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Plant Extracts; a New Rumen Moder ator in Ruminant Diets
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Sincethe use of antibiotics in animal feeldas beerannedyesearchesn alternative natural products
that modulate ruminal fermentatidrave been intensifiedNatural compounds such atapt extractshave
been considered toereplaceantibioticsas safe and sustatna alternatives

Plantextractsin the umenform complexes wh dietay proteins and thuprotect them fom microbial
fermentation. Plant extracts, especially including saponins, have strong antiprotozoal activity. The
elimination of protozoa from the rumemovidessome benefits to overcontke loss of available protein.
Plant extractsalso haveappetizingproperties which promoes greater feed intakebetter performanceand
secretion of endogenous enzymes and digestive juieadjng toimprove nutrient digestibility. Plant
extracts havealso potential trovideammona control and nitrogen bindinactivity; which contributes to
form clearer and healthieenvironment
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Bitkisel Ekstraktlar: Rumi nant Ra¥eonl| 8i én@®amen D¢zenl

Hayvan yemldar n d e antibiyotiklerin kull anéméeneén yasakl a
déezendleyecnati felmagal vrnel iak awdd jéudor &klaazraBnbmygykgijkél ra.md a
dojal, gevenil ebi¢riégtnz evliel | § ditkideclr keageyeabri # @kt | ar én anti bi
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sajl ekl e - aakraetskogl luxmanutnad € r .
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Introduction

Feeding ruminants in intensive productiorpopulations responsible for the rdpprotein
systems, especially for dairy productionfermentation. Bt the use of such compounds
requiressuppliesof high levels of energy and hasbeen criticizedasthey may leave harmful
protein Animals are thus fed on rations rich inresidues in the food chain and promote the
starch and high wplity protein, which are spreading of resistae genes (Hoffmann et.al
fermented very rapidlylt is well known that 2003). Antibiotics which had been used as
the rapid degradation of star¢énds to cause growth promoters in amal feeds, has been
ruminal acidosis. The mapid breakdown of banned by European Uni on
dietary protein to ammonia increasesninistry since the first of January 2006
nitrogenous excretions rather than contributingAnonymous, 2005).

?r:r?)(;;[jhért(t); dr:alz ruarlni?wlll r?c?te:ins dg ra(;]atLiJoL bt fal Beenrcgngidjeljec{ tﬁaf,n ﬁupsé additives
y P 9 will be replaced by natural compounds. Plant

\?Ji(te;ar?‘/orrr)rzgﬁgf (;’éergrd?nﬁgri%n?z)\}é?;gﬂe% tracts form dietary protein complexes that
o y y’allso protect them from microbial fermentation.
antibiotics were used to suppress the bactenance they bypass the rumen, the complexes
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dissociate under the idec conditions in the effects on the digéise physiology of both

abomasunand proteins become available to theuminant and monogastric animals

host animal. Plant extracts (especially saponins)

destroy rumen fungi alongith the protozoa Essential Oils

and have foarstabilizing properties that may Plants have evolved a wide range of low

enhancebloat, especially under high proteinmolecular weight secondary metabolites.

feeding regimes (Hoffman et.a2003). Essential oils are plant secondary metabolites

It has been suggested that one of thresponsible for odogr and colour of plants

reasons for thebeneficial effectsof plant _elander eal., 1.998’ Wenk, 2000). Ess_ennal
oils are the volatile components responsible for

extracts is related 1o lbe its influence on the characteristic aroma of spices. As active
microbial fermentation. The beneficial effects P )

have also been attributed the binding of components In many spices and preservatives,

ammonia to saponins. Besides the tradition%lshsigﬂtfgc?e”rsialhayfwtuls(tﬁ{:gg%bﬁaegegzzg to
use of plant extracts as flavour enhancers 5598) Al esgential oils  have aromat,ic
foods may also used as antimicrobial an :

antioxidant bhat various novel applications have ropertes. They hav_e a_Iso _shown 'b|'olog|cal
recently been proposedi) to decrease the activities, such as antioksidative, fungicidal and

ammonia level in the atmosphere, (ii) tof%nl}mci%b'?]lasgt'v'g’Cr':glréhggrofnéheyh h:i“c/gl
suppress or stimulate microbial growth, (iii) to pSy 9 bny

increase binding of ammonia during ureaEffeCts’ which is whythey have found their

ammoniation of straw and bindj of ammonia &pep“r%ac;[gnégnirgmgtzedra%}n iiseﬂt'aé&g?ifsre
in the soail, (iv) to reduce odors from cattle phyt ’

manure in dairy barnd/akkar etal., 1998). mgllf;r?ré:g%%aszlggg) used in the animal feed

One of the reasons for the lower ammonia Essential oils are complex mixtures
levels could be the higher incorporation otontaining many different cheodl substances.
ammonia, peptide or amino acids into microbigtach of the individual chemical compounds
protein Makkar etal., 1998). The otherreason, that can be found in an oil contributes to the
inhibition of bacterialysis, is probably partially overall character, i.e. it is the composition of
responsible for decreased ruminammonia the substances which will determine the
concentrations observed defaunated animals aromatic properties and biological activity of an
(Hristov et al, 1999). essential di Depending on the chemical
composition the oil will have a characteristic

active substanceund in plant etracts. The flavour, which will stimulate taste and olfactory

detergent action of saponins kills rumerrenSes. Thus essential oils with particularly
protazoa. The susceptibility of ruminal ciIiate'oIeaSlng flavour can help to stimulate appetite.

protozoans to saponinis probably expected The scent of cer_tal_n essen_tlal asen _stlmulate
due tothe presence of cholesteinl eukaryotic areas of the brain influencing emotions and the

(including protozoa)cells membraneshut not Phervous systerg (Blorglln,chOOIS). t (taeqetrallyt
in prokaryotic bacterial cells as saponins ese compounds enable he piant 1o interac

exhibit an affinity towards cholestergKlita et W'th. the environment and may act in defense
al., 1996). Suppression or elimination ofi9ainst physiological and environmental stress

protozoa may enhance the flow of microbiaf*> well as predars or pathogenes. Some plant

protein from the rumen, increase the efficiencg]e'[abc’l'tes are toxic to anlmals_, howev_er
of feed utilization, and improve the nuteiti of everal have been reported to provide benefical

the animal, providedhat the lossof prctozoa effects in food products and also in mammalian

does not impair the fibdareakdown (Newbold MetaPolism (Wenk, 2000).
etal., 1997). < _
Recently a considerable number of SaPOnIns

research projects halseen dedicated to the Saponins aré a group of na‘gurally occur_ring
screening of spices and medicinal herbs focrompoundswhlch have properties resembling
soaps and detergents. They are complex and

chemically diverse group of compounds,

Saponins areone of the most important
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mainly of plant origin, but also accruing in a3. Hemoloysis of red blood cells,

number of marine animals. Their physiological. Toxicity to coldblooded animals such as
effects are as diverse as their chemical fish, snails, insect, et

strucures and properties. Saponins have B An ability to interact with bile acids,
number of common and characteristicholesterol or other -B-hydroxy steroids in

properties which include; agueous or alcoholic solutions to form mixed

1. Bitter taste, micelles or coprecipitates (Cheeke, 1995).

2. Formation of stable foams in aqueous Chemical structure of saponins are
solution, given in figure 1.

Figure 1. Chemical structure of saponin@: triterpenoid, b: steroid) (Kutlu, 1999).

Mode of Action of Essential oils and Saponins

Herbsare active initially in animal feeds assurface of the villi of the intestine. This would
flavours, and can thereforinfluence eating reduce pathogen contamination of enterocytes
patterns, secretion of digestive fluids and totand improve nutrient absorption capacity (Gill,
feed intake. The primary site of activity is the2001).
digestive tract. Herbs or the phytochemicals can Plant extracts improved efficiency of
selectively influence the intestill microflora utilization of nitrogen(N) in the rumen is
by either antimioobial activity or byfavourably attributed to thebinding of ammonigby plant
promoting eubiosis of the microflora resultingextracts when the ruminal ammonia
in better nutrient utilization and absorption, oconcentration is high and release of the bound
stimulation of the immune system. Finallyammonia when its ewentration is low in the
herbs can contribute to nutrient requirementsumen. Thus modulating diurnal fluctuations in
stimulate the endocrine system and affecuminal ammoniaconcentrations to provide a
intermediatenutrient metaolism (Wanget al, continuously adequate of ammonia r fo
1998;Wenk, 2000). microbial metabolismHigher mcrobial mass,

Phenols area group of active substances lower proportion to short chain fatty acid
including plant extracts Antimicrobial effects (SCFA)and lower gas productidn thein vitro
of phenols have beeknown for more than a fermentation systertead tothe same or higher
century. Their main antimicrobial activity istrue dgestibility of substrate in thergsence
against the bacterial cell wall, byenaturing plant extracts (Makkaet al., 1998).
and coagulating the protein within the cell wall Plant  extracts, especially including
structure. Phenols interact with the cytoplasmisaponins, have strong antiprotozoal activity.
membrane by changing its permeability fofThe elimination of pptozoa from the rumen is a
cations, like H, K. The dissipation of ion mean of overcoming the loss of available
gradients leads to impairment of essentigirotein due to protozoal turnover (Jouany,
process in thedll, allows leakage of cellular 1996). Ruminant animals have a large
constituents, resulting in water unbalancgyopulation of rumen protozoa. The rumen
collapse of the membrane potential angrotozoa reduce the efficiency of fermentation
inhibition of ATP synthesis, and finally cellin the rumen andthe increases in animal
death (Gill, 2001; Giannenas et.,aP003). performance often occur when the protozoa are
Oregano extradtas been reported twcelerate remowed On the other hand,igh doses of
the renewal rate of mature enterocytes at thgaponin are known to cause damage to the villi
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tips of the intestinal epithelium (Gee et al.in vivo effects such as increased lean meat
1996); this would impair the digestivepercentage (Gill, 2001).

capability of the animal as the absorptive area is

decreased and mucosal enzyme pridaocis The Plant Resources of Active Substances
suppressed. This could potentially lead to loweand Their Concentrations

feed efficiency and weight gain (llsley et al., Botanical feed additivesven those

2005). extracted from a single specieare complex

Some potanlcal additives that contain hig ixtures of many chemicals, more than one of
concentration of thymol may have significan

;a;lf(f:?g;ssegn migrgzelreter?;gibo'll!zg’ hapsartlg::g\rllgzom)_ The plant resources of active substances
g ' P and their concentrations are given Tahle

Table 1 The Plant source and Active Substance Concentrations of Sorwe Actbstances

Active Substance | Plant Source and Active Substance Concentrations (in paranthese

Anethole Green anise (85), fennel (32)

Borneol Ceylan citronnelle (7), Dalmatian sage (6), romarin (3), thyme (1

Carvon Spearmint (65), carvi (59), angtBb)

Caryophyllene Clove (10), pepper (4), true pepper (7), romarin (3), sarriette (5), §

(5)

Cinnamaldehyde Cinnamon (90)

Cineole (Eucalyptol Eucalyptus (80), laurel (50), romarin (3), cardomome (30)

Cuminaldehyde Cumin (30)

Estragole Estragon 78), basil (5), fennel (4), chervil (4)

Eugenol Clove (80), true pepper (70), cinnamon leaf (70)

Geraniol Formosa citronnele (20), Clean citronelle (15)

Linalol Basil (48), thyme (60), orange flower (45), sage (15), coriander (6
laurel (10)

Allicin Garlic

Sabinene Macis (25), pepper (25), nutmeg (20), carrot (10), cardomome (5
persil(<5)

Terpineol Orange flower (10), marjory (6), romarin (2)

Thymol Thyme (41), oregano (10), Savory (10)

Carvacrol Oregano (60)

(Kamel, 2000)

Some Aromati c Pl a nt 6ssbstahcaand theid effecgmaniecs givemide

Substances and Particularities 2.

Many plant extracts have multiple activities A

directly linked to their active substanceS 0 SrgeoninF; Iarae nr;sgn? in Ir_n:nv Euln dsre dsoo]:‘

composition.Some aromatic plants which are poni P y n :
lant species. Plant food staples which contain

used obtain essential oils including active. 2 . .
Significant levels of saponiare given Table 3.
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Table 2 Aromatic Plant’s Active Substance Contents and Effects

Vegetal Form | Utilised |Main Reported Properties

Parts Compounds
Nutmeg Seed Sabinene Digestion stimulate, antidiarrhoeic
Cinnamon Bark Cinnamaldehyde | Appetite and digestion stimulate, antiseptic
Clove Flower Eugenol Appetite and digestion stimulate, antisep

buds antibacterial, antifungal, antioksidant, antivil

larvicidal and vermifuge activity
Cardamom | Seed Cineole Appetite and digg®n stimulant
Coriander Leaf, seed Linalol Digestion stimulant
Cumin Seed Cuminaldehyde | Digestive, carminatif, galactague
Anise Fruit Anethole Digestion stimulant, galactagogue
Celery Fruit, leaf | Phtalides Appetite and digestion stimulant
Parsley Led Apiol Appetite and digestion stimulant, antiseptic
Fenugreek |Seed Trigonelline Appetite stimulant
Capsicum Fruit Capsaicin Antidiarrhoeic, antinflammatory, stimulant
tonic
Pepper Fruit Piperine Digestion stimulant
Horseradish | Root Allyl Appatite stimulant
isothiocyanate
Mustard Seed Allyl Digestion stimulant
isothiocyanate

Ginger Rhizome | Zingerole Gastric stimulant
Garlic Bulb Allicin Digestion stimulant, antiseptic
Raosemary |Leaf Cineole Digestion stimulant, antiseptic, antioksidant
Thyme Whole plan{ Thymol Digestion stimulant, antiseptic, antioksidant
Sage Leaf Cineole Digestion stimulant, antiseptic, carminatif
Oreganum Leaf and Carvacrol an( Antimicrobial and antifungal activity

Flowers | Thymol
Bay laurel Leaf Cineole Appetite and digestn stimulant, antiseptic
Peppermint |Leaf Menthol Appetite and digestion stimulant, antiseptic

(Giannenas, 2003; Anonymous, 2004b; Kamel, 2000)

Table 3: Plant food staples which contain significant levels of saponin

Plant Saponin Content (gkg)
Chick-pea(Cicer arietinum) 2.3-60
Soybear{Glycine Max) 5.656
Navy bean(Phaseolus vulgaris) 4521
Mung beanP.mungo) 0.55.7
Mung bean shoots 27
Broad bear{Vicia faba) 3.5
Green pedPisium sativum) 1.81.1
Peanu{Arachis hypogyea) 16
Spinach(Spinacea oleracea) 15
Silver beefBeta vulgaris) 47
Eggplant(Solanum melongena) 58
Yucca (Yucca schidigera) 80

(Cheeke, 1995 ¥ z ROA5) a ,
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Studieson Plant Extracts in Ruminant Diets  hyperammonia producing (HAP bacteria

Thalib et al. (1995) found that when aMcintosh et al. (2003) observed ttatitof HAP
capsule confaing methanokxtracted species are sensitive to monensin. ED
Sapindugarak fruit was given orally to sheep, inhibited some HAP bacteria Clostridium
protozoal numbers decreased by 57% arslicklandii and Peptostreptecoccus anaerobjius
bacterial concentrations ireased by 69% in while the dher HAP species(Clostridium
the rumen fluid aminophilum werenot affected.

Fernandez et al. (1997) showed that a Wang et al. (2000) found that includivgs
commercial product of blended essential 0{0.5 mg/ml) in theébuffer of a rumen simulation
compoundgBEO) inhibited the degradation of system (RESITEC) did not affect the total
protein in the rumen, thus potentially increasingacterial numbers.

the protein supply to the pestminal tract. Sliwinski et al. (2002) investigated men

Makkar et al. (1998) investigated effecfs fermentation andN bdance of lambs f& diets
Yucca schidigerdYS) Quillaja saponariaand containing plant extracts richnitannins and
Acacia auriculofforris saponin containingpn saponins. Tannins were added to experimental
rumen fermentation. Ammonia levels andliets at levels of 1 and 2 g/klyy matter DM)
protozoal counts at 24 h in an vitro rumen (Castanea sativa wood extraetd saponin at 2
fermentation system were also wedd by and 30 mg/kg DMYuaa Schidigera extract
saponins;decreases weras high as 30 and (YSE). The low tannin dose significantly
63%, respectively. decreased bacteria count compared to the high

. . : saponin dose (P<0.05). Saponin
Hristov et al., (1999) investigatdle effect supplementation and the high tannin dose

of YS on ruminal fermentation and nutrient : .
showed some potential to reduce ruminal

digestion in heifers. Doses of 0 (control), 20 O mmonia concentration. Methane ese was
60 g/d were givento the animals Acidity, '

concentrations of reducing sugars, free ami pcreased bly théow dtann&? dl\(l)se .:;om_pareclj\lto
acids, and peptides in the rumen were n% € unsupplemented comlr N utl |se_1t|on'(
affected (P®.05) by YS. Rlative to control, retentionN |ntal_<e) was ngmencally highenith
ruminal ammonia concentration was reducegOth extracts giveat theh_lghest d(_)se. .
(P<0.05) 2 h after YS dosing. Eryavuz and Dehority (2004|hvest|gat<_=_'d
the effects off SE on pH aml the concentration

Evans and Martin (2000) observed thabf protozoa, bacteria, and fungi iheep rumen
thymol, a primary component of some essentiglontents YSE was added to experimentabtd
oils, modified the concentration of volatile fattyat levels of 5, 10, 20 an®0 g/headday,
acids (VFA) in vitro incubatons of ruminal respectively. Animals fed YSE at a level of 30
fluid. When thymol was added to ruminal fluidg/head/day had higher rumen protozoal
atthel evel of 4000g/ ml , cohdentratibngPx0d015) and pHa(R<6.01pthag t o
propionate ratio increased bihie corcentration when fed the basal diet.
of methane, acetatpropionateand lactatevere
decreased.

Mcintosh et al. (2000)determined that
essential oils (EO; CRINA) inhibited
deamination of @ino acidsmeasuredn vitro
by 25%. Castillejos et al. (2005) notifiethat
the addition of ranensin to arin vitro 24 h .
. . . . n
incubation system resulted in a decrease in tﬁdeec
deaminative activity of rumal fluid that was
larger tlan that from the addition of BEQt
was suggestedthat the microbial species
affected by the essential oils were the saas
those affected by monensifhis decrease in
ammonia production was associated wdh
reductionin a number of group bacteria called

Newbold et al. (2004) investigatethe
effects of specific bleth of essential oll
compounds (BEO, Crina Ruminantsjthe
major componentsare thymol, guajacol and
limoneng on rumen fermentation inhsep.
Deamination of amino acids measuiedvitro
rumen fluid renoved from the sheep
reasedoy 25% P<0.05). However total
VFA and ammonia concentrations were
unaffected Similarly, Wallace et al. (2002)
supplemented ruminally fistulated sheep with
100 mg/d of the same BEO and did not observe
effects on total VFA concentrations.
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Castillejos et al (2005) investigatetthe forage: concentratediet. Garlic oil (300 and
effects of a specific blend of essential 0iB0O00 mg/L) and benzyl salicylate (300 and
compounds (BEOCrina Ruminanfson rumen 3.000 mg/L) reduced acetate and increased
microbial fermentation and nutrient flow.ah propionate and butyrate proportions, suggesting
factors were type of diet 10:90 that methaneproduction was inhibited. At
forageconcentrate versus 60:40 3.000 mg/L, capsicum oil, cinnamon oil, clove
forageconcentrate) and the addition of BEO (Gud oil, oregano oil, carvacrol, carvone,
or 1.5 mg/l). There were no interactionscinnamaldehyde, eugenol, fenugreek resulted in
between diet type and the addition of BEO, and 30 to 50 % reduction in N concentration.
no effects of diet type o®DM, organic matter Anethol, carvone, anise oil and tea tree oll
(OM), neutral detergent fibre (NDF), aciddeceased the proportion of acetate and
detergent fiber (ADF) ah crude protein (CP) propionate, which suggests these compounds
digestion found but BEO increased the may not be nutritionally beneficial to dairy
concentration of total VFA (122.8mM versuscattle.
116.2mM) without affecting individual VFA Wina et al. (2006), investigated the
proportions or N metabolism. short (7 days) and long (105 days) term effects

Soliva et al. (2005chemical omposition of an extract ofSapindus raraksapnins (SE)
and energetic valueunextracted (Moringa on the rumen fibrolytic enzyme activity and the
leaves, ML and ethanol/acetorextracted major  fibrolytic microorganisms. SE
Moringa (Moringa oleifera Lamarck EML) significantly depressed rumen xylanase activity
leaves, and their effect on ruminal N turnovein both trials and carboxymethylcellulase
and other ruminal fermentation traits activity in long term trial (P<0.01)Fibrobacter
investigated in compas with soybean meal sp. were not affectedy the SE in both trials.
and rapeseed mealsing Hohenheim Gase$t Protozoal counts were decreased only in the
(HGT) and the Rumen Simulation Techniquelong term trial with sheep.

In vitro degradability of OM and fibre of

complete ML and EML diets were similar orConclusion

even higher as compared with those containing The main reasons for the wide use of
soybean meal or rapexk meal. Daily methane antibiotic feed additivesare beneficial effects
emission was 17% lower (P<0.05) with theon health status, performance, and nutrient and
complete EML diet as compared with the dietenergy utization. The trend toward more
containing soybean meal or rapeseed medl.n a t animal Ilproduction systems has led to
According to Hohenheim @s Test; methane an increasingly critical attitude on the part of
emissionwas found at the highest rateith consumers about 4ifeed antimicrobial agents.
soybean mealplvestwith ML and intermediate It is a common misconception that all plant
with rapeseed meal and EML (P<0.05). Thextracts made from plants are safediese they
calculated metabolic energy ME) and net are natural or organic. An example of a
energy lactation(NEL) concentrations were dangerous plant extract is Ephedra. It has been
highest for soybean meal, intermediate for EMknown to cause raised blood pressure, nerve
and lowest for rapeseed meal and ML (P<0.05amage, muscle injury and even de#ttnether

Busquet et la (2006) an experiment were helbs, spices or botanicals (eg. plassential
conducted to determine the effects of someils) are appropate must be considered in each
plant extractsin vitro on rumen microbial practical application. Therare evidences that
fermentation. They were used different dosesome essential oils reduce the rate of
(3, 30, 300 and 3.000 mg/lof plant extracts deamination of amino acids, rate of ammonia
(aniseaoil, cadeoil, capsicunmoil, cinnamonoil, production and the numbeof ammonia
clove budoil, dill oil, fenugreekoil, garlic oil, producing bacteria. Therefore, natural plant
ginger oil, oreganooil, tea tree oil and yucca) extracts canbe used to manipulate ruminal
and secondary plant metabolites (anethdlermentation by selective modulation of certain
benzyl salicylate, carvacrol, carvonemicrobial species. Considering these
cinnamaldehyde and eugenol). Plant extractg/potheses, further research is required to
and secondary plant metabadditeere incubated identify optimal dose, and ¢heffect of time of
for 24 h in diluted ruminal fluid with a 50:50 adaptationof BEO on N metabolism of rumen
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microorganisms The possible use of naturalconsumer acceptable alternatives to synthetic
plant products as a productivity enhancecompounds.
provides cheaper, safesustainableand more
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