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ABSTRACT: Our objective was to evaluate ruminal biohydrogenation, duodenal fatty acid (FA) flow, and FA disappearance in cattle fed supplemental safflower seeds.  Nine Angus x Gelbvieh heifers (643 kg) fitted with ruminal and duodenal cannulae were used in a triplicated 3 ( 3 Latin square, and fed 10.6 kg of bromegrass hay and isocaloric and isonitrogenous supplements: 2.1 kg of corn and 0.24 kg of soybean meal (CON); 0.15 kg SBM and 1.7 kg high-linoleate (67.2% 18:2) safflower seeds (LIN); or, 1.6 kg high-oleate (72.7% 18:1) safflower seeds (OLE).  Safflower seed supplements were formulated to provide 5% added dietary fat.  Single degree of freedom orthogonal contrasts (CON vs LIN and OLE; OLE vs LIN) were used to evaluate treatment effects.  Ruminal biohydrogenation of dietary 18:2 was greatest (LIN vs OLE, P = 0.0006) for LIN, whereas biohydrogenation of dietary 18:1 was greatest (LIN vs OLE, P = 0.02) for OLE.  Duodenal flow of 18:0 was greater (P < 0.0001) for CON, but did not differ (P = 0.92) between OLE and LIN. Total flow of unsaturated FA to the duodenum was greatest (P < 0.0001) in cattle fed safflower seeds, and LIN was greater (P < 0.0001) than OLE.  Duodenal flow of 18:1 and 18:2 increased (P < 0.0001) in OLE and LIN, respectively.  Duodenal flow of 18:1trans-11 was greater (P < 0.0001) in cattle fed safflower seeds and in LIN than OLE.  Postruminal disappearance of saturated FA was greatest (P < 0.0003) for the CON; however, postruminal disappearance of total unsaturated FA was greatest (P = 0.002) for LIN.  Therefore, postruminal disappearance of total FA was greatest (P = 0.05) for LIN. Supplemental high-linoleate or high-oleate safflower seeds to cattle fed forage-based diets increased quantity of unsaturated fatty acids reaching the duodenum.  Postruminal disappearance of unsaturated fatty acids was observed in cattle fed high-linoleate safflower seeds, indicating fatty acids apparently available for metabolism are affected by dietary fat source.
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Introduction


There has been a resurgence of interest in feeding supplemental fat to cattle because of the potential benefits dietary fat exert on reproduction and quality of ruminant-derived food products.  Supplementation of fat from oilseeds provided the greatest response on ovarian follicular growth in beef cattle (Thomas et al., 1997).  Cattle fed supplemental oilseeds also have greater concentrations of conjugated linoleic acid (CLA) in meat (Wood et al., 1999) and milk (Griinari and Bauman, 1999), which may constitute a health advantage to consumers of these food products (Bauman et al., 1999).  Griinari and Bauman (1999) indicated that 18:1trans-11 is the major predictor of milk fat conjugated linoleic acid concentration.  In a study evaluating fat source on duodenal flow of 18:1trans-11 in dairy cattle fed 60% forage diets, Kalscheur et al. (1997) demonstrated that flow of 18:1trans-11 into the small intestine increased for cattle fed high-linoleate or high-oleate sunflower oil.  Limited data are available on high-linoleate and high-oleate fat supplements for cattle consuming high forage diets.  Therefore, our objectives were to evaluate ruminal biohydrogenation, duodenal fatty acid flow, and FA disappearance in cattle fed bromegrass hay and supplemental high-linoleate or high-oleate safflower seeds. 

Materials and Methods


Nine Angus x Gelbvieh heifers (643 kg) fitted with ruminal and duodenal cannulae were used in a triplicated 3 ( 3 Latin square experiment in accordance with an approved University of Wyoming Animal Care and Use Committee protocol.  Heifers were fed 10.6 kg of chopped (2.54 cm) bromegrass hay (8.4% CP, 58% NDF) and isocaloric and isonitrogenous supplements: 2.1 kg of cracked corn and 0.24 kg of soybean meal (CON); 0.15 kg of SBM and 1.7 kg of cracked, high-linoleate (67.2% 18:2) safflower seeds (LIN); or, 1.6 kg of cracked, high-oleate (72.7% 18:1) safflower seeds (OLE).  Safflower seed supplements were formulated to provide 5% added dietary fat and an equivalent amount of TDN as CON.

Diets were fed twice daily at 0600 and 1800.  Heifers were also given ad libitum access to water and trace mineralized salt (Champions Choice, Akzo Salt Inc.; guaranteed analysis [percentage of DM]: NaCl, 95 to 99; Co, Cu, I, Mn, Zn, and Fe, less than 1). As a marker of digesta flow, boluses of 5 g of Cr2O3 were dosed intraruminally at each feeding.  Each experimental period was 16 d with 14 d adaptation to ensure adequate adaptation of the digestive system to new dietary treatment.

Sampling

Beginning at 0400 on d-15 of each sampling period, duodenal (200 mL) and fecal (50 mL) samples were taken every 4 h.  On d-16, collection times were advanced 2 h so that samples were collected to represent every 2 h in a 24 h period.  Fecal samples were dried in a 55( C forced-air oven, ground (Wiley mill, 2-mm screen), and composited (equal dry wt basis) within heifer for each period.  Duodenal digesta samples were composited (equal vol) within heifer for each period and immediately frozen. Duodenal digesta samples were then lyophilized (Genesis SQ 25 Super ES Freeze Dryer, The VirTis Co., Gardiner, NY) and ground (Wiley mill; 1-mm screen).

Laboratory Analysis

Feed, fecal, and duodenal samples were analyzed for DM and ash (AOAC, 1990).  Chromium concentration in duodenal digesta and feces was determined (Hill and Anderson, 1958) by atomic absorption spectrophotometry (Model 210 VDT AASpectr. E. Norwalk, CT) with an air plus acetylene flame.

Feed, duodenal digesta, and feces were analyzed for fatty acids (Whitney et al., 1999).  Fatty acid (FA) methyl esters were separated using a Hewlett-Packard 5890 GLC (Hewlett-Packard, Avondale, PA) equipped with an automatic sample injector and flame ionization detector.  A 100 m ( 0.25 mm (i. d.) fused silica capillary column (SP-2560, 0.2 (m film thickness, Supelco, Bellefonte, PA) was used with a temperature ramp of 140( C to 240( C at 4( C/min.  Injector and detector temperatures were 250( C.  Helium was used as a carrier gas, with a split ratio of 50:1 and a column flow of 2.0 mL/min.  Tridecanoic acid (13:0) was used as an internal standard, and retention times of purified FA methyl ester standards (Nu-check Prep, Elysian, MN) were used to identify each FA.

Calculations and Statistical Analysis

Organic matter flow was calculated by dividing the amount of Cr dosed by the concentration of Cr in the respective sample (duodenal and fecal).  Duodenal FA flow was calculated by multiplying FA concentration in duodenal OM by duodenal OM flow.  

Microbial biohydrogenation of unsaturated C18 FA was calculated using the equation of Tice et al. (1994).  Additionally, the equations of Gould (2000) were used to evaluate the percentages of biohydrogenation intermediates at the duodenum.

Data were analyzed using the GLM procedures of SAS (Release 7.0, ver. 4.1, 1998; SAS Institute, Cary, NC). Single degree of freedom orthogonal contrasts were used to compare effects of CON vs supplemental safflower seeds and LIN vs OLE.  

Results and Discussion

Intake

Fatty acid intake was greater (P < 0.0001) for cattle fed safflower seeds, and OLE-fed heifers consumed 4.9 g/d more (P < 0.0001) FA than heifers fed LIN (Table 1).  Intake of 18:1 was greatest (P < 0.0001) for OLE and intake of 18:2 was greatest (P < 0.0001) for LIN, reflecting differences in FA composition of the safflower seeds.

Ruminal Biohydrogenation


Dietary lipids undergo rapid and extensive hydrolysis in the rumen to form glycerol and free FA (Jenkins, 1993).  Accumulation of unsaturated FA in the rumen can be toxic to ruminal bacteria; consequently, double bonds of unsaturated FA are hydrogenated by ruminal bacteria in an effort to alleviate toxicity (Harfoot and Hazelwood, 1988).  Thus, ruminal biohydrogenation of dietary unsaturated C18 FA was greater (P = 0.007) in heifers fed safflower seeds (Table 2).  Additionally, ruminal biohydrogenation of dietary unsaturated C18 FA was higher (P = 0.0007) for LIN than OLE.  Ruminal biohydrogenation of dietary 18:1 was greatest (P < 0.02) for OLE, whereas biohydrogenation of 18:2 was greatest (P = 0.0006) for LIN.  Biohydrogenation of 18:2 is initiated by the isomerization of the cis-12 double bond, which produces cis-9 trans-11 CLA (Harfoot and Hazelwood, 1988).  The cis-9 double bond of the conjugated diene is then hydrogenated resulting in formation of 18:1trans-11.  Complete biohydrogenation of dietary unsaturated C18 FA results in ruminal accumulation of 18:0; however, Harfoot et al. (1973) demonstrated that increased ruminal fluid concentrations of 18:2 inhibited conversion of 18:1trans-11 to 18:0.  In our study, the proportion of biohydrogenation intermediates reaching the small intestine, as well as those derived from the diet were greatest (P ( 0.002) for LIN.  Our results are comparable to those of Gould (2000) who noted more extensive ruminal biohydrogenation and a concomitant increase in production of biohydrogenation intermediates in lambs fed high-forage diets with 6% supplemental soybean oil.

Duodenal Flow


Compared to CON, total saturated and unsaturated FA flow to the duodenum was greater (P < 0.0001) in heifers fed safflower seeds; duodenal flow of these FA did not differ (P = 0.44) between LIN and OLE (Table 3).  Kalscheur et al. (1997) noted that duodenal FA flow in dairy cattle increased equally whether diets were supplemented with high-linoleate or high-oleate sunflower oil.  Greater flow of FA to the duodenum in oil-supplemented cattle was expected because negligible amounts of dietary long-chain FA disappear from the rumen (Jenkins, 1993).  Although ruminal biohydrogenation of dietary 18:1 and 18:2 was more extensive for OLE and LIN, duodenal flow of 18:1 and 18:2 was greatest (P < 0.0001) for OLE and LIN, respectively.  Duodenal supply of 18:2cis-9trans-11 tended to be higher (P < 0.06) in oilseed-supplemented heifers compared to CON; however, 18:1trans-11 entering the duodenum was greater (P < 0.0001) for cattle fed safflower seeds than CON.  Moreover, LIN-fed heifers had greater (P < 0.0001) duodenal flow of 18:1trans-11 than OLE.  Increased duodenal flow of 18:1trans-11 is noteworthy because 18:1trans-11 is the predominant precursor for CLA production within animal tissues (Bauman et al., 1999).

Postruminal FA Disappearance


Postruminal disappearance of saturated FA was greatest (P = 0.0003) for CON (Table 4).  Postruminal disappearance of monounsaturated and polyunsaturated FA did not differ (P ( 0.60) between CON and safflower seed-supplemented heifers because of reduced (P ( 0.001) postruminal disappearance for OLE.  As a result, postruminal disappearance of total FA was not influenced (P = 0.98) by supplementing safflower seeds and was greater (P = 0.05) for LIN than OLE.  Our data for postruminal disappearance are comparable to those of Wu et al. (1991) who observed reduced postruminal digestibility of saturated FA and total FA in dairy cows fed 60% forage diets with 6% fat from an animal-vegetable blend.  Wu et al. (1991) also suggested that postruminal digestibility of unsaturated FA is greater than saturated FA because unsaturated FA are more hydrophilic, more easily form micelles, and, therefore are more readily absorbed.  Although postruminal disappearance of 18:1trans-11 did not differ (P ( 0.48) across dietary treatments (92.0 ( 1.0%), heifers fed high-linoleate safflower seeds would have had the greatest quantity of 18:1trans-11 available for metabolism because intestinal supply of this FA was greatest in these animals.

Implications


Despite more extensive ruminal biohydro-genation, postruminal supply of unsaturated fatty acids is enhanced with provision of supplemental high-linoleate or high-oleate safflower seeds to forage diets.  Differences in postruminal fatty acid digestibility attributable to diet may indicate that fatty acids apparently available for metabolism are affected by dietary fat source.  Diets containing high-linoleate safflower seeds will likely support increased tissue levels of cis-9, trans-11 conjugated linoleic acid because this diet provided the greatest intestinal supply of trans-11 vaccenic acid.
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Table 1. Long-chain fatty acid intake by heifers consuming bromegrass hay and high-linoleate or high-oleate safflower seeds.



Treatments


Contrast


Fatty acid, g/d
CON
LIN
OLE
SEMb

CON vs LIN & OLE
LIN vs OLE

14:0
1.1
1.6
1.5
0.0
<0.0001
<0.0001

15:0
0.4
0.6
0.5
0.0
<0.0001
<0.0001

16:0
19.1
42.2
35.3
0.0
<0.0001
<0.0001

17:0
1.0
1.0
1.01
0.0
<0.0001
<0.0001

18:0
2.2
12.6
9.9
0.0
<0.0001
<0.0001

18:1cis-9
27.6
99.2
444.3
0.0
<0.0001
<0.0001

18:2cis-9cis-12
63.5
417.8
60.0
0.0
<0.0001
<0.0001

18:3
46.7
46.3
46.0
0.0
<0.0001
<0.0001

20:1
0.3
1.0
1.7
0.0
<0.0001
<0.0001

20:4n-6
0.4
0.5
0.5
0.0
<0.0001
<0.0001

20:5n-3
0.0
0.0
0.0
0.0
<0.0001
<0.0001

Unidentified
71.9
86.1
115.6
0.0
<0.0001
<0.0001

Total saturated
23.8
58.0
48.2
0.0
<0.0001
<0.0001

Monounsaturated
27.9
100.2
446.0
0.0
<0.0001
<0.0001

Polyunsaturated
110.6
464.6
106.5
0.0
<0.0001
<0.0001

Total unsaturated
138.5
564.8
552.5
0.0
<0.0001
<0.0001

Total
358.4
836.0
840.9
0.0
<0.0001
<0.0001

aDietary treatments were 10.6 kg of bromegrass hay and supplement:  2.1 kg of cracked corn and 0.24 kg of soybean meal (CON); 0.15 kg of SBM and 1.7 kg of cracked, high-linoleate safflower seeds (LIN); or 1.6 kg of cracked, high-oleate safflower seeds (OLE).

bn = 9.

Table 2. Ruminal biohydrogenation of long-chain fatty acids in heifers consuming bromegrass hay and high-linoleate or high-oleate safflower seeds.



Treatments


Contrasta


Item
CON
LIN
OLE
SEMb
CON vs LIN & OLE
LIN vs OLE

Biohydrogenationc



18:1cis-9
71.3
81.6
85.8
1.2
<0.0001
0.02


18:2cis-9cis-12
85.5
92.8
85.2
1.2
0.04
0.0006


18:3
87.1
88.4
88.1
0.5
0.07
0.68


Total
85.1
91.2
85.9
0.9
0.007
0.0007

Biohydrogenation
intermediates, proportion

of duodenal C18 FAd
9.0
13.8
7.2
0.5
0.05
<0.0001

Biohydrogenation

intermediates, derived 

from dietary C18 FAd
4.5
7.6
5.8
0.3
0.0002
0.002

aDietary treatments were 10.6 kg of bromegrass hay and supplement:  2.1 kg of cracked corn and 0.24 kg of soybean meal (CON); 0.15 kg of SBM and 1.7 kg of cracked, high-linoleate safflower seeds (LIN); or 1.6 kg of cracked, high-oleate safflower seeds (OLE).

bn = 9.

cTice et al. (1994).

dGould (2000).

Table 3. Duodenal long-chain fatty acid flow in heifers consuming bromegrass hay and high-linoleate or high-oleate safflower seeds.



Treatments


Contrasta


Fatty acid, g/d
CON
LIN
OLE
SEMb
CON vs LIN & OLE
LIN vs OLE

14:0
3.3
3.0
2.7
0.1
0.03
0.09

15:0
4.1
4.7
4.0
0.2
0.33
0.07

16:0
36.6
52.2
46.5
1.9
0.0001
0.05

17:0
2.3
2.1
2.1
0.1
0.30
0.97

18:0
120.0
409.6
407.4
15.6
<0.0001
0.92

18:1trans-11
12.7
72.4
37.0
3.2
<0.0001
<0.0001

18:1cis-9
7.8
16.9
59.8
3.8
<0.0001
<0.0001

18:0br
0.5
1.6
0.2
0.1
0.01
<0.0001

18:2cis-9cis-12
9.7
27.8
8.4
1.6
0.0008
<0.0001

20:1
0.5
0.8
0.9
0.04
<0.0001
0.38

18:3
6.5
4.9
5.0
0.2
<0.0001
0.75

18:2cis-9trans-11
0.2
0.3
0.3
0.04
0.06
0.29

18:2trans-10cis-12
0.4
0.3
0.0
0.1
0.03
0.03

18:2cis-10cis-12
0.2
0.7
0.1
0.1
0.15
0.0007

20:4n-6
0.8
0.9
1.0
0.1
0.06
0.12

20:5n-3
0.2
0.3
0.5
0.1
0.11
0.07

Unidentified
90.0
136.6
140.5
8.0
0.0002
0.73

Total saturated
166.2
471.6
462.8
17.4
<0.0001
0.72

Monounsaturated
21.0
90.1
97.7
6.4
<0.0001
0.411

Polyunsaturated
18.2
35.2
15.4
1.6
0.004
<0.0001

Total unsaturated
39.2
125.4
113.1
7.6
<0.0001
0.26

Total CLAc
0.9
1.4
0.4
0.2
0.83
0.0006

Total
348.9
824.7
794.8
27.2
<0.0001
0.44

aDietary treatments were 10.6 kg of bromegrass hay and supplement:  2.1 kg of cracked corn and 0.24 kg of soybean meal (CON); 0.15 kg of SBM and 1.7 kg of cracked, high-linoleate safflower seeds (LIN); or 1.6 kg of cracked, high-oleate safflower seeds (OLE).

bn = 9.

cTotal CLA = 18:2cis-9trans-11, 18:2trans-10cis-12, and 18:2cis-10cis-12.

Table 4. Postruminal long-chain fatty acid digestibility in heifers consuming bromegrass hay and high-linoleate or high-oleate safflower seeds.

Fatty acid, 

Treatments


Contrasta

% of entering
CON
LIN
OLE
SEMb
CON vs LIN & OLE
LIN vs OLE

14:0
73.0
68.1
64.5
2.5
0.05
0.30

15:0
79.3
78.5
77.4
1.7
0.54
0.66

16:0
82.9
82.4
77.5
1.8
0.22
0.07

17:0
79.7
66.0
66.0
2.1
0.0002
1.0

18:0
94.7
81.8
78.1
1.9
<0.0001
0.19

18:1trans-11
92.6
92.1
91.2
1.0
0.48
0.54

18:1cis-9
51.0
64.0
33.6
10.0
0.86
0.05

18:0br
79.0
100.0
21.7
10.3
0.18
<0.0001

18:2cis-9cis-12
49.1
85.3
24.2
10.9
0.68
0.001

20:1
57.4
55.1
44.5
4.1
0.16
0.08

18:3
83.6
80.5
77.4
1.3
0.02
0.12

18:2cis-9trans-11
103.7
-3.7
22.9
40.5
0.08
0.64

18:2trans-10cis-12
100.0
22.2
0.0
8.0
<0.0001
0.06

18:2cis-10cis-12
100.5
100.0
44.0
9.9
0.04
0.001

20:4
69.0
56.3
59.6
2.5
0.003
0.36

20:5
84.5
77.8
93.2
12.5
0.95
0.39

Unidentified
61.8
59.0
57.6
3.2
0.39
0.75

Total saturated
91.0
81.7
77.9
1.9
0.0003
0.17

Monounsaturated
75.6
86.5
57.4
5.4
0.60
0.002

Polyunsaturated
65.1
83.8
50.4
6.0
0.79
0.001

Total unsaturated
70.8
85.9
56.1
5.7
0.98
0.002

Total
72.2
73.5
66.1
2.5
0.45
0.05

aDietary treatments were 10.6 kg of bromegrass hay and supplement:  2.1 kg of cracked corn and 0.24 kg of soybean meal (CON); 0.15 kg of SBM and 1.7 kg of cracked, high-linoleate safflower seeds (LIN); or 1.6 kg of cracked, high-oleate safflower seeds (OLE).

bn = 9.
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