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Abstract

Fifteen young Holstein Friesian bulls (18 mo of Jagere divided into three groups of five. All graup
were fed a diet consisting of 60% concentrate &% doughage. The control (C) group received a mextu
of dry meadow hay, dry lucerne and wheat strawoaghrage. The second and third treatment groups were
fed a similar mixture of roughage partially suhsgtitg wheat straw with wet sugar beet pulp (SBRgatls
of 4% and 8% on a dry matter (DM) basis, respeltii@ry matter intake and feed efficiency ratio ([Ri/
intake/kg weight gain) of the C group were sigmfidy higher than those of the 4% SBP and 8% SBP
groups. Slaughter and carcass traits indicated tHeak were no significant differences betweenadyet
treatments. The inclusion of 8% SBP significantlypioved panel ratings for tenderness, juicinesef be
flavour intensity and general acceptance, as veelhumber of chews before swallowing and the Warner
Bratzler Shear value. Proximate analysis of thetrdieBnot demonstrate differences between meat fram
bulls fed C and the SBP diets. It was concluded wizeat straw could be replaced by 8% SBP in the
finishing diet for young Holstein Friesian bulls arder to improve feed efficiency and sensory dyali
characteristics of their meat.
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Introduction

Among factors contributing to the profitability deef production, efficiency of feed utilization is
undoubtedly the most important, since feed repitsséf% or more of the total variable cost of animal
production. Finishing diets for cattle in Turkeyngeally consist of forages (wheat straw or grasslugerne
hay) and concentrates based on grains (carbohydoatees) and sunflower meal and cotton seed meal
(protein sources). Cattle producers in the coumtiso use the by-products (wet sugar beet pulp and
molasses) from the sugar industry in order to rediged costs. The sugar beet pulp (SBP) has great
importance in beef cattle feeding programmes, sihbas highly digestible fibre that may encourdige
growth of the cellulolytic and hemicellulolytic nmaorganisms (Fluharty & Dehority, 1995). This, urr,
can increase the extent of digestion of the diefargge. The SBP also contains a relatively highilaile
energy (total digestible nutrients [TDN] of 720 gjkcontent, and therefore could be used as a rgegha
source in finishing diets (Lardy & Anderson, 2003).

Nutritional factors have significant influences tre structural and biochemical characteristics of
carcass and on meat quality traits. The modificabb ration composition and level of feeding cateal
muscle characteristics at slaughter which can #féact the sensorial attributes of the meat (Getagl .,
2001). As a result, using alternative feed souaie®d at increasing animal productivity and prdsfility is
desirable only if meat quality and consumer acceggare maintained.

The feeding value of the SBP with other forages lbean evaluated in beef cattle by Rush & Pelt
(1999), Parket al. (2001) and Cuvelieet al. (2006). Oflazet al. (2005) studied growth, carcass and meat
traits of young Karayaka rams fed sugar beet pudyp partially substituted grass hay as forage. hewe
comparable information about the finishing perfonce, and carcass and meat quality traits of yodaigy
bulls fed diets where wet SBP partially substitutdtbat straw is lacking. The present study was takien
to investigate daily weight gain, feed efficiencgrcass and slaughter traits and organoleptic piepeof
meat from Holstein Friesian bulls fed diets whefreeat straw was partially replaced by SBP.
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Material and Methods

The study was carried out at the Eastern Anatd\aricultural Research Institute, Erzurum, Turkey.
Fifteen Holstein Friesian bulls (18 months old) evelivided into three groups of five animals of $ami
body weights. The bulls were housed in a tethetell Barn containing individual pens furnished with
feeders and automatic drinkers. All groups wereereffi a diet containing 60% concentrate and 40%
roughage (as fed basis). The roughage consisted mixture of dry meadow hay including mixture of
grasses, dry lucerne, wheat straw, and wet SBPcdihegentrate was made up of barley, maize, whedwatv
bran, cotton seed meal, sunflower seed meal ahdT$a first group (control group = C) received itore
of dry meadow hay, dry lucerne and wheat strawoaghrage. The second and third treatment groups were
fed a mixture of roughage in which SBP at levelst®d and 8% on dry matter (DM) basis, respectively,
partially substituted wheat straw in the diet (Eali). Hence, there were three experimental groGps (
4% SBP, 8% SBP) in the study. The animals werdrfdiyidually and were adapted to the finishing diet
over a period of two weeks. All bulls had libitum access to the concentrate and roughage mixtunegdur
the whole finishing period. The DM (AOAC, 1990; etl 934.01), crude protein as Kjeldahl nitrogen
(AOAC, 1995; method 990.03), ether extract (AOA®9Q; method 920.39), ash (AOAC, 1990; method
9420.5) and acid detergent fibre (ADF) and newdedkergent fibre (NDF) (Tyznik, 1992) levels in thiet
were determined (Table 2).

After a 12 h fast by removing both feed and wates,bulls were weighed on two consecutive days at
the beginning and end of the fattening period tiemeine average initial and final weights. The bullere
also weighed at 14-d intervals throughout the & amount of diet offered was adjusted based thpn
live weights. Feed intake, daily weight gain andd@fficiency were calculated. Amount of feed ddfito
each bull was recorded and refusals were colleanteldwveighed daily in order to determine feed intaiee
trial lasted five months.

Table 1 Composition of the roughage mixture with differéaels of sugar beet pulp (SBP) fed to finishing
dairy bulls to evaluate impact on feed efficienag aneat sensory qualities

Dietary treatment

Ingredients (% dry matter basis) Control 4% SBP B
Sugar beet pulp - 4 8
Wheat straw 20 16 12
Lucerne hay 40 40 40
Meadow hay 40 40 40

Table 2 Chemical composition of feeds on a dry matter (Ie3is used for finishing of the young Holstein
bulls

Dry matter  Crude protein Ether extract Ash ADF NDF
Feeds (DM) (g/kg) (g/kg, DM) (g/kg, DM) (g/kg, DM)  (g/kg, DM) (g/kg, DM)
Concentrate 923.1 169.0 38.0 77.0 - -
Dry Meadow hay 937.0 110.1 33.3 97.1 401 605
Dry Lucerne hay 930.1 173.0 21.1 105.0 312 422
Wheat straw 931.0 32.0 8.0 97.1 469 625
Sugar beet pulp 127.0 94.2 78.0 181.0 256 548

ADF - Acid detergent fibre; NDF - Neutral detergébre.

All bulls were slaughtered at a commercial slaudtttese. The head, hide, feet, liver, lungs, spleen,
kidney and heart were removed and weighed. Hotasarweights and carcass measurements (length, width
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of round, length of round, width of round from madside, and thoracic depth) were also obtainedé¢Ye
et al., 1988). Dressing percentage was calculated asaaf hot carcass weight to the live weight ofntai

in the slaughterhouse. A carcass was split intedsabefore a chill period at 4 °C for 24 h. Thecaases
were then cut at the $2and 13 rib intersection and the depth of subcutaneoustliat area (cAy of the
longissimus dorsi (LD) and marbling score were determined at thesitet The scale used for marbling
evaluation ranged from 1 to 18 (1 = sligi? = sligh?, 3 = slight, 4 = small, 5 = smalfl, 6 = smal,

7 = modest 8 = modes$t 9 = modest 10 = moderate 11 = moderafe 12 = moderafe 13 = slightly
abundarit 14 = slightly abundaht 15 = slightly abundafit 16 = abundant, 17 = abundafit
18 = abundar). The weights of the kidneys, heart and pelvic i@re recorded and expressed as a
proportion of carcass weight. All carcasses weraduated for yield grade (a numerical value fronp15t
based upon the yield of boneless, closely trimnetdilrcuts from the round, loin, rib and chuck loé teef
carcass) and cutability (percentage of bonelesseb} trimmed retail cuts from the round, loin, ghd
chuck of the beef carcass) was predicted by usingthematical equation (Boggs & Merkel, 1984).

Meat samples were taken from the Ldadriceps (Q) andgluteus medius (GM) muscles of the
carcasses at 24 h post-mortem. The muscle pontiens cut perpendicularly to the muscle fibres ifto
pieces for chemical and sensory analysis. The meaatples for organoleptic analysis were weighed,
individually enclosed in water-impermeable, polyd¢ime bags, sealed and completely immersed in erwat
bath (90 °C) until the internal temperature of eaaeimple reached 70 °C, as outlined by Yanar (1994).
Cooked samples were dried between layers of paparid for 5 min to remove cooking drip. Cookinglgie
was determined by dividing cooked weight by uncableeight. The cooked meat samples were cut into
eight cubes (2 x 2 x 2 cm) and served to eight I[paeenbers, each with a cup of tap water to redace/¢
over effects. Panel members have been trainedeisehsory evaluation of meat. They were not infdrme
about the research project. Panel members indepipdwaluated each sample for degree of tenderness
flavour intensity, juiciness, general acceptabiéityd number of chews before swallowing. Scoresg@xior
the number of chews, were obtained using a ninet pedonic scale (9 = extremely tender, 1 = exthgme
tough; 9 = extremely strong beef flavour, 1 = exiedy weak flavour; 9 = extremely juicy, 1 = extrdyne
dry; 9 = extremely high general acceptability, £xtremely low acceptability). For mechanical assesg
of tenderness, cooked beef samples were cooled Y6 2nd six cores were removed parallel to lowlyiai
orientation of muscle fibres for Warner-Bratzlere&h (WBS) force measurements. Raw beef samples from
the LD, Q, and GM muscles were analysed accordinQdkerman (1985) for moisture, crude protein, ash
and ether extractable lipids.

Data were analyzed statistically using the genknalar model procedure of the SPSS computer
programme (SPSS, 2004, version 13.0, Chicago, UBK¢. data on performance, slaughter, carcass traits
and carcass measurements were analysed by a niwdelntluded the effect of diet. The chemical
composition, sensory panel and cooking yield daeevanalysed statistically using a model that thetlithe
effect of diet and muscle. Diet and muscle intéoast were excluded from the final model becausg the
were not significant, according to a preliminargtistical analysis. The Duncan method was appled f
comparison of subclass means when F-tests for efé#cts were significant. Correlations between pane
rating scores and WBS value and number of chews dasivallowing were also determined.

Results and Discussion

Although the final weight and daily and total weigfains of the 4% SBP-fed bulls were numerically
greater than the C and 8% SBP groups (Table Jgrdifices between the diet groups were not significa
(P >0.05). Similar findings were reported by Cueett al. (2006) who observed insignificant differences
between SBP and cereal-fed, young beef bulls ingexf live weight gain and final weight.

In the present study, increasing the amount of BBRe diet of the young bulls resulted in a deseea
in DM intake (P <0.05) and an improved feed efficig (P <0.05, Table 3). The C group consumed 16.2%
and 27.1% more DM than 4% SBP and 8% SBP groupgectively. This is in agreement with the results o
Parket al. (2001) and Bauest al. (2007) who reported that the addition of SBPimshing diets of beef
steers tended to decrease DM intake. Voelker &MA(RD03) suggested that stimulation of stretchpexe
in the ruminal wall signalled satiety and was kel predominant factor in decreasing DM intake tue
added SBP. They also reported that water contentnoinal digesta increased when adding beet putheo
diet. Therefore, ruminal digesta volume, weight arader holding capacity contributed to the limibatiof
DM intake by distension.
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Table 3 Least squares means (+ s.e.) for finishing ti&itdairy bulls fed diets where sugar beet pulp (5BP

partially replaced wheat straw in the diet

Diets
Traits Control 4% SBP 8% SBPB
Initial weight (kg) 317.0 + 23.17 323.3+25.91 AE23.17
Final weight (kg) 501.8 + 22.40 522.0 + 25.05 499 P2+40
Daily weight gain (kg) 1.23 +£0.07 1.32 +£0.08 1.20.867
Daily feed intake (kg DM) 12.64 0.31 10.59+ 0.35 9.25+0.31
Feed efficiency 10.27+0.67 8.08+0.75 7.63+0.67

2P ¢yalues within rows with different superscriptsfeifsignificantly atP < 0.05.
A B Cvalues within rows with different superscriptsfdifsignificantly at P < 0.01.
! Feed efficiency = DM intake (kg)/weight gain (k§¥ SBP on a dry basis.

Table 4 Least squares means (+ s.e.) for slaughter weightsass traits and non-carcass components of
dairy bulls finished on diets containing gradectls\of sugar beet pulp (SBP)

Diets*

Traits Control 4% SBP** 8% SBP**
Slaughter weight (kg) 497.2 +22.39 512.5 + 25.03 .28922.39
Hot carcass weight (kg) 277.0+14.54 292.5+16.26 73.2+14.54
Dressing (%) 55.7 + 0.65 56.0 +0.72 55.9 +0.65
Marbling score 3.75+0.53 3.77+0.53 3.80+0.48
Pelvic fat (kg) 0.26 + 0.03 0.25+0.04 0.28 +0.03
Kidney fat (kg) 5.44 + 0.52 4.20+£0.58 4.64 £0.52
KPH fat (%) 4.34+0.18 3.81+0.21 3.83+0.18
LD area (crf) 70.9 + 5.46 75.1 +6.10 73.6 +5.46
Fat thickness over LD (mm) 3.12+£0.30 3.50+0.33 762 0.30
Cutability (%) 47.6 £0.28 47.7£0.32 48.0£0.28
Yield grade 3.96 +0.12 3.92+0.13 3.81+0.12

Non-carcass components as a percentage of slaughtgrt\n)

Hide 6.43+0.22 6.64 +0.24 6.68 + 0.22
Head 4.76 £0.10 4.88+0.11 5.17 +0.10
Four feet 1.89+0.04 1.81+0.04 1.87 +0.04
Heart 0.411 +0.051 0.428 + 0.057 0.514 +0.051
Lung 1.120 £ 0.065 1.212 £0.072 1.203 £ 0.065
Liver 1.563 £ 0.073 1.651 +0.082 1.573+0.073
Kidneys 0.138 +0.023 0.157 +0.026 0.185 +0.023
Spleen 0.194 +0.013 0.236 +0.015 0.229 + 0.013

* Differences between diets were not statisticalpnificant (P >0.05); *®% SBP on a dry basis.
KPH - kidney, pelvic and heart fat; LOLengissimus dorsi muscle.

Increased feed efficiency could have been due fwawed DM and NDF digestibility when a more
digestible fibre source, SBP, substituted the tiigsstible wheat straw. Hoffmaa al. (2006) also reported
that the NDF digestibility of SBP is twice as higkthat of wheat straw.

Increasing the proportion of SBP in the diets & tiairy bulls by substituting wheat straw did not
affect slaughter weight, carcass characteristicproportions of non-carcass components signifigantl
(P >0.05, Table 4). Yield grade and cutability wswere also not adversely affected by the inausio
SBP in the diets. Similar effects of SBP in finighirations of beef bulls were reported by Maeslal.
(2001) and Cuvalieet al. (2006). Parlet al. (2001) observed that hot carcass weights, LDsangald grade
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and cutability values of beef steers in the cont®b% SBP, and 12.5% SBP groups did not differ
significantly. There were also insignificant differces in fat thickness over the LD, marbling scamd
percentage of the kidney, heart and pelvic fat (KBHas a result of an increased level of beet pulihe
diets of beef cattle (Bauet al., 2007). In the present study marbling scores ke not affected by dietary
treatment (Table 4).

Increasing the amount of SBP in the finishing diits not have an adverse effect on carcass length,
width of round, length of round, width of round iinomedial side or thoracic depth (Table 5). The &ssc
measurements were within the normal range for HwisEriesian bulls fattened in Europe (Keane, 2003)
Similarly, there were no significant differencestive carcass DM, fat, ash and protein levels betwhe
dietary treatment groups (Table 6). Type of mudateyever, affected percentage of DM (P < 0.05) fand
(P <0.01) content. The fat content of the LD musetes significantly higher than that of the GM mscl
This result is in accordance with the findings al@@urk et al. (2004). In general, the chemical composition
of the carcasses was within the ranges recordéshinigpyet al. (1999) and Unlét al. (2008).

Consumer evaluation of palatability is an importassessment of beef quality. The most significant
criteria are juiciness, tenderness, flavour intgnand general acceptability. Tenderness is onhafmost
important sensory attributes by which consumergguheat quality (Stolowslet al., 2006). Although this
criterion strongly depends upon post-mortem treatssuch as aging and cooling, adjustments intiartal
factors may be used as vivo strategies to optimise beef quality (Saehial., 2006). The results of the
present study revealed that meat from carcasséme @fhimals fed diets containing 8% SBP receivetidr
ratings (P <0.01) for panel tenderness score andrl®VBS value and number of chews before swallowing

Table 5Least squares means (x s.e.) for carcass measuseafiehe dairy bulls fed diets that partially
replaced wheat straw with SB&t 4% and 8% on a dry matter basis

Diets*
Traits Control 4% SBP 8% SBP
Carcass length (cm) 139.2+2.8 1426 +3.1 142218+
Length of the round (cm) 73.8+1.1 73.5+1.3 Mol
Thoracic depth (cm) 46.5+0.6 48.1 £ 0.7 47.5& 0.
Width of the round (cm) 40.1+3.2 34.7+3.6 34382
Width of the round from medial side (cm) 25.2+0.6 26.7+0.7 26.2+£0.6

* Differences between diets were not statisticaignificant (P >0.05).
SBP - sugar beet pulp.

Table 6 Least squares means (z s.e.) of chemical angdBgisf the muscles of the bulls fed diets partially
substituting wheat straw with wet SB& 4% and 8% on a dry matter basis

Diets* Muscles
Control 4% SBP 8% SBP LD GM Q
Dry matter 249+02 244+03 243%0.2 2%.0.2 24.1°+0.2 245°+0.2
Fat 1.7+0.2 1.8+0.3 1.9+0.2 580.2 1.3+0.2 1.8%+0.2
Protein 19.9+0.3 204+0.3 20.1+0.3 20.63 0. 20.0+0.3 19.8+0.3
Ash 1.1+0.01 1.1+0.01 1.0+0.01 1.0+0.01 .140.01 1.1+0.01

* Differences between diets were not statisticaibnificant (P > 0.05).

ab.cMuscle values within rows with different superptsidiffer significantly at P <0.05.

A B. € Muscle values within rows with different superptsidiffer significantly aP <0.01.

SBP - sugar beet pulp; LDl-engissimus dorsi, GM - gluteus medius and Q -quadriceps muscles.
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than both the C and 4% SBP groups (P <0.01, Tgbl€h# inclusion of wet SBP in the diet also ince
panel juiciness scores (P <0.01). Additionally,ffserour intensity and general acceptability scooé the
8% of SBP fed group were higher than in the otheatinent groups (P <0.01). Combining all treatment
groups, important variations in panel tenderness<(R05), juiciness, flavour intensity and general
acceptability (P <0.01) were consistent betweenciess(Table 7)Longissimus dorsi had higher sensory
panel ratings for tenderness, flavour intensitigifess, and general acceptability than the Q reusithis
result is in accordance with findings of Jueeal. (2007). The tenderness of the three muscles \gas a
evaluated by WBS value and number of chews befoedl@ving. The values for LD were better than those
for muscles from round, but the differences werestatistically significant.

Table 7 Least squares means (z s.e.) for sensory panessaaumber of chews and cooking yield of the
muscles of the bulls fed diets that partially repthwheat straw with SBRt 4% and 8% on a dry matter
basis

Diets Muscles
Control 4% SBP 8% SBP LD GM Q

Tenderness 48 0.1 54£+01 6.8+0.1 59+0.1 57+01 54+01
Juiciness 59+0.1 54£+01 59+0.1 568'+0.1 55'+0.1 51°+0.1
Flavour intensity 55+ 0.1 58+01 6.3+0.1 6.2'+0.1 59°+0.1 5.6°+0.1
General acceptability 5'4 0.1 5£+0.1 6.5+0.1 6.2'+0.1 6.0°+0.1 5.6°+0.1
NCBS 55.9'+15 48.F+17 40.F+15 454+1.6 497+16 49.1+16
WBS 11.3'+05 10.2+06 6.77+05 85+0.5 9.4+05 10.3+05
Cooking yield 69.6 +1.9 728+21 756+19 77.2+19 70.7+19 70.2+19

2P eWwithin diets or muscles, value differences withomws with different superscripts differ significanat P <0.05;
A B Cwithin diets or muscles, value differences wittoms with different superscripts differ significhnat P <0.01.
SBP - Sugar beet pulp; NCBS - Number of chews leesarallowing; WBS - Warner Bratzler Shear score.

LD — Longissimus dorsi, GM - gluteus medius and Q -quadriceps muscles.

Significant correlations (P <0.01) for panel temsss score (r = -0.709) and number of chews before
swallowing (r = 0.649) with WBS value demonstratdtht data from mechanical (objective) and
organoleptic assessments of tenderness (subjeetime in agreement. Panel juiciness score was lglose
related with WBS force value (r = -0.578), tendemscore (r = 0.774), number of chews before swailp
(r = -0.576) and acceptability score (r = 0.790Ané! juiciness score had a significant correlatioth
flavour intensity (r = 0.704). Overall correlationsvealed that panel tenderness, general acceptantte
flavour intensity scores were mostly related to shwoie content of meand are in agreement with the
findings of Mayet al. (1992) and Ozluturkt al. (2004).

Conclusion

The present study demonstrated that feed efficiamclysensory attributes of beef from Holstein bulls
fed 8% SBP were significantly improved over thoseuls fed no SBP. Carcass and slaughter traitsedls
as chemical composition of meat were not influeraversely by the addition of SBP to the bullstd@ur
data suggested that wheat straw in the finishieg afi dairy bulls could be replaced by 8% of SBRalwhs
both environmentally sound and an economically athgeous feed.
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