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Table 1. Chemical composition and poly phenols of pomegranate peel of Torsh janghali Gorgan,
Malas behshahr and Shirin kolbad varieties
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Irin alas . . composition
SEM Kolbad behshahr  Torsh janghali P
Gorgan
0.512 0.15 35.04 34.98 35.34 S esle
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0.313 0.22 435 4.67 3.81 st
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a.l;.l).\i BE) djl;ub ),.2.9
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aJ.'..L).\..Ir B Jjbu:l; j“:j
0.595 0.07 19.54 19.45 19.62 L
NDF
0.117 0.12 455 4.97 5.12 oS
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Total phenol
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Total tannin
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Condensed tannin
0.455 0.13 6.63 7.06 6.80 o JB

Hydrolysable tannin

(P</00) dsb o b Sl o Ml 035 s ime et & oy pa sl Gy
Values with different superscript in each row letters differ significantly (P < 0.05)
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Figure 1. Gas production profile for pomegranate peel varieties during different incubation
times (200 mg sample)
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Table 2. Gas production parameters and cumulative gas production (ml/200 mg DM) of pomegranate
peel varieties

sM 5 5y s _
& 5 2 Shami

it esle g Yoo/ -
( e g b Ak Gas production Sl
Cumulative gas production (ml/200mg parameters Treatment
DM)
96 24 to c B
L\g é §/' -
44.05 37.47 26.23 0.0933 30.98 s ad
Torsh Janghali Gorgan
42.03 37.88 24.92 0.0933 40.5 A
Malas behshahr
LIS oy e
44.38 40.70 26.23 0.1113 42.57 J al
Shirin kolbad
kol glas - Sl
0.57 0.68 1.46 0.0084 0.52 Sl sl S
SEM
0.817 0.449 0.235 0.675 0.725 P value

AP0 0) dib o b o Kiles e Ol O35 13 e et s O o o alie s s >
Values with different superscript in each column letters differ significantly (P < 0.05)
(cele) 5 38 S i Ol L1 e F5C (i osle oS oo Yoo il o) S8 W5 el B

B: The gas production from the fermentable fraction (ml/200mg DM), C= Rate constant of gas
production during incubation (ml/h), t %: Half time of maximum gas production
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Table 3. Fermentation parameters and degradability of pomegranate peel varieties in 24 h incubation

s
Phar
sl Sl Treatment e Slaazel B
P value IQRHE! SUS oy et iy ke V8 S Ks p5 Fermentation
SEM Shirin Malas Torsh janghali parameters
kolbad behshahr Gorgan
0.017 0.006 0.347¢ 0.313° 0.320° ivVADDM((mg)
0.001 0.010 0.590¢ 0.528b 0.534° ivTDDM(mg)
SIS 59 g
0.002 9.49 500.79° 44556 449.91° Microbial mass
(g/kg DM)
0.556 0.018 1.45 1.39 1.42 PF(mg/ml)
e
0.247 0.250 33.45 32.73 33.76 y
Methane (g/kg DM)
0.302 0.14 2.66x10°  2.4x10° 2.5x10° L9355 S
Protozoa population
0.350 0.03 7.12 7.11 7.01 pH
U5 < r sladend
0.092 0.015 0.902 0.836% 0.826° )
SCFA(mMmol)
ke LG g5 0
0135 0105 7.6 7.05 7.19 et S S5
ME(MJ/Kg DM)
Tosle pion LG
0.134 0.83 51.18 47.02 48.06 ol e el

OMD(%)

(P<e/00) Wil Lawi\:.a O B 05 g Sl pe pobds & Dy A o wlin & By >
Values with different superscript in each row letters differ significantly (P < 0.05).
ivADDM: in vitro apparently degraded dry matter, ivTDDM: in vitro truly degraded dry matter. PF:
portioning factor, SCFA: short chain fatty acids ME: metabolizable energy, OMD: organic matter
digestibility
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Table 4. Fermentation parameters and degradability of pomegranate peel varieties in t v

(half time)
. Treatments Lg
sl Sl ; , ) ——— S rea gladzinl 5
Pvalue  sjut % e o 88 *’K“’ i Fermentation
SEM Shirin Malas Torsh janghali parameters
kolba behshahr Gorgan
0.0002 0.011 0.2752 0.235° 0.243° ivADDM@mg)
0.046 0.47 0.4942 0.435P 0.445> ivTDDM(mg)
S R
0.001 9.49 436.622 38084b 39788b M|cr0b|al mass
(g/kg DM)
0.446 0.078 1.91 1.80 2.06 PF(mg/ml)
Ol
0.537 0.002 15.33 17.62 16.12 Methane g/kg DM)
0.010 0.30 5.0x1050  7.5x10%2 7.87x1052 350 M
Protozoa population
0.737 0.047 7.35 7.38 7.42 pH
oUsS 7 sladend
0.511 0.059 0.568 0.549 0.474 )
SCFAmMmol)
Lo LG 535,
0.451 0.20 5.99 5.86 5.36 e g8 5
ME(MJ/Kg DM)
Tosle pion LG
0.464 1.30 40.22 38.99 36.06 ool prin
OMD(%)

digestibility

(P<e/00) Wil Lawi\:.a O B O g Sl pe pobds & Dy A o wlin & by >
Values with different superscript in each row letters differ significantly (P < 0.05)

ivADDM: in vitro apparently degraded dry matter, ivTDDM: in vitro truly degraded dry matter. PF:
portioning factor, SCFA: short chain fatty acids ME: metabolizable energy, OMD: organic matter

2 oShie G i S o b sadp Ok S mals (Yrq) Lasle 5 154
5 S Lo el L1D) i3S 0 W5 s T i 36 s 105 e slags 5L
Y Olse 4 Vaccinium vitis idaea «LS oShre G Sl el fod ols Al 55 (YIY) O Kes

JDQL’ZA)L;J.:JJJ L}ALSé\SJJbJSQLﬁ_}ob;ebu:.w‘éﬂiLth}geﬁ)bx}obbf}lts/f;

\Yo



Ol 9,31 05, o0y

w3l VFA W 5 Jesle pan Sl 5 e 6 4ol O o3 1555 M55 RalS s
1555557 Slee I asls oz (ghe o son laly LOS5lke b 4l (sl S5 55 0 o AL
Oen 5 sbl 5o — Sl 00) 355 0 0k S8 g 2als 5 LoSske Ll 4
2 st 8B sl g Ol 58 S WS W S 0l calises gyls LS Sl 3 sy s s (YY)
an Sl s el L s Ok S el 0 b Gt 53 .(04) 250 | g 0S40
(Fdsa) 39 ol e Ol SOl ol YY Lo 5o i o3le i 5 5 o
Sl (&K;ﬁuj Lyl o 55) ol s (Gl g S i sy OLES (PF) SS& 0
SPF Latls (V) Col odd eslizal s Koo oo 55 55 S8 Al 55 eslinal lr o oS
S = g sl Lty Ol 5 ol Y s (gols s Ot Wil o e 0330 sias OLES
YE Olj s PE Lastls il (0V) )05 5pms Ok 5 5 P Lastls o it 5 s da
Gl 25 Sen 555 M5 5 a5 23k 2 e edins QLIS SIS 1 el 035 50 Ol SO sl
055 Sl odal s iy B8 o Sl Ol el 035 6l en Olis SIS L8l L w8
sy aslsl Wgy pl sty Ol leﬁ«S.,\AT Cowd 4 Jge oo /4 350> 5 i SIS oy S
Ol sl ol Y 0le3 53 oa Laslegs s 55505 T osle an ol 5 e slie LB (535
SR &S g il SUIS o e 035 5 L (P>4/:0) 5l OLis (g5ls sme sl ty, Ol 53 oa s
cML.’;.AJJ‘Yl{JL:b}LSJALBWé_A%Bﬁjoﬂbﬁlmdhahj):ﬁ.ﬁé.gj}@

Q‘M\)Mxyﬂvé)w‘ov\d

S (55 doS

S 23l Ol e S8 Wy SaS 5 58 Ws Sleal s 4 ml 4 a5 L IS b
Q%ﬁa&l:&;q(;“wﬁ&} RN .wbcolfjf ’,K.}/'. o) LU gy il ijw
5ok 38 s s LSL"‘ML?)U;{:‘ Shslaas ade s islssl s glyls 5B 5 S
B WM 6)&.‘1.«3 é\ﬁ u\)_?&,a b V';) M)'\ dlajbu aS e LA;))')S_}J.; et
58 el Ol 58 W5 Jals

\yr



YA0 (V) 0 lowd (F) B S lgtentd 4> Loy ds puld

10.

11.

12.

&l
Abarghuei, M.J., and Ruzbehan, Y. 2013. The influence of the grape pomace on
gas production parameters and protozoa population of rumen inoclumn of
sheep. J. Iranian. Anim. Sci. (Tehran, Islamic Repub. Iran). 44 (4): 375-384. (In
Persian)
Anele, U.Y., Stidekum, K.H., Hummel, J., Arigbede, O.M., Oni, A.O., Olanite,
J.A., Bottgera, C., Ojob, V.O., and Jolaoshob, A.O. 2011. Chemical
characterization, in vitro dry matter and ruminal crude protein degradability and
microbial protein synthesis of some cowpea (Vigna unguiculata L. Walp) haulm
varieties.J. Anim. feed Sci. Technol. 163 (2): 161-169.
AOAC. 1990. International Official Methods of Analysis, XXIth ed.
Gaithersburg, M. D. Association of Official Analytical Chemists, USA.
Barman, K., Deepak, K., Tandon, D.M., Thirumeignanam, D., and Rai, S.N.
2008. Tannins estimation. Dairy Cattle Nutrition Division N.D.R.l., Karnal,
India.
Bhatta, R., Uyeno, Y., Tajima, K., Takenaka, A., Yabumoto, Y., Nonaka, I.,
Enishi, O., and Kurihara, M. 2009. Difference in the nature of tannins on in
vitro ruminal methane and volatile fatty acid production and on methanogenic
archaea and protozoal populations. J. Dairy Sci. 9: 5512-5522.
Blimmel, M., Makkar, H.P.S., and Becker, K. 1997. In vitro gas production: a
technique revisited. J. Anim. Physiol and Nutr. 77: 24-34.
Blummel, M., Schrdder, A., Stidekum, K.H., and Becker, K. 1999. Estimating
ruminal microbial efficiencies in silage-fed cattle: comparison of an in
vitro method with a combination of in situ and in vivo measurements.
Journal of Animal Physiology and Animal Nutrition, 81, 57-67.
Calsamiglia, S., Busquet, M., Cardozo, P.W., Castillejos, L., and Ferret, A.
2007. Invited review: essential oils as modifiers of rumen microbial
fermentation. J. Dairy Sci. 90: 2580-2595.
Cieslak, A., Szumacher-Strabel, M., Stochemal, A., and Oleszek, W. 2013.
Plant components with specific activities against rumen Methanogens.J. Anim.
Sci. 7:2: 253-265.
Cieslak, A., Zmora, P., Pers-Kamczyc, E., and Szumacher-Strabel, M. 2012.
Effects of tannins source (Vaccinium vitis idaea L.) on rumen microbial
fermentation in vivo.J. Anim. Feed Sci. and Technol. 176: 102-106.
Dehority, B.A. 1984. Evaluation of subsampling and fixation procedures used
for counting rumen protozoa.J. Appl. Environ. Microbiol. 48: 182-185.
Delavar, M.H., Tahmasbi, A.M. Danesh Mesgaran, M., and Valizadeh, R. 2014.
In vitro Rumen Fermentation and Gas Production: Influence of different by-
product feedstuffs. Annual Research and Review in Biology. 4(7): 1121-1128.

y\wy



Ol 9,31 05, o0y

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Demeyer, D., De Meulemeester, M., De Graeve, K., and Gupta, B.W. 1988.
Effect of fungal treatment on nutritive value of straw.J. Med. Fac. Landbouww.
Rijksuniv. Gent. 53: 1811-1819.

FAO, 2010. FAOSTAT Database. http://apps.fao.org. FAO, United Nations,
Rome, Italy.

Frutos, P., Hervas, G., Giraldez, F.J., and Mantecon, A.R. 2004. Review.
Tannins and ruminant nutrition. Span. J. Agric. Res. 2 (2):.191-202.

Ghasemi, S., Naserian, A.A., Valizadeh, R., Tahmasebi, A.M., Vakili, A.R.
Behgar, M., and Ghovvati, S. 2012. Inclusion of pistachio hulls as a
replacement for alfalfa hay in the diet of sheep causes a shift in the rumen
cellulolytic bacterial population.J. Small Rum. Res. 104: 94— 98.

Goel, G., and Makkar, H.P.S. 2012. Methane mitigation from ruminants using
tannins and saponins.J. Tropical Anim. Health Prod. 44: 729-739.

Ismail, T., Sestili, P., and Akhtar, S. 2012. Pomegranate peel and fruit extracts:
A review of potential anti-inflammatory and anti- infective effects. J.
Ethnopharmacol. 143: 397-405.

Jahani-Azizabadi, H., Danesh Mesgaran, Vakili, A.R., Rezayazdi, K., and
Hashemi, M. 2011. Effect of various medicinal plant essential oils obtained
from semi-arid climate on rumen fermentation characteristics of a high forage
diet using in vitro batch culture. African J. Microbiol. Res. 5(27): 4812-4819.
Jayanegara, A., Goel G., Makkar, H.P.S., and Becker, K. 2010. Reduction in
methane emissions from ruminants by plant secondary metabolites: Effects of
polyphenols and saponins. In: N.E. Odongo, M. Garcia & G.J. Viljoen (eds),
Sustainable Improvement of Animal Production and Health. Food and
Agriculture Organization of the United Nations, Rome, 2010: 151-157.
Jayanegara, A., Togtokhbayar, N., Makkar, H.P.S., and Becker, K. 2009.
Tannins determined by various methods as predictors of methane production
reduction potential of plants by an in vitro rumen fermentation system.J. Anim.
Feed Sci. and Technol. 150: 230-237.

Johnson, K.A., and Johnson, D.E. 1995. Methane emission from cattle. J. Anim.
Sci. 73: 2483-2492.

Lansky, E.P., and Newman. R.A. 2007. Punica granatum (pomegranate) and its
potential for prevention and treatment of inflammation and cancer. J.
Ethnopharmacol. 109: 177-206.

Lassey, K.R. 2007. Livestock methane emission and its perspective in the
global methane cycle. Australian J. of Experim. Agri. 48(2): 114-118.

Makkar, H.P.S. 2003. Effects and fate of tannins in ruminant animals,
adaptation to tannins, and strategies to overcome detrimental effects of feeding
tannin-rich feeds.J. Small Ruminant Res. 49: 241-256.

Makkar, H.P.S. 2005. In vitro gas methods for evaluation of feeds containing
phytochemicals.J. Anim. Feed Sci. Technol. 123: 291-302.

YA



YA0 (V) 0 lowd (F) B S lgtentd 4> Loy ds puld

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Makkar, H.P.S. 2010. In vitro screening of feed resources for efficiency of
microbial protein synthesis. In: Vercoe, P. E., Makkar, H. P. S., and Schlink, A.
C. (eds.), In vitro Screening of plant resources for extra nutritional attributes in
ruminants: Nuclear and Related Methodologies. IAEA, Dordrecht, the
Netherlands. Pp. 107-144.

Mazandarani, M., Khojamli, Z., Bayat, H., and Daneshvar, A. 2011. Introduce
and , comparison of the main of secondary metabolits of punica granatum L. in
different habitats of Golestan province. J. Agric. Sci. Res. (Tehran, Islamic
Repub. Iran). 5 (18) 2: 63-67. (In Persian).

Menke, K.H., and Steingass, H. 1988. Estimation of the energetic feed value
obtained from chemical analysis and in vitro gas production using rumen fluid.
Animal research and development. 28: 7.55.

Menke, K. H., Raab, L., Salewski, A., Steingass, H., Fritz, D., and Schneider,
W. 1979. The estimation of the digestibility and metabolizable energy content
of ruminant feedstuffs from the gas production when they are incubated with
rumen liguor in vitro. J. Agri. Sci. 92: 217-222.

Mirzaei-Aghsaghali, A., Maheri-Sis, N., Mansouri, H., Ebrahim Razegh, M.,
Mirza-Aghazadeh, A., Cheraghi, H., and Aghajanzadeh-Golshani, A. 2011.
Evaluating potential nutritive value of pomegranate processing by-products for
ruminants using in vitro gas production technique.J. ARPNJ Agric. Bio. Sci. 6
(6): 45-51.

Moss, A.R., Jouany, J.P., and Newbold, J. 2000. Methane production by
ruminants: its contribution to global warming.J. Ann. Zootech. 49: 231-253.
NASA. http://earthobservatory.nasa.gov/Features/Global\Warming/page2.php
@rskov, E.R., and McDonald, 1., 1979. The estimation of protein degradability
in the rumen from incubation measurements weighted according to rate of
passage. J. Agric. Sci. Camb. 92, 499-503.

Patra, A.K., and Saxena, J. 2009. Dietary phytochemicals as rumen modifiers: a
review of the effects on microbial populations. Antonie van Leeuwenhoek. 96:
363-375.

Porter, L.J, Hrstich, L.N., and Chan, B.G. 1986. The conversion of procyanidins
and prodelphinidins to cyanidin and delphinidin. Phytochemistry. 25: 223-230.
Sarkhosh, A., Zamani, Z., Fatahi, R., and Ranjbar, H. 2009. Evaluation of
genetic diversity among Iranian soft-seed pomegranate accessions by fruit
characteristics and RAPD markers.J. Sci. Hort. 121: 313-319.

SAS Institute. 2002. SAS User's Guide: Statistics. Ver 9.0. SAS Institute, Cary,
N.C. USA. 956 p.

Steiner, T. 2009. Phytogenics in animal nutrition (natural concepts to optimize
gut health and performance. Nottingham university press. 181p.

Taher-Maddah, M., Maheri-Sis, N., Salamatdoustnobar, R., and Ahmadzadeh,
A. 2012. Comparing nutritive value of ensiled and dried pomegranate peels for

’ra


http://earthobservatory.nasa.gov/Features/GlobalWarming/page2.php

Ol 9,31 05, o0y

41.

42.

43.

44,

45.

46.

47.

ruminants using in vitro gas production technique.J. Annals. Bio. Res. 3
(4):1942-1946.

Tavendale, M.H., Meagher, L.P., Pacheco, D., Walker, N., Attwood, G.T., and
Sivakumaran, S. 2005. Methane production from in vitro rumen incubations
with Lotus pedunculatus and Medicago sativa, and effects of extractable
condensed tannin fractions on methanogenesis.J. Anim. Feed Sci. Technol.
123-124, 403-419.

Tehranifar, A., Zarei, M., Nemati, Z., Esfandiyari, B., and Vazifeshenas, M.R.
2010. Investigation of physico-chemical properties and antioxidant activity of
twenty Iranian pomegranate (Punica granatum L.) cultivars. Sci. Horti. 126:
180-185.

Tiemann, T.T., Lascano C.E., Wettstein, H.R., Mayer, A.C., Kreuzer, M., and
Hess, H.D. 2008. Effect of the tropical tannin-rich shrub legumes Calliandra
calothyrsus and Flemingia macrophylla on methane emission and nitrogen and
energy balance in growing lambs.J. Anim. 2: 790-799.

Ullah, N., Ali, J., Ali khan, F., Khurram, M., Hussain, A., Rahman, I., Rahman,
Z., and Shafaghatullah. 2012. Proximate Composition, Minerals Content,
Antibacterial and antifungal Activity Evaluation of Pomegranate (Punica
granatum L.) Peels Powder. Middle-East J. Sci. Res. 11 (3): 396-401.

Van Soest, P.J., 1994. Nutritional Ecology of the Ruminant, 2nd ed. Comstock
Publishing Associates/Cornell University Press, Ithaca, NY, USA.

Van Soest, P.J., Robertson, J.B., and Lewis, B.A. 1991. Methods for dietary
fiber, neutral detergent fiber, and non-starch polysaccharides in relation to
animal nutrition. J. Dairy Sci. 74: 3583-3597.

Vercoe, E.P., Makkar, H.P.S., and Schlink, A.C. 2010. In Vitro Screening of
Plant Resources for Extra-Nutritional Attributes in Ruminants: Nuclear and
Related Methodologies (edi.), In Vitro Screening of Feed Resources for
Efficiency of Microbial Protein Synthesis (pp. 106-144). New York: Springer.

VY



\\uly

Gargan University of Agricultural
Sciences and Natural Resources

J. of Ruminant Research, Vol. 4(2), 2016
http://ejrr.gau.ac.ir

Effect of different varieties of pomegranate peels (Torsh Jangali
Gorgan, malas Behshahr and Shirin kolbad) on dry matter digestibility,
number of protozoa and methane production in vitro.

V. Razmaza?l, *N.M. Torbatinejad?, J. Seifdavati® and S. Zerehdaran*
Ph.D. Student and 2Professor, Dept. of Animal and poultry Nutrition, Faculty of Animal
Sciences, Gorgan University of Agricultural Sciences and Natural Resources
3Assistant Prof., Dept. of Animal Sciences, Faculty of Agriculture, Mohaghegh Ardebili
University, “Profossor, Dept. of Animal Sciences, Faculty of Agriculture, Ferdowsi
University of Mashhad, Iran
Received: 01/31/2016; Accepted: 05/17/2016

Abstract

Background and objectives: Iran in addition to the emergence of pomegranate
and its natural habitat, the number of varieties and is the largest producer of
pomegranate in the world. Pomegranate peels comprising almost 26-30% of total
fruit weight; in recent years the biological activity of pomegranate peel
polyphenols has become a subject of interest among many researchers and
consumers. Tannins effects on rumen methanogens and protozoa was proven, as
well as the effect of that on gas production kinetic and rumen fermentation
according to the type of vegetation is varies. Thus the objective of this study was to
determine the chemical composition, polyphenolic components, in vitro apparently
and truly degraded dry matter, methane production, the number of protozoa of
three pomegranate peels (Torsh Jangali Gorgan, malas Behshahr and Shirin
kolbad) varieties.

Materials and methods: Varieties collected during harvested season (autumn)
from different region of Golestan province and dried. The study was carried out in
a completely randomized design with tree treatment and four replicates. After an
initial gas test to evaluate 96 h gas production profiles of pomegranate peels, the
time to half maximal gas production was calculated and a second incubation
conducted with fermentation stopped at substrate specific half time (t »») and 24 h
for each substrate. True DM degradability was measured from incubated residues
and combined with gas volume to estimate the partitioning factor (PF).
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Results: Highest CP in Shirin Kolbad and highest EE and ADF in Torsh Jangali
Gorgan varieties were observed. Total Phenol composition in Torsh Jangali Gorgan
variety with 8.91% and total tannin in malas Behshahr variety with 8.06% were
high than Other varieties. Shirin kolbad pomegranate peel had greater in vitro
apparently and truly degraded dry matter, microbial protein, and short chain fatty
acids (respectively 0.347, 0.590 (mg), 500.79 (g/kg DM), and 0.9 (mmol) in 24 h
incubation (P<0.05), this order was also observed at specific t . h, however
produced less methane than other pomegranate peels. The number of protozoa had
greater at specific t ., (P<0.05).

Conclusion: The results of this study showed that pomegranate peel is an
important agro-based by-product that is produced in Iran and because of having
phenolic components and tannins has antimicrobial activity against
microorganisms that produced methane as well as protozoa, that, three varieties of
this pomegranate peel can be used for modulating rumen fermentation and methane
reduction.

Keywords: Pomegranate peels, Tannin, Rumen fermentation, Methane, Protozoa
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