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The present study was conducted to determine the pattern of incorporation of dietary EPA and docosahexaenoic acid (DHA) into milk, and
to evaluate consequent changes in milk fat composition and sensory characteristics. Fourteen multiparous cows in early lactation were
divided into two groups and were offered supplements for 10 d. While individual stalls after each morning milking, one group was offered
a mixture of rumen-protected tuna oil (RPTO)–soyabean supplement (2 kg; 30:70, w/w; þRPTO) and the second group was offered the
basal ration without RPTO (2RPTO). Both groups grazed together on a spring pasture after supplementation. Feeding supplemental
RPTO increased the concentrations of EPA and DHA in milk fat from undetectable levels in 2RPTO cows to 6·9 and 10·1 g/kg milk
fat respectively. Total n-3 PUFA concentration in milk fat was increased three- to fourfold by tuna-oil supplementation (8·4 to
32·0 g/kg milk fat). There were no significant effects on milk production (35·4 v. 33·9 l/d), milk protein (28·2 v. 30·1 g/kg) or milk fat
(36·2 v. 40·4 g/kg for 2RPTO and þRPTO respectively). The concentration of total saturated fatty acids in milk fat was significantly
reduced (568 v. 520 g/kg total fatty acids) and there was a 17 % reduction in the atherosclerotic index of milk after tuna-oil supplemen-
tation. Untrained consumer panellists (n 61) rated milk from both groups of cows similarly for taste and smell. We conclude that it is
possible to enrich milk with n-3 PUFA without deleterious effects on yield, milk composition or sensory characteristics.
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There is increasing evidence that n-3 PUFA play import-
ant roles in the normal development of infants (Hoffman
et al. 1993) and in prevention of CVD in adults
(Sheard, 1998; Nordøy et al. 2001). For instance, the
34th Annual Scientific Meeting of European Society of
Clinical Investigation forwarded seven conclusions about
n-3 PUFA and cardiovascular health (Nordøy et al.
2001). The first was that consumption of two fish-contain-
ing meals per week is associated with reduced mortality
from CHD (Nordøy et al. 2001). Evidence from dietary
surveys, however, indicates that daily consumption of
n-3 PUFA in most developed nations is less than the rec-
ommended daily intake (650 mg/d; Simopoulos, 1991).
Since cardiac-related death and illnesses are major
health issues in developed nations, there is a need to
increase the access to n-3 PUFA through enrichment of

staple dietary ingredients (meat and milk) with these
health-enhancing fatty acids.

Various strategies have been pursued to increase the
level of n-3 PUFA in the western-style diet. For instance,
manufacturers of infant formula milks now fortify their
products with fish oil or specific long-chain PUFA
(Morgan et al. 1998). The recommended inclusion concen-
tration is about 3·5 g/kg (Simopoulos et al. 1999). There is
also an increasing variety of fat-modified dairy products
(enriched milk, dairy spreads, etc.) appearing on supermar-
ket shelves. Our present approach focused on manipulation
of milk fat from ruminant animals to increase its n-3 PUFA
content through use of rumen-protected oils enriched in
C20 and C22 n-3 fatty acids. This is because pasture and
common supplements used in dairy farms are a poor
source of these n-3 PUFA. Furthermore, the precursor of
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n-3 PUFA found in green feeds, namely linolenic acid, is
extensively biohydrogenated by rumen bacteria.

Other studies have shown increases in the n-3 PUFA
content of milk by feeding dairy cows with fish meal
(Cant et al. 1997), marine algae (Franklin et al. 1999),
fish oil and tuna oil (Offer et al. 1999). In almost all
cases, however, feeding unprotected polyenoic lipids to
cows was associated with adverse effects, such as
decreased feed intake and milk yield (Palmquist et al.
1977; Cant et al. 1997), and decreased protein and/or fat
content of milk (Cant et al. 1997; Rotunno et al. 1998;
Franklin et al. 1999; Offer et al. 1999). The experiment
reported here is one of a series of experiments on manipu-
lation of fat from ruminant animal products through the use
of rumen-protected lipids. In previous studies we have
shown that while both protected and unprotected tuna-oil
supplements enriched goats’ milk with n-3 PUFA, only
the protected supplement achieved this without depressing
feed intake and milk yield or inducing undesirable changes
in milk composition (Kitessa et al. 2001b). This was con-
firmed using a similar supplement in dairy sheep from
which milk was significantly enriched with EPA and doc-
osahexaenoic acid (DHA) without adversely influencing
milk yield or composition (EPA þ DHA constituted 24 g/
kg milk fat; Kitessa et al. 2003). Recently, Gulati et al.
(2003) reported similar levels of incorporation of EPA
and DHA from protected tuna oil into cow’s milk. The cur-
rent study was conducted to determine if supplementing
the diet of grazing dairy cows with rumen-protected tuna
oil (RPTO) enriches milk with EPA and DHA without
affecting flavour adversely.

Materials and methods

Experimental design and feeding procedures

Fourteen multiparous Holstein–Friesian cows in early lac-
tation (mean lactation day 90) were divided into two
groups (seven per group) and offered supplements with
(þRPTO) or without (2RPTO) RPTO. The þRPTO
group received a mixture of lucerne hay (2 kg), mill mix
(1 kg) and tuna oil–soyabean (2 kg; 30:70, w/w) powder
blended with molasses (80:20, w/w) once per d (after

morning milking, 06.00 hours). The 2RPTO group were
offered the same supplements without the tuna oil–soya-
bean–molasses powder. Both groups were fed in individ-
ual feeding stalls and then grazed together on a pasture
separate from the main dairy herd. The pasture consisted
of kikuyu (Pennisetum clandestinum)–perennial ryegrass
(Lolium perenne) (75:25, w/w) in the vegetative state.
The tuna oil–soyabean supplement was protected from
ruminal biohydrogenation by the use of formaldehyde as
a tanning agent (Scott et al. 1971); the tuna oil–soyabean
powder was coated with molasses to enhance palatability
of the lipid supplement. The þRPTO cows received
671 mg a-tocopherol per head per d. The composition of
supplemental ingredients is shown in Table 1. The total
feeding period was 10 d. No attempt was made to make
the nutrients on offer for both groups of cows either iso-
energetic or isonitrogenous, as the aim of the present
study was to determine the pattern and rate of incorpor-
ation of n-3 PUFA from diet into milk.

Milk yield, sample collection and analysis

Cows were milked twice per d (06.00 and 15.00 hours)
with a milking machine and total milk production per d
was measured from two consecutive milkings (morning
and afternoon). The volume of milk at each milking was
determined using commercial milk meters (True Test Dis-
tributors, Auckland, New Zealand). Individual milk
samples were collected at each milking and stored at 48C
for analysis. Total fat, protein, lactose and solids-not-fat
content of milk samples were determined by using the
mid-IR reflectance method (Milko-Scan 130 Series; Foss
Electric, Hillerød, Denmark). The fatty acid composition
of milk fat was determined following Christie’s method
(1989): extraction of total fat from a 5 ml sample was
achieved by adding 1 ml NH4OH solution, 5 M-ethanol
and 12·5 ml diethyl ether. This was followed by methyl-
ation using sodium methoxide (sodium methoxide–diethyl
ether (1:1, v/v)). Methyl esters were extracted by adding
2·5 ml diethyl ether to the solution and removing a portion
of the top phase into GC vials. Individual fatty acids were
determined by analysis of their fatty acid methyl esters on

Table 1. Chemical composition of supplemental ingredients

Pellets Lucerne hay Mill mix RPTO

Component (g/kg DM)
Crude protein (N £ 6·25) 190 180 179 304
Fat 16 30 34 368
Acid-detergent fibre 61 330 137 55
Neutral-detergent fibre 153 550 509 479

Fatty acids (g/100 g total fatty acids)
Palmitic (16 : 0) 18·7 23·7 17·9 19·1
Stearic (18 : 0) 1·66 4·46 1·35 5·75
Oleic (cis-9-18 : 1) 21·1 4·40 18·9 16·5
Linoleic (18 : 2n-6) 54·1 16·8 54·1 23·6
Linolenic (18 : 3n-3) 2·94 27·4 4·35 4·06
Arachidonic (20 : 4n-6) nd nd nd 0·94
Eicosapentaenoic (20 : 5n-3) nd nd nd 3·24
Docosahexaenoic (22 : 6n-3) nd nd nd 11·6

RPTO, rumen-protected tuna oil; nd, not detected.
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a Perkin-Elmer GC with a flame ionisation detector and
fitted with BPX70 capillary column (50 m £ 0·32 mm
internal diameter with a bonded-phase film thickness of
0·25mm; SGE Australia Pty Ltd, Sydney, New South
Wales, Australia). Peak identification was achieved by
comparing the retention times of individual peaks with
those of authentic laboratory standard fatty acid methyl
esters obtained from a commercial supplier (Sigma-Aldrich
Pty Ltd). Selected samples were further analysed for peak
confirmation by GC–MS, also using fatty acid methyl
esters. The GC–MS was used to confirm the identity of
peaks based on the number of double bonds. Fatty acid
isomer identification was based on comparison with reten-
tion times of fatty acid methyl ester standards. Fatty acid
analysis of feed and supplement samples was based on
the saponification (hydrolysis) method (Christie, 1989).
The reagents used were ethanol, 5 M-NaOH, 5 M-H2SO4,
light petroleum (boiling point 38·8–48·68C, 10 ml H2SO4/
l methanol (for methylation) and 50 g NaCl/l distilled
water. Hydrolysis and saponification was performed by
incubation at 808C for 1·5 h. Fatty acid profiles of feed
and supplement samples were obtained using the GC
described earlier. The GC was equipped with an auto-sam-
pler with spilt injection. The carrier gas was He at a flow
rate of 140 kPa. The detector temperature was set at
2108C. The oven temperature programme was as follows:
initial temperature of 1508C, increased at 18C/min to
2038C, 458C/min to 2508C and held at that temperature
for 14 min. The atherosclerotic index for milk from the
2RPTO and þRPTO groups was calculated using Ulb-
right & Southgate’s (1991) equation

atherosclerotic index

¼ Sð12:0 þ 14:0 þ 16:0Þ=Sðn-3 fatty acids

þ n-6 fatty acids þ oleic acid

þ other monounsaturated fatty acidsÞ:

Sensory evaluation

The sensory evaluation was a single-blind test. Volunteers
(n 61) were individually presented with four milk samples
in small vials labelled A, B, C and D, representing full-fat
milk from a supermarket, milk from þRPTO cows, fat-
reduced milk (10 g fat/kg) from a supermarket and milk
from 2RPTO cows. þRPTO and 2RPTO milks were pas-
teurised. The volunteers were asked to rate each milk
sample on a scale from 1 (bad) to 5 (good) for flavour
and smell. They were also asked to provide data on
gender and whether or not they used milk regularly.

Statistical analyses

Treatment differences were determined by using Student’s
t test using SYSTATw 9 (1999; SPSS Inc., Chicago, IL,
USA). Differences in milk yield were determined based
on data gathered during the whole feeding period, while
milk composition, sensory evaluation and the fatty acid
profiles of milk fat were compared in samples collected
on the final 2 d (days 9 and 10 after feeding began). In
both cases, the t test was performed assuming samples

from the two groups were independent samples with
equal variance and with 12 df (n1 þ n2 2 2). For the
þRPTO treatment, the rate of transfer of EPA and DHA
from diet to milk was calculated from values on day 10
for each cow, assuming all the EPA and DHA in milk
was of dietary origin. Sensory data on flavour and smell
were analysed using a single factor (milk source)
ANOVA on the pooled data (see later).

All experimental protocols were approved by the CSIRO
Animal Ethics Committee according to the recommen-
dations of the Australian National Health and Medical
Research Council.

Results

Supplement intake, milk yield and composition

Both groups of cows were held in the stalls until all the
supplement was eaten. This took up to 90 min on the first
2 d; after the second day their supplement was consumed
in 30–45 min. Since they ate all the supplement on offer,
intakes of supplement, added fat and tuna-oil-derived
fatty acids were computed from the composition data in
Table 1 and the amount offered. Accordingly, the intake
of total added fat, EPA and DHA were 736, 23·8 and
85·4 g/kg DM per d respectively. There was no significant
difference in milk yield between 2RPTO (35·4 litres/d)
and þRPTO (33·9 litres/d) groups (Table 2). Similarly,
differences in fat (2RPTO 36·2 v. þRTPO 40·4 g/kg), pro-
tein (2RPTO 28·2 v. þRTPO 30·1 g/kg), lactose (2RPTO
48·3 v. þRTPO 49·0 g/kg) and solids-not-fat (2RPTO 83·6
v. þRTPO 86·3 g/kg) contents of milk were not significant,
although in each case values were slightly higher for the
þRPTO group (Table 2).

Fatty acid composition of milk

Detectable levels of EPA and DHA appeared in the milk
from þRPTO cows 36 h after the start of feeding the sup-
plement (Fig. 1). The concentrations of EPA and DHA in
milk reached a plateau on day 6 at approximately 0·59
and 1·21 g/100 g total fatty acids respectively and remained
steady to the last day of feeding (Fig. 1). There was a
coincidental increase in a-linolenic acid (18 : 3n-3)
(Fig. 1). This caused a marked increase in the overall n-3

Table 2. Yield and composition of milk from cows with or without
supplemention with rumen-protected tuna oil*

(Mean values for seven cows per group)

Treatment diet

2RPTO þRPTO SEM‡

Milk yield (litres/d) 35·4 33·9 0·63
Fat (g/kg)† 36·2 40·4 2·3
Protein (g/kg)† 28·2 30·1 0·8
Lactose (g/kg)† 48·3 49·0 0·9
Solids-not-fat (g/kg)† 83·6 86·3 1·4

* For details of diets, supplements and procedures, see Table 1 and p. 272.
† Computed from composition values in Table 1 and the amount of sup-

plement offered daily.
‡ Mean values within each row were not significantly different (P . 0·05).
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PUFA content of milk from the þRPTO group of
cows; this was 3·0–3·8 times greater than that in
2RPTO cows from day 4 onwards (Fig. 2). Neither EPA
nor DHA was detected in the milk of 2RPTO cows, and
all the n-3 PUFA in their milk shown in Fig. 2 was a-lino-
lenic acid.

The comparative fatty acid composition of milk samples
collected on day 10 from þRPTO and 2RPTO cows is
shown in Table 3. Most differences in the concentrations
of individual fatty acids between þRPTO and 2RPTO
groups were highly significant (Table 3). Tuna oil-fed
cows secreted significantly greater levels of fatty acids
of twelve or more C atoms, lower concentrations of
16 : 0, 18:0, and cis-9-18 : 1, and higher concentrations of
trans-18 : 1 (total), 18 : 2n-6, 20 : 4n-6, 20 : 5n-3 and
22 : 6n-3 than 2RPTO cows (Table 3). Total n-3 fatty
acid contents of milk were 0·86 and 2·98 g/100 g total
fatty acids (P,0·01) and the Sn-6 fatty acids:Sn-3 fatty
acids ratios were 3·31 and 2·31 (P,0·001) for 2RPTO
and þRPTO groups respectively. Supplementation with
tuna oil reduced the atherosclerotic index of milk fat by
17 % (P,0·01).

Apparent efficiency of transfer of tuna-oil fatty acids into
milk

The apparent transfer of EPA from diet to milk was nearly
twice that of DHA. On average, about one-third of the EPA
in diet was transferred to milk (0·32). The corresponding
value for DHA was nearly one-sixth (0·18). The CV was
similar for both estimates.

Sensory evaluation

There was no difference in the sensory data between
gender or between those who used milk regularly or
not. Pooled data are presented in Fig. 3. Accordingly, the
preliminary consumer panel test on volunteers from our
laboratory (n 61) on milk samples collected 10 d after
fish-oil supplementation began did not show any signs of
an ‘off’ flavour or fish-oil flavour (Fig. 3). All milk
samples scored similarly for smell. While the taste score
was similar for the n-3 fatty acid-enriched and control
milks, both of these samples were allocated lower scores
than the full-fat and fat-reduced milk samples obtained

Fig. 1. Changes in the concentrations of a-linolenic (LNA), EPA and docosahexaenoic acid (DHA) in milk fat from cows with or without sup-
plementation with rumen-protected tuna oil (RPTO) while grazing spring pasture. K, LNA (2RPTO); O, LNA (þRPTO); B, EPA (þRPTO); A,
DHA (þRPTO). There was no detectable level of EPA or DHA in unsupplemented cows. For details of diets, supplements and procedures,
see Table 1 and p. 272. Values are means with their standard errors shown by vertical bars (seven cows per group).

Fig. 2. Changes in the concentrations of total n-3 fatty acids (18 : 3n-3 þ 20 : 5n-3 þ 22 : 6n-3) in milk fat from cows with (B) or without (A) sup-
plementation with rumen-protected tuna oil. Values are means with their standard errors shown by vertical bars (seven cows per group).
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from a supermarket. A supplementary triangular panel taste
in the certified sensory laboratory showed that panellists
were unable to differentiate the n-3 fatty acid-enriched
milk from the other two non-n-3 fatty acid-enriched milk
samples (results not shown).

Discussion

Milk yield and composition

As in previous studies (Kitessa et al. 2001b, 2003; Gulati
et al. 2002, 2003), feeding RPTO modified the fatty acid
profile of milk without depressing milk yield or modifying

the concentrations of milk protein, fat and other milk
solids. The results from the present study are also consist-
ent with our observation in dairy goats (Kitessa et al.
2001b) and dairy sheep (Kitessa et al. 2003), in that the
extra energy from the high metabolisable energy (ME)
RPTO supplement (estimated as 17 MJ ME/kg DM; Kitessa
et al. 2001a) did not increase milk yield. The reason for
this is unclear, but it may be due to substitution commonly
observed in grazing animals offered a supplement of higher
ME than pasture (Grainger & Matthews, 1989); thus, cows
offered the RPTO supplement may have consumed less
pasture. As both groups were grazed together it was not
possible to ascertain whether this was the case. Based on
published ME requirements (Chamberlain & Wilkinson,
1996) for milk with 40 g fat and 30 g protein/kg (Table 2),
the extra ME should have increased milk yield by approxi-
mately 6·5 litres (2 (kg) £ 0·9 (DM) £ 17 (MJ ME/kg)/
4·77). We did not measure the body condition score of
the cows and cannot state whether or not the RPTO
group may have used the extra ME to spare mobilisation
of body reserve to support milk yield.

Fatty acid composition of milk

The pattern of incorporation of dietary tuna-oil fatty acids
(EPA and DHA) into milk fat was similar to that reported
earlier in dairy sheep (Kitessa et al. 2003), and confirms
that the levels of EPA and DHA in milk fat reached a pla-
teau after 6 d of supplementation with dietary sources of
EPA and DHA. More importantly, in one cup (250 ml) of
full-cream milk the level of enrichment of milk with
EPA and DHA achieved in the present study provided
26 % of the recommended daily allowance for n-3 PUFA
(650 mg; Simopoulos et al. 1999). Such enrichment was
achieved without adversely affecting milk yield, compo-
sition or sensory characteristics. The concentration of
EPA þ DHA in milk fat recorded in the present study
was greater than that reported in most other studies
(Table 4). Although Cant et al. (1997) achieved greater
enrichment of milk fat with EPA and DHA (Table 4),
the enrichment was accompanied by reduced intake and
milk yield, a response that was avoided in the present
and previous studies (Kitessa et al. 2001b, 2003) by
using a protected form of these supplements. Our untrained
consumer-panel results support trained consumer-panel
results reported earlier, in that no flavour differences
were found in milk from cows supplemented with fish oil
(Ramaswamy et al. 2003). Although we did not make pro-
ducts from our milk, observations from other studies
(Gulati et al. 2002; Avramis et al. 2003) indicated the ben-
efits of fish-oil fatty acid-enrichment for improved butter
quality, as butter from fish-oil fatty acid-enriched milk
was characterised as having a soft texture and better
spreading characteristics when cold.

There were both common trends and discrepancies in
comparative changes in milk fatty acids following fish-oil
supplementation in different experiments (Table 5). Gener-
ally, the concentrations of stearic acid (18 : 0) and, to a
lesser extent, oleic acid levels (cis-18 : 1) were significantly
decreased due to fish-oil supplementation. On the other
hand, the concentration of trans-18 : 1 was consistently

Table 3. Fatty acid concentrations in milk from cows with or without
supplemention with rumen-protected tuna oil†

(Mean values for seven cows per group)

Fatty acids
Treatment diet

(g/100 g total fatty acids) 2RPTO þRPTO SEM

8 : 0 1·43 1·67 0·09*
10 : 0 2·30 2·82 0·15**
12 : 0 2·36 2·88 0·17**
14 : 0 8·98 8·79 0·41‡
14 : 1 0·72 0·74 0·07‡
16 : 0 25·6 23·0 0·64***
16 : 1 0·99 1·06 0·07‡
18 : 0 14·7 11·4 0·70***
trans 18 : 1 4·46 5·81 0·60*
cis 18 : 1 23·7 19·7 1·03***
18 : 2n-6 2·73 6·54 0·24***
18 : 3n-3 0·86 1·28 0·06***
20 : 0 1·37 1·52 0·11‡
20 : 4n-6 0·08 0·32 0·02***
20 : 5n-3 0·0 0·61 0·01***
22 : 6n-3 0·0 1·09 0·01***
Sn-6 fatty acids :Sn-3 fatty acids 3·31 2·31 0·11***
Total saturated fatty acids 56·8 52·0 0·95**
Total unsaturated fatty acids 33·9 38·3 0·95**
Atherosclerotic index§ 1·11 0·92 0·05**

RPTO, rumen-protected tuna oil. *P,0·05, **P,0·01, *** P,0·001.
† Day 10 values; for details of diets, supplements and procedures, see Table

1 and p. 272.
‡ Mean values within each row were not significantly different (P.0·05).
§ Ulbright & Southgate (1991): S(12 : 0 þ 14 : 0 þ 16 : 0)/S(n-3 fatty acids þ

n-6 fatty acids þ oleic acid þ other monounsaturated fatty acids).

Fig. 3. Test panel scores for flavour and smell of milk samples pre-
sented in a single-blind test. Full-fat and fat-reduced milk samples
were bought from a supermarket. Score 1 (bad) to 5 (good). o,
Full-fat milk; B, milk from cows supplemented with rumen-protected
tuna oil; q, fat-reduced milk; A, milk from cows not supplemented
with rumen-protected tuna oil. For details of milks and procedures,
see p. 272.
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greater in fish-oil-supplemented groups. These trends may
be a reflection of interference of fish-oil supplementation
with the complete hydrogenation of C18 unsaturated fatty
acids to 18 : 0. The increase in both 18 : 2 and 18 : 3 con-
centrations may also have been in part due to additional
supply of 18 : 2 and 18 : 3 from the supplement originating
from its soyabean component. Changes in the concen-
trations of palmitic acid (16 : 0) in different experiments
were inconsistent, in that they remained similar in unsup-
plemented and supplemented groups (Offer et al. 1999;
Donovan et al. 2000; Baer et al. 2001), were reduced in
supplemented groups (present study; Keady et al. 2000)
or were greater in supplemented groups (Cant et al.
1997; Franklin et al. 1999). The rationale behind the lack
of congruencies is difficult to determine, but may relate
to the difference in the basal rations used in the different
experiments, as about 50 % 16 : 0 in milk is of dietary
origin (Moore & Christie, 1979). In addition, differences
in the stage of lactation and degree of mobilisation of
body fat reserves may contribute to this variation in exper-
imental results.

In the present study, fish-oil supplementation signifi-
cantly increased the levels of short- to medium-chain

fatty acids (8 : 0, 10 : 0 and 12 : 0), which contradicted the
decrease in these fatty acids reported elsewhere following
fish-oil supplementation (Donovan et al. 2000; Keady
et al. 2000; Baer et al. 2001; Ramaswamy et al. 2003).
Fatty acids in milk with less than fourteen C atoms orig-
inate from endogenous synthesis in the mammary gland
(Moore & Christie, 1979); this synthesis relies on the
supply of acetate and butyrate from the rumen.

In all studies there was significant shift in the indicators
of potential health benefit from milk due to fish-oil sup-
plementation of cows; that is, a decrease in total saturated
fatty acids, an increase in total unsaturated fatty acids and a
decrease in atherosclerotic index were achieved. Further-
more, the variation in levels of enrichment with n-3
PUFA among experiments indicates there is scope for
improving the rumen-protection technology, although any
further enrichment may lead to flavour taint.

Apparent efficiency of transfer of tuna-oil fatty acids into
milk

The apparent efficiency of transfer of dietary DHA into
milk (0·18) observed in the present study was similar to

Table 4. The effect of dietary supplemention with EPA and docosahexaenoic acid in dairy cows on concentrations in milk

(Mean values)

Fatty acid
(g/kg fat in

diet)

Fatty acid
(g/kg fat in

milk)

Basal diet Added fat (g/d) Rumen-protected EPA DHA EPA DHA Reference

Green pasture 730 Yes 32·4 116 6·9 10·1 Present study
Pasture 1143 Yes 35·5 169·3 12·5 21·9 Gulati et al. (2003)
Mixed ration 699* No 15·3 45·4 - 7·6 Franklin et al. (1999)
Mixed ration 568† No - - 10 18·7 Cant et al. (1997)
Silage 450 No 7·3 9·7 5·3 1·7 Keady et al. (2000)
Silage 250 No 38·9 20·3 1·1 0·84 Offer et al. (1999)
Silage–hay‡ 470 No 33·0 24·8 3·2 2·6 Donovan et al. (2000)

DHA, docosahexaenoic acid.
* Amount of protected marine algae supplement in mixed ration (DM intake 17·6 kg/d, algae supplement 39·7 g/kg DM).
† Added redfish oil Sebastes marinus (DM intake 14·2 kg/d, redfish oil 40 mg/kg DM).
‡ Computed from values for a treatment that had 20 g fish oil/kg and 23·5 kg DM intake/d.

Table 5. Changes in milk fatty acid profiles recorded in different experiments following supplementation of dairy cows with fish oil

Fatty acids
(g/100 g total

Present study
Donovan et al.

(2000)
Offer et al.

(1999)
Keady et al.

(2000)
Franklin et al.

(1999)
Cant et al.

(1999)
Baer et al.

(2001)

fatty acids) 2FO þFO 2FO þFO 2FO þFO 2FO þFO 2FO þFO 2FO þFO 2FO þFO

14 : 0 8·98 8·79 11·3 9·3* 9·9 10·3 12·4 11·2* 10·5 12·2* - - 12·5 10·8*
16 : 0 25·6 23·0* 27·1 26·1 40·2 39·6 34·2 30·0* 28·4 31·0* 38·3 45·3* 30·1 30·4
18 : 0 14·7 11·4* 9·4 4·4* 12·3 6·7* 8·1 7·0* 12·2 5·0* 7·0 3·2* 10·7 5·1*
trans18 : 1 4·46 5·81* 1·21 6·08* 1·09 9·81* 0·4 5·0 - - - - 1·4 6·3*
cis18 : 1 23·7 19·7* 16·5 11·4* 21·0 25·3* 20·6 19·9 23·2 14·6* 20·8 8·2* 19·0 13·3*
18 : 2 2·73 6·54* 3·14 2·03* 2·03 2·52* 1·4 1·9* 2·83 2·54* 3·6 6·4* 3·6 3·0*
18 : 3 0·86 1·28* 0·18 0·24 0·72 0·74 3·1 3·2 0·54 0·49 0·82 1·32* 0·44 0·57
CLA - - 0·71 2·53* 0·16 1·55* - - 0·37 2·31 - - 0·04 0·18
Total saturated

fatty acids
56·8 52·0* 61·1 49·0* 72·6 66·1* 27·5 23·7*† 65·7 61·6* - - 69·5 51·9*

Total unsaturated
fatty acids

33·9 38·3* 27·6 35·8* - - - - 33·2 36·6* - - 30·5 41·7*

FO, fish oil; CLA, conjugated linoleic acid.
* Significant variations from control values.
† Total saturates only encompassing 4 : 0–14 : 0.
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that reported by Kitessa et al. (2003) in dairy sheep and by
Gulati et al. (2002, 2003) in dairy cows; all the studies
used RPTO supplement. It was also comparable with the
level (0·16) reported by Cant et al. (1997). The incorpor-
ation of EPA (0·32) observed in the present study was
greater than the 0·21 recorded for dairy sheep (Kitessa
et al. 2003) and dairy cattle (0·09) (Cant et al. 1997;
Gulati et al. 2002, 2003). It should be noted that EPA in
milk can be sourced from dietary EPA per se or retrocon-
version of DHA to EPA (Gulati et al. 2003). Future studies
need to consider the effect of different basal dietary ingre-
dients on the efficiency of transfer of dietary EPA and
DHA.
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