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BROWNIXG AND ASSOCIATED CHANGES I N }IlLK AND 

ITS PR.ODlJCTS: A RE'VIE\V' 

STt;ART PATTOX 

Departm ent of Dairy Sc ience 
T he P enu.Yylwnia Agricultural Ex periment Station 

U ni·rersi l y Park 

In many areas of the world today people arc undernoul'ished, malnourished, 
and even starved. At the same time in other parts of the world food is abundant 
to t he point of substantial excess. Although many factors contribute to this 
imbalance, food spoilage is an important considerat ion. Some excess food can 
be processed and stored in a practical manner involving little or no deterioration, 
but some of it face~> spoilage despite man's preventive efforts. One vexing prob­
lem of food ~>poilage is browning. Loss of palatability and nutritive value as 
well as undesirable changes in physical properties frequently attend the brown­
ing of a food. 

On the other hand, browning is purposely sought in most baked and fried 
foods. lVIaple syrup owes its fin e flavor and color to browning. The distinctive 
caramel and butterscotch ftayors det·ived from dairy products r esult from the 
browning of milk or milk components. Thus, it is clear that browning has two 
aspects, both of whiclt concern the accepta bilit~· of man 's food. It is not sur­
prising that browning is and Ita;; been an intensely active fi eld of food r esearch 
(1 7, 43, 114). 

There are two principal areas of intPt'est with regard to browning and 
associated changes in mille One is practical and concerns ayoiclance of the phe­
nomena in certain dairy products and processed foods conta ining milk as an 
ingredient. The other is fundamental and concerns making the knowledge of 
milk and its behavior as complete as pos>; ible. 

BllOWN I NG Of' _,f!LK .\::OW )IILK PRODU CTS 

Before considering the chemistry of browning in milk, it is of Yaluc to note 
the general nature of browning, the incidence of browning in milk product>;, and 
the magnitude of browning as a problem in the dairy industry. Authot·ities have 
classified browning into va riom; types. The value of such a classification is 

Rece ived fo r publica tion January H , 1955. 
1 

Authorized for publication J a nuary 10, 1955 as Paper No. 193 7 in tl1 e Joumal Series of 
the P ennsylva nia Agricul tnra l Experiment Sta tio n. 
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limit Nl. s ince m echanisms in,·oln·d in these types sho,,· man,,· similarities. :More­
OYe r·. rach food pr·oduct offe r·s its ow11 unique br·owning ;;~·stem. Fot· the purposes 
of this re,-i,.,,., typrs of browning- ltt'r classified as follows: (a) ca t·amelization or 
non-a min o bro\\'lring of sugars. (b) amino-sug-ar or· 2\[aillanl-type browning (82), 
a11d ( c) oxidati,·e browui11g . • \ pure car·amelization br·o,,·nill~ is r·arel~ - encoun­
terPrl in th e food fi,,Jd . R~- tlPfinition. amino compounds would be ab!>rnt and 
lt ('at d ecomposition of s nga r·s as a f undion of pH a 11d h11 ffr rs would be the 
c•ssr tlt<' of tiH• l'('ae tion . Caranwlization nray occ ur· at least to a limitr rl extent 
in many foods 111Hlergooinl! hrownin~. bnt by fat· th r most importa nt t~·pe of 
browning is that resulting- frorn th e intenwtion of sn:.rars arul ami no compounds. 
As disting'nislwd f ront earnm<'lizat iou. }fai!lal'(l-typt• hro\\'lling r r quir·ps a r ela­
tiwly low onll·t· of enPt'I!Y for its initiation and Pxhihits autocatalyti c qualities 
oncr· it has stnrtP<l . Oxirlati\'<' browning·. or bnn\'tlin:.r \\·hi eh requirPs oxygen 
at some c t·iti cal ste p in its Ht N· haHisHt , is l'Xf' lliplified b~· thr• so-ca ll ed r nz~·nwti c 

hrO\\'tling in fruits and ,·rgPtahlt·s. Bnn\'tling of th<· eut ot' bruisrll surface of 
a n ap pl e is a ease in point. Onre thP polyph t> nob ( l'Nlut:tnllrs) in the plant tissue 
lHl\'t ' bf'f'll f'Oll\'l' rtf•tl t•nz,nnati eall,\· to quinOIIPS th r f'SSt' UCP of thr bt'O\\·ning 
mrt hanism is a }fnillanl-t,,·pr (U) . Oxillntin' bl'O\\'tling- is not llf'Cessa ril_,· limited 
to <·nz.nn P-initiatt>d systpms . . \ntoxidation of rPdttl'tOJH'S. suc· h as ascorbie al'irl 
eatal~·zecl by co pper protl' inatt•, also may lead to brom1inf! ( 1:!:j). 

}filk not·mall,,- is a \\'llitish opaqUl' liquid slto,,·in g- no tenrl f•n cy to bro,,·n in 
thr manlt f' t' of an cnz.ntH·-eatal_,·zr <l systrm .• \!thoug-h there ar·e smnr indi cations 
th a t cat'amrlization mHl oxidati,·r brmming- ma~· ocrur to a limited Pxtent in 
milk and milk products. the pri111Hr,\· lll Cc hanism in tlwse mr rlia appra1·s to bP of 
th e sug-ar·-amino tn)e. This point is diseussecl snbscqut>ntly in d Ptail (s<•c• src·t ion 
on mechanisms) . \Vhen conditions ar·e concl nci,·e. Yirtnally a ll milk products 
will bt·own. HoweYct·. pr·ocrssi11g'. packag-ing. liatHlling-. antl storag·e practi crs 
d etermin e thnt browning- is littl e nt· no problem in some p1·oducts aud a pi'Oblcm 
to varying degrees in othl•t·s. Concrntratrcl anll <lt·ircl prodnr ts wltielt ar<' stored 
at room temperature fo1· app rcc iahlt• tim e are by fa r· most susceptible. Prollucts 

of this group in which browning has been investi gated are PYapot·atNl milk ( 5, G, 
62, GG, 90, 98. 115. L20, 121, 1.'!3, 131 . . 132), sweetened con<l f• used utilk (:i 2, 110). 
d1·ied milks ( 11i. 1.9. 23. 1:2. :j/ , 58. 61 . 8 f. 1.?2) . drietl whey ( 1!J) . and dried ice 
cream mix (riB, 1:22) . S terilized. un conccntrat f'd milks and crPa n1s and drif'd 
creams are also subject to bl'O\ming. but th e r elatiw ly ]o,,· ladosc and pr·ote in 
content of th ese pl'O(lucts r t'dn et>s both th r in cideJH' f' and df•gr<'e of tit .. defect. 
It seems tlwt practi cal mea ns m·c a \·ai labl c to prewnt b1·owning in all t11ilk prod­
ucts. Browning of a milk procluct. pr·o,· idcll it is maclr from milk and ingr·ccli ents 
of acceptable quality, can be trfl ccd in n ear]~- all instances to nns;ttisfactor·y 
processin g , packaging. or st01·age. 

CmteeJt/J·atecl fl uicl 1)I 'Ocluc/ ~. These products, partienlarly evaporated milk , 
haYe posed the most ehron ic pt·oblem with resprct to brom1 i ng. In 1951. eYapo­
rated milks from 11 mannfacturcrs were e\·aluated for color (98). Although 
considerable Yariation in color among the fresh pt'Ollncts was noted. all cxhibitPcl 
some degree of browning. Tt has bee n suspected for man~- years a nd publisht>d 
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results ( 5, 52, 115, 123) have reYealed that high-temperature, short-time (HTS'f) 
sterilization will produce eYaporated milk essentially free of browning. In con­
trast to the conventional r etort heat treatment of 117 ° C. for 15 minutes, Bell et 
al. ( 5) employed 135° C. for 30 seconds. The superior flaY or and color of their 
product was offset by rapid thickening and crram separation during storage. 
Similar changes in HTST sterilized evapot·ated milk haYe been noted by others 
(115). Tarassuk and Simonson (123) indicate that en1poratcd milks sterilized 
at 121 o C. for 5 minutes or 129.5° C. for 2 minutes were far superior in color 
and flavor when compared with a com·pntionall~· processed (117.5° C. for 15 
minutes) product . R{>cently it has been annonneed that an HTST sterilized 
evaporated milk has been placed on the market (3). The claims concerning color 
and flavor of the product are impressiYe. Although it will r equire consumer 
experience with the product to bear out these claims, it seems that solution of 
the browning problem of eYaporated milk ma~· soon be realized " ·ith the aid of 
HTST sterilization procedmes. It is important to note that application of ideal 
processing techniques ma~· not necessaril~- preyent all deteriorati,·e processes 
during storage. 

Unquestionably, heat treatment 1lm·ing forewarming and sterilization is the 
most important factor r elatiYe to browning in eYaporated milk ( 5 , 6, 66, 90, 115, 
123, 131 , 13:2). IIowner, a number of other fa ctors have been found to favor 
the defec t. These are alkalin e stabilizing salts (6(; , 13:2), high solids content (6, 
6:2, 66}, hea(l space oxygen in the can (1:20) . unidentified characteristics of the 
raw milk (G), high storage temperatures and long storage times (98, 123, 131, 
132}. Trmperatures of 0° to 5° C. will prewnt furth er browning during the 
storage of eYaporatrd milk, but r efrigeration costs make this impractical. It 
seems to be common knowledge within the industr~- that traces of copper and 
iron salts promote, but tin salts inhibit , brO\ming of eYaporated mille The find­
ings of W ebb support this point (130). 

Information on the bt·ownin g of other concentrated fluid milk products is 
very meager. Corn sugar faYors browning in S\Yeetened eonclensrd milk much 
more than does sucrose (110}. Dependence upon sucrose, a relatiYel~- inert sugar 
in the browning reaction, rather than sterilizing- l1 ea t trea tm rnt for preservation 
helps to discourage discoloration in this product. The wrll-known practice of 
making caramel pudding by cooking a can of s"·ertened condensed milk in boiling 
water drmonstrates that the product will brown under ri gorous conditions. A 
closely comparable change in the product can be achien•cl b~- sewral years stor­
age at room temperature. It seems probable that high acidit~- , by-products of bac­
terial metabolism, and hand I ing a111l packaging conditions account for limited 
browning in some other fluid dairy products. 

Dn"ed prod1tcis. Browning and r elated cltanges inch·~- milk systems have been 
reviewed by Coulter et al. (1:i). According to them, browning is not a primary 
problem in dry milks. This point is emphasized by Henr~- et al. (-1:2) . who found 
that (l1·~· milks with less than 5% moisture showed onl~, Yen ' slight changes in 
color rwn after 2 yrars storage at 37° C. Pnquestionabl~·. moisture content 
( humidit~') is the most important single fa ctor in the browning of dry milk 
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pl·odu<:ts (1;'; . 19. 23, L!. 57. G7, 8-1, 122). The n ecessit~' of keeping moisture con­
teut of such prorlncts low can not be O\'e l·rmphasized. The fore1·unner of dis­
coloration in hig-h moistu1·e ell·,,· milks is otf-fla,·oJ·. and cn•n if browning is never 
reHchrd. the!'a' J1l'Oducts at·e usual!.'· unfit for human CO!Jsnmption. The maximum 
moistme contr nt for g-ootl qualit~' Y<ll' it•s among- th r dr,,· pro!lucts, and probably 
thr1·e is an optimum for any given batch of product. l\Ioi8tlll'e levr18 of 4.0, 2.5, 
and 5.0£J, for nonfat ell')' milk, dr~' whol r milk . and dt·ietl whe~·, respectively, 
appc·ar to bl' r f>asonable npprr I'imits. Ranking- aft('!' moistu1·e content, storage 
tempe1·aturr is the next m08t impot•taut fa<:tor ( };';, J.fl, 2.'J. f:!, 57, (, /, S.f , 122) . 
In general. storage at room trmperatnrr is not condur·in• to browuing in ch·~· 

milks of reasonably low moisturr IPvrls. Fot· practica l purpnsl's th r lowest feasible 
storag-e temperature slwuld be emplo~·ed i11 ordr r that fla,·or , as well a8 color 
chang-es. will be inl1ibited iu so far as possiblr. To the c·xtPnt that the.' · influence 
moisture contPnt. handling- and packaging- Ill'(' factors in browning of rh.'· milks. 
Th r hygToseopic natnre of such prodnr·ts fa eilitatrs imbibing of water from 
humid atmospheres. Thu8, qnalit.'· of milk and care in its manufacturP into a 
dried product can be completPl~· offset b~· unsatisfacto1·.'· packaging. In this 
couuection an aggravated case of browning iu dr.'· milk stored in steel chums has 
brennoted b~· Krienke and Trac.v (G7) . Some chara r tr ristic of the rhums rather 
than of the milk was indicatrd as the causP. Oxygr·n len•] is not a significant 
fa ctor in browning of chi eel milks (.1:)). 

D1·~· ice cream mix appears to detrriorate and b1·own in much the same mamwr 
as do dr~· milks (GS, .122). Howrwr. di'Y whey darkens more rapid!~, and to a 
g1·eater degree than do clt·y milks during sto1·ag(' (19). As with dry milks. mois­
ttu·e. humidit.'·· and stot·age temperature are criti cal factors in b1·owning- of rll')' 
whey . .According to Doob et al. (1 .9) , color cl c,·clopment in clt·~· whc~· i8 associated 
with high osmoticall~· held moistme, particulal'ly that not associatNl with lactose 
h~·drate . The usc of nonmoistnrc-proof containers for fced-g1·ade clr.'· wl1 e.'· is a 
common practice that aggraYates b1·owning-. Such mcasm·es ma~· be di ctaterl by 
econom~· . However , some studies of the nutritional merits of the bt·ownecl and 
uncolored product " ·ould seem worthwhii P. Snbsequf> nt info1·mation (hPrr in ) 
confirms loss of essential amino acids and the possible fo rmation of gt·owth 
inhibitors under pronounced browning- of sug-ar-p1·otein systPms. Perhaps pack­
aging economies of clr~· whey for linstock and poult1·~· fN·d ct re ou tweig-hed b~· 

loss of nutritive value during storag-e deterioration. In addition. investig-ation of 
sodium bisulfite or sulfur dioxide as browning inhibito1·s in feed-gJ·ade dr.'· milks 
and clt·~· wheys might prove frn itfnl. 

CO!·Oil :ME.\ SUREME~T 

The stud~· of browning, whether it be in milk and mi lk products or s implified 
systems thereof. requires a method of nwasut·ing colo1'. Methods range from 
simple Yisual comparison of tl1e eolor among- samples to })l'f>C ision measurement 
with colorimeters and spectrophotomete1·s. Fot· detet·mining whethct· a Yariable 
produces a difference in tl1e color of a sample, it is hard to improve on side-b~·­
side Yisual comparison of the trrated sample with a control in a uniform enYiron-
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ment. This procedure ma],es manifest very small differences and is the essence 
of simplicity. Significance data also can be deriwd through use of this method 
if sufficient numbers of observers are used. HoweYer , sueh a method is unsuitable 
when one wishes to make fJUantitati,·e appraisal of color intensity. Quantitative 
evaluation by visual compari>;on necessitates the use of standards. P erhaps the 
ultimate in this type of method l1as been developed b_,- \Vebb and Holm ( 132; 
see also 5, G) . Their method employs the :\'Iunsell color notation s~·stem, which 
takes into account chroma , lmf', and lightness aspects of colo1·. This method 
appears precise and capable of reYealing differences in color characteristics that 
are not measured by co1wentional methods. Its main disadvantage appears to 
be a lack of simplicity. Since milk is essentially opaque, the most valid method 
of measuring its colot· is by r efl ectance. Refl ectance methods have been applied 
to measurement of browning in milk with Yery satisfactory r esults (.9, 89, 123). 
However, such methods require spec ialized equipment and are limited as research 
tool s since th e~· ca nnot be applied to translucent or transparent systems. Doob 
et al. (19) have dewloped a JWOr:edure for extracting the brom1 pigment from 
dri er] milk or tlri ed whey "·ith a Na,PO_,-NaCl solution . Optical density in the 
filtered extracts is determined in a photoelectric colorimeter . Although r ecowry 
of pigment b,v the method is not quantitative. color extraction appears to be 
uniform]_,- proportionate to the amonnt of pigment originally .present in brO\\'IJed 
samples. The method is not adapted to fluid milks. Color in the extracts is 
unstable and should be read within 80 minutes. Thrse \\·orkers also offe1· an 
alternative· aqueous extraction procedure, applicable only to dri ed whe~·. "·hich 
yi elds stable color extracts. 

A method that depends on trypti c digestion of the milk proteins to libeL"ate 
brown pigment in dri ed milk products lJas been developed by Choi et al. (11). 
This method has been adapted to e\·aporated milk. fluid milk, and simplified 
milk systems ( 98} . 'l'he versatility and comparative simplicity of the method 
are advantageous. Trypti c digestion of samples r equires one hour. which would 
be considered a distinct limitation in routine analysis. HoweYet·, the method 
shows a reasonable degree of precision and can utilize any conventional photo­
electric colorimeter provided with a suitable filter. This method has shown good 
agreement with a refl ectance procedure in evaluating the effect of pH on color 
development in heated milk (9) . 

REA CTANTS AND CHEMIC,\J, :MECJLIN!Sl\IS 

A. R eact(t11fs. The literature indicates very clearly that the two principal r e­
actants in the browning of milk and milk systems are lactose and casein. Neither 
casein nor lactose browns r eadily when heated alone but they (]O so when heated 
togr ther (38, GO, 84, 91, 98, 104, 110, 111 , 118, 1:!1, 13;'). It i,; lwo\\'lt that casein 
is heterogeneous, but no evaluation of its components in the browning reaction 
has been made. Dephosphorylated casein browns as r eadily as intact casein (60). 
Some question appears to exist as to the promotive effects of buffr r phosphates. 
Heating lactose in phosphate buffers is accompanied b~· some browning (130). 
However . Kass and Palmer (GO) conclude that phosphate concentration in mjlk 
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is too lo" · to induce an_,. apprec iable discoloration. In any case it is YCt'y diffieul1 
to chaw dl'fr ndabl r infr rr ncrs reg-arding the effects on browning of the phos­
phates. or more getH' t·all.'· the buffer system in milk, because it cannot be faith · 
fully reprod uced in a modPl syst rm. The H iclence that fluid r rnnet ''"hey i> 
wry resistant to both hrat- and storag-e-induced browning (104, 110) strongl,\ 
SUI,!gests phosphatPs to be of sccomlary, if an~-, importance in the browning o1 
milk prod nch . . -\ synprg-isti c effect of phosphates and protein amino :rronps i' 
possible. as shown in model s~·st ems b,,- P ederson e/ al . ( 10(i). Tn addition, ,8-lacto­
globulin will bt·omt 11·ith lactose under certain conditions (2:;), and it has been 
sul,!gPsted that Ut'Pa is a probable part icipant in the hea t-induced browning of 
milk ( 1). 'l'hesp obse rYations noh,·ithstanclin l,!. lac tose and case in arc the r e­
actants of first importance. 

Implicit in tlH' stud,,- of brownin:r is measut·ement of the reactants after 
Yat·ious times and conditions of reaction . This fact has hampet·ed study of the 
problem as it a pplies to milk atul has led to much coufnsion. Chang-es in both 
the protein amino-g roups and tlt e lactose content in milks undergoing bt·o,ming 
haYe pron n w r.'· difficult to fo llo"·· F or lactose. acleqnatel~- spec ific methods 
haYe not been antilabl e. 8Pnt·al gt·onps of workPt·s (32. 38. (i.IJ. 108) have made 
comparatin' studies of methods for measuring lactose and haYc concluded that 
appli cation of such methods to hi g-hly lt ea ted milks ~- i elds conflicting r esults. 
With metho1ls based on r eflucing powet· of lactose, the reducing substances gen­
erated in milk hy heat undonhtetll.1· eontribnte an el'l'or . Regarding the polari­
metric method for ladosr . it is a qne;;tiun whether the decomposition products 
formed in heatrd milk add to. !Subtract f rom, or have no effect on the optical 
actiYity of th f' laf' tosr. 'l'lt e method of Fea ron (22) for reducing disaccharidcs 
as adaptPd to blood b.1· Horowitz ct al . (5 1) has bern SUI,!grsted as an appt·opriate 
method, with suitable modifi cat ions. f01· lactose in heatrd milk (100). 'J'ltc most 
specific prorNlurc fo r lal't ose current!.'· available is the paper chromatographic 
method of H ont> t' and Tnrke,,- (50). Although in ronwnicnt in a number of 
r espects, their procednre gin's the best as;;nnmce of measurinl,! lactose specifically 
and has the aclYantage of permitting estimation of glucose and galactose as well . 
There is obYious need for fmther work in this area. 

In the stu(l.' · of casrin , the role of f ree amino groups in browning has been 
of first impol'tance and mnch effort has been expended on showing destruction 
of these g t·onps under various conditions. Tlie formol titt·ation has bPen used 
extensiYely for this purpose with questionable success. Under conditions of 
browning, results showing both increase (30, 60) and decrease (32, 84) in formol 
ti tration haYe been r eported. The diffi cult~- with this method seems revealed in 
part by the findings of H arland et al. (38) . In their stud~- heated aqueous casein 
and lactose-casein systems were evaluated for amino nitrogen. H eating produced 
an increase in amino nitrogen of casein sols bu t no change in lactose-casein sys­
tems. It seems plausible that heating caused some protein hydrolysis of casein 
(86), resulting in an increased value; ltoweYer , this was about equally offset by 
destruction of amino groups in the lactose-casein s~·stem. .Although somewhat 
more specific in measm·ement , the Van Slyke amino-nitrogen determination would 
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be subject to the same t~· pc of error . The ntlue of the fo rmol titration for meas­
uring amino group change appears to be plaeetl in fnrther doubt by the state­
ment of Hannan and Lea (36) that the amino g-roup of casein is still basic af ter 
reaction with glucose in their ' ' d ry " state stmlit' S. They also found this to be 
true in the interaeti on of glucose with (1-.Y-a.:etyl-L-l,,·s ine 0 1· poly-r.-lysine. Many 
appear to think tlwt bas icity of the amino group is lost on reaction with r educing 
sugat·. This point nrrds clarifi cati on, particular! .' · " ·ith r eference to aqueous 
systems. 

:.\Inch of the difficulty and confusion r t'sulting fr om studies of browning in 
heated milk can be tr<l eed to the dynamic state of the medium. It is apparent 
that in this medium the completion of one step is not essential to the initiation 
of the next. :Jiany chemical reactions a re proceeding at once. Tf one is looking 
for the disappea t·ance of amino groups as a mani festation of the b t·owning r eac­
tion in heated milk . one must also consider the possibility of their r egener ation 
or action in the manner of a true ca t<1l~·st. As is discussed subsequently, such 
regeneration seems more than a possibilit~- 11nd perh<1ps partially explains the 
inconsistent results obtained with the formol titr11 ti on . 

B. ,llechanis111 s. The serious student of the ch emish·~- of browning in milk 
is urged to consult the r eviews of H odge (13) and Daneby and Pigman ( 17). 
The parallels and close analogies between browning of milk and of model systems 
are indeed striking. A principal differrnre is that much more information has 
been secured r egarding the phenomena in model systems. Figure 1 characterizes 
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FIG. 1. A scheme of the more significa nt mani fe~tat i o ns of brownin g i n milk . 

some notable manifestations of browning that have been observed in heated milk. 
These also are the concomitants of browning in model sugar-amino systems. 
There is considerable evidence supporting a Maillard (sugar-amino) type of 
browning in milk (81, 100, 110, 118, 130). A number of studies haYe shown that 
browning in milk systems is independent of oxygen len l ( 12, 57, 58 , 67, 68) . 
The minor role which oxygen may pi a ~· ( 1:20) seems best explained in terms of 
-SH inhibition of browning (see section on prevention ) . Thus, browning in milk 
does not appear to be of an oxidative type. A pure sugar caramelization browning 
is ruled out by the a,ckno'¥]edged importance of both lactose and casein in the 
discoloration. The classical work of Kass and P almer (60) is cited f requently 
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as the )1I'incipal support for a simple caramelization type of browning. Actually
they concluded that bl'o,ming- ill hea ted milk results from "caramelization of
lactose b." the casein and the ausorption of the lactocaramel bv the colloidol
caseinates. " Thus, in this installce too the importance of casein to t.he pllenomena
is admitted. Their objections appt'ar to be leYCled at a simple bifunctional reac­
tion between lactose and casein as an explanation of browning in heated milk.

The question arises as to what chemical g-roups of the case in are primary
reactants in the browning mechanism . Evidence from three distincth' different
areas of study point to the <-amino groups of lysin e (in caseiu ) as kej: reactants.
1. Autoclawd systems containing casein and a reducing sng3l' consistently show
the greatest amino aciu losses in l~'sine (21, F12, 93). Sigllificant losses of histi­
din(' . arginine. and tryptophane also usuall~' accompany lysine destruction.
2. Lea and Hannan (7.f) have demonstrated that in the "dr~' " state glucose
reacts ,,,ith the fr(>e amino g')'OUPS of case in in a 1: 1 ratio, that these amino
gl'OUpS are made np almost entirely of <-amino groups of 1~·s ill e. and that the
complex so formed browns readil~' unde)' suitable conditions of temperature and
humidit~·. lIndpr these conditions in the IH'espnee of an excess of glucose other
basic amino acids al'e involved secondaril~' in the reaction (75). 3. On the basis
of componnds isolated from heated mill;:, Patton (97, 98, 100) has noted that the
decomposition of lactose in this medium and in casein solutions appears to be
base catal~'zed and that free amino gl'onps of casein are the logical catalysts in
this instance. It also is pertinent that bwwning in heated milk and related
systems is a ca talyti c process (19,132) and that amino compounds catalyze sugar
deh~'dration, fra gmcntation , and condensation (117, 135). Therefore, one might
strongl.,· sllspect that browning in heated milk involves catalytic decomposition
of lactose b." the <-amino groups of lysinc (in casein ) . It seems possible that
under carefully controlled conditions a 1: 1 reaction of casein amino groups ani!
lactose could be demonstrated as the initial step in the browning of heated milk.
Patton and Flipse (100) haY(~ isolated a colOl'less lactose-protein complex from
heated milk which browned on reheating. The linkage between ca rbon 1 of the
lactose and the protein was observed to be at least 67% disrupted by the reheat­
ing. These observations may help to explain the inconsistent relationship between
lactose destruction and loss of amino groups that has been noted in lleated mille

Many simple organic compounds appear to be dil'ecUy or indirectly involved
in browning. Prominent among these are 5-hydroxymethylfurfural (7, 96, 116,
135,136), acetaldehyde (88, 118), and methyl glyoxal (13, 20) . Small additions
of these compounds to milk did not sigJlificanU~' enhance the magnitude of heat­
induced browning (98).

Conventional effects of pH on browning in sugar-amino systems have been
shown to appl~' to heated milk (9, 98). H ions depress and OR ions enhance
discoloration. It is of interest that the normal pH of milk (6.6 to 6.7) lies in a
critical range with regard to color c1eYelopment (.98). Lowered pH and increased
titratable acidity invariably accompany browning in milk (15, 18, 27, 28, 30,
32,42,98, 134).

Beyond the involvement of lactose and amino groups there seems to be no
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additional information regal'Cling the weehanism of browning specifically in milk. 
In the domain of speculation , it is probable that the first fol'lned lactose-casein 
condensa te. among other things, unde1·goes the Amadori r earrangement, the 
product of which can lead to sugar fragmentation , formation of furfurals, r educ­
tone-like r educing substances, fluorescent substances, and melanoidins. Hodge 
( 43) and Hodge and Rist (H) haYe shown and discussed at length the signifi­
cance of this reaLTangement in model systems. Lea and Hannan (3G, 75) have 
indicated that such a r ea rrangement affol'lh a logical explanation of some of theit· 
findings with case in-glucose systems. 

The works of J_;ea et al. (35, 3G, 12 , 70, 71, 72, 73, 7-1-, 75, i'G, 77, 78, 80) consti­
tute the outstanding contemporar_,. contribution to the knowledge of browning 
in the a1·ea of milk s~·stems. Although the inwstigations of this group have 
invoh·ed primaril~- wol'l;: with casein and glucose in the "d t·~· " state, their find­
ings are eonelatell with earlier studies b~· them on dry milk. Coulter et al. (15 ) 
suggest that the basic mechanism of browning in dry milk does not differ from 
that in mot·e dilute milk systems. This seems reasonable if one bears in mind 
preceding comments r ega rding the mot·e d~·namic activit_,. of heated fluid systems. 
Whereas " dry " state studies by Lea et al. haYe shown evidence of stepwise pro­
gression toward browning, Kass and Palmer haw aptly described the phenome­
non in lwated milk as a non-bifunctional, complex, indefinite, progressiYe forma­
tion of a melanoidin. In an~r event, confirmatory ev idence is needed that the 
findings of Lea's group are extensive!~· ·applicable to dry milk and that the basie 
mechanism of browning in clr~· milk sr stems does not differ materiall_,. from that 
in fluid milks. 

Although model sugar-amino acid s~·stems have been of indispensable value 
in the study of browning, there are some notable differences between such systems 
and milk which may be worth bearing in mind: (a) lactose and glucose do not 
react identi call~- in browning systems (80, 95, 97}, (b) casein acts in the manner 
of a stron gPr base and a weaker buffer than a mixture of its amino acids (98), 
and (c) the milk proteins introduce the concepts of surface catalysis and a(lsorp­
tion into the phenomenon of browning in mille 

C. Th e brown 1Jigrn ent (m elanoidi11) . The most important manifestation of 
the complex and poorly understood chemistry of browning is the pigment. 'fhe 
brown substance (or substances) from milk and milk products has r eceived Yery 
limited study. Binding of the pigment by milk proteins and its absence from 
solution in milk serum is characteristic (GO, 91, 98, 110, 137} . However, if heat 
treatment of milk is sufficiently intense, discoloration of the serum also maY be 
noted. Kass and Palmer (60) have viewed the association of the pigment ~vith 
protein as the r esult of an adsorption process. They present extensive data on 
the positiYe capacity of sodium caseinate sols to adsorb lactocaramel, and similari­
ties in behavior and properties of these complexes and the colored proteins of 
heated milk. Their conception of the mechanism is in agreement with that pro­
posed earlier by Wright (137). HoweYer, it is noteworthy that the pigment of 
heated milk can not be r emoved from the protein by any known methods without 
destro~·ing the protein. This suggests that, at least in part, the binding is chemi-
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cal rather than purely physieal. Theoretically. one point of attack on this problem 
would be through nitrogen analysis of the brown matet·ia l, the essential absence 
of nitrogen being indicatiYe of a pme lactocaramel. This app roach is fmught 
with difficulties. H ow could one be eC' rtain that the pigment had been r ecoveree! 
to the exclusion of prote in fri1gments and othct· impu1·ities? ~Ioreover, at what 
level would nitrogen content take OIL sign ificaHce? RH iews ( 11 . . J3, 119) suggest 
t hat catalyti c decompos ition of sngat·s by amino compounds leading to browning, 
as well as direct participation of amino g ronps in pigment syHthesis, occurs in 
model systems. Since ca ramels and melanoillins arc both brown and haYe many 
properti es in com mon, one might v ie1r the prrsPJH'C of nitrog-(• n in the mclanoidin 
a somewhnt incidental. 

P II E:-.-O>I ENA .l ;;>'nC JAT Efl WITII BH0 \1":-.-J:\ G 

As shown in Figure 1, a number of chc· mical changes arc closely associated 
with br01ming. These include the formation of nn·ious spC'c ific compounds, r e­
ducing substances, and ftu orcsrent substances and the JFOtlurt ion of ca ramelized 
fla vors. F laYor is treatPtl sepa r·ate]_,. in a followin g section . 

A. Co111po uud formabou . One useful method of throwing light on the chem­
istry of browning and rclatPd ftavo J' changes is through iclentificat ion and study 
of the compounds formed. For the most part such compounds may be by-products 
and perhaps of secondary importance. HowcYer , th e~· giYc definit e indications 
concerning cl1emical mechanisms that may be operative. For example, the sugar 
f ragmentation products that have been detected in heated milk have been demon­
!Strated also in model systems, ind icating the similarity of mechanisms involved. 

Compounds fo r·med in heated milk l1ave been the subject of a rev iew ( 29 ). 
Those known to be form ed in this medium are furflll'yl alcohol (103}, 5-hydroxy­
methylfnrfural (96), maltol (9.5) , acetol (61), meth~·l glyoxal (13, 61) ; butyric 
( G·i), propioni c (64) , acetic (61 , 61) , formic (28), lactic (:21} . and pyruvic acids 
( lA , 109): hydr·ogen sulfide (.J:Jri, 127, 128) and carbon dioxide (1:!0, 121}. 2 The 
formation of carbon dioxide and water has been noted in dry milks ( 1.5) . Butyric, 
propionic, and pyruvic acids and H 2S have not been established as lactose decom­
position products. Presumably butyric acid results from fat hydrolysis and H 2S 
f rom heat denaturation of proteins. Pyruvic acid might be form ed through 
either lactose decomposition or oxidative deamination of alanine. The balance 
of the above compounds is form ed either substantially or completely from 
lactose. Information on the mechanism of their formation is limited. When 
lactose is destroyed in heated milk. galacto!Se, but not glucose, accumulates ( 49, 
109). This, coupled with the fact tl1at the glucose moiet.1· of lactose contains 
the reactive hemiacetal structure, points to the glucose portion of the molecule 
as a primary origin of sugar fragments. Schemes accounting for the fonuation 
of fm·ans (97) and some other compounds (61) in heated milk have been pro­
posed. These are in nerd of confirmation , and the use of lactose labeled with C14 

seems appropr·iate for the purpose. Both maltol and furfuryl alcohol appear to 

' Some of these eompouuds hn\'c beeu detcetecl ou ly after npplien tion of heat treatments 
far iu execss of those commercia lly emplo.vetl in nuy milk processing. 
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require the intact lactose molecule as an 01·igin ( .%. 97, 98), whereas most of the 
other compounds are produciblt• fmm g-lucose OJ' lactose. Furfuryl alcohol re­
sults when lactose is degJ·acled with :\'aHCO,. . but maltol does not (97) . Appar­
ent]~- amine catalysis is essrntial to maltol formation. 

Unqnestionably , an infinite mnnber of decomposition products from heated 
milk and other browned milk systems are ~-et to be identified. The water soluble­
ether insoluble sugar frag-ments and comlcnsa tion JH'Od ucts ha1·e receired no 
attention to date. It has lwen J'f' POJ'tNl also that heated milk contains a nnmber 
of unidentified carbon~-] compounds ( fj'1 ). 

B. Redu cing substan ces. llrated and Llried milks contain a complex reducing 
system inrolving - SH compounds, ascorbi c acid , and substances associated with 
the browning reaction. A system in which a ritamin is inroh·ed is always of 
practi cal interest, and mrasurement of -SH and other reducing groups in milkii 
is an aid in evaluating processing. quality . and a ntiox~·genic actil"it.1·. Methods 
for measuring th e!>t> systems in milk illll ependrntl~- of one another have been 
developed (10 . Hi. 18, .'/7. 53). Of prineipal inte1·est here are the browning--asso­
ciated reducing substances. ThPse ha n bPcn dl'tected or measured in a number 
of wa~·s. Ramsey et a! . ( 110) obsrn·ed that c·asei n recowred f1·om a bt·o11·ncd 
casein-glucose solution gives a strong- retlucing- test with Benedict 's solution. 
Kass ancl Palmet· ((iO) hare shom1 that browned systems of lactose and casein 
r educe methyl ene blue instantanrously. It has been drmonst rat rd by Doan and 
Josephson (18) that 85'/r or mm·e of the indophenol reducing substances in 
eYaporated milk is assoc iated with the proteins and that thesr must be r emo1·cd 
for accurate determination of asco rbic acid. Acid ferri cyani(le has been used to 
quantitatiwly mrasm·e increases in the rNlucing- substances of fluid and clt·~- milk 
s~·stems ( 10. 1-i, 1:7, 1G, 38. !il). Lea (70) aml Ct·owe et al. (Jfi) have established 
that such inc1·eases r esult from the interaction of lactose and casein and also from 
lactose drcomposition catalyzed by buffet· salts. 

Reductone-like reducing substances eons i stentl~- accompany bro1ming in 
model sugar-amino systems. Although the structures of these materials are not 
known, the similarity in properties to the Amadori r earrangement products of 
N-substituted glycosylamines tabulated b~- Hodge ( 43) i!'> of interest. 

C. Fluorescent s1tbsfa11Ces. Incident to browning in milk systems, fluorescent 
substances at·e produced (15. 38, !JG, 57. 58. 115. 123). Three t~· J)('S of fluorescent 
materials in browned milk s.1·stems haYe been r ecognized by J enness and Coulter 
(5G) . The~· are : 1) riboflavin e and related substances. 2 ) lipid-associated sub­
stances, and 3 ) flnorescent matet·ials resulting from lactose-p 1·otein interaction. 
The~- hare derisecl a differential solubilit~- procedure for separating these tln·ee 
groups. According to them, normal processing is without effect on the fluores­
cence of dn· whole milk, but elevated moistm·e content and storage temperature 
substantiall~- increase flum·escenc·c of the g-roups 1 and 3. Tarassuk and Simonson 
(115, 123) haYe studied fluorescence in evaporated milk. Both sterilization and 
storage enhance fluorescence in this product. and practicall~- all of the fluores­
cence increase is r ecovered with the proteins. These workers point out that 
although browning and fluorescence deYelop simultaneously and increase at a 
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pa rallel rat f', th e matr rial s involved in the two phenomena arr not uecessarily 
idrntical. Tl1 ry noted that all the fluorescing material could be rPlr ased from 
t he protein by much milder hyd rolysis of the proteins than that n'qniretl fot· 
liberation of tl1 e pigment. It would be of interest to know " ·hether r ctlucing 
ar;t.ivity is associated with both the fluot·escent and brown materials. Hannan 
and Lea (3G) ha1·e been successful in sepa rating compounds with blue antl purple 
fluorescence from a glucose-a-N-acf'tyl-L-Iysittt' r eacti on mixture b~' papPr chro­
ma tograph~·. 

Til£ STRECK£!~ · DEUR .I D.ITI 0::-1 

The Strecker tlegradatiou is an integral part of the various r eactions invoheLl 
in the browning of amino-reducing suga r systems ( ·i 3, 11:2). It occu•·s when a n 
amino aeid is heated with certain t~· pes of di carbonyl compounds. The a mino 
ac id is dPgradcrl to an aldehy<l c of one less <·arbon. This reacti on has bern thf' 
subjer-1 of a r evi ew 1 11:2), aliCl Schonbr rg eta/. (11.'1) luwe establishctl the r eft ni­
sit e strnetme for the dicarbonyl compounds as: 

9. I ' 9. 
-C-(C=(h-C-

where 11 is zero or an integer . The essrnce of the reaction with lr ucine a nd 
pyru1·i e ac id to form :J.m<'thylbntanal :mel alanine may be r ep resented as follows: 

~HJ /l(ft? C(? 0 0 
CH-CH-CH-CH-C-OH + CH-C-C- OH 

J 2 J 

Cff.J 0 
CH-CR-CH-l:H + 

J 2 

J, 
Nfi 0 

CH-c'J'-t-OH +CO 
J 2 

Glucose and presumably lactose ca n sen ·e in place of Jicarbonyl compounds 
in this r eact ion ( 1, 112) . Jn all probability decompositi on of the sugar to a 
suitable dicarbonyl precedes the r eaction. It also has been shown that dehydro­
(uiketo ) ascorbic acid can participate iu this r eaction (107). The Strecker 
degradation is COnsidered to be fl j)l'incipal I'OUtC of CQe production dlll'ing 
browning ( ·13, '19) . 

Tl1ese obsel'\'ations appear im portant with regard to milk products. Milk 
contains th e necessar~· r eactants. Trace quantities of free amino acids a re pres­
t•nt in the protein-free se1·nm of mille Block (8) 1·epot'ts the presence of glutamic 
acid , glycine, alanin r , Yaliue. lcueines, asparti c acid, and serine, with the first 
three predominating . • \l an in r. glnta mi ~.: acitl , gl~·f·inP. leucines. an!l valine have 
been demonstrated by Yan det· Zaut allll N c• hion ( 1:29). Unquesti onably, these 
trace leYels would be considerably enhanced b~· th e hydrol.1·ti c effects of high 
temperature h rat treatment on milk protrins. Dicarbonyhi, such as methyl gly­
oxal and pyruYic aeitl , ha\'C.' bren identified in heated mille and precursors of 
such compounds. i. f' .. lactose and ascorbi c acid , occnr in milk in the Jtati ve state. 
Considering the Yari r ty of amino acids that a•·e present in milk proteins. it seems 
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clear that great numbers of flavorful ahlehydes conld be produced by the Strecker 
degradation in milk. 

From a practi cal standpoint it is of interest to know whethet· the Strecker 
degradation could occur in milk utlller pt·actical processing conditions to an 
extent sufficient to cause off-flavors. Data by Schonberg et al. ( 113) show that 
substantial yields of aldehydes are obtained b~· hea ting dilute solutions of amino 
acids and dicarbonyls for 30 minutes at 100° C. The amount of heating necessary 
to produce quantities of aldehydes in excess of the flavor threshold would be 
considerabl y less. In this connection , Jackson and )!organ (55) have reported 
the aroma of 3-methylbutanal to be definitely noticeable in milk at 0.5 p.p.m. 
This ahl ch~·de results from the Strecker degradation of leucine. Experience at 
this laboratory bears out the ex treme potency of lower molecular weight alde­
hydes in imparting fl avors to mille A further practical point in this matter is 
the quality of milk fo t· manufacturing purposes. Poor quality milk ordinarily 
makes poor flavored products. The potentialiti es of bacterial action in such milks 
are to produce both amino acids by proteolysis and dicarbonyls by sugar fer­
mentation and various other mechanisms. Such action could be expected to make 
the milk a more suitable medium for the Strecker degradation . In the manu­
facture of eYaporatcd milk, which im·olves Ye r~· substantial heat treatments, 
these phenomena may be of considerable importance. Recent evidence indicates 
that light or certain varieti es of bacteria , as well as heat . can bring about the 
essence of the Strecker degradation with certain amino acids (55, 99}. 

The point of this discussion concerning the St•·ecket· degradation is to empha­
size the substantial indications of its importance to the flavor of dairy products 
and that it is a mechanism worthy of extensive stud~· in connection with such 
products. 

CA RA;\IELIZE D FL.\ VOH 

A concomitant of the browning of milk is caramelizeu flavor. At times devel­
opment of this distinctive flavor is promoted purposely ; more often it is 
objectionable and coincident to fault~' pmcessing or product deterioration. At 
this point there is no clear or simple explanation of its nature and origin. 

As milk is progressively heated toward 100° C. its flavor is altered. It is 
generally held by discriminating observers that pasteurization imparts a very 
slight change in flavor and that at or about 7 4 o C., momentary heating, a distinct 
cooked flavor begins to develop. This flavor arises from sulfhydryl ( -SH) com­
pounds liberated by heat denaturation of ,8-lactoglobulin ( 31, 53, 54, 59). Al­
though the mechanism of cooked flavor formation is perhaps somewhat beside 
the point, it seems noteworthy that neither the so-called heat liberation of -SI-1 
groups in ,8-lactoglobulin nor the conversion of such groups to the flavorful 
volatile sulfides (primarily H 2S ) has been adequatel~' elucidated. However, an 
extensive study has been made of factors affecting the quantity of volatile sulfides 
produced in hea ted milk (126, 127, 128}. Intensity of cooked flavor increases 
with increasing heat treatment of the milk to a point determined in all proba­
bility by the number of - SI-1 groups to be activated, the amount of oxidation of 
-SII groups by atmospheric oxygen , and the extent of in·eversible r eaction of 
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-~HI groups with other components in the milk. It bas been demonstrated that 
-SH groups slowly disappear when milk is hr ld for pt·olongrd periods at high 
tc·mperatut'f'S and that cookrd fla,·or in the milk seems to giYe wa:· to ca ramelized 
fla ,·or ( 104, 126). .\.It houg-h -SH gt·ou ps 111<1.'. sern as inhibitors of caramelized 
fla,·or (see sect ion on p t'eYention ) , there srems to be no good reason fot· presum­
ing any causr-and-effert relationship between the two fla,·oi'S at this time. At 
what point in the heat t1·eatment of milk ca ramelizrd flaYOI' becomes e\·ident and 
wh r ther browning is always co-prcst'nt with the flaYOI' is not cleat· from the litcra­
tnrr. In general it is indicated that degrrr of ca ramrlized fht,·ot· is co tTel<ttcd 
positive]~- with degree of bro\ming and related changes (1:J . 10-f. 12:2, 126). The 
efff'l' t of Yarying casein content has not bern studied in this connection ; howeYer , 
ca ramelized fl a,·or (a llll bromting as wrll ) does not dewlop in heated fluid \\·h e~· 
(JO.f. 110). It also has bren obsenPd that thl' add ition of ascorbic acid to raw 
milk (1 g/1) will inducr caramrlizrd fla,·or at time-temprnttures (90° C.-flash ) 
lo\\·r t· than normall:· rrquired {.101 ). 

Althouglt this limited information is hanll:· illuminating with refe rence to 
thr mechanism of fol'llJation or t he cbemi ra l identit_,. of ca ranwlized flayor. some 
eYidence from microb iologica l studies is of mot·e than passing interest. Hammet· 
and Cordrs (.'J.f) haw obsen-ed that ca ramel off-flaYors in milk and milk pt·oducts 
are caused b,v Sf.rcplococcus lac /is YHI'. 'lllalligencs. Sim ilarly. Kcll:· (63) isolated 
ea t·amel flaYor-produ cing strains of bacteria from samples of milk r ej rcted for 
lHn·ing a cooked (caramel ) flayor. Thesr baetf' ri a were classi fied as variants of 
S. /actis. Rerentl:· .Jackson and l\forgan (55) have shown that the malty flavor 
produced in milk b,,. S. lactis va1·. malligenes is dne to 3-mrth:·lbntaHa l. The 
o•·ganisms in qnestion wrre obsrrYed to s:·nthesize the aldeh:·cle from thr amino 
acid leuci ne. Tn light of these findillg"S. one is strong!:· tempted to specu la te that 
the same caramel flavor componnds s:·nthes ized b:· these organisms ma~· be 
generated in milk by intensiw hra t trra tmrnt and prrhaps morr spec ificall:· 
through Strecker degt·adation of amino acids. Howe,·er. there is no substantiati ng 
ev idence fo t· such an assnmption at this time. l\'Iot·ron•·. this rxplanation prob­
abl:· greatl_,. oYersimplifies the natu•·e of flavot·s in highly heatrd milk. The aut hor 
proposes for what it may be worth that then• are at least four flavot· co1npo11ents 
in whole milk hea ted to the rxtr11t of noti ccabl f' b1·owning: 1 ) ca ramrl ot· malt_, .. 
resulting from sugar drcomposition HIHl St recker dcgJ·a<lation of am ino acids: 
2) stewed mea t , arisi11g- from methionim' decomposition and the prrse nce of H0~; 
3 ) hydrolytic rancidit:·. arising- from fat h:·cl •·olysis: -t ) roco nnt-like. r rsulting­
fl-om the format ion of la.ctonrs in tl1e fat. The presencr of these components is 
not without some snpp01·t from the literature (i -f . -fl. 6-i. 10:J . 1::!6 ). 

PREVE:\'TlOK OF BR0\\'1\' IKG 

There appears to be a natlll'al inhibiting: mechanism to heat-induced browning 
in milk. Data haYe i11dicated that lactose-casein s:·stems bt'O\nt more r ead ily 
than does milk under compantble conrliti ons (.98. 100) . Nelson (90) has obserYed 
a lag in the d iscoloration of evaporatrd milk dnring process ing. Townle:· and 
Gould (126) haYe noted that snbstantia l bt·myning occur red at the time of marked 
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decrease in labile sulfide liberation . According to Patton and Josephson (104), 
the onset of browning in heated milk coincides with disappearance of sulfhydryl 
(-SH ) groups as measured by the nitroprusside test . In their study heated whey 
exhibited a positive nitroprusside test and no browning even after 11 months 
storage. Tarassuk (120} has shown the benefi cial effect on color in evaporated 
milk of removing head-space oxygen from the can prior to sterilization. This 
procedure is known to have a stabilizing effect on -SH groups in heated mille 
Guss (33) has r eported the inhibiting effects of -SII compounds on browning in 
model systems, and the prevention of browning by r educed sulfur compounds is 
known (66, 118, 130}. In essence it appears that -SH groups inhibit heat-induced 
browning in milk, and measures which preserYe such groups should help prevent 
discoloration. The mode of action of -SH compounds in this connection is not 
known. An inter esting speculation concerns the addition of -SH compounds at 
the double bond of the Amadori r earnmgement product (enol form ). Hodge (13) 
has suggested that mechanisms of this t~·pe might be effective in blocking the 
browning reaction in certain systems. 

Several other agents are known to inhibit browning in milk systems. These 
include formaldehyde (60, 110, 118, 130 ), sodium bisul£te (66, 118, 130 ), sulfur 
dioxide (66, 118}, and hydrogen peroxide (66 , 118}. Brominating, nitrating, or 
iodinating casein , as well as treating it with formaldehyde, was observed to pre­
vent browning on subsequent heating with lactose (118} . None of these materials 
or procedures has received consideration for practical purposes in dairy products. 
The most important preventive for browning in milk and milk products is to 
keep moisture, heat treatment, and storage times and t emperatures at acceptable 
minima. 

NUTR ITIONAL IMPLICATIONS OJo' BROWNING 

One important reason for the interest of the food industry in the phenomenon 
of browning is its r elation to nutrition. Ther e is sufficient evidence in the litera­
ture to suggest three separate considerations in this r egard : 1 ) lowered con­
sumption of browned foods because of poor palatability, appearance, and physical 
properties; 2) loss of nutritional value due to vitamin and essential amino acid 
destruction and loss of biological value and digestibility of protein; 3) produc­
tion of toxic substances or metabolic inhibitors. These considerations extend 
beyond the scope of this paper. The interested r eader should consult an exhaus­
tive r eview of the nutritive value of milk and milk products by Kon and H enry 
(65). Nevertheless it seems desirable to show some of the possible relationships 
between browning and the fi eld of nutrition . 

At the outset one should bear in mind that research on browning frequently 
has involved reaction conditions that seem improbable even under the worst 
conditions of food processing and storage. Moreover , actual food products have 
been used in very few instances. Much of the work on amino acid destruction and 
loss of nutritive value during browning has utilized mixtures of casein and 
glucose (26, 41, 71, 73, 74, 75, 76, 81 , 92, 93}. Although casein and glucose con­
ceivably may occur together in some processed foods in appreciable quantities, 
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they, as such, form no known food product. In addition. lactose is a much more 
logical attendant of casein. Lactose appears to brown less readil~· than glucose 
in the presence of casein (71, 80) and presumably causes less destruction of 
amino acids than glucose under conduciYe conditions. In order to amplif~- and 
thus facilitate characterization of chemical changes during browning, the use 
of aggravated conditions is desirable. Howewr, findings under such conditions 
are not necessarily of immediate practical importance. Further, one is inclined 
to consider with some r eservation the applicability to man of findings 011 t est 
animals and from in Yitro protein digestibilit.'· studies. 

Destruction of essential amino acids, particnlad~- lysine, has been demoH­
strated in both heated aqueous and stored dry casein-glucose systems. It is 
notable that small losses of lysine and histidiHe dm·ing ste1·ilization of evaporated 
milk have been shown (48). In a study b~- Hem·~- ct al . (i.?) much of the reduc­
tion in biological value of ,sto red nonfat dr.'· milk of high moisture content was 
traced to lysine becoming biologicall~- unaYailable through combination with 
lactose. It is significant her e that essential amino acids are destro~·ed in milk 
s~·stems which have undergone browning. 

Hodson ( 45, 4G) discusses the conflicting results that haYe been obtained on 
the nutritive Yalue of evaporated mille It appears that processing and storage 
for reasonable periods at room temperature ma~' have ve 1·~' minor effects on the 
nutritive value of the product for the rat and the clog ( 2, -10, 47. 133). A recent 
paper by Hodson ( 47) indicates that the amino acid defi c i enc~- of evaporated 
milk proteins for rat growth involves mainl.'· the sulfur-containing amino acids 
(cystine, cysteine, and methionine). The formation of volatile sulfides in heated 
milk also suggests destruction of these amino acids (126, 127, 128}. 

In addition to the findin gs on amino acid destruction, it is reported that 
5-hyclroxymethyl-furfural arrests the growth of rats (39) . This compound has 
been isolated from milk which has undergone dt·astic heat-induced browning (9G) . 

With reference to foods which are toasted b1·own. the cariogenic effect of heated 
nonfat dry milk noted b~- McClure and Folk (83} is of interest . Dental caries 
closely resembling those found in hnmans "·ere produced in rats fed heated dr,\· 
milks as part of the ration. 'l'he detrimental qualities of heated ( 115° C. for 
more than 20 minutes) milks as a culture medium for lactic acid bacteria have 
been noted ( 24). l\'Iilks which have r eceived too rigorous heat treatment do not 
give optimum results when nsed as diluters for bovine semen ( 12, 121). Losses 
in motility of sperm and lower conception rates common].'· result under snch 
conditions. 

This brief summary makes clear that lowered nutritional and biological value 
is a distinct possibility in food products which have undergone a noticeable 
degree of browning. Toxic or growth-inhibiting effects of browned foods seem 
worthy of much more extensive investigation than the." han receh·ed to date. 
Dried wheys the color of coffee are not uncommon ingred ients of livestock and 
poultry feeds. In view of the available knowledge and equipment, browning is 
by no means inevitable in milk and milk products, but prevention of the defect 
will involve application of suitable processing, packing, and storage conditions. 
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In summing up the problem of browning in dairy products it is evident that 
with the notable exception of e,·aporated milk. measures for controlling the 
defect have been known and used for man~- ;·ears. Occurrence of browning in 
dairy products has resulted from acc idental or purposeful omission of adequate 
control measures. Even in evapOI'ated milk the problem appears to be yielding 
to proeessing innovations. 'fhus, on a practieallc,·el , the problem of discoloration 
is more one of control and developm ent than r esrarch. HowC\·er , when browning 
becomes evident in a dair~- product the point of good palatability is long since 
past. It is the early (colorless ) stages of browning which are in need of much 
additional research, not on]_,- to unra,·el the chemi str~- of pigment formation but 
also to elucidate the mechanisms and means of ]Jl'Cven tion of various prebt·owning 
off-flavors. 
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I. THE LIPOLYTIC ACTI\Tl'Y OF SEPAR.\.TOl{ SLll\IE'· " 

II. G. ~ELSO~ " -'"n .J . . J .• JEZESTO 

lJcJ"'r/m cnl of liltir!f Hnsballll r !f. C iliu·rsily of Jfi nn esoto. SL l'a al 

l\fan,,- diffrrcnt approaches han· been made to desc ribe th e phenomenon of 
lipolysis in milk and othe r clair,,- products. and numerous methods have been 
u st>d to measure lipase a ct ivit~--

The data accnmnlated in th e lit eraturE' as th e res ult nf these Yari ed methods 
of experimentation appear to bP somp\1-hat confusing- and in some disagreement. 
A pmtial explmwtion for th e di,-ers it,,- in r psults liPs in th e Yari r ty of methods 
ust'd. as wt'll as inadequatr rontrol of Pxpet·inwntal conditions in some instancps _ 
Of perhaps greatest impot'tan('e i11 t·eganl to the lattet· point is the poor control 
of Pnz.nnP source and conce ntration_ Ra11- milk ltas most oft(•n bN·n used as the 
so nree of lipase. mul it is 11atnntl to assum r that th P t' nzym rs in milk. like other 
eonstitur nts. are snbjert to 1ride flu ctuations in amonnt from one sample to 
anothrr. Ther eforr. it seemrcl necessar,,-. partieulal'!,,- for a stncJ,,- of rnz~-m e 

kin eti es. to den•lop a potPut aml stahlr lipasr preparation to JWI'IIIit comparison 
of r xperiments mHl r t· a ntri et,,- of ('onditions OYrr rPlatin•ly long periods of tim e. 

Th r work of Pfrffrt· rt a/_ ( .'J ) indiea terl that sPparator slim e \\-as an rxeell ent 
sourer of lipase all(] usually shO\H•d about three timrs as mnch lipolyt ic aetiYity 
as normal milk Ac·eo rrli ngly. this \1-o rk ~~ -as llllll f' rtak(·n to pt·ocm·e from sepa­
ra tm· slime h ig·h ly ('O ncen tntterl l i pasr pn' JH!I'at ions in a p h,,-si ca I stat r that wonlrl 
pro1·idr rasr of ltatHlling· anti a soure r of enz,,-nlt· that \H>Itld rr·main ronstant in 
eoneentrati on anrl other pt·oprrti es . 

EXI 't: i:I:\IE:>;T .\1. 11 ETI!ODS 

.'-uurcc and prt porolion of milk products . • \llmilk produets usrrl in this stud.'· 
IH·t·e obtainrd ft·om milk pt·odnccd b,,- thr l'nin•rsity of :\Iinnrsota dait·,,- herd. 
The cr ram. skimmilk, and separatot· slime wet·r pt·rpared b.'- warming approxi­
matt·J~- 30 gal. of ra\Y milk to a trmpera tnre of 3~ 0 to :~;:) ° C. and passing it 
through a warm milk separator_ Th r erram anrl skimmilk were passed over a 
snrfare cooler and coolrcl to 4_:-; o C .. anrl all tln·rr• mat E' riab \H'rr stored at 0 ° C. 
until tested_ The srpat·ator slime was colleete<l innnediatel,,- aftE'r rompletion of 
separation all(] held at 0° c_ nntil utilizer] in r xpr rim ents_ 

The method empl oyed to trs t lipasP adi,·it,,- \nls Yet·,,- similat· to that used by 
P ett•t·son ct al. (2) . On e change 1n1s th r use of ;).8 ml. rath er than ~-0 mi. of 0.6111 

sodium ba rbital in ordPr to increasP th e bufret·ing r·apa c it~- of th e substrate 
suspension. ThP titration was dou P 1rith aqueous 0.1 ,Y sodium ~~~- clroxicl r. 

Recei,-ccl for pulili rn tion )fo,-cmlJcl· ~G, HI;)~-

' Sc ieutifi r .Jomu:d Seri es, Pnprr ~o- ~~;- .~, Minncso tn Agricnlturnl E xpe rim ent Station . 
' The dntn in tl1i s pnper nrc t nkc n fr om n thesis prcscntcrl h:- til e senior :wthor in p a rtia l 

f ulfillment of til e <l cgrcc of Doctor of Pllilosoph:-, T.' ni,-e rs it ~- of )Iinneso tn . 
" Present n <ldreRS : Soutilens tc rn Louis in un Co llege, Hn mmon,l, Lou bin tw. 



480 H. G. NELSO.:> A:'<D J. ,l. JEZ ESKI 

The substrate pt·eparation consisted of 0.3 mi. of tributyrin, 5.8 mi. of the 
barbital buffer, and 4.9 mi. of pasteurized skimmilk. These three ingl'edients 
were mixed togethet· and passed through a hand homogenizer four times to bring 
about a uniform suspension. 

After the substrate preparation had been measured into test tubes, resus­
pended separator slime, cream, or skimmilk was added . The amount of inoculum 
varied, depending on the source of lipase. The sample was then shaken vigor­
ously 20 times, and a pH determination was made before the sample was incu­
bated at 37.7° C. for 1 hour. 

The titration procedure consisted of mixing 5.0 mi. of sample to be tested with 
5.0 ml. of 95 7c cth~· l alcohol containing 0.-:l g. th~·molphthalein per 1,000 ml. of 
alcohol. Two ml. of ethyl ether was next added, and the mixture was titrated 
with 0.1 N ;,IaOH to a permanent dark blue end point. This procedure was re­
peated on another ;)-ml. portion aftPr the 1-hour incubation pet·iod. The differ­
ence between the initial titration and t11at obtained after the incubation period 
was consider ed to be a measure of the amount of h~·drolysis of the substrate by 
the lipase pres1' nt. Controls "·e•·e rnn to cheek for bacterial activity by substi­
tuting pasteurizell skimmilk for the tribntyrin. 

The lipolytic properties of blood and Yarious blood constituents wt>re tested 
in a manner similat· to the method used fol' skimmilk and separator slime. Blood 
was drawn from lactating cows and clrfibrinatecl b~· shaking in a flask with glass 
beads. SamplPs of the defibrinated blood and blood constituents were mixed 
with the tributyrin substrate, and titrations " ·ere made as described previously . 

RESU LTS 

In Table 1 are shown th e results of preliminar~r work in which the lipase 
activities of fresh separator slime, raw skimmilk, and cream were lll casm·e<l. The 
data indicate that separator slime wHs cmJsiderably l1igher in lipolytic activity 
than was either of the two other products tested. 

The fact that the cream showed considerabl~r less lipol~·tic activity than did 
either srparator slime or skimmilk " ·ould seem to indicate that the lipolytic 
activity of milk is associated with the milk plasma to a greater extent than with 
the butterfat . That the milk separation process tends to concentre1te the lipase 

TABLE 1 
.:1 compa r ison of the l ipase act·ivity of raw -< kin1111il1~, rr ' 'a111 , {J.nfl .•rpara l or .• lim e 

as mr nsured by the liydrol!fsis of trib ul!f ri n at pH S.o 

O.l .VNnOH 

Initi:1l Finn! 
Enzyme soHrce Amount titrntion titration Inercnse 

(mi.) ( mi. } ( mi.) (1nl.} 

Raw skimmilk 1.0 2.30 2.46 0.16 
Raw skimmilk 5.0 :2.50 ::!.88 0.38 
Cream, 20 % 1.0 2.45 2.50 0.05 
Cream, 20 % 5.0 :2.30 :2 .37 O.D7 
Sepa ra tor slime " 1.0 2.64 3.16 0.52 

• Fresh sepa rator slime reconstituted with 11·ater in a rati o of 1; 1. 
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in the separator slime, and to a lesser extent in the skimmilk, suggests fm'ther 
that the lipases are associated with some of the heavier milk constituents. These 
heavier constituents, affected by the centrifugal force of the separation process, 
are concentrated in the separator slime and skimmilk, leaving only a slight 
amount of lipolytic activity in the lighter cream. 

Additional comparisons were made between the activity of the enzymes of 
separator slime and raw skimmilk, both obtained from the same milk, by testing 
their abilities to hydrolyze tributyrin . The results a1·e recorded in Table 2. There 

TABLE 2 
A compa·rison of the lipase act iv ity of raw .9kimm ilk and separator slime pwduced 

from th e same whole 1tli /k as mcasu.rerl by t he hydrolysis of tribntyrin 
---- -

0.1 N NnOH 

Trial Initia l Initial Final 
No. Source of enzyme Amount pH titration titration Increase 

( ml.) ( ml.) (mi.) (ntl.) 

1 Rnw skimmilk 10.0 8.50 :!.64 3.14 0.50 
s~parntor slime" l.O 8.50 3.80 4.02 0.22 

2 Rnw sk immilk 10.0 8.43 :!.36 2.62 0.26 
Sf•pnrntor slime" 1.0 8.50 3.34 3.56 0.22 

3 Hn\\· skimmilk 10.0 8.56 :! .i4 3.50 0.76 
Separntor slime " J.O 8.50 3.87 4.~2 0.35 

4 Raw skimmilk 10.0 8.53 ::! .08 :!.54 0.46 
s~pa rn tor slime . 1.0 8.58 :.? .69 ::!.76 0.07 

5 Raw skimmilk ' 10.0 8.50 ::! .00 :! .00 0.00 
(Control ) Separator slime " 1.0 8.50 :.?.15 2.15 0.00 

'Pasteurized skimmilk used as substrate. 
• Fresh separator slime reconstituted with water in the ratio of 1: 1. 

was a wide Yariation in the lipolytic activity of different samples of skimmilk 
and among the different lots of separator slime. Furthermore, the lipase activity 
of the separator slime did not increase or decrease in direct proportion to the 
amount of lipase activity in the skimmilk from which the separatot· slime was 
obtained. 

In one of these trials pasteurized skimmilk was used in place of tributyrin . 
When this change was made, th Pre was no incr ease in titmtable acidity after an 
incubation period of 1 Jwnr. This observation was considered as evidence that 
the increase in titratable acidity was due to hydt·olysis of substrate and not to 
bacterial fermentation . 

After fresh separator slime was shown to possess rPlatively strong tributyrin 
hydrolyzing activity, tests were made to determine Yariation in enzyme activity 
in individual lots of slime. Wide nuiations in the amounts of tributyrin hydro­
lyzing enz~·mes in individual lots of separator slime wc1·e observed and are re­
corded in Table :3. For exampl t> , the separator slime used in Trial 2 produced 
more than three times the lipolytic actiYity produced by the slime used in Trial 6. 

Th e effect of lVaring blC'Iulor and (or) homogenization t1·eatmen ts on sepa­
rato1· slime. The rubbery, sticky texture of the separator slime made weighing 
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TABL E 3 
Th e 1·ariaf ion i n lipase ac fi r ily ol si:c lo ts ol separator sfim,•" 

as 'llleasured by t h r: hydrol.'fsis ol t r i buty ri n 

Iuitinl Ini t ial 
Lo t X o. Amount pH titrntion 

( 111 1. ) (1ll l. ) 

1 1.0 s.:;n :? .no 
~ 1.0 R.45 :?.46 
3 ].0 8.30 ~-(\~ 

4 ].(I R.54 ~ .70 

5 l.O 8.50 :!.:!0 
(j l.O S.GO :!. ] ;) 

7 Control " l.O ~(!)0 :?.10 

' Fresh scpnra tor slime rcc· onstitutc<l witi< wntcr i n rntio 1: l. 
• P asteurized skimmilk used as suiJs t•·ntc. 

O.l N ::'\nO H 

F in n! 
titrntion 

( Ill /. ) 

~ An 

~-~1' 
3. lfl 

~ - ~ " 
~.5 (1 

~ . 3 :3 
~ . l n 

Juerense 

('111 l.) 

0.40 
O.Gu 
0.5~ 

0.50 
0.30 
0 .~0 
0.00 

ancl uniform clispr rsion diffi cult . Efforts to extrac·t or r r dispPrse th e lipases in 
the sepm·atot· sli11J r i11 an aqueous suspr nsi on " ·r re made b_,. hoJHogeHizing the 
separator· slimr aftr r mixing it " ·ith \HltPr ot· b_,. mixin g sp pa1·ator slime and 
water with a \Va rin g- bl r ndo r. Tht• J'(•sultin g· h rm-~· suspens ion " ·as then crntri­
fuged . 

The vi gorous 111 i xi Ill! ac t ion of th e \\1' <Hi ng· blenllor· tra ns fern·d on]~- a small 
p ercrntage of the total lipasr ac- ti,·ity o f th (• separator slinH' t o the aqueo us 
Sllpf' 1'113tant. J1ut \\·hr n thr \rater and slime \ H 'l'(' homogeniZE'll together the 
supematant liqu id ahrays c- xhibitP<l g- rea te r lipasr actiYit_,- tha11 did tlt r r es idue 
r esulting after centrifuga tion . 

Repeated trr atm r 11ts with th1• hom og·e nizr r or th r \Varin :;:- bl enclor or both 
di d not incr·easc the lipolyti c a c ti,·it~· in th r aqu rous phase be.mnd th at r esulting 

aft er a single trratment . 

The eO'ect of conec ulralin g enzyme prepttralions 1111dcr t' rt C I/11111. When the 
separator slime was mixed with wat f'r and homogenized . the aq nPous SUJWrnatant 
prepa rations 1·esnltin g f rom centrifugation were a]\\·a.n; morr dilute so far as 
the lipase actiYit~· \HI S coucP I'II etl than we1·e th e origina l sPparator slime sampl es . 
H oweYer , the remm·al of a large porti on of the water b_,- CO!Hlr nsation under a 
high vacuum r educed the Yolume of th r aqnrous suspr nsions without d rstroying 
the lipase activit~·- By this mea ns (as is shom1 in Table .f ) it was possible to 
obtain a high conce11tra ti on of lipase dispersed in an aqueous solution . Although 
it was possiblr h_,- means of r ondensing- the lipase solutions under Ya cuum to 
produce a highly co nc-entra ted lipasr solution. the ~- i rld was too small to justify 

the use of this method. 

L yophil-iz ing sc pamtor sli111 c. The separator slime was spread on pa rchm ent 
p a per and frozen in a blast of a ir a t --~8 ° C. The frozen slimr ,,·as placed in a 
l~·ophil izing appar atus which " ·as cquippr tl with a hea ting r lr mcnt. a condenser , 
and a vacuum pump. A hi gh vae uum was drawn on the lyophilizin g- apparatus 
and sufficient heat was a pplied to ch·~- th e slime in 12 hours. At th r end of the 
dn·ing p eriod the slime had r eached a t emperature of a pproximately 30 ° C. 
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TABLE 4 
The effect of 't'acnum concentration on tile lipase actirity' of the supenwtant obtained 

after the centri{ugat-ion of homogenized sepamtor slime 

Trial 
No. Enzyme source 

1 Separator slime 
Supernatant 
Concentrated 

supernatant 

2 Separator slime 
Supernatant 
Concen trn t ee! 

supematant 

Amount 

(ml.) 

1.0 
5.0 

5.0 

1.0 
5.0 

5.0 

Ratio of 
concen· 
tration 

7-1 

7-1 

• Determined by hydrolysis of tributyrin at pH 8.5. 

0.1NNaOH 

Initial Final 
titration titration Increase 

(1/l.l.) (ml.) (ml.) 

1.80 2.16 0.36 
1 .80 1.92 0.12 

1.80 2.56 0.76 

1.82 2.88 1.06 
1.80 2.30 0.50 

1.86 5.70 3.90 

Before being tested, the dried separator slime was soaked in distilled water for 
lf2 hour and then homogenized three times. 

The lipase aetiYit~· of separator slime dried by lyophilization was compared 
with that of the nndried slime. The wet slime "·as tested whil e fresh and also 
after 24 hours of storage of 0° C .. a period eqniYalent to that necessary to dry 
the slime. The dried slime was prepared and tested 1 da:· after it had been pro­
duced. The rrsults recorded in Table 5 reveal that the powder r esulting from 
the drying of the slime was r ich in lipase acti,·ity. The freeze-dr:' ing operation 
produced a light powder that \ H1S casil~r dispersed in distilled water and that 
made a fin e, uniform snspeJlsion r rsrmbling r<'constituted milk The fact that 
the dried separator slime formrcl a uniform snspension may account for the 
fact that the dried separator slime samples showed more h_,·clrolysis of the sub­
strate tl1an clid the fresh sepa rator slime when rompared on a total solids basis. 
The storage of wet slime seemed to be detrimental to the lipases . A decrease in 
lipase activit~· of approximately 13 ji, as measmw l by change in titratable acid­
ity, was noted aftrt· the wet slime had been stored in a ref1·igr>rator for 24 hours. 

TABLE 5 
The lipase adirify of f1·esll, lyophilized a.nd day-old .separator slime from the 

sam e lot as measured by li!ldrolysis of tribuiJirin at pll 8.5 
-----

0.1.V ~nOR 

Total Total solids Initial Final Increase per 
Enzyme source ~\mount solids of inoculum titrntion titration IncrcnRe gram solids 

(mi.) (%) (g.) ( ml.) ( ml.) (mi.) (ml.) 

Separntor 
slime 10.0 0.058 0.58 3.04 3.63 0.59 1.01 

Lyophilize<! 
sHme JO.O 0.083 0.83 3,;";7 4.71 l.H 1.37 

Day-old 
sepa rator 
slime 10.0 0.058 0.58 3.10 3.60 0.50 0.86 
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Studies were made of the storage life of dried separator slime. The results 
indicated that enzymes in dried separator slime stored for 3 days at 0° C. caused 
about 3% less increase in titratable acidit~' in the tributyrin emulsion than did 
the enzymes in the freshly dried slime. 

Additional comparisons were made to determine the storage effect on the 
lipases in separator slime stored wet and separator slime that had been dried by 
lyophilization . The enzymes of the undried slime caused considerably less hy­
drolysis after 4 days storage at 0° C. than they had prior to storage. The storage 
seemed to have little or no effect , howeYer. on the lipase in the separator slime 
that had been dried and then stored for 4 cht~·s at 0° C. 

Blood compon ents as a source of l-ipase. Effot·ts were made to detrrmine the 
possible reasons for the relative]~· high lipol.1·ti c actiYit.1· of sepanttor slime. 
Various body cells and cell debris are present in separator slime in highet· con­
centrations than in skimmilk. Accordingl~·, bovine blood constituents, both serum 
and various types of cells, wer e tested for lipolytic activit~·. 

The results of these studies indicated that no hydrolysis of tribut~-rin was 
produced by whole blood or sevet·al of its components, including serum, a leuco­
cyte preparation containing predomiuautl.1· mouoe.1·tes, and one containing pre­
dominantly polymorphonuclear cells. !<~ rom these r esults it appears that under 
the condition of these experiments neither blood serum nor leucocytes are a 
source of the lipolytic activity in separator slime. It should be emphasized that 
the cellular debris of udder origin has not been ruled out as a possible factor. 

DISCUSS !OK 

In agreement with Pfeffer et al . (3), the results obtained in this study indi­
cated that separator slime '"as b~' far the richest source (on a Yolumetric or 
weight basis) of milk lipase when compared with skimmilk and with 20% cream. 
The reason for the high concentration of lipase in separator slime was not estab­
lished, but it might be postulated that the enzymes apparently are closely associ­
ated with some milk constituents, such as one of the milk proteins or the cellular 
material that is concentrated in the separator slime. 

All lipases in separator slime must come from the milk, proYided, of course, 
that the numbers of bacteria are not excessive. Therefore, it would seem that 
milk containing high concentrations of lipase would produce either separator 
slime, skimmilk, or both that would exhibit considerable lipase activity. The data 
obtained from the above experiments indicate that the separator slime and skim­
milk from the same sources exhibit considerable difference in lipase activity. 

The fact that the lipase concentration of separator slime does not vary in 
direct proportion to the lipase content of skimmilk produced in the same opera­
tion might be attributed to several fa ctors. The type of feed, stage of lactation, 
and season of the year presumabl~· influence the lipol~·tic actiYity of milk. A 
variation in the lipase concentration in milk to be separated wonld probably 
influence the amount of lipase accumulating in the separator slime. However , 
the separation process itself seems to play some role in determining the amount 
of lipolytic activity present in the separator slime. An~· factor influencing the 
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age and total solids content of the slime ma~· exel't some influence : speed of 
sepa••ator, dll!'ation of separation process. and meth od of collecting and handling 
the s lime. 

Furthem10re, it is becoming appm·pnt that then' is IliOn· than one lipase in 
milk (.f) and in sPparator slime (1). 'l'herPfore. durin~ tht• s(•paration p1·ocess 
one lipase may be prefPI'Pntiall.'· r r mo,·ed from th e milk. and an.'· treatment 
affecting the ph~·s i !·a l sta tt• of thP lipasc(s) in milk would in all probability affect 
th e effi c irncy of tlwit· l't•m oval. Af'tonlin~ly. sPparator slillll' . UtHle r cet·tain con­
ditions. may Px hibit hi gh lipnlyti r activity. an(] skimmilk may YaJ',\', depending 
on rrlatiw <·om·rntrations of thC' s<>n•ral comJWIH' nts of th e milk lipase system. 

The hig-hf•r lipol.\'ti c a f' tivity of thP aquPons s upt' l' llatant l'f's ult.ing after 
homog-rnizati on anrl erntrifug-ation f' ith PI' woul<l in<lit·att• a fin Pr <lisprrsion of 
s lim <> b.'· homog-Pnization and lwttrr <'xtra ction of lipas!' o1· " ·onld in<li cate that 
thr Y<'ry vigo1·ous adion of th r Waring- biPIHlor rt'sldtPd in •·m1sid•·rabl e denatu1·a­
ti on of lipasr. Thr rathPI ' lal'g'<' diffr i'P nr· rs in adivity lwt\\·rt•n th r two t ,v p<'s of 
prr parations wonld Ill' diffknlt to r xplain sol r l.'· on th •• hasis of diffe rr ncrs in 

extraction . 
\'a r nnm eonerntration of an aqnrons r xtrad of slim•· r rs nltr<l in in c•·eased 

a C' ti,·it.'· almost in dirPf't proportion to tht• d c·en•as<' in volunH•. Such a method 
p•·ovid rs a lipasr prr paration of hig-h potPJH'.'' but yi t•ltls <ll't' small. and so mnch 
timP \Yas f'X J1f'lld Nl in pror pssing- thr p1'Pparation that it " ·as not consid r retl to 
be pradital fm· routiiH' t•xpt> rinl <·ntation . H owr ,·P r. th es•· n•s1tlts indicatr the 
ability of th r lipasr( s ) of sPparator slime to with-;tall(l t r 111prraturr s 11p to 57 ° C. 
( maximum h •tnpr ratnre of ('OIIf'f'lltration ) for tnnsiclerahlc• Jll'rintls of time with­
out sig-nificant loss of acti,·ity. 

FrrPzr-tlrying- srparatnr ~lim r rf'snlt r d in a prodm·t " ·hi ch was ve ry easy to 
ha ntll r. t hr powdPI' lwi ng- 11011 h.'·g-I 'Os(·opie a 1t<l n•atl i ly d ispr 1·si hl r in water. The 
proc·pss was vrt · ~· s impl<• and apparPntl.'· not Sl' \ 'P I' l' •• nong-h to c·ansr an~' d ecrease 
in lipol~· ti e nr tiYit ,,·-in faf't. tlu•rP apprai'Ptl to ])I' SOIIH' aetin1tion . since the 
pmnlt·r shO\YNl proportionally mOl '(' ar tivit.'· in some c·a<;<•s than the increase in 
solids wonld in<lic·a t f•. Furthf'I'IIIOI'f', thf• stabilit.'· of this r nzym e prepa ration 
was Pxcell r nt and storage life a ppea red adequatf•. This prol'Pss' has proved 
snitabl r in prm·id in~ rnzymP sonl'c•(' matr1·ial for s<·,···ral lipase studi es a nd has 
sPt'Wtl as thr hasis for a srrirs of rxperimPnts tl rsr ribin~ in somP detail the pH 
optima and snbstratr spPrifi<·ity c·har·aetr1·isti cs of st'pa1·ato1' slimr (1 ). 

S i ' ~L\1 .\HY .1!'\l'l CO!'\ CLUSIO~i' 

Srparator slimP is a sonr·ef• of mu ch morr conet•ntratc ·• l lipasr than is e ithe r 
skimmilk Ol' c1·ra m. 'l'l1r pr·oet•ss of st•pal·ation seems to pia.'· smn r rolr in deter­
mining the amount of lipase in separator slime allfl skimmilk sin ce th e re is con­
sider·able vat·iation in th e a monnt of lipasP aetivity fonntl in st' paratOI' slime and 
skimmilk. Tht' f'aust's of tliPse YHI'iations wt> r r not <l r tPI'mined. 

'Schwa rt z cl a l. ( 4) h:l\·e used lyophilizNI raw skim milk n• nn t•nz.nll £' •ourte to demonstrate 
C' l"id Puc·c of ~{' \·e ra I lipa~(· s hasc1l 011 pl-f optimn ~ ~ml1str:lte ('O it tentratiflfl, :Hlll formnlin inhibition . 
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At least some of the lipase of separa tor slime can be transfel'l'ed to an aqueous 
solution by means of homogenization and centrifugation. Condensation under 
high vacuum will eom·entra.te lipase acth·it,,· in direct proportion to the r eduction 
in Yolume of the iHpwou~ solution. 

By means of lyophilization it was possible to obtain the separa tor slime in 
a dry powder form. This powder was soluble in water. possrsscll high lipase 
activity, and retai llt' ll its li polytic p rope rti l's on• •· a considerabl r length of time 
when stored at 0° l'. 

Blood se rum antl lcnc:ol'ytes do not srpm to play a part in cont ri buting to 
the high lipase adiYity of separator slime. 

( J ) .:\ ELS0:-1, H . (;. , .1:<n .J EZES KI , .J .• T. Milk Li p:.sc. J L S uhstr:·tt c S p ct" ilh-ity :11t d Efft' d of 
pH 0 11 i'>c p:tr:ttor S lime Lipase. ( T o bt' publislll••l) 19:j:'i. 

(:? ) PF; TER:;O:< , )l. H .. . '1\J II NSO:<, M .. ] ., .I XD P t<I CE, \\'. \ '. Detcrmiu:ttio u o f ) l ilk Lip:"c . 
• 7. Dair,11 Sci ., 26: :J3:l. 1943 . 

(3 ) P}'E}'}'ER, .T. C., .T . 11 · K ~ON , :r . C., A:-ID \\1ECKEL, K . G. Obse n ·:ttions on t lt c Lipase .-\.didt ,v 
in Coll''s )Jilk . ( Abs. ) . ./ . Da iry Sci., 21 : .-\.143. 1!138. 

(4 ) ScHWARTZ, D. P .. l ;on,o, T. A., AN D H .lt<I'E t< , \V. ,J. The LipoJ,,·ti•· E nzymes of Hnw 
S kimm ilk. ( AI"'· ' · J. Dairy Sci ., 37: 6H. 1954. 



A STUDY OF THE VOLATILE FRACTION ISOLATED FROl\I OXIDIZED 
MILK FAT. II. FURTHER CHARAC'l'ERlZATIOX OF COM­

POUNDS RESPONSIBLE FOR THE OXlDIZED FLAVOR 1 

A. :F. TAMSMA 0 

Dairy l'lldnsl1"!1 Srciion, Iowa State Colle[! C, Am es 

In a prev ious paper (11 } a method '~s presented for the chromatographic 
separation of the Yolatile fraction fr-om oxidized milk fat , and preliminary char­
acterization was made of the nature of the compounds responsible for oxidized 
flavor . 

This study, dealing with fmther identification of tilE' compounds that con­
tribute to oxidized fla,·or , is based on hydrogenation of the Yolatile compounds 
and their reaction with semi-carbazide. As in the preYions paper, determination 
of the absorption characteristics in the ultraYiolct region of the spectrum is the 
main diagnostic tool. Saturated carbonyl compounds exhibit chat·actcristic max­
ima (1 , 2, 8, 9 ), and the molar extiHctions are ca. 0.001 in magnitude of that of 
carbonyl compounds with conjugated double bonds. Semi-earbazones exhibit 
maxima with high molar extinctions (3, 10). 

1\I.\TEIHALS J\l'W ~lE'fiTOOS 

Skellysoh·e solutions of carbonyl compounds from the Yolatile fraction were 
obtained from milk fat oxidized at 100° C., as described in the preceding paper 
(11). Methods for ultra,·iolrt absorption, chromatographic: separation, and 
organoleptic evaluation were those usrd pre,·ious)_, .. 

Hydrogen at io11. Thr cat a l~·st \\·as JH·eparrd by th e nwthod of Thomas ( 12), 
modified as follows: A solution of O.fi g. of platinum in 100 mi. of aqua regia was 
mixed homogenronsly with 20 g. of Cl'lite. The aqna regia was evaporated and 
150 g. of sodium nit1·ate dissoh·ed in 100 mi. of hot water "·as added and mixed 
thoroughly. After eYaporation of the water the mixture ,,·as fnsed in lj2 hour 
under stirring in a Vicor beaker 011 a i\[eek<'r bumr 1·. The mixture was held in 
the liquid state for Yll hour anrl then poured i11to 300 ml. of water. The salt 
solution was decanted and the solid material was washed " ·ith l10t water and dried 
in a filter crucible, fil·st b_,. suctio11 and finall_,. i 11 a 100° C. OY<'II. '£he catalyst 
was the11 ground i11 a mortal· ancl passed through a 150-mesh platinum screen. 
'l'he Kaufmann-Balt <'s (5) apparatus was emplo~·ed for tl!C' hydrogenation pro­
cedm·e. Flasks wrre modified to co ntai11 about 160 mi.. and a separatory funnel 
was set in the upp<'r side, through which solYent and sample could be introduced. 
Skellysolve and catalyst wew shaken for 10 minutes for eqnilibration. Then 
Skell~·solve solution of cat·bon.,·I compounds "·as introclueed. and the separatory 
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487 



488 A. ~·. TAMS~IA 

funnel was rinsed by introducing more Skellysohe into the flask. The apparatus 
was shaken until it was again equilibrated. The r eaction was carried out at a 
constant temperatm·e of 25° ± 0.1 ° C. Blanks were run. Volumes, t emperatures, 
and pressures were read at definite intervals during the hyurogPnation. Optimum 
conditions for hydrogenation were established fl"om preliminary data obtained 
by hydrogenating mixtures of saturated oetahleh:vdp and a,8-nnsatmated dimer 
octaldehyde in ~ueh a way that unsaturation eonhl be hydrogPnated without sig­
nificantly attacking the carbonyl group. ThP JWO<'Pdnre adopted was as follow~: 
Equilibration of ::J0-200 mg. of catalyst with 5 mi. of solwnt anll introduction 
of 25 mi. Skellysolve solution of carbonyl compounds and 5 mi. of soh·ent for 
rinsing. Shaking time was about 20 hours. ThP starting pressure without solnnt 
was ca. 50 em. of nwrcury ; with the soiYPnt it was higher than atmospheri c 
pressure. The last part of the liquid was fo1·eed into the flask b~- nitrogen 
pressure. The final p1·essure was about atmospheric. Tn this wily thc prrssnre 
during the later. long hydrogenation pPrio<l \HIS as closr as possible to atmos­
pheric pressm·e. rNlneing chances of leal,age. 

R eaction ll'ilh srmi-crwbazirle. Srmi-c~trbazide HCl anll sodium ~tcctatc in 
weight r~ttio of 1: l.:i were dissolved in 'rater. Skellysolrc solution of carbonyl 
compounds wlls IJ(hlrd. and the mixture was shaken in a glass-stoppered bottle 
fill ed with nitt·oge11 for Z-5 hours on a FishPr-Kahn fast shaker at room tempr ra­
ture. The follml'ing Skellysolve solutions of the rraction mixtnre were then rxam­
ined for ultraviul<"t absorption: 

1. The original Rkellysolve layer of the r<>a ction mixtme. 

2. The Skellysohe extract of the aqueous layrr of the reaction mixture. 

3. The watrr hlyPr in thr above, extracte<] with chloroform , llllll the chloro­
form eva porated to dryness in vacuum under nitrogen flow and the residue 
redissohed in Skellysolve and (when nerPssary ) mixed with some alcohol 
to inerem;e the solubility. 

Residue weights of the three types of Skellysolvc solutions were Llrt<>rmined h~· 

evaporating the solv<>nt under nitrogen flow to constant weight. 
It was established from exploratory "·ork that the reaction with semi-carba­

zide leads to au equilibrium : A large excess of semi-carbazide forms more sPmi­
carbazone; remov~tl of semi-carbazide with HCl directs the reaction in the oppo­
site direction. Semi-carbazoues could be h~·drol~·z<>d by shaking a Skcllysolve or 
Skellysolve +alcohol solution with ca. 7.5'fr HCl in wat<>r. 

RES ULTS 

Hydrogenation changed the oxidized flavor into a rather pleasant, aromatic 
flavor. This wonltl indicate that the compounds r esponsible for oxidized flavor 
are unsatnratrd. Upon hydrogenation, the nlt1·aYiolet absorption decreased to 
approximately 1-Z);, of the original value. The maxima at 265 and 215m,. (lis­
appeared, hy(lrogenated solutions exhibiting lo"· maxima at 270-280 m,.. The 
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cm·Yes shO\retl still lo\\·cr maxima, or· even discontinuity , under mor e Yi go rous 
hydrogena tion conditions or when chromat ographi c fra cti ons IH're hyd rogenated . 
The maxima of the hydr ogenat ed solutions Ll rc reased dn riu g sto rage at 4° C. 
This was particulai'l .' · t r ue for max ima a t 270 mp .. P arti a l hyth ogena tion causrd 
an incr·ease in the ra ti o of optical d rns i t~· at 21;) mp. t o opti ca l Ll r nsit,v at 26;) 1n ,..,, 
irHli l'ating a fm;h•r rate of hydr ogrnati on of th e di etH' ft-aet ion r r latiYe t o the 
monene f r·aetion. 

Table 1 presents the typi ca l abso rption l' ha racteristi l's of the hydrogenated 
Yolatil P fra cti on ancl hych ogrna ted ehromatogTHphie fr·acti ons obtain rd from t he 
Yolatil e fra cti on , as Llescr ibed preYi ons l~· (11). Th rsr imlicate that the ca rbonyl 
compoun ds prrsr nt werr Vf' l',l' likPl~· not ald Ph.n lrs bu t kl't oni l' in nature, brea u>;r 
of the sin gle max imum exhib ited at :280 mp. afte r h~·tlrogr n Ht ion . Th r shift ing 
t o :270 lllf" of the maximum fo r aged solutions may bP rx pl a in r d by form ation of 
ketoa cid (.f , 7 ) . 'J'he diene chromatogra phic f ral' ti on i) t·ontributr d most t o t hr 
ketonr max imum of the hy<l rogruat r<l mixtm·r brl'a usr thP monPnr f ract ion 1 
r xhibit r tl <1 low mHx imum and th e oth t• t· fradi ons t•,·en shom' tl a dist·ontinuity 
in the r nnr. From th r hy1lrogPn nptak<'s Hncl opti r al tl <•nsit.' · YahH•s of l' hro­
matogr aphie f r act ions 1 and 5 (the pnrrst monr nP aJHl tliPnP eompoutHls avai l­
able ), " mola r rx t in t·tion yaltws " for l'Onjug-a t e<l motH•nt> eornponnds a nd <'O nj n­
gated d ienr <'Ompotmcls wr re ea lenlfltecl t o he ]0,900 and 10,400. r t>sprc t iYPly . 
Tn th e>;e l'alr nlations uptakes of 1molr of IL, JWr molr of monc• tH' t•omponml a11•l 
2 moles of H" ]W I' molr of d iPIH' componr1d 1n•r r ass um r ll hr l'a use the hyd rogt' n<l · 
ti on procrdnrr di<l not sig11i fica ntly at tac·k tl lf' <·a r·bon,,·l g rou p (.llctlwds section ) . 
A " molar extinetion vahw" was then calcula ted as th P optiea l d r nsity (ext in c­
tion ) p r r liter solution at which the quant ity of II " r rq ui red for 1 molt> of the 
parti cul ar compoun d would be t aken u p, therefo re t·ep resenting 1 mole of that 
(avrr age) compound . Corr rcti on 11·as matle for thr di l' ne absorpti on present i11 
the monene f rar ti on. and v ice Yer sa , b~· treating th r t·a lculation as two equati ons 
with two unknowns. The molar l'xt inction Yalnes sl'r lll t o lw on th P low side com­
pa r ed with simila r Yalnes in t he litera turP (3 . Hi) , indica tin g- t oo high a hydrogen 
uptake p r r optical clensit~· unit ancl th r presenc<' of unsa tlll'a ti on not shom1 in 

the ultraYiolet absm·pti on . F r·om th e p reYious ca lenlations. based on the Llata of 

f ractions 1 an d 5, it followed t hat a 1-litPr solution of optieal density 10,900 at 

215 lllfl \\'Ould take up 1mole of H" an d a 1-liter solution of optical <lensity 10,-J.OO 
a t 2€5 mp.. 2 molrs of H 0 • Subsequr ntl,,·, h.nlroge n Hptakrs wer e calculated Jl C' l' 

unit of opti cal cl P nsit~· pe r· 25 ml. yoltrmP for hoth maxima , and with these Yalncs 
the h~·drogen nptakPs of tlH• solutio11s in Tabl r 1 \I'Pt·e cal c11l atrd f t·om the opt ical 
d r nsitiPs. The h.n lrogen 11 ptakes actua lly Llet r nnirwd 11· r r r expressed as pet·­

centages of the l'a leula t r cl values in Tabh' 1. last t·oltllllll. II~·drogen u ptakes 
cletermined for m ixturt' S wf' r e grnet·all .' · lower than th ose l'a lculateLl f rom fmc­

t ions 1 a nd 5. Althoug h this was n ot true fo r fl'adi olls 2 and .J., th ry wer e close 

to 1 anLl ;'j a11<l eonta in1•d ma inly 011e class of nnsat11ratr d eompounds. The high 
values calcul atPcl fo r mixtu res may be th e r esult of mutual influence, with con­
sequent inct·ease of both maxima. 
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8 emi-carba<u i/ C:< . Heaction with semi-ca rbazide m1s stmli ed 011 four types of 
Skellysoh ·e solutions of ca rbon,,·! cou1pounds: 

l. Yolatil e fraction uuhyclrogenatell. 

2. Chromatographic fractions nnhydrogenated (obtainell from uuhycl1·oge­
natell Yolatil e fra ction ) . 

:3 . Yolatil e fra cti on l1 ycl rogrnilt<'<l . 

4. Chromatographic ft-act ions ( obta in e<l from unh.nll'ogpnatcd volatile fmc­
t ion ) hytlrogenated. 

Oxidized tla1·or, if preseut , disappeared by reaction 11·ith scmi-ca rbaziLle anJ 
was prodncell again upon hydrolysis of tlw semi-ca rbazones. This would indicate 
that carbon~- ] compounds are r esponsible fot· ox idized flavor, confirming th e ob­
servations of Keeney and Doan ( (i). 

1. Sc 111 i-carbazo ne~ of the volat ile .frucfirm 1t 111! yd rogc11a ted . The volat il e 
frad ion f rom 3.65 kg. of oxid ized milk fat in 70 mi. of Rkell ysolve (optical densi­
ti es for 10 mi. volume at 215 and 265 mil, 6,412 allll 2,156, r rspectively) was 
reacted \Yith 300 mi. of 1.7',7,, aqueous solution of srmi-carbazide. The semi­
carbazone fractions prepared are list rd in Figure l. Upon completion of t h<• 
r eadion the Skell ysolw layer ,,·as separated. After agiug the Skellysolve layer 
over night at -! 0 

('., crystalline matrrial separated from the layer was wash ed 
with a small quantity of cold Skell ysolw, r rd issolved . and rxamined for ultra-

Vol j'ile Fract i on unhydrogenoted 

reacted with semicorbozlde 

Skellyso lve layer 
I 

kept at 4•c 

I 
w aterlatr 

extracted with Skellysolve 

Preci pilate Moth er I iquor(see table2 fraction II) 

washed and dissolved 
\n Sktllysolve 

I 
Precipitate in Skelly 
solve solution 

recrystallized from 
alcohol 

I 
Material mpt.l60-161•c 
Spec. ext.l42.6 

(see toble2 fra ction I) (see figure 2 curve I } 

Skellysolve extra ct 
(see table 2 fraction Ill) 

recrystallized from 
Skelly solve 

I 
Material 
(ote f lgure2 curve2) 

Waterloyer 

I 
e xtrocted with chloroform 

Ch lorofarm extract Wo ter Ioyer 
I (discarded) 

chloroform e11aporo1ed residue d\sso,ved In Skellyso1ve 

I 
Chloroform extract in Skellysolve solution (see table2 fraction IV) 

Fw. 1. Semi·tn rb:I ZO II C fract ious obtniuc1l from t he YOintil c frndiou unhydrogeuatcll. 
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Yiol et absorption. Furthf• r Skellysoln• solutions \\'1:'1' (' lWPpa red as d t's~ t ·ibPd in 
th t' illcth ods sect ion . 

Data Oil nu·ious srtni-t·arba7.0ne frac-tious ar(' prPsP nted ill Tablt• 2. No ultra­
YiolPt absorption maximum mt8 left at 21:) lli!J. . Reaetiou produds exhibited 
maxima at 26;i an1l :.!30 III!J. . itulit·<:ttiug semi-t ·at·bazoues of eoujug-atetl llJOIH'IJC 

carbonyl compon11ds a 11d of saturatl'd earbo11yl comJWlltHls. l'<'SlWttil·l'ly (.'-1. 10). 
A bsorpt ioll eunt•s shom•tl d iscont i 1111 ity at t:a. 290-300 lli!J., i n<lit:at i ng- st'lll i-t·arba-

TA BLE ~ 

O{•tical dcus ilir·s and ·wcirthl s of SC'llli-carbazo•,.-' fotlllf'fl [rol/1 fil e rola/ilr- fraction 

i'ike ll .' ·so h·c solutio"" of 
~Pmi-enrl,azout·:-: 

Pn"t·ipitntc (I) 
~!oth e r liquor (IJ) 
Ske ll~·soh·c extract (II [ ) 
Chlo•·oform extrad ( L \ ' ) 
Totnl 

'Opti ea l <l eusity. 

O.D .:' ~n5 m,u 

per 10 mi. % of 
\"Ollllll(' toto! 

4,848 71 
1,43[1 21 

Hill ~ 
431 (j 

!i,874 11111 

O.D. ~:lO 1111-' Hl'~iduf' weigl1t 

pe 1· Him!. 'It of ( '/t. of 
volume t otn l ( /II .fl. ) lola./ ) 

110 mnx. 0 457 25 
:2,955 (i:~ fi7H 55 

3:t1 !l:{ 5 
1,3!111 :3 11 ~ Gl Hi 
4,1l78 100 1 .7~7 1()0 

zonPs of conjug-at (• tl di<'ll (' t:a rbon,d t:omponlllls. Tht'st' t:OIIIpOUIHk lH'f'S(' Ilt in 
mw·h smaller quantiti Ps. probably r<'ad lliOI't' slo\1·ly with semi-t:arbazidr. as will 
bP sh0\\'11 late1· \\'itlt h.nlrog-<'llatt•d <'Olllpounds. 'l'h e total \Yeig-ht of the r eadion 
p l'O!lucts was ra . O.O;i'j, of the fat. Carbonylt·ompouJJds t't' Jll'<'S<'IIt ed a la1·g-e part 
of th r Yolatil r ft-adion. ( Fatt,1· ac-ids ma~· also form a <>o ns idPrablP part of th P 
Yolatih• fraction. Acidity \\·as alwa~·s Jli'PSI'nt: The nnmbPr of m·id g-roups nu·i<'d 
fi'OJII ea. O.i'i to :!.0 timl's tlu· nnmhPI' of carbo11yl groups. Thr possibility nf kt>tn 
a c· ids was not fnrthPr ill\·l'stig-atr cl. ) 

.\th·mpts \\'Pl'C' not sncrpssful to sPparatr and ptu·ify saturatPd sl'mi-<·arh<1-
ZOJJ Ps from th e l'Pil<'tiou mixture b_,. pn•cipitation from YHrions .~nlHnts. h_,. dis ­

tillation. orb_,. r hi'OJJJatog-raph_, .. 

:\lnnr ne semi-,·;HbazonP ,,·as l'ec rystallizcd frotn al cohol to a s]wt•itit· <•xtindion 
of H:! .6. mPlting- point 160-161° C. It \\·as moclr ratel~- soluble in all·ohol and \'l'ry 
slig-htly in ~kell_,·soiH·. Absorption l' nt·n·s for monene srmi-ca rbazolll'. l'Perystal­
lizrrl from alcohol and hom ~kell~·soln•. arr pl'f'SP ntrtl in :F'igm·p 2. Late' !' r Psrllts 
with dn·omato~o·aphic- fl-actions will show that thP curYI' from mate1·ial r l'c t·.n;tal­
lizecl ft·om alcohol iudicat r s th e pl·esl' Uce of some diene semi-ea rbazun f'. Rec t·,,·stal­
lization from SkellysolYe is better in this r espeet but shows a higher absorption 
belO\\' :.!30 lll!J.. probabl .1· th r r esult of contamination with satnratPd sPmi-carba­

zon e. 

Hydrolysis of recrystallizetl monf' IIP sPmi-carbazone did not produce oxidizt' d 
fla,·or. which indi cates that conjugated monene carbonyl componmls arr not im­
JlOl'tant in this l'Pspect. 

2. Semi-carbazrmes of ch rumal ugra ph ic fro cl ious uuhydrogr' ualcd. The Yola­
til<· fraetion r ep t'Pseuting- 6.) g. of milk fat was eh1·omatographetl antl tlH' Pluatt' 
was rPeowred in 2!i-ml. fractions numbrrPd 1 t o 21. The fl-a ctions \\'PI'L' rPal'tt'd 
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FIG. 2. U lt raviolet absorption of scmi ·ea rbazonc of conjngatetl monenc cn ruonyl compon11ds 
i11 Skcllysoh·c solntio11 . 1 = recrystallized from nlcohol, :! = recr.,·stallizctl from Skcllysoh·c. 

with 15.6% aqueous solutions of semi-carbazide ( 8 ml. pe1· fraction ) . Upon com­
pletion of the reaction , the Skellysolve layers were separated and examined for 
ultraviolet absorption. The water layers were discarded without extraction. 
Optical densities in the ultraviolet absorption maxima of the various fractions 
before and after reaction with semi-carbazide are presented in Figm·e 3. Ultra­
violet absorption cunes of three fractions representing saturated, monene, and 
diene carbonyl compounds are presented in Figure 4. Data show that semi­
carbazones of the three classes of carbonyl compounds were obtained . Saturated 
carbonyl compounds, when eluted, came out before and with the monene com­
pounds. They did not show up in the ultt·ayiolet absorption; fraction 6 undi­
luted had no maxima in the r egion 270-300 ml'; after reaction with semi-carba­
zide there was a maximum at 230 mf'. Oxidized flayor was found in fractions 6, 
7, and 8, which indicates that saturated carbonyl compounds are the importaut 
constituents involved in oxidized flavor. "Satm·ated" here includes the cat·bonyl 
compounds that are unconjugated unsaturated, wl1ich do not sl10w in tlt e ultra­
violet absorption. Crystalline semi-carbazoue residues were obtained from all 
fractions, but quantities were too small for recrystallization . Diene fractions 
after storage for 2 weeks at 4° C. showeJ slight absorption decrease at 265 miL 
and slight absorption increase at 215 mf'. IloweYer, after r eaction with semi­
carbazide these aged fractions, compared with the fresh fractions, showed a large 
decrease in absorption at 290 ml' and large increases with maxima at 230 and 270 
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af chromatography fractions 

FIG. 3. Optical dt•usitics iu maxima of chroma tognq>hy fra ctiou", before aucl aftp r react iou 
with semi·ca rbazidc. M = max. a t 215 Ill!', bef ore renctiou ( lllOJWill' c·:ubouyl ), D == max. at 
!:!65ml', befo re reactiou (tlieuc ca rbonyl), MR == max. at !:!(i5 llll', after rea c·ti ou (moueue car· 
bon~· ! semi ·en rbazone), DR == max. at 2~0 1111', after reaction ( dic•ne ea rbou .d >emi·cn rbazone), 
SR == ma x. at 230 ll11' , after reaction (satuJ·a tcd ca rlJon,,·l scmi·ea rbazone ) . 

lllfl. This indicates that saturated and monenc carbon~ · ! compon1Hls ca n be formed 
from the diene compounds. 

3. Semi-carbazones of the volatile fraction, hydi'(J{}C IIrtl ed. The hycll'ogenated 
Yolatile fmction from 180 g. of milk fat in 10 mi. of SkellysolYe was reacted with 
25 mi. of 0.2% aqueo us solution of semi-carbazide. Skell,,·so iYe solut ions of the 
reaction mixture were prepared as described in the Meth ods section. The nlt.ra­
Yiolet absorption of the Skellysolve layer , before antl after reaction (Figure 5), 
indicates the formation of semi-carbazones of saturated earbon,d compounds. 
Attempts fa iled to separate and crystallize saturated Sl'm i-earbazones from the 
Skell~·solve layer by precipitation from va rious solvents orb~· distillation . Skelly­
solve and chloroform extracts showed the same t~· pc of abso1·ption cm·Yes as did 
the Skellysolve layer . Res idues from these extracts soli<1 ified. From Skellysolve 
the material had a moist appearance, melting point 83° C. \ unsharp ) with spe­
cific extinction ca. 43 at 230 lllfl. :B'rom chloroform the crystals looked d r.\' , melt­
ing point 85.5-86.5° C., with specific extinction at 230 lllfl. 67.7-75.G. Quantities 
were too small for recrystallization to constant Yalurs. The matr rial probably 
was semi-carbazone of h~·d t·ogenated monene ca rbonyl compounds because this 
semi-carbazone, when not hydrogenated , was only sli ght!.'· soluble antl present 
in large quantities. 

±. Semi-cm·bazones of chromatogra JJhic fmctiolls. hydroqcnnted. Two chro­
matographic fractions--with only one max imum, obtai nt>d ft·om 365 :;r. of milk 
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FIG. 4. Ultr:n·iolet absorption of chromatograpl1y fractions, before and after reaction with 
semi-carbazide. A = before reaction: 6 =fraction 6, umliluted, 8 =fraction 8, diluted 1: :W, 
14 = fraction 14, di luted 1: 2; B = after reac tion: 6 = fraction 6, diluted 1: 20, 8 = fraction 
8, dilutetl 1: ~0, 14 = fraction 14, diluted 1 : 2. 

fat- the "monene fraction" (maximum at 215 mfl ) with saturated carbonyl 
present and the diene fraction (maximum at 265 lllfl ) were hydrogenated and 
then reacted (in 35ml. of Skellysoh·e) with 175 mi. of 0.2% aqueous solutio11s of 
semi-carbazide. Skellysolve solutions of the reaction mixtures were prepared as 
described in the Methods section. The ultraviolet absorption of the Skellysohe 
layers, before and after reaction, is shown in Figure 5. Semi-carbazones formed 
easily from the hydrogenated mone11 e fraction, and with difficulty from the 
hydrogenated diene fraction, eYen though the latter showed a much better 
" ketone" maximum before reaction. This indicates that the diene fraction is less 

Optical 

A 
Opt ical 

B Densi ty Dens i ty 

10 200 

'· D ' • ' ' 8 '' I ' 150 ' I 
1 ,\ I 
Ill I 
I I\ I ,, \ \ 
I I I I 

" \ \M 
100 :: \ .: 

:; \v 
'• '• 

50 '• ~ 
~ 
,1 ,, 

0 ):~, . -·--·· D 

350 300 250 20CJ 
Wavelength m~ 

FIG. 5. Ultraviolet absorption of hydrogeua ted carbony l compounds, before and after reac­
tion with semi-carbazide. A = before reaction, B = after reactiou, V = volatile fraction·, hydro­
genated, M = mo~ene fraction, l•ydrogcna ted, D = diene fraction, hydrogena ted. 
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rracti1·e. probably beca use of long('!' chain length and less solnbility in \Yater. 
Skellysoh·e and chloroform extracts showed the same t,qw of absorption cnn·es 
as did the Skellysoln• layers . Hesidnes of these ext1·acts solidifiecl in the .. monene 
fraction." Hcsidm's of the Skellysoh·e and chloroform Px trads )nul specific ex­
tinctions at 230 m.u of ;):) and 63. n•s1wdin·l~·- Cry:;tnlline material prec ipitated 
from the Skell.n;oh·e la,,·('l' of the " mon t• ne frnction ," II' hen hekl at -!° C .. had a 
specific extinction at 230 lllfl of 64. This mat t> rial \\'li S pl·ohably St'lni-t:arbazonc 
of hydrogenated mon <' Jl e ca1·bonyl compounds . Quantities IH're too small for 
further purification. :\'o soli<l semi-ea rhazone could bP obtniltetl from the di cne 
f1·acti on. 

Jli SCL"SS IO:" 

H~·drogcnation sttuliPs imlica ted that componrHls rc•sponsible for oxidized 
flaYor were nnsaturatf' d. Studirs bast•d on ultraviolet absorption of th r srmi­
carbazones showed that these compounds \\'ere ca t·bmt.d compounds located in 
the saturated class. This indicat E'S that oxidized tlavot· is causrd b~· unsaturated 
unconjugated carbonyl compounds. which is supported b.'· thr fa ct that the co•t­
jugated monene carbonyl fraction mixPd with the fraction t·esponsible for oxi­
dized flavor used more h,,·drogen f or h~·<ll'ogenation than wonl(l be Pxpected from 
the ult•·a,·iol et absorption at 215 lllfl . 

Carbonyl compounds from the volatiiP fraction II'Cre probabl.1· ketonic in 
nature, because aftrr h~·drogenation the mixture of compounds showed maximum 
absorption in the ketonr region . The conjugated di ene fra ction in particular had 
a good ketone maximum after hydrogPnation. 'l'his maximum was les~ pro­
nounced for the conjugatrd monene fra ction , a nd no maximum \Yas funnel for the 
un conjugated fra ction . Semi-ca rbazonP yirld was ver~· gootl fm· the monPne 
fraction (hydrogr nated and not h~·drogenated ) and for the un conjugated fra c­
tion, although thesp two fractions seemrd to contain littl e ea1·bonyl compounrl 
as far as the maximum aftrr h~'drogenation is concPnwd . This suggests tautom­
erism, in which the carbonyl maximum dors not ha\'C to sho11· be('anse the com­
pound may be presrnt largel,v in a tautomet·ic f orm without ca rbonyl group 
(enol ?) . Upon rPaction with semi-carbazide the tautomeri c form will r eact via 
the real carbonyl compound. The possibilit~· of t antomerism was further sup­
ported by the fact that the ketone maximum of the hydrogenated mixture (pa r­
ticularly the age(l mixture with little "diene fra ction " present ) decreased in 

storage. 
Results of this study show the direct contribution of unconjuga ted unsatu­

rat rd carbonyl compounds. Va n der " 'aarden (13) postulatPd these as unsatu­
rated C

0 
up to C8 aldehydes. whereas Keeney and Doan ( li) located an unsatu­

rated C, ketone of this t,vpr. Results support Keeney antl Doan as to the ketonic 
character of the volatilr mixture of carbonyl compounds . 

Chromatograph~· on CelitP, with srmi-carbazone for·mation in the eluate, ap­
pears promising as a trchniqne for isolation and purification of the three dasses 
of carbonyl compounds beca use both separation and cr~·stallint• rrsitlnes resultPcl. 
Unconjugat rd and diene compounds wr 1·e obtained ft·ee from eontamination with 
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the other classes. Mon enc compounds were contaminatNl with un conjngatecl 
compounds, but th e latter can be 1·emoYed eas il~- because srmi-ea rbazones are more 
soluble in alcohol. This procedure should be repea ted in larg-r-scale ope1·ation , 
and pure ca1·bonyl compounds of tl1 r thr<•e classes should be anal~·zed and 
studied: th e unconjugatecl for oxidixed tlaYor p roprrtiPs. by mixing in fat and 
milk; the conjugated for their poss ible rolr as pl'e t: Hrsors in oxidized flavor 
formation . It must be understood that the term "oxidizrtl fta,·o1· ' ' is used in this 
paper for the fla.Yor developed in milk fat after exposut'P to air at 100° C. This 
flavor was ot·ga nolrpti call.'· si 1uila1· to the oxidized fht\'OI' that dr,·elops in whol e 
milk and milk prodnets. This tloes not necessarily urran that the mechanism and 
compounds form ed arr thP same in both cases. 

Swift et al. (10) dPmonstrate<l the presrnct· of eonj11g-atetl diene, conjugated 
monene, and saturatrd aldPhy<l <'s, with 10, R. and 6 C' -atoms. rrspectivel~r, in 
oxidized cottonseed oil. The~· isolatrd semi-ea1·bazonrs with melting point of 
156°-160° C. and specific extinction of 1.47.0 fort h<· conjHgate<l monene f 1·action, 
and semi-ca1·bazones with mrlting point of 8ii 0 -100° C'. and spee ifir extinction of 
71.0 for the sattll'atccl fra r ti011. Tn the p1·esent struly thP semi-earbazones of the 
conjugated mo1wne f1·action hatl a melting point of 160°-161. o C. and specific 
extinction of 142.6, the serni-carbazones of the h,nlrogrnatcd conjugated monene 
fr-action had a melting point of 8ii.:'i-86.G° C. and spreific rxtinetion of 67.7-75.!'i. 
The fa ct that the semi-carbazon<· constants of tlt <' compounds are in the same 
rangr may indicate a similarity betwE'l'll the mrrhanisms of oxiclation of cotton­
serd oi l and of milk fat. 

StJ MM AI!Y .\ND CONC J,US IO:\S 

Three classes of ca rbonyl componn<ls we1·e fo11nd in the ,·olatile SkellysoiYe 
soluble fra ction f1·om milk fat oxi<lized nt 100° C. '!'he~· are: (a) unconjugated 
unsaturated, (b) conjugated monl'nr. a nd (c) conjugatrd di ene carbonyl com­
pounds. The first two class<'s constituted the major portion of the Yolatile frac­
tion; the third was present on I~· in minot· quantitirs. The first class of carbonyl 
compounds appeat·s to be r esponsible for oxidized flaYOI': carbon~rl group and 
unsaturation both were essential in this respect. 

Carbonyl compounds, particularly of Class c, were kr toni e in nature; Classes 
a and b may exhibit tautomerism . Compounds of Cla8s c were Y E'r~· unstable and 
could form conjugated monenc allCl unconjngate<l or saturated ca rbonyl com­
pounds. 

The weight of the tota l semi-earhazones was ra. O.O:"i'}'i of the fat . Reaction 
with semi-carbazide was most difficult with Class c. From Class b a semi-ca rba­
zone was isolated of specific exti nction 142.6 and mr lting- point of 160°-161 o C. 
This ca1·bonyl compottn1l <lid not cont1·ibute to the oxiclizecl fl avor . 

A proced n1·e was <leve loped that seems JH'Omising- for separation and pur·ifica -
tion of th e threr classrs of car·bonyl rom pounds. It in,·olns thr<'c steps: 

l. Chromatog1·aphy of Yol a til e ft·aetion on Celitc. 
2. Rraction of the <•luatr fractions with scmi-ca 1·bazidl'. 
3. Recrystallization of the SP111i-ca1·bazonrs. 
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THE STAND,\R.D P LATE COUNT OF :JIILK AS A FFECTE D 

BY THE' TI<JMPBR ATURE OF J:-ICUBA T.LO!\ 

R eport of th e Com m ill r·r of th e .l f auufac/u r iu g S rc t iou of ..1 . /I .S .A. ( 1953 ) 

F. J . BABEL,' .K B . COLLl!'\S,' ,J. C'. OL SO\' ," I. I. l'ETEHS,' 

G. H. W ATHO US,'· .\ ~ D )f. L. S PECK." Cha irman 

The purpose of th r study was to ascrrta in th r reliability of the prrsent t em­
peratures (32° or 3!1° C. fo r 48 ± 3 hours ) of incubatiou in the Sta ndard P late 
Count of Milk . The stH<ly was pt·ompt NI b~- obsr n ·a ti ons that oth r t· t emperatures 
(usually lower than 32° or 35° C. f m· Iunger incuba tion timrs ) Ot ·eas i onall~- detect 
bacteria which m·e nnabl c to g row at th P standanl tPmpPraturcs. 

In approaching the probl r m, the fo llowing wr t·r eonsidel'f' tl t o be pr·imary 
questions on which in formation was uprdrd : 

1) The reli abil ity of thl' present temperatiii'PS a nd t ime of incubation. 

2 ) The temperature aml time. if otlwr than the standa t·d . which gave the 
highest plate count of milk . 

I n designing tlw cxpf' rinw ntal p ruceduJ·c fo t· sui table statisti cal analysis, 
tempct·a tures were selectr <l o\·e t· a range wh (' rr in the ext remrs would normally 
be rxpected to give 1ninimum counts and the inte rmerl ia t (' t empet·atures would 
p roYide data wher rb.' · the optimum temperature fo t· obtaining max imum counts 
could be detennin rrl . At Pach t rmpcrature fo ur Jl "' rious of t ime of incubation 
were selected which, it was hoped. wonlcl pt·u,·iue information as to the t ime when 
the max imum count at each t rmpr ra tHt'e " ·o11ld bt• obta ined . ln ordet· t o obta in 
data on t hese factors the foll owing pt·otoeol fo r t im P>' of in r ubation at the di ffeJ'­
rnt temperatures was selected : 

Temperature of incubation 
( o C.) 

10 
20 
26 
32 
3:> 
37 
45 

1 P urd ue U ui,·e rsity, Lafayette, I nd . 
'University of Ca li forn ia , Da vis. 
" Unh·ersity of l\l inue,ota , St . Pa ul. 
'Texn s A & M C'ollege, Collt•gt• S tat ion. 
" P ennsy l\·nni a Sta te lluiYcrsi t.' ·, l' niYersit.'· Park. 
• X. C. Sta te College, Ha lcigh. 

4 !)!) 

Time of incuba tion 

( da ys) 

4 6 8 10 
2 4 6 8 
1 2 3 5 
1 2 3 5 
1 2 3 4 
1 1.5 2 3 
1 1.5 2 3 
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Each committee member selecteu loca lly one 1·aw and one pasteurized milk 

sample once a month (two labOt·atOt·ies examinrd two of each p<'r month ) and 

made the Plate Count on each sample according to the technique outlined in 

Standm·d Methods fo1· the Exam.ination of Dairy Procl uc t.~, 9th ed ition . A srpa­

rate set of plates was prepared fot· each time of incubation at each temperature. 

Naturally, an exception to the standard technique was the inclusion of the addi­

tional temperatures and times of incubation. Another exception was the inclusion 

of plates showing less than 30 coloni<'s, which was necessa1·y, primarily in the 

shorter incubation perioJs at the lower temperatnrPs, for the plll"poses of t his 

study . 

The ages of the raw milk :;ampiPs Yaried from 3 to 29 homs after milking, 

and those of the pasteurized milk Yaried from 0 to 2.J. hours (one was 48 hours ) 

from the time of pasteurization. 

The study was made from NoYPmber, 1!1:)1, through .\11gust, 19fi2. Seventy­

eight samples equally divided between raw and pasteurized milk were examined. 

The indiYidual t:oun ts for each time at each tempe1·ature f1·om the individual 

members were converted to loga rithms. The mean values were obtained by 

averaging the logs of the counts at a given temperature and time fot· all months 

and stations; these are presented in Tables 1 and 2. The values for each incuba­

tion temperature at the different incubation times are also presented graphically 

in Figures 1 and 2. 

'- ' ~ 
IO"C. 

' - ' L---_.----~----7---~~---7----~----~--~----~----~10 

TIM£ OF INCUBATION (DAYS) 

FIG. 1. The plate count of ra w milk obtained hy incnbn tion of plates nt different t cmpcrn­
turcs for varying times. 
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Fw. 2. The plate count of pasteurized milk obtained by incuba tion of plates a t lliffcrcnt 
temperatures for Yarying times. 

HE~ULTS 

Some of the pertinent observations that can be made from the analysis of the 
data a~·e listed below: 

Incubation of plates for raw milk samples (Table 1 and Figure 1) : 

1) zoo C. for 8 days gaye the highest count , although this was only 
slightly higher than Z6° C. for 5 days. 

Z) The mean count at 32° U. was generally higher than that at 35° C. 

3) Mean counts at 32° C. were higher than at Z6 ° C. after 1 day of incu­
bation and were essentially the same after Z days, but after longer 
incubation plates at Z6° C. gave the l1igher counts. 

Incubation of plates for pasteurized milk samples (Table 2 and Figure 2) : 

l ) 3Z° C. for 5 days gave the highest count , although only slightly higher 
than zoo C. for 8 days. 

T emp. of 

TABLE 1 
The mean plate counts ( expressed as logari.thms ) of raw milk obtained by 

incubat·ion of plates at va•·imts temperatures for va·rying times 

Time of incubation (days) 

incuba tion 1 Ph 2 3 4 5 6 8 

( o C.) 

10 3.808 4.176 4.301 
20 4.528 4.656 4.718 4.754 
26 4.516 4.675 4.732 4.747 
32 4.584 4.689 4.688 4.715 
35 4.523 4.664 4.653 4.732 
37 4.424 4.502 4.531 4.522 
45 3.680 3.734 3.801 3.822 

10 

4.350 
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TABLE~ 
Th e mean plat e cou nts (cx prt'RRer7 as logaril ltm s) of J•a.<l• ·nriud milk obta ined 

by incnbation of Jl/at cs at variou.s tcmprratures for l'aryin,q tim e" 

'l' l' ll1J1. of 
'J'illlC of iuculoatiou ( da!f-' ) 

iucubntiou l 'h ~ ;{ [j li R 10 

( ' C.) 
10 
~0 
26 
32 
35 
37 
45 

1.7 ~ ~ :?.0:!5 2.~68 ~.419 
~.406 :1. ~ 68 :~ A :3 :! :U63 

~A21 il.070 3.3 ii ~ A30 
2.:3RG 3.3lli 3.-!:l li 3 A ~ii 
2.594 3.265 3.:151 3A58 
~.fi:!7 2.R55 2.974 :~.064 

2.~4 1 :?.:!84 2.326 2.348 

2 ) A lthongl1 tlu• t·ounts at 3~ 0 an1l 3:) ° C. ine l'eased at about the >;ame 
t·atPs aftPI' thP nn·ious in t uhatiou tiuu·s. thP co uuts at :)2 ° C. we1·c 
hig·h cr. 

3 ) Th1• d t'n·lopml•nt of colonit•s h om pasteu•·izt·d milk samph•s was s lom •t' 
than from ra\\· milk. (Compare slope>; of curves between 1 and 2 days 
in Figun•s 1 and 2. ) lt is grnerally agTerd that the bacterial fl ora of 
pastPIIl'ized milk is slower g ro\\·ing tha n th P fl ora of raw milk , and 
this i.- confirm ed by th ese data. 

In considering" th e cou nts obtain Pd at tlH• differ(•nt tPnlpPratures after a 2-da~· 

incuba ti on 1w ri od (Figure 3), ce rtain obsen-ati ons shoultl be made, v iz.: 
5 . 0 

4, 5 

• . 0 

"' 0 
0 
:::. J. 5 ... 
z 
" 0 
u 
t.l ... 
< 
..J l, 0 PASTEURIZED .. 

MILK 

z. 5 

z. oL------------------------------------------------zo l6 ll 35 37 45 

TEMPERATURE {°C) OF INCUBATION 

FIG. 3. The pla t e c-o unt of lllilk oi.Jtnim' d by iucubatiou of plat <·s for !1\'0 da .•·s at diffcrcut 

temperatures. 



EFFEC'l' OF ORUTrC ACID AND 1\lETIUONINE Su PPLEMENTATION 
ON FEED COXStr.JIPTlON AND GROWTH OF YOliNG DAIRY CALVE'S' 

.T. :II. IV L\ (J 

li eJillrl ill f ill of /J a ir]l s ,.; ,' l/ (' " 
Flo ritla ..I!Jrh·u lftwa/ l! . .'.rpr r i lll f'111 S fa fiou , (;a. iues ri ll ,, 

Eal'iy life usually is t·egarded as th e most criti cal pet·iod in development of 
the clair.'· calf. Thus. accrlrrated growth of th r young calf is t>specially desirable. 
The presence in whr~· of an uniciPntifird growth factor for chi cks is r ecognized 
(2, 4). The r rspow;e of clair~· calves to reconstituted milks containing dried whey 
product is Yariable, howr ,·e r·, and often r esults in severe scom·s, especially if 
whey solids constitutP over 5 ',1,, by wr ight of thr milks (8) . lt has been sug­
gested that the whe.'· fa ctor may be a combination of orotic acid and methionine 
(1 ). Oroti c acid is rssr ntial to growth of crt'tain microorganisms (3, 6' ) . Thus, 
th r benefits from whr~· feeding may occur indit·ectly through gastric and/o!' 
intestinal bactet·ia. Orotic acid is ust>d tlirrctly b~- rats, however, in the synthesis 
of nucleic acids (5, /). The effect may rf'sult from direct utilization , or it may be 
of a dual nature. Tn either evrnt it Sf'ems possible for the whey factm· to be 
utilizf'd without thr deleterious r ffrcts of whey feeding. The purpose of th r 
present w01·k was to investigate thr f'ffect of method and lew! of administration 
of various combinations of nucleic acid. methionine, and orotic acid on yonng" 
dairy ealws. 

EXPERIMENT,\L PROCEDURE 

Pilot work to aiLI in design of the experimental ration was accomplished with 
40 new-born .J<· rsf'y calves. From 110 to 880 mg. pet· 100 lb. of body weight daily 
of methionine. nutl eic acid, and orotic acid. alone and in combination, wet·e 
disprrsed in the milk, which was fed bt>twt> rn the ages of~ and 60 days. Obsen ·a­
tions included bod~· weight, height at withrrs, f eed consumption, and general 
thriftiness. 

CaiYes which were fed a supplement containing equal amounts by weight of 
methionine and orotic acid at a level of 440 mg. per 100 lb. of body weight daily 
gained an average of 371b. in body weight and 8.2 em. in height at withers. This 
compares with 29 lb. and 5.5 em. for controls . This is the only pilot supplrment 
which wal'l·anted fnrtht>r investigation. MethionitH', orotic acid, or nucleic aci<l 
alone or in otlwr combinations appearrd ineffectiYe. 

Since bactet·ial action may be inYoh·ed, it was decicled that administration 
should be directly into th e I'Umt>no-reti cular caYit~-. rathf'r than by adding the 
supplr ment to milk . Three calves weJ'f' fed gPlatin eapsnles containing bt·omct·esol 
green and were immPdiately sacrificrcl. In pach calf the rnnwn contt>nts werr 
stainrd. showing that the capsul e contents entered th e rnmen. In the second 
phasr, therefore, suppl f'mentation was by capsulr. 

R ~c·e i,·e<l for publication August ~ (i , 1!1:)~ . 

'Flr. ri tl a Agri<·tJ! ttJr:d Experiment Stati on, J ournal S<·rics :\o. :!Si . 
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Twelve new-hom J ersey calves (six of each sex ) were assigned to two groups 
which were comparable in body weight. height at withers, and sex. All the calves 
were remowd from their dams immediately after birth and were confined in 
individual pens. They were fed colostrum for 4 da:·s, whole milk through 21 
days, and reconstituted skimmilk until 60 days old . ..-\ ll milks were fed at the 
rate of 9 lb. per 100 lb . of body weight daily. Chopped alfalfa l1ay and a mixture 
of 50 parts oats, 60 parts com. -!0 parts wheat bran, 20 parts nonfat dry milk 
solids, 26 parts peanut meal, 2 parts salt , and 2 pal'ts bmw meal were offerPd 
free choice. Fifteen thousand I. U. of ,·itamin A prr 100 lb. of body weight dail.v 
were administered by gelatin capsule to each calf. The six calves in the rxperi­
mental group also received supplementary orotic aci<l and methionin e. Body 
weight and height at withers were <lrtrrmined weeki:-, and feed consumption 
" ·as recorded daily. 

RESULTS Al'D DISCli::;SLOl\ 

Incidence of scours was negligible (one calf in each group scoured fot· 2 days) 
and all subjects exhibited excellent health. The calws which r eceived orotic acid 
and methionine gained an avet·age of 51 lb . in body weight (Figure 1 ) . This 
compares with an average ga in of 35 lb. made by the control group . These differ­
ences in body weights are statisticall.'' significant at P = 0.01. 

0 CONTROL - ---- --

• 0 

.~2 

EXPERIMENTAL---

:8 ..... 
"' IP ..... 

"' :r 

"' Ill 

II) "' "' 
:r 

18 20 32 39 46 eo 
AGE , DAYS 

FIG. 1. Effl'd of oroti r nl'itl nud methiouiuc 011 body weight aud h~ight at 1ritdo L• rs. 

Supplemented calws increased in average height at withers by 7.9 em. , as 
compared to an avrrage gain of 6.7 em. for the contr·ol group. Because of indi­
vidual variations. howe,·et·. the diffet'ence in height is not stati sticall.'· s ignificant. 

1'\either group was significant!.'· superiot· in tendenc.' · to consume feed (Table 
1) . The ditf(:'rence in growth , therefore, apparent!~- was not ca used by simple 
stimulation of apprtite b,\· supplementation. A comparison of feed intake per 
pound of incr rase in body weight (Table 2), howcn' t', r eYeals a 41 % superiority 
in efficienc,\· of feed utilization for the supplemented gt'Oup . TJ1is difference is 
statisticall.'· significa nt at P = 0.01 . 
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TABLE 1 
Total co iiSIIIIIJ!Iion of dry f eeds weekly by groups of cal·ves, in addi.tio11 to whole or skim.milk 

Weeks on experiment 
Group Tn>c of dry fce rl 1 2 3 4 5 tj 

(lb.) 

Coutrul Hay 0.2 0.9 2.8 5.9 10.7 13A 
(6 <'nh·es ) ('ow:cntrate 0.0 1.1 3.5 5.8 8.4 11.4 

Ex)wrimentnl Hny 0.0 1.4 3.8 4.8 12.6 16.8 
(6 c·alves ) " < 'oneentra tc 0.0 1..! 3.7 5.9 8.9 10.1 

' Equal amounts of methionine and orotic acid were fed daily by ca psule 
body weights of caiYcs. 

'l'ABLE 2 

7 8 

22.2 45.6 
21.3 28.5 

25.8 51.7 
16.5 ~0.1 

in proportion to 

Rl'lalioll of methiollillt' an<l orotic ac-id 811pple111e11fation to ef!ici e11r·y of fad 11filiza/ion" 

Feed inta ke per pound gain in botly we ight 

('akulatL•li 
Group Hay Conccntra tc Whole milk Skimmilk TD:-rb 

(lb.) 

Control il.3!l OA2 :!..7 (i.R 1.58 

(6 ealw" ) 

Experiment:tl 0.22 0.32 1.8 4.8 1.12 
(6 t':ll\'l•, ) 

'A lthough mni utc•wnce is coucernetl in feed usc, these computations nrc l'h:trgc ol so lely 
against gains in weight. 

• liiOKRIS0::-1, F. B. F eeds a11tl F eeding. 21st Cll. 1948. 

Better efficiency of feed utilization and greater stimulation of growth appar­
ently result from supplt>menting calf rations with orotic acid and methionine. 
The scope of the present work, however , does not justify conclusions relative to 
the specificity of these supplements in calf nutrition. Further work should 
include observations on blood constituents and rumen organisms. 

Perhaps attention should be given also to the orotic acid content of tlr·ied 
whey. It seems possible that with methionine supplementation, growth stimula­
tion could result from levels of whey which can be toleratt>d by the clair~· calf. 

SUMMARY 

Young Jersey calves whose rations were supplemented with orotic acid and 
methionine gained 46 7o more in body weight than did comparable controls. 
A 41 7o superiority in efficiency of feed utilization also was observed in the treated 
group. Both observations are statistically significant at P = 0.01. No significant 
difference was found in increased height at withers. 
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THE EFFECTS OF VARIOUS LEVELS OF SODIUM CITRATE, 
GLYCEROL, AND EQUILIBRATION TIME ON SURVIVAL OF 

BOYINE SPERMATOZOA APTER STORAGE AT -79 ° C. 1 

H. G. CRAGLE,' R. M . MYEHS, A N D R K. WA UG H 

.oJ nimal Industry Departm ent 

AND 

.J. S. HGNTElt' A N D U. L. ANDEHSOK 

In stitut e of Stat ist·ies, North Cm·o!i.na Stat e College, Raleigh 

.Much work has been undertaken to determine optimum conditions for pro­
cessing bo,·ine semen for frozen storage to retain maximum survival ( 4, 5, 6', 7, 
8, 9, 10, 12, and 13). It is generally conceded that fm·ther refinement is needed 
befot·e the technique can be adapted to wide fi eld usage. In particular, r esearch 
appears to be needed on pet· cent sodium citrate and glycerol per cent (by vol­
ume) in the diluPnt and on the length of the equilibration period. 

Smith and Polge (12) used a diluent containing a buffer of 3.92'/o sodium 
citrate adjusted to a pH of 6.7. Stewart (1 3 ) indicated the use of a 3.6% sodium 
citmte solution. Appa rently the optimum level has not been establishrd for a 
giw n set of conditions. 

At the time these experiments were undertaken there were no reports of 
critical experiments having been conducted to detennine the optimum level of 
glycerol to use in the freezing of bull spermatozoa. Smith and Polge reported 
the use of 10 to 15% glycerol as giving best results. E"mmens and Blackshaw 
(5) successfully used 7.5 to 10% gl ycerol with 1.25% of a pentose. In the experi­
ments of Polge and Howson (B) 10% glycerol (by weight ) was used. l\Iiller and 
VanDemark (6) used levels of glyce rol of 4, 6, 8, and 10'/o (by volunH' ) and 
stated that approximately 7% (6-8 ) glycerol resulted in optimum spermatozoan 
sunival after freezing and storing at -79 ° C. 

Polge and Rowson showed that the number of spr nnatozoa which sm·vive<l 
could be substantially increased if semen were equilibrated for several hours with 
the glycerol diluent before freezing. 'They rf'ported an equilibration time of 15 
to 20 hours as being optimum , whereas Miller and VanDemark reportrd that 6 
hours of equilibration with glycet·ol was satisfactory; however , in this study only 
2, 6, and 18 hoUt·s equilibration periods were used, and it was found that 6 hours , 
was better than eithrr 2 or 18 hours. 

Since optimum levels of sodium citrate, glycerol , antl equilibration time wet·e 
not clearly established. this investigation was unclertaken to cletrrmine the 
optima of these fa ctors when bull semen was frozrn in a sodium citrate-egg yolk 
diluent. 

Hcc·eh·ed for publication September 13, 1954. 

'Published with the approval of the Director of Research as Paper ~o . 5i t< of the Joumal 
Seri es. 

' Present a ddress : Dept. of Dairy Science, U niversity of Illinois, U rb:tna . 
3 Present address: Statistician, American Cynnnmitl Co., Rockefell er Plnzn, Xew York. 
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EXPERIM E:\T.\L P ROCEDl"RE 

:Semen. Th(' S('men used in this study was obtained hom H ols te in bulls which 
were 2 to 4 y ('ars of age. Fi,·e se t·i es of expe riments were colllluetell in this study. 
In Seri('s 1, 2, and 3 one ejaculate ]W I' bull was used. altll in ~(' t·i es 4 mHI ;:i two 
ejaculates per bull. eoll f'cted 2 \\'<'f'ks apart. we t'<' usee!. Thi•·t.,·-two ejaculates 
with a m ea n S]wrmatozoa count of 1.244 billi on pe r millilit (' r and a mf'a n esti­
mated motility of 64';/r were studi l'd. The final dilution t·ate in f:ip ries 1. 2. and 
3 was one pa r t spmen to 20 pa rts diln f' nt. In f:ie t·i es 4th(' final dilution rate was 
30 million spermatozoa ]WI' millilitf•t· of dilnt f'Cl sentc·n and in Seri es :;, 20 milli on 
spermatozoa per milliliter . 

Ji ethuds . ImmNliatPI~· aftN· the semen was c:o ll f'ded . the sample \HIS e \·alu­
atPu mi c: t·oscop i c:all~· for prog- t·pssin motilit.'· allll •·at e of nt otilit,,·. A ha ema cy­
totn f' t er count was made to detet·min e th e nnmb<' t' of SJWI'lllatozoa ]W I' milliliter. 
SemPn was nsf'd if the· yo]mnP of th e ejaPnlatt' was suffi<'i<'nt. if <•stitnat<'d pro­
g ressi\·e m otilit _,. \\·as equal to o r greater than 60'/r . and if the •·at e of motili t ,,­
was th e maximum rating of 4+ (w here 0 is equal to no mot ility ). ThP undiluted 
semr n was pipPttecl into clihwnts containing <'gg y olk aiHI sod innt e itratP of Yari­
ous <·onceutrations. tlw rati o of y olk t o eitnttr being hP!cl at 1 : 1. Dih.nlrostt·<·p­
t omy c· in was aclcl<·<l at th e• ratl' of GOO 1 pe t· millilit er of diluted spmen in Scri Ps:; 
onl.'·. The d ilutPtl sem<' tl \I' as c-ooled to ;, o C. onr a pe t·io<l of -l hours. At this 
tim<• a n eq ual ,·o luHte of g-lyee rol-so<lium Pitrat<' solution at ;) o C'. \\·as <Hl<lrd in 
two Pqual po•·tions lf::! hour apa rt. The final dilur nt <·ontainf'd a pproximatr ly 
2-l'j, yolk . Otu•-ml. sam pi Ps of th P fin a l dilution wr r<' froz <' n in :!-mi. S<· J'<' \1·-r·a pJw•l 
g-lass sample Yi a ls at th •• <' tlfl of each of th P \·arious <' quilibra tion p<' ri ods at th<· 
rat (' of 3° C. ]W I' minu t<' from 5° C. to - 20° ('. Tht· rat" of t (' IIIJH ' t'a tut '<' <lccrease 
was uncontt·olled ft-om - 20° to - :;oo C .. at whi t·h tinu· th<• sampl<'S WPI '<' trans­
fPI'l'ed to a De\ntt' fla sk <' Ontaining a!);)';; al•·ohol- dt·.'· i<'<' ba th at appt·oximat<'l,,­
- 77 0 C. The T>e\\·a r f111sk a nd contrnts \\·e t' <' th f' u pla rNI in a chPst containing­
dry ice f or a :;-da_,- stm·a g-<' peri ocl. Samples \n'•·e then thawed in a 3;) o C. wat <> t' 
bath and examiiiP<l mil't·ost•opicall~-, and tlw ]WI' ec•nt tnotilit.'· atul t·at<' of motility 
\n>t·e r ecol'Cled. 

Per cent sun·i1·ol. This " ·as ca lcul ated as follo\\·s: 

. . . '/r motil e aft Pr ;, days at - j9° C'. 
jl, snt'\'IYHl of motile s perm at ozo11 = 0:' .1 t . f' 11 t' X 100 

. , lll Oll f' a lliiH' 0 PO t• f• lOll 

Design . A thr('e-dinwnsional central composi t e tles ig-n w11s usetl to <Jssig-n 
t•·eatments in thf'se CX]Wriments (2. 3). For example. us ing tlw coded Yalnes for 
treatment combinati ons ( Table 2) . th e tt'<'a tments may b(' g-raphically !'<' pre­
sent ed ( Fig m e 1) . 

It should br notPd that Tt·ea tments 1 throug-h 8 fortn a 2" faet orial experi­
ment, and the additional treatments. 9 throug h 15. form a frac tional 3" fa ctorial 
ex]wt·iment. The 2" faetorial expPriment allows good estimat('s t o be mad e of 
the main effect s and the two-factor interactions. The fra ctional 33 factOt·ial ex­
periment, as u sed in th e three-factor composite design. allows a good estimate to 
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Fu;. 1. Tlte three-ditll l' ll :•dnua 1 c·t•ll t r:1l •·onqw:-:itl' dt·~i~ ll. 

be made of the quadrati c elfPcts. It ,;hon ld be noted t ha t in th e comple!t- 3" 
factm·ial experim ent. rstimatl·'s can be made fo1· fou r g-ro up,; of two-factot· inter­
acti on effects. They are linea r X linea •·. linear X quadn1ti \: . quadratic X Jineat·, 
antl qna1lratic X quadratic. ln th e \:Otllpositt• type dPs ig-11 thr assu mptiou is 
mad <' that the q nmlrati c: X quad rati<· ( fotu·t h tl Pg- •·ee ) t•fl'Pds are Jl (•gl ig ible, as 
abo may be the liuear X quadrat ic and quadrati c X liu l'a r ( third degree) effects 
(1 ). In thi s exprr imeut a multipl e rrg ression nJ OtlPI was sl't up to est imate onl~­

the linear. quadratic. aml th P !iura •· X lin Pa r intr ra cti on Plt'Pl'ls. 

r = B, + R,X , + /l"X " + n ,X " + H 11 . \' ," + B"".\' / + H ,,,X ," 

+ B,".r,.r" + R,,.r,.r" + JJ"'' x "x ,, . 

wlu•J 'e 1' is th e <'s t imat<·d n•spous<' and the J:'s are t he partial l'<'g'I'Pssiou eodli­
cieuts. The cou1posit L' rl rs igu is ;ulaptl'd f01· <•stimatiug- a point of maxim111n 
snn·ira l of spPI.'tuatozoa in teems of tlu• ll'nls of sodilllll <·i trat<•. g-ly<"l'l'OI. a nd 
eq uilibt·atiou time wh i\: h <'OIT\'SPOIHI to that point . lu th< 'S<' l'XperillH'IItS. g-iren 
levl' IS E'<ll'h of pPl' <' l'nt SlHliUill citnll<•, g- JyC<'l'OI]H'I' <•(•nt ( h,\· \'O IUm P), a nd <'quiJi ­
bration hours \\'Crc cm nbitll'<l to fo rm till' 1;; t rra tmeut <'OIIIbiuations fo r <'<ll'h 
r jacnlate stucl ie<l. 

J->rocrd ure. Semen f rom foue bu ll s \nls used in ra <·h of the the scriPs. A 
scqueut ial proced ure was cmpl o,\'C•d to fiutl th P optim um Jer el,; of sodium \: itnlt('. 
glyce rol. aud equilibration tiuiC (:2 .. '!). For L'Xa mple. aft('J' r aeh of t h<' first four 
se1·ips of L' Xperim euts, ]pn•ls of tlu• fadors })(' iug studiPd \\'Pl'f' <·ha ng-ed fo l' th e 
11ext se ri es. This was tlone to attain thP point of maxim nn1 sn n ·i\·a l of spc' l'lnato-
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zoa well within the range of each factor. 'l'herefot·e. s ince only the last series 
of experiments met this requirement, data fl'om this series wet·e analyzed to 
determine the lewis of the factors studied which •·esulted in maximum survival 
of spermatozoa. To obtain the estimates of treatment effects in this last set·ies, 
three vials of d ilnt('(] sf'men wr 1·c· f t·ozr n h om each sample. At the time these 
samples were thawPd, two obser n' rs r eco rded motilit~· estimates fo r rach of the 
t hree vials fo r any gi,·cn sam piP. These six obsern1tions \rere arerage<l to give 
the estimated response for each tt·eatment fo r each ejaculate from each of the 
fom· bulls; hence, a total of 120 anragc responses \\·ere obta ined . 

In order to simplify the presrntation and calculation, a system of cod ing- was 
used for values of sodium citrate, glycerol, and r qni libration time (2 . 3). The 
levels of the factors used in thr fit·st and fifth se ri es onl~- are gi,·cn \\·it h their 
coded values in Table ]. 

T ABLE 1 
L errls of factots and coded t·alues ·used in S erir.< ;, auf/ ,; 

Coded n olue " -1 0 1 ~ 

Series 1 

Sodium citrate ( '/r) ~. !l il.3 3.7 4.1 -L5 
G J~·cero l ( '7r) 5.0 9.0 13.0 17.0 ~1.0 
Equili brat ion tin1e ( h r .) cl.O G.5 9.0 11.5 14.0 

Ser ies 5 

Sod ium ci trnte ('/r) ].f, ~ .3 3.0 il.G 4.4 
Glycerol ( o/r) ~.n 5.0 8.0 11.0 14.0 
Eq uili bra ti on time ( h r .) 4.0 10.0 1G.O ~:?.n ~8.0 

TABLE ~ 
T reatment combina t ions (1ri lh code num bas illll icat cd) anrlthe rr.~u lt i u ,r1 prr ccut surriwl 

for Saies ;; ( A vera.gr of .'? c.iacu lo tcs from each of 4 b ulls) 

Trea tment ~od iu111 Equili b ra ti on 
X o. f· i t r:~ 1<- Glyce ro l time Su n ·i,·n l b 

('!r) ( "/r) ( hr.) ('/c) 

1 ~.3 (- 1)' 5.0 ( - 1 ) 10 ( - 1 ) G'i 
~ u ( 1) 5.0 ( - l ) 10 (-1) .J,O 

3 ~-:~ (-1) 11.0 ( l) 10 ( - 1) l !l 
4 il.i ( 1) 11.0 ( 1) 10 (-1 ) 40 
;j ~.3 ( - 1) 5.0 (- 1) ~2 ( 1) 54 

6 il.i ( 1) 5.0 (- 1) 22 ( 1) 41 
7 2.3 ( - 1) 11.0 ( 1) 2:! ( 1) 21 
8 ~- ' ( 1 ) 11.0 ( 1) .,., ( 1) 43 
9 il.O ( 0) s.o ( 0) 16 ( 0) (i;l 

10 4..1 H) 8.0 ( O) 16 ( 0) ~8 

11 ).(j ( 2) 8.0 ( 0) 1G ( O) 11 
12 :~.0 ( 0) 14.0 (-2) 16 ( 0) 2 
13 :~.0 ( 0 ) 2.0 ( 2) 16 ( 0) 18 
14 3. il ( 0) 8.0 ( 0) 28 (-2) 56 
15 3.0 ( 0 ) 8.0 ( 0) 4 ( 2) 4G 

'Coded ,·a lues prcsente'l in pa rent heses. 
" P er cent sun·in1 J !.ns~ ll on the :weragc of S responses (::! P.i ncul a t cs on each of 4 bul ls ) . 
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RESULTS AND DISC USSION 

The treatments and r esults of Series 5 arc given in Table 2. 
A response equation was derived ft·om the data collected m this series. This 

equation was found to be: 

Y = 66.3889- 1.4400X, - 2.2812.\.",- 1.0950X3 - 11.:3;:)61X,"-
13.6798.\."/- 3.4972X,." + 9.1000X,X" + 0.6075X,X, + 0.8125.\."".\.",, 

where Y is the estimated per cent survival and X ,. X". aiHl X,. are the coded 
Yalues for sodium citrate, glycerol, and equilibration time, respectively. 'The 
original calculations wer e can·ied to six dPeimal places but Ill'<' rounded to four 
in this paper. 

The standat·d l'l'l'OL' for this expet·iment , based on th<' Yat·iation betwe!'n Y 
from one ejaculate of sem!'n to another from the same bull for t h<' same treatment, 
was 16.1862 ( 60 d!'grees of ft·eedom). Her!' th!' !'O!'ffieient of Yat·iation was -lii'/ . 

lf we let bi b!' the estimate of Bi in the response equation. the standard <'ITOI'S 
of the bi were as follows: 

Con.~fanfs 

Linear (b,, b", b,.) 
Quadratic (b 11 , b""' b,"J 
Interaction (b, 0 , b,,, b0") 

IntercPpt (b0 ) 

Standard error 

1.4307 
1.7195 
2.0~33 

5.0-!69 

The point of maximum per cent motility is eal culatt>Cl by taking tlw d!'ri,·a­
tiws of the equation of the response surfac!' with r espect to .\.",. X", and X ,, aml 
equating them to zero. Then thr equations with X,. X,, and X,, al'<' solv!'d simul­
taneous!~- to produce the estimated c·o-ordinates of the point of maximum ]WI' 

cent ruotilit~·. The r quations are : 

:~, = -IA·tOO- 22.7122X, + 9.100X, + 0.6075.\",, = 0 

oY - ·J281') ·J-3"97X +9100I' +0°19-,. -o (J_\."" - - -. ---/ .•o) · o • "I .n -•>.L::-

:~: = - 1.0950- 6.!l945X, + 0.6075.1", + 0.8125.\"0 = 0 

TIH' solutions of t hl'Se Pquations arr : 

X,"= -0.1198; .\:' 0° = -0.1286; X ," = - 0.1819 

These are the coded Yahws fot· maximum per cent motility. Convet·ting these 
optima to actual Yaluf's, sodium citrate = 2.9'/t: , glycerol = 7.6'/<: , and equilibra­
tion time = 14.9 hours. Although 14.9 hom·s was estimatf'd as the optimum time 
to giYe maximum surYiYal of motile sprrmatozoa with a snl'\'h·al of 67 % , it was 
estimatrd by inserting tlw proprr eodf'd Yalurs into the rt>sponst> equation that 
10 and 4 hours rquilibration time gaw l'Stimated smTiYals of 64 )\ and !'Jij'Jc , 
r t>spectiYely. 
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Although it was found that the constants in the response equation differ·ed 
from bull to bull (P = 0.001 ), the relatin magnitudes were Yery similar . In 
other words, if the aYerage survival of spermatozoa from onr bull was higher 
than that of another bull , it was generall,,- higher over all treatnwnts. As a r esult , 
the optima were fairly constant f r·om bull to bull. A signifi cant interaction 
between sodium citrate anu glycer ol (P = 0.001 ) was fonnd . As per cent sod ium 
citrate and per cent glycerol are increased simultaneous!~- b<' ~·ond the point of 
max imum sun·ival of sprrmatozoa, sun-in1l falls off lrss rapidly than if only 
onr of these Yariables is incrrasrd. The same r rlationship appPars to exist with 
a simultaneous decrease of these two Yariabl rs. The interactions between sod ium 
citrate and equilibration time and brhYe<'n gl~·cerol and rq nilibr·ation time were 
not significant . 

An eosin-aniline blue stain for· lin' -llead determinatiorr s (Shaffer and Alm­
quist, 11) was used on thr samples of diluted semen in Seri rs ;; shortl.v after t ht·y 
were thawed. The results obtained wer·e not consistent with aYerages for visunl 
obsen-ations and were therefm·e discar·ded. 

Str MM.\ RY 

Experiments were cl rsigned to ddel'lnine the optimal combination for per 
cent sodium citrate, per cent glycerol ( b~- Yolnme), and equilibration hours which 
wonld allow maximum sm·yi,·al of motil r spermatozoa aftrr bein g f rozen for· ;; 
days by use of dry ice. A sodium e itrate-~·olk gl~·cc rol diluent was used which 
contained approx imately 24'/r• yolk in the final dilution . A clilution rate of 20 
million spermatozoa prr· milliliter of dilutrtl semen was nsed. A three-dimerr­
sional central composite experimental tl esig-n was used, which is adapted to esti­
mating the optimal lrYel of the factor·s stndied . The estimated optima wer•' : 
sod ium citrate, 2.9 7n ; glycerol, 7.6 c;,. : equilibration time, 14.9 honrs. 

As equilibration time was drcr raseLl , ]W I' cent sun-iYal tl ccrt>ased only slowl.v . 
An interaction between sotlium citrate and glycrrol was noted .. \!though semen 
from bulls was different , the pattern of response to trratmr nts was the same with 
only absolntc magnitude of responsr yarying. ;\n eosin-aniline blue live-dead 
sta in was not satisfactOJ',\. for rstimating- liw spermatozoa wlwn nsed on freshl~­

thawed semen samples. 
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USE OF CHROMIC OXIDE AS A~ INDICATOR OF FECAl; OUTPUT 
FOR THE PURPOSE OF DE'TEl'L\[].:\[:\TG TilE JI\T,\KE 

01<' PASTURE HERB,\ GE BY GHAZJ XG COWS' 

A. M. Sl\UTH A:->D J. T. HElD 

Departm ent of A nimalllusbanrlry, Corn ell Cnirersity, Ith aca, .Y . I". 

Consider able at tention lws been gin•n r ecently to th <' estimation of the 
hr 1·bage intake of g razi ng animals by th e combined use of h1·o indicators. ln 
this kin d of procedure, the amount in th e feces of an indica tor occu LTin g natu­
rally in plants se t·ws as an index of indi grst ibility and th a t of an indicator 
administered to grazing animals in known and constant amon nts pet· uni t of 
time provides a mrasure of the total output of frees. The amount of dry matter 
in the herbage consumed JW I' nnit of time tlwn ma~· be rra dil~· compntrd from 
a knowl edge of the indigestibi lity of tl1 e herbag·r and the amount of feces Yoided 
during the sa me unit of time. Accurate esti mates of intake haYe been deri1·Nl 
from the use of Cr "O" as an iJHlicator of fe<•a l output and plant <·hromogen (3, J) 
or nitrogen (2) as an indicator of incli gestibilit.1·. 

The r esults of r ecent stncli es (i, 7) in \Yhi r- h l' lipped pash1rr herbages wrre 
f ed in conYentional digrstion trial s support th e Yalidit~· of the fecal-chromogen 
procedure (10) for the measurr nH•nt of i JJ<li grstibi lit~· . Fol't~· forages ranging 
in cligestibilit~· of dry nwttrr f •·o•n G;J to 81 'it· were examiJJe<l b~· Ra~·mond et al. 
(I) with sheep . 'l'hr mean dilft> J'Pnce brtm·<•n the mrasured and rst imated digesti­
bilit~- was :3.2 7r . Ho,,·f'\'rr , R.fl~·moJHl cf rtl . assum(•<l that dig-estibility i>; a linear 
fun ction of th e feca l chromogr n contr11 t. wh r1·ras t lwir data sugg-est cun·iline­
a l · it~·. A stmly of th e data of RaymoJHl ct a/. rHealrcl that th r al'rrage difference 
between the measnrr d and esti mated dig-rstibility is r r dnr<'<l to 2.9 'J, when the 
follmYing Pquation is eBJp)oyrd: Y = 38.7:) log· T - O.OO-l6X - :32.12; wh er r 
Y = p er crut digestibility of dry mattrr aJ J<l T = cht·omog-t• n roucrntration of 
frcrs (units per gram of dr~· matt r r ). Th r extrn t to whi ch the nse of this equa­
tion r educes th l' etTor in curred by th r nsr of tl1r straight-line eqnation proposed 
by Raymonfl cl a/. deprnds upon th r lt>Yel of digl'stib ilit~· of the fot·age being 
studied. Use of the lin enr r rg J'l'Ssion rq nati on introd uces consi<l r rabl r rJTOl' into 
th r prediction of thr digrstibility of foragrs of low or hig-h fli g-rstibi lity. Both 
eq uations gil'e about tl1 e same Yalue for fo rag-rs of intermr(liate digestibiliti es. 
In Yiew of the fact tl1at Raymon<l cf o/. found diffrt·ences a;; g•·ra t as 3.1 pcr­
eentage units betwern th r aYet·age (li g-rst ihility of 11 forag-r a nd the lowest or 
highest digrstibilit~· fo 1· th <' samr foragr \Yh f' n mraslll'ed b~· th r ronn nti onal 
cligrstion trial tPchnique. it \\·onl<1 appear tlwt the fpra1 ch romog-l' ll proced ure 
for estimat ing the digestibilit,,· of hPrbagr g-razNl h~· shrrp is wr,\· accm·ate. 

Reeci,·etl for puhlien t ion N o,·emhcr 17 , 1 !lii.l. 

'A portion of th e dntn r0portecl here wn s tnkc n from the thesis pr0sent eol hy .\. ~I. Smith 
to tl1 e Grncluntc School, Cornell 'C ui,·c ,·s ity, iu partia l f ulfillmcut of tl1 c rcquiremeuts for the 
)[aster of Sc icuce tlegrce, 1 !l5.1. 
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The regression of digestibility on the chromogen content of the feces in the 
study of Raymoml cf ol. is strikingly similar to that reported by R eid et al. (10) . 
The constan ts in the equations a re different becanse the units of chromogen used 
in the two laboratori es have a di-fferent poten e~·. Th r refore, the equation com­
puted by Raymond cl al. g ives estimates of digestibility which ar·e approximately 
four percentagf' units higher than those de1·iwd from the eq uati on r eported by 
Reid et al. S ince thrse eq uations are rmpi1·i cal in natnrr . as the Yalue of the 
constants depend" upo11 the poten e~· of a unit of ehromogr n, this apparent dis­
crepanc~· does not affect the accu l'ar .v of the method . Raymoml cf al. (6 . 7) have 
suggest ed that wh r 11 th e spect rophotonw ter emplo~·rtl i11 th r ir stndi es (7) is 
adjusted for th r tra 11 ;;mi;;sion of lig·l1t of a wave length of -!06 111fl it may, in 
realit~·, be tra 11sm itting li ght of a waYr length of 403 nlfl . This r xplanat io11 would 
account for th r cliffprr nce, as the sprc t1·ophotometc· r r mployed b~· R Pi<l rt al . has 
bren carrfull.'· r hC'C·kr<l and th e ,,·ave lr ngth a<l.iustmrnt has brPII found t o coin­
cide prec i srl~· \rith tl1 r wave length of light ae.tnally transmitted in this range. 
In addition. th r cliffPI'rncr between the· two rq nat ions might ha,·e arisen from 
th e use of ;;oclinm c·hromate as a stanLlanlizing nge nt as this componncl has bren 
fonnd to g- irr <liffrrrnt r rsnlts. <lrprii<liHg upon thr cl eg-1·ee of h.nl1·ation (.9) . 
Tlwse obsen ·ations show that the rqnation proposrd by Rri<l el al . ma~· be used 
only when tlw 1111it of chromogen emplo,,·rd has th l' same Yaln r as that nsed in 
the Col'll ell laborator.'·· This was rm plwsized in ail em·li er r eport (10), but 
nn fortunatel~· <:'hromat r has ;; in cr brrn fonnd to bP a haza rclons stan<lardization 
ag-Pnt (.9). 

Chromic oxiclt' h11 s been nsl'cl snrrrssfull.'· as an incli c·ator of f rca l output 
b~· grazin g' strr n; ( 1 . . '!) and g-razing <'0\YS (2. 4. :!} . A eonsicl enibl r intraday 
Yariation in th r c·onf'PIItration of C' 1·/\ YOi<l ecl in the fe rPs of g'I'azing cattl e 
makes it impr rati,·r tlw t frees be sa mpl r d at spec ifiNl timrs of the da.'· ( .'/). 
As a r esult of Pxprriments rondnr t ed with got'azing strr rs. Hardison and R eid (3) 
proposed that tlw bnlking of eqnal weights of frePs sampled at 6 .l .i\1. and 4 P.M. 

chu·ing periods of sr,·rn or more clays would proY idr sampl<'s of which the Cr "O" 
concentration wonlcl allow accura te rstimates of the total frcal ontpnt. The 
r esults of snbseq n<:' nt rxperiment» <'OIHlnct r d b.'· Brannon cf al. ( 1) with stePI'S 
snpported those (.'!) rr ported eal'iirr. Laneaster ct al . (:i) and Kane ef al. (4) 
secured accu1·at r estimates of thr fpeal ontput of g'I'azing cows by employing 
essentially th r same sampling pi'Orrd ure (3) found to be sa tisfactory for use 
with steers. Tlwsr findings support those r r portrd em·lier by Coup (2), in whose 
experiments Cr"O" was det ermined in fecrs taken from cows in the morning and 
afternoon (hours of the clay wer e not r eported ) . 

Althoug-h th r data obtained to date indicate that C1·,0" is a useful agent 
for the estimation of the output of f f'ces b~· g-razing cows, the g1·rat int1·aday 
va riation in the excretion of Cr, O,, b~· »terrs ( 3) and thr number of factors 
which might contribute to the magnitudr of this Yariat ion (.), 8) r equire that 
much further attention be given t o the application of thr method to experim ents 
conducted with g1·azing cows. The obj rctives of the experiments summarized in 
this r eport \\·e1·e to stud~' : (a) the Cr 00 :: -excretion pattems of g-razing clair~· 
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cows, (b) the accuracy with which the amount of feces voided can be determined 
using Cr20 3 as an indicator, and (c) the effects of number of dosages per day 
and the time and mode of administration of Cr"O" upon the accurac~- of measur­
ing the output of feces. 

EXPERIMENT.\L PROCEDURE 

During three grazing seasons a series of fh·e trials was conducted in which 
dairy cows were permitted to gt·aze continuously throughout the period of experi­
mentation except for brief periods when they were confined to stalls specially 
constructed for the sampling of feces and the administration of Cr20 3 • The 
same pasture, consisting largrl~- of alfalfa , was used in all trials. The total 
amount of feces voided by the individual cows during each trial was collected 
in fecal bags. In certain trials, samples of feces were taken rectally at specified 
times. Chromic oxide was administered one or two times pet· da~· either in 
capsule form or as a portion of a concentrate feed , but the amount administered 
per day during a given trial was practicall~- constant for each cow. A summary 
of the times and modes of administet·ing Cr,O,, and the amounts of Cr,O, ad­
ministered during all trials is shown in Table 1. 

Three lactating Holstein cows wrt·r emplo~·ed in Trial 1, conducted during 
an 18-day period of the 1952 g-razing srasotl. Fecrs wrre totally collected during 
the last 7 days of the period. Tf>n grams of Cr20:: was administered in a capsule 
at 7 .\ .M . on eaclt day of the g-t·azing- period. No feeds other than the pasture 
herbage were giwn to th f'se cows. On the second and sixth da~· of the fecal­
collection period, fecf's samplf's wf't'f' takf'n rectally at 2-honr intervals. On 
each of the five other days, samplf's of .feces wet·e taken in the same manner at 
approximately 6-hour intervals. ThesP samplrs wrrr rmployed in a study of the 
Cr"O"-excretion pattern of grazing cows. 

In 1953, Trials 2, 3, and 4 wet·e conducted pt·imarily te stud~· the effect of 
number of dosages and mode of administration of Cr00 :: upon thr accuracy with 
which the total feral output can be rstimated from the Cr"O" content of feces 
taken at convenient sampling times ( 6 .\.l\1. and 4 P.M. ). The four treatments 
imposed consisted of administering Cr,O, in : (a) g-elatin capsulrs in one dosage 
per day ( 6 A.l\f . ), (b) g-rlatin capsules in two dosagrs per day ( 6 A.M. and 4 P.M.), 
(c) a concentrate feed in one meal prr day (6 A.M. ) . and (d) a concentrate feed 
in two meals per da~· ( 6 ,\.M. and 4 P.l\1. ) . Approximately the same total amount 
(17.5 to 20 g. ) of Cr,O" was administered per day to each cow regardless of 
treatment. The amount administered to a given cow was constant throughout a 
given trial except in a few cases in which a small amount of the Cr"00 -containing 
concentrate was refused. The amount of concentrates fed on both a per-meal 
and per-day basis was the same fot· all treatments. The cows allotted to the 
capsule-treatment groups received the same amount of the same concentrate feed, 
though devoid of Cr0 0 3 , as the cows composing the two other gt·oups. Ten cows 
were employed in the conduct of Trials 2, 3, and 4. The two cows ( No. 1 and 2) 
administered Cr,00 in the concentrate feed in Trial 2 were the same animals 
(No. 3 and 4, respectively ) given Ct·0 0 :: in capsules in Trial 4. Each of Trials 2, 
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TABLE 1 
Time, rate, and mode of administration of Cr,O, and amounts of concentrates offered to cows 

Cow No. 

1 
2 
3 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

Time' 

7 A.M. 
7 A.M. 
7 A.M. 

6A.M. 
4 P.M. 
6A.M. 
4 P.M. 
6A.M. 
4 P.M. 
6A.M. 
-\.P.M. 

6A.M. 
4 P.M. 
6 A.M. 
4P.M. 
6A.M. 
4P.M. 
6A.M. 
4P.M. 

6A.M. 
4P.M. 
6A.M. 
4P.M. 
6 A.M. 
4P.M. 
6A.M. 
4P.M. 

6A.M. 
4P.M. 
6A.M. 
4P.M. 
6A.M. 
4 P.M. 
6A.M. 
4P.M. 

Concentrates (dry basis) 
offered containing 

No Cr,o, Cr,o, 

(g.) 

0 
0 
0 

329.9 
329.9 

67.4 
595.9 
595.9 
595.9 
595.9 
595.9 

329.9 
329.9 

67.4 
595.9 
595.9 
595.9 
595.9 
595.9 

329.9 
329.9 

67.4 
595.9 
595.9 
595.9 
595.9 
595.9 

0 
0 
0 
0 
0 
0 
0 
0 

Tr·iall 

T ·rial2 

Tl'ial3 

Trial4 

Tl·ial5 

(g.) 

0 
0 
0 

264.7 
264.7 
525.9 

0 
0 
0 
0 
0 

264.7 
264.7 
525.9 

0 
0 
0 
0 
0 

264.7 
264.7 
525.9 

0 
0 
0 
0 
0 

0 
795.3 
397 .6 
397.6 

0 
795.3 
397.6 
397.6 

Cr,O,in 
capsules 

(g.) 

10 
10 
10 

0 
0 
0 
0 

10 
10 
20 

0 

0 
0 
0 
0 

10 
10 
20 

0 

0 
0 
0 
0 

10 
10 
20 

0 

0 
0 
0 
0 
0 
0 
0 
0 

• Times when concentrates were fed and / or Cr,O, was administered. 

Total 
Cr,o, 

consumed 

(g/day) 

10 
10 
10 

18.4 

18.3 

20.0 

20.0 

19.2 

19.0 

20.0 

20 .0 

17.6 

17.5 

20.0 

20.0 

25.4 

25 .4 

25.9 

~3.9 

3, and 4 was conducted with four cows and consisted of a 21-day grazing period. 
The total outgo of feces was measured during the last 7 days of each period. In 
addition, samples of feces were taken rectally at 6 _\_~r. and 4 P.M. on each day of 
the fecal collection period. 

Trial 5 was conducted with four nonlactating cows during the 1954 season . 
This trial consisted of a 22-day grazing period in which feces were collecteu 
during the last 7 days. On each da~·, small samples of feces we1>e taken r ectally 
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at 6 A.M. and 4 P.M . and samples r epresenting the total feces voided during a 
24-hour period were procured . Two pounds of concentrates containing 26.2 g. of 
Cr

2
0

3 
were offered daily to each cow throughout the grazing period. The con­

centrate feed offered was not always completely consumed. The orts were 
weighed, analyzed, and taken into account in the computation of fecal outputs. 
This experiment was conducted to examine further the effects of the time of 
administration, and the number of admi11istrations , of Cr20 3 upon the accuracy 
with which the fecal output ma~· be estimated. Each of two co ws received 2lb. 
of the concentrate feed at 4 P.M. and each of the other two eows ww; fed 1 lb. of 
the feed at 6 .I. M. and 1 lb. at 4 P .M. 

HESL' LTS AKD fliSCl" SS ION 

]ulra-day varialiou in excrciiott of Cr2 0,,. The ave1·age Cr2 0 :: excretion-time 
pattem obsened in Trial 1 is shown in Fig-ure 1. Expression of the concentra­
tion of Cr

2
0

3 
in the "grab " samples of feces as a percentage of the concentration 

of C'r
2
0 " in feces compounded from total collection during the entire collection 

150 ,---------------------------------------, 

~ 140 

I')~ 130 
o-e 
l3 & 120 
0 ~ 
~ ~ 11 0 
UJ 0 

> c 
0 !" 100 1------""r------u c 
UJ 0 

a:~ 
IJJ 0 90 
> .::' 
~u 
5o eo 
~ ~ 70 

" a. 60 

6 8 10 12 2 4 6 8 10 12 2 4 6 
A.M. A.M. A.M. Noon PM. P.M. P.M. P.M. PM. Nita A.M A.M A.M. 

TIME OF SAMPLING FECES 

FIG. 1. Chronli e ox ith: t•xcretion -tiut l' pntte ru for grnzing cows acl mini stNecl Cr,O, in cap­
s ule, nt 7 .I.M. 

period allows th<' rates of rxc retiun of Cr 20 3 b~· animals consuming differ ent 
quantities of herbage and Cr20 :: to be compared. The excretion patterns for the 
threr cows were of thr same genPral fut·m and resembled those r rported earlier 
for steers (3). However, the lowest aml highest rates of rrco,·ery of Cr2 0 , 
oecuned later in the clay (2 P.M. and 12 midnight , respective)~·) for cows than 
fo1· steers ( 12 noon and 7 P.M .• J·rspedivrly ) . The range in thr rate of recovery 
of Cr"0 3 from the feces of cows (6;i to l.J.] 'lr) \HlS not as great as that from the 
feces of steers (52 to 183o/,) . This suggests that the intake of herbage by cows 
is more evenly distt·ihutcd through the day than that by steers. NeYertheless, 
the Yariation in the excretion of Cr2 0,, by cows is sufficiently great to preclude 
the indiscriminate sampling of feers without consideration for time of day. 
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Use of convenient f ecal sampling t·irne.s . Since accurate estimates of fecal 
output by steers (1, 3) and cows ( 5) l1ave been derived from the Cr, 0 3 content 
of feces samples taken at 6 A.M . and 4 P.M. and since these sampling times are 
convenient from the standpoint of animal management, the application of this 
sampling scheme was studied further with cows in the p1·esent experiments. A 
comparison of the amount of f eces voided daily as estimatetl from the Cr"O, 
content of bulked samples of feces taken at 6 A.M. and 4 P.M. of seven consecutive 
days with that measured during the same period of time by bag collection i .~ 

shown in Table 2. The coefficient of con ·elation between the measured and 

TABLE 2 
Comparison of measured and estimated mttputs of f eces by grozi 11g cows 

Fecal output (Lb. D.M./day) 

Cow No. Total' Estimated• 

Trial1 

7.96 7.68 
:l 10.48 10.::!6 
3 10.10 10.76 

T1"ial2 

1 9.84 9.53 
::J 10.76 10.64 
3 5.23 5.22 
4 4.95 3.51 

Trial3 

1 8.71 8.67 
2 8.95 8.80 
3 9.43 9.25 
4 12.82 13.87 

Trial4 

9.72 9.54 
2 9.56 10.19 
3 9.92 9.80 
4 12.74 12.53 

TrialS 

10.26 9.82 
2 5.83 6.00 
3 6.17 5.86 
4 8.03 8.19 

• Collected in bag. 
• Based upon Cr,Oa concentra t ion of combinetl feces samples t akr n rertally at 6 A.~. a n<l 

4 P.M. 

estimated outputs of dry matter was 0.983, and the relationship betweeu the 
output values determined by the two proeedm·es is expressed by the equation: 
Y = 1.10 X - 0.98; where Y = estimated output (lb. D.M./day ) and X = mea,.;. 
ured output ( lb. n.M./day). The standard error of estimate of the daily output 
of dry matter determined ft·om the use of Cr ,O, was 0.47 lb. in these trials in 
which the mean measm ed output was 9.021b. pe1· da~'- These rlata indica te tha t 
satisfactory estimates of fecal output b~· cows may be effected from the C1·00, 
concentration of feces taken at 6 A.M. and 4 P.)l. of seven consecutive clays. 
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In general , the concentmtion of Cr"O,, in tbr fecrs voided at 6 ,\.M . was 
grratPr than that in the feces voirled at 4 P.M. fThrse obse•·vations are in accord 
with those rt>p01·ted by La11caster et al . (:>) , who made an extensive study of the 
fecal output by threr cows during right consecutive 5-tlay periods.] It appeared 
that a compensatory relatio11ship existed betwern the co11centration of Cr"O., 
in th r feces sampl ed at 6 .\.M. and that of frees taken at -:1: P.M. which r esulted in 
a recovery of approximatt>ly 1007o of the ingested Cr"O". This was examined 
fm·ther in Trial 5, in which the C•·"O" concrntration of fece>; takPn at 6 A.M. and 
4 P .M. was studied in •·rlation to that of ft>ces •·ep1·esr11ting individual 24-hour 
periods. As a percentage of the Cr"O" concentratio11 of feces representing the 
total amount voided during thr 7 -llay period , the range ( lowest and highest 
values ) in Cr"O' concentration of tlw f eces taken at 6 A . M. and 4 P .M. , respec­
tively, from the four cows was : Cow 1, ]]2 to 142 anti 78 to 95; Cow 2, 86 to 
120 anrl 84 to 99; Cow 3, 99 to 128 anti sa to 117: and Cow 4, 89 to 117 an(] 76 
to 104. These data reflect a ronsi(lrrablt' intt>rclay variatio11 in he•·bage consllmp­
tion . 

DPspite the marked variation in the Cr"O,' ron rentration of individual samples 
taken at 6 .\ .llf. and 4 P.M . , the Ct·"O:: roncentt·ations of fpeps compounded f•·om 
collections at thPse two tinws were veJ'Y similat· to thost> of thP total feces collected 
during COJTrsp01uling 24-hom· JWI'iods. Thesr two variablt' f; wr1·e highly COJTe­
lated (0.97 ) , and the l'PgTes>;ion of the C1·"0:: ronrr11tration ( Y ) of fe ces taken at 
6 A.M. and 4 P.M . of a givPn (lay upon that (X) of fPr<'>; rPJH'P>;Pnting the coiTe­
sponding 24-hou•· perio<lresnltNl in thr Pqnation. Y = l.lH.Y - 0.64. The stand­
ard error of estimate and the mean concentration of C1·"0 " in the fpces werP 0.45 
mg. and 7.71 mg., respectively, prr gram of dry mattr1·. 

In this Pxperiment (Trial 5) , thP mean recowry of Cr"O" from the totally 
collectrd feces and that from the 6 A .i\r. and 4 P .M . composite samples were 97.5 
± 1.73 and 101.2 ± 2.15% , respectiwly. The awragr reco\' PI'~' rate (93.6'7o) 
from the totally collectPd frcPs of Cow 2 was somewhat lower than that (97.6% ) 
from the 6 .\.M. and 4 P. M . composites. This disparity was to a considerable extent 
responsible for tlw regrPssion coeffi Pient (1.13 ) being gt·rate•· than 1.0. NeYerthe­
less, the ratio betwren the Cr"O" eon centmtion of the 24-honr composite sample~< 
and that of the 6 A.M. and 4 P.M. Pomposite samples was snfficiPntly close to 1.0 
to suggest that an influPnce Pxerted npon thr concPntration of Cr"O" in the frees 
voided at the one sampling time ptferts a change of similar magnitude, though 
of opposite direction. in the concPntration of Cr"O" in the feces voided at the 
other sampling time. This phenomeuon set>ms to assnrr the succPss of intake­
measurement stndirs in which fecPs are sampled at 6 A.:\1. and 4 P.M. 

Although 136 7,., of the ingested Cr"O:: was rrcovere<l from the feces of Cow 4 
in Trial 2, the dry mattet· intake of thi>; cow was so low that a differencr of only 
1.44lb. of dry matter Pxisted between the measm·pd and estimated fecal outputs. 
When the datum for this cow is rxclnded from the total data, a mean recovery 
of 100.58 ± 0.87 )1 , 2 of the ingestetl Cr/\ from combinrd samplrs of feces taken 

'Standard error of menu. 
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at 6 A.M. and 4 P.M. for seYen consecutiYe days from the r emaining animals was 
effected. As a consequ en ce, th e average estimated output of fe ces was within 
0.58 ± 0.87 7< of th e measmed output. This means tha t th e estimated intake of 
herbage would be " ·ithin 0.:)8 ± 0.87'/t of the tnw inta ke proYillP<l that the 
indigestibility of the c·onsumecl herbag·t· is tld f• rminf'il frpe from PtTur. 

Efj'ecf of tim e aud 111ode of adrniuislraliou aud 1/UIIIber of dosages per clay. 
F'ecal output was estimated with about tlw sam r d rgn'e of aecnt·at·y rf'ganll ess 
of whether C r, O,. was administe red in gelatin capsules or in a eoncentrate feed 
and wh eth er it wm; admin istrred onec· daily ( 6 . 1. ~1. ) 01' tll'ic·p daily (6 .ur. an<l 
4 P.M. ) by either mea ns (Tt·ials 2, 3, and-lin 'l\1bh, 2 ) . In anothr r ex1wriHH'nt 
( Tr·ial 5), the effecti1·eness of arlminist r ring C r/\ in a eonl·Pntl·at<' fPe(l at .J l' . ~r. 

was compa red with that of feerl ing C r·"O" in tht• same l'OtH·c•ntt·ate frNl at both 
6 A.~:r. and 4 P.M. Satisfactory estimatPs of fl'eal output n•s1tltNl fro rn both of 
thf'sr tr·ratments. The data obtai nrcl in 'l'r·ials 2. :~. -l. a1Hl :; sho"· that the time 
of da.'· (e ither· mot·ning or aftrl'lloon ur· both ) wht•n C' 1·"0,, is atlrninistt ·r rcl <l oPs 
not infhwnce thr m·t·uraey with which the total ontgo of f<·t·<·s Hlfl ,' ' lw <lrri1·ed 
fr·om th e Cr·0 0 3 eontP nt of feers san tpl ed at 6 A.M. and .J 1'.)1. 

Ap]Jl ica lion of zn·oc('(lurc to mf!lsurill{f i11fak r of' JHtslnrc ll l' rl)((!J l'. In apply­
ing tlw C1·"0,,-indieator mrthod to th<• nH•asm·ement of pastnn' intakr . the ad­
ministration of C r·"O ,, in a r·o tH'<'ntratf' f<'l'll r <'qnirrs lrss lim<' and has lltorP 
mrehanica l conYeni l'nc·P than that of Cr"O,, in eapsnlPs. H om·l·<'r. if thl' u a tnrr 
of an exper·iment r·ccptirrs that animals r f'<·e in' no fred other than pastlll'r herb­
age. g-e lat in capsulrs offr1· a satisfaetu ry nwans of a<lministratiun . partintlarlr 
ll'hen eare is taken to assm·c positivrly lhat thr Ct·"O,, is ingrstt •d <tnd Jtot r egurgi­
tated and lost. A problem of similar t·onsr quc·nc·es is sonwtinws <'lt<·onntt•rf'd wh en 
Cr·"O" is aclministr·rd in a roncf'ntnltt> fr<·d. Or t·asionally anim<t ls ma.1· not <·on­
sume all of th e C r.·"O,,-eonta ining ft>Ptl allotlt··tl to th em. or tiH' C'r·"O,, litH,\' uut bt> 
evenly tlis tributed in th e ft>P<l . Ob Yi ous ly . tlwse sit nations c·o nhl t' t•snlt in itTrgn­
lar· intakes of C r/1 ,, and co ul d contrihntt· to an r·r·t·ont•o ns c·stinwt<' of ft•t·al output 
and. th r r efore, of ht> rbage intak r. 

Tn th e conduct of pastnrc- intakr tr·ials . it mntld appear that the daily ad­
rninistrati on of Cr ,O,, ( in concrntrat c•s 01· ca psnlrs ) should bP rontml'tH'Nl a 
1rcek or more prior to the first sampling of fPt·<·s. though goo<l r·rsnlts 11·rrc ob­
tainecl by LancastPr 1'1 al. (!i) wh<'n a period of only ,-, days \\'liS a llom·d t'o Plapsr. 
Although it has n ot bee n dt>trl'lnin Pd ll'h ethPI' ('r"O" n1a~· be a<lrninist('rr cl )pss 
freq n<'ntl~· than OliN' pt>r 2-l-honr per·iofl. our <losagr ]WI' da.'· ap1wars to be 
adequate ll'lten th e frees arr sarnplecl tlail.'· at app1·oxim a t<'l,1· 6 .1.~1. and .J I'.M. 

Samplin g of feces at these timrs effrds a t'ef'0 \'<'1'.'' of appr·ox irnatPl.'· 100 ';/, of 
th e ingrsted C t·"O,, and eliminatf's thP nPr<l fo r fc r al-coll edion <tppHra t ns. As 
shown prr viousl.'· ( 3) . the acc n !'<It,,. of l hf• i ntak<' t•st imat r fo1· a g-i \'\'11 p Priod 
increases at a dec r·easing- rate as th e tttnnb<•t· of days <lnr·ing 11·hil·h tht• fPers are 
sampl r rl is in cr eased . Since thP int l'rcla.'· n1 riation in thP intakP of lu•t·bagP may 
be conside t·able, the mran daily intake for a pe ri od of s<'l·r ral days g<'ll t' I'Hll.'· is 
more meaningful than thP intake for si ngle tla.l'. l£0\\'f'\'PI', th<• ttcltHrr and 
objectives of a pal'ti r nlar rxpel'i rnent ma.'· <lee icll' thP l r ngth of tlH· fr•eal-s ampling 
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pei·iod empl oyed . Thr r esults of the prrsent experimr nts demonstrate that r eli­
a ble estimates of f ecal ontpnt ma.1· be deri1·ed from the sampling of feces during 
seven eonset.mtiYe days a nd that a relatively accurate rstimate may be made of 
th e output for even a s ingle day. 

The am ount of c.·"O" to administer Llail.l' is a•·bitrary , but the analytical 
ope•·ations in measuring C r"O,, may be made mo1·e com·eni(•ntly if the dosage is 
determined on th e basis of an exJWCtl'd range in herbage intake and of a desirable 
concentration of Cr "O" in a samplt) of f eces of an analyti cally eonveniPnt size. 
Dosages ranging from app•·oximatrl~- 10 to 30 g. p<'l' Lla~· havr been employPd 
sueeessfull~·-

When concPntrate fPeds al '<' <'mployPtl as a earriet· fot· C1·"03 and the forage 
intake, rath t> r th an total fpptJ intakP . is Llesired , th P total amount of f eces voidt>Ll 
has to be t."O rrPCtPd fo1· tlw amount of dry mat"t r r contributed by the concPntrate. 
The amount of dry ma tter t·ont•·ihnt t>Ll to th e tota l f ecPs by the concentrat r ft> r. d 
may be rumputrd from data on th<' amount of concrntratt>s eon:-;nmed and the 
indigestibility of th e dry mattr r in the <'OII CPntratrs. Gt>n r •·all y, th e digestibility 
values for ronPrntmtr £reds l'<' f'Ortlt>Ll in tables of ferLl <·om position are sufficientl y 
accumtc to be nscd for this pn•·posr. lf g r rater ace nnwy is dPsired, the indigPs· 
tibility of thP eonPent mte fPPCl in cpwstion ma~· bl' tlPtennin<"d in a conventional 
digestion trial. Th t> conerntration in th r• fprrs of the indit•ator (chromogen or 
nitrogen ) Pmployed to nJ r asnre thP incli g<'Stibility of th l' hr rbagr consumed also 
must br rorrrcted fot· th l' ml! ount of intli catol' l'OIIt l'ibntrtl by th e concentrate 
f eed. 

The mechanics of cl PJ'iv ing tlw d .. ~. matter intakl' of g •·azin g cattl e may tlwn 
be reduced to th e followin g r qnations: 

(a ) 

(b ) 

F 1 ( 0' D :\f I 1 ·) - c .·20:: COIISlllllCd (g/Llay) 
rea output .,. .. · t a.' - '""c:-·,-·"'""'0,...,,-c-o-n""c-'-e..::n..,.t-ra:...t'"""'i_o_n_o--:£;-f"'e.:..!c=.:e:...s:...(,:_:,gc../;..g-D=-.l\"""',I::-. .,-) 

. Fecal output (g. D .l\L/day) 
llr 1·bagr mtakr (g. n. :\f./cla~· ) = I d·.,. ·t ' b'l ' t. f l) , ,~ ( ,; ) 

II l..,l'S I I I ~ 0 .• H . f O 

The data obtained to tla t r demonstl'a t r that this method J)I'Ovides an objective 
approach to th e eYaluatio11 of pastmrs in whi ch i11take and digestibility may be 
del'ived simnltaneously . 

SU ~DTARY 

,\ set·ies of fh·e t1·ials was COIIdndcLl to detennine the adequacy of Cr
2
0, as 

an indicatol' of f ecal outpnt h.v g"l'azing- rows. Srn•11tern i11t.lividual cows we1·e 
employed in these stndirs. 

The Cr"O" concelltmtion of ft>cPs take11 I'<'Ctally at 6 A. )!. a11d 4 P . i\f. on seven 
consecutive days and bnlk t>d on a11 eq ua l 1wight basis JWOI'idl'd accurate estimates 
of the total fecal output . Tht• mr an rate of reco 1·r · ·~' of the i11gPsted Cr20

3 
ft·om 

the combined fecrs sa mpl etl at 6 A. )!. aml -t- P.)!. was 100.58 ± 0.87'(0 . A study 
of the Cl'/\ CO II centra tion-tiiiH' exei'Ption pattei'IIS of g raz ing cows r eveal ed that 
from 65 to 141'/1· as nnwh Cr"O" is YOi1letl in th e fPcrs at YaJ"i ons hou1·s of tll e d ay 
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as is found in well-mixed feces r·epresenting the total amount of feces voided 
during a 7-day period. This prrcludes the indisc r·iminate adoption of times for 
the sampling of fcers for the pmpose of measm·ing the total output of feces by 
grazing cows. 

No difference in the accuracy of the estimated output of feces was found 
between the administration of Cr"O" in capsules and that in conl'entrate feeds. 
Also, the effecti,·eness of the procedure for measurin g fecal output was thE' same 
regardless of whethe1· Cr"O" was administered at 6 A.lll . or· 4 P.M. or at 6 .\ .M. and 
4 P.M. It is suggested that the time and mode of administr·ation of Cr·"O" em­
ployed in the cond uct of gr·azing studies should be determined b~- th l' natur·e of 
the experiment and the com·eni ence of thr oprration. 
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SOME EFFECTS OF INBREEDING AND EVIDENCE OF HETEROSIS 

THROUGH OU'fCROSSING IN A HOJ ... STEI~-FRIESIAN HERD 

R. C. LABEN, P. T. CUPPS, S. W. MEAD, A~D W. M. REGAN 

Department of Animal Husbandry, Dnit·ersity of California, Dads 

Inbreeding, although one of the most useful systems of mating available to 
the animal breeder, is not generally recommended for average herds. Calculated 
risk is always taken in mating closely related animals even of high quality; 
average stock almost always shows signs of deterioration. Inbreeding results 
only in an increased number of homozygous loci. Unfavorable results, then, must 
be due to the uncovering of undesirable recessives and to a reduction in the 
number of heterozygous loci. The exposure of deleterious recessives probably 
accounts for a greater part of the deterioration, since in some lines decline can 
be preventrd by selection. 

Inbreeding experiments with dairy cattle have been carried ont at the New 
Jersey (2, 3), California (1, 18, 19) , and Beltsville (22, 24) Experiment Stations. 
Other inbreeding analyses have made use of data collected outside formal experi­
ments. Thrse include the studies of Tyler et al. (23), Nelson and Lush (17 ) , and 
Laben and Herman (15). 

The devrlopment of inbred lines of farm animals and the r esults of crossing 
inbred lines have been investigated mostly with swine (6) and poultry (12). 
Significant heterosis in productive characteristics of swine has been well estab­
lished. The amonnt of heterosis, however, is variable; some crosses may show 
little or none and others may show pronounced effects. Two recent studies are 
those of Sierk and Winters (21) and Chambers and Whatley (5). It is evident 
that some of the important factors involved in the performance of line crosses 
are the merit of the lines, genetic diversity, and degree of inbreeding. Good 
producing lines of diverse origin appear more likely to exhibit a useful level of 
heterosis. 

The terms heterosis, nicking, and hybrid vigor are sometimes used synony­
mously. All describe essentially the same genetic phenomena of a higher level of 
performance than would be predicted in a strictly additive scheme of inheritance. 
Nicking is a term used in animal breeding to describe the resulting heterosis 
through the mating of animals within a breed. 

Dairy cattle have been studied to determine if heterosis occurs and whether 
it is frequent enough to bias sire provings as usually conducted. Heizer et al . 
(11) studied production records of groups of daughters of seven sires in three 
herds. In four instances daughters of a given sire out of dams by one sire showed 
distinctly superior production to his daughters out of dams by another sire. The 
differences between group means in the case of one of the sires were found to be 
highly significant and were attributed to nicking. ,Johnson et al. (14) reported 
evidence of nicking in the matings of one .r ersey bull. They concluded, "while 
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ni cking may exist , it seems quite logical that it has been nsecl fa r too nnu:h as 
a convenient term to explain differences in production of the daughters of. a bull 
that may be due to other t:auses." \Vood\\·ard and Graves (2.f) concluded there 
was no evidence of heteros is in t heir data. Seath and J,ush (20) studied the 
Dairy Herd Improvemrnt Association reco rds of daughters of .13 s ires. Differ­
ences in production between groups segregated acconling to maternal grandsires 
"gave no indication that ' ni cking' is generally important enough to need much 
attention when proving s it·es." No evidence of heterosis was found in an analysis 
of the Missouri ~tat ion Holstein henl (15). 

MA T ER IAL, AN il METI IODS 

The data presented here m·e hom the purebred H olstein herd of the l ' niver­
sity of California Dairy Cattle Bt·eeding Experiment . The herd was entered on 
the inbreeding project in .1928, the foundation animals being mildly line-bred 
to Sir Aaggie De Kol Acme .185724. S ix of his sons were used and all sired one 
or more daughters. Another s ire, Sir Colantha .Tuliaua 67203, had influence on 
the het·d , particularly through a son and grandson. The average relationship 
between the foundation cows and Acme was estimated to be 0 . .19 , and for Juliana 
it was 0 . .17. Single daughters of five other essentia ll y unrelated sires were also 
among the foundation co wr; . Intense inbreeding appears to have been pmposely 
avoided. The first sire used in the breed ing experiment was lOOA, S ir Aaggie 
De Kol Mead 7th 36706.1 , a gmndson of Acme. He was selected on the basis of 
a pedigree indicating high production . The average relationship between .lOOA 
and the foundation cows was 0 . .14. H e was used from April. 1922, to Se ptember, 
1933. Only a limited amoun t of inbreeding was accomplished " ·ith him since the 
formal experiment was not initi ated until 1928. 

Sire .lOOB, Bear Valley Ormsby Esther 518683, was se lected to follow J OOA 
on the basis of a pedigt·ee indicating inheritance for high butterfat t est am! 
production . As 100B was essentially unrelated to 100A or to the few fo undation 
cows that were left. his introduction represented an outcross. The line was close:! 
and sire-daughter ,matings followed. He remained in acti ve service from Apri l, 
1928, until March, 194.1. 

'l'he third si re was lOOD, Los R.obl es Ormsby Lyons Gerben 830220. lie was 
selected to outc ross on the inbred 100B daughters. H e had an inbreeding coeffi­
cient of 0.25 and was essentially unrelated to the University herd. He was nst>d 
from F ebruary. 1942, until .July, 195.1. The l'n iversity herd consisted of 21 
inbt·ed daughters of lOOB at the time lOOD was introduced as a young, unprond 
sire. To obtain some t>st imate of the pel'formance of his daughters out of non­
inbred , um·elated cows, he was loaned to a local artificial insemination coopera­
tive. Sixty daughters of lOOD b,v artificial st>n- ice " ·ere located. but on!~' 11in e of 
these and their clams were found to have r ecords. 

'!'he present study deals with the production of 164 cows. The records were 
obtained from daily milk weights and monthly butter fat t ests conducted nn rlet­
A. R . supervision. Only a single lactation record under reasonabl~, stanrla t·d 
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conditions is available on each cow. This is usually the first record; subsequent 
lactations involved other types of research unlikely to interfere with reproduc­
tion. In an effort to compensate for the lack of additional records, an attempt 
has been made to maintain the environment for the " test" record constant 
throughout the experiment . .Animals have been raised and fed to time of fresh­
ening on a high plane of nutrition. For the most part they have been dry-lot 
managed from birth until first freshening to control feeding conditions more 
closely and to avoid fluctnations clue to good and poor pasture seasons. During 
their first lactation, pasturing was limited to 2 hours per day on irrigated alfalfa. 
Composition of the concentrate ration and level of feeding has been kept con­
stant. A few of the early r ecords were made on four times a day milking. Most 
of the records prior to 1942 were on three times a day milking, and since 1942 
all records have been made on twice a da.'· milking. This has been the only man­
agement cl1ange. The herd has been under care of the same herdsman throughout 
the period of the study. All of the recm·ds used haYe been corrected to a 305-day, 
junior 2-year-old , twice dail y milking basis. The use of this age standard re­
quit·ecl a minimum of record conversion . Milk production was expressed in actual 
pounds and on the constant energ,v basis of fat-corrected milk (FCM) ( 8) . 

P ersistency of production was measured by the slope of a straight line fitt ed 
to the mean daily production of F CM per month from the thit·d through the 
eighth month of lactation. In testing these points for linearity , it was fonll(l 
that n straight line described this segm ent of the curve very well. This period 
\HIS selected bcenusc most lactations reach their JWak before the third month and 
thr pffr rt of gestation is not important 11ntil after the eighth. 'L'he linear J;e­
grrssion of p1·oduction on a definite time period is suggest.ed ' 'as a measm·e of 
persi st e nc~· by .Johansson and Hansson (1 .9) . The regression coefficient was 
rstimilt rd by a mrthod desct·ibed by Bartlett (4). This estimate may be exprrssed 
as: 

P 
. . ] (::lnl mo. av. +4th mo. av.) - (7th mo. av . + 8th mo. av.) 

ers1stency me ex = 8 

l n a trst using 131 lactation reco rds the correlntion between this estimate and 
the least SCJUares estim ate was +0.99. Ludwin ( JG) used a similar type of re­
gression estimate as a measure of persistency. In the present study only one 
record of the 164 had an ascending lactation curve. Ludwin (16) and Gaines (7) 
found 2.9% and 5.4% of the r ecords in thei1· respective studies had ascending 
curves. 

Since the reeords studied were compiled from daily milk weights, it was 
possible to study two other characteri stics of the lactation curve. These were 
the height of the maximum daily milk production and the length of time in days 
from the start of the record (3 days postpartum ) to the maximum. 

RESU LTS AND DISCUSSION 

The intrasire regression coeffici ents for the various measures of productivity 
on degree of inbreeding (25) were calculated as estimates of the effect of in­
breeding. The 164 cows available for this stndy were the progeny of 22 sires. 'l'he 
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TABLE 1 
Average measu.res of productiv'ity and their intrasire regression coeffi.cient.s on inbreeding 

Characteristic of Standard I ntrasire regression 
p roduction Mean deviation on inbreeding 

Pounds of milk 8,784 3,131 -209.8" ± 9.95 
Percentage of fat 3.73 0.37 +0.008' ± 0.0023 
Pounds of fat 321 99 - 4.88" ± 0.49 
Pounds of FCM 8,338 2,663 - 131' ± 13.23 
Persistency (lb. FCM) -2.21 1.30 -0.0054 ± 0.0084 
Maximum p rod. (lb. FCM) 46.0 11.3 -0.47. ± 0.06 
Days to maximum p rod. 39.2 17.3 +0.02 ± 0.11 

• p < 0.01 

average coefficient of inbreeding ranged from 0 to 0.44, with a mean of just 
under 0.13. The results of this study are presented in Table 1. 

The size of the standard deviations indicates rather wide variation in pro­
duction. The analysis of variance of these data revealed nonsignificant d iffe r­
ences between sires for milk production when uncor rected for fat content. 
Diffe rences between si res were significant at the 1% level fo r FCM, butterfat 
test, pounds of butterfat, maximum dai ly FCM production, and t ime period from 
star t of the record to the max imum daily yield. Differences between sires were 
significant at the 57<· level fo r the slope of the lactation curve in its declining 
phase. 

The regression of pounds of milk on inbreeding was -209.8. The greatest 
inbreeding effect on productivity is the depression of total milk secretion. When 
the r ise in fat percentage with declining production is accounted for by express­
ing production of all cows on an equal energy basis, the depression with inbreed-

( IIUIIBER OF RECORDS) 

(681 (2~ (18) (6) (28) (II) (8) (5) 

0 
0 10 20 30 40 

COEFFICIENT OF INBREEDING 

FIG. I. Mean ~· icld of FCM at 5% class intervals of inbreeding and the intrasire regrcs· 
sions of FCM on inbreediug. 
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ing is -131.0 lb. of F CM. 'l'hese effects are greater than those reported in other 
studies. Tyler et al. ( 23) r eported a r egression of -4.5 lb. of butterfat. This 
would be equivalent to about -121lb. of 3.7 % milk. Laben and Herman (15) 
reported a figure of - 66lb. of milk . These stud ies were all in Holstein herds. 

Butterfat test, when studied as a separate characteristic of production, shows 
a significant increase of +0.008% per degree increase in inbreeding. 'fhis is the 
first study to show a definite effect of inbreeding on test. Whether the rise in 
test with increased inbreed ing r esults from true negative relationships between 
milk production and test, random sampling errors, or a concentration of genes 
for higher test has not been determined. Estimates of a negative genetic correla­
tion between milk yield and fat per cent of -0.20 to - 0.50 have been reported (15) . 

Figure 1 gives the mean F CM yields at 5% class intervals of inbreeding. 
The intrasire linear regression eq uations are indicated and plotted for the entire 
group and for the low and high inbreed ing groups. The six records in the 0.15 
to 0.19 class averaged 10,067lb. of F CM. a fi gure above the mean production 
of the non-inbred group. Three of these records were made by daughters of 
100A out of granddaughters of 100A sired by 100B. The others were by daugh­
ters of three different sires . The dams of the six cows were not high producers; 
they averaged 8,852 lb. F CM, with a range of 6,100 to 10,230 lb. There is evidence 
that inbreeding may have had a lesse r effect on production within the range of 
0 to 0.15 or 0.20 than it had in the range above a coefficient of 0.25. The number 
of records is small, however , and except for the above-mentioned group of six, 
a single straight line would describe the entire range very well. The true r ela­
tionship may be a curvilinear one. Bartlett and Margolin ( 2) observed no 
serious decline in production with inbreeding up to 20% . 

TABLE 2 
R egression coefficients of yield on inbreeding within the three major sire groups 

FCM (lb .) 
Test (o/o) 
Persistency 

• p <0.05 
b p < 0.01 

Sire 100A 

20 dtrs. av. Fx. 0.10 

Mean 

9,330 
3.77 

-1.40 

Coef. of reg. 

+14.0 ± 40.7 
-0.008 ± 0.008 
-0.041 ± 0.026 

Sire 100B 

61 dtrs. av. Fx. 0.19 

Mean Coef. of reg. 

6,751 -129.7 b ± 16.5 
3.91 +o.oo9• ± o.oo4 

-2.31 -0.015 ± 0.012 

Sire 100D 

40 dtrs. av. Fx. 0.10 

Mean Coef. of reg. 

9,188 -166.5" ± 26.5 
3.73 +0.008 ± 0.004 

-2.32 +0.014 ± 0.013 

The regression coeffi cients for FCM, test , and persistency on inbreeding for the 
daughters of the three major sir·es are given in Table 2. No inbreeding depression 
was apparent in 100A daughters up to 0.20. The inbred progeny of 100B, par­
ticularly those resulting from first and second generation sire-daughter matings, 
showed a significant decline in production . These inbred daughters had also 
shown a definite decline in size and growth rate (1) and an increase in calf 
mortality (18); in addition , there was evidence that they carried genes for 
sterility (9) . It should be noted that since most of the inbreeding was brought 
about by the mating of lOOB to his daughters, relationship to him was built up 
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TABLE 3 
Comparative FCM yields of outcross 100D daughters with thei·r 

inbred 100B dams and other groups of cows 

No. of Mean 
Group I minus Group II 

Description of group cows l<'CM Difference Std. error 

(lb.) (lb.) (lb .) 
Grou.p l 

Outcross 100D dtrs. 26 10,910 

Group II 

Dams of the outcross dtrs. 26 5,366 +5,544' :±: 667 
100A and 100B dtrs., l<'x < 0.05 40 8,891 +2,019' :±: 364 
All cows prior to 100D 123 8,024 +2,886' :±: 566 
All prior to 100D less inbred 100B 88 9,107 + 1,803' :±: 459 
''Control'' 100D <ltrs. 9 8,776 +2,134' :±: 777 

• p < 0.01 

along with the estimated increased inbreeding. If the breeding va lue of lOOB 
were lower than that of his unrelated mates, the depression noted in his sire­
daughter matings could be due to increased relationship to lOOB as well as to 
inbreeding or to the joint effect of the two. 'l'he daughter-dam comparisons pre­
sented in Table 4 indicate that 15 outbred lOOB daughters averaged some 365 lb. 
of FCM below their dams. Although these daughter-dam differences have very 
large standard errors, it is still possible that his actual transmitting ability was 
lower than that of his unrelated mates. 

Sire lOOD had only outbred daughters and daughters resulting from sire­
daughter matings. Thus, the same situation as above, involving a correlation 
between inbreeding and r elationship to the sire, was involved. The estimate of 
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2000 
10 20 30 40 

DAM"S COEFFICIENT OF INBREEDING 

FIG . ~- Non-inbred daughters of 100D compared with their dams. Comparisons are plotted 
by degree of dam's inbreeding. 
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the breed ing value of 100D obtained from the nine daughter-dam comparisons 
obtained outside the University herd (Table 3, Figure 2) does not suggest a 
value much different from that of his first mates in the University herd. Although 
separation of inbreeding and relationship effects cannot be conclusively made, 
the major part of the decline in production of his inbred progeny is interpreted 
as the effect of inbreeding. Dec reases in yield of F ClVI were highly significant 
for 100B and 100D daughters. Butterfat test vari ed inversely with pt·oduction, 
but only in the 100B group did the change in test reach significance. The re­
sponses of daughters of 100A to inbreeding appear to be distinctly different from 
those of 100B or 100D daughters. Important differences between sires in the r e­
sponses of their daughters to inbreeding have bern not rd b~· Bartlett ef a.l. ( 3 ) 
and Swett et al. (22). 

Persistency, measured by the slope of the lactation curve as previously 
described, was found to be highl y variable. The coeffi cient of variation of the 
persistency index was 59 <;7, . This index of persistency is not influenced by level 
of production as are indices based on the ratios of the amount of milk produced 
in different periods of lactation . 'J'he sign of the regression eorfficient as shown 
in Table 1 indicates there may be a slight declin r in pe1·s istency as inbreerling 
increases; however , it did not approach significance. Maximum daily yield 
declined significantly ·with increased inbreeding (Table 1). The decline in total 
yield with increased inbreeding was dnc more to a reduction in the height of 
maximum yield than to any important change in the slope of the lactation cnrve 
in its declining phase. 

It is not surprising that the effect of inbreeding on persistency is nonsignifi­
cant. Extremely low-producing cows can be milked over a long period with no 
marked change in production. The slope of such lactations then tends to be very 
flat. High persistency is of littl e real value unless a reasonably high maximum 
is reached. It must be realized, however , that a linea r regression over only a part 
of the lactation curve does not refl ect the entire picture. 

The one other characte ristic of the lactation curve studied, time interval 
from start of record to maximum production, did not change significantly with 
inbreeding. The average length of the period was 39.2 clays, and the standard 
deviation, 17.3 days. This particular characteristic is probably not normally 
distributed. The frequency distribution of the records in this study was skewed 
toward the shorter time periods with a long tail running out to periods of longer 
than 90 days. 'fhe ascending lactation curve and six other periods over 90 days 
long were dropped from these cal culations. This stnd~, seems to indicate that 
although production declines with inbreeding, the shape of the lactation curve 
is probably not greatly influenced by inbreeding. 

Sire lOOD was selected as an inbred, unrelated bull to mate to the inbred 
daughters of lOOB. The results of this outcross are presented in Figure 2. All 
of the records except the nine pa irs at 0.0 inbreeding coefficient of dam were 
made in the University herd. These nine pairs wez·e collected from two DHIA 
herds in an adjoining county. 
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The 222-lb. increase in yield of FCM of the 100D daughters out of the unre­
lated, non-inbred dams has a standard error of ±620 lb. It was hoped that a 
much larger number of records would be available for proving this bull outside 
the University herd. No indication could be found that other 100D daughters 
were much better or worse than the ones for which records were available. In 
some cases, daughters had left the herd and records had been lost or destroyed. 
The owner's memory or opinion could be of no value except to gain a general 
impression that the daughters were not outstanding but few had been extremely 
poor. 

The inbred dams to which 100D was mated were all daughters of lOOB. The 
increase of 1,382lb. of FCM in Figure 2 at the 0.125 inbreeding level of dams 
had a standard error of ±2,213lb. The other increases of 4,771lb. and 6,562lb .. 
with respective standard errors of ±924 and ±806, represent highly significant 
differences between dams' and their daughters' production. It is unfortunate 
that a group of non-inbred 100B daughters was not available for mating to 100D. 
Such matings would have helped to determine whether the large and important 
increase in the outcross 100D daughters was the result of exceptionally high 
general breeding value of 100D or of specific combining ability of 100D with 
inbred daughters of lOOB. His record in the two outside herds does not indicate 
exceptional breeding value. An analysis of variance of the individual daughter­
dam differences comprising the mean differences shown in Figure 2 ( + 1,382lb., 
+4,771lb., and +6,562lb.) indicates that only the first and third groups differ 
from each other. and this at the 5% level of probability. This gives some evi­
dence that the pattern of the production spread, widening steadily with higher 
inbreeding of the dams, was not due to chance alone. Figure 2 shows the down­
ward trend in yield of the daughters of the most highly inbred dams. This mean 
decline from the peak of 11,675 lb. of FCM amounts to 1,094 ± 877lb. If this 
were a significant decline, it would be interesting to speculate why the maximum 
response of the daughters was shown at the 0.25 inbreeding level of dams. 

Evidence of heterosis in the yield of non-inbred 100D daughters out of inbred 
100B dams is based on comparisons tabulated in Table 3. The 26 non-inbred 
daughters of lOOD out of inbred 100B dams averaged 10,910 lb. of FCM. They 
were large, vigorous animals of very acceptable dairy type. Their mean produc­
tion was over twice the mean production of their dams, as is indicated in the first 
comparison of Table 3. The average yield in FCM of the 26 outcross daughters 
is compared with the mean yield of various groups of cows that should represent 
the average productive capacity of the population from which they came. The 
mean inbreeding coefficient of the 40 100A and 100B daughters in the second com­
parison in Table 3 was under 0.05. This average of 8,891lb. of FCM should fur­
nish the best estimate of the productive level of the herd before the inbred 100B 
daughters lowered the herd average drastically. The third comparison of 123 
cows averaging 8,024 lb. includes all the cows that made records in the herd 
prior to the outcross daughters. When these data are corrected for the effect of 
inbreeding, the mean approaches 9,000 lb., or, by omitting the inbred 100B 
daughters, the fourth comparison of 88 cows averaging 9,107 lb. is obtained. In 
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all cases the '' outcross '' lOOD daughters show highly significant increases over 
their dams or other groups representing the productive level of the herd. 

These increases could be due to Sire lOOD 's carrying exceptionally good 
inheritance for production or to some specific genetic interaction between lOOD 
and inbred lOOB daughters. The outside proving of lOOD, as mentioned earlier, 
is the best estimate of his productive capacity in matings with non-inbred dams. 
The nine "control" daughters are used in the fifth comparison of Table 3. This 
comparison contains uncorrected herd differences, as the control daughters made 
their records in two outside herds. The management practices and other environ­
mental factors in the outside herds were observed and seemed not to differ 
greatly from those of the University herd. However, since there were only nine 
control daughters, this estimate of lOOD 's inherent productivity is not as reliable 
as would be desired. Chance variation in sampling the inheritance of lOOD 
cannot be ruled out with this small sample. No significant difference could be 
demonstrated between the average of the control cows and the average of the 
non-inbred cows in the University herd. It is proposed that the superiority of the 
outcross University daughters is due at least in part to an expression of heterosis. 

When the high-producing outcross daughters of lOOD were bred back to him , 
the production of the resulting offspring dropped precipitously. Thirteen lOOD 
daughters from such matings averaged 6,146 lb. of FCM, a decrease of 4,636lb. 
below their dams (Table 4). This behavior might be interpreted as further 
evidence that lOOD 's superior performance in the outcross was not due entirely 
to the additive effects of genes for unusually high productivity carried by him 
but that heterosis or specific combining abi l it~, was an important factor in the 

TABLE 4 
FCM yields of the major si·re g-roups 

Daughters' records Dams' records 

Av. Av. Coef. 
Dam's 

Av. Coef. Difference & 
Sire No. Fx. FCM of var. Sire Gr. sire FCM of var. std . errors 

(lb.) (o/o} (lb.) (%) (lb.) (lb.) 

lOOA 11 .06 9,048 17 Foundation 9,262 14 -214 ± 599 
3 .06 9,220 30 lOOB 9,784 28 - 564 ± 2274 
3 .16 11,060 7 lOOB lOOA 9,925 9 +1135 ± 684 
3 .26 8,759 20 lOOA 10,273 14 -1514 ± 1299 

1oon 7 .0 9,069 31 Foundation 10,176 13 -1107 ± 1173 
8 .0 9,476 11 100A 9,192 17 + 284 ± 659 
3 .02 8,527 13 lOOA lOOA 9,209 22 - 682 ± 1304 
7 .12 7,283 23 100A lOOB 10,369 12 -3086. ± 808 

35 .31 5,301 43 lOOB 8,148 29 -2847. ± 557 

100D 2 .0 9,931 30 100B 100A 8,548 11 +1383 ± 2213 
" 24 .0 10,991 19 100B 100B 5,101 49 +5890' ± 666 

13 .29 6,146 53 lOOD 10,782 21 -4636. ± 1098 

TotallOOA 20 .10 9,332 16 9,592 15 - 260 ± 468 
Totai100B 60 .20 6,690 40 8,836 25 -2146. ± 450 
Total100D 39 .10 9,322 36 7,171 50 +2151. ± 787 

• p < 0.01 
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outcross. Yearly differences remain in these comparisons as outcross and inbred 
daughters made their records in different years. There is uo reason to believe 
that year -to-year environm ental change was Yery grea t. 

The production records of daughters of the three sires in the University herd 
are grouped in 'fable 4 by matem al grandsires. 'fhc gToups of 100A daughterr; 
are all small. It is interesting to note the average production of the three lOOA 
daughters out of his own grandda ughters ; these were the highest producers 
listed. The IOOB daughters show no evidence of unusual interaction. The very 
drasti e effects of inbreed ing are quite evident in the matings of 100B to his own 
granddaughters and espeeially to his lla ughters. Son1e of the latter group r epre­
sent t11·o generations of sire-daughter matings . The two fair-sized 100D g roups 
sho11· the large incr ease in yield of his daughters out of inb1wl 100B dams and 
the decided declin e in yirld when he was mated back to his own daughters. 

The Holstein herd at present ronsists largely of the lo\Y-producing inbred 
daughters of lOOD. Th rsr 11rr being outcrossed to se1ected um·elated sires. 

SlfM M AHY ,\ N D COKCLUS!Ol':S 

The analysis of the pffeet of inbreeding on yield in the University of Cali­
fornia Holstein-Friesian herd is based on the recods of 164 cows. Daughters of 
22 sires are represented; howevr r, the majo1·it_v are the progeny of three sires 
(lOOA, lOOB, and 1 OOD ). The J10ol ecl intras ire regression coefficients of produc­
tion on inbreed ing indicate significant declines of - 209.8lb. of milk, -4.9lb. of 
butterfat. and - 131.0 lb. of FClVI. A significant increase in butterfat test of 
+O.OOS ';lr per deg r·ee increasE' in inbreeding was found to accompany the declin e 
in milk y ield. 

A significant reduction in height of maximum <lail~· ~' i eld occurred as in­
breeding increased . No significant inbreeding effect was demonstrated ou the 
time required to reach maximum production or npon the slope of the lactation 
curve. It would thus appear that no important change in the shape of the lacta­
tion curve accompanied the depression of y ield with inbreeding. There is some 
evidence that inbreeding may have a somewhat lesser effect on production in 
ranges up to 0.20 than in rang·es above 0.25. Sig·nificant differences were found 
between sires in t11 e response of their claughte1·s to inbree<ling. 

One of the sires ( lOOB ) remained in active serviPe for 13 years. His 43 inbred 
daughters showed a marked decline in production. Twenty-one of them. aver­
aging 5,366lb. of F ClVI, were ontcrossed to a third unrelated , inbred sire (100D ) . 
The 26 resulting daughters from this outeross averag-Pd 10.910 lb. of FCl\L ThL> 
yield \Yas significantly greater than that of the inbrerl dams and of any group 
or estimate representing the productive eapacit~' of the herd prior to the outcross. 
The increase noted in the outcross daughters is interpreted to be due, at least 
in part, to heterosis. 
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In several species of animals· differrnces in the manganese contents of diets 
have been related to various responsrs, including gains of body weight, concen­
trations of manganese in blood and blood serum. activity of phosphatase of 
blood serum and of bone, development of bone, composition of soft tissues, and 
metabolism of calcium and phosphorus. Excessively high intakes of these two 
minerals by swine (19) and by poultry (28) have accentuated the dietary needs 
for manganese, thus indicating metabolic interrelationships. 

The expanding usage of mineral mixtures of increasing complexity in cattle 
feeding. the growing interest in the role of supplemental manganese in ruminant 
nutrition, and the increasing recognition of metabolic distmbances from mineral 
imbalances incited initiation of a study to ascertain the effects of supplemental 
dietary manganese on young dai1·y cattle consuming diffe1·ent levels of calcium 
and phosphorus. 

GENERAL PROCEDURE 

Expe1'imental design. The design was based on the assumption that the n eeds 
of growing cattle for dietary manganese are increased, as for poultry and swine, 
by feeding excessive amounts of calcium and phosphorus. Hence, supplements 
(a) of calcium and phosphorus and (b) of manganese were the two ingredient 
variables of the diet. E'ach of these supplements was fed at two different levels, 
thus forming a factorial arrangement of four \'xperimental dietary regimes. 
A fifth regimen, a conventional herd type, was added for comparative purposes. 
The experimental subjects, 15 health~· male clair~· cains, represented three 
different breeds-Guernsey, Jersey, and Holstein. Fin calves from each of 
these breeds constituted a replication in a ranclomizrcl block design. Thus, three 
calves, one from each breed. were snbjrcted to each (li eta t·.' · t1·eatment. As calves 
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became a\·ailable, they were assigned , at random. to diets within replication'S. 
The duration of the study was determined b.'· the sm·yi\·al period of the calves 
subjected to the experime11 tal r egimes. 

Test diets. The dietal'.'' sequence was: colostrum from birth to 3 days of age. 
whole milk on ly dnr i11 g the subsequent 10-dar period, and the experimental and 
the control diets (Tables 1 and 2) thPreafter. The basal experimental diets used 

TABLE 1 
Consliln r nl s of lh e basal diet.• (B) f ed lo calrrs at 1:ario11s ages 

Whole milk • " 
Age of calf fed 

(days) (lb / C1cf of calf ) 

14 to 56 10 
57 to !15 10 
96 to 219 ± 25 10" 
219 ± 25 to death d 

Nonfat dry 
milk solids 

( % ) 

0 
100 

50 
50 

Concentrates • fed 

Hominy 
grits' 

( % ) 

0 
0 

50 
40 

Lard 

(%) 

0 
0 
0 

10 

• Da ily supplements of 10,000 I. U. of vitamin A and 2,667 I. U. of vitamin D / cwt of calf 
were mixed with the milk. 

• Basa l minerals were a dd er! to provide in p .p .m., on dry matter basis, of <li et: Mg as 
MgSO,, GOO; Fe ( carbonyl iron powder ) , 100; Cu as CuN O,., 10; and Co a s CoCI, , 0.1. 

'Table quality; low in Mn (a\'. 1.35 p .p.m. ) ; pu rchased f rom the Quaker Oats Company. 
• Amount of whole milk fed daily to each calf was limi t ed to maximum levels of l6lb. for 

J erseys and Guernseys and 20 lb. for Holsteins. 

TABLE 2 

Test diets f ed lo calve.• ·in the e.xpcri111 ental anrl lh e control ,qro 11 ps 

0ruup 
c la s~ ifi,·atiuu 

Experim,·ut:ol 

Cont rol ( uonw1l ) 

Die t. 
<l esignation 

R' 
BMn 
BCaP" 
BMnCaP 

H erd '' 

Components of test di et s 

Basa Is ( see Table 1 ) 
BaRals + 50 p.p.m. of Mn (manganouR sulfate ) 
Rasnls + 5% monoeale ium phosphate' 
Basals +50 p.p.m. of Mn + 5% monocaleium phosphate' 

Milk (fortified with ,·itnmins A and D)+ commercia l 
calf pellets and alfa lfa ha .v 

'Max imum concentration of manganese , on a dry ·matte r basis, was less than 1 p.p.m. 
"i\lnng:lll l'~e eoutent of diet did not exceed 1.17 p.p.m. 
' F e<! nt ~ 'It ll•,·e l of rlry ma tter of di et from 14 to 56 days of age; thereafter at 5% level. 

From 96 da ys of age to end of experiment monoca lcium phosphate replaced an equnl amount 
of hominy grits in diet. 

'1 .Milk fePdiug and vitamins A a nd D supplementation were discontinupd a t 1:~ 5 <lays of 
age. llfu <'OII!Pnt of ca lf p ellet s was 66 p.p .m. and of hay wa s 3!1 p.p.m. 

in different stages of the investigation m·e presented in Table 1. Whole milk was 
the pt·incipal component of the basal d iets throughout the study, but when the 
calves were 8 weeks of age, concentrates were introduced for the purpose of 
increasing energy intake. Basal minerals and Yitamins were incot·porated in 
sufficient qwmtities to provide at least the minimum amounts of these nutr·ients 
recomnH'tHlP(l (1 7, 20). Experimental diets (Table 2), other than the basals, 
contai nr,l Pit hPt' monocalcium phosphate or manganous sulfate . or both. 
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The sequential changes in the herd diets (Table 2) , fed to the control group, 
were similar to those commonly used in conventional calf husbandry. 

F eeding procedut·es. All calves receiving experimental diets were fed twice 
daily. Milk was consumed from nipple pails, and concentrate mixtures from 
glazed earthenware crocks. Intakes of the concentrates at each feeding were 
limited to the amounts consumed in 30 to 60 minutes, during which time the 
calves were stanchioned in such a manner that extraneous matter could not be 
consumed. Distilled water in lieu of tap water was offered daily. Except during 
the periods of either feed or water consumption, the calves were muzzled to 
prevent ingestion of wood shavings used for bedding. 

Calves assigned to the herd diet were subjected to the same general feeding 
schedules as commonly recommended in modern dairy husbandry but otherwise 
managed the same as the experimental groups. 

RESULTS 

Criteria of responses to various dietary treatments included: 1, growth; 
2, changes in several constituents of the blood; 3, clinical symptomology at 
different periods, and, 4, lesions upon autopsy. 

1. Growth. Calves in all groups grew, as indicated by changes in average 
body weight (Figure 1), at approximately the same rate during the first month. 
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Fw. 1. A'erage p eriodi c weights of calves in control group, rece iving a com·entional herd­
type di et, and of ca lves in various experimental groups, receiving diets differing in supple­
ments of manga nese and of calcium and phosphorus. 



539 

Thereafter , the animah; subjected to the herd reg imen g re11· more rap idly than 
those receiving the various experimental di ets. All experimental groups sus­
tained a similar ratP until they were about HO day:s of agr . when the ce iling on 
whole milk alloca ti on was reached. Subsequent)~· , thr aYerage ga ins for the 
various experimental g t·oups also t t:' nded to divet·ge , as a eonsequence of the 
retat·ded gt'O\Yth in the calves receiv ing the experim r ntal min Pral supplemrnts. 
The onJ_,. group, howCYer, in which weight ga ins became nil was the BCaP. 

The wr ight incrrases were correlated positive!~- with TON intakes. 'l'he feed 
effi ciency in terms of gains per unit of TDN was similar fo r all dietat·y groups 
except for BCaP , in which the effi ciency was significantly lower than in the others. 

Thus, obsen ·ations indicated that prolonged feeding of excrssive amounts of 
ca lcium and phosphorus adversely affected feed intake, which was refl ected in 
a reduction in the t·ate and the effi ciency of ga ins. Supp!Pmental manganese, 
BMnCaP, tended to counteract the deletet·ious effPcts of the high di eta ry levels 
of ca lcium and phosphoms, BCaP . Though the responses of the BM.n group 
were complicated by respiratory infections, the data do not indicate that a man­
ganese deficiency per se was involved in the weight ga ins of the basal g roup (B). 

2. Constituents of the blood. Within 1 hour either before or after the morn­
ing feeding, venous blood was collected period ically for determinations of (a) 
manganese in whole blood and ( b) calcium, (c) phosphorus, (cl) alkaline phos­
phatase, and ( e) magnesium in serum. Samples for manganese determinations 
were collected at approximately 50-day inten ·als, whereas samples for other 
analyses were collect ed biweekly. 

(a) Ma.ngan ese. Concentmtions of this element in whole-blood samples were 
determined by a spectrographic procedure developed by one of the authors! 
Trends of the mean values for the respective groups are pt·esented in Figm·e 2. 
Comparisons of BlVfn with B and of BMnCaP with B CaP indicate that supple­
mental dietary manganese increased the concentt·ations of this element in the 
blood ; the maximum levels attained, however , did not pet·sist. Purther com­
parisons (BCaP vs. B, and BMnCaP vs. BMn ) revealed a tendency of high 
intakes of calcium and phosphorus to suppress the manganese of the blood. 

(b) Calcium. Blood serum was analyzed for calcium b~- the method of W ey­
brew et al. (27). All values were between 9.2 mg. and 14.9 mg. per 100 ml. , which 
range is normal for young cattle. Although there were no definite trends in the 
concentrations of this mineral , the highest levels occutTed most frequently in 
the initial periods of the experimental treatments and the lowest in the tPrminal. 
At no stage, howent·, were differPnces in the diPts refl ected in the concentrations 
of serum calcium . 

(c) Inorganic phosphont.s. This was determined in the serum sam ples b,v 
using the mol~rbclivanadate method of Simonsen et al. (24). General trPnds and 
concentrations of phosphorus in blood serum of cah ·es of all groups were similar 
during the first 6 months of the experiment. 'fhe levels increased during the 
first 3 months from an initial mean of 8.2 mg. per 100 mi. ( range, 6.2-9.1) to 10.1 

• W. L. Lott. 
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FIG. ~ - A Yeragc eoncentrat.ion of manganese in whole blood from ca lves in co ntrol group, 
recciYing a com·entiona l herd-type diet, a nd from cnlves in various experimental groups, 
rece iving di ets differing iu supplemeuts of manganese aud of ca lcium aurl phosphorus. 

mg. per 100 mi. (range, 7.8-12.8). From 3 months to 5 months the concentrations 
tended to plateau, averaging 10.5 mg. per 100 ml. and ranging from 8.3 to 13.9 
mg. per 100 mi. During the ensuing month, the values declined slightly to a mean 
of 9.0 mg. per 100 mi. (range, 6.5-10.8). Although this decrease followed immedi­
ately after the ceiling on the milk ration was reached, the relationship of this 
drop in serum phosphorus to the milk intake is obscure. 

Prom 6 months to the conclusion of the experiment, the concentrations of 
inorganic phosphorus in the blood serum of all groups, except those receiving 
supplemental calcium and phosphorus, fluctuated only slightly. The values for 
Group BCaP during the terminal stages of life were extremely variable, ranging 
from 6.5 to 21.6 mg. per 100 ml., but were significantly higher than observed in 
the serum from calves in any other group at the corresponding pre-death stages. 
The highest concentrations were detected in serum of blood samples collected 
from calves shortly after convulsive seizures and during the rapidly degenerating 
stages immediately preceding death. The levels of inorganic phosphorus in the 
serum from Group BMnCaP were low and variable during the terminal period 
but less extreme, 5.7 to 10.6 mg. per 100 ml., than for Group BCaP. 

(d) Alkaline phosphatase. Activity of this enzyme in the serum was meas­
ured by the Bodansky procedure (8), modified to utilize the molybdivanadate 
color reaction. The general trends of the mean values for the respective groups 
showed an increase in activity from a low (between 5.2 and 7.9 units) after the 
first 2 weeks to a high (between 8.1 and 13.3 units) at 4 to 10 weeks. The highest 
mean occurred in the BMnCaP group and the lowest in the BCaP. During the 
subsequent 16 to 22 weeks, the trends in all groups were downward to mean 
values between 2 and 5 units. In this low plateau stage of the trends, the activity 
in serum from Groups B and BMn was similar to that in the herd group but 
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greater than in Groups BMnCaP and BCaP. The supplemental calcium and 
phosphorus thus appeared to suppress the alkaline phosphatase activity, par­
ticularly during the terminal months in the lives of the cah ·es, and manganese 
supplementation t t> nd t>d to enhance activity in the calcium and phosphorus 
supplemented groups but not in the others. The differences, however , were not 
significant statisticall~-, probably due to the high degree of variability within 
groups. 

(e) Magnesium. Concentrations of this element in the blood serum were 
measured by the method of Simonsen et al . ( 25) . Inasmuch as magnesium deter­
minations "·ere not initiated until com·ulsive seizures indicated the possibility 
of h~·pomagnesemia (10), the ages of the calves on test ranged from 118 to 186 
da~·s at the time of the initial anal~·ses . Since data are available on all the cah·es 
only during the final stagt>s of the experiment, the common reference point on 
the time scale of Figure 3 is the terminal period rather than the initial. 
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FIG. il. A\·crage coueeut ratiou of mnguesium in IJiood serum f rom cah·es in control group, 
rcrei,·ing a eonn•utionnl il crd-tn>e die t, nnd from c·alves in ,-arious experimental group•, 
reee h·ing diets differing in supplt•ments of ca lcium au<l phosph orus. 

The concentrations of magnesium in the blood serum were highest in the 
herd group and lowt>st in the BMnCaP group. The trends indicated that the 
addition of eith t>r monocalcium phosphate or manganous sulfate to the basal 
diets, B. t ended to dt>crt>ast> the levds of magnesium in the serum. This suppres­
sion was accentuated significantly when a combination of the two supplements 
was fed, diet BMnCaP . 

3. Cl,inical obserl'afions. All calves receiving the herd diet survived in a 
healthy, vigorous condition throughout the study, but all calves fed the experi­
mental diets died after manifesting a variety of nonspecific symptoms character­
istic of general malnutrition. Clinical s:nnptoms common to all the experimental 
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groups were diarrhea, excessive salivation and lacrimation , nasal discharges, 
arching of back, enlarg ing and buckling of knees, weakening of pasterns, and 
spreading of phalanges. These abnormalities were manifested morr prominently 
during the terminal 2 to 6 weeks in the life of the calf than at any other stage. 

H yperirritability in varying degrees was detected in one or more calves of 
the respective dietary groups among the experimental animals. Convulsions of the 
tonic-clonic type, characteristic of those observed in calws r estricted to a milk 
diet (10), also were common. The youngest age at which these seizures werP 
first detect ed in the various dietary groups were : B CaP, 170 clays; B, 219 days ; 
BMnCaP, 244 days; and ElVIn, 373 days. Thus, it appea1·s that the calcium and 
phosphorus supplements acceleratrd and the manganes<> d E'Iayt>d the onset of thl' 
seizures. The incidence and the srvr rity of the COll\'ulsions also were greater 
in the fi1·st three groups than in the last. 

All cains receiving the supplemental cal cium and phosphorus manifested . 
during the terminal weeks of life, abnormal locomotion charactPrized by stiffn Pss 
of the lPgs and a stilted movement in Group BCaP and a spastic gait in Group 
BMnCaP. Calves in this la ttPI· group also exhibited opisthotonus-muzzle ex­

t ended forward and upward and twisted to the left follmYed oe<>asionally b~· th P 
head 's drawing against the ri ght side. 

All the calves in the basal group, B, were v igorous until the occurrPlwe of 
conYulsions, t erminating in death . Vitality of calves in othPr groups declined 
graduall~· owr sewr al wl'eks. During the t erminal days. man~· of t hem beramE' 
prostrate. 

Comparisons of the aw r age periods of surYival of cahes in the Yarious dietar,,· 
groups, R with B Nin and BCaP with NMnCaP (Tablt> 3). indicated that th r 
manganese supplementati on increasl'd the life span , wherPas colTesponding com ­
parisons inYoh·ing the cal cium-phosphorus supplementation snggestP.d that th e,;;e 

TABLE ~ 

Effect of s llpplements o f man,qane.ye an d of calciu m a 111l pho .< ph orus on 
th e av erage 1leriod of .vurvival o f calvrR 

Supplementa l calcium 
a n<l phosphorus 

A Lscnt 
Pres!'nt 

) fea n 

Supplementa I ma nga nese 

Absent Present 

(days) 

:l76 ( B ) 382 (Bl\Iu ) 
211 ( BCaP ) 269 (BMnC'nP ) 

::?44 327 

' T,.S.D., I' "' 11 .01 is GO f o r both trea tme11t,, i .t>., Mn a11d Ca + P . 

Mean 

329 
240 

elements reclueeLllongrYit~-. When both of the foregoing supplemPnts were addeLl 
to the same diet (B'Jin CaP ), the countet·acting effects were such that the mean 
surviYal peri od of the calves was about the same as fo r those fE'd the basal 
diets (B ) . When the last calf r eceiYing an rxperimental Lliet diPd, 421 clays of 
age (Bl\fn diet ), the control group rece iYing the herd diet was discontinued. 

4. Lesions. Thr on!~· consist ent abnm·maliti rs obsPrn' cl in post-mortem l'Xam-



543 

inations of calws rect>i,·ing t he basa l diets, B , were petechiations of the epicar­
dium, hemorrhages of muscles and lungs, abomastitis and ente1·itis. Calcified 
lesions were foun d on the endocardium, the d iaphragm, the lungs, and the spleen 
of cah·es in the oth t> J' ex perimental d ietar~· groups. Although there \Yere varia­
tions in the degrees of cal cification of the endocardium, the ge ne1·al cond ition 
was as shown in F igm e 4. S urface plaq ues were g ra ~· ish-white in color and 
granular in t rxturP. Most endocard ial lesions were sca r-like, whereas others were 
sub-intimal and rod-likr. Myoca rdial depos itions werp rxtt·a-ct>llular , white, and 
granular. Osseous-like de posits t~· pical of those found in the lungs of cah es fed 
the mineral-supplrnw nt t>d d iets arP shown in F igure 5. A sampl e of lnng depos its 
contained 24.0 ';t, calcinm and 13.9'/t phosphorus. Spectrogra phic anal,,·sis of 
the material J'eYt>al pcl high concentJ·ations of magnt>s ium and of nickel. 

Spleens of ea lYPs fed the R d iets appea red to be non nal, but those of cah ·es 
fed other expe rimental di ets were enlarged and/ot· wrinkled and pe rmeated 
with hard fibers. The1·e was a close positin• con·ela ti on between the extensiYeness 
of ca lcification obsern d in othe1· organs and tl1 e degr t>e of wrinkling of th t> spleen. 

DI SCUSSIOX 

The basal di ets used in th is im·estigation presumably supplied all Hut1·ients 
r eported to be nePL1N1 by calves ( 1/j, but t ht> responses i nd icatPd a 11utritional 
inadequacy . 

"Manganese supple111 entation enhanced weight gains onl~ · in ealn•s r ecei,·ing 
excessiYely high dietm·~ · levels of calcium and phosphorus. ThP fa ilure of the 
addition of manganese to t he basal d iets t o stimulate growth is in acco rd with 

Fw. 4. Pnrt of hea r t ' howi ng en rl ocHrtl ium ha Ying t~· pi cn l ea ld fi ed lesions ( white plaques 
o n surfnee ) oh~e rn·d iu c·a ln•:-; f ed lnrge nmounts of supplemental minernls. 
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FIG. 5. Aren of lung showing a c·nleifiNI deposit ohoen·ecl iu tl1e r al\·es rccei\·ing <licts 
containing large nmouuts of suppl emental miucrnl s. 

other observations on cattle (i) but contrar~: to responses noted in rabbits (11), 
chicks (1 4), and mice and rats (23). The question of whether or not there are 
basic differences among species in requirements of manganese for growth cannot 
be answered without further definitive experiments. The results from this stnlly 
might have been due either to the adequacy of manganese in the basal diets of 
the calves or to a masking of their maximum growth potential by some defic i en c~· 

other than manganese. 

The significant increase of this element in whole blood following increased 
manganese intake is in harmony with observations b~· Blakemore et al. ( 5 ) but 
at variance with r eports by Bentley and Phillips ( 4) . This discordance probabl~­
is due primarily to differences in analytical methocl!>. 

Factors other than the quantity of manganese in the tlirt also affect the len'ls 
of this element in the blood of calves. The tendency of high intakes of calcium 
and phosphorus to suppress manganese of the blood is in accord with the premise 
that the metabolic interrelationships of these minerals in the calf are similar to 
those reported for other species (19 , 22. :23, .'28). Evidence of the im·olwmcnt 
of additional factors is found in the obsel'l'ation that concentrations of man­
ganese in diets HMn and herd (control ) were similar. bnt blood manganese 
values were significantly higher in calws of the former group than in the latter. 
Furthermore, manganese in the lH'rd diet was higher than in the basal (B); yet 
the blood manganese in the two groups of cain's was about the same. The extPnt 
to which these blood Yalnes reflected manganese rPtention was not ascertained . 

Of the constituents studied in blood serum, on!~· magnesium seemed to be r e­
lated significantly to differences in diets . . Although Blaxtcr et al. (6) stated that 
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blood serum magnesium concentrations in calves are determined to a large extent 
by dietary intake, the amounts of other minerals in the diets apparently are deter­
minants also. The results r eported herein indicate that supplementation of the 
diets with manganese and with cal cium and phosphorus reduced the magnesium 
in the blood serum. Blakemore et al. ( 5) noted similar responses in cows grazing 
pastures high in manganese. F ai n et al. ( 1:2} also detected decreases in serum 
magnesium of cattle when the manganesf' concentration was 100 p .p.m. but no 
change at either lower levels, 75 p.p.m., or higher , 150 p .p.m. and 200 p .p .m. The 
manner in which these metabolic alterations are effected merits investigation. 

Since hypomagnesemia and short life are salient characteristics noted in calves 
fed magnesium-deficient diets (6, 26} , the suppression of blood serum magnesium 
in and increased longevity of calves fed supplemental manganese appear to be 
discordant. Conceivably, however , a compensatory role may be played by man­
ganese by partial substitution for magnesium in certain enzymatic reactions 
(16, 18}. This functional r eplacement, however, would not explain the longer 
life span of the calves receiving the supplemental manganese. The specific role 
of this mineral in extending survival under the conditions of this study remains 
to be established. 

The cardiovascular and pulmonary lesions detected in calves r eceiving either 
the manganese or the calcium-phosphorus supplemented diets in this study were 
similar to the gross patl10logy observed in calves fed either whole milk diets (21) 
or semi-s~·ntheti c diets having a min!'ral composition similar to that of milk ( 15). 
:Magnesium insufficiency has bern implicated in the pathological calcification of 
the vascular system (:21 ) , but Blaxter et al. (G) did not detect such lesions in 
cal ves dying of uncomplieated magnesium df'fi ciency at 30 to 120 days of age. 
Whether or not ealcified lesions might haYe developed in calves having a de­
ficiency over a longer period or in older cattle r emains to be r esolved. In addition 
to magnesium defi ciency, other dietary conditions that haw been related to the 
incid!'nce of ealcified-like lf's ions in tissues are improper ratios of calcium to 
phosphorus (1.'1}, excessf's of calcium (1, 2} and of Yitamin D (3}, and inadequate 
vitamin E (1, .9 ) . The variet~- of di f'tary r egimes und f' r which mrtastatic calci­
fication has brrn obserwd suggests that the pathology is the r esult of nonspecific 
imbalances. 

The experimental diets fed in this study probably supplied inadequate 
amounts of vitamin E and perhaps of other nutrients that generally are not 
eonsiderPd to be essenti al for calves. The inadequaey of available information on 
the. nutritiYe r equirements of ealve.s !'mphasizes the need for eomprehensive in­
vestigations of metabolic p1·oblems r elating to excesses and to nntri e.nt ratios in 
diets of cains as well as to insnffieiencie.s. 

SU MMARY 

1. In a study of manganese in the nutrition of cla ir~- ca lws five test di ets, 
four experimental and one conventional ty pe (control ) . we1·e fed to a total of 15 
calves randomly assigned within breeds to dietary groups. The experimental 
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basal diets (B) contained less than 1 p.p.m. of manganese. Three other experi­
mental diets 'rere formulated by adding, respectively, to the basal diets man­
ganous sulfate supplying 50 p.p.m. of manganese (Bl\'In ) , 3 to 5% monocalcium 
phosphate (BCaP ) and a combination of the preceding supplements (BlVInCaP). 
A conventional type calf diet was fed for comparative purposes. 

2. Growth rate and serum magnesium leYels of the herd-diet group were 
significantly g reater than for calves fed experimental diets. 

3. Supplemental manganese did not affect significantly the levels of calcium, 
inorganic phosphorus. or the activity of alkaline phosphatase in blood serum. 

4. Supplemental manganese apparent!.'· effected the following physiologic 
responses of thr calYrs: 

a. Partially eounteracted the deleterious effects of monocalcium phosphate 
on wr ight gains during the latter stages of the f eeding periods. 

b. Depressed serum magnesium levels, particulal'ly when the manganese 
was fed in conjunction with monocalcium phosphate. 

c. Increased blood levels of manganese, but increases were not statistically 
significant "·hen the diet contain rd suppl emental monocalcium phos­
phate. 

cl . Increased life span while monocalcium phosphate decreased it, but 
neither affrctecl mortalit~', which was 100',7,· for caln's feel experimental 
di ets . 

5. Calcified ll r posits were found on post-mortem examinations in the cat·dio­
Yascular or pulmona1 ·~· system of calves in all experimental groups except B. 

6. The results of this study suggest that the need for dietary manganese b~· 
calves is extremely low and that increased amounts of calcium and phosphorus 
intensif~· the needs for cli etar~· supplements of manganese. 
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TECHNICAL NOTES 
THIAMINE AND RIBOFLAVIN IN V ARlO US FRACTIONS 

OF RUMEN CONTENTS OF YOUNG CALVES' 

Rerently, Usuelli and Pinna (1) have reported 
that thiamine is synthPsized in the sheep rumen 
by bacteria but not by protozoa. Observations 
111ade in this Ia bora tor~· on the B-complex vita­
lllin content of Yarious fnwtions of rumen con­
tents indicate that this is also true in young 
ealvl's f ed high roughage rations. 

Rumen samplPs, which wen · obtained from 
rumen-inoculatl'd , high-roughage-fed calves (2) 
ranging in age fr0111 -! to () months, were frac­
tionated by strnining through two layers of 
cheesecloth, which yieldl'd n res idue of partially 
digested feedstuff nnd l'llllll'H juice. A portion 
of the stra ined ruluPn jui<·<· wns then centri­
f uged at 1,000 r.p.111 . for ;) minutes, which 
layen•d the proto:wa i11 thL• bottom of the cen­
trifuge tubes. The suprrnatant liquid was de­
ranted and saved. ThP protozon were washed 
in physiolog icnl saline a11d allowed to stand 4 to 
6 hours. During this pro~<·dun' they settled as 
a white mass at tlw bottn111 of the containers (3). 
The supernatant li<Juid re11wi11ing after removal 
of protozoa was thPH l'l'Htrifuged at 3,000 r.p.m. , 
whirh removed a larg-e proportion of the re-
111aini11g bactPria. Thl' hnctPrinl fract ion was 
obtained nftPr dec·aHtiHg th <• supernatant liquid. 
How!'ver, this de<·ant!'d supernatant liquid still 
contained some baeterial ePlls; therefore, it was 
pnssPd through a NPitr. lmdl'l'ial filter to obtain 
the bacterin-f rPP tiltrllte f radion. Results of 
thiar11inP and riboflavi11 assll,\'s ( 1) of these vnri­
ous fract ions of ruml'n eontents are presented 

'Approved by the director of the Ohio Agricul­
tural Experiment Sta tion as Journal Article No. 
53-54. 

in Table 1 with s imilar assays of the feed given 
the cnlves at the time of smnpling. 

Thes<• data show that rumen bacteria provide 
11 relativelv rich source of thiamine and ribo­
flavin and. that these ,-itarnins are principally 
bound i11 the bnrteria cPlls. Although rumen 
protozoa provided a relatively rieh source of 
riboflavin, their thiamine content was not much 
highPr than that found in the feed. These re­
sults suggest that thiamine is synthesized by 
b1u·tPria and HOt b~· protnma in the rumen. This 
is in agre<'luent with the results r pported by 
lfsuelli and Pia nn (1). 

H. R. CO!'\ RAD 

ASIJ 

J. \\' . HIBBS 

Ohio Agricul tural E.rperimrnt S tat-i011 
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TABLE 1 
The content of thiamine and riboflavin in various fractions of rumen contents 

No. of samples 
Rumen contents (-r/g of D.M.) 
Residue after straining ("Y / 9 of D.M.) 
Strained rumen juice (-r / 100 m!.) 
Centrifuged rumen juice (-r/100 ml.) 
Bacteria-free filtrate ('y/100 ml.) 
Rumen bacteria h /9 of D.M.) 
Rumen protozoa ("'1/9 of D.M.) 
Feed ("'1 / 9 of D.M.) 
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Thiamine 

6 
2.61 
1.77 
8.28 
4.77 
2.87 
9.71 
3.34 
2.53 

Riboflavin 

6 
22.0 
10.1 

112.8 
54.9 
21.1 
39.2 
59.0 

6.9 
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THE FERTILITY OF INSEMINATIONS MADE IN COWS 
SHOWING POSTESTROUS HEMORRHAGE 

W eber r l a/ . (J) obserwd 68 contplete estrous 
c· ~·eles of 22 norm11l virgin lu•iCl•t·s a nd noted 
that 81 % of tlti'S<' sho\\·pd visible bleed ing at t he 
vulvn. Bll•Pdi ng was S<'f' ll on t hP 11 veragl' he­
twePn :111 to 60 hours a ftPr on~Pt of t•Htrus. 

ThP G0-90 day nnnrctum data indica te that 
t hP fPrt ili tv of first serv ieP insetninations made 
"·hpn co \\< arc ~howing a bloody discharge is 
2w;;. This ntn~· be t·nntparPd to the Un ivers ity 
hull ~tud nvPntge for t he particular period 

TABLE 1 
FertU·ity of inseminations made in cows show·ing postestro·us hemorrhage 

Method of 
estimating 

f ertili t.'· 

60-90 da~· 
non returns 

Pregnancy 
examination 

l st sen ·ires 

No. of 
insemi- Per rent 
nations ferti le 

99 26.3 

-HI 22.4 

2nd services 

No. of 
insemi- Per cent 
nations ferti le 

56 3i.5 

30 ~ 3 .3 

Trinthet·gpr (3) oh;wn·pcl 400 (·owH and noted 
tlwt :~o:'l showed n blond.,- disl'hllrp· . His stud~· 
nlso l'stn hli~hed th11t cows <'a n show 11 hlonch· 
dischargP a nd still h<' p regna nt. · 

Cows reportNl fo t· a ttifi l'ial inst• tnination 
sonu•lillt(•,.; ,.;how a blood ~' d i ~l'hargt• wh(•n in,.;f' tll­
inatt·tl. Dai r~· utf'lt and ])('r~ou s workiug in mti ­
ficia l hrt·Pdiug oftPn haY(' PX]J l"t•ssPd tlu• op inion 
that ;nn·h insPutinations an• tnndt• too latP for 
the eow to enneeiw. A utmp aut! Rashf't•h (I) 
reportPd t hat of 2!1:~ iusl'tniuntious tnadt• while 
the (·ow,; wt•rp sho\\·ing a blood.\· dist·hargP, 
29.7~ \\·en• fP t'tih•. Til(' fo ll owing stud.v was 
carri Pd out to obtain f urthPr in fo nnation n·­
ga rding this p rohll'tn . 

Tlw data Wl'l'l' l'Oil<•l·t••d during t h!• ]Wr iod 
frou t Xm·. I , 1948, through 0<'t. :n, Hl4!1. The 
insetn iwltors of the l'uiV!' t's itY of \\' iseonsin 
hull stud, who Wl'rt• workiug i; l Daut• Count.\·, 
tnarhd t lw breeding rPePipb fo r c:ow~ inseut­
inated whilt• showi ng a blond.' · discha rgt•. All 
servi<·<·~ , l'f'pe:-l t:-o ns w(•ll a~ first ~Prvif'('S, Wflre 
eons idl't'Pd. 

Two hundn•d <• lt•\·en ins<•u t inntion ~ wPn• n·­
port!'d as tnad<• wlwn the cows showed hlood\· 
dischnrgl'. Of thes!' , 1:14 wen• insPutinat('d with 
se tueu front Hnlste iu bull :;, 49 with s<•tnen f rout 
Guernsp~· hulls, nnd 8 with sentl'n frou t hulls of 
other hn•('<i:;. T he inS~ •t uinations repn•sPntf'd 
0.9% of the hreedings nwde h~· the hull stud 
during the period and in tlw nn•a of t hP studv. 
Sixty-ui uet.\· da~· nom·eturn iufonnation w;., 
avai lnhle on a ll the inset ninnt ions. Pregnnncy 
exatuinution (5) infonnatinn was nvailah le on 
116 of the 211. Thl' n·~nlb an• shown in t he 
accouopnnying tahh•. 

3 rd services 4th-8th services All services 

No. of No. of No. of 
in scn1i- P er cent insemi- Per cent insemi- Per cent 
nations fertile nations fertile nations fe rtile 

15.4 30 30.0 211 28.4 

0.0 23 2fl. l 116 20.7 

nnd a n •a of 6!).-l%. Tht· prpgnaucy examina­
tion t·~tiuoatPs showPd a lowPr JWrccntage of 
fP t tilit~· tlwu did tlw nonrPturns. However, the 
difff'rPm·P in th .. r!'sults is c·ou tparable to the 
ditl'<·n·ncl' repmted hy BmT!'tt r l a/. ( 2) be­
twPPII 60-90 day nonrt•tum and pregnancy ex­
atninat ion data. The f"rti li ty !'stitna tcd for a ll 
sPrvit·t•s was 28 % and 21 % fo r nonretums and 
})rt 'g'ltHnt·.v Pxan 1i1tations, rt-·~pect i vf• l y. 

Th!' rPsults of this stmh- are s imilar to those 
or Autrup nnd Hash<'eh ( i ) . One tnay conclude 
that insP tn innto t·s "ould ht·Ped t·nws showing a 
hlood~· dist·hargc with ap pmxinwt£'l y one chance 
iu four of ~aving- nnotlwr trip to the fa rm. 

G. L. LAHSilX AX f> X. D. BAYLEY 

l'n ive•· .. ity of' Wisconsin 
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Sunday, June 19 

9 :00 A.:\1. Meeting of the Executive Board, Room J01i, 1\cl/ogg Center 

Monday, June 20 

9:00 .ur. Meeting of the Executive Board, Roo111 1011. Ji cllogg Cen ter 

10 :00 .1.)1. Registration, Lower Lounge. Brody Hall 

1 :00-5:00 P.>L. Campus Tours- Busf'S leaw all aft<:>t·noun ft·um Ji. cll ogg Center 

7:30 P.>l. Informal Get-Together, Brody flail Area 

8 :00 P . ~l. ExTEN SION SECTION SEs::;JON (open t o a ll ), R ecreal ion Room. 
B1·orly Hall 

Progn•ss R eport and Discussi on : Handling D.TJ.I."\. R.econls 
Ly Modern Machines 

.}. F. 1\:ENDRJCK. Dairy H erd l111provemcnt 8 ccliou. USDA 
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Tuesday, June 21 
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OPENING SEssroK, Lou.:e1· Lou11ge, Brody Ha,// 
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DR. EAHL WEAVER, H ead, Dairy Departm ent. Michigan State 
College, p·res'iding. 

Prelude 
WENDELL IYESTCOTT, Mu.sic Department. Michigan State Col­

lege. 

National Anthem 
Leade1·-DH. N. P. R.ILSTOK , Dair>J Departm ent , M·ichigan 

State College. 

Invocation 
DR. N. A . .McC u KE, Jliinist er Eme~·itu s . Th e l'eoples Church, 

East La11 sing. 

Welcome 
DR. 'l'HOM.I S CownEx, D ean, School o f Agriculture, Jlichigan 

S tate College. 

:Presidential Address 
DH. Lnm A. Momm, Da.iry Husbandry R esearch Bmnch, 

U.S. Department of Agriculture. 

Introductory Remarks 
DR. ,JoHN A. II."""'-'H, Presideut. Michigan S tat e College . 

Address 
DH . D u HWAHD B. Y .IH NEH, Vice-Pres ident. illichigan State 

College. 

Postlude 
WENDELL vVESTCUTT 

SECTION MEETINGS 

1 :30- -! :30 P .:\1. MAN UFACT URING SECTIO N A 
Lactic Acid Cultures- Papers and S,nnpos ium 
Nol'ih LotPer Lo1tnge, B1·ody Ha/.l 

1 :30- -! :30 P.:\1. lVLI NUFACT lTRING SECT ION B 
Concentrated and Dry Milk-Pape r~ and Symposium 
South LowCI' L oun{J c, Brody Hall 

1 :15-5 :00 P.:\1. PRODUC'I'ION SECTION A 
General Physiology and Reproduction 
A uditm·i um , 1\.cllo{Jg Center 

1 :l :l- 5 :00 l'.,r. PRODUCTION SECTIOX B 
Rumen Physiology 
Ballroom, K ellogg Center 
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1 :30-4:30 P.M. E x TENSION SECTION 

Opening Business Session, Teaching Methods and E xhibits 
R ecreation R oom, Br·ody Hall 

4:30--6:30 P.M. STUDENT AFFILIATE AND F.I CULTY ADVISER :MEETING 

Discussion of Problems and Plans for a More Comprehensive 
Student Affiliate Program 
R oom 103-1, K ellogg Cen ter 

7:30 P.M. Reception (In formal ) 
Union B uilding 

Wednesday, June 22 

SECTION MEETINGS 

8 :30- 10 :45 A. M . MANUFACTURING SECTION A 

Cheese 
Nor·th L ower Lo u11 ge, Brody H all 

8 :30-10 :45 .\.M. MANUFACTURIN G SECTION B 

Market Milk and Ice Cream 
South L ower· Lou nge, B r·ody H all 

11 :00 .1.:11.- NOON MANUFACTURING SECTION BUSINESS ~fEETING 

N orth Lower Lounge, B rody H all 

8:00-11 :00 A.M. P RODUCTION SECTION A 

Endocrine Physiology 
Auditorinm, Kellogg Center 

8:00- 11 :00 A.M . P ROD UCTION SECTION B 

Management and Forage Utilization 
B allroom, K ellogg Center 

11 :00 .1.:11. -NOON P RDDUCTION SECTION BUSINESS MEETING 

A1td-itor"inrn, J( ellogg Ce11 fer 

8:00- 9 :00 A.M. E x TENSION SECTION AN D PRODUCTION SECTION B 

Management and Forage Utilization 
B allr·oorn, Kellogg Center 

9:00- 11 :00 ,\, M . E X'f ENSION SECTION 

Dairy Records 
R ecr·eat·ion Room, B rody Ha ll 

11 :00 .\. ~r.- :\'<lu N ExTENSION SEC'l'ION Bm;INESS MEETING 

Committee Reports 
R ecr·eation Room, Brody Jlal l 
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] :30- 4:00 1'.~1. MANU~'ACTURING SECTION A 

Dairy Chemistry 
Nort h L ower Lounge, B1·ody Hall 

] :30- 4 :00 P .M. MANUFACTURING SECTION B 

Market Milk 
SO'Itih L ower Lounge, R1·ody Hall 

:2 :30- 4 :00 1' . ~1. DAIRY PRoDucTs JtiDGI KG CoNFEREN CE 

Room 103-1, K ellogg Cent er 

4 :00 I' .M. MANlH' AC'l' URING SECTION B US IJ\ES>:; ::\IEETING 

Nol"th Lower Lou.nge, Bro1ly Hall 

] :15-3:20 P.M. PROD UCTION SECTION A 

Genetics 
Aud-itorium, J(ellogg Ce11t er 

1 : 1 ~1 -3 :20 P.M . PROD UCTION SECTIOX BAND ExTEX SION SECTION 

Symposium: Ratios of Forages and Grain in the Milk;ng 
Ration 
Bal11·oom , K ellogg Ce nter 

3:30- 4:30 P.M. PnoDt:CTIOK .\1'\D ExTENS IOJ\ SF.CT! Ox s 

Joint Committee Reports 
Au.&itoriu.m.J(ellogg Center 

5:30P.M. 

8 :00P.M. 

Barbecue 

Across R ed Cedar Rive·r from J( el/ ogg Cen ter 

Recognition Program 

Presentation of Honor A wards and Installation of Officers 
Lower Lounge, Rrody Hall 

Thursday, June 23 

SECTION MEETINGS 

8:30-10:00 .\ . M . l\1.11\TFA CT Uit iNG SECTION A 

Microbiology 
N m·th Lower L ounge, Brody I/ all 

8:30- 10 :00 .\ . )1. M .\N UF ACT URll'\G SECTIOX B 

Milk Fats 
So uth L ower Louuge, Erody llall 
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10 :00 A . >J.-~ou:-.: GEi\" EHAL A ssom.l'l'IOK B cs1:-.:E,.;s :.\I EETI:\ G 

Lower L ounge, B ·rody Hall 

8 :00- 10:00 .UI. PRODl'CTIOJ\ S EC'l'IO!\ A 

Milk Secretion 
Auditorium. J(c lfogg Cenfa 

8 :00- .10:00 . 1.~1. PRODL' CTIOK SECTI ON B 

Calf Nutrition 
Ball'l'oom , K ellogg Center 

8 :00- 10 :00 . I. ~ ~- B'xTEl\' SIOK SECT I OJ\ 

Dairy Cattle Health Problems 
4-H Club Work 
Hec rcatiou Roo111 , Hrody Jlall 

1 : l;) - 4 :J::i P.M . ~LL\TFACT L:RJ KG, PnODL'CTJOX. A:\ o ExTE I\ SJO:\ SECTIONS 

Symposium: Dairy Products in Human Nutrition 
L o!t'CI' Lounge. Brody llull 

1: l :"i- :! :4 ;) P. ~'- PRODl ' CTiu l\ SECTIO!\ A .I X D ExTE!\' ::'10 :\ !-i ECT ION 

Report of Progress-Regional Dairy Cattle Breeding Projects 
A.udilorium , J(ellogg Cenft•r 

:2 :.)0- -l ::30 P .~l. PIWDI 'CTI UN S EC'l'IO:\ A .1:\ ll EXTEN S IO:\ SECTION 

Frozen Semen 
A uditorium , J(clform Ccnl a 

1: l :~· -4 :30 1' . .. 11. PI!UIIL' CTI ON SEC'TI (Jl\ 1: 

l\Iomlay. June 20 

Tu c>sday. June 21 

Nutrition 
Ballromu. Ilellort(l C('lt/ cr 

ENTERTAINMENT 

GENERAL PROGRAM 

7 :30 P.M.-Informal Get-Together 

Brody Hall A reo 

7 ::30 P.>J.- Reception ( lnforrnal ' 

Uuiou 1-:tri/iliug 

Wedn c>scla.1·. June 22 :; ::30 1' . ~1. ----Bartecue, l::l ntter Chan:oal-B I·oil l'd Chi cken 

Across Hcd Ccdor Hi rr r fr om l\ effogg Ceuter 

8 :00 P.M. - Recognition Program and Entertainment 

Lorrcr L 0 /111!/ C. Brod!f l/a/1 
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Thursday , June 23 

Tuesllay, June 21 

A~!ERIC A:\ DATRY SCIE :\CE .I S SOC L\Tl O:\ 

WOMEN'S PROGRAM 

8:00 A. ) !. llllll12 :30 l' . M . 

- Oldsmobile Tours 
K ellogg Center, Park ing Lot 

9:00A.M . nncl ] : 15 P.M. 
- Campus Tours 

K ellogg Ce nter, Parkin{! Lot 
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9 :10 A. ' I. - Talk, · · Fair, F at , mul Forty "-DR. ~IARG .IRET 

OLsON, .llichigan S tat e College 
Jfu sic Audit01·ium 

12:15 P.yr. - Luncheon 
Ballroom, Union Building 
Floral Table Arrangements-~lRs. FRANCES K . 
PATCH . J( esel 's Flower .'<hop, East Lansing 

9 :80 .1.:.1. - Talk. New F abries and Their Care-::'liRS. 
LEoN.\ MA c L Eon . .ll ich iuan State College 
}lusic A..uditorium 

2: 00 P .>-t. - Bridge, Canasta, and Chatting 
Par/org A. n, and C . Union Building 

CHILDREN'S PROGRAM 

9 :00 .L\r.- :'\Too :-.r 
- Nursery 

()nau se t l'illag e. Harrison Road 

9 :30- lJ ::~0 A. M. 

- Campus Tour ( 6-1~ ~-ears ) 

A ssemble in No rth L obby, Brody Hall 

9:30 A.)r.- Hike to Pinetum (12 ye<Jrs and older ) 
A ssemble in N orth L obby, Bt·ody Hall 

1:00 l' . ~r. - -Oldsmobile Tour (12 ye<Jrs and older ) 
A ssemble in N orth L obby, Brody Hall 

2 :00--± :00 J>.:.r. 
- Swimming (6-12 years. bring snit and to\rel) 

lcl'omcn's Gymnasium 

7 :];) P. :.L--Movies (G yellrs and older ) 
Union Building 

I :15 P. :.L- Games and Dancing (12 ~-ears and older ) 
U nion Building 
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'Ved nt·sday, J nue 2:! f) :00 .\.M.-NooN 

Thursday, June 23 

- Nursery 
(juonsct V illage. Horrisou Road 

9 :30-11 :00 A.M. 

- Recreation ( 6-12 ~-l'ars ) 

Asse·mble in No rth Lobby. Brody Ha l/ 

11:30 .LM.-Picnic at Potter Park 
Assemble iu Nor tl1 ],obby. Rrorly Hall 

2 :00--! :00 P.J\L 
-Swimming (12 ~-ears and older. bring suit al!ll 

towel ) 
l•Vomeu's Gymuasium 

7 :30 P.M.- - Movies 
R ec1·eat ion Roo111. Brody Hall 

8 :30 P. M.--Dancing (12 ~·ears and older ) 
Fm·esh·!l Cab£n 

9 :00 .\.~<I.-NooN 

- Nursery 
Qu ouset l'illag e. Harrison Road 

9:30-11 :30 A.M. 

-Recreation or Handicraft (6-10 yea rs 1 

Assemble in Nor th Lobby. Brod!! lloll 

2 :00- -! :00 P.M. 

- Recreation (6-12 years ) 
Assemble in l•i01·th Lobby. Brodylla ll 

Special Recreation: Golf courses and tennis conrts are avai lab le. B rin g yo;ll' own 
clubs or rackets. 

MANUFACTURING SECTION 
Tuesday, June 21 

1 :30-4 :30 P.M. 

SECTION A. Lactic Acid Cultures 
W. l\f. ROBERTS, presid-ing 
North L01ce1· Louuge, B ·rody Hall 

Contributed Papers: 

l\'ll The activity of ladic acid starters in reconstitutrd nonfat dry milk 
solids and fluid milks. V. W. GREENE and J. J .• JEZ ESK I. Cuit·ersity of 
J111:nneso fa. 
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M2 Preparation of starter cultures by combining separate strains of a lactic 
Streptococcus and an associate at the final propagation. D. D. DEANE 
and F . E . NELSON, I owa State College. 

Symposium: 

P.R. ELLIKER, Chai1·man, O·regon State College. 
North Lowe1· Lounge, Brody JlaU 

Species involved . J. M. SHERMAN, Cornell University. 

Nutrition of the cultures. l\1. L. SPECK, N ol'th Ca1·olina State College. 

Growth and action of cultures in milk. F . E. Nt::LSON, Iowa State College. 
Bacteriophage, antibiotics, and other inhibitory substances. F . J. BABEl,, 
Purdue University. 

Problems in the manufacture and storage of cultured products. l\1. E. 
P owELL, Knudsen C1·earne~·y Co. , Los Angeles, Calif. 

1 :30-4 :30 P.M. 

SECTION B . Concentrated and Dry Milk 
H . L. TEMPLETON, presiding 
South Lower Lounge, B t·ody Hall 

Contributed Papers: 

l\13 Viscosity of r econstituted nonfat dried milks. W . D. R uTz and C. I-1. 
WHITNAH, Kansas S tate College. 

l\14 Studies on sterile milk. E. 0. H ERREID and LAUTHA KADABA, Unive1·sity 
of Illinois. • 

M5 The effect of HTST heat tt·eatment of separated milk on the quality of 
spray-dried nonfat dry milk solids for manufacture of cottage cheese. 
W. K. STONE, E. J. FIN NEGAN, and G. C. GRAF, Vit·ginia Agt·icultural 
Experiment Station. 

Panel: 

GEORGE HoLM, Modemtm·, USDA, Wash·ing ton, D. C. 

Factors that affect the stability of frozen concentrated milk. R. W. BELL, 
Eastern Utilization R esearch Bmnch, USDA, Washington, D. C. 
What's new in evaporated milk ? E . H. PARFITT, E vapomted Milk Asso­
ciation, Chicago . 

Destabilization of the caseinate in r elation to the utility of concentrated 
and dry milk products. R. JENNEss, University of M·innesota. 

Theory and practice of spray drier operation. S. T. CouLTER, Univet·sit y 
of Minnesota. 

Evaluation of nonfat dry milk solids for the final use of the product. 
A . M. SwANSON, Unive~·sity of W1:sconsin . 
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Wednesday, June 22 

8 :30- 10 :45 ,\.1\f. 

SECTION A . Cheese 

H. L. TEMPLETON, presid-ing 
Nodh Lower Lonnge, Brody Hall 

M6 'l'he manufacture of Ricotta cheese from " ·hole milk. H. M. WrNDLAN 
and F. V. KosrKOWSKI, Cm·nell Unive1·sity. 

M7 A method for determining time for cutting curd for cottage cheese. 
D . B. EMMONS, W. V. PRICE, and A. :\1:. Sw.\!"\SOK, Univ e1·s'ity of Wis­
consin. 

MS Cheddar cheese made from pasteurized milk homogenized at various 
pressures. I. I. PETERS, T exas Agriwltuntl K cpe1·iment Station . 

M9 Studies in the ripening of surface-ripened cheese. S . L . TuCKEY and 
R. M. SATIASRABUDHE, University of Illinois . 

M10 Effect of fatty acids in pasteurized Liederkranz cheese on the growth 
of Clost1·idiurn botul·inurn added to the product. N. GREcz, R. 0 . ·WAGE­
NAAR, and G. M. DACK, Food Research In stitute, Un'ive~·sity of Chicago. 

Mll Preliminary studies of the Australian short -time method of making 
Cheddar cheese. P. A. DowNs, Unive1·sdy of N ebmska. 

M12 Determination of free amino acids in Cheddar cheese by one-dimen­
sional paper chromatography. D. H. BuLLOCK, 0. R. IRVI NE, and Vv. H. 
SPROULE, Ontan:o Agricultuml College . 

M13 Formulation and stability of three new fta 1·or Yarieties of Cheddar 
cheese spread for use by the Armed Forces. R. I. MEYER and J. M. 
MciNTIRE, Qua1"te1·rnastm· Food rmd Co11tainer lnstdu.te fo1· the Armed 
Fm·ces, Ch1:cago. 

l\114 Free fatty acids produced during Blue cheese ripening. H. A. MORRIS, 
J. J. JEZESKI, W. B. COMBS, and S. KURAMOTO, um:versity of .Minnesota. 

8:30-10:45 A.M. 

SECTION B. Market Milk and Ice Cream 

W. M. RoBERTS, presiding 
Smtih Lower Lounge, Brody Hall 

M15 High-temperature short-time pasteurization of ice cream mixes. J. 
TOBIAS, 0. W . KAUFMANN, and P. H. TRACY, University of Illinois. 

Ml 6 A critical study of 2,6-dichloroquinonechloroimine as an indicator in the 
phosphatase test. R. W. HENNINGSOK and F. V. KosiKOWSKI, Cornell 
University. 



AMERICAN DAIRY SCIEXCE ASSOCIATIOX 559 

Ml7 Observations on raw milk quali ty before and after conversion to bulk 
tank pick-up at the farm. H. V. ATHERTON, University of Ve~·mont . 

Ml8 Butterfat t ests of milk from farm bulk tanks. Ar"Ec BR.\DFJELD and P. E. 
GoTTHEI"F, University of V ennont. 

Ml9 Study of several methods for the determination of total solids in fluid 
milk. W. R. DAVEY and STUART PATTON, The Pennsylvania State Uni­
vel·sity. 

M20 Effects of age upon the viscosity of whole milk. C. II. WHITNAH, W. D. 
Ru TZ, and H . C. FRYER, Kansas S tate College. 

M21 Some properties of ''subnormal milk.'' W . A. KRIENKE, L . E. Mu LL, 
and E. L. Fou Ts, Flor·ida Agn·cultw·al E xpe1·iment Station. 

lVI22 An evaluation of a centrifugal method for determining the efficiency of 
homogenization. D. A. SEIBERLING, The Ohio Stat e Unive~·sity. 

11 :00 A.M.- NOON 

SECTION B usiNEss MEETING 

Nol"fh Lowe1· Lounge, B1·ody Hall 

1 :30-4:00 P .M. 

SECTION A. Dairy Chemistry 

H. L. TEMPLETON, pres·id·ing 
Nodh Lowm· Lounge, Brody Hall 

M23 Analysis of milk for free volatile fatty acids. F. V. KosrKOWSKI, Cornel[ 
University. 

M24 Isolation and identification of 8-decalactone as the compound r esponsible 
for the coconut-like flavor of butter oil. P . G. KEENEY and STUART' 
PATTON, The Pennsylvania State UniveTsity. 

M25 Prevention of sunlight flavor in milk by removal of riboflavin. H. J _ 
VELANDER and STUART PATTON, The Pennsylvania State Univm·sity. 

M26 The isolation and identification of the carbonyl compounds r esulting 
from the oxidation of butter oil. E. G. HAMMOND and E . W. BIRD, Iowa 
State College. 

M27 Breed and individual variations in the specific protein constituents of 
milk. G. D . RDLLERI, B. L. L ARSON, and R. vV. TOUCHBERRY, UniveTsity 
of Illinois. 

M28 Water-insoluble acid content of farm-separated cream pt·oduced in Ken-· 
tucky. T. R. FREEMAN, L. A . RICHARDSON, and J. 0. BARKMAN, K en­
t1tcky Agricultural E xperiment Station. 
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M29 The separation of the free fatty acids of mold hydrolyzed butterfat by 
partition and displacement chromatography. S. K URAMO'L'O, J. J . JE­
ZESKI, and H. A . MoRRIS, Unive~ ·sity of "Aihnn esola. 

M30 The effect of se\'et'al organic and inorganic acids on the heat precipita­
tion of calcium hardness ft·orn water. D. A. EvM.; s and G. II. WATROUS, 
JR., 'l'he Pennsylvan1:a State um:vet·s·ity. 

M31 Direct chromatographic determination of lactic, pyruvic, and C, to Cn 
fatty acids in biological materia ls. M. K EEJ\EY, Univenity of Maryland. 

M32 Acids form ed by the high-h eat treatment of milk. C. V. MoRR, I. A. 
Gou t.o, and W . . l. HARPEH, The Ohio S tate Univensity. 

1 :30-4 :00 P.M. 

SECTION B . Market Milk 
W. M. RoBER'l'S, presid·ing 
South Lowe~· Lmmge, Bt·ody Hall 

M33 Synthetic vitamin K. and oxidized flayors in milk . lVL REc n c tGL, JH., 
V. N. KHUKOVSKY, and L. II . Scmnn·z, Cornell University. 

M34 Organoleptic study of oxygenated and copper-treated milk prior to pas­
teurization . V. N. KtmKOVSKY, ConJ.e ll University. 

M35 The occurrence of rancidity in milk from pipeline milkers. G. W. GAN­
DER, Contell U11 ivcrsity . 

M36 Development of oxidized flavors in unhomoge nized milk and homoge­
nized milk. E. S. G uTHRIE, Co·rnell Un·ivet·sity. 

M37 The effect of mineral fortifi cation on lipase activity in pasteurized milk. 
R. A. REtSFELD, W . J. HAHPER, and I. A. GoULD, The Ohio Sta.te Univet·­
sity . 

l\1.38 Observations on the extent of lipolys is in raw milk supplies as r elated 
to various milk handling procedures. E. L. THOMAS, A . J. NIELSEN, and 
J . C. OLsON, JR., University of Minnesota. 

M39 The relationship of processing variables to the feathering of coffee cream . 
0. R. CuRLEY, I. A. GouLD, and D . A. SEIBERl,tNG, The Ohio State Uni­

venity. 

M40 The stability and role of aureomycin in milk. K. l\1.. SHAHANI, I. A. 
GouLD, H . H . WEISER, and W . L. St..\'l''l'ER, The Ohio S tate University. 

1\141 A test for keeping quality of pasteurized milk. E. A. DAY and F'. J. 
DO.\N, The Pennsylvan,ia. S tate Unive~ ·sity . 
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2:30-4:00 P.M. 

DAIRY PRODUCTS .JuDGING CoNFERE:-ICE 
G. M. TROUT, p·residing 
Room 103--1, J(el/ogg Center 

4 :00-5 :00 P.M. 

SECTION BusiNEss MEETING 
North Lowe1· Lounge, B1·ody Hall 

Thursday, June 23 

8 :30-10 :00 A.M. 

SECTION A. Microbiology 
Vv. M. RoBERTs, p1·es1:ding 
North Lowe1· Lonnge, Brody Hall 
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M42 Some characteristics of the natural antibacteria l prope1·ties of milk. 
A. G. WoLIN and F. V. KosiKOWSKI, Corn ell Univ e1·sity. 

M43 Observations on bacterial gTowth stimulants present in pancreas tissue. 
W. E. SANDINE, L . l-IAI\"KIN, l\L L. SPECK. and L . W. AuRAND, North 
Carolina Stat e College. 

M44 The application of the 2,3,5-triphenyltetrazolium chloride test for inhibi­
tory substances in milk. C. E. NE.\L and H. E. CALBERT, Unive~·sity of 
W1:sconsin . 

l\'145 Microbiological fermentation of dair·y wastes. J. E. EDMONDSON and 
A. R.. BRAZIS, Univ e1·sity of Jllissom·i. 

M46 Effects of ultrasonic wans on the bacterial flora of milk. J . A. ELLIOT'!' 
and W. C. WINDER, U11i·vcrsity of Wiscon sin . 

l\147 HTST pasteurization for the control of psychrophilic organisms in plant 
water supplies. D. A. SEmERLING and W. J. HARPER, 1'he. Ohio State 
University. 

::\148 Interactive phenomena among seYeral bacteria of dai1·y origin. W. C. 
VANDER z ,\ NT, 1'exos Agricultwral E x perim ent Stahon. 

8:30-10:00 A.M. 

SECTION B. Milk Fats 
G. H. HARTMAN, JJ1·csidiug 
South Lower Lounge, Brody Hall 

l\149 Effect of phospholipids aml unsaponifiable matter un the tlavor stabilit.v 
of milk fat. E". ~- FIUl'KEL. JJ. M. s~riTII, and E. L . J .\CK, Univ el·sity of 
California. 
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M50 Characteristics of pure fats compared to the same fats as extracted from 
frozen desserts. C. L. BuRTON, M. LOEWENSTEIN, and J. B . MICKLE, 
Oklahoma A. & M. College. 

M51 Study of the effect of extraction methods on composition of fat taken 
from frozen desserts. J. B. MICKLE and M. LOEWENSTEIN, Oklahoma 
A. d'; M. College. 

M52 Improved fractionation and fat number determination for detecting 
buttedat adulteration. W. A . KRIENKE, Plorida A.(Jricullural E.rpe·ri­
men t Stat-ion. 

M53 A modified hydroxamate method for determining the shott-chain fatty 
acids in fats. 'vV. F. SHIPE, Cornell Unive rsity. 

M54 Studies on nonwashing of butter .• \ . H . WI·IITE and R R. RIEL, Depart­
m ent of Agr·icultUI·e, Ottawa, Cauada. 

M55 Tocopherol content of the fat of clair.'· products as an index of adultera­
tion . J . H. MAHON, C. ANOI. IN, and R. A. C HAPMAN, Ji'ootl and Dntg 
Labora.tories, Ottawa, Canada. 

M56 Tortelli-Jaffe r eaction for detecting marine fats in butterfat. J. H. 
~if.-\1101\' and R A. CHAP)fAN , Pood a11d D·rug Laboratories, Ottawa, Can­
ada. 

M57 Acetic acid turbidity temperature as an index of butterfat adulteration. 
J . H. ~lAHON and R A. Cr·IAPM.\N, Ji'oocl and Dnrg Labomlories, Ottawa, 
Canada. 

10:00 A.M.-NOON 

GENERAl. Assoc iATION BusiNESS MEETING 
Lower Lounge, Bt·ody Hall 

1:15-4:45 P.M. 
Joint Session-
lVIA:>~ UFACTURINO, PRODUCTION, AND ExTEKSION SECTIONS 

Symposium: Dairy Products in Human Nutrition 
G. II. HARTMAN, p1·esid·ing 
D. H. JACOBSEN, Cha·innan, America n Dairy Association, Chicago 
Lowe1· Lounge, Bt·ody Hall 

Dairy products in om· food economy. H. DEGR,H' F', Cornell Univm·sity. 
Milk in adult diets. MAROAHET 0HJ.SON, Mich-igan State College. 
Milk in infant diets. D. B. CouRSIN, St. Joseph's Hospital, Lancaste1·, 
l'a. 
Milk proteins in human nutrition. C. A. ELVEHJEM, Un·ivm·sity of Wis­
consin. 
Milk fat in human nutrition. F . A. KUMliiERow, Unive1·sit y of Illinois. 

Nutrition in relation to dairy science. ZoE ANDERSON, N at·ional Dai1·y 
Council, Chicago. 
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PRODUCTION SECTION 
Tuesday, June 21 

1 :15-5 :00 P.M. 

SECTION A. General Physiology and Reproduction 
R. E. ERn, Chai1·ma11 
Au.ditm··ium, K ellogg Center 
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P1 Further studies on the influence of dietary calcium am! phosphorus on 
the incidence of milk fever . J. M. BODA, U·11it>e1·s ity of Califom·ia. 

P2 Relative reactions of cattl e and man to higher temperatures. S.\MUEL 
BRODY, Univenity of Missouri. 

P3 Growth comparisons for Holstein , Ayrshire, Guemsey, and J ersey males 
for the first six months of life. H . P. DAVIS, University of Nebmska. 

P4 The relationship of nutrition to reproducti,·e perfot·mauce of dairy 
cattle-a field study. W . A. HARDISON, S. L . K.\LI,;oN, N. 0. PRICE, 
R. W. ENGEL, and W . B. BELI", Virgin ia Agricultural E xpe1·iment Sta­
tion. 

P5 Factors affecting pregnancy interruption in art ificial iusemiuation of 
dairy cattle. T. Y. TANABE, C. E. HEIST, and J. 0. ALMQUIST, The P enn­
sylvania State University. 

P6 Diverticula in the boYine oviducts. H. J. WEETH and P . R. TERNEN, 
University of N evada. 

P7 How do cow fami lies dew lop ~ MOGENS Pt.nr and }I. G. A. R u MERY, 
Univenity of N ebmska. 

PB The occurrence of estrus during pregnancy in several Holstein herds. 
H. R. DoNOHO and H. E . RICKARD, The Ohio State um:versity . 

P9 Thyroidal influence ou semen production and the behavior of bulls used 
in artificial breeding. W . S. GRIF~'ITH, CECIL BRANTON, H. C. KELLGREN, 
and G. F. D'ARENSBOURG, Lonis1:ana. Agric1tl t ural Experim ent Station. 

PlO Seasonal trends in plasma protein-bound iodine levels, semen production 
and fertility of bulls. CECIL BRANTON, W. S. GRIFFITH, T. E. P.\TRICK, 
J. E . JoHNSTON, and G. P . D'ARENSBOURG, Lo·uisiana Ag1'ic1tltnml E x­
periment Station. 

Pll Semen production by a bull ejaculated tlu·ee times per week fot· three 
consecutive years. N. L. VA NDEMARK, L. J . BoYD. and F. ).J'. BAKER, 
Unive~·sity of lllinois. 

P12 The effect of supplementary adenosine mono- and tri-phosphate on the 
metabolism of bovine spermatozoa. F . J. GR CNFELD and C. P. MERILAN, 
Un·iversity of Missou.n'. 
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P13 The effect of phosphate-containing and saline diluents on the aerobic 
metabolism of bull semen. G. \V. SALISBURY and N. T. NAKABAYASHI, 
University of Illinois. 

P14 Influence of dilution rate on metabolism of semen in phosphate buffer 
and in milk diluter. M. H. EHLERS and R. E'. ERB, State College of 
Washington. 

P15 Study of possible factors related to freezability of spermatozoa. J. I. 
OHMS and E. L . WILLETT, Amer·ican Foundation fo·r the Study of 
Genetics, Madison, Wis. 

P16 The use of mechanical refrigeration for storage of frozen semen. W . M. 
ETGEN and T. M. LUDWICK, The Ohio State Unive1·sity . 

P17 Electroejaculation in the bull. H. J . HILL, .F'. S. ScoTT, NoRMAN HOMAN, 
and .F'. X . GAsSNER, Color-ado A & M College. 

1 :15-5 :00 P.M. 

SECTION B. Rumen Physiology 
N. P . RALSTON, Chai1·man 
Ballroom, J(ellogg Center 

PIS Effect of concentrate level on in vitro incorporation of S-35-labeled 
sulfate by rumen microbiota. R. S. EMERY, C. K. SMITH, R . L. SALS­
BURY, and C . .F'. HuFFMAN, MicJu:gan State College. 

P19 Studies on the dissimilation of purines and pyrimidines by bovine rumen 
bacteria. P. JuRTSHUK, JR., and .F'. G. I-luETER, Unive1·sity of Mm·yland. 

P20 Further studies on the influence of diet on the development of the 
ruminant stomach. R. G. WARNER, C. H. GRIPPIN, W. P . .F'LATT, and 
J. K. LoosLI, Cornell Unive1·sdy. 

P21 Lactic acid production in the rumen. D. R. W AWO and L. H. ScHULTZ, 
Cornell University. 

P22 Relation between age of calf, blood glucose, blood and rumen levels of 
volatile fatty acids, and in vitro cellulose digestion. R. D. McCAR'l'HY 
and E. M. KESLER, The Pennsylvania Ag1·ic1tltuml E xperiment Station. 

P23 'fhe effect of protein level on rumen volatile fatty acids. N. S. W ooo­
HOUSE, R. .F'. DAVIS, and G. H. BECK, University of Mm·yland. 

P24 Studies on the bloat syndrome. J. T. BLAKE, N. L. JACOBSON, and R. S . 
ALLEN, Iowa State College . 

P25 The effect of alfalfa saponin on rumen activity in sheep. H. W. COLVIN, 
JR., P . T. CuPPS, and C. R. THOMPSON, University of Calif01·n·ia. 
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P26 Ingesta volume increase in rumen contents of cattle on normal and 
bloat-producing rations. DoN JACOBSON, University of A1m·yland and 
IvAN LINDAHL, Agl"icultwral Research Center, USDA. 

P27 Volatile fatty acids and pH in rumen contents of cud inoculated and 
nninoculated calves fed high roughage pellets. H . R. CONRAD, J. \Xl. 
HIBBS, J. H. VANDERSALL, and W. D. PouNDEN, Ohio Ag·ricultural Ex­
pwirnent Station. 

P28 Methods of feeding and rumen inoculation as they affect the growth and 
development of young dairy calves. R. A. AcKERM.\N and J. E. FIKE, 
U nivm·sity of West Virginia. 

P29 Further studies on an iodine staining substance produced by bovine 
rumen bacteria. R. J. GIBBONS and R.N. DoETSCH, University of Mary­
land. 

P30 The development of the flora and fauna in the rumen of growing calves. 
M. P. BRYANT, NoLA SMALL, and L. A. BuRKEY, Dai1·y Husbandry Re­
sea1·ch Branch, USDA. 

P31 Obsenations on the use of mixed suspensions of bovine rumen bacteria 
as a technique of the rumen microbiologist. R.N. DoETSCH, J . C. SHAW, 
J. J. McNEILL, and P. JuRTSHUK, JR., University of Mm·yland. 

P32 Stud ies on the methane and hydrogen metabolism of bovine rumen bac­
teria. J. J. McNEILL and D. R. JACOBSON, Unive·rsity of Maryland. 

P33 The rates of cellulose digestion in vitro using different sources of cellu­
lose. R. L. SALSBURY, C. K. SMITH, and C. F. HuFFMAN, Michigan State 
College. 

P34 Cellulolytic activity of bovine rumen liquid upon a soluble cellulose 
derivative. J. I ... CASON and W. E. THOMAS, North Cm·olina State Col­
lege. 

Wednesday, June 22 

8:00-11 :00 A.M. 

SECTION A. Endocrine Physiology 
R. E . ERB, Chairman 
Auddoriurn, Kellogg Centet· 

P35 Experimental udder growth and lactation in infertile dairy heifers. 
H. YAMAMOTO and C. W. TuRNER, University of Missouri. 

P36 Mammary gland development in heifer calves. R. P. REECE, New J e1·sey 
Ag1·icultural Experiment Station. 

P37 The effects of the hormones progesterone and estrogen in initiating lac­
tation in dairy cows. RALPH WILLIAMS, 0 . A. CHILDS, and DAN SMITH, 
So1tthe1·n State College, and c. w. TURNER, um:versity of MisSOU1"i. 
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P38 :Milk production of first-ealf heifers following prepartal admi nistration 
of growth hormone. A. C. CHUNG, Unive1 ·sity of M(wyland . 

P39 The effect of various hormones upon udder development and milk sr<;J'e­
tion in dairy cattle. H. L. D,\LTON, Unive1·sity of Georg,;a. 

P40 The association of lactogenic hormone labeled with radioaetiYe iodine 
with the cytoplasm ic nucleoprotein of the mammary gland eel!. W. F. 
WILLL\l\JS and C. vV. T uRNER, U·nicersity of Missom·,; . 

P41 Effects of cortisone, hydrocortisone, and ACTH on mammary growth 
and pituitary prolactin content of rats . R. lVL JOHNSO!'\ and JoSEPH 
MEITES, Michigan State College. 

P42 Estimation of the L-thyroxine sec1·etion rate of dairy an imals. G. " '· 
PIPES and H. R u PPERT, Um>ve1·s!ty of Missonri. 

P43 Thyroxine and iodine determination in the boYine using a paper ehro­
matography-photoelt>etri c colorimetry technique. ,T. F . LONG, ,T. W . 
Hums. and L. 0. GILMORE, Ohio Ag·ric1tUural E xpe1·iment Station, 
Wooster. 

P44 Eosinophil count and glucose len! in blood of dairy cattle during the 
first pregnancy. A. B. ScH ULTZE, UnivN·sity of iY f' bmska. 

P-±5 Interrelationships among plasma 17 -hydroxycorticosteroid lr Yels, plasma 
protein-bound iodine levels, and ketosis in dairy cattle. W. G. RoBER'l'­
soK, H. D. LENNON, JR. , and J. P . MIXNER, New Je·rsey Agricultm·al 
E:rpenm ent S tation, Snsse:r. 

P46 Additional studies on the etiology and treatment of bovine ketosis , in­
cluding an evaluation of metacortisone and fluorocortisonr. J. C. SHAw, 
A. C. CHUNG, and R. A. GESSER~', Univenity of IJ1m·yland. 

P47 The effect of synthalin A on blood glucose levels of dairy calves. C. R. 
RICHARDS and H. G. WEAVER, Uni·versity of Delawm·e. 

P48 The effect of cortisone on the semen of a normal bull. P. '1' . CuPPS. R. C. 
LABEN, and S. W. MEAD, Unit·e~·s ity of California . 

8 :00- 11 :00 .\.l\1. 

SECTION B. Management and Forage Utilization 
N. P. R.ILSTON, Chairman 
BallToorn, J( ellogg Cente1· 

P49 Response of herd infections of mastitis to Yarious incident factors and 
therapeutic treatm ents. L. A . Bu RKEY and CECELI.\ R. Bon MA. Da-iry 
Husband1·y Resem·ch Bmnch, USDA. 

P 50 How hay feeding to cows on pasture affected their milk production, dry 
matter intake, and body weight. D. lVL SEA'l'H, C. A . L.\SSITER, CARL 
DAVIS. J. W. R usT, and M.\ li RICE CoLE, J(enfucky Agricult uTal E x pe?·i­
ment Station. 
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P51 'fhe utilization of ammonium nitrate by bromegrass pastures. I. L. 
HATHAWAY, University of Nebt·aska. 

P52 P erformance of dairy cows on immature oat fora ge. G. E". HAWKI NS, 
JR., and K. M. AuTREY, Alabama Polytechnic Institute. 

P53 Influence of g t•azing on persistency of ladino clover. J. W. CoBBLE, I. H . 
STUCKEY, and B. W. HENDERSON, JR., Rhode I sland Agricultuml E x­
periment Station. 

P54 Comparison of alfalfa hay and wilted alfalfa silage as a roughage for 
growing dairy heifers. J. F . SYKES, L. A. MooRE, and H. T. CoNVERSE, 
Dairy Husbandt·y R esem·ch Bmnch, USDA. 

P 55 A comparison of r esults obtained by diffet·ent measures used in study­
ing temporary summer pastures. L. lVL UNDER\>VOOD, W. J. MILLER, and 
T. H. RoGERS, University of Geotgia. 

P 56 Effects of various hay: concentrate ratios on production r esponses and 
nutri ent utilization of dairy cows. S. BLOOM, N. L. JACOBSON, L. D. Mc­
GILLIARD, E . 0. HEADY, and P. G. HO.ilfEYER, Iowa State College. 

P 57 ComparatiYe grazing performance of purebred Brown Swiss, Brown 
Swiss X Red Sindhi crossbreds and J ersey cows under Louisiana condi­
tions. E . J. STONE and D . M . Jot-INS, Louisiana Ag1·icultuml Experi­
ment Station. 

P 58 A comparison of an immature corn silage with alfalfa hay as the forage 
for dairy cows. E. A. KEYES and E . P . SMITH, Montana Ag1·icultuml 
Expm·irnent Station. 

P 59 Sf'lf-feeding of Bermuda grass hay-grain mixtures to lactating cows. 
F. N. BAKER, Nodh Lowisiana Hill Fm·rn E xperiment Station. 

P60 The effect of nursing calves on milk production of identical twin heifers. 
E. W. SwANSON, University of T ennessee. 

P61 A sanitary study of detergents and detergent-sanitizers used in the cir­
culation cleaning-in-place of a pipeline milker installation in a stanchion 
dairy barn. J. B. LINDAMOOD, E. J. FINNEG.\ N, and G. C. GRAF, Vi1·ginia 
Polytechm:c Institute. 

P62 Normal variations in rate of milking. W . E. STEWART and L. H . 
ScHULTZ, Cornell University. 

11 :00 A.M.-NOON 

PRODUCTION SECTION BusiNESS MEETING 
R. E. ERB, Chait·man 
A?tditm·iurn, K ellogg Ce11ter 
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1 :15-3 :20 P. M. 

SECTION A. Genetics 
N. P. R ALSTO N, Cha-irman 
Auditorium, J(ellogg Ce-uta 

P63 Preliminary report comparing ee llnlar anti gens with type defed :s in 
dairy cattl e . P. G. N AIR, '1' . M. L u DWI CK, E. J. LAZE.I R, and L. C . FEH­
GL:SON.Thc Ohio S ta.te lhlive1·sity . 

P64 E stimated ehanges in th e em ·ir·onm ent and a1·Prage r t>al produei ng 
ability in a H olstein herd from 1901 throug h 19G-l. W. :vr. l>ILLOK. ,Jn .. 
W . W. Y .IPP, a nd R. W. 'fouc iiBERBY, Univa :; i/y of 11/inois. 

P65 The r elati onships betwcr n hr ritabilit_,. a nd twin r f'fi ciency va lues calc u­
Jatrd from twin un i fomrit~· trials. R. L .I IIm and L. 0 . G IL )IQRE, Ohio 
.Agriculttwall!:.r pen·rn en l S tation. 1·\'oos te·r. 

P66 Phys ical ehangrs in young d a iry lwifr rs as indiea t cd by typr Pvaluati on 
studi t's . C. l\f. C Lwro N a nd F. ELY, The Ohio S lat e Unit'ersity. 

P67 "\ type and production study of Holst r in-Fri esia n cattl e in Canada. 
J . B . STOKE, .]. C. RF:NN IE, an d G . E. R.>\ITiiflY , On/a-rio A g1· ic ullu1·rll 
College. 

P68 An a na lys is of the components of type of llolstc in -Fri r sia n co11·s in 
Cana da . J . C. R.ENN IE a nd G. K R .l i'l'HBY. Ontario A gricultural College. 

1'69 An eva lua ti on of the American J c1·sey Cattl e Club star bull program . 
W . J. BR.IKEL, The Ohio S fctie University. 

P70 Uclde t· palpation in he ifers as a bas is f01· estima tin g the ir milk yield as 

cows. ,Y. W. YIPP, W . ]\If. DILWN, .JR., aml vV. R. 8 MI'I'H, Uniu rsify •Jf 
Illinois. 

P71 Phenoty pic relationships amon g climati c eon clitiom; and ped orma nce of 
lactatin g cows. J . E . J OII NSTON, G . D. MILLER, ,J. B . FnYE .. Jn ., an d J . J . 
\'IZINAT, Louisiana Ag?·icultun!l E .rperim rnl 8/alirm . 

1 :15- 3:20 P.M. 

SECTI ON B. JoiNT SESSION WITH ExTEKSION S ECTiu:x 

Symposium: Ratios of Forages and Grain in the Milking Ration 
R . E . ERB and E . '1'. lTRC II KEH, Co-Chai·rm e11 
Rall1·oom, J(ellogg Ce·nte·r 

3 :30- 4 :30 P. M. 

J Oil\' T SESSION W•TH EX'l'E:-.I SION S EC'I'II)l\' 

Committee Reports 
A udilm·imn, J( ellogg Ccnfe·r 

Dairy Cattl e H ealth . G. 11. WisE. Aorlh ('a1'11lina S tair College 
])air~· Cattl e Breed ing. R . A. ConBE'l''l' , U nit' CI".~ ity of !lla·ine 
Dair~· Cattl e 'l'y pe. HILTON B OYNTON, Uni·t'ersily of New llnmpshi1·e 
Breeds R elations . G. H. B ECK, Unive1·sity of Maryland 
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Thursday, June 23 

8:00- 10:00 A.M. 

SECTION A. Milk Secretion 
R. E. ERB, Chainnan 
Anditoriuru. K ellogg Cente1· 
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Pi2 Effect of heavy concentrate feeding prior to calving upon lactation and 
upon mammary edema. K . E. GARDNER and J. F. D. GREENH,\1-GH, Uni­
ve~·sity of Illinois. 

P73 The r esistance ot milk samples from cows on silage to the action of :; . 
agalactiae. W. D . PouNDEN, NORMA A . FRANK, R. W. BROWN, and R. K. 
ScnERER, Ohio Agricult1tml E x pe1·im ent Sta tion. 

Pi 4 A comparison of milk y ields and estimated secretion rates when between­
milking intervals were varied. J. D. DOKKER and H . L. DALTON, Un i­
ver-sity of Georgia. 

Pi~ " Subnormal milk"-its production and correction. R. B. BECKER, P . T . 
Drx ARNOLD, J. M. vYING, J ACK McCALL, and G. K. D.\VJS, Flm·ida 
Ag1·icultu.ml E xperiment Station. 

P i 6 Bromide content of milk when cows are fed forage grown on ethylene 
dibromide-treated soil. R. W. YouNG, L. I. MILLER, W. A . H .\RDISOK, 
and R. W. ENGEL, V1:1·ginia Ag1·icnltnral E xper1:ment Station. 

P77 The secretion of rm in milk. F. W . L ENGEMAKN, R . A. :Mo NROE, and 
E. vV. SW.\NSOK, U1'-AEC Ag·ricultural R esearch Fragrant. 

PiS The acid-soluble nucleotide content of mammary gland and of tissues 
from animals f ed galactose. R. G. HAKSEK and R. A. FREEDL,\ND, Univ­
ve~·sity of Illin01·s. 

P79 M.ilk protein production in the bovine. B. L . LARSON, G. D. RoLLERI, 
and K. A . KENDALL, Unive1·sity of Illinois. 

P 80 The fat and solids-not-fat content of milk of individual cows. T . N. 
CoMBS, P . lVI. REA VES, and G. C. GRAF, ViTginia Polyt echnic Institute. 

8 :00- 10:00 A.M. 

SECTION B . Calf Nutrition 
N. P. RALSTON, Chai1·man 
Ball1·oom, ](ellogg Cente1· 

P 81 A preliminary report on the optimum protein level of calf starters . 
L. D. BROWN, C. A. LASSITER, and ,J. W. R usT, Uuiuersity of J( entu.cky . 

P 82 Interrelationships between carotene hom artifi cially dehydrated alfalfa 
and vitamin A from a dry carrier when fed simultaneously to Holstein 
calves. K. L. DoLGE, J . E. RoussEAu, JR., R. TEICHMAN, H. D. E.\TON, 
and G. BEALL, Connecticut Agricttltural E :1·pen'm e11f S ta fi 011. 
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P83 Plasma tocopherol levels of dairy animals recc1v1gn different diets. 
J. W. THOMAS and M. OKAMOTO, Dair·y H1tsband1·y Research Branch, 
USDA . 

P84 Study of pregastric esterase observed in the alimentary tract of the calf. 
H. A. R.\MSEY, G. H. WISE, and S. B. TovE, No,rth Ca,rolina State Col­
lege. 

P85 The use of antipyrine in aureomycin-fed dairy calyes. D. L. 1\'lAcFAD­
DEN, and C. R. RICHARDS, Univers,ity of Delaware. 

P86 Effect of chlortetracycline (aureomycin) ou young dairy calves in a new 
environment. F. T. LANDAGORA, L. L. RusoFF, and R. lVI. CROWN, Lo-uisi­
ana State University . 

P87 Interaction of para-amino salycilic acid and aureomycin in the feed of 
young calves. J. M. WING, Flm·ida Agricnltm·al Expe1·iment Stat1:on. 

P88 Effect of feeding high levels of chlortetracycline (aureomycin) and 
tetracycline (achromycin) to newborn calves. L. L. RusOFF, E'. J. STONE, 
A. H . Cu MMINGS, and J. B. FRYE, JR., Louisiana State Unive1·s'ity. 

P89 A comparison of feeding methods as they affect veal production and 
carcass quality. R. P. NIEDERMEIER, N. N. ALLEN, and R. W. BRAY, Uni­
versity of W·isconsin. 

10:00 A.M.- NOON 

GENERAL AssociATION BusiNESs MEETING 
L. A. MOORE, Chairman 
Lower Lounge, Brody Hall 

1 :45-4 :45 P.M . 

JOINT SESSION-
MANUFACTURING, PRODUCTION, AND EXTENSION SECTIONS 

Symposium: Dairy Products in Human Nutrition 
G. H. HARTMAN, p1·esiding 
D. H. JACOBSEN, Chairman, American Dairy Association, Ch,icago 
Lmve~· Lounge, Brody Hall 

Dairy products in our food economy. H. F. DEGRAFF, Coruell Univer·­
sity 

Milk in adult diets. MARGARET OHLSON, Michigan State College 

Milk in infant diets. D. B. CouRSIN, St. Joseph's llosp,ital, Lancaster·, 
Pa. 

Milk proteins in human nutrition. C. A. ELVEJIJEllf, University of Wis­
consin 

Milk fat in human nutrition. F. A. KuMMEROW, Univers-ity of Illinois 

Nutrition in relation to dairy science. ZoE ANDERSON, N atimwl Dwi,ry 
Cmtncil, Chicago 
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1 :15- 2 :45 P.M. 

SECTION A . JOINT SESSION WITH EXTE!\ SI()l\ SECTION 

E. T. lTSCHNER, Chainnan 
Auditorium, K ellogg Cente~· 

Reports of Progress-Regional Dairy Cattle Breeding Projects: 

Southern-J. E. LEGATES, Nod h Carol-ina Sla te Colleg e. 

Northeastern-J. 0. ALMQUIST, P ennsylua11ia S late Uwi'l•CI·si ty. 

North Central-W. J. TYLER, Uniowrs ily of W est Vi1·ginia. 

Western-R. E. ERB, State College of Wasltiugfou. 

2 :50- 4 :30 P.M. 

SECTION A . JoiNT SESSION WITH ExTEl\SIOx SECTION 

Frozen Semen 

N. P . RALSTON, Cha·irman 
Auditorium, Kellogg Center 
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P90 Results obtained through the use of frozen boYine semen in field trials. 
J. W. SNYDER, W . D. RuTz, and G. B . MARION, Kansas State College. 

P91 Equipment for technicians' storage and field handling of frozm semen. 
H . H. BRUGMAN and M. E. PooRE, Unive·rs1:ty of Main e. 

P92 Variation in survival of bovine spermatozoa when stored at subzero 
temperatures as affect ed by differ ences in breeds, bulls, and ejaculates. 
M. E. POORE and H. H. BHUGM.\ N, Unit'ersily of Main e. 

P93 The effect of glycerol equi libration time on the freezing of bovine sper­
matozoa in egg yolk-citrate and skim milk semen diluters. G. D. 0 'DELL 
and VICTOR HuRST, Clemson Ag1·icultnra.l College. 

P94 The influence of added lipoprotein on the freezing of bo,·ine spermato­
zoa. G. BrALY and E. A . HEss, .The Ohio S tate Univc1·sity . 
Discussion and Summary on Field Use of Frozen Semen . .1\. L. VAN­
DEMAHK, Unive1·sity of Jll·inois. 

1 :15- 4 :30 P.M. 

SECTION B. Nutrition 
G. W. TRIMBERGER, Chai1·man · 
Ball1·oom, J( ellogg Cente1· 

P95 The r elation of ca rotene intake to th e carotene and Yitamin A Yalues of 
the plasma, liver, and milk fat of dairy cattle. I. R. JoNEs. P . II. WEs­
WlG, J . F . BoNE, and B. 1<'. MAG I!"r,, Orego11 S tat e College. 
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P96 Effect of previous ration on lactation response to substitution of corn 
for alfalfa according to net energy and total digestible nutrients systems 
of estimation. R. TEICHMAN, H . D. EATON, G. BEALL, and R. E. JoHN­
son, Connecticut Agricultuml E xper·irnent Station; H. L . LucAs, JR., 
Nodh Cm·olina State College; and h 4'\.. :MoonE, Da:iry Husbandl"y R c­
sem·ch Branch, USDA. 

P97 Urea versus cottonseed meal as the chief source of protein for young 
dairy steers, with a study of methods used to determine tthe efficiency 
of urea utilization. I. LEVY and J. D. DONKER, Un ive·rsity of Geo·rgia. 

P98 Comparison of cottonseed meal, molasses containing urea, and ammoni­
ated molasses as protein supplement for dairy heifers. W . A. KrNG, 
G. D . O'DELL, J. P . LAMASTER, and D. B. Ro DERI CK, Clemsor1 Ag·ricul­
tm·al College. 

P99 Variability in the quality of untreated high moisture silages. C. H. 
GoRDON, C. G. MEr"lN, H. lVI. IRVIN, and H . G. WI ::>EMAN, Dair·y Ilus­
bandr·y R esearch Br·anch, and L. E. CxarPBELL, Agl"icnltu:ral Engineer­
ing R esear·ch Branch, USDA. 

PlOO Effects of sodium metabisulfite and degree of compaction on composition 
of legume-grass silage in miniature silos. R. S. ALLEN and RuTH lVI. 
WARD, 1 owa State College. 

PlOl Effect of herbicides on in vitro cellulose digestion by rumen microor­
ganisms. R. G. JENSEN and C. P. MERILA N, Unive rsity of Misso nr·i. 

P102 The influence of the lignin content of long hay on the passage of nutri­
ents through the rumen. 0 . T. STALLCUP, .T. L . CASON, and B. ,T. 
WALKER, Ar-kansas Agr·icultural E xper·r:rnent Station. 

Pl03 The effect of light on optical density of extracts of fecal pigments in 
digestibility studies. E. A. KANE and W . C. JACOBSON, Dair·y Hns­
bandr·y R esear·ch B ·ranch, USDA. 

Pl04 Digestibility of certain carbol1ydrate fractions of forages by ruminants. 
R. E . ELY and L .A. MoonE, Dairy Husbandr·y R esear·ch Branch, USDA. 

Pl05 Value of identical twin cattle in digestibility studies. CI~ARENCE CHES­
NU'l"l', Jn. , and I. R. JONES, Oregon State College. 

Pl 06 Effect of feeding various levels of fluorine, calcium, phosphorus, and 
grain to dairy heifers from four months to thirty-two mouths of agP-. 
G. E. STODDARD, J. L. SHUPE, lVI. L . MINER, L. E. HARRIS, D. A. GREEN­
WOOD, W . BINNS, G. Q. BATEMAN, H . NIELSON, and D. STRONG, Utah 
State Agr·icnltltral C allege. 

P107 The effect of added calcium and trace elements on mineral balance in 
dairy cows in early lactation. R. E. MATHER, N ew J er·scy Agr·icnltr.tral 
Experirnent Station, Sussex. 
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P1 08 Trace mineral defi ciencies in cattle r esulting from l1eaYy fertilization of 
the soil. II. A. KEENER, F . E. ALLE N, I-I. A. DAvis, New Hampshire 
Agn"c-nltural E.rpe1·irnent Station , K. C. BEESON and E. J. 'rHACKER, 
U. S. Plant, Soil and N11f1·it-ion Laboratory, Ithaca, N. Y. 

Pl09 The effect of pul\·crized limestone and dicalcium phosphate on the nutri­
tive value of dairy cattle feed. N. F. Cowvos, H . A. KEENER, and I-I. A . 
DAVIS, New Hampshi·re Ag1'icu.lht1'al E :cpen'm ent Stati011. 

EXTENSION SECTION 
Monday, June 20 

8:00P.M. 

Progress Report and Discussion: Handling D.H.I.A. Records by Mod­
ern Machines. ,J. F. KENDRICK, Da·iry H erd hnp1·ove·ment Section, 
USDA. 

R ecreatiou R oom. Brody Hall 

Tuesday, June 21 

1 :30-4 :30 P.M. 

Opening Business Session, Teaching Methods, and Exhibits 
E. T. l'l'sCHI\"ER, Cl!a-i1·rnan 
R ecreat·io11 Room. B ·rody Hall 

E'l Effective techniqHPS in extension teaching. K . F. W .\RNER, Personnel 
Traim:ng Brau ch . USDA. 

E 2 Television fot· clair.\· extension work. G. H. AXINN, Michigan State Col­
lege. 

E 3 Role of dairy extension activities in the farm and home deYelopment pro­
gram . J . E. CROSBY, JR., D·ivision of Agricultural P·rngmrns, USDA. 

Presentation and Discussion of Exhibits 
C. W. REAVES . Chairman-in-charge 

Wednesday, June 22 
8 :00- 9 :00 A.J\1. 

Grassland Farming 
Ballroom, K ellogg Center 
See Production Section B, page 566, for papers. 

9:00-11 :00 A.M . 

Dairy Records 
GEORGE w·ERNER, presiding 
Recreat1"on Room., Brody Hall 
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E4 Using D.H.I.A . records as an effectiYP teaching tool. 
Jioderator, ,J.D. BuRKE, Cornell Unieersity. 
Panel membc1·s: 

H. G. G11.~!0RE,1'1Ie Peuu~ylcania St at e l! nit't'rsily 
C. II . PARSOKS, University of MasM1chusetls 
D. E. VoELKER, Io wa State Colleuc 

E ;) ~tandanlized procedurPs for thP Babcock tPst for milk. E. 0. llt-:HHEIIl. 
Uuil't'rs ify of llli11nis. 

E6 DPtPq:rent mixtures for tPsting frt•sh milk sampl1•s. E. 0 . li ERRE IIl. {' ni­
rNsil y nf Illin ois. 

E7 Comparison of tlw B.I>.T. tletergPut t l'st with the Balwol'k t est nml t> r 
ht>rd rondit.ious. FRED GR.INT, ])airy Ilusbaurlry Rcst'arch Bmu ch, 
USDA. 
Discussion 

11 :00 A.)r. - NOON 

Exn:NsioK ~ECTJOX Bl'siXEst-; ::\IEETIXG 
Committee Reports 

E. T. lTSCHNER, Chairman 
RrNeation Hoo111 , Brody Hall 

.JOJl\T SESSION WITH PROill 1CTIOX ~E('TION B 
Symposium: Ratios of Forages and Grain in the Milking Ration 

R. E . ERB aud E'. T. lTsCIIl\ER. Co-rhairuu·,, 
Ballroom. Kellogg Cr ulcr 

G1·aiu fpefliug- aud rou gha ge consmnption in n ·lation to inpnt-ontpnt 
l'Onsidt>rations . . J. T. R~-:m. Corn ell f'nircrsity. 
F oragP protlndion and utilization in fPetling- dai1·~· ~·atth• . R. E. lloDG· 
sol\, nairy Rcsmrch Brauch. USDA. 
El'OIJOIIli es iu prodneing- a1Hl fPe<ling- roughag-1• a n1l g-raiu to dairy ~·attll'. 
C. R. IIoc:u ·x n . .llichi[J IIn 8tatc rollr(JC ami /'mdu clion Eco nolnics R c­
sl'lrrch Rmnch, TTSDA. 

:3 ::30--l- :30 1 '.~ 1. 

.}oiXT SESSIOX WITH l'HtHli ' CTIO~ ~l·:t"TIOX 

Joint Committee Reports 
Auditorium. 1\cll ogu Ce nter 

nail'.\' C'attll' Il! •ct lth. G. II. WIS E, .Yurtll Coruliun ,\;fate ('uflcgc 
nail',\' C'att] P HI'PP!lillg. R. ~\ .CoRBETT. Cnil' l'l's ily uf .llai/I C 
l>aii',Y Cattle Type. l:i.IJ.TO!\ BoYXTilX . Cnil'l'l'sity of Xr11' HalllJisllin · 
Bn'Plb RPI<1tio11s. G. II. BECK. Cnil'a-< ify uf .1/aryltnul 
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Thursday, June 23 

8 :00- 10 :00 :1.1\I. 

Dairy Cattle Health Problems 
4-H Club Work 

GEORGE W ER!\ER, presiding 
Rec1·eation R oom, Brody Hall 

575 

E S Dairy cattle healtll p roblems. B . T. S m Ms. A nimal Disease and Parasite 
ReseaTch Branch. USDA. 

E9 Enlisting. dew loping, a nd using 4-H Club leaders. P . A. MILLER, Di­
rector of E :r; tensio n . .il1. ichigan S tate College. 

Panel Discussion: Enlistiug, develo11ing and using 4-H Club Leaders. 

Moderator: GEORGE H YATT, Nol"fh Carolina S tat e College 
Panel rnembers: 

l RVIK G WYE'l'll , Co unty A gricultm·al Agent, .S t. Clair County, il{ichigan. 
A Michigan local leader . 
R.. D. STEWART . A merican Guern sey Cattle Club . 
NEVELS P EARsox . Assistant S tate 4-H Leader. Jlichigan .'<tate Coll ege. 
J . D. GEORGE . North Carolin a S tate College. 
E . R. BoxEWITZ. ](an sa.~ S tate Coll e[J e. 

10:00 .I.M .- Xoox 

GEKERAL As:-;oCLIT IOK B usiKEss :.\I EETrx c; 
Lou·cr Louli [! e. Rrody Hall 

1:15-4 :45 P. l\I . 

Jon.: '!' SEss ro:-.: - :.\LI .\TF.IC'l' CR IKG. PnoDL'C'l' IO:O.: . . IXD E xTE:-\>' lU:O.: SECTIONS 

Symposium: Dairy Products in Human Nutrition 

G. H. Il.IRTJl AX . presid in[J 
D. H . . J ACUB>;E!\ . Chairman . .dill e rica 11 Dairy A. .~:>ociation . Chicago 
Lotter Loun ge, B rody Hall 

Dairy products in om· food economy. H . F . DEG R.IFF. Co rn ell Cni L'er­
sity 

lVlilk in adult dieh. M.-IRG.IRET 0 HLsox, Michigan State College 

~'[ilk in in fa nt di ets. D. B. CocRSlK. St. J oseph's H ospital. Lan castm·, 
Pa. 

:Milk proteins in huma n nutrition. C . A. ErxEH.JE)l. Cn ircrsity of 1Vis­
consin 

~Iilk fat in human nutrition. F . A. Kt: .\UJER0\1', L'1ti!'l' l' :> ity of Ill i·nois 

Nutrition in rela ti on to cl a ir_,. science. ZoE A xoEnsox , :Yational Dairy 
Council, Chicago 
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1 :15-2 :45 P.llf . 

JOI NT SESSION WITH PRODUCTION SECTIOK .-\ 

E . T. lTSCBNER, Cha·irrnan 

A uditm·iurn, J(ellogg Center 

Reports of Progress-Regional Dairy Cattle Breeding Projects: 

Sou the rn-J. E. LEGATES, N o?"th Ca·rolina ~ta l e College 
Northeastern-J. 0. AL11IQUIST, The Penn~ylrania Stat e Uniuersii !J 
;-{orth Cen tral-\V . J. TYLER, Unive1·sily of 1\"i.,;coll sin 
Western-R. E. EnB, State College of 1\'ashinglun 

2 :50-4:30 P.ll. 

J Oil\1' SESSION WITH PRODUCT ION SEC1'IO:\ A. 

Frozen Semen 

N . P . RALSTON, Chai1"ntan 
Auditorium., K ellogg Center 
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Pioneers in the Dairy Industry 
High among the top-ranking pioneers in the 

agriculture of the world is HENRY HERBERT 
Ku,nE~;, Dean Emeritus of Agriculture at Iowa 
State College. He was born on a farm in Iowa, 
March 4, 1884, and received his early education 
in a country school, later attending Cedar Val­
ley S<>minary and Iowa State College. He was 

a member of the Iowa 
State College livestock 
judging team that par­
ticipated in the Ameri­
can Royal Livestock 
Show and Intern, Live­
stock Exposition judg­
ing contests in 1908. At 
the latter he was high 
man, As a senior stu­
dPnt he was selected to 
serve as In horatorv in­
structor in :.winw!' hns­
handry and soils. Tht> 

H. H. Kildee B.S.A. dt>grP<' was 
granted him hy lowa 

State Colleg1• in 1908 and the M.S. degree in 
1917. In 1940 the Doctor of AgriculturP dPgree 
was awarded him hv Xorth Dakota Stat!' Col-
1egt1. · 

Immediate]~- aftP I' recPiving his first degree 
frm11 Iowa Stat!•, KildPe joined tlw stafi of th1• 
Collq!P and for ~ vPars work1•d in animal hus­
band,~y. In 1910 h~ was appointed prof1•s,;or of 
dairy husbandry and superintendent of the Col­
leg,. dairy fan11. During this period hP IJP('HIIIC 
one of the fore1110st United States authoritie,; 
on typl' in dairy brel'ds. He left Iowa State 
in 191.6 to a,;SUIIIl' a profPssorship and to head 
the Division of Dairy Husbandry at thP Univ. 
of :IIinnesota. He n•tunwd to Iowa :l vears 
latPI' to hPad tlw \\·ork in animal, dairy,' and 
poulb·;y hushandry :md has hPPn on th!' staff 
eYf'l' SlllCP. 

Professor Kildt>e was appointed vicP-dcan of 
agriculture in 19~3 and dea n in 1933, after the 
n•tii'CIIIPnt of C. F . CuRTISS. He becmnc din•c­
tor of the extPnsion service in agriculture and 
h0111e economics in 1946 as the first step in the 
integration. of aeti,·ities in research, tPaehing, 
and extenswn. The consolidation wa s C0111pleted 
in 1948, when he be!'tiiiiC director of the Experi­
ment Station. He retired in 1949. 

Dean Kildee has judged all breP!h of dairy 
cattle, beef cattle, hogs, and draft horses at 
leading shows throughout the country. He has 
done a great deal in for11mlating the concep­
tion of dairy type that is distinctly correlated 
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with production. HP aided in developing the 
Unified Dairy Cattle Score Card adopted by the 
Purebred Dairy Cattle Assoc. and the American 
Dairy Science Assoc. 

In 1938 his portrait was hung in the gallery 
of leading livestock men in the famed Saddle 
and S irloin Club at the Union Stockyards in 
Chicago. His portrait was the first to be placed 
in the newly organizPd Dairy Shrine Club at 
Waterloo, Iowa, in 1949. 

Dean Kildpe is a member of A.A.A.S., 
A.D.S.A., American Society of Animal Produc­
tion (of which he is a past president), Signw 
Xi, Alpha Zeta, Phi Kappa Phi, Gamma Sigma 
Delta (of which he is past national president) 
and the Saddle and Sirloin Club. In 1950 he 
was awarded a gold medal and citation for 
distinguished service to organized agriculture 
by the American Farm Bureau Federation; in 
1952 he received the national Distinguished 
SPrvic·P Award f rom Ga 111111a S igma Delta, a 
eitation and plaqu<' fron1 thP Iowa State Soil 
Conservation Conn11ittl'e for ''outstanding lead­
ership and service to soi l consPrvation," and a 
C1•rtiti('ate of lf on or citation from the Anleri­
I' HII Guemsey Catt le Club. 

Throughout hi,; cnreer Dean Kildee has main­
tained a grent interPst in the conservation of 
natural resourc1•s, :doug wi th his work in dairy 
and nni111al husbaudn-. In the latter fie ld he 
has conducted re,;enrd.; in brPPding, feeding, and 
llla!Hll;Pillent of dniry !'Htt!P, swine, and beef 
cattle. He also has ~tndiPd liwstock production, 
e~peci a ll y of swim·, and marketing in Conti­
nPntal Europe and Gn'llt Britain. He is the 
author of several bullt>tius 011 feeding, breeding, 
nnd managPIIIf'nt of livPstork, as well as on land 
use and planllillg, H e h:H; sprved as a mPmber 
of thl' Board of Trustees and of the Board of 
IJearons of the Congregational Church of Anws 
nnd has been n lll!'lllh!'r of the Lay Committee 
of the Nationa l Counc· il of Churches of Christ 
s ince 1950. He is n forlllPI' member of the 
honrd of the ]own Ch ri ,;tinn Rural Fellowship. 
HP sPrved as honornrv ('ha irman of the Iowa 
Coll1•ge Alumni .1\1-hie~·elll('nt Fund from 1951. 
to l9Ci:3. 

Tlw fatlwr of 1\\'0 """Tied daughters, Dean 
Kildee with his wifP lives on the Iowa State 
College eampu,;, whPre IH' has the reputation of 
!wing a lllost liknbl!· p1•r,;on and one who make,; 
friends wherever lw goes. He has been an in­
spirntion to thousnnds of studPnts, friends, nnd 
acquaintances. He is t ru l~· a pioneer of the 
dairy industry and of all agriculture. 

A. H. PORTER 
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Reproduction and Infertility 
Symposium to be Held 

A symposium on reproduction and infertility, 
sponsored joint!~· b:v the Michigan State College 
School of Veterimtrv Medicine and the Michi­
gan Ag ricultural E~periment Station, will be 
held at the Kellogg Center for Continuing Edu­
cation, East Lansing, June 27-29. Major ob­
jectives will be the rPview and evaluation of 
recent progress in tlw field of reproduction and 
discussion of prohl!.'tlls requiring further study. 
National authorities in their r espective areas 
will present tlw fon11al pnpers on the program. 

The session on .T unP '27 will be devoted to 
problems of diagnosis of r eproductive diseases 
and a survey of progn•ss in the specific disease 
areas of vibriosis, leptospirosis, trich01110niasis, 
and brucellosis. On tlu• second day five lectures 
will be presentt'Cl on various aspects of the 
ph ysiology and anato 11t~· of t11ale and fe male r e­
productive processes. [ n the evening a panel 
discussion will lw hPld on ova transplantation. 
The final · session will ]){' devoted to papers on 
the endocrinf' control of reproduction in the 
lltale. The prog nttll hns been scheduled to allow 
11111plc tirne fo r qm•stions and discussion after 
ea ch fonnal paper. 

Arrangements lHwe been made for lodging 
and 111eals for out-of-town guests at the Kellogg 
Center . Printed progrmns can be obtained by 
writing to E. P. REIX EKE, sylllposium chairman, 
Dept. of Ph~·s iolog~· and Pharmacology, Michi­
ga n Sta te CollegP. 

Student Affiliate Chapters Scheduled 
for June Meeting 

A Studf'nt Affi li att• 11nd F aculty Adviser 
meeting is schedulPd for Wednesday, June 22, 
1 :1 5 p.lll. in Roont 103, K ellogg Center, Michi­
g an State CollPgP. during the annual A.D .S.A. 
nteeting. StudPnt prohletns, objectives of stu­
dent activities, and 11 program for the coming 
yPar will be at~wng thP topics discussed. All 
interested students nnd facultv members arc 
invited to attend. • 

Special Breakfast Meetings to be Held 
Tlm•p special hre11kfasts are scheduled for 

the annual Jnt•eting of A.D.S.A. in June as fol­
lows : 

Jo~ c kl es Club 
Wed. , June :!'2 , 7:110 .ur. 
Red Cedar Roon1, J\:.ellogg Center 
ResPJTations: 

E. L. AK'l'IIO-.;Y, Sehool of Agriculture, 
Michigan Stnte College, East Lansing 

:\lichigan State College Breakfast 
Thurs .. June 2:~. 7:00 A.~r. 
Brody ·Hall Ca fpt<•ria 
Reservations: 

J. A. IlfF.ISF.H. Dairy Dept., 
~~ ichig·a n Stntt• CollPge, East Lansing 

Breakfast honoring DR. and MRS. v,r. E. PETER­
SEX 

Thurs., June 23, 7 :00 A .M . 

Red Cedar Room, Kellogg Center 
Resen ·a tions: 

J.D. Do~KF.R , Dairy Dept., 
Univ. of Georgia, Athem; 

Ohio Legislative Committee Considers 
Important Milk Control Bill 

A Milk Control Bill with possible far reach­
ing effects is now being considPred by a com­
'"ittee in the Ohio Leg islaturP. The bill pro­
poses that a three-metnber commission ap­
pointed h~· the govPrnor bP g iven the power to 
supPrvise, investignt<•, and regulate the pro­
duction, transportation, disposal, manufacture, 
processing, stor11ge, distrihution, delivery, han­
dling, bailnwnt, brokerage, consignment, pur­
(·hase, and sale of tnilk and milk products in 
Oh io. This includes establishment of reasonable 
trnde practiceB, systents of production control, 
and tnarkcting areas. 

The commission and its employees would have 
the right to enter plants, inspect facilities, and 
audit all books and docm11ents. The bill would 
n•quire that 11ll ntilk deall'rs be licensed to the 
eomntission, the fpp:; to provide ntone.v f or oper­
ating expenses. The comntission could control 
tlw 1narketing area of 11 ny individual dealer. 
..\Ianufacturers arc not exempt from licensing 
rpquirPnlents hut are exet11pt front minimum 
pmducer price controL 

The statP would he divi(h•d into marketing 
m·eas, and the pri(·e of milk would be set in 
('Heh area. Such pricl's would guarantPe a profit 
to produeers and dealPrs. Bottle deposits would 
he 111andatory. Paper-glass differentials may be 
Psta blished. Costs \\'Otild be detertninPd h~' the 
use of a rross sect ion rPpresentative of ayerage 
producers and dea lers. At its discretion, the 
eonlmission would also set prices for skimmed 
milk, eondensed or concPntrated whole or 
skinnned t11ilk, hulk crPam, mtd ice cream mix. 
Outlawed would be discounts, premimns, rebates, 
f ree service, trading· stamps, advertising allow­
anc!.', extension of credit, or combination of 
tnilk and other items priced at less than normaL 
Penalties for violation would he provided. 

Prop01wnts of thP hill haw had a hem·ing 
lwfon• the committee considering the new legis­
lati on. A steady stream of proponents sh'l'ssed 
the pconOllliC plight of Ohio's dair~· far111Prs. A 
hear.ing fo r opponents of the hill \\·as ]wid 
April 19. 
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1955 International Dairy Produ.cts Judging 
Tourney Scheduled for St. Louis 

The 3-lth Collegiate StudPnts' Intrm. Con­
test in Judging Dair~· Products will he held in 
Octolwr in St. Louis, according to an announce­
ment from American Dairy Science Assoc. and 
Dairy Industries Supply Assoc., cosponsors of 
the contest. Winning college teams and indi­
viduals will he announced at a gala awards 
presentat ion. Top prizes include graduate fel­
lowships, worth $1,380, $1,280, and $1,180, 
awarded by DJSA; and silver cups, and gold, 
silver, 11nd bronze mrdals awarded by American 
Butter Just. , Intern. Assoc. of I ce Cream l\'Infrs., 
Milk Industry Fdn., Xationn l Cheese Inst., and 
Dlt>A. 

Supt•ri ntendPnt of the contPst is C. ,J. BAB­
COCK, a CSDA ofticinl. D. R. STROB~~L, also of 
tlw rSDA, srrves as llSsistant superintendent. 
Product judgPs are H . L. vVILSON, cheese; 
J. H OI' FMAX ERn, ice erean1; N. E. FABRICIUS, 
butter; nnd D. A. PETTE~;, milk. 

Citation A warded Herzer by Southern 
Division of A.D.S.A. 

FR.En~:RI CK HEIBI.IX HERZER was born ~Ia y 6, 
1893, in ~larion , Ohio, wlwre he rPceived his 
early Pducation. He graduated fro n1 Ohio State 
l"niY. 11·ith a B.Fl. degree in dairy technology 
in 191-l Hnd n•cciwd 1m ~I.S . deg ree from Iowa 
St11tc College in Hl35. 

Fron1 his graduation through most of 1919 
he was employed fo r short course instruction at 

Ohio State Univ., war; 
instructor in dairying at 
the Cniv. of Arkansas, 
l'nlistPd for naval av ia­
tion training, a nd was 
employed by ~e~ti!' S 
Food Con1pany. In th<> 
fa ll of 1919 Herzer he­
ra nu' associate profes­
~or in the Dairy Depart­
nlent of ~i[i ~s i ss ippi 
State GollegP and or­
gan ized the dairy manu­
fa ct tll"ing curri culUlu. 

F. H. Herzer SincP his appoin tment 
as !wad of the depart­

m<>nt in 1949 hP ha ~ guided the r eorganization 
of the produrt ion diYision , the Pxpenditure of 
$350,000 fo r new buildings, and 1111 expanded 
prog ram in teaching and research. 

In tlw flt>ld of research his attention has heeu 
cenh•J-rrl on such subjects as the effect of feeds 
on tlw fat ron~tanh; fta,·or and texture of 
che!'se and hutt!'r; the vit:nnin A potency of 
:Yli><s issippi huttt'r; weed fla\·ors in dairy prod­
ucts; the l'lfcct of. ~training on the CJUality of 
manufa ctured 1nilk p1·oducts; a nd the chcn1ica l 
c01npos ition of n1ilk. 

P rofer;sor H erzer ha s established an out­
stund ing rPCo1·d with tlw <'nllcgP dairy products 
judgi ng tea1n, which he eoached for 17 national 
eontrsts. In tabulating the placings of the vari­
ous teams, Mississippi has the highest over-all 
r ecord for a 21.-year period, winning sweep­
"takPs four times, a nd phwing second four 
times. Twelve scholarships were won, another 
top record for the contest. 

In 1938 he wa s elected vice-chaimllln and in 
193fJ beca 1ne chainnan of the Manufacturing 
Section of A .D.S.A. }Jp has hccn a member of 
the Dairy Products Judging Com1nittee of the 
Association since 19-10. He served as secretary, 
1942--16, and was chairman, 1948, of the South­
ern Section of A.D.S.A. He served 3 years on 
the Xational Feed Survey Con1mittee of the 
American :F'eed Mnfrs. Assor. He was instru­
nwntnl in establishing ~Iiss i ss ippi A.D.A. in 
1946 and continuPs to sene ns a director. S ince 
] 9-l-l Herzer has been secretary of the Missis­
sippi Dairy Products Assoc. and was presented 
a Bui<·k car in 1951 by this organization in 
nppreciation of his sen ·icP to the industry. He 
was appointPd dairy products grader by the 
Agri cultura l ~'larketing tlcrvi ce in 1942 a nd 
through this medium has helped to improve the 
qunlity of Mississippi hutter and cheese. 

Professor Herzer is an Episcopalian, Mason, 
and Alpha Zeta and is a me1nber of the Assoc. 
of Southe rn Agri cultura l W orkers and the 
.Uississippi Farm Burrnu. 

News from North Carolina State College 

:\I. lr . CMl.'l'F:R., grad uate student in the Nutri ­
tion St•ction of the Anin1al Tndu:try Dept., has 
hi'Pn nwanled a predot"toral fellowship by the 
Xationnl Science Foundation . .\'lr. Carter , who 
t olnplt•tPd work for his ~I. F;. degree in .June, 
] 95-l, will continue work on estrogenic oub­
sblllces extracted f ro1n sovlwan n1eal and their 
l'ff<•d upon g mwth and l"l'l~I"Odu<·tion in aninwls. 

.Do"\K :FI:-.: CH, o\\"lJl•r of Wlu·atmore Dairy 
Fanus, Thonlllsville, hn s en•atl'd 11 $2,000 "T!11-
I'nt for Scn ·ice" sf•holarship to be awarded to 
a 4-H Club or F.F.A. bov " ·ho has exh ihited 
outstanding leadership, scholarship, and char­
actt• r and ha o had at !Past 2 velll 'S of creditable 
\\"Ol"k with a purebrPd Holstein heifer or cow 
as a -1-l r Club or F.F.A. project. This scholar­
ship will he 11wardcd on tlw hasis of $500 p er 
year for a 4-yPar period. 

A1nong thP "Tnlent for S<' l'vic<·" schola1·sh ips 
is mw in honor of A. C. Kl "\lllE'l, retired ext<•n­
sion dairy specialist, t·stahli shcd by his sons. 
ThP sdwlarship awanl ,,·ill lw g iven annually 
to an outstanding -1-H C' luh boy who lllUSt en­
roll in ngricultm·p nt ;.\. C. State College. The 
lirst n·cipient is \\"II.LIA1r .T. LINDI.EY, JR., 
S!lln\· Ca mp, X. C. lIP ,,·as a 1nember of t he 
state 4-II Dairy Catt le .J udging Team in 1954 
a nd had nn outstand ing reconl in -1-H activ ities. 
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Louisiana Milk Plant Dedicated 
The dedication of a *iiOO,OOO 1nilk processing 

plant at Franklinton , La .. was held April 6. 
A large crowd was prPsrnt, and after a free 
barbecue at noon conduct('(] tours were made 
through the plant. SpPakers on the program 
included the Mississippi secretary of state, the 
mayor of New Or!Pans, and the Louisiana com­
n•issioner of agri culturP. 

The plant, whi ch is now handling about 260,-
000 lb. daily, should he ablt> to provide a mar­
ket for the surplus fluid 1nilk in the New Or­
leans area. This is tlw first approved project 
built und(•r the Louisinna Indust ry Inducen1ent 
Act. 

Bulk Milk Handling Conference 
Held at Illinois 

A total of lOJ repn•sentatives of industry 
attended the 3-da\· <·onfPn'nce on bulk milk 
handling held April 13-1...1- at the Univ. of Illi­
nois. B. L. HEHHJ:O.:(;'J'o~-: of Comell Univ. was 
the speaker at the hanqud. He discussed the 
rPh1tion of pipt• lin<' 1uilking and bulk handling 
of 111ilk to tlw devPioplnPnt of rancidity. Uni­
n•·sit~· staff 1nc•nbt>rs and tPchnical experts 
fron 1 ~ommerc ial co•np:m iPs and health regula­
tory groups sPrv!'d :~s disc·ussion leaders fo r 
thP four pmwl sPssions, whi ch were operated 
sinmltaneously. 

Dairy Technology Activities at Ohio State 

To support tlu• efforts of the Dept. of Dairy 
TN·hnology to incn•ns<• l'lii"OIIIllent and to servP 
otherwise in an ndvi,m·~· <"apacity to the Dc­
pnrtment, the Ohio Dairy Producb Assoc. ha~ 
appointed an Edu<"ational C'onnuittee with melll­
bers from various sP<"tions of the state and 
und<'r the chain11a nship of CAHr. BROUGHTON, 
])l"esident, Broughtons .Far111 Dairy, Marietta. 
A s i111ilar conuuittPP has been organized by the 
Ohio Dairy BoostPrs A"or. under the chairman­
~hip of LESTER DRr·sE:o.:DAHL, Drusendahl Sales 
Co., Cleveland. This association has made avail­
able funds fo r supporting the high school re­
cruitment program. A joint 111eeting of the two 
COIIIIHittees was held in Colu111bus recently to 
lay plans for a stntP-wide program aimed at at­
tracting larger IIUIHiwrs of superior high school 
gmduates into thP field of dairy technology. 

A series of dinnPr lllf'(•tings has been held 
in tlw state at which high 'chool principals and 
<"Ounselors were guests of the local dairy indus­
try and at which stnff IIU'n•bers from the Dept. 
of Dairy Technolog_v described the opportuni­
ties in this field of work. 

I. A. Gour.D lws ))('ell nsked to serve li S a 
nw•uber of a newh· established committee on 
}Iilk Food, and K{,trition of the National Re­
sea•·c;h Counci l and attPndPd the first meeting 
in Ch icago on '-"'anh :n. 

Pennsalt Appoints Representatives 

H. E. \Yrr.soN was recently appointed resi­
dent sales and service representative for the 
Pennsylvania Salt ~Hg. Co. He will have charge 
of the company's Florida territory with head­
quart!'rs in Orlando. Mr. Wilson attended the 
Univ. of F lorida. He served in the navy dur­
ing World War II and prior to joining Penn­
salt was manager of Miller Machinery & Sup­
ply Company's Tallahassee branch . 

R .• J. EGGERT has been named regional sales 
supervisor for the company's south-central ter­
ritory. Memphis will he his headquarters. Mr. 
Eggert, a native of Ohio, joined the Pennsalt 
Co. in 1953. He attC'nded Fenn College in Cleve­
land and served ns an infantry officer during 
thP W/lr. 

Minnesota News 

\\". E. PETERS~-::-.: ll'ft i\Iarch 30 for a 2% 
111onth trip to Kcw ZPaland and Australia. He 
will eonfer with res!'a rch workers in those <·oun­
tries and will lcctu rC' to f anner and scientific 
groups. 

A. L. BR UXDAGE, after completing the re­
quirements for the Ph.D. degree, has returned 
to the Alaska Agricultural Experin1ent Station, 
Paln1f'r, wh!'re he is dairy husbandnmn. 

C. B. A. Bryant Retires 

After 25 ~·p:~rs of SPJTi eP to thP dairy indus­
tr.Y C. B. A. (B ILL) BRL\:'<'T, fi eld service di­
re~tm· of Dairy Filters Dept., Johnson and 
Johnson, has ret ired . I n announcing Mr. Bry­
ant's retil"l'IIIC'IIt Feb. 15, G. \\". \VrLLITS, gen­
e•·n l nwnager of Filter Products Division, re­
ealls a few of the 11111ny highlights of Bill's 
illustrious career: his "Kcn•r-Be-Broke" Club; 
his nUIIIl'rous writings on dairy subjects; his 
lliiiUt!'ur color movie travelogups; his 25th a n­
nivPrsa ry party, at whi ch time he received a 
gold watch. 

Bi ll has staged a wonderful come-back after 
!I recent illness and will be available, after his 
rptire•m•nt, as a consultant on matters pertain­
ing to quality milk production at the fann level 
and for a limitt>d nnn1her of speaking engage­
lllent:;. 

Brown Swiss Cattle Project in Iran 

Brown Swiss cattll' fr01n 111ore than 40 Ameri­
can dair~· herds are helping Iran in one of the 
1nost rapid dairy in1provPn1ent progra1ns ever 
ntten•ptPd by an cntirt> nation. The cattle, many 
raised bv 4-H bovs and girls, were furnished to 
J ran b~." Heifer i•roject, Inc., an association of 
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American church groups interested in fo reign 
assistance, and the program was developed by 
the U. S. F oreig n Operations Mission to Iran 
in cooperation with Iran's "Yiinistry of Agri­
culture. 

"·· E. " -AH:-.:E, director of the mission to 
Iran, says that whereas Iranian native cattle 
produce only about 1,400 lb. of milk a year, 
the offspring from a cross with Brown Swiss 
are averaging more than 5,000 lb. ~l1·. \\"arne 
states that this is only a pnrt of the results that 
may come from American aid to Imninn fann­
ers. He says : "On top of this is the g reat con­
tribution to a f rieudly nat ion that will co n1 c 
fr01 11 greater hea lth , Yigo r, aud vitality of a n 
Iranian people \\·hen they a rc able to ha ve the 
dairy products necessa ry fo r good hea lth." 

Live-stock stations with snmll foundatiou 
herds have been established in Irnn's various 
provit;ces. ·working out of tlwse stations arc 
trained inseminators who used bi cycles and 
motorcycles to answer the calls f rom dairy cat tle 
owners. There are now more than SO purebred 
Brown Swiss bulls :md bull calves in Iran and 
more than 50 purebred females in the founda­
tion herds. The natural increase fro m these 
animals will be put into the program as they 
mature each year, and with the growth of the 
artificial insemination program the Iran Live­
stock Bureau expects that in the next 5 years 
one-fourth of the dairy cattle will he at least 
half Brown Swiss and producing an average 
of four times as much milk per cow as the 
animals they have r eplaced. 

1956 Short Course Changed at MSC 
The winter dairy nwnufa ctu rers short course 

at ~lichiga n State College will consist of four 
2-week tra ining sessions beginning in 1956. Th(! 
schedule will be as follows: J an. 9-:20, ma rket 
111ilk; J an. 23-Feb. 3, laboratory methods; Feb. 
6-17, ice cream; F eb. 20-~Iar. 3, cottage cheese, 
cultures, and fermented milks. Bnrolhnent 111ay 
be for any one or more of the 2-week courses. 

Wilster to Spend Year in Denmark 
G. H . 1\"JLSTER, professor of dairy ing, has 

been awa rded an educat ional exchange grant 
under the Fulbright act to be lecturer in dairy 
science in Denmark for the coming academic 
year. H e will be affiliated with the Royal Agri­
cultural and Veterinary College at Copenhagen 
during his stay in that country. Dr. and M:rs. 
Wilster plan to leave Oregon July 1, 1955, a nd 
embark for Denmark August 1. They will re­
turn to Oregon June 30, 1956. 

The Royal Agriculture College and the Dan­
ish Dairy Technical Society asked Dr. Wilster 

to appl~· for th (• award and wPre instrun1ental 
111 hi s rerPiviug the grant. 

A sal Ps promoti onnl ca n1paign is bPing 
planned fo r Oregon to reacquaint the publi c 
with the econon1ical food valuP of dairy prod­
ucts. Spcnrhcnding the pron10tion p rogran1 will 
he the Oregon Dairy Products Connnission, 
Oregon Dairy Council , and the Oregon S tate 
Collt•ge Extl'nsion Marketing Specialists. The 
C[llnpaign is being initiated beca use of a 16% 
milk price drop f rom OctobPr to February, 
combined with a 2% increase in cost of pro­
duction. 

BF~ :\ SL\IO);Sn:-.: . manager of the Oregon Dairy 
Breeders Assoc. for 6V2 years, has recently re­
sig ned. H e will become sire analyst and office 
nuuwgPr fo r Roger J essup Farms Artificial 
Breeding Senice in California. ];'nED RoBER'l'S, 
fonner fa rm a nd laboratory supervisor, has 
taken ovP r as ncting manager for the Oregon 
group. 

Washington State Meeting Attracts 200 

Approximately 200 representatives of the 
dairy indnstry from the Pacific Const, Canada, 
Alaska, and the .Midwest co1npleted a session 
of lectures, demonstrations, panel discussions, 
product .judging, conducted tours, and enter­
tainment fea tures at the 24th annual Washing­
ton S tate College Institute of Dairying, Mar ch 
7-11. 

The prug ra111 included discussion of the oper­
ation of federal milk-marketing orders; ad­
Yancements in detergents and san itizers; work 
si1nplification ; cause and prevention of milk 
flm·or defects, especially in connecti on with 
modt•rn bulk handling methods; sanitary stand­
ards; waste disposal; a nd the in1porta nce of 
psyclu·oph ils. 

Completed Theses 
111 .8. D egree : 

H. E. S'l'Rl:SS-A survey of the utilization of 
unifonn labeled C" glucose in the production 
of lactose by the perfused bovine mammary 
gland. CniL of Minnesota. 

ROBERT LAIRD-A study of the influence of in­
heritance and environment on the g rowth of 
young heifers. The Ohio State Univ. 

Ph.D. D eg·ree: 

E. F. GRAHAM-The effect of different planes 
of nutri t ion and frequencies of collection on 
bovine semen production. Univ. of ~Iinnesota . 

S. H. Lm rBARD-Investigations of the stale 
flavor in sterile and dried whole milk. Univ. 
of Illinois. 
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Do Dairy Students Understand 
Dairy Arithmetic? 

A Guest Editorial 

·when co mm e r c ia l d a iry manufacturing 
groups a re asked to suggest changes which, in 
their opinion, would improve the dairy manu­
facturing curri culmn of a college, somewhat 
standard replies a re received. One suggestion 
is that husincs' adm inistrntion be added along 
with the tPehui cal courses, and, in particular. 
that spePialized bookeeping procedures be given. 

so that profit and loss 
s tat e men t s on ma ny 
hig hly i ndividua lizecl 
items may be secured. 
As an illustration, the 
management of an iee 
crea m plant making spe­
eialties could well use 
information on the cost. 
profits, and losses ex: 
perienced in the mak­
ing of tarts or popsicles 
or fancy molds; a milk 
p lant needs information 

P. S. Lucas concerning profits and 
losses on chocolate milk 

and by-products. Most types of bookkeeping 
show the profits or losses on an over-all opera­
tion. 

A second criti cism is one that concerns the 
lack of eng ineering training. Thi s lack has 
been remedied to a great extent in several of 
the la rger universities. In the past, dairy me­
chani cs or engineering has been concerned 
chiefl y with the study of ice machines, but it 
could j ust as well be concem ed with the entire 
dairy engineering fi eld. 

A third criticisnt is sca rcely, if ever , men­
tioned and yet it is painf ully evident to any 
teacher of dairy plant management or to any 
employer who questions his recently hired col­
lege graduate. This is concerned with the new 
employee's ability to apply the principles of 
dairy arithmetic. A recent problem, which was 
very simple in itself, but which, when given to 
a class of seniors, few wet·e a ble to solve, simply 
asked the pounds of milk that a plant would 
require in a day to put out a certa in nuntber 
of quarts of tnilk, chocolate milk, "·hipping and 

coffee crenm, condensed milk, and ice cream. 
The same confusion is experienced when a stu­
dent is attempting to apply the principles of 
proportion, which, supposedly, he learned in 
the fourth or fifth grades of cotnmon school. 
'rhe average student finds it difficult to use his 
imagination in reason ing out the intricacies of 
standardizing an ice cream mix. The very basis 
of good management lies in the !!dept use of 
the tip of n pencil. The manager may bP 
throwing away thousands of dollars each year 
by not figuring sharply. The day has passed 
when ca relessly contpiled cost figures are ac­
ceptable. 

The nwnager of the moder ate sized creamery 
nw v fee l that he cn n hire a tra ined man to do 
the. necessa ry figuring which absolves him of 
the nel.'d of understanding all the technicalities 
in volvl'd . Therein lies an advantage fo r tht• 
college g raduate: If he understands the tnathe­
tnati cs inYolwd in the dairy tnanufacturing in ­
dustry he has one more arrow in his quiver. 

Where and how this information should be 
g i,·en to the student is a matter that each de­
partment mutit decide. The problems of stand­
a rdizing tnilk for fat and solids so as to meet 
the :tandards set for condensed and sweetened 
condensed milk can be taught in a course on 
condensed milk. Probably ice cream standardi ­
zation should be taught in the ice cream course. 
Seldom dol's one find a student start ing a cheese 
course who knows how to reduce milk with 
skinunilk in such manner that it will meet the 
fat as well as the fat -f ree solids standards re­
quired for legal cheese. Surely, if a student 
aspires to a managerial job he ought to under­
stand also how to calculate the value of ove rrun 
in either butter or ice cream. 

Although students can be counted on to per­
petrate many surprises for their instructors, it 
is a safe prediction that many a conscientious 
instructor will be surprised, if he will take the 
time, to learn how confused a student may be in 
trying to solve many of the simple mathemati­
cal problems that commonly occur in the opera­
ti on of the dairy plant. Dairy arithmetic merits 
more attention than it has been getting. 

P . s. L UCAS 

Dai·ry Dez;a·rtwent 
Michi[Jan S tate College 



Ingredients for Successful Dairy Farming1 

How Henry Beland, A Young Michigan Farmer, Achieved Success 

c. R. H OGLUND 
Production Economics Research B 1·anch, Ag·ricult ural R esearch Sen·ice, USDA. 

and Michigan S ta te College 

Mod£'1'11 da iry fa rming is becoming a highly 
commerciali zed, skilled business which r equires 
a large ca pital investment. Returns a re seldom 
phenomenal and they are often discouraging. 
Many farmers have found it a highly satisfying, 
p rofitable venture ; others have barely made a 
go of it. The more successful dairymen earn 
as much as $1.50 to $2.00 per hour for thei r 
labor and management. Others receiv£' as little 
as $0.30 per hour. 

Dairymen Must Consider Many Factors 
"\V'ha t a re the essential ing redients fo r succes:< 

in da iry fa nning? How should these ing redi ­
Pnts (success fac tors ) be combined to yield the 
greatest success? These are two importa nt 
questions f aced by prospective dairy fa nners. 
At least five ingredients or factors are basic to 
success in da iry fa rming. The dairy fa nner. 
like the good cook, must combine these ing r£'­
dients in the right proportion. The more illl ­
portan t success factors fo r da iry fa nni ng ar ro 
ns fo llows : 

1. Adequate \'olume of bus in£'~" 
2. Efficient cropping program 
3. High producing livestock 
4. Labor saving methods 
5. :\Icaningful fa rm record" 

HE:>~ RY BELAKD, JR. , a 36-year-old I onia 
County, Michigan da iryman, has combined t hese 
success ingredients in about the right propor­
tion. An average of 1nore than 360,000 lb. of 
1nilk annually f ron1 30 cows is his record for 
the last 2 yea rs. Milk production per worker 
is better than 200,000 lb. Beland had one of the 
lowest feed costs in producing 100 lb. of milk in 
a recent dairy cost study conducted by Michi­
gan Sta te College. 

Beland Not Always Interested in Farming 
Henry g rew up as a fa rm boy but decided to 

leave the fa rm fo r city work when he was a 
high-school student. H e attended business col-

1 The second of a series of success stories by the 
author to show that scientific dairy fa rming makes 
for better living. 
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lege fo r 1 yea r to prepa re himself fo •· what he 
thought was his li fe's work. It was ncar t lw 
end of his first year at college that an event 
occuned which permanently changed hi s view· 
point about fa rming. Because of poor health, 
his fa ther asked him to help operate the dair~ 
fann. H enry welcomed the opportu nity to re­
turn to the fa rm as the g lmnour of city li fe war, 
la rgely gone and real wages there were lowet 
than he had ex pected. 

H enry Beland entered in to a partnership 
with his fa ther in 1937 after co n1 plcting t he 
.vea r of business tra ining. Practically all of hi ,; 
ea rnings in the fi rst 2 yea rs went to pay for a 
sha re of hi s fa ther's cattle and machinerv. 
Late r, he an d his f ather went into debt to h~y 
additional machinery. 

In 1945 H enry bought the f arm he is now 
opera t ing. The same year he bought out hi~; 
fa ther's sha re in the li vestock and machinerv . 
The buildings and cropland on the 100 acr~s 
were had!~· run down. E ighty acres of land 
have been rented since 1946, and in 1952 he 
bought 17 more acres. 

Beland has gone a long way in developing a 
successful dairy unit . H e recalls that the g ross 
inco n1 c f r01 11 an entire year's production when 
he and his fa ther sta rted out with 10 or 12 cows 
was very little higher than the value of a recent 
2 weeks' 1nilk production. H e owned 16 cow" 
when he moved on his present f arm in 1945. 
Milk production since that date has more than 
doubled. 

Large Milk Output Is Important for 
Efficient Production 

An adequate volume of business is one of the 
chief facto rs that contribute to successful dairy­
ing. Only the dairy f armer with a la rge output 
can take full advantage of mechanization and 
other improved techniques that reduce costs. 
An annual production of at least 200,000 lb. of 
milk (3.5 test basis ) appears to be a desirable 
goal. 

H ow do typical dairymen score on volume of 
output ? A detailed study was made in 1954 
of the production practices used and the ad-
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justmcnts made in the farm operations of 40 
young dairy farmers in southern :Michigan. 
Their milk production ranged from a low of 
110,000 to a high of 374,000 lb. annually. About 
a third of these dairymen produced less than 
300,000 lb. of milk annually. These were full­
time dairy fa rmers who had operated their 
farms for aboi1t 10 years. They averaged 35 
years in age. 

A ma jor problem of most beginning farmers 
is to acquire enough land to support a minimum­
sized dairy herd. To produce 200,000 lb. of 
utilk will require about 20 good cows. A dairy­
man who produces 3 tons of hay per acre will 
need about 60 acres of meadow to supply the 
hay and pasture for a 20-cow herd. H hay 
.vields a re only 2 tons per acre, 90 acres are 
needed. Additionnl cropland must Ill' provided 
if com silage and feed grains arc to be p ro­
duced. 

Beginning farmers \\·ho are fortunate enough 
to sta rt out as a fa ther-son team, as Henry 
Beland did, usually atta in the needed size of 
business sooner than young men who sta rt out 
directly as tenants or owners. )[ot all beginning 
farmers can get started as a fa ther-son part­
nership. However, most beginning farmers, re­
gardless of how they get started, wi ll need to 
in\·est their limited capital wisely if they are 
to attain the needed volume of business. 

Building Up a Run-Down F arm 
The Beland farm was so badly depleted that 

it was difficult to grow wheat the first few years. 
Yields of other crops were also low. Use of a 
good rotation and heavy applications of fe rti­
lizer nnd manure have made this one of the 
uwst productive farms in the community. About 
-!00 lb. of high-analysis fert il izer arc appl ied 
prr acre on the whea t and oats. A heavy appli­
cation of hamyard manure and 150 lh. 4-16-16 
ferti lizer a re applied to the com. A heavy 
gre1·n-1 na nure crop is usually plowed down 
before the corn is planted. Two hundred pounds 
of 0-20-20 arc applied each year to all of the 
meadows. 

Hem·y's crop rotation is wheat seeded to 
sweet clover; sweet clover is plowed down for 
corn ; oats, which follows the corn, are seeded 
to a lfa lfa, brome grass, and ladino clover and 
left for about 3 years. This brings the rotation 
back to wheat with the third-year alfalfa sod 
plowed down early. Beland has fo llowed this 
6-year rotation since 1948, the year he started 
cooperating with the Ionia Soil Conservation 
District. 

Crop yields per acre in 195-! were as follows: 
corn-86 bushels, wheat--45 bushels, oats-55 
bushels, corn silagc-15 tons, and alfalfa-brome 
hay- more than 4 tons. Beland expects to 
increase crop yields still more by putting in 
additional tile lines in sonte poorly drai ned 
areas. 

Beland has achieved low feed costs by mak­
ing liberal use of high-quality meadows. He 

makes it a year-to-year practice to harvest a 
ton of grass silage for each cow, to supplement 
pastures in late July and August. Two silos 
are fill ed with corn for winter feeding. All of 
the hay is baled. In vestment in foi·age-hnrvest­
ing equipment is kept at a minimunt by custom­
hiring the chopping of the grass and corn 
silage. 

Building Up a High-Produc'ing Herd 
Henry Beland has been successful in improv­

ing the productive capacity of his cows along 
" ·ith the increases in crop yields. A production 
m·eragc of about 12,-!00 lb. per cow the last 2 
yea rs is ev idence of good managetnent. H enry 
attributes his high production average to the 

FIG. 1. High ·producing cows and good qua lity 
ron ghnge result in lower milk production costs on 
the Beland f a rm. 

use of improved sires, a culling program based 
on D.H.I.A . r ecords and study of individual 
cows, and use of management practices that 
lengthen the productive years of the better 
cows. 

Herd sires have been purchased from pure­
bred breeders that have achieved high produc­
tion records under ordinary farm conditions. 
Beland likes to select herd sires f rom cow fami­
lies with uniformly high product ion records. 
He has made only limited use of artificial 
breeding methods, although some of his higher 
producers are a result of this service. 

All Phases of Production 
Must Be Efficient 

Adoption of improved crop and pasture prac­
tices is basic to more efficient production in all 
phases of dairy farming. These practices in­
clude better drainage and the use of improved 
rotations, adequate quantities of lime and fer­
til izer, improved forage harvesting and storage 
methods, and adapted varieties. The total feed 
supply on an average dairy farm could be in­
creased by as much as 40% by following all 
recommendations. 

High-producing cows are a must from the 
viewpoint of both volume of business and net 
r eturns. A goal of at least 10,000 lb. of milk 
per cow can be attained over a period of time. 
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On One-Man Dairu Form 

HOW BETTER COWS AND BETTER 
PRACTICES BOOST DAIRY INCOME 

L1ltor Income of Op•rdor: 

Wit~ Utual Prutice•• 

Wit .. lrnpro ... d Pr.-:ticet • 
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FIG. 2. Attainment of optimum efficiency and 
high labor incomes in dairy farming involves the 
use of improved practices in all phases of the farm 
business. 

The 10 most progressive of the 40 dairy farmers 
studied averaged 10,650 lb. of milk per cow 
after they had been farming for about 10 years. 
One of these good cows will net as much as 3 or 
4 average cows (7,000 lb. of milk). 

Some dairymen fail to achieve efficiency be­
cause they fall short in one or more phases of 
production. A dairyman who has attained low­
cost feed production may achieve only half of 
his potential net returns if he has low-produc­
ing cows to utilize this feed. Likewise, the 
farmer who has high-producing cows but who 
is using inefficient crop production and labor 
practices loses much of the advantage of good 
cows. 

Henry Beland stresses the importance of 
keeping usable farm records as an important 
step in achieving success. These records have 
helped improve crop and livestock efficiency. 
An improved forage program resulted in the 
feeding of less grain and the elimination of 
expensive protein supplement. He is now using 
these records to help him decide whether he 
should install a gutter cleaner, remodel his barn 
into a pen-system of housing, or add a hired 
man and more cows. 

FIG. 3. The Belands believe herd records are an 
essential phase of successful dairy farming. 

Balancing Farm and Home Activities 
Attaining a well-balanced dairy business and 

high earnings is not the only attribute of suc­
cess. The business of dairying, like other pro­
fessions, is not an end in itself. It is merely a 
;ueans of attaining the worthwhile things in 
life-a better living, happiness, education for 
the children, opportunities to travel, and an 
interest in the finer things in life. These are 
the things that make success important to the 
whole farm family . 

Farm families face the problem of allocating 
farm earnings between the farm business and 
the home. Careful planning on the part of all 
members of the farm family is essential if 
the farm business is to prosper and if the goals 
of the family are to he realized. The capital 
needs of both the farm business and the family 
change over a period of years. When the farm 
family is just getting started, there is usually 
a tremendous need for making investments in 
more and better livestock, improved machinery, 

FIG. 4. The Beland family enjoys the fruits of 
successful management and good planning. 

fertilizer, lime, and other production goods that 
increase farm output and earnings. A few years 
later there is need to increase the family budget 
as the children grow up. Insurance, education, 
food, clothing, and other expenditures become 
more important. 

Farm families as well as farm businesses 
have often snffered in the past because of poor 
nllocation of savings. The purchase of a new 
tractor or machine has often delayed the pur­
clwse of needed household equipment, vaca­
tions, and investlllents for insurance. Farmers 
often need to consider the possibility of using 
an old lllachine for another year or custolll­
hiring certain wo;·k so that the needs of the 
fnmilv ran he taken care of. On the other 
lwnd; the family ;nay have to forego a new 
ca r or television set or an extended vacation at 
a tillle whrn the budget calls for a large farm 
invest.ncnt. 

TIIP Beland family has worked ont a satis­
factory allocation of funds for family and 
farlll needs. During their first yPat·s on the 
farlll, all available savings were invested in 
production goods that have made the fal'ln 
n;orc efficient. lu recent years, the family has 
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beneflted from these investments in the form of 
annual vacations, a modern, convenient home, 
musical activities for a daughter, and a farm 
free of debt. Every fall, Henry takes off for 
the north woods to hunt deer for a week. Mrs. 
Beland and his father do the chores when he 
is gone. 

Working for a Better Community 
Both Mr. and Mrs. Beland are community­

minded. :\Irs. Beland is president of the local 
Girl Scout group. She also participates in the 
local Grange and Farm Bureau. Henry is on 
the town board, is a member of the board of 
directors of the local elevator, and president of 
the County D.H.I.A. organization. He helped 
organize the new experimental township exten­
sion program in his area and is a member of 

the board of directors. He spends a good deal 
of time in promoting better farming practices. 
His crop rotation has led the way in his com­
munity toward more plow-down of green man­
ure crops. He works closely with the county 
agricultural agent, the local soil conservation 
district and Michigan State College. 

The Belands have two children, a daughter, 
Sandra, who is 10 years old, and a son, Dallas, 
who is seven. Sandra is a 4-H Club member· 
in horne economics and dairy work, is a Girl 
Scout, and is interested in piano and band. 
Dallas is too young to have become interested 
in many hobbies or comnmnity activities as yet. 
Will he a lso become a successful dairy farmer~ 
Only time will tell , but it is certain that he and 
Sandra will be given the encouragement and 
opportunity to do an outstanding job in what­
ever they tackle. 
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BOOK REVIEWS 
283. Agricultural Process Engineering. S. l\1. 
HENDERSON and R. L. PERRY. John Wiley and 
Sons, Inc., New York. 402 pp. ~8.50. 1955. 

The preface states, "This textbook was de­
signed primarily to ass i ~t in teaching the engi­
neermg ele rnents of agricultural processing to 
advanced students in ag ricultural engineering." 
Among the rnany activities included in the 
definition of agricultural proccssin O' a r·e those 
dealing with rnilk and nrilk product:.. 

Our plants perform a number of operations 
which are conrmon to the production of several 
dairy products as well as of other foods. These 
"unit operations" form the ba~is of this book. 
Those stressed arc heat tmnsfer, fluid -flow 
drying, size reduction, cleaning and sorting, and 
materials handling. The book opens with a 
chaptPr' on the engineering approach to the 
processing field . In addition, discussions on the 
principles of r·efrigeration, therrnonreters and 
controls, plant design and cost analys is would 
be of special interest to the dairy technologist. 

A large number of excellent illust rations 
either line drawings or phantom views when~ 
ever the internal mechanism is of interest, are 
used. A psychometric chart for a ir and Mollier 
diagrams for ammonia and f reon arc included. 
The tables and charts are easy to read and 
understand. The appendix includes an abridged 
steam table. The author·s have included at the 
end of each chapter a list of key referen ces 
for further study on the subject. Sanrple prob­
lems and their solutions, interspersed through­
out the text, do a good joh of integmting and 
using the factual matter presented. 

This book is excellently written and com­
posed. Of greatest interest to the reviewer was 
the chapter on heat transfer, especially the 
section on heat exchanger analysis. 

As noted above, this work was intended as a 
textbook for agricultural engineers. An engi­
neering background, including a knowledge of 
mathematics, thermodynam ics, and mechani cs, 

the analytical sections. Therefore, we recom­
mend that every library on the subj ect of dairy 
manufactur·ing should contain this book. 

M. P. Steinberg 

284. Air Conditioning Refrigerating Data 
Book. Applications Vol., Fifth Edition. Ameri­
can Society of Refrigerating Engineers. 1955. 

The art and science of refrigeration and the 
recon11nended prarti ce for their application to 
specific problems in the refr·igeration and air 
conditioning fields are described in deta il. This 
volume cornprises eight rmrin sections, I. l•'rozen 
Foods; II. Ref rigeration in Food Industries; 
III. RefrigPration Warehouse Practice; IV. Re­
frigerated Food Distribution; V. Low Tempera­
ture Applications; VI. Industrial Applications 
of Refr·igemtion ; VIT. Comfort Air Condit ion­
ing; VIII. Industrial Air · Conditioning. In 
these sections are found 61 chapters. Chapters 
of previous volmncs which have become obsolete 
have heen either omitted or rewritten. Thrte 
new chapters have been added, Chapter 26 on 
Precooling, Chapter 32 on F ishing Boats, and 
Chapter 50 on Passenger' Automobiles. In addi-' 
tion to rewriting entirely se.Yeral chapters most 
of the remaining chapters were rev ised, some 
of them extensively, to 6onform to current prac­
tices in their respective fields. Chapters of 
interest directly to member·s of the dairy indus­
try are, 3. I ce Cream, C. J. Bell, reviser, 9. Milk 
Plants, C. A. Blanchard, author, 10. Butter 
Manufacture, M. E. Parker, author, and 11. 
Cheese Manufacture, E . Traisman, reviser. A 
number of other chapters are to he found with 
infor·mation bearing directly on storage, tran~­
portation and refrigerated display of dairy 
products. 

A Refrigeration Classified SPetion in the rear 
of the volume is a supplement, listing manufac­
turers of components and assembled units of 
refrigerating equipment, which many readers 
will find hPlpful. L. A'L Dorsey 

is expected for a compr·ehension of all the 285. Standard Values in Nutrition and Me­
material. The subject matter is treated rigor- tabolism. Edited by Errett C. A !britton The 
ously wherever possible. However, the plant George ·washington University. Prepared un­
production man should be able to understand der the direction of the Committee on the 
most of the descriptive portions and some of Handbook of Biological Data, American Insti-

A47 
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tute of Biological Sciences, The l\ a tiona! R.c­
S('an·h Coun(' il. '"· B. SaumlPrs Co1npany, 
Philadelphin, 1954. 

Till' 160 tahles iu this nionograph are the 
contribution of 800 specialists in th<>se fields in 
this country nnd abroad. TahlPs as originally 
conipiled were subjected to intPusivc review hy 
experts in the respective subjects. By this pro­
cedure the tahle were stripped of Inost of the 
controversial or questionable or borderline Ina­
terial, leaving for final presentation to the user 
only what is presently accepted us fact by 
those who arf' competent to judge. There are 
223 pages of tables and 16 pagps of diagrams 
containing many thousand items of authorita­
tive data , much of it quantitative. Each table 
has its separate bibliography in the bibliogra­
phy sec·tion of the handbook and each individual 

· itennira table is keyed to its specific reference. 
This indicates a most meticulous treatment of 
reference material. The information covers the 
nutrition of man, beasts, birds, insects, fish, 
reptiles, plants, bacteria, yeasts and molds. 

Sponsors of the work are the Air Force, 
Army, Navy, and Atomic Energy Commission, 
issued in August 1954 as Wright Air Develop­
ment Center Technical RPport 52-301. 

L. M. Dorsey 

286. Manual on Industrial Water. American 
Society for Testing Materials, 1954. 

This manual contains new and revised meth­
ods for the examination and testing of indus­
trial water. Industrial water is distinguished 
from sanitary water in that the latter is water 
used for human consumption or used direct!~· in 
the processing of foodstuffs. Many of the same 
tests are us<•d for complet<' exan1ination of 
both kinds of water but indu~trial water, for 
instancP, is not examined for pathogenic bac­
teria but only for bacteria associated with 
formation of mineral deposits in piping or heat 
exchange equipment. Tlw manual covers, Uses 
of Industrial 'Water, Difficulties Caused by 
·water in Indusb·~·. Co1nposition of Industrial 
WatPr and vrater-FOI'III!'d Deposits, Treatment 
of Industrial W atPr, Anal~·s i s of Industrial 
'Vater , S!nnpling and TclPntifica tion of Water­
Formed Deposits, and Analysis of Water­
Fonned Deposits. It is designed as a brief 
reference source for thn•c types of users; execu­
tives and plant dPsigncrs; individuals engaged 
in industrial opPmtions involving the use of 
watPr ; and analysb, opPrators of spPcial instru­
III<'nts, engineers nnd consultunts. Nu!nProus 
foo tnotes pmvide rpferen ces to original source 
JnatPriul while nt the end of tlw book section G 
of tlw appPnd ix is a list of A S T M Sy ni po­
si unJS and TPchnical PapPI'S on Industrinl vVn­
tPr. A nu1nber of diagn11ns und photmnicro­
graphs are found to illustratP textual matter. 
Sections A, B, C nnd D of the uppendix present 
all of the A S T M industrial water standards 
and m<'thods thnt have hPPn ndoptPd by the 

An1erican Society for 'f<'sting Materials. A 
glossar~· of technical tel'lns in con11non usage 
and words used in the Ma nual in a special sense 
is Section E. Section F is a tabular presentation 
of the amounts of water or stPam rPquirPd per 
unit in many industrial operations. " ' hilc wa­
ter requircniPnts are given for milk pmducts 
no steam amounts a re given and it would seem 
that n more complete list could be set up to 
include milk condenseries and ice cream plants 
along with steam usage. L. ~L Dorspy. 

BUTTER 
287. Butter dispenser. K. MICHAEI,IS. U. S. 
Patent 2,702,942. 2 claims. Mar. 1, 1955. Offic. 
Gaz. U. S. Pat. Office, 692, 1: 18. 1955. 

A sc1·ew operated dispenser for extruding 
individual portions of butter. R. Whitahr 

CHEESE 
288. Device for curing and turning cheese. 
C. 0. G. PERSSOK. U. S. Patent 2,702,943. 2 
claim s. Mar. 1, 1955. Offic. Gaz. U. S. Pat. 
Office, 692, 1: 19. 1955. 

A rack of shelves for holding cheese is 
described. The rack is suspPnded from rails 
attached to the ceiling of the curing room 
which permits movement of the rack in the 
direction of the rails. Provision is also made 
for turning the entirP mck upside down by 
means of a gear ntta<·ht>d to the axis. 

R. 'Yhitakt•I' 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

289. Milk evaporation apparatus. ,J. A. CRoss 
(assignor to Mojonnier Bros., Inc.). U. S. 
Patent 2,703,610. 1 claim. Mar. 8, 1955. Oflic. 
Gaz. U. S. Pat. Office, 692, 2: 190. 1955. 

A multiple effect tube chest type vacuum 
pan is described in dPtail. Vapor and li4uid 
from the tube chests are separated in centrifu­
gal vapor separation chambPrs, the liquid from 
the outside returning for reci1·culation in the 
same tube chest and the vapor from the center 
passing to the nPxt <>ffP1•t. R. Whitnkcr 

290. Method of making a dry and wet salad 
dressing. E . P. HA:>~!::Y. li. S. Patent 2,704,258. 
2 clai ms. Mar. 15, 1955. Offie. Gaz. U. S. Pat. 
Offic., 692, 3: 366. 1955. 

Salad drPssing is ]H'<'pared by 111ixing !'i parts 
war111 water and 1 part vinPgar, and moistening 
a dry powdered Inixtui'P of 1 part of dPxtrin, 
4 pnrts of powdPred n1ilk, and 1 part of a 
hlend of sugar, sa lt , nnd othPI' sensoning, until 
the d\'sired consist!'IWY is obtained. 

· R. \\'hitakPr 

DAIRY CHEMISTRY 
291. Structure of reducing disaccharides by 
leJd tetraacetate oxidation. A. S. P~:RLIN, Div. 
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{)f Appl. Bioi. , ~at!. Research Lab., Ottawa, 
Can. Analyt. Chcm ., 27, 3: 396. 1955. 

Thr use of lead tetraacPtatP oxidation for 
dPtennining the structure of reducing disac­
charidl's is d!'scribed. Measurpnu•nts included 
the produetion of fonnic arid and fonnaldehyde 
and thC' r.onsumption of IPad tPtraaet>ta te. A 
wide variety of hexose and pentose disaccha­
rides i1u-luding lactosr was t'X111nined. The oxi­
dations n•quin•d onl.v a f ew millii:rains of uwtc­
rial and wPrP both <·onveniPnt and rapid. The 
mtr of fonniP acid production was dPtPmiinPd 
fro1n tlw Pvolution of carbon dioxidP in the 
\\'arhurg rPspiromPter. Tlw n•twtion 111ixturc 
was ana lyzed at Phosen intt•rvals for consump­
tion of ]Pad tptJ·aac·etate and for other p1·oduc•ts 
of th•• oxidation. B. H . WPhh 

292. Improvements in Karl Fischer method 
for determination of water. K D. PET~;Hs and 
.1. L. .Ju:-.~G:-.~I C' Kf:L, Rhell Developmt>nt Co., Em­
er_vville, Ca lif. "\nalyt. Chen I., 27 ,:!: 4TJO. 1955. 

A substantial gain in stabi lity Pan lw ad1ieved 
hy substituting meth~· l CPilosolvP for IIIPthanol 
in the fornmla for Karl l<'isclwr I'<'agPnt. In 
addition to its grPatPr stahi lity, tlw 1nodified 
r cagPnt Pxtends tlw npplirahilit.v of th•• Incthod 
b_v pennitt.ing 1l11 appropriate C'hoirl' of ':ample 
soh·ent. ll. H. \\ ehh 

293. Enzymic inhibition of gelatin in frozen 
egg yolk. A. LoPEz, C. R. F~; I.I.~:Ils, nnd ,V. D. 
PowRn;, Univ. of Mass., A 111herst. J. )[ilk and 
Food Tt>e.hnol. , 18, 3: 77. ] 955. 

In ordl'r to inhibit gclatin lik<· cons istPncy 
in eounuPrei:II Pgg yo lk a coneentmtion of 0.05 
per eent papain was addPd to fn·sh yolk and 
incuhatf'd for 15 to 20 min. Tr_vpsin anfl 
rhoz_vruP w<•rp equally effeetiw hut off-flavors 
and off-odor~ dPveloped in tlw ~·olk . Panci·ea­
tin , ercpsin and lipase did not inhihit g<•lation. 

Gelation in frozen and thawPd Yolk wa s not 
inhihited hy thP addition of fresh ~·olk of PithPr 
acid OI' f' nzyuultie h~·drolysatPs of yolk. 

A protein or protPin emupiPx is lwli t>vc••l 
responsible fm· gPlation in fro:wn and thawed 
yolk. n. ll. W<•isPr 

DAIRY ENGINEERING 
294. Oil maintenance equipment. L. S . ..\[ET­
f'ALF'L lee Cream HPY., 38, R: 46. 1955. 

Cm·pful sPIPction , use, and Inaintt'llllll<'C of 
luhrieants is a lll<'lllls of rPdueing tlw an1ount 
of oi l pun·lws<'d and will a lso assist in main­
taining produetion at a hig h lt•v<•l of pftkieney 
by redueing <'quiprnent failun•s. lt has bee:1 
establishPd that oil does not \\'t•a r out if kept 
clean. The prohleu1 of oi l umint<•nanee is threP 
fo ld . Fi1·st, l'nrPig n IuatPI'ial uiust lw prPn•nted 
from getting into the oi l. RPeond, opt• rating 
ronditiou~ must bt• eontrollPd. Third, contani­
inants whi ch may gain Pntnmee to the lubricat­
ing syst.t1 1H HllH.; t be l'PHIOYf>d. 

The author sugge:;ts that the services of a 
specialist in the lubrication field should be 
obtained to determine the type of oi l which 
:;hould be used and the type of equipment best 
adapted for oil maintenance. 

W. J. Caulfield 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

295. Application of machine accounting to 
milk and ice cream industries. N. V. BEL­
~.~~:-.IOIT , H. P. Hood & Sons, Boston, Mass. 
Sou. Dairy Prod. J., 56, 4: 140. 1954. 

There is an increas ing need to mechanize 
accounting in u1ilk and icc ~)!'Cam plants of all 
sizes. Tlw advantages of electronic devices is 
so great that it is not a question of "if" but 
of "when'' mechanizing will occur·. 'Ve should 
start a prog ram which will progress to punched 
ca rds and whi<·h will include source recording, 
intenncdiatP processing and end results. Our 
efforts for the present should be concentrated 
upon the first and last. Uniformity, accuraey 
and cOinplt•tPnPss are of pammount importmlCP. 
\VhPn thP information is entered properly on 
punched •·a rd ~, p]cctronic 1nachines can be used 
effP<·tin•l.v to obtain any nPeded end results, 
such as pay ch e•·k~, opemting r eports, cost 
a nalyses and stati sti<·~. F. ,V, B ennett 

296. Price supports and parity. A selected 
bibliography. 0 . ClJAI m:-.~n:; , Calif. A gr. ~:xpt. 
Sta., Bc rkfoley. 1954. 

This puhlieation is 
articles pertaining to 
progran1s which have 
L"nitcd States. 

a listing of nuniProus 
various price suppo1-t 

hcen cstahlished in the 
R. W. Hunt 

297. Bottle holder . . J. 13. BIEDERllrA:-~ . U. S. 
Patent 2,70H,2fl3. 5 claims, :Mar. 1, 1955. Offic. 
Gaz. U. S. Pat. Otlice, 692, 1: 96. 1955. 

A holding devil'e for easily clamping around 
the li p of 1nilk and othe1· hottles to facilitate 
holding ~C\'eml hottlt•s with one hand. 

R. Whitake r 

298. Carton carrier. H. ,\. To111 ARI N (as­
signor tn Loroeo Industries, lnc.). U. S. Pat­
ent 2,704,222. ] :-1 clain1 s . ..\fa1·. 15, 1955. Offic. 
Gar.. L". s. Pat. Ofliee, 692, 3: 35R. 1955. 

A hand iP dPsigned to eany two cartons hav­
ing tapei '<•d tops, of tlu• typ<' Pnrployed in the 
Pu1·e-Pnk papPI' n1ilk hottlt>. R. \\'hitaker 

FEEDS AND FEEDING 
299. Effects of feeding different grades of 
h'ly and cod-liver oil concentrate to dairy cat­
tle. III. From 361 to 720 days of age. H. B. 
ELI.E-.;nERGEI! , .). A. ;\~;wi.A :-.~ n~~n, and C. H. 
.Jo-.;Es, Vt. "\ g r. Expt. Sta .. Burlington. Hull. 
;:J76. 1!15-L 

These trials •• :dPmh•d through 3 and 4 gen­
e•·nt ions in onlPI' to l.'nlluatc t he cunmlativc 
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effects f rom feed ing hays of different quality, 
cod-liver oil concen t rate, or from lack of cal­
cium or phosphoms supplements. This report 
covers the second year in the lifP of the anima ls. 

The grain fed eonsisted of a mixture of 
three parts corn nrl•al, one ground oats, two 
wheat bran, one old process oil rneal, one corn 
gluten feed, and two of 41 % cottonseed Ill PHI 
with 1% salt. The eons111n pt ion rate of this 
feed was about 1.6 lbs. Succulent fcPds, grass 
clippings, a nd silage were eaten at a rate of 
about 20 lbs. per animal per day. Each aninHtl 
was a llowed to eat a ll the hay it desi red, 
averaging about 6.5 lbs. per day. 

. The results of this experiment indicated that 
heifers fed simple rations such as used during 
this study do not need additional calcium and 
phosphorus. On the wholP, heifers did well on 
the poor!'r quality hay, ave raging slight!~· 
g reater· ga ins in weight and more economical 
gains as regard to T.D.N. tha n the heifers fed 
better quality ha~· · However , calves showed 
better gains in the good qua lit.' · hay. The fppfl­
ing of vitamin A & D supplcrnents in conjunc­
tion with poor hay ,,·as advantagrous. Vitam in 
A & D supplement with good ha~· showed no 
pronri sP. Yt>a ding heifers weighing from 500 
lbs. nncl u p til'<' ahll' to rnake nomral ga ins on 
less T.D.K. than ('a iled for bY the lower lirnit 
of the Morrison sta nda rd. . H. vV. Hunt 

300. Some factors affecting the stability of 
carotene in mixed feeds. A. vY. HAL\'ORSOK 
and C. lVL HEKDRI CK, R. D. Agr. Expt. Stu., 
Brookings. Tech. Bull. 14. 1955. 

The purpose of this stud~· was to determine 
the effect of differPnt fppfl ingr·edients u pon the 
stabi lity of different ca rotene supplements. 
Three ca roten!' supplernents \\'Pre used: alfa lfn 
meal , ca rotene feed ing oil , and ea rotene-Wes;;on 
oil preparation. The enrotenP lossPs in the 
various diets following stomg-e at 37° C. for· 30 
days were observPd. The data show that alfalfa 
carotene lossl's wer·(• littl r affrded by the diet 
modifi ca tions used, although the replucernPnt 
of corn with oa ts tend!'d to dPerPase the loss 
to some extent. LossPs from all alfalfa diets 
were rather high, amounting to about 1/ 3 of 
the original carotene. Rrsults of oi l supplP­
mented diets differed fro m those with alfa lfn 
in several respects. Caroterw losses fmnr basal 
diets with oil supp lements were ]pss than half 
those obs!'rved for alfalfa supp lementrd basa l. 
In some instances, the losses bePamc nea rly as 
great as alfa lfa, wlwn a high tmce minPrnl lcvPI 
or fi sh meal or meat scraps were present. Oats 
a nd wheat bran-middling also increased, espc­
cia ll~· with ca rotrnP-Wesson oil , but all other· 
subst itutions or additions rPsult('{l in only small 
inneases. Thus, it was shown that alfa lfa and 
oil cai'Otene supplPilrents var~· considl' rah l~· in 
their sensitivity to diet mod ifi cntions of thP type 
usrd. HowC\·er, oil supplcnrents of diffPrP nt 

composition and carotene content appear quite 
s imila r. R.. W. Hunt 

301. Forsoeg med tilskud af et E-vitamin 
(d,l-a-tocoferol-acetat) til malkekvaegets foder 
[Experiments with addition of a vitamin E 
(d,l-a-tocopherol-acetate) to feed for dairy 
cows]. (English summary) . A. H . PEDFlRSEN, 
A. N". FISKER, H. RAMIHEK, and K 0. PETER­
s~;K, State Expt. Sta. Cr('nnrPI)', Hi ll e r~led, 
Denmark. Bull. 91. 195-l. 

A g roup of 9 dair~· t'O\\'S of Red Danish breed 
w11 s given nn nddition of :l g. of d,l-a-toco­
p lwm l-aePtatP per cow per day owr a period of 
6:~ daYs. Butter wn s rnade fro rn the milk and 
(·Ol n p~rt>d to buttPr rnadt> dur ing the pre-experi­
IIJPntal and post-experinwntal periods as well 
li S with hutter made frour the milk from a 
similar ~ i zPd g roup of CO\\'s sPrving as control. 
The huttPr was Pxa ur irwd for kl'eping quality, 
salt and moistu r·p, loosP moisture, acid number , 
pH, perox ide numhPr and bncteriological qual­
it.v aftPr 14 and :lS da~·s of storage at no C. 
and afte r 3 month~ at -12° C. 

Contrar~· to Pxpeetat inns the PxpPrirnental 
butter had a tendencY to becor nc more oxidized 
than t he control as dPnrOnstrated hy highe r 
pl'roxide valuPs, lower flavor scores and a IIIOre 
pronounc!'d "oily '' flavor. 

The exp!'l'iriiPnt was I'I' ]Watt-d. This tim<' thP. 
butter \\'HS onh · Pxnrni n~:d aftpr 3 months of 
storage at -12° C. In ndd ition to the before 
rnPntioned test the buttr r was t'xrunined for its 
tocopherol content. 

The previous r l'sults Wl're confirn red . The 
experimental butter bPc·a11re nrore oxidized than 
the control. The addition of 2 g nr. tocopherol 
to the daily rations of thf• cows increased the 
tocopherol content of tlw huttl'r from 10-12 
mcg./ gm. to 2~{ -26 tncg./ glll. 

T. KristoffersPn 

302. Synthetic milk product. H. G. L U'l'H ER, 
(assignor to Chns. Pfizpr & Co., Inc.). U. S. 
Patent 2,703,285. 5 clainrs. :\l[a r . 1. 1955. Offic. 
Gaz. G. S. Pat. Office, 692, 1: 10::1. 1955. 

A food for hahy pigs suitnhh• for feed ing-. 
stnrting about 48 hr. aftpr hirth. It consists of 
at ]past 10% edihll' fnt. suitnbl,v emulsifiPd 
togethl•r with a balancNI vitamin content includ­
ing vi tar11in B, in an mnount of ahout 1.5 to 6 
nrg/ 100 lb., trac1• food rllim•rals and 20 p.p.m. of 
an antibiotic such as ox \·tl'trac\'l·line and chlor-
tetrac·ycline. · · H. Whitakl'r 

303. Grasslands improvement-a vast profit 
potential II. Part IV. Southwest bv R.. R . 
H uMP HREY. Part V . Intermountain by L. A. 
STODDART nnd A. D. SmTtr. Part VI. Pacific 
Coast by R. M. Lon:. J. Agr. Food Chem., 3: 
300. 1955. 

This is a conti nuation nf a n interpretive 
sttl'\"l-'Y of grasslu nd nwnug-t•tuent (see (llso J. 
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Agr. Food Chem., 3: 23. 1955). Particular 
emphasis is placed on the problems, progress 
and potentialities in the western sections of 
the country. S. Patton 

GENETICS AND BREEDING 
304. Osmotic pressure of extended bovine 
semen during storage. J. T. SMITH, D. T. 
MATER, and H . A. HERMAK, Mo. Agr. Expt. 
Sta., Colum bia. Resea rch Bull. 538. 1953. 

Semen f rom dairy bulls was extended with 
media used in the pmctice of artificia l insem­
ination and with media especially designed to 
alter one or more of the physical and chem ical 
properties. The extended semen was stored at 
4 to 7° C. and I'VIl luated dailv fo r tnotility and 
osmotic pressure. Motili ty wa~ rated by a ~tand­
anl method. Ostnotic pressure was measurPd 
with a modification of the Hi ii -Bald<·s thl'rmo­
electric osmo11t l'ter and expn !SSPd in tl'rms of 
freezing point deprl'ssion. 

The data show that the diluting media which 
111ai nta ined osntotie pressure within the limits 
of - 0.44 to -0.61 o C. were su1wrior in the main­
tenance of motilit_,. in extended setii C'n during a 
10-day storage Jll'riod. Glucos!' a ids in mainte­
nance of osmotic pressure within narrow limits 
during storag!'. Addition of antibiotics incrPascd 
osmotic pressure during the first 48 hr. of the 
storage period, but tllaintcnancc of ostnotie 
pressun· w11s at a slightly lowl• r level than that 
obtained with the sa nte diluPnt without llnt i­
hiotics. If thP diluting mediunt without anti­
biotics 11111inta ined ostnotie prPssurc within tlw 
optimal rnnge, addition of antibioties did not 
ch11 nge the osmotic pt·pssure to the extrnt that 
it was no longPr within the opti11t11l range. 
Authors' Abst rn c·t. R. \\'. Hu11t 

HERD MANAGEMENT 
305. Malkemaskinens konstruktion og hy­
giejnisk maelkeproduktion (The construction 
of the milking machine and the production of 
low count milk). (English summary). A. H. 
PEDERSEN and .-\. :;\loEr,LER-MADSEN. Sta te 
Expt. Stu. Creamery, Hillerfied, DPn ntark. 
Bull. 91. 1954. 

The authors discuss the milking lltarhine and 
point out the rPquirenwnts which should be met 
with regard to thP construction of the individual 
pnrt~ and tlw role each of tht>se play in the pro­
ductwn of low count 111ilk. T. Kristoffersc•n 

306. Dehorning device. S. S. l\Ims (assignor 
to Lykes M. Boykm) . U. S. Pntent Rl'issue 
23,953. 8 claims. FPb. 22, 195!1. Offic. Gaz. 
U. S. Pat. Office, 691 , 4 : 458. 1955. u. S. Pat­
ent 2,582,450. 

A modification of a device fo r dehornin"' 
cattle, described previously in U. S. Patent 
2,582,450. See J. Dair~· Sci., Abst. of Litern-
ture, 35, A37, 1952. R . W hitaker 

307. Collapsible valve for milking machines. 
A. G. PERKINS. U. S. Patent 2,703,100. S 
claims. Mar. 1, 1955. Offic. Gaz. U. S. Pat. 
Office, 692, 1: 57. 1955. 

A collapsible valve for including in the milk 
line from a vacuum operated type of milker to 
f11ci litate the p roper action of the milker. 

R. Whitaker 

308. Flushing arrangement for pipe line milk­
ing system. F . G. HODSDON (assignor to Inter­
national H arvester Company). U. S. Patent 
2,703,068. 8 claims. Mar. 1, 1955. Offic. Gaz. 
U. S. Pat. Office, 692, 1: 50. 1955. 

Details are given for an arrangement of pipes 
fo r cleaning and flushing the pipe lines of a 
vncuum type milking maeh inP. R. Whitaker 

309. Quarter milker. F . L. CARLSON. U. S. 
Patent 2,703,067. 2 claims. Mar. 1, 1955. Offic. 
Gaz. U. S. P at. Office, 692, 1: 49. 1955. 

A Yncuum type of tnilkPr with a valve in the 
tn ilk line which perm its eithPr discharge of milk 
f rom separate teat <'ups into glass jars for 
inspection purposes or in to the common milk 
rcsel'\'oir. R. Whitaker 

310. Calf weaner. \\' .. \ :-wERSO:-.". U.S. Pat­
ent 2,703,555. 3 cla ims. Mar. 8, 1955. Offic. 
Gnz. U. S. Pat. Office, 692, 2: 177. 1955. 

A wire device is described for preventin"' a 
ca lf f ro111 nursing'. R. Whitake~ 

311. Surcingle for suspended milking ma­
chines. '1'. B. CHAWF'OIW 1111d C. C. GoRMAN. 
C. S. Patent 2,703,473. 2 claims. Mar. 8, 1955. 
Offic. Gaz. V. S. Pat. Office, 692, 2: 157. 1955. 

A desr.ription is g-iv<•n of n belt for support-
ing n milking machin<'. R. Whitaker 

ICE CREAM 
312. Foam studies of pasteurized ice cream 
mix. H. B. SIEGMUNn, H!'udler Creamery Co. 
J nc., Baltimore, M:d. Ice Cremn Rev., 38, 8 ~ 
106. 1955. 

The presence of foa 111 in ice crea m mix has 
been shown to be responsi ble for the survival 
of coliform organisms dlll·ing pasteurization. 
T_he use o~ spaee heaters on hatch pasteurizers 
d t~ not ehmmate colifortn organisms from the 
mtx. Entminment of ai t· in HTST system 11lso 
resulted in the survival of eoliform bacteria. 
In a HTST system where high pressures are 
~tecessnr.y to force the mix through the system 
tt ~as. 1111portant that a constant pressure be 
n_tamt~n~ed. If ~he p~essure. dropped, a condi­
tion sumlar to foam msulatwn occurred which 
prevented every particle of the mix from being 
properly heated. 

In the light of these resul ts, it is important 
that all foam be transformed to the fluid state 
prior to heating or that it he ci rculated in such 
a mnnner as to insure that eyery particle will 
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reach the proper temperature. The use of par­
tial vacuum on batch pasteurizers to eliminate 
foam and to pn•vent burn on is suggested as one 
solution to the problem. W. J. Caulfield 

313. Pasteurization of ice cream mix by 
HTST methods. K. R. FowLER, Franklin Ice 
Cream Co., Kansas City, Mo. Sou. Dairy Prod. 
J., 56, 4: 148. 1954. 

A comparison of HTST pasteurization with 
a conventional holder system for a capacity of 
1,500 gal. of 1nix per hr. showed a disadvantage 
of about $4,000 in cost of equipment, a require­
ment of about 13% more floor space, about 
equal refrigeration requirements, a need for 
only 50% as much boi ler capacity, a saving of 
8% in labor fm· processing and clean-up and 
an equally satisfactory product. Altogether, 
there was a slight advantage in favor of the 
HTST systen1. The study was based upon the 
use of fluid dairy products. For operations of 
less than 1,000 gal. per hr. , involving a large 
quantity of f ro;wn or concentrated ing redients 
or for the 111aking of a number of small mixes, 
the advantage was considered to be in favor of 
the holder method. F. W. Bennett 

314. Coliforms in ice cream. J. M. FRL\n;n, 
Univ. of Yt., Burlington. Sou. Dairy Prod . .J. , 
56, 3: 148. 195~ . 

A se•·ies of <·olifonn line tests of icc cream 
from the past<•urizing- vat to the consumer was 
made at the Vennont Station . Pasteurization 
at 160° F. for :311 min. r esulted consistently in 
negative counb with only the merest trace of 
foam occurring. All cquip111ent from the pas­
teurizer through the freezer was a pot<'ntial 
source of contmuination which could be d<'t<>cted 
in most cases only hy laboratory tests. Un­
heated produrts addPd at the f reezer and hnnd ­
formed containers required checking especially. 
The greatest nm ubers of coli fo rms were 11dded 
by the dipping operation. Most methods of 
rinsing scoops in movi ng water were poten­
tially satisfart o r~· hut still water rrcl'ptacles 
were uni f m·•nl_,. had . F. "W. Bennett 

315. High-short pasteurization ups capacity, 
cuts labor. R. 0. TAROIFF, B reyPrs I ce Crea n• 
Co. Philadt•lphiH. Food Eng-. , 27 , 3: 63. 1955. 

A continuous s_vstmn fo!· proccs~ ing ice ere a 111 

mix is utiliz<•d b_v Bn•yer l ee Crea1n Compauy 
at its Newark . :\ . .J. p lant. The syste n1 iuvolvc•s 
HTS 'l' past<·u•·i za tiou with a Rosw<•ll pasteur­
izer. Choc·oln tc• and 'uga r HrP mix ed in a Nor­
man 1nixer and pu •npPd to one cOIIlpllrtlll<'llt of 
a two C0111par!lll<'nt blendi11g- tnnk. Mi lk nud 
crea m a re lll<'t<·.red to this tank. One co•npa rt­
ment is fillPd whil e• the oth<!l" is bPing <'lnptied 
to the pasteurizing "•ction of the systen1. Mix 
is lwated to 250 ° F., inllll<!di at<' ly coolPd to 
207° F. and hl'ld fu r 25 sec. in 3-in. hold ing 
tubes. It then goes through the flow diversion 
valve to a s('(·ond cooling tuhc where tempera-

ture is reduced to 172-175° F. From here the 
mix flows to the filter and homogenizer and is 
finally cooled to 32-36° F. over a surface cooler. 
The system has given increased capacity, im­
proved bacterial destruction, and savings in 
steam and refrigeration. The recirculation sys­
tem of cleaning u~ed is sin1pler and mo1·e r eli­
able than former procedures. T. J. Claydon 

316. Freezing apparatus for production of 
ice cream. A. :\ioosER. L'. S. Patent 2,702,992. 
8 claims. Mar. 1, 1955. Offic. Gnz. U. S. Pat. 
Office, 692, 1 : 30. 195.5. 

An ice cream freezer con,isting of a ve rtical 
rotating drum and a scraping device. 

R. Whitaker 

MILK AND CREAM 
317. Dispensing valves for gas pressure con­
tainers. A. S . LAPIX (assignor to Reddi-Wip, 
Inc.). U. S. Patent 3,704,172. (j r laims. Mar. 
15, 1955. Offic. Gaz. l:. ~- Pat. Otlice, 692, 3: 
3-!5. 19.55. 

Details a re g iven fur tlw <·onstruction of a 
valve suitable for dispensing whipped cream 
from a ca n containing fluid crl'am under high 
gas pressure. The n ll ve is nornmlly closed and 
is openrd in propm-tion to tlw pressure applied 
by a fi nger. H. W hitaker 

318. Marketing cream in Missouri through 
cooperative buying stations. C. C. 1£aw1 N and 
n. ~- HARRDIGTON, :\[o. Agr. Expt. S tn., Colum­
bia. Resea rch Bull. ;;;{!). J9;j:l 

Sa lPs of fa nn-sepa ratt>d crPa n1 in Missouri 
accounted for 1/ 6 of the tota I dairy income in 
1950. Loca l t•oope•·atiw buy ing stations play 
an inoportant role in n1arkPting cream in the 
sta te. As a 111ea ns of studying some of the 
probh·ms of marketing cn•aJH cooperatively, a 
nmdon1 sa 111plr of 50 Cl'<'ll lll huying stations 
was selected f ron1 178 cooperative stations. 
:\Iueh of the iHlpm·t:~n c<• of 111arketing crea m 
throug h locnl eooperative hu~·ing stations a p­
par<>ntly is due to the Slllldl output per f arm 
which warrants onl _v oecas iona l dPlivPriPs, nnd 
the convenience real i.-.ed h,· fan11ers fr0111 nmr­
kf'ting c•·can1 where ~uppli<~s nef'd<•d on the fa rm 
HillY lw obta im•d. This stud v showPd that the 
inc~lllP fr01n an equnl aHJOU;Jt of rrea 111 could 
lw incr<'ased by as nmeh ns 1,4 1nillion dollars 
if buying stations, r reanu~ry uwnagcrs, and 
product•rs ngrecd to pmduce Grade A r r<'lllll 
under the Four-Da~· Grad ing Aet, as <•stnh­
lished in the :\lissouri Da i•·y Lnw. The gTPatest 
prohle111 is to get the producPrs to deliver their 
<'l'eam to the buying sta tions oftPn enough to 
1naintain its quality. Of all patrons dclivc••·ing 
rrpam to a g roup of stnnplt-• stations during a 
twO-W<'Pk ]Wriod in Feb. 19-!7, only 7% deli v­
t•red thl' ir eream as often as three times. Dur­
ing a sin1ilm· period in 1950, the proportion 
had ri sen to 20 % . Pntrons !Pnd to delivc1· their 
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crea m more often in suunner than winter, but 
much still remains to be desired. The size of 
the cream buying operation at a ny one station 
had a direct bearing on the handling practi ce~ . 
The sma ller the crea m buying operations within 
a given plant, the more neglect was g iven to 
the processing of the crPam. Another in1 portant 
problem revealed by this study was that mo~t 
<·oop<•nltives showpd a. loss fo r their cream buy­
ing operation. This would indicate that the 
cooperativPs are performing a ser vice only for 
fm· n11'rs who are not nhl<· to switch to a more 
profitnhlc business opernt ion. R .. "I;V. H unt 

319. The new HTST and vacreator pasteur­
ization standard provided for milk and its 
products. :M. L. SPECK, N. C. State Coli., 
R a leigh. Sou. Da iry Prod. J. , 56, 3: 31. 1954. 

HPating ice cream mix at 175° F. for 19.9 :t 
0.7 sec. was equivalent to the standard of 
155° F . for 30 min. reconnuendcd by the U. S. 
Public H ealth Service. Using a. Stevac pas­
t<•urizer, 172.18 ± 0.48° F. for 25 sec. was coul ­
p11 rable to 155° F. for 30 min. 

Te:-;ts with a Vam·eato1· have shown that 
191.5° F. in the first chamber is equivalent to 
155° F. fo r 30 min. A temperature of 194° F. 
in the Vacreator has been recognized as being 
equa ll y efficient to thosP currently defined in 
the US PHS Ordinance, provided a consta nt 
stea n1 supply is supplied, a substantia lly ron­
stant temperature is maintained in the pas­
teurizing chamber , the passage of unpasteur­
ized product through the system is pr<'vcnted 
and th<' entry of raw products into the first 
cha mber is prevented when the steam supply 
fall s below the necessary pressure. The same 
vacreation standard · is applied tentatively to 
milk and crea m. 

ThP new standards are considered to he more 
effect ive than 155° F . for 30 min. which g in·s 
a six-fold margin of snfety in time. 

F . w. BPnnC'tt 

320. Vacreation of 1luid milk, W. ~I. RoB­
ERTS, L. F . BLOITO:-;-, Rnd :1<~. G. W ARR•;N, ~. C. 
State Coli. , R a leigh. Sou. Dn iry Prod. J ., 56 , 
5: 36. 1954. 

From 21 to 73 % morP timP was required fo r 
tlw passnge of skimr>~ilk through a No. 3 
Vaercator thn11 for tlw passnge of water und!'r 
s imilar conditions. ~o clPfin ite COlllparative 
tr·end in the flow rntPs in the fil·st cha nrber was 
ind icated. ~Iilk unsalahle berausc of onion and 
fPf'd flavors was rcndPred nrceptahle hy vncrea­
tion. l<~ l avor scorPs of thf' nrilk differed litt!P 
ns ten1pcratures nnd intensiti es of tn•atm<•nt~ 
varied in the expPrimcnt. Vncn •ut ion of milk 
at 200° F. a nd 195° F. c01 npa rcd favo ra bly in 
keeping qua li ty with vat pnsh•urized milk up 
to 7 days. P hospatnsc wa s d(•stroy<>d by vacrea­
tion a t 185° F. ~{ilk whi rh was vacn •a tPd wa s 
preferred to milk which was comnrcrcially ~wa il -
able. ]<' . W. Bemwtt 

321. Low fat multi-vitamin milk. C. E. llrr.­
DRETH, Vitex La bs., Inc., Harri son, N. J. Sou. 
Dairy Prod. J ., 56, 4 : 4:1. 1954. 

The form ula fo r vita rnin and rnineral forti­
fi ca tion of skimmilk hos been usually the same 
as for whole milk; i.e., 4000 u. of Vitamin A, 
400 u. of Vitam in D, 10 mg. of thiamine, 2 mg. 
of riboflavin, 10 mg. of niacin, 10 mg. of iron 
a nd 0.1 mg. of iodine (per quart). The Na­
tional Research Council, American Medical As­
sociation and cPrta in nutritionists r ecommend 
that nutritional needs be supplied as far as 
possible by ordinar~· foods but too many people 
eat only what they like. Fortification of milk 
or milk products tPnds to protect such con­
sumers. There seems to be a permanent de­
mand for low-fa t rnilk a nd a multi-vitamin­
mineral fortified skimmilk with 0.5 % butterfa t 
a nd 2 % added serum solids seems most accepta­
ble to the public. The usc of the same formul a 
by every da iry in a g iven market, will rPsult 
in greater confidencf' of the consumer. 

F . W. BennPtt 

322. Rapid melting, the key to good cream 
from frozen fat. F. J .... BRYANT, Bryant Ma­
chinery Corp. , JersPy City, N. J. Sou. Dairy 
Prod. J. , 56, 6: 50. 1954. 

S low melting of f rozen cream usually results 
in oxidation, poor keeping quality, increasecl 
acidity, pa rtiol dP~tn bili zation , poor housekeep­
ing and excessive labor c:'osts. By conveying all 
of the f rozen products to one point, ·r en1 oving 
the conta iners without tha wing, liquefying rap­
idly and processing t lw cremll immediately, the 
disa dvantages of slow thnwi ng can be Plilni-
na ted. :1<~ . \V. BennPtt 

NUTRITIVE VALUE OF 
DAIRY PRODUCTS 

323. Milk proteins. Nutritive value of whey 
powder protein. L. K. RI GGS, A. BEATv, allfl 
B. .MM.LON, Natl. Dnir~· Resea rch La b. , Oak­
dnle, N. Y. J . Agr. Food Chem. , 3 : 333. 1955. 

The nutritive vn lue of the protein in severa l 
whey powders wns dPt!'nnined by rat f eeding 
tests. Spr·ay-driPd whPy powder protein wa s 
higher in nutriti v<> va lue and more digest ible 
than r oller-dried wlw.\· powde r· protein. NPith Pr· 
type was Pqual to ln <"ta lbumin . Roller-driNI 
whey powder protPin wn s i1 nproved by lactnl ­
bumin or lys ine supplt•lll ('ntation. Spray-driPrl 
whey powder prott•in wns improved by lactnl­
bumin supplcnwntation , hut not by lysine in 
the a mounts wh i<>h inrpmvPd roller-dri ed wh <> ~· 
powdC'1·. The nutritiw ,·,due of protein corwen­
tJ·ates pr·epar·ed by hPa t <"ongulation or metha nol 
Pxtra ction was hig hPr for preparations made 
fro rn spray-dried whPy. S. Patton 

324. Milk vitamins. Biological availability 
of vitamin B" of heated milk. R.. i\L ToMAm;LLT, 
E. R. SPE:\"CE, nnd F. \\-. BER~HART, W yeth 
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Labora tories, Inc., Mason, Mich. J. Agr. Food 
Chem., 3 : 338. 1955. 

Heat sterilization of liquid milk products 
results in a loss of vitamin B, as determined 
by a microbiological assay. A rat growth pro­
cedure was adapted for analysis of milk samples 
by the use of a semisynthetic basal diet with a 
composition simulating milk. The biological 
assay of heat-sterilizPd liquid milk yielded vita­
min Br. values that were lower than those ob­
tained by the microbiological method. The bio­
assay and the microbiologi ca l method were in 
agreement in the assn~· of spray-dried milk. 

S. Patton 

PHYSIOLOGY AND ENDOCRINOLOGY 
325. The role of folic acid in hormonally­
induced tissue growth. :.\L SILVER. J. Endo­
et·inol., 10: 95. 1954. 

After weanling ovaril'r·tomized rats were made 
deficient in folic ar·id hr the administration of 
2.0 11-g. aminopterin daily for 20 days (increased 
1 IJ.g. for each 5 g. gain in body weight), the 
response in growth of the mammary gland to 
a maximum ~timulation hv est radiol benzoate 
(0.25 /J.g. / 2 day period) ~n1 s much less than 
the pan fed controls. The growth obtained, 
however, appeared to be normal. In similar 
rats 6-36 11-g. :nninopterin per day reduced the 
uterine weight inerense induced by 0.2-10 11-g. 
estradiol benzoa te dnil~·. However, even lethal 
doses of aminopterin did not completely inhibit 
the weight incrensP. The increased water up­
take and the enlar~PmPnt of the lining of the 
uterus, characteristic of estrogenic stimulation 
were not affected b~· aminopterin. One mg. 
aminopterin daily caused a highly significant 
reduction in the response of the pigeon to 0.4 
mg. prolactin daily. The inhibit!o~ b~ amin?­
pterin could be prevented by adnnn~sten_ng _fohc 
acid. The author suggests that fohc amd rs an 
essential metabolitP for nucleic acid synthesis 
in these types of g rowth. R. L. Hays 

326. The secretion of the adrenal cortex in 
the sheep. I. E. lksu nnd K. A. FERGUSON. 
J. Endocrinol., 10 : 1. 1953. 

The kinds and amounts of cortical hormones 
in the blood of thE> ndrE>nal vein of 4 intact and 
2 hypophysectomizPd sheep were determined 
after severe surgical operation, ACTH infusion 
and epinephrine injection. Three hormones 
were found: 17 a h~·droxycorticosterone, corti­
costerone and 11 {3 h~·droxyandrost 4-ene-3 :17-
dione, with the fi1·st bPing 5 to 15 times the con­
centration of either of the other two. The sheep 
adrenal is capable of secreting 1-3 mg./kg./24 
hrs. of a {3 unsaturated ketosteroids. The adre­
nals of the two h_vpophysectomized sheep se­
creted at a fairlv hio-h rate before ACTH ad-
ministration. · " R. L. Hays 

327. The progesterone content of body ll.uids 
and tissues. D. G. i':oG.\R. J. Endrocrinol., 10 : 
54. 1953. 

The amount of progesterone was determined 
spectrophotometrically after chromatographic 
separation. The method can detect as little as 
0.1 11-g./ml. with volumes of 40 ml. Progesterone 
was found in follicular fluid of the sow and cow, 
fluid of ovarian cysts of the sow, blood from 
the ovarian vein of the pregnant and non­
pregnant ewe and the non-pregnant sow. It 
was not found in the blood of the ovarian vein 
of a ewe with inactive ovaries, in peripheral 
blood of ewe, mare, cow, sow or rabbit. 

R. L. Hays 

328. Effect of exercise on comb response of 
androgen-treated capons. H. Y. C. WoNG, 
N. LAVE NDA, and E. W. HaWTHOR~E, Howard 
Univ., Washington, D. C. Am. J. Physiol., 
178: 269. 1954. 

Twenty-five capon~ were divided into 4 
g roups: groups I nnd II were controls with 
injections of cottonseed oil. Groups III and 
IV received 1 mg. testosterone propionate daily 
in cottonseed oil. Groups II and IV had 30 
min. forced exercise on a treadmill daily. Comb 
growth was used as a measure of androgenic 
activity. Androgen ca used a highly significant 
increase in comb size in groups III and IV. 
Exercise had no effect on comb size in the con­
trols but caused a highly significant reduction 
in the response of the comb to androgen . 

R. L. Hays 

329. The production of coincident oestrus and 
ovulation in the anoestrous ewe with proges­
terone and pregnant mare serum. T. J. Ron­
INSON, Univ. of Melbourne, Victoria, Aus­
tralia. J. Endocrinol., 10 : 117. 1954. 

Of 54 ewes receiving 1000 i.u. of PMS, 50 
ovulated. With PMS alone none showed estrus. 
When 75 mg. of progesterone was given in a 
single dose 33% showed estrus and this per­
centage increased to 100 when the progesterone 
was given in 6 injections in 3 days. Estrus 
began 24-36 hours after PMS injection and 
preceded ovulation by 10-20 hours. 

R. L. Hays 

330. Factors affecting the response of the 
uterus to serotonine. J. M. RonsoN, J. R. 
TROUNCE, and K. A. H. DmcocK. J. Endo­
crinol., 10: 129. 1954. 

The uterus of the estrous rat is highly sensi­
tive to serotonine (5-hydroxy-tryptamine) re­
sponding to concentrations as low as l :500,-
000,000. Serotonine is similar to a substance 
liberated when blood clots which can cause 
contraction of smooth nmsele. The response 
appears to diminish during diestl"lls. Ovariec­
tomy decreases the uterine sensitivity to an 
extent that no motor response was found and 
an inhibitory response was noted in concentra­
tions of 1 :100,000. Estrogen restored the sen­
sitivity of the uterus of the castrate to sero-



SANITATION AND CLEANSING A 55 

tonine but testosteronP, progesterone, cortisone 
acetate or desoxycortisterone acetate did not. 

R. L. Hays 

SANITATION AND CLEANSING 
331. Evaluation of a detergent-sanitizer for 
u~e on producer milking utensils. M. L. SPEC:"K, 
"\\. R. MuRLEY, H. L. LucAs, and L. W. 
AURAND, N. C. State Coli., Raleigh. J. Milk 
and Food Techno!., 18 3: 71. 1955. 

This study, made on 26 g rade A milk farms, 
compared a detergent-sanitizer with the ordi­
nar.y method ,of clea ning and sanitizing milking 
eqmpment. The fH rms \H're divided into two 
groups and placed on 11 douhlP-reversal trial 
wit~. three 5 week pp1·iods. The detergent­
~a mtJzer .was supenor to the regular procedure 
m removmg milk-stonP deposits :md cleansing­
ability. 

There were no stntisticnl differences in t he 
thermoduric and microbial counts of raw milk, 
and apparently no r<'lationship existed between 
the effectiveness of the detergent-sanitizer and 
the hardness of the water. The a(·tivity of but­
tPr cultures indicated that appreciable amounts 
of quaterna ry annuonimu compound were not 
present in :my of the 111ilk SlllllplC's. 

H. H. Weiser 

332. Milk can rinsing apparatus. R. WISKER­
CHEN. U. S. Patent 2,702,557. 3 claims. Feb. 
22, 1955. Offic. Gaz. U. S. P a t. Office, 691 , 4: 
503. 1955. 

A simple milk can wnshing and eleansing 
device is described. A shallow cvlindrical­
shaped platform with a raised edge is sup­
ported on three legs. Clea ning liquid or rinse 
water is injected upward into an invPrted can 
resting on the platform und tipped slightly to 
allow the can edge to depress a lever which 
releases the rinsing solution. R. Whitaker 

333. Forskellige desinfektionsmidlers indlly­
delse paa Storchs proeve i lavpasteuriseret 
maelk (The effect of different type sanitizers 
on the Storch test on pasteurized milk). K. P . 
ANDERSEN und K. JoERGENSEK. State Expt. 
Sta. Creumery, Hiller f1e d, DPnmark. Bull. 92, 
68. 1954. 

A concentration of 20,000 p.p.m. active CL 
rendered milk heuted to 82° C. in a HTST 
system Storch negative. 100,000 p.p.111. uctive 
Cl, had the sallie effect on milk heated only to 
72° C. Different quarternar.v anuuonium com­
pounds had no effect on thP Storch test even in 
,·ery high concentrations. T. Kristoffersen 
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key laboratory servants 
11 flip Dl the thumb 
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and 
Wrife today for Bulletin 3l2 containing latest 
information on Mojonnier qualify equipment and 
supplies lor the modern dairy laboratory. Write: 

Molooutlor Composite 
SamploloHios. Widely 
used in Dairy Industry 
for holding composite 
samples. Stopper can· 
not be dropped or lost 
- fits tightly r preventl 
evaporation. 3 sizes: 
G--400-4 oz. (1~ pt.) 
7 day Tests. G-800-
8 oz. (1/2 pt.) 1~ day 
Tests. G-1600- 16 oz . 
(1 pt.) 30 day Tests. 
All with etch spats. 
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MS3S & MS36 Mojonnier Stainless Stool Babcock 
Test BoHle lath. Thermostatically Controlled. Provides 
a means for keeping the fat in neck af babcock test 
bottles at proper temperature when readings are taken. 
Capacities 24 and 36-6" babcock bottles. 

G46 Mojonnier Acid BoHle Trunnion. Stainless Steel. 
By tipping the bottle forward and then letting it come to 
an upright position, the pipette will fill ta an exact 
pre-determined level. 

MSO Mojonnlor Babcock BoHle Shaker. Insures 
accurate fat reading. Complete with motor. Capacity 36 
bottles. Size 11"x20". 

M601 Wilson Babcock Bottle Washer. Designed to 
wash cream and milk test bottles, 6" or 9" size. Also used 
for washing test and culture tubes. Furnished in 24 and 36 
bottle capacity. All stainless steel construction. 
M427 One-Piece Rubber Closure with Connedor. 
Recommended for use with bulk milk pickup tankers. 
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the frozen state to provide maximum activity. 

~Write for f ull information on our complete line of cultures 
and dairy testing supplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

THE DAIRY LABORATORIES 
2300 Locust Street, Philadelphia 3, Pa. 

Branches - New York Washington Baltimore 

Your advertisement is being r ead in every State an d in 45 Foreign Countries 



- AMERICA'S MOST COMPLETE 
LINE OF ALKALINE CLEANERS 

For Stubborn Hard Wafer 
KLENZADE HC-55 

Eliminates your horcl water cleaning proll­
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ade HC-55 saves costly cleaning time Ito­
cause it works faster, better, surer, 

2 of Our Most Popular Fovarites 

For Toughest Cleaning Jobs 
SUPER WET HC-7 

Klenzade Super Wet HC-7 is a 3-power super 

deterveiJf for removing heavy soil and high 
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of over-using Ineffective cleaners because a 
.. little HC-7 does a lot ." 
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MORE ACCURATE 

AUTOMATIC 

Leading dairies and Jab­
oratories report this meter 
provides greater accuracy 
because of its excellent re­
peatability. Fully automat­
ic. Simple to use. Read­
ings directly in grams. 
Ideal for milk, cheese, 
evaporated and con­
densed products, ice cream 
mix, and reconstituting of 
dry milk powder. Sold by 
Manton-Gaulin, manufac­
tured by Raytheon Manu­
facturing Company 

MANTON-GAULIN MFG. CO., INC . 
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Graduate of courses in Da iry Science and Veter­
inary Medicine desires position. Has had practical 
experience in milk control ·and mastitis control. 
Age 33. Married. Reply Editor, Ref. No. 101. 

POSITIONS AVAILABLE 

Large Midwestern university has several half­
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in working toward an M.S. or Ph.D. degree. Appli­
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Media/or 

MYCOLOGY 

DIAGNOSTIC 

... for the isolation, identification and cultivation of patho­
genic fungi. These media are also widely used in phytopatho­
logical studies. Several are neutral in reaction, giving optimum 
conditions for growth of a variety of fungi. The following 
may be prepared as selective media by the adj ustment of 
reaction, addition of antibiotics or other agents: 

Bacto-Brain Hearl Infusion Agar 

Bacto-Sabouraud Dextrose Agar 

Bacto-Sobo uroud Maltose Agor 

Bacto-Littmon Oxgall Agar 

Bacto-Mycological Agar 

Bocto-Mycologicol Broth 

Bocto-Corn Meal Aga r 

Bocto-Co rn Meal Agar with Dextrose 

Bocto-Beon Pod Aga r Bocto-Prune Ag o r Bocto-Limo Been Agar 

CONTROL 

... for sanitary and sterility procedures as well as for general 
use in mycological procedures: 

Bocto-Sobouroud Maltose Broth 

Bocto-Sabouroud Liquid Medium 

Bocto-M olt Extract 

Becto-Melt Ago r 

Bocto-Neurosporo Culture Agor 

Bocto-Pototo Dextrose Agar 

Bocto-Mildew Test Medium 

Bocto-W.L. Nutrient Medium 

Boclo-W.L. Differential Medium 

CLASSIFICATION 

... and nutritional studies of fungi: 

Becto-Yeest Morph o logy Agor 

Becto-Yeest Carbon Base 

Becto-Yeest Nitrogen Base 

Bacto-Czapek Dox Broth 

Bacto-Czapek Solution Ager 

Bocto-Vitemi n Free Yeest Bose 

11-IE DIFCO MANUAL, NINTH EDITION, 

includi"K dacriptirms of theu medi" ""d thnr u;e, 
is Dvai/Gble on request. 

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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