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O i e t h y l s t i l b e s t r o l  (DES) was used as an ingred ient  of ca t t l e  
feed for many years because it increased the rate of weight gain. 
Unfortunately, this synthetic steroid hormone is not degraded sig- 
nificantly in manure and accumulates in cattle feed wastes and re- 
cently has been banned for use in feeds because it is a potential 
cause of cance~. Its use in implants~ however, is still allowed. 
Unfred (in preparation) has found OE5 in stockpiled manure in 
Texas feedlots at approximately one-half the concentration given 
in feed. Such concentrations of this powerful steroid represent 
possible health hazards if the manure is to be used elseuhere~ or 
from dust and runoff from the stockpiled waste. The lack of deg- 
radation is not surprising since a number of reports have indi- 
cated that in pharmacological concentrations (e.g. 1-20/~g/ml) 
DES i s  i n h i b i t o r y  to many Gram pos i t i ve  bacter ia  (YOTIS'and BARAN, 
lg69a~ b).  Yot is  and Baman (1970) found that  the act ion of DES on 
staphylococci  uas due to c e l l u l a r  leakage. 

This manuscript describes three studies of the possible inter- 
action of DES with bacteria contained in stockpiled beef cattle 
feed lo t  waste~ Many authors have proposed the recyc l ing  of feed- 
l o t  waste e i the r  wi th or wi thout conversion in to  s i n g l e - c e l l  pro-  
te in  for  eventual reuse in  feeds (ANTHONY~ 196g), This would 
imply the desirability of the isolation of organisms which are 
capable of degradin 9 the hormone which was the subject of the first 
study reported here. g second study was designed to determine the 
~esponse of feed lo t  waste associated bacter ia  to DES. g t h i r d  
study investigated the fate of the steroid when a very sensitive 
species of Bacillu s and a relatively insensitive Pseudomonas 
species were grown in  i t s  presence. 

MATERIALS AND METHOOS 

Enrichment culture technique. Ten grams of stockpiled cattle feed- 
lot waste were used as an inoculum for I00 ml of medium containing: 
(NHa)oSO^, 0.2 gl KH~POat 3.0 g! RgSO4oTHoO , OoS g| Ca Clot 0.2 gl 
feC~2~ 0~001 g| d i e t ~ y l s t i l b e s t r o l y  0.500~g (Sigma Chemical Co.) i  
yeast extract, 0.i0 g and i000 ml water. Ten ml of culture were 
translated to lO0 ml of fresh medium for a total of 18 transfers~ 
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Viability of the cultures were checked on Tryptic Soy Agar (Oifco) 
at each transfer, A number of highly resistant bacterial cultures 
were isolated from these enrichments. On occasion the cultures 
were propogated on Tryptic Soy Agar in order to increase the inoc- 
ulum between transfers, 

Taxonomy. Methods outlined by 5kerman (1967) were used for the 
identification of the isolated bacterial strains. Flagellation 
was determined by examination of negatively stained cells (2% phos- 
photungstic acid buffered at pH 7.4) with a Hitachi HU-8 electron 
microscope. 

Growth requirements. Growth requirements of the bacteria were de- 
termined by culture in the mineral salts medium described above 
containing agar (15 g/l), and glucose (O.1 g/l), DE5 (0.50 g/i), 
or yeast extract (O,l g/i) as appropriate, The relative amounts 
of growth were compared to that on Tryptic 5oy Agar. 

0E5 sensitivity, The sensitivity of several cultures which had 
been isolated in a previous study (THAYER et el. ig73) from stock- 
piled feedlot waste were assayed for their sensitivity to DES by 
the filter paper disc technique. Oiscs 5 mm in diameter were pre- 
pared from Whatman # i filter paper. These discs were saturated 
with varying concentrations of OES and then sterilized by auto- 
claving for lO min at 121 C. The following concentrations of 
OES dissolved in absolute ethanol were used: 0.0, 0.020 g/ml, 
0,004 g/ml and 0,0008 g/ml. A deep base of Standard Methods Agar 
(BBL) in Patti plates was overlaid with i0 ml of inoculated agar. 
Three replicate plates were prepared by aseptically placing the 
DES discs at each concentration on each plate. The plates were 
then incubated at 30 C. Zones of inhibition were measured to the 
nearest mm after 48 hr of growth. 

Inhibition by and fate of DE5 i.~nn complex medium, The growth of 
Pseudomonas aeruqinosa and Bacillus subtilis W25 in Tryptic Soy 
Broth Containing various amounts of OE5 at 37 C was followed by 
viable ceil counts, The cultures were grown in 20 ml of medium 
after inoculation uith O.l ml of culture in 500 ml baffled Erlen- 
meyer flasks. Spread plates uere prepared in triplicate from each 
dilution, The amount of DES remaining in the culture and that 
absorbed by the cells was determined by the method of CHENG and 
8URROUGHS (1955). 

DES effect onpiqment production bvPsaudomonas aaruoinosa. 
Pseudomonas seruqinosa was cultivated in Pseudomonas P broth 
IDifco). After the addition of 0.2 ml of O.1N NaOH to 20 ml of 
cell-free sample, pyocyanin was extracted from the culture with 
five 10 ml aliquots of CHCI3. The pyocyanin was retained in the 
CHCI_ and the OES retained in the aqueous layer. The technique 
was a modification of the procedure of BLACKW000 and NEISH (ig57). 
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RESULTS 

Four distinctly different Gram negative motile rods were ob- 
tained from the OES enrichment cultures. Eighteen successive 
transfers assured that no organic material carried over from the 
original inoculum. In the OES medium~ very short paired rods and 
elongated cells occurred in mature cultures~ indicating possible 
cell damage, Four different bacteria were isolated~ two species 
of Aeromonas. one Pseudomonas and one 5erratia, Growth of these 
cultures was compared in several different media (Table i). 

Table 2 presents the results of the tests for DES sensitivity 
of the four organisms isolated above compared to the sensitivity 
of controls and cultures isolated from stockpiled feedlot waste. 
Bacillus and Cellulomonas species were the most sensitive and the 
DES enrichment isolates the most resistant, Pseudomonas and 
Escherichia species were also very resistant. Pigmentation of 
the Serratia species RA 11-2 was increased by the presence of OES. 
A diatlnct oligodynamic effect was found with several of the sen- 
sitive strains as is demonstrated in Fig. i. 

Two cultures were selected to determine the fate of OES in 
culture medium, Bacillu.e .subt~lla W23 was selected because of its 
OES sensitivity, and Pseudomona..=...~sssaeruqinos a because of its lack of 
sensitivity, The results of the viable cell counts of these cul- 
tures with varying concentrations of OES is reported in Fig. 2. 
The analysis of the media, cell washings and ceils for DES is pre- 
sented in Table 3. Although the OES did not appear significantly 
to alter the growth rate of P. aeruqinosa, it did alter the pro- 
duction of pyccyanine (Fig, ~). 

DISCUSSION 

The initial purpose of this study was to isolate bacteria 
capable of using OES as their only carbon source, This resulted 
in the isolation of four extremely resistant cultures whose growth 
is enhanced by the presence of DES when they are growing on e 
yeast extract~ glucose mineral salts agar (Table i), 

The preponderance of isolates sensitive to DES which were ob- 
tained from feedlot waste indicates a lack of selection in the 
waste, The great sensitivity of most of these organisms may be im- 
portant in reducing the rate of degradation of the waste, Several 
Cellulomooa~ species which were studied because of their known a- 
oility to degrade cellulose were found to be extremely sensitive to 
the hormone. The sensitivity of these organisms is such that they 
could be used for microbial assay of OES in very small concentra- 
tions. The diameter of the zone of inhibition for several species 
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TABLE 2 

Ssnsitivity of ?oodlot waste associated organisms and 
control culturss to OES 

i l l  , , ,  i u , l , i  i , , , i  _ _ _  

Strain Source Diameter of inhibition zons (mm) 
DES concentration (g/ml) 

O. 008 O, 004 O, 02 

i| i =, i i i, , .,,. 

Bacillus moratorium FLW 7.7 13 15 

" " FLW g,o 12 13 

" " FLW 7#7 i0 14 * 

Bacillu.~s ..!icheniformis FLW i0 13 15 

Bacillus cereus FLW Ii i0 13 

" " FLW I0 8.3 ii 

" " FLW 7 g,7 ii 

" " stock i0 Ii 13 

Bacillus subtili s FLW 7.7 11.3 14.7 

" " FLW 8,3 g.o 11,3 .w- 

" " W23 stock 8,3 I0 14,3 * 

Bm.cil.lus puluifacions FLW i0 12, 3 13.7 

Baci l lus  Isntus FLW g 17,7 20, 3 

Bac i l lus  l a t  erospqru.8 ATCC64 8,0 13,3 15 * 

B=.cil.lqs firmus FLW B, 3 13,3 14.3 

Brovibacts~ium FLW I0 15,7 17.3 
insscti,phili4.m. 

Brevibacterium vitarumen FLW 0 10.7 13,7 

Brsvibactsrium FLW 8. ? 11.0 12. ? 
tequmentioola 

Es.cho~ioh.i.a " call 

AlcaZiqenms_ faecelis 

.Neisseria cavias 

Streptococcus faeca l i@ 

Flauobactmrium rhsnanum 

5taphylococcys aurmus 

. H 

Cellulemonas biazotma 

Cellulomonas csllassa 

FLW 8 g.3 I0 

FLW 0 0 g,7 

FLW 0 6,3 7.0 

ATCC6057 6.3 g.o 10.3 

FLW 9.7 12.3 11.7 

FLW 8,7 g.7 13.7 

FLW B,O g,7 ii.0 

ATCC486 15.7 18.7 20.3 

ATCC484 13,0 ig.7 32.0 
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TABLE 2 
CONTINUED 

Ssnsitivlty of fg~dlot unto aseocietod organisms and 
control cultures to DE5 

if, H , i  i i i ,  i | i  , i  ,N i 

Strain Source Diameter of inhibition zone (mm) 
DES concontration (g/ml) 

O,OOB 0.004 0.02 

�9 ,, i m i _ ,, , 

Csllulemenas 9slide ATCC488 7.7 21.3 25.7 

Cellulolaonas uda ATCC4gl 9.0 17.0 20.7 

Csllul.omona.s sub.albus ATCC4B9 16.0 22.5 26.5 

The growth of the following were not inhibited by the presence 

of DES= 

Achremmbactez oar FLY 

Esqher!chta c e l l  82/~ (ANDERSON, 1951) 

Eschseloh i l  cal l ,  FLW 

Eschmriohie c a l l  ATCCB750 

gpchm~,tchia coZi ATCCII303 

Ps,m,ud,emonas aetuqinosm ATCClO145 

RA12 Ae:omonas sp. FLW 

RA21 Psoudomenas sp. FLY 

RA22 5q[ratia sp. FLY 

RA31 Aeromonas sp. FLW 
i . l l  i i i  

i ,  *An oligodynamic stimulation of g~owth was obsotvsd. 

2, Each result is the average of throe dstsrminatlons. 

3. Growth was not inhibitod In any case by f i l t s~  paper discs 
which did not contain DES. 
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Fig. I .  Inhibitlen ef greuth 
and ellgedynamlc stimulation 
of grouth by DES. The medium 
is Tryptic Soy Age= seeded 
with �9 16 hr culture of ~, 
eubti l i= W23 on the surface. 
g Whatman antibiotic assay 
disc was used to hold the DES 
and was prepared by dipping 
i t  into ethanol containing 
0.020 g of OES/ml. 

!:t 
"'1 i"  ",.1 
i:t 

O 2 4 6 �9 10  12  N 16  18  

HOUR�9  

Fig. 2. Inhibition of the 
grouth of ~. ~ubtil is W23 and 
the lack of inhibition of ~, 
~eruqSnoma by DES. The medium 
and conditions of culture are 
described in the materials and 
methods. Two cont ro ls  uere 
included For each bacterium: 
l s t~  a T ryp t i c  Soy Broth c u l -  
ture  and 2nd t T ryp t i c  Soy 
Broth plus 2~ ethanol .  No i n -  
h i b i t i o n  of grouth resu l ted  
ffrom the add i t i on  of  ethanol .  
The l a t t e r  con t ro l  uas i n -  
cluded since the DES was added 
to the medium d isso lved in  
ethenol, 

Fig. 3. DES inhibition of 
pigment production b y e .  aerg-- 
Qinosa in Pseudomonas P broth. 

�9 Peeudomonas P broth; 
& broth + 2~ ethanol; 
o broth + lO ~g/ml DES; 
�9 broth + I00 LLg/ml DES. 
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o f . ~ A ~ g E . o n u  i s  l i nea r  v t t h  respect to the log or the DES con- 
con t ra t ion t  which i s  i den t i ca l  to the response found during micro- 
b ia l  assay of a n t i b i o t i c s .  The s e n s i t i v i t y  of such a microbia l  
assay For DES should be at leas t  as good as the o f f i c i a l  procedure 
(AOAC) and possibly better. This ~lmalns to be investigated in 
detai l ,  

Although the authors tend to agree wi th Yet is  and Bamen 
(lg6g~ lg?O) that  general ly  the Gram pos i t i ve  organisms a r e  sensi -  
t i ve  t several  Gram negative bacter ia  sens i t i ve  to DES wore Found 
in  t h i s  study. E. ,Fol i t  Alc,altqenes faecaZs and Neissor ia 
cavies uare i so la ted  From Fsedlot waste which vote sens i t i ve  to 
the drug, Although there appeared to be no i n h i b i t i o n  of the 
growth of  Pseudomona s ae~uqtnosa species nor of the Sarcat ia sp. 
RA22t there wore very pronounced a f fec ts  on the pigmonto produced 
by these o~ganisms. Pyocyanin production was grea t l y  reduced 
whereas the production of p rod ig ios in  by Ser ra t ia  uas increased. 
Bo th~ ,  s u b t t l i e  and P. as~uQinosa concentrate the hormone in  or 
an the c'11 surface (~ablo 4) .  The hormone usa not removed by 
uashlng. This indicates that a very sorioue toxicology problem 
may ex i s t  vhere rsed lo t  vesta from olde:  Feedlets i s  roFed to ca t -  
t le  or when i t  i s  used as a substrata for the g~owth of bscto~la~ 
since the bacter ia  in the rumon or in commercial Fermenters may 
actually concentrate the DES From the waste~ 
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