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PROJECT SUMMARY
 

Sewage grown Lemna, with a protein content and amino acid profile similar 
to soy meal, can be successfully used to provide the protein component In poultry 
diets Accepnai2e Kvels of lemna in the dieis of layers range between 5% to 25 
of total fUnd I ;snrv fed layers produce more eggis of the same or higher quality 
as controls bird%. fed standard diets. Levels of up to 15% Lemna produce equal 
growth rtv; tn Urbiler. ai diets coerisLing of up to 15% Lemna species are 
tajiPab! for ,'d.nq clicks under 3 weeks of age. We have also demonstrated 

that in commerc-ia: poultry farms 5% Lemna diets produce higher pigmentation and 
equal or better growth than do standard cations, 

Given that corn and soy meal, the key Ingredients in poultry feeds are 
imported, Per" itands to benefit from foreign exchange savings through the
 
development of a .;ewage-Lemna-poultry industry. In many third world countries, 
where fi ir meal and/or soybean are unavailable, Lemna represents a potentlally 
a;oun'ant and eacily utl1ized source of high quality protein which can be produced 

S l..r ",inp;... un'-ploited resources such a:. sewage or waste animal manures. 
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I. INTRODUCTION
 

A. General description of Lomna 

Duckweeds. (Lemnocoae), a family of small freshwater macrophytos, are the 

smallest and most simple of flowering plants, ranging in size from the Spirodollo 

polyrrtiza, which reach 1.5 cm in diameter, to the pin-size Wolffi orrhiza. These 

floati in plants which grow In dense blanket-like clusters on the surface of 

nutrient-laden, open fresh-waLer bodies hav'e, over the years, received con­

siduratle attention from ucOtuISt:; studying basic plant physiology and biochemis­

try. No unique ability of tmna species to reproduce by cloning, combined with 

their ,tructural s;implcilty render them ideal exprimental organisms In the study 

of plant cell function. (Hillman, 1961). In recent years, however, the focus of 

attentmtur ha:. Shifted to Lemna species' potential as a biological agent in the 

treatmnnt, of wastp-water, (Hillman and CulIey, 197/8; Colley and Epps, 1973; 

harve' arid Fo::, 19 Rusof fo. al., 1977; Porath et al., 1979) and as a byproducta; 

of th proces., it utility an a feedstuff for fiLh (1hiraman et al., 1978(a) and 

19711 (b), Van Dyke aid ;uttori, 1976) livontock (Runoff eL al., 1977, 1978, and 1980; 

Hil lm;n' and Cully, 19718) and roult.ry (AhdUlayef. 1969: Muzafanou, 1968: Truax et 

al . 372; Mutyar Pt al., I16 1977, 1972(a), 1978(p), 1976(c); Johri and Sharma, 

nr'e Ire .' commor. gem:r-a of Lemna sLpc ., (Lomno Spirodolla, Wolffia and 

WoIffiollu) ad more than 40 known ,pecier Kh ;a worldwide distribution 

(McClure, 1566.) we found two species of d,ck'weed. Laona gibba and Wolffio 
arrhizo, qrwing naturally on the San Juan do Miraflores oxidation lagoons in the 

soutnern core of Lima, Peru. Lemna gibbo, a duckweed with a pea-like gibbous 

structure and Woiffio orrhizo, the smallest species (0.2-0.4 mm). were found 

growing In large stands In tertiary lagoon effluent and lagoon runoff. Growth 

blooms at San Juan de Miraflores are seldom coincident, resulting in pronounced 

swirjs in the percentage of the two species, although Lomno gibbo was always 

dcminant. 

B. Project Rationale 

IWe nutr it .l, e of Lemna a:, pca Itry feed has long been recognized 

within the :,cienti fc comrn,,: ty (loyd, 1971 ). Among more recent studiev., Truax 

et al., 1972 dmonTtrateo that dehydrated iomna, when substituted for dried 

alfalfa meal at up to 5% of mixed poultry foeds, produces superior weight gain in 

CnIL ." of up to 3 w'e k, of .;. TIhey attributed this phenomenon to Lemna 

prc::,' well biaanced amin;o acid profile. Truax at al.. 1972 also demonstrated ir 

com;;'.triv, feeding .tudie, that chllcken fed diets consisting of up to 10% 

Leeni conistenLly weighed more than chickens fed diets containing similar 

percen Laij es of af 1fa mea l, as well a% Wtlcken. fed exclusively on an "optimal"
 

control dieL.
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Duckweed has also been proposed as an aquacu Lure mochanism for sewage 
treatment (Sutton and Ornes, 1977 and Oron, 1986) because of It's high growth 
rates and its ;billity to efficiently extract nutrients ano trace elements from 
water. The melding of these two concepts suggests an efficient, low-cost sowage 
treatment process whlc h produces a hi gh quailty poultry feed constituen t as a 
byproduc t. 

We decided . f irst test the demand side of the equation before concentrat­

ing on the more egporisire supply side (.o. engineering c 'flcient Lemna species 
based :%ewage treatment facilities). Th Peru Duckweed praject was therefore 
desiqned to test the uti ty of sewage grown L emna species as poultry feed. 
Successful results would warrant subsequent research and dsvelopmont efforts to 
design efficient small and large-scale Lemna species base. sewage treatment 

facilities. 

C. 	 Project Objectives 

lhe overall project goal was to determine the safety and efficacy of sewage­
grown lemna species as feed for layer:;, broilers and chicks. Specific objectives 

Included: 

1 To determining .he p;itLhognnicit.y and toxicity of dry and wet 

harvested Lemna species. 

2. 	 To dtL'rmx: the, relative conrtributi on of Lemna species 
supplemnted feeds to the prevalence of human enteric bacteria in 

poultry.
 

3. 	 To determine the acceptability of fresh (wet) Lemna spccies as 
feed supplement to commercial poultry feeds. 

4. 	 To determine the metabolizable energy of Lemna species meal as 
feed 	 for poaitry. 

5. 	 To rdetermine the relatlve effect on egg laying performance of 

Lemna specie:. ,'sbotitutLon, for varying amounts of conventional 

Cr-ot.ei on. tuentts (soy and fish-mr.'al ). :n controlled Isocaloric 

and :n..r t rlqoUs feeding experirents. 

6. 	 To determine the relative effect on broiler performance of Lemna 
species :,r:,.ttot:.on. for vary ing amounts of conventional protein 

constltue st,, in controlled isocaloric and isonitrogenous feeding 

exper ments. 

7. 	 To determine the relative effect on chick performance of Lomna 

species substiltution, for varying amounts of conventional protein 
constituents, in controlled Isocaloric and isonitrogenous feeding
 
experiments.
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E. Harvesting and Drying 

The pre;valence of a brisk soudiwost breeze at the San Juan site ensures
 
lemna specles crowdin; again
rst the northeast shorelines of lagoons, Lemna
 
species was manual ly narvr;teld by lowering a tined leaf rake beneath the 
 Lemna
 
speci(s0 from the permeter of thie lagoont, and manlally removing it rnto a
 
wheel barrow, bucket or pla. tic bay. The wet. harvested lemna species was then
 
Ltakern to the food Procu:.olbinj 'lant at IThe Jloivorsidad Nacioteal Agraria (UNA; In
 
I. ima. There, the t.wo specles were opararted by washt itig them through several
 
s-leven, t eiiA 
 Lpa:c ,-enas then .in drIed t o rppro.ii;matetIy 4 0% humir. ty on 
concrte aprons. Drying wa. Completed to 10P totl] moisture using the Food
 

,
Process.irig Plant'. 0forced ait oven for 11-303 minutL- at 60 C. Complete sun 
drying wa.s avoided to minimize pigment loss through ultraviolet exposure. This
 
method ensured the rotention of high xariLhophyll levels (BOO - 1000 ppm) in the
 
finished l emna 
 meal . The (rIid Lemna was; stored at room temperatture In 200
 
1Lter black plastic 
 feed sackn. Thi, stora(ge method minimized protein and pigment 
loss, with no .poilage occurrinj for the duration of the sttudy. 

F. Choroctris.t.ic of Lemno specios 

Biochemcai atil yPrr. of dried tvmnr,;r species :;anpes were conducted at the
 
IlNi and Pir'ina, ahui'rrutripv,. 
 RPculto geriera ly confirmed expectations. Protein (N 
x 6.5 ) cortert. .r orvi,: r whichCran ed from .. t20391, was well within the
 
',pected range,. 
 ,'.w" for p-ite in, ash, carbohydrate and crude fiber of samples
 
t,r*.n from ,.evnrai na, 'v'.t .ir preortr' d in table 1
 

Kv valur of I ,: n ; asa a f(edtnck Is highly dependent or, its amino
 
acId profil. Am:ino ac id 
 anal ysi.s were performed at the laboratories of both the 
Univers ity of M~aryland and Johns Hophin'; Univeroity on sampies harvested from 
primary, v.c.niar/ , nC tr rtar/ lagcons. The amino acid profile of Lemna species 
was found to be s.imilar to that of toybtan. niigh In lysine and .omewhat 
deficient in merthionie relative to most ;niimal proteins. Initial results indicate 
considerable var.-t.ion t woreer samplers. Leo Table 2. 

: proteir c r.to to na specie s o :ionsititve to levels cf available 
nutrient in th" aiquatic envlru(nm;ent (Humphrey, 197), Consequently, Lemna found
 
In rulati. v ly clear. .-. tr
n nt ,r't r orr e.', lowl' and contains high levels cf 
cio - fbr-,aw . "n : rto:, but rYt i : v.,I ;e'r littli protein. In contrast, 
[ico;;n,, i on r -,;' iiii.,:,,r . ijrowo r-;rp)i "4,dh,.inJ 0 , protel; conitent. 
de all o a. lynzed of p r:,, .. i e'mna % Ilr fr-cm, an unmanaged stand in 
L.aqO Tithicaca riea,- hoe, Peru, Lemna puci:, from thin stand had a prctein 
conIter of 18% ard relat ively hig;h li . or; tent hrvte r ult are 
charac tertiot C of I ,na rpOIeOS whic:; h% rot teun h;rvo"t.ed frequently. 

Xanthnim'yl, I (p:gment) it, frnm a commrcial perspective, a very imoort.ant 
component of L emmra species", and deserveso spec f c men tion The xanLhophyll 
content of wet Lomna species harvested from the San Juan lagoons was found to 
to etremtly high -. up to 1938 ppm. Exposure to direct ultraviolet radiation 
results in rapid degradation, hown or. with xantthophyl level:, low 282as as ppm 
recorded for Lemma species completely dried In the sun. See Table 1. 
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II. THE EXPERIMENTS
 

A. Tho Pothogonicity and Toxicity of Lemno species Meal
 

1. Hcevy Metals
 

!he uLpta ke: of toxiC elements, and Lompounds a. r epresenteted by the ash 
component of lemna specces 1 highl1y dependant on the richness of the growth 
medium. In a high gro.tht phan (i.e. suitable t.emperatures and high conceontra­
tiOl; -f r;utrienlts In the growth med ninu) Lemna spe0cies plants grow extremely 
rapidly, continuously dividing and subdividing. Lach plant, therefore, maintains a 
"Nouug plant" profile. high protein, low fiber and low ash. Heavy metals, 
comple organics and Inorganics repreoent only a minuscule portion of the entire 
plant blom;%. in crnditions where nutrients are constrained. however, Lemna 
species plants grow old - processing large amounts of water without subdivid lg 
or rignifiL, tly increa i nMtir bioma s, Lemna :;pecies In tfhis low nutrient-low 
growth ph,%. .tct. like an organic vacuum Cleaner; absorbing virtually anything in 

it:, effort to grow. It cain directly employ complex organics as food, fixas 
n:troqen directly fr om the .nrtq;here, and removes trace .munts of phosphorus 

fro t ' .-. r. si vi v for Oco time in .uCh ;i "hungry" condition (loww, HIdv inIq. 

nut r:.o: ) Lvrn:'r %i'. n plan hive been show" to contain surprisingly high con­
~
 n.;0 t:r';t :o; , /ci:, ri . I .- I; .'., ani ; t , (!uztar e! 1= ). 

We Lt., th- t oawj 7: tcrt,. of the Le:ma :,poci,,:. growing in primary, 

secoldar; n'i terti;ar/ ';'; M thnean .nJua; ,ite Drled samples were sub­
jeoted to s.tani;rd t igtln; at tMe: OSHlA laboratory in Salt Lake City for the 
preence: of tloic nunhtir , . Lemna specoie; taken from the primary lagoon 
tested positive fhr A'.rrc f 63%), Antimony ( .0126%) and Copper ( .0066%); Lemna 
species h;arvested from the tecondary ldgoon tested positive for Zinc (. 0031%); and 
Lemna species taken from the tertiary lagoon also tasted positive for Zinc 
(.0022%). All the:e value: are well below toxicity standards applied to feedstuffs 
In the Uni ted ,Lttiel. We can conclude, therefore, that Le;nna species harv'stod 
f, an t, ;rn Jaa.2 lnoc un or cindiLtions of normal growth an! frequr t 

rve.t ij are cnrv.:; , I y safe for human or animal consumption. 

2. fumnnin ptno ;eO 

Ii urn.rOie, repli cati;c'n (over 3i0 sample,) Lemna species taken from all 
three S;r lii 1;qnro'. (primary. t;ordary and tertiary) were washed in fresh 
water, and then csro'-'' ,r':, .',, t,1ted for the preernce of enteric bac toria. In 

these studie, when very selective conditlions were used for isolation of 
t,rlmncl la we were ale to isolate this bacteria from, both the plants and the 

water Other patr;o';''ns isolat ed from recently harvested wet Lemna species were 
Anromonas:, and Vibrio speOc ies Ioth, I ike sa.rmonollae, are common environmental 
contaminants found in fresth water lagoons and on water plants under natural 
condi t lor% We were unable to dletect the peOsence of these or any other human 
enteric iacteria on thc dried Lemna species meal. We were abie to ,'oncJudo that 
dried ltmrri specl'. meal is lacteriologically safe as a foodstuff for animals. 
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flacterinilnqy, nf[ th!,.ii .Jin.! iiJnon. 

ho Lan Juan 0-1=Id t oil l.agoons are used to process sewage in the Southernpart of ima. We examinlud bacterlo jical.lly at about biweekly intervals the waterand the L umna plants in a primary, .e coHl~diry and tertiary treatment lagoon, from
September 198E5 to 
 Nov(mber 1986. Te folliwing assays were performed. Weenumerated 
the fec; l colfurm and to:a ,luro ic plae counts. WequantLItatIve ly deter ml n:I the 
also 

concen Mat Uon of Arrornon s species in both the water and 
the Lemna plant using Arnpicill in containing Blood Agar. We also UsedTC.SO agar to itsolate and quantity 
the number of Vibri 
 coloenies. Salmonella

species 
were Isolated using double strenigth Selenite broth. 
 The identity of allstrains was confirmed using both API and other appropriate biochemical tests.
Total plate counts and fecal 
coliform counts 
were performed using Standard
 
Miethods.
 

h-n: It n- o1 
Wit0 e rimd _Imn a Blly rir o LouY 

We found that UnI,i;a concentrated bacera from the water. See table 3. hisflndinq ha )ur rve'orted previotiily by .plra ol. al.,in Bangladesh (1981) andGilman., ot M .. in Irndia (19n3). 

I,1
0 , ion 
 m, n are able : i ,:: ,1v considerable decreases 
in thelC 'l,. "*rt.;I (Of 1tUOrM L a, i , a d p;rasntes such as Gicirdio lormb .ji .here wt%., . , a pI adoxica, 1 .L a%, , in the concentration of Anromonas 
species and 
Vibrio cheluoroo nomh-0 1n tr :e:, 'condiry and tertiary lagoons In
compari;sn to crcntrations of then, bacteria found In the primary lagoon.Theoe two bl;lct.eria are not normally looked for in water studies. Yet, there is strong evidence that both may be enteropathogens responsible for human disease.
VMbrio cholroo was not isolated either from plants or water in any lagoonfrom the middle of July until the end of November 
in 1986. At 
all other timeshowever Vibrjo choleroo 
07 was isolated regularly from both water and plants of
both plants. In the tertiary lagoon when Vibrio choloroo-non 07 was isolated itwas nearly aiway. In concentrations above 3.0 iogl0 CFU/ml.

:,almars:ul lur. ,pceUwe. Isolated regularly 
from the primary lagoon but was,:;olatled only in 14% of the wt.,,- s-ples taken from the tertiary lagoon. Fecal
colt form counts decreas;;d from. 2 loq10 CU in the primary lagoon to 4 .9 logl1CFO in the tort;ary 1agoon (pc V ). Leam,: plant:; had a similar significant decline11 cGrenrr:ticr, K& withw 51n!:' ho;rr concetlltr.ations of bacteria. 
W e Go Tvyl rvoilts feo:d(n: of wet Lomna to chickens or other poultry

.may be Mie to trr:mi t enteropaihogenic hactoria. Dried Lemna in contrast,
carrie; l ittle to no rlsk of tran:,missirn of (nteropathogens. 

A. Other Fnctors
 

In the tertiary lagoon, we observed portios 

turn 

of Lemna species that wouldwhite and eventually lose their buoyancy in a slowly spreading (outward)
circle. 
 This p oblem is particularly apparent during periods of slow growth
resulted in sign. ficait reducto:is in 
plant populations in 
certain lagoons. During
high growth pl-ase:. the populatlAln growt.h far exceeds losses from the infection.
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A Common fugrusr, (Oom',Cot as) ha. been I nol &LON I rurn 0i;%.au d I emna Lpec I.essamples by 
the plant Pathology department Of CIP (Petoe Irturnatl onal Center)and in a prinniblo Lemna species. patioge, urtn(r :.tul(ies will be required todatermIno whether or niot t ll. hy;'Ot 2ie:. Correct. 

Crowded .emna -;je'w popul;tr~i(r, (condi ttons for low growLh) found inprimary 
atd %'Poary laUoon,, were occ,:t.onally infected 
with aphids. P-rashte

do not apd ar to Ia% j ificni y af fe-t fa:.t-grw-i, nip populatiotns 

4. ;um.mary
 

Lemna specles grownrg in 
 tho Sa Juan do 1'.i rafi.or(,s sewage lagoons
represents an ~col lot poLential 
 uanrce of 
 V:roten 
for poul try foods, It growsrapidly, arid is aly to harvo.L. We were ab l 
 isolate Salmonellae
to /,eromonas
and Vihrio npc lea from wet, recenrtly harvent.d Lemma ;PnUcIo, Samples out couldaolaLt.v rIO MiAmtn anteric bactor-ia fronm dried .enna apeci, samples. Weoiclu.i Iooa,L On:Oi e"mma s,pec ies in bacteriologically safe as a feed for
Chlckl" . io Ir,, 
 Lhe Lema ,O 
 ;0 tsloLud negative for all but ai few toxic 
rlrmu', andi 
 a 
 t, ttIt wore dOtoct'd were well below USA
r.comenird,! 
naf ' :.'v,,s. for feudt;tuf f.bacterioloicalily We concluded that
is: ch:n:cally Lumna in:,afe as a foodstuff for both
animals.
 

Hl. Tho 
 olc:..t.v 
 COcrtribution 
of loena 
to tho Pruvolenci 
of Humon Enteric
 
Bactoria in Poultry
 

Infct.ion of comme.rcial joulLry 
flocks by CasmpyIobactor and Salmonella
species is 
commaonly reported throughout the world. 
 Prevalence of 
Salmonella 
inUS commorcial 
poultry 
is high In :;ore cases: approachinrg 80fX. Lemna would notbe a stfe ingredient 
 if it caused 
an ncreoase 
i thie rate of entoropathogenic
infOctln in Cfrickons 
fed Lemnrai CC;;-,ired 
to chickens 
fed a stardardJ diet. We
also sought to dvt(ormir wnh"tiLr 
Le':mna 
foed: might contribute 
to infection of
pooltry Loak:, with oth rer humra rat 'r0p,.th0a)r;S 

WY lo,%,l~tvj qirov broiler: chickensa collected at random onfive' 'n-w ' 'to Pn," t7 fr 7 ai.poff(t , p uIL wholen le COnters in . .r I . rc.i, kr

,a., 

rr=:' tootloe' j.,veirea. Sep Table 

Ih,1tl t.5. , r,:1t, .... ' 
 1,_ 
 u,.l Lthat Lemma ape.cites fee:s do notr.nt rjlot to r:n.a ,i : : or:o o: itr ,ar,,: .ay"r ; (Table

3; I. nimrajoril, o; a, .y ' , . r k t Crii ,keuia to:. t'.0 pa:,:Uive forCamn;pylo latr speci ,s, while a ni,.f 
 .c1ntly nunbor of
lowerr 
 :.smples collected
from o 'porintal cricken' 
were fond 
t teat posi,.ivO . Nei ther market nor ex­
pwri'i't.al ChiCkens 
testod o0,iv, for Salmonella species.
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Whileo wt- did not test or the presunce of common poultry diseases we wore 

able to sati-f;iet)ri ly conclude tha,_t-Le"rla0.2ele% mnal does not significantly 

Increnn meainyr ltL or chick,;nn Onl vtwo tv chlcenf; doed during the 

entiro '_,tuyperod! hi'; rat.' j ryl(:antI y lower tan tht e'per eron(1 by 

omm:rciL pnL1t r ,/ - . _ i...., n-. - _ _y 

of froh Lomno as a food supplement to commercial 

poultry foeds 

C. Acceptubility 


since it is
Lemna, consting of bLetween 5J av'd 90% waler requires drying, 

other dried
general ly used ana dry, stable fod stuff which 1:; then mixed with 

food cumnoniunts. Drying adds io e oft th cant production in any commercial Lemna 

production procilh. We decided to eximine the potential for directly "icng wet. 

iilproC, esed Lemaai; oat ; feed -pp, 1e ,m.nflt fur bro1lers,
 

We %,uccy[ully denaonstrAtLJ that cayrmTrCii feeds can be supplemented 

f 'ash Lemn specio; (on a "ry weight utais). This effectively doubledwith % 


the feed bulk, proviinig most of t.ne liquid requiremuet-b of the chickens, 
 as well
 

an a 1,. ;roteir ciipplvmrit over the exil.tng commerci l feud nrotlln content. 

hn* tO1r.ndt 1imi;ts to 101 amount of umnna spedcies that1Inaeionr-'*aL .. of l). tn 

cII b; u d ve, .2 r r -rcu.lkLanc:. where lanporL Is not a considerat.Ion th is 

may he .1 " 1''I r0'"M uppl n tazr, n..* n a k I o ar ceptod the 101X Luana 

n l O ie o.p;l8a;K !. feed with nio t (diff ilty. Lemna "pece0. fed toii 00 opparen 

cnicheon in .- .' n.jQdion, potrntially cr tr.n..rnmit u.teropaLhonlic bacterla.
 

the Apparent Motabolizable
 

Energy in Chicks
 

D. Dried Learnu pcie;: Determination of 


1. True Meoabolizable Energy
 

Dried lemna ,pcie s;amples (1 03 humidity) with approximately 35% protein 
t 

were nupni . toian a the UA', for a True Latolzahible Energy 

evaluatLon (Siniald,. 1935"(i).1963(b) arind 1980). Her study, under the direct
 

The fed
on roosturs. animals.were 


corn aMone or L.ona , e; :(V 20 em. ; n 


supervisnion of tr Univers.ity wa performed 


= 25 1.). Lemri n;peeles when fed 

at 1 ;d ffrolt !, I , ,ir.,Lit.4 un m energy vaIuw o, ie ;ri r ' : c tao1i701. 


1T;. valer obta.;Nr d for tn '4 e' S.e:mr; n, -;, e levelsa, (10 qn, ,, , and 2
 

gm. ) were 
 2194,'i H 5 it 70n Kcii/k r::rur. -Livuly. 

ri i , Tna. .; i , are: ot Lth' ;anr tha e obtained for 

1960). They are much higher than TOIL v;alue, obtained for 
M! valw"; for n;w 


toaslted :oyliean (Hil,, 


Iidaje and algae which have been fed to chickens.
other sewage produc ts such as 


The IMElof Lemna (27011
(.Lipntein t.. al. , 19 (a). 1980(bh), 10, ;n 1904). 


Kcal /kg) is more than twice as high an trhe Apparent Metaboliz;able Energy (1200
 

Kcal/kq) determined in baby chicks.
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2. 	 Apparent Mutabolizable Enorgy 

We ,)erf O ( i ; LJ(iy to mfit.,utre theo Apptir-r;* t. etahol zuh he riergy of 
L(;r,:i Ipui.ce,. (L Imro .gibbo I. ! Wc' I f f u urrh o) o h a1,y chi 1ck . Two me t.hod 

wore uid th'ttil - Io o . 1:ah ne .) t.he 
let a o I ,.h tOn nI id t, t;a' 1at',f: ito r N.1'thlc ,.ri Crtirmmi O ( to 

uc c!tt 1,1',I of tit 	 Eier tley 

III! ,t ', : ti:t'L ,: th t!, t.o a Co 1.1c ionI mtIho ( I 'O and 1146 kcal/kg 

t iovr 	 t. 1 jur' : ,I lonfor il 
t 

J. 	 ri~~ Ive' io I jht Iy (ir than tInn0,, c 
obt n 0/ , : ',-I:.U, or v.,tlat!':;tnd ('/IL, kcil for Lemr,,i ;t and 
l(evel;) flnorver I t.we:. " !'.-td'nt th., t it t t-t.l O1 eco t ion metthod . aaa much 

more acra(urat terlotue. ,(I titfl 4 

d tI 	 (- /kq 20 30X 

The:';e OtuiL. were donane uni]tr- ,ilghly C(oniitrulled Corditlon.. From thete 

ri!o;L 1to we, think the ti 'o dho pecl i cal ly nluaidfor the attn and 2000 ily 
e-ven ra- w t i' rd to bo iited. It would ci~i 0'yugLitdo not digeoU!t 

lera ut:, fc aryI .I!- welIl at, fil 1; ro io I netter: G *ber .td I W al1no ha ve 
1_11o (t0:1 l (11ft-, : I 11 I w t.tOI ;I 2 a: : I a1. 

E 	 Layer" St.uny -- het(rmittnation of tho reolutlvo (,f'foct ar egg laying 
porforncicet of Lotmnn .[.oc tiotuht t. t. on for vary icig ClmOunt of 

conventiorni protein cont1tuenrt; ( andaoc fi,h-moul) in controlIed 
i t,uCal(r It (Ilc i ot~ r'ttr'nlOut; e.:p(- 2nrtibtt, 

Oior !,tUoJ(. were t'.1 lr to oa:-:;nr tr.':,f ,t' ;ld eff icacy of Lemna 
m(cci ;is i10 t2 (:0 Of irot.e rI ,i'I qoor t ftr" ! i .ogqi t.r , and to evaluate Its 

1mpact ore 1ra,y I per f otrarc n and egg qu;1lit yWe performed the study on two 
line, of ,i yero, Topaz and ',Whiteline Lghurn len. 

a 	 tutb; jo abe Etring' (trM) 

0The ;iE of Lemna species was etermiri;d, using the method described by 
SIbOald 196I a) rid 1()8) to he 200 kca /kg it mature roote rs. This MIE value 

ITI n.l o1 e,,';er 

(e 'puoin at o, i ri, ltt). the tI1 wa l r eot.imated uring young ioilers (0-21 
MA'/7- of a;te) Tl, rno-,N!11value of 12TOi kral/kg w;io ued in formulating diets 
for ill1'(i 1hi ti ','(itrt: 1 t. . bittOr ytl''!j it', ClO:,(tr Lo ,ttnO*t; ota;i.ned by other 
r't.eatir i(:00t ~tj.: t;r 2,tl'/ CliCk.',. 

wabn utted Ltte, f,. a1.100 tf e lT: t I d; Ot.:0 it t.he f rot t d , 

:):(,-L 	 i or 'tUlaLtieo 

weoe orm' 

putchaed locally from the Paloton Purina Company. Dried Lemno gibba and 
olffio orrhi.o were finely milled before preparation of the diet miXtures. 

All diets r ited accord: rig to AEC roqiir tmenLs . Ingredients were 
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All diets were forriiitteO to be it ion trogenots and isocaloric except when 

differences io energy bet.,een d!pt s wan tle variable aoeng tested (experiment ib). 

Mixing of diets was. pirftrmd in a %mail mill at the UNA Food ProcessiIng Plant. 

.The pigmentation of the Lorn %',d io the diets was not. able to be standardized 

because of the v;arlabi ltL/ o th, supply. 

C. o n it Yolk Sikin Pi1gm(entiattonir.tO i)of and 

[he Roche fan wa. i,d to mlasure p[iqru ,Lnrt.it. Pigm'ntatiton in yolkt; or 

chlckue skin was. not ablu to he ompair-ei iietw ttei different e perimenits because 

of the variahili ty of ti t plymgoitati n of dlfftrent lots of corn nup] lod to make 

each ex:perimenta diet. Thu;, for example, comparison of pigment between two 
' 

broller stitudes done at lfforenL times and using different batches of corn Is not 

possible. li any O'ie expurimeot all chickens in the study were fed with the same 

lot of corn. 

dJ. Porr%.' 

A temporary structur e mtrade of barmtboo mat.ing and fence eosts was built to
 

houe; the 'ayer oiieru iret., Indivi dual pens mear;inrgne 2 x 3 meters were
 

wooden frimes and heavy commercialconstructed with in the "l ayer hoiste" u.sing 

grade fi shing nits. Eich unit wars provided with a foeder, an automatic wateretr,
 

nests and bedding Crnsisirr of wod shavings pre-tre.ted for fleas.
 

V. E.valuation of lggs - GCneral Our, 1 JO of Operational Prncedur­

es
 

During a 14 day pro.oxperimertal period in which egg production was 

carefully observed and h
t 
'ri reassigned ini order to balance egg production between 

pens, all hun:; received " control dLtt (see table). Feed and water were supplied 

od 1ibitu. e,,d Wsu"rr;tWion was r;sitsured weekly by subtractinig residual feed 

from t4,' f!'i'* ;, i- 0., j H r, Yeqa receivin'rrt ,.v-'rrim'-. ,I.[ oi'rn day 15. 

o.Wh ctt n, , "5. 4Wt:.tisr of 0 eont, (5 un its of 10 eacr ). Fundingj tour wateriog 

COPir w remainedand WONr5 t t .renoriL protocols ldenihtlcal to those followed 

irl.ir ; the pr- O.-orim;. i l p t-to:: L 7"-s were icollected, weighed arid classified 

0t. ' -.:.. ,; , the o r week of each 28 da/ 

,t t. Ki-. ;:riod), all u n +r e wri th d and cl ass i,fied 

it;i.'; di. i,, air .r.... V;cr, , , ied "s,tanidard sLzu" ( L: tc 64 gim.) eggs worn used 

for e.torhil and !ntW K ; ;',lity men survmr"itiL. (reff). ihe para:eterr we used to 

mi:ant : the q aii;'. , .'r, ja lh Unit" ar , fo, k pi myn't. haugth Unit was
 

miatrt'(d using a i.i cb r' (lgg cuality Slide Rule, Designed by A.W. Brantx
 

K. Norrist, U. l)uft Of Aqriculture. The Katw Co. Hlenniker, N.H. 03242 USA),
 

ard the pi mgoent was. mwnLr-'d using t.0e Hoffman lIa RChL colorimetric fan.
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Food, wacer, ted on;uimptlo,, 'i handlin9 and pan prococlures were the name a­
in exper i:ent 1a,. ['yar -eight1L wo're ruor dod at tho beg inning an at. WU end 

of the study 

(1 ) 'pri antal D .n ign 

Two hundred, 41 P old. Leg;horn WN.te Iil~ihline hens wore distributed in 

the p.enl ; 10 r:l.nq t The CiatS uad in this study were, airoup)s n aLr, !" wei; 

control (0% Lern")ri 1'% L'.Tna, ard 20% Lenlia w;th in ME2 of 2800 kcal/jkr, (see 
Table 5"). Each diet grouip C0112 .,ed W,f ,12 un40 (4 duplicrates of 10 lavcrs each). 

The study lasted 3 mnnth:. including a 2 we""k adoption period during which no 
experimrntal data v,an collect 

(2) Operatiornai iroc"Jure. 

iluct halasLrn eq those[r pru on procedure% were Identical to in experiment 
Ia, Feud and 4;tt r w'r1( , cpolen aid 1 ibitum, and fed consumptiolo was recorded 
every 14 day%. I L. n" en-d of triO pro- experimental period, the hens received the 
axonrimenta I diot , 5arpig': wovek,, pend procodurets and egg andililnj,, also were 

identical to tha',i in ('pirim'',int 1a. liir:, were wei.liNud at the bugJnning and at 
the and e ;.',r t 

(a) Hinuch inqtry 

in thlin e-x rli 'nlt, pr.l-, ,n nran;in r'':imyl',, wre performed on ra'idomly 
selected st.and;rd siz'e vgqs'i;cal lucted on the last sampling week. Eggs were hard 
cooked to faciltate yolk ;nrd albumen se.aratio, and stored at 4 0 C until assayed 
(Hair & Marion, 19/8). Protein was measo red uing standard micro.KJcidal 
te nn:ans with bovine serum albumin as a standard. Shell cal cium concentration 
ws measured o0 oarrdarn. size eqs collected on three sampling weeks in 
exjerimenL 1a. ;h'ell' were di gestced with a H01 solution (68% v/v), and the 
calciu' concentra l= n wani rim-teo-mined by At.omic Absorption (Tit,' 1980). 

1. Data hand2 ; " :; ! lcS Ini;it'.! 

A!: da,. wa" cda'ta, r ,-, ere..-r,then trannforred to 123.,' ,:-, ia: Lotus 
wGrk'hve-t'; on an W, ;C ad H'.r-o;w. K:';-A Cleaning of the data was 
pu rfored on thek Ll w rkehytn cr(nie al1 atta was entered. Statistics were 

p"erfo mrnad u:; nig Ch. 5q;,a'u,'. f ish'-%, ur :;R.neqL t test. 

Dat; w :. c.-.;.taC on a 08 day bas is for each 10 hen unit, except for 
period one, where the f t-SL 2 weeks, (adaption period) are not Included. In 
add:Lion once no signiticant d ifference waLs found in any parameter studied 
between hens rcceiving Lerna 201 at 2220 c'cal/kg and 2900 kcal/kg the results 
from thpne two ntudles have beien pnoled. 
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Microbiological studies of Layers receiving eitner Wolffia or Lemrna in study 

IA had no significant increase in the percent of enteropathogens isolated 

compared to the layers fed a control diet. Interestingly, in Peru chickens are 

rarely colrniz. wi th Salmore l1a species, this was also the case in our 

exprirenLtal cnl cken,. See table 09. 

b . i per iewo t 8t 

Vnere was a gradual bPt net sigrificant Increase in the rate of egg 

production of the ieghurn Lyer , during the first teo periodsin the control group 

during t. e 2.5 months studiled (Tahl 5). The Lemna 15% group also presented a 

gradual increase in prodr ti1(oI durlnc; the first two parlods, with a subsequent but 

not significant declne during the last period, Inclusion of 25% Lemna in the diet, 

s.gnificantly decreu,,ed production during the last period (10 weeks), when com­

pared to the control (p < 0.025). 

There were no :..grnlflcanL differences in consumption between the control 

and the 151 group. except during the fir;t periol when there was a significant 

decrease (w < 0.01) in the amount of feed consmud by the Lemna 15% group. 

Similarly, (.rnversionr values tended "o e hbetter in the 15% Lemna diet group 

trouihout th See 10a .
Me %tudy table 

No cnaungl'p Iin the moa;n weijt, waro .ven with 1 i.reasirg amounts ofeiOgg 


WM:er. n.p '; , I qreup', '.4on.,ocv a1 ridual .inil icMe incre ase in the mean egg 
wu!l}ht ov,,r t.m.r;.
 

The ftf"t:. W dietary buils of Lemra Lpecie. on pigmentation in this study 

were simlnbar to the resuts obtained in experiment la (table 4). Terre was a 

marked Increase in yolk p igmenta, lon, in eggs from hens fed 15% LL,' . compared 

to the control group (p 0 .0001). Eggs from heas fed 25% Lemna wore 

s.gnlficontly more pigmented than those from hens fed 19%. However the rate of 

increment in pigment war. much less marked than was seen between the control 

and the 15'% gr cup. 

Tne c;e.';sb 'v.;..', e:,.tur,': fWr prnte:n an egg; collected on the last 

pr-c , ,ri:.onnLted in tAble 0 b. There w;n a significant 

Is;reie in rote....... t.. in t, albumen (p < 0.001) az we.1 as in the yolk (p 

0.021) wn.,l 11 Lerma an 20, were used compared to the control. 

iu:r. ,jA . ,w:InK: !a a w :, of (l;!;5 from bot.h non lin . were performed 

at ro ,,cion..,. ;,irria (UNA), by well trained panelists.Univr,,d Pigmented
 

yolks werr pr-eferr.d over the puler control yolks, and when rated, tre overall
 

Ou;y: " - ' ,' ' , . q-rance of the 15% Lemna gro"p had the 

b 1 1.1t7lru comrp,,nrcC tO eggs from the control. 20% and 40% diet groups. No 

unusual Las. 0', were detected in any of the groups tested. 
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Wt~a~ ~ at -,a ld~~ewihd.adrnoi 
7T4nJ~ou t (6rd s,trate 


an ME o200 ca dr; odLen' calculatod' value) Soo tabe 11 

Birdwo o fod'thr oxpoi1mna ~ Q ay 28, Qfrday -4~ a ,anima s­
wer Woi'qhod& Fod, consuni ti was rcordod and calcuated' at t end of' Ji 
study, as'thietot fod pov4,pd minus the ronidueon that day foreachunto 
10 birds. Convson~ values w~r al~culateda ehoayorag e dconsumed p.r uni 

ovo ito weigh tgained.ean 

Cacs esremnts were performed on '6brsfo a group diet at­
the nd Invlve orthehead and nock, es'i rf~te~stdy.Thiweghin , 

al.bdominala' *n cacs yil.Pgmnainof the 1skin was meoasured at~th 
>end of the seven, weeks using the standard~Roche fan. ~ i 

* ~ ~ ~~>~3~~~Y( 2) Resul t5 ~~~i~ >~ 

The usooLmn 1 bga (duckwe)i levols up o 1 5% In broiler, ihr 
Idiotsg~rosultod 
 in a small but'sign ficantdecrease in weight ganu to 10%) 
comp od.to the control~ shown inI Table12 ,Hi~gh lel (20 ud2~ 
rreultedO 	 in a 20,% decrease in weoq. .omaa tocnr ,(p.'05-). However, as 

declined 	wit IIncroents ofiJLe~ia ,1Ij 	 thlo'food conSupItionf'fallgroup*s ". 

is interesting tqlnote that the :food conversion incraed by14% with.25% 7
 
Lamna speeo in 1tholdikt, a value s'ignficantly..ifferoet fromn the cotrols,'The
 

carcass yieddifoo slightly but significantly coprdt tecnrl 

Pigment was found to inraesgiiatyas the level of Lem~na. species
 
was raised in the diets.4:7.
S 	 1I~~ 

b., BROj 	 LER I~ 4I 11,~. 

Eyelnntldsg an pocedures 

14p1~I 1ITwo hundred and forty TITAN male blrdsero obtained 4from Avicola Hannan
and pliace i~n 	20btQyun heablrd%;'wgntd 
uni -htsa In exeimn 1ds werefeda 'standard 

utiltheage IayI 	 thedi('t 	 of2 toI"hi I p* od an rra, were weghoI and 
age in groupreaitriue i UP of,,l 21 nits received 8 aj'fferont exeime-, 

S2 tdot'.niltoa6 of,56 day i : 4he exprietal dtets con'and ,1 525I omi at tw ifrnt negyloel (2903 an2 300 kcal/) u~ga~
~:~\1200kcal/kq for Ithe oimnaSoo~ Vabl 13 

initialand fial indvidual weioghts wr measred Ion Iays2 'and, 49 espo6'--j 
tlvJ4'1ely'gain, 1reod and wate woro providod ad I b um, t oi and, 	 ~d,consm 

Crcassmoaaurn procee s wo-talodeinti those In the j'peaus st io--I 
In~this study, 6brds; r~grotup dietweoed for ca-sas s meats.w Carcass LO*4compostion wa aso 'perfore inthissstudy.I 

v1v i I ~N 

,L ~RprtePr Dcve ropt 1xt,187L 	 I ISI4 Fc 8 



lio~ I Na 1r51o1a 	 d,
IM ~ :	 a 60 70M 

as Omogant a I,nS,aTmab enC ic t th o ot at, 'an t 
g'1~d nth 1 ad15og~t~ta Ad'e0M'Catrls
~A1~jawn.t~.l 


onrot~ and"-s "Cweobton~dail~ ~,W~ a 

()'R' G a 0%Lpiu, ige M es 

in this sturl~ady,' ch cons o tiigt5 r1'ssa 
o mau1ar t dyql nu 120 cacs 

ra' stoc nrl. o al 4 hcos' o doa~ih2 6 on po-,s, 

gane wogtai ae-1 soe hnddtecntos 	 ~ r ltM 

SooGrahs' an 2 Caras yxoield watsigoundo'br igcour a h oerMso-

Tw hundred~ male',TITAN birds 35 days of age e a rnoizeod accordn"weighI ndpaed inI o2 uitaI 	 per _dIhal, leta 

,rormulatea.according ;to AEC requiremniots, c~ntaiind n 

,%~Lemna,0.3%,aigl .5 Carovat ( comrilpigmoer . and, :a cant a
 

Agai,"dets an c, (3000 ikcal'/kg)- us I, n - a
 

f 	 if%,'ern,? sorcs 

ereIsontroonou Is'ocaloi 
200K /gd~ldLma o,-il 1~5.Qniial -and~fia weig m F r
 

' recordedat~35 an 6days o ag repetvely. Fooqconsumpto.and, fnal
 
Spigment.-measurement procedures wr dnia~otepoiu suY
 

(2 Ro2,u Its 	 ­

-~Tabl 16 	how.s the pigment. obt aind on t al skin *f broilers (36-56 da s, oa 
ago, rc-n ifernt'4orcs.Thehihet'pigenatonwas obtainod' I ~t.M, 0..6 

mariago ld 	 e G~iiraph-Te snoct s ifooc e;h3, e ti,' n'h .gie 

, 4 asmall increase in tho caraivat group,, 	 J 

2. Summeiry: 	 tfso of, Lomn oin Droilor&diots' -

The doroG Illwlhgi Intochickens fcd Lomna spec es a 
~~~~alvauoduTf dcos2000 ,Kcal/kg 'use , ato, t t 

4study. Whnh Evleo Lemna used'to formulate tha dIe't4was 200 Kca9 
 Cr dft~hanqa4In~~6i Lemna a' aIrterup to '1 IdIa 	 r 
Schickens 
 fad a4 sancard(di'et~.
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nr to, noasca h QI~.of mna. sod ~.t 

Lono, o1is0w,~
L o~'FnishorQDi op 

Eprimental :dsig andpoe res 

This-stuJdy waG'porformad on a coercilsotup with th oco1l1ab a ti o 

AAVICOLA HA~fNNN who provided theoani al pus pro es
 
sinl pron 'In'this study Nan'd 'F300"
w_eused' BOC~oo. day .ol'd JITAN^ 0 

Acros birds (50% mnlos and.0% females) were housed In a Cornorca al' unit' 
located in Huacipa 

Tno an~ial ware sopara,od into 6 male unpits 3 Titan an -.A 'un ts and 

erf emna speci Is, In 'the~otwsused
iis 
weore fed a clot (Nicolin a g ou . s ,,.Atar,,, 

6-e e 

commerci-alistarte~r thrk e,fir st ,21 "da 

this perod,. they wr suppitd the a~ ad theaiots-cc tatiig '5%Lemna, c o nt. 

Bj~irds wereJo~d a commercial diet an~d water od .ib iur On, day s m ,­
ut) wohdftort oiqhig,, o now,
 

SQporirmwptal diets were suplied to each unt rhdiet~s 'conise a-cnt 
apc~aadiotcntainig 5 Lomla, using'anM of 1200kcl o hcauatn 
Again, food and water aeosuJpplied ad 'lbtm 4 hd 
49.~ 


grus(approximately 60 :per wereioJ2'A 

.9 Onthese datos,1pigment was also measurdr'nove'y5th bir'uigte Rche 
fan Cnsuptonndconer~sion was calculatoda the. end a ,Lthe study. day 49 

as inthe previoaus studies, . 

AllU groups fed 5 Lemnanhad increased.woight~ gain com~pareo athe,groups 
fed a stan~dard dit Sooi 16 reutngfnal.ts, we'r a.geTable The woig ala'y 

onbrsfdLomna spcieowhn coiparod at- li'ccit~l/o both 1e,,nj ' 
bohfemlesandmales, Pigmentation ofthe'0idruesa' o lvlG 

~was igni ricarjtly, lgher in al:'ga ~swhen cornpare d' to their co nrols 

>,~- n~ 'J5~ f Lomna to~ foeod-b6~V 
3. Summr 'a mac 

Thefinl 60 fed,5% ejmpa'wiI'310 cantrol'rsudycor paed roiers 

chicken ojiro In a coni~oori'al farmtothgUSLddol'butd
fed a diet 


crup fed Lomna'had a sinifian Inc es it ' 3p :compare
 
Stha controls, '~
 

Lmamay substitute' for 'f ih-:moI n1.t, o,do 'al 4 ior, chicks, ''j -I 
,Places like~ Poru fish-a s' in cocotato D up-to' osea of ton -used 

~ccn in Ing a, high lovecl of 'fis h. cal may be associatod wlth :bltac omt a eoc 
effect. lin chi a daeiOS a f!O'l~~.s1 Y ;~ a a a1 979 

Li ia t. , ar'o 9S -. kvced~ LOUSAi 



L:a otrnpotaaobeq Ih - o' coroitivanc t 

Iprfor a of'Leqna spoc Ia substltutor ,n,!for varying' omou rtna-f 
con~ve'tonlF protein 
 iostot
n contralied' isocal or c an sIonn contituent 

~ gonous fooedngexperiments~ 
Thisstuy ws prf9omd to oval ate Lona specles as a foodstuff for
 

growng his.~ Mad previously Lomen a,specios a
We'~ tostod itho ~offects' o~f 

goIng chicks--using thie ME of- 2000.)Kcal/kg*At~ie p the roos estuci
 
jThis ME was later demonstrated to be twico~t at founid when baby, hi ns, were
 

~tostnd' -

-n,I ~apreliminary study using a diot ormu'ated~wIith an Eo '00-cal/9
 
for Lemna zpocfo,, we found an incremeontal dcllIn'o tn the grow hlrate of
 
chck ast percont f VLema secies In tha r,diot was lincreased It ws
 
Intresinghoweverthat when these lowweigh&ch1icks were subsoqupntly', nan 

~to a stndard cntrol) diet, their rate of weightZ gal ,Was rgreater!"ta t t 

1.Exermetal design:> i 

In,,to,.crrn std w e chiicks from brhon-Lemn speciesfrult
 
at the arrpiricallydei±ved ME value of 1200 Kcalfkg,
 

a. -Starter periad 

Thdrd,~on a l Ti.tan chick~s, obtainodlocal-i from, Avcola Hannan 

udr' repic hanuis emanaie atgb degee i7 d- a 

lot :contain ngz'cti'aiowing,d a' 

GtaIn0&#'d di~et not~ containtng Lam a, spoclL51iTh Vaniod sngadcs,.eore 4~ 
Mr alue of, 120 Kal/kg riomqma spce, All__ 6 ad th~ao wa

Soib , 
warpwJ gh During' ho operiL p tal arto~d, A s~ conspump tlI as 

sup e dlbiut h n of thoexjperiiortal- 2-day thuabirds 

Pira studioa had m ta 6tatc cc s ad Lomna s c a1 lf
 
ad thnfod a norj.do exhibted,-ae s ~ io

fed anormal diet, Is'q £c# OriTri~Vhn~o h 

Lesu IRcpart byLe Peru D c e Crc tAS=ID...1 a~ 
~ii I5-k 



--

av o, o ~ a - i l o h 
Lyexrin o ah o n j 

ab, vo-S; 1rttI 2' 0~ ~"I' t emoge-q a~ ta 

~ros,~o~ 1e0eAIJaj.grou orMa Zniaon. to~~~ feI oo * eWaso 
n tI edt s pond~ Lobindspccje Lnq sa 

(rcuproato period)'.ret~a1%~LiI~aiue~o 1~ 

Lqrn ~sedos-as Lora
a fe fedie 

n t 6 (205).SoLGaph4 1 haC~o ickae cfdmr d0aetmpce tin 

Moo ~a'-20,Lmnseces tefeed conversion ratio1jIn chtck I, t
20% orswa IUwej than th'at sof~ n controls o 

Chcmanando~ en ioisfomday 3 to day 4 or had 
Sdecroased, wei comiparod ;'o ,to coutro I docreaseul wag' c'' aoht, gai n The t.* 
to ~ whnLmn nsaoe15 docotosw'sinificantly loe ocnta 

Lxcoseclos,eAntoadiet thu rodcn a not rise infed convorin '.rat as. See" 

~ '~-able 19gand Grph arnd 6.. 

Chicks previouisly 'fed Lomn a species duripo theo 0733day pariod'andV 0e, 

switche t a standard starter dietr~a better wJoight ,8 Itad'tec 
grup Inti group co nsupptiona as mintained at lev~els simila'* to th'a c9 trc,1 

gruih sihl1owir conver ion rate 3 compared to chic a fethe contro1 

,.gn1i cantly- lower, wegt gan and food consumption'rassoci.ated, wit,,hgh6e foed"' . 
an-'~o~rt~ ~ La- specieor up todid' chicks' fd theame loe 

)3 days ad then switched to, a sandard dfot- 'to~,ablaya'), '1e
 

A
 

+heT us o doscontaini g up.to,20% 'ama'spacis appear66'0a0i 
satcfc~ryfor chiknIna' the first Week a fe 0 s2w ha6n anr. 
apprpriae M wii~tsd to formlatethdi. 

tho_4_,r~oerod had c oa~ wegh ,aga In, campa-ed' to-c ~oala' Th' 
decras wa siniicanI ahcosecdpot 1%a aaseIesn 
diet', 

Lea I 'Re heYPe u Duckvtd Copto USAID, ves er,1937 ae2 



Y,o r b * ~' ' 
se vd1t at ;; d,,L m Ua s e b T. ir t-tc,, a,o5ta dar ' 4 

e uou ire~ 
Wot d,poc ere. is ~ ~ a 111y inp s~ ~a or oyb sa re~c sti ~.a d 4tna~useo1~~ar~s in i~4 

ochi kenut r 9 s ds wil 0ed Co ctima te 0 O f ,Lpe i i g g o tp r t 6~Lmna 
151,.

sp~Isp a O per aions , .15, n6 

It ma forned c~ for
 

wold ses noplet t y , t
ll acme wher eosf l Infam nt sVr'pae 1ucePaa oe ta sh m a or s~teb an sa , c sy n a 
m~laan 0~ not,-

td autrs will~
 

~wewaros~1 e r e1--h r exa e e 0chcknfcs col od /'t .l b Fa bA 
a t v nutr en s r ar ce '0.afte h ar Hnd ed Loingc a t A 10 eo o 

ttou th Be ac or)'tbe fed Ie t o th a~ a ThPd em na' 

Sytm aotho tratmeto 
 o wa,r a U~ .a 

whic coal be'n torf an uc-a 

Ime oftESY 

wherecorncan~b rown and mos AW H 5CuVery a th2SevUpj~a a high~o bov 



V. PROJECT RECOGNITTON
 

Thu Direc tor u t AID E1ou Cho Roc.tor of trh DoUnivorsidad do Agrar'Ia both gave 
speochus it Moe dedication Ceremony of tho two ChIckon installatieh. constructed 
with joint fund] by the Project and tt UnIversidad Nacional do Agrv-,Ia. In 
addition to hulldinog) two major 0wpr in-entx, chick on housos, the project also 

provided thWeli materlal for at least 5 stu"entS at tho UnivorsIdad Nacional 
Agrrarla and on" at the 001v{,.iu"rduct Ri cardo Palma, rho Lemrnta project was 
featured in a magazino article and covorod on local Peruvian TV. UNICEF also 
mace the use of tema In thie dit the nukjoct of a day long seminar on non­
traditional uses of animal feud. In addi tion. a video was made demonstrating thu 
project and shown to organizations such as UhDP, NYC. and foundations such as 

Ford, Pizor and Rockflor Foundation. 

tLtearAReport by t e Pt:eN ;aveeJCroup to FISAID- hovesber, 1987 - Page24 
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TABLE 1 

r,,N, FIR-L:2IDT rihO.. rF, U M FAT ANI,FHt. AT 
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TABLE SA 
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LAY~r 

-..-----------------------------------------------------.--------------
CoIE,,SONTFC-L LEI.IA Is 1,'OLFFIA 1 
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,5, , : 2 Si Si 

',IS.J ,% L M'; S
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TABL E 9
 

Frequency of Campylobacter, Aromona %pocIon and Pathogenic E.
 

ol I in layor hun-, fcjd control and duckwted dilett 
........................................................................ 

Diet latal Campyl ot)ac ter Auromona Salmonella 

v., oS- iydroph
I 1a 

Control 10 18 (18%) 1 (1%) 0
 

Duckweed 100 24 (24%) 4 (4%) 0
 

f ,qt,ency of Carpylonacter, Aoromonazs and Salmonell, species and Pathogenic E.coli in Marki 
Froe Range Pr-.iler Chickens In Lima. 

OrI n Number Campylobacter Aerdmonas ETEC EPEC Salmonella­
of ,,x.ples of Samples species species
 

S r,rna o 50 25 50 (50i() 1 (2%) 8 (16%) 2 (4%) 0 

• **.117 . 3 72-(F,%) 7 (6%) 1 ((1%) 1 (1%) 0 

. I(13%) 2( 0
 

10A, 1' i3. (7mg) 8 (4%) 13 (7%) 5 (3%) 0 

i;re ,umber of cnick,, ",ampnod fo' Campylobacter in the rrket and In the University were 
, and 11 re.pectlvely 

r whI I
! coil prociuc: either or both ST and LT enturotowIn 
F..ceo whtlob are cteropa'ooeric
 

,TIO and EFIC [.cel wore detected ifing DNA prnbes.
 
:.,Ir.,r-,ll; typhl was not isolated.
 



- -- -- - -- -- -- -- - - - - - - - - - - - - - - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - -- -- - - -- - -

------------------------------------------------------------------------------------------------------------

- ---

T ALE 10A 

............. (IFL1-TEL!,E LESIOH5N 
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