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Nutritional evaluation of high ish meat and bone merl for poultry 

Abstract 

An initial study investigated the nutritional value of a high ash m a t  and bone meal 

(MBM) in terms of proximate amposition, true amino acid (AA) digestibility and in vitro 

protein digestibility as well as available energy for poultry. Chemical analyses showed 

consistent contents of most nutrients in high ash MBM fiom batch to batch except for a 

small variation in contents of fat and ash. On a DM basis, it contained GE, 425W00 

kcaükg; protein, 53I2.7%; ash, 2 W %  with relatively balanceci Ca (9%) and P (5%); fat 

11.5% with 50% of unsaturated fatty acids. In vibu pmtein digestibility was 66% and tme 

digestibilities of total essential AA, Lys, ad total sulîùr AA were 83, 77.5 and 71.3@& 

respectively. There was no statistical differences in AA digestibility in vivo and in vitro 

protein digestibility beîween high and low ash MBM despite of large différence in the 

content of ah. Tnie metabolizable emrgy correcteci to z«o nitrogen retention waa 2800 

kcakg on a DM basis. 

Based on the above nutrient values of high ash MBM, two experiments were 

conducted to evaluate the effect of various inclusion levels of high ash MBM in leghom 

chick diets with 100 or 90% of NRC (1994) Lys requirement on bud performance, and to 

study the effect on broiler chicken performance of supplementation with Lys, Met, Thr and 

Try individuaily or in combination in 1% high ash MBM diets. The results indicated that 

greater than 5% inclusion level of high ash MBM into leghom chick diets with W h  NRC 

Lys specification yielded a linear adverse effet on chick growth in cornparison to those 



chicks fed the same level of high ash MBM diets, but with IW? NRC Lys requirement. 

Amino acid deficiency was the primary cause of growth depression. Supplcmentation of 

Lys and Met in 10% high a h  MBM d i a  signidcantly improved chick performance which 

reached the level of chicks fed a soybean meal control diet. Further addition of Thr and 

Try to the diet already containhg Lys and Met did not yield signifiant improvement on 

chick performance. Both Lys and Met were the first limiting AA in corn-based practical 

broiler diets with 10% high ash MBM. 

A final experiment evaluated formulation of broiler diets containhg 10 or 15% high 

ash MBM on a total AA versus digestible AA basis at 100 or 90% NRC AA specifiation 

and the effect of high dietary level of Ca and P provided by high ash MBM and inorganic 

source on chick performance. Results showed that no difference in performance was 

observed when formulating diets with 1û?4 MBM based on total vs. digestible AA values 

at 100% NRC specifications. Dietary formulation with high ash MBM on a total AA basis 

at 90% NRC significantly reduced chick performance dietary, however, for wm-soybean 

meal control diets, dl AA king 90% of NRC did not result in performance decline. 

Dietary formulation with 10 or 15% high ash MBM based on digestible AA values 

significantly improved chick performance when AA requirements were at 90% NRC. It 

brought broiler performance up to the level of corn-soybean meal wntrol diet, indicating 

that dietary formulation based on digestible AA values was superior to that based on total 

AA contents. Excessive Ca and P fiom high ash MBM were a seconday hctor responsible 

for the reduced chick performance, 

From the current study it can be concluded that the commercial high ash MBM is an 

effective source of protein and energy. The high ash MBM can be incorporated at a level 

of 10% to broiler diets. 



Dedication 

The thesis is dedicated to my husband Yonggang Liu, son Jake 

Xiaoyun Liu, and my parents. 



Aclmowledgements 

This thesis is the result of three year's hard work 4 t h  kind help Born many people. 

FirstIy, 1 am most grateful to my supervisor, Dr. L.D. Campbell, not oniy for the 

opportunity he o£Fered to me as a MSc. student, but also for bis constant concern and 

insighthl supervision of tbîs research project. Without it, the completion of this thesis 

would never have been possible. I thank my committee members Dr. C. M. Nyachoti and 

Dr. G. Blank for their supervision and suggestions regarding my thesis preparatioa. 

1 am highly appreçiative of people in our poultry group for their help and their 

contributions regarding different aspects of this thesis. 1 would Like to specifically thank 

Dr. W. Guenter, Dr. B. Slominski, Mr. H. Muc, Mr. I. Neufeld, and Ms. P. Robinson for 

their guidance and assistance with the in vitro experiments and the chick trials. 1 dso 

appreciated the assistance of Dr. G W. Crow and Dr. L. Onischuk in data analyses and Mr. 

P. Mills in amino acid analyses. My thanks also go to aii secretaries in the Department of 

Animal Science. 

I wish to acknowledge Naturd Sciences and Engineering Research Council 

(NSERC) and Maple Leaf Foods Inc., Shw-Gain Div. for providing me with financial 

support. 

My speciai thanks also go to my Chinese colleagues. Enjoyable talks, great help and 

friendship fiom these fnends made my living pleasurable in Canada while rny husband 

was away 

Last, but not least, my sincere thanks go to my dear husband Yonggang and son 

Xiaoyun for ai l  their love. 1 especiaily thank my husband for his encouragement and 

assistance in my study. I am indebted to my husband so much for the long tirne separation. 



Contents 

Cbapter 1 Introduction ..................................................... 1 - 4 

Chapter II Literature review .................................................. 5 - 22 

Chapter ïIL Manuscript 1 

Chernical composition and nutritional d u e  of 
high and low ash meat and bne meal for poultry .............. 23 - 38 

Chapter IV. Manuscript II 

Eff'ect of supplementing lysine, methionine, threonine 

and Tryptophan to cm-based diets with high ash meat and 

bone meaî on bmiler performance ................................ 39 - 54 

Chapter V. Manuscript ïiï 

Formulation of broiler di& with high ash meat and bone meal 

............ Based on total versus digestible amino acid content 55 -70 

Chapter VI General discussion .............................................................. 71 - 77 

Chapter MI Gentral summay ................................................. 78 - 79 



Table and Figure List 

Cbapter II 

Table 1. Chemical composition of m a t  urd bone merl compued to soybun mui  rnd crnol. 

med (p: 7) 

Table 2. Average percent fatty acid content of mat and bone meal in cornparison to soybean 

meal and fish meal @: 8) 

Table 3. Mineral content in meat and bone meal in wmparison with soybean meal and canola 

meal @: 11) 

Table 4. Amino acid profile of ma t  and bone meal and soybean meal @: 14) 

Table 5. True digestibility of essential mino acids in meat and bone meal for poultry 

Chapter III, Manuscript 1 

Table 1. Composition of high ash meat and bonc meai fiom d i f f m t  batches @: 29) 

Table 2. Fatty acids of high ash meat and bone meai fiom different batchcs @: 30) 

Table 3. In vitro protein digestibility of high and low ash meat and bone meal @: 3 1) 

Table 4. True metabolizable energy of high and low ash meat and bone med 

Table 5 .  Arnino acid contcnt of high and low ash meat and bone meal fiom different batchcs 

and in wmparison to that of soybean meal (p: 34) 

Table 6. Tme amino acid digestibility of high and low ash meat and bone med fiom 

caecectomized and intact roosters @: 35) 

Chaptcr IV, Manuscript 2 

Table 1. Chemical composition and amino acid content of ingredients used in experimental 

diets @: 45) 



Table 2. Percent composition of experimentaî dias with various l m l s  of high ash m a  and 

bone meal used in Trial 1 

Table 3. Basal composition of control expcrimental diets used in Trial 2 

Table 4. The efféct of different levels of protein and high ash meat and bone m d  on chi& 

weight gain duhg  IOilay expairnent (p: 48) 

Figure 1. Efféct of inclusion lenls of high u h  mut and bone meal with diierent levets of 

protein and lysine specitications on bii weight gain (p: 49) 

Table 5 .  Effect on chick performance of supplementing diets containing 100/o high ash mat  

and bone meal with amino acids @: 50) 

Figure 2. Effect on feed conversion ratio by supplcmcntation of lysine or methionine alone or 

in combination with threonine and tryptophan to high ash meat and bone meal diets 

(PI 51) 

Figure 3. Effect on feed intake by supplernentation of lysine or methionine alone or in 

combination with threonine and tryptophan to high ash meat and bone meal diets @: 

52) 

Chapter V, Mmuscript 3 

Table 1. Chemical composition and amino acid digestibility of high ash meat and bone meal, 

soybean meal, corn and barley used in experimental diets @: 60) 

Table 2. Composition of soybean meal and high ash meat and bone meal diets based on total 

amino acid requirements for broiler chickens 

Table 3. Composition of soybean meal and high ash meat and bone meol diets based on 

digestible amino acid values for broiler chickens (p: 62) 



Table 4. Perfannance of chicks f d  diets contrining various levels of high ash rneat and bonc 

meal with formulation brscd on îotd amino acids or digestible amino rcids @: 64) 

Figure 1. Effect on chick performance of dieîary formulation with high ash meat and bne  

meal on a total amino acid or digestible unino acid b i s  of NRC (1994) @: 66) 

Figure 2. Effect on chick performance of dietary formulation with 10 or 15% high ash meat 

and bone rneal on 90% NRC (1994) total amino acid or digestible amino acid d u e s  

(P: 6T) 

Figure 3. Effect of high dietary levels of Ca and P provideci by high ash meat and bone meal or 

inorganic source on chick performance @: 69) 



Abbreviations 
Arnino acids 

Ar& Arginine 
Ca, Calcium 
CEC, Cecectomized 
CM., Canola meal 
Cyq Cysîine 
DA4 Digestible amino acids 
DM, Dry matter 
EAA, Esscntial amino acids 
FCR, Feed conversion ratio 
FM, Fish meal 
GE, Gros energy 
His, Histidine 
Ile, Isoleucine 
Leu, Leucine 
Lys, Lysine 
MBM, Meat and bone meal 
ME, Metabolizable energy 
Met, Methionine 
N, Nitrogen 
NND, Non-Nitrogen diet 
P, Phosphorus 
Phe, Phenylalanine 
SBM, Soybean meal 
TAA, Total amino acids 
TEAA, Total essential amino acids 
Thr, Threonine 
TME, True metabolizable energy 
TMEIDM, True metabolizable energy calculated on a dry matter buis 
TMEn, Tnie metabolizable energy eorrected to zero ~trogen retention 
TNEAA, Total non-essential amino acids 
Try, Tryptop han 
TS Aq Total sulfur amino acids 
Val, Vaiine 



Cbapter 1 
Introduction 

Although the primary propose of ûum animal production is to produce f d m e a t  for 

human consumption, there is r considdle  proportion of animal products that are 

undesirable for food use. Foxcroft (1984) invcstigated d o  of consumable produds and 

by-products in UK meat ptoccssing plant and reportcd t h  the preparation of every metric 

tonne of meat for hurnan food lefi at hast 32% unusable animal materials such as feathw, 

hair, gut, comective tissues and bone. Considering a total world meat production of 207 

million tonnes in 1997 (FAO, 1998). the estimated total inediblt animal residues would be 

about 66 million tonnes, which represmts about 74% of total world production of soybean 

meal in 1997 (66 vs. 89 million tonnes). Should these materials be of no intrinsic value, 

disposal would not only cause an increased burden to the environment but also represent an 

additional cost to the food industry (Brooks, 1991). Therefore, adequaîe rendering of these 

residues into animal protein meal will wntributc substantially to the human foad industry 

and the environment as well as providing an alternative protein source to mcet the demand 

of a fast growing animal industry. 

Generally, meat and bone meal (MBM) is composed of meat residues, organ meat, 

bone, associated fat and to some extent, hair and blood. There is no fixed ratio arnong these 

components used by manufacturers, hence the resulting products are very variable in 

chemical composition and nutritive quality, Sibbald (1986) indicated that Lys and Cys 

digestibility of 21 MBM samples ranged fiom 45 to 86% and 30 to 64% respectively. 

Batterham et al. (1986) reported that Lys availability varied 6om 0.31 to 0.86 % when 

MBM was processed at differem temperatures Wang and Parsons (1998a) reported that the 

protein content of 32 MBM samples fiom diEêrent commercial manufacturers variad fiom 



40 to 60% and ash fiom 20 to 47?!!. Conespondingly, digestibilities of Lys and Cys ranged 

fiom 68 to 92% and 20 to 71%, rcspaâively. N d t h d n g  the high wiability, MBM 

has been considered for a long time u a ricb source of supplemental protein, calcium, 

phosphorus and B-vitamins as well as a good source of rvailable encrgy. 

Meat and bone meal has been used in poultry diets since 1950 (Patrick, 1953). 

However, today, it still remains as rn underutilized protein ingredient, at usud dietary 

inclusion levels of about 5% in broiler and young-pig diets. The main constraints include 

variation in protein quality, as indicated by an unbalanced amino acid profile, and a high 

ash content, particularly high calcium and phosphorus that affect palatability and the 

environment. Salmonella contamination may be another limiting factor. However, with a 

high-standard quality-control program in place, the potential risk of salmonellae 

contamination has been minimized or diminatcd by heating followed by the addition of 

suitable organic acids such as formic or pmpionic. According to Brooks (1991) and 

Veldman et al. (1 999, the risk of animal contuninrtion by salmonellae is not grcater due to 

the feeding of MBM than it is for other ingtedients such as fish meal, corn or soybean 

meal. Variation in protein quality and excessive Ca and P seem to be the major factors that 

lirnit the use of MBM in animal rations. 

Numerous studies have been conducted ta assess protein quality and feeding value of 

MBM for poultry and pigs, with a wi& range of nutritive values king reponed (Summers 

et al., 1964; Sathe and McClymont, 1965; Skurray and Herbert, 1974a; Sibbald, 1986, 

Knabe et al., 1989; Parsons et al., 1997; Wang and Parsons, 1998a). Limiting amino acids 

that may cause animal growth depression han been indicated in some reports (Summers et 

al., 1964; Atkinson and Carpenter, 1970b; Wang a al., 1997). However, d e s  on the 

order of limiting amino acids in MBM have not yielded a firm conclusion, which may be 



largely due to the variability in MBM quality, or as a wnsequence of test methodology 

including type of cereal grain used and the di- inclusion rates of MBM (Skurray and 

Cumming, 1974b; Johri et al., 1980). Fwthcrmore, there has b a n  no conclusion on the 

effect of high ash content, espccUly high calcium, t h  may or may not depress protein 

digestibility and animal perfofmoncc (Summers et ai., 1%4; Partanen, 1994, Johnson and 

Parsons, 1997). Given the variability in reswch resultq it is undetstandable that the 

recommendation of MBM inclusion ntc in animal diets is variable (Wilder et al., 1957; 

Runnels, 1968; Batterham et at., 1970). Howcwf, an inclusion constraint below 5% may 

not be justified at the present time because of improved processing systems and the 

development of quality-control procedures in MBM production. Recent studies have shown 

that 10% MBM included in young turkey d i e  supportecl satisfactory growth and feed 

eficiency (Sell, 1996). With synthetic amino acid supplementation, relatively high levels 

of MBM in broiler and growing pig diets have given good growth results (Anderson and 

Warnick 1971; Evans and Leibholz, 1979b; Cromwell et al., 1991). Moreover, in recent 

experiments, formulation of broiler diets with high levels of MBM based on digestible 

amino acids (DAA) showed performance results quivalent to that for chicks fed a corn- 

soybean diet (Wang and Parsons, 1998~). 

For a protein ingredient, digestibility of mino acids is an important index. M a t  and 

bone meal has protein level similar or higher than that of soybean meal, but amino acid 

digestibility, due to heat damage is generally poorcr, espccially digestibilities of Lys and 

total sulfiir amino acids (TSAA). Additionally, today's feed industry tends to use DAA 

instead of total amino acids (TM) to formulate animal diets in order to accurately meet 

animal requirements and to decrease nitrogen pollution. However, only a limited number of 

studies have demonstrated advantages of formulaihg poultry diets based on D M  values 



(Femandez et al., 1995; Rostagno et al., 1995; Wang and Parsons, 1998~) pmbably due to 

Iack of a standard for D M  requirements. 

A new version of high ash MBM p r o c d  fiom residues of a low ah MBM has 

been launched by a Canadian manufacturer. Because variation in chemical composition and 

protein quality among MBM is substantial due ta its natural sources, tabulateci data have 

limited practical value for the extrapolation of its nutritive value and effect on animal 

performance. A successful introduction of a new product would require not only for 

consistent production, but also for a detailed description of its chemical and nutritional 

properties. It is also essentiai to investigate its inclusion levels and effect on animai 

performance. The purpose of current study was to generate a database on nutritional profile 

of the new MBM to facilitate manufacture of a consistent quality product for both domestic 

and export markets. Moreover, it will also provide basic information for nutritionists to 

apply the new MBM adequately to diets for poultry and other livestock. Therefore, the 

overall objectives of the current study are: 

a To analyze the chemical composition of a series sarnples of the new high ash MBM and 

conventional low ash MBM 

To assess protein quality and tnie digestibility of amino acids by in vivo and in vifm 

methods 

To determine feeding value of the high ash MBM by studying available energy, 

appropriate dietary inclusion level and supplementation of arnino acids in practical 

broiler diets with the high ash MBM on chick performance 

To compare the effect of forrnulating broiler diets basai on T M  vs. DAA values on 

chick performance at t w ~  inclusion b e l s  of the high ash MBM. 



Cbapter II 

Literature Review 

1. Meat and bone meal 
Soybean meal, canola meai and fishmeai which are major sources of supplemental 

protein, are extensively used in poultry and pig production. From time to time there are 

various constraints in using these ingredients such as price, fluctuation in supply and anti- 

nutritional factors. Meat and bone merl is an important altemative source which may 

become more important in the hure as incrcases in MBM becorne available with annual 

increases in meat production in many parts of the world. 

Mat and bone meal is a type of animal protein feed obtained by rendering animal 

offal, bones, heads and hooveq and soft tissues such as meat residues, organs, connective 

tissues as well as whole condemned carcasses. In general, animal hair and blood are not 

present in MBM. Typically, MBM consists of residues fiom pork, beef and sheep, either as 

individual or a mixture of ail diffennt animal species depending on the raw materiai 

available. Dependent on the level of protein in the final product MBM can be divided into 

meat meal (protein content >55%) and MBM (protein content around 40-55%). The 

proportion of bone to sofi tissues used in the manufacturing process m l t s  in the finished 

products being named as low ash (ash<20%) or high ash (ash >20%) meal. 

in Britain, it was reported that the preparation of every tonne of meat for human 

consumption would leave about li3 of the raw material as residues. Except for 

approximately 6% of the by-products that were used as tiesh parts in the pet-food industry, 

the rest was processed by commercial manufactures to yield a large quantity of protein 

meals such as feather meal, blood meal and MBM (Foxcrofl, 1984). The world merit 



production in 1997 was approximtely 207 million tonnes (FAO, 1998). Using the ratio of 

edible to unusable parts fiom meat processing in Britah, a total worid output of animal 

protein meal was estimated at 54 million tonnes, of which MBM lccountsd for 64% or 33 

million tomes. Canada produces about 0.5 million tonnes per mum.  

2. Processing of MBM 

According to FDA (1996) the standard rendering process gcnerally consists of three 

basic steps: 1) grinding of raw materials; 2) cooking or heating of raw materials to remove 

moisture by evaporation; and 3) separation of melted fat fiom the protein solids. Two 

systems, batch dry cooker and continuous dry rendering methods, are used in the industry 

to process MBM. Nonnally, in the old batch dry cooker system, raw materials are delivered 

to cookers in proportional amounts, and held in the cooker for 30-240 min with the 

temperature a .  final discharge varying h m  121 to 132 C dependhg on the type of raw 

materials processed (Prokop, 1985). In a continuous rendering system, the raw material is 

fed continuously into the cooker and the cooked material is discharged at a constant rate 

with a residence time of only 6-15 min (Prokop, 1985). However, the temperature in the 

discharge phase may still v q  fiom 90 to 110 C among systems. Momver, high pressure 

is used in the continuous systems. For both systems, heating/cooking is a necessary step. 

Adequate heating helps to destroy microorganisms, alter physical form, decrease moisture 

and improve digestibility. On the other hand overheating will impair protein qudi .  The 

old batch drying system in camparison to the new continuaus dry systems usually resulted 

in severe damage to Lys and Cys because of longer cooking time and higher temperature 

(Knabe et al., 1989; Wang and Parsons, 1998a). 



3. Chernical composition 

There are numerous reports on the chernid composition of MBM (Eesta and Long, 

1960; Battertiam et al., 1980; uid Wang and Pusons, 1998a). Table 1 shows the gencrai 

chemical composition and wiability of MBM in cornparison to common protein 

supplements, indicating that MBM is r rich source of protein and minerais, especially Ca 

and P. The percent composition of MBM is on average: gross cnergy (GE), 4000 kcaYkg; 

protein, 50.4%; fat, 10.0%; ash, 29%; Ca, 10.3%; P, 5.1%. However, chemical composition 

varies considerably in commercial MBM: (GE), 2800-4700 kcalfg; protein, 40-60%; fat, & 

15%; ash, 20-47%; Ca, 6-13%; P, 48%. The variation may be attributcd to diffetences in 

raw material source, composition ratio and processing conditions (Atkinson and Carpenter, 

1970a; Skuany and Herbert, 1974a; Wang and Parsons, 1998a). Compared to soybean and 

canola meal, MBM has higher contents of protein, fat and non-phytate P. 

Table 1. Chernical composition of meat and bone meal (h4BM) cornparcd to soybean meal 

(SBM) and canola rneal (CM) (air* basis) 

MBM ' MBM' Average SBM4 CM4 

Fat (%) 7.8-13.9 8-15 10.0 3 .O 3.8 

Ash (%) 22.4-34.5 2047 29.2 6.9 4.8 

Non-phytate P (%) 3.8-6.6 4-8 S. 1 O. 16 0.3 

1. Batterham et al. (1980). Ausüak 2 WUI# rad Pron*. (1 99th). Unitcd Sirtcr 

3. B89ed w data of NRC (IgW), Wddmup a~JAduiu(1994), Wmg adPiinau (Mg&) 
4. Based on data of NRC (1994) and C41Pril ofhmla(1997) 



Table 2 describes the fht level es wtll u the &y acid profile of MBM in cornparison 

with soybean meal and fishmeal. Dependin8 on the tkî removal processing proccdure and 

commercial purpose, fat content in MBM mges fiom 8 to 15% with an average of 1Ph 

(Table 2). Fat content in MBM is much higher than that in soybean meal and similar to that 

of fish meal. When relatively high ievels of MBM are used in animal diets, additional 

inclusion of fat to diets may not be rcquired. This gives an important wnomical value to 

MBM since fat is an expensive ingradient. However, the high levcl of fat in MBM is prone 

to autoxidation potentially resulting in midity dunng storage. 

The fat in MBM is composed mainiy of fatty acids that are highly digestible with a 

high proportion of unsaturatecl fatty acids, accounting for 52% of total fat in MBM. There 

are few studies on fat digestibility in MBM. Lessire et al. (1985) reponed digestibility of 

74.0% for total fat, and 82.8% for totd fatty acids for MBM containing 10.61% fht. 

Table 2. Average percent faîty aeid content ' of meai and boat m d  (MBM) in cornparison to 

soybern merl (SBM) nad Tub merl (FM) (airdry basis) 

MBM SBM FM 

Fat 8.6 1 .O 9.4 

1. Based on data from NRC (1994). 



3.3 Mî& 

Average values of ash and m i n d s  in MBM are presentd in Table 3. h addition to 

its role as a protein supplement MBM is known u a good supplemental sowce of Ca and P. 

Inorganic P is usuaily an expensive componnt in animal diets, aAer cnergy and protein. 

When MBM is used in animal diets at levels mer than 5%, there is little need to add 

inorganic P and, in this regard, r benefit in reduccd feed cost is realized 

There are no reports on the digestibili of Ca fiom MBM, but it is assumai that 

digestibility of Ca in animal by-products is similar to that of inorganic Ca sources, king 

nearly 100 percent available (Partanen, 1994). Phosphorus in MBM is in an organic form 

and theoretically can be utilized by animals as well as inorganic P since there is no 

association with phytic acid. Results of early studies have indicated that the availability of 

P provided by animal protein is excellent (Waldroup et al., 1965). More rccently, Orban 

and Roland (1992) reported that utilization of P fiom MBM was 90% for 0-3 week old 

broilers. B a d  on body weight, feed conversion ratio @CR) and tibia growth data fiom 

studies with eleven MBM samples, Waldroup and Adams (1994) suggested that P fiom 

MBM was as equally available as the P fiom mono-dicalcium phosphate. The relative 

availability of P from MBM ranged fiom 97 to 105%. Waibel et al. (1984) found that 

young turkeys utilized P fiom MBM for weight gain and deposition of tibia ash as 

efficiently as P fiom dicalcium phosphate. However, contradictory results have been 

reported by Cromwell (1989) who indicated values for P availability in pigs of 64-72%. 

The inwnsistency in P availability values may be attributable, at least in part, to particle 

size of processed bone in MBM (Waldroup and Adams, 1994). 

It is considered that a high level of ash in MBM may be a disadvantage as it may 

interfere with digestion and absorption of amino acids and decrease protein quality 



(Summers et al., 1964; Saîhe and McClymont, 1964). Bone contains 14025% protein, with 

83% being collagen. Collagen contrins aimost no üyptophan and is deficient in several 

other essential amino acids (Eutoe d Long, 1960). However, rescarch has yielded 

inconsistent results. Knabe et al. (1989) rqmtcd uude protein digestibility declining h m  

85 to 75% when shifiing fiom low ash (21.Wh) to togh ash (34.5%) MBM. ûn the other 

hand, Partanen (1994) and Johnson and Parsons (1997) reported no aéct on crude protein 

digestibility (75.5 vs. 74.8%) or protein etticiency ratio when ash content of MBM 

increased from 20.8 to 33.0% in growing-pig and chick diets. Johnson and Parsons (1997) 

suggested that a low protein efîiciency ratio for chicks given high ash MBM was due to a 

deficiency of total sulfur amino acids (TSAA) in MBM and not as a consequence of the 

high ash content. High levels of ash in MBM may have negative effects on digestibility of 

other nutrients such as fat and energy digestibility/availability. Batterham et al. (1980), and 

Wang and Parsons (1998a) reported that ME was negatively correlated to bone content in 

MBM (r= -0.83), and fat digestibility was shown to decrease fiom 68 to 29% because of 

high Ca (Partanen, 1994). 

In addition to Ca and P, MBM is also a good source of other essential minerals such 

as Na, Cl, Fe, Mg and Se in cornparison to soybean meai and fish meal (Table 3). 



Table 3. Mineral content in m a t  and bonc m u l  (MBM) ia compatison witb 

mybean meai (SBM) and u n o h  meai (CM) ' (as fed.bOEU) 

Items MBM SBM CM 

Ash (%) 25.6 6.9 4.32 

Ca (%) 10.30 0.27 0.57 

P (%) 5.10 0.62 0.91 

Non-phW P fi) 5. 10 0.22 0.19 

K (O!) 1.45 1.98 1.10 

Na (%) 0.7 0.02 0.63 

Cl (%) 0.69 0.05 0.09 

Mg (%) 1.12 0.30 0.46 

S (%) 0.5 0.44 0.77 

Fe (Wk3) 490 1 70 128 

Mn (mg/kg) 14 43 44.3 

Cu ( W k )  2 15 5.13 

Se hm) 0.25 0.1 0.99 

Zn (mglkg) 93 55 62.1 

1. Data based on NRC (1994). Walâroup and Adam (1994). Md CPaoh of Canada (1997). 

4, Meta boliza ble energy 
Earlier investigators reported that the metabolizable energy (ME) value of MBM 

ranged from 1,722 - 2,712 kcaVkg (Mattcrson et al., 1965). In later studies it was found 

that 2,300 - 2,500 kcaVkg seemed to be more adapte for pmctical poultry diets (Lessire 

and Leclercq, 1983; Martosiswoyo and Jensen, 1988; Dolz and DeBlas, 1992). NRC (1994) 

hts 2,150 kcaVkg MEn and 2495 kcaykg TMEn for MBM wntaining 50.4% protein, 

10.% ether extract and 93% dry matter. More recently, Dale (1997) reported 2,450 and 

2,850 kcaUkg ME, respectively for beef and pork meals (94% DM),. Wang and Parsons 

(1998a) obtained a range for TMEn of 1,940 - 3,400 kcaükg, and an average of 2,580 



kcaYkg for 32 MBM samples. Metabolizable en- level in MBM may be affecteci by raw 

material source and processing conditions. Wang and P m n s  (1998a) reported TMEn 

values of 2,310 - 3,400 k e  for pork nieri, 2,25012,850 kcaVkg for beef meai, and 

1,940-3,240 kcaYkg for meal mixtures. The TMEn ter MBM processed at low temperature 

was 2,180-3,400 kcaVg, and 1,94@2,850 kcPYkg at high processing temperature. High ash 

MBM (ash >35%) contained 1,826-2,270 TMEn kcaVkg for poultry. The data indicate a 

wide range in reported available energy values for MBM. 

Difference in methodology rnay be a contributhg factor in the inconsistency in MBM 

energy values (Schang and Hamilton, 1982). There are two in vivo methods currently used 

to measure ME. One is by a substitution method as modified by Farrell (1978) and another 

is the precision force-feding rwster assay developed by Sibbald (1986). Metabolizable 

energy values fiom early repods were obtained by the substitution method (e.g. Mattason 

et al., 1965). However, reports have shown a reverse relationship between the level of 

substitution and ME value fiom the substitution assay. Using adult toosters, Lessire and 

Leclercq (1983) measured 10 MBM samples substituting MBM at levels of 10 or 20% for 

corn in the basal diet, and obtaimd lower ME values at 20% than at IV!  replacement level. 

In another study (Lessire et al., 1985) two MBM samples were incorporaîed at 5, 10, 20,40 

and 60% in the diet, and the resulting ME value for both MBM samples decreased about 

25% when the inclusion increased h m  5 to 600A. Noticeable decline was observed as the 

level of MBM increased fiom 5-24% of the dies. However, they also noticed that up to 

20% inclusion ME content of MBM was reIatively constant. Recently, the precision force- 

feeding TME of Sibbald assay has been commonly accepteci for determination of available 

energy in poultry because it avoids the problem îssociated with the substitution level of test 

material. 



5. Protein and amino acids 

5.1 i4vtu11 rfigcstibdil'y 

Information on protein digestibility of MBM is limited in poultry sincc the tedibus 

separation of urine N fiorn fécû N is requkd due to the mixed excrcta. Emîy re~eairch 

indicated protein digestibility of MBM to be W A  for gmwing chicks (Summers et al., 

1964), and 69% for colostomized adult b i  (Warring et al., 1969). More ccccntly, Lessire 

et al. (1985) indicated that protein digestibility of low fat and high fat MBM in the adult 

rooster was 63.6 and 64.2?h, rcspectively. Similady, Rhone-Poulenc (1989) suggested a 

digestible protein value of 66.1 and 78.4%, respectively for low and high quality MBM. 

In recent years, various in vim methods have ôeen devebped to measure protein 

digestibility for poultry fdstuffs. By using pepsin digestion in a study of nine MBM 

samples, Johnston and Coon (1979) showed protein solubility to range fiom 60.0 to 82.(P/o, 

with an avenige value of 7l.Ph. Similarly, Panons a ai. (1997) tested 12 MBM samples 

for protein solubility and obtained values varying fiom 53.6 to 82.6%, with an average of 

71.7%. For 20 New Zealand MBM samples, MOU@ a al. (1989) used the rnulti-enzyme 

procedures proposed by Metz and Van der Meer (1985) and obtained avera#e protein 

solubility of 70.1% with a range of 58.7-89.0%. A digestion coefficient of 70% as 

estimated by in vitro techniques may be suggested as a general reference for MBM. 

5.2 Amino ai& ruid l e u  digcsiibiliiy 

Table 4 lists the range and average contents of essential amino acids (EAA) in MBM in 

cornparison to those in soybean meal. Average values of most EAA in MBM are similar to 

those of soybean meai except for Try which is much lower in MBM. Phenylalanine, Val, 

Thr and His values are also slightly lower for MBM. The Ievel of total EAA in MBM is 



3.5% lower than that in SBM. However, the levels of Lys and Met, the most limiting AA 

for poultry are similar to thosc in s o y h  md. 

Table 4. Amio acid profile of mest Pnd boac m d  (MBM) and soybean meal (SBM) ' buu) 

MBM SBM 

Protein (%) 50.4 (43.846.7) 48.5 

Cystine (%) 0.64 (0.32 - 1.16) 
Histidine (%) 0.91(0.51- 1.52) 

Isoleucine (%) 1.38 (0.82- 1.63) 

Leucine (%) 3.07(2.08 - 3.90) 3.50 

Lysine (%) 2.59 (1.57 - 3.23) 2.77 

Methionine (%) 0.63 (0.48 - 1.02) 0.68 

Phenylalanine (Oh) 1.65 (1.12 -2.12) 

Tyrosine (%) 0.98 (0.53 - 1.25) 
Threonine (%) 1.59 (0.99 - 1.84) 1.85 

Tryptophan (%) 0.3 1 (0.23 - 0.35) 
Valine (%) 1.97 (1.37 - 2.42) 

I.&d on dru ban NRC (1994), Pr(ricn(1994). Wddmuprnd Adriir (19% Wmgad Prioai(199&), 

Data of amino acid digestibility of MBM fiom several studies are summarized in 

Table 5. The average tnie digestibility of most AA in MBM for poultry is about 80-85%. 

Cys at below 60% king the lowest. Values fiom the four studies are variable, which may 

be related to methodology employed and to raw material source of MBM. Special caution 

is needed when using these coefficients. 



Table S. Tme digestibility of essential amino acids in meat and bone meal for pouitry (?A) 

Amino acid 1 2 3 4 Average 

Met 88.0 85.3 85.1 86.7 86.3 

Iie 83.4 80.5 84.3 89.1 84.3 

Leu 85.8 80.4 85.7 88.3 85.1 

His 85.4 77.3 75.6 81.8 80.0 

Val 83.2 77.6 84.5 87.8 83.3 

Phe 84.0 80.6 86.6 83.7 83.7 

* &rcd on diu Born 1. Sibbrtd (1986); 2. Rboae-Paulau (l9119k 3. Prioiii a al.. (1997): md 4. Wang and Puronr (1998~) 

The database on availability of amino acids (M) in MBM is limited since it is usually 

determineci by slope-ratio growth assay that is more complicated and time consuming than 

measuring digestibility. Wang and Parsons (1998b) in studies with poultry reported that 

bioavailability for protein synthesis of digestible Lys or Met was above 90% for both high 

or low quality MBM, but for TSM, the bioavailability was only 80% or less. Despite the 

cnticism that digestibility data for low quality feedstuffs, especially heat damaged 

ingredients, may overestimate the amount of AA that are acnially utilizable by poultry 

(Batterham, 1992), true digestibility of AA is often considered synonymous with AA 

availability in practice. This may be, in part, because measurement of digestibility is much 

simpler and quicker than that for availability, 



5.3 Variriaion UI pwtein q n d ~  

Meat and bone meal probably has the -est variation in proîun qurlity among 

protein ingrdients. For example as shown in Table 4, Lys content range! fiom 1.57 to 

3.23%, Cys h m  0.32 to 1.16% ad Met &om 0.48 ta 1.02%. Tnre digestibility of Lys 

varied h m  67.9 to 9l.9%, Cys h m  20.5 to 70.8966 and Met from 75.8 to 91.m (Wang 

and Parsons 1998a). In studies with poultry, protcin efficiency ratio of 14 MBM samples 

ranged From 0.6 1 to 2.89, and net protein ratio rangeci 6om l.76-3.S5 (Parsons et al., 1997). 

Knabe et al. (1989) reported the ileal digestibility of EAA in growing pigs as varying h m  

56 to 79%, 73 to 86%, 35 to 65% for Lys, Arg and Try, respectively. Raw material source 

and processing conditions are two of the major factors that a f k t  protein quality of MBM. 

Due to the variable protein quality of MBM, various in vitro and in vivo methods 

have been developed to prcdict protein quality of MBM for pouttry. In general, the 

precision-feeding cockerel assay proposed by Sibbald (1979) and the pepsin or -stage 

pepsidpancreatin in vitro technique are the most widely used produres to evaluate 

digestibility of AA and solubility of dry matta and protein for poultry feedstuffs. Data 

fiom the former has practical value as it c m  be used to rnake dietary formulations more 

accurate and ecanomical. h this regard, the maximum effectiveness can be emcted fiiom 

feedstuffs. The latter is relatively quick and inexpensive, but diuect application in diet 

formulation is l e s  useful than for arnino acid digestible values. 

In the precision-feeding bioassay, testcd material is placed d i I y  into the crop of 

fasted adult cockerels followed by 48 h mcreta coiiection. Amino acid content in both 

tested ingredient and individwl excrcta sarnples are anal yzed. Correction of endogenous 

loss of amino acids is obtained by collecting excrcta h m  a group of fàstcd cockerds or 

those fed an N-fiee diet. Amino acid digestibility is calculatecl baseci on the âiierellce 



between intake and output of AA. However, a enticism of the accuracy of this method is 

that dietary factors, especiaily protein concentration and amount of féed given to the 

roosters may influence the secretion and hence exCretion of endogenous AA. Another claim 

is that microflora in the Iowa gut might affect the intcrpretation of the data by resulting in 

dearninating of undigested AA midues. To o m m e  this latter criticism, cecectomized 

roosters have been commonly uscd for issessmcnt of AA digcstibility in poultry fadstuffs. 

S. 4 Order of linutng MU'RO ocirlr Ui MBM 

Although MBM has a high level of Lys, heat damage during proccssing may 

decrease content and digestibilities of Lys and also TSAA and consequently result in a 

reduction in the overall AA balance. Additionally, MBM protein is deficient in Try and a 

number of other essential AA due to the presence of large quantities of bone or connective 

tissues (Easton and Long, 1960). Arnino acid imbalance is one of the constrains in the 

usage rate of MBM in animal diets. However, supplementation with synthetic AA to 

compensate the deficiencies may inmase the inclusion level of MBM in animal diets. 

Attention has been devoted to the definition of the order of limiting AA in MBM. 

Patrick (1953) suggested that Lys was the principle M deficient in MBM. Kratzer and 

Davis (1959) used 10 MBM sarnples to detennine AA deficiency by individual or 

combined addition of AA to a 20% CP diet for chicks, and the results showed Try and 

TSAA to be the first two limiting AA in MBM. Summem et al. (1964) used MBM as the 

sole protein source in poultry diets and found MBM to be deficient in six A& namely Met 

the first limiting, Try and Ile the second and about equally limiting, and Cys, Thr, and Arg 

th th the 4 , 5 and 6' limiting. Howevtf, Tn a study with nine MBM samples, Johnston and 

Coon (1979) reporteci that the first limiting AA for chick weight gain were TSAA. By 

using deletion and addition methodg Wang et al. (1997) investigated a number of 



commercial MBM varying in AA digestibility for chicks, and concluded that the order of 

limiting AA to be : le, Try and TSAA; 2d, Thi; 3*, Ile and PheTry; 4: Me 5' , Lys. 

The variable results in order of AA deficiency may be related to incorporation 

levels of MBM (Summers et al., 1964; Atkinson and Carpcnter, 197%) and related to the 

type of cereal in the diet (Slniany and Cumming, 1974b; Johri et al., 1980). Usually, Lys or 

Met is the first limiting AA in cmal diets such as barley, wheat and corn. Atkinson and 

Carpenter (1970b) repo~ed that in barley plus MBM diets, Lys becarne the first limiting 

with the second being Met and Thr when MBM contributed 400/0 of total protein to the diet 

either for rats or pigs. In a wheat plus MBM diet, Lys was the first limiting AA for poultry 

(March et al., 1950). Sathe and McClymont (1968) showed that wheat plus MBM diets 

were equally limiting in Lys and Met for chicks. In wntrast, Stockland et al. (1971) found 

Try to be the first limiting in a corn-based diet for pigs. When studying MBM as the sole 

protein source in the chick diet, Skuany and Cumming (1974b) indicated the order of 

limitation of EAA was Met followed by Val, Lys, Try, Arg, iie and His. When MBM 

contributed approximately 500/a of the crude protein in barley, wheat, sorghum baseci diets, 

the major limiting AA were Met, Cys, His and Lys. Wilson (1967) found that when MBM 

and cereals each contributed SOOh of the protein to the chick diet, Lys and Met were equally 

limiting, however, if cereal contributeû two thirds of the protein, the order of limiting AA 

in the diet was determined by the d. It is apparent that when MBM is used at a low 

level in diets, the order of limiting AA in MBM may be masked by the type of cereal used. 

If MBM is used at a high level or as the sole protein source in dieti, the order of limiting 

AA inherent in MBM will be realized. In this regard, variation of type and amount of cereal 

used in diets and the inclusion level and quality of MBM must be considercd in evaluating 

the order of lirniting AA for MBM. 



6. Inclusion of m a t  and bone merl in poultry diets 

Meat and bone meal is r good source of protein, Ci and P. In addition, its energy is at 

a relatively low cost in comprison to other protein sources such as fisiuneal. These fictors 

make MBM attractive for a t m i v e  use in monogubic diets as a supplemental protein to 

replace the soybean meal and fistuneai. Howmr, inclusion levels Vary widely. An early 

report 6om Wilder et al. (1957) evaluated 13 MBM sunples fiom various sources with an 

average protein of 5û% and found that MBM d d  be used in broiler diets at levels as high 

as 17% without any adverse effects on broiler weight gain or FCR. In Australia, Sathe and 

McClymont (1965) reported that 25 to 30% protein provided by low quality MBM in chick 

diets containing 20% protein was a maximum level. However, the results also showed that 

high quality MBM could be used to provide 35% of total protein in chick diets with growth 

rate equivalent to that for a soybean meal diet. R U M ~ ~ S  (1%8) showed that a MBM 

inclusion rate of 7.5% was the best level for optimum chick weight gain although 100/o 

MBM could be used if energy and EAA in the diets were maintained at n o m l  levels. 

Salmon (1977) stated that an increase of MBM fiom 7.5 to 15% in turkey diets reduced 

weight gain. Evans and Leibholz (1979a) reportai that pig performance was linearly 

depressed as MBM replaced soybean meal at inmasing levels fiom 2.5 to in com- 

based diets. These early studies showed little agreement for the inclusion level of MBM in 

poultry and pig diets. Usually, MBM inclusion level is restricted to 5%. The pmblems 

associated with the use of high inclusion of MBM in broiler or young-pig diets are AA 

imbalance, high dietary Ca and P level nnd salmonellae contamination. 

The adverse effect 6om AA irnbalance may be wmpensated by supplementation 

with synthetic Ak Early studies found that MBM could be used at 15% in chick diets with 

supplementation of Lys and Met (Sathe and McClymont, 1968). Anderson and Wamick 



(1971) reported that chicks receiving diets wntaining 12% MBM supplcmented with Lys 

and Met had growth rate Md FCR as good as b i  fcd either herring meil or soybcan 

meal. Waibel et al. (1987) reportcd that diets containhg 7% MBM, with balanced A4 

provideci good weight gain and FCR for growing hirkcys. More rcccntly, with improved 

protein quality rewlting fiom improved processin8 conditions, Sel1 (1996) reportai that 

turkey toms fed on 1û% MBM fiom 1 to 119 days had the same body weight gain and FCR 

as those fed on soybean meal diets. Wang and Pusons (1998 c) rcported that chicks 

receiving 20% MBM diets forrnulated on digestible AA values grew as welt as those birds 

fed com-soybean meal diets. In other species, Stockland et al. (1971) found that pigs 

receiving a corn diet with 19.5% MBM but supplemented with Try, Lys and Met had the 

same growth rate and FCR as those fed soybean meal diets. Evans and Leibholz (1979b) 

also showed that supplementing Lys and Met in the diets containing 22% MBM increased 

the feed intake and weight gain of the pigs by 15 to 18%. According to Cromwell et al. 

(1991) in the studies with growing-finishing pigq up to ai least 1û% of MBM wuld be 

used in com-based diets fortified with Lys plus 0.03% L-Try. It may be concluded that 

satisfactory animal performance can be achieved when relatively high levels of MBM are 

used in rnonogastric diets as long as the diets are adequately supplemented with synthetic 

AA. 

When MBM, particularly high ash MBM, is used as the major inipplemental protein 

in animal diets, high dietary levels of Ca and P are usually obtained. Firm conclusions have 

not been made regarding the possible negative effect of excessive dietary Ca and P level on 

chick performance or protein digestibility. Summen et al. (1%4) indicated that high 

dietary levels of Ca and P depressed chick performance in studies with MBM. However, 

Sathe and McClyrnont (1965) considered that the negative effect was due to the f&ct that 



dietary AA did not meet requinmenta. This conclusion was supportecl by Runnels (1968) 

and Evans and Leibholz (1979a) who reportai that high levels of dietary Ca (1.3 and 3.2%) 

and P (I.P!) in commercial h i l e r  and young pis dias containing MBM had no adverse 

effects on animal performance, Partanen (1994) Md Johnsaii and Parsons (1997) also 

reported that high Ca and P pmvided by high ash MBM did not atFect protein digutibility 

or protein eficiency ratio for pigs and chicks. The lack of &ect of high dietary levels of 

Ca and P may be explained by the findings of F#rundez (1992) and Partanen (1994) wfio 

reported that an increase in Ca and P intake d e d  thei digestibility andior absorption 

and as well increased urinary P excretion. Nomithstanding the apparent lack of the effect 

of high levels of Ca and P on animal perfotmance, attention to the control of P pollution of 

the environment is important and consequently, excessive dietary P lcvels are not 

recommended in animal diets. Therefore, lwel of P in MBM may represent a r d  

constraint on its dietary inclusion level. 

As the animal by-products such as MBM rnay be a good material source for bacterial 

growth, one of the concerns in using MBM is bacterial contamination, especially 

salmonelIae. in srnail-sale processes, inadequate heat treaanent and inefftctive separation 

of incorning and outgoing material can often result in salmoneilae contamination and 

recontamination. In large, efficient MBM proctssing operations with a high hygiene 

standard, the potential for dmonellae contamination may be minirnized or eiiminated with 

the use of heating followed by the addition of suitable organic acids such as formic or 

propionic. Brooks (1991) reported that risk of saimonellae contamination was less when 

MBM was compared to other commonly used materials in animal diets such as fishmeal or 

soybean meal. Veldman et al. (1995) investigated the rate of contamination of poultry teeds 

with salmonellae fiom feed mmponents used by the Dutch feed industry during 1990-1991, 



and showed that fish meal and corn prcsented higher rates of salmonellae contamination 

than did MBM (3 1 and 2% m. 494, rtsptcaively). These reauîts indicate that the r i 5  of 

salmonellae contamination h m  MBM ir bw and controllable and hence should not 

restrict usage rate of MBM in animai d i a .  

In commercial practice, the inclusion level of MBM depends on several tBctors. The 

advancement in synthetic AA production has made more industriai AA available 

commercially at a reasonable cost. Protein quaiii as reflected in AA balance can be 

overcome by supplementation with appropriate synthetic M Consequently, the restriction 

rate of MBM below 5% in poultry and young animal diets is now questionable due to the 

availability of inexpensive synthetic AA and because of improved processing conditions 

that result in the production of high quality MBM. Furthemore, the nsk of salmonellae 

contamination may be controlled by improved quaiity control pmgrams during MBM 

processing. While Ca + P at high dietary levels have not been shown wnclusively to impair 

animal performance or protein digestibility, the ri& of P pollution fiom a high ash MBM is 

probably the major limiting factor constraining the usage rate of MBM at 5% in broiler and 

turkey diet notwithstanding the improved quality of MBM and the corporation of 

inexpensive AA in diet adjustments. 



Chapter III, Manuscript 1 

Chernical Composition and Nutritional Value of High and Low AsL 

M a t  and Bone Meais for Poultry 

Abstract A newly developed high u h  meat and bone meal (MBM) wiu subjected to a 

series of nutritional evaluations in cornparison to a low ash MBM. Samples were collected 

as five batches over two years for high ash MBM. Pmxirnate analyses showed that the 

contents of most nutrients in high ash MBM were consistent fiom batch to batch except for 

small variations in fat and ash content. On a DM basis, it contained: GE, 4249 k 200 

kcalJkg; protein, 53 1: 2.7% with a relatively favorable AA profile; ash, 29 f 2% with well 

balanced Ca (9%) and P (5%); fat, 11.5% with a ratio of 1 between saturated and 

unsaturated fatty acids. In vitro pmtein digestibility was 66% and true digestibilities of total 

essential amino acids (TEM), Lys and totai sulfur amino acids (TSAA) determincd with 

CEC msters were 83, 77.5, and 71.3%, mpectively. There were m statistical differences 

(P>0.05) in AA digestibility or in in vitro pmtein digestibility between high and low ôsh 

MBM despite of a difference in ash content. Tnie rnetabolizable energy carrected to zero 

nitrogen retention was determinad as 2800 kcaYkg on a DM basis. Chernical cornpanent 

analysis and AA digestibility and available energy indicate that the high ash MBM can be a 

good and effective source of supplemental protein. 

Introduction 

Meat and bone meal has long been considerd as a rich source of supplemental 

protein, an effective source of Ca, P, and B-vitamins as weil as a potential source of energy 

for monogastric animals. However, in cornparison to rnany other protein ingredients mch 



as soybean meal or fish me& MBM is extremely variable in nutritive value. Wang and 

Parsons (1998a) showed that the nutrient content of 32 MBM samples obtained fiom 

different commercial manufactums vMed widely; protein from 40 to W/i ash Born 20 to 

47%, true digestibility of Lys and Cys fiom 68 to Wh and 20 to 71% respectivtly. Sibbald 

(1986) reported that Lys and Cys digestibilities of 21 MBM samples ranged tom 45 to 

86% and 30 to 64%, respectively. Batterham et al. (1986) found that Lys availability varied 

fiom 48 to 88%. This variation is a consequence of different systems king used in 

processing MBM and because no fixed ratio among the components which include meat 

residues, organ, bone, associate fat and to some extent, hair and blood is used by 

manufacturers in the production of MBM. Different production of MBM leads ta 

differences in chemical composition and nutrient quality, specifically available energy and 

protein. In this regard, tabulated data of nutritive values for MBM are of somewhat limited 

value. 

A new version of high ash MBM was produceci as the residual product in the 

production of a high quality low ash MBM. To facilitate the use of this new MBM product 

in animal diets, a database on the nutrient characteristics is required, especially for protein 

quality. The objectives of this study were to daermine the chemical composition, available 

energy value, AA profile, tme AA digestibility and in vitro protein digestibility of high ash 

MBM and to compare these values with those of low ash MBM. 

Materials and Methods 

Chemicai anaiyses 

Five batches of high ash MBM and two batches of low ash MBM samples were 

obtained fiom the same rendering fâctory in Ontario. The MBM samples were composeci of 



90% pig offal and 1% beef residue with a smail amount of hair and blood. The high ash 

MBM consisted of more bones d connectivc tissues than the low ash MBM. The samptes 

were analyzed for dry matta (DM), gross (GE), fiitty acids, protein, ash, Ca and P 

based on AOAC (1990) procedures. Amino acids were determined by ion-exchange 

chromatography foliowing hydrolysis of saniples in 6N HCI at 110 C for 24 h (Mills et al., 

1989). Methionine and Cys w«e analyzed d e r  pdomic acid oxidation (Andrews and 

Baldar, 1985) and Try was determined following alkaline hydrolysis (Hugli and Moore, 

1972). 

2.2 Tme metabolitable enegy (îB@.) 

True metabolizable energy was assayed by a method described by Sibbald (1986) 

with some modifications (Zhang et al., 1994) using conventional Leghom (DekalbDelta) 

roosters kept in individual cages with raisecl wire floors in an environmentally controlled 

m m  with 14 h light and 10 h dark. Water and a wheat-based diet were supplied cd libitum 

when birds were not on experiment. The wheat-based maintenance diet was fortifid to 

meet NRC (1994) specification for AA and macronutrients of roaster chickens. Prior to 

initiation of a balance trail, birds were moved into metabolism cages and deprived of feed 

for 28 h, but allowed water ad libitum. During starvation the birds were administered 32 ml 

glucose solution (25 g glucose) by gavage in order to limit AA catabolism, then each MBM 

sample (30 g) was randomly fed to individual rwstas (n = 10 - 20) by crop intubation. A 

plastic tray was placed under each cage to collect excreta during the following 48 h. 

Excreta fiom individual roosters was fiaze-dried, weighed and ground to pass through a 1 

mm screen. Samples of MBM and individual excreta were assayed for N and GE. A 

correction coefficient of endogenous loss of energy fiom urine and feces was applied 

according to data fiom previous acperiments in which unfed birds were treated similady to 



the fed birds. Tme metabohable energy and nitrogen-correded truc metabolizable energy 

(TMEn) were calculated for each  ample aceorduig to Sibbald (1986). 

Amino acid rligcrlibiliîy 

The precision fomfêeâing mster bioassiy deseribed for the TME deteminations 

was used in the evaluation of tme AA digeaibility of MBM. Pracedures for force-feeding 

test materials to roosters wcre the same as outlined above for TM& except t h  both 

cecectornizeâ (CEC) and intact roosters were uscd. C o d o n  applied for endogenous AA 

loss was determined following precision feeding 25g non-nitrogen diet (NND, glucose and 

canola oil90: 10). Twenty birds of a h  type were used. Amino acids in MBM, excreta and 

endogenous excreta were individually analyzed using ion-exchange chrornatography as 

describal above. Tnie digestibility of AA was calculated by the following formula: 

True digestibility of AA ('/o)=[lngesld AA @)- (Excrctad M (& Endagnou M ( g ) m  AAJx100 

In vitro protein rllgesfibility 

Digestible protein content was determineci in vitro using a two-stage 

digestionldialysis unit accordin8 to the procedure describeci by Slominski et al. (1999) for 

canola meal. A series of MBM samples varying in weight (3,4 and 5 g) were used to select 

the best sample weight for measuring protein digestibility of MBM because MBM has a 

higher protein content than canola m a l .  A brief description ofthe procedure is as follows: 

1) Grind test samples to pass thugh 1 mm screen; 2) Mix 3, 4 or 5 g MBM with 

500 mg commercial pepsin (P 1700, Sigma, St. Louis, MO, USA) with 50 ml 0.1 M 

HCV54 rnM NaCl solution and incubate for 1 h at 40 C in an environrnentally controlled 

incubator shaker; 3) Add 2.5 ml 2.0 M NaOH and adjust pH to approximately 7.0, then add 

250 ul pancreatin srilution (2g cornmerciai pancreatin, P 1750, 4xUSP; Sigma, St. Louis, 

MO, USA, with 2 ml 0.1 M phosphate buffa, pH 7.0); 4) Transfer the contents into 



dialysis tubes (Spectrum, Houston, TX, USA) with a molecular weight cutsff value of 

12,000 - l4,ûûû and place into a thermal-controlled water bath filld with 0.05 M 

phosphate buffêr at pH 7.0 to dlow d i g h o n  for 6 h nt 40 C in rotating dialysis tubes; 5) 

Mer digestion, replace the M e r  with i a  witer d continue rotation of d'dysis tubes for 

72 h with regulac changes of wrtw, 6) Tmfu JI contents in a dialysis tube to individual 

containers with known weight d fiœzdried, then weigh and measure protein content 

(Kjeldahl N x 6.25); 7) Calculate protein digestibility as: 

Protein digestibility (%)=(N in ramplc (g)-N m undigested sample @)/N in sample (8) xlOO 

Sta tistical analyses 

Data for in vitro protein digestibility, TME were subjecttd to ANOVA (Steel et al., 

1997) for a completely randomized design, followed by Duncan's multiply range test 

(Duncan, 1955) to detect differences among treatment means. Data for AA digestibifty 

were analyzed by ANOVA (Steel et al., 1997) for a completely mdomized design with a 

factorial arrangement of treatments (2 MBM x 2 bird types). 

Results and discussion 

Pnuamute coniposiiion 

Table 1 shows that the contents of Dh4, GE, protein, Ca and P h m  fivt batches of 

high ash MJ3M were of low variability (CV<5%) aithough fat and ash appeared ta be 

somewhat variable (CV, 7 and 13%, rcspectively). Gencrally, al1 nutrients in high ash 

MBM were very close to the NRC (1994) value for a MBM with 50.4% protein content, 

indicating a unifomity of product. AH nutrients in low ash MBM were more consistent 

than those in high ash MBM. Compared to low ash MBM, the protein content of high ash 

MBM was 13% lower, wheremis wntents ofash, Ca and P were apptoximately two times 



higher. In the rendering plant, low ash MBM waa the main prduct and consequentiy a 

resuking large quantity of bane and other residues were ItA for the production of high aah 

MBM. Therefore, it is not surprishg that the content of ash in the new MBM was rdativeiy 

high and variable. It is g e n d l y  rccognizcd that a higher ash content will result in a p m  

protein quality of MBM since ash level reflects arnount of bone addeci in M B U  Bone 

protein is composeci of a large proportion of collagen, which is deficient in many essential 

amino acids (EAA), especiaily Try (Easta and Long, 1960). However, the ash content of 

the high ash MBM samples was within the range reported values 20 - 47% (Wang and 

Parsons, 1998a). Fat content in the MBM samples was high in cornparison to most plant 

protein ingredients. In this regard, the high fat level in MBM may represent a risk of 

autooxidation in storage. 



Table 1. Composition of high and low a& meat ad bw merl nom different batches ' cmi u) 
Samples Batchu DM*) C e ~ R p r e i o ~ )  Fatfi) AshW QCICIC) Pm) 

HAMBM1 1 ( M 8 )  94.83 4354.1 51.73 11.97 30.64 9.46 5-48 

HAMBM 3 (04l99) 94.40 4 x 1  56.14 13.42 25.84 8.99 5-13 

M M  4 (09199) 96.m W . 4  51.20 9.49 30.54 9.00 5.16 

HAMBM 5 (11199) 95.13 411dZ 49.43 12.11 30.68 9.65 5.09 

Mean f Std 95.3ûiû.W 42M.9f199.7 S2.M 11.53f150 2 9 . 4 a 0 7  9 m . 2 8  5 2 W 2 1  

CV (%) 0.9 1 4.33 5.14 13.05 7.05 3.00 9-90 

LAMBM 1 (04198) 95.59 52S0.2 60.74 14.16 15.n  3.81 2.60 

2 (04199) 96.42 5281.0 60.99 14.93 15.16 4.07 2.51 

Mean * Std 96.01 M.59 5265.6e1.8 60.87f0.18 t4.55s.54 15.45f0.40 3.94f0.18 2.55M.08 

e V  (%) 0.61 0.41 0.29 3.74 2.61 4.63 3.15 
1. All values wae m a i u  of duplide abipiide d y s a  f a c d  bitch. 

2. HAMBM, hi& u h  m a t  iad b o n  LAMBM, low uk mai rd bar moiL 

Faîty acid composition 

Fatty acid composition of high and low ash MBM is listed in Table 2. The difference 

in fat level between low and high ash MBM was 2.6 percentage units. Fatty acid profile 

remained constant between the two MBM and agreed well with NRC (1994). 

Approximately 45% of fat in MBM was composed of C 16:O and C 18:O fatty acids, while 

42% was C 18:l and C 18:2 unsaturated fatty acids, indicating a ratio of saturated to 

unsaturated fatty acids of about 1. Therc was a little variation among different sample 

batches. 



Table 2. Fntty rcids of higb and low uh meat rad boat m d  fmm differtnt batchts ' 
M M *  HAMBM HMiIBM Mean tAMBM* LAMBM Mem MB& 

1 2 3 1 2 
Fat (?A) 11.35 10.15 12.61 11.39 13.54 14.40 13.97 8.6 

Value of f a y  id& for uch hich sunple w u  okrined on fourrcpliaia Al1 fmy d d  composition w u  alculried oa fü &iir (%h 

fa contaat i i  burd on as fcd buiz 

Diir wurdrpted h m  NRC (1%). 

HAMBM, high uh mai and bonc mal; LAMBM, low mh m u t  and bone m d .  

In vitro proiein digesïibiiiiy 

As s h o w  in Table 3, the coefficients of in vitro protein digestibility were not 

infiuenced by the amount (3 - 5 g) of sample used in the assay. The consistent value for 

protein digestibility indicates that a sufficient amount of enzyme was added to digest al1 of 

the protein in MBM. However, to obtain enough residuc for measunng N or Mcontents, a 

sample size of 4 g MBM was chosen. 

The in vitro protein digestibility values ranged from 66% to 69% for high and low ash 

MBM with no significant difference among samples (Table 3). Protein digestibility 

coeficients fiam this study agreed well with other published data. Johnston and Coon 

(1979) reported protein solubility in 0.002% pepsin ranging fiom 60.0 to 82.0% with an 

average of 7 1.9% for nine MBM samples. Similarly, Parsons et al. (1997) assessed 12 

MBM samples and obtained protein solubility values varying from 53.6 to 82.6% with an 



average of 7 1.7%. Using pepsidpancreatin enzymes in an in vitro method, Moughan et al. 

(1989) tested 20 MBM samples and obtained an average protein solubility d u e  o f  70.1% 

with a range of S8.7-89.00/o. 

Table 3. in vitro protein digestibility of high and low ash meat and bone meal ' (mhiir) 

LAMBM ' 4.0124 f 0.0028 69.29 f 1.63' 

True melabolizable energy (TME) 

True metabolizable energy vaIues are shown in Table 4. There was no difference in 

TME between two batches of high ash MBM. The high ash MBM contained 2930-3010 

kcaÿkg TME, whereas the low ash MBM had 3540 kcaÿkg, with a difference of 

approximately 550 kcaVkg (P<O.O5). Similarly, TMEn, TMUDM and TMEdDM were al1 

Iower in the high ash MBM. The difference in available energy content between high and 

low ash MBM may be mainly caused by the difference in ash content Jthough relative 

differences in fat and protein content wuld also have an effect. It has been reported that 

high ash content was negatively correlated to fat and energy digestibility in MBM (r = - 
0.83) (Partanen, L994; Wang and Parsons, 1998a). The value for TMEn (2750 kcdkg) in 

high ash MBM was higher than that (2,495 kcallkg) reported by NRC (1994) which is 



assigned to a sarnple with 50.4% protein, 10.0% dher extract and 93% DM. The value in 

the current expriment, howevcr, is in agreement with several authon who indicated that 

ME for MBM in NRC is undcnstimated (Ltssi et al., 1985; Martosiswoyo and Jensen, 

1988; Dolz and Blas, 1992). More reemtly, Dale (1997) reportad values of 2450 and 2850 

kcal MEtkg for beef and pork meal, respectively. Wang and Parsons (19988) indicated 

2850 kcaükg as an average TMEn for 32 MBM samples on as féd basis. Our data support 

the findings of others, showing that available energy of MBM is underestimated in NRC 

(1994) and indicating that a value of 2670 kcakg TMEn for the high ash MBM rnay be 

used for poultry diets. 

Tabk 4. Truc metabolizabk nergy (TME) of high and low ish meat and borie m d  ' 
Samples Replicale TME TMEn* TMElDM TMEn/DM* 

No. (!=w 
HAMBM* 8 3010 f 92' 2730 f 83 ' 3L74 97' 2879 f 87 ' 
(4198) 

HAMBM 16 2930f 131' 2606k 109' 3070 f 137 * 2731 f 114' 
(8/98) 

Amino acid profile and irue amino ocid digan'biliiy 

Amino acid profile 

The AA profile of high and low ash MBM is reported in Table 5. Amino acid content 

of high ash MBM from three batches was consistent. There were no differences in AA 

IeveIs, expressed as mgtg protein, between low ash MBM and high ash MBM. This 

implies that the protein quality of the new product, high ash MBM, may be as good as that 

for low ash MBM, in spite of a difference in ash content. Amino acid content in MBM is 

similar to that of NRC (1994) for MBM, and is  in agreement with values reported by 



Partanen (1994) and Johnson et al. (1998) for high and low ash MBM. The essentiai M 

content of MBM is not as gocd u that in soybean meal (Table 5), partiailady for Try, ile, 

and Phe with values almost two times lower in MBM than in soybean meal. GenemiIy, the 

total essential M content is approximately 3M highcr in soybean meal than in MBM. 



Table 5. Amino acid content of high and low ash meat and bonc meal W M )  fiom diffctent 
baîches and in cornparison to that of soybean meal ' (as fed-basis) 

Hi&& Highuh Highrih b w u h  b w u b  M m  S o y b  
MEMI MBM2 WBM3 -1  LEBMZ merl 

Protein (%) 49.1 53.0 49.5 50.5 58.1 58.8 52.7 48.5 

Ash (%) 29.1 24.4 29.5 27.7 14.6 15.0 23.9 6.9 

M A *  ( d g  ptotein) 

ARG 66.0 61.7 72.3 66.5 64.2 S6.6 60.4 70.1 

LEU 52.0 48.3 58.0 52.7 64.4 54.1 59.2 72.2 

LYS 48.1 44.7 5 1.5 48.1 52.5 47.3 50.0 57.1 

MET 8.8 12.6 16.0 12.5 9.5 13.4 11.5 14.0 

PHE 28.5 21.5 29.9 26.5 33.4 23.3 28.4 49.1 

VAL 34.2 36.0 40.0 36.8 37.4 34.7 36.1 49.1 

TRY 10.2 7.7 8.3 8.7 10.3 7.3 8.9 15.3 

TEAA* 322.3 299.2 357.2 325.6 357.4 308.8 333.4 434.2 

NEAA* (mglg pmtein) 

ALA 84.0 65.3 76.6 75.0 82.7 56.6 69.7 

ASP 88.1 72.5 87.3 82.3 92.7 71.8 82.1 

CYS 7.9 9.4 9.1 8.9 10.7 8.7 9.8 

GLU 119.0 114.9 131.3 121.5 134.9 110.0 122.4 

GLY 158.2 130.0 157.0 147.9 116.8 103.9 110.4 

PRO 84.8 89.2 101.4 91.8 76.6 71.1 73.9 

SER 38.5 34.9 42.6 38.6 43.7 35.0 39.4 

TNEAA* 598.0 528.3 621.6 581.4 582.0 474.1 528.1 

1. Each amino acid value in MBM is thc mcan of duplicatc sarnplu for each batch. Content of AA of 
soybean meal is based on NRC (1994). 

*. EAA, essential amino acids; NEAA, noncssential amirto acids; TEAA, toial essential amino acids; 
TNEAA, total nonessential amino acids. 



Table 6. Twe AA digestibility (!%) of hbh and low ash MBM from caecectomhd and 

LEU 89.3 f 2.1 90.6 f 1.7 9Uf 14 9Q4f 1.3 

LYS 77.5 f 13.6 843 i 7.6 919f 3fl 8Wf 7.5 

MET 77.4 f 4.3 75.9 î 3.3 926i 12 91Df 2.6 

PHE 89.1 f 1.8 90.3 f 1.9 4a7f 16 898f 1.3 

VAL 85.6 * 2.8 85.4 f 2.7 9L7î U 8glf 2.0 

TRY ' 73.2 f 5.2 76.5 f 2.4 - . 

ASP 82.6 f 4.3 82.1 f 2.7 813 I 24 860I 2.4 

CYS 65.2 f 10.4 63.2 f 9.6 %6f 46 6h6f 11.6 

GLU 86.7 k 2.6 88.4 f 1.8 892i 1% 892k 1.4 

GLY 80.8 17.9 813 î3.6 85.k 4.4 852I 2.3 

PRO 78.0 f 7.5 79.9 f 4.0 859f 36 85Sf 2.3 

SER 83.6 I 3.7 83.7 î 3.3 8 1 2  23 843I 2.4 

TYR 88.7 f 2.6 89.6 f 2.4 mSi 19 884î 1.5 

TA A? 82.4 f 4.9 83.4 f 3.5 88.7 12.6 85.7 f 3.0 
1. Valus are M a  Std; Al1 values wae means of ninc individual mostas. Main efféct of bird typc was signifiant for 

aii AA (P4.05). lhac was no significanteUect of MBM type Md no interaction khvcai MBM type and b i i  type for 

aU AA (PO.05) excepi for Meî, Cp. 

2- CEC, ceccctomizad msW, Intact, k t  mustus. EAA, escntid amino acids; TEAA, total mailid srnino acids; 



True digcstibility of  imino rcib 

For both low and high ash MBM, true digestibilities of M deterrnined ushg both 

CEC and intact roosters arc prescntcd in Table 6. There were no signifiaint diffaences in 

m e  digestibilities of al1 AA betwcen low and high ash MBM 0 . 0 5 ) .  Although 

digestibility of  Lys in low ash MBM was 7% higher than that in high ash MBM the 

difference did not reach significance P . O S ) ,  probably due to a large variation in Lys 

excretion among individual roosters. Digestibility values of most M determineû with CEC 

roosters were higher than 800/r although Lys, Met and Try had relatively low digestibility 

vahes (77.5, 77.4 and 73.2%, respectively). Cystine showed the lowest digestibility with a 

value of 63%. Average of true digestibilities of TEAA and TAA was 83.1 and 82.4%, 

respectively for high ash MBM. All AA digestibility of low ash MBM showed the sarne 

tendency as high ash MBM. The data agree well with that of Johnson et al. (1998) for high 

and low ash MBM. 

Arnino acid digestibility deterrnined by intact birds showed the same tendency as by 

CEG birds as there was no statistical differencc (P>0.05) observeci between MBM types. 

However, bird type had a signifiant influence on determination of AA digestibility within 

MBM although interaction between bird and MBM types was not significant for most M 

except for sorne AA such as Met and Cys. ûenerally, effect of bird type on M digestibility 

determination for high ash MBM is greater than for low ash MBM. Digestibility 

detemined in intact birds was higher than the coefficients obtained in CEC birds for high 

ash MBM, particularly for Met, Lys, His and Cys (Table 6). Differences reached about 10 

to 14 percentage points between the two type birds (P<O.OS), indicating a fiinetion of 

microflora in the caeca. However, with regard to determination of AA digestibility for low 

ash MBM bird type showed a negligible influence due to microflora (D0.05) except for 



Met and Cys. In general, digestibilities of Cys and Met determined by intact birds weio 

always high for both MBM. The results a g d  with Parsons et al. (1997) who reporteci no 

consistent results on AA digcstibility assessed by CEC and intset birds among 16 MBM 

samples, but the largest diffhnce was obscrvad for Cys digestibility betwtxn bird type. 

Reasons for the large difference in Cys digestibility betwan bird type are not clear, but 

may be due to microbial meta&oIisrn of Cys in the ceea (Parsons et al., 1997). in general, 

AA digestibility determineà by CEC rwstas is doser to literature reports (Rhone-Poulenc, 

1989; Wang and Parsons, 1998a). To minimize the effm of ctaw microflora, the use of 

CEC birds is recommended for the determination of M digestibility. 

The overall AA digestibility results for both MBM showed a similar tendency with in 

vitro protein digestibility as shown in Table 3. These data indicate that protein quafity of 

high ash MBM is similar to that of Iow ash MBb& consequently protein quality of the 

MBM is not impaired by its high ash content. This conclusion is in agreement with 

Partanen (1994) who reported no difference in protein digestibility (75 vs. 76%) for high 

and low ash (33 vs. 20.8%) hdBM for pigs. Johnson et al. (1998) also reported no 

detrimental effect of higher ash content on AA digestibility and protein eficiency ratio in 

roosters. Based on AA digestibility and protein digestibility in vitro, it can be concluded 

that the high ash MBM is a good source of supplementaI protein for pouItry. 

Conclusions 

Chernical component analyses showed that most nutnents of the new product, high 

ash MEN were consistent fiom batch to batch except for small variations in fat and ash. 

On average the MBM (DM basis) contained: GE, 4048 kcal/kg; protein, 53% with a 

reiatively favorable amino acid profile; ash, 29% with balanced leveb of Ca (9%) and P 



(5%); fat, 11 3% with a ratio of 1 between saturatcd and unsaturatcd fatty acids. 

There were no statistical differences in true AA digestibility and protein digestibility 

in vitro between the high and low u h  MBM m.05). Pmtein digestibility detennind in 

vitro averaged 66%. True digestibility of most M ddennined by CEC roosters was higher 

than 80%. Cystine had the lowcst digestibility (65.2%), followed by Try (73,2%), Lys 

(77.5%) and Met (77.4%). High Ash content in the new product did not atfkct protein 

quality either measured by in vivo ar in vitro mothods. True metaboiiible ~ ~ t 8 y ,  

corrected to zero nitrogen retention was 2800 kcaikg (DM basis) for the high ash MBM. In 

general, the current data demonstrated that protein quality of the new high ash MBM is 

similar to that of low ash MBM. 



Chapter IV, Manuscript 2 

Effect of Supplementation witb Lysine, Methioniac, and Thnonine rndTryptopban to 

Cornbascd Dieta with Bigh Ash m a t  rad bone meai (MBM) on Broikr Pedonnrnce 

Abstract TWO experiments were wnducted to investigate the effect of inclusion levels 

of high ash MBM and supplementation of AA in practical broilw diets containing lû% 

high ash MBM on chick performance. The study involved 480 daysld male Leghom 

chicks and 400 day-old male broiler chicks. in the first trial, a 2x5 fictorial design 

contained two proteidLys levels (90% NRC , 17/0.76 and 100% NRC, 1810.85%) and five 

MBM levels (0, 2.5, 5.0, 7.5, and 10"h). In the second trial, a corn-soybean meal diet was 

used as a positive control. High ash MBM was substituted at 100/o to the positive control 

diet to serve as a negative control. Both diets contained 20% protein and 3100 kcaYkg 

TMEn. Eight treatments were derived From the MBM diet with supplementation of Lys, 

Met, Thr and Try individually or in combination. All treatments with MBM had similar 

nutrient content except for the four AA. Results h m  the first trial indicated that when 

using high ash MBM to replace soybean meal, chickens fed the diets with inclusion levels 

of MBM over 5% formulated on 900A of NRC protein, Lys specifications yielded 

significantly lower growth rate (8-12%) than those birds fed the same level of MBM but 

with protein, Lys requirements at IOOP! NRC (Pc0.05). Results in the second trial showed 

that supplementation of Lys or Met or Lys and Met or Lys and Met combined with Thr and 

Try in broiler diets containing 10% high ash MBM significantly improved chick body 

weight gain (9-16%) and feed conversion ratio (FCR) (54%) (Pc0.05). No response was 

observed for supplementing Thr or Try alone (P>0,05). Chicks receiving Lys and Met 

together had superior performance to those receiving supplemental Lys or Met alone 



(P<0.05) and performance was qua1 to that of chicks rcceiving a corn-soybean meal 

conti-01 diet (PM.05). Further supplementation of Thr and Try to the diets already 

containing Met and Lys did not yield signifiant improvement in chick performance 

(P>O.OS). Overall the data indicaîtd that Lys and Met were equally limiting when 100/o 

MBM was included in a corn-soybean meal based diet and this inclusion had no adverse 

effect on chick performance as long as Lys and Met mctt NRC (1994) specifications. 

Introduction 

Meat and bone meal (MBM) has always been considered as a good source of 

supplemental protein, and an excellent source of Ca, P and energy. As dietary inclusion rate 

for MBM increases, the need for dicalcium phosphate and supplemental fat in the diet is 

reduced and since both these ingredients are costly, ihis increases the value of MBM as a 

protein supplement. Furthemore, a consistent supply of MBM for most parts of the world 

is guaranteed because it is a by-product of the livestock industry, which is increasing 

worldwide. 

Commercial MBM may contain large quantities of collagen protein which is derived 

fiom skin, connective tissues and bone resulting in a deficiency of Try and low levels of 

other essential amino acids (EM) (Eastoe and Long, 1964). The digestibility of total sulfùr 

amino acids (TSAA), Lys, and Try in MBM is low and variable (Knabe et al., 1989; Wang 

and Parsons, 1998a). Early studies indicated that animal performance was depressed when 

cereal-type diets with increasing tevets (2.5-1Ph) of MBM were fed to chicks (Summers et 

al., 1964; Sathe and McClymont, 1965; Skurray and Cumming, 1974b) or growing pigs 

(Evans and Leibholz, 1979a). The authors concluded that reduction in animal performance 

was related to dietary M imbalance and to high Ca and P provided by MBM. 



in the studies by Surnrners et al. (1964) and Skurray and Cumming (1974b) it was 

demonstrated that with MBM as a sole protein source in chick dietq the first limiting M 

was Met, followed by Try and Ile. in mntrast, Wang et ai. (1997) found that Try and TSAA 

were the tint limiting Aq followcd by Thr, Met and Lys. However, these conclusions 

were obtained with MBM as r sole source of dietary protein. in more practical poultry 

diets with wheat-plus MBM, March et al. (1950) indicated that Lys was the fist limiting 

AG Patrick (1953) also reporteci that Lys was the principal AA deficient in a corn-h4BM 

diet for growing chicks. Similarly, Atkinson and Carpenter (1970b) statd that Lys was first 

limiting and Met and Thr were second and qua1 limiting in cereal-based diets for rats and 

pigs. In contrast, Kratzer and Davis (1959) found that Try in combination with either Met 

or Cys improved chick growth when added to corn-based diets containing MBM. StockIand 

et al. (197 1) also found that Try was the first limiting AA in a corn-based diet for growing 

pigs. It may be concluded fiom the studies cited that the order of limitation of AA in 

MBM-containing diets for poultry is inconsistent. This inconsistency may be related to 

variation in MBM quality, the level of substitution and the cereal type used in the diet. 

The objectives of the curreat study were: 1) to risses the ability of a high ash MBM 

to support chick growth; 2) to determine the effect of supplementation of Lys, Met, Thr and 

Try individually or in combination on chick performance when 10% of high ash MBM is 

used to replace soybean meal in corn-based diets. 

Materials and methods 

Ingredients 

A sample of high ash MBM was obtained fiom a commercial rendering plant. 

Soybean meal, corn, wheat and hulled barley were purchased fiom local commercial 



suppliers. Protein and essential AA content of the five ingradients w m  determineci and are 

given in Table 1. Protein wes determined by the Kjeldahal method (AOAC, 1990) and AA 

were analyzed by ion-exchange chromatography following hydrolysis in 6N HCI at 110 C 

for 24 h (Mills et al., 1989). Methionine and Cys were analyzed after performic acid 

oxidation (Andrews and Baldar, 1985) and Try was detennined following alkaline 

hydrolysis (Hugli and Moore, 1972). Calcium and phosphonis in the MBM were analyzed 

by standard AOAC produrta (AOAC, 1990). Digestibility of AA and TMEn of MBM 

were assessed by using the precision-fed rooster assay described in detail previously 

(Zhang et al., 1994). Cecectomized birds were used for AA digestibility assay and 

conventional intact roosters were used for the TMEn assay. 

Dietary treatment design 

A preliminary trial (Trial 1) was designed ta evaluate the ability of high ash MBM to 

support chick growth, at inclusion leveIs of O, 2.5, 5, 7.5 and 10% replacing soybean meal 

in a corn and wheat-based diet at two levels of dietary protein and Lys (17, 0.76% and 18, 

0.85%, respectively). Diets with 18% protein met NRC (1994) total essential AA 

requirements for leghorn chicks. Diets with 17% protein level were designed to be 90% of 

NRC Lys specification (1994) in order to increase swisitivity for the detection of chick 

performance when fed different levels of the high ash M8M. Diets 2, 3, 4 and 5 in Table 2 

were formulated to contain equivalent levels of protein and Lys to those in the control diet 

(Diet 1, 17% proteid 0.76% Lys). Diets 7, 8,9, and IO contained protein, and AA equivalent 

to the control diet (Diet 6, 18% protein, 0.85% Lys) or NRC (1994). AI1 diets were iso-colonc 

(ME 3 100 kcalkg) with slight differences in the levels of Ca and P. Composition of diets used 

in Trial 1 is given in Table 2. 



Trial 2 was designed in an attempt to i m p m  chick performance by supplementing 

Lys, Met, Thr and Try alone or in combination in diets containing 100/r high ash MBM. As 

shown in Table 3, a corn-based soybean meal d i a  met 1) was designed to contain protein 

at 20% with al1 M meeting NRC (1994) specifications and a TMEn of 3 100 kcaykg. This 

diet s e 4  as a positive wntrol in ordtr to compare the eEtCt of wpplemcntation with the 

four AA. A negative control diet (Diet 2) containeci IW high ash MBM in place of 

soybean meal in the positive control diet and had concentrations of protein and encrgy 

equivalent to the soybean meal control diet but different Ca and P levcls. Both wntrol dicts 

had similar levels of corn and barley, In order to eliminate the interference of AA other than 

the four being studied, al1 AG, except Lys, Met, Thr and Try, in the 10 dietary treatments 

exceeded the NRC requirements (1994) for 013 week broilers. The levels of Lys, Met, Thr 

and Try added in dietary treatrnents 3 to 9 were based an digestible AA values of high ash 

MBM to meet M(C (1994) specifications. The level of the four AA added in Treatment 10 

was based on total AA values of high ash MBM. The inclusion of AA was at the expense of 

sucrose. Meat and bone meal provided 25% of total protein in the diets. 

Chick assay 

Trial 1. Day-old male White Leghom chicks were housed in thermostatically 

controlled Jamesway brooder batteries with 24 h lighting. Feed containing 20% cmde 

protein and water were provided ad libitum until 10 days of age. Prior to initiation of the 

experiment al1 birds were deptived of feed for 4 h, then weighed individually and placed 

randornly to 70 pens in an electrically-heated Petersime brooder batteries in an 

environmentally controlled room. Each treatment was completely randomized in 70 pens 

with seven replicates (pens) of six birds per pen. Initial body weight pw bird was 102 g 



with a standard deviation of 2 g. Experimental diets were fed for 10 days. During the 

experimental peflod, the birds M fiee access ta watu and fetd with 24 h artificial lighting. 

Feed intake and body weight wm measund on a pen b i s  at the end of the experimeat. 

Birds were weighed following 4 h f d  withdrawai. 

Trial 2. Day-old Arbor Acre male broiler chicks âom a local commercial hatchery 

were placed in Jamesway broder batteries with &ee access to water and feed. A 

commercial chick starter diet containing 21% mde protein was suppliexi to chicks for the 

first five days. On day 6, the b i s  wwe randomiy assigneci to each experimental treatment 

with eight replicates (pens) of five birds per pen. Each treatment was completely 

randomized in 80 pens. The procedure for weighing birds and allocation to dietary 

treatments and housing conditions were the same as describecl for Trial 1. Average initial 

body weight per bird was 94 g with a standard deviation of 1.2 g. From day 6 to day 20, 

the birds were fed the experimental diets. Feed and water were provided ad Iibfium with 24 

h artificial lighting. Feed intake and bird weight were measured weekly on a pen basis. 

Birds were weighed following 4 h feed withdrawal. Feed conversion ratio (FCR) was 

calculated as feed intakelgain buis (glg). 

Statistical analysis 

In Trial 1, a 2 x 5 factorial design and in Trial 2, a completely randomized design were 

applied. All data were subjected to analysis of variance (ANOVA, Steel et al., 1997) by 

SAS (SAS Institute, 1985), followed by Duncan's (1955) multiply range test to rank the 

digerent means. 



Table 1. Chernical composition and amino acid content of ingredients used in 
experimental dieu ' (&dry buis) 

High ash Saybeui Corn B u l y  Whca 
andbonemd m a l  

DM fi) 96.2 93.5 92.5 91.7 90.0 

CP (%) 

ME (kcrtvkg) 

I-MEn (1-1 

Ca (O?) 

Non-phyurte P (?4) 

Amino acids 

THR (%) 

CYS (%) 

MET(%) 

VAL (%) 

ILE (%) 

LEU (%) 

TYR (%) 

PHE (%) 

HIS (%) 

LYS (%) 

ARG (%) 

TRY (%) 

1. ME, TMEn, Ca and P of uiykan meal. corn, krley and whrd m i e  adrpled from NRC (1994). Amino acid and prddn 

conianlr of the four ingidlants w r a  drlmhed in our Irbantoy. 

2. Al1 nutrienl valuea for hlgh a& maat and ban0 merl (MW) were detmkiad in out labaratory. Amino =id tiige8tibibny 

(value In paranihosis) and TMEn of MBM wm datmined uilng crocctomizsd and convmUonal rooden, nspsclively. 

ME was obiained from NRC (1994). 



Table 2. Percent composition of experimcntal diets with various levels of high ash m a t  
and bone meal (MBM) used in Trial 1 

Soytuan meal 

Corn 

Wheat 

Barley 

Limestone 

Monodicalcium 
phosphate 
Miamin pcmix 

Mineral prsniv 

Vegetablt oil 

DL-MET 

LYS-HCI 

CaicuIatcd ~ y z e s '  

ME (kc&s) 

Ca (%) 

Non-Phytaie P (O?) 

Lys (NI 

Met (Oh) 

Met+Cys (%) 

nir (%) 

Try (%) 



Table 3. Basai composition of control trpenmtotil ditu used in Trial 2 
Items Positive control @et 1) Negative wntrol @id 2) 

Soybean meal 3 1.5 20.5 

High ash meat and bone meal . 10 

Corn 50.2 50.2 

Barley 10 10 

Limestone 1.63 1 .O0 

Mono-dicalcium phosphate 1.54 - 
Vegetable Oit 2.9 0.6 

Sucrose 0.54 5.83 

Utamin premix 1 1 

Mineral premix 0.5 0.5 

DL-Met O. 164 - 
?hr 0.053 - 
Val 0.016 0.077 

Arg - 0.047 
Ile 0.001 0.119 

Phe . 0.11 

Culculated analyses* 
TMEn (lccaikg) 3 100 3 100 

Fiber ( O h )  2.87 2.77 

Ca (%) 1 .O0 1.35 

Non-phytate P (%) 0.45 0.61 

Protein (%) 20.0 20.0 

h3 (%) 1.27 1.3 1 
His (%) 0.52 0.50 

Phe+Tyr (%) 1.41 1.37 

Ile (%) 0.80 0.8 1 

Leu (%) 1.67 1 .56 

Val (%) 0.90 0.93 

Lys (%) 1.10 1.04 

Met (%) 0.56 0.40 

Met+Cys (%) 0.90 0.7 1 

Thr (%) 0.80 0.7 1 

TT (%) 0.2 1 0.19 
*. AI1 nutrient values ut alailated hrod on Tdle 1 vrluu 



Results and discussion 
Trial 1. Average bird weight gain during the lOday experimental period is Iistd in 

Table 4. Main effect analysis showed that chick weight gain was not affecteci by inclusion 

of various levels of MBM in the d i a  (PW.05). Dietaty proteidLys levels sisnificantly 

affected weight gain as chicks fed the 18%, 0.85% level grew Ph faster than those fed 

17%, 0.76% level (PcO.05). No interaction (PM.05) between protein level and MBM 

inclusion rate was observeci. However, fiirther comparison among means by Duncan's test 

showed that when MBM was added at a level greater than 7% in 17%, 0.76% protein and 

Lys diets, chick growth rate was significantly depressed in comparison to birds receiving 

the diets with same level MBM at 18% 0.85% proteidLys diets (Figure 1) (PC0.05). 

Additionally, at the same protein and Lys level (17%. 0.76%), the inclusions of MBM at 

5% or greater tended to depress chick growth (Table 4). Lysine deficiency may be the 

major factor limiting chick weight gain. 

Table 4. The eîfect of different levels of protcin and high ash m a t  and bone rneal 
(MBM) on chick wtight gain during 10-day txptriment (Trial 1) 

Diets. High ash Ptotein (%) Lys (%) Gain9 dpen* 
O/ 1 

1 ?. 17 0.76 638f 17* 

2 2.5 17 0.76 64e17" 

3 5.0 17 0.76 607I18 bc 

4 7.5 17 0.76 612f 1 7 ~  

5 10.0 17 0.76 594f 17" 

6 O 18 0.85 6~7&16'~  

7 2.5 18 0.85 6 6 ~ 1 8 ' ~  

8 5 .O 18 0.85 657116 

9 7.5 18 0.85 693+17 

1 O 10.0 18 0.85 67OI18 ' 

" hlunr wiUùn the wme mlumn with no ammm ai-pt diffasigiiliantly (PCû.05). Vdua i r e  LSENSEM. 



Figure 1. Efféct of inclusion levels of high ash meat and bone meal (MûM) with diRecent 

levels of protein and Lys specifications on bird weight gain 

h'aJ 3.4 and 5 wiîh r m c  lemis afptein ind Lya (1% 0.76HL but d i l k m  lcvclt o f  MBM (S. 7.5 uid 1% r a p d v e t y ) .  

Dieu 8,9 ud 10 4th u m c  Icvcli atprokin rnd Lp (1- 0.86%), hi diErnent lcvcia oCMBM (5.75 and 10% r q e i l y )  

Tnal 2. The average feed intake, weight gain, and FCR in the 14 d experimental 

period are presented in Table 5. Data showed that 1M inclusion of MBM to replace 

soybean meal yielded an adverse effect on chick weight gain and FCR (PeO.05). but with 

no significant effect on feed intake @iets 2 vs. 1) (P>O.OS). This is in agreement with Tnal 

1 and previous reported findings for growing chicks or pigs (Sathe and McClymont, 1965; 

Evans and Leibholz, 1979a). 



Table 5. Effect on chick performance of supplementing dias containing 100/o high ash 
meat and banc meal W M )  with amino acids ' 

Treabinents Formulation metbod Feed intdre Weight @a FCR ' 
@ird g/bd g:g 

1 soybean m d  (Positive coatrol) 723.8' 5 14.4' 1 .40C 

10% MBM (Negativc wntml) 

2 + Lys 0.152% 

2 + Met 0.226% 

2+Thr0.112% 

2 + Try 0.029% 

2 + Lys 0.152, Met 0.226% 

2 + Lys O. 152, Met 0.226, Thr 0.112% 

2 +Lys 0.152, Met 0.226, nir 0.112, Try 0.029?4 

2 +Lys 0.079, Mct 0.191, Thr 0.089, TT 0.018% 

Pooled SEM 12.2 9.0 0.01 

1. '"' Means wiihin thc samc column with no cornmon superscript Mer significantly (PcO.05). Each 
value was LSM of eight nplicatcs of five male chicks !hm 6-20 d of agc. 

2. FCK fecd conversion ratio. 

Body weight gain of birds was significantly improved with an increase of 9 to 16% 

when supplementing Lys or Met alone or Lys and Met wmbined with Thr and Try @iets 

3,4, 7, 8 and 9) to the MBM negative control diet (Diet 2) (PC0.05). ûrowth rate of these 

birds was brought up to the level of soybean meal control diet @>O.OS). Threonine or Try 

added individually had no positive effect on chick growth @>O.OS). Further addition of Lys 

and Met, or Lys and Met combined with Thr or Lys, Met combined with Try and Thr 

(Treatments 7, 8 and 9) showed a slight improvement in weight gain compared to the diets 

with Lys or Met aione (Treatments 3 and 4), but the effect did not reach statisti~l 



Feed conversion ratio showcd the same tcndency as body weight gain, a significant 

improvement (5-8%) was obtained when supplemcnting Lys or Met done or in 

combination with Thr and Try (Pa.05) comparecl to birds fad the negativc control MBM 

diet (Diet 2). Supplementation of eitha Thr or Try in the MBM diet gave no response in 

FCR (PW.05). The improvement on FCR was more pronounced when Mc! and Lys in 

combination were added to the MBM diet as compared to supplementation the two M 

alone (P<0.05), and the resulting FCR value was equivalent to that for chi& fd the 

positive control soybean meal diet (Diet 1). Further addition of Thr and Try to a diet 

already containing Lys and Met tended to give a small additional response, but the effect 

was not statistically significant p 0 . 0 5 )  (Figure 2). 

Figure 2. Effect on feed conversion ratio (KR) by supplementation of Lys or Met alone or 

in combination with Tht and Try to high ash meat and bone meal (MBM) diets 

2, MBM diet (negaiive conuol); 3, MBM diet plus 0.152% Lys; 

4, MBM diet plus 0.226% Met; 7, MBM diet plus 0.152% Lys and 0.226% Met; 

8, MBM diet plus 0.152% Lys, 0.226% Met and O. 112% 'lhr; 

9, MBM dici plus 0.152% Lys, 0.226% Met, O. 112% Thrand 0.029% Try; 

1, Soybcan meal positive conml dict. 



Feed intake tented to k improvd vbcn supplementing MBM di& with Lys or Met 

individudly or in combination with Thr and Ty dthough the differences wcre not 

statistically signifiant (P>O.OS) (Figure 3). 

Figure 3. Effect on fd in- of supplementation of Lys or Mcî or Met and Lys 

combined with Thr and Try in high a& mou and bone m d  (MBW d i m  

2- MBM dict (negativc control); 3- MBM did plus 0.152% Lys; 
4- MBM diet plus 0226% Met 
7- MBM dict PIUS 0.152% Lp ~d 022% Md; 
8- MBM diet plus 0.152% Lys, 0226% Met and 0.112% 'Eht. 

9- MBM diet plus 0.152% Lys, 0.226Oh Met, 0.1 12% n i r d  0.029% Try. 

The MBM diet with supplementation of a combination of Lys, Met, Thr and Try 

based on digestible AA (Diet 9) did not yield supaior improvement in chick pe&ormance 

to a diet (Diet 10) with the supplementation of these four M based on total AA values 

(P>0.05). However, adding these four AA basecl on digestible values of the high ash MBM 



tended to improve f e d  intakc and weight gain by approximately 7% (Pe0.20) (Table 4). 

Further study is n d e d  to study the effect ofdiet formulation with high ash MBM based on 

digestible AA vs. total AA values on chick performance. 

Consideration of the overall responses in chick performance, indicating that birds fed 

MBM diets with supplementation of Lys and Met in combination showed superior 

performance to birds fed diets with Lys or Met supplemented individually, and had similar 

performance to those birds receiving diets with al1 four AA supplemented (Lys, Met, Thr 

and Try). Supplementation of Lys and Met to the com-based MBM diet dlIectively 

improved chick growth and FCR. It can be suggested that Lys and Met were equally 

limiting in the corn-soybean meal based diets with 100/o high ash MBM. These results 

agreed well with the findings of Partric (1953), Sumrners et al. (1964), Sathe and 

McClymont (1968), Skurray and Cumming (1974), and Evans and Leibholz (1979b) who 

for growing chicks and pigs reported that Lys and Met, single or in combination, were the 

first limiting AA in corn or wheat-plus MBM diets as well as in diets containing MBM as 

the sole protein source. The order of limitation of AA found in the cument study differed 

from that of Meade and Teter (1957), Stockland et al. (1971) and Wang et al. (1997) who 

found that Try was the first lirniting AA when MBM contributed 60% of protein in corn- 

based diets for growing pigs or when MBM was used as a sole protein source for chicks. 

The reason for the disagreement may relate to the inclusion rates for MBM or the cereal 

type used in the diets. In our experiments, the MBM only contributed 25% of protein in a 

20% protein diet, in which cereals (corn and barley) contributed 26% of the protein and 

soybean meal supplied almost 50% of the protein to the diet. Therefore, the deficiency 

order for AA would be determined by the combination of the three protein sources (MBM, 

soybean meal and cereals). Fernandez et al. (1994) reported that in soybean meal, corn or 



corn-soybean meal diets the first limiting AA were TSAA, Lys and Met, respectiveIy. 

Consequently, it was not surprishg that Lys ad Met together were the first limiting AA in 

the current experiment. Deficiency of Try in the high ish MBM may have been masked by 

the relatively high level of soybam meal in the diets. 

Conclusion 

Growth of Leghorn chick was significantly depressed when using high ash MBM 

over 7% to replace soybean meal in the diets containing 17% protein and a 90% of NRC 

(1994) Lys specification in comparison to those diets with same levels of the MBM, but in 

which NRC Lys requirement was met. 

Body weight gain and FCR were significantly improved with supplementation of Lys 

and Met or in combination with Thr, and Try in broiler chick diets containing 1% high ash 

MBM. Birds receiving Lys and Met together had superior performance to those chicks fed 

diets with supplementation of Lys or Met individually. Further addition of T h  and Try to 

the diet already containing 0.152% Lys and 0.226% Met did not yield statistid 

improvement. No response in chick performance fiom adding Thr or Try individually to 

the MBM diet was observeci. It can be concluded fiom the results of the current study that 

Lys and Met are the first limiting AA in the corn-based soybean meal diets with 10% high 

ash MBM. In addition, the inclusion of 10% high ash MBM in chick diets had no adverse 

effect on performance as long as Lys and Met in the diet met NRC (1994) requirements. 



Chapter V, Maauscript 3 

Formulation of broüer die@ with bigh wb meat and bone meal based 
on total venus digestible rmino rcid contents 

Abstract Nne diets in thne sets wen daignai to investigate tffeets of fomulating 

high ash MBM diets based on total arnino acid (TM) vs. digestible amino acid (DM) 

values and the influence of high dietary Ca and P diets with MBM or inorganic source on 

broiler perîorrnance. The study involvcd 405 broilen, in which NRC (1994) requirement 

and corn-soybean meal diets were used as references. Results showed no significant 

difference in chick performance when formulating diets with 10% MBM based on either 

TAA or DAA values with al1 AA meeting NRC quirements. For corn-soybean meal 

diets, al1 AA being 90% of NRC did not result in performance decline (P>O.OS). However, 

with al1 AA at 90% of NRC and MBM substituted at 10 or 15% level, dietary formulation 

hased on DAA was supetiar to T M  values, and resulted in broiler performance equivalent 

to that of a corn-soybean meal diet. The mdy alsa indicated that high dietary Ca and P 

level provided by high ash MBM was not the major detrimental factor causing a depression 

in broiler growâh. Rather, amino acid deficiency was the main factor responsible for a 

depression of chick performance. High ash MBM can be used at 10% in broiler diets with 

adequate AA supplementation and forrnulated on a DAA basis. 

In traduction 

Feed accounts for 60070% of poultry production costs of which a large portion relates 

to protein ingredients that are usually expensive. Improved precision in amino acid (AA) 

formdation to meet bird requirements can reduce feed wst and also bring about a reduction 



in nitrogen excretion through animal effluent. In recent years attention has been paid to the 

reduction of dietary protein content by formulating diets b a d  on digestible AA (DM) 

instead of total AA (TM) values to improve animal performance and profitability. This is 

particularly rneaningfiil for those ingredients of poor AA digestibility, such as sudower, 

rapeseed, wttonseed meals or mat and bont meal (h4BM). The advantage, howcvu, is 

only demonstrated by a limited numba of studies using diets which cantained relatively 

high levels of these ingredients (Femandcz et al. 1995; Rostagon a al. 1495; Wang and 

Parsons 1998~) .  The use of relatively high dietary levels of poor digestibility ingrcdients, 

however, is uncornmon in practice, particularly for high ash MBM. 

The transformation of TAA to DAA formulation involves the establishment of a 

database and listings of requirements on DAA basis. Today, a large nurnber of data on 

digestibility of AA for poultry feedstuffs have been generated. However, a requirement for 

DAA in broiler tiiets has not been adequately established. The NRC requirement for TAA 

for broiler chickens was established fiorn data baseci on corn-soybean meal diets, which are 

ingredients with relatively high digestibility. In this regard, the recomrnended requirements 

for AA may actually be high enough to meet broiler demand when forrnulating on TAA 

values. Consequentiy, the use of D M  values to formulate animal diets has not been widely 

applied in practice. 

Previous studies conducted in our laboratory showed that weight gain and feed 

eficiency of the birds tended to be improved when supplernentation of MBM was based on 

DAA rather than on TAA values. In the current study, türther investigation of growth 

performance of broiler fed diets containing 10 or 15% high ash MBM in place of soybean 

meal using TAA and DAA values was carried out with diets containing a marginal amount 



of protein. The effect of high Ca and P levels in diets with a relatively high substitution 

level of MBM on chick performance waa also studied. 

Materiab and Methods 

1. Feed iagrcdients and rnaiyria 

The chemical composition, AA digestibility and true metabolizable energy conected 

to zero nitrogen retention (TMEn) of c o q  barley, soybean meal and high ash MBM used 

in the triai are given in Table 1. Dry matta (DM), protein, Ca and P were analyzed 

according to procedures of AOAC (1990). Amino acid analyses were performeâ by ion- 

exchange chromatography following hydrolysis of samples in 6N HCl at 110 C for 24 h 

(Mills et al., 1989) except for Met and Cys which were analyzed f i e r  perfonnic acid 

oxidation (Andrews and Baldar, 1985). Tryptophan was determined following alkaiine 

hydrolysis (Hugli and Moore, 1972). Tme AA digestibility and TMEn of the MBM were 

detennined using the Sibbald rooster assay (1986) with some modifications as described 

previously (Zhang et al., 1994). 

2. Diet formulation 

In order to increase sensitivity of detecting performance differences between dietary 

formulation on a T M  vs. D M  basis, nine diets in three sets were used in the experiment. 

All diets contained similar nutrient content except for levels of Ca and available P. The 

first set inciuded Diets 1,2 and 6. Diet 1 was a corn-soybean meal control diet in which al1 

AA levels met or exceeded NRC (1994) requirements for 0-3 week broilers. Diets 2 and 6, 

containing 10% MBM, were formulateci to contain levels of TAA or D M  equivalent to 

those in the corn-soybean diet (Diet 1) or to NRC (1994). The second set involved Diets 3, 

4, 5,7 and 8. Diet 3 was a second corn-soybean meal control diet with al1 AA levels at 90% 



of NRC (1994) requirements for 0-3 w a k  bmilers. Diets 4 and 5 and diets 7 and 8 

containing 10 or 15% high ash MSh4, respactively, were fonnulated to have al1 T M  or 

DAA levels equivalent to those in the corn-soybcan meal control (Diet 3) or to Wh of 

NRC (1994). A third set @iets 3, 5, 8 and 9) w u  designed to enable an estimation of 

whether the chick growth depression was causcd by excessive Ca and P in the diets with 

high levels of MBM. Extra Ca and P fiom limestone and mono dicalcium phosphate were 

added to Diet 9, a corn soybean meal diet, to makc energy, protein, Ca and P levels 

equivalent to those in Diet 5. Al! AA in Diet 9 was equivalent to those in Diet 5 or NRC 

(1994). Diet 8 had al1 nutrients equivalent to Diet 5 except for AA which were on a DAA 

basis. Diet 3 contained normal Ievels of Ca and P at NRC (1994) specifications (1.0 and 

0.45%, respectively). The levels of Ca and P in Diets 5, 8 and 9 were 1.89 and 0.85%, 

respectively, or approximately 89% higher than the requirements of NRC (1994). 

Composition of al1 diets is given in Tables 2 and 3. 

3. Chick assay 

One-day old Arbor Acre male broiler chicks purchased fiom a local commercial 

hatchery were placed in Jamcsway brooder batteries with fiee access to water and feed. A 

commercial chick starter diet containing 21% crude protein was supplied to chicks for the 

first five days. On day 6, al1 birds were deprived of feed for 4 h, and weighed individually. 

Nine replicates (pens) of five birds were randomly alloned to dietary treatments. Each 

treatment was completely randomized in 81 pens. Average initial bird weight was 92 g with 

a standard deviation of lg. From day 6 to day 20, al1 birds were housed in thermostatically- 

controlled Petersime brooder batteries in an environmentalty regulated room and fed on the 

experiment diets which were prepared in a mash form. Feed and water were ptovided ad 

libifum, with 24 h artificial Iighting, Birds were weighed weekly following 4 h feed 



withdrawal. Feed weight back was taken to calculate feed intake. 

Statistical analysis 

Al1 data were subjected to anaiysis of ANOVA (Steel et al., 1997) for completely 

randomized design using SAS (SAS bstitute, 1985) and clifferences among treatment 

means were assessed using Duncan's multiply range test (Duncan, 1955). In addition, some 

single degree of freedom contnsts among treatments wene made to aid in interpntrtion of 

the results. 



Table 1. Chsrnical comporition and unino irid digutibility of bigh uh mert rnd bone m e 4  
roybcra meal, rom lad b u l y  d in upcrimenkl di&' 

Hi* u h  mcat2and S o y b m t r J '  Corn' 
bone meal 

Bu@' 

DM (?4) 96.2 93.5 92.5 91.7 

Amino acid Content Digatiiility Content Digaiiility Content Digcaiiility Canmt Digcstiiility 

ARG (DA) 3.58 83.8 3.47 92.0 0.35 89.0 0.48 85.0 

LYS (%) 2.55 77.5 3.04 91.0 0.30 81.0 0.37 78.0 

VAL (%) 1.98 85.6 2.16 9 1.0 0.39 88.0 0.49 81.0 

ILE (%) 1.23 87.9 2.11 93.0 0.26 88.0 0.34 82.0 

LEU (%) 2.87 89.3 3.79 92.0 0.94 93 .O 0.74 86.0 

TYR (%) 0.81 88.7 1.39 91.1 0.21 91.6 0.23 87.6 

PHE (%) 1 .48 89.1 2.19 92.0 0.3 1 91.0 0.47 88.0 

TRY (%)' 0.41 73.2 0.57 92.6 0.06 80.5 0.13 82.4 

1. Anrlyrcd vrluer cxcept TMEa Ci and non-phytnie P of mybeui mal, am and hrky ihii wmc bom NRC (1994). Amino rcid 

digeslibility cocfîicimls of s o y h  mai. c m  and My w a r  dipd h m  HRC (1994). 

2. Digdibiliiy o f  AA and TMEn in hi& uk mat  d bon* meni wat ddaminrd m our lrbmlœy uring ceeccbmizcd and 

wnvmtionrl  roostcrs, rcspcctivcly. 

3. Qigatibilily o f  Try for soybcui mai. ca and M c y  was akulrird bvrd on the digdbility bclwccn Try uid ïhr in swint 

(NRC, 1998). 



Table 2. Composition of soybcan meal (SBM) and high ash meat and bone meal (MBM) 

diets based on total amino acid requirements for broilen 
Ingndient SEM 10%MBK2 SBM I(»CMBM' l%hiBM' SBM4 NRC 90SCoC 
(%) Diet I Dkt2 DkC3 Dia4 Diet5 Diet9 (1994) NRC(1994) 

SBM 29.95 19.a 3022 19.9 14.717 31.51 

MBM O 10 O 10 15 O 

Corn 58.4 60.8 58.4 60.45 59 S.52 

Mondcalciirm 1 .58 O 1.57 O O 3.MS 
phosphate 
DLMET 0.165 0.187 0.071 0.085 0.095 0.08 1 

LYS. HCI 0.006 0.095 O O O O 

THR 0.056 0.092 O O 0.009 O 

VAL 0.013 0.043 O O O O 

ARG 

ILE 

TRY 

PHE O 0.097 O O O O 

Calculateci analyses' 
m E n  f i m g )  3200 3200 3200 3200 3200 3200 
Ca (%) 1 .O0 1.34 1 .O0 1.34 1.89 1.89 1 1 

Non-phyîak P (%) 0.45 0.61 0.45 0.61 0.85 0.85 0.45 0.45 

Protein ( O h )  20 20 20 20 20 20 23 

HE3 (%) 0.527 0.505 0.530 0.5 16 0.506 0.532 0.320 0.315 

PHE+TYR (%) 1.394 1.340 1.402 1373 1.206 1.412 1.340 1.206 

MET (%) 0.563 0.590 0.472 0.495 0.507 0.477 0.500 0.450 

LYS (%) 1.100 1.100 1.103 1.050 1 .OU 1.121 1.100 0.990 

TRY (%) 0.209 0.200 0.210 0.194 0.186 0312 0.200 0.180 

LEU (%) 1.702 1.597 1.712 1.627 1.572 I.707 1300 1.080 

THR (%) 0.800 0.800 0.749 0.725 0.720 0.754 0.800 0.720 

ARG (%) 1.2% 1.250 1.265 1.271 1 272 1284 1.250 1.125 

VAL (%) 0.900 0.900 0.892 0.875 0.864 0.893 0.900 0.810 

1. Cdculaicd d p s  u c  bucd on nurrimt nlw ofingsdicnir in Tiibla 1. 
2. Tolal AAcaiimt in Did2 ii quivalent l o W  in Dial aWotNRC(I%> 
3. Ta1  AA in Dia 3 is 90% of NRC (1994).Tdil AAmrilclilr in D i 6  4 Md 5 ut tgwl to Lw in Diet3 œ9û% of NRC (1994) 
4. Lcvels of cncrgy, p o t c i 4  Ca and P iii Dict 9 ut e q i v i l a i i  Io ih01c in Diet I; AA in Die( 9 ia c&valcni to W in Did 5 a NRC 
(1993). 



Table 3. Composition of mybaa mcrl (SBM) rad higb ash m u t  rad boat m a l  

(MBM) di& bued oa diguîibie amiao rcid vdua for broüeir 
Ingreclient SBM 1 0 ° ~ W  SBM 10Y.MBW 153CMBW 

Diet 1 Diet 6 Diet 3 Diu 7 Diet 8 

SBM 29.95 19.02 30.22 19.9 14.717 
MBM 
corn 
Barley 
Limestone 
Monodicalcium 
phosphate 
DL-MET 
LYSHCl 
THR 
VAL 
ARG 
LE 
TRY 
PHE 
Vitamin premix 
Mineral premix 
Vegetable Oil 
Sucrose 
Calculated analyses' 
l-MEn ( k c m 3 )  
Ca (%) 
Non-phytate P (%) 

Protein (%) 

HIS (%) 
PHE+TYR (%) 
MET (%) 
MET+CYS(%) 
LYS (%) 
TRY (?4) 
ILE (%) 
LEU (%) 

THR (%) 
ARG (%) 
VAL (%) - - 

1.Calailiicd uulysa u e  h x d  on Table 1 nutrient nlutr oiingrodici*c. 
2. Digestible AA content in Did 6 is equinl~nl ta ihri in Diet 1. 
3. Digmible AA contcnb in D i a  7 and 8 art equinlcnl Io (hose in Did 3. 



Results and Discussion 

1. Eflect on chickpeflonn~~~:e of fanmchting &ts with 10% high ash meat and borie meal 
on total amino acid or digestible amino acid wks according to MC (1994) spc~~cot ion 

Chick body weight gain, fiad intake and fad conversion ratio (FCR) dunng the 14 

day experirnental period are presented in Table 4 and Figure 1. The data indicate that 

inclusion of 1Vh high ash MBM with AA basad on T M  (Diet 2) vs. D M  piet  6) values 

resulted in no differences in chick perfomce when ai1 AA met NRC (1994) 

requirements. Weigh gain and FCR for both MBM dicts were similar to that for the corn- 

soybean meal control (Diet 1) (P4.05). However, feed intake in both MBM diets was 

inferior to that for the corn-soybean diet @kt 1) (W0.05). The reason for this difference is 

not known. Consideration of overall performance parameters showed no statistical 

differences between Dicts 2 and 6. These resutts imply that there was no significant 

advantage gained from formulating diets with 1% MBM based on D M  rather than T M  

values. The results are not in agreement with those fiom Wang and Parsons (1998c), who 

reported that formulation of diet with 10% low quality MBM based on D M  values had 

superior performance over formulation on a T M  basis. The difference may be related to 

the level of TSAA used in experimental diets and digestibility of Cys in MBM. In our 

study, the level of TSAA (0.9?!) reached NRC (1994) requirement for 0-3 week broilers as 

shown in Table 2. Therefore, even without supplementation of Met, the diet formulated on 

a TAA basis already contained 0.8% digestible TSAA, which may have met the growth 

requirernent as some literature reports indicate requirement levels of 0.75% or 0.81% 

digestible TSAA for broiler body weight gain, and 0.77% for FCR for 0-3 week broilen 

(Leesons and Summers, 1997; Dalibard and Paillard, 1995). In the trial by Wang and 

Parsons (1998~) a marginal level of T S M  (0.78%) was used and in addition the MBM had 



a low Cys digestibility (3 1%). It has b a n  reportcd that TSAA is the first limiting AA in 

corn-soybean meal diets (Fernandu et al., 1994) and also in MBM (Sununeis tt al., 1964). 

This may explain the supcrior chick performance observeci when fonnulating dias with 

10% MBM based on D M  instead of T M  values in the experiment reported by Wang and 

Parsons (1998~). 

Table 4. Petformance of chicks fcd die& containhg various levels of high ash meat and bone mcal 

(MBM) with hu la t ion  based on tdal amino acids (TM) or digestible amho acids (DM) ' 
Diets MBM (%) Formulation method F a d  intake Weight gain FCR2 

(s) (SI b:g) 

T M  = NRC (1 994) 

T M  = Diet 1 or NRC (1994) 

D M  = Diet 1 

T M  = 90% of NRC 

T M  = Diet 3 or 90% of NRC 

T M  = Dieî 3 or 90% of NRC 

D M  = Diet 3 

D M  = Diet 3 

M 9.6 7.8 0.0 1 
" Means within the same column with no common superscript dira significantiy (PQ).OS). 

1 .AU values are LSM of the nine replicates ( p a s )  of five male chicks h m  6-20 day of age. Initial body weight for each 

trattments was 92 f 1 g. 

2. FCR. feed ainvenion ratio. 

3. Single degret of Iicedorn conûasts wcrr not s i f icant  (PW.05) for aii parametas of Trratmats 1 vs 3; TnxLments? 

and 8 vs 3 and 1. but differcd in fecd iniake for Trcatmait 2 and 6 vs 1 (PG.05); wcight gain and fad elticiency for 

Truiunem 4 end 5 w 7 and 8. Al1 piuameters for Trcatmtnts 5 w 9 diffed signiîïcantiy (P4.05) 



Figure 1. E&t on chick pcrSmriu. of di* bmlation wiib a& rnmt .pd bmc m d  
on a trm arnino u i d  OAA) or digdbk amino acid (DM) bis ofNRC (1994) 

F M  ln- Ph F m  

1. Soybcan m a l  diet (Diet 1): 2. MBM dia (Diet 2). T M  bior; 6. MBM diet (Dia 6). D M  bask 

2.  Eflecr on chick petj?omwce of formulating de& wilh two leveis ojhigh ash MBM md 

bused on total amino acid or dlgestibb mino ucM w1ue.s uccordig to 90% of M C  

(1994) 

Chick performance when fcd corn-aoybcan meal contml diet or MBM diets 

forrnulated to 90% NRC specification is s h o w  in Table 4 and Figure 2. The data indicated 

that for corn-soybean meal diets @jets 1 and 3), a reduction of LW for al1 AA values did 

not rmlt in significant differences in chick pefiormance for the 14 d experimental period 

of observation (BO.05). However, chicks receiving diets with 10 or 15% high ash MBM 

forrnulated at 90% NRC AA bais  (Diets 4 and 5) resulted in significantly Iower weight 

gain and FCR compared to the mm-soybean m d  wntrol (Diet 3) (Pa.05). Chicks fed the 

die! containing 15% MBM showed the lowest gain and FCR (P<O.O5). However, when 



using the sarne dietary composition as Diets 4 and 5, but fonnulated on a D M  basiq 

performance of al1 chicks fed diets containhg 10 or 15% MBM @iets 7 Md 8) was 

improved to the level of chicks téd on the corn-soybean meal control diet (Diet 3). No 

statistical differences in any parameters werc obswed among Diets 7 and 8 vs. Diet 3 

(P>0.05). The results cleariy demonstrated that diet formulation on a D M  value was 

superior to that on a T M  value for MBM-baseci diets. The results agrce well with Wang 

and Parsons (1998c), Dalibard and Paillard (1995), Femandez et al. (1995), and Rostqno 

et al. (1995). 

The different conclusions regarding the advantage of fomulating diets with DAA 

instead of TAA arrived at 6om the two sets of experimental diets indicate that dietary AA 

level, per se, has an important influence. Lack of a standard for D M  requirements can lead 

to such contradictory results. At present, although research has been carried out to 

determine digestible Lys and TSAA requirements for broiler chickens (Parsons, 1990; 

Baker and Han, 1994; Dalibard and Paillard, 1995), available information is limited. 

In this study chick performance was at a high level with 14 day weight gain of 520 g 

and FCR of 1.42, consequently the results indicate that a reduction of 10% in the AA 

requirements for 0-3 week-old broilers is practical when formulating on a D M  basis. This 

is in agreement with Parsons (1990) who indicated that digestible Lys and TSAA 

requirements should be 8 to lower than that Iisted in NRC for AA specifications. The 

results may have considerable economic implications. Protein ingredients are costly, and a 

10% reduction in the level of AA in diets would definitely reduce feed cost in addition to 

producing a benefit in reduced nitrogen excretian. The data also showed that commercial 

high ash MBM can be used at 10% in the diet of growing broiler chickens when 

formulating on a DAA basis. 



Figure 2. Effect on chick pafonnanc. of dietary formulation with 10 or 15% hi@ u h  

m a t  and bone m d  (MBM) on WIC NRC (1994) toiid amino acid (TM) or 

digestible amino acid (DM) d u e s  

Feed intake Weigbt gain 

Soybean m a i  conml (Diet 3) IW MBM âieî (Dia 4, T M  buis) 

15% MBM din (Diet 5, TAA Ws) 
IOn MBM dia (Diet 7. D M  hru) 

15% MBM diet met 8, DAA basis). 

3. Efect of dietav level and source of Ca and P on chick perjrmance 

Chick performance showing the effect of adding Ca and P provided by limestone and 

mono dicalcium phosphate to a soybean m a l  diet p i e t  9) to qua1 the levels of Ca and P 

found in MBM diets (Diets 5 and 8) is presented in Table 4 and Figure 3. No signifiant 

adverse effects of high dietary Ca and P fiom inorganic sources on feed intake and chick 



growth were observecl when comparecl to the corn-soybean meal control (Diet 3) which had 

a normal level of Ca and P (lW.05). However, f k d  conversion ratio in Diet 9 wu lower 

than that in the com-soybean me. controt @kt 3) O.OS), probably due to a slight 

tendency for a reduction in weight gain (512 vs. 528 g, PW.05). In contrast, high d i  

Ca and P in Diet 5 supplied by high ash MBM significantly nduced fad intake, growth 

rate and FCR in cornparison to chicks fed Diet 9 (W0.05). However, the depression in 

chick performance may be due only partially to high Ca and P levels provideci by 15% 

MBM. When dietary AA were supplemented on a D M  basis (Diet 8), performance of 

chicks receiving the same levels of Ca and P fiom MBM as that in Diet 9 was improved 

(Pc0.05) and equivalent to that of chicks fed the com-soybean meal control (Diet 3) 

(P>0.05). This implies that AA deficiency, probably Lys and TSAA due to their low 

digestibility (Table l), is the primary reason for the depression in growth rate and feed 

intake. In our previous study, the data indicated that 10% MBM diet was deficient in Lys 

and Met. However, excessive Ca and P (89% higher than the requirement, Table 2) in the 

diet may be partly responsible for the reduction in FCR due to a tendency in reduction of 

growth rate as shown in the soybean meal diet cornparison (Diets 3 vs 9). These results are 

in agreement with literature reports. Sathe and McClymont (1965) reported that protein 

quality was the main cause of growth deprcssion of chicks fed MBM diet while high levels 

of Ca and P provided by MBM was a secondary factor influencing chick performance. 

Runnels (1968) indicated that dietary Ca as high as 2% would not affect chick growth 

provided energy and essential AA levels met bird requirements. Evans and Leibholz 

(1979a) reported that additional dietary Ca content (3.2%) fiom MBM did not reduce pig 

performance. Johnson and Parsons (1997) also reported that high levels of Ca (2.31%) and 

P (0.87%) which were added to corn-soybean meal diets as limestone and dicalcium 



phosphate to be equal to that supplied by h i ~ h  ash MBM had no significant etfcct on 

growth or pmtein eficiency Rtio (PER) in growing chicks. In theu sbidy, high u h  MBM 

resulted in a low PER which was explaincd by a deficiency of T S M  In mntfast, Summers 

et al. (1964) considerd that excessive Ca and P wcre rcsponsible for the poor chick 

penonnance when using MBM. The currcnt study shows that M deficiency in high Jevel 

of MBM diet is the major fiaor restricting chick pdormancc with excessive dietuy Ca 

and P being a secondary factor uuaing low fccd cfficiency. 

Figure 3. Effect of high dietary levels of Ca and P pmvidal by high u h  meat and bone 
meal (MBM) or inorganic source on chick performance 

Feed intake Weight gain FCR 



Conclusions 

The results of current study demonstrate that formulating diets at various levds of 

high ash MBM based on D M  is superior to formulation based on T M  vaiues. 

Performance of growing broiler c h i h s  fèd MBM was equivalent to those fed corn- 

soybean meal diets even thwgh al1 AA were specified at 90% of NRC (1994) 

requirements. A 10% reduction of NRC (1994) AA rcquirement for &3 week broita is 

reasonable when formulating oa D M  buis. 

Amino acid deficiericy is the main factor to be wnsidered in the low chick 

performance when using 15% MBM in the diet. High b e l s  of dietary Ca and P h m  

MBM represent a secondary hctor causing a depression in chick performance. 

Notwithstanding the equivalent performance of MBM diets based on DAA 

formulation, consideration of environmental pollution due to excess P excreting makes it 

necessary to recommend that the usage rate of high ash MBM in broiler diets should, 

generally not be greater than 10%. 



Cbapter VI 

General Discussion 

A new high ash meat and bone meal W M )  produced in Ontario, Canada, was made 

available for nutritional evaluation. The produd was processed i?om a secondary residue 

afier producing a low ash MBM. Raw materials consisted of 90% pig offal and 1Ph beef 

residues, with possibly some hair and blod. Compared to wnventional MBM, the new 

MBM contains more hard offal, resulting in a high content of ash, Ca and P. Due to the 

variation in raw material sources and procesin8 conditions, it is well known that the 

nutritive value of MBM varies greatly. Using tabulated data to extrapolate nutritive value 

of different MBM is of limited practical meaning and consequently a new database is 

required to characterize the high ash MBM. 

Chemical characteristics of high ash meat and bone meal 

Proximate analyses of five batches of high ash MEM showed stable contents of GE, 

protein, Ca and P with small variations in fat and ash content (Manuscript 1, Table l), 

suggesting a consistent quality. On a DM basis, the high ash MBM contained GE, 4249 

kcalkg; protein, 53%; fat, 1 1 3%; a h ,  29?4; Ca, 9%; and P, 5%; TMEn, 2800 kcaykg. Its 

proximate composition is very close to NRC (1994) table values for MBM with 50.4% CP 

except TMEn value, suggesting that the nutrient levels of the high ash MBM are in the 

normal range. High ash MBM has protein content similar to soybean meal, but ssh, 

consisting mainly of Ca and P is 5 to 25 times higher than that for soybean meaf. Although 

levels of Ca and P in high ash MBM are relatively well balanced, the high Ievel may 

become a limiting factor restricting its usage in animal rations in terms of excessive P 

excretion causing pollution of the environment and negative effects of high Ca intake on fât 



and energy utilization. 

The value for TMEn of the high ash MBM is close to that of wheat, barley (NRC, 

1994) and about 200 kcai/kg higher than that in NRC (1994). Smral authors have pointcd 

out that NRC rnay underestimate ME value of MBM (Martoniswoyo and Jensen, 1988; 

Dolz and Blas, 1992), Our estimate supports this finding and indicates thst the new MBM 

is a potential energy source for monogastric animals in addition to being a source of 

protein, Ca and P. 

Protein and arnino acids in high ash m u t  and bone meal 

Na difference in total essential amino acid concentration between low and high ash 

MBM was observed when compared on a mgtgram protein (Chapter ilI, Manuscript 1, 

Table 5). This implies that the protein quality of high ash MBM is as good as that of low 

ash MBM. Current data for AA profile of high ash MBM is similar to that in NRC (1994) 

for MBM containing 50.4% CP. 

Protein quality evaluation results indicated that in viîro protein digestibility of high 

ash MBM was 67%. Most amino acids were around 80-85% digestible, Cys had the lowest 

value at 63%, next to Try, Lys and Met (72.78%). There were no significant differences in 

AA digestibility determined either by intact or by cecectomized roosters between low and 

high ash MBM @>O.OS). In vitro protein digestibility results agreed well with data from in 

vivo tests for AA digestibility in that no differences were observed. 

For MBM it is generally thought that the higher ash, the poorer the protein quality, 

since ash level is an indicator of bone added in a MBM product. It has been reported that 

85% bone protein is collagen, being deficient in Try and other EAA (Eastoe and Long, 

1964; Atkinson and Carpenter, 1970a). High dietary Ca may dishirb protein absorption and 



decrease protein digestibility. Therefore high ash MBM may theoretically have poor 

proteinlamino acid digestibility even though TEAA content is apparently not different 

between both MBM. However, the curent study by in vilro and in vivo assays 

demonstrated that protein quality of high ash MBM was similar to that of low ash MBM, 

and was not affécted by its hi* iuh(Ca content. These m l t s  support findings ofpartanen 

(1994) who reported high (33%) and low ash (21%) MBM had similar protein digestibility 

(75 vs. 76%), and Johnson and Parsons (1998) who reported that there was no difftrence in 

AA digestibility for high ash (34%) and low ash (24%) MBM. 

Feeding value of the high ash meat and bont meal 

In general, it is thought that MBM is nutritionally inferior to soybean meal. Increasing 

MBM inclusion rate correlates to declining animal performance (Sath and McClymont, 

1965; Evans and Leibholz, 1979a). Our chick growth data displayed the same tendency as 

the findings from previous authors. Five to 1W inclusion levels of high ash MBM in 

replacement for soybean meal in male Leghom chick diets (fiom post-hatching 10 to 20 

days of age) resulted in 59% decrease (P4.05) (Chapter IV, Manuscript 2, Figure 1) when 

Lys concentration was 90% NRC (1994) specification in cornparison to those chicks fed 

the same level of MBM diets, but with Lys requirement met. Ten or 15% inclusion 

depressed broiler chick performance (P<0,05) compared to a soybean meal control diet 

(Chapter IV, Manuscript 2, Table 5 and Chapter V, Manuscript 3, Table 4) without AA 

supplemented or with formulation based on TAA at 90% NRC (1994) specifications. 

Causes for the depression may be related to amino acid imbalance due to low digestibility 

of Lys (77.5%), TSAA (71.3%) and Try (73.2%) in high ash MBM. 



Limiting amino acids in prrctid broiler diets with 10% bigb isb m a t  and bone m d  

Study on AA supplementation provided evidence that the chick growth depression 

fiom high ash MBM inclusion was mainly a result of M deficiency. Addition of Lys and 

Met to 100/o high ash MBM diet significantly improved chi& weight gain and feed 

conversion ratio @CR) (P<0.05), and brought these two parameters back to those chicks 

fed a soybean meal control diet (PW.05). Fwther addition of Th and Try to the diet 

already containhg Lys and Met yielded a small extra response, but did not mach 

signifieance (F>0.05). These r m l t s  indicatd that Lys and Met are equally limiting in high 

ash MBM diets. Our data agreed well with many previous findings (Sathe and 

McClymont, 1968; Skurray and Cumming 1974b), but differed fiom that of Stockland et al. 

(1971), and Wang et al. (1997) who found Try was the first limiting amino acid in diet 

either when MBM contributed 60% protein for growing pigs or when MBM was used as a 

sole protein source for chicks. The disagreement may be related to the amount of MBM 

included and the cereal type in the test diet. Wilson (1967) tested the order of limiting 

amino acids in cereal-MBM diets, and found that when MBM and cereal contributed equal 

amounts of protein (5050) to a diet, the limiting amino acids were Lys and Met. John et al. 

(198 1) further showed that cereal type affects AA deficiency order. In Our studies, high ash 

MBM contributed 25% protein, cereals (corn and badey) contributed 26%, and soybean 

meal made up the other half of protein in the diet. Thereby, a deficiency order may be 

decided by MBM, soybean meal and cereals altogether. The deficiency of Try in MBM 

may be compensated by soybean meal. 

Potential eiiect of  high Ca and P in MBM on chick performance 

Formulation of broiler diets with over 10% high ash MBM would tead to Ca and P 

30% greater than the normal requirements, The high dietary Ca and P fiom MBM are 



wnsidered to d e c m  fctd intake and consequtntly depress chick growth rate. However, 

there is disagretment in the litmahue on whether the Ca and P at these levels would be a 

major factor responsible for the alleged performance depression or whether a poar AA 

balance would be the major factor affeding chick paformance. Summcts et d. (1964) 

thought that excessive Ca and P were responsible for the poor chick performance when 

using MBM, whereas Runnels (1968) indicated that 24  dietary Ca would not affect chick 

growth when energy and essential amino acids met the requirement of birds. Evans and 

Leibholz (1979a) reporied that high (3.2%) dietary Ca content ftom MBM did not reduce 

pig performance. Johnson and Parsons (1997) found that high contents of Ca (2.3 1%) and P 

(0.87%) providecl by limestone and dicalcium phosphate to the levels equivalent to those 

fiom high ash MBM did not retard performance in growing chicks. 

Our results agree favorably with rnost of the literature data. Inclusion of 10 or 15% 

high ash MBM resulted in diets containing Ca at 1.34 and 1.89?4, respectively, which were 

30 and 89% higher than the normal requirement. In these cases, chick performance was 

impaired in cornparison to a corn-soybean meal diet @<O.OS, Chapter V, Manuscript 3, 

Table 4 and Figure 3). Howwer, it seemed that the depression was not due primarily to the 

high Ca and P contents in the diet since when limestone and mono-dicalcium phosphate 

were added to a soybean meal diet to equal the levels of Ca and P present in 15% MBM 

diet no adverse effect on fked intake and chick growth was observed. Chicks receiving the 

diet with additional Ca and P fiom inorganic sources grew as well as those fed on the 

soybean meal control diet containing normal levels of Ca and P (Pp0.05). When dietary 

AA was supplemented on a digestible AA basis, performance of chicks fed the same level 

of MBM was significantty improved @'<O.OS, Chapter V, Manuscript 3, Table 4, Diets 8 

vs. 9). These results indicate that AA imbalance, particulady Lys and Met due to their low 



digestibility, was the primary reason hr  the performance depression. However, excessive 

dietary Ca and P may be a secondary fiutor as FCR of the soybean meal did with 

additional Ca and P was not equal to that of soybcan meai control diet @<O.OS). 

Effcct on cbick peiiormrnct of ditt formulrtion nith 10 rad 15% kveb of bigb rsb 

mert and bont mcil bwcd on toW verras digatiblc imino icid vduea 

Since the low digestibility of Lys and T S M  is the primary factor causing a 

depression in chkk performance, we firth«. investigattd the eEect on chick performance 

of fonnulating diets with high ash MBM on a digestible vs. total M basis. Theoretically, 

formulation on digestible AA instead of total AA value should be more accurate and 

economic. However, Our results provided useful evidence that there are other preconditions 

governing such a conclusion. When al1 AA met NRC (1994) requirements, inclusion of 

10% high ash MBM with AA based on total or digestible values (Chapter V, Manuscript 3, 

Table 4, Diets 2 vs. 6) displayed no diffemces in chick performance, both perfomed 

similar to that of corn-soybean mcal control diet (P>0.05), suggesting no advantage gained 

fiom DAA formulation. However, when al1 M were at W! of NRC (1994) specifications, 

inclusion of 10 or 15% high ash MBM on a T M  basis (Chapter V, Manuscript 3, Table 4, 

Diets 4 and 5) resulted in lower chick pefformance (PC0.05). Chicks fed a diet containing 

15% MBM showed the lowest feed intake, weight gain and FCR (P<0.05). However, 

performance of al1 chicks fed diets containing 10 or 15% high ash MBM (Chapter V, 

Manuscript 3, Table 4, Diets 7 and 8) was significantly improved (P<0.05) to the level of 

chicks fed on corn-soybean meal controt diets when diets were formulateci on a D M  basis. 

Our results demonstrated formulating on a DAA buis is certainly superior to on a TAA 

basis. These results indicate that dietary AA level plays a key role on the conclusion of 



dietary fomulation on D M  vs. T M  values. Lack of adequate D M  requirement data is 

probhly one of several factors conducting to the comversy. At prcsMt, research has 

indicated that for broiler dietary formulation based on D M  values the requirement for Lys 

and TSAA should be reduceâ by 8 to 1û% of NRC specifications (Parsons, 1990, Dalibard 

and Paillard, 1995). Our shidy c o n f i e d  that a reduction of 10% for al1 AA did not result 

in performance reduction dwing 14 d observation for both corn-soybean meai control d i a  

and diets with high ash MBM fonnulated on r D M  basis with Wh NRC specification 

showed high performances (weight gain 320 g and FCR 1.42 during 14 days). It suggests, 

for 0-3 week broilers, a reduction of 100/o AA requirement is possible if fonnulating on a 

D M  basis. 



Cbapter W 

General Summary 

The objective of the study was to characterize the chernid composition of a new 

high ash meat and bone meal (MBM) and to evaluate the feeding value of the new product 

for poultty. Experirnents were conducted to compare high ash MBM with conventional low 

ash MBM with regard to available energy and digestible amino acid contents. Protein 

quality was aiso assessed using an in vitro protein digestibility assay. The ability of high 

ash MBM diets to support chick growth in cornparison to soybean meal control diets and 

the effect of amino acid supplernentation of high ash MBM diets formulated on a total vs. 

digestible amino acid basis was also studied. 

Five batches of high ash MBM and two batches of low ash MBM were analyzed for 

chernical composition, available energy content and protein quality. Results indicated that 

the contents of most nutrients in high ash MBM were consistent fiom batch to batch except 

for a small variation in fat and ash. On a DM basis, high ash MBM contained: GE, 4250 f 

200 kcallkg; protein, 53 1: 3%; ash, 29 f 2% with relatively balanced Ca (9%) and P (5%); 

fat, 11.5% with 50% as unsaturated fatty acids. T N ~  metabolizable energy corrected to zero 

nitrogen retention was as 2800 kcaükg for high ash MBM which was significantly lower 

than the value (3321 kcalkg) of low ash MBM (PcO.05). In vitro protein digestibility was 

66%, true digestibility of TEAA was 83%, and digestibilities of Lys, T S M  and Try were 

77, 71 and 73%, respectively for high ash MBM. There were no statistical differences in 

protein quality for both MBM rneasured either by M digestibility or by in vitro protein 

digestibility despite the difference in ash content. Overall the results suggest that high ash 

MBM is  an effective source of supplemental protein, Ca, P and energy. 



Results of growth trials with Leghom and broiler chickens showed that the nutritional 

value of high ash MBM wiis i n f ' o r  to t h  of soybcan meal. When inclusion levels of 

MBM increased fiom 7.5 to 15% in substitution for soybean meal, chick performance 

declined linearly (Pe0.05). Arnim acid deficiency ciwad by a low digestibility of Lys and 

TSAA was the pnmary factor causing a depression in chick performance, whilst excessive 

dietary levels of Ca and P provided by high ash MBM were a secondary factor causing a 

poor chick performance which was noteci in FCR Supplementation of Met and Lys in 

combination to diets containing 100/o high ash MBM significantly improvcd chick 

performance, while the fùrther addition of Thr and Try to diets already containing Lys and 

Met yielded only a small non-significant response. The results suggested Lys and Met to be 

equally limiting in corn-based diets containing 10% high ash MBM. 

Dietary AA level, pw se, plays an important role in the decision to base diet 

formulation on either digestible AA or T M  vaiues. Results of the current study showed 

that no significant advantage was gained for diets with 10% MBM based on total vs. 

digestible GA values when AA specifications were 10% NRC (1994). However, when al1 

AA specifications were placed at 90% NRC, formulation of diets with 10 or 15% high ash 

MBM based on DAA was superior to that based on T M  values, and growth performance 

of broiler chickens fed these diets were equivalent to that of soybean meal control. 

It is concluded that commercial high ash MBM is a valuable source of supplemental 

protein, Ca, P and energy for poultry. The protein quality of high ash MBM is similar to 

that for low ash MBM, and it can be incorporated up to a level of 10% in broiler chicken 

diets using DAA values in diet formulation, 
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