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Abstract – The effect of clover species and level of concentrate supplementation on milk fatty acid (FA) composition has been studied. White (WC) and red clover (RC) grown in mixture with grasses were preserved in round bales and fed to autumn calving dairy cows during the first 10 weeks of lactation. Milk FA was higher in linolenic acid, vaccenic acid and rumenic acid for RC than for WC silage (0.90 vs. 0.79 %, 1.52 vs. 1.36 %, 0.90 vs. 0.75 % for these 3 FA, respectively), and RC silage gave a higher n-3/n-6 milk FA ratio than WC (0.98 vs. 0.72). Concentrate supplementation decreased the level of vaccenic acid (1.21 vs. 1.68 %), linolenic acid (0.63 vs. 1.05 %) and the n-3/n-6 ratio (0.55 vs. 1.16) as compared with no supplementation, and the effect of supplementation was similar for the two silages.

Introduction

Milk fat and dairy products are rich in saturated fatty acids (FA), of which some are linked to cardiovascular diseases, and milk has got a negative reputation with the public. Some fatty acids in milk, like oleic (C18:1n-9), linoleic (C18:2n-6) and linolenic (C18:3n-3) (Mattson & Grundy, 1985), and especially the polyunsaturated FA (PUFA) of the n-3 series and conjugated linolic acids (CLA), particularly the cis-9, trans-11 isomer (rumenic acid), are believed to reduce or prevent diseases (Williams, 2000). It would be beneficial to enhance the proportion of C18 mono- and PUFA in milk as one measure to improve PUFA intake in the human diet. 


Pasture-based diets increase the content of n-3 FA and CLA in milk, whereas diets with a high proportion of grain-based supplements and preserved forages, e.g. silage, reduce the content of these FA (Chilliard et al., 2001). It has, however, been shown that feeding silage made of white (Trifolium repens L.) or red (Trifolium pratense L.) clover may yield milk with a high concentration of the beneficial FA; red clover especially has given high concentrations of C18:3n-3 in milk (Dewhurst et al., 2003). However, in the experiments of Dewhurst et al. (2003) the silages were made of pure clover, fed either solely or mixed with pure grass silage when fed. It is known that the feeding values of clovers and of particular grasses may differ when grown in pure or mixed grass/clover stands (e.g. Lehman et al., 1978). The effect of a plant species grown in pure stands on milk quality, for example, is thus not necessarily the same as when those species are cultivated in mixed stands. 


The current study is part of a research project examining ways of producing milk organically with autumn-calving cows. The objective of the work reported was to examine the effect of white clover and red clover based silages, prepared from mixed grass clover leys, fed without and with concentrate supplementation, on the fatty acid composition of milk fat.

Material and Methods

The experiment was carried out at the University of Life Sciences, Ås, Norway, during the first period of the lactation (on average the first 70 days in milk), with 4 groups of dairy cows fed 2 types of grass clover silages without  (- C) and with (+ C = 10 kg per day and cow) standard concentrate supplementation. The silage treatments were: 1) grass/white clover (WC) round bales from the second and third cut; and 2) grass/red clover (RC) round bales from the same cutting times as in 1. The grass grown in mixture with the clovers consisted of a mixture of Phleum pratense L., Festuca pratensis Huds., and Lolium perenne L. in both treatments. The crop and animal husbandry were managed according to organic standards.


Altogether 48 autumn-calving cows of the Norwegian Red Cattle breed were allocated to the 4 treatments, balanced for calving time and parity, leaving 12 cows per treatment. Milk samples were collected every 14 days and milk fatty acid analysis was carried out in one sample per month.


Milk lipid was separated, followed by transmethylation to produce fatty acid methyl esters (FAME) according to Feng et al. (2004). Analyses to separate FAME were made by gas chromatography with a 200 m CP-SELECT CB FOR FAME capillary column (Varian Inc.)  


Analysis of variance was conducted with silage type (WC or RC), supplementation level (-C or C), parity, and lactation week as fixed effects, and accounting for covariation within animals in an analysis of repeated measures.

RESULTS

The silages were well-preserved. The clover proportion was higher in RC than in WC, whereas the crude protein (CP) and fat contents were higher and the fiber (NDF) content lower in WC than in RC (Table 1). However, the differences in chemical composition were not statistically significant (P>0.05). 

Table 1. Silage dry matter (DM) and composition
	Silage
	DM (%)
	Clover (% DM)
	CP

(% DM)
	Fat

(% DM)
	NDF

(% DM)

	WC
	31.1
	40
	17.1
	37.4
	41.8

	RC
	28.3
	58
	16.4
	35.6
	42.7


WC=white clover/grass silage, RC=red clover/grass silage
Average milk yield was slightly higher (25.6 vs.  24.1 kg/d, P<0.10), but milk fat content was similar (38.0 vs. 38.6, g/kg) for RC compared to WC, respectively. There was no significant effect of clover species on short-chain FA and palmitic and stearic acids in milk (Table 2). However, RC resulted in higher concentrations of vaccenic (1.52 vs. 1.36 %), rumenic (0.90 vs. 0.75 %) and linolenic acid (0.90 vs. 0.79 %) and a higher n-3/n-6 ratio (0.98 vs. 0.72) than WC, respectively. Fatty acids expected to be beneficial to human health were thus increased. Except for rumenic acid, concentrate supplementation decreased the concentration of these beneficial fatty acids and increased the linolenic acid content, and consequently the n-3/n-6 ratio was decreased (Table 2). There was no interaction between clover species and supplementation. The effect of clover species was thus similar at both supplementation levels. 

Discussion

On average, the milk fatty acid profile is similar to other results of cows being fed preserved forages during winter (Dewhurst et al. 2003; Lock & Garnsworthy, 2003). The reduction of linolenic acid and the increase in the linoleic acid proportion of total FA with concentrate supplementation is also in agreement with Dewhurst et al. (2003). Dewhurst et al. (2003) also found a positive effect of clover silages relative to pure grass silages on some beneficial FA. However, they could not, as in the present experiment, find any difference between RC and WC, whether they were fed pure or mixed with pure grass silage at feeding. In our experiment, the clover proportion was lower in the WC silage than in RC, which might have reduced the effect of WC on the FA composition relative to RC. However, FA analysis of the fresh material sampled at harvest showed that the proportion of linolenic acid was higher in RC than in WC containing herbage (Steinshamn et al. 2006). We do not yet have the FA analysis of the silages, but our results suggest that RC has a more positive effect than WC on milk FA composition, both at low and high concentrate supplementation level.

Table 2. Effect of clover species (WC=white clover, RC=red clover) in grass clover silages without (- C) and with (+ C = 

10 kg/cow and day) concentrate supplementation on the fatty acid (FA) composition of milk fat (% of total FA) 

	Fatty acid (FA)
	WC
	
	RC
	
	SED
	P-value

	
	- C
	+ C
	
	- C
	+ C
	
	
	S
	C

	Short chain fatty acids, (< 14)
	13.59
	15.86
	
	12.70
	15.71
	
	0.65
	NS
	***

	C14:0 (myristic)
	10.41
	11.59
	
	9.45
	10.93
	
	0.66
	(*)
	*

	C16:0 (palmitic)
	29.06
	28.07
	
	28.55
	26.45
	
	1.16
	NS
	(*)

	C18:0 (stearic)
	9.90
	10.60
	
	9.90
	11.16
	
	0.59
	NS
	*

	C18:1 cis-9 n-9 (oleic)
	18.87
	17.41
	
	20.46
	18.97
	
	1.66
	NS
	NS

	C18:1 trans-11 n-7 (vaccenic) 
	1.60
	1.13
	
	1.76
	1.29
	
	0.11
	*
	***

	C18:2 cis-9, cis-12 n-6 (linoleic) 
	0.90
	1.34
	
	0.87
	1.34
	
	0.08
	NS
	***

	CLA cis-9, trans-11 (rumenic ) + C:20
	0.77
	0.73
	
	0.91
	0.88
	
	0.06
	**
	NS

	C18:3 cis-9, cis-12, cis-15 n-3 (linolenic)
	0.99
	0.59
	
	1.12
	0.68
	
	0.05
	**
	***

	n-3 / n-6
	1.02
	0.42
	
	1.30
	0.67
	
	0.08
	***
	***


NS: not significant (P>0.1); (*)P < 0.1; * P < 0.05; ** P < 0.01; P < 0.001. SED= Standard error of the difference

Conclusions

Feeding with red clover/grass silage compared to white clover/grass silage resulted to a higher content of beneficial fatty acids, particularly the n-3 linolenic acid, in milk. 
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