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Table 1. Diet composition for feeding fistulated animals used as rumen fluid donors (g/kg DM)

Feed Ingredient Quantity Feed Ingredient Quantity
Alfalfa Hay 217.8 Wheat bran 45.3
Corn Silage 249.9 Rice bran 29.5
Wheat straw 132.3 Na- Bicarbonate 3.2
Beet pulp 28.4 CaCO3 4.9
Barley grain 99.8 Calcium, Phosphate-Di 0.8
Corn grain 28.4 Min-Vit Mix” 39
Wheat grain 48.8 White Salt 16
Canola meal 69.2
Soybean meal 36.3
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* Each kg contained: Vit A, 5000001U; Vit D3, 100000 IU; Vit E, 100mg; Ca, 190000mg; P, 90000mg; Na, 50000mg; Mg,
19000mg; Fe, 3000mg; Cu, 300mg; Mn, 2000mg; Zn, 3000mg; Co, 100mg; | 100mg; Se, 1mg; Antioxidant (B.H.T) 3000mg.
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Table 2. Primer Design Charecteristics used for PCR amplification of rumen microorganisms

FO- Primer RE - Primer 'If‘(; xsgiﬂge Reference
Total bacteria ~ GTG STG CAY GGY TGT CGT CA GAG GAA GGT GKG GAY ACGT 60 Maeda et al.
Total protozoa ~ CAYGTCTAAGTATAAATAACTAC CTCTAGGTGATWWGRTTTAC 61 Sylv(ezs(igf lt al.
Total fungi GAGGAAGTAAAAGTCGTAACAAGGTTTC CAAATTCACAAAGGGTAGGATGATT 60 Deglzrgg;‘% &

Mcsweeney
Methanogens CCGGAGATGGAACCTGAGAC CGGTCTTGCCCAGCTCTTATTC 60 Zhou et al.
F.succinogenes GGTATGGGATGAGCTTGC GCCTGCCCCTGAACTATC 62 Taj(ii?g 2 al.
R. albus GTTTTAGGATTGTAAACCTCTGTCTT CCTAATATCTACGCATTTCACCGC 60 Pf)fl? 2:- ;I.
R. flavefaciens ~TCTGGAAACGGATGGTA CCTTTAAGACAGGAGTTTACAA 62 Koike gol(léz)ayashi
A. lipolytica TGGGTGTTAGAAATGGATTCC CTCTCCTGCACTCAAGAATT 59 P(()fl.? 2:- )al.
B. fibrisolvens ~ TAACATGAGTTTGATCCTGGCTC CGTTACTCACCCGTCCGC 62 Pgl? itl le.
B. proteoclasticus TCCTAGTGTAGCGGTGAAATG TTAGCGACGGCACTGAATGCCTAT 62 P(()ft? itl )al.
M. elsdenii GACCGAAACTGCGATGCTAGA CGCCTCAGCGTCAGTTGTC 60 Ouwglc():rllz etal.
Prevotellaspp.  CACGGTAAACGTGGAT GGT CGG GTTGCAGACC 57 Ma(til?l?izc)et al
P. ruminicola GGTTATCTTGAGTGAGTT CTGATGGCAACTAAAGAA 55 Taj(ii?g 2 al.
S. ruminantium  TGCTAATACCGAATGTTG TCCTGCACTCAAGAAAGA 53 P(()fl.? gtl )al.
S. bovis TGTTAGATGCTTGAAAGGAGCAA CGCCTTGGTGAGCCGTTA 60 Kli(j\(l)el:t) al.
(2003)
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Table 3. Fatty acid profile of different fat supplements used in this study (g/100g of FA)

Fish Qil Sunflower Qil Linseed Qil Canola Qil Palm Qil S.EM
12:0 0.131°¢ 0.354° 0.563? 0.261° 0.005° 0.045
14:0 1.126° 0.126° 0.264° 0.423%® 0.163" 0.342
15:0 2.122° 1.114% 0.577° 1.842%® 1.483%® 0.643
16:0 3.119" 2.143" 1.352°¢ 4.163"° 77.591° 0.942
16:1 cis-9 4115° 1.253°¢ 3.252° 3.352° 0.003¢ 0.124
16:2 5.112° 0.352°¢ 0.463° 1.753"° 0.001¢ 0.155
16:4n-3 6.108° 0.375°¢ 0.251¢ 1.621° 0.178 0.185
17:0 7.105° 2.311° 2.116" 2.114° 1.273¢ 0.215
18:0 8.101° 7.463° 5.251°¢ 11.3522 8.152¢ 0.365
18:1 cis-9 26.157" 15.357°¢ 11.357¢ 57.452° 7.612°¢ 0.655
18:1 trans 1.415° 0.275°¢ 0.024¢ 2.358° ND 0.063
18:2n-4 0.369° 0.251°¢ 1.241° 2.542° 0.127 0.016
18:2n-6 2.085° 59.364° 12.352° 6.153° 2.245¢ 0.093
18:3n-3 2.531¢ 8.114° 55.164° 3.176° 0.125° 0.097
18:4n-3 3.139° 1.053°¢ 4261° 1.173°¢ 1.031 0.135
20:00 0.169° ND 0.352° ND ND 0.017
20:1cis 1.246% ND 0.005° ND ND 0.053
20:4n-3 0.887°¢ ND 0.945° 1.321°2 ND 0.038
20:4n-6 0.782 ND ND ND ND 0.033
20:5n-3 0.897 ND ND ND ND 0.378
22:1 cis 0.339 ND ND ND ND 0.011
22:5n-3 1.735 ND ND ND ND 0.072
22:6n-3 10.201 ND ND ND ND 0.346
Other 2.110° 0.113° 0.212° 0.012° 0.021° 0.334
SFA 21.872° 13.511°¢ 10.457¢ 20.155" 88.667° 0.694
MUFA 33.172° 16.867° 14.638° 63.252° 7.615¢ 0.739
PUFA 41.849°¢ 69.157° 74.677° 17.739¢ 3.707°¢ 0.854

ol 100 o 50 5le] o gime gl Bacasylis o, ,o 58 glite gV b sle il
Ajlfs\) Nguy sS.n )l O L e GLQ.\.:..;‘ PUFA 543[)’5.3 Qg ASJ L [y Lgl.b..\ﬂ.w‘ :MUFA ‘8L...:| (e ggl.md.:...;l SFA

Different letter in each row determines statistical difference (p<0.05).

SFA: Saturated Fatty acids; MUFA: MonoUnsaturated Fatty acids; PUFA: PolyUnsaturated Fatty acids.



\ ozl 05z slanel cilise wlie (509581 5l 1o en 5 050 sisJel>

Amplification plots

Fluorescence (dR)

2 4 ] E:d 10 12 14 16 18 20 el 24 il 28 30 3z 24 ] 38 40
Cycles
RT-gPCR jl eolaxwl b (6 2SL JS coman alizee lacd; jialidl 4y by o v ) o
Figure 1. Amplification plot for amplification of bacterial DNA dilution series in RT-gPCR
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Figure 2. Standard curve for amplification of bacterial DNA dilution series in RT-qgPCR
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Table 4. Effects of different lipid sources on nutrient digestibility coefficients in vitro

Digestibility coefficients Control Fish Oil Sunflower Oil Linseed Oil Canola Oil Palm Oil SEM
DM 7348 a 58.89 d 65.11 b 62.11¢c 66.53 b 7211a 1.432
oM 75.51a 55.28 e 64.12 c 59.13d 59.13b 7423 a 1411
NDF 64.62 a 50.13 ¢ 57.13b 55.11b 55.11b 65.11a 1.678
ADF 64.28 a 39.17¢ 52.11b 51.07 b 51.07 b 64.17 a 2.098

sl [+ 0 gan jo glel o sire glis Bosaoylis iy, o 40 Dglite uw eV b slo il
Different letter in each row determines statistical difference (p<0.05).
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Table 5. Effects of different lipid sources on rumen fermentation parameters in vitro

Ruminal Parameters Control Fish Qil Sunflower Qil Linseed Oil Canola Oil Palm Qil S.EM

pH 6.2° 6.7° 6.1° 6.3° 6.1° 6.2° 0.08
N-NH3 (mMol/ Lit) 19.5° 25.7° 23.11° 22.14° 19.7°¢ 19.3¢ 0.47
Protozoa™ (X 105) 10.1° 6.05° 8.12° 8.23° 8.8° 10.3° 0.68

sl [0 gl jo gkl o e Dglas Basmoylis sy o 0 Sglite GVl b sla Kl

sl 00 A1) s 98ag ,Sn (a3l el sty S LU s Joaz ol 50 Tgje5g, olaas %
Different letter in each row determines statistical difference (p<0.05).
* Protozoa numbers were determined using microscopy
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Figure 3. Effects of different oil sources on rumen microbial Population change (%) relative to control
SEM was 9.21, 6.13 and 10.14 for Protozoa, Fungi and Methanogenic Archea, respectively.
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Figure 4. Effects of different oil sources on rumen microbial Population change (%) relative to control.
SEM was 5.12, 8.35 and 6.32 for F.succinogenes, R. albus and R. flavefaciens, respectively.
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Figure 5. Effects of different oil sources on rumen microbial Population change (%) relative to control
SEM was 4.11, 6.17 and 3.15 for A. lipolytica, B. fibrisolvens and B.proteoclasticus, respectively.
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Figure 6. Effects of different oil sources on rumen microbial Population change (%) relative to control.
SEM was 4.11, 6.17 and 3.15 for Prevotella spp., P. ruminicola and S. ruminantium, respectively.
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Table 6. Effects of different lipid sources on total VFA concentration (mM/L) and profile (mol/2000 mol) of rumen
fluid in vitro

VFA Profiles Control Fish Qil Sunflower Oil Linseed QOil Canola Oil Palm Qil S.EM
Acetate 656.0° 494.1° 562.7°¢ 544.9¢ 597.0° 650.9° 9.3
Propionate + IsoButyrate 215.1¢ 418.8° 332.1° 235.8° 285.0° 212.0¢ 38
Butyrate 110.3° 63.68° 86.7° 93.7% 99.1° 118.1° 5.63
Valerate 13.31° 16.6° 14.06® 18.2° 13.6° 14.5%® 2.21
Iso-Valerate 5.39% 6.72° 4.24° 7.10° 5.30%® 4.40%® 0.929
Total VFA 103.9° 74.0¢ 83.2° 82.1° 91.4° 104.2° 2.93
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Different letter in each row determines statistical difference (p<0.05).

Seilstyn laaiss 5l (Fp Cune GlE (o) p
5 SaVslolo slaaiss mals LS o Slshal 5
e Cawd 4 d>g8 b wlgs oo Butyrivibrio
@S Sl ZSL JS G y3 oy Sl 5 plas a
2 St JS Bl Jle ) pasu sS4
il 00 pab sla fele LS
ool glgl 5t ey oSl Sl
SG 0, 952y Sl il o Sogb 2 o
4SS Gilpae slag)B sslllEsd Conlas (o)
Sl ailon gliilye Gy ool oy o
Maia et ) cul o0 3,135 SuVolglo (slacs =S
o sbacl wlie owyp cpl o @, 2007
3 4SSl B it s (018 o gl
AB 5 ofsy Jy Wb S 09 L awlhe
R e SRS I g T L
o0 ools Hlad il 058l el St glags S
Aiiled @eSls 10 olie adgr sasals slo fole a5 o
oo b Al cew Gljer dapgle

(Ct value) &bl o> polis sasaslis ¥V Jgo

0‘35)5‘ ] ‘5)5)&.4 ki 6[@09; Le Jay]a
o gl Cyx Glaasl ol slas,
L el ol o5 45 lags 55T JS ol o sine ol
=l cwl ala>de LB Ct value pals 4 ax>g
ooleds A, (2009) Yang et al. islejl
las 2SL S (56l8) Bilan oims LS5 slaosls
dapl bsloe g Ligw QLS (89, (o938l Aoy
shls Gl xSt b goeye ol sauaslas
09,5 d Camud (yE9, 3l oolaiwl Aol o ol el
Jodo a4 Wl gy Gl mls ol JpuS
5 Toigisn Curez gl suls (lags,lis
Log 2l mlie ol as s g aeSs slog )8
u.:‘ Lewsls oa‘i‘:JLo.c‘ Lgl.cn;ﬁojm Oy Cym )'|
56wy o (2008) Goel et al. gls b mbs
o e ailes bpsgle o)l Slyten

Ol 5 Ngbse 4eSh slaz B g Tsje59n LtalS



VY e Slrazinl 3 0o slaal ilisee glie (10938 3T 1o Ken o )b jg e (sl

&l (7B Comexr (2al5 (g5 e 5 ALl eSS
5 sl &)l s Gials bYs §I (S ) 4SS
o cble fals g 2 o Glasel ady als

Conild oy ol j0 Dl e g L]

sz B (Goeletal., 2008) wigd oo 4eSls slag )8
Al a5 Sgame Cozezr S92y b aneSh (g3l
D3 go eSS 1) 4neSl B3gilunn) B0 yd Al SeS
5 SU pan o 655 i (Dehority, 2003)

RT-GPCR ,5 4t o)l 3y, cilises (slaog ,§ Ct &linl o 1 6, 0958 5B Y Jgom
Table 7. Effects of different lipid sources on RT-gPCR Ct valuesof different microbial populations

Desired Microbial Population Control  Fish Qil Sunflower Oil Linseed Oil Canola Oil PalmOil S.EM
Total bacteria 1455*  11.98° 12.79% 12.95° 13.73° 14.31° 0.351
Total protozoa 16.22¢ 22.13° 20.43° 20.84° 19.12°¢ 16.52¢ 0.231
Total fungi 22.19° 24.37° 23.53° 24.38° 23.46° 22.04° 0.195
Methanogens 26.33¢ 30.57° 28.06° 28.18" 27.85°¢ 25.56¢ 0.475
F.succinogenes 18.43°  17.86° 17.76° 17.91° 18.27° 18.95° 0.163
R. albus 22.88%  21.68° 22.79% 22.38% 23.08° 22.58% 0.832
R.flavefaciens 22.56° 26.31° 25.29° 25.82° 24.45° 23.05¢ 0.234
A. lipolytica 29.99%  27.36° 28.13% 28.47% 29.03° 30.27° 0.853
B. fibrisolvens 21.35%  20.33¢ 21.27%® 21.27% 21.61% 21.12° 0.143
B.proteoclasticus 30.6° 31.15% 30.18" 20.15" 29.51° 29.75°¢ 0.342
M. elsdenii ND ND ND ND ND ND ND
Prevotella spp. 17.82° 15.58° 16.25° 16.18° 16.98% 17.57° 0.512
P. ruminicola 20.93° 17.16¢ 18.62° 18.86° 19.56° 20.78% 0.211
S. ruminantium 24522 19.98¢ 21.51°¢ 22.41° 22.43° 24.14% 0.157
S. bovis ND ND ND ND ND ND ND
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Different letter in each row determines statistical difference (p<0.05).
ND: Not detected.
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Table 8. Effects of different lipid sources on RT-gPCR Ct proportions of different microbial populations as total

bacterial count

Desired Microbial Population Control Fish Oil Sunflower Oil  Linseed Oil  Canola Oil ~ Palm Oil S.EM

Total protozoa 3.14E-01°  8.80E-04 5.01E-03° 4.22E-03° 2.38E-02° 2.16E-01°  3.14E-03
Total fungi 5.01E-03*  1.86E-04° 5.85E-04° 3.62E-04° 1.18E-03°  4.71E-03* 2.10E-04
Methanogens 2.84E-04"  2.53E-06° 2.53E-05° 2.60E-05° 5.62E-05°  4.11E-04* 1.40E-04
F.succinogenes 6.79E-02°  1.70E-02° 3.19E-02" 3.21E-02° 430E-02°  4.01E-02° 5.20E-03
R. albus 3.11E-03*  1.20E-03° 9.77E-04° 1.45E-03° 1.53E-03°  3.24E-03*  2.00E-04
R .flavefaciens 3.88E-03*  4.86E-05° 1.73E-04° 1.34E-04° 5.93E-04° 2.34E-03° 7.12E-05
A. lipolytica 2.25E-05°  2.35E-05° 2.41E-05% 2.13E-05% 248E-05° 157E-05° 2.31E-06
B. fibrisolvens 8.97E-03*  3.06E-03° 2.80E-03° 3.13E-03° 425E-03° 8.91E-03° 1.10E-04
B.proteoclasticus 1.47E-05°  1.70E-06° 5.82E-06" 6.64E-06" 1.78E-05°  2.25E-05*  2.00E-06
Prevotella spp. 1.04E-01*  8.27E-02° 9.10E-02" 1.07E-01° 1.05E-01°  1.04E-01* 4.37E-03
P. ruminicola 1.20E-02°  2.76E-02° 1.76E-02° 1.66E-02° 1.76E-02°  1.13E-02° 2.14E-03
S. ruminantium 9.97E-04°  3.91E-03* 2.37E-03° 1.42E-03° 2.46E-03°  1.10E-03" 1.20E-04
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Different letter in each row determines statistical difference (p<0.05).
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ABSTRACT

The aim of this study was to determine effects of different fatty acid profiles on rumen digestion
coefficients, some of rumen metabolism parameters and rumen microbial populations. Different oils were
used as source of fatty acids such as, Oleic, Linoleic, Linolenic, DHA and EPA. Palmitic acid
supplemented from a commercial product (BergaFat T-300) containing high Palmitic acid percentage.
Results showed that supplementation of unsaturated fatty acids led to reduction in nutrient digestibility
and rumen population of protozoa, anaerobic fungi and cellulolytic bacteria (P<0.05). Fish oil resulted in
higher population of proteolytic and amilolytic bacteria in expense of cellulolytic and major
biohydrogenating population (P<0.05). Palmitic acid source reduced population of two of major
cellulolytic bacteria, but there were no effects on cell wall digestibility, total and profile of rumen VFA
(P>0.05). All of the oil supplements except for Palmitic acid supplement reduced methanogeinic archaea
(P<0.05). Unsaturated fatty acid sources including fish oil greatly reduced rumen biohydrogenating
bacteria population (P<0.05). Rumen total VFA and acetate concentration but not propionate decrease as
PUFA sources supplemented. Fish oil resulted in greatest reduction in VFA concentration compared with
control (103.9 vs. 74.0 mMY/L, respectively).

Keywords: Fish oil, palm oil, PUFA, RT-gPCR, VFA.
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