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C. B. AMMERMAN, P. W. WAL- I DROUP, L. R. ARRINGTON, R. L. 

Dried citirus pulp was used as the absorbent material for the droppings of broiler chicks 
and the digestibility of the nutrients in the resulting litter was determined with lambs. 
Both the nutrient digestibility and composition of the poultry litter were compared with those 
of the citrus pulp. On a per cent composition basis, nitrogen and ash of the combined 
droppingis and citrus pulp were greater than in the original pulp. When compared 
with the (citrus pulp diet, the poultry litter diet had a higher ( P  < 0.01) apparent diges- 
tion coefficient for crude protein and a lower ( P  < 0.05) digestibility of ether extract. 
Other nutrients were of similar digestibility for the two diets. The results suggest that 
dried citrus pulp and perhaps certain other feeds can be used as poultry litter and sub- 
sequently fed to ruminants. 

HE value of poultry litter as a source T of nutrients for plants has been 
known for many years, but its value as a 
source of nutrients f3r animals. particu- 
larly ruminants, has only recently been 
recognized. €no ( 0 )  revieued data 
relating the value of poultry litter to 
plant nutrition, and Chance (J )  sum- 
marized research rdating its value to 
ruminant nutrition. One of several 
factors influencing the nutritive value of 
poultry litter for ruminants is the type of 
absorbent material used. Generally, 
this material is of relatively low nutritive 
value and includes such materials as saw- 
dust, wood shaving:,. rice hulls, sugar- 
cane bagasse, oat hulls, peanut hulls, 
corncobs, and straw. The present study 
was designed to test the nutritive value of 
unsterilized poultry litter for ruminants 

when dried citrus pulp, a feedstuff of rela- 
tively high nutritive value (2, 9 ) >  was 
used as the absorbent material. 

Experimental 

The poultry litter was obtained by 
using 50 pounds of air-dry, citrus pulp 
per pen of 20-day-old broiler chicks 
and feeding a practical broiler diet for 
8 weeks. The litter was removed. dried 
to prevent spoilage, and stored for 
animal feeding. 

A conventional study of digestibility 
and nitrogen balance was conducted 
using three yearling Florida native 
wethers averaging 45.1 kg. in body 
weight. They were used in a 3 X 3 
Latin square design having been ran- 
domly assigned to treatment in period 
one. The  preliminary feeding time 

prior to fecal and urine collections was 
21 days and the collection period was 
7 days. The animals Lvere placed in 
metabolism crates 2 days before starting 
collections. 

The diets fed are shown in Table I .  
Either poultry litter (xvhich included 
citrus pulp) or citrus pulp comprised 
657, of two diets. A third diet, referred 
to as “basal mixture,” contained the 
hay, corn meal, and soybean meal 
in a similar proportion to that of the 
other two diets and was used so that 
digestion coefficients could be calculated 
“by difference” for the poultry litter 
and the citrus pulp. The  animals were 
fed 800 grams of feed per head daily 
in two equal feedings and this allowed 
either maintenance of body weight or 
slight gains by all lambs during the 
experiment. Water was provided ad 
libitum. 
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Table 1. Compositions of Diets 
Diets 

lngredienfs Poulfry lifter Cifrus pulp Bosol mixture 

Poultry litter 65 .0  . . .  . . .  
Dried citrus pulp . . .  65 .0  . . .  
Bermuda grass hay (ground) 1 5 . 0  1 5 . 0  47 .5  
Corn meal 12 .0  1 2 . 0  38,O 
Soybean meal (50% protein) 
Corn oil0 
Salt, trace mineralizedb 
Defluorinated phosphate 
Vitamins A, D, and EC 

3 . 0  
3 . 0  
1 . o  
1 .0 

3 . 0  
3 . 0  
1 . o  
1 . o  

9 . 5  
3 . 0  
1 . o  
1 . o  + + + 

100 ,o  100.0 100.0 
___ 

a Santoquin added at 0.012570 of total diet. 
* Carey Salt Co., Hutchinson, Kan. Fe, 0.27; 

0 4400 I.C. vitamin A Dalmitate. 600 I.U. vitamin DP, and 11 mg. ~~-alpha-tocopherol 

Listed minimum analysis (per cent): 
Mn, 0.25; Cu, 0.033; Co, 0.01; Zn, 0.005; I, 0.007; and NaC1, 95.9. 

added per kilogram of d(et. 
- 

Table I I .  Nutrient Composition of Dried Citrus Pulp, Poultry Litter, and 
Mixed Diets. 

(Per Cent) 
Ash Ni t rogen Efher Exfrocf Crude Fiber 

Dried citrus pulp 5 . 5  1 .18  3 . 9  1 1 . 4  
Poultry litter 9 . 5  4 .08  3 . 0  11 .8  
Mixed diets 

Dried citrus pulpb 6 . 1  1 .34  5 . 8  1 3 . 3  
Poultry litterc 8 . 9  3 .18  4 . 6  1 3 . 3  
Basal mixture 4 . 6  1 .89  4 . 1  1 6 . 9  
a Expressed on moisture-free basis. 
b Containing 65YG dried citrus pulp. 
c Containing 65y0 poultry litter. 

Table 111. Average Apparent Digestion Coefficients for Lambs Fed Dried 
Citrus Pulp, Poultry Litter, or Basal Mixture 

O r g a n i c  Efher Crude 
M o f f e r  Ni t rogen Exfrocf Fiber 

Mixed diets ~ ~~~~~ ~ ~~~ 

Dried citrus pulp 7 5 . 8  i 2 , 4 0  51 .3  f 8 . 3 ~  8 5 . 2  f 0.9' 59 .6  i 2 . 2 ~  
Poultry litter 7 4 . 0  f 0.2 .  79 .1  f 4.68 79 .2  i 1.3ab 5 6 . 5  i 3 . 3 a  
Basal mixture 61 .8  f 6.86  64 .8  i. 7 . l b  7 4 . 4  i 5.86 34 .1  i 8.9b 

Calculated by difference 
Dried citrus pulp 8 3 . 3  i 1.8a  41 .1  i 1 0 . b b  101 .4  + 5.4a 79 .7  i 3.50 
Poultry litter 8 0 . 7 i 3 . 3 a  8 2 . 0 i  5.2.  8 5 . 6 i 3 . 4 6  7 2 . 8 i 1 0 . 4 ~  
Figures represent means with standard deviations. Means in same column within each 

set of data with different superscripts are significantly (P < 0.05) different according to 
Duncan's (5) multiple range test. 

Table IV. Nitrogen Balance Data 
Diefs 

Nifrogen Poulfry liffer Cifrus pulp Bosal mixfure 

Intake, grams/day 21.90 8 .90  13 .03  

Digested, grams/day 17 .37  i 2.19a 4 .60  f 1 . 1 0 ~  8 .40  i 0.446 
In urine. zrams/dav 12 .63  i 2.25a 3.07 =k 0 31c 6 .33  & 0 41b 

In feces, grams/day 4 .53  f 0.74a 4 .30  i 0.560 4 .63  i 1 , 2 2 0  

Net retaiced, gram$/day 4 .74 i 1 .66a 1 .53  i 1.036 2 .07  i 0.326 
Net retained, YG 2 1 . 6 4 ~  17 .19*  l5 .89b 

Figures represent means with standard deviations. Means in same line with different 
superscripts are significantly ( P  < 0.05) different according to Duncan's (5) multiple range 
test. 

,411 chemical determinations on the pulp, poultry litter, and resulting diets is 
feeds, feces, and urine were made by shown in Table 11. The  ooultrv litter 
*OAC (3) methods. The data 
subjected to analysis of variance to 
facilitate the application of Duncan's 
(5) multiple range test as a measure of 
significance for mean differences. 

was higher in ash, considerably higher in 
nitrogen, similar in crude fiber, and 
lower in fat than the citrus pulp. These 
differences resulted in similar differences 
in the composition of the mixed diets 
containing either 6570 poultry litter or 
dried citrus pulp. The poultry litter 

The nutrient composition of the citrus diet contained 19.9% crude protein 

Results and Discussion 

(N X 6.25) compared with 8.47, crude 
protein in the citrus pulp diet. 

Average apparent digestion coefficients 
(Table 111) for organic matter: nitrogen, 
ether extract, and crude fiber in the 
poultry litter diet \rere 74.0> 79.1: 79.2, 
and 56.5, respectively. \$'hen compared 
with the citrus pulp diet, the poultry 
litter diet had a significantly higher (P 
< 0.01) digestion coefficient for nitrogen 
and a significantly lower ( P  < 0.05) 
digestibility of ether extract. Apparent 
digestibility for the other nutrients was 
similar for the two diets. The coeffi- 
cients of digestibility for the nutrients in 
either the citrus pulp portion of the diet 
or the poultry litter portion as calculated 
"by difference" emphasized, in particu- 
lar, the greater digestibility of the nitro- 
gen in the poultry litter. Total organic 
matter and crude fiber lvere similar in 
digestibility for the tivo ingredients, while 
ether extract from the citrus pulp was 
more digestible. The coefficients ob- 
tained for citrus pulp were somewhat 
loiver for nitrogen and higher for ether 
extract and crude fiber than reported 
previously ( I ?  7). 

The nitrogen deposited in the litter. 
primarily through the droppings, was 
well utilized by the animals (Table IV). 
Even though tLrice as much nitrogen was 
ingested daily from the poultry litter diet 
than from the citrus pulp diet, the 
amount of nitrogen excreted in the feces 
\vas essentially the same (4.53 us. 4.30 
grams). Since the protein requirement 
for the yearling wether is approximately 
10% of the diet (8) and the poultry litter 
diet contained 19.9% crude protein, it is 
not surprising that the major portion of 
the apparently absorbed nitrogen from 
this diet was eliminated through the 
urine. In  spite of the urinary loss, the 
average net nitrogen retained daily by 
the animals consuming the poultry litter 
diet was 4.74 compared with 1.53 grams 
grams ( P  < 0.05) for those animals con- 
suming the citrus pulp diet. 
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CARBARYL ME’TABOLITES 

Metabolites of Carbaryl (LNaphthyl 
Methylcarbamate) in Mammals and 
Enzymatic Systems for Their 
Formation 

NORMAN C. LEELING’ and 
JOHN E. CASIDA2 

Department of Entomology, 
University of Wisconsin, 
Madison, Wis. 

Ether-extractable carbaryl ( 1  -naphthyl methylcarbamate) metabolites found in the urine 
of treated rabbits and formed by enzyme preparations from rat, mouse, and rabbit 
liver are tentatively identified as follows: 1-naphthyl N-hydroxymethylcarbamate; 
4-hydroxy- 1 -naphthyl methylcarbamate; 5-hydroxy- 1 -naphthyl methylcarbamate; 
5,6-dihydro-5,6-dihydroxy- 1 -naphthyl methylcarbamate; 1 -hydroxy-5,6-dihydro- 
5,6-dihydroxynaphthalene; and 1 -naphthol. Additional unidentified metabolites are 
also present in ether and butanol extracts of the urine. Each of the ether-extractable 
metabolites formed by  liver enzymes is of reduced biological activity compared with 
carbaryl. Optimum conditions are given for metabolism of carbaryl by rat liver micro- 
somes plus soluble fractions; inhibition of the metabolism system by five insecticide synergists 
is demonstrated. Hydroxylated carbaryl metabolites are probably conjugated, in 
part, as glucuronides and ethereal sulfates, based on in vitro studies with conjugation 
systems. 

ETABOLIShf Of carbaryl (l-naphthyl M methylcarbarnate) by mammals 
includes both hydrol>,tic and nonhydro- 
lytic pathways. Plasma albumin acts as 
an enzyme in effecting carbaryl hydrol- 
ysis (5). Hydroxylation of the ring 
at  the 4- and 5-positions and of the -V- 
methyl group results from incubation of 
carbaryl with rat liver microsomes forti- 
fied with reduced nicotinamide-adenine 
dinucleotide phosphate (N.4DPH2) (7, 
S). An additional metabolite formed 
by microsomes in vitro and found in the 
milk and urine of a treated goat is as- 
sumed to be 3.4-dihydro-3,4-dihydroxy- 
l-naphthyl methylcairbamate based on 
analogy v i th  the metabolic pathway 
for naphthalene (7). 1-Xaphthol de- 
rived from carbaryl metabolism is as- 
sumed to be conjug,ited and excreted 
in the urine as l-naphthyl glucuronide 
by humans, rats, and guinea pigs ( I?  I, 
25), and l-naphthyl !sulfate is known to 
be a carbaryl metabolite in cow urine 
(25). One half to two thirds of the 
radiocarbon from carbaryl-carbonyl-CI1 
administered to rats and a goat is elimi- 

Permanent address, Department of 
Entomology, Michigan State University, 
East Lansing, Mich. 

Permanent address, Division of En- 
tomology and .4carology, University of 
California, Berkeley, Cdif. 

nated in the urine 17. 75), indicating The specific activity of carbaryl-naph- 
that no more than half of the dose is thyl-1-Cl4 was adjusted to 1.0 mc. per 
hvdrolvzed under these conditions. mmole (approximately 2500 c.P.m. Per , ,  
Several conjugates of carbaryl metab- 
olites. as formed in isolated systems 
and as excreted in the urine of treated 
animals. were recently identified by 
Knaak et  al.  ( 7 4  in a report lvhich ap- 
peared after the present investigation \vas 
accepted for publication. 

The present investigation supplements 
the available information on the nature 
of carbaryl metabolites (7) and gives a 
more complete picture of the noncon- 
jugated metabolites excreted in urine 
and, particularly. the enzymatic svs- 
tems for their formation. 

Methods and Materials 

Chemicals and Apparatus. Car- 
baryl-naphthyl-l -CI4 was synthesized by 
reaction of l-naphthol-l-C14 (Nuclear- 
Chicago Corp.. Des Plaines, Ill.) with 
a slight excess of methyl isocyanate in a 
sealed ampoule in the dark for 48 hours 
a t  25’ C. The  excess methyl isocyanate 
\vas evaporated and the product \vas 
purified on a Florisil column (76). 
The radiochemical purity of each batch 
\vas greater than 99.970. as determined 
by cochromatoq-aphy with authentic 
carbaryl (analytical purity, Lnion 
Carbide Chemicals Co., New York, 
N. Y.) on Silica Gel G chromatoplates. 

%.I .  
Carbaryl and its metabolites were re- 

solved by chromatography, detected by 
radioautography or chromogenic agents. 
and quantitatively determined by scin- 
tillation counting. Florisil (60- to 
1 00-mesh) for column chromatography 
was obtained from the Floridin Co.. 
Tallahassee, Fla., and was used without 
activation (76). Thin-layer chromatog- 
raphy (TLC) utilized Silica Gel G or 
aluminum oxide G (Brinkman Instru- 
ments, Inc.. Great Neck, N.  Y.) chro- 
matoplates. To detect fluorescent re- 
gions corresponding to certain carbaryl 
metabolites, the silica gel plates were 
examined under long-Lvavelength ultra- 
violet light (Model SL 3660 Minera- 
light. Ultra-Violet Products Inc., South 
Pasadena, Calif.). Carbaryl: 1 -naphthol, 
and certain metabolites \yere detected by 
spraying the chromatoplate with 15% 
aqueous potassium hydroxide follo\ved 
by 0.1 70 Gibbs’ (.V~2~6-trichloro-p-ben- 
zoquinoneimine) reagent (7. 76). Car- 
bamates were detected by spraying with 
170 ninhydrin in pyridine followed by a 
30-minute period of heating at  100’ C. 
(7) ; pyridine without ninhydrin \vas used 
as a control. Radioactive compounds 
on the thin-layer chromatograms tvere 
detected by radioautography using med- 
ical “no screen”-type x-ray film (East- 
man Kodak Co., Rochester, S. Y.). 
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