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Abstract The worldwide emergence of anthelmintic
resistance against gastrointestinal (GIT) parasites
prompts investigation towards sustainable alternative
approaches. Accordingly, several approaches have
been endeavored to control GIT parasites and increase
economic values of livestock production systems.
Current scientific evidence implies that there is
substantial capability to use the plant bioactive
compounds to enhance animal’s health and promote
their productivity. Despite the great efforts in man-
agement, GIT parasites remain the main cause of
mortality and weight gain—loss in ruminant industry.
Recently, there is worldwide interest in exploiting
plants bioactive and their secondary constituents as
substitutes to anthelmintic treatment. However, we
still necessitate to collect further data about their
concentrations, sources, and composition, not only
that but also understand their potential beneficial and
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detrimental impacts in livestock production. Simulta-
neously, our review discusses the research efforts
towards the development of plants bioactive and their
impact on GIT parasites elimination in ruminants. A
summarized background on their impacts on ruminant
productivity and the future research ppossibilities in
this area were also provided.
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Introduction

The current livestock management operations and
welfare integrity of food producing livestock in
developing countries are facing many challenges to
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promote animal health and productions (Durmic and
Blache 2012; Karki et al. 2018). In line with these
constraints, the virtuous animal production has been
boosted to meets the societal demands for agricultural
food products and reducing the impact of livestock
industry on the surrounding environments (Bickell
et al. 2010). This notion entails less utilization of
synthetic pharmaceuticals compounds, hormones, and
in particular the routine use of infeed antibiotics
(Piddock 2002). The detrimental impact and conse-
quences of using the synthetics chemicals pave the
way for development of other alternative and natural
options to manage animal production (Zain-Eldin
et al. 2013; Zein-Eldin et al. 2014). Currently, there is
comprehensive curiosity in exploiting bioactive plants
and their constituents, as alternatives to these chem-
icals (Pent and Fike 2018). While, bioactive plants and
their metabolites have been exploited for centuries, we
still require to congregate more data about their
origins, concentrations, metabolism, absorption, and
biological efficacy in order to determine their future
benefit in improving animal health (Durmic and
Blache 2012). Presently, there is a significant prospec-
tive to use the bioactive compounds (specifically
tannin and saponin containing plants) to improve
animal productivity, reproductive potency, meat qual-
ity, and control of GIT parasites infestation (Rochfort
et al. 2008). Plants bioactive and their metabolites
have been proved to be economical, efficient, easily
available and safe to use with minimum side effect
(Wijngaard et al. 2012; Ramirez-Rivera et al. 2010).
Currently, there have been a remarkable number of
plants and their bioactive constituents with anthelmin-
tic activity stated (Salem et al. 2017). A web based
search using the words ‘‘bioactive plants as anthel-
mintic’’, yielded over 1000 citations. While, the herbs-
based anthelmintic were the main treatment for the
GIT nematodes prior to advancement in pharmaceu-
ticals drugs (Sandoval-Castro et al. 2012), their use are
commonly restrained by the insufficient understanding
of their authentic efficacy against specific parasites
(Marie-Magdeleine et al. 2010).

In this context, our review summarizes the research
efforts towards the role of plant bioactive and their
metabolites on selected animal functions and their
impact on GIT parasites elimination in ruminants. We
also provided a summarized background on their
impacts on ruminant productivity, and outlined the
future research possibilities in this area.

@ Springer

Gastrointestinal parasites in ruminant

GIT helminthiasis has been defined as one of the
significant health, welfare and economic issues in
livestock production system notably in the developing
countries (Waller 1997; de Mendonca et al. 2014). The
primary risk factors of helminthiasis are generally
relied to many factors including; host factors (Age and
physiological status of the host), parasitic factors
(different parasites epidemiology), and environmental
factors (stocking rate, surrounding atmosphere, nutri-
tion, and management protocols) (Tariq et al. 2008).
GIT helminthiasis is a heterogeneous group of para-
sites with approximately 30,000 identified species.
They are divided into phylum nemathelminthes
(Roundworms: nematodes) and plathyhelminthes
(flatworm: cestodes & trematodes). Approximately
fifty percent of these species are considered marine
parasites, twenty- five percent are free living, fifteen
percent are animal parasites, and ten percent are plant
parasites (Ghisalberti 2002). The most common GIT
parasite species found in ruminants are listed in Fig. 1.
In this group of parasites, Haemonchus contortus
represent the commonly prevalent nematode in small
ruminant that cause severe damage to their hosts.,
followed by Strongyloides, Trichostrongylus, Oe-
sophagostomun, and Cooperia (Roeber et al. 2013).
Most of these parasites are widespread in developing
countries, and remains the main cause of increasing
death rate, decreasing animal productivity (Zeineldin
et al. 2018). Additionally, GIT Helminthiasis con-
tribute to the prevalence of nutritional deficiencies,
anaemia, eosinophilia, allergic manifestations and
pneumonia in infected livestock (Tariq et al. 2009).
Consecutively, animals have developed specific
behavioral and physiological adaptations that neutral-
ize this challenge and help in reduction the severity of
parasitism. The infected animals at the pasture learn
how to develop selective feeding behavior and self-
medicate against GIT helminthiasis through increas-
ing ingestion of plants bioactive with anthelmintic
potential (Villalba et al. 2014). Comprehensive under-
standing of that mechanism in infected host will help
researchers to invent suitable and more eco-friendly
management strategies to enhance livestock health
and productivity.
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Alternative methods to limit gastrointestinal
parasitism in ruminant

The traditional strategies for GIT parasitism control
relies on the repeated use of conventional chemical
medicaments (Hoste et al. 2006). The efficacies of
chemical anthelmintic drugs against GIT parasitism
have been reported with fluctuating accomplishment.
The miss and overuse of these chemicals, increased
prevalence of resistance in GIT populations, increased
treatment cost and therefore increased economic
impact of GIT parasites (Garcia et al. 2016). Gener-
ally, the anthelmintic resistance is described as a
heritable change in the ability of individual parasites
to survive the prescribed therapeutic doses of an
anthelmintic drug (Coles et al. 2006). The current
prosperous application of helminthiasis control strate-
gies was planned to reduce anthelmintic resistance in
nematode populations. There have been various
literature reviews on anthelmintic resistance that have
archived the accessible data on the different types of
nematodes to which resistance has been distinguished,
to which anthelmintic it had created and in what area it
has been found (Taylor et al. 2002; Waller and
Thamsborg 2004; Coles 2005; Coles et al. 2006;
Torres-Acosta et al. 2012). Responding to anthelmin-
tic resistance crisis against the commonly used
anthelmintic chemicals and the public health concern

Haemonchus
Ostertagia
Trichostrongylus

regarding utilization of synthetic therapeutics in
livestock management systems, many research studies
are designed towards alternative and natural
approaches for GIT parasites (Marie-Magdeleine
et al. 2010; Oliveira et al. 2017). These alternative
strategies includes genetic resistance control, nutrition
adjustment, biological control, vaccination, and pas-
ture management techniques (Besier and Love 2003;
Waller and Thamsborg 2004; Pisseri et al. 2013;
Zeineldin et al. 2018). While, these alternative strate-
gies are eventual option in maintainable GIT
helminthiasis control in cattle, until now there is no
suitable option to for nematodes control in sheep
(Coles 2005). The challenge thusly is how to effi-
ciently use a mix of these procedures to achieve the
maximum anthelmintic control (Waller and Thams-
borg 2004). In the meantime, there is a consistent need
to develop new and alternative approach for GIT
parasites elimination in ruminant, and to interface
their utilization with enhanced control methodologies
(Taylor et al. 2002).

Exploring the anthelmintic effects of plants
bioactive in ruminants

The bioactive constituent generated by medicinal
herbs to neutralize GIT nematodes are currently

@ Springer



Agroforest Syst (2020) 94:1415-1432

1418

juounjean-isod gz Aep uo 3y
/3w QT 8 %7 L] SeM DJIISaA "y IOJ UOTIONpaI
Junod 339 [809J 1soyI1Y Y], ‘SWIOM J[hpe

joenxa juerd orjoueyiow
Jo 9sop 9[3urs YPIm
pajean A[eio arom dooys

pue oeAIe[ surese AJIANOE JUBROYIUSIS Pamoys PAJOQJUI Y], “JUSWISSISSE $NLI0JUOD
S)0BIIXQ PAJESTISOAUT A} Jey) PaYedIpur Apmis SIYJ, OAIA UI pU® ONIA U[ snyouowavgy DISIA DISTUIILY doays (S102) 'Te 1@ wniy
[01IUOD 9pOJeWU JOJ SAJepIpUuLd Poo3 SNJLOJUOD
a1e spunodwod 9say) Jey) paIsedns synsar oy, JUSWISSISSE ONIA U] snyouowavgy SISUDUIS SNLITD) dooys (S107) 'Te 19 ezUIRD
Juounean rod
pappe o1om 1opmod Y
Jo 3 1 ‘@158 Qn0Iduur pa2fionu
s[ewue pajeanun o) paredwod UAYM Junod 0} IopIO U] "UOTEUIqUIOD sopojewou §020) pue
WLIOM UT UOT)ONPAI B PAAIQIYXS S[BWIUR PIjear) juerd oy ynm Aqrero Aqrep [eunsouIonsed pdad wnijpy (1102)
Y} Jey) parensuowap Apnis SIY) JO SINSAI YL, parean; dooys pajosyur ayJ, POXIA Jfo uoneurquio) dooyg ‘Te 30 UIOY[YIIN
jueutwnl ur sdjisered [eunsouionsesd SopojBWAU
jsurede A)1Anoe onuiwEyue [enuajod sey A[[BIO PIQ)STUIWIPE QIOM [eunsouIoNSLI sijou 9102) 1B 10
sijjout ") Jo 10enxa ay) jey) pasoxd Apnjs smyy, sjuatpaISur aAnoe juerd YL, POXTA s1jj0u1I0.1) s1e0n) BWI-2SUOPUIN
JUN0d 339 [809) AQ PoINSEAW SB UOIIJJUL ssao01d saysered
JO [9A9] 9y} pasearddp dodys pajoojur 0) Surpoey Surmp doays [eunsajuronses DIPIUND
Aey vipaund -7 Jo 3urpaay jey) pasoid Apms oy, ) 01 uaAId sem ueld ay, PaXIN p2apadsa] dooyg (L102) ‘Te 12 [AZ ueA
daays ur jonuoo “ds
oysered [eunseuronses I0J SATJBUISIE St smp{8uo3soyoLL]
Pasn 2q p[nod pue ONIA UL AJTAIIOR dUTW[AYIUL 9%G pue SnLoJUod po1pul
SHQIYXQ $7191 (O ey} PIILNSUOWP S)NSAT Y], JUQUUSSISSE OXIA U] SYOUOWIDE] %66 -snoyf piundQ dooyg (9102) 'Te 10 1[0qaq
K)1pundgy pue yP3us| ssaoo1d
WLIOM SHLIOJUOD "F Y} PAONPAI BIUL SUDIIG]D Surpaoy Juumnp dooys SNI0IUOD suno1gI» (T102) 1B’ 1@
‘K Jo pouxad 110ys © jey) jeorpur Apnis SIy[, oy} 03 uaAIS sem juerd ayJ, SNYOUOWIIDE] DIPADADE] dooyg Ie[m3y-eIonen
dooys
Sy/Swr /"8G sem uonOoJuI PIOAJUI A} O} USAIS sopojewou
QpOJRWAU PIXIW Y} [0IJUOD 0 DIYUIULIYIUD uay) pue sonsdes [93 [eunsojuronses DOLUIUL Y IUD
"V JO 9s0p 1s9q Ay} Jey} seyedIpur Apms SIyJ, ojur payoed sem Ieq jue[d POXIIA DIZIq]Y doays (8002) 'Te 10 9peIn
SONIATIOR OUTWI[AYJUE
I1oy) 1o 9[qIsuodsal ore (UIUUe) PISUIPUOD
pue sprouadio)) soAea] eABSSE)) UI Juouodwod SNLIOJUOD DIUIINISD SsjuBUTIINI 0102) Te 10
9A13OBOIQ U) Jey) 15953ns syjnsar asay], JUSWISSASSE ONIA U] snyouowavyy JoyUD [rews QUIS[OPSeIN-OLIBIA]
(s) Juouno)) UONEISIUIWPE JO INOY (s) onsered 1o318], Qwreu [esmuejog 1SOH SoouaIo)OY

JURUIWINI [[BUWIS UT SOPOJBWIAU [0 JO JUSW)EaI) I0J pasn 2Andeolq syued pajoo[es | d[qel,

pringer

As



1419

Agroforest Syst (2020) 94:1415-1432

Koeoyge Ieqrwis jsowye
POMOYS SJOBNXD JIjoueylow pue snoanbe yjoq

Iojem
UM [UI G JO QWINJOA [RUY
Sunyew £q Tewtue/3 G jo
9s0p ® e JoeIXa snoanbe

JO 9sop [eI0 J[3UIS YIIMm

9s9) sisA[ered [eAle] ay) U] JOBNXQ JrjouBylOW parean Ajrero arom dooys SOpOJRWIAN
ym uosLedwiod Ul 399§ JNUIWAYIUR 19)3q PoJOQJUI Y, ‘JUSWISSISSE [eunsojuIoNSeI (®S102)
pamoys 10enxa snoanbe ‘Aesse yojey 339 Uy OAIA UI pue OIIA UJ POXI]A WNIOUDS WNUII() dooyg ‘Te 19 eAtlouey]
JuaIayyIp A[[eonsnels
JOU 9IOM SI[NSAT ‘TOAIMOY] "SNLIOJUOD
‘H 1sureSe 9A1)09JJ0 QI0W SeM SIPIopIs T A[IYMm
“dds snmj{8uoisoyorty Sur[[onuUOd 1B JUAIOYJO SNJLOJUOD
QI0W SeM UNDULIAAT A[9A130dSal ‘9,16 uonodJuI Jo skep ¢ snyouowavyy (8002)
0) G WIOIJ PASURI 9I9M JUIWIBAT) Id}Je JUNOD Suump uonensIuTWpe pue ‘dds ‘Te 12 SO[QJUO0ISE A
339 o9y uo me Sw ¢87 pue Ogg Jo Koeoyyq [eI0 AQ juounIear], snj{8uojsoyorL] sapiopis viddry dooyg -edInwe)
WnIyIuISqn sjuou)eaI)
'V JO AoBOLJo ONUIWeyue Y) U0 dUIN[JuUl Jo asop 9[Surs Ym
juedoyrugdis e pey a3eso JuUNod 339 [99] pajean A[eio arom dosys sopojewau
Ul UOT}ONPAI JUBOYTIUTIS YIIM PIJBIOOSSE SeM PoJOQJUT Y, ‘JUSUISSISSE [eunsajuronses wnyuIsqn
doays ur s30BIX9 9U) JO UOTRNSIUTWPE [BI0 Y, OAIA UI pU® ONIA U] POXIN DISTUIILY dooys (60027) 'Te 10 bueg,
$140 SLUNYOLL]
Sumyojey 339 Jo uonIqIUUI pue SUWLIOM pue ‘wnuviquinjod
Jo Aypeyrowr Suisned AQ S109JJe ONUTWIRYIUE sjuauIBaI) wnu03so8vydosaQ
juapuadop-owir) pue -9sop pIqIYXd Jo 9sop J[3urs yim “dds DISLLO
syue[d yjog "OAIA UI pUB ONIA Ul AJIATIOR pajean Aqeio arom dooys snjSuoajsoydns ] pruldipsan)
onurwayiue ssassod wmngqp wnipodousy) PJOQJUI Y], “JUSWISSISSE ‘SNJI0JU0D pue wnqp
pue pisiLO viuidipsan) Yoq Jey) Moys BIep Sy, OAIA UI pU® ONIA U[ SNUYOUOWALH wnipodoudy?) dooys (LO0Y) 'Te 1@ Ieqqer
140 SUNYI1LL ],
pue snsojjidod
$ap10]£3U0.11§ ‘19XD
syuaueaI) snjLSuo4soydnLJ
(9%001-8°L6) o[0STUIRAS] AQ PAIIQIYXD Jo asop o[3urs yIm ‘S1uLL0f11qn]od
JBy) UBY) JOMO[ Sem JI 1A sopojewau jsurede poyean A[eso axom doays snpL8uo.13s0yoLL]
Kyanoe onurwayiue pood ssassod sromopy PoJO3JUT Y, ‘JUSUISSISSE ‘SNJL0IU0D pa220.4d
p1220.4d s1dojojp)y 3y Jey) peyedIpul Apmis SIyL, OAIA UI pu® ONIA Uf SNYOUOWIDY s1do1jop) doays (60027) 'Te 10 bueg,
(s) Juowrwo) UoneNSIUTWUPE JO 9IN0Y (s) onsered j1o31e], Qureu [eoruejog JSOH SQOUAIRJY

penunuod | d[qe],

pringer

As



Agroforest Syst (2020) 94:1415-1432

1420

ApeAnoadser 946y F $9°¢9 pue

SSP F Sh'SH 1M [ g pue 9 je Aeriouw oy
UoOIeNUdUO0d Jw/SW (G Iy 'Y § Jo amsodxa
Qi 9y} JB /3w (O] JO UOHBIUIUOD

Y} Je SULIOM SHLIOJUOD "I JO AJIfeliow SNLIOJUOD WNIPULID syeoS
Ao[dwos pafeaal [ew [ejuewLIddxe onia ug JUQUISSASSE OXIA U] SnyouowavEy wnjdxoyyuvyz pue dooyg (9102) e 30 ySurs
SwoIsAs Juruirey skep ()9 I0j [ewTue
[euonIpes} pue dIUL3IO Ul SJUBUIWINI [[BWS yoes 0 Surpagy Juruiow
Jo [eunsauIonses Jeal) 0) pasn 9q UBD [eWIUE Y 210J9q APfeom 9pojewau
1od [w (g I8 10eNX9 Jue(d Jo uonensuIWpE paIdsturpe A[[eso [eunsojuronses sjeo3
ApPreom ay) jey) pemoys Apms sIy[, sem aanoeolq juerd ayJ, POXIN po10]{qnq X1]D§ pue dooyg (L102) 'Te 10 wales
dnoi3 [onuos oy yim ‘uostredwod Kep/[ewiue
ur pue s3uIpeal ISe[ AY) [[1} PISBIIOP /3 € Jo 9sop ® Ul J2Ip Jpojewou auIdjO
Apueoyrugis a1om wers 1od $339 jJo sroquunu [eseq pim pajuswo[ddns [eunsajuronses 42q13u1z7 pue
UBdW Y} JeY) PO[EOADI SeM UONBUILIEXD [B09] QIoMm JOBIIXQ POXIW A, POXIA pAUDS DIJISIN amg #107) 'Te 10 reJ-19
wWnpup4s
voung
pue ‘voipui
onuIwRYIuL DIYODLIPDIY
[oA0U J0J s201nos [enudjod oq ued syued ‘va2204d S1e03 (9100)
921y Y} [[& JeY) pamoys Apnis SIy) JO I[NSaI Y], JUQUISSISSE ONIA UL snoipur Xpj 104300 sidoaop) pue dooyg Te 10 TemIeS3y
JUSJUOD UTUUR) Pue SpIouoAey ‘orjoudyd
431y jo ooussaid 031 anp 9q Aew $)09)J0 [epIO
9say, 'y § Jo amsodxa 3sod oy Je Jw/Sw g Slieliiazahil
JO UONENUAOUOD AY) YIM Pue Y 9 jo aInsodxd Jo asop 9[3uls Ym pajean
Qwin Ay Je [wy/Sw (O] JO SUOHBIIUIOUOD A[[e10 o1oMm s[ewIue
oy} 1 SULIOM S$MLI0JUO0D “[] NP Y} Po109JUI QY ], "JUSUISSISSE SNJLOJUOD putiadsouowt s1e03
Jo Ayrenrowr 939[dwod pamoys Joenxa juerd ayJ, OAIA UI pU® ONIA U] SnyouowavE vaing pue dosyg (S107) e 12 ySurs
"1
$909J pIydasroona]
quIe[ Ul SUOTIONPAI JUNOd WIoMm pue 339 Surpagy wre (0:8 AP Jpojewou DUIDINIT
paaoiduir sey $)oBNX9 JO UONBNSIUTWPE [BIO 910J9q pard)sturwIpe A[[eIo [eunsajuronsesd pue I #102)
oy} JeY) pamoys Apnjs SIy) Jo JNSAI Y} ‘[[BIAQ a1om syoenxa jueld ayJ, PIXIA po110]{qDq X1]DS squre| ‘[e 19 ZopueuIOH
jusunEaI)
101Je Aep UIGT I8 95/G'9/ Sem SOpojewIau
[eunsojuronses jeod jsurede 10 [enuass? jueld
Ay Jo KoeoyJje oy, Juowdo[oAdp [eAIR] pUB
Suryorey 339 snuL01100 [ %07 66 PUR LT 66
POINqQIYUI IO [BNUSSSY pUpLI2SIIS Smd{ponsy SNLIOJUOD PUDLIISIDIS
JO ,_Jw St $°G pue G¢'[ eyl pamoys Apns ST, JUSWISSISSE OIIA U] SNYIUOWIDE] smydSgponyg jeon) (0102) ‘Te 1° OpadeN
(s) Jwowwo) UONENSIUTWPE JO AN0Y (s) ausered 1031 ], Qwieu [eoruBIOg 1SOH RERlENEIEN |

penunuod | d[qe],

pringer

As



1421

Agroforest Syst (2020) 94:1415-1432

Junod 339 [B29J paonpar
Apueoyrudis pue A0eONJo OTYJUI[IYIUL

Mmq 3y/3ur ¢87
Jo asop ay) Je squief

Y31y pAIIqQIYXd PUB JUAJUOD UIUUR) PISUIPUOD 0} pardstunpe A[felo SNLI0JUOD pAOlfIpriA (9102)
MO[ peY SIOeNXd DLOYipLi1a piuapvidid sem 2anoeolq juerd ayJ, SnyouowavEy vruapvydid dooys ‘[® 19 ©ISOD)-SIBIOIN
aqm) yorwos e Juisn
POYOUIp SBM puE ‘I9jem
PI[[ISIP UL PIAJOSSIp
“oenxo juerd ayJ, ‘dooys
palddjur ut 3Y/3 G7'g pue
sayisered ofewoy oy ueyy €1°1 Jo 9sop 1e K)iAnoe
drew ay) JsureSe Aoeoyyo ayy pasoxdwr xi7ay ONUIW[OYIUB OAIA UI 10J
"H JO 9s0p ) SuIsearou] X172y ‘g yIm pajean paleneAd OS[E SeM X1y
doays oy ur uononpar Junod wiom juapuadop ‘H JO 10enx? snoonby SNLI0JUOD
9sSOp ® pamoys Apnis s1y) Jo Sjnsar ayJ, ‘JUSWISSISSE ONIA U] SNYOUOUWIDE] X1]oY DIIPIL doays (LO0Y) e 10 orendg
skep (9 I0J A[eanoadsar
‘Aep 1ad 201m) O1[IRS
Je03 JO uUonIpuod Jo uonn[os I1a1em 9,0] JO
yIeay [eroudd oy) Suraoidwr pue junod 339 [w QG Jo [ Gz Ioyre snid SISBIpOjBeWAU
9sea109p 0) uonejuowd[ddns [njosn e s1 o1ILS SPo9J [eULIOU YIIM PIJ [eunsajuronses jeo3
Jo uonnjos Ia1em 9,0 eyl s1s933ns Apnis Y, AJom JO SI1BOS PajoJul Y], PaXIN 211400 [eSuag yoerq (S107) 'Ie 10 uesey
(doays/fw 0O @ SoAr9]
JO 10BIIXD I31eM 95(])
soae9] oddeourd pue SISBIpOjJEWAU §24D3]
sdnoi3 pejean [[e ur Junod 339 Jo uononpax SQABQ[ WIAAU YJIM Pajean) [eunsajuIoONses addpaurg (S102)
(10°0 > d) yueoyrusis e pamoys Apnis SIy, a1om doays pajoojur Ay, POXIA PUR $24D2] WIIN dooyg uewyey pue eyes
SOARI[ SULLOf11gN]0d
KjiAnyoe juerd eueueq punoild snjLSu0IsoyanLJ (-dds
onurwpayiue ssassod soaed[ jue[d eueueq paup jo S 0t paroyjo pue SnLLoIU0d DSNpY) SOARI[
punoi3 paLp 9y} Jey) PIUWLIJUOD SI[NSAI Y], J1om daays pajooyur Ay, sSnyouowavg juerd eueuegq dooys (S107) ‘1B 10 A10391D)
A[oanoadsax
quounean-isod 4] pue / sAep UO SSUIAIIIYJD
%EY PUB %(E PoMOYs I saSels [eniur
ur ySnoyjre guouniean-jsod 1z Aep uo joenxe rewrue/3 ¢
snoanbe oy} JuIsn [1B1) OAIA UI Ul PIAIDSQO Je 10B1X9 snoanbe Jo asop
SeA UOIONPal JUNod 339 [899] 9 /G JO JUNOWE [e10 9[3UIs © YIIm pajean
JuBdYIUSIS Y 159) JUoWdO[Adp [BAIR] pUR A[[e10 910M S[eWIUR 9pojeWwaU
Kesse yojey 330 ur £ovoyJe 19139q © pey JoBnXd PoIO9JUL Y], "JUSUWISSISSE [eunsojuronses (95102)
snoonbe ay) jey) pamoys Apnis SIy} Jo sINsaI Y[, OATA UI pUu® OXIA U] PaXIN wnAnDS wWnijjy dooyg ‘Te 19 eAtlouey]
(s) Jwowwo) UONENSIUTWPE JO AN0Y (s) ausered 1031 ], Qwieu [eoruBIOg 1SOH RERlENEIEN |

penunuod | d[qe],

pringer

As



Agroforest Syst (2020) 94:1415-1432

1422

dnoi13 jonuos oy 03 paredwod snpioju0d

‘H Jo juawdo[oAdp [eATe] pue Juryojey

s359 Jo uoniqryur JueOYIUSIS B Pasned sjoenxa
0M] JO SUOIIBIIUAOUOD [[B “JeY) Pamoys Apnjs SIyJ,

Yonivpazy p uey)

onia ur fenudjod oyisered-nue 10jea1s pomoys

nuassnpyo “f ‘Apms siy) ur A[Iurej oBdRI[OIA
AU} woly sar0ads ay) Jo spoenxa oyl sunredwo)

Junod 339 [99) Jo uonNONPaI

paSuojoxd pue jueoyruSis ySnoxy Aoeoyje

SIUIWAYIUE JO [9AJ] pooT ssassod snjngops
"7 JO SOABJ[ U} JeY} POPN[OU0d Apmis SIYJ,

WIQ)SAS QUIDIPAW [BUONIPET) AU} Ul
asn s31 Surkynsnl sny) ‘OAIA UT pue ONIA UI Yjoq
Aanoe snurwayiue juspuadop asop J1qIYXd
wnopqp) PUPOIIN JO SIOBNXI [OUBYOUW

pue snoanbe oy jey) pamoys Apms sIiyJ,

pUDLITULYSDY ]
Ul SJUSIPAISUT 9ANOR J[QN[OS Iajem Jo douasard
9y} 0} onp 9q PINOJ SIY} PUE JOLIIXS JI[OUBYIOW
Uey) SUOT)IPUOD OAIA UI PUB ONIA UI )Oq
Iopun AJATIOR ONUTW[YIUE 1JeaIS PjIqIUXa

s10e1x9 snoanbe ay) jey) pamoys Apmis SIyJ,

SNLIOJUOD
JUSWISSASSE ONIA U] SNYoOUOWIDE
sapojewau
[eunsajuronses
JUQWISSISSE OIIA U] PaXIA
[ewrtue
/3 G 18 10eNX2 snoanbe
Jo 9sop [e1o 9[3uls
s pajean arom doays sapolewau
POIOJU] “JUSWISSISSE [eunsojuronses
OAIA UI pUe ONIA U[ PIXIA

(s100 SLMyoLL]
pue snsojjidpd

pue vijofisniqo

UYL L PUE ]
YoDADPIZD DI

DUDLIUYSDY S1A]

(S10?) ‘Te 10 nopreg

(T102) Te 19 eeD

(56102)
‘Te 10 eAtlouey

(9007) 'Te 12 [eqby

(9100) 'Te 10 ueyy

(s) Juawrwo)

§ap10]43U0.13§
WNUDIGUING 0D
wnui0jso3nydosa()
‘12XD
snj{8uozsoyorL]
‘SUL0[11GN]0D
snj{8uozsoyorL]
3%/3 o'¢ pue ('T Jo asop ‘SNJL0IUOD
JUSIQJJIP OM] JB JOBIIXD SNYOUOWIDE])
juepd jo sesop 9[3uls Surpnpour
PaAIaoa1 a1om daays SopojeWAU
Po109Jul Y], "JUSUISSISSE [eunsajuronses
OAIA UI pUB ONIA U] Jo sa1oads paxiN
JyIrom
Apoq | 8y 3 0’ ®1enxd
snoanbe 10 orjoueyoW
9pnId Jo 9sop JIuIs
ym pajean arom doays
P9IOJU] “JUSWISSISSE SNLIOJUOD
OAIA UI pUB ONIA U] SNYOUOWID Y
UONENSIUTWPE JO AN0Y (s) ausered 1031 ],

Jwreu [eoruelog

SQ0UQIOJOY

penunuod | d[qe],

pringer

As



1423

Agroforest Syst (2020) 94:1415-1432

[uySw |

M0[2q Jo Je Furyorey 339 jo uoniqryur )(dwod

umoys oAy pajsa) sjueyd Jo S1oeNXa [V "SINSaI

J[qelIeA IM JudWdO[oAdp [eATR] JO UONIqIYUI
juopuadap S0P UMOUS JABY SJOBNXD [[Y

swa)sAs uononpoid [BUOTIUSAUOD

pue orueSIo WoIj SJUBUIWNI [[EWS Ul

‘dds pizaruopy pue sopojewau [eunsuIonsesd

JO Juounean Y} JOJ SONUIW[IYIUE ONOYIUAS 0)

aaneurde Suistwold e juasardar Pnoos joenxo

dqs oy jo osn oy, ‘dds vizaiuopy 10y Aepjquuel

/W O T8 pUe () & SOPOJEWaU JSureSe dAOJo
aro0wW 9q P[Nod g§ Jo 1oenxa snoanbe oy,

yireay isoy aaoxdwir pue sojisered apojewrau

90npal Joyny pnod syued 9say) YPIm

JUQUIEAI) SNONUNUOY) 7 aseyd Ul ‘A[oanoadsar

‘9518 PUB 9,/ / pue ‘] aseyd ur ‘A[oanoadsar

‘%19 PUE %8G JO SAIDLIYJd I1SYSIY

oU) pey SIUSUWIIRAN) DIPIUND "] PUE SHSOUI0D
SpupUY ‘Jey) Pa[eaAdl Apnis SIY) JO JNSAT Y],

SJOBIIXQ OI[OURYIOW OPNId
pue 1opmod opnid y1oq Yim juduean-isod
sAep GT 9y} Je POAISSQO Sem J09JJ0 dNUII[AYIUE
wnuwixew ) pue 3y/3 ¢ 18 9ANIYJD
PUNOJ 2IoM INq 109JJ0 ONUIW[AYIUL OU SBY 9SOP
IoMO] ) JeY) PamMoys Apmis SIy} JO J[nsar oy,
Juauean 3sod SINOY JUSIAJYIP T8 SWIoM
oy} Jo yeap Jo/pue sisKrered oy Jo swrio)
ur j0enx? snoanbe ayy uey) saysered jnpe
jsureSe £JIATIOB ONIA UI J10)Joq PIMOYS JOBIIXD
SI[OUBY}D Y], ‘[W/SW g 0) 9S0[O UONBNUIIUOD
e e Suryojey 3o payqmyur A[e3e[dwod joenxa
jueld 9y Jey) pamoys Apnis SIy) JO J[NSaI Y],

juauIssasse oNnIA uj

skep Gy 1oy Aep/quie|

/mu (gs) 09 pue (gs)
0 ‘(dS) 0T Suisn joenx0
joenxa juerd snid jonuo)
10 ‘(Jonuo))) uonel paxIw
2103 & paj axom doays oy,

( oseyq) sdnoi3 oures
QU) Ul sjuSUEBAI) duIes
Y} YPIM SKEp 9ATINOASUOD
¢ IoJ pasop A[[eio

arom doays ‘g Aep woig

(1 9seyq)
skep ¢t 103 doays 1od

yoom 1od asop quo ‘(Mg
(383 3w Q1) 9sop [e10
ue se pardde arom asay],

dooys pajoojur A[einyeu o)
JySrem Apoq jo 3y/3 ¢ pue
I JO S9sOp Y} Je SJOeIXd
JrjouRYJOW 9pNId pue Io
snoanbe opnid 10 19pmod
9pNId SB PaIQ)SIUIWIpE
IoM DIIPUL "y JO SPAAS

JUSWISSISSE OIJIA U]

SNJL0JUOD
SNYIUOWIDE]

“dds vrzamopy
pue sepojeuwiau
[eunsajuronses

PXIA

sopojewou
[eunsojuIoNSed
PoXIA

sopojewau
[eunsouIONSLI
POXIA

SNJLOJUOD
SNYIUOUIDF]

smypiound

SHYIUDA103]J

pue pjoaoun]
DSIDI

u0.10]] 20NDS

SLDINDS
DI34NGID
pue paund
p2apadsa]
wmayps wnijy
xo.a2f 201y
‘SNSOUI0I SPUDUY

eoIpur
BIYORIIPLZY

susadupd
DISIUILLY

s1eo3
pue doaysg

squier|

dooyg

dooyg

dooyg

(6007) Te 12 9ssope],

(S107) T8 13 O[11PaD

(¥102) T8 19 pawyy

(0107) ' 2 [eqby

(¥100) T8 19 1epV

(s) Juawrwo)

UONEISTUTWIPE JO )NO0Y

(s) ausered 1031e],

Jwreu [eoruelog

1SOH

SQ0UQIOJOY

penunuod | d[qe],

pringer

s



Agroforest Syst (2020) 94:1415-1432

1424

%001-L6 £q Anour [eAre] pue ‘%001-8'06
Aq juowdoraaap [eATe] ‘%00T— 96 Aq Suryorey
332 3qIyur 0} 9[qe 2IoMm [OWAY} pue [10 Y],
"$NJ0JU00 "f JO Sade)s urew Iy} Y} Jsurese
QAI}09JJ0 a1aM ‘uonisodwod [10 Y} JO %TZ 0S

Tl pue ‘9 ‘Q skep

uo Jy3rom Apoq 3y/3w G/
Pue ‘0¢1 ‘00€ JO sasop

Je [I0 [BNUASS SLIDSINA
‘[ JO uonensurupe

[8I0 9} JO PAISISUOD

10} SJUNODJE YOIYM ‘JOWAY) pPue [I0 [BTJUISSD JUSWIIBAL], JUSUISSISSE SNJLOJUOD i
Ay yloq ‘rey) pamoys Apnmis SIy} Jo J[nsal oy, OAIA UI pU® ONIA UJ snyouowavyy suUpSma snudy | doays (9107) "[® 19 BIOLIO]
sAep 4 10} 9JeIUAOUOD
Sunmjoeynuew
i pojuowa[ddns soyisered
Surpasy sAep 1 191ye s330 opojewou ay) pue wnjIqI[ pe [eunsajuronses DAOYIpunaS
paonpal vLoYipup.S g yey) pamoys Apnis SIyJ, popraoid axom soABa POXIN DIUDGSIS je0D) (9107) I8 190 [Izy
juowrriadxo
JUSISJJIP UL T PUB ‘CE ‘YT
‘sep 1¢ 10} Wy3rom Apoq
33/3 G Jo dre1 © e A[IRp
squie] 10 SPIy Je03 jeaw ur Junod 339 [ed9J P99J OJUT PAXIW JATIOROIq sopojewau
SUIONPAI UT 9AT}ORJJ JOU AI9M PAI)SIUIWIPE juerd yym poyuowd[ddns [eunsajuronses 128u18 pue dooys 9102)
sjuounjean 1o3uid pue urydwnd ‘sarpnis 9say) up QIoM S[RUIIUER PIJOQJU] POXIN spaas urydwnd pue jeon ‘[e 19 SMAYNEBIA
dnoi13 jonuos sane3ou
Yy 0) paredwod USYM SHLIOIUOD SHYIUOWIDE]
JO sa3e)s 9100 91 221y} UO AJIATIOR SNJL0IU0D WNUDLIYIPUd
JNUIWAYIUE JUBOYIUSIS PILIOXd SIORIXS QY JUSWISSASSE ONIA UL SNYOUOWIDY wnos.ivjag doays (9107) 'Te 10 uezoy
(s) Juowrwo) UoneNSIUTWUPE JO 9IN0Y (s) onsered j1o31e], Qureu [eoruejog JSOH SQOUAIRJY

penunuod | d[qe],

pringer

As



Agroforest Syst (2020) 94:1415-1432

1425

investigated and received a great attention in the field
of anthelmintic medication (Athanasiadou and Kyri-
azakis 2004; Wolstenholme et al. 2004). The utiliza-
tion of plants bioactive for their GIT helminthiasis
counteractive action has its origin in ethnoveterinary
traditional medicine. While, the anti-parasitic activi-
ties of plants bioactive and their metabolites has been
generally based on episodic perception, there is as of
now an expanding number of controlled experiments
that aim to evaluate, quantify and validate such plant
activities in a scientific manner (Marie-Magdeleine
et al. 2010).

Throughout many years of researches, large num-
ber of plants bioactive with anthelmintic activities in
ruminant has been scientifically approved in veteri-
nary practice, either through administering plant
extracts to the diseased animal or consuming the
whole plant through feeding (Athanasiadou et al.
2007; Faria et al. 2016). Table 1 lists a selected
example of these plants bioactive. Most of these
studies have spotlighted on small ruminant under
grazing conditions, in which animals were ingested
freshly collected plants without further processing.
For instance, Havardia albicans and Lespedeza
cuneate were given to the sheep during feeding
process as alternative for gastrointestinal parasite
control (Galicia-Aguilar et al. 2012; Féboli et al.
2016). Notwithstanding, each year, the list of new
plants with nematocidal in vitro and in vivo properties
against known helminths is updated as new natural
choices for supplanting (at any rate mostly) the
utilization of synthetics chemicals. However these
tremendous number of plants that have nematocidal
activity, the majority of the bioactive constituents that
responsible for this anthelmintic activity remain
uncharacterized (Ghisalberti 2002). Exploring the
in vivo and in vitro anthelmintic effect of the available
plants bioactive and their secondary metabolites have
been the subject of recent review (Zeineldin et al.
2018). The extent of described plants bioactivity shifts
enormously and sometimes it is hard to evaluate the
level of action since the compound that responsible for
activity might be unidentified and the plant utilized as
a part of the trials may have an unspecified amount of
the bioactive constituents. The presumed bioactivity
falls into an extensive variety of compound classes
including; phenolics (tannins), lipids (fatty acids),

alkaloids and terpenes (essential oils, saponins and
glycosoylated triterpenes). It has been noticed that the
synergistic impacts between the plant bioactive con-
stituents especially lipids and essential oils is imper-
ative for their natural biological activities and their
nematocidal properties (Ghisalberti 2002). Similarly,
recent studies focused on identifying the secondary
metabolites that responsible for plants activity against
GIT parasitism have identified a contributing role of
the plants bioactive components including condensed
tannins, catechins, polyphenolics, steroids, and flavo-
noids (Oliveira et al. 2009).

Tannins-containing plants are the commonly used
plants bioactive, and their impacts on parasitic infes-
tation have been the first to be explored among the
known plants bioactive. Interdisciplinary groups of
researchers (Paolini et al. 2003; Barrau et al. 2005;
Alonso-Diaz et al. 2008; Vargas-Magaiia et al. 2014;
Hoste et al. 2015) have studied the role of plants
containing condensed tannins in control of GIT
helminthiasis particularly Haemonchus contortus.
The condensed tannins biological mechanisms of
action to eliminate parasites can vary from plant to
another. Two main different mechanism of action have
been suggested (van Zyl et al. 2017). Firstly, tannins-
containing plants could act indirectly, by enhancing
the reaction of the host to parasites. In view of their
protein-restricting capacity, tannins can prevent
breakage of proteins in the rumen and increase amino
acid absorption by the small intestine, which thus
enhance host homeostasis and modulate host immune
response against different parasites (Min et al. 2003).
Few studies have addressed this indirect mechanism
by estimating particularly local or general parameters
related to host immunity, but the outcomes remain to a
great extent uncertain (Athanasiadou et al. 2005;
Niezen et al. 2002; Tzamaloukas et al. 2005; Hoste
et al. 2006). Secondly, the direct mechanism, in which,
the tannin containing plants showed different anthel-
mintic potentials in themselves and influence several
key biological processes of the parasites. This mech-
anism is bolstered by results from multiple in vitro
tests and, importantly, from in vivo assays in small
ruminant in which the short-term experimental design
did not allow the development and expression of
effective host immune reactions (Paolini et al. 2003;
Athanasiadou et al. 2001).
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Table 2 Selected plants bioactive that impacts animal health

References

Botanical name

Common name

Action

Tanner et al.
(1995)

Stoldt et al.
(2016)

Stoldt et al.
(2016)

Zhang et al.
(2015)

Fu et al.
(2013)

Stoldt et al.
(2016)

Abou-Elkhair
et al. (2014)
Abou-Elkhair
et al. (2014)
Abou-Elkhair
et al. (2014)
Ramirez-
Restrepo
et al. (2004)

Reis (1978)

Wang et al.
(2013)

Wang et al.
(2017)

Mandal et al.
(2014)

Raju et al.
(2015)
Gobindram
et al. (2017)

Choubey et al.

(2016)

Choubey et al.

(2016)

Choubey et al.

(2016)

Choubey et al.

(2016)

Mamaghani
et al. (2013)

Valdes et al.
(2015)

Cinnamomium
spp-

Trifolium
pratense

Cichorium
intybus

Glycyrrhiza
uralensis

Fagopyrum
esculentum

Piper Nigrum
Curcuma Longa

Coriandrum
Sativum

Lotus
corniculatus

Leucaena
leucocephala

Portulaca
oleracea

Triticum

Acacia
concinna pods

Quercus
semecarpifolia

Citrus medica

Woodfordia
fruticosa

Solanum nigrum

Trigonella
foenum-
graecum

Ceratonia
siliqua

Zingiber
officinale

Salix
babylonica

Cinnamon
Red clover
Chicory

Liquorice

Buckwheat

Black Pepper
Turmeric Powder
Coriander Seeds

Birdsfoot trefoil

White leadtree
Pigweed
Wheat straw

Okra, Abelmosk, Ambrette
seeds, Annual hibiscus, Bamia
Moschata

Oak

Citron

Flame Bush

European black nightshade

Fenugreek

Carob
Ginger

Babylon willow

Destabilize plant protein foams
Increase final live and carcass weight
Increase final live and carcass weight

Improve antioxidant capacity of meat

Increased Plasma glucose, B-hydroxybutyrate, and albumin
level, indicating a possible metabolic effect on energy
metabolism

Enhanced the performance and health status
Enhanced the performance and health status
Enhanced the performance and health status

Increased ovulation rate and resulting in increased multiple
births

Effective in stopping the growth of wool and allowing
subsequent manual removal of the fleece

Can promote the extent of fermentation and effectively
inhibit methane production

Has the potential to improve feed efficiency and carcass
quality

May improve the concentrations of beneficial fatty acid in
meat without any adverse effect on digestibility and growth
performance

Beneficial in augmenting nutrient utilization, increase growth
performance and improve feed efficiency

Increase feed intake, performance, feeding behavior

Improve nutrient utilization and has antioxidant effect

Improve nutrient utilization and has antioxidant effect

Improve nutrient utilization and has antioxidant effect

Increase feed intake, improve animal performance, feeding
behavior, and reduced blood cholesterol

Have stimulant effect on reticulorumen motility

Increased feed intake, nutrient digestibility and daily gain

@ Springer



Agroforest Syst (2020) 94:1415-1432

1427

Effect of bioactive plants on behavior, production
and performance of ruminant

Generally, the plants bioactive have been approved to
play a crucial role in increasing animal productivity, as
well as in modification the animal behaviors (Table 2).
The impact of bioactive compound on different physio-
logical parameter in the host may be reversible or
irreversible, acute or chronic, preventative, and or
curative. Approximately, 80,000 plants bioactive are
acknowledged for their importance in improving animal
health and productivity worldwide (Bernhoft 2010).
More recently, relationship between plant secondary
metabolites and animal health has been the main point of
scientific researchers to identify the specific plant
components that have beneficial effect on animal
production (Bickell et al. 2010; Stanner et al. 2004).
More than 200,000 bioactive component are documented
as plant secondary metabolites, with various categories
including tannins, flavonoids, alkaloids, saponins, cyano-
genic glycosides, non-protein amino acids, terpens, and
glycosinolates (Hart et al. 2008). Considering the vari-
ation in the different structure and function of GIT
between animal species, numerous investigations have
exhibited that ingestion of plant secondary metabolites
diminished feed conversion proficiency and impaired
nutrient utilization (Reed 1995; Stienezen et al. 1996).
While, others have revealed enhanced absorbability and
feed effectiveness with bioactive compound use in food
producing animals (Hussain and Cheeke 1995).

Effect of bioactive plants on animal reproduction

Bioactive plants may have beneficial outcomes in
improving animal reproductive performance. The plant
secondary metabolites can encourage expression of
male conceptive practices, including mating and court-
ship behavior (Patel et al. 2011), increase production of
sex steroids and increase sperm count (Gauthaman and
Ganesan 2008). Additionally, high intake of plants
bioactive that contains high amount of vitamin E
connects with decrease prevalence of retained placenta
and mastitis in ruminant (Celi and Gabai 2015).

Effect of bioactive plants on growth performance
of animals

Plants bioactive represents an essential part in animal
feeding and affect significantly growth performance

and healthy status of animals. Plants bioactive demon-
strated a significance contribution in the feeding of
grazing animals especially in area where few or no
choices are accessible (Mahala et al. 2007). Small
ruminant used trees forages as a source of energy,
vitamins, protein, and minerals. For instance, supple-
mentation of Leucaena leucoephala to small ruminant
gave higher convergences of rumen metabolites,
which normally enhanced rumen capacity and
absorbability (Bonsi et al. 1995). Most of the plant
extracts are used to enhance growth performance and
improve nutrient digestibility in food producing
animals because of their beneficial impacts on ruminal
microorganisms activity and amino acid flow to the
GIT (Jiménez-Peralta et al. 2011). The plants bioac-
tive and their constituents influence not only animal
growth but also body structure and carcass composi-
tion. For example, natural plants bioactive, that
consists of betaine (naturally occurring amino acid
derivative) and conjugated linoleic acid can enhance
the fat to lean content and has substantial implications
on consumer acceptance (Sillence 2004).

Effect of bioactive plants on wool and skin quality

Plants bioactive can be utilized to heal skin wounds
and mitigate skin bothering or aggravation, or to treat
general skin disorders such as dermatosis, eczema,
warts, and abscesses (Dilika et al. 2000). For example,
sheep grazing on lotus containing tannins exhibited
increased in wool production (Patra and Saxena 2011).

Effect of bioactive plants on immunity, stress
and pain

Bioactive plants and their biological constituent have
been demonstrated to boost and improve host function,
with impacts extending from anti-inflammatory (Neto
et al. 2005), to enhancing and modulation of humoral
and cellular immunity (More and Pai 2011). For
instance, ruminant grazing on plant rich in bioactive
constituent showed elevated in immune response with
lower level of lymphocyte, monocyte and eosinophil
(Tzamaloukas et al. 2006; Mahgoub et al. 2008).
Moreover, plant secondary components have showed
a great effect on the host psychological and physio-
logical response (Stafford et al. 2008). For instance,
feeding Lavender oil (Lavendula augustifolia) to the
small ruminant resulted in diminish anxiety-like
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behavior (Hawken et al. 2012). While, other plants
bioactive (Passiflora incarnate, chamomile, Matri-
caria recutita, and Papaver somniferum) were used
traditionally to calm horses and donkeys (Cruz-Vega
et al. 2009).

Further consideration when using the plant
bioactive

However the existing knowledge on anthelmintic
effect, and the beneficial effect of plants bioactive in
improving host productivity, the in-field toxicity and
environmental risk should be assessed before intro-
duction of any new feed as alternative to the current
used strategies (Hoste et al. 2006). Additionally, the
variations between the gut anatomical structures and
GIT different prevailing conditions could play a
crucial role in the response of GIT parasites to plants
bioactive (Hoste et al. 2006). The host physiological
adaptations to plants bioactive constituent could
change the amount of bioactive components needed
to interact with the parasites (Silanikove 2000). There
are additionally a few variables which should be
considered while surveying the effect of bioactive
plants in livestock producing system. For example, the
ethnoveterinary medicines are usually produced either
from the entire plant, or from part of the plant. The
field application of plants bioactive are often lack
standardization, because they have been used in
livestock through trial-and-error, instead of valid
scientific approach. Therefore, isolation and distin-
guishing of the plants bioactive biological compounds
is critical (Provenza and Villalba 2010). Another
important factor that should be considered is the
palatability of bioactive plants (Rogosic et al. 2008).
Generally, plants bioactive are considered unpalat-
able, which in turn reduced animal consuming ability
(Beauchemin and McGinn 2006). Further factors, for
example, administration time (the time it takes to
achieve the advantageous effect), persistence, adapta-
tion, and interactions with host should be likewise
considered. It is important to conduct a long term and
controlled experimental studies with repeated appli-
cations of the plants bioactive to allow adequate time
and amounts for the bioactive effect to develop, but
also to give the host the chance to adapt the plants
bioactive components. Finally, the future use of
bioactive plants needs to consider the different

@ Springer

environmental issues such as agronomy of the plant,
accessibility of natural resources, preservation of
resources and ecological sustainability. Utilization of
bioactive plants in livestock production systems must
be well-founded and linked to farm economics, to
clearly demonstrate the improvement percent in
animal health without affecting total farm productivity
(Durmic and Blache 2012).

Concluding remarks

This review article aimed to cite the widely used plants
bioactive for treatment of most common GIT parasites
in ruminants and to document scientist’s interest in
utilizing natural option as alternatives to the synthetics
chemicals in the livestock production industry. Sev-
eral research studies in ruminants to date have
investigated the use of specific classes of plants
bioactive for nematocides treatment, suggesting that
this could be a fertile area for future research. Despite
that, assessing the potential anthelmintic effect of
plant bioactive lack the chemical analysis of plant
constituents. Considering the previously mentioned
issues, this review suggests that plants bioactive may
certainly be valuable for livestock health, while in the
meantime, highlights the need for further in-depth and
controlled in vivo studies to validate and assess the
plants bioactivity. Isolating plant bioactive com-
pounds is vital to understand the bioactive components
and their mechanism of action to achieve maximum
efficacy of the plants and reduced their potential
toxicity. Exploiting plants bioactive in livestock
management system may offer practical, inexpensive,
environmentally safe, and sustainable alternatives to
synthetic chemicals, however more research is
required before such compounds can be suggested in
commercial livestock production systems.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.

References

Abou-Elkhair R, Ahmed HA, Selim S (2014) Effects of black
pepper (piper nigrum), turmeric powder (curcuma longa)
and coriander seeds (coriandrum sativum) and their com-
binations as feed additives on growth performance, carcass



Agroforest Syst (2020) 94:1415-1432

1429

traits, some blood parameters and humoral immune
response of broiler chickens. Asian-Australasian. J Anim
Sci 27:847-854. https://doi.org/10.5713/ajas.2013.13644

Aggarwal R, Kaur K, Suri M, Bagai U (2016) Anthelmintic
potential of Calotropis procera, Azadirachta indica and
Punica granatum against Gastrothylax indicus. J Parasit
Dis 40:1230-1238. https://doi.org/10.1007/s12639-015-
0658-0

Ahmed M, Laing MD, Nsahlai IV (2014) In vivo effect of
selected medicinal plants against gastrointestinal nema-
todes of sheep. Trop Anim Health Prod 46:411-417.
https://doi.org/10.1007/s11250-013-0506-0

Akkari H, Rtibi K, B’chir F et al (2014) In vitro evidence that the
pastoral artemisia campestris species exerts an anthel-
mintic effect on haemonchus contortus from sheep. Vet
Res Commun 38:249-255.  https://doi.org/10.1007/
s11259-014-9609-y

Alonso-Diaz MA, Torres-Acosta JFJ, Sandoval-Castro CA et al
(2008) In vitro larval migration and kinetics of exsheath-
ment of Haemonchus contortus larvae exposed to four
tropical tanniniferous plant extracts. Vet Parasitol
153:313-319

Athanasiadou S, Kyriazakis I (2004) Plant secondary metabo-
lites: antiparasitic effects and their role in ruminant pro-
duction systems. Proc Nutr Soc 63:631-639

Athanasiadou S, Kyriazakis I, Jackson F, Coop RL (2001)
Direct anthelmintic effects of condensed tannins towards
different gastrointestinal nematodes of sheep: in vitro and
in vivo studies. Vet Parasitol 99:205-219

Athanasiadou S, Tzamaloukas O, Kyriazakis I et al (2005)
Testing for direct anthelmintic effects of bioactive forages
against Trichostrongylus colubriformis in grazing sheep.
Vet Parasitol 127:233-243

Athanasiadou S, Githiori J, Kyriazakis I (2007) Medicinal plants
for helminth parasite control: facts and fiction. Animal
1:1392-1400

Azrul LM, Poungpong K, Jittapalapong S, Prasanpanich S
(2016) Short-term preliminary anthelmintic effect of ses-
bania grandiflora in naturally parasitic infected goats with
side effects observation. Livest Res Int 4:18-22

Barrau E, Fabre N, Fouraste I, Hoste H (2005) Effect of
bioactive compounds from Sainfoin (Onobrychis viciifolia
Scop.) on the in vitro larval migration of Haemonchus
contortus: role of tannins and flavonol glycosides. Para-
sitology 131:531-538

Beauchemin KA, McGinn SM (2006) Effects of various feed
additives on the methane emissions from beef cattle. Int
Congr Ser 1293:152-155

Bernhoft A (2010) Bioactive compounds in plants—benefits and
risks for man and animals. Acad Sci Lett Oslo 11-17

Besier RB, Love SCJ (2003) Anthelmintic resistance in sheep
nematodes in Australia: the need for new approaches. Aust
J Exp Agric 43:1383-1391

Bickell S, Durmic Z, Blache D et al (2010) Rethinking the
management of health and reproduction in small rumi-
nants. In: Wittwer F, Chihuailaf R, Contreras H, Gall C,
Kruze J, Lanuza F, Letelier C, Monti G, Noro M (eds)
Updat Rumin Prod Med. Proceedings 26th World Buiatrics
Congress 14-17 November 2010, Santiago, Chile,
pp 317-325

Bonsi MLK, Osuji PO, Tuah AK (1995) Effect of supplement-
ing teff straw with different levels of leucaena or sesbania
leaves on the degradabilities of teff straw, sesbania, leu-
caena, tagasaste and vernonia and on certain rumen and
blood metabolites in Ethiopian Menz sheep. Anim Feed Sci
Technol 52:101-129

Cala AC, Chagas ACS, Oliveira MCS et al (2012) In vitro
anthelmintic effect of melia azedarach L. and Trichilia
claussenii C. against sheep gastrointestinal nematodes. Exp
Parasitol 130:98-102. https://doi.org/10.1016/j.exppara.
2011.12.011

Camurca-Vasconcelos ALF, Bevilaqua CML, Morais SM et al
(2008) Anthelmintic activity of lippia sidoides essential oil
on sheep gastrointestinal nematodes. Vet Parasitol
154:167-170.  https://doi.org/10.1016/j.vetpar.2008.02.
023

Cedillo J, Kholif AE, Salem AZM et al (2015) Oral adminis-
tration of sauce llorén extract to growing lambs to control
gastrointestinal nematodes and moniezia spp. Asian Pac J
Trop Med 8:520-525. https://doi.org/10.1016/j.apjtm.
2015.06.011

Celi P, Gabai G (2015) Oxidant/antioxidant balance in animal
nutrition and health: the role of protein oxidation. Front Vet
Sci 2:1-13

Choubey M, Pattanaik AK, Baliyan S et al (2016) Dietary
supplementation of a novel phytogenic feed additive:
effects on nutrient metabolism, antioxidant status and
immune response of goats. Anim Prod Sci 56:1612-1621.
https://doi.org/10.1071/AN14770

Coles GC (2005) Anthelmintic resistance—looking to the
future: a UK perspective. Res Vet Sci 78:99-108

Coles GC, Jackson F, Pomroy WE et al (2006) The detection of
anthelmintic resistance in nematodes of veterinary impor-
tance. Vet Parasitol 136:167-185

Cruz-Vega D, Verde-Star MJ, Salinas-Gonzalez NR et al (2009)
Review of pharmacological effects of Glycyrrhiza radix
and its bioactive compounds. Zhongguo Zhong Yao Za Zhi
22:557-559

de Mendonca RMA, Leite RC, Lana AMQ et al (2014) Parasitic
helminth infection in young cattle raised on silvopasture
and open-pasture in Southeastern Brazil. Agrofor Syst
88:53-62

Dilika F, Bremner PD, Meyer JJM (2000) Antibacterial activity
of linoleic and oleic acids isolated from Helichrysum
pedunculatum: a plant used during circumcision rites.
Fitoterapia 71:450-452

Durmic Z, Blache D (2012) Bioactive plants and plant products:
effects on animal function, health and welfare. Anim Feed
Sci Technol 176:150-162

Eguale T, Tilahun G, Debella A, et al (2007) Haemonchus
contortus: in vitro and in vivo anthelmintic activity of
aqueous and hydro-alcoholic extracts of Hedera helix. Exp
Parasitol 116:340-345. https://doi.org/10.1016/j.exppara.
2007.01.019

El-Far AH, Eman K, Bazh MM (2014) Research article
antioxidant and antinematodal effects of. Int J Pharm Sci
Rev Res 26:222-227

Faria EF, Lopes LB, dos Reis KD et al (2016) Effect of the
integrated livestock—forest system on recovery of tri-
chostrongylid nematode infective larvae from sheep.
Agrofor Syst 90:305-311

@ Springer


https://doi.org/10.5713/ajas.2013.13644
https://doi.org/10.1007/s12639-015-0658-0
https://doi.org/10.1007/s12639-015-0658-0
https://doi.org/10.1007/s11250-013-0506-0
https://doi.org/10.1007/s11259-014-9609-y
https://doi.org/10.1007/s11259-014-9609-y
https://doi.org/10.1016/j.exppara.2011.12.011
https://doi.org/10.1016/j.exppara.2011.12.011
https://doi.org/10.1016/j.vetpar.2008.02.023
https://doi.org/10.1016/j.vetpar.2008.02.023
https://doi.org/10.1016/j.apjtm.2015.06.011
https://doi.org/10.1016/j.apjtm.2015.06.011
https://doi.org/10.1071/AN14770
https://doi.org/10.1016/j.exppara.2007.01.019
https://doi.org/10.1016/j.exppara.2007.01.019

1430

Agroforest Syst (2020) 94:1415-1432

Féboli A, Laurentiz AC, Soares SCS et al (2016) Ovicidal and
larvicidal activity of extracts of Opuntia ficus-indica
against gastrointestinal nematodes of naturally infected
sheep. Vet Parasitol 226:65-68

Ferreira LE, Benincasa BI, Fachin AL et al (2016) Thymus
vulgaris L. essential oil and its main component thymol:
anthelmintic effects against Haemonchus contortus from
sheep. Vet Parasitol 228:70-76. https://doi.org/10.1016/].
vetpar.2016.08.011

Fu Y, Chen J, Li Y]J, et al (2013) Antioxidant and anti-inflam-
matory activities of six flavonoids separated from licorice.
Food Chem 141:1063-1071. https://doi.org/10.1016/j.
foodchem.2013.03.089

Galicia-Aguilar HH, Rodriguez-Gonzalez LA, Capetillo-Leal
CM et al (2012) Effects of Havardia albicans supple-
mentation on feed consumption and dry matter digestibility
of sheep and the biology of Haemonchus contortus. Anim
Feed Sci Technol 176:178-184

Garcia CMB, Sprenger LK, Ortiz EB, Molento MB (2016) First
report of multiple anthelmintic resistance in nematodes of
sheep in Colombia. An Acad Bras Cienc 88:397-402

Gauthaman K, Ganesan AP (2008) The hormonal effects of
Tribulus terrestris and its role in the management of male
erectile dysfunction—an evaluation using primates, rabbit
and rat. Phytomedicine 15:44-54

Ghisalberti EL (2002) Secondary metabolites with antinema-
todal activity. Stud Nat Prod Chem 26:425-506

Gobindram MNNE, Bognanno M, Luciano G et al (2017) The
effects of barley replacement by dehydrated citrus pulp on
feed intake, performance, feeding behaviour and serum
metabolic indicators in lambs. Anim Prod Sci 57:133-140.
https://doi.org/10.1071/AN141010

Gregory L, Yoshihara E, Ribeiro BLM et al (2015) Dried,
ground banana plant leaves (Musa spp.) for the control of
Haemonchus contortus and Trichostrongylus colubri-
formis infections in sheep. Parasitol Res 114:4545-4551.
https://doi.org/10.1007/s00436-015-4700-z

Hart KJ, Yafiez-Ruiz DR, Duval SM et al (2008) Plant extracts
to manipulate rumen fermentation. Anim Feed Sci Technol
147:8-35

Hasan MI, Begum S, Islam S et al (2015) Effects of garlic
supplementation on parasitic infestation, live weight, and
hematological parameters in black Bengal goat. ] Adv Vet
Anim Res 2:326-331. https://doi.org/10.5455/javar.2015.
b102

Hawken PAR, Fiol C, Blache D (2012) Genetic differences in
temperament determine whether lavender oil alleviates or
exacerbates anxiety in sheep. Physiol Behav
105:1117-1123

Hernandez PM, Salem AZM, Elghandour MMMY et al (2014)
Anthelmintic effects of Salix babylonica L. and Leucaena
leucocephala Lam. extracts in growing lambs. Trop Anim
Health Prod 46:173-178. https://doi.org/10.1007/s11250-
013-0471-7

Hoste H, Jackson F, Athanasiadou S et al (2006) The effects of
tannin-rich plants on parasitic nematodes in ruminants.
Trends Parasitol 22:253-261

Hoste H, Torres-Acosta JEJ, Sandoval-Castro CA et al (2015)
Tannin containing legumes as a model for nutraceuticals
against digestive parasites in livestock. Vet Parasitol
212:5-17

@ Springer

Hussain I, Cheeke PR (1995) Effect of dietary Yucca schidigera
extract on rumen and blood profiles of steers fed concen-
trate- or roughage-based diets. Anim Feed Sci Technol
51:231-242

Igbal Z, Lateef M, Jabbar A, Gilani AH (2010) In vivo anthel-
mintic activity of Azadirachta indica A. Juss seeds against
gastrointestinal nematodes of sheep. Vet Parasitol
168:342-345.  https://doi.org/10.1016/j.vetpar.2009.11.
005

Igbal Z, Lateef M, Jabber A et al (2006) In vitro and in vivo
anthelmintic activity of Nicotiana tabacum L. leaves
against gastrointestinal nematodes of sheep. Phyther Res
20:46-48

Irum S, Ahmed H, Mukhtar M et al (2015) Anthelmintic activity
of Artemisia vestita Wall ex DC. and Artemisia maritima L.
against Haemonchus contortus from sheep. Vet Parasitol
212:451-455.  https://doi.org/10.1016/j.vetpar.2015.06.
028

Jabbar A, Zaman MA, Igbal Z, et al (2007) Anthelmintic activity
of Chenopodium album (L.) and Caesalpinia crista (L.)
against trichostrongylid nematodes of sheep. J Ethnophar-
macol 114:86-91. https://doi.org/10.1016/j.jep.2007.07.
027

Jiménez-Peralta FS, Salem AZM, Mejia-Hernandez P et al
(2011) Influence of individual and mixed extracts of two
tree species on in vitro gas production kinetics of a high
concentrate diet fed to growing lambs. Livest Sci
136:192-200

Kanojiya D, Shanker D, Sudan V et al (2015a) Anthelmintic
activity of Ocimum sanctum leaf extract against ovine
gastrointestinal nematodes in India. Res Vet Sci
99:165-170. https://doi.org/10.1016/j.rvsc.2015.01.017

Kanojiya D, Shanker D, Sudan V et al (2015b) Assessment of
in vitro and in vivo anthelminthic potential of extracts of
Allium sativum bulb against naturally occurring ovine
gastrointestinal nematodiosis. Vet Q 35:200-206. https://
doi.org/10.1080/01652176.2015.1099080

Kanojiya D, Shanker D, Sudan V et al (2015c) In vitro and
in vivo efficacy of extracts of leaves of Eucalyptus globulus
on ovine gastrointestinal nematodes. Parasitol Res
114:141-148. https://doi.org/10.1007/s00436-014-4169-1

Karki U, Karki Y, Khatri R et al (2018) Raising goats in the
southern-pine silvopasture system: challenges and oppor-
tunities. Agrofor Syst 2060:1-11

Khan A, Tak H, Nazir R, Lone BA (2016) In vitro and in vivo
anthelmintic activities of Iris kashmiriana Linn. J Saudi
Soc Agric Sci. https://doi.org/10.1016/j.jssas.2016.05.001

Kozan E, Kiipeli Akkol E, Siintar I (2016) Potential anthelmintic
activity of  Pelargonium  endlicherianum  Fenzl.
J Ethnopharmacol 187: 183—186. https://doi.org/10.1016/j.
jep.2016.04.044

Macedo ITF, Bevilaqua CML, de Oliveira LMB et al (2010)
Anthelmintic effect of Eucalyptus staigeriana essential oil
against goat gastrointestinal nematodes. Vet Parasitol
173:93-98. https://doi.org/10.1016/j.vetpar.2010.06.004

Mahala AG, Nasir A, Elseed MAF (2007) Chemical composi-
tion and in vitro gas production characteristics of six fodder
trees leaves and seeds. Res J Agric Biol Sci 3:983-986

Mahgoub O, Kadim IT, Tageldin MH et al (2008) Clinical
profile of sheep fed non-conventional feeds containing


https://doi.org/10.1016/j.vetpar.2016.08.011
https://doi.org/10.1016/j.vetpar.2016.08.011
https://doi.org/10.1016/j.foodchem.2013.03.089
https://doi.org/10.1016/j.foodchem.2013.03.089
https://doi.org/10.1071/AN141010
https://doi.org/10.1007/s00436-015-4700-z
https://doi.org/10.5455/javar.2015.b102
https://doi.org/10.5455/javar.2015.b102
https://doi.org/10.1007/s11250-013-0471-7
https://doi.org/10.1007/s11250-013-0471-7
https://doi.org/10.1016/j.vetpar.2009.11.005
https://doi.org/10.1016/j.vetpar.2009.11.005
https://doi.org/10.1016/j.vetpar.2015.06.028
https://doi.org/10.1016/j.vetpar.2015.06.028
https://doi.org/10.1016/j.jep.2007.07.027
https://doi.org/10.1016/j.jep.2007.07.027
https://doi.org/10.1016/j.rvsc.2015.01.017
https://doi.org/10.1080/01652176.2015.1099080
https://doi.org/10.1080/01652176.2015.1099080
https://doi.org/10.1007/s00436-014-4169-1
https://doi.org/10.1016/j.jssas.2016.05.001
https://doi.org/10.1016/j.jep.2016.04.044
https://doi.org/10.1016/j.jep.2016.04.044
https://doi.org/10.1016/j.vetpar.2010.06.004

Agroforest Syst (2020) 94:1415-1432

1431

phenols and condensed tannins. Small Rumin Res
78:115-122

Mamaghani A, Maham M, Dalir-Naghadeh B (2013) Effects of
ginger extract on smooth muscle activity of sheep reticu-
lum and rumen. Vet Res forum an Int Q J 4:91-97

Mandal GP, Roy A, Patra AK (2014) Effects of feeding plant
additives rich in saponins and essential oils on the perfor-
mance, carcass traits and conjugated linoleic acid con-
centrations in muscle and adipose tissues of Black Bengal
goats. Anim Feed Sci Technol 197:76-84. https://doi.org/
10.1016/j.anifeedsci.2014.08.008

Marie-Magdeleine C, Udino L, Philibert L et al (2010) In vitro
effects of Cassava (Manihot esculenta) leaf extracts on four
development stages of Haemonchus contortus. Vet Para-
sitol 173:85-92

Matthews KK, O’Brien DJ, Whitley NC et al (2016) Investi-
gation of possible pumpkin seeds and ginger effects on
gastrointestinal nematode infection indicators in meat goat
kids and lambs. Small Rumin Res 136:1-6. https://doi.org/
10.1016/j.smallrumres.2015.12.036

Mehlhorn H, Al-Quraishy S, Al-Rasheid KAS et al (2011)
Addition of a combination of onion (Allium cepa) and
coconut (Cocos nucifera) to food of sheep stops gastroin-

testinal helminthic infections. Parasitol Res
108:1041-1046. https://doi.org/10.1007/s00436-010-
2169-3

Min BR, Barry TN, Attwood GT, McNabb WC (2003) The
effect of condensed tannins on the nutrition and health of
ruminants fed fresh temperate forages: a review. Anim
Feed Sci Technol 106:3-19

Morais-Costa F, Bastos GA, Soares ACM et al (2016) In vitro
and in vivo action of Piptadenia viridiflora (Kunth) Benth
against Haemonchus contortus in sheep. Vet Parasitol
223:43-49. https://doi.org/10.1016/j.vetpar.2016.04.002

More P, Pai K (2011) Immunomodulatory effects of Tinospora
cordifolia (Guduchi) on macrophage activation. Biol Med
3:134-140

Neto AG, Costa JMLC, Belati CC et al (2005) Analgesic and
anti-inflammatory activity of a crude root extract of Pfaffia
glomerata (Spreng) Pedersen. J Ethnopharmacol 96:87-91

Niezen JH, Charleston WAG, Robertson HA et al (2002) The
effect of feeding sulla (Hedysarum coronarium) or lucerne
(Medicago sativa) on lamb parasite burdens and develop-
ment of immunity to gastrointestinal nematodes. Vet Par-
asitol 105:229-245

Oliveira AP, Valentao P, Pereira JA et al (2009) Ficus carica L.:
metabolic and biological screening. Food Chem Toxicol
47:2841-2846

Oliveira MCS, Nicodemo MLF, Pezzopane JRM et al (2017)
Gastrointestinal nematode infection in beef cattle raised in
silvopastoral and conventional systems in Sdo Paulo state,
Brazil. Agrofor Syst 91:495-507

Paolini V, Bergeaud JP, Grisez C et al (2003) Effects of con-
densed tannins on goats experimentally infected with
Haemonchus contortus. Vet Parasitol 113:253-261

Patel D, Kumar R, Prasad S, Hemalatha S (2011) Pharmaco-
logically screened aphrodisiac plant—a review of current
scientific literature. Asian Pac J Trop Biomed 1:131-138

Patra AK, Saxena J (2011) Exploitation of dietary tannins to
improve rumen metabolism and ruminant nutrition. J Sci
Food Agric 91:24-37

Pent GJ, Fike JH (2018) Lamb productivity on stockpiled fescue
in honeylocust and black walnut silvopastures. Agrofor
Syst 1-9

Piddock L (2002) Fluoroquinolone resistance in Salmonella
serovars isolated from humans and food animals. FEMS
Microbiol Rev 26:3-16

Pisseri F, De Benedictis C, Roberti Sarsina P, Azzarello BM
(2013) Sustainable animal production, systemic prevention
strategies in parasitic diseases of ruminants. Altern Integr
Med 2

Provenza FD, Villalba JJ (2010) The role of natural plant
products in modulating the immune system: an adapt-
able approach for combating disease in grazing animals.
Small Rumin Res 89:131-139

Raju J, Sahoo B, Chandrakar A et al (2015) Effect of feeding oak
leaves (Quercus semecarpifolia vs Quercus leucotri-
cophora) on nutrient utilization, growth performance and
gastrointestinal nematodes of goats in temperate sub
Himalayas. Small Rumin Res 125:1-9. https://doi.org/10.
1016/j.smallrumres.2014.12.013

Ramirez-Restrepo CA, Barry TN, Lépez-Villalobos N et al
(2004) Use of Lotus corniculatus containing condensed
tannins to increase lamb and wool production under com-
mercial dryland farming conditions without the use of
anthelmintics. Anim Feed Sci Technol 117:85-105. https://
doi.org/10.1016/j.anifeedsci.2004.05.005

Ramirez-Rivera U, Sanginés-Garcia JR, Escobedo-Mex JG et al
(2010) Effect of diet inclusion of Tithonia diversifolia on
feed intake, digestibility and nitrogen balance in tropical
sheep. Agrofor Syst 80:295-302

Reed JD (1995) Nutritional toxicology polyphenols in of tannins
and related forage legumes. J Anim Sci 73:1516-1528

Reis PJ (1978) Effectiveness of intravenous and abomasal doses
of mimosine for defleecing sheep and effects on subsequent
wool growth. Aust J Agric Res 29:1043-1055. https://doi.
org/10.1071/AR9781043

Rochfort S, Parker AJ, Dunshea FR (2008) Plant bioactives for
ruminant health and productivity. Phytochemistry
69:299-322

Roeber F, Jex AR, Gasser RB (2013) Impact of gastrointestinal
parasitic nematodes of sheep, and the role of advanced
molecular tools for exploring epidemiology and drug
resistance—an Australian perspective. Parasit Vectors
6:1-13

Rogosic J, Estell RE, Ivankovic S et al (2008) Potential mech-
anisms to increase shrub intake and performance of small
ruminants in mediterranean shrubby ecosystems. Small
Rumin Res 74:1-15

Saha BK, Rahman MA (2015) Comparative efficacy of neem
leaves extract and levamisole against ascariasis in chicken.
Wayamba J Anim Sci 2:43-48

Saidou W, Adama K, Balé B, Amadou T (2015) In vitro com-
parative anthelmintic activity on h&monchus contortus of
two natural fodders (Cassia obtusifolia and Piliostigma
reticulatum) extracts used in Burkina Faso. Int J Agric For
5:146-150. https://doi.org/10.5923/j.ijaf.20150502.08

Salem AZM, Elghandour MMY, Kholif AE et al (2017) Tree
leaves of Salix babylonica extract as a natural anthelmintic
for small-ruminant farms in a semiarid region in Mexico.
Agrofor Syst 91:111-122

@ Springer


https://doi.org/10.1016/j.anifeedsci.2014.08.008
https://doi.org/10.1016/j.anifeedsci.2014.08.008
https://doi.org/10.1016/j.smallrumres.2015.12.036
https://doi.org/10.1016/j.smallrumres.2015.12.036
https://doi.org/10.1007/s00436-010-2169-3
https://doi.org/10.1007/s00436-010-2169-3
https://doi.org/10.1016/j.vetpar.2016.04.002
https://doi.org/10.1016/j.smallrumres.2014.12.013
https://doi.org/10.1016/j.smallrumres.2014.12.013
https://doi.org/10.1016/j.anifeedsci.2004.05.005
https://doi.org/10.1016/j.anifeedsci.2004.05.005
https://doi.org/10.1071/AR9781043
https://doi.org/10.1071/AR9781043
https://doi.org/10.5923/j.ijaf.20150502.08

1432

Agroforest Syst (2020) 94:1415-1432

Sandoval-Castro CA, Torres-Acosta JFJ, Hoste H et al (2012)
Using plant bioactive materials to control gastrointestinal
tract helminths in livestock. Anim Feed Sci Technol
176:192-201

Silanikove N (2000) The physiological basis of adaptation in
goats to harsh environments. Small Rumin Res 35:181-193

Sillence MN (2004) Technologies for the control of fat and lean
deposition in livestock. Vet J 167:242-257

Singh G, Singh R, Verma PK et al (2015) Anthelmintic efficacy
of aqueous extract of Butea monosperma (Lam.) Kuntze
against Haemonchus contortus of sheep and goats. J Parasit
Dis  39:200-205. https://doi.org/10.1007/s12639-013-
0324-3

Singh G, Singh R, Verma PK et al (2016) Anthelmintic efficacy
of aqueous extract of Zanthoxylum armatum DC. seeds
against Haemonchus contortus of small ruminants. J Para-
sit Dis 40:528-532. https://doi.org/10.1007/s12639-014-
0540-5

Stafford GI, Pedersen ME, van Staden J, Jager AK (2008)
Review on plants with CNS-effects used in traditional
South African medicine against mental diseases.
J Ethnopharmacol 119:513-537

Stanner S, Hughes J, Kelly C, Buttriss J (2004) A review of the
epidemiological evidence for the ‘antioxidant hypothesis’.
Public Health Nutr 7:407—422

Stienezen M, Waghorn GC, Douglas GB (1996) Digestibility
and effects of condensed tannins on digestion of sulla
(Hedysarum coronarium) when fed to sheep. N Z J Agric
Res 39:215-221

Stoldt A-K, Derno M, Das G et al (2016) Effects of rutin and
buckwheat seeds on energy metabolism and methane pro-
duction in dairy cows. J Dairy Sci 99:2161-2168. https://
doi.org/10.3168/jds.2015-10143

Tadesse D, Eguale T, Giday M, Mussa A (2009) Ovicidal and
larvicidal activity of crude extracts of Maesa lanceolata
and Plectranthus punctatus against Haemonchus contor-
tus. J Ethnopharmacol 122:240-244. https://doi.org/10.
1016/j.jep.2009.01.014

Tanner GGJ, Moate P, Davis L et al (1995) Proant hocyanidins
(Condensed Tannin) Dest abilise plant protein foams in a
dose dependent manner. Aust J Agric Res 46:1101-1109

Tariq KA, Chishti MZ, Ahmad F, Shawl AS (2008) Epidemi-
ology of gastrointestinal nematodes of sheep managed
under traditional husbandry system in Kashmir valley. Vet
Parasitol 158:138-143

Tariq KA, Chishti MZ, Ahmad F, Shawl AS (2009) Anthel-
mintic activity of extracts of Artemisia absinthium against
ovine nematodes. Vet Parasitol 160:83-88

Taylor MA, Hunt KR, Goodyear KL (2002) Anthelmintic
resistance detection methods. Vet Parasitol 103:183-194

Torres-Acosta JFJ, Mendoza-de-Gives P, Aguilar-Caballero AJ,
Cuéllar-Ordaz JA (2012) Anthelmintic resistance in sheep
farms: update of the situation in the American continent.
Vet Parasitol 189:89-96

Tzamaloukas O, Athanasiadou S, Kyriazakis I et al (2005) The
consequences of short-term grazing of bioactive forages on
established adult and incoming larvae populations of

@ Springer

Teladorsagia circumcincta in lambs. Int J Parasitol
35:329-335

Tzamaloukas O, Athanasiadou S, Kyriazakis I et al (2006) The
effect of chicory (Cichorium intybus) and sulla (Hedy-
sarum coronarium) on larval development and mucosal
cell responses of growing lambs challenged with Te-
ladorsagia circumcincta. Parasitology 132:419-426

Valdes KI, Salem AZM, Lopez S et al (2015) Influence of
exogenous enzymes in presence of Salix babylonica extract
on digestibility, microbial protein synthesis and perfor-
mance of lambs fed maize silage. J Agric Sci 153:732-742.
https://doi.org/10.1017/S0021859614000975

van Zyl EA, Botha FS, Eloff KJN et al (2017) The use of Les-
pedeza cuneata for natural control of gastrointestinal
nematodes in Merino sheep. Onderstepoort J Vet Res
84:1-7

Vargas-Magafia JJ, Torres-Acosta JFJ, Aguilar-Caballero AJ
et al (2014) Anthelmintic activity of acetone-water extracts
against Haemonchus contortus eggs: interactions between
tannins and other plant secondary compounds. Vet Para-
sitol 206:322-327

Villalba JJ, Miller J, Ungar ED et al (2014) Ruminant self-
medication against gastrointestinal nematodes: evidence,
mechanism, and origins. Parasite 21:31

Waller PJ (1997) Sustainable helminth control of ruminants in
developing countries. Vet Parasitol 71:195-207

Waller PJ, Thamsborg SM (2004) Nematode control in “green”
ruminant production systems. Trends Parasitol 20:493-497

Wang D, Huang J, Zhang Z, et al (2013) Influences of Portulaca
oleracea extracts on in vitro methane emissions and rumen
fermentation of forage. ] Food Agric Environ 11:483-488

Wang Y, McAllister TA, Lora JH (2017) Effects of purified
lignin on in vitro rumen metabolism and growth perfor-
mance of feedlot cattle. Asian-Australasian J Anim Sci
30:392-399. https://doi.org/10.5713/ajas.16.0317

Wijngaard H, Hossain MB, Rai DK, Brunton N (2012) Tech-
niques to extract bioactive compounds from food by-
products of plant origin. Food Res Int 46:505-513

Wolstenholme AlJ, Fairweather I, Prichard R et al (2004) Drug
resistance in veterinary helminths. Trends Parasitol
20:469-476

Zain-Eldin MM, Ghanem MM, Abd El-Raof YM, El-Attar HM
(2013) Clinical, haematobiochemical and electrocardi-
graphic changes of diarrheic sheep. Benha Vet Med J
24:329-342

Zeineldin M, Abdelmegeid M, Barakat R, Ghanem M (2018) A
review: herbal medicine as an effective therapeutic
approach for treating digestive disorders in small rumi-
nants. AJVS 56:33-44

Zein-Eldin MM, Ghanem MM, Abd El-Raof YM et al (2014)
Clinical, haematobiochemical and ruminal changes during
the onset and recovery of induced lactic acidosis in sheep.
Biotechnol Anim Husb 30:647-659

Zhang Y, Luo H, Liu K et al. (2015) Antioxidant effects of
liquorice (Glycyrrhiza uralensis) extract during aging of
longissimus thoracis muscle in Tan sheep. Meat Sci
105:38—45. https://doi.org/10.1016/j.meatsci.2015.03.002


https://doi.org/10.1007/s12639-013-0324-3
https://doi.org/10.1007/s12639-013-0324-3
https://doi.org/10.1007/s12639-014-0540-5
https://doi.org/10.1007/s12639-014-0540-5
https://doi.org/10.3168/jds.2015-10143
https://doi.org/10.3168/jds.2015-10143
https://doi.org/10.1016/j.jep.2009.01.014
https://doi.org/10.1016/j.jep.2009.01.014
https://doi.org/10.1017/S0021859614000975
https://doi.org/10.5713/ajas.16.0317
https://doi.org/10.1016/j.meatsci.2015.03.002

	Potential contribution of plants bioactive in ruminant productive performance and their impact on gastrointestinal parasites elimination
	Abstract
	Introduction
	Gastrointestinal parasites in ruminant
	Alternative methods to limit gastrointestinal parasitism in ruminant
	Exploring the anthelmintic effects of plants bioactive in ruminants
	Effect of bioactive plants on behavior, production and performance of ruminant
	Effect of bioactive plants on animal reproduction
	Effect of bioactive plants on growth performance of animals
	Effect of bioactive plants on wool and skin quality
	Effect of bioactive plants on immunity, stress and pain

	Further consideration when using the plant bioactive
	Concluding remarks
	References




