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Introduction  
 
Maintaining blood glucose balance is important 
for lifelong health (1). Foods with a low glycemic 
response are effective in maintaining blood glu-
cose control in individuals, lowering serum lipid 
levels in individuals with hypertriglyceridemia, in-
creasing high-density lipoproteins (HDL) choles-
terol levels and reducing the risk of developing 
type 2 diabetes and cardiovascular diseases (2). 
The glycemic index is also associated with many 

chronic estern diseases such as insulin resistance 
and central obesity (3).  
Consumption of high protein meal with low- 
moderate amounts of carbohydrates increases in-
sulin secretion (1). Powerful insulin secretagogues 
(valine, leucine, isoleucine), glucose-dependent in-
sulinotropic polypeptide (GIP) and glucagon-like 
Polypeptide-1 (GLP-1) (some amino acids stimu-
late the incretin system) decreases the rate of gas-
tric leakage, inhibiting glucagon secretion and 

Abstract 
Background: The positive effects of blood glucose levels should be demonstrated in healthy or type 2 diabetic 
individuals who can be recommended to consume macronutrients (protein + fat) with carbohydrates. Therefore, 
at the end of the research planned with the amount of carbohydrates and fats that can be consumed in a meal, we 
aimed to recommend the consumption of food with high protein content egg together with the carbohydrate 
source.  
Methods: The study was carried out from Nov 2017 to Apr 2018 by looking at fasting blood glucose levels using 
feeding 2 different test foods on a minimum of 8 h of fasting in the Haliç University Sutluce Campus, Istanbul, 
Turkey. Before and after the carbohydrate and carbohydrate + protein source, blood glucose was measured from 
the fingertip for 3 days in 30 min, 60 min and 120 min periods. The average of 3 days was used in the analysis.  
Results: Blood glucose values were compared after individuals were given carbohydrate and carbohydrate + 
protein source. The mean blood glucose value 60 min after the carbohydrate administration was significantly 
higher than the average blood glucose value 60 min after the carbohydrate + protein administration (P= 0.006).  
Conclusion:  A protein-containing diet positively affects the glycemia response and can recommend it. In indi-
viduals with diabetes, they should focus on the effects of proteins to achieve glycemia control. 
 
Keywords: Carbohydrate; Protein; Fasting blood sugar; Glycemic response 

 
 

http://ijph.tums.ac.ir/


Basturk et al.: Evaluation of the Effect of Macronutrients Combination … 

 

Available at:    http://ijph.tums.ac.ir  281   

stimulating insulin secretion. Increased protein 
and reduced carbohydrate intake result in im-
proved insulin sensitivity and glucose uptake (1). 
Dietary proteins and amino acids have an insulino-
tropic effect and increase insulin secretion in pan-
creatic beta cells, ensuring the use of blood glucose 
by tissues. Co-consumption of carbohydrates and 
protein stimulates plasma insulin concentrations 
in healthy individuals (4).  When the effect of a 
meal with high glucose and whey protein content 
on blood glucose level was compared, the plasma 
insulin response was higher in the protein-contain-
ing meal. Consumption of amino acids (isoleucine, 
leucine, lysine, threonine and valine), whey and soy 
proteins have been associated with increased post-
prandial insulinemia and decreased glycemia in 
healthy individuals (4). 
On the other hand, the excessive amount of pro-
teins taken in meals affects postprandial blood glu-
cose minimally and causes an increase. Dietary 
proteins have little effects on glucose production 
and do not increase blood glucose levels (5). Con-
sumption of 12.5-50 g protein just consumption 
of does not affect blood glucose level, but more 
than 75 g of protein consumption was found to 
cause a late and increased glycemic response in 
postprandial glycemia from 180 min to 300 min 
(6). Blood glucose levels started to rise after 100 
min after excessive protein intake and reached the 
highest point after the fifth h. In addition, the 
maximum effect of more than 75 g of protein in-
take and 20 g of glucose intake on blood glucose 
level was similar (6).  
To suggest consuming protein sources together 
with carbohydrates to healthy or type 2 diabetic 
individuals, positive effects on blood glucose level 
should be demonstrated by clinical studies. There-
fore, we aimed to investigate the effect of jam and 
jam + egg combination on a fasting blood glucose 
level in healthy individuals and have an ideal body 
mass index. 
 

Materials and Methods  
 
Study population 

This cross-sectional and experimental study was 
conducted at the Sütlüce Campus in Haliç Univer-
sity, Istanbul, Turkey. Patients’ age ranged be-
tween 18-65 yr (27.8 ± 3.7). Body Mass Index 
(BMI) of 20-25 kg / m2, without chronic disease 
and with total of 20 non-smoking individuals. 
Data were collected during from Nov 2017 to Apr 
2018. In this process, one individual was excluded 
from the study because it was observed that he ex-
perienced hypoglycemia after the consumption of 
jam. 
The inclusion criteria were established with the 
following information:  

 Obese individuals, because of the increase in 
free fatty acid release in enlarged fat cells, liver 
and the penetration of fatty acids into the pe-
ripheral tissues increases, insulin destruction 
decreases by the liver, and an increase in the 
circulating insulin level is observed. This af-
fects blood glucose levels (7). High cigarette 
consumption increases visceral adipose tissue, 
blood glucose levels and the risk of insulin re-
sistance (8).  

 On the other hand, aging causes a decrease in 
insulin secretion, impaired insulin receptors, 
an increase in leptin and blood glucose level 
(9).  

 
Study design and intervention 
After signing the voluntary consent form, the re-
search and the questionnaire form were applied to 
the individuals by informing them about the re-
search. 
The survey form consists of five parts: 
1. Questions about socio-demographic character-
istics (age, gender...),  
2. Questions about eating habits, 
3. Questions about physical activity situations, 
4. Food consumption frequency, 
5.  Six-day food consumption registration form 
Individuals weight measurement was made with 
TANİTA BC 418 MA body measurement device, 
body fat mass and lean tissue mass were calculated. 
Harris-Benedict equation was used to calculate the 
basal metabolic rate of the participants. Taking 
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into account the physical activity levels of individ-
uals, healthy nutrition programs have been cre-
ated, containing 55-60% carbohydrates, 12%-15% 
protein and 25-30% fat. The researcher followed 
the compliance of the nutritional programs during 
the period when test food was given to individuals.  
Individuals were tested on a minimum of 8 h of 
fasting and averaged by feeding different test 
foods for 3 d; fasting blood glucose levels were ex-
amined. 
1. Carbohydrate source: Cherry jam (40 g) 
2. Carbohydrate + protein source: Cherry jam (40 
g) + egg (50 g) 
Blood glucose measurement was performed at 30 
min, 60 min, and 120 min after the carbohydrate 
source was given for 3 d from the tip of the finger. 
Moreover, the fasting blood glucose was meas-
ured. 
The same processes were repeated for the carbo-
hydrate + protein source. The average of 3 days 
was used in the analysis for both test foods. Jam 
and eggs were provided free of charge by the re-
searcher. 
 
Ethical approval 
Ethical approval for study was obtained from the 
Medipol University Research Ethics Committee 
(Number: 2018-170). The study was conducted in 
accordance with the Helsinki World Medical As-
sociation Declaration. 
 
Personal Information 
A questionnaire developed by the researcher was 
used to determine the personal characteristics of 
the individuals. In the questionnaire form, the de-
mographic characteristics (age, gender...), infor-
mation about nutritional habits and physical activ-
ity level of the patients were analyzed. The re-
searcher with the face-to-face interview technique 
filled in the questionnaire. 
 
Nutritional Habits 
Nutritional habits of individuals (main and snack 
consumption situations, eating habits outside, 
fast-food preferences, etc.) were questioned, and 
their food consumption frequency was filled with 
face-to-face interview technique with the food 

consumption frequency form containing 20 food 
types. In order to determine the carbohydrate 
level, the “individual food consumption record”, 
which was taken 1 day before the test foods were 
consumed, was also done by face-to-face interview 
technique. Detailed information was given about 
the amount of carbohydrates they consume daily 
in the range of 150-300 g and not to consume fast 
food and processed carbohydrate sources in the 
days before the measurements. 
 
Blood Glucose Level Measurements 
IME-DC brand glucose meter and strips were 
used to measure blood glucose levels of individu-
als. During the 6-d period of the study, partici-
pants were asked to record their food consump-
tion forms. Fasting and postprandial (30, 60, 120 
min) blood glucose level measurements were 
made and recorded by the researcher. 
 
Determination of Body Weight and Body 
Composition 
Body weight measurements of the patients were 
made on average three h after going to the toilet, 
eating, and excessive fluid intake with bare and dry 
feet. Segmental analysis of the patients was per-
formed using a bioelectrical impedance analyzer 
(TANİTA BC 418 MA). The device works with 
Bio Impadence Analysis and sends 8 kHz electric 
current to five different body regions. The ratio of 
fat in arms, legs and trunk, lean mass and muscle 
weight are analyzed with this method. 
 
Statistical analysis 
SPSS (Chicago, IL, USA) version 22 was used to 
perform all statistical analyses and data are pre-
sented as means± standard error. Statistical signif-
icance level was evaluated as P<0.05 in the tests. 
Descriptive statistics such as frequency, percent-
age, arithmetic mean, standard error, minimum 
and maximum were used in the analysis of the 
data. Parametric tests were used after the normal-
ity tests were performed in the analysis of the data. 
Independent Sample t test for comparing the 
means of two independent groups, One-way 
ANOVA test in comparison of more than two in-
dependent groups, Pearson Correlation test was 
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used in the relationship analysis of the scales. De-
pendent sample t test and repeated measures were 
used for more than two dependent groups. 
 

Results  
 
The mean age of the sample was 27.8±3.7 years old. 
Of these 50% were men. The minimum and maximum 
of participants' body mass index (BMI) values respec-
tively; 20 kg / m2 and 25 kg / m2 (Table 1). 

 The mean percentage of body fat was 25.9 ± 4.9% 
while the average of male individuals was 14.0 ± 
2.9%. Individuals participating in the study ac-
cording to the frequency of food consumption 
consumed often milk and dairy products; red meat 
and poultry at least 3-5 times a week; fish and sea-
food at least once every 15 days; processed meat 
1-2 times a week; eggs almost every day; dry leg-
umes 3-5 times a week; vegetables at least 1-2 
times a week; fruit 3-5 times a week; Dried fruit at 
least once in 15 days; rice, pasta and bulgur at least 

once a week; white bread and brown bread at least 
1-2 times a week; at least 1-2 times per week sugar, 
chocolate, carbonated beverages, bakery products 
milk sweet syrup. It was determined that the fast-
ing blood glucose level of 5 participants was higher 
than the targeted level. There was no significant 
difference between the mean fasting blood glucose 
value and gender of the participants in the study 
(t= -0.525; P=0.606). 
The fasting blood sugar change graph is shown ac-
cording to the time intervals of the people and the 
test foods consumption (Fig. 1). The blood glu-
cose value was determined as the highest value 30 
min after consuming the jam and jam + egg and 
the lowest value after 120 min after consuming the 
jam. The blood glucose value 30 min after the jam 
and jam+egg consumption was significantly 
higher than the blood glucose value after 60 min; 
the blood glucose value after 60 min was also sig-
nificantly higher than the blood glucose value after 
120 min (P=0.001)(Tables 2,3). 

 
Table 1: General characteristics of individuals (n=20) 

 

Parameters                            Mean±SD Minimum Max-
i-
mum 

Age (yr) 27.8±3.7 22 36 

Height (cm)                170.6±10.1 150 184 

Body Weight (kg) 66.0±11.3 45 82 

BMI (kg/m2)  22.4±1.7 20 25 

 *BMI: Body Mass Index 
 

 
 

Fig. 1:  Blood glucose values after jam and jam + egg consumption 
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The average blood glucose value after 60 min after 
jam consumption was significantly higher than the 
average blood glucose value after 60 min after 
jam+egg consumption (P=0.006).There was no 

significant difference between the mean blood glu-
cose values after 30 min, 120 min after jam con-
sumption and the mean blood glucose values after 
30, 120 min after jam+egg consumption. 

 
Table 2: Blood glucose values after jam consumption 

 

Time (mins) Jam 

Mean ± SD P 

30 141.3 ± 18.8 0.001* 

60 120.7 ± 18.3 

120 92.2 ± 14.5 
*Wilks’ lambda (Λ): 79,236 

*Statistically significant (P<0.05) 

 
Table 3: Blood glucose values after jam + egg consumption 

 

Time (mins) Jam+Egg 

Mean ± SD P 

30 136.2 ± 24.8 0.001* 
60 109.0 ± 19.4 
120 96.3 ± 9.3 

*Wilks’ lambda (Λ): 39,747 
*Statistically significant (P<0.05) 

 

Discussion  
 
Postprandial glucose deviations cause glucose tox-
icity.  Bozbulut et al showed that dietary fat, pro-
tein may affect postprandial glycemic response 
and insulin release (10). Gastric emptying rate is a 
major determinant of the postprandial glycemia. 
Adding fat sources to the meal slows down the 
gastric emptying rate of carbohydrates. In this 
way, the glycemic response decreases (10). The 
protein source is sufficient insulin secretion mini-
mal increase of postprandial blood glucose causes 
(11). 
The recommended level of fasting blood glucose 
is ≤ 100 mg/dl. According to the American Dia-
betes Association (ADA), fasting plasma glucose 
100-126 mg / dl; 2-h postprandial blood glucose 
of 140-200 mg/dl impaired glucose tolerance 
(IGT) and diabetes is diagnosed when fasting 
plasma glucose is >140 mg/dl and 2 h blood glu-
cose is >200 mg/dl (12 ).  

The mean fasting blood glucose levels of the indi-
viduals in our study were 96.0 ± 8.5 mg/dl (min: 
82.5 max: 96.0). Because individuals pay attention 
to their nutrition programs, fasting and postpran-
dial blood glucose levels remained close to the tar-
geted levels. 
In the study of glucose intolerance, atherogenic li-
pid profile, hypertension, abdominal obesity inci-
dence, individuals, women were higher than men 
(13). The reason for this situation is the advance-
ment in the technological field, making life easier 
and not spending time on sports activities (13). In 
our study, fasting blood glucose levels of male and 
female individuals were not found to be signifi-
cantly different (P >0.05).   
Adult mammalian adipocytes and adipocyte se-
creted from the connective tissue in some proteins 
(adipokines) was the endocrine effects. In cases 
where the fat mass increases, the amount of these 
proteins also increases. Tumor Necrosis Factor 
(TNF), interleukin-6 and resistin are one of these 
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proteins play an important role in the emergence 
of insulin resistance in obesity, causing increase 
blood glucose levels (14). There was relationship 
between fat percentages and fasting blood glucose 
values. BMI’s of the individuals in our study are in 
the normal range. For this reason, percentages of 
body fat and fasting blood glucose are also at the 
targeted values. 
Macronutrients are important for the glucose re-
sponse; carbohydrates act quickly on blood glu-
cose and increase insulin secretion (15). Dietary 
proteins stimulate different levels of insulin and 
glucagon secretion. Post-prandial amino acid in-
crease depends on the digestion rate of proteins. 
Insulin secretion is an important incretin hormone 
in response to the increase   the end products of 
protein digestion in intestine. This increase is in-
fluenced by the circulating concentration, not the 
total level of the amino acid (16). 
 Moghaddam et al. (17) investigated the effect of 
50 g of glucose plus different levels of fat and pro-
tein on the glycemic index in a randomized con-
trolled study of non-diabetic humans, 10 with a 
fasting plasma insulin (FPI) < 40 pmol/L and 10 
with FPI >40 pmol/L. As a result, high fat intake 
together with glucose was not found to decrease 
the blood glucose level, the glycemic response of 
the protein had 2-3 times more effect than the fat, 
and the combination of 0 g fat and 30 g protein 
significantly reduced the glycemic response (17).   
The effect of 10 different protein-rich foods on 
glycemic response curve relative to reference food 
(1000 kJ of glucose) was examined (18).These pro-
tein rich foods (chocolate biscuits, chocolate and 
peanut butter balls, nuts and chocolate muffin, 
chocolate almond bar, chocolate drink, apple and 
cinnamon biscuit, pizza dough, rosemary bread-
crumbs and 2 different pasta) were isocaloric en-
ergy content (1000 kJ portion). The first stage of 
the study took 3 weeks. During these 3 weeks, par-
ticipants were asked to consume reference food 
glucose once a week. After the 3rd week, 2 differ-
ent test foods were studied in each week. Two dif-
ferent test foods studied in the same week were 
consumed on different days. All tested foods and 
reference food glucose were consumed within 10 
minutes. Measurements were taken at 15, 30, 45, 

60, 90 and 120-min periods (18). Measurements 
were taken at 15, 30, 45, 60, 90 and 120-min peri-
ods. The most glycemic responses were chocolate, 
peanut butter balls and pasta types. The glycemic 
response created by foods with high protein con-
tent was lower. It was determined that the increase 
in blood glucose level was faster in the transition 
from the 15th min to the 30th min and reached 
the highest level in the 30th min (18). Similarly, in 
our study, the blood glucose value reached the 
highest level in the 30th min after giving jam 
(mean 141.1 mg/dl) and jam and eggs (mean 136.3 
mg/dl) (Tables 2,3). 
In another study, 48 healthy individuals with a 
BMI in the normal range (BKI 23 ± 1 kg / m2) 
were served breakfast options with 390 kcal energy 
and the same fat content and their glycemic effects 
were evaluated. Options included white toast + ce-
real flakes (10 g protein); egg + white toast (30 g 
protein) and whole grain toast + egg (20 g protein 
+ 7 g fiber). Study resulted in 30 g protein and 20 
g of egg protein + 7 comprising fibers containing 
g breakfast options were found to attenuate the 
postprandial glycemic response by 10 g protein 
(P<0.05). The highest level of glycemic response 
(143 ± 3 mg/dl) was the option with lower protein 
(10 g) and high carbohydrate (55 g) compared to 
other options. The glycemic responses of the al-
ternatives of breakfasts glycemic response are at 
120 min are similar and are close to the initial 
blood glucose value (19). Similarly, in our study, 
the highest glycemic response (141.35 ± 18.84 
mg/dl) produced 40 g of jam with a high carbohy-
drate content in the 30th min (Fig. 1). The effect 
of jam (92.2 ± 14.5 mg/dl) and jam egg (96.3 ± 
9.28 mg/dl) on blood glucose level in the 120th 
min is similar and has a baseline value (respectively 
95.4 mg/dl, 95, 9 mg/dl). 
 
Limitations 
1. The number of participants was restricted due 
to the inclusion criteria and the test food, followed 
by frequent periodic intervals, and blood glucose 
monitoring. 
2. Since individuals could not be observed during 
the application of diets, their compliance with 
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their diets was monitored through food consump-
tion records. 
3. One individual has been left from study to hy-
poglycemia after consumption of the jam. 
 

Conclusion 
 
A protein-containing diet in healthy individuals 
can be recommended as it positively affects the 
glycemia response. In individuals with diabetes, 
they should focus on the effects of proteins on gly-
cemia to achieve control of glycemia. Similar stud-
ies should be conducted with diabetic patients to 
see the effects of protein on blood glucose more 
clearly. In order to see the differences of the ef-
fects of jam and jam + egg on blood glucose more 
prominently in healthy individuals, it is recom-
mended to increase the amount of test food (espe-
cially protein) or to plan food combinations with 
different participants for a longer period of time. 
Prevention of some disease and maintain and de-
velopment of public health. It is important to plan 
new researches that will decrease the risk of in-
crease in blood glucose level, decrease in insulin 
response, which is a public health problem, espe-
cially in obese individuals. 
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