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FOREWORD 

The problem of utili zat ion of sk im milk during certain seasons of 
the year when dairy plants hav e a surpl us o f this p roduct has absorbed 
the attention of practically eve ry operator of a da iry p lant. The reason 
for this stud y of methods of manu fact ure of commercial casein was 
augmented by the recent inc rea se in the ta riff on this product . , \ ( 
co rding to t he trials reported he r e. as \\·ell a s the results obtained ill 
commercial practices fo llowed in the College Cr eam ery, casein manu
facture does not offer an espec ially profitable m ean s of ski m milk dis
p osal, but, as between a llow in g the skim milk to be wasted and man 1-

fact u ring it into casei n , the la tter is to be highly recommended. Casei 1 

man u fact ure can be especially reco mmended to M ichigan dairy plants 
beca us e of the avai lab le m arket ten- it in the state in the manufacture 
o pa)e - and fu r l1iture. 

O. E. Reed . 
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The utilization of skim milk is fast beco m ing a se rio u s problem fo r 
the average dairy products manufac ture r , and it s economic importance 
cannot ve r y well be overlooked. The market for s kim milk products 
has not been deve loped to the point of complete utilization of surplus, 
and . though these products are being absorbed by the market in in
creasing amounts, the total wasted ea ch year is very high. 

The small and m edium sized plants in po ssess ion of a surplu s of ski m 
milk at certain times of the yea r are u sually equipped to manufact u re 
one o r m or e of the following products: skim milk cheese; powdered 
sk im milk; sweeten ed , plain , or superheated condensed skim milk ; com
merc ia l buttermilk; or casein with perhaps the further by-p r oduct s of 
milk sugar and albumen. U nl ess the surplus is consistently large , th e 
equipment will be limited t o the manufact ure of on e or two of t h ~ 
s implest above named products. As market condition s flu ctuate, th e 
s ma ller plant s are not eq uipped t o turn their surplu s into more profi t 
ab le chan n els, "vvith t h e r e sult that skim milk is wasted. The larg er 
plants . being well equipped , can diY ert their surplus into any o f th e 
abm'e chann els and , by ca r e ful a nalys is of m a rket conditio n s . a re pre 
pared to turn to the manufac ture of the product that at the time. i ' 
the more profitable. 

\ Vhen a suitabl e market can be fo und for skim milk products, there 
is no cause for waste , but when the market is not sati sfacto r y there 
is one by-product that can be made to re lieve the s ituatio n . T hi s by 
product is case in. ]""here are se veral ve ry la rge plant s which prete ' 
the m anufacture of case in , not alone for the profi t in it , but for the 
furth e r by-products o f lactose and albumen. The ave rage s ize plan t 
does not have the volume of skim milk, however, to warrant \'entur
ing into the making of the milk sugar and albumen. 

The cost of equipment for case in manufacture is within the mean ') 
o f the average size plant and it can r emain idle at less expense t han 
the equipment fo r any o ther product. This does n o t m ean that casei n 
is the last product to re sort t o in the utili zation of skim milk, nor does 
it mean that in a ll cases where a surplus of skim milk exis t s . casein 
should be made. If no o the r m ean s of utili zing the skim milk is avail
able. the profit r ea li zed from it when made into casein should be reck
oned as that amount r e m a ining afte r deducting from the manufact u r
ing costs the se lling price of th e casein. However, the inc rea s in ,g' de 
mand fo r casein and the un steady supply ha s often raised the price to 
a po int where skim milk is wort h m o r e than thirty cent s pe r hun dred 
after ded uc ting manufactu r ing co~ts. Spa s m od ic attempts t o make thi s 
product haye be e n harmful t o t he jntere~ts of d 0 111 es ti c casein. The 
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great varia tion in methods of making by inexperienced men has re
sul ted in a lack of uniformity and quality. 

Unfort unat ely, the casein manufacturers of the United States haye 
ueen unable to agree upon a uniform method of manufacture, with the 
result that there is a wide range of quality. Casein buyers found their 
efforts to purchase American casein of uniform quality rather di5-
couraging, and have, therefore, sought else""here for their supply. 
Argentine casein has met their demand for quality as well as quantity 
'and uniformity. A protective tariff has not affected imports. The 
records of the U. S. Department of Commerce show that the United 

. States took 66 per cent of th ei r 1921 supply, 88 per cent of that of 1922, 
and during the first six months of 1923, 81 per cent of their supply. 

The practical value of casein depends upon its solubility, adhesive
n ess , and general working qualities. Casein of desired quality should 
dissolve with certain limits of alkalinity, giving a c lear, uniform solu
tion free from any form of sediment, have a fairly heavy body, and 
possess good adhesiye qualities. The general working propertie s of 
the dissolved casein are determined by its visco sity and spreading qual
ities. Any factor that ha s an influence upon one of the requirements 
for making a good grade of casein will necessarily affect the quality 
of the final product. 

Some of the factors controlling the quality, u sefulne ss, and uniformity 
of casein are: 

] . Coagulating- reagent-There are three acids u sed in coagulating 
ca sein. namely: hydrochloric acid; sulfuric acid; and lactic acid, 
or natural souring. Rennet is also u sed in coagulating commercial 
casein but its u se is not general. 

2. J rregular grinding-Dried casein should be ground to pass through 
a twenty mesh sieve. 

3. Presence of foreign particles which prohibit the complete solu
bility of casein. 

4. Presence of hurned casein particles-usually caused bv eXCeSSl\'e 
heat in the drying tunnel. 

5. Irregular ash content-Thi s defect is more or less important de
pend ing upon the purpose {or which the casein is used. l\1anufac
turers of glue or adhesives can not use casein of high ash content. 

6. frregula r acid content-ca used by an excess or an insufficient 
amount of acid or hy the extent of \';ashing. 

7. Life of the casein-The length of time case in remains in solu 
tion before solid ifying. 

R Marketing c,£ green curd. 
(a ) Distance to dr)'ing plant. 
(b ) Temperature of \II,'et curd during shipping. 
(c ) Acidity of \'\ 'et curd. 
(c.l ) Condition of curd . 
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Experimental Work 

III view of the fact that casein is manu fact ured by variOUS PI' cesses, 
"w hich produce a w ide variat io n in quality and uniformity, th is ex
peri me ntal \vork \'vas p lanned to determine which of the comme rc ial 
met hods of manufacture produced the best quality and greatest u ni 
formity under o rdinary factory conditio ns. A secondary o bj ect was 
the study of the operatio n and re sults w ith a view to se lecting aro'u
me n ts for and agains t each method of manufacture. During his wo rk 
a few additional p oint s of interest to the manufacturer were observed 
and t he res ults hav e bee n added as supplements. 

Review of Literature of American Casein 

In 1919, there were six commer cial methods of manufacturing casetn ) 
namely : Nat ural Sour, Hydrochloric, Sulphuric , Coo ked Curd, G rain 
Curd, and R enn et . In r ea lity four are represented s ince the cooked 
curd method is a m od ification of t he S ulphuri c, "'hile t he graill c urd 
is a m odifi cat io n o f the Hydrochloric. Rennet curd has its u "e in the 
mak i ng of pla st ic case i 11 p;'oduc ts and is not m<L r k e ted as g e l l e ra 11 y as 
the acid case in s beca u se ot it s extr e m ely h ig h ash COil tent and i "i [l

acti vi h'. 
D uring th e \ Vurld vVa r the gra in curd method \vas cln'eloped throug h 

the necessity for a low ash co ntent in casein for glue purpos es , Dr. 
Clark ( 1) found that by coagulating casein with hydroch lor ic acid at 
a pH of -+.6 a nd washing i t \\'e ll w ith \vater at p] 1 -+. 8, the curd pro
duced was \'e r y porous and allowed f ree relll o \"al of the saiL-;. H is 
method was adopted by se \'e ral large plant s so that e ll o ug h low ash 
case in cuuld b e made to furni sh the demands c reated by the aviation 
board for a e rop lane productio n. Following the war th is method \Va' 
fo und to be t oo technical fo r o rdinary usages, and, though the o ld 
methods "'ere aga in u sed, su m e of the s teps in the making of g ra in 
cu rd were retained. The nece ss ity of vvas bing the curd two or more 
til11es is pe rh a ps th e o ut sta nding improvelllent over th e o riginal 
met hods. i\n othe r im provement adopted fr o m the. gra in curd met hod 
is the cond iti o ning o f the curd during and imm ed iate ly after coagula
tion. More atte ntion is now pa id t o the s ize of the curd particles 
after coagulatio n , conditi on s be ing r egulated so as to produce smal ler 
lumps "which in turn a llows the wash wa ter to come in co utact wi th 
more surface. Washing the curd not o nl y removes much ash but also 
gives the casein a lighter co lor " ,h en dried. One of the la rgest manu
facture rs of case in in tbi s coun try s tated that the thorough washing 
of casei 11 in c reased it s va l ue f r o m 1. 5 to 3.0 ce n ts pe r po und . 

Cooked curd, which is a modifica tio n of the sulphuric acid method, 
is produced by heating t he curd in water until it o'athers into a semi
so lid p la stic mass, impermeab le to a ir and water. In t hi s form it ca n 
eas il y be m olded into barrel s and shipped in the wet o r green condi
tion to so me central drying p la n t . This method e liminate s expelldit l re 
for drying equi pment. 

The Sulphuric Acid Method 
A wooden vat of suitable s ize is us ually used. T he s killl milk is 

run in and heated t o 115 to 125 degrees F. Com merc ial su lphuric 
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ac id with a specific gravity of 1.83 is added at the rate o f one pint 
to 1.000 Ibs. of milk. Befo re being added to the n-:ilk the acid must 
be diluted ,vith ten parts of water. The usual precautions must be 
t a ke n in diluting the acid if accident is to be avoided. Th e diluted 
acid is added slowl y whil e the milk is con stantly stirred until a cl ear 
separati on occurs. This r equir es but a few minutes . If the curd does 
no t separate cl earl y or produce a cl ear whey, mo re acid is add ed until 
t he desired r es ult s are obtained. 

T he whey is then drained through th e gate while the curd r emain to 
he w ashed ,,-ith cold water t o remO\-e the fr ee acid and excess wb ey. 
J\ f te l' draining th e wa sh water , the curd is placed in pr ess clo th s a nd 
put t o pre ss . Th ese clotb s are u suall y of heavy duck and th e press
in g period u suall y continu es oy e r night or until the curd is thor oug hl y 
f r ee fr om ex cess iv e moisture and is dry and mealy in body . 

T he pressed curd is th en run through th e curd grinder and is spr ead 
ev enl y on t o th c dry ing tray s. The thickne ss o f the curd upon tb e 
tray, t o in sure rapid drying, sbould not be oyer 3/ 16 of an inch. T be 
t ime required for proper dry in g depends upon three factor s wb ich a r e 
he conditi on o f th e curd, tb e uniformity o f spr eading on th e trays. an d 
he " elocity and t emperatur e o f th e air pass ing through the tunn el. A 

te mperature of ]25 0 t o 130 0 F . ha s been found t o giv e the bes t r esult s. 
\\l hen properl y dri ed th e ca se in should not adhere t o thc tray s and 
should crumble easily when r e moved. E xess iv ely w et ca sein on t he 
t rays will form a hard brittl e mass when dri ed . High drying t e mpe r
a tures ,,,ill cause the co lor o f the casein to darken. Thi s is tru e . espec
ia ll y . when th e ca se in contain s fat o r impurities that are the r esult s 
of eith er poor raw material s or fault y manufacture. Grinding- t he 
dri ed curd should be don e care fully. A uniform size o f particles pass 
ing through a 20 m esh sie,-c is des ired hy huyer s but the fin er t he 
ca se in is ground th e lighte r and mor e attractive th e color beco m es . 

Th e fini shed casein is shipp ed t o th e market in large burlap sac k s 
a nd in thi s form is som ctim es s tor ed for many m onth s. In sect._ an d 
rodent s mu st be kept fr o m it ,,,hile in st o rage . 

T he averag e cr eam ery may be fitt ed easil y fo r ca sein manu fact ure 
by including th e foll owing equipm ent: 

1. P r ess clo th s ( heavy du ck or burl ap ) , 

2. Curd press ,,-ith di\'ic1ing boa rds. 

3. Curd mill , 

4. D r ying trays with a few tray truck s, 

5. D ry ing tunn el with blower and heater. 

Hydrochloric Acid Method 

T he o riginal hydrochl ori c acid method diffe r s fr o m the sulphuric 
on ly in the acid used fo r coagulation. Hydroch loric acid is more ex
pen siv e and slightly more is n eeded for complete separation. It s u se 
is limited t o those manufacturer s " 'ho utiliz e the whey for making 
lac t ose. T he cheaper sulphuric acid form s a precipitate of calcium 
su lphat e , \\' hich interfere s with th e filtering and purifying of mi lk 
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sugar. Hydrochlo ric acid forms a solubl e calciu m salt which 1S re
moyed during ,,,as bing. 

Natural Sour Method 

~ kim milk is run into a yat and u sually allmved t o set o\-er night 
to curdl e. Usually no starter is added. However, if the milk has been 
pas teurized a starter must be added. Af t er firm coagulation the curd 
j cut w ith cheese kniye s . and is then heated to about 125 degrees F., 
or until it becomes ve ry firm and brittle . The whey is drain ed off and 
from thi s step the pressing and drying are the sa me as that u sed in 
he sulphuric acid method. 

Renne t Me thod 

T here are two distinct methods of manufacturing r en1let G1Sem. 
M uch depends upon it s u se in the commerial form. As preyi oll sly men-
ioned, rennet casein is u sed in the manufacture of plastic materia ls 

such as imitation iYory products. It is known as an inactiye casein 
because it does not react as quickly with dilute alkali es or acid and 
req uires m or e concentrated solutions to dissolve it. Its composition 
differs fr o m that of the acid ca se in . Rennet casein exis t s a s para casein, 
\"h ile ac id ca se ins are in the form of calcium caseinates. 

T he co ld method of manufactur e is that of setting th e milk at 90 
degrees F . with enough rennet to coagulate it in 30 minutes. The 
curd is cut into half inch cubes and the whole heat ed quickly to 115 
degrees or 120 degrees F. while the curd is stirred continuously to 
Clyoid matting. The w hey \vill be expelled from the casein in a com 
paratiyely short time, and, as th e curd becomes firm, the Yat gate is 
opened to drain it, and t he casein allovled to settled at the bottom. 
Cold \yater is then poured ove r the matted curd to retard the renn et 
ac tion. T he casein is then run through the curd mill and imm ediat ely 
put back into a yat of cold water. From this step the press ing and dry
ing are id enti cal to that of the sulphuric acid method. 

T he hot r enn et method con sists of se tting the skim milk as in the 
col d method, cutting th e curd yery fine, and at the same time running 
the tempe rature up to 135 degrees. Afte r hold ing at this temperature 
fo r a short period, the act ion of t he r ennet is completely topped and 
at the same time the curd has become thoroughly dri ed. T he drain
ing. washing, pressing, and drying can be carried on as 111 the , ul
phuric acid method. 

There are other methods of manufacturing case in but non e of them 
are used on a large commercial scale. It is true that some casein is 
fi rst manufactured in a crude form and then altered t o meet reqlllr e
ments. 

The four co mm ercial methods of manufacture studied in the ex
perimental work were the Hydrochloric Acid , Sul phuri c .'\cid. Katura l 

ou r , and R ennet. 
Prooedure 

No definite amount of skim nlilk was available and therefore batches 
"aried from 50 t o 250 pounds. Each batch of milk was analyzed for 
o tal solids, specifi c g rayity , and fat, using the ~!{ojonni er machine 

and methods. 
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Eight ba tches were run in the first group using each of the fo ur 
methods of making casein, namely: Hydrochloric Acid, Sulphuric 
Acid, Natural Sour, and Rennet, as before described. However, in or
der to obtain more accurate results in the making of acid caseins, the 
coagulation was controlled by using pH -1-.6 as the stopping point in 
the adding o r deve loping of acid. It w a s found that when the curd in 
t he natural sour method was firm for cutting, its whey was very close 
to pH 4.6. T he washing was accomplished by replacing the amount of 
whey drained off by an equal amount of water. The acid caseins were 
washed with water acidified to pH 4.8. This is necessary where well 
wat er is distinctly alkaline in order to keep the casein in a better con
dition for washing. 

After washing and draining, the curd was put to press. Square 
pieces of heavy duck we.re used as press cloths. From the press the 
curd was broken up finely by hand and spread on drying trays. A 
cloth was placed under the last tray of each batch to catch any loose 
part icles of curd . These trays were then placed in the drying tunnel 
and the curd allowed to dry oyer night by t he blowing of air over it 
at a temperature of from 115 to 120 degrees F . 

Each batch was then taken out, weighed and ground. . \ sample was 
taken to be analyzed for moisture, fat, and ash. T o determine the 
moi ture content, a two gram sample was heated to 100 degrees C. 
in a vacuum oven for thirty minutes. The loss in weight was recorded 
on a pe rcentage basis as loss in moisture. To determine the fat con
tent, a two gram sample was used and tested by the Mojonnier modifi
ca tion of t he Roese-Gottlieb method. For ash, a one gram sample was 
slowly heated in a porce lain crucible. Later more heat was applied 
until all cha r disappeared. This required from 20 to 24 hours. The 
residue was ca lculated as ash. 

In the second group, the batches o f casein were made up from kim 
milk by each of the four methods and at the same time man y batches 
were run on t he same day. This was done to avoid e rro rs and va ria 
tions in the sk im milk supply. Batches 9, 10, 11, 12, and 13 of the fo ur 
methods we re a ll fr om the sa me milk. Batche 14 to 22 inclusive of 
he Hydrochloric Acid and R ennet methods were from t he same milk 

while t he sa me numbered batches of the Sulphuric Acid and Natural 
Sour were from another milk . The data shows that all the skim milk 
used in the seco nd group was practically identical in total solids and 
specific gravity and varied only .02 per cent in fat. 

SECOND GROUP-RESULTS 

T he manufacturer is primarily interested in t he y ield he obta ins, while 
the user of ca se in must pay particular attention to the fat, moisture , 
and ash it contains, and at the same time he must observe its purity 
a nd later its general working qualities. If the casein has a good appear
ance a nd the fat, moisture, and ash content are within reasonable 
limits , it can safely be bought for general co mmercial use. In draw
ing conclusions from the data , the yield, fa t , moisture, ash, and gen
era l appearance were the points taken into co nsideration. 
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Table I. ~'-Showing yields and analyses of caseins by varying methods of manufacture. 

HCL H2S01 
BATCH 

Ave " Ave 

Amount of ski=ilk . . 121675l-ml~l- 233 �----;S�-----;-U � 225 12091 222 .3 1 203 .5 1-~I---;OSI182T72-T2iJ"5T168~llullm 
---'---'---'--- '---'--'---'---'--1---1---1--1---1---1--1---

Lactometer reading . ~4 35 1 34 .5 1 34 .5 35 33 1 33 .5 35 1 34 .5 33 33 34 34 34 35 33 34 33 .7 
- - -1---1---1---'---'---'---'---'---'---'--- '---'---'---,---,---

Fat in skim. 06 .02 . 10 .08 .05 .04 05 .03 .066 03 .03 .03 .03 .03 .06 .02 .03 .0325 
-,---,---,---,---,---,--- ,--- ,---,---,--- ,---,-- - ,--- ,---,--- ,-- - ,---

9 03 1 8 .24 1 3 .72 1 848 1 8 . 15 1 7 .73 1 8 .81 8 .67 1 8 .60 1 8 .98 19 121 7 .72 1 7 .36 1 7 .551 6 .801 7 .32 1 7 .29 ~!(J Total so1ids in skim . 1 ___ '-- - ,---,-__ , ___ ,---,-__ , ___ ,---,- --,---,-__ ,-_ _ ,-__ ,-_ _ , ___ , __ _ 

7 .77 

':{ Yield of casein . 

U7(; Moisture in casein . 

v~ Ash in casein . 

"0 Fat ill casein . 

General Quality 

BATCH 

Amoullt of skimmilk . 

Lactometer reading . 

Fat in skim . . .. ... . . . . . . . 

276 1 2 .241 2 .90 1 2 .30 1 2 .79 1 2 .88 1 2 .77 1 293 1 2 .63 1 2 .76 1 2 .82 1 282 1 2 .95 1 2 .24 1 2 .36 1 2.4 1 1 2.40 2 .59 
1--1--1--1--1--1--1--1--1--1-- 1---1--1---1--1--1--1--

7 .53 -\ 66 1 4 41 1 -1 75 1 4 00 1 4 .39 1 5 37 1 5 .10 1 ,~ .04 1 7 01 6 07 1 8 . 11 8 07 1 7 70 1 4 .55 1 4 .83 1 4 .67 6 37 
1--'--'--,---,--,--,---,--,--,--,--,--,--,---,--,--'--,--

4 95 2 .54 122312 .04 1 2 .861292 1 326 1 375 1 3 .07 1 97 1 3·Hi 1 .23 1 2 .0 2 .53 1.42 Ll4 1. 94 1. 98 
1---,--,---,---,---,---,---,--,---,---,--,---,---,---,---,---,---,--

3-17 :2 25 1 2 33 1 2 88 1 .76 1 101 .. 51 1 Oy 1 1. 93 2 25 1 2 27 1 34 I 68 1 83 1 2 82 1 85 I 63 I 96 
--1---1---1---1----'----,---,---,---,---,---,--,--,---,---,--

NATURA L SOUR RENNET 

Ave. Ave. 
1---'---,---,---,---,---,---,---,---,--,--,---,---,---,---,--- ,-- -,---

167 

35 

04 

219 209 1 207 3 238 1 218 .5 220 

:33 33 1 32 .7 33 

~1_226 1 _~1_~1~, ___ , ___ ,-_ _ ,--, ___ ,-__ ,- __ , ___ , ___ , _ _ -' - --'--' 

33 33 ~2 31 34 

212 

32 

210 22 1 23 1 220 197 

33 
1- -1- -1--1-- 1- - 1--1--1--- 1-- 1--1--1-·-1--1--1--'- - '-

34 33 33 32 33 3~ 

07 05 05 .07 .09 07 06 . 118 04 05 05 05 07 .06 05 07 
- --- - - - -------1- - -1-- -1--1---1---1---1---1---1---1---1- --1- --1--- 1---1--- 1---1---

0556 

8 8 % Total solids in skim . 8 65 1 8 .73 1 8 .57 1 8 17 1 8 48 1 8 .31 1 [) .03 1 8 41 8 54 1 9 28 1 8 72 1 8 .89 1 8 95 1 8 49 1 8 .76 1 8 71 1 8 .60 
1-- -1---1-- - 1---1---1---1---1- --1--- 1---1--- 1---1--- 1-- 1---1---1- - - 1--

% Yield of casein . 2 .47 1 2 .82 1 2 .70 1 2 .76 1 2 .68 1 2 .34 1 2 .5 2 .71 :2 1i2 1 2 i1 2 .67 1 2 83 2 88 1 2 .81 3 07 1 2 .66 1 2 .86 2 80 
1- -1--,- -,- -,--,--,--,--,--,--,--,---,---,-- -,--,--,--- ,---, 

% Moisture in casein 4 .37 1 4 76 1 4 36 1 5 05 1 5 00 1 5 .38 1 5 8Y 1 5 \12 1 5 99 1 0 41 7 0 G 75 1 (j 70 1 G 39 1 6 .85 1 I:i 50 1 7 59 6 77 

---I-·-lurl~I -~I~I -~I~lu71-8571 -8531~18521~1_____g;_ 
% Ash in casein 1 _ _ _ 1 _ _ _ 1 ___ 1 __ 1 ___ 1 _ __ 1 ___ 1 ___ 1 __ ,----,----, __ ,.--, __ ,-__ , ____ , ___ , __ :!30 I 28 I 55 1. 35 

Ole Fat in casein . I 54 I .60 1 5 32 1 2 34 10 1 2 19 1 :! II :.! :l8 1 2 02 02 .32 .57 .92 .77 1.07 21 .46 iii 
1--1-- 1---1--1---1--1---1--1--

General Quality . 

'The writers wish to acknowledge the valuable assistance and advice of Dr . E . J . Miller and Mr O. B. 'Yinter of the Chemistry Section of thE Experiment Station in making the analyses recorded ID 

these tables . 
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Table II.-Showing yields and analyses of caseins by varying methods of manufacture. 

METHOD HCI. 

BATCH NO .. .. ... 10 11 12 13 14 15 16 17 18 III 20 21 22 Ave. 
--1---1----1---,---,---,---,-- -,----,---,---,---,---, --,---

Amount of skim . 76 71 78 77 68 50 50 50 .50 50 :50 50 50 50 
-1---1---1---' 1---'---'- - '---'---'- - - '--'--'---'--'---'---

.02 

Lact.ome~er Reading . . .... ....... . ... 'I~~'---'--_, ___ , ___ , ___ , ___ ._ , ___ , __ , ___ , ___ , ____ , ___ , ___ ._ , __ 
Fat 1D skim. . . . . . . .04 

33.4 

,---,----,---,---,---,---,--- ,---,---,---,---,---,---,---,---
% Total solids in skim . . 8 .79 8 .92 
---------------1-- - '---,---,---,---,---,---,---,---,---,---,---,---,---,---
~o Casein yield . 

1~~1_~1~1-3~1~1~1~1~1~1~1-~1-~1~1~'---
7 .19 1 7 .18 706 8 .95 6 .39 6 .38 5 .\11 6 .02 5 . ~4 6 .18 5 .81 6 .14 6 .12 6 .11 

--------- ----- - - ---------,---
2 .07 1 2.19 1 2 .37 1 2 .80 1 2 .03 I 2 .18 I 2.38 2.49 l84 

So Moisture in casein . 
,---,---,---,---,--

(;'0 Ash in casein . 2 .23 2.42 :2 .21 2 .09 2 .17 

2 .88 

5 .57 

2 .29 
1--'--'--'--'--'--'--'--'--'--'--'--'---'--'--

So Fat in casein. 1.05 l44 l40 .99 1.44 1. 21 lOI .97 .84 1.11 .89 .83 .94 .97 1.07 
---------------1---'---,-- ,--,---,---,---,--,---,--,---,---,---,---,---
General quaii ty . 

METHOD NATURAL SOUR 

BATCH NO . 10 11 12 13 14 15 16 17 18 19 20 21 22 Ave. 
,---,---,---,---,- --,---,---,--- ,---,---,---,---,---

Amount of skim .. 60 50 

Lact_ome~erReading . . . .. . . ...... 1 33

6

: I _

69

1 _

75

1 _

61

1 _

70

1-33:

0 

I -__ :=:=:=:=:=:= :=:= 
Fat 1D skun. . . . . . . .. .. . .. . . . . .. . . . . .04 

60 60 60 60 

.03 

60 60 

8.79 1 8 .9 
% Total solids in skim . 1---1---1---1---1---1---1---1---1---1---1---1---1---'---

'10 Ash in casein. 

3 .02 3 .03 3 .21 % Casein yie ld . 

% Moisture in casein .. 1- ::: ~ . ~~ ::: ~:: : :~ -5-.-91- --5-.-77- --5-.-43- --a-' .-91- --6.-02- --5-.-71- --5-.-84- I-a-' .-69-1-5-97- 1--6-00 

___________ : 2 .35 2 .37 2.46 - 2 .45 - 2 .21 1 98 _ 2 .14 2. 17 21~ 2.21 2.05 194 2 . 11 2 .17 _2 1~ 

2 .99 3 .1 2 .99 301 3 .12 3 .28 3 .0G 

180 1. 53 2 .71 1. 88 2 .40 2 .53 135 1. 88 1. 22 138 141 1. 28 1. 53 % Fat in casein . 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ , ____ , ___ , __ _ 171 J 7" 

General quality . 

Table II .- Continued 

MRTHOD H2S04 

~TCH NQ~ __ !I ___ JO ___ I ~ ___ l :2_ ~ ___ 14 ___ 1.'j ___ 16 ____ 17 __ J8 __ ~ ___ 2_0_1_~I __ 22_1~ 
Amount of skim 71 74 77 76 .16 GO liD fiO 60 60 60 60 60 60 

---------1----------._-- ------- - --- -----------------------,---
Lactometer Reading . ~~ ________ . ______ ~_3 _____________ . ________ 1 ___ ._, ___ , __ _ 

Fat in skim .04 03 ---,---,---,----,---,--_.---'---'---

______________ '.':.~I 2 . 7~ 1- 2681_ 2 fi3 1= :3 23-1 __ .2 03 1-=-2 7::..1 2 84 1- 2 91 1_~ 68 1· 2 .71 [ :3 011 3--0-1 2.81 1 __ 2 ~ 
70 Moisture in casein . .. ... . ...... · I~ _ 5 .43 ~ ~~~~~~~_~~_:~_:.:!J_~I~I~I ~I-~'~ 

r;;, Total solids in skim . 8 .79 

% Casein yield. 
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Table H.- Con lin ued 

METHOD H2S04 

BATCH NO .. 10 I i 12 13 14 15 16 17 J8 1!J 20 21 22 Ave. 
1---1---1---1'---1---1---1---1---1---1---1---1---1-- - 1---

Amount of skim . . 71 74 77 76 fi 6 60 fiO 60 60 60 60 60 60 60 
1---1----1---1---1---1- '--1---1---1---1---1---1-__ 1 ___ 1 __ _ 

Lactometer Reading . . · I~~,_--,--.-,---,---,.---,---,---,---,---,---, ___ ,- ___ 1 ___ 1 __ _ 

Fat in skim . . . 04 

3:1 .3 

.03 
1--�---�---�-__ �--�---�---�--�----�---�---�-__ � ___ � ___ 1---

7r Total solids in skim . 8 .79 g !) 
1---1---1----1---1---1·_--1--1---1---1---1- - - 1---1---1---1---

% Casein yield . 
2 73 . 2 .70 I 2.

68
1 2 

63
1 :l 

23
1 3 .03 . 2 79 ! 2 .

84
1 2 9 I I 2 .

68
1 2 .71 I 3 OJ · 3 .

0
• 2 .81 i 2 84 

~_~~~~~~ .') . ·~O ~~_~~~_ .5 .58 ~~ ~_~~ 
2 .59 1.71 216 2.55 1()7 2 .5·5 2 .16 2 .59 1.!l8 2.53 2 .4.1 2 .91 2 . 19 2 .38 2 :14 

S(, Moisture in casein . 

7c Ash in casein . 
1---1- - -1---1---1---1---1--1.--1---1---1---1---1---1-- -1- - -

r-;, Fat in casein . ___ I_~I_~~I _~~I_~I~I~:~ I~I __ I_.J_I l_l~I_1_:3_1 I~~I_~I_~~I_~~I~ 
Genera. quality. 

METHOD RENNF':T 

BATCH NO 10 II 12 13 14 I .5 16 17 18 J!l 10 21 22 Ave . 
1.---1-·--1-- -1---1---1--·- 1----1---1---1---1---1-- ·--1 ___ 1 __ _ 

Amount of skim 76 69 74 74 77 50 .50 50 50 .50 50 50 50 .50 

Lactometer Reading . . .. .. .... . . . . .. . "'1_334 1=- 1=- 1-_-1=- := :.=::=-_:=--:=:= := :=:_--=:== 
Fat in skim. . . . . . . . . .04 

___ 1 ___ 1-_ _ 1---1-- 1---1--1---1---1-__ 1--1---1---1-_-1 _ _ _ 

33.4 

.02 

7n Total solids in skim . 8 .79 8 .92 
------------1--1- --1-- -1--1--1---1--1- - 1--1--1- -1---1---1--1- - -
70 Casein yield .. . .. . 2 .82 3 .31 2 .87 2.78 3 .00 3 .23 3 .12 3 .19 3 .01 3 .14 3.18 3.14 3 .01 3 .19 3 .07 

1---1---1-- -1---1-- -1---1- - -1--1--- 1,- - -' - --'---'-- -'-_ _ 
7.88 % Moisture in casein ... . 

j~ Ash in casein . . 

7 .19 

:- ':: I ':: :==-:=::=:=:=:=---===:==::::=:=.== 
790 

8 .27 

7 .30 

8 .56 

6 .90 

!J .60 

40 

7 .30 

6.91 

71 

6 91 

7.43 

64 

6 .94 

8 .01 

.78 

7.43 

6 .39 

48 

7 .31 

7 .27 

.!j:3 

7.88 

7 .74 

.74 

7 .19 

7 .19 

61 

7 .14 

7 .1.5 

67 

7 .09 

7.48 

% Fat in casein. 66 54 .:14 

7.31 

7 .97 

.Sf) 
- -------------.-1----1--_1---- 1._--1. __ .-1---1-._-1------1---1· - - ·--1·_·---1-----1----·--1·---- 1-----
General qualit.y 
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12 MICHIGAN T ECHN ICAL BCLLETIN NO . 82 

The Yield of Casein in Table I 

I t will be noticed that the y ields by all the methods used are belo'.v 
lOrmal. This is due to the fact that the skim milk used was below 
ormal in solids. The difference or variation in the y ield of the four 

net hods was found to be very small. The highest yie ld was obtained 
by the rennet method. Hydrochloric acid vvas second, natural sour 
hird, and sulphuric lowest. 

The Yield of Caseil\ in Table I [ 

When using milk normal in sol ids and fat somewhat different r e
sults were obtained. Again the averag-es are not especially far apart. 
Rennet yield is the highest, natura l SOur second .. hydrochloric acid 
third, and sulphuric acid fourth. 

F at In Casein 

I n both table I and II the 'at content follows in definite order. Thi s 
i- interesting from the users' standpo in t becau -e high fat co ntent in 
casein is very undesirable in the manufacture of glue, adhesives, and 
paints. Rennet casein contained the lowest amount of fat, hydro-

hlOl'ic acid second, sulphuri c acid third. and natural sour the highest 
per cent. 

During analysis it was disco vered that the analytical method adopted 
during the World vVar for determining- the fat in casein was far from 
accurate. It was found hat the smaller the particles of casein the 
more fat could be extracted. The Air Craft Board method, adopted 
in 1918, is as follo\vs: :\ fiv e gram sample is extracted with ether for 
sixteen hours in either a Caldwell or Soxhlet extractor. The receiver 
is dried for thirty minutes at 89 deg-ree - C. before weighing. 

This method was discarded for the Roese-Gottlieb which Shaw sug-
gest~d would be more accurate. The analyzing- of five samples of 
caseIn taken at random from different lots y ie lded some positive re
sults. The casein was shaken hrough a set of sieves of 60, 80, 100, 
150, and 200 mesh and ana lyzed for tat using the ether extraction 
method. The origin al -amp les we re analyzed ) y the Roe e -Gottlieb 
nethod. Table III shows ,he -e ults . 

co 

T a ble Ill.-Showi n g fat con ti 

Method of An~lvFis 
I 1\ 

Mesh ... . .. .. . 

Sample I . .. : HC'1 

S~ mple II . 

Sample III . H:SC 

Sample IV ... . .. . . . . .. . Rrn 

Sample Y . . 

Average . 

1\ 

In Table I the hydrochl< 
lowest moisture while rem 

In Table II, however, su 
while rennet casein was a§ 
attached to moisture in case 

The per cent of ash in c 
sour method. It was consi 
in rennet casein natura1iy ,~ 
acid caseins contained ]~o 1 
are slightly in favor of the 

A variation too great for 
milk used in obtaining the 
to the fat separation in tl 
flushing the separator. SOl 
in the milk. It is for this 
V,Tas planned. 

Method of Sti 

I t was found necessary t 
ing the coagulation of a~i d 
to fluctuate too greatly. 
if possible the effect of v; 
well as ash and moisture ( 
divided into six portions ea 
used as coagulating reagen 
sure uniform addition of 
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T abJe Il l.-Show ing f at content of caseins b y t wo m ethods of determination . 

Method of Anal.\'~is I Find I 
E th(·r Ext ractiom Roese 

Gottlieb 

- . . 1 
I I I , __ : i ___ rl_' 1_~ __ 1_.5(_1 ~~_~ Mesh . . . .. . 

Sample I. .. , H e L .. il l 1 25 2 4 

_Sa_m_p_le_II_._. _________ . __ ~_-s_· ._ . . _._ -_-_J_(I~ _-_- 1 " ,_-__ 1_MJ~-_1~7~1 , _~_1_(1 __ 2_0_\J 

I 

Sample III ... 1 02 I 1 34 1 66 1 E7 

------_________ -------1-------'--- - - -

Sample IV .. ...... ~~_ . . _ .. _ .. _ . . _ . . _ ._ ._ .. R''''''' ~ ___ IAL~ , __ ~ _~.!_~~ __ i_' _l 

Sample Y. . )JS I /I~ 1 ( I i ! 1 34 1 65 I 1 !';j ~ 7 

I 

Average 1 44:2 , 1 874. 

Moisture in Casein 

I n Table I the hydrochloric acid method produced case1l1 with the 
low est moisture while rennet casein was highest. 

In Table II , however, sulphuric acid casein was lowest in moisture 
while rennet casein was again highest. But little significance can be 
attached to moisture in casein unless it is excessively high or low. 

Ash in Casein 

T he per cent of ash in casein proved to be in favor of the natura l 
sour method. It \Va consistently low in Table I and II 'v hile the ash 
in rennet casein naturally was the highest. Hydrochloric and sulphuric 
acid caseins contained no great variation in as h although the results 
a re slightly in favor of the sulphuric acid. 

A variat ion too gr eat for experimental work v:as found in the skim
mi lk used in obtaining the result s for Table 1. This was due perhaps 
to th e fat separation in the milk and the amount of water used in 
flu hing the separator. Some variation may have been due t o changes 
in the milk. It is fo r this reason tha t th e ,,,'ork, recorded in Tabl e II 
wa. planned. 

Method of Stirring At Time of Coagulation 

It was found nece ssary to check up on the method of agitation dur
ing the coagulation of acid casein due t o the fact t hat the yield seemed 
to fluct uate too greatly. An experiment was planned to determine 
if possible the effect of varying degree s of stirring on the yield as 
well as ash and m oisture of the casein. Five lots of skim milk were 
divided into six portions each. Sulphuric and Hydrochloric acids were 
used as coagulating reagents. A special arrangement was made to a ~
sure uniform additi on of acid to the milk during each coaO'ulati on. 



14 MI CHIGAN TECHNICAL Bl:LLET I N NO. 82 

I ~ : i : I ~ I : I ~ I ~ 
~ I 8 I M I ~ I ~ I 00 

~ I ~ I 6 I ~ I ~ I ~ 
<- I "" <0 I <-

§; I §; I ,r, I ;;; I ~ I g 
<- I "" "" I .-

~ I, ~ I ~ I ~ I ~ I 0 
<- I ~., I 

~~ ;; I &5 I ::': 0 I ~ I fl 
.~ ~ I ~ 

s:: 
o 

..... 
o 

IU 
...c .... 
tin 
s:: 
.~ 

o 
..c 
if! 

I 
~ 

M I ~ I 0' 1 2; I ~ I ~ 
M I M 

c I ~ I ,r, 25 I ;::: I :;;: 
'"'" I 0'1 

'" o 

CC 

The st irring w a s continue, 
whey was then tested anc 
acid was added. The curd 
usual way. The pressing 
there was no loss of cure 
obtained. 

It will be observed frOJ 

are greatly decreased by 1 

is due to the amount of c 
pass through the cheese c 
content is reduced more 
yield. 

Metho. 

Care must be exercised 
IS to result. If the acid 
place and lumpiness cann 
added too slowly there is , 
formed. The proper way 
the place where the acid 
milk is moderately s tirred 

DisCl 

From the data it can ~ 
prod uces the most uni forJ 
mercial condit ions, the y 
plants "\\'here whey is usee 
content, Sll1ce so me of th 
ac id. As a result the all~ 
Time and yat space also < 
nomIC importance. Mod< 
agula ti o ll so as to make 
sen'e both space and time 

Another factor to be 01: 
is the source of skim milk 
harmful bacteria may gn 
orga11l sms are in prepon 
lowered, The making of 
therefo re, is not r eco mm e 

Rennet casein has some 
that it IS extr emely high 
it to be discarded as a ( 
onl Y I S needed for the 111 

ada'pted. 
In sulphuric and hydro( 

fo rmity In methods of m, 
\Vith proper manufacturit 
process, and with proper 
qual ity . 

Assuming tha t both of 
of uni fo rmity 111 quality, 
wile\' wh ich cannot he u 
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The stirring was continued until complete separation took place. The 
whey was then tested and if the acidity was not high enough, more 
acid was added. The curd was then drained u pon a cheesecloth in the 
usual way. The pressing and drying- were carefully conducted so that 
there was no loss of curd. The following table contains the res ul ts 
obtained. 

It will be observed from the table that the yieid and ash content 
are greatly decreased by excessive agitation during coagulation. This 
is due to the amount of curd "dust" formed, which is fine enough to 
pass through the cheese cloth and become lost in the whey. The ash 
content is reduced more rapidly with increased agitation than is the 
yield. 

Method and rate of Adding Acid 

Care must be exercised in adding the acid if a proper curd condition 
is to result. If the acid is added too rapidly local coagulation takes 
place and lumpiness cannot be avoided. On the other hand if it is 
added too slowly there is apt to be an excessive amount of curd "dust" 
formed. The proper way is to add the acid while stirring briskly at 
the place where the acid enters the milk while the remainder ' of the 
milk is moderately stirred. 

Discussion of Four Methods 

From the data it can safely be said that the natural sour method 
produces the most uniformly low ash casein, and, under normal com
mercial conditions, the yield is satisfactory. It cannot be made ill 
plants "where whey i used for recovery of its milk sugar and albumen 
content. since some of the lactose has already been reduced to lactic 
acid. As a result the amount of milk sugar obtained would be low. 
Time and yat space also do not allow this method to become of eco
no mic i Illportance. Modern casein manufacturers require rapid co
agulation so as to make room for another batch and thereby con
sen'e both space and time. 

Another factor to be observed in the making- of natural sour casein 
is the source of skim milk supply. If the skim milk is not pasteurized. 
harm ful bacteria may greatly lower its quality. If protein digesting 
organisms are in preponderance, yield of casein would be greatly 
lowered. The making of natural sour casein on a commercial scale, 
therefore, is not recommended. 

Rennet casein has some advantages over all the others, but the fact 
that it is extremely high in ash content is sufficient in itself to cause 
it to be discarded as a commercial proposition. A limited quantity 
only is needed for the manufacture of those articles for " 'hich it is 
ada-pted. 

In sulphuric and hydrochloric acid casein is found the greatest uni
formity in methods of manufacture as well as quality of the product. 
\Vith proper manufacturing methods, reasonable control of the whole 
process, and with proper washing, this casein should be uniform in 
quality. 

Assuming that both of these caseins can be made with equal degree 
o f uniformity in quality, the fact that the sulphuric method produces 
whe}- which cannot he used fo r sugar manufacture immediately dis-


