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Summary
The objective of the study was to investigate methods for the prevention of dark cutting in meat from cattle due to high altitude
origin and silage use in fattening. Brown Swiss male vealers (n=83) were sourced from the highlands of the Eastern Anatolian Region of
Turkey, where the altitude is approximately 1.800 m, and transported to Antalya province. Holstein male vealers (n=43) were sourced
from Antalya province. Both Brown Swiss and Holstein male veal were divided into four groups. Group-I: Basic ration plus sunflower meal
(SFM); Group-II: Basic ration(BR) plus sunflower meal(SFM) and 2.000 IU vitamin E/head/day; Group III: Basic ration(BR) plus cottonseed
meal(CSM) and 2.000 IU vitamin E/head/day and Group IV: Basic ration(BR) plus cottonseed meal. Vitamin E supplements were provided
for 120 day before slaughter. Mean musculus longissimus dorsi dark carcass rates measured in Brown Swiss and Holstein male vealers
were 55.40% and 67.40% at pH≤6.01, respectively, at 24 h after slaughter. Vit-E supplementation lessened the dark carcass problem
so meat color traits of bulls transported from high altitude to low altitude and raised with high levels of silage can be improved with
cottonseed meal plus Vit-E supplementation.
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Sığır Karkaslarında Yüksek Bölge ve Silaj Etkisiyle Oluşan
Koyuluğun Önlenmesi İmkanlarının Araştırılması
Özet
Bu araştırma, sığır karkaslarında yüksek bölge ve silaj etkisiyle oluşan koyuluğun önlenmesi imkânlarının araştırılması amacıyla
yapılmıştır. Esmer ırk erkek danalar (n=83) Doğu Anadolu bölgesinden, yaklaşık 1.800 m yükseklikten, temin edilip Antalya ilindeki bir besi
işletmesine nakledilmişlerdir. Holştayn ırkı erkek danalar (n=43) ise Antalya ilinden temin edilmiştir. Esmer ve Holştayn ırkı erkek danalar
dört gruba ayrılmıştır. Her iki genotip için Grup I: Temel rasyon+ayçiçeği tohumu küspesi; Grup II: Temel rasyon + ayçiçeği tohumu küspesi +
2.000 IU E vitamini/gün/baş; Grup III: Temel rasyon + pamuk tohumu küspesi + 2.000 IU E vitamini /gün/baş; Grup IV: Temel rasyon+pamuk
tohumu küspesi vitamini grupları oluşturulmuştur. Rasyona kesimden 120 gün önce vitamin E katkısı yapılmaya başlanmıştır. Kesim
sonrasındaki 24. saatte pH≤6.01 olduğunda Esmer ve Holştayn ırkı erkek danalarda normal karkas oranları sırasıyla %55.40 ve %67.40
olarak tespit edilmiştir. Vitamin E katkısı koyu karkas problemini azaltmıştır. Yüksek rakımdan düşük rakıma nakledilen ve yüksek seviyede
silajla beslenen sığırlarda et rengi özelliklerinin pamuk tohumu küspesi ve E vitamini ile birlikte iyileştirilebileceği söylenebilir.

Anahtar sözcükler: Sığır, Yükseklik, Silaj, Vitamin E, Gossipol

INTRODUCTION
Fattening of beef cattle occurs worldwide, and more
recently, the production of high quality meat has become
increasingly important. Meat color, which is a criterion for
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determining meat quality, is one of the most important
traits for both the market and customers. Furthermore, the
correct meat colour convinces customers of the freshness
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of meat and is pre-eminent in the decision to purchase it.
Owing to its colour, dark cutting meat negatively affects
purchasing decisions by customers and is therefore
reluctantly purchased from slaughter houses by both
wholesalers and butchers [1,2].
Dark cutting carcass is attributable to various factors,
including genotype [3,4] decreases in muscle glycogen levels
and stress factors such as abnormal ambient temperature,
humidity changes, animal density, social group changes,
lariage time at pre-slaughter, season and feeding regime [2,4-8].
The use of high quality silage has been widely adopted
to reduce the costs of feeding. However, dark cutting has
become a problem for fattening companies worldwide.
O’Sullivan et al.[9] reported that the feeding of beef cattle
mainly on forage negatively affects meat colour and
quality traits.
Holstein and Brown Swiss genotype bulls are commonly
used for the production of meat in Turkey. Fattening
companies have sourced Brown Swiss crossbred bulls from
the East Anatolian Region, much of which is at an altitude
of more than 1.800 m. However, the fattening companies
have regularly voiced complaints about problems in the
marketing of dark cutting carcasses from Brown Swiss bulls.
The number of red blood cells per unit of volume in both
humans and animals living at high altitudes is higher than
in those living at low altitudes. When red blood cells are
broken down, the residual iron is released and transferred
from the blood to the body tissues by transferrin [10].
Gossypol, like cotton seed meal(CSM), has been widely
used as a protein supplement in cattle fattening rations.
In vitro, gossypol complexes with iron cations at 1:1 or 1:4
rates [11]. Plasma gossypol levels in vivo decline linearly
with increasing supplementary dietary Fe [12,13]. Such results
indicate that gossypol may be a useful dietary supplement
for reducing blood iron levels and consequently reducing
the problem of dark cutting.
Therefore, the current study compared the effects of
cotton seed meal(CSM) and sun flower meal(SFM), with
and without supplementary Vit-E, on the colour and pH of
musculus longissimus dorsi meat, and also their effects on
dark cutting.

MATERIAL and METHODS
Animals, Diets and Housing Type
A total of 126 Brown Swiss (n=83) and Holstein (n=43)
male vealers, aged from 6 to 8 months, were used in the
study. The Brown Swiss meal vealers were transported
to Antalya province from the highlands of the Eastern
Anatolian Region of Turkey at an altitude of approximately
1.800 m. The Holstein meal vealers were obtained from
Antalya province. The treatment groups were kept in

sheltered housing with an eternit roof and fencing. The
allocated area for each animal was 7 m2. Bulls from both
genotypes were randomly allocated to two separate
subgroups to form 4 groups in total. The treatment groups
were as follows: Group I, Basic ration(BR) + sunflower meal
(SFM) (G-I); Group II, Basic ration(BR) + sunflower meal
(SFM) and 2.000 IU Vit-E/day/per bull (G-II); Group III, Basic
ration (BR) + cotton seed meal (CSM) and 2.000 IU Vit-E/
day/per bull (G-III), and Group IV, Basic ration(BR) + cotton
seed meal(CSM) (G-IV). The Vit-E supplement used in
the animal feed was supplied by BASF Ireland, Ltd. (Ekol
Food and Agricultural Co, Istanbul). Animals were fed
concentrate and maize silage ad libitum. The rations
included 50.00% maize silage, 41.10% barley, 3.30% wheat
bran and 2.70% SFM or CSM. The same management
regime was applied for the duration of the study. Bulls
were fattened over the course of 10 months and Vit-E
was supplied for 120 d prior to slaughter. The animals
were slaughtered at about 16-18 months of age, without
stunning or electroshock. They were slaughtered by
shackling the right leg and exsanguination while hanging.
pH and Meat Colour
pH and colour of the fresh longissimus dorsi muscle
samples were determined. A digital pH meter (MettlerToledo SG2 with Inlab 427) was used for that purpose as
soon as possible after dressing, and at 45 min, 24 h, 72 h,
120 h and 168 h after slaughter. The colour parameters,
L* (lightness), a* (redness) and b* (yellowness), were
measured with a Minolta CR 400 colorimeter at 0 min, 45
min, 24 h, 72 h, 120 h and 168 h after slaughter.
Determination of Muscle α-Tocopherol
Meat samples collected at 24 h postmortem were
frozen at -18°C prior to the determination of the alfatocopherol content. The level was determined with
a method modified slightly from Salvatori et al.[14]. The
mobile phase was 4% 1-4 dioxane and 0.04% acetic acid in
hexane and had a flow rate of 1 ml/min at 25°C. Alfa-tocopherol content was determined with high-performance
liquid chromatography (HPLC); (Agilent 1100 model LC
MSD (Liquid Chromatography Mass Spectrofotometry)).
The detection wavelengths were 292 nm for UV and
292-330 nm for fluorescence.
Determination of CSM Gossypol Amount
CSM in the feed was sampled at the beginning, middle
and end of the fattening period. The gossypol content was
determined with a method adapted from Hron et al.[15].
The mobile phase contained 80% acetonitrile and 20% 10
mM KH2PO4 and had a flow rate of 1 ml/min. The flask was
filled to volume with the mobile phase and the gossypol
amount was determined by HPLC (Agilent 1100 LC MSD).
A 20 µl sample was injected into an Inertsil ODS3 (25 cm ×
4.6 cm) column and the gossypol content was calculated
from the peak area response of a standard curve
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established by chromatography and referenced against
known amounts of pure gossypol.
Measurement of Non-transferrin Bound Iron (NTBI)
Blood samples were collected in vacutainer collection
tubes by venipuncture from the same animals at the
beginning, midpoint and endpoint of the fattening period.
They were centrifuged for 5 min at 3.000 rpm. Serum
samples were collected and stored frozen at -20°C until
analysis. NTBI content in the blood serum was determined
using a method modified from Gostriwatana et al.16. The
non-transferrin bound iron (NTBI) level was measured
by using a graphite furnace and atomic absorption
spectrophotometry (Perkin Elmer, Analyst 800).
Statistical Analyses
Using a factorial design, the color parameters (L*, a*, b*)
and pH were analyzed with two-way analysis of variance
(ANOVA) to reveal genotype, treatment and genotype ×
treatment interactions [17].

The pH values of Brown Swiss and Holstein bulls are
presented for normal and dark carcass rate and meat
quality traits (L*, a*, b*) for pH≤6.00 in Table 2 and 3. The
normal carcass rate (pH≤6.00) at 24 h was 55.40% for Brown
Swiss and 67.40% for Holstein bulls (Table 2 and 3). In the
present study, G-III had the highest normal carcass rate of
pH≤6.00 among groups, with Brown Swiss at 66.70% and
Holstein at 90.00% (Table 2 and 3). Overall, the interactions of
pH, genotype and treatment were not significant (P>0.05)
(Table 4). The L* values ranged from 33.11 to 35.79 for
Brown Swiss and from 29.52 to 37.94 for Holstein bulls for
pH≤6.00 (Table 2 and 3), and both the Holstein and Brown
Swiss CSM groups had higher numbers of animals with a
pH≤6.00 than the SFM groups (Table 2 and 3). The a* value
ranged from 20.92 to 23.79 for Brown Swiss and from 18.54
to 24.18 for Holstein bulls when the pH was≤6.00 (Table 2
and 3). In the present study, the effects of genotype, ration
and genotype x ration interaction were significant for a*
values (Table 4). The b* value ranged from 10.90 to 13.45
for Brown Swiss and 8.65 to 14.69 for Holstein bulls when
the pH was ≤6.00 (Table 2 and 3).

RESULTS

Muscle α-tocopherol (Vitamin E)
Concentration and Gossypol Amount in CSM

pH and Meat Colour
The means of the pH values for the Brown Swiss and
Holstein groups are summarized in Table 1. The ultimate
pH (24 h) in the musculus longissimus dorsi ranged
from 5.87 to 5.97 for Brown Swiss and from 5.92 to 5.98
for the Holstein. Among treatments, no differences were
determined at 0 min, 45 min, 24 h, 72 h, 120 h and 168 h
for the Brown Swiss. However, significant differences
were determined 0 min (P<0.05), 45 min (P<0.01), 72 h
(P<0.05), 120 h (P<0.01) and 168 h (P<0.01) for the Holstein
(Table 1).

The Vit-E concentration was determined in musculus
longissimus dorsi samples with HPLC. Vit-E amounts for
G-I, G-II, G-III and G-IV Brown Swiss vealers were 0.65, 1.02,
1.09 and 0.46 µg/g, respectively, and 0.65, 1.18, 1.75 and
0.47 µg/g for the Holstein vealers, respectively (Table 5).
The Vitamin E amount was not significantly different
between genotypes in the treatment groups (P>0.05).
Muscle α-tocopherol concentration was not significanly
different for treatment groups of the Brown Swiss genotype. However, it was significant for treatment groups of
the Holstein genotype (P<0.001) (Table 5).

Table 1. Least square means for pH for Brown Swiss and Holstein feeding groups
Tablo 1. Esmer ırk ve Holştayn ırkında deneme gruplarında pH ortalamaları ve standart hataları
Treatment
Breed

Characters

Mean SE
I

Brown Swiss

Holstein

Mean

SE

II

Mean

SE

Mean

III

IV

SE

P

pH 0 min

6.81±0.06

6.80±0.04

6.86±0.06

6.56±0.04

-

pH 45 min

6.69±0.05

6.63±0.04

6.56±0.04

6.56±0.04

-

pH 24 h

5.95±0.11

5.89±0.11

5.87±0.08

5.97±0.09

-

pH 72 h

6.19±0.12

6.16±0.12

5.86±0.09

6.06±0.10

-

pH 120 h

6.20±0.12

6.15±0.12

5.87±0.09

6.13±0.11

-

pH 168 h

6.31±0.12

6.24±0.13

5.89±0.10

6.10±0.12

-

pH 0 min

7.08±0.12

6.73±0.04

6.82±0.09

7.05±0.11

*

pH 45 min

6.97±0.11b

6.58±0.05a

6.66±0.14a

6.98±0.05b

**

pH 24 h

5.98±0.09

5.92±0.16

5.97±0.14

5.97±0.12

-

pH 72 h

6.06±0.08a

6.24±0.17ab

6.56±0.17b

5.96±0.12a

*

pH 120 h

6.04±0.07a

6.12±0.18a

6.63±0.15b

5.96±0.13a

**

pH 168 h

6.10±0.10

6.18±0.17

6.63±0.17

6.00±0.13

**

b

a.

a

a

ab

b

b

a

a,b: Means within a row with different superscripts significantly differ (P<0.05), - non-significant (P>0.05); * P<0.05; ** P< 0.01; I: BR+SFM, II: BR+SFM+vit-E,
III: BR+CSM+vit-E, IV: BR+CSM
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Table 2. pH values, 24th h color traits for Brown Swiss
Tablo 2. Esmer ırkta 24. saatte renk ve pH özellikleri
Characters

Brown Swiss
Group

n

Carcass Rate (%)

pH

L*

a*

b*
7.74±0.93

pH≥ 6.01

I

11

52.40

6.22±0.76

29.27±0.59

17.20±1.19

II

8

40.00

6.16±0.06

30.32±1.11

20.35±1.45

9.54±1.05

III

7

33.30

6.32±0.12

32.91±1.22

21.12±1.18

11.36±1.17
7.92±1.38

IV

11

52.40

6.14±0.07

32.42±1.38

17.09±1.61

Total

37

44.60

6.20±0.04

31.12±0.59

18.58±0.74

8.87±0.61

I

10

47.60

5.65±0.04

35.79±1.57

23.79±1.57

13.45±1.11

II

12

60.00

5.71±0.06

33.11±1.00

21.57±0.84

10.90±0.85

III

14

66.70

5.65±0.03

35.33±0.80

22.70±0.84

12.17±0.73

IV

10

47.60

5.80±0.04

34.80±1.24

20.92±0.99

11.62±0.80

Total

46

55.40

5.70±0.02

34.74±0.48

22.26±0.53

11.99±0.44

pH≤ 6.00

L: Lightness, a: Redness, b: Yellowness, I: BR+SFM, II: BR + SFM + vit-E, III: BR + CSM + Vit-E, IV: BR + CSM
Table 3. pH values, 24 h color traits for Holstein
Tablo 3. Holştayn ırkında 24. saatte renk ve pH özellikleri
Characters

Holstein
Group

n

Carcass Rate (%)

pH

L*

a*

b*

I

5

50.00

6.19±0.11

36.00±1.22

23.39±1.21

13.99±1.07

II

4

36.40

6.17±0.05

30.72±0.05

21.10±1.08

10.62±0.71

III

1

10.00

6.02±0.00

33.14±0.00

18.76±0.00

8.48±0.00

IV

4

33.30

6.49±0.14

32.99±1.99

20.05±1.79

11.10±1.50

Total

14

32.60

6.26±0.68

33.43±0.94

21.45±0.82

11.81±0.74

pH≥ 6.01

I

5

50.00

5.77±0.05

37.94±1.19

24.18±1.14

14.69±0.90

II

7

63.60

5.77±0.38

33.53±1.00

22.19±1.08

12.17±1.20

III

9

90.00

5.97±0.01

29.52±0.57

18.54±1.75

8.65±1.19

IV

8

66.70

5.72±0.04

36.23±0.77

23.84±1.20

14.12±0.57

Total

29

67.40

5.81±0.02

33.79±0.72

21.86±0.81

12.05±0.67

pH≤ 6.00

L: Lightness, a: Redness, b: Yellowness, I: BR+SFM, II: BR + SFM + vit-E, III: BR + CSM + Vit-E, IV: BR + CSM
Table 4. Effects of genotype (Brown Swiss and Holstein) and treatment on quality traits of MLD samples
Tablo 4. MLD kaite özellikleri üzerine genotip (Esmer ırk ve Holştayn) ve denemenin etkisi
pH

L*

a*

b*

Variaton
Source

df

ms

F

df

ms

F

df

ms

F

df

ms

F

Genotype

1

1.92

3.09

1

74.65

2.47

1

325.69

12.19***

1

112.21

7.64**

Treatment

3

0.17

0.28

3

19.03

0.63

3

160.40

6.01***

3

56.58

3.85*

Interaction

3

1.51

2.43

3

286.58

9.49***

3

331.56

12.41***

3

183.30

12.48***

118

0.62

-

118

30.20

-

118

26.71

-

118

14.69

-

Error

Values are degrees of freedom (df), mean squares (ms) and significant (F) from two way variation analysis, * P<0.05, ** P<0.01, *** P<0.001, L: Lightness,
a: Redness, b: Yellowness

The gossypol amount of 4 847.63 mg/kg in cotton seed
meal was determined with HPLC (Table 6). Cotton seed
meal supplement was used as 400 g/day/per velaer into
ration. Gossypol consumption was 1 939.05 mg/d for the
cotton seed groups.
NTBI Amount
NTBI was high in all groups at the beginning of the
fattening period, with the exception of those receiving
Vit-E supplementation, which had lower values. In preslaughter blood values, differences in NTBI amount

between the genotypes were determined to be significant.
NTBI values moderately increased in groups with Vit-E
supplementation. However, for those Holstein groups
without Vit-E supplementation, there was a dramatic
increase (Fig. 1).

DISCUSSION
pH and Meat Colour
The ideal range of pH values at 24 h postmortem has
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Table 5. Vitamin E value in MLD samples from Brown Swiss and Holstein
vealers
Tablo 5. Esmer ve Holstayn MLD kasında E vitamini değerleri
Groups
Genotype

Group - I
n (6) X±Sx

Group - II
n (6) X±Sx

Group - III Group - IV
n (7) X±Sx n (7) X±Sx

P

Brown
Swiss

0.65±0.21

1.02±0.21

1.09±0.27

0.46±0.47

-

Holstein

0.65±0.14

1.75±0.42

0.47±0.63

***

a

1.18±0.29

ab

b

a

P
Group I: Basic ration + sunflower meal; Group II: Basic ration + sunflower
meal + Vitamin E; Group III: Basic ration + cotton seed meal + Vitamin
E; Group IV: Basic ration + cotton seed meal; a.b Means within a row with
different superscripts differ (P<0.05), non-significant (P>0.05); *** P<0.001,
MLD: Musculus longissimus dorsi
Table 6. Gossypol amount into the cotton seed meal
Tablo 6. Pamuk tohumu küspesindeki gossypol miktarı
Sample

Gossypol (mg/kg)

1 sample

4789.90

2nd sample

4898.50

3th sample

4854.50

Total

4847.63

st

colour traits (L*, a*, b*) for pH≤6.00 in Table 2 and 3. In the
present study, when the silage and concentrate balance
of the diet was 1:1, L* values ranged from 29.27 to 35.79
for Brown Swiss and 29.52 to 37.94 for Holstein bulls. L*
values ranged from 38.30 to 40.00 in Brown Swiss bulls
fed with concentrated rations available ad libitum [20]; they
were higher than the range demonstrated in the present
study. The L* values (30.51-32.98) reported by Baublits
et al.[21] were close to the results of the present study for
the roughage groups. Sunflower meal and cotton seed
meal supplements were used in this study. The redness
value of the sunflower meal groups was higher than for
the cotton seed meal groups in groups without vitamin
E supplementation (Table 2, Table 3). In the present study,
the 24 h redness values were similar to those of Baublits
et al.[21] who reported 19.34 to 20.47 and the 20.20 to 22.40
of Bruce et al.[22]. However, the values from the present
study were lower than those of Belgian Blue cattle (23.00
- 23.10) that were fed rations supplemented with Vit-E [23].
In the present study, the effects of genotype, ration and
genotype x ration interaction were significant for b* values.
The b* value of the sunflower meal groups was higher
than for the cottonseed meal groups in those groups not

Fig 1. NTBI values for Brown Swiss and Holstein groups
in blood sera samples
Şekil 1. Kan serumu örneklerinde Esmer ve Holştayn
ırkında TBDM değerleri

been reported as 5.6 to 5.8 [1,18]. However, no meat quality
problems have been reported up to pH 6.00 [19]. In the
present study, pH values≤6.00 at 24 h ranged from 5.87
to 5.98 and were considered acceptable. The dark carcass
rate for the Brown Swiss genotype was higher than for the
Holstein genotype, so genotype clearly has a role in meat
color (Table 2 and 3). Hence, the Brown Swiss genotype
was considered predisposed to dark-colored meat [4]. In the
present study, G III had the highest normal carcass rate of
pH≤6.00 among groups, with Brown Swiss at 66.70% and
Holstein at 90.00%. Accordingly, it appears that there was a
synergistic effect between vitamin E and CSM in reducing
dark cutting. Hence, it may be feasible to use vitamin E
and cottonseed meal in combination to reduce the dark
cutting problem.
The pH values of Brown Swiss and Holstein bulls are
presented for normal and dark carcass rate and meat

supplemented with Vit-E. The b* values in the present
study approximated those of Baublits et al.[20] who reported
values of 7.71 to 9.65 for different rations and, Abril et al.[24]
who reported 10.68 for pH≤6.10 and 6.73 for pH>6.10 at 2
d. These results show that supplementation with different
protein sources and Vit-E in rations can affect b* values.
Muscle α-tocopherol (Vitamin E)
Concentration and Gossypol Amount in CSM
Vit-E content in meat samples in the current study was
lower than in several other studies [25-27] but was similar to
others [23,28]. The Vit-E amount in Brown Swiss meat (0.461.09 µg/g) was lower than in Holstein meat (0.47-1.75
µg/g) in the current study. Dufrasne et al.[23], Lanari et al.[25]
and Yang et al.[29] reported that increasing the amount of
maize silage in the diet may decrease the vitamin E level in
Brown Swiss meat.
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The average gossypol consumption was 1 939.05 mg/d
for the cotton seed groups. A safe amount of gossypol for
cattle per day was reported to be 24 g [30]. Hence gossypol
consumption by both genotypes in the present study was
well under the reported safe maximum amount and no
toxic or harmful effects were observed in the test cattle.
NTBI Amount
NTBI was high in all groups at the beginning of the
fattening period, with the exception of those receiving
Vit-E supplementation, which had lower values. For preslaughter blood values, differences in NTBI amount were
determined to be significant between the genotypes.
NTBI values moderately increased in groups with Vit-E
supplementation. Marwah et al.[31] noted a negative
correlation between vitamin E and NTBI. Compared with
the control group, Vit-E supplementation dramatically
decreased the level of NTBI for Holstein bulls (Fig. 1).
Similarly, Marwah et al.[31] found a negative correlation
between Vit-E and NTBI. However, in the present study,
NTBI values dramatically increased in Brown Swiss groups
at the third blood sampling, with or without vitamin E
supplementation. The binding of Fe to transferrin protein
may be related to environmental conditions or genotype
characteristics in Brown Swiss bulls. Transferrin is
responsible for the transportation of free iron from blood
to tissues. Ferric ion is bonded to N and C regions within
transferrin. The N region is endothermic and the C region
is exothermic. Ferric ion is bound to the C region in higher
amounst than the N region [32].
The current study determined that cottonseed plus
Vit-E supplementation can be used to reduce the formation
of particularly dark carcass in Holstein and Brown Swiss
genotypes. More specifically, the meat color traits of bulls
transported from high altitude to low altitude and raised
with high levels of silage can be improved with cottonseed
plus Vit-E supplementation. To meet the consumer
demand for bright red meat, meat producers should pay
careful attention to counteracting the effects of silage
on blood iron levels by administering appropriate levels
of Vit-E to Brown Swiss. It can also be concluded that,
according to the results for CSM groups, cotton seed may
be used as an alternative feed material to help reduce
dark cutting in bulls predominantly fed silage or forage.

REFERENCES

6. Kreikeimeier KK, Unruh JA, Eck TP: Factors affecting the occurance of darcutting beef and selected carcass traits in finished beef cattle. J Anim Sci, 76, 388395, 1998
7. Warris PD: The handling of cattle pre-slaughter and its effects on carcass and
meat quality. Appl Anim Behav Sci, 28, 171-186, 1990.
8. Tarrant PV, Sherington J: An investigation of ultimate pH in the muscles of
commercial beef carcasses. Meat Sci, 4, 287-297, 1980.
9. O’Sullivan A, O’Sullivan K, Galvin K, Moloney AP, Troy DJ, Kerry JP: Grass
silage versus maize silage effects on retail packaged beef quality. J Anim Sci, 80,
1556-1563A, 2002.
10. Noyan A: Yaşamda ve Hekimlikte Fizyoloji. 8. Baskı, 670-677, Meteksan, Ankara,
1996.
11. Przybylski P, Wojciechowski G, Brzezinski B, Kozubek H, Marciniak B, Paszyc
S: Spectroscopic and semiempiricial studies of gossypol complexes with Fe2+ and
Fe3+ cations. J Mol Struct, 569, 147-155, 2001.
12. McCaughey KM, Depeters EJ, Robinson PH, Santos JEP, Pareas JW, Taylor
SJ: Impact of feeding whole Upland Cottonseed, with or without cracked Pima
Cottonseed with increasing addition of iron sulfate, on productivity and plasma
gossypol of lactating dairy cattle. Anim Feed Sci Technol, 122, 241-256, 2005.
13. Santos JEP, Mena H, Huber JT, Tarazon M: Effect of source of gossypol
andsupplemental iron on plasma gossypol in Holstein steers, J Dairy Sci, 88, 35633574, 2005.
14. Salvatori G, Pantaleo L, Di Cesare C, Maiorano G, Filetti F, Oriani G: Fatty
acid composition and cholesterol content of muscles as related to genotype and
vitamin E treatment in croossbred lambs. Meat Sci, 67, 45-55, 2004.
15. Hron Sr RJ, Kim HL, Calhoun MC, Fischer GS: Determination of (+), (-) and total
gosspypol in cottonseed by high-performance liquid chromatography. JAOCS, 76,
1351-1355, 1999.
16. Gostriwatana I, Loreal O, Lu S, Brissott P, Porter J, Hider RC: Quantification
of non-transferrin-bound iron in the presence of unsaturated transferrin. Anal
Biochem, 273, 212-220, 1999.
17. Anonymus: SPSS Statistical Package in Social Sciences for Windows. Statistical
Innovations Inc. Chicago, USA, 1993.
18. Page JK, Wulf DM, Schwotzer TR: A survey of beef muscle color and pH. J Anim
Sci, 79, 678-687, 2001.
19. Holmgren NL, Zobell DR: Reducing the incidence of cutting beef in junio
livestock shows. http://extension.usu.edu/files/publication/AG_beef_2005-08.pdf.
Accessed: 03.06.2005.
20. Cerdano A, Vieira C, Serrano E, Lavın P, Mantecon AR: Effects of feeding
strategy during a short finishing period on performance, carcass and meat quality
in previously-grazed young bulls. Meat Sci, 72, 719-726, 2006.
21. Baublits RT, Brown Jr AH, Pohlman ZB, Onks DO, Loveday HD, Morrow
RE, Sandelin BA, Coblentz WK, Richards CJ, Pugh RB: Carcass and beef color
characteristics of three biological types of cattle grazing cool-season forages
supplemented with soyhulls. Meat Sci, 68, 297-303, 2004.
22. Bruce HL, Stark JL, Beilken SL: The effects of finishing diet and postmortem
ageing on the eating quality of the musculus longissimus thoracis of electrically
stimulated Brahman steercarcasses. Meat Sci, 67, 261-268, 2004.
23. Dufrasne I, Marche C, Clinquart A, Hornick JL, Van Eenaeme C, Istasse
L: Effects of dietary vitamin E supplementation on performance and meat
characteristics in fattening bulls from the Belgian Blue Breed. Livest Prod Sci, 65,
197-201, 2000.
24. Abril M, Campo MM, Onenç A, Sanudo C, Alberti P, Negueruela AI: Beef
colour evoluation as function of ultimate pH. Meat Sci, 58, 69-78, 2001.
25. Lanari MC, Cassens RG, Schaefer DM, Scheller KK: Dietary vitamin E
enhances color and display life of frozen beef from Holstein steers. J Food Sci, 58,
701-704,1993.
26. Eikelenboom G, Hoving-Bolink AH, Kluitman I, Houben JH, Klont RE:
Effect of dietary vitamin E suplementation on beef colour stability. Meat Sci, 54, 1722, 2000.
27. Yang A, Lanari MC, Brewster M, Tume RK: Lipid stability and meat colour of
beef from pasture- and grain-fed cattle with or without vitamin E supplement. Meat
Sci, 60, 41-50, 2002.

1. Viljoen HF, De Kock HL, Webb EC: Consumer acceptability of dark, firm and dry
(DFD) and normal pH beef steak. Meat Sci, 61, 181-185, 2002.

28. O’Grady MN, Monahan FJ, Falkon RJ, Allen P: Effects of dietary
supplementation with Vitamin E and organic selenium on the oxidative stability of
beef. J Anim Sci, 79, 2827-2834, 2001.

2. Wulf DM, Emnett RS, Lebeska JM, Moeller SJ: Relationships among glycolytic
potential, dark cutting (dark, firm, dry) beef and cooked beef palatibility. J Anim Sci,
80, 1895-1903, 2002.

29. Arnold RN, Scheller KK, Arp SC, Wıllıams SN, Schaefer DM: Dietary
α-tocopheryl acetate enhance beef quality in Holstein and beef breed steers. J Food
Sci, 58, 28-33, 1993.

3. Shackleford SD, Koohmaraie M, Wheeler TL, Cundiff LV, Dikeman ME: Effect
of biological type of cattle on the incidence of dark, firm and dry condition in the
longissimus muscle. J Anim Sci, 72, 337-343,1994.

30. Lindsey TD, Hawkins GE, Guthrie LD: Physiological responses of lactating
cows to gossypol from cottonseed meal rations. J Dairy Sci, 63, 562-573, 1980.

4. Sanz MC, Verde MT, Saez T, Sanudo C: Effect of breed on the muscle glycogen
content and dark cutting incidence in stressed young bulls. Meat Sci, 43, 37-42, 1996.

31. Marwah SS, Wheelwright D, Blaan AD, Rea C, Beresford R, Philips JD, Wright
J, Bareford D: Vitamin E correlates inversely with non-transferrin-bound iron in
sickle cell disease. BJH, 114, 917-919, 2001.

5. Bartos L, Franc C, Rehak D, Stipkova A: Practical method to prevent dark
cutting (DFD) in beef. Meat Sci, 34, 275-282, 1993.

32. Wilcox DE: Isothermal titration calorimetry of metal ion binding to proteins: An
overview of recent studies. Inorg Chim Acta, 361, 857-867, 2008.

