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INTRODUCTION 

Aging is a complicated process during which numerous metabolic and 

physiological changes take place. Several of these changes may affect 

protein needs of an aging individual. Presently protein recommendations 

of the National Research Council (NRC) are constant throughout adult 

life and are based primarily on data of studies of young adults. Possi-

ble alterations in the protein needs during aging have in no way been 

taken into account. If physiologic and metabolic changes of aging, such 

as changes in body composition, rate of protein synthesis and rate of 

protein turnover do alter protein needs, a readjustment of the Recom-

mended Dietary Allowances (RDA) should be implemented accordingly. 

Presently the minimum dietary protein requirement which is con-

sidered by the National Research Council to be adequate to maintain 

nitrogen equilibrium in adults is 0.47 grams of protein per kilogram 

of body weight per day (1). Minimum protein requirement levels reported 

for elderly males range from 0.55 to 0.85 grams of protein per kilogram 

of body weight per day (2, 3, 4). Elderly females are reported to re-

quire 0.32 to 0.98 grams of protein per kilogram of body weight per day 

(2, 5, 6, 7, 8, 9). It can be seen from this wide variation in reported 

protein requirements that there is uncertainty concerning alterations of 

protein requirements with age. The majority of the research indicates, 

however, that aged humans require an equivalent or greater amount of 

dietary protein compared to younger adults. Researchers studying aged 

dogs (10) have also reported an increased requirement for protein in 

aged animals compared to younger mature animals. 

1 
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Maintenance protein requirements for mature rats have been esti-

mated to be 3.2 to 4.3 percent of the diet (11, 12, 13). This study 

was conducted to determine the maintenance protein requirement of 12 

month old female rats and to compare this requirement level to those 

reported for younger mature animals to determine the presence or ab-

sence of age-related changes in the minimum nitrogen requirement of 

these older animals. 



REVIEW OF LITERATURE 

Age-Related Physiological Changes 
Important in Determination of Protein Needs 

In humans body composition is known to change with age. Cross-

sectional, as well as longitudenal studies indicate that a decrease in 

lean body mass and an increase in total body fat occur with age in the 

human (14, 15). Forbes and Reina (14) have reported data from a small 
40 longitudenal study conducted in their laboratory using K assays and 

have compared these data to cross-sectional data accumulated previously 

by themselves and other researchers. Four of the six subjects studied 

longitudenally by Forbes and Reina showed a decline in lean body mass 

(LBM) with age, one showed an increase and one showed no discernable 

trend. These researchers also studied thirteen individuals, primarily 

males, on which two assays of 4°K were made over an interval of time. 

They noted an average loss of LBM of 0.24 kg per year while there was 

an average weight gain of 0.48 kg per year. In comparing these obser-

vations with previous cross-sectional changes of body composition, 

Forbes and Reina (14) concluded that for men LBM is highest in the 

third decade of life at which point it begins to decline slowly at 

first and then more rapidly. Body fat progressively rises with age. 

For females, the decline of LBM is postponed until approximately age 

50. Forbes and Reina (14) indicate that at age 65 to 70, the adult man 

has lost an average of 12 kg LBM and the adult woman has lost an average 

of 5 kg LBM. This research suggests a need to view protein needs in 

relation to age, as well as, sex. 

3 
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Another age related change which may affect protein needs is an 

alteration in the rate of protein synthesis of the organs of the body. 

Aging appears to affect the various organs of the body to different 

extents. Conflicting reports of alterations of protein synthesis of 

liver tissue with age have been reported in the literature. Several 

researchers have observed decreased protein synthesis of rat liver 

tissue with age (16, 17, 18, 19). Hrachovec (16) reported a 50 percent 

decrease in in vitro protein synthesis of liver tissue from 19 to 25 

month old rats compared to 2 to 3 month old animals. Studying mice 5, 

17.5, and 30 months of age, Mainwaring (17) reported a continual decline 

of protein synthetic ability of liver cells with age. Layman et al. 

(19) reported that incorporation of radioactive valine into liver pro-

tein was 45 to 50 percent lower in liver tissue of 12 month old animals 

than 2 month old animals. This decrease in the rate of protein synthe-

sis continued, but at a slower rate from 12 to 18 months of age. These 

researchers also reported a 10 percent decrease in the RNA content per 

gram of liver tissue from rats 1 to 13 months of age and a shift of the 

ribosomal material from polysomes to SOS particles with age. Layman 

et al. (19) concluded that the decreasing rate of protein synthesis ob-

served with age was due to decreased ribosomal aggregation of mRNA. 

This report is similar to the results of an earlier study by Mainwaring 

(17) indicating decreased mRNA content of the liver with increasing age. 

Chen et al. (20) and Ove et al. (21) have reported an absence of 

change in the rate of protein synthesis of rat liver tissue with age. 

Ove et al. (21) studied in vivo protein synthesis and found that although 

total protein synthesis of the liver did not change with age (comparing 
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1 and 17 month old animals), albumin synthesis was actually increased 

with age. These results were confirmed in vitro by Chen et al. (20) 

and van Bezooijen et al. (22). 

Beauchene et al. (23) studied incorporation of labelled isoleucine 

into kidney cells of mice 11 to 14 months of age and 23 to 28 months of 

age. They observed no significant difference in protein synthetic ac-

tivity in the two groups of animals. 

A decreased rate of protein synthesis has been found in heart 

tissue of mice from 2 to 3 months of age to 25 to 27 months of age (24). 

Geary et al. (24) reported a slight decrease in the rate of protein syn-

thesis from 1 to 2.8 months of age followed by a great increase at 8 to 

9 months. By 25 to 27 months of age, the rate of protein synthesis had 

again decreased to a level slightly above that of the 2.8 month old 

animals. This study points out the significance of noting the age of 

animals used in aging research. In this study, conclusions of increased 

or decreased protein synthesis with age could be made depending on 

whether aged animals are compared to 2.8 or 8 month old animals. 

The studies cited above indicate that all body tissues are not 

altered to the same extent with increasing age of the organism. There-

fore, viewing the animal as a whole may be more useful in estimating the 

effects of aging on protein needs of the organism. 

Changes in human protein synthesis and turnover have been studied 

by a limited number of researchers. Lundholm and Schersten (25) found 

an increase in incorporation of leucine into muscle protein in indi-

viduals over 60 years of age. Young et al. (26) studied total human 

body protein synthesis in elderly women. They reported a 63 percent 
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decline in protein synthesis from young adults aged 20 to 23 years to 

elderly women aged 69 to 91 years. When the data were expressed in 

relation to energy metabolism, the age related differences disappeared. 

These differences in rate of protein biosynthesis also disappeared when 

expressed in relation to the recommended protein intake (for young 

adults, 0.57 g protein/kg/day [27], and for elderly women, 0.42 g 

protein/kg/day [5]). This indicates that the amount of usable protein 

needed to support protein synthesis does not show age related changes. 

Young et al. (26) suggest that differences in protein needs with age 

are related to protein synthesis per unit time rather than efficiency 

of utilization of dietary nitrogen. Young et al. (28) also found de-

creased muscle catabolism in elderly women using urinary excretion of 

3-methylhistidine as an index of muscle protein breakdown. Expressed 

per gram of creatinine excreted, elderly women excreted 19 percent less 

3-methylhistidine than young women. These two studies suggest that in 

humans, aging is accompanied by a slowing of total protein synthesis 

and catabolism of muscle protein. 

Whole body protein turnover has been reported to decrease with 

advancing age. (29, 30). Winterer et al. (30) studied total body nitro-

gen synthesis and breakdown of elderly subjects. A nonsignificant de-

crease in whole body protein synthesis and breakdown was seen in elderly 

male subjects compared to young male subjects. In females, the decline 

seen in synthesis and breakdown of protein with age was significant. 

When whole body protein synthesis was expressed per unit of urinary 

creatinine, Winterer and coworkers reported that the elderly subjects 

had significantly higher values than the young subjects. This indicates 

an increase in the relative contribution of the visceral organs to whole 
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body protein synthesis and breakdown with age (30). Therefore, the 

extent of protein synthesis and breakdown of the various bodily tissues 

may be altered with age. The sum total of these alterations appears to 

result in decreased protein synthesis and breakdown with increasing age 

in humans which in turn may result in decreased protein needs for tissue 

maintenance with age. 

Protein Requirements in Relation to Age 

Very few studies have been conducted which deal with protein needs 

of elderly animals or humans. Those studies which can be found in the 

literature lead to contradictory conclusions, primarily due to differ-

ences in experimental design. Table 1 contains a summary of the data 

pertaining to protein requirements of elderly humans. 

Ohlson et al. (6) studied protein requirements of women 50 to 75 

years of age using the nitrogen balance technique. The women consumed 

diets ad libitum with protein contents of 34.69 to 109.87 grams per day. 

Unfortunately, further description of the food intakes was not given. 

Using linear regression, the researchers concluded that the protein re-

quirement of older women is 53 grams per day or 0.88 grams per kilogram 

body weight per day, which was not different from that predicted for 

younger women (54 grams per day). This conclusion is similar to that 

of Albanese et al. (7) who studied nitrogen balance in twenty women, 

68 to 88 years of age, consuming a self-selected diet. Albanese et al. 

(7) concluded that healthy elderly women could maintain good nutritional 

status on daily protein intakes of approximately 54 + 4 grams, of which 

about one third is obtained from meat. Roberts et al. (8) also studied 
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Table 1 

Sununary of the Protein Requirements of Aging Humans 

Subject 
Characteristics 
Age Observa- Protein 

(Yrs) Sex tions Requirement Method Reference 

50-75 F 15 53 g/day or 1 N Balance Ohlson 
0.88 g/kg B.W./day et al. (6) 

68-88 F 20 54 .:!:: 4 g/day or 1 N Balance Albanese 
0.93 g/kg B.W./day et al. (7) 

52-74 F 9 57 g/day or 1 N Balance Roberts 
0.98 g/kg B.W./day et al. (8) 

66-94 F 9 43 + 5 g/day or 1 Support of Albanese 
0.74 g/kg B.W./day blood pro- et al. (9) 

tein levels 

67-91 F 11 24 g/day 1 Factorial Scrimshaw or 
0.42 g/kg B.W./day et al. (5) 

71-78 F 7 48 g/day 1 N Balance Uauy et al. or 
0.83 g/kg B.W./day (2) 

69-76 M 4 49 g/day 1 N Balance Kountz or 
0.7 g/kg B.W./day et al. (3) 

68-72 M 8 38.5 g/day 1 Factorial Uauy et al. or 
0.55 g/kg B.W./day (4) 

68-74 M 7 49-59 g/day 1 N Balance Uauy et al. or 
0.7-0.85 g/kg (2) 
B. W. /day 

~equirements calculated from data using 58 kg for the body weight of 
women and 70 kg for the body weight of men. 
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nitrogen balance in elderly women, aged 52 to 74 years. Nitrogen in-

takes of the women consuming self-selected diets were 6.8 to 11.4 grams 

per day. These researchers estimated that 57 grams of protein were re-

quired for equilibrium, although individual women were in nitrogen equi-

librium at intakes ranging from 34 to 94 grams of protein per day. 

The conclusions drawn by all of these researchers (6, 7, 8) was 

that elderly women required no more dietary protein than young women. 

At the time that these studies were conducted, the NRC-RDA for adult 

women was 60 grams per day (31). If the recommendations of these stud-

ies for protein requirements of elderly women are considered valid today, 

they may indicate that elderly women require more dietary protein than 

younger adult women, in view of the present NRC-RDA for young women of 

46 grams of protein per day (1). 

Albanese et al. (9) studied protein requirements of elderly women 

aged 66 to 94 years. They determined adequacy of protein nutriture by 

means of the ability of a particular level of protein intake to support 

normal blood protein and hemoglobin levels. The protein requirement was 

determined to be 43 ± 5 grams of protein per day. This proposed require-

ment level is approximately 10 grams per day lower than the requirements 

suggested by other researchers (6, 7, 8). The major reason for this 

difference is probably the criteria used for adequate protein nutriture. 

It should be noted that 43 + 5 grams of protein intake per day is very 

similar to the present NRC-RDA for adult women of 46 grams per day (1). 

A recent study has indicated that protein needs of elderly women 

may be lower than those of young women or men (5). The subjects of this 
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study were 67 to 91 years of age. Using the factorial method of FAO/WHO 

(14) for determining protein needs, these researchers determined the 

"safe allowance" of high quality protein for elderly women to be 0.42 

grams per kilogram of body weight per day. Allowances for young women 

are estimated to be 0.52 grams protein per kilogram of body weight per 

day (27). In calculating protein needs by this method, the assumption 

is made that healthy elderly individuals metabolize high quality protein 

as efficiently as young adults. It is unclear, however, whether this is 

indeed the case. Perera et al. (unpublished results cited in [28]) have 

recently conducted a nitrogen balance study with elderly women using the 

1973 FAQ/WHO "safe allowance" for adult women as the protein level fed. 

After two weeks of the study, only one subject was definitely in posi-

tive nitrogen balance. All others were in slightly positive or slightly 

negative balance. Uauy et al. (2) also conducted a nitrogen balance 

study with elderly women aged 70 to 84 years as subjects. Using linear 

regression, these researchers calculated the protein requirement to be 

0.83 grams of protein per kilogram of body weight per day. This value 

is higher than the FAO/WHO "safe allowance" for adult women. The re-

sults of these two studies indicate that the FAO/WHO allowance of 0.52 

grams of protein per kilogram of body weight per day was not adequate 

to maintain nitrogen balance satisfactorily in these elderly women, so 

possibly elderly women have a higher protein requirement than young 

women. 

Kountz et al. (3, 32) have studied protein requirements of elderly 

men and have concluded that men aged 69 to 76 years have a higher re-

quirement for protein than young men. These researchers (3) studied 
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four elderly men using the nitrogen balance technique. During one ex-

perimental period of sixty days, the men were fed 0.5 grams of protein 

per kilogram of body weight per day. After thirty days, the subjects 

had begun to adjust to the diet, but were still in negative nitrogen 

balance. Kountz et al. (3) did not consider the adjustment adequate. 

The patients were then fed a diet containing 0.34 grams of protein per 

kilogram of body weight per day. All subjects were in negative nitro-

gen balance during this fifteen day period. Following this regimen, 

the men were fed a diet containing 0.7 grams of protein per kilogram 

of body weight per day. This diet provided sufficient nitrogen to pro-

duce nitrogen equilibrium in all patients during this 110 day period. 

Kountz and coworkers (3) concluded that the minimum nitrogen require-

ment for these elderly men was 0.7 grams of mixed protein per kilogram 

of body weight per day. This requirement level is higher than that con-

sidered adequate for young men (0.55 grams of protein per kilogram of 

body weight per day, according to Kountz et al. [3)). 

More recently, Uauy et al. (4) reported estimated protein require-

ments of elderly men using the factorial method (27). These researchers 

studied eight males 68 to 72 years of age. Obligatory urinary and fecal 

nitrogen losses were determined during a ten day period during which a 

protein-free diet was fed. Using the method of FAO/WHO (27), Uauy et al. 

determined that the "safe allowance" of protein intake for elderly men 

is 0.55 grams of protein per kilogram of body weight per day. This value 

is not significantly different from the FAO/WHO "safe allowance" for 

young men of 0.57 grams of protein per kilogram of body weight per day 

(27). The researchers stated that the practical significance of these 



12 

recommended levels of protein intake are questionable due to the various 

age-related physiological, biochemical and pathological changes which 

are present in the elderly (4). Uauy et al. (2) also conducted a study 

with seven men aged 68 to 74 years using the nitrogen balance technique. 

In this study, it was determined that the protein requirement for these 

men was 0.7 to 0.85 grams of protein per kilogram of body weight per 

day. The descrepancy between these two studies may indicate that pro-

tein is used less efficiently in the elderly. It also indicates that 

the factorial method may not be a valid method of determination of pro-

tein requirements of the elderly. 

A study conducted with young and old men simultaneously (33) con-

firms the findings of Uauy et al. (4). Eight young male subjects, ages 

23 to 29, and seven older male subjects, ages 60 to 73 years were used 

in this study. The men were fed a liquid protein diet consisting of 70 

percent wheat-soy blend, 25 percent nonfat dry milk, and 5 percent cacao 

powder. Dietary periods were eleven days with collection of excreta to 

be used for calculation of nitrogen balance during the last five days of 

each period. There were three experimental periods during which each 

subject was fed 0.8, 0.4 and then 1.6 grams of protein per kilogram of 

body weight per day. No significant difference was seen in nitrogen 

balance between the young and old subjects at any level of dietary pro-

tein. When fed 0.4 grams of protein per kilogram of body weight per day, 

all subjects were in negative nitrogen balance. When receiving 0.8 grams 

of protein per kilogram of body weight per day, three young subjects and 

four old subjects were in positive nitrogen balance. All subjects were 

in positive nitrogen balance when fed the highest level of dietary 
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protein. In view of the data, these researchers concluded that there 

are no differences in protein requirements caused by age. This is the 

only study found in the literature in which protein needs of both young 

and old human subjects are examined simultaneously. This method has 

the obvious advantage of better control of experimental conditions of 

the two groups of subjects. 

Wannemacher et al. (10) have studied the problem of protein needs 

of the elderly using dogs as experimental models. Nitrogen balance 

data, as well as determination of the protein to DNA ratio of the gastro-

cnemius muscle were used to determine the adequate protein intake of the 

young and old dogs. Using casein as the protein source, these criteria 

indicated that the nitrogen requirement of one year old dogs was 0.4 

grams of nitrogen per kilogram of body weight per day, and that of 12 

to 13 year old dogs was 0.6 grams of nitrogen per kilogram of body 

weight per day. These requirement levels represent not only nitrogen 

equilibrium, but also maximal filling of the tissue proteins as repre-

sented by the protein to DNA ratio of the gastrocnemius muscle. 

Presently, the nitrogen balance technique and the factorial method 

are the two major methods for determination of protein requirements in 

humans. Both methods possess inherent errors and are based on several 

assumptions. In the use of the factorial method, the assumption is made 

that nitrogen losses measured during consumption of a protein-free diet 

can be used to predict nitrogen losses when nitrogen intake just meets 

the needs for a high quality protein to maintain body nitrogen content. 

No reliable data are available, however, concerning the relationship of 

obligatory nitrogen losses and the protein needs of the individual (28). 
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Efficiency of utilization of protein sources must be estimated when 

using the factorial approach. If efficiency of utilization changes 

during adult life, the estimation should be altered accordingly to 

estimate nitrogen requirements of elderly individuals. 

Nitrogen balance also has several drawbacks. Nitrogen balance can 

be maintained over a wide range of intakes during short term studies. 

Also, it is difficult to measure nitrogen loss via all possible routes. 

Errors made in the measurement of nitrogen balance are higher with a 

higher level of nitrogen intake and these errors tend to be cumulative, 

causing an overestimation of the true nitrogen balance. Factors such 

as energy intake and prior nutritional state, in addition to nitrogen 

intake affect nitrogen balance. Nitrogen balance can be useful, however, 

in comparing protein requirements of young adults and elderly adults in 

studies of similar experimental design (28), as shown in the study of 

Cheng et al. (33). 

In view of the studies cited, it is unclear what changes in protein 

needs, if any, occur with advancing age. Several of the early studies 

have employed questionable control of protein intake and have not been 

concerned with protein quality. In the more recent studies reported, 

protein requirement levels suggested are dependent upon the method used 

to determine the requirement. 

Maintenance Protein Needs of Older Adult Rats 

Research available in the literature concerning maintenance protein 

needs of adult rats has employed various methods for determination of 

those needs. Results are of ten difficult to interpret because many 
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researchers express maturity of their animals in terms of weight rather 

than age. 

Goettsch (34) determined minimum protein needs of rats weighing 

300 grams consuming a mixed diet consisting of rice, beans and casein. 

Body weight maintenance was the criteria used to determine the minimum 

requirement level. The diets contained nitrogen from 0.8 to 1.4 percent 

at intervals of 0.07 percent. If in a 28 day period, an experimental 

animal was able to maintain body weight, the protein content of the diet 

was lowered and another 28 day period was begun. If an animal lost more 

than 5 grams of body weight in one week, it was sacrificed. Using this 

method, Goettsch determined that the minimum protein intake needed to 

maintain body weight for a 28 day period was 53.4 mg of nitrogen per 100 

grams of body weight. Since the net utilization of protein for this 

rice-beans-casein diet is 63, Goettsch concluded that 33.6 (53.4 x 0.63) 

mg of nitrogen per 100 grams of body weight of an ideal protein would be 

needed for body weight maintenance. Goettsch notes in her study that 

this nitrogen requirement determined for weight maintenance is 1.6 times 

that required for maintenance of nitrogen equilibrium. Obviously, 

weight maintenance is not the method of choice for determination of 

protein requirements. Weight loss or gain can be caused by changes in 

body constituents other than nitrogen. Also, in this study, the age and 

sex of the animals were not indicated. 

Bricker and Mitchell (11) studied maintenance protein needs of 

adult male rats, weighing 294 to 408 grams. Using nitrogen balance 

periods of eleven days each, these researchers determined that the 

percentage of dietary protein needed to provide nitrogen equilibrium 
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was 3.6 for egg protein and 4.33 for milk protein. In this experiment, 

ages of the animals were again conspicuously lacking. Eleven day ex-

perimental periods are also too short to determine maintenance protein 

needs throughout adulthood. 

Hartsook and Mitchell (12) studied nitrogen balance of 300 day old 

male rats weighing 308 to 401 grams. The animals were fed diets of 0, 

1.6 to 2, or 4 to 4.5 percent casein (supplemented with adequate 

methionine). Balance periods were fourteen days. Using linear regres-

sion, the protein requirement was determined at the point on the regres-

sion line where nitrogen equilibrium had been attained. Using this 

method, the protein requirement was reported as 3.18 + 0.10 percent of 

the diet. 

More recently, Said and Hegsted (13) determined maintenance protein 

needs of 200 gram female rats. They conducted a feeding period of thirty-

one days and utilized diets of casein (1, 2, or 3 percent), lactalbumin 

(1, 2, or 3 percent), wheat gluten (3, 10, or 15 percent), and cooked soy 

protein (1.5, 3.5, or 5 percent). The diets were fed ad libitum and at 

the end of the experimental period, animals were analyzed for total car-

cass nitrogen and water. Said and Hegsted (13) stated that carcass 

water and carcass nitrogen are known to be highly correlated and they 

therefore formed a regression equation of change in carcass water vs. 

grams of protein eaten during the experimental period. Change in carcass 

water was determined using the characteristics of an initial sacrifice 

group as initial values. Using this method, these researchers estimated 

the maintenance requirement of casein to be 0.387 grams per day or 3.39 

percent of the diet. This value is very similar to that of Hartsook and 
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Mitchell (12) using the nitrogen balance technique and probably slightly 

older rats. 

It is evident from the literature reviewed that protein needs of 

aging animals or humans is not fully understood. Most studies concerned 

with protein needs during aging have employed the indirect analyses of 

nitrogen balance or the factorial method. More direct determination of 

protein needs related to aging is therefore needed. The study presented 

here is the first in a series to examine this problem. The major ob-

jectives of this study were to determine body compositional changes 

which occur in 12 month old rats fed different levels of protein close 

to the minimum requirement for maintenance of body tissues and to pre-

dict, using linear regression, the minimum protein requirement of 12 

month old female rats using total carcass nitrogen measurements. It was 

felt that this method of determining protein needs would provide straight-

forward basic information leading to a clearer picture of changes in pro-

tein requirements which may occur during aging. 



MATERIALS AND METHODS 

Animals 

The animals used in this experiment were 90, 12 month old female 

rats of the Sprague-Dawley strain, obtained from Charles River Labora-

tories. Throughout the experiment, the rats were housed in suspended 

wire-bottomed cages in a room with controlled lighting (12 hours light, 

12 hours dark) and temperature (72° F). The animals were weighed on 

alternate days and fed three times per week. Water and food were 

allowed ad libitum throughout the study. 

Prior to beginning the study, all animals were treated with an 

antibiotic, Terramycin. The antibiotic was administered in the drinking 

water. This solution was also administered to some of the animals during 

the study if they appeared to have a respiratory infection. During these 

periods, weight and food intake data did not appear abnormal, so observa-

tions of these animals were included in the results of this experiment. 

Experimental Design 

At the beginning of the experiment, each animal was randomly assigned 

to one of six groups by weight. Treatment groups and the number of ani-

mals per treatment are shown in Table 2. One group of 15 animals was 

sacrificed on day one of the study and is designated as the baseline 

group. The other five groups were fed diets with protein levels ranging 

from 0.84 to 4.69 percent by weight. As shown in Table 2, more animals 

were placed in the groups closest to an estimated level of the minimum 

protein requirement in order to decrease the confidence interval around 

the predicted minimum protein requirement (see statistical analysis 

section). 

18 
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Table 2 

Experimental Design 

Percent Dietary Protein1 

Baseline 0.84 1.86 2.81 3. 77 4.69 

Number of 

Animals 15 7 20 21 20 7 

1Nitrogen x 6.54 (conversion factor for casein) (35). 
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The composition of the experimental diets is shown in Table 3. 

All diets were isocaloric, providing 4.0 kilocalories per gram of diet. 

Increasing increments of casein in the diets were made at the expense 

of cornstarch. Dietary casein was supplemented with L-methionine in 

the proportion recommended by the National Research Council (36) in 

order to assure adequate intake of sulfur amino acids. 

The experimental diets were fed for four weeks. At the beginning 

of the third week, the animals were transferred to metabolism cages for 

seven days. During this period, urine was collected and preserved with 

0.5 ml of 5 N HCl. Fecal material was collected daily from wire mesh 

screens beneath each cage. Due to experimental error, these materials 

were not analyzed. 

Procedures 

At the end of the four week feeding period, each rat was anesthe-

tized with chloroform. Blood was immediately drawn by heart puncture. 

If after withdrawal of this blood the animal was still alive, chloroform 

was administered until death occurred. 

Immediately following sacrifice, the gastrocnemius muscle of the 

left hind leg was removed, rinsed with saline, blotted, weighed and 

quickly frozen. The entire liver was removed and treated in the same 

manner as the muscle tissue. The animal was weighed and frozen until 

further treatment. 

For the baseline group, at the time of sacrifice, the contents of 

the stomach and intestines were removed. Prior to sacrifice these 

animals had been fed lab chow and it was felt that their stomach and 



21 

Table 3 

Diet Composition (g/lOOg) 

Diet (expressed as percent protein) 

Dietary 

Constituent 

Cornstarch 

Vegetable 1 Shortening 

Minerals2 

Vitamins 3 

Non-nutritive 

Casein 5 

L-methionine 

le . risco 

6 

Fiber 

0.84 1.86 

78.44 77 .29 

13.00 13.00 

4.00 4.00 

2.00 2.00 
4 2.00 2.00 

0.55 1. 67 

0.015 0.04 

2.81 3. 77 4.69 

76.15 75.01 73.87 

13.00 13.00 13.00 

4.00 4.00 4.00 

2.00 2.00 2.00 

2.00 2.00 2.00 

2.79 3.90 5.01 

0.06 0.09 0.12 

2 Jones Foster Salt Mixture, ICN Pharmaceuticals, Cleveland, Ohio. 

3v. . 1tam1n Fortification Mixture, ICN Pharmaceuticals, Cleveland, Ohio. 
4 Alphacel Non-nutritive Bulk, ICN Pharmaceuticals, Cleveland, Ohio. 
5vitamin-free Casein, ICN Pharmaceuticals, Cleveland, Ohio. 
61-methionine, ICN Pharmaceuticals, Cleveland, Ohio. 
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intestinal contents would contain a significant amount of nitrogen. 

This procedure was not followed for any other animals. This decision 

was made after analysis of the stomach and intestinal contents of six 

animals on purified diets that had been used in a similar previous 

study. These animals had been fed diets containing either 2, 4, or 

6 percent casein. The average amount of nitrogen contained in the 

contents of the stomach and intestines was 40.4 mg, and no difference 

was found in the amount of nitrogen in the stomach and intestines 

across treatments. 

Carcass Analysis. Carcass in this study refers to the total animal 

body minus the liver, the left hind gastrocnemius muscle and the blood 

drawn at sacrifice. Each frozen carcass was chopped into pieces about 

one inch square with a meat cleaver and rubber mallet. The pieces were 

then freeze-dried for 72 hours, which provided thorough drying. After 

drying, each animal was weighed and frozen. Carcass water content was 

determined as the weight lost during freeze-drying. 

The carcasses were ground in a Hobart grinder with a measured 

amount of Na2so4 to promote mixing and thorough grinding. For all but 

two animals, the ratio of Na2so4 to carcass was 4:1 by weight (for one 

animal the ratio was 5:1 and for one animal the ratio was 3:1). Care 

was taken to retain the entire carcass during grinding, which took 

twenty to thirty minutes to complete. After grinding, the carcass 

was placed in a jar and stored for analysis. 

A 10 gram sample of the carcass was analyzed for fat by petroleum 

ether extraction with a Soxhlet apparatus. The samples were extracted 
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for 48 hours. Nitrogen was determined using the Kjeldahl method (37) 

using copper and selenium as catalysts. 

Liver Analysis. Liver tissue was freeze-dried for 72 hours. It was 

then ground using a mortar and pestle. Approximately 0.9 gram samples 

were analyzed for fat using the same method as for the carcass analysis. 

A sample of the fat-free dry liver was then analyzed for nitrogen using 

the Kjeldahl procedure (37) with copper used as catalyst. 

Blood Analysis. After being drawn the blood was allowed to clot by 

placing it in ice for at least 45 minutes. The blood was then centri-

fuged at 2000 rpm for 30 minutes. Serum was collected from the packed 

cells and frozen until analysis. Total serum protein was determined 

using the Auto Analyzer rr1 , utilizing method 141 • A prepared solution 

of bovine albumin and globulin (8 g %) 2 was used to prepare working 

standards from which a standard curve was made. This curve was then 

used to determine the protein concentrations of the samples. 

Muscle Analysis. One gram of muscle tissue was used to make a 1:40 

homogenate with cold distilled water. A 5 ml aliquot of the homogenate 

was analyzed for DNA using the method of Munro and Fleck (38). Standard 

solutions of 10, 20, and 30 ug DNA per ml were made from crystalline 

bovine DNA and a standard curve, used to determine the DNA concentra-

tions of samples, was constructed each time the procedure was completed. 

1Technicon Instruments Corp., Tarrytown, New York 10591. 

2sigma Chemical Corp., St. Louis, Missouri 63183. 
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A second 5 ml aliquot was diluted to 75 ml and an aliquot of this was 

used to determine protein concentration of the muscle tissue by the 

method of Lowry et al. (39). Working protein standards were made from 

a prepared standard solution of bovine globulin and albumin (8 g %) 1 . 

Standard curves were constructed each time the procedure was completed 

and protein concentrations of the samples were determined using the 

curves. Unfortunately, determination of the DNA content of the muscle 

tissue was difficult due to the nature of the tissue, and because of 

the variability encountered, the results of these analyses were deter-

mined to be unreliable and will not be reported. 

Diet Analysis. Samples of the experimental diets were analyzed for 

nitrogen content by the Kjeldahl method (37) using copper and selenium 

as catalysts. 

Calculations 

Percent carcass water, fat and protein (nitrogen x 6.25) were 

calculated for each animal. Total carcass nitrogen was also calculated. 

Similar calculations were also made for the liver of each animal. 

Change in carcass and liver nitrogen for each rat was determined 

using the average total carcass and liver nitrogen of the baseline group 

as the initial nitrogen value. The following formula was then used: 

Change in Carcass or Liver N = Average Baseline N - Treatment N. 

Similar calculations were also made for carcass nitrogen with liver 

nitrogen added to it to obtain the change in carcass plus liver nitro-

gen. 

1Sigma Chemical Corp., St. Louis, Missouri 63183. 
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Statistical Analysis 

One-way analysis of variance was used to determine if differences 

existed among the treatment groups for each variable measured. When a 

significant F test was obtained, Duncan's Multiple Range Test was then 

used to determine which groups were significantly different. To deter-

mine the minimum protein requirement, an inverse linear regression was 

used with percent dietary protein as the independent variable and change 

in carcass plus liver nitrogen as the dependent variable. Ninety-five 

percent confidence intervals for the protein requirement were also 

calculated (40). 



RESULTS AND DISCUSSION 

Body Weight and Food Intake 

Average body weight changes for the treatment groups are shown in 

Figure 1. Initially, all animals lost weight when fed the experimental 

diets. This weight loss increased as the percentage of protein in the 

diet decreased. The nature of this weight lost is presumably a combina-

tion of fat, protein and water with more protein lost as the percentage 

of dietary protein decreased. At the end of the four week experimental 

period, groups fed 0.84, 1.86 and 2.81 percent protein had body weights 

which were significantly different from their respective initial body 

weights (p < 0.01). The animals fed 2.81 percent protein did appear, 

however, to be steadily regaining the weight lost at the beginning of 

the study. It is possible that with a longer study, this group may 

have completely regained the body weight lost initially. 

Daily food intake of the animals ranged from an average of 16.2 

grams for the group fed 0.84 percent protein, to 20.8 grams for the 

group fed 4.69 percent protein (Table 4). This corresponds to a daily 

protein intake of 136 mg and 981 mg for these two groups, respectively. 

These protein intake levels are in the range reported by several re-

searchers to be the maintenance protein requirement for adult rats. 

Said and Hegsted (13) reported the protein requirement to be 387 mg 

casein per day for 200 gram rats. Hartsook and Mitchell (12) reported 

a requirement level of 872 mg protein per day supplied as casein for 300 

gram rats, and Goettsch (34) reported the protein requirement to be 217 

mg protein per 100 grams of body weight per day (813 mg protein per day 

26 
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% Dietary Protein 

0 - 0.84 * , c 
x - 1.86 . - 2.81 
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* - 4.69 

1 2 3 4 
TIME (weeks) 

Figure 1 Body Weight Changes of 12 Month Old Female 
Rats Fed Varying Levels of Protein. All points represent 
group means. Astericks indicate that final weight is 
significantly different from initial weight (p < 0.01). 
Different superscripts indicate values which are signifi-
cantly different (p < 0. 05). 
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0.84 

1. 86 

2.81 

3. 77 

4.69 
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Table 4 

Average Daily Food and Protein Intakes 

of Experimental Animals1 

Food Intake 

(g/day) 

16.2 

18.6 

19.6 

20.0 

20.8 

1 All values are expressed as group means. 

Protein Intake 

(mg/day) 

136 

345 

550 

754 

981 
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for a 375 gram rat). In addition, the National Research Council recom-

mends a protein intake of 520 mg per day for female rats weighing 325 

grams (36). 

Total Serum Protein 

Table 5 shows the mean total serum protein values for each group. 

When the treatment groups are compared to the baseline group (bled at 

the beginning of the study), it can be seen that the groups fed 3.77 

and 4.69 percent protein had significantly higher total serum protein 

values (p < 0.05). In a protein depletion-repletion study using adult 

male rats weighing 400 grams, Weimer (41) found that repleted rats had 

significantly higher total serum protein concentrations than control 

animals bled at the beginning of his sixty day study. He also found 

that control animals bled at the end of the study had higher serum pro-

tein values than controls bled at the beginning of the study. These 

results may indicate that the higher serum protein values seen in the 

groups fed 3.77 and 4.69 percent protein are due to environmental 

factors, rather than being due to diet. For this reason, a control 

group sacrificed when the experimental animals are sacrificed would be 

a more useful group for comparison than the baseline group used in this 

study. 

The two diets of lowest protein content were not able to support 

normal serum protein values, indicating that insufficient dietary pro-

tein was available to the liver for adequate and normal synthesis of 

serum protein. The group of animals fed 2.81 percent protein had a 

mean serum protein which fell between the two groups fed the lowest 



Group 

(percent 

Baseline 

0.84 

1. 86 

2.81 

3. 77 

4.69 

30 

Table 5 

Total Serum Protein Values of 
1 12 Month Old Female Rats 

Serum Protein 

dietary protein) (g/100 ml) 

(no treatment) 6.20 + 0.34a 

4.73 + 0.25c 

5.82 + 0.32 d 

6.24 + 0.5la 

6.90 + 0.35 b 

6.68 + 0.25 b 

1All values are expressed as group means .± S.D. Different superscripts 
indicate values which are significantly different within each para-
meter (p < 0.05). 
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percentages of dietary protein and the two groups fed the highest per-

centages of dietary protein. The serum protein value of this group 

was not significantly different from the value of the baseline group. 

In the study by Weimer cited previously, animals that had been depleted 

of protein reserves and repleted to 70 percent of their original body 

weight had serum protein values which were not significantly different 

from baseline control animals. This indicates that serum protein con-

centrations are returned to normal following depletion prior to other 

parameters such as body weight. Since the group of rats fed 2.81 per-

cent protein had serum protein values which were not significantly 

different from the baseline group, this may indicate successful adjust-

ment and adaptation to their dietary regimen. With a longer study, 

other parameters such as liver nitrogen and carcass nitrogen may also 

have reached levels similar to those of the baseline animals. 

Liver Composition 

Liver fat, protein (nitrogen x 6.25), and water composition for 

each group are shown in Table 6. Total liver nitrogen and liver weight 

are also included in this table. Animals fed 0.84, 1.86, and 2.81 per-

cent protein had a significantly higher percentage of liver fat than 

the baseline group. This is indicative of a protein deficient state 

(42). Protein deficiency has been reported to cause fatty liver in 

laboratory rats (42), and a proposed mechanism thought to cause this 

phenomenon is defective transport of dietary lipids from the liver due 

to decreased lipoprotein synthesis (43). The 2.81 percent protein 

group had an intermediate level of liver fat (10.4%) between the groups 
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fed the two lowest and two highest levels of dietary protein. This 

would indicate partial adjustment to the dietary treatment and improve-

ment in protein nutriture. The rats fed 3.77 and 4.69 percent protein 

had liver fat levels which were not significantly different from the 

baseline value, indicating sufficient dietary protein. 

As liver fat increased, a corresponding decrease in percent water 

was seen in the livers of all groups. This was expected due to the 

relatively dry storage of fat. Due to the high percentages of fat in 

the livers of the two groups fed the lowest levels of dietary protein, 

percent liver protein was lowest in those groups and increased as the 

protein content of the diet increased. This trend is also present when 

total liver nitrogen values for each group are considered. Total liver 

nitrogen, as can be seen in Table 6, increased as the percentage of 

protein in the diet increased. Values for all treatment groups were 

significantly different from the total liver nitrogen content of the 

baseline group, however. Several researchers (44, 45, 46, 47) study-

ing the effects of feeding various protein levels on liver tissue have 

reported that total liver nitrogen increases as the amount of protein 

in the diet increases, even at levels of dietary protein considered to 

be above the requirement level. The total liver nitrogen data of this 

study support this idea although it is not a proportionate increase, 

since the chow fed to the baseline group contained about 23 percent 

protein and the highest level of protein fed to the treatment animals 

was 4.69 percent. 

A factor in this study which also may have caused decreased liver 

nitrogen values in all treatment groups is that during the third week 
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of the study, all animals were transferred to metabolic cages. During 

this period, food intake of several animals across all treatment groups 

was decreased. When a protein deficient diet is fed, the liver is one 

of the first tissues to be depleted of protein. Therefore, it is 

possible that one week after being removed from the metabolic cages 

(at the end of the study), those animals with decreased food intakes 

during the balance period may still have been restoring the liver pro-

tein depleted during that period. 

Carcass Analysis 

Carcass analysis for all groups is shown in Table 7. For this 

analysis, carcass refers to the entire animal carcass minus the liver, 

left hind gastrocnemius muscle, and blood drawn at sacrifice (and for 

the baseline group, fed chow, minus stomach and intestinal contents). 

All groups except that fed 0.84 percent protein had a significantly 

higher percentage of carcass fat than the baseline group. Animals fed 

3.77 and 4.69 percent dietary protein were almost twice as fat as the 

baseline group. This apparent tendency for laying down fat may be due 

to the age of the animals. Another factor possibly responsible for this 

fat deposition is that prior to being obtained for this study, all of 

the rats were housed in cages accommodating ten to thirty animals. In 

this situation, there was competition for available food. Since the 

animals were housed singly during this study and the animals were fed 

ad libitum, the competition was no longer present and the animals ate 

more food than was needed to maintain their body weights. Water content 

of the carcasses inversely followed the change in fat percentage as 
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treatment 

0.84 

1.86 

2.81 

3.77 

4.69 
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Table 7 

Carcass Composition of Rats Fed Varying 

Levels of Dietary Protein1 

Percent Percent Percent 
Water Fat Protein 

64.0 + 2.7 a 12.8 + 3.4a 19.5 + 1.3a 

62.6 + 2.6a,bl2.3 + 3.9a 20.0 + 1.3a 

59.9 + 3.6 b 17.4 + 5.1 d 18.8 + 1.5a,b 

57.0 + 3.8 c 21. 2 + 5. 3 c 18.1 + 1.3b,c 

55.3 + 4.2 c 25.3 + 6.3 b 17.4 + 1.6c 

54.6 + 3.5 c 24.8 + 4.9b,cl7.8 + 2.2b,c 

Total 
Nitrogen (g) 

10.2 + 0.8b,c 

8.8 + 0.7 a 

8.9 + 0.9a 

9.7 + 0.6 b 

10.0 + 0.8 b 

10.8 + 0.9c 

1All values are expressed as means ± S.D. Different superscripts 
indicate values which are significantly different within each 
parameter (p < 0.05). 
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expected, with animals fed 4.69 percent protein having the lowest per-

cent carcass water and those fed 0.84 percent dietary protein having 

the highest percent water. 

Total carcass nitrogen is also presented in Table 7. As dietary 

protein increased, total carcass nitrogen also increased. Total car-

cass nitrogen of the groups fed 0.84 and 1.86 percent protein were not 

significantly different (p < 0.05). Total carcass nitrogen of the 

animals fed 2.81 and 3.77 percent protein were also not significantly 

different (p < 0.05). When the results of the treatment groups are 

compared to the baseline group, it can be seen that total carcass 

nitrogen of groups fed 2.81, 3.77 and 4.69 percent protein are not 

significantly different from the baseline value (p < 0.05). This indi-

cates that generally over the treatment period, animals from these three 

groups had neither gained nor lost significant amounts of carcass nitro-

gen, assuming that at the beginning of the study all animals had carcass 

nitrogen values which were similar to those of the baseline group. 

It is interesting to note from Table 7 that the rats fed 0.84 per-

cent protein had similar proportions of body constituents as the base-

line group. Due to the decrease in body weight of these treatment 

animals, however, they had significantly less total carcass nitrogen 

than the baseline animals. Animals fed 1.86 percent protein also had 

a carcass protein percentage that was not significantly different than 

the baseline group. Again, however, since the experimental animals had 

decreased body weights, their total carcass nitrogen was significantly 

lower than that of the baseline animals. By using a concurrent control 

group to compare the experimental data to, the apparent differences in 



37 

body composition seen in the groups fed 2.81, 3.77 and 4.69 percent 

protein and the baseline group would possibly not have occurred. 

Figure 2 shows total carcass nitrogen in relation to body weight 

of the baseline animals and final body weight of the treatment animals. 

This figure indicates that body weight gains of the treatment animals 

were due to increased body fat rather than nitrogen and that decreases 

in body weight were due to decreased carcass nitrogen, as well as, de-

creased body fat and water. 

Estimation of Protein Needs 

Figure 3 shows the regression line representing the relationship 

between percent dietary protein and change in carcass plus liver nitro-

gen during the study. Shown on the graph are means for change in car-

cass plus liver nitrogen for each treatment group. Using this projected 

regression line, a protein requirement was predicted at the point where 

change in carcass plus liver nitrogen was zero. This point would indi-

cate neither gain nor loss of total body nitrogen, and so represents 

maintenance of body tissues. Using this method, the minimum protein 

requirement for maintenance of these animals was estimated to be 4.07 

percent of the diet with a 95 percent confidence interval of 3.65 to 

4.76 percent. 
2 As indicated by a low R value (0.36), the error variance of the 

projected regression line in Figure 3 was large. This was caused by 

several factors, the first being the biological variation associated 

with using rats. Another factor was the method used to calculate change 

in carcass nitrogen. An average baseline value of total carcass nitro-

gen was used as an initial value for all experimental animals. Although 
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the animals were placed into treatment groups by weight, individual 

animals weighed more or less than the means of the groups. Therefore, 

it is likely that all animals had somewhat different total carcass 

nitrogen values at the beginning of the study. Since total carcass 

nitrogen could not be determined at the beginning cif the study for 

each animal, however, it was determined that the method employed was 

the best choice. A third cause of variation was that the animals were 

fed ad libitum throughout the study. Therefore, animals in any one 

group did not consume exactly the same amount of protein. For example, 

animals in the group fed 3.77 percent protein consumed varying amounts 

of protein per day but their changes in carcass plus liver nitrogen 

were all plotted as one point on Figure 3. 

The protein requirement of 4.07 percent of the diet is somewhat 

higher than the 3.39 percent casein reported by Said and Hegsted (13), 

using 200 gram female rats, to provide no change in carcass water in 

their study. These researchers probably used younger animals than 

those in this study, however. This requirement level of 4.07 percent 

protein is also higher than that obtained in a study by Hartsook and 

Mitchell (12) using the nitrogen balance technique. These researchers 

reported a protein requirement of 3.18 percent for 300 day old male 

rats. 4.07 percent dietary protein is lower than the requirement level 

reported by Bricker and Mitchell (11). Using the nitrogen balance 

technique, these researchers determined the protein requirement for 

adult male rats to be 4.33 percent of the diet when supplied as milk 

protein. This protein requirement level is also slightly lower than 

the protein recommendations of the National Research Council of 4.4 
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percent for adult rats (36). Results of this study indicate that this 

reconunendation would be adequate for the 12 month old female rat, as 

well as younger adult rats. 

Comparison of the results of this study with those of other studies 

is difficult since no other study cited used total carcass nitrogen 

determination to estimate protein requirements. Also, no researchers 

except Hartsook and Mitchell (12) indicated the age of the animals used 

in their studies. In view of the results of Said and Hegsted (13) using 

200 gram female rats, this study may indicate that the 12 month old 

female rat (324 to 452 gram range in body weights) had a greater re-

quirement for protein than the younger 200 gram rat. Until this experi-

ment can be replicated and the values verified, it seems likely that 

this difference is due to experimental design rather than to actual 

differences in protein needs. 

A suggestion for a future study of this nature is the addition of 

a concurrent control group to the study. This would be beneficial for 

comparison with data of the experimental animals, such as carcass com-

position and total serum protein. In addition, much of the data of the 

treatment group fed 2.81 percent protein indicates that these animals 

were adapting to the decreased level of protein intake. These animals 

were steadily regaining body weight; the average serum protein value of 

this group was not significantly different from that of the baseline 

group; this group had an average liver fat value that was intermediate 

between those of the groups fed the lowest and highest levels of pro-

tein; and this group of rats had an average total carcass nitrogen 

value that was not significantly different from the baseline value. 
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If this study had been longer, these animals fed 2.81 percent protein 

may have completely adapted and regained the total carcass nitrogen 

lost at the beginning of the experimental period. In view of these 

findings, it is reasonable to suggest that if this study had been 

longer, the predicted protein requirement would have been lower than 

4.07 percent of the diet. 



SUMMARY AND CONCLUSIONS 

This experiment was conducted to determine the minimum protein 

needs of 12 month old female rats for tissue maintenance. Ninety 12 

month old female rats were used for the experiment, and were fed diets 

containing from 0.84 to 4.69 percent protein as casein supplemented 

with L-methionine. In addition, a group of animals which served as a 

baseline control group was sacrificed at the beginning of the experi-

ment. The length of the study was 28 days. The effects of the dietary 

treatment on liver composition, carcass composition, and serum protein 

were determined. 

The diets which contained 0.84 and 1.86 percent protein were not 

able to support normal serum protein levels. Serum protein values of 

these two groups were significantly lower than that of the baseline 

group. Animals fed the two highest levels of protein had serum protein 

values which were significantly higher than that of the baseline animals. 

Animals fed 2.81 percent protein had an average serum protein level 

which was not significantly different from the average baseline value. 

This may indicate the beginning of successful adaptation and adjustment 

of these animals. 

Excessive liver fat was observed in the animals fed 0.84, 1.86 and 

2.81 percent protein. This condition is indicative of a protein defi-

cient state. Although the animals fed 2.81 percent protein had signi-

ficantly higher levels of liver fat than the baseline animals, their 

level of liver fat was intermediate between that of the rats fed the 

two highest and two lowest levels of protein. This would also indicate 
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an adjustment and adaptation of this group to the dietary treatment. 

All treatment groups had significantly less liver nitrogen than the 

baseline animals (p < 0.05). This may have been caused by the de-

creased food consumption which occurred in the third week of the study 

when the animals were transferred to metabolic cages. 

All rats except those fed 0.84 percent protein were found to have 

a significantly higher percentage of body fat than the baseline group. 

This was most likely due to the prior feeding situation of the animals, 

as well as their advanced age. Total carcass nitrogen of the rats fed 

2.81, 3.77, and 4.69 percent protein were not significantly different 

from that of the baseline group (p < 0.05), which indicates that gener-

ally animals from these groups neither gained nor lost significant 

amounts of carcass nitrogen throughout the study. 

Using linear regression, plotting change in carcass nitrogen vs. 

percent dietary protein, it was determined that the point at which 

tissue nitrogen was neither gained nor lost was 4.07 percent dietary 

protein. This represents the maintenance protein requirement for these 

12 month old female rats. This value is higher than that reported by 

some researchers but it is lower than that reported by others. It is 

difficult to compare the results of this study with others found in the 

literature since no other study has used this method of determining the 

protein requirement, and only one study reported the age of their 

animals. 

In a future study, it would be beneficial to include a concurrent 

control group for comparison with the treatment animals for parameters 

such as serum protein levels and carcass composition. Also, it appears 
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from the data of the group of rats fed 2.81 percent protein that a 

longer study would allow for more complete adaptation of this group 

to the dietary regimen. With a longer study it is possible that the 

predicted protein requirement may have been lower than the 4.07 per-

cent determined in this study. 

Due to differences in the experimental design of this study and 

those found in the literature, the length of this study and the age of 

the animals used in this study, it is not possible to make any conclu-

sions concerning changes in protein needs with age from the results of 

this study. Further investigation using older animals and continuing 

the treatment for a longer period of time is needed to begin to answer 

this question. 
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MAINTENANCE PROTEIN REQUIREMENT OF 

TWELVE MONTH OLD FEMALE RATS 

by 

Patricia Mary Sheehan 

(ABSTRACT) 

Ninety 12 month old female rats were used to determine a protein 

requirement for tissue maintenance. Diets contained 0.84 to 4.69 per-

cent protein and were fed for 28 days. Liver composition, carcass 

composition and serum protein levels were determined, and a protein 

requirement level was also predicted. 

Rats fed 0.84 and 1.86 percent protein had significantly lower 

serum protein values than a baseline group of rats sacrificed at the 

beginning of the study. Rats fed the two highest levels of dietary 

protein had serum protein values which were significantly higher than 

the baseline group and that of rats fed 2.81 percent protein was not 

significantly different from that of the baseline group. 

Rats fed 0.84, 1.86 and 2.81 percent protein had excessive liver 

fat, indicative of protein deficiency. No group was found to have 

liver nitrogen values comparable to that of the baseline group. 

All rats except those fed 0.84 percent protein had significantly 

more carcass fat than the baseline group. Total carcass nitrogen of 

rats fed 2.81, 3.77 and 4.69 percent protein were not significantly 

different from the baseline group indicating a general state of nitro-

gen equilibrium in these animals. Using linear regression, a protein 

requirement of 4.07 percent of the diet was predicted. Comparison of 



this value with other literature values was difficult due to 

differences in experimental design. It was suggested that in 

further research of this kind a longer study should be conducted 

and a concurrent baseline group should be used. 
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