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Table 1. Ingredient and chemical composition of experimental treatment containing different fat sources
gj:‘"ilﬁ).T slasles
Experimental treatments

Calcium fatty

;\)? osle

S s Sl e Feed ingredient

Canolaoil ~ Beef Tallow acid salts Control
34 34 35 38 (Barely grain) s> «ls
20 20 20 21 (Beet pulp) e JUs
20 20 20 20 (Corn silage) 5 (sl
10 10 115 12 (Wheat bran) iS5 . 5o
4 4 35 2 (Soybean meal) Ly s
5 5 5 5 (Wheat straw) ¢35 sls
- - 5 _ oS 2 A
Calcium fatty acid salts
- 5 - - (Beef tallow) jls> o>
5 - - - (Canolaoil) 1515 . 5,
1 1 - 1 (Carbonate calcium) .. =y S
1 1 1 1 (Vitamin-mineral supplement)ld‘,\u—ﬂ@j JoSa
Chemical composition ;le.s .S 3
78.09 78.12 77.78 77.54 (Dry matter %) (1w ,s) Sis osle
3.01 2.97 2.99 291 (ME (Mcal/kg)? v slza 15 (533
12.29 12.29 12.23 12.29 (Crude protein %) (as s)pls 55 5
36.75 36.75 37.11 38.61 NDF% (s ys) oo oy sd 55 Jsloeal LI
18.87 18.87 18.97 19.46 ADFY (455 ) gducd 0k 95 5 J g 3L
6.81 6.81 6.11 2.01 Ether extract(/) (1s,3) 5l oslas
7.71 7.72 7.54 7.92 (Ash%) (4o 3) ¢l>'- S
36.44 36.43 37.01 39.17 (1) Pt o9
Non-fiber carbohydrate%
et to S V0 oIS AU Y Bl U Ve D3 slwsdU ovveen T ol ) ooy iy S 3 (S0 Shmeaily 5 JaSs
Bro 0S| (5T 5 0,8 Joa YO pailisp S ho e 608 haa Veve ot S Ja 8000 gy 608 e YO palie S B ppe s S

(65 b
1 Vitamin-mineral supplement of Chinechin Company (Vitamin A, 500,000 IU; Vitamin D3, 100,000 IU; Vitamin E,
2,000 1U; Calcium, 150 g; Sodium, 60 g; Magnesium 40 g; Iron 3500 mg; Zinc 4500 mg; copper 1000 mg; iodine 40
mg; selenium 25 mg and antioxidant 400 mg)

SRNS 2016 and CNCPS sheep (2007) (slalsulss Jslas 5l ol 3,505 pslis ¥

2 Estimated values from SRNS 2016 and CNCPS sheep library tables (2007)
LU ey 5= 100- (ws,s NDF+ a5 CP+ us s Fat + a5 Ash) (NRC, 2001)

Nonfibrous carbohydrate = 100- (NDF + CP% + Fat% + Ash %) (NRC, 2001)
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Table 2. Effects of different fat sources during the 24 and 96 h period of in vitro incubation on fermentaion

parameters
Jj‘-LL‘ﬂ oy
Experimental Diet C vl s
Sl Lasls
P-Value SEM (PICRN: S o |
é)&lw ST j:tw s ftems
anola alcium fatty
Oil Beef Tallow acids salts Control
Gl she) 58 e
Gas Volume (ml)
YE ool
0.1044 9.557 170.63 172.5 191.25 128.13
GP24
b b a c A cele
<0.0001 11.158 225.63 223.75 246.88 173.13 op
96

2ol slaeml b 5 58 A5 SzS

Gas production kinetics and estimated parameters

0.0413 0.6887 7.61% 7.56 %

0.0581 0.1124 3.00° 3.29°

0.0445 45527  72.98%® 73.20 %

0.0262 12.165  182.21°¢ 197.73°
0.036 0.0036 0.118° 0.126 ®

8.12° 6.40" e 5
ME(MJ/day)
X oy B S o sladend
3.93° 3.26 Short Chain Fatty Acids
(mmol)
(4553) Josle pzn o6
74.09° 71.63° Organic matter
digestibility
232.45% 179.57 ¢ (ml/DM)b
0.133% 0.133° (mi/hyc

Al KU Ul e ooules ciisy oo 53 osline 3N Sl 5 Gy > gl slael

Numbers with different letters and abbreviations in each row are significantly different.
(T(Sast a3le 0,5 5hS 55 J3588) o e BB (6550 =Y/X40 NPV (G 5 500 /0 OV (plst (855 )0/ 0 YA (ol o)
ME(Mj/KJ dry matter)= 2.2 + 0.136 (Gas production) + 0.057 (Crude protein) + 0.0029 (Crude fat)
2n LB T sle = YEM +0/MA(S 5 58) + /80l 55 5)++/+ 101 (ol 2es17) (Menke et al. 1979)
Digestible organic matter= 24.88+0.889 (Gas production) + 0.45 (Crude protein) + 0.0651 (Ash%) (Menke et al.

1979)

(st a3be 05 oo 53 Ugn o) 0 omis 865 o rgliodend =0/0 TYY (d 5 560 /0 080 (Menke et al. 1979)
Short chain fatty acid (mmol/mg dry matter) = 0.0222 (Gas production) — 0.00425 (Menke et al. 1979)
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Figure 1. Effet of different sources of lipids on gas production in Sheep. According the results of this
expreiment, maximum gas production occurred in first 24 h and lagged in 96 h. Trend of gas production was
high in proteced fat (Calcuim fatty acids salts). Maximum gas production indicated high metabolism energy,
addequated protein source and other nutreint supplied for rumen bacteria. It seems that calcium salt made
better condition for fermentaion.
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Table 4. Effects of different fat sources on dry matter, crude protein and NDF degradability using nylon bag
technigue in sheep rumen

S kx5 Sk a gl e b S5 el paxla
0 o 5355 Flow rate Degradability factors Factors
Loy
Effective k=8% k=5% k=2% c a+b b a Sl a2
degradability
5%
(Dry matter) i osbs
36.48 ¢ 56.66 60.13 652 011 70.13 31.88% 38.25¢ Control  asls jls
39.69 ° 58.43 61.66 6631 012 70.74 30.15° 40592 Casoap omls
38.64 % 58.14 61.46 662 012 70.69 h31.33* 39.36° Beef tallow i, .~
37.86% 5752 6093 6885 012 7055 31.84°% 3871° Canola oil 15 25,
0.421 0299 0282 0.261 0.001 0.245 0253 0.422 SEM
0.0252 0.1259 0.1586 0.2097 0.33 0.2765 <0.0001 0.0141 p-Value
(Crud protein) el 55
47.07%® 5733 5872 6058 016 622 1464 47.11® (Dry matter) s osle
47.96 2 57.76 592 6112 016 6281 1507 47.86% Control  ssls jls
47.14°%® 57.03 5861 60.8 014 6279 1565 b47.02% Casoap omls
46.65° 56.49 581 6032 014 6235 1587 46.60° Beef tallow i, .~
0.172 0267 0226 017 0.007 0.155 0279 0.28 SEM
0.0416 0.1308 0.135 0.144 0.4859 0.1553 0.965 0.0251 p-Value
Neutral detergent fiber = o5 55 J ot SUI
17.95° 26.19° 28.22° 3154° 0.07 3554° b17.76° 17.78° (Dry matter) Lzx ol
20.43%  28.45% 30.43% 3366% 0.08 37.61% 1823% 20.38°% Control  asls jls
16.21¢  23.71° 2577° 2920° 0.07 3329°¢ 17.90® 1539° Casoap _ewlS
15.72°¢ 23.69° 2579° 2934° 0.07 3290° 17.45° 1545°¢ Beef tallow i~ .~
0.572 1142 1118 1.055 0.002 0954 0.197 1.139 SEM
<0.0001  0.0214 0.0111 0.0134 0.3005 0.0011 0.0535 0.0412 p-Value

Al Jﬁi_x&l{)b&” Sl Ogter s Cosline Y Sl 5 G e glyls sl

el Aoy &y o el 53 Sy S e e Sl (e il S e b sk =0

K 5 (40,2) JS sy 455 b s BB o sl =ath el )3 (s 4525 553 L 4o ub=C ((Uo) rasis W6 S 5 Jslousl = B
(ED=a+hc/(CHK) )l sis acslous 55, dolas b Sge (gl 4o dKize 3l 0L > Er=

Means that have different superscript in column are significantly different from each diet.
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Table 5. Correlation coefficients (r) between the degradability of dry matter parameters obtained from nylon
bag technique and gas production in different lipid rations.

s SR R aeo Sl BB o
GP96  GP72  GP48  GP36  GP24 ‘“"’?2 = WS apSdS apw eds BB gl o disS
a+b b a OMD ME SCFA
04502 06615 00543 09547 08012  0.945 00321 00235 00053 00394  0.042 SCFA
02883 028 06298 09633 08246 0887 00711 00122 00156  0.0192 061972  ME
0685 07554 08971  0.8279 06316  0.7752 00077 00093  0.0029 06885 062589 OMD
03403 0841 03237 07228 02882 0565 <0001  <.0001 0.80272 070399  0.7728 a
01859 07927 0389 01973 01335 07239 <.0001 092429 073958 072138  0.67217 b
0188 06739 01811 0262 01115 04175 091084 093155 075096 0.56335 0.64506  at+b
07854  0.6659 0241 05728  0.6737 027254 012061 0.19529 -0.09762 -0.04867 002363 ¢
00231 07434 038338  0.0687 -0.14353  -050689  -0.48177 -0.35213 -0.16319 -0.07586 0.08611  GP24
02559  0.8552  0.4719 056734 -019147  -0.37054 -0.42094 -0.1211 -0.07439 001577 001946  GP36
01625  0.4076 024281 007181  -0.386  -0.43512 -0.28882 -0.3287 -0.04431 -0.16406 -0.5934  GP48
0.6172 027813 -0.06248 -0.11181 -0.14714 014347 00899 0.06867 0.10646 -0.35782 -0.14919 GP72
-0.17004 -0.45231 -0.37493 -0.67338 -0.09312 0429 043077 03182 0.13836 035208 0.25444  GP96

i o O3 ) (San ol 8 ol s pvale oy s s VL s
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Table 6. Correlation coefficients (r) between the degradability parameters of NDF obtained from nylon bag
technigue and gas production in different lipid rations.

R Ry FURTIRT B

GP96 GP72 GP48  GP36  GP24 ‘“”‘C =t wpd epES aps eas M dpke “bf

a+b b A OMD  ME SC”F“ ;
04303 05652 00783 09912 08132 09923 0035 00248 00079 00321 0.0185 SCFA
0449 02735 06179 09717 07885 09208 00579 00144 00114 0.009 0.69098 ME'
06403 0763 08138 06024 04293 0811 00089 0.0073 0.0015 0.74171 0.64498 OMD’
03815 09416 02342 04318 01833 05318 <0001 <.0001 083115 0.72613 0.74939 A
01951 009762 02261 01006 0.0941 06118 <.0001 09437 075468 070962 0.66749 B
02572 09615 0109 01632 0.0857 0.3642 0.93807 0.95385 0.74244 058641 0.63713 a+b
05807 0457 01528 0619 0.7218 030353 0.17259 0.2118 -0.08182 -0.03404 -0.0033 C
00539 07505 0.7765 0.0655 -0.12155 -0.54099 -0.52925 -0.43314 -0.26592 -0.09174 0.08083 GP24
01954 09028 0.3959 057281 -0.16918 -0.45161 -0.52061 -0.26454 -0.17711 -0.01216 -0.00379 GP36
0.1855 0.3405 0.28486 0.09706 -0.46175 -0.51004 -0.39746 -0.39118 -0.0806 -0.16971 -0.55202 GP48
0.7125 0.31805 -0.04182 -0.10863 -0.2508 0.01653 0.01022 0.02511 0.10308 -0.3623 -0.19517 GP72
-0.12579 -0.43118 -0.4226 -0.59427 -0.18762 0.37395 0.4228 0.29322 01591 025511 0.26536 GP96
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Abstract

Background and objectives: Fat is one of the most important nutrients in ruminant
nutrition and its fate is effective in the efficiency of feed usage in the gut, especially in
the fermentation medium and rumen. It is important to know about the digestibility and
energy content of feed ingredients as well as their dry matter degradability, neutral
detergent fiber (NDF), and crude protein as measurable nutrients when formulating
balanced diets for ruminants. Also, it is important to clearly understand the mechanisms
of nutrient degradability and their digestion and absorption while considering the
increase in the income of farmers. To study the digestive properties and fermentation
kinetics of experimental diets, measuring the gas production was introduced and
applied in vitro by incubating feed ingredients within the buffered rumen fluid in late
1970. On the other hand, the nylon bag technique is used to estimate dry matter
disappearance, NDF, crude protein, and digestive parameters. In the current study, the
effects of different lipid sources on gas production (in vitro), degradability of dry
matter, NDF, and crude protein (in sacco) were evaluated within the lipid-containing
treatments. Pearson method was applied to evaluate the correlation coefficients of
measured parameters.

Material and methods: Two experiments were conducted to evaluate the fate and
behavior of feed ingredients and the kinetics of digestion of three fat sources. In the first
experiment, the amount of gas production from the digestion of four experimental
treatments including 1) no added lipid source (control) and 2, 3, and 4) with 5% calcium
fatty acid, animal fat, and rapeseed oil, respectively, incubated in rumen fluid, was
measured in vitro. In the second trial, 4 rumen fistulated Dalagh rams were allotted to
measure dry matter, fiber, and crude protein degradability parameters within treatments,
using the nylon bag technique. Finally, the Pearson method was used to analyze the
results of the correlation between the two experiments.

Results: The gas production was higher in the control when compared to the other lipid-
containing treatments at the first 2 h of incubation, while it was not significant at 24 h
and it was significant at 96 h within the lipid-containing treatments comparing to the
control. Organic matter digestibility, production of short-chain volatile fatty acids, and
metabolizable energy in the gas test were significantly higher in the calcium fatty acid
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treatment than in the control, animal fat and rapeseed oil treatments (P <0.05). The dry
matter degradability of calcium fatty acid treatment was higher than other fat sources
within the whole ruminal incubation period (P = 0.01). The potential for crude protein
degradability and fiber degradability were not significantly affected by the different fat
sources (P = 0.07). The degradability of NDF decreased slightly when fat sources were
added to the treatments. In this experiment, high correlations were observed in the
estimation of biodegradability and prediction parameters of dry matter, crude protein,
and NDF in the experimental treatments within the gas test and nylon bag techniques.

Conclusion: Results from the current study showed that gas production and
biodegradability were different in treatments containing lipid sources. Diets containing
protected fat with higher digestibility produced more short-chain fatty acids, higher
metabolizable energy, and greater volume of gas at 96 h after incubation within the
rumen fluid than that produced by animal fat and vegetable oil containing treatments.
The highest effective degradability was observed at 5% flow level for dry matter, crude
protein and NDF. All of these results indicate that although the incorporation of lipid
sources especially protected fat as the energy source has no adverse effect on
fermentation, its application also has increased fermentation efficiency. On the other
hand, a high correlation was observed between the parameters of the gas test (SCFA,
ME, and organic matter digestibility) and the nylon bag technique (a, b and c) using the
Pearson method. To conclude, the gas test can be used to evaluate the lipid sources
added to the rations with a high efficiency instead of the costly nylon bag technique.

Keywords: Beef tallow, Calcium fatty acids, Canola oil, Gas test, Nylon bag

v



YA



