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NOMENCLATURE

Marginal 10% protein American Institute ofNutrition rat diet
modified by incorporating wheat starch rather than com starch.

Pasta Adequate: the 17% protein pasta diet, the amount of
protein in the supplemented pasta.

Pasta Marginal: the 10% protein pasta diet, where in the
amount ofprotein in the pasta was diluted by the addition of
wheat starch.
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CHAPTER]

INTRODUCTION

For the average American, protein intake may exceed the minimum dietary

requirements; but the frail elderly requirement is often unmet, leading to malnutrition.

Further, some older adults need more calcium according to the Third National Health and

Nutrition Examination Survey(1), which found examples of inadequate calcium intake.

Unfortunately, increasing protein in diets ofthe frail elderly could make a marginal

calcium status even worse, because dietary protein enhances the urinary excretion of

calcium. The excretion ofcalcium occurs at both low and high protein intakes, but the

urinary losses ofcalcium are greater at higher protein intakes. Estimates are that for each

gram ofmetabolized protein, one milligram ofcalcium is lost in the urine(2). Our hunter­

gatherer ancestors might have been healthy with a high. protein and high calcium diet(3);

however, in current diets there may be an imbalance ofthe protein to calcium. Therefore,

when designing diets or food products to address one deficiency, such as protein, care

should taken to avoid magnifying another deficiency, such as calcium. '

Considering the nutritional needs and food intakes ofthese frail elderly, a pasta

supplemented with protein and calcium has been developed at Oklahoma State University.

A 100 g cooked serving ofthe pasta provides the amount ofcalcium in a glass ofmilk and

8 g ofprotein. A panel ofactive elderly persons has evaluated the pasta and rated it as

very acceptable(4), but no tests were done for utilization ofnutrients. The purpose ofthis

1
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study, using rats as the experimental animal, was to detennine the bioavailability ofthe

protein in the supplemented pasta (by comparing it at marginal amounts to a standard diet)

and to determine whether varying the protein amount in the diet of rats fed the pasta

affected calcium utilization.

Objectives and Hypotheses

The three objectives, subdivided into two parts, of this research project are the

following:

(1.1) To determine if a marginal diet, either from the modified American Institute

ofNutrition rat 10% protein diet (m-AIN), or from a 10% protein pasta diet (PM) will

equally affect the composition of the carcass and feces.

(1.2) To detennine if reducing the pasta diet from 17% (PA) to 10% (PM) protein

will affect the composition of the carcass and ofthe feces.

(2.1) To determine whether the protein from the m-AIN diet or the PM diet will be

efficiently absorbed and utilized based on protein efficiency ratios and other protein

measurements.

(2.2) To determine whether reducing the amount of protein from 17% (PA) to

10% (PM) from the pasta diets will interfere the absorbed and utilized based on protein

efficiency ratios and other protein measurements.

(3.1) To determine if the marginal protein from either the m-AIN diet or the PM

diet will interfere with the absorption and assimilation ofdietary calcium.

(3.2) To determine whether the amount of pasta protein in either the PM diet or

the PA diet will interfere with the absorption and assimilation ofdietary calcium. To
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accomplish objectives 1.1,2.1, and 3.1, results from animals fed the marginal protein diets,

the m-AIN and PM diets, will be compared. To accomplish objectives 1.2, 2.2, and 3.2,

results from animals fed two lev,e]s ofpasta protein, the 10% PM and the 17% PA diets,

will be compared.

The three hypotheses, subdivided into two parts, ofthis research are the following:

H 1.1: There will be no differences between the results from the m-AIN diet and

the results from the 10% protein pasta diet for selected carcass and fecal parameters (total

feed intake, feed digestibility, total weight gain, animal final weight, carcass moisture,

carcass dry matter, carcass fat, carcass energy, fecal weight, fecal fat, and fecal energy).

H 1.2: There will be no differences between the results from the marginal protein

pasta diet and the results from the adequate protein pasta diet for selected carcass and

fecal parameters (total feed intake, feed digestibility, total weight gain, animal final weight,

carcass moisture, carcass dry matter, carcass fat, carcass energy, fecal weight, fecal fat,

and fecal energy).

H 2.1: There will be no differences between the results from the m-AIN diet and

the results from the 10% protein pasta diet for selected protein parameters (protein

efficiency ratio, fecal protein, carcass protein, and serum albumin).-

H 2.2: There will be no differences between the results from the marginal protein

pasta diet and the results from the adequate protein pasta diet for selected protein

parameters (protein efficiency ratio, fecal protein, carcass protein, and serum albumin).

H 3.1: There will be no differences between the results from the m-AIN diet and

the results from the 10% protein pasta diet for selected calcium and bone parameters

(fecal calcium, bone density, bone dry weight, bone ash weight, bone calcium, bone



phosphorus, bone breaking load; bone elongation at break, bone energy to peak, bone

peak load, bone wall diameter, and bone wall thickness).

H 3..2: There will be no differences between the results from the marginal protein

pasta diet and the results from the adequate protein pasta diet for selected calcium and

bone parameters (fecal calcium, bone density, bone dry weight, bone ash weight, bone

calcium, bone phosphorus, bone breaking load, bone elongation at break, bone energy to

peak, bone peak load, bone wall diameter, and bone wall thickness).

Assumptions

In this experiment, the assumptions were:

1. Adequate amounts of all nutrients, except for protein in the marginal treatments, were

offered to the animals.

2. Diets were prepared similarly according to accepted procedures.

3. Samples taken were representative of the whole.

4. Chemical analyses were precise and accurate.

5. Conditions in the animal feeding facility were sufficient for nonnal growth.

6. Cage arrangements were such that biases due to location were minimized.

Limitations

1. Only 27 rats (experimental units) were used in this study.

2. Only two protein amounts (10% or 17%) were provided by the diets.

3. The primary source ofcalcium was calcium carbonate for all diets.

4



Definitions

Breaking Load: The load (force) required to break a sample. After breaking the force
decreases significantly, usually to zero.

Elongation at Break: The distance or displacement the sample has undergone at the
instant when it breaks.

Peak Load: The maximum amount offorce a sample undergoes during loading either
before, at, or after breaking.

5

Protein Efficiency Ratio (PER): An index ofprotein quality determined by dividing the
weight gain ofa group ofanimals during 28 days of feeding by their protein intake during
28 days of feeding.



CHAPTER II

REVIEW OF LITERATURE: THE CALCIUM AND

PROlEIN NEEDS OF THE ELDERLY

Introduction

Although older adults need many nutrients, a particular dilemma among the frail

elderly is protein deficiency. However,. itncreasing protein intake could exacerbate calcium

deficiency. Clearly, when designing a food to increase one nutrient,· care should be taken

to avoid diminishing the absorption or use ofanother nutrient. This review addresses

these concerns by examining protein and calcium recommendations, dietary calcium

supplements, and considerations for designing foods for the elderly.

Protein Recommendations for the Elderly

The protein intake ofmany older adults in the United States is adequate, but is

inadequate for others. In fact 2% to 15% ofthe healthy elderly have low protein intakes.

However, for those who are institutiona.I.ized, the figures ~e worse; up to 33% consume

insufficient protein(5). Nutritional problems exist especially for those with complicating

factors, such as poor dentition or the need for nutrient dense foods. Table I lists these and

other circumstances that discourage adequate protein intake. Thus, aged individuals with

protein malnutrition may require "special palatable and protein-enriched meals(6)."

6



TABLE I

RISK FACTORS FOR MALNUTRITION
IN ELDERLY PEOPLEa

FOOD/FEEDING PROBLEMS
Difficulties procuring and preparing food
Lack oforal health
Poor sensory perceptions
Inadequate food intake
Inability to self-feed
Need for nutrient dense meals
Poverty

MEDICAL PROBLEMS
Infections
Polypharmacy
Anorexigenic drugs
Recent surgery
Chronic illness
Hyperactivity

PSYCHO-SOCIAL PROBLEMS
Recent loss ofa spouse
Dementia
Depression
Institutionalization
aCompil:ed from several sources: (7,8,9,10,11).

Determinations ofNeeded Protein Intake

This section ofthe review compares several authors' protein intake

recommendations. However, the authors use different measures and procedures for

7
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basing their recommendations, so it was necessary to seek commonality. Therefore, to

accomplish the comparisons, four steps are followed: first, the hypothesized protein

needs or the protein reference values are compiled. Second, these recommended values

are all conv,erted to grams ofprotein, the unit measurement for the National Academy of

Science's recommended dietary allowances (RDA). Third, the protein intake needsofa

representative elderly man and woman, each weighing 68 kg, are calculated from their

energy needs. Then, the grams ofprotein are transformed into a simple common metric,

the percent RDA, for the benefit of comparison. Fourth, the different protein

recommendations are compared to data from an actual food intake survey ofthose who

are greater than 60 years old.

Recommended Intakes in Grams and Percentages for 68 kg Elderly Adults

Protein is an essential dietary component for tissue maintenance and repair, and

enzyme production, even among the elderly. The usual protein intake ofelderly persons

65 years and older is 75 to 80 g for men and 55 to 65 g for women(12). Based on the

RDA, the recommended protem allowance is 0.80 glkg, or 54.5 g1day, ifweighing 68 kg,

for those 51 years and older. However, this intake may be insufficient to meet their needs,

ifpresented with the extraordinary protein requirements ofdisease.

In addition to the RDA, there are several other protein calculation strategies and

recommendations for older adults. For these, protein recommendations 'involve factors

beyond age and weight. Gender, disease, drug use, nutrient biochemical status, and

physical activity should also be incorporated in the decision according to Blumberg(13).

Another strategy for determining their intake is to consider protein as percent ofcaloric
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intake. Twelve to fourteen percent oftotal kilocalories for those over 60 years old is

recommended by Munro(14) .. Thus, with the estimated energy needs of68 kg elderly

persons being 1500 kilocalories for the woman and 1900 kilocalories for a mane15), their

protein needs would be 45 - 54 g (83% to 99% ofthe RDA) for the woman, and 57 - 67 g

(104% to 123% ofthe RDA) for the man. A protein requirement of 1.00 glkgld based on

nitrogen equilibriumis recommended by Campbell, Crim, Dallal, Young, and Evans(16).

They advocate protein intake, including a safety·margin for the aged, of 1.0 to 1.25

glk:gld. Thus, based on these estimates, the protein needs for the example elderly persons

would range from 68 g - 85 g per day (125% to 156% ofthe RDA).

Besides assessing protein intake, evaluation ofprotein status uses other indices.

One indicator, which when low may coincide with a depressed stress response(l7), is the

whole body protein turnover. The components ofthis index include: total amino acid flux

(Q), body protein breakdown (B), amino acid intake (I), body protein synthesis (8), and

amino acid catabolism (C). This equation expresses the relationship ofthese components:

Q=B+I=S+C (18).

Pannemans, Halliday, and We.sterterp(17) report that protein turnover is significantly

greater (p<O.OOOJ) with higher intakes ofprotein. That is, a diet consisting of 12% of its

total energy as protein realizes lower protein turnover rates than a diet with 21% ofits

total energy as protein. Therefore, 21% is fecommend~ as the intake adjustment to

compensate for the increase in protein needs as total energy needs are declining within the

elderly population. So, using the estimated kilocalorie needs ofthe subjects, based on

21% ofenergy as protein, their protein needs are 80 g (147% ofthe RDA) for the woman

and 100 g (184% ofthe RDA) for the man.
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In summary, after conversions are made and the various recommendations for

protein are compared with each other and with the official RDA, the cOl1sensus seems to

be that the protein intake needs for these elderly persons are 83% to 147% ofthe RDA for

the woman and 104% to 184% RnA for the man.

Comparison ofRecommended to Actual Protein Intakes

As the recommendations increase, a greater percentage ofthe elderly show

inadequate intakes; thus more ofthem appear to be at risk ofprotein malnutrition. Protein

reference values stated either as percent ofkilocalories or in grams can be compared to

protein intake data from the National Health and Nutrition Examination Survey(1)

(NHANES III) (See Table il). During this survey, 24-hour food intake records were

.completed by 2,566 randomly selected U.S. civilian non-institutionalized people. The

elderly people in the NHANES study consume greater than 12 - 14% oftheir calories as

protein which according to Munro(14) is adequate. However, compared to 21% of

kilocalories from protein, recommended by Pannemans et al.(17), most intakes are

inadequate. The example elderly man and woman also show this pattern. Their actual

protein intake is adequate as compared with the RDA, but deficient when compared to

21% ofkilocalories or 1.0 to 1.25 g ofprotein per kilogram ofbody weight. Ifin fact

NHANES ill accurately reflects mean protein intakes of~he elderly, the heightened

protein needs for many elderly are largely unmet.
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TABLEll

PROTEIN INTAKE BY RACEIETHNICITY AND AGE
(60+ yo): UNITED STATES, 1988 - 91 3

Total Population Non-Hispanic White
Age Mean Mean Median Mean Mean Median

Men (% kcal) (g) (g) (% kcal) (g) (g)
60-69y 16.4 84 78 16.3 85 79
70-79y 16..0 74 70 15.9 75 70
8O+y 15.0 69 64 15.7 69 65

Women
60-69y 16.6 64 60 16.4 64 60
70-79y 16.6 58 55 16.4 57 55
80+y 15.9 52 49 15.9 52 49

Non-Hispanic Black Mexican American
Age Mean Mean Median Mean Mean Median

Men (% kcal) (g) (g) (% kcal) (g) (g)
60-69y 17.2 78 67 16.5 78 74
70-79y 17.1 63 60 17.8· 73 64
80+y 18.9b 70b 56b 17.6 62b 60b

Women
60-69y 16.2 56 51
70-79y 17.3 62 57
8O+y 15.5 50 45h

aData based on 24-hr dietary recall, 1 day
precision. Source: (1)

17.5 56 53
16.4 50 45
13.9b 43b 41h

6Value does not meet standards ofreliability or

Health Effects ofProtein Malnutrition in the Elderly

The severity ofprotein malnutrition among aged adults affects the response to

disease and the duration aflife. The mortality and malnutrition of205 non-cancer subjects

age 74 to 76 were studied by Cederholm, Jagren, and Hellstrom(19). They identify

malnourished participants as those with at least three ofthe following indices below
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reference amounts: weight index, triceps skinfold thickness, arm muscle circumference,

serum albumin, or delayed cutaneous hypersensitivity reaction. The researchers report

significant differences (p<0.001) in mortality rates among malnourished subjects versus

well-nourished subjects. Most healthy elderly have adequate protein intakes. They are

less active and through normal aging have a reduced body cell mass and lower basal

metabolism and requires less. However, many elderly are unhealthy; and, thus, disease is a

risk factor for protein..energy malnutrition (PEM) according to Scblienger, Pradignac, and

Grunenberger(6). To recover from many diseases by repairing tissues and promoting the

processes ofthe immune system, the body requires greater protein intake. When the

increased protein needs ofthe :frail aged go unmet, the results can include: muscle wasting,

nutrient deficiencies, immunoincompetence secondary to higher energy expenditure,

greater protein catabolism rates, and changes in sensory perceptions. Therefore, some of

the elderly who suffer from diseases probably have deficient protein intake.

Calcium Recommendations for the Elderly

Many elderly in the U.S. have unmet calcium needs. They have difficulty meeting

calcium needs for several reasons: inadequate intake, interference with absorption, and

gastrointestinal changes. The calcium intakes ofwomen over age 60 and men over age

80, according to NHANES ill, are inadequate. Intakes less than 100% ofthe RnA are

reported by this survey for these elderly (See Table m(l)). The inability of segments of

the U.S. elderly population to meet their calcium requirements is exacerbated by dietary

factors that reduce calcium availability. In addition, physiological changes in the elderly

may enhance the need for dietary calcium. The purpose ofthis section ofthe review of
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literature is to present information on various calcium recommendations for aged persons,

diet components that diminish dietary calcium availability. and gastrointestinal and

hormonal changes that also impact calcium availability.

The calcium RDA is 800 mg for those 5] and older, however, several researchers

dispute this recommendation. Calcium requirements are determined using age and

gender(12), but recommended parameters include ethnicity(2). Also. obligatory calcium

losses during menopause may infer a need of 1000 mg(20). Impaired calcium absorption

TABLE ill

CALCIUM INTAKE BY RACElETHNICITY AND AGE
(60+ yo): UNITED STATES, 1988 - 91a

Total Population Non-Hispanic White

Age Mean Median Mean Median

Men (mg) (mg) (%RDA~ (mg) (mg) (%RDA'),
60-79y 850 710 106 871 729 109
80+y 721 638 90 742 673 93

Women
60-79y 680 592 85 704 630 88
80+y 626 533 78 633 545 79

Non-Hispanic Black Mexican American

Age Mean Median Mean Median

Men (mg) (mg) (%RDA~ (mg) (mg) (%RDAb
)

60-7Oy 609 498 76 788 662 98
8(»y 512c 469c 64e 626c 491c 78c

Women
60-79y 505 403 63 602 500
8O+y 484c 352c 61 c 595(: 444c

aData based on a 24-hr dietary recall, 1 day. 'Based on mean calcium intake.
not meet standards of reliability or precision. Source: (1)

cValue does
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and diminished renal conservation can advance the requirement to 1500 mg. Since

calcium needs vary during adulthood(21), the National Institutes ofHealth (NIH)

proposed optimal calcium requirements.

Optimal calcium intake requirements promote life-long efficient use ofthis nutrient

(see Table IV). The reconunendations change for different reasons as age advances: to

attain maximum peak. bone mass, to maintain peak bone mass, and to minimize bone loss.

The amounts ofcalcium for the older adult reflect the potential ofpoor vitamin D status,

accelerated age-related bone disease, and reduced calcium absorption. Moreover, the

optimal calcium intake requirements emphasiz.e similarities ofphysiological calcium

homeostasis among aging men and women; therefore, the optimum catciuni intake

recommendations are that all those over age 65 consume 1500 mg calcium daily. Hence,

the needs are greater for older than younger adults; and, without effort by the individual,

large portions ofthe population will consume insufficient amounts ofcalcium.

TABLE IV

OPTIMAL CALCIUM REQUIREMENT AS PROPOSED BY THE Nlli

"
"I
'.

II'

'I

','

"!

Men
24-65 yr.
Over 65 yr.

Women
25-50yrs.
Over 50 (postmenopausal)
On estrogen
No estrogen
Over 65 yr.

Source:(22)

Calcium (mg)
1000
1500

Calcium (mg)

1000
1500
1000
1500
1500
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Dietary Factors that Affect Calcium Requirements

The calcium requirements ofa population are adversely impacted by several

dietary factors. These inhibit the absorption ofcalcium: fiber, ,caffeine, phosphorus, fat,

aluminum, sodium, and protein. Others, like wheat bran, phytate, and oxalate, decrease

the a~ailability ofdietary calcium(23,24,25,26). One cup ofcoffee reduces absorption of

calcium by 2 - 3 mg(27,28,29), but this effect may be offset by an additional intake of 1 - 2

tablespoons ofmi1k(29). Though phosphorus decreases urinary calcium losses, it also

increases indigenous calcium losses via the gastrointestinal tract, thus balancing the overall

impact(30,31). Due to the reactions ofunesterified fatty acids found in chyme and the

effects oflipases, fat forms calcium soaps, diminishing the amount ofavailable calcium.

.Aluminum, found in aluminum-containing antacids, increases obligatory urinary calcium

losses through the binding ofphosphate in the gastrointestinal tract, thus leadin~ to

reduced serum phosphate amounts and elevated urinary calcium losses. This loss can be

50 mg/day or more(32). However, the impact of these foods or medications are small

relative to the effect ofsodium or protein(33).

Protein and sodium alter calcium availability. Apparently, reduced intake of

protein or sodium lowers calcium requirements(34), so populations with low dietary

protein and sodium probably have reduced calcium needs(30,34,35,36). Consequently, a

poor calcium balance can be the result ofa disproportionate intake ofsodium and protein..

Both sodium and protein enhance calcium urinary losses whether at low or high intakes.

Heaney and Recker(37), based on a study 168 female subjects between the ages of36 to

45, predict that when dietary intakes increase from 10.8 g1dayto 16.2 glday, urinary

calcium losses increase by 0.028 g1day.
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For calcium, urinary losses associated with protein(3.S) increase glomerular

filtration rates and, therefore, the filtered calcium load(39). In addition, urinary losses are

associated with dietary sulfur amino acid content(40}. During the catabolism of sulfur

containing amino acids, such as methionine and cysteine, sulfur is oxidized to sulfate; and,

as a result, hydrogen ions are formed(41). This metabolic acid diminishes the renal

reabsorption ofurinary callcium(42), and the sulfate cations electrostatically associate with

calcium, an anion(43). Walser and Browser(44) from their study offemale dogs conclude

that for each millimole ofsulfate excreted 0.03 millimoles of calcium are also excreted.

Thus, populations with an imbalance of protein can be at risk ofpoor health outcomes due

to calcium deficiency.

In addition to dietary factors., calcium homeostasis is impaired due to biochemical

issues which are biphasic. Phase one is the first three to six years postmenopause during

which rapid bone loss is related to altered amounts ofthe hormone estrogen(45, 46).

Phase two is the subsequent postmenopausal years during which bone loss is slowed due

to an altered calcium balance(45, 47). Increased and persistent losses ofcalcium via the

kidney and intestines during this secondary phase may enhance the need for calcium intake

due to hormonal changes(45). The communication ofcalcium-related changes among the

bone, kidney, and intestines is believed to be conducted by changes in the parathyroid

hormone which bathes these three organs. That is, in the l?resence ofbone resorption

leading to reduced PTH amounts, lower amounts ofPTH will interact with the intestines

and the kidney with the effect ofreduced calcium conservation(48).

Age-related hormonal changes put segments ofwomen at risk ofa calcium

deficiency called osteoporosis. Osteoporosis is a major disease ofthe bone defined as "a
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reduction in the volume ofbony tissue per unit volume ofanatomical bone or a reduction

in whole bone density(34)." Especially among elderly women, osteoporotic bone loss is

slowed by calcium(2). Freudenheim, Johnson, and Smith(49) report that calcium

supplementation reduced losses ofbone mineral content from the humerus among

postmenopausal women. However, Riis, Thomsen, and Christiansen(50) report that

calcium supplementation did not significantly affect bone mineral content of early­

postmenopausal women. In laboratory animals, osteoporosis leads to enhanced calcemia

and loss ofskeletal calcium to preserve obligatory fecal and urinary losses due to a

calcium deficiency(34).

Calcium absorption decreases with aging just as calcium intake is reduced, which

,emphasizes the need for older adults to receive more ofthis element(45). Moreover,

calcium deficiency can lead to bone changes or high blood pressure. Calcium

supplementation is beneficial in the treatment and prevention ofhypertension among

pregnant women at risk for preclampia due to calcium deficiency(51). High blood

pressure as a result ofinhibition ofan ATPase leading to an increase ofintracellular

calcium and vascclar smooth muscle contraction is possibly linked to hypocalcemia.

Calcium supplementation may, with essential hypertension, decrease blood pressure for

some people (52, 53).

Along with affecting the vascular system, poor calcium intake during adulthood

may negatively impact the bony structures. In the oral cavity, inadequate calcium intake

leads to bone loss in the mandibula(54) and the alveolar bone(55). Calcium deficiency is

also a risk factor for hip fracture(56, 57). Dietary calcium is negatively associated with

hip fractures in a 14-year prospective study of 957 caucasian men and women between the
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ages of50 and 70 years 0Id(57). However, in the study of416 subjects age 65 and

above(58), the risk factors for hip fracture are smoking, underweight in old age,

overweight at age 20 years, weight loss, and consumption ofdairy products. Thus,

intakes ofdietary products (milk and cheese) especially at age 20 are positively associated

with a higher risk ofbip fractures in old age. Perhaps the sulfur amino acid content of

some dairy sources, such as cheeses, is a factor, the protein to calcium ratio being higher

than in fluid milk.

Dietary Calcium Supplements

With advancing calcium demands and diminishing caloric needs, a calcium

supplement may be an acceptable vehicle to increase intake among the elderly. The Food

and Drug Administration (FDA) has approved several calcium supplements for use as

human food ingredients (see Table V(59, 60, 61»). A supplement for this mineral can be

selected by considering several attributes: the availability ofthe supplement, per cent of

the desired nutrient, sensory impact on the food product (e.g. taste and texture), pH

changes in the food product, cost ofthe supplementation, and effects on the availability of

other clietary constituents. The bioavailability ofcalcium carbonate is dependent on its

ability to dissolve in the stomach which is dictated by the hydrogen ion concentration of

gastric secretions.

A wide range ofhydrogen ion concentrations (PH) (Table VI), from 1.0 in the

stomach to 8.0 in the small or large intestine, is required for proper functioning ofthe

gastrointestinal tract. They are needed to enhance the absorption ofminerals and to

activate digestive enzymes. Advancing age leads to greater risk ofinsufficient
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CALCIUM DIETARY SUPPLEMENTS FDA APPROVED
FOR USE IN HUMAN FOODS
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Calcium Supplement

Calcium carbonate

Calcium citrate

Calcium glycerophoshate

Calcium oxide

Calcium pantothenate

Calcium phosphate

Calcium pyrophosphate

Compiled from several sources(59,60,61).

Chemical Formula

(CaC03)

(Ca3[CJ!s07}:z4H20)

(C3H,caOJ»

(CaO)

(CaHI6NOs)2Ca

(Ca~04);Ca(H~04)2;Ca.HP04

(CaP207)

"'.
I
,
"

,I,

TABLE VI

DAILY SECRETION OF INTESTINAL JUICES

Saliva
Gastric secretion
Pancreatic secretion
Bile
Small intestine secretion
Brunner's gland secreti,on
Large intestinal secretion
Postprandial gastric secretion
Fast,ed gastric secretion for achlorhydria
Fasted gastric secretion for healthy elderly
Fed gastric secretion for healthy elderly
Sources: (62, 64).

pH
6.0-7.0
1.0-3.5
8.0-8.3

7.8
7.5-8.0
8.0-8.9
7.5-8.0

5.8
?.7.0

1.1-1.6
3.9-5.5
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gastrointestinal acid production. When studying the incidence ofacblorhydria (n=1951

with age groups from 10 - 99 years old), Christiansen(63) reports that its incidence was

4.7% among healthy subjects and 6.4% among patients with gastromtestinal diseases, and

observ,es that from the fifth decade to the eighth decade the incidence rose from 1.8% to

18.5%. Russell, Berardi, Barnett, Dermentzoglou, Jarvenpaa, Schmaltz, and

Dressman(64) report several significant upper gastrointestinal pH differences between the

elderly and young adults. The researchers describe three types ofgastric pH profiles

among the elderly: a) 88% ofthe 79 subjects demonstrate a low fasted pH with

postprandial elevation; which is similar to that ofyoung adults; b) 5% demonstrate an

elevated fasted pH with a postprandial reduction; and c) 6% demonstrate an elevated

fasted pH with postprandial elevation, which they define as achlorhydria. The median

meal pH of4.9 for the elderly and 5.0 for the young, and the peak meal pH of6.2 for the

elderly and 6.6 for the young are considered similar. However, the fasted gastric acid pH

of 1.3 for the elderly and 1.7 for the young are significantly different, but is concluded to

be clinically insignificant. The time of 164 min. for the elderly and 64 min. for the young

to reduce the postprandial gastric acid pH from 5 to 3 is significantly longer for the

elderly. The elevated fasted gastric pH among 11% ofthe subjects is concluded to have

clinical significance, because ofthe negative impact on the absorption of several minerals

among which calcium in the form ofcalcium carbonate is included.

Calcium carbonate is a widely used nutrient supplement for several reasons. Its

percentage of calcium is the highest (40%) on the market. It also slows the loss of

compact bone among postmenopausal women(65). Among late-postmenopausal women

(greater than/or equal to 6 yrs. postmenopausal), calcium carbonate is effective at
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preventing decreases in bone density at the femoral neck and the radius(66). Also,

'calcium carbonate is inexpensive(67). Factors that appear to influence bioavailability of

calcium carbonate are solubility, disintegration, and dissolution. The solubility of calcium

carbonate is pH dependent with absorption increasing from 2 to 10% with a reduetioll in

gastric pH from 6.5 to 1.0(68). For the elderly with normal fasted gastric pH, calcium

carbonate -as a calcium supplement can be taken in the fasted state or between meals.

However, ifthe elderly have an elevated gastric pH in the fasted state or between meals

that becomes more acid after a meal, calcium carbonate as a calcium supplement should be

taken with meals for the best therapeutic effect. because normal gastric acidity enhances

its absorption. Absorption ofcalcium from calcium carbonate is 4.2% for subjects with

achlorhydria (elevated gastric pH that fall during the meal) and 22.5% for normal subjects,

however, when calcium carbonate is administrated as part ofa meal, the absorption rate

for acblorhydric subjects is 21.2%, a value close to the nonna! subjects(69). However, for

the elderly who demonstrate elevated fasted gastric pH that increase after a meal, calcium

carbonate as a calcium supplement may be contraindicated(69, 70). Additional

disadvantages to the use of calcium carbonate are that it is associated with depressed iron

absorption in postmenopausal women when taken with meals and in male albino Sprague­

Dawley rats(71).

fu summary, in spite ofthese disadvantages, calcium carbonate still appears to be

an effective, economical, and bioavailable calcium source for many. As stated above,

calcium carbonate in powder fonn is 40% by weight calcium and, therefore, readily used

as a calcium supplement in flour-based foods because ofthe ease in fonnulating a mixture.

Calcium carbonate causes little change in sensory qualities ofa food item in contrast to
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several ofthe alternative calcium supplements, which may negatively affect the taste or

texture quality offood when added at the target amount ofsupplementation.

Designing Foods for the Elderly

The concept ofusing foods as a vehicle to treat specific conditions or

circmnstances bas long been with us. During the 1900's, iodine was added to salt ofmany

people ofseveral countries experiencing endemic goiter(72).Though there are many

definitions for 'designer foods', the key component is adding an agent for disease

prevention to a food product. But when designing a product, food technologists consider

many factors. These include: safety, packaging, fortification, color, texture, flavor, fat

intake, fat replacements,. salt and sweetness perceptions. They must. review additional

factors when developing foods for the elderly: reduced food intake, the need for increased

caloric density, enhancement offluid intake(73), macronutrient replacement, carbohydrate

consumption(74), changes in olfactory tbreshold(75), effort needed to masticate food(76),

and oral hea1th(77). For example, an older person may have difficulty consuming the

volume offood which ensures adequate nutrition, or the elderly may have excess intake

wmch promotes gain or maintenance ofexcess adipose tissue. Both ofthese

circumstances can be treated by foods dense with nutrients.

There seems to be a need for nutrient dense foods that will make even small

servings nutritionally adequate for the frail elderly patient. Thus, resean:hers in the

College ofHuman Environmental Sciences at Oklahoma State University developed a

flour blend for pasta supplement,ed with animal and plant proteins, and calcium. They

selected pasta as a vehicle for a nutrient dense food because ofits bland taste, soft texture,
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neutral color, low fat and high carbohydrate contents, and as a conveyor ofother nutrients

such as vitamins A and C, in the tomato toppings.

The designer pasta has appealing sensory and nutritional qualities. A taste panel of

active elderly people evaluated this pasta as acceptable(4). The calcium content of a ]00 g

cooked serving, as calcium carbonate, is similar to a glass ofmilk. A serving of the

cooked pasta aliso contains 8 g of protein provided by various sources: sodium caseinate,

dried egg whites, whole egg, hard red winter wheat flour, and torula yeast. The research

reported in this dissertation was done to determine whether the added nutrients (protein

and calcium) were adequately absorbed and utilized. However, because of concerns about

the possible effect that increasing the protein in the pasta might have on calcium

absorption and bonehealth(2) of the target market, an animal feeding study was planned

prior to a human feeding study.



CHAPTERm

METHODS AND PROCEDURES

Ch~pterOverview

Two types of dietary comparisons were made to accomplish the objectives of tbis

experiment. First, results from the marginal 10% protein modified-AIN diet (m-AIN)

were compared to that of the marginal 10% protein pasta diet (PM). Second, results from

the PM diet were compared to that of an adequate 17% protein pasta diet (PA). The

pasta was prepared and incorporated into diets, which were then fed to anima.ls and

growth data recorded. Fromthese animals, whole carcass and fecal parameters, protein

parameters, and calcium and bone parameters were collected and analyzed for statistical

significance. This discussion will include procedures for the preparation of pasta and

diets; animal feeding and feeding sample collections; sample preparations; and

determination of carcass, fecal protein, calcium, and bone parameters. In addition,

experimental design and statistical analysis will be discussed.

Preparation ofPasta and Diets

The primary ingredient in the two pasta diets was the protein and calcium

supplemented pasta. To prepare it, the dry ingredients were uniformly, mechanically

mixed in the hopper of a La Parmigiana single screw extruder; second, the liquid was

24
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added, incorporated into the chy ingredients, and the pasta was extruded. Third, it was

boiled for 3 min. 15 sec.. in distilled water and dried in a forced air oven for 13.5 hours

at145°F. Fourth, the cooked and dried pasta was ground using a sample cyclone mill (UD

Corporation, Boulder, CO) with a 1/23 in. screen.

After milling the pasta, it was incorporated into the diets.. To the PM diet, the

pasta protein was diluted to 10% with wheat starch, and then vitamins, minerals, dietary

fiber, and dietary fat were added (Tables Vll). The PA diet was prepared similarly to the

PM diet, except that the protein was undiluted. The American Institute ofNutrition

(AIN)(78) laboratory rat diet served as the basis for the m-AJN diet; but wheat starch, the

TABLE vn

EXPERIMENTAL GROUPS AND COMPOSITION OF PASTA AND

EXPElU1\1ENTAL DIETS

Pasta
g /100 g

Sodium Caseinate
Calcium Caseinate
Pasta
Wheat starch
Sugar
Celufil
Soybean oil
Vitamin :Mix
Choline
Mineral mix
DL methionine
Protein 17.0
Carbohydrate 46.8
Fiber 1.64
Fat 1.55
*Based on dietary formulation.

m-AJN
g /100 g

3.67
6.88
o

65.65
10.0
4.36
4.46

1
0.2
3.5
0.3
10.1
67.4
5.02
4.98

PM
g /100 g

43
34.32
10.0
3.73
3.95

1
0.2
3.5
0.3
10.0
67.2
5.02
5.05

PA
gl100 g

74
4.14
10.0
3.35
3.51
1.0
0.2
3.5
0.3
17.0
60.3
5.03
5.09
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primary carbohydrate source in the pasta, was substituted for corn starch; and the protein

was deliberately lowered to a marginal (10%) amount.

Feeding ofAnimal and Sample Collection

The experimental animals were 27 male weanling Sprague-Dawley rats (Sasco,

Omaha, NE) from the same colony. They were housed individually in stainless steel cages

with wire-mesh bottoms in a temperature and humidity-controlled animal feeding room.

Prior to initiating the experiment, the rats were acclimated for 6 days while consuming a

standard AIN diet. At the start of the study, the animals were 27 days old and weighed an

average of 83 g. Animals were assigned to cages according to a randomized block

arrangement to min.imize differences due to cage placement (see Appendix B.l for caging

diagram) and were provided with the appropriate test diet and water, ad libitum, in

uniform environmental conditions to promote normal development. Animals were fed a

measured amount offeed daily and uneaten feed was collected and weighed. Fecal

materials were collected at regular intervals, and rats were weighed weekly. According

to the protocol for a protein efficiency ratio(83) (PER), the animals consumed the dietary

treatments for 28 days. On the evening of the 28th day of the study, the animals were

fasted, to reduced the amount of unabsorbed feed in their gastrointestinal tracts, and on

the 29th day they were euthanized..

Preparation of Samples

The stages of sample preparation included: collecting feed and animal fecal

samples, sedating the animals, collecting blood, removing tibias, autodaving carcasses,

drying carcass and feces, equilibrating bone samples, and digesting fecal and bone samples.
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The animals were sedated with xylazine and anesthetized with ketamine hydrochloride.

They were killed by a cardiac puncture, and three milliliters ofcardiac blood were

extracted from each animal. Cecum and large intestines were removed to reduce the

amount of undigested feed in the carcasses. Both tibias were removed from each animal

for bone analysis, the remaining carcass was frozen until autoc1aved. During autodaving,

carcasses were heat processed at 10 psi (I 15°C) in aluminum foil pans, sealed with

aluminum foil, for 2 hours (excluding the come-up and cool-down times). The carcasses

were weighed before and after autodaving. Each whole carcass was then ground in a

food processor into a homogeneous mass and lyophilized for 10 days with before and after

weights recorded to determine the moisture content.

Cardiac blood samples were centrifuged to recover the serum for the albumin

analysis. All ofthe fecal materials were collected. However, only those from the last

three weeks ofthe study were analyzed, being most representative of treatment residue,

since during the acclimation period the animals received a basic AIN rat diet, not the

experimental diets. These samples were oven-dried at 1DO°C for 48 hours to determine

the moisture content, and then ground in a coffee bean grinder prior to additional analyses.

The tibias were prepared for the bone density experiment and for the bone breaking

experiment by equilibrating them for 30 days in a desiccator. In preparation for mineral

analyses, the bone and fecal samples were ashed at 600°C·for 5 hours, digested with

95.4% of9% hydrochloric acid and 4.6% of70% nitric acid, and placed in a water bath at

77°C for 12 hours. Finally, the samples were diluted with 0.1% lanthanium chloride to

inhibit interference from phosphorus, aluminum, beryllium, silicon, titanium, or zirconium.
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The same procedur,e was used for the preparation ofbone samples for phosphorus analysis

omitting the lanthanium chloride.

Detennination of Carcass and Fecal Parameters

The carcass and fecal parameters, except those listed with the protem or calcium

parameters, included feed intake, feed digestibility, carcass parameters (weight, moisture,

dry matter, ether-extractabl'e fat, and calorimetric energy), and fecal parameters (weight,

ether-extractable fat, fatty acid content, and calorimetric energy). The animals were

weighed weekly. Fecal and unconsumed feed samples were collected weekly. Also,

samples from the last 21 days of the study, a period representative of the experimental

diets, were used to determine the fecal parameters. Weeldy and total feed intake were

determined by subtracting uneaten and discarded feed from the total grams of feed offered

to the animals. Feed digestibility was determined by calculation. Carcass dry matter and. ,

moisture were determined using lyophilization (Freeze Mobile 12, The Virtis Company,

Inc.). Carcass and fecal fat content were determined using ether extraction(79). After the

fat extraction procedure, fecal fatty acid concentration was determined using an extraction

mixture ofisopropanol, heptane, and sulfuric acid in proportions of40: 10: 1 by

volume(80,81,82). Next, the samples were placed in a 37.5°C water bath for 12 hours,

then diluted with 60% heptane and 40% water which promoted the development of two

phases. The top layer, which carried the lipids and which floated to the top of the tube

without the aid of centrifugation, was removed and placed in pre-dried and weighed

aluminum weigh boats. This layer was oven dried at 1ao°c overnight and the residue

weighed. Carcass and fecal energy contents were determined using oxygen bomb
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calorimetry (parr~ 1261 Calorimeter, Parr Ins. Co., 'Moline, IL.). Samples were formed

into disk-shaped pellets, weighed, and placed inside a metal sample cup with a fuse

traversing the surface of the sample. The samp]e was then sealed in a bomb, which was

filled with oxygen. The bomb was placed in a chamber of the calorimeter~which was

filled with distilled, deioni2ed water. The calories to combust the sample were detennined

by the rise in temperature ofthe water.

Determination ofProtein Parameters

Protein parameters included: carcass protein, fecal protein, serum albumin, and

protein efficiency ratio. The protein content of the carcass and fecal samples were

performed with the Leco FP-428 Total Combustion Nitrogen Determination System,

using a factor of 6.25 to convert nitrogen to protein. Blood albumin was determined using

a quantitative colorimetric method with bromocresol purple dye as the reagent (Sigma

Diagnostics, St. Louis, MO, Albumin (BCP#625» with absorbance read at 600 nm. The

protein efficiency ratio was determined by dividing the total protein fed to the animals by

amount ofweight gain(83, 84, 85).

Determination of Calcium and Bone Parameters

Calcium and bone parameters included: several bo~e parameters (calcium and

phosphorus content and concentrations, bone density, elongation, peak load, wall diameter

at point ofbreak, and wall thickness at point ofbreak) and the amount ofcalcium and

phosphorus in the tibia and feces.. The calcium content of the diets, tibias, and feces was

determined by flame atomic absorption spectrophotometry at a wavelength of422.7 DID.
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Tibia bone density was detennined by comparing the weight ofthe bone in air with

hydrostatic weighing by the Archimedes principle(86, 87). All of these bone breaking

parameters (dongation, energy to peak, peak load, and breaking l.oad) were determined

using a universal testing machine (InstliOn Corp., Canton, MA with a MTS Sintech Renew

upgrade, Sint,ech, Research Triangle Park, NC, Model No. 1122ADC) at a cross head

speed of 1 rnm per minute. Measurements were taken with the aid ofa three point

bending fixture. A tibia was supported on vertical prongs, 2 em apart, near the epiphyseal

line while force was applied to the mid-shaft of the tibia. At the cross-section ofthe

break, the wall thickness and diameter were measured with a caliper of±O.0 I nun

accuracy (Scherr Tumico, Digital Caliper, Model No. EM-3002). Phosphorus was

determined using single-beam spectrophotometry with molybdovanadate as the reagent

composed of ammonium molybdate, ammonium metavanadate, and perchloric acid.

Absorbance was read at 400 nm(88,89,90).

Experimental Design and Statistical Analyses

Two experimental designs were employed during this study: a randomized

complete block design (RCBD) and a repeated measures over time (RM) in a RCBD. In

the randomized block design, the diets were the treatments and the dependent variables

were carcass parameters (total feed intake, feed digestibility, total weight gain, and final

weight, moisture, dry matter, fat, and energy); fecal parameters(weight, fat, fatty acid, and

energy); protein parameters (protein efficiency ratio, fecal protein, carcass protein, and

albumin); and calcium. and bone parameters (dietary calcium, fecal calcium, bone (density,

dry weight, ash weight, calcium content, phosphorus content, breaking load, elongation,
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energy to peak, peak load, and wall diameter and thickness». The experimental units

were the animals, and the blocks were the tiers or rows of the rack in which the rats were

housed (Appendix B.l). A RM in a RCBD was also employed with five weight

observations and four feed intake observations. The subunits ofthe RM were the weekly

weight gain and the weekly feed intakes. Due to an imbalance of the data, the Type I sum

of squares (S81) was used to estimate the source ofvariation among the dependent

variables. Type I sum of squares is a statistical procedure which adjusts the weighting of

experimental variance, instead ofweighing sources ofvariance equally. With a level of

significance at p:SO.05, the data were analyzed with F-tests from the general linear model

procedure(91). Differences between the means were tested using the Least Significant

Difference (LSD) procedure. Where interactions were located between the means of the

repeated measures portion oftrus study, LS means were used to detect the difference

between means(92). Due to the possibility ofcurvature in the plots of the data,

correlations for the bone and mineral parameters were determined using Spearman's

correlation coefficients.
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CHAPTERN

RESULTS AND DISCUSSION

Block or Rowand Side ofRack Effects

The blocks were the rows or tiers ofcages. Several of the parameters had no

block or row effect. These included: protein efficiency ratio, carcass protein percentage~

serum albumin, bone dry weight, bone ash weight, bone calcium, total bone calcium, total

bone phosphorus, bone wall thiclmess, total weight gain, animal final weight, carcass

moisture, carcass dry matter, carcass dry matter percentage, total carcass :fat, carcass

ether-extracted fat, carcass energy, and fecal fatty acid percentage. Other parameters had

significant row effects. Though the animals were randomly assigned to rows and the

initial mean treatment weights only varied by one gram., the initial weights ofthe animals in

rows six and seven were significantly different. Row effects for fecal'protein, dietary

calcium, fecal ether-extracted fat percentage, total fecal fat, and fecal energy were

primarily caused by an imbalance ofexperimental units (animals) in the rows. Rows nine

and ten contained two and one experimental units, respectively. Most ofthe differences

for each parameter were related to a particular row which were the following: for fecal

.
calci~ row six; bone phosphorus, rows two and s~ bone breaking load, rows seven and

eight; bone elongation at break" fOWS six and eight; feed digestibility, rows one, two,

three, and seven; fecal weight, rows three and seven; and bone density and bone wall

diameter, row eight. In summary, though no particular row consistently produced an
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effect, several row effects were associated with bone or fecal parameters. These row

effects were summaried in Appendix B.2.

As can be seen from AppendixB.1, the animal cages were positioned on both sides

ofthe rack. Several. parameters had significant side effects and one parameter had an

significant side by row interaction affect. These differences may be due to an imbalance of

experimental wrlts on the side ofthe racks; one side contained 15 experimental units, while

the side two only contained 12 experimental units. The p-values for the side, row, and

side by row interactions are listed in Appendix. B.3.

Marginal Protein Diets

Carcass and Fecal Parameters

Table VIII and Appendixes C and D summarize the carcass and fecal parameters.

The animals on the m-AIN di,et consumed less feed than the animals on the PM diet, but

this difference was not significant. Also, feed digestibility ratios were similar. The animals

on the m-AIN diet seemed to use their feed more efficiently, gaining the same amount of

weight as their counterparts on the PM diet while consuming slightly less feed; the

difference in the PERs was not significant (Table IX). Ofthe carcass parameters, the

moisture and dry matter amounts were not significantly different between the treatments.

However, the greater, though not significant, carcass fat of the rats on the PM treatments

helped explain the significantly greater carcass energy content for the animals on this diet.

There were no significant differences between the fecal parameters (weight, ether­

extracted fat, fatty acid, total fat, and energy) ofthe two diet treatments. Thus, the feed,
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carcass, and fecal parameters were generallly similar for the aninials on the m-AIN and PM

diet.

In general, the fecal fatty acid composition in animals reflects the composition of

dietary fat, of sloughed micro¥illus membrane phospholipids, and offermented dietary

fiber(93,94). Wahnon, Cogan, and Mokady(93) detennined the microvillus membrane

phospholipids for rats fed soybean oil (see Appendix E). Remsey and Demigne(94)

determined that fermentation of cellulose by colonic bacteria led to the production of

several short-chain fatty acids which were found in the feces including: acetate,

propionate, and butyrate. The primary source oflipids for all treatments in this research

was soy bean oil and the dietary fiber source was cellulose. Therefore, the lipid profile of

the treatments feed rats' microvillous phospholipids and fecal fatty acids should be similar

to those reported by Wabnon et al.(93) (see Appendix E) and reported by Remse et

al.(94).

Attempts to compare the carcass composition ofthe animals in the study with

other studies were unsuccessful because ofdifferences in gender, diet composition, age of

animals and length ofthe study(95, 96, 97). MacRae, Nickel Slinger, and

Neudoer:ffer(95) after a study on the effect on dietary carbohydrate source on carcass

composition concluded that carbohydrate selection resulted in patterns ofcarcass

composition and weight gain response. Their study also showed that a reduction in

dietary fat led to a reduction in fat carcass composition. In the experimental diets of this

study, wheat starch was the dietary carbohydrate source. Thus, the carcass composition

ofthe animals on these treatments were probably impacted by the carbohydrate source as

well as the dietary lipid level.
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Protein Parameters

The results from the protein parameters are presented in Table IX. The protein

efficiency ratios for the two marginal diets were not significantly different and indicated

that the quality ofthe proteins from these two diets was similar. Thus, the animals gained

approximately 3 g for every gram offeed eaten whether on the m-AIN diet or the PM diet.

Table X shows the PERs for several foods, and those ofcows milk, meat, and fish were

comparable to values ofthe m-AIN or PM diet.

Fecal protein was different between the rats fed the two marginal protein diets with

animals on the PM diet having significantly more fecal protein. In general, there are two

sources ofnitrogen in feces, undigested dietary protein and endogenous protein or

metabolic fecal nitrogen(98). As dietary protein(99) or dietary fiber(IOO) increases, fecal

nitrogen excretion increases. The sources ofmetabolic fecal nitrogen include endogenous

catabolism.,. endogenous secretions (that is, unabsorbed bile, intestinal and pancreatic

juices), sloughed intestinal tissue(lOl), and plasma protein (102). Endogenous fecal

nitrogen was determined by feeding at non-protein diet to ani.mals(103). Though it may

appear that the primary source offecal nitrogen was undigested feed, studies ofbreads

identified endogenous fecal nitrogen as the most probable primary fecal nitrogen

source(I04). Thus, additional research is required to detennme the sources ofthe fecal

nitrogen in this study.

The carcass protein ofthe rats on the m-AIN diet was significantly greater than

those on the PM diet. These results may indicate differences protein digestibility.

Hopkins(105) concluded that apparent protein digestibility, using total nitrogen consumed

(TNC) and total fecal nitrogen (TFN), can be satisfactorily employed to compare the

I
I
I

I~
1:1
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TNC - TFN x 100
TNC

protein digestibilities of animals with similar nitrogen intake levels. In the case ofanimals

on the two 10% protein diets, the nitrogen intake levels were similar. Therefore, with a

greater apparent protein digestibility index for the m-AIN diet (0.83) than the PM diet

(0.78), differences in the fecal protein amount may reflect the digestibility of the protein

sources in the two diets. A difference in digestibility may be related to the granular form

ofthe pasta diet, since the pasta was not ground as fine as the powdered caseinate or the

wheat starch composing the m-AIN diet, thus reducing the mace area ofthe diet

particles.

Serum albumin levels of the two marginal protein diets were not significantly

different and were within the normal range for male albino rats of 3.73 ± 0.53(106).

Lunn and Austin(! 07, 108) provided rats dietary treatments based on protein to energy

ratios ranging from 0.01 to 0.12 for 14 days and concluded that animals with low protein

intake and excess energy consumption developed hypoalbuminemia. Apparently, the

protein energy to total energy ratio (0.09) ofthe marginal protein diets in this study was

sufficient to avoid hypoalbuminemia.

Calcium and Bone Parameters

Table XI presents the calcium and bone parameters. The mean daily calcium

intake ofanimals on the PM diet was significantly greater by 25 mg than the m-AIN diet.

Although this was statistically significant, it may be clinically insignificant in view ofthe

size ofthe daily requirement. The treatment calcium concentrations were 0.68% and
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0.76%, for m-AlN and PM However, the average daily fecal c8lcium levels differed by

little, and percent losses ofcalcium in the feces were not significant, 29'% and 27% for the

m-AIN and PM treatments. These value were lower than results from a study offoW"

week old, male albino rats fed experimental diets of 0.5% dietary calcium and 20%

pmtein. In those animals, fecal calcium losses ranged from 390.10 to 52% ofdietary

calcium(109). However, in this research the fecal calcium tosses were not as great, but

the dietary calcium amounts were higher and the protein level was only 10%.

Though there were differences in calcium intake, none ofthe calcium and

phosphorus parameters were significantly different for the animals on the two 10% protein

diets. It was difficult to contrast the bone mineral analysis of the current research with

previous research because of differences in dietary protein concentration, age, and gender

ofthe animals(110, 111, 112). The calcium to phosphorus ratio 'ofthe tibias were 2.66

and 2.45 for the m-AIN and the PM treatments. In literature, the baseline tibia calcium to

phosphorus ratio for male wealing Sprague-Dawley rats was reported as 2.08(110), but

changes in diet affected changes in this ratio; on higher protein diets, the calcium to

phosphorus ratio ofthe bone was 10wer(11O, 113).

Bone and Mineral Correlations

As shown in Appendixes F and G, several ofthe parameters were correlated. For

the animals on the m-AIN treatment, bone density correlated with bone diameter. Bone

dry weight correlated with bone (ash weight, calcium and phosphorus contents). Bone

calcium content correlated with bone phosphorus content and the final weight ofthe

animals. Bone phosphorus correlated! with bone wall thickness and the final weight of the
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animals. Bone breaking load and bone elongation both correlated with bone (energy to

peak and peak load). Energy to peak correlated with bone peak: load. Finally, bone peak.

load correlated with the final weight ofthe animals. For those animals on the PM

treatment, bone density correlated with bone (elongation and diameter). Bone dry weight

correlated with bone (ash weight, calcium and phosphorus contents). Bone ash weight

correlated with bone (calcium and phosphorus contents). Bone calcium content correlated

with bone phosphorus content. Bone breaking load correlated with the final weights of

the animals.. Bone elongation correlated with bone (energy to peak and diameter).

Finally, bone energy to peak correlated with bone peak load.

Pasta Diets

Carcass and Fecal Parameters

Total feed intake and feed digestibility were similar, though the weights ofanimals

on the PA diet were significantly greater than animals on the PM diet (Table VIII and

Appendixes C and D). Thus, decreasing dietary protein concentration from 17% to 10%

did not affect the animals intake' of the pasta" but did decrease weight. The implication

was a diet with higher protein percentages supported greater weight gain than the same

feed intake amount ofa lower protein concentration. Others(114, 115) found that growth

ofrats was retarded by low protein diets. Edoziem and Switzer(96) also concluded that

rat growth increased as dietary protein concentration increased up to 25%. There were no

significant differences among the other carcass parameters.

Fecal weight and fatty acid percent were similar, however, the other fecal

parameters varied due to treatment. The fecal ether-extracted fat percentage, total fecal
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fat, and fecal energy were significantly greater for the animals on the PA diet Unlike the

PM diet, which provided only 17% ofdietary fat in the fonn ofthe pasta., the PA diet

provided 30% ofdietary fat as pasta. As the percent offat provided by the paSta

increased, so did fecal fat and related parameters. Both diets were only 5% total fat.

However, in both treatments some ofthat fat was furnished from the pasta itselfprimarily

from the egg yolk. .

Protein Parameters

Ofthe protein parameters for animals on the pasta diets, the PER, fecal protein,

and carcass protein were significamtly different between the two diet treatments (Table

IX). The PA treatment had a lower PER which reflected the decrease in efficiency of

weight gain with increasing protein intake. Protein efficiency ratios are conducted at

restricted protein amounts so that the rate limiting growth factor is protein thus maximum

body weight gain is produced per unit ofprotein eaten(116). The greater fecal protein for

the PA diet reflected the greater amount ofdietary protein :in the fonn ofgranulated pasta.

However, increasing the protein in the pasta diet did not significantly change the serum

albumin. Further, the higher protein pasta diet produced significantly larger rats,

indicating that the animals were able to utilize the extra protein, particularly, since there

were no differences in percent carcass fat, but the total carcass protein ofanimals on the

PA diet was significantly more. Thus, growth, but not serum albumin, was responsive to

shifts in protein concentration.
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Calcium and Bone Parameters

Table XI provides a summary ofthe calcium and bone parameters for pasta

treatments. The treatment calcium concentrations were 0.76% and 0.83%, for PM and

PA The daily calcium intake was significantly greater by 18 mg for the animals on the PA

wet than those animals on the PM diet. With the increase in dietary protein, more calcium

was probably excreted in the urine(40, 43). The fecal calcium levels were very similar,

and the percent loss ofdietary calcium in the feces for the PM and PA was 27% and 24%,

respectively. These resuits seemed to agree with Bell, Engelmann, Sie, and Draper(117)

who concluded that as dietary protein increased, fecal calcium excretion decreased. This

effect, according to Moyer, Wilson, and Schedl(118), was possibly due to mucosa

quantity, which was a factor ofprotein intake and nutritional status ofthe body. Bone

densities did not differ, though the bone dry weight and ash weight were significantly

higher indicating that the larger rats had larger bones. The bone calcium and phosphorus

concentrations varied little, while the total bone calcium and phosphorus amounts were

significantly greater for the rats on the PA diet, again reflecting the large bones ofthe

larger rats. However, the bone wall parameters were similar for both sizes ofrats. Bell et

aI.(117) also concluded that resorption of calcium from rat bone was unaffected by high

protein diet, however, their animals were seven months old. The results from the present

study implied that integration ofcalcium into the bone ofgrowing rats may also be

unaffected by dietary protein concentration. However, the maximum amount ofdietary

protein tested was only 17%. At even higher levels this would probably be untrue.

Several difficulties hinder the comparison ofbone strength parameters with

published values, primarily due to differences in the parameters detennined(119, 120).
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Results from the mechanical bone strength test varied slightly from treatment to treatment.

While the elongation at break, wall diameter, and thickness were similar for the two

treatments, the bone breaking load and peak load were significantly greater for the- animals

on the PA diet. These larger loads indicated that the amount ofweight which could be

supported by these bones prior to the breaking point was approximately 4 kg. It seems

that the PA diet offered some bone-related benefits to the animals. Therefore, the extra

protein did not negatively affect calcium and utilization, and possibly would have a similar

affect among the elderly.

Bone and Mineral Correlations

Several ofthe PA parameters were correlated (Appendix H). Bone dry weight

correlated with bone (ash weight and phosphorus content), and the final weight ofthe

animals. Bone ash weight correlated with bone phosphorus content. Bone phosphorus

content correlated with the final weight oftbe animals. Bone breaking load correlated

with bone (elongation, energy to peak, and peak load), and the final weight ofthe animals.

Bone elongation correlated with bone (energy to peak and peak: load). Finally, bone

energy to peak correlated with bone peak: load.

Though the animals on the PA treatment were larger than the animals on the PM

treatment, bone density was not correlated with weight. In humans, mean bone mineral

density was greater for obese women(121), and decreases in bone mineral density

correlated with fat loss in dieters(122, 123). However, in obese zucker rats which

demonstrated decreased bone mass and similar bone calcium content when contrasted with
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heir normal weight counterparts (124). See Appendix I for bone and mineral correlations

aCfOSS all the dietary treatments.
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TABLE VIII

CARCASS AND FECAL PARAMETERSa

Parameters Treatments Source ofVariation
Row Diet

p-value
0.364 0.175
0.062 0.381
0.908 0.003
0.862 0.003
0.760 0.061
0.994 0.045
0.760 0.061
0.903 0.467
0.728 0.892

SE

16
0.2
9
9

0.69
4.5
0.69
0.66
0.6

PA
Mean
60la

93.58a
234a
318a
66a
100b
34.2a
4.37a
4.24a

571a 606a
93,46a 93.19a
184b 183b
266b 266b
67a 65a
8la 87ba

32.9a 35.3a
3.18a 3.80a
3.95a 4.31a

M-AIN PM
Mean Mean

Total Feed Intake, g
Feed Digestibility %
Total Weight Gain g
Animal Final Weight g
Car:cass Moisture %
Carcass Dry Matter g
Carcass Dry Matter %
Total Carcass Fat l
Carcass ether-extracted

Fatbofc.
Carcass Energy callg 6064a 6363b 6180ab 94 0.913 0.016
Fecal Weight gb 28a 31a 30a 1.1 0.046 0.281
Fecal Ether-extracted Fatb % 2.6a 2.6a 5.lb 0.3 0.281 0.001
Fecal Fatty Acidsb % a.52a a.82ab 1.24b 0.2 0.839 0.090
Total Fecal Fatb g O.92a 1.16a 1.85b 0.14 0.172 0.001
Fecal Energy callmg 3118a 3730a 3994b 22 0.224 0.0001
ap~0.05. Means with the same letter are not significantly different. bBased on dIy matter.
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TABLE IX

PROTEIN PARAMETERS3

Parameters Treatments Source ofVariation
M-AIN PM PA SE Row Diet
Mean Mean Mean p-value

Protein Efficiency Ratio 3.12a 3.02a 2.43b 0.11 0.83 0.0006
FecalProteinbg 13.83c. 16.l2b 25.53a 0.45 0.47 0.0001
Carcass Proteinb g 62.17a 52.85b 59.50a 1.89 0.90 0.008
SerumAibumin dl 3.64a 3.74~ 3.62a 0.11 0.967 0.734
ap~0.05. Means with the same letter are Dot significantly different. .. ased on dry matter.

TABLE X

PROTEIN EFFICIENCY RATIO

Food
Human milk
Hen's egg
Cow's milk:
Fish
Meat
Soy
Casein
Rice, white
Wheat grain
Bread, white
Peas and beans
Source: 125

PER
4.5
4.5
3.0
3.0
3.0
2.5
2.5
1.0
1.0
0.5
0-0.5
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TABLE XI

CALCIUM AND BONE PARAMETERSa

Parameters Treatments Source ofVariation
M-AIN PM PA SE Row Diet
Mean Mean Mean p-value

Dietary Calcium mglday 139a 164b 182c 3.65 0.098 0.0001
Fecal Calcium mgfday 40.42a 44.32a 43.23a 1.36 0.013 0.28
Bone Density glcm3 1.004a, 1.003a 1.002a 0.001 0.618 0.318
Bone Dry Weight mg 230a 220a 259b 7.3 0.822 0.006
Bone Ash Weight mg 7.2b 6.9b 8.0a 0.2 0.890 0.018
Bone Calciumbm.glg 190a 186a 199a 5.0 0.796 0.182
TotalBoneCalciumbmg 43.6a 43.6a 48.1b 12.1 0.702 0.031
BonePhosphorusb% 7.99a 8. lOa 7.99a 0.07 0.014 0.447
TotalBonePhosphorusbmg 18.3a 17.8a 20.6b 0.51 0.479 0.004
Bone Breaking Load kg 3.1a 3.3a 3.9b 0.13 0.058 0.186
Bone Elongation @Breaknun 0.222a 0.248a 0.250a 0.013 0.038 0.231
Bone Energy to Peak N*mm 3.46a 4.26ab 5048b 0.50 0.008 0.027
Bone Peak Load kg 2.9a 3.3a 3.9b 0.22 0.001 0.012
Bone Wall Diameter nun 2.8a 2.6a 2.9a 0.16 0.633 0.310
Bone Wall Thickness mm 0.54a 0.49a 0.54a 0.016 0.285 0.122
ap~0.05. Means with the same letter are not signifi.cantly different.bBased on d.ty matter.
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CHAPTER V

HYPOTHESIS TESTING, SUMMARY,

AND RECOMMENDATIONS

Marginal Protein Diets

The first hypothesis (H 1.1) stated that differences in protein source would not

affect the carcass and fecal parameters. The carcass energy content was greater for the

animals on the PM diet. However, the other parameters were similar. These included:

total feed intake; feed digestibility; total weig1:lt gain; animal final weight; carcass

(moisture, dry matter, and fat); and fecal (weight, ether-extracted fat, fatty acids, and

energy). Based on these results, the first hypothesis was rejected.

The second hypothesis (H 2.1) stated that differences in protein source would Dot

affect the protein parameters ofthe animals on the two 10% protein diets. For the PM

diet, the fecal protein was significantly greater than the m-AIN treatment, while the

carcass protein was significantly lower than m-AIN treatment. The PER and the serum

albumin were similar. Based on these results, the second hypothesis was rejected.

The third hypothesis (H 3.1) stated that differences in protein s0l;lrce would not

affect the calcium and phosphorus parameters. There were no significant differences

between the calcium and bone parameters: fecal calcium; and bone (density, dry weight,

ash weight, calcium, phosphorus, breaking load, elongation at break, energy to
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peak, peak load, waD diameter, and wall thickness). Based on this results, the feseafcher

failed to rieject the third hypothesis.

Pasta Diets

The first hypothesis (H 1.2) stated t:hat differences in the amount ofdietary protein

would not affect the carcass and fecal parameters. For the PA treatment, the animal :final

weight; total weight gain; and fecal (ether-extracted fat, total fat, and energy) parameters

were significantly greater than that ofthe PM treatment. Other parameters were not

significantly different. These included: total feed intake; feed digestibility; carcass

(moisture, dry matter, fat, and energy); and fecal (weight and fatty acids). Based on these

results, the first hypothesis was rejected.

The second hypothesis (II 2.2) stated that differences in the amount ofdietary

protein would not affect the protein parameters ofthe rats. For the PA treatment, the

PER was significantly lower, while the fecal protein and the carcass protein were

significantly greater than for the PM treatment. The serum albumin amounts were similar.

Based on these results, the second hypothesis was rejected.

The third hypothesis (H 3.2) stated that differences in the amount ofdietary

protein would not affect the calcium and phosphorus parameters. For the animals on the

PA diet, bone (dry weight, ash weight, total calcium, total phosphorus,breaking load, and

peak load) were all significantly greater than those of animals on the PM diet. Other

parameters were similar: fecal calcium; and bone (density, cal.cium and phosphorus

concentrations, break load, elongation at break, wall diameter, and wall thickness). Based

on these results, the third hypothesis was rejected.
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The study showed that pasta with 10% protein produced animals that grew to a

similar size as animals on the m-AIN rat diet, and that supplementing the 10% protein

p,asta diet with calcium produced animals bones with similar calcium contents as the m­

AIN diet. It also showed that changing the amount ofprotein in the pasta diets from 10%

to 17% enhanced the growth ofthe animals while benefiting the calcium deposition in

bones.

Recommendations

The following are the recommendations for further high-protein, high-calcium

pasta studies:

(1) Evaluate the impact ofthe calcium source (calcium carbonate) on iron availability.

(2) Test the availability ofthe protein and the calcium from the pasta with the elderly

and younger people with normal gastric acidity concentrations.

(3) Test the acceptability ofthe pasta with a large group ofelderly people when

incorporated into a regular meal schedule.

(4) Estimate the nutritional potential impact ofthis product on the diet ofthe target

populations.

(5) Test the market feasibility ofthe pasta among non-elderly people such as school

children.

(6) Analyze the cost ofcalcium and protein supplementation on the manufacturing

ofthe product.

(7) Investigate the use ofthe pasta as a noodle in froze~ dried, or canned soups and

dishes.



(8) Investigate the affect ofhigh protein intake ofthe bone health ofc1ill.dren, using

the zucker rat as a model.

(9) Investigate the supplemented-flour blend in other flour-based foods.

49
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APPENDIX A

REVISION OF RESEARCH OBJECITVES

The following were the initial objectives and hypotheses ofthis study which
involved 40 animals and four experimental diets:

A Two marginal protem (10%) diets, one based on the AIN rat diet and one that
derived its protein from the diluted supplemented pasta.

B. Two 17% (adequate) protein diets, one that was the based on the AIN rat diet
and the other drew its protein from the modified pasta.

All diets were adjusted so that they were simiJar in calcium amount (as CaC~)
and other nutrients, except protein. However, these objectives were altered because, upon
analysis ofthe diets, the supposed 17% protein modified AIN diet was actually only 12%
protein. This necessitated removal ofthe 10 animals on this treatment from this study.

Based on the above research objectives, the fonowing are the initial hypothesis for
this research project:

1. To detennine whether the protein in the supplemented pasta is efficiently absorbed and

utilized.
HI: There will be no differences in mean intakes, weight gain, or protein

efficiency ratios ofthe rats the four test diets due to treatments.
H2: There will beno differences in the animals' carcass composition, serum

albumin, or diet composition (percentage fat, protein, moisture, and energy) due to protein.
level in the diet.

2. To determine if the protein level in the diet would interfere with the absorption and
assimilation ofcalcium.

H3: There will be no differences in the breaking strength ofthe animal bones
due to the protein content ofthe diets.

H4: There will be DO difference in calcium and phosphorus contents ofthe
bones due to protein content in the diets.

H5: There will be no difference in fecal calcium, protein, or saponified fats due
to protein content in the diet.

3. To determine whether total body composition is affected by protein level in the diet.
H6: There will be no difference in carcass composition due to the amount of

protein in the diets.



APPENDIX B.t

ARRANGEMENT OF EXPERIMENTAL
UNITS IN CAGES, COLUMNS, ROWS,

AND SIDES OF RACK

Rack Side 1

Row or Tier
1
2
3
4
5

25M-AIN
29 PM

33M-AIN
37M-AIN

2

22 PM
26PA

34PA
38PA

Column #
3

Treatments

Rack Sjde 2

4

23PA
27 PM

31 M9AIN

39 PM

24M-AIN

32PA
36 PM

Column #
1 2 3 4

Row or Tier Treatments
6 1 M-AIN 2PA
7 5 MAIN 6PA
8 9 PM 10 M9AIN
9 X 14 M-AIN 15 PA
10 X 17PM X 18PA 19AIN-M

X: Missing experimental units. Rows going across represents a block in the experiment design.

4PM
8PM
12PA
16 PM

~



APPENDIX B.2

ARRANGEMENT OF EXPERIMENTAL UNITS IN CAGES, COLUMNS, ROWS, AND SIDES
OF RACK WITH PARAMETERS WITH SIGNIFICANT ROW EFFECTS SUMMARJED

RAck Side 1

Column #
2 3 4

~wocTI~ T~~

1 22 PM
Parameters with significant row effects in Row 1: Feed Digestibility.

2 . 2S M-AIN 26 PA
ParatI1etm with significant row etIects in Row 2: Bone Phosphorus; and Feed Digestibility.

3 29 PM
Parameters with significant row effects in Row 3: Feed Digestibility; and Fecal Weight

4 33 M·AIN 34 PA
Parameters with significant row effects in Row 4: None.

S 37 M·AIN 38 PA
Parametm with significant row effects in Row': None.

Rack Side 2

Column #
2 3 4

Row or Tier Treatments

23PA

27 PM

31 M-AIN

39 PM

24M·A!N

32PA

36 PM

6 I M-AIN 2PA 4PM
Parameters with significant row effects in Row 6: Initial Weights; Fecal Calcium; Bone PhosphOlUS; and Bone Elongation at Break.

7 SMAIN 6PA 8PM
Parameters withsignifir;ant row effects in Row 7: Initial Weights; Bone Breaking Load; Feed Digestibility; and Fecal Weight

8 9PM 10M-AIN 12PA
Pat'!ltmters with significant row effects in Row 8: Bone BreaIcin$ Load> Bone Elongation at Break; Bone Density, and Bone Wall Diameter.

9 X 14 M-AIN IS PA 16 PM
Parameters with significant row eJfects in Row 9: Fecal Protein; Dietary Calcium; Fecal Calcium; B~lne elongation at break; Fecal Weight; Fecal Fat; and Fecal
Energy.

10 • X 17PM X 18PA 19 AIN-M
Parameters with significant row~ in Row 10: FC(;a/~ Dietary Calcium; Bone PIJ(lSpborus; Bone elonmion at bfeak; and Bone~ load.
X: Missing exPerimental uni1s. Rows golD.g aetOSS represcnta a block in tho experiment design.

~

-~----,



APPENDIX B.3

SIDE, ROW, AND SIDE BY ROW INTERACTION P·VALUES FOR 11IE CARCASS,
FECAL, PROTEIN, CALCIUM, AND BONE PARAMETERS

P8l'lIIlIete:nI Side Row Side·Row
~va1ue

Total Feed IDlake 0.8507 0.5907 0.4425
Feed Digestibility 0.0023 0.1034 0.3889
Total W~ghtGain 0.6293 0.8790 0.9699
Animal Final Weight 0.7390 0.8388 0.9183
Carcass Moisture 0.1452 0.8771 0.9670
Camass Dry Mauer 0.2052 0.7876 0.9502
Total Can:ass Fat 0.9312 0.8036 0.6798
Carcass ether-exb3l:ted fat

0.9775 0.6635 0.4024
Can:ass Energy 0.5026 0.7041 0.9827
Fecal Weight 0.0139 0.7565 0.1426
Fecal Ether-extracted Fat

0.7940 0.3660 0.8313
Fecal Fatty Acids 0.4525 0.7043 0.9503
Total Fecal Fat 0.7765 0.2854 0.7680
Fecal Energy 0.9658 0.9378 0.8176
ProteiD Eflicieocy Ratio

0.9240 0.9958 0.7418
Fecal Protein 0.6518 0.9239 0.9452.
Carcass Protein 0.8292 0.8397 0.9517
Serum Albumin 0.2929 0.5547 0.5288
Dietary Calcium 0.9803 0.6091 0.6289
Fecal Calcium 0.0137 0.2981 0.0271
BoDe Dcosity 0.3639 0.3067 0.9551
BaDe Dry Weiglit 0.5951 0.9791 0.7740
BaDe Ash Weight 0.8961 0.9&30 0.7855
BoDe Calcium 0.7098 0.7386 0.5186
Total Booc Calcium 0.6063 0.7626 0.7202
Booc Phaspbmus 0.0560 0.0046 0.2914
Total BoDe Phosphorus

0.9128 0.5605 0.7608
Booe BRaking Load 0.0368 0.4945 0.0639
Booe EIOD,Ptiou@ Break

0.0040 0.1128 a.2104
Bone Energy10 Peale

0.00063 0.5432 0.2284
Bone Peak. Load 0.0034 0.7445 0.1981
Bone Wall Diameter 0.1785 0.7901 0.6762
Bone WaD 'I'hida1ess

0.6195 0.2587 0.3930

64



APPENDIXC

DIETS BY WEEKLY WEIGHT GAINS
(N=9) .

65

Marginal Diets Week of Study
m-AIN 0
PM 0
m-AIN 1
PM 1
m-AIN 2
PM 2
m-AIN 3
PM 3
m-AIN 4
PM 4
Pasta Diets Week ofStudy

82a

83­
51b,(g,h,i
4T"gJ,k)
4~,m

38P

4~
53b,C,d,c

38°'P
431,u.o

Means

Means
PM 0 83a

PA 0 83-
PM 1 49l,j
PA 1 67b

PM 2 3Sk.
PA 2 53dJAi

PM 3 53c,g,b,

PA 3 60b,C,d,c

PM 4 43j
,k

PA 4 54c,f;g

p< 0.05 Means with the same letter are not significantly different. Means are in
descending order.
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APPENDIXD

DIETS BY WEEKLY FEED INTAKES
(N=9)

Marginal Diets Week of Study
PM 3
m-AIN 3
PM 4
m-AIN 4
m-AIN 2
PM 2
PM 1
m-AIN I

1783

168a,b

168"
146
136d.c

133c,e,f

l2rc,f

121~g

Mean

MeanPasta Diets Week ofStudy
~ 3 l~
PA 3 1773

M 4 1~

PM 4 168c

PA 2 136d.c

PM 2 133dJ

PM 1 127c~8

PA 1 1218

p< 0.05 Means with the same letter are not signifiCantly different. Means are descending
order.
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APPENDIXE

FATTY ACID COMPOSITION OF SOYBEAN On. AND MICROVILLUS
MEMBRANE PHOSPHOLIPIDS OF RATS FED SOYBEAN OIL

Fatty Acid T · 'alN bnVJame Soybean Oil

g /100 g fatty acid

:Microvillus
Membranec

g 1100 g fatty acid
Mean+SEM

1.8± 0.7
3.4 ± 0.4
LO±-O.2

25.7 ± l.8
1.6 ±-O.8

28.3 ±2.3
13.6+ 0.9
]5.6 ± 1.1

0.1
4.5

11.6PalrIDtic

Lauric
Myristic

12:0~

14:0
14:1
16:0
16:1
18:0 Stearic 2.5
18:1 21.1
18:2(n-6) Lmoleic 52.4
18:3 y-Linolenic 7.1
20:1 0.9 ± 0.2
20:4(n-6) Arachidonic 1.3 + 0.8
20:5(n-3) 0.5 ± 0.1
22: 1 1.2 ±,,0.2
22:5(n-3) 0.9 ±"O.3
22:6(n-3) 1.6 + 0.4
-rile number before colon is the number ofcarbon atoms. The number after the colon is
the number ofdouble bonds. n represents the carbon number when counting is started
from the methyl end ofthe fatty acid where the first double bond is located. bSource:
Chow CK, ed. Fatty Acids in Foods and Their Health Implications. New York: Marcel
Dekker, Inc.; 1995. cSource: Wahnon R., Cogan U, Mokady S. Dietary fish oil modulates
the alkaline phosphatase activity and not fluidity ofrat intestinal microvillus membrane.. J
Nutr. 1992;122:1077-1084.
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Density

Bono Dry
Weight

Bone Ash
Weight

BoneCa"

BonoP

Breaking
Load

Bono
Blongation

BnClfSY to
Peak

PealcLoad

Bone
Diameter

Bone Wall
Thickness

APPENDlXF

SPEARMAN'S CORRELATION COBFFIcmNT OF FINAL WEIGHT
AND BONE PARAMB'l'BRS AND FINAL WEIGHT FOR TIm M-AJN DmT

(N"'9)

13ono Dry Bone Ash BonoCa++ -----sane P Breaking Bono Energy to BOlIO P48Ic Bone Bono Wall Final
Woi~t_ WoiBbt . Load BI~on Peak Load Diagleter Thickness Woight

0.45 0.15 0.18 0.23 0.017 -0.08 -0.08 -0.02 0.76 -0.05 0.32
m m m m m m m m ~ m m

0.78 0.82 0.82 -0.10 -0.08 -0.07 -0.13 0.32 0.55 0.63
0.01 om 0.01 NS NS NS NS NS NS NS

0.38 0.62 -0.62 -0.15 -0.35 -0.52 0.12 0.41 0.20
NS NS NS NS NS NS NS NS NS

0.80 0.22 0.03 0.26 0.26 0.17 0.63 0.80
om NS NS NS NS NS m 0.01

-0.22 -0.23 .-0.12 -0.17 0.37 0.87 0.68
NS NS NS NS NS ·0.01 0.04

0.58 0.83 0.93 0.08 -0.22 0.47
NS 0.005 0.0002 NS NS NS

0.88 0.76 -0.01 -0.06 0.30
0.002 0.01 NS NS NS

0.91 0.03 0.03 0.45
0.0001 NS NS NS

0.07 -0.07 0.45
m NS 0.22

0.30 0.38
NS NS

0.53
NS

0\
00

l



APPBNDIXO

SPEARMAN'S CORRELATION COBFFICffiNT OF BONE
PARAMETERS AND FINAL WSIGHT FOR THE PM DffiT

(N'"9)'

BonoDty BonoAoh BonoCa++ BoneP Breaking Bone BneJ8)"to BonePoak Bone Bono Wall Filial
Woight WeighLLoadBlongation. Peale Load J)iameter Thickness Weight

Bone 0.45 0.35 0.25 0.55 -0.27 -on -0.40 -0.32 0.77 0.36 0.58
Density NS NS NS NS NS 0.03 NS NS 0.01 NS NS

BoneDty 0.97 0,83 0.93 0.52 -0.27 0.20 0.43 0.51 -0,05 -0.08
Weight 0.0001 0,01 0.0002 NS NS NS NS NS NS NS

Bone Ash 0.78 0,90 0.63 -0.22 0.27 0.52 0.46 0.00 -0.25
Weight om 0,001 NS NS NS NS NS NS NS

BonoCa'" 0.87 0,62 -0.03 0.33 0,53 0.32 0,36 -0,18
0.002 NS NS NS NS NS NS NS

BoneP 0.52 -0.25 0.25 0.47 0.56 0.28 -0.15
}ffl NS NS NS NS NS NS

Breaking 0.28 0.55 0,65 -0.13 0.29 -0.73
L03d NS NS NS NS NS 0.02

Bone 0.83 0.65 -0.74 -0.12 -(1.50
Elongation 0.005 NS 0.02 NS NS

I!norgyto 0.93 -0.53 0.05 -0.57
Peak 0.0002 NS NS NS

Bone Pealt -0.33 0.12 -0,63
LQad NS NS NS

Bono 0.07 0,26
Diameter NS NS

Bone Wall -0.05
Thillkness Ns

&for Bone Wall Thickness n:8.

0\
\0



Bono
Den8ity

Bono Dry
Weight

Bone Ash
Weight

Bonoca++

BimoP

Breaking
Load

Bono
Elongation

Energy to
Pe.k

Bone Peak
Load
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Dil!ll1Oter

Bone Wall
Thickness

APPENDIXH

SPBARMAN'S CORRBLATION COEFFICIENT OF BONE
PARAMETERS AND FINAL WBIGlIT FORnm PA DIET

(N=9)

Bono DIy Bono Am Bono Bono P Breakins Bono EnerIiY to Bono Pe.k Bono Bono Wall Final
Weight W~&!IL ca++ Load BI~O!l Peak Load J)jame~ ThicknOJS_Weight
-.0.63 -0.52 -0.80 ·(HO ·0.42 -0.53 -0.52 -0.60 -0.36 -0.32 .o.27
m m m m m m m m m m m

0.88 0.58 0.88 0.57 0.47 0.50 0.45 0.05 0.42 0.83
0.001 NS 0.002 NS NS NS NS NS NS 0.005

0.32 0.80 0,30 0.18 0.20 0.20 0.18 0.47 0.65
NS 0.01 NS NS NS NS NS NS NS

0.52 0.28 0.33 0.37 0.45 0.38 0.33 0.37
m NS NS m NS NS NS NS

0.30 0.32 0.35 0.40 0.05 0.42 0.68
NS NS NS NS NS NS 0.04

0.90 0.88 0,78 -0.10 -0.25 0,67
0.001 0.002 0.01 NS NS 0.05

0.98 0.92 .o.Q7 -0.35 0.40
0.0001 0.0005 NS NS NS

0.87 -0.05 -0.37 0.42
0,0025 NS NS NS

0.17 -0.33 0.35
NS NS NS

-0.25 -0.17
NS NS

0.32
NS

~



APPENDIX I

SPEARMAN'S CORRELATION COBFFICffiNT OF BONEPARAMBTRRS AND
FINAL WEIGHT FOR ALL TRBATMBNTS

(0=27)'

Bone DIy BoncM Bone BoneP Breelcins Bone Energy to Bone Bone BoneWaU Final
Weight Weight ea.... Load ElonsatioD Peak Peak Di!!lne~ Thickness Weight

Load

Bone -0.07 .0.11 -0.\6 0.0\ .0.21 -0.39 .0.33 -0.34 0.22 0.08 0.02
Density NS NS NS NS NS 0.04 NS NS NS NS NS

Bone DIy 0.94 0.92 0.95 0.32 0.002 0.26 0.33 0.46 0.51 0.65
Wei8ht 0.000\ 0.000\ 0.0001 NS NS NS NS om 0.0081 0.0002

BoncAsh '0.78 0.87 0.23 .0.10 0.\4 0.22 0.48 0.44 O.SO
Weight 0.0001 0.000] NS NS NS NS om 0.02 0.01

Boneea++ 0.89 0.37 0.10 0.34 0.48 0.43 0,54 0.69
0.0001 0.05 NS NS 0.02 om 0.005 0.0001

BoneP 0.30 .0.03 0.27 0.33 0.46 0.60 0.68
NS NS NS NS 0.01 0.001 0.0001

BIeaking 0.61 0.78 0.81 0.05 -0.02 0.28
Load 0.001 0.0001 0.0001 NS NS NS

Bone 0.92 0.80 .0.29 -0.29 0.11
BJoilgation 0.0001 0.0001 NS NS NS

EnetllY to 0.93 .0.11 .0.17 0.31
Peak 0.000] NS NS NS

BonePcak 0.04 .0.06 0.32
Lo8d NS NS 0.10

BODe 0.18 0.28
Dilllnet~ NS NS

BonoW.u 0.31
ThidaJess NS

~Wall 'l'bi.I:lcaes:I p-'""26.

"-J.....
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