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Klenzade Positive liquid Feed System maintains 
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systems. Saves chemicals and water. boosts clean
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FLAVOR DEVELOPMENT AND M ICROBIOLOGY OF 
SWISS CHEESE-A REVIEW 

I. M ILK QUALITY AND TREATM ENTS'· • 

T. LANGSRUD AND G. w. REINBOLD 

Departm ent of Food Technology 

Iowa State Un iversity, Ames, Iowa 50010 

(Received for publication January 31, 1973) 

ABSTRACT 

This review, appearing in four parts, deals with rela

tionships between flavor development and the microbiology 

of Swiss cheese. Body and texture characteristics of Swiss 

cheese also will be discussed, however, to a lesser degree 

and, wherever possible, in association with the flavor of 

Swiss cheese. 
The first section, presented here, discusses use of raw 

milk and how the bacterial content of raw milk influences 

Swiss cheese quality. Thereafter, other milk treab11ents 

used in the cheese industry are discussed. They include 

clarification, heat-treabnent, homogenization, and H z0 2-ca

talase treatment of cheese milk. Changes in microbial 

flora and subsequent effects on Swiss cheese quality are 

included. Production of Swiss cheese with desirable body, 

flavor, and textme chru·acteri>'tics depends on use of low 

bacterial cotmt, properly clarified milk. Mild [68 C ( 154.4 

F) to 72 C ( 161.6 F) for 15 to 18 sec J heat treabnent is 

recommended. Homogenization of cheese milk is not used 

and the HzOz-catalase treabnent is not necessary. 

Of the different varieties of ripened cheeses, Swiss 

cheese is important ranking third in total production 

in the United States after Cheddar and Mozzarella 

cheese. Swiss or Emmentaler cheese is character

ized by having an elastic body with smooth texture; 

uniform, smooth eyes; and a unique, nut-like, sweet 

flavor. These factors are so closely interrelated that 

poor texture and irregular eye dish·ibution can arise 

from a poor body. Flavor also may depend, to a 

certain degree, on this relationship. 

The name Swiss cheese implies that it was first 

produced in Switzerland. It is called Emmentaler 

cheese in Europe and Ol'iginated in the Emme Val

ley, Canton of Bern, in Switzerland about the 15th 

century (89) . Other spellings of Emmentaler may be 

found in the literature. In the United States, pro

duction of Swiss cheese originated in the 1860's in 

Ohio. This cheese .originally was made in wheels 

with firm rinds, individual wheels weighing up to 

about 100 kg ( 225 lb ) each; large amounts now are 

~Tournai Paper No. J-7503 of t he Iowa Agriculture ru1d Home 

Economics Experiment Station, Ames, Iowa. Project No. 1839. 
2Tllis review will appear in four parts: I. Milk Quality and 

Treabl1ents; II. Struten, Mrull!f.actming Processes ru1d Pro

cedures; III. Ripening and Flavor Production; and IV. De

fects. Literature citations will follow part IV. 

made in rindless blocks weighing about 36.4 to 40.9 

kg ( 80 to 90 lb) (116). To facilitate cutting and 

packaging operations, some plants make larger blocks 

weighing about 91.0 kg ( 200 lb). 

Traditionally, Swiss cheese was made from raw 

milk, but in 1938, a method to make Swiss-type 

cheese from pasteurized milk was developed in 

Iowa (136). This method was closely related to those 

used in Denmark, but has since been further modi

fied (345). European countries other than Denmark 

also have developed Swiss-type cheeses. A variety 

closely related to Swiss cheese is Gruyere, originally 

produced in France since about 1288 (70). This 

cheese is made in smaller wheels and undergoes sur

face ripening, therefore having a sh·onger flavor 

arising from the proteolytic activity of the surface

grovvn microorganisms. There are other cheeses 

whose distinctive characteristics depend on growth 

of propionibacteria. They all possess eyes of vari

ous sizes and have the related nut-like, · sweet flavor 

(345) . 

High-quality Swiss cheese is dependent on micro

bial fermentation of milk constituents. Propionic

acid bacteria are necessary to produce eyes and the 

typical flavor. Streptococcus lactis and Streptococcus 

cremoris are sometimes included for acid production, 

Streptococcus thermophilus to improve general quali

ty, and Lactobacillus species to conh·ol abnormal fer

mentation (141). Propionic-acid bacteria are the 

special microorganisms of Swiss cheese; their pres

ence in large numbers is necessary to develop the 

characteristic flavor and eyes that distinguish Swiss 

cheese and related varieties from all other cheeses. 

Traditionally, Swiss cheese flavor has been evalu

ated organoleptically. Chemical methods were not 

sensitive enough, and only the influence of com

pounds such as propionic and acetic acid could be 

evaluated with some degree of accuracy. vVith the 

development of chromatographic methods (267) to 

analyze for amino acids and fatty acids (267), chemi

cal analysis of Swiss cheese flavor compounds be

came possible (165). These compounds, however, 

do not completely account for the unique flavor of 

Swiss cheese. In 1952, gas-liquid chxomatograpl1y 
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was introduced (177) and was first used in flavor 

chemistry in 1956 (85). Since then, development of 

flavor chemistry has been extremely rapid. Most 

flavor compounds are volatile, and careful methods 

of isolation are necessary (460). The concentration 

of these volatile compounds usually is very low, 

and sensitive <malytical methods, such as mass spec

trometry and nuclear magnetic resonance, are now 

successfully used for identification (427). 
Identification of flavor components in Swiss cheese 

generally has been avoided by most investigators, 

but much work has been devoted to other cheese 

types, especially Cheddar cheese, and the literature 

concerning the flavor of Cheddar cheese is abundant 

(72, 115, 125, 147, 262, 266, 349, 373, 376). Some of 

the more significant work on Swiss cheese flavor has 

been done by Langler (241, 244). 

This article will review how flavor of Swiss cheese 

is affected by milk quality, starter microorganisms, 

manufacturing processes, and ripening. Defects in 

Swiss cheese also will be discussed. 

MILK QuALITY AND TREATMENTS 

Raw milk 
Traditionally, Swiss cheese was made from raw 

milk, and it was recognized early that the bacteriolo

gical condition of milk was an important factor in 

cheese quality. Studies in the United States in 1939 

showed that, if kettle milk had a methylene-blue re

duction time of <3 hr, only one-third of the cheeses 

made from that milk would be of high quality. When 

the reduction time exceeded 3 hr, two-thirds of the 

cheeses were of excellent quality (362). Therefore, 

raw milk used to manufacture Swiss cheese should 

have a reduction time between 3 and 6 hr (116). 

Both the bacteriological condition of the milk 

and the types of bacteria present are important. 

Presence of coliforms in large numbers will severely 

reduce quality. Abou.t 30% of different strains of 

coliforms isolated from milk inhibited lactic-acid 

bacteria; Enterobacter aerogenes generally inhibited 

lactobacilli, and Escherichia coli inhibited streptococ

ci (350). Presence of many coliforms generally led 

to failure of acid production and, therefore, produc

tion of cheese of inferior quality. Some micrococci 

promote, while others inhibit, growth of lactic-start

er bacteria, with resultant diminished acid produc

tion. By reducing the numbers of these bacteria in 

cheese milk, defects in cheese related to inadequate 

acid production were eliminated (350). Anaerobic 

spore-formers in raw milk may lead to "blown" cheese. 

Milk from silage-fed cows often is implicated in 

these instances. There are different opinions about 

the importance of milk from silage-fed cows, but 

most research workers believe that cheese made from 

milk of this sort is more prone to blowing. Con

stantinescu and Condos (63) determined that feed

ing cows silage after instead of before milking re- l 

suited in a decrease in the number of anaerobic 

spores in the milk. In contrast, Kiermeier et al. (196) 

found no correlation between blown cheeses made 

of milk from silage-fed cows and of milk from cows 

not fed silage. 

Because large quantities of milk are needed for 

cheese production, the manufacturing plant often 

stores milk overnight. Rapid cooling of milk to 

10 to 12 C (50 to 53.5 F) instead of the usual over

night cooling usually improves cheese flavor with 

no effect on eye formation (410). Now, modem tech

nology dictates use of lower storage temperatures 

and necessitates use of much longer storage periods. 

In collection of milk from the farm, procedural 

changes have occurred; a primary example is the 

shift from can to bulk collection. Refrigerated farm

storage of milk for 2 or 3 days before collection may 

produce changes in the physical, chemical, enzyma

tic, and microbiological conditions of the milk. Multi

plica·tion of psychrotrophic microorganisms m a y 

sometimes be severe enough to partly destroy fat

globule membranes and promote lipolysis. Coagu

lation by rennin also is retarded; this problem, how

ever, can be remedied by (a) adding soluble calcium 

salts, usually calcium chloride, (b) adding more ren

net, (c) using a somewhat higher renneting tempera

ture, (d) acidification, and (e) using a somewhat 

higher cooking temperature (357). Properly conduct

ed refrigeration has advantages that outweigh the 

disadvantages, and Swiss cheeses made from re

frigerated milk are whiter and have fewer but larg

er eyes, but otherwise show no difference in quality 

(425). To assure tmiformity in make procedure and 

cheese quality, larger manufaroturing plants prefer 

commingled storage in large silo tanks and use 
"holdover" milk. 

In experiments in Switzerland, Emmentaler cheeses 

were made from milk with a nonnal somatic cell con

tent ( 10,000-50,000/ ml, GMT-negative) and from 

milk with increased cell content ( 310,000-650,000/ml, 

CMT -positive). Curd elasticity and firmness de

veloped slower and to a lesser extent in cheeses made 

from GMT-positive milk. The cheeses needed a 

longer ripening period, and more flavor defects were 
noted. Yield also was lower (87). 

Clarification 
Clarification of raw milk leads to marked and 

consistent improvement in cheese quality. A de

crease in cheese moisture content and yield may be 

noticed after clarification, and the percentage of fat 

• 
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in the whey may increase ( 430). Clarification de

creases the tendency of fat to form aggregates on 

standing. :1\·iost leucocytes, some bacterial cells, and 

about 98% of the closh·idial spores are found in the 

slime. This b·eabnent leads to an increase in multi

plication rates of starter organisms and improvement 

in the methylene-blue reduction test. The oxygen 

conten t of the milk is increased, and carbon dioxide 

content is decreased. Clarification causes the oxi

dation-reduction potential to decrease more rapidly 

in milks held at 30 C ( 86 F ). Clarified milk also 

has a slightly lower stability to alcohol (268, 423). 

Removal of extraneous and cellular materials and 

more uniform dish·ibution of bacteria are the most 

important conh·ibutions of clarification. Removal of 

these materials from milk leads to a decrease in 

eye number and an increase in eye size and uniformi

ty. Swiss cheeses made from clarified milk also were 

found to contain fewer anaerobic spores, but forma

tion of lactic and propionic acid and other aspects of 

the lipening process were slower in cheeses made 

from clarified milk (268, 408, 411, 423). Matheson 

et al. (268) mentioned that firmness of the cheese in

creased and the incidence of the "glaesler" (glass) 

defect also increased when cheese was made from 

clarified milk. Deh·imental effects of clarifica tion 

on cheese quality diminish through clarifying milk at 

a relatively low tempera hue [21 C ( 70 F ) instead of 

32 C ( 90 F )) and slow bowl speed ( 3500 rpm in

stead of 7000 rpm ); but the quality of cheese im

proved by decreasing the flow rate of milk by one

half and by increasing the temperatme from 21 to 

32 C. Bactofugation, or bacterial centrifugation, 

lowers the number of eyes as well as the bacterial 

spore count in the cheese (423). It may reduce yield. 

This process has been studied in the United States 

but does not seem to have been adopted by Swiss 

cheesemakers to any extent (345) . 

Heat-treatm ent of mw milk 

Pastemization is defined by the U. S. Public H ealth 

Service as the heating of milk in approved apparatus 

to at least 62.83 C ( 145 F) for a minimum of 30 min 

(LTLH ) or heating to at least 71.67 C (161 F ) for 

a minimum of 15 sec (HTST) (430). Pasteurized 

milk is used to manufacture many cheese types, but 

its use for Swiss cheese production has caused diffi

culties. Most Swiss or Swiss-type cheeses made to

day are manufactured from heat-treated milk. In 

Switzerland, much of the Emmentaler cheese still 

, is made from chu:ified or unclarified raw milk. 

The first exp erimental Swiss cheese made from 

pasteurized milk was manufactured by von Freuden

reich and Orla-Jensen in 1899 (122). They inoculat

ed milk with various microorganisms and concluded 

from their experiment that pasteurized milk was un

suitable to produce Swiss cheese. Their negative 

results may b e explained by the use of low quality 

milk, and by too little knowledge of the beneficial 

bacterial flora of Swiss cheese. Later e;.q)eriments, 

in the 1930's, showed that pastemization had a bene

ficial effect through des b·uction of pathogens and 

other harmful bacteria, but made it necessary to 

add pme culh1res to obtain good-quality Svviss cheese. 

Flash-pasteurization is suitable for h·eating good

quality milk, but earlier workers considered the hold

ing method better for milk of lesser quality (124). It 

is exh·emely doubtful if any plants in the U. S. today 

use the holding method for milk heat-treahnent for 

Swiss cheese manufachu·e. 

One of the first successful methods to produce a 

Swiss-type cheese from L TLH pastemized milk was 

inh·oduced at Iowa State University in 1938 (136). 

A modified cooking procedme was introduced and 

involved removing a portion of the whey and raising 

the temperature of the curd to· 38.8 C ( 102 F) by 

addition of hot water. This process produced cheese 

of good quality and has been used successfully in 

other countries (345, 469). 

The most in1portant advantage of pastemization 

is the inactivation of much of the tmdesirable micro

bial flora, but it also has the adverse effect of re

ducing desirable flora if present. Milk, flash-pasteur

ized at 76 to 78 C ( 168.8 to 172.4 F ) for 15 sec, was 

used by Demeter and Janoschek (78) to make Swiss 

cheese. They found that addition of a pme lactic

starter culture and a special Lactobacalus casei cul

ture was necessary to produce quality cheese. From 

the viewpoint of flavor and aroma, the cheese was 

improved, although it was downgraded because of 

the development of splits. The effect on Swiss cheese 

quality of flash-past eurization over a range of 64 to 

94 C (147.2 to 201.2 F) was sh1died by Olsansky 

and Vychytova (307). Their results showed that 

cheese of high quality could be made with milk pas

teurized in the range of 68 to 74 C (154.4 to 165.2 F ) 

and that 72 C ( 161.6 F ) with 15-sec holding time 

yielded the most desirable cheese. By reducing the 

temperah1re under 68 C ( 154.4 F), survival of dele

terious bacteria was excessive, and their presence 

interfered with the ripening process. At tempera

tures above 7 4 C ( 165.2 F ), reactions bet\;yeen the 

casein and whey proteins took place, resulting in 

deterioration of consistency of the cheese body and 

eye development. Tlus det erioration was noted by 

the development of an "unclean sweet" taste and 

splits or cracks in the body of the cheese. 

In Switzerland, it is thought that pasteurization is 

too severe a heat treahnent for cheese milk. There

fore, a low-temperature heat b·eainlent, "thermi ' -
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tion," of milk in the range of 56 to 65 C ( 132.8 to 
149 F ) for about 3 sec is utilized. H eat treatment 
at 56 C ( 132.8 F ) caused fewer eyes to form, but 
yielded cheese of high-quality flavor and texture as 
compared with cheese made from raw milk (41). 
Even at 56 C ( 132.8 F ), the numbers of bacteria 
were reduced. Coliforms showed sh·ain differences 
in vulnerability, but at 61 C ( 141.8 F) for 5 min, 
all coliforms tested were greatly reduced in number. 
Micrococcus species were variably resistant, and some 
even survived pasteurization. Streptococcus lacUs 
was not heat resistant, but S. thermophilus easily 
survived the treatment. The number of propionic
acid bacteria was appreciably reduced above 58 C 
(136.4 F) (293). 

The types of microorganisms present in raw milk 
before pasteurization severely affected the ripening 
process of Swiss cheeses. A "normal" milk flora 
slightly reduced the lactic-acid fermentation in cheese 
and enhanced defects in eye formation, such as 
splitting. Large numbers of colifom1s stimulated lac
tic-acid pi'Oduction, but adversely affected eye for
mation and flavor production. Yeasts accelerated 
the lactic-acid fermentation, increased body elasticity, 
and augmented gas formation , but had a negative 
influen ce on flavor . Anaerobic spore-formers inhi
bited lactic-acid formation, caused production of 
blowholes and splits, and the cheese had an un
pleasant flavor (309). Therefore, the initial microbial 
quality of the raw milk has an influence on cheese 
quality, even with pasteurization or other less severe 
heat treatments. 

Homogenization of cheese ndlk 

The first experiments with homogenized cheese 
milk resulted in cheeses of low quality because body 
and flavor defects developed . Later experiments 
using homogenized-pasteurized cheese milk in com
parison with nonhomogenized milk showed that the 
milk lost less fat into the whey, cheese yields were 
increased, and the fat leakage from the cheese was 
reduced . The highest-quality cheese was obtained 
from milk homogenized at 500 psi, while higher 
homogenization pressures resulted in cheese of low-

er quality (328) . With homogenization at 2000 psi 
and addition of propionic-acid bacteria and a L. 
casei culture, the quality was approximately the same 
as that of control cheese (329 ). Again, it is dot~bt
ful if any manufach1ring plants in the U. S. use t11is 
h·eatment. 

H 20 2 - catalase treatment of cheese 1nilk 
Another method to control the microflora of cheese 

milk is addition of hydrogen . peroxide. Benefits of 
this treatment have been related to the supposed se
lective action of hydrogen peroxide on microorgan
isms commonly causing defects. D efect-forming 
types of microorganisms are claimed to be largely de
sh·oyed, while many of the desirable organisms are 
assumed to survive. Roundy (364) fow1d that 0.02 
to 0.05% hydrogen peroxide was stuficient to reduce 
the number of bacteria in cheese milk, while Demeter 
et a!. (80) determined that a higher percentage of 
0.2% was best for h·eatment of milk for cheese manu-
facture. This difference may have resulted because 
Roundy (364) heated the milk at 52 C ( 125.6 F) for 
25 sec after addition of hydrogen peroxide, whereas 
Demeter et al. (80) heated the milk to 52 C ( 125.6 F ) 
before hydrogen peroxide addition to destmy the 
nah1ral catalase of milk. A hydrogen peroxide treat
ment of 30 min was used in both instances . Catalase 
was added to desh·oy the residual hydrogen peroxide. 

A 0.2% concentration of hydrogen peroxide in the 
cheese milk reduced the numbers of acid-producing 
bacteria during the first 20 min, and the number 
then remained constant. Coliforms were completely 
destroyed in 10 min. The kill of propionic-acid bac
teria was negligible according to D emeter et al. (80), 
but Roundy (364) determined that Prop·ionibacter-i:ttm 
sherma·nii was adversely affected. Bacteria were 
not appreciably reactivated during catalase b·eatment. 
This h·eatment of cheese milk is easily effected and 
can improve cheese quality (430). It is, however, ex
pensive and should not b e used as a substitute for 
farm sanitation and prop er milk handling and cheese 
manufacturing procedures (345). Use of the HzOz
catalase treatment for milk also is b elieved to inter
fere with typical fl avor development in resultant 
cheese. 
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PROCEEDINGS OF THE FOURTEENTH NATIONAL CONFERENCE 
ON INTERSTATE MILK SHIPMENTS 

DES MOINES, IOWA, MAY 20-24, 1973 

J. C. McCAFFREY 
National Conference on Interstate M-ille Shipm ents 

3306 Glouster-Kensington Pm·k, Sa·rasota, Florida 33580 

( Received for p ublication July 30, 1973 ) 

ExEc u n vE BoAnD MEETJ NG, MAY 21, 1973 

Chairman Schilling convened the Executive Boanl meeting 
at 10:10 a.m . All Board members except Mcintire of Cali
fornia, were present. Guests present: Newlin and Speer. 

Chairman Schilling welcomed Shelby Johnson and intro
duced Harold l\1!eister who replaced F loyd F enton. Schj\Jing 
explained duties of Jack Newlin as pa.rHmmmta.rian. 

McCaffrey presented both the seCl·eta.ry's and th e b·easur
er's report, indicating a balm1ce of $5,261.60 as of May 18, 
1973. Both reports were accepted as reacl. 

Chairm <m Schilling appointed a Credentials Conunittee 
consisting of Rowley, Vm1 Devende1:, and Vi'eckel as chairman; 
a Hesolutions Committee of Cupps, Noles, and Luchterhand 
,ts chairman; a Nomin atin g Committee of Osten , Jefferson , 
Van Buren, Brenclle, Evans, m1d Vam.: as chai.rmm1. Council 
changes made were : CounciJ I-educational advisor, R. Moch
rie, North Carolina State; Council II-replace Ke1meth Feigh
ner with Gene Da lly; Council III- replace A. C. Fisher with 

Chris Sykes . 
Earl " ' right then read his "Conference \Vorking Proced

ures" and a~ked for comments. The Board accepted th e re
port as read m1d offered a "Resolution of Commendation" for 

a job well done. 
There being no further business, meetin g adjourned at 

11: 15 a.m. 

FrnsT GENEl'tAL SESSION 

The first gene1·al session of the Conference was call ed to 
f order at 1 :30 p .m. on Monday, May 21, by Chaim1an Schill 

ing. The invocation was by C. Fred Stout, Ch ief, Iowa Da iry 
Trade Practices, Iowa r::·cpa rh11 ent of Agri cultm e. Th e ad
dress of welcome was by DT. Lee R. Komer, Dean, College of 
:\ gric~tltme, Iowa State Un iv rsity. The keync te address was 
by Donald E. \ .Y ill..-inson, Secretary, \ Visconsin Deparbnent of 
Agricultme, Madison, \Visconsin . 

Chairman Schi ll in g aru1ounced th e members of th e Cre
dentials, Nom inating, and Resolutions Committees, and gave 
them their respective charges. Em·l \ Vright presented a re
port on "Conference \ \fo rking Procedures" in which he ex
pla ined the proposed workin gs of th e Council s and how 
th eir reports would be presented. The first general session 
closed with assignment of 1:ooms fo r C::mn cil meetings . Coun cil 
e!1ai rmen were in ~tructed to make th eir preliminary reports 
to the membership on Tuesday afternoon. 

SECONO GENE HAL SESS IO N 

'I)he second general session was convened by Chairman 
Sch illing at l :35 p.m . on Tuesday, May 22, 1973. The 
first roll call of states and delegates authorized to vo te on 
Conference agreements was taken by Secretary 1\llcCa££1-ey . 
The Chairman then called on each Council chaim1an to 
present the preliminary report of deliberations . Dudley Con-

ner reported for Council I , Jay Boosinger for Council II, 
and Mi lton Scherpf for Council III. 

THUID GENERAL SESSION 

Chairman Schilling convened the th ird general session 
at 1:40 p.m. on Wednesday, May 23,' 1973-. E ach Council 
chairman presented his complete Council report, listing all 
problems and proposed solutions to be voted on at the final 
general session on Thursday, May 24, 1973. Each rep01t 
included both changes in and additions to existing "Pro
cedures". 

FINAL GENERAL SESSION 

The final general session was called to order by Chaim1an 
Schillin g at 8:35 a.m . on Thursday, May 24, 1973. The final 
roll call of states m1cl delegates authorized to vote on Confer
ence agreements was taken by SeCl·etary McCaffrey. The roll 
call showed that 44 states were represented, 15 by both agri
culture and health, 13 by agricultme only, and 16 by health 
only. The health department of the Disb·ict of Columbia 
was also represented. 

CouNCIL I 

Chairman Schilling called on Dudley Conner, Chair
man , to give the Council report. The Council was 
assigned 44 problems, voted "no action" on 14, and 
b·ansmitted 1 to Council II. 

Problems 10, 11, 18, and 22 related to P .H.S. Pub
lica tion No. 678, M ethods of Making San·itat-io·n Rat

m gs of Milkshecls. The Council recommended that 
the above mentioned publication b e revised to more 
fully refl ect current indush·y processes and procure
ment practices . Th e Council plans to undertake the 
responsibility of preparing such amendments a t the 
eill'lies t possible date. 

Problem 13 referred to the alleged arbitrary applica
tion of changes in Standa'l'cl Methods by a small group 
without participation of the majority affected. The 
Council recommended : (a) that the IMS Conference 
continue the standing Laboratory Committee to serve 
in an advisory capacity to the three Cotmcils on lab
oratory problems, and (b) that the Food and Drug 
Administration forward to the IMS Conference Lab
oratory Committee any interpretations of the cur
rent Standard Methods and allow at leas t 15 days for 
comment b efore disb·ibution of such interpretations. 
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TI'li;: clel~gates~: concurred ._ 
Problem 1 asked that tl1e lepgt).1 of tygon hose for 

farm pickups and receiving staqons be limited to an 
8 ft. The Council recommended that tl1e PHS/ 
FDA reevaluate the problem and issue an official 
memorandum on tl1e length of tygon hose. The dele
gates concurred. 

Problem 4 asked for a discussion of the Gmcle "A" 
raw mille cooling requirements cu1cl enforcement by 
the 3 out of 5 method. The Cotmcil recmmnenclecl 
that, if and when tl1e PMO is revised, the 3 out of 
5 temperatures for raw milk be removed from present 
enforcement procedures and that any product temp
erature exceecUng that requirement be excluded from 
the market. The delegates turned dm:vn the recom
mendation by a vote of 23Jf naes and 2H~ ayes. 

Problem 7 stated that the results of \ iVMT in mill
imeters is not understood by milk producers when tl1e 
stcu1darcls are in number of somatic cells. Results in 
millimeters must be interpreted in light of compliance 
with a maximum established cell count. The Council 
recommended (a) that tl1e Laboratory Comnuttee, in 
cooperation with and with approval of tl1e Laboratory 
Development Section of tl1e Food cu1d Drug Admin
istration, should develop a revised scale( s) or con
version chart ( s) for reporting \ iVJ\tlT screening test 
results . Tl1is direct reading cell cotmt ( s ) should 
more realistically compare with and reflect (i) con
finned somatic cell counts, (ii) reported vVMT screen
ing test fluchtations in tl1e test score where confinna
tion is necessary in different areas of the counuy, 
(iii) possible differences caused by everyday and 
every-other-clay pickups and, (iv) any otl1er condi
tions determined by tl1e conm1ittee to produce a mo•re 
accurate screening result. (b) \iVMT results ( cu1d possi
bly all screening tests) should be reported by the 
laboratory in terms of cell counts. (c) All scree11ing 
tests should continue to be confirmed at tl1e confirm
atory level recommended in the Food and Drug Acl
minish·ation Guidelines, and punitive action should 
continue to be i11itiated only on confinnecl somatic 
cell counts. The Laboratory Committee should 
study these confirmatory levels and, when appro
priate, make recommendations to tl1e Conference and 
to the Laboratory D evelopment Committee of tl1e 
Food and Drug Adminisu·ation . The delegates ap
proved the recommendations . 

Problems 19 cu1d 25 were concerned with Stcu1dards 
of Identity for certain dairy products and possible re
wltant label revisions. Tl1e Council recommended 
that IMS propose to the Food and Drug Administra
tion tl1at the PMO food standards be followed as 
adopted by states and recommended by tl1e PMO 
except for all crean1s and half-and-half . The dele
gates concmred. 

Problem 21 referred to present requirements as 
being too res trictive for reinstatement of producer 
permits after suspension for violation of bacteria 
standards. The Cotmcil recommended that, wl1en 
the PMO is revised, the following be considered: 
Administrative procedures : (a.) to avoid "clean slate" 
interpretations, and (b) to provide appropriate langu
·age to be incorporated in the PNIO to provide a con
tinuing history of violations of. bacteria, colifonn, and 
somatic cell cow1ts limit after a tempontry pennit has 
been issued pursuant to Section 3. First paragraph
no change. Second paragraph, first sentence-delete 
"or cooling tempemh1re standards" and substitute 
"somatic cell count standards." Second paragraph
Sanlples shall then be taken at the rate of not more 
than 2 per week on sep arate clays within a 3-week 
period. Temporary permits shall be withclra\:vn if 
the first sample clming this 3-week period is above 
the limit, including those taken before permit sus
pension, are above the lin1it. The health authority ' 
shall reinstate the permit upon compliance \vith the 
appropriate standards as determined in accordance 
\vith Seotion 6 of tlus ordinance. The delegates ap
proved the recommendations by a roll oall vote of 
22Jf ayes and 21Jf naes. 

Problems 23, 26, 27, 28, 29, 30, 31, 32, 34, 35, and 38 
were submitted by the Milk Sanitation Branch, FDA/ 
PHS, to get comments on the proposed revision of 
the Pi\10, and dealt with such pToblems as hauler 
evaluation, definitions, suspension of pennit, s•tancla.rcls 
for milk and milk products, bacterial examinations, 
etc. The Council recommended tl1at IMS request tl1e 
Food and Drug Aclminisb:ation to provide the Coun
cils of the IMS with advance final draft copies of 
documents which specify what action the Food and 
Drug Aclminisu·ation intends to take rega.rcling final 
publication of a revised PMO, statewide certifica
tion of interstate milk sluppers, and other problems 
which have been considered previously and acted 
upon by one or more IMS Cotmcils. The delegates 
approved. 

Problem 37 stated that several states have state laws 
which do not place nulk sanitation regulatory work in 
any of the classifications now listed in Section II. 
Supervision, subdivision 2. The Council recommend
eel the deletion of a, b, and c of Section II, subdivision 
2 and substitu·ting : "The nillk supply to be tested 
shall be under the full-time supervision of a state or 
local milk sruutation control agency. The delegates 
approved. 

Problem 41 dealt \vith whetl1er goat's milk should 
meet the san1e somatic cell cow1t requirements as 
cow's nillk, while problem 44-A dealt with recom
mended changes in bacteriological proceclmes for 
determination of bacterial cotmts in both Grade "A" 
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raw and pasteurized milk. The Council recommend

ed that these problems be r eferred to the Laboratory 

Committee to gather information, collate and present 

a meaningful report to the 1975 conference. The 

delegates concurred. 

Problem 9 was the report of the CIMS Commit

tee on Abnormal Milk, as \Vell as the minority repmt 

of this committee, and the reques t to reduce the max

imum acceptahle somatic cell count to 1 million/ml, 

Effective January 1, 1974. The essence of the report 

was "that the abnormal milk control program is pro

gressing well and that the action level should re

main at a somatic cell count in excess of 1,500,000/ ml. 

The Committee recommended that laboratories be 

requested to report screening test results as estimated 

somatic cell counts and that the Committee on Ab

normal Milk Conh·ol be continued. The delegates 

concmTed. 

The final action was ·the report of ti1e NCIMS 

Committee on Single Service Containers and Closures. 

The main activity of the Committee vvas rewriting 

Public Healti1 Service Publication No. 1465 and sub

mission of it to the PHS/ FDA for refinem ent. The 

delegates accepted the Committee report. 

Cou""ciL II 

Chairman Schilling called on Jay Boosinger, Chair

man of Council II , to give ti1e report. Boosinger 

reported ti1at the Council had been assigned 30 prob

lems, 5 of which were referred to other Cotmcils, 3 

of which were withdrawn at the request of the author; 

problems 1 and 9 were reported as no action. The 

delegates accepted the disposal of ti1e problems. 

Problems 2, 3, and 4 dealt with implementation of 

procedures without first having been voted on . The 

Council recmmnended that in Section VI. D a # 5 

be added to reacl: "Enforcement ra tings shall be made 

a part of check ratings." It recommended ti1at Section 

VI. F. be amended to add the following: "Admin

istrative procedures developed by PHS/FDA should 

be drafted and forwarded to ti1e appropriate Council 

of IMS for review and comment prior to its adoption . 

The various councils of IMS should stand ready to 

deal with such problems on a continuing basis." The 

delegates concurred . 

Problems 7 and 8 · reques ted ti1e Food and Drug 

Administration to rescind their interpretations set 

forth in the identical Memoranda IMS-a-6 and M-a-

40 as it pertains to debiting of bacterial counts, coli

fpnn dete1minations, temperah1res, and abnormal 

milk counts, when 2 of the last 4 samples exceed the 

limit. The Council recommended the above action; 

the delegates concurred. 
Problems 10, 11, 12, 13, and 14 dealt with check 

ratings. The Council combined these requ ests into 

one problem ( 13-a ) and recommended tha t Section 

VI. D. 1. be deleted m1cl the following be substituted : 

"The Food and Drug Administration shall conduct 

check ratings of the sanitation compliance status in 

each year of listed interstate milk shippers. 'i\Titi1in 

a state, annual check ratings will be made of a rep

resentative sample of milk sheds . The selection of 

shippers for check rating in a given state will be made 

randomly from each of a series of categories defined 

by the number of pounds of raw milk produced and/ 

or processed . This will assme that no conscious bias 

in selection is present and that small as well as large 

shippers are included in every sample. 

To make effective use of Regional Office person

nel, random selection of shippers to be check rated 

will be clone in advm1ce and assignments scheduled in 

each state. Selection of farms for rating will b e made 

from n~corcls provided at the time of check rating. 

The number of shippers selected for check rating 

will be based on consideration of the munber of ship

pers in the state as well as ti1e demonstrated validity 

of the state program. Validity will be measm ed by 

estima.ting the number of adverse actions (reinspec

tions , resurveys, or withdrawal of certification) in the 

states based on results of previous check ratings. This 

approach will shift attention from states witi1 demon

strated validity to problem states ·while still preserv

ing an adequate level of monitoring. 

In no instance can a check ra ting be made vvith 

more frequency than the official rating. The delegates 

concurred. 
Problem 15 dealt witi1 Section III. B. m1d Section 

VI. D . regm·cling ratings. The Council recommended 

that the Food and Drug Administration update the 

31ethocls of Making San:itat-ion Ratings of M'ilkshecls 

keeping in mind the professional judgment aspect be 

kept to a minimum insofm· as is practical. Proposed 

revised meti1ods are not to be adopted before an 

opporhmity for comment has been given. The dele

gates concun:ecl by ( roll call) 33 ayes. 

Problems 18 and 19 dealt witi1 penalizing shippers 

because of faulty laboratory procedures . The Council 

recommended (a.) that Section V. C. 3 be chm1gecl to 

read: "If split smnple results of the laboratories used 

by certified interstate milk shippers are not received 

by the appropriate FDA Regional Office wi thin 12 

months of the last split san1ple elate, ti1e regional 

office shall notify ti1e State Laboratory rating agency 

to withdraw the certification of ti1e laboratory," and 

(b) that Section V. C. 4 be chm1ged to read: "If re

sults of the most recent official laboratory and san1pl

ing survey are not received by the appropriate FDA 

Regional Office witi1in 2 yem·s and 6 months of the 

last survey date, the regional office shall notify the 
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State Laboratory rating agency to withdrawn certifi

ca tion of the laboratory." Delegates concurred . 

Problems 20 and 21 dealt with standardizing pro

cedures used by state sampling surveillance officers. 

The Council recommended that Section VI. A. 3. be 

changed to read : "The Food and Drug Adminsh'a

tion shall standardize the evaluation procedmes of 

state milk laboratory survey officers and state sampl

ing surveillance officers ." The delegates concmred. 

The Cotmcil recommended that Section V. C. 1. be 

changed to read : "Sample collectors -vvho collect 

samples of milk and milk products of rated interstate 

milk shippers shall be approved by personnel out

lined in Section III. D . in accordance with the Sample 

Collection Procedures specified in the P-ublic H ealth 

Service Eva l-uation of Milk Laborato·ries. The dele

ga tes concurred. 
Problem 25 dealt with the necessity for annual 

seminars. The Council recommended that Section 

VI. C. 2. be changed to read : "In order to coorcUnate 

ratings and evalu ation procedmes and interpretations, 

the F ood and Drug Adminish·a.tion shall sponsor 

seminars at least biennially or annually at the request 

of the states, for the state milk sanitation rating and 

milk laboratory survey persom1el in each of its regions. 

Food and Drug Regional p ersom1el may invite others 

charged by law with the enforcement of Grade "A" 

milk regulations to attend such seminars. The dele

gates concurred (roll call ) by 32 ayes . 

Problem 27 ques tioned the procedure that tmder 

present requirements a listed rating must carry the 

oldest date of any p01tion of listed shippers sm vey. 

COtmci.l II recommended tha t the F ood and Drug 

AdministTation take uncle~· consideration the rationale 

of this problem which reads: "It is reconunended that 

the responsibility for seeing that a. listed shipper uti

lizes only approved sources of raw milk in conformity 

with its published rating be placed on the rating 

agency which condu cted the survey of the listed ship

per. The listed sliipper should then be listed with 

the date of its own survey without Tegard to the sur

vey dates of its suppliers." TI1e delegates approved. 

Problem 28 dealt with the new state coding sys

tem and its adoption. The foHovvin.g amended Cow1-

cil recommendation was approved by the delegates. 

"Since the National Bmeau of Standards, U.S. De

parhnent of Commerce, has developed a. new state 

coding sys tem which would change numbers assigned 

to each state tmder the plant identification coding 

systems used by nearly all fluid milk processors, Coun

cil II recommended to the Food and Drug Adminis

h·a.t ion adoption of these new state code numbers for 

use in the quarterly bulletin simultaneously with old 

code numbers. The adoption .date by state regulatory 

~~gencies should coincide with the proposed fluid 

milk and cream standards, or by January 1, 1975 if 

Part 18 is not effective by that date. During the in

terin1, states shall recognize both the old nwnber 

and the new number as des ignated." The delegates 

concurred. ! 

Probliem 29 stated that no certification etc, of state 

survey officers should occur during a routine state 

survey or check rating. The Council recommended 

"that no certification of state .survey officers should 

occur during a routine state survey of check rating 

by regular PHS/ FDA representatives. The delegates 

concurred. 

Coui'\CIL III 

Chairman Schilling called on Milton Scherpf, Chair

man of Council III, to give the report. Council III 

received 9 problems, in addition to several proposed 

changes in tl1e Constitution. The following changes 

in the Constitution were approved by the assembled , 

delegates. 

Amendments to Article IV. Section 2 and 4. Section 

2: After the words "the immediate past chairman'' in 

line 5, add "and the tlu·ee Cotmcil Chairmen ap

pointed by tl1e Chairman and confirmed by Executive 

Board action, as non-voting members, along witl1 

the Program Chairman who also shall be a non-voting 

member." In tl1e next sentences tl1e word "tl1ereafter" 

is to be deleted and the sentence will begin witl1 the 

word "each." Section 4: To be changed to read: "The 

Board shall elect a chairman and a vice-chainnan from 

its membership after each Conference and each may 

retain his position at tl1e pleasure of the Board as 

long as he is officially a. member of tl1e Board. The 

Board shall also eitl1er elect or appoint an executive 

secretary-h·easm er who shall be bonded. A monitor 

or sp ecial chairman may b e appointed by the chair

man for any special meeting." 

Problem 1 dealt wi tl1 official delegate status, since 

some states share tl1e activities between agriculture 

and healtl1 and some states have other agencies en

tirely. The Council recommended that the report 

of tl1e Credentials Committee be submitted to the 

Executive Board, to be shtdied and presented at the 

1975 Conference for proposed constitutional changes. 

The delegates accepted tl1e recommendart::ion. (The 

Credentials Committee report submitted by K. G. 

W eckel, has since been given to the Board. ) 

Problem 3 requested tl1at tl1e IMS Conference re

affirm stipulations of Section III. parragraph D, page 

3 of the 1971 Procedures. The Council so reported 

and delegates concurred in the report. 

Problems 4, 5, and 8 dealt with tl1e apparent lack 

of a provision for relisting a shipper whose certifica

tion has been withdrawn . This would involve chang-
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ing Section VII. C. 1 and 2. The following amended 

recommendation was presented by the Council. Sec

tion VII. C. 1 to be amended by adding the follow

ing sentence after the words "in accordance with Sec

tion V. A. 4" on page 10, line 7 of the 1971 Pro

cedures. In the case of withdrawal, a resurvey shall 

be made in not < 30 days and not > 60 days unless 

the state rating agency has reason to believe a new 

rating within a lesser time period, but in no event in 

< 15 days, would result in an acceptable rating. 

Section VII. C. 2 to be amended to insert the follow

ing sentence after the words "in accordance with Sec

tion V, A. 4" on page 10, line 20 of the 1971 Proced

ures. In the case of withdrawal a resmvey shall be 

made in not < 30 days and not > 60 days, lmless the 

state rating agency has reason to believe a new rat

ing within a lesser time period, but in no event in 

< 15 days, would result in an acceptable rating. The 

delegates concurred by a roll call vote of 31 ayes and 

7 naes . 
Problem 6 dealt with the proposed amending of 

Section 111. F. l. and G. The Council recommended 

that, in line 3, Section III. F. l. the word "semian

nually" be deleted <mel replaced by the phrase "90 

clays after the date of last r ating." It recommended 

that, in Section III. G. the word "semiatmually" be 

deleted and replaced by the phnse "90 days after 

the elate of last rating." The delegates approved. 

Problem 9 dealt with dry milk plants. The Council · 

recommended that Section VIII be changed by add

ing after the words "milk products" the plU"ase "and 

Grade 'A' nonfat dry milk." The delegates approved. 

Problem 2 dealt with reciprocity. The amended 

Council recommendations regarding reciprocity, which 

were approved by the delegates (roll call ) by a vote 

I of 33 ayes and 7 naes, follow. 

Amend Section I. ( Standru·ds ) A. (Milk Sanitation 

Standards ) by inserting the number ( 1) in front of 

the single paragraph contained therein, and adding 

the following pru·agraphs, to be numbered ( 2 ) and 

( 3) . 
( 2) Milk <mel milk products from points beyond 

the limits of routine inspection shall be acceptable 

under the principles of reciprocity for sale in the 

state or local area concerned, provided they ru·e pro

duced and pasteurized, under regulations which are 

substantially equivalent to the 1965 Recommended 

Pasteurized M-ilk Ordinance and have been awat·ded an 

acceptable milk sanitation compliance and enforce

ment rating made by a state milk sanitation rating 

officer certified by the PHS/ FDA. 

( 3 ) Reciprocity for the pmpose of NCIJ\IIS agree

ments shall mean that no action or requirements on 

the part of any regulatory agency shall cause or re

quire any action in excess of the requirements of the 

P.ivl.O. or conference agreements. 

Amend Section VI. Responsibilities of the Public 

Health Service, B (Publication of Compliat1ce Rat

ings ) 2. by adding the following sentences . "Ef

fective October, 1973, the quarterly issue of Sani

tation Compliance and Enforcement Ratings of In

ters tate Milk Shippers shall identify those shippers 

located in states where complete reciprocity as de

fined in Section I. A. 2 and 3 is not recognized by the 

state and/ or local regulatory agency. After July 1, 

1975, no shippers located in those states which con

tinu e to disregard the principles of reciprocity as de

fined in Section I. A. 2 and 3 shall be listed. 

It is recommended that the Constitution of the 

_ TCINIS-Article VIII. Section 4, subd. 3 be amended 

at the 1975 biennial conference as follows: Only those 

delegates representing states recognizing complete re

ciprocity as defined in Section I. A. 2 and 3 of the 

Procedures ru·e entitled to voting privileges and/or to 

serve as officers of the confe::ience. 

It is recommended that the Executive Board of the 

NCii\tfS designate Council III to act as the referee in 

determining whether complete reciprocity as defined 

in Section I. A. 2 and 3 is accepted by the state or 

local regulatory agency in question. 

FINAL B usiNESS 

H. H. Vaux, Chairmat1 of the 1 aminating Com

mittee, reported the selections from Region III for 

the Executive Boru·d: Brace Rowley, Kansas Dept. of 

Agriculture; Keith Harvey, Idal1o Dept. of Health; 

Harold E. Meister, U. S. D ept. of Agriculture; D avid 

E . Monk, Wichita-Sedgwick Kansas Health D ept. ; 

and 0 . i'vl. Russell, Foremost Foods. The slate pre

sented was elected by a unatlimous vote of the dele

gates. 

H.ESOL UTIO NS 

The Resolutions Committee, under chairmat1ship of 

Clarence Luchterhand, presented 4 resolutions; 1 ad

ditional resolution was presented from the floor. All 

were accepted. 

( 1) Resolved, that the Chairman of TCIMS and 

the Executive Board shall make appropriate pre

sentation to the Commissioner of the Food and Drug 

Administration that the official delegates to the 1973 

Conference do not favor (a) publication of the Pas

teurized Milk Ordi·nance in the Fede-ral Register other 

than as a model regulation for adoption by states on 

a voluntary basis, and (b) development of Federal 

regulations covering fluid Grade "A" milk for publi

cation in the Fedeml Register under the Federal Food, 

Drug, and Cosmetic Act. 
( 2) Resolved, that the National Conference on 



496 ~V!CCAFFREY 

Interstate Milk Shipments, through its Executive 
Board, convey to the proper FDA officials an expres
sion of appreciation for clarification of their inten
tions to endorse the concept of the Conference and 
their continued participation in the attainment of the 
Conference goals. 

(3) Resolved, that the 1973 National Conference 
on Interstate Milk Shipments urges all interested 
agencies and the indusb:y involved to fully cooperate 
in the development of policies, laws, plans, education
al efforts, and the adminish'ation to avoid conflicts 
<O.nd to bring about an orderly solution to problems 
which we now face in the area of environmental con
celTIS. 

( 4) Hesolved, that the Conference go on record to 
give a special vote of thanks and appreciation to (a) 
the Chairman and Co-chaim1an of the looal arrange
ments committee, John Brockway and Hale Hansen, 
along with their members who made possible the fine 
facilities and whose outstanding hospitality will leave 
a fond memory of the State of Iowa with everyone in 
attendance; (b) John Speer ·and the program commit
tee for setting up the challenges needed to stimulate 
and guide the Conference in its efforts to reach the 
goals established by the Conference; (c) the Chair
men and Co-chairmen, and members of the three 
governing Councils who, through their patience, un
derstanding, and tolerance, guided us to the decisions 
which will be our guidepost for the next 2 years; (d) 
to John Schilling, our able Chairman, whose organi
zational abilities and keen undersranding brought the 
Conference to a high plane of professional pride and 
accomplishment; (e) to Professor Earl Wright, whose 
organizational abilities and knowledge of conference 
sh·u cture made the ideas and dreams of those who 
pioneered the reorganization become a reality; (f) to 
the members of the Executive Board who have worked 
diligently in the past 2 years to establish policies 
which made the conference a sh·ong, viable organi
zation ; (g) to hotel management for providing the 
fine facilities, the courtesies, and services which adds 
to the comfort of those in attendance; (h) to all those 
in attendance whose statesmanship and intelligent 

deliberations make the goal of the best possible milk 
for all the people a reality. 

( 5) Resolved, that the Conference go on record 
as opposing any practices in any states which would, 
permit the commingling of Grade "A" and manufac-· 
turing milk that could end up in Grade "A" milk 
supplies and be shipped to receiving states. 

After the report of the Hesolutions Committee, 
Chairman Schilling called for unfinished business. 
There being none, the Conference moved on to con
sideration of new business. There being none, the 
final general session of the 14th 1 ational Conference 
adjoumed at 12:50 p .m. , May 24, 1973. 

EXECUTIVE BOAHD MEET! ' G, .\fAY 24, 1973 

Secretary McCaffrey convened th e meeting at 1:45 p.m. 
All voting Board mem bers were present, except Jolmson and 
Monk. Non -voting Board members present : Conner, Boo
singer, Speer, and Smathers. McCaffrey called for nomina
tions for the office of Chainnan. John Schilling was nominat
ed by acclamation. 

Chairman Schi lling cal led for nominations for the newl y 
created office of Vice-chairman. Herb Vaux of Indiana was 
nominated and unanimously elected. Secretary McCaffrey, 
being no longer officially engaged in laboratory work, resign 
eel from th e Board. H e was rep laced as national representa 
tive of laboratories, by Berry E. Cay, Jr. , the laboratory su r
vey officer for the Illinois Dept. of Public Heath . McCaffrey 
was hired to fi ll the newly created office of Executive secre
tary-treasurer, at a part-time sa lary of $140 per month, plus 
expenses required for attendance at Executive Board meet
ings and the meetings of the Conference. 

Cincitu1ati, Ohio, was selected as th e site for the 1977 meet
ing of th e Conference, with headquarters being the ne" · 
Stouffer's Cincinnati Inn . 

Chairman Schilling assi!,'n ed Boa rd members it1 advisory 
capaci ties to the Councils: Council 1-l\lleister, Causey, Hein e
matm, Rich, Thompson, Van Patten; Council 11-Rowley, Ar
ledge, Harvey, \<\fright; Council III-Can , Johnson , Husscll , 
Monk, Vaux. Berry Gay was assigned as an advisor to th e 
Laboratory Committee. Othe.r appoinb11 ents: Leland R. Lock
hart, California Dept. of Food and Agricultme, Chaim1an of 
Single Service Containers committee; John C. F lake, Chair
man of Abnom1al Milk committee; John Speer, Chainnan , 
Program Committee; Keru1eth vVhaley, Tenn. Dept. of Health , 
Chainnan, Laboratory Committee. 

There being no furth er new business, th e meeting was ad
joumed at 3:10 p.m. , May 24, 1973. 

, 
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LEBANON BOLOGNA 

I. MANUFACTURE AND PROCESSING 

S. A. PALUl'viBO, J. L. SMITH, AND S . A. ACKERMAN 

Ea.stem Regional Research Center' 

Philadelphia, Pennsylvania 19118 

( Heceived for publication Jun e 22, 1973 ) 

ABSTHACT 

A process devised in our pilot plant to manufactme 

Lebanon bologna consis ts of tlu·ee steps: (a) aging salted 

beef at 5 C for 10 days; (b) smoking the stllffed bolognas at 

35 C and high relative hmnidity for 4 clays; and (c) mellow

ing tl1e smoked bolognas at 5 C for 3 days. Aging th e salted 

beef serves to enrich for a lactic microflora which will carry 

out the fem1entation and for a micrococcal flora which will 

reduce nitrate to nitrite. Development of a firm cohesive 

structme which is characteristic of Lebru10n bologna is r elated 

principally to acid production and only slightly to smoking. 

Fermentation occurs during the smoking period witl1 the pH 

of the bolognas falling at least one pH mut dming the first 

2 to ~ days. .Nitrate reduction and subsequent formation of 

nitrosyh11yoglobin occur within tl1.e first 24 h. F lavor of 

Lebanon bologna is described as both acid and smoky. Botl1 

r.:omponents develop durin g the length y incubation in the 

smoke house. 

Lebanon bologna is a highly smoked, spiced, and 

fermented all-beef sausage originally made in the 

Pennsylvania Dutch area arotmd Lebanon, Pa. Its 

manufacture probably represents an attempt to pro

duce a sausage product sin1ilar to those of Emopean 

origin. A sweet product, called sweet Lebanon bo

logna, is also produced. It is prepared in the usual 

fashion except that a larger quantity of sucrose (at 

least 10% instead of the usual 2%) is added along 

with the other ingredients just before the fermenta

tion. Generally, the sweetness is great enough to 

' mask the acid tang. 

The h·aditional Lebanon bologna process may be 

summarized as follows: (a) beef is coarse chopped and 

salted (ca. 3%); (b) aged in wooden barrels in the 

cold (ca. 10 days at 5 C ); (c) added KNOa, sugar, and 

~pices; fine grind; stuff into casings; (d) given a 

lengthy smoke at relatively low temperatw:e and high 

relative · humidity in wooden smoke houses (smoked 

at least 4 days at 35 C and 90+% relative hw1lidity) ; 

and (e) mellowed after smoking (held ca. 3 days at 

5 C) . 
The process of Lebanon bologna n1anufacture ap

pears to be similar to that of other fermented, semidry 

sausages (5, 11 ) though little is known about it. There 

are relatively few published processes for Lebanon 

bo,logna (2, 9, 10, 13), but, Federal specifications do 

exist for Lebanon-style bologna (6). Despite the ap

paTent scarcity of knowledge of the microbiology 

'Agricultural Research Service, U. S. Deprutment of Agri

culture. 

and technology of Lebanon bologna, considerable 

quantities aTe made in the Pennsylvania Dutch area. 

One processor produces over 100,000 lb/week (2). 

Some manufacturers of Lebanon bologna claim that 

the sausage can not be made outside of the Lebanon 

area. Our pmpose was to investigate the individual 

steps in Lebanon bologna manufacture and to defin e 

the technology of the process. 

:--.!ATEH I_<\.LS AND io- f ETHODS 

.\I eat 
Freshly boned, whole, cruu1er and cutter grade cow chuck 

was used tlu·oughout, except for one study in which cow 

knuckle was used . The meat was not b'immed before use. 

A nalyses 
The moisture, fat, ash, ru1d protein of the various sausages 

were cletem1inecl by standard AOAC proceclm es (3) . Sru11p

les of the different bolognas or other sausages were ground 

twice throu gh a 3/ 16-inch plate and analyzed. Samples of 

the grotmd sa usages were also used for water activity ( aw) 

measurements using an E lecb·ic Hygrom eter-Indicator ( 1-- !ode! 

15-3001 , with gray sensor) ( Hygrodynru11ics, In c., Silver 

Spring, Mel. ') . The pH was measured with a Radiom eter 

Corporation pH meter ( model 25) equipped \vith a single 

combination electrode. The elecb·ode was inserted directly 

into the sausage or into the mass of coru·se grotmd ( 3/4 inch ) 

beef cubes. The acid content of the sausages was detem1ined 

as follows: a 10-g sru11ple of the fine ground ( 3/16 inch ) 

sample was freeze-dried; the freeze-dried . material was ex

tracted 6 to 7 h with ethyl ether in a Soxhlet appru·atus. The 

ether extract was then tih·ated with stru1.dard base to th e 

phenol red end point and the percent acid calculated by 

:1ssuming th :-tt a ll acid was lac tic. Cured meat color was de

termined by the aqueo us acetone extraction method of Hom

sey (8) . 
2Reference to brand or firm nam e does not constitute en

dorsement by th e U. S. D epartment of Agricu ltme over others 

of a similar nature not mentioned. 

Casings 
Either fibrou s or cellulose casings (Union Carbide) . were 

used. They were pre oaked a t 130 F before use ... 

Sta rter culture 
For most studies, fermentation was accomplished with 'the 

natural flora of th e meat encomaged by aging the meat with 

salt. For certain stuclies, Merck's Lactacel MC starter culttu·e 

was used for acid production. 

T exture 

Texture ( firmn ess) of Lebru10n bologna was measured in 

two ways: (a) with a ' iVam er Bratzler-type sheru· . device (J. 

Chatillon. ~Uld . Sons, T. Y. ), and (b) with a subjective descrip

tion .of the fermented bolognas. For the Vil ar.ner Bratzler 

~hear values, measurements were made . on core samJ?le · 
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form ed by a # 13 cork borer ( I. D., 20 mm) and were cut 
para llel to the long ax is of the bolognas. \Varner Bratzlcr 

shear measurements were made in an attempt to assign a 
n nmcrical valu e to firmn ess of Lh e bolognas. Ho,,·cver, be
cause of th e non-hom ogenous nature of t he bologna cores 
( it contained pieces of tough conn ective tissue along with th e 

f ine ground muscle) , \ :Varner Bratzler sh ear values did not 
agree completely with our subjective evaluation of texture, 
i.e., bolognas with similar numerical \ :Varner Bratzler sheru· 
values were given different subjective descriptions of t exture. 
Jn general, with most of the \'\Tru·ner Bratzler values, there was 

' '"reement between th em and the subjective descriptions. In 
s~me experiments ( c.f. , Table 4), there was a progression 
of ·warner Bratzler shear values; these data suggested that 
the bolognas became fim1 er with lon ger incubation . 

Salt, spice mixtu·re, and curing agents 
Except where indicated , all bolognas contained 3% added 

salt ( NaCl). Either potassiwn nib·ate ( 1.85 g/ kg meat) or 

sodiwn nitrite ( 0.078 g/ kg meat ) was used as the cming 
agent. Sodium nitrite was used in only a few experiments 
when Lactacel MC was employed . The following sugar
~pice mixture was fmmulated based on published spice mix
tures (9, 10, 13) and sugars used in Lebanon bologna: 

sugar or spice 

glucose 
sucrose 
black pepper 
nub11eg 
a llspice 
red pepper 
cloves 
cinnamon 
gin ger 
mustard 
mace 

g/ kg meat 

20.0 
20.0 

2.50 
1.25 
1.2;) 

0.62 
0.62 
0.62 
0.62 
0.62 
0.02 

The sugars and spices were premixed in a large quantity and 
weigh ed out as a sin gle addition when the bolognas were 

prepared. 

General procedure 
The general procedure for Lebanon bologna p reparation 

\\'as as follows : Beef chuck was coru·se ground th rough a 3/ 4-
inch plate, 3% salt added and mixed with the meat; salted 
lll eat was th en aged for 10 clays at 5 C; after aging, th e 
~pice mixture and Kt 0 3 were added to the aged meat and 
mixed ; this mixttu·e was then fine grOLmd through a 3/ 32-
in ch plate, stuffed in to casings, and incu ba<tecl in either (a) 

a Mepaco smoke house for 4 clays a.t 35 C and 93% relative 
humidity (wet oak sawdust was used to genera te the smoke ); 
or (b) a constant temperatm e-constant humidity cabinet for 
3 days at 35 C and 80% relative hmniclity. E ighty percent 
relative humidity was used to discourage mold growth on 
bolognas in cubated in the cabinet; h owever, in th e smoke 
house even at 93% RH, no mold growth occuned. After 
~moking, the bolognas were meUowecl for three days at 5 C 
to allow desirable fl avor changes to occur. 

In the traditional Lebanon bologna process, meat is aged 
in a wooden barrel. \ Ve aged salted meat in a wooden barrel 
or in plastic bags and both methods were equally successful. 

The bolognas were stuffed with either an E-Z Pak hy
draulic stuffer ( Minneapolis, Minn. ) or a small laboratory 
hand stuffer. Using a small laboratory grinder ru1d the hand 
stuffer, we were able to prepare bolognas with chru·acteristics 
simil::tl' to those prepm·ed with lru·ge-scale equipment from as 

little as 1 kg of meat. 

R ESULTS 

To determin e the composi tion of Lebanon bologna 

as well as othn- fermented sausages, several com

mercial samples were obtained and analyzed. Thes''C' 

data and those from our Leban on bolognas are in 
Table 1. Our sweet Lebanon bologna, though it 
contained 10% sucrose, was not as sweet ( judged by 

tas ting) as commercial sweet Lebanon bologna. Per
centages of acid in our sweet L~banon bologna were 

a t least double those in the commercial bolognas, in
dicating that high levels of sugar might have limited 
the fermen tation in the commercial products. 

The procedure for Lebanon bologna manufacture 
was derived empirically based on the few publish ed 
formulae (2, 9, 10, 1.3 ). TI1e process appeared to be 
a lactic fem1entation along with reduction of the 
nib·ate to nih·ite to yield cured meat color. In addi
tion to its low pH, Lebanon bologna also has a char
actetistic firmness and cohesive textru:e. It was 

therefore decided to investigate the effect of the 
three main steps of Lebanon bo1ogna manufachue, 
aging, smoking, and mellowing on flavor, as well as 
the factors responsible for texture of Lebanon b o

logna. 

Texture study 
Inside portions of cow knuckle were handled in 

such a fashion as to minimize contamination and 

keep the bacteriological count low. These inside 
portions were then coarse ground through a sterile 
grinder and held in ste1ile hays. The coarse ground 
meat was then divided into 1-kg b atches and agu1 
at 5 C, 4 batches with and 8 batches w ithout salt. 
W'hen this aged meat was made into b olognas , salt 
was added to half of the non-salted batches . Bolog
nas ·were made from meat aged 0, 5, and 10 days, with 
and without the addition of Lactacel !viC starter 
culture and/ or the gram-negative rod culture isol at~d 

from unsalted aged beef cubes (see Table 2). Mter 
incubation in the cabinet, the bolognas were evalu
ated bacteriologically (Smith and Palwnbo, in prep 

aration ) and for texture (firmness ) and pH. The 
data from bolognas made from meat aged 10 clays 
are in Table 2. Similar data were obtained from 
bolognas made from meat aged 5 days . Of bolognas 
prepared without aging, the only bologna that was 
firm and bad the typical struchu·e was the one made 
with both salt and starter culture. 

Sal t added to meat before aging inhibits the gram
negative rod microflora ( Smith and Palumbo, in prep
aration ). \Vhen gram-negative rods were absent, the 
characteristic texture of Lebanon bologna was ob
tained by adding sal t to the aged meat before prep
aration of the bolognas . 

Sa lt concentmtions 

~. 

, 
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TABLE l. COi\!POS!TIONAL ANALYSES AN O CHEMICAL MEAS!JRE~•I ENTS OF LEBA:-ION llOLOGNA AND OTl-IEH SAUSAGES 

~(olsture Ash Fat Protein J"crcent acid 

Sa usa~:e/Com pa ny I Description (!fn l ( % ) ( o/o ) ( % ) a 
w pH as la cti c 

Regular L ebanon bologna 

O •_:r prochct - Exp t. #3 61.13 3.96 10.76 20. 19 0.963 4.50 1.27 

Our p roduct - Exp t. #2 62.53 5.04 12.15 4.50 

Our product - made w ith 

Lactacel MC 
0.963 4.60 1.31 

Company A 59.60 4.90 13.30 0.958 4.60 0.86 

Company B 50.95 4.52 22.34 0.977 4.60 0.86 

Company c 47 .39 4.91 22.25 0.934 4.70 0.77 

Company D 49.80 .5.0 24.4 17.6 0.98 4.80 0.46 

Company F .')9.75 4.67 12.15 22.38 0.965 4.60 1.22 

Company C 57.50 5.14 16.09 19.46 0.955 4.90 0.77 

Sweet L ebanon bologna 

Our product 58.65 3.69 7.70 18.37 0.960 4.40 1.12 

Company A 51.90 5.90 11.90 0.982 4.90 0.34 

Company B 49.14 3.98 13.64 0.98 4.80 0.39 

Company D 47.82 4.76 17.39 16.31 0.937 4.90 0.33 

Company G 54.77 4.38 16.20 17. 18 0.965 4.90 0.65 

Sweet bologna 
(non -emulsion , non-fe m1e nted) 

Company C 57.01 4.62 16.13 0.99 .5.6 O.Hl 

L ebanon bologna 

( non-smoked) 

Our product .53.34 4.74 13.67 24.80 0.95 4.60 l.09;. 

Ital·ian salam i 24.25 7.14 39.77 20.32 0.793 5.20 0.47 

Cervelat 29.40 4.60 44.4 0.930 4.80 0.40 

Thu.ri·nger 36.58 5.05 37.15 17.28 0.923 4.95 0.70 

T ABLE 2. EFFECT OF SALT AND STARTEH CULTURE ON TEXTUHE DEVELOPMENT (FlRM:-IESS) L'\1 L EBANON BOLOGNA1 

Addit ion of 3% sa lt Addit!on of culture ]i' irmn ess 

Before bologna 
\\"a rn er-Bratzlc l' 

Before agin g ])reparation Gr - rod Lartaccl MC' pH shear valu e, lb. Description 

+ + 
+ + 
+ 
+ + 

+ 

+ + 
+ + 
+ 
+ 

'M eat aged 10 d ays a t 5 c. 

Meat was aged for 10 days with salt concenh·ations 

varying from 0 to 4%. At the time of preparation of 

bolognas , additional salt was added to portions of 

aged meat having < · 3% salt to bring the final salt 

content to 3% total added salt. The stuffed bolognas 

were incubated in the cabinet for 3 days and evalu

ated for pH, color, and texture. These data are in 

Table 3. 
1
Amount of drip and odor of the meat during aging 

appeared to be related to the concentration of salt. 

Meat aged with 2 to 4% salt did not drip at an y time 

during the 10-day aging period or develop off-odor. 

+ 4.60 3.3 Finn 

5.25 2.2 Soft 

+ 4.50 4.5 Very firm 

5.30 0.8 Very soft 

+ 4.75 1.9 Soft & grainy 

4.60 1.6 Soft & g rainy 

+ 4.75 1.4 Soft & g rainy 

4.70 :2.0 Soft & g ra iny 

+ 4.60 3.8 Very firm 

4.70 2.3 Soft & gra in y 

+ 4.60 3.9 Very firm 

5.20 0.3 Soft 

In contrast, meat aged with none or 1% salt showed 

considerable drip and had pronow1ced off odor that 

seemed to be related to the development of the gram

negative rod microflora ( Smith and Palumbo, in prep

aration ) . 
Four percent salt present dming the aging process 

appeared to interfere with development of the de

sired lactic microflora since the pH did not drop 

(Table 3). However, meat aged with 3% salt that 

had an additional 1% added during processing yielded 

bolognas similar in texture, color, and pH to those 

made from meat aged with 3% salt. 
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Smoke study 
To detmmin e the exact sequence of changes oc

curring in the rrieat during normal Lebanon bologna 

manufachu·e, sal ted meat and the resulting bolognas 

were evaluated sequentially using the criteria of pH, 

color, and firmness. During tl1e 10-day aging period, 

the pH of the salted meat remained at tl1e starting 

pH of 5.6. During incubation in the smoke house or 

tl1e cabinet, tl1e pH fell (Table 4). The meat was 

completely cured within the first 24 h and no fmtl1er 

cmed meat color developed during tl1e last 3 days 

of incubation. During incubation, tl1e bolognas be

cmn e firmer (Table 4); smoked bolognas appeared 

to be firmer than non-smoked ones. Based on the 

aforementioned studies, firmness and textme of Leb

anon bologna were shown to be dependent principal

ly on acid production, whether by the natmal flora 

or added starter culhu·e, and only to a limited degree 

on smoking. Salt is also necessary for firmness and 

good texh1re. One commercial film smokes theii· 

Lebanon bologna tmtil it fii·ms up and has the proper 

color and texh1re. 

Casings 
Among the three casings tested for Lebanon bolog

na, the cellulose casing allowed less than half as much 

moisture loss as the fibrous ca-sing (Table 5). Bolog

nas in ceHulose casing, however, had to be hung in 

stockinettes during smoking; bolognas in fibrous cas

ings were hung without additional support. 

Length of aging 
Meat for preparation of Lebanon bologna normally 

is aged for 10 days. In one study, salted meat was 

made into bolognas after different aging times, and 

after incubation in the cabinet, bolognas were evalu

ated for textme and pH. In tllis particular study, it 

took 14 days instead of the usual 10 to give the de

sired pH drop and subsequent texhue development 

(Table 6). The additional aging time required for 

this batch of meat to reach the proper acidity was due 

to the slow development of lactic acid-producing bac

teria ( Smitl1 and Palmnbo, in preparation ) . 

In a separate experiment, fresh meat was salted 

and made into Lebanon bologna Viithout aging. These 

appeared to be related to the startil1g concenb·ation 

of lactic acid bacteria il1 the meat. The fermentation 

in the aged-meat bolognas demonsb·ated that the meat 

would support a fermentation if aged at 5 C to de

velop tbe desired bacterial flora. 

TABLE 3. INFLUENCE OF DIFFERENT SALT CONCENTRATIONS 

DUHJNG AGING ON PH, COLOR, AND FIRMNESS OF 
LEBANON BOLOGNA1 

% Sa lt pH 

0 4.71 

1 4.78 
2 4.60 

3 4.85 
4 5.55 

3 + l' 4.60 

t 'lw act.eris tics. of finished bolognas 

Firmness 

Hornsey cured 
meat color \Yarner- Bratzler 

va lu e s hea r va lue, lb. Description 

2.90 
2.70 
2.20 
3.50 
0.50 
3.0 

0 
1.5 
2.1 
2.4 
0 
3.0 

Soft 
Soft 
Fin11 
F in11 
Soft 
Finn 

'!\·!eat aged 10 days at 5 C. 

' Meat was aged with 3% salt; an additional 1% salt was added 

when th e bologna was prepared. I 

TABLE 4. CHANGES IN PH, COLOH, AND Flfu"lNESS OCCURRING 

DURING SMOKING OR INCUBATION OF LEBANON BOLOGNA' 

Firmness 

Hornsey cured 
meat color \\"arner-Bratzler 

Days J>H value shear va lue, lb. Description 

Smoked 
1 5.05 1.7 2.9 Finn 

2 4.40 1.7 4.6 Very firm 

3 4.60 1.7 4.7 Very firm 
4 4.60 1.7 4.4 Very firm 

Incubated 
1 5. 1 1.7 1.6 Slightly firm 

2 4.50 1.7 2.1 Finn 
3 4.80 1.7 3.0 Firm 
4 4.75 1.7 2.9 Firm 

'pH of meat before smoking or incubation was 5.6. 

TABLE 5. EFFECT OF TYPE AND SIZE OF CASING ON SHRINK 

DURING FOUR DAYS OF SMOKING AT 35 C AND 93% RH 

Percent shrink 
Code Cas ing tYI>e Diameter (moisture loss) 

1A cellulose 85 mm 2.44 
1B fibrous 85 mm 6.26 

1C fibrous 55 mm 7.01 

bolognas Were evaluated daily for pH and texhu·e. TABLE 6. I NFLUENCE OF LENGTH OF AGING WITH 3% SALT ON 

Dming }2 days' incubation in tl1e cabinet, tl1e pH PH AND TEXTURE OF LEBANON BOLOGNA 

did not change and firm textme did not develop; Firmness 

cured meat color was observed after 2 days' incu

bation. A separate portion of tllis fresh meat was 

salted, aged at 5 C for 12 days, and then made into 

bolognas. The pH of tl1ese bolognas fell to 4.7 after 

3 days' incubation in the cabinet. The nlicrobiology 

of this experiment is considered elsewhere (Smith 

and Palumbo, in preparation ), but the lack of fer

mentation in tl1e bolognas made from fresh meat 

Days of 
aging 

0 
1 
3 
6 
8 

10 
14 

pH 

5.55 
5.65 
5.75 
5.35 
5.25 
5.15 
4.50 

\\'arner-Bratzler 
shear value, lb. Descripti on 

0 Soft 
0 Soft 
0 Soft 
2. 1 Fim1 
2.1 Firm 
3.3 Very firm 
3.3 Very finn 

( .. 
I 
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TABLE 7. 1:--~Fl.UENCE OF D IFFill\ENT F I\ EEZ!NC TREATMENTS ON PH, CO LO H, AND Fllli\'!NESS OF LEllANON l!OLOC'\ ,\ 

i\Ieat and treatment 

F rozen, thawed, salted, 

and aged 10 clays 

Salted and aged 10 days; 

frozen, thawed, and made 

into bolognas 
Salted and frozen with 

pH Color 

L1 --.. ;);) + 

4.55 + 

Bolog'na evaluat!on 

Firmness 

\Va rner-Bra tzler 
shea r value, lb . Descripti on 

4.8 Very firm 

4 .9 Very firm 

501 

,.. no aging; thawed and 

' ' 

' 

made directly into bolognas 

Frozen with no salt or 

aging; thawed and salt 

added and made into 

bolognas directly 

Frozen, thawed, and 
salted; no aging 
( lactacel MC added) (in

cubated only 24 hr in 

smokehouse) 
F resh; salted; no 

aging 

Fresh versus froze·n meat 

5.8 

5.72 

4.60 

5.70 

Tlu·oughout most of these studies fresh meat was 

used. Hovvever, under certain circumstances, it might 

be desirable to prepare Lebanon bologna from frozen 

beef. Data on bolognas prepared from beef frozen 

at different stages of Lebanon bologna manufacture 

are presented in Table 7. These data indicate the 

following: (a.) frozen meat could be made into Leb

anon bologna of good texture, color, and pH if the 

meat was aged with salt after thawing or if starter 

culture was added; and (b) meat could be frozen 

after aging, thawed, and made into Lebanon bologna 

(the bacterial flora remains viable during the freez

ing and thawing ). All bolognas described in Table 

7 showed the typical cured meat color of Lebanon 

bologna. Thus, freezing did not seem to interfere 

with the nitrate-reducing flora or with the meat's 

enzymatic systems for producing cured meat color. 

Flavor 
A trained taste panel evaluated Lebanon bologna 

produced in our laboratory. Various bolognas made 

by the above described process were judged by the 

panel using the triangle tes t. The panel was best 

able to distinguish differences when one of the samp

les was smoked. Snioke was important in picking out 

differences betv,1een samples and in preferences; 

smoked samples were preferred over non-smoked in 

almost all instances . Some samples had higher than 

psual pH values ( 4.9 veTs us 4.5) and in general, 

panelists could distinguish and preferred the more 

acid bolognas. 
The mellowing process was also evaluated by the 

taste panel by employing a hedonic scale. Lebanon 

+ 0 Soft 

+ 0 Soft 

+ 4.5 Very firm 

0 Soft 

bolognas just removed from the smoke house and 

cooled were compared with Lebanon bolognas mel

lowed 3 clays at 5 C. The panel rated the mellowed 

bolognas just slightly higher than those freshly re

moved from the smoke house. However, the differ

ence was not statistically significant. Our own ob

servation indicated that during mellowing, the flavor 

of the spices became less pronounced and the acid 

tang less shm·p, but, the taste panel was unable to 

pick out these subtle differences. Most commercially 

fermented sausages are probably mellowed during 

the period between production and consumption and 

this period is generally at leas t the 3 days suggested 

for these products (9 ). 

Several commercial Lebanon bolognas were com

pared to our own Lebm10n bolognas using the tri

angle test. Based on flavor, the panel could dis

tinguish ours from the commercial sm11ples and pre

ferred ours over the commercial samples in all in

stances. The commercial Lebanon bolognas used in

cluded representative samples of the major Lebanon 

bolognas produced m1d available in this area. 

DISCUSSION 

In the preparation of Lebm1on bologna, tl1e most 

critical step appears to be aging of salted beef. An 

optimtm1 concenh·ation of salt is needed to produce 

a bologna with good t exhu·e (Table 3). Too much 

salt appem·s to inhibit development of proper micro

flora as evidenced by limited pH drop and inadequate 

development of cured color. Too little salt permitted 

extensive development of gram-negative rods, pro

ducing bolognas with good color and pH, but soft, 
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grainy textme. The time salted meat is aged is also 
related to development of the necessary lactic micro
flora to produce the pH drop. In most experiments, 
a 10 day aging period was adequate. 

Pederson and Albury (12) considered the influence 
of salt concenh·ation in another natw·ally fermented 
food, sauerh·aut. They found that salt concentra
tion was the single most important factor which gov
erned the course of the fermentation. Too high a 
salt concentration ( 3.5%) allowed formation of sauer
kraut with lower acidity (as lactic acid) and lower 
pH; this sauerkraut was poor in color, flavor, and 
textme. Too low a concenh·ation of salt ( 1%) yielded 
sauerkraut with soft texture, but good color. At 1% 
salt, the acidity (% acid as lactic) was not affected, 
but the pH did not fall as low as it did when 2.25 
and 3.5% salt were added. 

Salt is necessary for proper aging of chopped beef 
for bolognas since it discomages development of gram
negative spoilage bacteria. VVhile inhibiting almost 
all bacteria, salt is especially valuable because it en
cow-ages growth of micrococci (Smith and Palumbo, 
in preparation ). Salt is also necessary for develop
ment of texhue (cohesive structu:re) of the Lebanon 
bologna. ·when not needed to suppress growth of 
gram-negative rods during aging, salt can be added 
at the time bolognas are prepared (Table 2). 

Data in Table 3 suggest that the presence of high 
concenh·ations of salt ( 4%) during aging inhibited 
both cmed meat color formation and production of 
acid dming fa-mentation. The lack of acid production 
(high pH ) was due to the inl1ibition o.f the growth 
of the lactic acid bacteria by the 4% salt (Smith and 
Palumbo, in preparation ). However, the munber of 
micrococci which reduce nih·ate are stimulated by 
increasing concentrations of salt. Development of 
cm ed meat color also may be influenced by the high 
pH. Fox and Thomson (7) observed that formation 
of nih·osyhnyoglobin was vea:y pH-dependent; the re
action was 20 to 30 , times as fast at pH 4.5 as at pH 
5.5. Since the pH of the bolognas made from meat 
aged with 4% s-alt remained high, formation of nih·o
sylmyoglobin apparently was inlubited. Analyses of 
the nih·ate and nih·ite content of the different bolog
nas might have clarified this point. D espite the pres
ence of a micrococcal flora capable of reducing nit
rate to nitrite and conditions not favorable for nitTo
sylmyoglobin formation, "nih·ite burn" ( 4) was not ob
served. 

Considerable variation in Homsey color values was 
observed between the different experiments (Tables 
.3 and 4) , and reHects differences in the amounts of 
nitrosylmyoglobin formed dwing the respective ex
periments. Since the amounrt of nih·osyhnyoglobin is 
dependent upon factors such as pH and amount o.f 

nitrite (formed by bacte-rial reducti:.m of nitrate ) as 
well as other factors including the meat pigment it
~elf, variation can be expected. There is good agree
ment within the respective experiments. 

The compositional and chemical analyses (both~ of 
our O\V!1 and of commercial samples of Lebanon bo
logna ) represent the only data of this type that are 
available in the literatme (Table 1). Examination 
of the compositional analysis data indicate that Leb
anon bologna produced in om ·pilot plant was similar 
to the commercial product. Generally, our Lebanon 
bologna had less fat than the commercial ones. These 
compositional data for all sausages except the Italian 
salami, Cervelat, and Thuringer (Table 1) show that 
these sausages are high in protein and low in fat and 
would provide good nuh·ition in the diet. The last 
three sausages in Table 1 are considered to be of the 
dry type and their low moistme content reflects this . · 
They are also characterized by a much higher fat 
content. ' 

In general, the ~)ercent acid of Lebanon bolognas 
prepared in our laboratory was higher than that 
found in commercial Lebanon bolognas. Om Leb
anon bologna was prepared lmder more carefully 
controlled conditions of salt concentration, and of time 
and temperahu·e of aging. This rigid control may be 
refl ected in better acid production . Fmthermore, we 
used freshly boned chuck with no h'immings added. 
The meat was ground and salted either the same day 
or the next day after boning. 

The a,.. values observed for most of these sausages 
were relatively high and thus aw probably did not 
form the sole basis for the long shelf life of Lebanon 
bologna (Table 1) . One sample of commercial Leb
anon bologna sliced in om laboratory showed no 
sign of visible spoilage after 12 months' storage at 
20 C. This long shelf life was probably related to 
the extensive smoking o.f the bolognas along with 
their laotic acid content and low pH. 

The shelf lives o.f several smoked and non-smoked 
Lebanon bolognas produced in om pilot plant were 
studied. The variables included smoked and non
smoked bolognas, with and without spices which 
were fermented with natural lactic flora or with 
tvferck's Lactacel MC. The bolognas were taken to 
a local market where a small quantity of each was 
sliced; these slices were \V!·apped in Saran, stored at 
20 C, and observed daily. The slices from the var
ious non-smoked bolognas showed mold growth with
in 1 week. Those from the various smoked bolognas 
~bowed no mold after 4 weeks. This observation 
further supports the above statement that the exten
sive smoking conh·ibutes a major portion to the shelf 
life of Lebanon bologna. 

Tlu·oughout these studies, we employed an aging 

•• I 
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temperature of 5 C, except for one study in which 

we used 11 and 16 C. These tvvo elevated temper

atmes appeared satisfactory for development of the 

necessary microflora, as evidenced by the pH drop 

and color of the bolognas. However, 5 C is the recom

mended aging temperah1re because growth of food

borne pathogens is inhibited at this temperature (1) . 

The special wooden smoke houses used by most 

commercial finn s to smoke Lebanon bologna allow 

them to achieve, without difficulty; the long low

temperahire incubation req uired to produce this saus

age product. We employed a modern air conditioned 

smoke house and had difficulty maintaining 93% rela

tive humidity at 35 C. After modification of the 

smoke house to function at low temperahiTe and high 

relative humidity, we were able to maintain these 

conditions for the regular 96-h smoke given our 

product. 

Our Lebanon bologna did have one defect which 

we were unable to correct. The bolognas had a 

somewhat dry, dark outer layer just beneath the cas

ing. The layer was about 1/2-inch thick and dark 

brown in color. The layer may represent a heavy ac

cumulation of smoke along with some dehydration 

of this outer portion of the bologna. This dried layer 

was observed with both fibrous and cellulose casings 

with as little as one day of smoking. One explan

tion may be that the wooden smoke houses used to 

make this product commercially have no means of 

circulating the smoke, while in om smoke house, the 

~·moke was continuously circulated and forced through 

the house. This continual circulation of slightly less 

than water-saturated smoke ( 93% relative humidity ) 

may provide a drying effect and produce tl1is dry, 

dark layer. 
f The acid production and nitrate reduction pattern 

observed dming smoking of Lebanon bologna was 

similar to tl1at reported for summer sausage by D eibel 

e t a!. (5). Nih·ate reduction and subsequent cming 

occurred very early in the smoking, while acid pro

duction was somewhat slower. Deibel et al. (5) 

also reported tl1at soft texture of summer sausage was 

associa ted with high pH values in the sausage. This 

is essentially our observation with Lebanon bologna; 

firm, cohesive characteristic texture was produced 

only witl1 a good fermentation (pH drop ) and in the 

presence of salt. · 

In defining Lebanon bologna flavor, two criteria 

seem to describe it: smoke and acid tang. Bolognas 

possessing both these characteristics were preferred 

by the tas te panel and judged "typical ." Certain 

commercial Lebanon bolognas are only smoked for 

relatively short periods and in general these lack 

typical Lebanon bologna flavor. These same bolog

nas are prepared with starter cultures . V./e have 

found that with starter culhu·e, too long an incubation 

(smoking ) tends to yield undesirable flavors . Starter 

culh1res allow a faster pH drop , and make tl1e bo

lognas safer from a public healtl1 point of view, but 

they do not permit the long smoling necessary to 

give tl1e typical Lebanon bologna flavor. 
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ABSTHAcr 

Technological, economic, and nutritional considerations sug
gest that grotmd fish can be better utilized if a greater variety 
of acceptable food items are developed . Using well-known 
main dish recipes, the feasibility of mixing ground beef and 
ground fish was tested. Several types of main dishes re
ceived favorabl e acceptance ratings. Some of tl1ese evalu
ations were based on ground fish tJwt had been slored in a 
freezer for up to a yeru·. 

I NTRODUCTIO N 

Seafood resources 
1 ub·itionists estimate that food production is be

coming less adequate to meet our requirements for 
good quality protein at moderate prices. Seafoods, 
in general, are well known as excellent sources to 
meet these requirements. However, there is a grow
ing awareness that we may be reaching the limit of 
the oceans' resources for seafood in traditional forms. 

During the last decade, several groups in this 
country and overseas have sought new ways to in
crease the yield of food from species presently landed 
or to utilize other species which are not now landed 
for food uses. Japanese groups have pioneered in 
this effort (16, 17). Although several popular prod
ucts for Japanese diets have been developed, they 
have found a limited acceptance in America. In con
trast, the relevant technology and engineering is being 
adapted in many American and Emopean counb·ies 
to suit local sotuces of fish and local food pre
ferences. 

In the United States, at least, the emerging tech
nology of flesh separation and utilization considers 
two general categories of raw material sources. One 
source is filleting leftovers. Present day filleting 
operations could provide a source of machine-separ
able meat. By using these leftovers, as well as fillets, 
for food, an increase in edible yield is possible. 
Since these species are ah·eady landed for food uses, 
this increased yield is attainable \'lithout any exb·a 
harvesting effort. The second source includes a 
larger number of species. Some are presently caught 
incidentally to other species ·and thmwn back into 
the ocean because the·ir a natomy or size is not 

amenable to present fill eting methods . Some are 
not harvested a t all for these reasons . Included in 
this category are species which, if harves ted, could 
improve the ecological balance among the oceans' 
resomces. In general, these species can be headed 
and gutted and either used in this form or put 
through a meat-bone separator to recover their edible 
flesh. 

Sources of ground fl esh and the·ir suita.bili.ty for 
making fish sticks or portions 

In recent years, some products have emerged in 
U. S. mm·kets which are based on ground fish re
covered by machine. These products are generally 
patterned after fish sticks or fish portions which 
have become increasingly popular since their intro
duction in the 1950's. The typical appearance, taste, 
and texture of sticks or p011tions made from fillet 
(regular ) blocks have become well established. The 
resemblance of products made from ground fish to 
these "regular" sticks and portions depends s·b·ongly 
on the type of raw material used. 

Ground fish obtained from V-cuts (fillet trim
mings ) is the most suitable material to prepare a 
product which resembles a regular fish stick. Head
ed and gutted fish are sometimes used to make stick 
or portion-like products. In comparison, fish frames 
( filleting left-overs ) represent a source of ground 
meat that has a good potential if problems of color 
and texh1re can be solved. TI1e color problem orig
inates from the concentration of blood tissues near 
the spinal column while the texture problem results 
from using a sb·ainer to improve its appearance. 

Thus, a series of grades (and prices) can be vis 
ualized for ground blocks from different sources of 
machine-separable flesh if one considers suitability 
for making fish sticks and related items . On the 
basis of appearance (whiteness) and texture, at least, 
it can be assumed that blocks made from V-cuts 
would be near the top and blocks from frames would 
be near the bottom of tllis series. Sugges tions to im
prove the suitability of blocks from pigmented sour
ces do have merit. However , they are vulnerable 
to criticism for reasons of in creasing cost or reducin g 
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TABLE 1. RECIPE FOR BEEFISH LOAF 

1/ 2 lb. Ground fish 
1/ 2 lb. Ground beef 
2 tsp . Chopped onion 
3/4 tsp. Salt 
1/ 8 tsp. Black pepper 
l / 4 Cup bread crumbs, "Italian Style," flavored with cheese, 

spices, parsley, h erbs, monosodium glutamate, Progresso 

Foods Corp., Jersey City, N. J. 1 o endorsement impli ed 

compared to competing trade names. 

1/ 4 Cup milk 
1 Egg, slightly beaten 
Mix ingredients togeth er and place in baking dish. Bake at 

350 F for 25 min or until clone. Place under broiler for 5 

min to brown top surface. 

yield to unacceptable levels compared to the present 

sources of supply for the fish stick b·ade. 

Mixing ground beef and fish: A d·ifferent approach 

to using colored fish flesh 

Instead of alte1ing ground fish derived from frames 

or headed and gutted fish to suit requirements for 

fish sticks, we have suggested developing food prod

ucts which take advantage of this material's natural 

characteristics (8, 9). For example, its color (due to 

blood pigments) suggests a resemblance to mam

malian meats, especially beef. This resemblance led 

us to consider economic and nutritional factors in 

this product development work. 

Economic considerations are definitely in favor of 

mixing beef and blood-colored fish. One estimate of 

processing costs for preparing minced fish blocks re

sulted in a value of 17 to 18 cents a pound for frozen 

ground fish delivered to final user (8). Tlli.s estimate 

was based on utilization of fish fran1es or headed and 

gutted fish. I t was compared to 1970 selling prices 

of 15 cents per polmd for cod blocks (using ground 

I meat obtained from V-cuts) and 30-33 cents per 

pound for regular cod blocks or fillets. Since 1970, 

average prices for all tlu·ee items have increased. 

Seasonal fluch1ations in prices have occmred, but 

the price of ground cod has remained at about half 

of the prices for regular cod blocks or fillets . It is 

still reasonable to propose that ground fish derived 

from frames or headed and gutted fish would be 

priced similarly. Prices for ground beef have risen 

more noticeably during these last 3 years. At cur

rent prices, it appears that grolmd beef is still rough

ly four times as expensive as ground fish . 

Nutritionally, there are positive advantages in mix

ing ground fish with ground beef (1). TI1e protein 

value of fish is comparable to beef both in quantity 

an,d in quality as well as being more easily digestible 

(4). The fat content of fish is typically lower than 

beef and contains less ·cholesterol. Fish fats also 

contain a greater proportion of unsatmated fatty 

acids in comparison to the "hard" saturated fatty 

acids of beef. For adults, there are positive health 

benefits in lowering fat intake and decreasing the 

proportion of saturates in this fat (3, 12). Such diet

ary choices can be more significant to the continued 

health of younger people compared to older people 

who have already e:>.:p erienced coronary heart dis

ease (1). Nutritional studies have shown that these 

health benefits can start in the diets of teenagers 

(7, 11). 
Despite the importance of nutritional and economic 

considerations, acceptance is the major factor in the 

development of such new products. In a survey of 

food preferences among people in military service, 

Peryam et al. (14) found that main dishes using 

ground beef had an average preference rating con

siderably above averages for other. main dishes which 

involved a complex recipe or preparation. vVe are 

unaware of similar studies for the School Lunch 

Program or other mass feeding groups. However, 

the presence of several main dish items based on 

ground beef in their recipes attests to the popularity 

of these dishes in American diets. 

Thus, the purpose of this inves tigation is to tes t 

the acceptability of mixing ground beef and ground 

fish using well-h'nown main dish recipes. \iVe call 

these mixtures 'b eefish ." TI1is investigation does not 

include beefish patties, which are described else

where (10), or sausage and frankfurter type products 

(which are being developed in NrviFS laboratories in 

Gloucester, Massachusetts, and Seattle, Washington. ) 

R ESULTS Al\'D DISCUSSION 

Results of sensory evaluations for a wide variety 

of beefish main dishes are given in Table 2. In most 

instances, the averages were bel:\veen 6 and 8 on a 

9-point hedonie scale. Since these averages were 

well above the mid-point of this scale, it is suggested 

that tl1ese main dish items, at least, are acceptable 

products. Preferences for particular items were not 

evident statistically from tllis data. In contrast to 

tllis small in-house taste panel, Peryam et al. (14) 

used a large consumer-type panel to determine pref

erance ratings for several grolmd beef main dishes. 

Their results led us to consider that an average ac

ceptance rating of 7 to 8 might be tl1e practical 

maximwn for a beefish main dish item. 

Our decision to use equal weights of ground beef 

and fish in the recipes of Table 2 was based on pre

liminary evaluations. vVe b·ied different proportions 

of beef and fish using a meat loaf recipe. The results 

in Table 3 suggest tl1at tl1e ratio of beef to fish can 

vary from whitish (obtained from V-cuts ) to the 

blood-pigmented meat obtained from ~ra.me,> . without 

altering .acceptability of . the final .pro<;luct. - · 

The results in Tables 2 and 3 do no( reveal · how 
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TA.DLE 2. S ENSOHY E VALL' ATIONS OF MAI N DISH ITEMS USING 

1: 1 lVIlXTUHES OF GHOU ' D BEEF AND F ISH IN PLACE OF 

GHOUND BEEF ( HAMBUHG) 

Uecipe App. 

Lasagna2 8.0 
Meat/ potato 

burgers2 7.4 
Spanish rice2 7.7 
Ground beef and 

spagh etti2 8 .1 
Chili con carne" 7.7 
American chop suey• 8 .0 
Beef stroganoff3 or 

Hambmg stroganoff' 5.7 
Beef porcupines3 or 

Beef a Ia Lindstrom• 5.6 
Beef porcupines3 or 

Beef a Ia Lindstrom'' 
with 4% NM 139-88 5.7 

Meat balls 
"Plain" style" 
All-beeP ( served 

sin1Ultan eously ) 
Swedish style4 

All-beeP (served 
simultaneously ) 

Italian style3 4 

:\II-beeP 4 (served 
simultaneously) 

Barbecued beeP 
( Sloppy Joe) 

Bmbecued beeP 
Chinese chop suey5 

Chinese chop suey' 
with 4% NM139-S8 

Foo young• 
( with fish )6 

Foo young5 ( with 
fish and egg )6 

Bee fish 
cheeseburger'' 

Chili con cam e• 
Salisbury steak ' 
Salisbury steak" 

with 4% NM139-8S 
.1·1 eat loaf" ·• 
B ·~dish with cheese 
\~lith cheese cover 
Porkiish ( 1: 1 ) with 

cheese• 
Beef-pork-fish 

( 1 : 1 : 1 ) with 
tomato sauce• 

7.1 

7.1 
7.2 

6.5 
6.9 

6.9 

7.4 

7.5 

7 .9 
7.8 
6.5 

6.5 

7 .0 

6.7 

7.2 

.l\lean of taste panel ratings 
(9- J>J int hedonic sca le ) 

Odo r F la \·or 'Text. 0Y erall 1 

7.7 

6.4 
7.8 

8.1 
7.8 
8.0 

7.3 

6.4 

6.9 

7.0 

7.5 
7.2 

7.0 
6.8 

7.1 

7.3 

7.5 

7.9 
8.0 
6.8 

7.1 

7.0 

7.6 

7.1 

7.5 

6.0 
7.3 

7.2 
7.0 
7.8 

7.4 

5.8 

6.8 

6.4 

7 ') 
.~ 

6.1 

6.9 
6.7 

7.0 

7.1 

7.1 

7.8 
8.0 
5.9 

7.2 

6.8 

7.3 

6.5 

7.8 

6.3 
7.5 

7.6 
7.3 
7 .8 

7.4 

5.7 

6.2 

6.6 

7.1 
6.4 

6.0 
7.4 

7.5 

7.4 

7.7 

7.7 
7 .8 
6.7 

7 .2 

7.1 

7.0 

7.5 

7 .9 
8.0 

7.9 

7.7 

7.2 

'For the five recipes in which no figures are given for ap
pearance, odor, flavor, and texture, the overall means were 
based on "overall" sensory ratings. 
"Adapted from recipe in the Type A School Lunch Program 
(19). 
3Adapted from recipe in the Armed Forces Recipe Service (6). 
·•Based on recipe in a domestic cookbook (13). 
"Based on recipe furnished on package of commercial season
ing mi>:ture. 1 o endorsement implied compared to com
peting trade names. 
"In these recipes, the stated ingredients were used in place 
of a 1 : 1 beefish mixture. 

long ground fish can be frozen stored and retain its 
acceptability as an ingredient of a beefish enh·ee. 
This may be an important consideration in mi:dng 
fish and beef under practical conditions. Blood pig
ments are known to catalyze lipid oxidation (5, 18). 
The practical consequences of this reaction and other 
storage-induced changes were measured by using 
frozen-stored ground cod as an ingredient of a bee
fish loaf recipe. 

The results of this storage study indicate that 
ground cod can be used as a meat loaf ingredient 
even after it has been stored for a year at 0 F. Un
fortun ately, we were unable to determine how much 
longer it could have been stored because we ran out 
of samples. Extrapolating the results actually ob
tained, led us to suggest that tllis period of useful 
storage might be significantly greater than 1 year. 

Averages of the sensory ratings for flavor are illus
trated in Table 4. As a group, ratings for tl1e two 
samples which contained a minimmn of blood pig
ment (meat from V-cuts ) or wllich contained visible 
blood pigmentation (meat from frames) and added 
antioxidant appear to be higher than ratings given 
to tl1e other two samples. This apparent difference 
was not statistically significant ( p = 0.05 ). 

In addition to flavor, sensoq ratings for appear
ance, odor, and texture were obtained for tl1ese samp
les. Tlu·oughout tl1e study, the averages for appear
ance and texhu·e remained behveen 7 and 8. The 
ratings for odor follovved tl1e b·ends ah·eady noted 
for flavor, but they were much less pronom1ced. 

MATEHIALS AND METHODS 

Preparation of materia ls 
lV!aterial was obtained from loca l, commercial cod, had

clock, pollock, or cusk filleting lines. These fish had been 
eviscerated at sea. After the fillets had been removed, we 
obbained the frames ( filleting leftovers) . After beheading 
the fran1 es, we used a Bibtm' meat-bone sepmator (drum 
perfom1ations 7.0 mm diam eter ) aP.rl strainer (screen per
forations 1.0 nun diameter) or the st:parator alone ( drum 
perforations 5.0 mm diameter) to obtain deboned, ground 
flesh (8, 9). No attempt was made to remove blood pigments 
or other water soluble components by washing this ground 
fl esh . The ground fish was packaged in wax board boxes, 
plate frozen ( plates at -40 F), and ~i:ored at 0 F until 
used . All of the other ingredients in the recipes were pur
cliased locally and used within 24 h . The ground beef ("ham
burg") contained an average of 26% fat . 

If t he ground fish had been fro zen-stored, it was first 
slow-thawed in a package h eld 10 h at 36 F or fast-thawed 
in a package in1mersed in a 68 F water bath until it was 
slack-thawed (som e ice crystals remaining) . If brown <Ueas 
( due to surface oxidation) were present on th e fish or the 
beef, they were trimm ed off. Only ground fish or beef having 
a red coloration typical of unoxidized blood was used. 

For some of these 1ecipes, hydrolyzed plant protein seasoning 
NM 139-88 was added to the ground beef and fish mixture 
before proceedillg with the rest of the recipe instructions. 

~ I 
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~ .... urce of ground fish 

V-cuts from haddock' 

AccEPTABILITY OF MAIN DisHES 

TABLE 3. SENSORY EVALUATION OF MEAT LOAVES CONTAINING DIFFERENT 

PROPORTIONS Al'ID SOURCES OF GHOUND FISH WITH GROUND BEEF 

Rati o ground 
fi sh/gr ound 
beet w :w 

1:1 

Appearance 

7.8::±:2.6 

i\h.:an of ta s te na.nel rat;ng ± 2 standa :·d deviations 
(9-point hedonic sca l e) 

Odor Flavor 

7.2±1.8 6.7±1.7 

F ram es from haddock' 1:1 7.8::±:0.74 7.6±1.7 7.5±1.2 

V-cuts from cod' 1:1 7.2±2.7 7.4±1.9 7.6±1.9 

F rames ~rom cod' 1:1 7.5±1.7 7.5±1.2 7.6±2.1 

V-cuts from cod' 2:1 7.5±2.0 7.2±2 .. 0 7.2±2.9 

Frames from cod' 2:1 7.3±2.6 7.1±2.2 7.4±2.5 

Frames from cod" 1:2 7.3±1.7 7.4±2.0 7.6±1.3 

All beeP 0:1 7.8±1.6 7.2±2.4 7.6±2.1 

Frames from cod" 1:1 7.2±1.9 7. 1±3.0 6.4±3.0 

Frames from cod" 2:1 6.8±2.9 6.8±2.8 6.3±2.7 

.. '· 
3Servecl at same time as other loaves with same nwnber. 

Day of storage 
at 0 F f or the 
~;round cod 
inC!'redient 

1 
2 
3 
9 

16 
23 
30 
36 
51 
62 
86 

112 
158 
164 
218 
228 
280 
294 
309 
329 

T ABLE 4. SENSORY EVALUATIONS OF BEEFISH MEAT LOAVES USING FRESH INGREDIENTS 

EXCE"T Fr"111 THE r:n~rrm COD (SEE TABLE l FOR REC I PE USED) 

:\fran c f ra:ing~ for flav or (9 -polu t hedcnip sca l e) 
± 2 standard devia ticns 

Ground fish t bt·ain ed f rom cod frames 

Anti ox idant Ground fi sh 
Control mix ed with mixed but 

(t: rou nd fish the ground no antioxidant 
nnt mixed) fish added 

7.8±1.6 7.8±0.75 7.2±1.4 

7.6±1.5 7.5±1.9 7.6±1.5 
7.4±1.5 7.2±1.8 7.2±2.0 

7.3±1.5 7.4±2.1 6.0±2.9 

6.9±2.2 7.7±2.1 7.2±2.0 

7.2±1.4 7.2±2.0 7.2±1.4 

7.1±2.3 7.8±1.4 6.7±3.4 

6.8±2.3 7.4±1.5 6.7±2.1 
5.8±4.0 7.3±1.6 6.9±3.6 

6.5±2.1 7.6±2.1 6.8±1.8 

6.5±2.2 7.3±2.1 6.3±2.3 

6.4±1.3 7.6±1.0 5.8±2.3 
6.3±1.6 7.5±1.7 6.6±1.0 
7.4± 1.0 7.6±1.0 6.8±1.8 
7.5±1.6 7.4±1.0 7.5±1.8 
5.6±1.5 6.9± 1.1 5.8±3.2 
6.5±2.2 6.9 ±1.8 6.6±2.6 

5.8±3.2 7.5±1.0 7.1±1.0 

5.5±3.2 7.0±1.8 7.0±1.6 
7.1±1.7 

507 

Texture 

7.2±1.6 
7.8±1.3 
7.4±2.5 
7.5±1.6 
7.6±2.1 
7.3±1.5 
7.2±2.7 
7.2±2.1 
7.2±2.8 
6.9±3.2 

l~round fish 
obta:ned 

from V-cuts 

8.1±1.3 
7.8±1.4 
7.4±1.5 
7.7±1.5 
7.0±2.6 
7.5±1.9 
7.5±1.5 
7.2±1.2 
7.4±1.6 
7.7±1.7 
8.0±0.85 
7.6±1.0 
7.1±1.7 
7.8±0.80 
7.7 ± 1.0 
7.6±1.0 
7.5±2.2 
7.8±1.4 
6.7±1.7 
7.6±1.4 

Quantities are expressed as a percentage of the final weight of 
the mixture. Tius seasoning was developed by Nestle Com
pany, Inc. ' , Food Ingredients Division, \.Yhite Plains, New 
York 10605, to improve the acceptability of ground fish. 

Recipe sources 

Young"); (d) "Durkee Ground Beef Seasoning with Onions," 

Dmkee Famous Foods, SCM Corporation, Cleveland, Ohio 
44115 (used to prepare "cheeseburger"); (e) "Maggi Chili 

Mix," The Nest le Co. , Inc., White Plains, N. Y. 10605; and 
(f) "Brook\voocl Chili Con Came Dry lv!ix", Gentry Co., Inc., 
Gilroy, Califomia 95020. 

The recipes used were based on main dish items (entrees) 

in a School Lw1ch recipe set (19) and in the Am1ed Forces 
Recipe Service (6). Both . of these instihttional sets of recipes 
are based on feeding 100 persons. Since our taste panel 

consisted of 12-15 people, we scaled clown these recipes. A 
household set of recipes (13) was very useful for this scaling 
down. For some recipes, we purchased seasoning mixtures 
at local grocery stores and used the recipe on the package. 
Th,ese seasoning packages include: 1 (a) "Sloppy Joe Season
ing Mix", Whyler Foods, Borden, Inc., Chicago, Illinois 60618; 
(b) "Durkee Chop Suey Sauce Mix", Durkee Famous Foods, 

SCt-i! Corporation, Cleveland, Ohio 44115; (c) "Egg Foo 
Yow1g Dinner", Chun King Division, RJR Foods, New York, 
N.Y. 10017 (when used with out egg, called "Fish Foo 

Use of Recipes 
For each recipe used , we followed instructions except for 

substituting a mixture ( usually l: l, w / w) of ground beef 
and fish for the hamburg ingredient. 

Sensory evaluations 
Sensory evaluations were based on a 9-point hedonic scale 

(2) . For most tests, the 12-15 evaluators were asked to rate 
appearance, odor, flavor, and texture separately using this 
scale. In a few tes ts, th e evaluators were asked to give a 

single overall rating of the item. 

Sto rage study of ground fish ingredient 
For a storage study, cod fram es and the m eat-bone separa-

lj 
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tor without strain er were used to obtain three lots of ground 
fish. One lot was packaged in 5-lb. wax board boxes, plate 
frozen ( -40 F plates ) and stored at 0 F until used . The 
second lot was mixed with enough Sustane-3 to give a final 

antioxidant ( BHA + PC ) concentration of 0.03% based on 
a 1.0% estimate for the fat content of the fish flesh . Sustane-3 

is a solution obtained from Universal Oil Products Company, 

Chemical Division, East Rutherford, ew Jersey'. Its com
posit ion is based on a proposal called Ai'v!IF -72 from the 
American Meat Institute Foundation (15). A Hobart Meat 
Mixer' was used to mix ·the Sustane-3 with the grotmd fish. 

The third lot was put through the H oba1t Meat Mixer in 
the same manner as the second lot except that no Sustan e was 

added to the third lot . Both the second and third lots were 
packaged and frozen in the same maru1er as the first lot. 

A fourth lot was purchased from a commercial manufacturer 

of fish sticks. It was made from V -cuts (a mixture of white, 
skinless cod fillet meat and "pin" bones). This lot was also 

stored at 0 F until used . 
At intervals during the storage period, samples were re

moved from the lots for sensory evaluation. After thawing 

the fish , it was mixed with the other ingredients of a meat 
loaf recipe ( Table 1 ) . P01tions of each loaf were coded 
and served in random sequence to th e evaluators who used 

the 9-point hedonic scale. 

CoNCLUSIONs 

Acceptable main dish items can be made from mix

tures of ground beef and ground fish. The sensory 

results of this study and of a study on beefish patties 
(10) suggest a wide variety of acceptable recipes with 
their va1i·ations of seasonings and proportions of 
grow1d beef to fish . Even the limited storage data 

support the concept of substituting mixtmes of ground 
beef and fish in these main dish recipes. These 
product applications appear to be especially suitable 
for ground fish that is visibly colored by blood pig

ments. 
It is hoped that the results of this investigation 

will stimulate further development of food items 
based on mixtmes of ground boo£ and ground fish . 
There is a definite need for foods which meet om 

nuh·itional requirements, both qualitatively and quan
titatively, ·which decrease health risks, which are 
reasonably priced, and which are readily available 
to consumers . Beefish food items appear to meet 
these criteria-with the exception of commercial avail
ability. Acceptance testing under typical consumer 
mass feeding or domestic conditions should be done. 
In such te9ting, there is no rea\Son to impose legal 
or regulatory barriers if these foods are easily identi
fied by appropriate labeling (1) . 
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ABSTRACT 

Glucose affects adversely the storage stability of dried eggs 

and causes undesirable changes in physico-chemical and func

tional properties of th e powder. Therefore, microbial or en

zymic techniques are used to desugar eggs before drying. A 

comprehensive review of the microbial and enzymic tech

niques to remove glucose from eggs is presented . Factors af

fect ing the efficiency of the two methods are discussed as well 

as th ei r effect on the physico-chemical and functional prop

erties of the final product. Regardless of the techniques used 

in desacchari fication, egg powders prepared after removal of 

glucose exhibit better functional properties than untreated 

samples. 

Eggs contain approximately 1.0% carbohydrate, of 

which nearly 0.6% occurs in a free form (20). Glucose 

constih1tes the major carbohych·ate in eggs and has 

been shovvn to react readily with egg proteins. Fee

ney et al. (6) observed a reaction between glucose 

and egg white proteins which was delineated in 

starch-gel electrophoretic patterns . They reported 

that the changes in the electrophoretic patterns could 

be prevented by dialyzing the egg white, indicating 

that glucose reacted with most proteins. Also, these 

changes could be simulated by adding back glucose to 

the dialyzed egg white. 
Glucose in eggs has been known to affect the stor

age properties of egg powder in three ways : (a) 

change in solubility of proteins; (b) discoloration of 

the product because of the development of a brown 

color; and (c) development of fluorescing substances. 

Also, it has been known to exert a detrimental effect 

upon certain fun ctional properties of egg solids. 

Therefore, several methods have been considered and 

developed to remove glucose from eggs before dry

ing. In general, the methods used to remove glucose 

from eggs fall into two main categories, viz. microbial 

and enzymic. Since Lightbody and Fevold (16) have 

discussed at some length the work clone on desacchari

fication of eggs before 1948, this review article deals 

mainly with research carried out in the post '48 per

iod . Also, the numerous patents on this subject will 

not be dealt with in this article. 

'Published with the approval of the Director as Paper lo. 

3501, Journal Series, Nebraska Agricultural Experiment Sta

tion, Lincoln. Research work conducted under Project No. 

16-17. 

JVfrCROBIAL METHODS FOR D ESACCHARIFICATION 

The principle in such techniques is b ased on the 

fact that microorganisms require carbohych·ates as a 

source of energy. Therefore, both bacteria and yeast 

have been used to deplete the sugar from eggs. 

Removal of sugar from raw egg white by Saccharo

myces cerevis·iae was described by Ayres and Stewart 

(2) . They observed that cerev·isia.e was able to remove 

glucose from egg white, provided 0.1% yeast exh·act 

was added as a growth stimulant. ·when large masses 

of yeast cells were used, the need for yeas t exh·act 

was obviated. Yeasts were found to be more suitable 

than such b acteria as sh·eptococci, Aerobacter, and 

Escherich·ia since the fermentation could b e more 

readily controlled. They reported that the initial pH 

of egg white had a marked effect on the speed of 

glucose removal; pH levels below 8.5 greatly ac

celerated the rate of fermentation. Since OA.)'gen 

transfer is a function of surface area and volume, the 

pH of the glucose-free stage of ferm entation could 

be kept above pH 6.4 (surface to volume ratio of 

1:3.3 or greater ) by suitable selection of an appro

priate smface area. This permitted fermentation to 

be accomplished without altering the physical prop

erties of the mucin, and thus pennitted retention of 

good angel cake-making properties of the albumen. 

Hawthorne (8) prepared ch·y albumen with the re

moval of sugar before drying. The yeas t used was S. 

cerevzswe. His preliminary exp eriments indicated 

that the rate of fermentation was proportional to tl1e 

amotmt of yeast added, at leas t up to a concenh·ation 

of 4 g yeast (ca. 25% dry weight ) per 100 ml albu

men . However, high levels of yeast produced yeasty 

fl avor in the product . He observed thart: 1 g of yeas t 

per 100 ml albumen gave optimal rates of fermenta

tion at 37 C, witl1out producing any undesirable fla

vor defect Initial pH of egg white did not affect 

fermen tation ra tes and, thus, was not in agreement 

with earlier data reported by Ayres ru1d Stewru·t (2). 

' Vl1en fermentation was complete, tl1e bulk of the 
yeast was removed from the white by cenh·ifugation, 

r.nd tl1e egg white was pan dried. The desugru·ed 

albumen exhibited good solubility ( 95-98%) and could 
b e stored up to 6 weeks at 50 C . . The product was 
also free from objectionable odors and flavors. 
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Carlin and Ayres (4) carried out storage studies on 

yeast fermented dried egg white. They used com

mercial chy yeast pellets which had the advantages 

of convenience, supply, and speed of action. Yeast 
fermented dried egg white tlms obtained was soluble 
in water, rehydrated readily, and could be used to 
make "high" quality angel cakes. The egg white did 
not have an objectionable odor and retained all the 

properties of fresh albumen, particularly whipability. 
After 16 weeks of storage at 22 C, tl1ere were no 
detectable changes in color and angel cake-making 

properties of yeast fermented dried egg white. How
ever, storage at 40 C caused some deterioration in 
this product. For example, there was a decrease of 
5% in the volume of angel cake made from a product 
stored at 40 C for 2 weeks. After this initial loss, the 

material was quite stable until after 12 weeks of stor
age by which time there was a slight additional de
crease of 5%. In contrast, on storage of tl1e contwl, 
unfermented dried egg white, at 40 C, its functional 

properties deteriorated rapidly. A decrease of 26% 

in angel cake volume was noted after 2 weeks stor
age of the egg white, and angel cakes made with this 
product after storage of 4 weeks were definitely not 
satisfactory. Also, solubility of the egg white had 
decreased to an extent where it was impossible to 
rehydrate all of tl1e ·albumen. When stored at 22 C 
for 16 weeks, the product gave cakes witl1 7% less 
volume than tl1at observed with unstored or fresh egg 

white. 

Removal of glucose from whole egg melange by 
yeast fermentation before drying was also attempted 
by Kline and Sonoda (13). They observed that tl1e 

fermentation proceeded in an essentially linear man
ner, after a slight initial lag phase. Although tl1e 
yeast could ferment glucose at pH 7.4, tl1e normal pH 
of whole egg melange, its fermentation rate increased 
significantly as the pH was lowered to 6.0. They 

investigated ferm entation rates over the pH range 
of 5.4 to 7.4, and civer a temperatme range of 10 to 

38 C, with optima being at pH 6.0 and 30 C. At 10 C 
approximately 4 to 5 times as much time was required 
to remove tl1e glucose as at 30 C. Also, the time re

quired to remove glucose varied with the yeast con
cenb·ation but not in a linear· fashion. Use of 0.07 

to 0.15% (dry wt. of yeast p er 100 ml egg melange) 
of yeast at 30 C was f01md to provide optimal con
ditions for rapid fermentation witlU.n 2 to 3 hr, witl1 
minimum residual yeastiness in the resulting lyo
phylized glucose-free powders. Six different yeas t 
sb·ains grown on identical media were compar·ed as 

to fermentation rates m1d as to tl1e residual foreign 
flavor imparted to the Tesulting glucose-free powders. 
Torulopsis utilis, although slightly superior as to tl1e 
fermentative rate, impar·ted a distinct foreign flavor. 

The two sh·ains of S. ce-remswe and Saccharomyces 
ca-rlsbe-rgeneS'is appeared to be equal choices, com
bining rapid fermentation rate with minimum foreign 
flavor. Commercially available S. cerevisiae (bakf!r's 

yeast) was found to be nearly as satisfactory as lab
oratory grown strains. Three pounds of fresh baker's 

yeast were used to ferment 1200 lb. of whole egg 
melange in about 3 h at 25 to 30 C. The fermented 
liquid was pasteurized at 61 .C for 3 to 4 min and 
spray dried to 3.5% moish1re. The flavor of the pow

der thus produced was as satisfactory as that of the 
control powder prepared from the same batch of egg 
without desugaring. TI1ey fmther reported that the 

laboratory process could be used successfully on a 
commercial scale, and when used on that scale, the 
process removed the yeast flavor and odor much mo1·e 

effectively than the laboratory process . 
In a subsequent study, Kline et al. (14) reported 

that upon drying whole eggs a browning reaction oc
cmTed, involving glucose and cephalin. They ob- I 

served a visible brovming of the total lipid or phos
pholipid fraction with development of fluorescence, 
increased ulh·aviolet absorption, and loss in amino 
nih·ogen content. TI1e amount of browning in the 

phospholipid fraction was estimated by both visible 
inspection and spectrophotomoo·ic measmements of 
ether exh·acts at 400 to 500 nm. These changes in 

the normal glucose-containing powders were not sig
nificantly influenced by the presence or absence of 
oxygen during storage; nor were they induced by 
storing glucose-free powders in air. In fact, tl1e 

browning observed in tl1e phospholipid fraction from 
stored glucose-containing powders was found to be 

invariably greater when powders were stored in a 
nitrogen atmosphere. They indicated tl1at the most 
rapid reaction contributing to deterioration of phos

pholipid during storage of egg powders was a lipid 
amine-aldehyde reaction, with glucose being tl1e re
active aldehyde involved. 

Further work of Kline et al. (15) revealed tl1at flavor 
stability of whole egg powder stored at 37.5 C was pri
marily dep endent on elimination of glucose-induced 
reactions. Non-glucose type deterioration, botl1 oxi

dative and non-oxidative, was readily demonstrated 
by use of glucose-free powders. These reactions were 
neither as rapid nor as marked as tlwse involving 
glucose. A combination of glucose removal, low 

moish1re content, and inert-gas packing yielded a 
product which showed little significant flavor de
terioration even after storage for 2 to 3 months at 
37.5 C. Glucose removal from egg powders elim
inated or greatly reduced physical and chemical 
changes that occurred during storage, which included: 
visible brovmi.ng, pH decrease, increase in lipid 
fluorescence, increase in ulb·aviolet absorption by lipid 
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constituents, and decrease in protein solubility. Ad

ditionally, oxygen uptake by air-packed powders was 

reduced 2 to 3 fold by glucose removal. These chan

ges were largely manifestations of the glucose-protein 

and glucose-cephalin interactions. 

In addition to use of yeast for glucose fermentation, 

bacterial cultures, such as sheptococci, appear to hold 

promise as a pme culture method for fermentation 

of glucose in egg white before drying (11). Kaplan 

et al. (11), using res ting cell concenhates of Strepto

coccus liquefaciens NRRL 453, Streptococcus lactis 

~RRL L-21, and S. lact·is ATCC 7963, observed that 

glucose in egg white \vas rapidly fermented without 

any proteolysis or production of any off-flavors and 

-odors. The temperature range of 26 to 37 C, over 

which the process could be carried out, was fairly 

wide, and desugared egg white could be produced 

with any desired pH value between 5.5 and 6.5. 

Since fermentation of glucose in egg white at its 

natmal pH results in a powder with a pH of 6.5, the 

necessity, inconvenience, and cost of neuh·alizing acid 

egg white co u l d be obviated if near-neutral egg 

white powders were produced. The dried albumen 

prepared from egg white fermented in this manner 

had the same pH after reconstitution as before drying. 

Further, these vvorkers (11) suggested that use of 

bacterial cell concenh·ates for fermentation of glucose 

eliminated contamination of egg white by broth con

stihJents and did away with preparation of mother 

culh1res with all the accompanying hazards of con

tamination. Bacterial cell concentmtes could be 

held for relatively long periods without loss of via

bility and could be held in stock for fuhu·e use. Also, 

they reported that use of resting cells resulted in ex

tremely rapid fermentation (at 37 C the fermenta-

1 tion was completed in 3 h ) and microorganisms re

sponsible for "off" fermentations were suppressed. 

Also, A)'l·es (1) compared methods of depleting glu

cose from egg albumen before drying, using S. cere

visiae, S. lactis, and A erobacter aerogenes. There 

was little multiplication of cells of S. cerevisiae or S. 

lactis when tl1ese organisms were introduced into egg 

white. Unless large inocula were inh·oduced or yeast 

extract was added to tl1e cells before they were placed 

witl1 egg white, there occurred a slight decrease in 

the microbial numbers during the first 24 b . On the 

otl1er hand, cell numbers of A. aerogenes did increase 

in egg white, and by adding yeast extract their rate 

of growtl1 was further accelerated. The fermentation 

by S. cerev·isiae, S. lactis, and A. aerogenes could be 

svccessfully completed in 4.5 to 5.5 h by incorporation 

of 0.1% yeast exh·act. H e noted that by use of yeast 

extract, it was possible to elinlinate the need for un

necessarily large inocula. Also, if inoculum levels 

were wisely selected, only the number of cells neces-

sary to remove tl1e glucose needed to be inh·oduced. 

The minimum inoculum procedure eliminated much 

of ilie yeasty or bready aroma in Saccharomyces fer

mentation, the high acidity developed in Streptococ

cus ferm entation, and growth of excessive numbers 

of cells and formation of large amounts of acetyl 

methyl carbinol in tl1e Aerobacter fe1mentation. 

I yen gar et al. (9) have developed a desugaring pro

cess of eggs, which could be applied successfully in 

tl1e laboratory as well as the pilot plant. The process 

involves desugaring whole eggs with 0.5% yeast for 

90 min at 36 C, liquid egg is then pasteurized at 61 

C for 30 nlin, cooled to 8 C, and stabilized by tlle 

addition of 1N HCl, to pH 5.5 prior to drying. They 

(10) furtller studied the keeping quality of whole 

egg powder prepared by different methods. The 

samples used in ilie study were: (a) unh·eated (con

trol ), (b) only acid stabilized (not desugared), (c) 

yeast desugared, and (d) yeast desugared and acid 

stabilized. After packing under nih·ogen, samples 

were stored for 1 year at 4.4, 21, or 37.7 C for assess

ment of chemical and organoleptic properties and at 

8 to 10, 30, or 37 C for assessment of changes 1in bac

terial load. Samples were tested at 3-montll intervals 

for solubility in 10% KC1, glucose content, salt water 

soluble fluorescence, sponge cake volume, scrambled 

egg palatability, total bacterial count, and colifom1 

count. Their results revealed tl1at ilie acid stabilized 

powder could be stored up to 9 montlls at room tem

perature as compared to the yeast desugared powder 

which kept up to 1 year at 37 C without loss of any 

quality. The acid stabilized, yeast desugared pow

der retained its original properties for more tllan 1 

year at 37 C, whereas the conhol or tmh·eated sample 

had a shelf life of only 3 months. 

Niewiarowicz et al. (17) desugared egg wllites at 

5 C witl1 the aid of cell-free yeast exh·act mixed with 

5% NaCl. Glucose removal could be accomplished 

in 4 to 5 h . The prepared dry egg white contained 

low levels of microbiological impurities and had good 

physico-chemical and organoleptic properties im

mediately after drying and even after 42 days storage 

at 37 C. 

More recently, another commercial culhu·e for de

sugaring of egg white has been produced by Micro

life Teclmics (Personal communication). Reported

ly, tl1e frozen concentrated culture consists of > 1012 

viable Aerobacter Group A cells/ ml. They report 

the fermentation time to be 16 h at 32.2 C ( 90 F). 

Approximately 4 oz. of this culture concenh·ate can 

desugar 1000 lb. of egg white. The culture has been 

claimed to be essentially free from Salmonella, Es

cherichia coli, Staphylococus, patl1ogenic sh·eptococ

c.:i, Clostridium botulinum, Pse·u.domonas aentginosa, 

yeast, and molds . 
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ENZYMIC METHODS FOR D ESACCHARIFICATIOK 

A considerable amount of work has been done to 

desugar eggs with glucose-oxidase-catalase systems . 
This process has been applied successfully to egg 
white, yolk, or whole egg. The use of this double 
enzyme system has been recommended for : (a.) ex

haustive removal of oxygen in the presence of an 

excess of glucose, and (b) exhaustive removal of glu
cose in the presence of an excess of molecular oxygen. 

One of the first group of researchers to recommend 

use of glucose-oxidase in the processing of foods, 

with special emphasis on the desugaring of egg white, 
was Baldwin et al. (3). Their deoxygenase enzyme 
system was supplied by Vita-Zyme L aboratories and 
contained both glucose-oxidase and catalase. Thus, 

in the presence of molecular oxygen, it brought about 
oxidation of glucose to gluconic acid as shown in Fig. 
1, and hydrogen peroxide thus produced during the 
reaction was depleted by the enzyme catalase. They 

ubserved that the enzyme-treated , pan-dried albumen 
rehydrated readily and was free of any objectionable 
odor or flavor. Also, Carlin and Ayres (5) conobor
ated the results of Baldwin et al. and further observed 
that angel cakes made with rehydrated enzyme
h·eated egg white compared favorably in volume, 
texture, and flavor with angel cakes made with fro

zen egg white. 
Scott (21) has developed empirical relationships 

concerning the glucose level, reaction time, enzyme 
level, and hydrogen p eroxide demand for conversion 
of glucose to gluconic acid, in whole eggs or its com
ponents by the glucose-oxidase-catalase system. For 
removing glucose from yolks , the yolks were warmed 
to 35 to 38 C and two "standard" p ounds' of glucose 

oxidase were added p er 1000 lb. of yolk. To acceler
ate th e process, hydrogen peroxide was added at an 
overall level of 0.3%. This process reduced the glu
cose level of yolks from the initial 1% down to 0.1% 
( dry basis) in 3.5 h . Further increase in the enzym e 
level to 3 lb. per 1000 lb. reduced the process time 
to 2 h. 

Whole eggs contain about 1.2% glucose on a dry 
basis with a pH of about 7.5 For desugaring of whole 

eggs, Scott (21) has recommended use of three "stan
dard" potmds of the enzyme mixtme for each 1000 
lb. whole eggs. H e further sugges ted the incorpor
ation of about 10% sucrose in the liquid whole egg 

'One "standard" pound of glucose-oxidase-catalase contain ed 
75,000 "Savette" units of glucose oxidase. A Savette unit of 
glucose oxidase is defined as that quantity of enzyme that 
causes an oxygen uptake of 10 mm3 per minute at pH 5.9 
and 30· C in the presence of an excess of catalase. The sub
sh·ate being 3.3% glucose monohych·ate in a dibasic sodium 
phosphate-dehydroacetic acid buffer (21). 

before drying. The sucrose being non-reducing did 
not exert any deleterious effect on the resultant egg 
solids. 

Paul et al. (18) compared the storage stability of 
egg yolk solids, which had been enzyme-treated 'to 
remove glucose, with that of the untreated solids. 
Samples of each lot were stored at 95 F for 7, 14, 25, 
40, and 90 clays, and at 65 F for 3, 6, 9, and 12 
months. Additional control samples were stored 
under refrigeration. DoughnutS were selected as the 

product for testing the quality of yolk solids . Per
formance was evaluated on the basis of fat content, 
specific volume, and eating quality of doughnuts. 
The enzyme h·eahnents materially improved the stor
age stability of the egg solids at 95 F. The untreat
ed samples gave doughnuts of lower fat content and 
decreased palatability as the storage time of the egg 
yolk solids increased . Results obtained when storage 
vvas at 65 F showed that differences in functional 
properties of h·eatecl and tmb·eatecl samples were 
much smaller than in those stored a:t 95 F. 

Kiss (12) also investigated the acceptability of the 
glucose oxidase treahnent for increasing the storage 
stability of pulverized eggs. Of all temperatmes in
vestigated, optimum reaction rates were observed at 
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Figure l. 1\·lechanism of the glucose oxidase-catalase sys
tem. Source: Reed (19) . 

' 

,. 
I 



(f 

' 
·~ 

' ' 

' 

REMOVAL OF GLUCOSE 513 

32 C, with enzyme level of 150 Savette units per 100 

ml egg white. During the reaction p eriod, it appeared 

practical to add 1. 7 ml of a 1 :3 mixture of 30% H,Q, : 

H20 to 100 ml of egg. In the case of egg white, it was 

advisable to adjust the pH to 7.0 with HCl. 1 o pH 

adjustments were necessary for yolks or whole eggs. 

Sigmund (22) studied the effect of oxygen on enzy

matic desaccharification of liquid whole eggs. He 

used hydrogen peroxide at the concentrations of 0.25, 

0.5, and 1.0% by weight of egg as a source of oxygen , 

and glucose oxidase was used for enzymic desacchari

fication. The lowest level, 0.25% of added hydrogen 

p eroxide, was found to be adequate for complete re

moval of sugars. He fmther observed that use of 

hydrogen peroxide in the process helped in main

taining the b acteriological quality of the product and 

exe1ted no undesirable effect upon its functional 

properties. 

Ayres (1) compared the properties of egg albumen 

desugared by microbial fe1mentation and enzymic 

treatment. He observed that the microbiologically 

fe1mented egg white produced foams of lighter weight 

than did the enzyme treated albmnen. However, in 

practical applica,tions, the desugared albumen manu

factured by both methods produced angel cakes of 

satisfactory volume. 

In his article on the manufacture of egg products 

in the U.S.A. , Forsythe (7) has discussed a cold de

sugaring process developed by Fermco Laboratories . 

He indicated the optimum temperature of the pro

cess to be 27 C, although it could be carried out at 

7 to 10 C in which case the process took approxi

mately 1.5 times as long. At the lower temperature 

the process took more tin1e presumably because of 

the greater solubility of oxygen under those condi

tions. He further suggested that although the de

sugaring process at the lower temperature took long

er, it permitted use of less enzyme. 

CoNcr.usroNs 

Glucose, the major carbohydrate in eggs, affects 

the storage stability of egg powders in that it causes 

undesirable changes in physico-chemical as well as 

functional properties of the powder. Thus, desac

charification of liquid eggs, before drying, is an im

portant step in the rrianufacture of egg powders. Es

sentially, methods used to remove glucose from egg 

melange. before drying, fall into 1:\vo main categmi es : 

microbial and enzymic. In the microbial methods 

\Joth bacteria and yeast have been investigated ex

tensively for their ability to metabolize glucose. The 

microorganisms commonly used include S. lactis, S. 

liquefaciens, A. aerogenes, T . utilis, S. cerevisiae, and 

S. carlsberge'11esis. 

In the enzymic methods glucose oxidase is em

ployed to desugar eggs. Normally, catalase is used 

in conjunction with glucose oxidase to eliminate H,Q, 

produced in the process. 

In general, egg powders prepared after removal of 

glucose exhibit superior storage and functional prop

erties than untreated samples, regardless of the tech

nique used in desaccharification. 
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PROPOSED ADDITION TO THE THIRTEENTH EDITION OF 
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(Received fo r publication September 12, 1973) 

CHAPTER 3. SAMPLING 

3.1 Fluid l\IIilk and Cream Samples 
3.11 Equipment for collecting samples 

c - Sample containers: ( 4) Single-service vials 
for samples of raw milk and cream provided 
that: (a) maximum viable bacterial counts 
in rinse tests of containers do not exceed 
1/ ml of capacity; (b) containers made ac
cording to each different formulation are 
nontoxic and are not bacteriostatic or hac-

'Approved on April 13, 1973 by the Intersociety Council on 
Standard Methods for the Examination of Dairy Products. 
2Deparbnent of Food Science, University of \•Visconsin, Madi
son, Wisconsin 53706. 
3Deparbnent of Food Technology, Iowa State University, Ames, 
Iowa 50010. 
4Deparhnent of Food Science and Nutrition, University of 
Missouri, Colmnbia, Missouri 65201. 

' Dairy Products Laboratory, Research and Development Di
vision, Kraftco Corporation, Glenview, Illinois 60025. 

"American Dry Milk Institute, 130 N . Franklin Street, Chicago, 
Illinois 60606. 
7Dairy Division Laboratory, U. S. Department of Agriculture, 

1819 W. Pershing Road, Chicago, Illinois 60609. 
8State Laboratory of Hygiene, University of Iowa, Iowa City, 

Iowa 52240. 

"Department of 1 utrition and Food Sciences, Utah State Uni
versity, Logan, Utah 84321. 
10Laboratory Division, Connecticut Department of Health, P. 
0. Box 1689, H artford, Connecticut 06101. 

The Intersociety Council approved for publication 
the following proposed addition to the 13th edition of 
Standard Methods for the Examination of Dai1·y 

Products ( SMEDP). 

teriocidal; and (c) closure is designed so the 
container can be opened and closed easily 
without contamination of the lip of the vial 
or inner surface of the closure. 

Discussion 
This addition to S!viEDP will permit use of non

sterile containers with very low numbers of viable 

bacteria as receptacles for samples of raw milk and 
cream. i\IIembers of the Intersociety Council believe 
as negligible the few viable organisms added to mw 

milk or cream from vials which conform with the 

standard outlined in the proposed addition to SMEDP. 

The Council also recognizes that : (a) the plant ( s) 
in which containers are manufactured and prepared 
for shipment will be inspected and certified by State 
?viilk Sanitation Rating Authorities as being in com
pliance with requirements found in Fabricat·ion of 

Single-Service Containers and Closures for Milk and 

Milk Products, PHS Publication No. 1465, and will be 
listed in the quarterly publication San.itation Compl-i

ance and .Enforcement Ratings of Interstate Mille Ship

pers; (b) laboratories and procedmes will be approved 
by the Food and Drug Admjnistration Laboratory 

Development Section or the State Laboratory Certify

ing Agency, where applicable; and (c) a sampling 

plan will include the testing of 60 randomly selected 
vials from each lot and the lot to be accepted only if 
all vials tested are in compliance with the standard 

of 1 viable organism or less/ml of capacity; each lot 
will be tested and certified; results of tests will be 
included with the lot of containers when it is pm
chased. 

(Continued on Page 525) 
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CHANGES IN RESIDUAL NITRITE IN SAUSAGE AND LUNCHEON 
M.EAT PRODUCTS DURING STORAGE' 

LILA H . HILL, N. B. 'i\'EBB, N. D ELOnEs MoKCOL, AND A. T. ADA:\IS2 

De)Jartm.ent of Food Sc ience 

No rth Carolina State Univers-itu, Raleigh, No1th Carolina 27607 

(Received for publication April 25, 1973) 

ABSTHACT 

Changes in residual nitrite content of 18 sausage products 

during storage for various lengths of time are reported . Most 

pre-packaged processed meats (storage temperature 5 ± 2 C) 

;howed decreasin g residual nitrite levels dlll'ing storage. All 

dried meat products (storage temperature 24 ± 1 C ) showed 

increasing residual nitrite levels during storage. Residual 

uitrite decreased ,.,·ith cooking for the three products evalu

ated . 

Retention of cured meat color is presently dep en

dent on use of nih·ite in tl1e curing process. It has 

been reported that approximately 20 ppm residual 

1:..itrite are sufficient to produce acceptable color and 

flavor in pork but sausage products were not included 

in this study (8) . The residual nih·ite level in cured 

meat products has been the basis for determining 

the desirable level of nitrite added for curing meat 

products. However, tl1e desirable level of residual 

nih·ite during refrigerated storage of cured sausage 

products has not been satisfactorily resolved. In addi

tion, factors which influence the degree of retention 

of residual nih·ite in cured ·s•ausage products have 

not been fully explained. Among factors which have 

been identified as influencing the level of residual 

nitrite in cured meat products <U'e time and tem

perature of processing, pH, reducing activity of the 

system, storage time and temperature, and meat to 

water ratio (9, 11). 

Kolari and Auman (9) reported that 20-25% of the 

nih·ite has been estimated to disappear during mixing 

of raw meat mixtures. Nordin (10) noted that de

pletion of nih·ite during stoTage of commercially 

canned hams has been observed in the industry but 

has not been reported. In a study of fresh ground 

ham, canned by a commercial technique, Nordin (10) 

found that nihite was deplet ed at a rate independent 

'Paper J o. 4034 of the Journal Series of the North Carolina 

State University Agricultural Experiment Station, Raleigh , 

N. C. This investiga tion was supported, in pmt, by Coocl 

i'v!it rk, Inc., Haleigh, N. C. The use of trade names in this 

publication does not imply endorsement by the North Cal'Olina 

Agricultural Experiment Station of the products named, nor 

niticism of similar ones not mentioned. 

'Presen t address: GoodMm·k, Inc., Raleigh , North Carolina. 

of the initial nib·ite concenb·ation. Unsterilized samp

les, held at room temperature showed a rate of de

pletion of nitrite that increased rapidly with time. 

For samples held at other temperatures ( 28 - 225 F ) 

and for sterilized samples held at room temperature, 

the higher t emperatures and lower pH resulted in a 

greater rate of depletion. Nordin (10) concluded 

that bacterial utilization of nih·ite accounted for the 

more rapid depletion of nib·ite in unsterilized s•amp

les held at room temperature. Ko.Jari and Auman 

(9) reported that franks and bologna decreased in 

residual nih·ite levels afte1· 3 and 8 weeks storage, 

respectively, whereas mea:t loaves increased in res i

dual nitrite after 5 weeks storage, then decreased . 

Liver sausage showed no appreciable change after 3 

weeks storage. The p1·esence or absence of ascorbate 

did not affect residual nih·ite level during storage. 

Oldsman and K.rol (11) concluded tl1at the level of 

nitrite added, sodium clum·ide content, and vacuum 

chopping and canning had no effect on the rate of 

nitrite depletion. 

ih·ate can be converted to nib·ite by bacteria (4) 

and the nitrite is, in hun, converted to nib·ic oxide, 

which reacts with myoglobin and hemoglobin (2, 15). 

Nib·ite was found to have significant bacte1icidal 

properties if the pH was in the range of 4.5 to 5.5, 

provided th e bacterial population was not abnormally 

high (5, 12). Shank et al. (12) proposed that oxida

tion-redu ction reactions of nib·ite resulted in pro

duction of nib·ite, nitric oxide, and nih·ogen dioxide. 

Nib·ite can be in equilibrium with nih·ous acid in tl1e 

presence of water. The equilibrium condition favors 

nitrous acid at pH 4.5 - 5.5, with nih·ous acid having 

bactericidal properties. ib·ite has been shown to 

preven t growth of germinated spores of Clost'l'idium 

botulin um . (5, 7). Castellani and Niven (3) and Tarr 

( 13) showed that sodium nib·ite had a bactericidal 

effect on selected bacteria. Thus, the level of resi

dual nitrite in processed meats has import~mce in 

maintaining the shelf-life of processed meats. 

This study was made to determine the changes in 

residual nih·ite during the shelf-life storage and the 

effect of cooking on selected prncessed sausage prod

ucts. 
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TABLE l. TYPE OF PACKAGING, INITL>\L N ITRITE AND NITRATE ADDED, F I N ISHED PHODUCT PH LEVELS, AND HES!DUAL NITRITE OF 

FHANKFUHTERS STORED FOH VARIOUS TIMES AT 5 C 

Produ ct 

Frankfurters-10/ lb 
all beef 

Frankfurters-8/ lb 
all meat 

Frankfurters-! 0 / l b 
all meat 

Frankfurters-12/ lb 
all meat 

Frankfurters-14/ lb 
all meat 

Type 
packaging I 

Vacuum film 

Vacuum film 

Vacmrm film 

Vacuum film 

Vacuum film 

N 0 22 
added 
(ppm) 

110 

116 

116 

116 

116 

NOa2 
added 
(ppm) 

119 

124 

124 

124 

124 

Stora£'e 
t ime 

(days) 

0 
10 
20 
31 

0 
10 
20 
31 

0 
9 

20 
31 

0 
9 

20 
31 

0 
10 
20 
31 

Initial 
pH 

6.24 ± .14 

6.07 ± .05 

5.91 ± .01 

5.92 ± .03 

6.03 ± .03 

27 
16 
13 
11 

33 
12 
10 
9 

39 
20 
15 
11 

42 
37 
31 
15 

25 
21 
17 
9 

Resldua!3 
' 0 , 

(ilPm) 

± 4a ~ 

± 2b 
± 1bc 
± 1c 

± l a 
± 1b 
± Oc 
± 2c 

± 2a 
± 5b 
± 3bc 
± l c 

± 2a 
± 2b 
± 2c 
± 2d 

± la 
± l b 

. -+- 2c 
± 12. 

1Vacmm1 film ( 21 in. Hg) consisted of a non-fanning web (mylar, laminated to polyethylene) and a fannin g web (Saran 
coated m ylar ). 
' Initial 1 0 2 and N03 values were calculated from the weighed amounts of NaNO, and NaN03 added to the emulsions during 
processing. 
"Mean and standard deviation of 4 determinations. Any two means fo r a specific product were significantly different at 
the 0.05 level, when not having the same letter suffix. 

MATERIALS AND METHODS 

In the shelf-life storage experiments, various commercially 
processed meat products were selected from specific pro
duction lots and placed in a controlled temperature unit 48 
h after proces~ing. TI1e begizming of the storage period was 
designated as clay 0. All products were processed by stand
ard commercial methods of manufacturing. The quantities of 
w clium nihite and sodium nitrate initially added to each 
product were below the maximwn allowed by federal regu
lations (14). TI1 e amounts of nitrate and nitrite add ed at the 
time of processing are shown in Tables 1, 2 and 3. T hese 
were detennined by calculation of the quantities added during 
formulation. Sodium erythorbate was added to all products, 
except souse loaf, at a level of 0.05% based upon initial meat 
"'eight. 

The products used in the shelf-llfe storage study, with 
clays on which nitrite analysis were clone in parenthesis, were: 
frankfurters ( Q, 9, 10, 20, 31); Polish and smoked sausage 
( 0, 5, 8, 15 ); salami, ~-piced ltmcheon meat, and souse loaf 
( 0, 10, 21 , 30); pickle and pimento loaf (0, 7, 14, 20); bo
logna ( 0, 6, 12, 17); pickled hot sausage ( 0, 30, 64); pizza 
beef stick, chili beef stick, salami beef stick, spice beef jerky 
( 0, 30, 60, 88) . The prepackaged processed meats which 
are normally refrigerated were stored 5 ± 2 C and the ill·ied 
and pickled sausage products were held at 24 ± 1 C. The 
>torage times were selected to coincide with the estimated 
shelf-life of each product. Storage tim es and temperatures 
are listed for each product in Tables 1, 2, and 3. T he pH 
measurements were made on samples from packages of prod
ucts wi th similar treatments to those used for nitrite analysis. 

The effect of cooking was detem1ined on day 0 for smoked 
sausage, Polish sausage, ru1d five f~ankfuii:er · ~runples.' · Cook~ 
ing refers to heating for servin g and was accomplished 48 h 

after processing. FranHmters were cooked by heating tap 
water ( 1 p t. ) to boiling ( 100 C), introducing 2 frru1kfurters, 
b ringing the water to a second boil, tmning off th e h eat 
source, covering ru1d holding fo r 10 min. The frankfmters 
were removed, blotted of excess water, and prepmecl for an
a lysis . Polish sausage was cooked by placing 5 sausages in 
c:olcl tap water ( 1 pt.) , heating to tJ1 e boiling point ( 100 C), 
and maintainng the temperature for 10 min. The sausages 
were 1·emoved, b lotted free of excess water, and prepared 
for ailalysis . Smoked sausages were split lengtJ1wise, placed 
in a p reheated ( 149 C) fry pru1, cooked 2 min on each side, 
removed, and prepru·ecl for analysis. 

Two packages of each product were sampled in duplicate 
for each nitrite detem1ination. All shelf-life products were tak
en d irectly from the package ru1cl prepared for ru1alysis. Each 
san1ple was homogenized for 1 min in a pint jar using a 
Sunbeam blender. The residual nitrite content of tJ1e samples 
was determined accorcling to tJ1e A.O .A.C. metJ1od (1) which 
is not influenced by th e presence of ascorbate. 

R ESULTS AND DISCUSSION 

The range of residual nib:ite at 0 days storage for 
frankfwi:ers was 25-42 ppm (Table 1) . This vaJ:i
ation did not appear to be related to typ e or size of 
frankfmter. The residual nih·ite content decreased 
significantly and steadily during storage but vari ed 
among types of frankfurters. In all instances there 
was a significant decrease in residual nih·ite by stor
age day 9 or 10. The rate of decrease in nihite was 
slightly different for each type of frankfurter but 
after 31 days storage the final range in residual ni-

, , 
\ .. 
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trite levels ( 9-15 ppm ) was relatively close. 
Data in Table 2 indicate that Polish and smoked 

sausages, salami, and spiced luncheon meat showed 

similar initial residual nih·ite levels to that of the 

frankfmters. However, there was a significant de

crease by storage day 8 or 10 for these products. 

Also, the rates of decrease dming storage for Polish 

and smoked sausages were similar to those for frank

furters . 

Salami and spiced lm1cheon meat had rapid rates 

of decrease in residual nih·ite, especially dming the 

first 10 days of storage, but these products had rela

tively low levels of residual nitrite after 30 days 

storage. During the first 12 days of storage, the 

residual nih·ite decrease for bologna was not sig

nificant but by storage clay 17 the value showed a 

significant increase above the levels previously ob

served. The low variation (standard deviations ) 

within samples suggested that the observed increase 

in residual nih·ite in bologna was actual but there 

is no evident explanation for the difference in the 

rate of change in bologna as compared to salami and 

spiced luncheon meat. 

No significant change was fmmd in residual nih·ite 

e:ontent of pickle and pimento loaf dmi.ng the storage 

period ( 20 days) but the initial level was only 9 

ppm. The reason ( s) for the differences in rate of 

change for residual nih·ite among those fom luncheon 

loaves is not evident on the basis of data obtained in 

this study. Souse loaf increased from no detectable 

residual nih·ite initially to 13 ppm after 10 days 

sto1·age but the nih·ite content was highly variable 

during the 30-day storage period. The only signi

fi cant increase was between the initial and lOth day 

of storage. The reason for this result is not evident 

since a level of 83 ppm was added at tbe time of 

curing. It was postulated tbat all of tbe available 

nih·ite was depleted dmi.ng curing and processing 

with a subsequent conversion of ' the sodium nih·ate 

to nitrite during storage. It can be noted that pickled 

hot sausage showed an inorease in residual nih·ite 

from 4 to 10 ppm during tbe 64 days of storage (Table 

3 ) . These three products (pickle and pimento loaf, 

souse loaf, and pickled hot sausage) were relatively 

low in initial nih·ite levels and tbe high v<u:iability 

in all products indicates that the h·ends in residual 

T .-\IJLE 2. 1 N JTIA L N ITHlTE AND N lTHATE, H FS IDUAL N ITRIT E A'ID PH LEVE LS O F SELECTED SA USAGE P IIODUCTS STOHED FOH 

. VARIOUS 'TI~1ES AT 5 C 

Produ ct 

Polish sa usage 

Smoked sausage 

Salami , sliced 

' 
Pickle and pim ento 

loaf, sliced 

Bo logna, sliced 

Spiced luncheon 
mea t, sliced 

Souse loaf, 
unsliced 

Type 
packagi ng ' 

O verwrap 
film 

Overwrap 
film 

Vacuum fi lm 

Vacuum film 

Vacuum film 

Vacuum film 

Overwrap 
film 

N0 22 
added 
(ppm) 

128 

L23 

126 

81 

126 

140 

8 ·~ 
0 

NOa2 
ndded 
(ppm) 

139 

132 

136 

87 

135 

150 

89 

Stora~;e 
time 

(days) 

0 
5 
8 

15 
0 
5 
8 

15 
0 

10 
21 
30 

0 
7 

14 
20 

0 
6 

12 
17 
0 

10 
21 
30 

0 
10 
21 
30 

Initia l 
pH 

5.90 ± .05 

6.23 ± .02 

6.81 ± .02 

5.99 ± .01 

6.50 ± .02 

6.44 ± .18 

4.24 ± .02 

24 
22 
18 
16 
30 
30 
26 
19 
42 
12 

6 
6 
9 
7 
8 
8 

20 
18 
17 
25 
39 
12 
11 
10 

13 
4 
7 

Residual a 
N02 

(ppm) 

± 2a 
± 1a 
± Oh 
± l c 
± 2a 
± 2a 
± 1b 
± 2c 
± lOa 

± 1b 
± 1c 
± 1c 
± 2a 

± 1a 
± 1a 
± 1a 
± 2a 

± 1a 
± On 
± 3b 
± 3n 
± 1b 
± lh 
± 2b 
0 
± 8b 
± :?b 
± 1b 

'Vacmm1 film ( 21 in. H g) consisted of n non-fom1ing web (saran coated m ylar laminated to polye thylene and a formin g web 

(saran coated polyvi.myl chloride laminated to polyethylen e ). O verwrap film consisted of polyethylene. 

' Initia l N02 and N03 values were calcula ted from th e w eigh ed am ounts of NaNO, and NaNOa added to tb e emulsions dur

ing processing . 
3 Mean and standard deviation of 4 d etem1inations. Any two mea ns for ;~ sp ecific produc t were significantly different a t t he 

0.05 level, when not h ;~ving th e same letter suffix. 
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TABLE 3. 1NITJ AL NJTHITE A1 D NITHATE, HESJDUAL NJTlUTE, AND PH LEVELS OF BEEF STICK SAUSAGE STOHED FOil VAl\ IOUS Tll\!ES 

AT 24 C 

NOz' N: Oa2 Stora:;e lleslduaJ3 

Type added rLdded tlme Initi a l N 0 2 

l"'roduct pa clmgl ngt (ppm) (ppm) (days) pH (ppm) 

Pizza flavored beef Non-vacuw11 125 135 0 5.00 ± .01 2 ± 1a 

stick ( 1 em. dia. ) film 30 10 ± 2b 
GO 8 ± Ob 

88 15 ± 3c 
.07 Spice flavored beef Ton-vacuum 101 109 0 4.54 ± 3 ± 1a 

stick ( 1 em . dia .) film 30 5 ± 2ab 
GO 7 ± 1b 
88 12 ± 1c 

Chili flavored beef Non-vacuum 12G 135 0 4.GG ± .11 3 ± Oa 

stick ( 1 em . dia.) fiLn 30 9 ± 2b 
GO 10 ± 1b 

88 18 ± 1c 

Salami flavored beef Non-vacuum 101 109 0 4.8G ± .(Jl 4 ± 1a 

stick (l em. dia.) film 30 8 ± 1b 
GO 10 ± 1b 

88 17 ± 3c 

Beef jerky Non-vacuum 0 5.59 ± .01 4 ± Oa 

( 1 em. dia. ) fiLn 30 4 ± 1a 
GO 11 ± 1b 
88 14 ± lc 

Pickled h ot sausage Bottled, 123 132 0 4.0G ± .04 5± Oa 

glass jar 30 5 ± 1a 
G4 10 ± 1b 

' Non-vacuum film was saran coated cellophane. 
'Initi al NO, and 1 0 " values were calculated from th e weighed amount of NaN 0 2 and i\aN03 added to th e emulsions during 
processing. 

~ 

;. 
' 

' 

"1-.·!ean and standard deviat ion of 4 determinations. Any two means for a specific product were sign ificantl y different at the 
0.05 level, when not having the same letter suffix. ~ 

To\llLE 4. E FFECT OF COOKING ON THE RESIDUAL NITRITE LEVEL OF SMOKED SAUSAGE. 
0 DAYS STOHAGE ( 48 H AFTER PHOCESSlNG j' 

POLISH SAUSAGE, AND FRANKFUHTEIIS AT 

------------------------------
B efol'e coo1dng, After cooking, Residual 
residual nitrite, residual nitl'ite, nitrite 

P rod uct (ppm ) I (ppm) I loss ( % ) 

Smoked sausage 29 ± 2a 28 ± 2a 3.4 

Polish sausage 24 ± 2a 1G ± 1b 25.0 

Frankfurters 
All beef, 10/ lb . ( 13.2 X 2. 17 em . ) 27 ± 4a 22 ± 3a 18.5 

All meat, 8 / lb. ( 13 .2. X 1.7G em. ) 33 ± 1a 27 ± 1b 15.0 

All 1neat, 10/lb. ( 13.2 X 2.17 em. ) 39 ± 2a 23 ± 3b 41.0 

All meat, 12/ lb. ( 13 .2 x 1.92 em.) 42 ± 2a 30 ± 2b 28.G 

All n1 eat, 14/ lb. ( 13.2 X 1.77 em.) 25 ± 1a 19 ± 1b 24.0 

'l\·lean and standard de>'iation of 4 detem1inations. Any hvo m eans for a specific product were signi ficantly different at th e 

0.05 level, when not having th e same letter suffixes. 

nitrite ch<mges during storage may be of little conse
quence at low residual nih·ite levels. 

Without exception, all varieties of dried sausage 
products increased in residual nib:ite content during 
the 88-day storage period (Table 3). The initial 
values for dried sausage and jerky were extremely 
low ( 2-4 ppm ) and reached a final residual nitrite 
content of 12-18 ppm. Although the moish1re level 
was not measured during storage, the moisture-proof 
film was sealed and it was not possible that these 
relatively dry ( 22% moisture) products could have 
lost sufficient moisture to cause the rate of increase 
observed. Olsman et al (11) reported that the rate 
constant for nih·ite depleti<Jn was directly propor-

tiona! to tl1e meat :water ratio based on sh1dies of 
model systems; the greater the water content, the 
faster the depletion . It is possible that the meat
water ratio was the basis for an increase in residual 
nitTite in tl1e dried products . However, fmtl1er re
search is needed to es tablish the cause of the increase. 

The highest residual nitrite value observed for any 
pre-packaged processed meat product was 42 ppm. 
All products (except bologna on storage day 17), 
that showed signific<mt decreases in residual nitrite, 
had initial levels of 20 ppm or higher and were of 
relatively high pH ( > 5.9). With tl1e exception of 
bologna and beef jerky samples, all samples which 
showed an increase in residual nih·ite during storage 

' ' . 
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had initial nitrite levels of < 4 ppm and were rela

tively low in pH ( < 5.0). The beef jerky had a pH 

of 5.59 but an initial residual nib·ite level of 4 ppm. 

Even with these exceptions, the results suggest that 

low initial levels of nitrite and/or relatively low pH 

values and/or moisture levels are associated with an 

increase in residual nih·ite during storage. Also, those 

products which increased in residual nitrite level 

during storage apparently developed conditions which 

favored conversion of nib·ates to nih·ites. The observ

ed decreases in residual nih·ite suggest that oxidation

reduction reactions occurred to convert the nitrite to 

nitrous oxide. The mechanism for these changes was 

not investigated in this study, and this indicate the 

need for further research on this problem. 
Residual nitrite levels obtained by chemical analy

sis of the cooked frankfurters are in Table 4. The 

decrease in nih·ite caused by cooking ranged from 

3.4 to 41.0% and did not appear to be related to a 

common parameter such as emulsion type, product 

size, or quantity of nib·ite added initially or present 

at the onset of the storage study. 
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( H.eceived for p ublication J tme 4, 1973) 

A BS'fl'\ACT 

F reezing and thawin g of Salm onella anatum. cells induced 

increased sensitivity to selective agents in th e plating mecli tm1 . 
Selective pl ating media containing th e bile salt soclitun de
soxycholate were most inhibi tory. Injmy was demonstrated 
in 11 Salmonella serotypes. Th e percent injmy ran ged from 
20% (Sa lmonella heidelberg) to about 60% ( Sal:m onella 7Ju.ll

orum, Salm onella a.natum, Salmonella in fantis, an d Salmonella 

cuban a ). The percent death ranged from 10% ( Salm on ella 

meleag1'idis and Salmonella ·infantis) to 27% (Sa lmonella 

pullontm and Salmonella oran·ienbwrg). The data indicated 

that 2.,4-dinitrophenol prevented repair of injmy in all sera
types th at exhibited at least 25% injmy. 'l11is suggested the 
importance of energy synthesis in the repair process. 

Several sublethal environmental sh·esses have been 

reported to produce bacterial injmy. Since the early 

work of Sh·aka and Stokes (21 ), most investigators 
have found injmed cells to be capable of forming 
colonies on a nuh·itionally complete medium but not 

on a minimal medium. Metabolic injury was report
ed in bacteria subjected to freezing (3, 10, 21) and 
freeze drying (19, 20). Recently, several rep orts have 
indicated that injmed cells were sensitive to selective 

agents in tl1e plating medium that vvere normally not 
inhibitory. This selective agent injury was demon
strated in bacteria that were irradiated (2, 8, 22), 
heated (11 , 12), freeze dried (14, 15), frozen (9, 13, 
16), and exposed to sanitizers (9, 17, 18) . 

This sh1dy was conducted to determine if the ef
fects of sh·ess resulting in damage of cells would be 
observed after freezing and thawing of several Sal
monella serotypes in milk. 

MATEIUALS AND METH ODS 

The Salmonella serotypes used were isolat ed in our labor
atory from natmally contaminated nonfat dry milk. The test 

organisms were propagated and maintained in reconstituted 
nonfat dry milk ( 10% solids-not-fat ) as described previously 

(14). A 1-ml portion of this cultm·e was added to 100 ml of 
sterile reconstituted nonfat clry milk ( DM ) with 10% solids
not-fat ( SNF) and incubated a t 35 C for 16 to 20 h . This 
was then diluted by transfen-ing 1-ml culture to 100 ml milk. 
A 10-ml portion of this diluted culture was added to a steril e 
screw-cap tube ( 150 X 25 mm ) . It was then frozen by 
static placement in a d ry ice-acetone bath for 10 min. The 
contents were thawed in a water bath at 4 C fm about 45 

'Scientific Journal Series Paper 1 o. 8348, Minnesota Agri
cultmal Experiment Station, St. Paul, Milmesota 55101. 
2Present address : H.esearch and Development, Economics Lab

oratory, Inc., St. Paul , i\'[innesota 55102. 

min and tested. Treatment with .antimicrobia l materials was 
described previously (13). 

The following plating media were used: bism uth sul fite 
agar ( Difco), desoxycholate agar ( Difco) , Salmonella-Shi 
gella agar ( Difco ), briUiant green agar ( Difco), eosin methy
lene b lue agar ( Difco), xylose lysi11e agar base ( Difco) sup
plemented with 0.5% peptone (XLP ), and XLP supplemented 
with 0.2% sodium desoxycholate ( XLDP) . These media were 
prepared according to directions supplied by Difco. 

The following fommlas were used to calculate tl1e per
centage of injury and death: percent i11jmy = 1- ( counts on 

XLDP/ counts on XLP ) X 100; percent death = 1- (counts 
on XLP of trea ted sampl e/ counts on XLP of untreated con-

trol ) X 100. ' 

R ESULTS Al'\D DISCUSSION 

Previous reports have indicated that freezing and 

thawing S. anatum cells in water (13) or milk (T'an
ssen and Busta, submitted for publication ) resu.lted 

in injury as manifested by an inability to fonn col
onies on a selective medium containing sodimn de

soxycholate. Tllis present study evaluated (a) the 
recovery of S. anatum cells, frozen and tl1awed in 

milk, on several plating media selective for gram
negative bacteria, and (b) tl1e effects of freezing and 

thawing on the injury and deatl1 of different Sal
mo·nella serotypes. 

Data on tl1e recovery of frozen and tmfrozen S. 

anatum cells on several plating media selective for 
gram-negative bacteria are presented in Fig. l. Un
frozen S. anatum cells were recovered equally well 

on the selective media tested, except for Salmonella
Shigella agar ( SS ) which inhibited about 50% of tl1e 
unh·eated population. However, after freezing and 

tl1awing, reductions in the number of colony forming 
units were apparent on xylose-lysine-desoxycholate
peptone agar ( XLDP ), desoxycholate agar ( DA ), and 
SS agar. The greatest number of injmed cells was 
demonsh·ated with the plating media containing so
dium desoxycholate ( XLDP and DA media ) . Several 

reports have indicated that the presence of bile salts, 
especially sodium desoxycholate, in the plating media 
was inhibitory to gram-negative bacteria injmed by 
heating (9), freezing (9, 13, 16), freeze drying (14, 
15), and exposure to sanitizing compounds (17, 18). 
Hill (5) found that bile salts dissolve part of the cell 
wall material from disrupted E . coli cells. Also, 

Woldringh (23) showed that ionic detergents such as 

sodium dodecyl sulfate, sodium lauryl sarcosin ate, 
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Figure l. Effect of several plating m edia on the recovery 

of frozen and lmfrozen Salmon ella anatum NF3 cells 

in nonfat milk solids ( 10% solids-not-fat). The plating m edia 

used were: xylose-lysine-peptone agar, XLP; XLP with 0.2% 

sodium desoxycholate added, XLDP; bismuth sulfa:te agar, 

BS; desoxycholate agar, DA; eosin methylen e b lue agar, EMB; 

Salmonella-Shigella agar, SS; and brilliant green agar, BG. 

and sodium clesoxycholate dissolve the plasma mem

brane of E. coli resulting in changes of the organi

zation of nucleoplasm and cytoplasm. Ray et al. 

(15) reported that freeze-dried S. anatwn cells failed 

to repair when desoxycholate was added to the re

covery medium. They suggested that the bile salt 

might inted ere with the rehydration process . Ray and 

Speck (16) indicated that workers using minimal agar 

for measmement of damage generally obtained a far 

lower percentage of injmy than those using selective 

plating media containing desoxycholate. They sug

gested that the former method measm ed only meta

bolic injury, whereas the latter method measmed in
jmy in a structure which normally protected cells 

from the bactericidal effect of smface active agents. 

Freezing injmy in salmonellae was not lin1ited to 

S. anatwn and was demonsb:ated for 11 different 

serotypes (Table 1 ) . The amount of injury ranged 

from 20% ( S. heidelberg ) to about 60% (S. pullorum, 

S. anatum, S. infantis, and S. cubana ) . All of the 

serotypes exhibited an ability to repair the damage 

within 2 h of incubation at 25 C in the presence of 

10% milk solids. The amount of death ranged from 

less than 10% ( S. infantis and S. 1neleagridis ) to 27% 

( S. pullonmt and S. oran·ienburg) after freezing and 

tpawing in milk. 

Data on the effect of 2,4-dinit:rophenol (DNP) on 

repair of several serotypes after freezing and thawing 

in milk axe presented in Table 2. DNP is an un

coupler of oxidative phosphorylation that apparently 

hydrolyzes an intermediate necessary for formation 

of ATP (1). DNP prevented the repair of injmy in 

all serotypes that exhibited at least 25% injmy. This 

was indicated by tl1e high percentages of injured 

cells after 2 h incubation at 25 C. Energy synthesis 

thus appeared to be necessary for tl1e repair of in
jured cells. The repair of injmy induced by freeze 

drying, sublethal heating, aerosolization, and ethyl

enediamineteh·aacetic acid (EDTA) also involved 

energy metabolism (4, 6, 7, 11, 12, 19). These data 

indicate that tl1e injury and repair of salmonellae 

frozen and thawed in milk are not limited to one or 

two laboratory sh·ains and must be considered in food 

or analytical systems . 
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T ABLE l. EFFECT OF FHEEZING AND THAWING OF SEVERAL 

Salmonella SEROTYPES IN HECONSTITUTED NONFAT DHY l\IJLK 

( 10% SOLIDS- 'OT-FAT) 

P ercent injury 

P ercent 
Serotype 0 h 1 h 2 h* deat h 

S. anatum. 58 15 10 16 

S. pullorum 61 10 10 27 

S. cuban a 62 25 12 15 

S. ·infant is 55 16 10 10 

s. derby 34 13 10 24 

S. senftenberg 44 17 12 20 

s. meleagridis 35 15 11 10 

S. oranienburg 32 10 10 27 

S. t yphimurittm 26 10 10 17 

s enterit idis 27 10 10 17 

s. heidelberg 20 10 10 18 

0 Time thawed cells were held in milk ( 10% solids-not-fat) at 

25 C. 

TABLE 2. EFFECT OF 2,4-DINlTHOPHENOL ( 100 p.Gh,-rL) ON 

THE REPAIH OF INJUlW IN SEVEHAL Salmonella SEROTYPES AFTEH 

FREEZING AND THAWING IN HECONSTITUTED NONFAT DHY ].flLK 

( 10% SOLIDS-NOT-FAT) 

P er cent injury 

Se rotype 0 h 2 h• 

S. anatum 56 10 
S. enteritidis 25 10 
S. m eleagridis 35 12 
S. typhimurium 26 10 
S. heidelberg 20 10 
S. senftenherg 44 12 

S. infant is 55 10 

s oranienburg 32 10 

S. cuba11a 67 14 

S. derbu 43 10 

Percent injury with 
2,4-dinitrophenol 

0 h 2 h* 

56 37 
25 10 
35 21 
25 27 
20 10 
44 27 
55 50 
32 41 
67 43 
43 23 

0 Time thawed cells were held in diluent ( 0.1% solids-not-fat 

milk) at 25 C. Diluent consisted of water with or without 

antimicrobial and residual milk in 1 :100 dilution. 



522 I NJURY AND REPAIR 

REFERENCES 

l. Brost, P., and E. C. Slater. 1961. The si te of action 
of 2.,4-dinitrophenol on oxidative phosphorylation. Biochem. 
Biophys. 48:362-379. 

2. Corry, J. E . L., A. G. Kitchell, and T. A. Roberts. 1969. 
Interactions "'ii th recovery of Salmon ella typhimurittm dam
aged by h eat or gamma radiation. J. Appl. Bacterial. 32: 
1115. 

3. Hagen, P-0. 1971. The effect of low temperatures on 
microorganisms: conditions tmder which cold becomes lethal. 
pp. 39-76. In W . B. Hugo (eel . ) Inhibition and destruction 
of the microbial cell. Academic Press, London and New 
York. 

4. Hambleton, P. 1971. Repair of wall damage in Es
cherichia coli recovered from an aerosol. J. Gen. Microbiol. 
69:81-88. 

5. Hill, n'l. N. 1967. Action of bile salts on bacterial cell 
walls. Nature (London) 214:1152-1154. 

6. Leive, L. 1965. A non-specific increase in perm e
ability in Escherichia coli produced by EDTA. Proc. Tat. 
Acad. Sci. 53:745-750. 

7. Leive, L. 1968. Studies on th e penneability chm1ge 
produced in coliform bacteria by ethylenediamineteh·aacetate. 
J. Biol. Chem. 243:2.373-2.380. 

8. Licciardello, J. J ., J. T. R. Nickerson, m1d S. A. Gold
blith. 1970. Recovery of salmonellae from irradiated and 
unirradiated foods. J. Food Sci. 35:620. 

9. Maxcy, R. B. 1970. Non-leth al injury m1d limitations 
of recovery of colifom1 organisms on selective media. J. Milk 
Food Techno!. 33 :445-448. 

10. lv!azur, P. 1966. Physical and chemical basis of in
jury in single-celled microorgmlisms subjected to freezing m1d 
thawing. pp. 214-315. In I-I. T. Meryman (eel.) Cryobiology. 
Academic Press, London and New York. 

11. Orela! , Z. J. 1970. Current developments in the de
tection of microorgm1isms in foods: Influence of enviromnental 

fac tors on detection methods. J. Milk Food Technol. 33: 1-5. 
12. Ordal, Z. J . 1970. Symposium on the restoration of 

sublethally impaired bacterial cells in foods. III. Influence 
of thermal stress. J. Milk Food Teclmol. 34:549-550. 

13. Ray, B., D. W. Janssen, and F . F. Busta. 1972. Ch,ar
,,cterization of the repair of injury induced by freezing Sal
monella anatum. Appl. Microbial. 2.3 :803-809. 

14. Ray, B. , J. J. Jezeski, and F. F. Busta. 1971. Effect 
of rehydration on recovery, repair, and growth of injurecl 
freeze-dried Salmon ella anatum. Appl. Microbial. 22:184-
189. 

15. Ray, B., J. J. Jezeski, and F. F. Busta. 1971. Repair 
of injmy in freeze-dried Salmon ella anatum. Appl. Microbial. 
22:401-407. 

16. Ray, B., m1d M. L. Speck. 1972. Repair of injury 
induced by freezing Escherichia col-i as influenced by recovery 
medium. Appl. Microbial. 24:258-263. 

17. Scheusner, D. L., F. F . Busta, and M. L. Speck. 1971. 
Inhibition of injured Esche·richia coli by several selective 
agents. Appl. Microbial. 21:46-49 . 

18. Scheusner, D. L., F. F. Busta, and M. L. Speck. 1971. 
Injury of bacteria by sanitizers. Appl. Microbial. 21:41-45. 

19. Sinskey, A. J. 1971. Current status of injury in 
freeze-dried microorganisms. J. Milk Food Techno!. 34: 
551-552. 

20. Sinskey, A. J ., and G. J. Silvennan. 1970. Char
acteriza tion of injury to Escheric hia. coli ML30 incurred upon 
freeze-drying. J. Bacterial. 101:429-437. 

21. Straka, R. P., and J. L. Stokes. 1959. Metabolic injury 
to bacteria at low tempe.ratmes. J . Bacterial. 78:181-185. 

22. Tiwari, N. P. , and R. B. Maxcy. 1972. Post-irradi
ation evaluation of pathogens and indicator bacteria. J. Food 
Sci. 37:485-487. 

23 . \Voldringh, C. L . 1970. Lysis of the cell membrane 
of Escherichia coli K12 by i01lic detergents. Biochim. Biophys. 
Acta 244:288-290. 

NATIONAL CONFERENCE ON SOLID WASTE 

The U. S. Environmental Protection Agency, Of
fice of Solid Waste Management Programs, and the 
National Solid \iVastes Management Association are 
cosponsoring a national conference on major solid 
waste management issues and policy alternatives on 
November 15 and 16., 1973, at the O'Hare Inn, O'Hare 
Airport, Chicago, Illinois. The program for this in
tensive tvvo-day workshop will span the most current 
legislative and technological activities affecting this 
field in the areas of resource recovery, processing tech
nology, and sanitary landfill. The format for the con
ference is intended to provide an opporttmity for 
government and indush·y officials to discuss issues 
and alternatives in an informal atmosphere with 
several hundred leading Federal, State and local 
government officials and industry representatives. 

The OS\iVMP has arranged for representatives of 
State solid waste agencies, EPA regional offices, and 
members of the OSWMP headquarters staff to par
ticipate in this meeting. \f.le expect several hundred 
public officials and indusb:y representatives to at-

tend the conference and we believe it is an excellent 
opportunity for public officials to obtain, first hand, 
the lates t information on key Federal, State, and local 
programs as well as industry activities in these areas 
of the field. Some of the major topics that will be 
included in this conference are the following: 

• Legislative Background and Planning for Con
necticut's Resource Recovery Program 

• New Orleans \iVaste Disposal/Resomce Recovery 
Program 

• Federal Solid Waste Legislative Priorities and 
Congressional Activities 

• State of the Art-Resource Recovery Technology 

• Atlanta Rail Haul-Regional Processing and Dis-
posal Program 

• St. Louis \i\Taste Energy Recovery Project 

• Sanitary Landfilling in Flood Plain Areas 

• Landfill Equipment Selection and Application 

• Role and Application of Shredding and Baling 
Technology 
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A COMPARISON OF THE BABCOCK, MOJONNIER, AND MILKO
TESTER MARK Ill METHODS IN THE ANALYSIS OF 
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ABSTRACT 

The Babcock, Mojonnjer, and Milko-Tester Mark III meth

ods of milkfat an alyses were compared on creams ranging 

in milkfat from 6.6 to 50.0%. Variances ( s2 ) of th e three 

methods on 243, 246, and 336 observations, respectively, 

were 0.062, 0.048, and 0.017. Variability tended to increase 

with an increase in milkfat content of the creams . Tbis was 

true for all three methods. Regression formu lae for esti

mating Babcock and Mojonnier values from Milko-Tester values 

were, respectively, y = -0.94795 + 1.06699 (X), and y 
= -0.60222 + 1.04850 (X) . Correlation coefficients for 

th e Mi lko-Tester Mark III with th e Babcock and Mojonnier 

methods were 0.9987 and 0.9983, respectively. These re

lationships were noted with the Milko-Tester tmit calibrated 

on whole mi lk, and indicate the feasibility of !vf ilko-T ester 

use on cream samples whether calibrated at lower milkfat 

levels and calculated from regression fonnu lae, or calibmted at 

the approximate range of milkfat test expected and read 

directly. 

\Vith high-volume continuous buttermaking opera

tions demanding interplant shipments of tanker loads 

of cream, the need for improved methods and a 

better understanding of traditional methods of cream 

' tes ting has b ecome critical. The Babcock method 

has been used extensively and the Mojonnier pro

cedure occasionally. Both methods are slow and 

tedious. Moreover, their within-test repeatability on 

high percentage milkfat products has not been well 

es tablished. This latter condition could accoun t in 

part for the difficulty often encountered between 

buyer and seller in reconciling milkfat tests on cream. 

Beyond the obvious concern for accuracy and pre

cision, there is al so a grea t need for fas ter methods. 

The Milko-Tes ter i'vlark III offers an excellent pro

spec t in this regard. However, th e relationship be

tween the iviilko-Tes ter method and the Babcock 

and Mojonnier procedures has not been documented 

for cream analyses, and it was with this in mind that 

'Paper No. 8205 Scientific Journal Series, Minnesota Agri

cultural Experiment Station , St. Paul. 
'University of •linnesota 
"Dai ry Quali ty Control Institute, Inc. 

th e work reported herein was don,e. 
Several investigators have compared the Babcock 

and ether extraction methods for milkfat in milk and 

cream (2, 4, 5). In general, higher results have been 

noted for the Babcock than for ether exh·action meth

ods, the disparity widening with increasing milkfat 

test of the product. 
Hileman et al. (2) reported differences of 0.059 to 

0.193% for milk samples ranging in milkfat levels 

from 3.00 to 5.00%, the Babcock results b eing higher 

in all instances. In creams of 20, 40, and 50% milk

fat, this difference averaged 0.158, 0.527, and 0.717%, 

respectively. 
O'Dell (5) also found the Babcock tes t to yield 

higher results than the Mojom1ier, and stated that the 

difference was greater as the milkfat level went up. 

Similar findings have been reported by Randolph 

et al. (5). In the latter work, difference beh;veen the 

h;vo tests was found to range from 0.27 to 0.65% 

on creams averaging, by the Babcock test, 26.0 

through '15.93% milkfat. 

iVI ETH ODS 

in a laboratory model elise separator. Samples were im

mediately diluted with warm skimmilk to provide a range 

of milkfat levels. Samples thus obtained were split into 

three lots for Babcock, Mojonnier, and Milko-Tester analyses. 

1ney were held warm ( 90 F) w1til representative portions 

were taken for milkfat analyses . No more than 4 hr elapsed 

between sample preparation and completion of testing. Bah· 

cock and Mojonnier tests were done in triplicate, Milko-Tester 

analyses in quadruplicate. 
Initially, to be ce1tain that hydrolyt ic rancidity would not 

be a problem, the Acid Degree Value ( ADV) method of 

Thomas et a!. (6) was applied to a portion of th e cream held 

for that length of time required to finish sampling. The ADV 

results, after several trials, indicated nonnal levels ( 0.60 to 

0.70 ) and further testing was discontinued. 
The procedure followed for the Babcock method was as 

outlined in th e Official Methods of Analysis of the Associa

tion of Official Agricu.ltu.ml Chemists (1), Method II, the 

only mod ification being the use of a Sartorius Balance, Type 

1105, with a sensitivity of ± O.Olg, rather than the cream 
scales indicated. The Mojonnier analyses were made accord-
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TABLE 1. AVERAGE 1\.JfiLKFAT PERCENTAGES1 FOH THE BABCOCK MOJONNlER AND MILKO-TESTEH METHODS OVEn A RANGE 

OF ?vliLKF AT LEVELS IN CREAM 

Average Average Difference AveraJ;e Difference 

Han ge of :1\umber of Babcock Mojonnier from Miik o-Tcster from 

tests samples test (o/o ) test (o/o) Babcock test (o/o ) Babcock 

25 -35% 28 30.03 29.82 -0.21 29.10 -0.93 

35.1-45% 17 39.52 39.11 -0.41 37.90 - 1.62 

45.1-50% 8 47.41 46.76 -0.65 45.14 -2.27 

'Babcock and Mojonnier analyses were made in triplicate, Milko-Tester analyses in quadruplicate. 

TABLE 2. AvERAGE VARIANCE 1 OF BABCOCK, MOJONNIER AND !VhLKO-TESTEH METHODS 

------------- ------'0'--VER A RANGE OF MlLKFAT LEVELS 

Babcock Mojonnier i\lil ko-Tester 

Hange of No. of No . of No. of 

m lkfat samples Va: ian ce (s2) samples Variance (s2) samples \ ·nriancc (s2) 

5.0-10.0 11 0'.023 11 0.0096 10 0.0054 

10.1-15.0 4 0.030 4 0.0346 6 0.0092 

15.1-20.0 7 0.023 8 0.0763 6 0.0072 

20.1-25.0 8 0.044 8 O.OG29 12 0.0193 

25.1-30.0 16 0.045 15 0.0247 14 0.0201 

30.1-35.0 12 0.118 13 0.0538 15 0.0223 

35.1-40.0 8 0.069 8 0.0753 10 0.0265 

40.1-45.0 8 0.071 8 0.0568 7 0.0207 

45.1-50.0 8 0.125 10 0.0635 5 0.0107 

'Variance is based upon triplicate Babcock and Mojonnier analyses, and quadruplicate Milko-Tester analyses. A variance( s2
) 

value was calculated for each set of replicate analyses and these individual variances were averaged for the range of milkfat 

levels indicated. 

ing to the procedure in Labo-ratory Manual, Milk Industry 

Fotmdation (3). Milko-Tester analyses were made on a 

Mark III Model (Foss Electric, Hilleroecl , Derunark) operated 

under procedures recommended by the manufacturer. 

Between replicate analyses on the Milko-Tester, cream sam

ples in Erleruneyer flasks were agitated by slowly rocking 

them back ;mel forth about 5 times . It should be noted that 

the Milko-Tester had been previously calibrated and stan

dardized on whole milk by the method prescribed in A.O.A.C. , 

using the Babcock test as referenc.e standard. 
\¥hile the Mark III w1it is automatic for sampling and 

testing milk, it is semiautomatic for cream analyses. A sample 

of mixed cream is drawn into the sampling tube (or pipette) , 

the sample is diluted and discharged from the equipment. 

It is the diluted sample, then, that passes through the testing 

cycle of the device. Following initial uptake of cream, a clrcp 

remains hanging on th'e intake pipette. Since this drop of 

cream would alter the dilution rate, and might not be con

sistent in quantity from sample to sample, the procedure 

was standardized by allowing 5 to 10 sec for the drop to 

form , then wiping it off with a brown paper towel. This type 

toweling is not too absorbent and serves essentially to remove 

only the excess cream protruding below the pipette. For 

the replicate analyses, four separate samples were tested, all 

taken in this manner. 

RESULTS AND Drscussm 

Table 1 shows the average milkfat percentage over 

a range of milkfat levels by the three methods, and 

the difference between the Babcock and the Mo

jonnier and Milko-Tester results. The Mojonnier 

analyses averaged slightly lower than the Babcock. 

This disparity widened v.rith increasing milkfat level 

as has been observed by other workers (2, 5). The 

iVlilko-Tester values at these milkfat levels averaged 

lower than both Babcock and Mojonnier values, the 

difference becoming progressively wider as milkfat 

levels went up. There appeared to be a good gen

eral relationship, however, and one that could pro

vide close agreement by formulation of appropriate 
regression equations. 

In Table 2 may be seen the variance of the three 

procedures over a wide range of milkfat levels. Al

though there were some inconsistencies, perhaps 

caused by the small number of samples, the vari

ability in all three instances tended to increase as 

the milkfat level increased. The Mojonnier vari

ability at any level of milkfat appeared to be only 

slightly better than the Babcock, while the Milko

Tester in general was the least variable-the most 

precise-of the three methods. On a total of 243, 

246, and 336 observations respectively for tl1e Bab

cock, Mojonnier, and Milko-Tester methods, the vari

ance ( s') averaged 0.062, 0.048, and 0.017%. Correla

tion coefficients for the 1vlilko-Tester versus Babcock 

and Mojonnier methods were 0.9987 and 0.9983, re
spectively. 

Regression fonnulae for es tin1ating Babcock and 

Mojonnier values from Milko-Tester values were 

derived from tl1ese data. Using the relationship 

y = a + b X, the formulae were calculated to be : 

y = -0.94795 + 1.06699 (X), and y = 0.60222 + 
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1.04850 (X) for the two methods, respectively. 

Considering both precision and relative accuracy, 

it would appear that Milko-Tester milkfat analyses 

could be made on cream with the equipment cali

brated and standardized on whole milk. Because 

the Milko-Tester procedure is fast, duplicate, tripli

cate, or even quadruplicate analyses could be made 

in less time than it takes to do either a Babcock or 

Mojonnier analysis, with the resultant improvement 

in accuracy and precision so necessary in today's 

high volume processing. 
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PROPOSED ADDITION 

(Continued f-rom Page 514 ) 

Sampling and testing of vials 
One sampling plan which can be followed in testing 

vials is outlined below. Publication of this plan does 

not preclude use of other equally valid procedures. 

Objective. This sampling plan will allow only one 

lot in 20 to pass inspection when 5% of the vials are 

defective (e.g. >1 organism/ ml of capacity) . No 

defective vials will be allowed ( c = 0) in the plan. 

Defective vial. A residual bacterial count of 50/50-

ml vial has been approved by the Intersociety Coun

cil. One laboratory method currently employed re

quires that 2 ml of rinse water be placed in the con

tainer as per Standard M ethocls procedure ( 16.223) 

, and 1 ml plated. Plates are incubated at 32 C for 

,18 h and colonies are counted. A defective vial is 

one having a count of 26 or more colonies when test

ed as just described. 
Lot. A lot of vials may be defined as one day's 

production or in another suitable manner. It is as

sumed that the lot is large ( > 5000 vials) for deri

vation of the sampling plan . 
Sampling plan . The attribute sampling plan does 

not depend on the specific definition of a defective 

vial. It will yield the same size of sample ( n ) for a 

probability of 0.05 that a lot contains only 5% de

fective vials for any definition of a defective vial. 

Dodge and Romig (Sampling Inspect-ion Tables, 2nd 

ed. , John Wiley and Sons, New York, 1959 ) have 

given the statistical details for deriving sampling 

inspection plans. For the condition stated above and 

c = 0, the value of n will be 60. 

Applicat-ion of sampling plan. The sampling plan 

as described requires that 60 vials be randomly select

ed from a lot and tested by the recommended pro

cedure. The lot will be accepted if no defective 

vials are observed and rejected otherwise. All lots 

must be examined. 

C01nments mquested 
Readers desiring to conm1ent on the proposed addi

tion to the 13th edition of SMEDP are requested to 

do so within 60 days after publication of this an

nouncement. Comments should be sent to Dr. E. H . 

i'darth, Chairman, Intersociety Council on Standard 

Methods for the Examination of Dairy Products, De

partment of Food Science, University of 'Wisconsin, 

Madison, Wis . 53706. 
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International Assn. of Milk, Food & Environmental Sanitarians 

AssOCIATED ILLINOIS MILK, FooD, AND 
ENVIRONMENTAL SANITARIANS 

Pres ., Don King ______ __ Melrose Park 

Pres.-Elect, Harold McAvoy ---------
----- _______ _ -------- Springfield 

First Vice-Pres ., Warren Hewes -----
----------- ------------ Chicago 

Second Vice-Pres., George Muck -----
---------------------- Rockford 

Sec'y-Treas ., Robert Coe, 
Rt. 1, Box 149A, Hinckley 60520 

Sgt . at Arms, Lewis Schultz ____ Aurora 

CALIFORNIA AssOCIATION OF DAIRY AND 
MILK SANITARIANS 

Pres., Pat. J . Dolan ________ Sacramento 

First Vice-Pres., Ron :McLaughlin ___ _ 
--- ______ __ __ _ _ ___ _ __ _ _ _ Fresno 

Second Vice-P1·es., H ugh H. Bement __ 
___________ .. ______ __ La Mirada 

Sec'u.-Tteas., Fred I. Robins, 1351-24th 
Ave., San Francisco, Ca. 94122 

Past Pres., Jack S. Gould __ Los Angeles 

CoNNECTICUT AssOCIATION OF 
DAIRY AND Fooo SANITARIANS 

l'res., Lester Hankin ______ New Haven 

Vice Pres., William Ullmann _Hartford 

Sec'u ., Richard M. Parry, D ept. of Agric. 
State Office Bldg. ______ Hartford 

'f'reas., H enry \ Vilson, D ept. of Agric. , 
State Office Bldg. ______ Hartforcl 

Asst. Treas ., Carl Jekanonski __ Hartford 

/lo(/rcl of Governors: 
E. Kellarson ___ ___ \ Varehonse Pt. 
\V. Ullmann ________ East Hartford 

F. Davis -- -- -- -- --------------
'1' . Burkhard __________ Trumbull 
K. Crane ____ _________ Bridgeport 

P. Vozzola ---------Vlest Granby 
Joseph Carlson ---------------
Walter Dillman ----- --- --------
G. VanvVonn er ______ __ Simsbury 

FLORIDA AssociATJO;·./ oF 1-- h LK AND 
FooD SANTTAI\!ANs 

Pres., Sam 0. Noles ______ Jacksonville 
P·res.-Elect, G. Gomez __ Ft. Lauderdale 
Sec' y.- TTeas., Jay Boosinger 1340 Linda 

Ann Dr. __ Tallahassee, F la . 32301 
Board of Directors: 

Dave Fry ____ __ ________ _ Orlando 
C. Bronson Lane __ __ _____ Orlando 
Emm ett Hood ____ __ St. Petersburg 
Ralph Kirkland ------- --- - Tan1pa 
John Manning ___ ____ _ Winter Park 
D. A. Hatcher ------------T ampa 
John Miller _____________ Orlando 
Jay B. Boosinger ______ Tallahassee 

IDAHO ENVIRON!VIENTAL 
HEALTH AssociATION 

Pres., Stephan E. Bastian ____ Preston 
Vice-Pres., Harold R. Hyer ____ Boise 
Sec'y-Treas., Harry Furgeson, 

15 North 6th St. , Pocatello, Idaho 
83201 

INDIANA AssoCIATION OF 
SANITARIANS 

PTes., T. Lloyd Grarman __ Indianapolis 
Pres-Elect , Paul Welch ___ T erre Haute 

First Vice Pres., TI1omas Atkinson ___ _ 

-------- - --- --------- Richmond 
Second Vice Pres., TI1omas H. Dorsey __ 

------------------- Indianapolis 
Secretm·y, Paul Meyers, Indiana State 

Board of Health, 1330 W . Mich . 
St., Indianapolis, Ind. 

Treasurer, Richard W. Harlow -------
- __________ - ---- --- ___ Lafayette 

IowA AssOCIATION oF l\•hLK, FooD AND 
E:\"\' IHONMENTAL SANITARIANS, INc. 

P1·es., Glenn Cavin _____ __ Cedar Falli 
Pres. -Elect, D . H. Wilke __ __ Dubuque 
First Vice Pres., John Hallbach ------

--- - - - ------------ Cedar Falls 
Second Vice Pr@., Chris Singelstad __ 

- ----- ----------- Cedar Rapids 
Sec'y.-Treas., H . E. Hansen, State Health 

Dept., Robert Lucas Bldg., Des 
Moines, Ia. 50319 

Fact~.lty Advisors: 
Earl 0. Wright ___ ________ Ames 
W. S. LaGrange __ ________ Ames 

Past Pres., Alvin Grey __ Marshalltown 

KANSAS AssOCIATION OF 
ENVIHONMENTAL!STS 

Pres., 0 . L. Honomuchl ------Wichita 
First Vice-Pres., George Garrison _____ _ 

------------------------ Topeka 
Second Vice-Pres., Jack Milburn _____ _ 

Sec1·etary-T1·eas., John J. Austermiller, 
800 Polk, Apt . 20, Topeka, Kansas 
66612 

KENTUCKY AssoCIATION OF ~liLK, Foou 
A:-ID E, vmoNMENTAL SANITARIANS, INc. 

Pres ., Dudley J . Conner _____ Frankfort 

Past Pres., Donald L. Colgan -- - -----
------------------ Flemingsberg 

Pres-Elect, James C. Hartley _Lexington 
Vice-Pres., Bruce K. Lane ___ Louisville 
Secretary-Treas., Leon Townsend, 110 

Tecurnse Trail , Frankfort, Ky. 
40601 

D'imctors: 
Max 'Weaver, \•V. Region __ Murray 
Doug Perkins, M.W. Region _____ _ 

- - --------------------- Glasgow 
Hubert D . Edds ________ Calhoun 

Don E ckler, N.C. Region ------
----- --------- ---- --- Carrollton 
A. P. Bell, N.C. Region ---------
--------------------- Louisville 
l'loyd Gritton ______ ___ _ Owenton 
Paul Devine ________ Harrodsburg 
L. E. Mayhugh, S.C. Region --- 
----------------- Campbellsburg 
Tom Forde, E. Region __ Newport 
William L. Stephenson ___ _ Union 

MICHIGAN ENVll\ONMENTAL 
HEALTH AssociATION 

Past Pres., Jack Mason ------Whitehall 
Pres., James H. Shifflet __ Grand Rapids 
Pres.,-Elect, Raymond M. Jurczyk 
Secretary, Theodore J. Kilmer, Oakland 

Co. Health D ept. 1200 N . Tele
graph Rd., Pontiac, Mich. 48053 

Treas., Richard E. Vincent __ __ Pontiac 
T3oarcl of Directors: 

Milton Stanton _____ _ Traverse City 
Philip Kirbvood ____ Battle Creek 
Oscar B. Boyer ____ ______ Pontiac 
James Akers _________ ___ Monroe 
James P. Robertson - .. Grand Rapids 
K. Durwood Zank _____ _ Charlotte 

~liNNESOTA SANITARIANS AssociATION 
Pres., Jan1es H. Francis ______ St. Paul 
Vice-P·res., Edmund A. Zottola ------- I 

_______ ------------ _ Minneapolis 

Sec'y.-Treas., Vern Packard, Food Sc. & 
Indust. , Univ. Minn., St. Paul, Minn. 
55101 

Directors: 
Douglas E . Belanger __ Minneapolis 
Fred E. Day ________ __ New Ulrn 
Roy E . Ginn __ ___ ____ __ St. Paul 
Ing. H. Lein ________ Minneapolis 
Hugh Munns ___________ St. Paul 
Donald J. Pusch ___ __ Minneapolis 
James A. Rolloff ___ ___ New Ulrn 
Charles B. Schneider _Minneapolis 
Edmund A. Zottola ______ St. Paul 

i'vhssiSSIPPI AssociATION OF SANITAHIANS 
Sec'u.-Tmas., Jimmy W. Bray, 202 N . 

Robinson St., Senatofia, Miss. 38668 
( To Up-To-Date List Avai lable) 

\ lrssoum AssOCIATION OF MILK 
AND FooD SANJTAHIANS 

Pres., Harold Bengsch _____ Springfield 

First Vice-Pres., Gerald Burns ------
___ _________________ Kansas City 

Second Vice-Pres., Mike Sanford ----
----------------- ---- Columbia 

:-\Ew YonK AssoCIATION OF MILK AND 
Fooo SANITAHIANs 

Pres., David K. Bandler ---- --- - Ithaca 
PTes.-Elect, John G. Burke __ \•Vatertown 
Past P·res., Charles G. Ashe _Fayetteville 
Sec'y.-Tmas., R. P. March, 118 Stocking 

Hall, Cornell Univ., Ithaca, N . Y. 
E:recutive Board: 

Maurice Guerrette ___ _____ Albany 
Donald Brownell __ ___ Harpursville 
William Y. Perez _________ Albany 

0NTAHJO AssociATION oF MILK AND 
FooD SANITARIANs 

Past Pres., Elwood Hodgins ___ Toronto 
Pres., Douglas J. Varnell ____ Kitchener 
Vice-Pres ., W. A. Harley ______ Harley 
Secretary, Geo. H azlewood, Etobicoke 

Public Health, 1037 Royal York 
Road, Toronto M8X 2G5 

; 
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Treas., Robert Tiffin ________ Kitchener 

Directors : 
Bill Kempa _____________ Toronto 
Art Lord ________________ Toronto 

L. M. McKnight _________ _ Guelph 
Gary Strachan ___________ Guelph 

Murray Nixon ----------Weston 
Editor News & Events, Glen Ward ___ _ 

--------------- __ --- _ _ _ Toronto 
Am bassador-At-Large 

Henn Cauthers ___________ Barrie 

OREGON AssOCIATION OF MILK AND 
FooD SANITARIANS 

Pres., Mark Prescott _______ Clackamas 
Vice-Pres., Loren Edlund _______ Salem 

Sec'y.-Treas., Alvin E. Tesdal, 5155 -
7th Ave. , N. E., Salem, Oregon 
97303 

Directors: 
Tom Bailey ___ ___ ____ Cloverdale 
Virgil Simmons ___________ Salem 

Glenn Briody __________ Portland 
Donald Raistakka _______ Portland 
Don Anderson __________ Estacada 

Auditors : 
Ralph Cook ______________ Tigard 

Jim Black -------------Tillamook 

PENNSYLVANIA DAIRY SANITARIANS 
AssoCIA TJON 

Pms., Bernard Hinish _______ Cmryville 

Pres.-Elect, John Boore ______ Grantville 

Vice-P1·es., George Mansell -----------

----------------- Conneaut Lake 
Past P·res., Jolm Heid _________ ___ Erie 

Sec'y-Treas., Gerald Schick, -------
------ R. R. 2, Latrobe, Pa. 15650 

Association Aclaisers: Stephen Spencer, 
Sidney Barnard, Samuel Guss, 
George H. Watrous, George V•l. 

Fouse 
Executive Committee: Association Offi

cers and appointed representatives 
of regional associations. 

AFFILIATES OF IAMFES 

RocKY .!vlouNTAIN AssociATION oF MILK, 

FOOD AND ENVIRONMENTAL SANITARIANS 

Pms., John Nussbaumer ______ Denver 

Pres.-Elect. Darrell Deane ----------

---------------- Laramie, Wyo . 

Sec'y.-Treas., Frank Yatckoske, 3150 
West 25th Avenue, Denver, Colo
rado 80211 

D imctors: 
Helen Hovers ___________ Amara 

Carl Yeager __________ Longmont 

SouTH DAKOTA AssociATION 
OF SANITARIANS 

Pres., Robert Wenners ____ Rapid City 

Vice-Pres., Ed Michalewicz __ Brookings 

Sec'y.-Treas., Howard Hutchings, Div. 
San. Eng. State Dept. Health, Pierre, 
S. D. 57501 

Directors: 
·wayne Balsma _________ Mitchell 

Casper Twiss ________ Pine Ridge 

VIRGINIA ASSOCIATION OF SANITARIANS 
AND DAIRY FIELDMAN 

Pres., J. 0. Gunter __________ Evington 

First Vice-Pres., J. C. Bussey --------
Second Vice-Pres., M. R. Cooper ___ _ 

--------------------- Broadway 
Past Pres., V. M. Yeary _______ Marion 

International Rep., J. G. Hampton ___ _ 

------------------------- Galax 
Sec'y-Treas., W. H. Gill, 6702 Van 

Bmen Ave., Richmond, Va. 23226 

\•VASHINGTON AssociATION or-
MILK SANITAI\IANS 

Pres., Jack Salvadalena _______ Everett 

Pms.-Elect, Jas. L. Shoemake __ Seattle 
Sec'y.-Treas., Ray Carson, 2505 So. Mc-

Clellan St .. Seattle. Wn. 98144 
Past Pres., L. 0. Luedecke ___ Pullman 

Directors: 
Southwest Section Chairman 

Martin J. Sclmuriger ___ Olynlpia 

Northwest Section Chairman 
William H . Brewer _____ Seattle 
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Southeast Section Chainn1111 
Joe Suiter _____________ Yakima 

Northeast Section Chainn1111 
Steve Travis __________ Spokane 

\VIsCONSIN AssoCIATION OF MILK AND 
FooD SANITAniANs 

Pres., John G. Coller -------\Vaukesha 
Pres.-Elect., \Vard K. Peterson _____ _ 

-------------------- Milwaukee 
Sec' y.-Treas., L. Wayne Brown, 4702 

Univ. Ave., Madison, Wis. 53705 
Past Pres., Douglas R. Braatz _Shawano 

Directors: 
Elmer H. Marth ______ Madison 
Clifford Mack _____ Prairie du Sac 

AFFILIATE ANNUAL 
MEETING DATES 

OCTOBER 1973 

INDIANA, 2, 3, 4 

Terre Haute 

FEBRUARY 1974 

KENTUCKY 

MARCH 1974 

ONTARIO 

APRIL 1974 

MISSOURI 

JUNE 1974 

PENNSYLVANIA 

(All affiliate secretaries are request
ed to send annual meeting dates as far 
in advance as possible so we can keep 
up-to-date) 

Each year IAMFES recognizes outstanding conh·i

butions and performance by it's members. 

TI1e success of this program is dependent not only 

on those organizations who so generously support 

the monetary aspects of these awards, but it is equal

ly dependent on your individual help in furnishing 

the Awards Committee with appropriate information 

and names of potential award winners. 

versity or Indush·y employee who has made out

standing contributions to food safety and sani

tation. 

\Vill you please give serious thought to the follow

ing Awards, which will be considered for presenta

tion at our 1974 IAMFES Annual Meeting. 

, 1. The Sanitarian's Award of $1000 to a county or 

municipal sanitarian, who, during the past seven 

years has made outstanding conh·ibutions to the 

health and welfaJ:e of his community. 

2. Educator-l11dust-ry Award of $1000 to a Uni-

3. The Citation Atcard to a member who has given 

outstanding service to IAMFES in fulfilling it's 

objectives. 

4. The Shogren Award to the affiliate organization 

that has the best statewide or regional program. 

5. Honomry Life Membership to those members 

who have given long and outstanding service to 

IAMFES. 

Please contact Orlowe M. Osten, Chairman of the 

IAMFES Recognition and Awards Committee, Minne

sota Deparbnent of Agriculture, 530 State Office 

Building, St. Paul, Minnesota 55155 for details . 
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ANNOUNCEMENT CONCERNING THE 
SANITARIAN AWARDS FOR 1974 

Announcement is made that nominations will be 
accepted focr the annual Sanitarians Award and the 
Educator-Industry Award until June 1, 1974, and the 
members of the International Association of Milk 
Food and Environmental Sanitarians, Inc. are re~ 
quested to give consideration to the nomination of 
individuals whose professional work in the field of 
milk, food, or environmental sanitation has been out
standing. 

The Sanitarians A ward consists of a Certificate of 
Citation and $1,000 in cash, and is sponsored jointly 
by the Diversey Chemical Corporation, Klenzade 
Products, Inc. , and Pennwalt Corporation. It is ad
ministered by the International Association of Milk, 
Food and Environmental Sanitarians, Inc., and is 
presented annually. The next presentation of the 
Sar;itari<tns Award will be made at the 61st annual 
meeting of the Association which is to be held at 
St. Petersburg, Florida in August 1974. 

The Educator-Indushy Award consists of a Certi
ficate of Citation and $1,000 in cash and is sponsored 
by the National i\!Iilking Machine Council. It is ad
ministered by the International Association of Milk, 
Food and Environmental Sanitarians, Inc. and is pre
sented annually. The next presentation will be made 
at the 61st annual meeting at St. Petersburg, Florida. 

The Executive Board of the Association has estab
lished the following rules and procedures governing 
the Sanitarian Awards. 

Eligibility: 
l. Geneml Cr-iteria 

To be eligible for nomination of these Sanitarian 
Awards offered annually by the International 
Association of Milk, Food and Environmental Sani
tarians, candidates must: 
a . Have been a member of IAi\IIFES in good 

standing for a: period of five years prior to the 
date when the Award is to be presented; 

b. Be a living citizen of the United States \1: 

Canada who, at the time of nomination, is em
ployed as a professional sanitarian in the field 
of milk, food, and/or environmental sanitation 
by a county, municipality, s tat e or federal 
government provided that in the odd years b e
ginning with 1969 the Sanitarians Award will 
b e limited to state and federal employees and 
the even years to county and municipal em
ployees. 
The Educator-Industry Award is limited solely 
to members who are employed in educational 
or indush·ial field. 
:Members of the Executive Board, members of 

the Committee on Recognition and Awards of 
the International Association of Milk Food 
and Environmental Sanitarians, shall 'not b~ 
eligible for the Award. Race, sex or age s?all 
no·t enter into the selection of the Award 're
cipient. 

c. Have made a meritorious contribution in the 
field of milk, food or environmental sanitation 
to the public health and welfare of a county: 
counties, district, state or federal government 
with the United States or Canada. 

d. Have completed the achievements and con
tributions on which the nomination is based 
dur~ng the seven-year period immediately pre
cedmg January 1, of the year in which the 
Award is to be made. 

2. Additional Criteria 
a. Co-workers are eligible for nominations if both 

have contributed equally to the work on which I 
the nomination is based and each independent-
ly meets the other qualifications for nomination. 

b . Where co-workers are selected to receive the 
Award, each shall receive a certificate and 
share equally in the cash accompanying the 
Award. 

c. No person who has received, or shared in 
receipt of the A ward, shall be eligible for re
nomination for this Award. 

Nominations 
Nominations of candidates for the Sanitarian 

Awards may be submitted by the Affiliate Associa
tions of the IAMFES, or by any member of the 
Association in good standing except members of 
the Executive Board, members of the Committee 
on Recognition and Awards, and employees of the 
sponsoring companies. Nominations from persons 
who are not members of the Association cannot be 
accepted. No member or Affiliate may nominate 
more than one candidate in any given year. 
. Each ~omination must be accompanied by factual 
mfonnatwn concerning the candidate, a resume of 
his .work and achievements, evidence supporting his 
a.ch1evements and if available, reprints of publica
tions. A form for the submission of nominations may 
be obtained upon request from H. L. Thomasson 
Executive Secretary, International Association of 
Milk, Food and Environmental Sanitarians I , nc. , 
P. 0. Box 437, Shelbyville, Indiana 46176. 

Submission of Nominations 
The deadline for submission of nominations is set 

annually, and all nominations and supporting evi
dence must be postmarked prior to midnight of that 
date. The deadline this year is June 1, 1974. Nom-

•• I 
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inations should be submitted to Orlowe M. Osten, 

Chairman, Committee on Recognition and Awards . 

Selection of the Recipient 

The Committee on Recognition and Awards of 

the International Association of Milk, Food and En

vironmental Sanitarians, Inc., has full responsibility 

for selecting from among the candidates nominated 

the recipient of the Sanitarian Awards. In judging 

the contributions of each candidate, the Committee 

will give special consideration to (a) 01iginality of 

thought, mode of planning, and techniques employed, 

(b) the comprehensive nature of the candidate's 

achievements, and (c) their relative value as they 

affect the health and welfare of the area served by 

the candidate. The Committee will give consider

ation also to the efforts of the candidate to establish 

professional recognition in the area in which he 

serves, as well as to his research, administrative de

velopment, program operation and educational achi

evements. Additional information or verification of 

submitted information will be requested when con

sidered necessary by the Committee. Testimonial 

letters in behalf of a candidate are not desired. 

If after reviewing the nominations and supporting 

evidence, the Committee decides that the work and 

achievements of none of the candidates have b een 

significantly outstanding, the Award shall not be 

made. In this connection, it is fundamental that 

if meritorious professional achievement cannot be 

discerned the A ward shall be omitted for a year 

rather than to lower the standards for selections of 

a recipient. 
Orlowe M. Osten, Chairman, 

Committee on Recognition and Awards, 

Minnesota D ept. of Agric., 

530 State Office Bldg., 
St. Paul, Minn. 5155 

FOOD SCIENTIST RETIRES 

Robert F. Holland, an authority on New York's 

dairy indush-y who headed the D epartment of Food 

Science a t Cornell University for more than 17 years , 

has been named Professor Emeritus by the Univer

sity Board of Trustees, effective October 1. 

During Holland's ~enure as department head the 

department's name was changed from the D epart

ment of D airy Indush-y to the D epartment of Dairy 

and Food Sciences and finally, in 1966, to the D e

partment of Food Science. 
; To reflect this change, the programs of teaching, 

research and extension were modified. The cur

riculum shifted from dairy only, to one that includes 

all foods. Also, the department's research base was 

broadened and extension activities became concerned 

with environmental preservation. 

At this time, Stocking Hall, the base of the Food 

Science D epartment, was almost completely refur

bished and re-equipped. 

Before joining the faculty of the N. Y. State Col

lege of Agriculture and Life Sciences in 1945, Hol

land served as director of chemical research for GLF, 

now J..'nown as Agway. 
H e has also had experience as a bacteriologist for 

Inlet Valley Farms, Inc., as a dairy sales engineer for 

Cherry-Burrell Corp., and he was a research asso

ciate at the N. Y. State Agricultural E.>..'Periment Sta

tion at Geneva. 
At Cornell he has been in charge of the extension 

work in his field and has taught specialized courses 

on the dairy industry, dairy chemistTy, and bacteri

ology. Holland's research has focused on the micro

urganisms of importance in milk, food products, and 

industrial fermentations. 

A native of H olley, he received the B.S ., M.S., 

~md Ph.D. degrees from Cornell. In addition to his 

member.~·hip in Phi Kappa Phi, Sigma Xi, and Alpha 

Gamma Rho, Prof. Holland is affiliated with the 

American Dairy Science Association, the Society of 

American Bacteriologists, and the International As

sociation of :Milk, Food and Environmental Sani

tarians. 

DR. J. C. FLAKE NAMED 
EXECUTIVE VICE PRESIDENT 

Dr. J. C. Flake h as b een named executive vice 

president of the Evaporated Milk Association and will 

assume his new duties October 1, the Association's 

president Ray Morris, president of the Grocery Prod

ucts Division, Pet Incorporated, announced. In this 

post he succeeds Fred J. Greiner, who recently ac

cepted the executive vice presidency of the D airy and 
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Food Industries Supply Association, also based in 

Washington . 

D r. F lake joined the Sanitary Standards staff of 

the Evaporated Milk Association in 1940. D uring 

V\!orld vVar II, Dr. Flake served as a commissioned 

officer in the U. S. Public H ealth Service with re

sponsibilities in milk sanitation . H e returned to the 

Association in 1946 as assistant director of the Sani

tary Standards program, becoming director in 19:54, 

a position held to date. 

Dr. Flake received his BS degree from the Uni

versity of Termessee, his MS from Purdue University 

and was awarded his PhD in dairy science by the 

Universit-y of ' iVisconsin . 

Dr. F lal<e is the administrative secretary and b·eas

urer of the ational Mastitis Council, headquartered 

in the Association's offices. He currently chairs the 

Committee on Abnormal ~viilk Conb·ol of the Na

tional Conference on Interstate Milk Shipments . Dr. 

Flake is a fellow of the American Public Health Asso

ciation, an associate member of the Association of 

Food and Drug Officials of the U. S., and an active 

member of the American Dairy Science Association, 

the Intemational Association of Milk, Food and En

vironmental Sanitarians , and the Institute of Food 

Technologists. 

WISCONSIN MASTITIS TEST 
Increase the quantity and quality of milk by spon· 
soring a mastitis-testing program with the Wisconsin 

Mastitis Test. 

* Rapid 

* Simple 

* Accurate 

* Sensitive 

* Inexpensive 

Pinpoints early stages of abnormality in bulk 
milk iind in milk from individual cows. 

WMT standardized concentrate reagent in pints 
and gallons, plastic tubes, calibrated metal caps, 
nozzle gauges, measuring squares, racks, and 

WMT Field Kits. 

Z. D . ROUNDY 
725 South 600 West 
Orem, Utah 84057 

DISTRIBUTOR 

Dr. Samuel T. Coulter ( right ) recmvmg an Honorary Life 

Membership from Dr. \~Ta lley Lawton at annual meeting 

of Minnesota Sanitarians Association, Sept. 13, 1973. 

H.ussell Lerfald (right ) recipient of th e Association 's Certi

ficate of Achievement Award receiving award from H arold 

Johnson, 1inn. Dept. Agric. at Minnesota Association of Sani

tarians Annual Meeting Sept. 13, 1973. 
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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. 

POSITION WANT ED 

College graduate with B.S. in Biology would like labora· 

tory work. Regi stered with State of Wisconsin as Lab. 

Tech. I. Have good refe rences. Will send resume upon 
request. 
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U.S. P. LIQUID PETROLATUM SPRAY 
U.S.P. UNITED STITES PHARMACEUTICAL STAHDAROS 

CONTAINS NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY 
NEUTRAL. WILL NOT TURN RANCID- <ONTAMINATI OR 
TAINT WHEN IN <ONTA(T WITH FOOD PRODU<TS. 

SANITARY-PURE 

ODORLESS-TASTELESS· 

NON -TOXIC 

T~ci, FU<e 
lf{~t-~ 

HAYNES-SPRAY 
31c3ut.d ~ 113e4 ~ ~: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILLING 
MACHINE PARTS 
ond for All OTHER SANITARY 
MACHINE PARTS whkh ore 
cleaned doily. 

Tlce lffculelm HAYNES-SPRAY lffefl«Jd Db .£~ 
Ccu4tVult6 MC1tk Uce lffifk 0~ tued CIJde 
R~ by Uce U. S. 'PKl& Heafflt Serwice 

The Haynes-Spray eliminates the danger of contamination which is 

possible by old fashioned lubricating methods. Spreading lubricants 

by the use of the finger method may entirely destroy previous 

bactericidal treatment of equipment. 

PACKED 6-12 oz. CANS PER CARTON SHIPPING WEIGHT - 7 LBS. 

l THE HAYNES MANUFACTURING COMPANY 
~ 4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

Gasket Color ••• 
slightly off-while 

*MADE FROM 

TEFLON® 
" Tke Soplmfi~fed G~ket" 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 

PRESSURE LINES 

SNAP-TITE self-centering gaskets of TEFLON are designed for all 

standard bevel seat sanitary fittings. They SNAP into place provid· 

ing self-alignment and ease of assembly and disassembly. 

HAYNES SNAP-TITES of TEFLON are unaffected by cleaning solu· 

tions, steam and solvents. They will not embrittle at temperatures 

as low as minus 200° F. and are impervious to heat up to 500° F. 

fO~ A FITTING GASKET THAT Will OUT-PERFORM All OTHERS.M 

S~etiiy ... HAYNES SNAP-liTES of TEFLON 
e TfFlON ACCE,TED SAFE FOR USE ON FOOD & PROCESSING 

EOU,MENT 8Y U. S. FOOD AND DRUG ADMINISTRATION 

*Gaskell mode of DuPont TEFLON<!> TFE-FLUOROCARBON RESINS 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

SNAP INTO 
FITTINGS LEAK- PREVENTING 

NEOPRENE GASKET lor Sanitary Fittings 

ekd ~ $NA"P!]'i~E rleWa~et~ 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time-saving, easy to assemble 

Self-centering 

No sticking to fittings 

Eliminate line blocks 

Help overcome line vibrations 

Long life, use aver and over 

Ayailoble for 1", 1Y.t"', 2*, 2Y.t"' oncl 3" fittings. 

Pocked 100 Ia the box. Order through your dairy supply house. 

THE HAYNES MANUFACTURING CO. 
418 0 Lorain Avenue • Cleveland 13, Ohio 

.Available in bolh 
SPRAY AND TUBE 

All lubri ·Film ingredients are 

approved additives and can be 

safely utilized as a lubricant for 

food processing equipment when 

used in compliance with existing 

food additive regulations. 

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

For Use in Dairies- Ice Cream Plants- Breweries

Beverage Plants- Bakeries- Canneries- Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6- 1-6 OZ. CANS PER CARTON 

TUBES- PACKED 12-4 OZ. TUBES PER CARTON 

THE HAYNES MANUFACTURING CO. 

CLEVELAND OHIO 44113 



Dairy authorities speak out on better cow milking 

Walter F. Wilson/President / 
International Association of Milk, 
Food and Environmental Sanitarians 

Welded lines: Great help in 
producing a quality product. 

Reviewing changes in Cal ifornia's dairy milking 
practices over the past ten years brings two important 
changes to mind : 

One-nearly 100 percent of all milking operations use 
a pipeline system. 

Secondly-well over 50 percent of those pipeline 
milking systems use welded joints completely throughout 
except where joining to other equipment, such as 
receiver jars, pumps, tanks, filters, etc. 

Neither of these changes happened overnight but once 
they were tried, their use by California dairymen 
continued to grow steadily. Why? A summary of the 
superior features of a welded pipeline, whether the 
su mmary was made by an inspector, a milk producer, or 
a milk distributor, would certainly include the following : 

1. Better and easier cleaning and sanitizing 

2. Less possibility for loss of vacuum control 

3. Less foaming of milk in the pipeline 

4. Lower initial cost of installation and lower 
maintenance costs. 

Observations on dairies and milk plants in California 
during the last 25 years have resulted in the following 
conclusions relating to welded joint pipeline 
milking systems. 

In-place circulation cleaners cannot accommodate 
excessive foaming because the foaming interferes 
with cleani ng action. Pockets of foam prevent cleaning 
solutions from reaching the surface· of the pipeline. 
Air leaks which so often occu r at unions in jointed 
pipelines can cause foaming and thus interfere with 
good cleaning action. Sanitizing solutions cannot work 
on improperly cleaned surfaces. Properly welded 
pipeline joints clean as completely as the entire length 
of the pipeline. By eliminating air leaks, welded joints 
therefore help provide superior cleaning and sanitizing 

of pipelines. Welds in pipelines must be of good 
quality without pits in the welded areas. 

Vacuum stability is an essential part of all successful 
pipeline milking systems. Proper size of lines, vacuum 
pump, regulator, and vacuum reserve are all necessary 
parts but all of these good features can be ruined by 
air leaks at joints in the pipeline milkers. The best 
vacuum system ever designed cannot compensate for 
continual air leaks. Without good control of vacuum 
in a milking system, milking- rest ratios are not clearly 
separated. This poor milking procedure may result in 
mastitis aggravation. Welded lines prevent this 
possible cause of vacuum loss. 

Mixing of air and milk at body temperature can cause 
two of milk's most severe flavor defects-oxidized and 
rancid milk. Both of these flavors have other factors 
involved but it has been demonstrated that air mixed 
with milk through air leaks in pipeline milking does 
contribute to these bad flavors. They both reach a point 
at which the average consumer can detect them and 
will refuse to drink the milk. Obviously, no milk 
distributor can have these flavors in his milk and hope 
to reta in customers. There is no practical way that 
eithe·r of the flavors can be removed, or even masked 
in mi lk once the defect has developed . Welded pipeline 
jo ints reduce the possibility of air leaks to a minimum. 

The final but not the least important consideration is 
cost. The cost of each welded pipe union is less than 
the cost of a convent ional sanitary pipe union. Add to 
this the continuing cost of opening the joints for 
cleani ng when needed, the use of gaskets when leaks 
occur, and you will agree that welded pipe joints 
start cheaper and maintenance remains cheaper. 

These four benefits : better sanitation; reliable vacuum 
control; control of flavor; and lowered costs are all 
important to quality-minded milk producers. 

"You're a step ahead with Surge" 

Babson Bros. Co. , 2100 S. York Rd ., Oak Brook, Illinois 60521 

Th is is one of a series of topics developed by noted Dairy authorities. Fo r a complete set write for al free booklet. 
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