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· Now!! Selling Direct·To Public 
Big Powerful 7 H.P. Briggs & Stratto .. _-a ~ FROM FACTORY 

TO YOU. 
Mustang RIDING MOWE 

1973 Model 
constructed of steel 
and built for constant 
rugged use, this power­
ful 7 H-P Mower will 
easily cut grass and 
weeds 3 feet deep, pull 
fertilizer distributor, 
seeder, roller or any 
other lawn attachment 
for your lawn needs. 

now'22995 

Full Price 
TAX & FREIGHT PAID 
TO YOUR DOOR 

Compare at •43495 
ACTUAL PHOTO 

OF MOWER YOU 
WILL RECEIVE 

eONE FULL YEAR NATIONWIDE 
FACTORY WARRANTY 

e COMES COMPLETE WITH 
ILLUSTRATED PARTS LIST AND 
FULL OPERATING INSTRUCTIONS. 

e TWO DAY SERVICE ON PARTS 
MOST STATES 

e COMES COMPLETELY 
ASSEMBLED IN CRATE. 

e BEAUTIFUL BAKED ON RUST 
PROOF ENAMEL FINISH 

e MADE IN U.S.A. 

WE REPEAT$22995 
FULL PRICE 

Tax & Freight Paid TO YOUR DOOR 
TO OWN ONE RUSH CHECK OR MONEY ORDER 

TO: FRANKLIN MANUFACTURING SALES 
2783 MAIN STREET 
EAST POINT, GEORGIA 30344 
PHONE (404) 768-4585 .. 

FEATURES 
e 7 H-P BRIGGS & STRATTON 

(EASY SPIN START) ENGINE 
e HEAVY GAGE All STEEL 

CONSTRUCTION 
e BIG 25" CUTTER AND 

MOWING DECK 
e RUGGEDI! THREE-POSITION 

TRANSMISSION 
e EASY HEIGHT ADJUSTMENT, 

VARIABLE FROM 1%'' to 3%" 
e AUTO TYPE STEERING 
e BALL JOINT ADJUSTABLE 

TIE-RODS 
e TROUBLE FREE-POSI-TRAC 

CHAIN DRIVE 
e LARGE 3 x 10 TRACTOR 

CLEAT SURE-GRIP 
REAR TIRES 

e All TIRES SEMI-NEUMATIC 

e SAFETY CLUTCH 
e WIND TUNNEL DESIGN 

VACUUM-SUCTION AUS­
TEMPERED STEEL DECK. 

-ALSO AVA~LABLE: ---­
e STURDY, LARGE 

GRASSCATCHER 
ONLY $20.00 

e SNOW PLOW ATTACH-
MENT LOW PRICE 
OF $34.50 THIS 
PRICE ONLY APPLIES 
WHEN PURCHASE-D 
WITH LAWN MOWER. 
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Pick the formula suitable for yo ur needs: 
Bacto- Tryptose Blood Agar Base Infusion free med ium providing 

typ ica l clear cut hemolys i ... a superior blood aga r base. 
Bacto- Tryptic Soy Agar Genera l purpose medium exce ll ent for 

preparation of blood aga r. 
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1.0 manage a profit in dairy processing ... 
you have to kno-w the score! 

Input. That's a key to successful manage­
ment. And that's why you need to know 
the real score on every phase of the proc­
essing operation, including sanitation. 
Klenzade's Computer Cost Survey Anal­
ysis provides this kind of information by 
using electronic data processing to evalu­
ate and report on plant-wide sanitation 
functions . 

We've programmed our computer with 
all of the cleaning functions carried out 
in a dairy plant. Each of these functions­
whether pasteurizer circuits, batch tanks 
or conveyor chains-has been identified 
and analyzed by Klenzade technicians and 
then programmed for maximum cleaning 
efficiency and economy. 

The Computer Cost Survey Analysis 
begins with an evaluation of current sani­
tation procedures in your dairy plant. This 
information is fed into the computer along 
with appropriate variables such as manual 
or Cl P cleaning, water hardness, iron con­
tent and soil conditions. The result is a 

- r 

computerized printout showing you what 
the precise cost should be for each clean­
ing function. You'll know the type and 
quantity of detergent, the amount of water 
necessary and the total cost by cycle, by 
day and by month for each cleaning job. 

In short, the Computer Cost Survey 
Analysis tells you what the score should be 
without chemical waste, without cleaning 
overkill. For complete information on how 
you may profit from the Klenzade Compu­
ter Cost Survey Analysis, write or phone 
Glenn Weavers, Director of Sales. 

I<LENZADE PRODUCTS DIVISIO N. ECONOMICS LABORATORY •• INC. 
Osborn Bui ldin g. St. Paul. Minnesota 55 102 • 612 224-4678 

Plant Evaluation . Assembling basic sani ta­
tion data is the- beginning of a survey. A 
Klenzade Representative records this informa­
tion along with al l variables which might exist 

. in th e specific plant, such as water hardness or 
unusua_l soil conditions. 

Total Plant Analysis. Each cleaning function 
within the plant from HTST circuits to transport 
tankers to floor cleaning is covered by the 
Computer Cost Survey Analysis. Even the 
method of cleaning each job- manual or auto­
matic-is included in the survey. 

A New Management Tool. The printout 
covers each and every cleaning function in the 
plant and projects what the amou nt of chemi­
cals. volume of water and costs should be for 
maximum efficiency. 

IV 
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EFFECTS OF SYNTHETIC MEAT COMPONENTS ON GROWTH 
OF CLOSTRIDIUM PERFRINGENS .. ' 

D. J. ScHRODER
3 

At\rn F. F. BusTA 

D epartment of Food Science and N utrition 

University of Minn esota, St. Paul, Minn esota 55101 

( Received for publicati on November 14, 1972) 

ABsTRACT 

Th e 16 ingredients used to fabricate synthetic soybeef 

(ground beef analog ) were eva luated for stimulatory effects 

on growth of Clostridium ·perfringens. Four ingredients-beef­

like flavor, corn fl our, cocoa, and vegetable oil-stimulated 

growth of C. perfrin gens. Th e remaining 12 ingredi ents 

showed no significant effect. Th e most stinmlatory ing1·ed­

ients, beef-like flavor and corn flour, were optimally stimu­

latory over a wide range of concenb·ations. Thus, control of 

growth of C. pe1jri.ngens may not be obtained by manipula­

tion of the concentration of these ingredients in th e absence 

of other precautions. 

Clostridium, perfringens food-borne illness is a ma­

jor concern in the food industry. Mishandled cooked 

meats and meat products are important vehicles of 

transmission (1). As a result of dramatic food pro­

cessing advances and significant changes in consumer 

attitudes and marketing approaches, public accept­

ance of soy protein as a base in fabricated synthetic 

meats as well as of soy protein supplementation of 

meat systems appears likely in the near future (2). 

Institutional markets, including hospitals, schools, 

and other institutions that must provide nuh·itious 

meals under budget restraints, are the major markets 

for meat analogs (syn thetic meats). Certain types of 

res taurants are also prime initial markets for soybean 

protein products. The trend toward more away-from-

1 home ea ting increases the potential for these products 

(9). Since natural meats are major vehicles of C . 

perfri'ngens food-borne illness, an evaluation of syn­

thetic meat systems was warranted to predict the be­

havior of C. perfringens in these new products. 

Earlier sh1dies have shown that certain soy proteins 

used in fabricated meats stimulated growth of C. 

perfringens while other soy proteins did not (3 ). This 

stimulation appeared to be related to the amount of 

refinement of soy protein, type of process involved 

in isolation, or to the addition of substances to in­

crease functional properties. In meat loaf the growth 

rate of C. perfringens was rapid and the addition of 

'Presented in part at 15th Annual Meeting Canadian Insti­

tu~ of Food Science and T echnology, }Lme 11-15, Toronto. 

"Paper No . 8149, Scientific Journal Seri es, 1[innesot a Agri­

cultmal E xp eriment Station , St. Paul, Minnesota. 

"Present Add1·ess : Food T eclmology Section, Canada D ep;ut­

ment of Agriculture Research Station , Kentvi ll e, Nova Scotia, 

Canada. 

various amounts of soy protein had little effect (7). 

Synthetic soybeef as a liquid medium also supported 

rapid growth of C. perfringens comparable to that 

in natural ground beef. TI1e growth rate of C. per­

fringens in soybeef greatly exceeded that of the soy­

bean protein base of soybeef. Therefore, components 

normally added to the soy protein · base in fabricating 

soybeef must account for this rapid growth rate. 

The objective of this study vvas to determine which 

components in soybeef, when added to soy protein, 

have the major influence on growth rate of C. per­

fringens. 

l\ I ATEHlALS AND METHODS 

t\pparatu~; 

The apparatus and the method to det ermin e rate of growth 

of C. pe1jringem in a liquid medium were outlined earlier (3). 

Test organism 
An 18-hr culture of C. perfrin gens S-40 grown in thio­

glyco llate m editun without added dextrose was centrifuged , 

washed in 6.25 X 10··• M phosphate buffer ( 2x) , and inoc­

ul ated at approximately 103 / ml. 

Effect of synthet ic meat components on C. perfringens growth 

Sixteen ingredi ents used to fabricate synth etic b eef were 

added to th e soy protein base ( 10 g/ 500 ml ) in a fomm lation 

ca lculated by es tim a tin g th e approximate concentrations in the 

eommercial product. Sodium thioglycollate ( 0 .3 g/ 500 ml ) 

was added to lower th e oxidation-reduction potential ( redox). 

A screening fracti ona l factorial design (5) was used to de­

tennine th e effects of individual ingredients on growth of C. 

perfri.ngens. Th e ingr edients were divided into two groups of 

eight . Tabl e l shows th e fractional factorial scheme of Group 

l. Vegetabl e oil, beef-like f lavor, egg white, corn flour, sugm, 

caramel, cocoa, and onion powder were either absent (-) or 

p resent ( + ) at the concentration shown. Group 2 ingredients 

were held constant at th e concentration shown. Group l in­

gredient · were th en test ed as outlined by the fractional fac­

torial design . In th e second p art th e eight ingredients of 

Group 2 ( sodiLU11 chloride, calcitun phosphate, ferric pyro­

phosphate, sodiw11 lauryl sulfate, niacin , riboflavin, vitamin 

Bu and vitamin B,,) were either absent (-) or present ( +) 

at the concentration shown. T hese eight ingredients were then 

tes ted as outlined by the fra ctional factorial design while the 

Group l in gredients were kept constant at ( + ) concentration. 

All samples were tes ted in a randomized order. 

Effect of the stimulatory components (beef-like flavor, corn 

flour, vegetable oil, and cocoa) on the growth of C. p e1j1'ingens 

The design for the test to determine the effect of the four 

stimulatory ingredients is outlined in Table 2 . In the suspen­

sion of soy protein base ( 10 g/500 ml H .O), vegetable oil, 

beef-like flavor, com flour, or cocoa are eith er ab ent (-) or 
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T .-\HLE l. DESIGN FOil SGHEEN I NG OF SYNTHETIC l\IEAT COi\•I ? O N EN TS T O DETERMI NE EFFEC T ON GROWTH OF Clostridium 

----------- ------·,_p _el_,_f _r _in..:.g.:_e_n_s__:_( _F_H_A __ CT_JO_N~'A_L_FACTOHIAL DESIGN GHOUP 1 ), ____ ----------- -

Hun 
1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
lG 

Va riables 
A. Vegetable Oil 
H. Beef-like flavor 
C. Egg White 
D. Corn F lour 
E. Sugar 
l' . Caramel 
C. Cocoa 
H. Onion Powder 

A 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
Leoel 

B 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

( Concentration) 
+ 

0 1.75 
0 1.0 
c 1.0 
() 7.5 
0 1.0 
0 0.5 
0 0.5 
0 0.25 

g/ 500 

c 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

ml 

D E = ABC F = BCD C = ABD H = ACD 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

Con:t :mts 
Scdium Chlorid e 
C:alcium Phosphate 

Le oel 

Ferric Pyrophosphate 
Sodium Laury] Su lfate 
Nbcin 
Hiboflavi:1 
Vitf!min B:: 
Vitamin B., 
Sodium Thioglyco llate 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

--1-

+ 
+ 

+ 

(Concentration) 

1.0 g/ 500 
.75 g 
15 mg 
5 mg 
ll mg 
ll n1 g 

.32 mg 

.03 mg 
C.3 g 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

ml 

TABLE 2. DESIGN TO DETERMINE EFl' ECT OF STIMULATIVE CO i\IPONE I'ITS OF S YN THETIC BEEF O N THE GHOWTH OF 

Clostridium peJfri.ngens ( F :"CTOHTAL DESIGN) 
------~---------------------------

Sample A 
l 
2 + 
3 
4 + 
s 
G + 
7 
s + 
9 

10 + 
ll 
12 + 
13 
14 + 
1!5 
l G + 

B 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

c 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

D 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

present ( +) at th e concentration shown in T able 2 . The 

other twelve ingredients were h eld constant at th e concen tra­

tion shown. Soditm1 thioglycollate ( 0.3 g/ 500 ml ) was add­

ed to the medium to lower th e redox potentia l. These fo ur 

ingredients were then test ed as outline by the full factorial 

design (5). Th e 1G samples were tes ted in random order and 

replicated. 
Deiei.'mination of beef-li.ke flavor and corn f lour concentra­

tion s ··ihat produce min im al generation t im e during C. Jler­

f ringens growth 

Va ria l; les 
A. Vegetable Oi l 
:e. . Beef-like flavor 
C. Corn F lour 
D. Cceoa 

Co nstants 
Sodium Chloride 

Egg White 
Sugar 
Caramel 
Onion Powder 
Calcium Phosphate 
F erric Pyrophosphate 
Niacin 
Sodium Laury! Sulfate 
Hiboflavin 
Vitam in Bo 
Vitamin B,2 
Sodium Thioglycoll ate 

Level ( Concentration ) 
+ 

() 1.75 g/ 500 ml 
0 1.0 
0 7.5 
0 0.5 

L eoel (Concentration) 
1.0 g 
1.0 
1.0 
0.5 
0.25 
0.75 

15 mg 
ll mg 
5 mg 

.43 mg 

.32 mg 

.03 lllg 
U.3 g 

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

The maximum or minimum levels of the two ingredients 

giving th e larges t response, beef-like fl avor and corn flour , 

were determined by a sequent ial method for estim atin g re­

sponse surfaces (6). Table 3 shows the design layout for 

b locks one and two of the b eef-like fl avor and corn flour at 

th e concentrations shown. Soy protein constituted the base 

( 10 g ) in 5CO ml I-1.0. The remain ing 14 ingredients were 

present in calculated commercia l concentrations. Sodium 

thioglyco ll ate was added to lower the redox potenti al. All 

samples in each block were tes ted in random order. 

• 
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Figure l. Effect of addition of vegetable oil, b eef-like 
flavor, com flom and cocoa to a synthetic soybeef m edium 
on the generation tim e of Clostridium. perfringens ( factorial 
design). Concentrations: vegetable oil , 0 g/ 500 ml (-), 
1.75 g/ 500 ml ( +); beef-like flavor, 0 g/ 500 ml (-), 1.0 
g/ 500 ml ( + ) ; corn flour , 0 g/ 500 ml ( - ), 7.5 g/ 500 ml 
(+);cocoa, 0 g/ 500 ml (-), 0.5 g/ 500 ml (+) . 

The effects of all ingredients tes ted in the three statistical 
designs were determined by comparing generation times (3) . 
Generation tim es were calculated from colon y co tmts made 
during th e logarithmic phase of growth and fitted by a lin ear 
regression. The generation time data were then evaluated by 
the fractional factorial , full factorial, and response surface 
designs utilizing appropriate computer programs provided 
by the Pillsbury Compan y, Minneapolis. 

R ESULTS Al\D D ISCUSSION 

Effect of synth et·i.c m eat com ponents on 
C. perfringens growth 

The effects of the first eight ingredients (Group 1 ) 
on the growth of C. perfringens are shown in Table 
4. The generation time of C. perfringens ranged from 
25 min in the absence of the first eight ingredients to 

10 min in the medium containing all 16 soybeef in­
gredients. Beef-like flavor and corn flour showed 
statistically significant decreases (significant at the 
1% level ) in the generation time while vegetable oil 
and cocoa decreased the generation time less mark­
edly (significant at 10% level) . These four ingred­
ients also shortened the lag phase and increased the 
extent of growth . The remaining 12 ingredients 
showed no significant effects. There were no sig­
nificant interactions among the effects of all the 16 
ingredients . The full effect of b eef-like flavor, corn 
flour, cocoa, and vegetable oil with the elimination 
of confounding effects of the initial screening fraction­
al factorial design was determined by testing these 
four ingredients in a full factorial design . 

Effect of beef -like flavD'r, corn flou·r, cocoa. and 
vegetable oil on. the growth of C. perfringens 

The average generation time values related to the 
four ingredients are in Fig. l. The generation times 
.ranged from 19.9 min for the control to 11.4 for a 
combination of beef-like flavor, corn flour , and cocoa. 
There was no significant interaction among the four 
ingredients. The analysis of variance shovvn in Table 
5 indicated that beef-like flavor and corn flour ex­
hibited the highes t level of significance in increasing 
the growth rate ( 1% level ) followed by cocoa at the 
5% level. Vegetable oil increased the growth rate to 
a lesser extent but it was significant at the 10% level. 
In mean effects , beef-like flavor decreased the gen­
eration time by 2.4 min, corn flour by 2.2, cocoa by 
1.5, and vegetable oil by 1 min . 

D eterrn:ination of beef-like flavor and corn flour 
concentrations that produce minimal generation time 
during C. pC'Ij1"ingens growth 

Figure 2 shows the response surface giving the 
concenh·ations of beef-like flavor and corn flour that 

TABLE 3. DESIGN TO DETEHMINE OPTIMAL STIMULATIVE CONCENTHAT lONS OF BEEF-LIKE FLAVOH AN D COHN F LOUH ON THE 

GHOWTH OF Clostridi·um JJ e1jri:n gens 

Experim ent no . 

2 
3 
4 
5 
6 
7 
8 
!) 

10 
ll 
12 
13 
14 

Beef -li l<e 

Designation 

+ 1 
+ 1 
- 1 
-1 

0 
0 
0 

+ 1.414 
- 1.414 

0 
0 
0 
0 
0 

fla vor 

Concentration 

l.O g 
l.O 

.172 

.172 

.586 

.586 

.586 
1.172 

0 
.586 
.586 
.586 
.586 
.586 

Corn fl ou r 

Designation Co ncentrati on Bl ock no. 

+ 1 7 .5 g 1 
-1 1.3 1 
+ 1 7.5 1 
- 1 1.3 1 

0 4.4 1 
0 4.4 1 
0 4.4 1 
0 4.4 2 
0 4.4 2 

+ 1.414 8.8 2 
- 1.414 0 2 

0 4.4 2 
0 4.4 2 
0 4 .4 2 
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Figure 2. Hesponse surfaces indicating generation time can­
tours of' C. perfringens as influenced by the concentration cf 
beef-like fla vor and co rn flour. umbers identifying con­
tom lines arc genera tion tim es in minutes. E. g. A concen­
tration of ca. 0.5 to l.O g beef-like flavor plus ca. 1.3 to 5.5 g 
corn fl am in a complete synthetic soybeef medium resulted 
in a C. perfrin gens generation time of 13 min or less. 

support optimal growth at generation times of 13 min 
or less. The optimal concentrations for beef-like 
flavor range from 0.5 to 1.0 g/500 ml medium. The 
optimal concentrations of . corn flour range from 1.3 
to 5.5 g/ 500 ml medium. Therefore, a concentration 
of ca. 0.5 to 1.0 g beef-like flavor plus ca. 1.3 to 5.5 g 
corn flour in a complete synthetic soybeef medium 

resulted in a C. perfringens generation time of 13 min 
or less. These concentrations of beef-like flavor and 
corn flour are well below the concentrations added 
commercially. The analysis of variance of the opti­
mal concentrations of beef-like flavor and corn flour 
is shown in Table 6. The analysis of variance evalu­
ates how well the r esponse surface model accounts 
for variation in the data. All the variation that was 
not accounted for by the model or experimental error 
was clue to the lack of fit of the model to the data. 
The model was significant at the 5% level which 
means the model accounted for a significant amount 
of variation. The analysis indicates a more refined 
model such as a cubic model instead of the quadratic 
model is required. The quadratic model, however , 
does a reasonably good job of predicting the gen ­
eration time . 

The beef-like flavor consists of hydrolyzed plant 
protein. Studies have shown marked stimulation of ' 
C. perfringens by partially hydrolyzed protein sub­
stances (8). Hydrolyzed plant protein may have pro­
vided readily available pepticles for rapid initiation 
and rate of growth . These readily available pepticles 
may also influence the growth of other food-borne 
pathogens such as Staphylococcus aureus (10 ). The 
concentrations of beef-like flavor giving stimulation 
in synthetic meat are broad and lowering the con­
centrations does not appear to be a feasible control 
measure. 

The stimulative effects of corn flour may be caused 
by certain carbohydrates present; however, no de­
terminations were made nor was an investigation of 
this aspect conducted. Here again, a wide range 

TAI.lLE 4. S C HEEN I N G OF SY ' THETIC l\IEAT COMPONENTS ON ThE GHO\VTH HATE ( 6,. LOG POPULATION / 6,. HH ) OF Clostridium 

·perfringens: EFFECTS OF THE FIRST EiGHT INGREDIENTS ( CHOl!P 1) 

Factor 

A (Vegetab le oi l ) 
B (Beef-like flavor ) 
AB, CE, DC, FH 
c (Egg white) 
AC, BE, DH, FC 
BC, AE, DF, CH 
ABC, E (S ugar ) 
D (Corn flour ) 
AD, BC, CH, EF 
BD. CF, AC, EH 
ABD, c (Cocoa) 
CD, BF, AH, EC 
ACD, H (Onion powder ) 
BCD, F (Caramel ) 
ABCD, DE, AF, CC, BH 

. 0.1 level of significance 
0.05 level of significance 
rn level of signifi cnnce 

Effe"t )J ean effect 

3 .4950 0.4369 
7.9196 0.9899 

- 2.7634 -0.3454 
-1.4194 - 0.1774 
- 2.2628 -0.2829 

1.4694 0.1837 
0.1936 0.0242 
4.8572 0.6071 

- 1.7498 --0.2187 
-4.4200 - 0.5525 

3.5518 0.4440 
2.1262 0.2658 
1.0448 0.1306 

-0.0330 -0.0011 
0.6956 0.0869 

-----

.:\l ean sq uan.~ 

0.7634 
3.9200 
0.4773 
0.1259 
0.3200 
0.1349 
0.0023 
1.4745 
0.1914 
1.2210 
0.7855 
0.2825 
0.0682 
0.0001 
0.3020 

F Hntio 

5.57° 
28 .61° 0 0 

10.76° . 0 

8.91° 0 

5.75° 

• 
( 

•• I 

• 

• 
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T ABL E 5. A:>~A L\S J S OF VAH!A:-I CE OF GENEH ATIO:-; Tll\IE OF TH E EFFECT OF THE STIMULATIVE COl\IPO NENTS ON GIIOWTH OF 

Clostridium perfrin gens (FULL FACTORL\L DESIGN) 

Degrees of 
R()urce freedom 

Between blocks 1 

Between treatments 15 

Hesidual 15 

Total 31 

Degrees of 
freedom 

Vegetable oil 1 

Beef-like flavor 1 

Corn flour 1 

Cocoa 1 

o 0.1 level of si gnificance 
o 0 0.05 level of significance 

o • 0 0.01 level of significance 

TABLE 6. ANALYSIS OF VA HIANCE OF HESPONSE SUl\FACE 

DESIGN TO DETE HM! N E OI'Tll\!AL CONCENTHATION OF BEEF-LlKc 

FLAVOH A ' 0 COHN F LCU H ON THE GHOWTH OF 

Clostl'idium pe1jringens 

Degrees of' Sum of l\lean Ji' 

freedom squares sq uares Itatio 

Source 13 52.944 4.073 

.tvlodel 5 38.052 7.610 4.089° 0 

Replication 5 0.440 0.088 

Lack of Fit 3 14.451 4.817 54.737° 0 0 

00 0.05 level of significance 
000 0.01 level of significance 

exists in the concentrations g1vmg stimulation. 

Cocoa and vegetable oil gave stimulation but to a 

I lesser extent . The stimulatory nature of cocoa and 

vegetable oil is not fully known at this time. Cocoa 

has been shown to be inhibitory to salmonellae (4). 

In summary, four (beef-like flavor, corn flour, co­

coa, and vegetable oil ) of the 16 ingredients compris­

ing synthetic soybeef stimulated grovvth of C. per­

fringens. The remaining 12 ingredients showed no 

significant effect. Beef-like flavor was most stimu­

latory followed by corn flour . 

These data indicate the potential importance of a 

few key ingredients of a fabricated food in influenc­

ing the growth rate of a potentially pathogenic or­

ganism. Processors fabricating foods have the ad­

vantage of assessing ingredients with regard to po­

tential hazards and substituting or modifying these 

ingr~dients to lessen the public health hazard. 

Sum of' "Mea n 
::;qua res square 

2.000 2.000 

129.0388 8.6025 

20.8200 1.3880 

151.8588 

:\Lean 
squa re F Hnli o 

7.8012 5.62° 
47.5312 34.2400 0 

38.7200 27.90° 0 • 

F Ratio 

1.44 
6.20" 0 

:\[cn n effect 

-0.99 ± 0.89 
-2.44 ± 0.89 
-2.20 ± 0.89 

min 
min 
min 

18.9112 13.62° 0 -1.54 ± 0.89 min · 
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SMOKED MULLET QUALITY: AN ASSESSMENT! 
JoH r A. KoBURGER AND VoN T. MENDENHALL2 

Food Science D epartme nt 
University of Flo rida, Gainesville, Florida 326()1 
( Received for publication Septem her 1, 1972 ) 

ABSTltA CT 

A survey of 12 smoked mullet processors in Florida 
was conducted and 33 retail samples were analyzed. Al­
though microbiological analyses of the finished product 
did not indicate that any overt hazard existed, certain aspects 
of production , hand ling, and mm·keting could potentiall y 
generate a health hazard if not carefully controlled. 

Smoked mullet is a regional delicacy common to 
Florida, and is primarily produced for the retail 
market in small (backyard ) processing facilities. 
These producers have found that smoking is an 
excellent means to improve the acceptability of mul­
let as well as to increase the economic return on an 
other wise low profit item (5) . Because of the dif­
ferences in size and scope of these operations, fa­
cilities for preparing, smoking, and storage of the 
product vary markedly. The most notable defici­
encies observed during a preliminary survey of 
a number of these plants was the absence of temp­
erature indicating equipment in the smokehouse and 
the lack of adequate refrigerated storage. It would 
seem that these deficiencies would have resulted in 
various health problems; however, smoked mullet 
has enjoyed an outstanding safety record (2) . Un­
doubtedly the inhibitory nature of the smoke com­
ponents and a relatively short span between pro­
duction and consumption adds a significant margin 
of safety. 

There is little technical information available re­
garding the quality of smoked mullet presently mar­
keted, and it was considered desirable to establish 
some background data on its production and quality. 
This was believed particularly necessary in that Flori­
da's mounting tourist influx has resulted in an in­
creased demand for tllis product without a con­
comitant increase in regulation. 

MATElHALS AND METHODS 

Thirty-three retail samples were obtained from 12 proces­
sors throughout the State of Florida. The method of hold­
ing the finished product, whether nnder refrigeration or at 
ambient temperature, was also recorded at the time the 
sample was obtained. 

Smoked mullet was also prepared experin1entally under 
pilot plant · conditions by the following method. Fresh 
whole mullet were obtained from a local dealer. Headed 
fish were split along the backbone ( butterflied) to remove 
the viscera and blood. The fish were then brined in 20% 

1Florida Agricultural Experiment Stations Journal Series 4561. 
' Present address: Dept. of Nutrition and Food Science, Utah 
State Univ., Logan, Utah 84321. 

sodium chloride for 30 min. Following brining, the fish were 
rinsed a11d allowed to ch·ain for 30 min at 34 F. The fish 
were th en smoked for about 6 hr in an electric laboratory 
smoker, usin g Red Oak sawdust a~ the source of smoke. 
The internal temperature of th e fish for the last 30 min 
was maintained at 180 F monitored in the thickest part of 
th e loin by a single point potenteometric pyrometer (Mini 
iVI ite, Thenno E lectric Co. , Inc) . Following smoking and 
coo ling, the fish were packaged in 18 oz Whirl-Pack bags 
and ~iored at 4 C. 

i'vlicrobial analyses were conducted by methods cited in 
th e references : total aerobic coun t, coliform organisms, coagu­
lase-positive Staphylococcus, and Salmon ella (1 ), Clostridimn 
perfringens (3), ftmgi (4), a11d enterococci (6). Chemical anal­
yses for moistme, fat , protein, and sodium chloride were 
carried out according to A.O.A.C. (1). 

R ESULTS AND DISCUSSION 

The composition of smoked mullet from four typ­
ical plants is given in Table 1. In addition, tl1e com­
position of fresh mullet and pilot plant smoked mul­
let is shown. None of tl1e processors brine tl1eil" fish, 
and only a few lightly salt the fish before smoking . 
With n ew State regulations (2) presently in effect, 
requiring 3.5% sodium chloride in the aqueous phase 
of the loin muscle, steps will have to be initiated by 
tl1e producers to meet tllis requirement. The 30-min 
brining applied in our pilot plant studies was ade­
quate in this respect. 

Microbial analyses did not indicate that an im­
mediate health hazard existed (Table 2). However, 
the presence of coagulase positive staphylococci in 
two of the samples at levels in excess of 100/ g are 
undesirable, pa1ticul<urly since the samples were 
from a producer who did not refrigerate the finish­
ed product. Additional studies to determine the 
ability of staphylococci to grow in this product are 
needed. However, the widely varying manufactur­
ing procedures, such as smoking time ( 1-12 hr) , 
would make any generalization of the results diffi­
cult. 

Plant 

1 
2 
3 
4 

TABLE l. COMPOSITION OF SMOKED MULLET 

OBTAINED FROM FLOHIDA PHODUCEHS 

Moisture Fat P rotein 

63.7 8.4 26.2 
65.0 7.0 26.8 
54.0 9.8 35.0 
b3.5 3.2 :?.6.2 

Average 61.5 8.4 28.6 

Pilot Plant 60.5 9.2 26.5 
Fresh fish 73.5 7.0 18.0 

Na.Cl 

1.7 
1.2 
1.2 
2.1 
1.6 

3.8 
0.5 

, 

;. 
I 

, 

• 
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TADLE 2. A SU~!MAHY OF Sl'.-!OKED l\HJLLET :I.HCHODIOLOGJCAL QUALITY FHO~I 12 FLOHIDA PLANT5 1 

Plant 

A 
B 
c 
D 
E 
F 
G 
H 
I 

.T 
K 
L 

Pilot 

Snmples 

5 
3 
3 
3 
4 
1 
2 
3 
2 
5 
1 
1 

G-brined-not smoked 
6-fresh ly smoked 

Rcfrig. storap:e 

no 
no 
110 

no 
no 
yes 
yes 
no 
no 
yes 
no 
no 

3-smoked, 7 days storage 4 C 
3-smoked, 13 days storage 4 C 

Total COU ll [ 

160-40,000 
350,000-800,000 

15-100 
100-14,000 

3,700-40,000,000 
5,000 

310,000-5,600,000 
600-12,000 

310,000-720,000 
10-500 

150 
45 

15-7,200 
10-40 
10-15 
10-70 

Co liform Staph. Euterocr<"t' i Yea st:i aud ~lo lds 

(Range, No. j g) 
--2 0-22,000 200-350 

0-42,000 

0-20 

0-210 0-240 220-4,000 20-500 

9.1 43 20 40 

0-15 
20,000-150,000 20-70 

0-30 

0-3.6 0-0.36 5-80 

'Samples were negative for salmonellae and Clostridium perf rin gens 
2:\'ot isolated 

C. perfringens and Salmonella were not isolated 

from any of the samples and coliforms were found 

in only three samples. The way in which the pro­

duct is presently handled (open to the air with 

rapid product sales) vvould seem to preclude growth 

of C. botulinum; however, the possibility of growth 

by V·ibrio ]Xtmhemolyticus should be investigated. 

The significance of enterococci in foods is still 

not clear (7 ), making interpretation of these data 

difficult. On the basis of the pilot plant studies 

which were negative for enterococci in both the 

raw and smoked product (Table 2), it would seem 

that the high enterococci counts, resulted from con­

tamination during processing with subsequent growth 

of the organisms. An earlier study (8) indicated that 

mold growth was a problem on smoked mullet and 

f in this study over half of the samples exhibited a 

<.:aunt of 20 or more colony forming units per gram. 

For many of the samples, total aerobic plate counts 

were excessively high and would therefore indica te 

improper procedures. Samples prepared in the pi­

lot plant and handled tmder sanitary conditions were 

consistently produced with low counts, and the counts 

remained low through 13 days of storage (Table 

2 ). This would indicate that the commercial samples 

were not heated to a temperature sufficient to destroy 

the original organisms present and/or that contami­

nation and growth occurred following smoking. 

The sporadic nature of most foodborne outbreaks 

makes results of any survey of questionable value. 

However, a study of this type can point out areas of 

we?kness within a given process, <UJd any obvious 

hazards can be minimized through education and 

regulation. \iVhile no immediate microbial hazards 

were uncovered in this study, certain aspects of the 

production and marketing of smoked mullet were 

sanitarily questionable. 

Refrigeration of the finished product was only 

practiced by three of the 12 producers . Both safety 

and consumer acceptance of the product would be 

enhanced by refrigerated storage. Packaging, when 

used, varied from aluminum foil to wax paper; in 

other instances the uncovered product was merely 

displayed on top of a counter. A protective and ap­

pealing package would do much to improve the 

sale as well as the sanitary quality of this product. 

As the smoked mullet indush-y in Florida under­

goes continuing development, there appears to be 

a need for extensive educational programs as well 

as careful regulation and supervision to avoid cre­

ating a hazard due to a too rapid application of tech­

nology without accompanying safeguards. Up to this 

time the simplicity of the process has apparently 

contained sufficient natural safeguards so that a real 

hazard was not generated, or else if one existed it 

was not apparent to either consumers or health of­

ficia ls. 
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A CASE STUDY: SYNERESIS OF COLD-PACK CHEESE FOOD RELATED TO 
GROWTH OF LACTIC ACID BACTERIA 

C. L. DuiTSCHAEVER AND D. M. IRVINE 

Depa-rtm ent o f Food Science 
University of Guel1Jh, Guelph, Ontario 

( Heceived for publication December 11, 1972) 

ABSTRACT 

Commercial Cold-Pack Cheese Food which exhibited mark­
eel syneresis in consumer packages had a pH of 4.60 to 4.80. 
Bi-weekly microbial examination of commercial Cold-Pack 
Cheese Food stored at 5, 10, 15, and 20 C indicated a marked 
growth of lactobacilli and streptococci at all temperatures 
above 5 C and a slight decease in staphylococci at all tempera­
tures. It is assum ed that the lactose added in the form of skim­
milk or whey powders provided the carbohydrate nutrient 
source for these organisms so that the pH was reel uced from 
5.05 to 4.60. The minimwn hydration of casein occurs at pH 
4.60 and this lowered pH caused syneresis in the packages. 
Cooling the Cold-Pack Cheese Food quickly to 5 C and keep­
ing it at or below this temperature eliminated th e problem. 

Cold-Pack Cheese Food' is the product made by 
comminuting one or more lots of cheese into a ho­
mogeneous plastic mass without the aid of heat. The 
optional ingredients may be cream, milk, solids de­
rived from milk, and other minor ingredients. The 
fat content shall be not less than 23% and the product 
shall not contain more than 46% moisture. The U. S. 
Cheese Food Standards of Identiti are similar to the 
Canadian Standards. 

Cheese Food is a common item on the Canadian 
food market. In 1971 many packages of this product 
were returned from supermarkets because of brittle­
ness of the body and presence of free liquid in the 
package. This Cheese Food usually possesses a 
smooth texture and does not show any free serum. 
The pH of the defective samples ranged from 4.50 
to 4.90 which was lower than the normal fresh prod­
uct ( 5.00 to 5.20). . Because of the decrease in pH, 
the nahue of the food , and the optional ingredients 
which were high in lactose, lactic acid bacteria were 
believed to be involved in causing this defect. The 
effect of temperahu·e and time of storage on the 
possible growth of lactic acid bacteria was investi­
gated. 

~VfATERIALS AND METHODS 

i'vlanufactu-re of Cold-Pack Cheese Food 
The cheese for this product was a blend of 6 months, and 

1 and 2 years old Cheddar cheese. TI1e ch eese and other 

'Trade Information Letter No. 370, June 7, 1972, Dept. of 
National H ealth and \Velfare, Ottawa, Ontario, Canada. 
2Code of F ederal H.egulations, Title 21, Food and Drug 19. 
787 U. S. Govt. Printing Office, Washington, D. C. 1967. 

ingredients (Table 1) were thoroughly mixed in a silent 
cutter" tmtil a smooth homogeneous mass was obtained. Dur­
ing the comminuting -the miJ..-ture attained a temperature of 
42 C. The mixture was placed in 45 kg polyethylene lined 
boxes and held overnight at 5 C for firming . The Cheese 
Food was cut into 226-g portions and were placed in pre­
form ed vacu-formed cryovac pouches ( P540) of unsupported 
polyethylene saran, which were then evacuated and l1 eat 
sealed. 

Collection of sam p les 
The samples were obtained from the manufacturing plant 

immediately after packaging and transferred to the laboratory 
in insulated boxes. The packages of Cheese Food were stored 
at 5, 10, 15, and 20 C. Packages were removed and analyzed 
at regular intervals (every 3rcl and 7th clay) for a period of 
42 clays. An unopened package was used for each set of 
analyses. 

Analytical d eterminations 
Eleven grams of cheese were blended for 3 min with 99 ml 

sterile phosphate buffer (pH 7.20 ) in a sterile blenclor. After 
suitable dilutions the followin g microbiological analyses were 
carried out: (a) total aerobic count on Standard Plate Count 
Agar at 32 C for 48 lu·; (b) colifonns on Violet Reel Bile Agar 
at 37 C for 24 lu·; (c) yeast and mold on Potato Dexb·ose 
Agar acidified to pH 3.5 with sterile 10% tartmic acid, in­
cubated at 25 C for 5 clays; (cl) staphylococci on T ellurite 
Polymyxin Egg Yolk Agar at 37 C for 48 hr; a representative 
number of colonies were streaked on Plate Count Agar and 
incubated at 37 C for 24 lll'; the cultures were then examined 
by gram stain and for coagulase by the slide method (1) using 
lypholizecl bacto-coagulase plasma; (e) lactobacilli on Rogosa's 
medium (6) at 37 C for 72 Ill' using the double layer plate 
method; and (f) ~>treptococci on Nutrient Agar containing 0.0·5~~ 
thallous acetate (3) at 32 C for 72 lll' ; the double layer plate 
method was used. All medium ingredients and reagents were 
obtained from Difco. 

The changes in pH clming storage were cletem1inecl on 
the Cheese Food at the same time intervals using a Fisher 
Accw11et (Model 310) pH meter and a Becla11an combination 
electrode. 

At the end of the 42 clay storage period the free liquid of 
unopen ed packages of cheese at the various temperatures 
was collected by gravity in tubes and the average volume 
and pH determined. 

RESULTS AND DISCUSSION 

The ingredients, their corresponding pH, and re­
spective microbial flora are shown in Table 1. It is 
interesting that coagulase-positive staphylococci were 
only found in trimmings from the cutting operations. 

3H.asant cutter-Seyclelmann , Stuttgmt (also called Buffalo 
Silent cutter) . 
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TABLE 1. lVIrCHOBIAL COUNT PEH GUAM OF lNGIUIDIENTS USED IN THE lVIANUFACTURE OF COLD-PACK CHEESE FOOD 

;r..~a cto - Stt·eplo- Staphy- Tota l 
Ingredien ts pH Coli forms bacill i cocci loco eel co unt Molds Yeasts 

6-Months old Cheddar 5.10 4 1 X 106 6 X 10" 7 X 10' 5.5 X 10" 6 120 

1-Year old Cheddar 5.03 < 2 14 X 106 10 X 10" 4 X 10' 16 X w• 2 < 2 

2-Years old Cheddar 5.23 < 2 4.2 X 106 4 .5 X 1 0~ 78 X 10 ' 6.3 X 106 l2 > 3000 

3-Years old Cheddar 5.20 < 2 5.3 X 106 5 X 106 32 X 10' 9.3 X 106 12 50 

Butter 5.67 < 2 < 10 < 10 20 X 10 ' < 10 < 2 110 

Trim mings from 
cutting operation 5 .35 < 2 ll X w• 12 X 10" 47 X 10' " 10 X 106 200 > 3000 

\ Vater 6.90 <2 1 X 10' 8 X 10' < 10 29 X 10~ < 2 <2 

Sorbic acid < 2 < 10 < 10 < 10 18 X 102 < 2 < 2 

Whey p owder 5.60 < 2 < 10 < 10 < 10 15 X 10' < 2 < 2 

Skimmilk powder 6. 10 2 92 X 10" 2 X 102 32 X 10 ' 28 X 102 6 120 

Klin g" 6 .27 < 2 50 X 102 2.8 X 102 6 X 10' 52 X 102 24 2 

"60.% were coagulase-positive 
"A calcium reduced skimmilk powder ( Standard Spice Co., Toronto ) 

The cheese contributed most of the microflora. The 
pH of the mixture and the changes occurring during 

storage at different temperatures over a period of 
42 days are given in Table 2. The decrease of the 
pH with time was more pronounced at the higher 

temperatures. This was also reported by Park et a!. 
(5) on a cheese food. There was no change in pH 

vvhen the product was stored at 5 C. 
The degree of syneresis was rela ted to the tem­

perature of storage and was also accompanied with 
lower pH values (Table 3 ) . The amount of exudate 

at the low pH is not surprising as this is close to the 
iso-electric point of casein or the point of minimum 

hydration. 

The lactobacilli and streptococci constituted the 
predominant microflora. Their number increased 

slightly during storage and was affected by the higher 
temperatures (Tables 4-7). Once the maximum con-

I centration was reached it was maintained at this 

level for the remainder of the storage period . 
The total count seemed to parallel the counts of 

the lactobacilli . Microscopic examination and cata­

lase reaction of isolated colonies from the to tal plate 
count showed that the majority were gram-positive 

and catalase-negative rods and some cocci. The pH 
of the cheese favors growth and survival of acid­
tolerant organisms such as the lac tic acid bacteria. 

The initial staphylococci population was low and 
showed no tendency to increase at any of the stor­

age temperatures. This is in agreement with D ahiya 

and Speck (2) who observed inhibition of Staphyloco­

ccus aureus by cell-free extracts of lactobacilli and 

lactic streptococci. Coliforms were not detected. 
Yeasts were isolated only during the first 7 days of 
storage while molds were detected during the 42 
days of storage with a tendency to decrease, prob­
ably because of the effect of sorbate in the mixture. 
Sorbate at the concentration used in the mixture had 

TABLE 2. PH OF CoLD-PACK CHEESE FooD STOHED AT 
5, 10, 15 AND 20 C FOH 42 DAYS 

Days of Tempera tu re of s torage C 
storage 10 15 20 

0 5.05 5.05 5.05 5.05 
3 5.04 5.06 5 .10 4.90 
7 5.04 5.08 5.14 4.83 

10 5.07 5.02 5.12 4.82 
l4 5.09 5.27 5.18 5 .04 
17 5.15 5.17 5.25 4.75 
21 5.11 5.19 5.22 4.87 
24 5.05 5.23 5.21 4.75 
28 5.03 4.82 4.75 4.69 
31 5.02 5.06 4.80 4.80 
35 5.04 4 .90 4.75 4.78 
38 5.04 4 .84 4.83 4.80 
42 5.05 4.78 4.67 4 .60 

TABLE 3 . THE AVEHAGE VOLUME ru'ID PH OF EXUDATE FHOM 

5 PACKAGES OF COLD-PACK CHEESE FOOD AFTEH 42 DAYS OF 
STOHAGE AT 5, 10, 15, AND 20 C 

Tempera tu re 
of s torage E xu<la te pH of 

0 c (m l) exudate 

5 0 
10 g 4.88 
15 12 4.44 
20 27.2 4.45 

T ABLE 8 . RELATIONSHIP BETWEEN PH, TYPE OF OHGANISM Al>.'D 
THE TEMPEHA TUllE OF STOHAGE AS EXPHESSED BY 

COHHELATION COEFFICIENTS 

Intera.(! ti on Temperature of storage oc 
10 15 20 

pH X lactobacilli -.64 -.88 - .59 

p H X streptococci .04 -.42 - .47 N.S. 

pH X to tal count - .66 -.86 - .62 

Strep tococci X laot:o bacilli .39 .67 .96 

Lactobacilli X total count .98 .98 .97 

Strep tococci X total COWlt .43 .70 .89 

' .S. not significant 
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T AB LE 4. i\ liC HOB!O LOG ICA L ANALYSES OF COLD-PACK CHEESE Fooo STOHED A 'r 5 c 
!Ja.'·s of La ctoiJa cill i S treptne~ cci St.aphylococ<"i Total count :llolds 
Storage Coli forms ( X l06 ) ( X l06 ) ( X l02) ( X 106 ) ( X 102 ) Yeasts 

() < 10 4.1 5.1 13.0 4.4 19 250 

3 < 10 1.3 2. 1 23.0 2.0 0.7 10 

7 < 10 2.5 2.4 11.0 3.8 90 < 2 

10 < 10 2.G 2.1 9. 1 4 .3 35 <2 

14 < 10 2.7 l.G 3 .0 3 .4 15 < 2 

17 < 10 3.5 1.5 1.2 5 .0 GO < 2 

21 < 10 2.4 2.4 5.4 3.1 12 < 2 

24 < 10 1.5 2.5 1.8 2.9 27 < 2 

28 < 10 2.3 2.G G.4 2.4 18 < 2 

31 < 10 2.7 0.8 1.3 4.0 35 < 2 

35 < 10 2.4 0.5 2.2 3.:2 LA" LA 

38 LA LA LA LA LA LA LA 

42 < 10 1.8 0.4 1.7 1.8 0.4 < 2 

"Laboratory accident 

TABLE 5 . .MJC HOB!OLOGICAL ANALYSES OF CaLo-PAcK CHEES E Fooo STOHE!1 AT 10 c 
Jl:t)'S of Lactobacilli St reptococci 
Stora ge Co li form s ( X !OG) ( X l06 ) 

0 < lO 4.1 5.1 

3 < 10 O.G 0.9 

7 < 10 3" ·"' 4.9 

10 < 10 16.0 9.4 
14 < 10 22.0 17.0 

17 < 10 0.5 0.4 

21 < 10 O.G 0.5 

:24 < 10 0.4 0 .4 

28 < 10 :20.0 0.1 

31 < 10 0.2 0 .1 

35 < 10 30.0 LA" 

38 < 10 51.0 19.0 

42 < 10 71.0 8.7 

"Laboratory accident 

little effect on the lactobacilli although yogurt bac­
teria have been reported to b e inhibited by 0.1% 

potassium sorbate ( 4) . 

The low pH ( 5.05 ) of the Cheese Food would in­
hibit growth of most organisms even at storage tem­

peratures of 15-20 C. However, growth of lactic 
acid bacteria, some of• which are both psychrotrophic 
and acid tolerant, is possible. Improper refrigeration 
would enhance the possibility for their growth . 

The data indicate that to overcome the defect of 
syneresis in this type of food , the product has to b e 
stored at 5 C. Addition of sorbate at proper con­
cenh·ation may provide additional protec tion especial­

ly at the higher storage temperatures. 
The correlation coefficients indicating the relation­

~hips between pH, total count, lactobacilli, and strep­
tococci at the various temperatures are shown in 
Table 8. The pH is inversely influenced by the 

numbers of organisms as reflected by the population 

of lactobacilli and the total count. It would appear 
that tJ1 e lactobacilli have more influence on pH than 

streptococci. The tota l cou nt is highly correlated 

Sta J>hyl ococci Total co unt )folds 
( X l02 ) ( X l06 ) (X IO) ! casts 

13.0 4.4 190.0 250 
4.5 1.0 2.0 15 
7.6 (i. 4 20.0 < :.?. 

14.0 39.0 190.0 .--- :) 
"~ 

7.0 43.0 5.0 < 2 
0 .8 2.0 3 .5 < 2 
0.8 0.9 1.0 < 2 
0.7 0.7 27.0 < 2 
G.7 25.0 38.0 < 2 
0.4 O.G :2.5 < 2 

18.0 45.0 LA LA 
4.3 210.0 15.0 < :2 
l.G 180.0 38.0 < 2 

with number of lactobacilli which might indicate 

that the majority of the microbial flora were lactic 
acid bacteria or a lack of selectivity of the lactobacil­
lus medium. It is assumed that the added source 
of lactose in the whey, skimmilk po,.vder and Kling 

(see Table 1) provided the carbohydrate source for 
the sh·eptococci and lactobacilli. With the nutrient 

addition, these organisms flourished and produced 
lactic acid which lowered the pH to the iso-electric 
point of casein, producing the exudate in the pack­
ages. 

The companies producing this Cheese Food had a 
high level of returns because of the unsightly exudate. 
Cooling the Cheese Food rapidly to 5 C and holding 
a t or below this temperature eliminated the problem . 

The microbiological flora does not appear t l have 
public health significance but it should be noted 
that coagulase-positive staphylococci were found. In 

considering any public health significance Tatini et 
al. (7) found enterotoxin A production was stimulated 

in Swiss cheese with cooking temperatures of 50 C. 
The temperat•Jrc of this Cheese Food attained 42 C 
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TABLE 6. lVfrCROBIOLOGICAL ANALYSES OF COLD-PACK CHEESE FOOD STORED AT 15 c 
Days of Lactobacilli Streptococci Staphylococci Total count Molds 
Storage Coli forms (X lOG) ( X l06 ) ( X l02) ( X l06 ) ( X lO) Yeasts 

0 < 10 4.1 5.1 13.0 4.4 190.0 250 
3 < 10 3.7 3.7 16.0 6.5 4.0 54 
7 < 10 33.0 19.0 9.4 48.0 170.0 50 

10 < 10 < 1.0 0.5 1.6 4.5 0.4 <2 
14 < 10 1.0 1.0 1.3 2.0 5 .0 <2 
17 < 10 < 1.0 0.2 0.6 1.5 3.0 <2 
21 < 10 0.6 0.5 1.5 1.0 2.0 < 2 
24 < 10 0.4 0.4 0.4 0.8 1.0 <2 
28 < 10 35.0 0.1 5.6 0.3 39.0 < 2 
31 < 10 83.0 13.0 6.4 140.0 44.0 X2 
35 < 10 55.0 15.0 18.0 47.0 LA" LA 
38 < 10 150.0 57.0 3.8 280.0 4.0 <2 
42 < 10 94.0 12.0 15.0 230.0 39.0 <2 

"Laboratory accident 

TABLE 7, MICROBIOLOGICAL ANALYSES OF COLD-PACK CHEESE FOOD STORED AT 20 c 
Da ys of lAtctobacill i Streptococci 
Stora~;c C'oli forms (X lOS) (X lOS) 

0 < 10 0.04 0.05 
3 < 10 0.33 0.19 
7 < 10 1.20 0.79 

10 < 10 2.20 1.60 
14 < 10 2.40 1.30 
17 < 10 2.30 1.30 
21 < 10 4.20 4.00 
24 < 10 3.30 3.10 
28 < 10 2.40 0.83 
31 < 10 3.50 1.70 
35 < 10 4.20 2.00 
38 < 10 5.00 2.40 
42 < 10 3.00 1.00 

during comminuting, without external application of 
heat. 

It should also be pointed out that Park et al. (5) 
found viable salmonellae in an inoculated Cheese 

f Food after 23 weeks at pH 4.70. It is therefore of 
utmost importance to use high quality ingredients in 
the manufacture of Cheese Food and to keep the 
temperature low during processing and storage. 
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ABSTRACT 

Slime, produced by members of the genus Propionibacter­

ium, was isolated, and attempts were made with it to induce 

antibody fom1ation in biological systems to demonstrate th e 

possible use of anticapsular antibodies for seTological typin g. 

Slime produced by three different species of Propionibacterium. 

cUd not produce detectable precipitating antibodi es in rab­

bits. Killed whole cells of P1·opionibacterium zeae induced 

specific agglutinin fonnation. Antibodies produced against 

whole cell antigens of P. f1·eudenm ichii and P. shermani.i ex­

hibited substantial heterologous agglutination reactions. 

The immunological prope1ties of capsular materials 

are commonly known. For historical background, a 

revie':\' of work done before 1948 is available (3 ). 

In recent years , the immunogenic properties of cap­

sular materials have served as valuable tools to class­

ify microorganisms (3, 7) . Possession of highly poly­

merized polysaccharide capsular antigens has per­

mitted separation of pneumococci into approximately 

75 types (10). The classical work of Lancefield (4) 

demonsh·ated the value of polysaccharide antigens 

for serological classification of group-B streptococci. 

The need for serological classification of Propioni­

bacterium was mentioned by Malik et al. (6) in their 

taxonomic evaluation of this genus. Previously vVerk­

man and Brov.rn (13) had reported a serological study 

of 11 species of this genus and found extensive cross 

agglutination. They used preparations of 0 antigen 

and made no mention of capsular or slime <mtigens. 

Recently, Skogen (9) demonstrated capsule formation 

and slime production in several species of Pmpioni­

bacteriunl. By analyzing slime hydrolysate using 

paper and thin-layer chromatography he determined 

that mannose and lesser amounts of glucose and galac­

tose were present. No mention was made of the 

p1~esence o~· absence of proteins or individual amino 

acids in the slime. Our investigation was under­

taken to evaluate the immunogenic properties of 

slime from Propion·ibacterium in an attempt to ex­

ploit the possible use of anticapsular or antislime 

antibodies in typing members of the genus Propioni-

' Journal Paper No . J-7275 of the Iowa Agriculture and Hom e 

Economics Experim ent Station, Ames, Iowa. Project No. 

1838. 
' Present address: Department of Biology, Southwestern Un ion 

College, Keene, Texas 76C59. 
"Present add ress : Microlife T echnics, Sarasota, Florida 3358'). 

bacterium. 

MATEHIALS AND METHODS 

Organisms 11secl 
Three ~trains of propionibactelia that produced copious 

amounts of slime (9) were used in this study. They were 

Propionibacterium ;:;eae strain no. 74, P.ropionibac teri.um sher­

manii ~:~train no. 47, and Propionibacterium freuclenreichii 

strain no. 1. These strains were routinely maintained in so­

clium lactate broth ( 12). 

Prepamtion of 1clwle cell antigen~ 

Cultures grown in broth were killed with fonnalin, f!t ncl 

cells harvested by centlifugation. The cells were resuspended 

in 0.05 M pho~phate-buffcred salin e and were h eated for 20 

min in n water bath at 70 C. Formnlin wns added to a final 

concentmtion of 0.0'1%. The ~mspension s were brought to a 

fin al concentration of 1 X 10.9 bacteria / ml on th e ~1!-Farlancl 

~ca l e [nn arbitrary optical density scale (2)] before injection. 

Slim e preparation 
The method of Lindeberg (5) was u~ecl to isolate and purify 

the slime of th e three slime-producing ~h·ains of propioni­

bacteria. 
Cultures were inoculated into 1 liter of glucose broth (con­

taining 2.C% glucose, 1.0~ Trypticase, 1.0% yeast extract, 

0.025% K,HPO.,, in dii:!tilled water. Incubation was at 21 C 

for 21 clays. Cell ~ were removed by centrifugation, and the 

supernatant fluid containing the loose slime was collected. 

Two volum es of 95% ethanol were slowly added to the clear 

supernatant liquid, and th e fibrous mass, form ed by mixing 

th e ethanol with th e supernatant fluid, was spooled onto a 

glass rod and removed . Slime was resuspended in distilled 

water and reprecipitated with ethanol. It was then collected 

and dried on a watch glass for 24 hr nt 45 C. Dried S'limc 

was weighed and resuspended in distilled water to a fin al con­

centration of 10 mg/ mL Resu~pended slime was dialyzed 

against cold, runnin g, tap water for 24 hr , lyophilized, and 

th en stored at 4 C. Lyophilized slime was used for furth er 

antigenic preparations. 

Assessment of immunogenicitu 

Immunogenicity of propionibacteria] slime was assessed by 

injecting ew Zealand albino rabbits ( 2.2-2.8 kg) with either 

wholecell suspensions or isolated slin1e. \<\Then whole cells ,._ 

were used, increasing closes ( 0.5, 1.0, 2.0, and 2.0 ml ) were 

injected intravenously on three successive clays each week 

dming a 4-week period. Animals were bled by intracardia l 

puncture 9 days after the final injection, and sera were stored 

at -20 C unless used immediately. 

Isolated slime was used as the antigenic dose at an initial 

rate of 0.1 mg/ kg body weight of the individual rabbits. 

During the first week, rabbits were given two subcutaneou~ 

injection ~ of 1 ml slin1e plus 1 ml Freund's complete adju- • 

vant. During the second week, two 1-ml intram uscular in­

jections of slime plus Freund's complete adjuvant, in a 1:1 

ratio, were given at 3-day intervnls. Freund's complete ad-
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juvant (7) is a suspension of killed mycobacteria in a mixture 
of paraffin oil and an emuhfying agent. During th e third 
week, adjuvant was discontinued, and only the slime sus­
pension was injected by the intraperitoneal route. Two such 
injections were given at 3-day intervals. One week after 
completion of this series of injections, rabbits were bl ed by 
intracardial puncture. Sera were stored at -20 C unless used 
immediately as noted. 

To determine tl1 e effect of increasing doses on antibody 
production, isolated slime was injected intradermally at 
0.85 mg/ kg body weight along with adjuvant. Two such 
injections were given for 2 weeks. During the third week, 
adjuvan t was discontinued, and on ly slime was injected by 
the intravenous wute. Rabbits were allowed to rest 1 week 
and were bled by intracarclial puncture. Sera were stored 
at -20 C. 

Serological m ethods 
Bacterial agglutination was clone in 13 X 100 mm tubes. 

The titer was recorded by reading th e antigen antibody re­
action patterns after holding overnight in a refri gera tor 
after 3-hr incubation at 50 C. 

The ring test for rapid detection of precipitating antibody 
was carried out in tubes, using Pasteur pipettes to intro­
duce the components. The procedure was followed as out­
lined by Campbell et al. (2). 

Capillary precipitation tes ts were clone by the method of 
Swift et a!. ( 11), with reading afte1· 12-lll' r efrigeration . 

Agar-gel diffusion was prepared using the slide method 
of Schubert et a!. (8) . An tisera were tested in a satellite 
pattern to determin e th e relationship between strains. Slides 
were incubated 2 days at 35 C in a moist chamber. 

The Neufeld Quellung reaction was determined by the 
method outlined by Campbell et a!. (2). 

Sheep red blood cells were sensitized for p as&ive h emag­
glutina tion by mixing equal vohunes of trum.ic acid-treated 
erythrocytes and antigen (1) . Following antisera addition, 
tubes were checked for agglutination after 3- ru1d 12-hr 
incubation at room temperature. 

Complement fi.xation was done according to the method 
of Campbell et a!. (2), employing previously titrated com­
plement and specific hemolysin. To overcome tl1 e anti­

l complementary reaction of the immune serum, the test was 
done with an initial serum di lution of 1: 128. 

R ESULTS AND DISCUSSION 

llnmu.noge·nicity of isolated slime 

Antisera from rabbits injected with isolated slime 
material did not contain detectable levels of pre­
cipitating antibodies when assayed by ring-test pre­
cipitation, indirect hemagglutination, gel diffusion, 
and complement fixa tion tests . 

lm:munogeniC'ity of formal-ini zed cells 
Immunogenic properties of killed whole cells of 

the three species of Propionibacterium were studied 
by agglutination tests . Homologous an tigen react­
ed with the three antisera that had been obtained. 
Pre~ence of cross agglutination observed with the 
antisera of both P. freudenreichi'i and P. shennanii 
supports the earlier findings of vVerkman and Brown 
(13). Likewise, the antiserum to P . zeae exhibited 
no cross-reaction. Attempts to detect anticapsular 

or antislime an tibodies by using the Quellun g re­
action were unsuccessful. 

Results of this study indicate that slime produced 
by tlu·ee species of Propion:ibacterium did not in­
du ce detectable precipitating antibody formation in 
rabbits. It is possible that slime from propionibac­
teria, like pneumococcal polysaccharides, may be 
an tigenic only in certain species of mammals. Ob­
viously it is not an tigenic in rabbits and might act as 
a hapten. This work further indicates that sub­
sequent attempts to induc e antibody formation 
against propionibacteria! slime should be done in 
species of animals other than r abbits. Since chick­
ens are better producers of precipitating antibody 
than are rabbits [Wolf et al. as ,cited by Campbell 
et al. (2) ] their use for this purpose would ::eem 
logical. 
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ABSTRACT 

ViiJrio pamhaemolyticus was isolated from samples of water, 
sediment, blue crabs, oysters , and clams collected in several 
areas of Chesapeake Bay. Numerical taxonomy was used to 
identify and classify the bacterial isolates. Deoxyribonucleic 
acid (DNA) base composition, serology, isozyme, gas chrom a­
tography, bacteriophage sensitivity, and DNA/ DNA reassocia­
tion analyses confin11ed the identification and classification of 
V. parahaemolyticus and permitted establishment of genetic 
relationships of the Chesapeake Bay strains with isolates from 
victims of food poisoning in Japan and from samples taken 
in geographically diverse areas of the United States. Isolates 
implicated in recent outbreaks of food poisoning, the first 
fully documented cases of V. parahaemolyticus food poisoning 
in the United States, were shown by DNA/ DNA reassociation 
measurements to be closely related to the Japanese and othe1· 
isolates collected in the United States. Fatty acid profiles of 
cell derivatives prepared using GLC were useful in diagnos­
ing Vibrio spp ., including V. parahaemolyticus and Vib·rio 
cholerae. Bacteriophages isolated from ocean sediments col­
lected off Cape Hatteras were found to be active against V. 
cholerae and V . parahaemolyticus. Distribution of V. para­
haemolyticus appears to be restricted to coastal and estuarine 
regions. V. parahaemolyticus has be@n shown to be closely 
associated with zooplankton and a life cycle for V. parahae­
rnolyticus in Chesapeake Bay is proposed. 

Microbial ecology studies of Chesapeake Bay were 
initiated in our laboratory in 1964. Analyses of sea­
sonal and regional differences in the microflora, 
specifically the bacteria, were undertaken and, in 
the first 3 years of the 8 years of research, two areas 
of Chesapeake Bay were chosen for study. Marumsco 
Bar, near Crisfield, 'Maryland, on the lower Eastem 
Shore and Eastem Bay, on the upper Eastem Shore 
of Maryland were sampled at 6-8 week intervals. 
Marumsco Bar suffers serious biomodal annual mor­
talities of the shellfish population and is no longer 
commercially productive for oysters. Eastem Bay 
remains a thriving oyster harvesting area. Thus, the 

'Presented at the 72nd Annual Meeting of the American 
Society for Microbiology, Philadelphia, Pennsylvania, April 
23-28, 1972. 
' Present Address: Professor of Microbiology, Department of 
Microbiology, University of Maryland, College Park, Mary­
land 20742. 
3Present Address: National Cancer Institute, NIH, Bethesda, 
Maryland 20014. 
•National Marine Fisheries Service, NOAA, Oxford, Maryland. 

tvw areas offer useful sites for comparative micro­
bial ecology analyses. Research over the past 5 years 
has been expanded to encompass a generalized micro­
bial ecology program with sampling sites increased in 
number to provide an holistic sampling of the Chesa­
peake Bay. 

With the discoveries by Krantz et al. (22) in 1969 
that Vibrio parahaemolyticus is involved in mortality 
of Chesapeake Bay blue crabs, Callinectes sapidus, 
and by Lovelace et al. (24) that V·ibrio spp. are a 
dominant portion of the natural microbial flora of 
water, sediment, and animals, a focus of the research 
efforts has been on the genus Vibrio as a model sys­
tem for hemistic approaches to the understanding of 
ecological interactions in Chesapeake Bay and, ulti­
mately, bays and estuaries of the coastal regions. 

V. pamhamnolyticus has recently been shown to be 
a public health problem in the United States (Mor­
bidity and Mortality W eekly Report, 20 ( 39) :356, 
Week ending Oct. 2, 1971). Identification and classi­
fication of this organism, therefore, are no longer 
activities of academic interest but a most practical 
necessity. Taxonomic studies of V. pamhaemolyticus, 
using both numerical taxonomy and DNA/ DNA re­
association analyses, were published by Citarella and 
Colwell (9, 11) and the taxonomic aspect of the re­
search has been extended to include application of 
serological, isozyme, gas chromatography, and bac­
teriophage typing techniques. 

Japanese workers have provided extensive data on 
V. para:haemolyticus (18, 19, 28, 32). Other papers 
in this symposium deal with specific aspects of V. 
pa.ra.haemolyticus, such as isolation methods (17) , 
pathogenicity (30), and epidemiology (15). The ob­
jectives of this report are to provide an overview of 
current research underway in our laboratory on the 
identification, classification, and ecology of V. pa.m­
ha.emolyticus and to offer some hypotheses concern­
ing the taxonomy and dish·ibution of this species in 
nature. 

MATElUALS AND METHODS 

Sampling methods used in th e studies reported in this 
paper have been described elsewhere (20, 24). Water, sedi­
ment, and anin1al samples were collected on a 1·outine basis 
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from sampling stations in Marumsco Ear, Eastern Bay, the 

Hhode Hiver, Baltimore H arbor, and other sites in Chesa­

peake Bay. Samples were collected following aseptic techni­

que and employing J -Z (Alpine Geophysical Associates, Inc., 

West Norwood , New Jersey) and Niskin (General Oceanic3, 

Inc., Miami , Florida) samplers for water and a corer ( vVild­

life Supp ly Co. , Saginaw, lvl ichigan) and dredges for sedi­

ment. 
Ship support was provided by th e Smithsonian Field Station 

at Rhode Hiver through courtesy of Dr. F. vVilliamson, Direc­

tor, th e Maryland Department of Natural Hesotu·ces and th ~ 

Johns Hopkins Uni versity Chesapeake Bay Institute ( R/ V 

JUDCELY WAHFIELD) fo:· Chesapeake Bay sampli11g an,j 

Duke University ( H/ V EASTWAHD) for off-shore and ocean 

~ampling. Samples were subjected to bacteriological analy~ 

sis on board ship immediately after recovery or on return to 

th e laboratory. Samples were plated out within a few minutes 

to 4 hr after collection in all instances. 

Standard bacteriological methods were used in carrying ou£ 

plate counts, culture, and iso lations. The media employed 

nnd taxonomic tests applied, as well as the method for data 

coding and computer pro)!;rams used in data proce~sing b y 

computer for th e numerical taxonomy studies have been de­

scribed previously (10, 12, 14, 26). 

Taxonomic data for all strains isolated and characterized 

in th e course of the studies h ave been coded and are stored 

on computer for retrieval and computation as new data ar ~ 

accessioned. A new program has been written which permits 

comparison of groups of strains from a given sampling with 

any previous sample set (Oliver and Colwell, Abstr. Ann. 

Meeting, Amer. Soc. Microbial., May, 1972; Oliver and Col­

well, manuscript in preparation). 
Electron microscopy of thin sections of V . ?Jarahaemolyticus 

and V·ibrio cholerae are mutinely prepared to determine ultra­

structural features and morphological detail of the strains. 

Methods for fixing, embedding, sectioning, and staining have 

been described (21). 

DNA base compositions were determined following th e 

nwthocl of Marmur (25), using modifications described by 

Citarella and Colwell (8). 

Polyacrilamicle gel electrophoresis of cell preparations was 

carried out according to the method of Davis (16). Prepara­

l tion of cell exb·acts, reagents, and solutions used, and pro­

cedural details are given by vVan and Colwell (31 ). 

V. pa.ralwemolyticus strains were serotyped using com­

mercial anti-sera provided through the courtesy of Dr. H . 

Zen-Yoji , Director of Public H ealth Laboratory, Tokyo, Japan. 

Agglutination reactions were used to determine the K-serotype 

of each isolate. 
Fatty acid profiles were compiled by gas chromatographic 

analys is of cell preparations obtained as follows. Cells were 

grown in seawater broth on a shaker at 28 C for 14-16 hr. The 

cells were harvested, washed with physiological saline and de­

ri vatives were made according to the method described b y 

Moore et al. (27). Aliquots of 2-5 ,u.l of the samples were 

injected into a Hewlett-Pac.kard Model 7600 Gas Chromato­

graph equipped with ECA columns. The GLC determina­

tions were made at 180 C for 15-20 min. ( C-12 ) - ( C-18) 

standards were obtained from Hewlett-Packard and 1 ,u.l of 

the standard was used before and after each clay's chroma­

tographic trials. 
Bncteriophages for V. paralwemol![ticus were isolated from 

sewage and also from sediment samples collected in ovem­

ber, 1971, off Cape Hatteras during a research cruise of the 

IVY EASTWARD, the Duke University research vessel. 

Isolation of bacteriophage was accomplished by means of 

cnriclu11 ent experiments in which sewage or sediment samples 

and strains of V. paralwemolyticus were mixed together and 

allowed to incubate for 14-16 hr at 25 C. Positi ve results 

were indicated by double layerin g of the sample against host 

bacteria . Bacteriophage 7B was twice recovered from th e 

original sampl e materia l as a check on th e method a.nd pres­

ence of bacteriophage in ocean sediment. Filtered a.nd tmfil­

tered sample aliquots were mixed with fresh host cultures and 

allowed to incubate for 18 hr, after whi ch tl1 e contents of both 

flasks were centrifuged and the supernatants filtered . F ilh·ates 

were assayed b y the double layering technique. Titers of th e 

phage preparations were determined following standard meth­

ods (1 ). Cultures of V. parahaemolyticus were challenged with 

th e phage preparations for phage typing. 

Extent of reassociation in heterologous DNA preparations 

was measured by slightly modified pwcedures previously pub­

lished (5). Preparation of unlabeled, 32P-Iabeled DNA, shear­

ing of DNA, and countin g procedures have been described (7) . 

The reassociation reaction consisted of unlabeled D NA frag­

ments and 32P-labeled D TA fragm ents in 0.14M phosphate buf­

fer (ratio of unlabeled to labeled DNA ,.~,as 400:1). The mix­

ture was denatured at 100 C for 4 min, quickl y cooled and then 

incubated at 60 C for 48 hr to obtain 96 Cots for the un­

labeled DNA. After incubation , the duplex DNA was 

separated from tl1e single-stranded D NA by adsorption of the 

duplexes onto hydroxyapatite by the batch procedure ( 4). 

Adsorbed dupl ex D1 A was then eluted by a thennal gradient 

in 0.141\r phosphate buffer by 2.5 C increments up to 95 C. 

The th ermal elution profiles t hus obtained gave an estimate 

of percentage of unpaired bases in renatured DNA duplexes 

(6). 

R ESULTS AND DISCUSSION 

V. parahaemolyticus is a gram-negative, rod-shaped 

bacterium commonly isolated from estuarine and 

coas tal waters and sediment. Under the electron 

microscope, the morphological features are that of 

the typical gram-negative rod. See Fig. la and lb. 

F igure 1a. Electwnmicrograph of ultmthin section of 

V-ibrio parahaemolyticus. Typical gram-negative structure is 

shown for the rod-shaped bacterium. 
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Figure 1 b. Electronmicrograph of ultra thin section of 
V·ibrio parahaemolyticus. Round body commonly observed in 
cultures of Vibrio spp., including V. pa:rahaemolyticus ('21). 

Numer·ical taxonomy 
A set of reference strains of V. paraha.emolytictt.s 

received from Dr. R. Sakazaki, Chief, Division of 
Bacteriology, National Institute of Health, Tokyo, 
Japan, were subjected to numerical taxonomy an­
alysis. A total of 200 characteristics for each sb:ain 
were scored, coded, and transferred to IBM cards 
for analysis by computer (11). Results of the analysis 
are shown in Fig. 2. Thirty-one of the 35 strains group­
ed in an homogeneous cluster with inh·a-group S-val­
ues of ~ 75%. A comparison of these sh·ains with 30 
strains of V . cholerae was also done and low inter­
cluster relationships were observed, in the range 75 
-+- 5% S. This was found to be on the lower side of 
the S-value level for genus relationship established 
in an earlier study (12). 

A set of 28 bacterial cultures isolated from mori­
bund and dead Chesapeake Bay blue crabs was ex­
amined and, of these isolates, 21 were identified as 
V. para.haemolyticus; see Fig. 3. The Chesapeake 
Bay sb·ains of V. pamhaemolyticus clustered at S­
values of ~ 75% and were found to possess over-all 
DNA base composition of 45 -+- 1% G+C; see Table 1. 

A set of 41 strains of V. parahaemolyticus isolated 
from victims of food poisoning in Japan were pro­
vided by Dr. H . Zen-Yoji . These isolates were com­
pared with sh·ains received from Dr. Sakazaki. In 
Fig. 4, results of such a comparison, with reference 
sh·ains of Pseudomonas fluor esc ens (OX) and Es­
cherichia. coli, are given. Very high inh·a-group sim­
ilarity ( ~ 80%) was noted for the V. parah.aemolyticus 
strains. 

Comparison of V. pa.rahaemolyUcus sh·ains isolated 
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Figure 2. Total similarity value trian gle output for Vibrio 
parahaemolyticus. Arrangement of strains was done by 
computer. Reading down the left column, strains No. 21 
through 5 are V. pamhaemolyticus. Reprinted through cour­
tesy o.f th e ]ottmal of Bacteriology (11). 

from Chesapeake Bay blue crabs with the sh·ains re­
ceived from Dr. Zen-Yoji revealed very high simi­
larity (Fig. 5 ) . An analysis of representative strains 
of V . parahaemolyUcus from a variety of sources is 
given in Fig. 6. 

The high internal homogeneity of clusters of V. 
parahaemolyticus is clear from the numerical taxon­
omy data. Strains of V. parahaemolyticu.s isolated 
from diverse geographical sources and a variety of 
samples (blue crabs, necrotic tissues of infected 
swimmers, feces of patients, water, sediment, etc.) 
showed a remarkable phenotypic similarity. 

DNA base composition analyses 
Results of DNA determinations for representative 

sh·ains of V . pamhaemolyticus are given in Table 1. 
These data and other data, as yet unpublished, from 
our laboratory clearly indicate the over-all DNA 
base composition of V. parahaemolyt'icus to be in the 
range 45 ± 2% G+C. In all instances the DNA b ase 
composition determinations have provided results 
confirming the numerical taxonomy findings which 
are based on phenotypic similarities. 

The DNA base composition of V. cholerae is high­
er than that of V. pamhaemolyticus, i.e., 48-+- 1% 
G+C, and V·ibrio marintts and related marine vibrios 
lower, i.e., 40 -+- 1%. See Table 1. 
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TABLE l. DNA BASE COMPOSITION OF Vibrio paraha.emolyticus, Vib rio SPP., AND STR A I NS OF BACTERIA ISOLATED FROM OCEAN 
AND ESTUARY SAMPLES 

Strain 

Cytoplwga 
Cytophaga 
Vibrio 
v. pamhaemolyticus 
v. paralwemolyt·icus 
v. parahaemolyt'icus 
v paralwemolyticus 
v. parahaemolyt'icus 
v. parahaemolyt'ictts 
v. pamhaemolyticus 
v. parahaemolyticus 
v. parahaemolyticus 
V. pa:rahaemolyt'icus 
v. pamhaemolyticus 
v. parahaemolyticus 
v. pGuthaemolyticus 
v. pa.mhaemolyticus ,- pam haemolytic us 
v pamhaemolyt icus 
v parahaemolyticus 
\1. paralwemolyticus 
v. pamhaemolyt'ic us 
v. para.lwemolyticus 
v. pa.ra.haemolyticus 
Unidentified strain 
Unidentified strain 
Unidentified strain 
Unidentified strain 
v. pamhaemolytictts 
V . pamhaemolyticus 
V . pa.mhaemolyticus 
v. pamha.emolyticus 
v. pa.rahaemolyticus 
v. pa:raha.emolyticus 
v. pamhaemolyticus 
v. prt:rahaemolyticus 
v. pa.mha.emolyt icus 
v. parahaemolyticus 
v. pamhaemolyticus 
v. pa.rahaemolyt'icus 
v. pamhaemolyticus 
v. pa.raha.emolyt icus 
V. pam haemolytic us 
v. parahaemoluticus 
v. para haemolyt-ic us 

Sakazaki strain 

V. cholerae 
( 12 strains) 3 

V. mari.nus 
V . m.urinus 
Y.. ma.rinus 

Ko. 

2C' 
SF 
15 
5D-Bw 
7B 
5B 
5D-Bw-Spr 
BE 
7Bw 
2B 
4A-A 
5D-Bs 
7D 
l3A 
5D-A 
sc 
-1A-B 
llB 
12B 
12C 
12A 
4A-Bw 
12B-Spr 
SA 
llA. 
?'C-Grey 
?'C-Wh 
6D 
CDC 4871 
CDC 4280 
CDC 4281 
CDC 3637 
CDC 3454 
CDC 5002 
CDC 6202 
CDC 7606 
CDC 8198 
CDC 8633 
CDC 1889 
CDC 8694 
CDC 6670 
CDC 1334 
CDC 6614 
CDC 5704 

1" 
4 
5 
13 
15 
17 
21 
23 

MP-1 
v!P-31 
l\llP-33 

• One preparation, two determinations. 
• •Two preparations, two determinations. 

Tm °C Buoyant Dens ity i\Iole % G + C 

83.3 34.2 
83.5 ( 83.1) 0 34.6 ( 33.8)" 
86.1 (86.5)" 41.0 ( 42.0 )" 
87.4 44.2 
87.4 44.2 
87.5 44.4 
87.6 ( 87.6)" 44.B (44.6)" 
87.6 44 .6 
87.7 (87.8)H 44.9 (45.2)"" 
87.8 45.1 
87.8 45.1 
87.8 (87.7)" 45. 1 (44.8)" 
87.8 45.1. 
87.8 45.1 
88.0 45.6 
88.0 45.6 
88.1 (88.4)H 45.9 (46.6),."' 
88.1 45.\J 
88.1 45.9 
88.1 45.9 
88.2 46 .1 
88.3 46 .4 
88.3 46.4 
88.5 ( 88.6)" 46.9 ( 47.0) 
88.6 (88.3)" 0 47.0 (46.3) 00 

89.9 50.0 
90.0 ( 89.6) 0 50.5 ( 49.6)" 
92.1 (91.8 )" 55.5 (54.9)" 
87.1 43.4 
87.2 43.6 
87.2 43.6 
87.3 43.8 
87.5 44.4 
87.8 45.1 
87.9 45.4 
87.9 45.4 
88.0 45.6 
88.0 45.6 
88.1 45.9 
88.1 45.9 
88.1 45.9 
88.2 46.1 
88.3 46.3 
88.8 47.6 

1.705 ± 0.001 46 ± 1 
1.705 ± 0.001 46 ± 1 
1.705 ± 0.001 46 ± 1 
1.705 ± 0.001 46 ± 1 
:!..705 ± 0.001 46 ± 1 
1.703 ± 0.001 46 ± 1 
1.705 ± 0.001 46 ± 1 
1.705 ± 0.001 46 ± 1 

1.707 ± 0.001 48 ± 1 
1.699 ± 0.001 40 ± 1 
1.700 ± 0.001 41 ± 1 
1.699 ± 0.001 40 ± 1 

'The first 28 strains li~ied were isolated from moribund and d ead Chesapeake Bay blue crabs. 
2Strains labeled CDC were isolated from localized tissue infec tions of individuals in th e United States. Received from R. M. 
Twedt, U. S. Public Health Service, Cincinnati, Ohio . 
3 Data taken from Citarella and Colwell (9). 
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F igure 3. Numerica l taxonom y analysis of 36 strains of b1cteria , including five reference strains and 31 isolates from 
moribund or dead Chesapeake Bay blue crabs. Twenty-one strains were identified as Vib rio parahaemolyti.cus, i.e., strains 
7B through 2B, reading from left to right in the fi gure. Sh·ain llA is peripheral to the main cluster but differs sufficientl y 
from th e other strains to be excluded from the species cluster. 

Electmphoretic analysis 
The ~ralue of isozyme analysis in identification and 

classification of bacteria has been amply demonstra t­
ed (2, 13, 16, 29). Construction of zymograms by 
means of polyacrilamide gel electrophoresis, follo·w­
ed by staining for specific enzyme activity has been 
shown to provide useful taxonomic comparisons a t 
the enzyme level, since detection of minor structural 
differmces among en,zymes is permitted by this tech­
niqu e. Crude protein extracts and specific staining 
for esterase, cytochrome oxidase, and phosphatase 
have been done using strains of V. parahaemolyticus. 

Typical results of es terase patterns for V . para­
haemolytic-us are given in Fig. 7. Interpretation of 
the banding patterns is not difficult and results of 
comparative analyses are shown in Fig. 8 and 9. 

Esterase and cytochrome oxidase zymograms and 
total protein patterns ( \iVan and Colwell, unpublish­
ed data) appear to offer an excellent method for 
clinical diagnosis of V . parahaemolyticus. 
Cas chromatography 

Fatty acid profiles of more than 50 sh·ains of V. 
parahaemolyt-icus were obtained using gas chromato­
graphy with the derivatives prepared from cell ex­
tracts. The major peaks observed were characteristic 

for the V. pamhaemolyticus sh·ains examined. See 
Fig. l Oa and lOb. An interesting observation was 
that the fatty acid profile of V . alginolyticus differed 
very little from that of V . parahaemolyticus (see Fig. 
lOa and lOb ). Gas chromatography offers a rapid 
diagnostic tool of considerable promise. 

Bacteriophage typing 
Seven bacteriophages for V. pamhaemolyticus have 

been isolated from sewage and one from a sediment 
sample collected off Cape Hatteras in November, 
1971. In isolating the phages, sewage and sediment 
samples were exh·acted with sterile seawater and the 
extract was added to pure cultures of host bacteria. 
The phages were repeatedly isolated from a given 
sample so that isolations of the bacteriophages were 
not spurious events but, in fact, a result of the pres­
ence of the bacteriophages in the source material. 

Table 2 provides results of cross-reaction tes ts using 
strains of V. pamhaemolyt-icus and related vibrios. 
An unexpected finding was cross-reaction of bacterio­
phage for V . pa.mhaem olyt icus against V. cholem e 
and V. alginolyticus. 

DNA reassociation studies 
Reassociatiom of 32P labeled reference D NA, using 
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Figw·e 4. Results of a taxonomic analysis comparing 41 

strains of Vi.brio parahaemol!{ticus received from Dr. Zen­

Yoji with three strains from Dr. R. Sakazaki. Two strains, 

Pseudomonas fltwrescens (OX) and Escherichia coli served 

as con trols. 

V. cholerae 1 IH 35A3, vaccine sh·ain, and V. para­

haemolyticus Sakazaki strain 4, were measured in 

earlier studies (7, 9 ). Significant heterologous bind­

ing of DNA prepared from V . cholerae and reacted 

with DNA from V. parahaemolyticus could not be 

detected, although very high reassociation among 

strains within the species was measured. 

More recent work, summarized in Table 3, indi­

cates very high relationship among strains of V. para­

haemolyticus, regardless of source of isolation. Con­

firmation of the phenetic similarities thus is provided 

on a molecular genetic basis. 

Ecology of Vibrio parahaemolyticus 
V. para.haemolyticus strains have been isolated 

from water, sediment, plankton, oyster, and blue crab 

samples . The distribution of this organism in estu­

aries and coastal regions appears to be widespread, 

very likely on a global basis. Restriction of this or­

ganism to an es tuarine environment appears to be a 

function of salinity effect on adsorption (Kaneko and 

Colwell, manuscript in preparation ). 

A series of field trips were made to determine the 

distrib1..1tion of V. parahaemolyt·icus from the coast 

" IC 
TC t• 
?C WM ... ... 
Kll 

'" "' '" "' ... .... .. 
" '" " "' ... ... ... 
K41 ... ... 
"' ... .. .. 
"' ... 
UKU ... ... ... ... ... .. 
SAil s• ... 
01 .. .. 
'" ... ... ... ... -ao.e.-•• 
0< 
IU 
11-•·a, 
IW 
Ill ... _.. .. 
4A• A ..... ... 
II< .. .... ..... 
TO .. .. ... 
"' "" " " II lOS 
OX-I 
10 

1 1 ' ~ \ • 1 

I Z H~f> J8q01 1l ~'ill Jllq 0l1l '-" li'Ot lH,+ ln" l lH'i'- lnO 11l<loHll•tll H,.lUO lll<lo 

.) CYTOI'MAOA 

'" : :~ UNIOlNT!rllO 
"OA lfU 

,lii•••l 
l i•i"UJU 

. ::. t••··· · 

.i ::••••t• l • 
::--• t •t lt• •• ·=········· ... .;;: •••111••11• 

;---- ··"''"''' 
, Oi ~ I ' • • • • • • Ito • I • .:--•······· ······ .; iil•ltt••·•r.••··· 
. ;:: •••· · ·• r. t••tt•• • 
=• :: • • ··· ···· ··•· t••t 
: -::• l·•·••ltiii•T.ttt f, 
: - il;•t•••totof, ltl f. to (.t(. 
.:, O• • ••t•t• t •ll•ltllltt .. ........................ 
··-···· ···· ··"·'' '· '''''' ' ' .:il:t • •tlllo l, ottot o llltH. I t 
::-- • o • II II o ~ I I In I I I I I,(. f. tr,r. .IA,AN[$[ 

• :; ; o ~ o •t I• o I • t. t • 1 I I 111 ~t It t. • ISOLATES 
• ; il; • • • o too ol \f, I• '·I II t I ~f. t <.l.f. ~ 

• ; ii• o • oo o o ~ ·If. ' I •. I I I I'· t IIIII I • 
.;:O i •• • ••••l • l'. l•l !l'. l t f. ll•• · ••.t 
.: • •••·•• • • ' •••••l••lllll••oo••ll 

JI•U 
~&-+C 

41-+'\ 
II+·JC 
n-n ,,..,c ,.,_,, 
't.·•c . ... , 
., , _ I CO t 

,:;: &1 • , ,,,, •<: • t to l. t 1 t '. tt • . • r.r.r. r: •, ttl VIBRIO PARAHAEWOLYTICUS 

. :-- •···• · •· • lt•t • llt•tlf. •lll ••l•l l . ......... , ,,,,,,,_,,., ,.,_,, ,,,,, ,_,,, , 
, ,;: ::oooolt(.IIPf.l t•lt t lf.(•IHf. Uit f.. ll 

.; - · l o olll• otltlol\ l,l l <. t<;t (.( (f. \IOi f.f. \ 0 • 

.:--l oo otot ott f. I•IIIIHIT.ItHt tt lt tt H t 
, ;• •t••H•IIII f. t ttl tl lt lf. l t.f.t<.f. 0. 11 1.1. 1f. t• 
:- ~ : • ••• t •t tt•,•.ttlt tr.tr.t tr. r. t,ttr. •l. t•.tt •. • 

, i• · to • o o o o Il l. I II I Ill ~ 1.11 1 £.1 I II ( '. I f.(~ •. t ' ' 0 

.OOilt•UIII I IIIHIHII. IIIt tt'. ltlt tttt•, ••• • 

. i • • I o o too o to II I I I \IIIII • I I I• • I'·'· '· I 1'. 1 ~ 0 tr. • '· 
: :-- t I• o I o o I o I P of. t II I I r. 11 I I U It • ~ t ( 1.1. ~ 0 I tt •. t 
:;- -•ttt•t•I•HIIItlf. tr.t. t •. ttlt l t •. •. tr.r. r.r.•o. r. u. • 
: : , •.i• , ,, , , · - o, -• . ~ • ··,,,, ;- , . ; • • • - o I o , .. " • o •.t • 

. : · - ; • • • ~ · . · - ·--·- - • •••. ••• · - . :. •I -- •••• • •• ••• ,_ . 

.:--•--·-·· ·· · - · -·· -·--· ·· --·--·· · ··· .. ··· · ••11• 1. • 
;;;;.a······ -······- ······ ··"' ''' ' ' ' ''' ' ''''' '"'' 
.O; i: • • •:i-•·• • •• •-• ••••• • • - ·••-•1--- t • • -•• • t • • t•tt f, 

:-O:ii• • • -- • oo• • • •-• •••+ • • • · • •• • •l ••• l•• • •oof. o•lltt•• 

=•••-• ••- • • • •• • • • •• •••••••-•• • -•••••t lt •••t t t t r.t •r.••• 

: ~;:~:! :::::::!!!:::;::; :~:::: :;: :: :; :::: :: :.~=~~:: ~~!:. 
. ;ii3•• · - · · · ·· · ········ ·· ·· · ·· · ···· · ·· ···•• •• ·'·' '' '- 11T.•• 
.:ii<l•••- •• oo• • •t••oo • t • • •• •• • • l • • • • l••"1111• f. tl• t llf. ••• 
:-:,;-;a•• • .i l-- • • • - - • • • • 1· • • ••• ••;•• •••--t • •••• • •t f.f. f. t•t•• 

~ r r: == ;~~~:: : ::::: ~= ::: ~ ~: !:: : ~; :: ~::;; :::;::;:; ~ ~:. :::.: 1:.!: ~, 

:; mmmm;~~!miiWm!~~~~H~!l!Hl\~\l lll\ ll\~lllll~: : __ 
~; ~~~==~~~:~;~:~~~=~~E~;~:~~~E~:~~~;;~~;~;~=:;~;;;; ;:~:~ ;:; :; ;;;:~~ : 
: ::~::: i;:: :::; ~ ~ :i ;: ~:; ~;; : ~;;; ;~;:; ~ ~ ~;:; :-;;; ;: ~ ~;~;;; ~;: :::; ~; ;; ~: ~: ;).:~:~~~MOUt 
ll )4'itoHqe 1 1l4'i6l~qct 2l 4';t.lllq0 t ll4 Sf~ l "q"ll)4'Sfl J '!l q r.11 14,U II ~ C t 1lUII lllqtt ll'-

1 1 ) .. 'S t ' 

Figure 5. Comparison of Vibrio parahaemolyticus strains 

isolated from Japanese patients (labeled as K) with Chesa­

peake Bay blue crab isolates . 

to edge of the continental slope. Transects of a re­

search cruise aboard the R/ V EASTWARD in August, 

1971 are shO\'VIl in Fig. 11. 

Total viable counts (TV<;:;) and distribution of 

V ib1"io spp. and presumptive V. parahaemolyticus 

( VLO ) for water, sediment, and plankton samples 

are shown in Fig. 12, 13, and 14. Decrease in num­

bers of heteroh·ophic, aerobic bacteria with distance 

from shore was observed and is in accordance with 

earlier recorded observations (33). V. parahaemolyti­

cus could not be isolated from samples collected at 

distances greater than 10 miles from shore. 

It is clear that V. pa.raha.emolyticus is restricted in 

dish·ibution to estuarine and coastal regions of the 

temperate zone. From observations made in our 

laboratory (20), an association of V. pa.rahaemolyticus 

with zooplankton has been observed in Chesapeake 

Bay. From the data, an annual cycle, closely bound 

with that of the zooplankton, has been hypothesized 

and is represented in Fig. 15. 

V . parahaemolyUcus has been shown to be present 

in Chesapeake Bay and is associated with the zoo­
plankton, demonstrating rhythmic cycles of occur­

~·ence in the water column in parallel with appearance 
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Figure 7. Typical es terase patterns for three strains of 

Vibrio parahaemolyt·icus. From left to right : Chesapeake Bay 

isolate, Zen-Yoji strain, and a strain of V. parahaemolyticus 

isolated from a U.S. tourist returning to the Uni ted States 

from a tour of the Far East (culture provided by the Center 

for Disease Control, Atlanta, Georgia ) . D etails of procedures 

have been published (31). 

of plankton blooms. 
The causative agent of the food poisoning outbreak 

occurring in Bainbridge, Maryland, in late summer, 

1971, by all the methods applied , including DNA/ 

DNA reassociation measurements with reference 

strains, has been diagnosed as V. parahaemolytictts. 

The taxonomy of the genus V·ibrio, at present, in­

cludes a good description of the type species V . 
cholerae and, from recently accumulated data, of 

V. parahaemolyt-icus. The relationship between V. 

cholem e and V . parahaemolyt'icus remains unclear . 

However, it would appear premature to separate 

these species in to different genera, as proposed by 

other workers (3) . A study of the Enterobacteriaceae 

presently being undertaken in our laboratory in col­

laboration with Drs. Sakazaki and Brenner should 

provide insight for saltation of species within genera 

and between genera. 
' It is clear, from our experience, that microbial 

ecologists have only just begun to attack the highly 

complex problem of speciation of bacteria in nature. 

V . paralwemolyticus provides a good example of the 
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Figure 8. Esterase zymogram for Vi.brio parahaemolytictts 

isolated from Chesapeake Bay blue crabs. Strains B-crab 2C, 

SF, 15, 7C-\Vh, 7C-Gray, and 6D are not V. parahaemolyt·icus. 

( See Fig. 2 and Table 1 ). Shading indicates ir1tensity of 

sta ining. 

difficulty in recogmzmg "core strains" representative 

of a species. Many vibrios have been isolated from 
the estuary and ocean environment in the course of 

our work, including luminescent vibrios , which appear 

to be strains "in termediate" b etween species. The 
problem of the strains related to V. parahaernolyti.cus 
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TABLE 2 HosT SPECIFICITY OF Vibrio 1Jarahaemo/yticus llACTERIOPHo\CES 
Organism, strain ~KI ~2G ~7B ~IDnL 

V-ibrio alginolyt-icus 
I ~IDnS ~2BL ~2DnS ~FC291 

Sakazaki 157-70(85 ) - - - - - - - -
165-70(86) - - - - - - - - ~ 

157-70(87 ) - - - - - - - -
156-70( 88) - - - - - - - -
166-70( 89) + - - + + + + + 
163-70( 90 ) - - - - - - - -

\Tibrio anguillarum 
Bulloch 8.3 - - - - - - - -

8.9 - - - - - - - -
Vibr io clwlerae el tor 

ATCC 14033 - + - - - - - -

TABLE 3. PoLYNUCLEOTIDE SEQUENCE RELATIONSHIPS BETWEEN Vibrio parahaemolyticus SAK 4, V. parahaemolyticus FDA 
8657 AND OTHER MARINE VIBRIOS (STALEY AND COLWELL PRELIMINARY DATA) ' 

Mole % 
Stl'ain Source (G + C) 

V ibr-io parahaemoluticus 
SAK 4 hwnan 46 
8657 hwnan 46 
FC10ll crab 46 
2RR236 plankton 46 
12RR82 water 46 
crab crab 45 

v. alginolyticus 
166-70 - c 46 

Vibrio spp. 
9RR212 plankton 47 

v. cholerae 
35A3" - 48 

E. coli 
K12• - 50 

' 35A3 (V. cholerae NIH 35A3) 
•K12 (Escherichia coli K12, W1485) 
•received from Dr. R. Sakazaki as Vibrio alginolyticus. 

must be faced and there, very likely, ·lies a decade of 
research. 
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the staff of Dairy and Food Indush·ies Supply Asso­

ciation on a part-time basis to handle special projects, 

announced John H. Vogt, executive vice president. 

H e will work jointly on DFISA technical activities, 

govemment liaison, the Collegiate Dairy Products 

Evaluation Contest and related programs . 

This arrangement will enable continuation of mem­

bership services, govermental relations and overseas 

market development activities of the Dairy Society 

International ( DSI) program. }.lfr. Weigold has 

served as Managing Director of DSI since 1960. 

Following graduation from the University of Con­

necticut with major in dairy manufactming, Mr. 

'Weigold was for 20 years plant superintendent of his 

family ovvned business, Torrington Creamery, Inc. , 

Torrington, Conn., until being selected as General 

Manager for a newly established by-products plant 

in Puerto Rico. This t\vo-year assignment involved 

selection and installation of all equipment, h·aining 
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new employees, developing and introducing new 

products to the market place and in general providing 

efficient utilization of all available milk in excess of 

that needed for fluid demands. 

H e joined the staff of DSI in 1957 and greatly 

expanded the overseas market development program. 

Over the years, regional offices were established in 

Colombia, Thailand, Beirut, Lebanon, and Santiago, 

Chile. Dairy indush-y participation was coordinated 

by DSI in 46 International Trade Fairs and surveys of 

more than 30 countries were conducted. 

Mr. W eigold has participated in numerous industry 

activities, including the Collegiate Dairy Products 

Evaluation Contest, representing Com1ecticut; speak­

er at conventions of the Milk Indush-y Foundation­

International Association of Ice Cream Manufach1rers; 

membership on the Board of Directors of the Con­

necticut affiliate of the Milk, Food and Environ­

mental Sanitarians, and associate director of the 

American Dairy Association. He was the daily in­

dush·y representative for four years on the Food for 

Peace Council at the \iVhite House. In 1972, he was 

recipient of the Distinguished Service Award of the 

Aml;l'rican Dairy Scie1we As~Qci~tiQn. 
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PHENOTYPIC CHARACTERIZATION OF BENECKEA 
PARAHAEMOLYTICA: A PRELIMINARY REPORT' 

p AUL BAUJVIAN T AND LINDA B AUMAN T 

Department of Microbiologu, Universitu of Hmvaii 
Honolulu , Hawaii. 96822 

( H.eceivcd for publication August 7, 1972) 

ABSTRACT 

Eighty-six strains which were isolated from cases of gastro­
enteritis and had the general properties of th e genus Beneckea 
were submitted to an extensive nutritional , physiological, and 
n~orphological characterization. The results indicated that this 
collection of strains, which included the type strain of Be­
neckea 1Jarahaemolutica, was phenotypically homogeneous 
and distinguishable from th e other known species of Beneck~a 
by multiple, unrelated, phenotypic traits. v~hen grO\~n ln 

liquid medium, strains of B. parahaemolut1ca had smgle, 

sheathed, polar flagella; when grown on solid ~nediw1: '. these 
strains had unsh eathed, peritrichous fl agella m addrtwn to 
the sheathed, polar fl agellum . Additional traits of u~e br 
differentiation of this species from the remaining specres . of 
the genus Beneckea were the ability of .B . par~h~e~wl!]t·1ca 
to grow at 40 C, utilize n-galactose, L-leucme, L-hrstrdine, and 
putrescine and the inability to utilize su crose, DL-~-hydroxy­

butyrate or give a positive Voges-Proskauer reac~10n . . The 
validity of some of the traits previously used to rdentrfy B · 

paralwemolutica as well as the possible difficulties. encounter­
ed in the identification of this organism from marme sources 
are considered . 

About three years ago, we began a study of facul­
tatively anaerobic, gram-negative, flagella~ed eu­
bacteria of marine origin (2, 7, 8). Our study mvolved 
159 strains, most of which were isolated from samples 
of surface and subsurface sea water as well as from 
sea fish obtained off the coast of Oahu, Hawaii. These 
strains were subjected to an extensive nuh·itional, 
physiological, and morphologica.l character.ization and 
the data submitted to a numencal analysis. On the 
basis of phenotypic similarity, the strains :IV~re s~rted 
into clusters which could readily be d1stmgmshed 
from one another by multiple, unrelated, phenotypic 
traits. The majority of these clusters were given 
species designations and assigned to a redefined genus 
Beneckea (7). At this time we were aware of the 
existence of a marine enteropathogen (Vibrio pam­
haemolyticus) which appeared to have properties 
characteristic of the redefined genus Beneckea (14). 
Not being medical microbiologists , we were reluc~ant 
to include this organism in our initial screemng. 
However, we were forced to do so vvhen our studies 

.indicated that the criteria used to identify this or-

'Presented at the 72nd ·_ Annual . Meeting of the American 
·Soci~ty for Microbiology, Philadelphia, Pennsylvania, April 
23-28, 1972. 

ganism failed, in most instances, to differentiate it 
from several common species of the genus Beneckea 
(1, 4, 5, 6, 12, 14, 17, 18). The previously described 
criteria (14) were adequate for the identification of 
V. pamhaemolyticus when it was isolated from the 
feces of patients suffering from gastroenteritis, since 
a selection for the pathogen by the host reduced or 
completely eliminated other similar marine bacteria 
(19). These diagnostic criteria were inadequate, how­
ever, when the source was sea water or sea fish since 
the tes ts used were not valid for distinguishing this 
organism from other common marine bacteria. The 
literature purporting to isolate V. pamhaemolyticus 
from non-human sources reflects the lack of agree­
ment concerning the phenotype of this enteropatho­
genic organism as well as the almost complete ab­
sence of knowledge concerning the taxonomy of re­
lated marine bacteria (1 , 4. 5, 6, 12, 14, 17, 18). At 
the time of our initial study, we were able to screen 
only five authentic enteropathogenic marine bacteria 
which had been isolated from stools of patients suf­
fering from gash·oenteritis. Our results indicated 
that these organisms were phenotypically similar and 
were readily differentiated from species of the genus 
Beneckea. by unrelated phenotypic traits (7). The 
general properties of these sh·ains suggested their 
reassignment into this genus under the name Be­
neckea pamhaemolytica. 

Recently, our taxonomic conclusions were confirm­
ed and extended by th e elegant work of Anderson 
and Ordal (3). Using in. vitTo DNA/ DNA hybridiza­
tion, these authors demonsh·ated that a collection of 
80 strains, most of which appear to have properties 
characteristic of the genus Beneckea, could be sub­
divided into five groups on the basis of DNA homo­
logy. The group comprising strains of B. parahae­
molytica (all of which were from enteric sources) 
had an average homology of 67% with the group con­
taining sh·ains of B. alginolytica, indicating a high 
degree of genetic similarity. Hybridization with the 
remaining groups was on the order of 30%. An addi­
tional important finding was that only 3 of 12 strains 
isolated from marine sources (and designated V. 
pa.rahaenwlyUcus ) hybridized with the group con­
taining sh·ains isolated from human sources. These 
findings support our conclusions as to the inadequacy 

' 
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TABLE 1. MOHPHOLOGICAL, PHYSIOLOGICAL, AND NUTRITIONAL PHOPEHTIES OF B. parahaemolytica AND B. alginolytica• 

. . 
' ' 
~ . ~ . 

' 
' ' 

~ l ~ ~ 
1 1 - ~ 

"' "" ~ 
.; "' 

.; .; 

:\umber of strains f:G 18 ::\umber of strain s SG 18 

Straight rods + + Glutarate 
Peritrichousb + + DL-Malate 81 16 .. Motility + + D-Tartrate 

PHB'-Accumulation 
Fermentation of glucose" + + L-Tartrate 
Arginine dihydrolase• meso-Tartrate 

DL-{3-Hydroxybutyrate 

Voges-Proskauer reactio11 + DL-Lactate + + 
Oxidas<! + DL-Giycerate + + 
Denitrification 

NO.: ~ '0; + + Citrate + + 
GrO\~th at 4 c a-Ketoglutarate + + 
Growth at 40 C + + Pyruvate + + 

Aconitate 85 -f-

Amylase + + Mannitol + + 
Celatinase + + 
Lipase + + Sorbitol 

Alginase Inositol 

Chitinase + ,j_, Glycerol + + 
Ethanol 81 12 

v-Ribose + Propanol 82 12. 

v-Xylose 
L-Arabinose 53 Butanol 

L-Rhamnose Benzoate 

D-Glucose + + p-Hydroxybenzoate 
Phenylacetate 

D-Mannose + 8 Quinate 

u-Galactose + 2 
v-Fructose + + Glycine 68 16 

Sucrose + L-a-Alanine 84 16 

Trehalose + + D-a-Alanine + + 
{3-Alanine 

Maltose + + L-Serine 82 17 

' Cellobiose 7 
Melibiose 8 L-Threonine 85 -+ 

Lactose L-Leucine + 17 

Salicin L-Aspartate 82 8 

Gluconate + + L-Glutamate + + 
Glucuronate 54 L-Arginine 84 15 

N-Acetylglucosamine + + L-Ornithine 

Acetate + + L-Citrulline 

Propionate + + ')'-Aminobutyrate 

0-Aminovalerate 

Butyrate 76 16 L-Histidine 85 + 
!so butyrate 7 
Valerate 3 13 L-Proline + + 
!so valerate 70 12 L-Tyrosine 85 17 

I 
Caproate 25 Putrescine 71 15 

- ~ Spermine 

Heptanoate 82 17 Betaine 

' 
Caprylate + 16 

' Pelargonate + 17 Sarcosine 

' Caprate + 17 Hippurate 

Malonate Erythritol 

Succinate + + 
Fumarate + + 
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"+ = All strains positive; - = all strain s negative; numbers indicate number of positive strains; boldface numbers indicate 
that the nru11ber represents 80% or more of the strains . 
"Peritrichous when grown on solid m edium ; single polar flagellum when grown on liqu id medium . 
'PHB = poly-fl-hydroxybutyric acid. 
"Acic! but no gas is produced. 
' Tested for 15 rcp··csentative strains cf each species 

of the traits used by most inves tigators to differenti­
ate H. paralwemolytica from other species of common 
marine bacteria. Th e following is a preliminary re­
port of work involving an extensive characterization 
of 86 enteropathogenic strains. The results of this 
study confirm and ex tend our previous observations. 

MATEHIALS AND METHODS 

Methods used in this study have been previously described 
(7, 15). The 86 strains, which were assigned to B. paw­
haemolytica, were isolated from fecal specimens obtained from 
patients suffering from gastroenteritis. Five of these strains 
have been previously characterized (7). Seventy strains were 
isolated in Japan and donated b y Dr. R. Sakazaki ( 20 strains) 
and Dr. Y. Miyan~oto ( 50 strains). The remaining 11 strains 
were donated by Drs. H. M. Twedt and M. Fishbein and 
were isolated during a gastroenteritis outbreak which occur­
red in Maryland in August, 1971 (9). Of the 18 strains as­
signed to B. alginolytica, 12 h ave b een previously described 
(7); th e remaining 8 were donated by Dr. R. E. vVeaver. The 
media used to test for salt tol erance consisted of the bas:~ ] 
med ium ( BM ) previously described (7) containing 0.5% ( w / v) 
YE, 0.2% ( v / v) glycerol, and NaCI added to a final concen­
tration of 7 or 1G%. Five-mil liliter aliquots of th e media were 
dispensed into test tubes. The cultures were incubated at 30 
C with agitation and were observed for 2 clays . 

RESULTS Al\'D DISCUSSION 

The strains which we assigned to B. parahaemoly­
tica were found to be vny similar with respect to 
their phenotype. All were gram-negative, straight 
rods which when grown in liquid medium had a sin­
gle polar flagellum (Fig. 1 ). ·when grovvn on solid 
medium, all had peritrichous flagella (Fig. 2-16 ) . 
Examination of representative strains by means of 
the electron microscope showed that strains grown 
in liquid medium had a sheathed, polar flagellum 
(Fig. 17 ) . Strains grown on solid medium had un­
sheathed, peritrichous flagella in addition to the 
sheathed, polar flagellum (Fig. 18 ). The morpholo­
gical, physiological, and nutritional properties of the 
strains comprising the species H. pamhaemolyUca 
are given in Table l. All strains were oxidase-posi­
tive, facultative anaerobes which fermented glucose 
with the production of acid but no gas . Sodium ion 
but no organic growth factors vvere required for 
growth . The moles percent guanine plus cytosine 
in the DNA of B. parahaemolytica. has been pre­
viously determined to be about 46% (7. 10) . . . 

As seen from data in Table 1, there is a great deal 
of phenotypic similarity between strains of B. para­
haemolytica and B. alginolytica. This similarity is 

reflected in the high degree of gen etic homology be­
tvveen these two species (3 ). The traits of use in dif­
ferentiating B. parahaemolytica from B. alginolytica 
are given in Table 2. ·with the exception of n-gal­
actose and glucuronate, all of these traits have been 
reported to be of diagnostic value (14) . Two addi­
tional h·aits previously used to differentiate these 
two species are the ability of B. alghwlyt·ica to swarm 
on solid media and grow in the presence of 10% NaCI. 
Use of swarming as a differential trait presents some 
problems since it is influenced by a number of fact­
ors. Swarming occurs only on complex media and is 
enhanced by addition of a wetting agent ( Tween-80 ) 1 
or by use of freshly prepared rather than dried media. 
Our results indicated that on freshly prepared Difco 
Marine Agar, all strains of B. alginolyt·ica. were able 
to swarm. Some strains of B. paraha.emolytica. were, 
however, capable of a limited degree of swarming 
which usually was considerably less than that of B. 
alginolytica. Since a clear-cut distinction between 
B. parahaemolytica and B. alginolytica is not always 
possible on the basis of this property, it is our opinion 
that this trait should be used with caution. The 
ability to grow in a medium containing 10% NaCl 
likewise fai led to unequivocally differentiate these 
two species, since all strains of B. alginolytica. and 
53% of the strains of B. paralwemolytica. were able 
to grow in this medium. Furthermore, growth in the 
presence of 7% NaCl was of no use in differentiating 
B. paralwemolytica from other species of the genus 
Benecke a. A screening of representative strains in­
dicated that several species contained strains able to 
grow in the presence of 7 and 10% NaCl. These 

TABLE 2. TilAlTS OF USE 11'\! DIF FERENTIATING B. paralwe­
molytica FROM B. alginolytica" 
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::\umber of strains 86 18 

L-Arabincse 53 
D-Galactose + ~ 
Sucrose -!... 

Clucuronate 54 
Voges-Proskau er reaction -;-

"+ = All strains positive; all strains nega ti ve; numbrrs 
ind ica te number of positive strains. 
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Figures 1-16. Leifson fl agella stains of B. parachaemolyti ~a . Marker in F ig. 16 represents 5 ,um. Fig. 1, This photo­

micrograph is representa tive of all strains of B. parahaemolytica in exponential phase of growth in liquid mediw11. The ac 

tual strain is 9373 of Dr. Y. Miyamoto. Fig. 2-16, F lagella tion of strains grown on solid mediwn . Fig. 2-6, strains 125, 

126, 132, 138, <md 143, respectively, of Dr. R. Sakazaki. Fig. 7-13, strains 8181, 819-2, 8279, 8455, 89'11, 8961, and 9373, 

respectively, of Dr. Y. ifiyamoto. F ig. 14-16, strains 8659, 10734, and 12042, r espectively, of Drs. R. M. Twedt and M. 

Fishbein. 
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Figure 17. B. parahaemol!Jtica, strain 116, in exponential 
phase of growth in liquid medium, having a single sheathed 
polar flagellum. Negatively stained . Marker represents 0.5 
!Lm. Figure 18. B. parahaemol!{tica, strain 115, grown on 
solid medium. Note the sheathed polar flagellum and the 
unsheathed peritrichous flagella. Negatively stained. Mark­
er represents 1 !Lm. 

findings are consistent with those of other inves ti­
gators (11 , 16). 

Table 3 lists selected traits useful in distinguishing 
B. parahaemolytica and B. alginolytica from the other 

species of the genus Beneckea and group E-3 (a 
group unassigned with respect to genus). T)le traits 
have been selected so that these two species are sepa­
rable from other species of the genus Beneckea and 
group E-3 by at least four traits. Properties diagnos­
tic for B. parahaemolytica are : perih·ichous flagel­
lation when grown on solid media, inability to ac­
cumulate poly-{3-hydroxybutyrate or give a positive 
Voges-Proskauer reaction, ability to grow at 40 C, 
ability to utilize n-galactose, L-leucine, L-histidine, and 
puh·escine as sole sources of carbon and energy, and 
the inability to utilize sucrose, DL-{3-hydroxybutyrate, 
or p-hydroxybenzoate. In addition, two distinctive 
h·aits which are present in about 60% of the strains 
are the ability to utilize L-arabinose and glucuronate. 
A property which has b een reported to be diagnostic 
for B. parahaemolytica is the ability to hemolyze hu­
man red blood cells when tested on a special medium 
[Wagatsuma's medium (13)]. In our initial work on 
the genus Beneckea (7), several species besides B. 
parahaemolytica were found to be hemolytic on Wag­
atsuma's medium, indicating that this test is of no 

diagnostic value. 
Organisms isolated from marine sources and hav­

ing the properties of the genus Beneckea as well as 
the above phenotypic attributes can be presumed to 
be B. parahaemolytica. This statement should be 
qualified for the following reasons: (a) The taxonomy 
of the facultatively anaerobic eubacteria of marine 
origin is just beginning. It is probable that other 
species having the general properties of the genus 

TABLE 3. SELECTED TRAITS OF USE IN DIFFERENTIATING B. parahaemolytica AND B. alginolytica F ROM OTHER SPECIES OF THE 

GENUS Beneckea" 

. ~ 
~ -~ 
~ ~ " . ~ ~ "' 
~ 

0 "' ~ ~ .~ f t "' . 
f ..;' 

~ ~ ~ ~ 
" 

, .;;, , ~ ;-
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,; .; ,; ,; .; ,; .; ,; L'i 

Number of strains 86 18 60 27 8 11 14 

Peritrichous• + + 51 26 
PHB c -Accumulation + + 7 + 
Voges-Proskauer reaction + 
Growth at 40 C + + 7 5 1 
Lipase + + + + + 5 + + 
o-Galactose + 2 24 2 + + + 
Sucrose + + + + + + 
DL-{3-Hydroxybutyrate + + + + 
p-Hydroxybenzoate + 
L-Leucine + 17 2 6 5 1 
L-Histidine 85 + 6 6 7 + 13 + 
Putrescine 71 15 6 + + + 

·+ = All strains are positive; - all strains are negative; num l:>ers indicate number of positive strains; boldface numbers 
indicate that the number represents 80% or more of the strains. 
•Peritrichous when grown on solid medium. All other strains have a single polar flagellum. 
' PHB = poly-{3-hydroxybutyric acid. 
''Group of facultative anaerobes undesignated with respect to genus (7). 
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Beneckea will b e described, necessitating use of 
addition

1
al diagnostic traits. In addition, most of our 

isolates from non-human sources were obtained from 
a geographically resb·icted area (Oahu, Hawaii) and 
may not be representative of the total bacterial flora 
of the ocean. (b) It would be desirable to determine, 
by means of a reliable pathogenicity test, whether 
isolates from the ocean having the diagnostic b·aits 
of B. parahaemolyt-ica are in fact pathogenic. (c) 
Sb·ains designated V. parahaemolyticus have been 
isolated from wounds and infections of the eye, ear, 
and other human, non-enteric sources. The relation­
ship of these strains to the enteropathogenic B. 
parahaemolytica is not yet clear and is currently un­
der investigation. 
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THE PENN. STATE UNIVERSITY 

FIELDMEN'S CONFERENCE 

The 31st Annual Dairy Fieldmen's Conference will 
be held on June 12 and 13, 1973 at the J. 0. Keller 
Building on the campus of The Pennsylvania State 
Unj.versity. Tlus year's program will include talks 
on Pennsylvania Department of Agriculture activities, 
trends in milk supplies and quality control problems 
in large dairy cooperatives. One panel will discuss 
automated milk testing, and other problems of en-

vironmental pollution conb·ol of concern to dairy 

farmers . Other topics will cover b·eatment of farm 

water supplies for bacterial control and potential con­

taminants of public health concern in milk. On 

Monday evening, June 11, the group will inspect the 

new milking facilities at the dairy center of the Uni­

versity. 
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FOOD DISTRIBUTION IN TODAYIS CONSUMER CLIMATE' 
HEr-..TRY . COUDEN 

Corporate Sanitation Departm ent, Safeway Stores, In c. 
Oakland, California 94660 

ABSTRACT 

"The old order changeth and yieldeth place to new." To­
day's consumer climate is not just one of change, but of 
revolutionary change. The supermarket is on the front line 
of the consumer battleground for full disclosure labeling, food 
purity, and weights and measures. Desires under these head­
ings include tmit pricing, open-date coding, nutrition infonna­
tion, ingredient disclosure, chemical additives, grade labeling, 
protection and safety, visibility of con tents, and container 
fill. In addition we are where the battle is on inflation, pol­
lution, recycling, and th e sale of biodegradable materials. 
Some food distribution practices, once unwanted or regarded 
as unsuccessful , have now become opportunities. To meet 
the public needs is our first order of business. 

\iVe have as common interest the pursuit of modern, 
protective procedures in the purchase, manufacture, 
distribution, and retail sale of clean, wholesome foods 
to our respective publics. In those locations where 
Safeway operates, our interes ts merge; and it is with 
considerable satisfaction that on such matters as sani­
tation, good manufacturing practices, and good dis­
tribution practices, I find that each of us, from his 
own standpoint, pretty much merges in his beliefs 
upon the same bridge of understanding and responsi­
bility. My purpose is to identify some of the new 
developments in our society as they pertain to foods 
and food distribution. This paper will discuss re­
tail distribution's position in today's consumer cli­
mate. 

SocrAL REsPONSIBILITY 

For many years Safeway has taken strong cm·por­
ate leadership in what we have identified as com­
munity relations, institutional relations, and public 
services. Time do'es not allow a detailed report of 
our activities in these areas. 

Last March the Cha·in Store Age, a trade publica­
tion, featured an article of 6 pages, entitled, "Safeway 
Meets Social eeds ·with Action." The article tells 
about some of the more urgent domestic programs 
we had participated in even before "social responsi­
bility" became household words. 

VVhen the rational Alliance of Businessmen or­
ganized to ease social tension and es tablish job h·ain­
ing for the underprivileged, Safeway donated-and 

·continues to donate-full-time executives to this work. 

'Presented at the 59th A1mual Meeting of the International 
Association of Milk, Food, and Environmental Sanitarians, 
Milwaukee, Wisconsin , August 21-24, 1972. 

Through direct Company encouragement many of 
our executives with whom I 'york are advisors to the 
Jr. Achievement Program for High School Students. 

Last 1vlay, Safeway joined with the League of 
Women Voters and Prentice-Hall Publishers in the 
cooperative publication of a book, You and Election 
'72, to encourage informed and active citizen parti­
cipation in the key issues of this election year. 

Some of my associates and I are actively assisting 
an ambitious black employee from one of our Retail 
Divisions to develop several precooked menu items 
vvhich we hope will result in the establishment of 
her own business. Thus it goes. Throughout our ' 
Company, we have been alert to the needs of the 
community for many years. 

The necessary understanding to all such community 
service is that these are not necessarily altruistic 
ventures on our part, or because "social responsibil­
ity" is a popular slogan. \ i\Te do them primarily be­
cause meeting the public needs is good business. 
Vile live here too. For the good of our communities 
and for our society, COI}JOrate profits and social re­
sponsibilities go hand in hand. \ i\Te believe we can 
have both profit and progress together . 

INDUSTRY R ESPONSE 

On August 5, 1971, President Nixon, by Executive 
Order, es tablished the National Business Council 
For Consumer Affairs. This Council is comprised 
of over 100 chief executive officers, including Safe­
way's, of business enterprises of all sizes . The Coun­
cil encourages and assists in the es tablishment of 
voluntary programs for indush·y action to anticipate 
and resolve consumer problems. It advises the Presi­
dent and various Government Agencies, through the 
Secretary of Commerce, and, when appropriate, makes 
recommendations concerning legislation or Executive 
action . 

Three months ago, this Council issued Guiding 
Principles for PackagirLg and Labeling wherein it 
recommended 14 principles for indush·y to observe 
to assist in protecting consumers. It is a practical, 
progressive set of guidelines. It includes most of the 
suggestions that have been made from the market 
place, consumer surveys, and professional groups 
within the bounds of practicability. While prepar­
ing this paper, I have reviewed each of its guidelines. 

I find we fully comply with all except tlu-ee; and 
for tvvo of tl1ese tlu-ee, our compliance is consider-
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ably more than token, and we are among the very 
few in industry's forefront of their compliance. I 

shall be mentioning these later on . The third is a 
generalization, not truly a guideline. It has to do 
with conservation of natural resources, recycling 

packaging materials, and minimizing pollution. I 
would view with considerable skepticism any business 

or even any group who today laid claim to full com­
pliance with this recommendation . 

DISCLOSURE L ABELING 

A label can furnish information. It cannot provide 

understanding. The records show that Safeway has 
played a missionary role in providing consumers with 
the kind of information they are demanding today, 
on what we call "Disclosure Labeling." It has sever­

al facets which I ·will describe briefly. 

Open dating 
The first is Open Dating. What we mean by this 

expression is the placement of an uncoded, legible 
date on the package or label, a date beyond which 
the product should not be sold-if the product is 
perishable ( 3 months storage life or less ), or semi­

perishable ( 3 to 6 months ). A normal home life is 
included in this open dating system. Surveys have 
indicated that 89% of retail shoppers want open dating 

as a guarantee of product freshness. 

In the past, many of our labels showed this date 
by symbols that had to be decoded. This often re­
sulted in improper rotation of stocks because of the 

difficulty of deciphering the code by our own store 
personnel. Now that we have increased the size and 
type of an uncoded "open date'· on 2,000 food items 

packed under Safeway brand nan1es, proper rotation 

' on these items is no longer a problem. 

Unit p?"iC'ing 
A second facet of disclosure labeling is unit pric­

ing, sometinles referred to as dual pricing. In addi­
tion to the package price, the price per ot.mce, pint, 
pound, or square foot is also posted. 

' iVe undertook this project so the consumer can 
make easy comparison of quantity values . 'vVe placed 
computer-printed price tags on the shelves where the 
products are displayed. 'vVe find that customers ap­
preciate unit price information. 

' Ve also find there ·are operating efficiencies re­
sulting from the system. They are improved inventory 
control, less labor from reordering, less labor for 
producing and posting the h·aditional price tags, and 
more accurate pricing. 

• 
Grade labeling 

Quality is as important to price as is quantity. But 
you cam1ot quantify a quality; it is an individual 
thing that does not come in standardized sizes . So 

it is only in the rares t of instances that unit pricing 
alone permits a complete value comparison. (We 

quality e>.:p erts are limited only to a handful of pure 
chemical items, like salt, sugar, and bleaches.) To 
overcome this, many consumerists call for grade 
labeling on food packaging. 

There are numerous reasons why grade labeling 
for consumers will not work. They range from the 

philosophical to the very practical of "how do you 
grade for flavor?" In fact some consumerists them­

selves innocently point out one of the greatest in­
validities. The magazine of one consumer organiza­
tion expresses this in the language of the absolute, 

PACKAGERS OF FOODS A D OTHER 
GOODS FOR CONSUMERS K OW WHAT 
QUALITY GOES I TO THEIR PACKAGE. 
THEY SHOULD BE REQUIREB TO REVEAL 
THIS QUALITY, IN TERMS OF STAND­
ARDIZED GRADING, ON THE LABEL. 

Before pointing out the invalidity of this state­

ment, let me explain that the food technologists in my 
Quality Control D epartment evaluate lots containing 
3/ 4 billion retail food packages yearly. They do not 
grade a single package. They accept or reject a lot 
b ecause the product either meets our specifications, 
which are dynamic, or it fails. This is what branded 
merchandise is all about. 

In making these evaluations, we normally test 
against five properties of the food, including flavor. 
Suppose we assign novo possible qualities, A and B, 
to each of these five prop erties. W e could then have 
five-squared, or 25 combinations of quality differen­
ces. If we assigned three quality differences, A, B, 
and C, to each of these five properties, we could then 
have five-cubed, or 125 different quality combin­
ations. 

'Without belaboring this illush·ation, it should no'vv 

be apparent that the packager of a food product does 
not know the quality he put there. He knows the 
very nu.?nerott.s qualities. And it is doubtful that he 

will ever be able to communicate them to consumers 
in any better manner than by placing his brand name 
on his package. Brand labeling has always been an 
important facet of disclosure labeling. 

Nutr·ition information 
There are several formidable obstacles to overcome 

in devising a practical way to declare nuh·ition in­
formation on a label. These are : a confused legal 
status, the uncertainties associated with forthcoming 
guideline regulations, normal variations of nuh·ients 
plus the greater demands of processing and quality 
conh·ols to keep them in line, and the cos t. We were 
first motivated to declare nuh·ition information by 
the findings of the ' i\7hite House Conference on Food 
1 utrition and Health, then by our own customer 

surveys. 
Those economic conditions which permit an afflu-
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ent population to suffer from malnutrition should not 
be tolerated. If food products which will not survive 
nuh·itional labeling continue to be manufactured 
and promoted, then the public is entitled to some 
means for recognizing this. 

Safeway continues to push ahead in declaring nu­
o·itional information on its own branded merchandise 
and this information now appears on about 200 of 
our items. vVe also began a program last year of 
providing leaflets to our customers in some areas 
describing the nuh·itional characteristics of some 26 
common foods. These leaflets are a joint project of 
Safeway and the National Council for Consumers, a 
non-profit organization based at the University of 
Iowa. 

Ingredient disclosure 
On the matter of ingredient disclosures, we follow­

ed the recommendations of the White House Con­
ference on Food and Nutrition's Panel on Food Safe­
ty. This means that Safeway is now committed to 
listing all ingredients and additives on its labels 
whetl1er or not tl1is is required by regulations. 

However, we have gone farther than was called 
for by these recommendations. We are adding ex­
planations or descriptions of ingredients and addi­
tives to make them more understandable. For ex­
ample, in soft drinks stannous chloride prevents color 
change, erythorbic acid stabilizes tl1e solution, and 
benzoate prevents microbial growth from breaking 
down both the product and its nutrients. 

Ingredient percentages 
A second extension to the ingredient disclosure con­

cept is to detail the p ercent occurrence of important 
ingredients, particularly those which are a significant 
factor of cost, such as the percent pepperoni on a 
pizza, or drained weight of canned fruits and vege­
tables. There are numerous problems pertaining to 
definitions and accuracy here which are still under 
our study before we feel ready to act. 

However, there .are no really significant problems 
of consumer protection involved . Minimum weights 
for the pepperoni on tl1e pizza, and for drained 
weights in the canned foods are established by 
government regulation, just as other protective regu­
lations are established for dairy products and other 
foods. 

FooD ADDITIVES 

We fear what we do not understand. Dr. Richard 
Hall, Immediate Past President of the Institute of 
Food Technologists explains, "Today's food industry 
is being asked to protect the consumer against un­
known hazards and the unknown effects of known 
hazards." Recently there has been such an array 
of partial truths and conflicting testimony about food 

additives, that perhaps the only certainty is that we 
food technologists are truly the "mad scientists." 

True, you and I have no fear whatever about food 
additives. We eat and drink whatever we p\ease 
without giving them second thoughts. We monitor 
their safe use in the formulations that come under our 
vocational jurisdictions; and we personally have a 
much greater concern for other higher public health 
risks, such as the microbiological, that are of almost 
no concern to the public. 

There is no question about the need for chemical 
food additives as one of the essential, interlocking 
systems for all methods of preserving foods. 

The question remains whether we can regain the 
consumer's confidence in the purity and wholesome­
ness of our food supply, and prove that we are not 
somehow slowly and insidiously, poisoning her and 
her fan1ily. The fact that in modern times normal 
use of chen1ical additives has never been the cause 
of a single death is either unimpressive or obscure. I 
The understanding that foods are chemicals and all 
chemicals, without exception, are harmful if used to 
excess, has never reached the public. vVhen we talk 
of there being no harmless chen1icals, only harmless 
ways of using them, we have been talking only to 
ourselves. 

THE E VIRONMENT 

A Compusamp Survey released last March showed 
that 84% of supermarket customers thought that food 
stores should not carry products potentially harmful 
to the environment. \iVe have made some beginnings 
in the ecological area of recycling paper wastes. We 
aid in its collection and we sometimes advertise our 
use of the recycled product. During 1971 waste 
paper balers became standard equipment in those 
Safeway Stores having average volume sales or higher. 
At this point we can only observe that necessity is 
the mother of invention, and today's necessary con­
cerns often provide the basis of tomorrow's profits. 

NATURALISM 

There is currently great interest in "natural" foods 
and "health" foods and the nature cult frequently 
condemns technology as the cause of man's more 
complicated ills. This blame of technology is a con­
tradiction. Every great cultural advance in history 
has been accompanied by technological advance, and 
accomplished by a card-carrying creature of nature, 
man. Professor Leakey has proved that man's an­
cestors, the hominids who lived in the great African 
Gorge 5 million years ago, not only discovered the 
use of tools, but also stored them for their future use. 
The great significance of these discoveries is that 
technology has always been as natural for man as 

, , 
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flight is for birds. 
The paradox of technology is that from it flows 

both our afflu ence and our effluent. Pollution is 

not the cost of teclmology, nor is it the abuse of 

technology. It is the result of a shift in the benefits 

of technology from the privileged few to the right 

of all. There is no smog in Moscow or Calcutta. 

Vve find it in our cities because it is our belief 

that one man has as much right to ovm an automobile 

as another. 

We have not yet learned how to live with plenty. 

It makes little sense to talk about the quality of life 

unless we have in mind a choice among alternative 

satisfactions. The Reformation ethic was based upon 

scarcity and mankind's living with famine for so many 

centuries. We need a new ethic. 

As yet science is the only method we have found 

for turning human knowledge into rational action, 

the name given to teclmology. The solutions to our 

pollution and environmental problems are, therefore, 

culh1ral and technological. 

FooD PuRITY 

The most important requirement for sound legis­

lation and for consumer recommendations is that they 

be based upon h·uthful information. FDA's releasing 

eaxly this year its filth tolerances for some 80 pro­

cessed foods is the best thing that happened to the 

food industry in decades. In one simple sh·oke, it 

put to rest the erroneous supposition that foods are 

"pure" in the absolute sense. 
These published levels are the factual recognition 

that microbes, insects, and animals compete for ouT 

food supply, often infesting it befoTe harvest. They 

leave their evidence, often including their remains, 

f not all of which can always be removed. 

QuALITY Co TROL 

You might appreciate a brief discussion about the 

quality conh·ol systems in Safeway which Tank with 

the most modern of food manufachu·ing quality con­

trol systems. 

vVe have five separate quality control departments, 

each serving distinctly different product organiza­

tions. On the manufacturing lines ours is the total 

approach of quality assurance, from ingredient pro­

curement through the final inspection of finished 

product, and the use of statistical techniques wher­

ever required. For multiple plant operations such as 

dairy, we have a central quality control laboratory 

as• well as individual plant quality conh·ol. Ingred­

ients and products all come under closely maintained 

specifications. 
In procurement quality conh·ol, where we procure 

over 1,000 canned, frozen, and dried food items for 

our Safeway labels under our own written specifica­

tions, we are organized into 7 geographical areas. 

Each area is under control of a Quality Control 

Supervisor, who is a graduate food technologist and 

whose minimum experience in the food business is, 

at present, fourteen years. 
Several of our Q. C. organizations have separate 

sections for product development and research, an 

activity that may also include packaging research. 

The heads of our five Q. C. Departments, often 

accompanied by their staff assistants and others such 

as the corporate legal staff, meet together periodically 

to comprise what is known in our Company as the 

Technical Committee. As such we are looked upon 

as an important Company resource for technical mat­

ters pertaining to food science, fo~d law, and labeling. 

WEIGHTS AND MEASURES 

It is obvious that part of a food product's integrity 

is the accuracy of its measure. The guiding principle 

of weights and measures officials everywhere is that 

equity shall prevail. A considerable body of law and 

regulation has evolved to protect both the packager 

and the consumer. 

et fill is an average concept. The equity principle 

entitles some packages to be below the declared net 

so long as others are above, and so long as "unreason­

able" fill is not included as part of the consideration. 

Here is another of those facts of life that is rarely 

explained to the public. In fact, the public often 

believes that "net" means "minimum," although of 

course, it does not. 
To a statistician no package can ever be filled to 

an exact weight or volume. The only exact pound 

in existence resides at the National Bureau of Stand­

ards in vVashington, D. C. Therefore, all fills will be 

either over or under the declared net by some finite 

amount depending upon how many decimal places 

we may talk about. 
The technology of filling containers on a statistical­

ly controlled packaging line calls for fill targets to 

be at least one standard deviation above the declared 

net. The statistics of one standard deviation are such 

that if five random packages are checked for fill, 

they will average greater than the declared contents, 

and thus they will pass regulation requirements in 

99% of all instances. While this may seem like more 

protection than the packager needs, there are many 

sound, practical reasons why he should regard this 

as minimum protection. 
The interesting statistic, however, is what this 

minimum protection means to Mrs. Housewife. Of 

course, the plus-one standard deviation means that 

one container in six will contain something less than 

the declared fill, but five out of six will be over­
filled. If we extend the computation to her pur-
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chasing the national average of sixteen packages 

during her weekly trip to the supermarket, the pro­
bability of her receiving less than the declared total 

net of the sixteen packages is so remote that it prob­

ably never has, or never vvill, happen once. It is less 

than one chance in several trillions. 

THE FuTURE Is Us 

It is apparent to us that in the 70's accelerating 

demands will be made to commit financial resources 

and executives' time toward solving social problems 

in the community. For the good of our society as a 

whole, corporate profits and social responsibilities 

must go hand-in-hand. Corporations structured to 

generate profit must also generate "social profit." 

The complexities of our problems reflect the level 

of our ignorance. The many problems of our society 

including those identified as consumerism, are not 

going away soon. They are still complex! 

Regulations should be synonymous with liberty; 

they should protect, not penalize. They should be 
based upon honest information, not contrived. 

NEW PUBLICATION ON FDA 
REGULATIONS BEGUN BY MIF / IAICM 

A new specialized publication which will report 

and analyze new and proposed F ederal government 

regulations on dairy product definitions and stand­

ards, packaging and labeling has been launched by 

th0 Milk Industry Foundation and the International 

A!.socia tion of Ice Cream i\11anufacturers . 

Thrust will be sent exclusively to members of MIF 

& IAICM to provid~ them with fast and accurate in­

formation on the stepped-up regulatory programs of 

the Food and Drug Adminish·ation and other agen­

cies. The first issue of the new publication was Jan­

uary 19, the same day FDA published a record num­

ber of 12 labeling regulations and proposed regula­

tions and standards . 

Three additional issues of Thrust were published 

by the dairy processor associations within the same 

\~eek. Included in the four editions were reprinted 

copies of the regulations themselves, interpretations 

and examples relating to their many provisions, and 

sample labeling schemes which will be required or 

optional under the new regulations. 

Thmst joins the group of approximately half a 

dozen specialized publications issued separately by 

\~Te m ust be careful that our enthusiasm for im­

portant causes does not carry us beyond the limits 

of our competence. \ iVe need to know, more than 

ever before, whether our programs are working, and 
whether there are better alternatives. The best, ao d 

often the only way to sh1dy this is through a series 
of measurements , and their analysis-the scientific 

method . 

Both government, the public and the academic com­

munity must come to terms with the fact that there 

exist in industry a great many scientists who have 

not compromised their ethics, either as scientists or 

as citizens, just b ecause they have left the university . 

Most practical problems will not be solved without 

the cooperation of these scientists. 

No discipline or agency alone is equipped to re­
solve the problems of the individual consumer within 

our society today. vVe must work as a team, not 

adversaries. The fu ture dictates that government, 

the business community, and the consumer must work ' 

together toward eliminating deficiencies in the mar­

ketplace. 

MIF or IAICM, or published jointly, as the situation 

demands . 

PUBLICATIONS RECOMMENDED BY THE 

DAIRY FARM METHODS COMMITTEE 

1. iUoclem Ma~t-itis Managem ent. Cost: F1·ee; ' 'Vrite to: 

UpJohn Co. Kalamazoo, Michigan 49001. 
2. Th e Modem Wau To Efficient M-ilkin g. Cost: l st copy, 

$1.00, Additional copies 30 cents; Published by The Milking 

l'vl achine Manufacturers Council of The Industrial Equipment 

Institute; ' Vrite to: F arm and Inclmtrial Institute, 410 

Michigan Ave., Chicago, Illinois 60611. 
3. Bulk Hauler's Guideli.nes For Pm per Collection of Milk, 

Bulletin No. 26, By: Prof. R. P. larch Com ell University; 

Cost: 25 cents per copy; \.Yrite to: College of Agriculture, 

Cornell University, Ithaca, New York. 
3 . Milkhouse and Parlor Clean·ing and Sanitiz ing. 70 color­

eel slides ( No trade names used in slides ) ; Cost: Free for 

use; \Vrite to : George \V. Towers, Branch 'lanager 'i\Tes t 

Agro-Chemical Inc., 501 Santa Fe St., Kansas City, Mo. 

64105. 
4. Milk Qualitu T ests . 60 colored slides with 20 min Script; 

Cost: $25.00 per set; Write to: Sidney E . Barnard, 213 Bor­

land Laboratory, Pennsylvania University, Pennsylvania Park, 

Pennsylvania 16802. 

5. Cleaning and Sanitiz ing Farm M-ilking Equipm ent. 65 

colored slides with 20 min script; Cost: $25.00 per set; ·write 

to : Sidney E. Barnard, 213 Borland Laboratory, Pe1msylvania 

Sta te Universit y, Pennsylvania Park, Pennsylvania 16802. 

; 

' .. 
I 

• 



I 

·' l 

]. M-ilk Food T echnol. , Vol. 36, No.4 (1973) 225 

MILK ALLERGY. 
JOSEPH R. SPIES 

Dairy Products Laboratory, Agricultural Research Service 
U.S. Depm'tment of Agriculture, v\Tashi.ngton , D.C. 20250 

ABSTHACT 

A general review of milk allergy and a summary of cur­
rent research on milk at Dairy Products Laboratory ( DPL) is 
presented. Milk allergy occurs primarily in infants and chil­
ch·en under 2 years of age. It became more prevalent in the 
U.S. as breast feeding declined and feeding of cow's milk 
increased. Milk allergy (atopic and anaphylactic) has an 
immunological basis as distinguished from such diseases as 
lactose intolerance and galactosemia. The r eported incidence 
of milk allergy varies widely from 30% in allergic children 
to 0.1 to 7% in nonallergic children. Symptoms of milk 
allergy are asthma, rhinitis, vomiting, abdominal pain , diar­
rhea, urticaria, and anaphylaxis. Crib deaths have been at­
tributed to milk allergy. Prognosis is that milk allergy usually 
disappears by age 2. Milk proteins are the etiological agents 
in milk allergy. Milk contains from 12-14 immunologicall y 
distinguishable proteins, all of which are potential allergens. 
DPL is doing basic research on milk allergens to elucidate the 
mechanism of the allergic response to ingested milk. Demon­
stration of new antigens (potential allergens) generated b y 
brief pepsin hydrolysis of four milk proteins-casein , a-lactal­
bumin, fi-lactoglobulin and bovine serum albumin, is the 
basis for a new concept of the role of diges tion products in 
immediate type milk and food allergy. 

A distinguished allergist at Massachusetts General 
Hospital stated in 1950 that, "There is perhaps no 
field of medicine in which more divergent views are 
held than in that of allergy to foods" (34). A search 
of the literature on milk allergy reveals that, although 
much research has been done since that time, it ap­
pears that this opinion is still valid. The literature 

f on milk and food allergy has been amply reviewed 
(5, 8, 9, 10, 13, 14, 20, 26, 32, 33). 

The term "allergy" was first used by von Pirguet 
(51) in 1906 to denote an altered capacity of a hu­
man to react to a second injection of horse serum . 
Since that time allergy generally has been used to 
describe all forms of hypersensitivity in man. An 
allergen may be defined as an ordinarily harmless 
substance present in the diet or environment, able 
to produce such human diseases as asthma, hay fever, 
eczema, and gastrointestinal upsets upon contact "vith 
a previously sensitized person. 

Similarly, Portier and Richet (38) in 1902. first used 
the term "anaphylaxis" to describe sensitization and 
later shock when a foreign protein (antigen ) was in­
jected into an animal. 

i 

1Presented at the 59th Annual Meeting of International As­
sociation of Milk, Food, and Environmental Sanitadans, Mil­
waukee, \"lisconsin, August 21-24, 1972 under the title : 
"Dairy Food Allergens and Allergy." 

Studies of allergy and anaphylaxis have been close­
ly linked because there is a basic relationship behveen 
them although they do have important distinguishing 
differences. Both involve release of histamine or 
histamine-like substances when allergen or antigen 
comes in contact with specific antibodies (immuno­
globulins ) in various shock tissues thereby producing 
characteristic reactions. By definition milk allergy 
is the body response to an allergen-antibody reaction. 
There are three types of allergy, namely, atopic im­
mediate type in which symptoms appear in a few up 
to 60 min; atopic delayed type in which symptoms 
appear in 1 to 36 hr although delays of up to several 
days have been reported; anaphylactic type in which 
symptoms are violent, sometimes fatal, and which 
may occur in seconds to a few minutes. 

Not all symptoms which arise on ingestion of milk 
are caused by milk allergy. There are several non­
immunological reactions to ingestion to milk which 
resemble allergy such as lactose intolerance (39 ), gal­
actosemia, and bacterial contamination. Also several 
foreign substances in milk cause immtmological re­
actions. Among those reported are ragweed tops, 
linseed, cottonseed, wheat, peanut, and penicillin (9). 
Penicillin became important enough to require legal 
res triction on the use of milk for a period of time 
after injection of penicillin into the udder. It was 
generally assumed that there is enough penicillin in 
milk from h·eated CO\-VS to cause allergic reactions in 
sensitive persons but probably not enough to sensitize 
persons not ah·eady sensitive (9 ). 

l KCIDENCE OF i\i!JLK ALLERGY 

The reported incidence of bovine milk allergy 
ranges from < 0.1% to 30% (9 ). The incidence de­
pends on the group selected and other criteria. The 
highest value was 30% in a group of allergic children. 
In a group designated "nonallergic children," the in­
cidence was 0.3%. There is, as to be expected, con­
siderable variation in incidences in similarly design­
ated groups reported by different workers . Thus in 
four groups designated as "all children," the inci­
dences vvere from < 0.1 to 7%. In a group designated 
"well babies" the incidence was 1%. This wide vari­
a tion refl ects diagnostic difficulties in selection of the 
groups. At present there is no objective laboratory 
test available that has more than conbibutory value 
in diagnosis. Diagnosis is made by clinical evalu-
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ation which is difficult because of the multiplicity 
of symptoms and that many of these symptoms re­
sult from other causes. The provocative test, to be 
described below, at best, involves some subjective 
evaluation by the physician as well as the ever-present 
possibility that patients do not follow elimination 
diets either accidentally or wilfully. 

DIAGl OSIS OF MILK ALLERGY 

Diagnosis of milk allergy is difficult not only be­
cause of the multiplicity of symptoms which are du­
plicated in other diseases but also because of the 
lack of clear-cut objective tests . Another complicat­
ing factor is the widely varying degrees of sensitivity 
ranging from a drop to a glass of milk required to 
trigger a response. Time of onset of symptoms also 
varies from seconds to hours or even clays. 

The scratch or skin test, which is quite useful in 
diagnosis of inhalant allergies such as those caused 
by pollens, molds, animal danders, as well as some 
ingestants such as seeds and nuts, is lmreliable in 
diagnosis of milk allergy. Many who are clinically 
sensitive to milk do not give a positive skin test and 
some who do give a positive test are not clinically 
sensitive, although a strongly positive skin test is 
regarded as suggestive and worthy of special atten­
tion. Diagnosis of milk allergy can only be made 
by evaluating several criteria. The most important 
test is the provocative test which consists of inducing 
symptoms on ingestion of milk followed by remission 
of symptoms on elimination of milk from the diet. 
This should be repeated to increase the certainty of 
the diagnosis . In using the provocative test non­
allergic causes of symptoms such as lactose and gal­
actose must be ruled out. This can be clone by using 
lactose-free milk preparations for the challenge. Also, 
sensitivity to contaminants in the milk such as peni­
cillin must be ruled out. 

Personal and family histories, response to antil1is­
taminics, and the passive transfer test can provide 
important results contributory to diagnosis. 

SYMPTOMS OF MILK ALLERGY 

The multiplicity of symptoms of milk allery and the 
proportions of these symptoms exhibited by patients 
was determined in a careful study by Goldman and 
associates (18, 19, 41) in 1963. They studied 700 
pediatric patients suspected of milk allergy. A diag­
nosis of milk allergy was made on the basis of several 
criteria including principally the thrice repeated pro­
vocative tes t. Milk allergy was diagnosed in 89 or 
13% of the patients. The patients with milk allergy 
were divided into 1:\vo groups for the provocative 
tests to determine percentages of symptoms. Group 
A was challenged orally with 100 ml of skim milk in 

the form of 9 g of Starlac in 100 ml of water and 
with four purified milk proteins in the amounts nor­
mally found in 100 ml of milk, namely, with casein, 
,B-lactoglobulin, a-lactalbumin, and bovine serum, al­
bumin ( BSA). Group B was challenged with milk 
alone. The nvo groups reacted similarly. Multiple 
symptoms were produced by the challenges in 77% 
of the patients of both groups. The challenge symp­
toms and their proportions were as follows: vomiting, 
33%; diarrhea, 37%; abdominal pain or colic, 28%; 
rhinitis, 35%; asthma, 27%; atopic dermatitis, 35%; urti­
caria, 11%; anaphylaxis, 9%; and central nervous sys­
tem and other symptoms, 18%. When challenged oral­
ly, every patient in Group A gave an allergic reaction 
to one or more of the purified proteins. The inci­
dence of reactions to these proteins was: casein, 60%; 
,B-lactoglobulin, 62%; BSA, 52%; and a-lactalbumin, 
53%. Nineteen reacted to one protein; 12 to 1:\vo pro­
teins; 7 to three proteins; and 6 to all four proteins. 
The median time of onset of symptoms was 1 lll' I 
with a range of 10 sec to 25 hr. The median duration 
of reaction was 24 hr and the range was from 40 
min to 96 hr. 

Symptoms attributed to cow's milk allergy are 
tabulated and discussed by Collins-Williams (9 ). 

BREAST MILK VERsus Cow MILK IN INFANT FEEDING 

AS RELATED TO MILK ALLERGY 

Milk allergy occurs primarily in infants and chil­
dren up to 2 years of age. Several reasons for the 
allergic sensitization of infants to cow milk appear 
throughout the literature. From birth until the third 
month, the gastrointestinal mucosa is more permeable 
to undigested food proteins than in older children 
and adults. Hence feeding milk during this period 
exposes the sites of antibody formation to sensitizing 
doses of foreign protein which in some instances pro­
duces allergic antibodies, particularly in infants from 
families with an allergic background. It has been 
suggested that the infant immune system may re­
spond more vigorously to small quantities of foreign 
protein than that of older children and adults. Glaser 
(16) pointed out the enormous amount of milk pro­
tein which an infant may ingest compared to an 
adult on a body weight basis. A 9-kg child may 
easily take a liter of milk daily which corresponds 
to about 8 liters daily for a 72-kg adult on the same 
body weight basis. The digestive tract is more perm­
eable than in normal infants in certain diseases in­
volving diarrhea which increases the sensitizing po­
tential of ingested foods (21). Likewise enzyme in­
sufficiencies in the diges tive tract can allow more 
undigested protein to be absorbed than would occur 
under normal conditions. 

The question of breast feeding versus cow milk 
feeding of infants in the first months of life with 
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regard to development of milk allergy has been given 
much attention. Since milk allergy occms primarily 
in infants and children under 2 years of age, and 
since milk antibodies are known to appear in infants 
within a month after ingestion of milk, it has seemed 
reasonable that breast feeding should be encouraged 
in the first months of life. Glaser (16) and others 
have advocated breas t feeding from birth into the 
early months of life, and if that is not possible, a 
milk-free supplement or substih1te should be used 
especially in families where an older child has milk 
allergy or the family has an allergic background. 
The views of some others have been to go ahead with 
a milk diet and treat milk allergy if and when it 
appears. 

Regardless of the views of those recommending 
breast feeding of infants, the practice has declined 
markedly il11 the past 2 to 3 decades (3) . In 1948, 
Bain (1) reported that 38% of infants were entirely 
breast fed and 27% partially so at the time of dis­
charge from the hospital in about 1 week. Ten 
years later, Meyer (35) reported that only 21% were 
breast fed and 16% partially so at the end of the fifth 
day. In 1963, in the Boston area, Salber and Fein­
leib (40) reported that only 22% of mothers even at­
tempted breast feeding and nearly one-half of these 
discontinued in the first month. 

Pertment to this problem is the 1970 report of Gery 
(15) in which he states, "Infants fed on breast milk 
for different periods, before being switched to cow's 
milk, reacted with significantly lower levels of anti­
body than those fed on pasteurized or powdered milk 
right after birth, with the degree of reduction in 
response being directly related to the period of breas t 
feeding." 

FoRi\-IA noN oF MrLK ANTIBODIEs 

Formation of antibodies to milk proteins i11 the 
blood of infants and children follmving ingestion of 
milk is regarded as a normal immunological response 
(22, 37, 41) although there have been several reports 
of their association with various pathological condi­
tions such as chronic respit·atory diseases (28, 29, 30) 
and gastrointestinal illnesses (28, 47, 48) other than 
milk allergy. Milk antibodies are detectable within 
less than a month following ingestion of milk. The 
shortest reported t1me for appearance of milk anti­
bodies following inges tion is 5 days (23) . Antibody 
concentration reaches a peak i11 about 3 months after 
theit· fit·st appearance and gradually decreases after 
that (15). 

THere are four main types of antibodies in the 
blood serum, I.G, I.A, I.M, and I.E which are indu ­
ced by ingestion of milk. I.G is frequently associated 
with anaphylactic type of reaction and I.E is asso­
ciated with the atopic allergic reactions (31). 

Gery (15) has reported that although I.E was us­
ually found in the serum of most cases of elevated 
antibody levels, including cases without allergic symp­
toms, in some cases of milk allergy no I.E was found. 

Although the relationship of milk an tibodies to milk 
allergy has been studied extensively, further discus­
sion of the subject is beyond the scope of this paper. 
The subject has been reviewed recently by Hanson 
and Johansson (26). 

CmB D EATHS OR S uDDEN I NFANT D EATH S Yl\'DROME 

Sensitivity to milk has been suggested as one of 
many possible causes of sudden and unexpected death 
in infants, commonly known as crib deaths in the 
United States and cot deatl1s i11 Et~gland. The com­
mon-usage term "crib deatl1" will be used in this 
paper instead of the scientific term "sudden infant 
death syndrone" ( 49 ). This subject has been excel­
lently reviewed by Valdes-Dapena (50). 

Crib deaths in the United States account for 15,000 
to 25,000 human lives annually (50). Parish and asso­
ciates (36) reported in 1955 that there were 1432 crib 
deaths in England and 'i'i' ales. Carpenter and Shad­
dick (7) es timated tl1at tl1ese deaths accounted for 
16% of all infants deaths in England and W ales in 
1960. Emery (11) suggested that the number of crib 
deaths is increasit1g in Great Britain each year. Fan­
tame in 1962 reported that in France crib deaths ac­
cotmted for 10% of all infant deatl1s in 1954 (12). It 
is apparent that Cl·ib death is a major health problem. 
It is generally agreed that the greatest number of 
crib deaths occurs in il1fants under 6 months of age 
with the peak incidence between 2 to 4 months . 

The usual history of crib death is that a well child 
or a child with a minor illness is fed and put to bed. 
Withit1 the next 3 to 4 hr the infant dies without 
struggle or noise. The psychological b·auma of tl1is 
on p arents is devastating. And, i11 the United States, 
there are two organizations composed of paren ts who 
have expetienced this h·agedy to help them cope with 
its aftermath (49). 

Explanation of the cause of crib death is contro­
versial. Some believe that a sit1gle mechanism is in­
volved in most cases while otl1ers believe tl1ere are 
many causes. Only 15% of the deatl1s can be satis­
factorily explait1ed on autopsy. The possible causes 
of the deaths are discussed i11 detail by Valdes-Da­
pena (50). 

A few of these causes are suffocation by overlay or 
bedclotl1es, fulminating viral or bacterial infections, 
and hypersensitivity to cow milk. It is of interest to 
describe briefly tl1e development of the milk allergy 
hypothesis and some of the experitnental evidence 
supporting it. 

In 1954, Barrett (2) in England, suggested that crib 
deaths might be caused by inhalation of an amount 
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of food too small to cause asphyxiation per se but 
which might cause an inflammatory reaction with 
edema which could cause death. In 1960, Parish 
and associates (36) hypothesized that since milk anti­
bodies can usually be detected in infants that at least 
in some cases, crib deaths may result from anaphy­
lactic-type shock on inhalation of milk proteins in 
vomitus. These authors simulated crib death in 
model experiments using normal guinea pigs and 
those sensitized with cow milk protein. Inb:oduction 
of up to 2 ml of soluble milk proteins into the res­
piratory tract of an unsensitized guinea pig produced 
negligible effects, whereas inh·oduction of this amow1t 
into sensitized guinea pigs produced severe, typical 
anaphylactic reactions often terminating in death. If, 
however, only 0.25 ml of milk or gash·ic contents from 
an infant who died of "cot death" were inh·oduced 
into the upper respiratory h·act of a slightly anaesthe­
tized, milk-sensitized guinea pig to simulate sleep, 
many animals died rapiclly without struggle similarly 
to crib death in infants. 

Experiments of Parish and others aroused great 
interest and research has been continuing, especially 
in England. As usual there aTe investigators who 
challenge the foregoing explanation of crib deaths 
(1 7). It is evident that because crib deaths aTe a 
major health problem and because milk has been im­
plicated, that further research should be done to 
clarify the role of milk in this connection. 

MILK ALLERGENS 

Milk proteins are the etiological agents in milk 
allergy. Almost all proteins aTe antigenic and, while 
not all antigens have been characterized as allergens, 
nevertheless, they must be considered as potential 
allergens until definite information is available. 

Milk is a very complex mixture of proteins con­
sisting of the caseins and the whey proteins. Among 
the known caseins are the genetic forms of as1-casein, 
,8-casein, k-casein, and y-casein . The whey proteins 
consist of the genetic forms of ,8-lactoglobulin and 
a-lactalbumin. BSA, the immunoglobulins, and sever­
al en zymes are also present in whey. The allergenic 
activity of ,8-lactoglabulin, a-lactalbumin, BSA, and 
casein have mainly been studied. Allergenic activity 
has been ath·ibuted to all of these proteins. Although , 
principal allergenic activity has been ascribed to ,8-
lactoglobulin and a-lactalbumin, the question is con­
troversial. One difficulty in assessing allergenic ac­
tivity of so-called pure proteins is that almost all 
preparations are contaminated with other milk pro­
teins and allergenic activity can be h·iggered by min­
ute amounts of a protein. 

The immunoelectrophoretic technique has been 
very useful in demonsh·ating at least a minimum 
number of separate antigens in milk. Hanson (24) 

and Hanson and Johansson (25) have sbovvn at least 
12 to 14 separate antigens in mature bovine milk with 
many more in colosh·um which come from blood 
serum. 

Berrens ( 4) has postulated and presented consider­
able though not conclusive, evidence that a cm·bohy­
drate-lysine linkage (lysyl- [2": -a:mino-( 1 )] -1-deoxy-2-
ketose) formed in the browning or Maillard reaction 
is a grouping responsible for atopic allergic reactions. 
Bleumink and Young (6) reported over a 100-fold in­
crease in skin reactivity on milk-sensitive persons to 
relatively inactive ,8-lactoglobulin after prolonged 
heating with lactose at 50 C at pH 7.0. They ath·i­
buted this increased skin-reactivity to a browning re­
action condensation product of lactose and the 2":_ 
amino group of lysine in the ,8-lactoglobulin. These 
authors did not use a conhol test for non-dialyzable 
antigens in the lactose. This point was tested by 
Spies ( 42) who determined that two lactose samples 
contained small amounts of 4 new antigens in the ' 
retentate which were not identifiable with known 
milk proteins. Therefore the increased skin reactivity 
ath"ibuted to the browning reaction product of ,8-
lactoglobulin and lactose may be due to these new 
an tigens in lactose. The point r equires clarification . 

P ROGNOSIS 

Niilk allergy, which starts in the first months of 
life, fortunately disappears relatively early in life. 
Clein (8), who reported 6% incidence of milk allergy 
in his pediah·ic practice, stated, "Somewhat less than 
80% of infants lose their allergy to cow's milk before 
they become a year old. Somewhat less than 15% 
more lose their allergy to cow's milk by the time they 
are two years old. About 2% of the infants who 
initially had allergies to cow's milk continue to be 
allergic to this food after they reach the age of six 
years." However, Clein stated that about 80% of the 
infants who had cow milk allergy develop major 
allergies to other things before the age of puberty. 
Several authors believe that if milk allergy can pre­
ferably be prevented or at least h·eated promptly, it 
would tend to minimize the chances of milk allergic 
infants developing other allergies in later life (16, 
32). 

CuRRENT vVoRK ON i\II n..K ALLERGENS AT THE 

D AIRY P RODUCTS L ABORATORY 

The broad objective of the allergens investigations 
of the Dairy Products Laboratory of the Deparbnent 
of Agriculture is the conh·ol or inactivation of the 
allergens of milk so that this nuh·itious food will be 
acceptable to those who cmmot now tolerate it be­
cause of allergic response to ingestion of mille The 
relatively low incidence of milk allergy in the total 
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population ( < 0.1 to 7%) might seem too insignificant 
to justify research on milk allergy by Dairy Products 
Laboratory. However, the significance of this work 
is broader than these figures indicate at first glance. 
Firstly, it is pediatric practice in many cases in fami-
lies witl1 a history of any allergy to eliminate milk 
from the diet of infants m1d children under 2 years 
of age whether they are allergic or not to minimize 
their chances of acquiring milk allergy. Secondly, 
as pointed out above, it is believed that prevention 
of milk allergy in infants tends to lessen the chances 
of infants acquiring other allergies in later childhood, 
after milk allergy, should they have acquired it, had 
disappeared. And thirdly, milk contains well-char­
acterized proteins which are ideally suited as model 
substances for sh1dying all food allergies. 

It must be evident from the foregoing brief review 
of the subject of milk allergy that the present state 
of kno·wledge requires, prin1arily, fundamental scien­
tific investigations to elucidate the mechmlism of the 
allergic response to ingestion of milk before we can 
elaborate feasible procedures for the control of milk 
allergens. 

For the past 5 years we have been studying the im­
munological significance of pepsin hydrolytic prod­
ucts of milk proteins. The immunologic significance 
of enzyme hydrolytic products of ingested allergenic 
proteins long has been the subject of speculation and 
sporadic investigations. The consensus of the clini­
cal significance of diges tive products has been that 
they may be the cause of delayed clinical reactions 
of from 1 to 36 lu· or even days in some instances. 
Our work suggests that diges tive products of milk 
may be the cause of immediate type allergic response 
possibly in addition to delayed responses. 

1 
' iVe first demonsb'ated (46) genera tion of a new an-

tigen in the dialysate of the 8-min p epsin hydrolysate 
of each of 4 major milk proteins, namely, ,{3-lacto­
globulin, a-lactalbumin, casein, and BSA. The endo 
fraction of BSA contained a second new antigen. In 
our sh1dies the term "new antigen" is defined as an 
antigen with a specificity distinct from that of the 
protein from which it was generated . 

I 

·' l 

The objective of later studies ( 43, 44) was to de­
termine whether one m· several new antigens are 
generated by a simulated stomach digestion of ,{3-
lactoglobulin. In this study ,{3-lactoglobulin was hy­
drolyzed six, successive, 8-min periods dming which 
approximately 90% of the protein was split into frag­
ments vvith a molecular weight of 12,000 or less. Six 
dialysate (D1-D6 ) and six endofractions (E1-E6 ) 
we:iie sepm·ated and analyzed for the presence of new 
antigen using the Schultz-Dale and gel diffusion m1-
alysis, respectively. All of tl1e dialysates contained 
common, nonprecipitating new antigens. The first 
dialysate (D1) did not contain all of the new anti-

/71 "' Dl D2 
Figure 1. Demonstration of common new antigen in dialy­

sate fraction s, D1 and D2, and that D2 contains n ew antigen 
other than that present in D1 by Schultz-Dale t echnique. Sensi­
tizing antigen: D2. Challenge doses in IJ.g total nitrogen of 
fractions : M ( j3-lactoglobulin , pepsin, PEPD) , each com­
ponent , 10: D1 , 10: D2, 10. 

Figure 2. D emonstration of precipitating n ew antigens in 
endofractions, E1 and E2, by gel double diffusion analysis. 
Center well, 0.5 ml of absorbed anti-E 1 ( rabbit) (absorbed 
with j3-lac toglobulin and PEPE ); peripheral wells, 0.07 ml of 
indicated endofraction, 0.5 mg endofraction nitrogen pnr mi. 

gens common to the other five, D2-D6, indicating at 
least two new antigens in the dialysates. Six preci­
pitating new antigens were demonsh·ated in the endo­
fractions. Tow by analogy to {3-lactoglobulin, if pep­
sin hydrolysis generated at least eight new antigens 
from each of the 12 to 14 antigenic proteins in milk, 
the body immune sys tem would be exposed to about 
100 new antigens, all ·of which are potential allergens, 
on ingestion of mill<. These results may explain why 
milk and other foods, in mm1y instances do not give 
skin reactions on persons who give an immediate 
allergic response on inges tion of the food. Such per­
sons may be sensitive to these new antigens formed 
by pepsin in the stomach during digestion. 
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Although the sensitizing properties of these new 
antigens are unknown as yet, it seems likely that 
some of them, at least, might act as allergic sensiti­
zers for food digestion products in a manner similar 
to that of other low-molecular weight substances such 
as drugs. It was demonstrated ( 46) that new antigen 
could be detected after only 1, 2, and 4 min pepsin 
hydrolysis of total milk protein. Later ( 43) it was 
apparent that common new antigens continue to be 
generated over a period of 48 min. Since absorption 
of immunologically significant amounts of allergens 
are known to occur in a few minutes (27, 45, 52, 53), 
this continuous production of new antigens in the 
dialysates tends to enhance their sensitizing potential. 

The Schultz-Dale teclmique, was used to demon­
strate the 1:\vo, nonprecipitating new antigens in dialy­
sates, Dl and D2, as shown in Fig. l. Figure 2 illus­
h·ates use of the gel double diffusion technique in 
demonsh·ating 1:\vo precipitating new antigens in 
endofraction El. D etails of these studies are de­
scribed in reference 43. 

Current studies are in progress on isolation and 
chemical and immunological characterization of these 
new antigens. Following tl1is the purified fractions 
vvill be evaluated clinically to determine their aller­
genicity. 

D emonsh·ation of tl1is multiplicity of new antigens 
(potential allergens) generated by pepsin hydrolysis 
of milk proteins, as a simulated first step in digestion, 
opens up a new area of study which should clarify 
an in1portant aspect of the many perplexing aspects 
of food allergy in general and milk allergy in par­
ticular. 
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REPORT OF EXECUTIVE SECRETARY AND 
MANAGING EDITOR, 1971-1972 

Again I am proud and happy to report to you that this 
has been the biggest year we ever had, both as to total 
income and net income; over $73,000 in total income as 
compared to $61,000 last year and $7,000 in net income as 
compared to $3,000.00 in 1971. This record is exceptional 
because the period from July 1 to Dec. 31 represented an in­
terval during which we sustained over 20% increase in costs 
but were unable to realize any increase in income for sub­
scriptions and advertising bec·:mse most subscriptions ex­
pire D ecember 31 and advertising was covered by contracts 
of 6 months or more. I am gratified for the way the m em­
bership has responded to the dues increase. \"ie had antici­
pated we might suffer a much greater loss than occurred. A 
net loss of less than 16 direct members and 150 affiliate 
members was encountered . Many of these have been re­
instated since Jtme 30. Two important steps have been t aken 
with respect to future membership and advertising activities . 
One is the appointment of Harold Heiskell as IAMFES Mem­
bership Chairman, and the second, George vVillits has been 
made advertising solicitor. Harold has been organizing his 
committee and has plans for an effective membership cam­
paign. George has also planned and organized an advertising 

program and has begtm to put it into effect . am sure we 
can expect an excellent report from them at O'-lr next annual 
meetinf. 

Again the Journal is the largest we have ever published-
500 pages to date in 1972 as compared with 422 last year. 
\Ve also have a new look for th e cover beginning with the 
March issue. \Ve have received only favorable comments 
regarding this change. Our food coverage continues to ex­
pand and as a result our membership and subscriptions are 
growing in this area. Foodborn e lncestigations, and 3 A San·i­
tary Standa·rds continue to sell very well and we have added 
a new one this year, Methods for Pm duction of High-Quality 
Rau; Milk, which was done by our Dairy Fatm Methods 
Committee. This booklet contains excellent information very 
valuable to the fann sanitarian, fieldman, and milk producer. 

The third payment has been made on my retirement which 
leaves only one more to be paid in January. The future of 
IAMFES still looks bright and again for the 21st time, it has 
been a pleasure to serve you. 

H . L. THOMA SSON 

Execut-ive-Sec·retary 
and Managing Editor 
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FLAVOR QUALITY OF VARIOUS GRAIN FLOURS AND OILSEED, MILK, 
AND MARINE PROTEIN SUPPLEMENTS' 
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Colorado State Universitu, Fort Collin s, Colorado 80521 
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ADSTHA CT 

Comparative sensory and analytica l flavor evaluations of 
whole wheat flour ( \VWF) , non-fat dry milk ( NFDM) , so­
clium caseinate ( Na Cas) , buttermilk solids ( BtvfS ), corn 
flour ( CF) , defatted soy flour ( DSF) , full-fat soy flam 
( FFSF) , isolated soy proteinate ( ISP ), rice flour ( RF ), fish 
protein concenh·ate (FPC), peanut flour ( PF) and cottonseed 
flour (CTF) were perform ed. The odor of CF', FFSF, RF, 
and PF was judged to be more bland in the liquid-suspended 
state than in the dry state. The flavor intensity of all prod­
ucts except CF and CTF was judged to be less bland than 
their liquid-state odors. Sensory panel results indicated that 
NFDM, BMS, and RF were the most bland, while FPC and 
PF were the least bland . Total GLC peak areas were lowest 
in Na Cas and highest in ISP. Total carbon yl content ranged 
from 4 ppm in BMS and ISP to 230 ppm in FFSF. 

Although numerous food flavor investigations have 
been reported, few deal directly with the flavor prop­
erties of whole grains and flours even though these 
products are consumed on a worldwide basis . 

In a study involving the volatiles associated with 
cooked rice grain, Yasumatsu et al. (17) identified 
acetaldehyde, n-caproaldehycle, methyl ethyl ketone, 
n-valeralclehycle, and either propionaldehycle or ace­
tone. Yasumatsu et al. (18) also reported that the 
stale flavor of rice is partially clue to the presence 
of n-caproalclehyde. 

McWilliams and Mackey (9) identified acetalde­
hyde; isobutyralclehycle; buty:raldehycle; hexanal; hep­
tanal; octanal; crotonaldehycle; 3-methyl-2-butanone; 
2, 2-climethyl -3- pentanone; diacetyl; and ethyl ace­
tate in lightly milled ~~~hole grain soft wheat. They 
also tentatively identified butanone, valeralclehycle, 
isovaleraldehycle, cyclopentanone, phenylacetalcle­
hycle, amyl alcohol, and isoamyl alcohol. Citing the 
review of Johnson et al. (7), Mc,iVilliams and Mackey 
(9) ·believe that the flavor components they isolated 
from wheat conh·ibute directly to bread flavor. 

Recently Hougen et al. (5) compared tl1e head­
space vapors of maize, rye, rapeseed, wheat, barley, 
oats, flax, soybean, and sunflower seed. Compotmds 
identified included methanol, ethanol, ethanal, pro­
panal, propanone, 2-methyl propanal, butanal, but­
anone, 3-methyl butanal or 2-methyl butanal, pentan-

'Published with the approval of the Director of the Colorado 
State University ExpeTiment Station as Scientific Series Paper 
No. 1712. 

al, hexanal, and heptanal. Hougen and co-workers 
(5) concluded that tl1e different species and varieties 
evaluated contained the same volatile components 
but varied in the proportions of these components. 

Okada (12) used steam distillation and ether exh·­
action to concentrate volatile compounds from wheat 
gluten. Through sensory tests he concluded that the 
aroma of wheat gluten was composed mainly of car­
bonyl compounds with n-caproaldehycle found in the 
highest concenh·ation. 

Several recent studies have investigated the flavor 
associated with roasted barley. Shimizu et al. (13) 
used an alcoholic extract of roasted barley and found 
5-hyclroxymaltol, maltol, 5-methylcyclopent-2-en-2-ol­
l-one, phenol, m-cresol, pyrocatechol, and resorcinol. 
Using a gas-liquid clu·omatography headspace tech­
nique, Collins ( 4) identified ethanal; propanal; 2-
methylpropanal; 2 methylbutanal; 3-methylbutanal; 
pentanal; hexanal; furfural; propanone; butanone; 2, 
3-butanedione; 2-3-pentaneclione; ethanol; and pen­
tanol. The basic fraction in this study ( 4) contained 
nine pyrazine compounds. 

Intensified efforts are currently under way to sup­
plement the major grains of the world (rice, wheat, 
corn ) with animal, vegetable, and marine protein 
sources. An earlier study (10) has compared the fla­
vor properties of various protein supplements. There­
fore, this study was designed to compare flavor prop­
erties of these typical grain flours and compatible 
supplements by using flavor indicators such as sen­
sory panels, gas-liquid chromatography headspace 
patterns, and carbonyl content. By performing direct 
comparisons by various methods it is hoped to show 
the flavor assets and limitations of the grains and 
supplements investigated. 

1\·I ATEIUALS AND METHODS 

Product5 
A total of 12 commercial products were evaluated. Fresh 

samples were requested directly from the manufacturers. 
Products included whol e wheat flour, low-heat non-fat dry 
milk ( 1 FDM), sodium caseinate, buttem1ilk solids, defatted 
soy flour , full-fat soy flour , isolated soy proteinate, rice flour, 
fish protein concentrate, peanut flour, and cottonseed flour. 

Proxi.mate compositio11 
Standard AOAC procedures (1) were used to detennine 
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moisture, protein, fat , ash, and fiber content of all products. TABLE l. PnOXI}.•IATE CO?viPOSJTIO •1 OF PRODUCTS EVALUATED 
All results are averages of trip li cate samples . 

Sensory panel 
Odor intensity and fla vor evaluations were random ly re­

peated three times at room temperature by 20 college-age 
female students. The panel was instructed to use a scale 
of from 1 to 10 to evaluate product blandness. A product 
with a "completely bland" character (one having no de­
tectable odor or fl avor) received a score of 10 and a 
"strong" material was scored l. The odor intensi ties of bot!1 
powder and 3% liquid suspensions were evaluated. Odor 
intensities of powders were judged by sniffing three tim es 
5 g of each respective powder in an odor-free 35 ml ca­
pacity screw cap vial. Odor intensities of liquids were 
rated by sn iffing 20 ml of a 3% suspension of product in an 
odor free 50 ml glass beaker. Suspension was with freshly 
distilled and deminerali zed water. Samples were permitted 
to equilibrate at room temperature for 0.5 lu before evalu­
ation. Approximately 5-ml amoun ts of thorou ghly stirred 
liquid suspension were used to rate flavor intensities. Swal­
lowing of samples was not permitted and rinse water was 
available at all times. 

In an effort to detennine overall sensory blandness of the 
products, values for odor intensity and flavor intensity of 
liquids were combined . 

Statistical analysis 
All sensory data were evaluated by analysis of variance 

::!nd the honest sign ificant difference intervals (14) calcu ­
lated at a. = 0.05. 

I-I eadspace analysis 
GLC direct h eadspace ana lys is has been reported to be 

an effective means of determining food acceptability (2, 3, 
6, 15). However, heating sampl es at 120 C for 2 hr ( 5) 
or steam distilling volatile material in preparation for GLC 
analysis (9, 12) could produce artifacts. Therefore, a mi1d­
er method for concentration of volatile componuds was ·~ :11-
ployed (2). One-half gram of product along with 1.2 of an­
hydrous sodium sulfate and 2 ml of freshly distiled and de­
mineralized water were heated in a rubber septum sealed 5 g 
serum vial for 10 min at GO C. At the end of th e heati 1g 
period 1 ml of vapor was withdrawn from the sample and 
injected onto th e GLC unit. 

A model GCO Varian -Aerograph GLC unit was used. Th e 
12 ft x one-eighth inch stainless steel cohunn was packed 
with 20% Carbowax 20M and G0/ 80 mesh Chromosorb P 
(A\V-H 1DS). Tempera tures used were 100 C isothermal 
for the column, and 150 C and 170 C, respectively, for th e 
injection port and hydrogen flame detector. Nitrogen at a flow 
rate of 15 ml per minute was used as th e carrier. 

No attempt was made to identify each peak since thi s was 
one phase of a comparative study. \ .Yilkens et al. (15) stated 
tha t GLC volatile profil es, even if designated by unidentifi :xl 
peaks, can be invalu able if related to taste panel results. 

Carbonyl content . 
Total carbonyl content of all samples was determined by 

the colorimetric method reported by Lappin and Clark (8). 
The carbonyls from 5 g of each product were extracted with 
50 ml of carbonyl-free chloroform. A standard curve based 
on butanal was prepared and th e sample optical density values 
COI]Verted to . parts per million from this curve. 

R ESULTS Al\1']) DISCUSSION 

Proximate composition 
Th e approximate composition data for all samples 

Produet )loisturc P rotein }'at A sh Fiber 

Whole wheat flour ll .8 13.1 2.1 l.G 2.2 
Non-fat dry milk 3.0 35.9 0.8 8.0 0.0 
Sodium caseinate 3.6 90.3 1.0 4.1 0.0 
Buttermilk solids 2.8 34.3 5.3 7.6 0.0 
Corn flour 12.1 7.7 2.7 0.7 0.7 
Defatted soy flour 6.8 51.9 0.8 7.1 2.3 
F ull-fat soy flour 8.2 38.8 19.6 4.7 4.0 
Isolated soy 

proteinate 4.5 92.5 0.1 4.0 0.2 
Il.ice flour ll.9 6.6 0.5 0.5 0.4 
F ish protein 

concentrate 2.2 78.1 0.4 19.1 0.0 
Peanut flour 7.2 48. 1 9.4 4.0 2.9 
Cottonseed flour 6.2 48.0 6.5 6 .1 2.1 

'A ll values expressed as percent on an "as is" basis and repre­
sent th e averages of three samples each . 

can be seen in Table 1. These data are presented to 
provide the reader b ackground information on the 
composition of the specific products evaluated . 

Sensory evaluation 
Honest significant difference intervals of the sen­

sory data are summarized in Fig. 1-4. Data on the 
odor intensity of powders (Fig. 1) revealed that 
statistically all products except fish protein concen­
tra te were equivalent to whole wheat flour. Be­
sides fish protein concentrate, the odor intensities of 
peanut flour and full-fat soy flour were judged to be 
on the strong side while the odor intensities of cotton­
seed flour, NFDM, and isolated soy proteinate were 
considered to be bland. Among the grain flours, 
whole wheat and rice had essentially the same degree 
of odor blandness while that of corn flour \vas found 
slightly more intense. 

If product odor intensities in the liquid state are 
considered (Fig. 2), the same general trends ap­
peared. Again, if whole wheat flour is considered 
to be the comparative standard, all products were 
statistically the same in odor intensities except that 
again fish protein concentrate was statistically strong­
er and FDi'd was more bland . 

·when flavor intensities of liquids were considered 
(Fig. 3), no statistical differences among products 
was observed with whole wheat flour b eing the com­
parative standard. However, if corn flour served as 
the comparative standard, the 1:\vo soy flours, isolated 
soy proteinate, peanut flour, and fish protein concen­
tra te were statistically stronger in flavor intensity. 
Thus, it becomes apparent that certain protein sup­
plements have odor and flavor intensities more close­
ly related to certain grain flours than others. 

In Fig. 4 both odor and flavor intensities of liquids 
are considered. Again, with whole wheat flour serv­
ing as the comparative standard, all products except 
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Figm e 1. Honest significant difference intervals ( a = 0.05 ) 
of sensory powder odor intensities. Products : 1. whole wheat 
Hom; 2. non-fat dry milk; 3 . sodium caseinate; 4. buttem1ilk 
solids; 5. com flour; 6. defatted soy flour; 7. full-fat soy flour; 
8, isolated soy proteinate; 9. rice flour; 10. fish protein con­
centrate; 11. peanut flour ; 12. cottonseed flour. 
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Figure 2. Honest significant difference intervals ( a = 0.05 ) 
of sensory liquid odor intensities. Products : Same as Fig. 1. 

fish protein concenh·ate were statistically equivalent 
in overall flavor intensity. Although NFDM was 
statistically more bland in overall flavor intensity than 
whole wheat flour, no statistical difference was found 
when NFDM was compared for overall flavor in­
tensity with corn and rice flour. Corn and rice 
flours were statistically more bland in overall flavor 
intensity than the tvro soy flours, p eanut flom, and 
fish protein concentrate. 

All of the sensory data indicated that as a class, 
milk protein supplements were the most bland and 

uniform product supplements. Within the vegetable 
and marine supplement group, fish protein concen­
h·ate was consistently inferior in odor and flavor in­
tensity while defatted cottonseed flom proved to , be 
relatively bland in odor and flavor intensity. · 

H eadspace investigations 
Since this was a compal'ative study, only one set 

of GLC conditions was employed and no effort was 
made to achieve more complete separation through 
temperature programming. Under the conditions 
employed, separation of compounds similar to those 
observed by sniffing were effectively detected. Sam­
ple size and conditions were the same for all products. 
As reported by Hougen et al. (5), this study also 
found compounds having similar retention times in 
all products with the main difference among products 
being quantity of compound. 

In an effort to numerically compare these head­
space data, total peak areas of attenuated scans were , 
calculated (peak height times peak width at half 
height). TI1ese data are in Fig. 5. Although full-fat 
soy flour was not judged particularly bland by the 
taste panel, the headspace technique indicated that 
it contained relatively few detectable volatile com­
pounds. A possible explanation for this discrepancy 
would be that a majority of the flavor constituents 
associated with full-fat soy flom are fat soluble and 
thus were not released for detection under the GLC 
conditions employed. Anotl1er discrepancy between 
taste panel and GLC results occmred with com 
flom. Taste panel members regarded it as one of 
the mildest products yet GLC total peak area of 
com flour showed it to be high in volatile material, 
mainly because of a large, later occmring peak. 
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Figure 3. Honest significant difference intervals ( a 
0.05) of sensory liquid flavor intensities. Products: Same as 
Fig. 1. 
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Figure 4. Honest significant difference intervals (a = 

0.05) of overall flavor intensities. Products: Same as Fig. 1. 

An inherent problem with this type of analysis is 
that the actual flavor thresholds of compounds separ­
ated by this method vary greatly. Thus, although 
a compotmd may appear as a small peak, its contri­
bution to total flavor may b e exb:emely important 
because of its low tlu·eshold. Likewise, a major peak 
may actually conh·ibute very little to total flavor due 
to its high threshold. Therefore, it becomes apparent 
that caution is required in attempting to conelate 
total peak area as detennined by direct GLC head­
space techniques and flavor quality or blandness 
characteristics among various products. 

f Carbonyl content 

I .­l 

' I 

The importance of carbonyl compounds in bread 
flavor has been reported (7, 11, 16). Therefore, total 
carbonyl content was determined and reported in 
Fig. 6. Among the three grain flours , carbonyl levels 
were in agreement with panel blandness scores since 
the milder the product, the lower the carbonyl level. 
However, it should be noted that bread made solely 
from wheat flour has a characteristic flavor which is 
indicative of a vast number of flavorful compounds, 
including carbonyls. 

The panel scores for blandness and carbonyl con­
tent of the milk-based supplements were in direct 
agreement. However, one notable exception behveen 
blandness scores by the panel and carbonyl values 
oc~urred for fish protein concenh·ate. Carbonyl level 
is not a good indicator for fish protein concentrate 
flavor quality since the predominant flavor in this 
product is of an amine nature. 

Perhaps carbonyl levels would be a more valid 

test to follow processing and storage changes. An 
example of carbonyl changes with processing can be 
seen within the soy products evaluated. There was 
a dramatic decrease in carbonyl content in process­
ing full-fat soy flour into defatted soy flour and final­
ly isolated soy proteinate. 
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REPORT OF THE 3-A SANITARY STANDARDS 
SYMBOL ADMINISTRATIVE COUNCIL, 

1971-1972 

The President of the IAMFES appointed Pat Dolan, Re­
gional Admiltish·ator, Bureau of Dairy Service, California 
Department of Agriculture, Sacramento, California, to re­
place James Meany of Chicago. Fred Uetz was reappoil1ted 
to the Cotmcil by the Dail·y Industry Committee and D. C . 
Colony was reappointed by the Dail·y and Food Indush·ies 
Supply Association, Inc. Members of th e ComlCil are ap­
pointed for a period of 2 years. Other members of the 
Council are Paul K. Girton, Dr. \ "A.l . S. Clark, Jr ., Dr. K. G. 
W eckel, D . C. Cleveland, and E. 0 . Wright. 

The Executive Council has worked hard this p ast year to 
secure tax exempt sta tus from th e In tern al Hevenue Serv­
ice. This was ach ieved on August 2, 1972. A complet e 
audit was taken for 1971 by a C.P.A. and everything was 
found to be in order. 

There were two meetings of the trustees h eld dming this 
period. They were at th e Sir F rancis Drake Hotel, San 
Francisco, California, on November 3, 1971, and at the Mar­
riott Motor Hotel, Chicago, Illinois, on June 13, 1972. Com­
plaints registered with th e Secretary by sanitarians were 
dealt with and actions are being taken to overcome the prob­
lems. A systematic complaint fo rm is being developed by a 
committee to aid in gathering th e right type of iluormation 
when it is felt that equipm ent doesn' t compl y with the 3-A 
Standards. 

Dmil1g this p eriod there were 21 new authoriza tions is­
sued and seven au thorizations relinquished. ( The compara­
tive mm1bers of au thorizations coveril1g each type of equip­
ment are found il1 Table 1. ) An il1crease from 146 to 161 
authoriza tions is indicated. 

\ ,Ye have received inquiries from D enmark, Japan, France, 
and Canada, for inform ation concerning use of the 3-A Sym­
bol. 

T hrough the fin e cooperation of sanitarians and fieldm en 

TABLE 1. 3-A SYiVI BOL COUNCIL AUTHOHIZATIONS 

•r,·nes nf equipm ent 

Storage tanks 
Pumps 
Homogenizers & pwnps 
Auto. milk tanks 
F ittings ( Piping) 
Fittings ( Them10 ) 
F ilters 
Heat exchange (Pla te) 
Heat exchange ( Tube) 
Farm milk tanks 
Leak protector valves 
Evaporators 
F illers & sealers 
Ice cream freezers 
Silo-type tanks 
Package fill ers 
Batch pasteurizers 
Batch processors 
Dry milk sifters 
Dry milk 

packaging equipment 
F low meters 

TOTAL 

Sani tary 
stanclRrds 

serial 
numbers 

0102 
0204 
0402 
0506 
0808 
0902 
1002 
1102 
1202 
1303 
1400 
1603 
1702 
1901 
2201 
2300 
2400 
2500 
2600 

2700 
2800 

.-\u thori za tions Authorizations 
tn effect on in effect on 

July 31, Jul y 31, 
19 71 1972 

15 
16 

3 
17 
18 
2 
l 
7 
4 

17 
4 
6 
8 
2 
8 
3 
5 
5 
5 

0 
0 

146 

16 
17 
4 

18 
20 

2 
1 
7 
6 

17 
4 
5 
7 
2 
9 
4 
5 
G 
7 

0 
4 

161 

and the excellent cooperation of the industry, the 3-A Symbol 
program is working successfully. 

E. 0. \ V HJGHT 

Secretary-Treasurer 
Departm ent of Food Technology 
Iowa State U nive1'sity 
Am es, Iotca 
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SANITARY CONDITIONS IN TWELVE FLUID MILK PROCESSING 

PLANTS AS DETERMINED BY USE OF THE RINSE Fll TER METHOD' 

R. T. MARSHALL A:t\T]) R. APPEL2 

D epmtm ent of Food SC'i.ence ancl Nutrition 

University of Misso uri, Colu.mb-ia 65201 

( Received for publication Decem her 20, 1972 ) 

ABSTRACT 

Experim ents were done in 12 fluid milk processing plants to 

determine their sanitary condition. Tap water was sterilized 

by membrane filtration and sodium thiosulfate was added to 

inactiva te residual sanitizer. This water was used to rinse 

the pastemized milk storage tfmk, filler bowls and filled con­

tainers. Samples of rinse water were filtered through mem­

bnme filters which were incubated on media to produce col­

onies. Total and coliform co1.mts were made. Storage tanks 

contributed fewer bacteria to the water thru1 other equipment. 

About 60,% of the first crut ons taken from fillers were con­

truninated with at least 1 bacterium per 100 mJ of rinse water 

and 37% contain ed at least 1 colifonn per 100 mi. The method 

appears useful to evaluate the sanitru·y conditions of equip­

ment. 

Current industry marketing practices for fluid milk 

products make it practically imperative that the shelf 

life of these products be at least 10 clays at 7.2 C 

( 45 F). Therefore, the extent of post-pasteurization 

contamination with psyclu-otrophic bacteria must b e 

limited to a few, perhaps none, per carton. This 

point is illustrated by Fig. 1 which was constructed 

based on the assumptions that the count would be 

1/ ml on the fifth clay of storage, and that the milk 

would be spoiled when the count reached 17,000,000/ 

ml. Based on this simplified example, shelf life of at 

least 10 clays could be expected only if there was a 

lag time of approximately 3 clays, the generation time 

exceeded 6 hr and the initial count was 1/ half pint. 

Counts may be higher initially, and lag times may be 

shorter if the generation time is made longer by 

lowering the temperature of storage, or if by chance 

the contaminants are of a slow growing type. 

A dairy's quality conb·ol department is faced with 

the problem of evaluating operations to insure that 

contamination is minimized, but the tools at its dis­

posal are inadequate for the task. The agar plate 

method can accommodate only a small sample and 

does not differentiate the psychrotrophic bacteria. 

Results are delayed by 48 hr incubation. The psy­

chTotrophic plate count suffers even more from the 

latter criticism, requiring a 10-day incubation . 

, Shelf life tests, obtained by incubating finished 

'Contribution from tl1e University of Missomi Agricultmal 

E xperiment Station. Journal Series Nwnber 6577 . 

"Present address : Carnation Company, Oconomowoc, \¥ is­

consin. 

product at 7 C for 5 clays, are excellent to evaluate 

an operation, providing sufficient samples are taken. 

However, it is usually too late to act with regard to 

the product represented once defects are discovered. 

An indirect teclmique, the rinse/ filter method, to 

evaluate the post-pastemization . contamination level 

within a plan t was developed in our laboratory. Large 

quantities of tap water are sterilized by membrane 

filtration, residual sanitizer is inactivated with so­

dium thiosulfate, the water is passed over milk con­

tact surfaces, representative samples are taken at 

sh·ategic points , and large quantities of tllis rinse 

water are tested by the membrane filter teclmique for 

numbers of bacteria. Results are available witl1in 

24 In·. 
VVitl1 the cooperation of 12 processors a study was 

made during tl1e summer of 1972 with tl1e rinse/filter 

method to ascertain the amounts of post-pastemiza­

tion contamination which can be expected in today's 

grade A fluid milk processing plants. 

i\ IATEHIAL A1 D METHODS 

\Vater from the municipal or private supply was prefilter­

eel tl1rough a wound , cotto:1 string filter ( type 12531, Gehnan 

Instrum ent Co., Ann Arbor, Michigan ) and then filtered 

through a m embrane filter ( Millitube cartridge, Millipore 

Filter Corp. , Bedford, Massachusetts) with a pore size of 

C.45 f.Ll11 (Fig. 2). This water (300 to 400 gal) was intro­

duced into a pas teuri zed milk storage tank which had been 

cleaned and sanitized . Approximately 1500 ml of 10% sodium 

thiosulfate were added witl1 the wateT to inactivate residual 

sru1itizer, except in plants where hot water was used for sani­

tization. 
vVater was pumped cr allowed to flow by gravity to filler 

bowls which had been sru1itized and drained . This water was 

then packaged in cartons in the same manner as milk. 

Samples of tlw water were taken aseptically at each of the 

following locations: filtrate from filter apparatus; pastemized 

storage tank; filler bowls; and cartons, jugs or plastic bags. 

Counts of colifom1 bacteria in the samples were made ac­

cording to tl1e standard metl1od for membrane filter analyses 

(1). Sample vohun e was 200, 250, or 300 mi. Total cow1ts, 

herein known as filter cotmts, were done in a similar mmmer 

except that double strength Tryptic soy brotl1 was the culture 

medium and th e sample size was 100 mi. Frequently, small 

mm1bers of samples of 10 ml quru1tity were analyzed to allow 

determination of cotmts which exceeded about 1000 per 100 

ml. 
Filters were incubated at near 100% relative humidity for 

24 hT at 32 C before counting. A binocular microscope with 



238 M ARSHALL AND APPEL 

TABLE l. C ONDITION OF FILTHA TE FHOJVI F JLTEH A P P AHATUS 

AS DETEHMIN ED BY FlLTEH COUNT S AND COLIFOHM COUNTS 

F il te•· count/100 ml Coliform coun t/100 ml 

Range of All Av~;. n o. All .Avgo. n o. 
counts/ 100 ml sa mples per plant sampl es per plant 

< 1 8 3 11 9 
1-10 14 8 2 1 

11-100 ~ 0 0 0 
110-1000 1" 1" 0 0 

> 1000 0 0 0 0 
1 o. of samples 25 12 13 10 

"Defective filter 

variable magnification from 7 to 30 X was used in counting. 
Samples, taken at each location, contained all the con­

taminants introduced up to the point of sampling. Therefore, 
the following p rotocol was used to determine the count at 
any particular sampling point: 

Sampling po·int Method to determ·ine count 
Filh·ate ( from apparah1s) Count of filtrate 
Pasteurized storage tank Cotmt at tank minus count of 

Filler bowl 

Container 

filtrate 
Catmt at bowl minus count at 

storage tank 
Cotmt at container minus count 

at filler bowl 
Samples were taken once from each of 12 commercial fluid 

milk plants in the following states : Missouri 6; Illinois, 3; 
Kansas, 2; and North Carolina, l. The method of sanitiza­
tion and th e general state of r epair of the equipment were 
noted for each of the plants. 

RESULTS A ID DISCUSSION 

Capability of the filtratio-n system 
In 22 of 25 samples taken, the filtration apparatus 

produced water with a total bacteria cow1t of < 
10/ 100 ml (Table 1 ) . In one plant tl1e filter mem­
brane was ruphued, producing a count of 270/ 100 
mi. A simple test is available to detect faulty filters , 
but the test was not applied in tl1is plant. Disregard­
ing the one high cotmt, tl1e average total count for 
the remaining 10 plants was 1.7/ 100 mi. It is prob­
able that limited contamination occurred dming 
sampling. Therefore, it is considered that the filters 
performed satisfactorily from tl1e standpoint of re­
moval of microorgmlisms. 

Coliform bacteria were found in the filtrate of only 
one of 10 plants, and the count was only 1/100 mi. 
A coliform analysis was not done on filh·ate in tv;o 
plants . 

Rate of flow of water tlu·ough the filh·ation system 
varied because of differences in water pressure but, 
more importantly, to tmdissolved substances in the 
water. Failure to completely flush water lines before 
connecting the filters sometin1es resulted in rapid 
plugging of filters. Lm·ge amounts of rust and/ or 
extraneous matter were observed in water from more 
than 50% of the plants. About 1 hr was required in 

most plants to produce sufficient water to rinse the 
equipment. 

The normal rate of filtration was 7 gal/min when 
filters were clean and pressure at the pre-filte1~ was 
40 psi. A pressure drop of about 18 psi occurred 
across the pre-filter when it operated properly. As 
the pre-filter began to plug, water pressure increased 
at the inlet. As the membrane filter began to plug, 
the difference decreased between pressure at the in­
let to the pre-filter and pressure at the inlet to the 
membrane filter. 

It was possible to reuse clogged filters, both pre­
filters and the membrane filters, after soaking them 
about 4 hr in a hot solution of 10% acid-type detergent. 

Condition of pasteurized storage tanks 
A relatively low number of contaminating micro­

organisms entered the system from the pasteurized 
milk storage tanks (Table 2). One plant used a 
closed system which precluded sampling directlY' 
from this tank, and data were not included in Table 2. 
However, in tllis plant counts at two of the filler 
bowls were < 1/100 ml, indicating practically sterile 
conditions in the storage tank. High counts of 1000/ 
100 ml or more were observed in tanks of 2 plants. 
In one of these plants there were two possible sources 
of external contamination, viz., (a) a leaking air sup­
ply line to the interior of the tank, and (b) a leaking 
indicating tl1ermometer which was replaced by the 
operator after sanitization without adequate precau­
tions. 

Coliform counts were < 1/ 100 ml in pasteurized 
storage tanks of 8 of 10 plants. Counts of 7 and 
82/ 100 ml were observed in the two plants which 
had high filter (total) counts in their storage tanks. 

Condition of mill< lines and filler bowls 
A relatively large amount of contamination occurred 

between the pasteurized nlilk storage tanks and the 
filler bowls. In 10 of ·the 12 plants, average counts 
for all filler bowls exceeded 10/100 ml and 4 of 
these were greater than 100/100 ml (Table 3). The 
sampling method precluded determination of whether 

TABLE 2. CONTRIBUTION O F MICHOORGAN ISl\•IS BY PASTEUHIZED 

STOHAGE TAl'.'KS AS DETERMINED BY :FILTER COUNTS ANI) 

COLIFORM COUNTS 

F ilter count/ 100 ml Coliform count/100 ml 

Range of All Arb. no. All Avgo. n o. 
counts/100 ml samples per plan L samples per plant 

< 1 4 2 8 8 
1-10 4 3 3 1 

11-100 5 4 1 1 
110-1000 0 0 0 0 

> 1000 3 2 0 0 
No. of samples 16 11 12 10 

•• I 
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contamination occmred in the milk lines (including 
valves) or in the filler bowls . 

Coliform counts were exceptionally high (more 
than 100/100 ml) in 5 samples of the 43 tested. 

Condition of fill er valves and containers 
On an average count per plant basis the data sug­

gested that filler valves and containers were the 
greatest contributors to microbial contamination. In 
eight of the plants, filter counts of water in the sealed 
milk containers averaged 110/100 ml or higher ( TaHe 
4). This may be somewhat misleading in that only 
32% of the total samples were in this category. These 
counts represent only the organisms picked up in the 
filling operation since the count of the samples from 
the filler bowl was subtracted from that of the con­
tainer for the respective samples. 

Coliform contamination occmred in the process of 
filling in 7 of 11 plants, but in only 33% of all of the 
filling operations of all plants. Numbers exceeded 
100/100 ml in about 3% of all the samples. 

General observations 
Contamination was generally least in plants which 

used hot water for sanitization. There were two of 
these plants, numbers 6 and 11, and 14% and 45% of 
their samples, respectively, contained one or more 
bacteria per 100 ml (Table 5). In one other plant, 
number 5, only 33% of the samples produced colon­
ies. No samples from plant 11 contained coliforms, 
and only 13% of ~the samples from plants 6, 8, and 10 
produced coliform counts. 

Excluding samples of the filu·ate, 60% of the samp­
les taken from all plants contained one or more bac­
teria per 100 ml, and 37% contained one or more coli­
forms per 100 ml. 

1 Average counts only serve to give a general idea 
of the sanitary status within the plant. One high 

12ht. ~~ 
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Figure 1. Time to reach a count of 17,000,000/Jnl with 
generation tim es of 6, 12, and 18 hr and a count of 1/ml after 
5 days of storage. 

TABLE 3. CONTRIBUTION OF MICROORGANISMS BY :MILK UNES 

AND FILLER BOWLS AS DETEfuVIlli'ED BY FILTER COUNTS AND 

COLIFORM COUNTS 

F ilter count/100 ml Coliform count/100 ml 

Hauge of All Av~: . no. All Av~;. no. 
rounts/100 ml samples per plant sa mples per lllant 

< 1 16 1 26 5 
1-10 10 1 11 2 

11-100 16 6 1 2 
110-1000 7 2 3 1 

> 1000 4 2 2 1 
No. of samples 53 12 43 11 

TABLE 4. CONTRIBUTION OF :MICROORGANISMS BY FILLING 

APPARATUS AND CARTONS AS DETERMINED BY FILTER COUNTS AND 

COLIFORM COUNTS ' 

Filter count/100 ml Coliform count/100 ml 

Range of All Av&-. no. All Avg>. no. 
counts/100 ml samples per plant samples per plant 

< 1 80 1 99 4 
1-10 21 0 27 4 

11-100 28 3 23 3 
110-1000 35 6 3 0 

> 1000 26 2 1 0 
No. of samples 190 12 153 11 

TABLE 5. PERCENT OF SAMPLES1 FROM I NDIVIDUAL PLANTS 

PRODUCING COLO!\'IES IN TESTS FOR TOTAL COUNT2 AND 

COLIFORl\•I COUNT3 

Plant no. Filter count Coliform count 

1 86 30 
2 100 64 
3 63 37 
4 90 60 
5 83 80 
6 14 13 
7 63 37 
8 57 13 
9 79 70 

10 60 13 
11 45 0 
12 60 

Overall 60 37 

1Excludes samples taken directly from the water filtration 
apparatus. 
2100 ml samples. 
3200 to 300 ml samples. 

count, when averaged with several of < 1/ 100 ml, 
may produce a misleading average. Nevertheless, 
data in Table 6 indicate that plants with lowest aver­
age counts tended to be those with fewest positive 
samples. Plant number 10 had the lowest overall 
level of contamination. 

The following plants were able to package water 
with counts of < 1/ 100 ml in the percentage of samp­
les shown in parentheses: 11 (57%), 10 (25%), 3 (20%), 
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TABLE 6. MEAN F ILTEH COUNTS AND COLlFOHM COUNTS PEH 100 l\•IL FOH A LL SAlviPLES TAKEN I N I N DIVIDUAL PLANTS 

Storage tan k 

Plant no. F C/ 100 ml r'C'/100 ml 

1 1 < 1 
2 8 Q 

3 83 < 1 
4 1300 7 
5 1000 82 
6 < 1 < 1 
7 22 < 1 
8 7 < 1 
9 20 < 1 

10 < 1 < 1 
11 < 1 
12 27 

0 No tes t 
o 

0 Data unreliable for calculation of an average 

6 ( 20%), and 8 ( 10%). All samples of the other plants 
contained bacteria . 

The following plants were able to package water 
with coliform counts of < 1/100 ml in the percentage 
of samples shown in parentheses : 11 ( 100%), 10 (90%), 
8 (90%), 6 (60%), 1 (60%), 3 (55%), 7 (33%), and 
9 ( 4%). 

The logistics of the operations were such as to pre­
clude repeated, day-after-day, sampling in the same 
plant. Controls were limited so that one could not 
always be sure that the bacteria found were not intro­
duced by the experimenters. High levels o£ con­
tamination in the pasteurized storage tank may have 
precluded accurate assessment of numbers of bac­
teria added downstream. Ideally, the method should 
be used in repeated sampling under the same con­
ditions until definite h·ends are observed . Neverthe­
less, it is believed that these data are representative 
of existing situations in modern fluid milk plants, and 
that they generally demonstrate both the applicability 
of the rinse/ filter metho~l. including its limitations, 
and the sanitary status of the plants under actual con­
ditions of operation. 

Conclusions 
Th e rinse/ filter technique provides a readily use­

able method to determine the efficiency of cleaning 
and sanitization. It makes possible the approximate 
location of relatively low levels of contamination. 

The probability of obtaining water with a count of 
< 1/ 100 ml by membrane filh·ation under normal con­
ditions of operation in dairy plants is about 30%. H ow­
ever, average counts of<2/ 100 ml, as obtained in this 
study, should b e satisfactory, especially since 9 of 
10 coliform counts were < 1/ 100 ml. 

Storage tanks are the least likely source of con-
tamination of pasteurized mille Relatively large 

Source of sampl es 

Line & fill er bowl F ill er & contain er 

FC/100 ml CC/100 ml l'C/ 100 ml ('('/100 tnl 

5000 :2500 440 7 
:woo 1000 DO 2 

95 1 70 2 
50 < 1 5000 1 

< 1 < 1 
0 0 . 50 

490 70 < 1 < 1 
32 40 260 28 
17 < 1 890 < 1 
80 3 1600 20 

1 < 1 22 < 1 
160 < 1 210 < 1 

6.5 0 250 0 

numbers of bacteria are introduced from lines, valves, 
and filling apparatus. About 60% of the first few 
car tons of milk vvould be expected to become con­
taminated with at leas t 1 bacterium per 100 ml, and 

Figure 2. Apparatus used to sterili ze tap water. Short 
cylinder contains the p'refilter and long cylinder contains the 
membrane filter ( 0.45 fL!ll). 
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37% would be expected to pick up at least 1 coliform 

per 100 ml in the modern fluid milk plant. 

It is possible to package milk with a total count 

of < 1/ 100 ml in today's equipment, but the prob­

ability is lo,.v. It is much more likely that products 

can be packaged with fewer coliforms than l/100 ml. 

The plant which had the bes t overall performance 

was equipped with many special devices to assist in 

conb·ol of post-pasteurization contamination. 
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REPORT OF THE JOURNAL MANAGEMENT 

COMMITTEE-1972 

vVe would like to complim ent th e Editor and the Man­

aging Editor for the improvement of the Journal during the 

past year, not only in content and make-up, but also in 

considerably improved page lay-out. W e would like to 

especially comm ent on th e page heading showing volume, 

page, and date at the beginning of each article. This is 

exceptionally helpful. Vve would like to make several com­

ments and suggestions for the year ahead: 

(a) Page 1 should be used for advertising only and a study 

should be made as to the practicability of inserts for meeting 

notices, hotel reservations, subscriptions, publications, order 

forms, membership form s, etc. 

(b) In general, we object to the p lacement of advertising 

throughout the Journal and suggest it be confined to either 

the front or back pages of the Journal. 

(c) The News and Events Section should be better identi­

fi ed by using larger headings and, where possible, start at 

th e beginning of a page. Succeeding page headings in this 

section would be better identified with larger type. 

(d) A special effort should be made to get our meeting 

notice in th e "coming events" sections of trade magazines, 

recognizing that 4 to 5 months lead time is needed for most 

publications. 
(e) The Managing Editor should make an effort to es tablish 

a section discussing new equipm ent, new organizations being 

fom1 ed, and publications of great importance that are not 

readily available-for exf1mple, Ohio State's Study for EPA 

with information on the pollution situation in the current 

dai ry industry. This type of infonnation is currently provided 

on a hit-or-miss bas is and should be more formali zed. 

(f) Vve suggest that a regular feature be established listing 

new publications, bulletins, etc., of interes t to the member­

ship. A small committee of people, who read a cross section 

of Journals rather extensively, should be established with 

responsibility to submit on a regular bas is finished copy for 

publication of this type of information . There is a large num­

ber of new p ublications, particularly in the food service and 

environmental fields, appea ring on a regular basis. Our 

membership could benefit by becoming acquainted with this 

material. 
(g) In th e increased activi ties relating to advertising, com­

panies should be encouraged to use an innovated type of ad­

vertising program in our Journal. Since our membership is 

made up of peop le who normally do not do extensive pur­

chasing, it might be more desirable for companies to get "a 

message" of what they are attempting to do for the industry 

into their ads-rather than using a canned picture, month 

after month , of equipm ent for sale. A good example of in­

novative advertising is that currently being used by Babson 

Bros., on the back page of the ]oumal. 

\V. C. LAWTON, Chai1·m.an; J. C. OLSON, }R., K. G. vVECKEL, 

AND C. K. }OHNS. 

LETTER TO EDITOR 
March 15, 1973 
International Assn . of Mi lk, Food & Sanitarians, Inc. 

Box 437 
Shelbyville, Indiana 46176 

Gen tlemen: 
Hecently I had occasion to visit th e Tampa Independent 

Dairy Fam1ers Association, Inc., and was so impressed with 

the efficiency of the Jab there. 

Also, one young man impressed me so with his courtesy 

lo th e da irymen and those contacting the lab, I wish to men­

tion it to your group. 
I don 't do th ese things often, but I was so impressed wi th 

his sinceri ty, his willingness to assist people and his attitude 

of concern that I was prompted to inquire of an association 

I could mention this to. 
\•Vish more people were as p leasant to others as this young 

man named Kenneth J. Crothers, lab technician, of Tampa, 

Florida. 
Sincerely, 
Mrs. E. E. Snyder 
1602 E. Kirby St. 
Tampa, F lorida 33604 
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HEALTH FOODS VERSUS TRADITIONAL FOODS: A COMPARISON' 
H. APPLEDORF, w. B. WHEELER, AND J. A. KOBURGER 

Food SC'ience Depmtment 
University of FloTicla, Gainesville, FloTida 32601 

( Heceived for publication January 8, 1973 ) 

ABSTRACT 

Health and traditional foods ( 24 of each ) were compared 
for proximate composition, cost, microbial content, pesti­
cide levels, and polychlorinated biphenyl (PCB) contamina­
tion . Only minor differences were detected for proximate 
composition and microbial content. No pesticides were de­
tected but 7 samples of h ealth and 3 of traditional food s 
contained PCBs. The major difference behveen the samples 
was the greater cost of the h ealth foods. 

Today the safety and nutritional quality of our 
national food supply is b eing questioned. Advocates 
of health and organic foods are proclaiming that 
their products are safer and more nutritious than 
traditional foods (5). While trained scientists can 
detect many of the fallacies claimed, numerous Am­
ericans are confused and accept the arguments of 
the health food proponents (1). In view of the wide­
spread cunent interest in health and organic foods 
(8), a survey was conducted to establish whether 
there are any gross differences in nutritional quality, 
microbial contamination, and p esticide residue con­
tent between foods obtained from health food stores 
and corresponding conventional foods obtained at 
supermarkets. 

]\ilATERIALS AND METHODS 

Twenty four food samples were obtained from health 
food stores in the Gainesville, F lorida area. Comparable 
foods were obtained from a chain ~to re supennarket and 
designa ted as traditional foods. Unit price of each was 
noted at time of purchase. 

Microbial analyses were by APHA methods (2) and proxi­
mate composition by 'AOAC (3) . Samples for pesticides and 
polychlorinated biphenyls ( PCB's) were dried and ground 
through a 20-mesh screen. Liquid samples were mixed with 
anhydrous socliw11 sulfate until a free-flowing powder was 
obtained . San1ples were then extracted for 12 hr with pe­
troleum ether in a Soxhlet appamtus. Extract purification , 
detection, and quantification were conducted according to 
Burchfield and Johnson (6). This m ethod will detect PCBs, 
chlorinated pesticides, and many of the organophosphate pesti­
cides. 

When PCB's were detected in samples, extracts were sub­
jected to silica gel chromatography described by Snyder and 
Heinert (7). This technique allows the separation of PCBs 
and other pesticides present. 

The identities of PCBs were confirmed in a few samples by 
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preparing the perchloro-deriva.tive '(4) and subjecting it to gas 
chromatography and mass spectromeh-y. 

RESULTS AND DISCUSSION 

Proximate composition and unit price are given in 
Table 1. The results show a similarity in chemical 
composition between the hvo groups of foods . This 
similarity can be quite marked, particularly when the 
samples are from the same processor, as was true of 
the honey samples. Occasional differences in com­
position, observed in products such as coconut, ice ' 
cream, and brazil nuts, probably result from formu­
lation and processing, rather than from inherent dif­
ferences between the tvro samples, although the ef­
fects of biological variation cannot be completely 
discounted. Cost ratio data, however, show that the 
health foods are expensive, averaging 1.7 times higher 
than the traditional products. Traditional powdered 
milk, coconut, dates, nuts, and one cereal product 
are the exceptions. The higher cost of these con­
ventional commodities probably results from the in­
creased processing involved in preparing the h·a­
ditional product (i.e., pitting, roasting, instantizing) . 

The microbial analyses are typical of foods in nor­
mal channels and do not necessarily indicate that one 
group of foods was of better miorobial quality than 
the other; although, coliform analysis, a sanitary in­
dex, was positive for 3 of the traditional and 6 of 
the health foods. With the health foods , much of the 
contamination can be accounted for by the lack of 
adequate packaging. The high total aerobic cotmts 
for the cheese samples is not unusual in a fermented 
product, and the high count in the h·aditional wheat 
cereal was found to be due to sporefon.ning bacilli. 

Pesticides were not present in any of the samples 
in excess of 0.01 ppm (well below most Federal toler­
ances ), the lower limit of method sensitivity, although 
7 of the health and 3 of the h·aditional foods were 
found to contain PCBs. This contamination was 
considered unusual and points out the widespread dis­
tribution of these environmental contaminants in the 
food chain. 

The data illush'ate that foods whether labeled 
"health" or not may be contaminated with a variety 
of environmental constituents and that purchase of 
foods from a specialty store does not guarantee purity. 

' ,. I 
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TAD!.E l. PERCENTAGE PROXIMATE COlviPOSITION AND U:-IIT C:OST 01" HEALTH ( H) AND TRADITIONAL ( T) FOODS 

Bread, 
whole whe<lt 

Cheese, 
Cheddar 

Milk, dry 
Cashews 
Peanut butter 
Rice 
Honey, Tupelo 
Cereal , 

whole wheat 
Preserves, 

blackberry 
Ice cream , 

peach 
Pecans 
Pancake mix 
Mayonnaise 
Tom ato juice 
Ah11onds 

~J o i stwe 

H 

36.8 

38.2 

4.3 
3 .8 
0.2 

10.8 
15.1 
11.9 

T 

35.4 

37.7 

5.3 
2.5 
0.5 

11.8 
15.1 

9 .2 

32.9 26.9 

56 .3 53.4 

3 .3 
8.4 
8.7 

95.6 
4.1 

16.9 
13.8 
16.6 

3.1 
8.0 
9.4 

91.0 
3 .6 
9.1 

16.6 
14.3 

2.2 

Protein 

H 

11.9 

22.6 

34.3 
20.1 
28 .9 

8.1 
0.3 

11.8 

0 .9 

4.2 

12.2 

24.0 

34.1 
18.7 
28.9 

8.4 
0.3 

12.6 

0.8 

4.4 

13.2 12.0 
14.7 10.9 
2 .5 2.4 
0.8 0.9 

26.0 25.5 
5.8 5.8 
l.O 0.8 
5.4 5.7 

18.7 HJ.1 
0.4 0 .1 
0.5 0.4 
9 .4 5.5 
2 .0 1.4 

Fat 

H 

1.9 

30.0 

0 .1 
45.2 
47.7 

0.6 
0 .2 
0.6 

T 

2.2 

29.9 

0.1 
47.7 
48.4 

0.5 
0.2 
0.7 

0 .1 3.4 

7.4 14.7 

67.1 
2.9 

80.9 
0.0 

46.3 
0.7 
0.2 
4 .3 

68.9 
9.3 

79 .8 
2 .3 

47.3 
0.5 
0.2 
5.9 

Ash 

H 

2.6 

3.3 

7.9 
2 .2 
2 .7 
1.4 
0 .1 
2.3 

0 .2 

0.7 

T 

2 .2 

3.4 

7 .6 
6.1 
3 .4 
0.5 
0.1 
1.5 

0.2 

0.7 

Ca rbohydrate 

H 

46.9 

5.9 

53.3 
28 .8 
20.6 
79.0 
84.4 
73.4 

T 

48.0 

5.0 

52.9 
25.1 
18.8 
78.8 
84 .4 
75.9 

65.9 68.7 

31.4 26.9 

14.6 
69 .5 

6.6 
2.9 

20.7 

14.5 
67.5 

7.2 
4.8 

20.6 

Cents/oz 

H 

3.4 

11.6 

4.3 
10.6 

5 .6 
1.8 
8.1 
4.4 

6.8 

4,3 

15.3 
3.7 
4.7 
2.9 

10.4 
6.5 
8.4 
4.2 
7.6 
2 .9 
5.9 

T 

2 .1 

6.6 

5.1 
10.7 

4.2 
1.2 
3.6 
3 .0 

3.7 

0.9 

16.5 
1.9 
4.0 
l.O 

10.9 
7 .0 
5 .6 
3.0 

243 

Ratio 

HIT 

1.62 

1.76 

0.84 
0.99 
1.33 
1.50 
2.25 
1.47 

1.84 

4 .78 

• 

Rice cereal 
Appl es, dri ed 
Fig bars 
Brazil nuts 
Apple juice 
Apple butter 
Corn snacks 
D ates 
Coconut 

2.4 
88.6 
50.9 

6.7 
2.0.8 

2.6 

87.5 
53.2 

2.0 
20.5 
16.1 8.6 4.8 

60.8 
0.3 
0.0 

28.2 
0.1 

63.0 

24.8 
0.1 
0.0 

28.8 
0.1 

21.7 

1.8 
4.6 
1.3 
0.7 
3 .0 
0.8 
1.5 
5.4 
3 .5 
0.2 
1.7 
4.6 
1.4 
1.8 

1.6 
4.3 
1.2 
l.O 
3.0 
0.3 
2.7 
1.6 
3 .4 
0.2 
0.3 
2.7 
1.6 
0.9 

75.8 
83.5 
68.3 
14.6 
10.5 
46.9 
51.1 
75.7 
24.0 

84.2 
79.7 
72.5 
50.5 
12.1 
46.1 
61.0 
76.4 
56.5 

14.0 
3.3 
3 .0 

13.0 
0 .9 
1.3 
7.5 
4.1 
4.9 

0.93 
1.95 
1.18 
2.90 
0.95 
0.93 
1.50 
1.40 
0.58 
3.22 
4.54 
1.87 
0.80 
0.61 

I .. 
l 

TABLE 2. AH\OllJ C PLATE COUNT, NUi'.-IllER OF COLIFORM OHGANISMS AND POLYCHLOHINATED BIPHENYL (PCB ) LEVELS IN HEALTH 

( H) A ND TRADITIONAL ( T ) FOODS 

Aerobic pia te co un t. ' 

P··o·lu cls 

Bread, whole wheat 
Cheese, cheddar 

f Milk, dry 
Cashews 
Peanut butter 
Rice 
Honey, Tupelo 
Cereal, whole wheat 
Preserves, blackberry 
Ice cream, peach 

Pecans 
Pancake mLx 
Mayonnaise 
Tomato juice 
Almonds 
Rice cereal 
Apples, dried 
Fig bars 
Brazil nuts 
Apple juice 
AJ?ple butter 
Corn snacks 
D ates 
Coconut 

H 

200 
9,600,000 

990 
650 
280 

4,800 
55 

< 10 
<10' 

58,000' 
200 

1,900 
<10 

90 
450 

30 
70 

300 
350 

< 10 
< 10 

12,000 
390,000 

4,200 

'Number organisms per gram of product. 
2Parts per miUion based on weight received . 

T 

< 10 
14,000 

240 
< 10 

50 
220 

90 
51,000 

< 10 
75 
40 

4,000 
< 10 
< 10 
910 

35 
< 10 

4,000 
850 

< 10 
< 10 

15 
25 
90 

Coliform s 1 

H 

0 
0 
0 
9 
0 

23 
0 
0 
0 

23 
0 
4 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
9 

0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
4 

29 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

P olychlor ina ted biphenyis2 

H 

0.00 
0.00 
0.00 

5 ( Aroch lor 1254 ) 
0.00 
0.00 
0 .00 

1.5 ( Arochlor 1242) 
0.00 
0.00 

4 ( Arochlor 1254 ) 
5 ( Aroch lor 1242 ) 

0.00 
0.00 

5 ( Arochlor 1254) 
4 ( Arochlor 1254 ) 

0.00 
0.00 

2.5 ( Arochlor 1254) 
0 .00 
0.00 
0.00 
0.00 
0 .00 

T 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

5 ( Arochlor 1242 ) 
0.00 
0.00 

4 ( Arochlor 1254) 
4 ( Arochlor 1254) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Furthermore, vvbile few differences were fotmd in 
proximate composition of these foods, this does not 
imply that other more subtle differences in flavor, 
vitamins, or functionality might not exist. H owever, 
the ques tion must be raised as to whether these fact­
ors, if indeed they exist, justify the rather substantial 
price difference between these t\vo groups of foods. 
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ASSOCIATION AFFAIRS 
NOMINATIONS FOR OFFICES OF IAMFES, INC.-1973-1974 

(Notice to membership-ballots can only be mailed to paid up members as of May 15, 1973) 

FOR SECOND VICE-PRESIDENT AND SECRETARY-TREASURER 

HENHY V. ATH E H.TO N 

H enry V. Atherton is Professor of D airy Industry 
and Dairy Baote1iologist in the Animal Sciences D e­
partment at the University of Vennont. H e is a 
Vermonter by birth and received his B.S . and i\II.S . 
Degrees a t the University of Vermont as a D airy 
Manufacturing major. H e obtained is Ph.D. at Pe1m 
State in 1953 and then re turned to Vermont to the 
position he now holds. 

His chief research interests are in the area of milk 
quality conh·ol as influenced by bulk cooling on 
farms, farm water supplies, and dairy sanitation. H e 

is author or co-author of a number of papers which 
have appeared in technical and h·acle journals in the 
dairy field and is co-author of the textbook "The 
Chemistry and Testing of D airy Products." 

H e is an active p articipant in the Farm Methods 
Committee of the International Association of J\tlilk, 
Food, and Environmental Sanitarians and is on the 
Executive Board of the Northeast D airy Practices 
Committee. H e is Secretary of the Vermont D airy 
Indush·y Association and a member of the New York 
State Association of :Milk ::mel Food Sanitarians as 
well as other sanitarian's groups in the Northeast . 

JOHN C. BRUHN 
John C. Bruhn is an extension food technologist 

with the University of California Agricultural E x­
tension and works out of the D eparhnent of F ood 
Science and Teclmology located on the D avis campus 
and is a member of the food science graduate re­
search group. H e also holds a lecturer title in the 
D eparhnent of Food Scien ce and Technology. At 
present extension p rograms account for 100% of his 
time. 

H e was raised in Ohio and attended Michigan 
State University, receiving a B.S. degree in F ood 
Science in 196'2. H e then entered tl1e graduate school 
at the University of California, D avis, and was award­
ed the Ph.D. degree in Microbiology in 1969. Im­
mediately following graduation , Dr. Bruhn was hired 
as extension food technologist and given tl1e re-
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JOHN C. BRUHN 

sponsibility of developing research and educational 
programs for the California dairy foods industries. 

Both his research and educational programs have 
concerned themselves with the quality of milk and 
dairy foods , with principal emphasis on flavor and 
composition. 

He is active in a number of state organizations, in­
cluding the California Dairy Indush·ies Association 
where he has held several offices, the California 
Association of Milk and Dairy Sanitarians, the Cali­
fornia Creamery Operators Association and the North­
ern California Section of the Institute of Food Tech­
nologists. In addition, be has served on conunittees 
of the American Dairy Science Association and holds 
memberships in the Institute of Food Technologists , 

f <md International Association of :Milk, Food and En­
virom11ental Sanitarians. 

Recently married, Dr. Brulm and his wife, Clu·is­
tine, live in Davis, California. 

SECRETARY-TREASURER 

Richard P. 1vlarch is a professor in the Department 
of Food Science at the Nevv York State College of 
Agriculhtre, Cornell University, Ithaca, New York. 
Until 1965, he devoted 75% of his time to extension 
work as a specialist in milk quality and fluid milk 
handling and processing, and the balance of his 
time in research and teaching courses in fluid milk 
processing and quality conh·ol. At present, exten­
sion accounts for 90% of his time with 10% for re­
search activities. 

H e was raised in Nlassachusetts, majored in dairy 
indush·y at the University of Massachusetts, receiv-

ing a B.S. degree in 1944. After a tour in the U. S. 
Marine Corps, he entered the Graduate School at 
Cornell University to major in dairy industry, re­
ceiving an !vi. S. degree in 1948. 

Professor March taught a one-year program in 
dairy manufacturing until its termination in 1951, at 
which time he was promoted from insh·uctor to as­
sistant professor. He became an associate professor 
in 1955, and full professor in 1965. In 1965 he also 
became deparh11ent extension leader and is still 
serving in this capacity. 

He is active in the lew York State Association of 
Nlilk and Food Sanitarians, serving as secretary­
h·easmer from 1957 and executive secretary since 
1967, secretary of the Dairy In<;lush·y Equipment 

RICHAH.D PELL 1v!AH.CH 

Committee from 1952-57, secretary of the Farm 
Practices Committee from 1955-62, and secretru:y of 
the Council of Affiliates since 1952. He is a member 
of the International Association of Milk, Food, . and 
Environmental Sanitarians, a member of their Farm 
1\.iethods Cpll1uP ttee from 1959-65, secretary o( their 
Council?. £·\M iliates in 1961, and chairman in 1962 
and 1963 .""~t.,.: ~· 

In both the · State and International Associations 
he has ser\red ,as chairman of a number of subcom­
mittees including the Uniform Milkhouse Plans for 
the Northeast, Milk Transfer Systems, Sediment Test­
ing, ru1d Training Programs for Bulk Tank Truck 
Operators, and co-chairman of the ortheast Com­
mittee -on Uniform Guidelines for Loose Housing 
Systems. In 1963 he was the recipient of the ew 
York State Association's Dr. Paul B. Brooks Mem­
orial .Award for outstanding conh·ibutions to the 
organization. 
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KENTUCKY ASSOCIATION OF MILK, FOOD 
AND ENVIRONMENTAL SANITARIANS, INC. 

1973 EDUCATIONAL CONFERENCE 

The 1973 Educational Conference for Fieldmen and 
Sanitarians was h eld February 27-28, 1973 at the 
Executive Inn Motor Hotel, Louisville, KenhlCky. 

A total of 280 (county and s-tate health department 
sanitarians, milk and food industry fieldmen , plant 
managers and related service companies and Uni­
versity officials) were registered. States other than 
Kentucky represented were as follows : Georgia, In­
diana, j\:Iissouri, Ohio, Tennessee, ·wisconsin, Ala­
bama, Mississippi and Minnesota. 

The program was bToken into general sessions, food 
and environmental sanitarians sections and milk sani­
tarians sections. Fourteen pape:s were presented dur­
ing the conference. 

Te following awards were given at the awards b an­
quet by the Kentucky Association of Milk, Food and 
Environmental Sanitarians, Inc. 

Outstanding Sanitarian Award: Harold \iValden, 
Christian County Health D eparbnent, Hopkinsville, 
KenhlCky. 

Outstanding Fieldman Award: William McCormick, 
Dairymen Inc., Owensboro, Kentucky. 

Outstanding Service Award: Roy L. Scott, Avalon 
Cheese Company, London, Ky. 

A past presidents plaque was also presented to out 
going president, Donald Colgan, Fleming County 
Health Deparbnent, Flemingsbmg, Kentucky. 

New Officers and Directors elected at the business 
meeting were as follows: President, Dudley J. Con­
ner, Kentucky State Health Dept., Frankfort. Presi-

1973 Ufficers-KAMFES. Left to right: Pres. Elect, Dr. 
James Hartley; Sec.-Treas., L eon Townsend; Director, Hubert 
D . Edds; Pres., Dudley J. Conner and Past Pres., Donald L. 
Colgan. 

19-73 Outs t~mding Sanitarian Award. Harold "Shine" Wal­
den, Christian County H ealth Dept. , Hopkinsville, Ky. 

dent-elect, Dr. James C. Hartley, University of Ken­
tucky, Lexington. Vice President, Bruce K. Lane, 
Louisville-Jefferson County He a 1 t h D epartmeit, 
Louisville, KenhJCky. Secretary-Treasurer , L e on 
Townsend, Kentucky State H ealth D ept., Frankfort. 
Directors: Midwestern Region: Doug Perkins, Dean 
Foods, Glasgow; Hubert D. Edds, Daviess Co. H ealth 
Dept. , Owensboro. North Cenb·al Region: A. P. Bell, 
Louisville-Jefferson Co., Health Dept., Louisville, 
KenhlCky. Floyd Gritton, Kraft Foods, Owenton, 
KenhJCky. Paul Devine, Cudahy Company, Har­
rodsbmg, Ky. 

The conference was sponsored by the Kentucky 
Association of Milk, Food and Environmental Sani­
tarians, Inc. 

NOTICE TO MEMBERSHIP 
After many years of hopes and frusb·ations toward 

a possible merger of International Association of 
Milk, Food and Environmental Sanitarians and the 
National Environmental Health Association (Former­
ly N.A.S.) some preliminary considerations have again 
been made by their respective Boards of Directors . 
The one step agreed to at tllis time is to poll the 
memberships on their views. 

The poll is being conducted by IAMFES in con- . 
ne2tion vvith the election of Officers for 1973-74. 
j\'fay we please ask that you all respond on this im­
portant matter. \iVe h·ust that this will also increase 
the response for the Officer's election which is always 
an important function of any organization. 

The identical wording of the questions will also be 
smt out by N.E.H.A. to their membersllip. When 
each has completed the survey, there will be furtl1er · 
talks between Charles Gillham, President of I .E.H.A. 
and myself. 

Walter F. Wilson, 
President 
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SEMINAR NOTICE I TDEX TO ADVERTISERS 

The D epartment of Food Science and Teclmology 

at the University of Massachusetts will sponsor a 

seminar on "Establishjng Them1al Process Require­

ments for Food Sterilization." The seminar will be 

held in the Campus Center on Jtme 25 to June 28, 

1973. 

Babson Bros ., Co. ______ ____ ____ _____ _ Back Cover 

Difco Laboratories __ _____ ______ _______________ II 

Franklin Mfg. Co. ____ ___ __ _____ Inside Front Cover 

TAMFES, Inc. ___________________________ ____ __ ! 

Klenzade Products, Division 
Economics Laboratories ___________________ IV 

The Haynes l-.Hg. Co. ___ _______ Inside Back Cover 

Seminar regish·ants will be limjted to fifty in mun­

ber. University faculty and indushy experts will 

comprise the com se insh·uction staff. 

Whjtmire Research Laboratories ______ ___ ______ 248 

For details contact Prof. Kirby M. Hayes or Prof. CLASSIFIED ADS 
Charles R. Sh1mbo, Department of Food Science and 

Technology, University of Massachusetts, Amherst, 

iVIassachusetts 01002. 

FOR SALE 

Single Service milk sample tubes. For further in· 

formation and a catalogue please write, Dairy Technology 

Inc., P. 0. Box 101, Eugene, Oregon 97401. 

AFFILIATES OF 

International Assn. of Milk, Food & Environmental Sanitarians 

AssoCIATED ILLINOIS MILK 
SANITARIANS 

Pres., H arold Wainess _____ Northfield 

Pres.-Elect, Don King ___ Melrose Park 

First Vice-P1·es., Harold McAvoy -----
- -- ________ ---- ---- - Springfield 

Second V ·ice-Pres., Warren H ewes ___ _ 

----- - ---------- ----- - - Chicago 

Sec'y.-Treas., Robert Coe, 
Rt. 1, Box 149A, Hinckley 60520 

Sgt. at Am1s, Dale Termunde -------­
-------------------- Oak Brook 

CALIFORNIA ASSOCIATION OF DAIRY AND 
MILK SANITARIANS 

FLORIDA AssOCIATION OF MILK AND 
FooD SANITARIANS 

Pres., Dan Horne ___ West Palm Beach 

Sec'y.-Treas., Jay Boosinger 1340 Linda 
Ann Dr. __ Tallahassee, F la. 32301 

Board of Directors: 
Dan Horne ____ 'Nest Palm Beach 
J . F. Beatty _________ Jacksonville 
Victor N . Yeager _____ Jacksonville 

John L. Miller - ---- ----~Orlando 
John Manning __________ Miramar 
Jay B. Boosinger __ __ _ Tallahassee 

Richard Jolley ------- -Tallahassee 
John L. Tredway _________ Miami 

INDIANA AssociATION oF 
SANITARIANS 

W. S. LaGrange ___________ Ames 

Past Pres., Farris Biggart _Cedar Rapids 

KANSAS AssoCIATION OF 
ENVIRONMENT A LISTS 

Pres., 0 . L. Honomuchl _____ _ Wichita 

Fi.rst Vice-Pres., George Garrison _____ _ 

----- - -- -------- -------- Topeka 
Second V-ice-P·res., Jack Milbum ____ _ _ 

Secretary-Treas., John J. Austermiller, 
800 Polk, Apt. 20, Topeka, Kansas 
66612 

KENTUCKY AssociATION OF MILK, FooD 
AND E NvrnONMENTAL SANITARIANS, INc. 

i P·res., Pat. J . Dolan _____ ___ Sacramento 

First Vice-Pms., Ron McLaughlin ___ _ 
Pres., Paul McBride ------ - - --Bedford 

Pres.-Elect, Lloyd Grannan _Indianapolis 

F-irst Vice-Pres., Paul Welch ------ --

P-res., Dudley J. Conner _____ Frankfort 

Past Pres. , Donald L. Colgan ------- -

' ' 

•• 

------------------- ---- - Fresno 
Second V ·ice-P·res., Hugh H . Bement __ 

----- ------··-------- La Mirada 

Sec'y.-Tmas., Fred I. Robins, 1351-24th 
Ave., San Francisco, Ca. 94122 

Pa.st Pres., Jack S. Gould __ Los Angeles 

CoNNE=JCUT AssociATION oF 
DAIRY AND FooD SANITARIANS 

Pms., Lester Hankin ______ New H aven 

Vice Pres., William Ullmann _Hartford 

Sec'rt ., Richard M. Parry, Dept. of Agric. 
State Office Bldg. ______ Hartford 

T1·eas., Henry \~l iJson, Dept. of Agric., 
State Office Bldg. ______ Hartford 

Asst. Treas ., Carl Jekanouski __ Hartford 

Board of Governors : 

E. Kellarson ------Warehouse Pt. 
W. Ullmann ___ ____ _ East Hartford 

F. Da~s - - --------------- -----
T. Burkhard __________ Trumbull 
K. Crane ____________ _ Bridgeport 

P. Vozzola --- ------West Granby 
Joseph Carlson ---------------­
\Valter Dillman ----------------
G. VanvVom1er ________ Simsbury 

----- ------- - --- --- Terre H aute 
Second Vice-Pres., Tom Atkinson ____ _ 

--------- ---- -------- Richmond 
Senior Past-Pres., Joe Mcintosh _____ _ 

----- __ - - -- - --- _ _ _ _ Indianapolis 

Junior Past-P1·es., Robert Jump ______ _ 

---------------- ___ Indianapolis 
Secretary, Paul Meyers ____ Indianapolis 
Treasurer, Gene Kelso ____ \Vashington 
A uditors: 

Richard Harlow ________ Lafayette 
Charles Scull ____________ Muncie 

IAMFES Chairman, Jam es H arton ___ _ 
--------- __ --- __ --- Indianapolis 

IowA AssociATION OF MILK, FooD AND 
ENVIRONll.fENTAL SANITARIANS, INC. 

Pres., Alvin Grey ______ Marshalltown 
Pres.-Elect, Glenn Cavin __ Cedar Falls 
First V ice Pres. , R. H . Wilke_Dubuque 
Second Vice Pres., Jolm H allback ___ _ 

--------- -------- -- Cedar Falls 
Sec'y.-Treas., H. E . Hansen, State Health 

Dept. , Robert Lucas Bldg., D es 
Moines, Ia. 50319 

Faculty Advisors: 
Earl 0 . Wright ____________ Ames 

- --------- ---- - --- Flemingsberg 

Pres-Elect, James C. Hartley _Lexington 

V ice-Pres., Bruce K. Lane ___ Louisville 

Secretary-T1·eas., Leon Townsend, 110 
Tecumse T r a i I, Frankfort, Ky. 
40601 

Directors: 
Max V\leaver, V\1. Region __ Murray 
Doug Perkins, M.W. Region _____ _ 

-- ------- - ----- - - - - ---- Glasgow 
Don Eckler, N.C. Region -------
- --- - __ ____ ___ __ __ ___ Carrollton 

A. P. Bell, N.C . Region ---------
- -- __ ______ __ ____ _ ___ Louisville 

L. E. Mayhugh, S.C. Region ---­
---------- --- -- -- Campbellsburg 
Tom Forde, E. Region __ Newport 

:--IICHIGAN ENVIRONMENTAL 
HEALTH AssociATION 

Pent Pres., Jack Mason ______ \ .Yhitehall 
Pres., James H . Shifflet __ Grand Rapids 
Pres.,-Elect , Raymond M. Jurczyk 

-------------------- East Tawas 
Secretary, Theodore J. Kilmer, Oakland 

Co. H ealth Dept. 1200 N. Tele­
graph Rd .. Pontiac, Mich . 48053· . 

Treas., Richard E. Vincent ____ Pontmc 
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Board of D-imctors: 
Milton Stanton ______ Traverse City 
Philip Kirk,vood ___ _ Battle Creek 
Oscar B. Boyer __________ Pontiac 
James Akers ____________ Monroe 
Tames P. Robertson __ Grand Rapids 
i<. Durwood Zank ______ Charlotte 

!I! t:--INESOTA SANITAniANS AssoCIATION 
Sec'u.-Treas., Dr. Vern Packard, Food 

Sc. & Indust., Univ. Minn ., St. 
Paul, Minn. 55101 

(No Up-To-Date List Available) 

MISSISSIPPI ASSOCIATION OF SANITARIANS 
Sec'u.-T1·eas ., Jimmy \~1 . Bray, 202 N . 

Robinson St., Senatofia, Miss. 38668 
(No Up-To-Date List Available) 

!lltssoum AssOCIATION OF MILK 
AND FooD SANITAliiANS 

l'res., Charles Van Landuyt --Versailles 
lst Vice Pres., Harold Bengsch ------

- __ __ ____ __ __ __ ___ __ Springfield 

Sec'y.-Treas., Erwin P. Gadd, Bureau of 
Milk, Food and Drug Control, Mo . 
Div. of Ilealth , Jefferson City, 1\•[o . 
65800 

i\uditors: 
Honald Sebley _________ St. Louis 
Jim Hagan __________ Kansas City 

NEw YonK AssociATION OF MILK AKD 
FooD SANITAHIANS 

Pres., Charles Ashe _______ Fayetteville 
Pres.-Elect, David K. Bandler __ Ithaca 
Past Pres . Joseph F. Tiernan --------

, ________ White Plains 
S cc' t1~-1-:r~~~~~-n~ P. March, 118 Stockin? 

'Hall , Cornell Univ. , Ithaca, N.Y . 
1-:xecuti-ce Hoard: 

John G. Burke ________ \Vatertown 
: •Iaurice Guerrette ________ Albany 
Donald A. Brownell __ Binghamton 

ONTAHIO AssociATION oF MILK AND 
FooD SANITARIANS 

Sec'rJ.-Treas., George .Hazelwood, Eto­
bicoke Health Umt, 550 Burnham­
thorpe Rd. , Etobicoke, Ontario, Can­
ada 

(No Up-To-Date List Available) 

OREGON AssociATION oF MILK A n 
FooD SANITARIANS 

Pres ., 1 eal W. Russell ___ McMinnville 
Vice-Pres., Harvey Skov ---- _POltland 
Sec'y.-Treas. , Ellis Hackle££, Box 10'1, 

Eugene, Oregon 97401 

Directo1·s: 
Al Adams _______________ Bandon 
Bill Dotterrer __ __ ____ ____ Eugene 
Rod Hofsteller ____________ Salem 
Hod Johnson ___________ Portland 
Ralph Kloser ____________ Portland 
Rod Murray __ ____ _ Klamath Falls 
Dean Randall __________ Portland 
Norman Tolleshaug ____ Longview 

PENNSYLVANIA DAIRY SANITARIANS 
AssociATION 

Pres. , John Heid ________________ Erie 

AFFILIATES OF IAMFES 

Pres.-Elect, Bernard E. Hinish ___ _ 
_ __ __ __ _ _ __ __ _______ Currysville 

Vice-Pres., John Boore ______ Grantville 
Past P1·es., Raymond Gelwicks _Latrobe 
Sec'u-Treas., Gerald Schick, ______ _ _ 

__ ____ R. R. 2, Latrobe, Pa. 15650 
Association Advisors: Sidney Barnard, 

Stephen Spencer, Dr. Samuel Cuss, 
Penn. State Univ. 

Executive Committees Association Offi­
cers and appointed representatives 
of regional associations. 

l\OCKY MOUNTAIN ASSOCIATION OF MILK, 
FOOD AND ENVIRONMENTAL SANITARIANS 

Pres., John Nussbaumer ______ Denver 
Pres.-E.lect. Darrell D ean e ----------

--- -- -- ------ --- Laramie, VVyo. 
Sec'y.-Treas. , Frank Yatckoske, 3150 

\~Test 25th Avenue, Denver, Colo­
rado 80211 

Directors: 
Helen Hovers ___________ Aurora 
Carl Yeager __________ Longmont 

SouTH DAKOTA AssociATION 
OF SANITARIAKS 

Pres., Robert \Vermers ____ Rapid City 
Vice-Pres., Ed Michalewicz __ Brookings 
Sec'y.-Treas., Howard Hutchings, Div. 

San. Eng. State Dept. H ealth, Pierre, 
S. D. 57501 

Dh·ectors: 
\Vayne Balsma ______ ___ Mitchell 
Casper Twiss ________ Pine Ridge 

VmGINIA AssociATION OF SANITARIANS 
AND DAIRY FIELD"-HN 

Pres., V. M. Yeary ____________ Marion 
First Vice-Pres., J. 0. Gunter --------

- ______ __ ______ __ _____ Evington 
Past P1·es ., R. J. Schutrumpf ___ ___ _!_ __ 

--------------------- Cleveland 
Sec'y.-Treas., W. H. Gi ll , 6702 Van 

Buren Ave., Richmond, Va. 23226 
lnt:emational Chairman, A. J. Huff __ 

---------------------- Roanoke 

\VASHINGTON AssociATION oF 
MILK SANITAIUANS 

l'res ., Jack Salvadalena _______ Everett 
Pres.-Elect, Jas . L. Shoemake __ Pullman 
Sec'y.-Treas., Hay Carson, 2505 So. Mc-

Clellan St. , Seattle, Wn. 98144 
Past P·res., Robert Bishop ______ Seattle 
Directors: 

Martin J. Schmiger _____ Olympia 
Bob Ratfield ____________ Seattle 
Joe Suiter ______________ Yakima 
Steve Travis ____________ Spokane 
F rank Lewis ___________ Spokane 

\VJsco:--~s rN AssociATION OF MILK AND 
FooD SANITAIIlANs 

Pres ., John G. Coller -------Waukesha 
Pres.-Elect., vVard K. Peterson -----­

-------------------- Milwaukee 
Sec' y.-Treas., L. Wayne Brown, 4702 

Univ. Ave. , Madison, Wis. 53705 
Past PTes., Douglas R. Braatz _Shawano 
Directors: 

Elmer H. Marth ______ Madison 
Clifford Mack _____ Prairie du Sac 

Proletl Her VIii~ T~e Belli 

This 2'h lb. FLYS-OFF Aerosol gives the 
fly-kil ling power of 17 gallons of oil base 
spray ... and without the oil. 
134 million fly-killing particles released 
each second. 
3 seconds (2¢) treats a standard milk 
house; 8 seconds (5¢) a regular size milk­
ing parlor. 
Meets today's requirements for use in milk 
house, milking parlor and on producing 
animals. 

GUARANTEED BETTER OR IT'S FREE! 

Ask your supplier for FLYS-OFF today! 
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U.S. P. LIQUID PETROLATUM SPRAY 
U.S.P. UHIIID $llTE$ PHARMACEUTICAL $1AHDARDS 

CONTAINS' NO ANIMAL OR VEGIT ABLE FATS. ABSOLUTELY 
NEUTRAL. WILL NOT TURN RANCID-CONTAMINATE OR 
TAINT WHEN IN CONTACT WITH FOOD PRODUCTS. 

SANITARY-PURE 

.ODORLESS -TASTELESS 

NON -TOXIC 

Tlci6 fU!e 
Uli6t-Wte 
HAYNES-SPRAY 
3keuf4 be 116ed f4 ~: 
SANITARY VAL YES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILLING 
MACHINE PARTS 
and for All OTHER SANITARY 
MACHINE PARTS which are 
cleane<:l doily. 

Tke lfledelut HAYNES -SPRAY lflefluul ~ .£~ 
C~IVUIU MCilk Ute lf(ifk 0~ cuul Ccule 
R~ by Uce U. S. PKI& Heatflt Sewice 

The Haynes-Spray eliminates the danger of contamination which is 
possible by old fashioned lubricat ing methods. Spreading lubricants 
by the use of the finger method may entirely destroy previous 
bactericidal treatment of equipment. 

PACKED·6-12 oz. CANS PER CARTON SHIPPING WEIGHT- ? LBS. 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 
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Gasket Color. • • 
slightly off· white 

*MADE FROM 

TEFLON® 
" TJce soprmfi{',(Jted G~ket , 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 
PRESSURE LINES 

SNAP-TITE self-centering gaskets of TEFLON are designed for all 
standard bevel seat sanitary fillings. They SNAP into place provid­
ing self-alignment and ease of assembly and disassembly. 
HAYNES SNAP-TITES of TEFLON are unaffected by cleaning solu­
tions, steam and solvents. They will not embrittle at temperatures 
as low as minus 200° F. and are impervious to heat up to 500 ° F. 

FOR A FITIING GASKET THAT WILL OUT-PERFORM All OTHERS." 

' ,. Spetily ..• HAYNES SNAP-TilES of TEFLON 
e TfFLON ACCEPrED SAFE FOR USE ON FOOD & PROCESSING 

f .OU,MfNT 8Y U. S. FOOD AND DRUG ADMINISTUTION 

• Gaskets made of DuPont TEFLON ® TFE-FLUOROCARBON RESINS 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

DESIGNED TO 
SNAP INTO 
FITTINGS 

LEAK-PREVENTING 
NEOPRENE GASKET lo': Sanitary Fittings 

t!kd tk4e $NA"P!J'I~E /leit.taHt~ 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time-saving, easy to assemble 
Self-centering 
No sticking to fiHings 

Eliminate line blocks 
Help overcome line vibrations 

Long life, use over and over 

Ayoitoble lor JH, JW", 2"', 2%:* and 3" fittings. 
Packed 100 to the box. Order through your dairy supply house, 

THE HAYNES MANUFACTURING CO. 
418 0 Lorain Avenue • Cleveland 13, Ohio 

A HEAVY DUTY SANITARY LUBRICANT 

Avadatle in tofh 
SPRAY AND TUBE 

All lubri ·Film ingredients are 

approved additives and can be 

safely utilized as a lubricant for 

food processing equipment when 

used in compliance with existing 

food additive regulations. 

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

For Use in Dairies - Ice Cream Plants- Breweries­

Beverage Plants- Bakeries- Canneries- Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6- 16 OZ. CANS PER CARTON 
TUBES- PACKED 12-4 OZ. TUBES PER CARTON 

T H E H A Y N E S M A N U FoA C T U R I N G C 0. 
CLEVELAND , OHIO 44113 



Dairy authorities speak out 
on better cow milking. 

The importance 
of individual 
quarter milking 
George D. Marx I University of Minnesota I Crookston 

Characteristics of individual quarters 
of a cow 's udder were studied using 
special equip men t for milking 60 
cows at the Univers ity of Minnesota, 
Northwest Experime nt Station, 
Crookston . S ixtee n o f these cows 
were milked wi th a quarter milking 
machine at eve ry milking during the 
entire lactation. 

Factors such as milking t ime, 
machine strippi ng, amount and per­
cent of complementary milk , inci­
dence of mast itis and treatment, loss 
of milk on quarters with mastitis, bac ­
terial organisms and abnormal physi­
ca l condition of the udder and tea t 
were studied. 

Th e average milk yie ld of each 
quarter in percentage of tota l yield of 
the entire udder was 20.4% for the 
RF , 30.2 for the RR, 30.7 for the LR 
and 18.7 fo r the LF quarter. Similar 
percentages were obtained when 
compa ri ng morn ing and evening milk­
ings. Rear quarters produced 61% of 
the total milk and front quarters 39% 
fo r the tota l lactation ; however, during 
the first and second mon th of lacta­
tion, rear quarters produced 58% and 
front quarters 42% of the total pro­
duction and, by the ninth and tenth 
month of lactation, 'rear quarters were 
producing 66.5% and fron t quarters 
only 33.5% of the mil k. Ave rage daily 
production was 48.2 pou nds. 

Average milking time including 
machine stripping for th e RF was 3.86 
min utes, RR 4.42 , LR 4.57, and LF 
4.04 minutes. There we re distinct d if­
ferences between the mi lking rate of 
the higher-yielding rear and lower­
yielding front quarters. Rear quarters 
produced an ave rage of 0.54 pounds 
more milk per mi nute than fron t quar-

ters, took 9% longer to milk and took 
36% longer to machine str ip. 

Fro nt qua rters milk out faster 
than rear quarters , so dairymen 
shou ld be prepared to take the ma­
chine off those quarters when they 
are mi lked out to avo id mastit is. Most 
herds have just as much mast iti s on 
the fro nt quarters as rear quarters, 
despite the lower amoun t of milk pro­
duced and less stress on front quar­
te rs. This high incidence of mastitis 
is li kely caused by over-mi lking . 

Complementary milk is the mi lk 
rema ining in the cow 's udder after 
normal milking is completed and can 
be obtained by giving oxytoc in injec­
tions. Monthly checks of th e cows in 
the experiment showed the percent 
comp lementary mi lk on the front two 
quarters averaged 17.8% and rea r 
quarters ave raged 14.4%. Cows with 

Surge ... the accent is on YOU' 

a high percentage of complemen tary 
milk will decrease in milk product ion 
faster during the lactation cycle than 
those with a low percentage . Individ­
ual quarter milking is likely to keep 
comp lementary milk to a minimum 
and still avo id the hazard s of over­
milking ind ividual quarters. 

MILKIN G PROCEDURE 
Quarter mi lking is important but 

on ly one part of proper milking pro­
cedure. Th e program used at th e 
Northwest Expe rimen t Stati on at the 
University of Minnesota is keeping 
mast iti s under contro l. Th e herd of 
60 cows once had mastit is in fect ions 
in 30% of the quarters but this has 
been reduced to below 1% at the · 
present time, using the foll ow ing type 
of mi lking management: 
1. The strip cup is used at eve ry milk­

ing to detect clinical mastitis. 
2 Routine use of th e CMT test to de­

tect subc linical mastitis. 
3. Organisms caus ing mast iti s are 

identified by labo rato ry culturing of 
milk samples on every quarter four 
times a yea r. 

4. Milking equipment is maintained 
and kept in good repai r. Our policy 
has been to follow the manufac­
ture r' s recommendations. 

5. A teat dip is used immed iately fol ­
lowing each milking. 

6. We treat al l pe rsistent infections 
during the dry period. 

7. Con t inua l attention is given to 
proper mil king procedures. 

Th e u lt imate goal fo r this re­
search project and our general rec ­
ommendations are to help dairymen 
get top production and a respectable 
margin of profit from dairying. 

This is one of a series J 1 
noted Dairy authori ties . Babson Bros. Co., I 2100 s. York Rd., Oak Brook, Ill. 60521 of top ics developed by (.SURGE 

For a complete set write J 
;::: for a free booklet. '------------' J L------------------__. 

Babson Bros. Co. , (Canada) Ltd. , Port Credit, Ontario 
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