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COMPARISON OF EXTRACT-RELEASE VOLUME, PH, AND AGAR PLATE
COUNT OF SHRIMP"®

C. VANDERZANT AND R. NICKELSON

Animal Science Department
Texas ALM University
College Station 77843

(Received for publication October 6, 1970)

ABSTRACT

During refrigerated storage of shrimp, an initial increase in
Extract-Release-Volume (ERV) with little or no change in
bacterial count was followed by a rapid increase in bacterial
count and decrease in ERV. The pH of shrimp increased
gradually during storage. In commercial samples of stored
iced shrimp little correlation existed between 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 uniformity 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-
uct for processing. Vanous tests have been proposed
for this purpose. Included are levels of glycogen-
sugar content, lactic acid, acid-soluble orthophos-
phate, trimethylamine nitrogen, amino nitrogen, hy-
dration of water-insoluble protein, pH, and bacterial
count (3). Most of these tests require investment in
laboratory equipment and trained 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 by dif-
ferences in biochemical activities of the individual
bacterial species, particularly on the proteins and
lipids of shrimp.

Jay (6), Jay and Kontou (7), and Kontou et al. (&)
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-

—_—

ITechnical article no. 8752 of the Texas Agricultural Experi-
ment Station, College Station.

>This work was funded in part by the NSF Sea Grant Pro-
gram, Institutional Grant GH-59 made to Texas A&M Uni-
versity.

ness or spoilage of meat. The water holding capacity
gradually increased (ERV decreased) as spoilage
occurred. Recently, Adamcic and Clark (1) applied
the same principle to evaluate the microbial quality
of whole poultry. The object of our study was to
compare changes in ERV, bacterial count, and pH
during refrigerated storage of shrimp.

MATERIALS AND METHODS

Unless indicated otherwise, live white shrimp (Penaeus
setiferus) from Galveston Bay were used. They were packed
in ice and transported to the laboratory. Total time of trans-
portation did not exceed 4 hr and tests were carried out im-
mediately upon arrival in the laboratory. Samples for storage
studies were held in sterile glass containers at 5 C. To de-
termine ERV (5), 25 g of iced shrimp were blended for 1 min
with 100 ml of dlsh]led water (25 C) in a Waring blender.
This mixture was filtered through Whatman No. 1 filter paper
at 25 C. The filtrate which collected during a 20-min filtra-
tion period was measured in milliliters and expressed as ERV.
Bacterial counts were made by the agar plate method (2).
The pH was measured electrometrically (Corning model 12)
on the 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).

ResuLts anxp Discussion

Data on the influence of time of blending, tem-
perature, pIl of extractant, and collection time on
ERV are presented in Fig. 1 through 4. With an in-
crease in blending time, the ERV decreased. Jay (5)
observed a similar effect in ground beef up to 2 min
of blending. A subsequent increase in ERV 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-
creases in temperature of the extractant (5). With
shrimp, however, small decreases in ERV were noted
at the higher temperatures. The decrease in ERV 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 marked decrease in ERV took place as the pH
of the buffered extractant was increased from 4 to
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7. With ground beef, Jay (5) observed a decrease in was zero. These differences in ERV of beef and -
ERV as the pH of the extractant was raised from 5 shrimp at pH 4 and 5 most likely are caused by dif-
to 7. With shrimp, highest ERV was observed at pH ferences in the physical-chemical characteristics of
4.0, with beef at pH 5.0. At pH 4.0 the ERV of beef their proteins. According to Jay (5), the high ERV
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Figure 6. ERV and agar plate count of 55 samples of
shrimp.

of beef at pH 5.0 probably was related to the close-
ness of this reaction to the isoelectric point of beef
protein. The ERV of shrimp increased with increased
collection 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 Fig. 5. During the first 7 days, the
ERV increased gradually from 9 to 17 with little or

no change either 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, the ERV in-
creased from 9 to 15 during the first 7 days at 5 C.
Only minor changes in pH and agar plate count were
noted during this period. 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
% 10" per gram. The pH increased gradually from
7.4 to 8.2. This shrimp was considered organoleptic-
ally unacceptable after 10 days at 5 C. when the
count had increased to 2 X 107 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 with little 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 that the water content of water-
insoluble protzins 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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Figure 7. Agar plate count and pH of 53 samples of
shrimp.
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Increased waterholding capacity (decreased ERV)
of beef was observed by Jay (5) and Shelef and Jay
(9) when beef was treated 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 ERV of the longissimus
dorsi and semitendinosus increased to its maximum
value in two days post-mortem. This was followed
by a gradual decrease in ERV upon refrigerated stor-
age. With beef the initial rise in ERV 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
ERV during the first 7 days of storage was caused
by similar processes.

At first it would appear that the gradual decrease
in ERV of shrimp after 7 days possibly could be used
as an index of sanitary quality similar to that with
beef. However, this usage of ERV in shrimp is af-
fected by the gradual increase in ERV during early
storage (0-7 days). For example, the ERV of spoiled
shrimp after 16 days at 5 C (Fig. 5) was similar to
that after 2 days. This lack of relation between ERV
and bacterial count is also demonstrated in Fig. 6.
These samples were from boats as they arrived at proc-
essing plants in Brownsville, Texas. Correlation be-
tween ERV and bacterial 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 shrimp (Fig. 5) also
indicated that the samples were spoiled or near spoil-
age at pH 8.

Correlation between pH and bacterial count (Fig.
7) was low (—0.23), that between pH and ERV was
0.02. The pH values of shrimp with high bacterial
counts (107 or above) ranged from 7.1 to 8.1. This
observation 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 result-
ed because 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 ERV 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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A PROCEDURE FOR RAPID RECOVERY OF
AFLATOXINS FROM CHEESE AND OTHER FOODS'

C. N. St axp E. H. MARTH

Department of Food Science
and The Food Research Institute
University of Wisconsin
Madison, Wisconsin 53706

(Received for publication November 10, 1970)

ABSTRACT

A rapid and efficient method has been developed to recover
aflatoxin from cheese and other foods. The procedure in-
volves: (a) blending the 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, (¢) filtering to remove the food residue, (d) separating
the lower chloroform 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 the methanol-water fraction; 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-
ographic 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% B, and 96-100% G: from rice; 95-
96% B, and 90-95% G; from peanut butter; 93-94% B. and
92-98% G, from Cheddar cheese; 100% By and G: from corn
meal; 91-100% Bi, 91-100% Ba, 96-96% Gq, and 92-100% G
from brick cheese; and 97-100% Bi, 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 been 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 because procedures
are too lengthy (2, 19).

While studying formation of aflatoxin on cheese
in our laboratory, it was noted that analysis of this
food by the procedure of the Aflatoxin Methodology
Working Group (I) was too laborious and time con-
suming. Consequently a method was devised which
rapidly recovers a high percentage of aflatoxins from
cheese and other foods. The method involves: (a)

1published with the approval of the Director of the Research
Division of the College of Agricultural and Life Sciences,
University of Wisconsin.

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 other foods
indicate that the method rapidly recovers >90% of
added aflatoxins. Details of the procedure are given
in this paper.

MATERIALS AND METHODS

Principle

The method to be described is based on earlier findings
that: (a) aflatoxing can be efficiently extracted from toxin-
containing substrates by chloroform (4, 11, 16) and methanol
(4, 9, 16) and (b) hexane can be used to remove interféring
lipids and pigments from crude extracts of aflatoxins without
significantly affecting the amount of aflatoxin which remains
in the 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 cheese 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.

METHANOL
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Figure 1. Chloroform-methanol-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 indicate solvent mixtures 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 the product) were
mixed in proportions so that ternary systems were formed
which had compositions designated by points A to I on
the phase diagram in Fig. 1 (3, 7). See Table 1 for the
actual mixtures which were used. Samples (100 g) of
minced brick cheese were Dblended with the appropriate
initial solvent mixtures (Table 1) in a Waring blendor for
several minutes to permit uniform contact between sample
particles and the solvent mixture. Additional chloroform was
then added (Table 1), the mixture was blended for 1 min,
more water (Table 1) was added, and the mixture was again
blended for 1 min. This served to render the monophasic
extracts (A, B, C, and D in Tig. 1) biphasic (A’, B, C’, and
D’ in Fig. 1). For extracts E and ¥ (Fig. 1 and Table 1),
all solvents were added at the beginning so the system was
not converted from the mono- to the biphasic condition.
The actual final composition of these ternary mixtures also
is given in Table 1. After filtration (vacuum from water
aspirator, Whatman No. 1 filter paper in a Buchner fun-
nel, Celite added as filter aid) to remove the cheese (or
other food) residue, the filtrate was transferred to a separa-
tory funnel and the chloroform layer (which contained the
aflatoxins) was separated.  Another portion of chloroform
equal in volume to that added in both steps of the extrac-
tion was used to rinse the blendor jar and then was added
to the residue to recover residual traces of aflatoxins. The
mixture was filtered to remove the residue, and the chloro-
form was then used to extract the original methanol-water
fraction. After this extraction, the chloroform was combined
with chloroform from the initial extraction.

Approximately 5 ¢ of Na.SOs was added to the combined
chloroform extracts to remove traces of water. The NasSOs
was recovered, washed with chloroform, and the washings
added to the chloroform extract.

If the product contained little or no lipid or pigment, the
chloroform extract was concentrated to 2-3 ml. The con-
centrate was prepared for thin-layer chromatography (TLC)
by dissolving 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 completed in
approximately 35 min.

TAaBLE 1. MIXTURES OF CHLOROFORM, METHANOL, AND WATER
USED TO EXTRACT AFLATOXINS FROM 100 GRAMS OF CHEESE.

Initial extraction mixture Dilution solvent

Point in

Fig. 1 Chloroform  Methanol Waterl Chloroform Water
(ml)
A? 23 144 80 40 87
B 100 200 80 100 100
C 120 © 200 §0 60 120
D 162 270 80 285 228
E 200 200 180 — —
F 97 121 80 — —

Includes water in the product.

*Point A indicates the solvent mixture consists, by weight, of
15% chloroform, 35% water, and 50% methanol. Specific gra-
vity values are: chloroform, 1.498; methanol, 0.79; and water,
1.00. Hence 34.5 g (15% of the mixture) chloroform divided
by the specific gravity (1.498) equals 23 ml. Quantities of
other components of point A were calculated the same way
as were quantities of solvents in other mixtures.

Recovery Or AFLATOXINS
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Figure 2. Hexane-methanol-water phase diagram; per cent
by weight. Letter indicates mixture of solvents used for puri-
fication of the extract.

Purification of the extract

The combined chloroform extracts were evaporated (steam
bath and reduced pressure) until no further reduction in
volume occurred. The concentrate was then mixed with
the following, 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). Addition of solvents
as indicated minimizes loss of aflatoxin.

The resulting biphasic mixture with the composition in-
dicated by H in Fig. 2 was transferred to a separatory fun-
nel and the lower (methanol-water) layer was removed and
extracted three times with chloroform (each portion of chloro-
form equal in volume to that of methanol added for purifica-
tion) to recover aflatoxin. The hexane layer was extracted
once with methanol-water (50:45 v/v) and the methanol-
water mixture was extracted three times with chloroform to
recover traces of aflatoxin.  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 puri-
fication procedure was completed in approximately 20-30 min.

The maximum chloroform tie-line shown in Fig. 1 is of
particular significance in this extraction-purification procedure.
Lower layers of ternary systems with a composition on or be-
low the tie-line consist almost entirely of chloroform, where-
as those with a composition above this line are made up of
chloroform, methanol, and water. Consequently, to obtain

TaBLE 2. RECOVERY OF AFLATOXINS FROM CHEESE BY
CHLOROFORM-METHANOL-WATER MIXTURES.

Aflatoxin Gy
Per cent

Lxtraction Aflatoxin, By

mixture, Per cent

Table 1 Added Recovered recovered Added Recovered recovered
(ng)  (mg) (ng)  (rg
A 74.4 55.3 74.3 99.2 71.5 723
B 74.4 71.0 95.5 99.2 97.0 98.0
C 74.4 65.7 88.5 99.2 83.7 84.4
D 74.4 66.5 89.5 99.2 88.5 89.3
E 74.4 56.4 75.8 99.2 76.0 76.5
F 74.4 55.0 74.0 99.2 74.5 75.3

7
@




®

PR

-

A Procepure For Rapip Recoviery OrF AFLATOXINS 121

TABLIf‘ 3. RECOVERY OF AFLATOXINS FROM SEVERAL FOODS BY A BINARY SOLVENT ( METHANOL-WATER, 50:45 v/v).

Aflatoxin By

Per cent

Product - A(lde}l 71(@(’0\'01‘0(1 recovered
(ug) (ng)
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

B, Aflatoxin G G,
Per cent Per cent Per cent
recovered Added Recovered  recovered recovered

(ng) (ng)

— 59.6 44.0 73.8 -

— 22.0 12.4 56.5 —

— 99.2 68.5 69.0 —
78.1 — — 74.0 - 78.3

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

TasBLE 4. RECOVERY OF AFLATOXINS FROM VARIOUS

FOODS BY THE PROPOSED TERNARY SOLVENT PROCEDURE.

Aflatoxin B,

Aflatoxin B,

Aflatoxin G, . Aflatoxin G,

Per cent Per cent

-
Per cent Per cent

Food Trial Added Recovered recovered recovered Added Recovered recovered recovered
(ng) (ng) (ug) (ng)
Rice
1 38.75 35.50 91.8 —! 59.60 60.00 >100 —
2 38.75 36.00 92.9 — 59.60 57.25 96.2 —
3 38.75 37.2 96.0 — 59.60 59.30 99.5 -
4 16.70 16.4 98.3 — 22.00 ° 21.70 98.5 —
Peanut ,
butter® 1 37.20 35.30 95.0 - 53.80 48.50 90.4 -
2 37.20 35.60 95.7 — 53.80 51.0 94.9 —
Cheddar o
cheese 1 37.20 35.0 94.1 — 53.80 49.50 92.1 -
16.70 15.5 92.9 — 22.0 21.60 98.1 —
Brick i
cheese® 1 — = > 160 >100 — — 95.5 >100
2 — —_ > 100 95.0 — - 90.0 >100
3 — — 91.0 91.4 — — 93.5 91.9
Corn meal 16.7 17.5 - >100 - 220 22.5 >100 -

I_ — No data
250 g sample used
3Data on per cent recovered based on comparison of peak areas

a chloroform layer with minimal impurities, the composition
of the ternary solvent system must be one located below the
tie-line (Fig. 1). Reducing the quantity of impurities pres-
ent at this point facilitates purification of the extract so that
the relatively simple and rapid cleanup procedure just de-
seribed can be used successfully.

Quantitative TLC analysis

Methods suggested by Shih and Marth (18) were used to
measure aflatoxins. Thin-layer chromatographic plates were
prepared with  Adsorbosil-5 (Applied Science Taboratories,
State College, Pa.), developed with water: methanol: chloro-
form (1:1:98 v/v), and scanned with a fluorometer (Model
111, G. K. Turner Associates, Palo Alto, Calif.) equipped with
a thin layer plate scanner and recorder (model H, Leeds and
Northrup). Some results are based on comparisons between
amounts of aflatoxins added and amounts recovered and
others by comparing peak areas calculated as suggested by
Burriel-Marti et al. (6).

ResuLTs AND DISCUSSION

Conditions for optimum 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-
vent systems (mixtures of chloroform, methanol, and
water) were selected as marked in Fig. 1 and listed
in Table 1. When these systems were used to recover
aflatoxins Bi and Gi from cheese, 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 results suggest that any
solvent system with a C()mpositi()n near those of mix-
tures B, C, and D (see Fig. 1 and Table 1) would
satisfactorily recover aflatoxin. Since mixture B pro-
vided greater recovery, use of that solvent system is
preferred.  The lower recovery obtained with sol-
vent systems E and F is attributable to their biphasic
rather than monophasic character when the extrac-
tion was begun.

It was concluded from these observations that op-
timal extraction of aflatoxin results when: (a) a solid
or semi-solid food is blended with 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 two layers
with aflatoxin in the chloroform layer, and (¢) the
sample residue is re-extracted with a second portion
of chloroform to recover traces of aflatoxin which
might be present after the initial extraction.

The efficiency of extracting aflatoxin from the
methanol-water layer by chloroform also was studied
since this is an important step in both the extraction
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 Waltking et al. (20). Although
there was no detectable aflatoxin in the third chloro-
form extract, three extractions 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 two
extracts 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 extraction. When resi-
dues from samples extracted with the binary recov-
ered. Thus the binary solvent system failed to ef-
ticiently extract aflatoxin from the products that were
tested.

Extract purification

When samples contained substantial amounts of
lipid and/or pigment, the initial cholorform concen-
trate was purified by extraction with methanol,
water, and hexane (50:45:120 v/v/v) added in the
sequence listed. The concentrate is likely to con-
tain traces 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. The
uniform monolayer thus obtained makes possible the
nearly complete transfer 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 extraction was maintained in the

purification procedure. When 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 described recently by Kier-
meier and Groll (10).

Application of method to other substrates

The procedure just described was tested for its
ability to recover aflatoxin from substrates other than
cheese. Results in Table 4 indicate that satisfactory
recovery of aflatoxin was 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 suggested 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 AFLATOXINS FROM A LIQUID MEDIUM!
BY THREE DIFFERENT PROCEDURES.

Per cent of aflatoxins recovered

_ Procedure Trial - B, B, G, G,

A? 1 99.5 95.7  >100 >100
2 96.7 95.0 95.9 98.4
3 >100 >100 >100 > 100
4 96.5 -3 92.0 —

B? 1 96.6 -- 95.3 =
2 96.5 — 93.6 —

! 1 >100 — 98.1 —
2 99.0 >100 > 100 >100
3 >100 94.5 93.2 93.0
4 > 100 94.0 95.5 96.0
5

93.6 95.9 92.8 >100

'Composition: 2% yeast extract, 20% sucrose, and water.
*Proposed procedure for cheese.

Final composition of solvent A, without use of monophasic
system.

‘Extracted three times with chlorcform.

*— = No data.
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factorily recovered aflatoxins from this substrate. 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 measure
proteolysis brought about by microbial activity in soymilk.
The Anson (or Hull) method. a colorimetric measurement of
tyrosine and tryptophan, was not able to measure changes
detectable by other methods and hence did not appear ap-
plicable for this work. Determination of non-protein nitrogen
(NPN) to follow proteolytic changes in soymilk was feasible
but was time- and labor-consuming. Dye-binding methods
were found most workable,

Lactobacillus delbrueckii and  Streptococcus thermophilus
exhibited proteolytic activity in soymilk but Lactobacillus
casei did not. Two other microorganisms, Bacillus cereus
and Micrococcus conglomeratus, and rennet were comparative-
ly more proteolytic in soymilk than the 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 for production of
cheese-like products, undoubtedly some proteolysis
is needed for the cheese to be flavorful. Informa-
tion on the ability of lactic acid bacteria to degrade
soy protein 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.

Mec, Lactobacillus delbrueckii Lds, and Lactobacillus casei
1445. As a basis for comparison and as a check for work-

MATERIALS AND NETHODS

Cultures and rennet
The following lactic acid bacteria were tested for their
proteolytic activity in soymilk: Streptococcus thermophilus

"Published with the approval of the Director of the Rescarch
Division of the College of Agricultural and Life Sciences,
University of Wisconsin.

*Present address: 7432 W. Washington St., Forest Park, Illi-
nois 60130.

ability of methods, two known proteolytic cultures, Bacillus
cereus and Micrococcus conglomeratus, and rennet were tested
along with the lactic cultures.

All cultures were transferred to soymilk daily for at least
3 days before being used experimentally. A 24-hr-old cul-
ture or a 1:20 dilution of commercial rennet extract (Miles
Laboratories, Elkhart, Ind.) was used as inoculum.

Substrate, sampling, and duration of experiment

Sterilized soymilk prepared as described previously (1) was
used as the substrate in these experiments. The medium was
inoculated with 1% of the test culture or rennet solution.
After thorough mixing, 1 ml of this inoculated medium 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 incubated at the optimum tempera-
ture for the culture; samples with rennet were incubated at
30 C. Proteolytic activity was followed over a 14-day period.

Methods for measuring proteolytic activity

Several procedures were tried and evaluated for their
possible application to soymilk.

Modified Anson procedure. The procedure of Anson (4) as
modified by Hull (hence, it is often referred to as the Hull
method) (26), is widely used for measuring hydrolysis of milk
protein.  This method was further modified for use with soy-
milk. A concentration of 0.8 x trichloroacetic acid (TCA)
was used instead of 0.3 x (4) or 0.72 x (26), in accordance
with the suggestion of Becker et al. (9). The amount of
sample was reduced from 5 to 1 ml to permit work within
the range of the standards used.

To 1 ml of inoculated soymilk was added 5 ml water, fol-
lowed by 10 ml of 0.8 ~ 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 filtrate. The mixture was thoroughly mixed
before 3 ml of a 1:3 dilution of Folin-Ciocalteau reagent
(Anderson Laboratories, Fort Worth, Texas) was added. The
mixture was again thoroughly mixed and then allowed to
stand 5 min for color development. The blue color was
measured in a Bausch and Lomb Spectronic 20 at 650 mu
with the instrument set at 100% transmittance using a reagent
blank.

A standard curve showing per cent light transmittance for
various concentrations of tyrosine was prepared as described
by Hull (26). This was used to convert sample readings into
their tyrosine equivalent (ug tyrosine per 5 ml filtrate).

Measurement of nonprotein nitrogen (NPN). The method
of Becker et al. (9) for determination of NPN in soybean meal
was used with slight modifications. Ten milliliters of 0.8 ~
(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
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TaBLE 1. CHANGES IN THE PROTEIN OF SOYMILK INOCULATED WITH MICROORGANISMS AND RENNET AS MEASURED BY THE
MODIFIED ANSON (OR HULL) PROCEDURE. INCREASE IN RELEASED TYROSINE IN THE MEDIUM WITH INCUBATION TIME,

Days S. thermophilus L. delbrueckii L. casei B. cereus M. conglomeratus Rennet
Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2- Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
S (ng tyrosine/5 ml TCA filtrate)—

0 33 27 33 37 33 27 34 31 35 32 33 25
1 33 27 33 27 33 27 63 67 35 32 33 25
2 33 27 33 27 33 27 63 67 35 32 33 25
3 33 27 33 27 33 27 63 67 35 32 33 25
4 33 27 33 27 33 27 63 67 35 32 33 25
5 33 27 33 27 33 27 63 67 35 32 33 25
6 33 27 33 27 33 27 63 67 35 32 33 25
7 33 27 33 27 33 27 63 67 43 40 33 25
11 33 27 38 29 33 27 63 73 46 42 33 25
14 33 27 38 29 33 27 70 73 46 42 50 .. 44

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-binding 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 the
tests were conducted on the same samples.

Certified Orange G (National Aniline Division, Allied
Chemical, N.Y.) was dried to constant weight at 110 C. A
solution containing 1.00 mg of the dye per milliliter was pre-
pared. One gram of the dye, corrected for its assay was ac-
curately weighed, and together 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.

Twenty 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 then filtered through
S & S No. 595 filter paper. A blank consisting of 1 ml water
and 20 ml dye solution was treated in the same manner.

The absorbance of a 1:50 dilution of the filtrates was
measured in a Spectronic 20, using 0.5-inch test tube type
cells.

When 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 sample
(representing 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 curve is a plot of the difference in absorbance
between the blank and samples (AB~A:) containing various

amounts of protein against the 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
soymilk and fractions thereof made up to 1 ml with water, and
plotting the values obtained for (AB_A\,) against Kjeldahl
protein in milligrams. The Kjeldahl proteiﬁ of smaller volumes
of soymilk may be calculated from one known Kjeldahl value,
e.g., milligrams protein in 1 ml soymilk.

When the 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 diluted 1:50 before measuring
absorbance). Absorbance values of the blank, and of fil-

trates from unproteolyzed soymilk and incubated samples were
determined after proper dilution (1:50 with water). A
proteolysis index was calculated from the absorbances:

A —A

Proteolysis index = -5 0
A ’_A()

where A\‘ is the absorbance of the incubated sample, A that

of the unproteolyzed control soymilk, and AB that of the blank.

ResvrLTs axp DiscussioN

Suitability 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-
tecting 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, be-
fore the compounds can be detected. Presence of
insufficient amounts of these amino acids in soymilk
can be ruled out as a problem because (a) results
with B. cereus showed that twice as much tyrosine
as was iniﬁally present was detectable after incuba-
tion; and (b) data reported by Hackler et al. (21) on

TasrLE 2. CHANGES IN NONPROTEIN NITROGEN (NPN) or
SOYMILK INOCULATED WITH MICROORGANISMS AND RENNET..

Days S. thermophilus L. delbrueckii B. cerens M. conglomeratus Rennet

—— (mg NPN/5 ml TCA filtrate)'

0 0.17 0.17 0.24 0.21 0.17
1 0.17 0.26 1.07 0.23 ND
3 0.18 0.33 1.36 0.34 0.19
7 ND? 0.39 1.43 0.48 0.19
9 0.20 ND 1.52 ND ND
11 ND 0.40 ND 0.51 ND
14 0.20 0.43 1.83 0.60 0.38

Walues represent average of duplicate determinations from 2
trials.
2Not determined.

the amino acid content of soymilk.

The NPN procedure performed better than 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 terms of practicality
and ability to detect proteolytic changes, was the dye-
binding method. The basic principle of dye-binding
methods for protein determination (5, 7, 17, 28, 38)
is the formation of an insoluble complex between 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 may be estimated from (a) the dye bound by
the protein or (b) the concentration of unbound dye.
The former is the basis for the Dolby (17) method
and the latter, for the method of Hammond et al.
(23).

Dye-binding methods may justifiably be 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). Further-
more, dye adsorption may be 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 method 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 ‘con-
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. Degree
of proteolysis measured by ‘the former was consis-
tently higher than by the latter. However, results of
both methods were consistently similar and parallel,
indicating that both mapsured the same changes.

The dye-binding method for measuring proteolysis
offers many advantages over the other two methods
used. Unlike the 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 by lactic cultures in soymilk

The proteolytic activity of S. thermophilus and L.
delbrueckii in soymilk was demonstrated using the
NPN and dye-binding methods. Lactobacillus del-
brueckii was more proteolytic than S. thermophilus.
Both were, however, only weakly proteolytic when
compared to B. cereus and M. conglomeratus (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 was sur-
prising. It is possible that the conditions, e.g., time
of incubation, pH, temperature, prevailing in the
experiments were unfavorable for proteolytic activity
by this organism in soymilk. Some components of
the 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
tirst 6 days 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
investigated 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 be-
low the reported optimum for proteolysis after 24
hr incubation for S. thermophilus and L. delbrueckii.
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. delbrueckii 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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TaABLE 3. CHANGES IN THE PROTEIN OF SOYMILK INOCULATED WITH MICROORGANISMS AND RENNET, AS MEASURED BY THE DYE-
BINDING METHOD OF DOLBY.

Days S. thermophilus L. delbrucckii L. casci B. cereus M. conglomeratus Rennet

Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2~

(mg protein/ml)*——

P

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.¢ 20.0 32.3 33.3 ND 37.0
4 ND ND ND ND ND ND ND ND 31.8 ND 35.8 ND
7 ND 33.3 ND 32.3 35.8 37.0 15.3 17.0 29.8 29.5 338 32.3
9 33.8 ND 32.8 ND ND 37.0 ND ND ND ND 30.8 ND
10 32.8 ND ND ND 35.8 ND ND 13.5 ND ND ND ND
11 ND ND 28.0 28.8 ND ND 12.3 ND 28.0 24.7 ND ND
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

1Values were obtained by measuring the dye bound by the protein in a sample and converting this to the corresponding

protein content from a standard curve.
*Not determined.

TaBLe 4. COMPARISON BETWEEN THE DYE-BINDING METHODS

oF DoLBY AND HAMMOND ET AL. FOR MEASURING PROTEOLYSIS

IN SOYMILK. PERCENTAGE OF PROTEOLYSIS MEASURED WITH TIME.

S. thermophilus L. delbrueckii B. cereus M. conglomeratus Rennet
Days Dt H2 D H D H D H D H
(% Proteolysis)
1 2.6 0 5.4 4 30.2 25 2.6 3 0 "0
3 ND? 1 6.8 6 49.7 41 9.8 4 ND 0
4 ND 2 ND ND ND ND 11.2 8 0 ND
7 ND ND ND ND 57.0 44 16.8 10 5.6 2
9 5.6 5 10.9 7 ND ND ND 14 14.0 11
10 8.4 8 ND ND ND 51 ND ND ND ND
1 ND ND 23.9 ND 66.0 ND 21.8 17 ND ND
14 11.2 12 23.9 17.0 76.0 61 30.2 26 19.5 14

Dolby’s method. Per cent proteolysis is equal to initial protein minus remaining protein after incubation divided by initial

protein x 100.
2Method of Hammond et al. Proteolysis index x 100.
SND = 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 thermophilus
produced more acid in soymilk than L. delbrueckii
(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 was
acid production.

_Hang and Jackson (24) also observed that inclusion
of rennet in soybean cheese-making improved the
flavor of the product. They believed that 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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MANURE HANDLING SYSTEMS AND ENVIRONMENTAL CONTROL
FOR CONFINED DAIRY HOUSING'
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ABSTRACT

There is no single best manure handling system. Odor and
appropriate time of disposal are two of the most difficult waste
problems facing dairymen. Systems may range from a gutter
cleaner and daily hauling with a manure spreader to extended
storage in concrete tanks whose contents are pumped and
spread periodically.  Daily hauling requires the lowest in-
vestment in equipment but has the disadvantage of possible
higher labor costs and the hazard of encountering unfavorable
weather, soil, or crop conditions. Slat floors in warm free-
stall barns, or gutters with grated bottoms in conventional
stall barns, both with under-the-building manure storage,
offer suitable systems for manure handling with a minimum
of labor. Carefully planned ventilation systems of high cap-
acity must be provided for all confined units. Research shows
that manure containing little bedding deposited in the end
of a 30 x 90 x 8 ft external flat-bottom tank will distribute
itself under its own weight. Waste heat from the dairy barn
ventilation system is used to prevent freezing.

This paper will discuss the important subjects of
dairy housing and manure handling systems. Both
have changed markedly in the last 5 years. Unfor-
tunately, dairymen in 1970 are governed by a U. S.
Public Health Code that was last revised in 1965, be-
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 between
sanitarians and engineers in establishing uniform rec-
ommendations and realistic guidelines for the dairy
producer to follow.

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

Prior to World War 11, 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 manure spreader.
Following the War, 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 be-
came popular because of its somewhat misrepresented
low cost.  With this system, manure generally was

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

removed once a year, usually with a front end loader.

All manure handling practices were based on the
liberal use of bedding to absorb liquid from the waste
and to help keep animals clean. The high cost of
bedding, the labor required to put it in place, and
the cost of getting rid of it have brought about the
use of animal mats, slatted floors, and other practices
to reduce bedding needs. As the amount of bedding
used decreases, the consistency of the manure chang-
es. Devoid of bedding, manure and urine must be
handled in some type of water-tight container. Con-
crete manure storage pits are NOW in common use.
In new systems; the manure storage pit often is placed
under the barn floor, allowing the use of slatted
gutters or slatted floors, depending upon the housing
system. This eliminates any pre-storage labor re-
(uirements because a collection system is not neces-
sary.

Providing reinforced concrete manure storage pits,
of course, adds significantly to the cost of a waste
management system. Pit costs vary widely, but ob-
servation indicates 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 estimate can be obtained by multiplying the num-
ber of cows times the desired storage period by 80
cents. Thus, 150 days™ storage capacity for 100 cows
might be expected to cost $12,000.

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

FREE-STALL

Free-stall barns can be either warm (completely
insulated and mechanically ventilated) or cold (open
uninsulated buildings where natural air movement
provides ventilation and the barn temperature ap-
proximates the outside temperature). In either type
of free-stall system the costs of the milking parlor,
milkhouse, and feed storage and handling systems
are essentially the same. Cost variation stems from
the housing structure and the manure handling sys-
tem (3).

The cold free-stall housing unit is mainly a shell
to keep rain and snow off the ground. In severe
weather, freezing temperatures will affect manure
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handling practices. In such units, manure generally
is scraped daily and hauled to the field, weather per-
mitting. Deep 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
cost of the cold free-stall housing structure 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.

Warm free-stall barns must be 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. Windows 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 opportunity for man-
ure to build up and the cows’ feet remain compara-
tively clean. The amount of manure tracked into the
milking parlor can be substantially reduced 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 usually limited to a few months. How-
ever, many dairymen feel that greater manure stor-
age capacity provides additional flexibility in man-
aging the manure. With 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
haul 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.

StOoRAGE CAPACITY

In deciding how much storage capacity to pro-
vide, a dairyman must realistically assess how 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 the 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 beneath. Such buildings 40 ft wide
and with a pit 8 ft deep will provide manure storage
for about 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 traffic to quickly
work manure through the slotted openings. Narrow
alleys also are a factor in reducing the overall cost

of the building.

StAaLL BARNS

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-
flict 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 barns
wheze 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

s-
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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 be 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, NHs, COs:, and CH: on
livestock and man if proper precautions are not
taken” (4).

Except for CHa and NHs, 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. We recommend a total exhaust rate of
200 ft*/min per 1,000 Ib. of animal weight (2). All
this capacity should be in operation when manure
is being agitated or pumped. Animals should be out
of the barn if possible. About one-half the total
exhaust capacity or 100 ft/min  per 1,000 1b. of
animal weight should be exhausted from the manure
pits. Of this, 25 f*/min should be continuous, with
the remainder thermostatically controlled.

For example, in a slat floor barn housing 120 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. Onme of these
fans must operate continuously.  The other two
should be controlled by thermostats set at 38 F. The
remaining 12,000 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 be set at least 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 Sweden indicates that low level exhaust is an im-
portant factor in maintaining herd health compared
to only high level exhaust (I, 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 the 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 lost through the ceiling and by solar
heat during the day.

For summer ventilation, air is allowed to enter the
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slot inlet directly from the outside through continuous
doors built into boxed-in eaves. When these doors
are opened, outside air is drawn directly in from the
shaded area under the eaves and there is little op-
portunity for it to be warmed in the attic (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.

MANURE STORAGE RESEARCH

In 1968, a research project was initiated at the Uni-
versity of Minnesota Northwest Experiment Station
at Crookston to study the behavior of dairy waste
stored in an external tank over, an exterided period.
A storage tank 30 ft wide, 90 ft long, and 8 ft deep
was constructed 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 has been used to support an easily removable
temporary cover made by stretching woven wire
across the beams and adding a polyethylene sheet
topped with baled straw. A duct was built over the
gutter cleaner elevator, 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. Manure was first put
into the tank on December 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 May 1.

On May 1, the tank was agitated for 4 hr at 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
liquitied 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 November 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 the duct.

Before the liquid manure system was put into use,
poured-in-place cow mats were installed to decrease
the amount of bedding entering the manure pit.
Prior to the installation of the mats, bedding was
used at the rate of about 16 1b. per cow per day.
Since installation of the mats, bedding has been re-
duced to about 2.9 1b. 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 $2,214.

Savings in labor cost 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) Manure with little 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
tull tank of stored manure can be completely agitat-
ed, partially emptied, reagitated, and completely
emptied without difficulty. (d) 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 pasteurization were in-
vestigated to determine whether shorter holding times 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 vertically in a 300-gal vat pas-
teurizer and the rake was adjusted to measure the temperature
of the heated airspace, foam, and liquid product. With 200
gal of ice cream mix (16% milk fat), an 1l-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. When a 7-inch foam was generated
above 218 gal of chocolate milk, the minimum foam temp-
erature was below pasteurization temperature for the first 14
min of the holding period. Attempts to generate foams on
milk were unsuccessful.

Because of the slow heating 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 pasteurization, 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 pasteurizers, there has been some interest
in holding times shorter than those currently recom-
mended by the Public Health Service (8). Equiv-
alent time-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 subsequent lack of thermal destruction
of pathogens that may be in the foam.

Milk foams are difficult to heat (9), and because
of this, airspace heaters are used on vat pasteurizers.
Even with airspace heating, foam can be a problem,
and the 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 heating
rates of milk and milk product foams when heated
in a commercial-scale vat pasteurizer, and to estab-
lish the feasibility of vat pasteurization processes
with holding times of less than 30 min.

MATERIALS AND METHODS

Pasteurizer

A round processor (Cherry Burrell, Model WPB-capacity
300 gal) with airspace 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 (4.0% milk fat) and 18
gal of commercial chocolate syrup (Kalva Corporation, Wau-
kegan, I11.). The syrup was blended specifically for cold
mixing prior to vat pasteurization 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%.

Test nrocedure

With cold product in the vat, a foam was generated on the
liquid surface by pumping product from the vat, metering air
into the suction side of the pump, and discharging the
aerated product into the vat below 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 then to the liquid product’s surface. The vat lid was
closed and steam turned on. Airspace steam was adjusted
so that temperature of the airspace was maintained at least
5 F higher than 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 procedures

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 Wire
Gage) copper constantan 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 the rake inserted in an ice cream mix
foam in the vat, with the top seven thermocouples in the

Mention of company or product names implies neither en-
dorsement nor criticism by the Department of Health, Educa-
tion, and Welfare.
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Rake of thermocouples positioned in an ice

Figure 1.
cream mix foam.

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

Foam densities were obtained from the weight of a known
volume of foam. Milk fat determinations on raw milk, and
phosphatase determinations on the ice cream mix were per-
formed according to procedures prescribed in Standard Meth-
ods for the Examination of Dairy Products (6).

-REsurts

Not all pasteurization conditions present a foam
problem. If the foam is formed after the start of
holding, it consists of liquid product and air from the
airspace, both of which have a temperature either at
or above that required for pasteurization. Conse-
quently, the temperature of such a foam would sat-
isty the temperature requirement for pasteurization.
It the product is heated to pasteurization temperature
in an auxiliary vat and pumped into the bottom port
of the holdel, any foam in the auxiliary tank would
bubble up through the hot liquid, and since the foam
would then-be at liquid product temperature, there
would be no foam heating problem. Conditions that
'\Vould create a foam heating problem occur when
milk is transferred from an auxiliary heater and dis-
charged into the top port of the holder, or when the
product is heated and pasteurized in the same vat
and the foam is present before heating or is gener-
ated during the heating process. "Our tests were
based on foams generated before the start of heating.

Ice cream mix

Foams were readily produced on ice cream mix,
and we selected an 1l-inch foam as representative
of the rarely occurring worst condition. With 200
gal of mix in the vat pasteurizer and the thermo-
couples in place, the lid was closed and the mix was
heated to a temperature of 158 F. The 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
all public health requirements were met and the air-
space and product thermometers indicated satis-
factory temperatures, minimum foam temperature at
the start of the holding period was 86 F and remain-
ed below pasteurization 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 treatment of 155 F
for 30 min.

When the vat 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 thickness and density decreased significantly
during heating and holding.  This resulted from
drainage 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 heating. At the end of the heating period
(25 min later), thermocouples 1 through 5 are in
liquid (as evidenced by a constant temperature), in-
dicating a raising of liquid level caused by drainage
from the foam. Moving vertically upward through
the foam, isometric time lines show precipitous tem-
perature drops to the point of minimum temperature
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Figure 4. Minimum temperature in foam during vat
pasteurization of chocolate milk.

- followed by an increase to airspace temperature. The
foam is heated by conduction from the hot liquid
below and the hot airspace above.

Chocolate milk
Because of better mixing characteristics, chocolate
syrup is usually blended with hot milk after it has
been heated to pasteurization temperature; however,
the worst foaming condition occurs when the syrup
is blended with cold milk and is present before the
start of heating. Our tests followed this procedure,
and we used a commercial syrup developed specifi-
; 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 liquid.
Foam density (10 Ib/ft') was lighter than that for
ice cream mix. The product was heated to a tem-
perature of 152 F (the pasteurization temperature is
145 F 4+ 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 cream
mix.

Minimum foam temperature was below pasteuri-
zation temperature for the first 14 min of the holding
period (Fig. 4). The precipitous increase 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 milk

With 300 gal of whole milk in the pasteurizer, a
4-inch foam, similar to that reported by Whittaker
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, aithough foam density (16
Ib/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 heating. Ten minutes after the start of heating,
foam temperature increased precipitously to liquid
temperature, indicating a loss of foam. At the be-
ginning of the holding period, the vat lid was open-
ed and the loss of foam was verified.

Tests on pasteurized products

In the tests described above, steps were taken to
facilitate development and retention of foam. We
performed additional tests on the pasteurized ice
cream mix wherein we purposely attempted to” de-
velop procedures that would be 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
tests 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 about 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 test with an agitator speed of 50 rpm.

Using the once-pasteurized ice cream mix (200
gal), we generated a 5-inch foam over tl_le 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 thermal 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 temperature of 190 F com-
pletely eliminated a 5-inch foam during heating.
The airspace temperature was held at 190 F during
the entire heating period.

Discussion

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
with 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
Whittaker et al. was performed without airspace
heating and was the basis for recommending airspace
heaters for vat pasteurizers. They described dense
foams (6.2 Ib/ft}) as a “heavy soggy mass” and this
is an accurate description of the foams we observed.
The air was evenly distributed throughout the foam,
and the air bubbles were so small that detection with
the unaided eye was difficult.

Because of the slow heating 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 trans-
ferred to the vat. We 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 the most probable cause of
foams in commercial practice.

When a foam exists prior to heating, it may be
reduced in size by maintaining the airspace at a tem-
perature of 190 F from the start of heating. Because
of heating 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 plates 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 create more foam). If
the foam persists into the holding period, it must be
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. Measuring the additional time required for
all of these parameters is not practical. If, however,
the thermal properties of the foams were available,
the additional time required for pasteurization could
be calculated. The thermal properties of foams were
estimated, and the deve]opment of the calculations is
given in the f()]l()wing section.

CarcuraTion or HeAT 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 possible. 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 further
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 are defined in the list of nomenclature.

The heating process
Taking x as the direction moving Vertically upward
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through the foam, the general equation for one-di-
mensional heat transfer is (4)

-offs)

The heating process of vat pasteurizers consists of a
constant heat input, and this means liquid temper-
ature will increase at a constant rate (Fig. 2, 3).
After an initial transient period, foam temperatures
also increase at a constant rate, therefore, 81/87 =
A and substituting into equation 1,

LT _ A

Ax? &

The solution of the above equation is

oT
oT

2
T=55+Cx +C,  [e]

Applying the boundary conditions, when x = 0, T
= To, therefore C: = To.
When x=L, T=T, and substituting into equation 2

C,=-L—-% _ AL

L 20
After substituting Ci and C: and rearranging, equa-
tion 2 becomes

T: AXZ_
2

+E-T)F + 7%  [3]

Equation 3 gives the temperature profile through the
foam during heating where T and T are known and
T, - T, is a constant temperature difference between
airspace and liquid. At the end of heating, T is the
pasteurization temperature, and equation 3 is used
as a boundary condition in solving for temperature
profiles during holding.

The holding process

The solution to the problem of heating an infinite
slab, while its surfaces are maintained at T and T,
is given by Carslaw and Jaeger (1)

T=T%+T-T)%
—o(znzvrz’r“//_2

(4]

where the a coefficients are defined by

=2 / L[zﬂv) — (% HE ~To) ] emepedx 18]

and f(x) is defined by equation 3. Substituting equa-
tions 3 and 5 into 4, integrating, and simplifying

T=L+I-%)F
-t T/L?

__}_ZAjngmagT—/Mﬂz'xe [6]

”m
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Equation 6 gives the complete temperature profile
across the foam for any time after the start of the
holding period. The use of equation 6 is cumber-
some; it must be solved for all combinations of x and
7 and each computation requires the evaluation of
an infinite series. It may, however, be simplified
considerably by limiting the calculation to the specif-
ic point in time when minimum foam temperature
achieves pasteurization temperature, T o as shown in
Fig. 5. Temperature profiles are shown for successive
time intervals, 74, 75, 7¢ ctc. As the foam is heat-
ed, the location of minimum temperature (point
where 8T/8x = 0) moves closer to the liquid surface
because the top surface of the foam has a higher tem-
perature than the bottom surface. When the mini-
mum foam temperature reaches liquid temperature,
it occurs at x = 0, and assuming liquid temperature
is pasteurization temperature, minimum foam tem-
perature achieves pasteurization temperature when
8T/86x = 0 at x = 0. Equation 6 is restricted to this
specific condition as follows: Taking the partial de-
rivative of equation 6 with respect to x, and then
substituting x =0

(@1 - -1
X foss VA
-—o(mzrrz'r‘/z_z
+ 2AL fxcotmn-—/
o TTZ = P me
Applying the requirement that
o) T) = O
GoI»
yields
o ) —anmiz/L®
=T) — S0 o AT =
OCZALZ 7 — _m% /7277' / e [7]

Equation 7 predicts the specific time after the start
of holding when minimum foam temperature is equal
to pasteurization temperature, T, Evaluating the
one infinite series is somewhat time-consuming; how-
ever, it can be shown that the first term of the series
predicts the value of the complete series within 10%
provided at/L? >0.01. This requirement is satisfied
for the conditions of interest during vat pasteuriza-
tion and the accuracy of 10% is good for this type of
computation; therefore, equation 7 simplifies to

7= g [ | [e]

provided that

0(1/[_2 = 0.0/ [91

Equation 8 is used to determine heating time of
the foam, which is then used in equation 9 to de-
termine that the calculation was valid. Equation 8
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shows 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
heat input; they operate on the principle of a con-
stant wall temperature. A different equation could
have been developed for pasteurizers with constant
wall temperature (and logarithmic temperature rise
of the liquid), but these pasteurizers, with automatic
control of vat wall temperature, have a constant heat
i‘llput during most of the heating process. Because
of the small temperature difference between the
liquid and the vat wall, a logarithmic temperature
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-
teurizers.

Estimating thermal diffusivity of the foam

All the terms in equation 8 can be described except
thermal diffusivity of the foam; «. Thermal diffu-
sivity may be expressed as a ratio of more commonly
known ‘terms -as follows

@ =
fu
and by estimating values of k, p, and C,, a may be

computed.

From the work of Whittaker et al. (9) plus the data
reported here, density (p) of foam is known to be
in the range of 10 Ib/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 (C,) of ice cream
mix was estimated as 0.7 BTU/Ib F.

Thermal conductiyity of the foam is not known and,
unlike specific heat of the air, thermal conductivity
of the air 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/hr ft F at 140 F (2). These data
may be 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 known. Since
the density of the ice cream mix is about 64 1b/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 conductivity (k) of the ice cream
mix foam was estimated to be 0.14 BTU/hr ft F.
From these data, thermal diffusivity of the foam was

Foant TEMPERATURE

TaBrLE 1. CALCULATED ADDITIONAL HOLDING TIME REQUIRED
TO ENSURE PASTEURIZATION OF MILK PRODUCT FOAMS
IN THE VAT

Heating Temperature difference between top
rate and bottom surfaces of foam
Toam of the —_—

thickness liquid A F 20 F 10 ¥ 5 R
(inch) (¥/min) (Additional holding 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 75 87

computed as 0.048 i- :h*/min. Subsequently, thermal
diffusivity of the fea:a was assumed to be 0.05 inch®/-
min, and this valuc was used in equations 8 and 9
for computing results for selected conditions (Table
1). These may be used 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
pericd. Heating 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 holding period required for
pasteurization of the foam?

In identitying 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 sclected. From Table 1, the 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 than 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.

o e

o 5= s

4
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C,, = specific heat of the foam, BTU/Ib F.

P

k = thermal conductivity of foam, BTU/hr ft F.
L. = foam thickness, inch.
In = natural logarithm.

T = temperature, F.

T, = temperature of airspace, F.

T, = temperature of liquid product, F.

t = time when minimum foam temperature
achieves the temperature of the liquid prod-
uct, min.

x = vertical distance upward through foam, inch.

a = thermal diffusivity, inch®/min.

r = 314 .. ...

p = density of foam, lb/ft’.

T — time, min.
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AMENDMENT TO SANITARY STANDARDS
FOR THERMOMETER FITTINGS AND CONMNECTORS USED ON
MILK AND MILK PRODUCTS EQUIPMENT

Serial #0903

Formulated by
International Association of Milk, Food and Environmental Sanitarians
United States Public Health Service
The Dairy Industry Committee

The 3-A “Sanitary Standards 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 Instrument Fittings and Connections Used
on Milk and Milk Products Equipment, Serial
#0900.”

2. The word “instrument” shall be substituted for

“thermometer” wherever it appears in the text
of the standard and on the drawings where it
designates a thermometer or a fitting for a
thermometer.

This amendment is effective 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 Tennessee
Knoxville 37901

(Received for publication September 23, 1970)

ABSTRACT

Changes in composition of milks from individual cows did
not always respond to differences in atmospheric 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
individual cow’s milk to herd milk.

The freezing point depression of milk has been
shown to be greater during the winter than during
other seasons (2). These differences may, in part,
result from low SNF 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 investigation 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 over a period of several
months were used.

PROCEDURE

During April and May 1868, 205 individual-cow morning
milk samples from 8 Holstein cows were analyzed for chloride
by titration with Ag NOs, for lactose by the chloramine-T
method (4), for SNF by drying the whole milk sample and
subtracting the fat’as determined by the Babcock method
and for freezing point depression by use of a thermistor-type
cryoscope. Weather data obtained from the United States
Weather Bureau station located approximately 16 km from
the dairy barn were used to calculate the temperature-humidi-
ty index, 0.4 (td + t‘v) + 15, where tLl and t“‘ are the dry
bulb and wet bulb Fahrenheit temperatures, respectively.

During the period August, 1968 to June, 1969, 78 bulk tank
samples from one herd were analyzed in a similar manner
except that lactose was determined by the method of Bar-
nett and Tawab (1).

RESULTS AND DISCUSSION

Correlation coefficients between freezing point
depression, certain weather variables, and composi-
tion of milk from individual cows are presented in
Table 1. Warm atmospheric temperatures (dry bulb
readings) were accompanied by low freezing point

TasrLe 1. CORRELATION COEFFICIENTS BETWEEN WEATHER
VARIABLES, MILK COMPOSITION AND FREEZING POINT DEPRESSION
OF INDIVIDUAL cows MLk (N = 205)

F:‘)eoeileitng Concentration of

depression Lactose Chloride
Freezing point depression +0.01 —0.27*
Lactose concentration —0.44*
Dry bulb temperature —0.20* —0.01 —0.01 )
Wet bulb temperature —0.02 —0.12 —0.26"
Relative humidity +0.23* —0.06 —0.04
Temperature-humidity

index —0.03 —0.03 —0.02

“Highly significant relationship (P<0.01).

TABLE 2. CORRELATION COEFFICIENTS BETWEEN HERD MILk
COMPOSITION FREEZING POINT DEPRESSIONS AND WEATHER
vaRtABLES, AucusT 1968—Junxe 1969 (N = 78)

Freezing Concentration of

oo nTactose  SNF Chioride

Freezing 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
Wet bulb temperature —0.33" 0.15 —0.14 0.15
Relative humidity 0.02 —0.09 —0.01  —0.03
Temperature- ' f

humidity index —0.02 0.45* —022* —0.19
“P<0.05.
"P<0.01.

depressions of the milk and high relative humidities
were accompanied by higher freezing point depres-
sions. High chloride concentrations were accompa-
nied by low 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, SNF, 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 point depressions and high lactose con-
centrations 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 two sets of data (Tables 1
and 2) must be made with the recognition that the
data were not collected during the same time period.
Thus seasonal differences (partially reflected 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 freezing point de-
pression to chloride concentration and to dry bulb
reading. Milks 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 concentration 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.

Physiologists 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 assistance and
consultation in the following areas:

(a) Provided assistance and consultation to the Intersociety
Council on. Standard Methods for the Examination of
Dairy 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” methods during the interim period be-
tween editions of SMEDP.

(b) Developed a continuing program for the evaluation of
methods included in the 12th edition of SMEDP, which
should be useful to the Intersociety Council in the prep-
aration of the next edition.

(¢) Assisted in collaborative studies concerned with estab-
lished, defined, and accepted methods for the examina-
tion of milk, milk products, and other foods.

(d) Provided assistance to the National Mastitis Council
(NMC) Research Committee and the NMC Subcom-
mittee on Screening Tests.

, (@) 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 ALM 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 Methods for the Examination of Water and Other
Environmental Samples, and Dr. Herbert Hall, Past Chairman
of the Subcommittee on Laboratory Methods for the Examina-
tion of Foods. Their contributions to this committee will be
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 Chairman will have ac-
cepted appointment prior to this annual meeting. Active
assistance of the Applied Laboratory Methods Committee to
the National Mastitis Council Subcommittee on Screening
Tests was terminated in January 1969 when Dr. Brazis re-
siened chairmanship of that NMC subcommittee.

Mr. Charles Huhtanen replaced Dr. Elmer Marth as Chair-
man of the Milk and Milk Products Subcommittee when the
press of additional responsibilities resulted in his resignation
as Chairman of this Subcommittee.

Preparation has started on the 13th edition of Standard
Methods for the Examination of Dairy Products, and the
ALM Committee has four members who are Committee Chair-
men for five chapters. One ALM committee member is also
2 member of the Intersociety Council on Standard Methods
for the Examination of Dairy Products.  Altogether, eight
ALM committee members are actively working on preparation
of the next edition of Standard Methods.

(Continued on Page 144)
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ABsTRACT

Development and filing 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 the additive, usage and labeling, efficacy or performance,
method for determining the additive in food, proof of safety,
and the proposed regulation. Pertinent literature, and bio-
graphical data on principal researchers 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 the Food Additive Petition process in the
future are discussed.

The concept of the Food Additive Petition process
emerged from the 1958 Act wherein Congress pro-
vided that new food additives shall be 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 establish 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
Guidelines for Chemistry and Technology Require-
ments of Food Additive Petitions, which provide a
helpful summary for undertaking the petition process.

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

A good principle to follow for requesting opinions
from FDA is to never make a formal request for an
opinion to FDA until sufficient informal, off the
record, discussions have been held to determine be-
yond a reasonable doubt exactly what sort of formal
opinion will be given to a particular request.

‘Presented at a meeting of the Wisconsin Section, Institute of
Food Technologists, Oshkosh, Wisconsin, September 11, 1970.

REQUIRED INFORMATION

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 joint discussion be-
tween various FDA divisions and branches, the manu-
facturer 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 conduct of research, and
the preparation 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 be required on
various aspects of the new additive. The FDA is
most concerned about the safety or toxicological as-
pects. However, it is vital to have an understanding
on all the types of information mentioned in the 1966

Guidelines.

The major elements or types of information re-
quired 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. Here 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. What quantity
of additive is required for effective use, what in-
structions 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 present
in food. Finally, information must be provided on
the fate 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.

Usefulness

The third type of information required pertains to
efficacy—the usefulness 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, comprehensive data on
actual performance of the additive. Data on per-
formance must be sufficiently comprehensive to cover
the entire spectrum of proposed use.

Data 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 further increase this em-
phasis, which will result in increasingly tougher re-
quirements for data on efficacy.

Methods for measurement

The fourth type of information required is meth-
odology to determine the additive in food. Analytical
techniques must be provided for isolating and meas-
uring the additive.

Toxicology

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-
ed. 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.

Regulation

The sixth element of a Food Additive Petition 1is
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

Finally, a petition may contain literature reprints
and biographical data on key individuals who con-
ducted research 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.
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CLEARANCE PROCESS

Once all the research is done and the petition has
been compiled, there remains the clearance process.
The clearance process and the time table under which
it operates is rather clearly spelled out in FDA Ad-
ministrative Rules. The petition is submitted in trip-
licate to the Petitions Control Branch (PCB) of FDA.
Personnel of this branch examine the petition to de-
termine whether all the elements required have been
included. The PCB has the option of returning the
petition if it is deemed to be incomplete. 1t the
petition seems to be in order, it is accepted by PCB.
The examination of a petition by PCB usually re-
(quires a minimum of 15 days and may be'prolonged
for up to 6 months if the petition is grossly deficient
and the petitioner fails to correct it.

Notice that the petition has been filed is published
in the Federal Register. The date of publication in
the Federal Register is the Filing Date. The Federal
Register 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
proposed additive are free to make their own opin-
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 between establish-
ment of the filing date and publication of an effective
date—or, in effect, approval of the new additive for
use. The 90 day 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 be call-
ed for. When FDA personnel are satisfied that the
data are complete and that the safety and efficacy of
the new additive have been amply documented, the
FDA publishes a notice in the Federal Register that
the additive is approved for use. This publication
includes description of the amended Food Additive
Regulations 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 be
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
amend Food Standards evokes a great
and, recently,

proposzd to
deal of interest from manufacturers

consumers.
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ProBLEMS

The FAP process is lengthy and expensive. Assum-
ing one year t()xicological 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.

A potential precedent is to be found in FDA ad-
ministration of New Drug Applications (NDA’s).
The standard NDA requires the same general types
of information as the FAP—identity, efficacy, and:
safety. FDA also permits a supplemental NDA to be
tiled, 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 certain established drugs.
The abbreviated NDA, 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 practical approach to the
evaluation of certain types of substances currently
on the GRAS list.

REPORT OF COMMITTEE ON APPLIED
LABORATORY METHODS
(Continued from Page 141)

SUBCOMMITTEE ON LABORATORY METHODS FOR THE
EXAMINATION OF MNILK AND MILK PRODUCTS

Introduction

The scope of the Subcommittee’s activities in the last
several years was limited, voluntarily, to studies of the method-
ology for determining standard plate counts of raw milk.
There were several reasons for this. One was the feeling
that some of the standard procedures specified in Standard
Methods were rather arbitvarily derived, and their value as
compared to other related methods should be confirmed or
rejected. It is recognized, of course, that there 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 study and interpreta-
tion. A second reason for concentrating on raw milk was the
fact that since the producers might be penalized for high
bacterial counts, the analyses of the milk samples should be
as accurate and reproducible as possible. A third reason for
using raw milk was the availability of this commodity to the
subcommittee members and their familiarity with the problems
involved.

Studies completed

Mixing methods. The first problem the Subcommittee
tackled was to determine the efficency of the “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 explore 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 the dilutions (a procedure recommended by Stand-
ard Methods for mixing undiluted pasteurized milk speci-
mens). The vigorous, standard mixing of dilution tubes
causes some curdling of the cream—this could conceivably
affect standard plate counts.

The first experiments undertaken by the members in the

last 2 years were therefore an evaluation of the standard milk
dilution mixing procedure by comparing standard plate
counts by this procedure with the counts from two inversion
methods. These were: 5 inversions in a 5-sec period and
15 inversions in a 15-sec period. The experiments were
summarized and explained in our Subcommittee research
paper recently published in the Journal of Milk and Food
Technology (“Effect of Dilution Bottle Mixing Methods on
the Recovery of Raw Milk Bacteria”™). The conclusions of
the study group were: (a) the “standard” method gave higher
plate counts than the gentler inversion methods, and (b) there
were no significant differences (P<0.01) in reproducibility
among the three methods studied. The studies showed
evidence of interactions between mixing methods and samples
and between mixing methods and investigators. These inter-
actions did not negate the above conclusions, but did indicate
that investigations of this sort should include a variety of
investigators and samples in order to avoid possible erroneous
results arising from more limited studies.

Horizontal versus vertical shaking and glass versus plastic
petri dishes. Some complaints have been voiced over the
fact that Standard Methods requires that the mixing procedure
for milk dilutions be a series of up-and-down cycles. This
procedure is very taxing 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 convenience. A comparison of these two methods
was a part of the Subcommittee’s second series of experi-
ments.

Another part of this study concerned the use of plastic
and glass petri dishes in the Standard Plate Count. This
investigation was prompted by the submission of comparative
data for the two types of petri dishes by one of the Sub-
committee members which, when statistically analyzed, show-
ed the glass petri dishes to produce higher plate counts, and
with greater reproducibility, than the plastic dishes produced.
This finding was of obvious concern, and a more definitive
comparative study was therefore initiated.

The results of this study were reported in another paper

(Continued on Page 149)
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A SURVEY OF THE ACTUAL AND POTENTIAL BACTERIAL KEEPING
QUALITY OF PASTEURIZED MILK FROM 50 PENNSYLVANIA
DAIRY PLANTS

G. H. Watrous g5 S. E. Barxarp®, axp W. W. Coreman IT*
Division of Food Science and Industry
The Pennsylvania State University
University Park, Pennsylvania 16802

(Received for publication September 28, 1970)

ABSTRACT

The actual and potential keeping quality of milk from 50
Pennsylvania processing plants was determined by comparing
Standard Plate, coliform, and psychrophilic counts on com-
mercially processed and laboratory pasteurized portions held
at 44 C and 7.2 C. Examinations were made on the day of
processing and after 5 and 10 days storage at each temperature.

Bacterial data on fresh commercially pasteurized milk were
of little or no value in predicting shelf life. As shown by
previous studies, laboratory pasteurization destroys or inacti-
vates coliform and psychrophilic organisms usually responsible
for spoilage of commercially processed milk. Some laboratory
pasteurized milk exhibited increases in counts when held 5
or 10 days at 7.2 C, even though freshly pasteurized portions
were free of the psychrophilic or coliform organisms often
found in commercially processed milk.  The need for low
temperature storage of pasteurized milk is clearly shown.

The most important fact illustrated by this study is that
Standard Plate, coliform, or psychrophilic counts on fresh
commercially processed milk are poor criteria of potential
keeping quality. Even though this has been pointed out by
others, official regulatory methods, as usually applied, have
not recognized the need for new procedures to measure milk
quality, especially at the consumer 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. Milk is usually delivered to homes 3 times
a week or less. More and more milk is sold through
stores, often where storage conditions for peak loads
are inade(_{uute or where temperatures are too high.
The consumer often purchases milk that was several
days old prior to pasteurization. Perhaps a week or
longer may have elapsed between pasteurization and
sale. With more milk sold through stores, it seems
reasonable to assume that some consumers will pur-
chase enough to last several days. Thus, the poten-

1Authorized for publication as paper no. 3844 in the Journal
Series of the Pennsylvania Agricultural Experiment Station

,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.

4Agsistant in Dairy Science, The Pennsylvania State University.

tial keeping quality of milk must be much better than
some years ago when practically all milk was pro-
duced, processed, and consumed within 2 or 3 days.
In spite of these facts, quality regulations enforced
by most jurisdictions have undergone little change.
In an attempt to insure milk with good keeping
quality, many individual dairy plants perform shelf
life tests to determine the effectiveness of their 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
affect quality. In addition, many existing microbial
standards and laboratory procedures, while perhaps
valid quality measurements 20 years ago, have not
kept pace with changes occurring in the industry.
Perhaps a criticism can be made that 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 meaning than 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
vield meaningful information. Recently Goémes-de-
Lassé (10) presented data demonstrating the lack of
correlation between Standard Plate, coliform, and
psychrophilic counts on freshly pasteurized milk and
potential keeping quality. He also emphasized the
need for new tests to predict accurately and quickly
the anticipated shelf life of products.

Witter’s (18) review of psychrophilic bacteria show-
ed either laboratory or commercial pasteurization ef-
fective in destroying them in the concentration us-
ually present in raw milk.

Dabbah et al. (6) found a psychrophilic 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 culture did not survive 60 C for 30 min, a tem-
perature and time treatment less than legal pasteuri-
zation.

Grosskopf and Harper (11) in a recent study found
that fluid pasteurized milk aseptically packaged in a
standard plastic coated paper container and stored at
4 C had a shelf life of 4 weeks. Subsequent loss of
quality was caused by a psychrophilic sporeformer.
Their initial results suggest about 25% of raw pro-
ducers’ supplies contain sporeformers capable of sur-
viving UHT pasteurization.

Studies by Langlois et al. (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 Witter
et al. (19) reported that while the temperature of
some samples of milk for sale in retail outlets was
4.4 C or below, about two-thirds of all samples were
over this temperature with 17-18% over 7.2 C. Bar-
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 Witter et al. (19) have
shown that as the storage temperature of pasteurized
milk increases the bacterial population also increases.
These studies have indicated that pasteurized milk
should be held at 4.4 C or below to achieve maxi-
mum shelf life.

MATERIALS AND METHODS

In this study the actual and potential keeping quality. of
pasteurized milk from 50 Pennsylvania plants was determined.
These 50 plants represented approximately 15% of all process-
ors in Pennsylvania.

Commereially processed packaged samples from each plant
were placed in ice water and transported to the laboratory of
The Pennsylvania State University Creamery. All analyses
were begun within 24 hr from the time of processing.

Twelve portions of each processed sample were aseptically
transferred to sterile screw capped test tubes. To avoid air-
borne contamination, subdivision of samples was done in a
culture transfer cabinet equipped with an ultraviolet light.

Six of the 12 tubed portions were submerged in a thermo-
statically controlled laboratory pasteurization bath and re-
pasteurized at 62.7 C for 30 min, with a come-up time of 5
min.  Immediately after the holding period these samples
were cooled in ice water. Three portions of each sample were
placed in a refrigerator maintained at 4.4 C and an additional
three portions were held at 7.2 C.  Other tubed portions of
the commercially pasteurized milk were held under similar
conditions.

Standard Plate, coliform, and psychrophilic counts were
made immediately on the plant and laboratory pasteurized
milks and on separate portions of each sample after 5 and 10

TaBLe 1. SUNDMARY OF STANDARD Prate CounNt ox 50
COMMERTIALLY PASTEURIZED MILK SAMPLES

Original - Count range?

range 11 1 2 3 4 2 5
Fresh 28 — — — —
5 days - 44 C 22 2 4 — =
10 days - 44 C 16 — — 3 9
5 days - 7.2 C 13 3 2 3 7
10 days - 7.2 C 4 1 1 5 17

Original

range 21
Fresh — 20 — — -
5 days - 44 C 6 8 2 1 3
10 days - 44 C 3 8 1 1 7
5 days - 7.2 C 3 5 2 1 9
10 days - 7.2 C 1 2 2 1 14

Original

range 31
Fresh T — — 2 — —
5 days - 44 C 2 — - - —
10 days - 44 C — 1 — 1 —
5 days - 7.2 C — — 2 — —
10 days - 7.2 C — — 2 — -

SPC per ml
<1,000
1,000 - 9,999
10,000 - 99,999
100,000 - 999,999
>1,000,000

'Count range

UL A QOO

*Number of samples within respective treatments.

days storage at 4.4 and 7.2 C. Bacterial enumeration pro-
cedures were made in accord with Standard Methods for the
Examination 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 determined on violet red bile agar. While
laboratory pasteurization of the commercially pasteurized milks
may have resulted in some bacterial destruction beyond that
achieved with plant pasteurization, the above procedure was
necessary to inactivate any organisms that might have entered
post pasteurization, and to permit measuring the actual and
potential keeping quality of the samples. Actually, com-
parison of Standard Plate Counts of the plant-pasteurized and
re-pasteurized portions indicated that reheating caused little
change in plate counts on the day of pasteurization.

Resvurts Axp 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 counts of these samples. As might be ex-
pected, counts increased as a function of time and
the higher storage temperature.  Unfortunately,
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 count of the origin-
al samples. Data on two of the samples are shown in

Tables 2 and 3.
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TAaBLE 2. EXAMPLE OF MILK SHOWING EXCELLENT ACTUAL
AND POTENTIAL KEEPING QUALITY
Coliform  Psychrophilic
Storage Days Sre colonies colonies
temp. held per ml per ml per ml
Actual (Plant pasteurized)
0 190 <1 <1
44 C 5 150 <1 <1
10 130 <1 <1
72 C 5 130 <1 <1
10 100 <1 <1
Potential (After laboratory pasteurization )
0 60 <1 <1
44 C 5 90 <1 <1
10 130 <1 <1
72 C 5 100 <1 <1
10 60 <1 <1
TABLE 3. EXAMPLE OF MILK SHOWING POOR ACTUAL AND
EXCELLENT POTENTIAL KEEPING QUALITY
Coliform I’sychrophilii
Storage Days SPC colonies colonies
temp. held per ml per ml per ml
Actual (Plant pasteurized)
0 260 <1 <1
44 C 5 220,000 <1 170,000
10 36,000,000 <1 23,000,000
72 C 5 7,800,000 <1 6,100,000
10 770,000,000 <1 110,000,000
Potential (After laboratory pasteurization)
0 200 <1 <1
44 C 5 260 <1 <1
10 230 <1 <1
72 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
were found on plant and laboratory pasteurized por-
tions, with no increase evident during 1'ef:rigerated
holding. The absence of either coliforms or psychro-
philes in these plant-pasteurized samples also in-
dicated lack of post-pasteurization contamination.

Table 3 represents data from a plant which in-
dicated 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 contamination, the product might
have shown bacterial data similar 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
fotind 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 found
with the plant pasteurized portions. Counts after

147

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

Pcrhaps the most surprising observation was the
low coliform concentrations (Table 3) found in fresh
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 with 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 determinative pro-
cedures fail to recover this group in aged samples.
This phenomenon may be similar to that reported by
Dack and Lupitz (7), who found the natural flora
of frozen pot pies to inhibit Escherichia coli. Speck
(I7) has reviewed the subject of injury and bacterial
antagonism on recovery of other organisms. Maxcy
(14) recently has shown cell injury as a factor in
enumeration of coliform bacteria. As might be ex-

TasrLe 4. Suainiary oF STANDARD Prate COUNT ON
LABORATORY PASTEURIZED (627 C - 30 MIN) PORTIONS OF
50 COMMERCIALLY BOTTLED MILKS

Original Count range 2.3

range 11 3l 2 3 4 5
Fresh 38 — — — —
5 days - 44 C 37 1 — — —
10 days - 44 C 38 — — — —
5 days - 7.2 C 36 1 1 — —
10 days - 7.2 C 22 8 3 3 2

Original

range 21
Fresh . — 10 — — -
5 days - 44 C 3 7 — — -
10 days - 44 C 3 T — — -
5 days - 7.2 C 3 7 — — —
10 days - 7.2 C 2 4 i) 3 —

Original

range 31
Fresh — — 2 — -
5 days - 44 C — 1 1 — -
10 days - 44 C — 1 1 — —
5 days - 7.2 C — 1 1 — —
10 days - 7.2 C — 1 1 — -

!Count range SPC per ml

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

*Number of samples within respective treatments.

3No. samples remaining in same class or showing decrease:
5 days - 44 C - 49
10 days - 44 C - 50
5 days - 7.2 C - 48

10 days - 7.2 C - 30
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TasLeE 5. COLIFORM COLONIES PER MILLILITER ON 50
COMMERCIALLY PASTEURIZED MILK SAMPLES'

Number per milliliter

1 1-10 10

Fresh 46 2 2
5 days - 44 C 44 2 -4
10 days - 44 C 47 0 3
5 days - 7.2 C 44 1 5
10 days - 7.2 C 41 1 8

1Coliform colonies per ml on laboratory pasteurized portions of
above bottled milks: fresh, 5 days - 44 C, 10 days - 44 C,
5 days - 7.2 C, and 10 days - 7.2 C: all less than 1/ml,

TaBLE 6. PSYCHROPHILIC COLONIES PER MILLILITER ON 50
BOTTLED MILK SAMPLES

Count range:-2

12 345

Fresh 48 2 - - —
5 days - 44 C 34 6 1 6 3
10 days - 44 C 25 2 1 3 19
5 days - 7.2 C 23 4 3 4 16
10 days - 7.2 C 9 3 3 2 33

Psychrophilic colonies per ml on laboratory pasteurized
portions of bottled milks

Fresh 50 = - — —
5 days - 44 C 50 — = — —
10 days - 44 C 49 1 — = =
5 days - 7.2 C 50 — — — —
10 days - 7.2 C 33 5 6 4 2
'Count range SPC per ml

1 < 1,000

2 1,000 - 9,999

3 10,000 - 99,999

4 100,000 - 999,999

5 >1,000,000

*Number of samples within respective treatments.

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

Table 6 presents the psychrophilic counts found in
this study. Many fresh commercially pasteurized
samples were contaminated 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 44 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 little
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.

The lack of correlation between psychrophilic and
coliform development in commercially processed sam-
ples suggests that the coliform test is a less sensitive
indicator of post-pasteurization contamination than
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. Sur-
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 growth
of those organisms present.
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REPORT OF COMMITTEE ON APPLIED
LABORATORY METHODS
(Continued from Page 144)

recently published in the Journal of Milk and Food Technol-
ogy (“A Comparison of Horizontal Versus Vertical Mixing
Procedures and Plastic Versus Glass Petri Dishes for Enumerat-
ing Raw Milk Bacteria”). The tests showed that there were
no significant differences between types of petri dishes or
the direction of the mixing stroke. It is therefore recommended
that both types of petri dishes continue to be advocated and
that the requirements for the standard shaking method be
modified to include also the less fatiguing horizontal stroke.

Proposed work

The question of the proper incubation temperature for the
Standard Plate Count continues to be in doubt since several
recent papers have indicated that 32 C might be too high
a temperature for some of the psychro-tolerant organisms
in milk. The Subcommittee therefore 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 also may be given to determining repro-
ducibility of tests for abnormal milk.
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SUBCOMMITTEE ON LABORATORY METHODS FOR THE
ExAMINATION OF Foobps

Activities during the first year of the biennium were nil.
This resulted in part from the inactivity and unavailability
of the Subcommittee Chairman. During the second year,
however, attempts ‘were made to stimulate activity of the
committee. A memo to all Subcomittee members requested
information on the following topics:

(a) Evaluation and comments on methodology used for the

isolation of Staphylococcus aureus from foods.

(b) Comments concerning the use of indicator organisms,
coliform in particular, and differentiation of fecal coli-
form and Escherichia coli.

(c) Standardization of methodology for isolation of coli-
form organisms, i.c. fecal coliform.

(d) Definition of fecal coliform.

(e) Willingness to participate in laboratory evaluations.

Response to the request was somewhat less than over-
whelming. Two committee members did not respond at all,
one resigned, and the other two responded briefly. The re-
sponse cannot be considered as definitive. All but one of
the committee members did agree the five topics suggested for
discussion were worthwhile and should be developed further.
Only one respondee was willing to participate in a cooperative
laboratory evaluation.

In summary, some common problems related to the meth-
ods used in the microbiological examination of foods have been
defined. Solutions to these problems were not developed by
this Subcommittee.

SUBCOMMITTEE ON [LABORATORY METHODS FOR THE
EXAMINATION OF WATER AND OTHER EENVIRONMENTAL SAMPLES

This Subcommittee has been relatively inactive during the
past 2 years. This resulted, partially, from the untimely death
of its past chairman, Mr. David Anderson. Dr. Martin S.
Favero was appointed chairman. and Dr. John C. Hoff was
appointed as a member. Mr. C. N. Huhtanen resigned. The
Subcommittee is tentatively planning to met at the American
Public Health Association meeting in Houston, Ocober 26-30,
1970.

The following projects have been suggested by the mem-
bers, and attempts will be made to conduct interlaboratory
tests:

(a) Continuation of the work on slow lactose fermenters.

(b) Mechanization and simplification of the MPN method.

(¢) Evaluation of the 7-hr fecal coliform test recently de-
veloped by Geldreich.

(d) Consideration and discussion of special problems related
to the use of fecal coliform bacteria as indicators of
fecal pollution in special environments; i.e., pulp mill
effluents, sugar beet waste, and hospital air, and sur-
faces.

(¢) Evaluation of newly developed membrane filter media.
APPLIED LABORATORY METHODS COMMITTEE

Dr. A. Richard Brazis, Chairman, Chief, Laboratory De-
velopment Program, Division of Microbiology, FDA, 1090
Tusculum Avenue, Cincinnati, Ohio 45226.

SUBCOMMITTEE ON LABORATORY METHODS FOR THE
ExanziNaTion orF Mitxk & Mick Propucts

Mr. C. N. Huhtanen, Chairman, Eastern Utilization Research,
and Development Division, USDA, Philadelphia, Pennsylvan-

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

“Questions or statfements concerning any of the holders
of authorizations listed below, or the equipment fabricat-
ed, should be addressed to Earl O. Wright, Asst. Sec’y-

Treas., Dept. of Food Technology, 116 Dairy

Industry

Bldg., lowa State University, Ames, lowa 50010.”

Lo

117

63R

205R

180R

65R

145R

26R

0102 Storage Tanks for Milk and Milk Products

As Amended

Jacob Brenner Company, Inc. (10/ 8/59)
450 Arlington, Fond du Lac, Wisconsin 54935
Cherry-Burrell Corporation (10/ 3/56)
575 E. Mill St., Little Falls, N. Y. 13365
Chester-Jensen Company, Inc. ( 6/ 6/58)
5th & Tilgham Streets, Chester, Pennsylvania 19013
Chicago Stainless Equipment Corp. ( 5/ 1/56)
5001 No. Elston Avenue, Chicago, Illinois 60630

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

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

St. Cloud, Minn. 56301

Damrow Company (10/31/57)

196 Western Avenue, Fond dc Lac, Wisconsin 54935
DeLaval Company, Ltd. ( 9/28/59)
113 Park Street, So., Peterborough, Ont., Canada

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

Girton Manufacturing Company (9/30/58)
Millville, Pennsylvania 17846

The J. A. Gosselin Co., Ltd. (9/20/56)
P. O. Box 280, Drummondyville, Quebec, Canada

C. E. Howard Corporation (19/21/59)
9001 Rayo Avenue, South Gate, California 90280

Paul Mueller Company ( 6/29/60)

" 1616 W. Phelps Street, Springfield, Missouri 65801

Paul Mueller (Canada), Ltd.

84 Wellington St,, South, St. Marys, Ont.
Sanitary Processing Equipment Corp. (
Butternut Drive E. Syracuse, N. Y. 13057
Walker Stainless Equipment Co.

Elroy, Wisconsin 53929

(9/ 9/67)
3/25/70)

(10/ 4/56)

0204 Pumps for Milk and Milk Products
’ Revised, as Amended

Ben H. Anderson Manufacturers ( 5/20/70)
Morrisonville, Wis. 53571

Babson Bros. Co.

2100 S. York Rd., Oak Brook, Ill. 60621
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 Road, Madison, Wisc. 53716

The DeLaval Separator Co. ( 5/ 5/66)
Duchess Turnkpike, Poughkeepsie, N. Y. 12602

G & H Products Corporation ( 5/22/57)
5718 52nd Street, Kenosha, Wisconsin 53140

ITT Jabco, Incorporated (11/20/63)
1485 Dale Way, Costa Mesa, Calif. 92626

Ladish Co., Tri-Clover Division (19/29/56)
2809 60th Street, Kenosha, Wisconsin 53140

( 2/20/70)

148R

163R

T2R

219

52R

Robbins & Myers, Inc. ( 4/22/64)
Moyno Pump Division

1345 Lagonda Ave., Springfield, Ohio 45501

Sta-Rite Products, Inc. ( 5/ 5/65)
343 Wright Street, Delavan, Wisconsin 53115

L. C. Thomsen & Sons, Inc. ( 8/15/57)
1303 53rd Street, Kenosha, Wisconsin 53140
Tri-Canada Limited ( 2/15/71)
21 Newbridge Road, Toronto 18, Ont.
Universal Milkinv Machine Div.
National Cooperatives, Inc.

First Avenue at College, Albert Lea, Minn. 56007
Viking Pump Div.—

Houdaille Industries, Inc.

406 State Street, Cedar Falls, Towa 50613
Waukesha Foundry Company

Waukesha, Wisconsin 53186

(10/26/65)

(12/31/56)

( 7/ 6/56)

0402 Homogenizers and High Pressure Pumps of the

87

37

75

Plunger Type, As Amended

Cherry-Burrell Corporation (12/20/57)
2400 Sixth Street, S. W., Cedar Rapids, Iowa 52404
CP Division, St. Regis (10/19/56)
1243 W. Washington Blvd., Chicago, Illinois 60607
Manton, Inc. ( 9/26/57)
44 Garden Street, Everett, Massachusetts 02149

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

131R

98R

70R

40

118

144

71

47

189

As Amended

Almont Welding Works, Inc. ( 9/ 3/60)
4091 Van Dyke Road, Almont, Michigan 48003
Beseler Steel Products, Inc. ( 3/24/58)
417 East 29th, Marshfield, Wisconsin 54449

Jacob Brenner Company ( 8/ 5/57)
450 Arlington, Fond du Lac, Wisconsin 54935

Butler Manufacturing Co. (10/20/56)
600 Sixth Ave., S. E., Minneapolis, Minn. 55114
Dairy Craft, Inc. (10/28/59)
St. Cloud Industrial Park

St. Cloud, Minn. 56301

Dairy Equipment Company ( 5/29/57)
1818 So. Stoughton Road, Madison, Wisconsin 53716
DeLaval Company, Ltd. (12/31/59)
113 Park Street, South Peterborough, Ont., Canada
The J. A. Gosselin Co., Ltd. (12/ 9/59)
P. O. Box 280, Drummondyville, Quebec, Canada

The Heil Company (10/26/56)
3000 W. Montana Street, Milwaukee, Wisconsin 53235

Paul Krohnert Mfg., Ltd. ( 4/ 1/68)
West Hill, Ontario, Canada
Paul Mueller (Canada), Ltd. (11/24/57)

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

Polar Manufacturing Company (12/20/57)
Holdingford, Minn. 56340

Portersville Equipment Company ( 5/16/63)
Portersville, Pennsylvania 16051

Progress Industries, Inc. ( 8/ 8/57)

400 E. Progress Street, Arthur, Illinois 61911
Trailmobile, Div. of Pullman, Inc. (11/ 2/56)
701 East 16th Ave., North Kansas City, Mo. 64116
A. & L. Tougas, Ltée (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.W. Cedar Rapids, Towa 52406

69 G & H Products Corporation ( 6/10/57)
5718 52nd Street, Kenosha, Wisconsin 53140

27  Ladish Co. - Tri-Clover Division ( 9/29/56)
28G9 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)
137 Arthur Street, Buffalo, New York 14207

11R Blaw-Knox Food & Chemical Equip., Inc. ( 2/12/59)
P. O. Box 1401
Buffalo, N. Y. 14210

11CR  Arthur Harris & Company (11/10/58)
910-218 North Aberdeen Street, Chicago, Illinois 60607

164R Mora Industries, Inc. ( 4/25/65)
112 South Park Street, Mora, Minnesota 55051

107R C. E. Rogers Company ( 8/ 1/58)
8731 Witt Street, Detroit, Michigan 48209

186R Marriott Walker Corporation ( 9/ 6/66)
925 East Maple Road, Birmingham, Mich. 48008

L 18

.4%

B

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, Towa 52404

139  Exact Weight Scale Company ( 4/15/68)
944 West Fifth Ave., Columbus, O. 43212

137 Ex-Cell-O Corporation (10/17/62)
P. O. Box 386, Detroit, Michigan 48232

140  General Films, Inc. ( 4/23/63)
Covington, Ohio 55318

142 Polygal Company ( 4/15/63)

Div. of Inland Container Corp.
P. O. 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 Americas, New York, N. Y. 10010

1901 Batch and Continuous Freezers, For lce Cream,
lces 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, Towa 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

154 CP Division, St. Regis ( 2/10/65)
1943 W. Washington Blvd., Chicago, Illinois 60607

160  Dairy Craft, Inc. ( 4/ 5/65)

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

181 Damrow Company ( 5/18/66)
196 Western Ave., Fond du Lac, Wisconsin 54935

151
C. E. Howard Corporation ( 3/ 9/65)
9001 Rayo Avenue, South Gate, California 90280
Paul Mueller Co. ( 2/10/65)
1616 W. Phelps Street, Springfield, Missouri 65801
Paul Mueller (Canada), Ltd. ( 7/ /67)
84 Wellington St., So., St. Mary’s, Ont., Canada
Walker Stainless Equipment Co. ( 4/26/65)

Elroy, Wisconsin 53929

2300 Equipment for Packaging Frozen Desserts,

Cottage Cheese and Milk Products Similar to Cottage

193

Cheese in Single Service Containers

Anderson Bros. Mfg. Co. (19/28/65)
1303 Samuelson Road, Rockford, Illinois 61109
Doughboy Industries, Inc. ( 7/23/69)

Machine Division .

869 So. Main Ave., New Richmond, Wisc. 54017
Triangle Package Machinery Co. " ( 1/31/67)
6655 West Diversey Ave., Chicago, Illinois 60635

2400 Non-Coil Type Batch Pasteurizers

Cherry-Burrell Corporation ( 4/ 5/65)
575 E. Mill St., Little Falls, N. Y. 13365

CP Division, . St. Regis ( 3/24/65)
Fort Atkinson, Wisconsin 53538

Dairy Craft, Inc. (19/26/66)

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

The DelLaval Separator Co., ( 7/23/69)
Duchess Turnpike, Poughkeepsie, N. Y. 12602
Girton Manufacturing Co. ( 2/18/66)
Millville, Pennsylvania 17846

Paul Mueller Co. ( 4/26/65)
1616 W. Phelps Street, Springfield, Missouri 65802
Paul Mueller (Canada), Ltd. ( 9/ 9/67)

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

2500 Non-Coil Type Batch Processors for Milk and

171

173

Milk Products

Cherry-Burrell Corporation ( 4/ 5/65)
575 E. Mill St., Little Falls, N. Y. 13365

CP Division, St. Regis ( 3/24/65)
Fort Atkinson, Wisconsin 53538

Dairy Craft, Inc. ( 9/26/66)

St. Cloud Industrial Park

St. Cloud, Minn. 56301

Paul Mueller Co. ( 4/26/65)
1616 W. Phelps Street, Springfield, Missouri 64801
Paul Mueller (Canada), Ltd. ( 7/ 6/67)
84 Wellington St., So., St. Marys, Ont,, Canada
Walker Stainless Equipment Co. ( 9/24/68)
New Lisbon, Wis. 53950

2600 Sifters for Dry Milk and Dry Milk Products

Entoleter, Inc. ( 9/ 1/65)
Subsidiary of American Mfg. Co.

1187 Dixwell Avenue, Hamden, Connecticut 06514
Food & Chemical Equipment Div., (19/20/65)
Blaw-Knox Company

1325 S. Cicero Avenue, Chicago, Illinois 60650

The Orville-Simpson Co. ( 8/10/66)
1230 Knowlton St., Cincinnati, Ohio 45223

Sprout, Waldron & Co., Inc. ( 1/ 4/66)
Munsy, Pennsylvania 17756

SWECO, Inc. ( 9/ 1/65)

6111 E. Bandini Blvd., Los Angeles, California 90022
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1 Tougas St., Iberville, Quebec, Canada
25  Walker Stainless Equipment Co.
New Lisbon, Wisconsin 53950

(19/28/56)

0808 Fittings Used on Milk and Miik Products
Equipment, and Used on Sanitary Lines Conducting
Milk and Milk Products, Revised

79R  Alloy Products Corporation (11/23/57)
1045 Perkins Avenue, Waukesha, Wisconsin 53186

138R A.P.V. (Canada) Equipment, Ltd. (12/17/62)
103 Rivalda Rd., Weston, Ont., Canada
82R Cherry-Burrell Corporation (12/11/57)

2400 Sixth Street, S. W. Cedar Rapids, Towa 52406

DeLaval Company, Ltd. (2/18/60)

113 Park Street, South, Peterborough, Ont., Canada

184R The DeLaval Separator Co. ( 8/ 9/66)
Duchess Turnpike, Poughkeepsie, N. Y. 12602

67R G & H Products Corporation ( 6/10/57)
5718 52nd Street, Kenosha, Wisconsin 53140

199R  Grayco, Inc. (12/ 8/67)
60 Eleventh Ave., N.E., Minneapolis, Minn. 55413

263R  Grinnell Company (11/27/68)

260 W. Exchange St., Providence, R. 1. 02901

Hills McCanna Company ( 2/10/69)

400 Maple Ave., Carpentersville, I1l. 60110

34R Ladish Co., Tri-Clover Division (10/15/56)
2809 60th St., Kenosha, Wisconsin 53140

124R

204R

200R Paul Mueller Co. ( 3/ 5/68)
1616 Phelps St., Springfield, Mo. 65601

149R Q Controls ( 5/18/64)
Occidental, California 95465

89R Sta-Rite Industries, Inc. (12/23/68)
343 Wright Street, Delavan, Wis. 53115

73R L. C. Thomsen & Sons, Inc. ( 8/31/57)
1303 43rd Street, Kenosha, Wisconsin 53140

191R Tri-Canada Fittings & Equipment, Ltd. (11/23/66)
21 Newbridge Road, Toronto 18, Ontario

151R Tubular Components, Inc. (11/18/64)

Butternut Drive, East Syracuse, New York 13057
Universal Milking Machine Div., ( 7/31/70)
National Cooperatives, Inc.,
First Avenue at College, Albert Lea, Minn. 56007
86R Waukesha Specialty Company (12/20/57)
Walworth, \Wisconsin 53184
218  Highland Equipment Corporation
175 Stockholm St. Brooklyn, N.Y. 11237

215R

( 2/12/71)

0902 Thermometer Fittings and Connections Used
on Miik and Milk Products Equipment and
Suppiement 1, As Amended

32 Taylor Instrument Companies (10/ 4/56)
95 Ames Street, Rochester, New York 14611

206  The Foxboro Company ( 8/11/69)
Neponset Ave., Foxboro, Mass. 02035

1002 Milk and Milk Products Filters Using Disposable
Filter Media, As Amended
35  Ladish Co., Tri-Clover Division (10/15/56)
2809 60th Street, Kenosha, Wisconsin 53140
1102 Plate-Type Heat Exchangers for Milk and Milk
Products, As Amended

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

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

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

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

120 DeLaval Company, Ltd. (12/ 3/59)
113 Park Street, South, Peterborough, Ont., Can.

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

15 Kusel Dairy Equipment Company ( 8/15/56)
100 W. Milwaukee Street, Watertown, Wisconsin 53094

1202 Internal Return Tubular Heat Exchangers,
for Milk and Milk Products, As Amended

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

96 C. E. Rogers 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. ( 1/23/71)
Millville, Pa. 17846

1303 Farm Milk Cooling and Holding Tanks—
Revised, As Amended

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

119R Dairy Craft, Inc. (10/28/59)
St. Cloud Industrial Park, St. Cloud, Minn. 56301

4R Dairy Equipment Company ( 6/15/56)

1919 S. Stoughton Road, Madison, Wisconsin 53716

92R DeLaval Company, Ltd. (12/27/57)
113 Park Street, South Peterborough, Ontario, Canada

49R The DeLaval Separator Company (12/ 5/56)
Duchess Turnpike, Poughkeepsie, N. Y. 12602

10R Girton Manufacturing Company ( 7/25/56)
Millville, Pennsylvania 17846

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

179R  Heavy Duty Products (Preston), Ltd. ( 3/ 8/66)
635 Laurel St., Preston, Ont., Canada
12R Paul Mueller Company (7/31/56)

1616 W. Phelps Street, Springfield, Missouri 65801
38R Schweitzer’s Metal Fabricators, Inc. ( 2/25/57)
806 No. Todd Avenue, Azusa, California 91702

134R  Universal Milking Machine Division ( 5/19/61)
National Co-operatives, Inc.
First Avenue at College, Albert Lea, Minn. 56007
216R Valco Manufacturing Company (10/22/70)

3470 Randolph St., Huntington Pk., Calif. 90256
42R  VanVetter, Inc. (10/22/56)
2130 Harbor Avenue S.W., Seattle, Washington 98126
18R Whirlpool Corporation, St. Paul Division ( 9/20/56)
850 Arcade Street, St. Paul, Minnesota 55106
55R  John Wood Company ( 1/23/57)
Superior Metalware Division
509 Front Avenue, St. Paul, Minnesota 55117
The W. C. Wood Co., Ltd. ( 8/ 9/65)
5 Arthur Street, South, Guelph, Ont., Canada

( 8/27/56)

17CR

I6R  Zero Manufacturing Company
Washington, Missouri 63090

R ¢
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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 Association of Milk, Food and Environmental Sanitarians
United States Public Health Service
United States Department of Agriculture
Institute of American Poultry Industries
Dairy and Food Industries Supply Association

It is the purpose of the IAMFES, USPHS, USDA, TAPI, and DFISA in connection with the de_;/elopment
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 processing
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 TAMFES, USPHS, USDA, IAPI, and
DFISA. :

A. SCOPE ical solution used in cleaning and bactericidal

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 acceptance 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

For the purpose of these sanitary standards, the
following definitions and classifications shall ap-
ply:

(1) RUBBER 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 treatment.

(3) CLASSIFICATIONS:

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

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 with 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 treatment up to 180°F.

Note: See Appendix B for examples.

C. MATERIAL

Rubber and rubber-like material having any sur-
face in contact with 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 of .its 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: Class Class Class  Class
I II m IV

1. Absorption 3. Original Elongation,

Class  Class Class  Class % minimum ’
I I 111 v (Sample prepared
1. Butteroil' 22 = according to ASTM
1/4 hour @158°F, #D412) 75 75 75 75

(ASTM #D471)

Maximum hardness 4. Original Hard-
change, type ness Range,
Shore A points 6 15 20 20 Durometer Type

Maximum loss Shore A points
(ASTM #D676) 50-90 40-90 35-90 30-90

or gain—

Zésy Wl"l- g 22 gg sg D. FABRICATION

6 by Vol. 2 = The surface of finished rubber or rubber-like fab-

9. Distilled water: ricated parts shall be at least as cleanable as stain-

99 -+ 1/4 hour less steel having a 120 grit finish properly applied.
@ 158°F (ASTM Conformance with this item shall be judged by
#D471) Maximum comparing the removal of standard soil from finish-
hardness change, ed rubber or rubber-like fabricated parts with the
type Shore removal of such soil from stainless steel having a
A points 6 10 10 10 120 grit finish.
Maximum loss APPENDIX A
or gain

% by WT. 5 15 15 20 Hard Rubber

% by Vol. 5 15 15 25 Hard rubber is a vulcanized rubber having a ratio

of combined sulfur to rubber hydrocarbon in ex-
I1. Stability cess of 15% and a Shore A Durometer value in
excess of 90. Tt is not considered a part of this
standard due to its special characteristics foreign
to rubber as normally used in the egg processing

1. Air Aging
"~ (ASTM #D573)
Maximum hard-

industry.
ness change, inausty
type Shore A
points 166 = 1/2 heeENEE B
houl' Ail OVeIl Examples
@ 212°F* 20 20 — —
Rubber classes, as provided for in B. (3):
166 =+ 1/2 hour .
Air Oven Class I—Some heat exchanger gaskets, “O” rings,
@ 158°F® _ _ 15 15 C-I-P gaskets, flange gaskets, rotating seals.

Class II—Plate heat exchanger gaskets, homogen-
izer seals, static seals.

o

Original Tensile
Strength, psi

minimum (Sample Class IT1I—Cold applications such as egg and air
prepared according to tubing, manhole and door gaskets, seals.
ASTM #D412) 500 500 500 500

Class IV—Conveyor spools, vacuum lifters.

1Butteroil may be prepared by melting butter at 150°F,
placing in a graduate and pouring off the oil portion on top.
It will be approximately 97% milk fat. .
For Class Il 1;md i only. ’ These standards shall become effective May 7,

SFor Class 111 and IV only. 1971.

pe




velopments.

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 L, 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 atmospheric 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.

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.

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 No. 1). Such systems usual-
ly require the use of an air storage tank.

(b) Individual System: Shall mean those
which furnish air te one piece of equipment,

(2)

(4)

the E-3-A Sanitary Standards program to allow and e
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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 Agriculture
Institute of American Poultry Industries
Dairy and Food Industries Supply Association

It is the purpose of the IAMFES, USPHS, USDA, IAPI and DFISA in connection with the development of
ncourage full freedom for inventive genius or new de-

Practices for supplying air under pressure heretofore or hereafter developed which se 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 TAMFES, USPHS, USDA, IAPI and DFISA, at any time.

and which may be an integral part of a given
piece of equipment. (See Figures No. 2, No.
3 and No. 4).

PRODUCT: Shall mean whole egg, egg yolk,
egg white, blends with or without added ma-
terials and in a liquid or frozen or dried form.

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.

(5)

(6)

NON-PRODUCT CONTACT SURFACE:
Shall mean all other exposed surfaces.

(7)

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.

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 test
aerosol. In an aggravated atmospheric en-
vironment, e.g., industrial district, prefilters
are recommended to prolong the useful life
of intake filters.

(b) Air Pipeline and Disposable Filters: The
efficiency of either air pipeline filters or dis-
posable filters shall be at least 50% as measur-
ed by the DOP*® 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 Milk and Milk Products Equipment and
Used on Sanitary Lines Conducting Milk and
Milk Products, Serial #0809”.

Exceptions to this requirement are made

(1) 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) Air 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-
structed that it is easily accessible for ex-
amination, and the filter media are easily
removable, 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.

For a description of this method see: Dill, R. S. A test
method for air filters. American Society Heating and Vent.
Eng. Trans., Vol. 44, P. 379, 1938.

?Dioctylphthalate fog method (“DOP”). Tor a description of
this test see: Military Standard No. 282 (MIL-STD-282, 28
May, 1956) Method 102.9.1; Naval Supply Depot, 5801
Tabor Avenue, Philadelphia, Pa. 19120.

—
o
~

(ii) Use of oil-lubricated compressors
with effective provision for removal of
oil.

(iii) Water-lubricated or non-lubricated
blowers.

(¢) 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.

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 not require a separate aftercool-
er. (See Figure No. 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.

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 filter 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 moisture traps down-
stream 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).

(¢) 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 compressing 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.

AIR 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.I of “3-A Sanitary Standards
for Fittings Used on Milk and Milk Prod-
ucts Equipment and Used On Sanitary
Lines Conducting Milk and Milk 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 1.).

E. SPECIAL REQUIREMENTS FOR AGITATION
BY AIR

(1)

(2)

(3)

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 Milk and Milk Products
Equipment and Used on Sanitary Lines Con-
ducting Milk and Milk Products, Serial #0809”.

No threaded fitting shall be used in the prod-
uct zomne.

Where 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.

1f the volume of the air from the compressing
equipment is in excess of that required for
satisfactory agitation, suitable means should be
employed to eliminate the excess volume.

(5)
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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-
MENT METHOD.

(1)

(3)

(4)

The requirements of E.(1), E(2) and E.(3)
shall also apply to this section.

A safety (pressure relief) valve should be in-
stalled in the air line. This valve should be
set to open upon 1'eaching a pressﬁre not
greater than the maximum .allowable -internal
working 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.

The safe internal working pressure of the
tank should be stated on a plate attached to
the tank.

The check valve specified in D.(4)(b) shall
be installed in the air piping wherever air is
used for displacement purposes.

G. SPECIAL REQUIREMENTS FOR AIR WHICH
IS TO BE INCORPORATED IN 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. Non-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
CONTAINERS FROM ROTATING MANDRELS

(1)

When air under pressure is used for moving
containers from rotating mandrel assemblies
with integral air passages, the parts forming
the air passages shall be of non-toxic, relative-
ly non-absorbent materials.

A disposable media filter shall be located at
the closest possible point upstream from the
rotating mandrel assembly. (See Figure No.

5).

I. SPECIAL REQUIREMENTS FOR HIGH PRES-
SURE AIR WHICH 1S TO BE INCORPORATED
IN PRODUCTS
When high pressure air is to be incorporated in
products:
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I (1) Stainless steel piping, tubing, and fittings in should be installed upstream from and as near
conformity with applicable ASA Standards for as possible to the point of introduction of air 6
‘ high pressure air should be used downstream to the product line. i
1}

1‘ from the filter. '
\ : These Practices shall become effective May 7,

\ (2) A high pressure stainless steel check valve 1971.
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E-3-A ACCEPTED PRACTICES FOR PERMANENTLY INSTALLED
SANITARY PRODUCT-PIPELINES AND CLEANING SYSTEMS

Serial #E-60500 :

Formulated by
International Association of Milk, Food and Environmental Sanitarians
United States Public Health Service
United States Department of Agriculture
Institute of American Poultry Industries
Dairy and Food Industries Supply Association

It is the purpose of the IAMFES, USPHS, USDA, TAPIL, 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 systems heretofore or hereafter
developed which so differ in design, material, fabrication, or otherwise as not to conform with the following
practices, but which, in the fabricator’s opinion, are equivalent or better may be submitted for the joint
consideration of TAMFES, USPHS, USDA, TAPI, and DFISA at any time.

A. SCOPE

These E-3-A Accepted Practices provide for the in-
stallation, 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. DEFINITIONS

(1) C-I-P Pipelines: Shall mean rigid pipelines
which have welded joints or have sanitary cleaned-
in-place connections or joints of such design as to
form a substantially smooth, flush interior surface.

(2) Tungsten Shielded Arc Method: Shall mean
electric welding with a tungsten electrode shield-
ed by an inert gas, to produce a straight butt fu-
sion weld. '

(3) Product Contact Surfaces: Shall mean all sur-
faces that are exposed to the product or from which
liquids may drain, drop, or be drawn into the
product.

(4) Solution 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 contact surfaces shall be of stain-

less steel of the AISI 300 series' or corresponding
ACT* types (See Appendix, Section A), or equally
corrosion resistant metal that is non-toxic and non-
absorbent or heat resistant glass piping, except that
rubber or rubber-like materials or plastic materials
may be used for sealing applications. 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 AIST 300 series' 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 applications and short
flexible 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 Dairy 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

The data for this series are contained 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 Avenue,
New York, N.Y. 10017.

2Alloy Casting Institute, 300 Madison Ave., New York, N.Y.
10017.

S,
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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 mnot preclude the use of stainless
steel sheets with No. 2B pit free finish for
all solution contact surfaces.

(b) The solution contact surfaces of castings
for pumps or other appurtenances 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 mili
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 functional 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 contain 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 soil contamination.

(11) Non-product contact surfaces shall have a
smooth finish, be free of pockets and crevices, and
be readily cleanable. .

E. INSTALLATION

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 position. 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
sufficient number of access points, such as valves,
fittings, or removable sections to make possible
adequate 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. LAYOUT 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 installation, 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 1
TIME, IN SECONDS, TO DELIVER 10 GALLONS AT VARIOUS VELOCITIES

Average velocity, feet per second

Nominal Inside '
Pipe Dimen- ]
Size sion 1 2 3 4 5 6 T 8 9 10

Inches Stainless Steel Sanitary Tubing
1 0.900 301.2 150.6 100.3 75.3 60.2 50.3 43.1 . 377 334 30.1
1-% 1.400 124.7 62.4 41.5 31.2 24.9 20.8 17.8 15.6 13.8 12.5
2 1.875 70.1 35.0 23.3 17.5 14.0 11.7 10.0 8.8 7.8 7.0
2% 2.375 43.6 21.8 14.3 10.9 8.8 7.2 6.2 5.5 4.77 4.4
3 2.875 29.8 14.88 9.9 7.4 6.0 5.0 4.3 3.7 3.3 3.0
4 3.844 16.8 8.4 5.6 4.2 3.4 2.8 24 2.1 1.85 1.7
Glass Pipe
1 1.157 245.1 122.6 81.6 61.3 49.0 40.9 35.0 30.6 27.2 24.5
1-% 1.672 108.9 54.5 36.3 27.2 21.8 18.2 15.6 13.6 12.1 10.9
2 2,172 61.3 30.6 20.4 15.3 12.3 10.2 8.8 7.7 6.8 6.1
3 3.203 27.2 13.6 9.1 6.8 5.4 4.5 3.9 3.4 3.0 2.7
4 4.265 15.3 7.6 5.13 3.83 3.04 2.6 2.2 1.92 1.7 1.52

driven pump and solution tank, shall provide a
minimum average solution velocity at any instant
of not less than five feet per second through 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 1.

(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 110° 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 constructed as
to positively prevent the comingling of the product
and solution during processing.

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) Imert 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) Welding 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 boroscope or other acceptable inspection
device, to inspect representative welds, shall be
made available by the processor.
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H. CLEANING AND SANITIZING PROCEDURES

(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 effluent is clear.

(b) All solution and product contact surfaces
not cleanable by mechanical cleaning procedures
shall be cleaned manually.

(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 treatment 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 minimum tem-
perature of 170°F. (at the discharge end)
through the circuit 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
170°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 cast products, should be consid-
ered in compliance with the requirements of sec-
tion C. (1) herein. Where welding is involved
the carbon content of the stainless steel should not
exceed 0.08%. The reference cited 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. PRODUCT 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 Weld—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 RMS (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-

3Available from American Society for Testing and Materials,
1916 Race Street, Philadelphia, Pa. 19103.
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metical or geometrical measuring system when ap-
plied to the surface of a casting. The ACI SUR-
FACE INDICATOR SCALE is the 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. Copies
of the SPECIFICATIONS FOR VISUAL INSPEC-
TION OF CAST SURFACE FINISH as well as
the SURFACE INDICATOR SCALE can be ob-
tained from the Alloy Casting Institute.

These Practices shall become effective May 7,
1971. ¢ i

ASSOCIATION AFFAIRS
NOMINATIONS FOR OFFICES OF IAMFES, INC.-1971-1972

FOR SECOND VICE-PRESIDENT AND SECRETARY-TREASURER

EARL O. WRIGHT

Earl O. Wright is an Associate Professor and Food
Technologist in the Department of Food Technology
at Towa State University, Ames, Towa. Raised on a
dairy farm in Wisconsin, he was graduated from
Wisconsin State University.  Prof. Wright taught
Vocational -Agriculture and coached athletics in high
school before entering the U. S. Army where he serv-
ed for four and one-half years. He returned to
University of Wisconsin where he received his M. S.
in Dairy and Food Industry and Extension Educa-
tion. e served as County Extension Director in
Wisconsin for 3 years.

Before joining the staff at lowa State University
he served as an extension specialist and instructor
in the Department of Food Science and Industry,
Univérsity of Wisconsin.

He has devoted a great deal of his attention at I
ISU to milk quality control and dairy products i
processing. He initiated one of the early bulk milk ‘
drivers training school programs. He was instrumen-
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
control.  Prof. Wright 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. Wright 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-
nus Award from Wisconsin State University. He is
past president of the Towa Sanitarian’s Association and
is presently Faculty Advisor to this organization. He
is on the executive board and program chairman of
Interstate Milk Shipment Conference, listed in Who's Y
Who 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 Milk, Food and Environmental
Sanitarians, Inc.

The Wright family reside at 1407 McKinley Drive @)
in Ames. Their son, Robert, is a student at Iowa State
University and their daughter, Esther, attends Junior

High.
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DR. C. BRONSON LANE

Dr. C. Bronson Lane is an Associate Professor of
Dairy Science at the University of Florida. He 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 3l-year-old dairy scientist received his B. S.
d=gree in dairy manufacturing from Pennsylvania
State University, and the M. 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 fieldmen 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 Towan 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, Towa in 1970. Lane is also a past president of
the Kentucky Association of Milk, Food and Environ-
mental Sanitarians and served as program co-ordi-
nator for their 1968, 1969, and 1970 state conferences.

Lane is the author of numerous publications re-
lating to the dairy industry. He has contributed fre-
quently to the Journal of Milk and Food Technology,
the Dairy Fieldman, and the Modern Milk Hauler.
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He is also a contributing editor for The Southern
Dairy Products Journal.

He is a member of the American Dairy Science
Association, Sigma Xi, Phi Eta 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. W. 94th Avenue,
Gainesville, Florida. They have three children —
Marian 4 and 2-year-old twin sons, Charles and
Clarence.

SECRETARY-TREASURER

RICHARD PELL MARCH

Richard P. March is a professor in the Department
of Food Science at the New York State College of
Agriculture, 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 industry, re-
ceiving an M.S. degree in 1948.

Professor March taught a one-year program in
dairy manufacturing until its termination in 1951, at
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which time he was promoted from instructor to as-
sistant professor. He became 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.

He is active in the New York State Association of
Milk and Food Sanitarians, serving as secretary-
treasurer from 1957 and executive secretary since
1967, secretary of the Dairy Industry 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
Environmental Sanitarians, a member of their Farm

Methods Committee from 1959-65, secretary of their
Council of Affiliates in 1961, and chairman in 1962
and 1963.

In both the State and International Associdtions
he has served as chairman of a number of subcom-
mittees including the Uniform Milkhouse Plans for
the Northeast, Milk Transfer Systems, 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
organization.

(Notice to membership—ballots can only be mailed to paid up members as of April 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 known to his many friends
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 Wert, 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 ph()tograph 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 interest. 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 been 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 suggested. Suppose, for instance, the photo-
graph were presented as an example of a condition
to be 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 LAM.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 the ball is
lost by a fumble on the initial kick-off.

The subject of the photograph has indicated no
objection 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

L
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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 be available then.

The settlement proposed by the subject of the
ph()tograpll appears to present a somewhat less than
positive policy of the Journal Management. 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. Weckel, Chairman of the Trustees of
the 3-A Sanitary Standards Administrative Council
has announced the appointment of Professor Earl
O. VWright as Assistant Secretary-Treasurer of the
Council. Wright 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. O. Wright,
3-A Standards Administrative Council, 116 Dairy In-
dustry Building, Iowa State University, Ames, lowa
50010.

CUNNINGHAM LEAVES DFISA TO START
SHOW MANAGEMENT FIRM

Joseph S. Cunningham, executive vice-president
of the Dairy & Food Industries Supply Assn., has
resigned his position effective June 30, 1971, in
order to devote his efforts to activities concerned
with exposition and trade show management.

Mr. 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 industries. He was
app()inted 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-
tivities 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 the safe
manufacture of foods, treatment of waste 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, Professor, Depart-
ment of Food Science and Industries, Utah
State University, Logan, Utah.

H. B. WARREN, Research and Develop-
ment Laboratory, Fairmont Foods Company,
Omaha, Nebraska.

Dr. B. J. Liska, Purdue University, has
resigned from the Editorial Board. Dr. Lis-
ka recently was appointed Scientific Editor
of Food Technology and the Journal of
Food Science and the additional duties im-
posed by this appointment make it impassi-
ble for him to continue as a member of
the Editorial Board.
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CLASSIFIED ADS

POSITICN WANTED

Desire new affiliation: Experience and training include,
Comprehensive Health Planning, Environmental Sani-
tation, Quality Assurance Management, Public Relations
and Sales Management. Proficient in Administration of
Programs and Personnel Training. Degrees—B.S. and
M.A. (work covers Microbiology of Food, Water and
sewerage plus sanifary 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 and Milk Equip-
ment. Effective Speaker and Lecturer. Reply to Box
437 JMFT, Shelbyville, Indizna 46176.

FOR SALE

Single Service milk sample tubes. For further in-
formation and a catalogue piease write, Dairy Technology
Inc., P. O. Box 101, Eugene, Oregon 9740C1.

‘
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Come With Us To Hawan

Your “International’’ Association is happy to present

2 POST CONVENTION HAWAIIAN TOURS

Tour 1—Aug. 20-22, 1971—3 Days-2 Nights in Honoluly, includes:
Hotel - Transfers - Cocktail Party
Sightseeing

Only $29 Per Perscn

BASED ON DOUBLE OCCUPANCY—PLUS AIR FARE

Tour 2—Aug. 20-28, 1971—9 Days-8 Nights - visit Honolulu - Kavi
Mavi - Kona - Hilo
Tour Includes: Hotels - Transfers - Cocktail Party
Sightseeing on all Islands

Only $148 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:

#ITBF *Regular Savings
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/Balt. 39441 476.90 82.49

FOR 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

STREET _ e CITY  ccicmmm e mcm e e me e S RS S S S S S S E

STATE & ZIP _




TWO THINGS
° INTHE DAIRY INDUSTRY
SHOULD NEVER BECOME

OBSOLETE

Technicon’s AutoAnalyzer®sys-
tem for milk analysis is about
as vital to the dairy industry as
the cow. It automatically
performs all the important
analyses essential for meeting
regulatory and quality stand-
ards: fat, protein, lactose,
alkaline phosphatase and
somatic cells.
C The AutoAnalyzer is so
fléxible 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
AutoAnalyzer 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 specialistis 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 Corporation
Tarrytown, New York 10591

==




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
suppliers have given up service. NOT SURGE.
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
sanitation, Surge knows dairying, let's work
together to serve dairymen better.

| 4
SURGE...the accent is on YOU

BABSON BROS. CO., OAK BROOK, ILLINOIS

BABSON BROS. CO., (Canada) LTD., PORT CREDIT, ONTARIO




