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CHANGES IN THE CHEMICAL COMPQOSITION
OF MAIZE COBS DEPENDING ON THE CULTIVAR,
EFFECTIVE TEMPERATURE SUM AND FARM TYPE

Agnieszka Szyszkowska, Jozef Sagki, Heliodor Wierzbicki
Wroctaw University of Environmental and Life Sciesc

Summary. The plant material taken for the study was ctdldcfrom maize fields in
Denmark. In total, maize cobs were collected fra@rfiglds of 15 farms (9 organic and 6
traditional ones). The plant material (97 sampi¥ea$ divided according to the following
criteria: maize cultivars, effective temperaturens{ETS) during growing period, type of
farm (traditional and organic farms). The dry mattentent of maize cob samples was
determined as well as starch, neutral detergemr fiblDF) and acid detergent fiber
(ADF), phosphorus and magnesium content. The dritema&ontent was negatively
correlated with NDF and ADF, but positively cortelé with starch. A highly negative
correlation of starch content with NDF and ADF Viasnd.
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INTRODUCTION

The acreage under maize production is crucial imyr@untries due to high dry
matter and energy yield per area unit. Maize (grsilage or green fodder) can be used
as feed for all the farm animal species [Fitzgewatd Murphy 1999, Di Marcet al.
2002, Filya 2004, Jensenal. 2005]. Diets for high-performance cows and pigstam
also silage made of maize cobs (with or withoutksjisand moist grain[Ekinci &
Broderick 1997, De Brabandet al. 1999, San Emeteriet al. 2000, Valadarest al.
2000, Schwarz & Preissinger 2000, Brodegthl. 2002].

Recently, much attention has been paid to an apjtepselection of maize hybrids
allocated mainly for silage fed to dairy cows. Asstheen observed, maize cultivars
differ in yield [Mosset al. 2001, Thomast al. 2001], the percentage of corn cobs in the
whole plant [Verhi et al. 1995, Thomast al. 2001], the rate of the maize cob weight to
the weight of grain [Johnsoda al. 2002]. Many authors report on cultivar-specific
differences affecting chemical composition, esfdbciacid detergent fiber (ADF) and
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neutral-detergent fibre (NDF) contents [Verlet al. 1995, Kuehret al. 1999, Thomas
et al. 2001, Johnsomt al. 2002, Schwatet al. 2003], starch [Thomast al. 2001,
Schwabet al. 2003], protein [Kuehret al. 1999, Thomagt al. 2001, Johnsoset al.
2002] and minerals [Thomast al. 2001]. Several hybrids studies identified alse th
differences in the degree of starch degradationrumen [Barriereet al. 1997,
Philippeau & Michalet-Doreau 1997] and vitro digestibility of the organic matter
[Philippeau & Michalet-Doreau 1997, Mosssal. 2001, Thomast al. 2001].

Since there seems to be no data reported in literain the chemical composition of
maize cobs depending on the cultivar, effectiveperature sum (ETS) and the type of
farms, the authors of the present study decidedetermine to what extent the three
factors influence the dry matter, NDF, ADF, crudetpin, starch, P, K and Mg content
of this part of maize plants.

MATERIAL AND METHODS

The plant material taken for the study was collédtem maize fields in Denmark
in 2001. In total, maize cobs were collected fra8rfiglds of 15 farms (9 organic and 6
traditional ones). In total 240 samples were talkéme representative plant material (97
samples) was divided according to the followingerra:

— maize cultivar: Banguy (FAO 230), Buxxil (FAO 20@rescendo (FAO 190),
Manatan (FAO 220), Mixture (three cultivars Manat&@rescendo, Tassilo),
Tassilo (FAO 200),

— ETS during the growing season®(@roup 35 samples,"237 samples and'®3
group 25 samples),

— type of farm (43 samples from traditional and 48\gkes from organic farms).

Immediately after harvest, maize cobs were takemtfe dry matter content
determination. The results of the studies on maireduction technologies, the
condition of the plantations before and after hanand maize yields were reported on
in an earlier publication [Sowski et al. 2002, Sowiski & Kristensen 2004]. On
organic farms, organic fertilizers were used exgkly and NPK rates were as follows:
147 N, 38 P, 321 K, respectively. On the other hayK rates on traditional farms
were: 147 N, 47 P, 185 K, respectively. Plantingedan organic farms were one-week
delayed as compared to the traditional ones. Machlweed control caused a 17.5%
reduction in the number of maize plants before ésirdates. Maize was harvested
when the kernels were at milk-dough stage.

The samples immediately after harvest were frozée.dry matter content of maize
cob samples was determined in a laboratory. Theefranaterial was cut into small
pieces and dried in the ventilated oven at the &xatpre of 760C for 48 hours at the
Danish Institute of Agriculture, Foulum, Denmarkeéelplant material was prepared for
further chemical analyses, which included: crudetgin (Kjeldahl method) [AOAC
1990], starch content (enzyme-colorimetric meth®t)F and ADF using the method
described by Goering & Van Soest [1970] phosphamng magnesium contents using
the colorimetric method, potassium using the flasm@ectrophotometry method.
Chemical analyses were performed at the Wroctawéisity of Environmental and
Life Sciences.
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Statistical analyses were made following the GLMaadure General Linear
Models) of the SAS system [2000]. The following linear deb was used to test the
significance of the effects on the variables stddie

Yiu = | + Systemt+ Farm[System] + Cultivai[Farm[Syster] + error

where:
Yiu — observation (dry matter, NDF, ADF, starch, pirot&ig, P),
M —mean,
System — organic vs. conventional, i = 1-2,
Farm  — farm within each system, j = 1-15,

Cultivar, — cultivar within each farm, k = 1-6,

The significance of differences between means (ctetp for respective groups:
cultivar, system, ETS) of the analyzed variables wested with the use of Duncan’s
Multiple Range Test. Since some cultivar groups ewerot numerous (a few
observations for a given group), the limitationabfleast 9 observations per group was
imposed; this is how 6 cultivar groups were formé&dirthermore, the differences
between groups were tested according to ETSg¢bup — low < 2676, group —
medium 2683 — 2777, and §roup — high > 2781).

RESULTS

The changes in the dry matter content of maize cabged from 455 to 524 g
(Table 1). The lowest dry matter content was foumdBuxxil cultivars, while the
highest — in the cultivar of Tassilo. The differeacbetween them were significant.
Highly significant differences in crude protein tent were found between the cultivars
of Banguy (76 g) and Crescendo (88 g). The stamfitenit ranged from 536 g
(Manatan) to 559 g (Buxxil). ADF content in maizebs ranged from 87 g (Banguy,
Buxxil) to 94 g (Tassilo), while NDF was from 256272 g, depending on the cultivar.

Highly significant differences in the dry mattemtent, starch and NDF were found
between ETS groups. Maize cobs of the cultivarsctvirepresented the third ETS
group were characterized by significantly highey dratter content (544 g) and starch
content (573 g), while NDF content (248 g) was Ilgwas compared with the other
groups.

Maize cobs collected from traditional farms demuoatsd higher dry matter content
than on organic farms (526 g and 489 g, respeg)iv€ther components were not
affected by the type of farms.

The dry matter content (Fig. 1) was negatively elated with NDF (r = - 0.441) and
ADF (r = -0.326), but positively correlated withasth (r = 0.442). A highly negative
correlation of starch with NDF (r = -0.930) and ARF= -0.510) was found (Fig. 2-3).
An increase in starch content in the maize cob. (Fjgvas negatively correlated with
crude protein (r = -0.362). ETS had a significaffiee on the dry matter, starch and
NDF content.
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Table 1. Changes in the content of dry matter, cpudgein, starch, ADF and NDF in the cobs

with husks, g-kg dry matter

Tabela 1. Zmiany zawartoi suchej masy, biatka ogdlnego, skrobi, ADF i NBF kolbach

z lis¢mi okrywowymi, g-kg' suchej masy

I Dry matter Crude protein Starch
Spemflcgtlo_n . Suzha masa Biatko (F)Jgélne Skrobia ADF NDF
Wyszczegolnienie
g-kg' DM — g-kg' suchej masy
Cultivar — Odmiana
Banguy 511A 76B 549A 87A 270A
Buxxil 455B 83AB 559A 87A 255A
Crescendo 510A 88A 543A 90A 272A
Manatan 509A 83AB 536A 89A 272A
Mixture 500A 83AB 547A 92A 270A
Tassilo 524A 79AB 558A 94A 264A
ETS — Suma temperatur efektywnych
Low — Niska 483C 82A 544B 91A 271A
Medium —Srednia 516B 83A 541B 88A 272A
High — Wysoka 544A 81A 573A 93A 248B
Farm type — Typ gospodarstwa
Traditional 526A 82A 550A 88A 267A
Konwencjonalne
Organic 489B 80A 553A 93A 265A
Ekologiczne

A, B, C — values in the columns with different éet differ significantly (P< 0.01) — A, B, C — wartezi
w kolumnach oznaczoneadymi literami rénig si¢ statystycznie istotnie (P0,01)
* ETS during vegetation period: low < 2676, medil2683-2777, high > 2781 — Suma temperatur
efektywnych w okresie wegetaciji: niskie < 26g&dnie 2683-2777, wysokie > 2781

Starch, NDF, ADF content
Zawarto$¢ skrobi, NDF, ADF

Fig. 1.

Rys. 1.

%

70
yStarch =0.314x +39.228 .
60 Btz 2
S o T e I BT
< X - x > &Xx o< x}i faRaliac, Sl >
>
0 x ™ yNDF =-0.2933x + 41.426
hd -
>
30 * - "‘ — ‘w’ & >
- ® o oo *.s b€ IS s NPT 3
20 . o8 hal4 o *
" o A a 4 an YADF=-0.0864x +13.473
- A
0 %
30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0
Dry matter content — Zawartos¢ suchej masy
Relationships between the dry matter cordedt NDF, ADF and starch content in the

cobs

Stosunek pogtzy zawartécia suchej masy, NDF, ADF a zawaitd skrobi w kolbach

Acta Sci. Pal.



Changesi

n the chemical..

17

60

yStarch =-1.0214x + 82.273

] A
A
ol

50

40

A

‘fl‘t\\‘

30

ADF and starch content
Zawarto$¢ ADF i skrobi

20

yADF = 0.2228x + 3.173

10

> 4@ 3
“—W;Wa" 00'

%

15 20

25 30 35

NDF

40

%

Fig. 2.  Relationships between NDF and ADF, staartent in the cobs
Rys. 2. Stosunek poruzy NDF i ADF a zawartia skrobi w kolbach
%
65

- - -

; 60 > Ry ":" N

2 y=-1.489x + 68.718
<

Z 55

N

|

E *

‘g 50 £ g v‘ P —~——

s 45 -

<>
40
5 6 7 9 10 11 12 13 14 15
ADF

Fig. 3. Relationships between ADF and starch ctritethe cobs
Rys. 3. Stosunek poruzy ADF a zawartécia skrobi w kolbach

Phosphorus, potassium and magnesium content inenwibs depended on the
maize cultivar (Table 2). The highest phosphorustenat was found in Buxxil (2.6 g),
while the lowest — in Crescendo (2.2 g), Banguy,nitan (2.3 g) cultivars. Buxxil
demonstrated a significantly higher potassium aun.2 g) than other maize cultivars.
Significant differences in magnesium content wenenfl between Tassilo, Buxxil (1.7
g), Crescendo (1.8 g) and Banguy cultivars (2.3 g).

ETS affects the changes in mineral compounds cbwtfemaize cobs. Magnesium
and potassium content of maize cobs varied, depgrati the type of farm.
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Fig. 4. Relationships between starch and crudejprabntent in the cobs
Rys. 4. Stosunek porudzy zawartécia skrobi i biatka ogélnego w kolbach

Table 2. Phosphorus, potassium and magnesium d¢dntemaize cobs with husks, g in kg DM
(mean for cultivars, ETS and farm type)

Tabela 2. Zawartg fosforu, potasu i magnezu w kolbach kukurydzigéai okrywowymi, g w kg
suchej masy stednie wartéci dla odmian, sumy temperatur efektywnych i typu

gospodarstwa)
Specification Phosphorus — Fosfor Potassium — Potas MagnesMagnez
Wyszczegblnienie g-kg' DM
Cultivar — Odmiana
Banguy 2.3B 2.5B 2.3A
Buxxil 2.6A 4.2A 1.7B
Crescendo 2.2B 3.0B 1.8B
Manatan 2.3B 3.2B 2.0AB
Mixture 2.4AB 3.1B 2.2A
Tassilo 2.4B 3.2B 1.7B
ETS* — Suma temperatur efektywnych

Low — Niskie 2.4AB 3.5B 2.0A
Medium —Srednie 2.3B 2.9A 2.1A
High — Wysokie 2.5A 3.2AB 1.6B

Farm type — Typ gospodarstwa
Tradltlona_ll 2 3A 298 2 0A
Konwencjonalne
Organic
Ek%logiczne 2.4A 3.5A 178

oznaczenia jak w tabeli 1 — for explanations, saaell
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DISCUSSION

In many European countries most animal feed is naodicheaize, alfalfa, grasses and
mixtures of legumes with grasses. The percentageéD# ranged from 375 to 561 g,
from 368 to 552 g, from 410 to 673 g, from 476 1% and and of ADF — from 242 to
360 g, from 323 to 480 g, from 274 to 673 g, frof® 30 331 g, respectively, when
converted into the dry matter of silage made ofzmaalfalfa, grass and a grass-clover
mixture silage [Boscht. al. 1992, De Boeveet. al. 1993, Fitzgerald and Murphy 1999,
San Emeteri@t al. 2000, Di Marcaet. al. 2002, Beauchemidt. al. 2003]. According to
NRC [1983] and Nocek [1997], the dry matter coniardairy cattle diets should contain
from 250 to 300 g of NDF, from 190 to 240 g of ARRd from 300 to 400 g of starch,
which should undergo decomposition in the rumen ette of 50-70 %. As compared
with the total crop maize silage, CCM contained enDiM, starch, but less fiber, NDF
and ADF [De Brabandest al. 1999]. The results of the study show that cobmaize
cultivars under investigation varied in dry mat{é65-524 g), NDF (255-272 g), ADF
(87-94 q), starch (536-559 g), magnesium (1.7-3,3pgosphorus (2.2-2.6 g) content.
The feeding value of maize cultivars is relatedgtain to stover ratio [Barriéret al.
1997]. The optimal grain content should be aboWo4nd starch about 30%. Most
cereal grains show a low content of ADF and NDF eicample, in barley the content of
ADF ranged from 55 to 80 g and the content of NDffom 252 to 308 g [Ovenell &
Nelson 1992, Ramsest al. 2001, Beauchemiet. al. 2003]. Silage made from moist
maize cobs used for cow feeding provide not oritygh starch amounts as well as fiber
fractions which help defining the diet recommendydNocek [1997]. Present study
shows a high negative correlation of starch withAND= -0.930) and ADF (r = -0.510).
Starch degradation also depends on cultivar, graaturity (dry matter content) and
processing technologies [San Ematetial. 2000, Kurtzet al. 2003].

The nutritional value of whole maize plants and ittesize cob alone used for silage
depends not only on the chemical composition tyfimaa given cultivar but also on
the location of maize plantations, weather cond&idETS), fertilization, maturity at
harvest and mechanical processes used for grifmiifaye silage-making [Ekingt al.
1997, Thomast al. 2001, Johnsort al. 2002, Jensemt al. 2005]. ADF content
decreased with increased fertilization. ADF and NDB&ntents were negatively
correlated with the grain yield as well as the cohtent (Mos®t al. 2001). The results
obtained in the present study show the effect o6 Bh the dry matter content, NDF
and starch in maize cobs. Maize cobs collected ftaum different types of farms
(traditional versus organic ones) varied in drytera(526 versus 489 g), and chemical
composition ADF (88 versus 93 g), magnesium (2:8u& 1.7 g). Barrieret al. [1997]
reported on the fertilizer use also affecting majmdds and, consequently, the total
protein content of whole maize cobs.

CONCLUSIONS

1. Forage made of maize cobs with husk showed thE 8tintent meeting the dairy
cattle diets requirements, whereas the contentf Avas too low and the content of
starch exceeded the required values.

Agricultura 6(1) 2007



20 A. Szyszkowska, J. Sowiziski, H. Wierzbicki

2. The content of dry matter in cobs was positivetyrelated with the content of
starch, and negatively — with the content of NDB ADF fractions.

3. The cultivars tested did not differ in ADF, NDRdastarch content in cobs. ETS
increased the starch content and decreased thenta@fitNDF fraction.

4. The mineral composition depended on the cultiZdi$ and the farm type.
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ZMIANY SKtADU CHEMICZNEGO KOLB KUKURYDZY
W ZALE ZNOSCI OD ODMIANY, SUMY TEMPERATUR EFEKTYWNYCH
| TYPU GOSPODARSTWA

Streszczenie Badania przeprowadzono w oparciu o kolby kukurydaprane z pol rol-
nikdw duiskich w roku 2001. 4cznie pobrano 97 préb, z 58 pd6l z 15 gospodarstw
(9 ekologicznych i 6 tradycyjnych). Uzyskane wyniizeanalizowano w zaleosci
zréznicowania odmianowego, sumy temperatur efektywngchz typu gospodarstwa.
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Zawartdg¢ suchej masy w kolbach w gtéwnej mierze decydoveataawartéci skrobi,
NDF, ADF, a take zawartéci fosforu i magnezu. Zawago suchej masy byta ujemnie
skorelowana z zawardca NDF i ADF, natomiast dodatnio z zawaita, skrobi. Wysoka
zawarté¢ NDF i ADF w kolbach kukurydzy byta ujemnie skonetana z udziatem skrobi.

Stowa kluczowe kukurydza, kolby, gospodarstwa ekologiczne, suneynperatur
efektywnych, odmiany, NDF, ADF
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