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ABSTRACT

An in vitro gas production and degradability stualys been conducted to investigate the effectsuoftfeatments
including: no supplement (control), 0.065% HMBI/ Ddiet (HMBI-1), 0.13% HMBIi/ DM diet (HMBIi-2) and
0.088% dI-Met/ DM diet (dI-Met) on typical dairywadiets. Two diets with 17.7% (HCP, high crude et and
15.7% (LCP, low crude protein) CP have been forrraday different ingredients for early lactating Istein dairy
cows (DIM 55+7, BW 650 and Milk yield 5546.4). Risuevealed that digestibility of DM were signéitly
increased by HMBi and dI-Met addition while digbgiiies of ADF, NDF and HEMI was decreased for theViet
treated diets compared with the diet containing ¢lggivalent amount of Met supplied as HMBI-2. Adgtepgas
production (A) has been affected by HBMi and dl-sugiplementation (P<0.001) but fractional gas protion rate
(c) parameter of gas production has not affectedrbgtments. Regarding fermentation parameters,hald not
been affected by supplements or CP levels. Alsoe thre linear and quadratic effects of HMBI incemtal levels
on ammonia-N whereas its concentration decreasdid addition of HMBI. It is concluded that supplersion
dairy cows’ diet with Met sources can alter rumemnientation and its activity, which is approved rogre
degradability of DM in both HCP and LCP diets anthanced cumulative gas production. Low crude prothéts
can reduce excess ammonia-N load in rumen andaser&l utilization in dairy industry which will mdgianimals
as well as environment friendly farming.

Key words: Dairy cow, degradability, gas production, HMBI, imenine hydroxy analogs, rumen

INTRODUCTION

Metabolizable protein, which is the true proteiatttligested and absorbed in post-ruminal sitetyatslabsorbable
amino acids to mammary glands to synthesis of raitkd milk protein [1]. There is a growing attentiom
maximizing efficiency of optimize amino acid deliyeto the duodenum to meet the AA requirements asdt h
animal for the highest production levels accordiisggenetic potential. It has been well studied tathionine
(Met) and lysine (Lys) are the first two limitingAAfor maximum milk yield and milk protein productio2].
Methionine is very unstable in rumen and when grdéed by rumen microorganisms for carbon and getno the
amount that escapes the rumen might not be adefpratelk production. So, it is one of the most iiimg amino
acids in dairy rations and playing a consideraldke rin milk protein synthesis in mammary glands {3,
Appropriate post-ruminal supply of methionine ofdm&ing the metabolizable protein for high levelsnethionine,
enhanced milk protein synthesis [5]. Therefore |@nees have been produced to decrease degradiaboeasing
the supply of methionine to the cow and lengthertimg supply of methionine to the rumen environmi@ht
Remarkable finding to increasing post-ruminal Mepy is to feed rumen protected Met (RPM) [7]. fBiént
technologies have been applied in order to supglpivst-ruminal methionine that including physicaiethods by
coating Met with lipid/pH-sensitive polymers or bgme layers of ethylcellulose and stearic acid $ldies have
shown that these forms of RPM were effective fardéasing both milk and component yield [7, 9-11hédt
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methods to provide post-ruminal Met is to supplyivdgives and analogs of Met that resist microlisdakdown

[7].

When hydroxylated analogs of Met [2-hydroxy-4-(myiiio)-butanoic acid, HMB] esterifies to varioukahols,
this can affect its rumen degradability. The isgytoester of HMB (HMBIi) was shown to have 40 to 58%
bioavailability based on blood kinetics of a putseinal dose [12]. Several studies have demonstihte benefits
of adding different types and forms of Met analégghe diet to improve milk and milk component puotion.
These analogues are including HMB and HMBI. Overadiults of recent studies, suggested that feddM@i or
Rumen protected methionine (RPM) would give simitaprovements in milk production and N utilizatidviost of
in vitro studies about effects of HBMi on digediillyi of nutrients and rumen fermentative charactease been
investigated by continuous culture techniques. dtigation effects of HMBIi and other methionine amples on
carbohydrate and protein ruminal digestion kinetias be affected by dynamic characteristic of eartus culture
and absence of protozoa. Protozoa have importéainmgrotein and carbohydrate digestion [13, T#jective of
this study was to investigation and comparisonetiects of two source of Met in forms of HMBIi antMet on
ruminal nutrient digestibility and fermentation &iics of two typical diets of high yielding dairpws including
different levels of crude protein and rumen degbéalarotein.

MATERIALSAND METHODS

The chemical analysis ama vitro assays were carried out at the advanced ruminarition lab of dept. of animal
sciences at faculty of agriculture, university @fbfiz, Iran.

Diets ingredients: All diets ingredients including forage and concatg components have been sampled and
purchased freshly in appropriate amounts from alldairy farm and transferred to advanced animéitian lab
and oven dried immediately for further use.

Chemical analysis: Dry matter (DM, method ID 934.01), ash (method9».05), ether extract (method ID 920.30)
and crude protein (CP, method ID 984.13) of eaeltisdngredients and TMR samples and the residuraining
after ruminal incubation were determined by procedwf [15]. Neutral-detergent fiber (NDF) and aditergent
fiber (ADF) were determined with an ANKO®f (Ankom Technology, USA) Fiber Analyzer using the
manufacturer recommended reagents and filter b&s7). Analysis of NDF was conducted with a heablgta-
amylase and without sodium sulphite and expresseldgve of residual ash as ADF.

Diets and samples preparation: Two diets with 17.7% and 15.7% CP have been fortadlay different ingredients
(Table 1) for early lactating Holstein dairy covdli 55+7, BW 650 and Milk yield 55+6.4). Cows’ infmation
(750 head) has been provided by statistics andradsconit of a local dairy farm (FKA Co., Isfahaman) for
simulate the cows’ input data in software. Datarfrohemical analysis and situ incubation of ingredients (our
unpublished data) for each ingredient have be@sfeared to CPM-Dairy (ver. 3.0.10) software feibdary.

In vitro gas production test: Gas production was measured by Fedorak and Hrudethod [16]. A 300 mg portion
of oven dried and ground (2 mm) diets weighted 6@anl fermentation serum bottles with six replicas for each
treatment. Treatments were the treatment contaimedupplement (control), 0.065% HMBIi/ DM diet (HMB),
0.13% HMBIi/ DM diet (HMBI-2) and 0.088% dI-Met/ DMiet (dI-Met). The amounts of supplementation of BiM
(Meta Smart, Adisseo, France) and dI-Met (Rhodinfatisseo, France) were chosen similar to the previo
continuous culture studies of Noftsger [17], FoWirassuming the amount of Met supplied by eaehttment diet
to be 22 g/d at 25 kg/d DMI for dairy cows. A datmprised of 800 g DM alfalfa hay and 200 g DM coencrel
concentrate was offered to the animals twice d#il§9.00 a.m and 16.00 p.m in equal sized meaks.ahimals had
access to fresh water and mineral lick ad libitiRamen fluid, obtained 2 h after morning feedingnirthree
canulated wethers (38+1.5 Kg), mixed, strained ufto four layers of cheesecloth and kept at“3gnder a
continuous C@stream. Buffered rumen fluid (1:2 v/v) with McDallgs buffer (20 ml) was pipetted into the each
pre-warmed (3%) serum bottles [18] then sealed serum bottles \eneediately placed into rotary incubator and
were gently shaked during the incubation period #red temperature has been kept at“3®legative controls
containing buffered rumen fluid but no substraterevalso included in triplicate for correction @fsgoroduced from
small particles present in the ruminal fluid. Cuative gas production (ml/g DM) was recorded afte4,26, 8, 12,
16, 24, 36, 48, 72 and 96 h of incubation. Cumwatias production was fitted iteratively to the @xgntial model
Y =A {1- exp [-c (t-Lag)]}, where y is the cumulat gas production (in ml) at time t, A, the asyntgtonl), c, rate
constants (M) and L, the lag time (in h) [19].
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Digedtibility and rumen fermentation: in order to determine thie vitro digestibility of the diets components and
rumen fermentation (pH and Ammonia-N) parameteppnuend of the incubation period After 94 h of the
incubation and for determination of digestibility dry matter (DMD), NDF (DNDF) and ADF (DADF) siesum
bottles have been used. Digestibility of hemiceke has calculated through differences between B ADF
and its content in diets and residua. The botilgent was transferred to 50 ml falcon tube andothef the each
tube was recorded immediately. The falcon tubegrifeged at 3000 g for 10 min. A 5 ml aliquot frothe
supernatant were transferred into eppendorf tubesstored at -2§ until analyzed for Ammonia-N. Ammonia
concentration was phenol-hypochlorite reaction &sthfrom Broderick and Kang (1980). Then falconesib
centrifuged twice at similar way and contents wasti®roughly one time by distilled water and anottime by
saline buffer, to ensure removal any microbial aamhation of the contents by rumen microorganisiiter this,
falcon tubes containing the incubated diets residese transfers to oven and the contents have théed at 66°
for two nights. So, chemical analysis and calcatatfin vitro digestibility of nutrient components of treateatdi
have been performed using the mentioned drieduagéllets in falcon tubes.

Statistical analyses: Gas production parametersAyfc, andLAG were estimated using Marquardt option with NLIN
procedure of SAS ver. 9.1 [20]. Effects of two lisvef CP, methionine levels and theirs interactigth factorial
arrangement on gas production parameters, rumerefgation parameters and nutrieimsvitro digestibility were
subjected to the GLM procedure of SAS softwareniitant differences were declared Rit<0.05 using Tukey
adjust of LS means. Orthogonal polynomial contress used to examine their responses (linear andraie) to
increasing the levels of HMBI.

RESULTSAND DISCUSSION

Ingredients and nutrient composition of two digts shown in Table 1. Forage to concentrate ratiG)(as 60:40
for both diets and reduction in CP has been fortadldy replacement of corn grain instead of soybeaal.
Replacement of soybean meal by corn grain resuiteglduction in rumen degradable protein (RDP) fa:0rb% to
9.5%. Two diets have similar ADF and NDF contemtd diets have been formulated as isoenergetic. diets

Tablel. Ingredientsand nutrient composition of two diets.

Diet ingredients High Crude protein diets Low crude protein diet
(% of DM)

Alfalfa 17.89 17.89
Corn Silage 22.11 22.11
Beet Pulp 4.00 4.00
Cottonseed 2.06 2.06
Soybean Meal 8.41 3.28
Soybean Extrude 6.80 6.80
Fish Meal 0.80 0.80
Canola Meal 5.24 5.24
Corn Grain 14.35 19.47
Barley Grain 12.69 12.69
Corn Gluten 2.32 2.32
Salt 0.27 0.27
SodiumBicarbonate 0.72 0.72
CalciumCarbonate 0.76 0.76
CalciumPhosDi 0.23 0.23
MagOx 0.11 0.11
Minvit ' 0.24 0.24
Megalac 1.00 1.00
Nutrients (%)

aNDF 31.38 31.44
ADF 18.75 18.71
Forage NDF 20.81 20.81
NEC 40.38 41.98
CP 17.70 15.70
rDP 10.5 9.33
RUP 7.20 6.36
NE, (Mcal/kg) 1.72 1.71

TProvided (kg of DM): 44 mg of Mn, 58 mg of Zn, 14rf Cu, 0.85 mg of I,
0.38 mg of Co,0.3 mg of Se, 23 mg of Fe, 6,500 fiJitamin A, 2,000 IU of vitamin D,
and 18 IU of vitamin E. Diets contains 0.7% Cd 8% P (DM) based on NRC
(2001)

" NFC = 100 — (% NDF — NDIN x 6.25) — % CP — % féto-ash
" Estimated by CPM-Dairy software in based of NRC28bdels.
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Digestibilities of hemicellulose, NDF, ADF and DMeve significantly affected by HMBi and dI-Met addit
(Table 2). Addition of HMBI or dI-Met significanthhas affected DM digestibility of both HCP and L@kRts
(P<0.01). Also, there was a significant differermetween HCP and LCP diets in DM digestibility (F30).
Inclusion of HMBi or dI-Met has significant effectm ADF and NDF digestibility of diets as incremanevels
HMBi decreased NDF digestibility in both HCP andR.@iets as well as ADF digestibility. Digestib#is of ADF,
NDF and HEMI was decreased for the dI-Met treatetsccompared with the diet containing the equivaéenount
of Met supplied as HMBI-2. Over all effects of HMBI dI-Met addition to HCP and LCP diets was tentted
decrease the digestibilities of ADF, NDF, DM and MIE Also, digestibilities of ADF and NDF were affeec!
quadratically by concentrations of HMBi (Table Epwler et al [6] observed supplementation of metime and
HMBI had no effect on digestibilities of ADF andier OM using continuous culture technique. On tkpeement
NDF and hemicellulose digestibility were linearlffegted supplementation. In contrast, Noftsger] [dSed Four
dietary treatments consisted of a control, two eaotmations of HMB (0.055%, 0.110% of DM) and one
concentration of dl-Met (0.097%) and reported ttigestibility of ADF showed a quadratic effect t&/B in the
diet, being highest at 0 and 0.11% HMB. Gas pradoctechnique can apply in order to study the nahi
fermentation kinetics well as methane emissionistuf1]. Regarding of increased asymptote gasymtiah due
to HMBi supplemnetion as well as increased dry enattgestibility and remembering the decreased AD#& NDF
digestibilities, we hypothesized that HMBi can emtw the groups of rumen microorganisms that reguode-
structural carbohydrate for their growth like amytir bacteria. Bach and Stern [22] designed a facorial
arrangement of 35 and 43% RUP and high or low dietaethionine and observed that high dietary meihi®
increased apparent NFC digestibility. So, it cancbaded that increased dry matter digestibility dedreased ADF
and NDF digestibilities might resulted from thejugement of some amylolytic and saccharolytic égat for
amino acids [23]. We suggest that this sudden wed¢h ADF, NDF digestibilities might be indicativé a rumen
microbial population shift.

Gas production techniques used extensively for tadng of rumen fermentation kinetics as well asd®tuff
energy content and organic matter digestibility, [28]. Asymptote gas production (A) has been adfgédty HBMi
and dl-met supplementation (P<0.001) bytarameter of gas production has not affected égtiments. Besides
this, reduction in CP levels of diets significantlgcreased asymptote gas production (A) and inedefractional
rate of gas production (c) (P<0.001). The highegiafameters has observed for HCP diets that suppiea by
0.088% HMBI/ DM (HMBI-1) and the lowest one was 1o€P diet that supplemented by dl-Met. Lag timehaf
gas production has not been affected significanitih HMBI, dI-Met and CP levels have not signifitaffects on
Lag time of gas production. Gas production curfedld@P and LCP diets are show in Figure 1.

Cumolative gas production (ml / gr DM)

HCP-Diet s LCP-Diet
a
200.00 4 K:S’ 200.00 +
E
150.00 1 S 150.00 1
(8]
—&e— HCP-Control é —&o— LCP-Control
100.00 A —s— HCP-HMBI1l 2 100.00 1 —s— LCP-HMBIl1
HCP-HMBI2 S LCP-HMBI2
50.00 - HCP-dI-Met .% 50.00 - —%— LCP-dI-Met
S
g
0.00 O 0.00 r r r r
0 20 40 60 80 100 0 20 40 60 80

Incubation Time Incubation Time

Figure 1. Gas production curves of HCP and L CP diets supplemented affected by treatments

In HCP diet, HMBI-1 and HMBI-2 treatments resuliedhe highest and lowest cumulative gas produdtimough

all incubation times, respectively. In contrastM#t contained LCP diet has the lowest cumulatige groduction

in all incubation times. Regarding fermentationgmaeters, pH has not been affected by treatmentFolegels
(P<0.05). Also, there are linear and quadraticotdfeof HMBi incremental levels on Ammonia-N wherg its
concentration decreased with addition of HMBIi. $figant differences have been observed in Ammonia-N
concentration with HMBI-2 and dI-Met supplementati@<0.05). Unlike HMBI, diets CP content has rié¢e the
Ammonia-N concentration (Table 2). Increased syitheof AA de novo by rumen microbes with HMBI
supplementation may be necessary to counter thaikva less available Met source compared to di-]26].
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Table2. Nutrient digestibility, gas production and fermentation parameter s of two dietsin
batch culture vialsincluding two concentrations of HM Bi or dI-M et.

HMBI (%) Contrasts P-value
Item HMBI2 Control
0 0.065 0.13 dl-met SEM L Q 'S Vs M CP MxCP
dl-met All

Nutrient Digestibility
DM Digestibility (%)
HCP 44.36 48.83 49.83 50.22

LCP 49,55 51.01 50.94 50.04 1.12 0.831 0.888 0.007 0.193 0.008 0.006 0.104
NDF Digestibility (%)

HCP 44.86 40.02 40.02 36.58

LCP 38.18 3501 4259 3718 0.63 0.09 <0.001 0.839 0.180 <0.001 <0.001 <0.001
ADF Digestibility (%)

HCP 53.24 47.37 46.47 41.45

LCP 53.77 54.61 49.80 45.37 1.47 0.265 0.027 0.005 0.022 0.006 <0.001  <0.001
HEM Digestibility (%)

HCP 51.65 52.61 51.94 43.33

LCP 61.35 29.97 51.75 55.11 1.18 0.087 0.127 <0.001 0.208 <0.001 <0.001 <0.001
GP parameters
A (ml)

HCP 214.64 22468 21294 223.09

LCP 21717 22169 19960 187.65 0.96 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 O0GD.
¢ (%/h)

HCP 0.061 0.063 0.060 0.063

LCP 0.068 0.075 0.075 0.075 0.003 0.989 0.594 0.251 0.510 0.616 <0.001 0.721
Lag (h)

HCP 0.30 0.25 0.56 0.63

LCP 0.51 0.46 0.20 0.61 0.16 0.117 0.457 0.201 0.407 0.368 0.916 0.266
Fermentation parameters
pH

HCP 5.39 5.38 5.40 5.37

LCP 536 537 542 538 0.02 0.164 0.426 0.164 0.564 0.404 0.323 0.400
Ammonia-N (mg/dl)

HCP 5.57 5.31 491 5.30

LCP 537 5.5 4.93 5.37 0.40 0.016 0.312 0.002 0.031 0.012 0.607 0.850

CONCLUSION

It has concluded that isopropyl ester of HMB caoviile more rumen resistant source of Met in congpariwith
dl-Met. Results of cumulative gas production showeat HMBIi can alter rumen fermentation and itsivétgyt,

which is approved by more degradability of DM inttbéICP and LCP diets. The modes of action of ifferént
sources of Met on rumen microbial ecosystem eslheada protozoa and fibrolytic populations stillqeire further
investigation. Reduction in ruminal ammonia-N carntcation can eliminate dairy cows’ requirementsntore
energy for conversion of BUN in liver. Besides thigets with lower crude protein and supplementéth WMMBi

can improve nitrogen utilization in dairy farms tlhikecrease N inputs and increase efficiency ofilzation is one
of the most crucial goals of dairy industry.
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