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ABSTRACT

Rumen degradability was determined for six wheat, three corn and three millet
cultivars in six ruminally cannulated sheep. The sheep were fed a ration containing 55%
alfalfa and 45% ground barley. All grains were incubated for 2, 4, 8, 12, 24 and 48 h in
dacron bags (50-um pore size). The mean soluble and degradable portions, rate of
degradation and effective degradability of dry matter ranged from 3.3 to 8.2%, 80.9 to
92.8%, 5.4 to 27.5% and 44.8 to 74.2% for wheat, corn and millet, respectively.
Corresponding values for crude protein of wheat corn and millet ranged from 5.7 to 9.6%,
45.7 to 83%, 5.3 to 28.9% and 35.1 to 78.4%, respectively. It was concluded that grains
varied widely in their ruminal degradability and this information may aid in synchronizing

degradation of protein and starch in the rumen to improve lactation performance.
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INTRODUCTION

Cereal grains are the most common sources of rapidly available energy for
livestock and may comprise up to 60% of the total diet for high yielding dairy cows. The
importance of the amount and site of digestion of starch in the diet of the high producing

dairy cow has been emphasized in critical reviews by Nocek and Tamminga (10) and
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Reynolds et al. (15). An alternative strategy for manipulating the site of starch digestion is
by appropriate choice of the grain incorporated into the concentrate supplement. Grains
consist of a fibrous pericarp surrounding the starch endosperm and the germ. The protein
matrix surrounding the starch granules within the endosperm is believed to be responsible
for the differences in the extent of ruminal starch digestion (11). The rate and extent of
ruminal fermentation vary widely with grain source and hybrid (14). The rate and extent of
fermentation of wheat are greater than those of barley, sorghum, or corn. About 80-90% of
starch in barley and wheat is digested in the rumen; this value ranges from 55 to 70% for
sorghum and corn (10). Little information is available on characteristics of degradation in
the rumen of three cereal grains (wheat, corn and millet) used for livestock in Iran. Such
information would allow combining of grain and protein sources with similar ruminal
degradation, and thus a more efficient use of energy and protein in ruminant diets.

The objective of this study was to determine DM, and CP degradation of different

cultivars of three cereal grain cultivar using the in situ method.

MATERIALS AND METHODS

Samples (4.0 kg) of six commercial wheat grains (Barakat, Mahdavi, Roushan,
Omid, Niknejad and Ghods), three corn grains (704, 901 and native), and three millet grains
(Setaria italica, Panicum miliaceum, and native) were obtained from Karaj Research
Station, approximately 30 km west of Tehran, grown under the same soil and
environmental conditions. The samples were ground on a Willy mill to pass a 2-mm screen
and analyzed (1) for DM (dry matter), EE (ether extract), CP (crude protein), P
(phosphorus) and ADF (acid detergent fiber).

Six ruminally fistulated Naeini lambs (40 kg average BW) were used to determine
in situ DM, and CP degradability of the twelve grain samples. Lambs were housed in
individual stalls and fed at maintenance level for 15 d before and during the study (45%
barley and 55% alfalfa hay).

Bags were made of Dacron cloth (13 x 7 cm) with an approximate pore size of 50
um. Approximately 2 g of grain were weighed into a previously dried (60°C) and tarred
bag. Each sample was replicated three times. All bags were tied to a weighted chain anc
placed in the ventral sac of the rumen approximately 2 h after the morning feeding. Bags
were removed after 2, 4, 8, 12, 24 and 48 h of incubation. Immediately after removal from
the rumen, bags were washed with cold tap water until rinse water was clear. Bags were
dried for 72 h at 60°C in a forced air oven, after which residues were removed and analyzed
for DM and CP.

The disappearance rate was fitted to the following equation (12): 199
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Disappearance (%) =a + b (I-¢) [1]

where a = soluble fraction (% of total), b = potential degradable fraction (% of total), t =
time of incubation (h), and ¢ = rate of degradation.

Degradation curves were fitted by the non-linear regression procedure of SAS (16).
Although this equation allows estimation of DM disappearance at any incubation time, it
does not predict the amount that will actually be degraded in the rumen (i.e., effective
degradability). Thus, effective degradability (ED) of DM and CP was calculated by the
equation of @rskov and McDonald (12):

ED (%) =a+ bc/(c+ k) [2]

where k is the estimated rate of outflow from the rumen and a, b and ¢ as defined in
equation 1. Effective degradability of DM and CP was estimated at ruminal outflow rates of
8%h' (12).

The data were analyzed using the General Linear Model procedure of SAS (16)
based on a factorial experiment in a completely randomized design which employs the use
of least-square means for each parameter. In cases where the overall F-test was significant
(P<0.05), multiple comparisons were made using the protected least-significant technique.
The following model was used for analysis of data:

Yik = p + A + By + ABy e
Where:
J = mean
A, = grain effect
Bj; = cultivar effect
AB;, = interaction effect of grain and cultivar

e;j = residual (error)

RESULTS AND DISCUSSION

Composition of the grains are presented in Table 1. Average protein content of
wheat, corn and millet was 13.5, 8.3 and 10.6%, respectively. Wheat grains had on average
39 and 21% higher mean concentration of protein, a 33 and 75% lower mean concentration
of ADF than corn and millet, respectively. The fat content was almost the same. Compared
with NRC (5) the crude protein content of the cereals was lower (wheat 13.5 vs. 14.2%,
corn 8.3 vs. 9.4% and millet 10.6 vs. 13.2%) the ADF content was higher (wheat 6.6 vs.
4.4%, corn 10.3 vs. 4.2% and millet 26.9 vs. 17%) and ether extract was also slightly higher
(wheat 2.4 vs. 2.3%, corn 4.4 vs. 4.2% and millet 5.3 vs. 4.3%).

The in situ degradability values are presented in Table 2. The soluble dry matter
fraction (A) was highest (P<0.05) for wheat (8.2%) and lowest for millet (3.3%). There

were no significant differences among the wheat and corn cultivars for dry matter A
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fraction but amongst the three millet cultivars, Panicum had the lowest (1.65%) A fraction
(P<0.05). Soluble dry matter for corn was lower than in previously reported as 16.6% (7),
22.1% (18), 18.6% (4) , 14.4% (2) and 25.4% (13). Dry matter A fraction for wheat was
also lower than the reported values of 32.7% (13) and 34.3% (18).

Wheat had the highest (P<0.05) soluble crude protein fraction (9.6%) while corn and

millet were intermediate (6.4 to 5.7%). These values were lower than those reported

Table 1. Chemical composition' of several wheat, corn and millet cultivars.

Dry mauerT cp ADF EE
Wheat % of dry matter
Barakat 983 113 55 21
Omid 98.1 14.9 71 1.6
Niknejad 99.1 148 6.5 26
Roushan 96.9 13.7 9.1 26
Ghods 98.1 14.1 1.5 25
Mahdavi 976 123 42 31
Com
704 96.5 82 95 4.5
901 973 8.2 10.2 4.2
Native 97.8 8.4 1.1 45
Millet
Seteria 973 10.2 275 5.6
Panicum 96.4 1.5 263 51
Native 978 10.2 269 5.2

t Samples were pre-dried, CP: Crude protein, ADF: Acid detergent fiber, EE: Ether extract,

Table 2. In situ degradability of wheat, corn and millet.

A B C EDDM"

DM

Wheat 8.2 80.9" 21.5° 742

Comn 6.5° 92.8" 54° 50.7°

Millet 338 87.6' 5.5° 44.8°
CP

Wheat 9.6 83.1° 289 78.4°

Corn 53¢ 743" 53° 39.7°

Millet 6.4° 457 10.2° 35.1°

¥ Effective dry matter degradability
A: Rapidly degraded fraction, B: Potentially degradable fraction, C: Rate of degradation
a,b,c Means in the same column with similar superscript are not significantly different (P>0.05).

by Batajoo and Shaver (2), for wheat (9.6 vs. 31.9%) and corn (5.7 vs. 9.6%), respectively.
Tamminga et al. (17) reported higher crude protein A fraction values for corn than in the
present experiment (9.6 vs, 15%). Variation in this fraction between studies could be due to

differences in feed particle size or differences in analytical techniques. In the present study,
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feeds were ground to 2-mm, which may have contributed to lower soluble fraction observed
in some feeds.

The degradable dry matter fraction (B) for all feeds (Table 3) ranged from 71.1
(Panicum) to 95.9% (yellow millet) and wheat and corn had the lowest and highest B
fraction, respectively (Table 2).

Among the wheat cultivars, Niknejad had the highest (P<0.05) B fraction (84.2%)
while Ghods had the lowest one (76.1%). Among the millet cultivars, Panicum (71.1%) and
Setaria (95.9%) had the lowest and highest B fractions (P<0.05), respectively. No
significant differences were observed among corn cultivars.

The dry matter degradability for corn (92.8%) was higher (Table 2) than reported
values of 80.6% (9), 81.6% (2), 71.8% (3), 73.8% (13) and 70.5% (18).

Crude protein B fraction (Table 2) for millet (45.7%) was significantly lower
compared to wheat (83.0%) and corn (74.3%). Significant differences were observed
between corn cultivars; corn 704 had a higher B fraction (83.1%) compared to the other two
cultivars (Table 4).

Crude protein B fraction value for corn (74.3%) was higher than reported values of
87% (2), 70.5% (18) and 73.6% (13). This value was also higher for wheat (83%) than
reported values of 50.5% (18) and 62.8% (13).

Degradation rate of DM (Table 2) was the fastest (P<0.05) for wheat (0.27/h)
followed by millet (0.055/h) and corn (0.054/h). Niknejad and Roshan had the lowest
(P<0.05) rate compared to other cultivars of wheat. No differences were observed among
the millet or corn cultivars. Dry matter degradation rate for wheat was higher than reported
values of 0.12/h (4) and 0.12/h (18) but lower than reported value of 0.34/h (13). Dry
matter degradation rate for corn was lower than reported values of 0.091/h (7) and 0.067/h
(13) but higher than reported values of 0.047/h (4), 0.02/h (18) and 0.041/h (2).

Fastest rate of CP degradation (Table 2) was observed in wheat (0.29/h; P<0.05).
Degradation rate was intermediate for millet (0.12/h; P<0.05) and slowest for corn
(0.053/h; P<0.05). Rate of degradation was almost similar to the rate of 0.25/h reported by
Herrera-Saldana et al. (4).

Effective DM and CP degradability was highest in wheat (74.2 and 78.4%;
P<0.05), intermediate in corn (50.7 and 39.7%; P<0.05) and the lowest in millet (44.8 and
41.8%; P<0.05). Ghods (71.9%) and corn 901 (46%) had the least effective DM
degradability among the wheat and corn cultivars, respectively (Table 3).

Microbial attachment to the feed particles has been shown to underestimate CP
degradability in fibrous feeds (8). We did not correct for bacterial N contamination of the
bag residue, and this may account for some of the differences between studies in CP

degradation. However, Nocek (6) did not find significant differences between N
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Table 3. Dry matter degradability of several wheat, corn and millet cultivars.

A B C EDDM?
Wheat
Barakat 7.7% 81.3% 31.5° 75.9*
Mahdavi 8.8 79.24 29.1° 74.6%
Roushan 8.1% 85.4% 21.8° 75.1%
Omid 8.8° 78.8% 31.8 75.1%
Niknejad 5 aad 84.2° 20.3° 720
Ghods 8.4 76.1% 30.5° 71.9°
Corn
704 6.3 93.7° 6.1° 53.5¢
901 7.1 90.9% 4.5° 459°
Native 6.1¢ 939" 5.6° 52.6¢
Millet
Seteria 4.7 95.9° 4.7 45.4°
Panicum 1.7 71.1° 8.5 43.9°
Native 4.1° 94.3° 3.9° 42.7°

a,b,c,d,e,f Means in the same column with similar superscript (s) are not significantly different (P>0.05).
A: Rapidly degraded fraction, B: potentially degradable fraction, C: rate of degradation.
t Effective dry matter degradability.

Table 4. Crude protein degradability of several wheat, corn and millet cultivars.

A B C EDCP’
Wheat
Barakat 9.1° 83.1° 27.8% 77.4°
Mahdavi 10.1° 82.9° 26.9° 77.8%
Roushan 7.8 85.2° 30.1° 78.8*
Omid 10.3° 83.3 28.9* 79.3
Niknejad 115 81.9° 29.9* 79.8°
Ghods 9.1¢ 81.7 30.1° 77.2°
Corn
704 5.8° 83.1° 4.5° 40.9°
901 4.7" 72.5° 4.8f 36.2F
Native 6.5° 67.2° 6.7 4191
Millet
Seteria 6.7 46.19 10.2¢ 359
Panicum 5.8° 44.91 10.1¢ 33.9¢
Native 6.2° 45.14 9,34 34.6°

T Effective crude pratein degradability.
A: Rapidly degraded fraction, B: Potentially degradable fraction, C: Rate of degradation.

a,b,c,d,¢,f,g Means in the same column with similar superscript (s) are not significantly different (P>0.05).
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disappearance rate constant determined with or without correction for bacterial N

contamination.

CONCLUSIONS

Grain cultivars varied in their DM and CP degradation. Variation in ruminal DM
degradability can be used to maximize substrate available for microbial growth and protein
synthesis or to enhance the intestinal starch supply. Our estimates of the kinetics of ruminal
degradation of feeds provide values for use in dynamic models of carbohydrate and protein
digestion. However, variation between our estimates and others in the literature was
considerable for these feeds. This could be due to inherent differences between feeds (i.e.,
source of ingredient and particle size) or differences in analytical procedures between
laboratories. Routine in situ procedures should emphasize on standardization with regard to

fineness of grinding, pore size of the bag material and washing procedure, etc.
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