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FIFTY YEARS OF PROGRESS IN THE CHEESE INDUSTRY. A REV IEW 

W ALTER v. PRICE 

Depwtment of Food Sc-ience 
Un·i:versity of W ·isconsin 

ZVIadison, W isconsin 53706 

( Heceived for publication October 22, 1970 ) 

A BSTRACT 

Since 19-20 the cheese in dustry has moved west and south 
in the United States . Milk production and procurement have 
changed from simple hand milkin g and wagon deliveries to 
machine milking of large herds and bulk handling of milk 
under supervision of industry and governm ent agencies. 
Hand labor jn factories .has been reduced. Sanitary build
ings and equipment, use of pasteurized milk, and selected 
cultures, starter concentrates, bacteriophage-inhibiting media, 
and improved enzymes have simplified biological contro l 
of the processes. Better warehouses and new methods of 
p·ackaging. provide better protection and merchandising. 

In the p ast 50 years the development of process cheese 
has opened new markets and inspired the development of 
highly sophisticated methods of packaging and merchandis
ing natural ch eese. Movements of cheese on the primary 
markets from factory to warehouse for curing, and then to 
dealers, processors, institutions, chain stores, marketing associ
ations, special outlets, and mail order distributors are more 
orderly. Supervised grading, p ublic marketing organiza
tions, and availability of complete information on market 
movements, prices, and other market statistics are essentials 
provided for modern merchandising. 

The cheese industry still faces many problems involving 
production, net income control, utilization of by-products, 
de~elopme~t of new products, conservation of milk constit
uents, and methods of merchandising and marketing. Solu
tion . of th ese problems depends upon availability of and sup
porting facilities for men with trainin g and skill to attack 
them. Continuing growth during th e past 50 years clearl y 
indicates that production of cheese and its related products 
mid by-products is an expanding phase of the dairy industry. 

This is a review of changes in the cheese industry 
in the United States since World W ar I. That time 
seems to be the end of the era of the one-man-and
wife factory. Some of these changes resitlted from 
providing markets for more dairy farmers; others 
were caused by pr~ssmes of competition, sanitation 
and health regulations, education, improved tech
niques and equipment, and the growing knowledge 
of the bacteriology and chemistry of cheese making. 

This discussion will attempt to recall the physical 
hru·acteristics of the industq of the early period, 

and then to consider changes in facilities, activities, 
an~ functions. Finally, it seems appropriate to men
tion some of the problems facing indush·y today, 
and to imagine possible h·ends of the industry in 
the near futme. 

A DJUSTlVIENTS AND EXPANSION OF THE F ACTORY S YSTEM 

In 1920 over 4,000 factories in the United States 
were making all kinds of cheese. Table 1 shows that 
numbers of plants in the U. S. 'inaking common kinds 
of cheese, other than Italian and Cottage cheese, 
have declined, yet the total production of important 
varieties as shown in Table 2 has increased; together 
they show that output per factory has increased re
markably. Table 3 shows that all areas of the U. S. 
since 1919 have increased production. Increases of 
ten-fold or more in the south central and south At
lantic areas were especially notable and indicated 
the dramatic changes in farming practices in those 
areas . 

Farmers in north Atlantic states in 1920 were 
changing farm facilities and methods to meet high
er standards of quality for city fluid milk markets. 
Cheese factories, which had originally helped de
velop these dairy fru·ms by furnishing a market, were 
trying to adjust to the changing times. Some fac
tories were so remote from city markets that they 
remained unaffected for yeru·s. Others tried to hold 
patrons by lowering standards of accepta:ble quality 
of milk, and paying more than good accounting 
practices could justify; they disappeared. 

Some factories, whose p ah·ons conformed to stand
ards of city boards of health, began to make cheese 
in summer and ship fluid milk and cream to cities 
dming winter months. Some of these factories 
were eventually purchased by milk marketing or
ganizations to provide outlets for their own surplus 
milk. Others ultimately grew to receive several hun
dred thousand pounds of milk per day. In the flush 
season they made cheese around the clock with 
modern, mechanized processes, and did so with 
seasonal help trained and supervised by production 
managers who were often makers froin the original 
plants. The milk sheds and milk marketing orders 
of the '60s were promoting the same type of adjust
ments and operations. 

Some factories met city milk competition by mak
ing Italian cheese; they were largely responsible 
for the increased production of cheese in the early 
'30s. Still other factories converted to making soft 
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unripened cheese, like Cottage, Bakers, Round and 
Farmers (Pressed) cheese, and their by-products of 
sweet and sour cream and cultured buttermilk. Even
tually, many of these units merged into multi-prod
uct plants making the same and related products with 
the most modern equipment, laboratory controls, 
packaging facilities, and fleets of refrigerated trucks 
to procure milk and move highly perishable products 
long distances in interstate commerce. 

By the late 1920s the areas of cheese production 
were expanding to the south Atlantic and south cen
tral states. State and federal specialists advised 
communities on factory consb:uction and organiza
tion (81). Local business men often financed such 
ventures to replace the one crop cotton system. By 
1930 the economies and future of large scale opera
tions were apparent, and builders of new factories 
were making full use of them. Trucks, mechanical 
refrigeration, pasteurization of milk, and low costs 
of milk production in these developing areas made 
a profitable venture. 

Leading promoters in southern areas were such 
organizations as Swift, Armour, Cudahy, and the 
Kraft Cheese Company. The Kraft Company estab
lished a strong educational program with fieldmen, 
and outstanding publications directed to farmers , 
farm youth, and plant operators. Dairying and cheese 
making prospered in the South. 

Beginning about 1902, the growing needs of popu
lation in the far West, and the ideal conditions for 
dairying in Oregon's Tillamook Valley combined 
to sustain an outstanding factory system, and, even
tually, an enduring cooperative marketing organiza
tion with a nationally known brand of high quality 
cheese, "Tillamook" (23). 

FACTORIES 

Typical factories . in the 1920s seldom had more 
than 40 patrons, and few of these lived more than 
2 miles from the factory. Only about 1 in 20 plants 
received over 4 million lb. of milk per year. Many 
closed in winter months (2). 

Buildings were commonly built of wood, but most 
had concrete floors . A few factories still preserved 
the "kitchen" atmophere of earlier days with hard
wood floors , rocking chairs, and window curtains in 
the make room. The maker and his family usually 
lived above or adjacent to the factory, and received 
rent and dairy products as part of his income. Animal 
pets were often in the make room. 

All factories had certain common features . The 
room for the steam boiler and space for coal and 
wood fuel was adjacent to the make room. Only 
a few "self-heating" vats and Swiss kettles with fire 

boxes or movable fire wagons remained in use. Steam 
was used for heating and driving machinery. Gas 
engines were just beginning to replace steam en
gines. 

Milk delivered by farmers was hoisted by a hand 
winch or lifted by hand to pour into the weigh can 
on a b eam scale. It was sampled for fat testing or 
measured in gallons and then drained directly to 
vats or kettles through open ' conductor troughs at 
the end of which was usually a strainer or cotton 
bag. Composite samples were tested for fat by the 
maker or by a licensed tester at 2- or 4-week in
tervals . Some factories bought milk by weight or 
volun1e without testing. 

Cheese vats witl1 capacities of 300 to 500 gal 
(rarely 1,000 gal) were made of tinned steel or tin
ned copper and were mounted in wood or galvan
ized iron jackets. Other principal pieces of equip
ment included a whey separator, usually steam driv- I 
en, curd mill, and a continuous pressure press. Pow
er-driven curd mills and agitators were just being 
introduced in the early 1920s. 

In Brick, Limburger, and Munster factories curd 
was dipped by hand from vats to wooden hoops 
( tinned steel for Munster) on cloth covered wood
en draining tables. Bricks were used to press Brick 
cheese, which may account for the name. Cheese 
was salted in brine tanks or with dry salt on tables. 

Swiss factmies used copper kettles holding up 
to 300 gal of milk. Whey separators were used to 
skim a portion of the milk to be used for the 
cheese. Cheese was commonly made twice a day, 
which might have accounted for the high suicide 
rate of makers, according to local opinions. Power 
stirrers were used in the best equipped Swiss fac
tmies, but stirring was more often a hand opera
tion. 

Skin1med whey was pumped to tanks or barrels 
outside the factory, and pah·ons took it home in un
washed cans. Whey cream was churned to butter 
for pah·ons or sold to nearby creameries. 

Curing rooms varied according to the cheese vari
ety. American Cheddar factories had drying rooms 
with shelves, but usually little or no space for cur
.ing. Occasionally a connecting ice house with air 

vents to a storage room cooled it enough for curing. 
Artificial refrigeration was just beginning to be 
usPrt by a few American factories. 

Factories making American Cheddar cheese were 
paraffining, but not too skillfully, according to cheese 
judges. Warehouse operators preferred to receive 
shelf-dried cheese in boxes so that they could paraf
fin the cheese themselves for curing. Shipments 
were made to warehouses once or twice a week or 
as a load was accumulated. 

, , 
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FIFTY YEARS 

TABLE l. CHEESE FACTOHIES HEPORTING VARIETIES OF 
CHEESE MANUFACTU1lED IN THE UNITED STATES.1 

Year 

Vari ety 1910 1939 1949 1959 1969 

-------- (Numbers) --------

American 2,206 2,284 1,682 1,059 826 
(whole milk ) 

Swiss 339 270 277 171 99 
Brick & Munster 529 400 224 182 138 
Limburger 167 102 44 13 8 
Cream and 

Neufchatel' 61 60 41 31 27 
All Italian 64 88 156 182 188 
Cottage, Pot 

and Bakers3 489 1,695 
Creamed Cottage 1,334 1,461 618 
Cottage curd 1,738 1,407 628 
Blue" 22 13 12 

' Sources: Year Book of Agriculture, 1!}24, Table 466; U.S.D.A., 
Bur. Agr. Econ. Statistical Bull. 93; U.S.D.A. Statistical Re
porting Service, Crop Reporting Board, Annual Report, "Pro
duction of Manufactured Dairy Products" Da 2-1 ( 1970) Da 
2-1(1960). 
2Cream cheese plants only in 1969, 1959, 1949. 
3Cottage, Pot, and Bakers reported as Creamed Cottage and 
Cottage curd after 1939. 
4

- indicates data not available. 

Curing rooms in Swiss, Brick, Munster, and Lim
burger factories needed cool temperatures and high 
hwnidity, so these factories were often situated so 
that "cellars" could be built into a hillside and under
ground. In these curing rooms cheese was turned, 
salted, washed, and otherwise cared for until it was 
sold and moved to storage warehouses for market
ing or further curing. Some years later, when 
Blue cheese was introduced, it required high hu-

; midity and low temperatures for curing. Although 
refrigeration supplied these facilities in some opera
tions , man-made caves with supplementary refrig
eration had high humidity and were very successful 
(20). Italian cheese manufacturers introduced smoke 
rooms in factory operations. 

EQUIPMENT 

Receiving 
As factories increased in size, they began to use 

the labor saving, receiying room equipment develop
ed for the fluid milk industry: conveyors, recording 
scales, weigh cans, pumps, drop tanks, and samplers. 
Milk tank trucks delivered more of the milk as pa
trons adopted bulk milk tanks after World War II. 

f\eceiving vats and holding tanks became neces
sary in factories to hold milk for b·eatments before 
making; they gave time for standardizing, and made 
factory operations more efficient for starting and 
stopping round-the-clock operations. 

Filters and clarifiers were installed in milk lines 
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TABLE 2. THENDS OF PRODUCTION OF IMPORTANT VARIETIES OF 
CHEESE IN THE UNITED STATES1 

Year 

Vari ety 1919 1929 1939 1949 1959 1969 

--------- (Millions lb .) --------

American' 295.1 370.3 537.3 935.0 942.2 1,266.4 
Swiss 21.6 19.4 42.6 81.0 112.0 131.6 
Brick" 38.8 31.7 27.9 20.3 24.4 20.9 
Munster3 7.0 10.1 23.8 32.5 
Limburger 7.9 8.6 9.0 7.2 3.7 2.9 
Cream" 5.6 34.4 48.0 58.5 90.5 115.4 
Italian 4.4 5.9 20.5 55.i 140.8 360.5 
Blue5 8.1 12.7 21.0 
Creamed 

Cottage" 286 .8 744.2 908.4 
Cottage curd" 283.6 578.2 673.3 
Cottage, Pot, 

Bakers 31.6 94.9 166.7 
Others 11.7 7.5 11.9 27.9 19.1 23.4 

'Somces : U.S.D.A. Bur. Agric. Econ. Statistical Bull. 93: 
U.S.D.A. Statistical Reporting Service, Crop Reporting Board, 
Annual Reports of 1939 to 1969 : "Production of Manufactured 
Dairy Products." 
'Whole Milk Cheddar, Colby, Washed Curd, Jack, Mon
terey, Granular. 
3Munster and Brick combined in 19•19, 1929. 
·'Reported as Cream and Neufchatel in 1919, 1929 and in 
other years as Cream Cheese only. 
' Blue Cheese included in "Others" before 1!t49. 
"Reported as Cottage, Pot, and Bakers before 1949. 

(7, 16, 34). Separating-clarifiers in the 1920s be
came standard equipment in the Swiss industry for 
improving eye formation, and conb·olling composi
tion (44, 53). 

Heat treatments 
Pasteurization has been used increasingly since 

the late 1920s. The holder method was used for 
smaller operations and for making Brick cheese and 
certain minor varieties. Flash heating of milk to 
165 F for an instant helped to make possible the de
velopment of the cheese industry in the southern 

TABLE 3. TOTAL POU, DS OF CHEESE PHODUCED IN THE 
UNITED STATES, NOT INCLUDING FULL SKIM AND COTTAGE1 

Year 

Area 1919 1929 1939 1949 1959 1969 

--------- (Millions) --------

N. Atlantic 110.3 57.8 69.6 103.1 133.8 210.2 
S. Atlantic 0.2 1.4 l.l 2.2 6.5 12.9 
N. Central 333.3 363.5 513.6 899.6 1012.5 1484.8 
S. Central 14.2 55.6 114.7 137.2 153.3 
vVestern 28.7 46.9 68.5 80.4 91.5 124.7 

Total 473.6 483.9 708.5 1200.0 1381.6 1985.9 

'Sources: U.S .D.A. Bur. Agr. Econ . Statistical Bull. 93; U.S.
D.A. Statistical Reporting Service, Crop Reporting Board, 
Annual Reports 1939 to 1969: "Production of Manufactured 
Dairy Products." 
2 Less than 3 p lants per state reporting. 
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TABLE 4. CHEESE, PllOCESSED, CHEESE FOODS, SPREADS A:-iD COLD PACK1 li!ADE IN THE U. S. 1957 - 19692 • 

Processed cheese foods, 
Proces~c cl £' hecsc spreads and cold pa cl\:3 Total 

Produ ction Production Production 

Year Planls ( 1000 lb.) Plants (1000 lb.) Plants (1000 lb .) 

1969 42 650,161 40 367,195 56 1,017,356 

1965 44 631,312 46 228,517 62 859,829 

1961 .43 509,333 45 221,727 58 731,060 ' 

1957 51 530,826 47 181,559 61 712,385 

' l'roce~sed cheese is made by pasteurizing, emulsifying, and blencLng natural 

res t of th e products contain additional ingredients such as nonfat dry milk, 

' Source : U .S.D.A. , Statistical Reporting Service, Crop Reporting Board. 

Manufactured Dairy Products." 

cheese and contains no other ingredients. The 

dry whey, and condiments ." 
Annual Reports, 1957 - 1969, "Production of 

"Excludes spreads mad e from eufchatel and Cream cheese. 

TABLE 5. P tWXIMATE llVIPOHTANCE OF NfOVE~•IEt TS 1 OF CHEESE FHOli'I SELLEHS TO BUYERS TO CONSUMERS. 

Wholesa le bu ye rs Reta il buyers 

Ml<tg. Proces- Cha in Retail Spec- lnstitu- Ma.i l 

Sell ers Dea ler asso. sor store sto re ial tions2 Direct order 

Factory ++++ ++++ ++++ ++ ++ + + + ++ ++ 
Dealer3 ++ ++ +++ ++ ++ ++ + ++ 0 + 
1ktg. Asso. ++ + +++ +++ +++ ++ + ++ 0 + + 

Processor + + ++ ++++ ++++ + ++ ++++ 0 ++ 
Chain Store 0 o · + 0 + + ++ ++++ + 
Store 0 0 0 0 0 0 ++ + +++ + 
Special• 0 0 + 0 0 0 0 ++++ ++ + + 

'Importance of movements: 0 = none; + = very little; ++ = significant ; +++ = extensive; ++++ = large vol-

ume. 
'"Institutions" includes : Government agencies, military forces, hotels hospitals, restauran ts, schools, etc. 

""Dealers" are those who buy and sell cLrectly or through brokers, and includes importers and exporters. 

'"Special" includes roadside cheese stands, ch eese specialty shops, gourmet stores, mail order and novelty distributors. 

states in the late 1920s and following years. Pas

teurization was accepted slowly in northern states 

where buyers opposed it. Tubular "box-tube" heat

ers and surface coolers were used in a few \i'/iscon

sin factories in 1934. Modern, continuous, regen

erative pasteurizing units were installed after 1945. 

"Vacreators" were used in some southern plants, 

and vacuum chambers were installed in some north

ern plants . The smaller vacuum chambers were 

used at the end of the holding section of continuous 

pasteurizers. Substandard pasteurizing heat h-eat

ments of 145 to 150 F for arouncl20 sec became com

monly used when cheese was made for holding at 

least 60 days at not less than 35 F before shipment 

in interstate commerce. 
In the 1950s, h-eatment of milk at 125 F with up 

to 0.05% hydrogen peroxide, followed by addition 

of catalase to desh·oy residual peroxide, was accept

eel by the Food and Drug Aclrninish-ation and used 

to improve eye formation in Swiss cheese. Its use 

also was permitted in Cheddar and similar cheeses 
(76). 

Cheese vats 
In the late 1920s all-metal, stainless steel vats be

gan to replace the old type tinned steel and tinned 

copper vats . Capacities of vats increased to 15,000 

and 20,000 lb. Eventually, the high-sided horizontal 

vats and round vertical vats holding 30,000 lb., or 

more, were adopted after mechanical methods of curd 

handling in these deep vats were developed. 

\iVooclen rakes disappeared when mechanical agi
tators, were inh·ocluced in the late 1920s. Some stir

rers had several fixed stirrers per vat. The Mandel 

agita tor, the prototype of modern machines, was in
troduced in 1922 (12). It rotated to stir while h·avel

ing back and forth lengthwise of the vat. Knives, 

forkers, and curd pushers were designed to fasten 

to tllis machine as mechanization developed. It thus 

became possible to design and operate the deep, 
horizontal vats. 

The steam jets ("silent heaters") used years ago 

to move whey from vats to whey tanks and to pas

teurize it at the same time, were replaced by pumps. 

The wooden whey tanks and barrels for separated 

whey were replaced by steel tanks, and much of the 

whey, instead of going back to farms, was sold to 

condensing or drying plants. When whey began 

to be used for human food, it was handled with 

sanitary pumps, piping, milk tanks, and milk tank 

trucks as it was moved from factories to drying plant 

or condensery. More and more of the largest fac

tories, in recent years, have begun to operate their 
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own whey processing facilities. 

The finishing vat, a modern version of the ancient 

curd sink, was developed in the late 40s to use 

the making vats more often during each day's oper

ation . Such finishing vats hold all the curd from a 

single vat at the time of dipping. Curd is pumped 

into the finishing vat for draining and cheddaring in 

the usual manner before milling and salting; it may 

be stirred without matting to make granular Ameri

can. Agitators stir the milled (or granular) and salt

eel curd, move it to th e gate end, and push it into 

a hoop filler. 

Figure l. ' ·Valter V. Price, Professor-Emeritus of Food 

Science, University of ' Visconsin. 

The counterpart of the finishing vat for Cheddar 

; was patented in the 1950s for Swiss and other kinds 

of cheese. These pressing vats drain, shape, and 

press the cmcl prepared in large vats or vertical 

tanks (68). 
Still other devices to reduce labor in Cheddar 

making were perfected in the 1950s (66, 67, 77) . 

One machine, the "Ched-0-Matic," received the par

tially drained cmcl from the making vat in a rotating, 

perforated drum which drained and ch·oppecl it into 

a rectangular cheddaring chamber in which it set

tled, drained, and matted together . It was remov

ed, slice by slice, from the bottom of the chamber 

to pass through a curd mill, salting bath, and into 

the cheese hoops (45). 
A labor saving Australian machine, "Bell-Siro," 

which consis ted of a curd mill, a salt proportioning 

add dish·ibuting device, and a hoop filler was clem

onsh·atecl successfully in the U. S. in the late 1950s. 

The cheddarecl curd was brought to the curd mill 

from the making vat so the machine released the 

vat sooner for the next batch of milk and simplified 

F igm e 2. P. H. Kasper Cheese Factory, Bear Creek, Wis

consin, 1920. ( Courtesy of Marschall Division , Miles Labora

tories, Inc.) 

the ending operations of cheddar making (9, 10). 

This, and similar devices since developed ("Curcl-A

Matic," "Cheddar-Rite") in the U. S. are being used 

in some of the largest factories. 

Very recently another machine, Stoelting's "Cheese

maker," has been put into use. It receives partially 

drained curd at dipping, mats , and stretches it in a 

rotating drum to simulate the effects obtained in 

hand checldaring. It delivers the checlclarecl curd 

in a long sb·ip to the curd mill for subsequent salt

ing and hooping. 

Hoops 
Tinned steel hoops with wooden followers of the 

1920s have been largely replaced by hoops of stain

less steel. The old type Wilson hoops have been 

redesigned to make blocks of cheese for packaging. 

~1lakers now use pre-cut single service bandages and 

Figure 3. Cheddar cheese making. Laboratory, Cornell 

University about 1920. 
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Figure 4. Canned cheese. Cured in 8-oz aluminum-foil 
wrapped packages in container with gas-venting valve. 

Figure 5. Bacteriolpgists H . L. Russell ( left ) and E. G. 
Hastings. 

washing machines to clean press cloths . 
Treatments of cheese, like Brick and Limburger, 

which are drained in hoops, have not changed great
ly in principle, but draining tables, formerly made 
of wood, now are often made of stainless steel and 
provide temperature control. Stainless steel screens 
and hoops are replacing draining cloths and wood
en hoops. 

Cheese presses 
The iron and wooden presses of 1920 gave con

tinuous pressure by weights and lever mechanisms. 
Hydraulic pressure or automatically activated, elec
tric motors provide continuous pressure in today's 
stainless steel machines. These represent tremen-

dous advances over the sanitary conditions of the 
older devices. 

Presses and draining tables, formerly located 
close to making vats, today may now be placed! in 
an adjacent room or on a lower level to make better 
use of space and labor .(50, 51). 

Vacuum presses can now combine pressing and 
vacuum h"eatments of curd. The vacuum h·eatment 
of pre-pressed cheese is a new way to improve tex
ture of Cheddar and Swiss (55). 

Ripening 

Changes in ripening facilities and practices have 
been made to meet marketing and sanitation require
ments . Temperature and humidity conh·ols are 
accurately and automatically regulated to suit the 
cheese. Curing storages are carefully consh·ucted 
and protected to prevent rodent and insect infesta
tions. 

In the 1920s Cheddar cheese was made in many ' 
cylindrical styles of hoops ranging from 1-lb. midg
ets up to 75-Ib. cheddars . To these forms have 
been added the 20- and 40-lb. blocks and, still later, 

Figure 6. Upper left , 1 • C. Kraft, innovator; upper right, 
W. \ V. Fisk, teacher and author; lowe1· left, E. C. Damrow, 
engineer; lower right, H. I-I. Sommer, scientist. 
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Figure 7. Upper left , J. B. Stine, inventor, director, F AO 

delegate; upper right, J. L. Sammis teach er researcher 

cotmselor; lower left, A. T. Bruhn, judg~, ch eesen~aker , super-' 

i visor; lower right, J. L. Kraft, founder. 

the "barrels" in which freshly salted curd is packed, 

drained, settled or pressed, and cured, chiefly for 

processing (41). 

All styles in 1920 were surface dried after they 

were taken from the hoops, then dipped in scale 

paraffin at 210 F, and cured in boxes. Now sur

faces of cylindrical styles are protected by dipping 

the shelf-dried cheese in a mixture of paraffin and 

microcrystalline wax ~t 230 F to give more flexible, 

durable coating. The wax may be colored. These 

mixhues of paraffin and wax are blended to con

h·ol flexibility and melting characteristics. 
Blocks are wrapped in film and boxed for curing. 

.1\1any small, firm, rounded styles are placed in flex

ible bags and sealed under vacuum for curing and 

merchandising. Some Italian varieties, like Provo

lone, are smoked before waxing; others like Romano, 

may be shelf cured for drying and smeared with 

vegetable oil and hu·ned and rubbed frequently to 

prevent mold growth. These rubbing procedures 

resemble the methods of shelf curing cheese prac

ticed to a limited extent in the 1920s. 
Curing temperatures may be as low as 29 F for 

long holding, 35 F for 60-day ripening, 55 F for 

shelf curing with frequent turning and rubbing (if 

not wrapped in film ), or a combination of high and 

low temperatures for high flavor and long holding. 

MILK PROCUREMENT 

In 1920, farm facilities for producing milk for 

cheese were simple. Milk houses were rare. Cans 

of milk w :cre cooled, if at all, on tl1e barn floor in 

winter or in a watering trough in summer. "Aera

tion" over a surface cooler was bsed occasionally to 

remove "animal odors." 
Milking was usually done by hand. Milking ma

chines were available, but were hard to clean and 

sanitize. Makers regarded them with suspicion, and 

justifiably so. Milk was hauled to factories in wagons 

by farmers. A blanket or piece of canvas protected 

cans from heat, cold, and dust when necessary. Whey 

was hauled bacJ< to farms in the unwashed cans, and 

farmers were often given hot water to encourage 

them to empty and clean cans promptly. Some op

erators washed a few cans each day by hand scrub

bing to give them a "real" cleaning. 

CHANGES I N MILK PROCUREMENT 

In principal cheese-making areas tl1ere have been 

changes in methods, equipment, and attitudes of per

sonnel which make today's milk supplies far su

perior to those of 50 years ago. It is only necessary 

to list the points of improvement to identify these 

trends: milkers, milking machines, milk houses, cool

i~1g facilities, can washers, bulk tanks, transporta

twn, and haulers who are h·ained to inspect and 

sample milk. 
Improved methods and equipment have been in

troduced by education in colleges, high schools, short 

courses, fi~ld meetings, and practical on-the-spot 

demonstratiOns by educators, fieldmen, and regula

tory agents. Far-sighted producers and operators 

have cooperated with authorities in formulating regu

latory standards. 
The standards and demands of fluid milk markets, 

which have opened up to farmers who made tl1ese 

improvements, are powerful challenges .to both pro

ducers and factory operators as they view future 

trends of the cheese indush·y and the competitive 

status of other outlets for milk. 

MILK Q uALITY CoNTROL 

Farmers and cheese makers in 1920 knew tl1at only 
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Figure 8. Top left, R. vV. Leffler, secretary of the ' Visean
sin Cheese Exchange; top right, H. L. 'Wilson, national in
structor; bottom left, Carl Marty, Sr. , Swiss cheese maker; 
L. L. Van Slyke, research director. 

the best milk would make the best cheese. But all 
farmers were not careful and all makers were not 
skillful. Competition for milk between factories 
often lowered standards of acceptability. The prob
lem was more acute in 1920 because the coming of 
prohibition had wiped out the recognized outlet 
for undergrade cheese-the free lunch cotmters at 
the corner saloons. 

Agricultural colleges held short courses to h·ain 
farmers and makers. Cheese maker associations dis
cussed the problem and remedies. State departmeJ;l.tS 
of agriculture called their inspectors "inshuctors" 
and told them to "educate" offenders. Dairy pub
lications publicized these efforts. Cheese dealers 
sent procurement men to factodes to act as h·ouble 
shooters. It seemed at times tl1at all these efforts 
were only attempts to make the best possible cheese 
out of the worst possible milk. 

M easu1'ing quality 
Farmers questioned the significance of the "nose 

test" which makers used at the intake. Some objec-

tive tests were available. Makers began to use them. 
These were the sediment test, cmd test, and the 
methylene blue test. 

' The sed-iment test produced a pad on which ·in-
soluble material in the milk could be shown to the 
producer. The significance of the visible, as evi
dence of the invisible soluble material, was not gen
erally appreciated . Better st;raining was the usual 
remedy. 

Despite its limitations, the sediment test remains 
the first primitive test to demonsh·ate gross negli
gence; it is a part of the most recent definitions of 
minimum standards of milk for manufacturing (86). 

The sediment test acquired added significance 
with the promulgation of the Food, Drug, and Cos
metic Act of 1939. According to the Act, evidence 
of filth in a food identified it as adulterated, and 
penalties were severe. Research disclosed ways to 
detect, identify, and measure critical materials (filth) ' 
in a food product, milk, and cheese (18, 24, 48, 52, 
62, 65, 71, 75). Factories had to sign conh·acts re
leasing buyers of responsibility for exh·aneous matter 
in the factories' cheese. ' iVarehouses established 
laboratories to test all cheese received. The cheese 
industry at once asked that cheese imports be re
quired to meet these same standards. Milk clari
fiers and filters , mostly the latter, were adopted in 
most factories. 

The curd test was used in various forms before 
1920 (61). Operators sampled the milk when it was 
delivered; they placed it in a clean, pint jar, coagu
lated it with rennet at 90 F, cut the cmd, removed 
the whey, and held the ball of cmd at 90 to 100 F 
for 12 to 16 hr. If, after that time, the cmd had a 
pleasing acid odor, a cmdy consistency, and was 
free from gas holes when sliced, it was satisfactory. 
Obviously, milk which contained large numbers of 
predominantly acid-producing bacteria was readily ac
cepted. 

The acid test was used by some operators to 
measure quality in 19·20. It was discarded later. 
' iVithout knowledge of tih·ation values of the fresh 
milk, the maker penalized the producer of Jersey milk, 
if most of his producers had Holsteins; and converse
ly, he accepted low-solids milk with considerable 
acid development when the rest of his milk supply 
contained high percentages of milk solids. 

The m ethylene blue test was first used by factories 
in the early 1920s (30). Some milk tested was so in
ferior that it decolorized as soon as the dye was mix
ed with the sample. Makers found that some lots 
of fast-reducing milk might make good cheese, but 
that the chances of success were better as the reduc
tion time increased (35, 83). The U. S. D. A., Bureau 
of D airy Indush·y, and the states of Ohio and Wis-
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consin, demonstrated the test successfully in the Swiss 

cheese quality program of the 1930s (59) . 

Makers modified the test by holding the tubes 

overnight at 98 F to see what ferm entation they 

might expect in their cheese. When long reduction 

times were followed by gassy, diges ted curd, it took 

a lot of educating to convince them that an insignifi

cant number of organisms could make such unde

sirable changes, and that they were of no importance 

in their starter-conb:olled manufacturing operations. 

This same problem appeared as makers began to 

see similar effects when cmd tes ts were applied to 

the long-reducing milks. The methylene blue test 

was used in a few factories before 1940 to pay dif

ferentials for milk of high quality. 

The resazurin test was inb:oduced in the 1930s. 

Some makers liked it b ecause it changed from blue 

to white faster than the methylene blue test (36, 37). 

Its other advantages were generally disregarded (56) . 

Both dye reduction tests were approved for use 

under 'iVisconsin's mi.mimum standards in the 1950s. 

The 1963 minimum standards recommended by fed

eral agencies accepted the resazurin test only for 

this purpose (46). 
Bacterial counts by the plate method have not been 

used by the cheese indusb·y except in emergencies 

when they were required. The direct microscopic 

counts and examinations of milk have been used since 

1920 by specialists to find high counts, types of 

organisms, and locate their probable sources (3, 80 ). 

Coliform counts have been used in a few American 

Cheddar cheese factories to test pasteurized milk to 

be made into long-cmed cheese. Cottage cheese 

operators, especially those associated with fluid milk 

i operations, regularly use coliform counts to indicate 

quality control and shelf life. 

Pasteurizat-io·n and milk procu.re'l1wnt 

Opponents of pasteurization of milk for cheese 

argued that it would encourage the use of milk of 

inferior quality, such as they had seen used in 

developing cheese areas. When northern factories 

in the late 30s and early 40s were considering pas

teurization, regulatory agencies warned operators that 

no lowering of standards for milk at the intake would 

be acceptable. Mininmm standards, adopted later, 

defined these limits in enforceable regulations (85) . 

Today's milk supplies for cheese making are far su

perior to those generally used by the industry in 1920. 

ANALYSES IN THE CHEESE l r-..TDUSTRY 

Some tests have been added to the metl1ods used 

in tl1e factories of 50 years ago. Some are remark

ably the same. 
Tests of milk for fat, casein, and specific gravity 

( lactometer ) remain tmchanged. The Mojonnier 

method for measuring total solids and fat in whey 

has been useful, but only in commercial laborato

ries and whey drying plants for control pmposes. 

Casein tes ts by the Walker metl1od are probably 

used less than tables for estimating casein in milk 

from the fat test, when casein/fat ratios are used in 

standardizing milk. 

The rennet test, hot iron tes t, and acid test have 

remained unchanged; the first two are used less, 

the last is more widely used than ever to indicate 

progress in making, to measure activity of starters, 

and even to show tl1e presence of high-acid produc

ing organisms in starters for Italian and Swiss cheese. 

The rennet tes t was a practica,l measure of the 

tim e required for 1 ml of rennet to coagulate a "cup" 

of milk (approximately 700 ml) at the setting tem

perature of 86 F. Time was measured as "spaces" 

marked on the inside of the cup from 0 near the 

top to 5 or 10 (depending on tl1e cup chosen) at 

the bottom. A 1.5 ml hole in the bottom of the cup 

determined the rate of flow. Rennet was diluted 

with 15 ml of 86 F water and mixed with the milk 

when its level receded to 0 on the scale. 'iVhen 

the milk curdled, the spaces exposed gave tl1e de

sired measure of speed of coagulation. The rennet 

test was more sensitive to changes in acidity than 

the tih·ation test so it was a valuable test to measure 

"ripeness" for setting. By using identical milk in 

separate tests , it compared relative sh·engtl1s of dif

ferent lots of rennet; this was in1portant when ship

ments sometimes varied widely in sh·ength. 

The hot iron test was a practical measure of 

acidity of curd from dipping to salting in Cheddar 

cheese making. A handful of curd granules squeez

ed to form a ball of curd, or a piece cut from mat

ted curd was used for sample. The lump of curd 

was touched lightly to a clean, smootl1 iron (pipe or 

spring steel) hot enough to make the curd stick 

witl1out scorching. Drawing tl1e cmd smoothly and 

steadily from tl1e il'on formed silky thxeads between 

the iron and the curd . The length of these threads 

indicated acidity; tl1e longer the thTeads, tl1e lower 

the pH of the curd, and the relation vvas remarkably 

close. 

The tes t for pH (hydrogen ion concenh·ation) in 

cheese attracted attention in the 1930s (5, 78). It 

proved to be an excellent means of following acid 

changes in curd and cheese in making and curing. 

The quinhydrone elech·ode, and later the glass elec

trode were applied in a few factory operations to 

evaluate critical changes in curd and characteristics 

of cheese. Problems of keeping equipment in per

fect operating condition has discomaged many op

erators who have tried the test in factory practice. 
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Indicator papers have been only reasonably suc
cessful since the 1940s. 

Analyses of cheese for fat and moisture, and, less 
often, salt and pH are routine measuTements in 
laboratories of processing plants, warehouses, regu
latory ag\=)ncies, and larger factories. The Mojon
nir apparatus and methods are used in some labora
tories for fat and dry matter. Less well equipped 
factories still rely on warehouse laboratories or com
mercial services for analyses. Fat and moistme 
(dry matter) are of most interest. 

Fat tests by the Babcock method (rather than the 
Mojonnier test ) are essential for operators who m·e 
adjusting casein/fat ratios of milk for cheese making 
(53, 54). Federal regulations promulgated in 1941 
permit standardization in Cheddar, Colby and \iVash
ed-cmd, Swiss, and Italian cheese. Since then it 
has been accepted in general practice (76) . An
alyses are essential, however, and problems of ac
curate analyses may explain in pm·t why the prac
tice is not more general. 

:tvloisture has become the basis of payment for 
cheese for curing and processing. Premiums increase 
with dry matter, but only enough to compensate for 
theoretical loss of yield. The Troy and steam-oven 
tests (27, 60, 73) of the 1920s for moistme have been 
replaced by quick approximations made under dry
ing lamps, or rarely by the oil test (26, 27, 33). More 
elaborate and popular short tests permit weighing 
samples while they are being dried to "constant" 
weight (33, 43). 

Dqing ovens developed in recent yem·s have 
ranged from a tabletop heater, convection ovens, and 
vacuum chambers to the accmately conh·olled, forc
ed-chaft ovens with capacities of several hundred 
samples . Ordinary variations in composition with
in a cheese m1d benveen cheeses of the same lot, 
as well as differences in equipment, m·e recognized. 
Official methods ··of A.O.A.C. for sampling and 
testing are accepted as the point of reference for 
all other equipment and techniques. 

Salt analyses are of interest in quality conh·ol 
more than ever before, and began to ath,act at
tention about 1940. The indicator papers now avail
able are reasonably good substitutes for the more 
complicated official methods or tih·ations of water 
exh·acts of cheese (4, 84). 

STARTERS 

Cheddar and Cottage cheese makers 50 years ago 
were using lactic starters which they obtained from 
their neighbors or pmchased from commercial lab
oratories. The laboratories sold them "seed" cul
hu·es in liquid or powder form. One-qumi: milk 

bottles of fresh stm·ter were also available from com
mercial laboratories which shipped them in ice by 
ex'Press to users at frequent intervals, sometimes 
daily. Regular customers for these starters \,ere 
the makers of soft cheese and fermented milk prod
ucts sold in tl1e larger cities of the East. 

Commercial "seed" stm·ters in 15-20 ml bottles 
were propagated for a fe"': days in milk held in 
fruit jars or milk bottles to make "mother" starters. 
They vvere then used to inoculate "shot-gun" cans or 
milk cans of bulk starter for cheese. Propagation of 
motl1er starters was sometimes continued day after 
clay in the glass containers, but many operators 
merely saved a portion of the bulk sta1i:er each day 
to h·ansfer to freshly heated milk for the next clay's 
starter. Some operators claim to have carried the 
same starters tl1is way for years. Heat h·eatments 
of starter milk in hot water or flowing steam varied 
widely, but generally approximated 175 F to 210 F ' 
depending on tl1e heating facilities. Fifty yem·s ago 
incubation temperatures of about 72 F were main
tained in a water bath or by holding in a place, 
usually the boiler room, with that approximate tem
perature. 

Improved starter facilities were developed as size 
of factories increased. Limited access rooms with 
filtered air tmder slight pressure were built to isolate 
cultures and bulk stm·ters from the hazards of air
borne contamination and phage infections. Sterili
zation of milk for culhues was inh·oduced along with 
pasteurizing tanks, some witl1 flame or steam pro
tected openings. Such precautions were unhem·d of 
before tl1e 1940s when phage attacks first began to 
be recognized in lm·ger U. S. factories, usually those 
practicing pasteurization and operating long hours 
each day. Bulk starters were further protected by 
metering them directly from stmi:er rooms to vats 
tlu·ough sanitized piping. 

Bacteriophage infections caused severe losses in 
quality in tl1e 1940s. Better sanitizing helped; so did 
rotation of cultures, a practice copied from the New 
Zealand experiences. But inh·oduction of phosphat
ed-milk stmter medium, sold in powder form, prov
ed most effective in conh·olling these losses when 
the research evidence was h·anslated into commer
cial production of the anti-phage medium (28, 32). 

Concenh·ates of selected cultmes of pme Strep
tococcus lactis, S. thennophilus and Lactobacillus 
bulgaricus are now commercially available and clis
h·ibuted in cm1s held in liquid nih·ogen. These cans 
are available in sizes lm·ge enough to inoculate up 
to 500 gal of prepared stmter medium for use in 
14 hr. Stm·ter propagation can now be eliminated, 
if desired. The cultmes for concenh·ates are chosen 
for proven pedormance in cheese making and are 
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selected to provide rotations to minimize phage at
tacks . 

Swiss starters, called "lab," were made 50 years 
ago by incubating pieces of chied rennet vels in 
warm whey overnight. This uncertain method of 
providing coagulator and acid culh1re was improv
ed by the introduction of Bacillus bulgaricus (Lac
tobacillus bulgaricus) and Bacte1"ium propioni sher
manii (Pmpion·ibacterium, shermanii) in the mid1920s, 
and St-re7Jtococcus thermophilus starter in the early 
1930s (21, 63). Swiss cheese quality showed dramatic 
improvements partly because of starters and partly 
because of tl1e excellent, well-rounded, quality im
provement program of federal and state specialists. 
These same cultures now are supplied in deep frozen 
form by commercial laboratories for use in Italian 
as well as Swiss cheese. 

ENzY ms 

Re·nnet 
In 1920 rennet was available as liquid, powder, and 

tablets. It was made from salted vels of young 
calves. Unsalted vels, which had been inflated witl1 
air and dried, were used in small amounts by Swiss 
operators for "lab." 

Salted vels , obtained generally from U. S. meat 
packers , were cleaned, dried, and exh·acted in strong 
sodium chloride brine. The exh·acts were blended, 
standardized, mixed with preservatives and color, and 
distributed in jugs, bottles, kegs, barrels, and more 
recently, in plastic containers. 

In 1920 shipments of rennet varied in sh·ength, 
so makers made rennet tests of old and new lots 
before decicling on amounts to use. Today, regular 
brands act alike when used at the same rates tmder 
comparable conditions; such standard sh·engtl1 came 
to be known as 100%. Double and triple sh·engtl1 
preparations were developed for convenience in set
ting large vats of milk and to reduce shipping costs. 

Rennet powders, made by salting out the proteins 
of rennet exh·act and then drying tl1e precipitate, 
had a limited use in the U. S. but were made and 
exported until rennet for domestic use became 
scarce. 

Rennet paste made from vels of calves, young 
goa ts , and lambs was· imported from Italy by makers 
of Italian cheese to produce flavor as well as coagu
lation. Today these pastes are made by U. S. manu
facturers to meet federal food standards. 

When vels were scarce about 1919, pepsin was 
h·ied as a substitute for rennet but witl1out too much 
success. Purified pepsin today is accepted for cheese 
making. It is usually mixed with an equal volume 
of rennet when used, and is commonly available in 
this 50-50 mixture. 

Calcium chloride has been used since about 1935 
as an aid to rennet coagulation. It is effective, aids 
in firming the curd, and when used in moderation, 
not over 0.02% (anhydrous salt) of the weight of the 
milk, it reduces rennet required without damaging 
quality, although it is followed by slightly slower 
rate of breakdown in tl1e body of the young cheese 
(14). Weak solutions of rennet or pepsin or both 
have been combined witl1 calcium chloride for use 
as "coagulators" for Cottage cheese. The "coagula
tor" became particularly well publicized about 1925 
as tl1e "secret" of making the so-called "Sweet-curd 
Cottage cheese." These solutions were offered first 
by organizations promoting the manufacture of this 
type of Cottage cheese. Profits were huge. 

Bacterial sources of rennin h~e been recognized 
for many yeal'S as tl1e cause of "sweet curdling" of 
some inferior milk. Recently techniques for produc
ing desirable enzyme from cultures of selected or
ganisms have been improved (19, 72). Some of these 
preparations are being h·ied with success on a linlited 
scale in the U.S. Problems of uniform rates of co
agulation, faulty flavors in the cheese, differences in 
protein changes, and low yields have been largely 
overcome in tl1e best products. 

Plant sources of milk coagulating enzymes have 
been h·ied for cheese in recent years, but the re
sults have been unacceptable for use by critical 
cheese manufachn·ers. 

Lipases 
The preference of Italian makers for rennet paste 

was based on tl1e mild, pleasing flavor of butyric 
acid it made in the cheese. Research (15, 29) dis
covered the lipases in tl1e throat glands of lambs, 
young goats, and calves. These were concentrated 
and the prepm·ations sold to duplicate the flavor
producing capacity of the paste. Knowledge of this 
source of the lipases made tl1e use of rennet pastes 
obsolete. Blends of these enzymes are now widely 
used, sometimes mi,xed with desirable substrates, in 
Italian cheese and otl1er foods . 

COLOR 

Cheese color is made and sold today much as it 
was 50 years ago. More exact colorimetric methods 
of standardizing now produce a more uniform pro
duct. It was restudied in the late 50s under F. D . A. 
supervision, as were other syntl1etic colors, and was 
approved for making and processing. Cheese color is 
an alkaline solution of the coloring substance (•bixin ) 
on the seeds of annatto (Bixa o·rellana). The colored 
form of vitamin A was h·ied about 1960 for coloring 
cheese, but apparently it could not compete with the 
Jess expensive annatto. 
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Color intensity of cheese varies with the market 
and the variety. American Cheddar cheese with 
the natural , cream colored shade imparted by the 
milk fat is preferred in some northern markets, where
as the deep yellow-orange appeals particularly to 
southern markets. Processed American cheese manu
facturers have chosen an intermediate shade be-
1:\"'een these exh·emes, as have the majority of manu
facturers of Cheddar cheese for widest dish·ibution . 

Some kinds of cheese like Swiss and Limburger, 
are never colored. Other varieties, such as Blue and 
some Italian cheeses, are permitted by F. D. A. regu
lations to be made from milk with the natural color 
of the fat bleached vvith benzoyl peroxide, providing 
the vitamin A destroyed by bleaching is restored 
(76). Sage cheese, commonly made 50 years ago 
about Thanksgiving time, was usually colored a 
mottled green to suggest the green of the sage used 
to give it flavor. 

No ways have been found to make annatto color 
resistant to such faults as acid cut, bleached, and 
mottled, which may appear in acid-defective or over
cured cheese. 

PACKAGING 

Packaged rindless cheese in the 1920s was limited 
to a 3-oz unit of "snappy" ground Cheddar cheese 
wrapped in tinfoil. This was the prototype of 
today's Club cheese and cold pack cheese foods 
merchandised in porcelain crocks and as "chubs" 
in impermeable casing like sausages. Small paraf
fined prints or 2-lb. minahue cheddars were avail
able and convenient, but they were not rindless . To
day, 2-lb. miniature cheddars are cut from large 
blocks, wrapped in a tight film and waxed to make 
a truly rindless cheese. 

Loaf (process) cheese in 5-lb. tinfoil-covered units 
inspired the search for a "keeping" package for na
tural rindless cheese. Cans, with and without valves, 
were successful for curing and keeping but lacked 
continued sales appeal in market tests (11, 58, 82). 
Cellophane wrappers on cheese cut in stores or ware
houses for daily use ath·acted buyers , but they 
molded rapidly. 

Rindless nahlral Cheddar cheese began to be a 
reality when 20-lb. blocks were wmpped in double 
layers of clinging Pliofilm, held in a warm room 
in a pressure-pack box to "start" the fat and carbon 
dioxide, and then moved to curing storage. The 
cured cheese was printed, hand re-wrapped tightly 
in Pliofilm, and replaced in pressure-pack containers 
for merchandising. Mold-free life depended on many 
factors; it was acceptable, but variable (38, 39). 

Evenhwlly, heat-sealable, durable wrappers made 

of laminated layers of cellophane + wax + foil 
+ wax were developed for wmpping blocks of fresh 
cheese. Actually these most successful '"'rappers 
were practically identical to tl1ose perfected for prof
ess cheese when tinfoil could not be obtained during 
World War II . Pressure and heat applied to all sides 
of the film-wrapped cheese gave satisfactory cling 
and seal when the cheese wa~ held in rigid con
tainers. 

Prints of the cured cheese were made and wrapped 
successfully with similar or h·ansparent heat-sealed 
wrappers. Elaborate equipment for printing and 
wrapping in rooms witl1 filtered air under pressme 
was developed to make and wTap these small units 
under the most practical aseptic conditions. Flush
ing of packages with inert gas or sealing under vac
uum were more refin ed h'eatments developed later 
to assure keeping quality and mold-free life for suc
cessful merchandising. These p ackaging facilities 
were operated by large factories with marketing con
nections, by marketing organizations, cheese mail
order companies, and by processing plants. 

The techniques of sealing in oxygen- and moishrre
impermeable wrappers has been ell.i:ended to pack
aging cheese cut from larger units like cheddars, 
barrels, and from previously wrapped and cured 90-
lb. blocks of Swiss. Some of the most successful units 
have been merchandised after wrapping in less ex
pensive films to protect the surfaces and then cover
ing the film with a heavy layer of flexible wax. 

Every kind of cheese has its own special character
istics of shape, size, surface conditions, flavor, con
sistency, and inherent keeping quality or shelf life. 
All of these qualities are observed in using the pack
aging techniques and materials which have been de
veloped during the past 30 years . The range of such 
characteristics is exemplified by packages of Creamed 
Cottage cheese in cups, semi-soft Gouda in wax and 
cellophane, blocks and slices of Cheddar and Swiss 
in impermeable, sealed wrappers, hard Romano in 
waxed foil or wax-covered wedges, and grated Par
mesan in shaker containers. 

PROCESSING 

J. L. Kraft in 1916 was granted tl1e first of several 
U.S. patents covering the blending, grinding, heat
ing, and packaging of cheese (40). The Phoenix 
Cheese Corporation later originated patents on heat
ing with emulsifying salts to simplify tl1e process (6, 
13). The l:\~'0 companies merged. Other manufac
turers attempted to produce "Loaf'' cheese, as it was 
then called, but were discomaged, purchased, or 
absorbed by the patent owners. Eventually, as pat
ents expired, many others entered the field. Pro
duction figures in the developing years of the indush'y 
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are not available, but Table 4 shows production 
gradually increasing in recent years, especially the 
production of cheese foods, cheese spreads, and cold 
pack (ground, unheated) cheese. 

Some cheese manufacturers feared the proce~ 

cheese industr-y might overwhelm the natural cheese 
industr-y, others welcomed it in the em·ly 1920s. The 
consumers, however, liked the product. This ap
proval might well have accounted for much of the 
increase in cheese consumption in the U.S. over the 
past 50 years. 

The fact that the hot melted cheese sealed itself 
to the tinfoil liner of the boxes in which it was pour
ed, produced a unique and successful package of 
rindless cheese which did not dry out nor develop 
mold as long as the seal was not broken. Some manu
facturers of nah1ral cheese attempted to coat blocks 
of original cheese ·with a thin layer of the processed 
product to duplicate this keeping seal when the pack
age was covered with tinfoil. The package was not 
a commercial success. 

Consumers liked the mild flavor, consistency, and 
slicing properties of the new cheese. Maintenance 
of these characteristics became the goal of the in
dustry. It was achieved by the careful grading and 
classification of incoming cheese, and the judicious 
mixing of grades and classes in the blend for the 
final processing. Composition contr·ol was simplified 
by the use of cheese with low moish1re (64). 

Pasteurized process cheese manufacturers develop
eel cheese foods and cheese spreads with softer con
sistencies, differing flavors , and new uses . Com
binations of ripened cheese, like Limburger and Blue, 
with cream, Cream cheese, Neufchatel cheese, spices, 

; pickles, cured meats, and other flavorful foods , pro
vided a family of highly desirable products which 
have been heavily advertised. Much of the consumer 
favor can be attributed to the variety and quality of 
cheese products ·which were included in the field ra
tions of soldiers during ';y orld ' iVm· II. 

Distribution of brand-name process cheese prod
ucts in cities began with wagons and tr·ucks owned 
by the manufacturer. Independent distributors were 
hired in some areas to do this work. All of the cheese 

products of the manufacturer, along with related food 
items, were sold from the "wagons." It became com

mon practice for the route salesman to arrange his 
own display in the store; this was often regarded as 
unfair by other suppliers. But the system strength
ened the market stah1s of the products, and this is a 
common practice for suppliers of all products of a 
similar nature in today's highly competitive markets . 

Chain stores handled the nationally advertised 
brand-name products, but frequently contracted with 

a "custom" process cheese manufacturer to furnish 
these products in packages bearing the brand name 
of the stores. 

Processing takes a large shm·e of the surplus cheese 
which is now purchased by tl1e government and re
disb'ibuted by the government in school lunch pro
grams and for other purposes. The processors bid 
for the contr·act to do this work according to govern
ment specifications. 

Processors of cheese evenh1ally became leading dis
tr·ibutors of all kinds of natmal cheese in packages, 
and so extended and made full use of tl1e facilities 
of tl1eir procmement, grading, curing, and mm·keting 

systems. 
Leading processors have encomaged and support

ed cheese quality programs and i:esearch projects for 
the past 30 years. They have acted sepm·ately or 
joined with other industry members in supporting 
these programs when they have been sponsored by 
their tr·ade association, the National Cheese Institute. 

Processing of cheese has changed from its humble 
begitming with a steam-jacketed kettle and a delivery 
wagon to the complicated and highly technical fa
cilities of toclay's manufacturing, packaging, and mar
keting operations. 

PRonucr MoVEMENT TO CoNSUMERS 

Sales of American cheese in tl1e 1920s at the factory 
level were made by the factory owner or by a sales
man acting for a farmer-O\'Vlled factory. The buyer, 
vvho might act for himself, or as an agent for others, 
expected to cure the fresh cheese or move it on to 
a secondary mm·ket. Prices were based on sales re
ported on the Plymouth Board, or prevailing prices 
in New York City, or actions of local boards in cen
ters of cheese production. Local bom·ds were in 
general merely meeting places for buyers and sellers 
who frequently bargained privately and who might 
or might not announce the price agreed upon. Buy
ing and selling periods were sometimes preceded by 
informal meetings at which tr·ade conditions and pro
duction trends could be discussed. Prices of Swiss 
and minor varieties were arrived at by similar bar
gaining of individuals or committees of buyers and 

sellers. 
The vVisconsin Cheese Producers' Federation was 

organized before World vVm· I. It was a cooperative 
of factories which were eitl1er cooperatively or in
dependently operated (85). It was fmmed to mm·ket 
the cheese of its members, who believed the retmns 
would be greater than tl1ose achieved through tl1e 
dealers who were performing the marketing function 
and who were guided by sales on tl1e Plymouth Board. 
The Federation was endorsed by the Wisconsin D e
parbnent of Mm·kets, the Wisconsin College of Agri-
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culture, the W'isconsin D airymens' Association, the 
VVisconsin Livestock Associa tion, and the Farm Bu
reau Federation. 

The Federation expanded rapidly and successfully 
during the 1920s. It developed a reputation for high 
quality cheese, and controlled it by careful grading. 
Prizes vvere awarded to farmers, who delivered milk 
of h igh quality as measured by the methylene blue 
test, and to makers, who consistently produced chee!'P. 
of the top grade. The Federation es tablished ware
houses in centers of cheese production, adopted a 
brand name- "Mello-Creme" -which it advertised . 
E ventually it extended its operations to include for
eign types of cheese. It tried to perform the functions 
of the buyer, warehouse operator, and merchandiser. 
Overexpansion and large storage holdings during the 
period of falling prices in the lean years of the 1930s 
caused financial problems, reorganization and, even 
tually, association with the Land-O-Lakes Creameries, 
Inc. The cooperative marketing of cheese continues 
in the modern activities of several large cheese--pro
ducing cooperatives which p articipate in the cheese
merchandising program of the Land-O-Lakes organi
zation. 

The Plymouth Board b ecame a dominant factor in 
cheese marketing. The boards in smaller areas, de
spite their rules to govern actions of buyers and 
sellers, gradu ally disappeared . In 1921 a Farmers' 
Call Board was organized in Plymouth, 'Wis. to com
pete with tl1e Plymouth Board, and did so for 20 
years. The Plymoutl1 Board w as reorganized in 1938 
and became tl1e vVisconsin Cheese E xchange. It is 
now operated according to rules devised, and revised 
many times, and constantly and critically scrutinized 
by state and federal marketing specialists. So, despite 
the historical criticisms through the years of collusion 
between buyers and sellers, conflicting interests, 
limited representations of producers, and sometimes 
small volumes of sa·les, the E xchange, which is now 
located at Green Bay, ' iVis., now provides an orderly 
method of recording public sales . It does reflect the 
play of forces of supply and demand, altl1ough it is 
unavoidably biased at times by tl1e price support 
policies of the federal government (42). 

The vVisconsin Cheese E xchange today is one of 
the sources of values on which milk prices are cal
culated for city fluid milk. It is commonly accepted 
prac~ic~ to use the evidence of sales on the Exch ange 
to rud m es tablishing prices, agreed upon privately, 
between factories and buyers in all parts of the U.S. 
for the common b enefits of each contractor (49). 

The cheese indush·y now receives daily, weekly, 
and monthly reports from the U.S .D.A. Statistical 
Rep orting Service, Crop Rep orting Board. These re-

ports include such information as prices, markets, 
production, storage holdings, h·ansactions in leading 
markets and on the Vilisconsin Cheese E xchange, as 
well as prices paid by factories to milk producers . 
These and otl1er statistics provided by the same 
agency help to maintain fair and orderly marketing, 
a great improvement over the h·ade reports and gossip 
of the 1920s. 

Regulations of sales of cheese were limited in 1920 
to compliance witl1 composition requirements. Grad
ing regulations for American cheese were establish -
ed in vVisconsin in 1924 in cooperation with the 
U.S.D .A. Modifications of these regulations still are 
used, although they have been broadened and re
vised according to trade practices (22) . Grades now 
cover marketing of other varieties. The U.S.D.A. 
also has defined grades of cheese to assist in market
ing on a national basis. The U.S.D .A. also may super
vise ac tual production in order to certify grades for , 
organizations which elect to use this voluntary serv
ice on a fee basis. VVisconsin's D epru·hnent of Agri
culture licenses graders at receiving points and checks 
their work by supervising graders, witl1out charge. 
' iVisconsin, and some other states, require identifying 
marks on cheese to show grades, age, factory, and 
identity. 

Tabl e 5 sugges ts the h·end of cheese movements 
from factory to consumers, ru1d the inter-relations of 
men and organizations who buy and sell as the prod
uct moves from factory to consumers. 

CHEESE AS A FACTOR I N TuTRITION Al\'D H EALTH 

It is beyond the scope of tl1is discussion to review 
the extensive evidence of the high nuh·itive valve of 
cheese that has b ::en developed since 1920. The 
publications of the Food and Nuh·ition Board, Na
tional Research Council provide frequent revisions 
of recommended dietary allowances which provide 
basic information on the nutritive value of this health
ful food (79 ). 

Cheese has not been a serious frequent cause of 
food-borne illnesses since 1920, but it has not been 
blameless either. The epidemics of typhoid fever 
traced to fresh cheese in Indian a and California in 
1944 raised ques tions which inspired otl1er studies of 
pathogens (8, 17, 25, 47, 57). The industry general
ly accepted the necessity of pasteurization or aging 
of cheese as reasonable precautions to observe in 
addition to the supervision of tl1e general healili and 
techniques of employees. Gastroenteritis outbreaks 
in 1958 were h·aced to the presence of toxin of 
s.tap.hylococcus aureus in Colby cheese (1 , 31). The 
s1gmf1cance of S. aureus became a matter of concern 
to the indush·y a~ well as public healili officials (69, 
70). The necess1ty of proper acid development in 
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manufacturing after the application of pasteurization 
to des troy the organisms before appreciable amounts 
of the heat-stable toxin could be produced was in
dicated (74, 87) . 

The healthfulness of our present milk supplies is 
better than ever. Pasteurization or its equivalent is 
more generally used today. Dairy farmers are more 
aware of the preventive methods to control mastitis 
and the dangers of indiscriminant use of antibiotics 
to control it. Bovine h1berculosis is also forgotten. 
Bang's disease is no longer widespread. Mastitis is 
commanding the corrective actions of sanitarians, 
herd managers, and veterinary doctors. The past 
record of cheese as a health hazard is not p erfect, 
but today this valuable food is conh·olled and super
vised better than ever before to keep it wholesome 
and healthful and to protect it on the way to the 
consumer. 

PROGRESS AND PROBLEMS 

Problems of the indush·y have developed with the 
years . It will only be necessary to point out some 
of them to show that they vary with the men, the 
factory, the environment, and the location of the 
business. Each inclividual who views the industry 
will see different problems and view many problems 
differently. 

Milk 
The fanner, who expects a fair return on his labor 

and invesbnent gets lower returns when his milk is 
sold for cheese tl1an for fluid milk. Sanitarians are 
working for production of milk of one quality-a 
quality good enough for any use. Cheese factory 
patrons who meet these standards, therefore, expect 
returns to be equal to those from any other outlet. 
This is a challenge to factory efficiency and market
ing skill. 

Men 
Demands for greater efficiency in tl1e indush·y 

must b e met by technological improvement in meth
ods and machines. Men to devise, develop, and use 
tl1ese improvements need technical and scientific 
knowledge. Management must know ·the principles 
involved to evaluate .new and novel improvements. 
Today the training of men in operations and manage
ment is being left more and more to industrial per
sonnel. Is tl1is adequate? 

Cqsts 
Total costs of making cheese and moving it from 

factories through all stages of handling to tl1e con
sumer are critically high . When tl1e price of cheese 
equals or · exceeds the price of meat, people in this 
country eat meat. \Vhere can costs be cut: manu-

fach1ring, mechanization, better milk solids utiliza
tion, curing speed, packaging, merchandising? 

Env·ironment 
Conditions inside as well as outside of factories 

can be changed to benefit employees and the com
munity. Factories need safer floors, better sanitary 
practices, cleaner air, b etter humidity and tempera
ture control, and lower noise levels. The indush·y 
needs more efficient ways to use water. The com
munity needs a reduction of volume and B.O.D. con
tent of wastes and effluents, and greater efforts by 
industry to make the factory a desirable, ratl1er than 
a tolerated part of the total community environment. 

FuTURE TREN~S 

Those phases of the indush·y under sh·ess today 
move inevitably to re-establish stability. This is tl1e 
only reason for attempting to guess what those moves 
will be. I have chosen to look at tl1ese phases: 

Milk 
Fewer, larger farms, which are being established 

in areas of dairying, are more highly mechanized and 
are managed by more knowledgeable agri-business 
men. These agri-business men will increasingly chal
lenge the industry's ability to buy their milk at a 
price to return costs of production plus profit. These 
men will not hesitate to change their own operations 
to achieve this goal. 

Profit margin 
Two courses of action are open to tl1e cheese in

dustry to increase its net income: (a) reduce costs 
of operation; and (b) increase income. The alter
native is to move the indush·y to less highly organized, 
less competitive areas and so postpone the inevitable 
necessity of facing the cost squeeze. It is a fact that 
the industry today is exercising tl1is alternative by 
continuing to move west and soutl1. It could move 
north to locate in the wheat lands of Canada, just 
as it displaced tl1e wheat farming of vVisconsin. 

Reducing costs. Mechanization and automation 
will reduce costs only if total savings in costs of 
production exceed total costs of owning and operat
ing equipment. I have seen some mechanized oper
ations which I would guess do not achieve tl1is ob
jective. But tl1ere are enough operations which can 
be mechanized and automated in the ind'ush·y to look 
to this possibility hopefully. This prospect is not so 
bright for factories with limited volume. 

Economies obtained by cutting costs of supplies, 
re-use of coagulating enzymes, and speeding up mak
ing and ripening operations are possible, and in the 
process of development at this time. · 

Costs of pre-packaging cheese are now greater than 
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the cos ts of converting milk into cheese. The tail 
b egins to wag the dog. A new system of preparing 
cheese for distribution is a reasonable point to at
tack. This may begin as a change in manufacturing 
to eliminate steps of th e packaging routine, or a 
change in method of protecting tbe product as it 
moves to the consum er, or a change in merchandising 
practices at the point of consum er contact. 

Finally, the ideas advanced in cheese seminars held 
in. ' iVisconsin in recent years, are convincing evidence 
that more imagina ti e, efficient, lower-cos t market
in g and merchandising methods can and will increase 
retmns to the industry. 

Increasing inco me . History shows that some eastern 
factories have survived vigorous competition by mak
ing new products, accepting nevv methods of oper
ation-even to b ecoming a part of the fluid milk 
marketin g system. 

In areas where mi lk can b e converted into dif
ferent products in flexible plants, tJ1 e cheese industry 
faces problems of surpluses when rehuns from cheese 
making are based mainly on the price of cheese. Con
sequently, tJ1 e stab ility and profitability of the in
dustry must depend on its sp ecialized ability to manu
fachlre efficiently and to use by-products more profit
ably th an tJ1 e fl exible plant. 

The income from existing outlets for whey and 
whey products has reached a plateau for the most 
efficient manufacturers. New outlets will b e needed 
to increase use of whey and income per unit. Such 
outlets will probably be for human food and drink. 
A most promising projec t would seem to be the per
fection of a fermentation process to make protein
rich human foods from the carbohydrate-rich whey. 
1vlany others have been proposed. Regardless of th e 
processes or projects chosen, the ultimate goal must 
be more complete utiliza tion of th e 50% of the solids 
of milk left in the whey after making cheese. 

The diversification of cheese fac tory operations to 
produ ce protein analogs from soybeans may seem 
interes ting because such processes have some features 
common to ch eese manufachu·ing and marketing. It 
seems doubtful, however, that the cheese indusu·y 
can now use its equipm ent and personnel more ef
ficiently for producing such foods than other branches 
of t11e food industry that are already in advanced 
stages of production and tes t marketing in this field. 

U.S. Milk Products Laboratory 
There have b een several attempts to establish a 

U.S. Milk Products Labora tory comparable to the 
U.S. Forest Products Laboratory. Now is the time 
to do it. 

The need for information on mill , its constituents 
and its manufachued products and by-products is 

very evident today. The need to conserve and use 
all of the potential nuh·itive values of milk is clearly 
understood and is increasing. · 

Research efforts in nutrition, manufacturing, ut<ili
zation of by-products, development of new products, 
and better ways to use existing products, conserva
tion of food fractions, and more efficient waste dis
posal, are all important in today's economy. Now 
these research efforts, such as they are, are scattered 
among many institutions and agencies. There is little 
or no coordination and, consequently, a loss of ef-
fici ency and effectiveness . -

The establishment of a U.S. Milk Products Lab
ora tory can bring together and coordinate the activi
ti es of outstanding scientists from the U.S. and 
abroad. It can provide a place for u·aining young 
men at the upperclass and graduate levels . It can 
be n source of information for adult education and 
extension service to encourage the use of research ' 
information and to keep the public informed as 
knowledge develops. It can maintain close ties with 
industry and encourage indush·ial financial support 
of special projects such as studies of processes, equip
ment, products , economics, and market acceptability. 

The es tablishment and operation of a U.S. Milk 
Products Laboratory can strengthen the whole milk 
industry in its efforts to serve and feed the people of 
this counh·y and the world. 

D espite its problems in milk procurement, manu
facturing, and merchandising, the cheese industry in 
the United States has used increasing amotmts of 
milk in the past 40 years. In 1930 it took 11.5% of all 
milk used in manufactured dairy products ; in 1969 it 
used 30%. Each year, for the past 6 years, the -amount 
of milk used for cheese has set record highs, and this 
does not include the increasipg amounts of milk used 
for Cottage cheese. 

Cheese is made because it concenh·ates and pre
s~rves the most valuable milk constihwnts in a variety 
of food products which are chosen increasingly by 
the people of the United States. We can only look 
ahead with enthusiasm and confidence to a bright 
fuh1re for the cheese indush·y in the United States. 
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ABSTRACT 

An experim ent was conducted to determine the effect of 

breading techniques and retort cooking pressm e on broiler 

parts. The cooking pressures used were 0 and 0.36 kg/ cm2 • 

There was a sli ght increase in cookin g yield of thigh parts 

when the cooking pressure was increased. The parts gave 

significantly different cooking yields. One-half of the pmts 

were given a single breading and the other one-half were 

double breaded. The second breading increased the bread

ing on the pmts by 6.9%. Doubl e breaded parts showed an 

increase of 6.4% product yield over the single breaded parts. 

The taote panel preferred the double breaded parts. 

There are many questions still unanswered about 

the most economical methods for preparing precooked 

poultry parts. Hale (1) reported that the yield after 

breading of precooked parts averaged 90-110% de

pending on the amount and type of precooking and 

the viscosity of the batter . Yingst (7) found that as 

the retort cooking pressure of breaded parts was in

creased from 0 to 1.05 kg/em' there was a decrease 

in cooking yield from 92.0 to 88.6%. Cooking chicken 

wrapped in aluminum foil in an autoclave at 1.05 

kg/em' for 20 min resulted in an average cooking 

loss of 24.4% (4). Winter and Clements (6) obtained 

similar results from 10-week old Delaware X Tew 

Hampshire cross broilers. The leg and thigh parts 

lost more weight ( 24.5%) foll owed by breasts ( 23.8%) 

and wings ( 17.4%). Webb and Goodwin (5) found 

the breast retained a higher percentage of batter 

than did either the thigh or drum. 

The purpose of this study was to compare the ef

fect of cooking pressure and single versus double 

breading on the yield of various broiler parts. 

~vf.-\TER!ALS AND METHODS 

The cooking pressures used were 0 ( ab110spheric) and 

0.36 kg/ em'. The breading techniques studied were single 

versus doubl e breading. Fifty broilers were obtained from 

the cut-up lin e of a local processor. The parts, consi ting 

9f breasts, drums, thighs, and wings, were ice packed and 

~eld in a 3 C walk-in cooler until they were cooked. The 

parts were wei ghed and breaded usi11 g a commercial wheat 

breading. The breading was applied using a drum type 

breading machine and then the parts were r eweighed. They 

were then placed on cooking racks in a preheated auto

clave. Ten pieces of each part were cooked together and 

each treatment was replicated five times. The parts were 

TABLE 1. TREAT;>.'!ENT MEANS' 

Product 
Coo l<ed yi~d yield Brending 

(per ce nt) (Iwr cent) (per cent) 

Grand mean 93 .5 101.6 21.9 

Cooking pressure 
0 kg/ cm2 93.0a 101.2a 22.3a 

0.36 kg/ em' 94.0b 101.9a 21.4a 

Par: 
Breast 95.6c 106.0c 24.6d 

Drwn 89.7a 95.2a 19.1a 

Thigh 93.1b 10l.Ob 22.9c 

Vling 95.6c 104.0c 20.9b 

Breading technique 
Double 94 .1a 104.8a 25.3a 

Single 92.8b 98.4b 18.4b 

' i'vleans within th e same column and factor not followed by the 

same letter differ significantly ( P < .05) . 

TAULE 2. PAHT X PHESSUHE INTERA CTION FOR COOKING Y1ELD1 

Press u1·e 

Pall. 0 li:g/cm2 0. 36 l\g/cm2 

Breast 95.3c 95.9c 

Drum 89.6a 89.7a 

T high 91.6b 94.6c 

Wing 95.4c 95.7c 

1Means followed by differen t letters differ significantly 

( P < .05). 

TABLE 3. ANALYSIS OF VARIANCE FOR TASTE 

PANEL EVALUATION 

Batter 
adhesion Texture Ji' la ro t· 

Treatment DF 1\LS MS ilrS 

Cooking method (A) 1 0.06 0.04 0.009 

Breading ( B ) l o.so•• 1.33. 0 1.40·· 

A X B 1 0.06 0.07 0.008 

Error 12 0.03 0.02 0.07 

Sign ificance 
oop <.01 

General 
HCCCI>t-

abilitr 

0.00 
1.47°. 
0.00 
0.07 

cooked to an i11ternal temperature of 85 C . Preliminary 

work indicated that at abnospheric pressure, 20 min cook

ing time was required to reach the desiTed end point tempera

ture as measured by a themister probe i11serted in the thickest 

area of th e breast. \ Vhen parts were cooked utilizing 0.36 

kg/ cm2 of pressure, steam was shut off after 12 min of cook

ing time h ad elapsed, and the fast exhaust valve was opened 

for 2 min fo r a total cooking tim e of 14 min in the auto-
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clave. After cooking, the parts were weighed to determine 
cooking loss . Abo, one-half of the parts were given a second 
breading immediately aft er they were taken out of the auto
clave. The parts were then placed in polyethylene bags 
and blast fro zen at - 20 C. They were h eld in a household 
type freezer until furth er tests w ere conducted. 

An eight member taste panel eva lu ated 10 parts from 
each treab11ent: The parts were browned in hot oil at 163 C 
for 5 min prior to panel eva luation. The breasts were cu t 
into bite size portions to be tasted and th e remaining parts 
were d isp layed for eva luation of breadin g characteristics. 
The panel was asked to evaluate the pieces for t extme of 
breading, adh esion of breading, f lavor, and general accept
abi lity usin g a five-point scale. 

The per cent breading was determined on the remaining 
15 p ieces in each treah11ent by the method described by 
May et a!. (2). Statistica l procedmes were factoral analysis 
of variance and Duncan's new multipl e ran ge tes t as described 
by Steel and Torrie (3) . 

RESULTS Al\j) DISCUSSION 

The cooking yield was calculated by dividing the 
cooked weight by the precooking weight. Cooking 
method, part, and breading technique all had a sig
nificant effect ( P < 0.01 ) on the cooked yield. The 
parts cooked using 0.36 kg/ em• averaged 94.0% yield 
while the 0 pressured parts averaged 93.0% yield. 
There also was a significant pressure X part inter
action (Table 2 ) . The thigh part alone accotmted 
for the higher mean cooked yield of the parts cooked 
at 0.36 kg/ em•. The reason for this result is un
known at this time. The breast (95.6%) and wing 
(95.6%) gave the highes t yield followed by the thigh 
(93.1%) and drum (89.7%) (Table 1) . Parts with 
thinn er muscle tissue 'vvould reach a higher temper
ature when cooked for the same length of time as 
parts with thicker muscle tissue, resulting in more 
cook out of juices from the thinner parts. The bread
ing on the parts absorbs some of the juices dm'ing 
cooking. Yingst (6) reported higher cooked yields 
from breaded as compared to unbreaded p arts. The 
breas t picks up the p1ost breading and thus could 
retain a higher percentage of the juices cooked out 
of the muscle and skin tissues. 

The parts which were breaded both before and 
after cooking averaged 94.2% cooked yield and the 
single breaded parts averaged 92.8%. The parts that 
were given the second breading were weighed and 
rebreaded before the other parts were reweighed 
after cooking. Approximately 10 min were required 
to weigh and rebread the parts. Thus, this difference 
is caused by evaporation and drip loss . \ iVhether or 
not this loss could be prevented by immediate cool
ing or freezing after cooking is not l'llown at this 
time. 

The per cent breading was calculated as follows: 

Prewashed weight - ' Vash ecl weight 

Prewashed weight 
X 100 

Part and breading techniques had a significant ef
fect on per cent breading. There were no significant 
interactions. The. breast had the highest per ce!nt 
breading ( 24.6%) followed by the thigh ( 22.9%), wing 
(20.9%), and drum ( 19.1%). The surface area and 
cavities of the various parts are different and account 
for the differences in batter uptake. The double 
breaded parts averaged 25.3%. breading while the 
single breaded parts averaged 18.4% (Table 1). When 
the parts were removed from the autoclave, they 
were very moist and sticky. Thus, when the second 
breading was applied there was a considerable in
crease in per cent breading (6.9%) . On the breast 
pieces there was some problem with doughiness as 
the r esult of too much breading. Double breading 
the wing and drum parts while single breading the 
breast and thigh parts would produce desirable prod
ucts. This procedure would give a comparable per 
cent breading on all of the parts. 

The product yield was calculated by dividing the 
final weight of the part by the raw weight. Part 
and breading method had a significant effect on 
product yield. The second breading increased the 
yield by an average 6.9%. The breast ( 106.0%) and 
wing ( 104.0%) gave the highes t yield followed by the 
thigh (101.0%) and then the drum (95.2%) (Table 1). 

The taste panel preferred the double breaded 
parts to the single breaded parts in all of the h·aits 
studied (Table 3). These results indicate that double 
breaded parts were superior to single breaded parts, 
except possibly for the doughiness that resulted in 
some of the breast pieces. 
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ABSTHACT 

Information is lacking on the ability of th e common mold 
contaminant, A sperg illus fla uus, to grow an d produce aflatoxin 
in perishable foods at normal refrigerator temperatures . Be
ca use of pub lic health interests we inves tigated the poss ibility 
of certa in p erishabl e foods contaminated with the mold de
veloping an afl atoxin concentra tion under conditions of refri g
eration . 

Cheddar ch eese and lunch eon-m eat samp les were inoculated 
with A. f la()11S ATCC 15'517 and were refrigerated for 12 days 
at 4.4 or 7.2 C or incubated at 25 C for 12 days. Uninocu
lated cheese and meat samples were handl ed in th e sam e 
manner. All san~pl es were quantitat ively analyzed by thin 
layer chromatograph y for presence of aflatoxin. 

All samp les, except those inoculated and incubated at 25 C, 
' ''ere nega ti ve for aflatoxin production. T his indicated th e 
mold would not produce detectabl e afl atoxin in the tested 
foods when kept at norma l refri geration temperatures for 12 
cl ays. 

Since the discovery that certain sh·ains of A sper
gillus fla'Vlls produce aflatoxin (1 ), the role this or
ganism might play in our food chain relationship h as 
been extensively studied (.5). 

Because human pharmacological data is lacking, 
it has not been possible to establish tolerances for 
this common environmental contaminant; however, 

; toxicological and clinical findin gs in nonhuman pri
mates have been extrapolated to man. Cuthbertson 
et al. (2) found the no-effect level for aflatoxin B· in 
monkeys to be 0.3 mg/ kg of diet, or the equivalent of 
a daily consumption of 0.015 mg of afl atoxin/ kg of 
body weight. Tulpula et al. (10), who studied sub
acute toxic effects in the primate, found that mon
keys fed either 0.5 or 1.0 mg of aflatoxin Bo for 18 
days and 1.0 mg daily thereafter h ad primary lesions 

'Con tribution no. 156, Depa rtm ent of Infectious Diseases, and 
no. 105, Departm en t of S::rgery and ifeclicine, Co llege of 
Veterin ary iVIedicin e, Kansas Agricultura l E xperiment Station , 
•lan hattan, Kansas. From a thesis submitted by the senior 

author in pa rtial fulfillm ent of requ irements fo r the lvlastcr 
of Sdence degree, Kansas State Un iversity. 
' Present address: USAMEDD Veteri nary School, 1749 Persh
ing Road , Chicago, Ill. 60609. 
3Associate Professor, Department of Surgery and Medi cin e, 
Kamas State Un iversity, Manhattan, 66502. 
·•Professor , Departm ent of Infccti o~l s D isenses, Kansas State 
Uni versity, Man hatt<1n, (lgi;)02. 

of portal inflammation and fatty change in their livers . 

Pregnant animals are highly susceptible to afla
toxin. Fetal developm ent has been retarded in the 
mother stressed with aflatoxin B··· (6). Elis and Di 
Paola (4) noted tera togenic effects caused by afla
toxin. Long-term inges tion of foods contaminated 
with aflatoxin possibly could adversely affec t the hu
man fetus, which lends support to Kraybill's (5) 
statement that any demonstrable level of aflatoxin 
should be considered proof of contamination. 

To determine the ability of A. flavus to produce 
aflatoxin at household refrigerator temperahu·es, Van 
Walbeek et al. (12) inoculated strains of the toxin
producing mold on solid and liquid yeast extract 
sucrose (YES ) media and incubated them at 7.5 and 
10 C. All cultures produced significant amounts of 
afla toxin . 

This study was initiated to determine whether A. 
flavus would produce aflatoxin in certain foods held 
in household refrigerators. 

!VI ATE HIALS AND M ETHODS 

A . f l:1ws cultu.res 
Cu ltures of A. flav us, ATCC 15517 ( Am erican T yp e Cul 

ture Collection, Hockville, Maryland ) were used to inoculate 
samp les of Cheddar ch eese and luncheon m eats. Cultures 
were incubated at 25 C for 2 weeks b y th e method of D avis 
ct a l. (3) and were th en placed a t -4 C until used . 

To determine culture viability and to q uantitate af latoxin 
production , a slant was removed from the freezer and allowed 
to th a\\· to room temperature . T en milliliters of sterile YES 
medium ( 2% yeast extrac t p lus 2G% sucrose in wa ter ) was 
added to the slant. A spore suspension, made by gently 
agitat in g the growth , was transferred to a culture slant of 
Sabouraud dextrose ( l) ifco Laboratories, D eerfield , Midli
gan ) agar with a steri le 0.01 m I wire loop. Following incu
bation at room temperatu re for 8 cl ays, aflatoxin concentra
tion was quantitatively > a 10 ,ul standard conta inin g afl atoxins 
in amounts of 1.0 ,ug B, / ml and 1.0 ,ug G ,/ ml. 

Aflatoxin assaus of m eat and ch eese sam ples 
Extractions . Extraction of a fl a toxin was accomplished with 

th e method described by Pons et a l. (8). After they were re
duced to dryness and 0 .5 ml of chloroform added , tl1e ex
tracts were placed in tight ly seal ed via ls and stored at 4.4 C 
unti l q uantita ti ve assays could be performed by tl1in-laycr 
chromatograph y ( TLC). 

Thh 1-la uer chromatugraphu . Precoa ted TLC Silica Gel 
sh ee t~ \l ll rdumiml l11 ( E , j\11 n;:k A G D anustadt, Germany I 
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distributed by Brin1.-m an Instrum ents, Inc., \Vestbury, New 

York ) were used for quantita tive assay. The sheets were placed 

in a 121.1 C oven for 30 min to ensure dryness prior to plat

ing the samples. Five-and 10-ILI sample portions were spot

ted, 2 em from the bottom of th e sheet, using a calibrated 

automatic pipette ( Oxford Sampler, Oxford Laboratories, San 

Mateo, Califon)ia ) . A 10 ILl portion , mad e from a 20 ILl 

portion, made from a 20 ILl equal combination of sampl e 

and standard, was spotted on th e same sheet. Five-and 10-ILI 

portions of th e standard were also spotted. Plates were de

veloped at room temperature in a chromogram chamber ( Dis

tillation Products Inc., Rochester, New York ), with 50 ml 

of acetone and chloroform, 1:9 v/ v, as the developer. The 

sheets were air dried and viewed under long-wave ultra 

violet light ( Minera]jght Model UVSL 25, Ultraviolet Prod

ucts, Inc., San Gabriel, California). 

Aflatoxin quantitation was mad e by fluorescent comparison 

of th e unknown to tl1 e standard, using th e formula : ILg afla

toxin / kg = ( SxYxV) / ( Xx\V); where S = ILl aflotoxin stand

ard equal to correspond in g sample spot, Y = concentration 

of specific aflatoxin in standard solution in ILg/ ml , V = vol

um e in ILl to which sample extract is cliluted for TLC, X = 
ILl sample extract spotted givin g fluorescence equal to afla

toxin standard, and \•V = grams of sample originally used 

tim es 0.6. 

The quantitative standard was prepared from a sealed 

ampoule containing 5 ml of chloroform solu tion containing 

5.0 ILg B1, 1.5 ILg B2, 5.0 ILg G, , and 1.5 ILg G.!ml ( Sup

plied by Dr. Leo A. Goldblatt , A.R.S. , USDA, New Orleans, 

Louisiana ) . \Vhe.n di luted for anal ytical purposes the work

ing standard contained: 1.0 ,.,.g B,, 0. 3 ILg B2, l. 0 ILg G,, and 

0.3 ILg G.!ml. The working standard was stored at 4.4 C 

in a tightly sealed vial wrapped in aluminum foil until used 

for TLC spotting. 

Equipment 7Jreparation. To simulate household conditions, 

samples were stored in two refrigerators (Frigidaire, Div. of 

General Motors, Detroit :tvlichigan) for 12 clays; the t em

perature of one was set at 4.4 C and th e other at 7.2 C. A 

maximum-minimum thermom eter (Taylor Instrum ent Com

panies of Canada Limited, Toronto, Canada) was placed in 

each refri gerator and mon itored for 2 weeks prior to inocu

lating the sampl es. 

E~:perimental samples a.ncl procedures. Cheddar ch eese and 

variety packs of luncheon meat containjng salami, ·New Eng

land loaf, and bologna were selected as samples. The cheese 

was pmchased in l-Ib blocks from a local cheese factory, the 

luncheon meat from a local grocery store. 

To simulate normal refrigerator opening and closing during 

daily use, each refrigerator was opened three times daily 

( morning, noon, and evening) for 3 min throughout the 12-

day incubation period. Refrigerator temperatures increased 

an average of 8° prior to closing the door. Botl1. refrigerators 

1·egained their holding temperatures 15 to 20 min later. 

Fifty eight ch eese samples were sliced into blocks weighing 

16-22 g each. Fifty-eight meat samples were sliced into 

portions weighing 4-7 g each. 

A suspension of A . fla vus spores was made as previously 

described . Forty-two cheese and 42 m eat samples were 

inoculated on tl1eir top surfaces in an enclosed hood (Isolator/ 

Lab., Fisch er Scientific Co. , Pittsburg Pennsylvania). A sin

gle swatl1. was made on each surface witl1 0.01 ml wire loop. 

Sixteen cheese and 16 meat samples served as controls. Each 

sample was loosely wrapped in aluminum foil. 

The inocttlated samples were divided in four groups, tl1e 

first three containing 12 meat and 12 ch eese samples per 

group and tl1 e fourth. containing six cheese and six meat 

samples. Each of tl1e first three groups was divided in two 

subgroups, each containing six cbee~e and six meat samples. 

Group one of each subgroup was inoculated and immediately 

placed in either a 4.4 or a 7.2 C refrigerator. Group t\)'0 

was inoculated and h eld at 25 C for 2 hr prior to refrigera

tion. Group three was incubated and held for 4 hr before 

refrigeration. The fourth group was inoculated and h eld 

at 25 C for th e 12-day incubation period. 

Control samples were divided into four groups, each con 

sisting of four cheese and four mea-t samples. Each of th e 

first three groups was divided into subgroups, each consist

ing of two cheese and two meat samples. The fourth group 

was not divided. Each group and each subgroup was handled 

as previously described but was not inoculated. 

All samples were incubated for 12 days and then placed 

in a freezer at -4 C until assayed. 

RESULTS 

The samples with visible mycelial growth were 

positive for aflatoxin £, and c, but Gt was pres

sent in concentrations of less than 1 ,ug/ kg. 

Table 1 shows the results of quantitative aflatoxin 

assay of the six inoculated cheese samples left at 

25 C for 12 days . Each sample had vis~ble mycelial 

growth on the surface of the cheese and each was 

found to contain a £, aflatoxin concentration that 

ranged from 10.8 to 13.7 ,ug/ kg with a mean of 11.9 

,ug/ kg. 
Table 1 also presents tl1e results from the inoculat

ed luncheon meat placed at 25 C for 12 days. Visi

ble mycelial growth was slight on each sample. £, 

aflatoxin was found in h·ace amounts in two samples, 

but tl1e concentration in the remaining four samples 

varied from 7.1 to 10.0 ,ug/ kg (mean 8.4 ,ug/ kg). 

Quantitative assays performed on cheese and meat 

samples that had been inoculated and immediately 

refrigerated, and on those held at 25 C for 2 or 4 

TAULE l. AFLATOXIN CONTENT OF SAMPLES INOCULATED AND 

NOT HEFRIGERA TED 

Cheese 

Sample # 1 2 3 4 5 6 

Wt. in g 22 18 23 22 20 21 

B, ,.,.g/ kg 11.3 13.7 10.8 11.3 12.5 11.9 
content 

Meat 

Sample # 1 2 3 4 5 6 

' il/t . in gm. l 7 6 7 5 6 

B, ILg/ kg " 7.1 8.3 10.0 8.3 
content 

• Recorded as a trace 

~ 
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hr prior to refrigeration were all negative for mycel

ial growth and had no detectable aflatoxin concen

b·ation. The 32 meat and cheese samples not inocu

lated were also negative for mycelial growth and 

had no detectable aflatoxin concentration. 

DISCUSSION 

Aspergillus flavus grew well at 25 C, closely cor

relating with the optimal growth range of 30 to 40 C 

found by Raymond (9). The aflatoxin yields in this 

study were less than those obtained by Van Walbeek 

et a!. (12); but they used malt-yeast agar and broth 

as a medium, which probably enhanced the produc

tion of toxic metabolites. 

Because pharmacological data on man are lacking, 

it is not possible to determine whether the amounts 

of aflatoxin recovered are sufficient to cause human 

aflatoxicosis. Van WellSeek et a!. (11 ), however, re

ported illness in a child who had constm1ed spaghetti 

containing 12.5 tJ-g aflatoxin/kg. Leistner and Ayres 

(7), who studied potentially toxinogenic molds com

monly associated with counh-y-cured hams and fer

mented sausages, recovered molds of the genus As

pergillus from 90% of the hams and 33% of the sau

sages surveyed. Because of the highly toxinogenic 

capabilities of certain sh·ains of Aspergillus, the haz

ards of potential aflatoxin production could outweigh 

the benefits molds may conh·ibute to cured meats. 

Further work in this area is warranted. 

Samples refrigerated immediately following inocu

lation, and those incubated at 25 C for 2 and 4 hr 

prior to refrigeration, failed to yield detectable con

centrations of aflatoxin . This indicated that although 

food might become contaminated with A. flavus when 

left at 25 C for periods of up to 4 lu·, if the food is 

thereafter refrigerated at 4 to 8 C, there is little 

danger of aflatoxin production within 12 days. 

CoNCLUSION 

Aspergillus fl(LVUS will grow and produce aflatoxin 

on Cheddar cheese and luncheon meat at 25 C. Re-

frigerating these perishable foods prevents detectable 

aflatoxin growth and production for at least 12 days, 

even though the food may have been previously con

taminated with A. flavus. 
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ABSTHACT 

Flavor is one characteristic of quality in raw milk. Pres
ence of abnormality, as refl ected in somatic cell levels, -is 
considered aesthetically undesirable and may well affect the 
fl avor characteristics of raw milk. Raw milk producer samples 
were analyzed for fl avor, somatic cell concentration, acid de
gree value, total and coHform bacteria, pH, butterfat, and 
total solids. There was an· inverse relationship between flavor 
score and acid degree value. H.esults did not confirm the sup
position that somatic cell concentrations may affect the flavor 
of raw milk. 

TI1e importance of high quality milk is well recog
nized by the dairy industry. TI1e producer is · di
rectly affected b ecause . he usually gets paid more 
for good quality milk than poor quality milk. There 
are many quality indices that can be used. TI1e more 
commonly used tests for quality of raw milk · are 
flavor, odor, and bactelial content. · Screening tests 
are currently used as a further mearis to check _ the 
milk supply for signs of abnormality caused by mas
titis . 

Questions often asked are: "How does mastitic 
milk affect the flavor of milk?" "Is mastitic milk harm
ful to humans?" Milk, by definition, must corrie 
from healthy cows. Since mastitis represents an 
udder abnormality, the animal is not healthy and 
hence the milk should not be used. 

Boland (2) suggested that the leucocyte count is 
important enough to be used as an index of quality 
-even to replace the present bacteria count standard. 
He recognized the necessity for a standardized pro
cedure before ·such a test could be used . H e also 
speculated that 1low leucocyte counts in ~nilk would 

T • ' . 
overcome many of the problems encmmtered witl1 
cultmed products . 

Singh and Marshall (6) report a direct relationship 
between the leucocyte concentration and bacterial 
population of raw milks held 24 hr at 40 F. They 
observed that control sample counts (free of leu
cocytes) remained relatively constant, but counts 
for leucocyte-containing milks decreased rapidly. 
This phagocytic activity of the leucocytes decreases 
quite rapidly with an increase in time or temperature 

'Technical Contribution No. 913, S. C. Agri. Expr. Sta. Pub
lished by permission of th e Director. 

of storage. 
The literature on mastitis is voluminous but very 

few data are available on the relationship of leuco
cyte concentration to flavor of milk. This study was 
undertaken to shed some light on the relationship 
.of flavor to various compositional factors including 
somatic cell concentration \sec)' 

. '::: P HOCEDUHE 

H.aw '\\1 ilk sainples were obtained directly from the farm 
bulk tanks by the milk hauler. · The siunples were · stored in 
crushed ice"until delivered to the laboratcry and th eir analyses 
complet('!d. 

Flavor evaluations we.re made as soon as practical, but al
ways within 24 hr of the time of pickup. All samples were 
scored according to the Ali1eri can Dairy Science Association 
appi·ovecl' milk score card . Organoleptic -evaluations were 
made by one and· in some instances by two experienced judges. 

. Additional tests .. conducted on all milk samples were as 
fOllows: _Wisconsin Mastitis Test ( WMT), Clemson Catalase 
Test ( CCT), acid degree value ( ADV ), total bacteria count 
( TC ), colifom1 count, pH, total soHds ( TS) , and butterfat . 

The \VMT procedure described in Public H ealth Service 
publication 13.06 (5)' was used except for a minor modification 
(3). The CCT procedure (4) was used to obtain a quantitative 
measure 'of oxygen released under conditions of the test. 

The degree of rancidity was measured by a sin1ple tib:a
tion procedure. The method of Thom as ·et a!. (7) was used for 
APV. determinations with two modifica tipns; namely, a 0.01 N 

alcoholic .KOH solution was used instead of 0.02 N and the 
reported ADV's represent the ml of 0.01 ' KOH required to 
neutralize the free fatty acids in 1 g of milk' fat. 

Standard methods (1) procedures were employed in plating 
milk sampl es using standard · methods agar and desoxycholate 
agar. All platings were made within 24 hr of the tim e of 
bich ip of samples collected in Jeb . tubes or plastic sampling 
~~- . 

The pH measurements were made on a Beckman, model 
N pH meter. Total solids were determined using the Mo
jonnier tes ter and fat t ests using the Babcock procedure. 

RESULTS AN'D DISCUSSIO T 

A total of 286 raw milk producer samples were 
analyzed for flavor, somatic cell concentration \ iVMT 
and CCT ), acid degree value, total bacteria, coli
form count, pH, butterfat, and total solids . 

The mean compositional values for raw milks classi
fied according to somatic cell concentration are pre
sented in Table 1. The mean values for somatic 
cell concenh·ation (\iVMT, CCT ) and ADV for spe-

, 
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TABLE 1. MEAN CO:\-IPOSITIONAL \'ALUES FOR RAW i\-IJLKS 
. -

CLASSIFIED ACCOHDJNC TO SO:MATIC CELL CONTENT. 

Mea n va lues fo:· SCC' 

.~llribute <;;oo,ooo 500.000-1,000,000 > 1,000 ,000 

Flavor score 36.0 36.7 35.6 
WMT ( SCC/ ml) 276,000 691,000 1,600,000 
ADV 0.85 0.70 0.99 
CCT ( % 0 2) 23 35 52 
pH 6.69 6.71 6.73 
B. F. (%) 3.77 3.78 4.76 
T . S. ( %) 12.50 12.41 13.40 
Total coun t/m l 59,000 80,000 61,000 
Colifonns/ ml 2,600 3,200 370 

;-!o. samples 162 113 ll 

'SCC = Somatic cell count 

'fABLE 2. FLAVOR SCORES AI\'D MEAN \•VMT, CCT, AND ADV 
VALUES FOR RAW MILK. 

Fla \·or score l'o. samples \V ~ I 1'1 CC1' 1 A.DY' 

(000) ( % 0 2) 
37.5 - 38.5 103 537 31 0.67 
36.5 - 37.0 78 486 28 0.71 
35.0 - 36.0 59 421 27 0.84 
Less than 35.0 45 482 29 1.20 

'Mean values 

cified flavor score groupings are presented in Table 
2. There appears to be an inverse relationship be
tween flavor score and ADV. This is to be e),:pected. 
1 one of . the other attributes seemed to have any 
direct relationship to flavor score. 

Statistical analysis (AOV) of the data led to the 
following conclusions: (a) there was a significant 
( .01 ) correlation between flavor score and AD V 
( r = 0.46); (b) all other compositional factors studi-

; ed were not signific~ntly different wl}_en compared 
vvith flavor score; (c) there was a .significant. r elation-

ship between tl1e CCT results and WMT, total bac
te- ria, and total solids ( r = 0.70, 0.23, 0.26 ); and (d) 
somatic cell concentrations (WMT) did significantly 
( .01) influence the pH, butterfat, and total solids 
content ( r = 0.25, 0.39, 0.28). 

It is' recognized that the number of milk samples in 
the "> 1,000,00" group is rather small. However, the 
results do indicate a downward h·end in flavor score. 
Use of additional judges would possib l y have 
strengthened these observations. 

Even though the data do not substantiate the be
lief that somatic cell concentration may affect the 
flavor of milk, more work needs to be done to try 
and determine its possible effect on the shelf-life of 
the pasteurized product. 
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INOSINE MONOPHOSPHATE (IMP) AND HYPOXANTHINE 
FORMATION IN THREE SPECIES OF SHRIMP HELD ON ICE 
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622 Miss ion Street 
Ketchikan, A laska .99901 

( Received for publica tion January 11, HJ71) 

ABSTRACT 

The major pathway for degradation of adenine nucleotides 
in pink ( Pandalus horealis), spot ( Pandalus platyc6ros) , and 
sides tripe ( Pandalopsis clispar) shrimp results in form ation 
of inosine monophosphate ( IMP ) and hypoxanthine. The 
IMP content of shrimp h eld on ice increased to 2-3 I'M/ g 
during the first day and decreased to 0.4-0.7 ,uM / g during 
the next two weeks, while 0.8-1.3 p.M / g of hypoxanthine 
accumulated during this period . 

Collins (3) reported that, for optimum machine 
peeling, shrimp require a controlled aging period of 
at least 40 hr on ice or in refrigerated sea water to 
release the meat from the shell. Newer processes, 
such as the Laitram Model PCA Peeler• (10) and the 
two-stage precook method (5), precondition shrimp 
by precooking prior to machine peeling. Canned 
fresh shrimp, prepared by the two-stage precook 
method were reported to have more color and bet
ter texture and flavor than shrimp which had been 
held on ice prior to processing. 

The relationship of inosine monophosphate (IMP) 
and hypoxanthine to the flavor and freshness of fish
eries products has been examined (7, 12, 13, 14). 
Tarr and Comer (15) and Arai (2) observed IMP and 
hypoxanthine in shrimp ( Pa·ndalus sp.) but did not 
include shrimp held on ice for prolonged periods. 

The purpose of this study is to detennine the 
changes which occur .. in the IMP and hypoxanthine 
contents of pink, spot, and sidestripe shrimp in re
lation to ice-holding time. 

MATERIALS AND i\II ETHODS 

Samples 
Shrimp used in this study were obtained aboard a com

mercial boat near W rangell, Alaska, in August 1967. The 
trawls contained mainly pink shrimp ( Pand.alus bo·realis) but 
also sufficient spot shrimp ( Pandalus 7Jlatyceros) and side
stripe shrimp ( Pandalo psis dispar) so that these species 
could be examined at the san1e time. Zero time samples 
were immediately frozen in dry ice and stored at -50 C 

'Address after July 1, 1971: Marine F isheries Center, National 
Marine Fisheries Service, Box 1638, Kodiak,. Alaska 99615 . 

. 
2Use of trade names is for descriptive purposes only and does 
not imply endorsement. 

until analyzed. 'TI1e remammg shrimp were mixed with 
crushed ice in perforated fish boxes for shipment to the 
laboratory. Fresh ice was added daily and duplicate samples 
for analysis were taken periodically over a period of two 
weeks. 

Extraction of ·1wcleotides 
Samples containing 50 g of p eeled shrimp tail muscle 

were homogenized for 1 min with 2 volumes of chilled 0.6 N 

p erchloric acid and filtered using a suction flask. The zero
time samples were peeled and homogenized while frozen 
to prevent further changes in the nucleotides. The filtrates 
were immediately adjusted to pH 6.5-6.8 with 10% KOH 
and held at 0 C for 1 hr. The insoluble potassium chlorate 
was removed by filtration and the clear filtrates were stored 
at -50 C until analyzed. 

Ion-exclw.nge chromatography 
Perchloric acid extract samples representing 5 g of shrimp 

muscle were placed on 1.0 X 28 em columns of Dowex 
1 X 8 (Formate ) resin. The colwns were washed with 
water until the effluent was free of material absorbing at 
260 mp.. The effluents, which contain nucleosides and free 
bases, were collected and used in the analysis for hypoxan
thine. 

The nucleotides were eluted from the fmmate columns 
using th e formic acid-ammonium formate buffer system de
scribed by Porter (11 ). The effluent from the colwnns 
was continuously monitored at 260 mp. using a Vanguard2 

model 1056 UV monitor and collected in 10 ml fractions. 
In order to obtain appropriate fonni c acid-ammonium for
mate blanks for spectral analysis, the procedme was repeat
ed using a column without nucleotides. 

F ractions common to the individaul p eaks were pooled 
and identified by comparing th eir ultraviolet spectra with 
published spectral data (1, 6, 11). The absorbance of the 
fractions containing adenosine triphosphate (A TP), adenosine 
monophospate (AMP), and IMP were measured and the 
amount of nucleotide present calculated by using publish
ed molar extinction coefficients (1 , 6). 

H ypoxa.nthin e analusis 

The effluents from the water washings of the fonnate 
colwnns were analyzed for hypoxanthine by the xanthine 
oxidase method of Kalcker (9) as modified by Jones et a!. 
(8). This enzyme converts hypoxanthine to uric acid. The 
hypoxanthine content was then detennined from the in
crease in absorption at 290 mJL due to uric acid formation. 
The increase in uric acid, rather than the decrease in hy
poxanthine was measured, because th ere was less inter
ference from the other UV ·absorbing substances found in 
shrimp (15) at 290 TilJL than at '250 nw. 
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TABL E l. ADENOSINE ~lONOPHOSPHA TE CONTENT OF 3 
SPECIES OF SHI\!MP HELD ON ICE ( Jl).I / G) 

SJJecles 

Pink shrim p Spot shrimp Side., tr ipc shrimp 
(Pa nda/u s ( Pa,u/al1u (Pamlalopsis 

Time on ice borenlis) plal ycrros) dispar) 

0 time 1.8 2.0 1.8 

6 hr 2.8 2.8 2.0 
12 hr 2.6 3.0 2.5 

18 hr 2.2 2.8 2.1 
24 hr 1.7 2.7 1.6 
36 hr 1.5 2.6 1.4 
48 hr 1.4 2.3 1.3 
3 days 1.3 2.0 1.2 
4 days 1:) 1.6 l.l 

TAHLE 2. I NOSINE :I. JONOPHOSPHATE CONTENT OF 3 SPECIES 

OF SHH L\IP HELD 0"1 ICE ( J1"/\I / G) . 

Species 

ll ink shrimp Spot shrimp Sidenripc shrimp 
( l'andal us ( Panda /u s (Pauda lopsis 

Time on Ice borealis ) platyceras) Jispar) 

0 tim e 1.8 1.0 1.9 

6 hr 1.9 1.2 2.4 

12 hr 2.6 1.4 2.6 

18 hr 2.4 1.8 2.8 
24 hr 2.0 2.0 2.8 

36 hr 1.6 1.7 2.0 

48 hr 1.4 1.6 1.6 
3 days 1.2 1.4 1.4 
4 days 1.0 l.l 1.2 

5 days 0.8 0.9 1.0 

7 days 0.6 0.9 0.8 

10 days 0.5 0.8 0.5 
14 days 0.4 0.7 0.4 

TABLE '" HYPOX.\ NTHI NE CON TENT OF 3 SPECIES OF SHIUMF ._) , 

HELD ON ICE ( J1M/ G) 

Spec ies 

Pink shr imp Spot shr imp Sidcstripc shrimp 

(Pauda lu s ( Panda/us (Paudalopsis 

Time on ice borealis ) platyceros ) d is par) 

0 time 0.05 0.00 0.00 

6 hr 0.10 0.05 0.10 

12 hr 0.10 0.10 0.10 

18 hr 0.15 0.10 0.15 

24 hr 0.20 0.20 0.20 

36 hr 0.30 0.25 0.30 

48 hr 0.40 0.30 0.30 

J days 0.60 0.35 0.40 

4 days 0.80 0.50 0.50 

5 days 1.00 0.60 0.60 

7 days 1.10 0.70 0.70 

10 clays 1.25 0.75 0.75 

14 clays 1.30 0.90 0.80 

RESULTS AND DISCUSSION 

Pathu;ays for nucleotide deg·radation 
Arai (2) observed that the adenine nucleotides in 

shrimp may be degraded by two pathways. ATP is 

dephosphorylated to AMP with a slight amount of 
adenosine diphosphate ( ADP) formed as an inter
mediate. Ai\tiP may then be deaminated to IMP 
which is then dephosphorylated to inosine and con
veited to hypoxanthine. As an alternate, AMP may 
be dephosphorylated to adenosine which is then 
deaminated to inosine and converted to hyphoxan
thine. 

Because the activities of the enzymes involved at 
each step of these pathways are temperature depen
dent, Arai (2) observed an accumulation and subse
quent decline of IMP in shrimp stored at 19 C but 
not in shrimp stored at -6 C. At -6 C, the deamina
tion of adenosine to inosine predominates over the 
deamination of AMP to IMP so that inosine and 
hypoxanthine are formed without the accumulation 
of IMP. 

The zero-time samples of each of the three species 
of shrimp contained between 2 and 3 fLM / g of ATP. 
Less than 0.2 fLM / g of A TP was detected after 6 hr 
on ice and none was measurable in the subsequent 
samples. 

Tarr and Comer (15) suggested that ATP is de
graded during capture. It appears , from the present 
work, that the ATP remaining after capture is rapid
ly depleted during ice holding. Significant amounts 
of ATP will probably be found only in very fresh 
shrimp. 

The AMP content of each of the three species of 
shrimp (Table 1) increased to 2.5-3.0 fLM / g during 
the first 6 to 12 hr and decreased during subsequent 
storage. Since the maximum IMP content is ob
served after the maximum AMP content, it appears 
that the major pathway for the degradation of the 
adenine nucleotides in shrimp held on ice results in 
the accumulation of IMP rather than adenosine. 

IMP content 
TI1e IMP content of shrimp held on ice (Table 

2) increased to 2-3 fL~ifl g during the first day and 
decreased to 0.4-0.7 fLM / g during the next two weeks. 
Although the effects of IMP upon the flavor of 
shrimp were not studied, the presence of a high 
IMP content suggests that shrimp should be proces
sed during the first day after caphue rather than 
subjected to prolonged periods of ice holding. 

After 4-5 days on ice, the IMP content of shrimp 
falls below 1.0 fLM / g. This IMP level is reached at 
about the same time as the onset of spoilage, as in
clicated by a rapid increase in the b_-imethylamine 
(TMA ) content (4) . Since the IMP content of 
shrimp changes rapidly before any pronounced 
change in TMA is observed, the IMP content could 
serve as an early indication of change in quality. 
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Hypoxanthine content 
The hypoxanthine con tent of shrimp held on ice 

(Table 3) is lowest immediately after capture and 
increases steadily to 0.80-1.30 fL.M/ g over a period of 
two weeks. The buildup of IMP and subsequent 
conversion to hypoxanthine occurs somewhat more 
rapidly in pink than in spot or sidestripe shrimp. 
The greatest amount of IMP and the least amount of 
hypoxanthine both occur during the first day on 
ice. 

The hypoxanthine content of shrimp at the onset 
of spoilage was not definitely established. Since 
no sharp increase in hypoxanthine content was ob
served during the t\.vo-week period, the rapid in
crease in TMA content observed after 4-5 days on 
ice ( 4) would probably be a better criterion of the 
onset of spoilage than the slow increase in hypoxan
thine. 

Spinelli (12) reported that the addition of 3.0 fLm/g 
of hypoxanthine did not produce detectable flavor 
differences in petrale sole fill ets unless the total bac
terial counts exceeded 106/g. Although the effect of 
hypoxanthine upon the flavor profile of shrimp was 
not determined, it is unlikely that the relatively low 
amounts detected in the present stydy cq.uld signi
ficantly alter the flavor of shrimp, particularly after 
the onset of spoilage. 
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. . IN SKIMMILK FORTIFIED WITH LIVER 

CONCENTRATE OR PANCREAS EXTRACT' 

':1 (•I M. C. GaEL AND E. H . • MARTH 
D epartm ent of Food Science and The Food Research lnst-itute 

Un·iversitu of 'Wisconsi.n 
Madiso.n, vVisconsin 53706 

( Received for publication January 13, 1971 ) 

ABST RAcr 

F our strains ( CAF-B, Da3, 9, and 14 ) of L euconostoc 
citrovorum were grown at 22 and 30 C in sterile skimmilk 
which contained 0.0, 0.001 , 0.01 , or 0.1% liver concentrate 
or 0.0, 0.01, 0.1 , or 0.5;6 pancreas extract. Numbers of leu
conostocs were determin ed with the plate count at intervals 
during' -a 30-hr incubation. Smears, p'repared concurrently, 
were staii1 ~d · and examined microscopically to determine 
numbers of cells in chains of leuconostocs. 

Highest mm1bers ( approximately 108 or greater per .milli
liter ) of leuconostocs resulted when highest concentrations of 
liver concentrate or· pancreas extract were used. Lower 
concentrations of both additives were less' stilnulatory or 
without effect. Incubation temperature had little or no 
effect on stimulatory activity by either additive. All strains 
produced markedly highei· ( 0.5 log or greater ) pop_u]ations 
with liver concentrate but only CAF-B and Da3 responded 
substantially _ to _pancreas extract. Higher populations of 
most strains were a ttained earlier in fortified rather than .plain 
milks. Chains for;n ed b y CAF -B and Da3 tended to be longer 
chfi" i._nl};.the 10-22 hr segment of incubation when milk was 
fortifti (l with pancreas extract; Da3 showed the greatest 
increase in chai;n length . Strains 9 and 14 form ed longer 
chains in skimmilks which contained 0.1 or 0.5% pancreas ~x
tract and were incubated at 30C. Differences.·in chain length 

i caused by pancre'as extract were statistically significant, 
whereas those produced by liver concentrate were without 
statistical significance. 

Organisms in the genus Leuconostoc are important 
in the food industry as spoilage agents (3) and as 
starter cultures for certain fermented dair)t products 
(5). In _addition Leuconostoc C'it'I'OV01'U1n elaborates 
an antibacterial substance(s) which inhibits some 
Gram-positive and -negative bacteria (13). 
- Although the £inpo'rtance of th«;lse organisms is well 

recognized, independen~ growth of L. C'itrovorum in 
milk has received little attention even though pure 
cultures of this otganisni are sometimes nsed to pro
duce flavor substances for later use in some daily 
products. Goel and lVI arth (8) noted that some sh·ains 
of L, citrovo-rum attained higher populations in skim
milk a t 22 than at 30 C, whereas others behaved com-

'Publishccf "~ itli' t1le ·approval of · the Directoi· of the Reseai·ch 
l) ii'risioii of ··rhe Col lege of Agricultural and Life Sciences, 
University of \Visconsin . 

parably at both temperatures. Most sh·ains formed 
slightly longer chan1s at 30 than at 22 C. 

Growth of some bacteria can be enhanced by add
ing stimulants to the medium (1, 11, 12, 14, 16, 17). 
Sauberlich and Baumann (15) prob~bly were first to 
report that crude extracts of liver enhanced growth 
of L . citm vo:rum . Later Agren (1) and Kereszlesy 
and Silverman (10) recovered a substance from liver 
which stimulated growth of L. citrovom.m but which 
was inactivated by acid. In 1956 :tvicAnelly and 
Speck (14) reported that an aqueous exh·act of the 
porcine pancreas stimulated growth and activity of 
Str.eptococc·us lactis_ and L. citrovorum in milk but 
had _little or no _ effect on growth of Escherichia coli, 
PseudomonrJs fluorescem , and Bacillus subtilis. Sub
sequently Speck et al. (17) ,confirmed that pancreas 
extract stlrnulated growth of lactic acid bacteria with
out simultaneously enhancing proliferation of spoil
age . organisms which . might occur in cultured daily 
products. 

Although there are many reports on use of addi
h\ies to enhance growth of S. lactis and Streptococcus 
cremoris, only a few have been concerned with L . 
citmv orum. Consequently the present investigation 
was conducted to determine : (a.) if different con
cenh·ations of liver concenh·at~ and pancreas exh·act 
in skimmilk:' stimulate growth of L . C'itrovorum at.botl). 
22 and 30 C and (b) how the additives affect chah1 
formati?n by L . ciirovorum at the two temperatures. 
A· preli~~ry . report on some of ·these experiments 
has been presented (9 ) . .. 

lvf ATElUA LS AND M E THODS 

C ttltttres . 
Four strains of L . citrovorum were used ; their sources were 

reported by ·Gael and Marth (8). Strains CAF-B and Da3 
{arm ed long ··cl;ains, whereas strains 9 and 14 produced short 
chains when grown in skimmilk (8). Cultures were main
ta i11 ed in litmus milk at 5 C and transferred every other week. 
Before use, cuitures were transferred dail y, 2 or 3 times, in 
ste1:ilc skimmilk to · en ~me activity. · 

t\nim 'ctl btj-·priJducts 
Pancreas extract ( Proch eez) and liver concentrate for 
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Figure l. Gro,Yth of four strains of Leuconostoc citrovorum 
at 22 C in skimmilk fortified wi th various levels of liver 
concentrate. 

these experim ents were obtained from \•Vilson Laboratories, 
Chicago, Illinois. 

Preparation of test samples 
Skimmilk from the University of Wisconsin dairy plant was 

autoclaved at 121 C for 15 min and cooled to 22 or 30 C. 
The sterilized skimn1ilk was fortifi ed with sufficient sterile 
additives to contain 0.001 , 0.01 , and 0.1% of liver concen-

TABLE l. CHANGE I N GE:-IEHATIOK TiMES OF FOUH STHAINS OF 

JJeuconostoc citrovorwn WHEN c nowN AT 22 AND 30 C I N 

SKIMMlLK WJTH ADDED LIVEH CONCENTRATE AND 

PAN CHEAS EXTHACT. 

]_. ivcr Pnn crens 
;;trai n of c·onccntrate (0.1% ) extract (0.5 % ) 
r .. ri /r (Jli(IYII111 22C 30(" 22C 3oc 

----- ( Change in per cent ) ' -----
CAF-B - 8.2 - 7.3 -17.2 - 4.5 
Da3 - 18.8 -22.4 + 26.2 -20.0 

9 -11.1 + 17.7 + 17.0 - 9.7 
14 -32.4 + 5.2 + 1.6 - 50.0 

'Minus values indicate reduction in generation times from 
those of controls; plus values indicate an increase in genera
tion time. 

trate or 0.01, 0.1, and 0.5% of pancreas extract. Skimmilks 
were then inoculated with 0.25% of a 48-hr old culture of the 
tes t strain of L . citrovorum. Inoculated milks were held 
quiescently at 22 or 30 C and were mixed gently and sampled 
periodically during th e 30-hr incubation. Samples l were 
plated in duplicate with Elliker's lactic agar (4) and plates 
were incubated for 96 hr at 22 or 30 C (depending on in
cubation temperature of skimmilk ) prior to countin g. Earlier 
work by Goel and Marth (7) establish ed that a satisfactory 
estimate of the population of leuconostocs is obtained with the 
plate count, especially when hig1ler (e.g. 10-6 or 10-7

) dilu
tions are plated since most chains are broken into 2- or 4-cell 
fragm en ts by dilution and shaking procedures. 

Smears also were prepared each time a sample was taken 
for plating. Slides were stained by the Levowitz-Weber 
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Figure 2. Growth of four strains of Leuconostoc citrovorum ' i 

at 22 C in skimmilk fortified with various concentrations of 
pancreas extract. 

procedure (19) and examined microscopically for numbers of 
cells in chains of leuconostocs. Cells in 10 chains randomly 
selected from five microscopic fields were counted and the 
average chain length was calculated. Results were analyzed 
statisticall y by analysis of variance. 
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T .\13LE 2. CHAI:-1 LENGTH OF Leucono;.toc citrovorrtm ' VHEN GHO\ VN AT 22 AND 30 c I SKll\'!MILK WITH 0.0, 0.01 , 0.1 , AND 0.5% ADD ED PANCREAS EXTRACT. 

Strain of Lruconosloc ci t ro·vor·um 
Ineubati on t'.IF -R Da:1 14 
Temp. Hours 0.0 % 11.01 '7o O.lo/o 0.5o/O n.O % 0.0 1% 0.1 o/o 0.5o/o fi.O o/0 0.01% O.lo/o 0. 5o/c 0.0 % 0.0 1% 0.1% 0.~% 

( Avg. no . cells / c h a in ) 

22C 0 4.8 6.4 4.8 4.8 8.0 7 .2 6.8 4.4 3.6 4 ·? 4.8 3.6 5.2 5.2 5.2 5.2 
6 9.2 10.2 8.2 9.2 11.6 11.2 11.2 13.2 5.6 4.7 4.4 5.4 6.8 6.8 5.6 5.6 

10 11.4 9.8 14.0 10.0 22.4 24.0 21.8 33.6 5.0 4.4 5.0 5.8 3.2 4.6 4.8 6.2 
14 10.4 10.2 16.0 12.8 17.2 34.2 21.0 29 .0 4'> .~ 5.3 4.7 4.2 3.0 4.8 4.8 5.8 
18 11.8 12.4 16.8 14.0 15.4 21.6 24.8 25.2 3.2 5.0 6.2 3.6 2.8 3.4 3.8 5.0 
22 17.6 15.4 .13.0 13.2 12.6 13.4 17.0 17.0 2.6 3.4 3.4 3.6 3.0 3.2 3.4 4.0 
26 15.0 14.4 9.8 9.2 12.0 11.8 12.2 10.8 2.4 3.2 3.4 2.8 2.6 3.6 3.2 3.2 
30 10.2 6.2 9.0 9.0 11.0 8.6 11.0 10.8 2.2 2.8 3.0 2.6 2.4 3.4 3.2 3.4 

30C 0 4.8 6.3 5.2 4.8 6.0 8.0 6.4 6.4 7.6 3.6 8.0 3.4 6.8 5.2 6.0 8.-o-
6 11.4 9.8 10.4 14.6 6.6 24.6 18.4 18.2 8.0 4.0 7.2 9.0 5.4 5.4 7.6 8.8 

10 20.0 24.2 21.6 27.6 16.4 32.2 34.2 41.8 5.4 5.4 8.2 5.6 !5.8 6.6 7 .6 9.6 
14 28.8 24.8 28.4 27.6 17.6 29.0 26 .2 18.4 4.0 6.2 6.4 7.4 5.0 5.4 7.2 9.2 
18 16.4 24.8 22.6 18.5 12.2 30.4 21.8 13.8 3.4 5.0 5.4 5.8 3.6 3.7 6.2 6.8 
22 8.6 15.0 13.4 10.6 11.8 20.0 12.2 10.6 3.2 3.8 4.6 5.6 2.8 4.2 7.2 5.4 
26 6.8 7.4 8.6 8.2 12.0 16.2 12.4 10.0 3.4 3.8 3.8 5.2 3.0 3.8 6.0 6.5 
30 5.4 5.8 7.6 8.0 10.2 11.6 9.2 9.0 2.8 3.2 3.8 4.4 2.8 3.6 5.8 5.2 

T .-\BLE 3. ANALYSIS OF VAHIANCE OF RESULTS ON CHAIN LEN GTH OF L CliCO ilOSt OC c itrOV0 /'11111 DURING GHOWTH IN SKJl\•!MILK 
FOHTIF!ED WITH PANCREAS EXTHACT OR LIVEH CONCENTHATE. 

Dc~rceR of freedom- l\Iean square 
Ro urce of varia tion 

Additive (A) 
Inc u bation t emeprature ( B ) 
Inc ubation tim e (C) 
Strain ( D ) 
A X B 
A X C 
A X D 
B X C 
B X D 
c X D 
A X B X c 
A X B X D 
A X c X D 
B X c X D 
A X B X c X D 
Expe rimental e rro r 

0 Significant at 0.05 level. 
• •significant a t 0.01 l evel. 

RESULTS A:I\T)) DISCUSSION 

Addition of liver concentrate 

either additive 

3 
1 
7 
3 
3 

21 
9 
7 
3 

21 
21 

9 
63 
21 
63 
63 

D ata in Fig. 1 indica~e that highes t populations of 
L. citmvorum resulted when skimmilk was fortified 
with 0.1% liver concentrate and incubated at 22 C. 
The increase in population at the end of incubation 
vvas proportional to the amount of liver concenfTate 
add~d to the skimmilk although the lowest level test
ed ( 0.001%) was essentially without effect. At 22 C, 
sh·ains CAF-B and 9 exhibited the greatest response 
to the additive. Results similar to those at 22 C 
were obtained when cultures were incubated at 30 C 

Pnt~creas extract Li ,·er concentrate 

57.84° 0 5.00 
186.83° 0 95.1800 

350.48" 0 164.81° 0 

2137.83° 0 756.14° 0 

15.27 4.14 
11.09 3.28 
24.92° 0 2.21 
35.88° 0 13.11° 0 

22.41 7.51° 
104.90 ° 0 37.96 00 

5.41 2.55 
15.68 4.56 
6.39 3.47 

29 .57° 0 4.65° 0 

8.26 2.54 
8.26 2.54 

although the magnitude of the increase in popula
tion caused b y 0.1% liver concenb·ate was somewhat 
less ( results not shown) . Generation times of all 
sb·ains tes ted were reduced by 8.2 to 32.4% at 22 C 
when the highes t level of liver concentrate was tested 
(Table 1 ). In contras t to this, at 30 C ·generation 
times of two strains were increased, whereas those 
of the other two sh·ains were decreased. Both sb·ains 
with increased generation times developed higher 
populations at 30 C in unfortified skimmilk and 
exhibited less response to the additive than did the 
other hvo sh·ains. 

Liver concentrate failed to significantly affect the 
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length of chains produced by the L. cit'I'Ovorum 
strains under conditions of these e;..:periments (Table 
2). Instead, chain length was affected significantly 
by incubation time and temperature and strain of the 
organism. Goel and Marth (8) reported earlier that 
these factors affected chain fonnation by L. C'it1'0-

vonnn during growtl1 in unfortified skimmilk. 

Addi.tio·n of pancreas extract 
Results reported in Fig. 2 indicate that highest 

populations at 22 C were attained by all sb:ains of 
L._ citrowntrn when they grew in skimm.ilk fortified 
with the highest concenh·ation ( 0.5%) of pancreas 
exh·act. Tvvo of the sh·ains, CAF-B and Da3, ex. 
hibited greater response to pancreas extract than did 
the other two cultures. In general, the response, in 
terms of population increase, was proportional to the 
amount of pancreas exh·act added to skimmilk. Be
havior of the cultures at 30 C approximated that ob
served at 22 C except that populations of strain 
CAF-B in fortifi ed skimmilks tended to be higher 
than at 22 C (data not shown). Generation times of 
all cultures were reduced by 0.5% pancreas extract 
when incubated at 30 but not at 22 C. 

An analysis of variance of data on chain length 
of L. citrovorum demonstrated that pancreas exh·act 
significantly affected this characteristic of the or
ganism (Table 3). In addition chain formation was 
affected by incubation time and temperatm e and 
strain of the bacterium. Data in Table 2 indicate 
that: (a) strain CAF-B tended to form longer chains 
during the 10-22 hr period of the incubation at 30 C 
when skimmilk contained any of the concentrations 
of pancreas exh·act, (b) strain Da3 produced longer 
chains in the presence of all levels of pancreas extract 
tested at 22 and 30 C with the effect being most 
pronounced during the 10-22 hr p eriod of the incu
bation at 22 C and the 6-18 hr period at 30 C, and 
(c) strains 9 and 14 tended to form longer chains 
when skimmilk contained 0.1 or 0.5% pancreas exh·act 
and when incubation was at 30 C; differences were 
greatest during the first one-half of the incubation 
period. 

Although no attempts were made to isolate the 
substances in these additives which stinmlated the 
leuconostocs, other workers have suggested that 
peptides are responsible (2, 6, 18). 
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ABsTHACT 

The principles of quality control are the same in any mi
crobiology laboratory. Results are as good as the materials 
used and as the people who use them. Dairy microbiology 
could be called a narrower field than some areas of micro
biology and fewer materials may be needed. However, be
cause of the public health implications, development of 
standards and requirements began earlier and for this 
reason, it has been slow to use more scientifically constructed 
and more reliable media . Evaluation of materials methods 
and requirements are always in order in progressi,ve qualit~ 
controL . Specific suggestions are included. 

Quality conh·ol in dairy microbiology is essentially 
the same as for any area of microbiology. The or
ganisms encountered are the same. Most of the ma
terials used are the same. People do the work, with 
more or less skill and accuracy. In dairy work, limi
tations are greater than in some other areas. There 
are standard procedures required, which is not neces
sarily true in other areas, and there are limitations to 
the kinds of specimens tested, and possibly as to the 
variety of microorganisms sought. 

Quality conh·ol is mostly common sense applied in 
the laboratory to obtain the most efficient results from 
test procedures. It begins, of course, with the manu
facturer of materials and equipment employed and 
continues through their use in the dairy conh·ol 
laboratory. 

CuLTURE MEDIA 

Cu.ltwre media are perhaps of primary importance. 
There has been much written and much work done 
on Standard ·Methods Agar used for plate counts. 
Two productivity tests have been developed, and they 
are both outlined in Appendix. A ( pp. 234-241 ) of the 

Twelfth Edition of the American Public Health Asso
ciation (A. P. H. A.) Standard Methods for the Exam
hwtion of Da·i·ry Products (1 ). The first of these was 
developed by collaborative studies with Dr. Leon 
Buchbinder and his colleagues (4, 8). The tes t pro
cedure was so complicated to interpret that it · was 
n~ither understood nor widely used. The second one, 
developed by collaborative studies under the direction 

'Presented at the 47th Annual Meeting of the New York 
State Association of l\11 ilk and Food Sanitarians, Syracuse, 
New York, November 2.3-2.'5, 1970. J 

of Dr. Howard Bodily of the California State Depart
ment of Public Health, was more practical to per
form. However, in May 1969, it was realized that it 
could not properly be used to obtain countable plates, 
having 30 to 300 colonies per plate, with many com
posites of pasteurized milks . T~1e problem was that 
the diluted, pasteurized milkS had too few organisms; 
the milk had to be first incubated, or aliquots of 
higher count milks added to get enough colonies. 
The test was, therefore, inapplicable and a uniform 
procedure could ~ot be used. For this reason, it was 
agreed by the collaborators that studies with pas

teurized milks would be discontinued. 
It is a fact ~hat the flora of milk ari.d related prod

ucts are numerous, diverse, and may vary seasonally 
and geographically. For this reason, it has been our 
belief that, to supply a test medium for this kind of 
work, it is inadequate to use tests such as those de
scribed, and it is necessary and more practical to use 
test organisms representative of those which may be 
encountered, without regard to local dairy products, 
seasons, etc. Our certificates, therefore, carry in
formation on both types of tes ting (5) . The organ
isms now used include Bacillus subt-ilis, Coryneba.c
terht.m d-iptheriae, Escherichia coli, Leuco:nostoc mes
enteroicles, Staphylococcus aureus, Streptococcus fe
ca.lis, Streptococcus pyogenes, three lactobacilli, and 
two isolates that had been problems in dairy products. 

The whole problem · of productivity is complicated 
by the fact that Standard Methods Agar must not be 
too productive; allowable limits might have to be 
changed, affecting the grading of milk and various 
governmental regulations. This effect would b e 
partially neutralized by the fact that collection and 
pasteuriza tion methods have also improved in the 
many years which have elapsed since some ·of the 
limits were set. It is easy to make a more productive 
medium, one that will, in general, grow more of the 
flora present, and/ or more of the microbes damaged, 
but not killed, by the heat of pasteurization. The 
requirements are that the medium must give approxi
mately the same counts as media used decades ago. 
Relatively few people realize this ··sihmtion, so dif
ferent from a blood .culture or sterility test .in which 
an effort is made to detect all organisms,, present, 
and incorrectly · believe that the function of the plate 
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count is for enumeration of the total aerobes in the 
product. 

Coliform media and others required in the dairy 
laboratory should be thoroughly tested prior to use. 
Although not required by standard methods, selec
tive media should be tested both for productivity of 
the desired · organisms, and for inhibition of others, 
e.g. for growth of E. coli and for inhibition of sh·epto
cocci. 

Fortunately, laboratories seldom make their own 
media from the components. But if this is done, test-

. ing must begin with the ingredients, as it does with 
most commercial producers of media. Moreover, 
A. P . H. A. permits use of unidentified protein com
ponents, although it does specify the sugars and salts 
to be incorporated. 

' iVhether selective or not, media should be tes ted 
for and have lot to lot equivalence and long term 
stability. Recent studies show, for example, that 
there are no significant differences between media (in 
sealed containers) made over a period of 5 years, but 
that changes may occur after that time, especially in 
selective media. A summary of stability studies on 
the following media, most of which are seldom used 
in the dairy laboratory, but which are representative 
of widely used formulas , yielded the following data 
(5, 6). 

No. Satisfactory No. Unsatisfactory Media lots (Ages in months) lots (Ages ln months) 

Selective 
Bismuth sulfite 5 2 - 67 9 72- 114 

agar Poor reactions 
Brilliant green 5 .5 - 75 6 78 - 101 

Not selective 
No nselect-ive 

C T A medium, 8 4 - 118 0 
Growth scores 79 - 83 

Lactose broth, 11 3 - 116 0 
Growth scores 71-72 

Trypticase soy 
broth, 11' 4 - llO 0 
Growth scores 71-72 

From such results, it is obvious that, properly stored 
in sealed containers, dehydrated media will keep for 
long periods of time, far longer than is necessary or 
desirable for good housekeeping. Recommended for 
conh·ol of dehydrated media, by monitoring monthly 
or biweekly (2, 7, 12, 13) are: 

1. Purchase suitable package sizes, so that no one 
container will be entered over a period of more 
than 2 or 3 weeks. D eterioration of media in 
unsealed containers occurs at different rates, due 
to formulation, humidity, temperature, and other 
factors. 

2. Date on receipt and rotate stock. Maintain a 

supply adequate for 6 to 12 months. Discard 
media in sealed containers, if it is older than 2 
(?) years, or retest thoroughly. 

3. Discard materials in poor condition . Date when 
opened and then discard containers that have 
been opened for any considerable time, whether 
or not there is visible evidence of deterioration. 

4. Store belovv 80 F in a cool, dry place. Store 
assay and other sensitive· media in the freezer 
or refrigerator. 

Generally it is convenient to maintain a log, show
ing receipt, testing, and remaining supply . 

FINISHED MEDIA 

Purchase of dehydrated media that have been 
thoroughly tested by a reputable producer does not by 
any means insure the use of properly functioning 
media in the using laboratory. Many precautions, 
some of them b eing covered by standard methods, 
must be taken at all times. 

pH test. One test that can be done very quickly 
is a pH test, afte?· the medium has been poured and 
solidified in a pla te, without addition of a specimen. 
The reaction should be tested electrometrically, and 
the meter should b e pretested with two fresh buffer 
solutions, one each of pH 4.0 and pH 7.0, and ad
justed if necessary. Depending upon the type of 
meter available, the medium can be tested in the 
plate, or the solid agar can be removed by means of 
a clean knife, to the meter cup. If a medium has 
been over-heated at any time, the pH is likely to fall, 
so that this test indicates whether the medium has 
been made and handled properly, and whether or 
not it should be used. 

The 1967 Standard Methods indicates per~issible 
variation of the final reaction from zero to 0.3 for 
various media. Meters vary somewhat, and it would 
be more sensible and just as accurate to require that 
the final pH (of all media when used) should vary 
no more than ± 0.2 from a stated figure. The U. S. 
Pharmacopeia ( U. S. P. ) formerly required, for a 
number of media, a variation of not more than -+- 0.1 
from a stated pH, but this proved to be impossible 
to meet. The 1970 U. S. P. now requires variation to 
be within ± 0.2, which then permits agreement from 
meter to meter, from year to year, and from one 
laboratory to another, and it also readily eliminates 
unsatisfactory media (10 ). 

The final pH is specified for most media; this is 
the pH of the finished medium. An agar medium is 
not normally used in the liquid form at 45 C. A pH 
at room temperature ( 22 to 25 C) is about 0.5 unit 
less than a t an incubator temperature of 35 C. At 
45 C, results are likely to vary. 
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Performance tests. It is desirable that performance 
tests (1, 2, 7, 11, 12, 13) be done routinely on all cul
ture media. Perhaps a weekly check ought to b e 
done, and wherever possible, at the same time as 
routine tests. The present A. P. H . A. productivity 
tes ts on Standard :tvl ethods Agar, discussed above, are 
exceedingly time consuming and complicated. They 
are probably rarely done in a practicing laboratory. 

Most other media should b e at least checked for the 
correct reactivity. For coliform media, minimal tests 
could be with a typical aerogenic E. coli and with 
B. su.btilis. An overnight broth culture could be 
diluted 1:1000 with sterile water, buffer or broth, and 
a standard loopful of the dilution sh·eaked on a plate, 
or added to a h1 be. 

The test for inhibitory substances includes con
trols on the same plates. Penicillin conh·ol discs tend 
to deteriorate if kept in refrigerators that al.'e fre
quently opened. If this is the case, store the bulk 
supply of discs in a freezer. Once a week remove 
sufficient discs to the refrigerator, for a week's supply 
in the laboratory. 

Incidentally, inoculated spore plates make a good 
test method for toxic residues on plates. If toxic ma
terial remains on plates, clear areas after incubation 
indicate failure of growth. 

Other conb·ol measures , which are nonspecific (3, 
7, 12, 13), should include-

1. Dating and rotation of pi·epared media. 
2. Discarding of plates showing any evidence of 

contamination, or drying, or other . deterioration. 
3. Preparation in sealed containers, if possible. 
4. Storage under refrigeration. 
5. Protection from light damage of all media con

taining indicators. 

Mo ITORING 

Equipment and other materials, as well as culture 
media should be monitored on a regular basis. One 
person should be responsible for the necessary in
spections, records, and tests (2, 7, 9, 12, 13). Some 
examples are as follows. 

Air filters 
(Monthly) 

A.utocuwes 

1 (Constantly) 

CHECK LIST 

Periodicall y expose plates of 
nonselective mediLUn for counts, 
e.g. for 3 hr exposure. See be
low. 
Use of specified temperature 
and time for sterilization of 
media and for other loads . Auto
matic chart records should be 
kept; those with media can be 
attached to th e test records on 
the media . Spore controls and 
tes ts on them . 

Incubators 
( Daily ) 

Ovens and waterbaths 

Refrigerators 
and freezers 
(Monthly) 

pH meters and b·uffers 
(Twice daily) 

Glas8 petri plates0 

and tubes 

Glass pipettes0 

Other glassware 

Temperature during 24 hr. 
Temperature in various areas, 
using them10meters in tubes of 
water. Humidity. 
Record temperatures and adjust 
as necessary. 
Record and adjust temperatures. 
Discard outdated and deteriorat
ed materials. Rotate stock con
tents as necessary. 
Proper adjustment of meters; 
cross check with two standards. 
Date buffers , solutions, tablets, 
etc. 
Discard any that are chipped 
or etch ed. Check cleanliness. 
Test sterility if sterilized "in
house." See that no detergent is 
used, or test that no detergent 
or other possibly toxic material 
remains. 
As for glass plates. In addition, 
check delivery. 
Use glass or stainless steel ware. 
Check for cleanliness and for 
freedom from detergent, etc. 

Swabs 0 Test for sterility and for "tox
icity." Fibers, wood and adhe
sive may be toxic. One test 
method is to submerge for sev
eral days in a broth such as 
Trypticase Soy Broth. Then 
inoculate broth, with and with
out swabs, with small inocula 
of suitable test organisms, snch 
as S. 7Jyogenes. 

• Alternatively, purchase presterilized and pretested items and 
do NOT use more than once. 

Milk and other dairy products may contain many 
organisms that can cause disease - e.g. Brucella., 
Salmonella, Se·rmtia., Pseudomonas, etc. Pasteurized 
samples should be safer than raw ones, but ALL 
samples should be handled with care. 

D airy laboratories could well learn from other 
industries . General monitoring with a medium hav
ing a broad spech·um for microbial growth, such as 
plain U S P Soybean-Casein Digest Agar ( BBL Tryp
ticase Soy Agar) is recommended as being more con
venient than the blood plates commonly used. Such 
monitoring could be applied not only to production 
areas, but also to the laboratory work bench. Set
tling plates may be used, but for surfaces "Rodac" 
plates are more convenient. In the voluntary federal 
conh·ol program, settling plates are required for 
plating work, with a maximum colony count of no 
more than fifteen colonies after fifteen minutes ex
posure to air (9). 

For the future, the following should be considered 
for better quality control. 

1. Standard M. ethods Agm·. D evelopment of a short 
practical test that could be nm weekly or more 
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frequently. 
2. Concurrent performance controls with all media, 

daily or weekly. 
3. Z.mpmved selection of media. 

a. Replacement of the Standard Methods Agar 
with a view to approximation of total micro
bial coverage. 

b . Use of modern, well-defined, and more repli
cable media, which do not contain any crude 
or unspecified, undefined materials such as 
"peptone" or "extract". 
( 1) Violet Red Bile Agar contains crude bile 

salts rather than the sodium desoxycho
late in M-F Endo Broth and in Desoxy

, cholate Lactose Agar 
( 2) Nuh·ient Broth and Agar contain "beef 

exh·act" and could be replaced with 
U. S. P. Soybean-Casein Digest Agar and 
Brotl1 ( BBL Trypticase Soy Agar and 
Brotl1). 

( 3 ) Potato Dextrose Agar has b een replaced 
in Europe by the International Dairy 
Federation medium, D exh·ose Salt Agar. 
Incubation of plates is for 3 days at 20 C 
plus 2 days at 30 C. 

4. Testing or pre tes ting of devices and pipettes, by 
lot (s terilization chamber load or "run"), prior 
to use. Tests should include sterility tests of 
the U. S. P. type and performance tests for free
dom from toxicity and for delivery. 

. ). Pretesting of finished media and dilution buffer, 
by lot, for performance and for sterility. 
Thorough pretesting does not necessarily permit 
om ission of concurrent control tests ( 2 above), 
un less new lots are made almost constantly. A 
year's supply of tubed or bottled media coUld 
he mad ~ or purchased. Concurrent conh·ols 
really provide a systems check, not just of one 
or another item .. 

6 ... Increased use of environmental checks, with 
more rigid requirements. 

7. Increased purchase of quality control witl1 sat
isfactory testing results included in the pu».
chase, so tllat as much nonspecific work as pos
sible can be eliminated from the dairy laboratory, 
and so that the laboratory can get on witl1 its 
own important specific work. 
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SPORE DESTRUCTION WITH HOT CHEMICAL SOLUTIONS' 

M. K. KEOGH
2 AND T. I. H EDRICK 

Departm ent of Food Science 
Mich·i.gan State University, East Lansing 48823 

( Received for publication February 26, 1971 ) 

ABsTnACT 

ine ch emical solutions commonly utilized for sanitizing 
and / or clean i1ig were used in studies on destruction of Bacillus 
sttbtilis spores in laboratory trials and, subsequently, in trials 
with a pilot-plan t size UHT tubular sterilizer. The strengths 
of th e chemical solutions were varied in an effort to determin e 
the most efficient usage. The temperature of these solutions 
was maintained at approximately 93 C, and tl~e tim e was 
limited to 30 min . 

In laboratory trials spore placed on strips of stainless steel 
were sterilized by nine chemicals . The concentration neces
sary for sterilization ranged from 50 'ppm for an iodine com
pound to 12,150 ppm for an alkali compound. In pilot trials 
solutions of sodium dichloroisocyanurate and an acid sani
tizer A, at 300 ppm and 1,500 ppm, 1·espectively, were ef
fective in sterilizing the UHT tubular sterilizer during 30 min. 

Chrome-plated nickel resisted corrosion by each of th e 
nine chemical solutions at 93 C during 8 hr of testing. Types 
303, 304, 316, and 410 stainless steel showed the effect of 
corrosion from two or more of the nine hot chemical solu
tions. Sodium dichloroisocyanurate at 300 ppm had th e most 
deleterious effects on the four stainless steels. The iodine 
compound, at 100 ppm, was second. 

Of th e 14 gasket and other materials tested, one showed no 
visible deterioration when exposed to the nine chemical solu
tions at 93 C for 8 hr, nine softened slightly in one of the 
nine solutions, and three materials showed slight softening in 
two of the solutions. Vespel disintegrated in more than half 
of the ch emical solutions. 

Sterilization of equipment before beginning ultra
high temperature sterilization and aseptic packaging 
( UI-IT -AP ) of fluid milk and other food products is 
essential. The common practice of sterilizing the 
equipment with steam has the disadvantage of re
quiring an excessive amount of time in many plants. 
This may be as long as 2 hr, depending upon various 
factors, such as steam pressure, kind and condition 
of equipment, etc. 

UHT-AP processors desire to reduce the equip
ment sterilization time, but it must be by economical 
means. One possibility is to use a combination of 
hea t and chemical solution, especially with the ap
plication of the full-flood method of cleaning. This 
paper presents tl1e results of laboratory an d pilot 
equipment sterilization trials using heated chemical 
solutions on bacterial spores. 

EXPEHLMENTAL 

Bacillus subtilis A, which had been isolated from sterilized 
milk was grown and h arvested according to th e method of 
Angelotti et al. (1). These bacteria were h eld at 4 C. Tests 
indicated no significan t change in viable numbers occmTed 
whil e each supply was used. The spores inoculated into 
water were used for contamination of surfaces to be test
sterilized. 

In the laboratory trials 0.5- X 2.0-inch strips of type 304 
stainless steel, with a No . 4 finish , were manually washed 
with a detergent solution, rinsed, and dried . One-tenth milli
liter of an aqueous spore suspension containing approximately 
1,400 spores was pipetted onto the stainless steel strip and 
ai r dried at room temperature. The spores were adjusted to 
a water activity of 0.85 during a 24-hr hold in a chamber 
with reduced pressure and a saturated solution of potassium 
chloride at 25 C. The contaminated strips were inserted into 
tes t tubes (screw cap) with 20 ml of the chemical solution . 
The tube contents were heated rapidly to 93 C ± 1 C in a 
waterbath. The sb'ips were removed and drained aseptically 
at regular intervals between 20 to 60 min. Each strip was 
placed in a tube with 20 ml of cold, sterile water. After 5 
min of s11aking, a portion of the water was plated with dex
trose tryptone starch agar and incubated at 35 C for 48 hr 
to determine survival number. Tests were made with known 
small inoculations for a possible growth inhibitory effect. No 
significant inhibition was observed . 

Different sets of six stainless steel strips and 14 gasket 
materials were partially submerged in the nine different 
chemical solutions for 8 hr at 93 C. Each was examined 
visually for evidence of corrosion . 

In the pilot plant trials th e principal equipment, which in
cluded th e tubular sterilizer" and timing pump, were cleaned 
and rinsed by CIP. The product surfaces of this equipment 
were subjected to full-flood contact for cleaning, 1·insing, and 
hot chemical sterilizing operations. Balance tank ahead of 
th e timing pump was manually cleaned and rinsed. 

The sterilizer was contan1inated by circulating an aqueous 
suspension containing approximately 4,700 spores per ml for 
5 min. Gaskets were dipped into th e suspension of spores 
before replacement in the equipment system. Rough tests 
indi cated the contamination of . product contact surfaces of 
the equ ipment were very high compared to these surfaces 
without circulating the spore suspension. 

After contamination , the water with the spores was drained 
from th e system. The chemical solution was pumped into 
the system and heated to 93 C. It was m?intained at that 
temperature during the 30 min recycling period for sterili
zations. Recontamination can occur after sterilization if air 
is allowed into the system by draining the solution. There
fore, th e solution t emperatw·e was increased to 135 C for an 
instant while immediately opening the water valve for in
direct cooling after the sterilization step and also for intro
ducing water into the system to thoroughly flu sh out the 

'tvfichigan Agricultural Experim ent Stat ion No. 5383. 
2 National Dairy Research Centre, Fermoy, Co. Cork, Ireland. 3Spirotherm, Cherry-Burrell Corpor tion, Cedar Rapids, Iowa. 
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TABLE 1. CONCENTHATION OF CHEMICAL SOLUTIONS AT 93 C 

TO STERILIZE STAINLESS STEEL STRIPS DURING 30 MlNUTES 

Compound 

Quaternary A 
Quaternary B . 
Acid sanitizer A 
Acid sanitizer B 
Iodine compound 
Caustic soda 
Sodium clichloroisocyanurate 

Chloramine-T 
Chlorine dioxide 

Usage 
( % ) 

0.37 
7.83 
3.92 
1.18 
0.31 
2.51 
0.12 
1.86 

18.00 

Actire 
ingredient 

(pJlnl) 

400 
3,750 
1,000 

600 
50 

12,150 
200 

3,000 
3,600 

TABLE 2. LETHAL EFFECT OF C IHCIJLATING CHEMICAL 

SOLUTIONS AT 93 C FOH 30 liHN\JTES ON SPORES I N Si\IALL 

T UBU LAR STEHILJZER 

A.cti1·e Trial A T •·i al B 
Usage ingredient sn mpl es samp les 

r.ompound ( o/o ) (ppm) 1, 2, 3 ! , 2, 3 

Quaternary A 0.56 600 +'+ + -' + + 
Quaternary B 11.75 5,625 + + + + + 
Acid sanitizer A 5.88 1,500 + + + + + + 
Acid sanitizer B 1.77 900 + + + + + 
Iodine com 0.62 100 + + + + + 

pound 
Caustic soda 3.77 18,225 + + + + + 

( 48,3tb NaOH ) 
Scdium dichloro- 0.18 300 + + + + + + 

isocyanurate 
Chloramine-T 3.72 6,000 + + + + 
Chlorine dioxide 27.00 5,400 + + + + + 

'+ no spoilage 
spoilage of sample 

chemical solution. 
Nonfat dry milk reconstituted in water followed the rinse 

and was processed at a UHT of 135 C for G sec, before cool

ing to 21 C. Three samples, consisting of the first one gal

lon , the eighth quart, and the twelfth quart, were taken asepti

cally in glass bottles and incubated 2 weeks at 35 C. Each 

sample was checked by sensory means for spoilage and tested 

bacteriologicall y if questionabl e. 
Nine different chemicals were used in the trials. They 

were comm ercial cleaning and / or sanitizing products, but 

most were commonly used :ts sanitizers : chlorine, iodine, and 

qua ternary compounds. Also included in th e study were acid 

sanitizing agents and an alkali compound. 

The active chem icals in the various products were: Quater

nary A, n-alkyl dimethyl benzyl ammonium chloride; Quater

nary B, n-alkyl dimethyl benzyl ammonium chloride and 

tetrasodium ethylenediamin etctraacetatc; Acid sanitizer A, 

ortho phosphoric acid and su lfonated oleic acid, Acid sani

tizer B, ortho phosphoric acid and dodexyl benzene sulfonic 

acid; Iodine compounds, iodine and polyethoxy-polypropoxy 

alkanol iodine; Caustic soda. sodium hydroxide and organic 

sequestran t plus nonionic surfactan t; Dichloroisocyanurate, so

llium dichloroisocyanurate; Chloramine-T, chlorine of chlora

mine-T type and sodium carbonate plus complex phosphates ; 

Oxine, chlorine dioxide. 

R ESULTS AND DISCUSSION 

Results of ex tensive laboratory trials were used to 

establish the approximate strength of each chemical 

solution at 93 C, necessary to desb·oy the B. subtilis 

spores on the stainless steel sh·ips within 30 min . 

The recommended concenh·ation of active ingredieQts 

for sanitizing or cleaning was used as a guide to 

initiate the trials. Thirty minutes was arbih·arily as

sumed to be the maximum time desirable for sterili

zation of UHT-AP equipment. ·water definitely was 

not effective at 93 C for 30 min in desb·oying all the 

spores. The concentrations of nine different chemical 

solutions were increased until lethal for the spores 

within 30 min . Results are presented in Table l. 

·Sodium dichloroisocyanurate was effective at the low 

concentration of 200 ppm. Two and one-half per cent 

caustic soda compound was needed to destroy the 

spores. The minimum strength required of Quater

naries A and B varied substantially b etween these 

two in order to obtain sterility. The required con

centrations were 400 ppm and 3,750 ppm, respective

ly. 

Sterilization of the tubular UHT equipment was 

not accomplished with the same strength of chemical 

solutions used for the submerged stainless steel strips 

when the same temperature and time were maintain

eel. The results of a 50% increase in concenh·ation of 

chemicals, but for the same time ( 30 min) and tem

perature ( 93 C) , are given in Table 2. The t\vo 

chemicals with the lowest concenh·ation were in

creased 100%. However, the viable spores were not 

completely eliminated with seven of the nine different 

chemical solutions a t the concentrations used. So

dium dichloroisocyanurate effectively sterilized the 

tubular sterilizer at 300 ppm. Acid sanitizer A was 

effectively sterilized the tubular sterilizer at 300 

ppm. Acid sanitizer A was effective at 1,500 ppm. 

The use of Quaternary B and chlorine dioxide seems 

to be less practical because an even higher concentra

tion will b e needed to obtain sterility than sho\vn in 

Table 2. Under conditions of the h·ials, the sampling 

and incubation of the first gallon of product given 

the UHT h·eatment appeared to be a more critical 

test for equipment sterility than subsequent sam

plings. The higher concenh·ations required to ster

ilize the UHT sterilizer compared to the stainless 

steel strips was ath·ibuted to the greater difficulty in 

desh·oying the spore contamination on the valve com

ponents and the tubing unions with gaskets . 

Table 3 presents the influence of the chemical 

solutions on common dairy equipment metals. The 

concentration of the chemical solutions used for these 

corrosion studies was the same as used for spore 

desb·uction in the tubular sterilizer (Table 2). Cor

rosion was considered to be a visible or physical 

change in the material such as roughing of the sur-
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TABLE 3. THE EFFECT OF CHEl\!ICAL SOLUTJOKS AT 93 C ON VARIOUS METAL SHEETS 

Chrome-

304 ss 
plated 

Chemical Concentration 303 ss 316 ss •110 ss Nicl<el nickel 

Quaternary A 600 ppm MED4 EX' COR" MED SU COR NE ME EX COH NE 
Quaternary B 5,625 ppm NE' SL EX COR NE NE NE 
Acid sanitizer A 1,500 ppm NE SL EX COR NE SL EX COR NE 

Acid sani tizer B 900 ppm NE SL EX COR 

Iodofor 100 ppm 'E DEF SU COH 
DEF EX COR 

Caustic soda 18,225 ppm su EX COR SL EX COR 
Sodium dichloroiso- 300 ppm DEF5 EX COR DEF EX COR 

cyan urate SL SU"COR SL SU COR 
Chloromine-T 6,000 ppm SL EX COH E 
Chlorine Dioxide 5,400 ppm NE SL EX COR 

'NE = no effect 4 MED medium 
2SL = slight 5DEF definite 

"COR = corrosion 

face, wearing away, pitting, softening, or disintegra
tion. 

Chrome-plated steel showed no visual evidence of 
corrosion by the nine chemical solu tions. The other 
metals exhibited various amounts. Type 304 stain
less steel, one of the most commonly used types in 
dairy equipment, was corroded by eight of the nine 
chemical solutions. Type 410 stainless steel was 
next most · susceptible. It was affected by five of 
the chemical solutions. 

In commercial operations corrosion of equipment 
surfaces is an important consideration. But with 
reasonable care a hot chemical solution for steriliza
tion is not anticipated to present too serious a prob
lem. First, the full-flood system, necessary for ster
ilization, would necessitate that the surface be com
pletely covered with the solution during the steriliz
ing procedure. Secondly, chemically accelerated 
corrosion has been a problem with faulty sanitizing 
procedures for many years . Consequently, the com
mon practice is to sanitize just before use. The 
same practice must be applied to a hot chemical 
solution sterilization of the equipment. By steril
izing immediately before processing and a start-up 
with water to adjust controls, the chemical residues 
are rinsed out of the system before the product 
processing begins. 

SL SU COH 
NE SL SU COR NE 

SL EX COR 
TE DEF EX COR DEFEX COR 

MED SU COR 
NE E NE 

DEF EX COH DEF EX COH NE 
SL SU COR SL SU COR 

NE NE NE 
SL EX COR NE NE 
DEF SU COR 

•su portion submerged in solution 
'EX portion exposed above solution 

Presumably, the spray method would be difficult 
to use for hot chemical sterilization of equipment 
within a reasonable length of time where complete 
destruction of all microbes is essential. 

Sodium dichloroisocyanurate, which was effective 
in spore destruction at the low solution strength of 
300 ppm, was corrosive for all four types of stainless 
steel used in the trials. The other effective chemical 
acid sanitizer A, was much less corrosive at 1,500 pp~ 
than sodium dichloroisocyanurate at 300 ppm. The 
corrosive effect of the other chemical solutions can 
be expected to increase as the concenh·ation is in
creased sufficiently to obtain complete destruction of 
the spores within 30 min in the tubular sterilizer. 

Laboratory trials were conducted with 14 gasket 
and other materials to determine their resistance to 
chemical solutions at 93 C. The same chemicals and 
concentrations shown in Table 3 were used. Glass
epoxy plastic showed no effect in any of the nine 
solutions after exposure for 8 hr. Ethylene propylene 
rubber, nitrile rubber-182, nitrile rubber-733, hycar, 
teflon , silic~pf'! ruber, nylon, glass-filled teflon, and 
graphitar showed only a slight softening in one of 
the nine sQhJtions and no effect in the other eight. 
Neoprene, nitrile rubber-ST, and vitron softened 
slightly in two of nine solutions. Vespel disintegrat
ed in five solutions and definitely softened in a sixth. 
It was not tried in the remaining tliree solutions. 
Selection of resistant material for gaskets and tubing 
is necessary in order to avoid a serious deterioration 
problem. 

A few of the solutions can be adjusted in pH for 
greater effectiveness. Trials are warranted to deter
mine the adjusted pH at which optimum steriliza
tion occurs with minimum corrosion. Since a differ
ence in corrosive effect was observed among the 
chemical solutions when the material was completely 
submerged (Table 3), this fact, as vvell as cost of 
the chemical usage, shou ld be considered in selection 
of the chemical. 

The possibility was considered of the breakdown 
of the chemicals while in solution and maintained at 
temperatures up to the boiling point for extended 
periods. An official (2) of the company supplying 

NE 
NE 
NE 

NE 
NE 

NE 
NE 
NE 

NE 
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all but one of the chemicals stated that there was no 
danger of toxic products being formed under the 
temperature and other conditions of the trials. 

vVhen an equipment sterilization procedure is 
changed, economics as well as effectiveness must b e 
considered . . The cost of sodium dichloroisocyanurate, 
at 65 cents per pound, would amount to approximate
ly 1 cent per gallon of solution with 0.18% ( 300 ppm 
of active ingredient ). Acid sanitizer A, at $2 per 
gallon, and used at the rate of 5.88% ( 1,500 ppm 
active ingrecUent ) would cos t 11.76 cents per gallon 
of solution. Since UHT sterilization equipment is 
cleaned in place, the use of hot chemical solution for 
sterili za tion should not increase the labor cos ts. Some 
initial cost could be involved in CIP programming 
for the use of the chemical. 

In conclusion , hot ch emical solution sterilization 

can be effective with certain chemicals and condi
tions. The practicality under commercial conditions 
for full-flood equipment systems warrants inves ti
gation by plant officials. 
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BOOK REVIEW 

ULTilA-H JGH-TElVI PEHA T IJ HE PHOCESSJNG OF DAIHY PBODUCTS. 

Eu T. R. Ashton , E. L. Crossley, F. O'Co nn er, and A. C. 
O'Sullivan (ed .) Soc iety of Dairy T echnologu , 17 D 9vonshire 
Street, London, 'V l N 2BQ, England, .1969. 

This pamph let is the result of a seminar presented in May, 
1969, in conjuction with th e opening of a new research 
laboratory by th e Agricultu ra l Institute, Moorepark, Ireland . 
It is s i g~> i ficant that a seminar on HT processing should be 
held in association with ded ica tion of a research laboratory 
since, as the participants poin t out, there are still severa l 
problems in UHT processing to be solved. This publication 
will be of interest to all those present ly p rocessing UHT 
products and to scientists engaged in r esearch on UHT 
processing . 

"Engineering Aspects of UHT Processing" was presented 
J,y D. T. Stone. T his included a rev i ~w of th e engineerin g 
design prob lems for both direct and indirect UHT systems. 
Problems with sca ling, res idence tim e, and construction ma
terials (especially gaskets ) were described and commercial 
p lant designs discussed . Th e on ly major inadequacy of t he 
presen t:ltion is in th e discussion on scalin g and the factors 
that influenee it (other than flo w velocity and surface 
roughness) . 

H . Burton presented th e second paper, "Aseptic Paekag
ing," and offered an en lightening revi ew of th e bacteriologi
cal princ iples in aseptic paekaging. Some participants ques
t i::med th e values for spore counts and potential spoi lage 
rate that he used but th e principle was sti ll valid. Avail able 
asr~pti c systems were discussed from th e product contam ina
l'inn standpoint. 

T he problems encountered in p lann ing a large UHT in 
;t:11lation were discussed by T. H.. Ashton in "UHT Mi lk
Practica l Application and Associated Probl ems." Possible 

p!:mt arrangemen ts with th e Tetra-Pak unit, actual start-up 
tondi tions, and flavor an d oxidative changes of milk were 
revie ,ved. 

\ V. K. Downey, A. C. O'Su llivan , and ~. K. Keogh pre
sented th e fourth paper entitl ed, "P hysieal and Chemical 
Characteri stics of UHT Creams. " They described th e ef
fects of milk com position (as a fun ction of seasona l va ria
tion ) and storage cond itions on the fl avor, physical, and 
wh ipping characteri stics of some UHT creams. As partici
pants in th e semin ar pointed out , this was not a complete 
stud y since th e possibl e influence of seasonal variation on 
specific milk constitu ents was not inves tigated . 

·'~;.! tritiona l Aspects of UHT Processed Products" was th e 
title of a paper by S. Y. Thompson. T he nutritiona l q uality 
of milk an d a ccmparison of nutritive changes occurring in 
HTST and UHT milk were reviewed. This paper contains 
an exce ll ent literature review and was one of the bes t papers 
in the semina r. 

Th e seminar was c losed with a paper by H. . S. Henwick 
entitl ed , " Iarket Potent ial for U HT Products." After the 
scient ifi e and technologica l papers it is only fittin g th at the 
market potentia l be explored and exposed . Mr. Henwick 
showed some im agination in describin g possibl e UHT proces
cd products. 

D ARYL B. LUN D 

Department of Food Science 
Universit y uf ' •Visconsin 
Madison, ' •V isconsin 53706 
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Borland La /;oratoru 
D iv ision of Food Science and Industru 

The Pennsylvania State Un iversity 
Un iversity Park, Pennsylvania 16802 

(Received for publication F ebruary 12, 1971) 

ABSTRACT 

Cocoa beans representa tive of different fermen tation prac

tices, flavor types, and geographic origins were coll ected and 

anal yzed microbiologically before and after roasting under 

laboratory conditions which simulated commercial practices. 

The detec table number of microorganisms per gram of bean 

before roasting ranged from 3 X lOS to 4.7 X 107
• After 

roasting th e beans for 40 min at 150 C the counts ranged 

from 103 to 1.6 X 105 per gram. The genus Bacillus ac

counted fo r 91% of the 277 isolates. Onl y bacilH were found 

in roasted beans and Bacillus stearothermophilus and Bacil

lus coagulans were the predominant species. .tvlicroorgan

isms identified in unroasted beans were nineteen species of 

Bacillus, two of Streptococcus, two of J'IJ icrucoccus, two of 

Escherichia, and sin gle species of A erobacter, Flavobacterium , 

and M icrohacterium. 

Cocoa beans are eA1)0rted primarily from \Vest 
central Africa and Brazil with smaller, but still sig
nificant, quanti ties b eing harvested in Ecuador nortl1 
through the southern part of Mexico, the islands of 
the Carribean Sea, and the Southwest Pacific Ocean. 
The variability in quality of this agricultural com
modity is of great concern to chocolate manufac
turers. Much is known about the chemistry of roast

ed cocoa beans . Hovvever, published information on 
microbiological aspects is quite limited. The ob-
jec tive of the present study was to more fully char
acterize the microflora of raw and roasted cocoa 

beans. 

After harvesting, cocoa b eans usually undergo a 
fermentation which facilitates development of fla
vor precursors and helps to remove mucilage from 
the beans. At the start of fermentation, the pre
dominant microflora are yeasts which are then re
pl aced by lactic acid bacteria, acetic acid bacteria, 
and finally spore-forming bacilli as the fermentation 
is completed (3) . In Jamaican beans, Bacillus sub
til-is was identified as the predominant organism aft
er fermentation (7). During this process, the inter
nal temperatures in the b ean heap may reach 50 C 
(3 ).i Moisture in beans is then reduced tci 6% or less , 
most commonly by sun drying, but mechanical dry-

'Authori"zcd fo r publication on Jan uary 6, 1971, as paper 
No. 3905 in th e Journal Series of the Pennsylvani a Agricultural 

Experim ent Station . 

ing is finding increasing acceptance. Dried beans 
are eA1)0rted in bags and are usually stored in silos 

at the processing plant until roa.sted. 

One of the most important processes affecting 
quality involves the roasting of cocoa beans in the 
chocolate factory. During roasting, flavor is devel

oped, moisture is removed, the microbial population 
is reduced, and the shell is loosened from the nib. 

Roasting time and temperature combinations may 
vary from 15 min to '2 hr and from 105 to 150 C (2). 

i\'I ATER!ALS AND M ETHODS 

Bean sa·mples 
Four chocolate manufacturers .supplied th e foll owing beans 

representing different fermentation patterns, flavor types, 

and geographic origins : Arriba (Ecuador ), Bahia ( Brazil ), 

C hana (Afri ca ) , New Guin ea, Samoa, Sanchez ( Dominican 

Republic), Trinidad , m: d a mixture of Bahia and Arriba. 

T emperatu re m easur:Jment and roastin g procedure 
Raw beans were labc ratory-roasted in a forced air STABIL

THERlVI constant tempera ture cabinet ( Blue M E lectric Co. ). 

The mixture of Bal1ia m: cl Arriba beans was used in a pre

liminary study to determine th e temperature gradient in 

beans at various air temperatures. T hermocoupl es insert

eel in the geometric center of the beans were attached to 

a H on eywell-Brown E lectronik potentiometer and tempera

ture recordings were taken p eriodically fo r 40 min. At 135 

150, 160, and 180 C oven air tempera ture equilibrium was 

reached after exposure periods of approximately 10, 15, 15, 

at:cl 20 min , respectively. 

The effect of roasting variables on th e reduction in micro

bial populations was assessed by roasting b eans for 30 min 

at th e above menti oned air temperatures and by vm·ying the 

exposure tim e ( 20, 30, and 40 min ) at constm1t roasting 

temperature ( 150 C ) . All id entifica tion work involved beans 

roasted at 150 C . Organoleptic evaluations and ch emical 

compari sons between samples roasted in the labora tory and 

roas ted cocoa beans supplied by chocolate manufacturers 

indicated th at tim e-temperature com bln~ tions employed in 

this study were representative of commercial practices. 

M-icrobiological analysis 
Immedi ately after roasting, 30 g of beans were blended 

for 2 min with 270 ml 0.1% sterile peptone water in a sterile 
\'Varing Blenclor. D ecimal dilutions were prepared using 

0.1 % sterile p eptone water and were p.l a ted in dupHcate on 
p late count agar ( DifcoJ wit]~ 0.1% K.HPO. added . After 48 
hr incubation at 37 C th e total number of organisms p er 
gram was determined .· . Up roasted . beans w ere t ested for 
coliforms using the . tht~ee-tube , MP m ethod and Iaury] 
tryptose broth ( Difco ), .:. Smnp.l,.es . from tubes showing gas 
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TABLE 1 TOTAL NUMBER OF :MICROORGANISMS IN COCOA 

BEFORE AND AFTER ROASTING FOR 30 MIN AT VARIOUS 

TEMPERATURES . 

Unroasted 
135 
150 
165 
180 

'Average of three trials . 

Number of organlsms/r' 

1.5 X 10' 
2.6 X w• 
2.7 X 1os 
2.8 X 103 

0 

T A!lLE 2. NUMBER OF 1\IICHOOHGANISMS PER GRAM OF COCOA 

BEAN BEFOHE AND AFTER HOASTJNG AT 150 C FOR VARIOUS 

PERIODS OF TIME. 

ltoa st tim e (min) 

Bea n t ~·w· 20 30 40 

(Number of microorganisms/g )' 

Trinidad 
Mixed Bahia 

4.7 X 107 2.2 X 106 4.2 X 10' 6 X 1 0'1 

and Arriba 
Sanchez 
Samoan 
New Guinea 
Ghana 
Arriba 
Bahia 

1.5 X 10' 
5.0 X 106 

2.8 x 10• 
2.0 X 10" 
1.1 x 10• 
8.9 X 10s 
3.0 X 10s 

'Average of three trials. 

1.3 X 10" 
2.6 x 1o• 
1.1 X 10' 
8.1 x 10• 
1.7 X 105 

6.3 X 104 

1.1 X 105 

5.8 X 10' 1.6 X 10'' 
3.8 X 10'' 2.7 X 103 

1.5 X 10' 3.1 X 103 

5.9 X 10' 1.4 X 104 

4.4 X 104 6.4 X 10" 
3.9 X 10'' 6.0 X 10'' 
2.7 X 103 8.4 X 102 

TABLE 3. THE MOST COMMONLY ISOLATED MICROORGANISMS 

IN COCOA BEANS BEFORE AND AFTEH ROASTING FOH VARYING 

TIMES AT 150 C . 

Organisms 

B. stearothermophilus 
B. lichen:iformis 
B. circulans 
B. coagulans 
B. megaterium 
B . brevis 

Time Roasted (min ) 

20 30 40 

- -----( % of isolates)------

18.4 23 .2 18.6 20.5 
14.9 5.4 14.0 9.1 
ll.5 21.4 11.6 15.9 
8.0 10.7 3.6 22.7 
3.4 5.4 7.0 4.5 

10.3 5.4 3.6 4.5 

production after 48 hr incubation at 37 C were transferred 
to 2% brilliant green bil e broth ( Difco) and incubated at 
37 C for 48 hr. Positive tubes were then streaked on eosin 
methylene blue agar for confirmation of coliforms. To de
tennine the mm1 ber of yeasts and molds on unroasted beans, 
dilutions of 10-3 and 10-·• were plated on potato dextrose agar 
I' ( Difco), pH adjusted to 3.5 with 10% tartaric acid l , and in
cubated for 72 hr at 25 C. 

Individual colonies were isolated from plates having 30-
300 colonies. Each isolate was cultured on tryptic soy agar 
slants ( Difco) and classifi ed according to Bergey's Manual 
(1) using procedures described in Labomtory Methods in 
Microbiology (6) and Man·ual of Microbiological Meth:x ls (10), 
except for sugar fermentation tests in which th e mi crotiter 
method described by Fung and Mill er ( 4) was employed. 

RESULTS AND DISCUSSION 

The numbers of microorganisms per gram of mix
ed beans before and after roasting for 30 min at 135, 
150, 165, and 180 C are shown in Table 1. As evi
denced, roasting at 180 C and 165 C for 30 min 
had an extreme bactericidal effect, but these temp
eratures also imparted scorched flavor characteristics. 

The number of organisms found before and 
after roasting for various periods of time at 150 C 
are shown in Table 2. Microorganisms in unroasted 
beans ranged from approximately 3 x 10'/g for 
Bahia beans to 4.7 X 10'/g for Trinidad beans. Yeast 
and mold counts were not significant, being less than 
103/ g in unroasted beans. Only one sample, un
roasted Trinidad, was positive for coliforms ( 110-
MPN/g). After roasting for 40 min, microbial 
counts varied from 8.4 x 102/g for Bahia beans to 
1.6 x 10'/g for the mixed bean sample. As might , 
be ex-pected, the number of microorganisms which 
survived roasting was highest in the most heavily 
contaminated samples. 

A total of 277 isolates from unroasted and roasted 
beans were identified. The majority of these mi
croorganisms belonged to the genus Bacill:us (91%). 
Bacilli commonly found in unroasted beans but not 
in roasted beans were Bacillus cereus var mycoides, 
Bacillus finnus, Bacillus late·rosporus, Bacillus mac
emns, Bacillus polymyxa, and Bacillus pumilus. 
Microorganisms other than bacilli detected in un
roasted beans were Enterobacter ( Aerobacte'l') aero
genes, Esche'l'ichia coli, Esche'l'ichia. fTeu:ncW, Flavo
bacterium lactis, M icrobacter-ittm flavu:m., Micro
coccus candidus, Micrococcus con.glomemtus, Strep
tococcus la.ctis, and Streptococcus thermoph.ilus. vVith 
the exception of M. congl01nemtus, these organisms 
were isolated from 1:10 dilutions and were not con
sidered a part of the predominant microflora. They 
were not detected in roasted beans and presumably 
were desh·oyed during roasting. 

Bacillus stearothermophilus was the most frequent
ly identified isolate in both roasted and unroasted 
beans. Other commonly occurring species were Ba
cillus b·revis, Bacillus circulans, Bacillus coa.gu lans, 
Bac-illus lichenifo'nnis, and Bacnlus megate1"iwn. 

All microorganisms isolated from roasted cocoa 
beans belonged to the genus Bac-illus, of which nine
teen species were identified. As shown in Table 3, 
B. stea.rothe·rmophilus, which is exh·emely heat re
sistant, and B. coagulans accounted for nearly one
half of the isolates from beans roasted for 40 min at 
150 C. Bacillus stearothennophilus, B. coagulans, 
and B. circulans showed more resistance to roasting 
than other species. 

\ .. 
I 
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Cocoa beans analyzed in this investigation repre
sented different fermentation practices, flavor types, 
and geographic areas . D espite these differences, the 
microflora of the samples were remarkably similar. 
Results are in general agreement with those of Osto
var who studied the fermentation patterns in Trini
dad beans (9 ). H e found that the genus Bac-illus ap
peared at the fifth day of fermentation and pre
dominated thereafter. The fact that all of the iso
lates from roasted beans were Bacillus is consistent 
with the report of Mundt (8) who found B. ce1'eu.s 

·and its variants as the principal microorganism in 
finished cocoa powders. Results from tllis investi
gation are also congruent with the isolation of bacil
li and micrococci from 36 samples of cocoa powder 
reported by Gabis et a!. (5) . 
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BOOK REVIEW 

BYPRODUCTS FROM MILK, Second Edition, Edited hy 
B. H. W ebb and E. 0 . Whittier, Published by the AVI 
Publishing Company, Inc., \ .Yestport, Connecticut, 1970, 
428 p. , Price $18.00. 

The detailed addition of progress in byproduct research 
and development during the 20 years between editions of 
this text has made it very current and worthwhile. The 
t~-fme, "Gather up the fragments that remain that nothing 
be lost." (John 6: 12 ), has been the apparent goal of 
the contributing authors; both to assembl e available frag
mentary references and to deal with a subject of special 
concern in our ecology-conscious society. The quali ty 
of the work is refl ected in th e selection of contributors. 
The majority represent the Eastern Utili zation Research and 
Development Di vision, Agricultural Research Service, USDA, 
most responsible for the utilization and development 
of new products from milk. In addition, vV. S. Arbuckle, 
M. F. Brink, E. H . Marth , and T. A. Nickerson strengthen 
coverage of some of these complex subjects. 

New chapters are included describing utilization of milk 
fat, not generally considered a ·byproduct in the past. There 

, also are new contributions reviewing nutritional characteris
· ~ tics and waste disposal. 

The text is very readable and adequately reflects the pur
pose of the editors to assemble the various methods into 
one volvme. 

' 
Authors have combined bulletins, patents, and 

journal contributions making it easy to review the state 
of the art . 

My criticisms of the text are minor. The title of chapter 
two, " Fem1entation Products from Skimmilk," doesn't ade
quately cover inclusion of some whole and partially defat
ted milk products. Centigrade and F ahrenheit temperatures 
were used wi thout consistent policy. Summaries of cur
rent practices did not always refl ect their relati ve merits. 
Preparation of some of the lesser-known products such as 
milk crumb, casein glue, and lipolyzed milkfat products were 
inadequately described ; refl ecting the lack of published ref
erence material. 

In general, this text represents an excellent compilation by 
competent experts. It is certainly an indispensable refer
ence work for anyone involved in the research and . develop
ment of da iry products. It also is a valuable source work 
for those in practical plant operations and for students of 
dairy technology. 

GARY H. R I CHARDSON 

Department of Food Science and Industi·ies 
Utah State University 
Logan, Utah 84321 
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SANITATION IN THE FOOD INDUSTRY' 

D. I. M u RDOCK 

Th e Coca-Cola Company Foods Didsion 
Plumouth , Florida 32768 

AusTHACT 

Plan t sanitation and housekeeping go hand in hand . San i
tary standards are continually changing in direct relat ion to 
our standards of li ving. T here is an un conscious res istance 
to change; the desire to retain old methods, some of which 
may have been extremely insanitary. Some food industri es 
have estabUshed sanitary codes for the design , construction , 
and installation of machinery and equipm ent. Properl y 
drain ed floors and adequate cleanin g faci lities are important 
fea tures of pbnt design and construction. Cer tain aspects 
of equipmen t design are mentioned in cludin g holdin g vessels, 
product pipelines, valves, an d conveyor belts. An effecti ve 
cleaning program is necessary to nnintain a plant in a sani
tary condition. The necessary lools must be provid ed. Check 
lists can be used as an index of sanitation in a plant. Bac
teriological line checks, the di acetyl tes t in the citrus industry, 
and swabs and contact plates for equipm ent contamination 
are al so important tools. Good housekeeping is au important 
adj un ct to sanitation. One company employs a Good House
keeping/ Safety contest as a method of maintainin g a safe 
and neat appear ing plant. 

Sanitation in the food industry is an extremely 
broad subject. It touches upon ·plant design and 
consh'uction, equipment, cleaning, etc. Therefore, 
this paper touches briefly on certain aspects of these 
topics . Much of the material was obtained from the 
citrus industry but would also be applicable to other 
food operations. 

' Vhen one thinks of plant sanitation or the sanita
tion of an operation, one usually associates cleanliness 
with plant appearance. In other words: Is the plant 
clean, is it neat, well painted and is it being kept in 
good repair? 

Being a sanitaria1;1 is a thankless job. It is like 
hitting one's head against a stone wall. The wall 
usually is the "red light" put up by management who 
usually states, "'What's vvrong with the place? It 
looks alright to me. ·why the continual harp about 
keeping a plant clean?" One of the most timely 
reasons for keeping a plant clean appeared in the 
Oakite News ( 3 ). "H enry Ford, one of the most 
successful industrialists this country has ever pro
duced, was asked what he would do if he suddenly 
found himself the head of a business that was failing 
because of excessive production costs . H e quickly 
answered: 'The first thing would be to see if the 

'Presented at the 57th Annual Meeting of the International 
Association of Milk, Food, and E nvironm ental Sanitarians, Inc., 
Cedar Rapids, Iowa, August 17-20, 1970. 

plan t was clean . It is a hundred to one that I would 
find it dirty. I would clean it up . There is nothing 
so demoraliting to personnel as a dirty shop. Such 
a place drives away good men and attracts bad ones.'" 

This statement was made a generation ago but it's 
just as timely today. Given a choice, no one would 
elect to work in a dirty plant. Every plant manager 
and foreman wants a man who will do his job well, 
but if that man is forced to work in filthy, unkept 
surroundings the chances are his worst traits, rather 
than his best will come to the surface. No one can 
be expected to give his mos t for a company that 
seemingly doesn't care about him or his personal 
working conditions . I repeat, no one can be expect
ed to give his most for a company that seemingly 
doesn't care about him or his personal working con
ditions. This was true 60 years ago and it's tru e to
day and we venture to say will be true 60 years from 
now. Contented personnel produce more. There 
are fewer rejects. Quality is higher and costs are 
lower . Again: in a clean, well managed plant there 
are fewer rejects, quality is higher and cos ts are low
er. Most readers are concerned with costs; direct1y 
or indirectly management is continually looking for 
ways to cut costs, but let me say this: costs cannot 
be redu ced in a dirty, sloppy plant operated by dis
contented personnel. In other words , you can't have 
your cake and eat it too. 

Have you ever b een to Disneyland, Anaheim, Cal
ifornia? If so, maybe you obtained the same impres
sion I did the first ·time I paid this fabulous place a 
visit. \Vhat struck me more than anything else was 
the cleanliness of the whole operation. The grounds 
were so clean that one felt as if he committed a minor 
offense by dropping a cigarette butt or a chewing 
gum and/ or candy wrapper on the ground. In other 
words, cleanliness ·promotes cleanliness. 

SA ' ITARY I NDEX 

The first topic I would really like to discuss is 
what I call the sanitary index. Our sanitary index, or 
standards for sanitation are continually changing like 
a sb·eam of water which during a spring flood has 
just overflowed its banks . It spreads out with great 
force and fans out over the countryside. People who 
were never concerned with flood waters are now 
suddenly faced with them. As the water spreads, 

, 
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more and more people suddenly find their feet get
ting wet, so-to-speak. This analogy also can be ap
plied to the food industry that is now suddenly 
faced with FDA's GMPs. Those that are most con
cerned might be looked on as the food manufacturers 
closest to the break in the dike; or the bank where 
the force is the greatest. That would be, for example, 
the shrimp industry. As we spread out, others are 
finding that they now are suddenly getting their 
feet wet in regard to sanitation. People who here
tofore never thought mu ch about the importance of 
sanitation are now faced with it. 

As I stated, our sanitary standards are fluid and 
continually changing in direct relation to our stand
ards of living. V./ e now demand better sanitation 
in our food processing operations . Vilhat was good 
yesterday is not acceptable today. As an example, 75 
to 100 years ago, the outhouse vvas considered mod
ern. It was the ultimate in design and convenience. 
vVouldn't it be a catastrophe if we had resisted change, 
and when people take their coffee break they have 
to look forward to this type of facility. Fortunately, 
we now have come a long way and now accept our 
modern restrooms as commonplace. Food processing 
plants also have changed and modernized their meth
ods of operation from wooden equipment and h and 
operations to highly mechanized processes of today. 

RESISTANCE TO CHANGE 

VVe have seen how our living standards are con 
tinually changing and applying this to the food in
dustry, one is faced with a number of obstacles. This, 
I call resistance to change-the desire to maintain 
old standards in food processing. Every one has a 
certain amount of built-in resistance to change. Un
fortunately, this resistance to change is still with us 
in the food industry. Many readers perhaps have 
heard the remark : ''I've clone it this way for 30 years. 
\ Vhy should I now suddenly change?" I, personal
ly, have been confronted with this statement on many 
occasions in the pea and corn industry where the 
processor was resisting changing from wooden to 
metal equipment. In this particular case wood was 
responsible for spoilage which was occurring in his 
product after it had . been processed and stored in 
the warehouse. Unfortunately, this resistance to 
change is something that we are going to be faced 
with continually. Some industries, who were once 
very prosperous, have now gone out of existence b e
cause of their adherence to staid old methods and 
their lack of foresight to change with the times. 

S ANITARY CoDES 

Sanitary codes have been developed not only to 

overcome res istance to change, but primarily to have 
a uniform standard of design. The primary purpose 
was to establish criteria for manufacturers in the 
design, construction , and installation of machinery 
and equipment which can readily be maintained in a 
clean and sanitary condition. For example, the dairy 
industry has the 3-A Standards covering equipment, 
design, fabrication , installation, etc. 

PLANT D ESIGN A!\D CONSTRUCTION 

In order to have a sanitary operation, one must 
first have a plant that has sanitation designed into it. 
Along this line, I would like to mention several items 
which have caused me a certain amount of anguish 
throughout th e years. · 

The first is: Floors which should be self
draining, readily cleanable, kept clean, 
and in good repair. 

The other : Cleaning facilities which should 
be adequate for the operation to be per
formed. 

This might sound facetious but if we could place 
floor drains in the lower part of the floor, in my 
opinion, we would come a long way in sanitary de
sign of a plant. I have seen floor drains not only in 
th e citrus industry, but in many other food plants 
as well, where the drain is placed in the high part 
of the floor and the employees are required to squee
gee the water to the drain. I just recently visited a 
new food processing plant. Floors in this case were 
perfectly level with drains spotted here and there. 
\i\Tater had to be squeegeed to the drains; a time-con
suming operation. In connection with the floors 
themselves, there is great need for a surface ma
terial that will stand up under acid conditions. Epox
ies have been used but there is still room for im
provement. 

The other item, many times overlooked, is the de
tergent system. Plants are frequently designed with
out any thought given as to how the equipment is 
to be cleaned. The ability to keep equipment clean 
and sanitary is just as important as the processing 
operation itself. Equipment might be of sanitary 
design and consh·uction but unless proper tools are 
provided for cleaning, it cannot b e kept in this con
dition . This item is so important but is frequently 
overlooked in a large number of our food processing 

plants. 

EQUIPMENT D ESIGN Al\T]) PLANT LAYOUT 

Likewise, I would like to touch upon equipment 
design . Equipment should be so designed and of 
such material and worlnnansbip as to be adequate!~ 
cleanable. I 
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INSIDE OF 
VESSEL 

CROSS SECTION OF PROCESSING VESSEL 

Figure l. Cross section of processing vessel for self drain
ing (Courtesy of Cherry-Burrell Corp.). 

Holding vessels; that is, storage tanks of all sizes, 
should be self-draining (Fig. 1). Unfortunately, this 
is not usually b:ue. I have seen tanks as large as 
50,000 gal capacity which could not be completely 
drained. Such a holding vessel is almost impossible 
to properly clean and, as you can imagine, creates 
sanitation problems. 

Manholes used on many large holding vessels also 
should be of sanitary design, as illush·ated in Fig. 2. 
Tanks are sometimes designed with manholes pro
h·uding from the side wall (Fig. 3). This is an 
extremely insanitary type of construction. It not 

HORIZONTAL STORAGE TANK 

only creates a dead pocket but the cover is also diffi
cult to remove. I have observed tanks as large as 
50,000 gal capacity with this type of manhole. The 
gasket, in this instance, was a serious source of 
contamination. Some vessels have covers bolted i~ 
place making them difficult to remove when cleaning 
the tank. A hinged cover with over-lapping lip 
would be more sanitary. 

It is highly important that the engineer and sani
tarian work together closely to make sure that sani
tation is designed into the equipment and/ or the 
plant itself. 

PRODUCT PIPELINES 

Product pipelines should be self-draining or other
wise designed so that the food product will not re
main in them after they have been flushed with water . 
For sanitary reasons , pipes should be heli-arc welded 
instead of resistance welded. The first type results 
in a smooth surface inside the pipe in direct con
trast to the latter, which produces a very rough 
condition. 

A sanitary fitting should have the ferrule proper
ly attached to the pipe; otherwise a crack or crevice 
will result. Welded connections and fittings provide 
areas for microbial growth which may be serious if 
a large number exist in a plant. 

Flange connections should not be used, if possi
ble. Instead, pipes should be either vvelded or a 
sanitary fitting used. These types of connections, 

VIEW OF MANHOLE. 

SHOWING RELATIVE SIZE 

Figure 2. Holding vessel with sanitary designed manhole (Courtesy of Cherry Burrell Corp.) . 
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Figure 3 . Tank with imanitary designed manhole. 

when used in food product pipelines, are extremely 
insanitary. I notc: d 30 of these flanges on a 2-inch 
line in one plant over a distance of approximately 60 

; ft , and 29 on a 6-inch line. A swab made from one 
of the gaskets on the 6-inch line showed a total of 
16,000 organisms per 3 inch2 area when plated . In 
this instance, product entering this piping system con
tained less than 10 organisms per milliliter and was 
being recontaminated through use of numerous pipe 
fl anges . 

VALVES 

Product valves should b e of sanitary design. There 
are a number that fal~ in this category such as Key
stone, ~'lills - :tvicCanna, and the dairy sanitary stain
less steel valve. However, there are still a number 
of insanitary valves used in the food industry. The 
gate valve ( Fig. 4), for example, is extremely insani
tary. In order to clean this valve properly, it must 
be completely dismantled. Valves of this type can
not .be cleaned-in-place. Several years ago I visited 
a clog food canning plant vvhich was having trouble 
with hea t-resistant organisms of the "putrefactive 
anaerobe" type which caused spoilage in their finish-

eel warehoused product. In this installation gate 
valves were used throughout. An inspection showed 
the equipment to b e cleaned properly, except for 
the gate valves, which when dismantled were found 
to contain maggots. \iVhen these valves were changed 
to a sanitary type, the processor experienced no more 
sp oilage. 

D EAD ENDS 

A dead end is a space without an outlet. It is an 
area where product, cleaning and sanitizing agen ts, 
or extraneous matter may be trapped, retained, or 
not completely displaced in normal operation or 
cleaning procedures. A dead e~d can take various 
forms. D ead ends usually result when the processor 
endeavors to make his plant extremely versatile. In 
so doing, he has pipelines available which permit him 
to use various processing arrangements. Consequent
ly, the possibility exists th at certain lines may not be 
cleaned and subsequen tly when they are re-used, 
they become a serious source of contamination. An
other som'Ce of dead ends is where the old product 
lines or unused lines are left in place, resulting in a 

Figure 4. Gate valve-not designed to b e used on food 
p roduct p ip elines . 
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portion of the line creating a dead pocket. 

Cor-.rvEYOR BELTS 

Conveyor belts in food processing plants should 
be kept clean and sanitary at all times. The design 
of some belts leaves a lot to be desired. For example, 
some have wooden sides, others have an open space 
between the edge of the belt and the sides, allowing 
food particles to become h·apped permitting micro
organisms to grow; thus contaminating product as 
it passes by. On the other hand, one might have a 
sanitary designed belt but neglect the roller bed on 
willch it h·avels. If rollers are not operative, they 
will collect organic matter; thus, contaminate the 
belt. Where practical, belts should be continually 
sanitized by means of chlorinated water sprays. 

PREVENTIVE S ru'ITTATION 

One can have the most modern food processing 
plant but unless the equipment is maintained in a 
sanitary condition through an effective cleaning pro
gram, a modern installation can become an exh·eme
ly insanitary operation . In order for the program to 
be effective, the necessary tools must be provided 
to accomplish the clean-up in a minimum of time 
with a minimum of effort. The ultimate in any 
cleaning is to have the operation programmed. In 
the not too distant future, I predict that most of our 
cleaning operations vvill be programmed. Indush·y 
will b e forced to take this route not only because of 
the human factor one is faced with in a clean-up 
operation where every clean-up is different, but the 
difficulty in obtaining competent help and the cost 
of such help. 

SANITATION AUDIT 

How does one determine the condition of ills 
plant? One method is by making frequent inspections 
of the operation. I like to use check lists for this 
purpose. It can be made a combination of sanitation 
and housekeeping since both go hand in hand. Var
ious types of lists can be used. The usual practice is 
to develop a form for the plant involved. However, 
a tmiversal form can be used if you are to cover 
plants producing the same type of product such as 
frozen citrus concenh·ates. 

In making checks of a plant, it is advisable to have 
the foreman of each department accompany the in
spector. In our operation, results of the inspection 
are kept at the plant level. It is circulated to the 
plant manager and Quality Assurance supervisor and 
the sanitarian, if one is attached to the plant. How
ever, if no action is obtained, a summation report is 

published monthly listing all insanitary items that 
still exist after two or more inspections. Tills is 
given a wider circulation. In other words, top man
agement is notified where the insanitary or poor 

~ 

housekeeping practices exist. 

BIOLOGICAL APPROACH 

I have discussed the use of plant inspections as a 
means of determining the sanitary and/ or housekeep
ing condition of a plant. Now I would like to discuss 
with you what I call the biological approach. 

In the cih·us indush·y the diacetyl test, which re
quires less than an hour to perform, has been develop-
ed as a rapid procedure for detection of microbial 
activity in processing orange and grapefruit concen
trates (1 , 2). The diacetyl test is a colorimeh·ic meth-
od for detection of diacetyl and acetylmethylcarbinol, 
end products of bacterial growth produced in orange 
juice principally by the organisms in the genera Lacto- ' 
bacillus and Leuconostoc. It is a very effective qual-
ity conh·ol tool. 

Another method is the use of line checks willch 
involves collecting samples of product from various 
processing operations and then plating the samples. 
However, line checks require 48 hr or more before 
the results are obtainable. 

Another tool is the use of swabs. Tl1is is an ef
fective method that can be used to determine equip
ment contan1ination. Various other methods have 
been developed to determine contamination on sur
faces-such as the Rodac and contact plates. 

HousEKEEPING 

\i'/e have discussed the various methods that can be 
used to point out and/ or detect poor sanitary prac
tices. How does one maintain a neat and clean 
operation? Of course, management's attitude in this 
regard plays an important role. One method to 
create the incentive to keep the plant clean is a 
housekeeping contest. Each year, our Cih·us Division 
operates a contest which is a combination of both 
safety and good housekeeping. This is the 12th 
year we have carried on this program. Posters us
ing a catchy slogan announcing the contest are placed 
in each plant prior to the start of the program. Some 
examples are: "STOP ACCIDENTS," "CAUTION
THI TK FIRST," "GO CLEANER AND SAFER," 
"WANTED-CLEA ER AND SAFER PLANTS FOR 
'65," and currently, "STAY SAFE-KEEP IT CLEAN 
I1 1970." A booklet describing tl1e program is pre
pared. One item which has aroused considerable in
terest is our Safety Sam slogans. During the day of 
the plant inspection, or n;vice each month, a Safety 
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Sam slogan is posted on the bulletin boards at each 
plant. At the end of each review the area person
nel and safety manager draw from a hat at least 10 
plant employees names. The p ersonnel manager then 
contacts the eligible hourly employees in the order 
in which their names were drawn from the hat. The 
first one to repeat the slogan word for word, is award
ed h·ading stamps redeemable at the local redemption 
store. If the employee is working in an inspection 
area rece1vmg a perfect score (no points lost ) dur
ing the current review, the award will be 5,000 
trading stamps; otherwise, 3,000. Of course, the 
purpose of this phase of the program is to make our 
employees more safety minded. 

Prizes in the form of stamps are drawn at the 
end of each contest period. The winning plant re
ceives $2.00, in the equivalent of stamps, per eligible 
employee and the second plant $1.00 per eligible 
employee. The annual cost of this plant contest 
is from $2,300 to $2,600-this is for tvto of our 
plants. As a result, the morale of the employees, 
overall plant sanitation, and efficiency have been im
proved. 

I hope that I have been able to give you some 
worthwhile information concerning sanitation and 
housekeeping as it applies to the food indush·y. Be
fore closing, however, I would like to include a short 
poem which I believe is appropriate. 

He walked up to the h eavenly gates, 
His face was scarred and old. 
He stood before the man of fate 
For admission to the fold . 
" \¥ hat have you clone," Saint Peter asked, 

" to gain admission here?" 
"I w·as a sanitarian 

Sir, for many, many a year." 
The pearly gates swung open wide 
When Saint Peter touched the bell. 
"Come in and choose your harp," he said

"you've had your share of . h ell." 
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LETTER TO EDITOR 

Perishable and potentially haza1·dous foods defined 

Dear Sir : 
At a meeting of th e Board of H ealth of the Department of 

Health h eld April 13, 1971, the followin g resolution was 
adopted : 

RESOLVED, that the section h eading of section 81.07 ap
pearing in the schedule of section headings of Article 81 of 

i the New York City Health Code, as amended by resolution 
adopted on the sixteenth day of November, nineteen hundred 
sixty-seven and filed with the city clerk on the fourth clay of 
December, nineteen hundred sixty-seven, be and the same 
hereby is amended, to read as follows : 
81.07 Food; refrigeration required if perishable; refrigeration 

or h eat treatm ent required if potentially hazardous; 
microbiological examination authorized and confor
mance to standards required if designated potentially 
h azardous by Commissioner 

Resolved fmther , that section 81.07 of the 1 ew York City 
Health Code, as enacted b y resolution adopted on the 
twenty-third clay of March, nineteen hundred fifty-nine and 
filed with. the city clerk on the twenty-fourth day of March, 
nineteen hw1dred fifty-nin e, be and the same h ereby is 
amended, to be printed together with explanatory notes, 
to read as follows: 
§81.07 Food; r efrigeration required if perishable; refrigera

tion or heat treatment required if potentially h azard
ous; microbiological examination authorized and con
fo rmance to standards required if designated poten
tially hazardous by Commissioner 

(a) Perishable foods, unless othen vise provided and ex
cept those specified in subsection ( b ) of this section, sh all 
be kept at all tim es under appropriate refrigeration at a 

temperature no higher than 45 F in order to prevent spoilage. 

( b ) Perishable food s consisting, in whole or in part, of milk 
or milk products, eggs, meat, poultry, fish, shellfish or 
other ingredients capable of supporting rapid and progres
sive growth of pathogenic microorganisms shall be deemed 
to be potentially hazardous foods. Such potentially hazard
ous foods shall be kept at all tin1es under appropriate re
frigeration at a temperature no higher than 45 F or under 
appropriate h eat treatment at a temperature no lower than 
140 F. 

(c) The Commissioner may designate, by administrative 
order, the names or types of potentially hazardous foods 
which shall be subject to microbiological examination by 
the Department. Such administrative order or orders shall 
be published forthwith in the City Record. 

(d) No person shall manufacture, produce, pack, possess, 
sell , offer for sale, deliver or give away any potentially 
hazardous food of th e name or type designated pursuant to 
subsection (c) of this section which contains bacteria in 
excess of the followin g standards: 

( 1 ) More than 100 per gram of hemolytic Staph
ulococcus aureus; or, 

( 2) More than 100 per gram of coliform organ
isms; or, 

( 3) More than 100,000 per gram in the total 
bacteria plate count; or, 

( 4) No fecal coliform and no Salmonella, Shigella 
or other pathogeni c microorganisms. 

(Continued on Page 384 ) 
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·GERMINATION OF SPORES OF CLOSTRIDIUM PERFRINGENS 
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ABSTRACT 

Germination of spores of Clostridium perfringens S-45 was 
optimal at pH 6.0 at a temperature of 30 C in a medium freed 
of cUssolved oxygen. Heat activation was necessary, and 
maximal germination occurred when spores were heated for 
20 min at 75 C. Of th e various materials examined, a 
combination of cystine and soditun chloride was most ef
fective for inducing rapid and complete germination. 

Clostridium perfringens is an anaerobic spore-form
ing bacterium known to cause food poisoning, par
ticularly as the result of the consumption of certain 
meat dishes (11) containing this organism. Dische 
and Elek (5) suggested that spores of this organism 
present on meat may survive ordinary cooking and 
subsequently germi11ate if conditions are suitable. Al
though a number of agen ts can induce germination 
in bacterial spores (9 ), the specific conditions for 
and stimulants of germination of spores of tl1is or
ganism have not been well defined. The purpose 
of th e present work is to further determine some of 
the environmental conditions and nutritional re
quirements for rapid germination of spores of a 
strain of C. perfringens. 

1'- IATER!ALS AND METHODS 

Clostridium. ·pe1jringens strain S-45 was used in th ese stud
ies. The original culture was obtained from Dr. K. Vi'eiss, 
University of '~' isconsin, Madison. The organism was main
tained on cooked meat medium stored at room temperature. 

Spores were produced on the following medium (AvV med
ium) consisting of yeast extract, 1.5%; Bacto tryptone, 1.0% 
>o luble starch, 0.5%; K,HPO.,, 1.75%; urea, 0.5%; barbituric 
acid, 0.1%; bovine sen,1m a lbumin ( BSA, crystallized and 
lyophilized ) (Sigma Chemical Co., St. Louis, Mo.), 0.4%; 
and min eral mixture, 1.0% (by volume). The mineral mix
ture contained MgSO. · 7H,O, 2.0 g; MnS04 . H 20 , 0.46 g; 
NaCl, 1.17 g; CaC!, · 2H20, 6 g; ZnSO. · 7Hz0, 1.34 g; and 
FeSO. · 7H.O, 1.11 g. Each salt was separately dissolved 
in 0.1 N HCl and combined to a final voltm1e of 1 1. BSA 
was steri lized by Seitz fi ltration and added with th e mineral 
mixture at th e time of inoculation. 

The inoculum for production of spores was prepared by 
inoculating 15 ml of fluid thioglycollate medium ( Difco) with 
1 ml of stock culture and incubating at 37 C for 20 hr. One 
ml of this culture was transferred to 15 ml of broth containing 
yeast extract, 1.5%; t1·yptone ( Difco) , 1.0%; soluble starch, 
0.5%; and KzHPO., 1.74%. After 16 hr at 37 C, the cultures 
contained vegetative cells and endospores; th ese cultures were 

'Present address: School of Med icin e, University of California, 
Davis, California 95616. 

aerated by shaking for 4 hr at room temperature to enhance 
maturation of th e spores . If spores were not observed at tlus 
stage, production of large quantities of spores was not likely 
to occur in later steps; this medium was not satisfactory for 
sporulation of all strains of C. pe1j·rin gens. After pasteuriza
tion at 75 C for 20 min, the resultant suspension was sub
cultured in fluid thioglycolate medium at 37 C for 8 Ill'. 
These subcultmes were used as inocula ( 10% by volume) for 
production of spores in AvV medium. 

The mecUum containing spores was stored overnight at 
5 C before harvesting. Spores were collected b y centrifuga· 
tion and washed several times in cold phosphate buffer ( 0.067 
lvl , pH 6.0 ). Aeration at room temperature followed by 
storage overnight at 5 C permitted lysis of vegetative cells. 
After several additional washings, the final preparation con
tained essentially refractil e spores . Spores were kept frozen, 
and were thawed and suspended in distilled water when 
needed . These suspensions contained approximately 1.5 X 

108 spores/ ml and were used within a week because, after 
storage for 1 or 2 months at refrigeration, microscopic exam
ination revealed some germination . 

Medium 1 was used to correlate optical density ( O.D.) 
with loss of heat r esistance of spore suspensions, to determine 
optimal temperature for heat activation, and to observe ef
fects of pH, temperature, and oxygen on germination . The 
medium consisted of yeast extract, 0.5%; casitone, 0.75%; 
glucose, 0.5%; NaCl, 0.25%; sodium thioglycolla te, 0.05%; and 
cystine, 0.5%. Cystine was dissolved first in water adjusted 
to a highly alkaline pH. The final pH of Meditm1 1 was 
adjusted to pH 7.0. Before inoculation the meditll11 was 
steamed to drive off disso lved oxygen. Germination approach
eel 90% within approximately l hr; little or no outgrowth 
occurred during this tim e. Medium 2, which was Medimn 
1 diluted by one-half, was used in experiments in which a 
slower rate of germination was desired. Extent of germina
tion was estimated on a Spectronic 20 Colorimeter (Bausch 
and Lomb ) by th e decrease in O.D. at 610 run. The per
centage of germinated spores was calculated by using tl1e 
equation of Hachisuka et al (10). Decrease in O.D. and sur
vival at 60 C for 15 min were compared since loss in O.D . 
and loss of h eat resistance are related to germination (12, 23, 
31). Spores were incubated at 37 C in Medium 1; samples 
were withdrawn at various tim e intervals, and O.D. and num
ber of spores surviving the h eat treatm ent were determined. 
Surviving spores were enum erated on SPS agar without anti
biotics (1) using the pouch technique (4) . The p ercentages of 
germination calculated from the two techniques differed by 
less th an 5%. 

For h eat activation, spore preparations were h eated for 20 
min at 75 C. All germination studies were done after re
moval of cUssolved oxygen by steaming the medium before 
inoculation. 

REsuLTs ,\ ND Discuss101 

H eat activation of spores of C. perfringens S-45 
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Figure 1. Percentage germination of spores of C. perfri.n 

gens upon incubation for various time intervals at 37 C in 
Medium 2 aft er heat activation fo r 20 min at the indicated 
temperatures. 

z 
0 
i= 
<! 
z 
~ 
0: 
w 
~ 

f
z 
w 
u 
0: 
w 
a._ 

15 30 
T I ME I N M I N U T ES 

pH 7.5 

pH 8.0 

pH8.5 
pH 9.0 

pH 9 .5 

45 

,Figure 2. Effect of pH on the extent of germination of 
spores of C. p e1jringens incubated at 37 C in Medium 2 for 
various tim e intervals. 

increased with an increase in temperature from 60 C 
to 75 C (Fig. 1 ) . Germination decreased when 
the temperature was raised to 80 C. A temperature 

of 75 C for 20 min was considered optimal for the 
activation of spores of this su·ain of C. pm'fringens. 
This treahnent was used in subsequent experiments. 
The optimal heat-activation requirements may vary 
for other strains of this organism and for spores 
produced under other conditions. Barnes et al. (2) 
observed that, in blocks of fresh meat, spores of 
heat-resistant sh·ains germinated poorly unless the 
spores were activa ted at 70 C for 30 min either in 
the meat or in suspension before inoculation. Rob
erts (25) reported that spores from food poisoning 
sh·ains defined as producing exceptionally heat re
sistant spores showed a high degree of heat activa
tion; whereas spores of "classical" su·ains showed 
little heat activation. He also observed differences 
in degree of heat activation between spore crops of 
the same strain obtained from two different sporula
tion media. Duncan and Strong (7) found that heat
ing at 60 C to 70 C for 20 min yielded optimal ac
tivation of heat-sensitive spores; whereas heating 
at 80 C for 10 or 20 min was optimal for spores show
ing heat resistance. The spores in our work were 
not considered to be exceedingly heat resistant and 
had an average Dooc of 2.85 min. 

The influence of pH on germination was observed 
over a range of 5.5 to 9.5 (Fig. 2). Values between 
pH 5.5 and 7.0 favored germination, but the great
est percentage of germinated spores consistantly oc
curred at pH 6.0. Rapid germination of PA 3679h 
occurs also at pH 6.0 in the presence of sodium 
niu·ate (6); but in the presence of L-alanine and so-

TABLE l. I N FLUENCE OF COl'vill!NATIONS OF CYSTINE, CYSTEu'IE, 

THYPTOPHAN, AND GLUCOSE O N GERMINATION OF SPORES OF 

C. perf'rin gens I NC UBATED AT 30 C, P H 6.0, FOR 40 !>fiN. 

Per cent 
:\ l ctlia a germination 

L-Cystill e plus glucose 53 
L-Tryptophan plus glucose 25 
L-Cysteine plus glucose 17 
L-Tyrosine plus glucose 0 
L-Cystine plus L-tryptophan plus L-cysteine plus 49 

L-tyrosine plus glucose 
L-Cystine plus L-tryptophan p lus L-cys teil1e plus 50 

glucose 
L-Cystine plus L-cysteine p lus L- tyrosille plus 0 

glucose 
L-Cystine plus L-tyrosine plus glucose 0 
L-Cystine plus glucose plus sodium nitrite 51 
L-Cystine plus sodium bicarbonate plus glucose · 52 
L-Cystine plus sodium bicarbonate 60 
L-Cystine plus sodium bicarbonate p lus glucose 65 
L-Cystine plus sodium chloride plus glucose 82 
L-Cystine p lus sodium chloride 82 

' The following levels of constituents were used : cystine, 0.5 
mg/ ml; tryptophan , 1.0 m g/ml; cysteil1e, 1.0 mg/ ml; tyros~e, 
0.4 mg/ ml; glu cose, 0.5%; sod ium bicarbonate, 0.25%; sodmm 

chloride, 0.5%. 
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Figure 3. Effect of temperature on the extent of germina
tion of C. pe1jringens spores incubated in Medium 1, pH 6.0, 
for various time intervals. 

dium pyrophosphate, germination is most rapid at 
pH 8.5 (29). 

Germination occurred at temperatures ranging 
from 7 C to 46 C (Fig. 3) . The extent of germina
tion increased with increasing temperatures; a broad 
range of favorable temperatures was observed be
tween 27 C and 46 C, but the most favorable tem
perature consistently appeared to be 30 C. Ger
mination occurred readily at 7 C and 15 C, but out
growth did not occur at these temperatures. 

Germination was rapid in medium 1 after re
moval of oxygen by bubbling nitrogen through the 
medium or by steaming the medium. Germination 
was minimal when oxygen was not removed from 
the medium. These observations are in agreement 
with those made on C. perf1'ingens by ViTynne and 
Harrell (33) and Wynne et al. (4). Some clostridial 
spores do germinate, however, under aerobic condi
tions (10, 29, 33, 34). 

Subsequent observations on germination of spores 

of this organism were made at pH 6.0 and at a 
temperature of 30 C in media freed of dissolved 
oxygen and inoculated with heat-activated spores. 

Several complex nitrogenous substances enhanced 
germination (Fig. 4). Germination was most ex
tensive in the presence of vitamin-free casamino 
acids ( Difco) and next most extensive with cas amino 
acids with vitamins ( Difco) . Yeast extract ( Difco ) 
and trypticase ( B.B.L.) were ·the least effective of 
the substances examined. Differences in germina
tion may be attributed to variability in the constitu
en ts of these products. Vitamin-free casamino acids 
contained 38% sodium chloride, casamino acids with 
vitamins contained 14% sodium chloride. In addi
tion , the latter preparation contained 2% phosphate. 
Yeast extract and h·ypticase contain lower concen
trations of sodium chloride than do casamino acids. 
Vitamin-free casamino acids enhance germination of 
C. bifennerrtans (8), but evidently affect spores of ' 
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Figure 4. Percentage germination of spores of C. per
frin.gens in the presence of various concentrations of yeast 
extract ( Y.E.), trypticase ( T. case), vitamin-free casamino 
acids (CAA), and casamino acids (CAA-V) after incubation 
for various time intervals. A pH of 6.0 and incubation temp
erature of 30 C were used. 
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C. botuli.num very little (15, 28). Yeast extract (5%) 
causes rapid germination of spores of C. botulinum 
(15, 28). These variations probably reflect species 
differences as well as compositional differences in 
various batches of these nitrogenous materials. 

Testing of 24 amino acids in the presence of yeast 
extract and glucose showed that only L-cystine, L
cysteine, L-tryptophan and L-tyrosine enhanced ger
mination. Absence of glucose resulted in decreased 
germination (Fig. 5) . Stimulation of germination 
by L-cystine, L-cysteine, and L-tyrosine has been dem-
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Figure 5. Effect of amino acids on the germination of 
suspensions of spores of C. pe1jrin gens in the presence of 
yeast extract and yeast extract plus glucose after incubation 
for various time intervals. A pH of 6.0 and incubation temp
er'atme of 30 C were used . All observations were in the 
presence of 1.0% yeast extract plus the following: A. control 
( 1.0% yeast extract ) and cysteine, B. 0.5% glucose, C. 0.5 
mg/ ml cystine, D. 0.5 mg/ ml cystine plus 0.5% glucose, E. 1 
mg/ml cysteine plus 0.5% glucose, F . 1 mg/ml tryptophan, 
C. 1 mg/ ml tryptophan plus 0.5% glucose, H. 0.4 mg/ml 
tyrosine, and I. 0.4 mg/ ml tyrosin e plus 0.5% glucose. 

/ 

z 
Q ,_ 
<( 
z 
~ 
"' u.J 

0 ,_ 
z 
u.J 
u 
"' u.J 
a.. 

90 r------------------------------------, 

85 

80 

75 

70 

65 

D 

A 

20 30 40 
TIME IN MINUTES 

Figure 6. Percentage gem1ination of spores of C. perfrin
gens incubated for various t ime intervals at 30 C, pH 6.0, 
in 1.0% yeast extract and in 1.0% yeas t extract plus the follow
ing: A. 1.0% extract only, B. 0.3% sodium bicarbonate, 
C. carbon dioxid e ( bu bbl ecl into medium for 5 min) , D. 0.1% 
sodium lactate. 

ons trated for certain Bacillus spp. and for other 
closh"idial species (8, 13, 14, 18, 20, 21 , 22, 30). one 
of these amino acids produced stimulatory effects 
in the presence of vitamin-free casamino acids. 

Addition of 0.3% sodium bicarbonate or bubbling 
carbon dioxide into a 1% yeast extract medium stimu
lated germination (Fig. 6 ). The pH of the medium 
fell below 6.0 when carbon dioxide was bubbled 
into it; adjustment of the initial pH to 6.5 produced 
a pH of 6.0 ± 0.1 after bubbling carbon dioxide into 
the medium for 5 min. Bicarbonate ioris and carbon 
dioxide have been shown to increase germination 
in spores of other closh·idia (26, 28, 3=J). Sodium lac
tate stimulated germination in the presence of yeast 
extract ( Fig. 6 ) . Increasing concenh·ations of lac
tate did not produce additional germination, and 
addition of glucose to the medium had no effect. 
Lactate (8) and thioglycollate (16, 24) can increase 
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Figure 7 . Percentage germination of spores of C. per

f r ingens in 2.0% vitamin-free casamino acids incubated for 
various time intervals at 30 C, pH 6.0. Curve A shows per
cent germination in vitamin-free casamino acids alone; curve 
B represents germination upon addition of 0.1% sodium bi
carbonate, carbon d ioxide, 0.1% sodium lactate or 0.05% 
sodium thioglycollate. 

germination in sp.ores of other clostridial species. 
Addition of sodium bicarbonate, carbon dioxide, so
dium lactate, and sodium thioglycollate to vitamin
free casamino acids enhanced both rate and extent 
of germination ( Fig. 7) . The extent of germination 
was essentially the same for all combinations under 
these conditions. Little or no germination OCCUlTed 
in the absence of yeas t extract or casamino acids. 
Evidently, an additional unidentified factor or factors 
in these materials was necessary for germination . 

Considerable data are available on the role of 
ions in different germinative systems (6, 17, 19, 27). 
Therefore, other ionizable substances, in addition to 
those mentioned previously, were examined. The 
influence of sodium nitrate, sodium nitrite, sodium 
chloride, ~L)d ammon\tm1 chloride is shown in Fig. 
8. Sodium nitrate exhibited no stimulatory effect 

toward ~ ~crmination; germination , however, was ac
celerate'.l by increasing concentrations of sodium ni
trite from 0.01% to 0.2%; at concenh·ations higher 
than 0.2 ~6, germination decreased. Labbe and Pun
can (19) also have shown a decrease in germination 
of spores of C. perfringens with the addition of so
c.lium nitrite in excess of 0.2%. Nitrite-induced ger
mination has been observed with C. butyr·icum and 
C. tyrobLttyricum (3) and PA · 3679h (6). 

The rate and extent of germination increased as 
the concenh·ation of sodium chloride was increased 
between the levels of 0.1% to 0.5% (Fig. 8 ); no further 
stimul ation was observed when levels of 0.6% to 3.0% 
were added to the medium. Beyond this point, 
the stimulatory effect of the salt was reduced with 
increasing concenh·ations until the effect was absent 
at 8.0?6 sodium chloride. Ammonium chloride also 
enhanced germination in the presence of yeast exact; 
maximal effect was observed at 0.2%. No further en- , 
hancement occurred with addition of levels from 
0.3% to 0.5%. Optimal concenh·ations of sodium chlor
ide ( 0.5%) and sodium nitrite ( 0.2%) in combination 
produced no additive effect when added to yeast 
extract. Salts alone or in combination in the absence 
of yeast extract caused litle or no germination. Seem
ingly, some factor or factors in the yeast extract were 
necessary for the activity of these salts . 

Since cystine, cysteine, h·yptophan, and tyrosine 
produced germination in spores of C. pe1jringens 
when added individually to yeast extract-glucose med
ium and since certain inorganic ions enhanced germi
nation in the presence of yeast extract or vitamin
free casamino acids, attempts were made to deter
mine specific amino acid and (or ) ionic requirements 
for induction of complete germination. All four 
amino acids were tested individually and in combina
tion in the presence or absence of glucose. None of 
the amino acids individually or in any combination 
i11duced germination in the absence of glucose. Dif
ferent degrees of stimulation of germination were ob
served when these amino acids were tested individ
ually or in combination in the presence of glucose 
(Table 1 ) . Cystine produced the greatest amount 
of germination of any of the amino acids in the 
presence of glucose. Tyrosine inhibited germination 
when added to the cystine-glucose or cystine-cysteine
glucose mixture. 

The ability of the cys tine-glucose mixture to induce 
germination was improved by addition of carbonate, 
whereas nih·ite had little effect (Table 1 ) . Sodium 
chloride was effective in enhancing germination in 
the presence of cystine-glucose or cystine alone; the 
same level of germination occurred under these condi
tions as occurred in 2.0% vitamin-free casamino acids 
or in broth Medium l. Of the various materials 
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Figure 8. Effect of varying concentrations of sodium chlor

ide, ammonium chloride, and sodium nitrite on germination 

of spores of C. perfringens when added to 1.0% yeast extract 

medium and incubated at 30 C, pH 6.0. Measurements were 

taken after 40 min . Germination induced by yeast extract 

alone was approximately 7.0%. 

examined, cystine and sodium chloride were the most 

effective for inducing rapid and complete germin ation 

of spores of C. perfringens S-45. 
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LETTER TO EDITOR 
(Continued from Page 377 ) 

NOTES: Subsection ( a ) is derived from S.C. §148 Regs. 
13 and 26 (part ), 149 Reg. 12, 150 Regs . 19, 38, 60 and 61, 
and 156 Reg. 145(part ) . · It is to be noted that the re
quired temperature is to be maintained also during transpOl·
tation of perishable foods. Form~r section 81.07 was amend
ed and renumbered as subsection (a) by resolution adopted 
on April 13, 1971. 

Subsection ( b ) is new. It was added by resolution adopted 
on April 13, 1971 to require potentially hazardous foods 
as defin ed therein to be kept refri gerated or under heat 
treatm ent within specified temperatm e ranges which are 
known to control the growth of path ogenic microorganisms. 

Subsection (c) is new. It was added by resolution adopt
eel on April 13, 1971 to mandate the microbiological ex
amination of certain potentially h azardous foods designated by 
the Commissioner. 

Subsection ( d) is n ew. It was added by resolution adopt
eel on April 13, 1971 to prohibit the preparation, sale or 
distribution of designated potentially hazardous foods which 
have not been prepared or held in such manner that the 
product confonns to the specified bacteriological standards. 

Resolved fmther , tha t section 103 .05 of the New York 
City Health Code, as eliacted by resolution adopted on th e 
twenty-third clay of March, nineteen hundred fifty-nine and 
filed with the city clerk on the twenty-fomth clay of March , 
nineteen hundred fifty-nine, be and th e same hereby is amend
ed, to be printed together with explanatory notes, to read 
as follows: 
§103.05 Brining of fish 

Only clean refined salt, or filtered brine of a temperature 
not exceeding 38 F, shall be used in the brining of fish. 
NOTES: This section is derived without substantive change 
from S.C. §148 Reg. 92. This section was amended by 
resolution adopted on April 13, 1971 to conform its refrig
erated temperatme standard for the brining of fish with 
Title 21 - Food and Drugs, Part 121, Code of F ederal 
Regulations. 

Resolved furth er, tha t section 113.19 of the New York 
City H ealth Code, as enacted by resolution adopted on the 
twenty- third day of March, nineteen lnmclred fifty-nine and 
filed with the city clerk on the twenty-fowth day of March , 
nineteen hundred fifty-nine, be and the same hereby is 
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amended, to be printed together with expanatory notes, to 
read as follows: 
§113.19 Standards; pasteuriza tion of frozen desserts mix 

o Class A. D or E permittee operating a wholesale plant 
shall offer for sale, sell, give away or distribute frozen des
serts mix containing mi lk or a milk product or use such 
frozen desserts mLx for manufacture of frozen desserts un
less it is pasteurized by h eating ( 1 ) to a temperature of 
155 F and held at such temperature for at least 30 minutes, 
or ( 2) to a temperature of 175 F and h eld at such tempera
ture for at leas t 25 sec, or ( 3) to a temperatme of 200 F 
and held at such temperature for at least 3 sec, or ( 4) to 
such temperature and for such holding period as the D e
partment may approve. Immediately afte1· heating the mLx 
shall be cooled to a temperature no higher than 45 F . 

OTES : This section was amended by resolution adopted 
on April 13, 1971 to conform its required refrigeration stan
dard for pasteurized frozen desserts mix to the related stan
dard contain ed in §81.07 as amended by the same resolu
tion. 

Resolved further, that subsection ( 4) of section 115.17 
of the New York City H ealth Code, as enacted by resolution 
adopted on th e twenty-third day of 'larch, nineteen hundred 
fift y-nine and filed with the city clerk on the twenty-fourth 
clay of ivlarch , nineteen hunch·ecl fifty-nine, be and the sam e 
hereby is amended, to be printed together with explanatory 
notes, to read as follows: 
§ 115.17 Standards; labeling of con tainers .. " 

( 4 ) The date of preparation and a statement that the 
formu la milk must be kept under refrigeration at a t emper
ature no higher than 45 F . 
1 OTES: Subsection ( 4) was am ended by resolution adopted 
on April 13, 1971 to conform its required refrigeration stan
dard for the labeling of formula milk to the related standard 
contained in §81.07 as amended by the same resolution. 

H.esolvecl further, that subsection (a) of section 115.27 
of the New York City Health Code, as enacted by resolu
tion adopted on the twenty-third day of March, ninteen 
lnmdred fifty-nine and filed with the city clerk on the 
twenty-fourth clay of March, nineteen hundred fifty-nine, be 
;mel the same · hereby is amended, to be printed together 
with exp lanatory notes, to read as follows: 

(Continued on Page 387 ) 
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MILK FLAVOR: THE TRUE TEST OF QUALITY' 

D. K. BANDLER 

Department of Food Science 
Corn ell University 

Ithaca, New York 14850 

ABSTRACT 

Since the consumer's appraisal of a glass of milk is based 

solely on taste, flavor and keeping quality are of paramotmt 

importance to maintaining consumption of fluid milk and by

products. 
For the past 5 years, th e New York State Milk Flavor Pro

gram has identified off-flavor problem areas to the industry, 

particularly with regard to the farm supply. There has been 

a marked in1provement where companies and tl1 e college have 

cooperated. Emphasis now is being placed on getting th e 

finished product protected to tl1e highest degree in an effort 

to improve shelf life. The program is carried out primarily 

by the Quality Control staffs currently employed by indusby 

This force is assisted by the extension staff in the Deparbnent 

of Food Science at Cornell in the followin g ways: (a.) individual 

plant seminars for each plant or company participating in the 

progran1; (b) follow-up sessions to help solve special problems, 

to evaluate progress, and to maintain interest and enthusiasm; 

and (c) direct contact witl1 top management to evaluate shelf 

life perfonnance, route returns, relationships with non-owned 

outlets, and promotion of extra high quality dairy products. 

The quality control procedmes for milk in the past 

few decades have been in a rut. Reliance on bacteria 

counts, sediment tests , and farm inspection scores as 

a measure of quality has led to a false sense of se

curity. The consumer (satisfied that milk is com-

i pletely safe) is concerned about only two things: 

"Hovv does it taste?" and "How long will it keep?" 

It therefore would seem reasonable that milk also 

should be evaluated by these two criteria. 
\iVe found 5 years ago, that milk in our area of the 

U. S. was not being checked for flavor . The industry 

simply did not have the personnel who were trained 

to judge milk. Many plant people claimed that milk 

was sour when actually it was rancid. They could 

not detect oxidized flavor and generally, when the 

milk did not taste right, they said it had "twrnecl." 

\i\Tith such a vague understanding of flavor defects, it 

was virtually impossible to correct a problem. 

Tm -STATE FLAvoR PROGRAM 

Iq 1965, I got together with Sid Barnard of Penn 

State and Dick Kleyn of Rutgers and formed the 

'Presented at the 57th Annual 1eeting of the International 

Association of Milk, Food, and Environmental Sanitarians, 

Cedar Rapids, Iowa, August 17-20, 1970. 

Tri-State Milk Flavor Program. In a short period 

of time we produced a Milk Flavor Handbook, Pro

ducer and Consumer bulletins, two charts, nvo slide 

sets, and we were off to tell the producers and proc

essors of the problem they had and how we could 

help them solve it. For example, by picking up 

samples throughout the state we found that only 23% 

of the milk was free from flavor defects, 60% had 

slight off flavors, and over 17% was downright aw

ful. The most serious off-flavors were oxidized, ran

cid, and unclean-the flavors that leave a lingering 

after taste (Tables 1 and 2). 
vVe found that at least 10% and as many as 20% of 

the producers shipping milk to plants were sending 

milk that scored 36 or lower (consumer complaint 

level ). The first step was to correct the really bad 

supply. To do this we had to get the plant per

sonnel to taste the supply. The first step was to 

train them to judge milk. 

FLAVOR EVALUATION AT THE PLANT 

A major problem in training flavor judges has 

been the lack of convenient off-flavor samples in 

fj uantity for judging. We solved this problem by 

the use of 1 oz Teh·a-pak containers, color coded for 

all the common off-flavors found in milk. Off-flavor 

samples, procured from can receiving stations, or 

prepared in the laboratory were packaged and frozen 

in these color coded Tetra-paks . These were used 

in workshops throughout the state and kept on hand 

in plants for comparison and refresher training. 

Flavors were stable for 3-6 months. These were also 

used to demonstrate to producers the problem of 

flavor defects that originate at the farm. 
Pl ants were encouraged to flavor check each pro

ducer's supply at least once a month. Samples were 

taken by haulers in 4 oz brown glass bottles on 

days requested by the plant. t·ilany haulers resisted 

this extra work and all too often samples were im

properly taken or not taken at all. To remedy tl1is 

we recommended a Universal Sample program where 

a fresh 4 oz sample is taken every time a farm tank 

is pumped. This provides an opportunity to screen 

the milk at any time since there is a sample available 

for testing in the plant a t all times. (The sample 
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. TABLE 1. FLAVOR SCORES OF 501 SAMPLES OF BOTTLED MILK 

IN NEw Yoruc STATE, }A mARY, 1968-APRIL, 1969 

Classifi cation of milk sample1 

Good 
Fair 
Poor 

X umber 

113 
302 

86 

Off-flavor criticism of 501 samples 

Flavor defect 

No criticism 
Cooked ( Feedy) 
Feedy 
Feedy-Unclean 
Unclean 
Rancid 
Oxidized 
Foreign 

?\umber 

64 
65 
57 
85 
68 
61 
92 

9 

Per cent 

22.6 
60.3 
17.1 

P er cent 

12.8 
12.9 
11.4 
17.0 
13.6 
12.2 
18.3 

1.8 

'GOOD: 39-40 score, consumer would have complete satis
faction and use milk at maximum level. 
Fl1.IR: 37-38 score, consumer would tolerate milk and con
sume at a level dictated by habit and promotion. 
POOR: 36 score and below-consumer would reject in some 
manner·-(a) complain, (b) consume less, (c) change brands, 
(d) switch to substitute product. 

TABLE 2. FLAVOR SCORES OF 3484 HERD SAMPLES OF PRODUCER 
MILK RECEIVED AT NEW YoRK STATE PLANTS, J >\NUARY, 1968-

APRIL, 1969 

Classification of milk samplcl 

Good 
Fair 
Poor 

~umber 

1,079 
1,631 

774 

Off-flavor criticism. of the 3484 samples 

Flavor defect 

o Criticism 
Feedy 
Feedy-Unclean1 

Unclean• 
Rancid 
Oxidized-Flat 
Foreign 

N umbe r 

904 
725 
527 
542 
318 
405 

63 

P er cent 

30.9 
46.9 
22.2 

Per cent 

25.9 
20.8 
15.2 
15.6 
9.1 

11.6 
1.8 

'Selective testing for Acid Degree Value (ADV) shows elevat
ed reading on some unclean and feedy-tmclean samples (an 
indication of rancidity ). 

also is used for regular bacteriological work, other 
adulteration work, for our modified 4 oz sediment 
test and will be used later for random fat testing with 
the Milko Tester when that becomes legal. ) Pro
ducers with the serious off-flavors were visited by the 
fieldmen to help in the correction . Plants that have 
cooperated soon found a marked improvement in the 
farm supply. 

PHAsE Two 

In 1970, an industry advisory group, pleased with 
our farm progress recommended that we begin 
"phase two." They suggested that the N. Y. State 
Milk Flavo'l' Pmgmm become the N. Y. State Dairy 
Industry Quality Assurance Program. Under the new 
program there is continued work on producer supply, 
but greater emphasis is placed on plant processing 
and distribution, particularly in the area of improved 
shelf life. Here plant procedures are closely checked, 
especially for temperatme control. Several plants 
have added afte?· coolers where the short-time unit 
did not have sufficient capacity to cool the milk to 
35 F, to assure temperatures of 40 F or less in the 
final package. 

Of greatest help in this project is an electronic 
temperature sensing device. This unit allows us to 
monitor package, filler bowl, and pipeline temper
atures from the outside. We have learned for ex
ample, exactly how much temperature increase to 
expect in filling various size packages on a variety 
of filling equipment. On the average there will be 
no detectable increase in temperature between the 
filler bowl and a sealed gallon paper container. On 
the other hand, \oVe normally expect an average of S0 

increase in the filling of 1/2 pints . Quarts, on the 
average, will be heated 2-4 °, whereas 1/2 gallons 
may increase from 0.7S0 to l.S0

. With this infor
mation we can lower the incoming milk temperature 
to achieve our 40 F package goal. 

Likewise the machine can be used to monitor activ
ity in the cooler, on the tr·ucks, and in stores. Our 
bacteriological study has told us a basic fact. In
creasing the storage temperature of milk S0 cuts the 
shelf life in half. Milk that will keep 10 days at 
40 F will spoil in S days at 45 F or in 2.S days at 
50 F. 

Quality assmance also demands protection from 

Figure 1. "Tele-Thermometer" equipped with surface probe 
accurately indicates internal product temperature f~om the 
outside without disturbing product. 
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light. The work at Pennsylvania State University by 
Sidney Barnard clearly supports the well known fact 
that milk flavor can b e damaged by direct sunlight 
or sh·ong fluorescent light. In a recent survey of 
1,057 samples of milk from retail stores, 165 were 
judged as oxidized. Of 104 samples in blow molded 
plastic containers, 79% were oxidized compared to 
49% of the milk in glass and only 7% in plastic coated 
paper. If h·ansparent or highly translucent containers 
are to be used, they must be protected from over· 
doses of light. This may mean partially darkening 
the milk display cases . 

Milk flavor conh·ol is the key to survival of the 
fluid milk industry. If the milk does not taste good, 

LETTER TO EDITOR 
(Continued from Page 384) 

§115.27 Operations; steriliza tion of formula milk 
(a) No formula milk permittee shall offer for sale, sell, 

give away or distribute formula milk otherwise than in 
individual containers for a single feeding. Immediately after 

filling of a container of fonnula milk, it shall be closed with 
a cover or cap which effectively seals and protects the 
mouth of the container. Container may be closed with 
suitable, incised nipples which shall be protected with suit
able outside fitted caps. \;<,1hen closed, the container shall 
be heated in an autoclave for at least 10 min at 230 F so 
as to render th e fom1Ula milk and its container sterile. After 
sterilization, containers of fom1llla milk shall be immediately 
cooled to and kept at a temperature no higher than 45 F 

until delivery to the consumer. 

tchy drink it? Therefore, the taste test is the only 
test that is going to provide the assurance of good 
fl avor in the finished product. 

To official agencies, bacteria counts, sediment tests, 
and barn and plant inspection scores are present day 
standards for quality. But none of these tests will 
assure that milk is free of rancid, oxidized, feedy, 

barny, or other unnatural flavors. Only a working 
quality assurance program which includes the taste 
test will assure a satisfactory product to the con
sumer. 

(Sample copies of all m aterials used in the T ri-State 

M il k Flavor Program are available by wri ti ng the author.) 

NOTES: Subsection (a) was amended by resolution adopt
ed on April 13, 1971 to conform its required refrigeration 
standard for the cooling of sterlized formula milk to the re
lated standard contained in §81.07 as amended by the same 
resolution. 

Resolved further , that this resolution shall take effect 

immediately. 
It is hoped that the information contained in these amend

ments may be of interest to readers of the Journal of Milk 
and Food Techno logy . 

Sincerely yours, 
ABRAHAM E. ABRAHAMSON 

Environmental H ealth Serv-ices 
Depm·tment of H ealth 
125 W01th Street 
New York, N .Y . 10013 

NEWS & EVENTS 
NEW DAI,RY COMPUTER SURVEY PINPOINTS 

CLEANING COSTS AND PROCEDURES 

A breakthrough concept in analyzing and evaluat
ing dairy cleaning and sanitizing procedures has 
been announced by Klenzade Products of St. Paul, 
Milmesota. Klenzade, a division of Economics Lab
oratory, Inc., calls the new service a Computer Cost 
Survey Analysis. 

The net result of the new Computer Smvey pro
vides a daii·y with the exact cost - to the penny - of 
each and every cleanii1g function withii1 the plant. 
The computer analyzes soil conditions, detergent con
cenp:ations, water volume, water hardness, and even 
the ii·on content ii1 the water. By siinply scanning 
the computer printout, cleaning costs per cycle can 
be determined. In addition, total costs by day and 
month are included. 

Bob Barrett, Teclmical Dii·ector for Klenzade, 

points out that while the Computer Cost Survey 
Analysis is a new concept, the system has been prov
en in a number of Klenzade customers' plants, and 
is now available on a select basis to the daii·y in
dush-y. 

According to Barrett, the Computer Smvey can 
provide the major dairy processor with a method of 
comparing cleaning variables. An example might 
be a dairy plant with t\iVO available somces of water 
supply. Municipal \Vater or the dairy's own well. 
Given the nvo water samples and the cleanmg va.ri
ables by function within the plant, Klt~nzade can 
deliver a printout comparing exact costs of total plant 
cleaning and sanitizing procedures using the nvo 

water sources. 
This dii·ect comparison will establish the exact 

cost differences created by differii1g degrees of water 
hardness, mineral content, t emperature and volume. 

Prior to the inh·oduction of the Computer Survey, 
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a cost analysis of a dairy plant would require p erson
nel up to three days to complete. 1 ow, this same 
data can be analyzed and evaluated electronically 
in a matter of minutes. A further advantage is that 
once a basic Cost Survey is finished, future plant 
changes in procedures or functions can be instant
ly analyzed . 

For more information con tact Robert Barrett, 
Klenzade Products Division, Economics Laboratory, 
Inc., Osborn Building, Dept. 103, St. Paul Minnesota 
55102. 

USDA OFFE:RS EXCLUSIVE. LICENSES TO 
MAKE DEHYDRATED FOODS, 

WASHABLE LEATHERS 

Prospective manufacturers can now obtain exclu
sive licenses to operate under U. S. Department of 
Agriculture patents for making such products as 
fruit juices, dried honey, dry whole milk, and wash
able and drycleanable leather. In a recent change 
in its historic patent policy, USDA has announced 
that licenses to operate under some specific patents 
are offered on an exclusive basis. Under the new 
policy, manufacturers can gain exclusive rights to 
use these patents for periods up to 5 years. 

The Federal Register and the Official Gazette of 
the U. S. Patent Office have listed the first USDA 
patents for which exclusive licenses are being offer
ed. Five of them cover developments of the East
ern marketing and nuh·ition research laboratory in 
Philadelphia. These include three basic patents on 
the manufacture of full-flavor frui t juice powders 
and dried honey, one on the drying of whole milk, 
and one on a process for mal<ing leather so it re
tains its softness when washed or clrycleaned. 

All of these are developments of considerable com
mercial promise. They have been available on a 
nonexclusive basis for some years . It is felt that 
the add~d inducement of providing a competition
free p eriod for market development will stimulate 
interest in the patents on the part of prospective 
manufactmers . The patents for making fruit · juice 
powders and dried honey (No. 2,816,039, No. 2,816,-
840, and. No. 2,906,630) cover a basic process de
veloped at the Philadelphia laboratory for sh·ipping 
the essential aroma or "essence" from nahual fruit 
juices or from foods such as honey, dehydrating the 
juice or food, then res toring the essence to it tmder 
superatmospheric pressure in such a highly concen
trated form that the product can be quickly chilled 
to convert it to a brittle solid. 

The juice powders, which reconstitute instantly in 
water, would provide for the first time a natural 
juice with all of its original flavor in the form of a 

convenient powder that can be stored without refrig
eration. The dried honey would make this widely 
used sweetener available to bakers, confectioners, 
and other food processors in a free-flowing, grmular 
form with none of the inconvenience and difficult 
cleanup connected with the use of liquid honey. 

The dry whole milk patent (No. 2,964,407) covers 
a process for the vacuum d,ehydration of whole milk 
to a powder that dissolves inst~mtly in cold water 
to make a beverage virtually indistinguishable from 
fresh milk. The product, which would be sold from 
the dairy case, has a refrigerated storage life of at 
least 9 months. 

For a complete listing of these and other USDA 
patents available for exclusive licensing, see the 
Federal Register, February 3, 1971, or the Patent 
Office Official Gazette, February 23, 1971. The rules 
and regulations governing exclusive licensing wer~ 
spelled out in the Fecleml Register, May 14, 1970. 
Prospective manufacturers can apply for these li
censes to the Adminish·ator, Agricultural Research 
Service, U. S. Department of Agriculhue, Washing
ton, D. C. 20250. For further technical informa
tion on any of the particular patents described above, 
write to the Director, Eastern Marketing and Nu
trition Research Division, 600 E. Mermaid Lane, 
Philadelphia, Pa. 19118. 

ASSOCIATED ILLINOIS MILl< SANITARIANS 
SPRING CQN,fERENCE MAY 3 

ELGIN, ILLINOIS 

The highlight of the program was the presenta
tion of the "Outstanding Sanitmians' Award" to Wil
bur tlcLean. Mr. McLean, now retired from the 
Public Health Service, has contributed much to the 
advancement of environmental health in Illinois dur-
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ing his many years as Region V Milk and Food Con
sultant. 

The Association was fortunate to have Darold Tay
lor and Harold Thompson of the Public Health Serv
ice on the program and to add to our surprise to 
W . R. McLean. W. R. :tvicLean was the 1969 recip
ient of the International Sanitarians' Award and is 
well known throughout the nation for his conh·ibu
tions. 

WASHINGTON MILK SANITARIANS 
MEETING EVERETT WASH., JUNE 8, 1971 

f()(Jp lUtf01'r( 
FROid llll 

Dr. Frank "\"!II. Crews has am1otmced that he is 
retiring from his position of Laboratory Director for 
the "\iVashington State D epartment of Agriculture and 
is leaving the United States to seek a new life for 
himself and family in Australia. 

Dr. Crews received his B.S. in Dairy Science at 
·washington State University, his NI.S. in Dairy Sci
ence at Ohio State and his Ph. D. in Dairy Bacterio
logy under Dr. Hammer at Iowa State University. 
He has spent several years as a Milk Sanitarian and 
has been an instructor at the college level. 

Dr. Crews has been continually employed by the 
Department of Agriculture since 1948, being involv
ed in both animal disease diagnosis and dairy prod
ucts examinations. Dr. Crews is a Past President of 
the Washington Milk Sanitarians Association and 
pioneered the Laboratory Certification program in 
"\"!Vashington State. He has been Chairman of the 
Laboratory Methods Committee of the "\"!II ashington 
Milk Sanitarians Association since its inception . 

Dr. Crews has been kept too busy with his multiple 
n1sponsibilities in the State to participate in ational 
meetings or complete articles for publication as we 
would have liked, but professional microbiologists 
that are familiar with his work recognize Dr. Crews 

III 

as an outstanding, thorough microbiologist and a 
leader in the field of Direct Microscopic examination 
of milk. 

DON'T BE MISLED 
TANACO MODERN IZIN G SERVICE 

is not a mere recond it ioning of your old Plug Valves, but a 
com plete rebuilding with the time tested and Industry Ap· 
proved 

TANACO PLASTIC PLUG 
now made to ugher and ha rder than ever, givng superior per· 
Formance and a guaranteed seal. 

Ou r usual fast and eff ici en t servce requires only te n workng 
days or less to modernize valves . Also available are new 
T A NACO PLASTIC PLUG SANITARY VALVES with # 316 S/ S 
bodies and choice of three end ports. More information can 
be had from 

2825 Benedict Street 
Los Angeles, Calif. 90039 
Telephone: 213 661-1222 

INDEX TO ADVERTISERS 
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The Haynes Mfg. Co. ___ __ _____ Inside Front Cover 

CLASSIFIED ADS 
FOR SALE 

Single Service milk sample tubes. For further in-
formation and a catalogue please write, Dairy Technology 
Inc., P. 0. Box 101, Eugene, Oregon 97401. 
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(Membership Includes Subscription to Journal of Milk & Food Technology.) 

Please Print 

Recommended by - ---------------------- --- ----- - --------- ------ ----- -----------

Shelbyville, Ind. 
Box 437 Subscription Order 

JOURNAL OF MILK & FOOD TECHNOLOGY 
(Monthly Publication) 

Name _______ _______ ______________ __ __ ______________ ______ ___ ___ __ ______________ Date 
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NOTICE 
Attractive Membership Lapel Button Combination 

REVISED 
1966 

EDITION 

Tie Tac and Lapel Pin and Decals 
NOW AVAILABLE 

Convolution - Blue . ... Circle & Bar .. . . Field - Blue 
Letter "S" - White . . . . Lettering - Blue 

No. ______ __ 3 1/ 4" Decals @ 25c each = $ ___ ___ _ _ 

ACTUAL SIZE 

No. _____ _ Lapel Buttons@ $1 .. 00 each = $--------

No. ____ __ Combination Tie Tac & 
Lapel Pin - $2.50 = $----- ---

International Association of 

Milk, Food and Environmental 

Sanitarians, Inc. 

Box 437, Shelbyville, Indiana 46176 

Procedure for 

The Investigation 
of 

Foodhorne Disease 

REVISED 
1966 

EDITION 

Outbreaks 
Recommended By 

INTERNATIONAL ASSOCIATION OF MILK, FOOD AND 
ENVIRONMENTAL SANITARIANS, INC. 

COPIES OBTAINABLE FROM 

International Association of Milk, Food and Environmental Sanitarians, Inc. 

,/ 

Box 437, Shelbyville, Indiana 

Prices: Single Copies, $1.00 each: 100 or more copies, 65 cents each. 

25-100 copies, 75 cents each. Please do not send stamps. 



Good cow milking in an economical pacl<age 

The new PACEMAKER pipeline 
system puts the convenience and 
efficiency of pipeline milking 
within the reach of every 
dairyman. It is built around the 
Surge Com-Pak, a milk pump 
receiver panel pre-assembled for 

.. 

Pipeline System 
easy, low-cost installation. The 
complete PACEMAKER pipeline 
system incorporates the Surge 
Alamo Vacuum Pump, Surge 
Breaker Cup Milker or Mini-Cup 
Milker and Electric Pulsation. 
It delivers the necessary 

capacity and good cow milking 
traditional with Surge. 

Whatever your present herd 
size or your plans for the future, 
there is a pipeline system suited 
to your needs . Your Surge dealer 

1 is waiting to hear from you . 

SURGE ... the accent is on YOU 

l:suRGiJ ,. , 
BABSON BROS. CO., OAK BROOK, IlliNOIS 

BABSON BROS. CO ., (Canada) LTD., PORT CREDIT, ONTARIO 


