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SATISFACTOI~Y TEST for  e v a l u a t i n g  d e t e r g e n t s  used  
for  c l ean ing  d a i r y  e q u i p m e n t  has  been needed.  
Such  a l a b o r a t o r y  tes t  shou ld  give the  same re- 

su l t  as  a field test .  The re fo re  the  l a b o r a t o r y  tes t  mus t  
r e p r o d u c e  as  n e a r l y  as possible  the  a c t u a l  field con- 
d i t ions :  the  soil, the  tes t  sur face ,  a n d  the  wash ing  
opera t ion .  I n  add i t ion ,  the  m e t h o d  of m e a s u r i n g  
r e s idua l  soil  should  be sens i t ive  a n d  accura te .  

Some p rev ious  e v a l u a t i n g  tes ts  for  d e t e r g e n t s  (4, 
6) have been  based  on l i gh t  t r a n s m i s s i o n  or l i gh t  
s ca t t e r i ng  b y  films on glass  p la tes .  H o w e v e r  mi lk  
depos i t s  on d a i r y  e q u i p m e n t  a re  u s u a l l y  on meta l ,  not  
glass,  so a modi f ica t ion  of these  tes ts  wou ld  not  be 
comple t e ly  sa t i s f ac to ry .  

A tes t  based  on the r emova l  of  mi lk  depos i t s  f r om 
a me ta l  su r f ace  wou ld  more  n e a r l y  a p p r o a c h  the 
a c t u a l  c l ean ing  ope ra t i on  in  a da i ry .  The best  me thod  
fo r  f ind ing  the degree  of soil  r emova l  is  to d e t e r m i n e  
the  r e s i d u a l  soil. This  r e q u i r e s  a sens i t ive  measu r -  
ing  method.  Rad ioac t i ve  t r a c e r  me thods  have  th is  
s ens i t i v i t y  a n d  have  been used  to eva lua t e  va r ious  
c l ean ing  p r o c e d u r e s  (1, 3, 5) .  F u r t h e r m o r e  the  ra-  
d ioac t ive  t r a c e r  me thod  by-passes  the  p r o b l e m s  of 
su r face  cor ros ion  a n d  c leaner  depos i t ion  n o r m a l l y  
e n c o u n t e r e d  in  a m e t a l - c l e a n i n g  eva lua t ion .  

The tes t  desc r ibed  in  th is  p a p e r  is b a s e d  on the 
r emova l  of  r ad ioac t i ve  depos i t s  f r om s ta in less  steel. 
The  r a d i o a c t i v e  mi lk  is p r e p a r e d  b y  a d d i n g  rad io -  
ac t ive  ca lc ium-45 ch lor ide  to milk .  A n  exchange  takes  
p lace  be tween  the r a d i o a c t i v e  calc ium-45 a n d  the  sta-  
ble ca lc ium in  the  milk ,  y i e l d i n g  "tagged" milk.  

S ta in less  steel  p l anche t s  a re  s u s p e n d e d  in  the  
" t a g g e d "  milk ,  which  is t h e n  he ld  a t  the  pa s t eu r i -  
za t ion  t e m p e r a t u r e  fo r  the  u s u a l  p e r i o d  of t ime.  A 
"tagged" m i l k  deposi t ,  which  is s imi la r  to the  ac tua l  
depos i t  f o u n d  in a da i ry ,  fo rms  on the p lanche t s .  
The p l a n c h e t s  a re  coun ted  in  a windowless  coun te r  
( F i g u r e  1) be fo re  a n d  a f t e r  the  c l ean ing  opera t ion .  
The  sens i t i v i t y  of the  r a d i o a c t i v e  t r a c e r  m e t h o d  per -  
mi t s  a d e t e r m i n a t i o n  of m i n u t e  t r aces  of r e s i d u a l  
m i lk  soil a f t e r  a c l ean ing  ope ra t ion ,  t h u s  m a k i n g  i t  
poss ible  to d e t e r m i n e  the degree  of c l ean ing  effi- 
c iency.  The  tes t  p r o c e d u r e  is as follows. 

Add 1 ml. of calcium-45 stock solution (containing 0.05 
millicuries) to 40 ml. of milk in a 250-mL beaker and let stand 
for 10 min. Suspend four stainless steel planchets in the 
beaker so that they are half immersed in the milk. Place the 
beaker in a water bath (150 • 2~ for 40 min. 

Remove the planchets and rinse off all scum and milk with 
distilled water, except the firmly held surface deposit. Allow 
the planchets to dry over-night. Take duplicate radioactive 
counts of each planchet in a windowless counter. 

Add 250 ml. of 0.15% detergent solution (distilled I-I~O), 
fifteen %-in. diameter rubber balls, and one soiled planchet 
to a pint Launder-Ometer jar (2). Do this with all four 
planchets. Preheat the four jars in the Launder-Ometer tray 
(100~ for about 10 min., then tumble the jars in the 
Launder-Ometer (100~ for 5 min. 

Remove the planchets, rinse thoroughly with distilled wa~er, 
let dry for 30 min., and take duplicate counts in a window- 
less counter. 

Compare the radioactive counts due to calcium-45 on the 
planchet, before washing with the counts after washing, to 
determine the degree of soil removed. 

The re su l t s  ob ta ined  b y  us ing  the above p r o c e d u r e  
on fou r  d e t e r g e n t  f o r m u l a t i o n s  are  shown in Table  I .  
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FIG. 1. Windowless counter (RCI~ Prefiush Flow Counter 
Mark 12, Model 2) and soiled planchet. 

The  ave rage  va lues  a re  shown in  Table  I I .  
D e t e r g e n t s  B a n d  D are  abou t  equ iva l en t  in  t he i r  

c l ean ing  ab i l i ty ,  a p p r o a c h i n g  comple te  r e m o v a l  of 
m i lk  soil. D e t e r g e n t s  A a n d  C a re  poore r  in  c l ean ing  
ab i l i ty ,  l e av ing  c o n s i d e r a b l y  more  r e s i d u a l  mi lk  soil 
on the  s ta in less  s teel  surfaces .  

This  l a b o r a t o r y  tes t  offers a means  of e v a l u a t i n g  
the  r e l a t ive  c l ean ing  ab i l i t i es  of d e t e r g e n t  f o r m u l a -  
t ions  t h a t  a re  to be used  in  r e m o v i n g  mi lk  depos i t s  
f r o m  d a i r y  equ ipmen t .  

TABLE I 
Determination of Detergency Efficiency, Using 

Radioactive Calcium-45 

Counts Counts % 
Detergent a Planchet before after Residual 
formulation No. washing washing soil 

A 1 2,420 33 1.4 
2 1,780 37 2.1 
3 1.870 50 2.7 
4 1,510 49 3.2 

B 1 2,810 9 0.3 
2 1,750 0 0.0 
3 2,620 5 0.2 
4 1,400 0 0.0 

C 1 2,550 56 2:2 
2 3,540 103 2.9 
3 1,850 141 7.6 
4 1,700 76 4.5 

D 1 2,320 7 0.3 
2 1,700 0 0.0 
3 1,540 10 0.7 
4 3,060 12 0.4 

a A--Anionic  and nonionie, nonionie predominates. 
B--Anionic  and nonionics, nonionics predominate. 
C--Nonionics. 
D--Anionic  and nonionic, approximately equal mixture. 
All four detergents are liquid, approximately 40% active. 

TABLE II 

Average Values for Determination of Detergent Efficiency 

A . . . .  Detergent formulation washing Average counts before 1,900 I Average washing counts after 42 Average% residualsoil2.2 

=============================================================== 2,150 94 0.2 
C ................................................. 2,410 3.9 
D'.'.'.'.'.'.'.'.'.'." .............................. : ................... ' 2,160 7 0:3 
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Incorporation of Gossypol Into Eggs of Hens Fed 
Gossypol Schiff Bases 
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" ~ T  H A S  B E E N  R E P O R T E D  ( 4 )  t h a t  gossypol f e d  t o  

| laying hens is deposited in the yolks as gassy- 
-'- pol-cephalin and as gossypol-protein complexes. 
The amount  of gossypol present  in the yolk is re- 
ported to be a sensitive measure of d ie ta ry  gossypol 
that  is available to the hen, and it forms the basis 
for a useful  definition of available gossypol units 
(AGU) : 
AGUe- - -  (Abs4~176  d i e t  e g g -  (Abs4~--Abs~4~)  p r e - d i e t  e g g  X 100  

% o f  m a t e r i a l  t e s t e d  i n  d i e t  

W h e r e  Abs4~o = A b s o r b a n c e  a t  4 0 0  mt~ o f  a c r u d e  c e p h a l i n  
s o l u t i o n  ( s e e  E x p e r i m e n t a l )  

Abs4,~ = A b s o r b a n c e  o f  s o l u t i o n  a t  4 4 5  mt~. 

This definition of available gossypol was proposed 
by Grau and coworkers (1) in their  studies of the 
distinctive yolk component  of eggs f rom hens fed 
gossypol. The gossypol was administered in cotton- 
seed meal and also as gossypol added to purified diets. 

Eggs with absorbance differences of less than 
0.03 ( that  is, diet egg absorbances minus pre-diet 
egg absorbances) have been found not to discolor 
either on exposure to an ammonia atmosphere or 
dur ing storage. 2 

There are two promising approaches to the gassy- 
pal-in-egg problem. These are either destruction of 
gossypol in the cottonseed meal, or its binding through 
nondigestible linkages. Cooking and screw-pressing 
the cottonseed reduce the available gossypol, but  usu- 
al ly these operations are not sufficiently effective in 
reducing the gossypol to the point where significant 
amounts of processed meal may  be fed to laying hens. 
Phloroglucinol can be used to destroy the gossypol in 
cottonseed meal, but  the t rea tment  may  reduce the 
nut r i t ive  value of the meal (2).  P re l imina ry  experi- 
ments  show that  aniline does not bind the gossypol in 
cottonseed meals t ight ly  enough to prevent  some in- 
corporat ion into the yolk. 

In  the present  s tudy gossypol Schiff bases pre- 
pared f rom aromatic  and aliphatic amines were fed 
to laying hens at 0.1-0.5% equivalent d ie tary  gassy- 
pal levels, and the eggs were examined by  spectra- 
photometry  for gossypol-cephalin content. Some of 
these compounds are apparen t ly  stable enough to 
preclude gossypol incorporat ion and subsequent dis- 
coloration of the eggs. 

1 One  of t he  l abora to r ies  of the  Sou the rn  Ut i l i za t ion  R e s e a r c h  and  
D e v e l o p m e n t  Div is ion ,  A g r i c u l t u r a l  R e s e a r c h  Service,  U.  S. D e p a r t m e n t  
of Agr icu l tu re .  

2 Th i s  specif ica t ion appl ied  only to cot tonseed mea l s  a n d  to gossypol  
der iva t ives ,  no t  to apogossypo l  a n d  its ox idat ion  product s ,  

Experimental  

The examination of the eggs used in this s tudy was 
restricted to the determinat ion of the available gassy- 
pal units as defined above. 

The crude cephalin solution was obtained by ex- 
t ract ing 10 ml. of yolk exhaustively with acetone, 
then extract ing the residue once with hexane-acetone 
(3:1) ,  and br inging the volume to 15 ml. The ab- 
sorbanee of this solution was determined with a Beck- 
man 3 Model B Speetrophotometer  (1). 

Each hen was its own control in that  eggs were 
taken for comparison before the gossypol-eontaining 
diet was fed. These were the predict  eggs. T h e  birds 
were then fed the gossypol-containing diet for at 
least 10 days before a " d i e t  e g g "  was taken and 
examined for the presence of the gossypol-cephalin 
complex. 

AGU values for  a series of gossypol Schiff bases 
are recorded in Table I. Some of the gossypol Schiff 
bases listed in Table I have not been previously re- 
ported and are described in Table I I .  These com- 
pounds were prepared  by heat ing for a few minutes 
under  reflux an isopropyl alcohol solution containing 
one mole of gossypol and two and one-half moles of 
the amine (3). The reaction mixture  was chilled in 
the ice-box over-night, and the precipi tated base was 
collected, washed thoroughly with cold solvent, and 
air-dried. Some of the products  were reerystallized 
f rom the appropr ia te  solvent before analysis. 

a I t  is no t  the  policy of the D e p a r t m e n t  to r e c o m m e n d  the  p roduc t s  of 
one company  over  those of any  o thers  e n g a g e d  in tile s a m e  bus iness .  

T A B L E  I 

Avai lable  Gossypol  in  E g g s  f rom H e n s  Fed  Gossypol Schiff  Bases  

Mill imoles % of the  
Gossypol Schiff  base  equ iva len t  diet  as  A G U  

gossypol  e gossypol  

B i s  (pheny l imino)  gossypol  ..... 
(Dian i l inogossypo l )  

B i s  (p -ca rboxypheny l imino)  .... 
B i s  (benzyl imino)  
B i s  ( f u r  f u r y l i m i n o )  a ............... 
B i s  ( cyelohexyl imino ) a ............ 
B i s  ( n-o c ty l imino)  a ................. 
B i s  (n-decyl imino)  
B i s  ( n-dodecyl imino ) 
B i s  (n - te t radecy l imino)  
B i s  (n-oc tadecyl imino)  
Bis  (dehydroab ie ty l imino)  a ..... 
B i s  (oleyl imino)  a ...................... 

38.6 
12.9 
11.2 
12.4 
12.4 
38.6 
38.6 
38.6 
38.6 
38.6 
38.6 
38.6 

6.2 

0.5 
0.17 
0.15 
0.16 
0.16 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.08 

10.3 
4.0 

35.5 u 
b 

4.2 
0.0 
0.0 
0.0 
0.0 
0.2 

26.2--34.7 
b 

a New compounds  no t  p rev ious ly  r epo r t ed  and  descr ibed  in Table I I .  
b D i e t a r y  gossypol  level was  goo low to p e r m i t  a rel iable  m e a s u r e  of 

the  gossypol-cephal in  conten t  of the  egg.  
c A m o u n t  inges t ed  pe r  hen  pe r  test  per iod .  


