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Understanding the relationship between energy nutrients compositions in a diet and appetite-controlling substances is es-
sential for providing sound advice to anyone attempting to control body weight. Appetite is known to be affected by various
hormones, ghrelin and peptide tyrosine-tyrosine (PYY), which are related to the compositions of a diet. The purpose of this
study was to investigate the effects of compositions of energy nutrients in the diet on the levels of postprandial appetite-
related hormones and satiety in healthy adult women. Ten subjects (BMI: 18.5-22.9 kg/m®) were recruited and assigned to
three iso-coloric breakfast meals with different compositions of energy nutrients, regular meal (RM, CHO: 60%, Pro: 20%, Fat:
209%), high protein meal (HPM, CHO: 30%, Pro: 50%, Fat: 20%), and high fat meal (HFM, CHO: 30%, Pro: 20%, Fat: 50%).
Blood levels of ghrelin, PYY, insulin and leptin and satiety were assessed at baseline, 30, 60, 90, 120, and 180 min following the
consumption of each meal. There was no significant difference in the fasting blood hormones among the subjects taking each
meals at baseline. Blood levels of ghrelin and insulin changed significantly following the consumption of each meal (p<0.05)
over time, however no significant difference was shown between experimental meals until 180 min. Blood levels of PYY and
leptin were not changed following the ingestion of each meals. In conclusion, the composition of energy nutrients in a diet had
no effect on the postprandial plasma levels of ghrelin, PYY, insulin and leptin as well as well as satiety in healthy adult women.
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The appetite is the need to eat the foods and is the condi-
tion that causes the need for ingesting the foods regard-
less the hunger. The appetite is controlled by the signal of
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and periphery in human body [1,2]. It is known that ghre-
lin and peptide tyrosine-tyrosine (PYY) are the short-term
controlling hormones of appetite and insulin and leptin are
the long-term controlling hormones [3]. It was reported that
ghrelin and PYY that are the short-term controlling hor-
mones are influenced by a single meal [3-5]. Ghrelin is the
hormone secreted from stomach and involved in food intake
and homeostasis of energy, and increases the food intake by
improving the appetite in human body [6]. The secretion of
ghrelin begins to increase before meal and shows the ten-
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dency of decrease after passing 1 to 4 hours after meal [7,8].
While, PYY secreted from the peripheral part of gastrointes-
tinal tract suppresses the appetite and reduces the fasting
state, and contrary to ghrelin, it decreases during the fasting
state and begins to increase after meal and maintain the
level for several hours [9,10].

It is known that the secretion of grelin and PYY are influ-
enced by the calory consumption and composition of energy
nutrients, however, it was reported that a single high protein
meal increases the fullness and decreases food intake by
increasing the secretion of PYY while meals with either high
carbohydrate or fat does not exert the same effect [10,11].
In healthy females, the high carbohydrate meal significantly
suppressed ghrelin secretion compared to the high fat meal
[12].

It is known that leptin and insulin are long-term appetite
controlling hormones which do not suppress the appetite
directly after meal, but insulin secretion is stimulated with
high carbohydrate meal and controls the appetite indirectly
by suppressing the secretion of ghrelin. It was reported that
leptin does not show the significant change with a single
meal, but plays a role in long-term appetite control [12].

Appetite-related hormones are involved in controlling food
intake by being influenced by energy nutrients composition,
and short-term and long-term signals interact each other.
However, most of the studies used liquid type meals, not
the meal consisted of solid foods, which may have different
effects on the secretion of appetite controlling hormones
Few studies have examined a single meal effect on appetite-
controlling hormone secretion, especially in Koreans. In this
study, we investigated the effects of a single meal with dif-
ferent ratios of carbohydrate, protein and fat on the secre-
tion of appetite control hormones in healthy Korean females.

This study was carried out from March to November, 2010.
The study was approved by the IRB commeetee of Kyung Hee
University (KHU IRB 2010-001). The healthy females whose
body mass index (BMI) are above 18.5 kg/m’ and less than
23 kg/m” were targeted for this study. All subjects were the
ones whose weight had not been changed for last 3 months
and non-smokers. Individuals taking stomach-related medi-
cines or received the gastric surgery recently or have medical
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or psychological disease were excluded. Anyone who were
judged to have problem with dietary behavior with 2.5< of
the abstaining eating scale in dietary behavior survey [13]
were also excluded from the study. A total of 12 subjects
were recruited and 10 subjects participated in this random-
ized cross-over study after two dropped out at the beginning
of the study.

Study subjects were randomly divided into 3, 3, and 4 and
allocated in one of the three experimental meal group which
are reqular meal (RM), high protein meal (HPM) and high fat
meal (HFM). Experimental meals were provided after over-
night fast, and no additional food or beverage was allowed
with the meal. The participants were instructed to listen to
light music or read books while the experiment was carried
out.

Questionnaire was used to evaluate dietary habits includ-
ing meal size, mealtime regularity, speed of eating, frequen-
cies of overeating and eat-outs. Food records were collected
to measure dietary intake and the CAN Pro Version 3.0
(Computer Aided Nutritional Analysis Program, The Korean
Nutrition Society) was used to calculate nutrient intake. The
calorie intake was compared with estimated average require-
ment (EAR), and protein, calcium, phosphorus, iron, zinc,
vitamin A, vitamin B,, vitamin B,, vitamin By, vitamin C and
niacin were compared with recommended intake (Rl). Dietary
fiber, potassium and vitamin E were compared with adequate
intake (Al).

The height (cm) and weight (kg) of the subjects were mea-
sured with minimum clothes worn and shoes and socks taken
off. Body composition was measured using body component
analyzer (Inbody 4.0, Biospace, Korea). Body mass index (BMI)
was acquired with the value that the weight (kg) was divided
by the square of the height (m). Ideal body weight (% IBW)
was acquired by multiplying 100 by the value that current
weight (kg) was divided by ideal body weight (kg).

Experimental meals were isocaloric diet with different
ratios of carbohyrate, protein and fat. Caloric supply was cal-
culated based on the basal energy expenditure (BEE) of each
subject by using Harris-benedict formula and multiplying
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that by activity factor, 1.3 (mean value: 520 kcal). Composi-
tion ratio of energy nutrients of the meal were as follows:
regular meal (RM, CHO : Pro : Fat = 60 : 20 : 20), high protein
meal (HPM, CHO : Pro : Fat = 30 : 50 : 20) and high fat meal
(HFM, CHO : Pro : Fat = 30 : 20 : 50). RM was composed with
rice, soybean paste soup, steamed sweet potato, chicken
breast meat, lettuce salad, soybean sauce dressing and kkak-
dugi. For HPM, the amount of chicken breast meat was in-
creased, the amount of rice was reduced, and steamed sweet
potato was excluded. For HFM, french dressing was used
instead of soybean sauce while the amount of rice and salad
was maintained as those of HPM. The standard recipe was
used to prepare experimental meals. Study subjects were
instructed to finish the experimental meal within 20 minutes
without leftovers.

Analysis of blood appetite-related hormones

The clinical nurse collected 5 ml of blood at 0, 30, 60, 90,
120 and 180 minutes after the meal by inserting catheter
to antecubital vein of the subject. The gathered blood was
stored in cold storage of -20°C before the analysis after
separating blood serum using the centrifugal separator (4°C,
3,500 rpm, 15 min). The concentration of ghrelin, PYY, insu-
lin and leptin that are the appetite-related hormones were
analyzed with Bio-plex equipment and Bio-plex manager
411456 software by using Millipore, MILLIPLEX™ MAP hu-
man gut hormone panel (Millipore, Billerica, MA). The pro-
gram that was used for the analysis was Upstate Beadview
program.

Measurement of visual analogue scale

In order to determine the degree of subjective fullness
after meal, visual analogue scale (VAS) was used [14]. The
subjects were instructed to express the appetite status be-
fore and after the meal in order to describe the degree of
fullness while collecting the blood. VAS was composed of the
following questionnaires, "How hungry are you?", "How full
are you?" and "What do you want to eat more?". The subjects
were instructed to describe the degree of appetite by mark-
ing with a pen in the 10 cm long scale from "very much” to
“not at all" at the both ends of the questionnaire.

Statistical analysis

The data of the experiments were analyzed by using Statis-
tical Package for the Social Science (SPSS) version 18.0 and
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the results were presented with mean, standard deviation
(SD) or standard error (SE). Regarding the value of change
along time after ingesting the experimental meals, one way
repeated measures ANOVA test and paired t-test were used.
Regarding the differences among the three groups, the sta-
tistical significance was evaluated through Kruskal-Wallis
test and p < 0.05 was considered as statistically significant.

The ages and anthropometry measures of the subjects

The average age of the subjects who participated in this
study was 22.3 + 3.2 years. The average height and weight
were 161.8 + 5.3 cm and 52.4 + 4.7 kg, respectively and as
the results of calculating %IBW and BMI (kg/m?), all were
within the normal range.

Dietary habits and status of nutrient intakes

The results of analyzing dietary habits were shown in Table
1. Meal frequency data indicated that, only 40% of the sub-
jects have 3 meals a day. Regarding the reqularity of meal,
only 20% of the subjects answered that they have regular
meals, Regarding the speed of eating, 70% answered that
they spend about 20 minutes. Sixty percent of the subjects
have a habit of overeating and 90% eat snack and eat out
more than 3 times a week.

Nutrient intake data indicated that the average total calo-
rie intake per day was 1,629.1 + 417.0 kcal, and the ratio of
carbohydrate, protein and fat was 53.3 : 15.4 : 31.4, show-
ing the calorie percent from fat was high when comparing
it with the adequate energy ratio recommended by Dietary
Reference Intakes for Koreans, 2010.

The results of comparing daily intake of nutrients to KDRIs
is shown in Figure 1. The average calorie that the subjects
consumed was 80% of KDRIs and protein was 139%, calcium
was 63%, iron was 77%, and sodium was 222%. The intakes
of vitamin A, B,, B,, niacin, vitamin B, were close to the ad-
equate intake reference, but the intakes of vitamin C (63%),
folate (429%) and dietary fiber (52%) were very low.

Blood levels of appetite-related hormones

The results of measuring concentration of appetite-related
hormones for 180 minutes after consuming the experimental
meals are shown in Table 2 and Figure 2, respectively. The
concentration of ghrelin showed the significant reduction
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at 30 min (58.6 + 25.6 pg/mL), 60 min (56.4 + 26.6 pg/mL),
90 min (71.1 + 72.8 pg/mL) and 120 min (78.9. + 24.3 pg/mL)
when compared to the value of baseline in RM (p < 0.05).
HPM significantly reduced ghrelin at 120 min (52.6 + 15.0
pg/mL) compared to the baseline (89.6 + 26.1 pg/mL), HFM
consumption resulted in the significant reduction at 60 min
(61.2 + 22.3 pg/mL), 90 min (72.5 + 19.4 pg/mL), 120 min (78.6
+ 22.5 pg/mL) and 180 min (69.7 + 25.2 pg/mL) compared to
the value of baseline (p < 0.05). However, significance disap-
peared at 180 minutes.

The concentration of PPY did not show significant change
for 180 minutes after experimental meals when compared
to the value of the baseline. No difference was found in PPY
concentration among experimental meals.

The concentration of insulin increased to the highest value
at 30 minutes after all experimental meals and the concen-
tration remained highest with RM compared to that of the

Table 1. Food habits of the subjects

Variables Values (n = 10)

Frequency of meal

3 times 4 (40)

2 times 5 (50)

1 time 1(10)
Regularity of meal time

Regular 2 (20)

Sometimes irregular 8 (80)

Always irregular 0(0)
Speed of meal

20 minutes 7 (70)

< 10 minutes 3(30)
Frequency of overeating

Never 1(10)

Sometimes 6 (60)

Often 3(30)
Frequency of snack intake

Never 1(10)

> 3 times/weeks 5 (50)

Everyday 4 (40)
Frequency of eating out

0-1 time/week 1(10)

2-3 times/week 4 (40)

> 4 times/week 5 (50)
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other two meals. HPM increased insulin significantly only at
30 minutes (2.8 + 0.7 ng/mL). No difference was found in
insulin concentration between experimental meals.

The concentration of leptin did not show the significant
change for 180 minutes after the consumption of experi-
mental meals when compared to the value of baseline. No
difference was found in insulin concentration between ex-
perimental meals.

Visual analogue scale

The results of measuring visual analogue scale against
hunger, fullness and the desire to eat in study subjects were
shown in Figure 3. The hunger and desire to eat after con-
suming the experimental meals fell rapidly and showed the
lowest level at 30 minutes, however the fullness showed the
highest score at 30 minutes after the meal (p < 0.05). No dif-
ference was found in insulin concentration between experi-
mental meals.

Discussion

In order to investigate the effects of a single meal with

Calorie |

Protein
Fiber |

Calcium |

Phosphorus |

Iron |

Sodium

Zinc |
Vitamin A
Vitamin Bw-

Vitamin B, |

Niacin |
Vitamin By
Folate |
Vitamin C |

50 100 150 200 250
9% KDRIs

o

Figure 1. Comparison of nutrient intakes with KDRIs. KDRIs:
Dietary Reference Intakes for Koreans.
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Figure 2. Percentage changes of (A) ghrelin, (B) PYY, (C) insulin, and (D) leptin for 3 hours after taking experimental meals. RM:
regular meal, HPM: high protein meal, HFM: high fat meal. Values are mean + SE. *Significantly different from baseline (0 min), as

determined by paired t-test (p < 0.05).

different composition of energy nutrients on the appetite-
related hormones, this study measured the concentration
of appetite-related hormones after ingesting the meal of
same calories with different ratio of energy nutrients, in the
healthy female subjects.

When comparing daily energy intake of the subjects with
the dietary reference intakes for Koreans [15], 80% of the
EAR was consumed. It was similar the results form the Na-
tional Health and Nutrition Examination Survey [16] which
was 1,629.6 + 35.9 kcal/day for adult females and 1,600.3 +
535.4 kealfday from the female college students in Seoul (18
kg/m® < BMI < 23 kg/m?) [17]. The protein intake was within
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the recommended range (7-20% of the calorie), however the
fat intake of study subjects was 31.4% of the calorie which is
above the recommend range (15-25% of the calorie). Study
subjects revealed dietary habits of frequent snacking and
eat-outs which may contributed to high fat consumption
in this subjects. The experimental meal used in this study
provided the 520 kcal which was around 31% of the average
calorie consumption of the study subjects.

The appetite-controlling hormones influence food intake
which in turn influences the secretion of appetite-controlling
hormones. It is known that ghrelin decreases and PYY in-
creases after meal, respectively. Results from this study in-
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Response of ghrelin, PYY, insulin, and leptin for 3 hours after taking experimental meals*

Parameters Groups
0 30
Ghrelin®, pg/mL RM 112.0 + 28.8 58.6 +25.6"
HPM 89.6 + 26.1 76.6 +21.8
HFM 117.6 £ 33.9 73.6 +18.2
PYY', pg/mL RM 113.6 + 30.1 96.7 +23.6
HPM 929 +24.5 93.3+217
HFM 107.3 +28.8 99.9 +25.0
Insulin®, ng/mL RM 11+£04 28+05"
HPM 0.7+0.2 28+07"
HFM 1.0+£0.3 24+06
Leptin®, ng/mL RM 10.7 +2.3 75+17
HPM 8.0+0.9 71409
HFM 7.6+ 1.2 6.6+0.9

RM: regular meal, HPM: high protein meal, HFM: high fat meal.

Time, min
60 90 120 180

56.4 +26.6" 711 +72.8" 789 +24.3" 84.4 +30.5
62.4 +20.9 78.7 +25.0 52.6+15.0° 64.3 +217
61.2+22.3" 72.5+19.4' 78.6+22.5" 69.7 +25.2'
98.1+28.7 100.8 + 29.5 95.8 + 26.8 88.4+25.9
95.6+25.7 96.8 + 25.1 94.4+22.8 99.7 + 25.1
98.0 + 25.8 97.8 +25.7 102.9 + 25.8 9914253

29+09' 3.0+ 10" 27+£12 1.8+10

2.2+0.9 1.9+0.7 14+0.4 14+ 0.5

21407 19406 16405 1.2+0.4

79+ 18 7.8+ 1.8 77416 76+ 16

70+0.9 70+038 6.7 +0.7 71409

6.5+0.9 6.5+0.9 6.7 +0.9 6.8+0.9

*Values are mean + SE; 'Significantly different from baseline (0 min), as determined by paired t-test (p < 0.05); *Not significantly different among the experi-

mental meals by Kruskal-Wallis test.

dicated that the concentration of ghrelin was reduced after
consuming the experimental meals, however no difference
was found between meals. These results indicate that the
composition ratio of energy nutrients does not influence on
the secretion of ghrelin. In the studies of Smeets et al. [18]
and Lejeune et al. [19], the concentrations of ghrelin were not
influenced by the energy nutrient ratio.

Even though the ratio of energy nutrients did not affect
the ghrelin concentration, the hours after meal could signifi-
cantly affect the levels of ghrelin. In the study of Tannous
et al. [20], the concentration of ghrelin was lowest at 60
minutes after HFM (50% of total calories) consumption. In
this study, the concentration of ghrelin was also lowest at 60
minutes after HFM. On the contrary to our results, the stud-
ies of Erdmann et al. [21] and Monteleone et al. [22] indicated
that, the level of ghrelin became the lowest at 180 minutes
after ingesting liquid meal that contains 75% and 85% fat,
respectively. The discrepancy could be explained by the fact
that the different contents of fat included in the meals as
well as the differences in the types of meal. Gastric outlet
and generation of amino acid, etc. could be influencing fac-
tors.

While, PYY did not show any significant difference along
with the ratio of energy nutrients in all experimental meals
and the hours after the meal. A previous research [18] also
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showed that no significant difference in the secretion of PYY
after ingestion of various experimental meals. Therefore,
ratio of energy nutrients included in the meals did not influ-
ence sufficiently to induce the secretion of PYY for short
period of time.

Insulin is secreted along with the intake of carbohydrate,
but it is not clearly known that the secretion of insulin is
influenced by the composition ratio of energy nutrients. In
this study, there was no significant differences among the
three experimental meals regarding the concentration of
insulin although it is increased aftter the meal consumption.
The contents of carbohydrate included in high protein and
high fat meals were 39 g compared with 78 g in the regular
meal. The study result of Blom et al. [12] also showed that
there was no difference regarding the secretion of insulin af-
ter ingestion of experimental meals. According to what was
suggested in the study of Schmid et al. [23], the meal with
affluent protein stimulates the secretion of insulin as a result
from the increased concentration of amino acid in the blood.

It has been reported that insulin as the long-term control-
ling factor like leptin, does not directly control the appetite
however, it acts on the digested and absorbed glucose after
meal by suppressing the concentration of ghrelin [21,24,25].
Saad et al. [26] reported that the injection of insulin suppress
the secretion of ghrelin by 25% while the injection was with-
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drawn the secretion of ghrelin bounced back to the basal
level within 1 hour. In this study, insulin secretion increased
while the concentration of ghrelin was reduced after meal.
So, it can be speculated that the possibility of insulin as a
indirect suppressor of appetite.

The concentration of leptin did not show any significant
difference among the three experimental meals at the base-
line. Leptin acted as a long-term appetite controller like in-
sulin, however it did not act in short-term basis [12,22]. Keim
et al. [27] explained that in the balanced energy status, the
appetite-controlling action of leptin was absent by a single
meal, however, in case of imbalanced energy status, leptin
suppress the appetite with a single meal.

As the results of measuring appetite after ingesting ex-
perimental meal, the degree of hunger and desire to eat
increased significantly and the degree of fullness decreased
after meals showing no significant difference along with the
composition of energy nutrients. However, according to the
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studies of Monteleone et al. [22], the degree of hunger after
ingesting high carbohydrate (77%) meal were more sup-
pressed than in high fat (75%) meal.

This study is the one that investigate the secretion of
appetite-related hormones along with the composition of
energy nutrients targeting the healthy females. It is note
worthy since the previous studies mainly used liquid meal
mean while this study provided the experimental meals that
are composed of solid food. As the limitation of the study,
dietary habits of the subjects were not considered. It has
been pointed out in the several studies [28,29] that the sub-
jects' habitual meal type and meal time influence the secre-
tion of appetite-related hormones. The other limitation is the
concentrations of the hormones were in very wide range. It
is proposed that consideration of the subjects' dietary habits
and the large number of the subjects in future study.

N WA 1 N ® © O

0 T T T T T 1
0 30 60 90 120 150 180
Time, min
------ RM
—u— HPM

Figure 3. Changes of (A) hunger, (B) fullness and (C) desire to
eat for 3 hours after taking experimental meals. RM: regular
meal, HPM: high protein meal, HFM: high fat meal. Values are
mean SE. *Significantly different from baseline (0 min), as
determined by paired t-test (p < 0.05).
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A single meal with different ratio of energy nutrients did
not influenced on the appetite-related hormones levels as
well as the degree of hunger, fullness and desire to eat in
health female adults. Meanwhile, the hours after one meal
with different composition of energy nutrients significantly
affected the levels of appetite hormones and the degree of
hunger, fullness and desire to eat. In conclusion, appetite-
related hormones might be influenced by many other factors

including the types of meal, gastric outlet and generation of

amino acid, etc. Further studies are needed to verify the ef-

fects of appetite influencing factors on the concentration of

appetite-related hormones.
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