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COMPARISON OF EXTRACT-RELEASE VOLUME, PH, AND AGAR PLATE 
COUNT OF SHBU MP'· 2 

C. V A ffiEH.ZA NT AND R. 1 ICKELSON 

Animal Sc ience Department 
Texas A&M University 
College Station 77843 

(Received for publication October 6, 1970) 

ABSTRACT 

During refrigerated storage of shrimp, an initial increase in 
Extract-Release-Volum e (ERV ) with little or no change in 
bacterial cotmt was followed by a rapid increase in bacterial 
count and decrease in ERV. The pH of shrimp increased 
gradually cluriug storage. Jn commercial samples of stored 
iced shrimp little correlation existed b etween ERV and bac­
terial count, ERV and pH, and pH and bacterial count. 

Loss of quality and subsequent spoilage of shrimp 
is caused primarily by tissue enzymes and microbial 
activities . At present, quality of stored iced shrimp 
is determined mainly by organoleptic tests. These 
sensory evaluations frequently lack tmiformity and 
contribute little information about the potential shelf 
life of the product. The shrimp processing industry 
is in need of a simple rapid test to determine the 
sanitary quality and expected storage life of the raw 
product. ·when used with an organoleptic evalu­
ation, it would enable processors to determine ·with 
some d : gree of uniformity the suitability of the prod­
u ct for processing. Various tests have been proposed 
for this purpose. Included are levels of glycogen­
sugar content, lacti c acid, acid-soluble orthophos­
phate, trimethylamin e nitrogen, amino nih·ogen , hy­
dration of water-insoluble protein , pH, and bacterial 

; count (3). Most of these tes ts require investment in 
laboratory equipment and tr·ained personnel. Except 
for pH determinations, these tests are also time-con­
suming. A few plants now use bacterial counts as an 
index of sanitary quality. High bacterial counts are 
unacceptable but do not always indicate the extent 
of loss of quality or spoilage. This is caused b y dif­
ferences in biochemical activities of the individual 
bacterial species , particularly on the proteins and 
lipids of shrimp. 

Jay (6), Jay and Km.1tou (7), and Kontou et al. (8) 
reported that changes in the hydration capacity of 
meat protein, expressed as Extract-Release Volume 
( ERV ), can be used to evaluate the degree of fresh-

'Technical article no . 8752 of the T exas Agricultural Experi­
ment Station, College Station. 
2This work was funded in part by the NSF Sea Grant Pro­
gram, Institutional Gran t GH-59 made to T exas A&lvl Uni­
versi ty. 

ness or spoilage of meat. The water holding capacity 
gradually increased ( E RV decreased ) as spoilage 
occurred . Recently, Adamcic and Clark (1) applied 
the same principle to evaluate the microb.ip.l qt~ality 
of whole poultry. The object of our study was to 
compare changes in E H.V, bacterial count, and pH 
during refrigerated storage of shrimp. 

MATERIALS A I D 1ETHODS 

Unless indicated otherwise, live white shrimp (Penaeus 
setiferus) from Galveston Bay were used . Th ey were packed 
in ice and transported to the laboratory. Total tim e of trans­
portation did not exceed 4 hr and tests were carried out 'lin­
mediately upon arrival in the laboratory. Samples fo r stm:age 
studi es were h eld ill sterile glass contain ers at 5 C. To de­
termine ERV (5), 25 g of iced shrimp were blended for 1 min 
with 100 ml of distilled water ( 25 C) in a W'aril1g blender . 
Th is mixture was filtered through \ Vha hnan No. 1 filter paper 
at 25 C. The filtrate which collected during a 20-mil1 fi ltra­
tion period was m easured in m illiliters and expressed as ERV. 
Bacterial counts were made by the agar plate m ethod (2). 
Th e pH was measured electrom etrically (Corning model 12 ) 
on th e homogenates . Buffers used were citrate for pH 4 and 
5; phosphate for pH 6, 7, and 8; and glycine-NaOH for pH 
9 and 10 ( 4). 

R ESULTS AND DISCUSSION 

Data on the influ ence of time of blending, tem­
p erahlre, pH of exh·actant, and collection time on 
E RV are presen ted in Fig. 1 through 4. With an in­
crease in blending time, the EH.V decreased . Jay (5) 
observed a similar effect in ground beef up to 2 min 
of blending. A subsequent increase in E RV of beef 
after 4 min of blending may have resulted from an 
increase in temperature of the homogenate. ·with 
ground beef, the ERV increased somewhat with in­
creas <:s in temperature of the extractant (5) . With 
shrimp, however, small decreases in ERV were noted 
at the higher temperatures. The decrease in EHV on 
continued blending ( 3-5 min ) of shrimp also may 
have been caused by heat buildup in the homogenate. 
Subsequent experiments showed that the temperature 
of homogenate, initially at 25 C, rose to 30.5, 34.7, 
40.0, and 44.9 C after 1, 2, 3, and 5 min of blending. 

A mru·ked decrease in ERV took place as the pH 
of the buffered exh·actant was increased from 4 to 
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Figure 1. The effect of time of blending on ERV of 2 
samples of fresh shrimp (samples were blended with dist . 
water at 25 C). 
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Figure 2. Effect of temperatme on ERV of fresh shrimp 
(samples were blended with dist. water for l min). 

7. With ground beef, Jay (5) observed a decrease in 
ERV as the pH of the extractant was raised from 5 
to 7. \iVith shrimp, highest ERV was observed at pH 
4.0, with beef at pH 5.0. At pH 4.0 the ERV of beef 
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Figure 3. The effect of pH of bl endin g diluent on ERV of 
2 samples of fresh shrimp (samples were blended for 1 min 
at 25 C). 
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Figure 4. ERV of distilled water homogenates of 2 samples 
of fresh shrimp with - different collection times at 25 C 
(samples were blended with dist. water for 1 min at 25 C). 

vvas zero. These differences in ERV of beef and 
shrimp at pH 4 and 5 most likely are caused by dif­
ferences in the physical-chemical characteristics of 
their proteins. According to Jay (5), the high ERV 
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F igure 5. ERV, pH, and agar plate count of shrimp stored 
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Figure 6. ERV and agar plate count of 55 sampl es of 
shrimp. 

of beef at pH 5.0 probably was related to the close­
ness of this reaction to the isoelectric point of b eef 
protein. The ERV of shrimp increased with increased 
c9llection times (Fig. 4). Similar results were re­
ported for ground beef (5) . 

Changes in ERV, pH, and standard plate count 
( SPC ) of shrimp during storage for 24 days at 5 C 
are presented in F ig. 5. During the first 7 days, the 
E H.V increased gradually from 9 to 17 with little or 

no change ei ther in agar plate count or pH. After 7 
days of storage, a marked increase in bacterial count 
took place. At the same time, the ERV decreased and 
reached zero on the 24th day. The pH increased 
gradually from an initial value of 7.4 to 8.6. The 
shrimp were considered organoleptically unaccept­
able after 16 days . In another sample, th e ERV in­
creased from 9 to 15 during the first 7 days at 5 C. 
Only minor changes in pH and agar pla~e cotmt were 
noted during this p eriod . From the 7th to the 14th 
day, the ERV decreased from 15 to 2. In the same 
period the agar plate count increased from 10' to 1.3 
x 10" per gram. The pH increased gradually from 
7.4 to 8.2. This shrimp was considered mganoleptic­
ally unacceptable after 10 dax.s at 5 C. when the 
count had increased to 2 x 10' per gram. Differences 
in the spoilage pattern of these samples with similar 
initial bacterial counts probably were caused by dif­
ferences in bacterial species. However, both sam­
ples showed similar patterns in changes of ERV, bac­
terial counts, and. pH during storage. An initial in­
crease in ERV ,\~rith littl e or no change in bacterial 
count was followed by a rapid increase in bacterial 
count and decrease in ERV. The pH of shrimp· in­
creased gradually during the storage period. Bailey 
et al. (3) showed th at the water content of water­
insoluble prot ::ins of shrimp increased on iced stor­
age. They reported that free sulfhydryl groups in 
shrimp proteins increased during storage providing 
additional sites for water binding. 
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Figm e 7. Agar plate count and pH of 53 samples of 

shrimp. 
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Increased waterholding capacity (decreased EH.V) 
of beef was observed by Jay (5) and Shelef and Jay 
(9) when beef was h·eated with proteolytic enzymes 
or urea. Subsequent studies (10) indicated that the 
amino sugar content may be related to the increased 
hydration of spoiled meat. 

Jay (5) reported that the EH.V of the long·issimus 
dorsi and senLi.tencUnosus increased to its maximum 
value in two days p os t-mortem . This was followed 
by a gradual decrease in EH.V upon refrigerated stor­
age. With beef the initial rise in EH.V probably is 
caused by changes in the hydration capacity of meat 
proteins during rigor mortis. Too little is known 
about shrimp proteins to speculate that the rise in 
EH.V during the first 7 days of storage was caused 
by similar processes. 

At first it would appear that the gradual decrease 
in EH.V of shrimp after 7 clays possibly could be used 
as an index of sanitary quality similar to that with 
b eef . However, this usage of EH.V in shrimp is af­
fected by the gradual increase in EH.V during early 
storage ( 0-7 clays) . For example, the ERV of spoiled 
shrimp after 16 clays at 5 C (Fig. 5) was similar to 
that after 2 days . This lack of relation b etween EH.V 
and bacterial count is also demonsh·atecl in Fig. 6. 
These samples were from boats as they arrived at proc­
essing pl ants in Brownsville, Texas. Correlation b e­
tween EH.V and b acterial count was 0.07. Bailey et 
al. (3) reported that pH can be used effectively as 
a quality index of iced stored shrimp. Below pH 7.7 
they were judged of prime quality, between pH 7.7 
and 7.95 acceptable but poor, and at pH 7.95 or above 
spoiled or on borderline of spoilage. Our observa­
tions with the laboratory stored shi'imp ( Fig. 5) also 
indicated that the samples were spoiled or near spoil­
age at pH 8. 

Correlation bet\veen pH and bacterial count (Fig. 
7) was low ( -0.23), that between pH and EH.V was 
0.02. The pH values of shrimp with high bacterial 
counts ( 1G'. or above) ranged from 7.1 to 8.1. This 
observatioo again demonstrates that the level of viable 
bacterial population per se does not indicate the ex­
tent of biochemical changes and hence loss of fresh-

ness or spoilage of a food . Different microorganisms 
affect the organoleptic qualities of food in different 
ways. In addition, some of the high bacterial counts 
may reflect growth on shrimp, whereas others resdlt­
ecl b ecause of contact with heavily contaminated sur­
faces. The latter would not be expected to cause a 
concomitant rise in pH. The results of the present 
study indicate that the EH.V test, as used for beef 
and chicken, could not be used' to evaluate the fresh­
ness or spoilage of stored iced shrimp . The data sup­
port the view (3) that the pH of shrimp perhaps 
could be used as a simple screening test to evaluate 
degree of freshness. 
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ABSTRACT 

A rapid and efficient method has been developed to recover 

afl atoxin from cheese and other foods. The procedure in­

volves: (a) blending th e sample with a mixture of chloro­

form, methanol, and water (solvents are used in such pro­

portions that a miscible (monophasic) system is formed, (b) 

adding more chloroform and water so the mixture becomes 

biphasic, (c) filtering to remove the food residue, ( cl) separating 

the lower chlorofonn layer which contains virtually all of the 

aflatoxin, and (e) purification, if necessary, of the material 

in step (d) after it has been concentrated. Purification is 

achieved by sequential addition of methanol, water, and 

hexane; recovery of th e methanol-water fra ction; and extrac­

tion of aflatoxins from it with chloroform. Purification can 

be eliminated if the substrate contains little or no lipid or 

pigment which, if present, interfere with thin-layer chroma­

agraphic analysis. Extraction can be done in approximately 

35 min and purification in approximately 20 min. 

When aflatoxins were added to various substrates, the 

method recovered 92-98% Bt and 96-100% G1 from rice; 95-

96% Bt and 90-95% Gt from peanut butter; 93-94% B1 and 

92-98% Gt from Cheddar cheese; 100% B1 and Gt from corn 

meal; 91-100% B1 , 91-100% B,, 90-96% G t, and 92-100% G, 

from brick cheese; and 97-100% Bt, 95-100% B,, 92-100% G~, 

and 98-100% G, from a liquid culture medium. 

Discovery of aflatoxin in 1961 has prompted much 

research interest in and public concern with this 

mycotoxin (8, 12). Since 1961 there have b een nu­

merous studies on analytical methods and consequent­

ly different procedures for recovery and measure­

ment of aflatoxin have been suggested. In spite of 

this effort, no single procedure is satisfactory for use 

with all raw or processed agricultural commodities 

(15, 17). The substrate often determines the extrac­

tion method to be used (5) . Many existing methods 

recover aflatoxin satisfactorily but are unsuitable for 

testing large numbers of samples b ecause procedures 

are too lengthy (2, 19 ). 
While studying fo,rm ation of aflatoxin on cheese 

in our laboratory, it was noted that analysis of this 

food by the procedure of the Aflatoxin i\lfethodology 

Working Group (1 ) was too laborious and time con­

suming. Consequently a method was devised which 

rftpidly recovers a high percentage of aflatoxins from 

cheese and other foods . The method involves : (a) 

1Published with th e approva l of the Director of the Research 

Division of th e Coll ege of Agricultural and Life Sciences, 

University of \•\lisconsin. 

extraction of aflatoxins with a mixture of chloroform, 

methanol, and water and (b ) purification of the ex­

tract with methanol, water, and hexane. Results ob­

tained from tests on cheese and several 0th er foods 

indicate that the method rapid.ly recovers >90% of 

added ·aflatoxins . D etails of the procedure are given 

in this paper. 

MATEHIALS A ' D METHODS 

P-rinciple 

The method to b!! described is based on earli er findings 

that: (a.) afl a toxin~ can be efficiently extracted from toxin­

containin g substrates by chloroform (4, 11 , 16) and methanol 

(4, 9, 16) and (b) hexane can be used to remove in terf~rin g 
lipids and pigments from crude extracts of aflatoxins without 

significantly affectin g the amo unt of aflatoxin which remains 

in th e preparations (9, 13, 14). These reports and the phase 

diagram of chloroform , methanol, and water, (Fig. 1 ) led 

to preparation of mixtures of solvents that satisfactorily re­

covered aflatoxins from ch eese and other foods. Toxins 

were purified by extraction with hexane to remove inter­

fering lipids and pigments . These extraction and clean-up 

procedures reduced the time required for aflatoxin analyses. 

MET HANOL 

80 90 
CHLOROFORM 

WEIGHT PER CENT CHLOROFORM 

Figure 1. Chloroform -meth anol-water phase diagram; per 

cent by weight at 20 C . Straight line immediately below 

heavy curved line indicates maximum chloroform tie-line 

at 0 C. Letters i.ndjcate solvent mhtures listed in Table 1. 
Dotted lines indicate addition of solvents to render mono­

phasic mixtures biphasic. 
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Extraction of aflatoxin 
Solvents (chloroform, technical grade; methanol, ACS 

grade; and water, including water in th e product ) were 
mixed in proportions so that ternary systems were form ed 
which had compositions designated by points A to F on 
the p hase d iagram in Fig. l (3, 7). See Table l for the 
actua l mi xtures which were used. Samples ( 100 g) of 
minced brick cheese were blended with th e appropriate 
initial solvent mixtures ( Table l ) in a \ Va ring blendor for 
several minutes to permit uni fo rm contact between sample 
particles and th e solvent mixture. Add itiona l chloroform was 
th en added (Table l) , the mixture was blended for l min, 
more water ( Table l) was add eel , and the mixture was again 
b lended for l min. T his served tu render th e monoph asic 
extracts (A, B, C, and D in Fig. l ) hi phasic (A', B', C', and 
D' in Fig. l ) . Fur extracts E and F (Fig. l and Table l ), 
all solvents were add ed at the beginnin g so th e system was 
not converted from th e mono- to th e biphasic condition. 
The actua l final composition of th ese ternary mixtures also 
is given in Table l. After fi ltration (vacuum from water 
aspirator, \\lhatman No. 1 filter paper in a Buchn er fun­
nel, Celite added as filter a iel ) to remove the cheese (or 
other food ) residue, th e filtrate was transferred to a separa­
tor)' funnel and the chloroform layer ( which conta in ed the 
aflatox ins) was separated. Another portion of chloroform 
equal in vo lum e to l hat added in both steps of the extrac­
tion was used to rinse th e b lendor jar and then was added 
to th e residue to recover residual traces of aflatoxins. The 
mixture was fi ltered to remove th e res idu e, and th e chloro­
form was then used to extract the original methanol-water 
fraction. After this extraction, th e chloroform was combined 
with chloroform from th e init ial extraction. 

Approximately 5 g of Na.SQ,, was added to the combined 
chlorofo rm extracts to r emove traces of water. The Na.SO,, 
was recovered, washed with chloroform, and the washings 
added to the chlorofmm extract. 

If the product con tain ed little or no ljpid or pigment, the 
chloroform extract was concentrated to 2- 3 ml. The con­
centrate' was prepared for thin-layer clu·omatography (TLC) 
by dissolvin g it in sufficient chloroform to yield 10 ml. If 
the chloroform extract contained enough lipid or pigment 
to interfere with TLC, then purification, as described below, 
was necessary. Procedures for extraction were comple ted in 
approximately 35 min. 

TABLE l. tl'liXTUHES OF CHLOLIOFOHl\I, l\ !ETHANOL, AND WATEH 

USED TO E,'{THACT AFLATOXIN$ FHOl\f 100 GHAl\!S OF C HEES E . 

Jnitial ext.rn cti on mixtu re Dil ut ion SOl\'Cili 
Poin t in 
F ig. l Chl oroform ~lethan o l \\'atcrl Chloroform \\'at er 

( ml ) 

A' 23 144 80 40 87 
J3 100 200 80 100 100 
c 120 2{)0 80 GO 120 
D 162 270 80 285 228 
E 200 200 180 
F 97 121 80 

'Includes \Vater in th e product. 

' Point A indicates the solven t mixture consists, by weight, of 
15% chloroform, 35% water, and 50% m ethanol. Specific gra­
vity va lues are : chloroform , 1.498; methanol, 0.79; and water, 
1.00. l-Ienee 34.5 g ( 15% of th e mixture) chl oroform divided 
by th e specific gravity ( 1.498) eq uals 23 mi. Quan titi es of 
oth er components of point A were ca lculated th e same way 
as were quantities of solvents in other mixtures. 

METHANOL 

10 20 30 40 
WATER WEIGHT PER CENT HEXANE 

F igure 2. H exan e-methanol-wa ter phase diagram ; per cent 
by weight. Letter indicates mixture of solvents used for puri­
fi ca tion of the extract. 

Purification of th e extract 
T he combined chloroform ex tracts were evaporated (s team 

bath and reduced pressure) until no furth er reduction in 
volum e occurred . The concentrate was then mixed with 
the fo llowing, each added separately and shaken in the 
order given: methanol, water, and hexane (commercial Skelly­
solve B) (50 :45:120 v/ v/ v) (Fig. 2). Add ition of solvents 
as indicated min imi zes loss of aflatox in. 

The resulting biph asic mixture with the composi tion in­
clicated by H in Fig. 2 was transferred to a separatory fun­
nel and the lower (methanol-water ) layer was removed and 
extracted three tim es with ch loroform (each portion of chloro­
form equal in vo lume to that of methanol added for purifica­
tion ) to recover aflatoxin. The hexan e layer was extracted 
once with methanol-water (50 :45 v/ v) and the methanol­
water mixtme was extracted three tim es with chloroform to 
recover traces of afl atox in. Chloroform extracts were com­
bined, evaporated to 2-3 ml , dissolved in sufficient chloro­
form to yield 10 ml, and used for TLC analysis . The p uri­
fication procedure was completed in approximately 20-30 min. 

The maximum chloroform ti e-line shown in Fig. 1 is of 
particu lar significance in this extraction-purifi cat ion procedure. 
Lower layers of ternary systems with a composition on or be­
low th e tie-line consist a lmost entirely of chloroform, where­
as those with a composition above this line are made up of 
chloroform, meth anol, and water. Conseq uently, to obtain 

T ,\l3LE 2. HECOVEHY OF AFLATOXIN $ FHOl\1 CHEESE DY 

C HLOHOFOHl\1-l\IETHANOL-W ATEH l\ llXTUHES. 

gxtradion 
mix ture, 
Table 1 

A 
J3 
c 
D 
E 
F 

Aflatox in B 1 Aflatox in G1 

P er cent. P er cent 
Added HecO\·ered rc.C0 \1Cred Added Reco,·e red re.cm·ered 

(J.Lg) (J.Lg) (J.Lg) (J.Lg ) 

74.4 55.3 74.3 99.2 71.5 72.3 
74.4 71.0 95.5 99.2 97.0 98.0 
74.4 65.7 88.5 99.2 83.7 84.4 
74.4 66.5 89 .5 99.2 88.5 89.3 
74.4 56.4 75.8 99 .2 76.0 76.5 
74.4 55.0 74.0 99.2 74.5 75.3 

, 

, 
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T.~ULE 3. HECOVEHY OF AFLATOXIN$ FHOM SEVEl\AL FOODS BY A BINAlW SOLVENT ( ?-IETHANOL-WAT.EH, 50:45 V/V). 

Aflat oxin B, 
Per ceut 

Prodlt ct Added Heco,·ercd t·ccovered 

(,g) ( ,g ) 

Peanut butter 38.75 29.75 76.8 
Cheddar cheese 

Trial 1 16.70 10.00 59.9 
Trial 2 74.40 52.40 70.5 

Brick cheese ' 70.7 

'Data on per cent recovered based on comparison of peak areas . 

n, 
---

J:>cr cent 
I'CCO\'CI'Cd Xdded 

(,g) 

59.6 

22.0 
99.2 

78.1 

Aflatox in a, 

Recove red 

(,g) 

44.0 

12.4 
68.5 

P er cent 
recovered 

73.8 

56.5 
69.0 
74.0 . 

P er cent 
recovered 

78.3 

TAHLE 4. Il. ECOVEHY OF AFLATOX!NS FHO?-I VAlUOUS FOODS 13\' THE PI\OPOSED TEH N AHY SOLVENT PHOCEDUHE. 

Aflatoxin B, 

Food 1'rinl Added n ecm·ercd 

(,g) (,g) 
H. icc 

1 38.75 35.50 
2 38.75 36.00 
3 38.75 37.2 
4 16.70 16.4 

Peanut 
butter' 1 37.20 35.30 

2 37.20 35.60 

Cheddar 
cheese 1 37.20 35.0 

2 16.70 15.5 

13rick 
cheese" 1 

2 
3 

(;orn mea l 16.7 17.5 

1
- = No data 
'50 g sample used 

Aflatoxin J3 , 

Per cent P er cent 
1 ccovered rccm·ered Added 

(,g) 

91.8 59.60 
92.9 59.60 
96.0 59.60 
98.3 22.00 

85.0 53.80 
95.7 53.80 

84.1 53.80 
92.9 22.0 

~ 1GO ~ 100 

~ 100 95.0 
91.0 91.4 

~ 100 22.0 

Aflatoxin 

Reco,·ered 

(,g) 

60.00 
57.25 
59.30 
21.70 

48.50 
51.0 

49 .50 
21.60 

22.5 

G, 

P er cent 
I'CCO\'CI'Cd 

~ 100 

96.2 
99.5 
98 .5 

90.4 
94.9 

92.1 
98.1 

. Afla.toxin G2 

Per cent 
r eCO \'Cl'Cd 

95.5 2 100 
90.0 2 100 
93.5 91.9 

~ 100 

"Data on per cent recovered based on comparison of peak areas 

a chloroform layer with minimal impurities, th e composition 

of th e ternary so lvent system must be one located below th e 

ti e-li ne (Fig. 1) . Heducing the quantity of impurities pres­

ent at this point faci litates purification of the extract so that 

th e re latively simple and rapid cleanup procedure just de­

scribed can be used successfully. 

Quantitative TLC analysis 
lV!ethods sugges ted by Sh ih and lV!arth (18) were used to 

measure aflatoxins. T hin-layer chromatographic plates were 

prepared with Adsorbosil-5 ( App lied Science Laboratories, 

State Col lege, Pa.) , deve loped with wa ter: methanol: chloro­

Form (l: l :98 v/ v), and , s<.:an ncd with a fluorom eter ( ~11 odel 

lll , C . K. Turner Associates, Palo Alto, Calif.) equipped with 

a thin layer plate scanner and recorder ( model I-I, Leeds and 

Northrup ) . Some results are based on comparisons between 

amounts of aflatoxins add ed and amounts recovered and 

others by comparing peak areas calculated as suggested by 

B\uTiel-M arti et al. (6). 

RESULTS i\ N D DISCUSSIO t 

C and it ions for opti m 11m extraction of aflatoxins 
To establish conditions for optimum extraction of 

aflatoxin from cheese, experiments were conducted 

in which the initial and/ or final composition of sol­

ven t systems (mixtures of chloroform, methanol, and 

water) were selec ted as marked in Fig. 1 and listed 

in Table 1. \i\Then th ese systems were used to recover 

aflatoxin s B, and c, from cbeese, results shown in 

Table 2 were obtained. It is apparent that solvent 

mixtures B, C, and D provided most satisfactory re­

covery of aflatoxin. These resu lts suggest that any 

solvent system with a composition near those of mix­

ttu·es B, C, and D (see Fig. 1 and Table 1 ) would 

sa tisfactorily recover aflatoxin. Since mixture B pro­

vided grea ter recovery, use of that solvent system is 

preferred. The lower recovery obtained with sol­

vent systems E and F is ath·ibutable to their biphasic 

rather than monophasic character when the extrac­

tion was begun. 

It was concluded from these observations that op­

timal ex traction of aflatoxin results when: (a) a solid 

or semi-solid food is blended w i t h a mixture of 

chloroform, methanol, and ·water (moisture in the 
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sample provides some of the water for the solvent 
system) to form a miscible solvent mixture which 
efficiently extracts aflatoxin, (b) chloroform and water 
are added so the solvent separates into hvo layers 
with aflatoxin in the chloroform layer, and (c) the 
sample residue is re-extracted with a second portion 
of chloroform to recover traces of aflatoxin which 
might be present after the initial exh·action. 

The efficiency of extracting aflatoxin from the 
methanol-water layer by chloroform also was studied 
since this is an important step in both the exh·action 
and purification procedures. Results indicated that 
total transfer of aflatoxin could be accomplished by 
two extractions with chloroform and are in agree­
ment with findings of Vi1altking et al. (20). Although 
there was no detectable aflatoxin in the third chloro­
form extract, three exh·actions are recommended to 
preclude loss of toxin. 

Recovery of aflatoxins with the ternary solvent 
system just discussed and with a binary solvent 
system made up of methanol and water was com­
pared. The sample was extracted with a mixture of 
200 ml methanol and 180 ml water and the residue 
was extracted a second time with 100 ml of the 
50:45 (v/v) mixture of methanol: water. The 1:\;vo 
exh·acts were combined, were extracted with chloro­
torm, and then were handled as were other samples 
when the ternary solvent was used. Results in Tables 
3 and 4 show that less aflatoxin was recovered by the 
binary. than by the ternary solvent. Chloroform ap­
pears to be an important constituent of the solvent 
system used for the initial exh·actim!. · V\Then resi­
dues from samples extracted '"'ith the binary recov­
erecl. Thus the binary solvent system failed to ef­
ficiently extract aflatoxin from the products that were 
tested. 

Extmct pur·ificatio-n 
·when samples contained substantial amounts of 

lipid and/or ,pigment, the initial cholorform concen­
trate was purified by extraction w it h methanol, 
water, and hexane (50:45:120 v/ v/v) added in tlte 
sequence listed. The concentrate is likely to con­
tain h·aces of water in the residual chloroform. 
Methanol is added first so that an excess of this 
chemical combined with adequate mixing yields a 
solvent mixture at this stage which is in the mono .. 
phasic area of the phase diagram in Fig. 1. Tl1(~ 
uniform monolayer thus obtained makes possible thE~ 
nearly complete tmnsfer of aflatoxin into the methan­
ol-water fraction after water is added so that loss 
of aflatoxin is avoided later when hexane is used 
to remove the interfering substances. 

The proportion of methanol and water (50:45 v/v) 
used in the Initial extTaotion was maintained in the 

purification procedure. V\' hen hexane was added to 
the methanol-water mixture, a biphasic system result­
ed and the hexane layer (which contained the im-! 
purities ) was easily separated. Efficiency of aflatox­
in recovery in the purification step was checked and 
found to be 95-100%. Extraction of aflatoxin from 
the hexane fraction does not appear to be necessary. 
The purification procedure can be eliminated when 
the sample contains little or no lipid or pigment. Ex­
traction and purification procedures just described 
can recover aflatoxins from cheese much more rapid­
ly than the procedure ch:scribed recently by Kier­
meier and Groll (10). 

Application of m ethod to other su.bstmtes 
The procedure just described was tested for its 

ability to recover aflatoxin from subsh·ates other than 
cheese. Results in Table 4 indicate that satisfactory 
recovery of aflatoxin vvas obtained when rice, pea­
nut butter, and corn meal served as substrates in­
stead of brick and Cheddar cheese. This suggests 
that the procedure is suitable for recovery of aflatox­
ins from a variety of foods provided that chloroform, 
methanol, and water are kept in proportions of 25: -
50:20, v/v/v, before and in proportions of 50:50:45, 
v /v /v, after dilution. 

The method also was used to recover aflatoxin 
from a liquid culture medium. Results in Table 5 
indicate that the sugges ted procedure recovered 
92% or more of the aflatoxins added to the liquid 
medium. Two other procedures, one which used the 
same solvent system as in the method for cheese but 
without passing from the monophasic to the biphasic 
condition and the other chloroform only, also satis-

TABLE 5. RECOVERY OF AFLATOXl NS FHO.Vf A LIQUID MEDIUJ\1 1 

BY THREE DIFFEHENT PROCEDURES. 

P er rent or aflatoxins recorered 
Procedu re Tri al B, B, G G., ' 

l 99.5 95.7 ;:::: 100 ;:::: 100 
2 96.7 95.0 95.9 98.4 
3 :::::: 100 ;:::: 100 ;:::: 100 ;:::: 100 
4 96.5 92.0 

B3 1 96.6 95.3 
2 96.5 93.6 

l :::0: 100 98.1 
2 99.0 ;::::100 ;:::: 100 ;:::: 100 
3 :::::: 100 94.5 93.2 93.0 
4 :::::: 100 fJ4.0 95.5 96.0 
5 93.6 !)5.9 92.8 ;:::: 100 

'Composition: 2% yeast extract, 20% sucrose, and water. 
2Proposed procedure for ch eese. 
3Final composi tion of solYent A, without use of monophasic 
system. 
4Extracted three tim es with chloroform. 
"- o data. 
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factorily recovered aflatoxins from this subsh·ate. It 

is apparent that simple solvent systems can be used 

to recover aflatoxins from a liquid substrate which 

contains few if any interfering substances and in 

which aflatoxins are not in close association with 

solid particles. 
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ABSTRACT 

Three methods were examined for their suitability to measm e 
proteolysis brought about by microbial activity in soym il k. 
The Anson ( or Hull ) method, a co lorim etric measurement of 
tyrosine and tryptophan , was not able to measure changes 
detectable by other methods and hence did not appear ap­
plkable for this work. Determination of non-protein nitrogen 
( NPN) to fo llow proteolytic changes in soymilk was feasible 
but was tim e- and labor-consumin g. Dye-binding methods 
were found most workable. 

Lactobacillus delbrueckii and Streptococcus thennophnus 
exhibited proteolytic activity in soymilk but Lactobacillus 
casei did not. Two oth er microorganisms, Bacillus cereus 
and Micrococcus conglomemtus, and renn et were comparative­
ly more proteolytic in soymilk than th e lactic cultures. 

In previous papers Angeles and Marth (1 , 2, 3) re­
ported that many lactic acid bacteria grew well in 
soymilk and that some were able to produce acid and 
hydrolyze soybean fat. 

Proteolytic activity of lactic acid bacteria has been 
reported by numerous workers (10, 14, 18, 27, 29, 34, 
36, 37). Such activity in milk is ,thought to affect 
curd strength (25) and speed of coagulation (41) and 
in cheese is associated with development of desirable 
(20, 32, 33) and undersirable (15, 16, 19) flavors. 
If soymilk is to serve as a substrate fo~· production of 
cheese-like products, undoubtedly some proteolysis 
is needed for the cheese to b e flavorful. Informa­
tion on t!1 e ability .Pf lactic acid bacteria to degrade 
soy proteii1 is lacking. Consequently investigations 
were initiated to determine (a) which method is suit­
able to detect proteolysis in soy protein and (b) if 
certain lactic acid bacteria can degrade this substrate. 
Results of the studies are reported in this paper. 
Me, Lactobacillus delbrueckii. Ld3, and Lactolwcillus casei 
1445. As a basis for comparison and as a check for work-

IviATEHIALS AND ~IETIIODS 

Cultures and rennet 
T he fo llowing lacti c acid bacteria were tested for their 

proteolytic acti vity in soymilk: Streptococcus th ermophilus 

'Published with th e approval of th e Director of th e H.esearch 
Division of th e Coll ege of Agricultura l and Life Sciences, 
Un iversity of \Visconsin. 
2Present address: 7432 \ V. \Vashington St. , Fo res t Park, Illi­
nois 60130. 

ability of methods, two known proteolytic cultures, Bacillt~s 
cereus and Micrococcus conglomeratus, and rennet were tested 
along with the lact ic cultures. 

All cultures were transferred to soymilk da ily for at least 
3 clays before bein g used experim entally. A 24-hr-old cul­
ture or a 1:20 dilution of commercial rennet extract (Miles 
Laboratories, Elkhart, Incl. ) was used as inoculum. 

Su.bstrate, sampling, and duration of e~periment 
Sterilized S0)~11 ilk prepared as described previously (1) was 

used as the substrate in th ese experim ents . The mediw11 was 
inocu lated with 1% of the tes t culture or rennet solution. 
After thorough mixing, 1 ml of this inoculated mediwn was 
distributed into each of a sufficient number of sterile screw­
cap tubes to allow for three tests ( described below) with du­
plication . Samples were incuba ted at th e optimum tempera .. 
ture for th e culture; sampl es with rennet were incubated at 
30 C. Proteolytic activity was followed over a 14-day period. 

Methods for measuring proteolytic activity 
Several proced ures were tried and evaluated for their 

possible application to soymilk. 

!Hoclifiecl Anson procedure. The procedure of Anson (4) as 
modified by Hull (hence, it is often refen·ed to as the Hull 
method) (26), is widely used for measuring hydrolysis of milk 
protein. This m ethod was furth er modified for use with soy­
milk. A concentration of 0.8 N trichloroacetic acid ( TCA) 
was used instead of 0.3 N (4) or 0.72 N (26), in accordance 
with the suggestion of Decker et al. (9). The amount of 
sample was reduced from 5 to 1 ml to permit work within 
the ran ge of tl1e standards used. 

To 1 ml of inocul ated soymilk was added 5 ml water, fol­
lowed by 10 ml of 0.8 N TCA. The mixture was shaken on 
a Vortex mixer, allowed to stand for 10 min , and then 
filtered through S & S No . 595 filter paper. Ten milliliters 
of a 15% ( w/ v ) sodium carbonate reagent was added to 5 
ml of the TCA fi ltrate. The mixture was thoroughly mixed 
before 3 ml of a 1:3 dilution of Folin-Cioealteau reagent 
( Anderson Laboratories, Fort \1Vorth , T exas) was added . The 
mixture was again thoroughl y mixed and then allowed to 
stand 5 min for color development . The blu e color was 
measured in a Bausch and Lomb Spectronic 20 at 650 mp. 
with th e instrument set at 100% transmittance using a reagent 
blank. 

A standard curve showing per cent light transmittance for 
various concentrations of tyrosin e was prepared as described 
by Hull (26). This was used to convert sample readings into 
th eir tyrosine equivalen t ( p.g tyrosine per 5 ml filtrate). 

Meawrement of nonprotein nitrogen (NPN). The m ethod 
of Becker et al. (9) for determination of NPN in soybean meal 
was used with slight modifications. T en milliliters of 0.8 N 

( 13.6% w/ v) TCA was added to a 1 ml soymilk sample. The 
mixture was agitated for 30 min in a mechanical shaker and 

f 

. 
•· I 

, 

I' 



I 

·' l 

Gnown-r AND ACTIVITY OF L ACTIC-ACID 125 

TABLE l. CHA NGES JN T H E PHOTE lN OF SOYl\IILK INOCULATED \ VJTH MlCHOOHGANlSMS AND H EN NET AS l\IEASUHEO BY THE 
l\IODIFIED ANSON (on H ULL) PHOCEDUHE. I NCHEASE IN HELEASED TYHOSJNE l N THE 1\IEDTU}I..f WITH INC UBATION TIME. 

Days s. tbcrmophiltts L. delbruukii L. 

Tri a l 1 Tria l 2 Trial 1 Trial T•·ial 1 

(!lg 

0 33 27 33 37 33 

1 33 27 33 27 33 

2 33 27 33 27 33 

3 33 27 33 27 33 

4 33 27 33 27 33 

5 33 27 33 27 33 

6 33 27 33 27 33 

7 33 27 33 27 33 

11 33 27 38 29 33 

14 33 27 38 29 33 

then filtered through S & S No. 595 filter paper. Five milli­

liters of the filtrate was used for nitrogen determination by 

a semicro Kjeldahl method (40). 

Dye-bincl·ing methods with Orange G. Two variations of 

the dye-binding method were used . The first was an adapta­

tion of the procedure of Dolby (17) for estimating protein in 

milk. The second was the method described by Hammond 

et al. (23) for determining proteolysis in milk. Both tests 

follow the same steps up to a certain point and hence th e 

tests were conducted on the same samples. 
Certified Orange G (National Aniline Division, Allied 

Chemical, N .Y. ) was dried to constant weight at llO C. A 

solution containing 1.00 mg of the dye p er milliliter was pre­

pared. One gram of the dye, corrected for its assay was ac­

curately weighed, and togeth er with 21 g citric acid and 2.5 

ml of a 10% thymol solution in alcohol ( used as preservative), 

was dissolved and made up to 1 liter with water. This dye 

solution had a pH value of 2.0 ± 0.2. 

T wenty milliliters of the dye solution were added to 1 ml of 

sample. The mixture was shaken well and allowed to stand 

overnight at room temperature. It was th en filtered through 

S & S No. 595 filter paper. A blank consisting of 1 ml water 

and 20 ml dye solution was treated in th e sam e man ner. 

i The absorbance of a 1: 50 dilution of the filtrates was 

measured in a Spectronic 20, using 0.5-inch tes t tube typ e 

cells. 
vVhen the Dolby method was used, the spectrophotometer 

was set to zero with water. The difference in absorbance 

between blank ( representing total dye in solution ) and samp le 

( representir1g unbound dye left in solution ) was recorded. 

This value is equivalent to the dye bound by proteins in the 

mixture. Its corresponding protein content is read from a 

standard curve. 
The standard cm ve is a plot of th e difference in absorbance 

between the blank and samples (A - A ) containing various 
B ~-

amounts of protein against th e total protein ( total N x 5.71) 

in the sample determined by semimicro Kjeldahl method . The 

curve was prepared by measuring dye bound by 1 ml of 

soymiJk and fractions th ereof made up to 1 ml with water, and 

Plotting the values obtained for (A - A ) against Kjeldahl 
B ~ 

protein in milligrams. The Kjeldahl protein of smaller volumes 

of soymilk may be calculated from one known Kielclahl value, 

e.g., milligrams protein in 1 ml soymilk. 

\•Vh en th e method of Hammond et al. (23) was used, the 

spectrophotometer was set to read zero with a 1:1 dilution of 

the dye solution (further d iluted 1:50 before measurin g 

absorbance). Absorbance values of the blank, and of fil-

casei JJ. crrcus M. coug lo m(! rnlu s Rennet 

Trial Trial 1 '!'rial 2 Tri a l 1 Trial 2 Trial 1 Trial 2 

tyrosin e/ 5 ml TCA filtrate) 

27 34 31 35 32 33 25 
27 63 67 " ~ ._,~ 32 33 25 
27 63 67 35 32 33 25 
27 63 67 35 32 33 25 
27 63 67 35 32 3'3 25 
27 63 67 35 32 33 25 
27 63 67 35 32 33 25 
27 63 67 43 40 33 25 
27 63 73 46 42 33 25 
27 70 73 46 42 50 44 

trates from unproteolyzed soymilk and incubated sampl es were 

determined after proper dilution ( 1:50 with water). A 

proteolysis ind ex was calculated from the absorbances: 

Proteolysis index 
A - A 

s 0 

A_
1
- A

0 

where A is th e absorbance of the incubated sample, A that 
s . 0 

of the unproteolyzed con trol soym ilk, and A th at of th e blank. 
B , 

RESULTS AND DISCUSSION 

Su·itabil-ity of methods 
Three methods were tried for measuring proteoly­

tic activity in soymilk. Each is based on fraction­

ation of the proteinaceous substrate and analysis of 

fractions which remain sufficiently constant in char­

acteristics to validate conclusions from comparative 

results . However, sensitivities of the methods can­

not be directly compared because each is based on 

determination of a different product. 

Separation of a reaction mixture into protein and 

nonprotein fractions by precipitating the former with 

an agent such as TCA and measuring specific sub­

stances in the non-protein fraction is the basis of the 

first two methods used in this study. Anson's method 

is a colorimetric measurement for tyrosine and tryp­

tophan and is regarded as quite sensitive for de­

tec ting small degrees of protein hydrolysis in cow's 

milk. The second method measures total nitrogen 

in the TCA filtrate. The NPN thus determined con­

sists of free amino acids, amides, polypeptides, and 

possibly peptones, organic nitrogen bases, and other 

organic and inorganic nitrogen compounds of small 

molecular weight. These substances are all char­

acterized by their ability to diffuse through semi­

permeable membranes (9). 
Data in Table 1 show that the modified Anson 

method is not suitable for use to study limited pro­

teolysis in soymilk. The method did not detect small 

gradual changes in the medium, even when highly 

proteolytic cultures were used . Poor performance 
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of this method may be related to utilization or de­
gradation of tyrosine or tryptophan by bacteria, b e­
fore the compounds can be detected. Presence of 
insufficient amounts of these amino acids in soymilk 
can b e ruled out as a problem b ecause (a) results 
witl1 B. cereus showed that twice as much tyrosine 
as was initially present was detectable after incuba­
tion ; and (b) data reported by Hackler et al. (21 ) on 

T AJlLE 2. CHANGES IN NON P HOTEI N N JTH OGEN ( NPN) OF 

SOYNIILK INOCULATED \VITI-I :MJCHOOHGANJS1•fS AND HENNET .. 

Da ys S. lbermopbilu s L. ddbr·ucckii B. ccrru s j\f. cunglomrra lu s J{ cnn ci 

--- ( mg NPN/ 5 ml. T CA filtrate)' - - -

0 0.17 0.17 0.24 0.21 0.17 
0.17 0.26 1.07 0.23 ND 

3 0.18 0.33 1.36 0.34 O.Hl 
7 ND 2 0.39 1.43 0.48 0.19 
9 0.20 ND 1.52 ND ND 
ll ND 0.40 ND 0.51 ND 
14 0. 20 0.43 1.83 0.60 0.38 

'Values represent average of duplicate determinations from 2 
tria ls. 
2 Not determined. 

the amino acid content of soymilk. 
The NPN procedure performed b etter tl1an the 

first method (Table 2). It was able to detect small 
changes in nitrogen in the TCA filtrate. For the 
most part, however, this method and the first one 
did not give the information desired. 

·.The third procedure and the one found most ap­
plicable for use with soymilk in te.1;111S of practicality 
and ability to detect proteolytic changes, was the dye­
binding method . The basic principle of dye-binding 
methods for protein determin ation (5, 7, 17, 28, 38) 
is tl1e forma tion of an insoluble complex b etween an 
acid dye and the protein in a solution at pH 2.0 ± 
0.2. Enough dye must be present so that the excess 
can be ,measured .. by spectrophotometry. Protein 
content :nay be estimated from (a) the dye b ound by 
the protein or (b) the concentration of unbound dye. 
The former is the b asis for the Dolby (17) method 
and the latter , for the method of Hammond et al. 
(23). 

Dye-bind-ing methods may justifiably b e used to 
measure proteolytic changes. The NPN of milk does 
not bind with Orange G, perhaps because reaction 
products are completely soluble and absorb light at 
the same wavelength as the free dye (5, 6) . Furtl1er­
more, dye adsorption may b e decreased not only by 
complete hydrolysis but also by the hydrolysis of 
one or more peptide bonds (23). 

As sh,own in Table 3, the dye-binding niethod of 
Dolby was able to measure consistent gradual de­
creases in protein content with incubation time. The 

changes measured by this method paralleled those 
detected by the NPN method. A comparison of the 
degree of proteolysis determined by the two methods 
is not valid since one method measures protein (:on­
tent and the other nitrogen content. 

Dolby's method was compared to that of Ham­
mond et al. and data are shown in Table 4. D egree 
of proteolysis measured by the form er was consis­
tently higher th an by the l att~r. However, results of 
both methods were consistently similar and parallel, 
indi cating that both mc-.1sured the same changes . 

The dye-binding method for measuring proteolysis 
offers many advantages over th e other two methods 
used. Unlike th e other methods which require more 
reagents and manual work it is rapid , simple, and 
easy to carry out. Thus, the dye-binding procedure 
is less prone to systematic and experimental errors. 

Proteolysis b11 lactic cultures 'in soym-illc ' 
The proteolytic activity of S. thermophilus and L. 

delbruecldi in soymilk was demonstrated using the 
NPN and dye-binding methods . Lactobacillus del­
brueckii was more proteolytic than S. thennophiltts. 
Both were, however, only weakly proteolytic when 
compared to B. cereus and M. conglom eratus (Tables 
2, 3, 4 ). 

Lactobacillus casei did not exhibit any proteolytic 
activity in soymilk under these test conditions. In 
view of the many available reports (8, 11 , 12, 13, .30) 
regarding its proteolytic nature, this result vvas sur­
prising. It is possible that the conditions, e.g., time 
of incubation, pH, temperature, prevailing in tl1e 
experiments were unfavorable for proteolytic activity 
by this organism in soymilk. Some components of 
th e proteolytic enzyme systems of L. casei are re­
portedly active at pH 5.0-6.5 (8, 35, 39). If these 
were operative, some activity, at least · during the 
first 6 clays of incubation when pH of the growth 
medium was in this range, should have been mani­
fested. However, no such activity was observed. 

The optimum pH for activity of most proteinases 
inves tigated by other workers was in the range of 
6 to 8.5. Only slight or no activity was exhibited 
at pH 5.0. In the present study, pH was not con­
trolled . The reaction of the substrate was well b e­
low the reported optimum for proteolysis after 24 
hr incubation for S. thermophilus and L. clelbrueckii. 
Yet, some degree of proteolytic activity was detected 
and it increased progressively over the 14-day-test 
period. 

The most pronounced change produced in soymilk 
by S. thermophilus and L. clelbrueclci-i is acid develop­
ment. Accordingly, the possible effect of acid in de­
composing protein raises a question about results ob­
tained in this study. Hammer and Patil (22) studied 

----
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TABLE 3. CHA 'GES IN THE Pl\OTEIN OF SOYl\lJLK INOCU LATED WITH MICHOOHGANISi\IS AND BENNET, AS MEASUHED BY THE DYE­
IJINDJNG METHOD OF D OLBY. 

Jlays S. lbam opbilus L. drlbrueckii L. om:i B. crreus M. couglomeralu s R ennet 

Trial 1 Tria I 2 Trial l Trial Trial 1 Tria l Trial l '!'r ia I 2 Trial l Tl"ial 2 Trial l Trial 2 

----------------- ( m g protein/ ml ) 1-----------------------

0 35.8 37.0 36.8 37.0 35.8 37.0 35.8 37.0 35.8 37.0 35.8 37.0 

1 34.8 35.3 34.8 35.0 35.8 37 .0 25.0 25.7 34.8 33.3 35.8 37.0 

3 ND ' 34.3 34.3 34.3 35.8 37.0 18.0 20.0 32.3 33.3 N D 37.0 

4 N D ND N D N D N D N D ND N D 31.8 ND 35,.8 ND 

7 ND 33.3 ND 32.3 35.8 37.0 15.3 17.0 29 .8 29.5 33.8 32.3 

9 33.8 ND 32.8 D N D 37.0 ND J D N D ND 30.8 N D 

10 32.8 ND ND N D 35.8 N D ND 13.5 D J D N D N D 

11 N D N D 28.0 28.8 N D N D 12.3 N D 28 .0 24.7 TD D 

14 31.8 32.5 28.0 28 .8 35.8 37.0 7.5 7.5 25.0 18.0 28.8 24.7 

'Values were obtained b y m easuring th e dye bound by the protein in a sample and converting this to th e 9~rresponding 
prote in content from a standard curve. 

'Not determined. 

TADLE 4. COMPAHISON BETWEEN THE DYE- BINDING METHODS OF D OLBY AND H A"H,fOND ET AL. FOH MEASUHING PHOTEOLYSIS 

I N SOYM!LK. PEHCENTAGE OF PHOTEOLYS!S MEAS1JHED WITH Tli\IIE. 

s. tbcrmopbilus L. dclb rueckii B. cnrus i\L co ng lom ert1 11tS Rennet 

Days ])1 H 2 ]) H ]) H ]) H ]) H 

(% Proteolys is) 

1 2.6 0 5.4 4 30.2 25 2.6 3 0 ~ 0 

3 ND3 1 6.8 6 49.7 41 9.8 4 TD 0 

4 ND 2 N D ND ND N D 11.2 8 0 ND 

7 ND N D N D N D 57.0 44 16.8 10 5.6 2 

9 5.6 5 10.9 7 ND N D j D 14 14.0 11 

10 8.4 8 ND iD ND 51 ND N D ND ND 

ll N D N D 23.9 D 66 .0 N D 21.8 17 N D ND 

14 11.2 12 23.9 17.0 76.0 61 30.2 26 19.5 14 

'Dolby's m ethod. Per cent proteolysis is equal to initial protein minus remaining protein after incubation divided by initial 

protein x 100. 
'Method of Hammond et al. Proteolysis index x 100. 
"ND = Not determined . 

the effect of lactic acid on proteins of cow's milk. 

They found that up to 2% of the acid had a negligible 

effect on milk proteins. Streptococcus thennophilus 

produced more acid in soymilk than L. delbruechi 

(1) yet it did not exhibit more protein breakdown. 

This is one indication that acid production by these 

cultures in soymilk is not responsible for observed 

proteolysis. 

Hang and Jackson (24) used a strain of S. thermo­

philus for preparation of soybean cheese. In con­

trast to the results reported in this study, they did 

not observe any proteolytic activity by this organism 

during a ripening period of 56 days. It appeared to 

them that the main function of the bacterium -vvas 

acid production . 

. Hang and Jackson (24) also observed that inclusion 

of rennet in soybean cheese-making improved the 

flavor of the product. They believed th at this re­

sulted, in part, from the action of rennet on soybean 

proteins. The present study has confirmed that ren­

net has proteolytic activity on soybean protein but 

that it cannot cause coagulation of soymilk (24, 31 , 

41) at the concentration tested. 
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AUSTtiA CT 

Th ere is no sin gle best man ure handling system. Odor and 
appropriate tim e of disposal are two of th e most difficul t waste 
problems facing dairymen. Systems may range from a gutter 
cleaner and dai ly hauling with a manure spreader to extended 
storage in concrete tanks whose contents are pumped and 
spread periodicall y. Daily hauling requires th e lowest in­
, ·estm ent in equipm ent but has the disad vantage of possible 
higher labor costs and th e hazard of encountering unfavorabl e 
weath er, soil , or crop conditions. Slat fl oors in warm free­
stall barns, or gutters with grated bottoms in con vention:~ ] 
stall barns, both with und er-the-building manure storage, 
offer suitable systems for manure handling with a minimum 
of labor. Carefull y pl an ned ventil ation systems of high cap­
acity must be provided for a ll confin ed units. Research shows 
that manure containin g little bedding deposited in the end 
of a 30 x 90 x 8 ft eJ..t ern al flat-bottom tank will distribute 
itself under its own weight. \ Vaste h eat from th e dairy barn 
ventilation system is used to prevent freezin g . 

This paper will discuss the important subjects of 
dairy housing and manure handling systems. Both 
have changed markedly in the las t 5 years. Unfor­
tunately, dairymen in 1970 are governed by a U. S. 
Public Health Code that was las t revised in 1965, b e­
fore many of the current practices were in use. Most 
of the changes involve engineering, so it is essential 
that there be a mutual exchange of ideas be tvveen 
sanitarians and engineers in es tablishing uniform rec­
ommendations and realistic guidelines for the dairy 
produ cer to follow. 

Handling and disposing of animal \\~aste are two 
major problems facing the dairy industry. Unfortun­
ately, there is no wholly sa tisfactory solution to either. 
Odors and appropriate time for disposal usually are 
two of the most difficult problems with which to deal. 

Prior to VVorld VVar II, removing manure from the 
barn was mainly a hand operation in which all the 
manure and bedding had to be lifted to a wheel­
barrow, stoneboat, litter carrier , or manme spreader. 
Following the vVar; the gutter cleaner was developed, 
eliminating the need to lift manure to remove it from 
the stall barn. Loose housing, where cows literally 
were bedded on a manure pile, was revived and b e­
came popular because of its somewhat misrepresented 

' low cos t. \Vith this system, manure generally was 

'Presented at th e 57th Annual Meetin g of the International 
Association of Milk, Food, and Envi ronm ental Sanitarians, 
Cedar Rapids, lowa, August 17-20, 1970. 

removed once a year, usually with a hont end loader . 
All manure handling practices were b ased on the 

liberal use of beddin g to absorb liquid from the waste 
and to help keep animals clean. The high cost of 
bedding, the labor requ ired to put it in place, and 
the cost of getting rid of it have brm,1ght about the 
use of an imal mats, slat ted floors, and other practices 
to reduce bedding needs. As the amount of bedding 
used decreases , the consistency of the manure chang­
es. D evoid of bedding, manure and urine must be 
handled in some type of water-tight container. Con­
crete rmmure storage pits are now in common use. 
In new systems; the manure storage pit often is placed 
under the barn floor, al lowing the use of slatted 
gutters or slatted floors, depending upon the housing 
system. This eliminates any pre-storage labor re­
quirements because a coll ection system is not n eces­
sary. 

Providing reinforced concrete manure storage pits, 
of course, adds sign ificantly to the cost of a waste 
management system. Pit cos ts vary widely, but ob­
servation indica tes that 40 cents per ft" of storage 
capacity is a practical estimate. Two cubic feet of 
storage per cow per day are required . A reasonable 
cost es timate can be obtained by multiplying the num­
ber of cows times th e desired storage period by 80 
cents. Thus, 150 days' storage capacity for 100 cows 
might be expected to cost $12,000. 

This discussion will b e limited. to the two general 
classes of housing in the temperate zone with which 
I am familiar: the conventional stall barn and the 
fr ee-stall barn. 

FREE-STALL 

Free-stall barns can be either warm (completely 
insulated and mech anically ventilated ) or cold (open 
uninsulated buildings where natuxal air movement 
provides ventila tion and the barn temperature ap ­
proximates the outside temperature) . In either type 
of free-stall sys tem the costs of the milking parlor, 
milkhouse, and feed storage and h andling systems 
are essentially the same. Cost variation stems from 
the housing sh·ucture and the manure handling sys­
tem (3) . 

The cold fr ee-stall housing unit is mainly a shell 
to keep rain and snow off the ground. In severe 
wea ther, freezing temperatures will affect manure 
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handling practices. In such units , mamue generally 
is scraped daily and hauled to the fi eld, weather per­
mitting. D eep snow, soft fields, or other conditions 
may prevent daily hauling and neccessitate an at­
tempt at stacking. There are obvious sanitary and 
pollutional implications to such a practice when no 
provision is made for containment. I do not know 
of a cold free-stall housing unit in Minnesota that has 
a liquid manure storage system. The lower initial 
cos t of the cold free-stall housing sh·ucture must be 
equated primarily against the problems encountered 
in manure handling. 

Ventilation of cold free-stall units can be satis­
factorily accomplished by leaving a 6 inch or wider 
clear cpening the full length of the building at the 
roof peak, in combination with sufficient wall open­

ings. 

W arm free-stall barns must b e heavily insulated. 
A general recommendation is to provide 4 inches of 
insulation in the walls and 6 inches over a flat ceil­
ing at about the 8 ft level. \iVindows are optional, 
but there is no reason to provide them . They are 
an unnecessary expense and serve no useful purpose, 
since artificial light and mechanical ventilation must 

be provided. 
Slatted alleys with storage tanks beneath offer two 

important advantages over solid alleys. First, manure 
drops directly into the storage tanks, eliminating the 

need for alley scraping equipment and the labor to 
operate it. Second . there is no opporhmity for man­
ure : to build up and the cows' feet remain compara­
tively clean. The amount of manure ,h·acked into the 
milking parlor can be substantially r.educed by having 
the cows step in directly from the slatted alleys. 

An automatic system that scrapes the alleys at 
regular intervals and deposits the waste into storage 
tanks will keep solid alleys clean. However, such 
systems are not in common use. 

Because ,of the cost, involved, liquid manure storage 
capacity is i.lsually limited to a few months. How­
ever, many. dairymen feel that greater manure stor­
age capacity provides additional fl exibility in man­
aging the manure. '\i\Tith increased attention being 
paid to the pollution caused by animal manure, long 
term storage .is highly important. Initially, the goal 
of most dairymen was to get away from having to 
h aul manure during stormy days in winter so they 
wouldn't have to start the tractor every day or fight 
a frozen manure spreader. Significant as these two 
points are, they are minor ones in the total picture 
of waste management. 

STOHAGE CAPACITY 

In -deciding how much storage capacity to pro­
vide, a dairyman must realistically assess hovv he is 

going to dispose of or utilize the manure. Effects 
of cold weather, deep snow, soft fields in the spring, 
and fields planted to crops must be considered. 
Liquid manure systems with capacities from 30 days 
to even 120 days or more quickly demonstrate the de­
sirability of long term storage. 

Slat floor barns are now being built with manure 
storage under th e entire housing area. Foundation 
walls can be extended to also 'serve as the walls of 

the manure tanks. The floor of the barn, supported 
on columns and beams, can then also serve as a cover 
for the tanks ben eath. Such buildings 40 ft wide 

and with a pit 8 ft deep will provide manure storage 
for ab out 9 months. 

It is essential in the design of slat floor dairy barns 
that alleys be kept to a width no greater than about 
10 ft so there is sufficient animal h·affic to quickly 
work manure through the slotted openings . Narrow 
alleys also are a factor in reducing the overall cost 
of the building. 

STALL BAHNS 

For new stall dairy barns, it also is practical to 
build manure storage tanks directly beneath the build­
ing. By using a steel grate as a gutter bottom, man­
ure will fall through into the tank. The cost of a 
gutter cleaner is thus eliminated and can be written 
off against that of a liquid manure tank and pump. 
As with the free-stall barn, the floor also acts as a 
tank cover. Suitable openings for agitating and re­
moving the manure are necessary. Some type of 
animal mats can be provided and little or no bedding 
need be used . This management method may con­
fli ct with some regulations , printed or implied, that 
prohibit milking in the same enclosure in which 
manure is stored. But it is my opinion that such 
regulations should be modified. In a number of 
barns producing grade A milk in Minnesota, we have 
observed that there is no more odor in properly ven­
tilated barns with this system than there is in b arns 
whe:·e manure is removed daily. 

Stall barns with grated gutters or slat floor free­
stall barns, both with under the building manure 
storage, offer a suitable system for manure handling 
with minimum labor (6). Adequate tank capacity 
should be provided so that spreading can be done 
when the soil can accept and use the manure. 

VENTILATION 

Proper ventilation of any dairy barn is essential. 
In barns having beneath-the-floor manure storage, it 

is imperative. Observation and research indicate that 
a number of toxic gases are produced when stored 
manure is agitated, and these gases may create a 

, 
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dangerous condition if suitable ventilation is not 

provided. Dale and Ogilvie state, "Actually the prob­

lem does not seem to us to b e an insurmountable one 

or even a difficult one. It is more one of education 

of individuals to make them aware of the possible 

effects of such gases as H ,S, 1 H a, C02, and CH, on 

livestock and man if proper precautions are not 

taken" (4) . 

Except for CH .. and Il., all these gases are heavier 

than air. It has been my observation that with a high 

exhaust rate from the barn, difficulty is not en­

countered. '"' e recommend a total exhaust ra te of 

200 ft '' / min per 1,000 lb. of animal weight (2). All 

this capacity should be in operation when manure 

is being agitated or pumped. Animals should b e out 

of the barn if possible. About one-half the total 

exhaust capacity or 100 ft"/min per 1,000 lb. of 

animal weight should be exhausted from the manure 

pits. Of this , 25 ft" / min should b e continuous, with 

the remainder thermosta tically controlled . 

For example, in a slat floor barn housing 1.20 ani­

mal units, the total exhaust capacity should be 120 x 

200 = 24,000 ft" / min. Of this total, 12,000 ft"/min 

should be exhausted from the manure ·pits. It is 

suggested that the 12,000 ft"/ min total be made up 

of three fans of 4,000 ft"/ min each . One of these 

fans must operate continu ously. The other two 

should be controlled by thermostats set at 38 F. The 

remaining 1.2,000 ft" / min should be exhausted from 

the walls. This capacity can be provided by two or 

three conveniently located fans. Thermostats con­

trolling wall fans should b e set at leas t 5° higher 

than those controlling the pit fans. 

In a slat floor barn , air exhausted by the pit fans 

is drawn down through the slat openings . Research 

in Svveclen indicates that low level exhaust is an im­

portant factor in maintaining herd health compared 

to only high level exhaust {1, 5). 

Adequate fresh air to supply the needs of the ex­

haust system must be provided. This can be effec­

tively and economically done through a slot inlet sys­

tem extending the full length of both long walls of 

a barn approximately 40 ft wide. The slot inlet is an 

opening 1 inch wide between the ceiling and walls. 

Air is drawn into th t: barn through it by the exhaust 

fans . The amount of air that enters is determined 

by the amount of air exhausted . 

Outside air to supply the slot inlet is admitted to 

the attic space in winter through large louvers built 

in the gable in each end of the building. In the 

attic the air has an opportunity to be partially warm­

ed by barn heat los t through the ceiling and by solar 

heat during the day. 

For summer ventilation, air is allowed to enter the 

slot inle t directly from the outside through continuous 

doors built into boxed-in eaves. ' iVhen these doors 

are opened, outside a.ir is drawn directly in from the 

shaded area under the eaves and there is little op­

portunity for it to be warmed in the a ttic (2). 

In existing barns, stall or free-stall, it is not eco­

nomical to provide under-the-barn manure storage, so 

external tanks are necessary if a liquid manure sys­

tem is to be used. 

MA KUHE STORAGE R ESEARCH 

In 1968, a research project was initiated at the Uni­

versity of !vlinn esota Northwest Experiment Station 

at Crookston to study the behavior of dairy waste 

stored in an external tank over.. an exte1ided period. 

A storage tank 30 ft wide, 90 ft long, and 8 ft deep 

was cons tructed at a right angle to the end of a 

modern , 50 cow, tie stall barn built in 1964. The 

gutter cleaner elevator was lowered and extended to 

the center line of the tank about 5 ft from the north 

end. All the waste is dropped into the tank at this 

point. There is no mechanical distribution system. 

A post and beam system to support a permanent 

cover or a possible slat floor was built into the tank. 

This bas b een used to support an easily removable 

temporary cover made by stretching woven wire 

across the beams and adding a polyethylene sheet 

topped with bal ed straw . A duct was built over the 

gutter cleaner eleva tor, making a tight connection 

between the barn wall and the top of the manure 

storage tank. A continuous exhaust fan was placed in 

this duct to exhaust air from the barn through the 

gutter opening and discharge it into the tank. The 

waste heat from the barn prevented any freezing of 

the elevator . A discharge opening was placed in the 

south end of the tank to permit air to escape. 

The tank was completed in mid-December, and 

was filled with 3 ft of water before being used. The 

water quickly turned to ice. l\llanure was first put 

into the tank on D ecember 18, 1968. The manure 

and the waste heat from the barn thawed the ice at 

the drop end of the tank and, as the winter pro­

gressed, the manure worked under the ice and lifted 

it up. A covering of ice remained over much of the 

tank surface until after the temporary cover was re­

moved on April 15. There was no mechanical agi­

tation of the tank until April 18, 1969. By that time, 

the manure had built up at the conveyor end so that 

it no longer would level out to allow further dump­

ing, but there was a little usable storage space at the 

south end of the tank. A tractor-powered manure 

pump was placed in the pit along one side and, after 

2 hr of agitation, the contents of the tank was level. 

Observations indicated that complete agitation could 

be accomplished satisfactorily. The agitation leveled 
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the contents sufficiently to permit continued storage 
until !viay l. 

On May 1, the tank was agitated for 4 hr a t the 
mid-point and emptying was begun . Sixty-four tank 
loads of 1,400 gal each were removed. During re­
moval, the pump was moved toward the drop end , 
where the manure was packed solidly. About 3,000 
gal of water were added and the packed manure was 
liquified with little difficulty. The tank was then 
about half empty. Since the tank cover had been 
removed, there was ample opportunity for observa­
tion, and the mixture in the tank appeared to be uni­
form. 

The tank was further agitated and pumped in mid­
July. There was no indication that the intermittent 
agitation had caused undue settling of heavy ma­
terial or any difficulty in removal. The tank was 
completely emptied in mid-July. At this time, 1 ft 
of water was again added . The tank was again 
emptied on ' ovember 20. Then it was filled with 
1 ft of water and the temporary cover was replaced 
for winter protection. There was no freezing in the 
tank during the 1969-70 winter. This probably re­
sulted from earlier placement of the cover and in­
stallation of a second fan, thermostatically controlled, 
that discharged into th e duct. 

Before the liquid manure system was put into use, 
p oured-in-place cow mats were installed to decrease 
the amount of bedding entering the manure pit. 
Prior to the installation of the mats, b edding was 

·.used at the rate of about 16 lb. per cow per day. 
Since installation of the mats, bedding has been re­
duced to about 2.9 lb. per day, 'which has resulted in 
a savings of about 12.3 tons per month . On a yearly 
basis at a cost of $15 per ton , this amounts to $2,2H . 

Savings in labor cos t resulting from periodic haul­
ing of the liquid manure compared to daily hauling 
are estimated to be $300 per year. 

' From the experience gained to date, it is apparent 
that: (a) Manure stored in a large tank, approxi­
mately 150,000 gal of usable capacity, can be agitated 
and removed without difficulty under proper manage­
ment. (b) J\1Ianure with l~ttle bedding deposited in 
one end of a long tank will distribute itself suffi­
ciently under its own weight, so a conveyor is not 
necessary. We call this the ooze system (6) . (c) A 
full tank of stored manure can be completely agitat­
ed, partially emptied, reagitated, and completely 
emptied without difficulty. (cl) Waste heat from the 
dairy barn ventilation system is a valuable resource 
in preventing freezing in a covered external manure 
storage tank. 
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ABSTRACT 

Heating rates of foam during vat pasteuriza tion were in­

vestigated to determine whether shorter holding tim es and 

higher processing temperatures would be feasible from a pub­

lic health standpoint. A rake of 19 thermocouples, spaced 

0.5 inch apart, was installed verticall y in a 300-gal vat pas­

teurizer and the rake was adjusted to measure the temperature 

of the heated airspace, foam , and liquid product. '-'~'ith 200 

gal of ice cream mix (16% milk fat) , an 11-inch foam was 

generated on the liquid surface. The minimum temperature 

in the ice cream mix foam was below pasteurization tem­

perature for 27 min of the 30-min holding period despite 

satisfactory temperatures as indicated by the product and 

airspace thermometers. ' Vhen a 7-inch foam was generated 

above 218 gal of chocolate milk, th e minimum foam temp­

erature was below pasteuri za tion temperature for the first 14 

min of the holding period. Attempts to generate foams on 

milk were unsuccessful. 
Because of the slow heatin g rates of milk-product foams, 

holding times shorter than 30 min cannot ensure the inactiva­

tion of microbial pathogens in the foam, and, consequently, 

they are not recommended. Some foams should be held 

longer than 30 min to ensure pasteuriza tion , and additional 

holding time needed may be computed from known values 

of foam thickness, airspace temperature, and heating rate of 

the liquid. 

Because of a potential increase in processing ca­

pacity of vat pastetll'izers, there has been some interest 

in holding times shorter than those currently recom­

mended by tl1e Public H ealth Service (8) . Equiv­

alent tim e-temperature standards can be calculated, 

but some uncertainty is associated with vat processes 

of less than 30 min because of the problem of heating 

foam and the subsequ ent lack of thermal destruction 

of pathogens that may be in the foam. 

!vi ilk foams are difficult to heat (9 ), and b ecause 

of this , airspace heaters are used on vat pasteurizers . 

Even with airspace heating, foam can be a problem, 

and tl1e problem would be more severe with reduced 

holding times because less time is available to heat 

foam. 
. Our objective was to obtain data on the hea tin g 

/ates of milk and milk product foams when h eated 

in a commercial-scale vat pas teurizer, and to estab­

lish the feasibility of vat pasteurization processes 

with holding times of less than 30 min. 

. ~ 

MATERI.-\LS AND .M:t:THODS 

Pasteurizer 
A round processor ( Cherry Burrell' , Model v'fPB-capacity 

300 gal ) with ai rspace heating was used. Internal diameter 

and height were both 48 inches. The agitator shaft was 

mounted in a vertical position and could be rotated at 25 or 

50 rpm. The vat was heated by steam and the condensate 

temperature controller was adjusted to 194 F . 

Products 
The ice cream mix was a commercial product with a milk 

fat content of 16% and had received no heat treatment, as 

indicated by a phosphatase test. The chocolate milk was 

made with 200 gal of raw milk f 4.0% milk fat) and 18 

gal of commercial chocolate syrup ( Kalva Corporation, ' ¥au­

kegan, Ill.). The syrup was blended specifically for cold 

mixing prior to vat pasteuriza tion and included sugar, cocoa, 

malt, stabilizer, and vanilla flavoring. The raw milk used 

in foam tests on whole milk had a milk fat content of 4.0%. 

T est procedure 

' ¥ ith cold product in the va t, a foam was generated on the 

liquid surface by pumping product from the vat, metering air 

into the suction side of th e pump, and discharging the 

aerated product into the vat helow the level of the liquid 

product. Foam thickness was determined by measuring the 

distance from the top rim of the vat to the top of the foam 

and th en to the liquid product's surface. The vat lid was 

closed and steam turned on. Airspace steam was adjusted 

so that temperatme of the airspace was maintained at least 

5 F higher th an product temperature during heating and 

holding. At the beginning and at the end of the holding 

period, the vat lid was opened for measurements of foam 

thickness; otherwise it was kept closed during processing. All 

products were processed at the pasteurization temperatures 

and holding times specified in the Grade "A" Pasteurized Milk 

Ordinance (8). 

Analytical procedu.res 
A rake of 19 thermocouples, spaced 0.5 inch apart, was 

installed in the vat and adjusted to measure temperatures 

of the heated airspace, foam, and liquid product. The 

thermocouples were fabricated from No. 20 (American '¥ire 

Gage) copper constan tan wire ( 0.032-inch diameter) and 

were installed on the rake so that the temperature sensitive 

tip was at least 2 inches away from the supporting structure. 

Figure 1 depicts th e rake inserted in an ice cream mix 

foam in the vat, with th e top seven thermocouples in the 

'Mention of company or product names implies neither en­

dorsement nor criticism by the D epartment of H ealth, Educa­

tion, and vVelfare . 
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Figure l. Rake of thermocouples positioned in an ice 
cream mix foam. 

airspace above the foam. Temperatures were recorded with 
a 24-point strip chart recorder. 

Foam clensities were obtained f rom tlu! weight of a h"J10Wl1 

volume of foam . Milk fat · dcter;11 inations on raw milk, and 
phosphatas·e determinations on the ic~ cream mix were per­
formed according to procedures prescribed in Standard Meth­
ods for the E:ram ination of Dairu Products (6). 

· R ESULTS 

Not all pas teuriza tion condi tions present a foam 
problem. If the foam is form ed after the start of 
holding,· it consists of liquid prochict ai.1d air from the 
airspace, both of which have a temperature either at 
o~·. above that required for p as teurization. Conse­
quently, the temperature of such a· foam would sat­
isfy the temperatui'e requirement for pasteurization. 
'If the product is hea ted to pasteurization temperature 
in an auxiliary . ,iat and pumped into the bottom port 
of the holder; · any foam in tb e auxiliary tank would 
bubble up through the hot liquid, and since the foam 
would th en · be at liquid product temperature, there 
·would be .no foam ··heating problem . ·conditions that 
·woi.J,ld _ Cl'·ea te a foam heating problem occur when 
milk is transferred from an auxiliary heater and dis­
charged into the top port of th e holder, or when the 
product is hea ted and p as teurized in the same vat 
and _th e foam is present before heating or · is gener­
ated during the heating process. ·Our tes ts were 
based on foain.s ·generated before the start of heating. 

I ce cream m'ix 
Foams were readily produced on ice cream mix, 

and we · selected : ~n ll-inch foam as i·epresentative 
of the rarely occurring worst condition. ' iVith 200 
gal of mix in the va t pasteurizer and the thermo­
eouples .!n place, ·the lid was closed and the mix was 
l1ea ted . to a ten-lperature of 158 F. Th!:! slight in­
crease in holding temperature was required to pre-

vent the temperature of liquid product from falling 
below 155 F during the holding period. Even though 
aU public health requirements were met and the air­
space and product thermometers indica ted ~a tis­

factory temperatures, minimum foam temperature at 
the start of the holding period was 86 F and remain­
ed below p as teuriza tion temperature for 27 min of 
the 30-min holding period (Fig. 2 ) . 

The lethal effect imposed. on the foam was only 
18% of a minimum pasteurization treah11ent of 155 F 
for 30 min . 

' i'i' hen the va t lid was opened at the start of the 
holding period for a measurement of foam thickness, 
airspace temperature, as measured with a thermo­
couple, dropped from 170 F to 134 F. Conversely, 
the airspace thermometer did not respond to the lid 
opening; it indicated a temperature above 160 F 
while the lid was open. 

Foam thickn ess and density decreased significantly 
during heating and holding. This .resulted from ' 
drain age of liquid from the foam. to the liquid prod­
uct. Temperatures at successive thermocouple lo­
cations ( 0.5 inch apart ) are shown in Fig. 3, ·where 
thermocouples 1 and 2 are in liquid product at the 
start of hea ting. At the end of the heating period 
( 25 min later ), thermocOJ.lples 1 through 5 are in 
liquid (as evidenced by a constant temperature), in­
cheating a raising of liquid level caused by drainage 
from the foam . iVIoving vertically upvvard through 
the foam, isor;netric time lines show precipitous tem­
perature drops to the point of minimum temperature 

~ HEATING ---1--- HOLDING ----1 

FOAM THICKNESS 
111NCHES BEFORE HEATING 
6 INCHES BEFORE HOLDING 
4 INCHES AFTER HOLDING 

o AIRSPACE 
o LIQUID ICE CREAM MIX 
6 MINIMUM FOAM TEMPERATURE 

FOAM DENSITY 
15 LB/ FP BEFORE HEATING 
6 LB/ FP AFJER HOLDING 

20 30 

TIME, mi n 
40 50 60 

F igure 2. Minimum temperature in foam during vat pas­
teurization of ice cream mix- 16% fat. 
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Figure 3. Temperature distributions in foam from ice 

cream mix- 16% fat. 
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" MINIMUM FOAM TEMPERATURE 

FOAM THICKNESS 
71N!JIES BEFORE HEATING 

FOAM DENSITY 
10 LB/ FP BEFORE HEATING 

60 

TIME. min 

Figure 4. Minimum temperature in foam during vat 

pasteurization of chocolatf~ milk. 

· followed b y an increase to airspace temperature. The 
foam is heated by conduction from the hot liquid 
below and the hot ;;tirspace above. 

Chocolate milk 
Because of better mixing characteristics, chocolate 

syrup is usually blended vvith hot milk after it has 
been heated to pasteurization temperature; however, 
ehe worst foaming condition occurs when the syrup 
is blended with cold milk and is present before the 
start of heating. OuT tests followed this procedure, 
and we used a commercial syrup developed specifi-

r. cally for cold mixing. Since the foam from chocolate 

milk was neither as readily generated nor as stable 
as the ice cream mix foam, we selected a 7-inch foam 
as representative of the occasional severe · condition. 
With 218 gal of chocolate milk in the vat, the 7-inch 
foam was generated on the surface of the hquid. 
Foam density ( 10 lb/ ft" ) was lighter than that for 

ice cream mix. The product was he:1ted to a tem­
perature of 152 F ( the pasteuriza tion temperature is 
145 F + 5 F for milk with added sweeteners ) and 
held for 30 min. The vat lid was not opened at the 
start of the holding period because of the depression 
of airspace temperature encountered with ice c;ream 
mix. 

Minimum foam temperature was belO\·Y pasteuri­
zation temperature for the first 14 min of the holding 
period ( Fig. 4) . The precipit'ous increa.se in foam 
temperature that occurred 30 min after the start of 
heating suggested a loss of foam. This was verified 
by the absence of foam at · the end of the holding 
period. 

Whole nvilk 

\iVith 300 gal of whole milk in the pasteurizer , a 
4-inch foam , similar to that reported by . Vilhittaker 
et al. (9 ), was generated on the surface of the •milk. 

The foam appeared to be not quite as stable as the 

chocolate milk foam , although foam density ( 16 
lb/ ft" ) was greater. For the first 9 min of heating, 
foam heating was delayed; minimum foam tempera­
ture was 27 F below liquid temperature after 9 min 
of hea ting. Ten minutes after the . start of heating, 
foam temperature increased precipitously to .liquid 
temperatme, indicating a loss of foam. At the b e­
ginning of the holding period, the vat lid was open­
ed and the loss of foam was verified. 

Tests on. pasteuriu:d products 
In the tests described above, steps were taken to 

fa cilitate development and retention of foam. We 
performed additional tests on th e pastemized ice 
cream mix wherein we purposely attempted to · de­
velop procedures th at would b e useful in reducing 
foam. The pasteurized product foamed just as well 
as the raw product, and the foams appeared to have 
about the same structure and stability. The previous 
tes ts on raw product were performed with an agitator 
speed of 25 rpm, and this yielded no notiCeable wave 
action at . the liquid surface. Conversely, an agitator 
speed of 50 rpm produced random waves abot~t 2 
inches high with no vortex at the agitator shaft (a 
vortex can lead to foam generation ). Since this .wave 
action would tend to disrupt the foam, we performed 
a tes t with an agitator speed of 50 rpm. 

Using the once-pasteurized ice cream mix (200 
gal), we generated a 5-inch foam over the entire sur­
face of the vat. During heating, the higher agitator 
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Figure 5. Theoretical temperature profiles through a foam 
of constant th ermal diffusivity and thickness. 

speed reduced foam thickness to about 2 inches . One­
fourth of the liquid surface was free of foam at the 
end of heating. In a third test on the same 200 gal 
of ice cream mix and at an agitator speed of 25 rpm 
(slow speed), an airspace tempera hue of 190 F com­
pletely eliminated a 5-inch foam during heating. 
The airspace temperature was held at ~90 F during 
the entire hea ting period. 

Drscussro r 

Because of a lack of published data for ice cream 
mix foams , we could not make a direct comparison 
with previous works. ·whittaker et al. (9) worked 
vvith milk foams ; however, we were not able to gen­
erate a milk foam stable enough to survive the heat­
ing process with airspace heating. The work of 
\ iVbittaker et al. was performed without airspace 
heating and was the basis for recommending airspace 
heaters for vat pasteurizers. They described dense 
foams ( 6.2 lb/ ft?) as a "heavy soggy mass" and this 
is an accurate description of the foams we observed. 
The air was evenly dish·ibuted throughout the foam , 
and the air bubbles were so small tha t detection with 
the unaided eye was difficult. 

Because of the slow h ea ting rates of milk product 
foams, holding times of less than 30 min are not rec­
ommended. Even with a 30-min holding period, 
foams should be minimized by making certain that 
all connecting lines are tight when product is b:ans­
ferred to the vat. \iVe tried several methods of gen-

erating foam , but the only successful method was 
that of metering air into the suction side of a transfer 
pump. Because of a loose fitting or a broken gasket, 
this metering of air is th e most probable cause of 
foams in commercial practice. 

\Vhen a foam exists prior to hea ting, it may be 
reduced in size ·l1y maintaining the airspace at a tem­
perature of 190 F from the start 0f heating. Because 
of hea ting from 50 F to 190 F , the air bubbles under­
go a volume increase of about 30%, and this tends to 
break up the foam . Agitation and baffle pl a tes pro­
duce a wave action at the liquid surface, and this 
accelerates foam collapse (provided the agitation is 
not so severe that it produces a vortex that would 
pull air into the liquid and crea te more foam). If 
the foam persists into the holding period, it must b e 
pasteurized, and this may be accomplished by hold­
ing the product longer than 30 min. The additional 
holding time needed depends on foam thickness, air­
space temperature, and rate of heating the liquid 
product. i\lleasuring the additional time required for 
all of these parameters is not practical. If, however, 
the thermal properties of the foams were available, 
th e additional time required for pas teurization could 
be calculated. The thermal properties of foams were 
estimated, and the development of the calculations is 
given in the following section. 

CALCULATION OF H EAT TRANSFER IN FoAMS 

During pasteurization, foam density and thickness 
decrease by as much as two-thirds (Fig. 2) , and be­
cause of these variations, a formal mathematical solu­
tion is not poss ible. By assuming constant thickness 
and constant thermal properties, however, it is pos­
sible to calculate foam temperatures, and the results 
will be applicable to the worst conditions that would 
occur in normal practice. The problem is fm ther 
simplified by assuming the lateral dimension of the 
foam is large compared to its thickness. This estab­
lishes the geometry of an infinite slab of finite thick­
ness and limits the calculation to one-dimensional 
heat transfer. 

Before the temperature profiles of the holding 
process can be calculated, the temperature profile 
at the end of heating must be known. To accomplish 
this, the time-temperature history of the heating phase 
must be calculated. Consequently, an equation for 
temperature profile during heating must be develop­
ed, and it is then used as a boundary condition for 
calculating temperature profiles during the holding 
process. The symbols used in the following deri­
vations [Ue defined in the list of nomenclature. 

The heating pmcess 
Taking x as the direction moving vertically upward 

, 

\ .. 
I 

f 
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through the foam , the general equation for one-di­

mensional heat h·ansfer is (4) 

oT = 0Jo 2 T) [I] 
or l ax 2 

The heating process of va t pasteurizers consists of a 

constant heat input, and this means liquid temper­

ature will increase a t a constant rate (Fig. 2, 3 ). 

After an initial transient p eriod, foam temperatmes 

also increase at a constant rate, therefore, oTI OT = 
A and substituting into equation 1, 

,c/ 2 T _ A 
,d_x2 a 

The solution of the above equation is 

2 

T = ~~ + C, X + C2 [2] 

Applying the boundary conditions, when x = 0, T 

= To, therefore C2 = To. 

\,Yhen x = L, T = T~. , and substituting into equation 2 

C = 7.:-7;, _ AL 

I L 2d. 

After substituting C1 and C2 and rearranging, equa­

tion 2 becomes 

T= --<'Lx 2
- ~x 

Zd. 2 d. 

+ (-r - To) f + To [3 J 
Equation 3 gives the temperature profile tlu-ough the 

foam during hea ting where T and T are known and 
r, 0 

T, , ~ T 
0 

is a constant temp erature difference b etween 

airspace and liquid . At the end of heating, T 
0 

is the 

pas teuriza tion temperature, and equation 3 is u sed 

as a boundary condition in solving for temperature 

profil es d urin g holdin g. 

Th e holding process 
The solution to the problem of heating an infinite 

slab, while its smfaces are maintained at T L and T 
0 

is given by Carslaw and Jaeger (1) 

T = To + (Tt_ - -ro) r 
[4] 

where th e a
11 

coefficients are defined by 

L 

/0-~ = zl [fM - [fa +(7;-To) tJ]4bnntfxdx 
0 

[5) 

E quation 6 gives the complete temperahue profile 

across the foam for any time after the stm:t of the 

holding p eriod . The use of equ ation 6 is cumber­

some; it must be solved for all combin a tions of x and 

T and each computati on requires the evaluation of 

an infinite series. It may, however, be simplified 

considerably by lim iting the calcul a tion to the sp ecif­

ic point in time when minimum foam temperal:tue 

achieves pas teuriza tion tempera l:t1re, T
0 

as shown in 

Fig. 5. Tempera ture profil es are shown for successive 

time intervals, T .1, T 5, T r,, etc. As the foam is heat­

ed, the loca tion of minimum temperature (point 

where oT I ox = 0 ) moves closer to the liquid surface 

because the top surface of the foam has a higher t em­

p era ture than the b ottom surface. \Vhen the mini­

mum foam tempera ture reaches liq uid t~mperatme, 
it occurs at x = 0, and assuming liquid temperahue 

is p asteurization temperature, minimum foam tem­

perature achieves pasteurization temperature when 

oT I ox = 0 at X = 0. Equation 6 is resh·icted to this 

specific condition as follows : T aking the p artial de­

rivative of equation 6 with respect to x, and then 

substituting x ' 0 

T-To 
L 

Applying the requirement that 

yields 

(aT_) = 0 
\ox lx=o 

Equation 7 predicts the specific time after the start 

of holding when minimum foam temperature is equal 

to p as teuriza tion tempera ture, T 0
. Evaluating the 

one infinite series is somewha t time-consuming; h o"v­

ever, it can be shown that the first term of the series 

predicts the value of the complete series within 10% 

provided cxtiU > 0.01. This requirement is satisfied 

for the conditions of interes t during vat p asteuriza­

tion and the accuracy of 10% is good for this type of 

computa tion; therefore, equation 7 simplifies to 

[s] 

and f ( x) is defin ed by equation 3. Substituting equa- provided that 

tions 3 and 5 into 4, in tegrating, and simplifying [9] 

T == To + (7;. - To) {: 
Equa tion 8 is used to de termine heating time of 

the foam, which is then used in equa tion 9 to de­

termine that the calculation was valid. E quation 8 
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shO\~'S that heating time of a foam is dependent on 
thermal diffusivity of the foam, temperature dif­
ference between liquid and air space, heating rate 
of the liquid product, and foam thickness. 

Because of the original assumption that liquid tem­
perature increases at a constant rate, equation 8 is 
directly applicable only to pasteurizers with a con­
'stant heat input. Some pasteurizers have a variable 
h ~ at input; they operate on the principle of a con­
'stant wall temperature. A different equation could 
hav~ heen developed for pasteurizers with constant 
wall temperature (and logarithmic temperature rise 
of th ~ liquid ), but these pasteurizers, with automatic 
control of vat wall temperature, have a constant heat 

·in1~ut during most of the heating process. Because 
of · the small temperature difference b etween the 
liquid and th ~ vat wall, a logarithmic tempera ture 
rise. of the liquid is obtained only during the last few 
degrees of heating. For milk products, equation 8 
may be applied to foams in both types of vat pas­
teqriz_ers. 

Estimating thermal cliffusivity of the_ foam. 
All the terms in equation 8 can be described except 

thermal diffusivity of the fociln ; a. Thermal diffu­
sivity may be expressed as a ratio of more commonly 
knO\·vn :feri.11s -as follows 

a= ~ 
P cr 

and by estimating values of k, p, and C1, a may be 
computed. 

From the work of ViThittaker et a!. (9) plus the data 
reported here, density ( p ) of foan1 is known to be 
in the .range of 10 lb/ft" . 

The amount of energy required to heat the air in a 
foam is negligible·; therefore, · specific heat is de­
pendent only on the liquid phase. By using the data 
of Peeples (5), the specific heat ( Cn) of . ice cream 

. mix was es timated as 0.7 BTU / lb F. 
Thermql conductivity of the foam is not known and, 

unlike specific heat of the air, thermal conductivity 
of th~ ai1: cannot be neglected. Thermal conductivity 
of a condensed milk with the same fat content and 

. total solids content as those of ice cream mix is about 
· 0.21 BTU / hr ft F {3) and thermal conductivity of the 
air is 0.0165 BTU/ hl' ft F at 140 F (2). These data 
may b e combined according to a method described 
by Tsao (7) to yield an estimate of thermal conduc­
tivity of foam . To use Tsao's method, the percentage 
of volume of the liquid phase must be kno·wn. Since 
the density of the ice cream mix is about 64 lb/ ft", 
the per cent (by volume) of liquid in foam is the 
ratio of densities, or 10/ 64 = 16%. By using Tsao's 
method, thermal cond uctivity (k) of the ice cream 
mix foam was es timated to be 0.14 BTU/ hr ft F. 
From these data, thermal diffusivity of the foam was 

TAflLE 1. CALCULATED ADDITIONAL HOLDING TIME REQUIRED 

TO ENSURE PASTEUHIZATION OF MILK PRODUCT FOAMS 

1:-l' THE VAT 

Heating T emperature difference between lOll 
rate and bottom surfa ces of foam 

Foam of the 
thj clmess liquid .l ~ l F 20 ~' 10 F 5 ~' 

( inch ) (F/ min ) (Additional holdin g time, min) 
1 4 0 1 3 4 
1 8 1 3 4 6 
2 4 8 16 21 27 
2 8 14 21 27 32 
3 4 33 49 62 75 
3 8 45 62 7:5 87 

----------------------------------------

computed as 0.048 i~~ ~h'/min. Subsequently, thermal 
diffusivity of the fo c;~n was assumed to be 0.05 inch'/­
min, and this value was used in equations 8 and 9 
for computing results for selected conditions (Table 
1 ) . These may be us ~d to estimate additional hold­
ing time required when a foam is present as follows: ' 

Example 
A 1.75-inch foam was observed on ice 

cream mix before the start of the holding 
period. H eating rate of the liquid product, 
obtained from the temperature recorder, was 
6 F / min. Product temperature was 156 F 
and airspace temperature was 177 F. What 
is the additional l~olding period required for 
pasteurization of the foam? 

In identifying the parameters needed in 
Table 1, the more adverse conditions are 
chosen. Foam thickness is chosen as 2 
inches. Heating rate is taken as 8 F / min. 
During pasteurization. temperature differ­
ence is 177-156, or 21 F , and 20 F is there­
fore selected. From Table 1, tl1e additional 
holding time required for pasteurization is 
21 min; therefore, the total holding period 
will be 51 min. 

In practice, delayed heating times of foams are 
usually shorter than those predicted by the use of 
Table 1 (processing reduces foam thickness ) but 
never greater. The calculations are based on the 
assumption that foam thickness is constant during 
processing, and, hence, Table 1 includes the most 
adverse condition. 

Foams having a thickness greater tl1an 3 inches 
at the start of holding, should be removed before 
pasteurization. If the foam thickness is less than 
1 inch, no additional holding time is required. 

NOMENCLATURE 

A constant rate of temperature rise, F / min. 
a the n coefficients taken one at a time. 
C constant of integration. 

, 

' 
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CP specific heat of the foam , BTU/ lb F. 
k thermal conductivity of foam , BTU/ hr ft F. 
L = foam thickness, in ch . 
In = natural logarithm . 
T temperature, F . 
T L temperature of airspace, F . 
T 0 

temperature of liquid product, F. 
t time when mm1mum foam temperature 

achieves the temperature of th e liquid prod­
uct, min. 

x vertical distan ce upward tlu·ough foam , incb. 
a = thermal diffusivity, inch2/ min. 
71' 3.14 0 0 0 0 0 

p density of foam , lb/ fe. 
7' time, min. 
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AMENDMENT TO SANITARY STANDARDS 
FOR THERMOMETER FITTINGS AND CONNECTORS USED ON 

MILK AND MILK PRODUCTS EQUIPMENT 
Serial #0903 

FoTmula ted by 
I·nteTnational Associat-ion of Milk, Food and E·nv iTomnental Sanitarians 

United States Public H ealth Service 
Th e Dai'I'!J Industry Comm·ittee 

The 3-A "Sanitary Stanclcuds for Thermometer Fittings and Connections Used on Milk and Milk Prod­
ucts Equipment," dated March 29, 1950, Serial #0900 as amended are further amended as indicated below. 

1. The title is changed to "3-A Sanitary Standards 
for Inshument Fittings and Cormections Used 
on ~~Iilk and Milk Products Equipment, Serial 
#0900." 

0 The word "instrument" shall be substituted for 

., /: 

"thermometer" wh erever it appem·s in the text 
of the standard and on the drawings where it 
designates a thermometer or a fitting for a 
thermometer. 

This amendment is effec tive June 1, 1971. 
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RELATIONSHIPS BETWEEN WEATHER FACTORS, SOURCE OF SAMPLE, 
COMPOSITION OF MILK, AND FREEZiNG POINT DEPRESSION 

B. J. DEMOTT 

Dairy Department 
University of T ennessee 

Knoxville 37901 

(Received for publication September 23, 1970 ) 

ABSTRACT 

Changes in composition of milks from individual cows did 

not always respond to differences in atmosph eric conditions 

to the same extent as did herd milk. Milk from individual 

cows tended to have a lower chloride concentration be­

cause of conditions related to wet bulb temperature than did 

herd milk. Caution should be used in translating results from 

in dividual cow's milk to herd milk. 

The freezing point depression of milk J1 as been 

shown to be greater during the winter than during 

other seasons (2). These differences may, in part, 

result from low S F concentration (5) and/ or low 

chloride concentration in the milk in warm seasons 

(3). 
The normal concentration of lactose in milk, about 

4.8%, is believed to account for about one-half of the 

freezing point depression of milk. The purpose of 

this inves tigation was to determine the relationship 

of the freezing point depression of milk to certain 

weather variables and to the chloride, lactose, and 

SNF concentration of the milk. Individual cow and 

'mixed herd samples collected ove~· a period of several 

months were used . 

PHOCEDURE 

During April and May 1968. 205 individual-cow moming 

milk samples from 8 Holstein cows were analyzed for chloride 

by titration with Ag N0 3, for lactose by the ch loramin e-T 

method (4), for SNF by drying the whole milk sample and 

subtractif!g th e fat 'as determined by the Babcock method 

and for. freezing point depression by use of a thermistor-type 

cryoscope. \ 'Veather data obtained from the United States 

vVeather Bureau station located approximately 16 k:m from 

the dairy barn were used to calculate the temperature-humidi­

ty index, 0.4 ( t + t ) + 15, where t and t are the dry 
d w d w 

bulb and wet bulb Fahrenheit temperatures, respectively. 

During the period August, 1968 to Jun e, 1969, 78 bulk tank 

san1ples from one h erd were analyzed in a similar manner 

except that lactose was determin ed by the method of Bar­

nett and Tawab (1). 

REsuLTS AND DiscussiON 

Correlation coefficients b etween freezing point 

depression, certain weather variables, and composi­

tion of milk from individu al covvs are presented in 

Table 1. vVarm atmospheric temperatures ( dry bulb 

rea dings ) were accompanied by low freezing p oin t 

T AULE 1. CommLATJON COEFFICIENTS BETWEEN WEATHEH 

I'AHIABLES, MILK C011!POSITION A1 D FREEZING POINT DEPHESSION 

OF INDIVIDUAL COWS MTLK ( N = 205) 

Freezing point depression 
Lactose concentration 
Dry bulb temperature 
\~1 et bulb t emperature 
Relative humidity 
T emperature-humidity 

index 

Freez ing 
poin t 

de]lression 

- 0.20" 
-0.02 
+ 0.23" 

- 0.03 

Concentration of 
Lactose Chl oride 

+ 0.01 - 0.27' 
-0.44' 
- 0.01 , 
-0.26' 

-0.01 
- 0.12 
-0.06 - 0.04 

-0.03 -0.02 

' Highl y significant relationship (P<0.01 ). 

TABLE 2. COHHELATION COEFFICIENTS BETWEEN H EHD MILK 

COMPOSITION FHEEZING POINT DEPRESSIONS AND WEATHEH 

VARIABLES, AUGUST 1968-JuNE 1969 ( N = 78) 

F re~zlng Concentration of 
pomt 

depression La ctose SNF Chlorid e 

F reezing point 
depression 0.12 0.14 -0.34" 

Lactose concentration - 0.03 -0.03 

SNF concentration 0.05 

Dry bulb temperature - 0.32" 0.27" - 0.16 0.10 

\Vet bulb temperature - 0.33" 0.15 -0.14 0.15 

Relati ve humidity 0.02 - 0.09 -0.01 - 0.03 

Temperature- I I 

humid ity index -0.02 0.45" -0.22" -0.19 

"P < 0.05. 
"P < O.Ol. 

depressions of the milk and high relative humidities 

were accompanied by higher freezing point depres­

sions. High chloride concentrations were accompa­

nied by lovv freezing point depressions, low lactose 

concentrations , and low wet-bulb temperatures. No 

weather variable was found to be significantly re­

lated to lactose concentration . 
Table 2 lists correlation coefficients between several 

weather variables, freezing point depression, concen­

trations of lactose, S TF , and chloride on 78 samples 

of milk collected over an 11-month period from one 

herd of about 100 milking cows. The herd milk had 

low freezing p oint depressions and high lactose con­

centra tions in times of warm weather. Milk of a high 

( .. 
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lactose concentration was produced when the tem­

perature-humidity index was high, but the SNF con­

centration was low in such milk. Milks of high 

chloride concentration had low freezing point de­

pressions. 

Any comparison of the t\-vo sets of data (Tabl es l 

and 2 ) must be made with the recognition that the 

data vvere not collected during the same time period. 

Thus seasonal differences (partially refl ected in wea­

ther data ) and the nature of the feed might tend to 

alter the milk composition and thus limit the direct 

comparison of the data in the two tables . Recogniz­

ing this limitation, certain similarities and differences 

may be noted. Individual cow's milk and herd milk 

were alike in their relationships of fr eezing point de­

pression to chloride concentration and to dry bulb 

reading. Niilks from the two sources were not the 

same with respect to freezing point depression vs. 

relative humidity; chloride concentration vs. wet bulb 

reading; and chloride concentra tion vs. lactose con­

centration . These results emphasize the importance 

of recognizing the source of samples when consider-

ing the effect of various factors on composition of 

milk. 
Physiologisb are interested in the influence of 

variables on an individual cow, or even an individual 

quarter of the udder; but the milk processor must 

concern himself with factors which might influence 

the composition of herd milk or milk from many 

herds. 
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REPORT OF THE COMMITTEE ON APPLIED 
LABORATORY METHODS, 1968-1970 

During the past 2 years, the Committee on Applied Labora­

tory Methods ( ALM) has actively provided ass istance and 

consultation in the following areas: 

(a) Provided assistance and consultation to the Intersociety 

Council on . Standa·rd Methods for the Examinat-ion of 

Dairu Products (SMEDP). This Council plans to be 

responsible for publication of the 13th edition of SMEDP. 

It will also conduct collaborative studies on new and 

old laboratory methods and will provide a mechanism 

for indicating to interested parties, publication of 

"approved" m ethods during the interim period be­

tween editions of SMEDP. 

(b) Developed a continuing program for the evaluation of 

methods included in th e 12th edition of SMEDP, which 

should be useful to the Intersociety Council in the prep­

aration of the next edition. 

(c) Assisted in coll aborative studies concerned with es tab­

lished, defin ed, at1d accepted methods for the examina­

tion of milk, milk products, and other foods . 

(d) Provided ass istance to the National Mastitis Council 

( NMC) Research Committee and the MC Subcom-

mittee on Screening Tests. 

(e) Continued to encourage development of criteria for 

certification of media, reagents, materials, and instru­

mentation in all laboratory disciplines concerned with 

protection of public health (see ALl\tf biennial com­

mittee report 1966-1968) . 
Two members of the Committee died during the year-Mr. 

David Anderson, Past Chairman of the Subcommittee on 

Laboratory ll'l ethods for th e Examination of , ;vater and Other 

Environmental Samples, and Dr. Herbert Hall, Past Chairman 

of th e Subcommittee on Laboratory i\1fethocls for the Examina­

tion of Foods. Their contributions to this committee will b e 

missed. Dr. Martin Favero has assumed chairmanship of Mr. 

Anderson's former Subcommittee. Dr. E. A. Zottola has re­

signed as Chairman of the Food Subcommittee, and Mr. Don 

Pusch has been appointed acting Chairman of the Food Sub­

committee; we hope that the new Chaim1an will have ac­

cepted appointment prior to this annual meeting. Active 

assis tance of the Applied Laboratory 1ethods Committee to 

the National Mastitis Council Subcommittee on Screening 

Tests was termin ated in January 1969 when Dr. Brazis re­

signed chairmanship of that TMC subcommittee. 

~lr. Charles Huhtanen replaced Dr. Elmer Marth as Chair­

man of the Milk and i\l!ilk Products Subcommittee wh en the 

press of add itiona l responsibilities resulted in his resignation 

as Chairman of this Subcommittee. 

Preparation has started on tl1 e 13th edition of Standard 

M ethods for the Exam ination of Dairu Pmducts, and th e 

ALM Committee has four members who are Committee Chair­

men for fi ve chapters. One ALM committee member is also 

a member of th e lntersociety Council on Standard Methods 

for th e Examination of Dairy Products. Altogether, eight 

ALII ! committee members are actively wo1·king on preparation 

of the nes t edition of Sta ndard Methods. 

(Continued on Page 144 ) 
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THE FOOD ADDITIVE PETITION PROCESS' 

JmiN H. ELSON 

Dai1·yland Food Labo1'atories 
P·rogress Avenue 

Waukesha, Wisconsin 53186 

( Received for publication October 28, 1970 ) 

ABsTRAcT 

Development and filin g of a Food Additive Petition for 
a new food additive requires close liaison between the Food 
and Drug Administration (FDA ) and the manufacturer, be­
ginning with development of a protocol for data which will 
be required for the petition. Informal FDA guidelines for 
Food Additive Petitions require information on the identity 
of th13 additive, usage and labeling, efficacy or performance, 
method for determining th e additive in food, proof of safety, 
and the proposed regulation. Pertinent literature, and bio­
graphical data on principal research ers also may be included. 
The clearance process, interaction of food additive regulations 
with food standards, time and cost for petition preparation , 
and possible use of th e Food Additive Petition process in th e 
future are discussed. 

The concept of the Food Additive Petition process 
emerged from the 1958 Act wberein Congress pro­
vided that new food additives shall b e subject to proof 
of safety. Congress did not provide any specific pro­
cedures in the law for this process, but provided the 
Food and Drug Administration (FDA ) with the 
authority to es tablish and administer such require­
ments. 

FDA has not incorporated guidelines for Food 
Additive Petitions into its formalized regulations. 
However, it published, in 1966, a brief outline FDA 
Guidelin es for Chemistry ancl T echnology Requ·ire­
ments of Food Add·itive Pet·itions, which provide a 
helpful summary for undertaking th e petition process. 

A key aspect of preparing and submitting Food 
Additive Petitions ( FAP) is the stance under which 
one deals vvith FDA. First, it is vitally important to 
understand tl1e role of. FDA. FDA is basically an 
umpire, actii)g on behalf of public interest. As such, 
FDA is under close scrutiny, and consistent, often 
extreme pressure, from several directions-Congress, 
Indush·y, and, most r ecently, organized consumer 
groups. As a public agency, FDA must conduct its 
business in an open forum. 

A good principle to follow for r eques ting opinions 
from FDA is to never make a formal request for an 
opinion to FDA until sufficient informal, off the 
record, discussions have been h eld to determine b e­
yond a reasonable doubt exactly what sort of formal 
opinion will be given to · a particular request. 

'Presented at a meeting of the ' Visconsin Section, Institute of 
Food T eclmologists, Oshkosh, ' Visconsin, September 11, 1970. 

REQUTI1ED l NFOHlviATION 

The first step in the process for FAP clearance of 
an additive is the development of a protocol for the 
various types of information required for the petition. 
This protocol is developed via ioint discussion b e­
tween various FDA divisions and branches, the manu­
fachJrer of the new additive, and other outside scien­
tific services retained by the manufacturer, particu­
larly in the area of toxicology. Usually, it is very 
useful to have a competent FDA consulting firm to 
assist with making appointments, seeking out firms 
equipped to do the specialized types of research re­
quired, particularly in toxicology, and to iron out 
the innumerable details which occur during develop­
ment of the protocol and condu ct of research, and 
the p~'eparation of the petition. 

The purpose of the protocol is to establish in a 
clear and mutually agreed upon form the type and 
amount of information which will b e required on 
various aspects of the new additive. The FDA is 
most concerned about the safety or toxicological as­
pec ts. However, it is vital to have an understandiug 
on all the types of information mentioned in the 1966 

Gu idelines . 
The major elements or types of information re­

fjuired for a Food Additive Petition are grouped into 
seven categories. 

Identity of additive 
First, information is required on the identity of 

the additive-the name of the additive, the chemical 
formula if applicable, the definition or classification 
of the additive, and the major chemical and physical 
properties of the additive. Also included under 
identity are specifications for food grade. H ere the 
manufacturer must list, in effect, the quality control 
standards-chemical, physical, and microbiological. 

Usage and labeling 
Second, information on the usage and labeling of 

the additive must be clearly set forth. \ iVhat quantity 
of additive is required for effective use, what in­
stru ctions are to be provided to the user? How is 
the additive to be labeled? Also required is informa­
tion on levels of the additive which will be p1·esent 
in food . Finally, information must b e provided on 
the fa te of the additive in food-the reactions the 
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additive undergoes, the proportion of the additive 

that remains in the food , and whether the additive is 

inert or can be considered as a metabolite. 

Use fulness 

The third type of information required pertains to 

efficacy-the usefuln ess of the additive. Require­

ments for efficacy include a description of how the 

additive functions , whether there is a self-limiting 

effect, and, most important, compreh ensive data on 

actual performmKD of the additive. Data on per­

formance must b e sufficiently comprehensive to cover 

the entire spectrum of proposed use. 

D ata on food additive efficacy have received in­

creasing emphasis from FDA in recent years. The 

increasing concern of consumers with "chemicals in 

food" will almost certainly furth er in crease this em­

phasis, which will result in increasin gly tougher re­

quirements for data on efficacy. 

!l,f ethods for measureme nt 

The fourth type of information required is meth­

odology to determine the additive in food . Analytical 

techniques must b e provided for isolating and meas­

uring the additive. 

T oxicology 

Fifth , comprehensive data on the toxicology of the 

additive are required . FDA requires these data to 

be obtained by a reputable laboratory. Although 

FDA cannot, of course, endorse research organiza­

tions, they can, and will indicate whether toxicologi­

cal data from a particular laboratory will be accept­

eel. Usually, toxicological data based on a minimum 

feeding period of 1 year for two species is required, 

and 2 year feeding trials are not uncommon. There 

are no formal requirements as to species used, length 

of feeding trial, or other details of toxicological work. 

Usually, feeding levels are sought which provide a 

safety factor of 100; that is, where 100 times as much 

additive, per unit of body weight, is fed daily than 

would be ingested under the conditions of actual 

usage. 

Regulat·ion 

The sixth element of a Food Additive Petition is 

the proposed regulation. The petitioner must state 

how he would propose to have the Food Additive 

Regulations amended to permit the use of the addi­

tive. 

References 

1 
Finally, a petition may contain literature reprints 

and biographical data on key individuals who con­

ducted r esearch on the additive. The literature used 

must be in English, or have a complete, accurate 

translation from the language in which it was origin­

ally published . 

CLEARANCE PROCESS 

Once all the research is clone and the petition has 

been compiled, there remains the clearance process. 

The clearance process and the time table under which 

it operates is rath er clearly spelled out in FDA Ad­

ministrative Rules. The petition is submitted in trip­

lica te to the Petitions Control Branch (PCB ) of FDA. 

Personnel of this branch examine the petition to de­

termin e wh ether all the elements requi ryd h ave been 

included. The PCB h as the option of returning the 

petition if it is deemed to be incomplete. If the 

petition seems to be in order, it is accepted by PCB. 

The examination of a p etition by PCB usually re­

quires a minimum of 15 clays and may b e -prolonged 

for up to 6 months if the petition is gros'sly deficient 

and the petitioner fails to correct it. 

Notice that the petition has been filed is published 

in the Fed eral Registe r. The elate of publication in 

the Federal R egiste r is the F iling D ate. The Federal 

Registe1' publication routinely calls for interested par­

ties to comment; or request a hearing. Interested 

parties who either object to or are in favor of the 

prop osed additive are free to make their own 0pin ­

ions known to the Petitions Control Branch. If any 

of the objections are sufficiently serious and well 

documented and are cause for concern about any 

aspect of the additive, the FDA can call for a hearing. 

At least 90 days are required b etween establish­

ment of the filing date and publication of an effective 

elate-or, in effect, approval of the new additive for 

use. The 90 clay period is primarily devoted to care­

ful examination of all elements of the petition by 

FDA scientific personnel. If any of the data in the 

petition are questioned, additional data may b e call­

ed for. ·when FDA personnel are sa tisfied that the 

data are complete and that the safety and efficacy of 

the nevv additive have b een amply documented, the 

FDA publishes a notice in tbe Fedeml Registe1' that 

the additive is approved for use. This publication 

includes description of the amended Food Additive 

Regula tions wherein usage of the additive is pro­

vided. 

RESTRICTIONS 

Approval of a new additive does not automatically 

assure its use in all applications. If the additive is 

to be used in foods for which there are Food Stand­

ards, amendments to these Food Standards must b e 

proposed and adopted. The amendment to any Food 

Standard proceeds in a manner similar to that just 

described for a Food Additive Petition. Usually a 

proposal to amend Food Standards evokes a great 

deal of interes t from manufacturers and, recently, 

consumers. 
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PROBLEMS 

The F AP process is lengthy and expensive. Assum­
ing one year toxicological testing, the minimum time 
from decision to proceed with an FAP to completion 
of the Petition, ready for submission to FDA, is 18-
20 months. At least four additional months are re­
quired for processing of the petition by FDA and 
publication of the final approval order. The absolute 
minimum cost for a Food Additive Petition is $100,-
000.00. 

Among the innumerable criticisms leveled at FDA 
and the food industry it is significant that there has 
been no specific criticism of the FAP process as being 
inadequate and not in the best interest of food safety. 
In fact, it seems probable that the FAP mechanism 
may well be extended, probably in a modified form , 
to the upcoming review of the GRAS list. 

REPORT OF COMMITTEE Or APPLIED 
LABOHA TORY METHODS 
(Continu ed from Page 141 ) 

SUDC011i\UTTEE ON LA130HATOHY METHODS FOH TJ-IE 

EXAMINATION OF l\ HLK AND 11ILK PRODUCTS 

Introduction 
The scope of the Subcommittee's activities in the last 

several years was limited, voluntarily, to studies of the method­
ology for determinin g standard pla te counts of raw milk. 
There were several reasons for this. One was the feeling 
that so;11c of th e standard procedures specified in Standard 
Methods were rather arbitrari ly derived, ancf their value as 
compared to other related methods should ' be confirmed or 
rejected. It is recognized, of co urse, that th ere must be 
uniformity of methods among laboratories, but this does not 
mean that this uniformity should be necessarily arrived at by 
a "consensus" rather than by rigorous tudy and interpreta­
tion. A second reason for concentrating on raw milk was the 
fact th at since the producers might be penalized for high 
bacterial counts~ the analyses of th e milk samples should be 
as accurate and. ;-eproducible as possible. A third reason for 
using raw milk was tl1 e availability of this commodity to tl1 e 
subcommittee members and their fami liarity with the problems 
involved. 

Studies completed 
Mixin g method~ . The first probl em th e Subcommittee 

tackled was to determine th e efficency of th e "standard" 
method of mixing milk dilutions ( 25, 1-ft long, up-and-down 
cycles to be completed in a 7-sec period). The Subcommittee 
could not exp lore every ramification of this standard method; 
however, it was not even known how this mixing procedure 
would compare with a far less vigorous one such as simply 
inverting th e dilutions ( a procedure recomm ended by Stand­
ard Methods for mixing undiluted pasteurized milk speci­
mens) . The vigorous, standard mixin g of dilution tubes 
ca uses some curdlin g of the cream- this could conceivably 
affect standard plate counts. 

The first experim ents undertaken by th e members in the 

A poten tial precedent is to be found in FDA ad­
minish·ation of New Drug Applications (NDA's). 
The standard NDA requires the same general types 
of information as th e FAP-identity, efficacy, and! 
safety. FDA also permits a supplemental NDA to be 
fil ed, based upon toxicological and efficacy data in a 
previously filed and approved standard NDA. Re­
cently, FDA provided that an abbreviated NDA could 
be used for the clearance of certaj.n es tablished drugs . 
The abbreviated IDA, at the option of FDA, may 
not require comprehensive toxicological or efficacy 
data. 

An abbreviated FAP, coupled with the recommen­
dations and evaluations by expert panels, would seem 
to provide adequate and praotical approach to the 
evaluation of certain types of substances currently 
on the GRAS list. 

last 2 years were tl1erefore an evaluation of th e standard milk 
dilution mixing procedure by comparing standard plate 
counts by tltis procedure with th e counts from two inversion 
methods. These were : 5 in versions in a 5-sec period and 
15 invers ions in a 15-sec period. The experi ments were 
summarized and expla ined in our Subcommittee research 
paper recentl y published in the Journal of Milk. and Foocl 
T echnologu ("Effect of Di lu tion Bottle ]\llixing Iethods on 
the Recovery of Raw ]'vlilk Bacteria") . The conclusions of 
th e study group were : (a) th e "standard" method gave higher 
plate counts than th e gent ler inversion methods, and (h) there 
were no significant differences ( P < O.Ol) in reproducibility 
among th e three methods studied. The studies showed 
evidence of interactions between mixing methods and samples 
and between mixing methods and inves tiga tors. These inter­
action did not negate th e above conclusions, but did indicate 
that in ves ti ga tions of thi s sort should include a var iety of 
investigators :mel samp les in order to avoid possible erroneous 
results arisin g from more limited studies . 

Horizontal uersus um·tical shaking and glass versus plastic 
petri dishes. Some complaints have been voiced over the 
fa ct that Standard Methods requires that the mixing procedme 
for milk dilu tions be a series of up-and-down cycles. This 
procedure is very ta~ing to those of limited physical endur­
ance, and, as a matter of fact, some laboratories have rou­
tinely changed to a horizontal series of mixing strokes as a 
matter of conveni ence. A comparison of these two methods 
was a part of th e Subcomm ittee's second series of experi­
ments. 

Anoth er part of this study concern ed the use of p lastic 
and glass petri dishes in th e Standard Plate Count. This 
inves tiga tion was prompted by the submission of comparative 
data for th e two types of petri dishes by one of the Sub­
committee members which, when statistically analyzed, show­
eel tl1 e glass petri dishes to produce hi gher plate counts, and 
with greater reproducibility, than the plast ic dishes produced. 
This findin g was of obvious concern, and a more definitive 
comparati ve study was therefore initiated. 

The results of this study were reported in anoth er paper 

(Continued on Page 149 ) 
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A SURVEY OF THE ACTUAL AND POTENT~AL BACTERIAL KEEPING 

QUALITY OF PASTEURIZED MILK FROM 50 PENNSYLVANIA 
DAIRY PLANTS' 

G. H. ·wATnous Jn.", S. E. BAnNAHD3
> AND W. \fll. CoLEMAN Ir 

Division of Food Science and Industry 

Th e Pennsylvania State University 

University Park, Pennsylvan·ia 16802 

( Received for publication September 28, 1970 ) 

ADSTHACT 

The actual and potential keeping quality of milk from 50 

Pennsylvania processin g plants was determined by comparing 

Standard Plate, coliform , and psychrophilic counts Oil com­

mercially processed and laboratory pastemized portions held 

at 4.4 C and 7.2 C. Examinations were made Oil the day of 

processing and after 5 and 10 days storage at each temperature. 

Bacterial data on fresh commercially p asteurized milk were 

of littl e or no value in pred ictin g shelf life. As shown b y 

previous studies, laboratory pasteuriza tion destroys or inacti­

vates coliform and psychrophilic organisms usuall y responsibl e 

for spoi lage of commerciall y processed milk. Some laboratory 

pasteurized milk exhibited increases in counts when h eld 5 

or 10 days at 7.2 C, even though freshly pasteurized portions 

were free of th e psychrophilic or coliform organisms often 

found in comm erciall y processed milk. The n eed for low 

temperature storage of pasteurized milk is clearl y shown. 

The most important fact illustrated by this Shiel)' is that 

Standard Plate, coliform, or psychrophilic COlmts on fresh 

com mercially processed milk are poor criteria of potential 

keeping quali ty. Even though this has been pointed out b y 

others, official regulatory methods, as usually applied, have 

not recognized th e need for new procedures to measure milk 

q uality, especiall y at the consum er level. 

Changing milk production patterns at the farm 

with every other day milk collection and reduced 

processing schedules in dairy plants have increased 

the age of milk, in most instances, prior to pasteuri­

zation. 1Vlilk is usually delivered to homes 3 times 

a week or less . More and more milk is sold tlll'ough 

stores, often where storage conditions for peak loads 

are inadequate or where temperatures are too high . 

The consumer often purchases milk that was several 

days old prior to pastemization . Perhaps a week or 

longer may have elapsed between pasteurization and 

sale. ·with more milk sold through stores, it seems 

r easonable to assume that some consumers will pur­

chase enough to last several clays . Thus, the paten-

1Authorizecl for publication as paper no. 3844 in the Journal 

Series of the Pennsylvania Agricultural Experiment Station 

1 on September 17, 1970. 
2Professor of Food Science and Industry, The Pennsylvania 

State University. 
3Associate Professor of Dairy Science Extension , The Pennsyl­

vania State University. 
4Assistant in Dairy Science, The Penn sylvania State University. 

tial keeping quality of milk must b e much b etter than 

some years ago when practically all milk -vvas pro­

duced, processed, and consumed within 2 or 3 clays. 

In spite of these facts , quality regulatiqns enforced 

by most jurisdictions have undergone little change. 

In an attempt to insure milk with good keeping 

quality, many individual dail-y plan ts perform shelf 

life tes ts to determine the effectiveness of tl1eir clean­

ing, sanitizing, and processing procedures. 

Unfortunately, few regulatory agencies do more 

than check the quality of milk at the producer or 

the processor level. The usual reason given is that 

after the processor delivers the product he no longer 

has any control over subsequent factors that might 

affec t quality. In addition, many existing microbial 

standards and laboratory procedures, while perhaps 

valid quality measurements 20 years ago, have not 

kept pace with changes occmring in the inclush-y. 

Perhaps a criticism can be made tl1at those who pro· 

mulgate standards and laboratory procedures appear 

to be more interested in the performance of tests ac­

cording to accepted procedures and compliance with 

bacterial standards having dubious meanu1g tl1an they 

are with applying methods proposed for measuring 

milk quality at the consumer level. It appears that 

little attention is given to enforcing distribution prac­

tices that would extend the time milk might be con­

sidered acceptable. 

The comments of Barnum (4) on the need for a 

re-evaluation of the Standard Plate Count point out 

the inadequacy of this test, as currently applied , to 

yield meaningful information. Recently G6mes-cle­

Lasse (1 0) presented data clemonsu·ating the lack of 

correlation between Standard Plate, coliform, and 

psychrophilic counts on freshly pasteurized milk and 

potential keeping quality. H e also emphasized the 

need for new tests to predict accurately and quickly 

the anticipated shelf life of products. 

Witter's (18) review of psyclu·ophilic bacteria show­

ed either laboratory or commercial pasteurization ef­

fective in clesh·oying them in the concentration us­

ually present il1 ravv milk. 

Dabbah et al. (6) found a psyclll'ophilic organism 
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from aged pasteurized milk that appeared to be in­
activated by heating at 55 C for 30 min but which 
subsequently grew after holding in a special medium 
at 20 C for 48 to 72 hr or at 4 C for 2 to 3 weeks. 
This culh1re did not survive 60 C for 30 min, a tem­
perature and time h·eatment less than legal pasteuri­
za tion . 

Grosskopf and Harper (11) in a recent study found 
th at fluid pasteurized milk aseptically packaged in a 
standard plastic coated paper container and stored at 
4 C had a shelf life of 4 vveeks. Subsequent loss of 
quality was caused by a psyclu-ophilic sporeformer. 
Their initial results suggest about 25% of raw pro­
du c:ers' supplies contain sporeformers capable of sur­
viving UHT pasteurization. 

Studies by Langlois et a1. (15) have indicated sig­
nificant differences among plants with respect to 
keeping quality of their milk, suggesting that plant 
sanitation procedures, storage temperatures, and time 
of holding were important. Barnard (3) and ViTitter 
et a1. (19) reported that while the temperahu·e of 
some samples of milk for sale in retail outlets was 
4.4 C or below, about rwo-thirds of all samples were 
over this temperahue with 17-18% over 7.2 C. Bru:­
nard (3) reported 3.6% over 10 C. 

Studies by Atherton et al. (2), Blankenagel and 
Humbert (5), Ford and Babel (9), Huskey et al. (12) , 
Smith (16), Elliker (8), and \"ilitter et al. (19 ) have 
shown that as the storage temperature of pasteurized 
milk increases the b acterial p opulation also increases. 
These studies have indicated that pasteurized milk 
should be held at 4.4 C or below to achieve maxi­
mum shelf life. 

lvf ATEHlALS AND llif.ETHODS 

In this study the actual and potential keeping quality . of 
pasteurized milk from 50 Pennsylvania plants was dete1mined . 
These 50 plants r epresented approxima tely 15% of all process­
ors in Pennsylvania . .• 
Comm~rci ally processed packaged samples from each plant 

were placed in ice water and transported to th e laboratory of 
The Pennsylvania State Univers ity Creamery. All anal yses 
were begun wi thin 24 hr from th e time of processing. 

Twelve portions of each processed sample were aseptically 
transferred to steri le screw capped tes t tubes . To avoid air­
borne contamination, sul: cli vb ion of sampl es was done in a 
culture transfer cabinet eq uipped with an ultraviolet light. 

Six of th e 12 tubed por tions were subm erged in a thermo­
stati call y controlled laboratory pasteur iza tion bath and re­
pasteuri zed at 62.7 C for 30 min, with a come-up time of 5 
min . Immediately after th e hold ing period these samples 
were cooled in ice water. Three portions of each sample were 
placed in a refrigerator mainta in ed a t 4.4 C and an additional 
three portions were held at 7.2 C . Other tubed portions of 
the commerciall y pasteurized mil k were held under similar 
conditions. 

Standard Pla te, colifo rm , and psychrophilic counts were 
mad e immediately on th e p lant and laboratory pasteurized 
milks and on separate portions of each sample after 5 and 10 

T AD LE l. SU~IMAI!Y OF STANDAHD PLATE Cou 'T 
COi\IMEH::!.\LLY PASTEUHIZEO i\ IlLK SAMPLES 

Original 
range 11 

F resh 
5 clays 4.4 

10 days 4.4 
5 clays 7.2 

10 clays - 7.2 

Orig in a l 
range 21 

Fresh 
5 clays 4.4 

10 cla ys 4 .4 
5 clays - 7.2 

10 clays - 7.2 

Ori g inal 
ra nge 3' 

F resh 
5 clays - 4.4 

10 clays - 4.4 
5 clays - 7.2 

10 clays - 7.2 

'Count range 
1 
2 
3 
4 
5 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

28 
22 
16 
13 

4 

6 
3 
3 
l 

2 

2 

3 
1 

20 
8 
8 
5 
2 

1 

Co unt range2 

3 

4 

2 
1 

2 
1 
2 
2 

2 

2 
2 

SPC per ml 
< 1,000 

1,000 - 9,999 
10,000 - 99,999 

100,000 - 999,999 
> 1,000,000 

2 Number of samples within respective treatments. 

3 
3 
5 

1 
1 
1 
1 

1 

ON 50 

9 
7 

17 

3 
7 
9 

14 

-, 

days storage at 4.4 an d 7.2 C. Bacterial enum eration pro­
cedures were made in accord with Standard Methods for the 
Exami.nation of Dairy Products (1 ) except where very low 
Standard Plate Counts made it necessary to use the data from 
plates having less than 30 colonies . Coliform colonies per 
milliliter were determin ed on violet reel bile agar. vVhile 
laboratory pasteuriza tion of the commercially p as teurized milks 
may have resulted in some bac terial destruction beyond that 
achieved with plant pasteuri zation, th e above procedure was 
necessary to inactivate any organisms that might have entered 
post pasteurization , ru1cl to permit measuring the actual and 
potential keeping quali ty of th e samples. Actually, com­
parison of Standard Plate Counts of the plant-pasteurized and 
re-pasteurizecl portions indi cated tha t reheating caused little 
change in p late counts on the clay of pasteurization. 

R ESULTS AND DISCUSSION 

Forty-eight of the 50 commercially processed sam­
ples had original Standard Plate Counts of < 10,000 
/ ml. Examination of data in Table 1 shows the ef­
fect of storage temperature and time on the changes 
in total cow1ts of these samples . As might be ex­
pected, counts increased as a function of time and 
the higher storage temperature. Unforhmately, 
Table 1 does not show a very important fact : changes 
in counts as a function of time and temperature bore 
no relationship whatsoever to the cotmf of the origin­
al samples . Data on !:'No of the samples are shown in 
Tables 2 and 3. 

, , 
~ •• I 

! I 
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T.>\BLE 2. ExAMPLE OF i\HLK SHOWING EXCELLENT ACTUAL 

A.1'l'D POTE~T1 ;\L KEEPJNG QUALITY 

Coliform P s)•chrolJhilic 
Storage ] Jays Sl'C coloni es colonies 
temp. held pet· ml per ml per ml 

Actual (Plant pasteurized ) 
0 190 < 1 < 1 

4.4 c 5 150 < 1 < 1 
10 130 < 1 < 1 

7.2 c 5 130 < 1 < 1 
10 100 < 1 < 1 

Potential (After laboratory pasteuri zation) 

0 60 < 1 < 1 

4.4 c 5 90 <1 < 1 
10 130 < 1 < 1 

7.2 c 5 100 < 1 < 1 
10 60 < 1 < 1 

laboratory pasteurization tended to remain static or 
decrease slightly, except for those portions held at 
7.2 C for 10 days. 

Perhaps the most surprising observation was the 
low coliform concentrations (Table 3) found in fr esh 
samples of plant pasteurized milk and in aged por­
tions . ·while a few samples of this group showed 
high numbers, in general, increases were minimal. 
This does not correlate at all vvith the increasing num­
bers of psychrophiles found in commercially proc­
essed samples as storage time progressed . Possibly 
growth of high concentrations of psychrophiles ac­
tually inhibited development of coliforms. It is also 
possible that the usual coliform determinll,tive pro­
cedures fai l to recover this group in aged. samples. 
This phenomenon may be similar to that reported by 

T ABLE 3 . ExAMPLE oF liULK sHowi NG POOH ACTUAL AND Dack and Lupitz (7), who found the natural flora 
L"{CELLENT POTENnAL KEEPll'IG QUALITY of frozen pot pies to inhibit Esch erichia col-i. Speck 

P sychroph ilic Coliform 
.'to rage Days SPC colonies colonies 
temp. held per ml per ml per ml 

Actual ( Plant pasteurized) 

0 260 < 1 < 1 

4.4 c 5 220,000 < 1 170,000 

10 36,000,000 < 1 23,000,000 

7.2 c 5 7,800,000 < 1 6,100,000 

10 770,000,000 < 1 110,000,000 

Potent ial ( After laboratory pasteuriza tion) 

0 200 < 1 < 1 

4.4 c 5 260 < 1 < 1 

10 230 < 1 < 1 

7.2 c 5 200 < 1 < 1 

10 140 < 1 < 1 

Data in Table 2 are typical of those from dairy 
plants which were doing a good job of cleaning and 
sanitizing. Almost identical Standard Plate Counts 

1 
were found on plant and laboratory pasteurized por­
tions, with no increase evident during refrigerated 
holding. The absence of either coliforms or psyclwo­
philes in these plant-pasteurized samples also in­
dicated lack of post-pasteurization contamination. 

Table 3 represents data from a plant which in­
cHeated the bacterial information on the freshly pas­
teurized product would be very misleading in terms 
of the shelf life of the product. The potential keep­
ing quality data on this sample indicated that if the 
plant had used proper procedures and had avoided 
post pasteurization contamina tion, the product might 
have shown bacterial data simil ar to those shown in 
Table 2. These tables show the fallacy of relying on 
data on freshly commercially processed milk. Nu­
merous examples of each of these types of data were 
fot\nd during this study. 

With the laboratory pasteurized portions (Table 
4), the Standard Plate Counts did not increase as a 
function of age and temperature to the degree fotmd 
with the plant pasteurized portions. Cow1ts after 

(17) has reviewed the subject of injury and bacterial 
antagonism on recovery of other organisms. i\!Iaxcy 
(14) recently has shown cell injury as a factor in 
enumeration of col'ifonn bacteria. As might be ex-

TABLE 4. Sulii i\IAJ\Y OF STA NDAllD PLATE CouNT ON 

LADOHATOHY PASTEUHlZED ( 62.7 C - 30 MIN) POHTIONS OF 

50 COMMEHCIALLY BOTTLED MILKS 

Original Count range 2, 3 

rang-e 11 3 4 

F resh 38 
5 clays 4.4 c 37 1 

10 clays - 4.4 c 38 
5 clays - 7.2 c 36 1 1 

10 days - 7.2 c 22 8 3 3 

Original 
ra nge 21 

Fresh 10 
5 clays - 4.4 c 3 7 

10 clays - 4.4 c 3 7 
5 days - 7.2 c 3 7 

10 clays - 7.2 c 2 4 1 3 

Origina l 
ran ge 31 

Fresh 2 
5 d ays - 4.4 c 1 1 

10 clays - 4.4 c 1 1 
5 da ys - 7.2 c 1 1 

10 clays - 7.2 c 1 1 

'Count range SPC p er ml 

1 < 1,000 
2 1,000 - 9,999 
3 10,000 - 99,999 
4 100,000 - 999,999 
5 > 1,000,000 

"N umber of samples w ithin resp ective treatments. 

"No. samples rem aining in sam e class or showing d ecrease: 

5 clays - 4.4 C - 49 
10 days - 4.4 C - 50 

5 clays - 7.2 C - 48 
10 clays - 7.2 C - 30 

2 
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T AllLE 5. COLJ FOHM COLO:-IJES PEH i\ II LLILIT£11 OK 50 
COi\'IMEHClALLY PASTEU RI ZED MILK SAMPLES 1 

X umb er ner millilit e r 

] - ] 0 

Fresh 46 2 
5 days - 4.4 c 44 2 

10 days - 4.4 C 47 0 
5 clays - 7 .2 C 44 1 

10 days - 7.2 C 41 l 

10 

2 
4 
3 
5 
8 

'Coliform colonies per ml on laboratory pas teurized p ortions of 
above bottl ed milks: fresh, 5 clays - 4.4 C, 10 clays - 4.4 C, 
5 clays - 7. 2 C, and 10 clays - 7. 2 C : a ll less th an 1/ ml. 

TAllLE 6. PsYCHHOPHILIC CO LONIES PEH i\l!LL!LITEH ON 50 
BOTTLED i\ULK SAi\IPLES 

Fresh 
5 clays - 4.4 C 

10 days - 4.4 C 
5 clays - 7 .2 C 

10 days - 7.2 C 

Psychrophil-ic 

Fresh 
5 days - 4.4 C 

10 days - 4.4 C 
5 days - 7.2 C 

10 clays - 7.2 C 

'Count range 
1 
2 
3 

' 4 
5 

Caun t ranget. 

48 2 
34 6 l 
25 2 1 
23 4 3 

9 3 3 

colonies per ml on laboratory 
portions of bottled milks 

50 
50 
49 l 
50 
33 5 6 

SPC per ml 
< 1,000 

1,000 - 9,999 
10,000 - 99,999 

100,000 - 999,999 
> 1,000,000 

6 3 
3 19 
4 16 
2 33 

pasteu rizecl 

4 2 

2 Number of sampl es within resp ective treatm ents. 

pected, no coliforms were found in any of the lab­
oratory pasteurized portions, either fr esh or aged. 

Table 6 presents the psychrophilic counts found in 
this study. Many fresh commercially pasteurized 
samples were contan1inated to some degree. The in­
creasing counts found with some bottled products as 
a function of time and temperature parallel data 
shown in many previous studies. Data on psychro­
philes in the laboratory pasteurized portions show 
that none were recovered in freshly pasteurized milk, 
or even after. 5 days storage at 4.4 C. After 10 days 
at 7.2 C, surviving thermodurics began growing, em­
phasizing the need for low temperature storage of 
milk even though milk is completely free of post­
pasteurization contamination. 

Data from this study show that original bacterial 
counts on commercially processed milk are of littl e 
or no value in predicting bacterial keeping quality. 
Samples held at 4.4 or 7.2 C and examined after 5 
or 10 days give a decidedly more accurate picture of 

processing and packaging conditions. 
Th e lack of correlation between psyclu-ophilic and 

coliform development in commerci.ally processed sam­
ples suggests that the coliform test is a less sensitive 
indicator of post-pasteurization contamination th~n 
psychrophilic counts on milk samples held at 4.4 or 
7.2 C for several days. 

At present various municipalities and other groups 
are reviving the subject of milk, dating. Of more sig­
nificance in terms of milk quality at the consumer 
level would be bacterial standards based on milk 
samples held under refrigerated storage equivalent 
to commercial conditions before examination. Sm·­
veys of milk at the retail level suggest that milk tem­
peratures are often too high . Dating to insure good 
quality would seem to be a poor substitute for proper 
pasteurizing, freedom from contamination, and hold­
ing at temperatures low enough to inhibit the gro·wth 
of those organisms present. 
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HEPORT OF COMMITTEE 0 1 APPLIED 
LABORATOH.Y METHODS 
(Continued from Page 144 ) 

recen tly published in the j ournal of lii ilk and Fond Tecl11lol­

ogu ("A Comparison of Horizonta l Versus Vertica l Mixin g 

Procedures and Plastic Versus Class Petri Dishes for Emmlerat­

ing Haw Milk Bacteria") . The tests showed that there were 

no significant differences between types of petri dishes or 

the direction of the mixin g stroke. It is therefore recommended 

that both types of petri dishes continue to be advocated and 

that th e requirements for the standard shakin g method be 

modifi ed to include also th e less fatiguin g horizontal stroke. 

Pm posecl work 
The question of th e proper incubation temperature for th e 

Standard Plate Count continues to be in doubt since several 

recent papers have indica ted that 32 C might be too high 

a temperature for some of the psychro- tolerant organisms 

in milk. The Subcommittee th erefore will attempt to conduct 

studies on temperatures that will give most reproducible re­

sults and which will give the highest number of colonies . 

Some consideration a lso may be given to determining repro­

ducibi lity of tests for abnormal milk. 

Acknowled gm ents 
The Subcommittee was fortunate in the last several years 

to retain its members and to acquire several new ones . Also, 

we were ass isted during one of our studies by D . J. Pusch 

and E . Bredvold of th e Minn esota State D eparbnent of Agri­

culture. Their h elp is gratefull y acknowledged . 

SU BCOlofi\Il'lTEE O N LA130HATOHY i\'[ ETH ODS 1°0 11 T H E 

E XAM INATION OF FOODS 

Activities dming th e first year of th e b ienniu m were nil. 

This resulted in part from the inactivity and unavailability 

of the Subcommittee Chairman . During th e second year, 

however, attempts ·were made to stimulate activity of the 

committee. A memo to all Subcomittee members request<'rl 

information on the foll owing topics : 
(a) Evaluation and comments on methodology used for the 

isolation of Staphylococcus aureus from foo ds. 
(b) Comments concerning th e use of indicator organisms, 

coliform in particular, and d ifferenti ation of fecal coli­

form and E sch erichia coli . 

(c) Stamlarclization of methodo logy fo r isolation of coli­

form organisms, i.e. fecal coli form. 
(d) D efinition of fecal coliform . 
(e) \Villingness to participate in laboratory evaluations. 

16. Smith, A. C. 1968. The effect of fillin g temperatures 

of milk on th e keep ing q uality of th e product. }. Milk Food 

Techno!. 31 :306-309. 

17. Speck, M. L. 1970. Selecti ve culture of spoilage and 

indicator organ isms. J . Milk Food Techno!. 33: 163-167. 

18. 'Witter, L. D. 1961. Psychrophi li c bacteria- a review. 

J. Dairy Sci. 44:983-1015. 

19. W itter, L. D. , P . H . Tracy, and H. K. Wilson. 1959. 

The keeping quality of p asteurized grade A milk offered for 

sale in the Chicago market. Uni v. of Illinois Agr. Exp. Sta . 

Bull. 646. 20 pp . 

Hesponsc to the request was somewhat less than over­

whelming. Two committee members did not respond at all , 

one resigned, and the other two responded briefl y. The re­

sponse cannot be considered as definitive. All but one of 

the committee members did agree th e five topics sugges ted for 

discussion were worth while and should be developed furth er. 

Onl y one respondee was willing to parti cipate in a cooperati ve 

laboratory evah;ation . 
In stmlmar)', som e common problems related to the meth­

ods used in the microbiological examination of foods !\ave been 

defined . Solutions to th ese problems were not developed by 

this Subcommittee. 

SUBCOMi\Il'ri'EE ON LA BOHATO IW M ET HODS FO H THE 

ExA ~vHNATION OF V\1 ATEH A N D OTHEH ENVIDON~1fENTAL S A?v!P L ES 

This Subcommittee has been relatively inactive dming the 

pas t 2 years. This resulted, partiall y, from the untim ely death 

of its past ch airman, Mr. David And erson. Dr. Martin S. 

Favero was appointed chairman . and Dr. John C. Hoff was 

appointed as a m ember. !vir. C. N. Huhtanen resigned . The 

Subcommittee is tentative ly p lanning to met at th e American 

Public Health Associat ion meeting in Houston, Ocober 26-30, 

1970. 

The followin g projects have been suggested b y the mem­

bers, and attempts will be made to conduct interlaboratory 

tests: 
(a) Continuation of th e work on slow lac tose ferm enters. 

(b) Mechan ization and simplificat ion of th e l'vi PN method . 

(c) Eva luation of th e 7-hr fecal coliform test recently de-

veloped by Geldreich . 
(d) Consideration and discussion of special problems related 

to th e use of feca l coliform bacteria as indicators of 
fecal pollution in special environments; i. e., pulp mill 

efflu ents, sugar beet waste, and hospital air, and sur­

faces . 
(e) E valuation of newly developed membrane filter m edia . 

APP LIED LAOOHATOL1Y METH ODS CoM MITTEE 

Dr. A. Hichard Brazis, Chairman , Chi ef, Laboratory De­

velopment Program, Di vision of Mi crobiology, F DA, 1090 

Tusculum Avenue, C incin na ti , Ohio 45226. 

S u BCOUi\liTT E E ON LA130HA TO HY M ETHODS FOR T HE 

E x A;\HN ATlO N QF !VIILK & M rLK PRODUCTS 

Mr. C. N . 1-Iuhtancn, Cir ai m1 a lr , Eastern Util iza tion Hesearch, 

and Development Di vision, USDA, Philadelphia, Pennsylvan -

(Conti1mecl on Page 159 ) 
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HOLDERS OF 3-A SYMBOL COUNCIL 
AUTHORIZATIONS ON FEBRUARY 20, 1971 

"Questions or statements concerning any of the holders 
of authorizations listed below, or the equipment fabricat­
ed, should be addressed to Earl 0. Wright, Asst. Sec'y. 
Treas., Dept . . of Food Technology, 116 Dairy Industry 
Bldg., Iowa State University, Ames, Iowa 50010." 

0102 Storage Tanks for Milk and Milk Products 
As Amended 

llE Jacob Brenner Compan y, Inc. (10/ 8/ 59 ) 
450 Arlington, Fond du Lac, Wisconsin 54935 

28 Cherry-Burrell Corporation ( 10/ 3/56 ) 
575 E. Mill St. , Little Fall s, N. Y. 13365 

102 Chester-Jensen Company, Inc. ( 6/ 6/ 58 ) 
5th & Tilgbam Streets, Chester, Pennsylvania 19013 

1 Chicago Stain less Equipment Corp. ( 5/ 1/ 56 ) 
5001 No. E lston Avenue, Chicago, Il linois 60630 

2 CP Division, St. Regis ( 5/ 1/ 56 ) 
1243 W. vVashington Blvd ., Chicago, Illinois 60607 

ll7 Dairy Craft, Inc. (10/ 28/ 59 ) 
St. Cloud Industrial Park 
St. Cloud, Minn. 56301 

76 Damrow Company ( 10/ 31 / 57 ) 
196 \Vestern Avenu e, Fond de Lac, vVisconsin 54935 

ll5 DeLaval Company, Ltd. ( 9/ 28/ 59) 
ll3 Park Street, So. , Peterborough , Ont. , Canada 

207 The DeLaval Separator Co. ( 7/ 23/ 69 ) 
Duchess Turnpike, Poughkeepsie, 1. Y. 12602 

109 Girton Manufacturing Compan y ( 9/ 30/ 58) 
Millville, Pennsylvania 17846 

21 The J. A. Gosselin Co ., Ltd . 9/ 20/ 56 ) 
P. 0. Box 280, Drummondville, Quebec, Canada 

ll4 C. E. Howard Corporation ( 9/ 21 / 59 ) 
9001 Rayo Avenue, South Gate, California 90280 

127 Paul Mueller Company ( 6/ 29/ 60 ) 
' 1616 \V. Phelps Street, Springfi eld , Missouri 65801 

197 Paul Mueller ( Canada ), Ltd. ' ( 9/ 9/ 67 ) 
84 W ellington St, South , St. Marys, Ont. 

213 Sanitary Processing Equipment Corp. ( 3/ 25/ 70 ) 
Butternut Drive E. Syracuse, N. Y. 13057 

31 \Valker Stainless Equipment Co. ( 10/ 4/ 56 ) 
Elroy, VVisconsin 53929 

214R 

212R 

29H. 

63H. 

205H. 

180R 

65H. 

l45H. 

26R 

0204 Pumps for Milk and Milk Products 
· Revis~·d , as Amended 

Ben H. Anderson Manufacturers 
Morrisonville, \Vis. 53571 
Babson Bros. Co. 
2100 S. York Rd. , Oak Brook, Il l. 60621 

5/ 20/70 ) 

2/ 20/70 ) 

Cherry-Burrell Corporation ( 10/ 3/ 56 ) 
2400 Sixth St., S. W. Cedar Rapids, Iowa 52406 
CP Division, St. Regis ( 4/ 29/ 57 ) 
1243 W. Washington Blvd. , Chicago, Illinois 60607 
Dairy Equipment Co. ( 5/ 22/ 69 ) 
1919 So. Stoughton H.oad, Madison, \ iVisc . 53716 
The DeLaval Separator Co. ( 5/ 5/ 66 ) 
Duchess Turnkpike, Poughkeep sie, N. Y. 12602 
G & H Products Corporation ( 5/ 22/ 57 ) 
5718 52nd Street, Kenosh a, Wisconsin 53140 
ITT Jabco, Incorporated ( ll / 20/ 63) 
1485 Dale Way, Costa !V!esa, Cal if. 92626 
Lad ish Co. , Tri-Clover Division ( 9/ 29/ 56) 
2809 60th Street, Kenosha, Wisconsin 53140 

l48H Hobbins & Myers, Inc. ( 4/ 22/ 64!) 
Moyna Pump Division 
1345 Lagonda Ave., Springfi eld, Ohio 45501 

163H Sta-Hite Products, Inc. ( 5/ 5/ 65) 
343 Wright Street, Delavan, \Visconsin 53115 

72H. L . C. Thomsen & Sons, In c. ( 8/15/ 57) 
1303 53rd Street, Kenosha, Wisconsin 53140 

219 Tri-Canada Limited ( 2/15/71) 
21 Newbridge Road, Toronto 18, Ont. 

175H. Universal iv!ilkinv Machine Di v. (10/ 26/ 65) 

52H 

National Cooperatives, Inc. 
First Avenue at College, Albert 
Viking Pump Div.-
Houdaille Industries, Inc. 

Lea, i'v!inn. 56007 

406 State Street, Cedar Falls, 
5R \'Vaukesha Foundry Company 

\Naukesha, \-Visconsin 53186 

(12/ 31/ 56) 
Iowa 50613 

( 7/ 6/ 56) 

0402 Homogeni ze rs and High Pressu re Pumps of the 
Plunger Type, As Amended 

87 Cherry-Burrell Corporation ( 12/ 20/ 57 ) 
2400 Sixth Street, S. \V. , Cedar Rapids, Iowa 52404 

37 CP Division, St. Regis ( 10/19/ 56 ) 
1243 W. Washington Blvd. , Chicago, Illinois 60607 

75 Manton, Inc. ( 9/ 26/ 57 ) 
44 Garden Street, Everett, Massachusetts 02149 

0506 Stainless Steel Automotive Milk Transportation 
Tanks for Bulk Delive.ry and/ or Farm Pick-up Service, 

As Amended 

1311\ Almont W elding Works, Inc. ( 9/ 3/ 60) 
4091 Van Dyke Hoad, Almont, Michigan 48003 

98H. Beseler Steel Products, Inc. ( 3/ 24/ 58) 
417 E as t 29th , Marshfi eld, Wisconsin 54449 

70H Jacob Brenn er Company ( 8/ 5157) 
450 Arlington , Fond du Lac, \ 'Visconsin 54935 

40 Butler Manufacturing Co. ( 10/ 20/ 56) 
600 Sixth Ave., S. E ., iv!inneapolis, Minn. 55ll4 

118 Dairy Craft, Inc. ( 10/ 28/ 59) 
St. Cloud Industrial Park 

66 

123 

121 

45 

80 

85 

144 

71 

47 
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St . Cloud, Minn. 56301 
Dairy Equipment Company ( 5/ 29/ 57) 
1818 So. Stoughton Road, Madison, \Visconsin 53716 
DeLaval Company, Ltd . ( 12/ 31/ 59) 
113 Park Street, South Peterborough, Ont., Canada 
The J. A. Gosselin Co. , Ltd. ( 12/ 9/ 59 ) 
P. 0. Box 280, Drummondvill e, Quebec, Canada 
The Heil Company ( 10/ 26/ 56) 
3000 \ •V. Montana Street, ~vli lwaukee, \~Tiscon sin 53235 
Paul Krohn ert Mfg., Ltd. ( 4/ 1/ 68) 
\'Vest Hill , Ontario , Canada 
Pau l Mueller ( Canada ), Ltd. ( ll / 24/ 57 ) 
84 Wellington Street, So. , St. Marys, Ont., Canada 
Polar Manufac turing Company ( 12/ 20/ 57) 
Holdingford, Minn. 56340 
Portersvill e Equipment Company 5/ 16/ 63 ) 
Portersvill e, Pennsylvania 16051 
Progress Industries, Inc. ( 8/ 8/ 57 ) 
400 E . Progress Sb·ect, Arthur, Illinois 61911 
Trai lmobi le, Div. of Pullman, Inc. ( ll/ 2/ 56 ) 
701 East 16th Ave., North Kansas City, Mo. 64ll6 
A. & L. Tougas, Ltee ( 10/ 3/66) 

, 
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1400 Inlet and Outlet Leak Protector Plug Valves 

for Batch Pasteurizers, As Amended 

122R Cherry-Burrell Corporation ( 12/11/ 59 ) 

2400 Sixth St., S.VV. Cedar Rapids, Iowa 52406 

69 G & H Products Corporation ( 6/10/ 57) 

5718 52nd Street, Kenosha, Wisconsin 53140 

27 Lad ish Co. - Tri-Ciover Division ( 9/ 29/ 56) 

28C9 60th Street, Kenosha, Wisconsin 53140 

78 L. C. Thomsen & Sons, Inc. ( 11/20/ 57 ) 

1303 43rd Street, Kenosha, Wisconsin 53140 

1603 Evaporators and Vacuum Pans for Milk and 

Milk Products, Revised 

132R A.P.V. Company, Inc. ( 10/ 26/ 60 ) 
14207 137 Arthur Street, Buffalo, New York 

11R Blaw-Knox Food & Chemical Equip. , Inc. ( 2/ 12/ 59) 

P. 0 . Box 1401 
Buffalo, N. Y. 14210 

llCH. Arthur Harris & Company ( 11/10/ 58 ) 

210-218 North Aberdeen Street, Chicago, Illinois 60607 

164R Mora Industries, Inc. ( 4/ 25/ 65 ) 

112 South Park Street, 1lora , 1\llinn esota 55051 

107R C. E. H.ogers Company ( 8/ 1/ 58 ) 

8731 Witt Street, Detroit, Michigan 48209 

186R Marriott Walker Corporation ( 9/ 6/ 66 ) 

925 East lvfaple Road, Birmingham, Mich. 48008 

~ 

.. 1702 Fillers and Sealers of Single Service Containers, 

For Milk and Milk Products, As Amended 

192 Cherry-Burrell Corporation ( 1/ 3/ 67 ) 

2400 Sixth St. , S. W ., Cedar Rapids, Iowa 52404 

139 Exact \IV eight Scale Company ( 4/15/ 68) 

944 West Fifth Ave., Columbus, 0 . 43212 

137 Ex-Cell-O Corporation ( 10/17/ 62 ) 

P. 0. Box 386, Detroit, Michigan 48232 

140 General F ilms, Inc. 4/ 23/ 63) 

Covington, Ohio 55318 
142 Polygal Company 4/15/ 63 ) 

Div. of Inland Container Corp. 
P. 0. Box 68074, Indianapolis, Indiana 46268 

210 Twinpak, Ltd. ( 2/ 4/70) 

270 St. Joseph Blvd. , Lachine, Quebec 

211 Twinpak, Inc. ( 2/ 4/70 ) 

1133 Avenue of the Am ericas, New York, N. Y. 10010 

1901 ·Batch and Continuous Freezers, For Ice Cream, 

Ices and Similarly Frozen Dairy Foods, As Amended 

141 CP Division , St. Regis ( 4/15/ 63 ) 

100 C. P. Avenue, Lake Mills, Wisconsin 53551 

146 Cherry-Burrell Corporation ( 12/ 10/ 63) 

2400 Sixth Street, S. W., Cedar Rapids, Iowa 52404 

2201 Silo-Type Storage Tanks for Milk and 

Milk Products 

168 Cherry-Burrell Corporation 6/16/ 65) 

575 E. Mill St., Little Falls N. Y. 13365 

1154 

160 

CP Division , St. Regis 
1243 \•V. Washington Blvd. , 
Dairy Craft, Inc. 
St. Cloud Industrial Park 
St. Cloud , Minn. 56301 

2/10/ 65 ) 
Chicago, Illinois 60607 

( 4/ 5/ 65) 

181 Damrow Company ( 5118/ 66 ) 

196 Western Ave., Fond du Lac, \•Visconsin 54935 

151 

156 C. E. Howard Corporation 3/ 9/ 65) 

9001 Rayo Avenue, South Gate, California 90280 

155 Pau l Mueller Co. ( 2/10/ 65) 

1616 W. Phelps Street, Springfield, Missouri 65801 

195 Paul Mueller (Canada), Ltd. ( 7/ / 67) 

84 \•\/ellington St. , So., St. Mary's, Ont., Canada 

165 vValker Stainless Equipment Co. ( 4/ 26/ 65) 

Elroy, V,Tisconsin 53929 

2300 Equipment for Packaging Frozen Desserts, 

Cottage Cheese and Milk Products Similar to Cottage 

Cheese in Single Service Containers 

174 Anderson Bros. Mfg. Co. ( 9/ 28/ 65 ) 

1303 Samuelson Road, Rockford, Illinois 61109 

209 Doughboy Industries, Inc. ( 7/ 23/ 69 ) 

Machine Division 
869 So. Main Ave., New Richmond, \ i\lisc. 54017 

193 Triangle Package Machinery c ·o. . ( l/31/67 ) 

6655 West Di versey Ave., Chicago, Illinois 60635 

2400 Non-Coi I Type Batch Pasteurizers 

161 Cherry-Burrell Corporation ( 4/ 5/ 65) 

575 E. lvfill St., Little Falls, N. Y. 13365 

158 CP Division,. St. Regis 3/ 24/ 65) 

Fort Atkinson, \ rVisconsin 53538 

187 Dairy Craft , Inc. 9/ 2q/ 66) 

St. Cloud Industrial Park 
St. Cloud , Minn. 56301 

2C8 The DeLaval Separator Co. , ( 7/ 23/ 69 ) 

Duchess Turnpike, Poughkeepsie, N. Y. 12602 

177 Girton Manufacturing Co. ( 2/18/ 66 ) 

Mill ville, Pennsylvania 17846 

166 Paul 1ueller Co. ( 4/ 26/ 65 ) 

1616 W. Phelps Street, Springfield, lvlissouri 65802 

198 Paul Mueller (Canada ), Ltd. ( 9/ 9/ 67) 

84 W elHngton St., So. , St. Marys, Ont., Canada 

2500 Non-Coi I Type Batch Processors for Milk and 

Milk Products 

162 Cherry-Burrell Corporation ( 4/ 5! 65) 

575 E. Mill St. , Little Falls, N. Y. 13365 

159 CP Division, St. H.egis ( 3/ 24/ 65 ) 

Fort Atkinson, Wisconsin 53538 

188 Dairy Craft, In c. 
St. Cloud Industrial Park 
St. Cloud, 1inn. 56301 

9/ 26/ 66) 

167 Paul Mueller Co. ( 4/ 26/ 65 ) 

1616 W. Phelps Street, Springfield , Missouri 64801 

196 Paul Muell er (Canada) , Ltd. ( 7/ 6/ 67) 

84 Wellington St. , So., St. Marys, Ont., Canada 

202 Walker Stainless Equipment Co. ( 9/ 24/ 68) 

1 ew Lisbon , Wis. 53950 
2600 Sifters for Dry Milk and Dry Milk Products 

171 Entoleter, Inc. ( 9/ 1/ 65 ) 

Subsidiary of American Mfg. Co. 

1187 Dixwell Avenue, Hamden, Con11ecticut 06514 

173 Food & Chemical Equipment Div., ( 9/ 20/ 65 ) 

Blaw-Knox Company 
1325 S. Cicero Avenue, .Chicago, Illinois 60650 

185 The Orville-Simpson Co. ( 8/10/ 66) 

1230 Knowlton St. , Cincinnati, Ohio 45223 

176 Sprout, Waldron & Co., In c. ( 1/ 4/ 66) 

Munsy, Pennsylvan ia 17756 

172 SWECO, Inc. 9/ 1/ 65 ) 

6111 E . Bandini Blvd. , Los Angeles, California 90022 
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1 Tougas St., lberville, Quebec, Canada 
25 Walker Stainless Equipment Co. ( 9/ 28/ 56 ) 

New Lisbon , \Visconsin 53950 

0808 Fittings Used on Milk and Milk Products 
Equ ipment, and Used on San itary Lines Conducting 

Milk and Milk Products, Revised 

79H. 

l38R 

82R 

124R 

184H. 

67R 

199H. 

2G3H. 

204R 

34R 

200R 

149R 

89R 

73R 

191H 

15iH 

215H. 

86H. 

218 

Alloy Products Corporation ( 11/ 23/ 57 ) 
1045 Perkins Avenue, \Vaukesha, \ Visconsin 53186 
A.P.V. ( Canada ) Equipment, Ltd. ( 12/17/ 62 ) 
103 H.ivalda Rd ., \•Veston, Ont. , Canada 
Cherry-Burrell Corporation ( 12/ 11/ 57 ) 
2400 Sixth Street, S. \ V . Cedar Rapids, Iowa 52406 
DeLa val Company, Ltd. ( 2/18/ 60 ) 
113 Park Street, South , Peterborough, Ont. , Canada 
The DeLm,al Separator Co. ( 8/ 9/ 66 ) 
Duchess Turnpike, Poughkeepsie, N . Y. 12602 
C & H Products Corporation ( 6/10/ 57 ) 
5718 52nd Street, Kenosha , ·wisconsin 53140 
Grayco, Inc. ( 12/ 8/ 67 ) 
60 Eleventh Ave., N .E., l\lfinneapolis, 1inn. 55413 
Grinnell Compan y ( 11/ 27/ 68) 
260 W. Exchange St., Providence, R. I. 02901 
Hills McCanna Compan y ( 2/10/ 69 ) 
400 ]'Vlaple Ave., Carpentersville, Ill. 60110 
Lad ish Co., Tri-Ciover Division ( 10/ 15/ 56 ) 
2809 60th St., Kenosha, ·wisconsin 53140 
Paul Mueller Co. ( 3/ 5/ 68) 
1616 Phelps St. , Springfield , Mo. 65601 
Q Controls 
Occidental, California 95465 
Sta-Rite Industries, Inc. 
343 Wright Street, Delavan , Wis. 53115 
L. C. Thomsen & Sons, Inc. 

( 5/18/ 64 ) 

( 12/ 23/ 68 ) 

( 8/ 31/57 ) 
53140 

( 11/ 23/ 66 ) 
1303 43rd Street, Kenosha, ''' isconsin 
Tri-Canada Fittings & Equipment, Ltd. 
21 Tewbridge Road , Toronto 18, Ontario 
Tubular Components, In c. ( 11/18/ 64 ) 

N~w York 13057 Butternut Drive, East Syracuse, 
Universal Milking Machin e Div., 
National Cooperati ves, Inc. , 

. ( 7/ 31/ 70 ) 

First Avenu e at College, Albert Lea, Minn. 
\•Vaukesha Specia lty Compan y 
\•Valworth , Wisconsin 53184 
Highland Equipment Corporation 
175 Stockholm St. Brooklyn, 1 .Y. 11237 

56007 
( 12/ 20/ 57) 

( 2/12/71 ) 

0902 T.hermometer Fittings and Connections Used 
on Milk and Milk Products Equipment and 

Supp lement 1, As Amended 

32 Taylor Instrum ent Companies ( 10/ 4/ 56 ) 
95 Am es Street, Hoch ester, New York 14611 

206 The Foxboro Company ( 8/11/ 69 ) 
Neponset Ave., Foxboro, !\lass . 02035 

1002 Milk and Milk Products Filters Using Disposable 
Filter Media, As Amended 

35 La dish Co., Tri-Ciover Division ( 10/ 15/ 56 ) 
2809 60th Street, Kenosha, Wisconsin 53140 

1102 Plate -Type Heat Exchangers for Milk and Mil k 
Products, As A me nded 

20 A.P.V. Compan y, Inc. ( 9/ 4/ 56 ) 
137 Arthur Street, Buffalo, New York 14207 

30 Cherry-Burre ll Corporation ( 10/ 1/ 56 ) 
2400 Sixth Street, S.\V.,. Cedar Hapids, Iowa 52404 

14 Chester-Jensen Co. , Inc. ( 8/15/ 56) 
5th & Tilgham Streets, Chester, Pennsylvania 1901,3 

38 CP Division , St. H. egis ( 10/19/ 56) 
1243 \V. Washin gton Blvd ., Chicago, Illinois 60607 

120 DeLaval Compan y, Ltd. ( 12/ 3/ 59 ) 
113 Park Street, South, Peterborougl1, Ont. , Can. 

17 The DeLaval Separator Company ( 8/ 30/ 56) 
Duchess Turnpike, Poughkeepsie, N. Y. 12602 

15 Kusel Dairy Equipment Co;11pany ( 8/15/ 56 ) 
100 \V. Milwaukee Street, \Vatertown , \Visconsin 53094 

1202 Internal Return Tubular Heat Exchangers, 

for Milk and Milk Products, As Amended 

103 Chester-Jensen Compan y, Inc. ( 6/ 6/ 58 ) 
5th & Tilgham Street, Chester, Pennsylvania 19013 

96 C. E. Hogers Company ( 3/ 31/ 64) 
8731 Witt Street, Detroit, Michigan 48209 

152 The DeLaval Separator Co. ( 11 / 18/ 69) 
350 Duchess Turnpike, Poughkeepsie, N. Y. 12602 

217 Girton Manufacturing Co. ( l/23/ 71) 
Mill ville, Pa. 17846 

1303 Farm Milk Cooling and Holding Tanks­

Revised, As Amended 

11R CP Division , St . Hegis ( 7/ 25/ 56) 
1243 W. Washington Street, Chicago, Illinois 60607 

119H. Dairy Craft, Inc. (10/ 28/ 59) 
St. Cloud Industria l Park, St. Cloud, Minn . 56301 

4H. Dairy Equipment Compan y ( 6/15/ 56) 
1919 S. Stoughton Hoad , Madison , Wisconsin 53716 

92H. DeLaval Compan y, Ltd. ( 12/27/ 57) 
113 Park Street, South Peterborou gh, Ontario, Canada 

49H The DeLaval Separator Company 
Duchess Turnpike, Poughkeepsie, N. Y. 

10H Girton Manufacturing Company 
Millvill e, Pennsylvania 17846 

( 12/ 5/ 56) 
12602 

7/ 25/ 56) 

95H Globe Fabricators, Inc. ( 3/14/ 58) 
7744 Madison Street, Paramont, California 90723 

179H. Heavy Duty Products ( Pres ton ), Ltd. ( 3/ 8/ 66) 
635 Laurel St. , Preston , Ont. , Canada 

12H. Paul Mueller Company ( 7/ 31/ 56 ) 
1616 W. Ph elps Street, Springfield , Missouri 65801 

58 H. Schweitzer's if eta! Fabricators, Inc. ( 2/ 25/ 57) 
8C6 No. Todd Avenu e, Azusa, California 91702 

134H. Uni versal Milking i\ lnchin e Division ( 5/19/ 61) 
National Co-operati ves, Inc. 
First Avenu e at Coll ege, Albert Lea, Minn. 56007 

2161\ Valco Manufacturing Company ( 10/ 22/70) 
3470 H.andolph St. , Huntington Pk. , Calif. 90256 

42H VanVetter, In c. (10/ 22/ 56) 
2130 Harbor Avenu e S.VV. , Seattle, \ :Vashington 98126 

18H VVhirlpool Corporation , St. Paul Division ( 9/ 20/ 56) 
850 Arcade Street, St. Paul, •linn esota 55106 

55H. John Wood Company ( l/23/ 57) 
Superior Metalware Division 
509 Front Avenue, St. Paul , Minnesota 55117 

170H. The \V. C. Wood Co. , Ltd. ( 8/ 9/ 65) 
5 Arthur Street, South , Guelph , Ont. , Canada 

16H. Zero Manufacturin g Compan y 
Washington, Missouri 63090 

( 8/ 27/ 56) 

, 

, , 
( 

•• . 
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E-3-A SANITARY STANDARDS FOR MULTIPLE-USE RUBBER 
AND RUBBER-LIKE MATERIALS USED AS PRODUCT CONTACT 

SURFACES IN EGG PROCESSING EQUIPMENT 
Serial #E-1800 

Formulated by 
International AssoC'iatio·n of M·ilk, Food and Environmental San'itar·ians 

United States Public Health Service 
United States Department of Agriculture 
Inst-itute of American Poultry Industr·ies 

Dairy and Food Industries Supply Association 

It is the purpose of the IAJ\IIFES, USPHS, USDA, IAPI, and DFISA in connection with the development 
of the E-3-A Sanitary Standards program, to allow and encourage full freedom for inventive genius or new 
developments. 

Multiple-Use Rubber and Rubber-Like Materials to be used as product contact surfaces in egg proc.essing 
equipment heretofore or hereafter developed which so differ in specifications or otherwise as not to con­
form with the following standards, but which in the opinion of the manufacturer or fabricator are equivalent 
or better, may be submitted at any time for the consideration of IAM:FES, USPHS, USDA, IAPI, and 
DFISA. 

A. SCOPE 
These sanitary standards cover the requirements of 
rubber and rubber-like materials for multiple use 
'as . product contact surfaces in equipment for pro­
duction, processing, and handling of liquid egg and 
egg products. Test criteria are provided for rubber 
and rubber-like materials as a means of determining 
their accep tance as to their ability to be cleaned 
and to receive effective bactericidal treatment and 
to maintain their essential properties under repeat­
ed use conditions. In order to conform with these 

; E-3-A Sanitary Standards multiple-use rubber and 
rubber-like materials shall comply with the fol­
lowing material, physical properties and fabrica­
tion criteria. 

B. DEFINITIONS 
Foi· the pmpose of these sanitary standards, the 
following definitions and classifications shall ap­
ply: 

(1) R UBBER AND RUBBER-LIKE MATE­
RIALS: Shall mean resilient (see Appendix A) 

compounds having natural and/or synthetic 
origins deriving their physical and chemical 
properties from chemical vulcanization. 
(2) TEMPERATURE OF EXPOSURE: Tem­
peratures to which material is subjected in con­
tact with the product and/or cleaning and bac­
tericidal trea tment. 
(3) CLASSIFICATIONS: 

Class I-Temperature of exposure to product up 
to 300°F, and temperature of exposure to chem-

ical solution used in cleaning and bactericidal 
treatment up to 180°F. This classification ap­
plies when 50% or more of the entire surface 
area is in contact with the product. 

Class II-Temperature of exposure to product up 
to 300°F, and temperature of exposure to chem­
ical solution used in cleaning and bactericidal 

· treatment up to 180°F. This classification ap­
plies when less than 50% of the entire surface 
area is in contact with the product. 

Class III-Temperature of exposure to product 
up to 120°F, and temperature of exposure to 
chemical solution used in cleaning and bacteri­
cidal treatment up to 180°F. This classifica­
tion applies when less than 50% of the entire 
surface area is in contact wi th the product. 
Class IV-Temperature of exposure to product 
up to 100°F , and temperature of exposure to 
chemical solution used in cleaning and bacterici­
dal h·ea tment up to 180°F. 
Note: See Appendix B for examples. 

C. MATERIAL 
Rubber and rubber-like material having any sur­
face in contact vvith the product shall be non-toxic, 
relatively non-absorbent, relatively resistant to fat, 
resistant to normal cleaning and bactericidal solu­
tions , readily cleanable, relatively insoluble, rela­
tively stable in the environment oLits intended use, 
and shall not adversely affect the product. 
The minimum physical properties of the finished 
rubber and rubber-like materials, as determined by 
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the testing procedures specified, are the following: 

I. Absorption 

Class 
I 

1. Butteroil' 22 + 

1/ 4 hour @158°F, 
(ASTM #D471) 
Maximum hardness 
change, type 
Shore A points 6 
Maximum loss 
or gain-

% by WT. 5 
%by Vol. 5 

2. Distilled water: 
22 + 1/ 4 hour 
@ 158°F (ASTM 
#D471 ) Maximum 
hardness change, 
type Shore 
A points 6 

Maximum loss 
or gain 

% by WT. 
% by Vol. 

II. Stability 

1. Air Aging 
( ASTM #D573 ) 
lvlaximum hard­
ness change, 
type Shore A 
points 166 + 1/2 
hour Air Oven 

5 
5 

@ 212°P 20 

166 ± l/2 hom 
Air Qven 
@ 158°F3 

2. Original Tensile 
Strength, psi 
minimum (Sample 
prepared according to 
ASTM #D412 ) 500 

Class 
II 

15 

25 
25 

10 

15 
15 

20 

500 

Class 
III 

20 

25 
25 

10 

15 
15 

15 

500 

Class 
IV 

20 

60 
75 

10 

20 
25 

15 

500 

'Butteroil may be prepared by melting butter at 150°F , 

placing in a graduate and pouring off th e oi l portion on top. 

It will be approximately 97% milk fat. 
2For Class l and II only. 
3For Class Ill and lV onl y. 

3. Original Elongation, 
%minimum 
( Sample prepared 
according to ASTM 

Class Class 

I II 
Class 

III 
Class 

IV 

#D412 ) 75 75 75 75 

4. Original Hard­
ness Range, 
Durometer Type 
Shore A points 
( ASTM #D676) 

D . FABRICATION 

50-90 40-90 35-90 30-90 

The surface of finished rubber or rubber-like fab­
ricated parts shall be at least as cleanable as stain­
less steel having a 120 grit finish properly applied. 
Conformance with this item shall be judged by 
comparing the removal of standard soil from finish­
ed rubber or rubber-like fabricated parts with the 
removal of such soil from stainless steel having a 
120 grit finish. 

APPENDIX A 

Hard Rubber 

Hard rubber is a vulcanized rubber having a ratio 
of combined sulfur to rubber hydrocarbon in ex­
cess of 15% and a Shore A Durometer value in 
excess of 90. It is not considered a part of this 
standard due to its special characteristics foreign 
to rubber as normally used in the egg processing 
industry. 

APPENDIX B 

Examples 

Rubber classes, as provided for in B. ( 3) : 

Class I-Some heat exchanger gaskets, "0 " rings, 
C-I-P gaskets, flange gaskets, rotating seals. 

Class II- Plate heat exchanger gaskets, homogen­
izer seals, sta tic seals. 

- Class III-Cold applications such as egg and air 
tubing, manhole and door gaskets, seals . 

Class IV -Conveyor spools, vacuum lifters. 

These standards shall become effective May 7, 

1971. 

, 

\ .. 
I 

' 
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E-3-A ACCEPTED PRACTICES FOR SUPPLYING AIR UNDER 

PRESSURE IN CONTACT WITH LIQUID EGG AND EGG 
PRODUCTS AND PRODUCT CONTACT SURFACES 

Serial #E-60400 

Formulated by 

International Association of Milk, Food and Environmental Sanitarians 

United States Public Health Service 

United States Department of Agr·iculture 

Institute of American Poultry Industries 

Dairy and Food Industries Supply Association 

It is the purpose of the IAi'viFES, USPHS, USDA, IAPI and DFISA in connection with the development of 

the E-3-A Sanitary Standards program to allow and encourage full freedom for inventive genius or new de­

velopments. Practices for supplying air under pressure heretofore or hereafter developed which so differ 

in material, fabrication and installation or otherwise as not to conform with the following practices, but 

which, in the opinion of the operator, manufacturer or fabricator are equivalent or better, may be submitted 

for the joint consideration of IAMFES, USPHS, USDA, IAPI and DFISA, at any time. 

A. SCOPE 

These E-3-A Accepted Practices shall pertain to the 

equipment used in the supplying of air under pres­

sure which comes in contact with liquid egg and 

egg products and/or any product contact surface. 

All equipment for supplying air as defined herein 

shall be considered meeting these E-3-A Accepted 

Practices when they comply with C. Material, D. 

Fabrication and Installation, and the applicable 

Special Requirements E., F., G. , H. , or I., as speci­

fied hereafter. 

B. DEFINITIONS 

(1) AIR UNDER PRESSURE: Shall mean air, the 

pressure of which has been increased by me­

chanical means to exceed ahnospheric pressure, 

and which is used for agitation of liquid egg 

and egg products, the movement of liquid egg 

and egg products, the automatic opening of 

containers, the drying of product contact sur­

faces, and for other purposes where specifical­

ly directed at a product contact surface. 

(2 ) LOW PRESSURE AIR: Shall mean air un­

der pressure which does not exceed 300 p.s.i. 

() . 

(3) HIGH PRESSURE AIR: Shall mean air un­

der pressure which is in excess of 300 p.s.i. 

( 4) AIR SYSTEMS: Air systems are of two gen­

eral categories: 
(a) Central System: Shall mean those which 

furnish air to more than one piece of equip­

ment. (See Figure To. 1). Such systems usual­

ly require the use of an air storage tank. 

(b) Individual System.: Shall mean those 

which furnish air to one piece of equipment, 

and which may be an integral part of a given 

piece of equipment. (See Figures No. 2, No. 

3 and No. 4). 

(5) PRODUCT: Shall mean whole egg, egg yolk, 

egg '''bite, blends with or without added ma­

terials and in a liquid or frozen or dried form. 

(6 ) PRODUCT CONTACT SURFACE: Shall 

mean all surfaces that are exposed to the 

product, or from which liquid may drain, drop 

or be drawn into the product. 

(7) NON-PRODUCT CONTACT SURFACE: 

Shall mean all other exposed surfaces. 

C. MATERIAL 

( 1) FILTER MEDIA 
Intake and air pipeline filters shall consist of 

fiberglass, cotton flannel, wool flannel, spun 

metal, sintered metal, activated carbon, ac­

tivated alumina, non-woven fabric , absorbent 

cotton fibre, electrostatic, or other suitable ma­

terials which, under conditions of intended 

use, are non-toxic and non-shedding and which 

do not release toxic volatiles or other contam­

inants to the air, or volatiles which may im­

part any flavor or odor to the product or in­

terfere with organoleptical examination of the 

product. Chemical bonding materials con­

tained in the media shall be non-'toxic, non­

volatile and insoluble under all conditions of 

use. Disposable media are not intended to 

be cleaned and re-used. 

(2) FILTER PERFORMANCE 

(a) Intake Filters: The efficiency of intake 

filters shall be at least 50% as measured by 
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the National Bureau Standards "Dust Spot 
Method": using atmospheric dust as the tes t 
aerosol. In an aggravated atmospheric en­
vironment, e.g., industrial district, prefilters 
are recommended to prolong the useful life 
of intake filters. 

(b) Air P'ipeHne and Disposable Filters: The 
efficiency of either air pipeline filters or dis­
posable filters shall be at least 50% as measur­
ed by the DOP2 test. 

( 3) PIPING: Air distribution piping, fittings, and 
gaskets between the downstream terminal fil­
ter and the processing equipment shall conform 
to "3-A Sanitary Standards for Fittings Used 
on ~ililk and Milk Products Equipment and 
Used on Sanitary Lines Conducting Milk and 
Milk Products, Serial #0809". 
Exceptions to this requirement are made 

( l ) For compressing equipment of the fan 
type, blower type or high pressure type. 

( 2) As provided in Section H. 

( 3) For the use of transparent plastic tubing 
in air distribution piping in which the pip­
ing, fittings and gaskets do not actually 
contact the product or form a part of the 
product contact surfaces. 

D. FABRICATION AND INSTALLATION 

( 1) Mr Supply Equipment: 

(a) The air supply shall be, taken from a 
clean space or from relatively clean outer 
air and shall pass through a filter up­
stream from the compressing equipment. 
This filter shall be so located and con­
striJcted that it is easily accessible for ex­
amination, and the filter media are easily 
.removablG. for cleaning or replacement. 
This filter shall be protected from weath-

. er, drainage, water, product spillage, and 
physical damage. 

(b) Relatively oil free air may be produced by 
one of the following known methods or its 
equivalent: 

( i ) Use of carbon or teflon ring piston, or 
diaphragm type, or water-lubricated 
compressors. 

1 For a description of this method see: Di ll , R. S. A test 
method for air filters. American Society Heating and Vent. 

Eng. Trans., Vol. 44, P. 379, 1938. 
2 Dioctylphthalate fog method ( "DOP" ). For a description of 
this tes t see: ~vli litary Stanclnrcl No. 282 ( M LL-STD-282, 28 
1\lay, 1956) Method 102.9 .1; Naval Supply Depot, 5801 

Tabor Avenue, Philadelphia, Pa. 19120. 

( ii ) Use of oil-lubricated compressors 
with effective provision for removal of 
oil. 

( iii ) Water-lubricated or non-lubricated 
blowers. 

(c) ·where it is necessary to store air, an air 
tank ( s), if used, should meet the require­
ments of ASME and/or National Board of 
Underwriters Code for unfired pressure 
vessels. 

(2) MOISTURE REMOVAL EQUIPMENT: If 
necessary to cool the compressed air, a liquid­
cooled aftercooler shall be installed between 
the compressor and the air storage tank for 
the purpose of removing moisture from the 
compressed air, except that a compressor the 
design of which incorporates the aftercooling 
function does no t require a separate aftercool­
er. (See Figure To. 1). Other moisture re­
moval equipment may be used downstream 
from the compressing equipment prior to the 
final point of application . The resultant con­
densate from the aftercooler shall flow to a 
properly trapped outlet and shall be discharg­
ed to the atmosphere. 

(3) FILTERS AND MOISTURE TRAPS: 

(a) Filters shall be constructed so as to as­
sure effective passage of air through the 
filter media only. 

(b) The air under pressure shall pass through 
an oil-free filter and moisture trap for re­
moval of solids and liquids. The filter 
and trap shall be located in the air pipe­
line downstream from the compressing 
equipment, and from the air tank, if one 
is used (See Figures No. 1 and No. 2). 
The fi lter shall be readily accessible for 
examination, cleaning, and for replacing 
the filter media. The moisture trap shall 
be equipped with a petcock or other means 
for draining accumulated water. Air 
pipeline filters and moish1re traps down­
sh·eam from compressing equipment shall 
not be required where the compressing 
equipment is of the fan or blower type 
(See Figures No. 3 and No. 4). 

(c) A disposable media filter shall be located 
in the sanitary air pipeline upstream from 
and as close as possible to each point of 
application or ultimate use of the air (See 
Figures No. 1 and No. 2) except that a 

, 
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disposable media filter shall not be re­
quired for high pressure air lines or where 
the compressiQg equipment is of the fan 
or blower type (See Figures No. 3 and 
No. 4). 

(d) Filters other than those in (b) above 
shall not be required on high pressure 
lines. 

(4) A IR PIPING : The requirements of D.(4 )(a) 
which follow do not apply where the compress­
ing equipment is of the fan or blower type. 

(a) The air piping from the compressing 
equipment to the filter and moisture trap 
described under D . ( 3 ) (b) shall be read­
ily drainable. 

(b) A product check valve of sanitary design 
which complies with the criteria set forth 
in Section E.1 of "3-A Sanitary Standards 
for Fittings Used on lvlilk and Milk Prod­
ucts Equipment and Used On Sanitary 
Lines Conducting :Milk and :tvlilk Prod­
ucts, Serial #0809" shall be installed in 
the air piping downstream from the dis­
posable media filter described in D. ( 3) 
(c) to prevent backflow of product into 
the air pipeline; except that a check valve 
shall not be required if the air piping en­
ters the product zone from a point high­
er than the product overflow level which 
is open to atmosphere. These criteria do 
not apply to high pressure air lines. (See 
section I. ) . 

E. SPECIAL REQUIREMENTS FOR AGITATION 

BY AIR 

( 1 ) Tubing used to introduce air into the product 
and/ or product zone shall be of stainless steel 
and shall conform to "3-A Sanitary Standards 
for Fittings Used on i\llilk and Milk Products 
Equipment and Used on Sanitary Lines Con­
ducting Milk and Milk Products, Serial #0809". 

(2) To threaded fitting shall be used in the prod­
uct zone. 

( 3) ·w here drilled or perforated pipe is used, in­
ternal drilling burrs shall be removed and the 
orifices shall be chamfered on the outer sur­
face of the pipe. 

( 4) If the volume of the air from the compressing 
equipment is in excess of that required for 
satisfactory agita tion, suitable means should be 
employed to eliminate the excess volume . . ' 

( 5) If the product to be agitated is in an enclosed 
tank, means to allow the air used for agitation 
to escape should be provided on the tank by 
a vent or a safety valve as described in F. ( 2). 

F. SPECIAL REQUIREMENTS FOR THE MOVE­
MENT OF PRODUCTS BY THE AIR DISPLACE­
ME IT METHOD. 

(1 ) The requirements of E.(1), E(2) and E.(3) 
shall also apply to this section. 

( 2) A safety (pressure relief) valve should be in­
stalled in the air line. This valve should be 
set to open upon reaching a pressure not 
greater than the maximum ·allowable ·internal 
vvorking pressure specified by the manufactur­
er of tank from which the product is to be 
moved. This safety valve should have ample 
capacity to pass freely the entire output of 
the compressor. 

( 3) The safe ~nternal working pressure of the 
tank should be stated on a plate attached tp 
the tank 

( 4) The check valve specified in D . ( 4) (b) shall 
be installed in the air piping wherever air is 
used for displacement purposes . 

G. SPECIAL REQUIREME TS FOR AIR WHICH 
IS TO BE INCORPORA TED I PRODUCTS 

An air system in which the air is compressed 
by a sanitary rotary pump shall require only 
an intake air filter which shall be of the dis­
posable media type. Ton-sanitary air line 
should be pitched away from sanitary air inlet 
pipeline, or a transparent sump shall be pro­
vided to collect any moisture or scale that may 
originate from the non-sanitary air line. 

H. SPECIAL REQUIREMENTS FOR MOVING 
CO TAINERS FROM ROTATING MAN DRELS 

( 1) \Vhen air under pressure is used for moving 
containers from rotating mandrel assemblies 
vvith integral air passages, the parts forming 
the air passages shall be of non-toxic, relative­
ly non-absorbent materials. 

( 2) A disposable media filter shall be located at 
the closes t possible point upstream from the 
rotating mandrel assembly. (See Figure No. 
5). 

I. SPECIAL REQUIREMENTS FOR HIGH PRES­
SURE AIR WHICH IS TO BE I CORPORATED 

IN PRODUCTS 
When high pressure air is to be incorporated in 

products: 
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( 1) Stainless steel p1pmg, tubing, and fittings in 
conformity with applicable ASA Standards for 
high pressure air should be used downstream 
from the filter. 

should be installed upstream from and as near 
as possible to the point of inh·oduction of air 
to the product line. 

These Practices shall become effective May 7, 
1971. ( 2) A high pressure stainless steel check valve 
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E-3-A ACCEPTED PRACTICES FOR PERMANENTLY INSTALLED 
SANITARY PRODUCT-PIPELINES AND CLEANING SYSTEMS 

Serial #E-60500 

Fmmulated by 
International Association of M'illc, Food and Environmental Sanitarians 

United States Public H ealth Service 
Un-ited States Department of Agricult-ure 
Institute of American Poultry Industries 

Da·iry and Food Industries Supply Association 

It is the purpose of the IAMFES, USPHS, USDA, IAPI, and DFISA in connection with the development 

of the E-3-A Sanitary Standards program, to allow and encourage full freedom for inventive genius or new 

developments. 

Practices for permanently installed sanitary product-pipelines and cleaning sys tems heretofore or hereafter 
devf loped which so differ in design, material, fabrica tion , or otherwise as not to conform with the following 

prac tices, but which, in the fabricator's opinion, are equivalent or better may be submitted for the joint 
consideration of IAMFES, USPHS, USDA, IAPI, and DFISA at any time. 

A. SCOPE 

These E -3-A Accepted Practices provide for the in­
stall ation, cleaning, and sanitizing of rigid sanitary 
pipelines for liquid eggs and liquid egg products 
in which the joints are welded or are provided with 
appropriate sanitary C-I-P connections. These 
E-3-A Accepted Practices also include provisions 
for rigid cleaning solution lines and cleaning sys­
tems. 

B. DEFINITIO NS 

( l ) C-I-P Pipelin es: Shall me~n rigid pipelines 
which have ·welded joints or hqve sanitary cleaned­
in-pl ace connections or joints of such design as to 
form a substantially smooth, flush interior surface. 

(2) Tungsten Shielded Arc Method: Shall mean 
elec tric welding with a tungsten electrode shield­
ed by an inert gas, to produce a straight butt fu-
sion \¥eld. ' 

( 3 ) Product Contact Surfaces : Shall mean all sur­
faces th at are exposed to the product or from which 
liqu ids may drain, drop, or be drawn in to the 
product. . 

( 4) Solut-ion Contact Surfaces: Shall mean the in­
terior surfaces of the circuit which are used ex­
clusively for supply and re-circulation of cleaning 
and/or sanitizing solutions. 

( 5) Non-Product Contact Surfaces: Shall mean all 
other exposed surfaces. 

C. MATERIALS 

( 1 ) All product contac t surfaces shall be of stain-

less steel of the AISI 300 series1 or corresponding 
ACI' types (See Appendix, Section A), or equally 
corrosion resistan t metal that is non-toxic and non­
absorbent or hea t resistant glass piping, except that 
rubber or rubber-like materials or plastic materials 
may be used for sealing applica tions. Paper gas­
kets shall not be used. Metal with free copper 
shall not be used. 

(2) Solution contact surfaces shall be of stainless 
steel of the AISI 300 series1 or corresponding ACI' 
types (See Appendix, Section A.), or equally cor­
rosion resistant metal that is non-toxic and non­
absorbent or of heat resistant glass piping: provid­
ed that plastic or rubber and rubber-like materials 
may be used for sealing applica tions and short 
fl exibl e take-down jumpers or connectors. 

( 3) Plastic materials used for sealing applications 
and solution contact surfaces shall conform with the 
applicable provisions of the "3-A Sanitary Stand­
ards for Multiple-Use Plastic Materials Used as 
Product Contact Surfaces for D airy Equipment, 
Serial #2000.", as amended. 

( 4) Rubber and rubber-like materials used for seal­
ing applications and solution contact surfaces shall 
conform with "E-3-A Sanitary Standards for Multi­
ple-Use Rubber and Rubber-Like Materials Used 

1The data for this series nre con tained in the following refer­
ence: AISI Steel Products Manual, Stainless and Heat Re­
sisting Steels, April, 1963, Table 2-1, pp. 16-17. Available 
from: American Iron and Steel Institute, 633 3rd Aven ue, 
New York, N.Y. 10017. 
2Alloy Casting Institute, 300 ll !adison Ave., New York, N.Y. 
10017. 
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as Product Contact Surfaces in Egg Equipment, 
Serial #1800-E." 

( 5 ) Lines and fittings for the application of air 
under pressure shall comply with the applicable 
provisions of "E-3-A Accepted Practices for Supply­
ing Air Under Pressure in Contact With Egg Prod-

ucts , and Product Contact Surfaces, Serial #60400." 

D. FABRICATION 

( 1 ) All product contact surfaces of sanitary piping 
utilized in C-I-P systems shall be at least as smooth 
as a No. 4 mill finish on stainless steel sheets. 
(See Appendix, Section B.). 

(2) (a) All solution contact surfaces except those 
of castings for pumps or other appurte­
nances shall be at least as smooth as No. 
4 mill finish on stainless steel sheets. This 
does not preclude the use of stainless 
steel sheets with 1 o. 2B pit fr ee finish for 
all solution contact surfaces. 

(b) The solution contact surfaces of castings 
for pumps or other appur tenances shall 
be at least as smooth as ACI Surface In­
dicator Scale SIS-3, (See Appendix, Sec­
tion D. ) and shall be at least as clean­
able as stainless steel sheet having a No. 
4 mill finish. Tooled or polished areas of 
castings for pumps and appurtenances 
shall be at least as smooth as a No. 4 mill 
finish on stainless steel sheets. (See Ap­
pendix, Section B.) . 

( 3) Product lines and equipment shall have C-I-P 
fittings or welded joints. 

( 4) Solution lines and equipment shall have C-I-P 
fittings or welded joints. 

( 5) Welded joints shall be smooth and free from 
pits, cracks, inclusions, or other defects. 

( 6 ) Removable fittings may be used with or with­
out gaskets and shall be of such design as to form 
substantially flush interior joints. 

( 7) Appurtenances having product contact sur­
faces shall be cleanable, either when in an as­
sembled position or when disassembled and shall be 
accessible for inspection to determine freedom 
from biological, chemical or physical soil contami­
nation. Removable parts shall be readily de­

mountable. 

( 8) All internal angles of 135° or less on product 
.contact surfaces shall have minimum radii of 1/4 
inch except where smaller radii are required for 
essential functional reasons, such as sealing ring 
grooves and/ pumps. 

( 9 ) All internal angles of 135° or less on solution 

contact surfaces shall have minimum radii of 1/4 
inch except where smaller radii are required for 
essential fun ctional reasons, such as for sealing ring 
grooves and in pumps. 

( 10 ) All solution contact surfaces shall be clean­
able, either when in an assembled position or when 
disassembled. They shall con tain no pockets or 
crevices that are not readily cleanable. Removable 
parts shall be readily demountable. Solution sys­
tem appurtenances shall be accessible' for inspec­
tion to determine freedom from biological , chem­
ical , or physical so il contamination . 

( 11 ) Non-product contact surfaces shall have a 
smooth finish , be free of pockets and crevices, and 
be readily cleanable. 

E. IN STALLATION 

C-I-P pipeline circuits shall meet the following in­
stallation criteria : 

( 1 ) The C-I-P pipelines together with gaskets, if 
used, shall be supported so that they remain in 
alignment and . p.osition. The support system shall 
be designed so as to preclude electrolytic action 
between support ( s) and pipeline ( s). 

( 2 ) Each separate cleaning circuit, including prod­
uct and solution lines, shall be provided with a 
sufficien t number of access points, such as valves, 
fittings, or removable sections to make possible 
adeC]uate inspections and examinations of the 
interior surfaces. 

( 3) Relatively horizontal lines shall be self-drain­
ing and pitched to drain points. 

( 4) Upon completion of welded pipeline instal­
lation and prior to use all interior line and weld 
areas shall be subjected to circulation of cleaning 
solution of 0.5 to 1.0% alkalinity at a minimum of 
160°F. for 30 minutes, followed by an adequate 
post rinse, followed by circulation of a 0.5% mini­
mum and 1% maximum phosphoric or nitric acid 
solution at 150-180°F. for 10 minutes to clean all 
interor surfaces of ferric impurities. This treat­
ment shall be followed by an adequate rinse. 

F . L AYOUT AND ENGINEERING REQUIRE­

MENTS 

( 1) Prior to installation a drawing or equivalent 
plan shall be made available to the regulatory 
agency by the processor for each installa tion, or 
subsequent addition or modification , showing each 
permanent circuit to be cleaned, noting thereon 
the size and lengths of piping, fittings, pitch, drain 
points, access points, relative elevations, location 
and specifications of circulating unit, and other 

pertinent facts. 
(2) The circulating unit, consisting of a motor 
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TABLE I 
TIME, IN SECONDS, TO DELIVER 10 GALLONS AT VARIOUS VELOCITIES 

Average velocity, feet per second 

Nominal Inside 
Pipe Dim en-
Size sian 1 2 3 4 5 6 7 8 9 10 

Inches Stainless Steel Sanitary Tubin& 

1 0.900 301.2 150.6 100.3 
1-}f 1.400 124.7 62.4 41.5 
2 1.875 70.1 35.0 23.3 
2-J~ 2.375 43.6 21.8 14.3 
3 2.875 29.8 14.88 9.9 
4 3.844 16.8 8.4 5.6 

Glass Pipe 
1.157 245.1 122.6 81.6 

l-J2 1.672 108.9 54.5 36.3 
2 2.172 61.3 30.6 20.4 
3 3.203 27.2 13.6 9.1 
4 4.265 15.3 7.6 5.13 

driven pump and solution tank, shall provide a 
minimum average solution velocity at any instant 
of not less than five feet per second thi·ough each 
pipe and/or fitting in the circuit. In split flow ar­
rangement, pressure differential must be maintain­
ed to assure the five feet per second minimum flow 
rate. This operation is to be checked by observa­
tion and tests. The rate of flow per second through 
the piping of known diameter can be determined 
from Table I. 

. ( 3) C-I-P systems shall be designed so that the 
·suction intake of the primary .circulating pump 
shall be flooded at all times during the cleaning 
cycle. 

( 4) Solution temperature shall be automatically 
controlled by the use of a temperature regulator 
with a response range of -+- 5°F. 

( 5) The system ·shall be provided with a recording 
thermometer having a scale range of 60° to 180°F. 
with extension of scale on either side permitted; 
graduated in time scale divisions of not more than 
15 minutes. Between llOo and 180°F., the chart 
shall be graduated in temperature divisions of not 
more than 2°F ., spaced not less than 1/16 inch 
apart, and be accurate within 2°F. -+-. The sensor 
shall be protected against damage at 212°F. The 
sensing element of the recording thermometer shall 
be located in the return solution line. · 

( 6) All connections between the solution circuit 
and the product circuit shall be so consh·ucted as 

to positively prevent the comingling of the product 

and solution during processing. 

75.3 60.2 50.3 43.1 37.7 33.4 30.1 
31.2 24.9 20.8 17.8 15.6 13.8 12.5 
17.5 14.0 11.7 10.0 8.8 7.8 7.0 
10.9 8.8 7.2 6.2 5.5 4.77 4.4 
7.4 6.0 5.0 4.3 3.7 3.3 3.0 
4.2 3.4 2.8 2.4 2.1 1.85 1.7 

61.3 49 .0 40.9 35.0 30.6 27.2 24.5 
27.2 21.8 18.2 15.6 13.6 12.1 10.9 
15.3 12.3 10.2 8.8 7.7 6.8 6.1 

6.8 5.4 4.5 3.9 3.4 3.0 2.7 
3.83 3.04 2.6 2.2 1.92 1.7 1.52 

G. INSTALLATION WELDING 
REQUIREMENTS 

( 1) All welding of sanitary product pipelines and 
solution lines shall be made by the Tungsten Shield­
ed Arc Method or another equally satisfactory 
method may be used. The following precautions 
shall be taken. 

(a) Inert back-up gas shall be used to protect 
and control the interior of the weld . 

(b) The weld surface (interior, face and ex­
terior) shall be cleaned and freed of all foreign 
matter and surface oxide before welding. Iron 
free abrasive shall be used when cleaning sur­
faces. 

(c) All tube and fittings ends shall be square 
cut and deburred. 

(d) 'vVelding procedures shall assure uniform 
and complete penetration of weld at all times. 

(e) All welds having pits, craters, ridges, or 
imbedded foreign materials shall be removed and 
the joints shall be properly re-welded. 

(f) Internal and external grinding and/or polish­
ing of welds is not required. 

(g) An acceptable sample weld piece shall be 
provided at the beginning of each day and/or 
section welding operation or when required. 

(h) A horoscope or other acceptable inspection 
device, to inspect representative welds, shall be 
made available by the processor. 

, , 
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H. CLEANING AND SANITIZING PROC E DURES 

( 1) A rinsing, cleaning, and sanitizing regimen 
which has been demonstrated to be effective shall 
be employed. Because of the possibilities of cor­
rosion , the recommendations of the cleaning com­
pound manufacturer shall be followed with respect 
to the time, temperature, and the concentration of 
specific acid or alkaline solutions and bactericides. 
To insure proper strength of solution and to avoid 
corrosion, the cleaning compound shall be com­
pletely dissolved or dispersed prior to circulation. 
One regimen found to be satisfactory is as follows: 

(a) Immediately after concluding the day's 
operations, all connections between cleaned-in­
place lines and processing equipment which are 
not included in the cleaning circuit shall be re­
moved, the openings capped, by-pass connections 
made, and the lines rinsed thoroughly with 
tempered water (not to exceed 120°F., entering 
circuit) continuously discarding the rinse water 
near the downstream end of the solution return 
line until the discarded efflu ent is clear. 

(b ) All solution and product contact surfaces 
not cleanable by mechanical cleaning procedures 
shall be cleaned manu ally. 

(c) Circulate an effective detergent solution for 
a period of time at a concentration and tempera­
ture capable of effectively removing the soil 
residue in the circuit. 

(d) Thoroughly rinse the detergent solution 
from the circuit. 

(e) Circulate an acid detergent, when needed, 
as a supplement to the routine circulation. Fol­
low this acid detergent trea tment with a thorough 
rinse. 

(f) Sanitize all product surfaces with one or a 
combination of the following commonly used 
methods: 

( 1) Circulation of water at a nummum tem­
perature of 170°F. (at the discharge end) 
through the circ~it for five minutes and drain­
ed. 

( 2) Pumping of an approved chemical sani­
tizer solution of acceptable strength and recom­
mended temperature through product lines 
and equipment for at least one minute and 
drained. 

( 3 ) Exposure to steam at a temperature of 
l70°F. (at the drainage outlet), for 15 minutes 
or at a temperature of 200°F. for five minutes. 

( 2) Prior to installation, a description of the clean­
ing regimen which has been demonstrated to be 
effective for each circuit shall be made available 
by the processor. 

APPENDIX 

A. STAINLESS STEEL MATERIALS 

Stainless steel conforming to the applicable compo­
sition ranges established by AISI for wrought prod­
ucts, or ACI for cas t products, should be consid­
ered in compliance with the requirements of sec­
tion C. ( 1 ) herein. 'i\There welding is involved 
the carbon content of the stainless steel sl:iould not 
exceed 0.08%. The reference oited in C: ( 1) sets 
forth the chemical ranges and limits of acceptable 
stainless steels of the 300 series. 

Cast grades of stainless steel equivalent to types 
303, 304, and 316 are designated CF-16F, CF-8, 
and CF-8M, respectively. These cast grades are 
covered by ASTM" specifications A296-67 and 
A351-65. 

B. PROD UC T CONTACT SURFACE FINISH 

Surface finish equivalent to 150 grit or better as 
obtained with silicon carbide, is considered in com­
pliance with the requirements of subsection D. ( 1) 
and subsections D. ( 2) (a) and (b). 

C. TYPES OF WELDS 

( 1 ) Automatic Weld-A fully automatic weld is 
described as that made by equipment which starts 
and completes the weld, strikes, and controls the 
arc with no manual adjustment of control during 
the welding cycle and will consistently make 
repetitive welds. 

( 2) Semi-automatic ' "" eld-A semi-automatic weld 
is described as that made by equipment which re­
quires manual strike and/or control and will con­
sistently make repetitive welds. 

( 3) Hand Weld-A weld in which the positioning 
of the arc is manually controlled. 

D. SPECIFICATIONS FOR VISUAL INSPECTION 
OF CAST SURFACE FINISH 

Because RlviS (root mean square) values are ap­
plicable strictly to machined surfaces, it is essential 
to use a scale of cast surfaces in designating the 
general surface smoothness desired on castings. 
The reason for establishing a visual standard is to 
overcome the obvious inadequacy of any arith-

"Available from American Society for Testing and .tvlaterials, 
1916 Race Street, Philadelphia, Pa. 19103. 
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metical or geometrical measuring sys tem 'vvhen ap­

plied to the surface of a casting. The ACI SUR­

FACE I DICATOR SCALE is th e one to be used 

for the surfaces of castings for pumps or other ap­

purtenances. The scale provides a measure of the de­

gree of general smoothness which can be attained 

on alloy castings by currently available processes. 

There are four surfaces shown on the scale. Copie:; 

of the SPECIFICATIO S FOR VISUAL INSPEC­

TION OF CAST SURFACE FI ISH as well as 

the SURFACE I TDlCATOH. SCALE can be pb­

tained from the Alloy Casting Institute. 

These Practices shall b ecome effective May 7, 

1971. 

ASSOCIATION AFFAIRS 
NOMINATIONS FOR OFFICES OF IAMFES, INC.-1971-19·72 

FOR SECOND VICE-PRESIDENT AND SECRETARY-TREASURER 

EAHL 0. WRIGHT 

Earl 0. ·wright is an Associate Professor and Food 

Technologist in th e D epartment of Food Technology 

at Iowa State University, Ames, Iowa . H.aised on a 

dairy farm in 'iVisconsin . he was graduated from 

·wisconsin State University. Prof. ·wright taught 

Vocational .Agriculture and coached a tl1letics in high 

school before en tering the U. S. Army where he serv­

ed for four and one-half years. He returned to 

University of \l'isconsin where he received his M. S. 

in Dairy and Food Industry and Extension Educa­

tion. He served as County Extension Director in 

\Visconsin for 3 years. 
Before joining the staff at Iowa State University 

he served as an ex tension specialist and instructor 

in the D epartment of Food Science and Industry, 

Univ~~·sity of Wisconsin. 

He has devoted a great deal of his attention at 

ISU to milk quality control and dairy products 

processing. He initiated one of the early bulk milk 

drivers training school programs . H e was insh·umen­

tal in instigating early quality control programs with 

milk processors and was a member of the team that 

did early work with producers on abnormal milk 

conh ol. Prof. \Vright developed a program using 

the Plate Loop Count for evaluating the bacterolog­

ical quality of milk for manufacturing. This program 

is now being used by all milk testing laboratories in 

the state. 

In addition, Prof. \Vright is a consultant to food 

processing plants on quality problems. Numerous 

articles by him have been published in scientific and 

trade journals. He also publishes a monthly column 

in a national farm magazine on quality control and 

has co-authored several bulletins on milk quality. 

In 1967 he was awarded the Distinguished Alum­

nu s Award from \Visconsin State University. H e is 

past president of the Iowa Sanitarian's Association and 

is presently Faculty Advisor to this organization. H e 

is on the execu tive board and program chairman of 

Interstate i\llilk Shipment Conference, listed in \1Vho's 

\Vho in the American Men of Science and past chair­

man of the Industry and Business Section-Resolu­

tions Committee of the American Dairy Science 

Assoc. and has served actively in affairs of Inter­

national Assoc. of 1vlilk, Food and Environmental 

Sanitarians, Inc. 

The Wright family reside a t 1407 McKinley Drive 

in Ames. Their son, Hobert, is a sh1dent at Iowa State 

University and their daughter, Esther, attends Junior 

High. 

, 
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DH. C. Bl'l.ONSON LANE 

Dr. C. Bronson Lane is an Associate Professor of 

Dairy Science at th e University of Florida. H e is 

responsible for developing and implementing dairy 

technology extension programs for dairy processing 

plants and assists in obtaining high quality milk at 

the farm level. 
The 31-yem-old dairy scientist received his B. S. 

d : gree in dairy manufacturing from Pennsylvania 

State University, and the j\1l, S. and Ph. D degrees in 

dairy science from the University of Maryland. Dr. 

Lane also attended Dallas Theological Seminary from 

196 to 1967 for studies in Greek and Theology. 

Prior to accepting the Florida position, Dr. Lane 

served for three years as an Assistant Extension Pro­

fessor of Dairy Technology in the Department of 

Animal Sciences at the University of Kentucky. Lane 

served as an advisor to dairy processing and market­

ing associations during his three year stay in Ken­

tucky, was program co-ordinator for four dairy tech­

nology societies, and planned educational meetings 

and conferences for dairy fieldm en and processors. 

In addition, he taught gen : ral Animal Sciences cours­

es at U. K. and served as an advisor to many student 

groups. 
The native Iowan is a member of the IAMFES 

Dairy Farm Methods Committee and has presented 

papers at two of the International's annual meet­

ings - Louisville, Kentucky in 1969 and Cedar Rap­

ids, Iowa in 1970. Lane is also a past president of 

the Kentucky Association of Milk, Food and Environ­

Iilental Sanitarians and served as program co-Ol·di­

nator for their 1968, 1969, and 1970 state conferences. 

Lane is th e author of numerous publications re­

lating to the dairy indush·y. He has contributed fre­

quently to the ]ou·mal of Milk and Food Technology, 

the Dairy Fie ldm an, and the Modem Milk HauleT. 

He is also a contributing editor for Th e Southern 

Da.iTy Products ] oumal. 

He is a member of the American Dairy Science 

Association, Sigma Xi, Phi E ta Sigma, Alpha Zeta, 

National Environmental Health Association, Florida 

Association of Milk, Food, and Environmental Sani­

tarians, and functions on committees of the Interstate 

Milk Shipments Conference and the National Associ-

ation of Dairy Fieldmen. . 

Dr. and Mrs. Lane live at 927 N. V•l. 94th Avenue, 

Gainesville, Florida. They have three children -

Marian 4 and 2-year-old twin sons, Charles and 

Clarence. 

SECRET A,RY-TREASURER 

lUCHAHD PELL MAHCH 

Richard P. March is a professor in the Deparhnent 

of Food Science at the ew York State College of 

Agricultme, Cornell University, Ithaca, New York. 

Until 1965, he devoted 75% of his time to extension 

work as a specialist in milk quality and fluid milk 

handling and processing, and the balance of his 

time in research and teaching courses in fluid milk 

processing and quality control. At present, exten­

sion accounts for 90% of his time with 10% for re­

search activities . 

He was raised in Massachusetts, majored in dairy 

industry at the University of Massachusetts, receiv­

ing a B. S. degree in 1944. After a tour in the U. S. 

Marine Corps, he entered the Graduate School at 

Cornell University to major in dairy indush·y, re­

ceiving an M.S. degree in 1948. 

Professor March taught a one-year program in 

dairy manufacturing until its termination in 1951, a t 
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which time he was promoted from instructor to as­
sistant professor. He b ecame an associate professor 
in 1955, and full professor in 1965. In 1965 he also 
became department extension leader and is still 
serving in this capacity. 

H e is active in the New York State Association of 
l\tfilk and· Food Sanitarians , serving as secretary­
h·easurer from 1957 and executive secretaTy since 
1967, secretary of the Dairy Indush·y Equipment 
Committee from 1952-57, secretary of the Farm 
Practices Committee from 1955-62, and secretary of 
the Council of Affiliates since 1952. He is a member 
of the International Association of Milk, Food, and 

!vfe thods Committee from 1959-65, secretary of their 
Council of Affiliates in 1961, and chairman in 1962 
and 1963. 

In both the State and International Associa'tions 
he has served as chairman of a number of subcom­
mittees including the Uniform lviilkhouse Plans for 
the lortheast, f..tfilk Transfer Sys tems, Sediment Test­
ing, and Training Programs for Bulk Tank Truck 
Operators, and co-chairman· of the Northeast Com­
mittee on Uniform Guidelines for Loose Housing 
Systems. In 1963 he was the recipient of the New 
York State Association's Dr. Paul B. Brooks Mem­
orial Award for outstanding contributions to the 

Environmental Sanitarians, a member of their Farm organization. 

(Notice to membership-ballots can only be mailed to paid up members as of Apri I 15, 1971) 

H. ERALD BROWN 

H. Erald Brown, 70, of 2507 Black Bridge Road, 
Janesville, Wisconsin, passed away January 24, 1971. 
"Brownie" as he was knovvn to his many fri ends 
throughout the dairy industry came to Janesville 
from Chicago in 1940 and was a salesman for the 
Schluetor Co. 

He was born Feb. 9, 1900 at Van ·w ert, Ohio and 
was married to Hazel Redueu Graves, in Chicago, 
November 1933. His wife and a niece, Mrs. Ray­
mond Alm, Oaklawn, Illinois, survive. 

GUESS WHO? 

The photograph above was recently received by 

the Journal Business Manager. Its subject is a long- ' 
term member of the Association, always active in 
Association affairs, the recipient of numerous Associ­
ation honors, and frequently officially photographed. 
However, due to his informal dress when photograph­
ed, and his obvious avoidance of barbers for several 
months , the subject was felt to be so unrecognizable, 
even by intimates, that the effort to guess his identi­
ty might prove of interes t. However, mechanical 
problems and legal restrictions to such an identity 
contest must first be ascertained and evaluated, fur­
ther more, the subject of this photograph has recent­
ly b een visited by several Association members, under 
circumstances which raised no question as to his 
identity. 

The Journal management is of the opinion that 
this photograph has a potential significance to read­
ers of the Journal of a magnitude vastly greater than 
that sugges ted. Suppose, for instance, the photo­
graph were presented as an example of a condition 
to b e avoided by all active members of the Associa­
tion! It is widely recognized that Annual Meetings 
of the Association - and this is true of meetings of 
Affiliates - include few attendants with beards. Let's 
keep it that way! Members of the I.A.M.F.E.S. 
should not embarrass our hosts at the San Diego An­
nual Meeting by attending with beards, and also 
·wearing identification badges on the streets. 

This proposal constitutes a 180 degree orientation 
of the initial objective of the photograph submit­
ted , which parallels the turn-around experienced by 
the receiving team when possession of th e ball is 
lost by a fumble on the initial kick-off. 

The subject of the photograph has indicated no 
objec tion to the proposed reoriented use of it, pro­
vided individual readers of the Journal who are so 
inclined may also report their identification to him 

; 
;. 
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(No Prizes) , because the inconveniences of con­

tinued beard culture until the San Diego Annual 

Meeting make it extremely unlikely that a view of his 

beard will b e available then. 

The settlement proposed by the subject of the 

photograph appears to present a somewhat less than 

positive policy of th e Journal !vlanagement. But, 

is that not the sophisticated modern way to reach 

decisions, permitting both sides to claim victory? 

WRIGHT APPOINTED ASSISTANT 

SECRETARY-TREASURER OF 3-A COUNCIL 

Dr. K. G. \ iVeckel , Chairman of the Trustees of 

the 3-A Sanitary Standards Administrative Council 

has announced the appointment of Professor Earl 

0. \ Vright as Assistant Secretary-Treasurer of the 

Council. \iVright has been appointed to assume the 

duties of the Secretary-Treasurer because of the re­

cent illness of Mr. C. A. Abele. Correspondence 

dealing with authorizations and use of the 3-A Sym­

bol should be addressed to Professor E. 0. \ i\lright, 

3-A Standards Administrative Council, 116 D airy In­

dustry Building, Iowa State University, Ames, Iowa 

50010. 

CUNNINGHAM LEAVES DFISA TO START 

SHOW MANAGEMENT FIRM 

Joseph S. Cunningham, executive vice-president 

of the D airy & Food Indush·ies Supply Assn ., has 

resigned his p osition effective June 30, 1971, in 

order to devote his efforts to activities concerned 

with exp osition and h ade shovv management. 

i\'Ir. Cuningham, a resident of Montgomery Coun­

ty, Maryland, for 30 years, joined the ·washington­

based organization in 1953 to assist with the Associa­

tion's Exposition , the largest U. S. trade show for 

the food and dairy processing indush·ies. H e was 

appointed executive vice-president in 1960. Since 

that time, he has been recognized as one of the 

finest of exposition managers . 

DFISA, without diminishing its interest in the 

dairy industries, has in recent years directed its ac-

4:ivities toward the total food processing industries, 

including dairy. In so doing, the biennial exposi­

tion has enabled manufacturers to display their lat­

est types of equipment and supplies for th e safe 

manufacture of foods , treatment of was te and clean, 

efficient packaging of products. 

FURTHER CHANGES IN THE 

EDITORIAL BOARD 

The following persons have agreed to 

serve on the Editorial Board of the Journal 

of Milk and Food Technology: 

G . H. RICHARDSON, Prof.essor, Depart­

ment of Food Science and Industr ies, Utah 

State Universi ty, Logan, Utah . 

H. B. WARREN, Research and Deve lop­

ment Laboratory, Fairmont Foods Company, 

Omaha, Nebraska. 

Dr. B. J. Liska, Purdue· University, has 

resigned from the Ed itoria l Board. Dr. Lis­

ka recently was appoin1ed Scientific Editor 

of Food Technology and the Journal of 

Food Science and the additional duties im­

posed by this appoin tment make it imp:::lssi­

ble for him -to continue as a member of 

the Editorial Board . 
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CLASSIFIED ADS 
POSITION WANTED 

Desire new affiliation: Experience and training include, 

Comprehensive Health Planning, Environmental Sani­

tation, Quality Assurance Management, Public Relations 

and Sal.es Management. Proficient in Administration of 

Programs and Personnel Training. Degrees-B.S. and 

M.A. (work covers Microbiology of Food, Water and 

sewerage plus sanitary engineering). Experience in Food 

and Milk Control-Industry and Regulatory. Instrumental 

in developing NCIMS. Active in formulation of Sanitary 

Standards and Design Criteria for Food a_nd Milk Equip­

ment. Effective Speaker and Lecturer. Reply to Box 

437 JMFT, Shelbyville, lndi<>na 46176. 

FOR SALE 

Single Service milk sample tubes. For further in· 

formation and a catalogue piease write, Dairy Technology 

Inc., P. 0. Box 101, Eugene, Oregon 97401. 
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Come With Us To Hawaii· 
Your 11 /nternationa/11 Association is happy to present 

2 POST CONVENTION HAWAIIAN TOURS 
Tour 1-Aug. 20-22, 1971-3 Days-2 Nights in Honolulu, includes: 

Hotel - Transfers- Cocktail Party 
Sightseeing 

Only Per Person 

BASED ON DOUBLE OCCUPANCY-PLUS AIR FARE 

Tour 2-Aug. 20-28, 1971-9 Days-8 Nights - visit Honolulu - l(avi 

Mavi - Kona - Hilo 

Tour Includes: Hotels- Transfers- Cocktail Party 

Sightseeing on all Islands 

Only Per Person 

BASED ON DOUBLE OCCUPANCY-PLUS AIR FARE 

For those attending from Eastern and Inland cities, a substantial saving will be realized 
by taking advantage of the ITBF fares. Examples are shown below, which include 
roundtrip fares from the cities shown to Honolulu , Lihue, Kahului, Hilo and return 
to home cities: 

# lTBF *Regular Sav in g s 

Atlanta $366.21 $458.90 $ 92.69 
Boston 403.80 498.90 95.10 
Chicago 330.41 427.90 97.49 

Cleveland 379.81 452.90 73.09 
Dallas 312.04 401.90 89.86 
Denver 315.17 355.90 40.73 
Detroit 375.64 447.90 72.26 
Miami 392.32 495.90 103.58 
New Orleans 344.36 439.90 95.54 
New York 403.80 488.90 85.10 
Philadelphia 399.63 482.90 83.27 
Pittsburgh 389.20 461.90 72.70 
St. Louis 338.11 424.90 86.79 
Washington/ Bait. 394.41 476.90 82.49 

F.OR FULL INFORMATION AND TOUR FOLDERS MAIL THIS COUPON TO 

EMPIRE TRAVEL SERVICE 
995 MARKET ST., SAN FRANCISCO, CALIF. 94103 

MAIL ME FULL INFORMATION-TOUR FOLDER ON THE IAMFES HAWAII TOUR 

NAME ------ ----- ---- ------------------ --------------------- -- --- -- ----- -- ----- -- - ------------------- --

STREET ___________ - - - -------- - -- ____ ---- __ ------- - CITY 

STATE & ZIP --------------------------------------

, 
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TWO THINGS 
• IN THE DAIRY INDUSTRY 

SHOULD NEVER BECOME 

; 

r 

OBSOLETE 

'!' .• '!1.,.1!1 .' .lJI ,. • -· 
Technicon's AutoAnalyzer•sys­
tem for milk analysis is about 
as vital to the dairy industry as 
the cow. It automatically 
performs aH the important 
analyses essential for meeting 
regulatory and quality stand­
ards : fat , protein, lactose, 
alkaline phosphatase and 
somatic cells. 

The AutoAnalyzer is so 
fletxible that a simple alteration 
in the configuration of this 
completely modularized system 
can provide fast and accurate 
determinations on any of the 
five parameters. 

And , when additional 
methods become available, 

there will be no large expense 
in updating the system. Simply 
add another module or 
analytical cartridge and the 
Aut"oAnalyzer becomes a 
brand new system. It never 
grows old, it just grows! 

Technicon 's AutoAnalyzer is 
manufactured in the United 
States. Service including spare 
parts and reagents, is available 
through seven distribution 
centers strategically located 
throughout the country. 

Should technical or operating 
difficulties arise, a Technicon• 
AutoAnalyzer specialist is as 
near as the telephone. 

These systems specialists are 

so thoroughly trained that 
most problems are solved over 
the phone. If not, there are at 
least two Technicon representa­
tives in every major city 
across the nation. 

For more information write to 
Technicon Industrial Systems, 
Dept. 138, Tarrytown, 
New York 10591 

Technicon Industrial Systems 
A Division of Technicon 
Instruments Corporat ion 
Tarrytown , New York 10591 

1111111 .. 



We make service calls-at all hours of the day 
Early in the morning, late at night or at any time 
in between, the Surge serviceman is on call. 
Because keeping dairy equipment operating 
efficiently is his business. 

Like the doctor who gave up house calls , many 
sup.pliers have given up service. NOT SljRGE. 
The nationwide network of Surge dealers is 
oriented toward regular service . They are pre­
pared to handle every dairy service need . 

Each year Surge dealers are required to submit 
service reports on all their customers . 1970 
reports have been received on 87 percent of the 
Surge users in the United States and Canada 

... 

and they are still coming in . Surge dealers work 
hard at keeping little problems from growing 
into big ones . 

When an emergency does arise, at any hour of 
the day, the Surge dealer is ready. He has the 
know-how to get milking systems operating. 

But regular service is still the dairyman 's best 
investment. It uncovers the little things that are 
costing money in reduced production, longer 
milking times and high mastitis treatment costs. 
It can also help avoid the emergency. You know 
sa nitation, Surge knows dairying, let's work 
together to serve dairymen better . 

SURGE ... the accent is on YOU 

(suRsil 
' BABSON BROS. CO., OAK BROOK, ILLINOIS 

BABSON BROS. CO ., (Canada) LTD., PORT CREDIT, ONTARIO 

' I ' 


