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The present study examined the effect of repeated gestation and lactation on the levels of long-chain 
n-6 polyunsaturated fatty acids in rat milk fat, and examined whether such levels might be modulated by 
supplementing the diet of the lactating dams with either (g/kg) 50 safflower oil (SFO; containing 800 g 
18:2n-6/kg), or 50 evening primrose oil (EPO; containing 720 g 18:2n-6 and 90 g 18:3n-6/kg). The 
milk was collected at  three different times (days 1, 8 and 15) in each given lactation period from female 
Sprague-Dawley rats which were successively bred for four pregnancies and lactations. Results showed 
that dietary fat and breeding frequency had no significant effects on milk triacylglycerol content, hut they 
modified the pattern of milk fatty acids in both triacylglycerol and phospholipid fractions. After three 
or four successive breedings rats fed on EPO produced milk containing less saturated but more 
monounsaturated and polyunsaturated fatty acids compared with those fed on SFO. During the course 
of lactation the levels of n-6 metabolites, e.g. 18:3n-6, 20:3n-6 and 20:4n-6, in milk fat declined 
progressively. However, they were consistently higher in the EPO group than in the SFO group. These 
findings suggest that the levels of long-chain n-6 metabolites in the milk fat may be increased through 
supplementing the maternal diet with 18: 3n-6. 

Maternal diet : Milk triacylglycerols : n-6 Polyunsaturated fatty acids 
~~ 

Long-chain polyunsaturated fatty acids (PUFA) are required for the normal post-natal 
development of the newborn (Clandinin et al. 1980). After birth the PUFA, particularly the 
n-6 and n-3 essential fatty acids (EFA) which cannot be synthesized de novo by the animals, 
are supplied to the neonate through milk. In milk the EFA content changes during the 
course of lactation, varies between species and strains, and may be affected by the fat in the 
maternal diet (Jenness, 1974; Jensen ez al. 1978; Brandorff, 1980; Grigor &Warren, 1980; 
Jensen, 1989; Mills et al. 1990). 

Studies in hurnans have shown that frequent reproduction with short recuperative 
periods does not significantly affect the milk fat concentration, but it reduces the maternal 
fat stores (Prentice et  al. 1981 ; Merchant & Martorell, 1988). The explanation for this 
change is that the mother buffers the nutrient requirement of the infant by depleting her 
own fat reserve to support fetal growth. In a preliminary study we compared the liver lipid 
fatty acid composition of four-time successive bred dams (n  8) and age-matched virgin 
female rats (n  8) maintained on a semi-purified diet (Teklad Test Diets, Madison, 
Wisconsin) supplemented with 50 g safflower oil/kg (SFO; containing 800 g 18: 2n-6/kg). 
Despite an ample supply of 18 : 2n-6 in the diet, a significant reduction of 18 : 2n-6 in liver 
triacylglycerols (TG) and of 20:4n-6 in plasma TG and phospholipids (PL) and in liver PL 
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Fig. 1. Composition (g/IOO g total fatty acids) of 18:2n-6, 18:3n-6, 20:3n-6 and 20:4n-6 in (A) plasma and (B) 
liver triacylglycerols and phospholipids of four-times-bred dams (0) in comparison with the age-matched virgin 
females (0). All animals were fed on a semi-purified diet supplemented with 50 g safflower oil/kg. Results are 
means with their standard errors, represented by vertical bars, for eight animals. Mean values for four-times-bred 
dams were significantly different from those for virgin females: * P < 0.05, ** P < 0.01. For details of diets see 
Table 1. 

was observed (Fig. 1). A decrease in 20:4n-6 might be due either to maternal depletion of 
this fatty acid, or to insufficient conversion of I8 : 2n-6 to 20 : 4n-6. I t  is of interest, therefore, 
to examine whether such changes may lead to a reduced long-chain n-6 PUFA content in 
milk. 

In the present study we examined the effects of successive breeding on the composition 
of milk long-chain PUFA, and studied whether such effects could be modified by changing 
the maternal diet. The dams were bred for four consecutive pregnancies and lactation 
periods while being given a regular chow diet supplemented with 50 g SFO or evening 
primrose oil (EPO ; containing 720 g 18 : 2n-6 and 90 g 18 : 3n-6/kg)/kg. Since 18 : 3n-6 
bypasses the rate-limiting A6-desaturation step in EFA metabolism, supplementation with 
EPO, which contains 18: 3n-6, might facilitate the synthesis of long-chain n-6 metabolites 
in the dams. Previously Hassam & Crawford (1976) increased the n-6 fatty acid levels in rat 
milk by feeding 18 : 3n-6 rich oil to the dams. In the present study the levels of n-6 fatty acids 
in milk sampled at different lactation times (days 1, 8 and 15), corresponding to initial 
colostral secretion, mid-lactation and late-lactation, were analysed. Although semi- 
synthetic and purified diets which contain defined nutrient compositions were frequently 
used in fat-supplementation studies, we elected to use the regular chow and not the semi- 
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Table I Fatty acid composition (g/100 g total fat ty  acids) of ground rodent laDoratory 
chow* supplemented with 50 g saflower or evening primrose oillkg 

_ _ _ _ ~ _ _ _ _ _  ~ ____ _______ __ _ _ _ _ ~  _ _ ~ _ _ _ ~ ~ ~  

Oil supplement Safflower Evening primrose 

14 0 0 9  1 0  
16 0 13 1 150 
16 In-7 1 2  1 4  
18 0 4 9  4 6  
18 [n-9 174 154 
18 In-7 3 1  3 6  
18 2t1-6 58 0 53 0 

5 0  18 311-6 - 

18 3n-3 I I  0 8  
Otherst 0 3  0 2  

* The constituents in idboratory chow (5001, Rdlston Purina) ds shown by the supplier (g/kg) protein 230, 

? lnclude trace amounts of 20 I .  20 5n-3 and 22 6n-3 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ ~ ~  

- _____ _____ ~~ _ _ _ _ _ _ _ _ _ _ ~ ~  
~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

fat 45, ash 80 and mineral 25 

synthetic diet. First, semi-purified diet contains a large proportion of sucrose (700 g/kg) 
which is known to increase the synthesis and incorporation of short- and medium-chain 
fatty acids (Linzell et al. 1969; Spincer et al. 1969) and might mask any changes in the long- 
chain n-6 PUFA content of the milk. Second, a normal rat diet was chosen for these 
experiments in preference to a semi-synthetic diet as it  was thought that the results might 
then be more readily applicable to human beings. 

M A T E R I A L S  A N D  M E T H O D S  

Animals 
Weanling male and female Sprague-Dawley rats (3 weeks old; Charles River Breeding 
Laboratories, Montreal, Quebec) were fed ad lib. a ground rodent laboratory chow (5001 ; 
Ralston Purina Co., St Louis, Missouri, USA) supplemented with SFO (50 g/kg), and 
maintained on a 12 h light-dark cycle. Breeding began when the animals reached 12 weeks 
of age. Female rats (n 40) were housed together with males during one sexual cycle. 
Conception was confirmed by the presence of a vaginal plug. The pregnant females were 
then separated from the males during the gestation period and caged individually. They 
were randomly divided into two groups (n  20). The first group was maintained on the same 
SFO-supplemented diet while the second group was given a diet supplemented with 50 g 
EPO/kg. Once animals were assigned to one specific diet they received the same diet 
throughout the experiments. Table 1 shows that the fatty acid compositions of these two 
diets were very similar with the exception that the EPO diet contained 50 g 18: 3n-6/kg. The 
diets were prepared twice weekly and stored at  -20". The gestation period was 
approximately 3 weeks, and the day of parturition was designated as day 1 of lactation. In 
each litter the pups were culled to eight. After 3 weeks of lactation the pups were weaned 
and the dams were bred immediately. The gestation-lactation cycle (approximately 6 
weeks) for each dam was repeated four times. During each cycle milk samples were 
collected on days 1,  8 and 15. 

Milk collection 
For milk collection (09.00-1 1 .00 hours) the dams were separated from the pups for at least 
I h. After that they were anaesthetized lightly with diethyl ether and injected 
intraperitoneally with 0.5 IU oxytocin. Milk samples (0.5-1 ml) were collected using a 
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gentle sucking apparatus as described by McBurney et al. (1964). In some instances the 
volumes of milk from dams which had already fed their pups before sampling were very 
low. As the parity number increased the conception rate decreased and, as a result, the 
number of dams available for milk sampling was also reduced. Thus, we selected only ten 
samples from each collection for the subsequent lipid analysis. As lactation in rats was 
limited to 3 weeks, the time (days 1,  8 and 15 post partum) selected for milk sampling was 
designed to represent the initial (or colostral) secretion, the mid-lactation milk, and the late- 
lactation milk. Milk samples were stored at  -20" under nitrogen. 

Lipid analysis 
The concentration of T G  in the milk after dilution with 9 vol. saline (9 g sodium 
chloride/l), was determined enzymically (Grossman et al. 1976) using a T G  PAP kit (MA- 
kit 30 ; Roche) and a centrifugal analyser (Cobas-Bio ; Hoffmann-La Roche Ltd, Vaudreuil, 
Quebec). Before lipid analysis, milk samples were warmed to 37" and mixed evenly. Total 
milk lipids were extracted using the method described by Folch et al. (1957). T G  were 
separated by thin-layer chromatography (TLC) using the solvent system, hexane-diethyl 
ether-acetic acid (80:20: I ,  by vol.). No significant amounts of free fatty acids were 
observed, indicating that no apparent autolysis of milk fats occurred during the storage. 
Transesterification of the T G  fraction was performed with boron trifluoride-methanol 
(Morrison & Smith, 1964). Fatty acid methyl esters were extracted into hexane and 
analysed using a Hewlett-Packard gas-liquid chromatograph (model 5890; Mississauga, 
Ontario) equipped with a flame-ionization detector and a 50 m fused silica capillary column 
coated with 0.25 pm Supelcowax 10 (Supelco, Bellefonte, Pennsylvania, USA) (Huang et 
al. 1991). The injector and detector temperature was 230". Fatty acid methyl esters were 
identified by comparing their retention times with those of authentic standards (Nu-Chek- 
Prep, Inc., Elysian, MN, USA and Supelco, Inc., Bellefonte, PA, USA). Results are 
expressed as g/100 g total fatty acid. 

Statistics 
All results are expressed as the mean with their standard error for each group. Significant 
differences between dietary groups and over lactation time were determined by a two-way 
analysis of variance. Where the diet and lactation time interaction was significant ( P  < 
0.05), further comparison was made using the Newman-Keuls test. Statistical differences 
between the two dietary groups were also examined using the Student's t test (Snedecor & 
Cochran, 1967). 

R E S U L T S  

Animals 
The conception rates in the first three matings were similar in the two dietary groups (SFO 
v. EPO): 100% for the first and second mating, and 95 YO for the third mating. The 
conception rate for the fourth mating was 90 YO in the EPO group and 79 YO in the SFO 
group. On all four occasions the litter sizes were similar in both dietary groups (ranging 
from 13.4 to 14.4 in the EPO group and from 13.0 to 13.8 in the SFO group). Furthermore, 
the daily fat intake (approximately 120 g/kg body-weight) was not significantly different 
between the two dietary groups during the course of the study. 

Milk TG content 
Fig. 2 shows the TG concentrations in milk samples collected on days 1, 8, and 15 of each 
lactation from four successive lactation cycles. During each cycle (except for the fourth) the 
TG concentrations in day 8 milk samples were consistently increased, whereas those in day 
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Fig. 2. Milk triacylglycerol (TG) concentrations (mg/ml) on days 1 , 8  and 15 of lactation collected from the dams 
(values are presented in the order of once-, twice-, three- and four-times-bred animals) fed on a diet supplemented 
with either safflower oil (SFO; 0) or evening primrose oil (EPO; 0). Results are means with their standard errors, 
represented by vertical bars, for ten animals. Mean values for SFO were significantly different from those for EPO: 
* P < 0.05. For details of diets, see Table 1.  

15 samples were either increased or reduced. Dietary fat (SFO v .  EPO) had no significant 
effects on milk TG content, except that of day 1 milk where levels were higher in the once- 
bred SFO-fed dams than in the once-bred EPO-fed dams. 

Fatty acid composition of milk TG 
The fatty acid composition (g/IOO g) of milk TG is shown in Fig. 3. Saturated fatty acids 
(SFA) constituted approximately 3 5 4 5  g/ 100 g, monounsaturated fatty acids (MUFA) 
15-20 g/lOO g, and n-3 and n-6 PUFA 4 0 4 5  g/100 g total fatty acids in milk TG. The 
levels of SFA (sum of 10:0, 12:0, 14:0, 16:O and 18:O) in milk TG were modulated by the 
type of maternal diet and the breeding frequency but less consistently by the day of 
lactation (Fig. 3(A)). The SFA levels (particularly 10:0 and 12:O) obtained from once- or 
twice-bred dams were lower in those animals fed on SFO than in those fed on the EPO diet, 
whereas those three- or four-times-bred dams had lower SFA levels when fed on EPO than 
when fed on the SFO diet. 

The effects of dietary fats, days of lactation and the parity number on the levels of total 
MUFA in milk TG are shown in Fig. 3(B). In general, the levels of MUFA were not 
affected by the length of lactation, but they were affected by breeding frequency and the 
type of maternal diet. They were lower in milk obtained from the EPO-fed dams bred only 
once or twice than from those bred three or  four times. The opposite results were found in 
milk samples obtained from the SFO-fed group. Between the two dietary groups, the levels 
of MUFA were lower in the EPO-fed than in the SFO-fed dams bred only once or twice, 
but they were not different in those bred three or four times. 

The changes of n-3 and n-6 PUFA in milk TG in response to the effects of breeding 
frequency, day of lactation and maternal diet are shown in Fig. 3 (C and D) respectively. 
Although the levels of n-3 PUFA (ranging between 1.0 and 1.4 g/100 g fatty acids) were 
significantly lower than those of n-6 PUFA (ranging between 37 and 45 g/100 g total fatty 
acids), both n-3 and n-6 PUFA responded similarly to changes in dietary fat and breeding 
frequency. They remained more or less stable at different lactation times, but responded 
strikingly to different dietary fats and the parity number. In the once- and twice-bred dams 
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Fig. 3 .  Composition (g/100 g total fatty acids) of (A) saturated fatty acids, (B) monounsaturated fatty acids, (C) 
total n-3 and (D) total n-6 polyunsaturated fatty acids in rat milk triacylglycerol fraction on days 1, 8, and 15 of 
lactation. Milk samples were collected from the dams (values are presented in the order of once-, twice-, three- and 
four-times-bred animals) fed on a diet supplemented with either safflower oil (SFO; 0) or evening primrose oil 
(EPO; 0). Results are means with their standard errors, represented by vertical bars, for ten animals. Mean values 
for SFO were significantly dilrerent from those for EPO: * P < 0.05, ** P < 0.01. For details of diets, see 
Table 1. 

Parity.. . 1 2 3 4 1 2 3 4 

the levels of n-3 and n-6 PUFA in milk TG were higher in the SFO group than in the EPO 
group, whereas in the three- and four-times-bred dams they were lower in the SFO group 
than in the EPO group. 

The detailed changes of individual n-6 fatty acids in milk TG are shown in Fig. 4. The 
levels of 18 : 2n-6, which represents approximately 90 % of total n-6 PUFA, correlated well 
with the changes shown by total n-6 PUFA (Fig. 4(A)). They were not affected by the 
lactation time, but they were significantly modulated by the maternal dietary fat and by the 
parity number of the dams. As the parity number increased the level of 18 : 2n-6 increased 
in the EPO group whereas it fell in the SFO group. 

Fig. 4(B-D) also shows that the levels of 18 : 3n-6, 20 : 3n-6 and 20: 4n-6 were, in general, 
consistent in day 1 milk sampled from each gestation-lactation cycle. As lactation 
continued (days 8 and 15) the levels of n-6 fatty acids fell, although 18:3n-6 in milk T G  
obtained from the EPO-fed dams remained constant. The levels of all three fatty acids were 
consistently higher in milk collected from the EPO-fed dams than from the SFO-fed dams. 

Fatty acid composition of milk P L  
PL, in comparison with TG, constitute only a very small (10 g/kg) but constant portion of 
milk fats (values not shown). The detailed changes of PL n-6 fatty acids in response to 
dietary fat and breeding frequency are summarized in Fig. 5. Generally, the levels of 18 : 2n- 
6 (Fig. 5(A)) and 18: 3n-6 (Fig. 5(B)) increased, whereas those of 20:3n-6 (Fig. 5(C)) and 
20:4n-6 (Fig. 5(D)) remained constant as the lactation proceeded. Similar to milk TG, the 
levels of 18: 3n-6 (Fig. 5(B)), 20:3n-6 (Fig. 5(C)) and 20:4n-6 (Fig. 5(D)) were consistently 
higher in milk collected from the EPO-fed dams than in samples from the SFO-fed dams. 
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Fig. 4. Composition (g/lOOg total fatty acids) of (A) 18:2n-6, (B) 18:3n-6, (C) 20:3n-6 and (D) 20:4n-6 in rat 
milk triacylglycerols on days 1, 8 and 15 of lactation. Milk samples were collected from the dams (values are 
presented in the order of once-, twice-, three- and four-times-bred animals) fed on a diet supplemented with either 
safflower oil (SFO; 0) or evening primrose oil (EPO; a). Results are means with their standard errors, 
represented by vertical bars, for ten animals. Mean values for SFO were significantly different from those for EPO: 
* P < 005,  * *  P < 0.01. For details of diets, see Table I .  
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Fig. 5. Composition (&/lo0 g total fatty acids) of (A) 18:2n-6, (B) 18:3n-6, (C) 20:3n-6 and (D) 20:4n-6 in rat 
milk total phospholipids on days 1, 8 and 15 of lactation. Milk samples were collected from the dams (values are 
presented in the order once-, twice-, three- and four-times bred animals) fed on a diet supplemented with either 
safflower oil (SFO; 0) or evening primrose oil (EPO; a). Results are means with their standard errors for ten 
animals. Mean values for SFO were significantly different from those for EPO: * P < 0.05, ** P < 0.01. For details 
of diets, see Table I .  
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D I S C U S S I O N  

The first objective of the present study was to examine whether successive breeding and 
lactation affected the fat content and the fatty acid composition of rat milk. Since TG 
constitutes the major portion (> 980 g/kg), whereas PL represents only a small but rather 
constant proportion of milk lipids (Morrison, 1968; Harzer et al. 1983), the changes in milk 
lipids reflected mainly the changes in milk TG. In the present study the milk TG content 
varied from 20 to llOmg/ml, somewhat lower than that reported by Chalk & Bailey 
(1 979), Grigor & Warren (1980) and Keen et al. (I98 1) (range from 120 to 180 mg/ml), but 
was comparable to that reported by Chu & Cox (1970). Previously, the concentration of 
milk fat has been shown to be decreased (Godbole et al. 1981), unchanged (Chalk & Bailey, 
1979; Keen et (11. 1981), or increased (Harzer et al. 1983) at different stages of lactation. We 
observed in the present study an increase in milk TG content at day 8 and occasionally at 
day 15 of lactation (Fig. 1). The explanation for these differences is not clear, but evidence 
has shown that milk volume and lipid content may be affected by many physiological and 
psychological factors (Crawford el al. 1976; Chalk & Bailey, 1979; Hall, 1979). In the 
present study we found that the total content of milk fats was not affected by different 
dietary fats, but was modulated by the parity number. The extent of changes in TG content 
was greater in milk obtained from the dams bred only once or twice than from those bred 
three or four times. This finding was different from that seen in humans who reproduce 
frequently with short recuperation periods and show no significant effect on the milk fat 
content (Prentice et al. 1981 ; Merchant & Martorell, 1988). It is possible that the synthesis 
of milk T G  in rats, unlike humans, is modulated by the frequency of breeding. 

In the mammary gland, milk TG is synthesized using fatty acids originating from the 
blood stream or from de novo synthesis (Smith & Abraham, 1975). Since the levels of SFA, 
MUFA and PUFA during each lactation cycle were constant (Fig. 3), there appeared to be 
no significant effect of the length of lactation on the incorporation of fatty acids into milk 
TG. However, increasing the parity number changed the levels of SFA, MUFA and PUFA. 
In the SFO-fed dams, increasing the parity number increased the levels of SFA, but reduced 
the levels of MUFA and PUFA (n-3 and n-6). Opposite effects were observed in the EPO- 
fed dams. We have also examined the SFA composition in milk TG. In both dietary groups 
the levels of 18:O were similar and remained constant throughout the study. The levels of 
8:0, 10:0, 12:0, 14:O and 16:O in milk TG increased progressively in the SFO-fed dams, 
whereas the levels of 8 : 0 and 10: 0 reduced progressively in the EPO-fed dams (values not 
shown). These changes suggest that increasing the parity number increased the de now 
synthesis of T G  in the SFO-fed dams, but reduced it in the EPO-fed dams. An increase in 
the levels of MUFA and PUFA in the EPO-fed dams reflects an increase in the contribution 
of milk fatty acids from the blood stream, which might originate from the diet. It is 
concluded that the de novo synthesis of milk T G  was affected by the type of fat in the 
maternal diet and by the parity number, but not by the duration of lactation. Indeed, the 
effect of maternal diet on milk TG fatty acid composition has been previously reviewed 
(Lammi-Keefe & Jensen, 1984). 

Our second objective was to examine whether supplementing the maternal diet with two 
different n-6 fatty acid-rich vegetable oils (SFO and EPO) would affect the n-6 fatty acid 
composition in milk fat sampled from different lactation periods in different breeding 
cycles. Our results show that the levels of 18:2n-6 were generally constant in milk TG and 
progressively increased in milk PL (except in the fourth breeding cycle). This reflected a 
steady or an increasing influx of 18 : 2n-6 into milk from either the adipose tissues or the 
diet. The levels of 18 : 2n-6 metabolites (1 8 : 3n-6, 20 : 3n-6 and 20 : 4n-6) in milk TG (Fig. 4) 
fell progressively as lactation proceeded, whereas in milk PL they remained constant or 
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Fig. 6 .  Concentration (mg/ml) of (A) 18:2n-6, (B) 18:3n-6, ( C )  20:3n-6 and (D) 20:4n-6 in rat milk 
triacylglycerols on  days I ,  8 and 15 of lactation. Milk samples were collected from the dams (values are presented 
in the ordcr of once-, twicc-, three- and four-times-bred animals) fcd on a diet supplemented with either safflowcr 
oil (SFO; 0) or evening primrose oil (EPO; 0).  Results are means with their standard errors, represented by 
vertical bars, for ten animals. Mean values for SFO were significantly different from those for EPO: * P < 0.05, 
** P < 001. For details of diets, see Table I .  

were increased. Since TG represents 980 g/kg milk fat, while PL represents only 10 g/kg, 
the overall levels of 18 : 2n-6 metabolites were progressively reduced. This suggests that the 
incorporation of long-chain n-6 metabolites into milk TG, compared with their parent acid 
18 : 2n-6, was progressively reduced. Nevertheless, the levels of 6-desaturated (n-6) PUFA 
were consistently higher in milk TG or PL obtained from the EPO-fed than that from the 
SFO-fed dams. These differences were even more evident when the values were calculated 
in mg/ml (Fig. 6) instead of g/lOOg total fatty acids, as shown in Fig. 5.  The 
concentrations of 18 : 3n-6 (Fig. 6(B)), 20: 3n-6 (Fig. 6(C)) and 20: 4n-6 (Fig. 6(D)), 
particularly after the second gestation-lactation cycle onwards, were consistently higher in 
the EPO group than in the SFO group, and more so at later lactation time (days 8 and 15). 
It is, thus, concluded that dietary 18 : 3n-6, compared with 18 : 2n-6, was more efficiently 
converted into 20: 3n-6 and 20:4n-6 and that it and its metabolites were incorporated into 
milk TG. This conclusion is in agreement with the report of Hassam & Crawford (1976) 
where they showed an increase in incorporation of 18:3n-6 and its metabolites into milk 
collected from the 18 : 3n-6 fed group. 

The sum of C,,, and C,, n-6 fatty acids : the sum of C,, n-6 fatty acids, (C2" + CZ2) : C,,, 
has been previously used as an indicator for the conversion of C,, n-6 to C,, and C,, n-6 
PUFA (Huang et ul. 1991). Since the level of long-chain (C2" and C,J n-6 PUFA in milk 
collected from the SFO-fed dams decreased, whereas that of 18 : 2n-6 either increased or did 
not change (Fig. 3 (A)), a decrease in (C2" + C2&: ( 1  8 : 211-6 + 18 : 3n-6) resulted (Fig. 7). In 
other words, there may either be a decrease in the conversion of C,, n-6 fatty acids into 
long-chain n-6 PUFA or a decrease in the incorporation of long-chain n-6 metabolites into 
milk fats during lactation. Similar changes were also observed in the EPO-fed dams. 
However, the values of long-chain n-6 PUFA were greater in the EPO than in the SFO 
group. Thus, the conversion of long-chain n-6 fatty acids was less active in the SFO group, 
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Fig. 7. Mean C,, +C2, n-6:C,, n-6 ratio of rat milk triacylglycerol collected on days I ,  8, and 15 of lactation from 
the dams (values are presented in the order of once-, twice-, three- and four-times-bred animals) fed on a diet 
supplemented with either safflower oil (SFO; 0) or evening primrose oil (EPO; 0). Results are means with their 
standard errors, represented by vertical bars, for ten animals. Mean values for SFO were significantly different 
from those for EPO: * P < 0.05, ** P < 0.01. For details of diets, see Table 1. 

possibly as a result of inhibition of A6 desaturation by high 18: 2n-6 levels (Brenner, 1981). 
On the other hand, the formation of long-chain n-6 PUFA was more effective in the EPO- 
fed dams because dietary 18: 3n-6 bypassed such inhibition. This may also explain why milk 
from mothers fed on a high-PUFA diet (mainly 18 : 2n-6), contains less 20: 3n-6 and 20: 4n- 
6 (Ballabriga & Martinez, 1976; Mellies et al. 1979). 

These differences in long-chain n-6 PUFA content between the SFO and EPO groups 
may be of some nutritional significance. Long-chain n-6 PUFA required by the young may 
be supplied by the milk or may depend on the ability of pups to form them from 18:2n- 
6 absorbed from the milk. It has been questioned whether the neonate, particularly when 
born prematurely, is capable of synthesizing long-chain PUFA in sufficient amounts 
(Clandinin et a/. 1981). In neonates with reduced desaturase activity (for example, as 
appears to be the case in human atopic disorders, Strannegard et al. 1987) a greater volume 
of milk must be consumed in order to meet the need for long-chain n-6 PUFA. Also, if the 
mother is deficient in A'-desaturase activity, as appears to occur in atopic eczema (Wright, 
1990) and may occur in diabetes (Tilivis & Miettinen, 1985), her milk may contain reduced 
amounts of long-chain EFA. Raising the levels of long-chain n-6 metabolites in milk by 
modulating the maternal diet may be a feasible approach to correcting such deficits, since 
the present study shows that the levels of long-chain n-6 in milk may be increased by 
supplementing the maternal diet with long-chain n-6 PUFA, e.g. 18 : 3n-6. 

The authors are grateful to Dr Richard Cantrill for editorial assistance, and to Mr Rick 
Smith and Ms Xiaorong Lin for technical assistance. 
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