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ABSTRACT:  Our objective was to determine effects of dietary high-oleate (OLE; 76% oleate) or high-linoleate (LIN; 78% linoleate) safflower seeds on fatty acids (FA) in muscle and adipose tissue of feedlot lambs.  White-faced ewe lambs (n = 36) were fed a basal diet (82.2% beet pulp pellets, 9.5% oat hay, 6.0% molasses, 1.5% soybean meal, and 0.8% mineralized salt; CON), blocked by BW, and allotted randomly to dietary treatments (CON, OLE, or LIN). Safflower seeds were used in isocaloric and isonitrogenous replacement of beet pulp, oat hay, and soybean meal so that OLE and LIN diets contained 7.1% crude fat.  Tissue FA were determined in M. Semitendinosus (St), M. Longissimus dorsi (Ld), and adipose tissue from the tail head (Th), adjacent to the 12th rib (SQLd), and kidney and pelvic fat (Kp) depots.  Tissue FA data were analyzed as a split-block design.  Single degree of freedom orthogonal contrasts were used to compare effects of OLE and LIN vs CON and OLE vs LIN.  Average daily gain, feed efficiency, and carcass characteristics did not differ (P ( 0.16) across dietary treatments. Dietary treatment x tissue type interactions were detected (P ( 0.05) for most individual FA.  When pooled across tissue type, saturated FA tended to be greater (P = 0.08) for CON, but monounsaturated FA were not affected (P ( 0.16) by diet. However, 18:1trans-11 was greater (P < 0.0001) in tissues of lambs fed safflower seeds and in LIN than OLE. Polyunsaturated FA were greater (P < 0.0001) for LIN than OLE. Total CLA (cis-9, trans-11 and cis-10, trans-12) were greater (P < 0.0001) in tissues of lambs fed safflower seeds and in LIN than OLE.  Weight percentages of 18:1trans-11 ranked Th = Kp > SQLd > St > Ld, whereas CLA ranked Th > SQLd = St > Kp = Ld. Feeding poly- and mono- unsaturated FA increased tissue 18:1trans-11 and CLA, which is a favorable change in regard to current human dietary guidelines.  
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Introduction

Altering fatty acid composition of ruminant muscle and adipose tissue may be accomplished by feeding fat (Rule et al., 1989; Lough et al., 1992; Awadelseid, 1994).  Recent research has focused on effects of dietary fat on conjugated linoleic acids (CLA) in ruminant meat and milk products because of the wide range of human health benefits associated with the consumption of CLA (Bauman et al., 2000).  Research in our laboratory (Gould, 2000 and Kucuk, 2000) demonstrated that intestinal disappearance of 18:1trans-11 and CLA increased in lambs fed supplemental soybean oil.  Additional research indicated that fatty acid content of supplemental fat influenced 18:1trans-11 and CLA in tissues of beef cattle (Bottger et al., 2000).  Therefore, our objectives were to determine effects of dietary high-oleate or high-linoleate safflower seeds on fatty acids (FA) in muscle and adipose tissue of feedlot lambs.

Materials and Methods

Animals and Diets


Following weaning on March 28, 2000, 36 winter-born, Western white-faced ewe lambs were placed in 1.0 x 1.5 m pens within a slatted floor barn.  Lambs had ad libitum access to oat hay and were gradually switched to a beet pulp-based diet.  Beginning on April 11, 2000, lambs were fed once daily at 0700.  The basal ration consisted of 82.2% beet pulp pellets, 9.5% oat hay, 6.0% liquid molasses, 1.5% soybean meal, and 0.8% mineralized salt.  Average BW (BW = 34.0kg ( 0.4) of lambs before feeding on April 10 and 12, 2000 was used as the initial BW for treatment allotment.  Lambs were blocked by BW and, within block, randomly assigned to pen (two lambs/pen) with each pen randomly assigned to dietary treatments (12 lambs/treatment).  Commencing April 13, 2000, lambs were fed the basal diet (CON), a diet containing high-oleate (76% 18:1) safflower seeds (OLE) or a diet with high-linoleate (78% 18:2) safflower seeds (LIN).  Safflower seeds were used in isocaloric (TDN basis) and isonitrogenous replacement of beet pulp, oat hay, and soybean meal so that OLE and LIN diets contained 7.1% crude fat (Table 1).  Diets were provided as total mixed rations.  Sub-samples of each total mixed ration were collected daily.  Feed refusals were collected weekly and stored for analysis of DM, OM, N (AOAC, 1990), ADF and NDF (Ankom Corp., Fairport, NY), and crude fat (2050 Soxtec, Foss Tecator, Hoganas, Sweden).  Feed refusals were used to adjust the daily amount of feed offered the subsequent week, ensuring minimal refusals, and to determine daily intake.  


Body weights were obtained on two consecutive days before feeding every 20 and 21 d and at slaughter.  The average 2-d weight was used to determine ADG and final BW, respectively.  Lambs were slaughtered when a block of lambs reached an average final BW of 61.3 ( 0.9 kg.  The day prior to slaughter, lambs were shorn and transported to the University of Wyoming abattoir.  Twelve lambs were slaughtered on August 16, 2000 and the remaining 24 lambs were slaughtered at the same facility on September 19, 2000.

Tissue Collection and Sample Preparation


Kidney fat was removed on the kill floor and hot carcass weights (HCW) were obtained within 10 min of slaughter.  Carcasses were chilled for 24 h and ribbed between the 12th and 13th rib.  A University of Wyoming-trained technician then measured carcass traits.  Dressing percentage was calculated from 2-d average live weight at slaughter and HCW.  Body wall thickness (BWT) was measured 12.7 cm off the midline and backfat was measured at the center of the rib eye.  Backfat was adjusted according to a subjective determination of total carcass fat and used for determination of yield grade.  Backfat, BWT and rib eye measurements were calculated as the average of the right and left sides.  Flank streaking, lean maturity, bone maturity, muscle score, and quality grade were estimated according to USDA guidelines (USDA, 1992).  Marbling score was estimated according to USDA guidelines for beef carcasses.  Fat firmness and color were also objectively evaluated.


Samples (12 to 15 cm in length) collected included lean tissue from the left M. longissimus dorsi (Ld) and M. semitendinosus (St), and subcutaneous adipose tissue adjacent to the 12th rib (SQLd), kidney and pelvic area (Kp), and the tailhead region (Th) adjacent to the St.  Samples were placed in whirl pack bags so that air space was limited and stored at -20( C.  Muscle tissues were trimmed of external fat, freeze-dried (Genesis SQ 25 Super ES Freeze Dryer, The VirTis Co., Gardiner, NY) to determine DM content, ground with a household coffee grinder, and stored at -20( C before analysis.  

Laboratory Analyses


Muscle and adipose samples were saponified in 33% KOH at 85( C for 1 h and total lipids were extracted with hexane (Rule, 1997).  Free fatty acids were converted into methyl ester derivatives using methanolic-HCl before GLC analysis.  Methyl tridecanoate (13:0) served as the internal standard.  Separation of fatty acid methyl esters was achieved using a gas chromatograph (Model 5890 series II, Hewlett-Packard, Avondale, PA) with a 100-m SP 2560 Fused Silica capillary column (Supelco, Bellefonte, PA), He as the carrier gas, and a column flow rate of 1.0 mL/min.  Temperature of the injector, oven, and detector were 240, 250, and 250( C, respectively (ramp = 3.5( C/min).  Identification of peaks was accomplished using known standards (Nu-check Prep, Elysian, MN).

Statistical Analyses


Feedlot performance and carcass data were analyzed as a randomized complete block design using the GLM procedures of SAS (version 8.0, release 8.1; SAS Inst. Inc., Cary, NC). Tissue FA data were analyzed as a split-block design.  Dietary treatment effects were tested with the weight block ( dietary treatment interaction as the error term (error a), whereas the tissue type and the dietary treatment ( tissue type interaction was tested with residual error (error b).  For all analyses, single degree of freedom orthogonal contrasts were used to compare effects of CON vs OLE and LIN and OLE vs LIN.
Results and Discussion

Animal Performance and Carcass Characteristics


Animal performance and carcass data are summarized in Table 2.  Daily feed intake was lower (P = 0.02) for OLE compared to LIN-supplemented lambs.  However, ADG and feed efficiency did not differ (P ( 0.16) across dietary treatments.  Lambs fed LIN had a lower quality grade (P = 0.02) and OLE-fed lambs tended to have a lower BWT (P = 0.08), but no other carcass characteristics differed (P ( 0.15) among treatments.  Thus, feedlot performance and carcass characteristics were not appreciably affected by feeding safflower seeds.    

Fatty Acid Composition

Dietary treatment x tissue type interactions were detected (P ( 0.05) for most individual FA.  Because most FA responded to dietary treatment similarly across tissue types (primarily changes in magnitude rather than ranking of treatments across tissue type), only main effects of tissue type and dietary treatment are presented.

When pooled across dietary treatment, saturated FA were greater (P < 0.0001) in adipose tissues than muscle with Kp greater (P < 0.05) than SQLd and Th (Table 3).  Kidney/pelvic fat is an internal fat depot and thus may be more saturated because it would be subjected to higher temperatures.  However, reasons for compositional differences in fatty acids between depots have yet to be determined.  Mono- and polyunsaturated FA were greater (P < 0.0001) in lean muscle tissues compared to adipose tissues. Comparable changes in fatty acid content across tissue types were observed in carcasses of market-weight cattle fed full-fat extruded soybeans or canola seeds (Rule et al., 1994).  Weight percentages of 18:1trans-11 ranked Th = Kp > SQLd > St > Ld, whereas total CLA ranked Th > SQLd = St > Kp = Ld.  Griinari and Bauman (1999) suggested that metabolism of CLAcis-9, trans-11 and 18:1trans-11 may be different in muscle and adipose tissues. Results of the present study support this contention because the ratio of CLAcis-9, trans-11 to 18:1trans-11 was greater (P = 0.01) in muscle samples compared to adipose samples.  

Main effects of dietary treatment on fatty acid composition of lamb tissues are presented in Table 3.  Saturated FA tended to be greater (P = 0.08) for CON, but monounsaturated FA were not affected (P ( 0.16) by diet.  Polyunsaturated FA were greater (P < 0.0001) for LIN than OLE.  Consistent with Rule et al. (1989), our results demonstrate FA profiles of ruminant-derived tissues are altered by feeding fat and the FA composition of dietary fat influences carcass FA composition.  Similarly, Lough et al. (1992) reported reduced saturated FA in subcutaneous adipose tissue when ram lambs were fed 6% whole canola seeds, an ingredient high in monounsaturated FA.  

Total CLA (cis-9, trans-11 and cis-10, trans-12) and 18:1trans-11 were greater (P < 0.0001) in tissues of lambs fed safflower seeds and in LIN than OLE.  The predominant CLA isomer in ruminant tissues is cis-9, trans-11.  The reduction of CLA to 18:1trans-11 is considered the rate-limiting step in the complete biohydrogenation of unsaturated C18 fatty acids.  As a consequence, 18:1trans-11 accumulates in the rumen and is, therefore, more available for absorption (Griinari and Bauman, 1999).  Subsequently, a significant quantity of CLA in ruminant animals is synthesized in tissues from the (9-desaturase conversion of 18:1trans-11 to CLA.  Therefore, the content of CLA in tissues from ruminant-derived food products is dependent on the rumen microbial production of both CLA and trans-11 biohydrogenation intermediates and the tissue activity of (9-desaturase (Bauman et al., 2000).   High levels of linoleic acid irreversibly inhibit biohydrogenation of 18:1trans-11 (Harfoot et al., 1973).  This inhibitory effect may partially explain the greater proportions of 18:1trans-11 and CLA seen in ruminants consuming a high-linoleate diet.   

Kelly et al. (1998) concluded that feeding unsaturated oils, especially oils high in linoleate, increased CLA and trans-FA in animal fats.  Likewise, in comparisons between different types of plant oils, (Griinari and Bauman, 1999) indicated that oils high in linoleate increased CLA concentrations most effectively.  Therefore, our results support findings of previous researchers regarding the effects of fat source on total FA composition of ruminant tissues.   

Implications


Feeding high-linoleate safflower seeds effectively decreased saturated fatty acids and increased polyunsaturated fatty acids in ruminant tissues.  Feeding high-linoleate safflower seeds also increased 18:1trans-11 and conjugated linoleic acids in lamb tissues, which is a favorable change because conjugated linoleic acid has positive effects on human health.
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Table 1. Ingredient and chemical composition of diets




Dietsa
 

Item
CON
OLE
  LIN


Ingredient, % of DM




Beet pulp pellets
82.2
47.7
47.7


Oat hay
9.5
28.7
28.8



Soybean meal
1.5
2.0
---


Linoleate seeds
---
---
16.6


Oleate seeds 
---
14.7
---


Molasses 
6.0
6.0
6.0


Mineral
0.8
0.8
0.8

Composition, % of DM




NDF
44.0
45.0
46.0


ADF
26.0
28.0
27.0


Crude protein
9.2
9.7
9.9


Crude fat
2.7
7.1
7.1

Fatty acid composition, mg/g




Palmitic (16:0)
3.1
5.1
5.2



Stearic (18:0)
0.22
1.0
1.1


Oleic (18:1)
2.6
38.2
6.4


Linoleic (18:2)
5.2
11.3
35.6


Linolenic (18:3)
0.53
0.99
0.93


Total fatty acids
11.9
58.1
52.0

aTreatment = basal ration without dietary fat (CON), basal ration with high-oleate safflower seeds (OLE) or basal ration with high-linoleate safflower seeds (LIN). 

Table 2. Feedlot performance and carcass characteristics of lambs fed safflower seeds





Contrastb




Treatmenta

CON vs
OLE 

Item
CON
OLE
LIN
SEMc
OLE and LIN
vs LIN

Initial BW, kg
34.3
33.9
33.7
0.4
0.27
0.73

ADG, g/d
185.5
176.5
189.2
5.9
0.72
0.16

ADFI, kg/d
1.5
1.4
1.5
0.07
0.85
0.02

Overall gain:feed, g/kg
127.3
122.5
128.8
3.7
0.72
0.26

Final BW, kg
62.0
60.1
61.9
0.9
0.38
0.16

Shorn live weight, kg
55.8
53.7
55.3
1.0
0.29
0.27

Hot carcass weight, kg
29.7
28.7
29.5
0.6
0.45
0.37

Dressing percentage
53.2
53.5
53.4
0.7
0.80
0.94

Backfat, cm
0.9
0.9
0.9
0.07
0.73
0.67

Body wall thickness, cm
3.1
2.8
3.1
0.13
0.41
0.08

Adjusted fat, cm
0.93
0.91
0.98
0.06
0.86
0.37

Rib eye area, cm2
14.1
13.5
14.3
0.51
0.75
0.31

Muscle scored
11.2
11.3
11.2
0.21
0.75
0.58

Yield grade
4.1
4.0
4.3
0.3
0.99
0.35

Flank streake
3.6
3.5
3.3
0.13
0.16
0.37

Marbling scoree
4.4
4.2
4.0
0.15
0.19
0.40

Lean maturity
1.5
1.6
1.5
0.04
0.32
0.27

Bone maturity
1.6
1.6
1.7
0.05
0.07
0.46

Quality grade
2.6
2.6
2.3
0.09 
0.35
0.02

Fat firmnessf
3.2
3.3
3.6
0.16
0.22
0.16

Fat colorg
2.6
2.5
2.3
0.14
0.24
0.22

aTreatment = basal ration without dietary fat (CON), basal ration with high-oleate safflower seeds (OLE) or basal ration with high-linoleate safflower seeds (LIN) formulated to provide 7.1% dietary fat.

bSingle degree of freedom orthogonal contrast = CON vs LIN and OLE and OLE vs LIN

cFor each diet n = 12.

dMuscle score: Prime+ = 15, Prime( = 14, Prime- = 13, Choice+ = 12, Choice( = 11, Choice- = 10, etc.

eFlank streak and marbling score: Moderate( = 6.0, Modest( =  5.0, Small( = 4.0, Slight( = 3.0, Traces( = 2.0, etc.

fFat firmness: 1 = soft, 5 = hard.

gFat color: 1 = light, 5 = dark.

Table 3. Main effects of tissue type on fatty acid composition of lamb 



Tissue typea


Item
Kp

SQLd
Th

Ld

St
SEMb
Fatty acid, mg/g
948.7d
935.6d
958.7d
180.2c
226.2c
16.6


------------------------------------wt %---------------------------------


14:0

2.4e
2.9f
3.0g
2.0c
2.2d
0.10


15:0

0.55c
0.78f
0.69e
0.64de
0.61dc
0.02


16:0

20.1c
21.8d
21.7d
22.5e
22.7e
0.19


16:1

1.5c
1.8d
2.0e
1.7d
1.8d  
0.04


17:0

1.8f
2.1g
1.7e
0.9c
1.1d
0.04


17:1

0.59c
0.77d
0.85e
0.79d
0.85e
0.02


18:0

29.5f
19.2e
16.7d
14.0c
13.3c
0.45


18:1trans-11
6.7f
6.4e
6.8f
3.3c
4.0d
0.10


18:1cis-9
23.7c
29.4d
32.4e
38.4f
37.7f
0.30


18:1cis-11
0.53c
0.55d
0.70e
0.85f
0.85f
0.01


18:1cis-12
0.62f
0.57e
0.65g
0.45c
0.50d
0.01


18:2

2.0c
1.8c
2.2c
3.3d
3.5d
0.10


18:3

0.21c
0.19c
0.32cd
0.42d
0.32cd
0.05


CLAcis-9,trans-11
0.51c
0.62d
0.84e
0.50c
0.62d
0.02


CLAcis-10,trans-12
0.08e
0.05d
0.08e
0.05d
0.03cd
0.01


20:4

0.07c
0.09c
0.09c
0.91d
0.90d
0.03


20:5

0.00c
0.00c
0.01c
0.07d
0.11e
0.004


22:4

0.01c
0.02c
0.02c
0.10d
0.08d
0.01


22:5

0.03c
0.04cd
0.06d
0.16e
0.22f
0.01


22:6

0.00c
0.02cd
0.03d
0.05e
0.06e
0.01


Total saturates
54.3f
46.9e
43.9d
40.0c
40.0c
0.41


Total monounsaturates
33.6c
39.4d
43.4e
45.4f
45.7f
0.38


Total PUFA
2.9c
2.9c
3.6d
5.5e
5.8e
0.14


Total CLA 
0.60d
0.67e
0.91f
0.53c
0.64de
0.02


Other
9.2d
10.9e

9.1d
9.1d
8.6d

0.23


Cis-9,trans-11: trans-11
0.13c
0.12c
0.14c
0.17d
0.17d
0.01

aTissue type: Kp  = Kidney/pelvic fat; SQLd = Subcutaneous fat over longissimus dorsi; Th = Tailhead fat; Ld = Longissimus dorsi muscle; St = Semitendinosus muscle.

bn = 12 for each diet.

c,d,e,f,gMeans in the same row with unlike superscripts differ (P ( .05).

Table 4. Main effects of treatment on fatty acid composition of lamb tissue 



Contrast





Treatmenta
CON vs
OLE

Item
CON
OLE
LIN
SEMb
OLE and LIN
vs LIN
Fatty acid, mg/g
643.7
648.7
666.2
12.9
0.09
0.24


--------------------wt %---------------


14:0

2.5
2.6
2.5
0.05
0.95
0.61


15:0

0.74
0.62
0.61
0.02
0.0006
0.65


16:0

24.1
20.5
20.7
0.15
<0.0001
0.76


16:1

2.1
1.6
1.5
0.03
<0.0001
0.37


17:0

2.0
1.3
1.3
0.03
<0.0001
0.95


17:1

1.0
0.64
0.66
0.02
0.0002
0.86


18:0

16.8
20.2
18.7
0.35
0.01
0.16


18:1
trans-11
2.1
4.8
9.4
0.07
<0.0001
<0.0001


18:1cis-9
35.3
34.2
27.5
0.23
<0.0001
<0.0001


18:1cis-11
0.83
0.66
0.60
0.01
<0.0001
0.0008


18:1cis-12
0.19
0.18
1.30
0.01
<0.0001
<0.0001


18:2

2.5
2.0
3.1
0.08
0.54
<0.0001


18:3

0.28
0.28
0.32
0.04
0.62
0.51


CLAcis-9,trans-11
0.37
0.58
0.89
0.02
<0.0001
0.0002


CLAcis-10,trans -12
0.03
0.03
0.09
0.01
0.0003
<0.0001


20:4

0.43
0.38
0.42
0.02
0.54
0.40


20:5

0.04
0.04
0.03
0.00
0.97
0.01


22:4

0.05
0.03
0.05
0.01
0.29
0.13


22:5

0.11
0.10
0.09
0.01
0.09
0.22


22:6

0.03
0.04
0.03
0.01
0.53
0.65


Total saturates
46.1
45.1
43.8
0.32
0.08
0.20


Total monounsaturates
41.5
42.1
41.0
0.29
0.91
0.16


Total PUFA
3.8
3.5
5.1
0.11
0.13
0.0007


Total CLA 
0.40
0.62
0.99
0.02
<0.0001
<0.0001


Other
8.6
9.3
10.2
0.18
0.004
0.25


Cis-9,trans-11: trans-11
0.20
0.13
0.10
0.01
<0.0001
0.14

aTreatment = basal ration without dietary fat (CON), basal ration with high-oleate safflower seeds (OLE) or basal ration with high-linoleate safflower seeds (LIN) formulated to provide 7.1% dietary fat.

bn = 12 for each diet.

























