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When you see the NSF seal on a unit of
food service equipme nt you know that the design, construc tion, material s and perform ance
of the product fulfill the requirem ents of an
NSF standard . This, in itself, is an importa nt
assuranc e, but when it comes to the protecti on
of the public health, more is needed -and
much more is provide d-for product s that
bear the NSF seal. This symbol means that:
1. Commit tees of voluntee r scientist s developed the standard . Member s of
these committ ees not only included
public health officials and manufac turers, but represen tatives of such consumer-c oncerne d organiza tions as the
America n Dietetic Associat ion, the
America n Public Health Associat ion
and the armed forces of the United
States. Plus 29 member s of the NSF
Council of Public Health Consult ants,
and the NSF Board of Trustee s.
2. Each product bearing the NSF seal
was subjecte d to original evaluati on
and testing in the NSF Testing
Laborat ory to establish its complian ce
with an NSF standard .
3. Each year, NSF field represen tatives

II

make repeated unannou nced visits to
factories to confirm manufac turing
and inspectio n standard s.
4. Product s bearing the NSF seal are
also sent to the laborato ry in Ann Arbor for re-testin g when there is evidence that the state of the art may
have outpace d these products .
5. There are no obsolete NSF standard s.
Periodic review and updating of all
NSF standard s is provided for in the
standard s themsel ves.
6. A program of informa tive literatur e,
free distribu tion of copies of NSF
standard s to public officials, as well as
paid message s in professi onal/tra de
journals is used to encoura ge suggestions, and invite participa tion in NSF
program s.
7. NSF Educatio n Service conduct s a
year-lon g national program in the
proper installat ion, mainten ance and
use of food service equipme nt.
No system of health protectio n is perfect,
but thousan ds of health officials feel that the
NSF seal and its element s of support are a
valuable contribu tion to America n public
health.

National Sanitatio n Foundati on-an independ ent non
proflt, non governm ental organizat ion dedicated to
environm ental quality. Offices and laborator ies:
NSF Building, Ann Arbor, Mich. 48105 (313)-769 -8010
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Antimicrob ial Effect of Butylated Hydroxyani sole and
1
Butylated Hydroxytol uene on Staphyloco ccus aureus
M. AYAz2, L. 0. LUEDECKE* and A. L. BRANEN
Department ofFoodS cience and Technology. Washington State University. Pullman. Washington 99164
(Received for publication November 6, 1978)
ABSTRACT

The antimicrobial effect of butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT) on three enterotoxigenic strains of
Staphylococcus aureus in Brain Heart Infusion broth (BHI) was
evaluated by turbidity measurements. Also , the interaction of these
compounds with pH and NaCI on growth of S. aureus strain 100 was
measured. Inhibition of S. aureus growth increased with an increase in
the concentration of BHA and / or BHT. Complete inhibition of S.
aureus growth occurred in BHI with 1.121'mole of BHA/ ml or
0.70 !'mole of BHT/ ml as well as with a combination of 0.25 !'mole of
both BHT and BHA / ml. Inhibition of S. aureus growth by BHA or
BHT was substantial at pH 7.0 and with 2 % NaCI. When 0.84 !'mole or
greater of BHA / ml and 0.47 I'm ole or greater of BHT / ml were added to
BHI. growth of S. aureus 100 was inhibited to the extent that
enterotoxin A could not be detected after 24 h of incubation .

Butylated hydroxyanisole (BRA) and butylated hydroxytoluene (BHT) are widely used an antioxidants in
foods and packaging materials . Recent reports show that
these antioxidants also possess antimicrobial properties.
Ward and Ward (I 5) found that a 1 o/o concentration of
BHT was slightly inhibitory to Salmonella senftenberg.
Chang and Branen (3) reported that BRA had an
antimicrobial effect against Staphylococcus aureus, enteropathogenic Escherichia coli, Salmonella typhimurium
and Aspergillus parasiticus. S. aureus was the most
sensitive of the bacteria tested and a 10 6 inoculum was
totally inactivated by 150-200 ppm of BRA. Shih and
Harris (8) reported that S. aureus and E. coli were
inhibited in Trypticase Soy Broth (TSB) containing 100,
150, 200 and 400 ppm of BRA after 24 h of incubation.
The amount of inhibition increased as the concentration
of BRA increased. Recently VanTassell et al. (14) also
reported that the growth of S. aureus in TSB was delayed
for 36 h by 100 ppm of BRA while viable cell numbers
decreased to less than 1 per ml within 3 h in the presence
of200 ppm BRA.
Microbes other than S. aureus are also affected by
BRA and/or BHT. Surak (12) reported that both BRA
and BHT were inhibitory to Tetrahymena pyriformis.
Roback et al. (6) reported that Vibrio parahaemolyticus
was inhibited in Trypticase Soy Broth containing 2.So/o
'Scientific Paper No. 4456. College of Agriculture R esearch Center.
Pullman. WA 99164. Project0/68.
2 Present address: State of Washington Department of Social and
H ealth Services. Public H ealth Laboratories. 1409 Smith Tower.
Seattle. WA 98104.

NaCl and SO ppm BRA. Fung et al. (4) tested six
toxigenic and six non-toxigenic strains of Aspergillus
flavus to determine the effect of BRA and BHT on
growth inhibition, spore formation, pigmentation and
aflatoxin production. No inhibitory effect on growth and
toxigenesis was observed with BRA (0.005-0.020 g per
plate) while BHT (0.005-0.020 g per plate) gave no visible
inhibitory effects.
1
The purpose of this study was to further define the
antimicrobial properties of BRA and BHT toward S.
au reus. The concentrations of BRA and BHT necessary
to inhibit growth and enterotoxin production of S. aureus
cultures and the influence of pH and NaCl on this
inhibition were determined.
MATERIALS AND METHODS

Cultures
All enterotoxigenic strains of S. aureus (100 , 5-6 , 361) used in this
study were preserved in the dried form on porcelain beads using the
method of Hunt et al. (5). Seed cultures were prepared by inoculating
beads a nd incubating 18 hat 37 C. In the inhibition studies , BHI broth
(100 ml) containing . BHA and / or BHT was inoculated with a 1 o/o
inoculum from the seed cultures and incubated 24 hat 37 C.
BHA and BHT solutions and medium
The BHA and BHT used in this study was obtained from Eastman
Kodak Company, Kingsport, Tennessee. One percent solutions of BHA
and BHT were prepared by dissolving the antioxidants in 95% ethyl
alcohol. Appropriate quantities of these solutions were added to BHI
broth before sterilization at 121 C for 15 min . Preliminary experiments
indicated that addition of these quantities of ethyl alcohol did not
influence growth of S. au reus.
Growth measurement
Culture growth was measured turbidometrically using a Klett·
Summerson coloriphotometer with a green filter (No. 54) of 520-580 nm
wavelength . One hundred ml of BHI broth were added to a 250-ml
Erlenmeyer flask with a Klett tube attached to the flask neck . The
control flasks contained only BHI medium , whereas the experimental
medium contained BHI plus BHA and/ or BHT. The medium was
inoculated , incubated without shaking a nd at specific intervals the
flasks were agitated, tipped to fill the Klett tube and the turbidity was
measured. Initial experiments indicated that maximum cell numbers
and Klett readings were reached in 24 h in the control medium and in
the medium containing BHA and / or BHT. Thus all experiments were
terminated after 24 h and a Klett reading made at that time. Each trial
was replicated and the two Klett readings were averaged. Percent
inhibition was calculated by the following formula:
(Klett reading of control· Klett
% inhibition= reading with BHA and / or BHT) x 100
Klett reading of control
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E nterotoxin production

After 24 h of incubation , 100 ml of the inoculated BHI broth was
extracted for enterotoxin assay . The final extract volume was 0.2 mi.
The extract was analyzed for enterotoxin by the microgel diffusion
technique as described by Casman and Bennett (2). This technique·has
a sensitivity of 0.1 or 0.25 f.lg of enterotoxin per 100 g of substrate. In
the work reported herein , no attempt was made to quantify the amount,
of enterotoxin present in the extract.
Effect of pH and NaC/

BHI broth containing BHA and / or BHT was adjusted before
sterilization to pH 3, 4, 5, 6, 7, 8, or 9 using either 1.0 N NaOH or 1.0 N
HCI. To determine the effect of NaCI , the BHI broth was prepared to
contain 0, 2, 5, 10 or lS "lo NaCI and adjusted to pH 7 before
sterilization.

RESULTS AND DISCUSSION

Three strains of S. aureus were tested against both
BHA and BHT in Brain Heart Infusion (BHI) broth to
determine if the antioxidants possessed antimicrobial
properties (Table 1 and 2). Klett readings of the control
cultures using S. aureus strain B were approximately 450
after 24 h of incubation at 37 C and the corresponding
plate count was 3 x 10 10 / ml. When 0.28 !AfiOle and
BHA / ml was added , the Klett readings were 400 after
incubation and a plate count of 2 x 10 9/ ml was
obtained . A Klett reading of 350 was obtained and a
plate count of 2 x 10 8 / ml when 0.23 J.illlOle of BHT / ml
was added to the medium. When both BHA and BHT
were added to the medium, Table 3, 0.28 !AfiOle/ ml and
0.23 J.illlOle/ ml, respectively, the initial Klett reading was
SO and after 60 h of incubation at 37 C, the Klett
readings was still 50. The initial and concluding plate
count was approximately 3 x 10 7/ mi. Similar results were
obtained with all three strains of S. aureus tested.
As the concentration of BHA or BHT was increased,
the percent of inhibition also increased and total
inhibition occurred with 1.12 J.illlOles of BHA / ml and
TABLE 1. Inhibitory effect of BHA on three toxigenic strains of
Staphylococcus au reus incubated 24 hat 37 ca.
BHA
ppm

% Inhibition

mole/ ml

0.0

0.00
0.28
0.42
0 .56
0.70
0.84
0.98
1.12

so

75
100
125
150
175
200

100

8·6

361

0
22
51
66
84
93
93
100

0
10
60

0
28
61
87
90
95
95
100

72

90
97
97
100

aBHI broth used at pH 7.0.
bEach value in the calculated mean of two replications.
TABLE 2. Inhibitory effect of BHT on three toxigenic strains of
Staphylococcus au reus incubated 24 hat 37 ca.
BHT
ppm

0.0

so

% Inhibition

mole/ ml

0.00
0.23
0.35
0.45
0.58
0.70

100

8·6

361

0
42
65
97
97
100

0
23
56
93
93
100

0
39
76
94
94
100

75
100
125
150
aBHI broth used at pH 7.0.
bEach value is the calculated mean oftwo replications .
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0. 70 J.illlOle of BHT / mi . In all the studies reported herein ,
BHT was more inhibitory than BHA. This observed
difference in inhibitory action could be related to the
greater lipolytic nature of BHT (10). Aaloto (1) also
reported that as lipolytic nature of the phenols increases,
the antimicrobial activity also increases . Similarly,
Snipes et a!. (9) reported that the ability of BHT to
inactivate viruses was related to its lipolytic properties
and its ability to associate with the lipid-containing
membranes of the viruses. However, Fung et a!. (4)
reported BHA was more inhibitory to A. flavus than
BHT. This is probably partially due to the lack of lipid
material on the cell wall of A. flavus. These same workers
also reported that BHA may be altering cell permeability,
thus allowing leakage of macromolecules and may
interact with cell membrane protein to cause disruption
of membrane structure.
A combination of BHA and BHT had a greater
inhibitory effect against S. aureus strain 100 than when
either BHA or BHT was added alone (Table 3). Although
0.5 J.illlOle of BHA / ml showed a SOo/o inhibition, a
combination of 0.1 !AfiOle of BHA / ml with 0.4 J.illlOle of
BHT / ml or 0.28 !AfiOle of BHA / ml and 0.23 J.illlOle
BHT / ml resulted in 100 o/o inhibition. The reason for this
increased activity is not . known; however, a similar
synergistic effect has been noted in antioxidant activity
when 0.1 o/oBHA plus 0.1 o/oBHTwere used (11) .
Detectable levels of enterotoxin A were produced by S.
aureus strain 100 after 24 h in BHI broth alone, whereas
enterotoxin was not detected after 24 h when 0.89 J.illlOle
or greater of BHA/ ml, or 0.45 J.illlOle or greater of
BHT / ml, or a combination of 0.28 J.illlOle BHA/ ml plus
0.23 J.illlOle BHT / ml were added .
Table 4 contains measurements of S. aureus strain 100
when incubated 24 hat 37 C in BHI medium adjusted to
pH 3, 4, 5, 6, 7, 8 and 9 when 0.56 J.illlOle BHA / ml or
0.45 J.illlOle BHT / ml were added. Best growth occurred in
the control medium (no BHA or BHT present) at pH 8
and 9 with gradual decrease down to pH 5 and then a
slight increase in growth was noted at pH 3 and 4. When
BHA or BHT were included in the medium, the least
amount of inhibition occurred at the extreme pH values
(3 and 9). Approximately 40 to 80o/o inhibition occurred
when pH was between 5 and 8 with the 80o/o occurring
with BHT at pH 7. Tompkin et a!. (13) also reported
TABLE 3. Inhibitory effect of the combination of BHA and BHT on
the growth of Staphylococcus aureus strain 100 incubated 24 h at
37ca.
mole/ ml

BHA

BHT

0.0
0.5
0.4
0.3
0.2
0.1
0.0
0 .5
0.25

0.0
0.0
0.1
0.2
0.3
0.4
0.5
0.1
0.25

% Inhibition

aBHI broth used at pH 7.0.
bEach value is the calculated mean of two replications.
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TABLE 4. Inhibitory effect of 0.56 j).mole BGA / ml or 0.45 j).mole
BHTI ML in Brain H eart InfUsion broth at different pH values on the
growth q{Staphylo coccus a u reus strain 100 incubated 24 hat 37 ca.
pH

Control

3
4

220
220
100
120
300
450
420
420
220
30
ISO
ISO
450
450

s
6
7
8
9
3
4

s
6
7
8
9

Klett reading
BHI + BHA

TABLES. Inhibitory effect of sodium chloride and BHA or BHT in
Brain Infusion broth 0 11 growth of Staphylococcus aureus strain 100
incubated 24 hat 37 ca.
~

BHI + BHT

Percent inhibition

%NaCI

0
2

380
160
10
100
30
200
400

18
56
40
67
53
47
10
10
27
67
33
80
56
II

180
100
60
40
140
240
380

a Eac h va lu e is the calcu lated mean of two replications .

s

10
IS
0
2

s

10
15
~

%NaCI

0
2

s

maximum growth and enterotoxin A inhibition of S.
aureus strain 100 at pH 7.0 in a medium containin g
sodium nitrite. The inhibition decreased as the medium
was made more acidic or basic.
The data in Table 5 are the Klett readings and percent
inhibition when S. aureus strain 100 was grown in BHI
medium (pH 7.0) containin g various concentrations of
NaCl and BHA or BHT. As the NaCI concentra tion
increased from 0 to 15 %, without addition of BRA or
BHT, the growth rate of S. aureus decreased , especially at
the 10 and 15 % levels of NaCL The addition of
0.56 !ffi10le BHA/ ml, in the absence of NaCl, resulted in
a 19 o/o inhibition of growth . However, when 2% NaCl was
included with the BHA, a 95 % reduction in growth
occurred and approximately the same reduction occurred when 5, 10 and 15% NaCl was included. When
0.45 !ffi10le BHT / ml was added, an 87% reduction in
growth occurred (Table 5). When NaCl was included, the
percent inhibition ranged from 73 to 97%.
Addition of 2% or more NaCl enhanced the
antimicrobial activity of BHA on S. aureus strain 100.
The inhibitory effect of BHA, when in the presence of
2o/oNaCl, could be of importan ce in many food products
since a 2o/o concentration of NaCI is commonly used (7).
More research is necessary to determin e the interactive
effects of antioxida nts, NaCl and pH on inhibition of S.
aureus.
In conclusion, these studies indicate that BHA and
BHT have marked antimicro bial effects on growth of
three strains of S. aureus and enterotoxin productio n of
one strain of S . aureus. A combinat ion of BHA and BHT
appeares to provide more effective inhibition than when
the antioxidants are used alone. Both BHA and BHT are
effective against S. aureus strain 100 in the range of pH
and NaCl concentra tion encounte red in food products.
To ascertain the real effect of BHA and BHT in foods,
commercial food items with and without BHA and BHT
should be tested . Also , BHA and BHT can be added to
food items known to be without these compoun ds and
tested against S. aureus.

10
IS
0
2

s

10
IS

Percent inhibit ion due to:b
BHA + NaCI
BHA

mole/ ml
BHA

Klett
reading

NaCI

0
0
0
0
0

540
340
440
100
60

0
37
19
82
89

0 .56
0.56
0.56
0.56
0 .56

440
20
40
60
20
Klett

19
94
91
40
67

95
91
86
95

Percent inhibition due to:b
BHT + NaCI
BHT

mole/ ml
BHT

reading

NaCI

0
0
0
0
0

600
450
400
140
40

0
23
33
77
97

0.45
0.45
0.45
0.45
0.45

80
60
160
40
20

87
87
60
71

so

90
73
73
97

'

a Each value is the calculated mea n of two replications .
b o/o inhibition due to NaCI:
Klett read ing of control - Klett reading with
NaCI x 100
o/o inhibition =
Klett reading of control
o/o inhibition due to BHA or BHT:
Klett reading of control - Klett reading with
BHA or BHT x 100
o/o inhibition =
Klett reading of control
o/o inhibition due to NaCI and BHA or BHT:
Klett reading of control - Klett reading with
NaCl and BHA or BHT x 100
o/o inhibition = _ _ _ _ _ _ _ __::..:_:_:_ _::.._::..~--Klett reading of control
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ABSTRACT

Distilled water plus 0.1 % surfactant suspensions of spores of
Aspergillus flavus and Aspergillus parasitic us were exposed to several
radiation levels of cobalt-60 gamma rays. Spores of A. flavus isolate
M-141 were exposed to radiation levels of approximately 16, 90 and
475 Krads and inoculated onto a sterile rice substrate which was then
monitored for aflatoxin production. In this initial trial with A. flavus
M-141, aflatoxins B1 and M production on rice increased as radiation
dose increased . At the highest dose , this increase was more than SO
times higher than the non-irradiated controls. Spores of an aflatoxin
Grproducing A . parasiticus isolate, M-1094, were exposed to 90 , 215
and 430 Krads and resulted in increased production of aflatoxins G 1 ,
B1 , and M. Aflatoxin production by M-1094 was highest at the low and
medium dose levels. Irradiation of spores of this isolate with 430 Krads
produced no observable spore germination or growth on rice and no
detectable aflatoxin after 1 week of incubation at 27 C. Atypical
colonies from irradiated spores were selected and their mycotoxin
production was determined . Increase in aflatoxin production by these
strains, as compared to non-irradiated controls, was 67:1 for aflatoxin
B1 , 136:1 for B2 , and 138:1 forM. This potential for greatly increased
mycotoxin production must be considered when food is irradiated or
when a high production of aflatoxins is desired.

During the decade of the '60s Aspergillus flavus and
its metabolites, the aflatoxins, first came to the attention
ofthe scientific community. This was mainly due to the
occurrence in England and parts of Africa of what
appeared to be a new disease of turkeys, ducklings, and
young pheasants (2,3). In the interim there has been an
abundance of research on the structure, biosynthesis,
toxicology, detoxification , microbiology, and control of
aflatoxins (6, 7,11,12). In addition to their toxicity,
aflatoxins were found to be among the most potent of the
known carcinogens; therefore any information relative to
induced changes in amounts produced by A. flavus and
A. parasiticus are of great interest to those concerned
with hazards to human health.
The relationship of aflatoxins to food safety must be
considered when methods of food preservation are being
selected. Gamma irradiation of foods has been proposed
as a means of food preservation, along with either
sterilizing or pasteurizing doses. However, until studies
published and / or reported b~ Jemmali and Guilbot
1
Division ofMicrobiology.
'Division of Training and Medical Applications.

(8,9,10) and Schindler and Noble (13), demonstrating an
increase in aflatoxin production after irradiation, there
was no information about the effects of gamma radiation
on the production of aflatoxins by A. jlavus or A.
parasiticus. Although more recent publications (1,4,5)
have reported similar studies, in certain instances these
results differ from ours.
MATERIALS AND METHODS

All exposures in this study were carried out at the U.S . Naval
Research Laboratory cobalt-60 irradiation facility in Washington , DC.
The radiation source consisted of 20 rods containing 6°Co of"' 7.5
kilocuries total activity. These were arranged in a cylindrical
configuration 5.5 inches high by 3.25 inches (14.0 x 8.3 em) inside
diameter and positioned at the bottom of a pool of water 25ft (7.6 m)
deep. Samples consisted of spore suspensions in distilled H 20 plus
0.1 % Tween 80 surfactant (and / or dosimeter solutions) contained in
35 ml (2 .5 x 5.0 em) polyethylene screw-capped vials placed inside a
hermetically sealed stainless steel container 9 inches (22.9 em) tall with
a 3-inch (7 .6 em) diameter. The containers were lowered into position
by means of an extension rod manipulator and irradiated by exposure
to the source.
The standard ASTM "Ferrous-Cupric Dosimeter" method (14) was
used to determine the absorbed gamma-ray dose in the irradiated
samples. The ferrous su lfate-cupric sulfate solution, prepared
according to the standard method, was contained in vials of borosilicate
glass approximately 4 em long by 1.6 em wide (0.05-cm wall thickness)
and flame sealed.
The actual exposure t::onditions for the spore suspensions were closely
approximated with the dosimeter solutions by placing two ampules in
tandem in the center of a water-filled polyethylene bottle and exposing
them for 10 min within the center position of the gamma ray source.
After exposure, the ampu les, along with an unexposed control, were
returned to the FDA laboratory for reading . The absorbance of each
dosimeter solution was measured in a Beckman Model DU
spectrophotometer at a wave length setting of 305 nm and a slit width
of0.5 mm. From the color change of the dosimeter solutions in the water
bottle, a mean value of 4.28 x Hl" rads / min ± 1.37 % was calculated .
This value was then used for computing the absorbed dose of the spore
suspensions exposed to the 6°Co source.
Aflatoxin-producing isolates used in these experiments were FDA
cultures A. flavus M-141 and A . parasiticus M-1094 (USDA , NRRL
3251 and NRRL 2999, respectively). Culture M-141 was originally
isolated in this laboratory from a moldy California walnut sample;
isolate M-1094 was originally obtained from a Uganda peanut sample.
Spores were harvested from Czapek agar slants kept at ambient
(72 ± 2 F) laboratory temperatures.
All spore suspensions except the mutant strain received three
radiation treatments at low , medium and high dosage levels, plus a
control treatment of no irradiation . Exposure levels were ca . 16, 90 and
475 Krads for A . jlavus (M-141) and 90, 215 and 430 Krads for A.
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parastttcus {M-1094). All treatments were replicated. After irradiation of the approximatel y 22-ml spore suspension of each sample,
inoculations were made onto a substrate composed of 25 g of
polished white rice plus 25 ml of distilled H 20 , previously autoclaved
for 20 min at 121 C in 500-ml wide mouth Erlenmeyer flasks .
Inoculations were made with 4 ml of spore suspensions per flask ,
except for the delayed inoculation trial in which only I ml of isolate
M-141 was used and in the mutant strain experiment in which spores
were removed from Czapek agar test tube slants with a transfer needle.
A muta nt strain experiment was initiated when two distinct colony
phenotypes of strain M-141 were noticed on the rice substrate of those
flasks inoculated with irradiated spores. Light green colonies similar to
those growing in the flasks inoculated with non-irradiate d spores
(controls) and dark green colonies strikingly different in appearance
from the original M-141 strain were observed. Three lines originating
from strain M-141 were established in test tube slants by transferring
spores , using a sterile transfer needle , from the control (non-irradiate d)
colonies and from the two types of colonies growing from spores
irradiated with 475 Krads . In all instances, the molds were allowed to
grow for 1 week in Biological Oxygen Demand incubators at 27 C. In
all tri als, treatments were replicated 4-6 times. All flask contents were
extracted by heating with 150 ml of CHC1 3 on a steam bath until hot
CHCI 3 vapors were driven through the cotton plug ofthe flask , followed
by two more extractions with 100-ml portions of unheated CHC1 3 .
These three extracts were then combined, filtered through No . 588 filter
paper (Schleicher & Schuell , Inc. , Keene , NH) , and evaporated to
dryness over steam. Aflatoxins recovered from each flask were visually
quantitated by spotting measured amounts of known dilutions in
CHCI3 onto activated thin layer glass plates coated to about 0.25-mm
thickness with silica gel G-HR (Merck , Darmstadt, Germany).
Appropriate standard spots containing known amounts of aflatoxins
were included on each plate. Plates were then developed in equilibrated
tanks with a solvent system of MeOH + CHC1 3 (7 + 93), dried and
examined over long wave ultraviolet light.

RESULTS AND DISCUSSION

In the initial experimen t with the A. jlavus strain
M-141, the production of aflatoxin B 1 was significantly
higher at the 0.01 level of significance using a one-way
analysis of variance. With Duncan's New Multiple Range
Test (15) it was determined that amounts of aflatoxins
produced after each treatment ufmedium and high levels
of irradiation were significantly different from each other
and from all other treatments . There was no significant
difference between the control and low radiation
treatments (Fig. 1). The results for aflatoxin M were
similar, although at a much lower aflatoxin level (0.9 1-1g
for the control compared to 49.9 1-1g for the high
radiation). For both aflatoxins B1 and M, the increase at
the high irradiation level was more than SO times higher
than the non-irradia ted control. There was no production.._of_aflatoxins Bz, Gv or G 2 • The results of the delayed
inoculatiO!J experimen t also showed increased production of aflatoxin as radiation dose increased. However,
at the medium dose level, aflatoxin B 1 production was
more than double that produced when inoculation
occurred immediately after irradiation (Fig. 1). In
addition, aflatoxin G 1 was also produced and averaged
1,266 1-1g/ flask (49 mg/ g of rice) at the medium dose
(90 Krad) level, with all five replications positive for G 1 •
All other treatments were negative for aflatoxin G 1
production . Three days after inoculation, colony growth
was inversely proportion al to radiation dose level in both
the above trials, i.e., the least growth occurred at the high

A. FLAVUS M-141
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Figure 1. Aflatoxin B 1 production by A. flavus spores growing on
white rice imm ediately after and 4 months after gamma radiation.

dose level. At 7 days this growth pattern was reversed,
with the heaviest growth occurring in colonies from spores
that had received the high and medium levels of
radiation. In addition, the spores of these colonies were a
darker green color.
Irradiation of the spores of A. parasiticus (M-1094)
caused a strikingly different picture of aflatoxin
production (Fig. 2). Duncan's test was again used to
determine which treatments were or were not significant .
Increases in the production of aflatoxins B 1 and G 1 were
greatest at the low and medium dose levels and were not
significantly different from each other. Both the control
(non-irradiated) and the high radiation dose levels were
significantly different from all other treatments (Fig. 2).
Aflatoxin M production was similar for the different
treatments but at much lower levels of average
production /25 g rice (15 1-1g for the control and 26 1-1g for
both the low and medium levels of irradiation).
In the trials conducted to test the hypothesis that
increases in mycotoxin production after irradiation of
spores were probably due to the formation of mutants,
the effects on mycotoxin production were even more
extreme (Fig. 3). There were no significant differences in
aflatoxin production between the normal non-irradia ted
and irradiated lines (p > 0.10) and a highly significant
increase (p < 0.001 using t-test on logarithmic transformation of data) in mycotoxin production by the mutant
irradiated strain. Compared to the non-irradia ted
controls the ratios were 67:1 for aflatoxin B 1 , 136:1 for
aflatoxin B2 , and 138:1 for aflatoxin M.
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IRRADIATING SPORES INCREASES AFLATOXIN PRODUCTION

A. PARASITICUS M-1 094
4

Krads) and zero production of toxins after irradiation at
the high dose level (430 Krads) .
Increases in mycotoxin production after spore
exposure to gamma radiation seem to be due to
mutations. If separated from the mixed colonies arisil).g
from irradiated spores, these darker green mutants have
considerably higher rates of mycotoxin production
compared to both the non-irradiated lines of the original
isolate and the non -mutant lines picked from irradiated
colonies. These results should be considered when
irradiation of food products is being contemplated or
when a higher production of aflatoxins is needed.
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These experiments indicate that gamma radiation of
aflatoxin-producing molds probably causes an increase
in aflatoxin production . This effect may be quite
variable, depending on the species and strains irradiated ,
i.e., maximum aflatoxin production by M-141 occurred
at the highest radiaton level of 475 Krads, while M-1094
demonstrated maximum production after exposure to
the Jow and _medium levels of radiation (90 and 215
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ABSTRACT

The objective of this study was to ascertain the va lue of variables
meas ured on bu lk tank and composite milk samples as predictors,
respectively. of the level of mastitis in herds a nd individual cows. The
standard of comparison was the results obtained by bacteriological
examination of the secretion from individual mammary quarters. It was
found . whether sa mpling at the herd or cow level , that of the three
variables meas ured on each sample, namely somatic cell count ,
percentage of cell volume in channel 8 (inc ludes cells with individual
volumes from 89 .2 to 178.3 l'm 3 ) and presence or absence of
Streptococcus agalactiae. that the ability of the first two variables to
disc riminate (predict) was not significantly improved by the inclusion of
the latter variable . Using va lues for the former two variables as
measured on bulk tank milk a nd collected at the time of quarter
sampling. it was possible to correctly classify 45.5o/o of the study herd s
into one of the three quarter infection rate categories considered.
namely. < 10. 10-25 or > 25"lo. The percentage of herds correctly
class ified was increased to over 80o/o by inclusion of five monthly counts
recorded previous to the time of quarter sampling. Using the same two
variables but measured on composite milk sampl es, 79 .4 o/o ofcows were
correctly classified as be ing either positive or negative when a positive
cow was defined as one having at least one positive quarter. The overall
percen tage of cows correctly classified decreased from 79.4 to 77 .9 "lo
when a n attempt was made to distinguish between negative cows a nd
cows with one positive quarter . However, this overall percentage
progressively increased to 92.7 o/o as the definition of a positive cow was
changed from one having one positive quarter to one having two , three
or four positive quarters. The procedure shows promise for monitoring
the level of mastitis infection in either dairy herds or cows but requires
furth er refinement before consideration could be given to its
impleme ntation.

Bacteriological examination of the secretion from the
individual mammary quarter of the bovine has
traditionally been the approach taken for assessing its
infection status , and, when considered collectively, the
infection status of the cow and the level of infection in the
herd . However, examinations of this latter type are
time-consuming and expensive and hence impractical for
large scale monitoring. Therefore, increased attention is
being given to the use of samples collected at the cow
(composite milk samples) or herd (bulk tank milk
samples) level as a means of monitoring (1,4,5) the level of
intramammary infection in individual dairy herds.
The objective of this study was to ascertain the value of
variables measured on bulk tank and composite milk

samples as predictors, respectively, of the level of
intramammary infection in herds and the infection status
of individual cows. The reason for restricting the
variables measured to those related strictly to milk were
twofold. First, because bulk tank milk samples are
collected in Ontario on a monthly basis for qua!it/
testing, they were available. Second, since a mechanism
exists for collection and automated processing of milk
samples, it would be possible, providing the methods to
be evaluated proved useful , to carry out large-scale
mastitis monitoring with little additional input.
To determine the predictive value of the variables
measured on composite and bulk tank milk samples , it
was necessary to use a standard for comparison
purposes . For this reason individual quarter and or
composite samples were collected from each cow in the
study and the secretion subjected to bacteriological
examination as described below . The standard itself has
an associated error rate and hence future references to
positive or negative quarters or cows, as determined by
the standard, should be interpreted as potentially
positive or negative.
MATERIALS AND METHODS

Collection o.fmilk samples
Two groups of herds were used for this study. Group A comprised 44
herds and came frC'm an area approximately SO to 75 miles west of
Guelph , Ontario , whereas the 10 herd s of Group B all came from
within a 10-m il e radius of the city.
Bulk tank a nd individual quarter foremi lk samples were collected
from each of the Group A herds on one occasion by an Ontario
Ministry of Agricu lture and Food (OMAF) fieldman . These samples
were gathered at one point and delivered to the Ontario Veterinary
College (OVC) in refrigerated vans by OMAF personnel. In addition ,
the Group A herds had had bulk tank somatic cell count
determinations made at the OVC laboratory on a monthly basis for not
less than 5 months previou s to the time of qu arter sampling.
Individual quarter foremilk and composite samples were collected
from all milking cows in each of the 10 Group B herds. The composite
sample for each cow was collected immediately following quarter
sa mpling and was formed by collecting in a single screw-top vial
approximately equal volum es of milk from each milking quarter. Six of
the Group B herds were sampled as described on two occasions 1 week
apart, whereas the remaining four herds were sampled weekly for
3 weeks.
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Examination of milk samples
Each quarter sample from the cows of Group A herds was divid ed
into two su bsamples. one of which was submitted to the regional
OMAF Veterinary Services Branch (VSB) Laboratory for mastitis
diagnosis. Quarters we re classified as negative if a negative California
Mastitis Test (CMT) reaction or a trace reaction was found and no
pathogens were isolated, or as positive if a CMT 1 or more reaction was
detected and pathogens were isolated . Individu al quarters th at could
not be classified as being either positive or negative were not considered
in the analys is phase of the study.
The other su b-sample, as well as the bulk tank sample for each herd,
was retained at the OVC laboratory for somatic cell counting. These
latter samples were fixed, diluted and counted with a Model TA
Coulter Counter (Coulter Electronics Ind ., Hialeah, Florida) as
described by Newbould (2).
The Model T A Counter, as well as counting the total number of
somatic cells present, also sizes the counted particles into 16 groups or
channels. Newbould (2) reported that with milk from infected quarters
the greatest change occurred in the percentage of cell volume in
channel S. This channel includes those cells with individual volumes
from S9 .2 to 17S .3 )im 3 • wh ich is eq uivalent to spheres with diameters
between 5.54 and 6.9S )inl. Newbould (2) also reported that most of the
cells in channel S are neutrophils and pointed out that the reason the
sizes are rather smaller than expected for neutroph ils is due to
shrinkage of the cell following for malin fixation . Us ing the above
technique , the somatic cell count (SCC) and percentage of total cell
volum e in chann elS (PCHS) was determined for each sample.
Quarter and composite sa mples from Group B herds were processed
at the OVC laboratory. The procedures used in this instance were the
sa me as those outlined previously except that quarters shedding
Streptococcus agalactiae were cl assified as being positive regardless of
the CMT reaction , and cell count determinations were made using the
newer model Coulter Milk Cell Counter with attached TA.
On the basis of the CMT reactions and the bacteriological findings ,
quarter (Q IR ) and cow infection rates (CI R) were calculated for each
herd. For this latter determination a cow was considered positive if at
least one of her quarters was found to be positive, and negative only if
all four quarters were negative.
Analysis
Discriminant an alysis (J) was used in an attempt to differentiate , on
the basis of various combin ations of the herd and bulk tank variables
TABLE 2.
rates.
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listed in T ab le I . between Group A herds with various levels of quarter
and cow infection rates. For this latter purpose three categories for each
of QIR and CIR were used. T he upper threshold for each of the three
QIR categories was respectively 10 , 25 and 100 % and for CIR 20, SO
and 100 %.
A second series of discriminant analyses was made using the d ata
gathered from the Group B herds . This analysis was used in an attempt
to differentiate between positive and negative cows by means of the
va riables SCC . PCHS and the prese nce or absence of S. agalactiae
(PASTR) determined for each composite sample. Further to this. an
attempt was made to differentiate between negative cows and cows
classified as being positive but which had one. two, three or four
positive quarters .
A third series of discrimin ant analyses was made again using Group
B herd data. This analysis was done in an attem pt to differentiate
between positive and negative quarters by means of the variables sec.
PCHS and PASTR determined for each quarter samp le.
TABLE I. Herd and bulk tank milk variables used in th e study of
bovine m astitis in Ontario.
Variable syntax

Variable definitions and / or code(s)

NOCOWS
PASTR

Number of cows quarter sampled
Presence ( = I) or absence ( = 0) of Streptococcus
agalactiae
Bulk tank somatic cell count at time of quarter
sa mpling
Bulk tank somatic cell counts taken respectively 1
to 5 months previous to SCCB
Bulk tank percentage of cell volume in channelS
at time of quarter sampling
Bulk tank percentages of cell volume in channel
S taken respectively 1 to 5 months previous to
PCHSB

SCCB
SCCI...SCC5
PCHSB
PCHS,I ... PCHS,5

RESULTS

Eight of the 44 Group A herds had a QIR less than
lO o/o, 10 had between 10 and 2S o/o inclusive and 26 had a
QIR greater than 2So/o (Table 2) . On the basis of CIR,
six herds had less than 20o/o of cows infected , 10 had
between 20 and SOo/o inclusive and 28 had a CIR greater

Means of variables and results of discriminant analyses when the Group A herds1 were grouped on the basis of quarter and cow infection

Magnitude of

Quarter infection rate(%)
Variable2

NO COWS
PASTR
SCCB( x JOl)
SCCI( x 103 )
SCC2(x 103 )
SCC3(x 103 )
SCC4( x 10 3)
SCC5( x 103 )
PCHSB
PCHS, I
PCHS ,2
PCHS,3
PCHS,4
PCHS ,5
No . of herds
Discriminant
function group
centroids
o/o of herds
correctly
classi fied

< 10

10-25

> 25

25.6
0.4
4S0.3
373.3
262.2
360.9
277.9
11 2.S
16.6
15.6
21.0
13.9
15 .3
S.3

32.0
0.6
543.6
773 .S
602.5
577.0
406.7
357.2
32.4
26.4
29.6
26.0
22.0
21.6
10

37.1
0 .7
653.4
691.9
729.7
651.7
654 .7
609.4
33.5
35.1
35.0
36.3
33.3
26.4
26

s

1.45
S7.5

0.3S

so.o

co-e!!icient

< 20

Cow infection rate(%)
20-50

> 50

- 0.04
- 0.10
0.43
0.33
- 0.33
0.17
- 0.09
- 0.40
- 0 .2S
- 0.21
0.02
- 0.31
- 0.2S
0.03

25.0
0.3
52S .7
393 .5
223 .9
347.2
299.0
93.1
16 .S
15.5
1S.7
12.7
19.5
S.5
6

30.6
0.5
462.1
402 .S
433 .0
51S.6
379.0
311.5
24.S
22 .5
27.3
20.3
22.2
19.S
10

36.9
0. 7
659.7
797.3
765.1
654.7
633.1
594.4
34.9
35.1
35.3
36.9
31.1
25 .7
2S

discriminant

- 0.59

- 1.55

- 0.72

so.s

S3.3

90.0

'See text for description .
'See Table 1 for definitions and codes.
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0.59
S5.7

Magnitude of
discriminant
co· efficient

0.04
0.16
- 0.42
- 0 .07
0.29
- 0.47
0.16
0.30
0.22
0.27
0 .14
0.59
- 0.10
- 0.11
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than SOo/o. There appeared to be a general upward trend
in herd size, as measured by the variable NOCOWS , as
the QIR and CIR increased from the low , to the
intermed iate , to the high level (Table 2). This overall
trend was also observed for each of the variables
PASTR , SCC and PCH8 .
In general, and based primarily on the absolute
magnitud e of the discrimin ant co-efficients, the monthly
measurem ents for each of SCC and PCH8 were the
variables best able to differenti ate between the three
infection levels , whether classified by QIR or CIR
(Table 2). There did not appear , however , to be any trend
among the monthly SCC or PCH8 determin ations . That
is, the discrimin ant co-efficients did not consistently
increase or decrease as the interval between the time of
quarter and bulk tank sampling increased. It was
decided, therefore, to investigate the discrimin ating
ability of various combinat ions of the latter variables.
In this regard, six combinat ions of variables were used
and are listed along with the results of the respective
analysis in Table 3. The results of analyses one and two
are the same, with 81.8 and 86.4% of the 44 Group A
herds being correctly classified when categorized
respectively by QIR and CIR (Table 3). These results
confirm the results of the previous analysis, that is, that
the variable NOCOWS did not increase the predictive
ability of the discrimin ant function.
Analysis three (Table 3) is based solely on the
discrimin ating ability of the variables SCC and PCH8
which were measured on the bulk tank sample at the
time of quarter sampling . This analysis resulted in only
45.5 and 52.3 o/o of the 44 herds being correctly classified
when categorized by QIR and CIR, respectively.
Analyses four to six differ from analyses one to three
only by addition of the variable PASTR. Inclusion of this
latter variable did not significantly alter the discrimin -

ating ability of the respective previous functions. The
overall discrimin ating ability of the six discrimin ant
functions was slightly higher when herds were categorized by CIR in comparis on to that achieved by QIR.
The bacteriological examinat ion of individual quarter
samples from the cows of Group B herds resulted in 897
quarters being classified as positive and 3210 as negative
or, when expressed on a per cow basis , in 425 positive
and 571 negative cows (Table 4). Composite milk
samples from positive cows and milk from positive
quarters had a higher mean SCC, PCH8 and proportio n
of samples shedding S. agalactiae (PASTR) than did
negative cows or quarters (Table 4). The variable PCH8 ,
again based primarily on the absolute value of the
discrimin ant co-efficient, appeared to be the variable best
able to differenti ate between positive and negative cows
and quarters (Table 4).
The results of the analyses in which an attempt was
made to differentiate between negative cows and cows
classified as being positive because of at least one positive
quarter or which had one, two, three or four positivi
quarters is presented in Table 5. Two discrimin ant
functions were used: the first of these included the
variables SCC and PCH8 and the second included these
latter two variables plus the variable PASTR. The
inclusion of the variable PASTR in the discrimin ant
function did not significantly increase its ability to
distinguish between positive and negative cows (Table 5).
For example, the overall percentag e of cows correctly
classified as being positive or negative , when a positive
cow was defined as one having at least one positive
quarter , was increased only 1.7% (from 79.4 to 81.1) by
the inclusion of the variable PASTR .
Considering the first of the two discrimin ant functions
only (Table 5), and considering the case of a positive cow
being defined as one having at least one positive quarter,

1
of six combinatio ns of variables when th e Group A herds
TABLE 3. Percentage of herds correctly class(fied by the discriminan t funct ion for each
were grouped on the basis of quarter and cow infection rates.

Overall

Cow infection rate(%)

Overall

Quarter infection rate (%)
Va riables2
included

> 50

by CIR

< 10

10-25

> 25

byQIR

< 20

20-50

NOCOWS
SCCB.SCCI .. .SCC5
PCH8B , PCH8,l...PC H8,5

87.5

80.0

80.8

81.8

100.0

80.0

85.7

86.4

2

SCCB. SCC1 ... SCC5
PCH8B. PCH8 ,1 ... PCH8 ,5

87.5

80.0

80.8

81.8

100.0

80.0

85.7

86.4

3

SCCB. PCH8B

75 .0

60 .0

30.8

45.5

50.0

30.0

60.7

52.3

4

NOCOWS . PASTR
SCCB . SCCl. .. SCC5
PCH8B. PCH8.l ... PCH8,5

87.5

80.0

80.8

81.8

R3.3

90.0

85.7

86.4

5

PASTR
SCCB. SCCI...SCC5
PCH8B. PCH8 ,1... PCH8 .5

87.5

70.0

80.8

79.6

66.7

90.0

85.7

84.1

6

PASTR
SCCB . PCH8B

87.5

50.0

34.6

47.7

66 .7

30.0

57.1

52.3

Analysis

See text for description.
'See Table 1 for definitions and codes
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SOMA TIC CELL COUNTS TO DIFFERENTIA TE COWS

it can be seen that 66.6 o/o of the positive cows and 89.0 o/o
of the negative cows (79 .4 o/o of all cows) were correctly
classified . The overall percentage of cows correctly
classified decreased from 79.4% to 77.9% when an
attempt was made to distinguish between negative cows
and cows with one positive quarter. However , the overall
percentage of cows correctly classified progressively
increased from 77.9 to 92.7% as the definition of a
positive cow was changed from one having one positive
quarter to one having two, three or four positive quarters.
That is, the discriminant function was better able· to
distinguish between cows having four positive quarters
and negative cows than between cows having one positive
quarter and negative cows.
DISCUSSION

In these studies, variables measured on milk samples
which were collected at two levels, namely the herd (bulk
tank) and cow (composite), were evaluated as predictors
respectively of the level of mastitis in dairy herds and the
mammary health status of individual cows. Sampling at
either of these latter two levels offers the potential
advantage, compared to individual quarter sampling, of
being less expensive with respect to both time and other
resources.
The results of these studies indicate, whether sampling
at the herd or cow level, that of the three variables
measured on each milk sample, namely somatic cell
count (SCC) , percentage of cell volume in channel 8
(PCH8) and the presence or absence of S. agalactiae in
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the sample (PASTR) that the ability of the first two
variables to discriminate was not significantly improved
by inclusion of the variable P ASTR. This finding has
practical importance as cell count determinatio ns , that
is, SCC and PCH8, are automated and are less costly to
do than are bacteriological examinations.
The finding that the variables SCC and PCH8 ,
measured on the bulk tank sample at the time of quarter
sampling, only correctly classified 45.5% of herds (on a
QIR basis) indicates that the procedure does not provide
a reliable measure of the level ofintramamm ary infection
in herds and agrees with what others (4,5) using sees
only, have found. However, the percentage of herds
correctly classified was increased to over 80% when the
results of five previous monthly ·SCC and PCH8 bulk
tank determinatio ns were included in the analysis. In
areas where sees on bulk tank milk samples are
currently routinely used as a means of monitoring the
level of infection in individual herds , these additional
monthly counts are readily available and could be used
with no additional effort. Although the variables SCC
and PCH8 were identified here in a retrospective study,
the intent of this study was to use such a function in a
prospective sense, that is to predict the status of herds
with respect to mammary health.
As with any monitoring technique, some errors are
likely to occur.ln this study and using the variables sec
and PCH8 only, approximately 15% of herds were
incorrectly categorized into one of the three cow infection
rate (CIR) categories considered (i.e. < 20, 20-50,

TABLE 4. M eans of variables and results of discriminant ana()•ses when the quarters and cows of Group B herds'
were grouped on the basis of
i1~{ection status.
Cow infection status 2
Positive
Negative

Variablesl included

sec (x 10')

1096.73
21.6 3
0.17 3

PCH8
PASTR
No. of COWS or
quarters
o/o of cows / quarters
correctly classified
by discriminant
function

Magnitude of discrimi-

Positive

- 0.14
- 0.84
- 0.23

1552.8
26.3
0.18

262.3 3
6.53
0.03

425

571

69.4

Quarter infection status
Negative

nant co-efficient

262.4
7.0
0.0

897

89.8

Magnitude of discriminant co- efficient

- 0.26
- 0.76
- 0.27

3210

81.3

91.8

'See text for description.
2
Determined by quarter sampling.
'Determined for composite milk sample.
TABLE 5. Number ofpositive and negative cows and percentage of cows correctly classified by discriminantfi.m ctionfor
each of two combinations
of variables and five de.finitions of positive cow.
No. positive quarters

Variables I included

sec
PCH8

sec
PCH8
PASTR

Number of cows

for positive cow

Positive

Negative

Positive

Percent cows correctly classified
Negative

Overall

1-4
I
2
3
4

425
167
114
74
70

571
571
571
571
571

66.6
59.3
66 .7
79.7
88.6

89.0
83.4
89.5
90.2
93.2

79.4
77.9
85.7
89.0
92.7

1-4
1
2
3
4

425
167
114
74
70

571
571
571
571
571

69.4
59.3
67.5
78.4
85.7

89.8
83.7
91.2
92.3
95.8

81.1
78.2
87.3
90.7
94.7

'See text for description .
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>50%). It should be pointed out, however, that most
herds that were incorrectly classified were classified in
the directly adjacent category and that they were, for the
most part, on the borderline between two categories.
Misclassification s of this type might be minimized by use
of averaging techniques, for example, use of rolling
averages rather than actual monthly values. However, the
a uthors did not have sufficient data to explore this
possibility. The percentage of herds correctly classified
might also be increased by inclusion of additional data;
for example, average cow age and milk production .
At the individual cow level, as was true at the herd
level, inclusion of the variable PASTR in the discriminant function did not significantly increase the
discriminating ability of the function. The variable PCH8
based primarily on the absolute magnitude of the
discriminant coefficient, appeared to be the variable best
able to differentiate between positive and negative cows
and quarters (Table 4).
The finding that the discriminant function was better
able to distinguish between negative cows and cows with
four positive quarters (92.7% of cows correctly classified)
than between negative cows and cows with one positive
qu arter (77.9% of cows correctly classified) is not
surprising and is primarily a function of dilution. That is ,
the secretion from a positive gland in a cow with only one
positive quarter is greatly diluted by the milk produced
by the other three normal glands and hence the presence
of the positive gland is hard to detect at the cow level.
This is illustrated by the fact that of the 16 7 cows in the
study with one positive gland, only 99 (59.3%) were

Korycka-Da hl and Richardson,

correctly classified (Table 5). The percentage of cows
correctly classified might be improved by inclusion in the
discriminant function of variables such as cow age and
stage oflactation .
Further studies are underway with the objective of
determining the value of including additional variables
such as those mentioned above. If the predictive value of
the functions so derived are improved , prospective
studies will be initiated to validate or refute the findings.
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of other very damaging species such as singlet oxygen
and hydroxyl radical. On the other hand, the inability of
nucleosides and nucleotides to photogenerate detectable
o;- in contrast to their corresponding bases requires
further investigation .
ACKNOWLEDGMENTS

This research was supported by the College of Agricultural and Life
Sciences. University of Wisconsin-Madison . and by a grant from the
Co-operative State Research Service. United States Department of
Agriculture.
REFERENCES

I . Enns .' K .. and W. H. Burgess . 1965. The photochemical oxidation
of ethylenediaminetetr aacetic acid and methionine by riboflavin .
J. Am . Chem . Soc . 87:5766-5770.
2. Foote. C. S. 1976. Photosensitized oxidation and singlet oxygen:
consequences in biological systems. pp . 85-113. In W. A. Pryor (ed .)
Free radicals in biology . Vol. II . Academic Press , New York.
J. Fridovich . I. 1976. Oxygen radicals , hydrogen peroxide and
oxygen toxicity. pp . 238-271. In W. A. Pryor (ed.) Free radicals in
biology. Vol. I. Academic Press , New York.
4. Fr isell. W. R .. C. W . Chung . and C. G . MacKenzie . 1959. Catalysis
of oxidation of nitrogen compounds by flavin coenzymes in the

prese nce of light. J. Bioi. Chem. 234: 1297-1307.
5. Hemmerich, P .. and A. Wessiak . 1979. The structural chemistry
of flavin-dependent oxygen activation. pp. 9-22. InT. P. Singer (ed.)
Flavin and flavoproteins. Proc. Fifth Intern. Symp. Elsevier,
Amsterdam .
6. Johnston . R. B., Jr., B. B. Keele , Jr ., H. P. Misra, J. E. Lehmeyer,
L. S. Webb. R. L. Baehner, and K. V. Rajagoplan. 1975. The role
of superoxide anion generation in phagocytic bactericidal activity.
J. Clin.lnvest. 55:1357-1372.
7. Korycka-Dahl. M.. and T. Richardson. 1978. Activated oxygen
species and oxtdation of food constituents . CRC Crit. Rev. Food
Sci. Nutr. 10:209-241.
8. Korycka-Dahl. M .. and T. Richardson. 1978. Photogeneration of
superoxide anion in serum of bovine milk and in model systems
containing riboflavin and amino acids. J. Dairy Sci. 61 :400-407.
9. McCay. P. B. , and J. L. Poyer. 1976. Enzyme-generated free
radicals as initiators of lipid peroxidation in biological membranes.
pp. 238-526. In A. Martonosi (ed .) The enzymes of biological
membranes , Vol. IV. Plenum Press , New York .
10. Spikes, J.D. 1977. Photosensitization . pp. 87-112. InK . C. Smith
(ed .) The science of photobiology. Plenum Press, New York.
!!.Zenda. K. , N. Saneyoshi , and G . Chihara. 1965. Biological photochemistry. I. The correlation between the photodynamica l
behaviors and the chemical structures of nucleic acid-bases,
nucleosides and related compounds in the presence of methylene
blue. Chem. Pharm. Bull. Jap.l3:1108-1113.

JOURNAL OF FOOD PROTECTION. VOLUME43 , JAN., 1980

15
Joumal ofFood Protection Vol. 43, No. I . Pages I5-I 8 (January. I980)
Copyright © 1980, International Association of Milk, Food, and Environmental Sanitarians

Production of Phospholipase C by Nine Strains of
Clostridium perfringens at 37 C and at a
Constantly Rising Temperature 1
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ABSTRACT

Nine stra ins of Clostridium pe~fringens were compared for
phospholipase C production in a utoclaved ground beef (AGB) at 37 C.
Enzyme production is reported as units per colony forming unit (CFU).
Phospholipase C concentrations were determined by the hem olysin
indicator method and colonies were observed on Tryptose Sulfite
Cycloserine agar. Enzyme production by each of the nine strains was
significa ntly different. The increase and decrease of viab le cells of C.
perfringens in AGB exposed to temperatures rising constantly at a rate
of 4. 1 C/ h was accompanied by the ap pearance a nd disappearance of
phospholipase C. This demonstrated th at C. pe~fringens can produce
detectable leve ls of phospholip ase C when grown during dynamic
increasing temperat ures .

Clostridium p erfringens food borne illness occurs upon
ingestion of a large number of viable organisms (3,11). To
establish this organism as the causative agent, it is
necessary to estimate the number of viable C. peifri.ngens
in a suspect food by using quantitative cultural methods.
When frozen or held under prolonged refrigeration , C.
perfringens cells rapidly lose viability (2,18) , making it
difficult or impossible to obtain reliable counts. Harmon
and Kautter (6. 7,8) have suggested the hemolysin
indicator plate test as an index of growth of this
organism in foods which have been refrigerated or
frozen. This method involves quantifying the extracellular phospholipase C (alpha toxin) produced by C.
perfringens . The quantity of phospholipase C detected
may then be used to estimate the extent of previous
growth of the organism (7).
Long-time low-temperature (LTLT) cookery is used
extensively in industry, foodservice and the home. C.
p erfringens can grow to high population levels under
LTLT conditiot;~s (19). One objective of this research was
to determine if phospholipase C would be produced at
detectable levels in simulated LTLT environments. Since
many foodborne disease strains of C. p erfringens have
been reported to produce phospholipase C at low levels
(9. 10, 14), the second objective was to compare phospholipase C production by nine strains of C. p erfringens, eight
of which are associated with food borne illness.
1
Paper No. I0 764, Scientific Journal Series, Minn esota Agricultural
Experim ent Station, St. Paul, MN 55I08.

MATERIALS AND METHODS

Test organisms and culture preparation
C. perfringens strains NCTC 8238, NCTC 10240 and ATCC 3624 were
obtained from D. A. Adams, North Carolina State University, Raleigh
NC; NCTC 8798 was obtained fro m R. G . Labbe, University of
Wisconsin, Madison , WI ; NCTC 8239, S-40, S-4S, and NCTC 98S1
were obtain ed from the cu lture collection , University of Minnesota , St.
Paul , MN and ATCC 13124 was obtained from American Type Culture
Collection , Rockville, MD .
The method of Willardsen et al. (1 9) was used with slight
modifications in pre paration of stock cultures a nd test cultures. Test
cultures were prepared by transferring 0.1 ml of a freshly th awed stock
cult ure to 12 ml of laboratory-prepared Fluid Thioglycollate medium
(FTG) a nd incubating at 37 C for 20 h . FTG was no more than I week
old and , if not freshly prepared, was steamed I 0 min and cooled
immediately before use. After in cubation in FTG, a composite of eight
strains (a ll listed strains except ATCC 13124) was prepared as detailed
by Willardsen et al. (1 9) . Single strain studi es were conducted on each
strain by usi ng the appropriate dilution of the 20 h FTG culture.
Dilutions were made with 0.1 o/o peptone water.
Growth and en um eration m edia
T he autoclaved ground beef (AGB) test medium was prepared
accord ing to the method of Willardsen et al. (19) . The ground beef was
frozen for a maximum of 6 months at - 30 C. Four batches (fat content
17.0, 20.S, 23.9 and 28.S o/o) were used during the duration of this
research. Before use , th e tubes were tem pered to the desired initial
temperature (37 C for constant temperature strain comparisons, or
2S C for constantly rising temperatures studies), and inoculated with a
0.1 ml of inoculum diluted in 0.1 o/o peptone water to the desired cell
pop ul ation. The diluted inoc ulum was carefully injected into the
bottom of the AGB tubes with a 13-cm long I S gauge needl e.
The en um eration medium was laboratory- prepared Tryptose Sulfite
Cycloserine (TSC) agar (17) prepared as detailed by Willardsen et al.
(19). The T SC agar was mad e no more than one day before use and
stored at room temperature.
Enum eration procedure
At each appropriate sampling time , the ground beef sample was
aseptically transferred to an 18 x 30 em , 3'12-mil polyethylene bag
using a sterile 23 -cm chrome letter opener. T he sam ple was dilu ted to
100 ml with sterile distilled water (8S ml) , and macerated for 60 sec in a
Colworth 400 Stomacher (16). Serial dilutions were made into 9.9 or
9.0 ml of0. 1 o/o peptone (Difco), a nd a 0.1-ml portion of the appropriate
dilution was spread over th e surface ofTSC agar and overlaid with TSC
agar without egg yolk. The inocul ated plates were incubated at 37 C
overnight in a naerobic jars (BBL Gaspak System) which were evacuated
to IS psi vacuum and flu shed to S psi , three times , with a 90o/o N2-IO "lo
C0 2 mixture or with 100 "lo N2 •
Extra ction and quantification of phospholipase C
The method described by Harm on and Ka utter (8) was employed ,
with a slight modification for extraction of the enzy me . Phospholipase
C was extracted after homogenization of a 2S-g portion of AGB culture,
with 100 ml of 0.4 M NaCI, buffered at pH 8 with O.OS M
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N-2 -hydroxye thy lpiperazin e-N ' -2-ethanes ulfonic acid (HEPES) . for
I min in a Co lworth 400 Stomache r (16) . Portions of two AGB cultures
(1 5 g eac h) were used to obtain 25 g. Sa mpl es were removed from the
test tube with a sterile 23-cm chrome letter open er. The layer of fat
which developed on th e surface of the AGB was removed and discarded
before sample remova l. After centrifugi ng the hom ogenate at
20.000 x g for 20 min at 4 C, the supernata nt fluid was decanted
through Whatman No. I filter pa per to remove the remaining fat and
meat solid s. The supern atant fluid was sterilized by filtration through a
Se itz Filter (N o. L6 , Hercul es Division , Republic Filter Corp .. Milld a le,
CT) a nd the sterile extract was concentra ted to less th a n 10 ml by dia lysis overnight against polyethyle ne glycol (PEG ; molecular weight
20 .000) a t 4 C. Th e dia iysis tubing (N o. 3737-D32 , A. H. Thom as Co. ,
Phil adelphia, PA. molecul a r weight cutoff 12 ,000) was autocl aved. in
distilled water for 15 min at 121 C and rinsed once with sterile
phys iologica l sa lin e. or rin sed three tim es with sterile phys iological
sa litie. be fore co ntact with the sterilized extract. Afte r d ialysis, the
tubin g was rinsed with tap water to remove the PEG . Sa mples
concent ra ted to a volume o f less th a n 5 ml were pl aced into
ph ys iolog ica l sa line solu tion for 1-2 h to permit easier a nd more
qu a nt ita tive remova l of the extract from the d ia lysis sac. The
concentra ted ext ract was collected in a sterile 10-ml volum etric fla sk.
T he dia lysis sac was rin sed 2 or 3 tim es with ca . 1-ml qua ntities of
sterile physiologica l sa line soluti on. a nd the washings a nd extract we re
brought to a volume of 10 mi. Ca re was taken throughou t the
procedure to recover all th e AGB extract a nd washin gs.
T he hemolyt ic ac tivities of th e extracts were measured by me a ns of a
mod ificat ion of the hemolys in indic ator (HI) plate method described by
Noyes a nd Eas terlin g (1 3) and employed by Harm on a nd Ka utter (8).
Pac ked hum a n red blood ce lls were washed and used in preparatio n of
the HI pl a tes (! 7). Th e red blood cells were obta in ed from the America n
Red Cross Blood Ba nk. St. Paul. MN . Plates were all owed to dry
overnight at room temperatu re a nd used th e foll owing d ay. or stored
overnight in a n a irti ght pl astic bag at 4 C fo r use 2 days later. Ju st
befo re use. tes t well s we re cut in the agar by a pplying a vacuum to a
thin -wa lled sta inless steel tube (3 mm O .D .. No. 9 surgical tubing)
plun ged into th e aga r(! 7). Eight two- fold dilutions of the concentra ted
extract were made with sterile phys iological saline solution , using a
fresh serological pipette for each dilution . The undiluted extract and
eight dilu tions were pl aced in the we lls of d upli cate HI pl ates , along
with a nti- a lph a tox in a nd dilu ent controls (/ 7). C. perf ringens (welchii)
Type A diagnosti c sera (anti- a lph a) was purchased from Wellcome
Reage nts. Ltd .. Beck enh am. Engla nd. Ase ptic proced ures were used in
ha ndling th e extract. T he pl ates were .in cubated for 24 h at 37 C and
ex amin ed for hemolytic zones around the wells . All hemolytic zones
were meas ured in mm (width from ed ge of well) with ca lipers. The
hemolytic zo nes produ ced by ph os ph olipase C on HI plates were clear
a nd eas ily differenti ated from the unreacted red blood cell region.
Standa rd curve

A lyophilized sta nd ard ized preparatio n of Type A test enzyme (a lph a
toxin . E .C.3.1.4. 3. , phos pholipase C, lecithinase C) from C. perfringen s
was purchased from Sigma Chemical Co .. St . Louis. MO .
The Sigma commercial enzy me prepa ration was used as a stand a rd .
An initia l I: 10.000 d ilution was made with fil te r- sterilized HEPES .
foll owed by a I: 10 d ilu tion in phys iologica l saline solu t ion. Two- fold
d ilu t ions of th e comm ercia l enzy me- HEPES-sal ine dilution we re m ade
with steril e physiolog ica l sa line solu tion. T hese diluti ons were ad ded to
HI pl a tes and in cubated in a mann er identical to the unknown s.
St and ard c urve~ were co nstru cted for use with each ex perimenta l tria l
by pl ott ing th e log activity of the sta nd ard phospholipase C dilutions in
uni ts / ml versus the reaction zo ne size in mm. Regress ion ana lys is was
empl oyed to construct the lin e of best fit .

Experim ental apparatus and design
Water bath s and temperatu re ma in tena nce and control appa ratu ses
for 37 C co nsta nt temperatu re as well as 4.1 C/ h-consta ntly r ising
te mperatures have bee n described by Will ard se n et a l. (19).
AG B was in oc ula ted with eith er a single strain or the eight-stra in
composite of C. pecfringen s . The AGB inoculated with the single
stra ins was incuba ted at 37 C for 4.5-5 h to ma ke compariso ns a mong

stra in s. AGB inoculated with the eight strain composite or with stra in
ATCC 13 124 was exposed to a linear temperatu re increase of 4.1 C/ h.
Colony forming units on TS C were determine d on sa mples taken every
10-20 min . Samples were plated immedi ately to determine the viable
6
count . Samples expected to be greater than 10 CFU / g (for strain
8 CFU / g) were assayed for
compa risons. the target popul ation was 10
phospholi pase C. Sa mples monitored for phospholipase C activity were
pl aced immediate ly into ice water to prevent further growth of the
organisms . Th e samples were held at 4 C overnight. with e xtraction of
the enzyme the foll ow ing day. Quantifica tion was by compa rison of
unknown sa mple dilutions resulting in 1-mm reaction zones with the
sta nd ard curve. If a 1-mm zone was not present , th e diluti on which
would have res ul ted in a 1-mm zone was ca lculated from the zone sizes
of the two closest dilutions. The calculated dilution was then compared
to the sta nd ard curve .
For one tri al of the three with ATCC 13 124 at 37 C. the
phos ph oli pase C was qu antified with a n estim ated va lue for the Sigma
sta ndard , enzy me activity which prod uced a 1-mm reaction zone
(reference activity), rath er th a n a freshly prepared standard curve. The
est imated e nzyme activity was t he average of refe rence activities of
Sigma p hospholipa se C fo r I 5 sta nd a rd curves constructed in previou s
ex perim ents. T he a rithm eti c average of the 15 reference activities was
3
7.8 x 10' 3 units/ ml , with a sta ndard deviation of 4 .4 x 10" unit/ mi.
3 to 1.6 x 10"2 unit/ mi. The
10"
x
1.7
from
ranged
activities
Reference
phospholi pase C unit per CFU calculated with the estim ated reference
activity, 7.8 x 10" 3 unit / ml, was between the results of the other tl o
ATCC 13 124 trial s. Subsequ ent ex periments usin g the same average,
rath er th a n a sta nd ard curve , also yielded res ults in agreeme nt with
duplicate a nd tri plicate tria ls which were a nalysed with sta nd ard curves
(d ata not presented) .

Statistical analyses
Analys is of va ri ance was used to detect di ffe rences in the
phos pholipase C production of the nine stra in s exa mined . A clu stering
a na lys is met hod described by Scott and Knott (I 5) as a ppropri a te for
grou pin g mea ns in t he a nalys is of va ria nce was employed in a n attempt
to divid e the strains into groups based upon their level of phospholip ase
C production .

RESULTS AND DISCUSSION

A compari son of the product ion of phospho lipase C by
each of the 9 strains of C. peifring ens in AGB at 37C is
presente d in Fig. 1. The data are presente d as units of
phospho lipase C per colony fo rming unit to make the
compari son on a per cell basis . In each instance the
8
7
populati ons were between 5 x 10 and 3 x 10 CFU / g. By
direct microsco pic observat ion, an average colony
formin g unit consiste d of 2-3 cells .
Analysis of variance revealed th at there was no
significa nt differen ce from the first to second replicati on
of the experirr: ent , while there were significa nt differences between units / CFU for each of the nine strains
(p < 0.05) . An attempt was made to group the nine
strains by ability to produce phospho lipase C accordin g
to a clusterin g of mea ns procedu re (I 5). The mean
enzyme units / CFU of the nine strains could not be
separated into two or more groups (p < 0.05) ; therefor e,
they were consider ed as one group . This reveals that
although each of the strains can be consider ed differen t
from the other eight strains in its ability to produce
phospho lipase C in AGB at 37 C, the differences between
a ny two or more groups formed were not clear enough to
merit a division with 95 % confiden ce with this limited
amount of data.
Many investiga tors have reported differenc es in
phospholipase C producti on between strains (1 ,4,5,12).
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PHOSPHOLIPASE PRODUCED AT RISING TEMPERATURE
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Figure I . Phospholipase C production per colony forming unit for
nine strains of Clostridium perfringens grown in autoclaved ground
beef at 37 C. Strains examined were: S-40 (A); S-45 (B); ATCC 3624
(C); NCTC 8238 (D); NCTC 8239 (E) ; NCTC 8798 (F); NCTC 9851 (G) ;
NCTC 10240 (fl); and ATCC JJ/24. Data presented are the averages
and ranges of 2-3 determinations.

NCTC 8239 (strain E) has been reported (1) to produce
small amounts, and ATCC 13124 was recognized (I 2) as
producing large amounts of phospholipase C. However,
the data presented here describe the strain comparison of
phospholipase C production by C. peifringens on a
units/ CFU basis. From our observation on a cellular
basis, NCTC 8238 (strain D) and NCTC 8798 (strain F)
produced small amounts of phospholipase C. ATCC
13124 produced a large amount of phospholipase C on a
cellular basis.
C. perfringens has been observed to grow to high
populations during dynamic temperature conditions (19) .
Production of phospholipase C by C. peifringens during
growth at constantly rising temperatures has not been
reported . Strain ATCC 13124 was studied singly, and the
remaining eight strains were studied as a composite
during exposure to dynamic temperatures increasing at
linear rates of 4.1 C/ h. The eight-strain composite was
identical to that studied by Willardsen et a!. (19) under
the same conditions .
Temperature-based growth curves and phospholipase
C activity curves for C. peifringens ATCC 13124 and the
composite are presented in Fig. 2. Data presented are
averages of duplicate and quadruplicate trials for ATCC

Figure 2. Growth and phospholipase C production by ATCC JJ/24
and an eight-strain composite of Clostridium perfringens in autoclaved
ground beef exposed to a 4.1 Cl h temperatu re increase. Data presented
are averages and ranges of duplicate and quadruplicate trials with
ATCC JJ/24 ( 0) and the composite (e) respectively. Th e
phospholipase C activity of the composite at 40 Cis an estimated value.

13124 and the composite, respectively. The graphs
represent viable cell numbers and enzyme activity during
a linear temperature increase of 4.1 C/ h. The elapsed
time from initiation of heating (25 C initial temperature)
is shown on the upper axis. Growth of ATCC 13124 and
the eight-strain composite were similar, and agree with
reports by Willardsen et a!. (19). The phospholipase C
activity of the eight-strain composite is estimated to be
0.013 unitlml at 40 C. Harmon and Kautter (7) indicate
that populations of ca. 10 6/ g are needed to attain
detectable phospholipase C levels. Our experiments with
the eight-strain composite of C. peifringens also indicate
a requirement for about 10 6 CFU /g to attain measurable
phospholipase C. The estimated 0.013 unitlml activity at
40 C is just above the detection limit under the test
conditions employed, making the estimate of enzyme
activity at 40 C valid.
Growth of the single strain was initiated at about 32 C.
Rapid growth was observed to about SOC with
inactivation beginning at temperatures above approximately 52 C. Phospholipase C activity showed an
increase, leveling and decline which appeared to
correspond closely to the population level. Growth and
phospholipase C production by the eight-strain composite were similar to strain ATCC 13124. With the
eight-strain composite, the phospholipase C was again
observed to parallel the growth pattern, increasing as
CFU's increased, then leveling and declining at high
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Photogene ration of Superoxide Anion upon Illumination of
Purines and Pyrimidines in the Presence of Riboflavin:
Structure-a ctivity Relationships
MALGORZATA KORYCKA-DAHL and THOMAS RICHARDSON*
Department of Food Science, University of Wisconsin . Madison. Wisconsin 53706
(Received for publication Apri126, 1979)
ABSTRACT

Photogenerated superoxide anion might be involved in the oxidative
deterioration offoods. For this reason, purines , pyrimidines and related
compounds were illuminated with fluorescent light in the presence of
riboflavin to exa mine their capacity to photogenerate superoxide anion
(measured from suppression of its reduction of nitro blue tetrazolium
by superoxide dismutase) . Superoxide anion was photogenerated in the
presence of guanine, xanthine , 6-thiogua1.1ine, thymine, uracil,
6-methyl uracil , orotic acid and 5- as well as 6-amino uracil but not in
the presence of 24 other related compounds examined . Replacing the
oxygen at the 6-position of guanine with sulfur or attachment of an
amino group to the 5- or 6-carbon of uracil greatly increased
superoxide anion generation as compared to guanine and uracil ,
respectively. The attachment of a carboxyl group at the 6-position of
uracil augmented superoxide anion photogeneration to a much smaller
extent and thymine and 6-methyl uracil did not yield any more
superoxide anion than did uracil. In general , only those compounds
which had an oxo group at the 6-position of purines or the 4-position of
pyrimidines , and either an oxo or an amino group in the 2-position of
either ring served as substrates for photogeneration of superoxide
anion. Addition ally , presence of purines and pyrimidines in an enol
and / or amino form and an unsubstituted imidazole ring for purines
were required fo r photogeneration of superoxide anion.

Superoxide anion (Or) is a common cellular
metabolite formed as a result of the univalent reduction
of molecular oxygen during many biochemical reactions
(3). It might also be generated in photosensitized
reactions (2) upon illumination of biological systems with
visible light.
can undergo secondary reactions to
form other active oxygen species such as hydrogen
peroxide, singlet oxygen and hydroxyl radical (3,9). The
last two species are very strong oxidizing agents.
and/or the other active oxygens derived from it have been
implicated in the oxidative destruction of biological
material (3), in oxygen toxicity (6), and in a variety of
photodynamic · effects manifested as phototoxicity,
mutations, aging or carcinogenesis (10). The importance
of active oxygen species in initiating oxidative changes in
foods has been recently reviewed (7) .
can be generated in an aqueous medium at
neutral pH when certain amino acids, in the presence of
catalytic amounts of riboflavin as a sensitizer, are
exposed to fluorescent light (8). Upon illumination,
riboflavin absorbs visible light at a wavelength around
450 nm to become electronically excited to its triplet
state. In the presence of an appropriate substrate and at

sufficient oxygen concentration, triplet riboflavin can
initiate redox reactions, being fully reduced in the
process (2). Spontaneous reoxidation of this photoreduced riboflavin by molecular oxygen results in the
formation of0r(5).
It has been reported (1,4) that, in addition to certain
amino acids, several other aliphatic and aromatic
nitrogen compounds can photoreduce riboflavin. It is
also known that nucleic acids are subject to photosensitized oxidation (I 0). It was therefore considered likely
that purines and pyrimidines have the potential to
photoreduce riboflavin, thereby producing Of: The
photogeneration of small amounts of
in ·milk serum
via photoreduction of riboflavin by orotic acid present in
milk has been observed previously (8). The studies
reported here were performed to determine if other
purines and pyrimidines served as substrates for
riboflavin-sensitized photogeneration of Of: The photogeneration ofOrbY monomeric bases from nucleic acids
could be responsible in part for the oxidative changes
(odors and off-flavors) which occur rapidly upon
exposure of certain foods to visible light. Structural
aspects of purines and pyrimidines which are important
for .photogeneration of
were investigated.

Or

Or

Or

Or

Or

MATERIALS AND METHODS

Reagent-grade chemicals and deionized water were used in all
assays. All photoinduced reactions were carried out in 10-ml pyrex
glass test tubes placed in an aluminum foil-lined box. The upper part of
the box was fitted with a IS-watt cool white fluorescent bulb placed
8 em from the test tubes. The test tubes were thus subjected to 5200 lux
of light (compared to 100,000 lux for sunlight on a sunny day) for I hat
25 C; the temperature of the tube contents did not rise above 29 C.
Samples kept in the dark were incubated under the same conditions,
except that they were wrapped with aluminum foil to protect them from
light . The reaction mixture , contained in 4.5 ml of air-equilibrated
50-mM phosphate buffer, pH 7.8, included 12.8 I'M of riboflavin.
0.1 mM of purine , pyrimidine or related compound and 0.5 mM of
nitro blue tetrazolium. Controls contained the same reagents in
addition to 30 l'g of bovine erythrocyte superoxide dismutase, added to
the reaction mixture before illumination was initiated. Additional
reagent blanks having riboflavin or the nitrogen-base omitted from the
reaction mixture were illuminated using the same conditions. The
photogenerated Oiwas measured by the nitro blue tetrazolium (NBT)
assay , as previously described (8).
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A Method for Decreasing Sampling Variance in
Bacteriological Analyses of Meat Surfaces 1,2
M. E. ANDERSON3, J. L. SEBAUGH4, R. T. MARSHALL5* and W. C. STRINGER5
U.S. Department ofAgriculture. Science and Education Administration. North Central Region, Columbia. Missouri 65211 and
Agricultural Experiment Station and Food Science and Nutrition Department, University ofMissouri·Columbia, Columbia. Missouri 65211
(Received for publication Apri112 , 1979)
ABSTRACT

Viable counts of bacteria are often high in some areas and low in
adjacent areas of the same surface of fresh meat. The present study
indicated that rubbing meat surfaces together before sampling reduces
variation among bacterial plate counts of pieces of beef plate meat.
Counts before rubbing ranged from 2 to 6,187 / cm 2 , whereas counts
after rubbing ranged from I 5 to 2,043/ cm 2 • The reduced sample
variance allowed for fewer samples to be taken in studies of cleaning
and sanitizing offresh beef.

Surfaces of dressed carcasses of meat animals would
be essentially sterile were it not for the bacteria deposited
on them from their hides and from equipment, personnel
and the environment. Numbers and distribution of
microorganisms on surfaces of fresh meat vary with the
method of dressing and cleanliness of the environment.
In previous research the numbers of microorganisms /
cm 2 of fresh meat surface were highly variable, ranging
from logs of 3.42 to 8.86 / cm 2 (1). Viable counts of
bacteria were high in some areas and low in others. Thus
both the area sampled and the number of samples had to
be large. In some research situations, an alternative to
using large numbers of samples might be to rub each
meat surface to be sampled against each of the other
sampling surfaces before sampling to more evenly
distribute the microorganisms. The present paper
reports on distribution of microorganisms on strips of
fresh beef plate meat before and after the surfaces of the
meat were rubbed together.
MATERIALS AND METHODS

Nine pieces ofbe(!f plate meat (13 x 18 x 1.3 em) were obtained from
a commercial source (24-h postmortem). placed in plastic bags , and
frozen. Three pieces were thawed and used in each of the three
replications.
'Contribution from the University of Missouri Experiment Station,
Journal Series No. 8261 .
'Mention of a trade name or proprietary product does not constitute a
guarantee or warranty of the product by the U.S. Department of
Agriculture and does not imply its approval to the exclusion of other
products that may also be suitable.
'U.S. Department ofAgriculture.
'Agricultural Experiment Station.
'Department ofFood Science and Nutrition. -

Initially , from each piece of meat in each of three replications six
meat-core samples (2.54-cm diameter, 3-mm approximate depth) were
removed at random according to the sampling procedure shown in
Fig. I. Each core was placed in a separate blender jar with 99 ml of
buffered distilled water and blended for I min. Then the sampling
surfaces of each piece of meat were exposed to each of the other pieces
of meat within the replicate by rubbing the surfaces together. In that
procedure, each piece of meat was twice laid on and pulled across the
surface of each of the other pieces of meat. After the exposure , another
six cores were removed and treated as described above.
Blended samples were plated in duplicate and consecutive dilutions.
Plates were incubated for 72 h at 28 C. Colonies were counted and
results recorded. The data were analyzed by use of the Statistical
Analysis System (2) on an IBM 370 computer.

000
000
000

oao
Figure 1. Sampling pattern for sample variance study. Six core
samples were elected at random from each piece of meat both before
and after the surfaces of the meat pieces were mbbed together.
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RESU LTS AND DISCUSSION

Mood 's test (3) was used to test the above null
hypothesis nonpa ramet rically . The assum ption of normality requir ed by the usual param etric F-test for
equality of variance could not be made becau se a few high
counts caused the distrib ution of colony counts before
1).
and after rubbin g to be skewed to the right (Table
2 chang ed from
cm
20/
than
The numb er of counts less
seven to one becau se of rubbin g.
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TABLE I. Frequency distribution of colony counts
rubbing . replicat e I.
Number of cores

Interval of colony counts (per cm2)

Before

After

5
2
2
I
0
2
2
2
2b

0
1
5
3
2
3
2
0
2C

18

18

0-9
10-19
20-29
30-39
40-49
S0-99a
100-199a
200-299a
300 and overa
Total

in the first two replicates, and overall. Ranges of counts
in the third replicate were smalle r with minim ums
higher and maxim ums lower than for the first two
replicates. With this smalle r range of counts , it was more
by
difficult to detect a difference in dispersion caused
r.y,b bing.
Data in the two columns under "Num bers of counts
d
lower (or) highe r" verify the claim that rubbin g reduce
meat
from
g
rubbin
before
taken
cores
variance. Of six
two, replicate one, three counts were lower and two
higher than those of any core taken after rubbin g. The
of
same was true for replicate three, meat three . Overall,
had
nine
g
the fifty-four cores removed before rubbin
lower colony counts and one had a higher colony count
l
than any core removed after rubbin g. Thus, the overal
s
Count
g.
rubbin
by
d
range was significantly reduce
2
as
before rubbin g ranged from 2 to 6,187 / cm , where
2
•
cm
/
2,043
to
15
from
counts after rubbin g ranged
It was not surpri sing that the colony counts before
rubbin g tended to be lower than the counts after
rubbin g. _Before ru~bing, relatively few areas had hiSh
t
counts. Smce samph ng was rando m, the areas of highes
pieces
count may not have been sampl ed. After the meat
were rubbe d together, bacter ia from the few high count
areas were more evenly distrib uted o:ver the. surfac e of the
meat.
The data gather ed indica ted that the rubbin g of meat
ia
surfaces togeth er tends to reduce the variance of bacter
of
er
numb
the
s
reduce
g
rubbin
such
counts. There fore,
samples needed for any specific cleaning and sanitizing
study.
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achang e in interval size .
bBefore values are 1.125 and 6, 187.
cAfter values are 320 and 2,043 .

of Mood 's Test for three pieces of
the cores taken before and after rubbing and the results
TABLE 2. Minimu m and maximu m colony cozmts for
m eat for each ofJ replicates.

Replicate

2

3

Overall

Piece of meat Number of cores

1
2
3
all
I
2
3
all
I
2
3
all

6
6
6
18
6
6
6
18
6
6
6
18

54

Before rubbing, bacteria/ cm2
Max
Min

6
2
9
2
15
3
21
3
22
13
19
13
2

6,187
1,125
94
6,187
336
258
858
858
76
65
90
90
6,187

After rubbing, bacteria/ cm2
Max
Min

36
15
20
15
24
55
73
73
34
23
29
23
15

2,043
46
77
2,043
710
191
493
710
lSI
76
71
151
2,043

Number of counts•
Higher

Lower

1
3
3
7
1
4
1
5
5
2
3
5
9

1
2
1
1
0
1
1
1
0
0
2
0
1

*Means P < .OS
**Means P < .01
after rubbing .
than the smalles t or higher than the largest of the counts
a Numbe r of colony counts before rubbing that were lower
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Isolation of Yersinia enterocolitica from Pig Tonsils
M. 0. HANNA!, G. C. SMITHl, L. C. HALLl, C. VANDERZANTt. and A. B. CIDLDERS, JR.2
Department ofAnimal Science, Texas Agricultural Experiment Station and
Department of Veterinary Public Health, Texas A&M University, College Station. Texas 77843

(Received for publication May 3, 1979)
ABSTRACT

Y ersinia enterocolitica serotype 0:5 was isolated from the tonsils of 8
of 27 butcher hogs subjected to normal slaughtering procedures.
Isolation through enrichment in cold mannitol broth or a bile medium
at 4 C for 10-60 days was equally effective. Enrichment in modified
Rappaport broth at 25 C for longer than 2 days sharply decreased
recovery of Y. enterocolitica from tonsils. The type of enrichment
medium also had a marked effect on the recovery efficiency of different
strains of Y. enterocolitica from ground meat.

In recent years, Yersinia enterocolitica and closely
related bacteria have been isolated with increasing
frequency from various foods such as meats, poultry,
seafoods, vegetables and raw milk (2,6,7,8, 11 ,12,16,17,
I 9). Many of the food isolates differ in some biochemical
characteristics from typical clinical strains responsible
for human yersiniosis (2,6,9). In spite of the presence of
Y. enterocolitica or related bacteria in certain foods,
there has been only one documented outbreak of
foodborne infection of Y . enterocolitica in the United
States (20). This incident was caused by consumption of
contaminated chocolate milk. Among meat animals ,
swine are considered by many investigators as a potential
source of clinically significant types of Y. enterocolitica.
European, Canadian and Japanese specialists (1,14,15,
18,21,22,23) have reported isolation of human serotypes
from cecal contents, lymph nodes and throats of pigs.
For example, Y. enterocolitica serotype 0:3 was
recovered from 47 of 426 throat swabs of pigs (21) and
from 75 of 142 pork tongues (22). This information
indicates that swine may be a potential reservoir for
human infection with Y. enterocolitica. This note
describes isolation of Y. enterocolitica from pig tonsils
and the recovery efficiency of three enrichment media in
tandem with plating on bismuth sulfite agar.
MATERIALS AND METHODS

Samples

Palatine tonsils were removed by surgical excision from market weight
(200-250 !b) butcher hogs after the ani1pals had been subjected to
normal slaughtering procedures (electrical stunning, exsanguination,
scalding, dehairing , evisceration). Animals were obtained from the
Texas A&M Meats Laboratory and from a commercial meat packing
'Departm ent ofAnimal Science.
'Departm ent of Veterinary Public Health.

plant. The tonsils were placed immediately in 100-ml diluent bottles
containing 10 ml of 0.1% sterile peptone (Difco). The surfaces of the
tons ils were rinsed thoroughly with the peptone broth. No attempt was
made to break up the tissue. The peptone rinse was examined for Y.
enterocolitica immediately after collection of the samples and after
storage for 14 days at 4 C. An additional 10 ml of 0.1% sterile peptone
was added to each samp le before refrigerated storage.
Isolation ofY. enterocolitica
One-ml portions of the peptone rinse were placed in 10 ml of
modified Rappaport broth [MRB , (4)], cold mannitol broth [CMB , (3)]
and a bile enrichment medium [BEM, (13)]. Enrichment in MRB was
at 25 C for 2 to 60 days, in CMB and in BEM at 4 C for 10 to 60 days .
After appropriate intervals, a loopful of enrichment broth was streaked
on a bismuth sulfite agar (BS) plate (Difco). In add ition , a loopful of the
peptone rinse was streaked immediately on a BS agar plate. Plate
incubation was at 25 C for 3 to 4 days. Suspicious black colonies were
picked from the plates and placed on slants of tryptic soy agar (Difco)
at 25 C. Each isolate was subjected to the tests shown in Table I . Test
procedures and composition of the media and test reagents were as
described in the Compendium of Methods for the Microbiological
Examination of Foods (4). Serotyping of the isolates was carried out
through the courtesy of Dr . T . J. Quan (Center for Disease Control,
Fort Collins, Colorado). Testing for tissue invasiveness by the Sen!ny
test was done by Dr. D. L. Zink, Department of Veterinary
Microbiology, Texas A&M University .

RESULTS AND DISCUSSION

Y. enterocolitica was recovered from the tonsils of 8 of
27 pigs (Table 2). Only three of the samples were positive
when the peptone rinse of the tonsils was streaked
directly on BS agar. Holding the rinse fluid for 14 days at
4 C increased the number of positive samples to six.
Isolation through enrichment in CMB or BEM at 4 C for
10 to 60 days was equally effective. With enrichment in
MRB at 25 C, however , the number of samples positive
for Y. enterocolitica was greatest after 2 days and
decreased sharply after 10 days . Characteristics of the
isolates of the 8 positive samples are presented in
Table 1. On the basis of these characteristics, they were
assigned to Nilehn biotype 3 (4). They belonged to
serotype 0:5. All of the isolates were Sereny test (keratoconjunctivitis in guinea pigs) negative. Y. enterocolitica
serotype 0:5 has been previously isolated from pork and
throat swabs of pigs (1,14). Although the potential public
health significance of the cultures isolated from pig
tonsils is not yet known , their biochemical characteristics
are similar to those of many typical clinical isolates. A
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TA BL E I.
tonsils.

each of the three enrichme nt media. Enrichme nt in MRB
was carried out at 25 C for4 , 7, 14, 21 , 30 and 60 days ; in
CMB and BEM at 4 C for 7, 14, 21 , 30 and 60 days.
Isolation and identification of Y. enterocolitica was as
described for pig tonsils . Distinct differences in
biochemical characteristics (esculin hydrolysi s, carbohydrate utilization) allowed differentiation between added
and naturally occurring Y . enterocolitica. Three cultures
were used: AYE-11, serotype 0:3 , isolated from cecal
contents of swine in Japan (obtained from Armour Food ,
Scottsdale , AZ) ; 2635, serotype 0:8, isolated from
chocol ate milk (Center for Disease Control, Atlanta,
GA) ; and 84, serotype 0:5, isol ated from pig tonsils at
Texas A&M Universit y. Based on agar plate counts of
24-h-old BHI cultures , concentra tions of viable cells of
Y . enterocolitica per enrichme nt tube were calculate d to
range from: 0.007-740 (AYE-11) , 0.006-570 (2635) and
0.009-940 (84).
Recovery efficiency of Y. enterocolitica on BS agar was
dependen t upon culture and type of enrichme nt medium .
With AYE-11 , Y. enterocolitica was recovered frjlm
MRB with an initial concentra tion of 7 cells by
enrichme nt for 4 to 60 days . However , recovery of this
culture from BEM (740 cells per tube , 0-7 days) or CMB
(74 cells per tube , 30 days) was less efficient . With
cultures 2635 and 84 , recovery was more effective in
BEM (6-9 cells , 21-60 and 60 days) or in CMB (6-9 cells,
14-21 and 21 -30 days) ; in MRB , Y. enterocolitica was
recovered from tubes initially containin g 57-94 cells.
Recovery of Y. enterocolitica by direct streaking of meat
homogenates on BS agar was commens urate with the
small amount of sample (0.01 ml) placed on the plate.
Fewer naturally occurring Y. enterocolitica and Pseudomonas spp . appeared on BS plates streaked from MRB ,
which made examinat ion of the plates and picking of
suspicious black colonies easier. With enrichme nt
in BEM or CMB for 7 days or longer , a large number of
Pseudom onas spp. and naturally occurring Y. enteroco-

Chara cteristics of Y. enterocolitic a isolated fro m pig
Reaction

Test

G ra m reaction
Cytochrome ox id ase
Urease (25 C)
Ph enyla lanine d eamin ase (25 C)
Arginine d ihydrolase (25 C)
Lys ine decarboxyla se (25 C)
Ornithine decarboxylase (25 C)a
Citrate (25 . 36 C)
Motility (25 . 36 C)
Voges- Proska uer (25 C)a
(J-ga lactos idase (25 C)a
Ni trate (36 C)a
TS I (25. 36 C)
In dole (36 C)a
Esculin (25 . 36 C)a
Lactose 0 / F (25 C)a
Sa Iici n (36 C)a
Rh amn ose (25 C)
Ra ffin ose (25 C)
Melibiose (25 C)
Sucrose (25 C)a
T rehalose (36 C)a
Sorbitol (36 C)a
Sorb ose (36 C)a
Xylose (25 C)a

+

+
-, -

+, +

+

+
Al A
- ,-

+

+
+
+
+
+

a Nih!hn tests for biotype.

previous study (5) has shown that heating of beef to
intern al temperat ures of 60 to 62 C destroys large
numbers of Y. enterocolitica . Hence, properly heated
pork should not present a public health problem with
respect to Y. enterocolitica unless it is recontam inated
after heating.
In prelimina ry experime nts, the recovery efficiency of
the enrichme nt media (BEM , CMB , MRB) was tested .
Meat homogenates were prepared by mixing in a
Stomacher-400 , 10 g of ground meat with 90 ml of 0.1 o/o
sterile peptone. To meat homogen ates were added 1 ml
of appropria te dilutions of a 24-h-old brain heart
infusion (BHI , Difco) culture of Y. enterocolitica. One ml
of these inoculated meat homogen ates then was added to

wash on BS agar and by enrichm ent in MRB . CMB and
T ABL E 2. R ecovery of Y . enterocoliti ca.from pig tonsils by direct streaking of peptone
agar.
BS
on
streaking
BEM and subsequ ent
Enrichment in

Sample

Ia
lb
2a
2b
3a
3b
4a
4b
sa
sb
6a
6b
7a
7b
ga
19 e th er sam ples

10

on BSagar

+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

14

21

30

60

+

+

+
+
+
+

+

+
+

+

+

+

+

BEM (days at 4 C)

CMB (days a t 4 C)

MRB (days at 25 C)

Direct streakin g

+

+

10

14

21

30

60

10

14

21

30

60

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

a s ample was exa mined immediately.
bsam ple was exa mined after stor age in 10 ml of 0 .1 % peptone fo r 14 d ays at 4 C.
eND: not done.
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litica (esculin +, salicin +)were frequently present on the
BS plates.
Results of this study, as well as those of others
(I 0,16,17), indicate that the effectiveness of isolating Y.
enterocolitica from foods or clinical specimens depends
upon the ability of the selective enrichment and plating
media to support growth of the strain(s) involved. Present
methods for detection and enumeration of low numbers
of Y. enterocolitica added to various foods are not very
efficient and often produce erratic results. For this
reason, use of several enrichment and plating media
simultaneously for isolation of unknown strains of Y.
enterocolitica from foods is highly recommended.
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ABSTRACT

Yogurt customarily conta ins large numbers of viable starter culture.
alth ough some yogu rt is heat-treat ed to inactivate the starter. It was
found that heating to inactivate the starter also inactivated lactase.
This co uld have a disadvanta geous effect on lactose-int olerant
consumers . Manufact ure of frozen yogurt did not have any appreciab le
damaging effect on the yogurt culture or lactase activity.

has become a popular product , but information about
survival of starter culture in the product is not available.
This study reports the effects of heating and freezing
on culture viability and lactase activity in yogurt.

MATERIA LS AND METHODS

Yogurt is believed to possess special nutrition al
attribute s even though supporti ng scientific evidence has
been lacking. Its consum ption as a stable part of the diet
has seemed to be associated with populati ons having
greater longevity. Recent studies have provided some
evidence for beneticial roles of yogurt in human digestion
and physiology. For example , yogurt cultures produce
certain metabolites during their growth in yogurt
manufac ture that allow the milk proteins to be digested
and absorbe d more readily than the protein in its
unaltere d form 1.2.1 1). Certain of these metabolites (I 0)
also have a definite antagon istic effect against foodborne
pathoge ns (12) which, if allowed to enter the yogurt,
could be inhibited by the metabolites and thus be
prevented from having a damagin g effect on the host. It
also has been shown that lactose-intoleran t individuals
may be able to consum e yogurt without the adverse
effects experienced when regular milk is consume d (7) ,
because of the cultures containe d in the yogurt (8.9).
There has been a controversy for some years as to
whether or not yogurt should necessarily contain viable
cells of the starter bacteria . Possibly those who contend
that the bacteria need not be alive in yogurt derive their
conclusions from the fact that Lactoba cillus bulgaricus
and Streptoc occus thermoph.ilus used as starter for
yogurt do not survive in the intestina l tract. Those who
proposed that viable cultures must be containe d in
yogurt have relied on the fact that historically yogurt
always containe d viable cultures and any treatme nt to
destroy the culture would alter the basic identifying
characte ristic associated with yogurt. This position has
received considerable opposition in recent years because
of longer shelf-life requirem ents needed for yogurt
during its distribu tion and storage. Therefo re, a growing
tendency has been to heat yogurt, whereby starter
cultures in the yogurt are inactivated. Also, frozen yogurt
'Paper No. 5986 of the Journal Series of the North Carolina
Agricultur al R esearch Service. Raleigh, North Carolina.

Yogurt sources
Starters were prepared by subculturi ng plain commerci al yogurl and
by combining isolates of L. bulgariws and S. thermophi lus obtained
from yogurt.
Yogurt was prepared using sterile 12 "/o non-fat milk (NFM)
inoculated with 2"7o starter and incubating at 43 C. Acid productio n
was monitored by an automatic pH Ana lyzer (Beckman Instrumen ts,
In c. , Fullerton , CA) connected to an Electron ic 15 Strip Chart
Multipoi nt Recorder (Honeywell Industrial Products Groups, Philadelphia , PA). When the desired pH was attained, the yogurt was
refrigerate d overnight before making further observatio ns.
Commerci a l brands of plain and flavored yogurts and frozen yogurts
were purchased from local stores . Expiration dates were checked to
insure that samples were within the date specified. Samples were
transporte d in an ice chest and assayed on the day they were obtained.
Plain yogurt , frozen yogurt and production lin e samples of frozen
yogurt were obtained from a loca l processing plant. Productio n line
samples of frozen yogurt included the plain yogurt. the yogurt base
mix. combinati on of the yogurt plus mix , and the yogurt and mix with
the flavoring added.

Heat treatment ofyogurt
A 10-g sample of yogurt was weighed into a sterile 125-ml
Erlenmeye r flask. Flasks were immersed in a Metabolyt e Water Bath
Shaker (New Brunswick Scientific Co., Inc ., New Brunswick , NJ) and
agitated at 250-300 rpm. Time required to reach the test temperatu re
was 2 min . Temperat ure of the yogurt was monitored using a YSI
Model 42 Tele-therm ometer (Yellow Springs Instrumen t Co. , Inc. ,
Yellow Springs, OH) with the probe inserted through a stopper in the
flask . At interva ls. the flasks were removed and cooled in an ice water
bath.
Colony counts were made using procedure s basically as described in
Standard Methods for th e Examinat ion of Dairy Products (I) , with
certain modificati ons . Initial dilutions were made in phosphate buffer
and subsequen t dilutions were made in blanks containing 0.1 "lo non-fat
milk solids (NFMS) and 0 .1 "1o antifoam B (Sigma Chemical Co. , St.
Louis. MO) in distilled water. Blanks were autoclaved at 121 C for
20 min.

Enum eration of starter bacteria
Total numbers of starter bacteria were enumerate d on either MRS
agar (4) or lactic agar (6) . MRS broth (Difco) was rehydrated as directed
and 1.5 "1o granu lated agar (BBL) was added. The media were
autoclaved at 121 C for 15 min. MRS agar plates were placed in
anaerobe bags and flushed with C0 2 (MRS C0 2). Lactic agar in plates
was overlaid with lactic agar. All plates were incubated 3 days at 37 C
and counted with the aid of a Quebec Colony Counter.
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LACTASE AND STARTER BACTERIA IN YOGURT
Sonication of samples for lactase assay

Sonication was employed to release the intracellular enzyme as
suggested by Kil ara and Sh ahani (8). A 10-g sample of yogurt was
diluted to 100 ml using NaH 2 P0 4 / K2 HP0 4 buffer, pH 7.0. A portion of
this was subjected to sonic disruption using a Branson Mod el SilO
Sonifier (Branson Instrument, Inc. , Stamford , CT) at power setting 112
for 8 min.
Lactase assay

Lactase activity was determined using ortho-nitrophenyl {3 galactopyranoside (ONPG) as the substrate (3.9). Tubes containing 4-ml
volumes of 0.005 M ONPG (Sigma Chemical Co., St. Louis, MO) were
tempered to 37 C; water was used for the blanks. Lactase activity was
measured by adding 1 ml of yogurt sample diluted in 0.1 M phosphate
buffer pH 7.0; after incubating 10 min at 37 C, 5 ml of 0.5 M Na 2C0 3
was added to halt the reac tion. Release of orthonitrophenol (ONP) was
measured spectrophotometrically at 420 nm . Quantitation was
obta ined from a standard curve ofONP versus optical density. A unit of
lactose activity was defined as the release of 1 l'mole ONP per minute
per gra m of yogurt. All assays were made in duplicate.

RESULTS
A preliminary survey was made on commercial
samples of yogurt and frozen yogurt for lactase activity,
starter culture count, and pH (Table 1). In regular
yogurt, there were considerable differences in level of
lactase activity. Differences were smaller in pH and
colony counts, with the exception of one sample which
had 0.08 U of lactase activity and a markedly lower
colony count; other samples of this brand of yogurt gave
similar results . The frozen yogurts showed much more
variability in levels of lactase activity, pH, and starter
counts.
Experiments were conducted to determine the effects
of storage time on regular and on frozen yogurt. Samples
of each type were obtained on the day of their
manufacture in a commercial operation. The unfrozen
was stored at 1 C, and the frozen at - 16 C. There was a
progressive decrease of about 50 o/o in the lactase activity

and a small decrease in colony counts in the unfrozen
yogurt during the 20-day period (Fig. 1); in the frozen
yogurt, there was no decrease in lactase activity, and only
a slight decrease in colony counts.
Strains of L. bulgaricus and S. thermophilus isolated
from commercial yogurt were combined and used as a
starter. The combined strain culture was grown in 12 o/o
NFM , using 43 C incubation until pH values of 4.6 and
4.2 were obtained in individual batches. Samples of these
yogurts were then heated at 60, 63 and 70 C, and residual
levels of lactase and starter culture were determined after
heat up (0 time) and after 1, 2 and 3 min at the test
temperatures . Different batches of yogurt were prepared
for each test temperature. Batches prepared for studying
the effect of pH were from the starting materials, and
testing was done the same day on batches at pH 4.6 and
4.2. Heat was more damaging to the lactase and starter
in the yogurt at pH 4.2 than in yogurt at pH 4.6. At 60 C,
survival of lactase and starter persisted through the
3-min heating period , although both had been reduced
appreciably. At 65 C, lactase and starter persisted for
1 min at pH 4.6 , but not in yogurt at pH 4.2. At 70 C,
lactase was not detected beyond the heat-up period
(2 min) , and the culture was unable to survive 1 min .
Yogurt was also prepared by subculturing two brands
of commercial yogurt (for starter) in 12 o/o NFM ;
incubation at 43 C was maintained to pH 4.2. In the
resulting yogurt , comparable inactivation of lactase and
starter at 60 and 65 C were observed . This was
interpreted as confirmation of data (in Table 2) obtained
using mixed strains of L. bulgaricus and S. thermophilus.
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Type/ Flavor

Regular unfrozen
Plain
Strawberry
Plain
Strawberry
Plain
Strawberry
Plain
Lemon
Frozenc :
Vanilla
Strawberry
Banana
Strawberry
Orange
Boysen berry
Strawberry
Strawberry

Lactase (U nits)

Colony forming
un its/ g (LoglO)a

pH

8.94
8.82
9.04
8.92
9.18
8.98
9. 15
5.66

3.9
4.0
4.2
4.1
4.0
3.9
4.1
4.3
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0.60
0.92
1.95
0.94
0.79
2.80
4.80
1.22

4.51
6.26
7.58
8.32
7.32
7.68
7.64
5.85

a Regular enumerated on lactic agar; frozen on MRS-C0 2 •
bP!ain samples and fruit flavors from different processors.
csamples mostly from different processors.

6.1
5.6
5.7
5.6
5.0
4.1
4.2
4.5
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c:x:

2.90
2.75
3.50
2.70
3.25
2.65
4.15
0.08

~
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TABLE I . Lactase activity and starter viability in regular and .frozen
commercial yogurt.
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Figure 1. Lactase activity and starter culture viability during storage
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ABSTRACT

Stainless steel plates, which are similar to milk contact surfaces, were
dipped in fresh raw milk. The residual film was dried (37 C and 10o/o to
20o/orelative humidity) for 30 min. Treated plates were then exposed to
100o/o relative humidity for 30 min at 37 C. Scanning electron
microscopy revealed splotches of fat on surfaces of dried films and the
humidified films had a more aggregated and porous appearance than
films that were dried only. The incidence of granulated lactose was
greater among humidified samples than among nonhumidified
samples. Discontinuous polyacrylamide gel electrophoresis revealed
that a- and /3-caseins resisted rinsing from plates on which dried films
were exposed to 100 o/o relative humidity but not from plates on which
films had been dried only.

In a previous paper (3) we reported that amounts of
protein left on stainless steel plates after rinsing were
increased by exposure of dried films of milk to 100%
relative humidity. Optimal temperature was about 37 C,
and amounts of soluble calcium directly affected the
reaction.
High humidity exists in milk processing equipment
such as pipelines, tanks , pasteurizers and separators. If
such conditions cause buildup of tenacious soil, energy
and detergent requirements will be increased. The
efficacy of halogenated sanitizers may also be affected.
Thus cleaning and sanitizing can be impaired.
In the study presently reported we used scanning
electron microscopy and electrophoresis to help explain
the phenomenon. Our objectives were to determine the
mechanism by which solubility of films was decreased
and to identify components of the affected films .
MATERIALS AND METHODS

Scanning electron microscopy

Ten square plates of stainless steel (304, No.4 finish), 6 x 6 mm , were
immersed 3 em in cold (5-7 C) milk or skim milk and then dried for
30 min at 37 C and 10 to 20o/o relative humidity (RH). Five of the
squares were subsequently exposed for 7.5 min to 100 o/o RH at 37 C.
'Contribution from the University of Missouri Experiment Station,
Journal Series No. 8218.
2
Reference to a company or product name is for specific informat ion
only and does not imply approval or recom m endation of the product by
the U.S. Department ofAgriculture to the exclusion of others that may
be su itable.
'Present address: Department of Food Science and Technology,
College, Laguna, Philippines.
'Department ofFood Science and Nutrition.
5 U.S. Department ofAgriculture.

They were then redried at 10 to 20o/o RH for 30 min. Five were not
exposed to 100%humidity before redrying; they were redried only at 10
to 20o/o RH for 30 min. Three each of the exposed and unexposed
samples were then rinsed with distilled water and allowed to air dry.
Two of each were left unrinsed.
Plates were mounted on aluminum studs (1.5-mm diameter) with
adhesive-backed copper conducting tape (3M Co.). The studs were
placed in a sputterer-coater apparatus (Model PE 5000, International
Scientific Instruments) and coated with gold to 720-~Jm thickness,
according to manufacturer's instructions. Samples were examined in a
scanning electron microscope (Model SMS 2-1, International Scientific
Instruments) and photographs were prepared.
Preparation of samples for electrophoresis
Milk. Sucrose (0.5 g) was dissolved in 10 ml of milk , after which a few
crystals of the tracking dye , bromophenol blue (Reagent ACS ,
Eastman Kodak Co.) were added. Twenty microliters of the mixture
was transferred to the slots (1-cm wide) of gels to serve as controls.
Samples of rinse solutions. Fifty stainless steel plates (10 x 10 em,
No. 4 finish) were soiled in milk. Twenty-five were exposed three
successive times to 100% RH for 7.5 min and to drying at 37 C, 10 to
20% RH, for 30 min. The remaining 25 were dried only at 37 C for
112.5 min . Soiled plates were rinsed with 350 ml of distilled water , five
at a time, in a washing vessel. The volume of water in the vessel was
readjusted to 350 ml between rinsings of groups of five plates within
each set of 25. Rinsings were concentrated in a rotary evaporator
(Rota vapor R, Biichii Laboratoriums-Technik AG) at 37 C and 710 mm
(28 in .) vac uum and with the condenser at 0 C. The solution was
evaporated to SO ml in about 4 h , and 9 g of Lyphogel (Gelman
Instrument Co.) was added to further concentrate the solution. After
storge at 5 C for at least 6 h , the volume of the solution was about 5 ml
and the protein concentration was about 2%. A few crystals of
bromophenol blue and 0.25 g of sucrose were then added. Fifty
microliters ofthe solution was introduced into gels.
Samples of residue. Samples of residue were obtained from exposed
and unexposed plates used in the preparation of rinse samples. Plates
were thoroughly rinsed by spraying them twice with distilled water ,
then they were air dried. We spread distilled water (0.2 mllside / plate)
evenly on plates and loosened soil by vigorously rubbing the plates with
our fingers while wearing rubber gloves. Washings from each plate in a
treatment were collected in a 25-ml flask. Sucrose and bromophenol
blue were added to the washings in the flask .
Electrophoresis
Discontinuous vertical gel electrophoresis was done with an EC
Model 470 unit (EC Apparatus Corp.) and an EC 454 power supply.
The unit was cooled by a constant-temperature circulator (Model FK,
Polyscience-Haake, Inc .).
Preliminary studies disclosed that the following buffers , gels, and
techniques were satisfactory:
Buffers. (a) Running buffer, pH 8.9: 46 g of Tris and 4 ml of hydrochloric acid (HCI) were diluted to 11 with distilled water. (b) Spacer
buffer, pH 6. 7: 7.5 g of Tris and 4 ml of HCI were diluted to 1 I with
distilled water. (c) Electrode buffer, pH 8.3: 1.2 g of Tris and 5.8 g of
glycine were dissolved in 2 I of distilled water. pH was adjusted by
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adding either of the two reagents.
Gels. Spacer and running gels were prepared with 5 and 10 %
solutions, respectively, of Cyanogum 41 (Fisher Scientific). To each
100 ml of solution were added 0 .1 ml of N,N ,N' ,N' ·tetramethylethylenediamine (TMED) and I ml of I: 100 dilution of Tween 80 (Rohm and
Haas). Ammonium persulfate (0 .1 g/ 100 ml) was added with vigorous
stirring just before use.
Conditions of electrophores is. Eight 1-cm slots were formed in the
gels . Temperature was maintained at about 7 C by circulating cold
water . Current was set at 50 rna and 200 volts until the dye front
reached the running gel (about 30 min), after which it was increased to
70 rna and 330 volts. We terminated electrophoresis when the dye front
reached 5 em from the distal edge of the gel (about 3 h).
Staining and destaining. Amido Black 10 (Eastman Kodak Co.) was
dissolved in a solution composed of 45 parts methanol, 10 parts acetic
acid. and 45 parts distilled water such that the concentration of the dye
was 0.25 %. We stained the gels for 45 min and then destained them in
the solution described above without the dye. The destaining solution
was changed three times during the first hour. When gels had cleared
substantially , we clarified them further by soaking them in a solution of
5 o/o aqueous glycerin for 2 h . The gels were photographed and then
scanned with a densitometer or preserved by keeping them in
destaining solution , or both.
Identification of th e tenacious protein components
identification of components of the tenacious fraction was based
primarily on comparisons of electrophoretic patterns of the tenacious
samples with those of standards of known composition in the same gel.
A set of 25 plates was dipped into milk at 5 C, dried , and exposed to
high humidity. Nontenacious components were rinsed from the plates
with distilled water. Tenacious film was removed by vigorous scrubbing
and collected as described previously. Milk used to soil the plates was
used as the control in electrophoresis. Skim milk separated from the
remaining milk was cooled to about 5 C. then acidified with 0.1 N
hydrochloride acid , while stirring, until pH 4.6 was reached. This skim
milk was stored at 5 C for 30 min , after which precipitated casein was
filtered with cheese cloth . The casein was washed five times with
distilled water (1 Llwashing) to remove whey . It was then resuspended
in a solution of sodium hydroxide (pH 11.0) for resolubilization. We
adjusted the pH of this solution to 6.7 with 0.1 N HCI. The whey (pH
4.6) was kept at 5 C for 60 min and then refiltered in a Buchner funnel
with Whatman No. 40 filter paper . The pH of the filtrate was adjusted
to 6.7. Acidification. filtration and pH adjustments of whey were
repeated to increase purity. Ten milliliters of the whey, casein
suspension and the original milk were prepared for electrophoresis as
before. The tenacious sample was prepared similarly. We introduced
milk (20 ,_,!), casein suspension (50,_,!), whey (100 ,_,!), and tenacious
samples (100 ,_,!) in duplicate into the gel slots, and performed
electrophoresis.
Electrophoretic patterns of the tenacious fraction were compared
with patterns of a-, {3- and x-caseins (Missouri Experiment Station
Chemical Laboratories) and commercially prepared isolates of a -, {3and y-caseins (United States Biochemical Corp.). Isolates were
suspended in distilled water to which sucrose and bromophenol blue
were added . The quantity of protein applied to the gel was I mg.

RESULTS AND DISCUSSION

Figures 1 and 2 are scanning electron photomicrographs of whole milk films on the surfaces of stainless
steel plates. The film-coated surface pictured in Fig. 1
was not exposed to high humidity, and that in Fig. 2 was
so exposed. The milk film-stainless steel interfaces were
photographed to show contrast (at arrow) between clean
and soiled surfaces. A thicker film remained on the
humidified .plate than on the nonhumidified plate. The
difference in thickness was visible to the naked eye, if
examined at an oblique angle under sufficient light. We

Figure 1. Scanning electron photomicrograph (1000)() of unexposed,
rinsed plate surface. Arrow shows depth to which plate was immersed
in whole milk.

'

\

Figure 2. Scanning electron photomicrograph (1000){) of exposed,
rinsed plate surface. Arrow shows depth to which plate was immersed
in whole milk.

theorized that the crater-like structures visible in Fig. 2
were probably left by collapsing fat globules as the film
dried . This theory was confirmed by the observation of
few such "craters" in the film of skim milk (Fig. 3). Films
produced from the same milk before separation are
shown in Fig. 4 and 5. The small holes were probably
produced by collapsing air bubbles. Objects within
circles are probably lactose granules.
Smooth layers (arrows) visible on the periphery of the
craters were probably fat and remnants of the fat globule
membrane. The appearance of these layers contrasted
with the porous appearance of the uncratered portion,
especially in the exposed sample (Fig. 5), for which better
resolution was achieved than with the unexposed sample.
These materials covered and surrounded the craters.
They are more clearly visible in the enlarged photo
(Fig. 6) of the exposed sample than in the original photo
(Fig. 5). These photographs (Fig. 4, 5 and 6) indicate that
fat in the milk film is present largely in the coalesced,
de-emulsified form, instead of in globular form. Collapse
of fat globules was probably due to the rupture of
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Figure 3. Scanning electron photomicrograph (1000}{) of exposed
and wzrinsed skim milk .film 011 stainless steel plate.

0

\

Figure 4. Scanning electron photomicrograph (1000}{) of unexposed
and unrinsed whole milk .film on stainless steel plate. Arrows indicate
edg es oflayersform edfrom ruptured fat globules. Objects in circles are
probably lactose granules.

\
•

Figure 5. Scanning electron photomicrograph (1000}{) of exposed
and unrinsed whole milk on stainless steel plates. Arrows indicate edges
of layers fann ed fro m ruptured fat globules. Objects in circles are
probably lactose granules.
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Figure 6. Scanning electron photomicrograph 1.:2000}{) of unexposed
and unrinsed whole milk .film on stainless steel plates. Arrows point to
layer that was probably fat or fat globule m embrane.

membrane upon the rapid loss of moisture during drying
of the film . During drying, moisture is lost, the film
shrinks and its viscosity increases. Thus the milk fat
globule membrane may be stressed, possibly causing the
globules to rupture . King (2) explained that the moisture
content of milk powder in an atmosphere of high
humidity reaches a critical level at which fat is freed as
moisture is absorbed.
It was calculated, as follows , that about one-third of
the total fat globules were visible on the surface of the
films in Fig. 4 and 5. Assuming that the milk had
approximately equal protein and fat content, measurement of protein indicated a fat content of 35 tJgl cm 2•
Then, since the milk initially contained 3.5o/o fat, it
follows that the amount of whole milk per cm 2 of plate
surface was 1000 Jig. Assuming that 1000 Jig of milk
equals 1 tJ1 and taking a median estimate of 2.25 x 10 9
globules per milliliter of milk (1), the number of globules
on the disc was derived, vis., 10- 3 (2.25 x 10 9) = 2.25 x
10 6/ cm 2. This milk was spread in an area of 1 cm 2 and
was viewed at a magnification of 1000 x. The area
photographed was 1.43 x 10 4 j.llll 2 (125 j.lllllong x 114 j.llll
wide when viewed at a 45° angle) . Thus, the microscopic
field represented only 1.43 x 10 4 j.llll 2/ l x 10s j.llll2/ cm2 =
1.43 x 10- 4 cm 2. This factor was multiplied by the
number of fat globules per cm 2 (2.25 x 10 6) to estimate
the number of globules (3.2 x 10 2, or 320) in one
microscopic field . Since we counted only about 100
craters on each film surface, less than one-third of the fat
globules were on the surface . The remainder were
distributed throughout the film layer. Distribution
within the film was confirmed by Fig. 7, which exhibits
empty globular spaces within the film .
Figure 7 (whole milk film) and Fig. 8 (skim milk ftlm)
show differences in structure between unexposed (A) and
exposed (B) samples. Exposed samples were more porous
and aggregated than unexposed samples. Although it
appears that exposed film would be more readily
accessible to rinse water because of pores and could be
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Figure 7. Scanning electron photomicrogr aphs (2000 x ) of unrinsed,
un exposed (top) and exposed (bottom) whole milk film s on stainless
steel plates b ~lore rinsing. Films were broken with a needle before
examination.

Figure 8. Scanning electron photomicrogr aphs (7000 x ) of unex·
posed (top ) and exposed (bottom) unrinsed skim milk film s on stainless
steel plates before rin sing.

washed from the plates more easily than unexposed film,
such was not the case. Exposed samples were more
tenacious than unexposed ones. This result suggested
that the tenacity of films is determined more by their
solubility than by their accessibility to rinsing water.
Figure 8 illustrates the aggregating effect of high
humidity that may have led to protein insolubilization.
The greater porosity of exposed samples than of
unexposed samples was probably due to aggregation
and denaturati on of casein micelles during exposure to
high humidity and to evaporation of moisture on drying.
The particles visible in both exposed and unexposed
samples were likely casein micelles.
The photomicr ographs in Fig. 7 suggest that fat
globules ruptured during drying before treatment of
plates because even the unexposed film exhibited craters.
They also show spaces probably left by fat globules
within the film. The fat globule membrane likely
ruptured on drying and, in the exposed sample, which
was more porous than the unexposed sample, fat
migrated farther into the film , thus making it mori
hydrophobic than unexposed film.
Despite the likelihood that lactose crystallized due to
successive exposures to high humidity and drying, the
presence of crystals, even in exposed samples, was not
adequately demonstra ted by scanning electron microscopy. Therefore, a generalized conclusion that lactose
crystallization affects protein insolubilization cannot be
drawn. However, submicroscopic crystal formation
cannot be completely discounted. In dairy products, milk
components may interfere with the crystallization of
lactose, resulting in irregularly shaped crystals and
clumping (5).
Films exposed to high humidity had more granulated
amorphous lactose than did unexposed samples. Several
patches (Fig. 9) were observed in 3 of 12 exposed
samples, but only a single patch was observed in 1 of 12
unexposed samples. Granules generally appeared in
small areas which were near the lowermost edge of plates

Figure 9. Scanning electron photomicrograph of a patch of
amorphous lactose localized at the bottom of an exposed, unrinsed
plate 12000 x ).
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during drying. The general area involved was the last to
dry because plates were held vertically in the drying
chamber. One possible explanation for the greater
incidence of these patches in exposed samples than in
unexposed samples is that lactose was probably washed
down by moisture condensing on plate surfaces during
exposure to high humidity and became concentrated in
this area.
Electrophoretic patterns of the concentrated rinses
Appreciable differences were observed between electrophoretograms of the milk sample and the rinse
samples. Figure 10 shows a few components missing in
each type of rinse, suggesting that they were either left on
plates or lost during concentration. However, there was
practically no difference between the patterns of samples
obtained by washing unexposed and exposed plates. This
observation led to the suspicion that both rinse samples
underwent high humidity treatment during concentration . Indeed , some material was left on the inside walls of
the evaporating flask. This film was more pronounced
with unexposed than with exposed rinse samples. The
concentration of protein was always higher in unexposed
than in exposed samples because more soil was rinsed
from unexposed than from exposed plates. This protein
became tenacious when dried partially and exposed
continually to 100 o/o RH during rotary evaporation.
Electrophoretic patterns of the sticky sample, of rinses
and of milk
Complete collection of rinse samples was facilitated
when evaporation was localized in the bottom of the
evaporating flask during concentration. Localization was
achieved by orienting the evaporating flask almost
vertically. Patterns were similar in strips (electrophoretograms) 1 and 2, of Fig. 11 , which were the milk control
and the concentrated rinse from unexposed plates,
respectively. Thus, practically all of the proteins on these
plates were removed merely by rinsing. However,
differences were marked between a second milk control
(strip 6) and the rinse from exposed plates (strip 7). Some
fractions were obviously missing in the latter, probably
the ones rendered tenacious by high humidity. When the
samples collected by rubbing unexposed and exposed
plates were introduced into strips 3 and 8, respectively,
and electrophoresced, fractions were present in exposed
samples (strip 8) but absent in unexposed samples (strip
3). Fractions observed in exposed samples were those
missing from rinses of the same plates. Results clearly
verified that exposure of plates to high humidity
rendered tenacious some fractions of the protein.
Densitometric tracings (Fig. 12) of the electrophoresced
strips (strips 2 and 7 of Fig. 11) illustrate differences
between concentrated rinses from unexposed and
exposed plates . Two peaks, indicated by arrows, were
practically absent in the rinse from exposed plates.
Identity of the sticky fractions
Electrophoretic mobilities of fractions of the sticky
protein closely resembled those of whole casein (Fig. 13).

-

--

'

Figure 10. Electrophoretograms of milk (I and 2), concentrated rinse
from unexposed plates (3 and 4), and concentrated rinse from exp osed
plates (5 and 6) .

4

5

..tJ. .J

8

Figure 11. Electrophoretograms of milk (1 and 6); concentrated rinse
fro m unexposed plates (2); concentrated rinse from exposed plates (7);
and tenacious sample fro m exposed plates (8).
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(1) , JC-casein (3) ,
Figure 14. Electrophoretograms of tenacious sample
, and milk (8).
{J-casein (4). a-casein (5), whole casein (6) , whey (7)
Standa rds prepared in the laboratory.

other), a-casein predominated in the alpha standa rd , and
f3-casein predominated in the beta standa rd .
The electrophoretograms in Figure 15 show how the
sticky fractions matched with a-, f3- and y-casein
standa rds commercially available. They also verified that
the two major fractions involved in the reaction to high
e
RH were the a- and /3-caseins. The whole casein micell
be
not
could
in
y-case
er,
was likely involved . Howev
detected electrophoretically in a tenacious sample under
conditions of this study. This can be attribu ted largely to
the lower proportion of they-c asein in milk than of the aand f3-caseins .
CONCLUSIONS

and 2); whole
Figure 13 . Electrophoretograms of tenacious sample (I
casein (3 and 4); whey (5 and 6); and milk (7 and 8).

Electrophoretic patter ns determined for both whole
r
casein and whey protein in this experiment were simila
(4,6).
s
report
us
to those described in previo
The electrophoretic patter n of the sticky fraction was
compared with those of individual casein components
(Fig. 14). Although the a- and f3-caseins were not
electrophoretically pure (each was contam inated with the

Based on the results of research reported here and in
our previous paper (3) , as well as on our knowledge about
the relationship between various components of milk
films and their physicochemical properties, the following
is our concept of the mechanism of tenacious film
formation.
Drying of milk film decreases the integrity of the fat
globule memb rane. Shrinking of the film during drying
generates lateral forces that flatten globules against the
suppo rting medium and stress the memb rane, causing it
to ruptur e. This contention is suppo rted by the
observation that the diame ter of some craters left by
globules far exceeded thickness of the film, and
coalesced fat covered the surface in and aroun d craters.
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accessible to rinsing water is thus reduced, thereby
decreasing the films wettability, solubility, and rinsability. In the course of hydration and swelling of the film,
bubbles are likely trapped. These burst and leave holes
upon drying. Although the holes could increase films' .
accessibility to water during rinsing, protein particles in
their immediate vicinity are well aggregated and possess
low wettability. Therefore, films exposed to high
humidity, though exhibiting greater porosity than
unexposed films, showed higher resistance to rinsing
than unexposed films.
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ABSTRACT
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Enzymic browning of fruit juices broug ht about by the
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to be strong inhibitors of sweet cherry o-diphenol
oxidase.
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give protection to anthocyanins as well.
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(2) isolated and identified some of these
phenolic compounds in cranberries .
Ascorbic acid was not added to the cranbe rry juice in
this study, as is done commercially, since our major
ic
objective was to investigate the direct effect of cinnam
acid on anthocyanin stability.
MATER IALS AND METHODS
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Column: 4 .6 mm x 25 em analytical column packed with 10 jim
Spherisorb Octadecylsilyl (ODS) reversed·phase packing.
Mob ile phase: methanol-acetic acid-water (30:5:65).
Flow rate: .7 ml/ min .
Pressure: 750 psi .
Detection: UV at 280 nm

TA BLE I.
j uice.

Recovery of chmamic acid added to diluted cranberry
Cinnamic acid (ppm)

Time (weeks)

Amount ad ded

A series of dilutions from 10 to 100 ppm were prepared from a
100-ppm stock solution of cinnamic acid in a !-liter volumetric flask.
The acid was dissolved in approximately SO ml of alcohol to keep it in
solution. Appropriate volumes were pipetted into 100-ml volumetric
fla sks and mad e up to volume with distilled deionized water. Peak
heights were recorded from the resulting HPLC chromatogra ms. This
serial dilution was repeated two more times on the same day using
freshly prepared mobile phase of water-acetic acid -meth anol (30:5:65)
and again the resulting peak heights from the chromatograms were
recorded. The test of significance among regression lines for the
cinnam ic acid standard curve showed that the lines were not
signi ficantly different at the I % level. The standard curve was found to
be a stra ight line in the concentration range used in this study. The
stan dard curve was repeated at the end of the 16-week storage study.

0...U

Recoverya

28
60
87

93 ± I
100 ± 3
96± I

30
60
90

28
58
85

93 ± 3
97 ± 5
94 ± I

2

30
60
90

33
70
103

110± 5
11 6 ± 3
11 4 ±I

4

30
60
90

35
71
103

11 6±2
118 ± 3
114 ± 2

8

30
60
90

34
68
95

11 3 ± I
113 ± 3
lOS± 7

16

30
60
90

31
65
90

103 ± 4
108 ± 3
100 ± 3

RESULTS AND DISCUSSION
Control samples of cranberry juice injected into the
chromatograph gave a phenolic profile which allowed for
comparison throughout the storage study. It was
interesting that , with the exception of the anthocyanins ,
the phenolic profile did not change during the 16-week
storage period .
Table 1 shows the percent recovery for cinnamic acid
throughout the 16-week period of storage under ambient
conditions. Percent recovery ranged from 93 - 118o/o,
indicating that there was no loss of cinnamic acid either
due to pasteurization or storage. The high recoveries for
the 2nd, 4th and 8th weeks are, in part , due to the
inherent variability of the instrumental response from
week to week. Addition of an internal standard to the
samples is recommended since this would eliminate
apparatus and procedure errors which could account for
the variability in percent recovery observed.
The o-diphenol oxidase system in cranberry juice is
apparently not a factor in the browning of diluted
cranberry juice before pasteurization since the control
samples of cranberry juice did not differ colorimetrically
from the treatments at the onset of the study. This would
seem to indicate that there is no need for the short term
treatment of cranberry juice with added cinnamic acid to
control enzymic browning in the pre-pasteurization steps
of juice production.
Table 2 shows the effect of cinnamic acid on the total
anthocyanin stability of cranberry juice during a 16-week
storage period . Clnnamic acid was shown to have no
significant effect, as shown by analysis of variance, on

Amound found

30
60
90

0

Cinnamic acid standard curve

TABLE 2.

37

astandard deviation based on duplicate samples.

anthocyanin stability in cranberry juice during storage,
at the levels used in this study.
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Effect o.fcinnamic acid on stability ofanthocyaninsfrom cranberry juice during storage.
Storage time (Weeks)

Cinnamic acid

2

level (ppm)

0
30
60
90

8

16

4.54
4.47
4.23
4.36

3.14
3.05
3.04
2.74

Total anthocyanin (mg/ 100 ml )

7. 25
7.30
7.27
7.25

7.24
7.25
7.25
7.24

7.21
7.24
7.14
7.19

5.95
5.92
5.92
5.90
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Simple Method for Anaerob ic Inoculat ion of Foods in Cans,
R·e tort Pouches, Glass Jars or Semi-Rig id Containe rs
A. K. STERSKY* and C. THACKER
Food Directorate, Bureau of Microbial Hazards, Health Protection Branch, Health and Welfare Canada,
Tunney's Pasture. Ottawa, Ontario, Canada KIA OL2
(Received for publication May 16, 1979)
ABSTRACT

Cured silicon sealant (SS) on lids of ca ns and glass jars, on retort
pouch and semi-rigid container surfaces was employed for providing
a port of entry during inoculation of foods while maintaining
anaerobiosis . Following inoculation , the SS was covered by molten wax
and aluminum foil. Anaerobic growth in the packs was demonstrated
by gas formation by several species of clostridia. Staphylococci also
grew anaerobically.

Artificial inoculation of cans is necessary to determine
the growth and action of bacteria in canned foods. A
variety of approaches has been developed to achieve this:
inoculation of cans before (5) or after processing (3) by
piercing of lids for inoculation and resealing with solder
(7), gluing on of metallic squares with an epoxy resin (1)
or using a rubber diaphragm (1). None of these methods,
however, meet the need of maintaining an anaerobic
environment in commercially processed cans during and
after inoculation . The present approach, involving use of
a silicon sealant, allows for maintenance of anaerobic
conditions for post-thermal process inoculation.

'
a

b

Figure 1. Anaerobic inoculation method for cans: (a) application of
silicon sealant (SS) (Dow Corning) to the center of can before
replacem ent of vacuum by oxygen-free nitrogen; (b) SS covered with
molten wax and heavy gauge (0.002 em thickness) aluminum f oil after
inoculation.

a
MATERIALS AND METHODS

The uncoded can lid was cleaned with acetone and sterilized with
sodium hypochlorite solution (4) or 2% iodine in 70 % alcohol. These
methods proved to assure sterility in several hundred inoculated units.
After drying the ca ns in a laminar fl ow cabinet, a large droplet of
sterility-tested transparent viscous silicon sea lant (SS) (Dow Corning,
Genera l Electric) was squeezed from a tube onto the can lid and
flattened to give dimensions of 1-1.5 em in diameter and 0.6-0.8 em in
height (Fig. 1a). The SS on the can was allowed to cure under a steady
flow of steril e air (or under aseptic conditions) at room temperature for
at least 48 h before inoculation . Just before inoculation , the SS and the
can lid are pierced with a presterilized. S-cm long, gauge 13
hypodermic needle containing flowing sterile nitrogen. Oxygen-free
sterile nitrogen was obtained by passing a high-purity nitrogen gas
containing less than 0.5 ppm oxygen through a 10 % sodium
hydrosulfate solution (5) at pH 7.5 in a sparger which was connected by
0.3-cm ID sterile rubber tubing to a presterilized 0.45-l'm pore size,
2.5-cm diameter membrane filter in a stainless steel filter holder
equipped with a gauge 13 hypodermic needle . The gauge 13
hypodermic needle was led through the center of a size 11 , concave
hard rubber stopper (Fig. 2 shows assembly) to cover the SS and to
permit only sufficient penetration into the can's head space to replace
the vacuum with free flowing nitrogen. The hypodermic needle was
pressed through the SS and the can lid by the palm of the sterile gloved
hand. After the vacuum was replaced with nitrogen, the gauge 13
hypodermic needle was withdrawn and the SS prevented leakage of
nitrogen or penetration by air. The organism to be inoculated was

Figure 2. Filter holder Willipore) (a), gauge 13 hypodermic needle,
(b). and concave size I I rubber stopper (c) assembly for penetration of
can and introduction of nitrogen free oxygen into can for anaerobic
inoculation.
washed , suspended and diluted in 0.1o/o sodium thioglycolate medium
to the desired number of organisms per can in 0.1-ml amounts
delivered by a sterile 1-ml capacity tuberculin syringe and a gauge 25'12
hypodermic needle. The organisms were inoculated through the SS and
hole in the can lid . Immediately after inoculation, sterile hot para fin
wax (60-65 C) was poured over the SS , which was then covered with a
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5.5-cm heavy duty (0.002-cm thickness) aluminum foil premould
ed to
the shape and size of the SS (Fig . 2b , 3b and 4). The excess hot para
fin
(Fig. lb , 3b a nd 4) was removed quickly by pressing down
the
aluminum foil around the mound of the SS. The wax served
as an
adhesive a nd the aluminum foil as an effective oxygen barrier
to
prevent entry of oxygen by diffusion during prolonged storage . Silicon
seala nt , and other plastics norm ally used for fo od packagin g
are
permeabl e to gases during storage (2) . Ten cans with cured SS may
be
conveniently prepared and inoculated at one time without changing
the
needles , except th at they a re flamed between each penetrati on.
For
subseque nt examinat ion , each ca n was opened aseptically by
(a)
removing the aluminum foil , (b) scra ping off the wax and (c) removing
the SS from the can lid with a scalpel while holding the can insid
e a
sterile plastic bag to prevent possible spread of microorg anisms during
deflation . With careful manipula tion gradual deflation can
be
achieved , otherwise if a new hole were made on the reverse side of
the
can by piercing the can , gases would be released explosive ly. The
can
was then opened with a presterili zied Bacti-disc cutter (Continen
tal
Can Company ), using the same hole made with the gauge
13
hypoderm ic needle.

a

b

Figure 3. (a ) Semi-rig id container containin g fish stew, in center
with
silicon sealant, before inoculati on; (b) sam e contain er after inoculati
on
with Clostridi um botulinum Type E . and incubatio n at 35 C for 5
days.

Figure 4. Cl ostridium sporogen es 7955 (P.A. 36 79) inoculate
d
retortable pouch con taining vegetable soup after 4 days of incu
bation
at 35 C.

RESULTS AND DISCUSSION

This method has been used successfully (anaerobic
and facultative anaerobic organisms grew well in the
inocula ted packs, mainta ining anaerob ic environ ment
and sterility in inoculated packs for up to 6 months).
This method is particu larly useful for inoculating into

39

the headspace of cans and other containers to simulate
post-processing leakage-type conditions; anaerobic as
well as facultative organisms can be introduced into
containers to study their rate of growth and toxin
produc tion in an oxygen-free environment. Facultative
organisms under anaerobic, that is , extreme conditions
may exhibit different activities from those under aerobic
conditions. Anaerobes such as Clostridium botulin um
types A, B, and E, Clostridium perfringens, Clostridium
sporogenes ATCC 7955 (P.A. 3679) and a facultative
anaerobe, Staphylococcus au reus , were inoculated into
canned salmon and sardines by this method. Hard swells
occurred after 4 days of incubation at 35 C when the
just-na med Clostridium species were inoculated (slight
swelling could be detected after 24 h). S. aureus
inoculated into canned sardines and salmon did not
produc e appreci able amounts of gas after 6 months of
incubat ion at 20-25 C; however, small amount s of carbon
dioxide were detected by gas detection tubes (Dr1lgerwerk-AG-Lubeck, F.R . of Germany; Gastec Corporation,
Tokyo , Japan). Uninoculated sterile cans filled with
nitrogen showed no signs of leakage after 6 months.
Using the above method with slight adaptat ions, other
hermetically sealed containers such as glass jars with
metallic lids , retortab le pouches and semi-rigid containers can be inoculated .
Glass jars contain ing strained beef with vegetables (pH
6.2), and meat purees and semi-rigid containers and
retortab le pouches with fish stew (Fig. 3b), vegetable
soup (Fig. 4), vacuum-packed sterilized omelet (meat and
cheese) and frankfu rter sausages were inoculated with
the above organisms. Glass jars were inoculated through
the metal caps after replacement of vacuum with
nitrogen . Inoculated cans, glass jars, retort pouches and
semi-rigid containers were incubated in transpa rent
plastic bags as a precaut ion against burstin g. Containers
with a relatively thin wall, such as retort pouches and
some types of semi-rigid containers, can be inoculated
directly through the SS and contain er wall without need
for a gauge 13 needle as the walls of these containers
offer little resistance to a gauge 25 112 hypodermic needle
during inoculation. Since these containers contained no
vacuum, there was no necessity for introduction of
nitrogen to replace the vacuum. In retortab le pouches
and semi-rigid containers, growth of clostridia was
demons trated by swelling (Fig. 3b and 4) and distortion
of the contain er after 4-6 days of incubat ion at 35 C;
metallic caps of glass jars were blown off.
This method, besides mainta ining anaerobic conditions in the cans' contents and in the head-space , is also
useful for capturi ng accumu lated gases in the container.
These gases can be analyzed subsequently or they may be
passed through gas-detection tubes which can provide a
qualitative or a semi-qu antitati ve analysis during
deflation of the can. Liquid products can be sampled
through the SS during storage by re-entering the
contain er with a sterile needle and by drawing contents
into a syringe.
co11 't on p. 35
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Control of Foaming during Microbiological Analysis of
Foods and Recovery of Indicator Organisms
A. K. STERSKYl•, G. W. RIEDEL2 and C. THACKER!
Food Directorate. Bureau of Microbial Ha zards. H ealth Protection Branch. H ea lth and Welfare Canada,
Tunney's Pasture. Ottawa, Ontario. Canada K 1A OL2 and National Microbiological Monitoring Laboratory. Field Operations Directorate.
Health Protection Branch, H ealth and Welfare Canada, Halifax, Nova Scotia, Canada B3J 2R7
(Received for publication May 21 , 1979)
ABSTRACT

Pers istent foam formation occurring during blending of jelly powder
(JP), whole egg powder (WEP) and skim milk power (SMP) was
de monstrated. Reduction of foaming was uniformly best achieved by
using the Colworth Stomacher 400 (STOM) for mixing or blending
under a vacuum (V AC). Two hundred , 1000 and 6000 ppm of Dow
Corning Antifoam Agent (OAF) was necessary to reduce foaming of
JP . SMP and WEP. respectively. Escherichia coli was recovered in
similar numbers from JP , SMP and WEP by normal blending (N) ,
STOM. VAC or by the applica tion of 200 ppm of OAF. Significantly
lower recovery of Staphylococcus aureus from JP resulted when N or
VAC was employed a nd from SMP when STOM was used .
Streptococcus .faecalis showed significantly lower recoveries from JP
and WEP when STOM or VAC and OAF at 200 ppm were used .

Emulsification of proteins and peptides has been
shown to be the major cause offoam formation in culture
media (6.12.15). Most foods analysed in the laboratory
contain proteins and peptides and, as a consequence,
blending with diluents often causes excessive foaming .
Despite this, most of the currently available food
microbiological analytical methods either do not deal
with the problem of foaming (1,3,7,10,19), or only
suggest shorter blending time, or waiting 2-3 min for the
foam to disperse after blending (I 1). In the fermentation
industry, several groups of chemicals have been used
(5. 9. 14) for suppression of foaming. Dow Corning
Antifoam AF (DAF) emulsion, belonging to the silicon
type antifoam group (5) , is considered to be non-metabolizable (9) and non-toxic (I 3). It is recommended by the
Compendium of Methods for the Microbiological
Examination of Foods (APHA) (2) in a concentration of
1-2 drops of a lO o/o solution ofantifoam to 300 ml of food
sample. The final concentration of this solution is about
5-10 ppm of antifoam in the diluted food which was
found to be inadequate for high speed blending of some
foods. Consequently, we determined suitable foaminhibiting concentrations of this antifoam agent for these
foods, and whether or not they may adversely affect
recovery of indicator organisms. We also investigated
other means of avoiding foaming by preparing food
homogenates with the exclusion of air by using the
'Food Directorate.
2 National Microbiological Monitoring Laboratory. Present address: W.
H. Schwartz and Sons Ltd.. P.O . Box 490. Hal(fax. Nova Scotia.
Canada B3J 2R9.

Colworth Stomacher 400 (AJ. Seward and Co. , Ltd .,
Blackfriars Road , London , England) (8,11,16,18) and by
blending under a vacuum.
MATERIALS AND METHODS

Foods
Commercially available jelly powder (JP) containing sugar, gelatin
adipic acid, trisodium citrate, artificial and natural flavor, fumaric acil
salt , food color, tri-calcium phosphate and lactic acid , commercially
available instantized skim milk powder (SMP) and whole egg powder
(WEP) spray dried for institutional use were the foods used in these
experiments.
Of the first two foods, several packages of each were mixed by
tumbling to provide sufficient quantities for all the experiments. Whole
egg powder was obtained in bulk and mixed by tumbling to obtain
unformity. Background counts were determined for each product in
triplicate; these were in the range ofO.OOOl to 0.01 % with respect to the
inoculum , and therefore , negligible as the statistical analyses were done
at the 95%significance level.
Determination offoam ing capacity ojfoods
Eleven grams of each food were blended with 99 ml of 0.1% peptone
water for 1 min in an Osterizer blender at 15,000 rpm. After blending,
each suspension was transferred without delay to a 250-ml glass
cylinder so that the foam head could be observed (Fig. Ia). The effects
of the different foam controlling methods, i.e. as the application of
different concentrations of OAF (Fig. lb) , stomaching (Fig. lc) or
vacuum blending (Fig. ld) by using a Waring Blendor at 20,000 rpm
and a vacuum apparatus were determined experimentally in the same
way. The most effective concentration of the antifoam agent was
determined for each food by adding increasing quantities of a
20.000 ppm stock solution of OAF to a food and to a 0.1% peptone
water mixture.
Microorganisms
Escherichia coli. and Staphylococcu s aureus were incubated in
Tryptic Soy Broth (Difco) for 18-20 h at 35 C in a controlled
environment incubator shaker (New Brunswick Scientific Co., Inc. ,
N.J ., U.S.A.). Streptococcusfaecalis was incubated without shaking .
Blending m ethods
(The blending methods were those usually employed in laboratories
with similar equipment). The above cultures were diluted 100-fold with
0.1% peptone water at room temperature and refrigerated at 4 C while
waiting to be blended , then blended with the food in the following
manner:
(a) Ninety-nine ml of inoculated peptone water was added to 11 g of
food and blended in an Osterizer blender fitted with a blending blade
assembly and a !-pint Mason jar. The blending was carried out at
15,000 rpm for 1 min.
(b) Ninety-eight ml of inoculated peptone water and 1.1 ml of
20,000 ppm OAF were added to the 11 g of food in a Mason jar to
obtain a final antifoam concentration of 200 ppm . This concentration
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Figure 1. (a) Foam formation during blending of 99 ml of peptone
water diluent with II g of jelly powder (JP), whole egg powder (WEP),
or skim milk powder ISMP) in an Osterizer blender at I5,000 rpm; (b)
control offoaming of JP, WEP and SMP by application of 200, 500
and I ,OOO ppm Dow Coming Antifoam AF, respectively; (c) control of
foaming by stomaching JP, WEP and SM P: (d) control of foaming of
JP, WEP and SMP by blending under a vacuum of25 inches ofHg in a
Waring Blendor at 20,000 rpm. Blending was done for I min for a, b, c,
and d conditions.
of DAF was used in all experiments with all three foods as it reduced
the foam maximally in the food (JP) which produced most foam.
Blending was carried out as above.
(c) Ninety-nine ml of inoculated peptone water were added to 11 g of
the food in a sterile Colworth Stomacher 400 bag. Entrapped air
(Fig. 2c) was excluded by sliding down (Fig. 2a and b) the filled
stomacher bag on the edge of the Colworth Stomacher 400 to form a
continuous liquid from the food to the top of the bag (Fig. 2a, b , c and d
show process , and results). The sample was "stomached" for 1 min.
(d) A laboratory gas valve was attached to the top of a Waring
Blendor so that the Blendor could be evacuated during blending.
Blendings were then carried out under a vacuum of about 25 inches of
Hg. Liquid impingment in a phenolic solution was employed to prevent
the escaping of aerosolized bacteria. In this blending, the 1:10 dilution
was obtained by aspetically adding 22.0 g of food and 198 ml of
inoculated peptone water into the Blendor. Blending was done at
20,000 rpm for 1 min .
During the seri~l dilution of foods , care was taken that the first
sample from the blended food homogenate was withdrawn from below
the interface of any amount of foam and the underlying liquid .
For recovery of organisms from 0.1 % peptone water , the same
blending methods were used as for foods .
Statistical analysis
Each experiment for each organism and each food and 0.1 peptone
water was analyzed separately. A split plot experimental design was
first analyzed by analysis of variance (AN OVA) (17). Each possible pair
of blending / medium combination means were simultaneously compared by the Bonferroni T-test (4) at an overall error rate of 0.05 using
standard errors derived from the ANOV A table. In the statistical

Figure 2. Stomaching Il g of jelly powder (!P) with 99 ml of O.I %
peptone water diluent (PWD) for I min; (a) exclusion of air from
Stomacher 400 bag before stomaching WO AIR), (b) absence of foam
WO FOAM) after stomaching, (c) inclusion of air WR) over JP and
PWD slurry before stomaching, (d) production of foam (FOAM) after
stomachingJP and PWD slurry in presence of air.
design , the blocks were the days , the main plots were the blending
methods, which were randomized (except for a few initial experiments
where blending methods were rotated from day to day), and the
sub-plots within the mean plots were the media. For each combination
of organism , food , peptone water and blending method, 10 trials were
carried out.
Determination of recoveries of indicator organisms
After blending, the food suspension or inoculated 0.1% peptone
water was serially diluted in 0.1 % peptone water and pour-plated on
Plate Count Agar (PCA) for aerobic colony counts, on Violet Red Bile
Agar (VRB) for E. coli, on m-Enterococcus medium (m-ENT) for S.
faecalis , and on Mannitol Salt Agar (MSA) for S. aureus. S. aureus was
also counted on spread plates of Baird-Parker Agar (BP). All media
used were manufactured by Difco.

RESULTS AND DISCUSSION

Determination offoaming capacity
The method described above and shown in Fig. la, lb,
lc
and ld proved to be highly reproducib le .
Consequently, there was no necessity for a large number
of experiments for statistical analysis. When the foods
were blended without any control, JP always produced the
greatest quantity and the most persistent foam, WEP
and SMP produced moderate amounts of foam; when
DAF was used in 200 and 1000 ppm concentrations,
foaming ofJP and SMP was reduced maximally, whereas
500 ppm of DAF in WEP did not reduce foaming at all,
as compared to normal blending (Fig. la and lb). Six
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thousands ppm of DAF was required to reduce foaming
in WEP. Stomaching and vacuum-blending reduced
foaming nearly equally in all three foods (Fig. lc and ld).
R ecovery of indicator organisms
Jelly Powder. Effects of the foam controlling methods ,
non-selective (PCA) and selective media on recovery of E.
coli. S. aureus and S. faecalis from JP are shown in
Fig. 3A. There was no significant difference in recovery
of E. coli using the different foam controlling blending
methods. However, VRB gave significantly lower
recovery than PCA . Recovery of S. aureus depended on
the foam controlling method employed. The highest
recoveries were obtained on all three plating media by
using DAF at the 200 ppm level , but recoveries using the
Colworth Stomacher 400 were not significantly lower.
Blending without anti-foam and vacuum-blending gave
significantly lower recoveries of S. aureus than the other
two foam controlling methods. Baird-Parker agar gave
significantly higher recovery of S. aureus than the two
other media . There was no significant differences
between recoveries of S. faecalis whether blending was
done with or without the antifoam agent. Stomaching
and vacuum-blending resulted in mean recoveries of S.
fa ecalis significantly lower than those by normal
blending and blending with antifoam. Plate Count Agar
gave significantly higher recoveries of S. faecalis than
m-Enterococcus medium.
Skim milk powder. As shown by Fig. 3B, the efficiency
of recovery of E. coli from SMP was similar 'to that of the
JP, in that there was no significant difference among
foam-controlling methods. PCA, however, was a
significantly better recovery medium than VRB. In the
recovery of S. aureus from SMP, all blending methods
were nearly equal with the exception of stomaching
which gave a significantly lower recovery on all three
media. There was no significant difference in recovery of
S. aureus on PCA , MSA and BP. Recovery of S. faecalis
from SMP was equally efficient by all four blending
methods , but PCA gave a significantly better recovery
than m-ENT.
Whole egg powder. As shown by Fig. 3C, the efficiency
of recovery of E . coli from WEP was similar to the
recoveries of E. coli from JP or SMP in that there was no
significant difference among the blending methods. VRB
gave significantly lower recoveries of E. coli than PCA .
However , there were no significant differences in
recovery of S. aureus from WEP by the four different
blending methods. MSA gave significantly lower
recoveries tha'1 PCA and BP. Blending without antifoam ,
blending under vacuum or stomaching had statistically
equivalent means for recovering S. faecalis from WEP.
When antifoam was added the recovery of S. faecalis was
significantly lower than by the other blending methods.
PCA gave significantly lower recoveries than m-ENT.
Peptone water. Recoveries of E. coli from peptone
water (Fig. 3D) were similar to those observed with the
three foods: there was no significant difference in
recoveries from one blending method to another but

RECOVERY OF INDICATOR ORGANISMS FROM JELLY POWDER AFTER
BLENDING WITH 0 .1 % PEPTONE WATER.
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RECOVERY OF INDICATOR ORGANISMS FROM WHOLE EGG POWDER AFTER
BLENDING WITH 0 .1% PEPTONE WATER .
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Figure 3. R ecovery of Escherichia coli , Staphylococcus a ureus and
Streptococcus faecalis, from jelly powder vO. skim milk powder (JJ),
whole egg powder (C), and from 0.1% peptone water (D) after blending
fo r I min without fo am control (Q ), blendi{W., with 200 ppm DOW
Com ing AF Antifoam ( ~ ), Stomaching ( WJJ), blending under a
vacuum of 25 inches of Hg ( . ). R ecoveries on Plate Count Agar
(PCA). Violet R ed Bile Agar (VRB), Mannitol Salt Agar (MSA).
Baird-Parker Agar (JJP) and the m·Enterococcus agar (m-ENT).
Significantly (S) lower. W recovery at 0.05 level. CFU: colony fo rming
units.

significantly lower recoveries were obtained on VRB than
on PCA . With respect to S. aureus recoveries from
peptone water, the closest resemblance was observed
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with recoveries from WEP. There was no significant
difference among blending methods when the recovery
was on the same media either on PCA, BP or MSA;
however , MSA gave significantly lower recoveries than
PCA or BP. Recoveries or'S. faecalis from peptone water
were significantly lower with stomaching as compared to
blending without antifoam or blending under a vacuum .
Recoveries of S. faecalis were significantly lower on
m-ENT than on PCA.

CONCLUSIONS
As seen from these results, E. coli was recovered
equally well by blending with or without antifoam, by
stomaching or by blending under a vacuum. S. aureus
and S. faecalis recoveries varied with food and foam
controlling methods , although under certain circumstances one foam controlling method did not differ
significantly from the other. The 0.1% peptone did not
seem to interfere with recovery of E. coli and S. aureus
when any of the four blending methods was used;
however, recovery of S. faecalis was significantly reduced
when stomaching was employed , and this may have
accounted for lower recovery of this organism from JP.
Consequently, significant differences in recoveries from
the three foods are mainly due to the inherent
characteristics of the food in question.
By trial and error the most suitable concentration
of DAF for the reduction of foaming can be determined
for each food. DAF at 200 ppm did not affect recovery of
any of the three organisms from JP and SMP or from
0.1% peptone water; only S. Jaecalis showed significantly
lower recovery from WEP when DAF at 200 ppm was
used when compared to the other blending methods.
Recovery of E. coli on VRB was significantly lower
from all three foods and from the 0.1% peptone water
diluent when compared to PCA. Recovery of S. aureus
from WEP and 0.1% peptone water on MSA was lower
than on PCA or on BP . Lower recoveries of S. faeca lis
from JP, SMP, and from 0.1% peptone water were
observed on m-ENT, but PCA gave lower recovery from
WEP. Generally speaking, inhibitory substances in
selective media may restrict growth of some of the
population of organisms they are supposed to be selective
for . Further discussion of this is beyond the scope of the
present paper.
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Effects of Sampling Procedures on Salmonella
Recovery from Fresh Water Catfish
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ABSTRACT

To determine the effectiveness of different sampling procedures, 200
frozen catfish known to be contaminated with Salmonella were divided
into 350 samples. Variables in sampling included anterior and
posterior portions of fish , blending, immersion, swabbing , rinsing and
incubation at elevated temperatures . The composite of blended
anterior and posterior samples incubated at 43 C and immersion of
whole fish in cubated at 35 C showed the highest number of positive
samples. 50o/o and 42 o/o, respectively. The contact method of swabbing
(14 o/o) and rinsing (14 o/o) were the least effective of the methods
examined. The anterior (visceral cavity area) portions of the fish seemed
to be more highly contaminated (38 o/o positive) than the posterior
portion (26 o/o positive). These data show that the sampling procedure
can greatly affect recovery of Salmonella from fresh water catfish .
Overall levels of Salmonella were low and the hazards of
cross-conta mination with other foods seem remote.

Salmonella has been reported in fresh water or marine
species of fish (1,3,10.11,13,14) and is generally
associated with fecal contamination of water. Testing for
Salmonella is usually initiated by either swabbing
(4.12.16), rinsing (7.8,21) or the blending (2,22) of a
sample in pre-enrichment or selective enrichment broths.
A recent study of Salmonella detection on dressed frog
legs by blending, immersion of whole legs, maceration
with a Stomacher, and by rinsing showed no significant
difference in recovery for the first three methods ,
whereas rinsing was significantly inferior (2). The present
study compares the recovery of Salmonella from fresh
water catfish as a function of sampling and sample
incubation.
MATERIALS AND METHODS

In this study , 350 samples from 200 frozen catfish known to be
contaminated with Salmonella were tested for the presence of
Salmonella by various sampling procedures. Method I consisted of
dividing a fish in half by severing it just behind the a nal vent . The tail
portion (posterior- IP) and the visceral portion (anterior- lA) were then
weighed a nd blended separately in nine parts of lactose broth (LB) .
One-half of each homogenate was incubated at 35 C for 24 h and the
remaining halves were combined and reblended for homogeneity. This
composite sample was then halved and one-half incubated at 35 C for
24 h (composite- I C). Method IC served as the control method for this
study. The other half of the composite homogenate was incubated at
43 C for 24 h (composite-IC43). Method II consisted of complete
imm ersion and incubation of the entire fish in 1 part LB (w/ v). Method
1
Ralston Purina Company.
'Texas A&M University.

lii included shaking the entire fish in 1 part LB (w / v) for 1 min and
removing it before incubation. Method IV consisted of swabbing the
entire surface area of the fish using two dacron swabs moistened with
LB and placing them in 20 ml of LB. The LB pre-enrichment broths for
Methods II , III and IV were incubated at 35 C for 24 h . Ten samples
were analyzed daily by each method. Pre-enrichment was followed by the
selective enrichment of 1-ml portions of LB in 10 ml of tetrathionate
(TET) and 10 ml of selenite-cystine broth (SEL) . Brilliant green agar
with sulfadiazine, bismuth sulfite agar and Salmonella-Shigella agar
with 1 o/o sucrose and 0.65 o/o agar added, as recommended by Sperber I
and Deibel (19). were streaked from TET and SEL. Plates were
incubated for 24 hat 35 C. Suspect Salmonella colonies as described in
the Bacteriological Analytical Manual for Foods (BAM) (22) were
picked from each plate to triple sugar iron agar slants and
motility-indole- lysine (MIL) deeps (23) . MIL is a modification of Ederer
and Clark 's (9) motility-indole-ornithine medium (MIO) with lysine
sub stituted for ornithine. MIL was prepared by adding I o/o trypticase
and 0 .2 o/o agar to Falkow lysine broth (23). This medium allowed for
biochemical differentiat ion of Salmonella from indole-positive Edwardsiella. Incubation s were at 35 C for 24 h at each step of the isolation
procedure. Suspect Salmonella isolates were further tested for methyl
red , Voges-Proskauer reactions, utilization of citrate on Simmon's
citrate agar and for acid production in 0.5o/o mannitol in purple broth
base. Serological confirmation of Salmonella was performed with
pol y-O antisera using the slide agglutination method. All media used in
this st udy were BBL with the exception of SS agar from Difco .

RESULTS AND DISCUSSION

The percentage of Salmonella-positive samples with
different methods of sampling is given in Table 1. An
analysis of variance was done to determine if there was a
difference in the recovery rate of the methods. The F
value obtained indicated a significant difference between
the sampling methods. Duncan's new multiple range test
was done to determine which methods were significantly
different. The methods with different superscripts were
significantly different. Method IC43 had the highest
recovery rate, but was not significantly different from
Method II. The effectiveness of the increased incubation
temperature recommended by several workers (5,6,15,17,
18,20) is also applicable for Salmonella detection in
catfish. No significant difference existed between
Methods II, IA and IC (control). The control method
was based on the procedure in the BAM manual (22)
which calls for a 25-g portion from an unspecified area of
the fish to be blended in nine parts ofLB with incubation
at 35 C. The present study indicates that a significant
difference exists between the presence of Salmonella in
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TABLE I. R ecovery of Salmonella .from fresh water catfish sampled
by body portion. homogenization , immersion, rinse. swab, and
incubation at 43 C (50 samples each).
Type of sampJe l

!A a
Jpb
!Ca
IC43d ud

me
JVC

Anterior portion
(LB-homogenate)
Posterior portion
(LB-homogenate)
Composite sample
(lA & IP- LB -homogenate)
Composite at 43 C
(lA & IP- LB -homogenate)
Whole fish
(LB -immersed & incubated)
Rinse
(LB-rinse)
Swab
(LB)

Positive
(No.)
(%)

Negative
(No.)

19

(38)

31

13

(26)

37

19

(38)

31

25

(50)

25

21

(42)

29

7

(14)

43

7

(14)

43

1 a ,b ,c,d

Sampling methods with different superscripts are significantly
different.

the visceral cavity and the tail area of catfish. This could
influence the Salmonella recovery rate if indiscriminate
selections are made of portions of the fish. A higher
incidence of Salmonella in the visceral cavity can be
expected because of increased chances of contamination
from the viscera and from increased handling during
processing. The presence of Salmonella on the tail area
would most likely result from cross-contamination
during processing (23).
Maximum recovery of Salmonella from catfish,
according to the present study, would be either by
immersion of the whole fis h or the visceral cavity portion
of large fish in LB followed by incubation at 43 C. The
statistical analysis indicates that recovery of Salmonella
by incubation at 43 C was not significantly different than
that obtained by Method II, although a higher recovery
rate was noted at 43 C. Method II probably is more
practical because of the simplicity in sample preparation
and the minimal equipment needed for incubation. The
sample can be collected and pre-enriched in the same
plastic pouch and incubated in a dry-heat incubator,
whereas a water bath is required for incubation at 43 C.
Results from a study by the U.S. Food and Drug
Administration on the effect of sample methodology on
Salmonella isolation from frog legs were in general
agreement with those of this study (2) . The methods the
agency compared were immersion of whole frog legs,
blending, use of the Stomacher and rinsing. The agency
found no significant difference between the first three
methods, but recovery was significantly lower with
rinsing. The agency did not use 43 C as an incubation
temperature.
With methods lA, IP, IC and IC43, Salmonella were
detected in 41 (82 %) of the SO fish sam pies. Theoretically,
with a Salmonella-positive lA or IP sample, one would
expect the corresponding IC and IC43 samples to be
positive . However, this only occurred with 11 of 19
!A-positive samples and with 9 of 13 IP-positive samples .
This indicates that 20 (62.5%) of the 32 positive-lA and
-IP samples had sufficient numbers of Salmonella to be
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recovered in tl]e-corresponding composite sample. Of the
25 positive-IC43 samples only 13 were positive as IC
samples. Although the IC43 method had the highest
recovery (25 positives), it missed 16 (33.3o/o) of the 41
positive fish. This indicates that although a large
percentage (82%) of the fish were Salmonella-positive,
the number of Salmonella present on each fish was at a
relatively low level and unevenly distributed. In addition,
the poor recovery (14 %) obtained with contact methods
(rinse and swab) indicates that very few Salmonella are
dislodged from the surface area of the fish.
Salmonella in raw foods such as catfish, red meats,
poultry and frog legs is of concern because of its
cross -contamination potential to foods consumed raw
and / or its survival in foods that receive marginal heat
treatment. The poor recovery by contact methods (III
and IV) coupled with low numbers indicated by Methods
lA and IP (when compared to IC and IC43) negate
catfish as a potential Salmonella hazard. The FDA had
concluded this, based primarily on its 1977 study (1) . In
its opinion however, this was caused by the procedure
used to process catfish. The procedure described was
developed by this laboratory (23) and to our knowledge
was in operation in only one plant. The procedure was
part of a complete quality assurance program submitted
to the FDA for approval to resume processing after being
enjoined . This procedure was proven to be effective in
producing Salmonella-free carcasses. Additional research (23) has shown that the presence of Salmonella in
live fish is directly related to the level of Salmonella in the
water. Salmonella was found to be continuously present
in low numbers, but under certain conditions of
increasing temperature, large stocking rate and increased fish body weight, the number of Salmonella in
the water rapidly increased . The presence of Salmonella
on the skin and in the viscera of live fish resulted in
Salmonella-positive carcasses when normal processing
procedures were used to dress catfish. Results of the
present study indicate that the method of sampling can
have a great effect on detection of Salmonella in catfish.
Although Salmonella were present in a large percentage
of the samples in this particular lot, methods are
available (23) to reduce or eliminate Salmonella from
dressed catfish.
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ABSTRACT

High-temperature, short-time (HTST) processed milk, cream and
buttermilk were mixed with small portions (0 to 0.6%) of the raw milk
product to obtain desired levels of residual alkaline phosphatase.
Samples were subjected to the differential test to discern reactivation
and analyzed for phosphatase activity by the rapid colorimetric test .
The experimental data were fitted to a linear statistical model to
determine the minimum detectable residual phosphatase (E0 ) in the
product. These observed values and the computed expected values were
highly correlat\!d. with a rank correlation coefficient of 0.956, which
was significant at a = 0 .05 level. The values of [E 0 ] varied depending
upon the extent of phosphatase reactivation in the HTST product when
the residual phosphatase was zero. As the differential values of
reactivation (reactivated [E] of the control sample minus the reactivated
[E] of diluted sample containing magnesium) increased , the [E0 ]
increased also. In general , the [E 0 ] in cream was greater than that in
milk. A method is proposed for predicting [E0 ] in liquid HTST
products.

Alkaline phosphatase is a naturally occurring enzyme
(E) in milk. Standard methods (visual and colorimetric)
are available for differentiating reactivated from residual
phosphatase in high-temperature, short-time processed
(HTST) milk and cream (1,2). In the routine testing of
dairy products, the differential test is performed only
when the conventional test is positive and a determination is needed as to whether these results are due to
reactivated or residual phosphatase. For regulatory
purposes, no action is taken if the differential test is
positive for reactivated phosphatase. However, if the
differential test is positive for residual phosphatase,
attempts are made to determine problem areas and, if
necessary, to take regulatory action.
A reactivated phosphatase in an unrefrigerated
product will yield test results that are like those of
residual phosphatase. Thus, a false-positive test may be
obtained when a sample capable of reactivation has been
allowed to stand longer than about 4 hat 16 C, or 2 h at
21 C. The differential test is therefore not applicable to
such abused products (6).
Various factors, including initial phosphatase concentration and processing temperature, affect reactivation of
phosphatase in HTST products (9). It has been reported
that the reactivation of phosphatase in commercially
M ention of commercial product does not imply endorsement by the
Food and Dn1g Administration.

1

UHT-processed heavy cream> half and half> milk (5).
Therefore, prediction of small amounts of residual
phosphatase in a product containing highly reactivatable
phosphatase may be difficult to determine whether the
samples are analyzed by the visual or the colorimetric
methods (1 ,2). In addition, as indicated elsewhere (9), in
the differential test the dilution ration of 1 + 5 for the 1
samples with added magnesium (Mg) is not a constant
factor, and thus occasional failure of the method to
. predict the differential test correctly may be expected.
The purpose of this study was to determine the
minimum detectable levels for residual phosphatase and
to estimate the variations of the differential test for
several dairy products.
MATERIALS AND METHODS

Materials
Raw milk and 35 % cream were collected from a local milk plant.
Cream was standardized to 12 % fat with milk . Buttermilk was
prepared by churning raw cream in a Waring blender'.
Method
To produce reactivatable products , milk , cream and buttermilk were
heated to 93.3 to 112.8 C for < 1 sec in a continuous-flow heat
exchanger (7). The heated products were stored overnight at 4 C before
reactivation was studied.
Heat-processed milk , cream and buttermilk were mixed with small
portions (0.0, 0.2, 0.3, 0.4 , 0.5 and 0.6 "7o) of raw counterpart milk
product to obtain desired levels of residual phosphatase. Duplicate
portions were analyzed for residual phosphatase (7). Then the samples
were reactivated with and without addition of magnesium acetate for
60 min at 34 C and analyzed for residual and reactivated phosphatases
(7,8).

With the observed results, a graph was constructed relating the
difference between reactivated phosphatase of the sample without Mg,
[ERe], and the reactivated phosphatase of the counterpart sample
containing Mg and diluted 1 + 5, [ERsl. to the residual phosphatase.
The experimental points were fitted by linear regression , assuming that
both variables have error terms , and the value of residual phosphatase
at [ERcl - [ERsl = 0 was computed which gave the minimum residual
phosphatase, [E0 ]. in the product.

RESULTS AND DISCUSSION

Differential test rationale
The criterion is based on comparing results in testing a
diluted (1 + 5) sample containing added Mg with the test
results of an undiluted sample without the added Mg
after storing at 34 C for 1 h. If the diluted sample shows
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less phosphatase activity than the undiluted sample, the
test is considered positive for residual phosphatase. If the
diluted sample shows greater phosphatase activity than
the undiluted sample, the test is considered positive for
reactivated phosphatase (1).
Observed data
To calculate the [E0 ] in a given HTST product, the
observed values were used for [ERcJ = w2 and [ERsl =
w1 at each level of residual E added to the product. An
estimate of the [E0 ] occurs when x = [ERcJ - [ERsl = 0.
A linear regression can be computed for the functional
relation:
Y = f3o + f11 + (e - f11d)
where: {30 =intercept
{3 1 =slope
X= [ERcJ - [ERSJ = W2 - wl
y = residual [E]
d ,e = error terms for x and y
Both x and y are measured with error, so the estimated
regression coefficients b 0 and b 1 were computed (3), with
the assumption that the ratios of variancesad 2/ oe 2 = 2.
The intercept b 0 is the estimate of [E0 ] when x = 0. The
relationship between x and y in all samples tested was
highly correlated with correlation coefficients (r) ranging
from 0.95 to 1.00. The slopes of the regression lines
varied as follows: milk 1.08 to 1.51 , with an average of
1.22 ± 0.14; cream, 1.09 to 1.53, with an average of
1.29 ± 0.13; and buttermilk, 1.35.
Data in Table 1 show that the values of Yo = [E0 ]
depended on the product, as follows : milk, 1.16 to
2.95 JAg phenol / ml; cream , 1.79 to 8.36 JAg phenol/ml;
and buttermilk, 4.85 JAg phenol/mi. Data for buttermilk
are limited but it is believed that the variations in y0
would be similar to those observed for milk and cream.
Estimated data
An estimate of the expected data for [E 0 ] can be
obtained by taking measured values of [ERsl = w10 and
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[ERcJ = w20 , when y = 0 and by assuming what the
residual [E] is for y > 0. For each addition of /J.y to the
control sample, the diluted sample containing Mg would
be increased by /J.y/6. Thus,
w~=w 10 +y/6
(2)
for the diluted sample containing Mg, and
w; = W2o + Y
for the control sample. The values for w~ and w; are the
predicted reactivated E, [ER], of w1 and w2 if it is
assumed that these [ER] are dependent on the dilution
factor.
The increment that will correspond to [E0 ] is:
Yo= 1.2 (wlo - w2o)
(4)
Typical graphic presentation of the data is shown in
Fig. 1. The expected values for all samples are presented
in Table 1.
The observed and expected [E0 ] for all samples were
compared (4). A Spearman's rank correlation coefficient
(rs) of 0.956 was obtained, which indicates a significant
correlation at the a = 0.05 level.
Because the differential test uses a dilution ratio of
1 + 5 for samples containing Mg, the theoretical slope of
the regression line relating x and y is 1.2 (eq. 4). The
slope based on expected values of x and y is 1.19 ± 0.02,
which is similar to the theoretical value. The slope based
on observed values for x and y was 1.26 ± 0.13 , which is
not significantly different from the expected value. The
observed and expected values (slopes) are close for milk,
but not for cream and buttermilk. Variations in the
observed slopes are related to errors in sample dilution ,
analysis of samples for E, etc . However, for control
purposes, the slope can be experimentally determined, or
the theoretical value of 1.2 can be used (eq. 4) to
determine [E0 ] in an HTST product.
Other data
Kleyn and Ho (5) have published some reactivation
data for commercially UHT -processed heavy cream and

TAB LE I. Relationship between reactivated and minimum detectable residual alkaline phosphatase in high-temperature. short-time processed
liquid dairy products.

Sample

Milk
Milk
Milk
Milk
Milk
Milk
Milk
Milk
Cream
Cream
Cream
Cream
Cream
Cream
Cream
Cream
Buttermi lk

Processing temperature
(C)

104.4
104.4
93 .3
105.0
112.8
98.9
104.4
104.4
104.4
104.4
104.4
98.9
98.9
100.0
111.0
104.4
105.0

Reactivated phosphatase ( ~g phenol/ml)
Diluted samples
Sample without Mg
containing Mg

2.80
3.50
3.66
2.68
1.74
2.83
1.64
1.75
3.90
3.30
6.27
4.27
1.94
4.09
3.08
6.78
2.70

4.50
6.10
4.62
4.23
2.78
4.82
3.65
3.72
7.63
7.39
11 .58
6.22
3.77
6.92
6.92
11.96
6.34

Minimum detectable residual phosphatase ( ~g phenol/mil
Observed

Expected

1.66 ( ± 0 .08)a
2.95 ( ± 0.07)
1.65 ( ± 0.05)
1.64 ( ± 0.06)
1.16 ( ± 0.05)
2.15 ( ± 0.06)
2.51 ( ± 0.03)
2.51 ( ± 0.03)
4.65 ( ± 0.13)
4.94 ( ± 0.12)
6.55 ( ± 0.17)
2.95 ( ± 0 .09)
1.79 ( ± 0 .08)
3.83 ( ± 0.08)
5.09 ( ± 0.07)
8.36 ( ± 0.42)
4.85 ( ± 0.09)

2.02
3.12
1.15
1.86
1.25
2.39
2.41
2.36
4.48
4.91
6.37
2.34
2.20
3.40
4.61
6.22
4.37

astandard deviations are enclosed in parantheses.
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4 r.

1

MILK

;~·--- ----11
11
{/

OBSERVED Y = 2.51 + 1.26 X, r = 0.99
EX PECTED Y = 2.42 + 1.20 X, r = 1.00

'

r-----··------~-----L__

____

_ L_ _ _ _~L_----~

CREAM

12

OBSERVED Y = 3.85 + 1.35 X, r = 0.99
EX PECTED Y = 3.40 + 1.20 X. r = 1.00

e•
/

OBSERVED

- --

EXPECTED

shows a positive, conventional test only. As indicated
earlier, the differential test is not applicable to HTST
samples that show a false-positive conventional test for
phosphatase because they have been allowed to stand
longer than about 4 h at 16 C or 2 h at 21 C. For control
purposes, the test can be performed as described under
Method, or a theoretical value of 1.20 for the slope of eq.
4 can be used to determine [E 0 ]. The positive results from
the conventional test are then assessed in terms of the
computed [E 0 ]. Further confirmation as to the presence
or absence of phosphatase in a HTST milk product must
be made by means of established microbiological testing,
etc . to determine the cause and effect relationship.
TABLE 2. Estimated minimum detectable residual phosphatase (J.tg
phenoll m{) for commercially UHT-processed heavy cream and
hal.f-and-ha(j:
Half-and-half

Heavy cream

Sample

I
BUTTERMILK

...,.

..

OBSERVED

OBSERVED Y = 4.87 + 1.35 X. r = 0.99
EXPECTE D Y = 4.57 + 1.20 X. r = l.DD
12

2
3
4

/

.....

ERs"

Eo

20.2
20 .6
20 .6
12.8

9.24
17.28
21.12
1.2

6.4
12 .5

16.3
15.6

11.88
3.72

6.9
8.8

16.2
15.4

11.16
7.72

s

/

/

_.,. e

ERe•

12 .5
6.2
3.0
11 .8

6
7
8
9
10

EXPECTED

/

ERe"

ERs•

0.9
0.5
0 .9
2.3
2.1
0.6
1.2
1.0
1.3
2.2

4.6
2.1
1.2
8.5
3.2
2.5
3.8
1.8
5.3
4.4

Eo

4.44
1.92
0.36
7.44
1.32
2.28
3.12
0.96
4.80
2.64

aData are printed , with permission , from Kleyn , D . H. and C.-L. Ho.
1977, J . Assoc. Offic . Anal. Chern . 60:1389-1391.
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ABSTRACT

Forty kulfi samples collected from local push -cart vendors
and
restaura nts were screened for thermonuclease and staphylo
coccal
enterotoxins. Viable staphylococcal counts were also determin
ed in
these samples . Thermo nuclease was detected in four kulfi samples
. The
incidence was , however , more (15 o/o) in samples from push-ca
rt vendors
as compared to those from restaura nts (5%). Enterotoxins
were also
detected in thermonuclease-positive samples . The incidenc
e of
enterotoxins A and B was 10 %. Enterotoxins C and D were not
detected
in the samples. Of 81 isolates of staphylococci obtained from
kulfi
samples, seven exhibited thermonuclease, coagulase and enteroto
xin
production. Ten percent oftherm onuclea se-posit ive isolates came
from
kulfi samples collected from push-ca rt vendors as compare
d to 6.5%
from restaura nt samples. The incidence of enterotoxin A
producing
staphylococci was 8%and 3.2%in samp les from push-ca rt vendors
and
restaura nts, respectively. One of the coagulase-positive isolates
from
restaura nt samples failed to produce either thermon uclease
or
enterotoxins.

Kulfi is a frozen indigenous milk produc t popula r in
many parts of North India (21) and Pakist an (10). This
produc t is prepar ed from cow, buffalo or mixed milk
which is concen trated to approximately half of its volume
in a large open pan (karahi), kept over a fire hearth
(chula). The concen trated milk is cooled for a while at
ambien t tempe rature. Sugar at the rate of 15-20% is then
added to milk and stirred for thorou gh mixing . Spices
and nuts (carda mum , almonds, pistachio, cashew) or
fruit juices (mango) are added to the sweetened milk and
mixed . The mixtur e is then filled in conical containers
and frozen in an earthe n pot contai ning an ice-salt
mixture. The frozen produc t is consumed either as such
or along with semya (prepared from wheat flour, drawn
in the form of long thread s and immersed in water before
use) . Kulfi is marke ted either by halwais (sweetmeat
makers) in restaur ants or from push carts by roadside
vendors.
The hygienic quality of kulfi is yet to be known to
many people. In a recent investigation, Rao (16) has
isolated various types of microorganisms includ ing
staphylococci from this produc t. Staphylococcus aureus
has gained import ance in recent years in view of its
ability to grow and produc e enterotoxins in foods,
including milk and milk produc ts (7,9,19) , leading to
food poisoning outbre aks. A large numbe r of coagulase
produc ing staphylococci have been reporte d to produc e
thermo stable deoxyribonuclease (12,13) and a close
correlation between the S. aureus growth and thermo -

stable DNase (thermonuclease) and between thermonuclease and enterotoxin produc tion has been very well
established in dairy produc ts (6,19). Cords and Tatini ,
Park et al. and Batish et al. (3, 6,15) have recommended
thermonuclease test as a rapid and reliable method for
the detection of staphylococcal enterotoxin in dairy
produc ts.
In the present investigation, an attemp t has been made
to assess the quality of marke t kulfi samples by
determ ining staphylococcal popula tion as well as
thermonuclease.
MATER IALS AND METHODS

A total of 40 samples of kulfi were collected according to Standar
ds
Methods (J) from the Kamal market during summer (March
to June,
1978). These included 20 from push-ca rt vendors and
20 from
restaura nts . Samples obtained from push-ca rt vendors had a candy-li
ke
appeara nce containing a wooden stick and the product was frozen
in a
conical iron container. Kulfi sold in restaura nts was available
in either
metal or plastic containers. The containers, sealing material
(rubber
bands) and the earthern pot are shown in Fig. 1.
Kulfi samples were examined for staphylococcal counts
on
Staphylococcus medium 110 (5). Thermonuclease was
extracted
\20) and the extract was boiled for 15 min. The thermonuclease
test was
carried out on toluidine blue DNA agar medium (11).
The
thermonuclease-positive samples were tested for the presence
of
enterotoxins by the microslide gel diffusion technique (4) . The
standard
antisera of the enterotoxins A, B, C and D were obtained from
Dr. M .
S. Bergdoll .
The isolates of staphylococci obtained from kulfi samples
were
characterized on the basis of anerobic glucose and
mannitol
fermentation \2), coagulase production (17), thermonuclease
(I 1) and
enterotoxin production (4).

RESULTS AND DISCUSSION

Of 40 samples of kulfi examined in the curren t study,
four were positive for presence of thermonuclease
(Fig. 2). The incidence was, however , more (15o/o) in kulfi
samples obtained from push-c art vendors than from
restaur ants (5 o/o). Data in Table 1 show that a fair
correlation between detectable thermonuclease and
viable counts of staphylococci in samples was not
possible. The results of the presen t study indicate that
kulfi samples from push -cart vendors had low viable
counts of staphylococci (95 x 10 3 per g) which are not
suggestive of a potential danger but contain ed detectable
levels of thermonuclease (zone diamet er , 12.2 mm).
Viable staphylococcal counts (14 x 10 3 per g) were also
less in thermonuclease-positive samples (zone diamet er.
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Figure 2. Thermonuclease detection in kulfi samples. a. and f
Tlzermonclease-positive. b. to e, g. & h. Thermonuclease-negative. i.
Negative control {sterile milk).

A total of SO isolates of staphylococci was collected
from 20 samples of kulfi obtained from push-cart
vendors and 31 isolates from 20 samples received from
restaurants. Among 81 isolates examined, seven were
positive for thermonuclease, coagulase and enterotoxins.
In regard to the incidence of thermonuclease-producing
strains of staphylococci from different sources tested,
lOo/o (S/ 50) of the isolates were positive; only 6.S o/o (2/ 31)
of the isolates from restaurant samples were positive. It is
possible that enterotoxigenic staphylococci might have
gained entry into milk at some stage of processing.
According to Ghosh (9), incidence of enterotoxigenic
staphylococci was more in frozen milk products like
ice-cream (10 .2 o/o) and kulfi (6 .7 o/o) than in other dairy
products.
Data in Table 2 indicate that each of the seven
thermonuclease-producing isolates of staphylococci
showed production of either enterotoxin A or B. The
incidence of enterotoxin A produced by staphylococcal
isolates in kulfi samples from push-cart vendors and
restaurants was 8o/o and 3.2o/o, respectively. One isolate
was positive for enterotoxin B from each source of
sample. Enterotoxins C and D were not detected in any
of the thermostable DNase-producing isolates examined
during the current study.
One (out of three) of the coagulase positive isolates
obtained from restaurant sample failed to produce either

Figure l . Eq uipm ent and accessories used fo r preparation of kulfi. a.
Plastic cones before filling. b. Milk mixture. c. Cones containing milk
mixture. d. Sealing material. e. Sealed plastic cones. f Freezing of kulfi
contain ed in sealed plastic cones in an earthen pot filled with ice- salt
mixture. g. Lid of earthen pot.

8.5 mm) obtained from restaurants. Similar findings
were reported (3.19) for butter,.cheese, non-fat dry milk,
dried malted milk and baby food samples. In an earlier
survey conducted on several samples of kulfi from the
Kamal market, Ghosh (9) observed staphylococcal
counts ranging between 43 x 10 2 and 59 x 10 3 per g with
an average of 139 x 10 2 per gin the samples.
Among the types of enterotoxins encountered in the
market samples of kulfi, enterotoxin A predominated,
followed by enterotoxin B. Both the types of enterotoxins
(A and B) were detected in kulfi samples which also
contained thermonuclease. In the present study, the
incidence of enterotoxins A or B in kulfi samples from
both the sour~es was about 10o/o. Enterotoxins C and D
were not detected in any of the samples examined during
this study (Table 1).
TABLE l.

Incidence oftlzermonuc/ease and enterotoxins in ku/fi samples.

Source of
kulfi sample

No. of samples
positivea

Incidence of thermonuclease
Zone diameter (mm)6
Percent
Range
Average

Staphylococcal counts/ gin
Types of enterotoxin

thermonuclease positive samples

Range

Average

A

JC/20
l . Push-carts
15
63 X 103 -11 X JQ'
9.5- 14.5
95 X !03 +
12.2
2. Restaurants
1/20
5
14 X 103
8.5
aThe numerator indicates number of positive samples and the denominator indicates total number of samples.
bThis includes the diameter of well (4 mm)
+ = Present; - = Absent
cAll three samples were positive for enterotoxin. (Sensitivity of microslide assay= 0.5,.,g/ ml)
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Distribution ofstaphylo coccal isolates on the basis oftherm onuclea

Kulfi samples
Source

Number of staphylococcal isolates
Number
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se, coagulas e and enterotoxin produ ction.
Character istics of isolates

Thermon uclease

Type of enterotoxin
Coagulase

A

B

C

D

(Number of isolates)
1. Push-ca rts
2. Restaur ants

20

20

so

5
{10 o/o)

5
(10 o/o)

4
(8"7o)

31

2
(6 .5 "/o)

3
(9 .7o/o)

thermo stable DNase or enterotoxins . According to
Rayman et al. {17), some staphylococcal strains capable
of produc ing coagulase did not produc e thermonuclease
and enterotoxins. In contrast, Omori and Kato (14)
demon strated clearly certain coagulase-negative S.
aureus strains which could produc e enterotoxins. Hence
the sole charac ter of coagulase produc tion in staphylococci cannot be considered as an indicator of
enterotoxigenicity.
During the manuf acture of kulfi, milk is subjected to
a substa ntial heat treatm ent (boiling for 1 h); staphylococci are not known to survive such drastic heat
treatm ents. The possibility of these organisms gaining
entry into milk before freezing throug h fingers and other
sources cannot be ruled out. These organisms, after
attaini ng several millions, might have produced both the
thermonuclease and enterotoxins in milk at ambie nt
temper atures. In a similar study, Ghosh (9) found that
enterotoxin A and B were detectable in milk when
staphylococci reached a population of about 42 to
43 million per mi. Very recently, several other workers
(8, 18) have indicated that staphylococci grow well in milk
and produce thermonuclease and enterotoxins under
favorable conditions.
In the light of the above reports, the findings of the
present investigation suggest that marke t kulfi can serve
as a vehicle of enterotoxigenic staphylococci causing food
poisoning outbre aks, and thermonuclease test can be
used as a rapid and reliable screening method for
indicating the likely presence of enterotoxins, thus
warran ting enterotoxin analysis.
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Precision of the Pro-Milk Method in Routine Determination
of Protein in Dairy Testing Laboratories 1
R. GRAPPIN2, V. S. PACKARD3*, R. E. GINN4, and J. MELLEMA5
(Received for publication June 4, 1979)
ABSTRACT

In a collaborative study of the Pro-Milk Mark II dye-binding method
for dete rmining protein in milk , repeatability (r) was found to be
O.OS3 o/o protein , and reproducibility (R) 0.21So/o protein at the 9S o/o
confidence level. Standard deviations of these two measures of
performance were 0.0188 and 0.0761 , respectively . Repeatability was
influenced by sampling error. mis-readings, equipment performance
and routine control. Reproducibility was influenced by the same
factors and , in addition , accuracy of calibration, with Kjeldahl as the
reference method. Results of this study indicate the need to centralize
laboratory calibration and to calibrate equipment over a wide range of
protein levels .

Renewed interest in pricing and purchase of milk on
a protein basis has been observed in the U.S. in recent
years. Some plants, where state regulations allow,
already purchase milk on this basis. Certain European
countries have been involved in such programs for
several years . For routine testing , dye-binding and
infra-red analysis appear to be the most common
methods used. In either instance, appropriate standardization and calibration are essential to accurate, precise
testing. In a recent collaborative study of the Pro-Milk
device, certain factors were uncovered which relate to
precision of this dye-binding method. They appeared to
the authors to be significant and worthy of note.
MATERIALS AND METHODS

Collaborative study
Six laboratories , five commercial and one university, were involved in
this study. All had prior experience in analyzing protein in milk by the
Pro-Milk , Mark II manual method (Foss America, Inc., Fishkill , NY
12S24).
Duplicates of IS milk samples were prepared from nonfat dry milk ,
with protein level varying incrementally from 2.SS-4.12 o/o. All samples
were preserved by addition of 0.1 "lo potassium dichromate. Samples
were randomized before shipment to participating laboratories. Each
laboratory, therefore. received 30 samples (IS duplicates) numbered
1-30. but previously re-ordered in random sequence. Samples were
refrigerated before and after . but not during shipment . All samples
were tested within S days of shipment.
Since the main purpose of the work was to derive a realistic
evaluation of the precision of the Pro-Milk method under practical
'Paper No. 10.82I . Scient(fic Journal Series, Minnesota Agricultural
Experim ent Station. St. Paul, MN 55I08.
2
1N R A. Station Experim entale Laitiere. 39800 Poligny. France.
3
Departm ellt of Food Science and Nutrition, University of Minnesota.
1334 Eckles Avenue. St. Paul, MN 55108.
'Dairy Quality Control Institute. In c.. 2353 Rice Street. St. Paul. MN
55 113.
5 Krafi. Inc .. 801 Waukegan Road. Glenview. IL 60025.

operating conditions, no attempt was made to standardize the various
Pro-Milk units . No specific directions for testing the samples were given
over and above the need to do the work within 24 h of receipt of
samples.
Definitions and statistical evaluation:
Precision of an analytical method involves two different aspects,
repeatability and reproducibility. By International Standards Organization definition (ISO_} ! DIS S72S), repeatability (r) is the value
below which two single test results (d uplicates) obtained with the same
method on the same sample under the same test conditions may be
expected to lie at a probability of 9S %. If or is the standard deviation
I
(s.d .) of repeatability , r = 2.83 x or.
Reproducibility has the same definition as above except that test
conditions are different , that is , two different laboratories are involved .
Given or as the standard deviation (s.d.) of reproducibility,
R = 2.83 x or.
Values of a" rand o"R can be obtained from an analysis of variance of
test results of q samples (at different protein levels) analyzed by p
laboratories doing n replications . Assuming that the laboratories
involved are a random selection of the total laboratory population, and
with protein levels fixed , a two-factor mixed model analysis of variance
can be calculated. From this model , the variance of error is an unbiased
estimate of the variance of repeatability (a" rl, and variance of
reproducibility (o" R) becomes the sum of the following variances: (a)
between laboratories (o"L), (b) interaction of laboratory x sample
(o"L x sl and (c) repeatability (o 2rl: o"R = o"L + o"L x s + a" r ·

RESULTS AND DISCUSSION

Analysis of variance of the data obtained in this study
is shown in Table 1. The values indicate a highly
significant laboratory effect likely brought about by
differences in calibration of the various instruments . The
data also point out a highly significant laboratory x level
interaction. This presumes a difference in the slope of
the calibration curves.
Expected mean square values (shown in Table 2)
provide the components of variance needed to calculate r
and R. The standard deviation of repeatability is 0.0188
and repeatability (r) is 0.053 o/o protein. The standard
deviation of reproductibility is 0.0761 , and reproducibility (R)0.215o/oprotein.
Data in Table 3 illustrate the highly significant
laboratory effect in the analysis of variance. Regression
formulae are given for each laboratory. Except for
laboratory number 1, which displays a signficantly
different calibration compared to the others, agreement
is relatively good. However, it is also clear that the
instruments were calibrated only at the medium protein
level. At this level (3 .2%), the estimated laboratory
readings differ by no more than 0.05% (laboratory 1
excluded). At higher and lower protein levels, agreement
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TA BLE 1. Analysis of variance' of results of protein determinations in several laboratories using the Pro-M ilk m ethod.

Source of va riation

Mean square

14
5
70
90

3.08603198
0.1 25964556
0.002851698
0.000351666

Samples (level)
Laboratories
Laboratories x sample
Error

'Using a mixed model in which 15 milk sa mples (p
reflect a random selection .
*Significa nt at 0.005 level.

Variance

Standard deviation

Laboratories
o2 L = 0.0041870
Laboratories x sample alL x S = 0 .0012500
Error
a2 r = 0.00035166

0.064 7
0.0353
0.0188

TABLE 3. R egression eq uations and estimated values at three
different protein levels for six laboratories using the Pro-Milk Mark II
m ethod.'
Estimated value of y for
Laboratory

1
2
3
4
5
6

Regression eq uat ion

y=
y=
y=
y=
y=
y=

0.968
0.970
0.9186
1.1121
0.9819
1.0493

0.232
X+ 0.072
X+ 0.216
X - 0.379
X+ 0.062
X - 0.203
X+

X -

2.60

2.75
2.59
2.60
2.51
2.61
2.52

X=

3 .20

3.33
3.18
3.1 6
3.18
3.20
3.15

X=

4.00

4.10
3.95
3.89
4.07
3.99
3.99

1
Data were obtained on 15 milk samples ranging in protein from 2.55 to
4.12 %. In the above equat ions , x is the overall mean and y is the
laboratory test valu e.

is much poorer; i.e., 0.10 o/o at 2.6 o/o protein, and 0.18 o/o at
4.0 o/o protein.
The above data are in relatively good agreement with
those reported by others (1 ,3,). In particular, Sherban (3)
found a standard deviation of error of 0.0279 and a
standard deviation for laboratories of 0.0721 for the
Pro-Milk device . Thus , repeatability of the unit may be
considered relatively good. It is emphasized, though, that
data from the present study, showing a repeatability of
0.053 o/o protein, represent the equipment potential under
routine laboratory operations . This value is somewhat
higher than the true repeatability, which is usually
considered to be 0.03 o/o. To approach or achieve this
latter precision, the following details should be
considered: (a) sampling error should be minimized,
possibly by using very accurate syringe samplers of the
Cornwall type, (b) technician mis-readings must be
avoided (several such errors were noted in this study) and
(c) liquid flow should be checked frequently because
partial blockage of the circuit causes slow drifting of the
reader needle. Also, to assure good repeatability from
day to day, a milk control sample is essential. Such
samples can be stored for a 2-week period, provided that
they are of good bacteriological quality, split into several

Expected mean square

1082 .1 7* (14/70)
358 .19* ( 5190)
8.11* (70/ 90)

15) at fixed protein levels were analyzed in duplicate (n

TA BLE 2. Estimated values of the components of total variance
(va riance and standard deviation in % protein) .
Source of variation

F ratio with
degrees of freedom

Degrees of freedom

=

2) by six laboratories (q

=

6) ass umed to

sub-samples, preserved with potassium dichromate or
mercuric chloride and kept refrigerated (4 C). A new
sub-sample would be used to check the equipment each
time it is put in use .
Other factors affect reproducibility; that is , agreement
with the reference standard. Regular calibration against
the Kjeldahl method is necessary because dye purity
varies from lot to lot, and also because the relation
between Pro-Milk and Kjeldahl (N x 6.38) may be
influenced by seasonal variation in the proportion of
non-protein nitrogen (NPN). Therefore, any variation in
Kjeldahl determinations will be reflected in the
calibration of the instrument.
To overcome this problem , centralization of laboratory
calibration becomes necessary. Some countries centralize
the calibration directly and / or check laboratory results
routinely to monitor calibration. A simple method
developed in France by Grappin and Jeunet (2), uses two
standard reconstituted milk samples , one at high and
one at low protein level. These samples, checked in the
central laboratory, are circulated to other laboratories
and used to gauge present calibration . The reference
instrument of the central laboratory is itself calibrated
against the Kjeldahl results over a wide range of milk
samples. Unpublished data indicate the potential to
reduce differences between laboratories to within 0.05 o/o
protein . The present study strongly indicates this
potential. Instruments used by three of the laboratories
(2, 3 and 4) were in fact calibrated against a central
laboratory. At 3.2% protein level, data are in very good
agreement (see Table 3). A program involving regular
distribution of milk samples at different protein levels
between cooperating laboratories would be expected,
therefore, to significantly reduce between-laboratory
error.
REFERENCES
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Sensory Aspects of UHT Milk Combined with
Whole Pasteurized Milk 1
SUE A. HORNER*, STANLEY E. WALLEN and FRED CAPORASO
Departm ent ofFood Science and T echnology. University ofNebraska, Lincoln, Nebraska 68583
(Received for publication June 8, 1979)
ABSTRACT

The objective of this study was to evaluate the sensory quality of
mixtures of whole pasteurized milk (WPM) containing from 0 to 75%
ultrahigh-temperature (UHT) processed milk indirectly heated. Thirty
experienced panelists were used to make multiple comparison tests
between samples. From 75 to 87.So/o of the panelists were able to
distinguish differences between samples of UHT milk and WPM in
multiple comparison tests. About 86 % of the consumer panelists were
neutral toward or liked WPM , whereas only 56% of the consumer
panelists were neutral toward or liked mixtures containing 75% UHT
milk. These studies show that people can accurately identify UHT milk
and that they prefer WPM to indirectly heated UHT milk.

The effects of many factors on the sensory quality of
sterile ultrahigh-temperature (UHT) milk have been
studied. A number of these factors have a negative effect
on the flavor of sterile UHT milk. Fliickiger (4)
demonstrated the negative effects of oxygen and light on
UHT milk flavor. Increased storage time (8) and storage
temperature (6) may also have deleterious effects on
UHT milk quality. Heat resistant proteases produced by
psychrotrophic bacteria in raw milk may survive UHT
processing and cause development of bitter flavor and
gelation in sterile milk (I 6), The method of UHT
sterilization (direct vs. indirect) may also influence milk
quality; Rossikhina et al. (1 I) observed that the effects of
the direct method (steam injection) were less marked
than those of the indirect method (milk heated by contact
with hot metal surface). Also , UHT milk of reduced fat
content shows less sensory change during storage (12).
Although many factors have been shown to impact on
the sensory quality of UHT milk, little work has been
done to quantitate the ability of people to discriminate
between UHT and whole pasteurized milk (WPM), or to
evaluate their degree of preference for each. Using
triangle tests with 1000 people, Nahra and Facas (9)
observed that from 41 to 47% of the individuals could
correctly identify UHT milk. The marketing division of
the Canadian Department of Agriculture has also
evaluated the organoleptic quality of UHT milk (I); it
was reported that 40% of the persons questioned do not
perceive any difference between UHT and WPM , and
that 2So/o noticed a very slight difference. Pram and
Westhoff (5) conducted triangle tests to determine
1
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differences between sterile UHT and conventional
pasteurized milk. Preliminary results of their study show
that less than half of the respondents could tell the
difference between sterilized and pasteurized milk.
The objective of the work reported here was to determine both the ability to detect differences between UHT
and WPM , as well as to determine consumer preferences
for UHT milk in relation to WPM. Mixtures of different
ratios of UHT and WPM were evaluated to strengthen I
the tests for differences between the two types of milk, as
well as to determine the feasibility of blending these
milks for masking any off-flavors associated with UHT
milk.
MATERIALS AND METHODS

Samples of UHT whole milk were obtained from two commercial
firms; one U.S. and one Canadian supplier. UHT milk from each
source had been sterilized by indirect heating. Milk from Source A had
been heated to 282 F for 9-13 sec, whereas that from Source B had been
heated to 293 F for 2 sec. Until the time of testing , all samples were
refrigerated to maintain freshness . Sensory evaluations were completed
within 3 months after UHT processing. For comparative work, freshly
pasteurized milk was obtained from a local dairy.
A multiple comparison test (Fig. 1) was used for each brand of UHT
milk to see if panelists could discriminate between whole pasteurized
MULTIPLE COMPARISON ANALYSIS
Name - - - - - - - - - - - - - Date _ _ _ _ _ __
QUESTIONNAIRE:
You are receiving samples of
to compare for _ _ __
You have been given a reference sample, marked R, to which you are to
compare each sam ple. Test each sample; show whether or not it is
different than the reference for the characteristic being evaluated. Then
mark the amount of difference that exists .
Sample Number
Identical toR
Different than R
DEGREE OF DIFFERENCE FROM R , IF ANY
Slight
Moderate
Much
Extreme
COMMENTS: Any comments you may have about the samples may be
made here:

Figure 1. Questionnaire used for analysis of consumer discrimination
between Oo/o, 25o/o. 50% and 75% ratios for UHT milk with whole
pasteurized milk.
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and UHT milk. In the first multiple comparison test, panelists
evaluated milk samples containing 0, 25, SO and 75% UHT milk from
Source A mixed with fresh pasteurized whole milk . They compared
samples to a whole pasteurized milk reference, " R" . In the second
multiple comparison test , panelists did likewise, but the samples
contained UHT milk from Source B. To facilitate data analysis, the
values 1 through 4 were assigned to the degree of difference terms ,
slight, moderate , much and extreme , respectively .
Samples were contained in 1-oz. plastic portion cups and randomly
coded with three digital numbers . Panelists were served in individual
panel booths . The number of participants for each test was 30. Samples
were measured , mixed and held refrigerated (7 C) in portion cups 1 h
before presentation to the panelists. Samples were removed from 7-C
refrigeration and stood at room temperature approximately 15 min
before tested by panelists.
A hedonic preference test was given to 58 consumers in the
University of Nebraska dairy store. The tests were given in an open
booth inside the dairy store . Panelists rated acceptability of seven
different milk samples on a nine-point hedonic scale, ranging from
"like extremely" to "dislike extremely" (Fig. 2). The seven samples
consisted of: WPM mixed with each source of UHT milk in 25, SO and
75 % concentrations and one sample of 100 % WPM . Half-ounce
portions of each sample were served in 1-oz. plastic, odorless cups at
approximately 7 C. Samples within each set were served in random
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orders . For data analysis, ratings on the nine-point scale were assigned
the values of 1 to 9, with " like extremely" assigned the value of 1.
The data were subjected to analysis of variance, and Duncan's
Multiple Range Test for differences between treatment means (13,14) .

RESULTS
Figure 3 illustrates the results of the multiple
comparison test. Panelists' ability to detect differences
between both UHT milk sources and the reference
increased as the percentage of UHT milk in the sample
increased. Between 75 and 87.5o/o of the panelists could
detect differences at the 75% UHT milk level. Half of the
panelists had difficulty in matching WPM to an identical
reference sample; however, the degree of difference
between the samples and the reference increased
significantly as the percent UHT milk increased.
Analysis of variance indicated that increasing the
concentration of each source of UHT milk in the samples
from 0 to 75%had a positive linear effect on the degree of
difference taste panelists detected between test samples
and the reference (Tables 1 and 2).
100

HEDONIC RATING
METHOD
Date
TASTER - - -- - -- PRODUCT ----------------------------------Taste test these samples and check how much you like or dislike each
one. Use the appropriate scale to show your attitude by checking at the
point that best describes your feeling about the sample. Please give a
reason for this attitude . Remember, you are the only one who can tell
what you like. An honest expression of your personal feeling will help
us.
SAMPLE CODE
Like Extremely
Like Very Much
Like Moderately
Like Slightly
Neither Like
Nor Dislike
Dislike Slightly
Dislike Moderately
Dislike Very Much
Dislike Extremely

PERCENT OF

11

50

UHT

11 1L K I N THE TEST SAI-:PLES

II

Figure 3. Effect that increasing the ratio of Brand A ( •) or Brand B
( 1:::.) UHT milks had on taste panelists' ability to detect differences
between a whole pasteurized milk reference and the test samples.
Degree of difference (maximum = 4: minimum = 0) given in paren·
theses.

COMMENTS:
Figure 2. Questionnaire used to analyze consum er preferenc e for
milk samples containing 0% 25 % 50% and 75% ratios of UHT milk,
for both Source A and Source B brands.

Varying statements about flavor characteristics were
made by panelists who participated in the multiple
comparison tests. The detected off-flavors were sometimes described as having an evaporated milk flavor.

TABLE 1. Analysis of variance of the effect varying the ratio of Source A (UHT) milk to pasteurized whole milk (O "lo, 25 %. 50%. and 75 %) had on
taste panelists· ability to detect differences between test samples and a pasteurized whole milk reference.
Source of variation

Degrees of freedom

Ratio of Source A UHT
milk to pasteurized whole
milk
Linear
Quadratic
Cubic
Error
Total

3

Sums of squares

29.9

Mean square

9.97
25.2
4.13
0.56

124
127

138.34
168.24

25.2
4.13
0.56
1.1157

**Probability of greater F value < .01.
nsNot significant.
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8.93**
22.59**
3.7ons
o.sons

,
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TABLE 3. Effect qf varyinR th e ratio qf two types of UHT milk
(Source A and Source B) to whole pasteurized milk (O "lo, 25 "7o, SO "lo and
75"7o UHT milk) on th e p ercent qfconsumer panelists liking or disliking
the product.

Some claimed the UHT milk was thicker and creamier,
while others interpreted the flavor as cooked and chalky.
Results from the consumer preference test (Table 3)
showed that as the percentage of UHT milk in each
sample increased, the percentage of panelists disliking
the sample also increased. Duncan's multiple range test
was used to evaluate the differences between the mean
scores of the samples in the preference test (Table 4).
Addition of 2So/o UHT milk did not significantly alter
flavor. Two-thirds of the panelists liked, to some degree,
samples containing SOo/o UHT milk. However, as the
percentage of UHT milk in the samples increased above
this level , the average preference score decreased
significantly.

Treatments

Whole
pasteurized 25%UHT

Panelist reaction

"7o of panelists
liking product
"7o of panelists
neutral
"7o of panelists
disliking product

Treatment

As with the earlier studies (1,5,9), it has been
demonstrated that many people can distinguish between
UHT and WPM and further that a large percentage of
people prefer WPM over UHT milk. These studies by
design ask panelists to identify differences and state
preferences for samples; therefore, differences and
preferences are somewhat prejudiced relative to how
milk is normally consumed.
Thirty percent of the fluid milk sold in Europe is in the
form of unrefrigerated UHT milk (7), indicating that
consumer preference for WPM over UHT milk is not
great. Factors other than sensory attributes may account
for the increased production of UHT milk in Europe;
milk processing plants are typically located far from
central cities and the cost of energy is higher than in the
United States. These considerations apparently outweigh
any flavor preferences .
Nahra and Facas (9) have stated that for more than 2
years the University of Maryland sold UHT milk in
conventional containers as regular milk. During the
entire time no negative comments were received. Coupled
with the European experience, this observation indicates
that the flavor problems ofUHT milk are minimal.
Even though marketing information would indicate
that UHT milk has an acceptable flavor and is therefore
salable, a number of strategies have been proposed to
improve UHT milk flavor such as: alterations in
packaging (8), addition of antioxidants (1 7), treatment
with immobilized sulfhydryl oxidase (15), addition of
L-cystine (2), and a pre-UHT heat treatment to inactivate

72.4

75

67

13 .8

12 .9

11.3

6.2

13 .8

12.1

21.7

44.2

Whole
pasteurized
25 o/o Source A
25 "7o Source B
50 "lo Source A
50 "7o Source B
75"7oSource A
75 "lo Source B

Average
pre ference
score

Ratio of Source B UHT
milk to pasteurized
whole milk
Linear
Quadratic
Cubic
Error
Total
**Probability of greater F value

3

3.60
3.62
3 .67
4.05
4.19
4.52
4.60

I

Sums of squares

9.28

75.43
84.71

!

!

'

heat resistant proteases (16) . A procedure for adding a
(3-galactosidase preparation into UHT milk to hydrolyze
the lactose has been described (10) , with a thought
that increasing the sweetness of milk by hydrolyzing the
lactose could be used to counter-balance the cooked
flavor ofUHT milk.
Many people can identify differences between UHT
and WPM, and a sizeable proportion of people prefer
WPM over UHT. Whether or not these observations can
be translated into consumer preference for milk as it is
normally consumed seems to be in question; therefore,
research efforts to improve UHT milk flavor also appear
to be in question.
In the U.S., problems with the flavor quality of sterile
UHT milk are of secondary importance to regulatory
considerations. The FDA has defmed ultra-pasteurized
milk as milk that must be refrigerated (3). Failure to
eliminate the necessity for refrigeration defeats the
principal advantage of aseptic UHT milk processing,
even though safety and wholesomeness are not apparent
problems. Until there is full regulatory acceptance of the
UHT process for aseptically packaged fluid milk, the

Mean square

3.09
8.26
0
1.03

108
111

49.6

Duncan's Multiple Range Test
(5 percent level)

TABLE 2. Analysis of variance of the ~(feet varying the ratio of Source B (UHTJ milk to pasteurized whole milk (0 %
taste pan elists· atility to detect differences between test samples and a pasteurized whole milk reference.
Degrees of freedom

75 %UHT

TABLE 4. Effect qf varying th e ratio of two typ es of UHT milk
(Source A and Source B) to whole pasteurized milk (0% 25% SO"lo and
75"7o UHT milk) on milk quality when measu red on a nine· point scale
by consumer type panelists.

DISCUSSION

Source of Variation

50%UHT

25 o/~

50% and 75"7o) had on
F Value

8.26

4.41 **
11.8**

1.03

1.47**

.7

< .0 1.
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findings of research efforts aimed at improving the
quality of UHT milk cannot be fully utilized.
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ABSTRACT

TABLE 1. Abnormal milk detection methods.

Screening and confirmatory method s for detecting abnormal milk ,
masti tic milk . or milk of high somatic cell count an! reviewed . Those
procedures reviewed in some detail include the Catalase Test, Brabant
Mastitis Reaction , pH and chlorine analysis , Ruakura Rolling Ball
Viscometer method , California Mastitis Test (CMT), Wisconsin
Mastitis Test (WMT), Optical Somatic Cell Count (OSCC), Direct
Microscopic Somatic Cell Count (DMSCC), and Electronic Somatic
Cell count (ESCC). Other detection methods are tabulated.

Many methods have been developed to screen dairy
herds for subclinical and clinical mastitis . A number of
confirmatory tests are also available. Table 1 gives most
of the latest abnormal milk detection methods. Giesecki
and Van den Heever (21) have extensively reviewed the
literature on methods used to detect subclinical mastitis.
A few of these methods have been further refined
relatively recently. Somatic cell counts are used by
regulatory agencies as a criterion for ascertaining
abnormal milk. If the cell count exceeds a given number,
action is taken to alleviate the problem. A discussion of
some of the more recently developed tests follows:
CATALASE TEST

This test is a laboratory screening test used to detect
abnormal milk (98.99). The test assays the amount of
catalase present and this is an indirect measure of the
somatic cell count of raw milk. Somatic cells contain a
relatively large amount of catalase. In this test, hydrogen
peroxide is converted to water and oxygen by the action
of catalase. Fermentation tubes have been used to
measure the amount of oxygen liberated during the
reaction by displacement of the milk as the gas
accumulates. Catalase content of normal milk is low ,
except at the beginning and end of lactation.
For this test to be of practical value, the results must
be related to a reference standard. The standard most
frequently used is the Direct Microscopic Somatic Cell
Count (DMSCC). Since factors other than somatic cells
may also affect the Catalase Test, interpretation of the
results can be difficult. Various amounts of free catalase
and / or bacterial catalase may occur in milk even though
the detectable somatic cell count is low. There is no
direct relationship between results of the Catalase and
DMSCC tests ; however , a general workable relationship
'Present address: Dept. of Food Science and Nutrition, The Ohio State
University, Columbus, OH 432IO.

Method

Reference(s)

Albumin / globulin ratio
Behavior of osmotically active substances
Blood-serum albumin in whey
Brabant mastitis test (BMR or BMT)
California mastitis test (CMT)

60
54
48
39,68.IOO
2,/ 9,25,55,56,64, 68, 74. 78,
98,99
82,85
18,64,98,99
30,61
44,45
I3,I7,23,24,26.29,31 ,37,42, '
43 ,52,63 ,70,71 ,75, 77,86,91 '
97,99
8,9,47
4, I 7,22,44,52,53,54,64.65,
76,84,9 I
14,49,50
92
94
I6,29

Casein number
Catalase (or Roundy) mastitis test
Chloride ion
Chloride-lactose number
Coulter Counter (Electronic somatic cell
count-ESCC)
Dimastin test
Direct microscopic somatic cell
count-DMSCC
Electrical conductivity
Electronic counters
Flow-through cytophotometer
Fossomatic (fluorescense-optical
technique)
Freezing point depression
Lactose content
Mastirapid mastitis test
Membrane-filter DNA
Milk quality gauge (MQG)
Modified whiteside test (MWT)
Negretti's test and Disk flotation
technique
NK mastitis test
Optical somatic cell count (OSCC)
pH
Prescott-Breed cell count (smear method)
Ruakura rolling ball viscometer
Rennetability of milk
"Sofia" mastitis test
Use of difference in lactose content and
refractometer number
Wisconsin mastitis test (WMT)

8I
79
41,44
3,5,33
/0
98,99
18
34,35,36,40
44,83, 89, 90, 96, /00
IOO
41 ,73
17,57,58
79
62
87
I . I 0,22,32,46,59,66,69,
80,91,93,98,99

has been established. Normal milk will generally
generate less than 10o/o oxygen. Twenty percent or more
oxygen suggests the presence of 500,000 or more somatic
cells / mi.
BRABANT MASTITIS REACTION TEST (BMR)

Jaartsveld (38) determined that the capillary flow rate
of a mixture of 0.6 ml of milk and 0.4 ml of Teepol No.
414 (10%) or sodium Iaury! sulfate (3%) can be related to
the somatic cell content of milk. The test is based on the
reaction of a detergent and DNA in cell nuclei with the
production of a viscous mass . The viscosity is determined
by measuring the flow rate from the capillary tube . The
BMR was first designated the California Mastitis Tube
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Test (CMTT) and was later called the Brabant Mastitis
Reaction Test (abbreviated BMR or BMT).
Rough ley et a!. (80) modified this method and reported
the results in terms of a milk gel index. The correlation
coefficient (r) between the BMT and the Breed smear
method (73) was 0.851 (7) . Dijkman et a!. (15) found that
the BMT was useful for screening purposes but was of
questionable use for grading farm milk, mainly because
of poor accuracy and reproducibility in the 500,000 to
1 million somatic cell count range. The test also
correlated poorly with the ESCC and DMSCC methods.
pH TEST

The pH of normal milk is 6.6 to 6.7 . Mastitic milk may
have a pH 6.8 or above (6). Methods of testing pH of milk
employ the use of Bromthymol Blue (BTB) or Bromcresol
Purple (BCP) as indicators in solution or on pH paper.
When using BTB , abnormal milk causes a color change
from grass green to blue-green ; with the BCP, the change
is from light to deeper purple. These tests provide only
limited information and their results correlate poorly
with those of the California Mastitis Test (CMT) and
Catalase Test (6,100).
CHLORINE TEST

Milk -secreting cells are unable to prevent serum
chloride from entering milk during a mastitis infection .
Since sodium chloride is osmotically active , a compensating decrease in lactose content of milk occurs. For this
reason , the chlorine content or the chlorine/ lactose ratio
can be used as indicators of abnormality. Chlorine
content of an acidified milk mixture , at pH 2.0, can be
measured by titrating silver nitrate to a potential of
+ 250 mv as determined by use of a pure silver electrode
and pH meter (30). Each ml of the silver nitrate solution
corresponds to 0.0100 o/o of chlorine in a 10-ml milk
sample. Chlorine content of over 0.14 o/o indicates
mastitic milk , and 0.12 o/o is considered normal (6) . This
test, like the pH test, gives only limited information in
detecting subclinical mastitis.
RUAKURA ROLLING BALL VISCOMETER

The Raukura rolling ball viscometer (17,58) can be
used to measure the viscosity of the milk-reagent mixture
resulting from use of the California Mastitis Test
reagent. The viscosity of the milk-reagent mixture is
inversely related· to the distance of travel of a stainless
steel ball down an inclined tube during a pre-determin ed
time lapse. The correlation coefficient between the
inverse of the viscometer reading and the DMSCC is
0.92. In a scale range of 1-10, the viscometer has a
sensitivity in predicting somatic cell counts at levels of
150,000 to more than 1 million cells per mi. Duirs and
Cox (17) have shown that the RBV has a correlation of
0.84 with the DMSCC and the Electronic Somatic Cell
Count (ESCC- Coulter Counter) methods. They have
concluded that with adequate operator training, to
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minimize variation in testing techniques , the RBV
provides a satisfactory and simple alternative to the
DMSCC and ESCC methods when used on "fresh" milk
samples.
The RBV has grown in popularity in New Zealand , the
country in which it was developed . The RBV technique is
not as yet widely used elsewhere, although considerable
interest is being shown in its potential (58).
CALIFORNIA OR RAPID MASTITIS TEST
(CMTORRMT)
The CMT (19 ,25,55,56,74, 78) was derived from the
Modified Whiteside Test (MWT) and is an efficient
screening test for mastitis and abnormal milk. It is
simple to do and can be used in the barn as a cow-side
test. The CMT reagent is a neutral detergent (alkyl
arylsulfonate) which makes it possible to add a pH
indicator (bromcresol purple) to evaluate the alkalinity of
milk in addition to estimating cell counts (27). The
reaction of detergent and DNA in cell nuclei produces a
viscous mass. Viscosity, as with the RBV, relates to the
total somatic cell concentration.
The CMT test is conducted using a white plastic
paddle with four shallow cups in which milk is collected
from each of the four quarters. After adding an equal
amount of reagent to each cup, the paddle is rotated to
mix the milk and reagent thoroughly. The mixture is
scored by using seven different symbols : - (no reaction) ,
T (trace reaction) , 1,2,3 + , andy. Generally a score of 1 is
considered as indicative of presence of 500,000 or more
somatic cells per ml , a score of 2 as 1 million or more
cells per ml , and a 3 score of over 5 million cells per mi.
Symbol+ shows that the pH of the milk is 7.0 or over,
while the symbol y (yellow) means the mixture is acidic
(20,100). The + or y symbol is added to the score
whenever the reaction is alkaline or acidic.
Milk collected for later CMT testing should be
refrigerated, (but not frozen (76) to prevent bacterial
growth , and should be tested within 24 to 36 h. Boric
acid (1.5 o/o) may be used as a bacteriostatic agent. Since
other preservatives, such as potassium dichromate,
formalin and mercuric chloride alter the DNA, no CMT
reaction occurs when they are used (100).
As a subjective procedure, CMT is more difficult to
standardize between analysts and laboratories than
methods such as the WMT, ESCC and DMSCC. Read et
a!. (78), in an evaluation of five screening tests (CMT,
Catlase, Milk Quality Test, MWT, and WMT) and two
confirmatory test (ESCC and DMSCC), noted that all
screening tests studied showed considerable variability.
These researchers suggested that screening tests could be
used to indicate whether or not a bulk milk might have
an unsatisfactory somatic cell count. A confirmatory test
should be made to determine whether the sample in
question exceeded the somatic cell standard of
1.5 million somatic cells per mi.
WISCONSIN MASTITIS TEST (WMT)
The WMT uses the CMT reagent diluted 1:1 with
distilled water. lt is based on an increase in milk-reagent
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viscosity . The viscosity is determined by measuring the
amount of the mixture remaining in a special test tube
after a IS-sec outflow through an orifice in the cap. The
measuring gauge, placed next to the test tube, is
calibrated to determine the height in mm of the
remaining mass or in somatic cell concentration per mi.
The WMT score correlates well with the DMSCC
method. Workers have found a 0.89 (78), and 0.85 (91)
correlation coefficient between these two methods and
a value of0.88 between the WMT and the ESCC (Coulter
Counter) (91). The dimensions of the WMT test tubes are
12.5 x 125 mm, with matching caps having an orifice of
1.15 mm. and an orifice in the side of the test tube at
65 mm from the outside bottom (93. 100). Advantages of
this test are as follows: (a) WMT permits examination of
a large number of samples per unit of time- there is no
delay for results and retests may be made rapidly, (b) the
test uses a readily available , inexpensive, stable and
noncorrosive reagent, (c) the test can be used to estimate
cell content of bulk, bucket or quarter milk samples, and
(d) the test uses inexpensive and simple equipment.
Disadvantages of this test (98) are as follows: (a) the
WMT does not lend itself to cow-side use as readily as
the paddle type tests, (b) the test has no permanent
reaction that can be examined or re-examined at leisure,
as the dried or stained smears for the DMSCC, and (c)
milk must be refrigerated promptly and preferably tested
on the day of collection. The reaction diminishes slowly
on storage at 32 to 40 F and milk scores appear lower
than they actually are (32).
A WMT value of 11 mm or over suggests that the milk
has more than 500,000 somatic cells / mi. A WMT value
of 20 or over suggests that the milk has greater than
1.5 million somatic cells/ mi. In the U.S., this level
(66.67.98), if confirmed by DMSCC, is considered an
actionable level. Ginn (22), in a commercial laboratory,
confirms the highest 10 o/o of the WMT scores greater
than 21 mm. Of 22,553 such tests, 9.95o/o or 2,243 were
"confirmed" between May 1 and December 31 , 1971.
Only 0.68o/o had a DMSCC of greater than 1.5 million
per ml of milk.
Table 2, adapted from reference (98) , shows the
"significance" of somatic cell counts over a range of
counts. Among the tests mentioned, the WMT is the
most objective.
OPTICAL SOMATIC CELL COUNT (OSCC)

A semi-automatic cell counting system, developed
commercially by Technicon Instruments Corporation
(Terrytown, NY) (89.90) involved continuous flow
analysis. This system, the Technicon Optical Somatic Cell
Counter II (OSCC II), has the precision of the DMSCC,
a coefficient of variation of 3 o/o, correlation coefficient of
0.96 with the DMSCC, and ability to evaluate 120
samples per hour (90).
The OSCC II measures light scattering that occurs as
somatic cells pass through a light beam of an electronic
microoptical system. Scattered light pulses are trans-

TABLE 2.
counts. a

Significance ofsomatic cell counts of milk over a range of

Somatic cell count/ ml

Significance

0-250,000

No pathogenic bacteria present, no mastitis .
Negative reactions by MWTb and CMT \ests.
WMT readings of 5 or less.
Less than 20% oxygen for Catalase Test.
Considered normal milk (no pathogenic
bacteria) May show trace (T) reaction by
CMT. (A precipitate begins to form, thickening into a gel as concentration of cells
increases.)
Catalase -less than 20% oxygen
MWT- (trace reaction)
WMT- (5-13 mm)
Some mastitis or other abnormality is present.
CMT- weak positive (J) (a distinct precipitate forms , but no gel, and may be reversible,
disappearing upon continued movement of
the paddle).
Catalase- (20°30% oxygen)
MWT- trace reaction; about 40 % of the
tests may still show negative.
WMT- (11°19 mm)
Milk is abnormal , either from mastitis or for
other reasons .
CMT- [weak positive (I)]
Catalase- (30°40% oxygen for counts to
2million)
MWT- (83o/ooftests show 1 +reaction)
WMT- (17°22 mm)
Milk is abnormal
CMT- positive (1 to 2) . Mixture thickens
immediately, with some suggestion of gel
formation. Upon swirling, mixture tends to
move toward the center, leaving bottom of
outer cup edge exposed.
Catalase- (40"1o and over) over 2 million.
MWT- (1 + to 2 + )
WMT- (20°25 mm)

250 ,000 ° 500,000

500,000 °1 ,000,000

1.0 ° 1.5 million

1.5 ° 2.0 million and
higher

'

a Adapted from reference (98).
bKey: (MWT): Modified Whiteside Test, (WMT): Wisconsin Mastitis
Test, (CMT): California Mastitis Test, Catalase Test.

formed into electrical pulses by a photomultiplier tube.
The number of somatic cells corresponds to the electrical
pulses. All larger entities, especially fat globules, have to
be dissolved before counting. Before analyzing, the
samples must be pretreated with a formalin fixative at a
rate of 0.05 ml per 4 ml of milk sample. Fixation is
carried out at room temperature (20-23 C) for 18 h, or
55 C for 45 min (90,96.100.101).
Wang and 'R ichardson (101) simplified sample
preparation for the OSCC II by using a Fisher Auto
Diluter Model 250 (Fisher Scientific Company, Pittsburgh, PA). This improvement made the OSCC II test
simpler and more time-saving, with no loss in accuracy.
These workers established the workability of the OSCC
II system in a central milk testing facility involved in the
routine testing of Dairy Herd Improvement (DHI) milk
samples.
The A IS N. Foss Electric firm (Hiller0d, Denmark),
has developed the "Fossomatic" (28) test, which
determines the number of somatic cells in milk by
automated and continuously operating fluorescence
microscopy. The correlation with the DMSCC is high
(16.29). The Fossomatic principle involves the formation
of a fluorescent complex from a dye bound between DNA
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of the cell nucleus and ethidium bromide, which emits a
strong fluorescence when excited with light from a xenon
lamp within a certain wavelength range. Other particles
may also fluoresce, but at a different wavelength and intensity. Thus their influence can be optically filtered out.
After heating to 40 C, the milk samples are inserted
into racks which transfer the samples to the stirrer and
subsequent pipetting position. A sample of 200 iii is
taken and transferred to the turret where it is diluted
1:20 with 1.8 ml of dye solution and 2.0 ml of buffer.
After extensive stirring at 60 C, a sample of 20 iii is
applied to a rotating disc by a microsyringe, providing a
liquid layer of 0.5 mm width and 10 J.illl thickness. The
available sample volume represents a liquid layer
approximately 3500 mm long which is exposed to.. the
optical system.
Blue light of a wavelength up to 580 nm is directed
toward the rotating disc, exciting_ the ceil complex to emit
fluorescent light with a wavelength from 590 nm and up .
An optical system transfers the light pulses to a
rectangular slit where a photomultiplier tube transforms
the light into electronic signal. This signal is fed to a
digital display , an oscilloscope and a printer. The result
multiplied by 1QQO gives the cell content per ml (28).
DIRECT MICROSCOPIC SOMATIC CELL COUNT
(DMSCC)
Prescott and Breed (73), developers of the first microscopic procedure for examination of milk films, identified
two procedures: (a) the Direct Microscopic Count (DMC)
and (b) the Direct Microscopic Leucocyte Count (DMLC)
to enumerate bacterial ceiis and leucocytes , respectively.
Work completed by many investigators has indicated that
the term "somatic cells" is more indicative of those body
cells in milk generaily associated with inflammation of the
cow's udder than the more specific term "leucocyte."
Accordingly, the Direct Microscopic Somatic Cell Count
(DMSCC) (99) discussed below includes body-cellcounting procedures developed by Prescott and Breed
(73), Levowitz (99), and Brazis et al. (4) .
In the DMSCC, the microscope is first adjusted and
calibrated so that the microscopic factor (MF) may be
determined (4,54). A film containing 0.01 ml of milk is
spread over a 1-cm 2 area on a glass microscope slide and
then fixed and stained with a modified methylene blue
reagent. The total ceil count is determined by averaging
the cell number in 10-60 fields, depending upon the number per field, and then multiplying this average by the MF.
The DMSCC is usually considered the reference
standard for other methods for detecting abnormal milk.
As a confjrmatory test, it is relatively rapid , permitting a
microscopic determination of somatic cells in 10 to 15 min .
Milk films can be prepared quickly, stained, examined
later and kept for re-examination. Tentative identification of bacterial flora may be made during examination of
the milk film, although -bacteria responsible for mastitis
are not usu.ally observed in fresh, unincubated milk.
The DMSCC has several disadvantages (99) which
limit its usefulness . Measuring the smaii quantity
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(0.01 ml) of milk is difficult. Foam may cause inaccurate
measurement by both glass pipettes or metal syringes
(syringe may also add metal filings). Correct preparation
of stain ·or proper staining of slides are necessary. If the
stain is not prepared. properly, the film will erode during
the rinsing stage. If the film is not properly dried, the
film will crack. Enough time must be allowed for correct
staining. The small amount of milk examined in this test
tends to limit its precision because of uneven spreading
of milk over the 1-cm 2 area of slide; high or low counts
may result. Failure to count the required number of
fields, when a specified number of individual fields are
recommended for the field counting procedure, also
reduces precision . Use of a double tally assists in
enumeration of fields counted as weil as the number of
somatic cells in each field . Distinguishing among
nucleated and non-nucleated body cells , dirt and / or
other artifacts can be quite difficult. Too little or too
much light , along with inexperience with the method,
can cause problems in the recognition of nucleated body
cells generally. Error may occur in the arithmetical
calculation of counts. Fatigue, a common problem to
laboratory technicians reading many slides consecutively,
reduces precision. Initial cost of equipment is relatively
high in comparison to that of the CMT, MWT, and
Catalase tests , but is less than that for OSCC and ESCC
instruments.
A comparison (78) of the abnormal milk confirmatory
procedures showed the Electronic Somatic Cell (ESCC)
to be more precise, with approximately one-fourth the
replicate log standard deviation of the DMSCC (0.012 vs.
0.047). Thompson eta!. (91) showed that the coefficients
of variation computed at the DMSCC count near one
miilion were 15.6 o/o (DMSCC), 6.3 o/o (WMT) and 4.2o/o
(ESC C).
The DMSCC , used as a confirmatory method, in
conjunction with WMT as a screening test, proved to be
quite successful in a dairy quality control laboratory (22).
Modifications of the reticle-strip counting method of the
DMSCC (4) were made at this laboratory, thereby
reducing the total time of making films and reading to an
average of 9.6 min per milk sample (22). The modified
method was accurate and was easily understood by the
technicians.
Like other abnormal milk detection methods (WMT ,
Catalase, and ESCC) , milk samples for DMSCC should
not be frozen before analysis. Freezing significantly
reduces test scores (76). Holding samples in a refrigerator
at 4 C for up to 4 days has no significant effect on the
DMSCC results (72). Some workers feel that rapid testing
of milk samples , a necessary requirement for other
detection methods (MQG , WMT, CMT, ESCC),should
be broadened to include all tests , including DMSCC, as
a general rule (72 ,99) for greatest precision and accuracy.
ELECTRONIC SOMATIC CELL COUNT (ESCC)

Except for the DMSCC and the OSCC , tests described
thus far do not provide particularly accurate results;
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most are subjective , and all of them take considerable
time . The DMSCC is somewhat more accurate than
other methods , but it is a fatiguing test and is not
suitable for dairy herd improvemen t testing (100).
Application of an El ectronic Somatic Cell Counter
(ESCC), namely the Coulter Counter (Coulter Electronics . Inc ., Hialeah. FL) for estimating somatic cells in
milk has been studied . There are many models of
Coulter Counters available , each with specific operating
and sample preparation requirements . Researchers have
found success with the Coulter Counter Models ZB , ZBI,
Zf, FN or equivalent.
The Coulter Counter is based upon the "Coulter
Principle" (I 1). As particles or cells pass through an
aperture and displace an equal volume of electrolyte, the
resistance in the path of current changes. This results in
correspondin g current and voltage changes. The quantity
(magnitude) of this change is directly proportional to the
volumetric size of the particle or cell. The number of
changes within a specific length of time is proportional to
the number of particles or cells within the suspension .
During development of the method using the Coulter
Electronic Counter, the major problems encountered
were interference of fat globules and ascertaining the
lower threshold setting. The fat globules , in larger
numbers and in overlapping distribution, caused
counting errors (71). Phipps (70) observed that incomplete fat dispersal following chemical treatment could
produce higher counts in the region of low cell
concentratio ns. However, elimination of fat globules as
interfering compounds was achieved by a centrifugatio n
technique (71) or by dispersal by chemical treatment (95).
The chemical method requires that the milk be treated
beforehand with formalin, which renders the cells
resistant to a fat-dissolving reagent mixture. Phipps (70)
reported that a minimum time for formalin treatment
was 24 h and maximum time was about 4 days at room
temperature. Most laboratories found this treatment too
time consuming and thus have opted to use the
compound , Somafix (Coulter Electronics, Inc., Hialeah ,
FL) (52). Three drops of this formalin-bas ed reagent will
rapidly "fix" a 10-ml raw milk sample when the mixture
is incubated at 60 C for 6.5 min (1.5-min warm-up
time + 5-min reaction time) . When DMSCC was
correlated with a chemical method and with a centrifugal
method of preparing samples for Coulter Counter
testing , Pearson et a!. (68) obtained correlation
coefficients of0.966 and 0.930, respectively.
Studies on the instrument setting referred to as the
"lower counting threshold " were of major importance in
correlating the ESCC to the DMSCC. Tolle et a!. (94)
suggested an optimum threshold of 4.5-5.0 J.illl in the
calculation of the lower threshold setting. Dijkman et a!.
(15) found a value of 5 J.illl (65.5 11m 3 - average somatic
cell particle size) to agree well when the ESCC counts
were compared to the DMSCC . Macaulay et a!. (52)
found that the 4.43 J.illl value was useful in giving an
ESCC to DMSCC correlation coefficient of 0.973. A

procedure published in the 14th edition of the Standard
M ethods for the Examination of Dairy Products (97) ,
calls for a value of 4.4 J.illl (44.6 /ill1 3). Kinsman (42,43)
also found that this value was useful in accurate Coulter
Counter standardizat ion.
The Coulter Counter method has many advantages
(97). Analysis time per milk sample is minimal. After
fixing, samples can be stored. The ESCC device yields
cell-size distribution as well as count data.
The Coulter Counter method has few disadvantage s
(97). Instrument cost is high , but may be offset by rapid
amortization . Good laboratory cleanliness techniques are
required for the instrument and the glassware.
Instrument calibration and standardizati on are needed.
Coulter Counters are semi-automa tic because they
require further preparation steps beyond cell fixation .
Coulter Electronics has recently developed an automatic
unit named the "Milk Cell Counter" (12). This unit
requires that the samples be "fixed" before entry into the
system . It tests a maximum of 210 milk samples per h,
loaded up to SO at a time in a sample rack. Essentially 1
the same procedure (3 7. 97) is used as with the
semi-automa tic models . The somatic cell count is printed
on a teleprinter and can also be interfaced with a
computer. Modified versions of the original units are
being used in England and Scotland to do routine cell
counts . A unit is currently undergoing tests at the Dairy
Quality Control Institute (St. Paul , MN).
Table 3, adapted from Northern (64), is a comparison
of six common abnormal milk detection methods . The
TABLE 3. Comparison of abnormal milk screening tests. a
Test parameter

Relationship between tests in terms of test parameterb

Accuracy

ESCCc = DMSCC > WMT > CMT >
CATALASE > WHITESIDE
CMT > WHITESIDE > WMT >
CATALASE > DMSCC > ESCC
ESCC + DMSCC > CATALASE > WMT >
ESCC > DMSCC > CMT > WHITESIDE
ESCC > DMSCC > WMT > CATALASE >
CMT > WHITESIDE
ESCC > DMSCC > WMT > CATALASE >
CMT = WHITESIDE
CATALASE > DMSCC > ESCC >
WHITESIDE > WMT > CMT
ESCC > DMSCC > CATALASE > WMT >
WHITESIDE > CMT
DMSCC > CAT ALASE > ESCC > WMT >
WHITESIDE = CMT

Simplicity
Equipment cost
Repeatability
Objectivity
Total labor required
Specialized training
Time to run test

a Adapted from Northern (64) .
b Assume fifty samples are tested .
cKey: DMSCC - Direct microscopic somatic cell count, ESCC Electronic somatic cell count (Coulter Counter), WMT - Wisconsin
mastitis test , CMT - California mastitis test , CATALASE - Catalase
test , WHITESIDE- Whiteside test.

ESCC, though more costly than the other methods
presented, is preferred in terms of repeatability of the
test results and objectivity of the test method. Fossomatic
and other methods not compared in this table would
likewise be more objective and repeatable than
screening-type procedures shown.
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ABSTRACT
Increased use of lactobacilli as dietary supplements has emphasized
the need for preparations of those cultures that possess the attributes of
cell viability, resistance to bile and capability of establishing in the
intestinal tract. Incompatibility of different species of lactobacill i may
limit development of products designed to overcome objectionable , or
impart improved flavor to cu ltured food s. Stresses that are imposed on
cultures during their preparation and distribution must minimize
damage to ce lls which would detract from the for egoing characteristics.

Preparation of Lactobacillus acidophilus cultures as
dietary adjuncts originated with research conducted
about the turn of this century. Following publication of
Metchnikoffs theory on the role of lactobacilli in
prolongation of life (14) , research studies on this subject
accelerated greatly.
Some of the most outstanding earlier studies
describing the attributes of L. acidophilus were reported
by Kopeloff (II) and by Rettger et al. (20). The studies
described the use of this microorganism in humans
needing therapy for various types of intestinal illnesses .
The successes obtained presented evidence on the
benefits of consuming L. acidophilus, particularly by
persons encountering intestinal maladies.
In retrospect , it is not surprising that the enthusiasm
which developed for the potential values of consuming L.
acidophilus exceeded the understanding that was
necessary for preparation of the culture in reliable forms
for establishment in the intestinal tract. Products often
contained too few viable cells, and insufficient attention
was given to culture identity or its ability to withstand the
intestinal environment. Such factors could have contributed to the lack of consistency in results reported by
different workers on the effects of feeding acidophilus
milk. A subsequent apathy developed in the medical
profession about the value of any product containing L.
acidophilus , and demands for it from consumers became
minimal .
RENEWED INTEREST

After World War II, interest was renewed in the
intestinal microflora and its effect on health. This has
been evidenced by the greatly increased number of
research studies reported on the subject in recent years
(1 ,22,24). These studies have covered wide ranges of
subjects (2,3,8) and efforts have been made to
understand the normal intestinal microflora of humans
from infancy (13) through senility (19). Lactobacilli

appear to constitute a large portion of the microflora
present in the small intestine (16) . Although their
numbers are large in the colon, the numbers of other
bacteria , particularly the anaerobes, are so high that the
lactobacilli constitute a smaller percentage of the total
(I 5). It is believed by many, however , that the metabolic
functions of the lactobacilli may cause them to be more
important than others that are present in much larger
numbers.
The microflora of the intestinal tract appears to
develop in a random manner in the newborn infant. In
breast-fed infants bifidobacteria quickly gain dominance
(I 3). Thereafter, many factors affect the flora that
develops after weaning. When physiological functions
are satisfactory, it can be assumed that the microflora
has developed in a manner whereby it and the host
benefit mutually. However, it is known that many factors
adversely affect the balance existing among the microbial
types: antibiotics , infections , diet and possibly others not
recognized currently. The lactobacilli appear to be
particularly vulnerable to such factors and their absence
has been associated with different intestinal maladies.
There is increasing evidence to suspect that maintenance
of the lactobacilli in desirable numbers in the intestine
can be accomplished by fortifying or supplementing the
diet with appropriate species.
ACIDOPHILUS MILK

Acidophilus milk was the first dietary product
developed containing large numbers of L. acidophilus. It
was natural that milk should be used as a carrier for the
microorganism because soured or cultured milk had
been an important component in the diet of many
people. High populations of L. acidophilus could be
obtained by growing the cells in milk and their viability
maintained over a reasonable period. This product,
however, never gained popularity because flavors
developed in its manufacture caused it to be unappetizing. As a result, Acidophilus milk was used primarily as a
therapeutic agent. The extensive care needed in
producing Acidophilus milk and restricted demand for it
caused high manufacturing costs. Many factors made it
an unattractive product for the dairy industry to market.
OTHER PRODUCTS CONTAINING
LAGTOBAGILLUSAGIDOPHILUS

Other types of foods, s11ch as confectionery products,
sherbet and jellies , were used as carriers for the
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microorganism to overcome objections to the flavor of
Acidophilus milk. These, however, did not prove to be
successful , primarily because of the viability of the L.
acidophilus was not satisfactorily maintained. Other
milk products have been developed, especially in Europe,
in an effort to offer L. acidophilus to consumers in more
appetizing forms . A culture for the manufacture of
bioghurt has been marketed in Germany, and contains
L. bulgaricus and Streptococcus thermophilus in
addition to L. acidophilus; after a few transfers only L.
bulgaricus and S. thermophilus are present in any
significant numbers . Another culture used for this
product apparently contains L. acidophilus and Streptococcus lac tis. No data have been available to assess the
ability of L. acidophilus to remain viable in any
significant numbers in products made with these
cultures. Biogarde is a product in Germany which
contains L. acidophilus and bifidobacteria among
others, such asS. thermophilus. The cultures apparently
are propagated separately, but in the final product only
1% of the flora is L. acidophilus and bifidobacteria.
There is no evidence that L. acidophilus can be cultivated
successfully in any significant numbers with L.
bulgaricus, S. thermophilus or S. lactis. The latter three
species , along with certain others that have been tried ,
grow much more rapidly, and L. acidophilus is reduced
to a very insignificant portion of the final population.
Products containing a mixture of milks cultured
separately with different starter bacteria and with L.
acidophilus have been developed in efforts to overcome
the difficulty in growing L. acidophilus with other milk
culturing bacteria. In Switzerland , such a product is
Aco-yogurt. In this product, a quantity of milk culture of
L. acidophilus is added to yogurt before packaging so
that the final product contains 4-6 x 10 7 L. acidophilus
per 200 ml of final product. A similar product, A-38, has
been developed in Denmark . Milk which has been
cultured with a normal butter starter (buttermilk) is
mixed with milk cultured with L. acidophilus in a ratio of
9: I; a ratio of 8:2 also can be used without affecting the
flavor of the product. It is claimed that the butter starter
results in the product having the consistency of a junket
and that the product at the time of distribution to the
consumer contains about 3-10 x 10 6 .L. acidophilus per ml
of product. Unfortunately, data are not available on the
number of viable cells of L. acidophilus in these
products ; in view of its susceptibility to other lactic acid
bacteria, it- is uncertain whether or not these products
contain sufficient numbers of L. acidophilus to be of any
consequence in the intestine.
In Japan , Yakult is a milk cultured with a different
intestinal lactobacillus (17).It is made from skim milk or
non-fat milk solids, sweetening agents and flavoring
which is accomplished by the addition of fruit juices and
flavoring essences. The culture is a special isolate of
Lactobacillus casei (strain Shirota) used to produce the
desired acidity. The product is maintained under
refrigeration. Extensive studies have been conducted on

the product and in feeding trials using Yakult beneficial
effects of consuming large numbers of the lactobacilli
have been reported (25). The manufacturers of this
product have more recently made an additional milk
beverage containing bifidobacteria.
LACTOBACILLUS ACIDOPHIL US ADDED
TO PASTEURIZED MILK

Myers (I 8) grew L. acidophilus in a sterile medium,
harvested the cells and then added them to pasteurized
milk; this provided a population of L. acidophilus
comparable to that in regular acidophilus milk. His
carefully conducted study showed that this process
resulted in an unfermented acidophilus milk that had the
same flavor as regular pasteurized milk and that at 2 to
5 C the original milk flavor and L. acidophilus count
persisted for 7 days. Similarly, Duggan et al. (4) reported
on a frozen concentrate of L. acidophilus for preparation
of a palatable acidophilus milk. The authors proposed
that the concentrate containing the 'daily requirement'
of viable cells , could be stored in 5- or 10-ml quantities
and added to a pint or quart of whole milk for daily I
consumption .
Studies through 1959 dealing with effects of feeding L.
acidophilus on intestinal microflora were based on the
premise of having the lactobacilli be the predominant
species present in the intestinal contents. Presumably
this originated with the theories proposed by Metchnikoff that were based on the 'replacement' of the
putrefactive types of microorganisms by the lactobacilli.
The predominance of the lactobacilli in fecal contents
was obtained by the consumption of about 1 quart of
acidophilus milk per day containing approximately
1 x 1011 of L. acidophilus. While such a large number of
lactobacilli undoubtably could cause great increases in
the numbers of this microorganism in the feces, it should
be noted that the earlier cultural methods used to study
the fecal microflora would not detect strict anaerobes.
Refinement of methodology for culturing strict anaerobes has revealed the presence of many of these bacteria
in fecal contents. In the well functioning intestinal tract,
presumably the different groups of microorganisms exist
in a balance which favors their beneficial interactions
and which is conducive to proper functioning of the
intestinal tract. In the feeding of L. acidophilus, it is now
believed that the effort should be directed at replenishing
the lactobacilli so that their balance among the types
present can be maintained. Generally, it has been found
that 1 x 10 8 to 1 x 10 9 L. acidophilus per day is adequate
to effect its increase in the feces (7,9) .
In 1975, we developed a product using pasteurized low
fat milk to which L. acidophilus is added. The culture, a
human isolate possessing bile resistance, is grown in a
milk medium, harvested, resuspended in milk and frozen
at - 196 C. The culture in the form of a concentrate is
added to cold pasteurized milk in a surge tank, mixed
well , packaged, and then maintained below 40 F, and
distributed in the normal channels used for milk. Several
million viable and bile-resistant cells of L. acidophilus
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are present per ml and the population can be maintained
for 2-3 weeks with proper refrigeration; the flavor of the
milk is unaltered by the culture. Feeding trials have
demonstrated that humans showed a significant increase
of the lactobacilli in fecal contents after this milk has
been consumed (7) .
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logist to develop products that contain cultures
possessing the capabilities to perform the roles desired .
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Pharmaceutical products have been marketed as
sources of L. acidophilus. These products contain dried
preparations of the microorganism, and viability can be
maintained over many months , particularly with
refrigerated storage. The drying, however , stresses cells
sufficiently to cause injury Ooss of bile resistance) to
many. Different types of food products have been sold
also in " health food" stores as sources of L. acidophilus.
Unfortunately, many of these products have been found
to contain a very low population of viable lactobacilli;
bile resistant lactobacilli were found in some products,
but L. acidophilus was rarely present (5, 6,24).
Much improvement is needed in the qualities of
microbial supplements designed for use as dietary
sources of intestinal lactobacilli. Methods are now
available that allow definitive identification of most
species (1 2,22). Technological expertise is available for
the large scale production of these cultures, whereby
viability can be assured for extended periods. Attention
must be given to the physiological state of the cultures,
which can be affected by culturing and storage
conditions. Evidence now suggests that such conditions
can impose stresses that can injure many of the viable
cells; a manifestation of the injury is loss of bile
resistance (10). Such injury could have an adverse effect
on the ability of affected cells to reside in the intestinal
tract, since intestinal lactobacilli are bile-resistant and
non-intestinal species lack this property.
More specific attributes of microorganisms probably
will be recognized that can be used advantageously for
selection of cultures for use in the intestinal tract. Studies
to date have dealt primarily with the lactobacilli, but the
roles of others, such as the bifidobacteria are not well
understood. Factors that determine the capability of
cultures to associate with the intestine are not elucidated.
Some types appear to be able to attach tenaciously to the
intestinal epthelium, and this may be an important
factor in identifying microorganisms that can have value
in the intestin~. It is reasonable to assume that
mechanisms controlling implantability of microorganisms will be identified, and means be developed to
maximize these capabilities . Considering the important
roles of the intestinal tract in the nutrition of humans ,
and the intimacy of microorganisms with the entire
gastrointestinal tract, it is reasonable to predict that
increasing efforts will be made to assure the maintenance
of a favorable balance in the microflora through use of
dietary supplements of certain microorganisms. To
accomplish this, it will be important for the microbia-
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ABSTRACT
The stap hylococca l enterotox ins can be iodinated with chloramine-T,
lactoperox id ase or gaseous iodine. Low concentrations of enterotoxin,
chlora mine-T a nd 125 1 are recommended to avoid poss ible damage to
the enterotox in. Th e a ntigen-a ntibody complex can be separated from
th e unreacted enterotoxin by a ntibodies adsorbed onto tubes or
bromoacetyl- cellulose or by precipitation of the complex with a second
an tibody or protein A cell s. As little as I ng of enterotoxin per gram of
food ca n be detected in food extracts with the solid-phase tube meth od
or by precipitation of the antigen-antibody complex with protein A
cell s.

Investigations of the use of radioimmunoassay (RIA)
for assay and detection of the staphylococcal enterotoxins was initiated in 1963 by Dr. Robert A. Monroe at
the National Dairy Laboratories (now Kraft, Inc.). He
was unable to perfect a method for its use before he
moved to Nuclear-Chicago but in 1968 he again became
interested in this subject. He determined that RIA for the
enterotoxins was feasible and recommended that anyone
interested should pursue the investigations. As it turned
out Dr. Howard M. Johnson of the Food and Drug
Laboratories in Cincinnati had already initiated work on
RIA as an assay method for the staphylococcal
enterotoxins. Arrangements were made for Monroe,
Johnson and Bergdoll to meet at the Annual Meeting of
the American Society for Microbiology in Minneapolis in
1971 to discuss 1ohnson 's progress and the future
possibilities of RIA for enterotoxin assay. In November
of 1971 Johnson and his coworkers published their first
paper on the subject (16). Earlier, Dickie (7) of the
Canadian Food and Drug Directorate had suggested
RIA as a possible method for detection of the
enterotoxins and Gruber and Wright (II) had demonstrated that enterotoxin B (SEB) could be iodinated with
131
I without.damage to the toxin.
Very briefly, in RIA a given antigen (in an unknown
sample) is competing with a given amount of the sanie
antigen labeled with a radioactive nucleotide for
antibodies specific for the antigen in question. The
amount of antigen present in the unknown sample is
determined from a standard curve prepared from the
results obtained when known amounts of unlabeled
antigen are used in the system. There was little doubt
RIA could be used .. for the assay of staphylococcal
enterotoxin but proof was needed that the small amounts

of enterotoxin often present in foods involved in food
poisoning outbreaks could be detected by this method.
The initial studies were done with the purified
enterotoxins. Sensitivities reported by Johnson et a!. (16)
and Collins et a!. (5) were 1 to 5 ng/ ml and 10 ng/ ml,
respectively. The difference in sensitivity reported by the
two groups were due to the size of sample used in the two
procedures, that is, 1 ml versus 0.1 mi. The sensitivity of
1 ng/ ml was adequate provided it could be transferred to 1
1 ng/g of food as this is the level of sensitivity achievable
with the extraction-concentration-microslide (EPMS)
methods (4,29).
One ofthe first reports on the use of RIA for the assay
of enterotoxin in foods was a comparative study by
Bennett et a!. (I) on use of the EPMS method (4) , the reversed passive hemagglutination method (RPHA) and
RIA for detection of enterotoxin A (SEA) in various food
materials. They found the RHPA method to be
unreliable, which later was confirmed by Bergdoll et a!.
(2). The results with the other methods showed that the
minimal amount of enterotoxin detectable by RIA was
10 ng/ g offood while as little as 1 ng/ g could be detected
by the EPMS method. This was disappointing but
subsequent reports by Park eta!. (27), Johnson eta!. (15)
and Bukovic and Johnson (3) showed that with the
methods they used , much smaller amounts were
detectable. Park et a!. (27) were able to detect 1.25 ng of
SEA per gram when it was added to cheese. They used
two volumes of buffer in their extraction procedure.
Johnson eta!. (15) were able to detect SEA and SEB and
Bukovic and Johnson (3) were able to detect enterotoxin
C (SEC) in a variety offoods when the toxin was added at
a level of 1 ng/ g, with the exception of SEA in cheese. It
was necessary to use 2 ml of buffer to extract the toxin
from cheese while only 1 ml!g was required for the other
foods with which they worked.
The results of Park et a!. (27), Johnson et a!. (15) and
Bukovic and Johnson (3) were within the range of
sensitivity for methods for detection of the enterotoxins .
The results obtained in the study by Bennett and his
collaborators (J) are understandable when one takes into
account that the RIA method of Collins et a!. (5) was
used in the study. As was mentioned earlier, the
sensitivity of this method was approximately one-tenth
that of the method of Johnson et a!. (16) because of the
smaller volume of sample used. A report by Jarvis (13)
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that the minimum amount of SEB she could detect in
cheese and dried milk was 6 ng/ g is difficult to explain.
She used the method ofJohnson eta!. (15).
IODINATION OF TEST MATERIAL

The first consideration in the use of RIA is iodination
of the substance to be assayed . Within limits , the higher
the specific activity one achieves, the easier it should be to
detect the substance with which one is working. Initially,
Johnson et a!. (I 6) obtained a specific activity of
40 J1CiiJ1g of toxin but later Kauffman and Johnson (17)
showed that the binding capacity of this toxin was lost
much faster than toxin with a specific activity of
4 J1Ci i J1g. Niskanen and Lindroth (23) reported that SEA
labeled to a specific activity of 68 to 300 J1Ci i J1g was
partially damaged and aggregated during the labeling
and storage. They stated that the damage did not appear
to be greatly dependent on the specific activity of the
toxin , although they did not compare their toxin to that of
a relatively low specific activity (4 to 20 J1Ci i J1g).
Enterotoxin with too low a specific activity ( < 1 11Ci / J1g)
may make detection of the toxin more difficult. It is
recommended that a specific activity of 5 to 15 J1CiiJ1g be
the one of choice.
The method of Greenwood et a!. (1 0) [described in
detail by Hunter (12)] , with chloramine-T as the
oxidizing agent, has been the basis of most of the
procedures used for iodination of the enterotoxins. In the
basic method (12) 5 11g of protein, 2 mCi of 125I and
100 11g of chloramine-Tin 100 J11 of solution were used.
The reaction was carried out at room temperature for
30 sec because longer exposure to the reactants resulted
in increased damage to the protein. There was
considerable variation in the conditions used by the
different investigators, as is illustrated in Table 1.
Apparently each group found their methods satisfactory
for their purposes.
The major points of concern in the iodination are: (a)
oxidation of the enterotoxin by the chloramine-T with
possible denaturation , (b) aggregation of the toxin which
would decrease the reaction with the specific antibodies
and (c) the effect of high specific activity on the toxin
during storage. It is not known exactly how the
iodination affects each of these but in any event it is best
to use the mildest conditions that will give adequate
TABLE 1.

Volume

Enterotoxin

C,l)

C,g)

C,g)

I
2

100
300

s
so

100

3
4

60
100
7S
ISOO
JOJS
JOIS

8
30

88
100
90
2-20
10 ,000
IS

6
7
8

specific activJty. _We have chosen the relatively mild
procedure of Freedlender et a!. (9) for our work. In this
procedure 10 11g (originally was 15 J1g) of chloramine-Tin
0.5 ml is added dropwise, over a 1-min period, to 2.5 ml
of phosphate buffer, 0.05 Mat pH 7.5, containing 15 11ft
enterotoxin and 1 mCi of1 251. The reaction is allowed to
continue for 10 min so that adequate iodination takes
place. The mixture is kept in an ice bath during the
reaction. Addition of the dilute solution of chloramine-T
slowly to an ice-cooled solution reduces possible damage
of the toxin to a minimum. Also, the low concentration of
iodine (332 J1Cilm!) along with the small amount of
enterotoxin (5 J1g l m!) undoubtedly reduces damage to
the toxin as well as possible aggregation. It is difficult to
say what the important factors are. Orth (25) has
attempted to show that the critical factor in loss of
antigen-antibody reaction is the electromotive force
(EMF) of the iodination . The activity was lost rapidly if
the EMF was allowed to go above 250 mV. The amount
of chloramine-T added in his method probably did not
exceed 20 11g as he stated that a few microliters of a
2-Jlg/ ml solution was added. The total volume of the
reaction mixture was 1.5 ml which contained 1 mCi 12 5I
and 1 mg of enterotoxin. The reaction required about
30 min and apparently was done at room temperature.
The specific activity of his toxin was not given, but from
information in the paper one can assume that it was
1 11Ci or above per microgram. He was unsuccessful with
the method of Johnson eta!. (16) in which 3 to 25 11g of
chloramine-Twas added to 50 11g of SEB and 2 mCi of
125
I in a volume of 300 Jll.
We have information that the iodination can be done
with a high concentration of chloramine-T without
apparent damage to the toxin . Freedlender suggested we
use 10 mg of chloramine-T in our iodinations instead of
the 15 11g recommended in this method (9) because we
were experiencing some difficulty in iodinating the
enterotoxin. Apparently due to the other conditions of
the method , the enterotoxin was not affected by the high
concentrations of chloramine-T (3.3 J1gl m!). We have
observed no adverse effects on any of the enterotoxins
and have been able to use them even longer than the
usual 60-day half-life of the 1251. Dickie has used the
Freedlender et a!. (9) method with the lower concentrations of chloramine-T successfully (private communica-
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lnvestigatora

s
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s

1000
IS
IS

Chloramine -T

s

12s1
C,Ci)

2000
2SOO
2SO
1000
3000
1000
1000
1000
1000

Specific activity

Timea

Temperaturea

30s
2-lOm

R
R

4Ss
2m
1S-30 s
30m
10m
!Om

4C
R
R
R
4C
4C

I~C il~g)

40
4
I IS
40

8-1S

a1, Hunter (12); 2, Kauffm an and Johnson (17); 3 , Nisk a nen and Lindroth (22); 4, Dickie et al. (8); S, Robern et al. (33); 6, Orth (25); 7, Miller et a l.
(21) ; 8 , Freed lender et al. (9); s, sec; m , min ; R, room temperature .
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tion) , hence, it probably would be advisable to use 10 to
15 fAg rather than the 10 mg. The best guess is that the
high concentration of the toxin used by Orth (}5) resulted
in aggregation of the toxin when the EMF was increased
above 250 m V. Aggregation has been shown by
Kauffman and Johnson (17) and Robern et al. (32) to
greatly reduce the reactivity of the enterotoxin. It seems
reasonable to expect increased aggregation when larger
concentrations of toxin are used. It would appear from
the work in our laboratory that it is best to use a dilute
solution of toxin. There is a definite advantage in being
able to use dilute solutions because normally only a few
micrograms of labeled toxin will be needed during the
60-day half-life of the 1251. One soon learns that the
purified enterotoxins are valuable commodities . We are
not passing judgement on the different iodination
procedures that have been used, but for an investigator
just beginning in the field we would recommend the use
of the Freedlender et al. (9) method.
Another method that has been used to a limited extent
is the lactoperoxidase procedure of Thorell and
Johansson (34). Robern et a!. (33) applied it successfully
to SEC 2 and Orth (25) found it useful for the iodination
of SEA and SEC. The results we obtained with the
method were inconsistent. Also , we were unsuccessful in
our attempts to iodinate with the Enzymobeads (Bio-Rad
Laboratories) which contained lactoperoxidase and
glucose oxidase. The enzyme methods appear to be mild
procedures for iodination and no doubt are good ones for
those who have success with them. Gaseous iodine has
been used in the iodination of the enterotoxins (6,11,20).
Apparently this is a satisfactory method but extra care is
needed in carrying out the iodination as it is somewhat
hazardous.
SEPARATION OF ENTEROTOXINANTIBODY COMPLEX FROM TOXIN

The second consideration in the use of RIA is
separation of the enterotoxin-antibody complex from
unreacted toxin. The first vehicle chosen for this purpose
was polystyrene tubes to which the specific antibodies
were adsorbed (coating). After reaction of the enterotoxin
with the antibodies, the solution containing the
unreacted toxin is removed and the tubes counted .
Coating the tubes appeared to be relatively easy and once
coated they could be stored indefinitely, or so it seemed .
From the beginning, differences in duplicate tubes were
apparent as the coating from tube to tube lacked
uniformity. Th~s could be remedied by using a larger
number of tubes for each sample; for example, Orth (}6)
used six tubes per sample. Another problem began to
appear and that was an apparent decrease in the amount
of labeled toxin taken up by the antibodies. It was
discovered that on standing some of the antibodies were
sluffing from the surface of the tubes or being replaced
by proteins in the food extracts . Orth (26) suggested that
the sluffing could be overcome by coating the tubes
shortly before use and Pober and Silverman (}8) found

treating the tubes with bovine serum albumin (BSA)
resolved the second problem . These may be satisfactory
solutions , but some of the convenience of using tubes was
lost.
The second method proposed was the use of
acetylbromocellulose (BAC) as the solid phase (5). One
hundred microliters of the enterotoxin samples was
added to tubes containing 0 .5-ml portions of the
BAC-antibody complex . Ten microliters of the 125Ienterotoxin was added and the tubes shaken for 15 min
at room temperature and then for 2 h at 4 C. One and
one-half milliliters of cold borate BSA buffer was added
to each tube and the tubes were centrifuged. The
radioactivity in 1 ml of the supernatant fluid was
determined and the amount of unbound labeled antigen
calculated. This method is rapid but lacks the sensitivity
of the tube method because of the smaller volume of
sample used.
The third method proposed was the addition of a
second antibody (double-antibody) to separate the
enterotoxin complex from the unreacted toxin . In this,
instance, antibodies prepared in goats to rabbit gamma
globulin were used as the second antibody. Robern et al.
(33) presented a method for the assay of SEC 2 in which
they were able to detect as little as 0.33 ng of SEC 2 per
milliliter of reconstituted dehydrated soup. Later Robern
et a!. (32) reported that this method was satisfactory for
detection of SEA and SEB in fermented sausage at the
level of 5 ng/ ml of extract. Lindroth and Niskanen (19)
were able to detect 2 to 5 ng of SEA per milliliter of
extract from minced meat and sausage, using sheep
anti-rabbit gamma globulin adsorbed onto cellulose. The
double-antibody method is an attractive method and one
which we thought might be the one of choice. In our
experiments , we encountered problems with variations in
the commercial anti-rabbit gamma globulin from lot to
lot. Also , great care must be used in removing the
supernatant fluid as some of the precipitate may be lost.
Robern and Gleeson (31) overcame this problem by
adding aqueous polyethylene glycol to precipitate the
double-antibody complex. The method does lack
sensitivity as it currently is being performed because of
the smaller volumes of sample that are being used. To
increase the volume to obtain a sensitivity equal to the
tube method, larger quantities of reagents would be
needed , which would add to the cost.
Niyomvit et al. (}4) reported another approach in
which they used Sepharose 4B as the solid phase. They
passed the unknown through the Sepharose 4B column
followed by the labeled enterotoxin. The toxin was
dissociated from the antibodies with NHPH at a pH of
10.5. The least amount of SEB they could detect in milk
was 2.2 ng/ ml and for hamburger it was 6.3 ng/ ml of
extract. This indicates a lack of sensitivity but maybe this
could be overcome with further work. An analysis can be
done within a few hours. Our experience with affinity
chromatography has been that the enterotoxin-antibody
complex is difficult to disassociate.
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The method which we have presented (21) involves use
of protein A cells to separate the antigen -antibody
complex from the unreacted toxin. Metzger and Johnson
(20) proposed this method for the detection of the
enterotoxins in 1977 at the ASM Meeting in New
Orleans. As they were not primarily interested in
developing the method for detection of enterotoxin in
foods , we pursued the work in our laboratory because we
felt that it had great promise. The protein A cells for use
in the precipitation of the complex were prepared easily
in the laboratory from Staphylococcus aureus Cowan-1
strain. After washing, the cells were formaldehydetreated and heat-inactivated (18). They were frozen or
freeze-dried and stored for use as needed. The cells in
either state could be kept indefinitely. All that was
required was that an excess of cells be added to assure
the precipitation of the complex. The reaction occurs
within minutes although the reaction was allowed to take
place for 20 min to assure that all of the complex was
precipitated. One beneficial aspect of the method is that
the complex can be precipitated from larger volumes of
the reaction mixture than is used in the double-antibody
method. This makes possible an increase in the
sensitivity of the method. We use 1 ml, which is the
volume employed in the tube method, although we are
satisfied that even larger volumes can be used. As little as
0.3 ng/ ml was statistically significant.
The method was easily adapted to foods of all kinds as
is illustrated in Table 2. As those who have worked with
the extraction of enterotoxin from foods know, not all
foods can be treated in the same way. Liquid foods can
be analyzed rather easily as usually no treatment is
required . Solid foods are extracted with either 1.5 or
2.0 ml of water , the pH is adjusted to 4.5 for some foods ,
and the mixture is centrifuged. The pH of the extract is
adjusted to 7.5, treated with chloroform and recentrifuged. One milliliter of the extract is used for analysis.
We were able to detect 1 ng of enterotoxin or less per
gram of food in all the foods we tested. The method has
been used to detect enterotoxin in naturally contaminated foods, ones in which we encountered difficultly in
detecting the enterotoxin by the CPMS method (29)
which can under certain ·circumstances be used to detect
as little as 1 ng/ g offood. Since publication of our paper
(21), we have encountered a problem with unheated meat
TABLE 2. Detection of staphylococcal enterotoxin in foods.
Enterotoxin

Ente rotoxin found

Food

Extract 8 (ml/g)

(1.25 ng/ g)

ng/ ml

ng/ g

Ham
Milk

2.0

Sausage

1.5

Cheese

1.5

Pudding

1.0

Boiled egg

1.5

SEA
SEA
SED
SEA
SED
SEA
SEE
SEC,
SED
SEB

0.57
0.95
0 .67
0.44
0.56
0.80
0.69
1.30
0.78
0.4 2

1.14
0.95
0.67
0.66
0.84
1.20
1.04
1.30
0. 78
0.63

a Acid -base extraction was used for all foods except th e water extraction
was used for the boiled egg .
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samples because of the presence of gamma globulin
which interferes with precipitation of the enterotoxinantibody complex by the protein A cells. This problem
was overcome by treating the meat extract with protein A
cells before doing the analysis. The interference, as might
be expected , was more pronounced when the samples
were concentrated (by ultrafiltration) to confirm results
that were borderline. We have been able to detect
enterotoxin in foods naturally contaminated when it was
not possible to detect it by other means.
IN CONCLUSION

We feel that RIA is a useful technique for detection of
enterotoxin in foods. An assay can be accomplished
within one working day provided the iodinated toxins are
available. We doubt that RIA will ever be widely used
because of the need for expensive equipment and the
requirement for purified enterotoxins which are scarce
and expensive. It is not a method one would use for an
occasional assay as the iodinated toxins can be used only
for about 60 days. It would be most useful when a
relatively large number of assays are to be done or for
someone who is doing routine work such as in an
analytical laboratory. It is not recommended for assay of
culture supernatant fluids because there are better
methods such as the optimum sensitivity plate (OSP)
method (30) or the microslide for doing this . With these
methods one can compare the unknown directly with the
known toxins and the sensitivity of the reactions is
sufficient to classify the staphylococci as enterotoxigenic.
In addition, interference from protein A and other
substances in the culture supernatant fluids may be
encountered . We noted this problem when we were
attempting to test culture supernatant fluids from strains
that produced unidentified enterotoxins against crossreacting antibodies. The interfering substances including
protein A could be removed by passing the culture
supernatant fluids over an affinity chromatography
column containing human gamma globulin . We are
satisfied that protein A does not interfere in the assay of
enterotoxin in foods because too small amounts would be
present. At least 125 ng of protein A must be present
before any effect is noted.
RIA can be a useful tool in doing certain types of
research such as determining conditions necessary for
production of enterotoxin in foods as one can detect
lower levels of toxin than by the ECMS methods. We are
using it in our study of cross-reacting antibodies because
only one antigenic site is necessary to obtain a reaction in
RIA while two are necessary to obtain a precipitin
reaction. Preliminary experiments indicate that crossreacting antibodies do exist which can be used to detect
more than one enterotoxin. This may include some of the
unidentified ones. Johnson et a!. (14) showed only slight
cross-reactivity between the enterotoxins but crossreactions between the enterotoxins are very dependent on
the antisera one is examining. Cross-reacting antibodies
are produced by a relatively few rabbits .
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Why are Grade-A Surveys Necessary?
LEON TOWNSEND
Milk·Control Branch. Department ofHuman Resources, 275 East Main Street, Frankfort, Kentucky 40621
(Received for publication May 16, 1979)
ABSTRACT

Evaluation of large mi lk processing plants has brought about the
need for interstate shipments of raw and processed milk throughout the
United States . Uniform procedures developed under the Interstate
Milk Shipment Conference have brought about uniform standards and
inspection programs. This uniformity has improved the quality of
milk and eliminated the duplication of inspections through the practice
of reciprocity between states.

Some individuals feel the Grade A milk supply in the
United States in over-regulated. To some extent, I can
agree with them. However, when we look back a few
years we see a tremendous change in the marketing
trends and consumer acceptance for Grade A milk and
milk products. First, no food surpasses milk as a single
source of those dietary elements needed for proper health
- especially by our children and senior citizens (1).
Second , milk is a potential disease carrier, to say nothing
of the potential for milk to become contaminated with
pesticides, antibiotics and other adulterants.
Before 1938 milk accounted for over 25 o/o of all disease
outbreaks caused by food and water. Today the incidence
of milk borne illness has been reduced to less than 1 o/o of
all food borne disease outbreaks (2) .
Before World War II, individual communities were
by-and- large responsible for their own milk supply. Most
cities of any size had at least one milk bottling plant and
most all of the raw milk purchased by these plants
traveled relatively short distances. It was common for
milk produced one day to be hauled to the plant that
same day or early the next morning. Most plants
processed the milk the same day it was received and
home delivery put this same milk on the doorstep or in
the ice box many times within 24 to 36 h after milking.
Very little milk moved from one county to another much
Jess from state to state.
Closing of many small bottling plants brought about
the need to mov.e milk (raw and processed) long distances
from the point of production to the processor and on to
the consumer. Milk company representatives will tell you
today that a minimum of a 10-day shelf-life is needed to
furnish the public a safe, wholesome product with an
acceptable flavor. Many companies process milk with a
much longer shelf-life.
CHANGES CAUSED BY MOVEMENT OF MILK

This movement of milk intra- as well as interstate
brought about many changes in the operation of

regulatory programs. No longer were milk producers and
processors being regulated by an inspection agency in the
county or city in which they lived and worked, but other
counties and states were becoming involved as they were
now receiving this milk into their jurisdiction.
As processing plants became larger, they covered more
and more territory with their sales. This involved many
more regulatory agencies and soon milk inspectors were
crossing not only county lines but state boundaries as
well. Some areas of the country had very stringent
inspection Jaws and others had virtually none . In any
event a lot of duplication of inspections was taking place
(Fig. 1, Fig. 2).

Figure 1.

Out-of-State Inspections in Kentucky before 1972.

Figure 2.

Local Health D epartm ent Insp ections Areas before 1972.

To provide assistance to states, the Food and Drug
Administration developed and published a Standard
Milk Ordinance in 1924. An accompanying code was
published in 1927. This Pasteurized Milk Ordinance and
Code was for state adoption (3). (This differs from the
Federal Food, Drug and Cosmetic Act which is Federal
law administered by Federal people.)
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A few states did adopt this early Pasteurized Milk
Ordinance ; however, uniform inspection which allowed
for the free movement of milk was not developing
rapidly . Much of the milk moving from state-to-state was
of unknown or questionable quality and this pointed to
the need for a national program which would regulate
the nation's milk supply on a uniform basis and allow
free movement of milk between municipalities and
states. In 1950, at the request of the Association of State
and Territorial Health Officers, the Surgeon General
called a National Conference on Interstate Milk
Shipments to discuss the problems of duplication of
inspections, lack of uniformity and difficulty of moving
milk interstate.
The conference developed a plan , utilizing a
cooperative State/ Federal approach for evaluation of the
sanitation compliance status of milk supplies of
interstate milk shippers and for dissemination of such
information between states. This first conference was
attended by representatives of industry, state health and
state agriculture departments of 22 states and the
District of Columbia (4). Several basic agreements came
out of this first conference:
1. The PHS Pasteurized Milk Ordinance or it's
equivalent would be used by participating states as the
basic milk sanitation standard.
2. PHS rating methods would be used as the
procedure for determining the degree of compliance
with the basic standard.
3. Only those milk supplies which were under fulltime supervision of a regulatory agency should be
eligible for certification under the program.
4. Supplies would be rated by milk sanitation rating
officers of the state in which the supply is located.
These rating officers would be standardized by the
PHS and issued a certification certificate.
5. The state rating agency would report all survey
results to the federal agency for publication on an
Interstate Milk Shippers List, which would be
available on a quarterly basis to all regulatory agencies
through the United States.
6. No shipper's rating would be published without
his written permission.
7. PHS / FDA would monitor the rating system and
do check rating to insure that all state rating agencies
were conducting the required ratings according to
established procedures.
Since the 1950 Conference 15 additional conferences
have been held. The 17th conference will be in Louisville
in May of 1979. Many modifications have been made
since the first conference; however, the basic agreements
still are in effect. Since 1950, the Interstate Milk
Shippers (IMS) program has grown to include participation by 49 states and the District of Columbia. (Hawaii is
the only state not participating in the program.) As of
January 1, 1979, there were 1,975 listed shippers ,
representing approximately 155,000 Grade A producers.
The cooperative program for certification of Interstate

Milk Shippers continues to expand , not only by the
continued increase each quarter in the number of
shippers participating, but also in terms of national
interest and acceptance. The Veterans Administration
has used the program to purchase milk and .milk
products for its hospitals throughout the country. Since
July 1, 1966, only milk from sources which are approved
under this program has been served on interstate
carriers (airlines , ships , etc.). Recently the Department of
Defense drafted specifications to use the program in its
joint regulations for purchase offresh whole milk. Public
health service hospitals, Indian hospitals and schools
under Federal specifications now use the program.
The program has improved the sanitary quality of milk
being shipped in interstate commerce; it has stimulated a
high degree of uniformity in the interpretation and
application of sanitary standards between states ; it has
improved milk laboratory control methodology and it has
eliminated the need for the costly and wasteful practice
of multiple inspections for two or more states on single
sources of milk .
1
With adoption by the Kentucky Legislature of the
1972 Kentucky Milk and Milk Products Act and the
requirements of this act , no outside state agency
presently comes into Kentucky to inspect milk plants or
producers' dairies and we do not travel outside of
Kentucky. Presently, through the cooperation of states in
the IMS program , Kentucky milk moves into many states
with little difficulty. With Kentucky being a shipping
state, that is, we produce more milk than we consume, it
is very important to dairy farmers in this state that their
cooperatives and plants can move milk into areas where
the milk can be sold as Class 1. Kentucky enjoys a good
national reputation for production of good quality milk.
CERTIFICATION PROGRAM

Briefly, the program for certification of plants and
producers for the IMS Program is as follows. In addition
to the routine inspection program, each milkshed is
surveyed or evaluated once every 14 to 18 months. A
milkshed is a group of dairy farms producing milk in a
given area or attached to specific milk plant, receiving or
transfer station. Each group of producers in a milkshed
and the plant, transfer or receiving station is assigned a
rating based on the findings during the survey. The
evaluation or survey of a milkshed consists of:
1. Selection of a statistical number of producers for
inspection.
2. Assigning of a rating score to each producer
inspected based on the violations found at the time of
the inspection. Each item on the inspection sheet is
assigned a numerical score. Violations may range
from 10 to 1 point, depending on the seriousness
and public health significance of the violation.
(Cleaning of Equipment- 10; Water Supplies and
Toilet Facilities - 5; Cleanliness of Milkhouse - 3;
Cleanliness of Milking Area and Cowyard - 2; and
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Walls and Ceilings, Lighting Feed Storage and Etc.- 1
point)
3. The producer's quality record for the past year is
also reviewed_ Failure to meet quality standards also
affects the rating assigned the producer.
4. The survey officer reviews the enforcement
program being carried out by the inspector. In other
words, the inspector assigned to the area is also being
surveyed or checked to determine if he is carrying out
the requirements of the regulation regarding inspection frequency, issuance of notices when required and
suspension of producers not meeting requirements.
5. Scores of all producers inspected during the survey
are averaged together. The average rating for the
milkshed must be 90% or above to be approved for
interstate milk shipment.
6_ Plants and receiving and transfer stations are also
assigned a rating in much the same way as producers.
They must also maintain a 90%rating or above.
Milk from milksheds which fail to maintain a 90%
sanitation and enforcement rating may not be received
by plants which seJJ milk and milk products in interstate
commerce. In Kentucky this includes practically all
pasteurization plants.
Even though surveys require a few more inspections
for those producers who are selected on the survey, the
benefits from the survey ratings are for the producer.
Without an approved rating, his milk could not move
into interstate commerce. Also, without a rating
procedure and an organization such as the Interstate
Milk Shippers Conference, movement of milk between
states would not be permitted unless those states
receiving the milk sent their inspectors to evaluate the
supply. In the past, when some ofthis was done, many of
the receiving states charged the dairy industry for these

Gordon, Morris and Packard,
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inspections. Also, in some areas requirements were
established which made it virtually impossible for milk to
move into that state when the milk was not produced
within the state.
Recently Smathers stated: "A dairy farmer who i~
consistently above 90 always is a welcome member in a
milk supply" (5). This is certainly true. Not only does
failure by an individual producer to meet the Grade A
requirements affect his milk, but it may also affect that
of other producers and the producer association. This is
in addition to the money lost by the producer because of
high somatic cell counts which lower production and
cause milk to be diverted to Class II and III markets or
cause milk to be disposed of because it is adulterated or
is below the quality standards.
In closing, we can provide an answer to the question,
"Why are Grade A surveys necessary?" Surveys not only
have proven by past history to improve the overall quality
of the nation's milk supply, but they have benefitted the
dairy farmer tremendously by aJJowing free movement of
milk and milk products throughout the United States.
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News and Events/Coming Events

Washington officers, above, left to right, are: Bill Roth , President;
Lloyd Leudecke, Secretary-Treasurer; George Andrews , PresidentElect; and Stan Harriman , Past President . Oregon officers who served
for 1978-79 will serve again for 1979-80.
Jan. 19--- MIDWEST MEAT PROCESSORS SEMINAR. Kansas State University.
Contact: Dave Schafer , Extension Specialist,
Weber Hall 115, KSU , Manhattan, KS
66502.
Feb . 3-5---SANITATION THROUGH DESIGN , FDA Food Industry Workshop . San
Diego, CA, Hanalei Hotel. Contact: Food
Sanitation Institute, Environmental Management Association , Harold C. Rowe , Executive
Director, 1701 Drew St. , Clea rwater, FL 33515
813-446-1674.
Feb. 10-13---1980 INTERNATIONAL EXPOSITION FOR FOOD PROCESSORS. St.
Louis , MO . Contact: T . J. Gorman . Food
Processing Machinery and Supplies Association, Suite 700, 1828 L St .. N .W .. Washington
DC 20036.
Feb. 10-13---NATIONAL FOOD PROCESSORS ASSOCIATION , Annual Meeting. Convention Center, St . Louis , MO.
Contact: National Food Processors Association , 1133 20th St. NW , Washington, DC
20036.
Feb . 12-13--0REGON DAIRY INDUSTRIES CONFERENCE, Valley River Inn,
Eugene , OR. Contact: Mary K. Moran , ODI
Secretary. Room 100, Wiegand Hall. Oregon
State University , Corva llis, OR 97331 , 503754-3 131.
Feb. 24-29---TENTH ENVIRONMENTAL
ENGINEERING IN THE FOOD PROCESSING INDUSTRY CONFERENCE. Asilomar
Conference Grounds. Pacific Grove, CA.
Sponsored by the Engineering Foundation .
Fee: $250, double occupancy, $300 single
occupancy. Contact: Engineering Foundation ,
345 E. 47th St., New York . NY 10017. 212644-7835.

Above ,left: Dr. Richard A. Scanlan, Professor of Food Science, Oregon
State University, speaks on "Nitrosamines in Foods: An Update," at
the joint Washington-Oregon meeting. Right, a cheese smorgasbord
prepared by the Oregon State University Food Tech Club was a social
highlight of the meeting.

Scenes from Washington-Oregon Joint Meeting
(for story, seep. n1

March 3-5--GOOD MANUFACTURING
PRACTICES FOR THE FOOD INDUSTRY,
shortcourse. Sponsored by the Center for
Professional Advancement. Contact - Mary
Sobin, Dept. NR , Center for Professional
Advancement, P .O . Box H , East Brunswick ,
NJ 08816,201-249-1400.
March 10-12--SENSORY EVALUATION
METHODS . 1FT shortcourse, Portland, OR.
Contact - Dan E. Weber , 1FT, 221 N. LaSalle
St., Chicago, IL 60601 , 312-782-8424 .
March 17-19--CANADIAN FOOD PLANT
SANITATION SEMINAR. Toronto, Ont.
Sponsored by American Institute of Baking
and Bakery Council of Canada. Contact Carol Lyon, Al B, 1213 Bakers Way, Manhattan, KS 66502, 913-537-4750.
March 24-26--FOOD MICROBIOLOGY.
shortcourse. Sponsored by the Center for
Professional Advancement. Contact - Mary
Sobin, Dept. NR , Center for Professional
Advancement, PO Box H, East Brunswick, NJ
08816 , 201-249-1400.
March 24-28--MIDWEST WORKSHOP
IN MILK AND FOOD SANITATION. The
Ohio State University, Columbus, OH. Contact - J. Lindamood, Dept. of Food Science
and Nutrition, 2121 Fyffe Rd ., The Ohio State
University , Columbus, OH 43210.
March 25--DAIRY INDUSTRY CONFERENCE. Scheman Building, Iowa State University, Ames , lA. Contact- V. H. Nielsen , Dept.
of Food Technology, Iowa State University,
Ames , IA 50011.
Mar. 26-28---CONFERENCE ON WASTEWATER TREATMENT TECHNOLOGIES
FOR THE CONTROL OF TOXIC/
HAZARDOUS POLLUTANTS. Stouffer's

Cincinnati Towers , Cincinnati , OH. Contact:
Kenneth A. Dostal, lERL-Ci , EPA . Cincinnati , OH 45268.
Mar. 27-28- -- 1980 MEAT INDUSTRY
Ramada
CONFERENCE.
RESEARCH
O'Hare Inn , Chicago, IL. Contact: Dr . John
Birdsall, Director of Scientific Activities,
American Meat Institute , P .O. 3556 , Washington , DC 20007.
Mar. 31-April 2---AMERICAN CULTURED DAIRY PRODUCTS INSTITUTE
ANNUAL TRAINING SCHOOL AND JUDGING CONTEST, Hilton Airport Plaza Inn,
Kansas City, MO . Contact: C. Bronson Lane,
ACD PI , P.O. Box 7813, Orlando, FL 32854.
April 14-16---5th ANNUAL FOOD SERVICE SYSTEMS SEMINAR AND EXPOSITION. Sheraton O 'Hare Hotel , Chicago, IL.
Contact: G. E. Livingston , Food Science
Associates , Inc .. 595 Fifth Avenue , New York ,
NY.
April 21-25- --SCANNING ELECTRON
MICROSCOPY / 1980. McCormick Inn , Chicago, IL. Contact : 0. Johari , Scanning
Electron Microscopy Inc. , P.O . Box 66507,
AMF O'Hare, IL 60666.
April27-May 1--ISF/ AOCS WORLD CONGRESS. Joint meeting of American Oil
Chemists' Society and the International
Society for Fat Research . New York Hilton,
New York City. Contact -. American Oil
Chemists' Society, 508 S. Sixth St., Champaign, IL 61820.
April 30---USE AND ABUSE OF FOOD
SUBSTANCES---TECHNOLOGICAL AND
HEALTH IMPLICATIONS, Pick Congress
Hotel, Chicago. Sponsored by lllinois State
Medical Society, Chicago Nutrition Association and Chicago Section of Food Technologists. Contact: Therese Mondeik a, 312-75176 24 .
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Milt Held Dies

.I

Milton Held , San Carlos, CA,
died November 17 of complications
after suffering an aortic aneurysm.
Captain Held was retired as
Sanitarian Director of the U.S.
Public Health Service in nine western
states. He was a member of the
Episcopal Church of the Epiphany,
San Carlos.
He graduated from Iowa State
University in 1928 where he was a
member of Sigma Alpha Epsilon
fraternity.
He was born in Hinton, IA, and
had lived in San Carlos since 1960.
He retired in 1970 after 30 years of
work in public health.
He was also a member of 32°
Scottish Rite, and Landmark Lodge
#103 AF&AM , Sioux City, IA. Held
was a lifetime member of the Iowa
Milk, Food and Environmental Sanitarians Association, Inc., and was a
past president ofiAMFES .
Captain Held was a life member of
the Commissioned Officers Association of the U.S. Public Health
Service.
He is survived by his wife, Nina;
three sons, Marc, Portland, OR,
John, Seattle, W A, and Phil, Atherton, CA; a sister, Gladys Rosburg,
Los Angeles; and four grandchildren.
Burial was at the Skylawn Memorial Park, San Mateo, CA.
The family suggests that memorial
contributions be made to the Church
of the Epiphany, M. E. Held
Memorial Fund.

NAMA Council Lauds
Jones, Association

Washington, Oregon
Affiliates Meet Together

NAMA's Automatic Merchandising Health-Industry Council (AMRIC) held its 23rd annual meeting in
Chicago in conjunction with its
National Convention/ Exhibit.
Karl K . Jones represented IAMFES, as he has done for a number of
years. G. Richard Schreiber, President of AMHIC , noted in a letter to
Earl Wright, "We always count
heavily on Karl for his guidance and
are never disappointed."
"Please express to your Association officers my appreciation for
providing representation since 1957
on our advisory council. The vending
industry has made great strides in
consumer protection over the years,
thanks in large part to the cooperation oflAMFES and the other public
health associations who provide delegates to the Health-Industry Council," he added.

The Washington and Oregon affiliates held a joint annual meeting
this year and much effort wa
directed toward planning the 1981
IAMFES Annual Meeting that the
two Associations will sponsor.
Each group held its own business
meeting following a joint luncheon.
Earl Wright , IAMFES Executive
Secretary, discussed 3A Standards
and the function and operations of
the 3A Symbol Program at that
luncheon.
Dr. Richard Scanlan of Oregon
State University presented an update
on nitrosamines in foods. He noted
that the newest additions to the list
of foods containing the suspected
carcinogen are beer and scotch.
Prior to the Annual Awards
Banquet, a cheese smorgasbord was
served by Oregon State University
food technology students. At the
banquet, Dr. James Oldfield of
Oregon State University showed
slides and spoke on his trip through
China. He assessed the agricultural
status of China and noted the
Chinese are attempting to improve
their agricultural programs in many
different areas.
The Washington affiliate established a scholarship for a junior
student enrolled in food technology
with a dairy emphasis.
Officers of the Washington affiliate elected for 1980 were the
following: President, Dr. Bill Roth,
President-elect, George Andrews,
Past President, Stan Harriman, Secretary-Treasurer , Dr. L. 0. Luedecke. Oregon officers from 1978-79
will serve again for 1979-80.

NOTICE
US PHS Inactive Reservists Sanitarian Category
The Sanitarian Career Development
Committee, USPHS, is attempting
to locate members of the Inactive
Reserve. Those inactive reservists
who have not been contacted please
write:
Executive Secretary, SCDC
Cmdr. Leo Snyder
Executive Secretary
Bureau of Medical Services
6525 Belcrest Road
W. Hyattsville, MD. 20782.

Jack Walsh, Former WPI Head, Dies
John T. Walsh , 69, former Executive Director of the Whey Products
Institute, died November 10, 1979.
Jack had been in declining health
since spring, and bedridden since
June. Funeral services were in Mt.
Prospect, IL, with burial in Des
Plaines, IL.
Jack first joined the staff of the
American Dry Milk Institute in 1938
as a laboratory assistant. Subse-

77

quently he served in almost every
capacity, being named Assistant
Executive Director in 1955 and
Executive Director in 1959, the
position he held for 17 years until
retirement on June 30, 1976. He was
a major factor in the formation and
growth of the Whey Products Institute in 1971.
He is survived by his wife, Hilda, a
daughter Kathy , and twin grandsons
Roger and Raymond.

For photos. seep. 76

Extension Publications
Available
"Safe Handling and Storage of
Natural Cheese," is one of several
publications available through the
Cooperative Extension Service of the
University of Nebraska-Lincoln.
To obtain the publications , write:
Dr. Stan Wallen
Extension Food Scientist
116 H .C. Filley Hall
Univ . ofNebraska·Lincoln
Lincoln, NE 68583
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Minnesota Sanitarians
Hear Varied Program
A variety of current subjects
attracted a good attendance to the
Sanitarian's Conference of the Minnesota Association of Sanitarians.
"Energy---Use and Conservation
on Dairy Farms," by Paul Shea of the
Minnesota Power and Light Co ., "A
Look at State-Wide Certification of
Food Service Managers," by John W.
Urbach, Senior Health Planner in
the Hennepin , Minnesota County
Community Health Department, and
"STOP Program Update," by Larry
Stowe, Professor of Large Animal
Clinic Sciences at 'the University of
Minnesota, were just three of the
many presentations during the twoday conference, held at the Earle
Brown Continuing Education Center
of the University of Minnesota.
"Mastitis, The Big Picture," was
an all-morning session presented by
Nelson Philpot, Professor of Dairy
Production and Bacteriology, at
Louisiana State University.
A series of presentations on microwave ovens- functions, surveillance
for potential hazards , and commercial application and uses - was
given opposite the mastitis program .
"Alternatives to Nitrites in Cured
Meats," by F. F. Busta, Professor of
Food Science and Nutrition, and
"What Consumers Say They Want
on a Food Label ," by Isabel Wolf,
Extension Specialist in Foods and
Nutrition , both of the University of
Minnesota , were also presented .
Winner of the 1979 Minnesota
Sanitarian's Achievement Award was
Hugh Munns , Manager of Member
Services for Mid-America Dairymen.
Munns has served actively on the
IAMFES Farm Methods Committee,
National Milk Producers Federation,
National Conference on Interstate
Milk Shipments, National Mastitis
Council, Minnesota Sanitarians Association, Minnesota Mastitis Council, and Minnesota Department of
Agriculture, among other groups.
Joseph Olson was honored by the
Minnesota Association with its Honorary Life Membership. He was
similarly honored by IAMFES at this
year's International Annual Meeting.

Above , left, Minnesota officers, left to right , include:
Roy E. Ginn , Sec.-Treas.;
Jam es A. Rolloff, Past Pres.;
and Douglas E. Belanger,
President. Above , right: Arnold Ellingsen , left, presents
the Minnesota Sanitarians
Award to Hugh Munns.
Right : Shown at the Annual
Meeting of the Wisconsin
Association are, left to right:
John Gerberich , President;
the Wisconsin Associate are,
left to right: John Gerberich ,
President ; Earl Wright,
Exec. Sec., IAMFES; and
Norm Kirschbaum , Past
Pres.

Joint Meeting Held for
Wisconsin Associations
"Awareness for Wellness" was the
theme of the First Annual Joint
Educational Conference of the Wisconsin Association of Milk and Food
Sanitarians, Wisconsin Dairy Plant
Fieldman's Association, Wisconsin
Dairy Technology Society , Wisconsin
Environmental Health Society and
the Wisconsin Institute of Food
Technology. This marks the first

The program at the banquet
featured awards presentations, of
course, but also a presentation by
Oscar Snyder, Extension Specialist
in Food Service Management at the
University of Minnesota. He showed
slides and discussed "The Kitchens
of Europe." Food sanitation standards in European restaurants needn't
be constantly checked for the most
part, Snyder said . It's a matter of
pride and professionalism that the
standards be met, he explained. As
European sanitarians usually appear
at a restaurant only to investigate a
foodborne disease outbreak, European restaurant owners, when asked
about sanitation inspections, reply,
" I guess there's a sanitarian downtown somewhere ... "

'
time that WEHA has met jointly
with W AMFS and sets the precedent
for the International meeting to be
held in Milwaukee July 26-31, 1981.
The conference was held in Madison
September 19-20.
Wednesday's session opened with
a keynote address by Terry Willkom,
Deputy Secretary of the Wisconsin
Department of Health and Social
Services. He emphasized "prevention
rather than cure." The general
session was followed by separate
dairy and general environmental
health sections. Organizational business meetings concluded the day.
Thursday's activities started with a
general session, followed by separate
food and on-site waste sections.
Dr. John Gerberich, University of
Wisconsin-Eau Claire, was presented
with the W AMFS President's gavel
by Norman Kirschbaum, outgoing
President.
John Collier, Southeast Regional
Supervisor, Food Division, WDATCP, was honored as the WAMFS
"Sanitarian of the Year." Louie
Nachreiner of Nachreiner Lab, Plain ,
WI was presented with the "Fieldman of the Year" award sponsored
by Monarch Chemical Co. Darrell
Farmer was honored as WEHA
"Sanitarian ofthe Year."
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19th ANNUA L
NATIO NAL MASTI TIS
COUNC IL MEETI NG
February 18-20, 1980
Louisville, Kentucky
Tuesday - February 19
8:00a.m.- 5:00p.m. Registration

GENERAL SESSION
8:45a.m. Call to Order
President's Address
8:50
L. H. Schultz- Madison , Wisconsin
Etiology of Bovine Teat End Lesions
9:00
R. L. Sieber*- Madison, Wisconsin and R. J. FarnsworthSt. Paul, Minnesota
Relationship of Teat End Lesions to Intramammary
Infections
R. J. Farnsworth* and R. L. Sieber
Break
10:00
Methods of Mastitis Detection Including the Rolling Ball
10:15
Viscometer and Electrical Conductivity Meter
G. F. Duirs- New Zealand
10:45

11:05

11:35
12:00

Effects of Vacuum Level and Pulsation Ratio on Udder
Health
D. M . Galton* and D. E . Mahle- Baton Rouge, Louisiana
Current Issues of Concern to FDA Relative to Mastitis
Control
L. M. Crawford- Washington , DC
Questions
NMC Luncheon

GENERAL SESSION
1:15 p.m. Environment and Udder Health on Norwegian Dairy
Farms. Evaluation of Data and Application of Results in
Organized Mastitis Control
G. Bakken- Norway
1:45
Effects of Feeding Fermented Mastitic Milk to Calves
J. E. Keys , Jr*- Beltsville, MD,
L. V. Schaffer and R. K. McGuffey*- Brook ings , SD
2:15
Current Emphasis on the Control of Mastitis in New
Zealand
G. F. Duirs- New Zealand
Film- "The Mastitis Case" · New Zealand
2:45
Break
3:15

CONCURRENT SESSIONS ·
CURRENT TECHNOLOGY
3:30p.m . - 5:30 'p.m.
Control

Section A- Environmental Factors in Mastitis

Recycled Manure Solids as a Free-Stall Bedding
for Lactating Dairy Cows and Its Association with Mastitis
S.D. Allen*, M. Wallentine, K. Hoopes , S. Austin and P.
Burch-Logan , Provo, Utah .
Bacterial Populations in Bedding Materials and Coliform
Mastitis Incidence
E . J. Carroll and D. E. Jasper*- Davis, California
A Practical Low-Cost Method of Heat Sanitizing of Teat
Cups
C. N. Dobbins, Jr .*, E. B. Shotts, Jr ., W . K. Whitehead,
and E. J. Lloyd- Athens, Georgia

How the Dairy Industry Can Benefit From a Somatic Cell
Program
T . C. Everson- Baraboo, Wisconsin
Effects ofPremilking Udder Preparation on Milk Quality
D. M . Galton- Baton Rouge, Louisiana
Questions and Discussion
Section B- Clinical Aspects of Mastitis Control
Antibiotic Resistance Patterns and Trends of Common
Mastitis Pathogens
J. N. Davidson- Ithaca, New York

3:30p .m.- 5:30p.m.

Immunization Against Bovine Mastitis
J. W. Pankey -Homer, Louisiana
Mastitis Control: Who? How? Why? - A Practitioner's
Approach
B. Anderson - Loysville, Pennsylvania
Antibiotic Residues in Milk
B. W. Maxey, C. C. Miller and G. H. Swenson* Kalamazoo , Michigan
Questions and Discussion
Evening Program

7:45p .m.- 10:00 p.m.

GENERAL SESSION
Estimates of Iodine Consumption and Implications for
Human Health (Based on the AMA Iodine Workshop ,
November 1979)
R. Hemken - Lexington, Kentucky
"Methods of Enhancing Adoption of Mastitis Control
Procedures In The U.S .": A report of the Education
Committee,
Introductory Remarks - R. Webber - Washington, DC
and J. Reeder - Arlington , Virginia
Procedures for Improving Udder Health- A. N. Bringe Madison, Wisconsin
Reference Index of Herd Health Information- H. Munns
- St. Paul, Minnesota and K. Kirby - Fort Atkinson,
Wisconsin
Development of a Training Seminar for Field Personnel W. N. Philpot- Homer, Louisiana
Wednesday, February 20
8:00a .m. Registration

GENERAL SESSION
8:15a.m. Panel Discusion: Milking Systems - Design, Installation
and Maintenance,
Sponsored by the Milking Machine Manufacturers
Council of the Farm and Industrial Equipment Institute
Challenges & Opportunities of the 80's- R. C. DawsonChicago, Illinois
Behind the Scene of Milking System New Product
Development - J. Scolaro - Chicago, Illinois
Successful Milking System Installations - P . Lammert Washington, Missouri
A Positive Approach to Milking System Service and
Maintenance- R. Gray - Poughkeepsie, New York
Break
10:15
Milking Equipment Evaluation - A Component of Herd
10:30
Mastitis Control,
P. Blackmer- Upland, California
Final Questions
11 :20
NMC Business Meeting
11 :35
!2:30p.m. NMC Board of Directors Luncheon and Meeting
Final Adjournment
2:30
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Wisconsin Meeting,

NSF Seminars Scheduled

Seminar Proceedings
Available
Proceedings are available from the
"Seminar on Examining Dairy Policy
Alternatives." The event, jointly
sponsored by the Milk Industry
Foundation (MIF) and the International Association of Ice Cream
Manufacturers (IAICM), was held in
September. Future dairy policy alternatives in the Federal Milk Marketing order and Milk Price Support
program were investigated at that
seminar by milk processors , dairy
cooperative representatives, government officials, and university economists.
Copies of the proceedings are
available from the MIF or IAICM ,
910 17th St., N.W., Washington,
DC 20006, 202-296-4250.

con 't.fro m p. 78

Two-day seminars scheduled by
NSF include sanitation aspects of
design and construction of foodservice equipment, and facility plan
preparation and review.
Jan . 21 ,22
Los Angeles, CA
Feb. 11 , 12
Kansas City, MO
Mar. 17, 18
Indianapolis , IN
Apr. 21,22
Philadelphia, PA
May 12, 13
New York, NY (Area)

A number of scholarship awards
were also presented to students. '
The WAMFS-WEHA Joint Committee on Education reported that a
Master's Degree program in Environmental Health will be implemented in the University of Wisconsin system starting in September,
1980.

Participants may attend one or
both of the two seminars held at each
location.
For more information, contact:
Education Service
National Sanitation Foundation
P.O . Box 1468
Ann Arbor, Michigan 48106
313-769-8010

CLASSIFIED ADS
Position Available

Index to Advertisers
Babson Bros. Co . . ....... . .............. .. .. ...... Outside Back Cover
Eliason .. . .. .. ........ . . . . .. .. .... . ...... ... . . .... . ............ 80
Haynes Manufacturing . . . . .............. .. . .. .. .. .. . Inside Back Cover
National Sanitation Foundation .............. . ... . ... Inside Front Cover
National Mastitis Council .............. ... . ...... ... .... . . . ... . .. . 79
Norton Plastics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Reitman Manufacturing ............ . .. ...... . ........ .. .. .. .... .. 80

Academ ic staff position - University of
Wisconsin-Eau Claire inviting applications
for academic position teaching graduate and
undergraduate in Environmental a nd Public
Health program . Position for academ ic year
August 25, 1980 to May 24 , 1981 , with I
possibility of renewa l. Qualifications: Doctorate in Public Health or DMV / MD with a
masters in Public Health area with emphasis
in administration: Salary negotiabl e; vita ,
complete official transcripts, three letters of
recom mend ations req uired . Apply to Dr. John
B. Oerberich , chairman, Division of Allied
Health professions , University of WisconsinEau Claire, Eau Claire, WI 54701.
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USED AS A LUBRICANT FOR FOOD PRO CESSING EQUIPMENT WHEN USED IN
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SOMEONE YOU SHOULD KNOW
IN THE DAIRYINDUSTRY
Dr. Bruce Beachnau, Veterinarian

Dr. Beachnau is an active member of many professional
veterinary organizations. He began his cr,ment practice,
the Portland (Michigan) Veterinary Service in 1967 It has
grown to four veterinarians serving more than 600
dairymen and 5,000 cows in a thirty mile radius from
Portland. The practice is a three-way partnership with
Dr. 's Ken McCrumb and Gerald Segerland and services
both domestic and farm animals. It is based on scheduled
herd health which has helped dairymen avoid problems
through the use of preventive medicine. Dr. Beachnau
offers his views on the importance of on-going herd
health programs.
Ever since I was a boy and milking cows on my dad 's
farm, I saw the importance of taking care of them
properly. Taking care of them means more than just
milking and feeding, and that's even more important with
the improved cows and higher efficiency of today's dairy
industry. If a dairyman wants to make money, given
today's costs, he just can 't afford to go without the
services of a veterinarian on a regular herd health
program. I have had dairymen tell me, " I don 't have a
herd health problem." Most of these dairymen don 't
realize they have a problem until we point out certain
factors like cows that he thinks are bred and aren't which
are costing him money every day. And subclinical mastitis
problems resulting in lost milk and slower milking.

What We Do
We get personally involved in the dairyman 's operation.
Our goal is to catch a problem before it can get a solid
foothold on a herd. We look at everything from san itation
to milking equipment, feeding program and record
keeping . We also look at the breeding program and give
recommendations on improving any part which is lacking.
We encourage dairymen to get on a herd health program
with visits at least every four weeks. On larger herds of
more than 150, we recommend a visit once every two
weeks to assure every cow gets enough attention to
avoid problems.
Our program includes the following services:
• Checking every cow which freshened sinced last visit.
• Checking for mastitis and infected udders.
• Checking entire reproductive tract for abnormalities,
cystic ovaries, retained placentas, infections, etc.
• Check bred cows for pregnancy.
• Exam ine cows that are return breeders.
• De-horn calves at four to eight weeks of age.
• Vaccinate for Bangs at two to seven months of age.
• Check feeding program .
• Discuss any problems cropping up since last visit.
• Look at milk production records for sudden drops.

In addition to these other services, we culture mastitis
problem cows and recommend dry cow treatment. We
also want to find out why these cows have mastitis to
make sure there isn 't a condition that could spread .
Sometimes an inadequate or worn out milking system is a
cause. A few years ago, I'd say about 70% of our herds
had this problem ; today, in our area , it's probably down to
about 40 % operating with less than capacity systems.
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Not An Easy Way To Go But Worth It
If you think a herd health program makes life easier,
it's not so. Like anything worthwhile, it takes planning and
extra effort to make herd health productive. The first
three or four months dairymen become very irritated with
the program , but when they start planning for the day of
our visit, they get in the groove and realize its importance.
An average stop takes about two hours and many
dairymen feel it's the most valuable two hours they can
spend because it's preventive medicine.
On most herds we see rolling herd production go up at
least 1,000 pounds of milk or more by simply clearing up
the reproductive tract which all means more milk and
more money for the dairyman.
I have seen that every dollar a dairyman invests in a
herd health program should return between $20 and $30
in higher income. That alone makes the program one of
the best investments he can make. A definition of what
our ultimate goal is would be something like: To return the
most pounds of milk per cow per year and assure that we
can raise every calf for the most dollar giving the
dairyman the highest return on his investment of labor
and time. A dairyman works very hard to make a living,
and his returns should be as high as good planning and
management can provide. We want to help him make
money, and I don't want to see anyone go out of business
because I haven 't done everything in my power to help.
We work closely with other people and organizations in
an effort to help the dairyman. For instance, if the milking
equipment is causing a problem we work with the dairy
equipment dealer to correct the situation. No, it's not
easy to coordinate a herd health program , but it can
make those long hours in the milking parlor pay bigger
dividends.
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