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Abstract-Dietary clay supplements (bentonite and kaolinite) have been used as binding and lubri- 
cating agents in the production of pelleted feeds for chickens. The high-swelling and water absorbing 
capacity of some bentonites make them attractive dietrary additives for control of wet droppings in 
caged layers. In addition, experiments show that layers fed on these diets exhibit significant increases 
in body weight, egg size, and life expectancy even though their total caloric intake is less than that of 
the control group. Dietary kaolin improves caloric efficiency even more than bentonite but without ap- 
parent effect upon growth or carcass quality. Kaolins of smaller particle size are superior to those of 
larger size in improving caloric efficiency. The effective kaolins are estimated to be worth approxi- 
mately two calories of metabolizable energy per gram. The major beneficial effect appears to be due to 
a slowing down of the rate of feed passage through the intestinal tract. Possible uptake of trace elements 
required for optimum nutrition has not yet been evaluated. 

INTRODUCTION 
THE USE of clay supplements in animal and poultry 
feed manufacturing is not new. Certain bentonites 
have long been used as a binding and lubricating 
agent in production of pelleted feeds. A number of 
early publications on the performance of animals 
receiving pelleted as compared with unpelleted 
feeds reported improved performance from animals 
receiving the pellets. Because the degree of im- 
provement was related to the fiber level, increasing 
the density was thought to be the reason for 
improved performance. No doubt, this was partly 
true. However, experiments in which improved 
performance was obtained after re-grinding the 
pellets into mash suggested that other factors might 
be, in part, responsible. Hydrolysis of the starch 
in the grain portion of the feed was suspected of 
accounting for the additional improvement. 

Recent studies involving the use of clays as 
dietary supplements have given results which 
suggest that some clay products may have direct 
beneficial effects upon animal performance. Few 
such studies have provided evidence that the clay 
products were themselves making nutritive contri- 
butions but most have demonstrated an improved 
caloric efficiency resulting from their use. If con- 
trol diets were deficient in any one or more of the 
trace elements required for optimum nutrition of 
the particular type of animal under test, many clay 

supplements containing the suboptimum element 
might be expected to make a direct nutritive 
contribution. 

Clay supplements have generally been used in 
animal diets for reasons other than the nutrients 
they supply. Recent reports have shown that low- 
level additions of selected bentonites (1-5 per cent) 
to poultry diets improved caloric efficiency and 
slowed down feed passage (Kurnick and Reid, 
1960; Quisenberry and Bradley, 1964; Eshleman, 
1966; Quisenberry, 1966; Almquist, 1967; and 
Ousterhout, 1967). Erwin et al. (1957) used 3 per 
cent sodium bentonite in cattle rations and reported 
no significant influence on rate of gain, feed effi- 
ciency, digestibility of dry matter or crude fiber, 
or hepatic vitamin A and carotene retention when 
the steers were fed a diet containing 25 per cent 
of dehydrated alfalfa. These workers concluded 
that sodium bentonite would probably have no 
deleterious effect on carotene use if the clay were 
incorporated into rations rich in this pigment. 
Rotermel et  al. (1964) reported an increase in 
chest width and carcass fat of two groups of swine 
fed diets containing 1 per cent bentonite, suggest- 
ing an increase in calorie retention. Jordon (1953, 
1954) reported an increase in rate of gain and feed 
efficiency for lambs fed diets containing supple- 
mentary bentonite. In the latter paper, he reported 
that pregnant ewes fed as much as �89 lb of bentonite 
per day exhibited no toxic effects. 

The remainder of this paper will be devoted to a 
summary of the experimental work, completed or 
in progress, with chickens. 

*Invited paper presented at the 16th Clay Conference, 
Denver. 

267 



268 J. H. QUISENBERRY 

BENTONITES AND WASTE MANAGEMENT 

Experiment 1 

Where feasible to handle as part of the regular 
management program, dry droppings under cages 
in open houses are the most satisfactory method 
of solving the waste utilization problem. Dehydra- 
tion of the droppings and water removal from en- 
vironmentally controlled laying houses are 
problems of major concern to those engaged in the 
commercial egg business. 

Water consumption and excretion rates are under 
partial genetic control. In 1962-64 certain com- 
mercial strains of laying birds were experiencing 
difficulty with wet droppings. A solution was 
sought with dietary bentonites. Diets with :2�89 and 
5 per cent western bentonite were used. Percentage 
of moisture in the droppings was significantly 
(P < 0.05) reduced in both winter and summer 
seasons and the consistency so changed that drying 
was speeded up. Performance data on the birds 
were also collected. Body weight and egg size 
were significantly (P < 0.05) increased although 
the caloric value of the diets decreased from 945 kcal 
of productive energy per pound for the control to 
932 and 918 for the 2�89 and 5 per cent bentonite 
diets, respectively. There was no significant effect 
on egg production but feed efficiency was improved. 
That less feed is required per unit of eggs pro- 
duced on lower calorie diets substantiates the con- 
clusion that the bentonite improved caloric 
efficiency. These and other data presented in this 
study assured the breeder involved and cage opera- 
tors in general that sodium bentonite offered real 
promise for control of wet droppings and that it 
might also be of value to operators of environ- 
mentally controlled houses. 

Experiment 2 

For this experiment calcium bentonite from a 
Texas source and a sodium bentonite from a wes- 
tern source were compared. The bentonites were 
fed at the 5 per cent level only. As for Experiment 
l, the control diet contained 945 kcal of productive 
energy and the bentonite diets contained only 
918kcal/lb. Birds that received the bentonite 
diets gained more body weight and produced larger 
eggs than the controls. Thirteen per cent more 
commercially designated "large" eggs were pro- 
duced by birds on the calcium bentonite diet and 
15 per cent more by the sodium bentonite, group. 
Egg production was higher for the bentonite group, 
particularly for those on the western bentonite. 
Mortality was also lower than for the controls. 
Feed efficiency however, favored the controls in 
this experiment, in contrast to Experiment 1. 

Experiment 3 

Encouraged by results of the first two experi- 
ments, a third one was devised to test the efficacy 
of two montmorillonite clays, one from California 
(Cal-Min) and one from Texas (BMC), calcium 
bentonite from a Texas source and a western 
bentonite supplied by the Magnet Cove Barium 
Corporation, Houston, Texas. Each of these was 
fed at 2 zz and 5 per cent levels. As for Experiment 
1, all of the clay additives at both levels resulted 
in a significant (P < 0.05) gain in body weight over 
the controls, an increase in egg size, and a reduction 
in water of the droppings. Egg production was 
improved by the Cal-Min, the lower level of 
BMC, and both levels of western bentonite. Feed 
efficiency was measurably improved by the 2�89 per 
cent level of cal-min and slightly improved by the 
higher level of cal-min and the lower level of 
western bentonite. The other additives were no 
better or poorer than the controls. 

The value of these clays and bentonites in 
assistance with the solution of wet droppings 
problem was again demonstrated. 

BENTONITES AS CALORIE EXTENDERS 

The role of bentonites as calorie extenders has 
been previously reported in this paper as observed 
at Arizona State University, Texas A&M Univer- 
sity, California, and Rhode 1 sland. Further evidence 
of this role is given in Table 1. 

Table 1. Western bentonite and montmorillonite clay 
(cal-min) as calorie extenders in laying hen diets 

(9 periods, 9122/66-5/31/67) 

Clay additive 
Type HDP* Egg size F.E.* Mortality 
(%) (%) (g) (#/#) (%) 

Control 74.09 60.4 2-63 12-5 
WB 2.5 79.15 60-3 2.59 5.0 
WB 5.0 79.96 60.9 2.53 2-5 
C-M 2.5 75.61 60,7 2.70 7.5 
C-M 5.0 78.71 61-1 2.57 7.5 

*HDP = Hen-day production. 
?F.E., # /#  = Feed efficiency, lb of feed/lb of eggs 

produced. 

If the performance levels given in Table 1 con- 
tinue for the 12 months of the planned experiment, 
it appears that both the western bentonite and the 
montmorillonite clay (cal-min) will again have had 
a beneficial effect upon egg production, feed 
efficiency, mortality and possibly, upon egg size. 

In a paper given at the recent annual Poultry 
Science Association meeting in Durham, New 
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Hampsh i re  (August  22, 1967), Ous te rhout  (1967) 
compared  the effects of  dietary kaolin, sodium 
bentonite ,  calcium bentonite ,  and a d ia tomaceous  
earth compound  on the per formance  of  boiler  
chicks. H e  repor ted  that the inclusion of  var ious 
kaolins at levels as high as 16 per cent  in practical  
broi ler  rations improved  caloric efficiency with no 
apparent  effect upon growth or  carcass quality. 
Ous te rhout  concluded that if kaolins could be 
obta ined a a cost  lower  than 75 per cent  of  the 
normal  ration ingredient  cost ,  broi ler  product ion 
costs  could be lowered.  Kaolins improved  pellet 
quality and ease of  pelleting, but  pelleting was 
not necessary  to obtain the improvement  in caloric 
efficiency. 

All  kaolins tes ted  were  not  of  equal  value 
in improving  caloric efficiency, but  those of  smaller  
particle size were  superior  to those of  larger size. 
The  effects on caloric efficiency were  similar to 
those  repor ted  for bentoni tes  and d ia tomaceous  
earth but  these products  were  not  as effect ive as 
the kaolins tested. Results  repor ted  showed the 
kaolins to improve  caloric efficiency approx 2.0 
calories of  metabol izable  energy per  gram or  900/lb. 
The  major  beneficial  effect appeared  due to a slow- 
ing down of  the rate of  feed passage through the 
intestinal tract. Adsorp t ion  of  nutrient  e lements  
f rom the kaolin particles might also have improved  
the efficiency of  absorption.  

SUMMARY AND CONCLUSION 
1. Die ta ry  clay supplements  are used as binding 

and lubricating agents in the product ion of  pel leted 
feeds. 

2. T h e y  are effect ive as calorie ex tenders  and 
effect ive ones are es t imated to be worth approxi-  
mately  2 calories of  metabol izable  per  gram. 

3. The  high-swelling and water  absorbing capa- 
city of  some bentoni tes  make them at t ract ive dietary 
addit ives for control  of  wet  droppings in caged 
layers. 

4. Cont inued  research  on ways of  maximal ly  
utilizing clay products  as feed addit ives seems 
warranted. 
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R6sum6--Des suppl6ments d'argile di&&ique (bentonite et kaolin) ont 6t6 utilis6s comme agents 
liants et lubrifiants dans la production de produits alimentaires en pastilles pour les poulets. La grande 
capacit6 de gonflement et d'absorption d'eau de certaines bentonites en font des additifs di6d6tiques 
de grand int6r& pour le contr61e des fientes humides chez les poules pondeuses en cage. En outre, 
des tests ont montr6 que les pondeuses nourries selon ce r6gime augmentent sensiblement leur poids, 
la grosseur de leurs oeufs et leur dur6e de vie m6me si le total de calories absorb6es est inf6rieur ~. 
celui du groupe de contr61e. Le kaolin di6t6tique am61iore le rendement calorifique plus encore que la 
bentonite, mais sans effet apparent sur la croissance ou la qualit6 de la carcasse. Les kaolins h plus 
petites particules sont sup6rieurs b, ceux h plus larges particules pour am61iorer le rendement calori- 
fique. Les kaolins efficaces sont estim6s valoir environ deux calories d'6nergie m6tabolisable par 
gram. L'importance de l'effet b6nefique semble &re dfi hun  ralentissement du taux de passage de 
la nourriture dans la voie intestinale. On n'a pas encore calcul6 le niveau de consommation possible 
d'616ments de trace pour assurer une nutrition optimale. 

Kurzreferat- Di~itetische Tonzusatzstoffe (Bentonit und Kaolinit) sind als Binde- und Gleitmittel fiir 
die Zubereitung tablettierter Hiihnerfutter verwendet worden. Das hohe Quell- und Wasserabsorp- 
tionsvermSgen gewisser Bentonite macht dieselben wiinschenswerte Zusatzstoffe for die Kontrolle 
des Feuchtmistes von KS.figleghennen. Darfiber hinaus zeigen die Versuche, dass die mit dieser Di~,t 
gefiitterten Leghennen deutliche Zunahmen in K6rpergewicht, EigrSsse und Lebenserwartung auf- 
weisen, obwohl ihre kalorische Gesamtaufnahme geringer ist als die der Kontrollgruppe. Di~itetischer 
Kaolin verbessert den kalorischen Nutzeffekt sogar noch mehr als Bentonit, jedoch ohne merkliche 
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Wirkung auf das Wachs tum oder die Fleischqualit i i t .  Kaoline mit kleinerer  Teilchengr/Ssse tragen 
mehr zur Verbesserung des kalor ischen Nutzeffektes  bei als die mit gr/Ssseren Teilchen.  Es wird 
gesch~itzt, dass die wirksamen Kaoline ungeffihr zwei Kalorien metabol is ierbarer  Energie pro Gramm 
entsprechen.  Der  Hauptnutzeffekt  scheint  auf einer Ver langsamung in der Durchgangsra te  des 
Fut ters  dutch  den Darmkana l  zu beruhen. Die etwaige Aufnahme von f'tir optimale Ern~ihrung erfor- 
derl ichen Spurenelementen  ist bisher  noch nicht beurtei l t  worden. 

Pe3IOMe---rJIltHI4CTble ~[O6aBKH g HHILIeBbIM HpoLIyKTaM (~eHTOHHT H KaoJltiHHT) HpHMeH~IJIHCb B 
KaqeCTBe CB~3yIomHX R CMa3blBatOtttliX BeuIeCTB llpH H3FOTOBJleHRH FpaHyJIRpOBaHHOFO KopMa 
jlJI~l Kyp. ]~JlaFoJlapfl BblCOKOl~ Ha6yxaeMOCTH H a6cop6IIHOHHO~ CIIOCO~HOCTkI, HeKOTOpbIe 6eH- 
TOHHTLI $1BJI~IIOTCR XOpOmHMH s }Lqg 6oph6M C B~IRX~HhIM IIOMeTOM HeCyIIIeK B KJleTKaX. 
KpoMe TOrO /IoKa3aHO OnbITaMti, ttTO HOE[ TaKOM IIHIIIeBOM pexl4Me HeCyIJ.IKH noKa3aJii4 3HaqH- 
TeJIbHOe yBeJlHtleHHe aeca n pa3Mepa anti,  a TaKmr npoJ!~eHa BepO~lTHa~l IIpo}IoYIX(HTeJIbHOCTb 
~143Hn, XOTa O6ttlttit rfptteM KaJIOIOK~ MeHbtue, tieM y KOHTpOIIbHOi~ rpyIlrIM. IJpI~ltnMaeMblg~ a 
KopMe Kaon_vlH ilOBbimaeT Ka.rlOpR~HOCTb ~ a x e  B 50nbme~ CTelIeH~I, tleM ~eHTOHHT, HO BOBHffRMOMy 
6e3 TOFO, ~TO6bI rloJaeJ~CTBOBaTb Ha KaqeCTBO pocTa Mm TymK~l. KaoaHnbi c tlacTm~aMH MeHblLlero 
pa3Mepa y~yqlaaVoT KanopHftaOCTb B 60abmei~ CTelIeHH qeM lcaO~HHbl C 60nbmHMI~ ~acTnuaMa. 
~eI~iCTByiOILIHe KaOYlHHbI CqlITa}OT paBHblMH npn6n  J1ByM KanopH~M 3HepFHH, npeo6pa3y~mei~cn 
B xo~Ie 06MeHa BeLIIeCTB Ha rpaMMbL F~a a a oe  no~e3Hoe cneflCTBHe IIOBIt~IHMOMy pe3y~bTaT 
3aMe~neHH~ n p o x o a a  XopMa no KnmeqHOMy TpaKTy. ~O3MOX~rlOCTb nornoLtIeHns MaJIblX 
9BeMeHTOB, Tpe6yeMb~X arts  aa~nyqmero  HHTaHH~ eme He ~cc~e~oBana. 


