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ABSTRACT

This study was conducted to estimate the effect of maize endosperm type, e.g., waxy,
conventional, fodder, sweet, and high oil, and maturity stage on chemical composition and in vitro
fermentation characteristics of morphological fractions. Whole maize stover was separated into four
fractions, including leaf blade, leaf sheath, stem and husk. The proportion of leaf blade, leaf sheath
and husk, and crude protein (CP) and phosphorus (P) contents decreased, whereas the proportion of
stem and fibre content increased with the increasing of maturity stage. High oil, sweet, fodder and
conventional had the highest proportion in leaf blade, leaf sheath, stem and husk, respectively. Leaf
blade had the highest CP and P contents and husk had the highest neutral detergent fibre content.
Conventional had the highest (P<0.05) acid detergent fibre content but the lowest (P<0.05) CP
content than the others. Fodder and high oil had the highest P and organic matter (OM) content.
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Invitro gas production parameters of b, a+b, in vitro OM disappearance (IVOMD), and concentration
of total volatile fatty acid (TVFA) decreased (P<0.05) with the increase of maturity. Maize stover
parts from waxy variety had the highest values of b, ¢ and a+b, whereas the morphological fractions
from conventional variety had the highest IVOMD. The morphological fractions differed in ¢ value
and potential gas production in the following order: husk > leaf sheath > stem > leaf blade. The
highest and lowest values of IVOMD were observed in husk and stem, respectively. The highest
TVFA concentration, molar proportion of acetate and propionate were noted in high oil, waxy and
sweet, respectively. The result indicated that the nutritive value of maize stover could be improved
through the selection of endosperm type and appropriate maturity stage.
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INTRODUCTION

Over recent years, many new maize hybrids (such as sweet maize, waxy
maize, high oil maize and fodder maize) have been developed to supply fresh
maize grain for human consumption and to supply feed for livestock. The by-
products from maize grain processing or maize stover after maize grain harvested
are one of the most important sources of feed for ruminant production, especially
in the areas where high quality fodder is not sufficient.

The nutritive value of maize stover is not only dependent upon climate
conditions, cultivation practices (such as water and fertilizer management),
storage methods and chemical composition, but also depended on variation in
composition of morphological fractions. Tolera and Sundstel (1999) reported that
organic matter (OM) and crude protein (CP) digestion of maize stover in leaf
blade were higher compared with stem. Tang et al. (2006, 2008) reported that CP
content was higher but acid detergent fibre (ADF) content was lower in leaf blade
than in stem. Except for morphological fractions, the nutritive value of stover is
also related to the stage of harvesting. Tolera et al. (1998) and Pordesimo et al.
(2005) reported that CP content of maize stover decreased but lignin and xylan
increased with advancing the stage of maturity, and the soluble solids content
in residual plant decreased. In addition to the harvest time and morphological
fraction, the feeding value and digestibility of maize stover or maize silage were
significantly affected by the variety factor (Tolera et al., 1999; Ettle and Schwarz,
2003; Tang et al., 2008). The digestibility of brown midrib varieties could be
improved by their lower lignin content (Oba and Allen, 1999; Tjardes et al.,
2000). Tolera et al. (1999) observed a significant varietal difference in grain and
stover yield, and in situ dry matter (DM) degradability based on their observed
eight maize varieties. Akay and Jackson (2001) and Akay et al. (2002) evaluated
the nutritive value of NutriDense and waxy maize in dairy cows and sheep.

Generally, milky ripe (d 12 to d 17 after tasseling) and dough stage (d 25to d 31
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after tasseling) were considered as the main stage for fresh ear harvesting and
ensiling. Sweet and waxy maize and fodder maize were generally planted to
supply fresh ear for consumption and for ensiling, respectively. Conventional
such as hybrid Rh208 and DK265 (Barricre et al., 2001, 2004), which were
sown in Europe, and high oil maize were mainly planted as industrial stuff and
feedstuffs. However, very few works have been devoted to studies of quality of
morphological fractions related to early harvesting date. This study was, therefore,
conducted to assess the proportion and quality of morphological fractions of five
endosperm type maize harvested at two early maturity stages.

MATERIAL AND METHODS

This experiment was approved by the Animal Care Committee, Institute of
Subtropical Agriculture (ISA), the Chinese Academy of Sciences, Changsha (P.R.
China).

Maize varieties

Five maize hybrids, namely Kexiangyu 11 (conventional maize), Gaoyou 115
(high oil maize), Kexiangluoyu 1 (waxy maize), Huqing 1 (fodder maize) and
Kexiangtianyu 1 (sweet maize) were used in this experiment. Kexiangluoyu 1 and
Kexiangtianyu 1 are short and early maturing variety released by ISA, through
intensive selection for increasing glutinousness and sweetness, respectively.
Kexiangyu 11 developed by ISA, is a conventional maize variety. Gaoyou 115
is a variety containing higher oil concentration in grain, and developed in China
Agriculture University in 1996. Huqing 1 is a hybrid variety used for ensiling.

Planting, harvesting and preparation

Five maize hybrids were sown at the 22" of April 2005 and planted under
similar agronomic condition on a same field at the experimental farm of ISA in
southern China (28°12'N and 113°5'E; altitude 38 m). Ten whole plants of maize
stover were collected in triplicate from three replicate plots and drawn from the
standing crop at d 17 (maturity stage 1) and d 31 (maturity stage 2) after tasseling
for all 5 varieties, respectively. Whole maize stovers were manually separated
into 4 different morphological fractions, i.e. leaf blade, leaf sheath, stem and
husk, then weighed to determine the proportions of morphological fractions. All
samples were dried at 65°C in an oven and then milled through a 1-mm sieve
prior to chemical analysis and in vitro gas production measurements.
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In vitro gas production

Three rumen fistulated goats, which were fed 900 g of maize stover and 900 g
of concentrate mix in equal portions twice daily and accessed water freely, were
selected as the contributor of rumen fluid. The method modified by Tang et al.
(2006) was selected to transact in vitro gas production. Approximately 200+ 10 mg
sample was weighed in triplicate into syringes of 100 ml. The syringes were
pre-warmed at 39°C before the injection of 30+ 1 ml rumen fluid-buffer mixture
into each syringe and then placed in a shaking water bath (DSHZ-300, Taicang,
Jiangsu, China) with 50 movements per min at 39°C. Three syringes containing
only incubation media were placed in the water bath and used as blanks to correct
for the gas production due to the activity of the rumen fluid without a feed
sample. Gas volume readings were recorded after 2, 4, 6, 12, 24, 36, 48, 60 and
72 h incubation. The data was fitted to the exponential equation (Bliimmel and
Orskov, 1993):

GP=a+b(l-e)

where: GP - gas production at time t, a, b and ¢ are constants in the exponential
equation, where « - the intercept of gas production curve, b - gas production of
the insoluble but potentially fermentable fraction during time (¢), ¢ - the rate of
gas production of the ‘b’ fraction, (a+b) - the potential gas production.

Volatile fatty acids (VFA) and NH,-N contents were determined after 72 h of
incubation. Fermentation residue was filtered into the preweighed filter crucibles,
dried at 105°C for 24 h and weighed, then ashed at 550°C for measuring in vitro
organic matter disappearance (IVOMD).

Chemical analysis

Samples were dried at 105°C overnight and ignited at 550°C for 6 h for
measuring DM and ash, respectively. Crude protein content was calculated as 6.25
x nitrogen (N) which was determined using the Kjeldahl method (AOAC, 1999).
Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined
using the method of Van Soest et al. (1991). NDF was assayed with the addition
of a heat stable amylase, but without sodium sulphite, and is expressed inclusive
of residual ash. ADF is expressed inclusive of residual ash. Total phosphorus
(P) content was detected by molybdenum blue colorimetric method using an
ultraviolet and visible spectrophotometer (UV8500-2, Tianmei, Shanghai,
China) when the samples were digested by sulphuric acid and perchloric acid.
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A gas chromatograph (HP5890) was used for VFA analysis, and a HP-INNOWax
column (30 m in length with a 0.25 mm i.d.) was used for the separation. The
attenuation was set at nitrogen diffluent ratio 1:60, hydrogen flow 50 ml/min,
air flow 500 ml/min, injector temperature 200°C, column temperature 150°C,
detector temperature 200°C. The relative response factor, representing the
peak of each VFA, was calculated using the standard VFA mixture, which was
chromatographed with each group of 10 samples. Total molar concentration was
calculated by taking the sum of individual VFAs as 100%. NH,-N was determined
according to the procedure as described by Weatherburn (1967).

Statistical analysis

The statistical evaluation of the data was done by analysis of variance with the
software package Statistical Analysis System (2001) using the GLM procedure.
The model for analysis of the proportion of morphological fractions of the stover
included the effects of variety, maturity stage and two-way interactions involving
treatment main effects. Included in the model of chemical composition and in vitro
fermentation parameters were variety, morphological fraction, maturity stage, and all
two-way and three-way interactions involving treatment main effects. The statistical
significance of the differences between means was tested using the Student-Newman-
Keuls (SNK) test. Statistical significance was declared at P<0.05.

RESULTS

Morphological fraction proportion. The proportions of morphological
fractions of five maize hybrids are presented in Table 1. Over one third of maize
stover was stem, with leaf blade, husk and leaf sheath averagely accounting for
26.9, 18.3 and 14.2% of maize stover, respectively. Advanced maturity stage did
not affect (P>0.05) the proportion of morphological fractions.

Maize hybrid variety had significant effects on the proportions of leaf blade,
leaf sheath, stem and husk in maize stover. The high oil maize variety had higher
leaf blade proportion than fodder, waxy and sweet maize variety (29.4 vs 26.7,
25.9 and 25.6%). The sweet maize variety had higher leaf sheath proportion than
high oil, waxy and fodder maize variety. Stem proportion in fodder maize (4.44%)
was significantly higher than waxy, high oil and sweet maize varieties which were
significantly higher than conventional variety. The highest proportion of husk in
maize stover was observed in conventional maize variety (21.8%), which was
significantly higher than high oil and fodder maize (15.8 and 15.3%). There were
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significant maturity stage (M) x variety (V) interaction effect on the proportions
of leaf blade, leaf sheath and stem, while five varieties had inconsistent variation
in morphological proportion with harvest date.

Table 1. Proportion (%) of morphological fractions at different maturity stage for five maize
varieties, DM basis

Item Leaf blade Leaf sheath Stem Husk
Maturity stage
stage 1 27.6 14.3 39.7 18.4
stage 2 26.3 14.0 41.5 18.2
SEM 0.51 0.14 0.64 0.97
Maize variety
waxy 25.9° 14.0° 41.1° 19.0®
conventional 27.2%® 14.3% 36.7° 21.8°
fodder 26.7° 13.6° 44 42 15.3°
sweet 25.6° 14.8° 40.2° 19.4®
high oil 29.47 14.1° 40.7° 15.8°
SEM 0.81 0.23 1.01 1.53
Maturity stage * maize variety
1 X waxy 26.5 14.5 38.5 20.5
1 x conventional 25.5 13.4 38.6 22.5
1 x fodder 28.4 13.6 42.5 15.5
1 x sweet 28.1 15.8 40.2 15.9
1 x high oil 29.6 14.2 38.8 17.4
2 X waxy 25.2 13.5 43.8 17.5
2 x conventional 28.9 15.2 34.7 21.2
2 x fodder 25.0 13.6 46.3 15.1
2 x sweet 23.0 13.8 40.2 23.0
2 x high oil 29.2 14.0 42.5 14.3
SEM 1.15 0.32 1.43 2.16
Significance
M NS NS NS NS
V * % skksk *
M X V * skksk * NS

M - maturity stage effect; V - variety effect; M X V - interaction of maturity stage and variety;
stage 1-17 days post-tasseling; stage 2 - 31 days post-tasseling; SEM - standard error of mean;
NS - not significant; * P<0.05; *** P<0.001

Chemical composition. A number of main effects of maturity stage, variety and
morphological fraction on chemical composition of maize stover were given in
Table 2. Maturity stage 2 resulted in the decline (P<0.05) of CP and P content from
96 and 2.13 to 82 and 1.86 g/kg DM compared with maturity stage 1.

Morphological fraction had a significant effect on chemical composition of
maize stover. The OM content in husk (963 g/kg DM) was significantly higher
than that in leaf sheath (899 g/kg DM) and leaf blade (873 g/kg DM). Stem also
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Table 2. Chemical composition of morphological fractions for five variety maize stover harvested
at two maturity stages

Morphological Variety Maturity Chemical composition, g/lkg DM
fraction stage oM CP P NDF ADF
Leaf blade Waxy 1 876 187 2.87 546 314
2 857 160 2.57 554 339
Conventional 1 880 178 2.66 563 338
2 867 156 2.85 552 355
Fodder 1 866 190 2.77 559 350
2 879 165 2.50 559 351
Sweet 1 867 185 2.73 534 318
2 859 165 2.17 551 340
High oil 1 891 192 2.97 521 303
2 884 166 2.73 524 332
Leaf sheath Waxy 1 904 67 1.18 618 368
2 904 55 1.15 635 356
Conventional 1 896 58 1.44 637 397
2 902 50 1.36 631 377
Fodder 1 890 75 2.04 638 412
2 907 57 2.07 576 355
Sweet 1 888 63 1.65 608 363
2 896 59 1.40 651 379
High oil 1 903 66 1.65 594 368
2 904 47 1.16 601 355
Stem Waxy 1 950 77 1.34 564 360
2 959 62 1.21 523 331
Conventional 1 947 61 1.82 559 370
2 938 53 1.35 539 365
Fodder 1 936 78 1.90 595 431
2 954 70 1.60 539 354
Sweet 1 944 78 1.94 564 371
2 948 73 1.55 553 372
High oil 1 945 61 1.85 581 382
2 957 49 1.29 562 380
Husk Waxy 1 963 64 2.12 599 289
2 961 50 1.50 682 322
Conventional 1 958 56 2.28 630 316
2 964 50 1.99 662 345
Fodder 1 967 58 2.43 588 303
2 969 53 2.66 615 297
Sweet 1 962 66 2.52 560 291
2 961 56 2.21 645 332
High oil 1 965 59 2.53 607 311
2 958 47 1.80 663 353

SEM 6.83 5.64 0.208 19.85 12.48

continued on the page 589
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Table 2. continued

MorPhological Variety Maturity Chemical composition, g’lkg DM

fraction stage OM CP P NDF ADF

Significance M NS ok HE NS NS NS
F sk ok EETES kokok kokok ok ok Ak k
AV * ok kokok NS ok okl
M xV NS NS NS NS ok *kk
FxV NS NS NS NS * *
M xF NS * NS EEES seokok kKK
M x F xV NS NS NS NS NS NS

OM - organic matter; CP - crude protein; P - phosphorous; NDF - neutral detergent fibre; ADF -
acid detergent fibre; stage 1-17 days post-tasseling; stage 2-31 days post-tasseling; SEM - standard
error of mean; M - maturity stage effect; V - variety effect; F - morphological fraction effect;
M x V - interaction of maturity stage and variety; V x F - interaction of variety and morphological
fraction; M x F - interaction of maturity stage and morphological fraction; M x V x F - interaction
of maturity stage and variety and morphological fraction; NS - not significant; * P<0.05; ** P<0.01;
**% P<0.001

had a higher (P<0.05) OM content than in leaf sheath which was significantly
higher (P<0.05) than in leaf'blade. The CP content of four morphological fractions,
except for leaf blade, was below 67 g/kg DM. The highest P content was observed
in the part of leaf blade (2.68 g/kg DM) which was significantly higher (P<0.05)
than that of husk (2.20 g/kg DM) which was in turn higher (P<0.05) than those of
stem and leaf sheath (1.59 and 1.51 g/kg DM). The parts of leaf blade and stem
had lower (P<0.05) NDF content than those parts of leaf sheath and husk. Leaf
sheath and stem had higher (P<0.05) ADF content than that of leaf blade and
husk.

Organic matter content of stover parts from high oil was higher (P < 0.05)
than that of sweet variety. Morphological fractions from fodder and sweet were
higher (P<0.05) in CP content (93 and 93 g/kg DM) than that of high oil and
conventional (86 and 83 g/kg DM). The ADF content in five varieties showed the
following ranking order: conventional > fodder > high oil > sweet > waxy. There
was significant M x V, F X V and M x F interaction on ADF content of stover.
Maturity also interacted (P<0.05) with morphological fractions for CP and NDF
content of maize stover.

In vitro fermentation characteristics. Tables 3 and 4 show the in vitro
fermentation characteristics of morphological fractions for five varieties of maize
stovers harvested at two stages. Advanced maturity stage increased (P<0.001)
the value of a, but decreased (P<0.01) the values of » and a + b of maize stover.
The TVFA concentration of maize stover decreased (P<0.001) with the increase
of maturity.

Stem had a higher (P<0.05) a value than husk which was in turn higher
(P<0.05) than leaf sheath and leaf blade. The highest b, ¢, @ + b and IVOMD
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Table 3. In vitro fermentation parameters of morphological fraction from five varieties harvested at
two maturity stages

Morphological Variety Maturity Gas production parameters IVOMD
fraction stage a, ml b, ml c,ml/h  a+b, ml %
Leaf blade Waxy 1 1.77 51.7 0.068 53.4 51.7
2 3.39 47.0 0.052 50.4 56.9
Conventional 1 1.09 49.4 0.043 50.5 73.8
2 1.21 43.7 0.056 449 62.3
Fodder 1 -0.31 52.2 0.053 51.9 56.7
2 5.18 46.1 0.046 51.3 59.6
Sweet 1 2.55 45.7 0.060 48.2 61.5
2 3.79 39.5 0.043 433 63.0
High oil 1 2.47 48.8 0.055 51.3 60.6
2 4.02 42.7 0.044 46.7 67.9
Leaf sheath Waxy 1 2.24 54.3 0.061 56.5 70.6
2 5.61 50.0 0.060 55.7 66.1
Conventional 1 -0.46 534 0.080 52.9 75.9
2 7.75 46.2 0.081 54.0 64.2
Fodder 1 -1.44 543 0.063 52.8 61.7
2 6.74 49.3 0.068 56.1 66.8
Sweet 1 6.96 47.0 0.069 53.9 64.4
2 3.06 493 0.069 52.4 64.9
High oil 1 3.46 49.6 0.055 53.1 67.2
2 6.97 46.3 0.067 53.2 58.1
Stem Waxy 1 11.76 49.2 0.067 61.0 51.8
2 16.15 46.3 0.055 62.4 69.4
Conventional 1 12.97 36.2 0.046 49.2 594
2 11.22 353 0.061 46.6 55.4
Fodder 1 3.81 40.2 0.046 44.0 50.6
2 13.29 36.4 0.049 49.7 57.9
Sweet 1 11.28 37.2 0.049 48.5 59.1
2 7.40 39.3 0.061 46.7 57.3
High oil 1 10.90 394 0.046 50.3 56.7
2 14.81 36.6 0.059 51.4 58.7
Husk Waxy 1 8.82 63.8 0.074 72.6 75.6
2 5.61 67.1 0.071 72.7 60.5
Conventional 1 8.52 59.7 0.052 68.2 78.9
2 3.40 53.2 0.071 56.6 81.2
Fodder 1 5.82 62.6 0.073 68.5 76.1
2 5.24 64.9 0.070 70.2 77.1
Sweet 1 7.61 58.5 0.077 66.1 81.9
2 4.62 59.8 0.069 64.4 81.2
High oil 1 12.35 54.7 0.064 67.1 74.6
2 4.54 55.9 0.060 60.4 75.2
SEM 1.11 1.67 0.0049 1.49 2.80

continued on the page 591
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Table 3. continued

MorPhological Variety Maturity Gas production parameters IVOMD

fraction stage a, ml b, ml c,ml/h a+b, ml %

Significance M ook ook NS ok NS
F skksk skksk skksk skskk sk
V skksk skksk * skksk skeksk
MxV ok NS *k ok o
FxV Kok ok sk skkok sk
M xF Kok ok Kok ok * skokk k%
MxFxV EEES NS NS NS TS

a - the intercept of gas production curve; b - the proportion of gas production during time (t);
¢ - the rate of gas production of the ‘b’ fraction; IVDMD - in vitro dry matter disappearance;
IVOMD - in vitro organic matter disappearance; stage 1-17 days post-tasseling; stage 2-31 days
post-tasseling; SEM - standard error of mean; M - maturity stage effect; V - variety effect;
F - morphological fraction effect; M x V - interaction of maturity stage and variety; V X F: interaction
of variety and morphological fraction; M x F - interaction of maturity stage and morphological
fraction; M x V x F - interaction of maturity stage and variety and morphological fraction; NS - not
significant; * P<0.05; ** P<0.01; *** P<0.001

values were found in husk (60.0 ml, 0.068 ml/h, 66.7 ml, and 76.2%), and the
lowest value of b and IVOMD were observed in stem (39.6 ml and 57.6%) which
were significantly lower (P<0.05) than those of the other morphological fractions.
For ¢ and a + b, the lowest values were observed in leaf blade which were
significantly lower (P<0.05) than that of leaf sheath and husk. Base on IVOMD
value, the morphological fractions showed the following ranking order: husk >
leaf sheath > leaf blade > stem. The highest molar proportions of propionate and
butyrate were detected in husk and stem, respectively.

Variety affected (P<0.05) the in vitro fermentation parameters of maize stover.
High oil was higher (P<0.01) in a value than waxy which was in turn higher
(P<0.001) than that of sweet, conventional and fodder. The highest values of b, ¢
and a+b were noted in waxy which was higher (P<0.001) than that of conventional,
sweet and high oil in » and @ + b values, and higher (P<0.001) than fodder and
high oil in gas production rate. Conventional and waxy had the highest and the
lowest IVOMD value, respectively. The highest ammonia nitrogen concentration
was detected in conventional, which was higher (P<0.001) than that of other
varieties. High oil was higher (P<0.001) in TVFA concentration than conventional
and waxy which were in turn higher (P<0.05) than that of fodder and sweet.
Molar proportion of acetate was higher (P<0.01) for waxy, conventional, high
oil and fodder than that of sweet. Morphological fractions from sweet and fodder
were higher (P<0.001) in molar proportion of propionate. Stover parts from sweet
had the highest molar proportion of butyrate but the lowest ratio of acetate to
propionate. Maturity stage interacted (P<0.05) with variety and morphological
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Table 4. NH,-N and TVFA concentration and volatile fatty acid molar proportion of morphological
fractions from five varieties harvested at two maturity stages

Morphological Variety Maturity NH,N TVFA Molar proportion
fraction stage mg/dl mmol/l acetate propionate butyrate
Leaf blade Waxy 1 9.74 537 0491 0.229 0.148 2.16
2 9.00 34.0 0477 0.247 0.131 1.94
Conventional 1 2695  40.6 0463 0.254 0.132 1.83
2 19.58 546 0484 0.237 0.148 2.05
Fodder 1 11.50  53.1 0435 0.253 0.151 1.76
2 13.18 457  0.491 0.241 0.143 2.05
Sweet 1 10.83  39.5 0.458 0.251 0.139 1.83
2 17.78 424 0470 0.276 0.128 1.72
High oil 1 1020  81.7 0.493 0.242 0.133 2.04
2 17.10 547 0.484 0.267 0.116 1.82
Leaf sheath Waxy 1 7.18 345 0516 0.268 0.108 1.93
2 7.07 41.6 0484 0.265 0.122 1.85
Conventional 1 18.13 569 0.505 0.260 0.124 1.95
2 14.91 61.9 0476 0.250 0.150 1.91
Fodder 1 738 384 0.504 0.283 0.098 1.78
2 6.63 332 0511 0.277 0.113 1.85
Sweet 1 10.82 454 0417 0.281 0.162 1.50
2 1943  36.7 0439 0.286 0.139 1.57
High oil 1 20.02 683 0485 0.270 0.129 1.81
2 14.41 57.8  0.453 0.250 0.151 1.82
Stem Waxy 1 7.16  63.6 0.481 0.226 0.162 2.14
2 7.43 40.1 0.484 0.271 0.139 1.78
Conventional 1 21.00  46.6 0.440 0.280 0.149 1.61
2 18.67 57.5 0.463 0.258 0.155 1.83
Fodder 1 792 439 0484 0.267 0.124 1.82
2 1843 443  0.402 0311 0.153 1.42
Sweet 1 17.52 435 0473 0.287 0.122 1.66
2 10.08 375 0453 0.270 0.154 1.68
High oil 1 8.33 88.8 0477 0.276 0.130 1.73
2 1534 515 0.480 0.285 0.122 1.75
Husk Waxy 1 6.09 53.5 0470 0.270 0.131 1.80
2 7.10 69.7 0.479 0.250 0.161 1.92
Conventional 1 20.37  66.1 0471 0.258 0.146 1.85
2 2298  42.1 0.489 0.288 0.117 1.70
Fodder 1 6.91 45.6 0458 0.306 0.106 1.50
2 6.13 340 0.496 0.296 0.105 1.68
Sweet 1 21.99 46.2  0.440 0.296 0.143 1.51
2 16.33  36.5 0.448 0.294 0.138 1.55
High oil 1 1491 694  0.450 0.320 0.120 1.43
2 1450  56.7 0.526 0.236 0.110 2.82
SEM 2.84 498 0.0183 0.0127 0.0085 0.164

continued on the page 593
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Table 4. continued

Morphological Varie Maturity NH,N TVFA Molar proportion

fraction b stage mg/dl mmol/l acetate propionate butyrate

Significance M NS koo NS NS NS NS
F NS NS NS ol o NS
V skokok sksksk 3k sksksk skokok skokok
MxV NS oA NS NS NS NS
FxV NS oAk * NS HkE NS
M x F NS NS * * NS *
M x F xV * sk ok * ok ko sk

TVFA - total volatile fatty acid; A:P - the ratio of acetic acid and propionic acid; stage 1- 17 days
post-tasseling; stage 2 - 31 days post-tasseling; SEM - standard error of mean; M - maturity stage
effect; V - variety effect; F - morphological fraction effect; M x V - interaction of maturity stage
and variety; V x F - interaction of variety and morphological fraction; M x F - interaction of
maturity stage and morphological fraction; M x V x F - interaction of maturity stage and variety and
morphological fraction; NS - not significant; * P<0.05; ** P<0.01; *** P<0.001

fraction for all gas production parameters except for b value, TVFA and molar
proportion of acetate and propionate. Morphological fraction also interacted
(P<0.05) with variety for all gas production parameters, TVFA and molar
proportion of acetate and butyrate. A three-way interaction (P<0.05) for q,
IVOMD, NH,-N and TVFA concentration, molar proportions of VFAs and A : P
ratio was also detected.

DISCUSSION

The difference among five genotype varieties in proportion of leaf, stem and
husk fractions confirmed the result that gene variation caused the alteration of
morphological composition for maize stover. Over the harvest date, stem fraction
possessed the highest proportion in whole stover and increased with the increasing
of harvest date, and the proportions of leaf fraction (including leaf blade and leaf
sheath) and husk fraction decreased with the increasing of harvest date are in
agreement with the previous studies (Russell, 1986; Tolera and Sundstel, 1999).
Interestingly, the proportion of leaf (leaf blade and leaf sheath) increased and
stem decreased for conventional, while it decreased and increased, respectively,
for the rest varieties with the increase of maturity. The reason is unclear, but this
may imply that the decline in stover quality was not greater for conventional
than the other varieties. The proportion of leaf fraction (including leaf blade and
leaf sheath) in the present study comprised a similar proportion compared with
stem (Table 1) indicated that the nutritive value of maize stover are not only
dependent upon the quality of the stem, but also dependent upon the quality of
leaf fraction.
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Average content of fibre (NDF and ADF) in stover parts increased and the
content of CP decreased with increasing the stage of maturity is consistent with
the previous study on maize stover (Russell, 1986; Tolera et al., 1998; Tolera and
Sundstel, 1999). Darby and Lauer (2002) also reported that CP content of maize
stover decreased from 100 to 67 g/kg DM at the first and the last harvest date,
and the content of ADF and NDF exhibited an increasing with the increasing of
maturity stage. The result implies that the quality of maize stover may decrease
with the advance of maturity. On the other hand, the decrease in potential gas
production (a+b), and b value (the fermentation of the insoluble but potentially
fermentable fraction) with the increasing of maturity stage were consistent with
the previous studies (Tolera et al., 1998; Tolera and Sundstel, 1999). A decline in
IVOMD with increasing the stage of maturity was in agreement with the findings
of Irlbeck et al. (1993), and may ascribe to the increase of fibre content in stover
and the decrease in degradability of cell wall constituents. These results indicated
that the nutritive value or quality of maize stover could be declined by the advance
of maturity.

The results of present study revealed that maize stover fractions from new maize
varieties (e.g., waxy, sweet, fodder and high oil) had higher CP content and lower
fibre contents (NDF and ADF) than those from conventional variety. In previous
studies (Lacount et al., 1995; Akay and Jackson, 2001), the waxy, high oil and
fodder maize varieties also had higher CP and lower NDF and ADF content than
conventional variety. Mustafa et al. (2004) reported that NDF and ADF contents
of sweet maize variety stover are 571 and 301 g/kg DM, respectively, lower than
the results of conventional variety reported in present study, but the content of
CP (99 g/kg DM) is higher than that in present study (Table 2). Higher CP and
lower NDF content for fodder and sweet than conventional and waxy indicated
that more nitrogen and readily digestible nutrients could be supplied by fodder
and sweet than conventional and waxy for ruminants.

Potential gas production and IVOMD reflected the digestibility of forage. The
decline in the value of a + b was greater for conventional than for high oil, sweet
and waxy with the increase of maturity, and the advanced maturity stage decreased
IVOMD of conventional, but did not affect [IVOMD value of high oil, sweet and
waxy which indicated that the nutritive quality of conventional was more readily
affected by maturity stage than new maize varieties. Increasing in potential gas
production and IVOMD for fodder (Table 3) with the increase of maturity is likely
related to the decrease of fibre content (NDF and ADF; Table 2) with the increasing
of maturity stage, and further implies that the readily digestible nutrient was higher
for fodder than for the others in advanced maturity stage. The molar proportion
of propionate for new maize varieties (except for waxy variety) was higher than
conventional variety indicated that the new maize varieties could supply more
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energy for ruminant than conventional variety. The new maize varieties, although,
were used in different purpose in production conditions. The results in present
study revealed that the stover of the new maize varieties were high quality forage
for ruminants. New maize varieties could supply more digestible nutrients for
ruminants than conventional in advanced maturity stage.

The highest CP and lowest NDF content in leaf blade compared with other parts
are consistent with the previous studies on other cereal straws and maize stover
(Tan et al., 1995; Tolera and Sundstel, 1999; Tang et al., 2008). Higher CP content
in leaf blade, stem and husk fractions of waxy, fodder and sweet than conventional
indicated that these new varieties was higher in ability of nitrogen enrichment than
conventional. Relatively higher values of b, ¢ + b and ¢ for husk and a value for
stem in present study was consistent with the previous studies (Tolera and Sundstel,
1999; Tang et al., 2006). Leaf blade from five varieties (except for conventional)
had similar a value, but the stem from waxy, high oil and conventional had higher
a value than sweet and fodder. This may result from the leaf blade from high oil,
fodder, sweet and waxy had similar OM content, but the content of OM in stem
of conventional, waxy and high oil was higher than that of sweet and fodder. The
stem and husk fractions from waxy had the highest b value was likely related to
these fractions from waxy had the highest hemicellulose content. Potential gas
production of stem and husk from waxy was the highest, while it was the similar
in leaf blade and leaf sheath for five varieties indicated that the degradability was
higher for leaf blade from waxy than from the other varieties. The values of potential
gas production could not rank the morphological fractions in the same order as
IVOMD. This disagreement may ascribe to the gas production resulted from the
fermentation of protein was less than from the fermentation of carbohydrate (Cone
and van Gelder, 1999).

As shown in Table 4, the average concentration of ammonia nitrogen in leaf
blade was higher than that other fractions. It may attribute to crude protein in other
fractions was lower than that of leaf blade (Tables 2 and 4). But the concentration
of ammonia nitrogen in different maize varieties was not in agreement with the
change of CP contents. A reason for the disagreement between NH-N and CP
content may be a different CP degradability. The content of TVFA was also not
rank the morphological fractions in the same order as the result of Tolera and
Sundstel (1999). In present study, the fractions of husk and the varieties of high
oil and conventional had higher TVFA content than other fractions or varieties,
which may ascribe to the higher NDF content in these fractions or varieties than
other fractions or varieties (Blimmel and Becker, 1997). The molar proportion
of propionate exceeded 0.250 for four fractions, which is higher than that of
Tolera and Sundstel (1999). The inconsistent result may ascribe to the difference
of maize varieties. Significant interactions among M x F X V on content and



596 FERMENTATION OF FIVE ENDOSPERM TYPES OF MAIZE

molar proportion of VFA indicated that differences in the nutritive value of maize
stovers may not only dependent on the actual differences within morphological
parts, but also on the differences in the proportions of morphological fractions
with different maturity stage.

Fermentation parameters differed between individual fractions, especially
between different hybrids indicated that the individual fractions differed in
degradability, and this may result the difference in fermentation parameters
between hybrids. Although it is impossible to fractionate maize stover in
production conditions, the stover fed ruminants consists of the fractions mentioned
above. The variation in quality or proportion of fractions may change the nutritive
value of whole maize stover. Understanding the nutritive value of morphological
fractions is helpful to improve the nutritive value of maize stover by selecting the
suitable harvesting date or increasing the proportion of leaf and husk fractions,
which had higher degradation, in breeding.

CONCLUSIONS

Maize variety and the stage of maturity significantly affected the proportion
of morphological fractions. The delay of harvesting date resulted in reducing the
proportion of leaf blades, leaf sheath and husk and the contents of crude protein
(CP) and phosphorus with concomitant increase in stem proportion and fibre
content. Conventional variety had lower CP and higher fibre content compared
with other varieties. Fermentation parameters of b, a +b, in vitro organic matter
disappearance, and total volatile fatty acids decreased with the increase of
maturity. Morphological fractions differed in gas production rate and potential
gas production in the following order: husk > leaf sheath > stem > leaf blade.
Waxy had the highest values of b, ¢ and a+b, and high oil, waxy and sweet had
the highest total volatile fatty acids concentration, molar proportion of acetate
and propionate, respectively. It was concluded that the nutritive value of maize
stover was not only dependent on the differences within morphological fractions,
but also on maturity stage and genotype of maize.
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