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ABSTRACT 

Effects of Acid Fermentati on, Dry-Heat and Wet-Heat 

Processing on the Bioavailability of Calcium, Iron 

and Fluoride in M e chanically- D e boned Beef 

by 

Tzy-Bin Nancy Tso, Master of Science 

Utah State Univers it y, 1979 

Major Professor: Delay G. Hendricks 
D epartment: Nutrition and Food Sciences 

ix 

Mechanically-deboned beef shank (MDS) and hand-deboned b e ef 

shank (HDS) were prepared into thurin ge r (acid fermented), canned 

meat (r eto rt ed) and bologna (dry-heated) . Raw meat and these products 

were then lyophilized and mixed into balanced diets and fed to weanling 

male rats for thr ee weeks to evaluate the bioavailability of calcium, 

iron and fluoride. Bioavailability of calcium from MDS and its pro-

cessed produc ts was d e termined by feeding growing male rats with 5. 01 

to 5. 53 g Ca/kg from MDS. HDS di e ts with 0. 18 to 7.13 g Ca/kg added 

from calcium carbonate w e re also fed to rats for a relative comparison. 

The bioavailability of calcium in MDS a ppeared to be in the same range 

as that of calcium carbonate as evidence d by apparent absorption, 

relati'fe biological values, bone ash and calcium content, and breaking 
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strength of femora. Proc e ss~ng by acid fermentation, dry-heat or 

wet-heat did not affect calcium bioavailability of MDS and HDS. Iron 

bioavailability from MDS and HDS was evaluated by apparent iron 

abso rption value, terminal hemoglobin level, and liver iron storage. 

This study indicates that the iron from HDS was more efficiently 

utilized than th e iron from MDS; however, MDS contains 30 percent 

more metabolizable iron than HDS. Fermentation processing improved, 

whereas retorting and high level of dietary calcium (7. 13 g Ca/kg) 

depressed the absorption and utilization of iron from M DS and HDS. 

Apparent fluoride absorption, retention and bone (vertebra and femu r ) 

fluoride content were assayed to evaluate fluoride bioavailability. Pro­

cessing by acid fermentat ion, dry-heat or wet-heat tended to decrease 

fluoride apparent absorption and retention. Bone fluoride contents 

were more related to dietary fluoride levels rather than to poce s sing 

proce dures. This study indicates that bone fluoride content is probably 

a more reliable measure to evaluate fluoride bioavailability t han the 

percent absorption and retention valu es . 

(119 pa ges) 



INTRODUCTION 

The mechanical deboner, used t o separate edible meat from 

bone, is a relatively new machine used in meat processing. This 

equipment which started as a fish deboning machine was modified for 

use in t he poultry and red meat industry (USDA Is sue Guideline for 

MDM). Mechanically-deboned poultry meat products have been 

approved for human consumption for several years. In November, 

19 74, mechanically-deboned red meats (MDRM) were also approved 

for human consumption (Mulhern, 1976). However, a court injunction 

was passed to prohibit its further use in products for human consump -

ti o n in September, 197 6 (Bryant, 197 6 ). A public h ea ring was held 

conc e rnin g the propos e d standards and labeling r equireme nts for tissue 

from ground bone in F eb ruary, 19 78. As a result of thi s hearing, a 

r egulation was s e tforth (Federal R egist e r, 1978). 

The current regulation prescribes that at leas t 98 percent of 

t he bone particles present shall have a maximum siz e no greater than 

0. 5 mm in their greatest dimension and there shall be no bone particles 

larger than 0. 85 mm in their greatest dimension. The MDRM shall 

not have a calcium content exceeding 0. 75 percent; shall have a mini­

mum protein content of no less than 14. 0 percent with a minimum 

protein efficiency ratio (PER) of 2. 5 and fat content of not more than 
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30 percent. The name of the finished product conta i ning MDM s h all 

be furth er qualifi ed b y the phrase 11 With Mechanically Processed 

(Species) Product'' and 11 Contains Up To_ percent Powered Bone . " 

This product of MDRM may not be used in b aby, todd l e r or junior foods. 

M echanical de boning has the pote ntial o f saving all th e l ean, 

re d meat that is produced, whil e th e m e thod of hand d eboning wastes 

some lean, red meat. This potentially important food sour ce of 

mechanically - debon e d meat (MDM) could amount to 2, 090 , 757 metric 

tons per year (Field, 1976a) . A cco rdin g to Noble (1974), it is esti­

mated that current animal agriculture could yi eld 25- 9 2 p e r cent more 

mea t products i£ meat and bone were m e chanically separated . There ­

fore , mechanical de boning can save r ed meat and consequently reduce 

prot ein waste i n the world facing a protein crisis. Since some con-

necti ve tis sue is r emoved and some b one particles and bone marrow 

are added t o t he meat by mechanical deboners, th e net r esult is that 

the essential amino acid content of MDM is ver y similar t o that of hand-

de b oned meat (HDM) (Essary and Ritchey, 19 68; Fi e ld, 19 7 6b) . Lean 

hand-deboned b eef has a protein effic i e nc y ratio (PER) of 2. 85 

(Happich et a l., 1975), while MDM from beef, pork and lamb neck 

bones has a PER value clo se to 2. 8 if the calcium content is l . 0 percent 

or l ower (Fie ld, 197 6b). 

MDM differs from HDl\11 in mineral content, particularly calcium, 

iron and fluoride because f ine bone particles and bone marrow are in ­

c o rpo rated into the product during the mechanical de boning process . 
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Field et al. (1974a) showed an increase in calcium in MDM compared 

with HDM of 500 percent when carcasses were deboned prior to rigor 

and 1000 percent when de boned post rigor. The amount of calcium in 

MDM has been reported from 2. 17 to l 7. 2 g/kg (Hendricks e t al. , 19 77b; 

Krugge l and Field, 19 77; Field et al., 1976; Chat et al., 1977). Cal-

cium level in MDM varied depending on the amount of meat attached to 

the bone at the time of de boning, the equipment used, the extent to 

which the bones are broken prior to being mechanically-deboned, the 

yield of meat and the type of bone used (Field et al., 1974b; Goldstrand, 

1975) . For regulatory purposes, the average concentration of calcium 

in fresh MDRM is considered to be about 0. 5 percent by weight (Field 

et al., 1974b). 

"Re commende d Dietary Allowance 11 (Food and Nutrition Board, 

1974) has sug ge sted a minimum requirement for calcium at 800 mg/da y 

for adults and 12 00 mg/day for pregnant, lactating women and teenagers. 

Osteoporosis is a disease of bone, and particularly involves elderly 

people. It afflicts about 25 percent of Americans over 65 yea rs old 

(Garnet al., 19 6 7). It has been suggested that osteoporosis may be 

the result of trying to adapt to a low calcium intake (Albanese and 

Edelson, 1973). Presently Americans derive more than half of their 

dietary calcium from milk and dairy products (Comar and Bronner, 

1964). However, in many other parts of the world, the supply of milk 

and milk products is not sufficient to meet the recommended dietary 

allowance for calcium. Many of the 138 articles reviewed by Walker 
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(1972) point out calcium deficiencies in human diets. Res earch con ­

ducted by Lutwak ( 19 75) showed that a continuation of th e pre sent trend 

of l ow calcium in the American diet will lead to an increased incidence 

of peridental disease .in adults in their 30s and 40s, followed by 

increased osteoporosis in their 50s and 60s. Therefore, MDM which 

contains a highe r amount of calcium than HDM can be nutritionally 

beneficial. 

The amount of iron in MDM is highe r than in HDM mainly due 

to the presence of bone marrow in MDM. Mechanically-deboned beef 

from commercial sources contains 4 . 3-6. 3 mg of iron per 100 g of 

fresh meat (Field, 197 6b), while hand-deboned bee£ with equivalent fat 

content contains 2. 6 -3.1 mg of iron per 100 g of fre s h meat. There-

for e , approximately twice as much iron is present in the c01nmercial 

samples of MDM compared with HDM. Iron in mechanically-deboned 

turkey meat (18. 8 ppm) and in hand-deboned turkey meat (10. 8 ppm) 

was equally utilized when t ested in hemoglobin r e g e neration of anem.ic 

rats (Allred e t al. , 19 7 6) . On the other hand, Ander son et al. ( 19 77) 

indicated that iron from hand-de boned shank and hand-deboned plate was 

more efficiently utilized than th e iron from mechanically-deboned shank 

and mechanically-deboned plate by anemic rats. However, because 

iron cont e nt is higher in MDM more metabolizable iron was available. 

11 Recommended Dietary Allowance 11 (Food and Nutrition Board, 

1974) recommended a daily intake of 18 mg of iron for women and 10 mg 

for men. The frequency of iron deficiency anemia in many populations 
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emphasizes the importance of dietary iron . It has been es timat ed that 

more than 5 milli on adult women in this country have iron deficiency 

anemia and that at least twice this number do not have enough iron 

reserves t o meet the physiologic ne eds of menstruation and pregnancy 

(Cook, 1977). In this case, h i gher iron content of MDM makes it a 

more significant source of iron than HDM. 

Fluoride could be present in MDM because some microscopic 

bone particles are pr e sent. The fluoride content of animal bone depends 

on the age of slaughter (National Academy of Science, 1974) and on type 

of food consumed. Concentrations of fluorid e in the skeleton varied 

almost linearly with the concentration of fluoride ingested (Shupe e t al., 

1963 ). The consumption of fluorid e from MDM and other foods com­

bined could be far below 20-80 mg (Kruggel and Field, 1977) that 

would be consumed daily to produce toxicity (Food and Nutrition Board, 

1974) . A frankfurter containing 10 percent MDM would contain about 

l. 7 ppm fluoride (Kruggel and Field, 1977). Since the daily fluoride 

intake in many areas of the United States is not sufficient to afford 

optimal prot ection against dental cavities (Food and Nutrition Board, 

19 74 ), products which contain MDM should be of value in furnishing 

needed fluoride. 

MDM is similar to HDM in many respects, but bone particles 

and bone marrow give it some unique properties. In recent years, 

MDM products are b ecoming increasingly popular and only a limited 
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amount of research on thi s item is availab le; thus, t he m ea sur ement 

of the bioa vaila bility of the nutrients in M D M i s ve ry impo rtant. 

The major objectives ofthe present study were (1) To determine 

the bioa vailability of cal cium, phospho rus, iron a nd flouride i n me chani-

cally - deboned beef shank , and (2) To eva luat e the e ff ect s of food pro­

cessing (acid fermentation, dr y-heat and wet-heat) on the calcium, 

pho sphorus, ir on and flu o ride bioavailabilit y of mechanically-deboned 

beef shank . 
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REVIEW OF LITERATURE 

Food Pr o c e ssing 

Today, over 95 perce nt of the food consumed has been subjected 

to some form of processing (Har ris and Karmas , 1975) . Processed 

meats account for 35 percent of the m e at shipped from federally in­

spected p lants. They accounted for 8 percent of the total food dollar, 

with a value of $7 billion in 1969 (Kramlich e t al., 1975) . Process e d 

pork products ranked second in grocery sales for 19 73 with sales of 8 

billion dollars. This sale increased by $1.6 million from 1972 to 1973 

(Meat Board Reports, 19 74). With this rapid increase in the use of 

process e d meats it is n ecessary to know the nutritional consequences 

of th e different methods of processing. 

The pro cessing methods employed in this study were acid 

fermentation, dry-heat cookery and wet-heat cookery. 

Acid fermentation 

Acid fermented meat products are usually made i n the form of 

semidry sausage and require considerable knowledge of the art. The y 

can be prepared using starter cultures comparable to thos e used in 

th e cheese industry, or they can be held unde r specific conditions that 

preferentially promote the growth of organisms that impart flavor, 

te xtu r e and preservative qualities. The most common acid fermented 



sausages are thuringer with a final pH of 4. 8 to 5. 0 and l ebanon 

bologna with a final pH of 4. 7 to 5. 9 (Kramlich et al. , 1975). 

Selection of lean meat, as the basic ingredient for sausage 

formulation. is irnportant in obtaining quality products . Cooked sausages 

such as frankfurt ers , bologna and similar comminuted sausage products 

are limited by government regulation to a maximum of 30 percent fat 

(Price and Schwe i ge rt, 19 72 ). The other important ingredients in the 

fermented sausages are salts (1-5 percent), fermentable carbohydrates 

(sucrose and dextrose are used primarily), seasoni ngs, extenders 

(binders, fillers and stabilizers), nitrate and nitrite. The formation 

of acid by the reaction between sugar and starter increas es the acidity 

of the finished products. 

Dry-heat cookery 

During dry-heat cooking, the meat is surrounded by hot air, 

such as occurs in oven-roasting or broiling. Deep-fat frying and pan 

frying a re als o considered to be dry-heat n1ethods of cookery (Kramlich 

et al., 1975 ). Dry air is a less effic i ent conductor of heat than water 

vapor . Since the atmosphere surrounding the meat is dry, the rate of 

which heat ene r gy is supplied to the external surface is slower than 

that for wet-heat. With dry-heat, the external surface temperature 

may be considerable above 10 0°C. Dry-heat methods have been re­

commended for t ender cuts of meat (Paul and Palmer, 1972) . 
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Wet -heat cookery 

C ooking by moist heat makes us e of hot water or steam. The 

moisture is generally kept in contact with the meat by r ec irculating it 

to prevent its loss. In fresh meat, this is usually accomplished by 

covering the container with a lid, which causes most of the steam to 

condense and to be available again for generation to steam (Kramlich 

et al., 1975). Stewing, braising, pot -roasting, simmering and swiss ­

ing are all commonly used moist-heat cooking procedures. In water 

vapor, the temperature to which the external surface of the meat is 

exposed will not exceed 100°C unless the system is under pressure. 

Large amounts of connective tissue in tough meat require long slow 

cooking in a moist atmosphere to tenderize the meat by degradation of 

collagenous tissue (Paul and Palmer, 19 72). 

Calcium 

Bone particles in MDM 

Mechanical deboners cause the inclusion of tiny bone particles 

in th e final products. The bone particles from cattle, pigs and sheep 

ar e 18-24 perce n t calcium when expressed on a dry-fat - free basis 

(Field e t al., 1974c ). Young (1976) prepared a protein isolate from 

bone residue of mechanically-deboned chicken meat. The isolate con­

tained in percent , 60-65 protein, 23-25 lipid, 5 -1 0 ash and 4-6 mois ­

ture. Field et al. (1977) had characteri zed bone particles from five 
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lots of MDM from beef neck bones. The percentage of isolated bone 

particles ranged from 2. 8 to 4. 1 p ercent, and the calcium value ranged 

from 0. 76 to l. 04 percent. 

Basically, two approaches have been inve stigat;ed in n10nitoring 

bone l eve ls in MDM. The first one involves a physical separation of 

the tis sue from bone particles and calculation of the percent bone 

residue present by weight (Kamm and Coffin, 1968; Hill and Hite, 1968). 

The second approach involves a che1nical dete rmination of calcium 

present from which a percent bone particle is calculated. This latt e r 

approach has been found to be more accurate than the physica l method 

(Kamm and Coffin, 19 68). 

One of the major factors inv olved in product acceptance of MDM 

1s the an1ount of microscopic bone particles remaining in the meat. 

The amount of bone present in MDM probably should be limit ed to 

l. 0 percent calcium t o maintain a standard of identity for any meat 

item containing MDM or MDM for processing (Field, 1976b). More 

important, however, would be a limit on bone particle size. Field 

et a l. (1977) observed that th e bone particle diameters of MDM from 

b eef neck bones ranged from 7 6 .6 f.l. to 117.7 f.l.· Field (1976b) indicated 

that a maximum particle size of 0. 5 mm would be desirable. Fried 

(1976) r e ported that particle sizes measured microscopically ranged 

from 0. 025 to 0. 457 mm were not detectable as gritty texture in the 

mouth. 
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Placing a limit on the amount of MDM incorporated into formu­

lat ed products seemed to be desira b l e , and the r e is a suggestion of a 

limit of 20 per ce nt on MDM and a limit of 15 pe r cent on MDM for pro­

cessing (Fried, 197 6) . Triangle tests indicated that no significant 

di fferences existed in bologna containing 10 percent MDM or 10 percent 

HDM (Field and Riley, 1972). A sensory panel was used to determine 

the quality and acceptability of ground turkey samples (Chongdarakul, 

1974) . It was r e commended that the products should be ground through 

a 9. 5 mm opening and contain leve ls of deboned meat not to exceed 

l 0 percent. 

Calcium bioa vailability in bone meal 

"Bone meal" refers to the fine dry powder obtained by boiling 

the bones to r emove fat and a good deal of organic mate rial, drying 

w ith hot air, and g rinding (Drake e t al. , 1949 ). Edible bone meal has 

long been used as a source of calcium and phosphorus in baby foods, 

some enriched flours and livestock feedings as a dietary supplement 

(Blosser et al., 1954). Blosser et al. (1954) indicat e d that bone mea l 

added at l percent to a grain ration completely devoid of calcium, 

would still supply 0 . 30 percent calcium in the grain ration (in excess 

of recornmended amount suggested by Loosli e t al. 1950 ) . Sixteen 

samples of edible bone meal from three processors cont ained an 

average of 33.0 percent calcium, 15.4 percent phosphorus, 572 ppm 
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flu Hide and 129 ppm zmc (Bartlet et al. , 1952). Elliott (196 2) 

r epo rted that 600 mg calcium from bone meal (33 percent calcium) can 

be incorporat e d into food without appr e c iably affecting acceptability. 

The use of bone as a sourc e of calc ium in man is not new. In 

fa ct, man in th e past was dependent on animal and fi sh bone for a large 

portion of his calcium intake. Toda y many people in underdeveloped 

society still depend on bone as their chief source of calcium. The bio­

a vailability of the ca l c ium in bone m e al appeared to be the same range 

as that of milk for the human (Drake e t al. , 1949 ). Mechanical de bon-

ing can provide an alternative natural source of calcium for any people 

who dislike or can't digest mi l k and milk products . Especially, 100 g 

of mechanically-debo ned poultry m e at contains about as much calcium 

as 160 g (2/3 cup) of milk (Hendricks et al., 1977b). 

Forbes et a l. (1921) and Mitchell et a l. (1937) were some of th e 

first to report that r e tention of calcium from bone sources was high. 

Udall and McCay ( 19 53) studied the absorption efficiency of calcium 

from fresh beef bone . The bones w e re coarsely ground(particle size 

ranged from 0. 318 to 0. 635 em) and were incorporated into diets to 

provide 2. 96 to 4. 94 g Ca/kg diet. Dogs at 80 and 110 days of age 

absorbed 56 and 58 percent of the dietary b one calcium. Drake e t al. 

( 1949) measured retentions of calcium by rats fed CaC0
3

, whole milk 

or various bone sources . Relative to the 80.5 percent calcium reten­

tion from CaC0
3 

and 94. 2 percent from whole milk, calcium rete ntion 

from bone sources were as follows: Straight run bones 92.6 percent, 
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soft pork and beef boue s 80 . 2 percent, hard pork and b eef bones 85 . 4 

percent , cooked g r ound bone 73 . 3 p ercent. Thus, the retention of the 

calcium from bone is about 90 per cent of the r etention from whol e 

milk for youn g rats. 

Micros copic bone particles are eas il y broken down in the weak 

h ydr ochl oric acid solution whi ch is found in the stomach (Johns on e t al. , 

19 7 0) . Posner (1969) observed that nonreversible hydrolysis of bone 

readily occurs in aqueous media at physiologi cal pH value . The above 

studies make it clear t hat bone in the h uman diet can be beneficia l. 

Influence of acidity 
on ca l c ium absorptio n 

An important factor affecting utili zation of ca l c ium is p H . The 

solubility of the ca lcium s ou rc e i n the diet may b e an important part of 

maintaining a positive calcium ba la nc e b y a ffecting the calcium bio-

availability (Mahoney e t al., 19 75) . Bone salt belongs to a class of 

minera l s call e d hydroxyapatit e which has the composition 

Ca
10

(P0
4

)
6

(0H)
2

. Bone particles were s t able in MDM b u t they were 

r eadily solubilized in 0. 01 8 - 0. 15 M HCl (Fi e ld e t al. , 1977) . Bone 

is s o lubilized in HCl con centrations e ven lower than this range. 

Johnson e t a l. (1970) used a 0. 007 M HCl solution to l each mineral 

from the surface of bone. Solubilization of b one b y the 0. 9 percent 

l actic acid in meat had also be e n reported (La wire, 19 7 4). Ir v ing 

(19 2 6) indicat e d that calclum absorption is influenced strongly by the 

solubility condition s pr e valent in the intestine. He found that under 



comparable conditions abso rption of ca l c ium salts proceeds in this 

o rde r: acid acetate > n eutral chloride >ac id citrate >acid lactate . 
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Incr e asing acidity by food processing (i.e . , fermentation) may favor 

the solubilization of calcium f r om bone particles in MDM, reduce the 

bone particle size and thus incr ease calcium bioavailability. 

Increased die t acidity may also favor ca lcium absorption. 

Verdar i s and E vans (1975) designe d a n expe riment of four die t groups 

combining e i ther 0. 2 or 2. l percent c alcium and pH of e ither 4 . 5 o r 

6 . l t o study the effect of diet calcium and acidit y on voluntary intake 

of dry matter and c a l c ium metabolism. They concluded that within the 

same calcium t reatment, the more ac id d iet t end e d t o increase the 

absolute amount of ca l c ium inges t ed, absorbed and retained . The r e ­

fo re, th e s timu lating e ffect of lower p H on ca l c ium absorption w ith low 

or hi gh dietary cal c ium indicates a favorab l e effect of l ow pH o n calcium 

metabolism. Ende r and Dishington (1970) demonstrated a fa vorable 

effe ct o f fee din g acid a nd c alcium- rich die t s to dairy cows pr e - and 

postpartum as a preve ntative measur e again s t milk feve r. It i s also 

conclud e d that t he increase in calcium absorption in the ileum with a 

l ow buffer capacity was due to the prevailing acidic pH (Ali and Evans, 

19 6 7) . The i ncreased bioavailability of calcium for abs o rption in the 

stomach and ile un1 with decreased pH is c onsidered an indication of a 

r e lationship betwee n increas ed solubility and availability of calcium 

for absorption in the gastrointes tinal tract. 
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Iron 

Iron bioa vail a bility in m eat 

M e at is by far the bes t source of food iron utilized by man. 

Studies of food i ron absorption i n normal individuals fed a single food 

in whi ch r adioiron was incorporat e d biologically have shown that iron 

absorption from vegetables ranged from 3 to 8 percent and from animal 

produc ts from 8 to 20 percent (La yrisse e t a l., 1968) . Various types 

of meat have differ e nt pat:terns o£ ir o n abso r ption because of the 

various proportions of hemogl obin, myoglobi n and ferritin cont ent. 

Heinr ich et al. (1969) found tha t iron absorption from ra bbit m u scle 

was 12 percent in normal and 23 percent in iron-deficient subjects. 

Moore (1964) found a mean of 10 percent absorption in normal subjects 

fed chicken muscle. The iron absorption from 2 to 4 mg veal n1uscle 

iron in l 07 adults (both normal and iron deficiency) was 21. 5 p ercent 

which was very close to that observed from iron ascorbate (23. 8 percent) 

(Martinez - Torres and Layrisse , 1971). 

Most of chemical iron in meat is found in heme compounds 

(myoglobin and hemoglobin). The use of radioactive method showed 

59 
t hat approximately 60 to 65 percent of the tota l radioactivity (Fe ) was 

found in the fractions corresponding to m yogl o bin, 33 to 37 p e r cent to 

hemoglobin, and approximat e l y 5 p ercent to ferritin (Layri sse and 

Martinez-Torres, 19 72). In order to know the bioavailability of meat 
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1ron, it is necessary t o understand the mechanisrn of iron absorption 

from heme compounds. 

Heme moiety from hemoglobin and myoglobin is directly 

absorbed by the mucosal cell instead of elemental iron . It was shown 

that ascorbic acid did not increase and nonabsorbable chelating agents 

(phytate, EDTA, deferioxamine) did not reduce hemoglobin absorption 

in both human and animal studies (Callender et al., 1957; Turnbull 

et al., 1962; Hallberg and Solvell 1967). These indicate that little, if 

any, ir o n is split from hemoglobin in the intestinal lumen. C onrad 

et al. (1967) found that 16 percent of the hemoglobin iron is present as 

nonhem.e iron and 84 percent is present as heme iron in the lumen of 

small intestine during digestion. There was no significant difference 

in the r ate of h eme splitting from hemoglobin over a 3 - hour p er iod 

between ir on-defici ent rats (64 p e r ce nt) and iron-loaded rat s (59 per­

cent). Splitting of heme from hemoglobin was greatest in duodenum and 

least in ileum (Conrad et al., 1966a). 

When h eme enters mucosa, iron 1s split from it by heme-split­

ing activity. Up to 1. 5 times more h eme enter iron deficient mu c osa 

during 3-hour study and more iron is split from the heme entering 

iron-deficient mucosa. Total mucosal uptake of heme was greatest in 

duodenum and least in ileum in the ratio of 8 :3:1, respectively (Whe by 

et al. , 1970). The rate at which the iron split from heme is trans­

ported from mucosa to plasma dete rmines the inhibitory feedback 

effect on heme- splitting substance and is the rate limiting step in the 
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absorption of h eme iron (Manis and Schacter , 1964) . In iron-deficient 

mucosa , this transport step is rapid so that little inhibition develops. 

In iron-loaded mucosa, transport of iron to plasma is very slow so 

that significant inhibition develops to heme-splitting activity. Thus, 

as l e ss mucosal heme is split, this, in turn, inhibits further entry of 

heme into mucosa. This serosal transport ratio of duodenum to JeJu -

num to ileum was 8 1:1 5 :1, respectively (Wheby et al., 1970 ). 

The r e was a greater absorption of iron from test doses of 

h e moglobin than from chemically purified h eme by guinea pigs. On 

the other hand, if oral doses of heme dialysates containing globin 

degradation products were ingest ed , absorption was great er than for 

a test dose of hemoglobin (Conrad et al., 19 66b) . This indicated that 

the globin degration products enhanced the absorption of the heme . 

Meat enhances the apparent absorption of iron f r om hemoglob in. 

The mean absorption of hemoglobin given alone (12 perce nt) was about 

half the absorption of the same food when given with veal (22 percent), 

whereas ther e was no difference between the iron absorption from rneat 

given alone and when administered with hemoglobin (Martinez-Torres 

and Layrisse, 197 1 ). This seems to indicate that the di gestion of m e at 

protein p lays some role in meat iron absorpt i on. It was suggested that 

the fo r mation of an iron-amino acid chelate which incr ease s the so1u-

bility of ir on makes the iron available for abs orption by the mucosa 

(Klavins e t 3.1., 1962; Kroe e t al., 19 66) . 



Influence of acidity on 
meat iron absorption 

Polymerization plays an i mportant role in the regulation of 
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heme - iron absorption; monomeric heme compounds were absorbed in 

greater quantit ies than polyme rs of large molecular s i ze (Cona rd 

et a l. , l96 6a ). Shack and Clark ( 194 7) found tha t molecules of ferri-

protoporphyrin in alkaline solution (pH ranged from 6 . 9 5 to 11. 0) were 

in large aggregates or micellae. As pH dec r eased, the particle s i ze 

was appa r ently redu ced. Haurowitz (1938) reported that during th e 

first seven hours the average part i cle weight of heme was 145, 000 1n 

0 
0. 1 N NaOH at 15 C and over 4 , 000, 000 at th e end of four days. 

It is well known that h emoglobin is split by ac id s into its protein 

con s tituent, globin and the prosthetic g roup heme. Gra l en ( 1939) ob-

tained globin and heme by splitting horse hemoglobin with 0. 1 N HCl. 

Then he precipita t ed the globin by ace t one and neutralized with 0 . 1 N 

NaOH, which precipitated denatured protein and the "native 11 globin 

was further fre ed from denatured globi n . Alkaline h e rne solution were 

prepared by adding to the ace t one solution 1 percent of its volume of 2N 

sodium ace t ate and disso l ving the pre cipitate so obtained in a buffe r 

so l ution . By adding this alkaline h eme s olution t o a solution of neutral 

globin, "native" h e mo globi n w as recoupled with the same molecular 

wei ght (69, 000 ). By a procedure invo l ving the us e of acid acetone, 

hemoglobin was rapidly s e parate d into a pr ec ipitate of denatured globin 
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and a solution of heme (Anson and Mirsky, 19 30). Thus, the condition 

of low pH tends to prevent heme aggregation. 

Heme can cornbine with great variety of nitrogenous substances 

and forms hemochrorne . The assumed reaction is Fe + 2B ~ F eB
2

, 

whe r e Fe is in the protoporphyrin nucleus and B represents the coor-

dinating base (Lemberg and Legge, 1949). Generally, the formation of 

hemochrome compound occurs at e ither neutral or alkaline pH but not 

acidic pH. Ferrohemochromes were more re adily formed at high pH 

value (alkaline), while ferrihemochrome formation was favored by a 

neutral pH (Akoyunoglon et al. , 19 63) . The influence of hemochrome 

formation on the hemoglobin iron absorption is unknown and there is 

no related research conducted . However, one reasonable expectation 

is that a possible increased molecular size of the hemochrome is less 

absorbable than herne in the small intestine. This might be another 

mechanism by which th e absorption of meat iron is reduced in alkaline 

condition . 

Influence of heating 
on meat iron absorption 

Heat treatment frees some iron from native hemoglobin. 

Jacobs and Greenman (1969) found that cooking increas ed the total 

amount of soluble iron released by peptic digest in five of seven 

meats tested. Nonheme iron is much less absorbable than heme 

iron because nonheme iron is easi l y che late d by inhibitors 

(Phytate, EDTA, etc . ) , which will decrease its absorption 
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(Sharpe et a l. , 19 50) . It has bee n shown that the mean absorption of 

uncooked h e moglobin by 10 subj ects o f mixed sex was 19 percent, and 

cooked hemoglobin 7 perc e nt (Calle nder e t al. , 1957). The y also 

r e p o rt ed that the mean ir on absorption in 11 iron deficient subjec t s 

who consumed uncooke d hemoglobin was 22 percent and was 12 percent 

f o r cooked h e mo globin. However, the study of Turnbull e t al. (1962) 

indi cated that cooking did not change the absorption of hemoglobin iron. 

His results showed that absorption of the uncooked hemo globin was 

15. 7 percent and absorption of heate d hemo globin in a boiling water 

bath for 15 minutes wa s 14.4 p e rc ent. 

Protein d egradatio n produc ts enhance the abs orption of herno-

globin iron (Ma rtinez -Tor r e s and Layrisse, 19 71). Heat has long be e n 

recognized as a fact or lowering the nutritive value of m eat protein. 

Thus, the effects of h e ating on m eat protein may also affec t the absorp-

tion of meat iron. Heating caus e s the destruction of many amino acids . 

0 
Pork p r ocessed a t 110 C for 24 hours lost 4 4 p e rcent cysteine, 34 

percent available lysine and up to 20 perc e nt of other essential amino 

acids (Do n oso e t al., 19 6 2). Dvorak and Vognaro v a (19 65) also f ound 

0 
that 3 - hour h e ating at 70 C causes a 10 p e rcent l oss of a vailable l ysin e , 

0 0 0 
at 121 C the loss w as 20 percent, at 140 C, 40 percent and 160 C, 

50 p e r ce nt. Donoso et al. (1962) reported a reduction in net protein 

utilization (NPU) va lue for pork protein from 7 6 . 2 to 40.8 upon heating 

meat fo r 24 hours at ll0°C as protein fed at a level of 8 p e rcent in the 

diet. Lysine supplementation raised the NPU to 44. 0 and methionine 
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raised the NPU to 6 0. 0 . Hendr i cks e t a l. (l977a) d e monstrat ed that 

cooking of d es inewed b ee f shank decreased the pro t e in effi cie ncy r atio 

(PE R ) and nitroge n e ffi ciency fo r g r owth (NEG) for rats. Using SDS-

polyac rylamide ge l e lectrophores i s, Cheng and Parrish ( 19 79) found 

myosin is the f ir s t insolubl e prot e i n in th e muscle during heating . 

Yamamoto e t al. (1979) observed d enaturation and insolubilization of 

s ar coplasmic prot e in a ft e r incubation meat at 40° C. 

The cooking method and pH condition of the meat may also affect 

the damage of m eat prot e i n durin g heating . The classical experiments 

of L e a and Hannan ( 1949) establi shed the des truction of m eat p r ot e in 

cause d by heating i s tnos t seve r e at l 0-14 per ce n t moistu r e (70 percent 

relative humidity). Dr y materials ar e r e lative ly r es i stant to h e at and 

bo iling in excess wa t e r usua lly causes no nutrit i onal damage. Dry fish 

0 . 
was h eat ed for 2 4 h o urs at 10 5 C w 1thout nut rit i o n a l damage . With 

9 percent water added the NPU f e ll from 7 2 t o 43 (Mille r, 1956) . 

Schroe d e r e t al. (1 96 1) indicat e d that a u tocla ving at a mor e alkaline 

pH causes a highe r r a t e o f amino nitrogen lib e ration. Heat dec r eases 

the nutritive value o f m ea t protein only when th e pH of the system is 

buffe red abo ve 6 . 0, but not at a more acid reactio n . 

The reduction of m eat prot e in di ge stibilit y by heating may also 

decrease the bioavailabilit y of the mine rals (i . e. ir on) in m eat. As 

the digestibility of meat prot e in decreases th e absorption rate of all 

i ngre die nts (including heme compounds) would be exp ected t o decrease. 

In t his case, l e ss h e me would be available to be absorbe d in the upper 
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small intes tine :duode n um), where mucosal uptake of heme is greatest. 

Although more h eme would become available in the jejunum or ileum, 

the heme iron absorption in this part of the intestine is not as rapid as 

in the duode num. In addition, some h eme may be trapp e d in t he insolu­

bilized protein in the c ooked m eat so that some iron be comes unavail-

abl e . 

Fluo ri de 

Fluoride in bone meal a nd MDM 

Bone is a good source of fluo ride as i s bone meal and MDM. 

Approximately 99 percent of the fluor ide r eta ined in the body is stored 

in the bone and it s quantity is proportional to the fluoride content in the 

diet (Unde r wood, 19 71). Evans and Phillips (1938) fo und an average of 

32 ppm of flu o ride in vea l bones and 190 ppm in bones of mature cows . 

According to Shupe et al. (1962) bones from animals r eceiving 10 ppm 

fluoride in hay for 588 da ys c o ntained 328 -528 ppm fluorid e on a dry, 

fat -free basis. 

Eighteen samples of bone meal analyzed for fluor i d e conta ine d 

an average of 803 ppm expressed as t otal-dried basis (Blosser e t al., 

19 54) . The fluorid e content from 16 sample s of edible bone meal had 

an average of 572 ppm with l. 46 percent moisture (Bartlet et a l., 

1952) . It is apparent that bones most suited for mechanical deboning 

are also the bones Lighe st in fluoride content (Field, 19 76a). Kolbye 

and Nelson (1977) r e p or t e d that the mean fluoride content of 
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mechanically- de boned b eef was 18. 6 n1gl g fresh tis sue; and, pork 

contained 10. 6 mgl g fr e sh tis sue . MDM of broiler back and neck had 

an average fluoride content of 15 ppm, with a range from 8 to 21; 

values for the corresponding feeds average 34 ppm and ranged from 

17 to 56 (Pool et al. , 19 65) . MDM from flat bones of mature cows 

and bulls from thr ee r egions of the country and pork MDM from two 

r egions were eva luated (Kruggel and Field, 1977). The avera ge fluoride 

contents were 37. 2, 47.6 and 30.3 ppm in the b eef MDM from the 

West, Midwest and South region, respectively. The average fluoride 

content in pork MDM from the West and Midwest regions was 18. l 

ppm o n a dry matter basis. 

Fluoride bioa vaila bilit y 
in b one meal 

The bioavailability of the fluoride in the bone meal was found to 

be the same as that of NaF (Ellis and Maynard, 1936). Pool and 

Thomas (1970) observed that weanling rats fed diets containing approxi-

mat e ly 18 mg F I g diet for 3 weeks had about 170 mg F I g bone when 

eithe r NaF or chicken bone meal was the source of fluoride. On the 

other hand, evidence has appeared to indicate that the bioavailability 

of flu o ride in bone meal is relatively p oo r . Only between 37 and 54 

percent of fluoride from bone meal will be absorbed by the adult human 

(Machle and Largent, 1943 ). McClure et al. ( 1945) found the abs o rption 

of the fluoride of bone meal was 64 . 5 percent as effic i ent as fluoride 

absorption from NaF mixed with the food . When fish protein 
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concentrate ( l5 0 - 3 00 ppm fluoride primarily from fish bone) was fed 

to growing rats, the bioavailability of its fluoride ranged from 25 to 

52 percent that of NaF (Zipkin et al., 1970). Stillings et al. (1973) 

found that growing rats ingesting diets containing 32 to 70 ppm fluoride 

had fluoride retention s of 24 perc ent from fish protein concentrate and 

50 percent from NaF. However, growing rats ingesting 7 ppm fluoride 

had retentions of 32 percent from both fish protein concentrate and NaF. 

Thus, the amount of flu o ride ingeste d affects the amount of flu o ride 

retained. 

When rats were fed a l eve l of 0. 6 mg percent fluoride in the diet, 

the retention of ingested fluoride was the same when added as e ither 

NaF, pork bone or beef bone. The retention when added as veal bone 

was only one-fourth to one-third that of NaF (Jacks on et al., 1950). 

Since beef and pork bones contained large concentrations of fluoride, 

the amount of bone required to add t o 0. 6 mg percent of fluoride to the 

d i et was small (0. 37 percent), so that the quantity of cal c ium added 

was also small. Fluoride content of veal bone was low, so that the 

d i et containing veal bones had l. 78 percent calcium in order to meet 

the leve l of 0. 6 mg percent of fluoride in the diet. These results indi­

cated that the fluoride bioavailability of bone meal is dependent upon 

the fluoride and calcium content of the bone. 



Absorption and excretion 
of fluorid e 

The absorption of fluorid e from soluble fluoride compounds 

complete. Fluoride absorption is passiv e and no active transport 
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mechanism is involved . Z ipkin and Likins (1957) found that 7 2 percent 

and 86 percent of a fluoride dose of 0. 2 mg fluoride a s NaF solutio n 

was absorbed in 60 and 90 m inut e s respectively. Observation with 

18 
F in man, Carlson et al. (19 60) suggested that absorption of fluo ride 

must occur from the stomach, in view of its rapid appe arance in blood . 

According to Stookey et al. (1962) fluoride absorption from the stomach 

ranged from 26 to 3 6 per cent from the first 5 - cm segment o f intestine 

betwee n 20 and 49 pe rc e nt, and from the second and third 5- em i n t e s-

tinal segment s betwe e n 36 and 49 percent. Besides ingestion absorp-

tion also occurs through the skin and lungs via HF. 

The principal route of fluoride exc r e tion is via the urine . 

Largent ( 19 54) i n balance studies 1n man, found that when extra fluoride 

1s i ngested about half is bound by bone and the remainder is exc r eted 

in the ur i ne . Carlson et al. (19 60) indicated that dogs t hat r ece ive d 

carrier-free radiofluoride infusions excret ed urine with a mean radio-

fluo ride concentration 3 . 4 - 14. 5 times t hat of the plasma . They also 

found that the radiofluoride cleara n ces were always less than the creati-

nine clea ranc es but were 7 . 8 - l 79 times the chloride clea rance. 

Chen e t a l. (1 956) r e ported that do gs w ith a normal wa t er load, the 
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average normal renal fluoride clearance was 2. 7 rnl/min; the fluorid e : 

chloride clearance ratio, 19; and the fluoride: creatinine clearance 

ratio, 0. 077 . 

Of the fact ors influencing rena l fluoride excretion, the . most 

prominent are th e plasma concentration of fluoride and the urine flow 

rate . The tubular resorption of radiofluoride is best correlated with 

the urine flow rate indicating that the tubule is an important factor . 

The other possibility is the fluo ride ion, because of its extensive hydra­

tion, is handled by the kidney in the same way as water. Rapid urinary 

excretion of fluoride is one of two major means by which the body pre­

vents the accumulation of s u Hicient fluoride ion to reach t o xic levels 

(Hodge and Smith, 19 54). 

Only about 10 perc e nt o f the t ota l da ily fluoride excretion is 

found in the fec es . Part of the fluoride in feces is undissolved and un-

absorbed flu o ride . When d i e ts contain relatively insolubl e fluoride 

compounds, e . g., bone meal , cryolite, insoluble calcium salts, large r 

amounts of fluoride are excreted in the feces (Largent, 1961; Rich etal., 

1964). Some fluoride is lost from the body sweat. 

Calcium, fluorid e and bone 

As calcium is added to the diet, the fluoride absorption is 

markedly reduced to about 50 percent. In such a case the fluoride is 

bound in a less soluble form and fecal excretion increases (Hodge and 

Smith, 19 65) . Dietary calcimn exerts a protective action in fluoride 
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intoxication and calcium deficient dietaries accentuate the symptoms 

of fluo rosis (Bond, 1962). Compared with a 0. 23 percent calcium diet , 

a 0 . 73 percent calcium diet depressed the total retention o£ fluoride by 

10.5 percent for the smaller rats, and 12. 8 percent for the larger rats 

(Lawrenz and Mitchell, 1941). 

Studies using growing rabbits revealed that fluoride reduced the 

resorption of bone probably by producing a more stable system i.e. 

fluoroapatite (Faccini, 1967) . Ha vivi and Guggenheim (1966) found 

that fluoride containing bone from mice had a reduced 
45

ca release, 

compared with control bone. A slower resorption of bone tissue also 

has been implicated as a factor in skeletal fluorosis (Haviv i and Gug ­

genheim, 19 66) . 

A further important action of fluorid e is the production of large 

amounts of osteo id. An increas ed amount of new bone has been des-

cribed both in animals (Weidmann and Weatherell, 19 62) and in man 

(Jowsey et al., 19 68) when fed suppl emented fluorid e . From an in 

vitro study, Nichols et al. (1965) found bone collagen synthesis was 

increased in hype rparathyroidism and concluded that the stimulation of 

new bone formation in fluorosis wa s an effect o£ parathyroid hormone. 

The y suggested that fluoride induces a special kind of secretory hype r­

parathyroidism in which increased bone resorption is blocked and only 

the stimulation of new bone formation is manifest. This finding is 

confi rmed by Burkhart and Jows ey ( 1968) that thyr oid g lands in fluor otic 

animals caused inhibition of bone resportion. They concluded that it 
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1s a compensatory phe nomenon to maintain foe serum calcium at a 

constant l evel. 

Evidence for a possible role of fluoride in preventing osteo-

por os is has been obtained by Bernstein et al. (1966). In a radiological 

study, they found that the incidence of collapsed vertebrae in women 

was l ower in a higher fluoride area (4. 0 to 5 . 8 ppm fluoride in the 

water supply) than in a low fluoride area (0. 2 to 0. 3 ppm fluoride in 

th e water supply). Rich and Ensinck (196 1 ) gave six patients with 

os t eopo rosis 66 mg fluoride per day for 14 or more weeks. These 

patients changed from a negative calcium balance to a positive one. 

Rich et a l. (1964) found tha t both calcium and phosphorus were retained 

t o an increased degree after the tenth week of fluoride treatment. 

As early as 1937, Roho l m realized that an increase in bone 

growth and calcification resulted from. a comparatively small dose of 

fluor ide, while lar ge doses produced an atrophic state with a reduction 

of ca l c i f ication. D e Senarclens (1941) observed resorption cavities in 

cortical b one of fluorotic goats. Pike and Brown (1975) indicated that 

high intake s of fluoride r esult in mottled e namel and fluorosis of bone 

has been reported in populations liv ing for many years in areas of high 

fluorid e water content (at l e ast 8 ppm). The comparative resistance 

of rats to the effect of fluoride is important in view of their frequent 

use as experimental animals. Changes have been observed in rat bone . 

Rockert and Sunzel (1960) showed that rats fed 0. 7 to 1 mg NaF per 
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dc..y develo ped osteosclerosis in their vert eb rae after n1ne months of 1 

administration . 
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METHO DS AND PROCEDURES 

Meat Preparation 

Beef shank from a commercial packe r was divided into two lots 

for the MDS and HDS preparation . Hand d eboning was d one a t the Utah 

State University Mea t Laboratory. Meat was manually cut from the bone 

and ground t wice through a 0. 3 1 em plate . Mechanical de boning was 

done by Beehive Ma chinery, Inc., Salt Lake City , Utah. The whole 

shanks were put thr ough a 1. 27 em plate of a bone cutter and then 

d e boned with an AU 6 173 B eehive de boner us ing an AU 0. 457 mm h ead 

(0. 018 inch perforation). Th e MDS extruded through the perforations 

was f rozen with so lid C0
2 

and stor e d i n p lastic bags . Aliquots of the 

MDS and HDS wer e immediat ely lyophilized a nd stored a t - 20°C . The 

rernaining MDS and HDS was processed by one o f the following three 

methods: (1) Acid ferm e ntation (Thuringer)- - 8 . 6 3 kg of MDS was 

mixed thoroughl y w ith 65 g dextros e , 17 0 g salt, 0. 67 g sodi um 

nitrite, 10. 77 g P e diococcus cervesiae and 0. 68 kg water . Hand 

deboned shank meat (6 . 36 kg) was mixed tho r oughly with 8 . 80 g 

CaC0
3

, 48 g dextrose , 1 28 g salt, 0. 50 g sodium nitrit e , 7. 94 g 

Pediococcus cerves i ae and 0. 50 kg water. Since the pH of the meat 

mixtu r e did n o t d ecrea se as expected , lactic acid was adde d until the 

p H r e ached about 5 . 0. The mixture was pas sed through a 0. 3175 em 
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platE- and then stuffed into casings . The surface of the encased product 

was washed with a hot shower and bung at room temp e ratur e for two 

hours before transfe red to a meat oven where it was heated until t he 

internal t emperatur e reached 160° F. (2) D ry-hea t cookery (Bologna)--

Samples of ground, fresh MDS and HDS were encased after mixin g with 

only the salt and sodium nit rite and were then cooked as above. (3) 

Wet-heat cookery (Retort, Canned meat)--Fresh MDS and HDS samples 

were placed in glass jars with lids and rings and the n heated in an auto -

clave for 90 minutes at 20 psi and 210°F . The HDS was mixed with 

CaC0
3 

before processing to provide the same amount of calcium as 

was pres e nt in the MDS samples. After processing, this meat was 

also lophilized a nd stored. 

Meat Analyses 

Protein, fat, moi sture, ash , calcium, phosphorus and i ron 

levels were determined on fresh meat and lyophilized meat and meat 

product s . Fluoride l e vel was only det e rmined on l yopilized meat and 

m e at products . Demineralized water and acid rinsed equipment were 

used for a ll mineral analyses. 

Thr ee replicate sampl es {about 5 . 0 g for fresh meat and 2. 5 g 

for l yophilized meat) of each meat were analyzed for moisture and ash 

using the vacuum oven at 70°C and 15 psi vac uum (A . O.A. C., 23 . 002) 

0 
and muffle fu rnac e a t 57 5 C for 24 h ours (A. O . A. C., 23. 006), r es -

pective l y . Fat c ontent was de t e rmined by r e fluxin g in a Soxhle t ex -

tractor fo r 48 hours with pet r oleum e th e r a s th e solve nt (A . O .A. C., 
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23. 005, followed by a secane.~ extraction with l: l chlorofo rm and 

methanol). The Ma c ro Kjeldahl me thod f o r crude protein was used 

t o determine nitroge n content (Appendix A). Th e pH values w e r e 

determined for meat samples before l yophilizing. Fifty g of meat 

sample was homogeni zed with 50 ml demineralized water and the pH 

value was read from a pH meter. 

The meat ash was solubilized by heating m 5 ml of 6N HCl 

for a few minutes and dilut e d to 25 ml with demineraliz e d water. The 

dilution of the ashed solution and method u sed for mineral analyses 

are summarized in Table l. 

Diet Formulation 

Eleven diets (Table 2) w e re pr e par e d and assayed fo r calcium, 

phosphorus, ir o n, and fluo ride b i oavailability of the different processed 

MDS and HDS products. Control diets were prepar e d from raw HDS 

and different amounts of CaC0
3 

to bring the calciurn l evel of e ach diet 

to about 0, 2. 5, 5. 0 and 7. 5 g Ca/kg. The calcium sour ce was the 

microscopic bone particles in the MDS die t ' and CaC0
3 

in the HDS 

di e ts. The di e ts used are shown in Table 2. 

Diet Preparation 

According to th e amount of calcium desired and the experimental 

d es i gn, the amount of fresh MDS, processed MDS or processed HDS in 

ea ch diet was c alculat e d. Every diet was made to the same level of 



Table l. Meat m i neral analyses methodo l ogy. 

Mineral 
Dilution of 

Equipment 
Wave 

0 M e thod 
Ashe d Solu. L e n gth (A) 

MDS : 200 x in Varian Concentrations 

lO ,OOOppm Techtron were calculated 

SrC1
2 

solu . AA . 12 0 using regres -

Ca 4226 .7 sion e quation 

HDS: 4 0 X l n atomic developed from 

10, 000 ppm ab so rption a standard c urve . 

SrC1
2 

so lu. sp ectra-
photometer 

2 x in deminera- Varian Conc entra tion s 

lized water Techtron were calculated 
AA. 120 u sing regres-

Fe 2483 .3 sion equation 
atomic deve loped from 
absorption a standard 
spectr a - curve . 

photomete r 

MDS : 40 X ln photoe lectric 
d eminera - colorime t er 

li zed water 
p 7000 Appendix B 

HDS: 20 x in 
deminera-

lized water 

mi c ropr o -
F no c essor A ppe ndix C 

ionalyz e r /9 0 1 



Table 2. Composition of mechanically-deboned shank (MDS) and hand-deboned shank (HDS) meat diets. 

GrauE No . l 2 3 4 5 6 7 8 9 10 11 
MDS MDS MDS MDS HDS HDS HDS HDS HDS HDS HDS 

Item (Raw) (Ferment) (Dry-Heat) (Wet-Heat) (Raw) (Ferment) (Dry-Heat) (Wet-Heat) (Raw) (Raw) (Raw) 
5.ola 5 . 13 5 . 05 5.53 4.96 5 .03 5.27 4 . 34 0. 18 2.77 7 . 13 

Ing redient 
(g/kg) 

M eat-total 523 585 526 517 434 507 493 482 434 434 434 
MDS 301 441 382 336 0 0 0 0 0 0 0 

(Raw) (Ferment) (Dry-Heat)(Wet-Heat) 
HDS 476 395 

(Dry-Heat )(Wet - Heat) 
222 144 144 181 434 507 17 87 434 434 434 

(Raw) (Raw ) (Raw) (Raw) 
Rendered 

(Raw) (Ferment) (Raw) (Raw) (Raw) (Raw) (Raw) 

beef 
kidney fat 42 -- 59 43 118 63 101 108 118 118 118 
Cellul ose 50 50 50 50 50 50 50 50 50 50 50 
Dextr ose 3 5 3 332 332 359 343 339 311 326 35 5 349 337 
Vitaminb 

Mix 2 0 20 20 20 20 20 20 20 20 20 20 M. c 1ne ral 
Mix ll. 6 11. 6 11. 6 11. 6 11. 6 11. 6 11. 6 11. 6 11.6 11. 6 11.6 

CaC0 3 -- - - -- -- 12. 2 ~ ~ .~ -- 6 .0 18 . 4 
NaH

2
PO · 

H 0 
4 

6. 8 8 . 3 6 . 9 5.6 16 . 1 14.0 16 . 8 15. 6 16. 7 18. 0 16 . 4 2 
a 

Level of dietary calcium (g/kg) . 
b 

Vitamin mixture composition is shown in Table 3. 
cMineral mixture composition is shown in Tabl e 3 . w 

*'" 
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protein (about 24 percent) by adding the appropriate quantit y of fresh 

HDS . Beef kidney £at was added in appropriate amounts to bring all 

diets to the same l eve l of fat (about 34 percent). Sodium acid phos ­

phate (NaH
2

PO 
4

· H
2 

0) was added in appropriate amounts to keep the 

phosphorus concent ration the same in all diets (about 5. 0 g/kg di e t). 

Standard vitamin and mineral mixtures (Table 3) whi.ch provided all t he 

essential vitamins and mine rals except calcium, phosphorus and iron 

were added to each diet. The diets (Table 2) were individually pre ­

pared in batches o£ 3 kg i n an electric mixer which had been epoxy 

coated on the bowl and paddle, and equipment was cleaned between the 

preparation of each diet. All diets were stored in a commercial 

refrigerator. 

Diet Analyses 

The 11 diets were analyzed in triplicate £or protein, fat , calc ium 

and pho sphorus t o ensure that they met the requirernent s of the exper i­

ment. Dietary moisture, ash , ir on and fluoride coLtent was also deter ­

mined . Adjustments in the content of the diets were made if necessary 

and then reassayed . Protein, fat, moisture and ash were analyzed as 

pr eviously describe d for meat samples. 

The ash of e ach diet sampl e was solubilized by heating in 5 ml 

of 6 N HCl and diluted to 30 ml with demine r a li ze d wat e r. The dilution 

of the ashed solution and method used for di e t m ineral analyses are 

summarized in Table 4. 



Table 3 . Mineral and vitamin mixturesa added to diets in determinin g calcium, phosphorus , iron and 
fluoride bioavailabi lity of mechanically-deboned beef shank . 

Salt g _E)alt/kg m ixtur e __ _ Vitamin g/kg m ixture b mg/kg di e t 
I<C l 

MgC0
3 

MnS0
4 

C<;I>Cl
2 

· 6 H 
2 

0 

CuSO 
4

· H
2

0 

Na MoO · 2H 0 
2 4 2 

Z nSO · 7 I-l 0 
4 2 

KI 

Glucos e 

296. 7 Vitamin A concentrat e 

121. 0 

12.7 

0 .7 

1. 6 

0 . l 

38 . 0 

0.8 

528. l 

(200, 000 units/ g) 
Vitamin D concent r a te 

(400, 000 units/ g) 
Alpha-tocoph e rol 
Ascorbi c acid 
Inositol 
Choline chloride 
Me nadione 
p-Am i nobenzoic acid 
Niacin 
Riboflavin 
Pyridox i ne hydrochl oride 
Thiamine hydr ochloride 
Calcium pantothenate 
Biotin 
Foli c acid 
Vitamin B 12 

4 . 5 90 

0.25 5 
5. 0 100 

45 . 0 90 0 
5 . 0 100 

75 . 0 1500 
2.25 45 
5.0 100 
4 . 5 90 
1. 0 20 
1.0 20 
1.0 20 
3.0 60 
0.020 0.4 

0 . 090 1. 8 
0.00135 0.27 

a 
Vitamin Die t Fortification Mixture supplied b y Nutritional Biochemicals Corporation, Cle ve land, Ohio . 

bThes e amounts were made up to l k g with dextros e . 

V0 
0' 



37 

Table 4. Die tary mineral analyses methodology. 

Min - Group Diluti o n Equip- Wave 
eral No . of A shed ment Length Method 

Solu. 
0 

A 

l-8, ll lOOxinlO,OOO Atomic Concentrations 
ppm SrClz solu. absorption were calculat ed 

Ca 9 2 x in l 0 , 000 spectra- 422 6 . 7 using regre s-

ppm SrClz solu. photo- sion equation 
10 5 0 x in 10,000 meter develope d from 

ppm SrCl solu. a standard 
2 curve. 

Fe l-11 no Atomic 2483.3 Concentrations 
absorp tion were calculated 
spectra- using regres -

photo- s io n equatio n 
meter d e velope d f rom 

a standard 
curve . 

p l- 11 10 x in de min- Photo- 7000 App endix B 
e ralized e l ect r i c 
water co1o ri-

met e r 

F 1- 11 no Mi c r o - Appendix C 
processor 

ionalyze r I 
901 

Anim_a l Care and Sample Collection 

One hundred and ten w eanling , albino, male Sprague -Dawley 

rats were fed at two diffe rent time replications . F ifty-five rats were 

divided equally i n to 11 g roup s . Four rats i n each group were housed 

in stainl ess steel Wahman rat metabolism ca ge s a nd one rat in a glas s 
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metaboli s m cage each r e plication. The animals were fed the ass i gned 

di e t for about two days b e fore the start of the exp e r iment. 

The animals wer e weighed at the beginning of the experiment 

and a t the end of each wee k for t h r ee we e ks. Diet and demineralized water 

w ere fed ad libitum . Th e amount of d i et eaten by e a ch r a t was r ecorded 

by the differe nc e of food consumed and food spilled . The urine and 

feces fo r each rat w e r e collected separately a t the end o f e ach we e k. 

Befo r e s t a rting collection, approximately 5 ml of 2 percent boric acid 

solution and five t o six d r o p s of pheno l were added to e ach u rine collect­

ing bottl e to prevent bac t e rial growth. The volun1e of ea ch urine 

sampl e was measured and then the total collect ion w as frozen. Fe ce s 

were sepa r ated f ro m any spilled food and dried at l0 0°C fo r 24 hours . 

The dr i ed weight of weekly feces samples was reco rde d. Dried feces 

w e re ground by rnortar and pes tle and stor ed a t roorn t emperatur e . 

The day before sacrifice blood was drawn by h epa rini zed 

capillary tub e from the ret r o-ocular capillar y bed. H emoglobin wa s 

determined immediately . After decapitation blood was collected in 

small diameter t es t t u bes . The b l ood was a llowed to clot t o a wooden 

applicat ion s tic k . The clot wa s r e move d and se rum was har veste d 

aft e r centrifu gin g a t 35 00 rpm for 20 minutes . S e rum samples w ere 

froz e n . Femora and tails were r e moved and froz en . Live rs w e re 

weighed and then charred and a s h ed fo r iron analysis. The f e mora and 

tail s were later boiled and the bones cleaned of tissue and a i r-dried at 

r oom temperature for at least 2 weeks before analys es . 
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Anal~es for Collected Sam.ples 

Blood 

B l ood hemo globin (Hb) concentrat ion was analyzed in duplicate 

us i ng t he cyanmethemoglobin method of Crosby, Munn and Furth (1954) . 

Twent y f-Ll of fresh b l ood was mixed well with 5 ml Dr a bkin r eagent 

(1 g NaHC0
3

, 52 mg KCN and 198 mg K
3 

Fe (CN)
6 

made to 1 liter w i th 

demineralized water), allowed to s t and for 30 minutes and read at 

5 40 Dlf-1. with a spectrophotometer . A standard of 15 . 9 g Hgldl was 

analyzed similarly. The followin g formula was used for the calculation 

of the Hb concentration of the blood. 

Serum 

abs o rbance of sample 
absorbance of standard 

X l 5 . 9 g Hb I dl = g Hb I dl 

The serum collected at sacrifice was deproteinized b y mixin g 

l ml of serum with 4 ml of 12 . 5 percent trichlor oac e tic acid (TCA), 

waiting 10 minutes and centrifuging at 3000 rpm for 20 minutes. Two 

ml of the supernatant was mixe d wit h 2 m l of d ouble str ength SrC1
2 

solution (62 g SrCl
2 

plus 20 . 66 g NaC l dissolved up to l liter), and the 

serum calcium content (mg Caldl) was calculated f rom the atomic 

absorpt i on spectrophotometer (AA ) r eading u s ing app r opria t e s t andards 

and a b l ank . Serum ph osphorus was de t ermi ned by m ixi ng 0 . 5 m l of 

TCA sup ernat e with 5 m l MS and 0 . 5 m l e l o n, and r ea d a t 700 Dlf-1. w ith 

a spect rophot ometer aft e r 45 minut es (Appe n dix B) . 
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Liver 

Aft e r weighing the fresh live r, it was charre d and ashe d at 

5 75 ° C for 48 hours . The ash was solubilized in 5 ml of 6 N HCl and 

diluted to 50 ml with demineralized water . These ashed solutions 

w e re analyzed by AA for liver iron cont e nt. 

Bone 

Two air-dried caudal vertebrae wer e weighed, ashe d at 575°C 

for 48 hours, boiled in 5 ml of 6 N HCl and diluted to l 00 ml with 

d e mineralized water. B one str e n gth was d e termine d by pla c ing the 

f e mur a c r o s s a l. 5 ern span and m easurin g the weight of the sand 

n e c es sa r y t o br e ak the bone. Th e di s tanc e from. the fulcrum to the 

bla d e on which the fe rnur w as plac ed w as 5 c1n, and from the fu l crum 

t o t h e buck et of san d was 30 e m. The bone str e n gth (kg) was calculate d 

b y the wei ght o f s a nd (k g ) tin1e s 6 . T he pie ces of e ach fe mur w e re 

wei gh e d, ashe d, solub ili ze d and dilut ed in the same man n e r as the 

caudal v e rtebra. 

F ece s 

0 
Approximate ly 2 g of dried, ground feces were ashed at 575 C 

for 24 hours. The ash was solubilized in 5 rnl of 6 N HCl and di luted 

to 25 ml with demineralized water. (Samples from the 0. 18 g Ca/kg and 

2 . 77 g Ca/kg diet groups were diluted to 20 m l ) . 
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The dilution used for mineral analyses for the bones, fec es and 

urine are summarized in Table 5. The e quipme nt and methods used 

were the same as previously described. 

Nutrient Balance Computation 

Mineral balance data for calc ium, phosphorus, ir on and fluoride 

were calculated. 

Apparent absorption for calcium, phosphorus, ir on and fluoride 

were calculated using the following formula : 

% apparent absorpt i on 
= Intake (mg, f..l g) - Fecal (mg.!.l!:.Kl x 

100 
Intake(mg, IJ.g) 

Retention of calcium, phosphorus and fluoride w e re calculated 

according to th e following formula : 

% ret e ntion 
= Intake(mg,f..Lg)-[Fecal(mg,f..Lg) +Urinc.:.E_Y(mg,f..L g) ]x 

100 
Intake(mg, f..Lg) 

Retention in mg or f..lg was calculated for calcium, phosphorus 

and fluoride by subtracting fecal and urinary value from intake. 

Retention (mg, f.! g) = Intake - (Feca l +Urinary) 

Dry matter absorption was calculated for each of the thre e 

weeks by the following formula: 

% dry matter absorption 
= Die t consumed (g) - F e c a l wt. (g) x 100 

Diet consumed (g) 
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Table 5. Dilutions used for mineral analyses a£ collected feces, unne, 
vertebra and femur. 

Collected 
Mineral 

Sample 

Feces 

Urine 

Vertebra 

Femur 

Ca 

p 

Fe 

F 

Ca 

p 

F 

Ca 
p 

F 
Ca 
p 

F 

Group 
No . 

1-8,11 

9 
10 

l-8,11 

9' 10 

1 -11 

1-11 

l-8 

9' 10 
ll 

l-8, 11 

9' 10 

l-11 

1-8,10,11 

9 
1-11 

1 - 11 
1-11 
1- 11 

1-11 

Dilution 

20 f.11 ashed solu. 
1 00 f.11 a shed solu. 

50 f.11 ashed so1u . 

20 f.11 ashed so1u. 
elan 

+ 4 m1 SrC1
2 

solu . 
+ 4 ml SrCl so1u . 

2 + 4 ml SrC1
2 

solu. 

+ 5 ml MS + 0. 5 ml 

1 0 f..Ll a shed so 1 u . + 5 ml MS + 0 . 5 ml 
elan 

l ml ashed solu. + 3 ml demine ralized 

water 

5 ml of ashed solu. was used 

l m l urine + 3 ml SrC1
2 

solu. 
1 ml urine + 2 ml SrCl solu. 
1 ml urine + 5 ml SrCl; solu. 

0. 5 ml urine was diluted ~with 2 m.l 
demineralized water 

20 f..Ll dilu t ed urine + 5 ml MS + 0 . 5 ml 
e l an 

0. 2 ml urine was diluted wit h 2 1nl 
d emine raliz ed water 

2 0 f..Ll diluted urine + 5 ml MS + 0. 5 ml 
elan 

1 m l of urine wa s used 

200 f.11 a shed so1u . + 4 m 1 SrCl
2 

s olu . 
200 f..Ll ashed salu. + 3 ml SrC1

2 
solu . 

300 f..L l ashed solu. + 5 ml MS + 0 . 5 ml 
elon 

10 ml ashed solu . was used 
50 f..Ll a shed salu. + 4 ml SrCl

2 
solu . 

50 f..Ll a shed solu. + 5 ml MS + 0 . 5 m l 
elan 

5 ml a shed solu. was used 
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Statis ti cal Analyses 

After collecting the data, the y were analyzed s tatistically by 

analyses of variance to d e t e rmine if the two different fe eding periods 

w e re statistically similar. Since there w e re no si gnificant differ e nces 

(p < . 05) b e tween th e t wo feeding periods (Appendix E) , data from the 

rats fed the same d i e t but differ e nt feedin g periods w e r e calculated as 

the same g roup . If the treatment F ratio was signi ficant (p < . 0 5 ), the 

least signif i cant difference (LSD) was computed to determine the differ­

ences between dietary tr e atments (St ee l a nd Torrie, 1960; Carmer and 

Swanson, 1973 ). 

Data on the rats fed diets containing fresh HDS with 0. 18, 2. 77 , 

4 . 96 and 7. 13 g Ca /kg diet from CaC0
3 

r espect i vely were us ed fo r 

r eg r e ssion analyses . The pr edictio n e quations were made b e tween 

ve rt e bral ash (or ve rt ebral caL:ium) cont ent and dietary calcium leve l, 

calcium consu med , or calcium r e t a ine d. R e lative biologica l values of 

the other seven diets containing fres h MDS, processed MDS or pro­

cessed HDS were calculat e d r e lative to the con trol groups (groups 5 , 9, 

10 and 11). 
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RESULTS 

Meat and Diet Composition 

The composition of fresh MDS and HDS meat used in the diets 

is shown in Table 6 . A na l yses of the processed and lyophilized pro­

ducts are shown in Table 7. Mechanical d e boning produced meat low e r 

in water and protein than hand-deboning, and higher in fat, ash , 

calcium, phosphorus, iron and fluor i d e levels . The pH of raw MDS 

was s l igl:tly highe r than that of raw HDS. Neither dry-heat nor w e t­

heat cookery changed meat pH much, while the addition of lacti c acid 

in fermented meat decreased the p H f rom 6. 62 to 5. 17 in MDS and 

from 6 . 21 t o 5 . 34 in HDS. 

The composition and nutrient l e vel of all 11 di e ts are shown i n 

Table 8. The cont ent of prote in (23 4 - 256 g/kg), fat (327 - 364 g/kg) 

and phosphorus (4. 77- 5. 75 g/kg) wer e similar among a ll 1 1 diets. 

Cal c ium l e v e l s i n the four diets containing raw HDS were 0 . 18, 2. 77, 

4. 96 and 7 . 13 g/kg . In accordance with t he experimental d e sign, 

ca l cium leve ls in the othe r seve n die ts w ere close to 5. 0 g/kg (4 . 43 -

5.53 g/kg) . Iron leve ls i n the die t s containing raw HDS ranged from 

28 . 4 to 34. 2 ppm. These va l ues were s l ightl y l ower than the iron 

r equirement (3 5 ppm) for g r owi ng r ats (Na t iona l Research Council, 

1972). Ir on l evels in th e four M DS d i ets ranged f r om 48 . 6 to 6 0. 9 ppm 



Table 6. C ompos ition of mechanically - deboned shank (MDS) and hand-
deboned shank (HDS) meats . 

MDS HDS 
Fr esh Drie d Fresh Dried 

Pr otein (%) 17. 4 38. 5 18.3 52.0 

Fat (o/o) 23.2 51. 2 15. 2 43.2 

Moisture ( o/o) 54.7 64.8 

Ash (o/o ) 2. 7 6. 0 0.8 2. 3 

Ca (.rng / g) 7.4 16. 3 0. 1 0 . 3 

p ~;.-ng/ g) 4 . 5 9.9 1. 4 4.0 

Fe (f.lg/ g) 45. 7 100. 9 24.8 70.4 

Table 7. C ompo sition and pH o f different processed l yophilized 
me c hanically- de boned s h ank (.\1DS) and hand-de boned shank 
(HDS) meats . 

MDS HDS 
Meat 

Raw F e r- Dry- Wet -
Raw 

Fer- Dry- Wet -
ment Heat Heat m e nt Heat Heat 

Protein (o/o) 37.2 35.9 37. 1 38.9 50.4 48 .2 48.2 47.4 

Fat(% ) 52.4 52 . 2 50.8 51.6 41.8 41. 1 39 . 3 40.5 

M o i s ture ( o/o ) 1.9 2.6 3.0 0 . 6 2 .2 3.8 2. 3 2.9 

Ash (%) 6 . 1 8.6 8.9 6. 0 2. 5 7. 6 9 . 4 8.8 

Ca (mg/ g) 1 6 . 6 11. 3 13. 1 14.9 0.3 9.9 10. 5 12. 7 

p (mg/g) 11. 0 9. l 9.4 11. 0 4.7 4.5 3.9 4.4 

Fe (f.l g/ g) 101. 2 99.2 92.4 95 . 4 64.5 75.5 68 . 8 76 . 1 

F (f.l g/ g) 41. 3 13.4 40.2 37.9 1.0 

pH 6.62 5 . 17 6 .2 5 6 . 57 6 . 21 5.34 6 . 20 6 .47 



Table 8. Nutrient l evel of mechanically - de boned shank (MDS) and hand - de boned shank (HDS) meat diets . 

Grou:e No . 1 2 3 4 5 6 7 8 9 10 ll 

It e m 
MDS MDS MDS MDS HDS H DS HDS HDS HDS HDS liDS 
(Raw) (Fe r ment) (Dry -Heat) (Wet-Heat) (Raw) (Ferment) (D ry-Heat) (Wet -Heat) (Raw) (Raw) Raw) 

Protein (g/kg) 240 23 6 23 6 256 24 1 234 236 24() 247 248 251 

Fat (g/kg) 345 3 6 0 357 348 342 327 334 339 347 364 344 

Moisture (g /kg) 61 66 69 56 58 70 56 108 6 2 66 64 

Ash (g/kg ) 28 45 39 29 30 50 56 24 23 26 34 

Ca (g/kg) 5. 01 5 . 13 5. 0 5 5.53 4.96 5.03 5.27 4 . 34 0 . 18 2.77 7. 13 

p (g/kg) 5.7 5 4.98 5 . 20 5 . 37 5 .08 4 .77 5. l 0 5 . 21 5.29 5. 13 5 . 05 

F e (mg /k g ) 48.6 60 . 9 48 . 7 49 . 4 32.0 60 . 2 36 . 3 54 . 9 3 4 .2 28 . 8 28.4 
l5.4a 

F (mg/kg) 11. l 5.4 7 . 9b 11. l 2. 3 

aExpected value calculated from the fluori de content in dry-heate d MDS meat. 
b 

Analyzed valu e . 

*"" 0' 
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and in the three processed HDS diets 36 . 3 t o 60 . 2 ppm . The reason 

for t he lowe r ir on leve l i n the diets cont a ining raw HDS was becac:.se 

they con tained l ess meat (434 g/kg diet) than other tr eatme nts 

(482 - 585 g/kg diet) . Fluoride level in the raw HDS diet containing 

4 . 96 g Ca/kg was 2. 3 ppm, while l eve l s in the MDS d i ets were 5 .-± to 

15. 4 ppm. The fluor ide l eve l of the diet containing dry-heat ed lvillS 

u se d in this study was the exp ec t ed valu e c alcu lat e d f r om the flu o r i de 

cont e nt in dry-heated M DS meat. Thi s va lue was us ed due t o a large 

sampling er r or associate d with this die t. This error may ha ve occurred 

due to d r ippage o r evaporation during co ok ing, or i mproper mi.xing. 

Anirnal Responses 

Ther e were no si gnificant differences i n body weight at th e 

beginning of the expe riment and a l so through the entire three week 

feeding period (Ta ble 9) . Howe v e r, the rats fed the HDS die t with 

essentially no calcium r eflec t ed t he l owest weight gain of all the treat-

ment g r oups . 

Live r weight 

Live r weights (g) ar e pr esented in Table 9. The fe r mented HDS 

diets resulted in the highes t live r weight and HDS die t containing 0 . 18 g 

Ca/kg caused the lowe s t live r w eight among all ll tr e atme nt groups . 

N one of the differ ence s were statistically significant. 
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Table 9. Animal and liver weight (g) of weanling male rats fed 
mechanically -deboned shank (MDS) and hand-deboned 
shank (HDS) meat diets for three weeks. 

Group 
Diet 

Initial Day 9 Day 16 Day 23 Wt. Liver 
No . Wt. Wt. Wt. Wt. Gain Wt. 

MDS 
(Raw) 

1 5.0la 68.3 105.3 141. 3 180. 5 11 2 . 2 4.91 

MDS 
(Ferment) 

2 5. 13 67.0 101. 7 13 6 . 9 17 6 .2 109 . 2 4.95 

MDS 
(Dry - Heat) 

3 5 .. 05 69. 1 104.2 139. 9 173.9 1 04 . 8 4.84 

MDS 
(Wet -Heat) 

4 5 . 53 71. 6 107.2 140. 8 177.4 105.8 4. 77 

HDS 
(Raw) 

5 4.96 70. 6 103. 7 135.8 l 72. 1 101. 5 4.68 

HDS 
(Ferment) 

6 5 .03 69.4 104.7 1-±0. 6 181. 4 112. 0 5. 25 

HDS 
(Dry-Heat) 

7 5.27 69.0 101. 1 134.5 171. 8 102.8 4.68 

HDS 
(Wet-Heat) 

8 4 . 34 69 .5 104.3 134.7 175.5 106 . 0 4.82 

HDS 
(Raw) 

9 0. 18 66. 7 100.8 130.4 144.3 77 . 6 4.22 

HDS 
(Raw) 

10 2. 77 69.9 105. 2 133. 0 169 . 9 100.0 4.70 

I-IDS 
(Raw) 

11 7. 1 3 66 . 8 104 .9 135. 8 168 . 9 102. 1 4.27 

F(10/98)b 0.60 0. 01 0. 47 l. 42 l. 65 l. 11 
N. S . N. S. N.S. N .S. N.S . N . S . 

a Level of dietary calcium (g/kg). bTreat. d£/Error d£. 
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Dry matter absorption 

D ry matter a bs o rption increased as dieta ry calcium level 

d ec reas ed for a ll three weeks (Table 10). D ry matt e r from the di e t 

contai ning 7.13 g Ca/kg diet was le s s well absorbed than dry matte r 

f r om diets containing cal c ium levels between 4 . 34 t o 5 . 5 3 g Ca / kg . 

A furth er inc r ease i n dry matter a bso rptio n was observed with a nimals 

fed d i ets conta ining 2 . 77 g Ca/k g or l ess . Diets containing ferm e nted 

and retorted MDS meats r esult ed in lowe r (p < . 0 5) effi ciency of dry 

matte r absorption, but thes e processing methods did n ot affect dry 

matter a bs o rption from HDS di e ts . 

Calc ium B i oavailability 

Balance study 

Calcium absorption fr om MDS and HDS die t s is shown i n Table 

ll. The l owest apparent calciurn absorption wa s found in the gr o up fed 

raw HDS containing 0 . 18 g Ca /kg during week one and in the group fed 

raw HDS containin g 7 . 13 g Ca/kg during weeks two a n d thre e . For the 

enti re thr ee week balance period, percent calcium absorption decrea s e d 

as dietary calcium in c r eased, exce pt that HDS di e t containing 0. 18 g 

Ca/kg re s ult e d i n a lower calcium absorption value (45. 4 percent) than 

all other treatment groups. 

Pr o cessing of MDS and HDS in thi s expe riment did not affect 

calcium bioavailability. Calcium absorption from MDS was statistically 

similar to that from CaC0
3 

in unprocessed, fermented o r dry-heated 
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Table 10 . Di e t consumed (g) and apparent absorption of dry matter 
(g / kg) by weanling male rat s fed mechanically-deboned 
shank (MDS) and hand - deboned shank (HDS) meat d i e t s for 
t h r ee w eeks . 

3 Wks AJ2.earent Absor.etion of Dr ~ Matter (g/kg ) 
Group Diet Di e t Con - Week Week Week 3 

No . sumed(g} 1 2 3 Week 

MDS 
(Raw) 

1 5 . 01 a 203 895 898 903 900 
MDS 
(Ferment) 

2 5 . 13 2 2 1 88 2 888 8 84 886 
M DS 
(Dry-Heat) 

3 5. 05 2 1 0 900 899 90 0 899 
MDS 
(Wet -Heat) 

4 5 . 53 206 8 8 7 888 890 888 
HDS 
(Raw) 

5 4.96 206 890 896 90 1 897 
HDS 
(Fe rment) 

6 5.03 235 901 902 895 899 
HDS 
(Dry-Heat) 

7 5 . 27 2 02 896 887 898 894 
HDS 
(Wet - Heat) 

8 4 . 34 2 1 6 899 890 9 0 6 90 0 
HDS 
(Raw) 

9 0 . 18 170 92 1 920 925 923 
HDS 
(Raw) 

1 0 2 . 77 20 1 909 9 15 92 1 9 1 6 
H DS 
(R aw ) 

11 7. 13 207 87 3 8 65 8 7 3 8 70 

L SD . 0 5/.01 28 / 3 7 16/ 2 1 1 7 / 2 3 11/1 4 11/14 

F 2 5 . 4 5 . 41 5.7 9 14. 1 13. 5 

T r eat.df/Er r o r df 10/ 98 1 0 /9 9 1 0 / 98 1 0 /98 10 /98 
a 

Leve l of dieta ry ca l c ium (g / kg) . 
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Table ll. Apparent absorption of calcium by weanling male rats fed 
mechanically-deboned shank (MDS) and hand-deboned shank 
(HDS ) meat diets for three we e ks . 

Group 
Absorption (o/o ) 

No . 
Diet 

Week l W eek 2 Week 3 3 week 

MDS 
(Raw) 

l 5 . Ola 60.4 60.8 65 . 5 62 .7 
MDS 
(Ferment) 

2 5 . 13 56 .7 62 . 4 59 . 9 60.4 
MDS 
(Dry-Heat) 

3 5.05 59.4 57 . 4 6 3.3 60.4 

MDS 
(Wet-Heat) 

4 5. 53 6 0. 5 58.8 62 .2 60.6 

HDS 
(Raw) 

5 4 . 96 63 . 8 63 . 5 6 7.6 65.3 
HDS 
(Ferment) 

6 5 . 03 64.7 66 . 7 65 . 5 65. 6 
HDS 
(Dry-Heat) 

7 5 . 27 66 . l 62.7 67 . 4 65.9 
HDS 
(Wet-Heat) 

8 4.34 68.5 67.4 69 . 4 69.0 
HDS 
(Raw) 

9 0. 18 3 1. 2 62 . 2 65. l 45.4 

HDS 
(Raw) 

10 2. 77 7 9 .6 83 . 9 85.6 83 . 5 
HDS 
(Raw) 

11 7. 13 50.5 47.3 50.7 49.4 

LSD . 0 5/ . 01 7.7/10.1 8.2/10.8 9.4/12.4 7.8/10.3 

F l 7. 1 9. 19 6. 21 12.8 

Treat.df/Error d f 10 /96 10/97 10/ 9 8 10 /98 

aLevel of dietary calcium (g/kg). 
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treatment Jroups . A significant difference (p < . 05) of calcium absorp-

tion was found between the rats fed retorted MDS (60. 6 percent) and 

retorted HDS (69 . 0 p ercent) diets. Retorting also t ende d to increase 

calcium absorption from the diets containing HDS above that of meat 

processed by fermentation or dry-heat. Thi s may be due to a greate r 

so lubility of CaC0
3 

used in this diet after process i ng by retorting, but 

this effect di d not occur i n the MDS diet. The results of calcium 

retention were almost identical to those for absorption because very 

s mall amount of calcium is excreted i n t he urine (Table 12). 

Relative bioavailability of calcium 
1n MDS and processed HDS 

Six regr e ssion analyses were made to evaluate the re la tive 

bio lo gical value (RBV) of calcium contribut ed by the deboning proc ess 

r e lati ve to the HDS m e at diets supplemented with CaC0
3 

and the in-

fluence s of fermentation , dry-heat and r eto rtion processing methods. 

Another prediction equation (y = 4 . 49 x -9 . 81, r = 0 . 96) was calculated 

to determine the relationship between vertebra l ash content and verte -

bra l calcium concentration . A summary o£ these results is given in 

Tabl e 13. 

Results showed that the relative biological values o f t h e diets 

containing raw MDS were consistently greater than 100 (103-113) 

(Table 13 ). F ermentati on, dry-heating or wet -heating of MDS r es ulted 

in a l ower RB V o£ ca l c i um compared with raw MDS in a ll s ix re gression 

analyses . However , processing impr oved the RB V o£ calcium in HDS 



Table 12. Calcium r etention by weanling male rats fed mechanically -de boned shank (MDS) and hand-
de boned shank (HDS) meat diets for thr ee weeks . 

3 Wks 
mg Ca Rete ntion % Ca Rete ntion 

Group Ca Consumed 
Diet 

No. (mg) Wk 1 Wk 2 Wk 3 3 Wks Wk1 Wk 2 Wk3 3 Wk 
MDS(Raw) 

1 5 . 01 a 1017 173 210 252 635 60 . 4 60 .8 65. 3 62 . 6 
MDS (Fe rment) 

2 5. 13 1132 172 265 245 682 56 . 6 62.3 59.8 60 . 3 
MDS(Dry-Heat) 

3 5 . 05 1061 179 210 251 64 0 59.3 57.7 63 .2 60 .3 
MDS (Wet- Heat) 

4 5.53 1140 199 226 266 691 60.4 58.8 62.0 60. 5 
HDS(Raw) 

5 4.9 6 1022 190 223 253 666 63 . 6 63 .4 67.3 65 . 2 
HDS(Ferment) 

6 5.03 11 85 20 4 269 303 776 64 . 4 66 . 6 65 .4 65 . 5 
HDS (Dry- Heat ) 

7 5.27 1064 195 223 275 693 66 .0 62.6 67 .3 65.2 
HDS (We t-Heat) 

8 4.34 938 186 209 251 646 68.4 67 . 3 69 . 3 68 . 8 
HDS(Raw) 

9 0. 18 30 2 5 6 13 29 .0 54.6 6 1. 1 43 . 0 
BDS(H.aw) 

10 2. 77 556 127 152 184 463 79 .4 83 .8 85 . 3 83 .2 
HDS(Raw) 

11 7. 13 147 6 224 228 27 4 726 50.4 47 .3 50 . 6 49 . 3 

LSD .0 5 /.01 136/180 38/50 47/63 43/57 105/13 9 7. 8/10.4 9 . 3/12.3 9.6/12.7 8 . 0/10 . 6 
F 61. 3 20.3 18 . 4 27. 8 3 0. l 18.4 7. 64 6.02 13 . 1 

Vl 

Treat.df/Error df 10/98 10 /98 10 /98 10/ 98 10/98 10/ 96 10/ 97 10/98 10/98 w 

a 
Lcvd of uietary calcium (g/ kg). 



Table 13. Effect of processing on r elative biological value of calcium in diets containing mechanically ­
debone d shank (MDS) meat or hand-deboned shank (HDS) meat r e lative t o unproc es sed HDS 
meat supplemented w ith CaC0

3
. 

Relative Biol ogical Value 
MDS MDS MDS 

Linea r Re g r ession of : (Raw) 
(Fer- (Dry-
ment) Heat) 

5.01a 5. 13 5.05 

Dietar y Ca (g/kg) vs V e rt. ashb( %) 109 101 100 

Dietary Ca (g /kg) vs Vert. Ca c (mg/ g) 107 100 101 

Ca consumed (mg) vs Vert. ashd( o/o) 113 102 101 
e 

Ca consume d (mg) vs Vert. Ca (mg/g) 103 94 96 

Ca retained (mg) vs Vert. ash£( % ) 10 6 96 96 
o· 

Ca retained (mg) vs Vert. Cab(mg/g) 104 95 97 

aDietary calcium level (g/kg) . 

prediction equation: 
b 

y:::: 16.34 + 2.30 x (r = 0.8 6) 
c 
dy = 66 . 27 + 9 . 5 9 x (r = 0. 77) 

y = 16 .73 + O. Ol x (r = 0.86) 
e 
fy = 66 . 89 + 0.05 x (r = 0 .79) 

y = 15 . 98 + 0 . 02 x (r = 0.86) 
gy :::: 60 . 55 + 0. 09 x (r = 0 . 84) 

MDS HDS HDS 
(Wet- (Fer - (Dry -
Heat) ment) Heat) 
5. 53 5 . 03 5 . 27 

102 111 108 

103 118 106 

105 108 112 

99 104 103 

99 98 103 

100 104 101 

HDS 
(We t-
H eat) 
4 . 34 

116 

116 

116 

110 

105 

10 6 

Ul 

*"" 
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diets. The onl y exception is that fe rment e d HDS h as a lowe r RBV (98) 

t han unproc e ssed HDS (100 ) in the r eg re ss ion analysis of ca l c ium 

retained (rng ) vs ve rtebral ash(%) (Table 13). 

Bon e ash, calcium and s trength 

A two b l ocked analy ses of variance of vertebral and femoral 

data was made t o evaluate the bone compo sitio n and breaking strength 

(Table 14). With an increase in dietary calcium there was a p rogres ­

sive rise in the bone ash, calcium concentration and the breaking 

strength of th e f emur. Maximal values o£ the se were r e ache d with th e 

diet c o n t a ining a bout 5 . 0 g Ca /kg and further increas e of calcium in 

th e diet (7. 13 g Ca/kg) produced no furth e r change in these values . 

Processing methods us ed in thi s study did not a ffect bone 

calcium content or breaking str e n gth. There was no diffe r e ne e in bone 

ash, calcium content or breaking str e n gth of femu r among four g roups 

f ed diffe r e nt proc e ss e d MDS diets or among four g r o ups gi ven diffe r e nt 

processed HDS di e ts. Animals fed dry-heat ed MDS was l ower (p < . 05) 

in ve rt eb ral ash content than thos e fe d fermented and dry-heat ed HDS 

di e ts. Both ferme nted and d r y - heat e d MDS diets resulted in lower 

(p < . 0 1 ) ve rt ebral calcium concentration than ferment e d HDS die t. 

Si gnificantly highe r (p < . 01) ash and calcium value s wer e 

found in the femurs consistently than thos e in the caudal vertebra. 

Generally speaking, femur ash and calcium concentration were a bout 

1. 5 times of the vertebral ash and calcium content. 



Table 14. Cornposition of ve rt ebrae and femora of weanling male rats fed mechanically-deboned shank 
(MDS) and hand-deboned shank (HDS) meat di e ts for three weeks. 

Bone Ash(o/o ) Bone Ca(mg/ g) Bone P(mg/ g) Bone F (1.1.g/ g) Break1ng 
Str ength 

Group 
Di et 

Verte - Fe- Verte- Fe- Verte- Fe- Verte- Fe- (kg) 
No . bra lTIUr bra lTIUr bra mur bra mur F emur 

MDS(Raw) 
1 5. 01/5. 75/ll. 1a 30.3 50.6 122.0 174.7 57.0 93 .5 151. 6 184 . 5 5.46 

MDS(Ferment) 
2 5. 13/4. 98/5 .4 28.5 49.7 115. 8 171. 2 53.9 92 . 4 10 I. 1 134.4 5.38 

MDS(Dry-Heat) 
3 5. 05/5.20/15.4 27.8 48.9 115. 3 167.7 53.5 91. 0 17 5 . 3 212.5 5. 12 

MDS (Wet - Heat) 
4 5.53/5.37/11.1 29.5 50. 1 122.8 174.5 55 . 3 93.8 145.3 193.7 5.04 

HDS(Raw) 
5 4.96/ 5 .08/2.3 29.0 49.4 123.8 170.8 55. 7 92.4 75.3 53 . 2 5.29 

HDS(Ferment) 
6 5.03/4.77/-- 30.9 51. 6 135.3 180. 0 59.6 97 .4 -- -- 5.64 

HDS(Dry-Heat) 
7 5.27/5.10/-- 30.7 50. 7 123.7 179.4 57 . 8 98.0 - - -- 5.29 

HDS(W et-Heat) 
8 4.34/5.21/-- 30.4 51. 1 125.6 180.8 56 . 5 96 . 1 -- -- 5 .57 

HDS(Raw) 

9 0 .18/5.29/ -- 15 . 8 33.5 60 .7 120.4 30 .7 64.8 -- -- 2. 18 

HDS(Raw) 
10 2. 77/5.13/-- 23.6 43 . 1 99.5 149.9 45.2 83. 1 -- -- 3 . 37 

HDS(Raw) 
11 7.13/5. 05/-- 31.5 51. 6 125.3 183. 6 59 . l 98. 1 -- -- 5.54 

LDS .05/.01 2.8/3.6 14.5/1 9 .2 5.1/6.8 26. 7/35. 4 .79/1.04 

F(Tota1 df, Erro r df) F(215, 194)=14. 0 F(2ll , 190)=4. 94 F(215 , 194)=14. 1 F(94, 85 )=3. 85 

F{Treat. df, Error df) F(lO, 194)=53 . 2 F(lO , 190)=27. 3 F( l 0, 194)=50. 5 F(4, 85 )=60. 2 F(lO, 190) 
Ul 

F(Bone df, Error df) F(l , 194)=234 F(l, 190)=599 F(1, 194)=2383 F(1, 85)=15 . l = ll. 6 0" --
a Leve l of dietary calcium (g/kg)/phosphorus (g/kg)/fluoride (mg/kg) . 
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Serum calcium 

Changes m dietary calcium level from 2. 77 g Ca /kg to 7. 13 g 

Ca/kg did not produce detectable changes in serum calcium of rats 

(Table 16). This agrees with the finding of Kemm (1972) that there 

was no significant differ ence between the fasting se rum calcium in the 

rats fed diets containing 0. 2, 0. 4, 0. 8 a::1.d 1. 6 p e rc ent calcium. The 

HDS diet containing 0. 18 g Ca/kg led to a lower (p < . 01) serum calcium 

than all other treatment groups. This is beca u se that dietary ca lcium 

level of 0. 18 g/kg was to o low to maintain th e normal serum calcium 

concentration. 

Phosphorus B i oavai lability 

Balance stu~ 

Animals given HDS diets t ended to have a high e r effi ciency of 

phosphorus absorption than those g i ven MDS diets . . Significantly higher 

absorption va lues were found w ith fe r mented HDS diet (p < . 05 ), dry­

h e at e d HDS diet (p < . 01) and retorted HDS diet (p < . 01) compared \vith 

fermented, dry-heated and retorted MDS diets, re s pectively (Table 15 ). 

Percent phosphorus retention from unprocessed MDS diet \Vas 

significantly highe r (p < . 05) than that from unprocessed HDS diet. 

Proces sing of MDS by fermentation, dr y -heat or wet - heat tended to 

decr e ase phosphorus retention. These processing procedures tended 

to increas e phosphorus retention from HDS (Table 15) . However, these 



Table 15. Apparent absorption and retention of pl1osphorus by weanling m.ale rats fed mechanically-
deboned shank (MDS) and l1and-deboned shank (HDS) m e at diets for three we eks . 

2 Wks P 
Absoq~tion (o/o) R e tention (mg) Retention (% ) 

Group Consume d 
No . 

Die t 
(mg) Wk 2 Wk 3 2 Wk Wk 2 Wk 3 2 Wks Wk2 Wk 3 2 Wk 

1 
MDS(Raw) 
5 . 01a/5. 75b 838 7 6 . 3 79.0 77.8 203 218 421 51. 1 4 8 .6 50.2 
MDS(Ferment) 

2 5 . 13/4. 98 795 74.3 76.8 75 . 9 181 155 336 44. l 38 . 3 42 .2 

MDS(Dry-Heat) 
3 5 . 05/5.20 784 77.7 76 .7 7 7 .2 176 16 7 343 47 .0 40.4 43.7 

MDS(Wet-Heat) 
4 5 . 53/5 . 37 7 62 77 . 6 7 6 .6 7 6 .9 166 176 342 48.4 42 . 9 44.5 

HDS(Raw) 
5 4 . 96 /5.08 755 82.2 81. 2 81. 7 149 172 321 43.6 41. 6 42 . 4 

HDS(Ferment) 
6 5 . 03/4.77 822 84.0 8 0. 3 82 . 0 208 222 430 52 . 3 50.3 52 . 0 

HDS(Dry-Heat) 
7 5.27/5.10 744 83.3 85 . 3 84.4 180 215 395 50.9 55 . 4 53. 2 

HDS(Wet - Heat) 
8 4 . 43/5 . 21 821 82 . 0 86.7 84.6 181 228 409 47 . 8 51.3 4 9 . 8 

HDS(Raw) 

9 0 .1 8/5 .29 62 1 8 1. 2 87 .7 84.7 90 51 141 26.9 16. 2 22.7 

HDS(Raw) 
10 2.77 /5.13 768 81. 1 83. 1 82 . 3 118 104 222 34. 3 23.8 28. 9 

HDS(Raw) 
11 7.1 3/5 . 05 729 74 . 8 78.3 7 6 . 6 152 161 313 44.2 4 1. 5 42 . 9 

LSD . 05/.01 109/144 6 . 2/8. l 4. 8/6 .4 4 . 7 /6 .2 51/68 58/76 92/12210.0/13.3 10.9/14.4 7 . 7/10.2 

F 2 . 96 2.4 6 5 . 67 4 . 36 3. 63 7 . 22 7 . 11 4.49 9.28 11. 7 

Treat. df/Error df 10/97 10/98 10/97 10/97 10/95 10/94 10/91 10/95 10/94 10/91 
Ul 

aLevel o:f die t ary ca l cium (g/kg) . bLeve l of die tary pho s phorus (g/kg). 
CXl 



processing me thods d i d n o t affect the e fficiency of phosphorus absorp ­

tion from e ithe r MDS die ts o r HDS diets. 

Anima ls given raw H DS diet containing 7. 1 3 g Ca / kg showed a 

l owe r (p < . 05) phosphoru s absorp tio n than all other treatme nt groups 

given raw HDS die t s . The r e was no si gnifi cant difference in pho spho rus 

absorpti on in rat s g iven raw HDS diet as dietar y calci um level inc reased 

from 0. 18 g Ca /kg to 4 . 96 g Ca/kg . Percent phosphorus r e t e ntion 

increased linearly as dietary calcium l eve l increased. 

Bone phosphorus 

Cauda l verteb r a l and femoral phospho rus data are g i ve n in T abl e 

14. The p r ocessing meth o ds us ed in this experiment did not affect 

bone phosphorus cont ent. Both vert eb ral and fernoral phosphorus 

decreased as di e tary ca l c ium l eve l dec r eased . 

Serum phosphorus 

There wer e no s ignificant differences in serum phosphoru s con ­

centr a tion among treatm_e nts (Tabl e 16 ). These serum phosphorus 

l eve ls (11. 7 - 14. 3 mg/ dl) were much higher than th e normal range . 

There is no a ppar ent reason for these unu s ually hi gh leve ls. 

Iron Bioavailability 

Balance study 

Highe r iron absorption was found among animals fed diets w ith 

the following characteri s tics: (1) fer m entation of both MDS and HDS 
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diets (2) dry-heating of MDS diet (3) low d i e tary calcium levels. 

R e torting r esult e d in a significantly negative influe nce on iron absorp-

tion in both MDS (p < . 05) and HDS (p < . 01) die ts (Tabl e 17) . D ry -· 

h eat caused a significant decrease (p < . 0 1 ) in i r on absorption from 

HDS but a significant increase (p < . 05) in i ron absorption from M D S 

diet. Gene rally , animals consuming H DS diets exhibited a highe r 

efficiency of iron absorption t h an animals fed M DS diets except a n imals 

f e d the dry - heat e d HDS diet exhibited a signi fi cantly l ower (p < . 0 1 ) 

iron absorption value compare d with those fed dry-heated MDS die ts . 

H emoglobin 

Terminal hemoglobin (H b) l eve ls ar e shown in Table 18 . A 

significa ntl y high e r h e mo globin conc entratio n (g/ dl) was observed in 

the rat s f e d (1) fermented MDS diet in comparison with raw MDS diet 

(p < . 01) (2) fermented HDS d i e t in comparison with raw HDS diet 

(p < . 01) or dry-heated HDS d iet (p < . 01) (3) raw HDS die t containing 

4 . 96 g Ca / k g in comparison with raw HDS d i et c ont aining 7 . 13 g Ca/kg 

(p < . 05) . (4) raw HDS die t containing 4 . 96 g Ca/kg i n comparison 

with dry - heated HDS die t (p < . 0 5 ) . R e torting the m e at r e sulted in a 

s i gnificantly hi gh e r (p < . 0 1 ) h e moglobin concentration in rat s fed HDS 

die t. 

L iver i r on 

Liver iron concent rat ion (f.Lg Fe/g live r ) a nd t o tal live r ir o n (f.l g) 

w e r e c ons i s t e nt wit h e a ch ot he r due to s imilar live r we i ght s of a ll 1 1 



61 

Table 16. Serum cal cium <1.nd phosphorus of weanling male rats fed 
mechanically - deboned shank (MDS) and hand - deboned shank 
(HDS) meat diets for three weeks . 

Group 
Die t 

Serum Ca Serum P 
No. mg/dl ma/dl 

MDS 
(Raw) 

l S . Ola l 0 . 5 14 . 3 
MDS 
(Ferment) 

2 5 . 13 l 0 . 0 13. 8 
MDS 
(Dry-Heat) 

3 5 . 05 l 0. 7 13.7 

MDS 
(We t-Heat ) 

4 5. 53 10. 3 1 3 . 2 
HDS 
(Raw) 

5 4.96 10 . 4 13 . 6 
HDS 
(Ferment) 

6 5. 03 10.0 13. 0 
HDS 
(Dry - Heat) 

7 5 . 27 l 0 . 6 13 . 6 
HDS 
(Wet-Heat) 

8 4 .3 4 l 0 . 3 13.3 
HDS 
(Raw) 

9 0. 18 7.8 11. 7 
HDS 
(Raw) 

10 2.77 10. 5 13. 7 
HDS 
(Raw) 

11 7 . 13 l 0 . 6 12. 8 

LSD .05/ .01 l.0/1. 3 N . S . 

F 4.7 6 l. 93 

Treat. d£/Err o r d£ 10 /9 2 10/72 

a 
L evel of d i etary ca l c i um (g/kg). 



Table l 7. Iron consurned and apparent abso r ption by weanling male rats fed rnechanically-deboned shank 
(MDS) and lland-deboned shank (HDS) m eat diets for three weeks. 

Group 
Diet 

Fe Consumed (mg) % Fe Absor12tion 
No . Wkl Wk 2 Wk 3 3 Wl<s Wk l Wk 2 Wk 3 3 Wk 

MDS(Raw) 
1 5 . 01a/48 . 6b 2. 8 3 .4 3 . 8 10.0 31. 0 35 . 0 3 7. 1 35.0 

MDS(Ferment) 
2 5 . 13/ 60 . 9 3.7 5 . 0 5 . 0 13.7 36.2 42.5 37 . 1 39 . 3 

MDS(Dry- Heat) 
3 5.05/48 .7 2.8 3.5 3 . 8 10. 1 39 .2 42 . 8 42.5 41.8 

MDS(W et-Heat) 
4 5 . 53/49.4 2. 9 3 .4 3 . 8 10 . 1 25. 7 30.2 32.0 29. 7 

HDS(Raw) 
- 5 4 . 96/32.0 1. 8 2.2 2.5 6 . 5 37.0 46 . 7 45 . 8 43.9 

HDS(Ferm ent) 
6 5. 03/60 .2 3.8 4.8 5. 6 14 . 1 48. 1 50.6 43 . 6 47.3 

HDS (Dry-Heat ) 
7 5 .27/36 .3 2.0 2. 5 2 . 8 7 . 3 29.9 28.0 35 .2 31. 2 

HDS(Wet-Heat) 
8 4.34/54.9 3 . 4 3.8 4.6 ll. 8 32.3 31.7 36 . 6 33 . 4 

t'-HDS(Raw) 

- 9 0.18/34.2 2.0 1.9 1.9 5.8 48. 4 52.0 55. 1 51. 7 

HDS(Raw) 
10 2.77/28.8 1.7 1. 9 2. 3 5 .9 35.4 40.9 47 .2 42 . 0 

HDS(Raw) 
11 ,7. 13 I 28. 4 1.8 1.9 2. 2 5. 9 28. 1 28.6 30.8 29.3 

LSD . 05/. 01 . 4/ . 6 . 5 I . 7 . s / . 7 1. 6/2 . 4 8 .2/12.6 7.0/10.8 6 . 5/10.0 5 . 3/8 . 2 
F 24.0 37.5 48 . 3 2 5 . 6 4 . 87 8.70 7.79 11. 2 

Treat. df/ Error df 10/99 10/ 9 7 10/96 10/98 10/94 10 /9 2 10 /9 5 10/ 98 

aLevel of dietary calcium (g/kg) . 0' 

bLeve l of dietary iron (mg/kg). 
l'J 
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Table 18. Hemoglobin (Hb ) concentrations and liver iron in weanling 
male rats fed mechanically - deboned shank (MDS) and hand­
d eboned shank (HDS) meat diets for three weeks. 

Group 
No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Diet 

MDS 
(Raw) 
5.ola 

MDS 
(Ferment) 
5 . l3 
MDS 
(Dry-Heat) 
5. 05 
MDS 
(Wet-Heat) 
5 . 53 
HDS 
(Raw) 
4.96 
HDS 
(Ferment) 
5.03 
HDS 
(Dry-He at) 
5. 27 
HDS 
(Wet-H e at) 
4.34 
HDS 
(Raw) 
0. 18 
HDS 
(Raw) 
2.77 
HDS 
(Raw) 
7. 13 

LSD.05I.Ol 

F 

Treat. dfiError df 

Dieta ry 

F e (mglkg) 

48 . 6 

60.9 

48 . 7 

32 . 0 

60. 2 

36.3 

54.9 

34.2 

28.8 

28.4 

aLeve l of dietary calcium (glkg) . 

Terminal Liver Fe Total Liver Fe 
Hb ( g I dl) (p, g Fe I g liver) (fJ, g) 

12. 5 

14 . 4 

12. 6 

11. 6 

11. 6 

14. 7 

10.3 

13. 7 

ll. 4 

10. 5 

10.2 

1.311.7 

ll. 6 

101 98 

51 

63 

59 

49 

53 

89 

53 

58 

65 

50 

45 

1111 8 

6. 98 

10195 

249 

322 

288 

236 

241 

469 

253 

286 

271 

232 

192 

681 10 5 

6 . 85 

10 195 
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treatment groups (Table 18). As w i th terminal Hb concentration and 

percentage of iron absorption, both fe r mented MDS and HDS diets 

exhibit ed higher iron sto rage in the liver. Dr y -heat and wet-heat 

caused no significant difference on the liver iron. Among four groups 

of rats given raw HDS diets, the rats receiving an essentially zero 

calciur:n diet showed the great es t iron storage, whereas rats on 7 . 13 g 

Ca/kg diet showed the lowest liver iron storage . 

Fluoride Bioa va ila bility 

Balance s tudy 

There was no signifi cant difference in appa r ent fluoride absorp­

tion among rats given four lv1DS diets in the first two weeks . In the 

third week, rats fed fermented and dry-heated MDS diets had a signifi­

cantly lowe r (p < . 0 5 ) fluoride absorption in cor:nparison with those fed 

raw MDS di e t. For th e three week balance period, onl y the animals 

fed the fermented MDS diet exhibited a significantly lower fluoride 

absorption efficiency than those fed the raw MDS diet (Table 19 ). 

Percent fluoride retained t ended to be lower in animals fed 

all processed MDS die ts compared with raw MDS die t (Table 20). 

Significantly lower fluoride retention values w e re found with rats given 

fermented MDS (p < . 01) and d r y - heat e d MDS (p < . 05) diets than with 

rats given raw MDS diet. 
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Bone flu o ride 

Both vertebral and femoral fluoride contents were directly 

related to dietary fluoride level (Table 14). Statistical analyses 

revealed that significant differences are more related to dietary fluor­

ide l evels than to processing methods . Significant differenc es (at 

least p < • 05) were found between all treatme nt groups except the 

groups fed raw MDS di e t containing 11. l ppm fluoride and those fed 

wet-heated MDS diet containing 11. 1 ppm fluoride. Femora contained 

a significantly higher (at l ea st p < . 05) level of fluoride than vertebrae 

for all treatment groups except the group given raw HDS diet containing 

4. 96 g Ca/kg and 2. 3 ppm fluoride. The bone ash content was more 

closely related to dietary calcium l eve l than to dietary fluoride level, 

since rats fed diets containing 4. 9 6 g Ca /kg and only 2. 3 ppm fluoride 

did not exhibit a decrease in their bone ash content. Bon e breaking 

strength (kg) r eveal ed the same pattern as bone ash. Breaking strength 

decreas e d as dietary calcium level decreased but did not appear t o be 

r elated to dietary fluoride level. The decr ea sed fluoride level in the 

HDS diet did not result in a weaker bone as long as dietary calcium 

l evel .s ta yed optimum (about 5. 0 g Ca/kg). 
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Table 19 . Apparent absorption o f fluor i de by weanling male r a t s fe d 
mechani cally-de boned shank (MDS) 1neat d i ets fo r three weeks . 

Group Di e t a r y A bso r ntion (%) 

No . Die t F (mg/kg) Wk l Wk 2 Wk3 3 Wk 
MDS 
(Raw) 

1 5 . 0 l a ll. 1 65 . 6 6 7. 3 72. 8 69.5 
MDS 
(Ferment ) 

2 5. 13 5 .4 5 7.7 56 .2 60 . 9 56 . 9 
MDS 
(Dry- Heat) 

15 .4b 3 5 . 0 5 6 3. 8 6 2.5 5 7. 4 59 .3 
M D S 
(Wet- Heat ) 

4 5 . 53 ll. 1 64 . 7 59 . 7 67 . 8 64. 4 

LSD . 05/ . 01 N . S . N . S . 13 . 0/17 . 5 l l. 2/15 . l 

F 0.87 l. 20 7 . 36 7 . 68 

Treat .df/Er r or df 3/34 3/35 3/33 3/ 3 3 

aLevel of d i etary calcium (g/kg) . 
b 

Expect ed va l ue calculated from the fluoride content i n dry - heated 
MDS 1neat. 



Table 20. Fluoride retention by weanling male rats fed mechanically-deboned shank (MDS) meat diets 
for three weeks . 

Dietary 3 Wks F 
1.1g F Retention % F Retention Group 

Di e t F Consumed 
No . (mg/kg) (I:!; g) Wkl Wk 2 Wk3 3 Wk s Wk1 Wk2 Wk 3 3 Wk 

MDS 
(Raw) 

1 5. 01 a 11. 1 2253 314 370 490 1174 53 . 0 49 . 1 56 .3 52. 1 
MDS 
(Ferment) 

2 5 . 13 5.4 1192 129 144 135 408 3 7. 1 3 7 0 7 29.0 34.2 
MDS 
(Dry-Heat) 

l 5 .4b 3 5.05 3234 369 488 462 1319 45.2 43. 3 37.0 40.8 
MDS 
(Wet-Heat) 

4 5 . 53 11. 1 2286 307 332 374 1013 49.5 42 . 6 44.0 44.3 

. 05 242 62 11 9 137 278 8 . 5 
N.S . 

12. 0 9 . 5 
LSD . 01 324 84 159 184 374 11. 4 16. l 12. 8 

F 269 82 . 8 29.3 33.0 20.6 6 . 03 1. 40 7.69 15 . 8 

Treat . df/Error df 3/35 3/30 3/3 2 3/31 3/29 3/31 3/32 3/32 3/29 

aLevel of dietary calcium (g/kg). 
b 

Expected value calculated from th e fluoride content in dry-heated MDS meat. 

0"' 
--.J 
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DISCUSSION 

Meat Composition 

The MDS beef used in this study contained 7. 4 mg Ca I g on a 

fresh weight basis (Tabl e 6), which i s higher than the average value 

(5 . 0 mg/g) report ed for mechanically-deboned red meat (MDRM) (Field 

et al., 1 974b) . How ver , this calcium l evel was within the range of 

the USDA's proposed rules, which regulate the maximum calcium level 

to 0 . 75 percent for MD.lvl and of l. 0 percent for MDM for processing 

(Field, l976b). Mechanically - deboned beef has been reported to contain 

2. 17 g Ca/kg from beef shank and 3 . 19 g Ca/kg from beef plate (Hen­

dricks et al., 1977b). Field et al.. (1976) found that mechanically­

deboned beef contained 10.6 to 15 . 5 g Ca/kg . Chat et al. (1977) re ­

ported that mechanically-de boned meat obtained frorn flat bone contained 

17. 2 g Ca/kg . T hus, the calcium content of the MDS used in this study 

falls within the range of reported values . The calcium content of H DS 

(0. 1 mg/ g f r esh meat) i n this s t udy was jus t the same as that r eported 

by Watt and Merrill (1963 ) . 

Iron levels in this fresh MDS (45. 7 flg/g) and fresh HDS (24. 8 

flg/ g) are in the same range as reported by others for me c hanic ally-

de b one d beef (43 - 63 flg/g) and hand-debon e d beef (26- 31 f.Lg/g) (Field, 

19 7 6 b) . The r esults that MDS contained n ea rly twice as much iron as 
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HDS agree with those r eport ed by Field (l976b). Howeve r, MDS had a 

higher moisture level than HDS; thus, MDS only contains 30 pe rcent 

more iron than HDS on a dry we i ght basis (Table 6) . This result 

supports the finding of Farmer (1 9 77) that MDS contains 33 percent 

more m etaboli zable iron than HDS. 

The fluoride level of MDS meat in this study was 13. 4 , 3 7. 9 , 

40 . 2 and 41.3 flg/g in ferment ed, wet - heated, dry-heated a nd raw MDS 

meat respectively based on lyophilized weight. Kruggel and Field (1977) 

reported that the mean fluoride content of mechanically- d e bone d beef 

ranged from 3 0. 3 to 4 7. 6 flg/ g on a dry weight bas is. Ko l bye and 

Nelson ( 19 77) reported that the mean fluoride content of mechanically -

de boned beef was 18.6 flg/g fresh tissue . The fluoride levels of MDS 

meats in this study were within the range described above except the 

fermented MDS meat. Howeve r, the MDS rneat processed by fermenta ­

tion in this study was from a different lot of cattle. 

Animal Responses 

Body weight 

Bernhart et al. (1969) es timated that the daily calcium require­

ment of young male rats was 22 mg (about 2. 2 g/kg diet) for maximal 

growth. This is in agreement with the data reported h e re since there 

were no statistical d i fferences in body weight gain for the animals feel 

diet cont aining 2 . 77 g Ca/kg or m o r e (Table 9) . The lower weight of 

the r a ts fe d HDS diet with 0 . 18 g Ca /kg may be explained only partly 
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by the lesser weight of their bones and livers. The possible influence 

of calcium-deficient diet on other tissue was not examined in this 

study. Neither fermenta tion, dry-heat nor wet-heat cookery affect the 

body weight gain of rats fed MDS o r HDS diets. This finding agrees 

with that of Hendricks et al. (1977a ) that rats fed cooked desinewed 

beef shank or cooked control beef shank grew the same as those fed 

raw meat diets. 

It is known that fluoride is required for growth. Schwarz and 

lvlilne (1972) concluded that 2. 5 ppm fluoride 1s r equir ed for an optimal 

growth r esponse for rats. Our results support their conclusion, s ince 

there is no depression in weight gain for th e rats given HDS diet which 

contained 2. 3 ppm fluoride compared w ith those given MDS diets (5 . 4 -

15.4 ppm fluoride ) . 

McLaughlin (1979) observed a significantly higher body weight 

gain for rats r eceiving a HDS diet containing 7. 18 g Ca/kg than t hose 

receiving a HDS diet conta ining 4. 88 g Ca /kg. The data in this study 

do not support tha t finding, since the rats fed HDS with 7. 13 g Ca /kg 

grew the same as the othe r groups. However, the rats in McLaughlin's 

study grew faster than those in this study. Bell et al. (1941) r eported 

that variation of the calcium intake f rom 0. 75 to 13.9 g Ca/kg did not 

affect the appetite nor the body weight if the arnino acids and vitamins 

were adequate . Toothill and Hosking (19 68) observed that at 1 0 weeks 

of agE: the weight of ra t s fed a high calcium diet (0. 74 percent) was 

significantly l ower (p < . 01) than that of rats fed a low calcium diet 
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(0 . 13 percent) ; however , the l eve l of calcium had no effec t on net body-

weight w hen th e diets were fe d f o r 48 o r 6 0 weeks . 

Dr y matter absorption 

Many r esearchers h ave r eport ed that heating may decrease the 

diges tibility a nd net p r otein utilization of meat prote in (D o no so e t al. , 

1962; Dvorak and Vognarova , 1965; M cNab , 1975) . Both fermentation 

and r e torting of the MDS m eat r esult e d in lower dr y matte r absorption 

in this study. H oweve r, dr y -he ating MDS meat or any processing o f 

HDS meat d i d not cause any d e pres sion of dry matter ab s orption . 

Results show a lower dry matter absorpt i on as dietary calcium 

l evel inc r ease d (Tabl e 10). It has b een s u gges ted that a high l evel of 

dietary c al c ium, usually in th e form of CaCO , will r educe the digesti -
3 

bility of food nutrients . Keener (1953) observed a consistent d ep r e ssion 

of protein digestibility w h e n die t s ha d approx i mately l. 0 p e rcent o f 

CaC0
3 

(0 . 4 percent c alcium) added to the m. It was a ls o found that 

incr e asing dietary cal c ium leve l (up t o 0 . 6 p e rc e nt ) r esult ed in a sharp 

depres sion (ove r 50 percent) in the apparent di g estibilit y of hi gh melt i ng 

p oint fa t (Che ng e t al., 1 949) . Th e mechanism by which ca l c ium may 

have r educed the digestibility of other nutrie nts has been but p oor l y 

evaluated, perhaps the formation of insoluble complexes may be i nvo l ved . 
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Calcium Bioa vaila bilit y 

Balance study 

Drake e t a l. ( 1949) reported that calcium from bone meal was 

readily utilized b y rats . This study demonstrated that th e calcium in 

MDS is also well u tiliz ed (Table 11 ) . Th e apparent absorption of cal-

cium from the bone in MDS (62. 7 percent) was e quiva l ent to the appar e nt 

absorption of calcium from CaC0
3 

(65. 3 percent) . Similarly, McLaugh-

lin (19 79 ) found the ca l cium absorption from MDS was 66 .3 p ercent 

compared with 68 .7 percent from C aC0
3

. Skrypec e t al. (197 8) ob-

served that the calcium abso rption f r om mechanica lly-deboned bee£ 

was 88 . 1 p ercent compared with 87.7 per cent fro m CaCO_,. These 
.) 

higher calcium absorption values observed by Skrypec e t al. (1978) wer e 

probabl y due t o d i fferences in diet composit ion and l engt h of feeding 

period. The major differences between the diet compos ition in the study 

of Skrypec e t al. ( 19 78) and this study were the protein and fa t content. 

The dietary pro t e in levels i n the study of Skrypec et al. ( 1978) were 16 0 

to 16 2 g/kg compared w ith 234 to 25 6 g/kg in this s tudy. The dietary fa t 

levels in t h e study of Skrypec e t a l. (1978)were 65 to 97 g/kgcompared 

w ith 327 to 364 g/kg in this s tudy . The expe rime ntal p e riod was 4 weeks in 

the study of Skr ypece t al.(l978)whilethi s studywasonly3weeksinduration. 

Proces sin g by fermentat i on, dry-heat or wet-heat did not affect 

calcium absorption from M DS. This agrees with the findin g of McLaugh-

lin (1979) that a ut o claving MDS at 121°C f o r 90 minutes did not change 
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calcium absorption. H e at was expected to caus e a g r ea ter solubility 

of bone particles i n MDS and conseque ntly increase the absorption of 

calcium. However, it has to be noted tha t foods are compl ex n1ixtures 

of che1nica l s and r eactions between chemi ca l s a r e depende nt on many 

fac t ors , such as oxidation/ r eduction potential, pH , temperature, 

moisture content and pres ence of other constituents (Lund, 1979) . 

Diffe renee s rna y be caused by the changes o£ protein in meat c a us ed by 

h eating . As previously cited , cooking caused denaturation of p r otein s. 

The l ower digestibility o£ prot e in i n cooked MDS ma y d ecrease calcium 

absorption and possibly offset the benefi cial influence of greater so lu­

bility of bone particles caused by heati ng . 

Since bone particles are re a dily solubilized in weak acid (John­

son e t al. , 1970; Lawire, 19 7 -±; Field e t al. , 1977) , increased acidity 

caused by fern~entation was expected t o be an important dietary factor 

in calcium utilization from MDS . However , the ferme nted meat was 

not s ufficiently acid to affect solubil ity signifi cantly . Bone particles 

are reported t o be readil y solubilized at pH 0. 82 to 2. 15 (Johnson et a l., 

1970 ; F i e l d et al. , 1977), whereas the pH of the fermented mea t were 

5 . 17 a n d 5 . 34 in this study . The gast ric juice is genera lly cons i dered 

to favor the absorption of calcium, s i nce the acid o f the gast r ic juice 

rende rs dietary calcium salts mor e s olub le (B ill s , 1935; Mahoney and 

Hendricks , 1974). Field e t al. (1977) r e port e d that bone particles 

s o lubil ize d in 0. 15 M H C l , which is similar to the concentration o f HCl 

m gast ric JUIC e (L e hninger, 1970 ). Mahoney a nd Hendricks (1974) 



74 

found that hypochlordria (fasting pH 6 . 0 or higher) resulted in decreased 

absorption of calcium from dibasic calcium phosphate compared with 

sham-operated, pair-fed controls . These findings probably can explain 

t he results of this s tudy in which conditions practically all the bone 

particles in MDS w ould be expected to be dissolved in the s t omach . 

Acidification of MDS by fermentation do not gi ve an y further favorable 

effect on the ca l ciu1n absorption from MDS . 

Calcium consumption was inversely related to absorption (Table 

ll), which was also shown by Cohn et al. ( 19 68 ) and Sammon et al. 

(1970). This may be viewed as a consequence of a controlled calcium 

absorption mechanism such as that mediated by calcium- binding protein 

(Wasserman et al., 1968 ). Kemm (1972) reported that ther e is an 

i nverse co rr elation b e tween calcium absorption and the calciurn pool 

in the skeleton. Mammals , including man , adapt to a low calcium diet 

by more efficient absorption of calc ium from the intestine . Shaw and 

Draper (196 6 ) strongly indicated that the influence of the parathy r oid 

hormone (PTH) on int e stinal calcium transport increas e s as the level 

of calcium in the diet reduc e d . Furthermore, PTH has been shown t o 

enhance 1, 2 5 - dih ydroxychleca lciferol production by the k i dney (Fraser 

and Kodicek , 1973) . 

Relative bioavailability 

Calcium i n raw MDS had highe r rela tive b i ologi ca l values (103 -

113) than ca l c ium in raw HDS s upplemented with C a C0
3 

(100) (Table 13). 



75 

Calcium bioavailability from MDS is, thus, comparable to that from 

CaC0
3

. This confirms that calcium from bone can be well absorbed 

and retained (Drake e t al., 1949; U dall and McCay, 195 3). Processing 

by fermentation, dr y -heat and wet-heat resulted in a slight decrease of 

r elative biological value (RB V) of MDS (94 - 1 02 ) (Table 13) . However, 

t h is does not cause any practical problem, since the RBV is at least 

94. 

The correlation coefficients of all s1x r egression analyses which 

were produced t o evaluate the calcium bioava i labilities were not very 

high (0. 77 - 0. 86). A s previously cited, there is an inverse r elati on ­

ship between dietary ca lcium leve l and the efficiency of calcium absorp-

tion. However, the same regression analyses were evaluate d by 

McLaughlin (1979) , and found that the correlation coefficients were as 

high as 0. 94 to 0 . 98 in that feeding tria l. 

Th e correlation coefficient was as h i gh as 0 . 96 when th e regres­

sion analysis of caudal vertebral ash (o/o ) vs caudal vertebral calciurn 

(mg/ g) was determined . Thus, bone (a t least caudal vertebra) ash 

content is a good indicator of th e concentration of bone calcium. This 

study indicated that the use of RB V to determine the b i oa vailability of 

calcium from different s ourc es i s an eas ier and less expensive method 

to us e than balanc e study . A1nong six parameters t h e relative biologi ca l 

values of die tary calcium (g/kg) vs v e rtebral ash (o/o ) were most consis ­

tent wit h t he percent calcium absorption dat a (Tabl e l l ). T h u s, t he 
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use of the prediction equation from die tary calcium level vs bone ash 

content measured the calc ium bioavailability more reliable than other 

parameters used h ere . 

Bone ash, calcium and strength 

About 99 percent of the body calci um is concentrated in the hard 

structures of bones and teeth (Pike and Brown, 1975). Thus, bone 

calcium and ash content can be good indicators of dietary calcium bio -

availability . Processing of MDS and HDS by fermentation, dr y -heat or 

wet -heat did not influence calcium and ash content in caudal ve rt ebrae 

and femora (Table 13 ). The changes in femur co1nposition caused by 

processing of the dietary meat were not so obvious as those in the 

vertebra . This may be due to a more rapid turn over rate of vertebra 

compared with the femur. 

The results indicate a direct r e lationahip between dietary calcium 

intake and bone calcium., ash content and m .echanical strength of the 

femora. Toothill and Hosking (1968) showed that the higher l evel of 

dietary calcimn (0. 75 percent calcium, 0. 80 percent phosphorus) led 

t o a highly significant increase in the bone weight and percent ash con­

t ent than a lower level of ca l cium (0. 13 p e rcent calcium, 0 . 36 percent 

phosphorus) after 7 we eks . Similarly, Williams et a l. ( 1964) using an 

X-ray technique, found differences in density of the caudal vert ebra 

of rats g i ven diets containing 0. 1 or 0. 5 percent calcium and 0. 39 per­

c e nt phosphorus from 74 days of age to death. The pos itive 
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r e lationship between dietary calcium level and bone breaking strength 

found in this study had also b ee n demonstrated by others (Bell et al., 

1941; Salmon and Volpin, 1972) . Thi s is because of the bone resorp­

tion caused by low calcium intake. The loss of bone calcium and 

o r ga nic mat rix w eaken the bone and the bone can no longer withstand a 

pressure stress (Salmon and Volpin, 1972) . 

Although a progressive rise of bone constituents was found as 

dietary calcium increased, there was no difference in bone ash, calcium 

content or breaking strength of femora between rats given about 5. 0 g 

Ca/kg and 7. 13 g Ca/kg . This may be because of the saturation of the 

skeletal calcium pool in the animals fed high level of calcium (7 . 13 

g/kg) which may prevent further calcium absorption from the intestine. 

Bell et al. (1941) also reported tha t above an intake of 0. 36 percent 

calcium, there was no inc r ea se in the size, calciun1 content or strength 

of the bone . 

Phosphorus Bioavailability 

Phosphorus f r om the raw MDS diet was retained better (50 . 2 

pe rcent) than phosphorus from the raw HDS diet (-!2 . 4 percent). Phos-

phorus retention was l owe r from d i ets containing fermented, dry - heated 

and wet-heated MDS meat than from HDS meat d i ets proce ssed by the 

same m e thods (Table 15 ). In this study, the phosphorus in th e diet was 

the combinati o n of phosphorus from meat, bone particles and sodium 

acid phosphate (NaH 2PO 
4

) . The di e t containing MDS h ad a higher 
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proportion of bone phosphorus and a lower proportion of ]'-;aH
2

PO 
4 

(5. 6 - 8 . 3 g/kg), while diet containing HDS had higher proportion of 

NaH
2
PO 

4 
(14 . 0 - 18 . 0 g/kg) . 

Us i ng the percentage of bone ash as a c riterion, many studies 

have found that the phosphorus in bone meal was highly available (Miller 

and Joukovsky, 1953; Johnson et al. , 1953) . Gillis e t al. (1954 ) using 

a b i ological assa y t echnique rated the bioavailabilit y of tricalcium 

phosphat e 100, sodium acid phosphate 101, domestic bone meal 70 to 

100 and an imported bone meal 8 7 . They also found that phosphorus 

from steamed bone meal was less available than monobasic calcium 

phosphate and d e fluorinated phosphat e and the same as tribasic calc ium 

phosphate and commercial dicalcium phosphate . Motzok and Branion 

(19 56 ) added phosphorus supplements to 0 . 4 percent with the calcium : 

phosphorus ratio maintained at 2:1. They found that the bone ash of 

chicks was 45 . 5 percent for steamed bone meal , an average of 46. 0 

percent for three fee d grade bone meals and 46.8 percent for commer-

cial g rade NaH
2

PO 
4

. Combining th e results of this study and others , 

it appears that phosphorus f r om MDS and bone meal are at l east as 

good as that from NaH
2

PO , Ca PO and Ca
2
HPO . 

4 3 4 4 

The values for phosphorus absorption in this s tudy confirmed 

the findi n gs of Clark (1 969) that phos phorus absorption is inverse ly 

r elated to calcium i nt ake. The adverse infl u e n ce of dietary calcium 

upon phosphorus ab so rpt ion is pr obably due t o the precipitation in th e 

gut of insoluble calcium phosphate (Davis, 19 63 ), and to the absenc e 
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increase in fecal phosphorus with increasing dietary calcium level 
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(Apfelbaum and Brigant, 19 6 3) was presumably due to the salts being 

rendered insoluble on passing into the more alkaline medium in the 

intestine. 

The exc reti on of urinary phosphorus r eflects the l eve l of 

absorbed phosphorus relative to that of calcium, and the rate of urinary 

excret i on is a function of the difference between the absorption rates 

of these two elements. High dietary calcium level (7. 13 g Ca/kg) 

resulted in a reduction of phosphorus absorption (76. 6 percent) . The 

need to conserve absorbed phosphorus by a reduction in urinary phos­

phorus (42 . 9 percent retention) is we ll illu strated here. With low 

intake of calc ium relative to phosphorus (0. 18 g Ca/kg, 5 . 29 g P/kg) 

the removal of d i eta r y calcium int erference r esulted in a high absorption 

of phosphorus (84. 7 percent absorption) whi ch was excreted a l most 

totally in th e urine (only 22. 7 percent r e tention) . It is apparent that, as a 

result of limit ed contr ol over phosphorus absorption, the kidney con­

stitutes th e principal organ for the mediation of phosphorus homoeosta -

sis . 

Ir o n Bioavailability 

The highe r iron level in MDS i n comparison with H DS is due to 

the presence of bone marrow iron and the iron from the wear on the 

deboni ng machinery . Iron in the MDS contr i buted by the abrasive 
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activity within the grinde r and Jeboner would likely be in the form of 

elemental iron. The bone marrow iron is combi ned with protein 

apofer ritin to form hemosiderin (Guyton , 1976) . Most organically 

bound iron (about 9 5 percent) in m e at is found in heme compounds 

(Lavrisse and Martine z -Torres , 1972) . Thus, ir on present in the 

MDS would be both protein (heme or apoferritin) bound iron from the 

m.eat or bone marrow and e l ementa l iron from the wear of the equip ­

ment. Heme iron is rnuch better absorbed than non-heme iron (Lay ­

risse et a l., 1968; Layrisse et al., 196 9 ; Mon s on et a l., 1978). There­

fore, the lesser e xtent of iron absorption f rom MDS than from HDS in 

this study might be du e to the pr e senc e of non-heme iron in th e MDS. 

Rats fed dry-heated MDS diet had a significantly higher ( p <. 05) 

iron absorption value than thos e fe d raw MDS diet (Table 17). This 

m i ght be becaus e of the beneficial influ e nc e of h ea ting o n the absorptio n 

of n o n-heme iron pre s e nt in MDS . Wood e t al. ( 1919 ) i n dicate d that 

heat and pres sur e proc essing r e sult e d in a significant and positiv e 

enhancernent of the relative b i ologica l value of several ferric compounds. 

Theuer e t al. (1971, 1973) found that h eat processing improved iron 

bioa v ailabilit y of various iron s alts added to infa!lt so y i solate formulas 

and mil k -based formulas. H owever, rats fed dry-heated HDS diet had 

significantl y lower (p < . 01) iron absorption value compa r ed with those 

fed raw HDS diet (Table 17). This findi ng agrees with the result of 

Callender e t al. (1957) tha t cooking depressed iron absorption from 

hemoglobin in iron-defic i ent subjects. On the other hand, Turnbull et al. 
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(1962) indicat e d that cooking did not change the absorption of h emoglobin 

iron. From the r esult s of thi s s tud y and some othe r s, it might be con­

cluded that the effects of dr y -heating o n the a bsorption of heme iron and 

non-hem.e iron are diffe r e nt. D ry -heating r esults in an incr e as e in non -

heme iron abs o rption , wher e as it results in a decreas e o f h eme iron 

abso rption . 

R e t o rting r esult ed in a s igni ficant decreas e in iron abso rption 

from b oth MDS d i et (p < . 05) and H DS die t (p < . 01). L ea and Hunnan 

( 1949) found that the reduction of meat pr otein dige stibilit y by h ea ting 

is mos t s eve r e in moist -h eat at 70 percent relative humidit y. The 

depression of meat p r o t e i n u tilizati on by ret o rting might dec r ease the 

i ron abso rption fro tn meat, since meat de g radation products enhance 

the absorption of iron (Ma rtinez-Torres and Layrisse, 19 71; Kroe 

e t al., 1966). It was also fo und a reduce d dry matt er absorpt i on 

(p < . 05) on r ats f ed r e t o r te d MDS diets; however , this did not occur 

on the r a t s f e el r e t orted HDS d ie t (Table 10). 

Fermentation processing in t h i s study was the combina ti cn o f 

acidi ty and dry-heat . This s t u dy indicated that iron from fermente d 

MDS or HDS was more effi ciently utiliz e d than th e iron from raw M DS 

o r H DS b y inc r easing iron absorption effic i ency , t e r mina l hemo g l o bin 

l eve l and liver ir on content. Both he m e and non-he1ne iron are better 

absorbed a t a lowe r pH; howeve r, the mechanisms involved are different. 
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Several studies ha ve demonstrated tha t ascorbic acid incr eases the 

iron absorption fr om vegetable (Say e rs e t al., 1973; Layrisse e t al. , 

1974) but does not affect the absorption of heme ir on (Turnbull e t al. , 

1962 ; Martinez-Torres and La y riss e , 1971). Acidity increases non ­

heme ir o n absorption by maintaining iron in a reduc ed , more soluble 

form which i s the n r ea dy to be absorbed i n the small intestine . In­

crea se d acidity favo rs the h e me ir on absorption by pr eventing heme 

aggregation (Anson and Mirsky 1930; Gralen, 1939). 

It would app ea r that i ncreasing th e intake of calcium will inhibit, 

whereas decreasing the dietary calcium level will enhanc e iron absorp­

tion. This research shows tha t ir on bioavailability of the HDS diet with 

7.1 3 g Ca/k g was depr e ssed as evidenced by iron absorption (p < . 01) 

and t ermi na l hernoglobin concentration (p < . OS) when compa r ed with 

that of t h e HDS diet w ith 4. 96 g Ca/kg (Table 1 7 , 18) . An essentia lly 

z e ro calc ium die t had a s i gnificantl y higher ir o n bioavailability tha n 

diets containing about 5 . 0 g Ca/k g. Die t a r y calcium affe cts iron utiliza­

ti o n , th o u g h the m e chanism is not w e ll understood . Chapman and C a m­

bell (195 7) h ave suggested that the m u cosa l cells o f animals fed a high 

calcium intake b ecame blocke d w ith calcium and thus int erfe r e with 

i ron absorption . Da vid (19 59 ) indicat e d that it had be e n possible to 

meet the n eeds for iron by stepping up th e dietary iron l evel unde r con­

ditions of high die tary calcium intake . 

Generally , h e moglobin gene ration is us ed as a mean of measur-

ing ir o n utilization. Liver iron s t o rage is also an indicator of iron 
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bioavailability because 26 percent of the total body iron is stored 1n 

the liver, spleen and bone in the form of ferritin and hemosiderin 

(Pike and Brown, 197 5) . The dietary iron levels were different among 

groups in this study; thus, the i ron absorpt i on values are more 

reliable, since it takes int o account both iron consumption and the 

efficiency of its absorption. 

Fluoride Bioavailability 

Balance study 

Ja ckson et al. (1950) observed that fluoride retention of growing 

rats fed different bone meals varied from 17 to 43 percent. Stillings 

et al. (1973) found that growing rats ingesting d i ets containing 32- 70 

ppm fluoride had fluoride retention of 24 percent from fish protein con­

centrate (containing 150 - 300 ppm fluoride p rimarily from fish bone) 

and about 50 percent from NaF. Howeve r, growing rats i ngesting diets 

cont aining 7 ppm fluoride had retentions of about 3 2 percent frorn both 

fish protein concentrate and NaF. These retention values are some­

what lower than the fluor i de ret e ntion va lues (34. 2 - 52 . 1 percent) 

from MDS by growing rats (Table 20) . 

Very l ittl e information exis ts on th e effects of f ood processing 

on the absorption and retention of fluoride . Rats fed a diet based on 

raw MDS or retort ed MDS diet had the same fluorid e level in their diets 

(11. 1 ppm). The percentage of fluoride absorption and r e t ention tended 

to be lower for the rats gi ven the retorted MDS diet. These results do 



not support the finiing s of Evans and Phillips ( 19 38) . They found m 

rats fe d a basal ration plus 4. 0 p ercent bone meal or 4. 4 percent 

st ea1ned bone m .eal t o nJ.ake the total fluorid e of 2 6 ppm in rations, 

tha t th e a vera ge fluoride co nt e nt of femora w as 288 and 33 6 fl.glg bon e 

r es pective l y in the rats fed normal and steamed bone meal. The ir 

data showed that h e a ting of the bone 1ne al increased the fluoride bio­

a va ilability. The bone data in this s tudy do not agree with their c on ­

clusions, since rats gi ve n either raw MDS or retorted MDS had the 

same flu o ride content in the ir vertebrae and femora . Fermentation 

or dry -heat o£ MDS resulted i n lowe r fluoride absorption and r etention 

values compared with W1proce s se d MDS. Howe ver, the dietary fluoride 

l eve l varied from 5. 4 t o 15 . 4 ppn1 in these 3 groups and th e amount of 

fluoride ingeste d might influence the arnount of fluoride r t aine d. 

Bone fluorid e 

Gr owing rats fed MDS die ts containing 5.4 to 15.4 ppm fluoride 

for 3 weeks had 101.1 to 175.3 fl-g F l g in their v e rtebra e and 134.4 to 

212.5 f-l. g F lg in the ir f e mora (Tab l e 14). Pool and Thomas (1970) 

found that w eanling rats fed die ts containing 18 fl-g F I g di e t had about 

179 fl-g FIg bone (g round sample fro1n fe mur, tibia, fibula, p e lvis, 

humerus , radius, ulna, scapula and mandible s ) when chicke n bone 

m e a l was the source o f fluoride. Thus, the fluoride in MDS and chicken 

bone meal appear to be retained with similar efficiency. 
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Bone fluoride content is probably a more reliable measure to 

evalua t e fluorid e bioavailability than the percent absorption and reten­

tion obtained from balance studies. This is b ec ause that ing e sted 

fluoride accumulates in bone. Furthermore, the fluorid e lost in the 

sweat is not accounted for in balance studies. McClure e t al. (1945) 

conducted extensive balance experiments on 5 young men . They found 

that under 11 comfortable 11 conditions, 24 percent of the absorbed fluoride 

\Vas lost in the sweat. Under 11h ot humid'' conditions, 44 percent of the 

absorbed fluori de was exc ret ed in the sweat. Retorting of MDS tended 

to cause a l ower p e rc entage of fluorid e retention for growing rats, but 

there is no difference in the vertebral and fernoral fluoride content 

between rats fed retorted MDS and raw MDS diets (Tabl e 20) . The 

evidence that dry-heating of lviDS l e d to an increased b one fluoride 

l eve l and fermentation of l'v1DS led to a decreased bone fluoride level 1s 

more related to the different fluoride intakes rather than to the pro-

ce s sing methods. 

Fluoride produces changes in th e bone crystals by replacing the 

hydroxyl ion of the apatites. Fluoride substitution r es u l ts in a more 

stable bone mineral and more res i s ta nt than hydroxyapatit e to para ­

thyroid hormone (He aney, 1965; Posner, 19 69 ). It has also been 

r e ported that fluoride increases the density of the skeleton and stimu ­

lates bone formation (Heaney, 1965; Jows e y et a l. , 1968). However, 

the breaking strength of the femora in this study was not different 

between rats fed l'v1DS diets containing 5 . 4 to 15 . 4 ppm fluoride and 
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r a ts fed HDS diets containing only 2. 3 ppm fluoride. This study 

indicated that the ash content and mechanical strength of the bone are 

more related t o dietary ca l cium levels than t o dietary fluoride leve l s . 
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CONCLUSIONS 

The differences in m i neral between mechanically-debarred meat 

(MDM) and hand- de boned meat (HDM) include calcium, iron and fluoride, 

which are due to the incorpo r a tion of fine bone particles and bone 

marrow . T he major objectives of this research were t o evaluat e t he 

b i oavaila b ility of calcium, i ron and fluorid e in mechanically - deboned 

beef shank (MDS) and the influences of food processing by acid fe rme n­

tation, dry-heat and wet - heat. 

Under the conditions of this exper i ment m echanically debarring 

increases the meat levels of fat, ash, calcium, phosphorus, ir on and 

fluoride, and decreases the levels of protein and moi s t ure. This study 

demons trated that cal cium in the MDS is as well utilized as calcium 

carbonate . Processing by acid fermentation, dry-heat or wet - heat 

did not cause any practical impact on calcium bioavailability fr o m MDS. 

Therefore, t he marginal intakes of ca lcium in humans would indicate 

the intake of MDM with its increased calcium t o be nutritionally bene ­

ficial. The r e lative b i ologica l va lue (RBV) of calcium in MDS indicates 

that the para met er of dietary calcium leve l vs vertebral ash content 

gave the most cons ist ent data among six r egr e s s i on analyses . Th e u se 

of RB V to d e t e r mine th e bioa vailability of calc ium from different sources 

is a l ess tedious and expens ive 1netho d than balance study . 
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Iron in MDS is less efficiently utilized than the iron in hand-

deboned shank (HDS) due to the presence of elemental iron. However, 

the higher iron content makes MDS a significantly b ett er source of 

iron than HDS. Thus, the consumption of MDM might relieve the 

frequ e ncy of iro n deficiency anemia in many populations. Especially, 

the product of acid fermentation (thuringer) causes increased iron 

bioa vailabilit y due to the function of acidity. 

The fluoride retention values (34. 2 - 52. 1 percent) i n this study 

were somewhat higher than the ret ention values from various bone 

m ea ls reported by others. Amo n g the concerns about the safety of 

MDM is the a mount and bioa vaila b ility of the fluoride that it conta i ns, 

This research indicat es that the consumption of fluoride in MDS would 

be far below the range (20 - 80 mg/day) u s ually required to produce 

toxicity in humans . However, it has b een recommende d that rnechani­

ca lly -deboned meat not be us ed in baby and junio r foods . 

Overall, mechanically-deboned 1neat is a clean, safe product of 

considerable nutritional worth. Calcium and iron are of special interest 

because dieta ry surveys of people in the United States indicat e that t he se 

minerals are often the ones in short supply. It is recommended to expand 

the us e of mechanically-deboned m e at in the future. 
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Appendix A 

Macro Kjeldahl Procedure 

Reagents: (a) Indicator solution--0. l o/o methyl red and 0. 2% bromo ­
cresol green in alcohol. 

(b) Standardized sulfuric acid solution, 0. I N- - standardi ze 
acid against tris (hydroxymethyl) aminomethane, 
also known as 2-amino-2- (hydroxymethyl) -1 , 3-pro­
panediol, which has an equivalent w t. of 121. 14 g . 
A 0. 3029 g of sample dissolved in water is equivalent 
to 25 ml of 0. l ON H 

2
so . Use the indicator solu ­

tion (a) and make at lea~t three determinations. 
Use the average no r mality of the three. 

(c) Catalyst mixture-- mix 7% reagent grade fine crystallin e 
CuSO with reagent grade K SO . 

4 2 4 

(d) Z inc, Mossy 

(e) Boric acid solution, 4 %. Dissolve 40 g boric acid 
reagent per lite r and add 5 ml indicator solution. 

Procedure: (a) Wei gh by difference a sample to contain approxi mately 
25 to 50 mg N into 6 50 ml Kj eldahl flask, and run two 
reagent blanks (with filter paper) through all the 
steps of the procedure and subtract the blank titra­
tion from the sample titrations. 

(b) Add 10 g of catalyst mixture followed by 25 ml of con­
centrated sulfuric acid. 

(c) Digest sample until the so lution clears and all carbon 
has been oxidized . Cool on the heat e rs until fuming 
ceases . 

(d) Add 250 m l col d tap wat er whi l e cooling the flask under 
running cold water . 
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(e) Add 50 ml of the boric acid solution to the 500 ml 
Erlenmeyer flask and set under the condenser with 
the tip beneath the surface of the solution . 

(f) Carefully add 110 ml of NaOH of flask containing 
digested sample . Add a few piec es of mossy 

zinc (1-2 g) and quickly attach the flask to the dis­
tillation condense r. 

(g) Distill u .. 1til about two -th irds of the liqui d in the flask 
is contained in the rec e i v ing flask. Lowe r the 
receivin g flask and allow the condenser to d rain for 
5 minutes. 

(h) Titrat e the ammonia with standardized 0 . 1 N H SO t o 
2 4 

a faint purple or colorless endpoint. 

Calculations: Nitrogen % of sample = 

(ml acid titration- ml b lank titration) (acid N) X O. 
014 

X lOO . 
wt. of sample in g 

R e ferences : Seales , F. M. and Harrison, A. P. 1920. Boric acid 
modification of the Kjeldahl method for crop and soil 
ana l ysis . J. Ind. Eng. Che:n . 12: 350 . 

Official Methods of Analysis of the Association of 
Official Agricultural Chemist. 1965. lOth ed., Publi­
shed by the Association of Official Agricultural Chem­
ists, P . 0. Box 540 , Benjamin Franklin Station, 
Washington, D . C. 
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Appendix B 

Inorganic Phosphorus Procedure 

''MS " solution- - diso l ve l 0 g MgCl (or 21. 33 g MgC l
2

. 
6H Oand 10 g (NH

4
)
2

Mo0
4
·H

2
0 in

2
about 500 ml water . 

Ada 28 ml concentrated H
2
so4. which has previ ously 

been d i luted to about 200 m l w1th demineralized water. 
Bring to 1 liter t ota l volume w ith demineralized water . 

2. Elon solution - -dissolve 1 g e l on (p-methyl aminophenol 
sulfate) in l 00 ml of 3o/o sodium bisulfite (NaHS0

3 
). 

Prepare fresh monthly and store in refrige r ator. 

3 . Standard phosphorus solution--make standards of 10, 25, 
50, l 00, 150, ZOO and 25 0 ppm phosphorus from a 
1000 ppm solution of NaH

2
Po

4
· H

2
0 . 

Procedure: Prepare blank and s t andards by mixing 25 0 ml of each 

phosphorus standard w ith 5 ml MS and 0 . 5 ml e l on . Pre­
pare appropriate dilutions of samples using same amounts 
of MS and e lon. Mix well. Allow the tub es to stand 45 
minute s f rom the time of elon addition and read the a bsor­
bance at 700 m/-1 wavelength on a spectrophotomet e r. Cal­
culate th e phosphorus concent ration (ppm) of sample using 
the prediction equation from the standards . 

Refe renee: Gomori, G . 19 53 . Standard Method of Clinical Chemistry . 
pp. 84-87. Academic Press , New Yo r k . Vo l. I. 
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Appendix C 

Fluoride Procedure 

Preparation of TISAB: 
Prepare a total ionic strength adjustor (TISAB ) to provide 
a constant background ionic strength, decomplex fluoride 
and adjust solution pH. Place about 500 ml demineralized 
water in a l liter beaker. Add 57 ml glacial acetic acid, 

58 g NaCl and 4 g CDT A (cyclohexylene dinitrilo tatraacetic 
acid or 2, 2-diaminocyclohexane N, N, N' , N'-tetraacetic 
acid). Stir with ma gnetic stirrer and add approximately 
5 M Na OH until pH is b e twe e n 5 . 0 and 5 . 5 . Coo l to room 
t emperature and dilute to l liter with demineralized water . 

P r ocedure : Prepare standards of 0. 1, 0. 5, l. 0 and 10. 0 ppm o£ 
fluoride solutions in plastic bottles. (All samples and 
standards n-mst be pre par ed in plastic since fluoride 
r eacts with glass .) 

Reference : 

Neutralize appropriate amount of ashed solution o r urine 
w ith 10 ml of 0. 12 5 M NaOH . Add 5 ml of 0. 05 M NaOAC 
buffer, 5 ml d emine raliz e d water and 25 ml TISAB. The 
final pH of the mixture has to be between 5. 0 and 7. 0. If 
the pH has been adjusted by the addition of acid or base, 
add an equa l volume of TISAB, carefully noting the tot a l 
volume . 

Using a magnetic stirrer, r ea d standards and samples 
using a fluoride specific ion e l ectrode with a digital pH/ mv 
1ne t e r with the functi o n switch set to REV MV . Wait for 
a stable reading (about 5 minutes) and record. Rinse 
electrode with demineralized water and blot dry between 

r eadings. Calculate ppm fluoride in sample using the 
logarithmic prediction equation from the standards . 

Orion Research Inc., 1977 . Instruction Manual. Form 
IM 94 , 9 6 -09/7721. U.S .A. 



Principle : 

Reagents: 

Procedure: 

Appendix D 

Urinary Calcium Procedure 

Calcium is pr ecipitat ed from urine as oxalate and the 
precipitate is dissolved in acid . 

Methyl red solution--dissolve 1 g of methyl r ed 1n 
suffi c i ent alcohol to make 1 liter . 
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Ammonium oxalate solution- -dissolve 1 g of ammonium 
oxalate in sufficient demineralized water to make 100 ml. 

Add 2 drops of methyl red and 2 ml of (NH )
2

C 0 
solution to 1 ml urine, and adjust to pH 4. ~ witi 4 1 N HC l 

or 2. 5 percent ammonium hydroxide solution. L et stand 
for 24 hours at room temperature. C entr i fuge and pour 
off the s upernatant liquid. Wipe the inside surface of the 
centrifuge tube with liquid . (This step is required to 
r emove excess oxalate pre sent in the supernatLl.nt or any 
dissolved magnesium oxalate . ) Dis solve the precipitate 
in 1 ml of l N HC 1 and place in a boiling water bath. Mix 
frequently t o faci litate complet e solut i on. Dilut e with 
proper amou nt of 10, 000 ppm SrC1 2solution. Mix well 
and reag with atomic absorption spectrophoto1ne ter at 
422 6 . 7 A. The urinary calcium concentration is calculated 
using re g ression equation developed from standard data . 

R e ferences: Clark, E. P. and Collip, J. B . 1925. A study of th e 
tisdall method for the determination of blood serum 

calcium with a suggested modification. J. Biol. Che rn. 
63 :461. 

Os e r, B. L. 19 65. 
14th ed., p 1263 . 

Hawk's Phys i o l ogical Chemistry. 
The Blackiston Division. McGraw-Hill 

Book Company, New York, Toronto, Sydney, London. 
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Appendix E 

The Feeding Period F Ratio fo r Collected Da ta 

It em P e rio d df /Er r or df F ratio 

We i ght gain (g) 1/107 3.97 
Live r weight (g) 1/107 2.0 6 
3 Wk dry matter absorption (o/o ) 1/106 l. 13 
3 Wk Ca absorption (o/o ) 1/10 6 2. 69 
3 Wk Ca ret ention (o/o) 1/10 6 2 . 68 
3 Wks Ca ret e ntion (mg ) 1 / 106 3 . 98 
Vert e bral ash (o/o ) l / 107 l. 22 
Vertebra l Ca (mg/g) 1 /106 2. 12 
Vertebral P (mg/ g) l/107 l. 33 
Femur ash (o/o) 1 /1 0 5 2 . 02 
Femur Ca (mg /g) 1 / 104 0. 12 
F e mur P (mg/g ) 1/105 3.30 
Bone s tr ength (kg ) 1 / 199 0 . 4 6 
Serum Ca l / 10 1 l. 8 7 
S e rum P 1 /8 1 0.02 
2 Wk P absor ption (o/o ) 1 / 10 6 2 . 69 
2 Wk P ret ention (o/o ) 1 / 1 00 0. 36 
2 Wks P r e t ention (mg) 1/100 0.65 
3 Wk F e abs o rption (o/o ) l /107 0.04 
Terminal h emoglobin (g/ d 1) 1/107 2. 32 
Liver Fe (flg/g) 1/104 3.46 
Total li ve r F e (flg) 1/104 0 . 52 
3 Wk F1 abs o rption (o/o ) 1 /36 0 . 46 
3 Wk F1 r e t ention (o/o ) 1/ 33 0 . 03 
3 Wks Fl r e t e ntio n (flg) 1 /33 0. 66 
V e rt ebral F1 (flg/g) 1 /47 0 . 43 
F emur Fl (fl gIg) l/46 3 . 12 
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