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ABSTRACT

The study was conducted to determine quality
traits of some concentrate feedstuffs. For this pur-
pose, commonly used eight concentrate feedstuffs
samples were subjected to laboratory analyzes with
three replications. According to the analysis results
the means of investigated traits were ranged as
follow; dry matter contents (DM) 87.29-92.13%,
crude ash contents (CAC) 1.57-7.21%, organic
matter contents (OM) 81.35-89.01%, crude protein
contents (CP) 7.07-45.94%, crude oil contents (CO)
0.89-9.07%, crude cellulose contents (CS) 3.40-
39.50%, metabolic energy values (ME) 3112.1-
3265.3 kcal/kg, nitrogen-free extract (NFE) 28.50-
72.95%, calcium contents (CA) 0.20-1.48%, mag-
nesium contents (MG) 0.02-0.37%, phosphor con-
tents (P) 0.27-0.50%, potassium contents (K) 0.36-
2.60%, acid detergent fiber (ADF) contents 9.12 -
44.03%, neutral detergent fiber (NDF) contents
11.12-62.88%, digestible dry matter (DDM) con-
tents 54.60-80.24%, dry matter intake (DMI) 1.91-
13.16% and relative feed value (RFV) values
80.77-809.68. Additionally, biplot analysis revealed
that there were positive relationship among ADF,
NDF, CS, CO and DM traits. Accordingly; safflow-
er meal (1) and cottonseed meal (2) went ahead for
these traits. Similarly, positive relationship was
determined among ME, RFV, DDM, DMI, NFE
and K traits. Exclusively, the ground corn grain (3)
was found superior for the important traits, so it
was found as having best quality feedstuff.

KEYWORDS:
Concentrate feedstuffs, crude protein, ADF, NDF, macro
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INTRODUCTION

In animal feeding, importance of the feeds de-
pends on concentration and digestibility levels of
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nutrition. Accordingly, the feeds are mainly divided
into 2 groups. One of them is called “concentrate
feed”, containing high proportion levels digestible
nutrients. The other one is called “roughage” hav-
ing at low level nutrition content and digestibility
[1]. Due to high level shortage of quality roughage
in Turkey, concentrate feedstuffs are commonly
used in animal feeding in the country to ensure
consumption of straw by animals [2].

Concentrate feeds are rich in terms of energy
and protein content; also they are digested by ani-
mals at very high levels. Concentrate feeds can be
divided into two main groups as energy feeds and
protein supplement feeds. Energy feeds are used to
raise the energy level of the animal rations. The
protein content of the energy feeds is generally less
than 20%, and their crude cellulose content is less
than 18%. On the other hand, concentrate feeds
with greater than 20% protein levels are called
protein supplement feeds. These protein-rich feeds
are very important in animal feeding. Protein sup-
plement feeds are primarily used to close gap of the
protein in animal rations. In this context, ground
seeds of cereals, corn, wheat, barley, rye, oat are
energy source feeds, while, leguminous seeds
(vetches and soybean) and sunflower meal, saf-
flower meal, cottonseed meal and soybean meal are
protein source feeds. Apart from these, there are
milling wastes, called bran. The milling wastes
comprise primarily wheat bran, corn bran, rice bran,
rye bran, razmol, bonkalit and legumes bran. These
milling wastes, facilitate digestion of concentrate
feeds mixes due to their relatively lower densities.
For this purpose, they can be used easily in the
feeding of all livestock [3].

It was supposed in 1 or 1.5 centuries ago that
only one feed alone would be enough to meet all
nutrition requirements of animals. Furthermore, it
was thought that only the amount adjustment of the
feed would be sufficient. However, subsequent
studies have shown that the effects of feeds may be
different depending on the ingredients in the feed,
and that the determined effects may sometimes be
detrimental to animals consumed the feeds. On the
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other hand, the researches revealed that different
feeds should be given animals by bringing together
them, not only given by themselves alone. Because
mixed feeds complement each other's nutritional
content. For this reason, energy rich and protein-
rich feeds should be given animals together to en-
sure more energy and protein and a balanced feed-
ing of the animals [1].

In order to determine effectiveness of animal
feeds on the production of animal products, it is
necessary to know contents of the feeds. Hence, a
number of chemical analyzes and new studies
should be carried out to obtain required information
in this area. Accordingly, Alp et al. [4] were held a
study on some concentrate feedstuff. They reported
that dry matter, crude protein, crude oil, crude cel-
lulose, crude ash and metabolic energy values were
90.70%, 10.56%, 2.51%, 5.95%, 2.50% and 2896
kcal/kg, respectively in ground barley grain. Also
they reported the same parameters in ground wheat
grain as 89.75%, 10.91%, 2.31%, 4.11%, 2.43%
and 3105 kcal/kg, respectively and in ground corn
as 87.87%, 8.38%, 4.26%, 2.54%, 1.32% and 3287
kcal/kg. The same parameters reported by Alp et al.
(1996) respectively as 89.65%, 12.79%, 3.42%,
10.54%, 5.00%, and 2432 kcal/kg in wheat bran,
and as 90.31%, 32.02%, 3.00%, 17.97%, 5.89% and
1670 kcal/kg in the cottonseed meal. Furthermore,
they cited the parameters in soybean meal as
89.36%, 44.98%, 1.37%, 5.61%, 6.56% and 2161
kcal/kg, respectively.

Gungor et al. [5] reported that dry matter,
crude protein, crude oil, crude cellulose, crude ash
and metabolic energy parameters of ground corn
grain were 92.06%, 7.54%, 3.74%, 2.52%, 1.27%
and 3024 kcal/kg, respectively, and those of
ground barley grain were 91.64%, 10.32%, 2.21%,
4.18%, 2.33%, and 2868 kcal/kg. The same pa-
rameters were determined by Gungor et al. [5] in
ground wheat grain as 90%, 90%, 12.27%, 2.03%,
3.00%, 1.50% and 2922 kcal/kg, and in wheat bran
as 92.39%, 13.72%, 4.39%, 8.79%, 4.49% and
2727 kcal/kg, respectively.

Baran et al. [6] cited that contents of dry mat-
ter, crude protein, crude oil, crude cellulose, crude
ash and metabolic energy value of ground wheat
grain were respectively as 92.14%, 14.44%, 2.13%,
4.62%, 3.5% and 3039 kcal/kg. Also, the same
properties were cited for wheat bran as 91.41%,
15.08%, 3.65%, 10.14%, 4.10% and 2723 kcal/kg.
Additionally, values of the same parameters report-
ed by Baran et al. [6] in ground barley grain as
92.54%, 11.16%, 2.37%, 7.24%, 3.62% and 2894
kcal’kg, and in ground corn grain as 91.45%,
8.71%, 3.36%, 3.49%, 1.78% and 3016 kcal/kg,
respectively.

Farran et al. [7] determined content of saf-
flower meal as follow; crude protein 20.5%, crude
oil 3.76%, crude cellulose 35.3% and crude ash
2.58%. On the other hand, Bulbul et al. (2016)
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reported some parameters related to content of
safflower meal as follow; crude protein 19.5%,
crude oil 0.6%, crude cellulose 36.1%, crude ash
3.15%, dry matter 86.37%, NDF 49.42%, ADF
38.59 and metabolic energy value 906.2 kcal/kg.

Calislar and Kustimur [8] determined crude
protein, crude oil, crude cellulose contents and
metabolic energy value of safflower meal as
23.52%, 1.34%, 41.01% and 1169 kcal/kg, respec-
tively. The same traits determined by them in soy-
bean meal as 49.36%, 2.43%, 2.85% and 2481
kcal/kg, respectively. And the same traits were
determined by them in ground corn grain as 8.32%,
3.62%, 1.72% and 3047 kcal/kg, respectively.

From the first time cited by Gabriel [9], biplot
analysis method has been used in many, disciplines,
including business, sociology, economics, medi-
cine, genetic and ecology (Yan and Tinker, 2006).
Particularly, agricultural scientists have been used
this visual data analysis method to many different
crops for many purposes [10,11,12,13,14,15,16].
Determining relationships between the investigated
traits or the traits and treatments are among usage
of biplot analysis as well [17],

The aim of the study not only was to deter-
mine feed value of some concentrate feedstuff but
also was to determine relations between the investi-
gated traits and the concentrate feedstuffs by using
biplot analysis methods.

MATERIALS AND METHODS

The material of this study was formed from 8
concentrate feedstuffs. These were safflower meal,
cottonseed meal, soybean meal, the narbon vetch
grain, wheat bran, ground corn grain, ground wheat
grain and ground barley grain. Except for the nar-
bon vetch grain, which was supplied from Dicle
University in Gorkem narbon vetch cultivar, all of
the material was supplied from GSH Food and
Textile Limited Company- Diyarbakir — Turkey. In
order to determine crude protein, crude oil, crude
ash and dry matter contents of the supplied materi-
als, samples of the concentrate feedstuffs, were
subjected to analysis in Elazig Food Control Labor-
atory Directorate. On the other hand, acid detergent
fiber (ADF), neutral detergent fiber (NDF) and
macro elements (Calcium, Magnesium, Phosphorus
and Potassium) contents of the materials were de-
termined in Dicle University Science and Technol-
ogy Application and Research Center Laboratory
by using Near Reflectance Spectroscopy (NIRS,
Foss Model 6500).

By means of the determined crude nutrients,
organic matter (OM) and nitrogen-free extract
(NFE) contents were calculated. Additionally, me-
tabolizable energy (ME) values in the organic mat-
ter were also calculated using the following formula
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suggested by TSI, [18] and Celik et al. [19]for con-
centrated feeds;

ME (kcal’kg OM)= 3260 + (0.455 x Crude
protein %) + (3.517 x Crude 0il%) — (4.037 x Crude
cellulose %)

In addition, by using ADF and NDF values in
the following equations, dry digestible matter
(DDM), dry matter intake (DMI), total digestible
nutrients (TDN), and relative feed value (RFV)
were calculated [20,21,22].

DDM% = 88.9 - (0.779 x ADF%)

DMI% = 120 / NDF%

RFV = (DDM% x DMI1%) / 1.29

Also quality classes of the feeds were deter-
mined according to Lacefield [23].

The feed samples of each treatment were ana-
lyzed with 3 replicates for each the investigated
traits. The data were compared using analysis of
variance (ANOVA) in the JMP 5.0.1 statistical
package version [24]. Differences among means
were compared using the least significant difference
(LSD) test at the 0.05 probability level. Additional-
ly, biplot analyses and GGE biplot graphic were
made by using GENSTAT statistical software
package [25] as described by Yan et al. [26] and
Yan and Kang [27].

RESULTS AND DISCUSSION

Nutrient Quantities and Metabolic Energy
Levels of the Concentrate Feed Sources. ANO-
VA indicated that there were statically highly sig-
nificant (P<0.01) differences among the concentrate
feedstuffs in terms of dry matter, crude ash content,
organic matter content, crude protein content, crude
oil content, crude cellulose content, nitrogen-free
extract and metabolic energy traits (Table 1). Addi-
tionally, when the Table 1 is examined, the means
of the examined traits were ranked among the con-
centrate feedstuffs as follow; dry matter contents
87.29-92.13%, crude ash contents 1.58-7.22%,
crude protein contents 7.07-45.94%, crude oil con-
tents 0.89-9.07%, crude cellulose content 2.45-
39.50%. The data determined in this study for the
mentioned traits are in agreement with the data
previously cited by many researchers in the same or
resemble  feedstuffs  [4,5,8,28,29,30,31,32,33].
However, the determined metabolizable energy
values in the study (3112.1-3265.3 kcal/kg) were
found higher than findings of most of the research-
ers. This probably stemmed from higher crude
protein and crude oil contents and lower crude
cellulose contents in the feed sources.

According to the feed law, no 1734 currently
still in force in Turkey, a concentrated feed to be
used in cattle feeding should have the following
traits, dry matter content, crude protein content and
metabolic energy level should be at least; 88%,
12% and 2.500 kcal/kg, respectively. On the other
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hand, crude ash content and crude cellulose content
should not exceed 9% and 14%, respectively [34].

Results of the study showed that although stat-
ically the highest dry matter content was deter-
mined in cottonseed meal (92.13%), the lowest dry
matter value was recorded in ground corn grain
(87.29%). Considering these results, except for
soybean meal, slightly below the standard, the other
all of the concentrate feedstuffs were found as suit-
able in terms of dry matter content. In contrast, all
of the feeds were found as suitable for crude ash
content according to FL (1974) standards. Addi-
tionally, crude ash contents of cottonseed meal
(7.22%) was found as highest, and it was followed
by soybean meal (6.57%). In contrast, the lower
crude ash contents were determined respectively in
ground wheat grain (1.58%), ground corn grain
(1.86%) and ground barley grain (2.57%) (Table 1).

Crude protein contents of ground wheat grain
(11.62%), ground corn grain (7.07%) and ground
barley grain (9.15%) were found lower than the law
standards (>12%). On the contrary, crude protein
content of soybean meal (45.94%) was found the
highest by far among the concentrate feedstuffs. It
was followed by narbon vetch grain (26.27%) for
crude protein content. Kokten et al. [35] reported
similar results on crude protein content of narbon
vetch grain. Also; crude protein contents of saf-
flower meal, cottonseed meal and wheat bran were
found as moderate. However, crude oil content of
cottonseed meal was found to be the highest
(9.07%) by far. Despite statically differences
among them, crude oil contents of the other feeds
were found to be close to each others, changed
between 0.90% and 3.81%. In contrast nitrogen-
free extract content of ground wheat grain was
found the highest, organic matter content of narbon
vetch grain and ground wheat grain were found
statically higher than the other concentrate
feedstuff. On the other hand, crude cellulose con-
tent of safflower meal was found by far the highest
among all of the feedstuffs. And, except for saf-
flower meal (39.50%) and cottonseed meal
(25.55%), crude cellulose contents of the others
feedstuffs were consisted with the law standard
(<14%). Obviously, metabolizable energy values of
the investigated feedstuffs were found appropriate
the law necessity (>2.500 kcal/kg). However, me-
tabolizable energy levels of safflower meal (3112.1
kcal/kg) and cottonseed meal (3197.1 kcal/kg) were
found to be lower than the others (Table 1). This
situation probably stemmed from their high crude
cellulose contents, which restrict feeds digestion.

It is known that when animal rations are pre-
pared, the sources used as feedstuffs are divided
into protein source and energy source. When the
results of the research are evaluated, it can be said
that soybean meal, narbon vetch grain, safflower
meal and cottonseed meal respectively can be used
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TABLE 1

Nutrient contents (%) and metabolizable energy (kcal/kg) values of different concentrate feedstuffs*
N Concentrate DM CAC OM CP CcO CS NFE ME
1 Safflower meal 90.8 ¢ 35 d° 872 b" 183 ¢ 09 g 395 a* 285 h' 3112. ¢
2 Cottonseed meal 921 a 72 a 849 e 183 ¢ 90 a 255 b 319 f 3197. f
3 Soybean meal 879 g 65 b 813 g 459 a 08 g 465 e 298 g 3265 a
4  Narbonvetch grain 917 b 28 ¢ 889 a 262 b 21 e 765 d 529 e 3248. d
5 Wheat bran 884 f 44 ¢ 840 f 141 d 38 b 102 ¢ 558 d 3238. ¢
6  Ground corngrain 872 h 18 g 854 d 707 g 37 ¢ 340 f 712 b 3262. b
7  Ground wheat grain  90.5 d 1.5 h 890 a 11.6 e 19 f 245 g 729 a 3262. b
8 Ground barley grain 889 ¢ 25 f 863 ¢ 915 f 28 d 435 e 700 ¢ 3256. ¢

Mean 89.7 3.8 85.9 18.8 3.1 12.2 51.6 3230.

** means with different letters in the same column are significantly different (P < 0.01).

* Food Control Laboratory Directorate, Elazig, Turkey.

(DM): Dry matter content, (CAC): Crude ash content, (OM): Organic matter content, (CP): Crude protein content, (CO):
Crude oil content, (CS): Crude cellulose content, (NFE): Nitrogen-free extract, (ME): Metabolizable energy

TABLE 2
Calcium, magnesium, phosphorus and potassium contents (%) of the concentrate feedstuffs*

No Concentrate feedstuffs Calcium Phosphorus Magnesium Potassium
1 Safflower meal 1.24 b~ 0.27 h** 0.19 e** 0.36  h**
2 Cottonseed meal 0.64 d 0.49 b 0.24 c 1.41 f
3 Soybean meal 1.47 a 0.42 e 0.37 a 1.04 g
4 Narbon vetch grain 0.24 g 0.43 d 0.25 b 2.02 c
5 Wheat bran 0.21 h 0.47 c 0.21 d 1.46 e
6 Ground corn grain 0.79 c 0.50 a 0.02 h 2.60 a
7 Ground wheat grain 0.38 e 0.40 f 0.09 g 2.27 b
8 Ground barley grain 0.29 f 0.36 g 0.15 f 1.79 d
Mean 0.66 0.42 0.19 1.62

** means with different letters in the same column are significantly different (P < 0.01).
*Dicle University Science and Technology Application and Research Center Laboratory Analysis Results

as well protein sources. Nonetheless, it should be
noted that despite their high level protein contents,
digestibility ratio of safflower meal and cottonseed
meal are low due to their high levels crude cellulose
contents (Table 1).

Macro Mineral Contents of the Concentrate
Feed Sources. The variance analysis showed that
there were highly significant differences (P<0.01)
among the 8 concentrate feedstuffs in terms of
calcium (Ca), phosphor (P) magnesium (Mg), and
potassium (K) contents. Additionally, the mineral
contents were changed as the following intervals;
Ca contents 0.21-1.48%; P contents 0.27-0.50%,
Mg contents 0.02-0.37% and K contents 0.36-
2.60% (Table 2). Similarly and in consisted with
our findings, Chiba (2009) reported that macro-
mineral contents of some concentrate feedstuffs as
follow intervals; Mg 0.11-0.56%, P 0.27-1.13% and
K 0.27-1.13%. On contrary, Ca contents determined
by Chiba (2009) (0.03-0.34%) in various similar
concentrate feedstuffs were found quite lower than
the study findings.

In animal feeding Ca and P have great im-
portance. The two elements should be evaluated
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together in a combination, because availability and
utilization of Ca and P should be in certain propor-
tion for animal health [36,37]. Moreover, Miller
and Reetz-Jr [38]. and Grzegorczyk et al. [37]
reported that the proportion of Ca:P in animal feeds
should range from 1:1 to 2:1. Furthermore, Ayan et
al. [39] reported that Ca:P ratio in animal feeds
should not be over 2:1, otherwise, it could lead to
animal poisoning. In this respect, when findings of
the study were evaluated, Ca and P contents of
cottonseed meal (0.64 : 0.49) and ground corn grain
(0.79 : 0.50) had a good ratio (Table 2). On the
other hand, according to FL [34] calcium content of
an ideal concentrated feedstuff to be used in live-
stock feeding should be ranged from 1.0% to 2.0%.
And, phosphorus content of it should be at least
0.5%. Accordingly, when calcium contents of the
concentrate feedstuffs examined from Table 2, it
was revealed that only safflower and soybean meals
had the desired levels calcium contents. While the
calcium content of the other feeds were under the
limit values. On the other hand, except for ground
corn grain, phosphorus contents all of the other
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TABLE 3
Acid detergent fiber (ADF), neutral detergent fiber (NDF), dry digestible matter (DDM), dry matter in-
take (DMI and relative feed value (RFV) of different concentrate feedstuffs*

No Concentrate feedstuffs ADF (%) NDF(%) DDM (%) DMI RFV
1 Safflower meal 44,02 a™ 62.88 a™ 5461 h™ 191 h” 80.8 h*
2 Cottonseed meal 3144 b 4903 b 06441 g 245 g 122.2 g
3 Soybean meal 1503 e 1820 ¢ 7719 d 659 d 394.6 d
4 Narbon vetch grain 1549 d 1581 f 7683 e 759 ¢ 452.0 c
5 Wheat bran 1650 ¢ 3320 ¢ 76.05 f 3.6l f 213.1 f
6 Ground corn grain 9.12 g 1222 g 81.80 a 9381 a 622.1 a
7 Ground wheat grain 11.12  h 1279 h 8024 b 938 b 583.7 b
8 Ground barley grain 1444 f 1928 d 7765 ¢ 622 e 374.7 e
Mean 19.65 27.93 73.60 5.95 355.4

** means with different letters in the same column are significantly different (P < 0.01).
*Dicle University Science and Technology Application and Research Center Laboratory Analysis Results

feed sources were found lower than the desired
level. Nonetheless, our P content findings were
greatly in agreement with Garg et al. [40]’s findings
determined in various concentrate feedstuffs.

Magnesium (Mg) helps to calm down in live-
stock, by reducing the hypersensitivity of the nerv-
ous system. Hence, it is known as “anti-stress min-
eral”. Furthermore, it takes part in the mobilization
of enzymes and the transformation sugar into ener-
gy in the blood. Also, Mg deficiency in the live-
stock causes “grass tetany” or “hypomagnesemic
tetany, spasms in the legs, head backwards removal
[41,42,43]. In the study, respectively, magnesium
content of soybean meal (0.37%), the narbon vetch
grain (0.25%) and cottonseed meal (0.24%) were
found higher than especially ground corn (0.02%)
and ground wheat (0.09%) grains. According to
Garg et al. [40], magnesium content in most of
feedstuffs for livestock shouldn’t be under the
0.20%. In parallel our findings, they also reported
that magnesium contents of grain feeds were rather
lower than that of the other concentrate feedstuffs,
and magnesium content of most of feedstuffs were
over the critical level (0.20%) (Table 2).

Digestibility and Relative Feed Values of
the Concentrate Feed Sources. ANOVA indicated
highly significant (P<0.01) differences among the
concentrate feedstuffs in terms of acid detergent
fiber (ADF) contents, neutral detergent fiber (NDF)
contents, digestible dry matter (DDM) contents, dry
matter intake (DMI) and relative feed value (RFV)
traits (Table 3).

ADF and NDF are important quality parame-
ter of livestock feeds. Even though ADF refers to
cellulose and lignin contents of the feeds, NDF
refers to the total cell wall, which is comprised of
the ADF fraction plus hemicellulose. As the ADF
and NDF percentages increase, quality and digesti-
bility of a feed generally decrease [20,22,44]. In the
study, ADF and NDF contents were ranged from
9.12% to 44.02% and from 12.22% to 62.88%,
respectively. The lowest ADF and NDF contents
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were determined in ground corn grain, and the
highest were determined in safflower meal (Table
3). This indicates that ground corn grain is more
much digestible than safflower meal. In the study,
ADF and NDF contents of wheat bran respectively
were found as 16.50% and 33.20% (Table 3). Simi-
larly; Friedt and McKinnon [45] cited that the Na-
tional Research Council [46] states that ADF con-
tents of wheat bran from roller milling should be
14.0£1.5%, and NDF contents should be
42.8+8.7%. Also, Bulbul et al. (2016) reported that
ADF and NDF contents for safflower respectively
were 38.59% and 49.42% for sunflower were
22.75% and 37.48%. The similar ADF and NDF
contents were cited by Chiba [31] in concentrate
feedstuffs as well.

Dry digestible matter (DDM) percentages of
the concentrate feedstuffs changed from 54.61% to
80.80%. The highest DDM ratio was obtained from
ground corn grain, whereas the lowest DDM ratio
was recorded from safflower meal. Accordingly, it
could be said that the livestock more benefited from
ground corn grain than safflower meal. On the other
hand, dry matter intake (DMI) values of concentrate
feedstuffs ranged from 1.91% to 9.81% of the ani-
mal's body weight for a one day. The highest DMI
value was determined in ground corn grain, while
the lowest DMI value was determined in safflower
meal. Namely, an animal could be consumed saf-
flower meal as much as 1.91% of the its own body
weight. Moreover, Sayar et al. [22] reported that
there was inverse relation between ADF percent of
a feed and its dry digestible matter (DDM) value,
likewise; similar relation had between NDF percent
of a feed and its dry matter intake (DMI) value.

There were highly significant differences
among concentrate feedstuffs in terms of relative
feed value (RFV) trait. The highest RFV was de-
termined in ground corn grain (622.1), while the
lowest RFV was determined in safflower meal
(80.8) (Table 3). According to Lacefield [23]; if a
feed RFV value is bigger than 151, it is accepted as
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FIGURE 1
Biplot graphic shown relations between concentrate feedstuffs and the investigated traits
(Concentrate feedstuffs; 1: Safflower meal, 2: Cottonseed meal, 3: Soybean meal, 4: Narbon vetch grain, 5: Wheat bran, 6:
Ground corn grain, 7: Ground wheat grain, 8: Ground barley grain; The investigated traits; DM: Dry matter content, CAC:
Crude ash content, OM: Organic matter rate, NFE: nitrogen-free extract, CP: Crude protein content, CS: Crude cellulose
content, CO: Crude oil contents, ME: Metabolic energy value, CA: Calcium content, MG: Magnesium content, P: Phosphor
contents, K: Potassium content, ADF: Acid detergent fiber, NDF: Neutral detergent fiber, DDM: Digestible dry matter, DMI:

Dry matter intake, RFV: Relative feed value)

the best quality, prime class, feed. If RFV value of
a feed is between 151-125, 124-103, 102-87 and
86-75 it is accepted as first (premium), second
(good), third (fair) and fourth (poor) quality classes
respectively. Accordingly, in the study, respective-
ly, ground corn grain, ground wheat grain, narbon
vetch grain, soy bean meal, ground barley grain and
wheat bran took part in the prime feed class. Be-
cause, their RFV values were well above 151. On
the contrary, due to their relatively lower RFV
values, cottonseed meal and safflower meal respec-
tively took part in second (good) and fourth (poor)
feed class (Table 3).

Determining relations between concentrate
feedstuffs and the investigated traits with biplot
analyses. PC1 (the first Principal Component) and
PC2 (the second Principal Component) accounted
for 52.68% and 20.76% of the total variation, re-
spectively (Figure 1). This indicated the existence
of a good variation between the concentrate
feedstuffs and the investigated traits. Many re-
searchers reported that the higher PC1 and PC2
values contribute to more reliable interpretation of
biplot analysis [47,48,49,50]. Biplot analysis
grouped the investigated traits by taking into con-
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sideration the angles between the vectors. Many
researchers reported that biplot analysis makes the
grouping according to angles between vectors in the
biplot graph. When a narrow angle (< 90°) was
identified between the traits vectors, these traits
took part in the same group [10,17,27,50,51]. Ac-
cordingly; in the study, biplot analysis separated the
investigated traits into four groups. Also, it can be
indicated that there is a positive relation between
the traits which are taken in the same group.

In the first group were found 5 traits. These
traits were acid detergent fiber (ADF), neutral de-
tergent fiber (NDF) and crude cellulose (CS), crude
oil and dry matter contents. It should be noted that
the traits were generally related feed digestibility.
Furthermore, safflower meal (1) and cottonseed
meal (2) went ahead to the first group. Indeed,
when the Tables were examined, it was seen that
the highest ADF, NDF and CS values were belong-
ing to, safflower meal (1) and cottonseed meal (2).
In the same time, digestible dry matter (DDM) and
dry matter intake (DMI) values of the two
feedstuffs were the lowest (Table 1, Table 2 and
Table 3). In fact, at the first glance, biplot graph
(Figure 1) explicitly shows that safflower meal (1)
and cottonseed meal (2) are in the lowest in terms
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digestibility parameters. Because, the higher acid
detergent fiber (ADF), neutral detergent fiber
(NDF) and crude cellulose (CS) contents of a feed
causes to decrease in digestibility of the feed. This
situation generally adverse affects a feed quality.
On the other hand, in the second group, there were
crude protein content (CP), crude ash content
(CAC), calcium (Ca), magnesium (Mg) and phos-
phor (P) contents traits. Exclusively, soybean meal
(3) went ahead for the five traits (Figure 1). In fact,
when Table 1 and Table 2 are examined, it is un-
derstood that soybean meal (3) had by far the high-
est crude protein content (CP), calcium (Ca) and
magnesium (Mg) contents. In the same time, crude
ash content (CAC) and phosphor (P) contents of
soybean meal (3) was higher than most of the feed
sources.

As seen on the Figure 1, the third group was
comprised from 6 traits. The traits were digestible
dry matter (DDM) and dry matter intake (DMI),
nitrogen-free extract (NFE), metabolic energy value
(ME), relative feed value (RFV) and potassium
content (K). For these 6 traits exclusively ground
corn grain (6) went ahead. Also, except for potassi-
um content (K), the other five traits in the group
already have been known as digestibility and quali-
ty traits. And for a better feed quality, it is desired
to be high as possible as these traits values. It is
noteworthy that only potassium from the elements
was included in the same group with these digesti-
bility and quality traits. Accordingly, high potassi-
um content in a feed may be a good mark of high
digestibility and quality of the feed. Moreover,
potassium content may be used in practically evalu-
ation and estimation of digestibility and quality of
feedstuffs. On the other hand, organic matter (OM)
trait was formed solely the fourth group. However,
there was no a concentrate feedstuff that stands out
in terms of this trait.

CONCLUSIONS

With the study was aimed to determine im-
portant feed quality traits of some concentrated
feedstuffs. The data obtained from study were sub-
jected to analysis with ANOVA and biplot analysis
methods. The analysis results showed that there
were statically highly significant (P<0.01) differ-
ences among the 8 concentrate feedstuffs in terms
of the investigated traits. Furthermore, biplot graph
showed that the investigated 17 traits separated into
4 groups. In the first group acid detergent fiber
(ADF), neutral detergent fiber (NDF) and crude
cellulose (CS), crude oil (CO) and dry matter con-
tents (DM) traits took part in. This indicated that
there were highly significant and positive relation
between the traits, which found in the same group.
Owing to high ADF, NDF and CS values of saf-
flower meal (1) and cottonseed meal (2) that took
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part in the first group. And, the feed quality of saf-
flower meal (1) and cottonseed meal (2) were found
as the lowest. On the one hand, crude protein con-
tent (CP), crude ash content (CAC), calcium (Ca),
magnesium (Mg) and phosphor (P) contents traits
were comprised the second group. Exclusively,
soybean meal (3) went ahead for the five traits.
Particularly, by far the highest crude protein content
(45.94%) of soybean meal was found to be remark-
able. On the other hand, digestible dry matter
(DDM) and dry matter intake (DMI), nitrogen-free
extract (NFE), metabolic energy value (ME), rela-
tive feed value (RFV) and potassium content (K)
traits were formed the third group. The ground corn
grain was found superior by far for the most im-
portant feed quality traits. Hence, it could be said
that ground corn grain had the best quality among
the 8 concentrate feedstuffs. Finally, organic matter
content (OM) trait was formed solely the fourth
group. However, there was no a concentrate
feedstuff that stands out in terms of this trait.
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