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PROJECT SUMMARY

Sewage grown Lemna, with 4 protein content and amino acid profile similar
to soy meal, can bie successfully used to provide the protein component in poultry
tirets Acceptable Ievels of Lemna in tne dices of layers range between 5% to 259

ot total feod Lemna fed layers produce more eggs of the same or higher quality
as controls bards fed standard dicts.  Levels of up to 15% Lemna produce cqual
qrowth rates n brovlers ang diets consisting of up to 1%% Lemna species are

i
suitable tor fonding ehicus under 3 wecks of age.  We have also demonstrated
that in commcrcial poultry farms S% Lemna diets procduce higher pigmentation and
equal or better growth than do standard rcations.

Given that corn anc soy meal, the key tngredients in pouliry feeds are
imported, Peru stands to benefit from forcign exchange savings through the
developmant of a4 sewage-Lemna-poultry industry. In many third world countries,
where fish meal and/or soybean arce unavailable, Lemna represents a potentially
abundant and easily uvtilized source of high quality protein which can be produced
tozelly unang unewplolted rescurces such ast sewage or waste animal manures
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I. INTRODUCTION

A. General description of Lewna

Duckweeds, (Lemnaceae), a family of small freshwater macrophytes, are the
smallest and most simple of flowering plants, ranging in size from the Spirodella
polyrrhiza, which reach 1.% cm in diameter, to the pin-size Wolffia arrhiza. Thes
floating plants which grow in dense blanket-like clusters on the surface of
nutrient-laden, open fresh-water bodies have, over the years, recoived con-
sideratle attention ftrom sclentlsts studying basic plant physiology and biochemis-
try. The unique ability of temna species to reproduce by cloning, combined with

helr structural simplicity render them ideal experimental organisms in the study
of plant cell function. (Hillman, 1961). In recent years, howaovoer, the focus of
attention has shtfted to Lemna species’ potential as a biological agent {n the
treatment of waste-water, (Hillman and Culley, 1978; Culley and Epps, 1973
warvey and Fow, 197% Rusoff et al., 1977, Porath et al., 1979) and as a byproduct
of that process, 1ts utility as a feedstuff for fish (Shireman et al., 1978(a) and
1578{b), van Oyke and Sutton, 1976) livestock (Rusoff et al., 1977, 1978, and 1980;
Hillman and Culley, 1978} and noultry (Abculayef, 1969; Muzafanou, 1968:; Truax ct
al.. 1972 Mutsar et oal., 3576, 1977, 1978{aY, 1978(n), 1978(c); Johri and Sharma,
1988,

ihere are 4 commorn goenera of Lemna wpecic., {(Loemno, Spirodella, Wolffia and
wolffirollu) and more than 48 known species vith a worldwide distribution
(tMcClure, 1966). wa found twe species of cuckwced, Lemna gibba and Wolffia
arrhi1za, grow.ng naturally on the San Juan de Miraflores oxidation lagoons in the
soulhern cone of Lima, Peru. Lemno gibbo, a duckweed with a pea-like gibbous
structure and Wolffia arrhiza, the smallest species (8.2-8.4 mm), were found
growing in large standc in tertiary lagoon effluent and lagoon runoff. Growth
nlcoms at San Juan de Miraflores are seldom coincident, resulting in pronounced
swirgs in the percentage of the two species, although Lemna gibbao was always
dominant.

B. Project Rationale

The nutritive value of Lemna as poultry feed has long been recognized
within the ucientific comuunity (Boyd, 1977). Among more recont studies, Truax
ct al., 1972 demonstrated that debydrated Lemna, when substituted for dried
alfalfa meal as up o 5% of mixed poultry feeds, produces superior weight gain in
ehicks of up to D weert of age.  They attrituted thic phenomenon to Lemna
well balanced amine acid profile. Truax et al., 1972 also demonstrated ir
comparative feeding studies, that chickens fed diets consisting of up to 19%
Lemna cantistently welghed more than chichens fed diets containing similar
percentages of ailfalfa meal, as well as chickens fed exclusively on an "optimal"'
control diet.

specien
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Duckweed has also been proposed as an aquaculture mechanism for sewige
treatment (Sutton and Ornes, 1977 and Oron, 1986) because of 1t's high growth
rates and tts ability to efficiently extract nutrients anc trace elements from
water. The melding of these two concepts suggests an efficient, low-cost sewage
treatment process which produces a high quality poultry feed constituent as a
byproduct.

wWe decicded Lo tirot test the demand side of the cquation before concentrat-
1ng on the more expensive Supply side (.o, vngineering ¢ficient Lemna species
based sewage treatment facilities). The Peru Duchweed project was therefore
designed to test tne utility of sewage grown Lemna species as poultry feed.
Successful results would warrant subsequent rescarch and rfavelopment offorts to
design efficlent nmall and large-scale Lemna species baseu sewage treatment
facilities.

C. Project Objectives
Ihe overall project goal was Lo determine the safety and efficacy of sowage-
grown lLemna species as feed for layers, brotlers and chicks., Specific objectives

includeaed:

1 To determining the pathogenicity and toxicitv of dry and wet
harvested Lemna Specics,

2. fo determine the relative contribution of Lemna species
supplemented feeds te the prevalence of human enteric bacteria in
poultry.

3. To determine the acceptability of fresh (wet) Lemna species as 2

feed supplement to commerctal poultry feeds.

4. To determine the metabollzable energy of Lemna species meal as
feed for poultry.

5. To determine the relative effect on egg laying performance of
Lemna species substitution, for varying amounts of conventional
protein wtituents {soy and fish-meal), in controlled isocaloric
and tuonitregenous feeding experiments.

6. lTo determine the relative effect on broiler performance of Lemna
species wubutitution, for varying amounts of conventional protein
consiituents, an controlled 1socaloric and 1sonitrogenous feeding
experiments.

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

species substitution, for varying amounts of conventional protein
constituents, in controlled isocaloric and isonitrogenous feeding
experiments.
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E. Horvesting und Drying

The prevalence of a brisk souchwest breeze at the San Juan site ensures
Lemna speciew crowding against the northeast shorelines of lagoons, Lemna
specles was manually narvested by lowering a tined leaf rake beneath the Lemna
spec

i from the perimeter of the lagoent and manually removing 1t into a
wheelbarrow, bucket or plautic bag. The wet harvested lemna species was then
Laken Lo the Food Processting Plant at the Universidad Nactonal Agrarta (UNA) 1n
Lima.  There, the Lwo species wore “eparated by washing them through seveital
nleves, Lemng species vas then sun dried to approsimately 40% humicity on
conerete aprons.,  Orying was completed to 184 total moisture using the Food
Procesting Plant's forced air oven for 15-3%% minutes at 60°C. Complete sun
drying was avoided to minimize pigment lous through ultraviolet exposure. This
method encured the retention of high xanthephyll levels (900 - 1800 ppm) in the
finished Lemna meal.  The dricd Lemna was stored at room temperature in 209

liter bluck plastic feed sacks.  Tnis storaqge method minimized protein and pigment
loss, with no wpoilage occurring for the duration of Lhe Study.

F. Charactoristics of Lemna specion

Blochemical analyaes of drted (emna wpecles samples were conducted at the
IIN and Purina labhoratories.  Results generally confirmed expectations.  Protein (N
x 6.2%) content 1noparticular, which ranged from 2L% to 39T, was well within the
cepetted range. Values for protein, ash, carbohydrate and crude fiber of samples

Laren from neveral harvests are preseated in lable 1.

ihe value of {erna npecies as a fecedstock 1o highly dependent orn 1ts amino

actd profile.  Amino acid analyuis were performed at the laboratoriecs of both Lhe
University of Maryland and Johns Hopkin% University on samples harvested from
primary, wecondar, and tectiary lagoons. The amino acid profile of Lemna species
was found to be suimilar to that of soybean:  nigh 1n lysine and comewhat

deficient in methionlse relative to most animal proteins, Inttial results indicate
considerable variation belween samples. See Table 2.

eoprotedn content of Lemnd Lpecies 1% wensitive to levels cf avallable
nutriest an the aguatic environnent (Humphrey, 31977), Consequently, Lemna found
voorelatively clear, low-nutrient soters grow. wlowly and contains high levels c¢f

Coude fibher o aon oang ¢

Chobpdrates . bul relatively hittle protean, In contrast

LML Grua on

Lagoonsn grows rapidly asd hias o hhal proteirn content.
;

Wi also analyzed o icw oof Lemna species taren from an unmanaged stand in

Lagu Titicaca neas Puno. flecua, Lemna specisos from this stand had a prctein
content of 184 and u relatively high fiber content Ihese rewults are

characteristic of lTemai species Which hias nobl Leen barvened froquently.

xanthophyll (pigment) i, from a commerciial perspective, a very important
component of Lemna wpecies, and deserves specific mention The xanthophyll
content of wet Lemna species harvested from the San Juan lagoons was found to
te extremely high - up to 1638 ppm.  Exposure to direct ultraviolet radiation
results an raptd degradation, howeser, with xanthophyll levels as low as 282 ppm
recorded for Lemna species completely dried in the sun. See Table 1.
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II. THE EXPERIMENTS
A. The Pathogenicity and Toxicity of Lemno species Meol
1. Hcavy Metals

The upteke of toxic elements and compounds as represented by the ash
component of Lemna spectes to highly dependant on the richness of the growth
medium, In a high growth phauve (1.c¢., suitable temperatures and high concentra-
tions of nutrients in the growth mudium) Lemng wpecies piants grow extremely
rapidly, continuously dividing and subdividing. bLach plant, therefore, maintains a
"young plant” profiie. high protein, low fiber and low ash. Heavy metals,
complex organics and jnorganics represent only a minuscule portion of the entire
plant biomase. In conditions where nutrients are constrained, however, Lemna
specics plante grow old - procecssing large amounts of water without subdividing
or sigmificantly increasing tneir biomass. Lemna species in this low nutrient-low
growin phase acts like an organic vacuum cleanur; absorbing virtually anything in
it effort to grow. It can directly employ complex organics as food, rvixes
nrtrogen directly from the atmosphere, and removes trace amounts of phosphorus
from L water . Having survieed for some time an such a "hungry" condition {low
nutrient) Lesng species plants have been shown to contaln surprisingly high con-
soof toste minerala anag metalys (Mustar et ool 1676).

Cenurat Lo

e o tee Lhe heavy metal onntent of the Lemna wpecion growing :n primary,
cecondgary and tertiary jagount at the San Juan site Dricc samples were sub-
Jected to standard tenting at tne 0SHA laboratory in Salt Lake City for the
presencs of tosrie substances.  Lemna specres taken from the primary lagoon

tested positive for Zine (.9063%), Antimony (.0126%) ano Copper (.0066%); Lemna
species harvested from the secondary ldqgoon tested positive for Zinc (.8831%);: and
Lemna species taken from the tertiary lagoon also tested postitive for Zinc
(.8p224).  All these values arce well below toxicity standards applied to feedstuffs

i the United States.  We can conclude, thercefore, that Lemna species harvested

AT H

e San Juan lann

noounder conditions of normal growth and frequent
Barventing are cnesacasly safe for buman or animal consumptlon.

2. Human Polhage

[1 numerous replications {over 30 samples) Lemna spectes taken from all
three San Juan lagoons (primary, secondary and tertiary) were washed in fresh
water, and then cororenenaively tewted for the presence of enteric bacteria, In
these studies when very welective conditions were used for isolation of
Salmenellae we were aule to 1sclate this bacteria from both the plants and the
water Other patnongens rsolated from recently harvested wet Lemna species were
Acromonan and Vibric species Both, like salmonellae, are common cnvironmental
contaminanty found in fresh water lagoons and on water plants under natural
conditions we were unable to detect the presence of these or any other human
enteric bacteria nn the draied Lemna species meal. We were abie to ~onclude that
gried Lemna specten meal 1o hacteriologically safe as a feedstuff for animals.

lLesna Fepore by the Peru Ducwweed Croup Lo USAID - hovesber, 1987 - Page 7



Bacteriology of the fan Juan 1agoc

The San Juan oxtdat:ion lagoons are used to process sewage in the Southerp
part of Lima, We examined bactertologically at avout biweekly intorvals thoe water
and the Lemna planty 1n & primary ., socondary and tertiary treatment lagoon, onm
September 19895 Lo fovember 1986 . The tollowing assays were performed.  we
cnumerated the fecal coltform and total atroble plate counts. We also
Guantitatively determines the concentration of Atromonias species in both the
water and the Lemna plant using Ampicillin contalning UBlood Agar. We also used
1CSH agar to {uolate and quantify the number of Vibrio colomies.  Salmonellg
tpecies were fsolated using double strength Selenite broth. The fdentity of 31
stratns was confirmed using both API and other appropriate biochemical tests,
Total plate counts and fecal coliform counts were performed using Standard
Mothodu.,

Hesults of Water and lemna Bactericlogy
We found that Lemna concentrated bacterta from the water. Sce table 3. Ymis

finding nas been reported previously by Lpira et. al.,in Bangladesh (1981) ang
Gilman ev. al.. o India (19875).

Coldntson lanuons, are able e prudnoe considerable decreases in the
contentration of fecal coliform Lacterie and parasites such as Giarcdia lamblig.

ihere win howeve s, o paradoxical Instreawrs an the concentration of Acromonas
species and Vibrio cholerae non-01 15 G necundary and tertiary lagoonrs in
comparinun Lo cancentrations of theue bLacteria found in the primary lagoon.
Thnewe two bacteria are not normally loocked for in water Studies. Yet, there g
strong evidence tha! both may be enteropathogens responsible for human disease,

Yibrio cholurue was not isolated either from plants or water in any lagoon
from the middle of July until the end of November in 1986. At 411 other times
however Vibrio cholerae 91 was isolated reqularly from both water and plants of
both plants. In the tertiary lagoon when Vibrio cholerae-non 11 was isclated jt
@At nearly alwiays 40 concentrations above 3.0 log1® CFU/m].

Salrmaonella wpecies we ¢ 1aciated reqularly from the primary lagoon but .,

YA
tnolated only 10 147 of the wato- namples tamen from the tertiary lagoon. Fecal
coliform counte drcreased from ¢ o 10430 CHY o the pramary lagoon to 4.9 logip
CHU in the tertiary lagoon (pe ). Lemia plants had & similar significant decline

Inocontentraticn bt wiith olignily nighers corcentrations of bacterina,

Haosed on trege rosults fecadany of wet Lemna Lo chiickens or other poultry
Tay be able Lo trannmit enteropathogentc bacleria. Dried Lemna 1n contrast,
carrtes Jrttle Lo no rise of ura

isuien of centeropathogens.

N Othor Voctors

In the tertiary 1i1goon, we observed poriions of Lemna species that woulgd
turn white and eventually lose their buoyancy in a slowly spreading (outward)
circle. Tnis probvlem is particularly apparent during periods of s]ow growth
resulted in sign. ficant reductions in plant populations in certain lagoons. During
high growth prases the population qrowth far exceeds losses from the infection,
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A common fungus, (Oomycutus) has veen 1solated from dineased Lemna upecices
samples by the plant pathology department of CIP (Potato International Center)
and 15 a possible Lemna wpecies pathogen.  turiticr studies will be required to
dyatermine whether or not thie hypothewis 1t correct.

Crowded Lemna wpecien populaticns (conditions for low growth) found {n
primary and secondary lagooans, were vccatronally i1nfected with aphids. Parasites

¢o net appear Lo sigeificantly affesy fast-growing populations.

4, Surmary

Lemnia species growing 1o the San Juan de Miraflores sewage lagoons
represents an excellent polential <ource of rrotein Tor poultry feeds., It grows
rapidly, and {5 ecasy te harveot. We were anle to fsolate Salmonellac, fteromonas
and Vibrio uspecies from wet, recently harvested Lemna Lpecires samples vut could
tvolate no human enterie bactersa from dried .emna Specien samples.  We
concluded that dried Lemna specios 1o Lacteriologically cafe as a feed for
chicher, bimilarly the Lemna species teoted negative for all but a4 few toxic
clement, and Componnds, a4 thons that were datectod were well below USA
recomsaended safety leviely for feedstuffs.  We concluded that Lemna is both
bacteriologically and chiemically safe as a feodstuff for animals,

a. Tho Relctive Contribution of Lemng L2 the Provelenco of iuman Enteric
Bocteria in Poultry

Intrection of commercial soultry flocwks by Campylobacter and Salmonella

species is communly reported throughout the world. Prevalence of Salmonella 1n
US commaercial poultry ag high iIn some cases approaching 80Y. Lemna would not

be a sate tngredient  1f 1L caused an increase {9 Lhe rate of enteropathogenic
infection 1n chickens fod Lemna cempared to chickens fed a standard dict. we

also sougnht Lo determine whether Lesina feeds might contribute to infection of
pouitry flocks with other human rnteropathogens

sles trom o live Groiler chicwens collected at random on
flve ceLarate cLoar  one from tie Gt fernnt noult~y wholesale centers in

TENEOLOLotan Lm0 el an fee Tt e ahiiokens Trom Puotleon Jovenes, See Table

wloed o coniutavely that Lemna species feeds do not

Corlribute Yo yoocaned IR RN O IV A

BT en i,('!’D:);l’,'l(:f‘l‘ri JORTS

4 tayers (Table
arrel o onickens teoyed positive for

intly lower numbor of samples collected
from exporimental cnickens wert found to tewt pesitiva. Neither markel nor ox-
peritental chiicrer

Jioo The whgority of o

Campyloracter upecing, while o slan. !

sotented pouitive for Salmorella specing,
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while we did not test for tne presence of common poultry diseases we were
able to satisfactorily conclude that Lemaa species meal does not significantly
increase

Only two ntudy chickens died during the
signsficantly lower than that expericenced by

eatire ~tudy period |

c. Acceptability of frosh Lemno os a fooed supplerent to commnercial
poultry fecds

Lemna, consisting of between Gt oand 9%4 waler requires drying, since it is
generally uned as a dry, sLable foond stuff which is then mixed with other dried
feed components. Drying adds to the cout of production in any commercial Lemna
progucticn proct We decided to eramine the potential for directly using wet,
unprocessed Lemng 4% a feed supplement four broflers.

W succoensiully demonstrated that commercial feeds can be supplemented

wilh 184 fresh Lemna species {(on 4 ey weight basis).  This effectively doubled
the feed bulk, providing most of tne liguid requirements of the chickens, as well
as a 1%F proteln supplement over the existing commercial feed nrotein content.,
The 1ncreancd Lusk of this diet limits toe 8% tne amount of cemna npecies that
can Lo ouaed wet Lover circumstances where transport 19 not a contideration this
may be a4 sostalle Torsoot nupplementation, Onicxens accepted the 184 Lemna
wpecies supplotested fecd with no apparent dirfticulty.  Lemna specaes fed to
ChiCrenn 108 o wet condition, potentially cuan o

anamitoenteropathogenic bacteria.

D. Drind Lemnu wpecies: Determination of the Apporent Motabolizablo
Energy in Chicks ,
1. Truo Motabolizoble Energy

Dricd Lemaa species samples {(19% humidity) with approximately 35%% protein
wore qupniied o a student at othe UlA foroa True tietanelizable Lnergy
4

evaluation (Siobald, 1963%(a),1963(b) ang 1588%). Her study, under the direct

supervision of the bUniversity was performed on roostaers. The animals were fed
corn alone or Lemos species {19 om0 and 29 gm).  Lemna species when fed
AL T different deseln showed Drltle variation anoate :tabolizabiie energy valu

The values obtained for the tnres Loo

Lpecans levela, (19 gmo 20 gin, and 2%
gm. ) were 2794, 0855 ane LT84 Fealfhy reapestively.

the [ values for temna specses are about the same as thene obtained for
toasted swoybean (Hill, 19685, Ihiey are much higher than TML values obtained for
other wage products such as sludge anc algae which have becen fed to chickens.
(Lipotetin et. al., 198@(a), 988(v), 1583 and 1984). The T of Lemna (2783
Kcal/kg) 1w more than twice as high as the Apparent tetabolirzatle Energy (1200
Keal/hg) determined in baby chicks.
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2. Apparont Motabolizable Enerqy

wWe performed a4 study to meature the Appareny Metabolizable tnerqgy of
ia wpecies (Lemna gibba  ane wolffio arrhiza) on fiaby chicks. Two methods
were uned for the determiaation ot the Apparent Metabolisable Fnergy: a) the

Lem:

Total Collection Method, and L, tne Ingicator Mot aning Chromium Oxioe.

Thee rosults b taaned «oth the total collection method (1079 and 1146 kcal/hg
for Lemna at 23 aae W30 esele regpectively) were slightly lower than those
obtaines by the andicator petnod (1382 and 978 wcal /g for Lemna at 20 and 384
levels ). However 16U warn octdent that tae total collection method was a much
more accurate technique.  Lee table 4

These studies were done uader Nighly controlled conditions. Trom these
results we think tne

be_upecld
It would

teally calculated for the age and possibly
it ) ) npear that young birds do not digest

na species nearly as well as {ull grown coosters. GCther wtudies also have
whown diftercrncen an the ME with age (Feteraen et al, 1976)

Le

£. Loyer Study - Determination of the reolative offect on egg laying
porformaace of Lemna spociou substitution for varying omountu of
conventional proteln constituents (sey and fish-meul) in controlled
lsocaloric and lsonitrogenous experiments

Our vrudicn were  denigned Lo examine the safety and efficacy of Lemna
meal s o nource of protein and prgment for Laying hens, and to evaluate ils
tmpact on wqgqg laying perforoance and egy quality . We performed the study on two
lines of layers, Topasz and Whaiteline Leghorn Hen,

'

1. mriHons

a Moetabolicabtlie Fnecgy (D)
The ME of Lemna species was determined, using the method described by
Siboald. 1963%(a) and 1983) to be 2€30 kcal/rg in mature rooscters. This ME value

wWas used an the ftorsalation o!f the experimental diets 1o the first study

st
{expeviments T and ). The MO was later estamated using young broilers (9-21
aays of age) The new ME value of 1200 keal/hg wits used in formulating diets

for all  succrecding ctudies. The latter valuse i closer te these obitalned by other

rocearchess, yoing baby chicrs.
4] viet tormulation
All diets were formutated accerding to ALC requirements. Ingredients were

putchased locally from the Ralston Purtna Company. Dried Lemna gibba and
Wolffia orrhiza were fincly milled vefore preparation of the diet mixtures

5.

Lesna Repart by the Peru Duckweed Group to USAID - Novezber, 1987 - Page 11



All diets were formuliated Lo pe isonttrogenous and i1socaloric except when
differences 11 energy belyeen dicts was the variable ocing tested (oxperiment 1b),
Mixing of dicets wan performed in a smail maill at the UNA Food Processing Plant.

The pigmentation o! the C¢,ra used 1o the diets was not able to be standardized
because of the variabilily ot the supply.

C. Measurement. of Yolk and Shin Pigmentation

fhe Roche fan wal ulagg to measure pigmentation. Pagmentation in yolks or
chicken nhin wit not ablu to be comparced bhetween different experiments because
of the vartability of the pigmentation of different lots of corn supplied to make
cach esperimental diet.  Tnus, for example, comparison of plgmont betweon two
broiler studies done at ¢ifferent times and using different batches of corn 15 not

possible. In any one expuriment all chickens in the study were fed with the same
lot of corn.

d. Pene

A temporary Structure made of vamboo matting and fence posts was built to
house the Tayer c«periment,,  Individual pens measuring 2 x 3 meuers were
constructed within the “"layer house" using wooden frames and heavy commercial
grade fizhing nets, Lach ypit was provided with a feeder, an automatic waterer, 5
nests and bedding contlstyng of wood shavings pre-treoted for fleas.

c. Evaluation of £ggs - General Design of Operational Procedur-
co
.
During a 14 diay pre.eqperimental perivd in which egg production was
carefully observed and hupg reassigned in order to balance cgqg production between
pons, all hens received o control diet (sce tabie)., Feed and water were supplied

od libitun. §ecd connumgyion win measurcd weekly by subtracting rectidual feed

from Lhor wotal Teed Grovided,  pess began receivinn evpericsatal giet o on day 19,
ach diet group ronnanted of 58 nens (5 unitn of 10 cach) . feeding and watering
and foord conuurplion neicyrement protocols remained identical to those followed
Caring Lhe presc.perimentyl period Lggs were collected, weighed and ciassified
[SHRIEN EVEARY SRRV 0 n Carpling weer' {the fourth weoex of each 28 day

Lot erv il Guralno, e

o)

vl perioed), alloeggL were weighed and classified

oy vidua iy, an rang Lolocred "standard size” (U7 te 64 gm) eqGs were used
cuaiity measurements (ref). The parameters we used to
ure Whe quality, wWore spogh lnitn and yolh pigment. Haugh Untt was

measured uning a o wilde e (Lgg Cuality Slide Rule, Cesigned by AW, Brantx
Ko torrrs, UL Depl of aqriculture. The Kaw Co. Hennther, N.H. 03242 USA),

and the pigment was medt,eed using the Hof fman La ROGCHE colorimetric fan.

for ertocaal and tnterng

o
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Feed, water, feed consumplic:, egg handling and pen proceouros were the wame as
in experiment la.  Leyer wolghlys were recorded at the beginnlng and at the end
of the study

_xperimenst H2

f
{1} bxprerimental Design

Two hundred, 437 ween 0ld, Leghorn Whote Highline hens were distributed in

!
toa, and 2454

the pens groups of 18 oo NG oto o weingnt The crets usad in this study were, a

control (CF Lemna), 151 L Cemna with oan MO of 2880 kcal/kr (see

Table ). Lach diet group consrnied of 43 nens (4 duplicates of 19 iayurs each).
.

The study lasted 5 months including a4 2 week adaption period during which no
experimantal data wan collectea.

() Oprrational irocedures

fgg production bal, g procedures were ldentical tn those 1n experiment

14, Feod and water woeee sunnlied ad iibltum, and feed consumption was recorded
every 14 o daye. A otne end of tne pre-experimental period, the hens received the
exgerimental diety Campling weexn, pen procedures and eqg handling, also were
tdentical to thude n crperiment Yo, Heas were weighed at the beginning and at

Lthe and of Lhe suoaly

() Hioche

1otlry

In thin experiment, pratern measurements were performed on randomly
selected standard sise eggs collected on the last sampling week. £ggs were hard
cooked Lo tacillitate yolk and albumen secaration, and stared at 4°C until assayed
(Bair & Marion, 578). Proteirn was measured using standard micro-Kjeldal
tesnnigues with bovine serum albumin as a standard. Shell calcium concentration
WiS mednured on o ntandare size eqqs collected on three sampling weeks in
experiment Ya. Ghells wore digested with a HCLl solution (68% v/v), and the
calclum concantration win delesmined by Atomic Abserption (Tictr, 1680).

A Data handling and wtatiatics '

AL diata v colles

LTt nn . Wi ol wera then Lranstforred to Lotus 123

worasheels onoan b ard Boeraoull. dinen Cleaning of the data was
perfarmed on the Lotun worrcsheots cnce all nata was entered.  Statistics were

performed using Ot -Oauase. Fishe-s or Student U otest.

v . Calculations

Bata win Caioaliates on a 28 day basis for each 18 hen unit, except for
period one, where the fi-st 0 weeks (adaption pericd) are not included. In
acdition since no signiticant difference was found in any parameter stucdiod
between hens receiving Lemna 257 at 2080 ycal/kg and 29890 kcal/kg the rosults
from these two Studics have been pooled.
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Microbiological studied of Layers receiving cither Wolffia or Lemna in study
14 had no stignificant increasce in the percent of enteropathogens isolated
compared to the layers fced a control diet. Interestingly, in Peru chickens are
rarely colenized with Salmonella species, this was also the case 1n our
experirental chickens. Lee table g

[T Urperiment 42 ‘

inere was a gradual buil not cigrificant increase in the rate of egq
procuction of the Leghorn layers during the first two periods 1n the control group
during t. ¢ 2.5 months studied {(Tabl %), The Lemna 15% group also presented a
gradual 1ncrease in producticn durtng the first two pariods, with a subsequent but
not significant decline during the last period. Incluston of 25%€ Lemna in the diet,
scgnificantly decreased producticn during the last period (18 weeks), when com-
parcd to the control (p ¢ 6.82%).

There were no nognificant differences in consumption between the control
and the 15% groups except during the first period when there wat a significant
gecreane (p ¢ §.891) tn the amount of feed consumed by the Lemna 15% group.
Similarly, conversion values tended 2o be better {n the 19% Lemna diet group
throughout the ttudy. Sco table 134,

Mo ocnanges dn the mean g weight were scen with jnereasing amounts of

Lemna wpedior il ogroup whowee g gradoal signlticant increase in the mean egg

welGht Guer Lume,

The effects of dietary jevels of Lemna wpecies on prgmentation in this study
wire Simllar Lo the results oblained in experiment la {(table 4). Trknre was a

marked increass in yolk plgmentar ton 1n eggs from hens fed 15% Lo compared
to the control group (p < 9.881). [ggs from heas fed 25€ Lemna were
significently more pigmented than those from hens fed 1%%.  Howaver the rate of

increment in prgment was much less marked than was scen between the control
and thoe 15F group.

The

values obtaires for prote ocn eqqs collected on the last

pericd of Lhiin experiment are prescented an tabie 30

Cu. There wan a significant
) ag we.l as in the yolk (p ¢

trirease 1o proteln both oo the albumen (p oo ©.0¢1
0001 when 154 Lemoa and 297 were used corparcd Lo the control,
formal doar e bl tan tests of egos from both nen jincs, were performed

“uidae Laecional Agraraa (UNA), by well tratned panelists. Pigmented
yoiks were preferred over tne paler control yolks, and when rated, tte overall
nel ) ' 'Qnenrnncc) 0f the 15% Lemna qroup had the
ting compared Lo eqggs from the control, ZL% and 40% diet groups. No
unusual tasien were detected an any of the groups tested.

A e 1t
at Lha ung

ang
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v. PRQJECT HECOQUKNITICN

Tha Director ot AID aau tho Rector of tho Universidad do Agrarla both Gave
Lpoeches At toe dedication cercmony of tha two Chicken i1nstallation. constructod

with jolnt fund:, by the Project and tne Universidad Naclonal do Agracia., In
adgattion to bullding two major oxperimental chicken housos, Lho project also
provided thests materlal for at ieast 9 students at tho Untversidad hacronal
Agraria and oar 4t the Universiciad Ricardo Palma. The Lemna project was
foatured 1n a magasine article and coverod on local Poruvian TV. UNICEF also
mace the use of Ltemna 1n the diet the subject of a day long seminar on non-
traditional uses of animal feed,  In addition, a video was made demonstrating
project and shown Lo organicsations such as UNDP, NYC. and foundations such as
Ford, Pfizor and Rockfellor Foundation.
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Frequency ot Campylobacter,

TABLE 9

Acromona

specioes  and  Pathogenic €.

ivequency of Carpylobacter,

coll in layor tiens fod control and duckweed diets

Diet Tatal Campylobhacter Acromona Salmonella
Lamples hydrophitla

Control 138 18 (18%) 1 (1%) 4

Duckweced 108 24 (24%) 4 (4%) [

koromonas and Salmonell: specles and Pathoyenic E.coli in Mark

free Range firopler Chickens tn Lima,
Origin Number Campylobacter Acramonas ETEC EPEC Salmonella®
of Lamples of Samples species species
Cante Girandoes 50 29 sg (509) 1 (2%) 8 (16%) 2 (4%) g
[

AT 117 63 727 (88%) T {6%) 1 (i%3) 1 (%) g

. Sty 1 7 IRREETT S 8 4 (V3% 2 (7%) 0
TLTa 197 3% 133 (17%) 8 (4%) 13 (7%) 5 (3%) g
- ree r.mgu

ire number of chicken sampled for Campylabacter in

the rmarket and in the University were

LT onteuroloxin,

TPoand W1 respectively

FTEDL O coll which produce either or both 51 and
v L.eoll which are enteropathojeriic

ETLC and EPEC L.coll were detected 121ng DNA probes.

Lalmane]la

Lypht

wis not

icolated.
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The e¢ffecct on welght galn in Tlitan brollers fed varylng
percentages ¢f Lemna glbba at two different enecrgy levels.

Note: The diects wore formulated slng an ME value of 1200

kcal/kg for Lemna glbdba.
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