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ABSTRACT

This study was conducted to determine the effegoofegranate peel tannin on in vitro ¢lgroduction and
protozoa population. Electron beam and gamma regdiiation exposed to pomegranate peel at doses 0515
and 20 kGy to evaluate condensed tannin (CT). Thueenally fistulated rams used to obtain ruminaiidl for in
vitro CH, production and protozoa population. Data were guad by using th&LM procedure. The results
showed that both gamma and electron beam irradiag@nificantly decreased condensed tannin thartrobn
There was no difference between gamma and eletigam irradiation concerning condensed tannin reiunct
Irradiation did not change methane production. biration had no significant effect on total poputetiand five
genuses of protozoa (Diplodinium, Entodinium, Daslyg, Isotricha and Ophryoscolex). Although, thevas no
correlation between condensed tannin and,@kbduction, a significant negative correlation fii@ents between
methane production and total protozoa populatiod &etween gas volume at 24 h and total protozoallptipn of
gamma irradiated pomegranate peel were observe® (). In conclusion, the results showed that ddigigand
reducing of condensed tannin polymer of pomegrametel by irradiation was not essentially related ttee
methanogenesis and protozoa population.
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INTRODUCTION

The emission of greenhouse gases such as carbxidedi@Q,) and methane (Cjlis considered to be one of the
most important global environmental issues [1]. rAals, particularly ruminants, produce £ftom anaerobic
fermentation in their gastro-intestinal tracts gsathway for the disposal of metabolic hydrogendpoed during
microbial metabolism. Ruminant animals are resgmedior about 15-20% of the total anthropogenicssioin of
CH, [2] and the CH produced from their enteric fermentation is nolyarlated to environmental problems, but
also associated with energy losses and, hencetiedsiof energy usage. Typically 6—8%, but up t86e1df the
gross energy (GE) in feed is converted to,@dring microbial digestion in the rumen [3]. Thiere, decreasing
CH, production from ruminants is desirable for redgogmeenhouse gas emissions and increasing utilizafi the
digested energy. Plant secondary metabolites (R&Mg been suggested as effective alternativestioiatits to
suppress rumen methanogenesis through their antibiéd activity [4-5]. There has been increaseeriest in use
of plants and plant extracts to mitigate enteriwinal CH, emissions [6-7].

As such, very extensive screening of a large rarigdants and their secondary compounds, such @engss and
tannins, is now underway in several laboratorie8][&arly indications of the ability of CT to sugss CH were

15
http://www.easletters.com/issues.html



Mohsen Zareiet al Entomol. Appl. Sci. Lett., 2016, 3 (4):15-22

given by Hayler et al. (1998) [10], who testedvitro the rumen fluid from sheep fed different CT plaissveral
studies indicate that tannin have anti-methanogeaitvity, either by direct inhibition on methanogsis or
indirectly though inhibition on protozoa [11-12,3|n even larger pool of plant sources of tanninistexand these
are often tropical shrub legumes such as pomegrgest. Based on their structure and chemical ptiegetannins
are divided into hydrolysable tannins and condensmthins (CT) or proanthocyanidines, which have no
carbohydrate core and are derived by condensafiflavwnoid precursors or polymers of flavonoid8]1Due to
the lower risk of toxicity, research has focused@h rather than on hydrolysable tannins. The hugersity in
tannin structures may explain their variable effem methanogenesis and rumen function with obdeesponses
depending on source, type and level of tannin [[14,9

Tannins also reduce ruminal ¢iroduction when included either as temperate legufii] or as purified tannin
extracts [15]. The higher extractability of thesenpounds in irradiated samples was observed [1&h@a ray and
electron-beam irradiation have been proven to lseessful in detannification and improvement of oNeraalities
of food and agricultural commodities [17-18]. Iriatibn processing has been used as a method tbvisigcthese
antinutritional factors, alternations in cellulasnepounds and release of bound or insoluble phemolitpounds
especially at high doses of irradiation [17-16]n€elly irradiation resulted in the degradatiortasfnins [19] and a
change in its molecular conformation [20]. Howevbgere are no reports on potential differences@dctivities of
electron and gamma on condensed tannin of pomedgramesel and subsequent effects on,@oduction and
ciliated protozoal populations. The correlationvzEtn methane production and protozoa population thed
antimethanogenic potential of pomegranate peel emsetl tannin have not yet been explored. This stuaky
carried out to determine the effect of graded lewdltannin-containing pomegranate peel, onirthétro methane
suppression and protozoa population in order terdehe their correlation.

MATERIALS AND METHODS

Samples preparation and irradiation treatments

Pomegranate peel was obtained from the Neyriz GFem pomegranate juice factory, in Fars provircan,
during the pomegranate harvest season and driedebiéfused in this study. Irradiations of samphese done in
radiation applications research school, nucleamse and technology research institute, atomicggranganization
of Iran. Gamma-ray (GR) irradiation was completgdibing a cobalt-60 irradiator at"20The dose rate determined
by Fricke dosimetry was 0.36 Gy/s. Three-paper agek of samples were irradiated to total doses d0515 and
20 kGy in the presence of air. After irradiatiordgorior to sealing the plastic bags, samples wéosvad to air
equilibrate for 2 h.

Three poly-ethylene packages of samples were egpost0 MeV electron beam (EB) of a Rhodotron asreor
model TT-200 (IBA Co., Belgium), Radiation Applicats Research School (of Atomic Energy Organizatbn
Iran) to various doses (5, 10, 15 and 20 kGy).iddldiations were performed at room temperaturarpwith 4 mA
beam of 10 MeV electrons and single sided irragithas been used because the samples packagesvhad |
thickness. The required doses were delivered teaneples by adjusting the conveyer speed when @fasdmple
batches passed under the beam. Condensed tanrifsw@e determined according to Galyean (1997) [21]
procedure and results are expressed as catechiraknts (mg of CE/g of dry sample).

Measurement of methane production

For measuring methane production, after 24 houisafbated samples in glass syringarofitro gas production
techniques, 2 mL of NaOH (10 M) were introduce@s$timate methane production following the methodrimyez

et al. (2005) [22]. NaOH (10 M), which was thenrantuced into the incubated contents, thereby angidjas
escape. Mixing of the contents with NaOH allowedaption of CQ, with the gas volume remaining in the syringe
considered to be CHi23]. Data were obtained on volume of gas and nmetl{€H,) produced. Net methane and gas
productions were calculated by the differenceshef methane and gas in the test syringe and thespmnding
blank; the methane concentration was determingdl]as

Net Methane Production
Methane concentration= % 100
Net Gas Production
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Protozoa population

Ruminal fluid from three Sanjabi fistulated ramsiethwere fed at maintenance level was diluted atzeally in
the anaerobic dilution solution. According to Dehof24] the media were placed in a culture tubetaming 10
mL of medium and substrate added. The tube wagdlagaerobically and incubated in a 39°C incubattrole
serum bottles contents for protozoal counts weesgwed by diluting with an equal volume formaliusion (185
ml formaldehyde/| distilled water). Total numbensdageneric composition of ciliate protozoa wereedw®ined
according to the procedures described by Deha2®y. [This procedure was as follows: Using a 1.0wide orifice

(8 -mm) pipette, a 1.0-ml aliquot of the fixed rumepntents was pipetted into a #6150 mm culture tube. Three

drops of brilliant-green dye were added and the twhs allowed to stand overnight. Nine milliters36f6 glycerol
were added and the sample was pipetted into a Ss&tlgRafter chamber with a wide-orifice pipettegtbhamber
is calibrated to hold exactly one ml). Protozoa eveounted at a magnification of 100X with a 0.5-mguare
counting grid mounted into the eyepiece. A totab0fgrids evenly spaced over the entire chambee weunted.
The chamber was then turned 180", another 50 gviel® counted, and the two counts were averagedti@ibs
giving counts between 100 and 150cells per 50 gridsthe most satisfactory for counting. Where ireqgh further
dilutions were made with 30% glycerol. The protozmsnbers were calculated according to Kamra e{18191)
[26].

Statistical analyses

Data were analyzed by analysis of variance usiaggdneral linear model (GLM) procedure. All statiit analysis
was carried out using SAS software (SAS v. 9.1tiSteal Analysis System). Comparison of irradiatigroups and
control and between ionizing radiation (gamma aledteon) was conducted by orthogonal comparisore [East
significant difference (LSD) was used to compard astimate the differences between irradiationttneats dose
and un-irradiated pomegranate peel (control).

RESULTS

Orthogonal contrast of methane production and coseld tannin of pomegranate peel before and afeaiation
are shown in Table 1. Orthogonal comparisons itditthat both GR and EB irradiation significantgcdeased CT
content of PP than control (P<0.01). There was ifferdnce between GR and EB irradiation. Irradiataid not
change methane production, but the effects of imtemh on gas production volume at 24 hour incudratGVs,)
were significantly different between low and upplrses of gamma radiation and between gamma anttosiec
beam irradiation in low doses (P<0.05).

Table 1. Orthogonal contrast (mean square) of gaspduction, condensed tannin and
methane concentration of pomegranate peel in diffent dose of irradiation

Treatments CH, CT GV
Irradiation vs. control 2146 1974 1.79
GR vs. contrc 69.31 18.17 113.8:
5 and 10 GR vs. control 11011 283 622.69
15 and 20 GR vs. control 22.15 37.2 29.92
5and 10 vs. 15 and 20 GR 50.22  29.26 1388.47
EB vs. control 0.21 16.30 66.08
5 and 10 EB vs. control 6.30 304 77.21
15 and 20 EB vs. control 2.76 31768 36.66
5and 10 vs. 15 and 20 EB 26.10 2764 11.19

GRvs. EB 154.48 0.12  883.67
5and 10 GR vs. 5 and 10 EB 95.59 0.005 1707.66
15 and 20 GR vs. 15 and 20 EB 60.84 0.33 051
GR: Gamma Ray, EB: Electron Beam,£\Gas Volume at 24 hour,
"P<0.05 " P<0.01

Table 2 showed that methane production of electrradiated pomegranate peel at a dose of 15 kGy was
significantly lower than gamma irradiated of ponsewate peel at a dose of 10 kGy. Decrease in CTdwas
dependent. Gamma ray and electron beam irradiatithe doses of 5, 10, 15 and 20 kGy significaddgreased
condensed tannin compared to control by 11%, 38% 8nd 98% for GR and by 4%, 46%, 76% and 89% Br E
respectively. Maximum and minimum level of condeh&nnin content of pomegranate peel observediasas of

5 kGy and 20 kGy electron beam (5.58 and 0.07 giLfy matter) respectively.
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Table 2. In vitro gas production volume, condensethnnin and
methane concentration of pomegranate peel

Treatments CH, (%) CT GV
Control 17.72 5.87 17413
Gamma

5 kGy 22.96 5.20° 149.66
10 kGy 27.32 3.63 163.32*
15 kGy 21.2¢¢ 1.1F 166.3¢*
20 kGy 20.86f 0.07 189.64
Electron
5 kGy 19.17 5.5¢* 179.0t
10 kGy 19.8¢ 3.158 181.65"
15 kGy 14.91 1.37 179.34°
20 kGy 18.1¢* 0.67 177.4¢*
LSD 11.99 0.42 35.04
P-value 0.6397 0.0001 0.1289
SEM 1.29 0.51 3.26

Means in the same column without a common supptsme different (P<0.05),
LSD: Least Significant Difference, @VGas Volume at 24 hour (mL/g),
CT (mg of CE/g of dry sample), SEM, Standard Eafavlean.

Total population and five genusdiglodinium, Entodinium Dasytrichg Isotricha andOphryoscolek of protozoa
observed (Table 3 and 4). The results showed ttetiation had no significantly effect on total jpdgtion and five
genus of protozoa.

Table 3. Effects of irradiated pomegranate peel oruminal protozoa concentration

Treatments df Protozoa -

Total Diplo Ento Dasy Iso Ophryo
Irradiation vs. contr 1 8.05x1(° 2.3x10° 8.1x1(¢ 4.7x1¢  25x1(  1.8x1(
GR vs. control 1 57x16 9.2x10 57x16° 1.7x1d 1.7x13d  7.5x10
5 and 10 GR vs. control 1 95440 6.3x16 9.8x13° 56x10 6.3x16  6.3x16
15 and 20 GR vs. conti 1 1.6x1(¢  4.04x16  1.5x1¢ 0.0¢ 2.5x1(  6.3x1¢

5and 10 vs. 15 and 20 GR 1 49%10 7.6x1§ 5.4x1d° 85x10 9.4x16 0.00
EB vs. control 1 89x1H 3.7x1d  9.09x10&° 0.00 3.03x10 3.03x106
5 and 10 EB vs. contr 1 15xa®™  7.6x1¢  1.6xa®  25x1( 2.5x1( 6.3x1C¢
15 and 20 EB vs. control 1 227440 5.6x1d 1.9x13° 2.5x10 2.5x16  5.6x10
5 and 10 vs. 15 and 20 EB 1 9.2¥10 6.06x10 1.08x13' 1.5x10 0.00 3.7x10
GRvs. EB 1 8.7x10  2.3x10 9.6x10 4.2x10 4.7x16  1.8x10

5and 10 GR vs. 5 and 10 EB 1 1.1%10 1.3x10" 1.3x16° 9.4x16 9.4x10 0.00
15and 20 GRvs. 15and 20 EB1  6.06x16  2.3x1§ 4x10  3.7x10 0.00 3.7x10
GR: Gamma Ray, EB: Electron Beam, Diplo= DiplodmitEnto= Entodinium,

Dasy= Dasytricha, Iso= Isotricha, Ophry= Ophryoses|
" P<0.05.,” P<0.01.

Table 4. Effects of irradiated pomegranate Peel oruminal protozoa concentration

Treatments Protozoa
Total Diplodinium  Entodinium  Dasytricha Isotricha O phryoscolex

Control 7.8x18 7.1x16 7.3x10 2.1x1d 3.5x10 0
Gamma

5 kGy 5.1x16 7.1x16 4.6x16 1.4x10 0 0

10 kGy 6.08x1C 3.5x1C 5.5x1C 1.7x1¢ 3.x1C 3.5x1C

15 kGy 6.2x10 1.06x1d 5.9x16 1.7x1d 0 3.5x16

20 kGy 7.6x10 3.2x1d 7.0x16 2.4x10 0 0
Electror

5 kGy 5.1x16 3.2x1d 4.5x16 1.4x1d 0 0

10 kGy 4.8x18 2.1x1d 4.3x16 2.1x1d 0 3.5x16

15 kGy 7.0x1¢ 7.1x1¢ 6.5x1¢ 2.8x1(* 0 7.1x1¢

20 kGy 6.5x18 1.7x1d 6.08x10 2.1x1d 0 3.5x106
"LSD 3.6x10 2.4x1d 3.5x1G 2.5x1d 4.9x16 7.8x1G
P-value 0.64 0.16 0.57 0.95 0.55 0.1050
SEM 3.9x10 3.08x16 3.8x1d 2567.33 547.85 869.69

Means in the same column without a common supptsme different (P<0.05),
LSD: Least Significant Difference, SEM, StandartbEof Mean.
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The Correlation coefficient between experimentalapzeters of gamma and electron irradiated pometggreel
are presented in table 5 and 6.

Table 5. Correlation coefficient ¢) of the relationship between experimental
parameters of gamma irradiated pomegranate Peel

Total Diplo Ento Dasy Iso  Ophryo CH, CT GVy
CH, -056 -009 -057 -038 -013 -0.31 1 -0.07 -0.10
CT -0.30 -046 -0.30 -0.10 -0.06 -0.06 -0.07 1 40.4
GV -052 -047 053 -010 -012 -0.32 -0.10 -0.44 1
" Significance levels: 0.05.

Table 6. Correlation coefficient (r) of the relatilmship between experimental
parameters of electron beam irradiated pomegranat®eel

Total Diplo Ento Dasy Iso Ophryo CH, CT GVy
CH, -0.15 046 -0.18 -0.05 -0.04 -0.49 1 0.16 -0.12
CT -02¢ 0.0¢ -0.2¢8 -0.2¢ . -0.5¢ 0.1€ 1 -0.0z
GVos -0.04 -001 0.00 -0.34 -060 0.36 -0.12  -0.03 1
" Significance levels: 0.05.

DISCUSSION

Methane production (CH,)

Condensed tannin content of irradiated pomegramegéwas significantly decreased, but irradiati@hribt change
methane production and gas volume at 24 signifigaidecrease in CT was dose dependent and methane
production (CH%; Table 2) ranged from 14% and 27%, which almostdased with irradiation. This is in
agreement with the result reported by several astfy-28,9] that measured gas and,@kbduction. Generally it

is accepted that tannins are a secondary compoithdvigh capacity to reduce GHroduction in the rumen [29].
Evidently some sources of CT are not effectiveeiducing CH production, as shown for Schinopis quebracho CT
in cattle by Beauchemin [30]. Pellikaan et al. (0131] reported that addition of polyethylene giy¢PEG) to
chestnut, tara and myrabolan tannins only causetb@dest increase in gas and Lptoduction, whereas PEG
inclusion with tea tannins decreased ,Cdhd gas production. Some authors have suggesatdhd molecular
weight of CT has a direct effect on €Hroduction with the impact more pronounced at éigmolecular weight
[32]. Thus, similar to Pellikaan et al. (2011) [3ipeems that responses in gas and @idduction to irradiation
processing differed among tannin sources.

Population of protozoa

The number ofDiplodinium was significantly different between low dose ofrrgaa and electron irradiated
pomegranate peel. Generally, the results showeddte population and five genera of protozoa nad changed
by irradiation treatment (P>0.05). similarly Abaugh et al. (2013) [33] reported that pomegranatel p&tract
(PPE) had no effect on populations @&sytrichg Diplodinium, Eudiplodinium Stracodinium Polyplastronand
OphryoscolexTotal number of protozoa, genlsetricha andEntodiniumin cows offered PPE diet was lower than
in those fed the control diet without PPE. Resessan the effect of plant secondary metabolite$/)R$ ruminal
protozoa population were not consistent, i.e. eithe effect [34], decreases [35] or increases [3B]ch
discrepancies may be due to the diet type, aniraahbbility, sampling methods [37], level and typk mant
metabolites [38], variability in the adaptationtbfe protozoa to plant secondary metabolites (P @), previous
experience of animal to PSM [39-40].

Correlation between CH , production, tannin content and population of protozoa

Although a significant correlation between condentenin and Cliproduction did not observe, the correlation
was negative in gamma ray irradiated pomegranate phis could be due to lower decreasing condete®uin in
electron radiation compared to gamma radiation rasdilted in higher methane production. The lowesthane
production (14.91%) in 15 kGy of electron radiatitreatment supports this. Therefore electron iathoin
treatments could display suppression potential efhiene production of condensed tannin in pomegeapeaél.
Tannin could induce methane reduction because hobition of fibre degradation, reduction in protozaad/or
methanogenic archaea population. Many studies bhwen that feeds containing tannins reduce, €nissions
from ruminants [41-42,11]. However, Behatta et[d4B] found that T. Chebula containing tannin shoveder
methane suppression property in relation to otherpdes investigated. The reason for this discreparey be due
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to the different CT, and/or that the level of tanto cause a reduction in @lgroduction [44]. This result showed
that suppression effects of electron irradiatedarfdensed tannin pomegranate peel was better ttamg ray and
the control group on methane production.

In the present study, a significant negative catieh coefficients were observed between methaodygtion and
total protozoa population and also between gasnvelat 24 h and total protozoa population of gammeaiated
pomegranate peel (P<0.05). Bhatta et al. [12] teplathat graded levels of the tannin source werakated with
the basal diet there was no increase in archaegrtzccounts despite the suppression of protod@mnins
suppressed methanogenesis directly through thdimetihanogenic and indirectly through their anttpemal
property [12]. Methanogenic archaea are associatgdbiotically with the ciliate protozoa on the sgé
(ectosymbionts) and inside the protozoa (endosynibipt5]); hence, a reduction in protozoal rdgsu may
decrease archaeal counts as well. In the pcesaf tannin, both protozoal and archaeal numiers reduced,
which likely led to a compensatory increase in plogulation of other ruminal bacteria [46]. But, iSalet al. [47]
did not find an increase in the bacterial populatadter suppression of protozoa, and this wasbated to an
adverse effect of tannins on some bacterial spexdesell. Furthermore, Dohme et al. [48] showed thadium
chain fatty acids (MCFA) supplementation via codowil suppressed methanogenesis in both faunated an
defaunated ruminal fluid. Bhatta et al. [43] failed record this association between methane praslucind
protozoa population. Probable reasons could bestifiatts of tannin on protozoal numbers were véeiand some
of the tannin might have direct effect on methamig@&rchaea, which are not associated with theopoat. Our
results are in agreement with recent meta-analys®rt of Jayanegara et al. [49] that there wasdimect
relationship between condensed tannin and protoaoats.

CONCLUSION

The results showed that both gamma and electrom lieadiation significantly decreased condensedhitathan
control. Irradiation did not change methane produnctThe results showed that irradiation had namiicantly
effect on total population and five genuses of geot Diplodinium, Entodinium Dasytricha Isotricha and
Ophryoscolex Although a significant correlation between comskd tannin and CHoroduction did not observe,
the correlation was negative in gamma ray irradigtemegranate peel. Result showed that suppresffiects of
electron irradiated pomegranate peel condensedntatira dose of 15 kGy was better than gamma ralythe
control group on methane production. While the alaitity in response tannin sources may be viewedaas
constraint, it also provides an opportunity to seldghly efficient sources. Research is neededhtbtfie balance
between reducing CHproduction and the potentially anti-nutritionalsieffects associated with condensed tannin.

A significant negative correlation coefficients Wween methane production and total protozoa pomuatind

between gas valume at 24 h and total protozoa ptipnlof gamma irradiated pomegranate peel wererabd

(P<0.05). Our results are in agreement with receeta-analysis report of Jayanegara et al. [49] tihete is no
direct relationship between condensed tannin antbpoa counts. Therefore, further investigatiorthi$ plant is

warranted. A systematic evaluation is needed terdehe suitable levels of supplementation in ordeattain a
maximal depressing effect on enteric £production [50]. Further, in this study it was alsstablished that
methanogenesis was not essentially related tortitezwna population.
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