


Beef 

Interest in the methods to improve the efficiency of animal production has focused 

among others on p- andrenergic agonists (Moloney et aI., 1994). Several compounds 

from this class of substance, particularly clenbutarol and cimaterol have been shown 

to reduce intramuscular collagen, induce muscle hypertrophy and reduce body fat 

content in several species of animals (Ricks. et aI., 1984; Moloney et aI., 1991). In 

this study, the effect of a combined p-agonist and vit D3 supplementation in the feed 

was explored. Vit D3 has been used in dairy cattle to treat hypocalcaemia; in this case 

it was used to manipulate the chemical reactions that are responsible for tenderisation 

in the muscles, particularly those involving calcium Ca 

Mutton 

Meat tenderness is generally regarded as the single most important component of 

meat quality for the consumer. According to Koohmaraie (1996), reducing the 

variation in tenderness of aged beef by understanding the mechanisms involved and 

understanding the causes of variation would enable the meat industry to manipUlate 

the process of meat production and processing to ensure consistent quality. 

Environmental factors, such as postmortem cooling, electrical stimulation and ageing, 

proved to have major influences on meat quality, especially tenderness (Koohmaraie, 

1996; Olsson et a!., 1994; OuaJi, 1990). 
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In this study the effect of ES on the tenderness of mutton carcasses from class AB 

sheep was evaluated. The current South African red meat classification system gives 

consumers the perception that class- A carcasses produce best quality meat and can 

therefore have a higher price. The effect of electrical stimulation of class- A is only 

important from a chilling point of view, while the effect on tenderness per se is 

negligible. The recent introduction of the c1ass-AB in the Lamb and Mutton carcass 

classification system was mainly done to the unique qualities of the class- AB sheep 

carcass. The effect of electrical stimulation on meat tenderness of older sheep (notably 

class- AB carcasses) is uncertain and this prompted the study. 
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Chapter 2 

PART I: EFFECT OF DIETARY I3-AGONIST AND VITAMIN D3 

SUPPLEMENTATION ON BEEF TENDERNES 

2. Literature overview: Factors that affect beef tenderness in feedlot cattle 

Seasonal changes in feed and cattle costs usually dictate the length of time that cattle 

are fed (Van Koevering et aI., 1995). It is stated that longer feeding period for cattle of 

a given starting weight typically increase final weight, hot carcass weight, m. 

longissimus cross sectional area, subcutaneous fat thickness and yield grade and 

quality grade (Zinn et aI., 1970a; Hicks et aI., 1987; Dolezal et aI., 1982). While some 

of these changes increase the value of cattle, other changes decrease the value. 

Increases in subcutaneous fat thickness and yield grade are often not appealing to 

consumers. Other qualities of significance include cholesterol content and tenderness 

of ribeye steaks. 

2.1 Effect of length of time on feed 

Tenderness in feedlot cattle is believed to increase with time on feed up to some point 

(139d, Epley et aI., 1968; 150-l80d, Zinn et aI., 1970b), after which animal age may 

have a greater influence resulting in reduced tenderness. 
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Thompson, (2002) in his study managing meat tenderness adds that meat tenderness is 

a function of production, processing, and value adding and cooking method used to 

prepare the meat for consumption by the consumer. Therefore failure on one or more 

links in the beef supply chain increases the risk of poor eating experience for the 

consumer. Thompson further states that a guarantee for eating quality can only be 

given if the links that most affect tenderness are controlled along the meat production 

chain. In their study of the effect of time on feed on performance of feedlot steers, 

carcass characteristics, tenderness and composition of m. longissimus muscles, Van 

Koevering et aI., (1995) noted the following; that the effect of time on feed on carcass 

traits presented as hot carcass weights, increased linearly with time on feed (P<O.O 1). 

This was congruent with previous reports (Zinn et aI., 1970a; Hicks et aI., 1987; May 

et aI., 1992). Tenderness of the m. longissimus muscle in their study was measured as 

the inverse of the Warner Bratzler shear force and tended to increase (P<0.07) with 

time fed. Their findings contrasted those of Matthews and Bennett,(1962), who 

reported that tenderness, as measured by taste panel or Warner Bratzler shear force, 

did not change as time fed increased. May et aI., (1992) on the other hand fed steers 

between 0 and 196 days and reported that the lowest shear force value was at 112d. 

According to Van Koevering, (1995), tenderness of rib steaks tends to increase with 

time on feed. With increased consumer demand for lean but high quality beef, feeding 

cattle for more than l19d may not be advantageous. The above statement conforms to 

the report by Dolezal et aI., (1982). 
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2.2 Effect of breed on tenderness 

According to Sherbeck et a!., (1995) there are concerns in the American beef industry 

regarding the use of Brahman cross bred cattle in the supply of beef products in a new 

branded program- certified Hereford beef. Previous research has consistently shown 

that beef tenderness decreases almost linearly, as the proportion of Brahman breeding 

increases (Damon et a!., 1960; Palmer, 1963; Peacock et aI., 1982; Crouse et a!., 1989; 

Johnson et aI., 1990). Sherbeck further adds that as a result, cattle with any discernible 

evidence of Brahman ancestry are excluded completely from other branded beef 

programs. In their study of feedlot performance, carcass traits, and palatability traits 

of Hereford* Brahman steers (Sherbeck et ai., 1995) had the objective to compare 

feedlot performance, carcass traits and beef palatability characteristics of straight bred 

Hereford (100H) 75% Hereford*25% Brahman (75H*25B), and 50%Hereford*50% 

Brahman (50H*50B) steers, and to determine whether steers with 25% or 50% 

Brahman breeding could be included in the Certified Hereford Beef program. 

It was noted that the use of certified Hereford and Brahman carcass specifications 

seemed to improve tenderness only slightly within each breed grouping. Brahmans are 

excluded from the Hereford Certified Beef Program due to concerns about product 

tenderness. 
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The results of the study by Sherbeck et aL, (1995) suggest that, including Hereford 

crossbred steers with 50% Brahman breeding would adversely affect the tenderness of 

Certified Hereford Beef. However, Hereford cross breeds with 25% Brahman 

breeding could be allowed in the certified Hereford program without significantly 

increasing the risk of decreased product tenderness. 

The study of De Bruyn, (1991) has indicated that Brahman and Afrikaner, although 

similar in carcass weight, conformation and fatness, differed significantly in 

tenderness. O’Conner et al., (1997) and Pringle et aI., (1997) ascribed the lower 

tenderness ofindicus breeds and crosses to a slower rate of post-mortem ageing due to 

higher muscle calpastatin activity. Cattle indigenous to Africa were often in the past 

misnamed as Bos indicus based on their phenotype (Strydom et aI., 2000), while 

Mayer (1984) showed that most of these breeds are more related to Bos taurus than 

Bos indicus. The palatability of meat from continental and British breeds compare 

favourably with that ofTuli (Shackelford et aL, 1995) and Africaner cattle (Naude and 

Boccard, 1973). 

2.3 The effect of ageing on tenderness 

Following death of the animal, muscles undergo physical and biochemical changes 

which are responsible for their conversion to meat (Bendall, 1978). 

After slaughter there is a change in osmotic pressure (Bonnet et aL, 1992) and a 

decrease in temperature and pH (Marsh et aI., 1988) followed by an increase in 
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expressible juice (Offer & Knight, 1989). A common sequel is the weakening of the 

myofibrillar structure and an improvement in tenderness. The post-mortem proteolysis 

responsible for tenderisation has been demonstrated to be Ca2 
+ dependent. Under 

normal circumstances the high intracellular Ca2 
+ concentrations needed to trigger the 

ageing process do not occur until rigor mortis, when ATP levels become exhausted 

(Jeacocke, 1993). Ageing of meat is however, according to (Ouali, 1991), a complex 

phenomenon which depends on physiochemical parameters, extent and rate of 

acidification, changes in osmotic pressure and on glycolitic and proteolytic enzyme 

systems. Devine et aI., (1993) suggests that ageing begins when the first muscle 

exhausts its A TP, but only advances to include all muscles when pHu is achieved. 

Other workers (Olson et aI., 1976; Olson and Parish, 1977; Gann & Merkel, 1978), 

indicate that ageing is accompanied by deep changes in chemical composition and 

structure of the muscle tissues. 

It is worth noting that many post-mortem changes in muscle tissue vary strongly from 

individual to individual (Valin et aI., 1975; Ouali & Valin, 1984; Ouali, 1990). 

According to Bruas & Brun- Bellut, (1996), species, breed, sex, age and type of 

muscle all affect the ageing process. The above statement conforms to that of Campo 

et aI., (1999), who indicated that breed type had an important effect on the sensorial 

perceived tenderisation. The tenderisation process which occurs post-mortem is the 

result of several enzyme systems degrading the myofibriJlar structure (Roncales, 
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1995). Nashimura et aI., (1998), stated that, although connective tissue is the main 

limiting element of meat tenderness, it is also partially degraded through ageing. 

In their study on the assessment of breed type and ageing time effects of beef, using 

two different texture devices, Campo et aI., (2000) concluded that the Warner Bratzler 

test was not as good in assessing meat texture evolution through ageing when 

compared to the modified compression device using raw meat. The device avoids 

transversal elongation of the sample. They further concluded that aging has a more 

important effect on the myofibrillar tenderisation than breed type and that some 

related genetic factors, such as connective tissue composition, can significantly affect 

meat texture 

2.4 Effect of production system on tenderness 

In many developed countries, concentrate by-products and cereal grains are the main 

feed stuffs used in intensive beef production. In developing countries, livestock 

production is based on low quality feeds such as pasture, stubble and some forages 

(Araba & Byers, 2002). Feed costs present a major proportion of total variable costs 

in beef systems and grazed grass is often the cheapest feedstuff in temperate climates 

(French et aI., 2000). 

Despite the above factors, the value of beef from grass finished cattle is often 

discounted compared with concentrate finished beef because of perceived differences 
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in meat quality. There are factors that influence consumer perception of meat quality, 

these include tenderness (Chrystall, 1994), colour (Baardseth, Skrede et ai., 1998), 

juiciness (Hutchings & Illford, 1988) and flavour (Melton, 1990). 

Browling et al (1975), stated that many workers have previously made comparisons of 

forage finished and grain finished beef (Wanderstock and Miller, 1948; Carpenter et 

ai., 1969; Bull et ai., 1952; Craig et ai., 1959; Schupp et ai., 1976). Bowling et ai., 

(1978) indicated that the problem with such comparisons is that of establishing the 

appropriate slaughter end point. Their argument stemmed from the fact that, if cattle 

from two management systems are slaughtered on a time constant basis, differences in 

fatness obscure real differences in meat palatability, they also added that if cattle from 

grain vs. forage feeding programmes are slaughtered at the same degree of fatness, 

differences in maturing would confound the analysis. 

According to French et ai., (2000), concentrate-fed animals have heavier and fatter 

carcasses than forage - fed animals when grown for a constant time period or may be 

younger when grown to a specific body weight or back fat thickness. Meat quality 

characteristics, especially tenderness and flavour, are influenced by carcass weight, 

back fat thickness, age at slaughter and pre-slaughter growth rate (Spanier et ai., 

1990). 
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French et aI., (2000) conducted a study on meat quality of steers finished on autumn 

grass, grass silage or concentrate-based diets. Their objective was to evaluate the 

effect of diet on the quality of meat from cattle while maintaining similar mean 

carcass growth rates between diets. For marbling, their findings contrasted those of 

Binder et aI., (1981) and (Purchas & Davis, 1974) who observed lower intra-muscular 

and subcutaneous fat concentrations on grass fed animals relative to concentrate fed 

animals when grown to similar carcass weight. 

They measured the Warner Bratzler shear force according to the procedure of 

Shackelford, Koohmaraie, Cundrif, Gregory, Rother & Savell (1991). Steaks (2Scm) 

were cooked in retortable vacuum pack bags to an internal temperature of 70°C, by 

immersing in a water bath (Model Y38, Grant instruments Ltd) at 80°C. Five cores 

(l .2Scm diameter) were cut from the steaks parallel to the direction of the muscle 

fibres and sheared using an Instron Universal testing machine equipped with Warner 

Bratzler shearing device. French et aI., (2000) noted and interaction between diet and 

aging time post mortem for longissimus dorsi pH. The animals offered grain and 

concentrates (GC) had lower (P<O.OS) mean pH values at 2,3 ,4 and S hours post 

mortem than all other treatments. 
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However, all dietary treatments had similar longisimuss pH at 24h-post slaughter. 

Muir et a!., (1998), indicated that grass-fed steers had higher ultimate pH values than 

grain fed steers and suggested that grass -fed steers were more susceptible to pre

slaughter stress than grain- fed steers, his argument was based on the fact that the 

latter would be more accustomed to penning and would be less likely to suffer 

glycogen depletion in the abattoir pre-slaughter. According to French et ai., (2000), all 

animals used in their study were accustomed handling. Other workers, Wanderstock . 

& Miller (1948). 

Binder et a!., (1981 , 1986) and Morris et a!., (1997) have also found no differences 

in ultimate muscle pH between grass and grain finished cattle. French et a!., (2000) 

reported an interaction (P<0.05) between diet and ageing time post mortem of LD 

tenderness as measured by WBSF and sensory analysis. Animals offered GC had 

lower WSBF values, higher tenderness scores and higher overall acceptability scores 

for the 2-day aged steak than animals from all other treatments. The observation 

above supported the conclusion by Marsh et a!. (1987). French et ai. , (2000) also 

noted that in the 7 and 14 day aged steaks, there was no effect of dietary treatment on 

tenderness. Some studies have revealed forage finishing of cattle to have negative 

consequences on tenderness. 
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2.5 Effect of transportation on tenderness 

Animal welfare, meat quality and yield are the important issues in moving cattle from 

farm to the abattoir (Tarrant, 1992). Stocking density, group size and method of 

loading and unloading are the main considerations on short journeys. Live weight 

losses are high, even on short journeys due to loss of gutfill (Shorthose, 1965). 

According to Grandin (1993), mixing animals has been shown to cause mobilisation 

of glycogen and should be avoided at all costs. They came to this conclusion after 

analysing data for bulls that had been mixed, they noted the high prevalence of dark 

cutters. Thompson (2002) stated that stress in a number of forms would deplete 

glycogen reserves of the animal. 

Ferguson et aI., (2001) supported the above statement in his conclusion, he described 

the emotional state of the animal as probably more critical in mobilising glycogen 

reserves than was activity that was not physically demanding (e.g. during 

transportation). Ante- mortem stress entails significant modifications in post mortem 

biochemistry of muscle and meat quality (Beltran et aI., 1997). The major effect being 

exerted through its influence on mobilisation of muscle glycogen stores; if these are 

reduced or depleted at slaughter, the resultant is the extent of post-mortem 

acidification, which is consequently reduced (Warris, 1990; Sauz et aI., 1996). 
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Ultimate mortem bovine muscle is believed to have a direct relationship 

with stress (Pethick et aI., 1999) stated that which are well fed up until 

dispatch will have muscle glycogen "A""I""t,.<otlt"\"" in the range from 60 

to 120 llmol/g. llmol/g of glycogen is required in to achieve an 

pH ca 5.5 in muscle. et aI., 1999) is 

supported by (1997), and they ultimate pH in post›

mortem bovine may between 5.4 and showing a direct relationship 

with stress pH is said to result in dark susceptibility to bacterial 

spoilage and flavour (Tarrant, 1989). 

High pH has also associated with an increased (Sanudo et aI., 

1993; Guignot et 1994) and even higher throughout the ageing 

process (Watanabe et aI., 1996). On the contrary, et (1990) believed that 

ante- mortem stress degree of in meat. In their study of 

effect of transport on the sensorial aspects of meat quality (Villarroel; et aI., 

2003) stated that found no differences in quality with respect to 

transportation terms of tenderness, and the tenderness of 

beef tended to an increase in to 6.1, after which it 

increased. behaviour to Purchas & Augsupakorn, 

(1993) are obscure to be directly change in sarcomere 

length which is by cold shortening. 
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The increase in shear force values reported by Feins et aI., (1990), was attributed to 

lower proteolytic enzyme activity in cimaterol treated bulls. In their study on the 

performance, muscle composition and meat texture in veal calves administered a B

agonist (Clenbutarol), Berge et al (1993) came to the following conclusions 

That the negative effect of p-agonist on meat tenderness is mainly due to a reduction 

in post mortem degradation of myofibres that is not compensated by a reduction in the 

concentration of connective tissue in muscles 

That the influence of c1enbuterol in meat texture components and characteristics is 

muscle dependant and finally that the administration of a relatively low c1enbuterol 

dose, followed by a two week withdrawal period, limits the toughening effect of 

clenbuterol without compromising its positive effect on animal perfonnance and body 

fat disposition. 

2.8 Effect of Vitamin D3 supplementation in the feed on meat tenderness 

Early studies using lactating dairy cows have showed that orally administered vitamin 

D3 at 5* 106iJl daily for two weeks prepartum increased serum calcium (Hibbs et aI., 

1951; Hibbs and Pound en, 1955). Injections of 1 a hydroxyvitaminD3 also increased 

serum calcium concentrations of dairy cows (Bar et aI., 1985, 1988; Sachs et aI., 

1987; Hoduett et aI., 1992). The underlying thought is that calcium - activated 

tenderization system elevates muscle calcium levels and both 11- and m- calpains are 

activated during the post-mortem aging process. 
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In 1994, the US National Beef Quality Audit ranked inadequate tenderness as the 

second most important beef quality problem (Smith et ai., 1995). These authors 

estimated that the annual economic loss associated with beef tenderness equalled $ 

217 million for the US beef industry. 

(Swanek et ai., (1999) conducted experiments to evaluate the use of dietary vitamin 

D3 supplementation as an alternative method of elevating muscle calcium 

concentration to activate the cal pains, thereby improving beef longissimuss 

tenderness. They observed that steaks from orally administered vitamin D3 Preceding 

slaughter had numerically lower Warner Bratzler shear values as indicated in the table 

below. Supplemental vitamin D3 decreased Warner Bratzler shear force at all post

mortem aging times, but they noted maximal improvement for those steaks post

mortem aged 14 days (l4d) (P<. 05). 
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Table 6: Sensory evaluation of strip loin steaks post-mortem aged 14d (means ± SE) 

Treatment 

Group 

Tenderness Juiciness Flavour Overall 

Palatability 

Control 5.07± .25 D 4.47± .33 4.96±.17 4.98± .29 

5*10b ifl/d 5.31± .25 4.47± .28 4.90±.15 4.98± .28 

7.5*10b iu/d 5.19± .19 4.56± .26 5.23± .15 4.99± 21 

apanel scores are based on an 8 point descriptive scale as follows: tenderness, 1 = 

extremely tough, 8= extremely tender; juiciness, 1 = extremely dry, 8= extremely 

juicy; flavour, 1 = extremely bland, 8= extremely flavourful; palatability, 1= extremely 

unpalatable, 8= extremely palatable. 

bAil values within a column are similar (P<.05) 

From: (Montgomery et aI., (2000) 

Montgomery et a!., (2000) concluded that giving supplemental daily doses 5 or 

7.5* 106 ifl of vitamin D3 to feedlot cattle decreased Warner Bratzler shear force (P< 

.05) of beef strip loin and top round steaks that were aged for 14d. They further 

concluded that feeding vitamin D3 may offer an effective way to improve tenderness 

(decrease Warner Bratzler shear force values) 14d of post-mortem aging of loin and 

round muscles. 
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It was noted that future research studies to the optimal storage 

tenderization and to elaborate on why seem to occur in 

top and strip loins. 

is bel ieved to occur increased intracellular 

which is believed to augment ""(YIPn, during post-mortem 

et al (2000) also suggested that vitamin D3 per day 

for 9 slaughter could be implemented in a COlnrrlerCI system to 

improve (based on decreased VVafller 

loin and top within 14d mortem feeding of 

of 

may beef 

consumer acceptance of 

(1999), adds that studies have to be conducted to investigate the effect 

of on important economic animal 

performance and residue concentrations) before any about its 

commercial can be made. One such study was by vV'''''",'-' 

indicated that ""',-·au:,,,, the inconsistencies in supplementation, on 

their study to a recommendation for the optimum dose level 

adm inistration of improving the 

beef. They effects of various dose levels and duration of 

administration and on performance and blood calcium 
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They came to the following conclusions: that vitamin D3 did not influence feedlot 

performance; vitamin D3 was successfully administered via the oral bolus since serum 

calcium increased in the animals. These findings were consistent with those of 

Swanek et aI., (1999); Hibbs and Pouden (1954), which stated that serum calcium 

levels increased when cattle were fed supranutritionallevels of vitamin D3 

From an economic stand point, they found that supplementation with a lower dose of 

vitamin D3 for fewer total days, while attaining an equal increase in blood calcium 

concentrations, would thus be less expensive to incorporate into a production system. 

They came to a conclusion that, supplementing cattle with vitamin D3 does not 

influence (improve or impair) post-mortem beef tenderness, which is in disagreement 

with previous studies. It is therefore apparent that more work needs to be done to 

determine the impact of vitamin D3 on beef tenderness. 
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Chapter 3 

THE EFFECT OF A COMBINED DIETARY 13- AGONIST AND VITAMIN D3 . 

SUPPLEMENTATION ON THE TENDERNESS OF LOIN SAMPLES FROM 

FEEDLOT STEERS . 

Abstract 

In the present study, the effect of zilpaterol hydrochloride (Zilmaxfi) in combination 

with high doses of dietary vitamin D3 supplementation on the tenderness of meat from 

p- agonist treated steers was examined. Fifty Bonsmara feedlot steers were fed a 

commercial feedlot ration (10,5 MJ ME/kg DM, 12% CP), supplemented with 0, 15mg . 

Zilmaxfi/kg live weight in the feed and with different levels of vitamin D3 (1 to 5 X 

106 IV Vit D3 /day) for five days prior to slaughter. The steers were randomly 

allocated to the vitamin D3 treatments and a control group that received no vitamin 

D3. The steers were fed from ca. 220 kg live weight, while Zilmax was fed for the last 

35 days to a target weight of ca 450kg. All steers were slaughtered at a commercial 

abattoir after a Zilmaxfi withdrawal period of 7 days. Samples from m. longissimuss 

lumborum (LD) were collected 24h post-mortem for sheer force (SF) testing on an 

instron apparatus equipped with a Warner Bratzler shear blade. Cooking loss was 

determined by the amount of fluid after cooking. Feedlot performance, carcass 

characteristics and drip loss of meat samples did not differ significantly between the 
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vitamin treatments. The inclusion 5 X 106 IV vir. D3 in the 

resulted in lower SF compared to steers in the control group. 

106The suggest that dietary supplementation of 5 X IV DJ may 

Improve tenderness of meet steers 0,15 mg Zilmax 

weight for 35 days 

Introduction 

methods to improve the efficiency production focused on 

agonists (Moloney et aI., 1 Improvements in growth rate, feed 

conversion carcass content as as the composition of . 

fatty in the fat has documented (Webb et ai, I Webb & Casey, 

Several compounds from this of substance, particularly clenbuterol and 

cimaterol been shown to reduce fat, induce hypertrophy 

to reduce body content in several animal JIJ'_"""_" (Ricks et 1984; Williams 

et aJ., 1987; et aI., 199]). reduction in carcass occurs through a 

depressed lypogenesis and lypolysis subcutaneous as 

demonstrated in (Coleman et aI., ] Miller et aI., Swanek et aI., 

(1999) experiments to evaluate the use dietary vitamin 

supplementation as an alternative method of elevating muscle calcium concentration 

to activate the calpains, to improve beef tenderness. 
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They observed that steaks from steers that were orally administered with vitamin D3 

decreased Warner Bratzler shear force at all post mortem aging times, but they noted 

maximal improvement for those steaks post mortem aged for 14 days (P:::; 0.05). The 

purpose of the present study was to study the effect of a combined dietary 

treatment and different levels of vitamin D3. supplementation on the tenderness (shear 

force) ofm.longissimuss dorsi from feedlot steers. 

3.2 Materials and methods 

3.2.1 Steers 

Fifty Bonsmara type feedlot steers were fed a commercial feedlot ration (10,5 MJ 

ME/kg DM, 12% CP), supplemented with 0,15 mg Zilmax®/kg live weight in the 

feed for the last 35 days of fattening and with different levels of vit D3 on a scale 1 to 

5 X 106 IU Vit D3 /day for five days prior to slaughter. The steers were randomly 

allocated to the different vit D3 treatments and a control group that received no vit D3. 

The steers were fed from ca.220-450 kg live weight, while Zilmax® was fed for the 

last 35 days to a target weight of ca.450 kg, including a Zilmax® withdrawal period 

of seven days. 

The animals were slaughtered in a commercial abattoir in Witbank and m. 

longissimuss dorsi samples were collected 24 hours post-mortem. 
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3.2.2 Slaughter 

All steers were slaughtered at a commercial abattoir after a Zilmaxfi withdrawal 

period of 7 days. Samples from the m. longissimuss lumborum (LD) were collected 

24h post-mortem for shear force testing on an instron apparatus equipped with shear 

force blade. Cooking loss was determined by measuring the amount of fluid after 

cooking and expressing it as a proportion of the initial weight of the sample. 

3.3 Results and Discussion 

Table 1: Effect of level of inclusion of dietary vit D3 supplementation on meat 

tenderness 

Treatment Shear force (N) ± Std Dev 

(Mean) 

Control �

1 X 106 IU ofvit. D3 �

2 X 106 IU of vit. D3 �

3 X 106 IU ofvit. D3 �

4 X 106 IU ofvit. D3 �

5 X 106 IU ofvit. D3 �

63.01 

63.20 

62.12 

60.41 

55.25 

54.33 

12.407 

14.162 

10.514 

12.666 

17.294 

14.835 

27 �

 
 
 








































































































































	Front
	DISSERTATION
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Bibliography


