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ABSTRACT

This study was conducted with two ruminally cannulated Holstein steers to examine the effect of micronized and steam flaked corn
on ruminal fermentation characteristics. The in situ dry matter degradability after 48 h incubation was the highest (P<0.05) at
micronized corn (2.5 mm thickness) compared with steam flaked corn treatments. The steam flacked corn (3.3 mm thickness) was
degraded lower (P<0.05) than the 2.9 and 3.1 mm thickness of steam flacked corn. Effective dry matter degradability and the rate of
constant were the highest (P<0.05) at micronized corn (2.5 mm thickness) compared with steam flaked corns as well. The in vitro
dry matter degradability after 48 h incubation was tended to higher (P=0.088) at micronized corn (2.5 mm thickness) than steam
flaked corns, whereas there is no significantly difference between steam flaked corn treatments. Total volatile fatty acid concentration
was higher at steam flaked corn (2.9 mm thickness) than micronized corn (2.5 mm thickness) and steam flaked corn (3.1 and 3.3 mm
thickness). The acetate : propionate ratio was the highest (P=0.008) at steam flaked corn (2.9 mm thickness) and the lowest (P=0.008)
at micronized corn (2.5 mm thickness). Total gas and methane production after 48h ruminal incubation was the highest (P=0.001) at
micronized corn (2.5 mm thickness) compared with steam flaked corns. According to these results, the thickness of steam flaked corn
as resulted corn processing is believed to do not affect methane production. However, further study is needed to better understand the
present results to verify the correlation between corn processing method and their thickness on methane production using the same
thickness corns by difference processing methods.
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Fig. 1. Changes in in situ dry matter degradability of corn after 48 h incubation. Error bars are standard error of the mean.
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In vitro dry matter parameters and effective degradabilites after 24 h incubation. Potential extent and rate of

dry matter degradability were determined using the exponential model: DM=a + b(1 - exp - cxtime), where DM

is dry matter degradability (%) at time t; a (solid bar) =

dry matter degradability from the immediately solublef

raction; b (open bar) = dry matter degradability from the insoluble fraction; c (solid line) = the fractional rate
of dry matter degradability per hour; EDM (hatched bar) = effective dry matter degradability rate from the cultures,
calculated as EDM = a + b [kd / (kd + kp)], where kd is a dry matter degradability rate constant, and kp is
a passage rate constant assumed to be 0.05h". Error bars are standard error of the mean.
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Table 1. Effects of processing methods of corn and their thickness on in vitro dry matter degradability, and total gas
and methane production after 24 h incubation

Micronized corn Steam flaked corn Steam flaked corn Steam flaked corn

. . . . SEM' p-value
(2.5 mm thickness) (2.9 mm thickness) (3.1 mm thickness) (3.3 mm thickness)

Dry matter degradability, % 91.8 70.5 55.7 67.3 5.36 0.088
Total gas production, ml 51.0 48.1 38.5 45.0 1.51 0.001
Methane production, ml 8.20 7.30 4.60 6.60 0.42 0.001

Methane production,
ml/DM degradability g

1SEM, standard error of the mean

22.34 25.89 20.93 24.41 0.82 0.130

Table 2. Effects of processing methods of corn and their thickness on in vitro ruminal fermentation characteristics after
24 h incubation

Micronized corn  Steam flaked corn Steam flaked corn Steam flaked corn

(2.5 mm thickness) (2.9 mm thickness) (3.1 mm thickness) (3.3 mm thickness) SEM' - p-value

pH 6.37 6.38 6.39 6.39 0.01 0.139
Total VFA, mmol/L 73.6 96.3 72.4 78.5 3.78 0.015
Acetate, % 43.6 46.7 515 47.1 0.71 0.003
Propionate, % 31.8 30.5° 29.9 30.0 0.29 0.017
Isobutyrate, % 2.05 2.00 1.60 1.90 0.05 0.005
Butyrate, % 16.4 14.7 12.3 14.6 0.35 0.002
Isovalerate, % 4.50 4.60 3.40 4.50 0.13 0.003
Valerate, % 1.80 1.70 1.30 1.90 0.14 0.091
Acetate:propionate ratio 1.37 1.73 1.55 1.53 0.05 0.008
Ammonia-N, mg/100ml 18.1 18.7 14.7 18.1 0.51 0.004

ISEM, standard error of the mean

- 312 -



Corn processing and enteric CHs production

LRt 9P| steam flaked corn(3.3 mm thickness) *] &1+
B2 vjFAIZE Ol 7 W2(P<0.05) in situ = WSS
= B3Itk B9 YoM wdsEol oJal #all %]+ b fraction
< o] 9} ZdHtE = AR steam flaked corn(3.1 mm thickness)
3} steam flaked corn(3.3 mm thickness) *]2]T-oA =7
(P<0.05) YEFSTE b fraction®] W95 S3sh= 521 7
4= k#k< micronized corn(2.5 mm thickness) *|2]7"
A 7Hd A (P<0.05) YEFE AL steam flaked corn(3.3 mm
thickness) A 2] ellA] 71 SHA (P<0.05) WrERskTE HERIU
A7 EETE 0,055 AL3s Gq A% Helr= 1E
3’2t F-AFSHAl micronized corn(2.5 mm thickness) 12|
TollA 71 =) (P<0.05), steam flaked corn(3.3 mm thickness)
AglgrellA 7 SA(P<0.05) VFERTE. In vitro WS 484
It AE 42482 micronized corn(2.5 mm thickness) *] 2]
A 7 32 43FE(P=0.088) X1 WFH steam flaked corn
A5 AlolollM= Al WE e 2SS AHdAlE
YRR oSkt T 7R W el A Rref] Qloj A =
AE 2487 22 23R! micronized corn(2.5 mm thickness)
A2 ol 7HE A RO H(P=0.001), & AP
2 steam flaked corn(2.9 mm thickness)2] ﬂa‘?oﬂ/ﬂ 7V =
Al FERE O HH(P=0.015) YA A TSl = o #l At
o]5 Rolx| ¢IQIT} aectate: propionate®] H|& EE?} steam
flaked corn(2.9 mm thickness)®] A E|TelA 7S =4,
micronized corn(2.5 mm thickness) X 2|4 7 WA o
EFTHP=0.008). ¥ A2l A¥E FHSIA steam flaked
corn AZTFElA in vitro —r]‘d“q?] WAk B0 31o] in situ
WU A= Faldret fra dE el Ave) vl
sto] AT YERA] %?% ANZ 58 B S5
7he el &gt FA1S] Afol= HEg] w|gh dAYRFe]] oJ &k
< VRAA] & AoR et

= el

V. ARAL

flo

=254 AFAR(IAN S PI011762)2] A
FARPA

e

o
=
Lo ¢

VI. REFERENCES

Anderson, M. J. and Obadiah, Y. E. 1984. Comparison of whole cotton,
extruded soybeans, or whole sunflower seeds for lactating dairy

cows. Journal of Dairy Science. 67:569-573.

Bowman, J. G. P. and Firkins, J. L. 1993. Effects of forage species and
particle size on bacterial cellulolytic activity and colonization in
situ. Journal of Animal Science. 71:1623-1633.

Chaney, A. L. and Marbach, E. P. 1962. Modified reagent for
determination of urea and ammonia. Clinical Chemistry. 8:130-132.

Erwin, E. S., Marco, G. J. and Emery, E. M. 1961. Volatile fatty acid
analysis of blood and rumen fluid by gas chromatography. Journal
of Dairy Science. 44:1768-1771.

Fodorah, P. M. and Hrudey, S. E.
measuring gas production by methanogenic cultures in serum
bottles. Environmental Technology Letters. 4:425-432.

Kim, N. S., Ha, J. K, Ko, Y. G., Kim, H. D., Kim, W. Y. and Kwak,
B. O. 1996. Effects of corn processing methods on the nutrient

1983. A simple apparatus for

utilization II. Effects of processed corn on ruminal degradability of
starch and lower gut disappearance rates of dry matter and crude
protein in Holstein dairy cows. Korean Journal of Animal Nutrition
and Feedstufts. 20:360-370.

Kim, S. H., Mamuad, L. L., Jeong, C. D., Choi, Y. J., Lee, S. S., Ko,
J. Y. and Lee, S. S. 2013. In vitro evaluation of different feeds for
their potential to generate methane and change methanogen diversity.
Asian Australasian Journal of Animal Science. 26:1698-1707.

Kim, Y. K. 1991. The processing and usage of grain. Korean Journal of
Animal Nutrition and Feedstuffs. 1991:188-203.

Kim, Y. K. and Owens, F. N. 1985. Starch digestion by feedlot cattle.
Oklahoma Agr. Exp. Sta. Mp 117:298.

Lee, S. M., Kang, T. W., Lee, S. J., Ok, J. U, Moon, Y. H. and Lee,
S. S. 2006. Studies on in situ and in vitro degradabilities, microbial
growth and gas production of rice, barley and corn. Journal of
Animal Science and Technology. 48:699-708.

Marquadt, D. W. 1963. An algorithm for least squares estimation of
nolinear parameters. Journal of the Society for Industial and Applied
mathematics. 11:431-441.

Moss, A. R., Jouany, J. P. and Newbold, J. 2000. Methane production
by ruminants: Its contribution to global warming. Ann. Zootech.
49:231-253.

Orskov, E. R. and McDonald, 1. 1979. The estimation of protein
degradability in the rumen from incubation measurements weighted
according to rate of passage. The Journal of Agricultural Science.
92:499-503.

Owens, F. 2005. Corn grain processing and digestion. Presented at the
66th Minnesota Nutrition Conf., St. Paul, MN. Sep. 20-21, 2005.
http://www.ddgs.umn.edu/articles-proc-storage-quality/2005-Owens
%20(MNC)%20Corn%20genetics.pdf.

Owens, F. N., Secrist, D. S., Hill, W. J. and Gill, D. R. 1997. The effect
of grain source and grain processing on performance of feedlot
cattle: A review. Journal of Animal Science. 75:868-879.

SAS. 1988. User’s Guide: Statistics. SAS Instute Inc., Cary, NC.

Song, M. K. and Kennelly, J. J. 1996. Evaluation of ruminal

- 313 -



Corn processing and enteric CHs production

degradability and hind-gut digestibility of micronized feeds. Korean and Technology. 169:68-78.

Journal of Animal Nutrition and Feedstuffs. 20(5):428-436. Zinn, R. A., Adam, C. F. and Tamayo, M. S. 1995. Interaction of feed
Thonroy, B. R. and Perry, T. W. 1974. In vitro digestion of raw, roasted intake level on comparative ruminal and total tract digestion of

and pressure-flaked corn. Journal of Dairy Science. 57:1058-1511. dry-rolled and steam-flaked corn. Journal of Animal Science.
Weimer, P. J., Stevenson, D. M., Mertens, D. R. and Hall, M. B. 2011. 73:1239-1245.

Fiber digestion, VFA production, and microbial population changes (Received : September 19, 2017 | Revised : November 12, 2017 |
during in vitro ruminal fermentations of mixed rations by  Accepted: November 12, 2017)

monensin-adapted and unadapted microbes. Animal Feed Science

- 314 -



