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INTRODUCTION

Diet has been shown to have significant effects on plasma lipids, lipoproteins, and
coronary heart disease'. Keys was among the first to report that populations with higher levels
of fat in their diets had higher levels of coronary heart disease (CHD)g. He and others later

found that dietary saturated fatty acids are a major determinant of serum lipid levels and CHD
risk3-4.

Traditionally, the apparently healthy inhabitants of regions like Greece and southern Italy
have consumed relatively high fat diets containing substantial amounts of olive oil, a substance
with high levels of the monounsaturated fatty acid, oleic acid. These "Mediterranean diets"
frequently contain more calories from fat than the typical American diet but are higher in
monounsaturated fats. Less than 10% of calories in such diets comes from saturated fats5 .

Nuts also contain considerable amounts of monounsaturated fat and have also long been
part of the traditional diet in many Mediterranean countries. Recent studies have shown
potential beneficial effects of tree nuts in the diet6-8. The macadamia nut, a tree nut which
originated in Australia, has become a primary export crop from Hawaii in recent years. The
macadamia nut is approximately 75% fat by weight with 88% of its energy from fat.
Monounsaturated fatty acids are the predominant fat. Oleic acid (18:1) is the predominant
monounsaturate but a significant portion is palmitoleic acid (16:1) (Nutritional information from
Genesis software, version 4.2, esha Research, Portland, Or.). Due to the high fat content of
the macadamia nut, it has popularly been thought to be bad for health.

Since some nuts, including the macadamia nut, could be substituted for high saturated
fat food items and therefore be a potential element in a healthy diet, it was felt to be valuable
to investigate the effects of consuming a diet with a large percent of calories derived from
macadamia nuts. We report here the results of carefully controlled crossover design feeding
study comparing a 37% fat diet rich in macadamia nuts to a 37% fat "typical American" diet
and a 30% Fat Step 1 diet conforming to the recommendations of the American Heart
Association9.

Three types of studies are used to evaluate absorption and assimilation of dietary fats:
fecal studies, isotope studies, or blood sampling over time after a test meal. Isotope studies are
the most invasive and require special facilities, permits, personnel required, and are more
expensive. Two types of test meals reported in studies of these factors: 1) primarily single food
meals containing a high dose of fat (Ž1 gram fat/kg body weight or 2) fats fed in a more usual
combination with protein and carbohydrate (•0.75 grams fat/kg body weight).The physical form
of other nuts, such as the peanut, has been shown to alter the amount of fat absorbed1° Thus,
a preliminary study to evaluate the lipemia postprandial changes as affected by a single meal
containing different forms of macadamia nuts (whole, ground, or macadamia nut oil) in healthy
human male subjects was carried out. Factors considered in the design of the study, including
those factors which influence postprandial lipemia, are those reported to affect postprandial
lipemia: total fat, type of dietary fatty acids, protein, carbohydrates, sucrose, total fiber and
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types of fiber, mixed food meals or single food, gender, vigorous activity, prior diet, percentage
of calories from fat, protein, or carbohydrate'
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BODY

METHODS

Feeding Study

Due to the scheduling of the kitchen for other purposes following the academic year and
the fact that KCC students and staff would form part of the participant group, it was determined
that the feeding study (Phase III) of the study would have to be accomplished during the
academic semester, January - May 1994. Thus the more detailed absorption study (Phase I)
was delayed in order to immediately focus on implementing Phase III. The meal testing phase
(Phase II) was compressed somewhat and the participants recruited for Phase III were utilized
to test meals in a buffet format and a slightly extended (6 day) run-in period.

Study Population

Through flyers, bulletins and newspaper advertisement, healthy, fit men and women of
varied ethnicity and a broad age range were recruited. Eligibility criteria for participation in the
study included 1) willingness to participate in a 3 month intensive dietary intervention; 2) a
fasting cholesterol above 150 mg/dl and a triglyceride below 400 mg/dl and on no current
pharmacologic treatment for hyperlipidemia; 3) weight between 80 to 130 percent of ideal
weight; 4) no history of diabetes mellitus or pancreatic insufficiency, or an unstable medical
condition of any kind; 5) no history of food allergies, especially to tree grown nuts; 6) not
pregnant, breast feeding or taking certain birth control pills. To conform to an age range similar
to that seen in the military, only individuals age between 18 and 55 years were eligible. In
addition, in order to better approximate a military population, unlike many other feeding studies,
efforts were made to include individuals with high levels of activity and thus high caloric intake.

Approximately 450 individuals were screened by telephone or in person. Of this number,
twenty-five (25) men and twenty-eight (28) women took the initial blood test to determine if they
met the cholesterol level requirements for the study. The forty-two remaining (23 men and 19
women) agreed to participate in the study. Three (3) individuals dropped out for other reasons.
The 23 men and 19 women were enrolled in a six day run-in period to test their ability to stick
to the diet as well as to give the kitchen staff practice with the complex cooking and exacting
weighing requirements for the diets. Several individuals were eliminated in this initial period
due to laboratory abnormalities. These included two men with abnormal liver enzymes, one man
with very high triglyceride values and two men whose average cholesterol was below the study
limit. One man was eliminated due to his decision to begin a weight-training program during
the time period of the study and another man was eliminated due to an extremely high, and
unexplained caloric requirement. One woman was eliminated due to her average cholesterol
being below the study limit.

Overall twelve (12) subjects were dropped or withdrew prior to or during the initial run-
in period; (8) in the initial study dietary period and (4) due to irregularities in their initial blood
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results. The remaining 30 subjects (15 male and 15 female) were healthy, with no metabolic
or endocrine diseases and with the exception of two subjects taking approved birth control pills,
no subjects were taking regular prescription drugs. Subjects were generally students,
professionals or both. This study was approved by the University of Hawaii institutional review
board. All subjects gave written informed consent after thorough explanation of the study.

Experimental Design

The study was a controlled, crossover design feeding study of three 30-day dietary
options. To minimize study group imbalance due to dropouts or exclusions during the run-in
or early in the first dietary period, dietary assignments were randomly made in two phases. Both
randomizations were stratified by gender. For the first dietary period, subjects were randomized
to one of the three study diets (A, B, or C). Subsequently, during the later part of the first diet
period subjects were randomized to the remaining diets they would follow during the next two
periods. For example those who started with diet A were randomized to one of two possible
sequences which would allow them to participate in all three diets ("B - C" or "C - B").
Similarly, subjects who started with diet B were randomized either to sequence "A - C" or "C -

A". Subjects who started with diet C were randomized either to sequence "A - B" or "B - A".
Thus randomization remained balanced throughout the study and all subjects had equal
probability of being in each 3 diet sequence, despite several early dropouts. Study personnel
involved in performing measurements and analyses were blinded to the diet sequences.

To avoid drop-outs the study design was carefully explained to all subjects by telephone
as well as in individual and group meetings. Subsequently during a six-day run-in period to
screen participants for compliance and willingness to accept the restrictions imposed by the
dietary regimens, a 37% fat reference diet was served. This phase was followed by the three
30rday experimental periods.

The site of all meal preparation and consumption for the study was the 'Ohelo Food
Services Instructional Building at Kapiolani Community College (KCC) under the auspices of
the Food Service and Hospitality Education department. A new kitchen built for a master chef
education program is being utilized for food preparation for the study. This kitchen is equipped
with ovens, range tops, walk-in freezer and refrigerator. Small kitchen equipment and supplies
were purchased by the study.

The subjects ate breakfast and dinner at the study site and were given a "bag" lunch each
day prepared by study personnel. Breakfast was served to the study participants between 6:00
a.m. and 8:00 a.m., Monday through Friday. Lunches were picked up at breakfast, to be
consumed at their discretion throughout the day. Dinner was served between 4:00 p.m. and
7:00 p.m., Monday through Friday. On Saturday, breakfast was served between 6:00 a.m. and
9:00 a.m. On Saturday, dinner was either given as a carry-out or the participants could choose
to eat a dinner of their own selection, within guidelines established by the Nutrition Consultant
on the study on the amount of fat consumed. On Sunday, brunch was served between 9:30 a.m.
and 1:00 p.m. Dinner on Sunday was a carry-out meal.
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Additional calories were made available in the form of "Unit" foods. These were in the
form of 0.42 MJ (100 kcal) muffins or 0.42 MJ and 0.84 MJ (100 and 200 kcal) packages of
chili. Unit foods were developed to match the nutrient profile for each diet. Participants were
allowed to eat these "unit" foods ad libitum in addition to their diet regimen as long as they
maintained their weight.

Daily energy intake needed to maintain weight was estimated for each subject according
to Harris-Benedict equations by an activity factor138 and compared to caloric intake on four-day
food records completed immediately prior to the run-in period. These calculations were
compared with body weight measurements and caloric levels were altered when necessary to
maintain each subject's weight.

Subjects were requested to maintain their physical activity and other lifestyle habits
constant. These factors were monitored through a daily diary provided by the study to record
illness, medication use, and deviations from usual physical activity patterns or the study diet.
To promote compliance, members of the study staff were available by pager 24 hours daily and
deviations from the diet noted on food records were discussed with each participant in a non-
confrontational manner.

The participants were each presented with a gift pack of donated items at the conclusion
of the study. They also received a stipend of $500.00. In addition, they were each given copies
of the blood test results from the first blood draws during the study at the conclusion of the
feeding study. If requested, copies of those blood test results were sent to their personal
physicians.

Diets

Factors Affecting Diet Formulation

The following factors affected the formulation of the diets:

1. Nutrient information was required for any food and food product to be used in
the study. Information for most raw food ingredients was obtained from ESHA's
"GENESIS" ingredient database. All other nutrient information was obtained
from the food manufacturer. Because the Nutritional Labeling Education Act
would not be in place until May 81, 1994, many desirable products could not be
used in the menu. Lack of adequate nutritional information required that
essentially all foods be made from scratch including breads, muffins, and cookies.

2. Diets were initially designed using low-fat foods, food products, and recipes. In
this way the appropriate fats could be added back to produce the correct fatty acid
profile for each of the dietary regimes and kcal level.
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3. Animal products had to be limited to prevent excessive cholesterol in the higher
kcal diets.

4. To standardize the composition of all diets, each ingredient was weighed to 0.1
gram. This time-consuming procedure also eliminated certain recipes from the
menu.

5. Foods offered had to be acceptable to the local palate of the subjects, if they
would be expected to comply throughout the whole study.

6. Once a week on Saturday nights, subjects had the choice to take foods prepared
by the study personnel or eat out with restrictions limiting the amount of fat
consumed. Therefore all nuts were incorporated into their breakfast in the form
of a fruit "smoothie" (berries, milk, and nuts/oils). Approximately half of the
subjects took the Saturday evening meal.

7. A limited amount of non-caloric caffeinated beverages were allowed (up to five
(5) cups of coffee/day); all other drinks were required to be non-caloric
decaffeinated. Consumption of any beverage is listed on the daily diary.

8. Up to five (5) alcoholic drinks (wine, beer, or whiskey) were allowed per week;
no more than two (2) drinks on any one (1) night. No alcohol was allowed
within five (5) days of blood drawing. Consumption of alcoholic beverages was
recorded on the daily diary.

The diets utilized were a "typical American" diet, a macadamia nut high monounsaturated
fat diet and an American Heart Association Step 1 "Prudent" diet (Table 1). A 10 day cycle
menu was designed with Genesis Ingredient database (ESHA Research) using whole foods to
match the nutrient profile shown in Table 1. All three diets were designed to contain 17% of
total energy from protein with the percent of energy from carbohydrate and fat depending on the
diet. Polyunsaturated fatty acids and cholesterol content of all diets were kept constant. Intake
of salt and pepper was not restricted. The foods were prepared using recipes and methods
similar to those commonly used (except for weighing ingredients to 0. 1gm) but in which the
experimental diets were adapted to contain modified amounts of the appropriate foods and
nutrients. The foods in the high monounsaturated fatty acid diet were similar to those in the
"typical American" diet with reduced portions of fatty foods and visible fats, some or all of
which were replaced by finely ground macadamia nuts in various recipes designed to obscure
the identity of these ingredients. This was not uniformly successful due to a slight grit mouth
feel and relatively high volume of the ground nuts. However, to avoid inter-individual
variability due to differences in mastication or chewing, the uniform fine grind of the nuts was
felt to be important because digestibility and absorption of peanuts has been shown to be affected
by the grind of the nut'0 .
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Measurements

Before breakfast and after a 12 to 14 hour fast, each subject had blood drawn on three

days at the end of the run-in period and three days at the end of each dietary period. No
alcoholic beverages were allowed in the five days prior to a blood draw. Analyses for total

cholesterol, HDL cholesterol, and triglycerides were carried out at the Medlantic Laboratory in
one batch after the end of study utilizing serum specimens frozen at -70 degrees centigrade for
3 to 6 months39 . Cholesterol was determined by the Able-Kendell method and HDL was
determined directly after MnCl-heparin precipitation. The laboratory was standardized according
to the Lipid Standardization Program of the Centers for Disease Control and Prevention and the
National Heart Lung and Blood Institute. Values for LDL cholesterol were calculated by
subtraction utilizing the Friedewald algorithm. In order to reduce the impact of interindividual
variability, the average of the three daily values at each time period was used for statistical
calculations. For each of the three dietary treatments chemical analyses were conducted on
homogenized samples of four complete days of the 10-day cycle menu (n= 12). Chemical
analyses were conducted by Food Products Laboratory, Portland, Oregon.

Body weight measurements were taken to the nearest tenth of a pound on a UC 300
digital Health Scale at the feeding site prior to breakfast in street clothes, without shoes or heavy
clothing. Weight was measured daily during the run-in period and the first two weeks of the
intervention. Subsequently it was measured two times per week. Skinfold measurements were
made at the beginning and end of each diet period with Lange skinfold calipers. Using chest,
abdomen and thigh skinfolds in men and triceps, suprailiac and thigh skinfolds in women,
percent body fat was calculated40 4 .

Statistical Analyses

Statistical methods included linear models for the analysis of a three period cross-over
design42 . Such models included parameters for assessing the influence of diet, period and carry-
over effects into subsequent dietary periods. Transforming the data using log transformations
had no affect on the findings reported here. All reported p-values were based on two-sided tests
of significance.

Absorbtion Study

Subject Recruitment

Six (6) healthy adult male volunteers were recruited from prior participants of the
Diamond Head Nutrition Research 3-month feeding study (See Subject Table). Informed consent
was acquired from all participants and a Dietary History Data form (24-hour diet record) was
given to each subject one week prior to study. This diet record was collected prior to the first
test day or at the latest on the day of the first blood drawing.
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Subjects taking medications which might interfere with lipid metabolism or with plasma
cholesterol or triglyceride (TG) concentrations were excluded, as well as diabetics-juvenile or
adult onset. All subjects were within normal Body Mass Index (BMI < 27.8).

Treatment

Each subject served as his own control. Test meals and subsequent blood tests were
administered 7 days apart. Subjects were instructed not to deviate from regular habits and to
avoid alcohol consumption for three (3) days prior the test meal as well as to limit strenuous
exercise the day prior to each test. Participants were instructed to refrain from food and liquid
for 12-14 hours immediately before the morning of the test meal. Subjects were allowed to
read, study, watch videos, or use a computer during the experiment, but were not allowed to
leave clinic. Movement during test days was kept to a minimum until the last blood draw.

Test Meals

Tests meals were similar (containing 45 grams of macadamia nuts) with the exception of
the macadamia nut form (whole, finely crushed, or oil). In the test meal using macadamia nut
oil (33.3 g), egg white and Kellogg's all bran fiber was used to make up the 11.7g difference.
Test meals consisted of commercially available foods: hot oatmeal (Quaker Oats. Barrington,
IL) with skim milk, fruit, Saffola stick margarine and sugar on top, one extra large egg, salt,
pepper, french bread, and skim milk. The bread was used to clean the bowl of all food.

Using ESHA's Genesis database, each meal was calculated to provide 46% energy as
carbohydrate, 17% as protein, and 37% as fat, with approximately 225 mg cholesterol and a
ratio of polyunsaturated to saturated fatty acids (P:S ratio) of 0.35. Total dietary fiber was 13.1
g. Each test meal provided approximately 1010-1030 kcal, one-third the estimated daily energy
requirement for these male subjects (3,100 to 3,500 kcal as determined by a 3-month feeding
trial).

On any test day, 2 subjects were served the whole nut test meal, 2- the ground nut test
meal and 2- the nut oil test meal. Throughout the three (3) test days, subjects only consumed
each of the test meals once.

Meal Preparation

All foods and meals were purchased and prepared by an individual trained in food handling and
food preparation for nutritional studies. Foods were weighed to 0.1 gram and assembled on the
morning of the study. An additional test meal (containing the whole, ground, and oil form) was
homogenized and sent for chemical analyses (proximate, cholesterol and fatty acid profile
saturated, polyunsaturated and monounsaturated as well as individual fatty acids), and dietary

fiber (soluble and insoluble)).
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Blood Sampling

Prior to the test meal days, an initial screening CBC and Chem profile 20 was completed
to assure that each participant still met the study criteria. Blood analyses during the study were
total triglycerides (TG), total cholesterol, high density lipoprotein cholesterol (HDL), low density
lipoprotein cholesterol (LDL) by calculation, and glucose.

A wrist or hand vein was catheterized with an infusion set and a fasting, baseline blood
sample was obtained. Blood was drawn at -5 minutes, 1, 2, 3, 4, 5, 6, 7, and 8 hrs after the
meal. After cannulation and each blood draw, 1 cc of saline was used to flush the cannula.
Prior to each blood sample taken, a 2 cc blood sample was discarded to avoid hemodilution with
sterile normal saline present at the site of sampling. Participants were restricted from food
intake throughout the test day. However, free access to water during the test day was allowed,
but always measured and given by coordinator.

RESULTS

Feeding Study

Fifty-three percent of the participants who completed the feeding study were Caucasian,
thirty-seven percent were Asian-Pacific Islanders and ten percent were black. Ages ranged
between 19 and 54 years with a mean age of 36.7 years men and 33.8 years for women (Table
2). The mean body mass index of the males was 24+2.4 (range 19.5-27.9). The mean body
mass index for the females was 22+2.6 (range 19.1-28.3) Only one subject had over a 3 pound
weight gain or loss during the study period (3.4 lbs). No differences in skinfold thickness were
seen throughout the study. Only one of the participants smoked. The mean baseline cholesterol
ranged from normal to high. However, the majority of participants did not meet clinical criteria
for hyper-cholesterolemia. In males the mean baseline cholesterol was 5.26 mmol/L (203.5
mg/dl) and ranged from 3.9 to 6.9 mmol/L (158 to 267 mg/dl). In females the mean was 5.3
mmol/L (206 mg/dl) and ranged from 4.1 to 7.0 mmol/L (157 to 272 mg/dl). Triglycerides
tended to be relatively low and HDL's relatively high compared to average American values.
Kilocalorie requirements for subjects ranged from 6.3 MJ to 14.7 MJ (1500 kcals to 3500 kcals)
for females and 10.5 to 16.7 MJ (2500 to 4000 kcals) for males, somewhat higher than the range
reported in many studies. A comparison between the actual macronutrient profiles expressed
as percent of calories consumed and that formulated using Genesis software is shown in Table
3. The differences between the values were minimal.

Shown in Table 4 are the mean and standard deviation for lipid and lipoprotein factors
at the end of each dietary period for the overall group and for the two sexes. For both sexes
combined, mean total cholesterol at the end of completion of the diet treatments was significantly
higher (p <0.01) for the typical American diet than for the other two diet treatments. The mean
LDL cholesterol was also higher for the typical American diet (p < 0.5). Mean

unpublished data
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triglyceride values were significantly different from the typical American diet (p < 0.05) for both
of the other diets. The mean HDL was lower after the Step 1 (p<0.001) and the
Monounsaturated fat diet (p<0.01). The patterns were similar in both sexes although the
differences were not consistently significant. The smaller sample sizes and potentially greater
variability contributed to these findings.

Figure 1 shows mean cholesterol trends for each of the six randomization sequences.
There was a tendency for total cholesterol to drop through the study period, in all randomization
groupings, a phenomenon which is common in individuals who become involved in studies in
which their diets are controlled to greater extent than in a free living environment. These trends
did not exceed expectations and there were no significant carry-over effects between dietary
periods.

Shown in Table 5 are the results of the additional analyses of lipoproteins and glucose,
insulin and c-peptide. As can be seen, for the apolipoproteins A-I and A-II as well as for LDL
particle size, the results were similar to those for cholesterol with lower values after the AHA
and high monounsaturated fatty acid diets. For liprotein a [Lp(a)], the high fat diet had the
lowest values as might be expected. Fasting glucose levels were lowest after the AHA diet and
fasting insulin levels were highest after the monounsaturated fat diet but the differences were
small and probably not clinically significant. C-peptide values were not different between diets.

Absorption Study

The mean of the three baseline values for fasting glucose for the men in the absorption
study varied between 75.7 and 99.0 (Table 6). The mean for cholesterol varied between 176.3
and 272.3. For triglyceride the values ranged from 54.7 to 165.0. The serum mean serum
glucose for all men combined at each time point at which blood was drawn is shown in Table
7. For ground nuts, whole nuts and the oil there was a decrease in serum glucose until about
3 hours after the meal but the baseline levels had still not been reached after 8 hours. The
patterns over time were significant (p=0.0018). For serum cholesterol the patterns over time
were not marked and were not significant (Table 8). Serum triglyceride rose significantly for
all diets, peaking at the third or fourth hour. The rise was greatest for the oil diet and least for
the whole nut diet, while it was intermediate for the ground nut diet. The mean triglyceride fell
after reaching its peak and this fall was most marked in the whole nut diet.

DISCUSSION

The three diets utilized in the feeding study were designed to evaluate both substitution
of monounsaturated fat (primarily derived from macadamia nuts) or saturated fat, as well as to
compare the high monounsaturated fat diet to the lower fat American Heart Association Step 1
diet. The findings presented here indicate that the monounsaturated fat nut based high (37%)
fat diet and the moderately low (30%) fat American Heart Association Step 1 diet had similar
effects on lipid profiles. The results suggest that the monounsaturated fats present in macadamia

unpublished data
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nuts have a favorable effect on serum cholesterol levels of healthy adults when eaten in place
of saturated fats. It should be noted that this effect was seen despite the fact that the study
included a wide range of ethnic groups, had a broad age range, had a relatively short 30 day
period on each diet, and included only relatively lean, healthy individuals of both sexes, many
of whom had relatively low cholesterol levels. It is of interest that the results of the study are
similar in men and women. Whether these findings will be applicable to older individuals,
those with hypercholesterolemia or obese individuals can not be determined from the data
available. It is possible that the differences seen here would be increased with a longer period
for each diet.

Making direct comparisons between studies is difficult, due to widely variable differences
in the length of studies, the characteristics of the participants, as well as the range of fat,
cholesterol and fiber contents of diets used in the various studies. However, the results of this
study are generally consistent with those seen in other studies contrasting high monounsaturated
diets to high saturated fat and low fat diets43-50 . The magnitude of the decrease of serum
cholesterol by both the moderately low fat and the high monounsaturated fat diets in this study
is lower than in some studies. On the other hand, the decrease in triglycerides with the
monounsaturated fat diet is larger than reported in most other similar studies. The 4.5 % lower
HDL with the monounsaturated fat diet compared to the high fat diet is consistent with the
changes seen in other published studies which report anywhere from a 2% increase to a 6%
drop. Hegsted has pointed out that the effects of diet on HDL are complex and may not be
subject to meaningful interpretation4 . Thus interpretation of the HDL results of the present study
may also be difficult. In general the changes in HDL induced by diet are relatively small, the
day to day variation is large and the clinical significance of such changes in not known51 .
Further investigation of HDL effects in a longer term study is warranted. Given the data
available on the effects of monounsaturated fats in the diet and the nutrient composition of the
macadamia nut, a beneficial effect could be hypothesized. However, nuts are complex foods
which contain many nutrients and macadamia nuts have a fatty acid profile which differs
somewhat from most common sources of monounsaturated fatty acids in the diet. One of these
monounsaturated fatty acids, palmitoleic acid, was reported to raise cholesterol in one study52.
The results of the current study give no support to such an effect, since, as in other studies the
magnitude of the effect of a diet high in monounsaturated fatty acids is similar to that of a low
fat diet.

An epidemiologic study of California Adventists was one of the first to suggest the
potential health benefits of nuts54 . That study suggested that regular consumption of nuts had
a protective effect against coronary heart disease in that population. Dietary studies of the
walnut and the almond have provided more specific evidence of the potential cholesterol
lowering properties of this group of foods6 8 . As with all high fat foods, nuts may be a
significant source of calories, and if not substituted for other fatty foods they could result in
weight gain. However, in a pilot study for the present study in which 70 healthy free living12

"2unpublished data
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subjects were randomized to groups given supplements of 3.2 ounces (600 calories)or 1.6 ounces
(300 calories) of macadamia nuts as a supplement, or to a regular diet group, there was no
significant change in the mean weight of any of the groups after one month54 . All groups
received only a single 15 minute dietary counseling session on food substitutions to avoid weight
gain and eat a healthy diet. Some participants in that study reported a suppression of appetite
after eating their nuts each day. Eating nuts may be associated with increased satiety but little
data is available. No important side effects to consistent ingestion of large amounts of
macadamia nuts were noted in either the pilot study or the feeding study. In the pilot study
gastrointestinal discomfort consistent with those experienced with radical shifts in dietary fat
content were not uncommon but usually temporary. There was no difference in serum
cholesterol between the groups in the pilot study although the high dose macadamia group ate
50 percent of their calories as fat.

In the absorption study, as expected, the dietary fats in the oil diet, as reflected by the
rise in serum triglycerides, were most available in the oil diet. This is consistent with absorbtion
studies using peanut products'1. A slower decline in triglycerides might have been interpreted
after the oil diet due to the lower fiber content36 . The fiber content does not, however explain
the slower fall after the ground nut diet. The study demonstrated a marked effect on serum
glucose.

As shown in other studies none of the diets had a short term effect on serum
cholesterol55. None of the diets demonstrated a glycemic effect and in fact in all three the
glucose fell significantly."3

13unpublished data
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CONCLUSIONS

In conclusion, the results of this study indicate that the consumption of significant
amounts of macadamia nuts in place of other dietary saturated fats appears to lower serum
cholesterol when total fat intake and caloric intake are maintained at stable levels. In addition
the effect of the monounsaturated fat diet on cholesterol and other lipids was as favorable as that
seen with a lower fat AHA Step 1 diet. These results coupled with the palatability of macadamia
nuts suggest that their consumption could be part of a healthy diet.

Further investigation of the use of energy dense dietary products prepared from natural
products available in the United States and high in the monounsaturated fatty acid for use by the
men and women of our armed forces in combat situations is warranted. The development of
acceptable energy dense dietary products for use in field and combat situations would simplify
logistics while providing greater flexibility. Monounsaturated fatty acids have been demonstrated
to have the potential of providing high energy density without the consequences of
atherosclerosis and increased cancer risk associated with other high fat diets. Palmitoleic acid
appears to be especially promising in this regard, and palatable food products high in this fatty
acid are produced in the United States. Longer term investigations which test diets which better
approximate the typical garrison diet and would be adaptable for inclusion in Meals Ready to
Eat (MRE) based diets should be carried out. Continued exploration of diets consumed in a free
living environment, with increased emphasis on meals consumed away from the study site and
over longer periods are needed.

With the experience of this study, the investigators would now recommend that similar
future studies have at least a two week run-in period. At this point a less complex study with
two diets, a high saturated fat diet similar in fat content to the average MRE and garrison diet
(37% fat) and a diet of similar fat content ( 37%) but with emphasis on monounsaturated fats
(21%) over at least a 10 week period each would be desirable.

The development of healthier, yet acceptable energy dense dietary products for use in
field and combat situations as Meals Ready to Eat (MRE) would contribute to simplified logistics
while providing greater potential long term fitness. Such products might be especially applicable
for Rations Lightweight (RLW) and for restricted Rations MRE's.
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Table 1. Nutrient composition profile of the three study diets

Typical AHA HIGH

American Step 1 MONOUNSATURATED

% of Kcals % of Kcals % of Kcals

Protein 17 17 17

Carbohydrate 46 53 46

Total Fat 37 30 37

Saturated Fat 16 9 9

Polyunsaturated Fat 7 7 7

Monounsaturated Fat 14 14 21
16

"6unpublished data
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Table 2 - Mean and standard deviation of baseline characteristics of study subjects by sex

Males (N = 15) Females (N = 15)

Mean SD Mean SD

Age (years) 36.7 9.1 33.8 10.6

Body Mass Index (BMI) 24.0 2.4 22.0 2.6

Cholesterol mmol/L (mg/dl) 5.29 0.88 5.32 0.87
(204.5) (34.1) (205.6) (33.8)

LDL mmol/L 3.50 0.73 3.43 0.83
(mg/dl) (135.2) (28.4) (132.8) (32.0)

HDL mmol/L 1.39 0.18 1.46 0.18
(mg/dl) (53.6) (6.8) (56.5) (6.8)

Triglyceride mmol/L 2.62 0.80 2.13 0.94
(mg/dl) (78.3) (30.8) (82.2) (36.3)

17unpublished data
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Table 3 - Energy content and nutritional profile of macro-nutrients as planned and as observed from chemical
analyses of 12 complete day samples

TYPICAL AMERICAN AHA HIGH
MONOUNSATURATED

% Energy Intake % Energy Intake % Energy Intake

NUTRIENT Planned Observed Planned Observed Planned Observed

Protein 17 17 17 16 17 17

Carbohydrate 46 48 53 54 46 48

Total Fat 37 35 30 30 37 35

Saturated 16 14 9 8.6 9 8.8

Polyunsaturated 7 8.8 7 6.7 7 6.5

Monounsaturated 14 12 14 14.7 21 19.8

Energy MJ 13.4 13.8 13.8 14.3 13.7 14.3
(kcal) (3208) (3285) (3293) (3423) (3280) (3415)

Cholesterol mg 300 305 300 297 300 300

Diets were formulated and nutrients calculated using Genesis Software Vers. 4.2 from ESHA Research. 18

"8unpublished data
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Table 4. Mean serum levels of lipids and lipoproteins at the end of each dietary period for all subjects combined and by gender.

TYPICAL AHA HIGH
AMERICAN MONOUNSATURATED

LIPID MEAN SD MEAN SD MEAN SD

Cholesterol mmol/L 5.20 0.79 4.99** 0.89 4.95** 0.84
(mm/dl) (201.2) (30.4) (193.1) (4.5) (191.3) (32.6)

LDL mmol/L 3.37 0.66 3.21* 0.79 3.22* 0.76
(mg/dl) (130.4) (25.7) (124.3) (30.4) (124.4) (29.5)

Triglyceride mmol/L 2.00 0.85 2.16* 0.84 1.82* 0.67
(mg/dl) (77.5) (32.7) (83.6) (32.6) (70.4) (26.0)

HDL mmol/L 1.43 0.20 1.34*** 0.19 1.37** 0.21
(mg/dl) (55.3) (7.6) (52.0) (7.2) (52.8) (8.2)

MALES

LIPID MEAN SD MEAN SD MEAN SD

Cholesterol mmol/L 5.26 0.71 5.01* 0.86 5.04 0.73
(mg/dl) (203.5) (27.6) (193.7) (33.2) (195.0) (28.3)

LDL mmol/L 3.47 0.58 3.28* 0.71 3.40 0.64
(mg/dl) (134.2) (22.4) (126.8) (27.3) (131.5) (24.7)

Triglyceride mmol/L 2.12 0.58 2.32 0.95 1.81* 0.75
(mg/dl) (82.0) (36.3) (89.8) (36.8) (70.0) (28.9)

HDL mmol/L 1.37 0.24 1.26*** 0.21 1.28** 0.23
(mg/dl) (52.8) (9.1) (48.9) (8.0) (49.5) (9.0)

FEMALES

Cholesterol mmol/L 5.15 0.71 4.98 0.95 4.85* 0.96
(mg/dl) (199.0) (33.7) (192.5) (36.9) (187.7) (37.1)

LDL mmol/L 3.27 0.75 3.15 0.88 3.04* 0.85
(mg/dl) (126.6) (28.9) (121.9) (34.0) (117.6) (33.0)

Triglyceride mmol/L 1.89 0.75 2.00 0.71 1.83 0.62
(mg/dl) (73.0) (29.1) (77.5) (27.6) (70.8) (23.9)

HDL mmol/L 1.49 0.13 1.42* 0.12 1.45 0.16
(mg/dl) (57.8) (4.9) (55.0) (4.8) (56.0) (6.0)

*p< 0.05; **p< 0.01; ***p<0.001 (Compared to high fat diet)"9

"9unpublished data
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Table 5. Mean serum levels of various lipoproteins, LDL particle size, as well as fasting glucose,
insulin and c-peptide levels at the end of each dietary period for all subjects combined and by gender.

Typical AIIA High
American Monounsaturated

Total

Apo A-I 136.5(15.07) 129.2(14.73)t 132.4(15.99)tt
Apo A-II 31.1(4.60) 30.3(4.29)t 30.4(4.21)t
Lp(a) 9.2(9.62) 10.l1(9.49)t 10. 1(9.9 1) t
Glucose 81.6(8.89) 80.3(10.99) 81.6(8.43)t
Insulin 9.9(2.79) 9.6(2.71) 10.2(2.77)t
C-peptide 1.4(0.41) 1.4(0.40) 1.4(0.42)
LDL-PPD 275.2(4.56) 272.9(6.05)t 273.5 (4 .85)t

Males

Apo A-I 131.2(14.70) 122.9(14.94)t 125.5(14. 11)t#
Apo A-Il 3 1.8(4.85) 30.5(4.26)t 30.5(4.25)t
Lp(a) 10.2(10.34) 11.1(1 0. 47) t 11.2(10.88)t
Glucose 84.0(9.98) 83.8(13.28) 83.4(10.59)
Insulin 9.0(2.72) 9.3(2.80) 9.5(3.14)
C-peptide 1.3(0.34) 1.4(0.35) 1.4(0.39)
LDL-PPD 273.9(4.33) 271.8(5 .25)t 272.8(3 .69)tt

Females

Apo A-I 141.8(13.65) 135.6(11.56)t 139.3(14.86)tt
Apo A-I1 30.4(4.28) 30.2(4.37) 30.3(4.21)
Lp(a) 8.3(8.87) 9.0(8.38)t 9.0(8.83)t
Glucose 79.1(6.91) 76.8(6.53) 79.7(4.96)*
Insulin 10.7(2.62) 9.9(2.60) 11.0(2.114t
C-peptide 1.5(0.47) 1.5(0.45) 1.5(0.45)
LDL-PPD 276.5(4.48) 273 .9(6.64)t 274. 1(5.75)t

t Tukey test significantly different from 37%
STukey test significantly different from AHA

20unpublished data
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Table 6. Mean and Standard Deviation of the Three Baseline Fasting Serum Glucose, Cholesterol, and
triglyceride (mg/dL) for Each Participant in the Absorption Study.

GLUCOSE CHOLESTEROL TRIGLYCERIDE

Mean SD Mean SD Mean SD

ID=101 87.3 (4.5) 176.3 (9.2) 65.3 (3.2)
ID=102 92.0 (6.9) 211.3 (6.7) 125.7 (18.2)
ID = 103 75.7 (1.2) 189.7 (6.7) 54.7 (4.2)
ID=104 99.0 (11.5) 250.7 (16.9) 54.7 (8.1)
ID=105 99.3 (1.2) 220.7 (15.5) 108.0 (16.1)
ID=106 94.3 (3.1) 272.3 (39.3) 165.0 (45.7)

2n

21 unpublished data
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Table 7. Mean and Standard Deviation of Serum Glucose (mg/dL) by Diet Type and Time since ingestion of
the test meal.

GROUND WHOLE OIL

Baseline 90.00 (9.55) 91.33 (9.58) 92.50 (11.61)
1 hour 95.00 (26.12) 90.67 (31.61) 89.00 (16.77)
2 hour 75.67 (14.17) 73.33 (16.5) 76.00 (12.84)
3 hour 76.17 (13.32) 76.83 (12.32) 80.50 (9.87)
4 hour 83.83 (7.25) 80.83 (7.96) 83.33 (7.63)
5 hour 84.17 (6.62) 83.00 (7.56) 83.67 (7.53)
6 hour 84.83 (7.44) 81.33 (5.85) 80.00 (8.22)
7 hour 83.00 (6.66) 86.50 (9.03) 84.00 (8.07)
8 hour 83.83 (8.35) 84.00 (5.93) 82.50 (8.62)

2-way ANOVA p=0.0018 22

22unpublished data
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Table 8. Mean and Standard Deviation of Serum Cholesterol (mg/dL) by Diet Type and Time Since Test Diet

GROUND WHOLE OIL

Baseline 216.17 (32.80) 226.33 (51.91) 218.00 (32.02)
1 hour 212.67 (36.33) 223.50 (51.66) 206.83 (31.96)
2 hour 214.67 (36.05) 228.67 (49.85) 202.67 (33.09)
3 hour 211.00 (34.19) 224.33 (42.67) 209.50 (30.74)
4 hour 215.00 (30.48) 222.67 (46.75) 204.00 (30.70)
5 hour 215.83 (29.98) 230.00 (45.88) 211.17 (29.58)
6 hour 213.83 (30.72) 226.67 (48.66) 210.50 (31.35)
7 hour 217.50 (33.92) 227.33 (57.44) 210.50 (34.28)
8 hour 220.00 (32.72) 231.67 (53.87) 211.83 (32.64)

2-way ANOVA p=0.736 23

23unpublished data
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Table 9. Mean and Standard Deviation of Serum Triglyceride (mg/dL) by Diet Type and Time Since Test Diet

GROUND WHOLE OIL

Baseline 91.17 (43.74) 91.50 (39.70) 104.00 (59.88)
1 hour 107.83 (66.57) 104.50 (48.90) 132.67 (115.01)
2 hour 141.00 (101.12) 119.50 (54.08) 142.50 (102.47)
3 hour 156.17 (109.70) 127.33 (63.85) 170.83 (96.52)
4 hour 152.33 (104.18) 139.50 (66.61) 181.33 (102.75)
5 hour 142.00 (105.90) 140.33 (52.76) 175.83 (95.86)
6 hour 129.33 (88.64) 126.17 (41.46) 171.83 (103.12)
7 hour 111.00 (77.14) 90.67 (26.43) 147.00 (97.97)
8 hour 103.00 (63.85) 81.17 (19.78) 112.83 (69.21)

2-way ANOVA p=0.035 24

24unpublished data
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Table 10. Mean and Standard Deviation of Serum Glucose (mg/dL) by Diet Type and Participant

GROUND WHOLE OIL

ID=101 77.89 (8.80) 73.11 (16.00) 81.67 (5.48)
ID=102 88.11 (15.32) 91.44 (14.06) 83.11 (8.48)
ID =103 71.11 (5.37) 70.33 (3.16) 67.22 (6.85)
ID=104 94.56 (15.17) 81.67 (8.96) 89.67 (9.85)
ID=105 88.44 (8.56) 90.22 (12.12) 90.78 (8.11)
ID=106 84.22 (7.95) 91.78 (10.86) 88.56 (4.80)

2-way ANOVA p=0.0001 25

25unpublished data
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Table 11. Mean and Standard Deviation of Serum Cholesterol (mg/dL) by Diet Type and Participant

GROUND WHOLE OIL

ID=101 176.56 (7.40) 168.67 (4.74) 183.22 (5.56)
ID=102 205.33 (3.71) 221.78 (8.24) 193.67 (8.80)
ID=103 190.44 (4.75) 198.33 (8.89) 188.00 (5.57)
ID=104 240.33 (9.45) 236.89 (5.99) 247.00 (10.55)
ID=105 214.33 (8.89) 219.67 (7.16) 192.78 (6.78)
ID=106 264.11 (7.87) 315.44 (11.13) 252.00 (5.05)

2-way ANOVA p=0.0001 26

26unpublished data
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Table 12. Mean and Std of Serum Triglyceride (mg/dL) by Diet Type and Participant

GROUND WHOLE OIL

ID=101 76.00 (11.31) 90.11 (25.94) 124.00 (50.98)
ID=102 150.33 (29.32) 154.33 (29.86) 223.00 (67.59)
ID=103 61.78 (10.20) 67.33 (14.77) 69.44 (20.45)
ID=104 80.89 (12.31) 71.22 (10.87) 59.33 (10.57)
ID=105 102.44 (33.84) 152.56 (61.78) 137.56 (56.74)
ID=106 284.44 (66.93) 144.89 (24.86) 279.22 (50.09)

2-way ANOVA p=0.0001 27

27unpublished data
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