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ABSTRACT

The aim of this study was to determine the short-term effects of animal and plant-based milk con-
sumption on postprandial glycemia, toughness, food intake of healthy individuals. Cow milk and
soymilk were used as the test drink and commercial fruit juice as the control group. In the study
in which 19 healthy adult subjects participated, fasting blood glucose and postprandial blood glu-
cose analysed, visual analog scale and appetite were questioned. Then, 24-hour food comsumption
records were taken and energy and macronutrients were calculated and compared. While the high-
est energy intake was on the day that cow milk was consumed, no significant relationship was
found between test groups in terms of energy and macronutrient intake (p>0.05). It was determined
that the difference between fasting and postprandial blood glucose was in the week in which the
highest cow milk was consumed and this change was significant (p< 0.05). It was thought that the
satiety effect of cow milk may be higher than that of soy milk due to its animal protein and satu-
rated fat content.
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Introduction

Animal milk is defined as the non-colostrum secretion pro-
duced by the mammary glands of healthy mammals to feed
their young after birth and can be secreted from 15 days be-
fore to 5 days after birth (Godden, 2008). Milk consumption
from domestic animals can be attributed to the seventh mil-
lennium BC in Northwest Anatolia (Evershed et al., 2008).
Since then, consumption of milk and its use as a food ingre-
dient, especially cow milk, have emerged and proliferated on
every inhabited continent, playing an important role in the
diet of people of all ages (Evershed et al., 2008; Wijesinha-
Bettoni and Burlingame, 2013).

It is stated that milk and dairy products with a content rich in
calcium play an important role in the protection of cardiovas-
cular diseases, high blood pressure, osteoporosis, type 2 dia-
betes, stroke and colon cancer in adults, and in the healthy
development of bones and teeth in childhood and adolescence
periods. In the Turkish Dietary Guidelines (TDG), our na-
tional nutrition guideline, it is recommended to consume
three servings of milk and dairy products daily for adult men
and women aged 18-49 years (TDG, 2016). Global milk pro-
duction is projected to increase by 23% compared to 2013
global production level for the year 2025 worldwide. Demand
growth is expected to occur mainly in Africa, South Asia and
East Asia (FAO, 2016). The global plant based milk market
is expected to triple in 2025 with a growth rate of 12.5% and
reach a market volume of 24.6 billion United States Dollar
(USD). The largest share in this market is soy milk (Haas et
al., 2019). In our country, according to the results of the most
recent Turkey Nutrition and Health Survey (TNHS) (2017),
the frequency of those who consume pasteurized milk as cow
milk every day is 2.1%, the frequency of those who consume
ultra-high temperature (UHT) milk every day is 4.8%, and the
frequency of those who consume street milk every day is
3.7% (TNHS, 2019).

The definition of milk as an ingredient, beverage and nutrient
source has come under scrutiny in recent years, as the pres-
ence of many different plant-based milk-like beverages on the
market favors using the term "milk" to describe products for-
mulated to mimic and replace cow milk. Cow milk has been
studied recently due to its environmental effects and ethical
considerations regarding animal welfare. In addition to ethi-
cal issues related to the use of animals, health problems such
as dietary restrictions, allergies and lactose intolerance, and
sustainability as a current issue have affected consumer de-
mand for alternatives to cow milk (Sethi et al., 2016; Vanga
and Raghavan, 2018). In line with this demand, the widely
preferred options are plant-based milk substitutes, namely

Research Article

"plant-based milk". Plant-based milks are suspensions con-
taining plant substitutes dissolved in water and fragmented
plant material, and they resemble cow milk in appearance
(Erk et al., 2019). The main varieties are plant milks such as
soy, almond, rice and coconut milks, and less common hemp,
hazelnut, macadamia nut, flax, oat and spelled (Vanga and
Raghavan, 2018, Astolfi et al., 2020).

Plant-based milk alternatives are becoming increasingly pop-
ular, but most are nutritionally unbalanced compared to cow
milk. However, milk alternatives contain bioactive compo-
nents that have health-promoting properties and appeal to
conscious consumers. Therefore, their ingredients and effects
need to be carefully evaluated, as they can significantly affect
human health (Liu, 2004; Sethi et al., 2016).

Production of animal dairy products has a significant envi-
ronmental impact. The main environmental problems associ-
ated with milk production are soil degradation, air and water
pollution, and biodiversity loss (Haas et al., 2019). Plant-
based milks are often presented as a healthy, sustainable and
animal welfare-friendly alternative (Clayton, 2021). Accord-
ing to Chapman's research, when the environmental impact
of each milk type is examined, the results show that the car-
bon emission of cow milk per 200 mL is 0.63 kg, the land use
is 1.79 m? and the water consumption is 125.6 liters, while
the carbon emission for soy milk is 0.2 kg, land use is 0.13
m? and water consumption and has been shown to be 5.6 li-
ters (Chapman, 2021).

The great interest of nutritionists in soy milk is due to the fact
that it has a well-proportioned amino acid pattern compared
to other vegetable proteins and is an alternative to cow milk.
Soy milk has a nutritional composition comparable to cow
milk. Compared to the compositions of cow milk, soy milk
composition contains higher vegetable protein, iron, unsatu-
rated fatty acids and niacin, while the amounts of fat, carbo-
hydrates and calcium are lower. Its main advantage is that it
does not contain cholesterol and lactose and contains 0.25
mg/g total isoflavones on wet weight (Gursoy et al., 1999).

Due to the high protein content and fatty acid composition of
cow milk, satiety effects have been investigated and these
studies show that consumption of cow milk products can in-
crease satiety (Onvani et al., 2017). One mechanism explain-
ing the effect on satiety of dairy products concluded that,
given its rapid digestion and absorption, it is related to whey
protein resulting in increased plasma concentration of gut
hormones and total plasma amino acids (Anderson and
Moore, 2004; Boirie et al., 1997). Milk proteins are thought
to increase satiety and suppress short-term food intake com-
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pared to other sources, but the effect of milk proteins or ca-
sein is still unclear (Paddon-Jones et al., 2008). Whey protein
has been shown to suppress hunger more potently, resulting
in lower food intake compared to casein (Hall et al., 2003).
Therefore, the aim of this study is to investigate the effect of
consumption of animal and plant dairy products (cow milk
and soy milk) on satiety and postprandial blood glucose.

Materials and Methods

Research Location, Time and Sample Selection

The research was carried out in three consecutive weeks, on
the same days and times each week, between April 10 and
June 7, 2019. The research sample consists of 19 healthy fe-
male individuals aged between 18-25 years, without any
acute or chronic disease and not using chronic medication,
with a normal body mass index (BMI) range, without allergy
or intolerance to cow milk and soymilk. Ethical approval
(number: 10840098-604.01.01-E.14958, date: 06.05.2019)
from Istanbul Medipol University Non-Interventional Clini-
cal Research Ethics Committee and written consent form
were obtained from the participants.

General Plan of the Study

A total of 19 female were included in this study. The experi-
ment process lasted about three hours and was carried out at
one-week intervals. The same individuals participated in all
three experimental groups and came to the experiment site
after at least eight hours of overnight fasting. During the ex-
periment, in the laboratories of Istanbul Medipol University,

Table 1. Research Flow Chart

individuals sat and waited in the laboratory, and light activi-
ties such as reading books were allowed.

First, a questionnaire form containing general and demo-
graphic information and evaluating milk consumption habits
were filled, then fasting blood glucose levels were measured
and visual analog scale (VAS) was recorded. Afterwards, the
first meal, the test breakfast, was presented. All of the test
meals were consumed within 15 minutes. Subsequently, vis-
ual analog scale (VAS) responses were recorded every half
hour and blood glucose levels were measured at 120 minutes
after the first bite. The next day, the 24-hour food consump-
tion record was taken by the researchers by calling the indi-
viduals by phone. The research flowchart is summarized in
Table 1.

Energy and Macro Nutrient Content of Drinks and Test
Meal Given During the Experiment

For the test meal, breakfast, a sandwich consisting of two thin
slices of whole wheat bread (50 g) with tomato, cucumber
and lettuce and a test drink were served. The test drink was
given on the same day and at the same time each week, along
with the sandwich for three consecutive weeks, respectively,
cow milk (200 mL) in the first week, soymilk (200 mL) in the
second week, and mixed aroma containg fruit juice as com-
mercially prepared with no added sugar (200 mL) as the con-
trol group in the last week. Participants were informed about
the content of the meal they would consume. Carbohydrate,
protein and fat contents of three different breakfast test meals
are given in Table 2.

Hour Intervention

09:00

Filling out a questionnaire evaluating the voluntary consent form, general and

demographic information and milk consumption habits and determining the

fasting blood glucose of the individuals.

09:15-09:30

10:00 VAS application
10:30 VAS application
11:00 VAS application
11:30

Next Day 12.00  Obtaining a daily food consumption record

VAS application and test meal consumed within 15 minutes

VAS application and 2nd hour postprandial blood glucose determination
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Table 2. Energy and macronutrient content of test meals

Research Article

Groups Energy (kcal) Carbohydrate (g) Protein(g) Fat (g)
Cow Milk + Sandwich 232.8 31.44 10.6 6.9
Soy Milk + Sandwich 200.4 31.2 7 4.9
Juice + Sandwich 2144 35.6 4.6 0.9

Data Evaluation

The demographic information of the participants was col-
lected by answering the questions in the given questionnaire,
and body mass index (BMI) values were calculated by the
researchers. Blood glucose level was measured by glucome-
ter (Accu Check, USA) in the second blood drop taken from
the first capillary blood from the fingertip.

In this study, the visual analog scale (VAS) applied evaluate
the hunger, satiety, desire to eat and the amount they can eat.
The visual analog scale is a scale made by looking at food
requests according to appetite, satiety and taste. Classifica-
tions are determined by selecting the appropriate point from
both ends with a horizontal line of ten mm. The measure in
millimeters from the last point of the line to the marked place
was determined as VAS (Wewers and Lowe, 1990).

On the next day after the experiment, 24-hour food consump-
tion was recorded by the researcher using the retrospective
method. Energy and macronutrient consumption of individu-
als were calculated with the Nutrition Information System
(BeBiS) program (BeBiS, 2004).

Statistical Analysis

SPSS 22.0 statistical package program was used for the sta-
tistical evaluation of the data. Data obtained from individuals
are expressed as arithmetic mean (x), standard deviation (S),
number and percentage (%). The change between fasting and
postprandial blood glucose obtained from individuals was
evaluated using the Wilcoxon T test. VAS scores by weeks
and the change between total energy and macronutrient in-
takes were evaluated using the Friedman test. In statistical
analysis, the significance value within and between groups
was taken as p <0.05.

Results and Discussion

According to the results of the visual analog scale, at the end
of the two-hour period following the consumption of the test
meal, it was determined that the lowest hunger, desire to eat
and amount to eat scores and the highest satiety score were in
the cow milk group (Table 3). It was found that these values

for hunger and desire to eat significantly different at the end
of the two-hour period (p <0.05). Changes in satiety status
also showed a significant difference between cow milk and
other groups during the process (p <0.05). Visual analog scale
(VAS) applied at five different times in each application at 0,
30, 60, 90 and 120 minutes in order to understand how the
appetite parameters of individuals change depending on time,
shown in Table 3. Results can be shown in Figure 1-4. A re-
view was published by Bendtsen et al in 2013 to examine the
evidence from controlled clinical studies investigating the ef-
fects of milk protein consumption and other protein sources
on appetite regulation, energy expenditure and body weight.
According to this review, it has been observed that cow milk
protein is beneficial in increasing and maintaining weight loss
due to its effects on appetite regulation and energy expendi-
ture and whey protein, one of the milk proteins, has a more
satisfying effect in the short term and casein in the long term
(Bendtsen et al., 2013). According to a meta-analysis by On-
vani et al. in which 3617 human clinical studies of milk and
dairy products were reviewed and the effects on satiety and
food intake were examined in seven studies involving 237
participants, it was stated that there was a significant decrease
in hunger and there was a significant difference between
study heterogeneity. In subgroup analyzes based on interven-
tion dose, it was found that consumption of more than 500
ml/day dairy products significantly reduced hunger. It is said
to be associated with an insignificant reduction in dairy con-
sumption of less than 500 ml (Onvani et al., 2017). In a study
by Alfenas et al. conducted on appetite and energy metabo-
lism of different protein types in Brazil in 2009, a control
group formed using whey protein, casein protein, soy protein
and a comparison between them. As a result, casein protein
offers a stronger satiety power than whey protein, due to its
high dietary thermogenesis. It is stated that soy protein also
can have a significant effect on postprandial energy expendi-
ture compared to whey protein and control. It is highlighted
that whey protein consumption can be effective on body
weight and body fat control (Alfenas et al., 2010). In this
study, the lowest average visual analog scale score applied
every half hour determined that, the feeling of desire to eat
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was less when the individuals consumed cow milk. It was as- explained by the animal-derived protein and saturated fat
sumed that two studies point to similar results. This can be content of cow's milk.
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Figure 1. Time-dependent change of individual hunger scores
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Figure 2. Time-dependent change of individual satiety scores
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Eating Desire
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Figure 3. Time-dependent change of individual eating desire scores
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Figure 4. Time-dependent change of the amount that an individual can eat scores

Research Article



https://doi.org/10.3153/FH22006

Food Health 8(1), 57-67 (2022) e https://doi.org/10.3153/FH22006

Table 3. Visual analog scale scores
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Cow Milk Soy Milk Fruit Juice p
Hunger Status
09.30 44.37+26.97 57.68+30.88 56.21+29.98 0.094
10.00 12.05+13.74 26.58+22.25 34.26+24.87 0.001
10.30 19.424+20.40 30.264+24.21 47.89+24.55 0.001
11.00 31.53+25.18 41.21£22.36 52.63+24.21 0.170
11.30 42.47+28.02 55.95+24.75 66.26+25.17 0.001
Satiety Status
09.30 31.11+26.44 30.84+24.97 30.63+24.72 0.841
10.00 77.37+15.24 63.21+22.78 53.16+27.00 0.001
10.30 68.26+20.16 59.68+25.37 40.79+26.15 0.001
11.00 51.89+23.11 49.36+24.73 32.79+18.44 0.033
11.30 42.21+£25.89 38.79+25.20 26.26+18.37 0.065
Eating Desire
09.30 52.16+19.59 58.84+28.51 61.89+23.68 0.029
10.00 24.74+18.26 31.47+24.05 33.324+23.16 0.201
10.30 27.26£19.66 32.53+23.25 49.37+£22.06 0.016
11.00 36.42+19.33 43.95+20.93 57.42+22.98 0.040
11.30 45.63+21.79 62.26+18.58 62.95+22.41 0.003
The Amount That an Individual Can Eat
09.30 52.00+£15.38 55.84+26.23 60.84+23.05 0.564
10.00 25.68+19.01 28.79+22.74 38.26+24.84 0.128
10.30 29.79+20.82 34.58+23.26 45.95+£24.62 0.008
11.00 42.32+23.36 42.89+21.50 53.37+21.84 0.175
11.30 48.68+24.13 57.53+16.87 62.11+21.70 0.075

Values are given as mean + standard deviation. p<0.05 was considered significant. Visual analog scale form is determined as linear line

length mm.
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The total energy intake and percentages of carbohydrate, pro-
tein and fat of the 24-hour food consumption records of the
individuals according to the groups are shown in Table 4. It
was found that the average daily energy intake of the individ-
uals participating in the study was 1872.26 £520.97 kcal on
the day they consumed cow milk as a test drink, 1721 +598.47
keal on the day they consumed soymilk, and 1702.42 £345.42
kcal on the day they consumed fruit juice. There is no signif-
icant difference between the average daily energy intakes ac-
cording to the groups (p> 0.05). In a study conducted with
individuals with low (<1 portion / day) or high (> 3 portions
/ day) milk consumption in which the effects of dairy con-
sumption on food intake and appetite were investigated. Con-
suming three portions of dairy products every day contributes
significantly to energy intake. It was observed that the in-
crease in energy intake was higher in men than in women and
that increased intake of dairy products did not cause a change
in feelings of satiety enough to compensate for the additional
calories taken (Hollis and Mattes, 2012). Considering the 24-
hour food consumption records of the individuals in the study
group, the highest total energy intake is the week of cow milk
consumption as the test drink, and the lowest is the week of
fruit juice consumption. The reason for the difference from
other studies in the literature may be related to the change in
food consumption of individuals within 24 hours according
to various environmental and sensory stimuli.

Fasting and postprandial blood glucose levels of the individ-
uals are given in Table 5. The postprandial blood glucose lev-
els of the individuals participating in the study were found as
103.42 + 11.59 mg/dl in the week that cow milk was con-
sumed, 97.84 + 11.15 mg/dl in the week that soymilk was
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consumed, and 95.47 + 9.82 mg/dl in the week fruit juice con-
sumed. It was determined that the change between fasting and
postprandial blood glucose for the week in which only cow
milk was consumed as a test drink was significant (p <0.05).
In a study published in 2011 in Greece by Vallianou et al. on
the effects of high blood glucose levels on hypertensive indi-
viduals' consumption of full-fat dairy products, 490 volun-
teers were included in the study. Multiple linear regression
models were applied to determine the effect of full-fat dairy
consumption on blood glucose levels considering age, gender
and BMI factors. As a result, it was found that full-fat dairy
products are associated with higher blood glucose levels;
however, they stated that the relationship between dairy
groups did not show any significance (Vallianou et al., 2011).
On the other hand, a study published in 2014 stated that low-
fat dairy products increase fasting blood glucose more than
full-fat dairy products (Anekwe and Rahkovsky, 2014). A
study conducted on thirty healthy individuals in 2017 com-
pared the effect of dairy products and a non-dairy beverage,
consumed together with carbohydrates on subjective appetite,
food intake and postprandial glycemia in healthy elderly
adults. Between the groups of soy drink, 2% cow milk,
cheese, yoghurt and the control group showed that there is no
difference in terms of nutritional intake (Law et al., 2017).
When compared with this study, it is seen that postprandial
blood glucose is in cow milk group as the highest, and the
difference between satiety and hunger levels is also the high-
est in the same group. The reason for this is thought that cow
milk has more carbohydrate and fat than soymilk, as well as
protein content of animal origin. However, the reason why
the other results are not meaningful may be that they are car-
ried out for a short time with a small number of people.

Table 4. 24-hour energy and macronutrient intake of individuals after the experiment

Total Energy (kcal) CHO % Protein % Fat % p*
Cow Milk  1872.26+520.97 46.47+5.28 14.31+2.56 39.26+4.60
Soy Milk 1721.00+£598.47 52.26+7.55 15.31£3.35 32.42+7.08 0.274
Fruit Juice 1702.42+345.42 45.47+6.04 14.94+2.43 39.89+7.37

* p value for total energy, Friedman test. Values are given as mean + standard deviation. p <0.05 was con-

sidered significant. CHO: Carbohydrate
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Table 5. Fasting and postprandial blood glucose levels of individuals

Fasting Blood Glucose Level (mg/dL) Postprandial Blood Glucose Level (mg/dL) p

Cow Milk 86.21+7.26 103.42+11.59 0.012
Soy Milk 87.68+9.40 97.84+11.15 0.731
Juice 88.15+8.14 95.47+9.82 0.277

Values are given as mean + standard deviation. p <0.05 was considered significant. Fasting and postprandial blood glucose

was determined in mg / dl by glucometer.

Some of the limitations of this study are that participants have
information about the content of meals consumed without
blinding, and that blood glucose levels were measured with a
glucometer, not with venous blood.

Conclusion

As a result of the study conducted to investigate the effects of
animal and plant-based milk on satiety, and postprandial glu-
cose levels; cow milk was found to cause higher feelings of
satiety and higher blood glucose levels after two hours com-
pared to soy milk and fruit juice as a control group. It is
thought that long term and more studies are needed on the
effects of various animal and plant-based milks on short-term
satiety, food intake, hunger and satiety.
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