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ABSTRACT

This study was conducted to determine the chemimalposition and estimation of nutritive value ofikd and
dried pomegranate peel using in vitro gas productiechnique. The experimental samples were incdlateitro
with rumen liquor taken from three fistulated liam native (Taleshi) steers at 2, 4, 6, 8, 12,24, 36, 48, 72 and
96 h. The results showed that although there isiiignt differences between gas production volaiédried and
ensiled samples at early incubation times (2, 4n@ 8 h), the significant differences was not obsérat further
incubation times. The gas volume at 24 h incubatwere 45.71 and 45.17 ml/200mg DM for dried andiled
pomegranate peels, respectively. The organic mditgrstibility (OMD), metabolizable energy (ME)t e@ergy for
lactation (NEL) and short chain fatty acid (SCFA)bmth treatments were similar (57.29%, 8.61 MJIKg, 4.67
MJ/kg DM, 1.03 mmol for dried samples and 57.18%88MJ/kg DM, 4.83 MJ/kg DM, 1.02 mmol for ensiled
samples, respectively). In conclusion, it can bggest that both preservation methods (drying ansllieq) have
similar effect on nutritive value of pomegranatelger ruminants.
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INTRODUCTION

PomegranateRunica granatumL.) is an important fruit crop of tropical and $tdpical regions of the world.
Pomegranate fruit is consist of three parts: tleelséabout 3% of the weight of the fruit); the ii@bout 30% of
the fruit weight); and the peels which include thesk and interior network membranes [19].This figiteither

consumed fresh or used in the juice industriesteb®ing agro-industrial units for producing pomegte juice
leads to the accumulation of a new by-product, ngnmmegranate peel [21]. Usually huge amountthisf by-

product produced in pomegranate producing regimuscduntries. Annual production of this by-prodegteeds
120,000 metric tons in Iran [15]. If it can not dsky farmers and industries as well as medicalviiets cause
serious environmental problems.

Health benefits of pomegranate peel (antioxidamtin@crobial, anti inflammatory, anticancer and exttbiological
activities), recently reviewed by Prakash and Pshkdl19]. Presence of chemical compounds such as
Hydroxybenzoic acids (Gallic acid, Ellagic acid)yddoxycinnamic acids (Caffeic acid, Chlorogenic dagp-
Coumaric acid), Cyclitol carboxylic acids (Qunicidy¢ Flavon-3-ols/Flavonoids and their glycosid€atechin,
Epicatechin, Epigallocatechin-3-gallate, Quercetaempferol, Luteolin, Rutin, Kaempferol-3-O-glyids,
Kaempferol-3-O-rhamnoglycoside, Naringin), Anthogiys (Cyanidin, Pelarginidin, Delphinidin), Ellagitnins
(Punicallin, Punicalagin, Corilagin, Casuarinin, li@gyldilacton, Pedunculagin, Tellimagrandin, GramaA,
Granatin B) and Alkaloids (Pelleteriene); [19], particulate tannins [7] can be the main reasongsadbioactive
functions.
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In spite of sufficient knowledge on biological effe of pomegranate peel in human and in some caseimal
health; there is a little information on its nutri value for ruminant animals [4, 15, 17, 21]. Biag et al., [21]
reported that using pomegranate peel up to 20%ad|dt calves diet, not only does not possess ae\affects on
fattening performance but also because of its ghilitly, feed intake and consequently average dadin were
increased. They are suggested that tannins arédeoad to have both adverse and beneficial effectsiminant
animals. High concentrations of tannins may redigesl intake, digestibility of protein and carbohstds and
animal performance via their negative effects odatphility and digestion. Low and moderate (2-4.5%)
concentrations of condensed tannins in the dietorgd production efficiency in ruminants, by insee the flow

of non-ammonia nitrogen and essential amino acwo® the rumen. Mirzaei-Aghsaghali et al. [15] caigd that
pomegranate pulp may be a potentially fair to gimadi-industrial by-product for ruminant nutrition.

Pomegranate pulp can be fed in fresh, dried argfieiled forms to ruminants. Drying and ensiling eoenmon
preservation methods of wet feeds for further usindarm conditions. Each of these methods hal @deantages
and disadvantages. Nutritionally, it is importamttwhich method is the better for preservatiopahegranate peel
(which is rich in tannins). In the season that pgramate is harvested, consumed and processed guny aif
processing by-products is difficult and farmersf@r¢o ensile them.

In vitro gas production technique is a useful as well at aod time effective tool for estimating nutritivalue of
feedstuffs particularly for tannin containing feedsl developing countries [9, 10, 11].

The aim of the this study was to comparing theitiwgr value of dried and ensiled pomegranate peslkiding

chemical compositionin vitro gas production characteristics, organic matteegtigility (OMD), metabolisable
energy (ME), net energy for lactation (NEL) and hehain fatty acids (SCFA) usinig vitro gas production
technique.

MATERIALSAND METHODS

Samples collection and treatments

Fresh pomegranate peel samples (after taking juwee® collected from the traditional (local) ponmuate juice
producers, in Tehran, Iran. After mixing, some afmples were air-dried (7 days in room conditions) ground
(Imm and 5mm screen) and remained samples werkecrisi experimental level in P.V.C tubes for 45 slay
Chemical analysis anid vitro gas production evaluated at the laboratories ofrahiScience Research Institute in
Karaj, Iran.

Chemical Analysis

Dry matter (DM) was determined by drying the sammplé¢ 105°C overnight and ash by igniting the samples in
muffle furnace at 5258C for 8h and nitrogen (N) content was measurechbyKjeldahl method [2] . Crude protein
(CP) was calculated as N x 6.25. Neutral deterfieat (NDF) and acid detergent fiber (ADF) wereatatined by
procedures outlined by Van Soest et al. [22]. Ndwdus Carbohydrate (NFC) is calculated using tipgagion of
NRC [16]; NFC = 100 — (NDF + CP + EE + Ash).

In vitro gas production procedure

Fermentation of dried and ensiled pomegranate ggaples were carried out with rumen fluid obtaifredh three
fistulated Iranian native steers (Taleshi) fed enitaily a diet containing alfalfa hay (60%) and e@mtrate mixture
(40%) following the method described by Menke aneirigjass [13]. Both solid and liquid rumen fractiomere
collected before the morning feeding, placed innsalated plastic container, sealed immediately tasasported to
the laboratory. Approximately 200 mg (on dry matiasis) of each samples were weighed into the ghagsges of
100 ml. The fluid-buffer mixture (30 ml) was traesfed into the glass syringes of 100 ml. The gklstges
containing samples and rumen fluid-buffer mixturersvincubated at 3. The syringes were gently shaken 30
min after the start of incubation. The gas productas determined at 2, 4, 6, 8, 12, 24, 48, 72 Ghdh of
incubation. All samples were incubated in tripleatith three syringes containing only rumen fluigffbr mixture
(blank). The net gas productions of samples weteraigned by subtracting the volume of gas produicethe
blanks. Gas production data were fitted to the rhoti&@rskov and McDonald [18]:

Y=a+b (1-€%
WhereY is the gas production at tintea the gas production from soluble fraction (ml/200DMl), b the gas

production from insoluble but fermentable fract{om/200mg DM),c the gas production rate constant (mléy, b
the potential gas production (ml/200mg DM) drisl the incubation time (h).
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The ME, NEL and OMD of pomegranate peels were tafed using equations of Menke and Steingass [4:3] a

ME (MJ /kg DM) = 2.20 + 0.136 x GP + 0.0057 x CP
NEL (MJ/kg DM) = 0.115 x GP + 0.0054 x CP + 0.01EK - 0.0054 x CA - 0.36
OMD (g/kg DM) = 14.88 + 0.889 x GP + 0.45 x CP 8651 x CA

Where, GP is 24 h net gas production volume (mIf2@g0DM), and CP, EE, CA are crude protein, ethéraek and
crude ash (g/kg DM), respectively.

Short chain fatty acids (SCFA) are calculated hyatign of Getachew et al. [5];
SCFA (mmol) = -0.0601 + (0.0239 x GP)
Where, GP is 24 h net gas production volume (miA2p@M).

Statistical analysis:
All of the data (with three replicates) were anelyaising software of SAS [20] and means of two dargpups
were separated by independent-samples t-test [12].

RESULTSAND DISCUSSION

The chemical compositions of ensiled and dried gpargate peels are presented in table 1. Althougtetts no
more differences between CP, EE and ash conteamisified and dried peels; NDF and ADF content of ggnanate
peels were increased and NFC content decreasedyibg.dn other word, dried peels have higher fibentent than
ensiled forms. Chemical compositions of dried peekre approximately in line with findings of Mirzae
Aghsaghali et al., [15]. They are reported that NP, EE, NDF, ADF and NFC content of pomegranatdspeere
96.20, 3.60, 0.61, 20.80, 15.10 and 69.57%, resdet There are some differences between cheromalposition
of pomegranate by-product in current study compgatiose reported by Feizi et al., [4] and Shabtagl.e [21].

These variations in chemical composition of by-pd may be due to different original materialspvgng

conditions (such as geographic, seasonal variatidimatic conditions and soil characteristics)daextent of
foreign materials, impurities, varieties, differgmbcessing and measuring methods. It is clear dmgt variation in
chemical composition can be resulted in differantritive value; because chemical composition is ohéhe most
important indices of nutritive value of feedstufts 9, 10].

Table 1: Chemical composition of dried and ensiled pomegranate peels (%)

Items DM CP EE Ash NDF ADF NFC
Dried 94.76 3.37 0.70 4.00 18.20 12.60 73.73
Ensiled 48.36 4.19 0.50 4.00 13.60 8.60 77.71
DM: dry matter, CP: crude protein, EE: ether extraDF: neutral detergent fiber, ADF, acid detergéher, NFC: non fibrous
carbohydrate.

Amounts of gas produced (ml/200mg DM) in differém¢ubation times illustrated in table 2 and figureThe
results ofin vitro gas production showed that although there is figmt differences between gas production
volume of dried and ensiled samples at early intabdimes (2, 4, 6 and 8 h), the significant difieces was not
observed at further incubation times. The gas velain24 h incubation, were 45.71 and 45.17 ml/200kGfor
dried and ensiled pomegranate peels, respectivetyount of gas production at 24 h incubation is im@ot
because of its high positive correlation by enécgedlue of feedstuffs [6, 9].

Table 2: Gas production volume (ml/200mg DM) of dried and ensiled pomegranate peels at different
incubation times (h)

Incubation times (h) Dried Ensiled Pvalue S.E.M

2 8.75 9.67 0.0167 0.1670
4 17.81 19.81 0.0004  0.1309
6 2438 25.90 0.0180 0.2779
8 28.90 30.73 0.0227  0.3596
12 3711 37.05 0.9176  0.4071
24 45.71 45.17 0.4052  0.4086
48 50.00 50.24 0.6099  0.2988
72 52.11 5250 0.5662 0.4215
96 52.27 53.12 0.2501  0.4494
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Gas production parameters, (b, § and estimated values of OMD, ME, NEL and SCFAddéd and ensiled
pomegranate peels are presented in Table 3. Althgag production of soluble fractioa) (in ensiled samles was
significantly higher than that of dried peels; therre no significant differences about insolublé fermentable
fraction (), potential gas productiora{b) and rate constant of gas production (c) of treatsn Blummel and
Becker [3] stated that the soluble fracti@) ¢f feed makes it easily attachable by rumen naigganisms and leads
to much gas production. Thus higher soluble fraciio ensiled pomegranate peels in current studgecdaster
starting of fermentation than samples dried. heohand, the gas volume at asymptote (b) is aoritapt index for
predicting feed intake. So it can be concluded thatinants should consume same amount of ensildddaed

pomegranate peels. High rate of gas productionilpigsaffected by carbohydrate fractions which réadivailable
to the microbial population.

The organic matter digestibility (OMD), metabolifalenergy (ME), net energy for lactation (NEL) atebrt chain
fatty acid (SCFA) of both treatments, also wereilsin(57.29%, 8.61 MJ/kg DM, 4.67 MJ/kg DM, 1.03 mhior
dried samples and 57.18%, 8.58 MJ/kg DM, 4.83 MIDkyy 1.02 mmol for ensiled samples, respectival§iyzaei-
Aghsaghali et al., [15] found that amounts of gasdpced at 24 fronn vitro incubation of dried pomegranate peels
was 47.42 ml/200 mg and far b, a+bandc were 6.72, 47.39, 54.12 ml/200 mg and 0.078 mé/épectively. They
are also reported that estimated amounts of OMD, NIEL and SCFA of dried pomegranate peels were(9,0
8.85 MJ/kg DM, 5.09 MJ/kg DM and 1.048 mmol, respesy.

Table 3: In vitro gas production parameters and estimated metabolisable energy (ME), net energy for
lactation (NEL), Organic matter digestibility (OM D) and short chain fatty acids (SCFA) of dried and ensiled

pomegranate peels
Items Dried Ensiled Pvalue S.EM
a (ml) 0.33 1.82 0.0096 0.2258
b (ml) 51.66  49.78 0.0559  0.4978
a+b (ml) 52.00 51.60 0.6231 0.3782
c (ml/h) 0.1050 0.1040 0.7747 0.0023

ME (MJ/ Kg DM)  8.61 8.58 0.7519 0.0555
NEL (MJ/ Kg DM)  4.67 4.83 0.5778 0.0412
OMD (%) 57.29 57.18 0.8372 0.3634
SCFA (mmol) 1.03 1.02 0.4014  0.0001
a: the gas production from soluble fraction (ml/2@® DM), b: the gas production from insoluble butrfentable fraction (ml/200mg DM), c:
rate constant of gas production during incubatiam/f), a + b: the potential gas production (ml/209@M)

It is predictable that variation in chemical compnots of same feeds in different studies such aststdlFC, OM,
CP, NDF and soluble sugars contents can be resutriation of in vitro gas production volume [9. ruminant
animals, short chain fatty acids (SCFAs) such atigcpropionic, butyric, isobutyric, valeric amgbvaleric which
are produced in rumen by microbial fermentationdadtary nutrients (e.g. fiber), supply up to 80% théir
maintenance energy requirements. Acetate, propaaad butyrate, the dominant SCFAs, are readilpralesl and
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assimilated as a nutrient source by the ruminam. SCFA account for between 50-70% of digestibkrgnintake.
Thus it can be said that, higher SCFA productiogas production technique is the reliable indegaxs production
and energy content of tested materials [15].

CONCLUSION

The results of current study based on chemical ositipn, OMD, ME, NEL and SCFA indicated that both
preservation methods (drying and ensiling) havelaimeffect on nutritive value of pomegranate pleelruminants.

It can be said that pomegranate peel has a pdtgméative nutritive value in ruminants under vitro conditions.
However there is need o vivo studies for confirming this result.
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