AYDIN GASTRONOMY, 2024, 8 (2), 281-292 Arastirma/Research

Calculating the Protein Quality of Soups Consumed in Tiirkiye

Kevser KARLI
Kastamonu University, Faculty of Health Sciences, Department of Nutrition and Dietetics

kevserkarli@gmail.com
ORCID: 0000-0001-8679-5542

Beyza AKSU
Kastamonu University, Faculty of Health Sciences, Department of Nutrition and Dietetics

beyzaksu3@gmail.com
ORCID: 0009-0005-4005-9837

Burcu OZAYDIN
Kastamonu University, Faculty of Health Sciences, Department of Nutrition and Dietetics

burcu ozaydin@hotmail.com
ORCID: 0009-0007-8777-3856

irem POLAT
Kastamonu University, Faculty of Health Sciences, Department of Nutrition and Dietetics
polat2508irem@gmail.com

ORCID: 0009-0004-6617-6241

Gelis tarihi / Received: 04.12.2023 Kabul tarihi / Accepted: 06.04.2024

Abstract

This study aimed to estimate the protein quality of some soups consumed in Tiirkiye using the pro-
tein digestibility-corrected amino acid score (PDCAAS) method. This method is based on limiting
amino acids and digestibility factors. The limiting amino acid in dietary proteins affects amino
acid synthesis in the body. Because protein synthesis depends on the minimum amount of amino
acids. If PDCAAS is less than 1, the soup has at least one limiting amino acid (LAA). In this study,
twenty-five different soups’ energy, protein, and essential amino acid patterns were analyzed, and
PDCAAS was calculated. Microsoft Excel Programme was used to calculate the data obtained.
The soups with the highest protein quality were Lebeniye (1.0), Yogurt (1.0), Flour (0.9), Tarha-
na (0.88), and Tomato soup milk (0.87). The soups with the lowest protein quality were Tutmag
(0.38), Rice (0.46), Yiiziik (0.61), Vegetable soup (summer) (0.62), and Vegetable soup (winter)
(0.64). Lebeniye and Yogurt soup had no LAA, whereas Tarhana, Vegetable soups, Tutmag, Rice,
and Yiiziik soup had lysine LAA. The LAA of tomato soup milk is methionine and cysteine. Ani-
mal proteins added to the soup increase the protein quality. Considering that protein quality is as
important as protein quantity in providing a healthy diet, this study is thought to be guided when
planning nutrition, especially in groups with low protein intake.

Keywords: Protein quality, PDCAAS, soup.
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Tiirkiye’de Tiiketilen Corbalarin Protein Kalitesinin Hesaplanmasi
Oz

Bu calismada, Tiirkiye’de tiiketilen bazi ¢orbalarin protein kalitesinin, protein sindirilebilirligi
diizeltilmis amino asit skoru (PDCAAS) yontemi kullanilarak tahmin edilmesi amaglanmistir.Bu
yontem, kisitlayict amino asitlere (KAA) ve sindirilebilirlik faktorlerine dayanmaktadir. Diyet
proteinlerindeki kisitlayici amino asit, viicuttaki amino asit sentezini etkiler. Ciinkii protein sentezi
minimum amino asit miktarina baglidir. PDCAAS 1°den kiigiikse, ¢orbada en az bir KAA vardir.
Bu calismada, yirmi bes farkli ¢orbanin enerji, protein ve esansiyel amino asit Oriintiileri analiz
edilmis ve PDCAAS hesaplanmistir. Elde edilen verilerin hesaplanmasinda Microsoft Excel Prog-
ram1 kullanilmistir. Protein kalitesi en yiiksek ¢orbalar Lebeniye (1,0), Yogurt (1,0), Un (0.9), Tar-
hana (0,88) ve Siitlii domates ¢orbast (0,87)’dir. Protein kalitesi en diislik olan ¢orbalar ise Tutmag
(0,38), Piring (0,46), Yiiziik (0,61), Sebze ¢orbasi (yaz) (0,62) ve Sebze ¢orbast (kis) (0,64) dr.
PDCAAS 1’°den kiiciikse ¢orbada en az bir KAA vardir. Lebeniye ve Yogurt ¢orbasinda KAA yok-
ken, Tarhana, Sebze ¢orbalari, Tutmag, Piring ve Yiiziik ¢corbast igin KAA lizindir. Stitlii domates
corbasi’nda KAA metiyonin ve sisteindir. Corbaya eklenen hayvansal proteinler protein kalitesini
arttirmaktadir. Saglikli beslenmenin saglanmasinda protein miktar1 kadar protein kalitesinin de
onemli oldugu gbz oniinde bulunduruldugunda, bu ¢alismanin 6zellikle protein alimi diisiik olan
gruplarda beslenme planlamasi yapilirken yol gésterici olacagi diistiniilmektedir.

Anahtar kelimeler: Protein kalitesi, PDCAAS, ¢orba.

Introduction

Proteins are macronutrients that play numerous
structural and functional roles in the body.
Proteins, the primary nitrogen source in the
diet, are composed of amino acids linked by
peptide bonds (Sa et al., 2020). Approximately
16% of an adult’s body is composed of proteins.
The Tiirkiye Dietary Guidelines (2022) set the
recommended adequate intake for protein in
adults as 0.83-1.04 g/kg/day. In other words,
proteins should provide 10-20% of the daily
energy intake in an adequate and balanced
nutrition plan. However, protein needs of
individuals vary according to their age, gender,
and physiological status. According to the data
in the Tiirkiye Dietary Guidelines (T.C. Saglik
Bakanlig1, 2022), 21.5% of individuals aged 19
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and older in Tiirkiye consume protein below the
estimated average requirement. In addition, the
level of vegetable protein intake provided by
the mixed diet is 58.2%, and the level of animal
protein intake is 41.8%.

The primary source of dietary protein is plant
and animal tissues. However, plant and animal
proteins differ from each other in terms of their
chemical, biological, functional, and nutritional
properties. The main animal proteins in foods are
milk and its products, meat, seafood, and eggs,
while vegetable proteins are cereals, legumes,
nuts, oilseeds, and pseudo-grains. Protein ratios
in some foods are shown in Table 1 (Day et al.,
2022; turkomp.tarimorman.gov.tr).
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Table 1

Protein ratios in some foods

Kevser KARLI, Beyza AKSU, Burcu OZAYDIN, Irem POLAT

Foods Protein (%)
Milk 3-7
Cheese 25-27
Meat 20-25
Fish 16-21
Eggs 12-17
Grains 7-15
Soy 35-40
Legumes 20-36
Nuts and seeds 9-25
Pseudo cereals 9-24

The quality, as well as the quantity of protein
in foods, is an essential criterion for optimal
nutrition and health maintenance. Protein
quality reflects the extent to which a food
protein or a diet meets the metabolic demand
for amino acids and nitrogen, which represents
the efficient utilization of protein by the body.
Two factors are considered for protein quality:
Essential amino acid (EAA) pattern and their
digestibility. In other words, the usage of
dietary protein by the human body depends on
the pattern and digestibility of the amino acids
that make up the protein in the food (Mansilla
et al., 2020).

Essential amino acids cannot be synthesized in
the body and must be taken from food. Nine
EAA consist of: histidine (His), isoleucine
(Ile), leucine (Leu), lysine (Lys), methionine
(Met), phenylalanine (Phe), threonine (Thr),
tryptophan (Trp) and valine (Val). The body's
protein synthesis rate is adjusted according to
the slightest intake of essential amino acids. In
other words, insufficient information about an
EAA in the diet slows down protein synthesis,
and this causes various metabolic disruptions.
Animal proteins' essential amino acid
composition is more balanced than vegetable
proteins. Plant proteins are missing one or more
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of the EAAs. Cereals have low lysine content,
and legumes have low methionine and cysteine
content. For this reason, it is accepted that the
protein quality of plant foods is lower than that
of animal foods (Davies & Jakeman, 2020;
Késeoglu, 2019).

The digestibility of a food protein is a measure
of the protein's susceptibility to proteolysis.
Protein digestibility depends on its structure,
the intensity of heat treatment during preparing
the meal, and the presence of anti-nutrients.
Plant foods contain more carbohydrates,
fiber, polyunsaturated fats, and indigestible
compounds than animal foods. This results
in lower digestibility of plant proteins. The
digestibility of animal proteins ranges between
90-95%, while vegetable proteins range
between 75-80% (Hertzler et al., 2020). Some
food processing changes the digestibility of
proteins. Digestibility can be increased via
food processing such as soaking, dehulling,
heat application, pressure or microwave
cooking, germination, fermentation, and
refining. However, various reactions, such as
non-enzymatic browning reactions, that can
occur during food processing can reduce the
digestibility of proteins and lead to protein loss
(Ohanenye et al., 2022).
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Researchers estimate that the world population
will exceed nine billion by 2050. This means
that while the demand for animal proteins is
high, animal protein will not be enough for
everyone because they are not sustainable.
This is why plant-based proteins are gaining
in popularity. Plant foods are more sustainable
than animal foods. They are also cholesterol-
free, low in saturated fat, and contain fiber.
Health authorities recommend increasing plant
proteins in the diet due to their potential health
effects (Langyan et al., 2022). At this point,
improving the protein quality of plant foods
comes to the fore. To optimize the amino acid
pattern in plant foods, consuming legumes and
cereals in a 35:65 ratio is recommended (Atalay
& Gokbulut, 2021).

Various methods can calculate protein quality.
One of the methods recommended by the World
Health Organization, Food and Agriculture
Organization of the United Nations, and United
Nations University (World Health Organization,
2007) is the PDCAAS method. In this method,
the EAA in food is ratioed to the EAA in
the reference model, and the food's limiting
essential amino acid (LAA) is determined. The
LAA is multiplied by the digestibility to obtain
the PDCAAS score. A score of one means that
the individual can meet all of the EAA needed,
while a score of less than one indicates at least
one LAA in the diet.

In Turkish cuisine, one of the world's richest
cuisines, soups are served with meals due to
their satiating and nutritional properties (Batu
& Batu, 2018). Soups are consumed in all age
groups because they are delicious and contain
different ingredients. At the same time, soups
are cost-effective and can be prepared quickly,
so they are consumed at every meal of the day in
Tiirkiye. Today, it is estimated that more than a
thousand soup recipes are created using various
cooking techniques in Tiirkiye. Soups are usually
named after the main ingredient they are made
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from, and a wide variety of ingredients are used
in soups to provide a variety of nutrients. Soups
cooked in Tiirkiye can be grouped under five
main headings (Giildemir et al., 2018; Ozbey &
Kosker, 2021).

+ Grain and cereal products soups

* Legume soups

* Milk and yogurt soups

* Vegetable soups

- Meat and offal soups (Ozbey & Kosker, 2021).

Nutritional studies on various cuisines and
dishes are widespread. Existing research often
focuses on the overall nutritional composition
or protein content of foods (Aykut, 1987; Oney
et al., 2023). Comprehensive analysis of amino
acid profiles and PDCAAS method for foods
seems to be under-explored. The importance of
considering both protein quantity and quality in
diet planning for a healthy diet is emphasized.
This study thought to be a guide in nutritional
planning, especially for groups with low protein
intake, aimed to calculate the protein quality
of some soups consumed in Tiirkiye with the
PDCAAS method.

Methods

Selection of soups

A total of 32 soups, whose ingredients and
standard weight list in one portion were
specified in the National Menu Planning and
Implementation Guide for Mass Nutrition
Systems (Places of Mass Consumption) (T.C.
Saglik Bakanligi, 2020), were included in the
study. If the essential amino acid content of
the protein food in the soup ingredient was not
given in Turkomp, it was excluded from the
study because it would cause data loss in the
calculation. The study was completed with 25
soups.

Calculation of energy, protein, and essential
amino acid content
The ingredients in the soup recipe were entered



into the National Food Composition Database
(turkomp.tarimorman.gov.tr). Data on energy,
total protein, vegetable and animal protein
content, and essential amino acid content were
obtained. The total amount was calculated in
the Microsoft Excel program.

Calculation of protein quality

PDCAAS method was used to calculate protein
quality. PDCAAS is calculated by multiplying
the LAA by the digestibility factor.

PDCAAS= (amount of essential amino acids
in 1 g protein of food/amount of essential
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amino acids in 1 g protein for 6 months-3
years)*digestibility factor (World Health

Organization, 2007) ) o
Limited Essential Amino Acid Determination:

EAAs of 1 g protein in the soup were calculated
separately. Each EAA was divided by the value
of the same amino acid in the reference protein
model. The lowest score gives LAA. WHO
(2007) recommends that the reference scoring
model determined for children between six
months and three years of age be used as the
reference value in assessing dietary protein
quality for all age groups. Reference values are
given in Table 2.

Table 2

Reference values for amino acid requirements for one gram of protein (mg)
References His Ile Leu Lys SAA AAA Thr Trp Val
6. month-3 ages 20 32 66 57 27 52 31 8,5 43

AAA: Aromatic amino acids (phenylalanine and Tyrosine); SAA: Sulfur amino acids (methionine and cysteine)

Determination of Digestibility Factor: Data
from WHO (2007) guidelines were used. Var-
ious sources were taken as a reference for the

digestibility factor of foods not published in the
guidelines (Table 3).

Table 3

Reference for digestibility factors of the foods included in the soup
Foods Digestibility Factors (%) References
Wheat 91 WHO, 2007
Wheat (bread, durum) 86 WHO, 2007
Bulgur 64,5 Ertas and Tiirker, 2014
Maize 78 WHO, 2007
Rice 75 WHO, 2007
Eggs 98 WHO, 2007
Milk, cheese, yogurt 95 WHO, 2007
Meat, chicken, fish 94 WHO, 2007
Kidney bean 78 WHO, 2007
White bean 78 WHO, 2007
Lentils (red and green) 79 Stone et al., 2019
Chickpea 75 Stone et al., 2019
Potatoes 84 Hussain et al., 2021
Vegetables 80 Gorissen et al., 2018

AYDIN GASTRONOMY, 8 (2), 281-291, 2024
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The total protein in the soup comes from
different foods. The digestibility factor value
was taken from the dominant protein source.

Evaluation of data

Microsoft Excel Program was used to calculate
the obtained data. If PDCAAS is less than 1, at
least one AA is limiting, while PDCAAS >1.00
indicates no LAA in food or diet.

Results

Energy, total, animal, and plant protein amounts,
essential amino acid amounts, animal/plant
protein ratio, protein energy ratio, and PDCAAS
values were calculated based on the amounts
specified in the soup recipes. A standard portion
of soups is 180 grams. The results are given in
Table 4.

According to Table 4, the soups with the
highest energy content are Toyga soup (364.5
kcal), Yogurt soup (274.6 kcal), and Ezogelin
soup (264.8 kcal). The soups with the highest
total protein content were Lebeniye soup (12.9
g), Toyga soup (12.5 g), and Yogurt soup (10
g), respectively. While there was no LAA in
Yogurt and Lebeniye soups, the PDCAAS value
was found to be 1.00. All other soups contain
at least one LAA. The LAA of Tomato soup
milk, Mushroom soup cream, and Green lentil
soup are sulfur amino acids. While LAA was
histidine in Koylii soup, it was found as lysine
in other soups.

Discussion

Soups are sometimes the main meal in Turkish
cuisine. They are consumed by all segments
of society, from infants to the elderly. This
study calculated the protein quality of 25 soups
consumed in Tirkiye. PDCAAS, the method
WHO/FAO/UNU recommended, was used in
the calculation. In PDCAAS, the soup’s 1 g
protein EAA pattern is calculated and compared
with the reference model to determine the LAA
and multiplied by the digestibility factor. It
is known that the PDCAAS value of animal
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protein sources such as meat, chicken, fish,
milk, yogurt, cheese, and eggs is higher than
that of vegetable protein sources such as cereals,
legumes, vegetables, and fruits (Adhikari et al.,
2022).

A study conducted in the Netherlands examined
two non-consecutive 24-hour dietary recalls of
2150 adult individuals. The protein quality of
the food they consumed at meals was calculated
using PDCAAS. It has been reported that protein
quality is related to the animal-based food
groups consumed at that meal. Low PDCAAS
at meals has been associated with consuming
sweetened beverages, fruits, vegetables, nuts,
and legumes. It was emphasized that at higher
PDCAAS wvalues, these food groups were
partially replaced by milk and meat products
(Heerschop et al., 2023).

On the other hand, Tso and Forde (2021)
compared a standard omnivorous Western diet
with alternative plant-based diets to examine
the nutritional impact of switching from
animal foods to plant foods. They found that
protein quality or quantity is unlikely to cause
problems. Many plant proteins and protein
mixtures, especially when consuming various
plant foods, Daily emphasize that they can
meet protein needs. It has been reported that
the concern that plant-based foods contain poor
protein quantity and quality is unfounded and
that most individuals in developed countries
tend to exceed their protein requirements.

In this study, the five soups with the highest
PDCAAS were Lebeniye and Yogurt soup
(1.00), Flour soup (0.90), Tarhana soup (0.88),
and Tomato soup milk (0.87). All of these soups
include grains and products. In addition, yogurt,
meat, eggs, and legumes are used in Lebeniye
soup, yogurt and eggs in Yogurt soup, meat in
Flour soup, and milk and dairy products in the
recipe for Tarhana and Tomato soup milk (T.C.
Saglik Bakanligi, 2020).
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Animal proteins have a balanced essential
amino acid pattern and higher digestibility
than vegetable proteins (Day et al., 2022; Ewy
et al., 2022). Therefore, it is unsurprising that
the protein quality of these soups containing
animal-derived foods is high. The ABP/PBP
at these soups was higher than 2.00. (Table 4).
This study found LAA for Tarhana and Yogurt
soups to be lysine. However, Kanbir (2021),
found the PDCAAS of Tarhana soup to be 0.64
and that of Yogurt soup to be 0.9 and reported
that the LA A was valine. The results of Kanbir’s
study differ from the results of this study. This
difference may be due to the list of ingredients
in the recipes.

The five soups with the lowest protein quality
were Tutmag¢ soup (0.38), Rice soup (0.46),
Yiiziik soup (0.61), Vegetable soup (summer)
(0.62), and Vegetable soup (winter) (0.64)
(Table 4). Tutmag, Rice, and Vegetable soups
are prepared with grains and vegetables. The
protein in these soups is provided from only
plants food (T.C. Saglhk Bakanligi, 2020).
Animal proteins provide a more balanced amino
acid pattern and improve protein quality. When
the protein quality of cereals and vegetables is
analyzed, one or more EAAs are missing (Ewy
et al.,, 2022). Grains are usually deficient in
lysine; in these soups, lysine appears to be the
LAA. This explains the lower protein quality
compared to soups containing animal protein.

The protein content of the Yiiziik soup is also
provided by cereal and legume proteins.
Grains are deficient in lysine, while legumes
are generally deficient in siilfiir amino acids.
Combining grain and legume proteins can
provide a balanced amino acid pattern. Current
global consumption patterns suggest that 6 g of
cereal protein is consumed per 1 g of legume
protein. To optimize protein quality scores, a
ratio of 2 g of cereal protein per 1 g of legume
protein is required (Davies & Jakeman, 2020;
FAOQ, 2013). Preparing recipes with this ratio in
mind can improve protein quality.
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Soups containing milk, grains, and vegetables
in the recipe were Spinach soup (0.85), Capia
peppersoup(0.81), Carrotsoup(0.80), Vegetable
soup milk (winter) (0.76), and Corn soup cream
(0.68). In all of these soups, the LAA is lysine.
Approximately 40% of vegetable protein
consumption in Tiirkiye consists of lysine-poor
cereals. Enriching cereal products with foods
containing lysine amino acids can significantly
improve protein quality (T.C. Saglik Bakanligi,
2022). Schaafsma (2012) reported that 1.28
g milk protein or 8.5 g chickpea protein is
required to compensate for a deficiency of 1
g lysine. By increasing the amount of milk in
these recipes, the amino acid pattern can be
balanced, and the protein quality of the soup can
be improved. The PDCAAS values of Vegetable
soup milk (winter) and Vegetable soup (winter)
can be given as an example. It is seen that the
PDCAAS of vegetable soup increased from
0.64 to 0.76 with the addition of milk, i.e., the
protein quality increased. Similarly, balance
can be achieved by adding legumes. Still,
the organoleptic properties of the recipe may
change due to the need to add a large amount of
legume protein, so the ingredients in the recipe
may need to be revised.

Energy intake is as influential as the amount of
protein to ensure adequate and balanced dietary
information. This is because the adequacy of
dietary protein is affected by energy intake.
Inadequate energy intake may lead to a
negative nitrogen balance, which may reduce
the adequacy of protein intake. Therefore,
protein and energy intake should be considered
together (Mariotti & Gardner, 2019). Proteins
should provide 10-20% of dietary energy. In
this context, it is seen that the energy provided
from protein in Rice, Tutmag, Corn, Carrot,
Capia pepper, Potato, Vegetable (winter),
and Vegetable (summer) soups is below 10%.
Adding high-protein foods to a menu that
includes soup can increase the energy provided
by protein by more than 10%. Another option is



adding foods with high protein content, such as
eggs, milk, yogurt, minced meat, and chicken,
to the soup (T.C. Saglik Bakanligi, 2022).

Infants, children, and geriatric are in the at-risk
group for adequate protein intake. Individuals
in this group tend to prefer soft and easily
consumable foods such as soups. In addition, in
the nutritional treatment of obese individuals,
foods with low energy density along with
quality protein sources are preferred (T.C.
Saglik Bakanligi, 2022). Since soup provides
a feeling of fullness quickly, it makes it easier
to control energy intake in obese individuals. It
is recommended that soups with high protein
quality be added to the diet. Considering that
soups are frequently preferred foods in Tiirkiye,
these results will guide dietitians to increase
the amount and quality of dietary protein when
planning diets for their clients. Therefore,
whether the results are accurate in digestibility
i1s not being determined. In addition, protein
quality changes that occur during food
processing were ignored in this study.

Conclusion

Proteins are macronutrients that have many
functions in the body. Proteins should provide
10-20% of dietary energy. Insufficient protein
intake causes loss of muscle mass and strength
and various diseases. This study calculated the
protein quality of some soups consumed in
Turkey using PDCAAS. It has been observed
that the protein quality of soups containing
animal protein in the recipe increases. The
lowest protein quality was observed in recipes
containing only grain and vegetable protein.
Protein quality has increased with recipes
containing more than one vegetable protein or
blended with animal-derived proteins instead
of recipes containing a single vegetable protein
source. To protect public health and create
sustainable nutrition models, the amount of
protein and the quality of the protein should
be considered. Soups with high protein quality,
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such as Lebeniye and Yoghurt soup, should
be preferred especially in groups with special
needs such as children and the elderly. In
addition, adding high-protein soups to the diet
of individuals who receive low-energy nutrition
therapy or have limited physical activity helps
maintain energy control by providing a feeling
of fullness and contributes to adequate protein
intake.
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