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ABSTRACT

We studied effects of breed, dietary fat source, and
dietary copper intake as factors known to influence un-
saturation of milk fat and its potential for development
of spontaneous oxidized flavor in milk. Twelve Holstein
and 12 Jersey cows were allotted to three blocks with
four cows of each breed. Cows within breed were allot-
ted randomly within blocks and fed control or copper-
depleting diets for 2 mo to achieve stable or depleted
liver copper stores. Cows then were fed tallow or roasted
whole soybeans in a two-period switchback (5 wk per
period); during the last week of each period additional
vitamin E (2000 IU/d) was added. Copper depletion for
2 mo decreased concentrations of copper in liver. Feed
intake and milk yield were influenced only by breed.
The proportions of C4:0 to C14:0 and C18:0 in milk fat were
higher, whereas C16:1 and cis-C18:1 were lower in Jersey
cows. Feeding soybeans increased C4:0 to C14:0, C18:0,
C18:2, and C18:3 in milk, and decreased C14:1, C16:0, C16:1,
trans-C18:1, and cis-C18:1. Depleted copper status in-
creased conjugated linoleic acid in milk. Several breed
× fat source interactions for individual milk fatty acids
occurred. Feeding soybeans decreased plasma concen-
trations of copper and zinc, and increased concentra-
tions of α-tocopherol in plasma and milk. The concen-
tration of zinc was higher in milk of Jersey cows. De-
pleted copper status tended to increase copper
concentration in plasma and decreased copper in milk.
Fat source did not influence plasma copper concentra-
tion when status was adequate, but plasma copper con-
centration was higher when tallow was fed to cows with
depleted copper status. Supplementing vitamin E in-
creased concentration of α-tocopherol in plasma and
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milk and decreased concentration of zinc in milk. Fac-
tors influencing the potential for oxidized flavor devel-
opment in milk can be manipulated by changing the
diet of the cow.
(Key words: milk fat composition, soybeans, copper
status, breeds)

Abbreviation key: CLA = conjugated linoleic acid,
SOF = spontaneous oxidized flavor.

INTRODUCTION

Changes in milk fat composition by feeding fat have
been well documented (26). Most fat supplements in-
crease the 18-carbon fatty acids of milk fat and increase
unsaturation by increasing the proportion of C18:1 in
the milk fat. This is accomplished by coordination of
biohydrogenation events in the rumen that convert di-
etary unsaturated oils primarily to C18:0 and the desa-
turating activity of stearoyl-CoA desaturase in the in-
testinal mucosa and mammary gland (5). Increasing
C18:2 and C18:3 in milk fat is more difficult because it
requires that these dietary unsaturated fatty acids be
protected from ruminal biohydrogenation (26). How-
ever, significant increases in C18:2 and C18:3 were ob-
served when soybeans were fed (20, 34).

In recent years, dairy processors in Ohio have re-
ported increased incidence of spontaneous oxidized fla-
vor (SOF) during the winter feeding period. These oc-
currences seem to be related to feeding whole soybeans
(25). In controlled studies (7), feeding extruded soy-
beans compared with feeding a calcium salt of palm oil
increased concentrations of C18:2 and C18:3 in milk and
SOF that was not reversed by feeding high amounts of
vitamin E.

Copper in milk is a prooxidant (29) that may interact
with increased unsaturation of milk fat to accelerate
development of SOF; copper also has been reported to
influence activity of stearoyl-CoA desaturase (33). Jer-
sey cattle absorb copper more efficiently than Holsteins
(12), and the activity of stearoyl-CoA desaturase in Jer-
sey cows may be lower than in Holstein cows (4, 11);
thus, the effect of breed on the interaction of dietary
copper with dietary fat source was of interest.
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We undertook a study with the following objective:
to compare the effects of feeding tallow or roasted whole
soybeans on unsaturation of milk fatty acids of Holstein
and Jersey cows fed control or copper-depleting diets.

MATERIALS AND METHODS

Cows

Twelve Holstein and 12 Jersey cows were allotted
to three blocks with four cows of each breed. Block 1
consisted of first lactation cows, 143 ± 39 (mean ± SD)
DIM at initiation of the preliminary period. Blocks 2
and 3 were older cows at 94 ± 20 DIM at initiation.

Preexperimental Period

Cows within breed were allotted randomly within
blocks to control or copper-depleting diets that were fed
for 2 mo to achieve stable or depleted liver copper stores.
Diets were 40:15:45 (DM basis) corn silage:alfalfa si-
lage:concentrate (corn, soybean meal base, containing
1.1% supplemental animal-vegetable fat). The control
diet was supplemented with 20 mg/kg of copper from
CuSO4, whereas the depletion diet contained no supple-
mental copper, 10 mg/kg of molybdenum from ammo-
nium molybdate, and 0.3% sulfur from CaSO4. Copper
status was confirmed by a single liver biopsy (6) at the

Table 1. Ingredient composition of the concentrate mixes.

Tallow Soybean

Control copper Low copper Control copper Low copper

(%)
Ground shelled corn 33.30 32.50 34.12 33.92
Ground ear corn 20.00 20.00 21.00 21.00
Soybean meal, 44% CP 28.33 28.33 . . . . . .
Roasted whole soybeans1 . . . . . . 33.33 33.33
Soybean hulls 0.40 0.40 2.10 2.07
Molasses 2.00 2.00 1.33 1.33
Fat (animal-vegetable blend) 1.10 1.10 0.73 0.73
Fancy bleachable tallow 6.67 6.67 . . . . . .
Limestone 1.86 0.66 1.67 0.44
Dicalcium phosphate 0.68 1.20 0.70 1.20
Calcium sulfate . . . 1.50 . . . 1.50
Sodium bicarbonate 0.50 0.50 0.50 0.50
Urea 1.30 1.30 1.33 1.33
Salt, trace-mineralized2 0.90 0.90 0.90 0.90
Magnesium oxide 0.27 0.27 0.27 0.27
Selenium premix (200 mg/kg) 0.33 0.33 0.33 0.33
Zinc oxide 0.10 0.10 0.10 0.10
Copper sulfate 0.02 . . . 0.02 . . .
Ammonium molybdate . . . 0.004 . . . 0.004
Vitamins3 0.24 0.24 0.24 0.24
Pellet binder 2.00 2.00 1.33 1.33

1Whole roasted soybeans added separately to the total ration.
2Morton iOFIXT T-M trace-mineralized salt. Guaranteed analysis: NaCl, > 93.0 < 98.0%; all others (mg/

kg): Zn, > 3500; Mn, > 2800; Fe, > 1750; Cu, > 350 < 450; I, > 70; Co, > 70.
3Vitamin A (4500 IU/g), Vitamin D (1275 IU/g), Vitamin E (18.7 IU/g).
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end of the preliminary period. The liver biopsy protocol
was reviewed and approved by The Ohio State Univer-
sity College of Agriculture Animal Care and Use Com-
mittee.

Experimental Period

After the preexperimental period, cows within each
copper treatment and breed were assigned randomly
to one of two fat treatment sequences. One set of cows
(three cows per breed and copper treatment) were fed
roasted whole soybeans (15% of DM) for 5 wk and then
fed tallow (3% of DM) for 5 wk (Table 1). The other set
of cows (three per breed and copper treatment) were
fed the reverse sequence. Cows maintained a single
copper status throughout the trial. The first 3 wk of
each period was used for adaptation and the 4th wk of
each period was used for collection of production data
and milk and blood composition data. During the 5th
wk of each period, the diets were top dressed with 2000
IU/d of supplemental vitamin E (all rac-α-tocopheryl
acetate) to assess the effect of additional vitamin E on
copper, zinc, α-tocopherol, and retinol concentrations in
milk and plasma. Production and milk fat composition
data from the 5th wk were not analyzed statistically
because of the short duration of the treatment period,
the lack of an adaptation period, and because vitamin
E treatment was confounded with time.
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Table 2. Chemical composition of the diet DM.

Tallow Soybean

Control Low Control Low
copper copper copper copper

(%)
CP 16.3 16.2 17.4 17.4
NDF 32.5 32.6 33.5 33.2
Fatty acids 4.61 4.76 5.42 5.45
Ca 0.86 0.80 0.87 0.83
P 0.39 0.44 0.41 0.45

(mg/kg)
Cu 36 8.0 33 8.2
Zn 97 102 95 92
Mo 1.9 12.8 0.4 10.1
Fe 254 293 232 258

Samples and Records

Cows were maintained in tie stalls and were fed the
entire ration once daily ad libitum; orts were removed
and recorded before feeding. Feed and orts were
weighed daily; samples were taken once weekly for DM
and were composited for monthly analysis. Adjust-
ments in feed proportions were made weekly according
to changes in feed DM. Cows were milked at 0300 and
1300 h; milk yield was measured daily, and samples
were taken at a.m. and p.m. milkings once weekly for
fat and protein contents by infrared analysis (Dairy
Herd Improvement, Inc., Powell, OH). Weekly a.m. and
p.m. samples were composited for analysis of copper,
zinc, α-tocopherol, and retinol. Because we previously
had observed insignificant differences in fatty acid pro-
files between a.m. and p.m. milk samples (unpub-
lished), a single a.m. sample was collected once weekly
for analysis of milk fatty acid composition. Blood sam-
ples were obtained once weekly (2 to 3 h after feeding)
in heparinized Vacutainers; plasma was obtained by
centrifugation and frozen until analysis.

Table 3. Fatty acid composition of the diets.

Tallow Soybean

Fatty acid Control copper Low copper Control copper Low copper

C14:0 0.0621 (1.34)2 0.059 (1.24) 0.014 (0.27) 0.016 (0.30)
C16:0 1.00 (21.74) 0.99 (20.85) 0.96 (17.62) 0.95 (17.65)
C16:1 0.075 (1.63) 0.082 (1.71) 0.059 (1.09) 0.060 (1.12)
C18:0 0.38 (8.33) 0.37 (7.79) 0.21 (3.92) 0.22 (4.01)
trans-C18:1 0.058 (1.26) 0.064 (1.34) 0.027 (0.50) 0.029 (0.54)
cis-C18:1 0.89 (19.26) 0.97 (20.29) 1.02 (18.76) 1.03 (19.07)
C18:2 1.03 (22.37) 1.09 (22.96) 1.88 (34.58) 1.88 (34.88)
C18:3 0.27 (5.93) 0.28 (5.95) 0.40 (7.31) 0.40 (7.37)
Other 0.84 (18.14) 0.86 (17.87) 0.85 (15.95) 0.87 (15.06)
Total 4.60 (100) 4.76 (100) 5.42 (100) 5.46 (100)

1Percent of the diet DM.
2Percent of the total fatty acids.
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Laboratory Analysis

Feed and orts composites were analyzed by a central
laboratory (Research and Extension Analytical Labora-
tory, OARDC, Wooster, OH); for DM (70°C for 24 h),
NDF (36); nitrogen in a N analyzer (Foss Heraeus, Ha-
nau, Germany) by combustion of samples in oxygen and
measurement of N2 after reduction of the oxides of N
over copper filings (Dumas method) (3); calcium, phos-
phorous, zinc, molybdenum, and iron were analyzed by
inductively coupled plasma spectrograph (ARL, Dear-
born, MI) after wet-ashing the samples. Fatty acids
in feed and milk fat were extracted, methylated, and
determined directly by gas-liquid chromatography (32).

Copper concentration in liver was analyzed as de-
scribed by Fick et al. (13). Plasma was diluted fivefold
with 1% HNO3 and analyzed directly by atomic absorp-
tion (Varian SpectrAA200, Palo Alto, CA) using an auto
sampler. Standard curves were developed with appro-
priate dilutions of reference solutions (1000 mg/L,
Fisher Scientific, Pittsburgh, PA). Milk (20 g) was evap-
orated to dryness in porcelain crucibles and ashed over-
night at 600°C. The ash was solubilized with concen-
trated HNO3 and samples were diluted to volume (10
ml) with 1% HNO3. Samples were analyzed against
the standard curves as above. After copper analysis,
samples were diluted sevenfold with 1% HNO3 before
analyzing for zinc.

To determine α-tocopherol and retinol concentrations
in plasma, we added 1 ml of reducing solution (10 g of
ascorbic acid + 240 ml distilled H2O made to 1 L with
absolute ethanol) to 0.5 ml of plasma and extracted
with 5 ml of hexane; 4 ml of hexane was removed and
evaporated under N2. Sample volume was taken to 400
µl with absolute ethanol and injected (100 µl) onto an
LC-18 SupelcoSil reversed-phase HPLC column (4.6
mm × 25 cm, 5 µ pore size; Supelco #5-8298, Belfonte,
PA). The samples were eluted isocratically with metha-
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Table 4. Liver copper concentrations (µg/g of liver DM) after 8 wk
of feeding a copper-adequate or a copper-depleting diet.

Holstein Jersey

Treatment SE SE

n 10 11
Control copper 562a 54.9 656a 49.1
Low copper 222b 44.8 272b 44.8

a,bP < 0.0001, within a breed.

nol:H2O (90:10) at 1.8 ml/min, and UV absorbance was
monitored at 300 nm.

Milk fat was extracted and saponified as described
by Indyk (17), and α-tocopherol and retinol were ana-
lyzed in the same system as for plasma. The solvent
system was methanol:butanol (95:5, vol/vol), devel-
oped isocratically.

Statistics

Liver concentrations of copper were analyzed statisti-
cally with a model that included block (2 df), breed (1
df), copper treatment (1 df), breed × copper interaction
(1 df), and error (18 df). The fat treatment was not
yet imposed when biopsies were taken and was not
included in the statistical model. The data were ana-
lyzed using the general linear model procedure of SAS
(30). The experimental design used to analyze produc-
tion and milk fatty acid data (data collected during wk
4 and 9) was a split plot with the split plot treatments
in a Latin square (9). Main plot effects were breed and
copper, and fat source was the split plot treatment. The
general linear model of SAS (30) was used to analyze
the data. The statistical model was

Y = µ + R + Row + C + B + B*C + R*C*B + F + C*F
+ B*F + B*C*F + error,

Table 5. Treatment means (wk 4 of each treatment period) for DMI, milk yield, and milk composition.

Jersey Holstein

Tallow Soybean Tallow Soybean

Low Low Low Low
Control copper Control copper Control copper Control copper SE1 SE2 Effect3

DMI, kg/d 13.3 14.1 14.1 14.0 18.1 18.1 18.9 20.1 1.24 1.05 B
DMI, % BW 2.84 3.05 3.02 3.05 3.17 3.04 3.31 3.36 0.25 0.24
Milk, kg/d 20.0 18.8 20.0 18.0 28.7 27.3 29.2 29.3 2.41 2.03 B
FCM, kg/d 19.3 18.1 19.7 17.0 22.3 20.8 23.0 24.6 1.59 2.09 B
Fat, kg/d 0.76 0.71 0.78 0.66 0.72 0.66 0.75 0.86 0.05 0.09
Fat, % 3.85 3.75 3.90 3.73 2.53 2.45 2.52 3.01 0.23 0.24 B
Protein, kg/d 0.68 0.66 0.68 0.62 0.92 0.85 0.94 0.92 0.08 0.07 B
Protein, % 3.36 3.49 3.36 3.43 3.22 3.11 3.20 3.13 0.10 0.06 B

1SE to test effects of breed, copper, and breed × copper.
2SE to test effects of fat and fat interactions.
3Effects: B = breed (P < 0.05).
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where Y = dependent variable, R = replicate (i.e., block;
2 df), Row = effect of row (two rows within three repli-
cates = 3 df), C = effect of copper treatment (1 df), B =
effect of breed (1 df), B*C = interaction between breed
and copper (1 df), R*C*B = error term (6 df) to test B,
C and B*C, F = effect of fat treatment (1 df), and C*F (1
df), B*F (1 df), and B*C*F (1 df) = interactions between
copper, breed, and fat, and error = error term (27 df)
to test F, F*B, F*C, and F*B*C.

The plasma and milk minerals and vitamin data col-
lected during wk 4 of each period (low vitamin E) and
during wk 5 of each period (extra vitamin E) were ana-
lyzed separately using the same model. The effects of
extra vitamin E also were examined by the paired t-
test (wk 4 vs. wk 5 data within main effect classes).
Significance is declared at P < 0.05 unless stated oth-
erwise.

RESULTS AND DISCUSSION

The chemical composition of the diets is shown in
Table 2. Chemical composition was calculated from the
individual analyses for corn silage, alfalfa silage, con-
centrates, and soybeans. The diets containing soybeans
had higher proportions of CP, NDF, and fatty acids.
The whole roasted soybeans contained more fatty acids
(22%) than the reference value (NRC, 24) used to formu-
late the diets.

As expected, the diets low in copper had lower concen-
trations of copper than control diets, but the diets were
higher (8 and 35 mg/kg) than we calculated (4 and 20
mg/kg) for depleted and control diets, respectively. In
general, the copper concentration in the diets was vari-
able because of varying distribution in the concentrate
and sampling error. Molybdenum was higher in diets
low in copper; the diet low in copper plus soybeans was
as calculated, but in the low copper diet plus tallow,
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Table 6. Treatment means (wk 4 of each treatment period) for the milk fatty acid profile.

Jersey Holstein

Tallow Soybean Tallow Soybean

Low Low Low Low
Control copper Control copper Control copper Control copper SE1 SE2 Effect3

(g/100 g fatty acids)
Fatty acid
C4:0 3.38 3.79 3.96 4.04 2.24 2.32 3.49 3.91 0.17 0.10 B, F, B × F
C6:0 2.17 2.18 2.83 2.85 1.34 1.23 2.35 2.54 0.086 0.041 B, F, B × F
C8:0 1.16 1.15 1.66 1.70 0.71 0.58 1.34 1.33 0.024 0.016 B, F
C10:0 2.40 2.34 3.54 3.54 1.56 1.20 2.92 2.63 0.069 0.078 B, F
C12:0 2.75 2.61 3.74 3.61 2.08 1.50 3.17 2.83 0.057 0.069 B, F
C14:0 10.43 9.97 10.86 9.77 9.27 7.12 10.75 10.13 0.65 0.28 B, C, F, B× F

B × C × F
C14:1 1.31 1.16 0.82 0.77 1.68 0.82 1.01 0.97 0.094 0.045 F, C × F
C16:0 31.35 29.71 27.40 24.52 31.95 30.29 25.58 25.63 4.74 1.14 F
C16:1 1.78 1.78 1.04 1.04 3.22 2.80 1.31 1.35 0.057 0.082 B, F, B × F
C18:0 11.73 10.96 14.78 15.58 9.66 12.13 12.63 12.27 1.79 2.17 B, F
trans-C18:1 4.84 6.64 2.48 3.56 5.39 5.00 4.18 5.27 1.69 1.15 F, B × F
cis-C18:1 21.08 21.18 18.81 19.84 24.31 28.03 21.60 20.55 3.31 2.25 B, F
C18:2 1.88 2.31 4.33 5.14 2.23 2.50 5.09 5.73 0.53 0.17 F
C18:3 0.36 0.44 0.84 0.97 0.42 0.48 0.97 1.03 0.011 0.005 F
CLA4 0.70 1.18 0.74 0.87 0.83 0.84 1.02 1.45 0.037 0.069 C, B × F
Other 2.68 2.60 2.17 2.20 3.11 3.16 2.59 2.38 . . . . . .

1SE to test effects of breed, copper, and breed × copper.
2SE to test effects of fat and fat interactions.
3Effects: B = breed, C = copper, F = fat (P < 0.05).
4Conjugated linoleic acid.

the molybdenum concentration was higher (13 mg/kg)
than we calculated (10 mg/kg).

The fatty acid composition of each diet was calculated
from analyses of the individual diet ingredients (Table
3). As expected, the diets that included tallow had
higher proportions of saturated fatty acids. In diets
with soybeans, the predominant fatty acid was C18:2,
followed by cis-C18:1 and C16:0. Both fat sources provided
similar amounts of cis-C18:1.

The low copper diets fed during the preexperimental
period effectively decreased copper storage in liver (Ta-
ble 4). Cows fed the copper-depleting diet exhibited only
40% of liver copper content of cows fed the control diet
(P < 0.0001). Jersey cows tended (P = 0.13) to have
higher copper concentrations in liver than Holstein
cows, and this tendency was apparent in both control
and copper-depleted cows. Others (12) have reported a
difference by breed in copper status. No deleterious
effects of copper depletion were apparent at liver biopsy
(8 wk of depletion); however, one Holstein cow died
after 15 wk of depletion and showed much lower liver
copper status at necropsy (67 vs. 134 µg/g) than at
biopsy. Liver copper concentration may have continued
to decline in all copper-depleted cows throughout the
study. However, copper deficiency in ruminants gener-
ally is accepted to occur at liver stores <30 µg/g of DM
(22). One other Holstein cow was lost from the experi-
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ment due to causes unrelated to treatment, and liver
biopsy was unsuccessful in one Jersey cow.

Performance

The treatment means for production parameters dur-
ing wk 4 of fat supplementation periods (without vita-
min E) are shown in Table 5. Only breed effects were
significant. Intake was higher in Holstein than Jersey
cows; however, when expressed as a percentage of BW,
there was no difference. Milk and 4% FCM yields were
higher for Holstein cows. Milk fat and protein percent-
ages were higher in Jersey cows; however, milk protein
yield was higher in Holstein cows.

Treatment effects on milk fatty acid composition are
shown in Table 6. Most differences were caused by breed
and fat source; depleted copper status decreased C14:0
and C16:0, and increased conjugated linoleic acid (CLA).
All fatty acids C4:0 to C14:0 and 18:0, were higher in
Jersey than in Holstein cows, whereas C16:1 and cis-
C18:1 were lower. Feeding soybeans increased C4:0 to
C14:0, C18:0, C18:2, and C18:3, whereas C14:1, C16:0, C16:1,
trans-C18:1, and cis-C18:1 were lower, compared with
feeding tallow. Significant breed × fat source interac-
tions occurred for C4:0, C6:0, C14:0, C16:1, trans-C18:1, and
CLA. The significant copper status by fat source inter-
action for C14:1 and the three-way interaction for C14:0
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were caused by low amounts of these two fatty acids in
milk fat from Holstein cows in low copper status and
fed tallow. Because amounts of these two fatty acids
are interdependent, the copper × fat source effects are
unlikely to be random, however, unexplainable.

The treatment means for minerals and fat-soluble
vitamins in plasma and milk during wk 4 of each fat
treatment period when cows were not supplemented
with vitamin E are shown in Table 7. Feeding soybeans
decreased plasma copper and zinc, and increased α-
tocopherol in plasma and milk and in milk fat (P <
0.07). Zinc concentration was higher in the milk of Jer-
sey cows. Depleted copper status decreased copper in
milk, whereas it tended to increase (P = 0.11) copper
in plasma. A fat source × copper status interaction oc-
curred for plasma copper, whereby plasma copper was
not influenced by fat source when copper status was
adequate (tallow vs. soybean, 1.02 vs. 0.98 µg/ml), but
plasma copper was higher (1.34 vs. 0.96 µg/ml) in de-
pleted copper status when tallow was fed. The three-
way interaction also was significant. Plasma retinol
also was influenced by a three-way interaction; how-
ever, differences were so small as to have questionable
physiological significance.

Treatment mean effects on concentrations of copper,
zinc, α-tocopherol, and retinol in plasma and milk dur-
ing diet supplementation with vitamin E (wk 5, 2000
IU/day) are in Table 8. Feeding soybeans decreased
copper and zinc in plasma and copper in milk, whereas
α-tocopherol was increased in milk and milk fat. Copper
and zinc in milk were higher and α-tocopherol tended
to be higher (P = 0.09) in Jersey cows. Plasma copper
concentrations were increased by feeding low copper
diets, and this effect was greater in Holstein cows, caus-

Table 7. Treatment means (wk 4 of each treatment period) for concentrations of trace minerals and fat-soluble vitamins in plasma and
milk from cows without vitamin E supplementation.

Jersey Holstein

Tallow Soybean Tallow Soybean

Low Low Low Low
Control copper Control copper Control copper Control copper SE1 SE2 Effect3

Plasma, µg/ml
Cu 1.12 1.16 1.06 1.07 0.91 1.53 0.89 0.84 0.11 0.09 C (0.11), F,

C × F, B × C × F
Zn 0.89 0.78 0.79 0.81 0.94 0.85 0.84 0.77 0.07 0.04 F (0.07)
Retinol 0.26 0.22 0.24 0.20 0.24 0.13 0.21 0.24 0.03 0.02 B × C × F
α-Tocopherol 4.31 4.81 6.84 5.47 6.45 4.50 7.85 5.86 0.84 0.71 C (0.08), F

Milk, µg/g
Cu 0.20 0.16 0.19 0.17 0.17 0.20 0.18 0.13 0.01 0.02 C, B × C × F
Zn 4.57 4.67 4.61 4.70 3.91 3.65 3.90 3.34 0.40 0.31 B
α-Tocopherol 0.25 0.27 0.37 0.44 0.19 0.27 0.32 0.26 0.07 0.07 F
α-Tocopherol, µg/g fat 6.7 7.7 9.7 13.0 7.7 12.6 13.1 10.3 2.67 2.71 F (0.07)

1SE to test effects of breed, copper, and breed × copper.
2SE to test effects of fat and fat interactions.
3Effects: B = breed, C = copper, F = fat (P < 0.05, except as noted).
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ing a breed × copper interaction. Conversely, the con-
centration of copper in milk was higher in Jersey cows,
and low copper diets decreased milk copper more in
Jersey than Holstein cows, again causing a breed ×
copper interaction. A comparison of vitamin E supple-
mentation on main effects by the paired t-test showed
that supplementing 2000 IU/d of vitamin E increased
plasma and milk vitamin E concentrations, and de-
creased concentrations of zinc in milk. Charmley and
Nicholson (7) concluded that supplementing 8000 IU of
vitamin E/d for 2 wk increased α-tocopherol concentra-
tion in milk by 20%, although it was not tested statisti-
cally. Similarly, Focant et al. (14) reported a 45% in-
crease in concentration of vitamin E in milk when 9616
IU/d was supplemented.

Higher concentrations of short-chain fatty acids and
C18:0 and lower cis-C18:1 in milk of Jersey compared with
Holstein cows has been observed previously (4, 11, 31).
Of considerable interest was the higher concentration
of short-chain fatty acids in milk when roasted whole
soybeans were fed. The higher proportion of fatty acids
synthesized de novo could be partially explained by
the lower trans-C18:1 in milk from cows fed soybeans;
however, differences in the amount of trans-C18:1 be-
tween fat sources does not seem great enough to explain
the effect on de novo synthesis (37). However, fat source
could have influenced which trans monoene was
formed; the trans-10 isomer depresses fatty acid synthe-
sis (15). We did not separate the various trans isomers
in this study. The lower amount of C16:0 provided by
soybeans is reflected in differences of C16:0 in the milk
fat; the effect on differences in milk fat C16:0 seems even
greater than that provided by the diets. Differences in
dietary C16:0 supply possibly affect de novo synthesis.
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Table 8. Treatment means (wk 5 of each treatment period) for concentrations of trace minerals and fat-soluble vitamins in plasma and
milk from cows supplemented with vitamin E (2000 IU/d) for 1 wk.

Jersey Holstein

Tallow Soybean Soybean
Tallow

Low Low Low Low
Control copper Control copper Control copper Control copper SE1 SE2 Effect3

Plasma, µg/ml
Cu 1.05 1.07 0.97 0.98 0.86 1.30 0.81 0.92 0.066 0.08 F, C, B × C
Zn 0.85 0.82 0.79 0.72 0.91 0.87 0.89 0.76 0.072 0.045 F
Retinol 0.27 0.23 0.23 0.22 0.24 0.17 0.23 0.19 0.029 0.022
α-Tocopherol 8.26 7.85 9.58 9.16 9.90 7.50 11.2 8.27 1.38 1.05

Milk, µg/g
Cu 0.21 0.17 0.19 0.14 0.16 0.18 0.14 0.14 0.012 0.013 B, F, B × C
Zn 4.44 4.50 3.97 4.41 3.22 3.76 3.65 2.92 0.42 0.31 B
α-Tocopherol 0.40 0.34 0.69 0.62 0.32 0.30 0.43 0.48 0.090 0.070 B (0.09), F
α-Tocopherol, µg/g fat 12.3 10.8 16.9 16.1 13.9 9.5 16.4 17.8 3.00 2.63 F

1SE to test effects of breed, copper, and breed × copper.
2SE to test effects of fat and fat interactions.
3Effects: B = breed, C = copper, F = fat (P < 0.05, except as noted).

Palmitoyl-CoA is the preferred substrate for the initial
acylation of α-glycerophosphate by acyl transferase
(18), and the addition of C16:0 increased de novo fatty
acid synthesis in a mammary cell suspension (16). Con-
versely, a palmitic acid supplement fed to cows de-
creased C6:0 to C14:0 fatty acids of milk fat more than
did a stearic acid supplement (23). The higher amounts
of unsaturated fatty acids in the mammary gland could
have specifically inhibited synthesis of C16:0 (19).

The lower concentration of trans-C18:1 and cis-C18:1,
and higher C18:0 in milk fat when soybeans were fed is
consistent with more complete ruminal biohydrogena-
tion of soybeans than of tallow. However, feeding soy-
beans increased C18:2 and C18:3 in milk fat by 125%,
consistent with earlier reports (34). Possibly, fatty acids
of roasted whole soybeans are released more slowly
in the rumen than are fatty acids from tallow, thus
permitting a more complete biohydrogenation to take
place. Simultaneously, slow release would allow some
unsaturated fatty acids in soybeans to pass from the
rumen without release from the seed. Usually, concen-
trations of milk CLA are highly correlated with the
concentration of trans-C18:1 (28). The higher CLA and
lower trans-C18:1 in milk of Holstein cows fed whole
soybeans is consistent with apparently higher activity
of stearoyl-CoA desaturase in Holstein than Jersey
cows (4) because trans-11 C18:1 can be desaturated to
produce CLA (10).

Clawson et al. (8) and Pott et al. (27) reported higher
concentrations of copper in plasma of animals fed mo-
lybdenum; this probably represents accumulation of an
insoluble molybdenum-copper complex, which is physi-
ologically unavailable (8). Our data are consistent with
the concept that plasma copper is not a reliable pre-
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dictor of copper status (12). The decreased concentra-
tion of copper in milk in all treatments except Holsteins
fed tallow by feeding a copper-depleting diet (Table 7)
suggests that concentration of copper in milk is more
sensitive than plasma concentrations to depletion. Our
data for concentration of copper in milk are in the upper
portion of a wide range reported in literature (1). Zinc
in milk was higher in Jersey than Holstein cows and,
generally, it was within the normal range reported by
others (2, 21, 22).

CONCLUSIONS

Fatty acids released from whole soybeans in the ru-
men were efficiently biohydrogenated; simultaneously,
a portion of the polyunsaturated fatty acids apparently
was protected from release and biohydrogenation.

The content of short-chain fatty acids and C18:0 was
higher, and the content of C16:1 and C18:1 was lower, in
milk from Jersey cows compared with Holstein cows
and by feeding roasted whole soybeans compared with
feeding tallow. Conversely, feeding roasted whole soy-
beans increased C18:2 and C18:3 in milk fat, compared
with feeding tallow. Copper depletion decreased copper
in milk; concentration of copper in milk may be a more
accurate indicator of the animal’s copper status than
is plasma copper. In other research in our laboratory,
higher copper, C18:2, and C18:3 in milk increased the
potential for development of SOF (35); thus feeding
roasted whole soybeans and high dietary copper may
contribute to development of SOF in milk. Short-term
supplementation of 2000 IU of vitamin E daily in-
creased the concentration of this vitamin in milk.
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