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EFFECTS OF DEHYDRATION THROUGH THE INTERMEDIATE 
MOISTURE RANGE ON WATER ACTIVITYr MICROBIAL GROWTH, 

AND TEXTURE OF SELECTED FOODS 
R. A. CHORDASH AND N. N. POTTER 

Departm ent of Food Science 
Com cll Universitu , Ithaca, New York 14850 

( Hcceived for publ ica tion March 1, 1972) 

ABSTHACT 

Various food systems were inoculated with l'scudo munas 
aeruginosa and Staphulococcus aureus and vacuum-dried to 
different moisture contents in the intermediate moisture range. 
\•Vater activity ( aw) values were determined instrumentall y 
with a hygrometer indicator equipped wi th appropriate hygro
sensors. Sorption isotherms and bacterial growth curves at 
the various water activities were plotted and correlated wi th 
food texture. Growth of P. aeru ginosa was inhibited at a.,. 
test values below 0.98, 0.98, and 0.96 in custard, pea, and 
beef products, respectively, and growth of S. aureus did not 

'occur below aw tes t values of 0.94 and 0.96 in custard and 
ham products, respectively. These results generally agree 
with earlier work clone on model systems. vVith non e of the 
foods studied could microbiologically stable intermediate moist
ure products of acceptable texture be produced b y drying 
alone. 

The principles and teclmology underlying fabrica
tion of shelf-stable intermediate moisture foods h ave 
attracted considerable interest in recent years (3, 9, 
10, 11 , 12, 14). Studies on the feasibility of produc
ing intermediate moisture products for human con
sumption have been encouraged by the successful de
velopment of stable semimoist pet foods (2, 4, 8) and 
by research contracts from the U. S. Army Natick 
Laboratories (9 , 10, 13). 

For the most part solutes effective in lowering a 
food's aw to the range nec ~ssary to inhibit microbial 
growth impart objectionable taste characteristics and 
this has seriously limited success in the formulation 
of intermediate moisture products for human con
sumption. Exceptions to this exist in the case of 
foods that are normally sweet and therefore can be 
formulated with high levels of sugar or glycerol, and 
with pet foods , which dogs relish despite their sweet
ness. 

Much work has b een published concerning growth 
of organisms of spoilage and public health signifi
cance in aw adjusted model sys tems (5, 6, 7, 15, 16). 
Food enzyme activity as a function of a" also has 
been studied and found to be operative at aw levels 
below which microbial growth is inhibited (1) . Less 
ha been reported on growth rates of microorganisms 
in food products d ecreased in aw by partial drying. 

The present study was concerned with the growth 
rates of Pseudomonas aeruginosa. and Staphylococcus 
a:ttreus in partially dehydrated custard , pea, beef, and 

1- • Custard 
z 

A Pea w 
1-z • Beef 
0 

0 Hom u 
w 
a::: 
::::> 5 0 
1-
!!! 
0 4 0 
:E 
~ 

30 

2 0 

10 

% RELATIVE HUM IDITY 

Figure l. So11Jtion isoth erms of inoculated food products. 

ham products. A further objective was to determine 
the feasibility of controlling these organisms in semi
moist tex tures produced wi thout addition of foreign 
solutes. 

IVL\TELII AI.S A N D METH ODS 

Foocl inoculation 
Pure cultures of P. aeruginosa and coagulase-positive S. 

a.wreus, obtained from th e Cornell University Microbiology 
Deparbnent's culture coll ection, were grown for 24 hr in 
nutrient broth at 37 C and then diluted with phosphate buf
fer of pH 7.0 to obtain an inoculat ion level of approximately 
10·• cells per gram of food. Products used were commercial 
strained baby foods. Homogeneity of food product ancl bac
terial inoculum was obtained by thorough mixing for ap
proximately 5 min under sanitary but not aseptic conclitiom. 

Drui.ng ]Jroceclure 
Thirty- to forty-gram food portions then were spread with 

a straight glass rod over the surface of 12 X 20 em glass 
plates provided with 1.6 mm high g lass edges to prochu::e 
a uniform surface an d 1.6 mm thickn ess of food for even 
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DAYS of INCUBATION 

Figure 2. Growth of Pseudomonas aerugi.nosa in a custard 

product. 

drying. Spread plates were placed on shelves of a vacuwn 
oven operated at a vacuum equivalent to 40 mm of Hg and 
a drying temperature of 40 C. This low temperature was 
used to minimize destruction of bacteria by heat. Progressive
ly dried samples were removed from the oven, scraped from 
the glass plates, mixed in a sanitized mortar to further insure 
homogeneity, and then placed in clean 1/ 2-pint Ball mason 
jars for measurement of aw, moisture content, and susequent 
incubation to determine bacterial growth. Uninoculated con
trols were included with each group of samples studied and 
showed that ch ance contamination was minim al and did not 
invalidate test organism enum era tion. 

',y ater act-ivity measurement 
All sample jars were incubated for 15 hr at 27 C to allow 

the food material within the jar to come into moisture equili
briwn with the head space of the jar . Measurements of aw 
( RH/ 100) were then made with an electric hygrometer in
dicator and hygrosensors manufactured by H ygrodrynamics, 
Inc., Silver Spring, Maryland. After the appropriate hygro
sensor was placed in the mason jar head space via a jar lid 
adapter, a further 1-hr period was allowed for the hygro
sensor to come into equilibriwn with the water vapor of the 
head space. The hygrosensor was then connected to the in
dicator which h ad been set in the tes t position and dial read
ings, corrected for temperature, were applied to a calibration 
chart for the particular sensor to obtain the aw of the sample. 
Hygrosensors were frequently checked against standard CaCl, 
solutions, with readings within ± 1.5% aw of the solution 
value being the basis for acceptability. 

Moisture determination 

Approximately 2-g samples were vacuum-oven-dried for 15 

hr a t 60 C under a vacuwn equivalent to 40 mm of H g, and 
moisture was determined by weight loss. 
Bacterial enum eration 

Plating medium for P. aeru ginosa consisted of nutrient agar 
at pH 6.8 ± 0.2 (supplied by BBL) supplemented wit~ 2,3,5-
tri-phenyltetrazolium chloride ( hydrochloride) to yield a final 
concentration of 0.05%. This organism reduces the tetrazolium 
salt and converts it from its leuco form to a reddish pink 
color. All red colonies were counted and recorded as P . 
aeruginosa. For S. aureus enumerat ion, Staphylococcus me
clium # 110 ( BBL) was used . ·Colonies appearing as large, 
creamy, and yellow to orange in color were counted as coagu
lase-positive S. aum us. 

One-gram samples of previously inoculated and dried foods 
were removed hom mason jars after incubation at 27 C for 
periods up to 9 days. The samples were appropriately diluted 
with sterile phosphate buffer. For P. aeruginosa pour plates 
were prepared and for S. aureus spread plates were utilized . 
All plates were incubated inverted at 37 C and counts per 
gram of product were determined after 48 hr. 

R ESULTS AND DISCUSSION 

Figure 1 shows the sorption isotherms obtained foP 
the custard, p ea, beef, and ham products. The almost 
vertical slope of these curves in the intermediate mois
ture range reflects a situation where large changes in 
moisture content are required to produce only small 
changes in aw, indicating that a delicate adjustment 

, 
I 

.. 
I 

of aw by drying alone is very difficult to achieve. .~ 
This was the prime reason why more uniform and 

11 
closer spacings of aw values, seen in subsequent fig-
ures, were not obtained with samples drawn from the 

TAULE l. T E XTURE RATINGS OF THE VAHIOUS INOCULATED AND 

D!UED PRODUCTS 

Water 
P roduct Moisture ( % ) activity 

Custard + Pseudomonas 74.9 > 0.99" 
56.1 0.98" 
40.4 0.93 
23.8 0.85 
13.2 0.70 

Pea + Pseudomonas 87.1 > 0.99" 
76.9 > 0.99" 
69.0 0.98" 
41.5 0.95 
12.3 0.68 

Beef + Pseudomonas 76.6 > 0.99" 
59.7 > 0.99" 
34.5 0.96" 
18.2 0.87 
6.5 < 0.68 

Ham + Staphylococcus 78.3 > 0.99" 
63.2 0.99" 
45.6 0.96" 
15.5 0.76 
6.3 < 0.68 

"1 ( Undried control) ------ 5 (dry, granular ). 
"Bacterial growth. 

Texture 
ratlng• 

1 
1 
1.5 
2 
3 

1 
2 
3 
5 
5 

1 
2 
4 
5 
5 

1 
1.5 
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4.5 
5 
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3 4 

• a w>0.99 {control) 
..a.. a w>0.99 

e aw 0 .98 

o a w0 .. 95 
o a w 0.68 

5 6 

DAYS of INCUBATION 

8 

Growth of Pseudomonas aeru ginosa. in a pea 

~-----. 
• 

• a w>0.99 (co ntrol ) 

Ao.a w>0.99 

ea w 0 .96 

o aw0.87 

o a w<0.68 

6 7 

DAYS of INCUBATION 

vacuum oven at spaced time intervals . 
Bacterial growth curves in the different food prod

ucts dried to various aw levels are seen in Fig. 2 
tlu·ough 6. Control curves represent undried samples. 
Because of the sizable spacings between several of 
the aw values obtained, only gross ranges for growth 
and no growth in the different foods were obtained. 
Actual minimum aw values for growth cannot be cited. 
vVith respect to P. aeruginosa, data in Fig. 2 through 
4, nevertheless, reveal quite similar aw requu·ements 
for growth in the different foods tested. Thus, with 
this organism growth failed to occur below aw test 
values of 0.98, 0.98, and 0.96 in the custard, pea, and 
beef products, respectively, and growth at 0.96 in 
the beef product was meager before a rapid decline 
in viable cell count. This agrees with literature val
ues on other species of Pseudomonas, generally found 
not to grow at water activities below about 0.94 u1 
model systems (16). It will be noted in Fig. 2 tlll'ough 
4 that slopes are only approximations where - final 
counts below 10' were obtained. In Fig. 5 and 6, 
growth of S. aureus occurred at aw test values of 0.94 
and 0.96 in the custard and ham products, respec
tively, but did not occur at 0.85 in the custard or at 
0.76 in the ham. These data also generally agree 
with previous findings in model systems (15), where 
S. aureus ceased to grow at an aw below 0.86. 

1-
z 
:::> 
0 
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..... 
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0:: 
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Texture ratings on the products studied, corres-
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• a w 0.99 {control) 

..a..aw 0 .98 

e a w 0 .94 
o a w0.85 

o aw 0.79 
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Figure 4. Growth of Pseudomonas aeruginosa in a beef Figure 5. Growth of Staphylococcus aureus in a cu tard product. product. 
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Figure G. Growth of Sta}lhylococcus aureus in a ham 

product. 

paneling to their various water activities and abilities 

to support bacterial growth are given in Table 1. 

A texture rating of 1 to 5 was used, with 1 being the 

most desirable or normal moist control textme, and 

.S being the least desirable resembling a dehydrated 

granular product. It will be seen that with the pea, 

k ·ef, and ham products, water activities necessary to 

inhibit bacterial growth resulted in dry and granular 

textures. Vlith the custard product, effective water 

activities produced a taffy-like consistency. Even 

though these consistencies were beyond the degrees 

of dryness that could be considered acceptable in 

intermediate moisture textures, water activities above 

0.85 wne not effective in inhibiting mold growth on 

any of the samples beyond a one-week period. This 

is not surprising since many molds will grow slowly 
down to an aw of about 0.70. 

From the above it is concluded that production of 

intermediate moisture foods of the types investigated , 

by dehydration alone, may not be feasible . Besides 

the difficulties associated with controlled drying to 

a_selected target aw within the intermediate moisture 

range, texture ratings and bacterial growth data show 

that to inhibit growth of the test organisms the foods 

had to be dehydrated to a point well beyond semi

moistness. These results, including mold growthl ob

servations, support the relevance of various current 

approach es to the problems of developing safe and 

acceptable intermediate moisture foods. These in

clude infusion on non-aqueous edible materials or 

aqueous solutions high in solutes into previously de

hydrated products to maintain texture, similar in

fusions into moist raw or cooked products, product 

development through formulation with selected in

gredients of low water activity, and use of antirny

cotics. 
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ABSTHACT 

Activation of Byssochlamus fulva ascospores was influenced 
by temperature and the suspending medium. At 60 C maxi
mal activation occurred in hydrochloric and nitric acid solu
tions. Both the concentration of hydrogen ions and the type 
of anion were critical; little activation was achieved above 
pH 1.6, and pH 1 solutions of sulfuric and phosphoric acid 
were not stimulatory. Storage of activated spores as aqueous 
suspensions at 32 C resultecl in about a 50% reversion to a 
dormant state. 

Molds of the genus Byssochlamys can survive the 
thermal process given many acid foods and have been 
responsible for spoilage outbreaks of commercially 
canned fruits and fruit products (6, 7). It has long 
been known that their resistant structures, ascospores, 
possess a dormancy that can be broken by heat 
shock (3). Recently it was observed that the medium 
in which the spor~s were heated affected activation 
in that a grape juice menstruum afforded higher via
ble counts than did distilled water (8). This report 
describes further studies on some of the factors af
fecting activation. 

~'IATElUALS AND M ETHODS 

Ascospore production 
Byssochlamys fulva H-36, isolated by us from the surface 

of a mechanical grape harvester, was used in this study. The 
procedure for producing crops of ascospores has been describ
ed in detail (8). Briefly, it consisted of growing the culture 
as a pellicle over 15o Brix Concord grape juice for 28 days 
at 32 C. The mat and broth were then blended in a Sorvall 
Onmi-mixer until a homogeneous mixture was obtained, us
ually 3 min. After washing in distilled water, the homogen
ate was suspended in 85% ethanol (final concentration) for 
20 min to destroy viable conidia and hyphae. Spores were 
stored in water at 5 C or frozen at -23 C. 

Typical suspensions contained about 108 asci per milliliter 
as determined with a haemocytom eter. Some heated sus
pensions gave viable counts that were higher than the direct 
microscopic ascus counts, indicating the presence of free 
ascospores. The exact nwnber of single ascospores that might 
be present could not be detem1ined with the microscope be
cause they could not be differentiated from conidia. 

\ ilfhen suspensions of only free ascospores were desired, the 
asci were shaken briefly in a Braun MSK cell homogenizer. 
Treating 5 ml of washed asci with 5 g of 0.11-mm glass 
be11ds for 5 to 10 sec resulted in almost 100% breakage of the 

'Approved by the Director of the New York State Agricultural 
Experiment Station for public::tion as Journal ·Paper No. 1938. 

asci. The ascospores were harvested by repeated mixing and 
decanting of the suspension in sterile distilled water. 

I-I eat activation 
The standard procedure was to add 0.5 ml of washed spores 

to a tube containing 4.5 ml of the activation mediwn. The 
tube then was placed in a water bath for the desired time 
period. When the heating was to ' be brief, under 1 hr, the 
volume usually was reducetl to 1 ml per tube to minimize the 
time required for t emperature equilibration. Following heat
ing, tubes were placed in an ice bath wh ere they were held 
until plating was completed. 

Viable counts 
Approximate decimal dilutions in water were plated on 

Difco potato dextrose agar acidified to pH 3.5 with tartaric 
acid. Colonies were counted after an incubation of 3 days 
at 32 C. 

RESULTS AND DISCUSSION 

Our search for the substance ( s) in grape juice that 
stimulated ascospore activation led to the finding 
that . activation was enhanced even more when spores 
were heated in a solution of 0.1 N HCl. The inter
action benveen susp ending medium and activation 
temperature is illustrated by data in Fig. 1. At 60 C 
little or no activation in water could be detected 
even after heating for 2 hr. vVhereas grape juice af
forded a significant increase in the viable ·.count 
(often about ten-fold), maximal activation occurred 
in the 0.1 N HCl. At 70 and 80 C the nature of the 
menstruum during heating was less important since, 
at these temperatures, rapid activation OCCUlTed in all 
tlll'ee media. 

In addition to activation, some letl1al effects were 
evident at the higher temperatures in that the viable 
count decreased vvith extended heating (Fig. 1). 
Spores suspended in hydrochloric acid were affected 
most; 2 hr at 80 C reduced tl1e viable population of 
this suspension below 104 per milliliter. The small-

est reduction in viable count at 80 C occurred in 
grape juice indicating that tl1is medium exerted some 
protective .effect. . . The fim~ing that HCl also stimulated act~vation 
of free ascospores (Fig. lD) indicated that its ac
tion was not related in some way to the fact that the 
spores were contained in an ascus. In tl1e same vein, 
microscopic enumeration of asci before an~ ~ter 
heating in HCl showed no change in count, mdiCat-
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water, 0.1 N HCI, and 15° Brix Concord grape juice. (A-C) 
suspensions of asci, (D) free ascospores. 

ing that the rupture of asci with the release of free 
spores was not partly responsible for the increase 
in viable count. 

The effect of pH was studied by hea ting asci in 
HCl- aC l (0.1 N each ) solutions adjusted with 6 K 

NaOH. Relatively small differences had a major 
effect (Fig. 2 ); raisit1g the pH only 0.4 unit, from 
1.0 to 1.4, resulted in almost a 90% decrease in the 
number of spores activated. Above pH 1.6, viable 
counts were similar to water controls indicating that 
activation no longer was benefited. 

Stimulation provided by Concord grape juice can 
not be explained merely on the basis of hydrogen ion 
concentration since the juice always had a pH above 
3.0, thus above that found to have an effect in the 
studies with HCI. Results with other mineral acids 
also ipdicated that factors in addition to pH were 
involved. When spores were hea ted in solutions of 
nih·ic, phosphoric, and sulfuric acids, all carefully 
adjusted to pH 1, only the nitric acid improved 
activation (Table 1 ) . The difference here between 
nitric and hydrochloric acid may be significant since 
in a number of trial s nitric acid gave the higher 

Trial 156 (Table 1 ) illustrates further that activa
tion was influenced by the anion as well as by the 
concenh·ation of hydrogen ions. Here the addition 
of chloride to pH 1 solutions of sulfuric and phos
phoric acids resulted in better than a 20-fold in
crease in the viable count. In other experiments 
both sodium chloride and potassium chloride afford
ed similar increases indicating ·that the cation was 
not a factor . ·we conclude from these results that 
activation in a mineral acid requires a high concen
h·ation of hydrogen ions plus the presence of speci
fic anions. 

The response of Byssochlamys ascospores to hydro
gen ions reveals a similarity vvith Bacillus cereus (5), 

ClostricUmn bifermentans (2), and perhaps other bac
teria whose spores are activated by a low pH. Just 
how similar remains to he established. It is not 
known, for example, whether small changes in pH 
(Fig. 2) would have such a marked effect on bac
terial spores. It appears that Byssochlamys ascospores 
are considerably more resistant to hydrogen ions 
than spores of B. ceTeus in that the latter rapidly lost 
their capacity to germinate when heated longer than 
10 min at 6.5 C in a pH 1 medium (5). 

The fact that reducing compounds activate certain 
bacterial spores ( 4) caused us to study the effec t of 
glutathione, thioglycolate, and L-cysteine on B. fulva. 
ascospores. Some twenty trials in which pH, temp
erature, time, and concentration were varied failed 
to show that activation was improved by their pres
ence. This is illush·ated by results obtained when 
0.1 N HCl was supplemented with the compounds 
(Table 1). In this particular experiment spores heat
ed for shorter times ( 4, 8, B , and 30 min ) also 
yielded comparable counts in the different media 
indicating that the rate of activation as well as the 

TABLE 1. EFFECT OF THE SUSPENDING MEDIUM DURING HEAT 

ACT! VA TION ( 60 M IN AT 60 C) ON THE NUMBER 

Trial 

142 

156 

115 

OF ACTIVE SPORES. 

Menstruum 
Via l;l e cou ntiml 

( X 10' ) 

H3PO., pH 1.0 
H,so., pH 1.0 
HN0 3, pH 1.0 
HCI , pH 1.0 
Distilled water 

H3PO., pH 1.0 
H3Po . plus 0.1 N NaCI, pH 1.0 
H,so . , pH 1.0 
I-r.so. plus 0.1 N NaCI, pH 1.0 
HCI, pH 1.0 

0.1 N HCI plus glutathione, 1 mg/ ml 
0.1 N HCl plus thioglycolate, 1 mg/ ml 
0. 1 ' HCI plus I.-cystein e, 1 mg/ml 
0.1 N HCI 
Distill ed water 

10 
12 

1200 
940 

9.0 

35 
760 
34 

750 
1000 

460 
340 
320 
460 

4.4 

, 

;. 
' 

, 

• 
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maximal number activated was not affected. 
Activated spores were stored in water for an ex

tended time to determine whether the process was re
versible as has been observed with certain bacterial 
spores (1, 4). In this study the spores were stored 
at 32 C following activation for 1 hr at 70 C in dis
tilled wa ter. Periodically a sample was removed 
for culturing; a portion was plated without addition
al h eating while the r es t was activated a second 
time at 70 C for 1 hr. Results showed that only a 
fraction of the active spores, about one-half, returned 
to a dormant state and that most of this reversal 
occurred during the first 7 days of storage (Fig. 3 ). 
Spores given a second activation exhibited an in
crease in viable count with time. The rupture of 
asci was not responsible for this increase since mic
roscopic counts revealed no change in the number 
of intact asci . Th e data may indicate that some 
spores still dormant after the initial heat shock 
acquired the potential to be activated after ageing 
in the distilled water: The fa ct that reheating the 
suspensions at 70 C produced no drop in the viable 
count indica tes that significant germination, as evi
denced by a loss in heat resistance, did not occur. 
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Figure 3. Effect of storage on the viable cow1t of heat
activated spores. I. Spores reheated 60 min at 70 C prior 
to culturing. II. Spores not given a second heat shock. 
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ABSTRACT 

Portions of sterile skimmilk were fortifi ed with 0.1 , 0.5, 
and 1.0 unit of penicillin; 1.0, 10, and 100 ,_,g streptomycin; 
and 0.1, 1.0, and 10 ,.,g tetracycline per nlilliliter. Such 
skimmilks were inoculated with salmonellae, incubated at 21 
or 37 C, and tested with th e plate count at 3-hr in tervals dur
ing an 18-hr incubation . As much as 1.0 unit of penicillin 
per milliliter of skimmilk had little, if any, inhibitory effect 
on Salmonella typhimltTiwn, Salmon ella newb-r1mswick, Sal
monella du.blin, or Salmonella heidelberg at either t emperature. 
Streptomycin, at concentrations of 1.0 and 10 ,_,g per milli
liter failed to inhibit growth of S. typhimu.Ti·u.m or S. new
bru.nsu;ick at either temperature. Presence of 100 ,_,g strep
tomycin per milliliter of skimmilk markedly inhibited S. new
brunswick at both temperatures and S. typhi:mtwium at 21 C 
and completely inhibited the latter bacterium at 37 C. Nei
ther of the salmonellae were inhibited by 0.1 ,_,g t etracycline 
per milliliter of skimmilk but both bacteria were somewhat 
inhibited by 1.0 ,.,g antibiotic per milliliter, particularly at 
37 C, and were completely inhibited with a concentration of 
10 ,.,g tetracycline per milliliter. Concentrations of any of 
the three antibiotics tested that can inhibit lactic starter 
cultures had no apparent effect on salmonellae. 

Each year approximately 2.7 million lb. of anti
biotics are administered to lives tock on U. S. farms 
either to treat diseases or as a growth stimulant (6). 
Although use of antibiotics as feed supplements is be
ing reduced, the likelihood remains that these drugs 
can find their way into milk b ecause they are used 
widely to heat mastitis and other diseases of dairy 
cattle. 

Presence of antibiotics in milk can lead to several 
problems which include inhibition of lactic acid bac
teria so that either an insufficient amount or no 
lactic acid is developed when cultured foods , such 
as cheese, are produced. Manufacture of rennet-type 
cheeses can often be completed when acid develop
ment is inadequate although the resultant cheese is 
likely to be of inferior quality. In addition, insuf
ficient growth and activity of lactic acid bacteria 
can allow pathogenic bacteria, if present, to grow and 
cause the cheese to become a health hazard for the 
consumer. However, if the antibiotics also serve to 
inhibit growth of the pathogen, obviously the health 
hazard would be reduced. Jezeski et al. (2) demon
strated that sufficient penicillin in milk to partially 
inhibit lactic starter bacteria had no effect on Staphy
lococcus aureus in milk during the cheesemaking 

'Research supported by th e College of Agricultural and Life 
Sciences, University of \ ;visconsin, Madison . 

operation nor on sm·vival of the organism in the re
sulting cheese. Human infecti0ns with salmonellae 
often are somewhat refractory to treatment with an
tibiotics (3) and hence it may be reasoned that these 
drugs, at concentrations likely to be present in milk 
and affect starter cultures, will have little effect on 
growth of salmonellae. Data to support this conclu
sion were lacking. Hence experiments were conduct
ed to determine if growth of salmonellae in mille is 
affected by such common antibiotics as penicillin, 
sh·eptomycin, and tetracycline when they are present 
at concenh·ations needed to inhibit the commonly 
used lactic starter cultures. Results of the experi
ments are reported in this paper. 

MATERIALS AND METHODS 

One hundred fifty six milliliters of skimmilk were placed 
into each of a series of 300-ml Erlenmeyer flasks and then 
autoclaved for 15 min at 15 psi. One-half of the flasks of 
sterilized skimmilk were cooled to 21 C and the remainder 
to 37 C. Stock solutions of penicillin G, streptomycin, and 
tetracycline were prepm·ed before addition to milk. The 
sterile skimmilk was fortified with sufficient of these solu
tions to provide the following final concentrations: penicillin, 
0.1, 0.5, and 1.0 unit per milliliter; streptomycin, 1.0, 10, and 
100 ,.,g per milliliter; and tetracycline, 0.1, 1.0, and 10 
,.,g per milliliter. Concentrations of antibiotics were selected 
to include those reported as able to inhibit the commonly 
used lactic starter cultures ( 4). Skimmilks thus fortified with 
antibiotics were inoculated separately with 24-hr old active 
cultures of Salmonella typhim-uri:ttm, Salmonella newbmns
wi.ck, Salmonella dubl·in, and Salmonella heidelberg. These 
salmonellae were selected because they have been reported 
as present in raw milk or in certain dairy products (3). The 
inoculated skimmilks were then dispensed aseptically into a 
series of sterile screw-cap cultme tubes ( 16 X 150 mm), 10 
ml per tube. Two sets of samples and controls were incu
bated each at 21 and 37 C. Nwnbers of sahnonellae pre
sent in skimmilk samples initially and at 3-hr intervals dur
ing the 18-hr incubation were determined with Plate Count 
agar ( Difco) and incubation of plates at 37 C for 48 hr. 

RESULTS 

Growth of salmonellae in slcim.m.ilk with added peni
cill-i-n 

Four species of Sal·monella. were tested for their 
ability to grow at 21 and 37 C in skirnmilk fortified 
to contain 0.1, 0.5, or 1.0 unit of penicillin per rnilli- • . 
liter. Data in Fig. 1 and 2 indicate that these con- ~ 
cenh·ations of penicillin neither retarded nor enhanced 
growth of S. typhimu.1"ium, S. newbnmswick, S. du.b-
Un, or S. heidelberg when incubation was at 21 C. 
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Figure l. Growth of Salmonella typhinw.riwn and Sal

monella newbnmsw-ick at 21 and 37 C in skimmilk with and 
without penicillin. 
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Figure 2. Growth of Salmon ella dublin and Salmonella 
heidelberg at 21 and 37 C in skimmilk with and without 
peqicill in . 

Apparently this temperature was more favorable for 
growth of S. dublin and S. hP- idelberg than it was for 
growth of the two other salmonellae. Both S. dub
lin and S. heidelberg attained populations after 18 hr 

,,-

that were one or two logs greater than populations of 
S. typhimurium and S. newbnmsw-ick (Fig. 1 and 2 ) . 

An in crease of the incubation temperatme to 37 C 
was accompanied by more rapid growth and hence 
higher populations of salmonellae than occurred at 
21 C. Penicillin in the skimmilk had no apparent 
rffect on growth of salmonell ae at 37 C until after 
9 to 12 hr of incubation when growth was either re
tarded or stopped, depending on concentration of an
tibiotic and species of Salmonella. The lowest con
centration of penicillin ( 0.1 unit/ml ) was essentially 
without effect on all species of Salmonella tested. 
All of the species did react to the two higher con
centrations (0.5 and 1.0 unit/ml ) but growth of S. 
heidelberg was affected less tha1;1 was growth of the 
other species (Fig. 2 ). In spite of this limited inhi
bition, populations of all the salmonellae approximat
ed or exceeded 10'/ ml after 18 hr at 37 C even when 
the highest concentration of penicillin was present. 

Grou;th of salmon ellae in skim.milk with added strep
tomycin. 

Figure 3 provides data on the behavior of S. typh
imuri-u.m. and S. newbrunswiclc in skimmilk with add
ed streptomycin. The two lowest concentrations ( 1.0 
and 10 fLg/ ml ) of antibiotic had little or no effect 
on growth of the salmonellae at either 21 or 37 C. 
In contrast, the highest concentration ( 100 fLg/ ml ) 
was markedly inhibitory to both species of Salmonel
la at both temperatures of incubation. Inhibition of 
S. typhimurium, at 37 C was virtually complete, 
whereas limited growth occurred when this bacterium 
was incubated at 21 C and when S. newbrunswick 
was held at either temperature. 

Growth of salmonellae in sldmmillc with added tet
racycline 

Tetracycline, when added to skimmilk at a concen
tration of 10 fLg/ ml, completely inhibited, but did 
not inactivate S. typhimurium and S. newbrunswiclc 
at 21 and 37 C (Fig. 4). The lowest concentration 
( 0.1 fLg/ ml ) of tetracycline had no appreciable ef
fect on growth of either Salnwnella species at either 
incubation temperature. Growth of S. newbrunswiclc 
at 21 and 37 C and of S. typhi1nurium at 37 C was 
reduced both in terms of rate and maximum popu
lation attained when the intermediate concentration 
( 1.0 fLg/ml ) was tested. 

DISCUSSION 

According to data summarized by Marth and El
lickson ( 4), the lactic streptococci are partially inhib
ited by 0.002 to 0.1 unit and completely inhibited by 
0.025 to 1.0 unit of p enicillin p er milliliter of milk. 
VVhitehead and Lane (7) observed that acid develop
ment by starter cultures ceased soon after inoculation 
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if milk contained 0.5 unit (or more) of penicillin per 
milliliter. It is clearly evident from data obtained 
in this study that concentrations of penicillin in milk 
needed to inhibit the starter will have little or no 
effect on growth of salmonellae, thus allowing these 
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Figure 3. Growth of Salmonella typh:imtwi:nm and Salmonel
la newbr-unswick at Z1 and 37 C in skimmilk with and with
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Figme 4. Growth of Salmonella typhimw·vwn and Sal
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pathogens, if present, to grow unhindered. 
Some starter cultures are partially inhibited by as 

little as 0.04 ;.tg sh"eptomycin per milliliter of milk, 
whereas 10 ;.tg of the antibiotic per milliliter of milk 
completely inhibits Streptococcus lactis, Leuconostoc 
citrovorwn, and Leuconostoc dextranicum (4). As 
with penicillin, concentrations of streptomycin able 
to partially or completely inhibit starter cultures, had 
no appreciable effect on growth of salmonellae. 

Tetracycline, when present in milk at concentrations 
of 0.001 to 0.1 ;.tg per milliliter can retard growth of 
starter cultures ( 4). Again, concentrations of this 
antibiotic which can inhibit starter cultures are not 
likely to keep salmonellae from growing. 

Results from these experiments again emphasize 
the need for antibiotic-free milk when cultured pro
ducts, and ripened cheeses in particular, are made 
from milk. Antibiotics commonly found in milk, if 
present, will partially or completely inhibit growth ' 
and acid production by the lactic acid bacteria and 
at the same time will allow growth of salmonellae. 
If rennet-type cheeses are made from milk which 
contains both antibiotics and salmonellae, a public 
health hazard could result. In earlier work, Park 
et al. (5) demonstrated that salmonellae grew both 
in milk and cheese cmd when cheese was made with 
a starter cultme that produced insufficient acid. 
Fmthermore, salmonellae smvived for a longer time 
in low-acid cheese (5) than they did in cheese with 
a normal acid content (1). Presence of antibiotics in 
mil.J.C to be used for cheese can create a potentially 
hazaruous situation, if viable salmonellae also are pre
sem either because milk was inadequately heated or 
wa~ inadvertently recontaminated with these bacteria 
aftt ~r pasteurization. 
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UTILIZATION OF PHENOLPHTHALEIN MONOPHOSPHATE TO 
TO DETERMINE THE PHOSPHATASE ACTIVITY OF MILK1 

DICK H. KLEYN 
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Rutgers University-The State Un iversity of N ew Jersey 

New Brunsw·ick, New Jersey 08903 

( Received for publication November 1, 1971) 

ABSTRACT 

The properties of alkaline phosphatase as it exists in 
milk are considered. The more common methods of measur
ing alkaline phosphatase activity in milk are briefly reviewed, 
especially those employing nbstrates possessing "built-in" in

dicators which produce a chromogen directly upon h ydro
lysis. 

The visual procedure employing phenolphthalein monophos
phate as the substrate is given. The sensitivity of this 

method is shown to be far greater than that of the Scharer 
I (Rapid) method. Results of an AOAC collaborative study 
demonstrated that the method yields results that are as precise 
and either as accurate as or more accurate than those obtained 
by the Scharer I (Rapid) method. The quantitative spectro
photometric procedure employing the above substrate is pre
sented. Comparison of this m ethod with the Scharer modified 

spectrophotometric method en milk revealed correlation coef
ficients (Scharer method: O.S88 and modified new method 
0.991) showing very little difference in the positive correla
tions of absorbance values and % raw milk. For chocolate 
milk, the values were 0.990 and 0.999 for th e respective meth
ods. Collaborative study of this method has demonstrated that 
the random error of the modified new method is almost twice 
that of the Scharer technique willie the systematic error is 
only about one-fourth of the latter method. 

Enzymes are organic catalysts which occur natural
ly in most ravv foods. Indeed, milk contains many 
enzymes, some of the more commonly ]mown ones 
are lipase, peroxidase, xanthine oxidase, and alkaline 
phosphatase. When milk is pasteurized, most of the 
enzymes are inactivated or their activity is greatly 
diminished . Several tests based on tlus observation 
have been developed utilizing various enzymes, e.g., 
amylase and catalase. However, the first reliable 
enzymatic test, developed by Kay and Graham in 
England in 1933, was based on inactivation of alka
line phosphatase. 

\Vhat is phosphatase? Phosphatase is an enzyme 
occurring .in raw milk. Actually tl1ere are three 
classes of phosphatases occurring .in raw milk but 
only one of them, alkaline phosphatase, is of signifi
cance in the phosphatase test. Alkaline phosphatase 
is a monoesterase th at catalyzes hydrolysis of monoes
ters: • 

'Presented at the 48th Annual 1eeting of th e New York 
State Association of Milk and Food San itarians, Rochester, 

Ne'Y York, September ;?.l-23, 1971. 

,,-

Monoester 

Alkaline ~ 
phosphatase 
(pH 9.65) 

0 

R-OH+HO-l:H 

Alcohol 
phosphoric acid 

Sh1dies have shown that the amount of alkaline 
phosphatase .in raw milk .is variable. The activity 
of phosphatase per mlit of milk seems to be inversely 
correlated to milk yield, reaching a minimum in 1 
or 2 weeks after calving and rising gradually to a 
maximum in about 25 weeks. Breed, feed of the 
cow, or fat content of the nlilk do not appear to in
fluence phosphatase activity. Alkaline phosphatase 
is associated with the fat globules of milk, i.e., it is 
adsorbed to the fat globule membrane surface. 

ALKALINE PHOSPHATASE TESTS 

Several methods have been developed for de
termining residual alkaline phosphatase activity. The 
Scharer rapid metl1od has gained wide acceptance 
because of its speed and relative simplicity compared 
to tl1e tedious standard laboratory methods. 

While the Scharer rapid metl1od is relatively sim
ple and quick, it must be recognized that it does 
possess some inherent weaknesses. There is a con
stant hazard of phenol contamination from reagents, 
glassware, and stoppers. Reagents are unstable as 
is the color formed by the rea ction of phenol with 
tlw dye. Visual measm ement of color is sometimes 
difficult, particularly with borderline cases; and emul
sification frequently occurs during the extraction of 
the phenol with butanol. 

For 20 years, use of phosphate esters of indicators 
wluch produce a chromogen directly on hydrolysis 
has been recommended to determine phosphatase 
activity in milk. Esters wmch possess such "built-in" 
indicators avoid the problem of non-specific color 

reactions. 
p-Nih·ophenyl phosphate, which liberates yellow 

p-nih·ophenol on hydrolysis, has been recommended, 
but it is very unstable and insensitive (requires a 
2-hr incubation period for detection of con_tamination 
of pasteurized milk with 0.1% raw milk) . 

Phenolphthalein diphosphate is more stable and re
leases phenolphtl1alein on hydrolysis. Phenolphtha
lein is a lactone of a gamma hydroxy acid. Under 
alkaline conditions, the lactone ring is opened with 
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TABLE l. THE PHOBABILITY OF COHRECT VISUAL DIFFEHENl"lATION BETWEEN TWO DIFFEHENT LEVELS OF HAW MILK IN 
PASTEUHIZED l'viiLK AND CHEAM 

No. of :\o. of Fraction Confiden ~c 
R<ttiO of pairs correct of correct limits at 

Sam]>l e Method differencea observed IJbscrnttion s observations 1l = 0.95h 

Milk New 1 :1.2 74 72 0.973 0.90-1.00 
Milk Scharer 1:1.2 75 57 0.760 0.65-0.85 
Milk New 1:1.1 48 38 0.792 0.65-0.89 
Cream New 1:1.2 65 62 0.954 0.88-0.99 
Cream Scharer 1:1.2 75 48 0.640 0.52-0.75 

"1 :1.2 differences are 0.100:0.120%, 0.120:0.144%, 0.144:0.173%01' statisticians, Vol. 1, Cambridge University Press. 
are 0.100:0.110%, 0.110:0.120%, 0.120 :0.132%, and 0.132:0.144, 0.173:0.208%, and 0.208-0.250% raw milk; 1 :1.1 differences 
"Pearson, E. S., and Hartley, H . 0. 1954. BiometTika tables f% raw milk. 

the resulting ion losing a molecule of water to form 
a quinone-like struchu·e in one ring. In addition, the 
other phenolic group forms a salt and the resulting 
ion, which is stabilized by resonance between the 
two benzene radicals, is highly colored red. Refer
ring to the structure of phenolphthalein diphosphate, 
it will be noted that two phosphoryl radicals must 
be removed before free phenolphthalein is released. 
Hence, this subsh·ate is not considered to be suf
ficiently sensitive for use as a subsh·ate for alkaline 
phosphatase in milk 

A few years ago, the \iVarner-Lambert Research 
lnstitute succeeded in synthesizing phenolphthalein 
monophosphate, a substrate which is very stable and 
easily hydrolyzed by alkaline phosphatase to yield 
free phenolphthalein. A simple visual method was 
developed by them to determine residual alkaline 
phosphatase in milk (2). Our Food Science Depart
ment at Rutgers was called on to sh1dy the method 
and conduct an AOAC collaborative study on it. In 
addition, we have developed a quantitative spectro
photomeh·ic method utilizing this substrate and sub
mitted it to collaborative study. 

NEW VISUAL METHOD 

Method 
This method is based on release of free phenol

phthalein after hydrolysis of the substrate (phenol
phthalein monophosphate) and, subsequent develop
ment of a red solution which is compared visually 
with a standard prepared from the same milk. 

l. Reagents. Three reagents are required to detennin e 
phosphatase activity by this method: 

a . Substrate concentmte- This consists of 65 mM 
phenolphthalein monophosphate in 7.8 M 2-amino-
2-methyl-1-propanol at pH 10.15 (25 C). 

b. Standard concent·rate-This is composed of 0.01% 
phenolphthalein and 0.04% tartrazine in the same 
buffer as the substrate concentrate. 

c. 2.5 N NaOH 
All three r eagents are extremely stable provided that they 

are refrigerated. 
2. Procedure. The procedure for running the test is as 

follows : 

a. Pipette 1 ml of milk into each of two :;mall test 
tubes and wann to 37 C in a water bath. 

b. To one adct on0 drop ( 0.04 ml) of substrate con
centrate and to the other add one drop of standard 
concentrate. 

c. Mix and incubate at 37 C for 30 min . 
d. Add one drop of 2.5 N NaOH to each tube, mix , 

and compare visually. 
3. Interpretation. If the sampl e tube shows less pink color 

than the standard tube, milk can be considered properly 
pasteurized. The standard contains 4 fJ.g of phenol
phthalein per test which is equivalent on a molar basis 
to 1.18 fJ.g of phenol. This is actually equal to the 
amount of phenolphthalein liberated by 1 ml of pas
teurized milk contaminated with 0.1% raw milk in 30 
min. This is almost identical on a molar basis to th e 
recommended l::ordcrline level of phenol liberated in 
the Scharer II (Laboratory) method of 2.3 fJ.g phenol / ml 
of milk/ hr. It is les:; than the recommended 4 ,,g 
phenol!ml of milk/ hr for th e Scharer I method and 
the official A.O.A.C. Method II. 

Tartrazine is employed in the standard to simulate the na
tural yellow color of phenolphthalein monophosphate. In 
addition, the preparation of a standanl in the same milk <.s 
the sample results in colors having the same hue which is 
very important in any visual comparison of color densities. 

Sensitivity of visual comparison 

The sensitivity of the n ew method was compared 
to that of the Scharer I method for detection of 
slight differences in residual phosphatase activity. 
Pairs of samples containing different levels of raw 
milk in pastemized milk and cream with a ratio of 
1 to 1.2 were prepared. In each pair of prepared 
samples, one contained 20% higher phosphatase acti
vity than the other as shown in Table 1. The dif
ferences in phosphatase activity were determined by 
both methods. The probability of correct differenti
ations is shown in Table 1 with 95% confidence in
tervals constructed. The new method achieved sig
nificantly higher probability of correct visual dif
ferentiation than the Scharer I method in detecting 
a 1:1.2 ratio of difference of residual phosphatase 
activity in either milk or cream (level of significance 
< 0.001 ). The probabilities of detecting the same 
ratio of differences in milk and cream by the new 
method were the same, while those by the Scharer I 

, , 
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method were slightly different (significant at P 
< .25). This observation indicates that fat content 
does influence the color of the butanol extract in the 
Scharer I method, while it has little or no effect on 
the new method. 

A similar visual comparison was conducted to de
termine the ability of the new method to detect a 
1 to 1.1 ratio of difference of raw milk in boiled milk. 
The probability of correct differentiation did de
crease, but it was comparable to that of the Scharer 
I method in detecting a 1 to 1.2 ratio of difference 
of raw milk in boiled milk. 

The new method is highly sensitive because of the 
ease of color comparison, the high rate of hydrolysis, 
the elimination of variations because of specific color 
reaction and exh·action and the slight contribution 
of yellow color of the milk fat to the pink color of 
phenolphthalein. 

Collaborative st·udy (5) 

Results of the collaborative study showed that the 
new alkaline phosphatase assay system, based on 
hydrolysis of phenolphthalein monophosphate, yields 
results that are as precise and either as accurate as 
or more accurate than those obtained with the Scharer 
I method. In addition, the new method is much 
simpler, has eliminated the need for positive and 
negative controls, and utilizes reagents that are rela
tively stable. It was recommended that the method 
as presented and studied be adopted as official, first 
action. This recommendation was approved by the 
General Referee and by Subcommittee C, and was 
adopted by the AOAC at the October 9-12, 1967 
meetings. Use of this method and, hopefully, the 
subsequent endorsement of it by regulatory and in
dusb·ial laboratories will assist it in achieving the 
status of official, final action someday. 

MoDIFIED NEw Q uANTIT ATIVE SPECTROPHOTOMETRIC 

METHOD 

Method 
Dialysis tlu·ough a cellulose membrane has been 

advocated (7) as a means of separating phenol re
leased by action of phosphatase on disodium phenyl 
phosphate. This technique has been employed in our 
research. Concenb·ated buffered substrate is added 
dropwise to tempered milk and mixed. The mixh1re, 
having a pH of 9.6, is then b·ansferred to a dialysis 
bag and dialysed against distilled water for a speci
fied time p eriod. After hydrolysis, the free phenol
phthalein participates in solute b·ansfer through the 
membrane along with the buffer and otl1er solutes 
resulting in a crystal clear dialysate of pH 9.6 which 
can be measured directly in a spectTophotometer. 

• ' 

The original procedme ( 4) was criticized for yield
ing relatively low absorbance values and was sub
sequently modified (3) before conducting the col
laborative study (6). The modification has result
ed in much higher absorbance values and a decreased 
cost of reagent needed for the analysis. 

l. A7Jparatus 
a. Test tubes-so ft glass, large mouth 20 X 175 mm, 

preferably shortened to 75-100 mm and soft glass 
15 X 100 mm. 

b. Pipettes-D elivery 0.1 ml, 1.0 ml, 5.0 ml, and 
10.0 ml, graduated at 0.1 or 1 :nl. 

c. Funnels, short stem, 35 X 75 mm. 
d. ' Vater bath-thermostatically controlled at 37 ± 

1 C. 
e. '"'eighing balance, analytical. 
f. Thermometer-0 to 110 C, certified against NBS . 
g. Spectrophotometer-Coleman Model 6A or equiva

lent. 
h . Cuvettes-Selected, round 12 X 75 mm. 
i . Rubber stoppers, o. 3. 

2. Reagents and materials (only Analytical Reagent Grade 
Recommended) 

a. Phenolphthalein monophosphate solution (substrate 
concentrate) pH 10.15 at 25 C. Dissolve 3.9 g 
dicyclohexylamine salt of phenophthalein mono
phosphate and 73.2 g 2-amino-2-methyl-1-propanol 
in 21.9 ml HCI. Solution is stable indefinitely 
under refrigeration . (Available as Phosphastrate 
Alkaline from General Diagnostics Div., '¥Varner
Chilcott Laboratories, Morris Plains, N. J. 07950). 

b. Buffer-Sodium susquicarbonate dihydrate ( Na-
HCO"-NAz C0"2Hz0) . 

c. Phenolphthalein. 
d. Ethyl alcohol, 50% aqueous solution . 
e . Seamless, cellulose, dialyzing tubing-Flat width 

1.31 inch and wall thickn ess 0.001 inch. Flat wid
th 1.00 inch and wall thickness 0.0008 inch is also 
applicable. Available from general scientific sup
ply houses. 

Immediately before conducting test, cut tubing 
into 8-inch sections and place in fresh, distilled 
water for about 3 sec. Tie off one end, cut off 
excess next to knot, and store knotted bags in dis
tilled water. Tubing may require several rinsings 
with distilled water to remove oily-like surface 
film. 

3. Pmpamtion of phenolphthalein stand(l1·d ctwve 
a. Stock phenophthalein solution-Dissolve 100 mg of 

fresh phenolphthalein in 1 liter of 50% alcohol. 
This solution contains 100 !Lg phenolphthalein per 
mi. 

b. Buffer solution-Dissolve 10 g of sodium sesqui
carbonate dihydrate in water and make up to 100 
mi. 

c. Proportion solutions for standards and final de
velopment-Pipette into test tubes ( 15 X 100 mm) , 
10 ml portion n~ixtures in the ratios listed in Table 
2. 

4. P rocedw·e 
a. Pipette 3 ml of milk into a 15 X 100 mm. test 

tube and temper in a water bath at 37 C for 3-5 
min. 

b. Add 3 drops of substrate concenb·ate to the tube 
and mix thoroughly, preferably 'with a mechanical 
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TABLE 2. PHOPOHT!ONING SOLUTiONS FOR 
FINAL DEVELOPMENT1 

Diluted 
phcnolphtha le i n 

solution 

(ml) 
0.0 
0.1 
0.2 
0.3 
0.5 
0.7 
1.0 

Buffet· solution 

(ml ) 
10.0 

9.9 
9.8 
9.7 
9.5 
9 .3 
9.0 

STANDARDS AND 

li' inal 
phen olphth a le in 

concentration 

( ug/ ml) 
0.0 
1.0 
2.0 
3.0 
5.0 
7.0 

10.0 
1Mi,x above mi,xtures of phenolphth alein and buffer solutions, 
nnd detem1ine absorbance values in sp ectrophotometer set at 
550 mu in order to produce standard curve (absorbance vs. 
ph enolphthalein concentration) . 

mixeL 
c. Insert a funn el into a pre-soaked knotted, dialysis 

bag, transfer the above mixture and then, knot the 
top of the bag after expulsion of aiL 

d. Immediately suspend bag in a 20 X 100 mm tes t 
tube containing 5 ml of disti!Jed water and incubate 
in a water bath at 37 C for 3 hr. Contents of bag 
must b e completely immersed in distilled water but 
top knot must remain in air. 

e. After incubation , q uickly remove bag with fDfr.ceps 
or fingers and cliscarcl. 

f. Head absorbance valu e at 550 m,u in spedrophotu-
met er, using dial ysa te from a h eated milk sample 
( 80 C for 2 min ) to set the insh·um ent at 100• T. 
D etennin e phenolphthalein concentration by refer
ring to the standard curve. 

5. Interpretation: T entati vely, a reading of greater than 
1.15 ,ug phenolphthalein p er 3 .0 ml milk is indicative of 
under pasteurization or contamination of sample with 
raw milk. 

Experimental pmcedure 
Th e following procedure was employed in evaluating th e 

modified new m ethod . F resh , mixed milk from the Un i
versity herd was employed to prepare samples of milk con-

taining various levels of raw milk. A portion of the mi lk was 
heated to 80 C for 2 min and cooled to 15-2.0 C. A sampl e 
containing 1.0% raw milk was prepared by diluting 5 .0 ml 
raw milk with h eated milk to son ml and mixing thorou~hl y. 
Samples containing lower amounts of n1w milk were prepared 
by diluting aliquots of above sample with appropriate amounts 
of h eated milk and mixing thoroughly. 

Imm ediately upon completing preparation of samples, 
analyses were run by the prescribed method and in ~;om e cases 
by the Scharer modifi ed spectrophotometric m ethod (1) . Ex
periments were also concluctecl to .determine the applicability 
of the modified new method to chocolate mi lk. 

H.ESULTS AKD Drscussmx 

The modified new method was compared with the 
Scharer modified spectrophotometric method on both 
milk and chocolate milk. H.esults of three trials 
conducted on the same series of milk and chocolate 
milk samples are shown in Tables 3 and 4, the phen
olphthalein and phenol values being obtained by re- , 
ferring the average values to the standard curves. 

Equations of the regression lines for milk deter-

' .. 
I 

mined from th e average absorbance values ( y) vs. 
percentages of raw milk ( x) were calculated (Scharer 
method: y = 0.01638 + 0.45348 x; modified new 
method: y = 0.01828 + 0.35218 x) . A slightly 
steeper slope was still observed for samples of milk • 
evaluated by the Scharer method but the difference •1 
is far less than that observed in the original study 
(5). Correlation coefficients were calculated (Schar-
er method: 0.998 and modified new method: 0.991 ) 
showing very little difference in the positive corre-
lation of absorbance values and percent raw milk as 
determined by tl1e two methods. 

\Vith chocolate milk, a steeper slope was obtained 
for the modified new method, the slope being slight
ly greater ( 0.38513 vs. 0.35218 ) than that obtained 
on milk ( Scharer metl1od: y = 0.00173 + 0.15156 x; 

TABLE 3 . ABSOHBANCE VALUES A1 0 HESPECTIVE PHENOLPHTHALEIN ( PHTIH.N ) AND PHENOL CONCENTHATlONS AS DETEJ\
l\UNED BY THE MODIFIED NEW METHOD (3 :ML SAMPLE PLUS 3 DHOPS SUBSTHATE VS. 5 ML WATEH FOil 3 HH) Al\'D SCHAHEH 

:MODIFIED SPECTHOPHOTOMETHIC li'IETHOD ON ~·HLK. 

Phosphatase Abso rbance values activity, ug 
% Raw mill\ Trial A Tria l B Trial C A \:erage phthlu/ml' 

Mod·if"ied 11erv method 
0.05 0.028 0 .027 0.028 :1.028 0.40 
0.10 0.042 0.043 0.048 0.043 0.63 
0.25 0.104 0.110 0.109 0.109 1.58 
0.50 0.213 0.211 0.224 ~ . 213 3.10 
0.75 0.305 0.305 4.45 
1.00 0.345 0.351 0.330 0.345 5.00 

Scharer method 
0.05 0.024 0.024 0.024 0.53 
0.10 0.055 0.052 0.054 1.50 
0.25 0.117 0.129 0.131 0 .129 3 .25 
0.50 0.252 0.248 0.250 6.50 
0.75 0.361 0.365 0.363 9.50 
1.00 0.450 0.440 0.450 0.450 11.75 

1Th i:-; is f'g phcnol/ml for the Sharer method. 
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TA ULE 4. ABSOllllAl'ICE VALUES ANIJ HESPECTlVE PHENOLPHTHA.LEJ N ( PHTHLN) ANIJ PH ENOL CONCENTHAT!ONS AS DETEH
M!NED BY THE MODIFIED NEW METHOD ( 3 ML SAMPLE PLUS 3 DROPS SUBSTRATE VS. 5 ML WATER FOH 3 HH) AND SCHAREl{ 

MODIFIED SPECTROPHO'rOMETRIC :METHOD ON CHOCOLATE lVIJLK. 

P hosp hatase Absorbance values 
activity, ug 

% raw milk '.£rial A Trial B Tria l C Averabe phth ln/ml 1 

Modified new method 

0.05 0.016 0.0 10 0.0 13 0.013 0.18 
0.10 0.032 0.035 0.036 0.035 0.50 

0.25 0.098 0.089 0.098 0.098 1.45 

0.50 0.210 0.205 0.195 0.205 3.00 

0.75 0.2.85 0.270 0.289 0.285 4.15 

1.00 0.380 0.380 0.355 0.380 5.55 

Scharer method 

0.05 0.005 0.005 

0.10 0.016 0.012 

0.25 0.043 0.040 

0.50 0.085 0.085 

0.75 0.125 0.126 

1.00 0.141 0.142 

'This is flog phenol/ ml for the Sharer method . 

modified new method: y = 0.00077 + 0.38513 x). 
This is probably due to the contribution of color by 
the chocolate. However, interfering substances ap
pear to have a far gre·ater effect on results obtained 
by the Scharer method, the slopes for milk and choco
late milk being 0.45348 and 0.1.5156, respectively. 
Correlation coefficients were calculated ( Scharer 
metb c-d : 0.990 and modified new method: 0.999), 
the differences again b eing very small. All four of 
the above correlation coefficients are significant at 

the 1% level. 

Equations of the regression lines for ( y) vs . phen
olphthal ein ( x) values obtained on the milk and 
chocolate milk samples, respectively, were calculated 
(y = -0.2923 + 2.2956 x: and y= 0.0009 + 0.6927 
x). The apparent linear correlation obtained in both 
instances was verified by calculating the correlation 
coeffi cients ( r = 0.996 and 0.992 ) which are sig
ni£icant at the 1% level. 

The modified new method is applicable to milk 
and chocolate milk and is far simpler than any of 
the established techniques . While a 3-hr incubation 
period is utilized, this should not be considered as <~ 
serious limitation as many other routine laboratory 
analyses can b e conducted during this period. 

Accuracy and precision are of utmost importance 
in a confirmatory test and the author beli eves that 
the mod ified new method assures equal or greater 
accuracy and precision than any of the established 

,methods. In addition to obviating the need for 
positive and negative conh·ols, the time of incuba
tion is under far better conh·ol in the modified new 
method than in the Scharer modified spech·ophoto
metric method . 

.. · 

0.005 0.14 
0.014 0.38 

0.036 0.040 1.04 
0.083 0.085 2.20 
0.131 0.126 3.26 
0.141 0.142 3.66 

Collaborative study 
This study was conducted in the spring of 1971 

and was reported on October 12th at the 85th An
nual Meeting of the AOAC. Nine collaborators par
ticipated in the study involving six unknown milk 
samples. Results revealed that the random error of 
the modified new method was almost twice that of 
the Scharer modified spectrophotometric technique 
while the systematic error was only about one-fourth 
that of the latter method. A linear relationship was 
found between the two methods by the five col
laborators who analyzed samples by both techniques. 
the correlation coefficients ranging from 0.993 to 
0.999. The modified new method was recommended 
and adopted by the A.O.A.C. as official, first action 
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BULK MILK SAMPLING: A COMBINED DAIRY 
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ABSTRACT 

Proper sampling of bulk milk is an absolutely essential 
routine operation. The milk hauler is the key man and for 
economic and other reasons must be charged with this I·e
sponsibility. Coordinat ion and pooling of manpower resources 
through close participation by the dairy industry and enforce
ment agencies is n ecessary. An understan din g of the prob
lems and needs by all concerned is essential. There are three 
basic requirements for proper bulk-milk sampling: (a) a sim
ple, practical routine system; (b) adequate facilities; and (c) 
adequate training and supervision. These requirements are 
discussed in detail. The hear t of the operation is the "Uni
versal Sampling System." This system supplem ented with 
proper facilities, training, and supervision will produce reliable 
and consistent results. 

Milk occupies a unique position in the broad field 
of food sanitation and quality control. The perish
able natme and sensitive qualities of this food make it 
difficult to distinguish where health protection leaves 
off and quality control begins. Sh·ess conditions 
such as time, temperature, transportation, excessive 
handling, etc. caused by modern production, process
ing, and marketing methods and by other conditions 
related to the raw and processed products complicate 
the problems involved. Before the 1960's, protection 
from milk-bome diseases was the major concem and 
most sanitation and public health programs were 
directed toward tlus objective. A very creditable 
job has been done in tl1is regard as evidenced by the 
almost complete absence of rnilk-bome diseases dur
ing the past decade. 

Today the major problem is not health protection 
in the hue sense of the word. Instead, it is the im~ 

provement and maintenance of quality so acceptable 
products ru·e available to the consumer in the market
place. Tills quality judgment is based largely on 

flavor, shelf life, and appearance. The consumer 
demands, and has every reason to expect, that her 
pmchase is safe, palatable, and meets nutritional stan
dru·ds. It then becomes the responsibHity of both in
dush·y and regulatory agencies, to so conduct tl1eir 
affairs that this basic objective of ~a·tisfactory quality 

'Presented at the Sanitarians' Conference, University of Mirme
sota, St. Paul, Minnesota, September 17-18, 1970 and at 
the Dairy Fieldmen's and Sanitarians' Conference, Pmdue 
University, November 18, 1969. 

is carried out. The perishable nature of the product 
and the complicated problems involved make it im
possible for either the regulatory agency or the dairy 
indushy to go it alone. The ultimate interest and 
objective of both parties is the same, as is the route 
necessary to reach the objective. 

Disease protection measures are well-defined. 
Through a combination of animal and human health 
programs, pastemization, well-designed equipment 
and facilities, adherence to well-established and un- ' 
derstood routine measures, and enforcement the end 
result is reasonable compliance and products gen
erally accepted as safe. These measmes and legal 
applications are provided in Federal and State laws 
and regulations. The problem today, then, is pro
vision of dairy products in the market-place which 
meet the esthetic and quality standards necessruy for 
consumer confidence and acceptability. Results of 
reliable surveys show that entirely too much n1ilk 
and too mru1y milk products reach the public in an 
unsatisfactory condition ( 4, 5). 

In today's complicated production, processing, and 
distribution systems there can be no cleru· lines of 
responsibility and task performance. Health aut11or
ities find it impossible to cruTy out the job of com
plete consumer protection. Nor should they be 
expected to, any more than for any other indush-y. 
Many production and operational conditions have 
little or nothing to do vvith health and healtl1 regula

tions. An example is herd feeding operations. Health 
a:uthorities should not be expected to provide the 
necessary surveillance for quality control! An ade
q·uate job of public health and consumer protection 
can only be accomplished through the coordination 
of the efforts of both health author·ities and industry! 
This includes among otl1er things the understanding 
and carrying out of responsibilities, up-dating and 
mode:rnizing of metl1ods and practices, judicious and 
practical enforcement of laws and regulations, and 
public concern. It is natural that those in regulatory 
work should set tl1e examples and lead tl1e way. 

It is suggested tl1at because of its priority and basic 
nature, collection of frum bulk-produced n1ilk sam
ples be a joint endeavor of the enforcement agency 
and tl1e dairy indush·y, and be the first to :receive 

( ,. 
I 

I 



I ,. 
l 

B uLK MILK SAMPLING 411 

their collective attention . The task lends itself to 
coordination of efforts and sharing of results. Suc
cess here would set an excellent example for other 
operations. Students of this much-abused operation 
quite frankly state that bulk milk sampling cannot 
be successfully accomplished any other way. !viany 
areas throughout the counh·y using the hauler col
leotion system over a long period of time can testify 
as to its practical, business-like, and effective applica
tion. May we now discuss a method, its advantages, 

procedures and facilities needed, and the responsi
bilities involved for proper bulk milk sample collec

tion? 

hviPORTANCE OF S A.J.viPLE COLLECTION 

Sample collection is a Number One priority as a 
means to evaluate the producer in terms of com
pliance with legal standards and as a basis for pay
ment. Too much emphasis cannot be placed on the 
importance of sample collection and the care of 
samples. It is imperative that the sample be repre
sentative of the lot from which selected and that it 
arrive at the laboratory in the same condition it left 
the bulk tank, with no change in its chemical, phys
ical, or bacteriological character. 

A few examples help to substantiate the impor
tance of sample collection. There are many uses for 
these samples . An alysis of a representative sample 
is the only way the purchaser can determine butter
fat and solids contents which are so important in the 
purchase contract. Similarly, compliance with legal 
stand ards for chemical and bacteriological composi
tion, quality standards, wholesomen ess, and any other 
chru:acter needed are made possible only through 

I sample analysis. 

E xamples of some adverse effects emphasize tba t 
poor sampling should not be tolerated. May we 
specul ate for a moment on the economic and other 
reactions to an improperly collected or transported 
sample? The payment base is destroyed . The milk 
producer wi!J be unjustly penalized or harassed if 
results are used for quality conh·ol guidance or com
pliance with legal standards. Laboratory vvork is 
wasted. Confusion and distrust result. i\'Iuch time 
and effort , all of which . is expensive, is e;\1)ended by 
the Heldman, the laboratory, and others. Needless 
field visits, rechecks , laboratory re-runs, and investi
gations result. Even worse, the credibility gap be
comes wider between producer, handler, laboratory, 
Heldman, sanitarian , and truck driver. Yes, everyone 
concerned is adversely affected by poor sampling. 
Everyone loses and no one can possibly gain. Apathy 
and ·carelessness have no place here. 

Om conclusion is that proper sampling and care 

of samples is equally important and necessal')' to all 
parties concerned. Our next step is to implement a 
method and procedure that will accomplish the neces
sary result. Proper sampling can only be accomplish
ed under today's bulk-milk operation through pooling 
and coordinating the efforts and resources of the dairy 
indush')' and the regulatory agencies. The manner 
in whi ch this may be done fol lows. 

Ess E NTIALS F OR PROPER S AMPLING 

Three essentials are necessary for proper sampling. 
They are: (a) a simple, practical , routine system; (b) 
adequate facilities ; and (c) adequate training and 
supervision. 

Many systems have been h·ied tb collect bulk milk 
produced samples . All except the so-called "Uni
versal Sampling Method" or "a sample for every 
purpose" have serious shortcomings. It is completely 
out of the question for the dairy indush·y to routinely 
collec t samples by sending a man to each farm. A 
few regulatory agencies still practice this expensive 
method. 

Economics dictate that tbe routine sampling chore 
be assigned to the milk hauler on a regular basis. To 
make this practical, it is necessary that he operate 
under a simple routine system carried out daily in the 
same manner with the same facilities. H e cannot be 
eA'Pected to do a proper job if he has to collect 
special samples or samples for different purposes 
on different days . This method confuses him, in
vites short-circuiting, an d causes mmecessary work. 
The simpler the task is made, the more apt it is 
to be done properly. 

The "Universal Sample Method" 
Because of its many unique advantages, this method 

is rapidly becoming recognized as the best and most 
economical method of collecting bulk milk samples 
for in dustry and regulatory ag ::ncies. Some advo
cates maintain it is the only system yet developed 
that is satisfactory. The Fam1 1VIethods Committee 
of the Intemational Association of Milk, Food, and 
E nvironmental Sanitarians has endorsed the system 
and recommended that it be used exclusively to 
sample raw milk (2). Some states have written this 
requirement into their regulations. Large producer 
organizations and dairy companies are using it ex
clusively in their operations . Long exp erience and 
success with its wide use in many areas are proof 
of its merit and value. A new use of samples collected 
by the system, namely sediment testing, was sug
ges ted by Roman (6) when he repor·ted on "Testing 
Milk for Cleanliness of Production." H e states "a 
Universal milk sample taken from each milk collec
tion simplifies monitoring for cleanliness using a 4 oz 
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sample and 0.2 inch diameter test." 
The method is quite simply what its name im

plies. One sample is collected at every pick-up and 

it can be used for any or all of the many routine 

and special tests needed in modern sanitation and 

quality conhol as well as for butterfat or other 

tests used for payment. It does not mean that the 

sample can be used for all of the many uses on a 

given day. Obviously it is not necessary to do all 
of the tests needed during the month from each pick

up. It simply means that by advanced and judicious 

laboratory scheduling, a fresh sample of adequate 

size is available and can be used for any of the tests 

desired. The hauler simply equips himself with the 

facilities necessary to collect and properly h·ansport 

one sample at each pick-up. 

Among other advantages of the system is the fact 

that neithe:r the hauler nor the milk producer knows 

for what purpose the sample may be used. Neither 

the producer nor hauler can out-guess you by pre

paring for sampling day and hence a day-to-day con

cern for quality is established. Using the samples 

for butterfat determinations when needed, provides 

an excellent check on the adequacy of agitation of 

the milk in the tank b efore the sample is taken. There 

are temptations cmmected with a system that de

pends on special or periodic sampling. The Univer
sal sample removes these temptations . 

How about the laboratory technician and the 

Universal system? Frankly, it is impossible for him 

to operate efficiently under the special sample sys

tem or any system other tl1an the one described here. 

Since samples are available at every pick-up, he can 

plan his schedule to blend with his operation com

pletely independent of the hauler. If rechecks aJ.'e 

needed, a sample is available after tl1e next or any 

subsequent pick-up. 

How then can the regulatory agency obtain sam

ples? In many meas commercial and industry lab

oratories do the required tests when designated of

ficials supervise the work and certify the laboratory 

and the methods which are used . 'When it is required 

tl1at an official agency make the tests , tl1e agency 

need only arrange to release any samples required 

and collected on days previously selected. This 

practice is widely used . The agency provides the 

needed assistance in h·aining and supervision. 

Adequate facilities 
Sample containers. Standard Methods for the Ex

amination of Dairy Pmducts requires fuat sampling 

containers be sterilized and of non-toxic material (1) . 
Containers of glass or other material meeting these 

specifications may be used. Experience shows tl1at 

washing, sterilizing, b·ansporting, and stomge of glass 

and other multi-use rigid containers are subject to 

human error. Devised specifically to collect bulk

produced milk are sterile plastic single service bags. 
These bags meet the requirements of Standard MrJth

ocls and are ideal for all kinds of sampling and espec
ially for the "Universal Sample System" method. 

Their labor-saving and convenience features have 

gained them wide popularity. 

A clipper on every fann. Many markets have ob

tained excellent results when a dipper was provided 

on every fatnn for sample collection. This is a 2-oz 

stainless steel, inexpensive dipper. This method has 

many advantages over th at of carrying a dipper on 
the huck 

Refrigemtecl carry·ing cases. Sample cases able to 

h·ansport milk samples on the h·uck at tempet:atures 

below 40 F are required by statute (1 , 3) and are a 

necessity if accurate results are to be obtained from , 

the samples. Prevention from freezing is also neces

sary. Until very recently most sampJe cases were 

pood y designed, poorly insulated, and unable to 

maintain tl1e needed temperature, particularly in ex
h eme heat and cold. There is now available a 

special1 ly designed and constructed sample case 

which meets all of the necessary requirements of a 

bulk milk pick-up sample case. It is made of durable 

Cycolac cov€ring with adequate blown polyurethane 

insulation to ensure that the samples will be kept 

at the proper temperature in any kind of weather. 

TABLE l. INFLUENCE OF PROPER ICING OF SAMPLES ON MILK 

TEMPERATUHE1
• JuLY 28, 1971; OuTSIDE TE111PEHATURE, 84 F 

Route 1st P ick up Time of arriva l Temp. of samples 
n o. time at truck terminal at arriral (P) 

252 9 :40 a .m. 3:40 p.m. 34 
242 6 :55 a .m. 3:40 p .m. 35 
162 6:20 a.n1. 3 :55 p.m . 37 
182 7:30 a.m . 4:00 p.m. 35 
27' 8:25 a.n1. 4:30 p.m. 34 
403 6:50a.m. 3:30 p.m. 42 
303 8: 10 a.m. 4:40 p.m. 42 

1Properly constructed insulated sample cases used on all 

routes. Ice water is 20 times as penetrating and effective as 

air at the same t emp erature. 
2Above samples were completely covered with ice. 
3Above samples were only partly covered, not enough ice was 

used. 

TABLE 2. WARMING OF 4 OZ MILK SAMPLES EXPOSED TO 

ROOJ\•I TEMPERATURE ( 82 F ) 

•• t 

T ime Temperature (F) Increase ( °F) • Start 40 0 
30 m in 64 Z4 

60 Jllill 72 32 
120 min 78 38 
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This design and conshuction resulted from recom
mendations of dairy personnel and regulatory officials 
from all sections of the country. ationwide testing 
followed with excellent reports. 

Because of the case's excellen t insulation and de
sign less than one-half the amount of ice is required 
as compared with conventional cases. A separate 
bin for ice is provided. \Vith ice conveniently avail
able, the hauler may easily add ice to the sample 
compartment if there is not enough ice water to 
smTOtmd the samples. Research and experience have 
shown that ice and ice water in direct contact with 
the samples is the only way to properly maintain the 
temperature. Table 1 illustrates this fact. Tempera
ture maintenance is a basic priority in sample col
lection. The necessity for a proper sample case can
not be over-emphasized. 

Means of proper sample identificatio·n. The haul
er must b e provided with a felt point wick pencil or 
pen or similar means to mark or identify the sample. 
Accurate and legible identification is of prime impor
tance. 

Thermometer for checking temperatures. Pocket 
case, dial, unbreakable. 

Refrigeration faciliti es for storage. Temp erature 
conh·ol of samples is the most neglected of all samp
ling operations. It cannot exceed 40 F if changes 
in the bacterial and other characteristics of milk are 
to be prevented (1 , 3). Generally, too little attention 
is paid to storage temperatures and to handling of 
samples between pick-up and analysis. The program 
should be geared to a minimum of handling and 
delay. At normal temperatures, exposed samples 
warm quickly. TablG 2 illush·ates what happens 
when delay is encountered in handling samples. The 
high er the air temperahu·e, the faster the warming 
ra te. Time and temperature play havoc with a per
ishable product. Proper facilities and careful handl-

ing from one end of the operation to the other are 
a must if accurate results are to b e obtained. Care
lessness in one area nullifies good work elsewhere. 

Training and supervision 
To make the sampling program completely effec

tive, industry and regulatory agencies must join 
hands in a modest and practical h·aining and super
vision program. This should be done on a routine 
basis. 

\Vhere training is carried out, this instruction gen
erally consists of an illustrated lecture demonsh·ating 
good sanitation practices, elementary bacteriology, 
proper sampling procedures, care of samples, and 
examples of results of poor sampling. Proper identi
fication , filling, and sealing 0f containers and the 
importance of temp erature control are given special 
emphasis. Uniform guidelines are provided. A 
question and answer period is followed by an exami
nation. Permits or licenses are issued to those satis
faotorily passing the examination. Uniformity in 
methods , facilities, and interpretation of requirements 
and application are the b ackbone of the program. 
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SYMPOSIUM 
MICROBIAL FOOD-BORNE INFECTIONS 

AND INTOXICATIONS 

The Health Protection Branch of the D epartment 
(Df National Health and Welfare will sponsor a sym
posium entitled "Microbial Food-borne Infections 
and Intoxications" at the Skyline Hotel, Ottawa, Can
ada, October 19 and 20, 1972. The regish·ation fee 
of $40.00 provides for attendance at all symposium 

func tions including tl1e technical sessions, two lunch

eons , a reception and a banquet. 

A pre-registration form may b e obtained from the 
Symposium Secret<u:y, Health Protection Branch, 

Tunney's Pasture, Ottawa 3, Canada, KIA OL2. 
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ABSTilACT 

Black rockfish, which deteriorates in q uality rapidly d uring 
frozen storage and thus is not full y utilized, was selected to 
study the concept of usin g the minced muscle obtained from 
the meat-bone separator machin e to p repare modified fish 
b locks. The minced muscle was blended with several in
gredients, which were added to protect th e fish blocks aga inst 
rancidity and to improve texture and flavor. These blocks 
had a sto rage life of 9 to lZ months a t 0 F. Haw breaded 
fish sticks prepared from various lots of modified blocks that 
were held in frozen storage at 0 F for 6 to l Z months had 
an add itional storage life of a lmost 6 months at 0 F. 

In the United States, the total consumption of pro
cessed fishery products has b een increasing owing to 
growth in population and demand for convenience 
foods. ln 1970, produ ction of fish sticks and por
tions was 116 and 2.33 million lb., respectively (1) . 
The corresponding production figures for 1960 are 
65 and 51 million lb. The growing world demand 
for food fish places constantly increasing pressure 
on a limited number of species . This situation de
mands that we make more efficient use of the food 
fish now landed and that we develop methods that 
permit the use for food of underutilized and indus
trial species. Among the underutilized species, ap
pearance, size, flavor, tex ture, or difficulties in proc
·essing has generally precluded their acceptance as 
food fish. The successful use of these resources re
quires that the muscle be economically separated 
from skin and bones and that it be processed into 
foods that are new and/ or unique in appearance, 
flavor, texture, or nutritional qualities to gain con
sumer acceptance. 

Investiga tions a t this laboratory have shown that 
a Japanese meatbone separator (Yanagiya• Model 
SR-s2) can be successfully used to efficiently recover 
the muscle from a variety of species (2). The ma
chine removes the muscle from headed, gutted, and 
washed fish by pressure as the fish passes between 
a continuous rubber belt and a perforated stainless 
steel drum. The rubber bel·t and the drum rotate 

. in the same direction but at differential peripheral 

''Trade names referred to in this publica tion do not imply 
cm~orsement of commercial products. 

velocities, thus creating a shearing action. The 
muscle is forced through the small perforations in the 
drum, and the skin and bones pass to the "waste" 
chute. By us·ing this machine, significantly increas
ed yields of muscle from a variety of fish and shell 
fish were obtained, which should lower the cost of 
production (3) . 

Continu ed investigations have revealed several po
tential uses for this machine-separated minced muscle. 
One use of major potential is the manufacture of 
mincr cl fish blocks. The conventional fish block, 
which is the intermedia te from which fish sticks and 
portions are prepared, is made from fillets frozen 
under pressure into a rectangular-shaped slab. Owing 
to the short supply and increased costs of the con
ventional fillet blocks in recent years, the potential 
for marketing a substitute, such as a fis h block made 
of minced f ish muscle, appears to be increasingly 
promising. 

In our experimental studies, black rockfish ( Se
bastes flavidus and S. brevispinis) were used. They 
are an underutilized group of Northeast Pacific fish 
because the clark muscle, in spite of various experi
mental treatments , becomes ran cid qu ickly during 
frozen storage. The successful stabilization of minc
ed muscle of this species against oxidative rancidity 
would assure that many other species could also be 
used to produce minced fish blocks. 

In our first experiment, we froze minced black rock
fish muscle into blocks to determine its palatability 
and to work out processing procedures to be used in 
our main experiment. The minced muscle blocks 
were cut into sticks, batter-and-breaded, and deep
fa t fried. These samples were somewhat flat in 
flavor and coarse-granular in texture. To improve 
the flavor and texture, we decided to use sugar and 
monosodium glutamate to enhance the flavor and 
salt and sodium tripolyphosphate to partially solu
bilize the muscle protein to serve as a binder for 
the particles of the coarse-minced muscle, thus per
mitting preparation of a cohesive minc:ed muscle 
block. We refer to this type of block as a modified 
minced fish block 

, 
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TABLE 1. M ODIF IED F ISH BLOCKS, l NGHED!ENTS AND FUNCTIONS 

in'!redlents Percentl Functi on 

i'vlinced flesh NT · 1 1 utntiona Jase and textural properties 

Water 5 T exture; solubi lize water-soluble ingredients 

Hefin ed vegetable oil 1 Carri er for oil-solub le ingredients 

Sodium chloride 1 Solubi lize p rotein for t extural properties; flavor 

Sod ium tripolyphosphate 0.15 To improve water-hold ing capacity 

Sugar 1 Taste 

lonosodium glutamate 0.3 Flavor intensifier 

BHT 0.006 To minimize oxidation of lipids 

BHA' 0.006 To minimize oxidation of lipids 

Polysorbate 80 0.075 As emulsifi er and to improve efficiency of antioxidants 

Sorbitan monooleate 0.075 A!; emulsifier and to improve efficiency of antioxidants 

'Percent ingredients is expressed as a percentage of th e weigh t of minced flesh used . 

2Butylated hydroxytoluene ( BHT ) • and butylated h ydroxyaniso le ( BHA) •; in other experiments , we found that th e levels 

of antioxidants could be furth er cut down as low as 0.001%. 

•Trade names referred to in th is publication do not imply endorsement of com mercial products. 

The specific objectives of the study were to deter

mine the storage characteristics at 0 F of (a) modified 

minced fish blocks from black rockfish and (b) raw 

breaded fish sticks made from the modified blocks. 

To simulate the storage procedure followed in the 

fish processing industry, the modified blocks were 

stored at 0 F . After various storage periods, the 

blocks were cut and made into raw breaded fish 

sticks. The fish sticks were packaged and stored 

at 0 F. 

MATEHTALS AND METHODS 

Sample preparat ·ion 
Black rockfish, which were held in ice aboard a commercial 

trawler for about 2 to 5 days and judged to be of good qual

ity, were obtained from a local commercial processor. They 

were headed, gutted, washed , and passed through the m eat

bone separator machine with th e tension of th e belt adjusted 

to remove as much muscle as possible. The minced muscle 

was then divided into 2 parts; one part was packed directly 

into cmtons and frozen in to blocks fo r con trol samples and 

the second part wa processed into modified blocks. During 

a ! -year p eriod, 5 differen t lots of samples were prepared. 

P·reparation of m ·i·ncecl nwscle blocks. Three lots of minced 

muscle blocks (control samples) were p repared as follows: 

(a) Minced muscle was packed into 13-1/ 2 lb. , wax-coated 

frozen food cartons ( 1-1 / 2 inches X 11-l/2 inch es X 20 

inches) . Cartons were then overwrapped with 2 m il poly

ethylen e film and h eat sealed. (/J) The packed cmtons were 

frozen in a plate freezer and stored at 0 F. 

Prepamtion of modified fish blocks. Five lots of modified 

fish blocks were p repared by the procedure given below and 

1 lot was similarl y prep,ared except the antioxidants BHA and 

BHT were excluded : (a) T wo percent of the minced fl esh 

and the ingredients listed in Table 1, which were used to en

hance flavor and texture and to increase th e efficiency of the 

antioxidants, were mixed in a food blender ( \ \Taring' iV!odel 

CB-4) for about 2 min to prepare the binder. ( IJ) The binder 

)vas added to the rest of the minced flesh and mixed thorough

ly in a Hobart ' Model A-200 DT food mixer for 2 min a t 

about 50 rpm. (c) The mixture was packed and fro zen in 

th e same way as the control blocks. 

Preparation of raw b-reaclecl fish sticks. After storage for 

6, 9, anrl 12 mon ths at 0 F, the modified blocks were taken 

.r 

to a commercial fi sh processing plant wh ere they were cut 

into fish sticks with a band saw, breaded, and packed in 5-lb . 

institutional-size, polyethylene-coated food cartons with cello

plume sheets inserted between each layer of fish sticks. The 

5-lb. cmtons were then packed in fiberboard master cartons 

and stored at 0 F to simulate commercial handling prac tices. 

Senso ru evaluation 

Minced muscle blocks were evaluated initially and after 3, 

4, and 6 m onths of storage at 0 F. The blocks were cut into 

5/ 8-inch slices, steamed in covered alumimun containers ( 2 

inches X 3-1/ 2 inches X 1-1 / 2 inches deep), and rated for 

the development of rancidity using the 10-point scale shown 

in Table 2. Th e limit of the storage life was when the mean 

score dropped below 6. 

T ABLE 2 . SENSORY HATING SCALES UTILIZED IN EVALUATING 

THE CHAI\GES IN THE QUALITY OF T H E M INCED FISH BLOCKS 

Quality attributes ancl scores 

Hanciclitr Score 'l'exturc and fla vor Score 

1 one 10 Like extremely 9 

Trace 8 Like very much 8 

Slight 6 Like moderately 7 

Modera te 4 Like slightl y 6 

Excessive 2 Neith er like nor dislike 5 

D islike slightly 4 

Dislike mod erately 3 

Dislike very much 2 

Dislike extremely 1 

TABLE 3. SENSORY EVALUATION OF STEAMED SAMPLES FROM 

3 LOTS OF 1\UNCED ROCKFISH (CONTROL) BLOCKS 

STORED AT 0 F 

L et number· Storage time Rancidity' score 

(Months) ( 10-pt. scale) 

1 0 10.0 

3 4.0 

2 0 10.0 

4 4.0 

3 0 10.0 

4 10.0 

6 5.0 

1 Limit of storage life was r eached when score was below 6.0. 
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TAl.lLE 4. SENSOHY EVALUATION OF STEAMED SAjVIPLES OF 

M INCED ROCKFISH MUSCLE BLOCKS (NO ADDITIVES) AND 

~[QDIFIED MlNCEO ROCKFISH BLOCKS (CONTAINING ADDITIVES) 

STORED AT 0 F FOR 3 J:vlONTHS 

J.ot number Additi ves used Storage time Ran cidity sco re 

(Months ) ( 10-pt. scale) 
lA A ll ingredients' includ- 0 10.0 

ing th e an tioxidants 3 10.0 
6 10.0 
9 7.5 

12 7.0 

113 All ingredients' exclud- 0 10.0 
ing antiox ichn ts BHA 
and BHT 3 4.0 

1C None 0 10.0 
3 4.0 

'Ingredients listed in Table l. 

The frozen breaded fi sh sticks were evaluated initially at 
the start of the storage tes t and after 4 and 6 months of 
storage at 0 F. The frozen fi sh sticks were deep-fat fried in 

vegetable oil heated to 350 F and presented to a panel of S 
to 10 experienced judges . Hancidity was rated with a 10-
point scale; flavor and texture were judged with the 9-point 
hedonic scale ( Table 2 ) . 

R ESULTS AND DISCUSSI01\ 

Sto·rage character-istics of m inced muscle control 

blocks 

The minced muscle frozen directly into blocks 
with no protective ingredients or additives b ecame 
rancid in as short a time as 3 months (Table 3), This 
is about the time required for development of ran-

cidity in frozen, stored fill ets of the same species (4). 

Storage chn-mcte·ristics of modified fish blocks 

The storage characteristics were determined ! on 
steamed sampl es of modified fish blocks, which con
tain u l no antioxidants and which contained 0.006% 
BHA and 0.006% BHT. The results of rancidity scores 
giv ~ n in Table 4 shovv that the modified blocks con
tain ing the antioxidant mixtures (Lot 1A ) showed no 
evldence of rancidity during tl1e first 6 months of 
storage at 0 F and were not rancid after 9 months 
of storage except where the dark flesh particles were 
at th e surface of the blocks . This slight rancidity 
of the dark fl esh at the surface was masked and not 
detected by the sensory panel when the blocks were 
cut into sticks, breaded, and deep-fat fried (Table 
5, Lot 1, 0 storage time), On the other hand, the 
modified blocks containing no antioxidants (Lot 1B ) 
as well as the minced muscle blocks with no additives ' 
( Lot 1C ) were rancid at 3 months. 

The good storage characteristics of the 5 lots of 
modified fish blocks containing antioxidants are also 
sh0\"111 by the sensory scores presented in Table 5 
for th e 5 lots of blocks when evaluated soon after 
being processed into breaded fish sticks. 

In summary, these data indicate that tl1e antioxi
dants a t the levels used successfully inhibited de
velopment of rancidity in the modified blocks for 
at least 9 to 12 montl1s at 0 F. This storage life 
compares favorably with tl1e 6 to 12 months storage 
life of cod fillets (5) and with 5 to 8 months for fill ets 
of various rockfish species at 0 F (6). 

TAHLE 5. SENSORY EVALUATION A F TER VARIOUS PEIUODS OF "STORAGE AT 0 F OF DEEP-FAT Fl\ lED SAMPLES OF SEVEilAL LOTS' 

OF MODIFIED ROCKFISH DLOCKS AI\'D OF DHEADED FISH STICKS PHEPARED FHOJVI THE BLOCKS 

Sto rage t.ime 
Sto ra ge time after pro-

Lot of modified cessl n ~; into 
numi.Jer blocl<s fi sh sticl<s llancldityl 'l'exture2 Flavo r• 

( !vlonths) ( Months) ( 10-pt. scale) ( 9-pt . scale) 

1 12 0 9.3 7.3 7.6 
2 7.8 7.3 7.0 
6 5.7 6,5 4.8 

2 9 0 10.0 8.0 6.7 
2 8.2 7.1 6.7 
6 7.8 6.6 5.6 

3 9 0 9.1 7.2 7.5 
2 8.6 7.6 7.1 
6 8.7 6.6 6.4 

4 9 0 10.0 7.0 7.7 
2 8.8 6.2 6.4 
6 8.0 5.3 5.5 

5 6 0 9.5 7.6 7.2 
2 8.2 7.2 7.1 
6 7.8 5.9 5.8 

1Limit of storage life was reached when score for rancidity was below 6. 
2ScorP of 5 rep resents neither like nor d islike. 
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Storage characteristics of raw breaded fi sh sticks 

Raw breadrd fish sticks that were prepared from 

the 5 lots of modified blocks and stored for an 

additional 2 months and 6 months showed a gradual 

increase in rancidity with storage time (Table . 5 ) . _ 

As long as the large blocks were kept intact, th e 

development of rancidity was inhibited, but upon 

cutting and breading-thus exposing a large surface 

area-the rate of development of rancidity increased. 

After 6 months of frozen storage as bread~d sticks, 

only Lot l ( 18 months total frozen storage) was 

judged ran cid a t the "s light-to-moderate" level; ran

cidity in all other lots was judged only "slight-to

trace." 

processed into a modified minced fish block. The 

modified block is prepared from machine-separated 

fish muscle containing additives approved for food 

use and has a storage life of over 9 months at 0 F . 

Incorporation of an antioxidant mixture of BHA/ BHT 

in the modified block inhibited development of 

rancidity, which has been a major deterren t to utili

zation of black rockfish in processed fishery products . 

Raw breaded fish sticks prepared from modified 

fish blocks stored at 0 F for 9 months and longer 

had an additional shelf life of 2 to 6 months. Shelf 

life was limited primarily by alteration of flavor and 

texture during storage. 
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The texture scores for th e fish sticks at the initial 

examination after cutting and breading were good. 

\iVith storage time, the samples became slightly chew

ier, and the texture scores b ecame lower. Presum

ably, these alterations in texture and flavor might be 

prevented by a small increase in the amount of sod

ium tripolyphosphate which would increase the wat

er-holding capacity of the muscle protein, or by 

addition of antioxidants to the batter or breading ma

terial to help prevent lipid-protein interaction induc

ed by exposure of large surface areas from cutting of 

blocks into sticks. Additional tests are planned to 

improve storage characteristics of breaded fish sticks. 

CONCLUSIONS 

5. Lane, J. P. 1964. Time-temperature tolerance of fro

zen seafoods. I. H.eview of some of the recent litera ture on 

the storage hfe of frozen fish ery products. Food Technol. 

18:156-162. 
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Results of our work demonstrate promise that the 

tmderutilized black rockfish can b e successfully 

6. -Miyauchi, D. T. , and M. E . Stansby. 1952. Freezing 

and cold storage of Pacific Torthwest fish and shellfish . Part 

!-Storage life of various rockfish fill ets. Comme;·cial Fish

eries H.ev. 14:24-28. 

LETTER TO THE EDITOR 

In cubation temperature for Standard Plate Count 

I D EAR Sm: 
It is good to .learn (JMF'l' 35 :136, 1972) that the incuba

tion period for the SPC of raw milk can be extended to 72 

hr without significantly affectin g the 1·esults. ( This con

firms findings in collaborative studies at 3 Canadian centres 

in 1961-3. ) This would in crease th e usefuln ess of the SPC 

in permitting plating on Fridays. However, it fa ils to im

prove the test as an indicator of insanitary methods, which i~ 

surely the main reason for its use. To accomplish this we 

must also lower the incubation temperature. 

At ' t:)1e ADSA symposium in 1970 (JMFT 34: 173, 1971 ) 

the writer presented data showin g that psychrotroph counts 

might sometimes be nearly 14 times as high as SPCs. Others 

have reported similar findings. Thus there is little doubt 

that. with 32 C incubation we are missing many psychru

. trophs and some thermoduric bacteri a, organism s wh ich re-

fl ect insanitary production methods. 
How much lower must we go to get a more reliable reflec

tion of the psychrotroph~ present? In October 1970 Miss 

M. 
1J. Orr of \ 'Vest of. Scotland Agricultural College told me 

they h ad never fou~d . a·. sample wh ere. the psychrotroph count 

exceeded the total -count at 30 C fo r 72 hr, th e conditions 

recommended by fh e Inle1:national Dai1:y Federation in 1958, 

and widely accepted outside North America. This is most 

important! Collaborative studi es to check on this point, as 

well as to compare the IDF procedure with that of the cur

rent Standard Methods, are urgently needed so that necessary 

changes may be made in the 14th edition of Standard Meth

ods. 
As in the past, opposition to a lower tempera ture of in

cubation may be expected. One objection is that many 

laboratories find it impossible to keep incubators at 32 'c 
during hot weather. The validity of this objection diminishes 

as more laboratories are air conditioned or equipped with 

refrigerated incubators. But even if such facilities are lack

ing, surely it is better to be a few hours above the desired 

temperature than at too high a temperature for bes t results 

all the tim e. 
vVhile there is a possibility that even higher counts might 

be obtained by employing 28 C for 96 hr as recommended 

by the Iowa workers, there would be a distinct advantage if 

we in North America were using th e same incubation condi

tions as are already in use in practically every other co untry. 

This applies particularly when dealing with exports of dairy 

products, for most importing countries employ the IDF pro

cedure. 
C. K. JOHNS 

2184 Bmeside . Aumwe 
Ottawa, Ont{//:io .. r~ ., 

Canada 
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ABSTRACT 

Lactic acid bacteria hinder development of sporeform ers 
by production of acids, peroxides, and antibiotics. One of 
the best known of these antibiotics is nisin which is produced 
by Streptococcus lactis and is a permitted food additive in 
many countries. This paper traces the history of nisin, its 
effect in milk, cheese, processed cheese, canned, and other 
foods. Nisin primarily affects gram-positive bacteria but 
some of these produce nisinase, an enzyme which inactivates 
it. The preservative effect of nisin in heat treated foods is 
probably related to the retention of nisin on sporecoats. Nisin 
affects outgrowth of spores but not spore germination. 

In natru·al and man-made environments the lactic 
acid bacteria (LAB) frequently compete success
fully with sporeformers . Old cells of many of the 
LAB resist unfavorable physical conditions, not to 
the extent characteristic of spores, but sufficiently 
to ensure survival. For example, they resist acidity 
and desiccation, so that they may be readily dis
seminated in natru·e. Once they are in a suitable 
environment, they grow rapidly and may outgrow 
competitors. There are many reports that at the 
time milk sours the lactic flora predominates. They 
dominate by lowering the pH of the milk to a point 
inhibitory to sporeformers and by production of 
peroxides and antibiotics. It is worth pointing out 
that the number of antibiotics reported to be pro
duced by sporeforming organisms far exceeds those 
formed by LAB (~5). The lack of inhibition of LAB 
by sp,orefonners may result from antibiotics not b eing 
formed in milk or cheese or to the antibiotic remain
ing bound to the producer organism. However, Mar
tin et al. (73) found that sporeformers could inhibit 
lactic starter cultures. 

Peroxides may conh·ibute significantly to the in
hibition of sporefmmers by LAB. Closb'idia, which 
are anaerobic sporefmmets, have no catalase or p er
oxidase and may be virtually defenceless against per
oxides produced by LAB. The lack of development 
of closb·idia in Swiss-type cheese was shown to re
sult from production of inhibitory substance by LAB 

'Presented at the 7lst Annual Meeting of the American 

Society for Microbiology, Mitmeapolis, Minnesota, May 2-7, 

1971. 

in tl1e cheese (50). Later it was shown that tl1is in
hibitor was probably peroxide (100 ). With aerobic 
organisms producing catalase, d1e sensitivity of the 
cells to peroxides seems to depend on d1e size of the 
inoculmn, i.e. the amount of preformed enzyme winch 
protects the cells. If one considers the situation at 
the beginning of a growth cycle wid1 only few cells 
present and adequate amounts of preformed catalase' 
absent, d1en d1e inb·insic sensitivity of the cells de
termines the effect of peroxides. Under such testing 
conditions a sh·ain of Lactobacillus lactis (catalase
negative) was sensitive to hydrogen p eroxide at 135 
fLg/ ml and a catalase positive sh·ain of Staphylococcus 

a.ureus was inhibited by 5 fLg/ ml (100). 
In soured milk drinks , Streptococcus la.ctis appears 

to have an important effect on bovine tubercle or
ganisms. The tubercle organism could not be re
covered from soured milk. This effect may be caused 
by acidity (93) or by antibiotic production (75) or by 
a combination of these factors. 

An interesting aspect of the antagonism between 
S. la.ctis and sporeformers is the antibiotics produced 
by the lactic acid bacteria. The best known anti
biotic was called nisin. Sb·eptococci belonging to 
serological group N are the principal producers of 
d1is substance and the name was derived h·om the 
letters Group N Inhibitory Substance (76). 

HISTORY OF N !SIN 

Lactic sh·eptococci producing an inhibitor against 
od1er n1icrobes were first observed by L . A. Rogers 
in 1928 (88), and they were further studied by Wl1ite
head and collaborators in New Zealand in 1933 (101, 

102). Whitehead and collaborators were seeking the 
cause ··of slow acid development in cheesemaking 
wh <:)n they discovered "inhibitory streptococci." Fur
d1er practical daitying aspects were studied in Britain 
in 1943 by Meanwell (78) and Hoyle and Nichols 
(53). They were ·concemed with the effect of lactic 
streptococci on each other and wished to avoid sb·ain 
dominance in multiple sb·ain staTt6rs. 

In the meantime, the physiology of nisin product
ion, its assay, conditions for pilot plant production, 

, 
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its purification, and chemical composition were all 
reported (3, 9, 10, 12, 13, 41, 42, 43, 49, 74, 76, 80 
94). In the U.S.A. in 1951 Baribo & Foster (7, 8) es
sentially confirmed the results of the Emopean work
ers though they felt uncertain that they were dealing 
with nisin. This was pa1tially because it was only 
slowly realized that nisin was not a single substance 
but a family of antibiotics. It became knov.rn that 
one strain produced five different substances, that 
the same sh·ain could produce mixtures which dif
fered according to growth conditions (44), and that 
different strains of S. lact-is produced different anti
biotics (46). Streptococcus cremoTis was also known 
to produce an antibiotic termed diplococcin, which 
differed from nisin in many respects (84). 

The question was also asked but not resolved, 
whether sh·eptococci other than the lactics are able 
to produce antibiotics . Murray and Loeb (82) re
ported that three sh·ains of hemolytic streptococci 
grown on blood agar produced antibiotics and using 
cellophane sacs obtained cell-free antibiotic prepru:
atio~s . Hirsch and '\iVheater, in a lru·ge smvey in
volving about 10,000 isolates of sh·eptococci, only 
obtained antibiotic effects with lactic streptococci 
(51). 

This is a brief and incomplete accotmt of the eru·ly 
work on nisin . Since 1966 interest in nisin has b een 
revived along modern lines of molecular biology. 
The. work o.f Gross and co-workers is leading to a 
much better understanding of the composition and 
structure of nisin (2, 31, 32). The biosynthetic mech
anisms (54, 57, 58) and the significance of the anti
biotic to the produ cer organism are also b eing studied 
(56). 

STREPTococcu s L Acn s Vm~sus SPOREFORMERS I N NIILK 

There are several reports on the effect of S. lactis 
on aerobic sporeformers, especially Bac·illus cereus. 
The latter is of some importance as a possible food
poisoning orgru1ism . The effect mostly investigated 
was the development of a fault of milk called "bitty 
crerun" or cream nsmg. This results from the B. 
cereus lecithinase acting on milk fat-globule mem
branes (92); such milk, when only mildly heated, 
goes "bitty," i.e. the fat-globules coalesce thus spoil
ing the apperu·ance .of coffee or tea. Gru·vie and 
Stone (23) inves tigated this defect but found little or 
no effect of nisin or non-nisin producing cultures 
when the milk was kept a t 15 C or higher. At 5 C 
or 10 C the sporeformer did not develop. A nisin 
producing strain did not retard development of the 
sporeformer but at the lower temperature of storage, 
after an initial increase, numbers of B. cereus, de
clined (23) . These findings appear to apply also to 
B. subtilis and were confirmed and extended to 

V.H.T. treated milk (40, 79, 81, 90). 
!->'lore recently "cream rising" has also been asso

(;iated with a specific milk globulin fraction which 
helps to attach bacteria ( S. cremoris and B. cereus) 
to the fat globule membrane (91). 

STHEPTOCOCCUS LACTIS VERSUS SPOREFORMERS . I N 

CHEESE AND PROCESSED CHEESE 

In 1951 Hirsch and collaborators used nisin pro
ducing starters in Swiss type cheese to control "blow
ing" faults caused by Clostridium buty1'icum or Clos
tridium, tymbutyricum (48, 77). Later nisin became 
available in a skim-milk carrier and both the addi
tion of nisin and the use of the cultures were exten
sively investigated (33); in many western cotmtries 
nisin became an accepted and legal food additive 
(34, _66). . Much of the early work was reviewed by 
Berndge 111 1953 (11 ) and the effectiveness of nisin 
appears to have been es tablished . Nevertl1eless 
some of the results remain conh·adictory to this day: 
For example Pulay and collaborators (18, 85), work
ing in Hungru·y, found that nisin had side effects in 
cheese manufacture; it retarded other lactic acid bac
teria so that the cheese became more liable to faults 
caused by development of resistant gram-negative 
flora. On the other hand Kooy and Pette in the 
Netherlands (69, 70) used nisin producing starters 
successfully in tl1e manufacture of Edrun cheese. 
Kooy (68) was the first to show that the decrease of ni
sin content observed in some cheeses was linked with 
the growth of Lactobacillus plantaru:m and suggested 
tl1at this organism made a nisin ase (see below ). More 
recently, Goudkov and Sharpe (26) studied the inter
relationship of 1ml!-: lactic acid flora witl1 ·c. tyro
buty·rictl1n, ClostTidium beijerinldi, Clost?"idium spo1'o
genes, and Clostridium perfl"ingens in aseptically and 
non-aseptically made cheese. The latter clostridia 
occurred only as sp ores ru1d did not develop in cheese, 
whereas the first was able to develop and caused 
rancidity if the pH was above 5.3. The starter flora , 
which was not examined for nisin formation , "vas in
hibitory to the growth of C. t yTobutyT·icum. 

STHEPTOCOCCUS L ACTIS VERSUS SPOHEFOHMEHS IN 

CANNED A m OTHER FooDs 

Streptococcus lactis cells, do not survive tl1e hea t 
h·eatment involved in preparation of canned foods . 
However, nisin used as an adjunct to canning, in
hibits development of spores and has been exten
sively tested as a food additive (83). 

Much of this work has been excellently reviewed, 
earlier by Hawley (33-36) and more recently by Jarvis 
and Mmisetti (66). The use of ru1tibiotics in ther
mally processed foods is a lm·ge subject which can-



·'' 

420 HURST 

not be dealt with adequately in this review. The 
acceptance of nisin as an additive in canned foods 
is based on several criteria, principal among these 
is· that it is non-toxic (21, 89 ), it is degraded by in
testinal bacteria and enzymes (4, 17, 39, 65, 96), it 
is of little therapeutic value because of its insolu
bility at physiological pH (30), and it does not form 
cross resistant mutants (43, 45, 86). 

Among the closh·idia, Clost1"idium botul-inu1n is one 
of the more nisin resistant species (36, 59) so that in 
canned foods a minimum "botulinum cook" is always 
necessary. If so used, or used in products which are 
subject to spoilage but present no health hazard, 
nisin has been reported to be effective. Thus it was 
repmted effective in beans in tomato sauce and peas 
(25, 67), tomatoes (98), chocolate flavoured milk (37, 

98), vegetable purees (99), soups (5, 6, 36) and other 
foods (20, 35). For a more comprehensive list of 
foods see ref. 34. The writers' experience has been 
that nisin was effective in cheese and processed 
cheese and in soups, inhibiting flat sour thermophil
lie spoilage. Nisin was useful in soups when this 
was made from high quality starting materials but it 
was ineffective when heavily contaminated lentils 
were used as the starting materials (~4). Similarly, 
we fotmd that nisin was tmable to prevent spoilage 
of prepacked bacon from which we isolated a nisin
resistant flora. 

RESISTANCE TO NISIN 

Nisin resistant sb·ains of Escherichia coli and 
S;reptococcus faecalis did not inactivate nisin ( 43 ), 
a finding confirmed by RmYlseier (86). However, 
Kooy (68) reported an exb·acellular nisinase in Lacto
bacillus plantarum and nisinase has been reported 
in other lactic sb·eptococci (22, 72), in Staphylococcus 
aureus (16), and in St·reptococcus thennophilus (1). 
The latter was the first serious study in which the 
"enzyme" was shown to be inducible and specific in 
its subsb·ate requirements to nisin. The enzyme was 
extensively studied in B. cereus by Jarvis (60-64). He 
showed that the enzyme was active against both sub
tilin and nisin [polypeptide antibiotics known to con
tain a similar amino-acid residue (32)]. Nisinase is 
specific to these antibiotics and acts by reducing an 
unsaturated bond; this inactivates the antibiotics 
without causing detectable change in their molecular 
weights (64). 

Gould (27) and Gould and Hul'St (29) suggested 
that the resistance of bacilli to nisin could be cor
related with the method of spore-coat opening. Small 
celled species (e.g. Bacillus subtilis) appear to open 
their coats by mechanical pressure (type M) and on 
agar culture slides, the spore-coats remain visible 

long after vegetative outgrowth has taken place. M
Type spores are sensitive to 2-10 units of nisin/ mi. 
Large spored species (e.g. B. cereus) open their 
coats by lysis and in agar slide cultures the swore
coats tend to disappear after vegetative growth com
mences. These lytic spores ( L type) are much more 
nisin-resistant and generally they are insensitive to 
even 100 units/ mi. 

Nisinase has recently beel'J. suggested as a means 
of identifying nisin in foods (66) and, altl1ough pre
liminary results are encouraging, the enzyme is not 
yet available in a purified and isolated form. 

IN VITRO EFFECT OF NISIN ON SPOREFORMERS 

Ramseier (87) carried out extensive investigations 
on the in vitro effect of nisin on C. butyricum. He 
confirmed earlier findings that nisin was bactericidal 
( 45, 47). Nisin was absorbed from solution by spores, , 

especially germinated spores (28), and acted on them 
by releasing 260 mf.L .absmbing substances. In this 
respect, as well as many otl1ers, nisin acted similarly 
to cationic detergents. However, nisin was also ef
fective on vegetative cells, young cells being equally 
sensitive to old cells. Old cells did not release "pool 
substances" so that this facet of tl1e mode of action 
remains obscure. Early reports suggested that nisin 
decreased the heat resistance of bacterial spores (71 , 
83). This effect was more apparent than real (14, 15, 

19, 83) and resulted from carryover of antibiotic into 
the culturing medium. Spores damaged by heat 
were claimed to have increased nisin sensitivity (38) 
but tl1is was not confirmed (98). The carryover re
sulted from adsorption of nisin to the spore-coat and 
spores incubated witl1 trypsin could be germinated 
and grown normally (95). Tramer (97) reported that 
Bacillus stearothermophilus spores did not bind nisin 
firmly and that tl1ese spores did not germinate in the 
presence of nisin but Hitchins et al. (52) and Gould 
(28) observed phase darkening and loss of heat re
sistance witl1 56 sb·ains of bacilli studied. They con
cluded tl1at nisin prevented outgrowth ratl1er than 
germination. 
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ABSTHACT 

Current public health organization will undergo a dramatic 

change during the decade of the 70's. Two reasons for this 

anticipated change are: (a) growth of ecological awareness 

by the general public, and (b) greater public acceptance of 

the principle that good medical care is a right, rather than 

a privilege. These forces have placed the agency-employed 

environmentalist in a position of unaccustomed visibility and 

with the popular support he has long sought. Leadership in 

I environmental management can be his but only if he can 

move quickly and meet certain criteria, among these the reali

zation that actions designed to correct or prevent environ

mental degradation must be problem-oriented, rather than 

program-oriented. 

The organizational structure of the traditional pub

lic health agency will, I believe, undergo profound 

chang<:s during the decade of the 70's. So profound, 

in fact, that it may well cease to exist as we know 
it day. This will be caused by two movements on 

the current social scene which will play a command
ing role in determining the shape and structure of 

public health in the future. These are: 

CONDITION OF ENVIRO TMENT 

First, the snowballing popular recognition of the 

'Presented at the Sanitarians' Institute, University of Albu

querque, Albuquerque, New Mexico, January 4-22, 1971 

condition of the environment in which we all must 

live. Unlike other contemporary h·ends this one has 

the active support of a wide array of social and 

economic groups. Rallying around the banner of 
ecology is the largest assortment of ill-matched al

lies since the Crusades. The young and the old, 

the left and the right, the religious and the non-re

ligious, the "Silent Majority" and the activist, are 

all increasingly concerned with the quality of the 
environment in which they live. Although signs of 

a fad exist in this movement there is no doubt that 
a sh·ong element of very deep concem exists and 

can be expected to persist as long as the quality of 
life continues to decline. 

MEDICAL CARE 

Second, the growing general acceptance of the 

principle that good medical care is a right, rather 
than a privilege. Translating this premise into pro

grams, the Federal government has developed two 
financing mechanisms, Medicare and M e d i c aid, 
which have enabled many people, formerly depend
ent upon public health agencies for medical services, 
to purchase such services in the private market. 
In addition to the inflationary effect these programs 
have had upon medical costs, they have also in ef
fect reduced the need for the "clinic" approach to 

(Continued on Page 431) 
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Chicago, Illinois 60603 

ABsTRACT 
The following topics were highlighted in this paper: 

(a.) Candy manufacture is basically th e physical ch emistry of 
super-saturated solutions. (b) Quality control is necessary 
to produce a clean, uniform, and legal product. (c) Quality 
control is necessary to control costs. (d) The high solids 
content in finished confections requires special packaging. 
(e) Effects of small quantities of foreign material such as 
ash and protein may affect quality at the temperature used 
to manufacture most candy. (f) Methods of producing grain 
within the confection or by adding seed to produce grain. 
(g) Candy manufacturers should develop purchasing speci
fications in the absence of government or industry standards. 
(h) Specifications should meet Federal Food and Drug Ad
ministration requirements. ( i.) It is important to know the 
microbiology of certain in gredients , particularity products 
of animal origin. These sensitive in gredients should be quar
antined on r eceipt and not used until found safe. (i) The 
candy manufacturer is legali y responsible for the products 
offered for sale. 

The title of this paper is rather broad, so broad 
in fact that much of the material is applicable to 

. production of many foods, other than confectionery. 

. J t . is customary and desirable to define the para
. 'iTi~ t e,r~ of a discussion, and logically in this discus-

sioi1 ,_1' should define "Quality Control." 

· These two : words generate pleasing thoughts in 
the minds of everyone, but what does this phrase 

· actually mean? If you ask any food manufacturer , 
whether it be a one-man operation or a firm employ
ing several thousand individuals, he will say he has 
a · quality conti·oi program. A quality control pro
gr~lm im1y consist of, in the simples t form, the cook 
tasti1ig a soup to ·see if there is enough seasoning, 
or it may consist of the more detailed procedures 
using sophisticated laboratory equipment and taste 
panels. 

. I · l<now of one candy manufacturer who disliked 
pineapple flavor and refused for years to include 
this flavor as one of the many flavored candies man 
ufactured by his firm. H e did not care whether the 
item would sell or not-he didn't like it and that was 
it. You might call this a biased organoleptic control 
program. This is ·one of the advantages of a taste 
panel. 

1Presented _.at the 58th .Annual· Meeting of th e International 
Association ·of ~.ililk, Food, and Environmental Sanitarians, 
San Diego, c ,{liforni a, August 15-19, 1971. 

\ VHY Q uALITY CoNTHOL? 

(a) To produce a uniform product so as to in
sure continued consumer acceptance. 

( lJ) To control cost so as to obtain a return on 
the initial investment. 

(c) To comply with government regulations. 
All of the above are of equal importance. 

J\!Ios t candy manufacturers started out as small 
manufacturers , usually in the kitchen of their homes. 
There are built-in safety factors because of the temp
erature required and the relatively low moisture ' 
content of the final product. I have had visits from 
a number of individuals throughout the years, want
in g information as to how to expand their kitchen 
operations. 

A product made in the kitchen that has gained 
local acceptance may have potential in an expanded 
market. However, limited production for quick sale 
and with a minimum of problems of shelf life and 
distribution is one thing. But expanded production 
entailing greater overhead as to personnel, capital 
investment in building and equipment, labor, and 
many other factors, plus the ability to compete in 
the open market is something else. 

The more I see of the food field, the 1'nore I realize 
that when considering the manufacture of a food 
item, the first thought should be given to employing 
a lawyer knowledgable in food and drug law, and a 
food technologist. Another requirement is that the 
candy manufacturer should be well aware of the 
sanitation requirements of the particular item he 

, plans to manufacture. 

CoST CoNTHOL 

There is no point in manufacturing a candy item 
.and selling it at a loss. Everyone is well aware tl1at 
basic costs are increasing. You meet them by in
creased production through automation, sales, and 
marketing techniques . I have mentioned the kitchen 
operation where the candy manufac ture, packaging, 
and distribution was performed by the family. 

There are a number of in_teresting stories of how 
several candy manufacture1:S es tablished a complete 
chemical and microbiological laboratol-)i: .. . ·on:elnaiiu
facturer vvas producing a chocolate-coated bili. His 

, 
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production sheets showed a constant rate of produc
tion for his market. All a t once he noticed they were 
using more chocolate for the same number of bars 
produced per unit time. Chocolate is not an inex
pensive ingredient. H e called me and I inquired 
if he had checked the viscosity of each chocolate ship 
ment on receipt. H e said "No," but he had obtain
ed the same coating from the same supplier for 
years. On test, the coating viscosity was too high. 
and he was co:ating the bar centers with too much 
chocolate. 

I suggested that he buy a viscosimeter and check 
all incoming shipments . In addition, I suggested 
that he set up a laboratory and check production 
runs of bar center versus coating. This is a simple 
technique of weighing the finished bar and then re
moving the coating by a fat solven t. The difference 
in vveight is the coating. This simple procedure 
demonstrated to this manufacturer the importance 
of laboratory control. 

Once this firm saw what a laboratory could do, 
they set up a complete statistical quality control pro
gram including a well equipped laboratory. 

Another firm encountered production difficulties. 
Indications were that the sweetened condensed skim 
milk was out of control. Analysis of the milk re
vealed a high percentage of water. I was informed 
that based on calculations, the processor had been 
spending over $300 a month for water . More will 
be said about ingredients later in this paper. 

GOVER1 MENT R EGULATIONS 

Why government regulations? Regulations are 
not on the books because some regulatory official 
had nothing else to do. Basically, the purpose of 
government regulations is to protect the consumer. 

The following statement is an excerpt from the an
nual report of a regulatory agency. 

" It is encouraging to record organized industry ef
forts to effect basic corrections of conditions and prac
tices that have formerly caused tremendous losses of 
food through failure to protect it from contamination 
by rodents and insects. Under the leadership of their 
trade associations, several large industries have set up 
organizations to deal with sanitation on an industry
wide basis. The dairy industry in years past had 
blazed a path by setting up improvement groups with 
a view toward better plant sanitation and protection of 
raw materials. During the year, other industries, such as 
the milling, baking, canning, and confectionery groups 
have employed specialists in sanitation to assist the 
member firms, both in establishing general concepts of 
sanitation and in solving particular problems that con
front them. Other industries are contemplating similar 
steps toward an informed industry compliance with re
quirements essential to the proper handling of food . 
In addition to industry-wide groups, many companies 
have employed technically trained people to deal with 

sanitary controls within theil' own organizations." 
"Regulatory attention to filth and decomposition can

not be relaxed, however. The availability of more labor, 
which it was hoped would relieve some phases of the 
problem, has been partially offset by higher costs of 
production, an excuse given by some manufacturers for 
curtailing attention to sanitation . Unfit raw materials 
are still being used by too many manufacturers who con
sider their responsibility discharged when the facto1·y 
itself is operated under sanitary conditions. It is equally 
important to the consumer to have his food produced in 
sanitary factories and to have it protected during every 
stage of its handling from the fann to the table." 

The source of the above statements is the Annual 
Report of the Food and Drug Administration of 1946. 
The food industry h as come a long way since 1946 
with particular regard to envi1;onmental sanitation . 
Since then, in addition to environmental probl ems, 
more attention is being given to bacteriological ha
zards, pesticides, residu es, food additives, genetic 
mutagenesis , etc. and you might say more attention 
is being given to many other things in the food sup
ply that you do not ordinarily see. 

The confectionery industry uses many agricultural 
ingredients, both domestic and foreign. The philos
ophy of regulatory enforcement being what it is, 
the candy manufacturer is responsible for the quality 
of the ingredients used, the processing, packaging, 
and distribution through many channels up to and 
including the consumer. His name is on the package 
and to the consumer and to the regulatory official 
he is responsible, regardless of who may have abused 
his product. 

I N GREDIENT Q uALITY CoNTROL 

Ingredients used in candy manufacture are sub
jec ted to much higher temperatures than in many 
other foods. For details of the physical and chemical 
methods used to test ingredients and finish ed goods, 
you should consult the Official and Tentative Meth
ods of the Associatio·n of Analytical ChenL'ists, tenth 
edition, 1970. There are a number of other te~t" the 
candy manufacturer may use to screen ingredients 
prior to using more detailed tests contained in the 
A.O.A.C. 

Sugar 
Sucrose, either cane or beet, may be suitable for 

table use or in other foods, but the elevated tempera
tures used in candy manufachue will emphasize dif
ferences in sugar composition usually considered of 
minor importance. 

Sugar is manufactured by the general process of 
seeding a super-saturated sugar solution . The cry
stals are removed by centrifuging and are then wash
ed . The first crystallization or "sh·ike" is the purest 
crystal and is referred to as "strong sugar". This 
refers to the resistance of this sugar to inversion . 
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Then, the mother liquor is again concentrated and 
seeded. The ash, protein, and other materials in the 
mother liquor are increased in concentration with 
each strike. The opportunity for these components 
of the mother liquor to become entrapped in the 
lattice 'vVOrk of the crystals is therefore increased 
with each strike. Last strike sugar is easier to invert 
than first strike sugar. I am informed that the cry
stals resulting from each strike are blended to pro
duce a uniform product. Comparison of first strike 
molasses with last strike molasses, as with black 
strap molasses, illustrates the point. 

At this point brief mention should be made as to 
how texture control is obtained in various confec
tions. Sugar is the main ingredient and a sugar 
solution will illustrate the point. Sufficient water is 
added to sugar to prepare a sirup. H eat is added 
to dissolve the sugar. The water must then be re
moved . Slow removal of the water may result in 
over inversion of the sugar. Therefore, fas t water 
removal is desirable in most types of hard candies. 
This fast removal of water is usually done under 
vacuum. 

As water is removed, viscosity of the solution is in
creased . The increased viscosity inhibits crystal for
mation . It is therefore possible, by removing a great 
deal of the water , as with hard candy, to about 1.5%, 
to produce a liquid that, on cooling, is supercooled . 
This produces a clear glassy like material without 
obvious grain . 

Fondant is a mixture of sugar and corn sirup. A 
hot solution of these sugars is agitated at a constant 
rate. The sugar crystallizes into fine crystal. E ach 
crystal is surrounded by a thin layer of sirup. Finish
c d fondant may be used to seed other supersaturated 
solutions of sugar . In the industry this is called a 
"bob" sirup . A solution of sugars is prepared and, 
while hot, a quantity of fondant is added. I t is 
important not to completely melt the fondant, as the 
seed will be destroyed. The seeded sirup is run 
into moulds. As the seeded sirup cools , the fondant 
generates crystals throughout the entire solution . 

There is another example that is also interes ting. 
Fudge, as made in the home, is prepared by hea ting 
sugar, milk, and cocoa, or chocolate to a definite 
temperature. It is known that the lid should c e 
kept off the pot for the first few minutes . After 
cooking, the p ot is permitted to cool until the hand 
can be placed comfortably on the b ottom of the pot. 
Then the sirup is beaten until it changes color and 
it is then poured into a suitable container . 

What has actually happened? The lid on the pot 
caused water of condensation to form and water ran 
down the inside of the pot, dissolved the sugar 
c-rystals on the side of the pot which, in tu rn , prevent-

ed the seeding of the sirup dming cooking. The 
cooling after the fin al cooking increased the super
saturation of the sirup solution until there were more 
crystals in solution than would ordin arily occmr at 
this temperature. Beating of the sirup caused grain 
to form. The agitation produced small crystals and 
prevented agglomerates from forming that would 
give a rough-textured fudge. F udge preparation in 
the home or in the factory obeys the laws of the 
physical chemistry of supersaturated solutions . 

The total amount of ash derived from sugar, water, 
and other ingredients can influence the characteris
tics of candy, particularily hard candy and fondant . 

Municipal water supplies are usually constant with 
respect to odor and taste. Also they maintain the 
chEmical components within limits. The candy manu
facturer using these water supplies adjusts his man
ufacturing techniques to these conditions. The fol
iowing two case histories indicate the necessity o£, 
knowing water quality in more detail. An eastern 
manufacturer of hard candy decided to build a 
branch plant in Louisiana. One of the reasons was 
that he would be near a sugar supply. The plant 
was put in operation . The candy produced was 
sticky and not what he expected. \iVhat he had failed 
to check was the hardness of the water. In this 
particular locality the water hardness was 149. This 
plant did not remain in production. 

The second example involved a candy manufacturer 
in the state of Ohio. The water supply was obtained 
from the city. The source of the water was from deep 
wells. This manufactmer was experiencing difficulty 
in the manufactme of hard candy in the spring of the 
year; during the fall his fondant was discolored. 
vVhat happened was that in the spring, the water 
table was high and water contained dissolved ccu·
bon dioxide. This seemed to buffer the alkaline salts 
in the water . During th e fall the water table was 
low and water contained considerable alkaline ash . 
As this was city water , there was little he could do 
about ·it. H e considered ion exchange treatment of 
processing water, distillation, or the purchase of 
liquid sugar. H e finally resolved the problem by 
purchasing liquid sugar. I know of a number of 
firms that have established branch manufacturing fa
cilities. The first thing the chemist does is to take 
water samples and prepare candy according to th ~ 
standard formulas. vVater quality, for years, had 
not been generally considered important in candy 
manufacturing. The National Confectioners E duca
tional and Scientific :· Foundation decided to sponsor 
a study to quantitate the d fect of dissolved mineral 
in water on sugar inversion . A grant was made by the 
Foundation to the Food Science· Department, Univer
sity of \Visconsin, Madison . TJ1e concenh;a tions of 
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the dissolved salts used in the experiments were with
in the limits recommended by the Public Health Serv
ice. Standard concentrations of sugar solutions were 
prepared. Tests were conducted at 250 F. 

Some of the results are as follows. "Under the 
conditions of the experiment, presence of Na2COa 
and NaHCOa caused a browning reaction. City of 
:Vladison water gave similar results. The presence 
of MgCh resulted in an increase of reducing sugar. 

;;. After hea ting for 30 min , at 250 F , a browning reac
tion developed apparently caused by degradation of 
the sugars. The presence of CaCh in the solution 
also resulted in an increase of concentration of re
ducing sugars but not accompanied by the browning 
reaction." 

The details of this study are contained in Resea-rch 
Report 71, College of Ag-riculture and Life Sciences, 
Research Division, Unive-rsity of Wisconsin, Mad·ison, 
October 1970. Results of this study illustrate that a 
food manufacturer should know his water supply 
as he would know any other ingredient. 

There may be a difference between cane and beet 
sugar. Cane sugar is usually more highly refined. 
The candy maker can observe a pan of boiling solu
tion of sugar and may be able to determine if it is 

• 

cane or beet sugar. I hasten to add that the quality 
11 of bee t sugar has been improving and beet sugar 

can be refined equally as well as cane sugar. The 
general quality of beet sugar is acceptable in a num-

I 
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ber of classes of candy, while cane sugar is preferred 
for white goods. Most candy manufacturers also 
specify crystal size. 

In any quality control program it must b e recog
nized that the supplier has production problems. 
Many candy plants, on receiving a shipment of sugar, 

I do a fast quality check by using the Hooker Meth
od, developed by the U. S. Bureau of Standards and 
published in circular C-440. This circular, incidental
ly, is out of print In substance, the test is as fol
lows: 

One-half a pound ( 227 g) of sugar is placed in a copper 
casserole of the followin g dimensions, 4 9/16 inches diameter 
at the top, 2 1/4 inches at the bottom, and (a) h eight (of) 
2 9/ 16 inches ( inside measurements). After the addition of 
3 oz ( 89• ml ) of distilled water, the casserole is placed over 
the naked flam e of a burner. F lame should be regulated 
previously to such a size that th e total time of heating re
quired to bring the temperature to 350 F ( 177 C) is 21-25 
min . ( It has been found th at this condition will be fulfilled 
if 200 ml of water at room temperature is brought to a 
point of vigorous boiling in 4 l/2 to 5 min.) 

The contents of the casserol e are continuously stirred until 
the ' ugar has dissolved, and the stirring rod is then remov
ed . If the size of the flame has been properly adjusted, 
the solution should start to boil in about 5 min after being 
first put over the flam e. At this point, an inverted watch 
glass is placed over the casserole; otherwise the sugar will 
tend to crystallize as th e evaporation proceeds. 

, ,· 

After the heatin g h as continued precisely 15 min from 
the time when the casserole was first placed over the flam e, 
the watch glass is removed, and the solution is then thoroughly 
and constan tly stirred without a moment's interruption un
til th e boiling has reach ed exactly 350 F ( 177 C, ) the ther
mometer being used as a stirring rod . The casserole is then 
instantly removed from th e flam e and its contents are as 
rapidly as possible emptied upon a polished copper slab 
14 X 14 1/ 4 inches in size. In a few minutes, the mass be
comes brittle and can be broken up for further tests. 

The Hooker procedure is deficient chiefly in re
producibility. The test has b een modified in a num
b er of laboratories such as using porcelain casseroles 
instead of copper. The end result of this procedure 
is the characteristic color produced. The test is rela
tive since it does not give quantitative measurements . 
Often a sugar sample subjected to this test gives a 
tan color. If the sum total of the color-producing 
materials does not affect the candy in which it is 
to be used, then the sugar is acceptable for the in
tended purpose. 

It takes very little protein and ash to produce 
dark colored sugar. The acceptable amount of color 
is an individual company decision. The merit of 
this test is that it is quick and gives a general rule 
of thumb for any needed furth er tests . Heavily dis
colored samples are rejected regardless of the reason. 

Today, there are more and more custom blends of 

liquid sugars being offered to the food processor. 
D elivery is usually in tank cars or trucks. It saves 
the cost of handling, dissolving the sugar, etc. The 
economics of liquid sugar depend a great deal on the 
distance from the supplier. This is reflected in ship
ping costs, plus the cost of water removal, the storage 
facilities, etc. 

Corn syrup 

Checks are made as to dextrose equivalents, color, 
total solids, and response to heating. The wide 
variety of corn syrups offered and the quantities used 
make it imperative that the candy manufacturer 
make sure the right syrup goes into the right storage 
tank Color is important in the manufacture of white 
goods. Solids are also important in the formulation 
of the candy. 

·whipping agents 

\ 1Vhipping agents used in confectionery are animal 
or vegetable in origin. Gelatin, soy protein, egg 
white solids are commonly used. In addition to pro
viding light texture, they serve as protective colloids 
to slow down formulation of sugar agglomerates . D e
velopment of these agglomerates gives a . rough tex
ture in candy, particularly in fondant. Gelatin is 
usually purchased on the basis of the Bloom Test. 

The tes t was named after the man who developed 
the method. Basically, it is a measure of the amount 
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of force necessary to penetrate a solution of gelatin 
of known concentration. :tvleasurements on foaming 
characteristics are also done. 

Manufactu.1'ed mille 
The confectionery industry uses negligible quanti

ties of fluid milk :Most of the milk used in candy 
formulas is usually some variety of condensed or dried 
milk. The constituents of some of these manufactur
ed milks are generally specified in U.S.D.A. Guide
lines. However, in automatic processing, these milks 
should be uniform within specified limits because 
automatic equipment may not compensate for varia
tions in ingredients . 

Fats and oils 
Butter and hard butters are used to impart flavor, 

lubrication, and textural qualities. Tests for quality 
include taste, obvious rancidity, and free fatty acids 
for borderline rancidity. F ats are also well known 
for their ability to absorb odors. The heat used in 
processing candy will accelerate oxidative changes 
and a product of low consumer acceptability re
sults. The melting point of the hard butters used 
is important in controlling texture and volume. 
Nuts 

Some of the nuts used in confections are peanuts, 
pecans, almonds, coconut, filberts, Brazil nuts, and 
cashevvs. There are U .S.D.A. grading specifications 
for these nuts. 

Chocolate and chocolate products 

Chocolate by definition is the ground portion of 
the cacao bean . It is what is commonly referred to 
as chocolate liquor or baking chocolate. The Federal 
Food and Drug Administration has Standards of 
Identity for Cacao and Cacao Products. 

I migh.t mention that technically, there is no such 
thing as "white chocolate." To be called chocolaie, 
the ingredient must contain chocolate liquor. Quality 
control consists primarily of viscosity tests to make 
sure the proper coverage of products is obtained . 
Flavor is equally important. Analysis of cacao 
butter content and milk protein is also routine. Tast
ing for proper flavor is highly desirable. 

There is considerable similarity between the blend
ing of the various cacao beans and the blending of 
coffee beans to obtain specific flavors . 

Cocoa powder quality is evaluated by suspending 
the powder in boiling water, with or without sugar, 
for tasting compared to a standard. Color can also 
be compared to a standard. Fineness can be determ
ined by a screen test using a petroleum solvent or by 
use of a calibrated microscope. The pH is also im
portant in some uses . 

The quality of chocolate coatings is judged by 
taste, gloss , snap, or brittleness. To obtain these 
characteristics, the coatings must be tempered. Cacao 
butter in chocolate is a mixture of triglycerides and 
like all fats, exhibits polymorphism. Each trigly
ceride has its own physical characteristics. There 
are several classifications of these triglycerides pro
posed by various authors. For purposes of this paper 
the terminology of Dr. S: V. Vaeck will be used. 
He calls the triglycerides alpha, beta, and beta-prime. 
The stability of each crystal varies as to melting 
point, latent heat of fusion , shelf life, and contraction 
from the liquid phase. The following table illustrates 
the variations in each type. 

Contraction 
2~~~~:_____!~~~--'~~~--~:__ _ ___:_fr:::ue::m:.c:.llqul.<!_ 

Melting l:leltin l! Latent heat Approx. 
Type point •c point 'F of f usion life 

{1 34-35 93.2-95 
(1' 27-29 80.6-84.2 
a 21-24 69.8-75.2 

36 cal/ g 
28 cal!g 
19 cal/g 

stable 
1 month 
1 hr 

0.097 ml/g 
0.080 ml!g 
0.060 m11 

Of these forms , only the f3 form is stable. All 
others are temporary and will in time change over 
to the stable form. 

To obtain the stable form in a general sense, raise 
the temperature to about 140 F for sweet chocolate, 
and to 120 F for milk-containing coatings. These 
temperatures will melt all of the triglycerides. The 
temperature is then gradually lowered as constant 
agitation is applied. As the temperature is lowered, 
the three types of crystals are produced . The temp
erature is lowered to about 86 F and then raised to 
89-90 F . The rise in temperature destroys all but the 
beta-crystal. The coating is still liquid and by con
trolled application to the centers the beta-crystals 
will cause only beta-crystals to form as the coating 
is cooled. 

Chocolate-coated candy must be protected against 
adverse conditions of temperature and humidity. This 
requires controlled temperature and humidity. Pack
aging is also important. To illustrate, there is . a .de
fect that appears on chocolate called, "bloom." It 
presents a gray appearance and it may appear to be 
mold. Th:e pause of the bloom is heat and/or ,mois- . 
ture. Heat melts the fat and on recrystallization it 
presents a gray appearance on the surface of the 
candy. Moisture melts the sugar and it, in turn, on 
recrystallization, shows a gray appearance :on the 
surface of the candy. E xamination with a good hand 
lens will reveal the facts . Latent heat in the ·cen
ters, when they are coated, will migrate to the :~>ur
face .and dissolve .the fat and also cause .fat bloom. · · 

MICROBIOLOGICAL CoNSIDERATIOr s 

Up to this point, I have mentioned 'briefly some of 
the physical and ch emical quality conh:ol t ests used 
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by the confectionery manufacturer. In recent years, 
food production has changed from local production 
and consumption to a complex system of distribution 
made possible by improved packaging and preserva
tion techniques. Any error of sanitation in this com
plex system may be rapidly disseminated nationally 
or world wide. This is illustrated by the activities 
of the regulatory officials to eradicate Salmonella. 

from the food supply. The remainder of my com
ments will deal with microbiological control. 

Candy manufacture for purposes of microbiological 
control can be separated into two categories. (a) 
cold processed confections, and (b) hot processed con
fections. In the first category would fall mainly 
moulded chocolate, chocolate coatings for cream cen
ters, and certain panned items. The temperatures 
used in processing rarely reach what is generally 
termed pasteurization, or better yet, sterilization. The 
moisture content of these candies is quite low. Hot 
processed confections, on the other hand, would in
clude hard candy, fudges , toffees, caramels, gums, 

jellies, marshmallow and nougats, etc. 
Most finished candies have a high solids content. 

Acidulants used as flavor enhancers and the flavors 
themselves may be bacteriostatic or bacteriocidal. 

It has been estimated there are between two and 
three thousand varieties of confections. It would 
be an impossible task to evaluate each of these con
fections as to a possible bacteriological hazard. For 
this reason the effect of the sum total of ingredients 
on Salmonella survival in the finished candy is being 
evaluated by a study under the sponsorship of the 
National Confectioners Educational and Scientific 
Foundation at the Food Research Institute, Univer
sity of Wisconsin, Madison. 

The role of bacteria in diseases of man and ani-
l mals has been known since the time of Louis Pasteur. 

I 

•' ~ 

Investigators of illness during the early years were 
busy searching for a specific microorganism as a 
causative agent of disease. During the past few years, 
heavy emphasis has been placed on Salnwnella. Out
breaks of bacterial food-borne illness have b een re
ported from time to time. The reports of the Center 
for Disease Control have done much to highlight the 
necessity of trying to eliminate Salmonella from the 
food supply. 

About 1300 serotypes of Salmonella are known to 
cause illness in man or animals. Rather than becom
ing involved in the details of methods of laboratory 
examinations, which are available, let us confine the 
remainder of this discussion as it applies to the sub
ject of this paper . 

Sugm· products 
The staphylococi, Shigella, streptococci, certain 

clostridia, the aerobic bacilli such as Bacillus cereus, 

and certain strains of Escherichia coli have been in
criminated in food borne illnesses. To my knowledge 
there have not been microbial problems with dry 
sugar, liquid sugar, and corn syrups. The viscosity 
of liquid sugars is high enough to inhibit microbial 
growth. In the storage of liquid sugars, care must be 
exercised to prevent water of condensation from 
forming inside the tanks. This condensate may run 
down the sides and layer on the surface of the sugar 
solution. 

Microorganisms present in the air will seed this 
diluted solution and then will grow. Vertical storage 
tanks offering a minimum of exposed liquid surface 
(as contrasted to horizontal tanks) , filtered air in
take vents, temperature controls in the tank storage 
area, and ultra-violet lights installed inside the tanks 
·will do much to prevent microbial growth from de
veloping in any condensate that may form on the 
surface of these ingredients. 

Animal and vegetable proteins a·nd fats 
The most common agents of animal origin used in 

candy manufachue are gelatin, egg white solids, and 
certain milk proteins. Vegetable proteins, mainly 
those derived from soy beans, are also used. All of 
these agents are processed ingredients and those, par
ticularly of animal origin , should be quarantined on 
receipt and released for use only after they have been 
tested for the presence of undesirable microorganisms. 

To my knowledge there has been little microbial 
difficulty with the fats and oils used in confectionery. 

Nuts and coconut 

The manufacturing confectioner uses large quanti
ties of peanuts, pecans, filberts, almonds, Brazil 
nuts , cashews, and coconut. Some of these nuts such 
as peanuts, almonds, filberts, and pecans are domestic 
in ongm. Filberts and almonds are also imported. 
Coconut and Brazil nuts and cashews are all im
ported. Nut meats, with the exception of cashews, 
peanuts, and almonds, may receive little or no heat 
treatment. \ i\Te have unpublished data that the dry
roasting (325 F for 20 min) of peanuts containing 
5.0 - 6.0% moisture and, experimentally inoculated 
with 10" E . col-i per gram, destroyed tl1e bacterium. 
Laboratory studies at the Food Research Instih1te, 
University of Wisconsin, using methods similar to 
commercial oil roasting of peanuts at 270 F for 5 
min or longer resulted in the destruction of Sal
monella. 

Coconut is pasteurized after being processed. One 
major coconut supplier has the following published 
specifications for dessicated coconut: 

Standard Plate Count 
Yeast 
Mold 
Coliform 

5000/ g max. 
100/ g max. 
50/ g 'max. 
10/g max. 
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Salmonella 
Staphylococcus 

(Coagulate-positive) 

Negative 
Negative 

Pecans may or may not be given a light dry or oil 
roast. Usually they are used raw. The basis for 
heating most nuts is for blanching to improve the tex
ture, and in some instances as a preventive technique 
to control insect infestation. To my knowledge there 
is little published data on the effect of roasting on the 
bacterial population of nut meats. 

Aflatoxin reared its head a number of years ago 
after a commercial poultryman in England fed what 
was later determined to be aflatoxin-containing pea
nut meal to young turkeys . 

~~Iycotoxins as a causative agent for disease have 
been known to the scientific community for years . 
Probably one of the oldest mycotoxins is ergot caused 
by the fungus Clav'iceps purpurea. It is found on 
grains and most often on rye. 

Following the aflatoxin incident in England about 
10 years ago, all peanut products were surveyed. 
Peanut meal is not used for food in the U.S. However, 
whole peanuts and peanut products are used and 
have been found to contain aflatoxin. Grading of 
various kinds of peanuts by the U .S.D.A. requires that 
peanu~s .contain less than 20 ppb of aflatoxin to move 
in interstate commerce. Most large users of peanuts 
have certified laboratories that do analysis for afla
toxin . Control procedures consist of harves ting and 
storage of peanuts, in-shell and shelled, under condi
tions that will not be conducive to mold growth. 

The U.S.D.A. , the FDA, and the shellers and pea
nut buyers have an active research program directed 
toward minimizing or hopefully eliminating afla
toxin from animal and human foods. Some of the 
phases of this program study conditions affecting 
aflatoxin development during the growing of the pea
nuts, harvesting, storage, shelling, and transportation. 
Sampling procedures and analytical methods are 
being continually evaluated . Mold resistant varieties 
of peanuts are also being investigated. 
. The following is a list of nuts for which the U.S. 
Department of Agriculture has established grades: 
shelled almonds, 1960; almonds in shell, 1964; Brazil 
nuts in shell, 1966; filberts in shell, 1961; shelled 
pecans, 1956; pecans in shell, 1962; English walnuts 
in shell, 1964; peanuts (white Spanish ), farmers 
stock, 1958; peanuts (Virginia type), farmers stock, 
1955; peanuts (runner type), farmers stock, 1955; 
peanuts (shelled Spanish type), 1959, peanuts (shell
ed Virginia type) , 1959; peanuts (shelled runner 
type), 1956; and peanuts (cleaned Virginia type), 
1955. 

The grades are based on size, shape, limits as to 
defects; foreign material etc. Although nuts are 

graded according to U.S. D epartment of Agriculture 
regulations , in addition, they are required to meet 
the standards of the Federal Food and Drug Act. 

According to the Import Detention Lists, thou~ands 
of pounds of Brazil nuts have been denied entry to 
the U.S. because of aflatoxin content, domestically 
produced pecans have been seized by the FDA for 
contamination with E. coli. There have also been 
sporadic problems of Salm0'1~.ella in coconut, chiefly 
Salmonella senftenberg. 

The Salmonella problem 

Most of the difficulties from the standpoint of 
Salmonella in the candy industry have arisen from 
chocolate coatings containing milk. Chocolate and 
chocolate coatings are purchased by most candy 
manufacturers. The manufacture of chocolate starts 
with roasting the cacao beans, removing the shells, 
and then grinding the beans into chocolate liquor. 
From this point on the amount of heat used is just ' 
enough to keep the chocolate liquor fliud. Dry 
materials such as milk are blended into the mass. 
There is not sufficient heat used to pasteurize choco
late. Also the moisture is below 1.5%. 

Once Salmonella or other microorganisms gain en
try into the chocolate, the usual manufacturing proc
esses will not destroy them. Some research. has been 
published in which water was added to experimental
ly inoculated chocolate and the temperah1re raised 
to pasteurize the chocolate. The added water mi.1st 
be removed and this requires additional processing. 
To my knowledge, pasteurization· is not generally 
practiced by the chocolate-coating ·manufacturer . 

Most of the studies on Salmonella . in the past few 
years have been done on the relationship of water, 
nutrients, and temperature to the. encotiragement of 
Salmonella grovvth. Little research until recently 
has ber:: n published on what happens ~rhen you limit 
the amount of available water. Our industry en
countered a problem with Salmonella in chocolate 
coatings. The Research Committee of the National 
Confectioners Association arranged a conference 
with Dr. E. M. Foster, Director, Food Research In
stitute, University of W'isconsin, Madison. Follow
ing this conference, a program Of specific studies 
on confectionery was instih1ted. The first paper 
which resulted from these studies was "Heat Resis
tance of Salmonella typhimurium and Salmonella 
senftenberg 775 W in Milk Chocolate." Ther latter 
inicroorganism is a laboratory curiosity. However, 
it has been found in other foods. It survives in en
vironments usually destructive to other Salmo·nella. 
The thinking was that if you could eliminate S. senf
tenberg 775 W , you should be able to eliminate other 
Salmonella. 
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This study brought out a very important fact, 
namely that other Salmonella sero-types become re
sistant when the available water is reduced. Since 
this first study was undertaken, we have continued 
to support several programs on the environmental 

THE LEADERSHIP ROLE 

(Continued from Page 423) 

public health which has in the past consumed such 
a large share of public health's budget. With the 
increasing probability that some form of "national 
health insmance" will be instituted during this dec
ade the need for h·aditional public health services 
will decrease. 

A NEW TEAM 

These two forces operating simultaneously have 
propelled the environmentalist into an unaccustom
ed place at center stage, whether or not the involv
ed individual and his employing agency presently 
realize it. The facade has been sb·ipped away and 
it is now increasingly obvious that the environmental
ist is not a member of the so-called '11ealth team" 
so popular in some public health quarters. He stands 
alone and performance now expected from him is 
that of a soloist, as far as public health profession
als are concerned. To perform to his capabilities 
he must instead tmn to a "team" made up of people 
who may never have stepped inside a public health 
department, indeed, may have little interest in or 
knowledge of the narrow medical view of health. 

In addition to this divestih1re of the concept of 
the "health team," other notions, long principles of 
faith in public health, are being questioned and dis
carded. Among these is the use of the term "en
vironmental health" with its implication of program 
based solely on disease prevention, and the grow
ing use of designations such as "environmental man
agement" which more nearly describe the broader 
base upon which cmrent ecological programming 
has its foundations . This does not mean that health 
is eliminated as a reason for environmental pro
grams; quite the conb·ary, health is more fully rec
ognized as having components other than, absenc~ 
of physical illness . It recognizes that the nealthy 

,,-

factors affecting the death Dr dormancy of Salmonella 

uncler conditions of candy manufactme. The re

sults of these studies have been and will continue 

to be published in scientific journals. 

man enjoys social and economic· well-being, and an 
absence of undesirable stress, as well as freedom 
from physical pain. It furth er recognizes that cor
rection of conditions that lead to a state of dis
ease are more appropriately handled through the 
use of techniques and tools alien to the science of 
medicine. It furth er implies, in fact boldly states, 
that management of man's environment is independ
ent from the pmview of the specialty of preven
tive medicine. This again results from the very 
broad foundations upon which programs designed 
to manage the environment are based . 

A BROADER B ASE 

As proof that this broader base is becoming more 
widely recognized we have only to turn to the re
cent Federal reorganization of agencies aimed at 
restoring the quality of om environment. Once the 
almost exclusive domain of the Public Healtl1 Ser
vice, the legislative and executive branches of our 
government saw fit to fragment such programs over 
many agencies. The recent reversal of this trend 
of dissipation and the beginning of a policy of con
centration of environmental programs into a single 
agency far removed from the Public Health Service 
only reinforces the fact that, at a Federal level, it 
has been recocrnized for some time that environmen-o . 
tal problems are multi-faceted in natme, and that 
"health," as it is narrowly defined by the medic~l 

profession, is but one of its many components, and 

often a minor one. 

This is not to say that environmental progr~

ming can reman;_ visible and viable only in a_n .agency 

separate from the b·aditional health· depm;bnent, but 

to s~y that it cannot ·remain Viable if lirnHed by 

the traditional h e a l t h deparbnent concepts of 

(Continued on Page 435) ~ · 
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WASTES GENERATED IN THE MANUFACTURE OF SAUERKRAUT' 
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New York State Agricultural E~periment Station 

Depcntment of Food Science and Technology 

Comell University, Geneva, New York 14456 

(Received for publication February 11, 1972 ) 

ABSTRACT 

Forty three surveys were made of two sauerlo:aut factor~es 
to obtain quantitative data on the wastes generated. Tnm 
losses ( solid wastes) were over 35 tons per 100 tons of raw 
cabbage processed and the discarded brine represented about 
29% of the saltea; shredded cabbage. Other sources of waste 
effluents were vat soak water, vat wash water, and can 
cooling water. From 294 to 395 gal of waste efflu ents were 
discharged per ton of shredded cabbage processed; th e BOD 
ranged from about 11 to 13 lb. per ton . Brine had enou gh 
nutrients (BOD, nitrogen, and phosphorus) for optimal bio

logical stabilization . 

Sauerkraut is a clean, sound product, of char
acteristic acid flavor , obtained by the lactic acid 
fermentation of properly prepared and shredded cab
bage in the presence of 2 to 3% salt. It contains, on 
completion of the fermentation, not less than 1.5% 
titratable acidity, expressed as lactic acid ( 4). Over 
10 million cases of sauerkraut are packed annually 
in the United States with New York State, the leader, 
producing over 3.6 million (5). 

Sauerkraut vvaste water is unfavorable for con
ventional waste treatment because of its exu·emely 
high BOD, low pH, and high sodium chloride con
tent (11). There is thus a need for improved meth
ods to treat this waste water. Before treatment fa
cilities can be designed, however, data must be avail 
able regarding quantities and properties of the 
wastes. Securing this information was a major ob
jective of this study. 

A second objecci've was to obtain information that 
might point to changes in processing methods that 
could be made to reduce waste generation . Other 
in-plant studies (3, 9, 10) have shown that economies 
in water usage and consequent effluent reduction 
often can be effected in food processing. 

MATEHIALS AND !V( ETHODS 

The research was carried out during the 1971 season in 
the factories of two of our larger sauerkraut producers. The 
analyses and flow data are the results of 43 surveys per
formed on different days. 

\iVaste water flow rates were m easured b y the calibrated 

container-stop watch procedure (2) . Samples of waste water 
were sealed in one-pint polyethylene bags and transported to 
the laboratory over ice in an insulated chest. The analyses 
for BOD, COD, pH, total solids, lactic acid, and NaCl were 
clone as soon as the samples reached the laboratory. Samples 
to be analyzed for Kjeldahl nitrogen, and phosphorus were 
frozen immediately and stored at -23 C until the tests could 
be made. Standard methods were used for determining 5· 
day BOD, COD, and total solids (1 ). In the BOD test, the 
modified 'Winkler method was used to detennine dissolved 
oxygen (1). Lactic acid and NaCl were determined by micro , 
titrations ( 12). Kjelclahl nitrogen and phosphorus were an
alyzed by AOAC methods (6) . 

RESULTS AND DISCUSSION 

Sa.uerkmut pmcess 
The cabbage is delivered to the factory by h·uck. 

It then is transported via conveyor belt to the cor
ing machine. Following this, the cored head is con
veyed to the trimmii1g table where outer leaves and 
bad spots are removed. This latter operation rep
resents a source of solid waste. 

ext the cabbage is shredded and h·ansported to 
the fermeritation vat. Salt, · 2.25 to 2.5 lb. per 100 lb. 
of cabbage, is applied evenly as the shreds are dis
tri:buted in the vat. 

Juice is released from the cabbage almost im
mediately after addition of the salt. To assure a 
maximum fill of cabbage into a vat, much of this 
"early brine" may be withdrawn from the vat and 
discarded during or shortly after the filling. As the 
data will show, this early brine can be a significant 
source of liquid waste in the sauerkraut process. 

After the vat is filled, it is covered with a plastic 
sheet that is weighted with water. The fermentation 
is considered complete when the tih·atable acidity, 
expressed as lactic acid, has reached 1.5%, and the 
shreds are fully cured. This process requires four or 
more weeks . 

The final step is the filling of the fermented cab
bage and brine into retail packages (cans, jars, or 
flexible pouches ) . Only a portion of this "late brine" 
is added to the packages, the remainder which must 
be discarded represents a second important source 
of liquid waste. 

'Approved by the Director of the New York State Agricultur,tl , 
Experiment Station for publi cation as Journal Paper To. 1930. Volum es and properties of waste ·effluents 
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TAB L E 1. SOUIICE~ A~D VOLUMES OF SAUEHK.HA\!T WASTE EFFLUENTS 

Vat Sh redded cabbage 
no. in vat. Early brine 

Factory A ( tons) ( gal ) 

21 69 3,120 

24 65 2,280 

25 69 3,120 

26 65 1,900 

29 66 1,920 

49 65 3,120 

53 65 3,000 

51 65 1,980 

52 65 2,475 

~'l ean 66 2,546 

Factory B 
9 33 1&2 

10 32 24 

11 34 144 

12 34 615 

13 34 372 

Mean 33.4 263 

In addition to brines, other sources of waste effluent 

were the vat soak water, vat wash water, and can 

cooling water. The volume and composition of these 

different wastes are presented in Tables 1 and 2. 

Although the so-ak water required to maintain vat 

int<:: grity during the storage season, was very high 

in volume (Table 1) , its strength was relatively low 

(Table 2). Its low BOD suggests that it should b e 

read il y biologically trPatable although it could pre

sent a problem in hydraulic loading. The h·end to 

the fiberglass lining of wooden vats and th~ use of 

other materials for vat construction wou ld indicate 

that soak water will be even less of a consideration 

in the future. 

The water used to clean vats before filling wa <> 

of greater strength but the volume was low. Vat 

wash water, therefore. was not a significant waste 

~ ource. Use of alkaline cleaning compounds un 

doubted ly accounted for its somewhat higher pH. 

At th e time of filling the vats with cabbage, Fac

tory A released considerably more juice, the early 

brine, than did Factory B (Table 1 ) . This difference 

in practice is best illustrated in Table 3 where the 

data are expressed as waste per ton of cabbage and, 

therefore, compensate for differences in vat capaci

ties. It can be s:cen that Factory A discharged an 

aver~ge of five times greater volume of early brine 

than did Factory 13. Sooner or later , of course, the 

excess cabbage juice must b e discarded and Factory 

13 vvhich had released the modest amount of early 

bribe had a greater volume of late brine to discharge 

at the end of th e fermentation (Tables 1, 3). 

Inspection of data in Table 3 affords a comparison 

hchvcen the two practices . \Ve conclude from the 

data that the volume of brine generated by the h~'O 

Late brine 

(gal) 

2,290 
2,019 
3,362 
2,139 
1,506 

750 
480 

3,744 
1,250 
1,949 

1,872 
2,145 
1,963 
2,041 
2,184 
2,041 

Vat 
soak water 

(gal) 

16,000 
15,000 
14,500 
13,700 
14,000 
15,000 
14,000 

14,600 

9,000 
10,000 

9,500 
10,000 
9,500 
9.600 

Vat 
wash water 

(gal) 

132 
180 
150 
135 
165 
150 
195 
180 

161 

85 
120 

103 

m ~ thods is comparable. Although the total pounds 

of BOD appear to be higher in the Factory B bri.nes, 

the difference may not be statistically significant; it 

is noted that, conversely, Factory A brines seemed 

to contain the higher total solids. Th e greater quan

tity of lactic acid discarded by Factory B resulted 

from the larger volume of cabbage juice that was 

retained in the vats during the sauerkraut fermenta

tion. It is likely that the increment in lactic acid 

g ~nerated by Factory B has economic significance 

sin ce acid effluents generally require neutralization 

before biological treahnen t. 

Data on cooling water are not presented in the 

tables because it was not possible to relate water dis

charge to sauerkraut production. Studies at Factory 

l3 showed this water to have a low BOD, 27-40 mg/ 1, 

and a discharge flow rate of 590 to 750 gal per hour. 

Data on material balance (Table 4) show the 

quantity of sauerkraut produced from 100 tons of 

cabbage. It can be seen that about 29% of the salt

ed shredded cabbage is discarded as brine. The data 

also show that there is a problem of solid as well as 

liquid waste in the manufacture of sauerkraut. The 

trim loss of 35.3 tons is an average for 16 different 

loads of cabbage; individual values ranged from 28.7 

to 41 tons. Trim losses were high in 1971, probably 

because of a wet gro-wing season. A cording to sam ~ 

sauerkraut packers, a loss of 26 to 30% is a more com

mon figure. The solid wastes are generally returned 

to the growing field. 

Because of tl1eir high sh·ength, the surplus brines 

present the greatest problem witl1 respect to h·eat

ment. The average BOD of tl1e brines discarded 

by tl1e two factories was 11.75 lb. per ton of slu·edded 

cabbage ( Table 3 ) . The total BOD from a 65-ton 
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vat would, therefore, equal 764 lb. which, when ex
pressed on a population equivalent basis , means that 
it is equal to that conh"ibuted in one day by a popu
lation of about 4500 persons. 

Since sauerkraut brine bas only a limited sales 
volume and no simple or inexpensive means for re
duction of brine is apparent, a solution to the prob
lem of excessive brine formation remains to be re
solved. Although the recent report of breeding new 
high dry matter cabbage for potential reduction of 
hydraulic loads in sauerkraut fermentation appears 
promising (7), the relative chemical composition of 
such newly developed varieties and their effec ts 
upon BOD load remains to be established. 

It is likely that the extremely high BOD of ·waste 
brines may require their segregation for separate 
treatment. Our analyses of brine nitrogen and phos
phorous contents (Table 2) indicate that neither 
compound vvould have to be added as a nutrient sup
plement to achieve optimal biological stabilization. 
Thus the average BOD: N :P ratio was found to b e 
very close to the recommended 100:5:1 (8) . 

One possible problem associated with the brines 
is their high salt concenh·ation; levels as high as 4.5% 
were fou nd in this study (Table 2). Little of this 
salt probably would be removed from the waste water 
by conventional treatment systems. Furthermore, 
certain concenh·ations of sodium chloride might inter
fere with the activity of system's biomass. The ideal 
solution would be to reduce the amotmt of salt dis 
charged; the 18 lb. per ton of shredded cabbage 
(Table 3) represents a loss of almost 40%. Unfor
tunately, alterations in the sauerkraut process that 
would waste less salt are presently not known. Un
published studies by one of us (JRS) have shown 
the adverse affects of diminished salt content upon 
the textural properties of the finished product. 
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TABLE 3. \-\"ASTE LOAD PEH TON OF SHH EDDED CAUBAGE Fmlli'!ENTED 
Faetor.v Effl uent Yulu me Tota l soli ds BOD Lactic acid l'inCl 

A 

B 

Soak water 
\Vash water 
Early brine 
Late brine 

Total 

Soak water 
\ Vash water 
Early brine 
Late brine 

Total 

(gal ) 
221 

2 
40 
31 

394 

287 
3 
8 

61 

359 

( lb. ) 
0.9 
0.04 

20.5 
15.5 

36.94 

1.8 
0.03 
3.7 

29.0 

34.53 

TABLE 4. MATEH!AL BALA NCE OF SAUEHKHAUT PHODUCTION 
(FACTOHY A) 

Haw cabbage 
Solid wastes ( trim loss) 

Shredded cabbage in vat 

Sa lt added 
Liquid wastes 

Early brine 
Late brine 

Total 

Yield of finished product 

Soc. Hort. Sci. 95:702-722. 
8. Eckenfelder, \V. \V. , Jr. , and D. J. O'Connor. 

THE LEADEH.SHIP H.OLE 

( Continued from Page 431) 

(Tons) 
100.00 

35.30 

64 .70 

1.70 

11.00 
8 .50 

19 .50 

46.90 

1961. 

"health ," "mvironmental health ," "sanitation," a nd 
·'preventive medicine." Such programming can and 

1 will fun ction within any organization structure pro
viding that structure does not limit ecological pro
urammincr to the restrictive boundaries determined 
b b 

by tradition. Programs aimed at correcting ecologi-
cal problems will continue to grow in importance 
and it makes little difference to the public, to the 
general governmental organization involved, or even 
to the eventual solution of the problems, whether 
or not these activities are performed by a public 
health agency. The current demand is for results, 
not intern ecine combat over organizational structure 
and responsibility b ased on misdirected pride. 

F u TURE R oLE OF E KVIRON MENT.-\LIST 

The present corps of paid professional environmen
tal4<;ts (sanitarians, engineers, wildlife managers , etc. ) 
can play a key role in future ecological programs, 
but only if they: 

(a) Understand that ecological problems demand 
corrective programs which are as multi-faceted 

(lb. ) ( lb. ) ( lb.) 
0.11 0 0 
0.004 0 0 
3.10 0.52 11.7 
7.60 4.9 7.1 

10.81 5.4:2 18.8 

0.10 0 0 
0.003 0 0 
0.75 0.06 2.5 

12.10 8.3 14.0 

12.95 8.36 16.5 

Biological waste treatment. Pergamon Press, New York. 
299 p. 

9. Hang, Y. D ., D. L. Downing, and D . F. Splittstoesser. 
1971. Sanitation and water usage in the processing of sour 
cherries. J. Milk Food T echnol. 34:428-430. 

10. Rambo, R. S. 1968. Vegetable canning processing 
wastes. Ph.D. thesis. Uni versity of \ iVisconsin, Madison . 
157 p . 

11. Splittstoesser, D. F. , and Y. D. Hang. 1970. Effect 
of processin g conditions on fru it and vegetable waste effluents. 
p . 24-28 . Proceedings of th e Eastern Exp. Sta . Collaborators 
Conference on Agricultural and Processing \Vastes in the 
Eastern Region: A perspective. Publ. No. ARS73-70, U. S. 
Department of Agriculture, Philadelphia, Pa. 

12. Stamer, J. R. , M. H. Dickson, J. B. Bourke, and B. 0 . 
Stoyla. 1969. Fermentation patterns of poorly ferm enting 
cabbage h ybrids. Appl. ivlicrobiol. 18:323-327. 

as the problems. A limited concern with health , 
with social problems, with economic concerns, 
with preservation, or with other resh·icted goals 
means an equally limited impact on the prob
lems; and an equally limited degree of support. 

(b ) Are willing to accept leadership. As stated 
above, it makes no difference to the suffering 
public who takes this role; and there is no 
shortage of competitors. 

(c;) Realize that they are currently in a unique po
sition to assume leadership. The local environ
i.1entalist is, or should be, the person to whom 
the locality now looJ<s to for aid and advice 
in solving ecological problems. 

(clJ Understand and utilize the political, social, 
and economic factors in their locality in devel
oping solutions. 

(e) .Make use of the curren t popular interest in, a11d 
concern over, environmental degradation. Never 
before, and possibly never again, will the en
vironmentalist have the public support he now 
has. Never before has there been the multihtde 
of organizations and individuals concerned with 
a common goal. Some need leadership, some 

(Con tinued on Page 447 ) 
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D. H. HETTINGA AND G. w. REINBOLD 
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Ames, Iowa 50010 

( Received for publication November 11, 1971 ) 

ABSTHACT 

This is the third and final section of a review of the 
propionic-acid bacteria. This section dicsusses some of their 
miscellaneous metabolic activities such as: erythritol meta
bolism, formation of diacetyl-acetoin and vitamin B,., pro
duction of volatile compounds not previously mentioned, 
propionin (an antiviral agent), lipids and phospholipids, 
and slime formation. Concluding comments provide a brief 
summary of particular points of interest. 

The first two papers in this series have been pri
marily concerned with th e growth and metabolism 
of propionibacteria . Up to this point, the discussion 
has dealt in detail with reactions of the propionic
acid fermentation and the formation of acetate, 
C02, and propionate. This paper will consider sev
eral other more or less unrelated metabolic processes. 
The anaerobic fermentation of erythritol is included 
because this is a relatively unique process . Pro
duction of diacetyl may b e related to flavor develop
ment in Swiss cheese and also may provide addi
tional insight into the formation of this commer
cially important compound. Other metabolically re
lated and economically important compounds to be 
discussed include volatile compounds not previously 
mentioned and vitamin B12. The demonstration of 
antiviral activity by propionibacteria would not be 
considered commonplace, whereas slime production 
by this genus is not altogether unexpected; however, 
both of these functions may have as yet unappreciated 
value. 

ERYTHRITOL l\I!ETABOLISJ\-1 

3-P. Since no appreciable carbon dioxide is released 
from the fermentation of erythritol by these bac
teria, Barker and Lipmann postulated that their 
cell suspensions were converting erythritol to a 4-
phosphate, oxidizing the 4-phosphate to erythrose-4-
phosphate, and then oxidizing the erythrose-4-phos
phate, via a diphosphate intermediate, to 4-phos
phoerythronic acid. , 

Shetter (191), in 1951, was able to demonstrate 
that extracts of P. pentosaceu1n would catalyze the 
A TP-mediated phosphorylation of erythritol to D-ery
thritol-4-phosphate (L-erythritol-1-phosphate), but 
could not establish the role of this compound in the 
metabolism of erythritol. Later, Holten and Fromm 
(81) purified and determined the properties of ery
thritol kinase to furth er elucidate the metabolic path
way. The studies presented in their paper suggest 
the first step to be as follows: 

c··.rthritol ldnase 
Erythritol + ATP :=:; L-erythritol-1-phosphate + ADP 

They found that P. pentosaceum grown in the ab
sen ce of erythritol shows little erythritol kinase ac
tivity, suggesting that the enzyme vvas adaptive. 

\ iVawszkiewicz and Barker (248) determined the 
natme of the major products accumulating in fluor 
ide-poisoned, pyruvate-enriched cell suspensions in
cubated with randomly labeled erythritol 11C and 
studied the effects of some unlabeled suspected in 
termediat: s on the system. They found that ery
thritol metabolism proceeds via a series of phosphory
lated intermediates, of which L-erythritol-1-P is the 
primary member. L-erythritol-1-P can serve as a 
hydrogen donor for the reduction of 2,6-dichloroin
dophenol in cell-free extracts. Although the oxida-
tion product was not isolated, indirect evidence sug
guested that it was L-erythrulose-1-P and that this 
compound is probably the next intermediate in the 
ery thritol fermentation (247) . Labeling dilution ex
periments indicated that D-erythrose-4-P is not a di-

, , 
,. 
I 

'! 

Although few microorganisms are able to grow 
anaerobically with erythritol, a 4-carbon polyalcohol, 
Propionibacterium pentosacewn uses this four carbon 
alcohol as a carbon source producing propionic, 
acetic, formic, and succinic acids (266). Barker and 
Lipmann (14) found that, in the presence of sodium 
pyruvate and sodium fluoride, cell suspensions of 
P. pentosaceum metabolizing erythritol seemed to 
produce acid not accounted for as glyceric acid-

rect intermediate in the sequence. The formation of . 
labeled formaldehyde in the reaction mixtures lends • 
support to the view that L-erythrulose-1-P, formed 
from L-erythritol-1-P, undergoes cleavage between 

'Journal Paper No. J-7028 of the Iowa Agriculture and Home 

Economics Experiment Station, Ames, Iowa. Project No. 1838. 

the Ca and G, positions to yield formaldehyde and 
dihydroxyacetone-P. This cleavage, combined with 
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other reactions known to occur in the propionic

acid bacteria, provides a source of the labeled C3, 

Cs, Cs, and C1 sugar phosphates accumulating in 

the cell suspensions incubated with labelled ery

thritol '''C. This also provides an explanation for 

the substantial quantities of formic acid found dur

ing the fermentation of erythritol. The pathway 

of erythritol metabolism in P. pentosaceum, as con

ceived on the basis of the results of their experiments, 

is outlined in Fig. 1. 

Proptonate I/ A""". co, 

Pyrt::eATP 

~ ADP 

Figure 1. The pathway for erythritol metabolism in P. 

pantosaceum (Modification of that presented by vVawszkie

wicz and Barker (248) . 

FoRMATION o F DIACETYL-A.CETOIN 

Production of diacetyl and acetoin by propioni

bacteria has been observed by several investigators 

(7, 122, 123, 133, 229, 267), but the biosynthetic 

pathway is still unclear. According to Antila (7) 

diacetyl synthesis in propionibacteria involves the 

intermediate formation of a-acetolactic acid. Fact

ors affecting the production of diacetyl by propioni-

' bacteria has been inves tigated extensively by Lee 

et al. (122, 12.3). They found that greater accumu

lation of diacetyl occurred at 21 C than at 32 or 

37 C. The optimum pH for production was b etween 

4.0 and 4.5. They also found that diacetyl produc

tion in milk cultures of propionibacteria is followed 

by reduction to acetoin and 2, 3-butylenediol. Fer

mentation of pyruvate, glucose, or cih·ate yielded 

detectable amounts of diacetyl, but glucose yielded 

the highest level of the dicarbonyl. Addition of ci

trate to the milk increased the diacetyl concentra

tion and delayed the diacetyl-destructive phase, sub

stantiating that the h·icarboxylic acid could be one 

of the precursors of the dicarbonyl. Lee et al. (12.3) 

also examined cell-free extracts of Propionibacter

iunt shermanii for diacetyl reductase to explain the 

diacetyl-destructive phase encotmtered with this cul

ture. Under their experimental conditions, diacetyl 

reductase activity in cell-free extracts was very low 

or absent. 

Acetaldehyde has been found to be produced in 

small amounts by propionibacteria (101), even though 

it was considered not to b e involved in the propionic

acid fermentation. Since act i v e acetaldehyde is 

thought to be an intermediate of acetoin formation , 

it is p ossible that acetaldehyde or a derivative may 

participate in the fermentation. If propionibacteria 

are able to synthesize their own leucine, valine, and 

isoleucine, they should have the a-acetolactate syn

thetase enzyme. This enzyme also serves an im

p ortant role in the biosynthetic pathway for acetoin 

and diacetyl. Formation of diacetyl is interesting 

b ecause the pathway of biosynthesis would serve 

as an excellent carbon-dioxide-generating s y s t e m , 

since relatively large amounts of COz are produced. 

PRODUCTION OF VITAMIN B ·· 

Although there are numerous processes that have 

been described for production of vitamin B••, only 

a few have clearly been used on a commercial scale. 

The processes using the Propion-ibacterium species 

have been considered the most productive and 

\-Vere used commercially. Both batch and continuous 

proc :"sses have been described. A number of media 

have b een used for growth of the bacteria and ac

cumulation of this vitamin in these oi·ganisms. Some 

of the formulations have included a variety of ma

terials of natural origin including cheese whey (25, 

130), distiller's waste (94), spent potato wash (132), 

casein hydrolysates (143, 287), corn steep liquor (169), 

and corn starch (11 , 187). In most fermentation pro

cesses, the vitamin B12 yields have been correlated 

with cellular yields, and inclusion in the media of 

additional growth factors h ave increased cell pro

du ction (97). Since cobalt is part of the cobamide 

molecule, inclusion of this element in the media re

sulted in marked increases in production of vitamin 

B12 (24, 76). Sathyanarayana and Washington (185) 

found that a concenh·ation of 3 mg/ 1 of cobalt stimu

lated a tbee-fold increase in vitamin B12 production 

by Propionibacterium freudenreichii. 

Practically all the cobamides formed in the fer

mentation are r etained in the cells, and the first 

st~p is the separation of the cells from the fermen

tation medium. This is usually accomplished by cen

trifugation, which con centrates the propionibacteria 

into a cream-like material that can then b e dried 

to yield a product containing approximately 175 mg 

of B12 activity per pound (160). The vitamin 

B,. activity is released from the cells by acid, hea t, 

cytmid e, OT other h·eahnents (160). Barker et al. 

(16) found that addition of cyanide solutions de

composes the coenzyme form of the vitamin and 

results in formation of the cyanocobalamin. A num-



-·· 
438 HErriNGA AN D R EINBOLD 

ber of investigators (16, 89, 96, 98, 161, 222) have d e
veloped methods of isolation of the cyanocobalamin 
thus formed. 

The synthesis of vitamin B12 by propionibacteria 
has been extensively investigated . A number of re
searchers have studied the regulation of synthesis 
(Z7, 27), the intermediates formed (22, 28, 39, 65, 66, 
68, 96, 183, 203), the coenzymes involved in bio
synthesis (16, 84, 88, 89, 90, 98, 222, 223), the biosyn· 
thesis of analogs (23, 73, 108, 139, 161), the precur
sors involved (67, 95, 155, 156), and the conditions 
affecting synthesis (24, 26, 91 , 109, 142, 186, 204, 
245, 246, 286). Recently, Renz (178) proposed a re
action sequence for the enzymatic synthesis of vi
tamin B12 from co bin amide in P. shennanii as follows: 

Cobtnamide + ATP--- cob1namidc- phos pha te + AOP 

Cobi na mi de- phos phat e + GTP-- GDP-cobi nami de + PP i 

GDP-cobinamide + a ribazo le 5' - ph osphate -cob al am i n 5 '-phosphate + GHP 

Cobalamin 5' - phosphate - coba l amin + P; 

This scheme substantiates investigations of Fried
mann (67), where he isolated several of the pre
cursors involved in this pathway. 

PRODUCTION OF OTHER VOLATILE COi\'fPOUNDS 

Production of volatile acids by propionibacteria 
has been subjected to several investigations. Shaw 
and Sherman (188) were among the first to observe 
that these organisms produce acetic and propionic 
acids from lactose and lactates . Quantitative analy
sis of the major fr ee fatty acids by Langler and 
Day (117) and identification of a number of vola
tile compounds b y Langler et al. (118) in Swiss 
cheese led to formulation of a synthetic flavor mix
ture that approximated the flavor of the natural 
product. Although propionibacteria have often been 
implicated in some of the changes during Swiss
cheese ripening, there is little information available 
in the literature concerning volatile compounds other 
than fatty acids I?roduced by these organisms. Re
cently, Keenan and Bills (101) conducted a study 
to determine the volatile compounds produced by 
P. shermanH. Gas-chromatographic investigation of 
milk cultures of three strains of P. shermanii showed 
that acetaldehyde, propionaldehyd e, ethanol, and pro
panol were produced by all strains. One sh·ain pro
duced dimethyl sulfide in quantities significant from 
the standpoint of flavor threshold in milk systems. 

PROPIONil ' AN ANTIVIRAL AGENT 

Exh·acts of P. freudenre·ichii exhibit antiviral ac
tivity against Columbia SK virus in vivo and in vitro 
and against vaccinia virus in vitro (40). The active 
agent( s) is referred to as propionin. Ramanathan et 
al. (174) succeeded in partial purification of propion-

in A by organic-solvent extraction, followed by Sepha
dex, and paper chromatography. Preliminary iden
tification indicated propionin to be peptide in na
ture. The name propionin was applied to ,what 
was at first assumed to be a single antiviral sub
stance, but it is now clear that several propionins 
are present. Later, Ramanathan et al. (176) describ
ed the complete chemical purification of propionin 
into B and C types. Ramanathan et al. (175) investi
gated a high-molecular-weight substance with lethal 
(not antiviral ) activity against lymphocytic chorio
mengitis virus infection in mice. They described its 
method of isolation and presented preliminary data 
on its chemical nature. 

LIPIDS AND PHOSPHOLIPIDS 

Certain morphological and physiological similarities 
exist b etween various genera of microorganisms., 
Mannose-containing phospholipids are well charact
erized components of mycobacteria. Recently a 
phosphatidyl-myoinositol monomannoside has been 
identified in P. shennanii by Brennen and Ballou 
(19 ), which was considered as an additional factor 
indicating a close taxonomic relationship between the 
genera Propionibacteriwn and Mycobacteriwn. Prot
tey and Ballou (170) studied the lipids of P. sher
manii in detail and found that the most abundant 
mannose-containing lipid is diacyl myoinositol mono
mannoside. Small amounts of decanoic, lauric, pal
mitic, and stearic acids are present, but the major 
fa tty acids have not as yet been identified. 

SLIME PRODUCTIO"" 

Extracellular material of gelatinous consistency is 
formed by many genera of bacteria, particularly those 
showing mucoid growth phases. The material may 
be a firmly adherent, discrete cover layer on each 
celL .This form is commonly called a capsule. Cap
sule-forming strains of bacteria often produce much 
loose slime in addition to capsules. Propionibacteria 
have been reported to produce slime in growth 
media, although there is no mention in the literature 
of capsule formation. In 1921, Sherman and Shaw 
(189) noted that, in a suitable nuh·ient broth, pro
pionibacteria exhibit a heavy slimy growth. Skogen 
(198) studied the various factors that influence tl1e 
production of slime by these bacteria. He found 
that, as with other genera, pH of the medium, temp
er·ature of incubation, the carbon source, and va.ri
ation within sh·ains were the primary influencing 
factors. Skogen's results from paper and thin-layer 
clu-omatographic analyses of the capsular material 
indicated that mannose and lesser amounts of glu-
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cose and galactose were present in the loose slime 

and capsules produced by a Pmpionibacteriu·m zeae 

strain. 

The function slime serves in these microbes is un

known. It can only b e hypothesized that it serves 

to protect the cell against bacteriophage attack or 

other deleterious conditions. Its immunological pro

perties also should not be ignored. Attempts to iso

late phage from propionibacteria have not -been suc

cessful in our laboratories (unpubl-ished data, ISU ) . 

Formation of slime by these microorganisms may be 

a partial reason for these failures. 

CoMJVIENTS 

Nutrition of propionibacteria has been extensively 

investigated and much of the early literature on this 

bacterial genus is concerned with this subject. The 

absolute requirements for their nuh·ition is known, 

and additional research specifically in this area has 

not seemed necessru-y. Since these organisms play 

an important role in the manufachue of Emmental 

cheeses, development of a completely selective med

ium for differentiation and enumeration of propioni

bacteria would be an important aid in investigation 

of the many problems associated with growth or 

lack of growth of these organisms in cheese. Since 

Emmental cheeses are manufactured using a combi

nation of different bacterial starters, and because 

of the constant presence of adventitious flora in the 

product at all stages of curing, selectivity in differ

entiating the propionibacteria from the over-all popu

lation is necessary. Present procedures require veri

fication of colony identity by laborious isolation and 

identification. Further research on selective enum

eration of propionibacteria ·would aid investigators 

trying to determine the exact role of propionibacteria 

in the cheese-curing process. 

·with regard to propionic-acid fermentation, we 

have seen that CO• exchange with a carboxyl group 

does not provide a reliable indication of a primary 

fixation reaction in the propionate biosynthesis, since 

exchange could occur in reactions that will not yield 

a net fixation of CO•. The CO• involved in carbon 

fixation is the active species rather than HCOa-, as 

speculated, in reactions catalyzed by phosphoenol

pyruvate cru·boxytransphosphorylase. In regard to 

the requirement for metal cations, thus far it has not 

been possible to isolate the apoenzyme from car

boxyh·ansphosphorylase. It seems that an apoen

zyme is form ed, but it also has been shown that 

this i poenzyme has an unusually high affinity for 

both EDTA and Co++ . These results lend consider

able support to the conclusion that the apoenzyme 

is a metalloprotein. Conversion or exchange of p, 

into pp, requires both type I and type II metals and 

phosphoenolpyruvate. Fmthermore, conversion of pp, 

into p, and phosphoenolpyruvate requires both type 

~ and typ_e II metals and CO.. The co, evidently 

IS r e q u 1 r e d to form oxaloacetate via the phos

phoenolpyruvate carboxytransphosphorylase reaction, 

and then the PP, is converted to phosphoenolpyru

vate by reversing the srune reaction. Evidence has 

been presented that the pyruvate reaction may involve 

a heavy metal complexed by thiol and, thus, inhibited . 

Therefore, in the presence of thiols, the pyruvate re

action is practically eliminated when the concen

h·ation of CO, is high. The unequivocal demonstra

tion that carboxytransphosphorylase is a metallo

protein must await the results of metal analysis. 

Pro.of . has thus far not b een obtain~d because only 

a hm1ted amount of enzyme has been available. 

One of the breakthToughs relative to the mechan

ism of action of biotin in fixation reactions is the 

discovery by Lynen's group (131) that biotin can be 

carboxylated enzymatically. 'i\7e have seen that the 

reaction catalyzed by the methylmalonyl-oxaloacetic 

transcarboxylase is a new type of biochemical re

action that permits movement of carboxyl groups 

from compounds involved in one metabolic pathway 

to compounds involved in another pathway without 

the in tervention of free CO•. Transcarboxylase is 

a biotin-containing enzyme that catalyzes the rever

sible carboxylation of pyruvate b y methylmalonyl

CoA with the formation of oxaloacetate and propion

yl-CoA . ' i\1ithin this enzyme, several subunits have 

been isolated, and it is certain that there is a 6 S 

subunit that contains cobalt and zinc and a 1.3 S 

subunit that contains biotin . This finding is par

ticularly important in light of the results of kinetic 

studies, which indicate that sepaTate reaction sites 

exist for the two half-reactions of transcarboxylase 

and that the biotin ring may migrate between the 

sites. Structural and catalytic similarities among 

all the biotin enzymes lead one to speculate that a 

system involving half-reactions that occur on separ

ate subunits may be a common feature of the biotin 

enzymes. All the evidence with h·anscarboxylase, 

kinetic data , location of the metal and biotin on 

different subunits, and the results of oxalate inhibi

tion, are in accord with the view that there is 

migration of the biotin between regions of the en

zyme. It seems that this may be a general property 

of all biotin enzymes . One wonders if the · h·anscar

boxylase of the propionibacteria is but one example 

of a group of h·anscarboll:ylases. For economy and 

conh·ol of reactions, it would seem advantageous 

for the cell to be able to h·ansfer carboxyl groups 

just as phosphates are transferred. Carboxyl groups, 

like phosphates, may be utilized in coupled reactions 
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instead of b eing generated each time th ey are need

ed. 
Much of the preliminary vvork on acetoin-diacetyl 

production by propionibacteria has been concerned 
with determination of optimum conditions of pro

duction. Discovery of the pathway by which these 
compounds are synthesized may provide additional 
insight into the metabolic diversity of these organ

isms. 
Finally, a comment should be made on an area 

of research which has largely been neglected . This 
is the investigation of amino-acid biosynthesis in pro
pionibacteria, and contrary to earlier opinion, these 
organisms are able to synthesize a large number of 
amino acids. There are reports in the literature 
concerning the ability of propionibacteria to syn
thesize intermediates involved in amino-acid metab
olism and their ability to transaminate a variety of 
compounds from an amino acid dono1·, but these re
ports are few and are not of a comprehensive na
ture (29, 56, 85, 104, 146). 
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THE LEADERSHIP ROLE 
(Continued from Page 435 ) 

need resomces , some need active support. The 
environmentalist to various degrees can offer 
help in each of these situations. 

(f ) Realize that pressmes for relevant programming 
are now coming from citizens up tln·ough the 
bmeaucratic chain, and are problem-centered; 
instead of the tra~itional system in which pro
grams come down from the Federal level, and 
are program-centered. 

The time remaining, during which the environ
mentalist can take a 1 e a d e r s hi p role, is rapidly 
dwindling, and in some areas it may aheady be too 
late. The ecological movement is demanding action 
at a faster rate than bmeaucratic organizations are 
accustomed to respond; indeed faster than they may 
be able to respond. The demand for more rapid 
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action may well lead to changes within organizations 
as well as changes in sh·ucture. Because of the time 
loss involved in communicating up and down the 
several layers of authority, a condition seemingly in
trinsic to bureaucracy, we may well find it necessary 
to delegate greater responsibility for decision-making 
to the lowest levels . There is a built-in danger of 
error in doing this, but there is an even greater dan
ger in continuing the bureaucratic game of "buck
passing" with its attendant delay, spreading of re
sponsibility, and flaccid decisions. We must accept 
the fact that mistakes will be made, that better train
ing programs are a must, and that critici~m will be
com e a way of life. The alternative is to remain 
with customary programs and approaches in a b·a
ditional structure, insulated from the heat (and from 
the problems ) , self-confident in our increasingly su
perfluous knowledge and skills, as contemporary so
ciety with its plethora of problems passes us by. 
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E-3-A SANITARY STANDARDS FOR 
STORAGE TANKS FOR EGGS AND EGG PRODUCTS 

Serial #E-0100 

Formulated by 
Intemational Association of Milk, Food and Env·ironmental San·itmians 

Un-ited States Public Health Se1·vice 
United States Department of Agriculture 
Institute of American Poultry Industries 

Dairy and Food Industries Supply Association 

It is the purpose of the IAMFES, USPHS, USDA, IAPI and DFISA in connection with the development of 
the E-3-A Sanitary Standards program to allow and encourage full freedom for inventive genius or new de
velopments. Storage tank specifications heretofore and hereafter developed which so differ in design, ma
terial, fabrication, or othervvise as not to conform with the following standards, but which, in the fabricator's 
opinion are equivalent or better, may be submitted fo r th 2 joint consideration of the IAMFES, USPHS, 
USDA, IAPI and DFISA at any time. 

A. 

SCOPE 

A.l 
These standards cover the sanitary aspects of stor
age tanks for eggs and egg products. 

A.2 

B. 

B.l 

In order to conform with these E-3-A Sanitary 
Standards, storage tanks shall comply with the 
following design, material, fabrication, and clean
ing criteria. 

DEFINITIONS 

Product : Shall mean the eggs and egg product 
stored in the tank. 

8.2 
Storage Tank: Shall mean a cylindrical, rectangu
lar, oval or other equally satisfactory shape tank 
except a vertical tank whose inside height is in 
excess of 10 f~et' and the tank is used for the 
storage or storage and cooling of a product. 

8.3 
Product Contact Surfaces: Shall mean all surfaces 
which are exposed to the product and surfaces 
from which liquids may drain, drop, or be drawn 
into the product. 

B.4 

B.S 

Non-Prod·u.ct Contact Surfaces : Shall mean all other 
exposed surfaces. 

M echa:nical Cleaning or M echan·ica.lly Cleaning: 
shall denote cleaning, solely by circulation and/or 

'Vertical tanks in excess of 10 feet inside height are defined 
as silo-type tanks. 

c. 

C. l 

flowing chemical detergent solutions and water 
rinses onto and over the surfaces to be cleaned,, 
by mechanical means. 

MATERIALS 

All product contact surfaces shall be of stainless 
steel of the AISI 300 series• or corresponding ACI" 
types (See Appendix, Section E.), or stainless 
steel that is non-toxic and non-absorbent and 
which under conditions of intended use is equal
ly corrosion resistant to stainless steel of the AISI 
300 series• or corresponding ACI" types, except 
that: 

C.l.l 

H.ubber and rubber-like materials may be used for 
umbrellas for vertical agitator assemblies, gaskets, 
seals and parts used in similar applications. These 
materials shall comply with the applicable provi
sions of the "E-3-A Sanitary Standards for Multi
ple-Use Rubber and Rubber-Like Materials Used 
as Product Contact Surfaces in Egg Process ing 
Equipment, Serial #E-1800". 

C.l.2 

Plastic ~viaterials may be used in sight and/ or light 
openings and for umbrellas for vertical agitator 
assemblies, bearings, gaskets, seals, and parts used 
in similar applications. These materials shall com
ply with the applicable provisions of the "3-A San-

"The data for this series are contained in the following ref
erence: AISI Steel Products i\llanual, Stainless & Heat Re
sisting Steels, April 1963, Table 2-1, pp. 16-17. Available 
from American Iron and Steel Institute, 633 Third Avenue, 
New York, N. Y. 10017. 
"Alloy Casting Institute Division, Steel Fotmders' Society of 
America, 21010 Center Ridge Road , Rocky River, Ohio 44116. 

' '' 
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itary Standards for Multiple-Use Plastic Materials 
Used as Product Contact Surfaces for D airy Equip
ment, Serial #2000", as amended. 

C.1.3 

Where functional properties are required for 
specific applications, such as agitator bearing sur
faces and rotary seals , where dissimilar materials 
are necessary, carbon and/or ceramics may be 
used. Ceramic materials shall be inert, non-por
ous, non-toxic, non-absorbent, insoluble, res istant 
to scratching, scoring, and distortion by the temp
erature, chemicals, and methods to which they 
are normally subjected in operation or cleaning 
and bactericidal treatment. 

C.1.4 
Glass may be used in sight and/ or light openings 
and when used shall be of a clear heat resistant 
type. 

C.2 
The materials used for the lining shall not be less 
than No. 14 U. S. standard gauge. 

C.3 

D. 

All non-product contact surfaces shall be of cor
rosion-resistant material or material that is render
ed corrosion resistant. If coated, the coating used 
shall adhere. All non-product contact surfaces 
shall be relatively non-absorbent, durable and 
cleanable. Parts removable for cleaning having 
both product contact and non-product contact sur
faces shall not be painted. 

FABRICATION 

, o.1 
All product contact surfaces shall be at leas t as 
smooth as a No. 4 mill finish on stainless steel 
sheets. (See Appendix, Section F. ) 

0.2 
All permanent joints in product contact surfaces 
shall be welded. All welded areas of product con
tact surfaces shall be at least as smooth as the 
adjoining surfaces. 

0 .3 
All product contact st~rfaces shall be easily accessi
ble for cleaning, either when in an assembled posi
tion or when removed . Removable parts shall be 
readily demountable. 

0.4 
All product contact surfaces shall be self draining 
except for normal clingage. The bottom pitch of 
a vertical tank designed for mechanical cleaning 
shall be at least 3/4 inch per foot toward the out
let. Horizontal rectangular tanks designed for 

mechanical cleaning which have a built-in bottom 
pitch, shall have a pitch of at least 1/ 4 inch per 
foot toward the outlet. 

Horizontal tanks shall be so constructed that they 
will not sag, buckle, or prevent complete drainage 
of water when the tank has a pitch of not more 
than 1 inch in 100 inches. (See D .22). 

0 .5 
If it is necessary to enter the tank to clean any or 
all of the product con tac t surfaces, the tank shall 
have the following minimum dimensions: 

0.6 

( 1 ) 36-inches in height by 48-inches in diam
eter, or 48-inches square. 

( 2) 36-inches in height, 36-inches in width, 
by 48-inches in length, if oval or rectang
ular. 

The inside radii of all welded or permanent at
tachments shall be not less than 1/4 inch. vVhere 
the head ( s) joins the lining of the tank the radius 
shall not be less than 3/4 inch. 

0 .7 

There shall be no threads on product contact sur
faces. 

0 .8 

Sanitary pipe and fittings shall conform with "E-
3-A Sanitary Standards for Fittings Used on Egg 
and Egg Products Equipment and Used on Sani
tary Lines Conducting Egg and Egg Products, 
Serial #E-0800". 

D.9 

One or more fittings to accommodate indica ting 
and/ or recording temperature sensing devices 
shall b e provided . 

0.9.1 
They shall conform to one of the following types: 

0 .9.1.1 
The applicable fittings found in the "E-3-A Sani
tary Standards for Instrument Fittings and Con
nections Used on Egg Products Equipment, Serial 
;?'E-0900", as amended and supplements thereto. 

0.9.1.2 
Fittings for temperature sensing devices which do 
not pierce the tank lining, but which have temp
erature sensing element receptacles securely at
tached to exterior of the lining. 

0.9.2 
The fi ttings for temperature sensing devices shall 
be located to permit the registering of the tempera
ture of the product when the tank contains no 
more than 20% of its capacity. 
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0 .10 
The outlet shall be located where readily accessi-
ble and in a position to provide complete drainage 
of the tank. The top of the terminal end of the 
outlet passage shall be lower than the low point 
of the bottom of the lining at the outlet. The out
side diameter of the outlet opening shall be at 
least as large as that of 1-1/2 inch E-3-A sanitary 
tubing. 

0.11 
Inlet and Outlet connections in the tank shall be 
provided with welding stub ends, bolted or clamp 
type flanges or E -3-A sanitary threaded connec
tions. The face of a bolted or clamp type flange 
or a E -3-A sanitary threaded connection below the 
maximum normal product level shall be as close 
as practical to the outer shell of the tank. (See 
Appendix, Section G and Section H. ) 

0.12 
The manhole shall be located at the outlet end or 
side of the tank or the top of the tank. The inside 
dimensions of the manhole opening shall not be 
less than 15" X 20" oval, or 18" diameter. 
A top manhole opening shall be not less than 3/8 
inch higher than the surrounding area and if the 
exterior flange is incorporated in it, it shall slope 
and drain away from the opening. The sleeve or 
collar of a manhole opening for an inside swing 
type manhole cover shall be pitched so that liquids 
cannot accumulate. 

0.13 
The cover for a manhole in the end or side wall 
shall be either of the inside or outside swing type. 
If the cover swings inside, it shall also swing out
side, away from the opening. Threads or ball 
joints employed to attach the manhole cover ( s) 
shall not be located within the lining. The cover 
for a manhole in the top shall be of the outside 
swing type. 

0.14 
Gaskets shall be removable. Any gasket groove 
or gasket retaining groove shall not exceed 1/4 
inch in depth or be less than 1/4 inch wide. The 
minimum radius of any internal angle in a gasket 
groove or gasket retaining groove shall be not 
less than 1/ 8 inch. 

0.15 
Unless otherwise specified, means for mechanical 
agitation of product shall be provided, that when 
operated intermittently or continuously, will b e 
sufficient to maintain uniformity of product 
throughout the tank. The agitator, if not designed 
for mechanical cleaning, shall be located in such 
a manner that it shall be readily accessible and re-

movable for manual cleaning. The opening for a 
vertical agitator shall have a minimum diameter 
of 1 inch on tanks which require removal of the 
agitator shaft for cleaning or be of a diameter 
that will provide a 1 inch minimum annular space 
between the agitator shaft and the inside surface 
of the opening on a tank which does· not require 
removal of the agitator for cleaning. An umbrella 
or drip shield of sanitary design that can be raised 
or dismantled, to permit cleaning of all of its sur
faces, shall be provided to protect against the 
enh·ance of dust, oil, insects and other contami
nants into the tank thTOugh the ~1mular ~pace 
around the agitator shaft. The agitator shaft, if 
removable, shall be provided with an easily ac
cessible, readily demountable coupling of either 
a sanitary type located within the lining or a coupl
ing located outside the lining provided that it is 
above the umbrella provided to protect the annu-, 
lar space around the shaft. A bottom support or 
guide, if used, shall be welded to the lining and 
shall not interfere with drainage of the tank and 
the inside angles shall have minimum radii of 1/8 
inch. When the agitator shaft has a bearing cavity, 
the diameter of the cavity shall be greater than 
the depth. A seal for the agitator shaft, if pro
vided, shall be of a packless type, sanitary in de
sign with all parts readily accessible for cleaning. 
A sanitary seal for the agitator shaft shall be pro
vided for ( 1 ) a horizontal agitator, ( 2 ) a vertical 
agitator when it is specified that the tank is to 
be located so that the portion of the shaft outside 
the tank is not in a processing area (See D .26.) 
and ( 3 ) an agitator in a tank having means for 
mechanically cleaning the tank. 

0 .16 

A sample cock shall be provided. It shall be of 
a type that has its sealing surface relatively flush 
with the product contact surface of the tank and 
have an inside diameter no less than that of one 
inch E-3-A sanitary tubing. 

0.17 

Sight and light openings, when provided, shall be 
of such design and consh·uction that the inner 
surfaces drain inwardly, and if the tank is designed 
for mechanical cleaning, the inner surface of the 
glass (or plastic) shall be relatively flush with 
the inner surface of the lining. The inside diam
eter of the opening shall be at least 3-3/4 inches. 
The external flare of the opening shall be pitched 
so that liquid cannot accumulate. 

0 .1 8 

An opening for a pressure transmitter, if provided, 
shall be in a portion of the tank that is in the 

, , 
\ ,. 
I 
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processing area, and if the tank is designed for 
mechanical cleaning, the transmitter shall be rela
tively flush with the inner surface of the lining. 

0.19 
An opening for a gauge, if provided, shall be in 
the portion of the tank in the processing area. The 
inside diameter of the opening shall be not less 
than 1.75 inches. 

0.20 
A hooded air vent of sufficient free opening area 
to prevent back pressure during filling and to pre
vent vacuum during emptying of the tank shall 
be provided in the front head near the top of the 
tank or in the top of the tank. (See Appendix, 
Section K.) The vent shall terminate in a process
ing area and shall drain into the tank. It shall be 
provided with a perforated cover having openings 
not greater than 1/16 inch diameter, or slots not 
more than 1/ 32 inch wide. Woven wire mesh shall 
not be used for this purpose. It shall be so de
signed that parts are readily accessible and read
ily removable for cleaning. 

0.21 
Storage tanks having an inside height of more 
than 96 inches shall be provided with means (see 
suggestions Appendix, Section I ) that will facili
tate manual cleaning and inspection of all product 
contact surfaces or means shall be provided for 
mechanically cleaning the product contact surfaces 
of the tank and all non-removable appurtenances 
thereto (See suggestions Appendix, Section J). 

0.22 

Means of supporting ta.·nks 
i 0.22.1 

The means of supporting tanks designed to be in
stalled wholly within a processing area shall be 
one of the following : 

0 .22.1.1 

With legs. Adjustable legs shall be provided of 
sufficient number and strength and so spaced 
that the filled tank will be adequately supported. 
Legs shall have sealed bases . Exterior of legs and 
leg sockets shall be readily cleanable. Legs shall 
be such that the product outlet is sufficiently high 
to allow for adequate cleaning and will provide 
an 8-inch minimum clearance between the floor 
and the tank outlet valve or bracing whichever is 
lower. The legs of cylindrical horizontal tanks 
shall be installed so that the leg will be vertical 
w~1en the tank lining is pitched 1/4 inch per foot 
toward the outlet. 

0 .22.1.2 

M ounted on a slav or island. The base of the tank 

shall be such that it may be sealed to the mounting 
surface. (See Appendix, Section L. ) 

0 .23 
The tank shall be insulated with insulating material 
of a nature and amount sufficient to prevent, in 
18 hours, an average temperature change of great
er than 2° F in the tank full of water when the 
average difference between the temperature of 
the atmosphere surrounding the tank is 30° F 
above or below that of the water in the tank, pro
vided that the insulating material shall have an 
insulating value equivalent of not less than 2 inches 
of cork. Tanks specified for installation partially 
outside of a building shall be insulated with insul
ation material having an insulqting value of not 
less than 3 inches of cork over non-refrigerated 
areas. (See D.26 ) . Insulation material shall be 
installed in such a manner as to prevent shifting or 
settling. 

0.24 
Non-product contact surfaces shall be free of 
pockets and crevices and be readily cleanable and 
those to be coated shall be effectively prepared for 
coating. 

0.25 
The outer shell shall be smooth and effectively 
sealed except for a vent or weep hole in the outer 
shell of the tank. The vent or weep hole shall be 
located in a position that will provide drainage 
from the outer shell and shall be vermin proof. 
Outside welds need not be ground. 

0 .26 

E. 

Storage tanks shall have an information plate in 
juxtaposition to the name plate giving the following 
information or the information shall appear on the 
name plate: 
(a) The insulating value of the insulation as ex

pressed in the following or a similar statement: 
The insulation of this tank is or is equivalent 
to _____ _ inches of cork. 

(b ) If the tank has a vertical agitator and a sani
tary seal is not provided for the agitator shaft, 
the following or a similar statement shall be 
expressed: 
This tank is designed to be located wholly 
within a processing area. 

A PPENDIX 

STAINLESS STEEL MATERIALS 
Stainless steel conforming to the applicable com
position ranges established by AISI' for wrought 
products, or by ACP for cas t products, should be 
considered in complian ce with the requirements 
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F. 

G. 

H. 

I. 

J. 

of Section C.1 herein. ·where welding is involved 
the carbon content of the stainless steel should not 
exceed 0.08%. The first reference cited in C.1 
sets forth the chemical ranges and limits of ac
ceptable stainless steels of the 300 series. 
Cast grades of stainless steel corresponding to 
types 303, 304, and 316, are designated CF-16F, 
CF-8, and CF-8M, respectively. These cast grades 
are covered by ASTJ\11'' specifications A296-68 and 
A351-70. 

PROD UCT CONTACT SURFACE FINISH 

Surface finish equivalent to 150 grit or better as 
obtained with silicon carbide, is considered in 
compliance with the requirements of Section D.1 
herein. 

INLET AND OUTLET CONNEC TIONS 

The distance between the nearest point on the 
outer shell of the tank to ( 1 ) the face of a bolted 
or clamp type flange or ( 2) the face of a E-3-A 
sanitary threaded connection on an inlet or out
let connection below the normal product level 
should not exceed the smaller of ( 1 ) twice the 
nominal diameter of the connection or ( 2) five 
inches. 

VALVES 

Valves on inlet and outlet connections in the tank 
below the maximum normal product level should 
be of the close coupled plug-type or of the close 
coupled compression-type. 

MANUAL CLEAN IN G 

If the inside height of a tank exceeds 96 inches, 
one means for manual cleaning is to weld a stain
less steel rung on each end of the tank to support 
a removable platform at a height which will 
facilitate cleaning and inspection. 

MECHANICAL CLEANI NG 

One cleaning method found to be satisfactory is 
to pump the cleaning solution to the dome of the 
tank or the upper portion of the tank surface, as 
the case may be, through stainless steel lines with 
C-1-P fittings or welded joints and dish·ibute it 

4 Available from Am erican Society for Testin g an d Materials, 
1916 Race Street, Philadelphia, Pa. 19103. 

K. 

in such a manner as to provide flooding over all 
interior surfaces . The tank should be installed 
with sufficient pitch to accomplish draining and to 
have a fast flushing action across the bottom. The 
pitch should be at least 1/4 inch per foot. Means 
should be provided for manual cleaning of all 
surfaces not cleaned satisfactorily by mechanical 
cleaning procedures. NOTE: Cleaning and/ or 
sanitizing solutions should he made up in a sepa
rate tank-not the storage tank 

A IR VENTING 

To insure adequate venting of the tank which 
will protect it from internal pressure or vacuum 
damage during normal operation, the critical re
lationship between minimum vent-size and maxi
mum filling or emptying rates should be observed. 
The size of the free vent opening of a tank should 
be at least as large as those shown in the table 
below: 
Minimum Free Vent 

Opening Size 
( inches, I. D .) 

1-3/4 
2-1/4 
2-3/4 

Maximum Filling or 
Emptying Rate 

(gallons per minute) 
175 
300 
400 

The above sizes are based on normal operation and 
are sized to accommodate air only and not liquid. 
A perforated vent cover, if used, should have a 
free opening area equal to at least 1-1/2 times 
the area of the vent opening in the tank The 
venting system covered in the preceding para
graphs is intended to provide for venting during 
filling and emptying; however, it is not adequate 
during cleaning. During the cleaning cycle, tanks 
when cleaned mechanically should be vented ad
equately by opening the manhole door to prevent 
vacuum or pressure build up due to sudden changes 
in temperature of very large volumes of air5

• Means 
should be provided to prevent excess loss of clean
ing solution through the manhole opening. 
The use of tempered water of about 95° F for 
both pre-rinsing and post-rinsing is recommended 

' For example, when a 6,000 gallon tank (with 800 cu. ft. of 
135o F hot air after cleaning) is suddenly flash cooled by 
50° F water sprayed a t 100 gpm the following takes place: 

Within one second, th e 800 cu . ft. of hot air shrinks ap
proximately 51 cu. ft. in volume. This is the equivalent in 
occupied space of approximately 382 gallons of product. 
The shrinkage creates a vacuum sufficient to collapse the 
tank unless the vent, manhole, or other openings allow the 
air to enter the tank at approximately the same rate as it 
shrinks. It is obvious, therefore, that a very large vent such 
as the manhole opening is required to accommodate this 
air flow. 

;, 
I 

, 
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L. 

to reduce the effect of flash heating and cooling. 
Provisions should be made to prevent overfilling 
with resultant vacuum or pressure damage to the 
tank. 

SLABS OR I SLANDS 
When a tank is designed to be installed on a slab 
or an island, the dimensions of the slab or island 
should be such that the tank will extend beyond 
the slab or island at least one inch in all horizontal 

directions. The slab or island should be of suf
ficient height so that the bottom of the outlet con
nection is not less than 8 inches above the floor. 
The surface of the slab or island should be coated 
with a thick layer of waterproof mastic material 
which will harden without cracking. The junction 
of the outer shell of the tank and the slab or island 
should be sealed. 

These standards are effective June 28, 1972. 

1972-IAMFES AFFILIATE SECRETARIES 

HUGH BEMENT, Sec.-Treas . 
Cal. Assn. Dairy & Milk San. 
14454 Costa Mesa Dr. 
La Mirada, Cal. 90638 

GEOH.GE HAZELWOOD, Sec'y . 
Ont. Milk & Food Sanitarians 
Etobicoke Health Unit 
550 Burnhamthorpe H.d . 
Etobicoke, Ont. , Canada 

H.ICHAH.D M. PARRY, D.V.lvl. Sec. Conn. 
Tunnel H.oad, R R 1, 

• 

Vernon, Conn. 06086 

( JAY B. BOOSINGER, Sec.-Treas . 

' .. 
) 

' ' 

Fla. Assn. Milk & Food Sans. 
Div . Dairy Inclustry-Fla. Dept. Agric. 
Tallahassee, Fla . 32304 

ROBEH.T COE, Sec.-Treas. 
Ill . Assn. of Sanitarians 
R H.. 1, Box 149 A 
Hinckley, Ill. 60520 

PAUL L. MEYERS, Sec'y . 
I Incl. Ass'n. Sanitarians 

210 William Dr., 
Brownsburg, Incl. 46714 

H. E. HA TSEN, Sec.-Treas. 
Ia. Assn. Milk and Food Sanitarians 
Hobert Lu~as Bldg. State Health Dept. 
Des Moines, Ia . 5G<:H9 

JOH J . AUSTERMILLER, Sec.-Treas. 
Kas . Assn. of Environmentalists 
Top Shaw. Cou H.D. 1615 W. 8th 
Topeka, Kas. 66606 

LEON TOWNSEl D, Ky. Assn. of Milk 
110 Tecumseh Trail & Food San. 
Frankfort, Ky. 40601 

THEODOH.E J. KILMEH, Sec'y. 
Mich. Assn. San. 
Oakland County Health Dept. 
12PO N. Telegraph H.d . 
Poh tiac, Mich. 48053 

JIMMY V•/ . BRAY, Sec.-Treas. 
Miss. Assn. of Sanitarians 
202 N. H.obinson St. 
Senatobia, Miss. 38668 

DR VEH1 PACKARD, Sec.-Treas. 
Minn. San. Ass'n. 
Food SC. & Indust. Univ. of Minn. 
St. Paul, Minn. 55101 

ERWIN P. GADD, Sec. 
ifissouri Assn. Milk & Food San. 

2700 Garden View Dr. 
Jefferson City, Mo. 65101 

PROF. R. P. MARCH, Sec. 
N. Y. State Ass'n . Milk & Food San. 
118 Stocking Hall, Cornell Univ. 
Ithaca, N. Y. 14850 

ALVI ' E. TESDALE, Sec.-Treas. 
Oregon Assn. of Sanitarians 
5155-7th Ave. N. E. 
Salem, Ore. 97303 

GERALD SHICK, Sec'y.-Treas. 
H.. R. 2, Box 325 B 
Latrobe, Pa. 15650 

CLIFFORD J. COSGROVE, Sec.-Treas . 
H.. I. Dairy & Food Sanitarians 
237 Woodward Hall-Univ. R. I. 
Kingston, H.. I. 02881 

FRANK YATCKOSKE, Sec.-Treas. 
Hocky Mt. Ass'n. 
3150 V./. 25th Ave. 
Denver 11, Colo. 80211 

HOWARD HUTCHINGS, Sec'y.-Treas . 
So. Dakota Ass'n . of Sanitarians 
Div. San. Eng. State Dept. Health 
Pierre, S. D . 57501 

WILLIAM H. GILL 
Sec. -Treas. VA Ass'n. Sanitarians and Dairy Fieldmen 
6702 Van Burin Ave., 
Hichmond, Va. 23226 

MR HAY CARSO , Sec.-Treas. 
·washington Milk Sanitarians, Inc. 
250·5 S. McClellan St. 
Seattle, Wash. 98144 

L. WAY E BRO\VN, Sec.-Treas. 
\•Vis. Assn. Milk & Food San. 
4702 University Ave. 
Madison, Wis. 53705 
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NEW MANUAL KEEPS FOOD SE,RVICE 
OPERATIONS OUT OF TROUBLE 

Nlore stringent enforcement of sanitary codes and 
the advent of OSHA (Occupational Safety and Health 
Act) is making life a bit tedious for many food serv
ice operations. Governmental concern for sanitation 
and cleanliness in restaurants, bakeries, supermarkets, 
school lunch kitchens, cafeterias, hospital kitchens, 
fast food outlets and drive-ins have been an area of 
mounting problems for food service people. 

A new and unique manual for easy compliance to 
sanitary regulations has been developed in non-com
mercial form by the Sparta Brush Company Inc. of 
Sparta, ·wisconsin . The hard cover, loose leaf format 
includes a synopsis of the federal sanitation code, sani
tizing chemicals, \Vater temperatures, selection ·and 
use of specialized brushes and '11ow to" sections on 
the proper cleaning of equipment and utensils. 

The manual was introduced at the National Res
taurant Show on May 21, 1972 and according to Joe 
Larson, Sparta Brush president, "Food service oper
ators and restaurant supply dealers alike welcomed 
this nuts and bolts manual with a sigh of relief. It 
helps them to keep inside the law as far as sanitary 
clean-up is concerned and eliminates questionable 
areas in the OSHA rulings." The manual covers all 
types of equipment and food handling utensils in all 
areas of food preparation and service. 

Sparta Brush subsidized this non-commercial man
ual and is offering copies for sale at a price of $1. 
Price includes a ring binder and provides for per
iodic revisions and updating of information on newly 
printed pages. Copies can be obtained by remitting 
$1 to Sparta Brush Company Inc., Sparta, \ iVisconsin 
546.56. Specify manual SM-003. 

FUNGI AND FOODS 
"Fungi and Foods" is the title of the 7th Annual 

Symposium sponsored by the \i\' estern New York 
Section of the IFT and the New York State Agri
cultural Experiment Station, Geneva to be held Octo
ber 19, 1972 at the Sheraton Gatehouse, Rochester, 

ew York. The program will include seven speakers. 
For more information, contact D. L. Downing, New 
York State Agricultural Experiment Station, Geneva, 
New York 14456. 

PROCESSORS BEGIN PRE"'REGISTERING 
FOR FOOD & DAIRY EXPO 

Advance regish·ations for Food & Dairy Expo '72 
are flowing rapidly into the office of the sponsoring 
Dairy and Food Indush·ies Supply Assn., as shown by 
staffers Julie McMahon and Cecil Cassidy. 

Food plant personnel in a wide variety of capaci
ties - owners, engineers, marketing directors, re
searchers, operations managers, purchasing agents, 

management - are registering now for the October 
1-5 exposition. 

Expo attendees who register in advance do them
selves a favor. They avoid long lines and unnece~sary 
delays at Show-time; their Expo kits are awaiting 
them when they arrive at Convention Hall. 

Pre-registrants receive a handy confirmation card , 
hotel reservation form, notice on group flight ar
rangements and announcement of social activities. 
Hotel forms include room rates and a map specifying 
hotel locations . Advance registrants have priority 
for choice hotel space. 

Response so far indicates a record number of 
representatives from the bakery, beverage, canning, 
confectionery, dairy and meat industries will be in 
attendance. The Atlantic City Convention Hall 
Show will feature nearly 300 exhibits of equipment 
and supplies for the processing industries . 

Write to DFISA, 5530 Wisconsin Ave., ·washing-
ton , D. C. 20015 for registration and hotel forms . ' 

DAIRY QUALITY CONTROL CONFERENCE 
A Dairy Quality Control Conference will be held 

at Penn State University on October 10, and 11, 1972. 
This Conference is aimed at dairy plant processors 
and plant management personnel. Topics will in
clude discussion of pasteurization processes and 
quality control measures. Other topics will include 
talks on soft serve and shake mix problems, quality 
control of Yoghurt, and acidulated dairy products. 

Consumer-oriented panels will discuss attitudes of 
consumers regarding the dairy industry, labeling 
problems and nutritive value of dairy products. 

Other topics will include needed change in regu
latory conh·ol, and plant conh·ol of volume and fat 
losses. 

All meetings will be held in the J. 0. Keller Build
ing on the campus of The Pennsylvania State Uni
versity, University Park, Pa. 16802. Regish·ation fee 
is $25.00. For information contact the Agricultural 
Conference Coordinator, 410 J. 0 . Keller Building, 
University Park, Pa. 16802. 
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Dairy authorities speak out 
on better cow milking. 

_.. 

R. R. Hacker I University of Guelph /Canada 

Prime the 
,. udder for 

max1mum milk let-down 
Proper pre-milking stimulation is the 
first and a most important step in the 
milking operation. It increases milking 
rate, cuts labor cost and brings about 
maximum milk ejection which helps 
maintain udder health. 

Production of high quality milk 
demands that the udders be cleaned 
and sanitized. Fortunately, the clean
ing process can accomplish both san
itation and stimulation. 

Washing or massaging the udder 
causes a stimulation of the nerve end
ings, releasing a hormone called oxy
tocin from the pituitary gland . In the 
udder, oxytocin causes a contraction 
of the muscle tissue thus expelling 
mi lk into larger ducts and cisterns. A 
recent experiment demonstrated that 
the sounds of milking do not cause 
adequate release of oxytoc in to 
achieve milk let-down. 

It has been determined that the 
response to oxytocin will begin 13 to 
50 seconds after washing and mas
saging the udder and will last for 2 to 
10 minutes, depending on the quantity 
released. The act of stimulating should 
be performed one or two minutes 
before the milking machine is 
attached. This interval is of the utmost 
importance. If a cow is stimulated 5 to 
10 minutes before the mi lking machine 
is attached, most of the effect of oxy
tocin will be lost. Results of work at 
Kansas have shown that when milking 
was delayed 8 minutes after stimu la
tion, yields decreased by 5% and 
machine time increased by 14%. 

A milking machine should not be 
placed on a cow until her teats are 

plump and fully distended from the 
pressure of the milk. Teat cups will 
draw in flabby teats and loose udder 
tissue when mi lk pressure is low. If 
this happens, the teat can be injured 
or partially blocked and milking time 
wil l be longer. 

A cow in the early lactational 
phase wi ll often on ly require a 10 sec
ond stimulation period to achieve fu ll 
let-down, whereas cows in the latter 
half of lactation wil l often require 50 
seconds or more. When al l cows are 
compared, the higher producers gen
erally require less stimulation . How
ever, even with high-producing cows, 
merel brush the udder to remove 

dirt or simply using a strip cup does 
not prove adequate to stimu late max
imum let-down. In a New Zealand 
study, one identical twin in each of 
several pairs was stimu lated for 30 
seconds before milking. The unstim
ulated twin cows exhibited a rapid 
decline in milk production after 50 
days, allowing the stimu lated twins to 
produce 32% more milk and fat. 

.. the accent is on YOU! 

From a milking rate study, con
ducted by Dr . J. D. Sikes and the 
author at the University of Missouri, 
it was learned that total parlor t ime 
decreased by approximately 2 hours 
per day when 79 cows were properly 
stimulated by an automatic stimulator
washer. The results of this experiment 
are shown in the table. 

PERCENTAGES OF COWS THAT 
MILKED OUT IN VARIOUS INTERVALS 

Manual Automatic 
(15 Sec.) (30 Sec.) 

0-3 min. 0 15.3 
3-4 min. 9.8 45.8. 
4-5 min. 33 .3 26.4 
5-6 min. 16.7 9.4 
+6 min. 40.3 2.8 

Milking time per cow decreased 
with the use of the stimulator-washer. 
Cows prepared with the stimulator
washer ranged from 2.02 to 7.47 min
utes, while cows prepared manually 
required 3.40 to 14.7 minutes for milk
ing. On the average, cows that were 
stimulated for 30 seconds gave 76% 
of their milk in the first two minutes as 
compared with only 51% with a 15 
second pre-milking stimulation . Milk 
yield in the first 30-60 seconds of milk
ing serves as a measure of complete
ness of milk eject ion . 

In this experiment, an automatic 
stimulator-washer was used. It shou ld 
be noted, however, that careful and 
thorough hand-stimulation can 
achieve the same results. 

2100 S. York Rd., Oak Brook, Ill. 60521 
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