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l<nowing the difference between this TRI-CLAMP ® 
fitting and others-may save you a lot of money. 

COUPLER SEAT 

TENSION BAND 

MOLDED GASKET 

Each Tri-Ciamp® fitting is a strong, 
light weight quick-connect-union . 

..._------------------------------ They are free of pockets and crevices 
and ideally suited for use where 
contamination and corrosion hazard 

s ~·7 

This is a corrosion and contaminant resistant Tri-Clamp® 
fitting. It is available in various combinations of polished and 
non-polished I.D. and O.D . surfaces to allow flexibility in 
designing systems to meet individual process requirements. 

Unlike many such products, Tri-Clamp is not just a joint 
connection. It is the only complete line of Tube O.D. and 
Schedule 5 fittings. Adapters, fabricating tools-even valves 
are included in the line. Adapters for most sizes of IPS screwed, 
ACME thread and butt-weld lines are available from 
Tri-Clover stock. 

Whether you need one connection ... or a complete cor­
rosion resistant PWing system . .. you can select the proper 
fitting from the Tri-Clamp line. You'll save time, money and 
trouble later, by doing business with Tri-Clover-where the 
control of liquid flow is our business. 

The complete line of Tri-Clamp 
fittings and how to employ them 
effectively is described in our new 
40 page catalog TC166. See your 
T r i- Clover distributor or write : 

LADISH CO. 

Tri-Ciover Division, Kenosha, Wisconsin 

must b e avoided. Three styles 
available : 

T- Bol t tension type 

Quick release, hand toggle 

Heavy-duty, thumb screw 

, 
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·~/././SP;ifl 
U.S. P. LIQUID PETROLATUM SPRAY 

O.S.P. OHITED STATES PHARMAtEUlltAl STAHDARD~ 
(ONTAIN! NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY 
NEUTRAL. WILL NOT TURN RANCID-CONTAMINATE DR 
TAINT WHEN IN CONTACT WITH FOOD PRODUCTS. 

SANITARY-PURE 

ODORLESS -TASTELESS 

NON -TOXIC 

Tlci& ruce 
Jfli6t-eike 
HAYNES-SPRAY 
3koufd ~ Med ~ ~: 
SANITARY VAL YES 
HOMOGENIZER PISTONS - RING 
SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILLING 
MACHINE PARTS 
ond for ALL OTHER SANITARY 
MACHINE PARTS which ore 
cleaned doily. 

Tfce Ufederut HAYNES-SPRAY Ufelbd ol .£~ 
CDH61Vlttt3 ttU& flee Ktifk OruliHtucu cuuL CIUle 
R~ luj flee U. S. PKltfie Hea£& S~ 
The Haynes-Spray eliminates the danger of contamination which i• 

pouible by old fashioned ·lubricating methods. Spreading lubricant• 

by the use of the finger method may entirely dedroy previou~ 
bactericidal treatment of equipment, 

THE HAYNES MANUFACTURING CO. PACK£0 6·12 OL CANS PER CARTON 
SHIPPING WIIGHT -7 lBS. 4180 lorain Avenue • Cleveland 13, Ohio 

HAYNES·SPRAY .INGREDIENTS CONFORM WITH FDA REGULATIONS AND CAN BE 
SAFELY USED AS A SANITARY LUBRICANT FOR FOOD PROCESSING EQUIPMENT 
WHEN USED IN COMPLIANCE WITH A EXISTING FOOD ADDITIVES REGULATION. 

Gasket Co lor • .• 
slightly off - white 

*MADE FROM 

TEFLON® 
" Tke Sopfmfiwtd GMket II 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 

PRESSURE LINES 

SNAP-TITE se lf-ce ntering gaskets of TEFlON are designed for all 

standard bevel seat sanilory fittings. They SNAP into place provid· 

ing self-alignment and ease of assembly and disassembly. 

HAYNES SNAP-TilES of TEFLON ore unaffected by cleaning solu­

tions, steam and so lvents. They will nat embrittle al temperatures 

as low as minus 200° F. and ore impervious to heat up to 500 ° F. 

f OR A FiniNG GASKET THAT WILL OUT-PERFORM All OTHERS ... 

S~ecihy ... HAYNES SNAP-liTES of TEFLON 
• TEFLON ACCEPTED SAFE FOR USE ON FOOD & PROCESSING 

EQUIPMENT BY U . S. FOOD AND DRUG ADMINISTRATION 

*Gaskets made of DuPon t TEFlON @ TF E-FLUOROCARBON RESINS 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 
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HAYNES $NA1'!fi~E GASKETS 
"fORM.fiT" WIDE FLANGE 

HUGS STANDARD BEVEL 

SEAT FITTINGS 

MOLDED TO . 
PRECISION STANDARDS 

DESIGNED TO 

SNAP INTO 

FITTINGS 

~ LOW COST ••• RE-USABLE 

~LEAK-PREVENTING 
NEOPRENE GASKET lor Sanitary Fittings 

~ tku $NAl'!fl"rE r/Ma~tteJ?U 
right joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Nan-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time-saving, easy to assemble 

Self-centering 

No sticking to fiHings 

Eliminate line blocks 

Help overcome line vibrations 

long life, use over and over 

Ayailoble lor 1•, lW", 2"', 2~"' and 3* liflings. 

Pac\ed 100 to the box. Order through your dairy supply hou••· 

THE HAYNES MANUFACTURING CO. 
4180 Lorain Avenue • Cleveland 13, Ohio 

A HEAVY DUTY SANITARY LUBRICANT 

Avaifa£/e in £olh 
SPRAY AND TUBE 

All Lubri- Film ingredients are 

approved by F.D .A. and can be 

safely utilized as a lubricant for 

food processing equipment when 

used in compliance with an exist· 

ing food additive regulation. 

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

For Use in Da iries- Ice Crea m Plants- Breweries­

Beverage Plants- Bake ri es- Canne ri es - Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6-16 OZ. CANS PER CARTON 

TUBES- PACKED 12 -4 OZ. TUBES PER CARTON 

THE HAYNES MANUFACTURING CO. 

CLEVELAND 13 , OHIO 



Why is the 
ADVANCED MILl( CRYOSCOPE 

e the recogllized leader in cryo_scopy? 

Complete detail.s on the Ad­
vanced Milk Cryoscope .are 
presented in this brochure. 
Wriu today for :rour copy. 

Here are a few user reasons: 
1. First. in Sales. 

2. Most Official & University users. 
3. Easiest and most Accurate to operate. 
4. Only Advanced Milk Cryoscopes follow the 

AOAC & APHA Methods (details on request). 
5. First "Hot-Line" Customer service: 

• Collect telephone- user to factory expert 
• Largest stock of parts for same-day shipment 
• Only modular design for unplug-&-replace 

service 
• Largest team of local sales and service 

engineers 
• Most complete User's Guides 
• First and Most Regional Schools and Work­

shops- continued technician training and 
certification 

6. Publishers of Milk Cryoscopy News. 

7. Only Cryoscope continually improved for per· 
formance- not just style. Always follows 
'uniform Universal Thermodynamics. 
For 15 other exclusive features, write or call 
collect today . 

~ JJDVJJNCED 
~ INSTRUMENTS,INC. 
43 Kenneth Street I 617 DEcatur 2-8200 
Newton Highlands, Massachusetts, 02161 

, 

~------------------------~· 
AGAIN 

H 'S 
Processing today to be profitable, must be repeat 
standardization . .. a technology of again and again 
and again. This is where Hansen's enzyme 
preparations, colorants and cultures become 
especially important, for Hansen's has an unequalled 
depth in experience - since -187 4 -and an 
unsurpassed record of time-tested performance. 
Even more, Hansen's give you the convenience 
and economy of one label purchasing, delivery, 
invoicing and inventory. 
Yow order is wanted, welcomed and valued. 

~~~C~a~//~o~r·w,r,it~e·~~'-'"-~~~'-''-'~~MI~~~-411 
Cheese Rennet • Cheese Color 
• An natto Butter Colors • Starter 
Disti llate • Cottage Cheese 
Coagu lator • Ice Cream Color 
• Annatto and TurmeriG Colorants 

II 

for process cheese and other foods 
• Catalase • Oxi -Lac • Dri -Vac® 
Lactic Cultures • Blue Mold Powder 
• Culture Flasks 
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Think you can stick us with your dirty work 1 

Go ahead and try. 

Throw us the toughest cleaning or sanitizing 

problem you've got. We've handled some mighty 

sticky problems, and we've yet to be stuck. 
For example: in response to a customer's prob­

lem, a team of Pennsalt scientists recently devel­

oped a new process to remove burned-on stains 

from stainless steel ·heat exchangers-and prevent 

them from reappearing. The process not only got 

rid of the black stains completely, but saved the 

customer 51 % in cleaning costs , too! 
Think about it. Isn't there something in your 

~lant that takes longer to clean than you'd like-

or that never gets completely free of stain? Maybe 

it's a blackened heat exchanger you think is un­

cleanable. Now you know it can be cleaned. 

Ask us how we can rr:ake our customized clean­

ing and sanitizing programs work for you, and save 

you time, trouble and money. 

Get in touch with us now. We'll dispatch one of 

our technical representatives to survey your plant's 

cleaning and sanitizing requirements. It won't cost 

you a cent. 
You have nothing to lose but your stains. 

Dairy and Food Department 

PENN SALT CHEMICALS CORPORATION 

3 Penn Center, Philadelphia, Pa. 19102 
(PENNSALT~ 
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The History 
of Difco 

Quality Con-trol. • • 

and what it me?Jns to you today 

Difco was developed by producing better products through 
control of quality. Now there is a history of more than 
seventy years of dedication to accuracy and dependability, 
specialized equipment, exacting materials control. 

It's a history of a unique kind of control. Difco tests 
each ingredient before it is accepted for use. 
Testing throughout preparation assures compatibility. 

The finished product is then tested for dependable 
performance un9er the condi tions for which., th.e product 
is intended. Result? Perfectly standardized prqdY,cts 
that give reproducible results every time. ., . 

What does it mean to you? 

Assured reliability. Savings in time and money. ,, .. 
Dependable microbiological results in your laboratory; 

DIFCO 
Difco Laboratories Detroit 48201 USA 
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THE EFFECT OF COPPER ON DISTILLED WATER QUALITY FOR USE 
IN MILK AND WATER LABORATORIES 

GENE vv. RoNALD AND R. L. MoRRis 

Stflte Hygienic Laboratory 
Uni versity of Io u:a, Iowa Cit y 52240 

( Heceived for publication April 26, 1967) 

SUMlVIARY 

Levels of copper toxicity have been established in distilled 
water using the distilled water suitability test . It is shown 
that levels of copper, toxic by the distilled water suitability 
test, are not toxic to the test organism, Aerobacter aerogenes, 
in steril e milk or to th e nonnal bacterial fl ora of a raw milk 
sample. 

It is the contention of this p aper th at the distilled water 
suitability t est is an unrealistically severe yardstick of distilled 
water quality for use in routine milk and water laboratories . 

Standard Methods for the Examination of Water 
and Wastewater (2) states, "only distilled water and 
demineralized water which has been tested and found 
free from traces of dissolved metals and bactericidal 
and inhibitory compotmds may be used for the prep­
aration of culture media and reagents." 

A statement of similar nature, though somewhat 
less restrictive, appears in Standard Methods for the 
Examination of Dairy Products (1 ). 

Each of the above publications then suggests the 
procedure of Geldreich and Clark (3) as the method 
of testing distilled water supplies for b actericidal 
compounds to determine their conformity to Stand­
ard Methods specifications . 

In an attempt to satisfy this requirement, a state­
wide distilled water quality control program was 
initiated in Iowa. The program involves thirty ap­
proved milk and water laboratories and consists of 
analysis "of their distilled water samples for pH, con­
ductivity, copper and b actericidal agents . 

Because so many distilled waters contain measur­
able concentrations of copper, it was decided to 
evaluate the direct toxicity effect of copper on the 
distilled water suitability test as well as its effect in 
actual distilled water use in 1:outine milk and water 
laboratory procedures. 

MATEi~IALS AND METHODS 

Four, presterilized, 6-oz, " \Vhirl-pak" plastic bags were 
sent to ·each labora tory for the submission of their distilled 
water samples. The "\VhiTl-pak" bags are th e same type as 
tHose used in many milk sheds around th e nation for collecting 
raw mi·lk samples. 

This p lastic bag was decided upon as a samp le container 
because of its inert effect upon the water sample and because 
no preparation of th e bag is necessary prior to sampl e col­
lection. Anoth er important point is that a sample contain er 

such as the "'vVhirl-pak" bag precludes detergent residues 
that could possibly be left on other types of containers through 
routine washin g procedures. 

Copper was determin ed on each sampl e using th e "cup­
erthol " method in Standard Methods for the Examination of 
\Vater and Wastewater (2). 

A stock solution of copp er prepared according to the 
~;p ecifi cations given in the "cuperthol'' m ethod was used to 
prepare varying concentrations of copper for toxicity tests. 
pH was determined on each sample using a Corning, Model 
12, expandomatic pH m eter and th e conductivity of the 
samples were determined on a conductivi ty-bridge equipped 
wi th a K-0.100 cell. 

Th e procedure of Geldreich and Clark (3) was used to 
evaluate the d istilled water samples for bactericidal activity. 
This procedure will hereinafter be referred to as the distilled 
water suitability test ( DWST) . 

The control water used throughout the D\VST was pre­
pared by passing a first-distillation water through a mixed bed 
resin deionizer and a carbon filter after which it was col­
lected and redistilled in an ali glass stili. 

The pH of this control water varies from 5.8 to 6.2 with a 
conductivity range of 800,000 to 1.1 million ohms and th e 
water is copper free. 

TABLE l. SCHEDULE OF FLASK PHEPARATJON TO DETEHMI NE 

T oxic LEVELs OF CoPPER 

FJask No. 

Control 

1 

2 

3 

4 

5 

Ml of 1000 ppb• 
cop per sol'n added 

per flask 

0 

21 

15 

10 

5 

1 

"ppb microgram/ liter. 

1\Ll of minimal 
nutrient media 

added per fl ask" 

9 

9 

9 

9 

9 

9 

~11 of control 
·water added per 

flask 

21 

0 

6 

11 

16 

20 

''Total of th e constituent r eagents per specifica tions of Gel­
cleriech and Clark (3). 

RESULTS AND DISCUSSION 

Prepared levels of copper were utilized to deter­
mine what concentrations were toxic to the t~s t or­
ganism Aerobacter a.eTOgenes (3). 

Six 125-ml erlenmeyer flqsks were prepared ac­
cording to the schedtile of Table 1. Each flask was 
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T AIJLE 2. TOXIC LEVELS OF COPPEH AS DETERMINED IJY TH E 

DISTILLED \ VATER SUlTAll!LITY TESTa 

Con trol-l 
1 

2 

3 
4 

5 

Cnntrol-2 
6 

7 

8 

9 

10 

Concentration 
Cu·:·+ Jniti nl 
ppb SP C 

0 58 
700 26 
500 59 
300 56 

170 55 
30 75 

0 67 
70 57 
50 62 
30 56 

17 54 
3 72 

SP C 
(000 om itted) 

4600 
0.32 
1.4 
8.7 
160 
2300 

4100 
730 

1500 
1900 
3000 
3800 

"Cuntro l-2 through fl ask 10 run in duplicate. 

Ratio 
SP fla sk B 
SP C fl ask A 

0.00007 
0.0003 
0.002 
0.03 
0.5 

0.2 
0.4 
0.5 

0.7 
0.9 

inoculated with a predetermined volume of a 24-hour 
subculh1re of the test organism and incubated 24 
hours at 32 C. The results are shown in Table 2. 

It should be pointed out here that the results in 
~ 

Table 2 are two individual determinations. Control-1 
through flask 5 represents the first half of the ex­
periment and Control-2 through flask 10 the final 
phase of the copper toxicity experiment. The sched­
ule of Table 1 applies to the ~econd half of Table 2 
as well, except a 10-' dilution of the initial copper 
solution was utilized in the preparation of these cop­
per levels . 

Geldreich and Clark (3) state that DWST ratios of 
0.8 to 1.2 inclusive, indicate no bactericidal properties 
in a distilled water sample. Values below 0.8 are posi­
tive indication of biological toxicity while ratios ex­
ceeding 1.2 are indicative of growth stimulating sub­
stances. They concede however, that because of the 
sensitivity of the test, ratios up to 3.0 can be tolerated. 

In Table 2 a copper concentration of 17 ppb re- , 
sults in a DWST ratio of 0.7 ( toxic ) while a copper 
level of 3 ppb gives a ratio of 0.9 (non-toxic). By 
extrapolation, a copper concentration of 10 ppb should 
then yield a DWST ratio of 0.8 (non-toxic). Ac-

T ABLE 3. ANALYTICAL HESULTS OF DISTILLEU \VATE!l QUALlTY CONTHOL PROGHA"-•I 

SPC/ fla sk Ila tlo 
SPC fl ask B 
SPC flask A 

•• 
Sample 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Inlt.ial SPC 

}'!ask A }' task B 

39 
38 
31 
32 
28 
35 
30 
27 
26 
30 
30 
39 
34 
46 
42 
31 
19 
29 
34 
41 
79 
81 
76 
70 
70 

105 
83 
75 
66 
59 

34 
35 
29 
34 
29 
36 
26 
31 
31 
28 
31 
27 
32 
39 
37 
31 
31 
40 
36 
40 
80 
76 
72 
49 
70 
82 
89 
86 
65 
64 

A B 

3300 
2700 
3400 
3200 
2700 
2700 
2400 
3700 
4500 
3200 
840 
940 
890 

1100 
970 
770 

llOO 
1100 
1200 
1200 
5400 
4300 
5100 
4800 
5900 
3900 
5300 
5200 
4600 
4800 

(000 omitted ) 

3000 
2800 
4200 
2600 
2200 

12000 
930 

3000 
2700 
2200 
850 

3100 
3100 
3000 

670 
780 

1400 
360 

2200 
1300 

10000 
4500 
3400 
3700 
1300 
4100 

15000 
3000 
6600 
950 

0.9 
1.0 
1.2 
0.8 
0.8 
4.4 
0.4 
0.8 
0.6 
0.7 
1.0 
3.3 
3.4 
2.7 
0.7 
1.0 
1.3 
0.3 
1.8 
1.0 
1.9 
1.0 
0.7 
0.8 
0.2 
1.0 
2.8 
0.6 
1.4 
0.2 

Copper 
P!lb 

0 
0 

10 
0 

< 10 
10 

0 
< 10 

20 
0 

30 
< 10 

0 
0 

30 
100 

< 10 
10 

0 
10 

< 10 
0 

< 10 
0 
0 

< 10 
20 

0 
0 

10 

pH 

6.2 
5.8 
6.7 
6.4 
6.4 
6.3 
6.6 
6.4 
6.2 
5.7 
6.5 
5.6 
6.3 
6.3 
6.4 
5.8 
6.1 
6.4 
6.5 
6.3 
6.4 
6.2 
6.1 
6.1 
6.8 
5.9 
5.8 
6.6 
7.1 
6.1 

Condu.ctlvity 
ohms 
(000) 

450 
660 
83 

590 
230 
300 
170 
400 
360 
410 
450 
580 
420 
590 
210 
750 
830 
140 
200 
530 
150 
630 
510 
620 
200 
600 
560 
310 
79 

530 

-
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cording to this data copper concentrations 17 ppb and 

above should be expected to yield DWST ratios in­

dicative of biological toxicity. 
Table 3 shows the analytical results of the distilled 

water quality control program on the first samples 

submitted by the local laboratories. 

Nine distilled water samples had DWST ratios be­

low 0.8 while three samples had ratios in excess of 

3.0. 
Levels of copper thought to be toxic exist in two 

samples ( 9 and 15 ) of the nine having a DWST 

ratio below 0.8. Not readily apparent is why three 

additional samples ( 11, 16 and 27) containing alleged­

ly toxic amounts of copper had DWST ratios in the 

non-toxic range ( 0.8-3.0). Especially sample 16 since 

the copper concentration of this sample is almost six 

times greater than the level of copper found by us 

to cause toxicity (see Table 2). 

At the risk of oversimplifying a highly complex 

situation it is conceivable that the above phenomenon 

might be explained if one considers that while toxic 

levels of copper are present in a given distilled water 

sample they may be overridden or masked by the 

presence of a more concenh·ated system of growth 

enhancement in the same distilled water sample. 

The specific resistances of this group of samples 

ranged from a low of 79,000 ohms to a high of 830,000 

ohms and averaged about 420,000. This average is 

considerably less than the 578,000 ohms recommended 

for "good quality" ·water (3). 
The results of samples submitted approximately 

two months later are similar in many respects to 

those found previously and are shown in Table 4. 

Nine samples were toxic by the DvVST procedure, 

and three were indicative of growth promoting sub­

stances. 
Toxic levels of copper existed in three of the nine 

samples having a D'i\' ST ratio of Jess than 0.8, while 

two samples ( 28 and 29) had levels of copper thought 

to be toxic, but the D'i\lST ratio for these samples 

indicated a suitable distilled water. 

As explained previously however, this could pos­

sibly be the result of the interaction of systems of 

toxicity and growth enhancement. 

TABLE 4. ANALYTICAL 1\ESULTS OF DISTIL LED \V ATEH QuALITY CoNTROL PnoGHAM 

SPC/ fl ask Ratio 
Initi a l Sl'C A B Sl'C fla sk B 

Concltwtivity 

Sample CoPI>er ohms 

Xo. F lask A F las l< B (000 omitted) Sl'-C fla s k A ppb pH (000) 

l 53 35 7200 4600 0.6 30 6.0 690 

2 52 54 1200 630 0.5 0 5.2 270 

3 48 44 LA 4800 LA 10 6.0 340 

4 39 55 7200 9300 1.3 0 6.6 36 

5 52 52 4100 2300 0.6 20 5.9 370 

6 59 59 2600 3200 1.2 0 5.8 750 

7 34 52 3000 8200 2.7 No Sample 

8 49 58 3000 4300 1.4 Trace 6.5 150 

9 53 42 4800 2800 0.6 0 5.8 620 

10 61 51 2400 43000 18.0" 10 7.1 53 

11 48 51 5800 730 0.1 0 5.8 550 

12 66 38 LA 0 6.0 570 

13 44 37 2400 1700 0.7 30 6.1 680 

14 48 50 3700 2000 0.5 0 5.9 760 

15 45 47 2800 2800 1.0 10 6.5 230 

16 52 44 4700 9300 2.0 0 5.4 450 

17 46 45 3100 4200 1.4 0 5.9 660 

18 47 40 4100 10000 2.4 0 6.1 210 

19 51 71 3500 1600 4.6 0 6.1 450 

20 41 46 2000 3200 1.6 10 5.7 650 

21 64 61 6200 4300 0.7 0 5.8 730 

22 36 45 2300 8800 3.8 0 5.7 620 

23 44 63 4700 5900 1.3 10 5.6 570 

24 43 33 2800 170" 0.06 Trace 6.9 210 

25 36 44 2400 230p 1.0 0 6.0 690 

26 39 37 2700 750() 2.8 10 6.0 650 

27 43 46 2300 2500 1.1 10 6.5 430 

28 49 29 4800 12000 2.5 40 5.8 590 

29 54 44 2200 5300 2.4 30 5.8 400 

30 35 45 2300 3400 1.5 10 5.5 400 

"lntense apple-like odor in this sample. 

''172 colonies on 10·3 plate. - ·- . ·-' 
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TABLE 5. BACTEHIAL COUNTS OF A STEHILIZED MILK SAMPLE INOCULATED WITH · Aerobacter aerogenes AND PLATED IN DUPLI­

CATE WITH DILUTION \•\1 ATEH AND MEDIA COKTAINING \1 AlUOUS AMOUNTS OF COPPER 

Copper (ppb) 

SPC 

Ratio 
(SPC 

(SPC 

Copper (ppb) 

0 10 :oo 100 500 

49000 58000 58000 54000 67000 

con t a inin g copper) 1.2 1.2 1.1 1.4 
zero copper ) 

TABLE 6. BACTEH!AL COUNTS OF RAW ~VIILK SAl'vlPLE PLATED J ' DUPLICATE WITH DILUTION 

\ •\1 A"rEH AND MEDIA CONTAINING \1 ARIOUS AMOUNTS OF COPPEll 

10 50 100 500 

1000 

62000 

1.3 

1000 

SPC 41000 39000 39000 41000 39000 43000 

( SPC containin g coppe r) 

Ratio (SPC ) zero copper 
.95 

Specific resistances on these samples ranged from 
36,000 ohms to 760,000 ohms with an average of 
490,000. This average is slightly above that of the 
previous group of samples but is still well below the 
recommended level. 

.95 1.0 .95 1.04 

count agar both containing various concentrations of 
copper. The counts obtained after incubation at 32 C ' 
for 48 hours were compared to counts obtained on 
control plates containing no copper in the dilution 
water and media . The results indicate no toxicity 
when both media and phosphate dilution water con­
tain copper concentrations as high as 1000 ppb. How-

, 

( .. 
I 

If the data shown in Table 3 and 4 is interpreted 
in terms of current recommendations for "good qual­
ity" distilled water, only 30% of the milk and water 
laboratories participating in this study would comply. 

This appears to indicate that producing distilled 
water of the quality specified by Geldreich and Clark 
(3) is accomplished by only a small fraction of routine 
installations, and meeting these requirements would 
require major improvements in production mechanics 
and operation. 

ever, as little as 17 ppb copper is toxic to the same · ) ·. - · 
organisms when tested by the DWST. ptJ 

The DWST is a very sophisticated procedure b .. ,th 
in design and operation. As a result, a high degree 
of technical skill is demanded of the user. Because 
of these points the procedure does not lend itself 
readily to the routine of milk or water laboratories. 
A quality control procedure is only effective if it can 
be applied at a freq;uency statistically significant in­
sofar as the occurrence of the particular probem it 
measures is concerned. To utilize this procedure in 
inilk or water laboratories only twice a year for the 
purpose of distilled water quality-control hardly 
seems significant. 

Basically, the DWST procedure is utilized to de­
termine the biological toxicity in a given system, 
and this it does very well. However, is the sensitivity 
at which the DWST determines biological toxicity a 
good measure of distilled water suitability for use in 
milk and water laboratories? The results of Tables 
5 and 6 are offered with this question in mind. 

Table 5 shows the results of a sample of sterile 
milk that was inoculated with a 24 hour subculture 
of Aembacter aerogenes and plated in duplicate with 
phosphate buffer dilution water and standard plate 

Table 6 shows the results of a raw milk sample 
when plated using the same conditions as in Table 5 
in relation to the media and dilution water. This 
sample was not inoculated with Aerobacter aerogenes 
however, since it was desired to test the effect of the 
same levels of copper on the normal -flora in the raw 

TAI.ILE 7. CAs PnoJJUCTION llY Aerobacter aerogenes in Lactose­
llHOTH M A DE WITH .COPPEH FHEE CONTHOL VVATEH AND I N 

LACT OSE BHOTH PHEPAHED WITH CONTHOL \ <\1 ATE!\ 

CoNTAINING 100 PPB CoPPER 

Lact.ose Broth (35 C) 

Co ntrol 100 ppb Copper 

Tube No. 2 ~1 hr 48 hr 24 hr 48 hr 

I + + 
2 + + 
3 + + 
4 + + 
5 + + 
6 + + 
7 + + 
8 + + 
9 + + 

10 + + 

., 
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milk. The ratios calculated for the results obtained 

in Table 6 support the data of Table 5. Again, no 

reduction in bacterial population was evident even 

in the situation where both media and dilution water 

contained 1000 ppb copper. 
The results of Table 7 indicate when lactose broth 

is prepared to contain 100 ppb copper and inoculated 

with a loopfull of a 24 hour subculture suspension 

of AeTobacter aerogenes no toxicity is evidenced . Gas 

is present in the tubes at 48 hours incubation at 35 C 

as is the case with similarly inoculated control tubes 

of lactose broth prepared with copper-free distilled 

water. In the DWST, however, 100 ppb copper is 

nearly six times greater than the copper level ( 17 ppb ) 

that causes toxicity (see Table 2). 
Copper toxic effects which are evident in the lower 

nutrient levels of the DWST apparently are inhibited 

by the higher nutrient levels in the actual media used 

for milk and water analyses. Therefore, it is felt the 

DVVST is an unrealistically severe yardstick of dis­

tilled vvater quality for milk or water laboratories . 

In view of the infrequency of copper concentrations 

at the 100 ppb level, it appears that an acceptable 

quality distilled water could be evidenced by con-

ductivities above 400,000 ohms specific resistaii:cf~ and 

copper concentrations below 100 ppb. In essence, 

this is a measure of good mechanical condition and 

operation of a typical laboratory still. The demand 

for a more sophistica ted quality distilled water (par­

ticularly zero tolerance of copper ), for use in milk 

or water laboratories, is not indicated by the facts 

presented herein. 
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FOOD PROCESSING-RESEARCH AND 
DEVELOPMENT REPORTS 

The .components of fl exible packaging con tainers, when ex­

posed to th e conditions of food processing or sterilization, are 

subject to migration or leaching into th e food. A study has 

been completed of four different foil-laminated fl exible-film 

materials potenti ally suitabl e for the packagin g and h eat pro­

cessing of foods. The specific objectives were to determin e 

th e amount of fi lm extractives which migrate into food-simu­

latin g sol.vents , th e nature and source of th ese extractives, 

and the amount of volatile extracti ves th at may be lost during 

the analysis of solvent extractives. The stud y was designed 

to provide inform ation for developiog methods with which 

to determine film extractives in fats or oils after high-tempera-

ture extractions of th e film by fat and to establish a correla­

tion between the amounts of solvent extractives obtained at 

150 degrees F to th e amounts of fat ex tractives obt~il1ed at 

the highest temperatures compatible with th e' fihns. Exh'ac­

tion methods and results are presented for n-hept~n e and 

water-film extractions performed under varying conditions. 

The report also includes evaluations of microscopic altei·atio'ns 

in fi lm structme followin g solvent extractions, 'as ,\>ell as 

severa l procedmes for determining film extractives in fat" : ' :· . 
Order AD-640 522.-Migration of fl exible packaging c~i11 -
ponents into food ... R. L. Ferm, The Pillsbury Co. , Minn e­

apolis, lvlnn , for th e Am1y, Ju;1e 66, 6lp. 
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SUMMARY 

It has been stated that chlorinated cleansers increase th e 
"protein solubiliza tion" properties of cleanser solutions to 
which they are added (7) . Chlorinated cleansers , however, 
are alkaline materials which increase the active alkalinity of 
the solutions to which th ey are added; this seems to have been 
overlooked . The study reported h ere was undertaken to 
determine wh ether the added availabl e chlorin e or the in­
crease in active alkalinity was responsible for the increase in 
protein solubilization. 

Two chlorin e sources were employed: Sodium hypochlorite 
( Chlorox) and chlorinated TSP. The approximate amounts 
by which these chlorin e sources increased th e active alka­
linity (as % NaOH ) at th e 100 ppm and 200 ppm levels were : 
Chlorox, 0.0091% and 0.0199%, and chlorinated TSP, 0.0425~t 

and 0.0800%. 

When the active alkalinity was th e same in two solutions, 
there was no significant difference in th e amounts of protein 
they would dissolve, even though one of the solutions con­
tained available chlorine and th e oth er did not. However, 
th e pairs of solutions containing the same percentage of active 
alkalinity as the solution containing 200 ppm available chlorine 
solubilized significantl y more protein ( p < 0.06) th an did th e 
pairs which contained the same active alkalinity as the solu­
tion containing 100 ppm; this is attributed to th e hi gher ac­
tive alkalinity of the form er. These results were the same 
whether Chlorox or chlorinated TSP was the chlorine source, 
whether the direct or indirect m ethod of d~termining protein 
solubilization was employed, and in the direct method , 
wh ether skim or homogenized milk was th e soiling agent. 
On the basis of these data, the increase in active alkalinity, not 
the added available chlorine appears responsible for the 
increase in protein solubilization when a chlorine source is 
added to an alkaline cleanser. 

No calcium remained in any of the spent cleansers from 
th e direct method of evaluating protein solubilization. In 
general, the amount of magnesitm1 remaining decreased as 
the active alkalinity of th e solution increased . There was no 
significant difference in magnesitm1 content between the 
chlorine-containing and chlorine-free solutions having the 
same active alkalinity. Chlorine sources apparently minimize 
precipitation of hard water cations onto equipment surfaces . 

'Journal Paper No. J-5666 of th e Iowa Agricultural and Hom e 
Economics Experiment Station, Am es, Iowa, Project 1298. 
2To whom inquiries should be sent. 

Recently there has been considerable use of "chlor­
inated cleansers" by the Dairy Industry, presumedly 
because of their ability to "dissolve" more pro'tein than 
can non-chlorinated cleansers (7). In a general study 
of cleansers, Harding and Trebler (5) indicate that 
the rate of protein peptization was roughly a function 
of the pH of a cleanser solution and that the total 
weight of protein dispersed was roughly a hmction 
of its active alkalinity ( titration from the original pH 
of the solution to the phenolphthalein endpoint, us­
ually expressed as % NaOH ) . 

Because addition of available-chlorine sources to 
a basic cleanser solution will increase its active alka­
linity, it was considered that the increased protein 
"solubilization" caused by the addition of the chlorine 
source, probably resulted from an increase in active 
alkalinity, not from the available chlorine added. 

This hypothesis was tested by preparing several 
series of solutions within each of which there was 
(a) a basic 0.5% anhydrous tri-sodium phosphate ( TSP ) 
solution (b) this solution plus chlorinating agent to 
yield 100 ppm available chlorine and 200 ppm chlor­
ine and (c) TSP solutions containing, respectively, the 
active alkalinities found in the hvo chlorinated TSP 
solutions in (b) but containing no chlorine. These 
solutions were employed in the indirect method of 
J\tferrill et al. (7), and in a direct method described 
below. 

MATEHIALS AND lv! ETHODS 

The suiting material employed for the microscope slides 
was a clarifier-slime preparation, and that for the centrifuge 
tubes was either commercial skim milk (about 0.54% fat) 
or commercial homogenized milk (about 3.5% fat ) from th e 
Iowa State University Dairy. 

Satisfactory soiling film s were not obtained with the "sus·­
pension of 60% clarifier slime" recomm ended by Merrill et a!. 
(7). It was necessary to pasteurize the milk that was to be 
clarified ; otherwise, enzymat ic acti vity quickly rendered the 
so ilin g medium useless und er workin g eonclitions. After con­
siderable experim entation , th e soft portion of the clarifier 
slime, which lay just beneath the skim milk in the bowl, was 

, 

• 
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Figure l. Apparatus for d ipping glass slides into soilin g 

medium or cleanser solutions; indi rect determin ation of pro­

tein solubilization. 

removed by hand. The diluting meditm1 was the "skim mi lk" 

in th e bowl. The slime (average total soli ds, 24%) was mixed 

with lhe skim milk (average tolal soli ds 10%) to yield a 

soili ng mixture containing 14% total solids. 

The slides were soiled by the method described by Merrill 

et a l. (7) except that th e slides were held 10 sec in the soiling 

medium during each dip. T he apparatus shown in Figure 1 

I was employed for cl ipping th e slides into the d iluted separator 

slim e, and th e "cleanser solution." A switch was placed in 

th co rd supplying current to th e modifi ed , Type 728, Sub­

marine Signal Co. ( Boston, Jvlass. ), curd-tension meter. \ .Yh en 

th e d irection of travel switch at th e low point of th e path 

was tripped, th e current could be shut off durin g tl1 e tim e 

fo r eith er th e dipping or cleanser treatm ent. In actual oper­

ation, th e wooden platform shown, was replaced by a LaL­

J ack to facilitate setting the depth of immersion at a desired 

leve l. A second d ifference from th e Merrill et al. (7) pro­

cedure was th e method of predryin g the slides. Forced, hot 

air from a hair dryer (Tropic A ire, model 3S l02, McCraw­

Edison Co., Bersted Mf~. Div., Boonevill e, Mo. ) was em­

p loyed (Figure 2). A section of copper tubin g, th e same 

d iam eter as th e outlet of the dryer, was exp anded on one end 

to fit over th e dryer outlet, closed on the other with a copper 

p late, and d rill ed ( 1/ S-inch holes) along the top and sides 

t:> yield an even distribution of hot a ir. T he drying tim e was 

[lwproximately 10 min. After th e fin al oven-drying periorl 

( 13 hr. , SO C ) th e slides were held in a Boeke! cabin et de­

siccator ( Boeke!, Ph il adelphia, Pa. ) without desiccant , until 

used . 
Ski m or homogenized milk was dri ed onto th e inside walls 

of 50-ml centrifuge tubes (Figure 3). T he adapter was made 

from a 24/ 40 outer standard taper, sealed to ·a 35-mm length 

of 6-mm icl. glass tubing. The air-intake tube at tl1e inn er­

sea l end consists of a 15-mm length of 6.0-mm i.d . tubing 

sealed at a right angle to a 12.0-cm length of 3.0-mm, i.d . 

tubing. Two such rotary evapora tors ( Rae Motor Corp. , 

l\lcHenry, Ill .) were attached to a sing le water aspirator 

operated at full water flow. The hot p late W[] S set at medium 

heat. Two-ml sampl es of skim or homogen ized mi lk were 

employed. Homogenized-milk samples were diluted with 1 ml 

distilled water to obtain relatively even drying. Skim milk 

samples were used without dilution at tim es. At other times 

samples were diluted with 0.5 ml distilled water. T he skim 

milk film was more evenly distributed with the diluted samp­

les but no difference in results was obtained between th e 

procedures . The pre-dried tubes were dried in a constant­

temperatu re over at SO C for 1 hr and th en held in the cabinet 

desiccator, until used . 
T he method of selecting slides for th e nitrogen determination 

( in the indirect metJwd) is important'· if this selection is not 

to in validate statistical eva luation of the results. In each 

"run" th ere were fiv e "cleanser" solutions and a tap-water 

"blank." Because of deterioration at room temperature, how­

ever, it was impossibl e to employ a single soiling mixture for 

six sets of slides. The procedure evolved was as follows: The 

soiling mixture was brought from a 4.4 C ( 40 F) refri gerator, 

two series of slides were clipped and th e mixture discarded. 

H ence, th ree lots of mixture were employcl for six sets of 

slides. E ight slid es were soiled p er set to insure a minimum 

of six in case of breakage. To eliminate differences that 

could be introduced from one set of s]jdes t o th e next, through 

dipping, one slid e was taken from each of th e six soiled sets 

to constitute a group for "washing" with a single solution. 

The positions on tl1 e dipping holder were marked and kept 

Figure 2. Apparatus for drying soiled and cleansed slides. 
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F igure 3. Apparatus for soiling centrifuge bottles employed 
in direct determin ation of protein solubiliza tion . 

in the same posi tion for all clippings. To minimize effect of 
position of the slides in the holder, if the first slide of a set 
in run 1 started with slide 1, in set 2, it was in position 2, 
in set 3, in position 3, etc. 

The cleansers for the 50-m l centrifuge tubes were h eated 
to 65 C in a constant temperature water bath (Precision 
Scientific Co., Chicago, Ill.) in rubber-stoppered erlenmeyer 
flasks. F ifty ml of a solution were m easured into a soiled 
tube with a pre-warm ed ··graduated cylinder. The tubes were 
rubber-stoppered and he)d , lO min ., during .which time pairs 
were ba lanced in their shields for centrifuging. At the end 
of the 10 min hold, the stoppered tubes were cenh·ifuged for 
30 min at 2000 rpm (International size-2, centrifuge, 9.75-in 
diam eter h ead to the bottom of the shields, International 
Equipment Co., Boston, Mass.), after which the solutions were 
filtered through No. 42, ll-cm, Whatman fold ed filter papers. 
The filtered solutions were h eld stoppered until analyzed . 

The nitrogen determinations were made by the semi-micro 
total nitrogen procedure of Howland (8) except that mercuric 
oxide was used as the catalyst; the ammonia was caught in 
2.5% boric acid according to the m ethod of l'vlenefee and 
Overman, (6) and titrated with accm ately standardized, ap­
proximately 0.04 N HCI. In the indirect method, 3 slides 
were used per determination, allowing duplicate analyses per 
solution. \•Vith the dit:ect method, two soiled centrifuge tubes 
were used with each cleanser solution; 20 ml of each filtrate 
were used as a single determination, thus yielding duplicates 
from each tube. In both methods, 2 g of mercurous oxide­
sodium sulfate catalys t, 8 ml of cone. H,SO., 150 ml of dilu­
tion water, 24 ml of 50% (w/ v) NaOH containing a,S,Oa 
and 35 ml HaBOa were employed . To insure even boiling, 
a boiling rod was placed in each 300-ml Kjeldahl flask just 
before th e addition of the sodiwn hydroxide solution. The 
boihng tubes were made from 12-cm lengths of 4-mm glass 
rod to th e subm erged ends of which 10-mm lengths of 3 mm 
i.cl. glass tubing were sealed (2). 

Th e "cleanser" solutions were prepared from three stock 
solutions: I , TSP, 250 g 1 aaP0.,•12 H, O were dissolved in 
distiiJed water and made to 2 liters with distilled water, II, 
sodium hypochloride solutiot1, containing approximately 4500 
ppm available chlorine ( 80 ml Chlorox made to 1 liter with 
distilled water) and III, chlorinated TSP containing approxi-

mately 3700 ppm available chlorine ( 105 g chlorinated TSP 
made to 1 liter with distilled water) . 

The basic cleanser solution, A, was prepared by making 
185.5 ml of solution I to 2. liters with tap water. ' Vhen soiled 
centrifu ge tubes were employed, a volume of 50 ml was~ suf­
fi cient. For each 4-liter batch of solution I prepared, three 
other solutions were prepared containing 210.0 ml (A,), 250 
ml (A,) and 285 ml (A a) of solution I in 2 liters of final 
tap-water solu tion. The active alkalinity of these four solu­
tions (A, A, , A, and A3 ) was determined. The active alka­
linities of solutions A, A,, A, and ·Aa were plotted against the 
ml of solution I required to prepare 2 liters (or 500 ml) of 
solution. The ml of solution I needed to prepare a solution 
with the same active alkalinity as a ch lorine-containing solu-

tion, were read from this curve. 
Solutions containing 100 ppm, B, and 200 ppm, D, avail­

able chlorine were prepared by making 185.5 ml of I , plus 
the calculated amount of II or Ill to 2 li ters (or proportionate 
quantities to 500 ml ) with tap water. The stock solutions 
were m easured with 100-ml or 50-ml burettes, depending on 
th e volum e required. 
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Figure 4. pH values (A) and per cent active alkalinity (B) 
vs. concentration of solutions of trisodium phosphate, chlor­
inated trisodium phosphate and 0.5% trisodium phosphate plus 
chlorinated trisod ium phosphate. 
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Solutions C ( equivalent to B ) and E ( equivalent to D) 

were prepared by interpolatin g the active alkalinities of solu­

tions B and D on the curve described earlier, reading the 

volum e of I needed for the volume of solution clesiJ·ed , and 

preparing th ese solutions with tap water. 

Available chlorine determinations were not affected by the 

flocculant precipitates of calcium phosphates in the tap-water 

solutions. These p hosphates reacted and increased th e mea­

sured acti ve alkalinity wh en determin ed by th e method to be 

described. For this reason, 250-ml aliquots of each cl eanser 

solution were p laced in 250-ml , rubber-stoppered, centrifuge 

bottles and centrifuged in an International size 2 centrifuge 

at 2000 rpm for 30 min . The precipitated calcium phosphates 

packed tightly; the supernatant •vas poured off and used for 

th e chlorine and active alkaill1ity determil1ations. 

Available chlor~ne was determi.necl in the usual manner: 

.SU ml of the wlution were pipetted into a 125-ml erlenmeyer 

fla sk, 2 g of solid KI were added and rotated until the Kl 

was completely. dissolved . 10 ml of 1 N H,SO. were added 

and th e solution was titrated ilmnediately to a pal e straw 

color with 0.0141 N Na,S,Oa. 2 ml of 1% starch solution 

were added and titrated to the disappearance of blue color. 

The ml titration x 10 = ppm available chlorine in the solution 

titrated. For th e analysis of solutions II and III, 50 ml of 

the stock solution were diluted to 1 liter with distilled water. 

50 ml of the dilute solution were titrated with 0.0141 N 

Na,S,Oa solution . The ppm chlorine were obtained by mul­

tiplyil1g the ml of Na,S,Oa solution by 20 . 

Act-ive alkalinity cannot be determined by a direct titration 

of chlorine-containing solutions. because of the effect of the 

chlorine on the end-point of phenolphthalein. The followin g 

indirect procedure was employed: 50 ml of the cleanser solu­

tion were pipetted into a 300-ml erlenm eyer flask, 50 ml of 

0.1 N H,So. were added by pipette, a "boili11g rod" was 

placed in the flask to ensure even boiling and the solution was 

boil ed on a hot plate ( set at medium) fm 5 mili. The solu­

tion was cooled in a tray of water at room temperature. The 

boilil1g rod was rinsed and the solution was shaken from the 

open end, three times, and the boiill1g rod was removed from 

the flask. Two g solid KI were added, th e flask was rotated 

to dissolve the KI, and, if iodine was r eleased, the solution 

f was titrated to a pal e straw color with 0.0141 N Na,s,o,. 

Two ml of 1% starch solution were added and the solution 

was titrated just to disappearance of th e blue color. Thirty 

drops of 1% alcoholic phenolphthalem were added and the 

excess sulfuric acid was titrated with 0.1 N NaOH solution 

until 1 drop of the alkali yielded a faint but definite red­

violet color that persisted for 30. sec. The solutions were 

sufficiently buffered that an attempt to use an increment 

small er than one drop il1troduced a greater error than th e use 

of one drop because of the inability of th e eye to discern 

th e smaller color change. If no iodine was liberated on the 

addition of potassium iodide, th e 2 ml of starch solution were 

added . No thiosulfate solution was added, and the titration 

was carried out as descr'ibed. Blanks contain ing 50 ml dis­

tilled water and 50 ml of 0.1 N H,SO, were subjected to the 

same treatment as were the samples which did not contain 

chlorine. The active alkalinity of the solution was equivalent 

to th e ml of NaOH for th e blank minus the ml of NaOH for 

tile sample. The active alkali11ity, as sodium hydroxide was 

c~lculated as : 

% Active Alk. = ( ml titration, blank-ml titration, samp) x 

N NaOH x m .eq. NaOH x ( 100/ ml cleanser soln) 

Calcium and magnesium were dete1'min ed by a modification 

of th e method of Bird et a!. (1). Determinations were made 

on the filtrates equivalent to those from the direct proteil1 

determination. To obtain sufficient filtrate for these detenn­

ination, 8 ml of skim milk, plus 2 ml of redistilled water", 

or 8 ml of homogenized milk, plus 4 ml of redistilled water, 

were dried in 250-ml centrifuge bottles, using the apparatus 

employed with th e 50-ml centrifuge tubes. The amount of 

cleanser solution was 250 ml; the method of cleansing was 

th e sam e as that for the 50-ml tubes. 

Because of the high phosphate content of the cleanser solu­

t ions, the followin g procedure for calcium and magnesium 

was necessary : 100 ml of the centrifuged , filtered , spent 

cleanser solution were pipetted into a 250-ml, g.s., graduated 

cylinder; 115 ml of potassium metastannate and 3 ml of cone. 

HNO, were added, th e mixture was made to 220 ml with 

redistilled water, thoroughly mixed, and allowed to stand for 

5 min. The mixture was transferred to a 250-ml, wbber­

stoppered centrifuge bottle and centrifuged for 5 min at 

2000 rpm. Approximately 140 ml of clear supernatant were 

obtained . Because several preliminar?' analyses of 100-ml 

aliquots yielded no calcium, 100 ml of the supernatant were 

employed for the magnesitll11 determination, and 40 ml for 

th e calcium determination. 

pH values were determined with a model G, Beckman glass 

electrode unit ; the values reported were not corrected for 

alkali-ion errors. 

RESULTS Al\'D DISCUSSION 

The conce·ntration of TSP in cleanser solutions and 

their pH and active alkali·nities. Figure 4A shows 

that the pH of TSP solutions increases as the con­

centration increases to between 0.5% and 0.6% an­

hydrous TSP, after which the rate of increase in pH 

with rise in concentration is not great. This is in 

agreement with the observations of Merrill et al. (7). 

The rise in pH with increase in concentration is much 

less for chlorinated TSP solutions in the concentra­

tion range 0.1% to 0.5% anhydrous TSP equivalent 

than for TSP solutions; at higher concentrations, the 

pH actually is depressed slightly. When 1% chlor­

inated TSP was added to a 0.5% anhydrous TSP solu­

tion, although the pH of the resulting solution is 

greater than that of a 0.1% chlorinated TSP solution, 

it is slightly less than that of a 0.5% TSP solution; as 

the concentration of chlorinated TSP is increased 

above 0.1%, the pH of the solutions decrease slightly 

in essentially linear fashion. 

If the active alkalinity of these same solutions is 

considered (Figure 4B), the active alkalinities of all 

three types of solutions increase as the concentration 

of the alkaline ingredients increase. These data con- · 

firm the hypothesis that the active alkalinities of the 

cleanser solutions increase as a result of the addition 

of a chlorinated cleanser. 

Data obtained but not presented, show that, whe­

ther a chlorinated cleanser is used alone or is added 

to an alkaline cleanser solution, the concentration of 

"Prepared as described by Handwerk and Bird (4). 

- . ---- ----- ~~---
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TAB LE 1. I NCRE ASE IN A CTI VE ALKALIN ITY CAUSED B Y 

ADDITION S OF CHLORINE SOURCES T O ALKALINE CLEANSEH 

SoLUTIONS TO Y IELD 100 A ' D 200 PPl\l AvAIL ABLE Cr-ILOHJNE 

ppm Available chlorine in the solution 100 200 

Soiling agents: Clarifi er slime - skim milk' ; skim milk" 

( 7 values) • 

Chlorin e so urce : Chlorox 

Increase in % active alkalinity 
by chJorine source 

Increase as % of 0.03% active alkalinity'' 

0.0091 0.0199 

30.3 66.3 

Chlo ri ne source : Chlorinated TSP 

Increase in % active alkalinity 
by chlorine source 

Increase as % of 0.05% active alkalinity'' 

0.0424 0.0800 

84.8 160.0 

Soilin g ngenl: Homogenized mi ll\ (3 ralucs ) 

Chlorin e source: Ch lorox 

Increase in % active alkalinity 
by chlorine source 

Increase as % of 0.03% active alkalinity'' 

-0.0007• 0.0161 

53.7 

Chlorine sou rce: Chlorinated 'l'SP 

Increase in % active alkalinity 
by chlorine source 

Increase as % of 0.05% active alkalinity'' 

"Indirect method of protein determination. 
''Direct method of protein determination. 

0.0379 0.0758 

75.8 151.6 

<Mean weighted for number of samples in each group. 

''Harding and Trebler (5) recommended 0.03% and 0.05% ac­

tive alkalinities (as NaOH) in cleanser solutions for general 

purpose cleaning. 
' No explanation can be given for this single anomalous valu e. 

available chlorine in the solution is dependent solely 
on the amount of chlorinated cleanser added to the 

solution. 

Increases i:n the Q-Ctive alkali·nity of a.lkaUne cleanser 

solut-ions caused by addition of chlorine sources to 

y-ield 100 and 200 ppm available chlo?'ine are pre­
sented in Table 1. The increases range from 0.0091% 
to 0.0199% active, alkalinity when Chlorox was the 
chlorine source and from 0.0379% to 0.0800% active 
alkalinity when chlorinated TSP was employed. These 
increases appear small at first glance. However, 
Harding and Trebler (5) recommended only 0.03% 
and 0.05% active alkalinities (as NaOH) for alkaline 
solutions for general purpose cleaning. \iVith these 
percentages as reference values, the increases caused 
by addition of Chlorox represent from 30.3% to 66.3% 
of the lower recommended level, and those resulting 
from addition of chlorinated TSP are equivalent to 
from 75.8% to 160.0% of the higher recommended level. 
Such increases in active alkalinity would lead one to 
expect considerable increases in protein solubilization 
as a result of the addition of chlorinated cleansers in 
amounts sufficient to furnish 100 to 200 ppm avail­
able chlorine. 

Th e accumcy with which 'it ·is possible to atta-i11 

desi·red act'i.ve allw.Un:i.Ues is shown in Table 2. The 
mean values presented for the pairs of solutions, B: C 
and D:E, are representative of the agreement , be­
tween individual pairs of solutions. In both the direct 
and indirect methods of evaluating the cleansers, 
there was no significant difference (p <0.05) be­
tween the active alkalinities of the matched pairs of 
solutions. The available chlorine concentrations were 
attained within ± 3 ppm of the desired values. 

Protein solubilization by chlorine-containing solu­
tions and those co·ntai·ni·ng no chlorine are summar­
ized in Table 2. The means of the data indicate that 
chlorine-containing solutions, at either 100 ppm or 
200 ppm available chlorine, have no greater protein­
solubilizing powers than do solutions containing the 
same concentrations of active alkalinity but no 
chlorine. A least squares treatment of the data 
showed no significant differences between the chlor­
ine-containing and non-chlorine solutions. If the ' 
pairs of solutions at the 100 and 200 ppm available 
chlorine levels are compared with the control ( 0.5% 
anhydrous TSP), there is significantly more protein 
(p <0.05) solubilized by the conb·ol solution than by 
the experimental pair solutions. When the pairs of 
solutions at the 200 ppm available chlorine level are 
compared with those at the 100 ppm available chlorine 
level, the difference in protein solubilization ap­
proaches significance (p = 0.05) in favor of the 
pairs with the higher active alkalinity. Similarly, 
when the Chlorox-containing solutions are compared 
with those containing chlorinated TSP at the same 
available chlorine 1 e v e l s, the protein-solubilizing 
powers of the latter are highly significantly greater 
(p < 0.01) than the former. This difference is at­
tributed to the higher active alkalinities of the solu­
tions containing chlorinated TSP (Table 1). 

one of the comparisons indicate a greater protein­
solubilizing power of solutions containing available 
chlorine when compared with solutions containing 
no chlorine but the same active alkalinity. It is con­
sidered that the increase in active alkalinity, when 
"chlorinated cleansers" are added to alkaline cleanser 
solutions, results from the increase in active alka­
linity, not from the available chlorine added. 

The effect of available chlorine on. the precipitat·ion 

of caldu·m and magnesium was investigated (Table 
3). The active alkalinities of all the cleanser solu­
tions were high enough to cause complete precipi­
tation of the calciun!' in the hard water ( approxi­
mately 260 ppm calcium and 125 ppm magnesium 
hardness). As regards the residual magnesium, there 
was no significant difference between the chlorine­
containing and the non-chlorine solutions if the ac­
tive alkalinities of the two solutions were the same. 
The Chlorox-containing solutions precipitated sig-

, 
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TABLE 2. PnOTEIN DISSOLVED DY CHLORINATED AND J ON-CHLORINATED CLEANSERS 

CONTAIN ING EQUIVALENT ACTIVE ALKALINITIES" 

Solu tion desir.;nationh 

Tap H 2 0 A B c D E 

Indirect Method of Study• 

Soil ing :lf;:'i! lll : Soft clarifier slime + bowl skim milk (T.S . 14.0% ) 

Chlorin e sou rce : Chlorex (3 runs) 

Av. ppm avail. Cl 0.0 0.0 101.5 0.0 201.4 0.0 

Av. % active alk. 0.0 0.1680 0.1770 0.1779 0.1855 0.1860 

Av. resid. value" 80.8 28.4 27.0 29.3 26.5 27.8 

Chlorin e source : Chl orinated TSP (4 run s) 

Av. ppm avail. Cl 0.0 0.0 101.4 0.0 200.7 0.0 

Av. % active alk. 0.0 0.1670 0.2069 0.2065 0.2449 0.2434 

Av. rcsid. N value" 79 .3 34.4 38.3 36.3 30.0 33.2 

Direct method of study• 

Soiling agent: Sli:im mill.;: 

Ch lorin e source: Chlorox (4 run s) 

Av. ppm avai l. Cl 
Av. % active alk. 
Av. soluble N value" 

0.0 
0.1665 

19.36 

100.0 
0.1757 

16.81 

0.0 
0.1763 

16.97 

199.4 0.0 
0.1882 0.1890 

17.62 18.62 

Chlorine SO tii' CC : Chl orinated TSP (4 runs) 

Av. ppm avail. Cl 
Av. % active alk. 
Av. soluble T value" 

Av. ppm avail. Cl 
Av. % act ive alk. 
Av. so luble N value" 

0.0 
0.1665 

19.36 

Soiling agent: 

Chlorine source : 

0.0 
0.1651 

23.36 

99.7 
0.2107 

17.65 

Homog-e nized 

Chl orox (3 

100.8 
0.1614 

18.67 

0.0 199.2 0.0 
0.2114 0.2480 0.2481 

19.91 19.68 21.54 

milk 

runs) 

0.0 200.5 0.0 

0.1609 0.1812 0.1804 

17.88 19.28 20.18 

Chl orin e source : Chl ori nuted TSP (3 runs) 

Av. ppm avail. Cl 
Av. % active alk. 
Av. soluble N valued 

"Expressed as % NaOH. 

0.0 100.4 
0.1651 0.2030 

23.36 21.98 

0.0 200.5 0.0 
0.2027 0.2409 0.2390 

22.08 21.05 22.70 

---

"Solutions : A. 0.5% anhyd. TSP; B. A + 100 ppm avai l. Cl.; C. TSP soln . with same active alk. as B, no Cl; D. A. + 200 ppm 

avail. C1 ; E. TSP soln. with same active alk. as D, no Cl. 

··slides soiled by alternately dipping in soiling medium and a lkaline chlorine-calcium solution, several tim es, were dried, 

immer ·eel in a cleanser solution ( 10 min ; 65 C) and the nitrogen remaining was determined. 

''Expressed as meg. N per mg. original soil. 

''Definite ·amounts of skim or homogenized milk were evenJy dried onto the inner surface of 50-ml centrifuge tubes; 50 ml 

of a cleanser solution ( 65 C) were added and held 10 min , centrifuged , th e supernatant filtered and analyzed for nitrogen. 

nificantly less magnesium than did the chlorinated 

TSP solutions (p <0.01). This is attributed to the 

higher active alkalinity and higher phosphate con­

tents of the chlorinated TSP solutions. 

The type of soiling·mater-ial had no effect on either 

protein or magnesium solubilization in the experi­

ments in which protein solubilization was evaluated 

by the direct method. It is concluded that, in these 

e?'periments, the difference in fat content in the soil­

ii\g material was without effect in protein and mag­

nesium solubilization. 

The experimental results presented indicate that 

the presence of available chlorine in an alkaline 

cleanser is not responsible for increasing protein 

solubilization or for decreasing the precipitation of 

hard-water cations such as calcium and magnesium. 

Such improvement in the solubilization of proteins 

of alkaline cleanser solutions as results from the addi­

tion of chlorinated cleansers is effected by the in­

crease in the active alkalinity of the solutions. 

The active alkalinities of the cleanser solutions em­

ployed in this study were selected to be in accord 

with those employed by Merril et al. (7); in both 

studies, these active alkalinities are about five to six 

times higher than the lower concentration recom­

mended by Harding and Trebler (5) for general pur­

pose cleaning and between three and four times 

greater than the higher levels proposed by them. 
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TABLE 3. CALCIUM AND MAGNESIUM Co 'TENT oF SPENT ALKALI NE SoLUTION PAJHS CoNTAINING THE SAl'viE PERCENTAGE OF' 
AcnvE ALKALINITY"; ONE MEMBEH CoNTAINED A CHLORlNE SouHCE, TI-IE On-IER Dm NoT 

Solu tion designation " 

T ;lfl H 20 .A. B c D E 

Direc t method of s t udyc 

S oiling agent: Sl\im milk 

Chlorine so urce : Chlorox (2 runs ) 

Av. ppm avai l. Cl. 0.0 0.0 100.2 0.0 199.5 0.0 
Av. % active alk. 0.0 0.1651 0.1756 0.1746 0:1862 0.1855 

Av. mg in 100 Calcium 33.8 0.0 0.0 0.0 0.0 0.0 
ml spent soln Magnesium 13.1 1.24 2.15 2.93 0.42 0.77 

Chl o rin e source: Chl orinate<L 'J'SP (2 run s) 

Av. ppm avail. Cl. 0.0 0.0 100.0 0.0 199.2 0.0 
Av. % active alk. 0.0 0.1651 0.2042 0.2032 0.2432 0.2429 

Av. mg in 100 Calcium 33.8 0.0 0.0 0.0 0.0 0.0 
ml spent soln Magn esium 13.1 1.24 0.34 0.29 0.34 0.45 

So ilin g agent: Hom ogenized mill\ 

Chlorin e sou.rcc : Chlorox (2 nms ) 

Av. ppm avail. Cl. 0.0 0.0 100.8 0.0 200.3 0.0 
Av. % active alk. 0.0 0.1651 0.1738 0.1731 0.1913 0.1919 

Av. mg in 100 Calcium 26.3 0.0 0.0 0.0 0.0 0.0 
ml spent soln Magnesium 8.9 1.14 0.54 0.60 0.73 0.79 

Chlorin e source : Chlo rin nted TSP (2 run s) 

Av. ppm avail. Cl. 0.0 0.0 100.5 0.0 199.5 0.0 
Av. % active alk. 0.0 0.1651 0.2099 0.2102 0.2461 0.2465 

Av. mg in 100 Calcium 26.3 0.0 0.0 0.0 0.0 0.0 
ml spent soln Magnesium 8.9 1.14 0.43 0 .. 52 0.37 0.34 

"Expressed as % NaOH. 
"Solutions: A. 0.5% anhyd. TSP; B. A + 100 ppm avail. Cl; C. TSP soln. with same active alk. as B, no Cl; D . A + 200 ppm 
avail. Cl; E. TSP soln. with same active alk. as D, no Cl. 
' Definite amounts of skim or homogenized milk were evenly dried onto th e inner surface of 250-ml centrifuge bottles; 250 ml 
of a cleanser solution ( 65 C) were added and held 10 min, centrifuged, th e supernatant fi ltered and analyzed for calcium 
and magn esium. 

Likewise, these active alkalinities ( 0.1651% to 0.2465% 
as NaOH) are higher than those found satisfactory 
for in-place cleaning;, viz., 0.1032% as NaOH (0.08% 
as Na~O) (3). 
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SuMl\•IAHY 

Qualitative and quantitative measurements of aflatoxins are 

most often routinely made by means of thin-layer chromato­

graphy. The accuracy of the quantitative determination by 

this procedure can be improved by substituting a densito­

metric "reading" of th e thin-layer plates for visual examination. 

Examination of small samples (down to 0.3 mg) can be ac­

complished by a modified thin-layer chromatography pro­

cedure which employs an acetone-water extraction technique. 

Confirmation of toxicity is most often clone with the duckling 

bioassay although embryonated chicken eggs have been used 

successfully for this purpose. Other methods which, under 

certain circw11stances, may find application in the measure­

ment of aflatoxins include : paper chromatography, microbio­

logical assay, spectrophotom etry, and a tissue culture assay. 

Interest in food-borne mycotoxins is of relatively 

recent origin. Aflatoxin, the mycotoxin which has 

received most research attention, was unknO\vn seven 

years ago. It is true that nearly 25 years ago cereal 

grains which overwintered in the field bad supported 

the growth of several toxigenic molds and later caused 

numerous deaths when products made from the 

grains were consumed (12). Undoubtedly there were 

other instances in which humans or animals con-

i sumed moldy products and became ill, but these ob­

servations, if they were made, appear to have been 

largely disregarded until early in 1960 when large 

n~mbers ·of turkey poults and ducklings on English 

farms died after ingesting moldy peanut meal im­

ported from Brazil (12). Subsequently it was demon­

strated that Asperg-illus flavus formed the toxin as a 

consequence of its growth in the peanut meal (12). 

These initial observations led to development of con­

siderable interest in and experimentation with afla­

toxin. The need for a technique to detect and quan­

tify aflatoxin was soon apparent. 

Since ducklings were initially found to be highly 

sensitive to the effects of the toxin, it is not sur­

prising that early investigators utilized them in assay 

procedures. Use of animals for this purpose is ex-

·l 

'Presented as part of a ROtmd Table on Analytical :to.'!ethocls 

in ·Food Microbiology at the 67th Annual Meeting of the 

American Society for Microbiology, !fay 3, 1967, at lew 

York, ew York. 

pensive, time consuming, and slow in providing re­

sults. Consequently, thin-layer chromatography tech­

niques were soon found applicable to detect and 

measure aflatoxin. This procedure, when properly 

conducted, also yields additional infQrmation on which 

of the four known aflatoxins are present in a test 

sample. Comparison of spots produced by test samp­

les with those from standards is done visually and, 

hence, can be a source of substantial error when this 

method is used for quantitative purposes. To mini­

mize this error, an appropriate densitometer has been 

used successfully to "read" the thin-layer chl'Omato­

graphic plates. These are the principal methods to 

be discussed in this paper. Several other approaches 

have been suggested for measurement of aflatoxin 

and these will also be briefly mentioned. 

TI-IE D ucKLING BIOASSAY 

The duckling bioassay was developed by Sargeant 

and co-workers (17) in 1961 at the Tropical Products 

Institute in London and at the Central Veterinary 

Laboratory in vVeybridge, England. The procedure 

used by these investigators is essentially as follows: 

1. The sample of peanut meal is continuously ex­

tracted with methanol for 18 hr using a Soxhlet ap­

paratus . The solvent is then evaporated and a black 

oily residue remains. 

2. This black oily residue is dispersed in water and 

the resultant mixture is continuously extracted for 

3 hr by means of chloroform. Removal of chloro­

form yields a black, molasses-like residue. 

3. The residue just described is dissolved in a mix­

ture (50:50) of light peh'oleum (hexane) and metha­

nol and a dark brown solution is obtained. \ iVater is 

added and the mixture is shaken vigorously. The 

lower layer (which contains the aflatoxin) is re­

moved, washed with hexane, and evaporated to dry­

ness. The resultant product is brown and solid. 

4. The extract thus obtained is suspended in water 

and administered to ducklings (usually day-old ) by 

dosing them into the lower part of the esophagus 

through a thin polyethylene tube attached to a hy­

podermic syringe. Generally, ducklings are treated 
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for five consecutive days and then are sacrificed 
three days later. 

5. The criteria for toxicity are mortality and/ or 
liver lesions. The LD 50 for one-day-old ducklings is 
approximately 0.5 mg toxin per kg of body weight 
(12) . Ducklings which die during the dosing period 
display massive necrosis of the liver parenchymal 
cells and diffuse hemorrhages throughout the liver . 
Administration of less toxin is accompanied by the 
characteristic proliferation of bile duct epithelium. 

The procedure just described was modified slightly 
by Armbrecht et al. (3) at the U. S. Food and Drug 
Administration laboratories . Their method employs 
an initial triple extraction with hot methanol, a 6-hr 
extraction with methanol in a Soxhlet apparatus, a 
3-hr extraction with chloroform, washing with petro­
leum ether, evaporation of solvents , and dissolving 
the residue in propylene glycol before administering 
it to the ducklings by the tube m ethod. They re­
ceive 0.5 ml of sample the first day and the dosage 
is increased by 0.1 ml each succeeding day for a total 
of seven clays. Surviving birds are all sacrificed after 
an additional seven days without treatment and major 
organs and tissues are examined for gross pathologi­
cal changes. 

Although the duckling bioassay appears to yield 
accurate information about the toxicity of a sample, 
it is now employed primarily as a confirmatory tes t. 
Furthermore, it is difficult to quantitate aflatoxin 
in an unknown sample by this method. 

THIN-LAYER CHROJ\-IATOGRAPHY 

The initial method for detection of aflatoxin by 
thin-layer chromatography was reported by Broad­
bent et al. (5). Although numerous modifications 
of the original method have been suggested, they all 
employ, essentially, four major steps. These are: (a ) 
defatting if the product is high in fat, (b) extraction , 
(c) purification and (d) resolution. 

Instead of reviewing all of the proposed methods, 
attention will b e directed primarily to the procedure 
recommended in June, 1965 by the Aflatoxin Metho­
dology ' iVorking Group (1). This m ethod is probably 
the most rapid and has been used extensively ( al­
though not without some modifications ) by nu­
merous investigators. The following steps are in­
volved: 

1. The sample ( 50g ) is extracted with a mixture 
of 1 part hexane and 2.5 parts aqueous methanol 
(55:45 v/ v methanol :water ) in a ·waring Blendor. 
After appropriate blending, the material is transferred 
to a centrifuge bottle and is centrifuged for 20 to 30 
min. The aqueous methanol layer (middle layer ) is 
removed and retained for partition column chromato­
graphy. 

2. A portion (50 ml ) of the aqueous methanol 
layer is mixed with Celite and the mixture is placed 
into a glass chromatographic column previously 
equipped with a co tton plug at the bottom. Initirully 
the column is eluted with hexan e only (500 ml) and 
this eluate is discarded. Then the column is eluted 
with a 50 :50 mixture of chloroform and hexane until 
600 ml is collected in the receiver. This fraction con­
tains the aflatoxin. 

3. The eluate is evaporated to near dryness and 
transferred, using chloroform, to a sample vial. Chloro­
form is then evaporated and the vial is sealed until the 
sample can be examined b y thin-layer chromato­
graphy. 

4. Thin-layer chromatographic plates are prepared 
using Silica Gel G-HR and the suspension of silica 
gel is applied to the plate at a thickness of .0.25 mm. 
After the suspension has gelled, plates are dryed at 
80 C for at least 2 hr after which they are stored in ' 
a drying cabine t until used. 

5. A developing tank is lined with blotter p aper 
previously saturated with chloroform and the trough 
is filled with a mixture of 7% methanol in chloroform. 

6. The sample ( in the vial) is dissolved in chloro­
form and, together with appropriate standards, is 
spotted on a line 4 em from the bottom edge of the 
plate. A line is drawn across the plate 2 to 3 em 
from the top edge and 0.5 em from each side edge. 
The plate is inserted into the tank and is removed 
when the solvent front has reached the top line. After 
the solvent has evaporated, the plate is examined in 
the clark with the aid of a long wave UV lamp. In 
order of decreasing R . values, the spots will be aHa­

toxins B1, B", G~, and G2 • The B-toxins display a 
bluish fluorescence, whereas the G-toxins are slightly 
green in color. 

7. It is possible to quantify the aflatoxins by con­
trolling the size of the spot through the application 
of various amounts of sample and standard and then 
comparing the size of the spots produced by both 
materials. It is also possible to obtain quantitative 
values by dilution of sample and standard until 
neither produce visible spots. 

Modifications of this method which have recently 
been suggested include the use of : (a) an unlined 
tank (16) and (b) solvent systems consisting of b en­
zene ( 95%), ethyl alcohol, and 'vvater in the ratio of 
46:35:19 (v/v); chloroform and acetone (85 :15 v/v), 
and chloroform, acetone, and 2-propanol ( 825:150: 
25 v/ v) (16, 19). 

It should also b e mentioned that a micro procedure 
for the quantitative determination of aflatoxins was 
developed by Cuculla e t al. (9) and reported early 
in 1966. This method employs aqueous acetone for 
extraction in a manner similar to that of Pons and 

( 

•• I 



DETERMI TATION OF AFLATOXI rs 319 

Goldblatt (15) who used this chemical to extract afla­
toxin from cottonseed. The solvent is suitable for 

use with fatty products (such as peanuts ) since it 
dissolves the aflatoxin without extracting appreciable 
quantities of oil. When the concentration of aflatoxin 
is sufficiently high, a sample as small as 0.3 mg can 

be accurately assayed. The procedure employs the 
following steps: 

1. The sample, in a conical tipped centrifuge tube, 
is soaked for .30 min in 70% acetone and is stirred 

occasionally to insure maximum extraction. 
2. A small amount of 20% lead acetate is added, the 

mixture is stirred and distilled water is added. 
3. The sample is centrifuged for 10 min at 4 to 5 

thousand rpm and the supernatant is decanted. 
4. J\1fore 70% acetone is added to the residue and 

the mixture is allowed to stand for 30 min after 
which distilled water is added and the mixture is 
centrifuged a second time-this time for 5 min. The 
supernatant is removed and combined with that ob­
tained initially. 

5. The liquid is shaken twice with chloroform and 
the chloroform layer is filtered through anhydrous 
sodium sulfate. 

6. The chloroform is removed and concentration 
of aflatoxins is determined using chromatostrips. 

It bas b een indicated earlier in the present dis­
cussion that thin-layer chromatography can be em­
ployed to determine the concentration of aflatoxin 
in a sample. Until recently quantification was de­
pendent on visual comparison of spots produced by 
the sample and standard. This subjective procedure, 
vvhich depends on visual discrimin ation and acumen 
gives poor quantitative values unless plates are read 
by an experienced observer. 

Ayres and Sinnhuber ( 4), in an attempt to over­
come the obvious disadvantages of the visual tech­
.nique, proposed the use of fluorodensitometry to 
measure the intensity of spots on thin-layer chroma­

tographic plates. This method has been evaluated 
by other works and their results suggest it to be a very 
useful tool in aflatoxin measurements (16, 19 ). 

D ENSIT OMETRY 

D ensitometric determinations are made using thin­
layer chromatographic plates prepared as described 
earlier in the present discussion. Visual examination 
of the plates is replaced by "reading" them with the 
aid of a TLC densitometer. This insh·mnent is 

elquipped with an automatic-scanning thin-l ayer plate 
stage composed of a search unit with an ultra-violet 
light source, primary and secondary filters, and a 
primary slit. 

The densitometer, as just described, is coupled 
with a varicord recorder and an automatic integrator . 

The product of this instrument is a densitometric re­
cording of the test samples which shows the four 
aflatoxin peaks and the integrated areas under each 
peak. According to results of one study, the aver­
age deviations, using the densitometer, were 2 to 3% 

for afl atoxins B1 and G1 and 5% for B2 and G2 (19). 

These same authors suggested that the deviation us­
ing the visual approach may be 20% (19 ). Further­
more, low concentrations (e.g. < 2.0 fLg/ ml) of afla­
toxin can be accurately measured by the densitometer. 
Usually all four aflatoxins can be determined from 
one diluted sample by means of the densitometer, 
whereas two or more dilutions may have to be made 
when thin-layer chromatographic plates are examined 
visually. 

OTHER METHODS 

Several other approaches have been employed for 
detection and measurement of aflatoxin. A few of 
these will be mentioned below. 

Paper chromatography has been used by some in­
vestigators (7, 8, 18). This technique permits one to 
distinguish b etween the B and G toxins but is less 
sensitive than thin-layer chromatography. 

Burmeister and Hesseltine (6) have examined nu­
merous microorganisms for their sensitivity to afla­
toxin. They noted that growth of one strain each of 
Bacillus brevis and Bacillus mega.teriwn was inhibit­
ed by the presence of approximately 3.7 and 1.8 fLg 
aflatoxin per ml, respectively. More recently Arai 
et al. (2) observed that 7.5 fLg aflatoxin B1 per ml in­

hibited growth of Streptomyces virginiae and Stm p­
tomyces netropsis. Use of a microbiological proced­
ure in the measurement of aflatoxin could replace 
thin-layer chromatography but would not eliminate 

the extraction (and concentration) procedures. Con­
sequently, the time required for an aflatoxin determ­

ination would be extended by the incubation period 
required for growth of the test organism. There 
would he no appreciable gain in sensitivity. 

The use of embryonating chicken eggs has been 
suggested for use in · detection and measurement of 

aflatoxin (10, 14, 20, 21). This method could con­
ceivably, replace thin-layer chromatography but is 
probably quite unsatisfactory for this use since it is 
more complicated and, in all likelihood, more ex­
pensive. In fact, the chick embryo procedure has, in 
some instances, replaced the duckling bioassay as a 

confirmatory test. The method appears to b e useful 
in this application. 

A spectrophotometric assay procedure applied to 
aflatoxin determinations was reported in 1965 (13). 

This technique seems to have generated little en­
thusiasm for only a few investigators have reported 

its use since then. 
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Finally, it should be mentioned that aflatoxin, in 
concentrations of 0.05 ppm or more, retards the 
growth of lung cells in tissue culture and exposure 
of the cells to 0.1 ppm aflatoxin results in giant cell 
formation (11 ). This technique could also be applied 
for measurement of the toxin, but again is probably 
more complex and no more . accurate than thin-layer 
chromatography coupled with densitometry. Use of 
the tissue culture teclmique might be suitable as a 
confirmatory test. 
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ANNUAL VPI DAIRYMEN'S SHORT COURSE 

The Annual VPI Dairylnen's Short Course is scheduled for 
December 5-7, 1967 at Blacksburg, Virginia. It will be h eld 
in the pavilion at the Dairy Cattle Center. 

The first day's prograrn will deal with n utrition and feeding 
under 3 main topics : F acts for maximum forage utiliza tion; 

Balance grain mixture to fit forage program; and Special topics, 
including problems in low milk fat, potential in dairy beef, 
urea utilization by calves and heifers, complete feeds, and ni­
trates. 

Dairy farm management talks and d iscussions will include 
rapid adjustment changes as is being made on some farm s; 
systems of leasing buildings and feed storage and contractin g 

silage and grain ; some projections. into the types of dairying 
in th e future; and the art and science of management. 

Milkin g machine demonstrations dea lin g especiall y with 
vacuum fluctuations, its causes and the effect on udder h ealth 
are scheduled . 

The fina l half day is on genetics and reproduction . Some 
of th e topics included are: rates of maturity and longevity; 

reproduction-fa cts and fan tasies; clays open-losses in pro­
duction and remedial action; and sire and cow indexes. 

For more inform ation and a copy of th e program, write 
Paul M. Heaves, Dairy Science Department, Virginia Po ly­
techn ic Institute, Blacksburg, Virginia. 
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(Received for publication May 1, 1967) 

SUMMARY 

l'vlost of th e commonly occurring defects in Cheddar ch eese 
are directly attributable to errors of judgment, observation, 
measurement, and technique. A general outline of the princi­
ples of Cheddar cheesemaking h as been presented, calling 
attention, when possible, to the possible presence of these 
errors. Sufficient, continuing, and effective on-the-job train­
in g is suggested as the best m eans of avoidin g th e develop­
ment of defects in Cheddar cheese. 

Although consumer preference, in the final analysis, 
dictates the definition of what constitutes defects in 
Cheddar cheese, years of manufacturing and market­
ing experience have accorded certain abnormalities 
definite and permanent status in ch eese judging and 
scoring. Since the late 1800s, when the first text­
books on Cheddar cheese manufacturing were writ­
ten, the defects have not changed-they remain es­
sentially problems of body, flavor, texture, color, and 
composition (including yield ). 

There are no statistics available to indicate the 
trends in the incidence of defects over the years. W e 
can only guess that great improvement has been made 
in the curtailment of each defect. Certainly, our 
present usage of almost impermeable flexible films 
for wrapping blocks, cuts, and slices would indicate 
that some types of gas problems have been reduced. 
The increased sales of slices and precision cuts re­
quire that better body and less-open texture b e de­
veloped. . More people are now enjoying natural 
cheese; our tastes have become more sophisticated. 
Better flavors and different flavor levels are required. 
No longer is processed cheese used as a burial ground 
for undergrade cheese. Present-day manufacturers 
insist that uniformity of moisture, fat, salt, color, 
body, texture, and flavor be provided in the cf1eese 
they purchase for processing. 

As better make procedures, starters, milk, equip­
ment, and knowledge. have evolved , the cheesemaker 

'Editorial Note : Second of two papers dealing with two im­
pqrtant aspects of cheesemaking technology having patticular 
significance relative to the public health safety and consum er 
acceptance of ch eese. 
' Journal Paper No. J -5672 of the Iowa Agricultural and' Hom e 
Economics Experiment Station, Ames, Iowa. Project 1188. 
"Presented at the Dairy Industry Conference, Iowa State Uni­
versity, Am es, Iowa, March 29, 1967. 

has been able to more carefully control the bacterio­
logical, chemical, and physical properties of his prod­
uct. Because of the variability of some of these 
factors, however, certain defects still commonly occur. 
Frequently, these defects may be attributed to errors 
of judgment, observation, measurement, and tech­
nique. At times, several or all" these errors may be 
committed simultaneously. The cheesemaker may 
err in his judgment of the proper time to initiate 
cooking; he may incorrectly judge the amount of start­
er culture to use under changing milk conditions. Poor 
observation of body and texture changes dming ched­
daring fr equently occur as do violations of proper 
measurement procedures of titratable acidity or pH. 
Inadequately trained personnel make errors in the 
techniques of curd cutting or salting. 

\iVe present in this article a general outline of the 
principles of cheesemaking, calling attention, wher­
ever possible, to the possible sources of errors. 

IMPORTANCE OF Q UALITY AND UNIFORMITY 

Cheesemaking, defined as briefly as possible, is the 
controlled expulsion of whey from coagulated milk. 
The cheesemaker who learns how to effect this change 
with the greatest un·iformity from. vat to vat will ex­
perience fewer occurrences of the common quality 
defects in his cheese. 

The rate and degree of moisture loss (or whey ex­
pulsion ) is dependent upon acidity (amount, rate, 
and time of development), temperature (time of ex­
posure and elevation), and curd handling (the fac­
tors of cutting, such as time, fineness , and uniformity 
of cut, are most important initially-stirring, matting, 
and cheddaring also are involved) . Through judi­
cious manipulation of each of these factors, body, 
flavor, texture, color, and composition are controlled. 

~'Ioisture control, as mentioned, is the_ essence of 
successful cheesemaking. If moisture control is 
achieved, the finished curd will possess the neces­
sary physical, chemical, and microbiological char­
acteristics. The firmness of the curd is determined 
by the amount of moisture left in the curd. The 
elasticity or brittleness at times, even the texture of 
the curd, is dependent upon how the moisture con­
tent is established. Chemical changes that occur in 
cheese curd ar e irrevocably ·bound to tl1e microbial 
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population. Starter cultures, as well as adventitious 

types, grow and die at rates established by their en­

vironment. Starter growth, as influenced by the 

environment, has a predetermining initial effect upon 

flavor, body, and texture in the finished curd. Mois­

ture control is not easily attained. Even though the 

usual steps in cheesemaking were first established 

through trial and error, they have fundamental scien­

tific significance. Their relationship to moisture con­

trol is readily determined. 

In the following outline of the usual pattern of 

Cheddar cheese manufacture, we attempt to point 

out only the more common errors of judgment, ob­

servation, measurement, and technique. 

COLLECIIO T AND PREPARATION OF MILK 

Since the actual condition and suitability of the 

milk in the vat for cheesemaking defi es rapid determ­

ination, extensive milk-quality fieldwork is necessary. 

Reduction tests may be used as a quality-control test, 

but they reveal only a part of the h·ue bacterial con­

dition of milk. Cheese plants should seriously con­

sider the use of the plate-loop count to provide field­

men with a more accurate list of producers that may 

require help. Inhibitory tests are not used fre­

quently enough ; an extremely low level of antibiotic 

may perceptibly slow starter growth, but will have 

no effect on the growth of gram-negative, gas-pro­

ducing microorganisms . :tvlilk should be filtered or 

clarified. The manufacture of different types of 

Cheddar cheese may require dissimilar rr:iilk-heat 

treatment or pasteurization; however, extremes in 

either direction should be avoided. One of the most 

frequent errors in the use of fully pas teurized milk is 

the tendency to use too much starter. Accurate ther­

mometers are an absolute necessity; flow diversion 

valves are rapidly becoming so. 

S TARTER SELECTION AND UsAGE 

Improper starter selection and use appears the 

most effective of all ways to achieve undergrade 

cheese. There is virtually no defect that cannot b e 

traced back to starters in one way or another. Ex­

cessive moisture in cheese (from poor starter usage) 

will produce sour or acid flavors ; weak, sticky, and 

pas ty bodies; open or gassy texture; bleached or "acid­

cut" color, and a poor finish . Too little moishue in 

cheese (again from improper starter usage) will 

cause too little flavor development, requiring extend­

ed curing. Bodies may b e too h ard or corky, and color, 

texture, and finish may suffer. D efective flavors 

such as acid, bitter, or fruity are directly attributable 

to improper starter or starter usage. The occurrence 

of fruity flavors requires separate comment. For 

years, most people believed that the sole cause of this 

defect could b e attributed to the presence of coli­

forms , yeast, and other deleterious microorganisms 

in the milk. Vv e now know that Streptococcus dia­

cetUactis, a fairl y common starter organism, may pe 

involved. 
There have been volumes written on starter trans­

fer and maintenance, and most of them are reliable 

sources of information. The most frequent errors 

that occur, however, include: over-ripening and under­

cooling after ripening; inadequate measurement of 

amount of milk-solids-not-fat, water, and inoculum; 

improper temperature adjustment at inoculation and 

control during ripening; lack of measurement into 

vat; and wet starter rooms and poor equipment. 

RIPENI G 

Frequently, starter is not strained into· the vat. 

Other than over-ripening or under-ripening, there is 

usually little difficulty attributable to ripening pro- ' 

cedures. 

CoAGULATION 

Occasionally, cheesemakers get into the habit of 

inadequately diluting the color before addition to 

the vat. This may lead to mottling of the curd 

through uneven distribution. 

Rennet activity is affected by a number of factors, 

including milk composition and temperah1re (activity 

is equally good from 30 to 48 C, 41 C being optimum). 

Other factors are previous heat treatment, acidity, 

homogenization, amount and age of milk, the calcium 

ion content and amount of calcium phosphate and 

other salts , and additional less important factors . 

Rennet usage is directly related to moisture control. 

Milk acidity is extremely important. Too firm a curd 

at cutting may be too high in moisture; conversely, 

too soft a cmd may become too low in moisture. 

Properly diluted rennet should always be mixed 

thoroughly into the milk; following agitation, the 

motion of the mixed milk should be promptly arrest­

eel. Initiation of clotting in milk is a delicate matter ; 

rennet should be permitted to act under optimal 

conditions. Too frequently, the cheesemaker does 

not attempt to standardize the length of set but per­

mits this time to vary greatly b ecause of changes in 

milk, developed acidity, and temperatures. 

C u TTING OF THE CoAGULUM 

The rate of whey drainage is greatly affected by 

curd size. Uniformity is a virtue to b e obtained at 

all costs in cheesemaking. Probably the most com­

mon offense in Cheddar cheese plants is disinterest in 

immediate replacement of broken wires in curd 

knives. In second place, is the overwhelming desire 

( .. 
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to start stirring the freshly cut curd as soon as pos­
sible. This interval should be prolonged as much 
as possible to permit the freshly cut surfaces to '11eal." 
Lumping of the curd, of course, is not desirable. Vat 
sides and bottoms should be thoroughly squeeged; 
valves should b e drained and the contents emptied 
back into the vat at the completion of each step. 
One of the time-honored sayings of Cheddar cheese­
making is the phrase "Cheese is made in the whey." 
Moisture control depends in great measure upon the 
treatment afforded the curd during stirring, cooking, 
and drawing of whey. Again, uniformity must b e 
emphasized. 

COOKING 

Common errors occurring during cooking include 
the application of heat too soon, in too great an 
amount, too early, and too high. Case hardening of 
the curd should be avoided; this condition retards 
moisture loss. Cooking at too ·high a temperature 
will retard acid production ; many alleged cases of 
bacteriophage have been proved nothing but cases 
of inaccurate thermometers. 

DRAWING AND p ACKING 

These processes are relatively simple; the timing 
should b e based upon acidity, desired moisture level, 
and body characteristics. 

CI-IEDDARING 

It is a rather common belief that the quality of 
Cheddar cheese is assured at the time of packing. 
This has b een phrased as, "When the curd is packed, 
the cheese is made." However, there are some errors 

i that can be made during cheddaring that affect the 
quality of the finished cheese. These include the 
time and height of piling, careless introduction of 
steam into the jacket, thereby oiling-off the curd, 
and permitting the curd to become too cool b efore 
milling. 

S ALTING 

Too much "forking" during salting causes a greasy 
curd. The proper addition of the correct amount of 
salt has a profound eff~ct upon the quality of the 
cheese. Too much salt "preserves" the cheese so that 
it breaks down too slowly, if at all, retains a coarse, 
dead body, and retards flavor development-in some 
case? permanently. Too little salt encourages equally 
und~sirable effects. Rapid body breakdown, ferment­
ed flavors , and gassy, ragged openings may result 
from uninhibited fermentations. Most work indicates 
that low-moisture Cheddar cheese should contain 
approximately 1.75% salt, or at least b e within a 

recommended range of 1.6 to 1.9%. 'i\' ith long-hold 
cheese, the upper portion of this range is preferred. 

PRESSING 

The temperature of the curd at pressing should b e 
high enough to permit the curd to fuse and develop 
a closed rind, but no higher. Normal pressing tem­
perature range is from 30 to 33 C. Pressure should 
b e applied gradually to permit the cheese to drain 
properly. Some operators stack the hoops three or 
four high and allow them to drain b efore pressing. 

CoNTROL A1'>TD REcoRDs 

' i\Thile moisture control h as been emphasized, little 
has been said about proper acidity' levels to b e main­
tained throughout the make. These, of course, will 
depend upon the type of cheese being made, long-or 
short-hold, curing conditions, make schedule, and 
other factors. In any event, acidity development is 
an index of bacterial activity and, therefore, is an 
important indicator of how nearly the cheesemaking 
operation is following the desired routine. Since 
certain steps in the manufacture of cheese occur at 
various desirable acidity levels in the milk or whey, 
it is necessary to b e able to accurately determine the 
correct titratable acidity. One of the most frequent 
violations of titrating procedure is the use of too 
little indicator. Ten drops of a 1% phenolphthalein 
solution should be added to each 9-ml sample. The 
amount of indicator added will influence the test 
results . If too little indicator is used, more base will 
be required to produce a visible color change. This 
will result in too large a reading. Good lighting also 
is importm1t. Individual cheesemakers and their 
helpers should be made to realize the importance of 
the acidity test . Steps should be taken to assure that 
differences are minimized between titration tech­
niques and results of different operators. If pH 
measurements are made, they should be correctly and 
promptly run. 

Scientific control is essential. Cheesemaking does 
not permit the taking of moisture samples throughout 
the process, and the cheesemaker must rely upon 
acidity or pH values and his sense of touch. Since 
the latter control measure is but poor at best, it is 
n ecessary that a complete make record be kept. All 
times, temperatures, acidities or pH values, and other 
pertinent data should be recorded at every step. This 
information, plus the fat and moisture test for each 
vat, will give the cheesemaker and manager a record 
of what has happened. If the records are studied, 
trends in behavior of the milk, starter, and curd from 
day to day will b e revealed. Sudden changes in mois­
ture con tent provide a sharp, clear warning of trouble 
-either present or impending. 
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Perhaps the best and quickest way to avoid diffi­
culties in cheesemaking is to provide sufficient, con­
tinuing, and effective on-the-job training. Frequent­
ly, this is lacking in .older, established plants. More 
often, it is lacking in new plants. VVe take pride in 
our work only when we know what we are doing and 
when we feel that we have contributed to a signifi­
cant degree to the over-all effort. Would this b e 
possible with a plant helper who did not understand 
even the rudiments of the properties of rennet or 

starter culttue? 
As cheesemaking becomes more complex, this re­

quirement will become grea ter. \iVith proper under­
standing, plant efficiency can be increased, saviqgs 
realized , and problems reduced. Management shot1ld 
seek out inventive, openminded people. Resistance 
.to change cannot be tolerated. Training is impera­
tive, and so is supervision. The utility of scientific 
and technical knowledge lies ,in what can be done 
vvith it. Cheese plants are right in the middle of a 
period that, not only reuiJ:es change, but is forcing 
change. 

MONTANA'S ABNORAL MILK PROGFAM 

HERB BALLOU 

Dairy ancl M ilk Insp ection Div ision 

Li Destock Sanitary Boar~l, Ilelimli, Montana 

We are committed to follow and comply with the agree­

ments of the National group in our participation in the 

lnterstate Milk Shippers Program. The Abnonnal Milk Pro­

gram adopted at the Interstate Milk Shippers Conference, 

calls for THREE distinct phases over the next three years. 

These phases are the minimum requirements set forth for each 
state to follow . 

Over a year ago, a statewide meeting was called by Earl 

Peace, Dairy Extension Specialist at the t-.'lontana State Un i­

versity, and by Dr. J. vV. Safford, State Veterinarian , to alert 

th e dairy industry people as to what. the Abnormal Milk Pro­

gram would consist of over the n ext few years. At th e time, 

the Industry set up th eir own voluntary program, and the 

p lant laboratories reported their results to the Montan a Live­

stock Sanitary Board. Approximately fifty percent of th e 

Crade A milk supply was involved in this program. 

Early in September of 1967, this group of industry people 

were called together again to discuss th e results of their 

mastitis program and to outline a Statewide Regulatory Pro­

gram to follow. It was rather surprisin g and encouraging, 

that some of the producer representatives favored th e elimin­

ation of the three phas13 system as recomm ended in the Inter­

state Milk Shippers Program, and ·were in favor of getting 

directl y into Phase Three, thus eliminating the gradual escala-

tion portion of th e program. It was suggested that the in­

itial program by th e Regulatory Agency be set at a maximum 

of 500,000/ ml leucocyte count. . 

Presentl y, the Abnorma l Milk Program requires that a ll 

Grade A milk be analyzed for pesticides, leucocytes and 

other adulterants. Producer raw milk wil l be tested for 

leucocyte level at least eight tim es per year. Milk in excess 
of 500,000/ ml or 20/ mm on the Wisconsin Mastitis Test. scal e, 

shall be considered as abnormal. Owners of such milk wi ll 

be sent a Iotlce of Noncompliance on th e two of the last four 

consecutive method. VVhen three of the last fi ve counts are 

in noncompliance, th e cows responsible for the high leucocyte 

counts must be quarantined from the milk supply. It will 

require a veterinarian to make determinations as to what cows 

are to be quarantined . The cows under quarantine shall be 

returned to the herd when their milk supply bcomes norn~a) . 
Montana will incorporate all three phases into on e. \iVith 

a realistic understanding of the program by all concerned, we 

are looking for quaiity improvement, greater return to the 

dairyman , and a continued consum er acceptance of a safer 

and more wholesome fluid milk supply. Our people feel 

that with a progressive qual ity improvement in the fliud milk 

supply, th e consumer wi ll be deterred from th e imitation 

products. 
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THE PUBLIC HEALTH LABORATORY AND 
OUR ENVIRONMENT' 

RoBERT P. MAcFATE 

Division of Laboratories, 

Chicago Board of Health , Chicago, Illinois, 60602 

A review of a recent compilation of vital statistics 
reveals. that man's life expectancy is greater tl1an that 
of any of his ancestors. However, he would live still 
longer, and even in more abundant health, if all of 
the presently known principles of preventive medicine, 
hygiene and environmental health could be fully ap­
plied. It has been estimated that at least ten years 
could be added to the average life-span in the United 
States of American, if full use could be made of the 
scientific knowledge now available. 

While the problems of war are entering our every 
day life, it may be heartening to consider, for a while, 
not the vvays in which man's ingenuity has brought 
him to the atomic era but, instead, how his inven­
tiveness has brought him nearer that utopia where 
health is bountiful and death is postponed to the 
biological limit. 

PuBLIC HEALTH 

The history of Public Health is the story of man's 
endeavors to protect himself and his community 
against communicable disease. Over the years, to 
this base, has been added the attempt to protect man 
against any part of his environment that will prove 
antagonistic to his well-being. 

In primitive communities, down to the middle ages, 
society's defense against sickness, physical or mental, 
was to is'olate or destroy the patient. Later came the 
endeavor to heal the sick, so as to prevent them from 
infecting or harming their fellow men or becoming 
a burden on society. 

This was followed by the establishment of positive 
protection of the healthy from the dangers of disease 
by the use of such safe-guards as quarantine, vac­
cination, hygiene and sanitation. This was the era of 
preventive medicine. · 

However, just as the poiitical concept of the "per­
son" has been replaced by that of the "nation", so in 
public health has the concept of the "individual" been 
re~laced by that of "society". 

Our views have become broader. ·what is to be 

'Presented at the 25th Spring Conference of the Associated 
Illinois Milk Sanitarians, E lgin, Illinois, on May 22, 1967. 

done must be done for the welfare of the community 
and not the individual alone. The activities . must 
be taken out of our individual selves and made to 
encompass our entire environment. And thus En­
vironmental Health was developed. 

ENVIRONMENTAL HEALTI-I 

The concept of environmental health is not of re­
cent origin. The general acceptance of environmen­
tal sanitation goes back to more than a hundred 
years ago. In the 1850's, in London, Edwin Chad­
wick was appointed Commissioner, t9 study the oper­
ation and administration of the Poor Laws. 

Health conditions among the poor were deplorable. 
Chadwick's Report gave vivid details of existing con­
ditions , and made a serious effort to correlate these 
conditions with variations in mortality rates and 
economic status. 

Most significant, however, the Report presented 
with dogmatic clarity, a plausible epidemiological 
theory that fitted many of the known facts . Disease 
was based in filth . Permitting human and animal 
excretions to collect, not disposing of garbage, · im­
proper care of food animals, and lack of personal hy­
giene, was directly responsible for most of the ills 
that affected the poor. 

From these facts, Chadwick derived the principles 
on which sanitary reform and community health action 
have been based since that time. Great Britain was 
first to institute such reforms, then the United States, 
and finally the rest of the ·world. 

To the early public health workers, these principles 
constituted the law and the gospel of community 
health action and, for the most part, they are as valid 
today as they were when first enunciated. 

The Report proved beyond any doubt that disease, 
especially communicable disease, was related to filthy 
environmental conditions : due to lack of drainage, 
proper water supply, and means of removing refuse 
from houses and streets. From that time, filth was 
no longer simply a matter for private disgust. It 
was raised to the status of an important public enemy 
of the community health. 

Environmental health covers every facet of our 
every day life. Studies are made and service is ren-
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dered under three general areas: Food, Institutions, 

and the External Environment. 

Under the subject of Food are all studies related to 

food establishments, including wholesale and retail 

stores, food plants, bakeries, dairy farms, milk plants, 

hotels, restaurants, taverns, school cafeterias, and the 

like. 
Under Institutions are included orphanages, hos­

pitals, nursing homes, boarding homes, child-play 

schools and child-care facilities . 

Considered under External Environment are water, 

wells, sewage, septic tanks, air pollution, insects, 

rodents and nuisances. 
Certainly this is a formidable list when it comes 

to planning the work to be done. 

FIRST LABORATORY STUDIES 

At the time of the above studies, there were no 

laboratories in which to test the theories that had 

been propounded. It was not until after 1860 that 

Pasteur conducted a series of experiments which ·were 

important, not only in incontrovertibly refuting the 

doctrine of spontaneous generation of bacteria, but 

also in establishing the principles of scientific investi­

gation which have influ enced bacteriologic research 

since his time. 
In 1882, only 85 years ago, Robert Koch isolated 

the tubercle bacillus and eventually established a set 

of requirements which a bacterium must fulfill be­

fore it could b e accepted as the cause of a specific 

infectious disease. These were known as Koch ·s 

postulates. These requirements were: (a) the or­

ganism must be found always in association with the 

disease; (b) it must be isolated in pure culture; (c) 

it must reproduce the disease in animals, such as 

guinea pigs and rabbits ; and (d) it must be recovered 

in pure culture from the experimentally infected ani­

mals. 
Studies of this nature finally provided proof for 

many of the theories that were proposed following 

public health studies. 

I NCREASED ScoPE OF HEALTH STuDIES 

Much progress has been made in public health and 

environmental health since the early days · referred 

to above. Originally concerning itself only with in­

fectious diseases, public health studies have expanded 

to include everything that may affect the health of 

the public as a whole. In the same way, laboratory 

studies have expanded. For example, the laboratory 

discipline of Bacteriology is novv called Microbio­

logy and includes: Bacteriology, Virology, Parasito­

logy, Mycology and other studies. 

In the meantime, the mysteries of Alchemy had 

developed into the science of Chemistry. By a long 

tortuous path, we have finally come to the \iVonder 

of the Ages, the Atomic Era. Accompanying this 

progress has been the furth er development of the 

sciences of mathematics, physics, astronomy, and all 

of the varieties of present day knowledge. Most '' of 

the fundamentals of these sciences have been dis­

covered and tes ted in our many laboratories. Each, 

in its own way, has contributed to the knowledge of 

our environment. 
\iVe now find that not only must we avoid bac­

terial infection, in our attempt to live a long and 

happy life, but must also take into consideration 

chemical poisoning, radiation and many other haz­

arcls. Each of these has had its dramatic moments, 

and history is filled with stories of achievements like 

those referred to above concerning Pasteur and Koch. 

THE P uBLIC HEALTH LABORATORY ' 

The public health laboratory now holds the key 

to much of the work performed by a department of ' 

health. Actually, the laboratory holds the same posi­

tion in respect to a health department that a kitchen 

does to a home. 
The activities of a home, to a great extent, revolve 

about the kitchen. Every day, each person in the 

household partakes of the food an.d nourishment pre­

pared there and thus is able to contiih1e his own 

particular work. 
In like manner, the activities· of a health depart­

ment revolve about the laboratory. Every day, each 

person or each division in the health departn~ent re­

ceives some information, or some report, oi: some 

analysis from the laboratory which permits that per­

son, or that division, to carry 0~1 his own particular 

activities. 
The laboratory is a service department, whose 

function it is to assist the other divisioi1s of a health 

department to perform the various tasks allotted to 

them. 

NEW INSTRUlVIENTS 

It is of interest to note the changes that are taking 

place in the equipment used, especially in the chem­

istry laboratory. The expansion of the varieties of 

complex instruments has been phenomenal. The 

application of electronics, and other physical princi­

ples, has permitted the construction of a variety of 

instruments, such as the spectrophotometer, which 

now permits the measurement of minute quantities 

of chemicals heretofore discoverable by only a few 

highly-trained scientists. In the past 40 years , the 

scope of the analytical laboratory has simply ex­

ploded. The capabilities of these laboratories have 

increased more than a hundred fold. 

.Some 40 years ago, solutions were made and com-
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pared, gases were measured, items were weighed, 
and the microscope permitted the examination of 
small particles. Light was analyzed by passing it 
through a prism and the electric current was studied. 

Today, weighing is clone automatically with far 
greater precision than could be achieved heretofore. 

The sensitivity of the microscope has b een greatly 
multiplied by the electron microscope, where electron 
beams with wave lengths, thousands of times shorter 
than visible light, are utilized in place of ordinary 
light, thus allowing mi.1ch greater magnification . 

The properties of solutions are now studied in great 
detail. In the analysis of solutions for the concen­
tration of a specific chemical, many reactions are 
carried on producing a colored product that colors 
the solution in proportion to the amount of the chemi­
cal present. The color produced in these solutions 
is compared to the color of a standard solution, where 
the concentration of the chemical is known. A visible 
color, in such an analysis , can be produced by a re­
markably small amount of material. The color is 
measured in an apparatus known as a colorimeter, or 
more properly, a photometer. 

It was the invention of this colorimeter that started 
the extensive analyses now clone on blood urine 
spinal fluid , and other specimens from the' humar~ 
and animal body. In its use, one problem developed. 
The colors of the solutions were compared in the 
colorimeter with the eye. \ iVhen the eyes became 
tired, the comparison and matching of colors vvas 
not performed accurately. 

Again, our scientists came to the rescue. An in­
strument was devised where a b eam of light was 
passecl ·through each solution and the amount of light 
absorbed, depending on the concentration of the 
color, was measured. The light passing through the 
solution activated a photo-elech·ic cell , producing an 
electric current that was registered on an ammeter. 
H ere, eye fatigu e was not involved and more accurate 
measurements were made. Later , it was found that 
light of different wave lengths , that is, light of dif­
ferent colors, was selectively absorbed by the colored 
solutions, to a greater or lesser extent, depending on 
the composition or color of the solution to be mea­
sured. 

The spectrophotomE;ter was then devised, where 
the light used was passed through a prism, and only 
the wave length most greatly absorbed was used to 
pass through the solution to be measured. The 
selectivity and accuracy of the determination was 
gr atly enhanced. 

The apparatus has been furth er expanded to use 
ultra-violet and infra-red light where a large num­
ber of compl ex chemicals can be detected and mea­
sured, some of which are almost completely invisible 
to the naked eye. 

NEW PROCEDURES 

Advances have b een made in other laboratory pro­
cedures. Our physical chemists have found that, 
during certain titrations, th e electrical potential of a 
solution changes . Just as litmus changes color and 
indicates the end point of a titration, so the electrical 
potential is measured, and when it reach es a certain 
value, th e analyst knows the reaction has come to 
completion. This can b e clone despite the color or 
cloudiness of the solution. Such titrations p ermit tl1e 
analysis of blood and other materials that otherwise 
could not be analyzed as quickly and accurately by 
other methods. It also permits the analysis of minute 
quantities of many materials which heretofore have 
been impossible to detect. 

This, the ability to determine the presence and 
amount of very small quantities of chemicals, has 
been the basic aim of many of the recent advances 
in analytical instrumentation. 

An interesting study is that of chromatography, 
which has aided immensely in our study of pesticides 
a1:cl pesticide residues. Chromatography is a system 
of analysis which allows the separation of mixtures 
of compounds into their component parts. It is call­
ed chromatography because tl1e technic was original­
ly used to separate mixh1res of pigments. Now, the 
method is used to separate a variety of substances , 
or to concentrate them in pbases different from those 
in which they were originally present. This method 
is based on the phenomenon of "adsorption", in which 
use is made of matter in tl1e colloidal state. 

In simple chromatography, a tube or column, with 
a stopcock at the bottom, is filled with an adsorbing 
medium, such as altm1ina, magnesia, silica or paper 
pulp. The specimen to be examined is dissolved in 
a non-aqueous solvent. The solution is poured over 
the adsorbent in the column. As the fluid flows 
down tlu-ough tl1e column, some of the compounds 
may be adsorbed at various levels. Others may pass 
through the adsorbing medium and flow out at the 
bottom of the tube. Different compounds travel down 
the tube to different levels and generally form dis ­
tinct and separate bands. \i\Tith care, each com­
pound can be dissolved out of tl1e column separately. 
Or the column of adsorbent can be removed from 
the tube and cut into pieces, thus separating each 
band of adsorbed material. 

A modification of the procedure is paper chroma­
tography. H ere a small drop of the material to be 
examined is placed on a strip of filter paper near 
one end. The end of the paper nearest the specimen 
is placed in a suitable solvent, usually a water- or­
ganic solvent mixture . As the solvent flows along 
the paper, each substance in the mixture will move 
with the solvent at a definite rate, peculiar to its own 
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chemical structure. After a time, the various com­
ponents of the mixture will occupy different positions 
along the filter paper and may thereby be individual­
ly identified and measured. H ere we are not an­
alyzing according to our usual chemical technics. 
W e are not identifying elements or chemical groups. 
Rather, we are identifying complex compounds by 
their physical properties-the rate at which they move 
through the paper and solutions used. They can be 
identified by first using a known solution and com­
paring this with the results obtained from the un­
known solution . Paper chromatography is used ex­
tensively in the detection of many chemicals, insecti­
cides, drugs and poisons. 

A furth er modification of this technic is known 
as gas chromatography. Gas chromatography is an­
alogous to paper and column chromatography, ex­
cept that a steady flow of a gas, such as h elium, is 
used instead of a solvent. Two or more columns 
are packed vvith special adsorbents which will retard 
the flow of one or more gases and permit others to 
continue through the medium. The gases are de­
tected and measured by the difference in thermal 
conductivity of the helium or other carrier gas. Gas 
chromatography is used for the determination of 
gases in whole blood, serum and expired air, and for 
the detection and measurement of insecticides and 
other compounds. 

FooD ADDITIVES 

For many years, small amounts of chemicals have 
been added to foods to enhance the flavor , add a 
new flavor, color the food, prevent the formation of 
mold , etc. It was known that some of these materials 
in very large amounts would cause cancer if fed to 
animals. However, so far as experimental studies 
had been made, the very small amounts of the chemi­
cals used in foods were considered to have no effect 
on the human being. 

However, due to careless use of many of these 
compounds, and the use of compounds not full y 
tested, several years ago, Congress passed a law stat­
ing that these materials, no matter how little was 
used, could not be added to food materials if they 
caused cancer in animals in any amount. 

This created a variety of serious problems . First 
of all, the use of the materials was important in the 
preparation of the commercial product. Secondly, 
the analysis of foods for these chemicals was in a 
rather elementary state. The compounds were used 
in such small quantities that it was almost impossible 
to analyze for them quantitatively. And thirdly, all 
manufacturers were given a time limit in which they 
had to have their products tested and approved by 
the Food and Drug Administration. Every plant 

laboratory, commercial analytical laboratory and ex­
perimental pharmacologist was inundated with work 
Extensive animal studies had to be performed and, 
in most cases, these had to cover a span of at least 
two years. For a time, everything was in confusion. 

In feeding experiments, for example, using rats 
and dogs, the animals might be fed for two ·years. 
Then, on detailed study, it might be found that the 
animals appeared physically, clinically and anatomi­
cally normal, with say, for example, only a slight but 
definite increase in the size of the liver. 

vVas the chemical, fed to the animal, the cause of 
the enlargement of the liver? And just what did it 
mean, anyway? Even the physiologists, biochemists 
and pathologists might not know. Except that they 
have a profound conviction that increased liver 
weight forbodes no good. 

Since that time, many chemicals have been proved 
harmless and are now in use again. Others are still 
under study. 

PESTICIDES 

A very controversial subject has been the use of 
many of the pesticides, especially the chlorinated 
hydrocarbons. vVe shall not go into the pros and 
cons of this matter except to say that without some 
of them, farmers would have no crops . 

On the other hand, we are vitally concerned as to 
the effect of these compounds on our own systems. 
Do they affect the liver, do they accumulate in the 
body, and what is the effect of such accumulation? 

As mentioned above, one of the methods used for 
the analysis of pesticide residues is that of gas chro­
matography. This procedure requires expensive 
equipment. i\tlore of a problem, however, is to find 
trained chemists, or chemists who can be trained to 
use the apparatus. The field is very limited since 
industry is able to pay salaries far more attractive 
than those that can be paid by most health depart­
ments. However, the point to be emphasized is that 
we now do have procedures that can be used to 
determine this contamination of our environment. 

Further, there are a large number of pesticides, 
and the field is growing every day. The ultimate 
aim, of course, is to find a pesticide that will continue 
to kill the pests , that will not poison animal life, that 
will have no effect on man, and will not accumulate 
in the body. Such studies are being made by workers 
in environmental health. 

BACTEHIAL CoNTAi\HNATION OF FooDs 

Another laboratory discipline, important in en­
vironmental health studies, is Bacteriology. 

One of the most serious problems, identified only 
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in recent years, has been the spread of the disease 
salmonellosis. It is caused by species of the bacterial 
genus Salmon ella. The disease is common in reptiles, 
birds, mammals and man . The clinical symptoms 
vary from a mild enteritis to a rapidly fatal septi­
cemia. 

Salmonella typhosa. is a highly specialized member 
of the genus or group . It infects man, only, and pro­
duces typhoid fever. The control of typhoid fever 
is perhaps the greates t triumph of organized pre­
ventive medicine. 

However, beyond this, there are over 1000 dif­
ferent typ es of salmon ellae. S. typhimuriu:tn, origin­
a'Jly isolated from mice, in which it produces mouse 
typl;oid, is distributed widely throughout the animal 
kingdom . It is probably the most frequent cause of 
salmonella food poisoning (salmonellosis ) in man, 
c1lthough many other types are found. In fact, all 
salmonellae can cause any one, or all three, of the 
phases of the disease, vvhich are: (a) the food poison­
ing phase, with vomiting and diarrhea; (b) the en­
h~ritic phase, with inflammation of the intestines; and 
(c) the septicemic phase, with generalized infection 
in the blood and organs of the body. 

Salmonellae are distributed widely in nature . 
Drinking water and the water of lakes, rivers and 
swi~nming pools may be contaminated b y animals 
and man. Contaminated milk and drinking water 
originally constituted the chief causes of epidemic 
intestinal infections, but these sources have b een 
eliminated, almost completely, by modern sanitary 
engineering. Salmonellae in milk and milk products 
may be des troyed by pasteurization . Contaminated 
water can be made safe by boiling or chlorination. 

All meats, poultry and eggs, including dried eggs, 
should be considered as potential sources of the in­

. fection. Before being served as food, they should 
be heated to temperatures high enough to kill sal­
monellae. 

Perhaps the most common source of salmonellosis 
is the human carrier who contaminates the food dur­
ing its preparation, or after it is cooked. Oily salad 
dressings, cake fill ings and pastries are well adapted 
for the transmission of the organisms from the carrier 
to the victim. Therefore, the detection and elimin­
ation of carriers among food handlers is one of the 
major activities of all well-organized public health 
units. 

Recent studies have shown salmonellae to be pres­
~nt in some instant non-fat dry milk powders , chied 
yeast, dried cocoanut, carmine red (a food color ) , 
rendering plant products and other materials. Prompt 
detection by vari ous h ealth departments and the Food 
and Drug Administration causes early r emoval · of 
these contaminated products from the market. 

Food may be contaminated in commercial process­
ing, such as in the preparation of dried milk. Pas­
teurized milk, in which any salmonellae h ave been 
destroyed, may be again contaminated during the 
drying step of the process . An epidemiologic study 
may be made, but often this presents problems, such 
as when the milk is dried in one state, compounded 
in another, and sold all over the country. 

Tracing the source of the infection is not an easy 
matter. Sometimes the workers in a plant are in­
fect( d. This infection may be spread through the 
product. In other cases the workers may b e the first 
victims rather than th e source of the infection. 

The presence of organisms in animal feed may 
maintain a potential reservoir of infection from animal 
to animal, and animal to man . 

In recent years , it would appear that infections by 
salmonellae have b ecome more frequent, or at least 
they are now being rep orted more frequently. This 
increased incidence is probably clue to more accurate 
and more detailed laboratory testing. i\1Iany times the 
infection is slight, producing only a little diarrhea, 
and thus is relatively unnoticed. Of course, the in­
fection may have been caused by other intestinal 
pathogens, or other conditions. 

When such infections are studied and salmonellae 
found , the organism should be typed serologically. 
Most species of Salmonell a have been given specific 
names, i.e. from where they were found , the animal. 
the city, the name of the person first isolating the 
organism, the name of the p erson infected, etc. Thus, 
we have S. amsterdam , S. london, S. clenveT, S. geor­
gia, S. infantis, S. thompson, etc. 

The question might arise, since all these organisms 
can cause the disease, why bother about such a de­
tailed identification? However, specific identifica­
tion of the organism is essential to enable the epi­
demiologist to trace the source of the infection. It 
is important to know if a person was infected by a 
human carrier who prepared the food, or by infected 
food , such as a turkey, for example. 

A carrier may not necessarily spread the infection, 
providing his personal hygiene is of the highes t order. 
VVithout complete identification of the organism, he 
might b e falsely accused as the cause of another per­
son's illness, whereas the source may b e actually in 
the food itself. Of course, if the species isolated from 
a carrier and that found in the food are of the same 
type, then no determination can be made as to ·which 
source caused the infection. 

This is just one phase of the attention paid to the 
bacterial contamination of food. Other bacterial 
food -borne illn esses may be caused by ClostTicl·ium 
botuHnu:m, Staphylococcus auTeus, EscheTichia coli, 
species of Shigella. and Clost'l'iclium, pe1jTingens. Each 
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presents a series of problems in the study of environ­

mental sanitation. 

S u1v1M AIIY 

Thus, we find that public health in general, and 

environmental health in particular, lean heavily on 

the findings of the various scientific laboratories. 

\1Vithout laboratories, progress would be slow and 

laborious. The same old arguments would arise and 

scientific study would be impossible. 

The public health laboratory assists with newly 

identified health problems. In fact, in many cases, 

the laboratory is required to identify the problem and 

then serves as a guide in its correction. 

From the laboratory side, those working in public 

health laboratories derive much satisfaction from their 

labors. Long and irregular hours at the laboratory 

bench are cheerfully accepted when the results o£ 

the study will help to bring man to a longer .wd 

healthier life. 

ASSOCIATION AFFAIRS 
RESOLUTIONS ADOPTED AT IAMfES 

1967 ANNUAL MEETING 

The following resolutions were unanimously adopt­

ed by the membership at the 54th Annual Meeting 

of the International Association of Milk, Food and 

Environmental Sanitarians at Miami Beach, Florida, 

on August 16, 1967: 

RESOLUTION TO. 1 

\ •VHEREAS: The 54th Annual Meetin g of th e International 

Association of Milk, Food and Environmental Sanitarians was 

held in Miami Beach , Florida, August 14 to 17, 1967, in th e 

American a Hotel at the in vitation of the Florida Affiliate; and 

\\' HEREAS: The Local Arrangements Committee of the Af­

filiat e provided e.'(cellent facilities in th e conduct of th e 

n1 eeting; 

THEREFORE BE IT RESOLVED; th at th e Association ex­

tend its sincere appreciation to th e Florida Affiliate of th e 

International Association of Milk, Food and Environmental 

Sanitarians, and th at the Secretary be instructed to transmit 

this resolution to th e President of th e Florida Affiliate. 

RESOLUTIO T NO. 2 

\VHEREAS: In th at Congress has now made funds available 

for additional research by U. S. D. A. and because of th e 

vital and pressing need for n ew studies in th e prevention 

and control of mastitis in dairy h erds; 

BE IT RESOLVED: "I'hat the International Association of 

Milk, Food and Environmental Sanitarians convened at its 

54th Annual Meeting, hereby directs the Secretary to requ est 

of th e Secretary of Agriculture to approve the immediate 

start of research in thi;· important matter. 

RESOLUTIO 1 0. 3 

WHEREAS this Association beli eves that tmifonnity in the 

labeling of dairy products is a necessary and vital goal for 

all persons conn ected with th e industry regardl ess of wh ether 

th ey be regulatory or industry representatives; and 

\•VHEREAS the work of the 1 ational Labeling Committee 

in providing a voluntary state model regulation for the label­

ing of fluid milk and milk products represents th e first major 

step to achi eving uniformity on a nationwid e basis; and 

\VHEREAS th e 1 ational Labeling Committee's guidelines 

1·epresent sound and reasonable requirements which will ade­

quately safeguard th e consumer; 

THEHEFOH.E BE lT HESOLVED that th e International 

Association of Milk, F ood and En vironmental Sanitarians 

full y endorses the labeling provisions contain ed in the Na-

tiona] L abeling Committee's Model Labeling H.egulation; and 

BE IT FUH.THEH. H.ESOLVED that this Association through 

its membership will actively support the adoption · of this 

voluntary model regulation in the fifty states. 

RESOLUTI01 NO. 5 

WHEHEAS : IAMFES h as been engaged in negotiations 

through an ad hoc committee with a similar 

committee from NAS; and 

VlHEREAS: This conunittee has developed a tentative set 

of by-laws as a starting point for a new organi­

zation; and 

\ VHEH.EAS: These tentative b y-laws and th e intent of this 

endeavor has been discussed by means of the 

presidential address and a special open meet­

ing at the 54th Annual Meetin g of the IAMFES ; 

THEHEFORE BE IT H.ESOLVED: That the Association at 

its 54th Annual Meetin g, assembled, endorse the 

principles of the merger plan and direct the 

Executive Board to further investigate th e pos­

sibility of merger between the two organizations 

and to develop a set of by-laws to be presented 

for approval by members of th e IAMFES. 

Resolution No. 4 pertaining to Standardized Iden­

tification of the Sanitarian was tabled. 

KENTUCKY ASSOCIATION LAUNCHES 

NEW NEWSLETTER 

At the recent Affiliation Council meeting at Miami 

Beach one of the many matters "kicked around" was 

the problem of communication. It was universally 

agreed that it was of vital importance in the life of 

a state organization to keep up the interest of cur­

rent members and to try to reach prospective mem­

bers through some satisfactory news medium. Con­

trary to Mark Twain's famous commentary to the 

effect that nobody does anything but talk about the 

weather, the Kentucky Association of :tviilk, Food and 

Environmental Sanitarians has embarked on a laud­

able enterprise of periodic publication of an interest­

ing and informative newsletter . 

In his opening message in the first issue, Presi­

dent Ed Napier appoints each and every member to 

an "Action Committee" and charges everyone with 

~ 
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an equal responsibility for the success of the com­
munications medium. Of course, the Kentucky Asso­
ciation still has its standing Membership and Publi­
city Committees but Ed Napier evidently believes that 
the organization can thrive best if everyone pitches 
in to achieve a successful assembling and dissemin­
ation of news on milk, food and environmental sani­
tation around the State of Kentucky. 

The first issue lists the state Officers and Direct­
ors and also the make-up of the Publicity and Mem­
bership Committee proposing a plan for expansion 
of membership through a contest system with prizes. 
It announces 1968 as "The Year for 1 ew ~vlembers." 

Items of interest to Kentucky sanitarians follovv, 
including the appointment of a n ew Assistant Ex­
tension Professor of D airy Technology at the state 
university, the need for a state meat inspection pro­
gram, a salute to the dairy fieldman and his responsi­
bilities and some personal notes on member activi­
ties. 

An interesting full length article on the subject of 
"Food Sample Collection" features this first edition. 
"While the material was presented as a paper at the 
Summer Regional Conferences throughout the state, 
the message is made available to all members who 
should be universally concerned with the technique 
of sample collection and analysis. 

The news letter concludes with a list and descrip­
tion of late summer and fall meetings of interest to 
sanitarians not only in the state but in adjacent 
states. This includes official agency meetings and 
industry and university sponsored programs as well. 

This initial issue of the newsletter bound in an 
attractive cover is a noteworthy effort and deserves 
full support of the membership to further the welfare 
of the Kentucky organization. 

LOUIS ARRAGON! JOINS 
ASSOCIATED GROCERS 

Dr. Louis Arrigoni b ecame executive vice-president 
of Associa ted Grocers, Inc., Seattle, effective Octob er 
1, 1967. Dr. Arrigoni has been associated in in­
creasingly important position with Consolidated D airy 
Products Company of Seattle since 1949, h aving 
served during the past eight years as a member of 
their broard of directors and vice-president. Accord­
ing to Mr. E. E. Pedersen, President of Consolidated, 
who made the announcement relative to the ch ange, 
Dr. Arrigoni has been a moving force in the success­
ful expansion of his company operations h ere in the 
United States and in the Far East. 

Mr. Vilillard Rhodes, President of Associated Gro­
cers, Inc. , said "\iVe have known Dr. Arrigoni since 
1949 when be first became associated with Con­
solidated, and we know how difficult it is for him 
to sever his relationship completely with a firm with 
which he has so long and successfully ben connected. 
However, the broad management experience in the 
food industry he brings with him is a great asset 
to our firm , and we are extremely pleased to have 
him with us in a top management position." 

Louie Arrigoni has been an active member of 
IAMFES and of the Washington affiliate for a num­
ber of years. 

BEN ZAKARIASEN RETIRES 

Ben M. Zakariasen, Manager of Laboratories and 
Field Services for Land O'Lakes Creameries, Inc., 
!viinneapolis, Minnesota, who has been directly con­
nected with and part of the dairy industry all his 
life, retired October 1, 1967. 

Ben graduated from School of Agriculture in 1921, 
earned the Bachelor of Science degree in 1925 and 
the Master of Science degree in 1937 from the Uni­
versity of Minnesota. Appointed in 1924 as chemist 
for Land O'Lakes Creameries, Ben started a one man 
laboratory in a corner of the company warehouse. 
Tiny as it was, some were dubious about the ex­
penditure. This one man laboratory, at the state 
contained little apparatus except instruments needed 
to test butter samples for butterfat, salt and moisture 
content. 

Soon his department was caught up in a problem 
that lent impetus to an expansion which has been 
going on ever since. Mold organisms began show­
ing up in large numbers on the surface of the butter, 
as much as $1,500 losses per creamery for one month. 
Very little organized knowledge was available at the 
time to combat mold in the butter . Dairy manufac­
turing experts, Professors Macy and Combs from the 
University of }.lfinnesota were enlisted to cooperate 
in solving this probl em. Mr. Zakariasen conducted 
thousands of laboratory tes ts as an integral part of 
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the research using samples in the creamery from the 

raw cream to the finished product including the 

processing equipment. 
At that time many creameries still had iron piping 

thru which cream passed and in which numerous 

cases this piping could not be taken apart for proper 

cleaning and sanitizing. Cream was drawn into 

wooden chuns having wooden roller butter workers 

with the use of suction developed by steam. Due 

to the fine cooperation of the cooperative creameries 

and the Land O'Lakes laboratory, sanitary equip­

ment was installed that could be taken apart and 

properly cleaned and sanitized resulting in the mold 

problem being conquered to a point where it is 

scarcely a mi110r nuisance instead of a major cat­

astrophe. 
In 1924 scarcely 25% of the butter handled could 

be sold under the Land O'Lakes brand (U. S. Grade 

AA or U. S. 93 score). Today approximately 95% of 

all the butter handled meets this highest standard. 

Ben's department has played a very important part 

in bringing about this improvement in quality. His 

dpartment conducts the only year round butter ef­

ficiency contest of its kind in the world based on 

quality, weights, workmanship, composition and sani­

tation vvhich has been in existance since 1928. The 

contest has been a valuable aid in the improvement 

of efficiency in the plants and the standardization 

and maintenance of the quality of Land O'Lakes 

butter. 
J\!Ir . Zakariasen is a member of the American Chemi­

cal Society, American Dairy Science Assn., Minne­

sota Dairy Technology Society, International Dairy 

Congress and the International Assn. of Milk, Food 

and Environmental Sanitarians. He has served as 

President of the Niinnesota affiliate as well as gen­

eral chairman of general arrangements committee for 

the International Annual Meeting in Minneapolis in 

1966. 
Ben is a committee member of the following trade 

associations: American Butter Institute ( Hesearch ); 

National Cheese Institute ( Hesearch ); A1nrican Dry 

Milk Institute ( Standards ); National i\IIilk Producers 

Federation (Technical); and the NI ilk Industry 

Foundation (Technical advisory committee on pesti­

cides). H e served on advisory committees for the 

following government departments : United States 

D epartment of Agriculture, i\!Iinnesota D epartment 

of Agriculture, Dairy Industries D epartment of the 

University of Minnesota, Vi' isconsin D epartment of 

Agriculture and State Board of Vocational, Techni­

cal and Adult Education. 
Mr. Zakariasen is the author and co-author of over 

25 technical and non-technical papers dealing with 

such products as fluid milk, cream, butter, cheese, 

dry milk and other related products pertaining to 

probl ems in production methods, manufacturing tech­

niques, laboratory procedures, dairy plant cleaning 

and sanitizing methods. 
Mr. and Mrs. Zakariasen will reside at the Pell'.­

nore Hall apartments, 4250 Galt Ocean Drive, Fort 

Lauderdale, Florida. 

BEN M. ZAKARIASEN RECIPIENT OF 
ACHIEVEMENT AWARD 

Ben M. Zakariasen, Manager, Laboratories and 

Field Services, Land O'Lakes Creameries, Inc. was 

the recipient of the Minnesota Sanitarians Association 

achievement award for his outstanding contributions 

in the field of quality control. 

The presentation was made at the annual sanitarians 

banquet held Thursday evening, September 14, 1967 

at the President Cafe, Minneapolis, by Orlowe M. 

Osten, secretary of the sanitarians association. 

H e noted that Zakariasen has often been referred 

to as "the father of quality work in the dairy in­

dustry". 

REPO,RT OF THE COMMITTEE ON BAKING 
INDUSTRY EQUIPMENT-1967 

The Committee has had tlu-ee meetin gs witl1 tl1e Baking 

Industry Sanitation Standards Committee ( BISSC ) since our 

1966 report. Also, since las t year, President EIUker has ap­

pointed F red Vitale, Director of Sanitation for th e Con­

tinental Baking Cotnpany, as a member of this Committee. 

ln our 1966 report this Committee stated th at th e revision 

of existing standards should be given high prio;·ity. BISSC 

concurred with the Comm ittee's recommendation and initi­

ated an accelerated revision program. In· addition to th e 

usual Fall and Spring · riieetings h eld in Ch icago, a special 

meetin g was convened in CinciJlnati, Ohio, Mny 16, 17, 18, 

1967. 
At th e Cincinnati meeting this Committee, t!Hi U. S. Pub­

li c Health Service, and committees r~presenting · the Ameri-

, 
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can Public H ealth Association and National Associa tion of 
Sanitarians worked diligently and in close cooperation with 
representatives from the bakin g industry in revisin g a total 
of eleven standards. The revisions, aside from improving 
and tightening the standards from a sanitary viewpoint, will 
be of great benefit to the bakery equipment manufacturers. 
Their equipm ent can now be manufactured to conform to 
BISSC Standards with som e assurance th at th e existing 
standards will not be mdically ch anged. Th ere will, of 
course, be future revisions or upgrading of th e approved 
standards as new and different manufacturing methods and 
processes are initiated. 

Standa:rds PttbUshed. BISSC will have, effective January 
1, 1968, a total of twenty seven ( 27) Standards published. 

Standards Pending. There are, as of this elate, nine Stand­
ards in various stages of developm ent. 'With the completion 
of these Standards a great majority of the equipment used 
in modern bakeries can he manufactured to comply with a 
BISSC Approved Standard. 

• 4vailabili.ty of Standa·rds. This Committee h as arranged 
through BISSC to provide a complete set of revised standards 
to every interested sanitarian who is a member of the Inter­
national Association of i'v!ilk, Food and Environmental Sani­
tarians Association. 

Standards may be obtained by writing to : Raymond \Valter, 
E xecutive Sec'y. , BISSC, 521 Fifth Avenue, New York 17, 
N.Y. 

CoMM ITTEE MEMBEHs 

Vincent T. Foley, Clw:irman., 
( Mo . Ass'n . ) , 
City H ealth D ept. , 
Kansas City, Mo. 

A. E. Abrahamson, 
(N. Y. Ass'n.) , 
City H ealth D ept. , 
New York 13, N. Y. 

Louis A. King, Jr. , 
( Ill. Ass'n. ), 
American Institute of 

Baking, 
Chicago, Ill. 

F red R. Vitale, 
(N. Y. Ass'n.) , 
Continental Baking Co., Inc. , 
Rye, N . Y. 

Harold \Vainess, 
(Ill. Ass'n. ) , 
\Vainess & Associates, 
Chicago, Ill. 

REPORT OF THE COMMITTEE ON FROZEN 
FOOD SANITATION-1967 

The objectives of the Committee on Frozen Food Sanita­
tion this year have been as follows: 

1. To determine th e major probl ems in Fwzen Food 
Sanitation. 

2. To compile a list of reference material on Frozen Food 
Sanitation. 

3. Since there are other organizations h aving similar 
interests, the Committee sought to determine if th ere 
existed a duplication of effort and if th ere was a need 
for this Committee. 

4. The Committee sought to determine what projects 
should b e initiated that would b e of value to all p er­
sons interested in Frozen Food Sanitation. 

The Committee h as concluded that the followin g aspects 
of Frozen Food Sanitation are of major concern: 

1. Adequate refriger~tion on route delivery vehicl es . 
2 . Inadequate sanitation in th e freeze drying process 

which results in a concentration of bacterial popu­
lation . 

3. Training of p ersonnel in sanitation and personal hy­
giene. 

4 . Equipment should be of proper sanitary design and 
construction. 

5. Proper cleaning of display cases, process ing equip­
m ent, and storage facilities. 

The Committee has concluded that th e activiti es may be 
duplicated by other organizational committees to a degree; 
however, it is felt that th e Committee can serve a useful 
purpose in r esolving some of th e existing p robl ems. Follow­
ing are projects which tl1 e Committee proposes to consider: 

1. Stimulate both industry and governm ental agencies to 
establish bacteriological standards for frozen food s. 

2. Differentiate frozen foods such as fruits and vegetables 
from prepared frozen food s such as complete dinn ers. 

3 . Stin1ulate and encourage acldiponal study of the freeze 
dry pmcesses . 

4. Consider the adoption of Equipment Standards for 
the frozen food industry. 

5. Compile a list of reference materials and publica tions 
related lo Frozen Food Sanitation. 

6. Provide an exchange of information between state 
regulatory agencies concerned with frozen food legis­
lation and strive for uniformity between all agencies. 

CoM?.nTTEE lvlEMDEHs 

Eugene C. Viets, Cha-imwn 
( Missouri Association), 
State Divis ion of H ealth, 
Jefferson City, Mo. 

Stephen J. Pahner, 
a tional Association of 
Frozen Food Packers, 

\ 'Vashington, D. C. 

C. P. Orr, 
General Foods Corporation , 
White P lains, N. Y. 

Frank E. F isher, 
( Indiana Association ), 
State Board of H ealth, 
Indianapolis, Incl . 

E a ton E. Smitb , 
( Connecticut Association) , 

· State D epartment of 
Consumer Protection, 

Hartford, Conn . 

STATElv!E NT OF OWNEHSHIP, 
MANAGEMENT AND CIRCULATION 

(act of October 23, 1962; Section 4369, Title 39, United 
States Code ) 

Of The Journ al of Milk and Food T echnology, published 
monthly at Blue Hiclge He!. , H. R. 6, Shelbyville, Indiana, for 
October, 1967. 

The names and addresses of the publisher, editor, and 
managing editor are : 

Publisher , International Association of lvfilk , Food and En­
vironm ental Sanitarians, Inc. , R. R 6, Shelbyville, Incl. 

Editor, Dr. E. H . lvlarth , University of vVhconsin, Madison , 
Wis. 

Managing editor, H. L. Thomasson , R. R. 6, Shelbyvill e, 
Ind. 

Th e c" ·ners of International Association of Milk, Food and 
Environmental Sanitarians, Inc. are: 

Non-profit Corp. - No stockholders. 
The known bondholders, mortgagees, and oth er security 

holders owning or holding 1 per cent or more of tota l amount 
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of bonds, mortgages, or other securities are: None. 

Column one average To. copies each issue during preceed­

ing 12 months- CoiLmm two single issue nearest to fillin g 

date. 
A. Total No. Copies Printed 

(Net P ress Run ) __________ _______ _4490 4100 

n. Paid Circulation 
l.. To term subscribers by mail , carri er 

deli very or by other means ______ 4265 3904 

2. Sales through agents, new dealers 

or otherwise -------------------- 30 34 
C. F ree Disb·ibution ( including 

samples) by mail , carrier delivery, 

or by other means ---- -- ---- -- -- --- 90 95 

D. Total To. of Copies d istributed. '.· 
(Sum of lines Bl , B2 and C) _______ _4385 4033 

I certify th at th e statements made by me above are correct 

and complete. 

I-I. L. Thomasson , Managing Editor 

NEWS AND EVENTS 
RECORD $4.5 BILLION IN SALE OF 

PRODUCTS THROUGH VENDING MACHINES 

Sales of products through vending machines are 

expected to reach $4.5 billion in 1967, more than 

double the $2 billion mark of 10 years ago, accord­

ing to data released by the National Automatic Mer­

chandising Association ( N A 111 A ). Although no 

major technical breakthroughs were reported in re­

cent years, 1967 sales of vended products will in­

crease by more than $300 million over 1966, the 

association said . Diversification of vending service 

Jirms into in-plan t and institutional food service con­

tracting, partly without use of vending machines, was 

cited as one of the major developments . 
Some 1,500 of the 6,000 vending firms now operate 

their own food production commissaries, and many 

are expanding into mobile truck catering as well as 

concession services for the recreation and leisure mar­

kets. Sales of commissary-prepared foods , such as 

sandwiches, salads, pastry and entrees, through coin­

operated machines, will total more than $180 million, 

an increase of nearly 70 per cent in the past five 

years, according to the A M A report. Hot and 

cold beverages, candy and cigarettes still account for 

80 per cent of all vending sales. Volume of these 

products has increflsed from 7 to 10 per cent an­

nually during recent years. 
The association says vending machines accounted 

for one third of all candy b ars retailed in the United 

States in 1966, averaging 572,220 confection sales per 

hour around the clock. Total confection sales through 

vending machines amounted to 5,012,652,000 units 

in 1966. Vending of canned soft drinks is showing 

the largest rate of growth, with production of canned 

beverage machines reaching a record total of 36,870 

venders in 1966, a 21-fold increase during the past 

four years. 
The trend toward coffee machines which brew a 

single cup at a time from fresh grounds also is on 

the upswing. These machines were produced at 

three tims the rate of other types of coffee venders 

last year, the association reported . 

FOOD UPDATE PLANS 1968 SEMINAR 
IN ATLANTA 

Executive and technical management of the U. S. 

food industry is invited to register for a Food Up­

date seminar during the week of February 18, 1968, 

to be held at the Regency Hyatt Hotel, Atlanta, Ga. ' 

The informational forum, by and for the food in­

dustry, will probe the broad implications of govern­

mental, educational and scientific factors on food 

field growth and change. It will also examine the 

lates t thinking in new product development, pro­

cess ing, packaging, marketing and law. 
Sponsored by The Food and Drug Law Institute, 

Inc., and directed by its president, Franklin M. D e­

pew, the program proposes to survey "practices and 

promises spanning food business activity, and will 

explore for important ideas to assist the decision­
maker". 

Food Update seminars previously held in the East, 

mid-vVest and vVest have attracted speakers and 

participants from major corporations, government, 

education, agriculture and science. The 1968 south­

ern program vvill continue this tradition with broad­

ranging presentations by experts on current develop­

ments that will sharply influence the national in­
dustry's future. 

Attendance will be held to an intimately-sized 

group within which staff and enrollees will be able 

to participate personally and at length. Food Up­

date, which is a non-profit educational activity, has 

staged six such seminars during recent years. 

Information about the program, registration and 

fees is available from Food Update, The Food and 

Drug Law Institute, Inc., 205 East 42 Street, ew 

York, 1 . Y. 10017. 

WISCONSIN MASTITIS TEST 
TRAINING FILM AVAILABLE 

A movie demonstrating the ·wisconsin Mastitis 

Test has been released by the University of 'i\' iscon­

sin. The fi lm is designed for the training of labor-
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atory personnel and veterinarians in the correct tech ­
nique for conducting this tes t. 

The importance of continuous refrigeration of samp­
les at 32°-40° F. in obtaining close comparisons with 
th e direct microscopic leucocyte count is stressed. 
The objective of the film-and the test-is to help 
achieve nationwide uniformity and accuracy in mak­
ing es timates of leucocytes in raw milk samples . 

Copies of this 11 minute, sound-color film are 
available for short term rental from the Bmeau of 
Audio Visual Instruction, University of ' iVisconsin, 
P. 0. Box 2093, Madison, Wisconsin 53701. The 
BA VI film number is 6812. 

Copies may also be purchased from the Office of 
Information, Motion Picture Service, U. S. D epart· 
ment of Agriculture, Washington, D . C. 20250. Order 
by title-·wisconsin Mastitis Test-and USDA num­
ber: 1224-185. The price is $58 a copy for color or 
$23 for black and white. 

AMERICAN ACADEMY DIPLOMATES 
HOLD ANNUAL MEETING 

The American Intersociety Academy for the Certi­
fication of Sanitarians, Inc. , held its annual meeting 
at the Hotel Fontainebleau, Miami Beach, Florida on 
October 25, 1967. 

The Academy, incorporated in 1966 certifies pro­
fessional sanitarians and grants Diplomate status to 
those who meet high standards of competence and 
who have demonstrated qualities of leadership in the 
field of · environmental health. Currently, over fifty 
Professional Sanitarians have earned the honor of 
Diplomate in the Academy. In addition, some fifteen 
applications - are being reviewed and processed by 
the Academy's certification committee. 

The Secretary of the Corporation is Darold vV. 
Taylor, 2101 Wakefield Street, Alexandria, Virginia. 
Inquiries· and other correspondence dealing with the 
Academy and its objectives should be addres::ed to 
Mr. Taylor. 

DAIRY FIELDMEN'S AND DAIRY PLANT 
SANITATION CONFERENCES TO BE 

HELD AT PURDUE 
J. L. Krider, Head of the Animal Sciences Depart­

ment at Purdue Univ,ersity has announced two, one­
clay meetings for dairymen to be held in ovember 
1967. The Dairy Fieldmen's Conference vvill be held 
on November 14 and the Dairy Plant Sanitation Con­
ference on November 15, in the Memorial Center at 
P~tudue University. The conferences are sponsored 
annually in cooperation with the Indiana Dairy Prod­
ucts Association. 

Additional information may be obtained by con­
tacting I-L F . Ford, Smith Hall, Purdue University, 
Lafayet~e, In,diana. 

POWER GATES IN MILKING PARLORS 

New individual cow handling has been made easier 
and faster. Babson Bros. Co. , builder of Surge Dairy 
Farm Equipment, has recently introduced Power 
Gates for Diagonal Stall milking parlors. 

There's no tiresome pulling and pushing of levers 
and locks. The dairyman can open the rear gate to 
let the cow enter, close it to hold her in the stall, and 
open the front gate to let her out-all with the flip 
of a switch. A special palm button lets the dairy­
man gently nudge the cow into the proper milking 
position. 

The new Surge Power Gates are available with the 
new Smge Adjustable Diagonal Stall or can be added 
to existing Surge installations by a local Surge Dealer . 

NEW TRI-CLOVER AI.R VALVE CATALOG 
Five series of sanitary type, air-acuated valves are 

described in an informative new 40 page Handbook 
on Flow Control , offered by Tri-Clover Division of 
Laclish Company. Catalog AFC 66 details usage, 
installation and application data as well as specifi­
cations and dimensions on the TRI-FLO line of stain­
less steel air valves. Included are both sanitary CIP 
and take-down models of shut-off, divert, throttling 
and tank or kettle valves-in a range of sizes from 1 
thru 4 inch Tube OD. 

An improved actuator, which can be modified on 
the job to suit function is described . It can also be 
serviced in the fi eld wi thout special tools and is 
standard equipment on all valves. A section on auto­
mation and control components provides useful in­
formation on system layout and proper valve usage. 
Cutaway photos of each valve style show construction 
detail , recommended product usage and illustrates 
valve benefits. Head pressue loss curves are includ­
ed for each valve series . 

The catalague is avail able from the LADISH CONI­
PANY, Tri-Clover Division, Kenosha, vVisconsin 53140. 
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For top profits and quality food products, plant sani­
tation demands that proper chemicals be applied in 
such a way as to get optimum results at lowest cost. 

That isn't as easy as it sounds. It calls for experi­
ence and a fully-engineered application system- like 
the Klenzade CENTRAL HIGH PRESSURE 
CLEANING SYSTEM. This System provides on­
the-spot pressure cleaning facilities through a central 
unit. Proper detergent and sanitizing solutions can be 
applied with best velocity from one to a number of 
stations located throughout the plant. Drop station 
working pressure is 500 PSI with system capability of 
35 gallons per minute. 

Each station has quick release couplings and ports 
for spray gun hoses. 

Your choice of two models with pumps operated by 
electricity or air; each has unique control system with 

automatic cut-offs and interlocks for maximum effi­
ciency. 

Costly, time-consuming tra,nsport of pressure clean­
ing units from one application point to another is 
eliminated. Best of all, the Klenzade High ·Pressure 
Cleaning System provides superior cleaning through 
absolute control of cleaning solutions, temperature, 
power and water. Saves labor, too. 

If you've got too much to do to worry about the de­
tails of plant sanitation, take advantage of Klenzade's 
Single Organization Responsibility. Get all your sani­
tation chemicals, equipment and service from a single 
source. Call your Klenzade Technical Representative 
today. Or the home office. 

For completeness, quality and cost control, it's 
KLENZADE PRODUCTS, Division of Economics 
Laboratory, Inc., Beloit, Wisconsin. 

CALL KLENZADE 
and put soine real pressure 

on plant •tation 

Why food processo1s . ~~ '' spell cleaJl Wllh a K 
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SURGE 
is the word 

for Individual[ Planned 
Dairy Operations. 

Babson Bros. Dairy Planning Service available 
through SURGE Dealers everywhere, provides fac­
tual data to help with designing, planning and con­
struction of dairy units. Backed by the full resources 
of the Babson Dairy Research Service, the new 
PLANNING SERVICE brings wide knowledge and 
years of on-the-farm experience to designing faci l­
ities for 50 ... or 5,000 cows . 

Babson Br os . Dairy Planning Service is staffed by 
specialized personnel. Skilled dr aftsmen and realistic 
survey and layout men combine individual talents 
to complete practical, workable Dairy Units of any 
size and for any conditions. 

Complete preliminary plans will be drawn t o fit in­
dividual needs. Dairymen may then work directly 
with their contractor .. . or if they prefer , Babson 
Bros. Dairy Planning Service will assume full re­
sponsibility . .. Complete construction drawings, 
construct ion supervision and operator education 
makes possible a turn-key Dairy Unit. 

For Fu r t her Informa t io n wr i te: 

BABSON BROS. 
DAIRY PLANNING SERVICE 
A subsid iary of Babson Bros. Da i ry Research Service 

2100 S. YORK RD. • OAK BROOK, ILL 60521 
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