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Abstract
With South Korea’s limited capability of feed production because of its relatively small cultivable area, the country is pushed 
to depend on foreign feed imports despite the immensely fluctuating price of corn. Hence, intensive efforts to increase the 
total cultivable area in Korea like extending of farming to mountainous area is being practiced. Corn was planted in Goesan 
County, a mountainous area in the country. Grain and stover were harvested separately in three harvest periods: early-har-
vest (Aug 8), mid-harvest (Aug 18), and late-harvest (Aug 28). The nutrient composition such as dry matter (DM), crude pro-
tein (CP), crude fat (EE), organic matter (OM), neutral detergent fiber (NDF), acid detergent fiber (ADF), and non-fibrous car-
bohydrates (NFC) was determined after harvest. Effective degradability (ED) of the major nutrients (DM, NDF, ADF, and CP) 
were measured through in vitro fermentation of rumen fluid from Hanwoo (Korean cattle). pH, ammonia-N concentration, 
volatile fatty acid (VFA) concentration, and gas production were periodically measured at 0, 3, 6, 12, 24, 48, and 72 h. Corn 
grain showed higher nutrient content and ED than stover. It also had higher gas production but its pH, ammonia-N, and total 
VFA concentration were lower than corn stover. The best nutrient composition of corn grain was observed in early-harvest 
(high CP, EE, NDF, OM, NFC, and low ADF). Early-harvest of corn grain also had high effective degradability of dry matter 
(EDDM), effective degradability of neutral detergent fiber  (EDNDF), effective degradability of acid detergent fiber  (EDADF), 
and total VFA concentration. On the other hand, the best nutrient composition of stover was observed in mid-harvest (high 
DM, CP, NDF, and low ADF). EDDM, EDNDF, and EDADF were pronounced in early-harvest and mid-harvest of stover but 
the latter showed high total VFA concentration. Hence, early and mid-harvested corn stover and grain in a mountainous area 
preserved their nutrients, which led to the effective degradation of major nutrients and high VFA production.
Keywords: Corn grain, Harvest, In vitro fermentation, Stover, Mountainous area

Introduction
Hanwoo (Korean cattle) population progressively increased to 2.6 

million in 2015 from 1.8 million in 2005 [1] and to maintain its 
competitive quality, feeding of the cattle greatly depends on high 
energy corn-based diets. Corn is frequently used in in the finishing 
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phase because it increases carcass quality grades by increasing fat 
deposition (especially intramuscular) [1], which results in a more 
desirable product for consumers. Aside from it, corn is used in beef 
cattle feeding because of its advantages in improving the efficiency 
of growth [2]. However, corn production in South Korea is neg-
ligible because it accounts for less than one percent of total culti-
vation. With the country’s limited capability of feed production 
because of its relatively small cultivable area, the country is pushed 
to depend on foreign feed imports despite the fact that the price 
of corn has been fluctuating immensely. Hence, intensive efforts to 
increase the total cultivable area in Korea like extending of farming 
to mountainous area is being practiced.

As with all the corn variety, its nutritive value is determined by 
the nutrient composition of the relative proportions of the differ-
ent plant fractions (stover and ear) and their degradability. The ear 
or grain of the corn plant contains starch which accounts for about 
70% of the total dry matter (DM) of the grain itself and is consid-
ered one of its most digestible components while the corn stover 
(stalk, leaf, husk, and cob) represents approximately 70% of the 
whole plant DM. Most of the studies concentrated on grain pro-
duction because it was thought for a long time that a greater quan-
tity of grain would give a greater portion of starch and therefore, a 
more digestible DM [3]. Until quite recently, some studies reported 
that in addition to grain, corn stover plays a role in improving the 
quality of feed [4–5] aside from its potential on reducing feed cost. 
Nutrient composition of these plant fractions are greatly influ-
enced by the stage of maturity at which they are harvested, but the 
influence of harvest period on in vitro fermentability, a knowledge 
of which could improve the feed efficiency of corn in ruminant 
animals, is not always understood. As reported by Preston [6], the 
efficiency of forage in the rumen ecosystem cannot be determined 
by simply doing a conventional feed analysis.

The study aimed to determine the nutrient composition, and in 
vitro fermentability of corn grain and stover harvested at different 
periods in mountainous area. In vitro fermentability includes and 
is limited to determination of pH values, total gas production, am-
monia-N concentration, VFA proportions, and effective degrad-
ability of major nutrient components (DM, NDF, and ADF).

Materials and Methods
Sample collection
Cultivation of Gwangpyung-ok, a domestic variety of corn 
in Korea was carried out in 16,945m2 land in Goesan, North 
Chungcheong, South Korea. Meteorological Agency of Goesan 
monitored local weather during the cultivation period. The average 
temperature of the area during the conduct of the study ranged 
from 18.8℃ (May) to 26.8℃ (Aug) while average precipitation 

ranged from 38.9 mm ( Jun) to 374.4 mm ( Jul). Soil analyses such 
as organic matter, pH, and soil electric conductivity were 21 g/kg, 
6.1, 1.7 (dS/m), respectively. Corn was sown on May 28, 2015, and 
grain and stover were harvested on three different periods: Aug 8 
(early-harvest), Aug 18 (mid-harvest), and Aug 28 (late-harvest). 
Samples were weighed and dried at 65℃ for 72 h thru forced-air 
drying oven and then ground through a Wiley mill using 1mm 
screen before analysis.

Nutrient composition analyses
The nutrient composition of corn grain and corn stover were ana-
lyzed as follows: crude protein (CP) calculated as N × 6.25, ether 
extract (EE), and ash were based on the AOAC [7] method; neu-
tral detergent fiber (NDF) and acid detergent fiber (ADF) were 
accorded to Van Soest et al. [8].

In vitro incubation
Rumen contents were obtained 2 h after the morning feeding 
(08:00) from two ruminal-cannulated non-lactating Korean native 
cows (Hanwoo) fed 9 kg/d total diets daily (2 kg concentrate and 
7 kg ryegrass, as fed basis), twice per day in an equal volume. The 
rumen fluid was hand-squeezed and filtered through 8 layers of 
cheesecloth and kept in a water bath at 39℃. Incubation solution 
was prepared by mixing 50 mL filtered rumen fluid with 100 mL 
McDougall’s artificial saliva [9] in a 250 mL Erlenmeyer flask. 
One nylon bag contained one gram of dried and ground corn grain 
and stover samples (weight per surface area: 40 mg/cm2) and was 
incubated in the flasks for 3, 6, 12, 24, 48, and 72 h. The flasks were 
then sealed with silicone rubber stoppers with a 3-way stopcock 
and were incubated anaerobically in an orbital shaking incubator at 
a speed of 135rpm up to 24 h at 39℃. Carbon dioxide (CO2) was 
continuously flushed all throughout the operations. The in vitro 
incubation was conducted 3 times with each treatment in duplicate 
each time under similar conditions.

Incubation was stopped by removing the bottles from the 
shaking incubator at 3, 6, 12, 24, 48, and 72 h. Gas was read by 
inserting calibrated glass syringe into the 3-way stopcock and the 
pH of the incubated solution was also immediately measured. At 
the same time, an aliquot of incubated solution (two 1 mL) was 
collected from each flask for ammonia and volatile fatty acid (VFA) 
analysis. The 1 mL aliquot for ammonia analysis was mixed with 
0.2 mL phosphoric acid to stop the fermentation. Ammonia con-
centration was determined using a spectrophotometer through 
the method of Fawcett and Scott [10]. The other 1 mL  aliquot 
was mixed with the 0.02 mL pivalic acid solution as the internal 
standard for the VFA analysis as described by Li et al. [11]. After 
incubation, the nylon bags were removed from the flasks, washed 
in tap water till the rinse solution became clear, and then dried at 
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80℃ for 48 h in the drying oven to measure DM, NDF, and ADF 
degradation.

Percent DM, NDF, ADF disappearance at each incubation time 
were calculated from the portion remaining after incubation, and 
the rate was fitted to the equation of Orskov and McDonald [12] 
as follows: 

Y(t) = a + b(1 – ect) where, 

Y(t) = proportion of the incubated material degraded at time t; 
t = incubation time (h); a = highly soluble and instantly degrad-
able fraction; b = insoluble and slowly degradable fraction; c = rate 
constant of degradation (%h-1); and e = 2.7182 (base for natural 
logarithm). Parameters a, b, and c were estimated by the Mar-
quardt iterative procedure using the PROC NLIN of SAS [12]. 
The effective degradability of DM (EDDM), NDF (EDNDF), 
and ADF (EDADF) of corn grain and corn stover were calculated 
using the following equation [12]:

ED = a + (b × c) / (c + r) where, 

r = rate constant of passage (%h-1) and a hypothetical of 0.05/
h and 0.023/h were used for estimation for corn grain and stover, 
respectively.

Statistical analyses
The study was conducted as a 2 × 3 factorial design representing 
two fractions of corn (corn grain and corn stover) and three har-
vesting periods (early, mid, and late). Six treatments were replicated 
twice per time and repeated three times. For each variable mea-
sured at each time, replicates were averaged, and the total number 
of observations was 6 (treatments) ×  3 (times) = 18 observations. 
The 18 observations were subjected to least square analysis of 

variance ANOVA by using the GLM procedure in SAS [13]. 
Significances were declared at p < 0.05 and if differences were de-
tected, data were further subjected to Duncan’s multiple range test 
(DMRT).

Results
Nutrient composition of corn stover and grain were significantly 
affected by harvest period, plant fractions, and their interactions 
(Table 1). DM, CP, EE, OM (organic matter), and NFC (neutral 
detergent fiber) contents were higher in corn grain than in stover 
(p < 0.001) while NDF and ADF contents were higher in stover 
than in grain (p < 0.001). DM content was high in the mid and 
late-harvest of both plant fractions (p < 0.05). CP content of ear-
ly-harvest corn grain was ranked highest followed by mid-harvest 
of stover > late-harvest grain > late-harvest stover > mid-harvest 
grain > early-harvest stover (p < 0.001). EE content was high in 
early-harvest of both fractions (p < 0.01). NDF content was high 
in mid and late-harvest of stover followed by early-harvest stover 
> early-harvest corn grain > mid-harvest corn grain > late-harvest 
corn grain (p < 0.001). On the other hand, ADF content was high 
in late-harvest of both plant fractions (p < 0.001) and OM content 
was high in early and late-harvest regardless of plant fractions 
(p < 0.01). Lastly, NFC was highest in late-harvest of corn grain 
followed by early-harvest grain > mid-harvest grain > late-harvest 
stover > early-harvest stover > mid-harvest stover (p < 0.001).

Degradation parameters (a, b, and c) and effective degradability 
of the major nutrients (DM, NDF, ADF, and CP) were presented 
in Table 2. EDNDF and EDADF were not significantly affected 
by plant fractions but EDDM was found higher in corn grain, and 
stover had higher EDCP (p < 0.001). In terms of the harvest peri-
od, increased EDDM was found in early and mid-harvest of corn 
grain followed by late-harvest corn grain > early and mid-harvest 

Table 1. Nutrient composition of corn stover and grain harvested at different periods

Nutrient 
composition

Corn stover Corn grain
SEM

Effects

Early Mid Late Early Mid Late Harvest (H) Fraction (F) H × F

DM, % 92.77d 93.45b 94.23b 93.69c 94.31a 94.28a 0.27 * *** ***

CP, %   7.44f   8.35b   7.69d   9.10a   7.43e   7.81c 0.24 *** ** ***

EE, %   1.52c   1.34d   1.34d   6.25a   5.01b 4.64b 0.36 ** *** **

NDF, % 67.77b 68.88a 68.57a 26.92c 27.87c 25.70d 0.45 *** *** **

ADF, % 37.78b 39.56b 39.70a 10.01d 11.06d 11.82c 0.47 *** *** ***

OM, % 93.54c 92.06d 93.88c 98.74a 97.99b 98.90a 0.32 ** *** ***

NFC, % 16.82e 12.49f 16.28d 57.47b 57.68c 60.75a 0.66 *** *** ***
a–fMeans in the same row with different superscripts are significantly different.
* p < 0.05, ** p < 0.01, *** p < 0.001.
SEM, standard error of means; NS, not significant; NFC was calculated by difference: [100-(NDF, % + crude protein, % + fat, % + ash, %)]; DM, dry matter; CP, crude protein; EE, 
ether extract (crude fat); NDF, neutral detergent fiber; ADF, acid detergent fiber; OM, organic matter; NFC, non-fibrous carbohydrates.



https://doi.org/10.5187/jast.2019.61.1.18 https://www.ejast.org |  21

Kim Margarette Nogoy, et al.

stover > late-harvest stover (p < 0.01). EDNDF (p < 0.05) and 
EDADF (p < 0.001) were highest in early-harvest in both corn 
grain and stover. EDCP of late-harvest stover ranked highest fol-
lowed by mid-harvest > early-harvest > late-harvest corn grain > 
mid-harvest corn grain > early-harvest corn grain (p < 0.001).

The concentration of total VFA produced and VFA molar pro-
portions were shown in Table 3. At all incubation time except at 6 h, 
total VFA concentration was significantly affected by harvest peri-
od, plant fractions, and their interactions. Total VFA concentration 
of stover was higher than corn grain (p < 0.001) at all incubation 
time. At 3 h, total VFA was highest in late-harvest stover but at 
12 to 72 h, total VFA was consistently highest in mid-harvest sto-
ver followed by late and early-harvest (p < 0.001). For corn grain, 
early-harvest had the highest total VFA concentration at 3 h (p < 
0.001), 12 h (p < 0.05), and 72 h (p < 0.001). Molar proportions of 
acetate and propionate and their ratio were significantly affected 
by plant fractions from 0h to 72 h (p < 0.001) and harvest period 
at 3–12 h incubation time (p < 0.05). C2/C3 ratio at 3–12 h was 
consistently highest in early-harvest stover (p < 0.01). Valerate pro-
portion was also significantly affected by plant fractions from 0 to 
72 h (p < 0.001) and harvest period at 3–12 h incubation time (p < 
0.05). Total gas production (Fig. 1) of all treatments increased with 

incubation time. Total gas produced at 12, 24, and 72 h incubation 
time was higher in corn grain fraction than the stover (p < 0.01), 
but no significant effect was found on harvest period and their 
interactions. As shown in Fig. 2, the ammonia-N concentration of 
all treatments increased with incubation time. At 0 to 72 h, corn 
stover had higher ammonia-N concentration than grain (p < 0.001) 
and no significant effect was found in harvest period and their in-
teractions. Meanwhile, pH of all treatments (Fig. 3) decreased with 
incubation time. No significant effect was found in harvest period 
at all incubation time but plant fractions showed a significant 
effect. Corn grain had higher pH at 0 h (p < 0.05) but at 6–72 h 
incubation time, pH values were lower than that of the corn stover 
(p < 0.001). 

Discussion
Nutritive value of corn is determined by its nutrient composition, 
as well as its effective degradation. It varies significantly depending 
upon the plant fractions and stage of maturity at harvest. Nutrient 
composition of corn plant cultivated in Goesan, a mountainous 
area, varied as affected by plant fractions and different harvest pe-
riod. Higher DM, CP, EE, OM, and NFC contents were found 

Table 2. Effective degradation of major nutrient composition (DM, NDF, ADF, CP) and degradation parameters (a,b,c) of corn stover 

and grain harvested at different periods

 
Corn stover Corn grain

SEM
Effects

Early Mid Late Early Mid Late Harvest (H) Fraction (F) H × F
a 25.44D 23.77E 18.39F 40.84A 39.60B 37.28C 1.28 *** *** **

b 17.96D 19.89D 29.67C 36.26B 34.17B 35.46A 4.09 ** *** **

c 0.03BC 0.05A 0.02C 0.04BC 0.06A 0.04C 0.00 * NS NS

EDDM 35.53C 37.05C 32.01D 57.13A 57.02A 53.00B 3.44 ** *** NS

a 8.88A 4.59B 3.4C 6.23B 7.65A 2.14C 1.29 *** NS ***

b 20.71A 22.19B 19.59B 39.00A 19.58B 24.24B 4.78 *** *** ***

c 0.03B 0.03A 0.05A 0.02B 0.06A 0.05A 0.00 *** NS *

EDNDF 20.17A 17.10AB 16.55B 17.24A 17.92AB 14.34B 3.19 * NS NS

a 11.70A 3.89B 3.49B 13.31A 6.12B 1.83B 1.64 *** NS **

b 16.38 20.82 14.75 11.01 11.41 16.47 4.06 NS ** **

c 0.03C 0.03BC 0.09B 0.08B 0.13AB 0.08A 0.03 * *** ***

EDADF 20.12A 14.34B 14.97B 19.88A 14.19B 11.99B 2.96 *** NS NS

a 53.43C 60.49B 66.16A 28.65F 39.69E 40.52D 1.15 *** *** ***

b 18.65C 16.20D 13.24D 55.66A 33.24B 33.00B 3.11 *** *** ***

c 0.05AB 0.03B 0.06A 0.02CD 0.01D 0.02C 0.00 * *** NS

EDCP 65.48C 69.06B 75.32A 43.35F 46.53E 50.43D 2.38 *** *** NS
A–FMeans in the same row with different superscripts are significantly different.
* p < 0.05, ** p < 0.01, *** p < 0.001.
DM, dry matter; NDF, neutral detergent fiber; ADF, acid detergent fiber, CP, crude protein; SEM, standard error of means, NS, not significant; EDDM, effective degradability of dry 
matter; EDNDF, effective degradability of neutral detergent fiber; EDADF, effective degradability of acid detergent fiber; EDCP, effective degradability of crude protein; a, b, c in 
first column corresponds to: a, highly soluble fraction of sample; b, insoluble and slowly soluble fraction of sample at time infinity; c, rate constant of degradation of fraction “b.”
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Table 3. Total volatile fatty acids (VFA) concentration and VFA molar proportions of corn stover and grain harvested at different periods

 
Corn stover  Corn grain

SEM
p-values

Early Mid Late  Early Mid Late Harvest (H) Fraction (F) H × F
3 h

Total VFA (mmoles/100 mL) 55.56b 56.11b 86.48a 38.97c 32.94d 35.55cd 3.31 *** *** ***
Molar proportion  
(mmoles/100 mmoles) C2 66.50ab 68.18a 66.74b 61.83c 60.98d 60.32d 0.65 * *** **

C3 21.80c 19.22c 23.12b 21.62b 24.36b 25.43a 0.81 *** *** ***

C4  8.78c 8.66c 7.56d 10.94a 10.50a 10.34b 0.34 *** *** *

C5  0.84b 1.07b 0.74c 1.65a 1.12a 1.04b 0.15 *** *** ***

C2/C3  3.06a 3.56a 2.89b 2.86b 2.51b 2.37c 0.13 *** *** ***

  6 h

Total VFA (mmoles/100 mL) 65.62 67.52 71.28 40.65 41.26 48.46 8.58 NS *** NS
Molar proportion  
(mmoles/100 mmoles) C2 65.81 69.04 64.11 60.97 59.69 61.54 1.62 NS *** **

C3 21.95b 20.12b 24.71a 22.92b 25.65a 25.1a 1.51 ** ** **

C4  9.17b 7.62c 8.42c 11.30a 10.66b 9.82b 0.48 *** *** **

C5  0.85c 0.87c 0.81d 1.44a 1.15ab 0.99b 0.56 * *** NS

C2/C3  3.00a 3.44a 2.60b  2.66b 2.35c 2.46c 0.67 ** *** ***

  12 h

Total VFA (mmoles/100 mL) 84.01b 112.26a 103.34ab 51.62c 49.94d 49.29d 10.16 * *** *
Molar proportion  
(mmoles/100 mmoles) C2 64.97b 70.66a 65.51b 59.25c 57.67d 57.97d 1.63 * *** ***

C3 22.13d 19.25d 23.03c 25.04b 26.59b 27.32a 1.6 * *** *

C4 9.74 7.38 8.5 11.58 12.41 11.36 0.96 NS *** *

C5 0.93b 0.75c 0.87c 1.21a 0.93b 0.99b 0.14 * ** NS

C2/C3 2.94a 3.68b 2.86a  2.37c 2.18d 2.14d 0.21 ** *** ***

  24 h

Total VFA (mmoles/100 mL)   86.82b 158.81a 137.72a 60.64d 57.89d 69.34c 7.4 *** *** ***
Molar proportion  
(mmoles/100 mmoles) C2 63.74 66.54 68.12 56.37 54.73 53.51 2.48 NS *** *

C3 24.14 24.2 22.53 26.97 28.19 29.79 1.65 NS *** *

C4  9.06 6.81 6.84 12.94 13.21 13.52 1.18 NS *** *

C5  0.91 0.78 0.81 1.13 1.18 1.01 0.35 NS *** NS

C2/C3  2.65 2.75 3.04  2.09 1.95 1.81 0.22 NS *** *

  48 h

Total VFA (mmoles/100 mL) 96.28c 159.90a 124.00b 76.51f 90.56d 83.99e 9 *** *** ***
Molar proportion  
(mmoles/100 mmoles) C2 63.78 67.33 66.16 51.85 52.93 54.23 2.36 NS *** NS

C3 24.55 23.84 23.3 28.52 29.51 28.7 2.1 NS *** NS

C4 8.6c 6.47d 7.78cd 14.8a 13.23ab 13.47ab 1.31 * *** NS

C5  0.91c 0.73d 0.83c 2.04a 1.87a 1.56b 0.18 * *** *

C2/C3 2.61 2.23 2.91  1.82 1.82 1.83 0.33 NS *** NS

  72 h

Total VFA (mmoles/100 mL) 104.24c 162.14a 131.87b 93.56d 89.78e 84.49f 2.85 *** *** ***
Molar proportion 
 (mmoles/100 mmoles) C2 62.89 64.29 63.47 50.81 50.88 52.4 1.98 NS *** NS

C3 24.6 26.54 25.46 28.59 27.45 26.62 1.72 NS ** NS

C4  8.82 6.7 7.97 14.24 14.62 15.07 1.3 NS *** NS

C5 1.23 0.8 1.03 3.31 3.33 2.72 0.35 NS *** NS

C2/C3 2.56 2.42 2.51  1.78 1.87 1.98 0.2 NS *** NS
a–fMeans in the same row with different superscripts are significantly different.
* p < 0.05, ** p < 0.01, *** p < 0.001.
SEM, standard error of means; NS, not significant; C2, Acetate; C3, Propionate; C4, Butyrate; C5, Valerate; C2/C3, ratio of acetate to propionate.
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in corn grain, and higher NDF and ADF contents were found in 
stover fraction. These observations were expected because as the 
corn plant matures, soluble carbohydrates migrate from the vege-

tative fractions (stover) to ear fractions (grain) of the plant leaving 
the structural carbohydrates behind. As the corn plant advance 
in maturity, DM of the ear fraction increases due to grain filling 

Fig. 1. Total gas production of early, mid, and late harvest corn stover and grain incubated in rumen fluid through in vitro technique. *** p < 0.001. 
CS, corn stover; CG, corn grain;  F, plant fraction.

Fig. 2. The ammonia-N concentration of early, mid, and late harvest corn stover and grain incubated in rumen fluid through in vitro technique.  
* p < 0.05, *** p < 0.001. CS, corn stover; CG, corn grain, F, plant fraction.

Fig. 3. pH of early, mid, and late harvest corn stover and grain incubated in rumen fluid through in vitro technique. * p < 0.05, *** p < 0.001. CS, 
corn stover; CG, corn grain, F, plant fraction, H × F, interaction between harvest period and plant fraction.
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and NDF decreases [14–15] due to the dilution effect as starch 
accumulates. Consistent with the literature cited, increased DM, 
and decreased NDF contents were observed in late-harvest of 
corn grain. The high NFC content found in the late-harvest corn 
grain can also be associated with dilution of fiber and increase of 
soluble carbohydrates during grain filling. Furthermore, late-har-
vest decreased CP and EE contents of corn grain although it 
increased the ADF content. For corn stover, late-harvest increased 
DM, NDF and ADF contents and decreased CP content. In a 
number of studies, later harvest of corn plants resulted in increased 
DM, NDF, and ADF contents of residual parts [16] while CP 
content declines rapidly throughout ear maturation [17]. Some of 
the results in this study were found inconsistent to the literature 
cited. For instance, high CP content was observed in mid-harvest 
corn stover. However, it could be due to the uneven distribution 
of the leaves, stalks, husks, and cobs in the corn stover samples. 
As Li et al. [18] reported, leaves among other parts of corn stover 
had the highest CP content. Mid-harvest might have contained 
more leaves hence, the high CP content. Increased OM content in 
late-harvest of corn stover is associated with the high ADF con-
tent observed in the same harvest period. 

Corn grain EDDM can be a good estimate to starch digestibili-
ty as proposed by Correa et al. [19] and confirmed by Ahmed et al. 
[20] because 70% of the total grain DM is starch, one of the grain’s 
most digestible components. Higher EDDM found in corn grain 
was expected because starch is a highly fermentable carbohydrate. 
However, EDDM of corn grain in this study ranged only from 
53% to 57% which is lower than the generally known 80%–90%. 
One of the few accounts that report low DM digestibility of corn 
grain stated a 60.09% in vitro DM digestibility for coarsely-ground 
and 73.88% for finely ground corn grain [21]. EDDM values in 
this study are close to that of the coarsely ground which suggests 
that the particle size of the corn grain was not fine enough for an 
effective degradation. Another possible reason for the low DM 
digestibility of corn grain could be the diet fed to the experimental 
animal [22]. The Hanwoo in this study was fed 7 kg ryegrass and 
2 kg concentrates. The high proportion of roughage might have 
increased the microbes in the rumen fluid with a preference for 
structural carbohydrates (fibrolytic) and limited the nonstructural 
carbohydrates one (amylolytic) consequently affecting the degra-
dation of corn grain. In terms of maturity, it was reported that total 
DM and starch digestibility of corn grain decreased with advanc-
ing maturation [20]. Correspondingly, decreased in vitro EDDM 
was found in late-harvest of corn grain. The same observation was 
found in stover. As reported, degradability of corn stover dramat-
ically declines with advancing maturity [23–24] due to the mi-
gration of soluble carbohydrates to ears. Late-harvest of stover led 
to the accumulation of cell wall contents [25] and these cell wall 

contents especially ADF and lignin contents limited the degrad-
ability of the stover. High EDNDF and EDADF were found in 
early-harvest regardless of plant fractions indicating that early-har-
vest of corn plant would provide sufficient amount of digestible cell 
walls available for microbial fermentation. Late-harvest stover had 
highest EDCP followed by mid-harvest and early-harvest of the 
same plant fraction. The same observation was found in the corn 
grain EDCP. These indicate that late-harvest resulted to easily 
degradable protein in vitro. However, it should be noted that CP 
degradation does not only happen in the rumen and in vitro meth-
od primarily measure DM, NDF, and ADF degradation. Thus, 
using in vitro method to determine EDCP could over or underes-
timate protein digestion in animals.

Gas production increased with the maturity of corn plants due 
to increased contents of fermentable cell walls in stover fraction 
[26], and starch in grain [20]. However, in this study, total gas 
production was not affected by harvest period. Despite this, a pat-
tern was observed where harvest period with high NDF and low 
ADF contents had higher gas production. Harvest periods that 
showed this pattern were early-harvest of corn stover, and early 
and mid-harvest of corn grain. This observation suggests that these 
harvest periods have sufficient amount of accessible substrate for 
microbial fermentation that could increase gas production. While 
harvest period was not affected, plant fraction was significantly 
affected. Higher gas production in corn grain than the stover frac-
tion can be related to its higher EDDM. As Jin et al. [27] reported, 
there is a strong relationship between total gas production and 
EDDM. The high total gas produced could have resulted from the 
fermentation of the easily degradable starch which represents the 
majority of the fermentable organic matter in corn grain. However, 
it should be considered that gas production could be the direct gas 
resulting from degradation of feeds or indirect gas from buffering 
of VFAs. 

VFAs are the major energy source for ruminant animals. Corn 
grain had lower total VFA concentration than corn stover. The 
low total VFA concentration of corn grain could be attributed to 
its low EDDM. As Qin et al. [28] reported, VFA concentration is 
positively related to EDDM. Furthermore, the diet fed to Hanwoo 
might have changed the microflora in the rumen. As discussed, 
microbes present in the rumen fluid could be predominantly fi-
brolytic thus affected the EDDM and VFA production of corn 
grain. In addition, total VFA in this study was found close to the 
total VFA concentration reported by Lee et al. [21]. In the present 
study, total VFA of corn grain at 48 h ranged to 76.51 to 90.56 
mM while Lee et al. [21] reported a total VFA of 88.61 mM for 
coarsely-ground corn grain after 48 h. As generally known, reduc-
tion of particle size of corn grain increases the surface area available 
for microbial attack which enhances the digestibility of feed. This 
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suggest that particle size of corn grain in this study contributed to 
the low degradation of DM and ultimately affected the production 
of VFA. In terms of the harvest period, early-harvest of corn grain 
which showed EDDM also displayed high total VFA at 3, 12, and 
72 h. On the other hand, mid-harvest stover which showed high 
EDDM also displayed high total VFA concentration from 12 to 
72 h. Higher concentration of VFA suggests an increased rumen 
microbial activity because of more available quantities of organic 
matter being fermented in the rumen [29].

Plant fractions influenced the molar proportions of acetate and 
propionate. Higher acetate proportion was observed in corn sto-
ver, and higher propionate proportion was observed in corn grain. 
High levels of acetate usually occur in animals fed large amounts 
of roughage and high levels of propionate occur to animals fed 
cereals because of its starch content [30]. High level of propio-
nate in late-harvest of corn grain at 3–12 h can be probably due 
to increased starch in corn grain which also led to its low level of 
acetate to propionate ratio. Consistently high acetate to propionate 
ratio in early-harvest of stover at 3–12 h indicated a proportionally 
higher digestible NDF. Higher valerate proportion in corn grain 
can be associated with its higher CP content compared to stover. 
Getachew et al. [31] reported that there was a highly significant 
correlation between CP level and valerate production indicating 
that CP fermentation contributes to VFA production.

Ammonia-N concentration was not significantly affected by 
harvest period but was significantly affected by plant fractions at all 
incubation time where corn stover had higher ammonia-N concen-
tration. The ammonia-N concentration of corn grain fell outside 
the range for the maximum efficiency of microbial synthesis. Ac-
cording to Sater et al. [32], the ammonia-N concentration of 5 to 8  
mg × 100 mL-1 supports maximum microbial synthesis. The obser-
vation could have resulted from catabolism of lysed cells due to the 
futile environment like an acidic condition. In this study, pH of the 
rumen fluid with corn grain samples had high acidity. From 12–72 
h, pH of corn grain was all below 6.0 which could be due to the 
accumulation of lactic acid because of starch fermentation. Weimer 
[33] reported that a neutral pH between 6 and 9 is best to ensure 
the growth of cellulolytic bacteria to support their digestion activity. 
The pH values of corn stover, on the other hand, were all above 6.0.

Conclusions
The best nutrient composition of corn grain was observed in ear-
ly-harvest (high CP, EE, NDF, OM, NFC, and low ADF). Ear-
ly-harvest of corn grain also had high EDDM, EDNDF, EDADF, 
and total VFA concentration. On the other hand, the best nutrient 
composition of stover was observed in mid-harvest (high DM, CP, 
NDF, and low ADF). EDDM, EDNDF, and EDADF were pro-

nounced in early-harvest and mid-harvest of stover but the latter 
showed high total VFA concentration. Hence, early and mid-har-
vested corn stover and grain in a mountainous area preserved their 
nutrients, which led to the effective degradation of major nutrients 
and high VFA production.  However, further study is recom-
mended because harvest period of grain and stover did not show a 
systematic effect on pH, ammonia-N concentration and gas pro-
duction, and lactic acid concentration should be measured as well 
in addition to other VFA molar proportions.
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