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FOREWORD

This brochure is one of a series of reports resulting from
overseas technical inquiries on factory or commercial estab-
lishments, operation, management, and engineering. The
report is designed to provide only a general picture of the
factors that must be considered in establishing and operating
a factory of this type. In most cases, plans for actual
instailations will require expert engineering and finanecial
advice in order to meet specific local conditions.

Mention of the name of any firm, product, or process in

- tnis repcrt is not to be considered a recommendation or an
endorsement by the Agency for International Development,
but merely a citation that is typical in its field.

This report was prepared by Fehmerllhg Associates, Consultants
~ to Food and Allied Industries, Bridgeton, New Jersey, in

 May 1962 for the technical aids program through the facil-

ities of the Offlce of Technlcal Services, U. Se Bepartment
of Commerce. « v

Technlcal 1nformat10n and equlpment 1llustratlons, as well as
review of this brochure, were provided by William Giebel,.
President, Balnler‘s Dalries, 2 East Commerce Street, Brldgeton,
New'Jersey. ' :
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'” ~fFor further 1nformat10n and a331stance, contacu hould be .

made with the local Product1v1ty Center, Industrial Instltute,‘
_;Serv1cmo, or Unlted States Agency for Internatlonal Development.
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Code Number i o
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INTRODUCTION

This manval provides information on the processing of milk and
other dairy products for human consumption., It is primarily
intended to give the reader a basic understanding or production
and marketing methods.

GENERAL ASSUMFTIONS

There are certain minimum requirements that mst be considered
in a venture of this kind, all of which are ahbsolutely essential,
Without any one of them, uhe plan can proceec no further. In
this manual, the following assumptions are made:

1. Anyone interested in establishing a dairy enterprise
will either havc a sound knowledge of the basic
principles of dairy manufacturing or will avail himself
of the services provided by engineers; consulting
firms or equirment suppllers vwho specialize 1n this
field,

2o ’A steady, plentiful supply of raw materials and
supplles are available.,

3« A dependable supply of potable water, abundant enough
, for all ‘processing and cleanup operatlons, is. avallable. 

s F301lltle) are. avallable for sewage dlsposal wblch will ;
' © not v1olate local laws or ordlnances. e s ,

5. An adequate power supply, supplemented by auxlllary ; -
g(,‘emergency equlpment is avallable. S ﬂ,v;'.g:;"“"'




6« Transportation is available to deliver both raw
materials and finished products.

7. A market for the products already exists or the en-
trepreneur is prepared to develop a market.

8. The costs of buildings, facilities, materials and
labor are based on current United Stztes prices.

9. Operations, involving the largest number of
employees, such as filling, bottle washing, casing
and stacking cased bottles in the cooler occur
five days a week, fifty two weeks a year.
Receiving operations are generally carriea on
seven days a week, fifty two weeks a year.

Retail deliveries of milk are made six days a
week, fifty two weeks a year.

10. Where items mst be estimated, the estimates are
based on the most realistic figures available,
‘applicable to the area in the United States where

a plant such as the one described in this report
“might feasibly be 1ocated. These items are:

A. 1Iand valus.
Be Selling costs, 1nclud1ng advertls_ng
- allowances., _
“Co Administrative costs.
;*D.~‘Taxes, soclal securlty'and 1nsurance.

11, Columms are prov1ded in ﬁhe tables 1ncluded in thls
" ‘report to facllitate the«oonver51on of cost flgures
to conform w1th ocal currency and costs._

. '—paonucrj‘smmmms. 5

., k"7A mllk proce331ng plant usually produces a number of dlfferent or
,,3,“33related products. Packaging may be in several dlfferent siges
%‘v“gand types of contalners.f ' . ,

;The items produced in the plant from which economic data for thls e
- raport were gathered, are pasteurized, homogenized whole milk in
@ﬁqpart bottles, cream 1n bottles, butter and cottage cheese. S
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Obviously the cost figures on all of the various products,
packaged in various types and sizes of containers, cannot be
shown in this report.

For this reason, all cost figures contained in this report are
based on the production of one product packed in one size contaiver,
in order to supply annual production figures. The product used for
this purpose is pasteurized, homogenized whole milk packed in one
quart returnable glass bottles,

It is estimated that this product will comprise 50% of the total
annval production of the plant.

PRODUCTION CAPACITY

The production capacity of this rlant is based on = single producs
as stated above. The anmual production is 1,872,000 one quart
bottles of pasteurized, homogenized whole milk. Of this total,
seventy five percent (1,404,000 quarts) is sold to retail coucumers,
delivered to the door. Twenty five percent {468,000 quarts) is sold
wholesale to stores for retail sales,

MANUFACTURING UNIT

- The manufacturing unit is a one éuart bottle.




HANDLING MILK ON TWE FARM

Milk is an excellent medium for the growth of many organisms.
Because of the unavoidable time lag between production of the milk
and its ultimate consumption, it is imperative that extreme care
is taken to prevent the milk from becoming ~ontaminated during
this pericd.

Many diseases, such as tuberculosis, typhoid isver, diptheria,
scarlet fever, septic sore throat, brucellosis and various intes~
tinal disturbances may be transmitted to man through contaminated
milk, Some of these may come from infected cows, while others may
core from diseased workers who have come in contact with the milk,

It is cobvious that toc ensure a safe, clean milk supply, good
sanitation practices must begin on the farm,

Barn Construction

Floors ana gutters of barns should be made of impervious material
such as concrete, and should be sloped so that all liguid material
will drain promptly. There siiould be a minimm of ledges to
prevent the accumulation of dust, and ceilings should be tight to
prevent dust from filtering down from the floors above. Stalls
should be of proper length so that the excrement of the cows falls
into the gutters and the gutters themselves should be so designed
that they can be easily and thoroughly cleaned, Every effort
should be made to keep rodents and insects out of the barn and
adscuave ventilation and lighting should be provided.

Grws

Dairy cows ;Should be free. of a.ny infectious or contagious diseases,
- They should be tested regulariy for tuberculosis and brucellosis
. and any infected cows removed from the herd. The udders should be

. checked regularly for mastitis or other abnormalities and the

‘animals should not be used for milk production until the condition

 is corrected, Milk should ‘not be used from any animals w:.th :
‘actinomysis or running sores of any kind., Cows should be kept as

: clean &8 possn.ble s _espec:.ally around the udder sectlon and fla.nks.f




Milking

When cows are milked by hand, there are several important sources
of external contamination that must be considered: :

1. Bacteria and dirt may get into the milk from the coat
of the animal, stable air, dirty milldng pails amd
from the milker himself, The bacterial and dirt
content of milk can be considerably reduced by the
use of small-mouthed or hooded pails which prevent a
good portion of airborne foreign material and dirt
from the cow!s body from getting into the milk,

2. Di~ty milk pails are another important source of
contamination. They should be washed after use and
checked regularly for deposits of milkstone, corrosion
and rough areas which harbor bacteria.

3. Milkers with slovenly personal habits may also be
responsible for the contamination of raw milk and
should nrot bz employed in a dairy operation. Such
persons are guite likely to be careless about sanitation
in the cleaning of the animals and stables, the san-
itizing of equipment and other necessary proceduresa.
Personnel employed on dairy farms and elsewhere in dairy
operations should be free from contagious or infectious

~diseases, running sores, etc. They should also be.
checked regularly in the performance of their duties.

When hand mllklng, it is a good policy to first wipe the udder
section clean with a damp cloth. "Wet-milking,” the undesirable
practice of moistening the hands with milk before grasping the teats
also contributes large mumbers of bacteria, Employees should avoid
sneezing, coughing, and talking over open milk pails since this
practice may contaminate the milk with pathocgenic organisms,

Although the~machiné‘milking of cows is a great labor saver, it may
also be one of the main sources of bacterial contamination. The

 complicated construction of milking machines makes cleaning dif=-

ficult unless special methods are used. Farticular attention
should be given to the teat cups and rubber tubes both in washing

“f‘and drying. Milklng machines should be cleaned as 'soon as m&lklng

is completed. The parts should be rinsed in cool or lukewarm water,
 .then washed "in hot water and flnally sterlllzed wlth the ald cf
T'nspec1al chemlcala. : S s




- -

St ng

Straihing milk does little to reduce th« bacterial count. It may,
in fact, greatly increase the numbers ci bacteria if the filter
cloths are not clean. Although strainin; milk will remove sediment,
the practice is frequently responsible fcr a breakdown in sound
sanitation practices and results in the producer making little
effort to keep foreign material out of the milk because he knows he
can remove it by straining.

Cooling

Inasmich a5 milk produced under the very best conditions contains
som: bacteria, it must be cooled as quickly as possible to check
their growth.

Cans of milk should be covered and immersed to the neck in a tank
of cold water. Although stirring during this period facilitates
cooling, the utensils used are alsc an additional source of contam-
ination. I the firal cooling temperaturs will be 40° Fahrenheit
or lower, it is probably better not to stir the milx.

Care of Milk Canus

Milk cans are a very important source of bacterial contamination.
Many milk producers pay little attention to their cans because they
feel that the dairy plant operator takes care of this for them.

This i3 definitely not true, It is the responsibility of every
dairy farmer to check his milk cans reguiarly. The washed cans
should be sxamined for milkstone deposits, rust, faulty seams and
entrapped moisture, and the condition correct2d or the can withdrawn
from service,

Transportation

- Even though it is cooled, milk should not be allowed to accumlate
- on the farm. It should be delivered to the dairy plant daily and
provision should be mde for keeping it cool enroute, if the trip
is several hours or ionger.



¥ilking Parlors

Very high quality milk is usualily obtained from farms with millcing
parlors. Floors should be of an impervious material g2-1d the “
entire rcom should be tight and easy to clean, It shuu d-be located
close to the dairy barn but separated from it. It may be large '
enocugh to hold from one to several cows and facilities should be
provided for washing the udder section of the cows at milking time,
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LAYOUT OF wODERN DAIRY BARN

The drawing avove is an example of a simple bavn layout. The actual layout
and size of a d: *~y barn will be determined ty the terrain, drainage, number
of cows to be milhed, type of feed to be utilized, frequeuncy of milk pickup,
method of manure removal, whether or ncot a bull is to be meintained and other
important factors. Adequate lighting, ventilation and door openings are
essential. The barayard should drain away from the barn. Manure should be
removed frecuently and either applied to the soil immediately or stored away
from the barn area. [eed may be store: in either a silo or on the floor above,
depending on the type of feed being used. Cows may face in either direction,
with gutters located appropriately, depending on whicn arrangement is most
coavenient for milking and feeding.

Supplemental Eguipment

Small-mouthed milk pails, or Curry combs and brushes
milking machine Insect spraying ecuivment
Water pails Milk and cream cans
Milking stools Cocling facilities

Hamure forks Cream separator (optional)

Manure shovels



TUE PHYSICAL PLANT
Location_

Ideally, a. dalry manufacturlng plant should be located both clese
to a raw milk. supply and close to a market for the products, In

a practical sense, however, this is rarely'p0831ble., Gonseqpenbly, Lol

the costs of transporting rau'materlals to the plants as opposed
o dellverlng the flnlshed product mnst be carefully weighed..

"A plant whlch manufactures butter, cheese, concentrated or drled ‘
milks should be: situated in a milk producing area, if not, it will
be competlno w1th market milk producers for a supply of raw'milk

Plants whleh dlstrlbute mllk on retall routes are better 1ocated
‘ 1n clty areas because of the 1ower delivery costs. »

Ice cream plants should be located neer the point of consumptlon :
since the raw materials are generally concentrated and have good
\fkeeplng qualltles if properly h&ﬂdlede :

‘Cenetructibn;‘

- The nearer an approach is made toward a sqnare de31gn, the more
 flour space will be obtained from a given amount of wall structure.
The plant may be a 51ngle-story bulldlng, which requires more land
area, or a. multlple-sto:y bulldlng, which requires heavier construc-
tion and supportlng members.) Prov131on should be made for future

S grOthe

Floors should have a concrete base w1th strength eneugh to support :
1heavy'equ1pment. They should be surfaced with a wear-reslstant '
‘slip-proof, waterproof easy to clean material that is 1mperv1ous
~ to lactic acid, grease and cleaning solutions. They should be
‘properly pitched for rapid draining and have full rounded corners
at all wall Joints and pedestals fer equlpment. :

Walls and celllngs ehould be waterproof and sanltary. Théﬁléﬂéf‘
‘kportlon of the walls should be glazed tlle.; ," G

‘Adequate llghting and venoilatlon are necessary wandews should =
be screened and the frames made of alumlnum or steel. Dcors must ,




be self closing, screened and tight fitting. Ample space should
be provided for the storage of raw mterials, cantalners and
finished products.

Equipment.

The choica of equipment will depend zn the type of dairy enterprise
and the antieipated volume to be handled.

The capacities of the various processing units should be coordinated
to avoid unnecessary expense and all metal parts which come in
contact with the products should be made of stainless steel or me :1,

Many types of miltipurpose units are available which have specia.
advantages, Again, the choice will be determined by the type of
operation being considered.

The capacity and number of pumps and storage tanks will be deter-
mined by the layout of the plant and its anticipated volums. A
steam generator will also be required.

Sanitation

Proper sanitation practices are probably more important in the dairy
industry than in any other food processing enterprise. The very
nature of the raw ingredients makes them an ldeal msdium for the
growth of microorganisms, Therefore, it is essential that every
surface with which the products come in contact are cleaned and
sterilized after each use. Ilarges washing sinks must be provided
for this purpose.

The amount of tims required to clean and sanitize has a direct
bearing on plant earnings, not only becsuse of ths man hours
required, but also because of tha times the equipment is out of

production.

In many instances, ecquipment and pipelines will have to be complete~
ly dismantled for cleaning. A well plarmed arrangement of units will
reduce the pumber of fittings and shorten pipelines., Complicaied
hookups should be avoided and equipment should be cleaned immediately
after use,

Modern plants use c¢leaning~in-place methods so that the pieces of
equipment are not dismantled but sanitizing agents are flushed

=10



through them. It is not possible to do this with all equipment
but wherever it is, cleaning time can be reduced up to 50%.

There are many cleaning agents available that have been formulated
specificaliy for dairy use. Some of these combine a bactericide
with a detergent compound so that cleaning and sterilizing are
done simultaneously. Chlorine and quaternary ammonium compounds
are frequently used. They are effective bactericides and leave

no objectionable odor. In all cases, the manufecturerts directions
should be caerefully followed and the cleaning agents should be
completely rinsed from the equipment.



RECEIVING OPERATIONS

Milk may be purchased from the producer in several ways., It may
be paid for by messure, that is, by the gallon or can, by total
weight, by weight or measure with minimum standards for milk

fat and & premium for additional milk fat, on the basis of the
actuval milk fat content, or by a basic price per hundred weight
of milk plus a straight price per pound of milk fat. The method
of payment will vary with local custom, competition in the area
and the purpose for which the milk is intended,

The cans of milk are unloaded from the trucks onto & roller or
drag-chaln conveyor and are transported into the receiving room.

The can lids are removed and the milk is checked for visible
filth and undesirable odors. Sediment testin; may also be done
at this point,

If the milk is rejected the lid is replaced and a conveyor
transports the can tack to the truck., If it is accepted, it moves
on to the weigh tank.

e g on the size of the operation, the weigh tank may have
sither cne or two compartments with sloping bottoms leading to

& =~ 10 inch discharge gates. The tanks are connected to a scale
with sasily read calibrstions. The tope of the tanks are

covered except for the opening into which the milk is dumped

and & sasplicg bole. The main opening is fitted with a hopper teo
prevent spillage and & 3/16 inch screen to strain out gross filth,

The boppers should be fitted with baffles which aid in mixing the
wilk and alsc kelp prevest splasking. Many dumping units are
equipped with cradles in which the can rests as it is tipped.
These are so arvanged that the mi_k can be dumped in either tank.

Wher 3 tank is full er all of the silk from a producer has been
receivod, it is weigbed and recorded,



Sampling for Butterfat

At this point, the milk is sampled for the butterfat test. 3Some
modern dairies have semi-aulomatic sampling devices attached

to the weigh tank, hut in most cases, the thoroughly mixed milk
is sampled by means of a long handled dipper. A small portion
is removed from ¢he weiph tank ard placed in & jar. The jar
should be given a gentle rotary motion &s the milk is added, It
is not necessary to test every producert?s milk every day. Many
dairies sample milk for testing only 2 or 3 days during three or
four test periods each month. Frequency of testing will be
detersined by the method of payment and the laboratory facilities
availatie,

In the receiving room it will be necessary to have shelves or racks
on which to store the sampling bottles. The bottles themselves
should have & wide mouth and tight closure to prevart evaporation,
They uvsually have a rubber stopper which 1is chained %o Lhe neck.
They should be identified with the same rumber that appears on the
produserty ess, The bottles are stored on trays and the trays
keps in racks, MNost cperstors add a mercuric chloride tablet te
esch bottle se the resulting color will show that the milk is not
i‘m* huses consumptisn., The Mmk Test is discussed in the
chapler sptitled "Quality Control

After the weight of the nilk is recurded, the discharge gate is
opened and the milk flushes oyt to a drop tank below, The advantage

of & doutile compartaented weigh tank is that receiving operations
can continue wiile one of Lhe tanks is draining,.

It is tiwm prectice in sone dairies to hold the cans upside down
for severs)l seconds aller they are cumped to drain them. A faster
metood iovolwes the use of a drsirage parn and reck, This unit is
50 srrszged that the cans may be dusped, placed imsediately on the
rsck iz sn izwverted positior, ang carried sctometically to the can
wsher, O tbe way Lo the wsier, awilk draining from the cans falls
jinte the pan and is chamreled into the welpgh wink whiile another can
is belny Sunped,

wmi&wammwd




serious since the rough surface makes thorough washing less
effective, provides an ideal surface for additional accumla-
tions and makes complete drying difficult. Although washing
is still done by hand in some very small dairies, mechanicali
washing is necessary in most operations.

There are two general types of washers, the straight-awsy and
the rotary. In either case the washing is ascomplished by
pasoing the cans over a series of spray Jjets under pressure.
Some machines are so designed that the can lid and can enter
the machine together., They are both washed and dried and the
ild is replaced on the can at the discharge end.

The first jets in the machines provide a pre-rinse with cold
or tepid water. The next series of joets spray a hot washing
soiution into the cans. The solution usually contains a wetting
agent and say be either an alksline preparation such as
trisodivs phosphate and sodium metasilicate, or one of the
rewer acid detergents. The alkalinity should not exceed 0.05%
because of the corrosive effect on the tinned surface of the
SRS .

The wasiing is followed by a fresh wmier post-rinse, which is
follcwed by & rinse of hot water at 180° Fahrenheit. In the
lagt step, a blast of hot air is blown into the can to dry it.
Therough ﬁrﬁm ig very important since a dry surface aflfords
jittle opportunity for tre sroh of bacteria. Some machines
provide *@ramnﬁaﬁﬁmm&:sm}xﬁ step. This
procedure elizirates the possible condensation of moisture
inside the tans.

mm cans a&m\aﬁ e inspected regularly and any defects brought
producserts gttention.

Erpry cane come ouwl of ibe washer ontp 3 conveyor which carvies
then itk Lo the Lruck. mmwwaﬁwmm“ww»zmm
8t & polqn Iar excezr from the intake conveyor so that it dees
st ixterfere withr imtoming trucis.

Fpom tee drop task the wilk 1s geperslly pusped to Lemporsry
sLorEe Lasws. %mw,%mmgmm e
BIlK 38 mm m ?m directly into the cheese wats, In most
CERPeS I ONS, LOWSw EpOrary storsge Lanks are used because




they assure a steady flow'of mllk after operatlons begln, and
the mllk is thoroughly mixed,

' The raw milk may or may not be cooled. ThlS will be determlned
by the temperature of the incoming milk, its quallty5 and the :
- period of time which will elapqe before it receives pasteurlzatlcn
or other preces31ng. ~ e E

Cooling involves the double expense of flrst lowerlng ‘the temper- *
ature and later reheating the milk. Consequently, cooling prior
to processing should be avoided whenever this can be done wlthout 5
sacrificing quallty in the flnlshed product, : ;
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LAYOUT OF RECEIVING OPERATIOLS

Racks for milk samples should be located near the weigh tanks and ample
space should be prcvided for the temporary storage of full cans in the-
event milk is unloaded faster than the equipment can handle it.

Equipment Illustrated
1. Can conveyor : '
2. Weigh tanks with scall
3+ Drop tank
L. Can washer




ARG ML PROCESSING

There is mach dlsagreement among dalry operators concern1ng the
treatment of milk and the arrangement of the processing equip-
‘ment. ‘There are probably more than a dozen different methods
for processing market milk in use today, all of which differ
from the others in some detail of the operatlen. ThlS chapter
~will be concerned only with the various steps necessary for the -
productlon of a high gquality product. The order in whlch they
take place will be a matter of personal Judgment w1th1] ‘jrtaln
llmlts, or may be dlctated by local health 1aws.f., Lok

Preheating |

,The v1sc031ty of mllk decreases as the temperature 13 ralsed. f:'

Consequently, ‘the practice of preheating facilitates the flltra-'v””‘: |

tion or clarlflcatlon processes which follow, Preheatlng may,
however, initiate ranc1d1ty if the mllk is not pasteurlzed

qplckly |
The raw mllk is generally passed uhrough a tubular heater uhlch

raises the temperature to 90° — 95° Fahrenheit.. Plate heaters.
may alsc be used in thls process. ST

Clarifying or Filterigg"

Clarifying removes suspended'forelgn parfiéles bj centflfugal-;
seGimentation. Filtering removes particles by straining them

out. Both methods will remove visible particles qulte eff1c1ently.7‘f >

Filters employ pads or cloths through which the miik is pumped. ,
A frame holds the edges of the cloth or pad in such a way that the
milk can only pass through it. The center is supported by 2
screen or perforated metal support so that the pressure of the
milk will not tear or burst the material. The cloths or pads may
be reused if properly sterilized but it is a common practlce in
modern operations to use them only once,

Clarifiers are similar in appearance and operating principle to

cream separators. They differ malnly in the size of the bowls,

which are larger in clarifiers, and in the absence of any device
to separate the cream, i




As milk is pumped into the rapidly spinning bowl of the machine,
‘the heavier particles are driven by centrifugal force to the
walls of the bowl, This results in a grayish slime which
contains various kinds of dirt that has fallen into the milk,
body cells, bacterla, particles of casein, fat and other ;
materials. This material must be cleaned out regularly. The

. amount of clarifier slime obtained from milk is variable and
~dependﬁ largely on the amount of dirt and number of body cells in
the mmlk When it ia recelved. : , ,

";Although flltratlon wlll remove partlcles down to 0.05 mmo,
:clarlflcatlen removes even finer particles. Clarification will

e also remove a portlon of the body cells and some bacterla‘from\

,the m11k whmch would ordlnarlly paos uhrcugh a fllter.

, gWhlle clarlflcatlon removes more bacterla than flltratlon, the
number of bacteria in clarified milk, as determined by the plate
‘method is frequently higher. - The apparent increase is due to -
“the breaklrg up of ciumps of bacteria in the machine. Clarifiers

are gradually replaclng filters in most . modern operatlons 1n

- spite of thelr hlgher 1n1tlal cost.ali;g;, e

7Essent1ally, homogenlzed}mllk is 1mply mllk that has been
treated to break up the fat globules to the point where a cream
- line will no longer form. -The product has recelved wnde

- consumer acceptance in. recent years. : £ =

Some advantages of homogen1z1ng are' ,

':’1.f7The fat is flnelj lelded and remalns unlformly
o dlstrlbuted in the m11¢. - S , :

*Z;V”The flavor and color are'ri¢hér;  B
3. 1t is easier to dlgest. :
2h.f It produces superlor results 1ﬁ ﬁooklng.
Some dlsadvantages are:
o 1. Increased’productibn:cbsts;” =

2. The equipment may'he an addltlonal source of
contamlnatlon.

~18~



3. Possibility of sediment in the bottled product.
4e Problems in utilizing relurnea “omogenized milk,
5¢ More rapid flavor deterioration.

The homogenizer is a triplex pump which forces milk through a
restricted opening at high velocity. Extremely high pressures are
achieved which cause the break-up of the fat globules.

There is some disagreement on the ideal location for the homoge-
nizer in the flow of milk. Some contend that pasteurization
should follow homogenization which would kill any organisms picked
up in the homogenizer. Others claim that milk should be homoge-
nized before it is clarified since more bacterial cells will be
- removed during clarification. A modern, widely used system is to
1ncorporate homogenization in the-pasteurizing operation. 1In the
high-temperature short time (HIST) system of pasteurization, the
milk is homogenized as it comes from the regenerator unit and
pefore it enters the final heater.

: Higher pasteufization températures may be used on homogenized nilk
~since the creamlng Gualltles of the milk do not have to be con-
31aered. i

';f’Tests have shown that nomogenlzed milk deterlorates ‘mch more
rapidly than regular wilk at temperatures near 70° Fahrerheit but
nthat 1t holds well under refrlggratlon.

- The sludge Wthh sometlmes forms in the bottom of bottled homoge—
nlzed mllk may be largely'av01ded through the use of a clarlfler.

fReturned homogenlzed milk may present some. nroblems in efficient
utilization. If homogenlzatlan has been thorough, the fat can

- not be removed efficiently for use in butter production. If the

. returned milk is of good quality, however, it may be used in
- cultured buttermllk, chocolate mllk, ice cream or in standardlz—
-ing sweet cream. o S . ,

; ‘separatii'on and creé.m* Prqducticnf‘ i

A cream separator is used to separate whole mllk 1nto sklm.mllk
and cream. Gream of almost any de51red fat content may‘be ‘obtained

g e



by properly adjusting the nachine, The oream ey be aped for
whippirg, as table cresm or in the somulectuere of butiler amd
ice cresm. The skim nilk mey be terketed as such, used Cop
cheese or chocolate drink, or msde imto @mﬁ@‘m}m e deied shkin
milk, Haw milk is usually sepurated at 90° Pakowreit.

Cream which is to be sold a8 swest cream shouwld be stamdeesined,
and pasteurized. It may also be honogenized dr-rimg Ghe WIS
method of m@w@ﬂmwm. Recommended pasteurization times wnd
temmmtu%ss are 155° Fahrenheit for not less tham thirty mimutes
or 180° Fahrenheit for fifteen seconds. The pasteurized o,
should be premptly cooled to 45° Falwemheit smd stored at 407
Fahrepheit or less. Cream which is to be sold for whipping
purposes should nob be homogenized.

Pasteurizing

Pasteurizing is 100% efficient im destroying the commen disease
cesing organisms E‘reqmmmy fourd in wilk. Conssquently, most
health regulations require it. A mumber of methods have baen
used through the years but two are now generally accephed.

The batch method employs a minirmum temperature of 140" Fahrenheit
for a period of at least thirty mirstes. It is generally uwsed by
small processors for market milk ami by large crocessors for
cream, chocolate milk and other products which are produced im
small amounts. ligher temperatures are often used.

In this system the milk is heated, held amd partially cocled im a
water or steam jacketed tank or waf:;, The pasteurizer is @m@w:ﬁ P
with agitators to keep the milk in sctiom. For coolimg, the heolb
water or steam in the jacket is replaced with cold water.

The high temperature-short time nethod, gemerally referred to as
HTST pasteumza.tlon, is 2 contimmous vrocess which 1s now used
almost universally in the largar milk plants. A mindomm
temperature of 160° Fahrenheit for a period of fifteen seconds
is required.

This process employs plate heaters for rapid hest tramsfer. A4
series of thin plates are joined together but separated by
gaskets. The gaskets are so arranged that no leakage can cecur
when the milk flows across one side of a plate while the medium
‘which is heating it flows along the other side. The milk and



hsating medium enter the unit from opwosite ends and tend to
equalize in temperature. The capacity of the unit can be
inersased by merely adding more plaies.

The most efficient units of this type have a regenerative
feature. As cold raw milk enters the regenerator sectium, it
flows along plates on the other side of which the hot milk

is leaving the pasteurizer. This cools the milk leaving the
unit and heats the raw mill which is entering it. The warp
raw milk is then pumped to the final heater where it is raised
to 160° Fahremheit and passes into the holding section. This
section is sc designed that it takes fifteen seconds for the
milk to pass through it. The hot milk is conducted to the
regenerator where it gives up most of its heat to the cold milk
coming into the unit and finmally it flows into the cooling
section where refrigerated water reduces the temperature to
40° Fahrenheit or less. Over 80% of the heat used in
rasteurizing by the HTST method is recovered inm the regenerator.

Quick cooling of pasteurized milk emcourages the formetion of
large fat globule clusters whish give urhcomogenized milk a deep
cream layer.

Cooling

Batch pasteurized milk is usuaily pumped to a surface cooler, a
cabinet cocler, an intermal tube cocler or a plate cocler, where
the temperature is reduced with zmmonia or ice water. Im ETST
pasteurization, the last section of the pastewrizing unit is -
cooler. In either method, the milk is usually conducted to a
surge tarnk or accumlatiom tamk to await botilimg, This tamnk
should be located above the botile filler go that gravity fillinmg
is pcusible.

Bottling and Capping

After cooling, the milk flows to the botiler mpply tank which is
part of the machine. Bottle fillers range in size from single,
hand-operated units to large an’omatic machines with 2 capacity of
well over 100 bottles per mimmte. The milk may flow inte the
bottles by gravity or be drawm into thew by wvacwmen. The machines
should be able to handle containees of several sizes.

AL



Thoroughly washed bottles are fed to the filler on a conwveyor
from the bottle washing and storage room. The fillers are
rotary in design and the bottles are filled on their trip
around the machine. In one type of machine, the bctitles are
filled by gravity, the milk entering through valves, and the
air in the bottles escaping through vent tubes which are
inserted into the bottl.s and extend above the lsvel of the
milk in the tank above. In the vacuum-type machine, the
milk does not enter the bottle until the air has been remcved.
Loss of milk due to cracked or chipped bottles is eliminated
with this system since the milk will not enmter the bottles
unless a vacuum exists,

The capoer is gemerally a part of the filling machine. There
are -eoveral types of caps ranging from a simple treated
cardboard plug or disc cap to metal foil caps waich extend
part way or all the way over the roll at the top of tne bottle.
Many times disc caps are covered by hoods. The fillea bottles
are cased and placed in cald storage witere Lhe temperature
should be maintained at 40° Fahremheit or less.

Bottle Washing

Thorough washing of bottles is one of the most important
operations in a dairy plant. Since all returned bottles have
been exposed to contamination from pathogenic organisms, it
is not only imperative that all gross filth be removed from
them but that they be sterilized as well.

Among the most efficient washers ir current use are the soaker
type washers, In the newer machines of this kind bottles may
receive as many as 12 treatments as they pass through it.

As bottles enter the machine they are pre-rinsed and tempered
with warw sater. It may be plain water or contain an alkaline
solution and the loosening of filth and old milk may be
accomplished by jet action or scaking. The bottles are
conveyed Lo one or more soaking compartments containing caustic
solutions maintained at relatively high temperatures, They are
rinsed by jet action both inside and outside and receive a
£ipal rinsing with highly chlorinated water,

The washed and sterilized bottles should be inspected and all
damaged or unclean bottles removed. Many firms now use electronic
detection devices to supplewent mamual inspection.



The open bottles should be protected from splashing, dripping -
and airborne contamination on their trip to the filler. This
may be accomplished by installing a shield over the entire
length of the conveyor,.

Provision should alsc be made to wash the bottle cases regularly.
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The exact arrangement of equipment will vary with the type of milk being
bottled, the number of other dairy products manufactured, local laws, etc.
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Bottle capper

Casing operation
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CONCENTRATED MILKS

The removal of a porticn of water from whole or skim milk is known as
condensing or evaporating, but the resulting products are all considered
"eondensed™ milks by the trade.

The degree of concentration can be controlled and will be determined by
the ultimate use of the product. The composition of corcentrated milks
is expressed in terms of (1) fat percentage, (2) total milk solids,

(3) total solids, and (4) sugar content (if it has been added).

A listing of some relatively important concentrated milk products
follows:

Approximate Ratic of

Name Concentration
1. Condensed whole miik (plain) 2.75«1 to 4-1
2. Condensed whole milk (sweetened) 2451
3. Condense! skim milk (plain) 2.422-1, 3-1, 3.78~1
L. Condensed skim milk (sweetened) 2.5~1 to 3=-1
5« Superheated, condensed whole or
skim milk 5=1
6. Evaporated whole or skim milk 2.25-1

Dried milk products are discussed in a later chapter of this report.

Vacuum Pan Condensing

In order to be condensed, milk must be boiled, but the use of a temperature
of 212° Fahrenheit would be injurious to the finished product. For this
reascn, the condensing operation is usually performed in & vacuum pan.

By placing milk under twenty five inches of vacuumZl its goiling point is
reduced from slightly above 212° Fahrenheit to 140 -145" Fahrenheit.

The vacuum pan is so constructed that the milk is caused to boil
violently, surge upward in a fine mist, and drop back intc the bottom
of the unit. This process continues until the desired concentration is



obtained. At the Ltop of the cycle, vapors of the bolling milk
are drawn {rom it and remcoved by condensation. There are several
types of vacuum pans available which differ mostly in the design
of the heating unit.

There is a very wide variation in processing temperatures which
may range from 140°-230° Fahrenheit. The ideal temperature will
be determined by Lhe type of pen being used and the type of
cordensed milk desired,

Standardi

Condensed milk 4= left in the pan until the proper concentration
is resched. This is determined from the specific gravity by
mesans of & Baune hydrometer., 3y making frequent analysis of the
condensed milk and by taking frequent Baume readings at definite
texperatures, it is possible to determine the exact point at which
to withdraw the product from the vacuum pan.

Because of the widespread use of condensed milks as an ingredient
of octher products, such as ice cream and candy, buyers insist on
a uniform, standardized product. For this reason the condensed
milk sapufscturer must pay particular attention to the ratio of
butterfat tc non-fat solids and make adjustments by the addition
of butterfat or non-fat milk solids where indicated., This .s
usually done by the additiorn of sweet cream or sweet cream butter
to raise the fat content, or by the addition of skim uilk or dried
skinm milk to raise the non-fat solids. This may be done after the
milk is condensed except in the case of swestened condensed milks.
The wiscous nature of the finished product makes it imperative to
standardize the normal milk before condensation.

Cooling Condensed Milks

There is considerable variation in the systems used to cocol
sweetened and unsweetened condensed milks, Sweetsned condensed
milk must be cooled quickly with slow, gentle agitation to avoid
the incorperation of air in tne finished product. Extreme care
mzst be taken to avoid crystallization of the sugar, Unsweetened
condensed zilk may be cooled in coil vats or surface coolers.
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Unsweelened condensed milk, commonly called evaporated milk
when used in the home, is pgenerally homogenized after cooling.
it 4s filled into hermetically sealed cans and sterilized,
after which it may be stored at room temperatures. It say be
necessary to place the canned milk in shaking maschines to break
up the coagulated casein,

Sweetened condensed milk is also packed in hermetically sealed
tine for either home or industrial use,

Such condensed products as plain condensed whole or skim milk
and supsarheated condensed whole or skim milk are most frequently
sold for use in the marmfacture of human foods. For bulk
shipmenis to other processors various size containers are used.
The 10 gallon milk can and 50 pound lard tin are popular for this
purposs, Sweetened condensed whole and sicie milk are frequently
sold in 30 or S50 gallon steel drums,

Canned milk is sold directly to wholesale grocers who supply the
retail stores.

Bulk condensed milks are generally sold to bakers, confectioners or
ice creas marufacturers.

Because of the great variety of condensed products on Lhe market,
detailed information on processing methods is beyond the scope of
this report. Excluding dried milk products, there are at least
15 diflerent condensed products which may be marketed in an
infinite number of concentrations for special purposes,
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SUTTER

Btter Ay be mmde {rom either swest or sour ¢reem. The cream
tiay be recelived in the fors of whole «dlk o may have been
seraraled on the farw or et anciher processing plant.

If received in the form of whole milk, the ntepe discussed in

the chapler entitied "leceiving Quermations™ are followed and the
cream 1y dlverted to the butier making process after 3 separation.
17 the oreas ie recelived in cars, the proceddure s similar, with
sone exeeplions. The opsam fs usvally welighed in the mmawm
can ard Lhe we gl of ‘he can sublracted Urom the gross weight.
It Q9 ther poured irto the dump tank and the can is steamed to
remove ary remsinioy crean, In order to avold welshing the cans
every tire, Lhe wmisht is pairted or stamped on each can, During
ihe receiving operstion, much attention is devoled Lo the
detection of of f=flavors and odors in the cream.

The teiter making process is begun when there i3 encuph crear in
glorsee vals L0 make & churming,

Keutralizi

il the crean io sour, the acidity must be afjusted Lo prevent the
ioss of fa% during pasteurization. 1f only sweet cream is used,
this step 19 not mecessary.

&&u&ml&mzim is accomplished ty the addition of an alkaline

unt! suth as calcium oxide or magresium oxide, sodium or
m%mw bydroxide, sodium bicarbomate, ete., Two very important
points which must first be determined are the exsct amount of
creas to be neutralized and the percentage of acid in the crean.
dithout this information, the quantity of neutralizer to be added
conld not be caleulated. The cream should be retested after
neutimaiization.

Fasteuriszing

Pasteurizastion of creaz for butlter making is done primarily te
free it of potentially harmful organisms and to increase the
keepinrg qualities of the butter.



Somm i ler a;mwww@ gmwmxy m s vatl uystem where Lhe creanm
iy heated 1o & minimum of 1%0° Fahrenhelt and held for at least
thirty sinuies, The holding tise may be shortened 1L the
tenperature i3 increased., Most larger modern dairies use flash
pasteurization methods which allow & wmmimm flow of crwam

nrough the unit. Tesperstures of 180%.2.0°% Pabrenheit are
used foar periods of oo %o fiftesn seconds. Veouum pasteurizers
bwat Lhe oream under vacuus and resove volatile substances which
may csuse off-Tiavors.

After leaving the pasteurizer, cream should be cooled immediabely
10 W~50° Fahrenheit. The cooling unit mey be a part of the
pestecrigser or & separate unit. Some butter making plants make a
praciice of ripening cream by adding & starter culture to it as it
is conling, mixing it thoroughly and sllowing the cream Lo stand
urdisturbed for an sxiended pericd. Wheother or not this is done
depends on the quality of the creas and the type of butter to be
mude from it. C(ther processors do rnot use a starter and may allow
Lhe cream 1o ripen for only two or thred hours. There are
uniimited waristions of the ripening process and the one chosen
will uitimately be dictated by consumer preference, for it is at
thie point that most of the [laver of utter is developed.

The ideal butterfat contert of cream entering the churn is 33-354.
Both the fat content and texperature of the cream should be
adjusted so that churninz is completed in A45-60 minutes.

The churn say be in the form of & cylindrical drum, an inclined
cone or an irregularly shaped cube, It may or may not have
agitators or baffles inside but it is designed to agitate the
creas viclently. It is usually fiiled about half full and color
is added if necessary and allowed under existing laws,

During the chumning process, butter gramiles begin to form. When
they build up te about the size of a pea or kernel of corn, the
churn should be stopped and the buttermilk drained from the bottom



A pulficient guantity of polable waler is added to the churm to
Fioat the pulk of the twltter sremules. The unit is closed and
rotatod Jor & shord pericd Lo wash the nilk solizs from the
meiter. This lfowid is dradned of ! and & larger gquantity of
ehidied waler i added, The rotating is repeated and the water
ssaln drained. The second sashing removes any ressining milk
seilus and Jirms the pramiles,

selving

Salt is added Lo Lutier to proleng its keeping quality and to

impart llaver. Scow butter is sot salted at all. The amcunt

of salt added, If any, wiil be deterzined by consumer derand.

Siantities up o 3 are coumonly used. It is generally added

in mm.ar form, either sprinkled over the butter or put in s
iTrench sate in the mutter and the churn started again.

The purpese of working the tutler i3 to oring the gramles
opether in & conpactt mass and to distribute Lhe salt evenly.
During the woriking process soisture is [firmly and unifopmly
incorporated into the Lutter in the desirea proportion. The
amcunt of water and fat is checked several times during the
working process and ihe churrn is stopped when no [ree molsture
or droplets are visivle or can be pressed from the butter.

There are several contismous butter making syntems on the
mﬁm& mzw are efficient oot quite expensive. They are

noxically feasible only in plants where a large supply of
crean ﬁ.a avaiiable and a3 large wvolume of production is
anticipated.

Mt&r is not always sold immediately after it is smade.
Frequently, it is removed from the churn and placed into parch~
mtlmmmrmmmhmﬁwuﬁw from 50 - 65 pounds.




The containers are then placed in cold storage. This is especially
true during the months when there is a surplus of milk.

The butter azmy be held in storage at the plant or sold to wholesalers.
it is remcved {rom storage and repacked for distribution during the
period of low milk production.

The trestment butter receives after churning will depend upon the
form in which it will ultisately be sold (retail or wholesaie), how
dong it is to remain in storage and the Lype of printing machine
through wdch it will ewentually be run.

If butter is to be sade im‘.o prints relatively scon after manufacture,
it may be stored at 35-40° Pahrenheit and after packaging, at 40°
Fehrenheit. I it is to be sold several weeks after manufacture, a
storege tempersture below O° Fahrenheit is necessary. For very long
periods of storage, the tempersture should be 10° Fahrenheit.

Some butter printers require that the butter be in the form of a
block which is forced through & series of wire cutter:s spaced an
appropriate distance apart. Other types of cutters work on the
principle of a meat grinder. The thoroughly chilled butter is
placed into & hepper and forced by a worm screw through an opening
the sire of tre print desired. It comes from the cpening in s
sontirmous treas and is cut into suitable lengths.

Butter prinots are wrapped in parchment, Foil or one of the newer

laminated meierials, pucked in waxed cariboard cartons, and returned
te cold slorsge until sold.
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LAYOUT OF BUTTER mwtm PLANT

If whole milk is received instead of creim additional equipment will be
required to utilize the skim milk. /

Equipment Illusﬂrated
:

1. Receiving vats /8, Chiller

2. Centrifugal heater / 9« Texturator

3. Cream filter [ 10. Print former

4. Separator / 1l. ‘rapping machine

5. Separation tanks / 12. Packaging machine

6. Vacreator pasteurizer ' 13. Bulk butter packaging

7. Standardizing vats machine with scale




ICE CREAM

' Ice cream varies more in composition and methods of preparation

than any other: ‘dairy product, . There are innumerable combinations

~ of ingredients, a wide variation in consumer preference and

 many conxllctlng local and state laws and ordinances. A4s a
result, there is no single definition of the product. It is a

_very 1mportant dairy product and has received almost universal
‘acceptance throughout the world.

‘Where standards for ice cream.have been established, the only
ixnlversal p01nt of agreement is that the most 51gn1f1cant quality
factor is a minimm butterfat content. This may range from 6~14%
in the case of ice cream, er: l—Sp for 1¢e milk and sherbert.

In general the manufacturlng processes fall into four major
group3° ~ ;

l,f Reéeipt‘of raw;ingredients.
2; Mix‘préparatign.

3e Firstkfreezing;

h;'THardenlng.

The flnal choice of equlpment should be made only afier consulta-
tion with an- ‘equipment manufacturer who will bs able to give
detailed, technlcal advice based on the. purchaserts specific needs.
‘Ind1v1dual pleces of eguipment may- ve de31gned to perform a single
operation or may be multlpurfuse units which are capable of perform—
- ing several operatlons, Dalry operators who manufacture several
- products may be able to utilize certain pieces of equipment they
-already own for ice cream manufacture and also other products. For
‘these- reasons, emphasis will be placed on steps in the production of
ice cream rather than items of equlpment Wthh may be used to
accompllsh them.

v ,ReceiVing RaW'Métefials

‘Ice cream plants receive raw'materlals in many different forms,
They may be dry, liquid or frozen and may be packed in barrels,

' cans, boxss, bags, bottles or other containers. The receiving

,idepartment of an 1ce cream plant must necessarlly be set up to




e

bandle any product in any form. This will also irclude storage
facilities, since the raw materials veceived may not be used
for several days cr longer.

wWhere whole or skim milk and croam are used, they should be
inspected, tested and weighed ac outlined im the chapter
entitled "Receiving Operations™., Many multiproduct plants use
much of the whole milk which is returned froa retail routes im
the mamufacture of ice cream if it is of zcod quality.

Dry ingredients may arrive in bags, btarrels or drums and a cool
dry storage area should be provided for them.

Frozen raw materials such as frczen cream or frozen condensed
milk may be taken to a speciai storage room or kept in the
hardening room.

Other ingrediemts, such as the various condensed milks which are
not hermetically sealed and sterilized, should be stored under
refrigeration if they are not to be used immsdiately.

Some of the dairy ingredients which may be used in ice cream
mamufacture are: Fresh whole milk, fresh skim milk, dry whole
milk, dry skim milk, unsalted butter, anhydrous milk fat, fresh
cream, plain condensed skim milk, sweetioned condensed skim milk,
plain condensed whole milk, sweetened condensed whole milk,
evaporated milk, frozen cream, frozen condensed milk, plastic
cream (20% B.F.i, superheaied condenseC sidm milke

The following ingredients may bs used as sweetening agemts: Cane
sugar, best sugar, corm syrup, corn syrup selids, corn sugar,
invert syrup.

The combination of ingredients used im ice cream will depend
almost entirely on their amlﬂblhty. This xs especially true

of the dairy ingredients.
Mix

Mixing may be done on a batch basis or in a contimious process.
Frozen raw materizls may be inawed before mixing or psssed through
a comminmuter which enables them to thaw qwmm wmle being mixed.

Batch mixing may be dome in & jacketed val which is also used for
pasteurization, The liquid ingrediemts are first placed in the



wvat and the mixture is heated with contimmous agitation. Dry
ingredients are added while the agitation contimies. Certain
dry ingredients, such as dry milk solids, are particuiarly
diffieult to get into solution without lumping. Sometimes this
difficulty is overcome by putting the meterizl inteo solution
before it is added to the wat. Gelatin and sugar are generally
~dded befere the mix becomes too warm. Gelatin may also be
dissolved in hot water amd added when both the gelatin and the
mix reach a temperature of approximaiely 145° Fahrenheit.
ILiguid or soluble dry flavers are added at this point. Insoluble
materials, such as fruits and muts, are added after freezing,

The continuous mixing process is based on the use of liquid
ingredients which are stored in separate tanks., As needed, they
arr~ conveyed to a weigh can where each item is added in a
measured quantity. The order of assembly is the same as for

batch mixing.

Even though raw ingredients are tested and formlations are pre-
determizied, the ice cream mix may need some adjustment. Testing
of the wix should be done before pasteurization and any defects
correcisd at that time, If the mix does not contain the exact
proputions required, it will interfere with subsequent processing
operations and yield a lower quality product.

Pasteurizing

Ice cream mixes require more intense heat treatment than milk.
Temperatures of 160° Fahrenheit for thirty mimutes or 175°
Fahrepheit for twenty five seconds are adeguate.

If the batch system is used, beavier agitators are necessary
becauss of the higher viscosity of the liquid. In comtirmocus

processing, higher pressures and more plates are required. Other
than this, pasteurization is carried or in the same general manner

as described in the chapter entitled "Market Milk Processing®.
Homogenizing

It is cormon practice to filter the mix afteir pasteurization.
This is done to remove any lumps and also to eliminate any
foreign material which may have been accidently introduced during
previcus operations.
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Homogenization is done to obtain a unlform product, to reduce

curd tension and to produce an apparent creaminess. It also alds Lo
subsequent whipping and helps to prevent butterfat from ‘
separating out. A homogenizer makes the use of certain fat
containing ingredients possible which could not properly be
incorporated into the mix by agltatlon alone, -

Homogenization should be done at temperatures of 145o Fahrenhelt
or higher. Although it may be done immediately after pasteuriza-
.tlon, it is frequently done during pasteurization as descrlbed =
in the chapter entitled "Market Milk Proce531ng“ :

Cocling and Aging

The rapid cooling of ice cream is extremely important. - This
prevents bacterial growth and keeps the mix from becoming more
viscous, '

Cooling may be done in a cabinet or plate cooler. A big
advantage of the use of a plate cooler in conjunction with the
pasteurizer is the savings in heat which is described in the
chapter entitled "Market Milk Processing". The mix should be
cooled to approximately 36° Fahrenheit and aged at temperatures
belOW'AOO Fahrenhelt and above freezing. ,

Ice cream mix is aged to permit the proteln and gelatin in the mlx'
to soak up free water, thereby preventing the formulation of ice
crystals. Aging periods vary from 4-48 hours, but it is venerally
believed that a period of not more than 24 hours is adequate. '

First Freezing and Packaging

This operation is done to partially freeze the mix and incorporate
air into it by whipping. The increase in volume due to the .
entrapped air bubbles is called the overrun. This process may
also be done on either a batch or continuous basis.

In the batch system, the mix is usually allowed to freeze to the
proper consistency after which the refrigeration system is tLrned
off and the product whipped until the maximum overrun is obtalned.
It is removed at 2&0 — 26° Fahrenheit.,
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In the continuous system, whipping is done as air is introduced
urnder pressure. This generally yields s smoother ice cream. It
' is drawn from the freezer at 20° - 22° Fahrenheit.

After first freezing, every effort should be made to get the ice
cream into the hardening room as quickly as possible, Partial
melting at this point results in a coarse ice cream.

If the ice cream is to be transported in bulk containers to a
packaging machine for filling into small retail units before being
hardened, it is advisable to subject the packages to a cold air
blast of -30° Fahrenheit to —50° Fahrenheit which freezes them
very rapidly. The continuous system eliminates most:-of this
‘problem since the packaging operation is geared to the capacity of
the freezer itself and the packages are filled almost immediately.

Most bulk containers are made of paper or metal. Recently plastic
and laminated plastic containers have come into use. They are
filled directly from the freezer in the continuous system. Batch
operations require the use of special filling machines.

Hardening

Ice cream in bulk containers and retail packages is taken to the
hardening room and stored there until shipped. The temperature of
the hardening room should be maintained at =10° to ~25° Fahrenheit
and it should be automatically controlled seo that it does not
fluctuate. Hardening should be completed within 24 hours.

Delive

Ice cream is usually shipped from the hardening room in refrigerated
trucks. Solid carbon dioxide is used widely as a refrigerant but
some trucks use cold salt brine in wall and overhead tanks. While
this system may be necessary where dry ice is not available, the
corrosive effect of the brine on the trucks is serious and becomes
quite a problem. For long distance hauling, trucks with complete

- mechanical refrigeration systems should be used,
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| LAYOUT OF ICE CREAM PLANT
A plant similar to that shown above is capable of manufacturing 200,000
gallons of ice cream per year. Smaller plants will reguire the same types
of equipment but fewer units and less storage space,

Equipment Illustrated

1. Storage vats 7: Conveyor with special can

2. Round processing tank pass doors
3. Homogenizer 8. Work table
4. Cooler 9. Chocolate dip tank
5. Vats for mix 10, FPopsicle brine tank
6. Freezers 11. Sanitary wash sink




COTTAGE CHEESE

Cottage cheese is the unripened curd of skim milk which is obtained
primarily by acid deveiopment but may be aided by the addition of
rennet or a special coagulating enzyme. Creamed cottage cheese is
curd to which sweet cream has been added. Dry cottage cheese,
sometimes called pot cheese, contains no additional ingredients
except salt. The product can be made from either ‘resh skim milk
or reconstituted low heat skim milk powler. Many times it is made
from a blend of the two. Solids are kept near 9% although they are
sometimes increased by the addition of dry milk to get more
production from each vat. Cottage cheese is an excellent outlet
for surplus skim milk., It is nutritious and requires little equip~
ment to manufacture. Variations in some of the marufacturing
operations can alter the size of the curd, firmness, dryness and
flavor, which allows the plant operator to adjust his product to
consumer preference,

Receiving

Fresh raw milk is received, inspected and tested as discussed in the
chapter entitled "Receiving Operations", It is then separated before
being pumped to the processing room.

Pasteurizing

Fresh skim milk is pasteurized by either the LTILT or HTST method.

The latter is generally preferred because it shortens the operation
when vats are to be set, When using reconstituted skim milk powder,
further pasteurization is not necessary. Excessive pasteurization is
detrimental to both the body and texture of the curd. Care must also
be taken to prevent recontamination of the milk or the curd,
especially by gas forming organisms which cause an undesirable
flavor. Efficient pasteurization is essential, since any surviving
organisms in the milk may grow during acid development and seriously
influence the flavor, body and texture of the product. After
pasteurization, the milk is cooled to setting temperature and pumped
to open, steam jacketed vats.



Starter Culiure

The greatest hazard in cottage cheese manufacture is the use of
an inadequate starter culture. Since the acid developnent in
the curd must be reasonably rapid in crder to obtain high quality
cheese, the use of old, slow cultures shculd be avoided. There
are tests to determine the activity of a culture.

The starter culture is derived from a mother culture which may be
obtained from commercial sources in a liquid or powder form. The
mother culture i5 propagated in sterilized skim milk by asceptically
inoculating the cooled milk with it and incubating the mixture in
sterile, covered containers., New batches should be propagated
regularly. BEach day a small amount is used to incculate the next
batch, and the remainder is used to inoculate the starter. The
mother culture will not have tc be replaced unless it becomes con-
taminated.

A safeguard against the loss of a culture by contaminztion is to
keep duplicate or triplicate samples of the culture,

The skir milk used for the starter should be of the highest quality
with the lowest possible bacterial content. It is necessary that it
be pasteurized at very high temperaturss to assure this. After
cooling to 70° Fahrenheit it is inoculated with the mother culture
and incubated at that temperature uniil it has coagulated. It is
removed from the incubator and held at 50° Fahrenheit or lower
until used. Since the cultures contain two or more fermentation
organisms, scme of which ferment the by-products of others, incuba-
tion temperatures shculd be carefully controlled to prevent one
organism frem outgrowing another. This condition would affect the
flavor and other cualities of the cheese.

Setting

The starter and rennet or special coagulator are added to the
pasteurized skim milk in the vats and completely distributed by
mixing. The mixture is then permitted to stand without further
disturbance until it has reached the proper degree of coagulation,
It is during this period that the flavor is developed.

The amount of starter which is added depends on whether the long
or the short set method is to be used. In the short set method,

\.M



the milk is held at a temperature of 85-92° Fahrenheit for thre~ to
five hours and the starter is added at the rate of 2-5% depending
on how active it is. If the long set mathnd is used, the =milk is
held for twelve to sixteen hours at 70-80° Fahrenheit in which case
less starter is used. The setting time is often r@gulateﬁ to fit
conveniently into other plant activities.

Cutting

The curd has reached the proper degree of coagulation when it does
not shatter or produce milky whey when distributed or cut. At
this point the whey acidity should be checked,

Cutting is done by hand with curd knives in two operations. The
spacing of the cutting edges will be detemrined by the size curd
desired in the finished product.

A horizontal curd knife is run back and forth the length of the
vat, overlapping cuts as little as possible, A vertical curd knife
is then run from end to qnd crosswise,

Cooking or Firming the Curd

To produce the desired whey separation and firming of the curds,
heating with constant agitation is necessary. During the initial
phase, agitation must be very gentle, If the capacity of the vat
permits, warm water (110°-120° Fahrenheit) in amounts up to 50%
of the volume of skim milk is added and the cheese mechanically
stirred. If the vat is not.large enough the temperature is slowly
raised while the curds are stirred by running & cheese rake over
the bottom and sides of the vat. As the  :mperature rises, the
curd shrinks and gets firmer. At about 90° Fahrenheit mechanical
agitation may be used but not violently enough to break up the
curd particles, Free whey is exuded and the heating is continued
and held until the eurd reaches the desired degree of firmness,
The firmness increases if the curd is chilled so it is usually
tested aifter immersion in cold water.



Draining, Washing and Chilling

After the curd settles, it is shoved gently to the upper end of the
vat with a curd rake. A strainer is placed in the drain and the
valve opened. When the whey has drained to a level below the top
of the curd pile a charnel iz formed down the middle of the mass to
facilitate furthsr draining. The strainer should be kept open
dueing this process. Cold water mmy be added before the drainage
is completed to a level where the curd is suspended. The curd is
again stirred and after a few minutes it is drained. This may be
followed by a second washing but excessive washing causes flavor
loss, It may be necessary to squeeze the cheese gently to remove
excessive moisture., The final rinse water should be well chilled
to further firm the curd.

Salting

The drained cheese is salted by sprinkling dry salt over it and
stirring it in thoroughly with a curd fork. Salt is usually added
at the rate of one pournd to 100 pounds of coltage cheese.

Creaming

The creamed product may contain from 2 to 6% butterfat depending on
food laws and consumer preference. The cream may be added in the
form of pasteurized cream, or a pasteurized mixture of cream, milk
or skim milk, in order to get the desired consistency. It is mixed
with the cheese to get a uniform product in such a way that the
size of the curd will not be altered.

Storing

If not packaged immediately, the cheese may be stored in cans.
when stored at 35° Fahrenheit it has very good keeping qualities.
The dry cottage cheese holds longer than the creamed type and
this should be taken into consideration if it is to be stored.
The creamed product may be prepared as needed.



Packaging

Cottege cheese is usually sold in paraffined paper tubs, although
many producers pack it in glass containers which may later be used
as drinking glasses by the consumer. The containers are either
filled by hand or by an automatic filling machine. If hand packed,
each unit should be weighed before capping. The average yield o
cheese is about 15 pourds per hundred pounds of skim milic. .
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LAYOUT OF COTTAGE CHEESE PLANT

If whole milk is received, the cream is separated and may be used for

butter, ice cream or other dairy products.

Eguipzent Iilustrated

1.
2.

3e

be
5e
6.
7.

Separator

Pasteurizer

Jacketed cheese vats with
covers and mechanical agitators
Rutter churn (optional)

Work table

Two compartment wash sink
Filling machine with scale

Other Equipment Reguired

Vertical and horizontal .curd knives
Curd fork

Strainer~bottomed dipper

Whey strainers for vats

Curd scoop

Floating thermometer

Storage facilities for starter




RIPENED HARD CHERSE

Thers are approximately eighteen distinet varieties of cheese which
ars called by over 400 different names. For purposes of classifica-
tion, however, they may be divided into two general types - hard
cheeses and soft cheeses. Hoth types may be ripened by the action
of mold or bacteris with the exception of cottage cheese which is an
unripensd soft curd variety. This chapber will describe the manufac-
ture of cheddar cheese, a typical ripened, hard cheese.

Recedving

Raw whole milk is received as described in the chapter entitled
S8Heceiving Operations®., Clarification is not essential tut yields

a higher quality product. Although cheddar cheese may be made from
raw milk, there are many advantages to be gained by pasteurization.
The use of pasteurized milk makes it possible to standardize the
manufacturing method and prevents the growth of detrimental bacteria
during the aging process. A modified flash system of pasteurization
is commorly used wherein milk is heated t- 165° Fahrenheit and held
at that temperature for fifteen to twent;y seconds. It is then
pusped to the cheese vat which should be steam or water heated in
its jacket for temperature control. At this point the milk should
be standardized to approximately 3.25% butterfat and the acidity
determined.

Ri the Vi

A starter culture of lactic-acid bacteria, similar to butter starter,
is added to the cooled milk at the rate of 0.25-0.50%. The milk is
brought to the setting temperature of 84° - 83° Pahrenheit and allowed
to ripen until the titratable acidity reaches 0.17-0.20%. ;

While the milk is being brought to the setting temperature, 1/3 ounce
to 2 ounces of cheese color per one thousand pounds of milk may be
added, depending on the shade desired. The milk must be stirred
thoroughly at this point to ensure even distribution of the cclor.

Sett the Curd

When the milk has reached the proper temperature, remnet extract is
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added at the rate of 2 1/2 - 4 ocunces per one thousand pounds . of
milk and thoroughly mixed in. The rennet coagulates the casein in
the milk and a firm curd is formed. Sufficient rennet is added .
to bring about a firm coagulation in approximately twenty minutes.
The extract is usually diluted with water to twenty times its
volume and should be added slowly.

Cutting the Curd

After the curd is formed it is cut with cheese knives into small
cubes about 1/4 to 3/8 inches square. This is accomplished by
cutting the curd lengthwise with the horizontal knife and both
lengthwise and crosswise with the vertical curd knife.

Heating the Curd

The mass is slowly heated to a temperature of 98° - 104° Fahrenheit
while the curd particles are kept from matting by agitation with a
curd rake or mechanical stirrer. The heating process should take
thirty to forty minutes during which time the curd particles
eliminate whey and shrink to about one half their original size.
The cheese .maker decides when to stop heating by the feel and
appearance of the curd particles and the increased acidity of the
whey. At the proper time, the whey is drained off and the curd is
piled on each side of the vat to drain and mat,

Cheddaring the Curd

During this process the small curd particles mat together and form
a solid mass. A large knife is used to cut the long piles into
strips 6 to 10 inches wide. The strips are generally 8 to 14 inches

long and 2 to 4 inches thick. They are turned at intervals of about

fifteen minutes and eventually piled two to six slabs deep. The -
cheddaring process is completed when the small curd particles are:
completely fused. Considerable water and whey are eliminated in the
process. e e
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 Milling and Salting the Curd

b”f;5Tﬁe chd 1s'pésséd thrdugh a curd mill where it is cut into strips
~ 1/2 to 1 inch wide and 2 to 3 inches long. Moisture is also elimi-
' g‘nated durlng thls nrocess.‘/

'ijfffﬁ'The strlps are stlrred to prevent matting and salt is sprinkled on
‘~“» at’the,rate of 1 to 2J1/2 pounds per one thousand pounds of milk.

o -;chiédi‘r‘sg the’ffsurdf :

L Cheese hoops are usually made of heavily tinned steel. They are

lined with cheese bandages, a thin woven cotton material knowm as

?i.{cheese cloth. A cloth circle is placed in the bottom of the hoop
- and a lighter, starched circle is placed over it. The curd is

o filled intdfthe hoop and two or more circles are placed on top of it.
:  'The1thpedfcurd7is covered by a circular wood or metal disec,

7"k;Pressing the Curd

‘The hoops are placed in a cheese press where the pressure is increused

‘ ‘gradual]y as the moisture is expelled. The cheese remains in the

“press up to 24 hours, after which it is removed to straighten cut the

“'wrlnkles that ‘have formed in the bandages. Tne hoops are then put

_back in the press for another 24 to 48 hours. Large modern cheese
. .plants have reduced the pressing time to considerably less time than
~ that mentioned above.

 Paraffining the Cheese

1The'cheesekis.removed,from.the press and placed in a cool, dry place
"~ to permit the surface to dry. Drying time is reduced from several

"jvdayS’to severalfhours by the use of fans.

‘"\'Nhen the cheese is dry, 1t is dlpped in melted parzfrine which has

- been heated to 212° - 2hO° Fahrenheit. - This procedure covers the

'7»,cheese with a thin layer of wax which closes the pores, kills any

mold which may be on the surface and checks moisture loss during

 curing.
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Curing

The cheese i3 placsd on shelves in a well ventilated room where the
temperature is maintained at 40° ~ 65° Falwrenheit. The lower the
temperaturs, the sluwer the curine progress, and slow cure generally
vields better guality cheese. The use of pasteurized milk permits
the use of higher temperatures, thos shortening the ripening
rrocess. If unpasteurized milk is used the cheese must be cured

at & tempersture of not less than 35° Fahrenheit for a minimum of
sixoy days to assure the killing off of any nathogenic organisms
wirheh may have survived the manufacturing process.

Cheddar type cheese may also be made from skim milk, milk from
which part of the cream has been removed, or reconstituted dry milk,
but regulations generally require a winimim millk fat content and
any chesse falling below the minimmm must be so Labeled.

Storage and Distribution

If cheddar cheese is to be held for a lomg period, it should be
stored at a Lempersture of 407 — 50° Pahrenbeit. Cheddar is sold -
in many shapss and sizes and iz usually handizd through wholesalers.
It is frecuently cut inte consumer-size units and repeckaged by the
wholesalers before veines distributed to retail outlets, Cheese
which has been held orme to three months is merketed as aged cheddar
and brings sz nigher price.

The whey whici results frox the mammfacturing process may be scld as
a swine or poultry feed supplemerni, made into whey cheese or processed
for the recovery of milk sugar.
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A plant of this tyre can handle 60,000 pounds of milk per day. The milk is
handled as for market nilk. If it is not used immediately, it must be
clarified and cooled vefore it is pumped to the temporary storage tank. The
sizz of the curing and drying rooms will be determined by the type of cheese
being manufactured.

Bouipseot Illustrated OQther Eguipment
l. Clarifier 8. ‘'lsh sink Curd knives
2. Cooler 2. erk tables Surd rakes
3. Temporary storage tank 10. Paraffine tanks Curd mill
- 4. Pasteurizer 11. Scale Cheese hoops
5« Separator Cheese bandages
6. Cheese vats Cheese circles

7« Chcese presses



CULTURED BUTTERHTLK

Although buttermilk was once merely a by-product of butter churﬂlnq‘
consumer zmand and obher factors have changed this situation until
practically all of the buttermilk sold commerc1gllf at the preseﬂt
time is of the cultured type.

Cultured buttermilk may be made from.skim.milk,}whole milk ér'dry

milk and combinations of them with or without the addition of butter-

fat. Buttermilk may be made with the same equlpment that is used
Zor sweet milk. S L

‘Receiving

Every effort should be made to use milk or good quality for butter-
milk making. The defects of poor quality milk will be magniflad in
the buttermilk making process since the incubation period through
which it mist go may also favor the growth of undesirable bacteria.
Although the use of poor quality milk may be _ .~tially overcome by
higher pasteurization temperatures, the increased heat will also
have an adverse effect on the flavor and consistency of the finished =
product. Milk should be received and tested as outlined in the
chapter entitled "Heceiving Operations”,

Pasteurizing

All milk used for buttermilk should be pasteurized. Recommended
pasteurization temperatures are generally higher than for market
milk, usually between 160° - Fahrenheit for a minimum of thlrty
minutes. The milk may also be flash pasteurized but excessive heat
should be avoided as it may make the product too thick.

Many smaller plants use a jacketed vat with agitators wherein the
entire buttermilk making process may be carried on. The milk can be
pasteurized, cooled, inoculated, incubated and recooled before‘f
bottling. ’

The milk may or may not be homogenized.



- 'inoculating and Incubating

" The mllk is cooled to 70“ 72° Fahrenheit for inceulation. A
brief deseription of the handling of starter cultures is given
in the chapter entitled “Cottage Cheese". Detailed information
‘concerning the propagaticn and use of startsr cultures should be
- obtained from the supplier of the original culture. The use of
' :_a hlgh quallty, v1gorous culture is extremely 1mDortant.

mhe amount of 1nocula ion requlred varies wlth the v1gor of the
-~ culture, the time to be allowed for. incubation and the incubation
' temperature, but generally 1-2% is used and the milk allowed to
. ,1ncubate for twelve to fourteen houvs. = .

x“fTha 1nocu1atlon,of the milk should be so tlmed and the amount of
~_inoculum so contro,led that it will be ready for cooling and
- bottling at a time which will fit conveniently into other plant
' activities. After inoculation, the milk should be left ina
“‘quleacent state at-a temperature of 68° - 720 Fahrenhelt until
.o db has ccagulated and the coagulum has formed a continuous gel
~ structure. When the acidity has reached O. 80% the curd is gently
: gst;rred untll 3 smooth con51stency is obtained. Violent or
. ;prolonged agltatlon should be avoided. 51nce 1t may cause a foamy
'“pvoduct and wheJ separatlon° ggV-' : . ~

ffane buLtermllk is cooled to about 500 Fahrenhelt after whlch it is
” bottled.- : ‘ T At ,

- It is common: practlce to standardlze the outtermllk before ‘bottling
“or otherwisé prepare it to comply with consumer pre?erence. Many
- operators thln the product by addition of whole milk or cream.
" Others may add butter which has been melted and ‘'diluted with water
-or butter granules. Most manufacturers add salt, after which the
buttermllk 1s stlrred, cooled and bottled. :

= ;The bottllna of buttermllk and the handllng of returned bottles

~are the sawe as outlined in the chapter entitled "Market Milk

. Processing Plant". Bottllng shculd be accempllshed at 50°
 Fahrenheit. : v v
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SPECTAL MIIKS - CHOCOLATE, FORTIFIED, STERTLIZED

Chocolate Milk.

‘Chocolate milk is an important dairy product and is used by many

people who otherwise would not drink milk., When it contains less
than 2% butterfat it is generally called chocolate flavored drink
or chocolate dairy drink.

It may be made from whole wilk, skim milk, condensed skim milk,
sweetened condensed milk, reconstituted dry milk or combinations :
of these. The product is usually flavored with cocoa or chocolate,
sugar, a small quantity of salt, vanilla and spices. A stebilizer,
such as sodium alginate, gelatin or carrageen is usually added to
raise the viscosity and hold the cocoa particles in~suspension.f

The flavoring ingredients may be added in dry form or made 1nto
syrup and mixed with the milk. The product generally contalns
about 1% cocoa and from 5-7% sugar.

When using dry ingredients, the cocoa and part of the sugar'are
mixed together in equal proportions and added to the hot (150
' Fahrenheit) homogenized milk with constant agitation. The
stabilizer and another portion of the sugar are blended together
and added, followed by the remaining sugar. The mixture is heated
“to 1459 - 1500 Fahrenheit and held at that temperature for thirty
minutes while being stirred constantly. It is then cooled and
bottled in-the same way as regular milke : p L

Chocolate Syrup may either be purchased or made up at the dalry
‘using a milk or water base. The milk is heated to 140° - 145°
Fahrenheit and homogenized at fifteen hundred to two thousand
~ pounds- pressure.  The syrup is added, usually at the rate of one
part syrup to nine parts of milk and the mixture held at 140° -

[ 145 Fahrenheit for thlvty mlnutes. It is then cooled rapldly

and bottled.

Foftified” Miik

Slnce the dlet of most people is def1c1ent in v1tam1n D 1t has
L become a common practlce to add tnls v1tam1n to mllk. S

‘,Vltamln 5 concentratea may be obtalned from.commerclal laboratorles“‘ -




and are usually mad: from fish liver cils or irradiated ergosterol
suspended in edible vegetable oil, sterilized milk or cream. The
amount used should be zalculated to supply 400 units of vitamin D
per quarﬁ, The concentrote is added in the holdlng tank and the
milk is then pasteuriz:d and homogenized.

Another method of adding vitamin D to milk is by irradiation. The
milk is exposed to direct ultra-violet radiation from carbon arcs or
quartz mercury vapor lamps as it flows by them in a thin film. Very
large irradiators are able to supply the required 4LOO units bv ; most
operators find it less expensive.to use vitamin concentrates.

Sterilized Milk

Sterilized milk is so treated that it may be held without refrigera-
tion for extended periods. The heat treatment it receives kills all
vegetzble forms and all but a very few heat resistant spores. The
containers are hermetically sealed and the milk has a shelf life of
a month or more.

Milk may be clarified, after which it is homogenized at 150° Fahrenheit.
It is filled into narrow neck bottles, leaving approximately 2 1/2
inches of headspace. It is then capped with airtight crown closures.

In vatch processing sterilized milk, the bottles are placed in crates
and the crates put into a large pressure oven or autoclave. The
temperature is raised to 220° - 230° Fahrenheit and held there for
twenty to forty minutes. After sterilization, the crates are removed
and the bottles are allowed to cool naturally.

The ecuipment used for contimuous processing is basically the same as
a- soaker~type becttle washer. The filled and capped bottles are placed
in cradles which move on a continuous conveyor system through a

series of tanks containing water of increasing temperature. The speed
of the conveyor is so timed that sterilization is effected.



MANUFACTURING DRY MIIK

The use of dried milk products has spread into every food manuface
turing industry in which normal milk is used. They are used in the
baking industry, in ice cream and candy manufacture, in the meat
industry, in prepared cake and biscuit mixes and in many other
products. Dry skim milk is becoming inecreasingly popular for home
use where it may be reconstituted for use in focds or drunk as a
beverage by itself. Dried milk products are also widely used as
livestock and poultry feed.

In addition to dry whole and dry skim milk, this group of products
also includes dry cream, dry buttermilk, dry whey and dry ice cream .
mix, OStandards have been established for dry skim milk by the
industry itself and also by government regulations. The standards
require that the moisture content should not exceed 5%.

The two most widely used methods for drying milk are the spray

method and drum, or roller process. There are two general types of
drum dryers on the market - "atmospheric" drums and "vacuum" drums.

Spray Process

Althcugh there are several varlatlons of this process, they all have
certain principles in common.

.Either skim or whole milk of good quality is pumped from a storage
tank to a vacuum pan where part of the water is removed. The
condensed milk is sprayed through nozzles into a large drying
chamber through which hot air is blown at high velocity. These
chambers are generally made of stainless steel.

As the milk enters the chamber in the form of a fine mist, the tiny
divided particles are dried as they fall to the bottom. The chamber
is so constructed as to prevent the fine particles from leaving the
chamber with the outgoing air. The dried milk on the floor of the
chamber is subsequently removed by mechanical devices or a vacuum

. system. In older systems the milk is removed manually with a scoop.

'The product is generalLy packed in hermetlcally sealed containers
because of its hygroscopic properties. Products with a high fat
content, such as dry whole milk and cream, are packed in cans con-
taining an inert gas, such as nitrogen ¢r carbon dioxide., This is
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done first by vacuum creation within the container and then repla01ng
the air with inert gas when releasing the vacuum.

Newer methnods have been developed wherein the preduct is dried in a
closed system in the presence of inert gas.

High fat products should be cooled as quickly as possible after
leaving the drying chamber. This may be accomplished with currents
of cold air or in colil vats utilizing a refrigerant.

Spray driers are used in the processing of dry whole and skim milk,

dry cream and dry sweet-cream buttermilk. Advantages of this system
over the atmospheric drum process are the increased solubility and

the more natural flavor brought about through use of lower temperatures.

Atmospheric-Drum Process

This type of drier consists of two large, steam heated, horizontal,
- rotating drums placed side by side., It derives its name from the
fact that the milk is contlnually under atmospheric conditions during

drying.

The milk either flows or is sprayed on the surface of the drums and
quickly dries., Vapors are removed by means of a large vapor stack.
The dried milk is removed from the surface of the drums by sharp,
close fitting blades as the drums rotate. It comes from the rollers
in a thin sheet which is easily broken into flakes.

Dry skim milk, dry buttermilk and dry whey are commonly made by this
system, much of which goes into animal feed. The drying temperatures
frequently impart a "cooked" taste to the milk and the finished product
is only 60 to 70% soluble as milk dried by the spray process.

~Vaeuum—Drum Process:

Vacuum~drum driers are similar to atmospheric-drum driers. The main
difference is that the drums are encased and the process takes place
~in a partial vacuum, Thus,,lower drying temperatures can be used
~which glve the flnlshed product ‘better solublllty and,flavor.v‘

- The drums may dip into the milk or the mllk may be sprayed on them

~ where it dries and is removed by scrapers. This method is commonTy
- used in the manufacture of dry sklm.mllk dry buttermllk and dry whey.
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Crinding and Milling

Dried milk made by the drum process may be passed through grinding
and bolting machines and milled before being packed in the final

container. Frequently, however, it is merely put in sacks and sold
as "dried flakes".

Theoretically, spray process products are ready for final packaging
immediately after drying, but in many cases they-are passed through
a bolting machine to avoid lumps.

Packaging and Marketing

There has been a recent surge in the popularity of dry skim milk for
home use. Many diet or health conscicus persons drink it regularly
in preference to whole milk while many other families consume it
because it can be obtained for as little as one fourth the cost of
fresh, whole milk. ZRecent improvements in processing have resulted
in a more palatable and easily dissolved product which for many years
were the two chief reasons for its rejection by consumers.

Dry milk products are shippred and marketed in a variety of containers.

For commercial use they are commenly shipped in lined wooden barrels,
steel or fiber drums or paper bags. '
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LAYCUT OF DRY iTIK MANUFACTURAING PLART

A rlant such as this may profitably run a buttermaking operation in conjunction
with the manufacture of dry skim milk. Buttermilk will also be a by-product and
may be packed in either liguid or dry form. Milk should be handled as for

market milk. It is then cooled and pumped to a temporary storage tank until used.

Equipment Tllustrated

1. Cooler o ; - 6. Condensed skim milk storage
2. ‘thole milk temporary storage tank , tanks :
3+ Separators : ' ‘ 7. OShort-time pasteurizer

Le Skim milk storage tanks = 8, Cream storage tanks

5. Three stage evaporator ' 9. Churns '

10, Buttermilk stordge tank



RECCNSTITUTED DRY MILK PROINUCTS

The excellent keeping qualities of dry skim milk and anhydrous milk
fat make it possible to establish recombining plants to serve areas
where a sufficient supply of fresh milk is not available.

Spray process dry skim milk, if properly reconstituted, can hardly

be distinguished from fresh skim milk. When combined with anhydrous
milk fat, it has almost the same qualities of taste and consistency
as fresh whole milk. A variety of other products can also be made in
a recombining plant with little extra expenditure. In addition to
skim milk, whole milk and cream, such plants may produce buttermilk,
chocolate milk drink, tropical fruit milk drinks, sour cream, ice
cream, ice milk, yogurt, cottage cheese and local fermented milk
drinks.

Water Supply

The importance of a good quality, safe water supply in an operation
of this type cannot be overstressed. In addition to being potable,
extreme care must be taken to guard against undesirable flavors and
odors which may be caused by minerals or other elements in solution
in the water. Since these factors will impart a disagreeable quality
to the finished product, it may be necessary to treat the water to
avoid this. The method of treatment will be dictated by the specific
cause of the condition.

It is also essential that the water source will supply enough water
for both manufacturing operations and cleaning. An in-plant chlorina-
tion system may be desirable in some cases.

Adequate laboratory facilities and testing equipment for analysis of
both the water and the finished products should be provided.

Raw Materials

The two basic raw materials, other than water, are low-heat, spray
dried non~fat dry milk and anhydrous milk fat. Dry skim milk
preparation and standards have been discussed earlier in this report.
Anhydrous milk fat, sometimes called butter oil, is a product which
has had most of the moisture removed and contains 99.8% butterfat.
It may be safely stored in airtight containers without refrigeration



for two to three months at a temperature below 100° Fahrenheit. The
dry skim milk may be stored indefinitely if protected from moisture.

Other raw materials, such as flavor mixes, cocoa, sugar, etc., should
be stored in a cool, dry, rodent and insect proof area.

Blending

Water is heated to at least 100° Fahrenheit at which time the dry
skim milk is added. This is done in a blender pump equipped with a
hopper, or funnel, to facilitate dumping of the dry ingredients. The
mixture is thoroughly agitated in the pump and moves to the pas-
teurizer., A small gquantity of salt may be added to enhance the
flavor.

Pasteurizing and Mixing

Batch pasteurizers are commonly used in plants of this type becausé
_they also double as mixing vats in the preparation of some products.

Vat pasteurizers should be equipped so that the product can be
subjected to agitation until the vat is completely drained.

When pasteurizing skim milk, the temperature is raised to at least
143° Fahrenheit and held for at least thirty minutes. After pas-
teurizing, the product should be cooled immediately to 40° Fahrenheit.

In the preparation of fluid whole milk, the steps of heating the
water and blending are the same. Anhydrous milk fat is heated until
it is in a liquid state and added to the skim milk with thorough
agitation. The skim milk should be at least 115° Fahrenheit at this
point. The temperature is brought up to 145° Fahrenheit and a smsll
guantity of salt is added if desired, Pasteurization is the same as
that outlined for skim milk.

Homogenizing

Fluid whole milk and mixtures of ice cream are homogenized after
pasteurization at 2,000 to 2,500 pounds pressure and cooled.



Ice Crean

The solids are recombined as for whole milk and the temperature
raised to 158° Fahrenheit. Sugar, stabilizer and Jlavoring, or
prepared ice cream mix are added with agitation and the mixture
is brotht up to a pasteurization temperature of not' less than G
161° Fahrenheit. It is held for not less than thlrty minutes and ey
homogenized at the pasteurization temperature. The mixture is
cooled to at least LO® Fahrenheit and should be- frozen within

twenty four hours. The amount of air incorporated during freez—flf57? ;j‘v _
ing may be varied to achieve desired texture. The frozen ice cream;f}~1c-v='

should be hardened at -10° Fahrenheit.

Ice cream should contain approxzmately'10% fat and 11% non—fat mllk“ 'l ‘ k
solids. Ice milk mixtures may contain 3 - 6% fat and from 12 - lEp' ;

non~-fat milk sollds°

Special equipment for ice cream,manufacture'consists'of a'batch,;1‘
freezer and compressor, a cup filler and free21ng fa0111t1es .
capable of maintaining a temperature of -10° to -20° Fahrenhelt

Cooling

All products should be cooled to approx1unfely /0° Fahrenheit before
final packaging, preferably immediately after pasteurization or :
homogenization. The cooler may be either a cablnet or piabu tvve.‘ 

Bottling

The milk is pumped or flows from the cooler to an accumulation tank
before it moves to the filler., The fllllng machine should be
capable of handling bottles. of dlfferent sizes and have a capper
attached.

Bottle washing equ;pment should be set up as dlscussed earller in
this report. .

The bottles are cased and taken to storaoe where the temperature 1s
maintained at 35° Fahfenhelt
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Q,UALHY CONTROL

 7>;A1l tests contalned in this section are considered "official™ by
~ the American Public Health Assoclatlon, 50 West 50th Street,

New York, New York ahd are published in detail in their book
»;entluled Standard Hethods for the Examination of Dairy Products.

. The tests aescrlbed ‘are thosc con31dered necessary to establish
the quallty oi the produ"ts from a chemical or bacuerlologlcal
& standp01nt. v

' _7Acidiﬁ:~‘j‘h: ;'

The ac1d'wh1ch occurs naturally in milk is lactic and is derived

 from the milk sugar and lactose, It is produced by action of

lactic acid bacteria on the sugar. Milk stored below 50° Fahrenheit
develops acldlty above 0.17% very slowly. 0.17% is considered normal
for fresh milk, Above that temperature, the acid content develops
in dlrect relatlonshlp to the storage temperature.

Ay Determlnatlon of acidity in mllk -

:1;"Equ1pment -

' *7.6 ml, plpette, delivers 18 grams milk
100 ml. small mouth Erlenmeyer flask
50 ml. burette graduated in 1/10 ml.
Burette stand and clamp to support the burette
‘Standard alkali solution, 1/10 normal sodium hydroxide
1% phenolphthalein in neutral alcohol
= Distilled water.

Ze Procedure/-

Pipette 18 grams of milk into the flask
~Add 30-40 ml. distilled water to the flask

Add 3~/ drops phenolphthalein solution to the flask

Add standard alkali from the burette to the flask slowly
while swirling contents of the flask until a faint pink
color persists for 30 seconds

Record the milliliters of alkali used

R



3. Calculations =

Killiliters of alkali used = % lactic acid
20
This formmla is appropriate for milk only when using a
1706 mle ’ﬂ:ipettv@

Example: 4.3 ml. alkali used - then 4.8 = 0.24% lactic acid
20

B, Determination of acidity in ¢rea., ice cream mix, condensed milk or
other milk products with high viscosity -

1. Equipment -

The same as for milk except an accurate balance is substituted
for the pipette and an electric hot plate is *'@qum” Cream
and other high nﬁcoslty milk products can mot be pipetbted
accurately.

2+, Procedure -

Weigh 9 zrams of the product into a flask

Add distilled water and shake to mix

Heat mixture to boil and boil for approximately 1 mirute
to remove carbon dicxide

Allow the flask and contents to cool to room temperature

Add 3-4 drops of phenoirhthalein solution and titrate as
for milk

3e Calculations -
Using 9 grams of the milk product

Milliliters of alksl. used = % lactic acid
10

Example: 2.4 ml. alkali used - then 2.4 = 0.24% lactic acid
10

Butter Analysis (Kohman method}

This determination gives the percentage of fat, moisture, curd and
salt present.



1.

2.

Egquipment and reagents -

Moisture test scale and reagents

Alumimum cup approximately 200 ml. capacity

Electric hot plate

17.6 ml. pipette

Graduated cylinder 200 ml. capacity

Burette, burette clamp and burette stand

White porcelain dish 100 ml. capacity

Desiccator with desiccant

Small spatula

Silver nitrate solution (29.062 grams made up to 1 liter
with distilled water)

Potassium chromate solution, 10% in distilled water

Petroleum ether, maptha or high test gasoline

Procedure ~

% Moisture: Sample should be mixed at approximately T0°
Fahrenheit until creamy.

Station weight on 10% beam at 10 and the 20% weight on O.

The scale should be lewel.

Place the moisture cup on the right hand pam and balance the
scale #ith weights and record the weight if several samples
are to be analyzed simultanecusly.

If only one sample is to be analyzed the weights may be left
en the scale, .

Place the 10 gram weight on the left hand pan and accurately
balance the scale by adding butter in the aluminum moisture cup.
Heat th.: sample on a hot plate until foaming ceases and the
residue is light tan in color. This indicates removal of all
of the moisture.

Cool the cup in the desiccator to room temperature and reweigh
by moving the 20% beam from O to a point where the scale
balances. The reading is direct, that is, the percentage of
moisture is the reading on the 20% scale.

% Butterfat: To determine butterfat, add 100 ml. of solvent
to the cup and swirl to dissolve the fat. Allow it to stand
for five mimutes. Pour the solvent off carefully to retain
the salt and the curd in the cup.

Add a second portion of 100 ml. of solvent and repeat the
swirling and let stand again.

Pour off the solvent and retain for use in the first extractior
of the next sample.

- Dry the residue in the cup on a hot nlate taking care not to

burn the curd.



Cool in the desiccator and reweigh. The weighing is done
by removing the 10 gram weight from the left hard pan.
The 20% scale weight is returned to O and the 10% scale
weight is moved from O to a poirt on the scale where it
balances. The difference between 10 and the reading on
the scale indicates the percent salt and curd corbined.
This pe.centage plus the percent moisture subtracted
from 100 is egual to the percentage of bwtterfat.

% Salt: Salt is determined by adding 176 ml. of warm
distilled water to the cup which dissolves the salt but
not the curd. The solution should be thoroughly mixed,
Pipette 17.6 ml. of this solution to the white casserole.
Add 3-4 drops of chromate solution to the casserole,

Add silver nitrste solution slowly from the burette fo the
cassercle until a faint reddish brown color persists for
30 seconds.

The mumoer of iilliliters of silver nitrate solution used
ecuzal the percent of salt.

% Curd: Curd percentage is obtained by subtracting the
percentage of szlt from the combined salt and curd
percentage.

Butterfat (Babcock method)

This is cne of The most important tests to be made since most milk
orices are based on the percentazge of fat present in the milk. The
method described for whole milk may be used, with modifications, for
ail dairy products.

1. Ecuipment -

cabecock centrifuge

17.0 mi. pipette

Thermometer

Fair of diwiders

17.% ml. acid measuring pipette

Sulfuric acid (specific gravity 1.82-1.23)
Babcock milk test bottles

dzter bath, electrically or gas heated

2. Procedure -

S



CAUTION: Severe burns result from contact of sulfuric
acid with skin. Care in pipetiting and handling
is required.

Add 17.6 ml. of milk (18.0 grams) at 60° - 70° Fahrenheit
to Babcock milk bottle (18 gram, 6 inch, 8%)

Add 17.5 ml. acid from pipette slowly with swirling. When
all of the acid has been added the mixture is light pink

in color.

Place the bottle in the centrifuge and revolve for 5 minutes.
Add hot water (135° ~ 140° Fahrenheit) until bulb is filled.
Whirl centrifuge for two morc minutes, Add hot water until
all of the fat is in the neck of the flask. Whirl the
centrifuge for one more minmute, then place the flask in a
water bath for 5 minutes at 135° - 140° Fahrenheit.

Measure the length of the fat column with the diwviders
measuring from the extreme top to the extreme bottom of the
fat. Fliace the dividers on the O mark or the flask and
measure the distance up the column. Head the top mark of
the divider to the nearest 1/i0%. This is the butterfat
content. '

Experience is necessary to perform the Babcock test properly
since temperature, rate of acid addition and amount of mixing
influence the ease and completeness of separation and
measurement of the fat.

Methylene Blue Test

This test is used by laboratories with very limited laboratory
facilities.

It is a gqualitative test for estimating bacteria present. Interpreta-

tion of the test is based entirely on experience and it is deemed
inadvisable to describe the procedure here.

Phosphatase Test

This test is used to determine the efficiency of pasteurization.
The enzyme phosphatase occurs naturally in milk and is readily

destroyed by heating at 143° Fahrenheit for thirty minutes or at 160°
Fahrenheit for fifteen seconds to inactivate the enzyme.
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Thls test *cqulres speclal equlpment and experience in 1Pterpretd— ,
tion of the results and, therefore, is not described here. The,{*
‘,procedure must be taught by'an 1nstructor dlrectly to- the student.

Sedimentation Test

This test is”désigned to demonstrate the quantity of solid extraneous
~and foreign material present in the product. It is an indication -
of the sanltary condltlon of the milk producerts dalry.

Many methods are used but they all*lnvolve fllterlng a measured’
quantity of the milk product through a cotton disk and counting the
number of hairs and other material which are trapped by the~filter.vf‘

Experience can be galned in estlmatlng condltlons from this test

by observing the sanitary situations in various milking barns and

~actually correlating the sediment findings with the milking barn
conditions > ~ o

Bacterial Counts

Samples of milk products are taken under sterile conditions for this
test. The viable bacteria are determined by plating dilutions of
milk in culture dishes, covering them with melted agar, incubating
the dishes for 48 hours at 98° Fahrenhelt and counting the colonies
which grow on the plates. :

1. Equipment -

1l mi, bacterlologlcal pipettes and cans for sterlllZlng
150 ml. dilution bottles and rubber stoppers

Petri dishes (culture dishes) and cans for sterilizing
Nutrient agar

Distilled water

Pressure cooker

Dry heat oven

Thermostatically controlled incubator

Scale

Bunsen burner or alcochol lamp

Spatula
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2.0 Procedure _;

?Plpettes and culture dlahes are sterlllzed in cans in
~the oven at 450° Fahrenheit for .4 - 5 hours.
,"Dllutlon bottles are filled with 99 ml,. of dlstllled :
“'water, stoppered and sterilized in steam pressure.
- cooker for 15 minutes at 15 pounds of steam pressure.
1% nutrient agar solution is sterilized in the same way.
. Samples of - ‘the dairy product are either taken from the
- sterile container in which they were collected by
: measuring 1 ml, of the bluid product by sterile pipette,
._";Or if the sawple is a solid, by weighing: 1 gram, the
. transfer being made with the spatula which has been
~flamed in the burner and cooled out of contact with any -
surface, into the dilution bottle containing 99 ml. of
. sterile distilled water. This is a 1-100 dilution.
©~ The ‘dilution bottle is closed with its sterile stopper
- and shaken thoroughly to mix, 1 ml. of this dilution is
- withdrawn with a second sterile pipette and transferred
“to a SLcond dllut1on bottle containing 99 ml. of sterile
-~ water, the stopper is replaced and the bottle shaken to
 thoroughly mix. - This is a 1-1,000 dilution,
Another 1 ml. sample is w1thdrawn from the 1~100 dilution
bottle with the same. pipette and placed in the culture
dish appropriately marked. Dilutions of 1-100, 1-1,000,
+1-10,000 and 1-1,000,000 are usually plated on.each sample°
',AporOXJmatelv 10 ml. of cooled melted agar is poured in
 each inoculated plate and swirled gently to mix the
dilution and the agar. When the agar solidifies the
plates are inverted and incubated for 42 hours.
After incubation the number of colonies are counted on
each plate and the count multiplied by the dilution
indicates the number of viable bacteria per gram ~° per
-milliliter of product.
The counts obtained are useful in estimating the g -lity
of the milk to determine its best possible utiliza ‘on.
Medifications of the test, such as "litile plate® e
used when rapid estimation is desired. This invol ‘s
microscopic examination of the plates after 12 hou: of
~ incubation.
Sterile technique must be followed scrupulously thrcaghout
the bacterial counting and preparation processes,

NOTES

Due to the perishable nature of most of the milk products, a properly
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equipped labératory is essential for qpality control.

Ideally, the laboratory should be staffed with a thoroughly trained
technician. If this is not possible, an alert employee should be
given university or college training or placed in a private laboratory
for intensive training in the Drocedures involved in the tests
-described above.
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- LEGAL REQUIREMENTS

Because dairy products have long been recognized as potential
carriers of serious diseases, there has been general acceptance

of public control over the conditions under which milk is produced
and marketed. In most localities the dairy industry is more
closely regulated than any other segment of the economy and enforce-
ment is effected by agencies at all governmental levels. ,

Most regulations are intended to protect the consumer in two ways.
Minimum standards for butterfat content and other constituents help
to prevent him from being cheated. Sanitation requirements, which
begin on the farm and end when the milk is dellvered to the consumer,
protect his health.

In areas where there are no regulations to cover the handling of milk
on the farm, it is the responsibility of the dairy plant operator

to check his producers regularly. This is usually done by field men
who visit the farms unannounced. Conditions are inspected and
checked off on a prepared form. The penalty for noncompliance may
range from simply paying a lower price for the milk to rejecting the
milk completely until the undesirable condition is corrected.

Many dairy operators use a bomus plan whereby the producer is paid a
premiun for high quality milk. Where these plans are in use, the
milk is graded on flavor, sediment, bacterial count and non-fat
solids,

The primary purpose of a milk ordinance is to protect the public
health. Consequently, the requirements should be strict and there
should be adequate provisions for enforcement. However, if the
requirements are too idealistic and too far ahead of conditions that
prevail in the area, a problem is created which defeats the purpose
of the law by causing gereral noncompliance.

A complete milk ordinance will cover every phase of the production

and handling of milk. Some of the features which should be included
are outlined below.

Enforcement Provisions

1. Set up an inspection service.

2. Provide for a system of revocable permits *o be issued
to producers and distributors.

3. Provide penalties for noncompliance.



Milk Quality and Composition

1. Specify maximum bacterial count - standards may range
from 200,000 per milliliter for raw milk to 1,000,000
per miililiter in milk for pasteurization.

2. Specify minima for fat and total solids in milk and
other dairy products.

Dairy Plant Requirements

1. General - Regular physical examinations for employees,
ambulant cases of illness to be kept away from contact
with milk, proper sterilization and cleaning of equip-
ment and bottles, protection against flies and other
air borne contaminants, use of flush type valves, pctable
water supply, milk from tuberculin tested cows which
are also free of Bang's disease, screens, sanitary floors
and walls, separate receiving and processing rooms,
persoral cleanliness and habits of employees, rapid
handling or prompt refrigeration of milk, adenuate
bacteriological and sediment testing.

2. Pasteurized Milk - Minimum pasteurization temperature
and time, accurate recording thermometers, conditions
to prevent recontamination of pasteurized milk,
precautions to prevent ieakage of milk before pas-
teurizztion is completed and also that the surface
layer and the foam are maintained at pesteurizing
temperature.

3. Raw Milk - From certified cows, no mixing cof milk from

more than one herd orior to receipt, periodic examina-
tion of cows.

Dziry Farm Requirements

1. Barn Conditions - Adequate light, ventilation and drainage,
frequent manure removal and proper disposal, tight window
and door screens, clean floors, walls, ceilings and ledges,
fresh bedding and air relatively free from dust and foul
odors.
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‘vMilk Room or Milk House - Separated from barn and -

contaminated surroundlngs, clean interior, screened,
adequate potable water supply for cleaning and

 facilities for washing, sterilizing and storing
' equipment, ample c¢ooling equipment and facilities.

Utensils - Construction and condition, hooded milking
pails, clean milking suits, thorough washing and

sterlllzatlon, uncontamlnatad storage.

Milking and m;lk Handllng =~ Glean dry hands when ,
milking, clean clothing, wiping of udders and teats
with clean damp cloth, prompt removal of milk from
barn, exclusion of fore milk and milk from cows
within 30 days before and 5 days af er parturltLon,
healthy employees. :

Cows — Periodically tested for tuberculosis and
Bangt!s disease, in good health and with normal udders.

Standards for Dairy Products

The following table is designed to give the reader a general idea of
the guantity of butterfat which cne would ordinarily expect to find
in some important dairy products. The figures represent neither
minimum nor maximum standards but have been averaged from those given
in the laws and other published material.

PRCDUCT FERCENT BUTTERFAT
Whole milk 3.25

Skim milk 0.12
Condensed milk T.90
Sweetened condensed milk 8.50
Condensed skim milk 0.37
Butter 83.0
Evaporated milk 7.90
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Ice cream

Creamed cottage cheese
Ripened hard cheese
Light cream |

Heavy cream

It is possible to incorporate less expensive edible oils into some
dairy products as a substitute for butterfat with little, if any,
change in flavor, If this is done it is important that such
products are correctly labeled so that the consumer does not pay a
Many’loéalities prohibit thek

high price for an inferior product.

practice entlrely,

Most laws regulate the butterfat content of dairy products and at ke
the same time Jet standards for total milk sollds and sin: some cases, e

moisture,

10.0

4.0

19.0

3600



- DIRECT MATERIALS

- Number Annual Cost

Item ~ Required . Unit Cost  Estimated _Actual
Raw milk 480,000 gallons §  0.48 § 230,400  _

Bottle caps 2,000,000 0,001 2,000 __
Bottles* 93,6000 - 0.0 9,360

#Life expectancy of a bottle is 20 tripé; to sell 1,872,000 bottles of
milk will require replacement of 93,600 bottles annually.

SUPPLIES -

] o AR Anmual Cost
Item : o : Estimated Actual
Fuel and oil for trucks SR $ 15,000

~ Maintenance and repairs for trucks . 8,000
Cleaning and sanitizing chemicals and salt 2,000
Office supplies | 1,500
~ Laboratory supplies B | 500
Total L L | $ 27,000
504 Allocated for one product is o $ 13,500



PLANT LAYOUT

Plant layouts are included in the chapters describing producticn
of various dairy products.

PLAKT SITE

To provide for future expansion and sufficient parking space for
vehicles used by the plant, an area of one acre will be required.

The estimated cost of this plant site is 52,500,
50% allocated for one product is $1,250.
BUILDING

A one story building 50 by 100 feet to house processing equipment
is reguired. In addition, a cola storage room, 20 by 50 feet is
necessary. A boiler room and space for compressors to furnish
refrigeration will require approximately 400 squzare feet. Cffice
space will require approximately 600 square feet.

The cost of the complete structure is estimated to be $95,000.

50% allocated for one preduct is $47,500.

POWER

Electrical power required is approximately 85 horse power.

The anmual cost of the power is estimated to pe $2,800.

50% allocated for one product is $1,400.



WATER
The annmual cost of water, providing that the condenser cooling water
is recirculated through 2 cnoling tower, is estimated at #1,600.
50% allocated for one product is $800.
FUEL
The anmual cost of fuel for processing and heating buildings is

estimated at $3,800,

50% allocated for one product is $1,900.

B B o4 N W T OB N B B
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PRODUCTION TOOLS AND EJUIFENT

Number

Description Hequired Unit Cost
Steam generator 1 v 6,000
Pasteurizer and cooler 1 9,600
Compressor and refrigera—-

tion system 1 90
Filler and capper L 8, 400
Separator 2 3,500
Homogenizer 1 84500
Bottle washer 1 7,000
Milk scales, blending

tank and pump 1 6,500
Can washer, automatic 1 4,000
Piston filler 1 3,800
Conveyors 5 Various
Pallets 200 12
Lift truck 1 360G
Sanitary piping and

fittings to connect

equipment 6,000
Milk storage tanks b Various
Taboratory equipment & ,000
Metal baskets for bottles 1,750 5
Milk cans 200 11

Cost
Estimated

Actual

6,000

9,600

9, 500
8,400
7,000
8,500

7,000

6,500
4,000
3,800
sy 500
2,400
3,600

16,000
4,000
8,750
9,900

ARRREEEEEREE
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Description

Sanitizing tank for
fittings and pipes

Coagulaiion and draining
vats

Cheese trucks

Churn

Butter boxes

Butter packer and wrapper
Total

Yumber
Reguired

o B

=

40
1

Dost

50# allocated for one rrudact is ¥75,725.

OTHER TOOLS AND RQUIPMENT

Description

hand trucks

Tools

Rubber hose and fittings
Sanitizing equipment
Tables and racks

Total

5% allovated for one product is $4,475.

Unit Cost Estimated Actual
# 1,300 % 1,300
Yarious 3,600
300 1,200
Various 3,000
3,200 3,200 —_—e
10 0o

75200 72200
» 154,450

Cost

Estimated Actual
$ 1,000
3,000 —
1,750 —
1,200 —_—

2,000
# 3,950 ——



Descriotion

Refrigerated trucks#®
#Truck life is estimated at 4 years.

Trucks, 50% allocated for one product is $54,000.

Item

Chairs

Desks

Adding machines
Calculators

Duplicating billing
machine

Typewriters
Filing cabinets

Total

SPrCIAL DEPBCTATION ITEM

50% allocated for one product is $2,825.

Yumber Cost
Beguired Unit Cost Estimoted Actual
12 Jarious $ 108,000 —
FURNITURE AKD FIATURES
Kumber Cost
Required Unit Cost Estimated Actual
8 Various ¥ 800
5 Various 1,200 —
2 250 500 e
2 375 750 e
1 1,200 1,200 —
3 200 &0
6 100 600
& 5,650 e



DIRFCT LABOR +

Kumber Hourly Anmual Cost
Occupation Reguired _Rate Estimated _ Actual
Milk receiving 3 % 1.50 $ 9,000
Pasteurizer operator 1 1.75 3,500
Homogeiizer ope: .tor 1 1.75 3,500 —_—
Cheese maker 1 2.25 4,500 —
Butter maker 1 2.0 4,000 —
Filler operators 2 1.75 7,000 —_—
Package machine operators 2 2.00 8,000 —
Sani%izirg crew 3 1.75 10,500 —
Laborers 6 1.25 15,000 -
Truck drivers 12 2.25 54,000 -
{average)
Total $ 119,000 .

50% allocated for one product is $59,500.

*Although wages are caleulated on a 50 week per year basis, sufficient
hours have been allocated to allow staggered work weeks. In this
manner six and seven day week operatioms, 52 weeks per year, are
covered by available workers. (See General Assumptions Number 9).
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INDIRECT LABOR

Humber Annual Cost

Cccupation Required Estimated Actual
Hanager 1 $ 15,000
Sales manager 1 12,800 e
Superintendent 1 8,400
Quality control chief 1 3,400 e
{mality contrcl technician 1 5,200 -
Sanitizing crew chief 1 5,200 —
Bookkeeper 1 6,500  ___
Clerks 2 6,000  ___
Maintenance chief 1 6,000
Maintenance helper s 3,000

Total 11 - § 75,70

|

503 21ilocated for ome product is 337,350.



DEFRECTATION

gstimated Years
Description Cost Life
Buildings $ 47,500 20
Production tcols and
equipment 75,725 10
Other tools and
equivment by k75 10
Trucks 54,000 &
Furniture and [ixtures 2,825 10
Total
MANUFACTU.ING OVERHEAD
item
Depreciation

Indirect labor
Power

Water

Fuel

Supplies

Total

Annual Cost

Bstimated

Actual.

2 2,375

75573

448

13,500

283

Ll

% 24,179

i

Anmmmazl Cost

Estimated

Actual

§ 24,179
37,850
1,400

800

1,900
13,500

NERE

l



MANUFACTURING COSTS

Item
Direc. materials
Direct labor

Manufacturing overhead

Total
FIXED ASSETS
Item
Land
Buildings

Production tools and equipment
Other tools and equipment
Trucks

Furniture and fixtures

Teoal

Anmeal Cost

Estimated

Lotual

w 241,760
59,500
79,629

% 380,329

Cost.

Estimated

Aetual

$ 1,220
47,500
75,725

by 4TS
54,000
2,825

AREN

$ 185,775



WoAKING CAPITAL

Cost
Item Estimated Actual
Direct mte;ials 30 days $ 20,187
Direct labor 30 days 4,958 —_—
Manufacturing overhead 30 days 6,636 o
Reserve for sales

collections 30 days 38,610
Total 5 10,350
CAPITAL RSGUIRESENTS

Cost
Item Estimated Actual
Fixed assets B 185,775
HWorking capital 70,351
Total # 256,126

SALES REVENUE

The “otal anmual production capacity of pasteurized homogenized whole
mil us 1,872,000 quarts.

Retail sales (75%) are 1,404,000 quzrts delivered to door of consumer
at- §0.26 per quart.

dholesale sales (25%) are 468,000 quarts delivered to stores for retail
sales at $0.21 per cuart.

Based on these figures the anrual sales revemme would amount to §463,320.



RECAFITULATICN OF COSTS,

SALES AND PROFITS

Item
Direct materials
Direct labor
Kamufacturing overhead
Total mamufacturing cost

Interest on loans
Insurance
Legal retain-r and fees
Auditing
Unforeseen expense

| Total adeinistrative costs
Sales commissions and tenuses

Travel, entertaimment, discounts,
pad debls

‘ Profit before taxes

Total armmmal gross sales

Estimated
Cost

5 241,760
59,500
79,625

# 12,000
10,000
3,600
2,500

5,000

85~

$ 380,829
® 39,100
12,000

7 000
24,531

§ 463,320

Actual
Lost
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BUDGET CCETRCL

A requisition form designed to provide accurate records of procurement
and indicate the purpose of the procurement with the least amount of
time and effort is shown on the following page. '

This form has an account number for each type »f the various expendi-
tures which the manuger will review in detail, monthly or oftener, in
order to controi his expenses. Some items, such as power and water,

- are usually under contract and are easily checked by reference to
monthly bills, For simplification, items (marked with an asterisk -
below) are omitted from the purchase requisition. Variations in the
labor costs are easily reviewed by examination of the payroll vouchers.
The simplified type of contrcl thus provided makes certain that the
manager can control expenditurss prorptly.

Fayment of all expenditures in connection with budget contrcl should
be made by uniform vouchers. Each voucher should carry an account
nmumber. ,

At the end of each month the manzger will receive a statement of all
exrenditures broken down by budget accounts. If the expenditures
exceed the budgeted montrly allowances of any of the accounts, the
bookkeeper will furnish the manager with a break-down of all expendi-
tures relative to the budgeted accounts exceeded. All these supporting
data can be secured by reference to the purchase reguisition and the
check vouchers, This reference will enable the manager to determine
what caused the over-expenditure and take corrective action.

If at any time during each month it becomes apparent that expenditures
wiil exceed any of the budget accounts, the bockkeeper will bring this
information to the attention of the manager for his information and
action.

BUDGET CONTROL ACCQUHTS

Honthly Honthly Anrmal :

Account Bumber SXpense Budeet Budzat Actual
10 Adcdnistrative — $ $ 3,466 $ 41,600 @
20 Sales 1,000 12,000 3
30 Direct materials 20,147 241,760
40 Bupclies 1,125 13,500
51  Fower# 117 1,&@@
52 dater® ‘ ae 800
53 Fuel 158 1,500
&0 Unforeseen expense

{Reserve account) W17 5,00C 3
71 Direct labor# A 4,958 59,500
72 Indirect labor 3,154 37,850
80 Jepreciation

{Reserve acmunt} ‘ - 2,015 b5 LTS
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PURCHASE REQUISITION COMPANY NPME DATE

[J 10 arMiNISTRATION [l uc supPrLims
] 20 saiEs {1 s0 uriLrTIES

[0 30 MATERIAIS [l 60 unFORESEEN EXPENSE

INDICATE BEIOW THE USE OF MATERIALS

[[] DIRECT MATERIAIS [[] MAINTENARCE SERVICES

[[] MAINTENANCE MATERIALS [[] OPERATING SUPPLIES

DELIVERY WANTED
PLEASE ORDER THESE MATERIAIS OR SERVICES
ANTITY DESCRIPTION UNIT TOTAL
_QUAN . I .

QIOTES REQUISITIONED BY

FROM

QIOTES APPROVED BY
FROM

W ORDER MO, ORDER DATE




BCOMGHICS
S D

It is suggested that a copy of the manual entitled "Food rrocessing
Feasibiiity study® (Code Fumber ID-14) be obtained and studied to
aid in determining the feasibility of establishing a dairy product
manufacturing plant, This manual describes, in detail, methods of
gathering general information and data required to prepare a fea-
sibility study.

Specific data which may reguire technical aid in assembling follows:

(a) Ilabor requirements for various operations. Eguip-
ment manufacturers can provide fairly accurate
apporoximations of the mumber of workers and the siills
necessary to operate their mescnines,

(b) Technical aid will be required, in general, in
developing commercial processes for the production
of dairy by-products typical of national diets.
Freparation of samples and test marketing should
be an integral part of this a‘d.

(¢) 3election of by-preoducts which can be manufactured
profitably will requir~ technical assistance.

¥anufacturers of industrial equirment and supplies employ engineers
and technicians familiar with the use, desizn and installation of
their specialized productis. These mamufacturers are usually willing
to give prospective customers the benefit of technical advice of the
engineers and technicians in determining the suitabiliiy of their
equipment and supplies in any proposad project.

The equipnent and supply manufacturers alsc know, and can recommend,

professional engineers and consultants in private practice, who are
willing and able to provide appropriate technical services.
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PLANT ALD CPEAATICLAL

Proper safety aids and safety programs; cleanliness and sani’.ation,
are of utmost importance in a food processing plant. These require—
ments can be met only by proper construction of the buildings and
selection of equipment which can be easily cleaned. There must be
adequate space provided for the work to be accomplished. Sufficient
time anu funds must be allocated for safety and sanitation progsrams
of training and inspection.

A. Sanitation

1. Thne plant mu % be so constructed as to meet all governmental
requirements and accepted industry standards relative to
sanitation. These requirements include; proper drains and
waste disposal units; adequate lizght and ventilation; all
doors and windows properly screened against inse-hs, rodents,
etec.; proper and adequate storage space; rest roun and wash
room facilities for persommel.

2. Eguipment must be so located and of the type that provide
ample room for ease of operation of all pieces, and sulfi-
cient firee work space for cleaning and sanitizing must be
available.

3. 1In addition to the regular production staff, a thoroughly
trained cleaning and sanitation crew must be comsidered as
a part of the production persomnel. These people must be
sucplied with adeguate cleaning apparatus and cleaning
materials.

B. Safety

There is always danger of accident and injury in any industrial
plant. Because <™ this, the manager should see that each
employee fully undcrstands the importance of safety precautions
and intelligent first aid. The following safety features should
be included in the plant:



ie All machines with moving parts should contain safety shields
and guards in good working condition. The operators should
understand their function and make full use of them.

2. Oven milk bottles and other ccatainers proceeding to the
filling operations must be protected against particles of
flying glass. Operations involving products in glass
containers must adhere to rigid safety precautions to
prevent product contamination from broken glass and injury
to personnel.

3. First aid supplies should be readily available throughout
the plant. A number of the employees, in addition to the
superintendent and foremen, should be trained to use the
first aid equipment and supply first aid service.

4. Fire extinguishers should be strategically located throughout
the plant, and a number of key employees should be trained
to use this apparatus. Additionally, each employee should
understand his responsibility in case of firea.

5 Periodic fire drills should be held. Also, regular training

in first aid and regular safety inspections should be con-~
ducted throughout the plant.

C. Training

Mamufacturizg a product of inferior gquality during the training
period could create sales resistance that might be difficulv to
cvercome later. To avoid such possibilities, the quality of the
finished product should be maintained at all times, imcluding
the traiming perdiod.

In some areas skilled workers and operators zay be awvailable
locally. In other areas all persomnnel may have to be trainsd.

If skilled workers are not available, adequate training would
be assurec by one or more of the following methods:

1. A contract could be negotiated with Lhe engineering firm
which designs the plant, to also train the pemmmel. The
firm could agree to operate the plant Tor a definite pericd
of time or until the persomnel is capable of producing

acceptable quality products.



2.

3.

Lo

Se

Key personrel may be placed in a similar industry in a
foreign country for treimning while the plant is being
constructed and made ready for producticn.

If neither of the above metieds is possible, then qualified
and experienced individuals should bte employed for the
key positions, either permanently or tewporarily to train
the organization. Frivate consultants in the field could
be retained to train key persommel and to insure the produc-
tion of quality food products.

The genieml manager should have broad experience in this
type of business and be fully gualified in all phases of
business and personnel training.

Technicians employed by the comsany mast be thoroughly
acqueinted with legal recuirements governing dairy products
in the couniry where the plant is located. They must be
capable of operating the plant in accordance with regulations
and good sanitary practices. Laboratory personnel must be
competent to perform and interpret quality control tests
accurately.

~91-



1.

v 2 »

3.

li'-

6.

7Q

DATRY BQUIFMENT SUFPLIERS

Cherry-Burrell Gorpomi;:.om
Export Division '

£27 West Randolph 5ty eet
Chicago 6, Illinois

Mojonnier Brothers Coupany
LE01 West Ohio

Chicago 44, Illinois

Creamery Package Manufactucing Company
1243 West Washington Boalevard
Chicago 7, Illinois

Burgess, Smith and Rodgers, Incorporated
330 UWest 42nd Street
New York City, New York

Damrow Brothers Company
196-234 Yestern Avenue
Fond du Lac, Wisconsin

United Dairy Equiprent Company
Jest Chester, Penrsylvenia

Henry R. John and Son, Incorporated
7 Water 3ireet
New York City 4, New York
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Dairy Plant Hanagement

Tracy, Paul H., et ai

¥eGravw-Hill Book Coupany, Incorporated
New Yok City, Mew York

Dairy Ingineering

Farrall, A. .

John iile~ and Sons, Incorporated
440 Fourth Avenue

¥ew York City, liew York

A Dictionarv of Dairying

Davis, Je. G 1955

Interscience Pubiishers, Incorporated
250 Fifth Avemue

New York City 1, New York

Construction and Arrangement of Milk Flants ‘
United States Department of Agriculture Circular #3800
United States Government Pr:.ntlng Office

Washington 25, D. C.

Operation and Management of Milk Flants

United States Departuent of Agriculture Circular 7;5260
United States Government Frinting Office

Washington 25, D. C.

Milk Ordirance and Cede

Public Health Bulletin #220

United States Govermment Printi-g Office
{ashington 25, D. C.

Definitions and Standards under th«a Pederal Food, Dryg and
Cosmetic dct

{Available for cheeses and cheese products, milk and cream,
ice cream)

United States Food and Drug Administrztion

Department of Health, Education and Welfare

Washington 25, D. C. T

Food Processing Fea.sa.bllltg

Code Humber ID-14

Publications and Technieal Services Branch

- Communications Resources Division

Agency for International Develepment
washington 25, Do c. )
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 MIIX CAN WASHER AND STERILIZER
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