
Introduction

It is known that distiller’s dried grains with sol-
ubles (DDGS) is one of effective feedstuffs for dairy
cows. Most Asian countries import DDGS as feedstuff
from the U.S.A. and other countries. It was reported
that feeding of DDGS at 15% in dry matter (DM)7),
20%DM8) and 30%DM6) to dairy cows presented no
problems in terms of dairy management. DDGS are low
in lignin and starch and high in digestible neutral deter-
gent fiber3), 11) compared with original corn grains. Be-
sides, the DDGS contain higher protein and fat, which
is rich in vitamin E with some variation in the produc-
tion process4). Vitamin E, as an oil-soluble vitamin, is
considered effective to reduce the oxidative stress of
dairy cows in hot conditions. One of the distiller’s
grain, distillation residue of Awamori spirit contains sev-
eral antioxidative components, cyclic dipeptides, which

shown reducing activity 0.89 to 4.2 times that of L-
ascorbic acid19). Oxidative stress in cows at higher ambi-
ent temperature was increased20) and the milking per-
formance in hot conditions shown a negative correlation
with oxidative stress in dairy cows21). Information on the
influences of DDGS feeding to dairy cows in hot condi-
tions on the oxidative status in cows is limited. The ob-
jectives of this study are to evaluate the antioxidative ef-
fect of DDGS feeding to dairy cows during the hot sea-
son on certain oxidative stress markers in plasma.

Materials and methods

Six Holstein cows (age 4.3 ± 1.6 year, parity 2.0 ±
0.9) were divided into 2 groups, one of which was fed
total mixed ration (TMR) (TDN=72.2%DM, CP=14.4%
DM) including 20%DM of DDGS, another group was
fed similar TMR (TDN=72.2%DM, CP=14.4%DM)
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without DDGS for 17 days in summer. Each TMR was
fed three times a day at 0900, 1300 and 1800. Every
cow was fed in tie stool and cooled down by forced
wind and periodical mist in day time, and could freely
access water and feed. The ingredients of both TMR are
shown in Table 1. The rectal temperature of each cow
was recorded every morning after milking during the
experimental period, while dry matter intake and milk
production were recorded on 13th to 17th day after
feeding. The milk yield was recorded using a WIKATO
milk meter (Hamilton, New Zealand) during morning
and evening milking times and the milk’s fat%, protein
%, lactose%, and solid-non-fat (SNF)% were measured
by an automatic analyzer (Milko-Scan 133B; Foss Ja-
pan, Tokyo, Japan) on the 17th day. The concentration
of sulfhydryl (SH) residue in fresh plasma was deter-
mined using spectrophotometric methods employing
dithionitrobenzene (DTNB) in a manner described previ-
ously10). Tubes containing 2.7 mL of 0.2M Na2HPO4

with 2 mM Na2EDTA, 0.3mL fresh plasma, and 60 μL
of 10 mM DTNB in 0.2M Na2HPO4 were incubated at
room temperature for 5 min. The mixture was then
transferred to a cuvette, and the optical density was
measured at 412 nm against an air blank. A calibration
curve was produced using the reduced glutathione dis-
solved in 0.2 M Na2HPO4.

Total ascorbic acid concentration in the dairy cow’s
plasma was measured according to the method de-
scribed in Omaye et al.15) Ascorbic acid was oxidized by
copper ions to form dehydroascorbic acid and diketogu-
lonic acid, which reacted with 2,4- dinitrophenylhydra-
zine to form the derivative bis-2,4- dinitrophenylhydra-
zone. One mL of fresh plasma was mixed with 1.0 mL

of ice-cold 10% trichloroacetic acid solution. After cen-
trifugation, 1.0 mL of the supernatant was recovered
and mixed with 0.2 mL of 2,4-dinitrophenylhydrazine/
thiourea/copper solution. The mixed solution was then
incubated for 4 hours at 38�C, whereupon 1.5 mL of
ice-cold 65% H2SO4 was added. The absorbance of the
solution was determined at 520 nm and a standard curve
was made using several concentrations of sodium ascor-
bate.

As a breakdown product of lipid peroxidation, the
thiobarbituric acid reactive substances (TBARS) concen-
tration in the plasma was determined using methods ac-
cording to previous reports1, 14. The stock solution con-
tained equal volumes of trichloroacetic acid 15% (w/v)
in 0.25 N hydrochloric acid and 2-thiobarbituric acid
0.37% (w/v) in 0.25 N hydrochloric acid. Fresh plasma
of 1 ml was mixed with 2 ml of the stock reagent in a
screw-capped tube and heated for 15 min in boiling
water. After cooling in ice water, 3 ml of the extraction
solution contained pyridine and 1-buthanol (1:15) was
added and mixed well. The precipitate was removed by
centrifugation at 3000 rpm for 10 min and absorbance
of supernatant was measured at 532 nm against the ex-
traction solution without plasma extracts. A standard
curve was prepared with several concentrations of ma-
londialdehyde and all the above reagents without
plasma.

All procedures were performed in accordance with
the guidelines for the care and use of laboratory animals
of the National Agricultural Research Center for the Ky-
ushu/Okinawa Region. The values obtained from each
cow during the experimental period were expressed as
the means ± standard deviation (SD). Statistical analysis
was performed using a general linear model (GLM) pro-
cedure in SPSS for Windows 16.0J. P-values below 0.05
in difference tests were considered statistically signifi-
cant.

Results and discussion

The average values of ambient temperature and
relative humidity during the experimental period were
29.4 ± 2.7�C and 75.4 ± 12.0%, respectively. The rectal
temperature of the cows during the experimental period
was higher than normal in comfortable condition, show-
ing 38.8 ± 0.36�C in the DDGS group, and 39.2 ±
0.56�C in the control group on the 17th day, respec-
tively. Although the rectal temperature in the control
group was higher than the DDGS group, the difference
was not significant. DDGS feeding did not affect the
rectal temperature of dairy cows in hot conditions. Dry
matter intake was also unaffected by DDGS TMR feed-

Table 1. Ingredient, chemical composition and total
digestible nutrients of DDGS and control
TMR

% in dry matter, a: % in fresh matter.

DDGS TMR Control TMR

Corn silage 35.5 35.5

Italian reygrass silage 18.0 18.0

DDGS 20.0 −

Corn grain 18.0 20.0

Soy bean meal 5.0 18.0

Commercial concentrates 3.5 8.5

Dry mattera 49.0 48.9

Total digestible nutrients 72.2 72.3

Crude protein 14.4 14.5

Crude fat 5.2 3.5
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ing (Table 2). The palatability of the TMR containing
DDGS 20%DM seemed similar to the control TMR.
The result is supported by previous reports of DDGS
15%DM7 and 20%DM feeding to dairy cows8. However,
Janicek et al.6 reported that the dry matter intake of the
cows fed with DDGS increased linearly according to the
DDGS content from 0%DM to 30%DM in feed. These
findings showed no negative effect of DDGS feeding to
dairy cows on dry matter intake containing up to 30%
DM in feed.

Milk production in both groups before the experi-
mental period showed no difference statistically, with
values of 35.4 ± 7.7 kg/day in the DDGS group and
33.3 ± 4.7 kg/day in the control, respectively. Feeding
of DDGS TMR seemed to increase milk production
compared with the control group without being signifi-
cant. NDF in DDGS is highly digestible3, with three
times the fat content of corn grain, which might affect
the digestible energy in the TMR, despite having similar
values for the apparent calculated total digestible nutri-
ents of both TMR. Besides, the lactose content in milk
was increased in the DDGS group with statistically sig-
nificant differences (P < 0.05) (Table 3). The results
suggested that the nutritional energy level in the DDGS
group might be higher than that in the control group,
because the lactose level in milk revealed the energy
status in cows17. Further investigation on the properties
of rumen volatile fatty acids is needed to confirm the
reason for this result. The milk fat content in the DDGS
group was lower than that in the control group but not
significantly (Table 3). Dietary fat can adversely affect
fiber digestion22 and may contribute to decrease milk
production16. Our results showed a tendency for in-
creased milk production and decreased milk fat, which
might not show over content of fat in DDGS TMR.
Milk protein concentration in the DDGS group milk
was lower than that of the control (P < 0.05), but not
net production, although the crude protein level in both
TMR was adjusted to the same level of 14.4%. Nichols
et al.12 reported that Lys was a first-limiting amino acid
in milk protein synthesis when diets contained 20% of
DDGS. Lys content was mainly lower in corn and this
amino acid was most susceptible to heat damage during
the process of making DDGS18. In our result, the de-
creased milk protein in the DDGS group might derive
from the relatively lower content of Lys in DDGS TMR.

Oxidative stress in cells has been reported to in-
crease under heat stress conditions2, 9. It is known that
dairy cows in hot conditions were exposed to highly
oxidative stress conditions. The values of three oxidative
stress markers in plasma just before the experimental
period showed no differences between the DDGS and

control groups and the oxidative stress markers in cow
plasma did not change drastically (Table 4). The SH
residue and ascorbic acid concentration in plasma tend
to be higher in the DDGS group than the control group,
while the alteration of either compound in plasma can
be considered an indicator of the oxidative stress status
in cows20. However, the concentration of TBARS as an-
other oxidative stress marker13, especially the oxidized
product of polyunsaturated fatty acid in plasma, was
found to be significantly decreased in the DDGS group
on the 17th day (P < 0.05). It was reported that oxida-
tive stress increased TBARS5, and the cytotoxic effects
of TBARS were well-known23. Taken together with
these results, the DDGS TMR feeding to cows in hot
conditions might reduce oxidative stress in cows. In-
creased oxidative stress in dairy cows at higher ambient
temperature is associated with a decrease in milk pro-
ductivity21, hence feeding DDGS to dairy cows during
the hot season might depress the decrease of milk pro-
duction by controlling the oxidative stress status.

Table 2. Effect of DDGS feeding on dry matter intake

Mean±SD. Dry matter intake was measured from 13 to
17 days after feeding.

Table 3. Effect of DDGS feeding on milking
performance

Mean ± SD. a: Milk yield was obtained from 13 to 17
days after feeding. Milk components were measured on
the 17th day. *: P < 0.05

Table 4. Effect of DDGS feeding on oxidative stress
markers in cow plasma

Mean ± SD. Plasma was obtained on the 17th day after
feeding. *:P < 0.05

Dry matter intake (kg/day/head)

DDGS group 23.5 ± 2.2

Control group 22.2 ± 1.9

Milka

(kg/day)
fat
(%)

protein
(%)

lactose
(%)

DDGS group 39.2 ± 7.6 3.3 ± 0.2 2.8 ± 0.1 4.7 ± 0.1*

Control group 33.2 ± 4.5 3.6 ± 0.6 3.1 ± 0.2* 4.5 ± 0.1

SH
(μM)

Ascorbic acid
(mg/L)

TBARS
(nM)

DDGS group 446.8 ± 19.8 4.9 ± 1.2 57.2 ± 6.2

Control group 427.7 ± 31.6 4.5 ± 1.0 72.6 ± 8.5*
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Further investigations into the precise mechanisms
of the antioxidative function in the DDGS feeding of
dairy cows over longer periods are necessary.

Conclusion

TMR containing DDGS 20%DM feeding to dairy
cows in hot conditions did not significantly affect rectal
temperature, dry matter intake, and milk production. In
the DDGS group, milk protein decreased and milk lac-
tose increased. Oxidative stress markers, especially
TBARS concentration in plasma, were found to be de-
creased in the DDGS group on the 17th day, while
other markers of SH residue and ascorbic acid concen-
tration in plasma tended to increase in the DDGS group.
DDGS feeding might be effective as an antioxidative
feedstuff in higher environmental temperatures.
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