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ABSTRACT

This experiment was conducted to investigate effect of adding different levels (0, 2, 4 and 6%) of barley on potato
plant silage degradability were studied by In vitro gas producing technique. Gas production test with mixtures of
filtered rumen liquid of three Holstein male cattle rumen in times of 2, 4, 6, 8, 16, 24, 48, 72 and 96 hours were
performed. Chemical compositions for dry matter, crude protein, NDF were27, 10.16, and 34%, respectively. The
results showed that gas volume at 16h incubation (for different treatments), were 33.6%, 36.6°, 40.6" and 42.6°
ml/200mg DM for potato plant silage. The gas production from soluble fraction (a4s), and from insoluble fraction
(bss), rate constant of gas production during incubation (c4) and the potential gas production (a+ b,) contents of
potato plant silage were 20.9* (ml/200mg DM), 54.2* (ml/200mg DM), 0.046* (mi/h) and 67.4%(ml/200mg DM),
while for level control were 10.6° (ml/200mg DM), 47.3° (ml/200 mg DM), 0.04° (ml/h) and 57.9% (mi/200 mg
DM).This study demonstrated that the potato silage barley (PSBa),have the potential to use as out se of forage for
ruminal nutrition.

Keywords: Potato Plant Silage, Crude Protein, Gas Produdtechnique, Rumen Liquid.

INTRODUCTION

Feeding by-products from the crop and food processhdustries to livestock is a practice as oldtlas
domestication of animals by humans. Increased delpcosts in many parts of the world have increasttest
in utilization of potato by-product feedstuff agemhative feeds for ruminants. It has two importadvantages
these being to diminish dependence of livestoclgim@ins that can be consumed by humans, and toreimithe
need for costly waste management programs. Thisnseadvantage has become important in recent yasatthe
world human population and the amount of crop amadfby-product has increased, particularly in depetl
countries. Potato farm residue is a valuable, leigérgy by-product that can be partly replaced ¥athge section
in cow's diet without adverse effect on milk effincy or compositionLeiva et al[11] reported thapotatoby-
product feedstuff can be used as a high energy ifeedminant rations to support growth and lactatiotithw
fewer negative effects on rumen fermentation thi@amch rich feeds. A large amount of the citrus bgeuct
feedstuff is suitable for inclusion in ruminant Wibecause of the ability of ruminants to ferment Higler feeds
in the rumen.

Potato production in world was 330 million tons/ggaalso, this amount in Iran is 21.4 million toresdrs that
although, Khorasan state is 4% of production tistdtan.

Feeding ruminant in intensive production systenastigularly for dairy production, requires supplifshigh levels
energy and protein. Ruminant animals are therefledeon diets rich in starch and high quality proteihich are
fermented very rapidly. It's well known which thepid degradation of starch tends to cause rumicidbais. The
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rapid breakdown of dietary protein to ammonia iases nitrogenous excretions rather than contrigutirectly to
the animals nutrient requirements.

In order to delay ruminal protein degradation, aligtprotein was denatured with treatment by formhajdle or more
controversially, antibiotics were used to suppréss bacterial populations responsible for the rapidtein
fermentation. But the use of such compounds has bg#cized, as they may leave harmful residueshin food
chain and promote the spreading of resistance genes

Accordingly there is greater interest in using pdatiie use of potato plant in livestock diets hadrbexamined for
lactating dairy cows, sheep and other ruminant.eB@nobservations arising from these researcheshatelarge
guantities of waste potato can be consumed by mmiganimals and degraded in the rumen. The @ect this

study was to evaluate the potential of PSBa degilityeon fermentation pattern by tha vitro gas production test.

MATERIAL AND METHODS

The fresh Plant Potatoes was collected from pdttm in Khorasan of Iran and it was chopped (4 ton§ and
used as treated with grounded barley at 2, 4, & dbfresh plant potatoes. Chemical compositiontdized fresh

plant potatoes is shown in Table 1. Silos wereestan the dark at ambient temperatures (20°C) geched after 45
days of ensiling. The contents of each openedwgéoe thoroughly mixed and samples were taken femngbal

analysis.

For measurement of pH, 50g samples of silage frach éreatment were diluted with 450 ml sterile de&ed water
and blended for 2min, strained through four lay&rsheesecloth, and pH determined immediately IpHameter
(Model 691, Metrohm). The DM content of silage séaspvas determined with drying in a forced-air oa¢60°C
for 48h. Samples were ground to pass a 2 mm sisaid. detergent fiber (ADF) and neutral detergebefi (NDF)

were analyzed by the method of Clovis et al [5]udér protein (CP) was calculated as Nx6.25 with dghl

technique, ether extract (EE), Ash, was determimexbrding to AOAC [1]. The quality of different ages was
determined by estimating the flieg point data. ¢riint was calculated using the following form[6&

Flieg point = 220 + (2 x dry matter% - 15) - 40 p

The contents of each silo were thoroughly mixed &kd of silage samples were transferred into sépata
containers (3 containers per treatment). Each omitavas embedded with 2 thermometers in the loavetr mid
layers of the silage mass to record the temperatgey 15min. The containers were each covereddouble layer
of cheesecloth and stored at ambient temperat@®C(27 days). Ambient temperature was also simatiasly
measured at 15minute intervals during this pergjd [

In vitro gas production was carried out using the methodessribed with Menke and Steingass [14]. Samples
(200mg) were weighed into 100ml calibrated glasmggs. Buffered mineral solution was prepared jpladed in a
water bath at 39°C under continuous flushing by,.(Rumen fluid was collected after the morning fegdirom
three Holstein male cattle, strained through fayets of cheesecloth, and flushed by,CThe syringe was then
filled by 30ml of medium consisting of 10ml rumeluifl and 20ml buffer solution. All handling was erd
continuous flushing by COThe syringes were placed in a water bath at 88.64as production was measured at 2,
4, 6, 8, 16, 24, 48, 72, and 96h. Syringes werdlyshaken after each recording. Rate and extegaefproduction
were determined for each treatment with fitting gesduction data to nonlinear equation Y= b (1) §.7], thus, Y

is the volume of gas produced at time t, b is toteiptial gas production (ml/g DM), and c is thecfranal rate of
gas production. Parameters b and ¢ were estimaithd am iterative least squares method using a st
regression procedure of the statistical analysssesys [20]. Organic matter digestibility (OMD) westimated using
16h gas production as well as the CP and ash dsréthe feeds as described with Menke and Stemfiia].

Short chain fatty acids were predicted accordinthéomethod of Getachew et al. [7].
ME (MJ/kg DM) = 0.016 DOMD for forage feeds

Where:

GP = the 24 h net gas production (ml/200 mg-1)

CP = Crude protein

Short chain fatty acid (SCFA) is calculated using ¢quation of [12 and 13].
Where, Gas is 24 h net gas production (ml/200mg.DM)
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SCFA (m mol) = 0.0222 x GP — 0.00425
The organic matter digestibility was calculatechgstquations of [14] as follows:
OMD (g/kg DM) = (%) 14.88 + 0.889 GP + 0.45 CP +XA

Where:

GP = about 24 h net gas production (ml /200mg-1)
CP = Crude protein (%)

XA = Ash content (%)

NEL (MJ/kg DM) = 0.115 x GP + 0.0054 x CP + 0.01&k - 0.0054 x CA -0.36

The data were analyzed in a completely randomizsigd using the MIXED procedure of SAS [20]. Conigan
of means was performed according to the DuncanlspuRange Test.
The statically model used, was:

Yij = p+ Ti + eij

Where, p=the common mean, Ti= the effect of treatisrand eij= the random error. Levels of signifiz of liner
and quadratic contrasts are presented.

RESULTS AND DISCUSSION

Chemical composition and fermentation properties

The chemical composition and fermentation propemieexperimental silages also, Incubation diffetane, other

items and degradation parameters are given in $ahl@, 3, 4 and 5. Experimental treatments haifyrtificant

effect on DM of trails silages (P>0.05). Data shdwkat CP concentrations were significantly difféeramong

treatments, that by increasing wheat bran in sjl@geconcentration linearly and increased too (@5). Ammonia

nitrogen concentration, EE, ash, and pH were simaitaong treatments (P>0.05). The NDF concentratiditated

a positive liner relationship (P<0.05) by incregsiarley in potatoes plant silage. The ADF conegiun decreased
linearly (P<0.05) with increasing PSBa.

evaluation effect of tree doses clove methanolizaex (0, 0.5 and 1ml) on degradability, of Soybeasal and
report gas volume at 48h incubation (for 200mgsémples), soluble fraction (a), insoluble but femtable fraction
(b), potential gas production (a+ b) and rate @mtsof gas production (c) of Soybean meal were4,.2.767,
70.880, 72.647 ml/200mg DM and 0.100 ml/h, gas mauat 48h incubation (for 200mg dry samples), delub
fraction (a), insoluble but fermentable fraction),(lpotential gas production (a+ b) and rate cornstfngas
production (c) of clove methanolic extract (1ml)rey@2.717, 8.914, 19.516, 28.429 ml/ 200mg DM af&0 ml/h,
respectively. Gas volume at 72 and 96h incubatfon ZOOmg dry samples), of Soybean meal were 72rd
74.360 ml/200mg DM, while for clove methanolic et (Iml) were 25.383 and 29.130 ml/200mg DM,
respectively.

calculated amounts oh vitro dry degradability (DMD), organic matter digestityil(OMD), metabolizable energy
(ME), short chain fatty acid (SCFA) and net enefgy lactation (Nf) of PSBa, percentages (0, 2, 4 and 6% of
barley) are presented in Table 4.

Tablel: Chemical composition of leaflets green pamf plant before ensiling (DM basis %)

DM | CP | EE|] NDF| ADF| CF| GE(KcallKg] As{ pH C P Mh Mg adiat (mMol)

Item 27.1| 10.1| 2.2 33.87 271 13.%7 3260 3659 |6 47950.0.03| 39 1.27
DM, Dry matter; CP, Crude protein; EE, Ether extract; NDF, neutral detergent fiber; ADF, Acid detergent fiber; CF, Crude fiber; GE, Gross
energy.
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Table2: Chemical composition and fermentation propsies of different treatments

tem Treatments

By By Bex
DM% 28.17 28.97 29.97
CP% 11 12 13
EE 3.11 3.02 3.16
NDF% 39.07 40.05 41.97
ADF% 31.10 31.77 32.20
CF% 14.40 15.23 15.76
CE (Kcal/Kg) 2898 3193 3858
Ca% 4.28 4.8 4.59
P% 0.18 0.17 0.18
Ash% 3.72 3.97 4.07
pH 5.30 5.05 4.77
Mg % 4.01 4.01 4.01
Mn % 0.03 0.03 0.03
Lactate(mMol) 1.96 2.25 3.34
Quality Very Good | Very Good | Very Good

By~ added 2% ground barley
By~ added 4% ground barley
Bey= added 6% ground barley

Table3: Gas production in different time rumen andtreatment

Treatments SEM Pr>F
Bc By By B
2h | 7.6 8.6° 9.6 | 10.6 | 0.32 | <0.0001
4 h 17 24 27 | 29 | 1.13 | <0.0001
6h 267 | 30.0F| 34 | 3¢ | 1.15 | <0.0001
8h | 28.6" | 34.6 | 38.6 | 40.6 | 1.38 | <0.0001
16h| 33.6 | 36.6 | 40.6 | 42.6 | 1.05 | <0.0001
24h | 39.0F | 4% 46° | 49 | 1.14 | <0.0001
48h | 46.6 | 436 | 486 | 50.6 | 0.7 | <0.0001
72h| 5% 55° 62 | 6% | 1.39 | <0.0001
96h | 62.6' | 66.6 | 74.6 | 77.6 | 1.81 | <0.0001
B,y= added 2% ground barley
B.y= added 4% ground barley
Bgy= added 6% ground barley

Item

Table4: other Items of different treatments

Treatments SEM

Item Be B Bu Box Pr>F

GP 117 105 117 12258 | 1.87 | <0.0001
SCFA 1.0P 0.93 1.0P 1.08 | 0.01 | <0.0001

ME 11.14 10.7 | 1157 | 12.14 | 0.15 | <0.0001
Intak, 66.18 | 54.77 | 56.3F | 63.98 | 1.46 | <0.0001
Intaks 50.37 | 43.4 | 465Ff | 50.65 | 0.9 <0.0001
Intak, 65.09 | 52.0F | 54.0F | 62.28 | 157 | <0.0001
Intak 57.17 | 5592 | 51.87 | 54.13 | 0.59 | <0.0001
DMD, 739.27 | 769.4 | 923.77 | 852.3 | 21.78| <0.0001
DMD3 636.07 | 661.75 | 795.77 | 731.7% | 18.81| <0.0001
DMD, 664.45 | 669.03 | 814.6 | 749.9 | 17.05| <0.0001
DMD; 537.88 | 612.6 | 768,52 | 661.23 | 25.24| <0.0001
DOM, 60.7 5752 | 6153 | 6454 | 0.75 | <0.0001
DOM, 52.36 | 48.86 | 53.48 56.9 0.86 | <0.0001
OMD 60.59 | 57.4F | 61.4F | 64.47 | 0.75 | <0.0001

Net Energy| 6.94 | 6.6 | 7.14 | 7.48 | 0.08] <0.0001

SCFA, short chain fatty acids; ME, metabolisable energy; Intake, Daily Intake; OMD, organic matter digestibility.
B,y= added 2% ground barley
Bay= added 4% ground barley
Bgy= added 6% ground barley
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Table 5: Degradation parameters of different treatnents

. Treatments SEM Pr>F
Degradation Parameter
Bc Bz% BA% BG%
a (mg/g) 10.6' | 158 [ 20.9 [ 153 [ 1.1 [ <0.0001
b (mg/g) 473 | 454 | 54.7 | 52.7 | 1.06 | <0.0001
¢ (h—1%) 0.04 | 0.03 | 0.0Z7 | 0.04 | 0.004 | <0.0001
Potential degradability (mg/g) 57.9 | 61.3 | 75.7 | 67.4 | 1.9 | <0.0001

By~ added 2% ground barley
B.y= added 4% ground barley
By~ added 6% ground barley

Figl.In vitro gas production volume of PSBa at different incubabn time
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Chemical composition and fermentation properties

Data showed that DM (Table3) weren't affected wigmtments. In this investigate, with increasingéyain silage,
CP linearly increased, that might be due to higblerconcentration in PSBa (17.3% versus 6.9%) (NRO1). An

increase was observed in the NDF concentrationlages by increasing PSBa, but ADF concentratiocrefesed.
Perhaps, this resulted from more NDF and less ABrcentration in PSBa. The aerobic stability of ekpental

silages with increasing PSBa linearly decreased essult of raising soluble carbohydrate contenthe silages.
Also, carbohydrates in the silage might motivate ¢inowth of fungi or molds. Subsequently, by thitiaty, the

temperature of silage has been increased. Dataeshthat pH and ammonia nitrogen weren't affectettdatments
because of enough soluble carbohydrate for silagedntation in different treatments (Table 5).

Arbabi, et al. [2] reported that with adding subaet pulp to citrus pulp silage, DM of silages @ased. They found
that citrus pulp silage with 5% DM sugar beet phgel lower ADF, higher NDF and CP concentration, parad

with control group. Therefore, they suggested thataddition of sugar beet pulp to citrus pulpggldadn't effect
on silage pH.

Chaudhry and Naseer [4] added a mixture of poditigr and corn forage to fresh citrus pulp andiledsthem.
They concluded that composition of initial and &tsimixtures were similar except that DM and CFteats
decreased after ensiling. They showed that, theedse in cell wall constituents after ensiling nbeydue to the
action of bacterial enzymes in hydrolyzing cell M\@mponents, particularly for the more digestibtstituent of
plant cell wall. In their research, inclusion ofras pulp caused linear decrease in DM, CP, CFaahdcontents of
the mixtures, and they concluded that these desseasre mainly attributed to the difference in cloain
composition of citrus pulp. Similar results haveibeshowed that ensiled fresh citrus pulp by highrdatter agro-
industrial waste [15]. Kordi, et al [9] reportechthwith adding of 6, 12 or 18 g barley grain/kgcdfus pulp silage,
DM of silages significantly increased but ash coricgtion and pH were not affected. Also accordingahother
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research, they indicated that aerobic stabilitsitdges significantly decreased with increasing amt® of barley
grain. In another study, [10] suggested that adding, 12, or 18 g/kg molasses to citrus pulp si|ladecreased CP,
and significantly increased ash and pH. Thus, thlegwed that DM and aerobic stability weren't affdcby
different levels of molasses.

There was a positive correlation between NFC cdraéffieeds and gas production, but feed CP, NH&all [dDF
levels were negatively correlated with gas proaurc{B and 13]. Different chemical composition leddslifferent
nutritive value, because chemical composition ie of the most important indices of nutritive valok feeds.
Variation in chemical components of feeds suchtacls, NFC, OM, CP, NDF and soluble sugars conteatsbe
result in variation of in vitro gas production vole [12].

This study suggested that the PSBa, have the patem@affect ruminal fermentation efficiency, abhd a promising
methane mitigating agent ((Tables 3 and 5).

Salamatazar et al [18] evaluation effects of additihree doses zataria multiflora water extractO(Q5 and 0.3
ml/30 ml buffered rumen fluid) on the short cha#tty acid, net energy, metobolizable energy an@dmmmatter
digestibility of sunflower meal and report the angamatter digestibility (OMD), metabolizable engf@gME), short
chain fatty acid (SCFA) and net energy for lactaffblg) contents of sunflower meal were 66.43 g/kg, 8VBBkg

DM, 0.937 mmol and 4.533 MJ/kg DM respectively, \@Hor zataria multiflora water extract (0.3 ml/3Dbuffered

rumen fluid) were 64.76 g/kg DM, 8.04 MJ/kg DM, 98Bmmol and 4.664 MJ/kg DM respectively.

Salamatazar et al [19] evaluation effects of thalptthree doses zataria multiflora water extragto(@5 and 0.3
ml/30ml buffered rumen fluid) on the short chaittyfaacid, net energy, metobolizable energy and micgenatter
digestibility of canola meal using in vitro gas guetion technique and report amounts of organictenat
digestibility (OMD), metabolizable energy (ME), shohain fatty acid (SCFA) and net energy for ltiota (NE) of
canola meal (79.46 g/kg DM, 10.27 MJ/kg DM, 1.04énoh and 5.28 MJ/kg DM, respectively) were high as
compared to zataria multifiora water extract (086 ml buffered rumen fluid) were (41.85 g/kg DBL63 MJ/kg
DM, 1.047 mmol and 1.22 MJ/kg DM, respectively) €8k results are in agreement with the findingsatdr8atazar
et al [18 and 19].
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