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FROM THE EDiTOR

WeIcome to the first issue of」ourna- of Anima- Productio= {」AP両011.しet me express my

deepest gratitude to a-I reviewers′ editors′ authors as we-I as 「eade「s for your supports and

COntributio=S. Although the tjme passes′ Our Objective remains that is to pubIish rese∂rCh findings on

訓aspects of anima- productio画一uding (1) production tech=O-ogy and ma=agement′ (2) breeding

and reproduction・ (3) feed′ feeding & nutrition′ (4) socio-eCOnOmic aspect of anima- production, and

(5) posトharvest physio-ogy and techno-ogy. In order to fac航ate easie「 access to a-I our articies,

Starting this year we have migrated our website to www.anima'productio…et. A-l articIes from the

first voIume in 1999 have been up-oaded to the new websjte and can be down-oaded freeIy.

Furthermore・ readers can easily se∂rCh our ∂刷es usi=g GoogIe SchoIar.

In thjs issue′ We PrOVide lO artic'es covering pou-try and ruminants feeding and nutrjtion,

mOIecuIar investigation on sheep′ rePrOduction of軸and Sumatra catt-e jn Indonesia′ Viabi“ty of

Semen′ isolation of Iactjc acid bacteria f「om goat miIk′ and inter-reIationship between body

meaSurements and p「ices ofsheep jn Nigeria.

At iast but not -east・ We be-ieve that the 」ournal of Anima- Production wi-l continue to make

Sjgnificant contribution to the adv∂nCement of knowIedge and technoIogy in the area of animaI

P「Oduction to provide sufficient food products to meet peop'e′s demand worldwide′ Particu-ar'y

those in tropical count「ies.

You「s sincerely,

Mas Yedi Sumaryadi

Editor in Chief
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Ba「Iey A=elochemicals of Gramine and Hordenine:

Their Effects on BroiIer Chickens

- Chaniagol)章, JVしovett2) and JR Roberts3)

1’Dept of瑞霊豊島謹書霊器詣豊器評OneSla

3)Department of PhYSio-ogy’University of New England, ArmidaIe, AustraIja

筆corresponding author e-maii壷haniago@faperta.unand.ac.id

Abstract. An experiment aimed at exami面g the effects of g「amine and hordenine, incorporated into diets,

On the growth and histoIogicai structures of the chicken live「 has been carried out at the animal house

COmPiex′ Analyticaiしaboratory′ a=d HistoIogy -aboratory ofthe University of New Eng-and. A「midaIe, AustraIia.

Five treatment g「oups (50 and 500 ppm ho「denine or gramine′ and standard feed as cont「oI) were

adm‘nistered to one-Week oId broiler chickens. Each treatme=t grouP had six heads of chickens and we「e

repiicated 6 times. Data coiIected including bodγ Weight and feed intake 〈reco「ded weekly), Iive「 tissue

COIiection for histological examj=ation′ and determination of gramine and hordenine in the Iive「. Data we「e

∂naIysed using A=aIysis of Variance (ANOVA) at 5% level of confident. Resu-ts demonst「ated that gramine had

more effects than hordenine on the animaI tested. A high concentration (500 ppm) of eithe「 gramine or

hoedenine was sufficjent to induce changes剛ver structu「e of the chickens as刷cated by ceIi vacuoIation

even though they were not necessariIy associated with reduced feed intake or growth rate of the animals.

Scab-1ike Iesions on thei「 feet during weeks 4 ∂nd 5 ofthe expe「iment were observed from the g「oup of 500-

PPm grami=e.　　　　　　　　　　　　　　　,,

Key Wo「ds : gramine. hordenine, Chicken

lntroduction

PIant aIIelochemicals∴∴∴are seconda「y

metaboiites (Swain, 1977) and are identified as

no…utritionai compounds′ Synthesized by a

Piant species that are able to affect growth,

heaith′ and behavior or pop而tion bioiogy of

anothe「 species either as a stimuIator or an

inhibitor (Whittaker, 1971). ZooIogist defines

訓elochemicals as a non-nut「itionaI chemicais

PrOduced by one organism that a什ects the

growth′ heaIth′ behavior or popuIation bjoiogy

Of other species (Reese, 1979). This definition is

Ve「y CIose to the one used fo「 pIant

a=elochemicais・ However, Whether a substance

Should be identified as a nut「ient or an

a=eIochemicai is actua=y dependent upon the

COnteXt 「ather than o= its biosynthetic origin

(Berenbaum, 1995).

The訓eIochemicais p「esent maintain the

OVer訓integ「ity of the piants∴∴against

COmPetitors′　Predators and pathogens. In

generaI,訓eIochemicais (except a十high

COnCentrations)　ca…Ot Penet「ate the

PiasmaIemma of the recipient celIs (Roshchina,

1999), jndicating that there may be a specjal

recognition system in the plasma membrane.

The physicaI structure of the pIa§ma membrane

itself may aIso limit aIielochemicaI penetration

into the target ce=s. Carr et aI. (1989) noted

that in some cases, the surfaces of the

PIasmaiemma and the ce= wa=s are covered bγ

a liquid excretion or hyd「op輔c excretions. This

OCCurS in insect and mammal olfaction whe「e

Slime ma!nly serves as a primary sensory

eIement. 1n other cases′ many §urface enzymes

SuCh as peroxidases, aminoxidases, and

PrOteaSeS reCOgnise thei「 enzyme-Subst「ates

and change the enzymatic activity without

Penetrating into the target ce= (Roshchina,

1999), emPhasising that a=elochemicais may

face sohle barriers before ente「ing the target

Ce=. If enzymatic 「eactions occur on the ce=

Surface′　the cells are protected againit

訓eIopathic invasion.
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Respiration is one phYSioIogicaI aspect of

PIants that has been affected by

aIlaIochemicaIs. For initanCe, a-Pinene at

COnCentrations Iower than 250 uM, a-Pinene

StimuIated respiration in maize in the absence

Of adenine dinucIeotjde phosphate (ADP). but

inhibited respiration in the p「esence ofADP. In

COntraSt, at COnCentration§ higher than 250いM,

α-Pinene inhibited respiration rega「dless of the

PreSenCe Of ADP (Abrahim, 2003a). SimiIarIy, a

Variety of fiavonoids aiso inhibited ATP

PrOduction in mitochondria by lowe「ing the

ADP/O ratio in yeast mitochondria佃nhe=ig,

1995) and pape「s therein). However, it is

unlikeIy that the a=eiopathic interference of

these compounds have an　臆effect on

mitochond「ial energy transduction. Ab「ahim et

ai., (2003b) found that feruIic, COumaric∴and

Van冊c acids at O.1 to lO mM did not affect

mitochondriaI respi「ation and reIated

Observations∴SUCh as the ADP/O ratio in

SOybean hypocotyi axes. in addition, the

monoterpenes they used (camphor, limonene,

and crpinene) at O.1 to lO mM strongiy

inhibited the respiratory activity of the soybean

hypocotyI mitochond「ia, SuggeSting that this

g「OuP Of alIeiochemicais may cause

Phytotoxicity to mitochond「ia which in tu「n

a什ects respiration (Abrahim, 2003a). D酷erent

group of訓eiochemicaIs cIearIy have different

effects on　晦S頓ration and their activity is

§PeCjes specific and concentration dependent.

Chaniago et aI. 〈2007) reported the effects of

aqueous ext「acts of nutgrass on the respiration

Of soybean seedIings.

Compounds such as aiIelochemicals that are

SeCOndary metabolites and p「oduced by va「ious

PIant species couId pIay an extremely impo「tant

「OIe against pests. This is due to pIant inabiIitY

to r…　aWay from the predato「s. Different

mechanism has been found in pIants as ways to

PrOteCt them§eIves against pathogens and

herbivores, SuCh as anatomicaI structures and

the accumuIation of secondarγ　metaboIites

(Ryan and 」agendorf, 1995). These defensive

ChemicaIs affect different animaIs in different

WaYS.

One common form of seIトdefence

mechanisms is that the plant renders jtseIf

unpaiatable to and/or indigestibIe by the

he「bivores when the ieaves are consumed

(Ryan and 」∂gendorf, 1995) and may cause

POisoning in animals. For instance, Pyr「oIizidine

aikaIo冊s, mainIy found in pIants ofthe fam帥es

Boraginaceae, Compositae and　しeguminacae,

have proven to experience intoxication leading

to puimona「y damage in livestocks (Mosher,

1982) hepatic damages in livestock 〈Cheeke,

1988) and iiver megalocytosis in yaks (80S

grumies) (Wi=te「 et aI・, 1990). Another forage

grasses, Ph。/cJris sp., PrOduce trypt∂mine and

Ca「boIine aikaIoids that may cause neuroiogicaI

damage in iivestock　〈Cheeke. 1995). The

alkaIoid ridde冊ne, a member of a class of

PyrrOi=zidine aIkaIoids, reduced bodyweight

gains in both r∂tS and mice and causing

deveiopmentaI toxicity in rodents (Chan示a上.

1994).

Te「mina=iver disease deveIoped in caIves

fed tansy ragwo「t　〈Senecio j。COboeo)-

COntaminated pe=ets and vacuoIar changes

OCCu「red in the liver due to the pyrrolizidine

alkaloids (Craig et al., 1991). Poisoning in

ruminants from ingegtion of the pIant Lantana

Cama「a, Which contains the triterpene acids

Iantadene A and lantadene B has been reviewed

(McKenzie, 1991). 」aundice (iive「 injury〉,

Photosensitis∂tion, and ruminaI stasis have

been recorded as a consequence of lantana

POisoning (Pass,、1986).

Two aIkaIoids,　　gramine　　(N,N-

dimethy=ndolemethvlamine) and hordenine

(N,N-dimethyIthramine), have been isoIated

from Ieaves∴and roots of germinating ba「Iey

(Bowden and Marion, 1951; Leete et aI., 1952;

しiu and Lovett, 199O〉. Many works have been

COnducted to exa面ne the roIe of gFamine and

hordenine on othe「 organiimS∴∴SuCh as

bacterium Pseudomoms∴Syringoe (Sepulveda

and Corcuera, 1988) and inhibitory effect on a
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fungaI pathogen (Drechs/ero teres) and

a「myworm (Mythimno∴`OnVeCfo〉 (しOVett and

Houit, 1993). These Iead to the possib冊y of

expIo「ing gramine and hordenine fo「 seif-

defence agents by barIey against other

O「ganisms. The work reported here was aimed

at examining the effects of gramine and

hordenine, incorporated into diets, On the

growth and histoIogicaI structures of the

chicken Iiver.

MateriaIs and Methods

Five experimental groups and six 「epiications

in a CompieteIy Randomised Design were

Ca「ried out at the AnimaI House compIex ofthe

University of New EngIand, Armidale, Austraiia.

Six chickens were pIaced in each cage, making

36 chicke“ns per treatment and a totai of 180

Chickens for the experiment. The t「eatments

Were different concent「ation (w/w) of g「amine

and hordenine which were incorporated into

feed as fo=ows: 5O ppm hordenjne, 500 ppm

hordenine, 50 ppm gramine, 500 ppm gramine,

and standard feed as a controI group.

Broiier strain chickens (Go//us domesticus) of

both sexes were obtained f「om a comme「ciaI

hatchery (BAIADA) at KootingaI, NSW, Aust「alia.

The chickens were obtained at one-day-Oid and

kept in an eIect「ic訓y-heated b「oode「 (MuItipie

EIectric B「ooder, MultipIo Incubato「 and

B「oode「 Pty. Ltd. Sydney, AustraIia, 100

Chickens fo「 each IeveI) at 350C for one week

and provided with chick st∂rter feed and water

ad iibitum. Light was p「ovided continuously.

The chickens we「e then weighed and fitted with

Wing tags. OnIy those chickens which were

Within an average body weight 「ange

(107.33±6.21 g) were used for the experiment.

At one week of age, Chickens were g「oup

according to t「eatment and began receiving

Chemica=y treated feed as per treatment. Sub-

group of 6 chickens we「e pIated into individuai

COmPa「tmentS (72 cm Iong, 42 cm wide, and 26

Cm high) of a bigge「 brooder (Superio「 Quaiity

Equipment, F. Rynan Pty.しtd., Austrai, NSW,

AustraIia) until they we「e three weeks of age. At

this∴Stage, Sub-grOuPS Were tranSfe「red to

metaboIism cages 〈75 cm long, 75 cm wide and

35 cm high〉 which we「e pIaced in a different

room. Chickens were st川given starter feed fo「

anothe「 week (untii they were four weeks of

age) after which the chicks starter feed was

repIaced by b「o=e「 finisher feed. The chickens

Were kept until theywere 7 weeks ofage. Room

and cages were maintained at maximum

CIeanIiness.しitter was removed reguIarIy for

Sanitary reasons and the fIoor was cieaned

every day.

Chick sta「ter feed and BroiIe「 finisher feed

(both of Fielde「s AgricuIturaI Products,

Tamwo「th, NSW, AustraIia) were used as the

Chicken diets. Ten kg of feed for each treatment

WaS Placed into a cement mixe「 and the

PrePared solution of either g「∂mine or

hordenine 〈50 or 500 ppm〉 was spraYed onto

the feed while the mixer was conti…OuSly

turning. Having finished the soiution, the mixer

WaS kept turning for a further lO minutes to

maximise the mixing p「ocess. The feed was then

air-dried ovemight and put into labe=ed pIastic

bag. Due to a very large amount of feed

「equired by the chickens, the mixing p「ocess

WaS∴∴COnducted every week du「ing the

expe「imentaI pe「iod.

Data co=ected incIuding bodY Weight and

feed intake (recorded weekIy), Iive「 tissue

COIIection for histoIogicaI examination, and

determination of gramine and hordenine in the

iiver. At the end of the experiment (seven

weeks of ∂料), animaIs were euthanased with

an overdose of CO2 gaS. Sm訓portion of liver

(right lobe) were fixed in lO% neutraI-buffered

formaIin soiution for histoiogicaI examination.

The 「emainder of the livers were frozen at -20oC

for later HPLC anaIYSis of gramine and

hordenine. The carcases were disposed of

through the UNE AnimaI House disposal unit.

Data were analysed using Analvsis of Variance

(ANOVA〉 at与% ievei ofconfident. o
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tl○置2. Gramine and ho「denine content in chicken live「s at §eVen Weeks of age (いg/g fresh weight)

一雄i鴫ng va「ious concentrations of both alkaloids incorpo「ated into diets

Treatment group Mean (n)*±§EM

2.82 (n=7)±0.42

3.09くれ=11)±0.81

0.28 (nこ2)±0.0与

2.89 (n=8)±0.8与

not detectabIe

1　　　　　　2　　　　　　　3　　　　　　4　　　　　　与　　　　　　　6

time after treatment (Weeks)

(H 50 and H 5OO = feed containing 50 and 500 ppm hordenine, 「eSPeCtiveIy; G 5O and G 500 = feed containing 50 and 500

ppm gramine, reSPeCtively, COntrOI = nO hordenine or gramine ln the feed)

Figure l. Amount of feed ingested by broile「 chickens ove「 seven weeks of age (Values a「e Mean ±

SEM.

The mean content ofgramine and hordenine

in the chicken livers. recove「ed bγ　HPしC

analysis. are presented in TabIe 2. Fol eaCh

t「eatment group, the …mber of iive「s in which

aIkaIoid was detected, Out Of 12 1ivers tested, is

lndicated in brackets afte「 the mean. A=

t「eatment groups receivIng aIkaloid containing

feed resulted in the recovery of both alkaloids

th「ough HPしC analysis in at Ieast some Iivers.

しeveIs of gramine and hordenine in the live「

Varied between treatment groups. The group

「eceiving 500・PPm ho「denine demonstrated the

highest leveI of recovered alkaIoid from the

Iivers. -

The livers of chickens exposed to low

COnCentration (50　ppm) of gramine and

hordenlne did not show any abnormaIities in

the Iiver ‘tissues. However, there was a

difference between no「mal tis5ue from the

group glven standard feed and tissue from

group§ 「FCeiving hlgh concent「ations (500 ppm)

of g「amine or hordenine. Most of the sampIes

of tIs§ue taken f「om these groups showed

VaCuOIation of the ce=s of the liver. Micrographs

of llver tissue a「e presented in Figure　2.

1nterestingly, ’’scab"Iike’’Iesions were observed

On the feed of chickens during approximately

Weeks fou「 and five of the experiment.
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Even though the body weight of chickens

当ncredsed significantIy with age in a= treatment

group§ it wa§　nOt SignificantIY affected by

alkaloids incorporated into the feed. At the end

Of the experiment (seven weeks of aさe),

however, the bodY Weight tended to be

diffe「ent (P=0.048) between the group receiving

Standard feed (2446.6　g〉　and the group

臆COnta涌ng 500叩Pm gramine (2260.O g). This

finding agreed with other work that

demonstrated the effects of pIant secondary

metabolites on the g「owth of chickens. The

non-Significant effects of gramine and

hordenine on-the growth of chickens might be

due to a verY Iow concentration of both

alkaIoids incorporated into diets. The「efore, it is

assumed that the Ievels given were not enough

to dep「ess chicken growth 「ate. 1n addition, the

effect of both aIkaIoids is dependent upon the

age and state of health of animaIs and the

iength of、t晶e in」Which animaLexposed to the

aikaioid. F「ank and Reed.(1990〉臆rePOrted that

aIkaloid coniine administered at 50 mg/kg body

Weight to chickens 「esulted in 90% of morbidity

in chickens. Furthermore, =Iius and 」essop

(1995) indicated that the nutrient absorption

rate affects the toierance of the animaI to the

COnCe中atiQn Of absorbab壇piant secondarv

metaboIites in feed. Factors such as the

abundance and distrH)ution of pIants, their

nutrient content, the digestive capabiIity and

CaPaCitv of the herbivore, the presence of the

Predators. and lea「ned behaviours can

significantIy infIuence feeding strategy of the

animaIs (McArthuretal., 1991)

In terms of feed直take, the concentration bf

aIkaioids might not be enough ,tO affect ’the

amQunt Of feed takemby the chickens, aIthough

the treatment group , reCeiving　500-PPm

g「amine tended to consume the Ieast. One

study showed that feed consumption of

chickens decreased as the level of tannic acid

inc「eased in their diets. A leveI of 5% tannic acid

caused chick mo「taIity of about 70% between 7

and ll days of-the experiment 〈Vohra’et a一・,

1966). As shown in Figure l, the feed intake of

訓chickens increased up to the end ofweek 2,

then dec「eased slightlY by the end of week 3.

This pattem of feed intake is probabIy reIated

to the fact that the chickens were 「emoved

f「om the large cage brooder to the metaboIism

CageS at the end ofweek 2. The la「ge change in

feed intake between weeks　3　and　4 is

associated with the change of the feed at the

end ofweek 3 from chick starterfeed to broiIer

finishe「 feed. However, OVer the Iast two weeks

Of the experiment, feed intake increased onIy

SlightIy.

The amount of　∂Ikaloids recovered was

associated with the treatment concentrations.

The HPLC anaIysis indicates that the highe「 the

COnCentration of alkaloids in feed, the higher

their content in the livers. HistoiogicaI

examination showed that high concentr∂tions

of aIkaloids‘taused live「 damages as indicated

by manY VaCuOles in the liver tissue. This finding

demonst「ates that both gramine and hordenine

at high concentration (500　ppm) affected

bro=er chickens as indicated by live富

abnormaIities.

Microscopic examination of liver tissue

Ciea「ly showed an abundance of vacuoIes

distributed eveniy. This might be due to neutrai

fat and shown as empty, CIear, Or almost clea「,

…Stained, rOund spaces in ordinary tissue

SeCtion, This phenomenon is ca=ed fatty

degeneration and the fat appears as dropiets in

the cYtOPiasm of the epitheIial ce=s. The

ingestion of 500 ppm of g「amine o「 hordenine

was assbciated with the occu「rence of

v∂CuOiated ce=s in the livers of chickens.

Therefore, it appears that the higher

concentrations of both aIkaioids in feed are

sufficient to induce changes in liver structu「es.

However, the changes were not necessar=Y

associated with reduced feed intake or g「owth

rate ofthe animals. This findinさagreed with the

wo「k of Chaniago (2004, unPubiished thesis)

that simiiar phenomenon of vacuoIation in Ieaf

tissue of soybean in response to aqueous



i Chaniago et ai/Animal P「od晶o言3 (1〉:1-9

一事鴎細夢r'gramlne; B = 5O ppm horde…e; C= 50O ppm gramlne, D =与OO ppm hord諒ne, E = Standardfeed.as controi.

一二一一書意義OVe「 White emPty Circles indlCate SOme VaCuOles)

"音置Z- Micrographs of live「s from chickens receiving different leveis of gramine and中「denine

二二二二二二五ed into feed (400 X magnification〉. .
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extract of nutgrass (Cyperus rotundus　し.).

Hepatic damages due to pYr「OIizidine alkaioid

Were demonstrated by Peterson and 」ago

(1984) who found that O.06% of the aIkaioid

CauSed　70%　mortaiity in young rats. They

COnCiuded that this death was due to acute

haemor「hagic necrosis and chronic Iiver

damage.

The visible effects of 500 ppm gramine on

Chickens, Figure 3, Were SCab-Iike iesions on

thei「 feet during weeks　4　and　5　of the

experiment. Sim=ariy, a tOXic phenoi, hypericin,

induced swe=ing, eXtreme itching oedema and

Cracking on the skin of Iivestock (しevin, 1976).

Winte「 et aI. (1990) reported unusuai skin

Iesions in yaks (Bos grumies) which were

COnSistentiy associated with pyrroIozidine

aikaioids but have so fa「 not been repo「ted in

Other animaIs. The skin lesions in yaks were

Shown to be a thickening of the epithe=al Iaye「

and enIargement of the keratinised epitheIiaI

CeIIs. Therefore, it is possibie that gramine had

a simiIar effect on the feet of broiIer chickens.

Conclusions

The main finding of this experiment was

that g「amine had more effects than hordenine

On the animaI tested. A high concent「ation

(500 ppm) of either gr∂mine or hoedenine was

Su鮒cient to induce changes in Iiver structure

Of the chickens as indicated by ce= vacuoIation

even though they were not necessariIy

associated with reduced feed intake or g「owth

rate of the animals. The present study and

PreVious investigation on a number of different

SPeCies indicate that barley has the potentiaI

fo「 seIf-defence against other o「ganisms

th「ough its bioIogicaily active secondary

metaboIites, gramina and hordenine.
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