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ABSTRACT

To compare the effects of feeding millet (Panicum miliaceum L.) vs. barley on
the production and composition of milk, eight lactating Holstein cows were used in
a replicated 4x4 Latin square design with 21 d periods. Barley was replaced by
millet in ratios of 0, 33, 66, and 100% in rations 1, 2, 3 and 4, respectively. Diets
were given in a 50:50 ratio (DM basis) of concentrate and corn silage on a dry
matter (DM) basis. There were no significant differences (P>0.05) in DM intake,
milk production, yield of 3.2% Fat corrected milk (FCM), kg fat and lactose,
percent of lactose, Solids-not-fat (SNF) and feed efficiency among treatments.
Apparent digestibility of the organic matter (OM) content was higher for diets
containing millet (59.34 wvs. 62.92, 63.02 and 62.43), respectively. The fat
percentage in rations containing 100% millet was lower (3.40, 3.38 and 3.39 vs.
3.28%), and the protein was higher (3.12, 3.15, 3.17 and 3.30%) for rations 1, 2, 3,
and 4, respectively, (P<0.05).
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INTRODUCTION

Millet (Panicum miliaceum 1..) is among the most important cereal crops.
It is grown i
arid regions and growing seasons that are not well suited for corn
production (11, 15). In some areas of Iran, millet is price competitive with
other feed grains which are used as energy sources in concentrate mixtures
for dairy cows (personal observation). Millet can form a great portion of
the carbohydrate fraction of a ration and can replace other cereal grains for
most classes of livestock, provided that the remainder of the ration is
nutritionally balanced (8). The feeding value of ground millets has been
reported to be as a percentage of the feeding value of maize, 87 for beef
cattle, 90 to 95 for milk production, and about equal to that of maize for
sheep (9). Mathis et al. (12) reported the total starch digestibility that was
observed for millet in steers of 84.2%, whereas ruminal starch digestibility
was only 54.5%, suggesting that the fractional starch digestibility in the
small intestine was 56.4%. Because of the differences in starch digestibility
among cereals, the type of cereal affects the fat composition of milk (21)
and Thomas (22) suggested that the type of cereal may affect milk protein
percentage. Miller ef al. (14) reported lower milk fat percentage in cows
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when fed pearl millet vs. sudangrass. Several nutritional factors. such as
phytate and tannins, have been cxamined in swine and poultry (18),
however they appear to have little effect on ruminants. The nutritive value
of millet cultivars is of interest because its crude protein (CP) content is
often higher than for barley and is highly variable. ranging from 10 (o 14%
(10). Therefore, the development of new cultivars of millet with high
yielding potential and higher CP content could result in more economical
dairy rations. However, no data is available on response of lactating cows to
the inclusion of different amounts of millet in complete rations. The
objective of this study was to determine the effects of substituting millet for

barley on lactation performance and nutrient digestibility of dairy cows.

MATERIALS AND METHODS

Eight lactating Holstein cows at 90+20 d postpartum and producing
27+3 kg d' of milk, were arranged in a duplicated 4x4 Latin square with
21-d periods. Barley was replaced by millet in ratios of 0, 33, 66 and 100%
of the grain portion of the diets. Chemical composition of barley and millet
is presented in Table 1. Cows were divided into two blocks based on
lactation number. Block 1 contained four primiparous cows and block 2
contained four multiparous cows in second or later lactation. Treatment
periods were 3 wk in length with the first 2 wk used for adaptation and wk
3 for measurement of animal response.

Diets were formulated to contain 50% forage and 50% concentrate on a
dry matter (DM) basis (Table 2). Diets were balanced to meet National
Research Council (NRC) recommendations for energy, protein, calcium and
phosphorous (16). Acid insoluble ash (AIA) was used as the indigestible
internal marker (2, 25).

Cows were fed ad lib. a total mixed ration (TMR), three times daily in
individual stanchions at 0600, 1400, and 2000 h. Cows wecre offered

sufficient feed throughout the trial to have 5% feed refusals. Water and
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Table 1. Chemical composition of barley and millet (DM basis)'.

NEL CP CF EE Ash DM Ca P

Mcal kg % % % % % Y% %
Millet 1.94 13.06 9.00 4.00 549 84,97 0.03 0.34
Barley 1.94 10.20 550 2.00 2.98 92,37 0.05 0.38

t NEL, Ca and P were calculated from NRC information.

plain salt were available at all times. Feed offered was recorded daily and
samples of dicts were collected daily and composited by week. A portion of
each daily sample was dried at 100°C for determination of DM; the
remainder was stored for later analysis. Fecal samples were taken from the
rectum twice daily during each collection period (15 to 21 d), composited by
cow, and frozen for later analysis. Body weights were recorded weekly on a
common day. In each case, the animals werc fasted for 8 h before being
weighed.

Cows were milked three times a day and milk weights were recorded.
Milk samples were collected 3 times a day during wk 3 of each period, and
were analyzed for fat, protein, lactose and solids-not-fat (SNF) by Milk-O-
Scan 133BN Foss Electric. Fat corrected milk (FCM) was calculated by the
formula of Overman and Gaines (17).

Composite feed and fecal samples were dried for 72 h at 55° C and
ground with a cyclone mill to a maximum particle length of about 1 mm.
Samples were analyzed for DM, ash and N (1), neutral detergent fiber
(NDF), acid detergent fiber (ADF), and AIA. NDF, ADF and AIA wcre
determined by the method used by both Van Soest (24) and Cherney (2).
AIA was used as an internal indigestible marker to determine apparent
digestibility of dietary fractions.

Samples of ruminal fluid were obtained via an esophageal tube, urine
was collected via manual stimulation of the vulva, and fecal material via the
rectum. Ruminal fluid and urine samples were collected from all cows at two

different times during the experiment approximately 4 and 6h after the
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morning feeding, on day 14 and 21 of third and fourth period and

immediately analyzed for pH.

Table 2. Ingredient and chemical composition of diets (DM basis).

Replacement in_diets(%)'

Item 0 33 66 100

Ingredients:

Corn silage 50.00 50.00 50.00 50.00
Barley 14.20 9.86 5.08 0.00
Millet 0.00 4.56 9.57 14.92
Cotton seed meal 17.69 17.29 16.92 16.52
Wheat bran 11.92 12.02 12.13 12.25
QOyster shell 1.12 1.13 1.14 1.15
Sodium bicarbonate 0.29 0.30 0.40 0.40
Beet pulp 4.79 4.76 4.76 4.76

Chemical compositions:

DM, % 60.97 59.22 60.23 59.82
OM, % 90.84 91.31 90.94 90.82
CP, % 13.79 13.71 13.56 13.99
NEL, Mcal kg 1.54 1.54 1.54 1.54
ADF, % 25.36 25.50 25.60 2375
NDF, % 38.95 39.94 39.94 39.93
Ca, % 0.55 0.55 0.55 0.55
P, % 0.35 0.35 0.35 0.35
AlA, % 1.89 1.90 1.95 1.98

1 Refer to the percentage substitution of barley with millet.
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Data for feed intake, apparent digestibility, yield of milk and milk
components were analyzed with block, cow within lactation period and ration

as main effects. The model used to analyze the data was:
Yiju=U+Ti+ Ci(s)+Pus)tSiteii
where U=mean, T;=rations, C;=cow effect, py=period, and 5;=block.

The data were analyzed by least squares general linear models
procedures.of SAS (19).

RESULTS AND DISCUSSION

Intake of DM was not influenced by the percentage substitution of barley
with millet (Table 3). This does not agree with previous research (3)
showing millet to be less palatable than barley.

Mean daily actual milk yields were 24.53, 24.56, 24.91 and 25.40 kg d'
for rations 0 to 100, respectively. Reports on the production of lactating
cows fed millet are scarce. In this experiment, actual milk yields of cows fed
concentrates based on millet, and millet mixtures were similar to or
greater than those of cows fed 100% barley. There was a linear increase in
milk yield as the amount of millet in the ration increased but no significant
differences (P<0.05) were noted in the average milk yicld .

Yield of 3.2% FCM was not different among rations (Table 3), which is
in agreement with Edgerly (5) who reported that production of FCM from
cows fed ground millet as 40% of a grain mixture was similar to that of
cows fed mixtures of oats, maize and barley.

No significant differences (P<0.05) were noted in the average fat and
protein percentage and kg protein of rations containing 0, 33 and 66%
millet, but the ration containing 100% millet, caused a significant
depression (P<0.05) in fat percentage and a significant increase (P<0.05) in

protein percentage compared to the other rations. Miller er al. (14)
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Table 3. Feed intake and milk production of cows with millet substituted for

barley in the diet.

Replacement in diets (%)" Contrast
Item 0 33 66 100 SEM L Q ¢
DMI, kg d™! 17.91*° 18.34* 18.00° 1841° 0.28 NS NS NS
OMI, kg d’! 16.27* 16.71° 16.37* 16.72° 0.22 NS NS NS
Production, kg d”’
Total milk 24.53" 24.56" 24.91° 25.40° 0.56 NS NS NS
3.2% FCM 25.49° 25,35 25.88" 25.76° 0.52 NS NS NS
Fat 0.83* 0.82* 0.84° 0.82° 0.03 NS NS NS
Protein 0.76" 0.77° 0.79® 0.84° 002 * NS NS
Lactose 1.32° 1.31° 1.34®*  1.37* 0.03 NS NS NS
Milk composition %
Fat 3.40°  3.38* 339  3.28" 0.03 * NS NS
Protein 3125 315 37" 3300 0.02 * * NS
Lactose 5.37°  5.34° 553 540° 004 NS NS NS
SNF 9.09*  9.10°  9.14* 930 0.07 * * NS

Body weight, kg 535° 537¢ 535% 524 199 * NS

Efficiency’ 1.37*°  1.34* 1.39* 138" 0.03 NS NS NS

T Refer to the percentage substitution of barley with millet.
§ Efficiency calculated as milk production (kg d')/ DMI (kg d'").

a,b Means within a row with different superscript differ significantly
(P<0.05).

reported a depressed milk fat percentage when cows were fed pearl millet.

The forage dry matter intake was adequate for the maintenance of normal
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milk fat content, because rations containing approximately 21% ADF appear
adequate to avoid-severe milk fat depression (20). The ADF of rations in this
trial ranged from 25.36 to 25.75%.

The protein content of milk is also difficult to alter by dietary
manipulation (22); however, increasing net energy intake increased the
percentage of milk protein (6). Perhaps high energy was apparently available
for metabolism when millet was fed. Thomas (22) reported that the effect of
energy intake on milk protein is uncertain because of confounding dictary
factors, although type of concentrate may be important.

Milk SNF, lactose percentage, and amount of fat and lactose were not
affected by the treatment (Table 2). Even though there were no significant
differences in the percent SNF of the milk attributable to the level of millet
or barley fed. it is of interest that there was a trend toward higher milk SNF
percentage with increasing amounts of millet. Thus, percentage milk fat-
SNF relationship is consistent with the findings of Tommervik and Waldern
(23) and Ward and Wilson (26).

Cows fed the rations containing 100% millet made less body gains
(P<0.05) compared to the cows fed the other rations. Ensor et al. (7)
developed the concept that acetate-propionate production in rumen plays a
major role in controlling whether the energy of the diet is transformed into
milk fat or body fat. An increase in acetate relative to propionate tends to be
reflected in the production of higher milk fat percentages. It has also been
shown that, in general, the milk fat depressing diets exert their influence by
depressing the synthesis of the short-chain fatty acids in the mammary gland
(7, 21). This difference was probably due to making only four observations
for body weight per ration.

There was a significant decrease (P<0.05) in digestibility of the OM
(as determined by the AIA method) in the rations containing all barley as
compared to other rations (Table 4). The point of maximum dry matter
intake has been the subject of several investigations. Conrad (1966)
suggested that it occurred at about 67% apparent digestibility when
concentrate-alfalfa combinations were fed to lactating dairy cattle. Others

suggest that this point is not fixed, but is dependent upon the density of the
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diet and the energy demand (set point) of the animal (25). Messman et al.
(13) reported that the fiber components of pearl millet have high
digestibility because of less lignification (lignin is 7.1% of NDF in pearl

millet).

Table 4. Digestibility and ruminal, urinary and fecal pH of cows fed

different diets.

Replacement in diet (%)

Item 0.00  33.00  66.00 100.00 SEM
Digestibility of OM, % 59.34° 62.92° 63.02° 62.43° 0.64
Ruminal pH 6.83"  6.95°  6.76"° 6.87° 0.23
Urinary pH 7.71°  7.83*  7.89° 7.82° 0.19
Fecal pH 7.00°  6.83"  6.64°  6.85° 0.21

T Refer to the percentage substitution of barley with millets.

a,b Means within a row with different superscript differ significantly
(P<0.05).

The variation in feed efficiency was not significant. There were no
dietary effects on ruminal fluid pH, urinary pH, and fecal pH (Table 4).

In conclusion, it appears that feeding millet increases milk protein

production significantly, but barley is superior to millet in rations where a

higher milk fat percentage is desirable.

LITERATURE CITED

1. Association of Official Analytical Chemists. 1990. Official Methods of
Analysis (12th ed.). Official Analytical Chemistry, Washington DC,
U.S.A. 69-90.

48



L

11.

12.

13,

Comparative effects of feeding...

Cherney, D.J.R., J.A. Patterson and J.H. Cherney. 1989, Use of 2-

‘ethoxyethanol and «-amylase in the neutral detergent fiber method of

feed analysis. J. Dairy Sci. 72:3079-3084.

Christensen, F.W., P.E. Johnson, A. Severson. E.P. Painter and T.H.
Hopper.1942. Proso., corn and barley as feeds for hogs on alfalfa
pasture. North Dakota Agri. Exp. Stat. Bull. No. 318, 13 p.

Conrad. H.R. 1966. Symposium on factors influencing the voluntary
intake of herbage by ruminants: Physiological and physical factors
limiting feed intake. J. Anim. Sci. 25:227-235

Edgerly. C.G.M. 1964 Ground millet for dairy cows. N. Dakota Farm
Res. (J.N. Aitken) 23:12-15.

Emery, R.S5. 1978, Feeding for incrcased milk protein. J. Dairy Sci.
61:825-833.

Ensor, W.L., J.C. Shaw and H.F. Telleehea. 1959. Special diets for the
production of low fat milk and more efficient gains in body weight. J.
Dairy Sci. 42:189-195.

French, M.H. 1943  Feceding values of stover from maize, millet and
bulrush millet. J. East African Agric. 9:88-89.

Huls, J. H.. EM. Laing and O.E. Pearson. 1980. Sorghum and millet:
their composition and nutritive value. Academic Press Inc. New York,

U.5.A 997-1010.

. Lorenz. K. 1983. Tannins and phytate content in proso millet

(Panicum miliaceum). Cereal Chem. 60:424-426.

Mahalakshmi, V. and F.R. Bidinger. 1985. Waler stress and time of
floral initiation in pearl millet. J. Agric. Sci., Camb. 105:437-445.
Mathis, M.J., M.N. Streeter, G.M. Hill and W.W. Hanna. 1992, Effect
of sorghum, pearl millet, corn and triticale grain on extent and
partition of starch digestion in steers. J. Anim. Sci. 70:35. (Sup.1).
Messman, M.A., W.P. Weiss, P.R. Henderlong and W.L. Shockey.
1992, Evaluation of pearl millet and field peas plus triticale silages for

midlactation dairy cows. I. Dairy Sci. 72:2769-2775,

49



14.

19.

20.

2]

22.

23.

24,

25.

26.

50

Tabatabaee & (horbani
Miller, R.W., R.W. Hemken, J.H. Vandersall, D.R. Waldo, M. Okamato
and L.A. Moore. 1965. Effect of feeding buffers to dairy cows grazing

pearl millet or sudangrass. J. Dairy Sci. 48:1319-1325.

Muldoon, D.K. 1985, Growth, mineral composition and grain yield of
irrigated and rainfed millets and sorghum. J. Agric. Sci.,, Camb.

105:31-38.

. National Reserch Council. 1982. Nutrient Requirements of Dairy

Cattle. 6th revised ed. National Academy Press. Washington DC,
U.S.A. 78-115.

. Overman, O.R. and W.O. Gaines. 1933. Milk energy formula for

various breeds of cattle. J. Agric. Res. 46:1109-1116.

. Ramachandra, G.. T.K. Virupaksha and M. Shadaksharawany. 1977.

Reclationship between tannin level and in vitro protein digestibility in
fing millet. J. Agric. Food Chem 25:91-99.

SAS. 1985, User’s Guide: Statistics. Version 5 . 1985, SAS Inst., Inc.,
Cary, NC, U.S.A.

Schmidt, G.H., L.D. Van Vleck and M.F. Hutjens. 1988. Principles of
Dairy Science. Second edition. Prentice-Hall, Inc. U.S.A. 220-230.
Sutton, J.D. 1980. Influence of nutritional factors on the yield and
content of milk fat: dietary components other than fat. Int. Dairy Fed.
Doc. 125:126.

Thomas, P.C. 1983. Milk protein. Proc. Nutr. Soc. 42:407-417.
Tommervik, R.S. and D.E. Waldern. 1968. Comparative feeding value
of wheat. corn, barley, milo, oats and a mixed concentrate for lactating
cows. J. Dairy Sci. 52:68-73

Van Soest, P.J. 1973. Collaborative study of acid detergent fiber and
lignin. J. Assoc. Offic. Anal. Chem. Washington DC, U.5.A. 69-90.
Van Soest. P.J. 1982, Nutritional Ecology of the Ruminant. O & B
Books, Inc., Corvallis, OR, U.S.A. 276-294.

Ward, C.M. and J.H. Wilson. 1967. Review of low roughage feeding
experiments with dairy cattle. Feedstuffs 39:14-18.



