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Table 1. Comparison of chemical composition ofatiht parts of thBerberis vulgaris with alfalfa hay

Parameters 1 5 Trea;men“t 7 5 SEM P-value
Dry matter (%) 92.60 9520 92.01 94.02 94.65 0.77 .060
Organic matter (% DM) 90.63  89.46  90.60 90.48 90.23 0.28 0.08
Crude protein (% DM) 16.39 3.95  10.49 9.98 5.95 0.19 <0.0001
Grass energy (kcal/kg DM) 373 2.0¢ 4.47 401" 3.06 0.12 <0.0001
Natural detergent fiber (% DM) 2549 50.30 30.35 30.89 4458 0.71 <0.0001
Acid detergent fiber (% DM) 16.71 31.84 19.66 20.03 2858 0.48 <0.0001
Ether extract (% DM) 1.67 0.84 2.38 2.36 1.14 0.13 <0.0001
Ash (% DM) 9.28 10.21 9.37 9.52 9.73 0.37 0.46

! Treatments included: (1) Alfalfa, (2) Branches, [(8aves before barberry harvesting, (4) Leavesr &farberry harvesting and
(5) Branches and leaves (In the ratio of 60:40)
Values within a row with different superscriptsfdifsignificantly £<0.05).
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Table 2Comparison of chemical and phenolic compositiomxqferimental treatments

Parameters (% dry matter) 1 5 TreSatmerft 7 5 SEM P-value
Total phenolic compound (%) 2.0  14.97 6.17 6.36 11.99 0.28 <0.0001
Total tannins (%) 0.60 8.26 2.50 2.88 6.25 0.14 <0.0001
Condensed tannin (%) 0.46 3.02 0.13 0.12 1.20° 0.03 <0.0001
Hydrolysable tannin (%) 0.14 5.23 2.38 2.7¢ 5.0F 0.11 <0.0001

T Treatments included: (1) Alfalfa, (2) Branches, [(Baves before barberry harvesting, (4) Leaves &farberry harvesting and

(5) Branches and leaves (In the ratio of 60:40)

Values within a row with different superscriptsfdifsignificantly £<0.05).
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Fig. 1. Comparison ah vitro gas production of different parts of tBerberis vulgaris with alfalfa hay (mL/200 mg

DM). Treatments included: (1) Alfalfa, (2) Branch€3) Leaves before barberry harvesting (BH),L@dves after
barberry harvesting (AH), and (5) Branches anddedlin the ratio of 60:40)
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Table 3. Comparison aifn vitro digestion parameters of experimental treatments

Treatment
Parameters 1 5 3 2 5 SEM P-value
b (mL/200 mg DM) 64.23° 4518 323.43% 6468  48.8" 3.02 0.0032
c (/h) 0.238 0.167  0.139 0.157  0.119 0.0314 0.156
DM disappearance (mg) 53.86 4346  71.18 70.26 53.70  2.74 0.001
Feed fermentation efficiency 8.18  6.0F 10.17 10.36  7.43" 0.40  <0.0001
ME (MJ/Kg DM) 859  7.16 9.85 9.74 8.04¢ 0.25  <0.0001
NEL (MJ/Kg DM) 499 379 6.07 6.03 4.79" 0.28 0.001

Organic matter digestibility (% DM) 57.12° 48.02  67.57 64.84" 5370° 1.68 <0.0001

T Treatments included: (1) Alfalfa, (2) Branches, [(Baves before barberry harvesting, (4) Leaves &farberry harvesting and
(5) Branches and leaves (In the ratio of 60:40)
Values within a row with different superscriptsfdifsignificantly £<0.05).

Olpl el «ledlbl g (oy5kd 8 L g5,0laS sl & ylig 65,5l sladsl Lol NYAF (o o

Lngw‘)ﬁ 9 QSL'Q u_:l.a.SJJ clale B ‘_,’_aj).&.” ‘_,’_:La}’).: ).:‘ Avay -z ‘_,’.w)‘.\,o .o )ﬁg_i&)ﬁ “Z P LS)'“"’ ‘570_9 s 63)...0
FEXY VIV ool psle cgla g Ul alo alis glaaSids (6, 4325

)l oolaiul L: S_JLAS)A M)}J 9 )bLa IVEN ;‘),>| ‘5:“.\.(: Q’J))‘ u.u.u RRRTA Q’J )lia)) 9 60 . ‘_,’_a.&l).:‘ ‘E, ul.:fal.a s& =)
ATAZ 5 0 Sl Ol (ol pole 0,505 ratin (5 g Lulyd 5o 5 ags S5



AY (VA-3) V¥R lislilpgs ojlodlngs Jlo sols Sladgs livios

Sl Ghiael dumge locad Lol [0 o iy, a4 Sy CblS o 3T ates AYAF e sale g p dble wf oges

Ye-OA e Lg))jw .)l.er? 6‘&).3)[5*‘5&152

d.sLb < s.iw)) 090 ‘59..5 9 L_;QS Lgl.ibua}Lu » w‘é).a @)Ls ).s‘ \Y‘/\q © u;aym 6;..@ 9 e r:;.\.&n u;"}‘é) 4C U:"yj
FEEYYO (DA ol sl slosingsy

o sS oBiuley] Loyl yo 515 adgs g G g liord oSy e ATV B Dy 5 g Bl ol ISPV TN
YPE-Yona S = ‘U‘)"‘ QSA‘\) ‘ajl.c o).f.;S L)M U"L 69[} ULQLS )‘

)l J»al} uj).: 9 CL..) ‘_,’_a‘.\.c Q’J))‘ u.u.!.: AvaY o 63)»“} 9T P 6;..» ‘579.‘3 “p u‘).iw.o uu.:‘.) “) obl)’ ‘5]3 X ‘_,’.w).\.o
s oS30 (sl ol msle 0,K5S cpaaiids ] Lt LS 5 b as S 5 il 5 a5 sl

“_,’_al..\.c Q’J))‘ u.u.!.: AYah L 65)»“.5 9 «p u‘).iw.o Q”"‘Q s.é G (S92 P LS)"“" ‘5705 “y oé‘)’ ‘5]3 rd ‘_,’.w).\.o
ol s psle slotngy, Sib; Sutloy Sl ol S s Eb (5 s e sl il § 5 L SLS 5
JYV-YYY (VA

manoS la g, sl eolaiul b piaisS go S 5ol Al plde 55l AV saesl g g Coug Wl eoly &5 wp pade

FEX-FYQ ¥ ( als pole slo g Bade o Jebl slo

Achakzai A. K. K., Achakzai P., Masood A., Kayani/s and Tareen R. B. 2009. Response of plant pandsage
on the distribution of secondary metabolites omgdound in Quetta. Pakistan JournaBaftany, 41(5):
2129-2135.

Aderinboye R. Y., Akinlolu A. O., Adeleke M. ANajeem G. O., Ojo V. O. A,, Isah O. A. and Babay€&miJ.
2016.In vitro gas production and dry matter degradation of fvowse leaves using cattle, sheep and goat
inocula. Slovak Journal of Animal Science, 49(D:43.

Alavi N. and Mazloumzadeh S. M. 2012. Effect of Jemting and drying methods ofseedless barberryoames
fruit quality. Journal of the Saudi Society of Agitural Sciences, 11: 51-55.

Alemardan A., Asadi W., Rezaei M., Tabrizi L. andhémmadi S. 2013. Cultivation of Iranian seedlesbérry
(Berberis integerrima ‘Bidaneh’): A medicinal shrubdustrial Crops and Products, 50: 276-287.

AOAC. 2015.0fficial Methods of Analysis, 18" edition. Official Methods of Analysis of AOAnternational,
Arington, Virginina, USA.

Barman K., Deepak K., Tandon D. M., Thirumeignarianand Rai S. N. 2008. Tannins estimation. Dairy @attl
Nutrition Division, N.D.R.l., Karnal, India.

Barry T. N. and Duncan S. J. 1984. The role of emséd tannins in the nutritional valueLotus edunculatus for
sheep. 1. Voluntary intake. British Journal of Ntidn, 51: 485-491.

Ben Salem H. and Smith T. 2008. Feeding strategi@screase small ruminant production in dry envinznts.
Small Ruminant Research, 77: 174-194.

Bodas R., Prieto N., Garcia-Gonzélez R., AndréG84aldez F. J. and Lépez S. 2012. Manipulatiomuwhen
fermentation and methane production with plant sdaoy metabolites. Animal Feed Science and
Technology, 176: 78-93.

Bueno I. C., Brandi R. A., Franzolin R., Benete] Bagundes G. M., Abdalla A. L. and Muir J. P. 2016vitro
methane production and tolerance to condensednsummifive ruminant species. Animal Feed Scienad an
Technology, 205: 1-9.

Butler L. G. 1982. Relative degree of polymerisatad sorghum tannin during seed development andinai@bn.
Journal of Agriculture and Food Chemistry, 30: 10994.

Frutos P., Hervas G., Ramos G., Girdldez F. J.Madtec6n A. R. 2002. Condensed tannin content oéraé
shrub species from a mountain area in northernnSpaid its relationship to various indicators ofritive
value. Animal Feed Science and Technology, 95: 226.-

Getachew G., Makkar H. P. S. and Becker K. 2002pital browses: contents of phenolic compoundy;jtio
gas production and stoichiometric relationship ket short chain fatty acid amad vitro gas production.
Journal of Agricultural Science, 139: 341-352.



Gulsoy S., Ozkan G. and Ozkan K. 2011. Mineral elet, phenolics and organic acids of leaves ants finom
Berberis crataegina DC. Asian Journal of Chemistry, 23(7): 30-71.

Jahani-Azizabadi H., Danesh Mesgaran M., VakiliRA, Rezayazdi K. and Hashemi M. 2011. Effect afous
medicinal plant essential oils obtained from serid-alimate on rumen fermentation characteristits o
high forage diet usinmn vitro batch culture. African Journal of Microbiology Resch, 5: 4812-4819.

Jayanegara A., Goel G., Makkar H. P. S. and Bekke2015. Divergence between purified hydrolysalhel a
condensed tannin effects on methane emission, rueramentation and microbial populatian vitro.
Animal Feed Science and Technology, 209: 60-68.

Kardan Moghaddam V., Yousef Elahi M., Fathi Nadri H., Elghandour M., Monroy J. C., Salem A. Z. M.,
Karimi M. and Mlambo V. 2019. Growth performancelararcass characteristics of finishing male lambs
fed barberry pomace-containing diets. Animal Bibtemogy,
https://doi.org/10.1080/10495398.2019.1674861.

Khazaal K., Boza J. and @rskov E. R. 1994. Assestnoé phenolics-related anti-nutritive effects in
Mediterranean browse: a comparison between theofitee in vitro gas production technique with or
without insoluble polyvinylpolpyrrolidone. Animalged Science and Technology, 49: 133-149.

Makkar H. P. S. 2003. Effects and fate of tannimguminant animals, adaptation to tannins, andegies to
overcome detrimental effects of feeding tannin-fexdds. Small Ruminant Research, 49: 241-256.

Makkar H. P. S. 2018. Review: Feed demand landseageimplications of food-not feed strategy for doo
security and climate change. Animal, 12(8): 174847

Makkar H. P. S., Becker K., Vercauteren J., ChezeDomon M. C. and Weber J. F. 1996. A bioassay for
polyphenols (tannins). Proceedings of Polyphenolsi@unications, 18: 197-198.

Martinez C. J., Sanchez H. H., Manilla G. A., QasN. R., Herrera J. M. and Ortiz G. D. 2001.eEffof
aqueous and alkaline thermal treatments on chemdaraposition and oligosaccharide, alkaloid and itann
contents of Lupinuscampestris seeds. Journal dbtience of Food and Agriculture, 81: 421-428.

Mekonnen M. M. and Hoekstra A. Y. 2012. A globasessment of the water footprint of farm animal picig.
Ecosystemsl5(3): 401-415.

Menke K. H. and Steingass H. 1988. Estimation efahergetic feed value obtained from chemical aimbnd in
vitro gas production using rumen fluid. JournalAmimal Research and Development, 28: 7-55.

Menke K. H., Raab L., Salewski A., Steingass HitzFD. and Shneider W. 1979. The estimation of the
digestibility and metabolizable energy content wihinant feeding stuffs from the gas production when
they are incubated with rumen liquor. JourofaAgricultural Science, 97: 217-222.

Min B. R., Barry T. N., Attwood G. T. and McNabb . 2003. The effect of condensed tannins on thetion
and health of ruminants fed fresh temperate fora§yesview. Animal Feed Science and Technology,:106
3-19.

Minson D. J. 1987. Estimation of the nutritive valaf forage, in temperate pastures, their prodoctize and
management. Australian Wool Corporation.

Minson D. J. 1990. Forage in Ruminant Nutritionadlemic Press, USA, 483 p.

Mokhber Dezfuli N., Saeidnia S., Gohari A. R. andré&paz Mahmoodabadi M. 2014. Phytochemistry and
pharmacology of berberis species. Pharmacognosie®eyv8(15): 8-15.

Muela C. R., Cano E. A., Salvador F., Ortega J.VMalobos C. and Arzola C. 2005. Effect of the are
concentration in protein supplement added to daggion the in vitro production of gas, volatildyfatcids
and ammonia. Proc. Western Section, American SpofeAnimal Science, 56: 365-368.

Njidda A. A. and Nasiru A. 2010n vitro gas production and dry matter digestibility ofriemcontaining forages
of semiarid region of north-eastern Nigeria. Pakisiournal of Nutrition, 9: 60-66.

Orskov E. R., and McDonald I. 1979. The estimatadnprotein degradability in the rumen from incubati
measurements weighted according to rate of pas§agmal of Agricultural Science, 92: 499-503.

Rezvani Moghaddam P., Fallahi J., Aghhavani Shajarand Nassiri Mahallati M. 2013.Effects of harvdsate,
harvest time, and post-harvest management on dqatardi and qualitative traits in seedless barberry
(Berberiswulgaris L.). Industrial Crops and Products, 42: 30-36.

Saminathan M., Sieo C. C., Gan H. M., Abdullah\Ngng C. M. V. L. and Ho Y. W. 2016. Effects of cem$ed
tannin fractions of different molecular weights population and diversity of bovine rumen methandgen
archaea in vitro, as determined by high-througtsggtuencing. Animal Feed Science and Technology, 216
146-160.

Statistical Analysis Systems Institute (SAS). 20B&S version 9.2. SAS Institute Inc., Cary. NC. USA



A4 (VA-09) 1YA9 lslilpgs oyl ops Jlo sols Slagss Sligios

Tiemann T. T., Lascano C. E., Wettstein H. R., Make C., Kreuzer M. and Hess H. D. 2008. Effecttiog
tropical tannin-rich shrub legumes Calliandra dajotus and Flemingia macrophylla on methane enmissio
and nitrogen and energy balance in growing lamimgmal, 2: 790-799.

Tolera A., Khazaal K. and Orskov E. R. 1997. Niueitevaluation of some browse species. Animal Feadnce
and Technology, 67: 181-195.

Valentin S. F., Williams P. E. V., Forbes J. M. é@auvant D. 1999. Comparison of the in vitro gasdpction
technique and the nylon bag degradability technitpemeasure short and long term processes of
degradation of maize silage in dairy cows. Anime¢& Science and Technology, 78: 81-99.

Van Soest P. J., Robertson J. B. and Lewis B. 2911 Methods for dietary neutral detergent fibed aonstarch
polysaccharides in relation to animal nutritionud@l of Dairy Science, 74: 3583-3597.

Vézquez E. G., Medina L. H., Benavides L. M., Cacaea A. J., Razo G. S., Burgos A. J. A. and RadddR. O.
2016. Effect of fodder tree species with condertaedin contents om vitro methane production. Asian-
Australasian Journal of Animal Sciences, 29(1)793-

Zokov Korti¢ M. Z., Kremer D., Karlow K. and Kosalec I. 2010. Evaluation of antioxidautivities and
phenolic content oBerberis vulgaris L. andBerberis croatica Horvat. Food and Chemical Toxicology, 48:
2176-2180.

Zu Ermgassen E. K. H. J., Phalan B., Green R. H.Baimford A. 2016. Reducing the land use of EUkpor
production: where there’s s a will, there’s a wiagod Policy, 58: 35-48.



Animal Production Research T
Vol. 9, No. 2, 2020 (79-90)

R

Animal Production Research’

University of Guilan

Resear ch paper

Nutritive value, phenolic compounds and in vitro digestion
parameters of barberry (Berberisvulgaris) harvest residuesin
comparison with alfalfa hay

N. Ghavipanjeh'', M. H. Fathi Nasri?

1. Ph.D Student of Animal Nutrition, DepartmentAsfimal Science, Faculty of Agriculture, Universif Birjand, Birjand, Iran
2. Professor, Department of Animal Science, Faaflgriculture, University of Birjand, Birjand,dn

(Received: 16-07-2019 — Accepted: 28-11-2019)

Abstract

Food- feed competition is one of the main challerigehe sustainability of livestock production tgyas. From this
point of view, it is important to identify the nittonal value of agricultural waste as an altewvetfor animal
feeding. The current study was carried out to eatalunutritive value, phenolic compounds anditro digestion
characteristics of different parts Bérberis Vulgaris plant. The experimental treatments included: Bifal hay, 2)
barberry branches, 3) leaves before barberry htingesd) leaves after barberry harvesting and Shigture of
branches and leaves (in the ratio of 60:40). Timepses of barberry harvest wastages were manuatiygred and
sun-dried. The chemical compositions and phenampounds of samples were determined accordingatedatd
laboratory methods after milling samples and gaslypetion of samples was assessed at zero, 212, 86, 24, 48,
72 and 96 hr. The results revealed that dry madtgianic matter and ash content were similar antoeagments.
The highest crude protein was observed in barbeafy also the main tannins in barberry wastes \agdeolysable.
Gas production rate (c) was the same among tretdmleowever, the highest gas production potenbalwas
observed in leafR<0.05). Feed fermentation efficiency, organic nratligestibility, metabolizable energy and net
lactation energy were also higher in barberry thaf alfalfa hayR<0.05).In conclusion, barberry harvest residues
(except branches) has acceptable nutritional vaha due to its large volume in South Khorasan e the
possibility of industrial scale preparation and ésweost than alfalfa, can be used as a replaceimeatirrent forage
like alfalfa in ruminant nutrition.
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