl, or the si~nplificvl mc>thod of Davidson ( 2 )   nay be applied to any  of 
the uns~vec~tened clairy ingredients. The l c ~ e l  of inilli solitls not fa t  mnst be 
kilow~l i n  order to  tleter~ir~tie t h ~  saniple size of dairy prod~~c*ts .  T ~ I I S ,  while a 
20-g. sa~npl(. of ive cream was used, convenie~rt sanrples for other l>rodr~(.ts wore: 
Creani (36 per cent f a t ) ,  40 g. ; condensed skim (82 per cent T.S. ) , T g. ; no~rfat  
d r y  ~irillr soliils, 2.2 g. ; fluid whole or nonfi~t  milk, 23 g. 

( b )  S~t!jnr. alrrl flnr*oring. The solutio~rs arc3 irzatlc1 u p  to hare the salrre 
conce~ltration that  they x~o~i l i l  hare in ice c*realn. S ta r t  t h ~  analysis with the 
Cu-lime step, using a 2-1111. aliclnot. 

REST-LTS 

Rel iab i l i t y  of ntefhorl .  

(a)  Recot -ery  o f  arldcrl l n r t a f e .  A stanclaril lithium lactatt* solution ecluiva- 
lent to  1 mg. of lac*tic acaicl pc.r millilitc~r was prepi~rc~d. The tlcasiretl voll~rrie of 
lacatate s o l u t i o ~ ~  \\-as added to 20-g. sainples of ice c.rt.am, the rolume 11iade u p  to 
100 inl. with distillrtl water i ~ n d  the analysis carric~d o l ~ t  in the 11sual way. 
I n  typiral rcJc.orer>- tests, 10, 20, 30, 40, 50 ant1 5.5 nrg. lactate \verca aclded to 
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100-g. s;ut~ples of icae cream. The rc~coreries \vercA 10.5. 19.5, 09, 41.5, 31.5 and 
'75.3 mg., respcv4ively. The results obtained by the use of a standarc1 cdnrve com- 
pare favorably with those reportc.tl for the Hillig method (4).  

(b)  Palites on niilk corrrpavrrl zviflt published cnlrrrs. Values obtained by 
G o ~ ~ l t l  ( 3 )  on inillr from individnal cows of different brrclds werc compared 
with values obtained on c~ipht samples of m a n n f a c t u r i ~ ~ p  grade 11lilk received a t  
a corn~nercial cond(.nsing plant. (:auld fou11d a n  average of  1.93 mg. lactic acid 
per 100 g., whereas the arerapcJ of the, condrnsing plant samplrs was 0.5 mg. 
per 100 g. Troy and Sharp (11 ) found all arerapcA of 2.0 mg. per 100 g. flnicl 
milli by tht.ir method. 

TABLE 1 
Lactic ucirl rnlrlrs for isgre(1irsf.s anrl $rial prodrict ill 11c.o si~l~ilrrr rrnflrrzored vriaes 

- -- 

L;tctir ariel* Lactic :trida of 
Lcvcl in mix co~ttrihuttvl mix  by : t ~ ~ a l y s i s  

Il~gredieltts to mix of e o n ~ l ~ l e t e  mix 
-- - -- 

Mix A 31ix B Mix A Mix R Mix A Mix R 
p- - - - - -- - -- -. 

( % b!/ rc~ri{~lrt) (III,~I./IOII 11. ) (11?,f]./I00 g.) 
Nonfat  tlry milk ~ o l i d s  . . .  ... 5.0 3.0 1.4 1.4 
xutrimis 

(Sonf:tt  dry milk nolitls 
c o ~ ~ t a i r ~ i t l g  stabilizing s:llts) 3.5 5.5 2.4 2.4 

Cream (36% butterfat) . ... : I 5  :10.50 0.4 n.4 
\ .- 

Gelatin . ..................................... o.20 fr.20 I )  I I 
0.15 0 0 - 
I1 0.15 - 0 

24.0 24.0 i . 6  i.6 
34.65 34.6.3 0 0 

-. 
loo.00- ~ 6 . 0 6 '  11.8 llx 1?.5 11.7 

pp - - - - -- - - - 

a L:trtir ncid valuc~n for it~tl iridu:~l ingrcclicnts ant1 for rot~~l ) lc tc~  ~ ~ ~ i x e s ,  :IS girt111 it1 last 
r o l u ~ ~ t ~ t ,  were ~lcterminrtl b? tlte l3nrker-Surnn1erso11 Method. 

(c*) Ef / (>c f  of sugar  mtd fia~*oring.$. Tablr I shows the rc~snlts of the applica- 
tion of th r  nlethotl to co~npletc~ mixchs and to a 111unber of major ingredients 
separately. The composition of the mis  is shown, with the lactic acid values 
obtained by analysis ant1 those prrdicdtcd from the results of the separate a~lalyses 
of incliridnal ingredients. Ac t~ la l  ant1 predicated iinalyses agr(>cJ closely. 

As a rc~sult of the apparcwt lactic. acid ralne of 7.6 nlg. pclr 100 g. for the 
lic111id sugar a t  the level nsecl in  t h ~  mixes, a series of tests n;ts ?arriecl out on 
different sugar sources. The rang(. of valnes o ~ t  fire wgars ,  including cane 
syrup, cdaiie sugar and  beet sugar, was 7.6 to 9.0, with a n  arerage value of 8.4 
ma. per 100 g. Since the e f f ~ c t  of the sngar appc3ars to be consistent and addi- 
tire, an allowance of 8.5 mg. per 100 g. "lactic acid" will correct for  the sngar 
in  ice cream of stanclard composition (14-16'/; sngar) .  

Table 2 shows the lactic acid ralue of icr c.rc3ams prepar-etl from a single 
mix ant1 flavored with differcant vanillas, chocolates. coffee an(1 strawberry. The 
only increase of any magnitude is in  thv cascA of r a ~ ~ i l l a s  2 and 3 ;  analysi5 of 
solutions of these flavorings gave ralne\ ahrtost itl(~ntical with the increase. 
Thesr two ranillas were found to c o ~ ~ t a i n  15 pcAr cent propylene glycol in  addi- 
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ti011 to alcohol. Propylenc. glycol i\ one of the seven con~pountls listcstl by Barker 
and S111nmerson as  interfwing with the lactic acid test, 1 y giving a color equira- 
I m t  to 0.16 y of lartiv acitl. The apparent lactic acid clue to the ranilla n ~ a y  be 
c~alculated if its con~position is kno~vn, or it  may be tested if a sample is available. 

Th(. lactic. aeitl value was increased measureably by the two chorolatc>s, but 
the. invrclase W ~ I S  lpss than that  reported by Go~lld and Potter (4) using the 
llil l ip provetlnrr. The cofft.e anel stralvberry flavors contribntrcl vclry little, to  
tilt. lac.tiv acitl value, whereas Qoultl and l'otter follnd that  cho('o1ato and  eoff~e 

T.iRLI? 2 
1,nrftr acir7 ~.ril~re.\ for  Ice rrr(znr8 of vnrzot~.~ flnliors 1riar7e from tlte .mmr bnhlc trlzx 

1,nctie arid Illcrease ill lactic :~ci(l  vnlrlc. 
v:~lue of Inis c:~uscd by fl:lr-oring i r ~ g r e ~ l i c ~ ~ t s  

Sollc ................................................... 
I-u~tilln #1. Pure  Ronrboll 

:1lrol1ol rstr:1vt . . . . . . . . . . . . . .  

rn~r i l ln  #2. Sillgle s t r rng t l~  
estr:tvt c*ol~t:tilli~lg 15% 
~nol~ylcxne glyc.ol . . . . . . . .  

1-o~tilln #3. I )o~~ l> le  s t r e l ~ g t l ~  
estr;tct. e o ~ ~ t : ~ i l ~ i n g  15% 
~wol? ,vl r~~e glyc.01 

Chocoln!~, # 1. ;\nierir:~ll 
~xoe(.sscd c3oroa .................... 

Cl~orol:~tc liqllor (50% 
roco:1 f a t  I .................... 

Clrocolnt~, # L  IJ)otc l~  ~ ~ r o r -  
essr.11 cocoa ................................. 

('l~orol:~tcs liquor (30% 
coro:~ f a t )  . . . . . . . . . . . . . . . .  

C O ~ C P .  \\-:~ter (astrnct roll- 
t : ~ i l ~ i ~ i g  8% (*offre solids 
it1111 7 %  destrosc . . . . . . . . . . . . .  

Ptrrrrr~brrr!l. F ru i t  sog:~rc~cl 
1 : :! ............................... 

3.25 fluid oz. 
in 5 gal. mis 

10 fluid oz. 
ill 5 @tl. mix 

I, gal. f ru i t  
m l s t , ~ ~ r e  to  5 
pal. unfla- 
vorc,d mix 12.0 -0.5 

t3~tl'it(.t ral1\('(1 i l l ( ' l ' ( ' ~ ~ ~ 4  i l l  th? Iil~tiV arid ra~ l les  a111o~llltillg to 7.1 and r).(i nlg 
per 100 g.. rcaspwtirely, using the IIillig ~ncthod.  Goultl ( 3 )  rcaport\ inter- 
fercl~c+c 11-it11 the IIillig n~chthotl froni sotliunl b c ~ ~ z o a t ( ~ ,  ~vhi(211 c o n i ~ ~ ~ o ~ ~ l y  is lise(1 
in coffc~e est~*i~c.ts. 

Ta1)lr 3 gives both the, t i trati~ble acaitlity and lactic* acid for a pronp of 1111- 
flitvorc.tl ant1 f l i ~ ~ o r ( v l  test ~tlises. 

((1) E f e c t  o f  t ~ r ~ ~ r t r o l l z n t ~ o t ~ .  Daritlso~l ( 2 )  showed that  his simplified Ritrlier 
i ~ n d  S r l ~ ~ ~ u ~ e r \ o n  prorcbtlnrc> rrcovc~rc3d lartic acsitl c l ~ ~ i t e  tl(.pendi~l~ly fro111 nc~rltral- 
izcd n~ilk.  (iollld ( 3 )  f o ~ u ~ c l  that the IIillig ~lletlnotl gar(, slightly incrcilsc~d rilhies 
on nentri~lizetl milk. and IIillip (8) foluncl that the Troy and Sharp tli\tillation 



TABLE 3 

Con~parison of opparcnl titrntnblr ncirlitjy fritlr crctaal lnctic* acid in cnrioirs ire crrorrr ~rrixe.r 

Mix ('oinpositior~ of inix i\pl):~reiit Lnctic L:~rtie 

110. Coinmrnts titmt:il)le acid :icid 
F a t  M S S F  Sugar F1:iror :~ciility f oru~il i,orrecteda 

(%) (%) (%I (WI.V./IOO {I.) 
1 11.0 10.5 16.0 S o ~ l e  5.5% s e r ~ ~ l n  solids 125 

from Sutrimix. 
2 11.0 10.5 16.0 Sone  ‘ 6  120 
3 11.0 10.5 1 .  Vnnill:~ Slime S.S. Pure  

1:ourl)on v:~nilla 
3.25 fl. oz./ 
5 gal. mix. 120 

4 11 .I) 10.5 16.0 Vanilla Same s.s. Ta -  
oilln cont :~ini i~z 
15% 11ropyleiie 
glycol. S:~nle 
level :IN 3. 1.55 

5 11.0 14.0 16.0 Vanilla Snnic S.S. Sanic 
v:iniIl:~ a s  4. 120 

t i  11.0 14.0 16.0 Vanilla Serum solids all 
f r o ~ n  condense~l 
skim. Same va- 
nill:~ ns 4. I95 

(111,9./1~~1 g.) (711!1./100 {I.) 

72.5 ..... 

a 1 nlg. ~"'ol)ylcnc glycol givcs color c~quirnlrnt to 0.16 nig. lactic ;~cid. 

Apparent Incrcnse in 
titrat;ll,le acidity L:ietie acid nci~lity over 

control 

(%) (nag./lOO 0.) (t~~!l./lno g.)  (t11g./100 g.) 
Control inis ..................................................... 0.22 220 13.5 ............ 
Soared mix ................................................... 0.35 350 ........... 130a 
Soured nrix nentr:~lized wit,h MgCO:, 0.23 230 140.0 126.511 

a Differenre in titratnhle acidity values. 
1) Diffcrenee in B&S lnrtic acid v:lloes. 

l t ie thot l  gave s o l n e w h a t  lowerccl  va1ut.s. Table 4 sho\vs  that n e n t r a l i z a t i o l ~  has 
no effrcbt oli  thcl a c c u r a c y  of  the d c t r r ~ t r i n a t i o n .  

(e)  I'rcscrvatio~z of sa~rrplcs. Fonnaldt~l~ycle caalnlot bc used as a prestbrva- 
tivcs, as B a r l r c r  a l i t l  S u m n i c ~ r s o n  f o u n d  that it il~tc>rfrrc.tl  with t h r i r  ~llc.thod. 

H o ~ v e v e r ,  it is sho1v11 in tahlc 5 that n e i t h ~ r  IIgCl, nor s o t l i ~ ~ m  bellzo;itc> aRc.ctecl 

TABLE 5 

Coj11pnrison of lnetic acir7 z.alftrs on an icr C~P(I?W 7cr111 and fcitlrorrt )~rrso.~.ntiren 

A~nount  of prc~sc~rrativr 
/200 g. ice cream 



the test significantly ~vhen  added a t  t h r  levels usually used for  the preservation 
of dairy produets. 

( f )  Effect of lipolysis. Hydrolytic rancidity of f a t  was foul~i l  by Troy and 
Sharp ( 9 )  to cause high results with the distillation method. Gonld (3)  found 
no interference from rancid f a t  with the TIillig method. To test the effecat on the 
Barker and  Su~t~nle rson  i ~ ~ ~ t h o d ,  0.4 g. very rancid butterfat u7ils added to 100 
ml. skimmilk. The lacstic acid valae of the co~ltrol  skim \vas 2.7 1119. per 100 g. 
and that  of the slri~u plus rancid fat  was 2.8 mg. per 100 g., a difference within 
experimental error. 

DISCLTSSION 

The Barker and S ~ u n ~ n e r s o n  nlethocl is practical for routine detc.rn~inations of 
lavtic acid in ice c.rcwn1. The equipmclnt nec.c>ssary is not expensive, the method 
is fast, and  the results are at  Irast as good as  those obtained by t.he IIillig method. 

I t  is essential that  the procedure be follo~red carrfully. The standard curve 
sho111tl be chtsc.lted  fro^^^ ti111(> to t i ~ ~ ~ e ,  using the stalltlard lactic acaid solution. 
The analyticdal p reca~~t ions  olltlined by Barlrcr and S ~ ~ m ~ n c ~ r s o n  are  extre~nely 
important. Rt,agent grittie cdhemicals should be used. The p-hydroxycliphenyl 
was obtained from Eastnlan I<odak a11c1 nec~tls no pl~rification. It is essential 
that the tlirectiol~s to  (*on1 the II,SO, solution to 20' C. or below before the addi- 
tion of the p-hytlrosytlil)l1c~11y1 hr insnrchtl by cooling l ~ n t i l  t h ~  tube is chilly to 
the tonc.11 after s~v i r l i l~g .  

Stopc.ocks ill c.011tac.t with the II,SO, inust be free from grc3ase. Either a 
6 '  greaselrss" stopcoc!k or a regular stopcock lubricated with graphite or with 
t h ~  acid itself shollltl be 11sc~11. The conc.c~ntratet1 II,SO, should be protecated from 
organic 111atter i\11(1 nloistllre. Since it  I I I U S ~  be 11leas11red exa(*tly, a burette 
with provisio~l for filling from thr  acid bottle with raclllunl or pressure is best. 

The pipettes ant1 b t ~ r e t t ~ s  ustat1 ~l lnst  bv accaurate and the ; t ~ ~ i l l ~ s t  shonld be 
prcvise in all n~c~as~~rc~nien ts .  I n  iidclition, care shonld bc. take11 t,hat the skin 
docas not vome in contact ~ v i t h  any glasswitrc., filter papers or solutions which are 
nsccl either in or in c.ol~tac.t with the sample. The tips of pipettes arc. best wiped 
~ v i t l ~  fresh pieves of c l e a n s i ~ ~ g  t i s s ~ ~ e  mhicdh are  discardetl after our use. As 
mentioned before. ])ari1fi1111 is used, fresh s ~ ~ r f a c t ,  clown, wheu stialting in the 
Cu-lime step. 

111 c.leaning the glitss\varc~, c.hro~~~ic* acid c.lc~aning ~~~ixturc.s  shoultl not be used 
onless f o l l o ~ v ( ~ l  by an alkalille rinse. Tt is prclferretl to use a detergent wash 
folio\\-etl by rinsing in hot a11t1 then distillecl water, taking care that  the glilss- 
ware is kept free f r o n ~  dnst ;u1d perspiratiol~. Thr  centrifuge tubes need all 
extra \\-ash. before s o a p i ~ ~ g .  ~ v i t h  clil~~tc. lIC1 to relnovt. the vclry tenac.ions li~n('. 

SUJI .\IARY 

When applic.cl to a witle variety of dairy proclncts, the Barker ant1 SIII~I- 
mprson mrthod for lacdticd acid has becw f o n ~ ~ t l  to be accurate and rc,asonably 
rapid. 

I t  is accuratc~ in lulflit~ored icv. c rea~n  when a co11sta11t i ~ l l ~ ~ ~ i i l ~ ~ e  is 111ade for 
thc laptic# avid va111(~ col~tribnted by tht. sugar. 
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It is accurate in  ive cream of various flavors, when the flavoring agent does 
not contain propylene glycol. 

The lactic acid ralue of ice cream containing propylene glycol nlay be cor- 
rected by use of an accurate constant allowance, when the amount present is 
lmown. 

Preservatives s11c.h as I-IgCl,, pure or cominercial grade with indicator, and 
sodiuni benzoate 1v1lre found not to influence the lactic acid ralue by this method. 

The presence of neutralizers in an ive cream mix will not interfere with the 
deter~nination of tlevelopecl lactic acid. 
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A CLASSIFICATION FOR T H E  IT)ESTIE1I CATIOS 
0 1 4 '  BOVINE NOSEl'RI NTS1 

MORRIS HlRSCH,Z F:l)MUND F. GRAHAM AND ARTHUR E. DRACY 

Agrirrtltriral E.rprriwbrnt Slntion, Rrookirrgs, Sozith Dnkoln 

The probleni of positively idmtifying cattle always has bec.11 difficult. Some 
breed assoc+iations have resortc3d to sketches and some to photographs, but slietc.hes 
always have the e1(.111c>nt of error resulting from the poor artistic ability of the 
one sketrhing the a11i111al. A 111ore positive means of id~~l t i f i [da t io~~ is by nose- 
prints. I'etersen (1 ) has suggested the rasc of ide~ltifying nostbprints of the 
same anin~al .  IIowever, a rapid means of ~~Iassifyiilg them wo11lt1 be esse~~tiiil  
for their rapid ide~~tific.tltion. Thus, this stutly concdcarns a x~orkt~ble c1assific.a- 
tic111 for borinc. noseprints. 

MATERIAI> AND PRO('ED1-RE 

The noseprints for this c~xperiment were obtained fro111 the collrgcl herd and 
fro111 rattle on neighboring farms. The proc.cdnre anil c~cl~~ipaient used were 
si111ilar to thosc, describetl by Petersc*~~ (1). That is. ink from a n  ordinary ink 
pad ~ v a s  applied to the (try nose. Then a 4 x 7 inch no. 120 Blue Bird blotting 
paper was rollc~tl against the. nose to obtain a c.lrar print. 

After varefnl co~~siderat ion,  a systc~m si~ui lar  to that of the, f i n g e r p r i ~ ~ t  classi- 
ficatio~i (2 )  was attc~mptecl. A glass disc having tyui-distant cwncentric. circles 
cut into the glass and  ~narlrcbd from the center A, 13, C, D, E and F was used. 
The ilisc. was placaetl over a print, which was read by t l (> te r~nin i~~g  the nnl~lbcr of 
ridges in each a r w  ~narked  by the above tlesign;~tetl letters. A study of the 
noseprints was ~llatlc. a~icl it  was found that no cc.ntral point or core c.oul(1 be 
establisheil for all nosc.prints; also, as the aninlal grew the nose c~lllarged. This 
macle the 11sc. of t h r  tlisc of no value, sinee thc. riclgc's on the nosc3 b ( , r a ~ ~ ~ e  larger 
ant1 fell into different areas on the disc. 

Another attempt was nlatle to cstitblish a vore or ccwter point. The narrow- 
est area T V ~ I S  obtained on e;wh print  and a (:ore establish(~d. This was accom- 
plished bj- cirvu~usc~ribil~g a circl(1 just bordering the outer edges of the narrow- 
est area of the ]loseprint. In  this rrlanner the print was divided illto fonr sections 
with the ridges c~onntrd it1 each section of thv caircle. As the pr int  enlarged, 
t h ~  caonipass ~ ~ o u l d  conipcnsate by drawing a larger c i r c l ~  from the narrowest 
par t  of the print which clnlarged in proportion to the growth of the ~losc.. How- 
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ever, this syste~il was lulsuccessful too, even though it seemed to work well on 
different prints. It failed whet1 duplicated on the saale ilosepriiit because the 
same cc1ltc.r point ~vas  not coiisistently obtained. 

Si11c.e there ~vas  no possibility in sight of developing a classification system 

FIG. 1. Plain inrertcd nrrh is shown by angle of more thml 90". 

FIG. 2. Tented iilrcrted arch is shown by angle of less than 90". Area within circle iudi- 
eates broken irregular ridges. 
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by illcans of a (.ore, the systein of nsing patterns was fonnlllated. After an 
intensive study of the iiosrprints xas  ~nade, four distinct general patterns were 
found in n~hieh thc prints could be grouped. The patterns were classified ac- 
cording to three different types of inverted archt~s a i d  110 arch at all. The 
inrerted arches were broken tlown to thc3 plain inverted arcah (fig. I ) ,  the tented 

FIG. 3. Open inverted arch. 



i ~ ~ v e r t r t l  arch (fig. 2) a11d the open inverted arch (fig. 3 ) .  The angle of the 
arch ~ v a s  tletrrn~inc.tl by the ritlgps as t h ( ~ y  ratliatetl to the l r f t  ant1 right fro111 
the niid-line of the noseprint. Th(. pat,tern with no arch is sho~vn in figure 4. 
The. plain inscartcatl iirclt was charwctrristic~ally rc~c.ognizcvl as b(bing o ~ c ~ r  !)O 
tlrgrc~es. Thr tc.t~trtl inrc~rtcvl t1rc.h is on(. contaiiiil~g ii r a th r r  shi11.p ticntc3 angle, 
btliiig lrss than !)O drgrc~es. 'I'll(. oprli invrrtotl arc.11 is a charactc~ristic piltt?r11 
that  c.ontains a n  invertrtl a r rh  of varying 111agniti1(l~ \\.it11 no t l e f i t ~ i t ~  apex, 
sincr the print has all open area down t h r  rr~id-line front abo i~ t  the iniddle of 
the print to th(1 basr. 111 the pattrr.11 which contains no  arch, there, is no definite. 
titicl-line. 

With these four  groups established, therr was nePd for  fur ther  breaktlown. 
Each print  was divided in half do\\-n the (.enter line, scqx+ratiilg it into a left 
and  a right side. All fu r ther  characteristics then were broli(~11 clolvn accortling 
to  the two sides. The left side of the pr int  was designated as ~ l u n ~ e r a t o r  and 
the right side as  clenonlinator i n  t h ~  formula. S o t e  that  the left side of the 
pr int  is fro111 the right side of the nose. 

Fur ther  breaktiown was c~oncerned with the t\-pc.s of ridges in the noseprint 
pattern. The ridges considered Iverc. only those fro111 the lower half of the 
print.  The first breakdown deals with the length of ridges. If the nlajority of 
ridges extended froill the outer edge to the apcJx in one or two sections, they 
were considered long ridges designated by no. 1. I f  the ridges were broken 
into more than two sections they a r r e  c.onsidcred broken ridges designated by  
]lo. 2. Tll(.n therr  \vc1rc> those priltts whcre the ridgt~s hatl a combination of 
b rokm ri(1gc.s and long ri(1pc.s in (~(411it1 a ~ t l o u ~ ~ t s ;  thesc. I \ - ( ~ I . ~  tlrsignatc~d no. 3. 
IIenc(., figure 2 was c*lassific~d: tc~iltc~d invc~rtc.tl arch 1 / Y  siiicc. it had a tented 
illrertetl arcah alltl ii no. 1 Itleans that it co l~ t i i i~ l t~d  long r idg(~s  on the 1t>ft side 
and  the no. X dr l~o~l l i l~ i i to r  rc~fc~rs to  a con~bination of long and brolic.11 ridces on 
the right. 

Continuing the breakdown of th(b ritlges thrre  were charac*trristica straight 
riclpes, irregular ridges and caorrlbinations of both. Thrse n-vrr broken do~vn  
as \\.ere the previoils traits by the nos. 1, 2 and  3, respectirely, as  s h o ~ n  in 
figitre 2. The ridges on the left side were straight while those 011 the right lVerc 
irregular. Thus, this pr int  would now be classifiecl: tented iilvertrd arch 1,'3 1/2. 

The ridges JTere fur ther  classified as  to whether the>- were all dots. all lillcs 
or a combination of both;  these were designated b>- 1, 2a11d 3, respectirely. 
Since figure 2 has no dots it  would be classified: tented inrer ted arch 1j3 1;2 2/2 
with the last set of nunlbers referring to all  lincs on the left and right side of 
the pr int .  Figure 5 is a representativr example of a pr int  with dots. 

In addition to the classification of the animals b -  nosr patterns there. Iverp 
two Inore groupings. 01ie sc~parated t h r  pr ints  by brec~d and the other separated 
then1 still fur ther  by sex. F o r  exarnplc.: figurc. 2 is a noscprint of n (:nc~rl~sc~y 
cow. Thr  entire classificdatioll ~voltltl bch as follon-s: ( ' l ~ i e r n s e ~ - - f ( ~ ~ l l i l l ( ~ - t ( ~ ~ ~ t ~ ( l  ill- 
\-(.rted arch 1/:3 1.2 212. 

Since borillc. iiosc~prii~ts h a w  heen iisc~tl to c~stablish positivc. id ( l l~ t i f i (* i~ t io~~ ( 1 ) 
i l l y  illealls to fi~ciliti\t(' idrlitificittion ~ \ .o~ l ld  1)o highly tl(.sirahl(h. ' ~ I I I I S  ti si111~71(, 
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classification has b r rn  fon l i~~la te t l .  Of the 200 different nosel~rints inspected, 
only four  appc~arecl tuntler on(% rlassific.atioil. Again, enough iiidivitlual rariations 
Irerc c ~ r i t l r ~ ~ t  so that I I ~  tlific.111ty was 'nc:o~ultc~rc~d ill distiilguishing b(>t\reen t,he 
four  prints. A('tui111~ th(. inclivicl~~al variations in  the angle of thc~ ridges a re  so 
cJs;lc.t a11t1 tliffcrcl~~t as to b(. c*lrarly tlifYc.rc.ntiatc~c1. I11 atltlition, tlic, rclatire 
l c ~ ~ ~ p t h s  and arratlg(.lllcwts of thc~ ridgc,s tlifi(>r 011 each ailinla1 l r ; ~ v i ~ ~ g  luiclues- 
tionably tliff~~l.c~ilt IIOSC p r i t~ t s .  

FIG. 5 .  A prillt wit11 dots. 

To further  espedite the location of any  print  on file, a cotlv has been (win- 
p1etc.d so that  the ilesired information nlap be obtained on any  \tantlarcl tabu- 
lating machine. Thu\  if iiosc~prints 5hould be filed with nrccssary registration 
certificates a n d  at  a later (late a positive substitution should occur, the time re- 
quired to  cleternliile the exactness or tfifference \i,oulcl be totall:- a nlatter of 
nlinntes. Therefore, large nnnibers of  losep prints could be kept on file a t  all 
times. 

A brief outline of the classifying system is as follows: 
1. Breed 

11. Sex 
I l l .  Pat terns 

A. l'lain inverted arcah 
13. Tentctl inverted arcah 
C. Open i n v c ~ t e d  a r r h  
n. So arcah 
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1V. Types of ridgrs 
(Sote:  The left sicle is designated by a n~unerator ancl the right side bj- 

a clenolninator.) 
Group a :  1. I~ong ridges 

3. Rroken ridgrs 
3. Col~ibination of both 

Group b : 1. Straight ridges 
2. Irregular ridges 
3 .  Conibinatio~l of both 

Group c :  1. All dots 
2. All 1inc.s 
8. Combination of both 

A method of classifying bovine noseprints by patterns has been describetl. 
Accorcling to this c.lassification, it is possible to segregate the noseprints of any 
breed into 5,832 different groups. Thus, this allolvs only a few prints in each 
category, simplifying absolnte iilentification. Ercw if several spec.il~iens hare 
the same general c*lassification, enough niiliute individual clifferc~i~ces are present 
for an accurate d(3cision. 
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T I I E  RATE OF AI3SORI'TIOS OF' T-ITAJIIS A T\'ATTTRAL ESTERS A S D  
OF CAROTEKE BY A~AIJI< IIOLSTEIS CAIITES AS nrEAsrYRF:n 

IIT ( 'HASGES IS RI,OOI) I'IIASA~A IIEVELS' 

Blood plas~ua 1rvc.l~ h a w  been uscbtl witlely as  vriteria for the s t ~ ~ t l y  of th r  
effccts of rarioos \onrcc,s a11d methotls of ad~ninistration of vitalnil1 A and 
carotenc~ in the nutrition of dairy calucbs. 1%alunaa11 et n1. (2) have show11 that  
thc peal; of absorption of r i ta ini l~ A is reachhetl in  6 hr.  in rats. Popper ant1 
TTolk (8) fonnd that absorption of o i t a n i i ~ ~  A begins in  rats 25 rnin. aftclr acl- 
ministration ant1 conti11ut.s fo r  a long time clue to storage in  the meseiichy~i~al 
cells of the intestinal d l i .  Less information is available with resprct to the 
rat(, of absorption of carotene, since some specicls of experinlc~ntal anilnals clo 
not absorb carotene illto the blood strea111. 13arri(*k ef 01. ( 1 )  showeil that  Inas- 
s i re  dosos of c2arotene resultecl in  only a t r a w  of earotene in  the blood plasma 
of sheep. Goodwin e t  a l .  (4, 5)  have sho~vn that \vhil(, certain herbivorous ani- 
mal% clo not hare c.arotench in their blood stream, the boviiie may h a w  large 
anio~ults. Calves have colisiderable amounts of carotene ill the blood plasma. 
I t  was the purpose of this experiment to stndy the rate of absorptio~l of vitamin 
A anil cilrotenc. ant1 to asc.ertain the time interra1 a t  whitah a mas imu~n con- 
(-clntration of each of these nutrients appeared ill blood plasnla following the 
atlniinistratio~~ of a single dose of either coinponnd to yon11p IIolstein calrc~s. 

EXPERIMENTAL METHODS 

Malr I-Tolstc~in cdi~lres \wre left with their tlanls for 24 hr. after which they 
were placed in illcliviclnal pens in a n  artific.ially lighted ancl heated cxperi~nc>ntal 
calf barn. They are placaed on a vitamin A- and carotene-cleficient diet for a 
period of 7 days for  stabilization. Th(1 ration nscvl ronsisted of a inixt~~rc. of 
0.2 Ib. tlrj- ~ v h o l ( ~  n ~ i l l ~  repIace~n(>~lt ( 9 )  (with the r i t a ~ n i n  A co~~s t i tnen t  oniitted), 
1.8 lb. urarnl water and 3.0 lb. skinnnilk fctl twicc daily. No hay, grain or 
additional fluids were madr available to t h ~  calws. 

After th r  co~npl(~t ioa of the stabilization period, the calves wcw assigned 
arbitrarily to one of four esperin~ental  group\. Group I rc1ceirc.d 1,216,000 1. U. 
ritamiii A in the natnral ester form ; group 11, 304,000 1. U. vitainin A in the 
11atura1 ester form ; group 111, 1,275,000 I. 1'. vitmnin A eclnirillent as carotene; 
i ~ n d  group I T ,  319,000 I .  1.. vitalnil1 A equivalent as carotene. Single doses of 
the vitamin A i~i ld (darote~ie preparations were tlispc.rsed in the esperi~nental  diet. 
The total amount of oil \\-as adjusted by adding c-ommc~rcial corn oil as 11eedec1 
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so that ei.ich calf rcx*eiretl a total of 5 g. of oil. Blood aaniples \vc3re (1ra\v11 1, 2, 
4, 8, 12, 24, 48 ant1 72 hr. af ter  ad~ninistration of t h ~  test nlatc~rial ~in(1 were 
analyzed for  r i t a n ~ i n  A and carotc3ne. Two calves ~i-ere obserr(v1 in eaeh of the 
high-dosage groups and  three calvc's \vet-(. subjectctl to eavh lorn-dosage trcaat~rient. 

All c.;ilves ~vc~rc. subjrc.ted th rn  to a secontl stabilizatioi~ pcxriod which ~ v a s  
follo\vetl hy tlaily oral administrations by capsr~le of 12,750 1. r. vitalnil1 A 
equivale~it as  carotene to the on(. group of ca1vc.s ant1 12,160 I. 1'. ritanlin A in 
the n a t i ~ r a l  ester for111 to the other. I3lood s ~ n i p l e s  w7('r(> collected daily for 7 
days, f o l l o ~ ~ e d  by weekly s a m p l ~ s  through t h r  fourth weelt. The blood p lasn~a  
was analyzed for  r i t a ~ n i n  A and carotene. Th(a purpose, of thia latter inrestiga- 
tion war to asrertain again thcl responsc of t h r  same c*alres to the vitamin A and 
varotene preptirations used i n  these experiments. 

Bloocl plasma analyses for  carotene were made ac3cording to the  neth hods of 
Moore ( 7 )  antl plasma  itam am in A was determined accortling to Tcimble ( t i ) .  
Measurements of light trans~nission were made with all Evelyn photoelec-tric 
calorimeter ( 3 ) .  

RESULTS 

The blood p las~na  vitamin A and  carotene levels af ter  the administration 
of single (loses of caarotene are  presented in figure 1. The adrr~inistration of 

C A R O T E N E  LOW DOSAQE 

----VIT*YIN A Low DOSAOE 
---CPROIENE HlQH DO- 

I I I I I I I 
10 20  X )  4 0  50 60 

HOWIS WTER ADMINISTRATION 
70 

FIG. 1. Bloocl vitamin A mid carotene lt~rcls af ter  n single (lose of carotene. 

carotei~e a t  the low I(.rel had no eRect upon blood levels of vitanlin A or caro- 
tenr during the 72-hr. observation period. The higher dosage of carotene ap- 
peared to increase blood plasma 'arotene slightly from 10 to 24 hr. after 
administration. I-Iowever, the concentration of plasma carotene had  receded to 
pre-administration levels by the end of 72 hr. and  no apparent efec*t upon blood 
plasma vitalnil1 A concentration was observed during this period. 

The administration of vitamin A in single doses resulted in  marked increases 
in  blood plasma vitamin A, as  shown in figure 2. A t  the highest level of dosage 
the peak of concc~ntration appeared to be reached sooner, a t  about 4 to  8 hr. as  
compared to 8 to 12 hr. in  the lo\\,-dosage group. Although both levels of dosage 
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of ritamin A resulted in about the salrie maxiruum blood plasnla vitamin A con- 
centrations, the calves receiving the lower closage exhibited a less persistent in- 
crease in plasnia vitamin A. 

The blood plasnia vitamin A and carotene eoncentratio~is resulting from 

30- C A R O T E N E  LOW DOSAGE 
-----VITAMIN A L M  DOSAGE 
---CAROTENE HIGH DOSAGE ---- VITIUIN A HIGH W A G £  

\ 
\ 
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\ 1-- 
\ 
\ --- 
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lo- / 
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0 1  10 1 I I I I PO 
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HOURS AFTER AOMINSTRATION 

FIG. 3. Rlood r i t ~ ~ n i i l ~  -4 slid cnrotel~e levels af ter  ni ln~i l~is t rnt iol~ of s i l~glc  (lose of vitamin A. 

the daily administration of these conipounds for a period of 4 wk. a t  levels ap- 
proxinlating the daily rec.ommended allowance are presented in figure 3. The 
administration of carot~ne  resulted in a rapid increase of this c~oinpouncl in the 

-CAROTENE VITAMIN A GROUP 
----VITAMIN A CAROTENE GRWP 
---CAROTENE CAROTENE GROUP 
----VITAMIN A VITAMIN A e a w p  /*, 

-/--------1 

/" 
----- 

10 ---- ---_ -- -----_------ 

0 I I I I 
I 0  K 2WK 3WK 4WK 

WEEKS AFTER ADMINISTRATION 

FIG. 3. Blood I r ~ e l s  of r i t n l l ~ i ~ ~  A nn11 r:~rotene (l:iily n d ~ i ~ i ~ ~ i s t r a t i o ~ ~  10,000 I. U. 

blood plas~na during the first ~vc~elc, after which only a slower incdrease was ex- 
hibited. A slight increase in blootl plasma vitaniin A ;~ppearctl by the first 
~ w e k  as a result of the i.arotenc1 aclluini.;trations. The blootl plar~na conventra- 
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tion of vitaillin A, however, had receded to the initial lerel by the end of the 
4-wk. prriod of observation. 

The administration of vitamin ,\, resulted in an irregular increase in blood 
plasma ~ i t a in in  A d~lr ing  the first week of observation. This was followed by a 
stable level for 2 wk. and finally a large increase d~ir ing  the last week. 

SUMMARY AND CONCLUSIONS 

The administration of carotene in single doses of 1,275,000 and 319,000 I. U. 
vitaillin A eq~~ivalent  had little or no effect upon blood plasina carotene, and did 
not appear to affect blood levels of vitamin A within 72 hr. after adn~iiiistration. 

The administration of vitamin A in single doses of 1,216,000 and 304,000 
I. U. resulted in about the same maximum blood plasiila v it am in A levels, but 
the blood from the calves 'onstituting the low-dosage group exhibited a less 
persistent increase. 

The daily adiilinistration of vitamin A and caroteiicb a t  levels approximat- 
ing the daily rec~ominentled allowance for a period of 4 wlr. resulted in increases 
of both of these coinponnds in the blood plasma. The initial response appeared 
to be somewhat fastclr in the carotene group. Only a small and temporary in- 
crease in blood plasina vitamin A r~su l t ed  from the daily aad~inistration of 
carotene. 

R E F E R E S C E S  

(1) BARRICK, E. R., ANDREWS, F. X., AND RL-LLARD, .I. F'. T11cs A l ~ s o r l ) t i o ~ ~  of Carotelle 
and  Vi tanl i i~  A froin Various Levels of the  Gastroi~ltcstil lnl Tract  of Sheep. J. Ani- 
inal Sri., 7: 539. 1948. 

(2 )  BAUMANN, C. A., RIISING, B. M., A N D  STEEXROCK, H. The Al,sorl,t,ion :111d Storage of 
Vitamin A ill the  Rat .  J. Riol. Chem., 107: 705-i14. 1934. 

(3) EVELYN, K. A. A S t : ~ l ~ i l i z ~ ~ l  Pliotoclcc~tric Colorimeter with Light  Filt,crs. J. Biol. Cllcn~., 
115: 63-is. 19311. 

(4)  GOODWIN, T. W., DEW.\R, A. D., .\XD GREGORY, R. A. The Transport of Al~sorbed Carotelle 
in Herl)ivor:~. Rioelienl. J., 40: lx. 1946. 

(5) GOODWIN, T. W., AND GREGORY, R. A. Carotene Met,:lbolism i n  Herbivores. Bioc.llcm. J.: 
43: 505-512. 1948. 

(6) KIMnLE, M. S. The Photorlectric~ Drtenni~lnt ion of Vitamin A :111il Cnrotene in  Human  
Plnsmn. J. I,:111. Clin. Mod., 24: 1055-1065. 1939. 

(7) MOORE, L. A. The De tc rmi~ la t io l~  of Blood Plasinx Carotene in  the  Bovine Using a Photo- 
electric Colorimeter. J. Dairy  Sri., 22: 501-511. 1939. 

(8) POPPER, H., N D  VOLR, B. W. A11sorl>tioi1 of Vitainill A in the Rat .  Arch. Path.,  38: 
71-75. 1944. 

(9) WILLIAJIS, J. B., AND KNODT, C. n. The V:~luc of Milk Replncemcnts i n  t he  Rations of 
Dairy  C:llres. J .  D:tiry Sei., 32: 986-992. 1949. 



PR.EPAR.ATION O1<' ~ I I L I i  FAT.' I. A STT'DY 01qXOME 
ORGABIC CORfPOUNDS A S  1)s-EMULSIFYIN(+ AGESTS'  

STT'ART PATTON 

Po~~tsjllrrcnin .I~~cll.icrrltirrrcl &spr,ri?ncnt Station, Statc Colle(le 

111 dairy protlucts resc,i~rch the need for preparing pure ~ n i l k  fa t  for w c h  
things as oxitlation s t~~cl ies ,  drtcvminations of fat  c.onstants. assayr; of fi~t-sol~tble 
ritamins and other t rare  materials frc.cluently ariscls. Available n~ethodr; for 
recovering fat  fro111 lnilli or (>r(>a111 are  'ather tediol~s. D(>stru(*tion of the natu- 
ral fa t  rmnlsion of cliiiry protlucts and the st.paration or c.xtrac.tio11 of purv fa t  
are made difficult by protei11ac.cons matc.ria1, solne of whicbh is htrongly a d ~ o r b e d  
on the snrfac~es of t h ~  fa t  glob~~les .  On(, c o ~ ~ n n o n l -  e~~lp loyed  procc~t l~~re  involves 
c h ~ ~ r n i n g  the cream to butter,  i n ~ l t i n g  ant1 mashing the butter until it is free 
of serlllll eonstitnents and  then tlrying the rc,sulting oil. Other procetlurrs 
utilize various fat  solvents, either sii1gly or in ron~bination, to cxtracat thta fat.  
These, ill order to b~ eff(~c.tivc1, mnst be 111ade cbxhaustivc. c.ith(hr by sevcaral batc.11 
extraction5 or protractetl e o ~ ~ t i n n o l ~ s  caxtracdtio~~. There is a111-ays the po\sibility 
that such procrtlures  nay be ~ o ~ i ~ p l i v a t e d  h\- en~ulsion fO~111~ti0ll. 

I n  a n  ( , for t  to tlevelop 111or.e rapid and convc>nient mc>thotls of preparing pure 
milk fat ,  a rather large nu~nber  of simple organic c.on~pom~tls \t7as strldietl with 
regard to their ci~pac~ity for  destroying the natural emulsion in crc,anl. This 
research lecl to the tle\,c.lopnient of a11 aqueous reagc.nt, c ~ o n t a i a i ~ ~ g  11-bntylamilie 
and ,I-bntiinol, ahicsh h>ls s i~igular  properties for iie-eniu1sifying.g ~liilli, c8rcinn and 
a n ~ m ~ b e r  of other flnitl dairy procluvts. 

To 9 1111. of frclsh carealn (10 per cent f a t )  in a 15-ml. grad~~atchtl c e ~ ~ t r i f u g e  
tub(. was adtl(1d 1 n11. of the c o ~ n p o ~ u ~ c l  to be tclstrtl. The t ~ t b e  ancl contrnts mere 
shakc~n vigorously for a f t v  scc.oi~cls to insnrc. thorongh ~ n i x i i ~ g ,  then placecl in  
a11 82" C'. water bath for 15 mill., after. whicah tliry \\.('re cdc.ntrifngcd for 3 min. 
a t  1,800 r.p.ln. The c~xtent of cle-c>n~ulsification then was observetl. 

The solubility in  111ilB fat  of the C O I I I ~ O I I ~ ~ S  testc.tl rarietl witlcl-. 111 atldi- 
tion. a previse line of il(>rnar(+atio~~ b(~t\vee~i oil ant1 aclllrons phases conltl not 
always he obtaincld. F o r  these reasons, efft~t*tivc~~~ess of th(. cornponnds has been 
expressed in ternis of rilnges in ~ ~ ~ i l l i l i t e r s  of oil layer as  follo\vs: effcctirc., 3:: 
to 4.3 1111.; partiidly c,ffrc.tive, 1.0 to 3.5 ml.; iiic,ffrctive, 1c.s~ than 1 1111. A tabu- 
lation relative to thv p e r f o r ~ ~ ~ a l ~ c e  of t h r  r a ~ . i o ~ l s  c.o~nl,ou~~cls s t~~dicvl  is as follo~vs : 

Rrccivr(1 for ~)ul~l ic: i t io l~  Sov .  8, 1951. 
1 Tllr rrscnrrl~ reported ill this serirs of papers rel:itcs to U. S. p a t e ~ ~ t  al)plirntion 110. 221, 

729 I)? Tlie l'~111isyl1-ii11i:i St:ite ('allege. 
2 Autl~orized for pul)lic.:~tio~~ Sor. 2, 1!).?1 :IS 11npc.r 110. I(i99 ill tllv Jollrllnl Srrirs of tllc 

Pc l lnsy lr ;~~~ i :~  Agricultu~.:ll I*:sprri~~lnit S t : ~ t i o ~ ~ .  
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Effec*tirc: ac.ic1.s-propiol~ic, bntyric, valeric, iso-valcbric, c.aproic.. heptylic; nlco- 
hols-91-propyl, iso-propyl. 11-bntyl, scv-butyl, tclrt-bntyl, iso-anlyl, furfuryl ,  
bt.nzyl, tliethylei~eglycol ~nonohntyl ether ; a1rleltydc.s-crotonic ; an1i1re.s--1~-butyl, 
iso-bntyl, 11-amyl; kcto~zcs-~nethyl ethyl. 

Partially effective: ceaprylic. wid ,  heptyl alcohol (%heptailol), furfural,  ?L-bntyric 
altlchydc, 11-caproic* aldehyde, ~nc thy l  n-propyl Iretone. 

Inc4Tec.tivr: ocirls-acetic, cdapric, lauric, myristic., palmitic, stearic, oleic, levn- 
linic. ; n1cohol.s-,I-octyl, diacetone, tri~nethylene glycol, glycerol. ethylene glycol; 
nltlcltyr7e.s-hrptylic', salicyl; nnli~tes-etha~lol, mc~thyl (25 per cent arlncous), 
ethyl (70 per cent aqueous), dirthyl, triethyl, 71-propyl, P-~nethoxy n-propyl, 
aniline, pyridi~lc,; esters-(ethyl) of acetic, bntyric., caproic, caprylic and levn- 
linic. acdids, butyl b~ i ty ra te ;  kctolrcs-acc.to~it., tliacv.ty1, methyl 1t-amy1, mcthyl 
11-hrs-I, n~e thy l  11-hc'ptyl, acetonyl ac.etone, ac.c>tyl acc.tot~e; ~~tiscc1ln1tco1r.s-11- 
butyl bronlide, r-bntyrolacto~~e, 1,4-dioxa~ie, benzencl, toluc,ne. 

C o ~ ~ t r o l  samples of crcbain wcw tested with each group of c.ompou~~ils. 111 no 
instailcc. did t h t ~  sa~nplc~s show any  m(3asurable degree of "oiling off ". Certain 
lower members of the various homologous sericbs co~~lc l  not be inc+lnde(l for reason 
of their low boiling point. IIolvc~rer, in the partic+nlar rlassrs of compounds that 
were found efTc.ctire a trentl was eritlent. I11 general, optiinnm rt.sults mere 
ohtaillet1 with the C, to C,, ~nembers, whereas higher or lower hoinologues, with 
some exc*eptions, 1~rt-e ineftc~ctire. Of the c1asst.s of componnds, the acids, al(*ohols 
a ~ l t l  ailli~les appearclcl to havc snperior de-c>mrllsifying power to the ;~lclrhytles, 
kctones and e s t ~ r s .  The effecatirr aminc~s were obscrvcd to have certain singnlar 
propi,rties. Thrir  d e - c ~ m ~ ~ l s i f y i ~ ~ g  ac.tion was rapid ant1 acc.ompaniet1 by com- 
plete peptization of the ~nillr proteins. These c*haracatc~ristics snggc~stetl that  
fur ther  work shonltl be contluc.tecl on use of t h ~  a ~ n i n t ~ s  to prepare milk fa t  from 
millr, cdreani and other fluid dairy products. 

With this objertive in ini~ld,  rarions C? to C, amii~es ant1 alcohols were 
tried both s i~igly ant1 in  c+oinbinntio~~ as dc-einulsifying agents for milk. The 
Cj and  C,; members, althongh effc~ctive ill certain i~~stancdc~s, \verc3 too soluble in  
milk fa t  and c*onsequently tliffic*ult to eliminate therefrom. The C,  and certain 
ison~eric. C, c.o~nponnds were found 1111satisfilctor.y becaust~ of th(.ir inability to 
dispersc~ the material adsorbed at  the surfacac.s of the fa t  glob~~l(ls. Although it 
was not possible to (+onduct an exhanstirc st11~1y of all appropriate c.oinponnc1s 
as well a3 thr i r  qt~al i ta t i re  ant1 q~~anti ta t i rc .  combi~~at ions,  tho data from Inore 
than 300 tc\ts resultc1tl in d t~ve lop~ne t~ t  of a s ~ ~ i t a b l c  r e a g c ~ ~ t  whicdh I I I V  be pre- 
pared as follo\v\: To 310 1111. of \vatcar ill a 1-1. reagent bottlc are  atlded 420 ml. of 
W-b~itylamirie itnd 1821111. of 11-blltyl alrohol. Thr  contents of the bottlc arcb 
shaken to yield the reagent ~ v h i r h  shonltl be single-phased. This reage~lt  is 
stable a11d f'asily prchparcd ant1 its cdo~istitnrats a r r  inexpensivc~ a l ~ d  rcatlily 
available>. 

F o r  use of the reagelit to prc3parc. ~nillr fa t ,  a 50 g. ~illllple of 111illc or crranl 
i n  a 12.5-inl. Erlenineyer fla\lr is tempc.red to  20' C. \Trhere craporatetl, con- 
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deiised or clry inilks are eluployecl, it is first necessary to reconstitute the 
product to nornial fluid basis. Ten 1nl. of reagent are acldeil, this amount being 
satisfactory for all prodncts. The niixture is agitated with a rotary  notion, 
either mechanically or by hand. Effective action of the reagent ]nay be observed 
a t  the time the sernin has arqnired a watery translllcent appearance and sillall 
light-yel1011- partirles of fa t  haw begun to rise toward the surface. One ininute 
of agitation should be sufficient. The flask and c.ontents are imniersed in a 
gently boiling water bath for 1 min. to allolv the liberated fat to melt and c.oalesce. 
With crealn saniples it is necessary to rotate the flask contents occasionally. The 
de-emulsified sample i.; transferrecl to a siriall separatory ftulnel and, as soon as 
a clistinct and conipl(~te oil layer has formed, the lower phase is mithdra~vn. 1n 
order to rclmove residual reagent, the fat  is n.;t?hetl twicc. 11-ith two 50-inl. por- 
tions of hot (60' C.) water and then clried under vacunm. Fat yields froni the 
various tlairy prodncts studic~tl were drtermined by taking up the fa t  in the 
separatory flunnel, after draining off t h ~  serum, in t~vo  23-1111. portions of ethyl 
ether. The c.ther solution was tra11sferrc.d to an eraporating dish, the solrent 
relnored on a hot plate, thc last traces of the solvent, water and reagent re~noved 
by drying  under raculun at 13.5' C. for 5 min. and the weight of thr prlrifiecl 
fat  determined. 

M7here it is iiec*c~shar>- to prrpare lllore or less fat, t h ~  ainotuits of sample 
and reagent are varied proportionately. In preparing a c*on~paratirely large 
cluailtity of fat, it  is ndvisable to use cGreanz of reasonably high (40 per cent) 
fat eontcnt. Tf snbjceting the de-enil~lsified mixture to heating in a boiling 
water bath is consitlerc~cl too rigorous a trcatn~ent, the proc.c.dure (.a11 be caarried 
out a t  rooni tenlperature. The sample after agitation with the reagent, is centri- 
fuged, preferably in a sillall separatory fnnnel adapted for such use; th(3 semni 
layer is withdranrn and the fat \vashrd serrral tinles and driecl as pre\~ionsly 
described. 1I711e11 proper1;- ~ ~ a s l l e d  ant1 dried, milk fat prepared with the aid of 
the bntylal~~ine-butal~ol reagrnt has no off-flavor or odor. 

6 8 10 1'7 1 4  16 
~ - - - -  

Omms of fat rrcorercd~l . 0.33 1 .T3 1 . i5  1.70 0.44 0.31 
% reeovrrctl ....... ................... 17 89 90 87 23 16 

- - - ----- 

a Fro111 50-g. s n ~ ~ ~ p l r s  of n milk testing 3.9% fat.  

The optinluin q ~ ~ a n t i t -  of reagent for nsc3 with ~nillr was inrestigated. Data 
relating to this variable (table 1) reveal(4 that an~olunts of reagent ranging be- 
tween 8 ;tntl 12 1111. give satisfactory resnlt.;. but that abore or belo~v this range 
clevreasetl yields of fat may r ~ s u l t .  Belo~v 8 ml. peptizatioii of the milk proteins 
is incomplete; above 12 ml. the liberated fa t  appears to nnclergo partial re- 
e~nulsification into the serum. 
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Representative fat yicalds obtained from a nmnber of flllicl dairy prodncts by 
subjecting them to cle-eniulsificatioa with the reagent are presented in table 2. 
Dry \vliole niilk reconstituted to the flnid basis of norlnal illilk also was sub- 
jected to treatment with the reagent. Although satisfartory de-emulsification of 
the product was noted, data relative to recaorery of fat \\-ere not secured for 
this product. 

TABLE 2 

l'iclda of fat obtainrd b ! ~  t7e-~rirrtlsifiration of certain dairy prorlrrcts tcit11 a n-Ratylan~ine- 
?~-Rlcta?lol reagent 

. - - - -- - - -- 
(:rams of fa ts  

Product - - --- - - - -- 
By : ~ ~ a l ~ ' s i u ~ ~  Recsorered Yield (%)  

- ~ 

............................. Pasteurized milk 1.95 1.80 92 
FTomogenized milk . . . . . . . . . . . . . . . .  1.95 1.76 90 

1.99 1.82 92 
9.0 8.7 97 

19.0 18.6 98 
Ice rreanl 111i 5.04 4.90 9 i  

- -. - - - . . -- - - - - - -- - -- 
a Per 50-g. sample. 

I] Bal~eock or Roesc-Gottlicl) methods ( I ) .  

As shoxvn in table 1, the bntylan~ine-bnta~iol rc~agent gar(. satisfactory de- 
eri~lllsific.ation of the dairy products ill\-estigated. The yit.lds of fat were found 
to average 90 per cent or more in all instanc.es, with somewhat better result4 
being obtained in the vase of the highw fat prodl~cts. 

DISCUSSION 

This investigation has shown that a considerable n ~ ~ n l b e r  of si~nple organic 
(*on~pou~~(ls (.an proniote more or leqs cluantitativt~ cle-eniulsification of cream. 
Only a singl(. set of c.onditions, itrbitrarily ~(a lec t~d,  was eniployed i11 the study 
of thew conipoiinrls. Howt.rer, the rc~sults are no less significant sinre, from a 
practiral standpoint, they suggest niorc convenient methods for preparing and 
analyzing lnilk fat ; and from R funtlamental standpoint, tlrc3y rt~veal interest- 
ing sltrface a ~ t i v e  properties of the (~onipoi~nds v i th  regard to the c~mulsions 
existing in certain (lair- prodnc.ts. The eff(>c.tiveness of the con~pountls appears 
to ilepencl upon their ability to pencbtratc. and dispcxrse the proteinac.eons ma- 
terials of the fitt globule ~nenibrane. In the caase of the amiiies, coalrscence of 
liberated fat 111ay be f~l r ther  fac.ilitatc~d through peptization of the proteins. Al- 
tholigh r'rtain co~nponntls colltaining as few as three i~ncl as iiiany as eight 
carbon ato~ils were observed to de-e11111lsify satisfactorily, a trend toward opti- 
ninm effrc.tirc~ness in the rariolls classes of con~pounds xas  eritlt~nt in the normal 
C ,  nie~nhers. Their solubility in both the lipid and aqucJous phases, with conse- 
c1uent lo\\,ering of interfacial tension. serrns the most logical c.xplanation as to 
how t h ~ y  effcvt renloval of adsorbed niatrrials froni the globnle snrface. 

A co~nparison of physical and c.henlical (*olisti~nts of niillt fat prepared by 
sc.veral inethods, incl~lcliiig that e~nploying the butylaniine-butanol reagent, will 
br the subject of a wbsecluent paper. In  addition, this rragent is being in- 
rclstigated with regard to its use for clllantitatirt~ fat testing of dairy proclucts. 



SUMMARY 

A group of 69 organic liquids was studied c.onc*c~rni~ig their capacity to cle- 
stroy t h r  norn~a l  emnlsion existing in fresh (*reant (40 per cent f a t )  (luring 
h a t i n g .  Of these, 20 were follncl c#ectire, G ~ a r t i i ~ l l y -  eff(>~tiv(, and 43 ineff(>c- 
tire. A s  gronps. the acitls, alcohols and arninchs wercl foluncl ]nost eflc~c.tirc., the 
ald~hy-des, ketones and estrrs least effecti~e. 1~Iaxin111m d(.-rmnlsif;c-i~le avtirity- 
within a given group appeared to oc*c611r in the rivinity of t h r  norn~al  C', ~ n e ~ n b e r .  
Ho~vclver, clffecti\,r avtion \\.as notecl in thc (.as(. of ccrtai11 C:, c o ~ ~ ~ p o n u t l s  ant1 in  
one other vontainiilp c.ight ( ~ a r b o ~ ~ s .  13asecl on thrsc fintliugs. an ilclI1eolls reagent 
conti~iliing i~-b~ltylarninc~ and 71-blltanol was devc~lopetl and fountl (4apal)le of de- 
eml~lsifying a n u n ~ b r r  of flllicl tlairy- procl11c.t~. I'rot111c.t~ from ~ ~ h i c h  ~nilli  fa t  
was r c ~ ~ d i l y  rec.orc,retl wit11 the r(>ap!'t>nt i n ( ~ l ~ ~ d e ( l  p a s t ( ~ ~ l r i z ~ ( I  ant1 ho~~~ogt>nized 
nlillts, light anti heary vreallls, ic.1, c2rc.a111  nix. cral,oratrcl ant1 dry  \~hol( .  n~illis, 
t h ~  1attc.r two after rc.vonstitutio~~ to norn~al  f l ~ ~ i t l  bi~sis. A d ~ a n t a p c ~ s  of the 
mrthotl en~ploying this r ~ a g ( ~ t ~ t  ilr(' thilt it is ri~pid. reasonably clua~~ti ta t i rc ,  
inrolvc~s no ttxclio~~s estract iol~ proc.c.clurt. and tloc~s not rc~cluircl a rigoro~ts c1igc.s- 
tion of the sa~npl r .  1'rc.pariltion of ~nillr fa t  for r i t a ~ n i n  ~ n i ~ l y s e s ,  for t h ~  (1etc.r- 
nlination of f i ~ t  c~ol ls ta~~ts ,  as  ~ ~ o 1 1  as for st~kdic~s c.onc.c~rniltp its c.olnposition. shol~ltl 
be fac.ilitatc.tl c.onsi(l(~ri~bly through use of this reapc,~lt. 
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SITLFI'R 1)IOXIDE I'RESERVATIOX OF FORAGE CROPS' 

S. R. SRAGGSz Asn C. R. KSODT 

Pe,a~r.s!ll~*nnia ilgrrrrrlttrrctl Expe~riiric*iit Slnfioii, Stc~tr. Collrge 

On(, of the nlost tliffiel~lt problenrs in  grasslal~tl f a r ~ u i ~ ~ g  is that  of storing the 
crop for  1atc.r frcvli~rg. Most forage crops are  prot1nc.c.d i111tl sho~lld be liarrested 
for thtbir n1asi11111m fcedi~lg rillue at  i~ time. of y(.ar wh(>11 it is rc3ry tlifficnlt to 
fitbld-dry ant1 111it1it' the111 into hay. 111 etforts to find il bettc'r ~~~c.tlrotl of pre- 
starrillg for i~ge rrops, ICnodt ( 4 )  treatcvl suc.cessfully th(h co~~tc.nts of ;I silo with 
SO, at  thv rat(. of 3 Ib. per ton of g 1 ~ ~ ~ 1 1  i~iaterial.  Alt('rlli~t(' IOiltl~ of tilllothy- 
r ( ~ 1  clover were plac0c.d in two silos 1~711ic.h were fillet1 using 200 lb. of ho~niny and 
T, lb. of SO,. rc~spclc.tively. per ton of grt,cn 111aterii11. In ii fec,tling trial with 
lacatating Ilolstrin dairy co~vs fctl 60 Ih. of silage pc.r day, the two silages were 
clclt~i~l ill feeding ralur ,  011 a po~md-for-1)o~ultl basis. Tn-icv. as 1nuc.h cdarotene 
was fount1 in the SO, silage. as ill thc. hon~iny-treatcbtl silage' when frtl. 

As ;I rcsult of this prc~riolts work, the e x p c ~ r i ~ ~ ~ c ~ n t s  tlesc.~ibc.tl i l l  this report 
xerv c.o~~tlnc~tc.tl in 1950, to st,~itly the use i l ~ l ~ l  ra111cb of SO, for prc>serring various 
forage. c#rops. This rcbport prrscl~lts the chemic.al studies of SO2 silag(.s eonlpared 
to two c.ol~trol silapt,s 111atlt1 fro111 f o ~ ~ r  differel~t forage c.rops and corn. 

ESI'Eltl hl ESTAL 

$'or th(~sc. c l ~ c , ~ ~ ~ i ( ~ i t l  stl~tlirs the s i l ~ g ( > ~  \v(>re 111ad(~ ant1 s t o ~ ~ ~ l  a t  i t t~l~osphcric 
t e ~ ~ ~ p e r i l t ~ r c .  in 30-gill. sttschl b i ~ ~ . r ~ l ~  wit11 re~r~ori+I)l(. tops. IJor (YIVII e o ~ ~ ~ b i n i ~ t i o n  
of t rea t l~ le l~ t  ant1 ~niltcarial a sc%t of (light barrels of silage \rits l)rc.pi~rrtl or a total 
of 10 t) i~rrr ls  for  c2ac.h crop st~tdietl. 

I\Iatc.rials testc,tl inclutletl tinlothy i ~ n d  r t d  rdlorc.r crrt i ~ t  the prr-blooili stage 
of th r  tinlothy, bl'o~~-t(> grass cdllt \ v h ( ~ l ~  in b1oo111. sc~ont l  c*ntting orc l~ i~r t l  grass 
a ~ ~ t l  Iildino  lover, S P ( W I I ~  v ~ ~ t t i ~ ~ g  alfalf i~ jnst ilt the hcyil~ning of the t)loo~n 
stilgc.. and cor11 (211t ill S ~ p t ( ~ ~ r i b ( ~ r .  1':ilcIl of thesc* ~llatc%rittls ~vits t~-chatetl with 
liquitl SO, a t  ratos of 3, 5 itntl i lh. ppr ton of green mi~tc~rial.  'I'\ro c.ont,rol 
si1agc.s ~verc. ~ ~ l i l t l ( ~  f r o ~ i ~  t*ac*l~ 1natc.ria1, thc first witlrout tr(vit111r11t an(1 the seeoncl 
with the i~tltlitioli of 200 lb. of finc'ly grcr~uitl corn-antl-cob 111(1itl p('r ton of chopped 
 ateria rial. Th(> cor11-antl-cob 111eal trc.i~t~nc.nt \Tits o ~ ~ ~ i t t e d  i11 tire corn silage. series. 
Thus, tlir SO, silitges c.o~~ltl hr c.on~l>i~r~tl,  chr~~lici l l l~- .  wit11 t h r  two s ~ t s  of ron- 
trol si1agc.s ~vhic.11 tlepc.l~d(~tl 011 fer~~~c.iitation for their prclsc~rrittio~~. 

liceri\-rtl for pr~l~licatio~~ So\-. 11, 1951. 
1 This work was srlpl>orted i l l  part by t l ~ r  Virgilri:~ S~~r(~l t i~ig Co., \Vest S o r f o l k ,  \-:I., AIISIII 

Clienrical Co., AT;iri~~t~tte, \Vis., ; ~ n t l  Trnnrssri~ ('orp., Collrgr Park, On. .4uthorize1l :IS paper 
no. 1702 ill  tl~c Jonrl~:il  srries of tlrc~ Penlrspl~~l~i:~ Agricr~ltr~rnl E s l ~ ( ~ r i n ~ t ~ ~ ~ t  St :~t io~~.  

The il:ita presrl~tcd ill thin rt,l>ort arc, f r o m  :I tllc,sis sul~mittrtl 11y tl~c, senior nu t l~o r  to tlre 
Gr:~~lnntc. Srlrool of 1'11t~ P e n ~ ~ s y l ~ n ~ ~ i : ~  St:rtc. Collrgc in ~ ) :~r t i ;~ l  f r~lf i l l~~rr~~t  of tl~c r i ~ l ~ ~ i r e ~ ~ ~ c ~ ~ ~ t s  
€01. the tlrgrer of 1)ortor of Pl~ilosol~l~y. 

2 Prc,st,nt :i~ltlrc~ss: 1)cp.ntnrerrt of I):~iry TTosl~a~rtlrp, St:rtc Coll~xgr, Srw >lesico. 
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Silages were sarlipled 2 hr. after preparation a i d  at intervals of 1, 3, 7, 14, 30, 
60 and 120 clays after preparation. Samples which could not be analyzed im- 
mediately were froze11 and stored a t  -10" F. until they could be analyzed. The 
hay crops were mo~ved and windrowed in one operation, chopped aiid loaded 
on wagons with a field harvester and placed in the barrels as quickly as possible, 
without any TT-ilting. 

Barrels were tramped (darefully while being filled, then weighed and treated 
with liquid SO2 by iiieans of a hollow pipe applicator which was inserted down 
the center of the barrel and withdrawn as the SO, flowed into the silage. The 
corn-and-cob ineal was lllixed with the green material by running the proper 
amounts of the two inaterials through a screw-type silo blower sin~ultaneously 
before packing into the barrels. 

Fresh, finely ground sub-saii~ples of the silages were used for the following 
determinations: Dry matter was determined in the 15rabrnder Forced Draft 
Moisture Tester a t  100' C. to constant weight. Carotene, by an adaptation of 
the chron~atographic separation method of TTTall and Icelley (8).  Total sulfur 
was deterininecl by the official magnesium nitrate method described in A.O.A.C. 
Official and Tentative Methods of Analysis (1) .  

A 1 : 4 silage-water extracat was used (9 )  for deterini~ling pH values on the 
silages by a glass electrode using a Beckinail instrument. Titratable acidity 
was determined on this water extract by the official A.O.A.C. method (1) .  Re- 
ducing sugar values were determined by a combination of the methods of Nelson 
(5) and Somogyi (7).  Lactic acid was measured by the method of Barker and 
Summerson (2) .  Aliquots of this water extract were used for deterinining the 
sulfnrons acid ~ a l n e s  by the official A.O.A.C. method ( I ) ,  volatile acids by the 
stearn distillation method of Osborri e t  al .  ( 6 )  and i~ l lmo~l ia  by the method de- 
scribed by I-Iav-k et  al. 13). 

RESULTS 

The silages made in these experiments ranged from excellent to poor in 
q~xality, when judged by oilor arid appearance 120 days after preparation. An- 
alyses of the varions silages are presented in table 1. Invariably, the SO2- 
treated silages were superior in appearance and odor to those made from the 
same materials by either of the control mc~thods. When SO2 was used at levels 
of 5 and 7 lb. per ton, the resulting si1agc.s seemed nearly as fresh and green as 
the materials when they were prepared. SO, a t  the 3 lb. per ton level appeared 
to preserve nlnch of the original eolor, but did not prevent an appreciable amount 
of fermentation, especially in the ~ ~ e t t e r  materials and after 2 mo. ill storage. 
The control silages, especially those rriacle from the high-moisture, high-protein 
materials, darkened in color and developed offensive odors long before 120 days 
of storage. The SO, silages all were free of the strong odors suggestive of 
putrefaction. 

Many reports indicate that the clerelopment and nlaintenance of pI I  values 
of approximately 4.0 are necessary for production and preservation of high- 
quality silage. Among the experimental silages prepared in this work, rery few 
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were fountl i n  which the lo\vest p I I  values attained were nlaintained for  any  ap- 
preciable length of tiincl. Rlost of these silages reached their lo\vest p H  values 
l ~ i t h i n  2 wk. after preparation. From the time the lowest ra1uc.s were reached 
until the t ~ d  of the 120 days of storage, the p l I  ralnes gratlually rose, until, in  
somc1 of the silages, thry were aln~ost at. the sanle point as recordecl for  the frclsll 
matelrial a t  thtb tinle of ensiling. 

I11 gch~~eral, p l I  r a l ~ ~ e s  vlose to 4.0 \ve1re recortled for the SO, si1agc.s \\-ithill 
1 to 3 clays after t reat~nent ,  while it rc~cluiretl from 1 to 2 wlr. for t h ( ~  control 
silagc,s to derelop von~parable p H  ra1ut.s. Ron~e of the control silages failed to  
approach the pH ralnc, of 4.2 at  any timc~ during the esperin~ental  pc,riod. These 
silages wcw tlefinitely inf(,rior in clnality to the silages whic.h reachcd a pII  
ra111e of 4.2 or lower. In th(1sc~ stutlic.~, it app(~are(1 that  any silage which reached 
a p1-I value of 4.2 or lower within 2 wk. after preparation s~tff(>red c.omparati\rely 
little fermentation loss after dereloping this acidity, even though the p I I  values 
often rose to 5.0  or higher at  120 days. Apparently, the quiclirr a n  c+f'ec*tive 
pII  value  as dc~veloped after ensiling, the 1owc.r \vcbrc> thc fern~entation lossc~s of 
th r  silages. The SO, si1agc.s derc~lopcvl a low pII ahnost irnmc~diatc~ly. The 
control sili~g(,s drveloprd the ~~c,cessary aridity through the f e r ~ ~ l e n t i ~ t i o ~ l  processes 
and as a rclsnlt there were losses, parti(*nlarl>- in the c.arbohydratc> fraction of the 
forage ensiled. 

The retl~lcing sugar c.ontc.nt of th(, materials, as ensiled, rangrd froin about 
12 per cent in the cwrn to about 0.1 per cent in the orchard grass-Iadiuo c*lorc~r 
misture. Corn, b ro~ne  grass aiitl a ~nixtllr(> of timothy and red cdlorer made ae- 
ceptable clnality silage with no treatmrnt, bnt the orcahard grass-ladino elover and 
the srcontl cutting alfalfa failed to rnalre satisfactory silage, caithrr without trcat- 
ment o r  with the addition of 200 Ib. of corn-and-cob 1nea1 per ton. Seitht>r of the 
two materials containc~tl sufficient sugar to s ~ ~ p p o r t  proper silage fer~nt>ntation. 
The addition of (~orn-i~iid-(~ob meal did not add appreciably to the arnounts of 
sugar, acacording to chemic~al analysis, although fermentation in these c+orn-and- 
cob meal silages was more satisfactor\- when jlltlged by the pII ra111es and the 
l e ~ r l s  of lactic acaid fo~ulcl in the silages. 

I n  all of the vontrol silages. esc.c.pt those 111ilt1~ from bromr grass, the sugar 
ra111es ileclintvl rapidly. until n~os t  of thc sugar had tlisappeared in 3 to 7 days 
after ensiling. This inclivates that the ~ n a j o r  par t  of the lactic acid ferinentation 
was con~plcted t l ~ ~ r i n p  the first v7et,k of storage. The hro~ne  grass silapc' sho~ved 
little rhaiige i11 sugar (.ontent, despite the fact that  the laytic acid eonc.c~ntration 
rose markc.tlly, the pII  tlropprd r i~pidly and prclserviltion of the nntric~nts mas 
satisfactory. 

111 contrast to thc control silag,.rs, the SO, silagc~s a t  the tn70 higher lercls of 
treatment ~naintainc.tl sugar Ic~rels ercw higher than f o ~ m t l  in thc original ma- 
terial t h r o n g h o ~ ~ t  thc storagcL pchriod. This inay hare bec.11 tlir result of the 
brealido~vn of sc~:nc, of the Inore co~nples  carbohyelratc~s ill the plant material 
to s in~plc sngars, t h r o ~ ~ p h  the ac,tion of the s u l f u r o ~ ~ s  acaitl in the. silagcs. 111- 
though th(1 sllgar lc~rc~ls in these' SO.' silages tleclinetl toward the encl of the 
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storage period, thtby never reavhed the lo~v  levels found in the. control silages 
after the first 5 days of storage.. 

The c~ontrol silages on this expclrirnent drrelopetl lactic. acaid lrvel.; ranging 
from 2.3 to 4.4 per c t ~ t  on a tlry n1attc.r basis on or before the sc~venth day of 
storage. After this time there was a gritdual clec.rease in the lactic. acid content 
of these control silages. At  130 day5 the li~cdtic acid vall~es found in the 
control silages r e ~ n a i n ~ d  a t  aboiit one third of the peak values, found earlier. 

I n  striking ('ontrast, the SO, silages, a t  the two high levels of t reat~nent ,  
never clevrlopc.tl lac-tic acid rallies as  high as 1 per cent, excppt in a few cases 
where snlfurous avitl d(~tc~rminations indicatecl that  the SO? treatment had been 
1ightc.r than plilnnc.tl. 111 silages trcvtted with only 3 lb. of SO, pckr ton, the 
lactic. acid ra111c.s reached solne~vhat higher levels than ~ v i t h  larger applications of 
SO,, (.specially dnring the latter part of the expc.rimc~nta1 ptlriotl. Ii'rom this, 
it appears that \olue fermentation does ocdc.lIr after a c+oasitlerable storage 
period in SO1 silage.; trc~atcld a t  this low level. 

The levels of c.;trotcwe were a t ~ o t h ( ~ r  point of sharp contrast bet~veen the SO, 
silages ancl the control silagc~s. At all three Irvels of applic#ation, the SO, treat- 
ment resnlted in  the preservation of nlost of the carotene present in the original 
materials. I n  th r  control silagcls, i t  was found that  the grcatest loss of cdarotcne 
occurred during the first day aftcar th(1 materials hacl been ensiled. Prompt 
treatment of the chopped n~ater ial  with SO, prevc.nted any considerable loss dur-  
ing this tin~c> or a t  any  1atc.r tinle (luring the experinlentill pcxriotl of 120 days. 
Carotenr ~ralues in the SO, silages were aln~ost t~~*ic.e as high a f t w  storage for  
120 days as those in the cdontrol silages on this experiment. 

T'olatile acids, largely  nail(. up of acaetic acid 1vhic.h comes f r o n ~  the bataterial 
decornposition of lacatic w i d  or fro111 protein breakdown. may be caonsitleretl one 
of the identification ]narks of tlestructive decon~position in hay-crop silages. In 
these experimental silages, volatile acid levels were not found exressively high 
except in  some of t h ~  alfalfa ant1 the orvhard grass-ladino (.lover siliiges. Un- 
treated silages 1naclc1 from both of thew materials ilereloped very high levels of 
volatile ac+ids, over 8 p c ~  cc~nt on a tlry matter basis. Thew silages were very 
dark in cdolor and had a strong odor suggestive of pntrefac.tirc1 vhanges in the 
~rlaterialq. 

r 7 1 he c+orn-and-c.ob ~neal-treatc.d alfalfa silage also cle\,eloped a high concentra- 
tion of rolatilcx acaids, almost 9 per writ. This partic.nlar silagc was w r y  high 
in its losses of sugar and protcbin. \vhich alnounted to close to 50 per rent by 
the end of tht. esprr in~cntal  pc~riod. 

Ammonia nitrogen, another i~ldication of destr~lctive (change in silagcls, Comes 
from decaonlposition of thch protein in the materii~l. 111 the control esperimc~ntal 
silages, after 120 days tht, an~monia nitrogc~n ralnes hat1 inc.reasc.d to approxi- 
mately twice the. ual11c5 fo~incl in tilt. fresh n~aterials.  On thv 0thc.r h i d ,  SO,- 
treated silages failed to shorn this increase ant1 relnainetl close to the original 
ammonia levels. Son~e  of the SO? silages treatcvl a t  the 3 1b.-per-ton levels did 
show some increase in ammonia nitrogtw but these c.11angc.s were n ~ u c h  less than 
fonnd in the control silages. 
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Sulfurous acid analyses were conduc#ted to check on the precision of appli- 
cation of the SO, in the experimental barrels of silage. Total sulfur analyses 
were condncteil to deterinine how inuch of the sulfur remained in the silage 
during the storage period. Data indicated that, a t  the two lower levels of SO, 
application, the wlfur  ralues remained fairly constant throughout the experi- 
mental period. At the i 1b.-per-ton level, there mas considerable decline in 
total sulfur toward the end of the storage period, inclicating that sowe of the 
SO, limy have er.aporated froin the ensiled material a t  this higher level of 
application. 

SUMMARY 

Data on the c~heniical analysis of 24 experinlental silages, matle and stored 
in 50-gal. steel barrels, arc prtxsented for the purpose of comparing the preserva- 
tive effect of SO, with that of corn-and-cob meal. Four clifferent types of hay- 
crop silages and cwrn silage were tested ~iyith three levels of sulfur dioxide treat- 
ment, no treatment ant1 with 200 lb. of finely grollncl vorn-and-cob ineal per ton. 

Liquid SO,, at levels of .j ant1 i lb. per ton of green material, prored 
to br very effective in developing the desired acitlity for proper silage preserva- 
tion in a very short t in~e,  as comparetl to the time required for th(3 developnient of 
such acidity by fermentation. 

Reclnving sugar levels in the SO2 silages increased orer the levels found in 
the original fresh grass materials. These high levels of sugar \\.ere maintained 
throughont the 120 days storage period. 

Lactic. acid values in the SO, silages did not increase marked1:- (luring the 
storage period, as did those in the control silages. The high sngar values and 
the low lavtic acid values in the SO, silages indicate that bacterial feriuentation 
hacl been decreased by this treatment. 

Carotene destrurtion, whicah was most evident during the first day of storagr, 
was kept to a n~inimuni by treating the silages with SO,. Thr SO, silages main- 
tained much higher levels of carotene than the c+ontrol silages during the eritirtl 
storage period. 

Ani~nonia nitrogen lerels in the SO, silages werc3 nluch lower than in th(' 
control silages. Evidently, the use of SO, in these silages prerented considerable 
protein decomposition. 

Volatile acid values 11-ere. lower in the SO, silages, conlpared to those in the 
control silages. 
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MIIJI< RE1'LACEMEr\'17S FOR DAIRY CALTTER1 

J .  11. BRUMRAUGHZ AXD C. R. K S O D T  

Prnns!/lr.aaia Agrirriltural Bxprriment Station, State  College 

There have been nlunerous reports (1, 2, 3, 4, 5 ,  6, 7, A, 9, 11, 12, 14, 15, 17, 
Id, 19) that it is possible to raise dairy calves on 1imitc.d amounts of whole inilk 
through the us(> of ski~nmill;, ren~atle s k i ~ ~ ~ ~ n i l k ,  d ry  valf starters and, ntore re- 
cently, ~ t ~ i l k  replact1ment forinnlas. 

Presc~ntc~d in this report arc3 studies relative to the further development and 
improoe~ne~lt of milk replac.en~cwt fornlulas developed a t  this station. It WRS 

tlesired to evaluate blood meal, fish solubles, dried corn fernlentation solubles, 
red (log flow, caorn g1utc.n ~neal ,  dried ethyl and bntyl nlolas.;c~s solubles i111d a 
simplified forml~la that was high in dricd slrimn~ilk. 

E;SPEKIIIENTAL PROCEDURE 

The male IIolstein calves used in the two trials presentc~d in this report were 
sc~c.urc.d fro111 P~nnsy lvan ia  state institution herds. IIousing was in  a steam 
h(1atc~t1, vc~ntilatetl and artificaially lighted stable. The te~nperatnre was inain- 
tained at  65" F .  by theru~ostatic control. Each calf was assignecl a t  ranclo~n to 
a solici-~vall pcxn brd t l~ t l  with straw and equipped ~ i t h  a water bowl, c+oilc.entrate 
box. hay ravk and iodizetl salt blocalr. In determining growth ratc, nteasure- 
n ~ c ~ n t s  of body weight, withers height anti chest cairclunfrrence were taken once 
eavh week by the same person, a t  the same time of day and in the same order. 
The general appearanc.e, vigor and the feces contlition of each calf also were 
notc~d tlaily. 111 cases of ~~~~~~~s that persisted longer than 21  hr.. 8 g. of sulfa- 
thalidine in bolus forms were giren, followed by a 4-g. dose a t  each of the nest  
two sncc~essive feedings. 

Trinl I .  Thr 36 calves werv dividecl into s is  groups of six c.alr(>s eavh 011 the 
basis of body weight, with(1rs height iind chest circwn1ferc1nce ant1 were plarecl 
on experiment not later than 4 d v s  after birth. Thry Jrerc. fetl the milk re- 
placc~ment fo rn~ula  for their rc1spec*tivc. group, as s h o ~ r n  in table 1. Gronp I 
waq clesignated as the control grollp. Eavh rc~placen~c~nt was fetl a t  100" F., 
avcording to t h ~  following sc.hrdule: Ii'irst through fourth day-da~tl's milk; 
fifth throngh seventh clap-!? Ib. whole millr, 0.2 lb. nlillr replac.en~ent and 2 lb. 
water (twice daily) ; eighth through 10th clay-1 Ib. whole ~nilli and 0.1 lb. 
milk replace~t~ent, 3 lb. watc'r (twice daily) ; 11th through 21st (lay-0.3 lb. 

Rrreiretl for pul)lie:rtio~i Nor. 13, 1951. 
1 Data contained in this publie:rtion arc fronl :I tllesin sul)mittc'(l I,!. tllr sc>nior nntlior to 

tllc Gr;~ilu:~te Srliool of The I'enns~lv:~nin State College in 1)artial fulfillment of  the require- 
ments for the ilrgrec of Mastcr of Scionre. Antliorized for pnl)lir:~tion :IS paprr no. 1693 in 
the Journal Seric,x of the Pe1111s~lrania .4gri(*nlt11r:1l I!!xperi~nent St:ltion. This ~vork I V ~ S  sup- 
ported in 1):1rt by the N:ltion:rl Distillers Produrts Gorp., S e w  Pork, N. Y., Pnl)liekrr Inilus- 
tries, Inr., Pl~ilnclrlpl~i:~,  Pa . ,  an11 tl~t,  Distillers F(scd Rrse:~rch Counc.il, Cincinnati, Ollio. The 
sulf:~thnlicli~~r 11sci1 ill tliene trials I V : I ~  eo~~tr i l~rrted 11;- S1):lrp :ind 1)oIinre Inr., Glcnolilm. Pa.  

2 Present :~d(lrrss: 1,inirstonc Procluc.ts (lorp. of  America, Sc~r-ton, N. J. 
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i t~ilk replacenlent and T, Ib. water (twice daily) ; 2211~1 through 35th clay-0.6 
Ib. milk rrpla(*elnent and 6 Ib. water (twice daily) ; 36th through 49th day- 
0.7 Ib. ~nillr replacrn~ent and 6 lb. water (twice daily) ; 50th through 56th day- 
0.7 lb. ~ n i l k  replaee~nent and 7 lb. water (once tlaily). 

Eac*h calf was fed a fair grade of alfalfa hay ad libitlinl (luring the entire 
12-IYB. trial. Calf s tar t rr  was frcl arl l i b i t i r n ~  up  to a n ~ a x i ~ n u n ~  cons~ul~ption of 
6 lb. tlaily, th r  upper limit for the duration of the trial. The calf starter \i7as 
composed of 416.5 lb. grolulil yellow caorn ~rleal, 300 lb. whrat bran, 400 lb. 
criinped wholr oats, 100 lb. linseed oil meal, 300 lb. soybeail oil meal, 150 Ib. de- 
hyclratrd alfalfa n1t4,  100 Ib. (lane ~ttolasses, 100 Ib. tlrietl sltinimillr. 100 Ib. dis- 

TABLE 1 
Milk replaoemcnt formulas-Trial 1 

-- - -- 

Grotip 
Ingredient - - - - -- - - - - 

I I1 I11 IV 
-- - - 

( l b . )  
50 50 48 45 
10 10 10 10 
15 15 15 15 

...... 10 ...... ...... 
.... 10 10 10 

5 5 5 5 
1)cxtrose ........................................................... 7 I I I 

Itod Dog flour .................................................... ...... ...... ...... 
('or11 glutci~ meal ................................... .... . . . . . . . . . . . . . . .  ...... ...... ...... 

-- - - -- - -- - -- 

.' E'urnisl~e(l I I ~  Ar11I)urgo Co. I l l ~ . ,  Pl~il:ttlelphia, Pa. 
1' Dried corn fernicztit:~tion solul)les. (Fur~iishe(l I y  Comnicrcial Rolrcnts Corl~., Sew Tork, 

N. Y.) 
p('ontaine(l ROO I), :111d 4000 A USP i~nits/gri~tn. (Furnished 1 ) ~  Sopeo Clremir:~l Co., 

Harrison, N. J.) 
'I Xliner:~l inixturc~ cont:~inr(l 32% r:~lrium, 2.6% magnesium, 1% manganme, 0.175% iron, 

0.225% iodine, 0.125% copper, 0.009% zinc ant1 0.010% rol)alt. (Furn~shcvl by L i ~ ~ ~ e s t o n e  
Prodrtcts Corp. of An~erir:~, Nr\vton, R'. J . )  

tillrrs' dried corn solnbles, 0.5 lb. irradiated yeast (9F) ,  10 lb. dic.alci~un phos- 
phate, 10 Ib. g ro~uld  li~nc.stone, 10 lb. iodized salt ant1 3 Ib. vitainin A feed 
(2,270,000 TSP units of A per pound in d r y  nlc>al forill). 

Trial 2. Thirty calres were divided into five ('omparable groups of six c~a1vc.s 
each and were placed on tlxperi~nc~nt at  not later than 4 days of age. The for- 
rnulas in table 2 were f rd  a t  10O0 I". ac*c.ording to the sanle seheth~le as that for 
the first trial, with thc exception that in this trial 7 Ib. of watrr wercl used in 
preparing the replacenlent during the 36th- throngh 49th-day period. G r o i ~ p  I 
again constituted the vontrol group. 

Good quality, fin(.-blacled graqs hay was fed nr! libitlrnt t h r o ~ ~ g h o u t  this 
trial. The sanle calf starter that was 11st.d in trial 1 \\.as fed in this trial ancl its 
consn~nption rcgnlatc.tl in th r  same nlanner. 
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TABLE 2 
JIilk rcplacc'nlent fort)calas-Trial 2 

Group 
Iligrediel~t 

I I 1  111 I V  V 
- -- -. p~ -- - 

( l b . )  
Drictl skimmilk 50 50 40 40 

...... ...... 5 10 
..... 10 10 10 

5 10 10 10 
.... ..... 5 5 
15 15 1.7 15 
...... ...... 5 5 
-7 5 5 5 
I 5 1 1 

0.5 0.5 0.5 0..5 
0.5 0.5 0.5 0.5 
2.0 2.0 2.0 2.0 

-. - -. -- -- . -. - - 
a Furnished 1 ) ~  Publirker Industries Inc., I'liiladclplli:i, Pa. 
1' Vitnniins A aiitl D feed snme as table 1. 

Jlinrral mixture same as  table 1. 

ESI'ERIJIENTAL RESTJLTS 

Trial 1 .  All of the replace~nrnts stutlied were palatable ant1 the calves ~ ~ ( ~ r c .  
easily taught to tlrillk fro111 ope11 pails. Ration VI, howcvrr, hat1 a te~icl(>~ic.y to 
settle out more rapidly than was tlesirablr. 

The suliilliary of growth data in  table 3 sho~vs that  groups I and V iiiadc 
comparable weight gains that  wercA superior to all other groups. This also was 
true for gains in withers height a n d  c h ~ s t .  circu111frre11c.e. Although group V 
excreded all others in  meall gains, arialysis by the ~nclthod of S~ledecor (16) indi- 
cated that  differenc.es in claily gains were not statistically significa~lt. 

Svours wcre not a serious problel~i and those casc3s that (lid occur seeilletl not 
to be rcastrictc~d t,o any particular group. 1)nriiig the first 8 wk., the fec:cs of 
most of the caalves \yere looser than was thought to be desirable. This loosoiic~ss 
appeared to differ fro111 typival scours, as in inost caases the collclitio~i was not 
accompailied by other s y m p t o i ~ ~ s  of sc+o11rs, s11c.h as c.haracterist,ic odor of feces 
or extreme weakness ant1 dehydration of the calf. 

111 general appearance and thriftiness calvcas in group I V  seemed slower in  
getting started alid had ronghw hair for  a l o n g c ~  proportion of the trial. 

TABLE 3 
Meal, daily gains in  bor7!/ weiglrt, withers lreigkt and chest circrci)ffcrenee-Trial 1 

Body weiglits Withers licigl~t Cllest 'ircunifereiiee 
Group 

4 \vk. 8 wk. 12 wk. 4 \vk. 8 wk. 12 wk. 4 wk. 8 ~ k .  I 2  wk. 
- 

( l b . )  (in.) ( in . )  
I ............... 0.44 0.86 1.13 0.06 0.05 0.05 0.03 0.06 0.08 

............ I 1  0.33 0.69 1.04 0.05 0.06 0.05 0.04 0.Oi 0.09 
I11 ............. 0.33 0.66 1.03 0.05 0.05 0.05 0.03 0.06 0.08 
I V  .................. 0.35 0.69 1.02 0.04 0.05 0.04 0.02 0.06 0.M 
V ................. 0.44 0.78 1.21 0.06 0.05 0.06 0.03 0.06 0.09 

............ V I  0.22 0.51 0.87 0.05 0.04 0.05 0.01 0.05 0.07 



T A B L E  4 

Ifcan dazl?l gains bod!/ tc.righf, tc.ct1crm 11~1g11t and chrst circ11111frl.rner-Tr~a1 9 
-- - - 

R o ~ l y  weigl~ts  Withers height Cliest cirrumference 
Group - -- 

4 wk. 8 I T ~ .  12 I T ~ .  4v .k .  8 xvk. 2 I .  4 wk. 8 wk. 12 wk. 

(zb . )  ( in . )  ( in . )  
I 0.21 0. i9 1.16 0.02 0.04 0.03 0.03 0.07 0.09 
I1 0.19 0.92 1.17 0 . 0  0.03 0.06 0.03 0.08 0.09 

I T I S  0.19 0.8i 1.28 0.03 0.04 0.03 0.02 0.07 0.10 
IV 0.13 0.67 1.06 0.n2 0.04 0.04 0.03 0.06 0.09 
VH 0.24 0.61 1.00 0.03 0.04 0.03 0.03 0.06 0.08 

- - - - - - .- - 

A Means o f  .5 enl\cs in e:~cll group. 

The average calf starter consun~ption a t  8 and 12 wk. is presented in tablt. 
5 .  Group I calves consu~ned the greatest amount of starter to 8 wk. and group 
1' was highest for the 12 wk. of the trial. Groups I1 I ,  l V  and V I  c.onsiimed 
considerably lower arnounts of calf starter than the other gronps. 

a 2. I'alatability was not a problem in this trial but the replacements 
fed to calves of groups IV and  V, ~ o n t a i n i n g  soybean oil meal, tended t o  settle 
out solnewhat. One calf in group I I I  died from a navel infection and one in 
group V from persistent loss of weight, diarrhea and finally pneumonia. Sulfa- 
thalidine t reat~nent  failed to  alleviate the contlition. These calves died after 
being on experimeiit f r o n ~  6 to 7 wk. Due to these losses, a statistical an:ilysis 
described by Love ( l o ) ,  based on total gains and calculated valnes for the miss- 
ing calres, was applied. I t  indicated no significant ilifferences between gains 
made by the vario~ls grollps. 

From the growth data summarized in table 4, it can be seen that  slow growth 
during the first 4 wk. was characteristic of most of the groups. The data  for  
12 wk. shows that by that time niost of the group inean daily gains approached 
normal standarils. 

Table 5 gives the arcrage consunlption of calf starter. Groups I, 11 and I11 
consumer1 consiclrrably Inore than gronps I V  ancl V a t  both 8 and 12 mlr. 

Looseness of the feces was noted, especially in  the calres of groups IV ant1 
IT. in which this c.ondition persisted for the longest period of time. The soybean 
oil llleal in  these t ~ o  rations may hare contributetl so~nelvhat to the c~onditioii 
observed. 

TABLE 5 

Aecruge ronstcaptio~r of cfllf starto.  to 8 flltfl 12 st. 
- -- 

Tri:~ l  1 Tri;il 2 
Group - - - -- - - - - 

8 wk. 12 w!i. 8 ~ v k .  I?  wk. 
-- 

Ub.1 ( l b . )  
I ........................ .. .. 6 T, 208 68 211 

I1 ................................. 54 20.5 70 209 
I I T  .......................... 4 i  182 73 227 
IV ............................ .5 1 192 54 196 
V ................................... 68 218 59 194 

V I  ............................. 51 181 .... ......... 
-. - - - - - - - -- - - - 



Fro111 th r  standpoi~lt of general appearallc.c3 and thriftiness the calves in 
grollps I, I1 and 11 I were superior to those in  groups IT' and V. The calve..; ill 
the 1attc.r grollps sc.c.~ned to tlevcllop morc. slo\vly and to lravr a rough hair coat. 

DISCUSSIOS 

A large ant1 rapidly inc+rc~ilsiag nluli~ber of (lair- caalves is now being raised 
snccessfnlly on milk r c l p l a c e ~ ~ ~ r ~ ~ t  for~nulas. Thr  objective of the espc.rime~ltal 
\vorIi prc*se~ltetl in this report was to devclop new ~iiilk r e p l a c e ~ ~ ~ e ~ i t  f o r ~ l ~ ~ ~ l i t s  
~vhitah \vollld d(~c.reast~ coost ant1 111alze use of nlore rt~adily araililbl(~ sonrcees of ill- 
gretlients. lIThile replac.e~ue~lt f o r ~ n l ~ l a s  high in (1ric.d ski~llrnilk have b(~c.11 shown 
to give ~ l o r ~ u a l  gro~vth,  bect~~~sc.  of t h t ~  frc>ill~ent shortage of this prot111c.t a ~ ~ t l  
largcx t l e ~ ~ l a ~ ~ c l  for its llsr in 111i1k r ( ~ p l a e ~ ~ ~ ~ ( ~ ~ l t s  \vhich hare tlcrelopc~tl. othcr 
i~~grclcl ie~~ts  must be fo1111tl which will rep1i1c.c. it. Si~nilarly. blootl flour is oftc~n 
u ~ ~ o h t a i ~ l a b l c  and. th(~rc.fore. it was clc~sirabl(~ to conlpilre growth ot)tainc~tl on this 
prot111c.t wit11 that ~ I I  a high grade of blood 111eal. 

I)i~ta prt.sc.ntetl in this report indic.i~tc> that a gootl ~ l l ~ i ~ l i t \ -  blootl 111eil1 may 
be 11scv1 to rc~placcl blootl flour which frcvluently is ditYic11lt to obtain ant1 ~llncdh 
hiph(>r in pricr. It also was f o ~ ~ t ~ d  that a r ( ~ p l a e e ~ ~ ~ ( ~ ~ ~ t  for111111a ( * o ~ l t a i ~ ~ i ~ l g  50 
per tdrllt dricltl ski111111i1lz growth v o ~ ~ ~ p a r a b l ( ,  to t h i ~ t  on 111ixt11rt.s c.onti1i11i11g 
(i5 per vent of this pro(1uc.t. Thc. r e d ~ ~ c t , i o l ~  of drirtl s1ii111111illi to 3.5 p(>r c.cAnt 
of th(' total forn111la (lid rcks~~lt in tlt~crc~asc~tl growth ratchs. I t  i~lso was fotu~tl that 
t~thyl ~~~olassc>s  tlrietl solubl~s etf(,c.tively r(.placc.tl dricbd rvh(>y at  tht. 5 i111tl 10 
1x1- (dt>~~t 1erc.l~. Co~t~binat iol~s of (,thy1 i u ~ d  b11ty1 niolassrs a t  the 5 and 10 per 
c c ~ t  Irvc,ls, rc,specti\,c~ly, rrs~tlted i l l  d(~crc~ased growth. Th(. ildditio~l of fish 
solublrs ; ~ t  the c,spcnsc3 of tlrird ski111111i1lr (lid not i~~rrc'itst. ratm of gro\vth. IZP- 
ci~nse of the delrltllid for 111i1lr arid ~nillr protlucts as a 1.es111t of an inc.rcwsing hu- 
lltan pop~~la t ion ,  the saving of 111illi for ~ I I I I I H I I  1 1 ~ 1 ~  ils a r(~s111t of the l l s ~  of n~illi 
~ - c ~ p l a c e ~ n t ~ ~ i t s  ill c-alf r i l i s i~~g  is esse~~tial .  R(.ports f r o n ~  I I I ~ I I ~  (lairj-ll~(>~l i l~di-  
cat(. that ~liilk ~ P ~ ~ ~ C P I I I C I I ~ S  which i1re proprrly for~nnli~tc.d arc. r a i s i ~ ~ g  bettc~r 
(+alvcss thi111 \vercJ raised previol~sly 011 ~vhol(s 111ilIi on I I I ~ I I ~  far111s. 

I3looil 111c3al ant1 blootl fl311r iippl(>ar(~l to be of (~01111)arabl(~ val11(1 for growth ill 
dairy calvos i11 th(1sr 111i1li r e p I a ( - e ~ ~ ~ ( ~ ~ ~ t s .  iZtltli~lg fish sol11bles or drirtl c+orll 
f e r n ~ r ~ ~ t a t i o n  soli~blrs r t ,s~~lted in no i~~creasc. in growth rirtc' o v ~ r  th(. c~ontrol 
ration. 11 ri~tion containing 65 per cac~~t dritvl s k i ~ n ~ ~ ~ i l l i  producc.tl nlorck rapicl 
pro~vth ratc.s than other (*o~~lplt.x ~l~ixtll'es. Red dog flollr and (*or~ i  g111te11 
111ea1 (lit1 not appc.ar to c,tF'c~c.tively replacch dric1tl 1v11t.~- ant1 tlrirtl s l i i ~ l i ~ ~ ~ i l l i  in 
these, ~ . i ~ t i o ~ ~ s .  A c o ~ ~ ~ b i ~ ~ a t i o ~ l  of 10 per c.c.nt t>thyl sol~tbl(>s ant1 5 p('r C P I I ~  b l~tyl  
11101assc.s so111blrs ~ v i t h  soybra11 oil 111et1l c.ansetl exc~c~ssire scdollrs ant1 retartled 
gro\vth. Ethyl soll~bl(~s at lrvels of 5 or 10 pcxr rent ~-(q>laced tlrietl ~vhey tbtfec- 
tirely in thest. trials. 
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T I I E  ALPHA-i\'APIITHOLPHTIIALElS ( A S P )  METHOD F O R  
MEASURlSG F A T  IIYDROLYSIS. 11. APPLICATIOS 

TO CREAM1 

W. J. IIARPER AXD T. V. ARMSTRONG 

Departlltent of Dairy Teelinology, Tkr Olrio State  Unicc.rsity, Colantb~ta 

I11 recent y ~ a r s  there has beell increasing emphasis 011 the relationship of 
water-insoluble fat ty  acids to cream clnality. The method of ZIillig ( 3 )  which 
has been used for  the measureinent of water-insoluble acids (WIA)  is highly 
technical and  is time consumiiig; consequently i t  is not entirely suitable for qual- 
ity control work. I n  the first paper of this series ( I ) ,  a rapid colorimetric method 
for  measuring water-insoluble acids i n  butter is described. The method, namecl 
the ASP test, utilizes t h ~  color rhanges produced by the fatty acids npoa a n  al- 
coholic solution of alpha-naphtholphthalein. 111 view of the fact that  this A S P  
test appeared to show ronsiderable promise as a screei~iiig test for determining 
the \lTIA content of butter, i t  was denued desirable to ascertain if the nlethod 
could be adapted to cream. If so, then it  could be used as  a rather rapid test for 
grading creanl for its \VIA content. 

This paper prescknts res111ts obtaiilecl in adapting and applying the A S P  test 
to cream. Si11t.e the voinpletio~l of this work several workers havc~ presented 
rapid methotls for the determiaation of water-insolnble acids. One is a colori- 
metric procedure dert.lopet1 by Greenberg e t  al. ( 2 ) ,  and the other is a measure 
of the acid degree presented by Parmalee a i ~ d  Babel ( 3 ) .  Roberts ef al. (8) found 
that their method ge~lrral ly  rerealed the avid degree of the fat.  

The c~oloriinctric test of Robrrts c t  al. ( 6 )  up011 which the ASI' test is based, 
was applied to c.reanl by first c.hur11ing th r  creanl into butter, and then deter- 
milling th r  acids in  thtx fat obtained by ~iirlting the  butt(^. Roberts et a!. ( 7 )  
mere able to conduct a single t ~ s t  within about 20 to 35 mill. by use of a n  anto- 
matic. shaker, bnt without such an automatic. shaker about (iO inin. were required 
to inalie one test. 

In  order to rec1uc.e th r  time requiretl to coinplete an analysis, a solvent ? ~ t r a c -  
tion procedure was developed for obtaining the fat.  A mixture of alcohol and 
petrolenin ether was sel(.vted for lnaliing the extravtion. Although petroleum 
ether is recogi~ized as a less effic*ient fa t  solrent than ethyl ether, i t  was nsecl to  
cxclntle the c.straction of the water-solltble ttcicls, snch as lactic. acetic and 
bntyric, ~r-hich are present in  sour crcJanl. The extraction protseclure finally 
ac1optc.d was: ( a )  A 10-g. sample of cream was weighed into a largc. test tube 
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(32 x 155 n1111.) ; 5 ml. of 95 per cent ethyl alcohol were added and the mixture 
shaken vigorously for 30 sec.. (b )  Thirty 1111. of petroleun~ ether (benzene, B.P. 
30 to 60' C.) were added to the test tube ant1 the mixtnre shaken vigorously 
for 1 min. ( ( a )  The 111ixttire was allowed to stanil until the solvent layer separated 
eompletely, or thr hilparatioll was hastened by centrifuging the tubes ill a Bab- 
cock centrifuge for 1 or 2 mill. 

The effic*ieney of the extracatioi~ procedure for recovery of fat iq sho~i~n in 
table 1 for sweet ant1 sour creanis of various fat contents. The sour c.realn was 
froin the same original ereain HS t h ~  sweet sample, but was i~loculated with a 
Streptococtrs lactis starter and incubated until it  contained 0.6 per c.c3nt acidity. 
The extractions were conducted in the same ma~iller for both sweet ancl sour 
cream. The results revealed that 80 to 91 per cent of the fa t  in the sweet cream 
and 96 to 104 per cent of the fa t  in the sour crearil mere extracted; not only 
was the fat extracted more efficiently from the sour creain than from the sreet. 
cream, but also the recoveries were lnore consistent. By adding pure lactic acid 

h'eco~ery  of fat fro//r o e a m  b y  alcol~ol-pef~ .ole~c~i~ etker e.rtrnctio~ra 

Fat test Rceol-cry o f  f a t  
nf  - - 

r re :~m From sweet cream From sour c.rc:lnl (trbout 0.6% acidit?.) 

to s\rec>t cream to prodnce a 0.5 per c.c~nt titratable acidity, the rec+orc3ry of thtx 
fat co111tl be increased 10 to 13 per (.elit without inflnc.nc.ing the A S P  test. 
In  addition, it \\-as follnd that more c.onsistent recoveries of fat c.oulcl be ob- 
tained whe11 lactic acid \ras added to the sn7eet cream. The value of acidification 
in increasillg the extraction of milk fat  was cle~nonstrated b>- Joh~lson ancl 
Gould (4) .  

Jletlzocl lrsed for the solvent extract for  AXP test. The A S P  test Iras per- 
formed in essentially the same maaner as prerionsly clescribed by Armstrong 
and EIarper (1).  This consisted of preparing a 0.04 per cent solution of alpha- 
naphtholphthalein in 0.37 per cent alcohol and buffering ~ r i t h  the proper amo~ult 
of borate buffer to produce a blne-green color. The molarit- of the buffer de- 
pended o11 the lot of (lye, as previously reported (1) .  Th(. fat  fro111 the creain 
was addecl to 5 1111. of the dye solution. 

Two methods of preparing the fat for the test were stt~tlietl. These are clesig- 
nateil as the ''solvc>nt extract" and as the "solvent-free fat". In the solrent 
extravt proc.ednre, 5 ml. of the petrolt~mn extravt, i.c., the top layer in the test 
tube, wc>rcl added clirecatly to 5 ~ n l .  of the prc~parcld dye solution. The tubes 
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were shake11 rigorouqly and the layers permitted to separate. The color of the 
lo~v(ar layer v a s  cornpared to the prepared color stantlarcls.' To obtain solv(>nt- 
free fat,  about one-half of the ether extract from the crealil was decantecl into 
a Bilbco(al< crealll test bottle. The bottle wits placetl in  a hot water bath (160 
to 170' F.) for .j n ~ i n .  IIot water was adtletl to the test bottlc, shak(~n ancl 
enongl~ hot watrr  atldtlcl to bring the f a t  well I I ~  in the neck of the bottle. The 
b o t t l ~  1va.i c.mtrifugtatl for  1 min., ant1 then 0.3 1111. of clraar fa t  \\-as remored. 
Thi\ \\-as atldetl to thc tlyc. solution in the sanie niauner as  desc.ribrt1 previonsly 
(1 ) .  

E f f e c t  of arlded ncitls 011  t h e  ANT' test in crcanc. Various water-soluble and 
water-insoluble acids were adtlecl to fresh 35 per cent cream to drtect their in- 
flnence on the A S P  test. The results of this experiment are  snnimarized in 
table 2. The data reveal that  lactic acid and butyric acid are  not re~nored  from 
the cream b -  the alcohol-petroleum ether extraction and  will not iafluence the 
results of the A S P  test. 111 contrast, oleic and palmitic acids are  extracted from 
the cream and are nleasnred by the AiVl' test to  the same degree of accuracy 
as ~ v h e n  these acids were added to purified bntter oil. The results again show 
that for  these two acids, the range of W I A  values for a given color of the A S P  
test is approximately 100 mg. per 200 g. of f a t  in  the range of 0 to 400 mg. WIA. 

Caproic and caapric' acids also are  removed from the cream by the extraction 
proc.c.dnre, but the completeness of removal is less than for oleic. ant1 pahnitic*. 
For c~xainple, the concentration of acid llecessary to produce the orange color 
was f o ~ u ~ d  to bc nearly 200 111g. of 7rlTIA per 100 g. of fat  higher than that  re- 
quired by either oleic o r  pal~ilitic acids. This naturally results since these acids 
posst,ss niortX affinity for the water than do ol(.ic* and palmitic. ac.ids ; c*onsec~uently, 
a Inore ~ ~ x h a u s t i r c ~  clxtraction proc~ednrc~ wonltl ncacvl to be applied to achieve 
t h i r  removal. Tablca h l s o  rerc,als that 5 nil. of solvent extract pire essentially 
the salne reslllts ac; 0.5 1111. of f a t ;  therclfore (.ither rnethod conltl be used with 
e r l~~a l ly  satisfactory results. 

Contporisotr of .4SI' tcst 011 ch~tr l lcd  and solz.enf-ettractet1 fat. 111 caonnec- 
tion with tht. applicatioa of the ANI' extraction procedure i n r o l ~ i n g  the alcohol 
ant1 petrolenni ether, it mas colnpared to the standard churning m~thocl  as  a 
means of re~noving the fat  from the carearn. A sample of sour cream was dirided 
into two parts. One portion was extracted as  previonsly described and the other 
portion was churned by nleans of a mechanical shaker. The churned fa t  mas 
~vashed twice with water, and the AiVP test was completed as previously reported 
for bntter (1) .  The resnltq in table 3 reveal that  the results nsing solrent ex- 
traction proccclure oftc.11 indic*ated slightly more fat  hydrolysis in the crealn than 
 as obtained \vh(>11 using the churnt.d fat.  This ~voultl be expected from the \vork 
of   john so^^ ant1 Gonltl (A), who f o ~ m d  that  higher acid degrees were3 obtained 
b -  solrent estrac. t io~~.  'l'his 111ay be explai~lecl by the favt that the lo~vc~r fat ty  
a~it1\,  hllcll as ( 'RPTo~( '  1111~1 ('it{)ri(', ilrt' r(~111oved fro111 the chllrlietl filt tlllrillg the 
~va\hing proccJs.c, but are i~ic.l~~tlrtl  to s o ~ n r  extc'nt in thc1 pcatrol(~11111 e thw cvitrac~t. 

2 CO~OI. ~ ~ : I I I ~ : I I . ~ R  :1v:111:1I)l(~ : ~ t  11o111i11iil rost f1.0111 tllr T)rl)t. of 1):1i1y T~c1111olog\., TIIC 
OIlio Statc TTl~i!cl.aity, COIIIIIII)IIS 10, 0. 
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TABLE 2 
Effect of the addition of various acids on the A S P  test applird to cream 

Cream Color ol)tained witli the ANP testa 

samplo Arid Mg. arid/ 

110. adder1 100 g. f a t  5 ml. solrc?nt 0.5 ml. solrmt- 
extract free fa t  

none 
butyrir 
butyrir 

lione 
lactic 
Iartir 
lartie 

llolle 
eaproir 
rrcl~roir 
e:~lvoir 
caproie 

none 
eaprir 
caprir 
c,apric 
e:iprir 

none 
oleie 
oleir 
oleie 
oleic 
oleie 
oleic 

none 
palmitir 
palmitie 
palniitic 
palmitie 

dark green 
dark green 
dark green 

dark green 
dark green 
dark green 
dark green 

dark green 
metlium green 
light green 
or:lnge 
yellow 

dark green 
dark green 
metlium green 
light green - 
or:cnge 

dark green 
dark green 
me(1ium green 
light green + 
or:lnge 
yellow 
yellow 

dark green 
medium green 
light green 
orange 
yellow 

(lark green 
tlark green 
dark green - 
dark green 
dnrk green 
dark green 
dark green 

dark green 
medium green 
medium green 
light green 
orange 

dark green 
dark green 
light green 
orange 
yellow 

dark green 
tlark green 
medium green 
light green 
orange - 
y.llom 
yrllow 

(lark green 
me(lium green 
light green 
yellow 
y?ll0ll. 

a Color of alpha-n:~phtholphthalei~~ elianges in the following manner with inrreases in  
water-insolul~le acids: tlark green, nie~lium green, light green, orange, yellolv and white. 

TABLE 3 
Contpari.son of solvent extraotion and churning as  a means of obtaining fa t  for  thc AATP test 

Color ol)taiiicd witli the ANP testa 

0.6 ml. 
cliurne(l f a t  

0.5 ml. solrent- 
extractcvl f a t  
(Solveilt free) 

5 ml. of solvent 
extract 

-. 

28% crmm niediun~ green mediu~n green medium green 
36% cream orange yello\v yellow 
35% cre:tm yrllolv yellow yellow 
35% ere:~m ,l;~rk green dark green dark green 
35% rrc3;cm light grrcn light green orange 
30% cream :l:crk green dark green dark green 
32% cream medium green mcdium green medium green 
20% c r c ~ ~ m  light green orange orange 
25% cream niediuni green light green medium green 
42% crc,am lnediun~ green metlium green medium green 

35% crcwm l a  <lark green dark green dark green 
35% cre:~m 2 dark green mc.clium qrc,rl~ medium green 
35% cream 3 nieiliu~n green n~cvlium green mediun~ green 

1, 2, 3 =same sa~nple of cream: I-norni:~l sanil~le; 2--eapric arid added a t  rate of 100 
n~g./lOO g. f a t ;  3-oleir arid :ctltleil :ct rate of 100 n1g./100 g. fat.  
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TABLE 4 
Reliability of t11r .~olre~tf r.rtrartioa procrarlure i n  obtaining f a t  and fait!/ acids f r o n ~  ereasis of 

varying f a t  contents contarning a fixed antoitnt of added oleic acirl 

Oleic nc.id added Color ol~tninecl with tlie A S P  test 
F a t  in 
ereail1 Mg./lO g. Equir. WIA 5 ml. solvent 0.5 ml. s o l r c ~ ~ t -  

rreaain (nig./lOO g. f a t )  extract free f a t  

wliite white 
pello\v yel lo~r  
orange yellow 
light green light green 
liglit green meil iuin green 

WIA of origi11:tl ere:1iii = 25 1ng./100 g. fat.  

However, the resnlts obtained in these trials reveal that  the quantity of lover 
fat ty  acids recovered by solvent extraction ~ v o ~ ~ l d  be insnffieient to  invalidate the 
application of the extrac.tio11 procedure to cream to obtain fa t  for  the ASIJ test. 

T h e  effect of t h e  fat t cs t  of t he  creant on t hc  AhT[' tes t .  The use of a solrent- 
estraction procedure for  removing the fat  ant1 fat ty  acids for  analysis i~~niiecli- 
ately raises the qut>stion as to  the validity of the rc.sults when the methotl is 
applicvl to ('reams of widely varying fat contc~nts. The e\tabli%hetl praetice is 
to express the water-insoluble acids as milligra~ns per 100 g. of fat.  Obrionsly, 
if the s o l ~ e n t  extraction provednrc is to be nsetl dirertly in 111aliing the detcvnli- 
nation by the A S P  rnc~thod, it m ~ i s t  extracat both the fat  and the wtttc'r-insoluble 
acids from crealns of different f a t  contents in  a lnanncr to  rc.~caal the t rue ratio 
of fa t  to acids. To asc.ertain if the c.orrec+t ratio vonld be maintained, t h ~  solvc.~lt 
extraction procrdnre was applied to  fresh crealn varying in fat  content ant1 to 
whicdh was addccl 10 111g. oleir acid per 10 g. (2r1xa111. R(+111t\ arcx pr(,se~lted ill 
table 4. 111 acldition, il \econd c~xperinient ~ v a s  condnctctl in 1vhic.h the acids were 
atldctl a t  the sanitl c.onc.(11itration per 100 g. of fat.  These r t~ml t s  are prc+canted in 
table 5. 

The results in table 4 show clearly that  ~vh(>n the extraction procedure, is uscxtl 
on creams of ra ry iag  fat  co i~ t (~n ts  containing the satlle concentration of acid pc.r 
w i g h t  of cdreain, the AKP test varies direcstly with the c.oncentration of arid 

TARLE 5 

Rslinbilitj/ of tAr aoll'cst e.rtrnction proccrlirrr ill obtaining fol  and frflt!/ acids front rrran1.q of 
rar!/in,u f a t  contents nlirl cotitni?ring vnr!/ing conccntrntihns of nrlrled olric acid 

S a n ~ l ~ l c  Mg. of oleir acid 21% rrr:tm 10% cream 

110. :1(1(1(,(1/100 g. f a t  5 llll. Solrellt 0.; g. pit 5 1111. snlrent O..? 1111. f a t  
-- 

1 iioiie 11iec1. green 111e11. g r r c ~ i  med. green mell. g r r c ~ i  
1 300 I. green 1. green 1. greislt 1. grecil 
1 100 or:ingr ot.:llige orange orange 
1 ROO yellow or:tlige yello\v )-rllow 
2 11011~ ilicd. grcril + liicvl. green + m?d. grren meil. grerll + 
2 250 1. green or:lnge f 1. grecbn 1. greci~ - 
2 .?on or:~nge yi~llo~v nr:iiige L o r i ~ ~ i g e  - - " I -10 yc.llom ~c.lloIv - ypllorr - pelloIr - 
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per weight of fat. 111 such a case the crealrl with the 1owc.r fat  conte~it will possess 
the highest WIA per 100 g. of fat, a fact revealed by the ASI' test. 

Table 5 presents additional information, denionstrati~ig that the ASP test 
when c*ondncted on the solveilt extract yields the s a ~ r ~ e  results for creaiiis of the 
same WIA concentration per grain of cream, regardless of the fat content. Al- 
though unexpectecl, this may be explaiiit*tl possibly by the fact that the alcohol- 
petrolt~nin ether sol\-ent extracts the fatty acids to the same extent as it does 

TABLE 6 

A co~~rpctrison of tltc A S P  and tltc Htllig 1rrrflrot1.s for flrr rlr~tcr~rrinafiow of water-innol~rble acids 
i n  creaw 

ANP ~nethoil 
Hillig WIA 
method (3) Color Estimated Mid-point Difference A S P  

WIA range of rniige from WIAa 

d. green 
(1. green 
(1. green 
(1. green 
(1. green 
m. green 
m. green 
(1. green 
111. green 
m. green 
111. green 
1. green 
1. green 
1. green 
I. green 
1. greeli 
1. greeli 
m. green 
1. grecll 
1. grren 
1. green 
oraiigc' 
orangr 
orange 

yellolv 
or:~ngr 
yellow 
pellolr- 
yellow 
yrllolv 

a AKP arbitrarily t:~krrl as m i d p o i ~ ~ t  of range. 

the fat. Therefore, the relationship of the fatty acids to fat appears to relnain 
<*onstant when this extraction is conducted. 

Conlpnrison of A.VP n11d ll'IA1 pr.oced~ires. As a fitla1 Iiieasllre of the reliabil- 
ity of the solvent extraction AM' test on (*ream, this nlethod was roinparecl to 
the TITIA procedurc~ of Hillig ( 3 ) .  Thirty samples of conimercial sour creain were 
selectc.tl and a11alysc.s con~pl(atc.d. A coiiiparison of r r s ~ ~ l t s  of the A S P  test and 
I-Iillig's ( 3 )  procedure is give11 in table 6. As previo~~sly reported for batter 
( I ) ,  th(. method has its greatwt sensitirity in the I'i'TA range of 0 to 400 Ing. per 



100 g. 111 every case, a11 ASI' t w t  r(~s11lt of orange or y(~1101v was i~ssoviated 
n-itl~ a \VIA valr~c of orc3r :3OO n ~ p .  pc.r 100 g. of fat. I n  three of the :3O com- 
parisons, the \VIA value was outside of the estimi~totl JV1A range indic.att.d by 
th r  iZSI' test. 

111 th(> IVIA rilllgc, of 0 to 400 ~ n g .  pc.r 100 g. of fat for 22 s;~n~ples, autl xvhcln 
the acitl valut. reprc~sc~nting thc. 1nii1-point of each caolor rangcl \\.ils used for the 
hasis of conlparison. thwe xras ill1 avcArngca diff(~rc,~~cc~ of :3(i 111g. bet\v(~111 the 
LISP a ~ ~ t l  IIillig's n l~ thod .  This is 8 Ing. greater tliffrrrnrc~ t l l i~n the i~v('ri~ge 
tliffcrenvt. of 28 111g. bcat~v(>en the two methotls preriously reportotl for bnttvr (1  ) .  

IIo\verer. tht. rrsnlts intlicate a reasonably good agrc.t>nlent bc.t~rchen thc~ two 
~nc~thods. 

The greatest valut. of the n~ethod appears to be in its use as a ficlld test to 
difft~reiitiate high and 1 o ~  watc,r-insol~tble ac+itl content. Rased on the results 
in table 6, WIA values of less than 300 wonltl give a green ASI' tchst, ~vhereas 
ral~~c.s of ov1.r YO0 mg. W I A  per 100 g. of fat would gire an orang(, or yellow 
BS1' test. 

S Y l I  N A R Y  A N D  CONCLIISIONS 

The rapid alphil-naphtholphthaleir~ c,olorirnetricd ( A S P )  tvst for ~vater-i~lsolu- 
ble acids, previously used for butter, has been applied to  careanl. The ~nr thod  
inrolrc~s the use of a solvent extraction method utilizing a rr~ixture of ethyl 
alcohol and petroleu~n ether for obtaining the fat  for analysis. The n~ethod 
yielded satisfactory results when applied to creanl containing added water- 
insoluble and soluble fat ty  acitls. 

The solvent extracat fro111 creanl may be used directly in  the ASP test or the 
solvent nlay be evaporated and the fa t  used. The methot1 may be used as a rapid 
svreenilig nlethod for  field work by using 5 nil. of solvent extri1c.t directly, or 
as a laboratory methotl by evaporating the solvent anil using 0.5 ml. of the f a t  
for  t,ach T, 1111. of dye soll~tion. 130th of these  neth hods gire  romparable result\, 
wit11 the ~nethocl utilizing the solrc.nt-free fat  bcinp so~ntl~vhat more reliable for 
laboratory \vorlr. The difft~rence is traced to tlifferences in the turbidity of thv 
test when using fa t  and when using the solvent c.ontaining fa t  and fatty acitls. 

Thr  solvent c~straction A S P  nlethocl for crtBanl gires t*on~parable rclsnlts with 
crealll of markeclly different fat  contrnts containing the S H I I I ~  co~~centrat ion of 
JTIA per 100 g. of fat .  

Th(. solvent extraction A S P  methotl was found to ronlpare to IIillig's JYIA 
n~ethotl (3 )  for 30 hampl(~s of cream. 

J\TIA values of lt~ss than 300 mg. acaicl per 100 g. of fat give a grc.en ANP 
test, \vhcbreas \VIA concentrations of 300 or more rc.snlt in an orange or yc.110~ 
color. l%y using the mid-points of each volor rallge, in  the range of 0 to 
400 mg. watc>r-insol~thle acids p r r  100 g. of fat ,  thew was a n  average diffore~~re 
of 36 n ~ g .  
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A COMPARISOS O F  BIMOSTHLY A S D  QUARTERLY TESTING IVITII 
MOSTTILY TESTIXG F O R  ESTIMATlNG DAIRY 

CATTLE PRODVCTION' 

S. D. BAYLEY, R. M. LISS AND J. E. STALLARD 

Cnirrrsity of IVisconsin, Mndisos 

One method of effecting econon~ies in  production testing of dairy cattle 
involves increasing the interval bet\vc~c~n tests. Several studies have been pub- 
lished concerning the aniount and importance of the accuracy lost when this 
interval is lengthened. At least serc.11 investigators have reported the accuracy 
of lactation records computed fro111 n~onthly butterfat tests arid milk weights as 
co~npared with a n  accuracay from daily measures (2, 3, 6, 7, 8, 11, 12). Their 
rc~sults indic.ate a n  arrrage deviation of the ~nonthly recorcls fro111 the daily 
records of about + 2 per cent for inilk yield and  + :3 per cent for f a t  yield. 
McCarthy ancl Boyle ( 7 )  reportrcl that 95 out of 100 of the errors they observed 
in monthly illilk recortls were bet\veei~ 6.16 and - 5.35 per cent. Campbell (2) 
fonncl that  86 out of 100 errors regarding milk yield were less than + 5 per 
ccnt. Selrenty-six out of 100 errors i n  f a t  records were within t 3 per cent in 
his data. 

Comparisons concerned with the accuracy of coinpnting lavtation records from 
weights taken erery t! 1110. h a w  indicated that bi~nonthly milk yield records Yary 
fro111 records conip~~tc~cl fro111 daily weights on a n  average of about + 4 per 
cent ( 5 ,  9 ) .  McCarthy and 12oyle ( 7 )  reportrtl that  95 out of 100 observed 
errors were within f 10.11 per cent. McDowell ( 9 )  folultl that  46 bimonthly 
records out of 7 0  w r i e d  fro111 the daily records by less than + 5 per cent. In- 
vestigators con~paring bimonthly rec+ords with nionthly records obtained rela- 
tively similar res~rlts (1, 8, 4, 10). Alexander and Yapp (1) found tha t  only 
49 oilt of 684 bin~onthly fat-correctetl illilk recortls varied Inore than + 10 per 
cent from the ~iionthly r~(wrds .  Xo in~portant  biases mere fonnd conc?rningo the 
acacnracy of binloilthly testing. 

Alexander and Yapp (1) also c.oinpared the use of a quarterly test with 
~nonthly testing. \I7hen the three tc3hts \yere taken on the secontl, sixth and 
tenth months of lactation, only 53 oixt of 684 quarterly records erred from 
the monthly recorcls by nlore than f 1 0  per c.c>nt. 

Two investigations (4. 10) \\-ere reported which included correlation coeffi- 
cients as  a basis for coniparing rc,cords computed from rarying testing intervals. 
McCarthy ancl Boylr ( 7 )  pointed out that the correlation coeffic.ient nleasilrrs 
the extent to which th r  types of recaords fluctuate together, rather than measur- 
ing the extent to which they are  identical. 

The primary objective of the study rc.ported in  this paper was to estimate 
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the c*omparative usefnlness of quarterly and monthly tests for individual lacta- 
tion records, for sire provings ancl as a rneans of gathering production data con- 
cerning t h ~  results of artificial breeding. Coi~lparisons of bimonthly records 
with iiionthly rec'ords also wercJ carried out to determine if the results from 
Dairy I I ~ r c l  Iinproven~ent Assocdiation data obtained from scvcral herds would 
be comparable to the results of investigations already rcportc~ci. 

PROCEDURE AND RESULTS 

The production records used in this study were made during the period from 
1946 to 1949. They were obtained on 1,255 IIolstein-Friesian cows in 42 herds 
of Dane and Dodge co~ulties, \ITiscorisin. All the IIolstein herds on standard 

TABLE I 

A co~nparison of bimonthly and clliarterl?l testing with monthly testing for estimating dairy 
cattle prodiretion (1955, JOjd., 2x, actual milk records) 

Av. 

Av. v::l,":$:y difference Av. % Frcqnencf Intervals of testing from error of errors 
ntld month of first test 2; of(l'c",'fds monthly (sign larger 

milk ignored) than 210% 
monthly record 

- 

BIMOSTHLY 
1st mo. of lactatiori .................... 9,238 101.0 

................ 2nd mo. of laetatiol~ 9,151 -. 104.0 - 

QUARTERLY 
1st mo. of lactation 
2nd mo. of lxetatioi 
3rd mo. of 1act:ttion ................... 9,028 109.3 

1 i n  10 
l i n  8 
l i n  7 - 
l i n  8 

Range of differences from monthly record: 
For  bimonthly, -1,640 to +1,(;10 lb.; for  quarterly, -2,620 to +2,650 Ib. 

a Standard error of tlie average differelice. 

DHIA tests in Dane County were included, with the exception of herds where 
information was incomplete. Herds were selected a t  random from Dodge County. 
The record of every milking cow in each herd was included if the lactation period 
was 150 days or more. 

Lactation records for milk anci butterfat were computed for the first 305 
days, using the centering day method and monthly, bimonthly ancl quarterly tests. 
Computations were carried out on the tabulating card equipment of the Com- 
puting Service a t  the University of \Tisconsin. 

The 303-day milk records based on monthly tests averaged 9,169 lb. and 
ranged from 2,680 to 16,950 lb. The yearly fa t  yield based on monthly tests 
averaged 315 lb. and ranged from 89 to 605 lb. 

The criteria used for comparing bimonthly and quarterly records to monthly 
records were variability, average difference in yield, average per cent error and 
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the frequency of errors larger than 2 10 per cent. The results of these coin- 
parisons are shown in  tables 1 and 2. In general, the results were similar for 
milk and butterfat, except that the per cent errors and frequency of large errors 
were slightly greater for fat  yield. 

The relative variability of the records was measured by the ratios of their 
mean squares. Records computed from bimonthly tests were similar in this re- 
spect to those computed from monthly tests. The quarterly records ~ a r i e d  
slightly more than either of the other two. Although the average differences in 
yield of the monthly, bimonthly and the quarterly records were statistically sig- 
nificant, they were not economically important. The average per cent error with- 
out regard to sign was 3.0 for the bimonthly milk records and 4.0 for the fat 

TABLE 2 

A comparison of bimonthlg and quarterly testing with n~onthly testing for  estimating dairy 
cattle production (1355, 305d., a, actual butterfat records) 

Relative Av. 

Intervals of testing Av. rariability 'lifferenCe Av. % Frequency from of records monthly error of errors and month of first test $E;d (%  of f a t  ignored) (sign than larger +lo% 
monthly) record 

-- 
BIMONTHLY 

1st mo. of lactation.. ............ 319.3 104.7 M.24 1.40a 3.7 1 in 22 
2nd mo. of lactation ................. 311.2 102.2 -3.82 2.48 4.4 1 in 12 - - 
Av. 315.3 103.6 +0.21 1 i n  16 

QUARTERLY 
1st mo. of lactation ............. 321.6 107.3 +6.53 2 .59 5.3 l i n  7 

................ 2nd mo. of lactation 318.2 114.8 +3.42 + .65 5.8 l i n  6 
3rd 304.2 102.9 -10.83 t .G9 6.8 l i n  5 - -- 

r0.30- 
- -- 

Av. 314.8 108.3- 6.0 1 in 6 
- 

Range of differences from monthly record : 
For bimonthly -63 to +74 lh. For  quarterly -106 to +I56 lb. 

a St:rndard error of the  average difference. 

records. The average per cent error for the quarterly recorcls was 5.0 for milk 
yield and 6.0 for fat yield. Errors ~vhich were 1argc.r than t 10 per c ~ n t  of the 
corresponding monthly records occurred with a frecluency of one out of 46 bi- 
monthly milk rt.cords. They occurretl in one out of 16 bimoilthly fa t  records. 
The frequency of errors larger than & 10 per rent was one out of eight for milk 
yield and one out of six for fa t  yield cjnarterly revorcls. 

Efforts were made to cletermine thcl amolunt of as\oc.iation between the per 
cent errors a11d cc~rtain factors w11ich might aEec.t the~n.  Two group5 of bi- 
monthly records were eonlputecl. One group htarted u i th  the' first monthly 
tr>\t in thr lactation and the. ot11t.r started with tlir sec.o~~tl. T11~ thrcc sc.ts of 
quarterly records stitTtrcl with th(> first nlonthly tc.st, tlic \~c.on(l t111tl th(2 third. 
In both bimonthl>- and cluarterly r~cord4. thr cwors ncBre sn~allcr and less 
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frey~lent when conlpntation was started with the first test than \\.hen started with 
later tests. 

Corrrlation coeffic.ients were obtained between per cent cJrror ancl :-ield, basc~l 
oil irionthly tests, lcngth of lac*tation, length of the first test period, and length of 
the last test period. The coefficients are presented in tab](. 3. I n  general, per 
rent error in both the bimonthly atid cluarterly methods tended to decrease as 
the production of the monthly record increased. Also, as the length of the 
lactation increased, the per cent error tended to decrease. The si~nilarity of 
these two associations with per cent error may be a reflecation of increased pro- 
duction resulting from longer lactations. 

The association of length of the first test period with per cent error was 
negligible when the first monthly test was used for starting the bimonthly and 

TABLE 3 

The association of per cent error of bimonthly and qz~arterl!l record.r u3it1t ?lirlil of monthly 
rrcords, length of lactation, length of the first test period, and lrngtlr of 

the last test period 

Correlation (I) a of per cent error wit11 : 

Intervals of testing Yield of Length of Length of 1st Length of last 
and month of first test monthly record lactation test period test period 

Milk F a t  Milk F a t  Milk F a t  Milk F a t  

BIMOSTHLY: 
1st mo. of lactation ............ -0.12 -0.13 -0.06 -0.15 -0.07 -0.09 0.12 0.17 
2nd mo. of lactation ........ -0.18 -0.19 -0.15 -0.23 0.16 0.12 0.12 0.05 

QUARTERLY 
1st ma. of lactation ............ -0.16 -0.14 -0.19 -0.25 -0.03 -0.06 0.31 0.28 
211dmo.oflactat ion ........... -0.06 -0.14 -0.05 -0.13 -0.11 -0.03 0.14 0.02 
3rd mo. of lactation ........ -0.28 -0.19 -0.35 -0.32 0.10 0.08 0.08 0.04 

a r = 0.055 i s  s i g ~ ~ i f i c a ~ ~ t  a t  the 5% level. 

quarterly rec.orc1s. This association assumed some importance when later tests 
were used for starting compntations. The results concerning the correlation be- 
t~veen length of the last test period and per cent error were approsinlately the 
converse of those obtained with the length of the first trst period. 

DISCUSSION 

I11 man>- respc.cts the rcsl~lts of this study arc. c*olnparable to tliosc. previously 
reported. IIo~vrver. the DII IA data from sevc.ral herds yit.ltled slightly greater 
per cent, errors than previo~~s  studies which 11sc*tl data froin single hc.rds. Also, 
in the quarterly rec:ords, thch frclcluency of c.rrors larger than + 10 p(lr cent mas 
greater in the present stntly than reported by i2lrsander ant1 Yi~pp  of Illinois 
(1). Th(. csplanation of this latter c1iffrrc~nc.c~ Illit?- be fo~intl in the' tliflcrent pro- 
cedures nscd. Thc Illi~lois s t ~ ~ d y  eliminntc~tl ill1 rclcords 1t.s~ thi~ll 30.5 days in 
lcn,rth. The proi*ctlurc. rcq)ortc~d hcrc, l~ t i l iz~t l  all recortls \\-llic.l~ ~ v n ~ .  from 1.50 
to :iO.? tli~ys in lc.n,rtll. 'I'l~cl sllortc~r ~.cbc.ortls \vc1rc> iil(*ll~(l(~el i l l  o l~ ler  to  oht i l i~~ 
lilrti~tions c.omparilt)l(s to  tlle~sc, nsc1tl i l l  1)IIIA sire provil~ps. 11s mciitio~it~tl 1)re1- 
rionsly, the. pcJ1 .  c.c.tlt c1rrors tnltl to elcbc~l~c~ilscb iIS Iil(*tiltioll Icxllpth iuc.rc~asc.s. 



Comparisons of hi~nonthly a~it l  ( ~ ~ ~ i i r t ( ' ~ l y  recor(lh with r(~c~ords von~pute(l 
froni ~iionthly Illearlll.(lh will yield sn~a l l (~ r  clrrors than c.o~nparisons of biinonthly 
and clnarterly rc,c+or(ls with recaords c.on~pntc~d fro111 daily nlc.asnres. As rnen- 
tionrd previously, n~otithly records tent1 to v a r -  froin recaortls computetl frorn 
dail>- measures by a h o ~ ~ t  2 per (*elit for ~nill< and 3 per vclnt for fat  pieltl. By 
aclding thclse amounts to the cJrror values obtainecl in the prcascllt study, the bi- 
monthly records rnay be (donsidered as varying from records computed from 
daily measures by about 5 per cartit for ~nilk a l ~ d  7 per cent for fat yielcl. The 
respective errors for quarterly rclrords nlay bc approsimaterl at i and 9 per cent. 

Judglnrnt regarding thc nsc~fulness of thp bin~onthly and clnarterly tests 
should considcr all the criterii~ of comparison ant1 also the purpose for which 
the records are to be used. While the differe~~ces in variability, the biases and 
the per cent errors are small, the frequency of errors larger than -+ 10 per cent 
indicates that bimonthly and rjllarterly records rnay not be snffic~iently acarurate 
for estimating individual 1ac.tation records. Howc~ver, when several of these 
records are avtlraged, the p l~ l s  errors will tend to canc*el the minus errors. Con- 
sequently, i11 sire provings anil population studies, thr frequency of errors larger 
than 10 per cent should be extrcniely rare. 

The results favor the use of the "combination" twting program, ill which 
the tester takes thr sai~iples every other  non nth and the farm operator talirs the 
samples for the intervt.ning months. Thc coillbined ~nonthlp samples are used 
for the farm operator's inforlnation regarding his cows' lacatations. The lacata- 
tions computed from the tester's bimonthly tests are sub~nitted for nse in sire 
prorings. 

Millr and butterfat rcbcortls for 1.233 1Iolstc~i11-Friesian cows in 42 herds were 
co~iiputt~tl for the first 80.5 days of lactation. The centering day method and 
monthly, bi~nonthly and quarterly tests were usc~l. The bin~onthly and quarterly 
records \wre compared to thr monthly rc~cords ac~c*ording to their variability, 
average difference in yield, ;t\*(3ri~g(> per cent error and frequenc.y of errors larger 
than 10 pcr cent. 

The results were similar for both niillr and butterfat yield. The differences 
in variability between the monthly, binlonthly ari(1 quarterly tests were small. 
The average differences in yield were significant bnt unimportant. Thr average 
per cent errors from inilk yield w\.c.re 3.0 for the bin~onthly records ant1 5.0 for 
the quarterly records. The avc.rage per cent errors for fat  yield werr 4.0 and 
6.0, respectively, for the t ~ v o  mc~thotls. The frequently of errors larger than 10 
per (sent was one in 46 regarcling niilk yield in bimonthly records and one in eight 
in quarterly records. Errors of this sizr ocrnrred in the butterfat comparisons 
a t  the rate of one in 16 bimonthly records, and one in six quarterly records. 

The frequency of the large errors indicates that bi~nonthly and quarterly 
rec20rds should be satisfacatory for sire provings and population studies, but they 
may be unsatisfactory when used as individual lactation records. 
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PROPERTIES O F  THE COLOSTRUJI O F  TIIE DAIRY COW. 
VII. pI-I, III!FFER CAI'ACITY ASD OSJIOTIC PRESSURE' 

R. T. JIcISTYRE, D. n. PARRISII AXD F. C. F O U S T A I S E  

Although illally reports on the composition of colostrnm and transitional 
milk of the tlairy cow have appeared during the last century, iar~estigations of 
pH, buffering and osinotic pressure hare rc,ceived rclatixvelp little attention (3).  
Van der Bnrg (9 )  obtainecl data on pH of 84 saraples of first colostrum and 
Caulfic.ld ant1 Riddell (1) stuclicd chailg(2s in pII of illilk froill t ~ n  COWS a t  *elected 
periods for 30 days follon-ing parturition. I\'oestler (4)  investigated the bnffer- 
ing action of the inailliilary srcrctio~ls from four COWS during the eolostral and 
transitional stages a t  the beginning of the lactation period. The invc~stigation 
reported herein pertai~lt>d to a study of changes in the threc aforementioned 
pr0pertic.s of eolostruni and millr obtainecl during the first h v k .  after calving. 

ESI'ERIJIEXTAL PROCEDURES 

Feedi)r!j of  cows. Colostrum and millr for these studies were obtained from 
cows of thc Holstein, Ayrshire, Jersey and Guernsey breeds in the college hercl. 
All of the volvs \ITerc> fed a t:-pica1 barn ration (grain concentrate mixture, Atlas 
sorgo silago and hay) and/or pasture whm available. The level of grain feed- 
ing both before and after calring was according to accepted herd praetircs. 

Collection of sanrples. I n  studies of the p H  of the first colostrtun obtained, 
samples were collected from 57 cows of the herd that calred during a period of 
18 mo. 

I 

From each of 20 colr-s calving dnring the first 6 mo. of the first year of the 
study, samples of the first, second, third and fourth inilkings and composites of 
the fifth, sixth, seventh and eighth, 13th and 16th, and 27th and 28th milkings 
were obtained for deterinination of changes in pH, buffering capacity and osmotic 
pressure. Analyses were made on all of the first fire samples fro111 each of the 
20 cows, but the last three roinposites were from 18, 16 and 15 co~vs, respec- 
tirely. The cows Jverc milked twice daily, as completely as possible, either by 
hand or machine, the first sairiples being taken shortly after parturition. In  
order that representative sanlples could be obtained, the calves were not allowed 
to nurse. Colostrum or milk obtained a t  each milking was thoroughly mixed 
before ~ a n ~ p l e s  were taken for analysis. When daily composites were m i ~ d ~ ,  they 
were based on the weights of nlillr obtaint~d. Samples that could not be analyzed 
immediatrly were stored in a refrigerator a t  4' C. for a period not eweeding 
3 days. 

Analyticnl 'procedlives. Samples were warmed in a water bath to 20' C. and 

Receive11 for pul)lir:~tion Nor. 24, 1951. 
1 Contril~utiol~ no. 465, Dcp;~rtmcnt of C l~emis tr~  and no. 205, Dclinrtn~c~it of Dniry Rus- 

bandry. 
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pouretl several t i~nes to insure thorough mixing before portions were removed 
for analysis. The pII  was dt~terminetl using a Beckman p1-I meter with glass 
electrode. Buffering capacity at  pH ralues lowrr than the initial p H  was ob- 
tained by titration of 100 ml. of the sample with 0.10 S I-ICl. Sinall inere- 
ments of the acid were acldetl to the sa~r~ple  and, after thorough mixing each 
time. the pII w i t s  read. Si~nilarly, another 100 ml. of sample was titratrd with 
0.10 N NaOII to study brtfft>ring effects a t  pII  values above the original. Titra- 
tion cnrves werr prepared by plotting the milliliters of acid or of base added 
against the pII reading. Osmotic pressure was stutliecl by the method developed 
by Lillie (-5) wherein collodion bags of 50-1111. capacity are prepared ant1 used 
as os~nometer me1nbranc.s. Thr difference in the initial ancl final nlanonietric 
readings was rc.c.ortlrd as the mtlasure of osmotic pressure. 

RESULTS AND DISCUSSIOS 

pH.  The avcragr pII  of the first postpartu~n colostmm from 57 cows (four 
breeds) was 6.28, range 6.00 to 6.61. Van der Burg (9)  of the Netherlands re- 
ported only slightly difft.rent rrsults, the average pII  of 84 first-colostrum sam- 

TABLE 1 

l'lie acerage pH of colostrfcin and transitional milk collected from 20 dairy eozcs during the first 
3 u:k. postparti~m 

S o .  milking postpartum 

Av 6.3'2 6.32 6.33 6.34 6.33 6.35 6.45 6.50 
Low ......... .. 6.00 6.11 6.09 6.08 6.08 6.13 6.24 6.30 
High ......... 6.61 6.59 6.69 6.Gi 6.58 6.64 6.59 6.71 

ples being 6.22, range 5.95 to 6.88. I n  the present study, the average pI-I of 
first colostrum from IIolstt~ins was 6.25 (19 samples), Ayrshires 6.29 (10 sam- 
ples), Jerseys 6.31 (18 samples) and Guernseys 6.26 ( I0  samples). Samples 
collected from each of the four breeds in  the warm months had slightly lower 
arerage pII  ralues than did those collected in the cool months of the year; this 
might have resulted froin a small arno~lnt of acid formation during handling of 
samples, from environmental, or from feed effects. 

The arerage pII  of samples collected from 20 cows during the first 2 wk. 
of lactation increased from 6.32 to 6.50 (table 1).  Caulfield and Riddell (1) 
reported the average pH of first eolostruni from 10 vows was 6.25, increasing 
gradually to 6.57 by the 15th day after calving. The changes in p H  during the 
first few days of lactation are in harmony with observations on titratable acid- 
ity (2). 

B~cffrring capacity. Colostrum ancl early transitional milk had a greater 
buffering effect than did secretions obtained a t  later millrings. The data are 
shown graphically in fig. 1, and a part of them, including the low and high 
vallles for indicating variability in  samples, are in table 2. Average buffering 
of the first samples collected postpartum was higher than that of succeeding sam- 
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MILKING NO. SYMBOL + 
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FIG. 1. Currrs ol)tained or1 titrntion of 100-1111. S : I I I I ~ ~ V S  of ~o los t ru~ l l  aud t rn~~s i t i n~ in l  milk 
with 0.1 N acid or 0.1 N bnsr (eacl~ poiut on eat-11 curre represents the avcbrage of i~~rlivi(lual 
sanlples from 20 colvs, except s;lrnples i t  8, I8 colvs; 15 + 16, 16 cows; ; ~ n d  07 t 28, 1.5 cows). 

TABLE 2 
M1. of 0.1 N acid or of 0.1 N base added to 100 ml.  of colostrrinc or transition mil t  in or(Err to 

obtain various pH calrc~s 

4.08 Av. 
Low 
High 

5.0a AT. 
JAII- 
H1gh 

6.08 Av. 
LO\\. 
High 

i.Ob A\. 
Low 
H1gh 

8.0'~ Av. 
LOIT 
High 

9.0b Av. 
Low 
High 

No. milking postp:~rtun~ 

a Titration ~vit11 0.1 N acid. 
Titration with 0.1 S base. 
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ples throughout both acid and  base ranges. Progressively decreasing values 
were obtained i n  the samples from the first to the fourth milking. The sample 
representing the fourth milliing ant1 composites of t h r  fifth and sixth, seventh 
and eighth, and  15th ancl 16th milkings had approximately the same buffering 
effevt in  the acid range. The con~positt> ha~llple of the 27th and 28th milkings 
had a slightly smaller buffering action thau did any  of the other samples. 
Koestler (41, nsing a different  neth hod. also noted tha t  buffering capacity of 
colostrum was greater than that  of milk and  that buffering capacity tended t o  
decrease gradually during the transition. 

Colostrum fro111 IIolsteins had the snlallest buffering capacity, whereas that  
from .Tersc>ys had the largest (clata not shown). Differences, however, were rcla- 
tively small. Colostrlnn from Guernseys and Ayrshires had approxirniitely the 
same buffering capacity, which was greater than that  from IIol\teins and  less 
than that fro111 d(3rsc.y~. Although the data are limited, a tc>ntlency was observed 
for the buffering of (~o1ostr11111 and transitio~lal milli to br hiphcr during the 
wintrr and early spring than (luring the remainder of the year. J17atson (11) 
noted that hwtl n~illi  from Jerseys had a greater bnff(.ring effecgt than ~ n i l k  from 
Hol~tchins; but. unlike present obsc~rrations oil (~o1o~trl1111 ancl transitional milk, 
his findings dicl not s h o ~ ~  that season and pasture grazing affected this property. 

(In 
Van Slylie (10) suggested the nse of the riitio --- as a numerical measure 

dpI1 
d B  

of bnffer T-alue. The values obtained for  - may be plotted against pH,  pro- 
clpIT 

ducing a curve of buffering intensity. Data ohtainetl on first colostrum and on 
d B  

composites of the 27th and 28th milkings wc.1-e used for  calculating ---- by 
d p H  

Whittier's formula (12) (fig. 3). The shape of the curve representing whole 
milk obtained 2 wk. after calving is similar to that  giren by Whittier for  slcim- 

(In 
milk, except that  his vahles for - are slightly larger (probably resulting from 

dpI1 
concentration of buffering substanc~es by removal of f a t ) ,  his maximum is shifted 
to a slightly higher pII ,  and he did not show a n  inflection b e t ~ ~ t . e n  pI I  6 and  
p H  5 .  I n  the present stntly, lnaxin~um buffering of nlillc was approximately a t  
p H  3.25. Above pI I  8 the buffering index of milk again increased. XSaximnm 
buffering of colostruni was f o u ~ l d  a t  about p I I  5 .  The c.olostrlun curve was 
similar to  that of milk. except the peaks of the currc  for the fonncr 1wre more 
marlicltl ant1 the single inflection in the milk curve bct~vecn p I I  li ancl 7 seemed 
to have resolved into t ~ o  parts i11 the colostrum curve. 

T'an Slylie (10) stated that,  i n  studies of buffering, the e f f c ~ t  of dilution 
by the acid or base used for  titration mas small if the volume illcrease did not 
exccrd 30 per cent. A 30 per cent average increase in volume was not exceeded 
by illly sa~nples  representing ~nilliinps after thc second a t  p I I  valnes of 5 to 9. 
I n  several sanlples titratecl to  1111 4. the volnme of acid added exceeded 50 per 
cent, in  which cases the buffering etf(,c.t resulted fronl samplt~ plus solution. 

The difficulties of identification of the buffering systems of milk have been 



pointed out (8) .  The greater co~nplcxity and variable con~position of colostrum 
and  early transitional secretions render even inore difficult identification of the 
buffering systems of these secretions. I t  is of interest, however, that  the pralrs 
and inflections in  the buffer index cnrre  of colostrunl a t  approximately p I I  4.9, 
6.2 and 6.8 correspond, respectively, to rnaxirl~um buffering of calcium phos- 
phate, bicarbonate and  sodium and potassitnn phosphate (8) systems. 

A test was made of the relative buffering of some colostrum constituents in  
the following manner : Colostrnin was diluted and centrifuged to remove f a t  and 
adjusteii to p H  4.3 to  precipitate casein, ~vhich mas removed; the soh~tion was 
adjnstrtl to th r  original p H  and dialyzed to rc3inove sillts. It was foruld by 

1 I I I I 

4 5 6 7 8 9 
P H 

FIG. O. Buffer index of first eolostruln and 14th-ilnr ~ni lk  (27th + 28tl1 milkings) plotted 
against pH. 

titration of the v i t r io~~s  fracations to pH 4 that  tht. clefattetl and tlecascinated 
c o l o s t r ~ u ~ ~  hilt1 o t~ ly  iipprosin~atc~ly one-half the buffering valr~c of ~ ~ l i o l c  voles- 
trum, a l ~ d  that  tlic sar~ipli* that ztlso wils dialyzed retained only about o~lc-seventh 
of thr? original bufl(.~.ii~g ci1p;lvity. At  p1-I 9, ho~verer, the removal of casein 
caused only about o~~cx-fourth as great a tlccrease in bnfft.ring as  ditl re1110vill of 
casein plus tlialpwbl(. snlts. Tilt. titration cnrves of ~vhole colostrlm~ ant1 of de- 
fatted, clecascinatc~il c+oIost~~utn \rchre prnctically identical fro111 the initial p H  of 
6.4 to pH 5.7, ~vliic.11 s~~gg!.c'sts thc possibility tlltlt in this range salts and/or whey 
proteins are the principal bnffrri~ig tipc~nts, a11t1 that cdasein had relatively little 
effect. The foregoing intc.rpri,ti~tions of the colostrunn conlponents responsible 
fo r  buffering a t  various p l l  valncs ar(, villitl o111y to the t.xtrnt that  the methods 
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for  preparing the various fractions may be assn~ned to leave the111 unalterecl with 
respect to buffering capacity. 

Osmotic presswe.  The average osmotic prc1ssllrc of thc malnlnary secretions 
(table 3)  decreased rapidly in  thc first four postpart,urn  nilk kings; only rela- 
tively small changes were noted th~rclafter.  Th(. osmotic pressure of the 27th 
and  28th milking composite \\-as about two-thirds that of first colostrum. The 
small but  perceptible i~icrc.;tsc in osn~otic pressure of the 15th ancl 16th milking 
composite was observed on samples fro111 many cows. Ko explaaation, however, 
can be offered for  this apparent tend(>ncy, but it  is of interest that  b l ~ f f e r i ~ ~ g  a t  
p H  5 changed similarly (t;lbl(> 2). The larger protein and mineral (#ontent of 
colostrum as eo~~ipare t l  to milk (7) probably was the principal ciLllsc of the 
increasc~d osnlotie pr(3ssIIr(3 of the former secretion. The complexity of a hetero- 
genous system such as  colostrum and its changing co~nposition ~ n i ~ k t  it difficult 
to identify the contribut,ion made by  each component to os~notic* prcJssnre. 

Although differences dlle to breed were small, colostrunn of Jersrys had the 

TABLE 3 
l'lre os!rrotice prr..ssrirr of colostrrc~~~ and tran.rition.al milk obtaincrl tlrivi~rg tlre first ? zck. poat- 

part~rnt (prcssur? in mm. of ?narnmar?l secrrtio~c) 

S o .  milking postp:~rtul~~ 
-- - - - - -- - 

1 2 3 4 5 + 6  i + 8  1 3 + 1 6  2 7 + 3 8  

highest osmotic pressure, ~vhilrras that  of Ayrshires \\-as lo~vest, and  that  of fIol- 
steins and Guer11sc.y~ ~ v a s  in t (~r~nedia te  (data not ~110~~11).  -With the excaeptioll of 
sainples fro111 Jerseys, it \\-its fonntl that  osmotic pressnre of san~ples  c*ollec.tc.cl 
in  winter and early spring, bvfore pi~stnrc~ grazing, was slightly higher than that  
of samples collec~tc~tl (luring the pastr~rc-grazing season. 

Thus? vhanges in buff( . r i~~g ant1 oslnotic pressure not only follow trcnds sorne- 
~vliat similar to ehanpes in sc~vcral other properties ant1 eolnponents of c.olostrmn 
ant1 inilk tlnring the transition period (6, 7 ) ,  bnt the season t l n r i ~ ~ g  which the 
S H I I I ~ I ( > S  \ V C ~ C  coll(~(*t(,d, whiclh appears to have sonle relationship to buffering and 
oslnotic. pressurc of colostrum, also seems to hare had a s i ~ ~ ~ i l a r  inflr~c.nce on ris- 
cosity ((i), spccaific. gravity and  content of solids and ash ( 7 ) .  

A str~tly was mad(> of changes in pII, in t)ntf(,ring (('ipi~vity i111d in os~notic 
prcssori! of colostrum and transitioniil lnillr ~)rotlr~c.c,tl (Illring t h ~  first 2 TI-k. 
post,pilrt~l~n. The arerape 1111 of first (2olostrr1111 f r o ~ u  57 cows \\-as 6.28, range 
6.00 to 6.61. The p I I  of thc early post par tun^ Itlilltllnary ~ ( ~ ( ~ r e t i o n s  fro111 20 COJYS 

increased gradually from a n  average of 6.32 i n  first colostrun~ to 6.50 i n  mill< of 
the 14th day (c*omposites of 'Iit,h anti 28th ~ni lking) .  J3ufering capacity of 
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early postpartum secretions was greater than that of normal milk and cle- 

creased rapidly during the first four millrings. Buffer indices (g) were 
. - 

calculated a t  various p1-I values. The buffer index of first colostrt~m at  maxi- 
mum buffering (approximately a t  p1-I 5 )  mas double that of 14th-day milk and 
shifted to a slightly lower p H  value. Osn~otic pressure of colostrum was higher 
than that of milk collected on the 14th day. The decrease in osmotic pressure 
was the most marked in the first four postpartum millrings. Milk collected on 
the 14th day had about two-thirds the osmotic prrssurc, of first colostrum. 
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T H E  EFFECT O F  T H E  VARIOUS STEPS IN THE MANUFACTCRE 
ON T H E  EXTEST OF SERUM PROTEIN DEKATURATION 

I N  SONFAT DRY MILK SOLIDS' 

H. A. HARLAND, S. T. COULTER AND R. J E S N E S S  

Divzsions of Dawy Hrr.sba%d~y ant1 Agr~c?lltural B~oclrent~str!l, University of LWtnnesota, St. Paul 

There is a continually increasing market for "tailor-made" nonfat dry milk 
solids, that is, proc1nc.t~ processecl to suit the specific reqnirements of the con- 
sumer. One of t h ~  more rerent of these special products, "low-heat" nonfat 
dry inilk solids, is niantifactured for beverage purposes and cottage cheese mak- 
ing. Although standards of quality for this type of dry milk have not been 
formnlatcd, proper c.ontrol of the preheating, condensing and drying operations 
is necessary to produce a satisfactory product. Acleciuatr control of these 
prorcsses requires the aid of an objective method of evaluating the heat treatment 
of milk. Since it has been demonstrated that the heat denaturation of the sertnn 
proteins is a f~unction of the time and temperature (3, 4) ,  this property of illilk 
was selected as a basis for measuring the heat effrcts of the scveral steps in the 
drying of slrimn~illr. 

The amount of denatured serum proteins may be determined by the Kjeldahl 
nitrogen procedures of Ro~vland (5) or by the turbidimetric method of EIarland 
and Ashworth (1). The latter was chosen for this problem because of its rela- 
tive simplicity as compared to the Kjeldahl procedures. 

MATERIALS AND METHODS 

The skimmilk was prrpared by centrifugation of fresh raw whole milk ob- 
tailled from a bulked grade A supply. The samples were heat treated in 11 x 200 
mm., thin-walled, stainless steel tubes immersed in a coizstant-temperature water 
bath a t  temperatures ranging from 1.55 to 175" F. for periods of from 2 to 120 
niin. The effective heating tinic~s were determined by graphical integration of 
the heating and cooling curves established for the apparatus used for these 
tr~atinents. The rate of heat transfer through the steel tubes was so rapid that 
o11ly approximately 1 min. of the total time was required for heating and cooling. 

The condrlisc~cl slrim~nilks were prepared b17 evaporation of raw skimmilk to 
40 to 4.5 per cent total bolids in a laboratory "Precision" evaporator a t  tem- 
peratures below 120' F. This milk then was dihxted to yield a series of samples 
colltaining 9.0, 18.0, 27.0 and 36.0 per cent total solids. Aliquots of each of these 
\verc 1it.ated for 30 min. a t  150, 160, 170 and 180" B., ilncl the percentage of the 
serum proteins clenaturecl mas determined on each sample following dilution to 
9.0 per cent solids. 

The serum proteins mere determined essentially according to the turbidi- 
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metric nlethod of IIar land and  Ashworth ( 1 ) .  The turbidity was developed by  
the addi t io~l  of three drops of 10 per cent HC1 to a cuvette containing 1 rnl. or 
more of the non-casein filtrate and  sufficient saturated NaC1 solution to make 
20 ml. and  twice slowly inverting the stoppered cnvette. Final ly the per  cent 
transmittance a t  420 mp was determined ~vi th in  5 min. without fur ther  agita- 
tion, 11sing 19 x 150 mm. selected round cuvettes with a Coleman model 11 Uni- 
versal Spectrophotometer adjnstecl to 100 per cent transmittance with distilled 
watcr. 

RESULTS 

The influence of the time of heating skimmilk a t  five temperatures on the 
percentage denaturation of the serum proteins is shown i n  figure 1. Each curve 
represents the average of three or more indepc>ndcnt heat treatments. 

175.E 17WE 165. F: 
l79.CC) l76.7.C.) 173.9. C) 

160. I! 

mr w 
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4 0 5 0 6 0 7 0  80 90 
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FIG. 1. T l ~ e  influence of the time and temperature of 11eati11g of skimmilk on the per- 
ecntage of serum proteins denatured. 

A more nsefnl form of the data  of figure 1 is presc>nted in figure 2. This 
figure was construc+tcxd from a greatly expanded replica of fignre 1 by plotting 
the logari th~n of the time of h(1ating necessary to denature a certain percentage 
of the sernm proteilir a t  t w h  of the several teriiperatures against the temperature. 
A series of esre~itially straight lines resnlted for  the comparatirely narrow range 
of temperatures st~idicltl. I'or every 13.5" F. increase in  temperatnre, the time re- 
quired for  a give11 extent of denatnrat io~l  decreases by ten-fold. Similarly, 
a pasteurization line is drawn t h ~ o n p h  the points indicated by treatments a t  
143" F. for  30 min. ant1 160' 14'. for 1.5 he?. That the use of high-tei~iperatnrt~, 
short-time partenrization luay be expt.c.tcltl to c.austl less heat denaturation of the 
milk sernm proteins than the holtler ~nc'tlrotl i\ clritlent from the ciifference in  the 
slopes of the pastenrization line and the lint+ indic.ating protein tlenatnration. 
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I t  previously has been demonstrated by Icrueger e t  al .  ( 2 )  that concentra- 
tion of the nonfat solids influences the reaction of the serum proteins to heat 
treatment. Since their data only cover the range up to about 23 per cent solids, 
information was sec.urcd on the effect of solids concentrations up to 40 per crnt 
on the rate of denatnratioa. The results shown in f i g u r ~  3 indicate that, in gen- 
eral, the effects of concentration on serum protein denaturation were not large. 
At 150" F. essentially the same amount of denaturation was secured a t  all con- 
centrations studied. At  160 and 170" F. there mas some decrease in serum pro- 
tein denaturation with increases in solids concentration, bnt a t  180" F. the effect 
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FIG. 2. The time-tempel.aturc relationships for hc:it denaturation of tile serum proteina 
in  fresh skimmilk. 

of concentration again brcanle negligible. Sinlilar data were obtained when re- 
constitnted freeze-dried 111ilB was used for the preparation of the condensed sam- 
ples. It may be conrlnded that no more seriml protein denaturation for a given 
heat treatment may be expected in thr vacJutu~~ pall than with the same treatment 
of the ~ulcoadensetl product. 

Although the t i~nv and temperatiire of heat treatment inay be knom-n for the 
pasteurization of milk, the time elemcnt is not so obvions in the operation of 
evaporators. T'sing thr data of figiirc. 2 a5 a guide, it is rvident that rxcrssive 



denaturation of the s'ruin proteins cannot be avoided if the first stage of a ~nnlti- 
ple-effect evaporator is operated a t  temperatures above 160' F. Furthermore, 
operation of even single-effect vacuum pans at above-norinal temperatures will 
result in excessive heat treatment when low-heat powder is desired. 

Data have been obtained from a coiniliercial operation to show the heat dam- 
age that may occur when a triple-effect evaporator is used for the manufacture 
of nonfat dry millr solids. The percentages of the serum proteins of the raw 
milk denatured in the pasteurized, condensed and dry milk were cleterinined. 
Pasteurization caused no measurable serum protein denaturation. However, 20 
per cent of the serum proteins were denatured in both the condensecl and dry 
milks. It is obvious, therefore, that most of the heat damage occurred in the 
evaporator. The first effect of the pan in question was operated at 17 in. of Hg 
gauge, which means that the temperature of the vapor was about 170" F. It 
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FIG. 3. The influence of the solids content on tlle percentage of the scrum proteins de- 
natured during 30-min. heating a t  various temperatures. 

may be seen from figure 2 that only 2 mill. exposure a t  this temperatnre is suf- 
ficient to denature more than 10 per cent of the millr serum proteins. The actual 
temperature of the milk would be higher than that of the vapor by the elevation 
in the boiling point due to dissolvc~d solids and by an amount equivalent to the 
pressure differences in various parts of the evaporator. For ally particnlar 
evaporator the approximate time and te~nperature of treatment under any given 
set of operating conditions could be coniputed. Obviously, the total time and 
temperature treatment in the complete system must be considerecl. 

If the time and temperature a t  each stage of processing are known, the 
cumulative effect may be estimated with a fair degree of accuracy by converting 
all the treatments to the time equiralent at any one ternpc,rature. The approxi- 
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mate percentage serum protein denaturation to be expected may be read from 
figure 2, based on the estimated total time exposure at  the temperature selected. 

Data have been secured showing that the ti~ncl and temperature of exposure 
of the rondensed milk particales during the acdtnal spray-drying operation are  
not sufficient to cause measurable d(1naturation of the serum proteins; the per- 
centage denaturation in spray-e1rit.d milk is identical to that in the condensed 
milk from which it is made. Any heat exposure of the condensed millr prior 
to the actual spraying operation, however, must be consiclered in evaluating th r  
total treatment. The c.ffects of heat treatment of t h ~  powder itsc4f have not 
been fully investigated. 

Data are being secured concerning the normal geographical and sc.asonal 
variability of the amonnt and heat lability of the serurn protc4ns anlong ~nillts. 
Although the results obtained to date indicate considerable variation among inillts 
i n  this regard, this fact in no way detracts from the value of rlsing serum protein 
denaturation as a means of controlling the various s t a g ~ s  of 111annfac.tnre of 
nonfat d ry  inilk solids. 

The time and temperature relationships determining the extent of denatura- 
tion of serum proteins of fluid skimmilk have bcc~n established for temperatures 
ranging from 145 to  175" F. There is a ten-fold deerease in  the time required 
for a given percentage clenatnration of the serlnn proteins for each 13.5" F. in- 
crease i n  the temperature. 

Any application of heat to ~ n i l k  niay be detrimental to its utility, and sinc.e 
heat treatments are  cun~ulative, the snecessful ~nanufacture of a product such as 
low-heat nonfat d r y  milk solids clepends not only upon adequate control of the 
time and  temperature of pasteurization but also on each of the other nlannfactur- 
ing processes. Suvh cdontrol rnay be basecl upon the turbidimetric estimation of 
the milk semmn pr-oteins. 

This paper reports researrh undertaken i n  cooperation with the Q ~ ~ a r t c ~ r -  
master Food and  Container Institute for  the Armed Forces anel has been as- 
signed no. 370 i n  the series of papers approved for  publication. The ~ i e l v s  or 
c~onclnsions contained in this report are those of the authors. They are not to 
of the Army. The support of the Minnesota Institute for  Researeh is gratefully 
acknowledgeel. 
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ASSOCIATION ANNOUNCEMENT 

FORTY-SEVENTI1 ANNUAIJ MEETIS(:  

UNIVERSITY OF CALIFORMA 

DAVIS 

JUNE 24-26, 1952 

REGISTRATION AKD HOUSISG 

Registration and housing headquarters will be in  the Administration Build- 
ing froin 10 : 00 a.m. to midnight J u n e  23 and  from 8 : 00 a.m. to 5 : 00 p.m. J u n e  
2-1-26. Housing facilities will be available i n  clorinitories, hotels and tonrist 
courts in  or near Davis and Sacramento. The University cafeteria will be open 
from AIonda?- noon, .Jnne 23, through Thursday, J u n e  26. Other eating facili- 
ties in the vicinity of the T'niversity will be available. 

Davis is on t h r  ~ n a i n  line of the Southern Pacific Railroad and on U.S. high- 
ways 40 and 99. It  is serrrtl by TJnited and  Sonthwest Airlines a t  Sacra~nento 
(nearest airfield), which is 15 miles frorri Davis. Ir~forniation on points of in- 
terest in California. scenic, historic'al ant1 rec.reationa1,  ma,^ be securc.tl by writing 
the California Stat(. Cha~llber of Conni~erc.e, 3.50 Bush St., San  Francisco. 
C'alifornia. 

A ~ ~ I I o ~ I I I c ( ~ ~ I ~ ( ~ I I ~ \  of the ~ric,c.ting, including a (*art1 for  atlvancwl registration 
and  roo111 resrrvatio~ls, will be sent to  individual nlembers of the Awociation 
about April 25, 19.52. 

I'ROJECTION EQUIPNIENT 

Eql~ipnlent will be available in  all lecture roonis for the projection of 3.23 x 
4 in. and 2 x 2 in. s l i d ~ s .  Those wishing other projection equipment should notify 
their section chairnian. 

CO313IITTEE AxD SPECIAL MEETINGS 

Groups wishing rooins for committee or other special meetings should contact 
Harold Goss, Anirnal Husbandry Division, College of Agricnltnre, Davis, Cali- 
fornia, stating the time and number of persons c~xpected to participate. Pro- 
visions for  spec.ial breakfasts, luncheons or dinners should be macle by ~ r r i t i n ~  to 
P. T. Cupps, Aninla1 II l~sbandry Dirision. College of Agric*ultul-e. Davis, 
California. 



ASSOCIATION ANNOIJNCEMENT 

The follo~ving announcement was received in the editorial office on April 8 :  

Announcelllent has recently been made of the forthconling XIITth Interna- 
tional Dairy Congress to be held a t  The Hague in the Setherlancls June  22-26, 
1953. The Congress is held under the direction of the International Dairy Fed- 
eration. The Setherlands National Committee, with the approval of the Sether- 
lands Government, will organize the 1953 Dairy Congress. Dr. d. I~inthorst  
IIonlan will act as Chairinan of the Committee on Management and Mr. C;. IT. 
IIibnia as General Secretary of the Congress. 

An invitation is extentled to technical and sc.irl~tific. pcwons to preqent papers 
ant1 be present for the discussion in the various sc>c.tional nlc~(.tings of the Congress. 

Anyonr desiring to attend and prepare ti papcbr is req~~estet l  to signify hi\ in- 
tention by April 1, 1!)52. All manusrripts are recl11estc.tl before Septelnher 1, 
1952. 

The Congress fee will be 50 guilders for each member. Tours mill be ar- 
ranged after the sessions. Anyone who desires to become a illember of the Con- 
gress or present a paper (maximum 2000 words) for the prograln should write 
the undersigned or write directly to the General Secretary of the X I I I t h  Inter- 
national Dairy Congress, Mr. G. H. I-Iibma, The IIagne, Setherlancls. 

0. E. REED, Chief, Bureau of Dairy Industry, TSDA. 
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BOOK REVIEW 

222. Zootecnica Speciale (Special Animal Hus- 
bandry). 2nd ed. T. HONAOONNA. Istituto Edi- 
toriale Cisalpibo, Milan. 3 vol. 2,492 pp. 1,080 
figs. 1350 lire. 1951. 

The  1st vol. of this greatly expanded 2nd ed. 
contains chapters on distribution of livestock and 
the position of the industry in Italy followed by 
an account of reproduction in general and arti- 
ficial insemination in particular. Half the volume 
is devoted to a detailed account of organization 
and policies of breed societies and of othrrs for 
recording yields, ctc. Much space is given to 
rules governing these societies and to sample rr- 
productions of record sheets used by them, rspeci- 
ally for European and American societies. I t  is 
specially useful for those who wish to cornpare 
the methods employed in various countries. 

The 2nd vol. contains accounts of the principal 
breeds of dairy and other cattle, their distribution, 
milk yields and rates of growth. Historical notes 
on introductions, organization of breed societies, 
and of development in each country abound. 
The  amount of space devoted to each is roughly 
proportional to the nllmerical importance of the 
breed. Most of the lesser breeds come in for 
brief notice. Horses also are included in this 
volume. 

The 3rd vol. deals with sheep, swine, poultry 
and fur animals. In  all classes of livestock, 
brief attention is paid to methods of management, 
hygiene, frrding, housing and disposal of the 
products. The book is well illustrated but the 
poor quality of the paprr on which most are 
printed rathrr mars the quality of reproduction. 
I t  is a significant and comprehensive addition 
to the litcrature of dairy husbandry. 

A. '4. Asdell 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

223. The microscopical examination of milk 
powders. N. KING. Netherlands Milk & Dairy 
J., 2, 3:  137-147. 1948. 

Six samples of milk powder wrrr rxaminrd 
microscopically, afrer mounting in liquid paraffin 
and glyc~rin. under ordinary light and in polar- 
ized light. No optically activr areas showed up 
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in spray-dried powders, but \\.ere numerous in 
roller-dried powders. Microscopic examination of 
reconstituted milks showed large fat spots on the 
surface of roller-dried, while spray-dried showed 
relatively small amounts. This indicated that 
destruction of thr  emulsion was more complete 
in  roller-dried milk. 12'. 12'. Overcast 

224. Powder conveying method and apparatus. 
G. P. HENSI.EY and D. 0. JOHNSON (assignors 
to Goldrn Statc Co., Ltd.) . U. S. Patent 2,583,- 
648. 5 claims. Jan. 29, 1952. Official Gaz. 
U. S. Pat. Oflice, 654, 5:  1245. 1952. 

A method and equipment are described for 
maintaining uniformity in powders, such as skim- 
milk and whole milk powder and moving same 
through a pipe line at  a specified rate. 

R. Whitakrr 

225. T h e  use of dried skimmilk in breadmaking. 
B. VAN DAM, R. R. ABMA and J. G. REVAI.LIEK- 
WARFFEMIUS. Netherlands Milk & Dairy J., 2, 
3: 148-161. 1948. 

Several baking trials using dry skimmilk pre- 
pared in various ways are described. Substituting 
skimmilk powder for 5-6% of the flour produced 
a loaf equal in size to water brrad and, in ad- 
dition, stayed fresh longer, had higher nutritive 
value, was softer and had a finer brown color of 
the crust. By spray drying preheated skimrnilk 
1120 or  110' C. for 20 min.) a suitable ~ o w d c r  
was prepared for use in breadmaking. 

W. \V. Overcast 

226. Reconstituted dry milk for fluid purposes. 
R. F. MOORE, C. U. JENSEN and D. L. GIBSON. 
Can. Dairy and Ice Cream j., 31, 11 : 4 5 1 6 ,  76. 
Nov., 195 1. 

T h e  fluid milk supply in many markets in 
Western Canada has deteriorated to such an ex- 
tent that a large pcrcentage of milk consumed has 
had to be supplemcnted by rrconstituted dry 
milk. Spray-process skimmilk powder has pro- 
duced the most satisfactory results for recon- 
stituting milk for fluid purposes. Best results for 
standardization of reconstituted skimmilk are oh- 
tainrd by using 30% sweet cream. A good 
quality bu?ter also can be used for the butterfat 
required, but it is suggested that a reconstituted 
rream of 30-35% butterfat bc prepared from the 
butter for more accurate standardization. The  
process consists of adding 1 Ib. of spray-process 

3 
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skimmilk powder to each 10 Ib. of water at  a 
temp. of approximately 45O F., allowing 2- or  
3-hr. agitation to rehydrate the powder. The milk 
is clarified and then placed in a holding vat 
where cream is added for standardization. The 
product then is forewarmed to 110-120° F., 
homogenized and pasteurized either by the vat or 
H T S T  system, is cooled to 40' F. or below and 
bottled. H. Pyenson 

227. Dis~ens inr  holder for liauid containers 
with meaA for puncturing said containers. 

0 

E. L. 
T t i o a l ~ s  (assignor to Clara Thomas). c. S. 
Patent 2,582,660. 4 claims. Jan. 15, 1952. 
Official Gaz. U. S. Pat. Office, 654, 3: 833. 1952. 

A plastic dispenser for evaporated milk in cans 
has a handle and 2 imbedded hollow punches, 
1 for making an air vent and 1 for making a 
pouring outlet. R.  Whitaker 

228. Fresh concentrated milk. W. F. DONOVAN. 
Can. Dairy and Icr Cream J., 31, 1: 42, 51. 
Jan., 1952. 

Concentrated milk comprises a very small pro- 
portion of total sales of a largc Boston dairy. 
The process consists of clarifying 3.7% milk, 
preheating in a barrel heater, condensing in a 
vacuum pan at  low temperature to onc-third 
volume. The milk thcn is homogenized, pas- 
teurized, cooled and bottled in paprr containers. 
The product tests 11% fat, 37% total solids and 
has a bacterial count of from 3,000-20,000. T h r  
flavor and keeping quality of this product has been 
excellent. I n  Seut.. 1951. concentrated milk . , 
was selling to stores for 53-546 and to consumers 
for 61 6. The consumer was saving approximately 
2C/qt. on a rrconstituted basis. H. Pyenson 

DAIRY BACTERIOLOGY 

P. R. F.LI.IKER, SECTION EDITOR 

229. Metylenblat-Reduktasepreve? (Methy- 
lene blue reduction test or Resazurin test?) M. 
S. MO(:ENSEN. Nordisk Mejeri-Tidsskrift, 5: 
1-13. 1951. 

T h c  author basc>s his comparison on the report 
by P. Hemplcr on his studirs of the resazurin 
test and on rrsults ohtaincd at the dairy research 
laboratory of thr Royal Vet. and Agr. College, 
Coprnhagcn, Denmark. 

The resazurin test will give a more rapid 
classification of the b;trtcriological quality of 
milk than the methylrne blur tcst. The former 
is useful in detecting ahnormal milk. The corrcct 
use of the resazurin test may l,c a hrlpful tool in 
improving the sanitary qual~ty of milk. 

Substitution of the rnrthylcnr blue with the 
resazurin test in Denmark probably will hc* mct 
~vi th  strong resistance. The classification hy thc 
rc-sazurin test requires more critical judglncnt 
than with the methylene blur test. The staff at 
the resrarch laboratory quickly obtained the 
nrccssary skill for accurately determining the 
rrsazurin test rcsults. G. H. \Vilster 

230. The assay of the antibiotic nisin by means 
of a reductase (resazurin) test. BOSA FRIEDNANN 
and E. EPSTEIN. Fison's Research Lab., Lough- 

borough. J. Gen. Microbial., 5, 5: 830-839. 
1951. 

A strain of Strrptococcus cremoris was uqed as 
the test organism in a modified resazurin reduc- 
tion procedure for nisin assay. The method saves 
time since resultn may be obtained in less than 1 
hr. and the accuracy compares favorably with 
the many other methods which require more time. 

J. J. Jezeski 

DAIRY CHEMISTRY 
H. II. SOMMER, SECTlON EDITOR 

231. On the correction in the butyrometric de- 
termination of fat in milk powder by the Gerber- 
Van Gulik method. T H .  BROUWER. Nether- 
lands Milk & Dairy J., 2, 4: 185-193. 1948. 

A correction equation is dcrived from experi- 
mental data for use with thr Gerbcr-\'an Gulik 
method for determination of fat in inilk powders. 
Also, for practical use, a correction table is given. 
Evidence shows a constant fat loss occurs, in- 
dependently of the fat content, in both the Gcrber 
and the Gerber-Van Gulik methods. 

W. W. Ovcrcast 

232. Methods for determining the fat content 
of milk. I. The  Rose-Gottlieb method. L. 
RADEJIA and H. MULDER. Netherlands Milk and 
Dairy J., 2, 4: 204-209. 1948. 

The  principle on which the Rose-Gottleib 
tncthod is based is discussed and a standard pro- 
cedure for determining the fat content of milk 
by this method is presented. W. W. Overcast 

233. Methods for determining the fat content of 
milk. 11. The  Gerber method. L. RADEMA and 
1-1. MUI.DER. Ncthcrlands Milk & Dairv I.. 2. 4: , "  . 
2 10-222. 1948. 

T h r  Ger1~c.r method is discussed on the basis 
of rrrors involvrd, reproducibility of results and 
correcting thr results. The relation bet\veen the 
Gerber and Rosr-Gottlirh mcthods is expressed 
as follows: Grr1)c.r = (1.040 x Rose-Gottlieb) 
- 0.070. It is shown that rrntrifuging twice for 
3 min. at 65' C. is not nrcess;iry. 

12'. 12'. Ovrrcast 

234. Standardization of methods for the analysis 
of milk and dairy products in the Netherlands. 
I. Determination of the percentage of fat in whole 
milk by the Gerber method. Govt. Dairy Sta. at 
Leydcn. Setherlands Milk 8: Dairy J., 2, 4: 
194-203. 1948. 

T h r  standard method for drtcrmination of fat 
in whole milk by the Gerber mcthod is prcscnted. 

W. W. Ovcrcast 

235. The study of the Roeder method for the 
determination of fat in cheese. M. J. BERNABRTS. 
Scthcrl;~nds J4ilk 8: Dairy J., 2, 2: 99-107. 1918. 
11 colnparison of the Roeder test for fat in 

chrrse (using a stannous chloride in concrntrated 
FlCl as solvcnt) is made with the Weiball and 
\'an Gulik test (which usr dilute H,SO, as sol- 
vent). In rvery case thr Rorder test was from 
1.57-2.84% higher than the other 2 tests. This 
was largely accounted for through formation of 
amyl cstrrs with thc lower fatty acids, which 
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formed more readily at  the high temperature 
rmployed in the presence of tin chloride. 

W. W. Overcast 

236. Process for hydrolyzing lactalbumin. G. H. 
CARI.SON (assicnor to R. P. Schcrcr C o r ~ . ) .  
U. S. patent 2,5b5,225. 5 claims. Feb. 12, 1952. 
Offirial Gaz. U. S. Pat. Office, 655, 2: 413. 1952. 

Dried hvdrolvzed lactalbumin of hirrh nutritive , 2 

value is prepared by gelatinizing a slurry of 
lactalbumin with a non-toxic alkali in a pH 
range of 7.5-1 1.0 at 35-50' C., then hydrolyzing 
the gelatinized albumin with a lipolytic-free 
proteoljtic pancreatic enzymr at 38-44' C. at  p H  
7 or above for not over 2 hr. Not over 19% of 
the total N content of the final product is in the 
from of z-amino N. After clarifying the ef- 
fluent is dried. R. Whitaker 

237. Milk protein products and process. E. P. 
PARTRIDGE (assignor to Hall Labs., Inc.). U. S. 
Patent 2,582,353. 15 claims. Jan. 15, 1952. 
Official Gaz. U. S. Pat. Office, 654, 3: 751. 
1952. 

A combination of casein and crystalline potas- 
sium metaphosphate is described. 

R. Whitaker 

238. Recovery of lactose from mother liquor. 
W. J. PRATT, H. F. SEIBERT and R. C. STRIHI~EY 
(assignors to Wyeth, Inc.). U. S. Patent 2,584,- 
158. 3 claims. Feb. 5, 1952. Official Gaz. U. S. 
Pat. Officc*, 655, l : 57. 1952. 

Deprotc*inatrd whey is delnineralizcd by rcsin 
ion-exchange material to remove about 85% of 
the ash. T h r  lactosr is crystallized from the con- 
centrated solution. The  rrsin brd rinse water, 
containing about 10% solids, is utilized by adding 
back to untreated lactose mother liquor. 

R.  Whitakcr 

239. T h e  colorimetric determination of lactic 
acid in  silage. A. J. G. BARNETT, Univ. of Aber- 
dren. Biochem. J., 49 ,4 :  527-529. 1951. 

A method for determination of lactic acid 
(Barker 8: Summerson) in silage is described. 
The  lactic acid is oxidized to acetaldehyde by 
H 2 S 0 ,  and upon addition of p-hydroxydiphenyl 
( in  presence of C u )  the color drvelopment is 
quantitative. Reported lactic acid in wet grass 
silages varied from about 1.6% at  p H  3.9 - 0.1 % 
at  p H  5.6. A. 0. Call 

240. Studies in vitamin A. 15. The variations 
in the serum @-carotene and vitamin A levels of 
cows near ~arturi t ion.  T. W. GOOI~WIN ant1 A. 
A. \~rr.so<, Univ. of Liverpool. Riochem. J., 
49, 4: 499-503. 1951. 

Nine co\$s k e ~ t  ~ tndcr  English farm conditions 
showrd a drop in serum cerotmr and vitamin A 
lcvels at parturition. This is in agreement with 
carlirr similar rrsults reportcd in the U. S. The  
authors feel thr changes a r r  an indication of the 
concentration of blood constituents in gcncral a t  
parturition. No significant seasonal changcs in 
srrum concentration of vitamin A or @-carotene 
were noticed from May to Oct. A. O.Call 

DAIRY ENGINEERING 
A. W. FARRALI., SECTION EDITOR 

241. Afpwving af Kolding pladepasteur, type 2 
SKd (Testing of a high-temperature short-time 
pasteurizer, type 2 SKd).  I(. L. ANDERSEN, 
Danish Expt. Sta., Copenhagrn. Report no. 71. 
Oct., 1951. 

A H T S T  pastrurizrr type 2 SKd inanufactured 
by the Danish Dairy Machinery Factory at Kold- 
ing was trsted. T h e  capacity of the pasteurizer 
was 3,600 l./hr. For the tests, whole milk was 
heated in 4 sec. to temprraturcs ranging from 
80.9 -65' C., followed by quick cooling to 65' 
C. and holding at  this temperature for 16.5 sec. 
Milk inoculated with living tubercle bacteria 
was pasteurized. Guinea pigs were used for the 
tests. The  bacteria were effectively killed when 
the milk was heated to 71' C. and ahove and 
afterwords held at 65' C. for 16.5 sec. A phos- 
phatase-negative test was obtained when the 
milk was heated to 78' C. and above, and held 
at 65' C. for 16.5 sec. Milk pasteurized in this 
way had a satisfactory keeping quality; curd 
formation and the crraming property were only 
slightly affected. Steam consumption was 46.6 
kg./1,000 kg. milk. G. H. Wilster 
242. Pasteurizing of milk by means of electrical 
energy of high frequency. S. G.  ~YIECHERS, H. 
D E  ZEEUW and J. VAS DEN BOS(:II. Nethrr- 
lands Milk 8: Dairy J., 2, 2: 59-69. 1948. 

T h e  sprcific rtfcct of a high frrqurncy elrc- 
tric currcnt upon ~nicroorganisms in milk was 
not dcterrnincd since the high frrquency \vas not 
attained without an accompanying increase in 
tc,mperaturr. The  destruction of bacteria could 
be explained as due to tempcraturc increase. 
The  authors felt that there was no advantage in 
rlectrical pasteurization of milk and the cost was 
more than by conventional means. 

11'. \\I. Overcast 
243. Rapid heat processing of fluid foods by 
steam injection. A. H. BROWN, M. E. LAZAR, T. 
WASSERMAN, G. S. SMITH and ?rl. 1V. COLE. 
Ind. Eng. Chem., 43, 12: 2949-2951. 195 1. 

A pilot plant system for heat processing and 
concentrating liquid foods is described. The 
liquid is heated in a specially designed stcam- 
injection heater and flashed into the strarn- 
jacketed tube of a combination evaporator. 
Ovcr-all heat transfer coefficients in this tube 
ranged from 510-600 b.t.u./hr./ ft.? /' F. with 
water, applr juice and berry purer. Fruit and 
vcgrtable juices wt.rc heated as high as 300' F. 
and cooled to 80' F. in a total time, of less than 
I scc-. wit11 controllrd amounts of concentration. 
Milk was the only liquid of thc many tried which 
left an adhering deposit on all intcrior sr~rf;~ccs 
of the he;~tc.r. Raw milk hcated to 245' F. and 
coolrd evaporativcly to 80' I.'. in 0.7 src. dc- 
vc4opcd ahout the samc flavor as normally pas- 
trurized milk. Raw inilk \vas heated to 2.14' F. 
and concentrated to 26% solids in a singlr pass 
through the evaporator ~vitliout devrlopment of 
a pcrccptibl(~ cooked flavor and \vith loss of an 
undesirable feed flavor. B. H.  \Vehb 
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244. Food processing apparatus. F. W. KRUE- 
CER (assignor to Food Marhinrrv and Chemical 
Gorp:). 'k. S. Patent 2,584,473. ' 1 1 claims; and 
U. S. Patent 2,584,474. 20 claims. Feb. 5, 1952. 
Official Gaz. U. S. Pat. Office. 655. 1 : 14 1. 1952. , , 

A sterilizer of the continuous agitating type is 
described in which the cans arc introduced into 
a stram-hratrd pressure chamber through a rc- 
volving inlrt lock, then through a tortuous path- 
way consistins of srries of rotating pockets to an 
outlet lock. r\ similar piece of equipment is usrd 
for coolins. R.  Whitaker 

245. Method and apparatus for emulsifying 
fluids. E. 51. IRWIN. U. S. Patent 2,577,247. 
I4 claims. Dec. 4. 195 1. Official Gaz. U. S. Pat. 
Office, 653, 1 : 156. 1951. 

Milk is homogenized by passing it continuously 
through this apparatus which consists of 2 parts: 
( a )  a conventional pressure release valve and 
( b )  a pair of electrodes in the milk stream be- 
tween xvhich a small electrical potential is main- 
tained. Typical operating conditions resulting 
in efficient homogenization of milk are as follows 
for a milk flow of 10 gal./min.: ( a )  pressure 
drop of 500-600 psi., followed by application of 
( b )  a dirrct current of 0.15 amp. betwren elrc- 
trodes 2 in. apart, giving a voltage drop of 1.25 
volts. T h r  use of alternating current is indicated 
during a minor part of the cycle to maintain 
efirirncy. R. Whitaker 

246. Apparatus for homogenizing. 11. G. BORCK 
and C. C;ROSNINC (as~ienors to .4ktirbolarrt 
Separator). U. S. ~itent'2,583,206. 10 c la i i s .  
.Tan. 22, 1952. Official Gaz. U. S. Pat. Office, 
654, 4: 1061. 1952. 

Milk and other disprr~ions of oil-in-water type 
are homoqcni7ed by passagr through a bed of 
closel) packed balls of $mall diameter. 

R.  Whitakcr 

FEEDS AND FEEDING 

W. A. KISC, SECTION EDITOR 

247. The  utilization of non-protein nitrogen in 
the bovine rumen. 7. A qualitative and quantita- 
tive study of the breakdown of carbohydrate 
which accompanies protein formation in  bovine 
rumen contents during in vitro incubation. M.  L. 
MCNAUCHT, Hannah Dairy Research Inst., Kirk- 
hill, Ayr. Riochem. J., 49, 3 :  325-332. 1951. 

Rumen liquid takrn from a permanent fistula 
was centrifuged to rrmove protozoa and then 
incubated with addition of various substances as 
sources of bacterial energy. Urea (0.05%) was 
added to all samples and thr  amount of protein 
synthesized was taken as a measure of bacterial 
growth. A table of 30 comparisons is shown. 
Genrrally speaking, only boiled starches, raffinosr, 
inulin, fructose, cellobiose, I.-(+)arabinose and 11- 
(+)xylosr gave valurs as high as maltose controls. 
Apparently, a primary alcohol sroup and a potm- 
tial aldrhyde are both essrntial for maximum 
utilization. Pentosrs gave no lactic acid as an 
endproduct, thus diffrring from maltose. 

In quantitative measurements of endproducts, 

90-96% of the total C was accounted for 
in the case of maltose, but with pentoseq only 
83-93% was accounted for. A. 0. Call 

248. O n  Ruminococcus flavefaciens, a cellulose- 
decomposing bacterium from the rumen of sheep 
and cattle. A. KAARS SITPESTEIIN. Oreanisch 
Chemisch Inst. T.N.O., ~ t r e c h t , "  ~ o l l a * d .  J. 
Gen. Microbiol., 5, 5:  869-879. 1951. 

A cellulolvtir bactrrium. Rumincoccus Aavr- 
faciens, was isolated from rumrn of sherp and 
cattle in pure culture using the dilution method 
and agar media containing strips of filter paprr. 
The  organism is a gram positive streptococcus, an 
obligate anarrobe, which attacks cellulose and 
cellobiose but not maltose, starch, lactose and 
rarely glucose. Growth on cellulose increased in 
the presence of Clostridium sporogenes. The end- 
products of the fermentation of cellulose and 
cellobiose included succinic, acetic and formic 
acids. J. J. Jezeski 

249. T h e  action of the ciliates of the sheep's 
rumen upon various water-soluble carbohydrates, 
including polysaccharides. F. M. MASSON and 
A. E. OXFORI), Rowett Research Inst., Rucksburn, 
Abrrdernshire. J. Gen. Microbiol., 5, 4: 664- 
672. 1951. 

Holotrichic ciliates from thr rumrn of hay-fed 
shrep were allowed to act on water-soluble 
carbohydrates undrr conditions presumably simi- 
lar to those in the rumen; howrver, not in the 
presence of bacterial populations present in the 
rumen. Iodophilic polysaccharidr granules pos- 
scssing the properties of starch rathrr than 
glycogen wrre produced in the presrnce of a 
number of carbohydrates including glucose, 
fructose, sucrose, and cellobiose. Oligotrich 
ciliates werc able to produce starch granules 
from various carbohydrates at a much slower rate. 
Similar starch granules were isolated from dried 
rumen contents of sheep that werc fed on starch- 
free spring grass. J. J. Jezeski 

GENETICS AND BREEDING 

N. L. VAN DEhIARK, SECTION EDITOR 

250. Evaluating d a i ~  sires. 1. C. BERRY. Univ. 
of Brit. , ~ o ~ u m G a .  ~olstein-f i iesian Wo;ld, -49, 
4: 321-322. Feb. 16. 1952. 

Equal-parent, regression and expectancy in- 
dexes are compared. A plan is proposed in 
which each record would be compared with the 
breed class average and expressed in pcrcentagr. 
The  daughters of a bull could be compared with 
thrir dams on the basis of percentage above or 
brlow breed average. Sires could be comparrd 
on a similar basis. Correction factors for age, 
no. of milkings or length of rrcord would not be 
nsrd under this plan. A. R. Porter 

251. A sire's transmitting ability. J. P. BEARDS- 
I.EY, Am. Jcrsry Cattle Club. Jersry Rull., 71, 
3:  154-155, 182, 184-186. Feb. 10, 1952. 

A discussion is given of the number of 
daughters of a sire needrd to estimate his trans- 
mitting ability. When records are made in the 
samr herd, 5 unselected daughtrrs are more reli- 
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able than 1 by 84%; 10 daughters are more 
reliable than I by 110%. Each additional 
daughter with a production record adds to the 
accuracy of the estimate, but at a diminishing 
rate. 

When the bulls being compared have daughters 
in different herds, 5 unselectrd daughters are 
more reliable than 1 by 33%; 10 are 39% more 
reliable than 1. 

Publishing a preliminary rrport when at least 
5 daughters of a sire have completed records is 
suggested to supplement the present Tested Sire 
Ratings based on 10 or more daughters. 

A. R. Porter 

252. The cytological changes in the cervical 
mucosa of the cow (Bos taurus) throughout the 
estrous cycle. J. B. HERRICK, Iowa State Coll., 
Ames. Am. J. Vet. Research, 12, 45: 276-281. 
Oct., 1951. 

In  order to obtain information about the 
cellular changes in the cervix of the same cow 
at various stages of the estrous cycle, an instru- 
ment was designed for the recovery of daily 
biopsy specimens. Four co\vs with normal breed- 
ing histories wrre selectrd for the study. Photo- 
micrographs of the epithelial changrs in the 
cervix of 1 cow are presentrd. All of the epithe- 
lial crlls lining the cervix \\,ere found to contain 
mucus (stained with Mayer's mucirarrninr) at 
all stages of the cycle. Evidence of some srcre- 
tion appeared at all stages, but was grratest 
during estrus when thr crlls at thr apex of the 
folds apprarrd to rupture and sometimes disap- 
pear. During estrus the blood vcssels also were 
larger, and therr was a corrrlation brtween 
vascularity and character of the mucus secreted 
throughout the cycle. E. W. Swanson 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

253. Milk examining pan. R. L. HERRING. 
U. S. Patent 2,582,432. 3 claims. Jan. 15, 1952. 
Official Gaz. U. S. Pat. Office, 654, 3:  772. 1952. 

A 4-compartment tray for collecting samples 
of milk from the 4 quarters of a cow's udder 
is described. R. Whitaker 

245. Milker claw. H. A. SHERWOOD (assignor to 
Harold Ransier). U. S. Patent 2,585,178. 1 
claim. Feb. 12, 1952. Official Gaz. U. S. Pat. 
Office, 655, 2: 401. 1952. 

A design for a 4-way manifold for attaching 
a vacuum milk line to tubes leading to each of 
4 teat cups is described. R. Whitaker 

255. Milk receiving and discharging unit. G. W. 
BERRY (assignor to Berry Milking System). U. S. 
Patent 2,583,723. 1 claim. Jan. 29, 1952. 
Official Gar. U. S. Pat. Office, 654, 5: 1265. 
1952. 

A device is describrd for discharging milk from 
a pulsating vacuum-type milking machine into 
a collecting vessel. R. Whitaker 

256. Milk strainer. F. G.  H o n s n o ~  (assignor 
to International Harvester Go.). U. S. Patent 

2,584,206. 3 claims. Feb. 5, 1952. Official 
Gaz. U. S. Pat. Office, 655, 1 : 71. 1952. 

A small enclosed disc-type filter for milk, 
suitable for installing in the milk line from a 
milking machine, is described. R. \$'hitaker 

257. Raw milk aerator. L. C. HARP. U. S. 
Patent 2,584,202. 6 claims. Frb. 5, 1952. 
Official Gaz. U. S. Pat. Office, 655, 1 : 70. 1952. 

A motor-driven agitator stirs milk in a can. 
The agitator is shaped like a coiled spring and 
is raised and lowerrd by a shaft through a hole 
in a lid which covers thc can. R. \$'hitaker 

258. Dehorning instrument. W. J. THOXIPSON. 
U. S. Patent 2,583,347. 9 claims. Jan. 22, 1952. 
Official Gaz. U. S. Pat. Office. 654. 4: 1102. , , 
1952. 

A mechanical dehorning tool for removing the 
horns of cattle, cows, etc., is described. 

R. IVhitaker 

259. Dehorning device. S. S. Mrais. U. S. 
Patent 2,582,450. 6 claims. Jan. 15, 1952. 
Official Gaz. U. S. Pat. Office, 654, 3:  777. 1952. 

A means of dehorning farm animals by heat 
is drscribed. R. IVhitaker 

260. Animal restraining device. H. C. KRUFGER. 
U. S. Patrnt 2,582,339. 2 claims. Jan. 15, 1952. 
Official Ga7. U. S. Pat. Officr, 654, 3:  718. 1952. 

A drvice for leading domestic animal5 by the 
nose i5 described. R IVhitaker 

261. Animal controlled watering device. C. H. 
HARMON (assignor to Waterloo Foundry Co.). 
U. S. Patent 2,585,547. 5 claims. Feb. 12, 1952. 
Official Caa. U. S. Pat. Office, 655, 2: 397. 1952. 

Water is admitted to this drinking vessel for 
farm animals as the result of pressure by the 
animal's nose. R. \%'hitaker 

262. Sanitary bag for animals. IV. G. KAHI.ERT. 
U. S. Patent 2,585,25 1.  8 claims. Feb. 12, 1952. 
Official Gaz. U. S. Pat. Office. 655. 2: 420. 1952. 

A bag, supported by and easily detachable from 
a harness, collects excrement and urine from 
cows, etc. R. TVhitaker 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

263. Shrinkage. E. L. THOHAS, \V. B. C O ~ ~ I ~ S  
and S. T. COULTER, Univ. of Minn. Ice Crearl~ 
Trade J,. 48, 1:  40-42, 82-87. Jan., 1952. 

Ice cream mixes werr heat-trrated at 165 and 
185' F. for 1-6 min. Maximum shrinkage 
occurred in samples processed at 185' F. for 10 
min. and at 165' F. for 30 min. Heat treatment 
sufficient to coagulate an appreciable amount of 
the serum proteins increases the trndency of ice 
cream to shrink. Addition of colostrum Inilk 
before and aftcr mix pasteurizatiotl in quantitirs 
sufficient to increase the globulin content 0.05 
and 1.10% increasrd shrinkage rrgardless of the 
treatmcnt of ice crram samples prior to storage. 

Samplrs of previously hardened ice cream were 
exposed to dry ice in an insulated cabinet for 
36 hr., also in a ventrd chamber at atmospheric 
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pressure for 48 hr. at 18 + 2' F. and other samples 
were placed in a metal shotgun can, lid sealed 
air-tight with tin foil and scotch tape, can 
surrounded with dry ice in an insulated ice crcam 
packer and held for 48 hr. The rxposure of ice 
cream to CO, resulted in marked shrinkage of 
all samplrs, wherras thc effect of exposure to 
low trmpcrature alone was nrgligible. Exposure 
of ice cream samples to nitrous oxide was as 
effective in causing shrinkagr as was exposure 
to CO,. 

I t  is helirvrd that dry ice-induced shrinkage is 
caused by disruption of ice cream structure 
through internal pressurc changes associated with 
alternate absorption and desorption of CO,. The  
jolting of samples at the rate of 230/min. for 
either 4 hr. at  0 23 '  F. or for 6 hr. during which 
time the temperature gradually was increased 
from - 18-6' F. did not accelerate shrinkage. 

W. H. Martin 

264. Candies for ice cream. A. MANN, Mann's 
Candy Co., Los Angeles, Calif. Ice Cream Firld, 
58, 2: 54, 56. Aug., 195 1. 

The usc of candy as a source of flavor in ice 
cream is gaining in popularity, it is claimed. Use 
of candy especially designed for ice cream will 
give best results and also will aid in eliminating 
difficulty with feedrrs. 

The  use of from 3-5 Ib. of candy/5 gal. of mix 
is recommended. Prppermint stick, lemon stick, 
butter pccan crunch, almond, hazelnut, English 
toffer, huttrr bricklr and midget marshmallows 
are listed as available for the ice cream tradc. 

W. C. Cole 

265. The importance of insulated bags for the 
"carry home" ice cream business. P. H. TRACY, 
G. EDXIAN and J. KURMANN, Univ. of Ill., 
Urbana. Ice Cream Trade J., 48, 1: 74. Jan., 
1952. 

Samples of ice cream frozen in a continuous 
freezer and hardened at  - lo0  F. for a minimum 
of 24 hr. were placed in insulated bags at  - lo0  F. 
They then were prestored at  - 10, 0 or  + 10' F. 
for 24 hr. The  bagged samples were held a t  
37, 72 and 90 f 20' F. for periods varying from 
1-5 hr. Each package was discarded after a 
temperature of the ice cream was measured. Ice 
cream was considered unsable when it was suffi- 
ciently melted to drip when the open package 
was inverted. 

The  ideal combination was a low pre-storage 
and holding temperature. Ice cream in insulated 
bags kept satisfactorily at  72' F. for 2 hr. when 
the previous storage temperature was - 10' F.; 
at  90' F., t h ~  ice cream was held satisfactorily 
for 1 hr. when the storagr temperature was 0' F. 
or less. Rrplacing 1/3 of the sugar solids with 
corn syrup did not appreciably damage results 
obtained when storing all-sucrose ice cream in 
insulated bags. Ice cream with 100% over-run 
increased in temperature slightly faster than ice 
crcam with 70% over-run. Dry ice (3.75 oz./qt.) 
delayed softening of the ice cream, extending 

storage time about one-third. Air movement 
over the bags hastened warning. 

W. H. Martin 

266. Delivering ice cream on  retail routes. 
Anonvmous. Ice Crcam Trade 1.. 48. 1: 48. " ,  , 

Jan., 1952. 
Trucks of the Country Club Dairy retail routes 

have bern equippcd with small insulated boxrs 
measuring about 2 ft. in all dimensions. Rrfriger- 
ation for the day's run is provided by 2 Dale 
hold-over cartridges with a - 9' eutectic hold-ovrr 
Back in the plant the cartridges are placed in 
the racks and wheeled into the freezing room 
for - 25' F. charging. By morning they are 
ready to go back into the insulated boxes in the 
trucks which are used for carrying ice cream 
and frozen foods. \Y. H. Martin 

267. Ice cream pop manufacturing and packag- 
inp P. SCHENK. U. S. Patent 2.582.655. 11 
clzms. Jan. 15, 1952. Official G ~ Z .  ~. S. Pat. 
Office. 654, 3: 832. 1952. 

A wrapper for a rectangular-shaped portion of 
ice cream, 2 flaps of which contain holes which 
coincide when the flaps are folded is described. 
A stick is inserted through the holes into the 
ice cream to hold the flaps closed and to serve 
as a handle while eating the ice cream. 

R. Whitaker 

MILK AND CREAM 
P. H. TRACY, SECTION EDITOR 

268. Better manufacturing milk results from 
sediment testing. C. E. LACKNER. Can. Diary 
and Ice Cream J., 31, 1:  33-36, 38-40, 51. Jan., 
1951. 

Previous to June 1, 1951, compulsory grading 
of milk was only for cheese factories in Ontario. 
Now grading includes milk manufacturing plants. 
Milk that is not sweet and clean in flavor and 
that is below grade "B" as determined by the 
sediment test shall be rejected. There has been 
marked improvement in milk quality since the 
new regulations went into effect. H. Pyenson 

269. Milk o r  milks? G. A. RICHARDSON. Orecon 
State College. Jersey Bull., 71, 3:  150-(51. 
Feb. 10, 1952. 

The  composition of Jersey milks of different 
butterfat percentages is pesented. The  com- 
bustible energy and nutrient energy/lb. is cal- 
culated for milk of different butterfat tests. Com- 
bustible energy is expressed as Cal./lb. of milk = 
56.4 (fat %) + 114.2. The  nutrient energy value 
is food energy; units/lb. of milk=50.6 (fat %) 
+ 107.26. 

Charts show theoretical yields of evaporated 
milk, butter, condensed skimmilk, cheese, dry 
whey or buttrrmilk from 1,000 Ib. of milks of 
different fat contents. A. R. Porter 

270. Filter. J. P. O'MEARA (assignor to W. M. 
Sprinkman Corp.) U. S. Patent 2,583,963. 3 
claims. Jan. 29, 1952. Official Caz. U. S. Pat. 
Office, 654, 5: 1328. 1952. 

Details are given for construction of a sanitary- 
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type filt er for milk a nd simi lar fluids, conslstmg
of a series of hori zonta l pl a tes pressed together
by a spring and ho lding di scs of filt erin!{ mater ia l.

R. Whitaker
271. Container for liquids. W. M. FLEMI NG
(ass ignor to Eskimo Pi c Corp . ) . U. S. Patent
2,583,2 11. 2 clai ms. Jan. 22, 1952. Officia l
Gaz. C . S. Pat. Office, 654, +: 1066. 1952.

A paper contai ner for liq uids such as milk is
described ; it is rec tangula r in sha pe and provided
with a scored area which ca n be eas ily punched
out and used for pouring of the contents.

R. Whitaker

272. Liquid packaging machine. E . KAYAT
(assignor to Perga Conta iners, Ltd. ) . U . S.
Pa tent 2,583, 106. 15 cl a ims. J an. 22, 1952.
Official Gaz. C . S. Pa t. Office, 654, 4 : 1037.
1952.

A mac hine is described in deta il for fi ll ing
paper conta iners with liquids, such as milk.

R. Whita ker

273. Apparatus for manufacturing whipped
cream: F. F. S UEl.LENTROp (assignor to Lemay
M achme Co. ) . U. S. Pa tent 2,584,063. 8 claims.
J an. 29, 1952. Officia l Gaz. U. S. Pa t. Office,
654, 5: 1353. 1952.

P arti a lly fill ed con ta iners of crea m a rc charged
wIth a gas such as nit rous oxide by this equip-
ment. R . Whitaker

MILK SECRETION
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274. Mode of formation of milk fatty acids
from acetate in the goat. G. POI' .lAK, T. H .
FREl' CH, G. D. H UNTER and A. J. P. MARTI N,

Nat' 1. I nst. for M ed . R esearch, London.
Biochem. J., 48, 5 : 6 12-6 18. 195 1.

In previously report ed work (see abs. 592, O ct. ,
195 1) 4 different bu tt erfat fra ctions from goat's
milk were shown to possess vary ing degrees of
activity following inj ection of radioac ti ve N a
ace ta te. In thc present stud y the indi\' idua l
compo nent fa tt y ac ids fro m th e pooled milk
samples taken (a ) up to 12 hr. a ft er in jection
and ( b ) 12- 48 hr. a ft er injec tion, were frac­
tiona ted , identifi ed and checked for ac tivity. All
even-numbered sa tura ted acids from C 2 to CIS
were found. Aceti c, butyric and caproic acids
were broken do\\'n chemi ca ll y to determine whi ch
of the ca rbon a toms origina ted from the isoto pe.
From evidence it is suggested th a t the short-cha in
fa tty ac ids a re intermedia tes in synthesis of higher
ones. In synthesis of butyric acid , it is beli eved
tha t not onl y aceta te but a lso C. compound,
possibly ~ -hydroxybuty ri c acid , acts as a precursor
and tha t stea ri c and o leic acids origina te mostl y
from a precurso r other than aceta te.

A. O. Call

275. Incorporation of blood amino acids into
milk proteins in the rabbit. (abs. ) P. N . CA~1 p­
RELL and T. S. WORK, Nat' l. I nst. for M ed .
R esearch, London. Biochem. J ., 49, 3 : xlvi- xlvii.
195 1.

Isotopic valine in I case and isotopic lysine in
another were inj ec ted intra\'enously illlo lac ta­
ting rabbits. After 6 hr. the ac tivity of the milk
prote ins in both cases was much higher than
blood prote ins, indica ting am ino acids of bl ood
a re being direc tly incorporated into milk proteins.

A. O. Ca ll



DAIRY PREPARATIONS 
F O ~  ~ i g h  Quality Dairy Produrn 

DANDELION BUTTER COLOR 
CERTIFIED BUTTER COLOR 

STARTER DISTILLATE 
ICE CREAM COLOR 

LACTIC FERMENT CULTURE 

ODORLESS TYPE DAIRY FLY SPRAY I 
CULTURE CABINETS , 

TESTING SOLUTIONS 

Your ndvert i s~ment  is being rmd in eve 

9 
UNIQUE GENERAL CLEANER PRODUCED f 
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New Ditran gives billows of Suds. 
New Ditran is definitely non-dusting. 
New Ditran makes the clearest solutions 

you've ever seen. 
New Ditran cuts grease like magic. 
New Ditran positively leaves no film. 
New Dihan dissolves completely, almost 

instantly. 
New Ditran rinses and drains freely. 

COHPARE DITRAN WITH ANY OTHER GENERAL CLEANER 

. . . compare and we promise you'll discover a new 
standard of cleaning performance . . . superior 
cleaning that means new speed, ease and econ- 
omy. Write for literature that fully describes new 
Diversey Ditran! 
@ 

NEW 1952 D-LUXL I S  HERE, ,001 
Now more suds.. . improved water softening . . . 
bener cleaning . . . new low price! Write for more 
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Journal May Be Available 

The Association has available back copies of the Journal of Dairy Science. 
If you need back copies,. please write and inquire as to whether the particular 
one that you need is available. In  some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is purchased. In many 
cases we have six or eight volumes complete with 50 or 100 copies available of 
certain numbers such as the November or December issue. 

Volumes ADSA Members Non-members 
and institutions 

1-16 (if available) 5.00 6.50 
17-32 (if available) 6.00 8.00 
33- 8.00 10.00 

If you are interested in procuring back copies please write to the Sec'y-Treas., 
American Dairy Science Assn., c /o  Ohio State University, Coluntbus 10, Ohio. 
Make all checks payabk to the 

AMERICAN DAIRY SCIENCE ASSOCIATION 
- - - - - - - - - - - - - - - - - - - - -  

SUBSCRIPTION. ORDER 

To THE AMERICAN DAIRY SCIENCE ASSOCIATION 
Publishers of the J o u d  of Dairy Science 

Ohio State University, Columbus, Ohio 

Please find enclosed Ten Dollars in payment of subscription to the Journal of Dairy Science for 

.. one year beginning with January, 19.. 

Namc .................................................................................... 

Addresr .................................................................................. 

........................................................................................... 
Foreign postage 50 cents additional. 
Checks, etc., should be drawn to the order of the American Ddry  Science Asso- 

ciation and forwarded to  P. R. Ellsworth, Ohio State University, Columbus 10, Ohio. 
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Comple te Stabilizers 
and Emulsifiers 

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

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

I Straight Stabilizers 
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Straight Emulsifier 
EM EX@' - for increasing whipping 

ability of ice cream and controlling 
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Ask your Dairy Supply Jobber or us 
for testing samples and bulletins. 

I *Registered U.S. Patent Office 
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Stabilizers and Emulsifiers 
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RENNET and COLOR 
Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marxhall Rennet 
generously for maximum results. , 

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WISCONSIN L A 
Copies of the 20-Year Index 

covering Volumes I to XX, 

inclusive are available a t  the 

following prices : 

MEMBERS 

........... Cloth Bound $2.35 

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

NON-MEMBERS 

Cloth Bound ........... $5.50 

........... Paper Bound 5.00 
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Important McGRAW- HILL Books 
PRINCIPLES OF MlLK PRODUCTION 

By WILLIAM B. NEVENS, University of Illinois. McGraw-Hill Publications in the Agricu,l- 
tural Srienres. 44'3 pages, $5.00 

Presents and explains simply and directly the principles which serve as guides in the estab- 
lishment and management of a profitable milk production enterprise. Covers the selection, 
feeding, breeding and management of dairy cattle; the keeping of production records; the 
growing of feed crops; economic problems in dairy farm management; factors affecting 
milk secretion, ant1 the marketing of dairy products from the farm. 

MlLK AND MlLK PROCESSING 
By B. L. HERRINGTON, Cornell University. McGraw-Hill Publications in the Agricul- 

BREEDING AND IMPROVEMENT OF FARM ANIMALS-New 4th Edition 
By VICTOR ARTHUR RICE, University of Massachusetts, and FREDERICK NEWCOMB 
ANDREWS, Purdue University. McGraw-Hill Publications in the Agricultural Sciences. 
782 pages, $8.00 

One of the most comprehensive treatments of the general subject, this text is well illustrated 
and completely up to date in the field of reproductive physiology. In addition, an attempt 
has been made to include as  many literature citations as  are necessary to develop the subject 
from the historical standpoint. 

Send for copies o n  approval 

Mecraw-Hill Book Company, Ine. 
3 3 0  West 42nd Street New York 36, N. Y. = 
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NOTICE TO CONTRIBUTORS 
Autllorship of Original Articles and Reviews.-Space in the JOURNAL iu reserved for the 

publication of original research voluntarily submitted by members of the Assoriat,ion to the 
JOURNAL and review articles by invitation. I n  the case of joint authorship, the metubership 
ruling applies to one author only. 

Papers that already have appeared in print or that are illtended for simultancous publiea- 
tion elsewhere will not be accepted. 

Manuscripts.-Manuscripts should bc submitted in double spacing on one side of suits~)lo 
81"x 11" paper. The original copy should be furnished. All illustrative and tabular material, 
ahoultl accompany the manuscript. 

Except in cases of invited reviews, papers must be l i i t e d  to 12 printed pages unless previ- 
ous 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 thr 
galley on all papers of multiple authorship. All galleys should be returned ill the minimum 
possible time to avoid delay in publication. 

Figures.-Original drawings, diagrams and charts ehould be done in India ink on tracing 
cloth (or white board) not larger than standard letter size (8t"x 11"). All lettering should 
be inked in block style and be of such size that  the 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. 

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

Legends.-Legends for figurcn i11111 photographs should he typed on a sheet separate from 
the illustrative material aikd shonld be made as concise as possible while retaining their deserip- 
tive character. 

Tabular Material.-Tal)~ilar 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- 
tire 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, c, 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. 

Eeferenoes.-Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetieally as 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 drat 
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: Referenee number, author(a), title of article, 
name of journal, volume uumber, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to  the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, par t  2. 1946. 

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

Sample of book citation: (1) LANDBTEINEE, K. The S p S c i t y  of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Maas. 1945. 

For  Experiment Station publications, the citation should be aa follows: (1) COULTEB, S. T., 
AND JEIPNESI, R. Packing Dry Whole Milk in Inert Gas. Miin. Agr. Expt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., ceutimeter(8) ; cc., cubic centi- 
m e t e r ( ~ )  ; g., g r a m ( ~ )  ; mg., milligram(#) ; y, microgmm(8) ; ml., milliliter(8) ; mp, millimi- 
c r o n ( ~ )  ; C., Centrigrade; F., Fahrenheit; lb., pound (s) ; oz., ounce(8). 

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

In  preparing mirnuscripts, use of first persoil should be avoided. 

Your nd~ertiseu~ent is beina read ill ~.\'cr)' StzlLe ilnd ill 48 Voreign Countries 



CULTURE MEDIA 
for Examination of Milk 

Bacto-Tryptone Glucose Extract Agar 
is recommended for use in determining the total bacterial plate count of milk 
in accordance with the procedures of "Standard Methods for the Examination 
of Dairy Products" of the American Public Health Association. 

Upon plates of medium prepared from Bacto-Tryptone Glucose Extract 
Agar colonies of the bacteria occurring in milk are larger and more representative 
than those on media previously used for milk counts. 

Bacto-Proteose Tryptone Agar 
is recommended, for use in determining the bacterial plate count of Certified 
Milk. The formula for this medium corresponds with that suggested in 
"Methods and Standards of Certified Milk" of the American Association of 
Medical Milk Commissions. 

Bacto-Violet Red Bide Agar 
is widely used for direct plate counts of coliform bacteria. Upon plates of this 
medium accurate counts of these organisms are readily obtained. 

Bacto-Brilliant Green Bile 2% and 
Bacto-Formate ~i&noleate Broth 
are very useful liquid media for detection of coliform bacteria in milk. Use of 
these media is approved in "Standard Methods." 

Specify "DIF'CO" 
THE TRADE NAME OF THE PIONEERS 

In the Research and Development of Bacto-Peptone and Dehydrated Culture M d i a  

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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