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Heavy metals concentrations in parsley

(Petroselinum crispum) vegetable

Maydanoz (Petroselinum crispum) Sebzesinde Agir Metal

Konsantrasyonlari

ABSTRACT

With the increase of pollutants in recent years, the environment has been exposed to
serious pollution. Heavy metals (HMs) can be considered a potential risk to human health.
Furthermore, soil contamination with HMs leads to their transfer to plants and animals
and ultimately to humans. Due to their toxic nature, very trace amounts of them can cause
serious problems. HMs are one of the important pollutants that are released from various
sources. They are very harmful to the environment and health due to their toxicity,
stability, and accumulation properties. In this research, the content of HMs in parsley
(Petroselinum crispum) has been investigated. For this purpose, HMs such as arsenic (As),
cadmium (Cd), lead (Pb), and mercury (Hg) were investigated in samples collected from
local farms in the Tustan region (Lahijan city, Guilan province, Iran). According to the
results, all the samples contain HMs above the standard. HMs can cause serious health
problems, therefore monitoring food products is very important.

Keywords: Human health, Accumulation, Environmental pollutants, Petroselinum crispum,
Heavy metals
0z

Son vyillarda kirletici maddelerin artisiyla birlikte cevre ciddi dizeyde kirlilige maruz
kalmistir. Agir metaller (AM'ler), insan saghgl agisindan potansiyel bir risk olusturmaktadir.
Ayrica, topragin agir metaller ile kontaminasyonu, bu elementlerin bitkilere ve hayvanlara,
dolayisiyla insanlara tasinmasina neden olmaktadir. Toksik 6zellikleri nedeniyle cok distk
konsantrasyonlarda dahi ciddi saglik sorunlarina yol acabilmektedirler. Cesitli kaynaklardan
cevreye salinan AM'ler, toksisiteleri, kararlliklari ve birikim 6zellikleri nedeniyle hem cevre
hem de insan sagligl Gzerinde 6nemli olumsuz etkiler yaratmaktadir. Bu calismada,
maydanoz (Petroselinum crispum) bitkisinde agir metal konsantrasyonlari incelenmistir. Bu
amacla, iran’in Gilan eyaletine bagli Lahijan sehrinin Tustan bolgesindeki yerel ciftliklerden
toplanan érneklerde Arsenik (As), Kadmiyum (Cd), Kursun (Pb) ve Civa (Hg) seviyeleri analiz
edilmistir. Elde edilen bulgulara gore, incelenen tim orneklerde agir metal seviyeleri
belirlenen standart degerlerin Gzerinde bulunmustur. Agir metallerin ciddi saghk
sorunlarina yol agma potansiyeli g6z éntinde bulunduruldugunda, gida Urlnlerindeki agir
metal kontaminasyonunun dizenli olarak izlenmesi blyik énem arz etmektedir.

Anahtar Kelimeler: insan sagligi, Birikim, Cevresel Kirleticiler, Maydanoz, Agir Metaller
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Introduction

Industrialization has brought amazing progress to the
world, but at the same time, it has also created many
challenges, such as diseases and climate change (Nargis et
al., 2022; Nayeem et al., 2023). The impact of many of these
problems will be much greater in the future, such as the
increase in the rising of the earth’s temperature (Guan et
al., 2021; Sheydaei et al., 2023). It can be said that economic
growth is related to natural resources, therefore, lack of
proper management and excessive exploitation cause
serious environmental problems (Liu et al., 2023). Among
these, the most important issue is human health. It can be
said that HMs are a great threat to human health and the
environment, and over time, their destructive effects will
appear much more (Kolesnikova et al., 2023). Each of them
affects the environment differently, but perhaps the most
important issue is their bioaccumulation capacity and
sustainability (Raj & Maiti, 2019). Figure 1 shows the
different ways of absorption by humans and some of their
harms. Many things cause the release of HMs, such as coal
combustion, steelmaking activity, fertilizers, pesticides, tire
wear, brake wear, and fossil fuel combustion (Sheydaei,
2024b).

) o gt  Inhalation, Skin contact,
and consumption of
contaminated products

N
Some of Damage to the circulatory
the system, cardiovascular
disease, teratogenic,
damage to liver, brain,
and kidney

damages
of HMs

Figure 1.

Different ways of absorption of HMs and some of their
damages (El-Amier etal., 2021; Zhu et al., 2022; Zhang et al.,
2021).

Figure 2 shows a diagram of pollution of different
sources by HMs. As you can see, they have the ability to
contaminate almost all sources and easily enter the food
chain. It is very important that vegetables are not
contaminated because they have a lot of nutrient elements
(due to having fiber, vitamins, and antioxidants) (Bahrami
et al, 2021). They are also a cheap source of food, so a large
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group of people eat them.

Water

Heavy metals Soil

Dust

Figure 2.

Contamination of various sources by HMs (Zhu et al.,
2022; Zhang et al., 2021).

Among the types of vegetables, parsley (see Figure 3),
which belongs to the Apiaceae (Syn. Umbelliferae), the
family has been cultivated for more than 2500 vyears
(Marthe 2020). It is mainly used for cooking and garnishing
and all parts of the plant can be used (Amein et al., 2006).
In northern Iran, local people use parsley extensively in
cooking (Ghiasvandnia et al., 2024). Here, parsley was
collected from local farms and HMs concentrations were
evaluated.

Figure 3.
Parsley (Petroselinum crispum).
Material and Methods
Material

This evaluation focused on local farms in the Tustan
region (Guilan province, Iran). Figure 4 shows a map of the
area. A total of three farms were sampled. Chemicals were
purchased from Ghatran Shimi Tajhiz Co. (Iran).



Figure 5.

The location of selected farms in the region for
investigation
(https://satellites.pro/Iran_map#37.224417,49.978995,15).

Figure 4.

Tustan region
(https://satellites.pro/Iran_map#37.207031,50.004660,14).

Method

The content of HMs was determined on a flame atomic
absorption spectrometer (SavantAA, GBC) according to the
method described in the literature (Ghiasvandnia et al.,
2024; Ghiasvandnia et al., 2023a; Sheydaei et al., 2022;
Ghiasvandnia et al., 2023b).

Results and Discussion

Figure 6.

Figures 5 and 6 show the region and selected farms of
The location of the industrial town in the region

this assessment. The selected area (Tustan) is close to the
(https.//satellites.pro/lran_map#37.224373,49.976302,17).

ring road and the industrial town is also in this area.

Table 1 shows the evaluation results of HMs in the
samples. The results show that all the samples have a high
content of HMs, which is higher than the international
standards.
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Table 1.
HMs concentrations in samples
(:::I:/t:;) Range Mean % SD¢
0.4 -0.51 20.46 + 0.01
Pb b0.37 -0.48 b0.41 +0.01
0.37 - 0.46 €0.43 £ 0.01
30,26 - 0.37 20,33+ 0.01
cd b0.26 - 0.32 b0.29 +0.01
0.24-0.31 €0.28 +0.01
20,014 - 0.018 20,015 + 0.001
Hg k0,01 - 0.013 0,011 + 0.001
<0.009 - 0.011 <0.0096 + 0.001
30,13-0.16 20,14 + 0.01
As ®0.13-0.16 b0.14 +0.01
€0.09 - 0.11 <0.01+0.01

Note: * aSample 1, bSample 2, cSample 3, **SD = Standard deviation ***
The international standard for Pb, Cd, Hg, and As is 0.3, 0.2, 0.01, and
0.1, respectively (Ghiasvandnia et al., 2024; Ghiasvandnia et al., 20233;
Ghiasvandnia et al., 2023b; Sheydaei et al., 2022).

The main reason for this high content of HMs is certainly
the presence of an industrial town (see Figure 6). Although
this area is adjacent to the road, this can be considered as
a secondary reason. Definitely, due to the presence of the
industrial town, there is a lot of traffic in this area. The
pollution of the industrial town has been proven and it
should not be located near human settlements (Sheydaei,
2024b; Sheydaei et al., 2022; Ghiasvandnia et al., 20233;
Sheydaei et al., 2020; Sheydaei, 2024a). Wrong policies and
decisions damage the confidence of society, the
environment, and human health (Sheydaei, 2024b). Each
HM has the ability to pollute water, dust, and soil, and
vegetables grown in contaminated soil or irrigated with
contaminated water contain HMs (Sheydaei, 2024b;
Ghiasvandnia et al., 2024; Sheydaei, 2024a]. There is no
doubt that the water and soil in this area are also polluted.
On the other hand, pollution of sources by cars and some
pesticides has also been reported (Ghiasvandnia et al.,
2023a; Ghiasvandnia et al.,, 2023b; Sheydaei, 2024a;
Sheydaei, 2024b). In our previous studies, we examined
other areas of Lahijan city, and Table 2 compares their
results with this study. According to the results, it can be
said that Tustan is the most polluted area after Baz Kia
Gorab. In northern Iran, local farms located in the
surrounding villages are used to produce vegetables
(Ghiasvandnia et al., 2024). Therefore, monitoring at all
stages of product preparation is very important. Also, the
impact of each HM on human health is briefly reported in
Table 3.
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Table 2.

Results of other studies in Lahijan city

Region Metal (mg/kg) Mean
*Baz Kia Gorab  Pb, Cd, Hg, As 1.66, 0.62, 0.046, 0.13

*Kuh Boneh Pb, Cd, Hg, As 0.1, 0.08, 0.004, 0.03

*Layalestan Pb, Cd, Hg, As  0.52,0.29, 0.03, 0.09
*Kushal Pb, Cd, Hg, As 0.15, 0.076, 0.005, 0.06

This study Pb, Cd, Hg, As  0.43,0.3,0.012, 0.096

Note: * Data was collected from References (Ghiasvandnia et al., 2024;
Ghiasvandnia et al., 2023a; Ghiasvandnia et al., 2023b; Sheydaei et al.,
2022). Mean values are reported.

Table 3.

The impact of HMs on humans.

HMs Symptoms and disease
Damage to the circulatory system, anti-immune
As disorder, chronic bronchitis, and damage to liver
and kidney.
cd Obstructive lung disease, bone defects, negative

effect on enzymes, and kidney damage.
Damage to the brain, damage to the
gastrointestinal tract, damage to red blood cells,

Pb damage to the reproductive system, and
dysfunctions in the kidneys.
Damage to the lungs, cardiovascular disease,
Hg damage to the nervous, and damage to the skin

and eyes.
Note: Data was collected from References (Ghiasvandnia et al., 2024;
Ghiasvandnia et al., 2023a; Ghiasvandnia et al., 2023b; Sheydaei, 2024a;
Sheydaei 2024b).

Conclusion

In summary, the content of HMs in parsley in the Tustan
region was investigated. The results showed that all the
samples had more HMs than the standard level. HMs can
cause serious problems for human health due to their
toxicity and bioaccumulation capacity. This study showed
that crop monitoring is very important.
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Arastirma Makalesi Research Article

Determination of Volatile Compounds in Raw
Milk with Mastitis

Mastitisli Sttlerde Ugucu Bilesiklerin Belirlenmesi

ABSTRACT

Mastitis is a prevalent and economically significant disease in dairy cattle, affecting milk
composition and quality. Subclinical mastitis (SCM) is more common and often
asymptomatic. It can alter the chemical and cellular composition of milk, making it more
difficult to process and potentially affecting the quality of dairy. This study aimed to
investigate the volatile compounds present in raw cow's milk using Solid Phase
Microextraction (SPME) and Gas Chromatography-Mass Spectrometry (GC-MS). Milk
samples were collected from various producers in Canakkale, Biga and Yenice districts in
Turkiye. From these, 10 samples that tested positive in the California Mastitis Test (CMT)
were selected for analysis. A total of 49 volatile compounds were determined, including
hydrocarbons (9), alcohols (4), aldehydes (3), ketones (7), acids (4), esters (11), terpenes
(1), aromatic compounds (5), nitrogenous compounds (1), and other compounds (4). The
most prevalent volatile components were butanoic acid, hexanoic acid, octanoic acid, and
n-decanoic acid, which contribute to rancid and cheesy flavors in the milk. Other notable
compounds detected included acetoin, various ketones, terpenes like d-limonene, and
alcohols such as 3-methyl-1-butanol. The presence of these compounds is largely
attributed to the metabolic activities of lactic acid bacteria and the degradation of fatty
acids. The findings indicate that SCM significantly alters the volatile compound profile of
milk, leading to the development of off-flavors that could impact the sensory quality of
dairy products. The aim of this study is to provide information about the chemical changes
that may occur in raw milk associated with SCM and to emphasize the importance of
monitoring milk quality to ensure consumer safety and uphold high standards in dairy
product quality.

Keywords: Mastitis, subclinical, CMT test, milk, volatile compound, aroma

oz

Mastitis, sUt sigirlarinda yaygin olarak gorilen ve ekonomik olarak dnemli bir hastaliktir ve klinik
ve subklinik formlarda ortaya ¢ikabilir. Subklinik mastitis (SCM), daha sik gorulen ve genellikle
asemptomatik olan formudur. SCM, siutin kimyasal ve sitolojik bilesiminde degisikliklere yol
acarak isleme ozelliklerini etkileyebilir ve patojen mikroorganizmalar ve antibiyotik kalintilari
nedeniyle halk saghgi riskleri olusturabilir. Bu ¢calismada Kati Faz Mikroekstraksiyon (SPME) ve
Gaz Kromatografisi-Kutle Spektrometrisi (GC-MS) kullanilarak ¢ig inek sitiinde bulunan ucucu
bilesikler arastiriimistir. St ornekleri, Turkiye'nin Canakkale iline bagl Biga ve Yenice
ilcelerindeki cesitli Ureticilerden toplanmis ve California Mastitis Testi (CMT) pozitif ¢ikan 10
ornek analiz i¢in secilmistir. Hidrokarbonlar (9), alkoller (4), aldehitler (3), ketonlar (7), asitler
(4), esterler (11), terpenler (1), aromatik bilesikler (5), azotlu bilesikler (1) ve diger bilesikler (4)
dahil olmak tzere toplam 49 ugucu bileseni belirlenmistir. En baskin ucucu bilesenler, sttte
acimsl ve peynirimsi tatlara katkida bulunan bitanoik asit, hekzanoik asit, oktanoik asit ve n-
dekanoik asit olarak belirlenmistir. Tespit edilen diger 6nemli bilesikler arasinda asetoin, cesitli
ketonlar, d-limonen gibi terpenler ve 3-metil-1-bttanol gibi alkoller bulunmaktadir. Bu
bilesiklerin varligi buyuk olcide laktik asit bakterilerinin metabolik aktivitelerine ve yag
asitlerinin parcalanmasina baglanmistir. Bulgular, SCM'nin sUtin ucucu bilesik profilini nemli
Olctde degistirdigini, bu durumun da tat bozulmalarina yol agabilecegini ve st Grdnlerinin
duyusal kalitesini potansiyel olarak etkileyebilecegini 6ne stirmektedir. Bu ¢alismanin amaci,
SCM ile iliskili olarak ¢ig sltte meydana gelebilecek kimyasal degisiklikler hakkinda bilgi
saglamak ve tiketici glvenligini saglamak ve st Urlnleri kalitesinde yiksek standartlari
korumak icin st kalitesinin izlenmesinin énemini vurgulamayi amaglamaktadir.

Anahtar Kelimeler: Mastitis, subklinik, CMT test, slt, ucucu bilesen, aroma
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Introduction

Mastitis is a significant economic concern in dairy cattle,
as it leads to reduced milk production. It can manifest in
two forms: clinical and subclinical. Subclinical mastitis
(SCM) is characterized by an intramammary infection that
does not present any visible clinical symptoms and occurs
more frequently than clinical mastitis (Le Maréchal et al.,
2011; Ibrahim, 2017; Gongalves et al., 2018). Streptococcus
agalactiae,  Staphylococcus  aureus,  Streptococcus
dysgalactiae, Streptococcus uberis, and Escherichia coli
make up approximately 95% of the microorganisms causing
mastitis, with other microorganisms accounting for the
remaining 5% (Bray & Shearer, 1994). Several factors can
affect the composition of milk, including the animal's breed,
age, lactation stage, and diet. Additionally, mastitis can lead
to significant changes in the chemical, cytological, and
processing properties of milk (Le Maréchal et al., 2011).
Milk from animals suffering from mastitis presents a public
health concern due to the presence of pathogenic
microorganisms and antibiotic residues. Additionally, the
presence of antibiotic residues makes this milk unsuitable
for further processing (IDF, 2000; Kivaria, 2006; Oliver &
Murinda, 2012). Mastitis, an inflammatory reaction of the
mammary gland tissue, is a condition with various causes,
including infectious, traumatic, or toxic factors
(International Dairy Federation (IDF), 1987; Fagiolo & Lai,
2007). However, only if these causes are better known can
the condition be effectively predicted, prevented, and
managed. When pathogenic microorganisms invade the
mammary tissue, they proliferate, causing damage and
increasing vascular permeability. The composition of the
milk changes as blood components leak into the serum. The
proteins, enzymes, and salts in the milk also change; casein
and lactose production go down, and ion levels rise (Fagiolo
& Lai, 2007; Nielsen, 2009; Leitner et al., 2011; Rovai et al.,
2015a; Rovai et al., 2015b). This knowledge inspires hope
for a future in which mastitis can be effectively prevented
and managed. Moreover, mastitis results in significant
economic losses, which include decreased milk production,
changes in milk composition, wasted milk, increased costs,
additional labor, treatment expenses, and veterinary
services. It is estimated that mastitis causes an annual
economic loss of $2 billion in the United States, $400 million
in Canada, and $130 million in Australia (Aral et al., 2021).
The main costs associated with mastitis can be broken
down as follows: (1) reduced milk production at
approximately $102 per cow, (2) discarded milk costing
about $24 per cow, and (3) animal replacement at around
$33 per cow. This brings the total cost of mastitis to roughly
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$159 per cow per year (Dalanezi et al., 2020). In a research
study conducted in between 2023 November and 2024
December on endemic diseases in farms with 30 or more
head of livestock in Konya (Center) province, Kadinhani and
Sarayoni districts, the economic loss costs for the farm,
including treatment processes ($1 is taken as 25 TL), in mild,
severe and fatal diseases caused by mastitis were
determined as 1300 per cow (total 2550 TL), 2275 per cow
(total 4865 TL) and 2600 TL per cow (total 46410 TL),
respectively (Ozdemir, 2024).

Normal metabolic processes in plant and animal tissues,
specific technological processes (such as heating and
cooking), and chemical reactions during storage (including
photo-oxidation, hydrolysis, and lipid oxidation) can all
generate aroma compounds (Reineccius, 2005). The study
by Eriksson et al. (2005), which used gas chromatography-
mass spectrometry to analyze the volatile compounds in
milk samples with mastitis, has practical implications. The
study revealed that milk from cows with mastitis contained
higher levels of secondary metabolites from bacteria,
including sulfides, ketones, amines, and acids. More
secondary lipid oxidation products, like saturated and
unsaturated aliphatic aldehydes, were in the milk from both
healthy reference parts (regions) of the cows with mastitis
and healthy cows. This study aimed to investigate the
volatile compounds present in raw cow's milk with mastitis
using Solid Phase Microextraction (SPME) and Gas
Chromatography-Mass Spectrometry (GC-MS), providing
valuable insights for or food science and veterinary
medicine.

Material and Methods
Material

In our previous study, raw milk samples were collected
from 134 milk producers in six villages in Biga and Yenice
districts of Canakkale Province, and the somatic cell counts
(SCC) in these samples were measured (Ozdikmenli Tepeli
and Zorba, 2017). Based on the SCC results from this studly,
ten representative raw milk samples with varying SCC
values were selected, as shown in Table 1. CMT scores
according to Ruegg and Reinemann (2002) are also shown
in Table 1. Then, volatile compound analyses of these
samples were carried out using Gas Chromatography-Mass
Spectrometry (GC-MS).



Table 1.

Somatic cell count (SCC) of the samples
No CMT

Code score SCC (cells/mL)
1 N1 Negative-1 46.000
2 N2 Negative-2 53.000
3 N3 Negative-3 99.000
4 T1 Trace-1 364.000
5 T2 Trace-2 373.000
6 T3 Trace-3 332.000
7 M1 1 573.000
8 M2 1 917.000
9 M3 2 2.114.000
10 M4 2 2.527.000
Method

Determination of some physicochemical properties of raw
milk

In raw milk samples, pH was measured using the Hanna
Combo (HI 98129, USA) device, DN was measured using the
Funke Gerber-Cryostar (Gerber, Germany) device, and fat,
lactose, protein, and non-fat dry matter (NFDM) ratios were
measured using the Funke Gerber-3560 Lactostar (Gerber,

Germany) device.
Volatile compounds analysis of raw milk

Three milliliters of each raw milk sample were weighed
and transferred into amber bottles. After that, 1 g of NaCl
and 5 pL of Internal Standard (20 ul of 2-methyl valeric acid
and 5 pl of 2-methyl 3-heptanone in 5 mL of methyl alcohol)
were added to a 40 mL volume vial and mixed with vortex
for 15 seconds. They incubated at in a 40°C water bath (GFL,
Model 1103, Burgwedel, Germany), for 20 minutes to allow
the volatiles in the headspace to equilibrate. The solid
phase microextraction (SPME) fiber (2 cm, 50/30 um
DVB/Carboxen/PDMS StableFlex, Supelco, Bellefonte, USA)
was then inserted into the vial and left in a 40°C water bath
for 15 minutes to absorb the aroma components in the
headspace. Gas chromatography is equipped with a flame
ionization detector (FID) and a CIS-Cooled Injection System
(CIS) injection block (Agilent 6890N, Palo Alto, California,
USA). All samples were injected into a polar (HP-INNOWAYX,
30 mm lengthx0.25 mm inner diameter (i.d.)x0.25 pm film
thickness; J&W Scientific) belt. The GC-MS column
temperature program was at 40°C initial temperature held

for 5 min, and is adjusted to reach the final temperature of
230°C with 10°C increments per min. The temperature of
the injector block reached at 230°C. The waiting time at the
final temperature was set to 15 min. Total analysis time was
54 min (Guneser & Karagul-Yuceer, 2011). Identification of
the volatile components was performed using the Wiley
Registry of Mass Spectral Data (Wiley, 2005) and the
National Institute of Standards and Technology (NIST, 2008)

Statistical analysis

In order to statistically evaluate the volatile component
analysis results of mastitis raw milk samples, the SPSS 22
(SPSS 2022) statistical program was used, and descriptive
statistical analyses were performed. The results are given
as mean and standard error. Analyses were performed in 2
replications.

Results and Discussion

Some physicochemical properties of samples with
different SCC values are shown in Table 2. Although a
decrease in protein value was observed as SCC values
increased, many values remained within the reference
limits.

Table 2.
Some physicochemical properties of raw milk samples

pH Fat % Protein% NFDM % Lactose %
No  Referans
value* 6.60-6.80* 2.5-6.0* 2.9-5.0* min85* 3.6-55*
1
N1 6.79 2.60 1.99 6.36 3.97
2 N2
6.98 3.28 2.45 7.43 458
3 N3
7.08 3.69 3.38 8.52 4.81
4 T1
7.06 3.42 2.73 7.58 4.49
5
T2 6.86 3.55 3.00 7.99 4.64
6
T3 6.83 3.60 3.20 8.15 4.66
7
M1 6.91 4.00 3.08 7.86 4.44
8
M2 6.74 3.58 2.69 7.52 451
9
M3 7.12 3.35 2.93 7.53 4.24
10
M4 6.84 3.31 2.90 7.87 4.60

*Anonim 2000, 2006, 2009 and Metin 2005. The samples are listed in ascending
order according to their SCC values. NFDM: Non-fat dry matter

The analysis revealed that the following chemical groups
comprised 51 identified compounds. These groups include
hydrocarbons, alcohols, aldehydes, ketones, acids, esters,
terpenes, and aromatic compounds. Some of these volatile
compounds include ethyl alcohol, acetoin, hexane, acetic
acid (vinegar), ethyl acetate, 3-hydroxy-2-butanone (sour
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milk), and 3-methyl-1-butanol (fresh cheese, breathtaking,
and alcoholic). The volatile compounds include butanoic
acid ethyl ester, hexamethyl cyclotrisiloxane, butanoic acid
(butter, cheese, sweat, acid), 3-methyl butanoic acid
(sweaty, bitter, cheese, rancid), 2-methyl butanoic acid,
2,2,4,6,6-pentamethylheptane, hexanoic acid ethyl ester,
hexanoic acid (sweaty, cheese, goat), d-limonene (lemon,
mint), 2-nonanone (flower, fruit, peach), 2,6,10,14-phenyl
ethanol (rose, flower). In general, compared to other
volatile compounds, mastitis milk samples had relatively
higher contents of acids such as acetic acid (vinegar),
butanoic acid (cheesy), 3-methyl butanoic acid (sweaty,
bitter, cheese, rancid), and hexanoic acid (sweaty, cheesy,
goat). Among all volatile components, butanoic acid,
hexanoic acid, octanoic acid, and n-decanoic acid were the
most dominant. Butanoic acid (3583.13 pg/kg), hexanoic
acid (3724.07 pg/kg), and octanoic acid (10896.32 pg/kg)
were all highest in the N3 milk sample. On the other hand,
butanoic acid (221.08 pg/kg) and hexanoic acid (377.64
pg/kg) were lowest in the M3 and T2 milk samples (Table
1). Lipolysis, the breakdown of lactose and amino acids,
produces acids that give milk its perceivable rancid flavor.
Carboxylic acids are not only vital volatile components in
milk, but they are also key precursors of other compounds
such as methyl ketones, alcohols, aldehydes, and esters
(Yeu et al., 2015).

Milk samples with mastitis also contained aldehydes,
such as hexanal, three methyl butanal, and pentanal (Table
3). Aldehydes are temporary compounds that can be
formed during transamination or Strecker degradation
during the catabolism of amino acids. Amino acids are
converted to a-keto acids and then to aldehydes by the
action of the aminotransferase enzyme. However, they are
converted to alcohols and acids after a short time. Some
aldehydes (such as butanal, pentanal, hexanal, octanal) are
not formed during the catabolism of amino acids but by the
[-oxidation of unsaturated fatty acids (Avsar et al., 2011).
The Strecker metabolic pathways of lactic acid bacteria
generate these compounds by decarboxylating branched-
chain keto acids. Secondary oxidation of unsaturated fatty
acids can also create them (Demirkol et al., 2016; Tahmas-
Kahyaoglu et al., 2022). Oleic acid oxidation may generate
hexanal, a well-known secondary oxidation product of
linoleic acid. These compounds are responsible for the off-
flavor found in milk and dairy products (Demirkol et al.,
2016). The present study detected d-limonene, one of the
terpenes, in different concentrations in the milk samples.
However, the present study only detected this compound
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in four samples (N1, K5, T3, M3). The amount of d-limonene
in the milk samples ranged from 0.99 to 3.04 pg/kg.
Terpenes are compounds of plant origin that can pass into
milk and from milk into products through grazing of dairy
animals (Avsar et al., 2011). Plants naturally transfer
terpenes and sesquiterpenes from forage plants to dairy
products (Demirkol et al., 2016; Akgul et al., 2020; Guneser
and Aydin, 2022). Further, they are crucial in determining
the geographical origin (Akgul et al, 2020). Low
concentrations of ketones can produce characteristic odors
such as fruity, flowery, and musty. Furthermore, ketones
like 2-nonanone and 2-undecanone are well-known to
contribute to the aroma of dairy products (Akgul et al.,
2020). Ketones are formed as P-keto acids (B-ketoacyl-
coenzyme A.) after the conversion of triglycerides to free
fatty acids by lipase enzyme, especially by the action of
fungal (Penicilium roqueforti, Penicilium camemberti and
Geotrichum candidum) or bacterial (Lactococcus lactis)
enzymes. Methyl ketones are formed as a result of the
decarboxylation of p-keto acids. Methyl ketones are
converted to secondary alcohols by the action of lactic acid
bacteria (Lactobacillus spp., Leuconostoc spp.). The
formation of ketones such as diacetyl (2,3-butanedione)
and acetoin (3-hydroxy-2-butanone) is not caused by fatty
acids, but occurs by the breakdown of pyruvate formed as
a result of lactose and citrate degradation (Avsar et al.,
2011).

The study also found ketones in the subclinical mastitis
milk samples. These included 2-nonanone, which smells like
dirty milk, 2-heptanone, which tastes like cheese and wax,
2-butanone, and 2-undecanone, which tastes like citrus,
wax, and cream. All samples detected 2-butanone among
the ketones, while some failed to detect others. So, the N3
sample had higher amounts of 2-heptanone and 2-
heptanone-24.34 pg/kg than the other milk samples (Table
3). Methyl ketones are made when fatty acids are oxidized,
and P-keto acids made from saturated fatty acids are
decarboxylated (Guneser & Aydin, 2022).

The study also found ketones in the subclinical mastitis
milk samples. These included 2-nonanone, which smells like
dirty milk, 2-heptanone, which tastes like cheese and wax,
2-butanone, and 2-undecanone, which tastes like citrus,
wax, and cream. All samples detected 2-butanone among
the ketones, while some failed to detect others. So, the N3
sample had higher amounts of 2-heptanone and 2-
heptanone-24.34 ug/kg than the other milk samples (Table
3).
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Table 3. presents the volatile compound profile of raw milk samples with different SCC values, as determined by the precise and reliable method
of SPME-GC-MS.

Table 3.
Volatile compound profile of mastitis raw milk samples determined by GC-MS (ug/kg)
Volatile Compounds Samples (Averagezstd. Error)
RI N1 N2 N3 T1 T2 T3 M1 M2 M3 M4
Alcohols
Phenyl ethyl alcohol <500 Nd. Nd. Nd. 4.49+0.12 Nd. Nd. Nd. Nd. Nd. Nd.
3-Methyl-1-Butanol 751.61 19.83+3.69 Nd. Nd. Nd. 5.50+0.44 Nd. Nd. Nd. Nd. Nd.
2-Ethyl-1-hexanol 1031.49 Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. 2.38+0.18 Nd.
Dimethyl silanediol 690.92 6.93+0.00 Nd. 8.41+2.94 4.38+0.46 6.36+0.11 3.75+0.13 Nd. Nd. 12.42+0.00 Nd.
Esters
Ethyl Acetate 613.43 22.36+3.28 49.41+0.70 35.42+1.63 Nd. 38.92+0.57 1.85+0.62 8.34+3.88 3.63+0.18 6.27+0.02 Nd.
Ethyle ester formic acid 611.64 Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd.
Methyl ester butanoic acid 718.35 Nd. 1.97+0.22 14.99+5.35 0.37+0.25 Nd. Nd. Nd. 1.27+0.41 Nd. 1.67+0.17
Ethyl ester butanoic acid 801.83 Nd. 36.07+2.73 50.13+17.02 1.31+0.34 Nd. Nd. 4.51+0.77 Nd. 2.35+0.07 Nd.
Ethyl ester hexanoic acid 999.81 Nd. 22.54+3.39 22.00+£13.75 Nd. Nd. Nd. 1.1540.15 Nd. 2.94+0.25 Nd.
Ethyl ester decanoic acid 1394.87 Nd. Nd. 0.81+0.33 Nd. Nd. Nd. Nd. Nd. Nd. Nd.
Methyl ester octanoic acid 1124.16 Nd. Nd. 6.4612.43 Nd. Nd. Nd. Nd. Nd. Nd. Nd.
3-ethoxy-ethyl ester-2-propenoic 1150.28 Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. 2.43+0.19
acid
4-trimethylsilyl ester benzoic acid 1161.94 Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. 2.13+0.47
Ethyl ester octanoic acid 1198.66 Nd. Nd. Nd. 0.64+0.06 Nd. Nd. Nd. Nd. Nd. Nd.
Methyl ester decanoic acid 1321.62 Nd. Nd. 1.32+0.54 Nd. Nd. Nd. Nd. Nd. Nd. Nd.
Aldehydes
3-Methyl-Butanal 645.91 12.27+0.00 1.75+0.02 1.57+0.50 Nd. 1.734+0.00 Nd. 1.77+0.00 1.07+0.06 Nd. Nd.
Hexanal 798.86 Nd. Nd. Nd. 0.67+0.17 Nd. Nd. Nd. Nd. Nd. Nd.
Pentanal 645.78 Nd. Nd. Nd. Nd. Nd. Nd. Nd. nd. 1.29+0.01 Nd.
Hydrocarbons
Hexane 603.81 Nd. Nd. Nd. Nd. Nd. 1.91+0.35 Nd. Nd. Nd. Nd.
Propane 652.69 Nd. Nd. Nd. 0.82+0.02 Nd. Nd. Nd. Nd. Nd. Nd.
2.4-Dimethyl heptane 819.31 2.08+0.01 1.22+0.22 1.57+0.61 2.74+0.11 1.39+0.43 1.08+0.12 2.71+0.41 0.77+0.04 2.57+0.31
Decane 1000.16 Nd. Nd. Nd. Nd. Nd. 3.39£0.36 Nd. Nd. Nd. Nd.
4-methyl-octane 860.22 Nd. 1.58+0.02 0.93+0.14 Nd. 2.97+0.22 1.49+0.33 1.36+0.09 2.39+0.39 Nd. 2.35+0.12
4-methyl-decane 1022.49 2.10+0.14 Nd. Nd. Nd. 2.73+0.01 Nd. Nd. Nd. Nd. 1.27+0.23
2.6-dimethyl-nonane 1022.71 Nd. Nd. Nd. 1.52+0.57 Nd. 1.5610.35 Nd. Nd. Nd. Nd.
3.4-dimethyl-decane 1060.18 Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. 0.89+0.06
3.6-dimethyl- decane 1102.29 Nd. Nd. Nd. 2.37+0.91 Nd. 9.05+6.71 1.67+0.03 1.34+0.17 Nd. Nd.

Nd: Not Detected
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Table 3.
Continued
Ketones RI Samples (Averagetstd. Error)
3-methyl-2-butanone 69..28 1.70+0.13 10.95+1.13 2.9610.81 0.96+0.14 2.42+0.11 0.93+0.16 1.61+0.01 1.49+0.01 1.51+0.06 7.82+0.99
3-hydroxy-2-butanone 606.28 6.72+1.22 Nd. Nd. Nd. 5.37+0.09 Nd. Nd. Nd. Nd. Nd.
Acetoin <500 Nd. 57.15+7.45 17.28+6.50 80.75+18.69 65.76+1.72 7.59+0.55 79.17+£13.62 35.94+4.05 Nd. 64.62+0.85
2-Butanone 600.26 1.704£0.13 22.54+3.39 25.69+10.06 0.98+0.14 2.42+0.11 0.93+0.15 1.1540.15 1.49+0.00 2.94+0.25 4.53+0.15
2-Heptanone 887.64 2.61+0.26 21.41+1.18 24.34+8.68 Nd. 13.80+1.43 27.21+5.65 4.13+0.68 3.3440.26 Nd. 3.61+0.01
2-Nonanone 1090.30 1.91+0.06 6.72+0.89 9.17+3.27 Nd. 14.23+0.45 27.97+7.06 0.93+0.01 1.49+0.61 Nd. Nd.
2-undecanoate 1292.15 Nd. 1.08+0.07 2.19+0.21 Nd. Nd. 0.31+0.19 Nd. Nd. Nd. Nd.
Aromatic compounds
Methyl benzene 759.83 Nd. Nd. 3.54+1.17 Nd. Nd. Nd. Nd. Nd. Nd. 12.09+0.53
Toluene 760.25 1.84+0.34 8.72+0.32 Nd 6.27+1.04 9.29+0.58 6.74+1.07 5.64+0.69 16.59+2.67 5.99+0.31
1.2.3.4-tetramethyl- 1111.74 1.83+0.13 1.46+0.01 1.16+0.19 0.28+0.02 1.78+0.01 0.62+0.08 1.36+0.08 1.22+0.24 1.35+0.08 0.41+0.02
benzene
1-ethyle.2.3-dimethyl 1115.63 Nd. Nd. Nd. 0.28+0.02 0.50+0.16 Nd. Nd. 0.32+0.01 Nd. 1.59+0.05
benzene
1.2-dichloro-benzene 1004.94 Nd. Nd. Nd. 2.38+0.70 Nd. Nd. Nd. Nd. Nd. 6.02+0.30
Acids
Butanoic acid 797.79 319.68+7.02 521.13%231.31 3583.13%13.5 234.74%22.30 267.20£7.80 Nd. 959.15+151.03 613.29+20.37 221.08+36.29 1430.35£71.09
Hexanoic acid 1002.97 1168.50£117.74  2305.04:331.01  3724.07:84.66 663.80£91.53 377.64+9.68 Nd. 2151.33¢300 1880.63£88.64 692.90+41.62 2996.64+8.66
Octanoic acid 1184.70 Nd. 3335.324£20.63 10896.324658.51 Nd. Nd. Nd. 764.16+30.47 860.48+147.95 Nd. 2131.49+287.93
n-Decanoic acid 1369.28 Nd. 543.47+39.08 Nd. Nd. Nd. Nd. Nd. Nd. Nd. 432.02+123.64
Terpenes
dl-Limonene 102..76 2.20£0.01 Nd. Nd. 1.52£0.57 Nd. 3.04£0.51 Nd. Nd. 0.99:0.16 Nd.
Other
compounds
1.1.2.2-tetrachloro 909.05 Nd. Nd. Nd. 0.47+0.18 Nd. 0.61+0.11 Nd. Nd. Nd. Nd.
ethane
Tetrachloroethylene 806.98 7.99+0.26 18.93+1.6 Nd. 15.98+2.29 24.08+1.55 13.90+2.61 17.19+2.60 29.19+4.04 14.87+0.23 28.95+1.22
Hexamethyl- 822.19 3.96+0.53 7.53+1.32 Nd. 4.11+0.48 5.63+0.12 3.63+0.06 4.79+0.76 4.85+0.48 6.03+0.27 Nd.
cyclotrisiloxane
Octamethyl- 1005.05 Nd. Nd. Nd. 3.91+0.44 5.18+0.17 3.83+0.14 5.88+1.23 3.94+0.18 5.59+0.52 Nd.

cyclotetrasiloxane

Nitrogenous

compound

Methoxy-phenyl 910.95 3.39+0.43 4.37£0.71 3.87+1.44 3.25+0.21 3.86+0.04 3.390.08 3.54+0.45 2.99+0.49 Nd. 5.99+0.81
oxime-

Nd: Not dedected

Food Science and Engineering Research



13

Methyl ketones are made when fatty acids are oxidized,
and [B-keto acids made from saturated fatty acids are
decarboxylated (Guneser & Aydin, 2022). Acetoin,
responsible for the creamy flavor and sweet taste of dairy
products, is derived from the fermentation of lactose. All
milk samples (except for N1 and M3) contained
compounds, albeit in varying quantities. The T1 sample had
the highest amount of acetoin (80.75 g/kg), while the T3
sample had the lowest amount (7.59 g/kg) (Table 3). When
homo/heterofermentative lactic acid bacteria break down
citrate and lactose, they produce acetoin, a volatile
compound (Guneser & Aydin, 2022). Moreover, lactic acid
bacteria use a-acetolactate synthase and a-acetolactate
decarboxylase enzymes in lactose or citrate metabolism to
create acetoin (Demirkol et al., 2016).

Alcohols are formed through various metabolic
processes, including amino acid metabolism, lactose
metabolism, methyl ketones reduction, and degradation of
unsaturated fatty acids. They can also be converted into
ethyl alcohol by heterofermentative microorganisms,
acetaldehyde, and 8-carbon unsaturated alcohols.
Deamination events, influenced by oxido-reductases, are
also involved in the formation of alcohols from amino acids.
Geotrichum candidum, rich in oxido-reductases, can
convert amino acids into alcohol compounds like ethanol,
2-methylpropanol, 3-methyl-butanol, and phenyl alcohol.
(Avsar et al.,, 2011). Subclinical mastitis-affected milk
samples contained alcohols such as phenylethyl alcohol, 3-
methyl-1-butanol, 2-ethyl-1-hexanol, and dimethyl
silanediol (Table 3). Furthermore, only phenylethyl alcohol
and 2-ethyl-1-hexanol were detected in samples T1 and
M3, respectively. Many metabolic pathways in dairy
products produce alcohol, including lactose metabolism,
methyl ketone degradation, and amino acid metabolism.
Furthermore, the native milk flora significantly contributes
to alcohol formation in dairy products. Even though ethanol
is a precursor of ethyl esters, it only has a minor aromatic
function in dairy products. Furthermore, milk widely
accepts branched-chain alcohols like 3-methyl-2-butanol as
off-flavoring components. This is thought to be due to the
conversion of reactive aldehydes into alcohol or acid
components (Akgul et al., 2020).

Esters are formed as a result of lactose fermentation
and/or amino acid catabolism and alcohol (primary and
secondary) that will participate in the reaction, and ester
compounds are formed as a result of the esterification
reaction of acid and alcohol in equal molar volumes. In
addition, acidolysis and transesterification reactions play a
role in the modification of esters (Avsar et al., 2011). Esters
are flavor-enhancing compounds present in fermented

milk. Although they contribute positively to flavor balance
at low concentrations, at high concentrations, they can
cause fruity taste defects (Akgul et al., 2020; Tahmas-
Kahyaoglu et al., 2022). Moreover, high ethyl esters of long-
chain fatty acids (C12 or above) might give the product an
unpleasant, soapy, tallowy odor (Akgul et al., 2020). Eleven
different ester compounds were detected in milk samples
(Table 3). While multiple samples detected ethyl acetate,
methyl ester butanoic acid, ethyl ester butanoic acid, and
ethyl ester hexanoic acid, only one sample detected each
other. Hydrocarbons, which are secondary products of lipid
oxidation, directly influence scent; they also contribute to
the formation of other aroma components. Low
concentrations of hydrocarbons were detected in all milk
samples. While multiple samples detected 2,4-
dimethylheptane, 4-methyloctane, and 4-methyldecane,
only one sample detected each of the other compounds.
Each milk sample contained aromatic compounds, even at
low concentrations. Except for samples M4 and N3, low
amounts of toluene were detected. This compound may
have originated from carotenoid degradation or solvent
contamination (Cakmakci & Hayaloglu, 2011).

Other researchers (Mounchili et al., 2005; Eriksson et al.,
2005) have also identified some of these volatile
compounds in raw milk samples from cows with mastitis.
Eriksson et al. (2005) identified 103 volatile compounds in
milk samples suffering from mastitis. The researchers found
that milk samples from cows with mastitis contained higher
levels of sulfur, ketones, amines, and acids. The main parts
found by researchers were ethanol, trimethylamine, 2,3-
butanedione, 2-pentanone, 2-methylbutanal, methane-
thiol, dimethylsulfide, and acetic acid compounds. They
found that milk samples from healthy individuals contained
more secondary lipid oxidation products, particularly
homologous saturated and unsaturated aldehydes, than
those from individuals with mastitis. In particular, the
researchers linked samples containing higher levels of
pentanal with reference milk samples. Researchers found
that milk samples from healthy cows had higher levels of
typical secondary lipid oxidation products and C4-C8
alcohols compared to milk with mastitis. Mounchili et al.
(2005) first analyzed milk samples from 9 Holstein cows
organoleptically using two sensory panelists, mass
spectrometry/flame ionization (MSD/FFID), and
olfactometric detectors. The analysis revealed 75 volatile
compounds.  Butane-2,3-dimethyl, pentane-3-methyl,
acetic acid ethyl ester, heptane, hexane-2,5-dimethyl,
hexane-2,4-dimethyl, pentane-2,3, 3-trimethyl, hexane-
2,3-dimethyl, 4-methyl heptane-, 3-methyl-heptane,
octane, 2-ethyl-dodecane-, ethyl benzene, 1,3-dimethyl
benzene, hexanoic acid, limonene, nonanal, undecane,
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octanoic acid, benzoic acid, ethyl ester, benzaldehyde ethyl,
undecane-2-one, and decanoic acid were some of the parts
that researchers found.

Comparative analysis with previous studies, such as
those by Eriksson et al. (2005) and Mounchili et al. (2005),
supports the observation that milk from animals with
mastitis tends to have elevated levels of compounds,
including sulfur, ketones, amines, and acids, which
negatively affect the sensory qualities of the milk. These
compounds are often the result of microbial activity, lipid
oxidation, and other metabolic processes triggered by the
mastitis infection.

Conclusion and Recommendations

In conclusion, the use of solid-phase microextraction
(SPME)
spectrometry (GC-MS) to analyze raw milk samples from

coupled with gas chromatography-mass
animals with subclinical mastitis (SCM) revealed the
presence of a wide range of volatile compounds. The 51
compounds identified were divided into various chemical
groups, including hydrocarbons, alcohols, aldehydes,
ketones, acids, esters, terpenes, and aromatic compounds.
The results show that milk samples from cows with mastitis
contained higher amounts of volatile acids, including
butanoic acid, hexanoic acid, octanoic acid, and decanoic
acid. These acids are associated with unpleasant odors,
such as rotten, cheesy, and sweaty smells.

Additionally, aldehydes and ketones, particularly
hexanal, 3-methylbutanal, and 2-heptanone, were
detected as contributing to taste disturbances. Though in
lower concentrations, terpenes such as d-limonene
highlight the influence of forage plants on the milk's volatile
profile. Alcohols and esters have also been found to have
different effects on flavor depending on their
concentration. Overall, mastitis, an inflammation of the
mammary gland in dairy cattle, is a significant challenge for
the dairy industry worldwide. It affects milk production,
quality, and safety, while also imposing substantial
economic burdens on milk producers. Early detection of
mastitis is critical for maintaining milk safety, reducing
economic losses, and ensuring animal welfare. Particularly
in its subclinical form, it can compromise milk safety by
introducing pathogenic bacteria into the milk supply.

Food Science and Engineering Research

Moreover, these volatile compounds compromise the
sensory qualities of milk and suggest potential health risks
associated with consuming milk from animals with
subclinical mastitis. This underscores the importance of
early detection and management of mastitis to ensure the
safety and quality of dairy products.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir-M.Y., S. O.T., N. N. Z.; Tasarm- M.Y., S. O.T., N. N.
Z; Denetleme- M.Y,, S. O.T,, N. N. Z; Kaynaklar- M.Y., S. O.T., N. N. Z;
Veri Toplanmasi ve/veya islemesi M.Y., S. O.T., N. N. Z.; Analiz ve/ veya
Yorum- M.Y., S. O.T., N. N. Z.; Literatuir Taramasi- M.Y., S. O.T.,, N. N. Z;
Yaziyi Yazan- M.Y., S. O.T., N. N. Z; Elestirel inceleme- M.Y., S. O.T., N.
N. Z.

Cikar Catigmasi: Yazarlar, ¢ikar gatismasi olmadigini beyan etmistir.
Finansal Destek: Yazarlar, bu galisma igin finansal destek almadigini
beyan etmistir.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - M.Y., S. O.T., N. N. Z,; Design- M.Y., S.
O.T., N. N. Z.; Supervision- M.Y., S. O.T., N. N. Z.; Resources- M.Y., S.
O.T., N.N. Z; Data Collection and/or Processing- M.Y., S. O.T.,, N. N. Z_;
Analysis and/or Interpretation- M.Y., S. O.T.,, N. N. Z; Literature
Search- M.Y., S. O.T., N. N. Z.; Writing Manuscript- M.Y., S. O.T., N. N.
Z.; Critical Review- M.Y., S. O.T., N. N. Z.; Other- M.Y., S. O.T., N. N. Z.
Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has received
no financial support.

References

Anonim. (2000). Tirk Gida Kodeksi Cig siit ve isil islem
gormiis igme siitleri tebligi. Resmi Gazete, 14 Subat
2000-Sayi: 23964.

Anonim. (2006). Tiirk Gida Kodeksi Cig siit ve isil islem
goérmiis icme siitleri tebliginde degisiklik yapiimasi
hakkinda teblig, Say1 26267, Teblig No: 2006/38.

Anonim. (2009). Tiirk Gida Kodeksi Cig siit ve isil islem
goérmiis icme siitleri tebliginde degisiklik yapilmasi
hakkinda teblig, Say1 27133, Teblig No 2009/14.

Akgul, F.Y.,, Ceylan, H.G. & Atasoy, A.F. (2020).
Determination of fatty acids profiles and volatile
compounds of cows’ and goats’ butter. International
Journal of Agriculture, Environment and Food Sciences,
4(1), 7-13.

Aral, Y., Ulutas, Z.,, Tekin, M.E. & Mamak, N. (2021).
Economic losses from clinical mastitis in dairy cows.
Veterinary Journal, 25(2), 145-152.



15

Avsar Y.K., Karagil-Ylceer Y. & Hayaloglu, A.A. (2011).
Peynir Biliminin Temelleri. A.A. Hayaloglu & B. Ozer
(Eds). Peynirde aroma (272-283s). Sidas Medya Ltd. Sti.

Bray, D.R., & Shearer, J.K. (1994). Mastitis control
programs: Bovine mastitis and milking management.
Florida Cooperative Extension Service, Institute of Food
and Agricultural Sciences, University of Florida.

Cakmakci, S., & Hayaloglu, A.A. (2011). Volatile components
and free fatty acid profiles of traditional and industrially
produced Turkish White brined cheese. Food Chemistry,
124(2), 717-726.

Dalanezi, F.M., Joaquim, S.F., Guimaraes, F.F., Guerra, S.T.,
Lopes, B.C., Schmidt, E.M. S., & Langoni, H. (2020).
Influence of pathogens causing clinical mastitis on
reproductive performance of dairy cows. Journal of
Dairy Science, 103(5), 3645-3654.

Demirkol, O., Hayaloglu, A.A.,, & Cakmakci, S. (2016).
Volatile profiles and sensory characteristics of white-
brined Urfa cheese made with raw and pasteurized
cows’ milk during ripening. LWT - Food Science and
Technology, 65, 260-266.

Eriksson, T., Folkesson, M., Jonsson, P., & Jansson, J.K.
(2005). Comparative metaproteomics of
bacterioplankton from three Baltic Sea sites. ISME
Journal, 4, 17-28.

Fagiolo, A., & Lai, O. (2007). Mastitis in buffalo. Italian
Journal of Animal Science, 6(Suppl 1), 200-206.

Gongalves, J.L., Kamphuis, C., Martins, C.M., Barreiro, J.R.,
& Tomazi, T. (2018). Bovine subclinical mastitis reduces
milk yield and economic returns. Journal of Dairy
Science, 101(4), 3685-3697.

Guneser, B.A., & Aydin, A. (2022). Volatile and sensory
characterization of fresh and ripened cheese varieties.
Journal of Food Processing and Preservation, 46(4),
e15953.

Guneser O., & Yuceer Y. (2011). Characterization of aroma-
active compounds, chemical and sensory properties of
acid-coagulated cheese: Circassian cheese. International
Journal Of Dairy Technology, 64 (4), 517-525.

Ibrahim, H.M. (2017). Mastitis in dairy cows. Journal of
Veterinary Medicine and Animal Health, 9(4), 66-72.

International Dairy Federation (IDF). (1987). Bovine
mastitis: Definition and guidelines for diagnosis. Intl.
Dairy Fed. Bull. No: 211, Intl. Dairy Fed., Brussels,
Belgium.

International Dairy Federation (IDF). (2000). Suggested
interpretation of mastitis terminology. Intl. Dairy Fed.
Bull. No: 345, Intl. Dairy Fed., Brussels, Belgium.

Kivaria, F.M. (2006). Epidemiological studies on bovine
mastitis in smallholder dairy herds in the Dar es Salaam
region, Tanzania. Journal of Veterinary Science, 7(4),
339-344.

Le Maréchal, C., Thiéry, R., Vautor, E., & Le Loir, Y. (2011).
Mastitis impact on milk production and quality in dairy
cows. Animal Health Research Reviews, 12(2), 216-234.

Leitner, G., Merin, U., & Silanikove, N. (2011). Changes in
milk composition are affected by subclinical mastitis in
goats. Journal of Dairy Science, 94(6), 2667-2672.

Metin, M. (2005). Siit Teknolojisi, Siitiin Bilesimi ve
Islenmesi. Ege Universitesi Basimevi, Bornova-
izmir,439s.

Mounchili, A., Scholl, D. T., Cue, R. |., Stryhn, H., & Wichtel,
JJ. (2005). Effect of subclinical mastitis on the
production of dairy cows. Journal of Dairy Science, 88(5),
2096-2101.

Nielsen, C. (2009). The economic impact of mastitis in dairy
cattle herds. Food Economics, 6(2), 181-194.

NIST. (2008). NIST-/EPA-/NIH Mass Spectral Library (NIST
08). National Institute of Standards and Technology
Standard Reference Data Program, Gaithersburg, MD
20899.

Oliver, S.P., & Murinda, S.E. (2012). Antimicrobial resistance
of mastitis pathogens. Veterinary Clinics of North
America: Food Animal Practice, 28(2), 165-185.

Ozdikmenli Tepeli S., & Zorba N.N. (2017). Canakkale
(Yenice) ilinde dretilen ¢ig sttlerin bazi 6zellikleri ve
subklinik (gizli) mastitis gériilme orani. Trakya University
Journal of Natural Sciences, 18(1), 41-47.

Ozdemir H.H. (2024). Research on the economic importance
of some selected animal diseases and the level of
knowledge of producers in Kadinhani and Sarayénii
districts of Konya province. Selcuk University Institute of
Health Sciences, Konya, Turkiye. 109p.

Reineccius, G. (2005). The Flavor Chemistry and Technology.
2nd Edn. CRC Press., Boca Raton, Florida, USA.

Rovai, M., Llach, I., & Penry, J. (2015a). The effect of
intramammary infection on milk production and
composition. Journal of Dairy Research, 82(4), 350-358.

Rovai, M., Urban-Chmiel, R., & Wernicki, A. (2015b). Effect
of mastitis on milk composition and the presence of

Food Science and Engineering Research



16

microorganisms in cow's milk. Medicina Veterinaria,
71(12), 650-656.

Ruegg, P. L., & Reinemann, D. J. (2002). Milk quality and
mastitis tests. The Bovine Practitioner, 41-54.

Tahmas-Kahyaoglu, D., Kilic-Akyilmaz, M., & Simsek, S.
(2022). Some dairy products' sensory, volatile, and
texture profiles are produced using traditional methods.
LWT - Food Science and Technology, 156, 113070.

Wiley. (2005). Wiley Registry of Mass Spectral Data 7.
Edition (Fred. W. Mclafferty) ISBN: 978-0471473251,
(CD-ROM).

Yeu, K., Lee, J.,, & Kang, S. (2015). Detection of volatile
compounds in raw and pasteurized milk using
headspace solid-phase microextraction gas
chromatography-mass spectrometry. Food Science and
Biotechnology, 24(6), 1987-1994.

Food Science and Engineering Research



ATATURK
UNIVERSITESI
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

ibrahim CANBEY*

Bursa Uludag Universitesi, Ziraat Fakiiltesi,
Gida Mihendisligi Bolumd, Bursa, Turkiye

Gelig Tarihi/Received 10.02.2025
Revizyon Talebi / Revision 14.03.2025
Requested

Son Revizyon / Last 19.03.2025
Revision

Kabul Tarihi/Accepted 19.03.2025
Yayin Tarihi/Publication 06.04.2025

Date

Sorumlu Yazar/Corresponding author:
ibrahim CANBEY

E-mail: i.canbey@hotmail.com
ibrahim.canbey.gmuh@gmail.com
Cite this article: Canbey, . (2025).
Sumak (Rhus coriaria L.) Bitkisinin
Biyoaktif Bilesikleri, Etkileri ve Kullanim
Alanlari. Food Science and Engineering
Research, 4(1), 17-28.

[oXolen

Content of this journal is licensed under a Creative
Commons Attribution-Noncommercial 4.0
International License.

DOI: 10.5281/zenodo.13861985

Derleme Makalesi Review Article

Sumak (Rhus coriaria L.) Bitkisinin Biyoaktif
Bilesikleri, Etkileri ve Kullanim Alanlari

Bioactive Compounds, Effects and Uses of Sumac (Rhus

coriaria L.) Plant

(074

Sumak (Rhus coriaria L.), geleneksel ve modern kullanimlariyla dikkat ceken, biyoaktif
bilesenler agisindan zengin bir bitki tirtduar. Polifenoller, flavonoitler, tanenler ve ugucu
yaglar gibi bilesenleri sayesinde antioksidan, antimikrobiyal, antienflamatuvar, antikanser
ve antidiyabetik gibi cok cesitli biyolojik aktivitelere sahiptir. Bu ¢zellikler, sumak bitkisini
gida, saglk, kozmetik ve ilag gibi farkli endustrilerde 6nemli bir dogal kaynak haline
getirmistir. Sumak, gida endustrisinde dogal koruyucu ve renk verici olarak kullanilmakta,
antimikrobiyal etkileriyle gida glivenligini artirmakta ve raf dmrini uzatmaktadir. Kozmetik
sektorinde ise cilt sagligini destekleyen drinlerin formulasyonlarinda yer almakta,
farmakolojik acidan cesitli hastaliklarin dnlenmesi ve tedavisinde yardimci olabilecegi
disUnulmektedir. Ayrica, tarim ve cevre uygulamalarinda da potansiyel faydalari
arastirlmaktadir. Bu derleme calismasinda, sumak bitkisinin kimyasal bilesimi, biyolojik
etkileri ve saglk Uzerindeki faydalari detayli bir sekilde ele alinmaktadir. Bunun yani sira,
bitkinin farkli endistriyel kullanim alanlari incelenmekte ve strdirilebilir Gretim yontemleri
ile ilgili zorluklar tartisiimaktadir. Calismanin amaci, sumak bitkisinin biyoaktif bilesiklerinin
cok yonli etkilerini ve uygulama potansiyellerini ortaya koyarak bilimsel bilgi birikimine
katki saglamaktir. Bu baglamda, sumak bitkisinin halk sagligl ve endistriyel uygulamalar icin
tasidig| degerli potansiyel degerlendirilmektedir.

Anahtar Kelimeler: Sumak, biyoaktif bilesikler, biyolojik aktivite, kimyasal bilesim

ABSTRACT

Sumac (Rhus coriaria L.) is a plant species rich in bioactive compounds, notable for its
traditional and modern applications. Thanks to its constituents, such as polyphenols,
flavonoids, tannins, and volatile oils, it exhibits diverse biological activities, including
antioxidant, antimicrobial, anti-inflammatory, anticancer, and antidiabetic properties.
These attributes position sumac as a significant natural resource in various industries,
including food, health, cosmetics, and pharmaceuticals. In the food industry, sumac is
used as a natural preservative and colorant, enhancing food safety and extending shelf
life due to its antimicrobial effects. In the cosmetics sector, it is incorporated into
formulations that support skin health, while pharmacologically, it is believed to assist in
the prevention and treatment of various diseases. Furthermore, its potential benefits in
agricultural and environmental applications are being explored. This review discusses
the chemical composition, biological effects, and health benefits of sumac in detail.
Additionally, the industrial applications of the plant across various sectors and the
challenges related to sustainable production methods are examined. The study aims to
contribute to the scientific understanding of sumac's multifaceted bioactive properties
and its application potential. In this context, the valuable potential of sumac for public
health and industrial applications is thoroughly evaluated.

Keywords: Sumac, bioactive compounds, biological activity, chemical composition
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Giris

Sumak (Rhus coriaria L.), Anacardiaceae
(Menengicgiller) familyasina mensup, ingilizce’deki karsilig
“sumac” olan, yabani sifali bir tibbi ve aromatik bir bitki
tirtdir (Gharaei vd., 2013; Abu-Reidah vd., 2014;
Giovanelli vd., 2017; Morshedloo vd., 2018; Moghadam
vd., 2020; Akay vd., 2023; Zannou vd., 2025). Diinya
genelinde bu cinse ait 250 tlr bulunmaktadir (Rayne ve
Mazza, 2007). Rhus coriaria L., bu 250 cinsin arasinda
ekonomik olarak en degerli tirdir (Batiha vd., 2022).
Sumak ismi, Suriye’deki dilde, kirmizi anlamina gelen
“sumaga” kelimesinden tlremistir (Akay vd., 2023).
Ulkemizde; “somak, somalik, tatari, tetri, titre ve tutum”
gibi isimlerle de anilmaktadir (Under ve Saltan, 2019).

Boyu (1-3) m arasinda degisen ve ¢ali veya kicik agac
(agaccik) seklinde olan sumak bitkisi, ilk olarak yesilimsi
beyaz ciceklere ve sonradan kire sekilli salkimlar halinde
lokalize olan meyvelere sahip olup olgunlasma ile bu
meyveler, kahverenginden kirmiziya doénlstr (Abu-Reidah
vd., 2014; Zannou vd., 2025). Her meyvede, bir adet tohum
bulunur (Abu-Reidah vd., 2014; Zannou vd., 2025).

Sumak, 1hman ve subtropik iklimleri sever. Dinya
genelinde ozellikle Afrika, GUneydogu Anadolu, Akdeniz ve
Batl Asya bolgelerinde yayilim gostermektedir (Zannou vd.,
2025). Ulkemizde bu bitkiyi, kiyi bélgelerde (6zellikle bati ve
glney kesimlerde, Marmara ve Karadeniz bolgelerinin kiyi
lokasyonlarinda vb.) tek veya gruplar halinde vyol
kenarlarinda ve ormanlik bolgelerde gérmek mumkindur
(Rayne ve Mazza, 2007; Nayebpour ve AsadiGharneh,
2019; Akay vd., 2023; Zannou vd., 2025). Diinya genelinde
Akdeniz iklimi goriilen bolgelerde yetismekte ve Libnan,
Suriye, Turkiye, Urdin ve iran gibi lkelerde baharat olarak
kullaniimaktadir (Alsamri vd., 2021).

Akdeniz havzasi ve Orta Dogu'ya 6zgl olan sumak, antik
caglardan beri terapotik ve besleyici ozellikleriyle bilinen,
ozellikle eksi limonumsu tadi, sindirimi kolaylastirici ve istah
acici ozellikleri sayesinde dogu mutfaginda yaygin olarak
kullanilan bir bitkidir. Sumagin farkli kisimlarindan takviye
(suplement) kapsil ve ucucu yag Uretimi saglanmaktadir
(Alsamri vd., 2021). Antik doénemlerde, Romalilar ve
Yunanllar, sumak bitkisini limon ve sirke yerine kullanmis
ve sindirimi  kolaylastirici  etkisi ile ates dusUrtcU
ozelliklerinden faydalanmislardir (Zannou vd., 2025). Bu tip
ozellikleri, sumagin bilesimindeki biyoaktif bilesiklerden
kaynaklanmaktadir.
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Sumak Bitkisinin Biyoakif Bilesikleri

Sumak (Rhus coriaria L.), bilesiminde fenolik bilesikler,
antosiyaninler ve flavonoitler (agastiflavon, amentoflavon,
sumaflavon, kuersetin, miresetin, kamferol, delfidin-3-
glukozit, siyanidin-3-glukozit ve peonidin-3-glukozit),
mineraller, nitrat ve nitritler, organik asitler, proteinler,
tanenler, ugucu yaglar ve vitaminler gibi bircok 6nemli
unsuru ve bilesigi icermektedir (Akay vd., 2023; Taskiran
vd., 2023; Zannou vd., 2025). Bu fitokimyasallar, sumak
bitkisine biyoaktif 0©zellikler kazandirmaktadir. Biyoaktif
bilesikler arasinda 6dnemli bir yeri olan ugucu yag, ozellikle
bitkinin meyvelerinde bulunur (Bahar ve Altug, 2009;
Giovanelli vd., 2017). Bitkiden elde edilen ugucu yagda,
dnemli major ve minor bilesikler bulunmakta olup bunlar;
lokasyonlara, hasat zamanina, islemeye ve tarimsal
uygulamalara gore degiskenlik gosterirler (Morshedloo vd.,
2015; Morshedloo vd., 2018). Ucucu vyagindaki major
bilesik, beta-karyofilendir (Bahar ve Altug, 2009; Gharaei
vd., 2013; Giovanelli vd., 2017; Johnson vd., 2020). Bunun
yani sira, farkli kaynaklarda, B-karyofilen ile birlikte, Sekil
1’de gosterilen major bilesiklerin de bulundugu ifade
edilmistir (Kurucu vd, 1993; Gharaei vd., 2013; Giovanelli
vd., 2017; Zannou vd., 2025).

Beta-karyofilen

(Bahar ve Altug, 2009; Gharaei vd., 2013;
Giovanelli vd., 2017)

Diger major bilesikler |+

limonen, 2-

n-nonanal sembren desenal, p-

a-pinen (Kurucu vd., | |(Gharaei vd., anisaldehit
(Zannou vd., 1993; 2013; (Kurucu vd.,

2024) Giovanelli Giovanelli 1993;

vd., 2017) vd., 2017) Giovanelli

vd., 2017)

Sekil 1.

Sumadin meyvelerinden elde edilen ugcucu yagdaki majér
bilesikler (Kurucu vd., 1993; Gharaei vd., 2013; Giovanelli
vd., 2017; Zannou vd., 2025)

Genel olarak incelendiginde ise, ugucu yagdaki temel
bilesik  gruplari; monoterpenoitler,  diterpenoitler,
seskiterpenoitler ve alifatik bilesiklerdir (Moghadam vd.,
2020). Baska bir kaynakta; meyveden elde edilen ucucu
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yagda temel bilesiklerin ve gruplarin; alifatik aldehitler,
farnesil aseton, hekzahidrofarnesil aseton, oksijenli
terpenler (karvakrol, karyofilen alkol, a-terpineol vb.),
terpen hidrokarbonlar (B-karyofilene ilaveten, a-pinen ve
sembren) olduklari bildirilmistir (Wieczorek vd., 2022). Bir
diger calismada, ucucu vyagdaki major bilesiklerin; B-
karyofilen (%34,3) ve sembren (%23,8) olduklari tespit
edilmistir (Zhaleh vd., 2018). Bundan baska yapilan bir
calismada, meyveden elde edilen ucucu yagdaki major
bilesenlerin; p-anisaldehit, (Z)-2-heptenal, (E)-2-desenal, B-
karyofilen ve sembren olduklari belirtilmistir (Giovanelli vd.,
2017).

Ucucu yagdaki bilesiklerin farkli olmasinda, ugucu yagin
elde edildigi bitkinin cesitli kisimlari etkili olmaktadir.
Bununla ilgili olarak yapilan bir bilimsel calismada; bitkinin
cicek, gévde ve yapraklarindan elde edilen ugucu yaglardaki
major bilesenlerin, Sekil 2’deki gibi olduklari tespit
edilmistir (Reidel vd., 2017). Bir diger arastirmada; sumagin
meyveleri, karanlk bir ortamda kurutulmus ve 6gutulerek
toz haline getirilmistir. Ardindan distilasyonla ugucu yagi
elde edilmis ve major bilesenlerin basta; beta-karyofilen
(%20,2), sembren (%11,1) ve heptenil-akrolein (%5,5)
olduklari ve bunlari, diger énemli bilesiklerin takip ettigi
tespit edilmistir (Sekil 3) (Moghadam vd., 2020). Yine ayni
calismada az miktarda; hekzan, kamfen, 2-heptanon, B-
mirisen, B-pinen, B-selinen, 1-okten-3-ol, oktanal, p-simen,
limonen, sis- ve trans-osimen, oktanol, terpinolen, fencol,
dekanal, linalil asetol, trans-3-karen-2-ol, a-terpinil asetal,
2-andesnal, izoamil benzoat, trans-geranilaseton,
germakrin, a-6desmol, a-selinen, laden, globulol, ikosan,
heneikosan vb. tespit edilmistir (Moghadam vd., 2020).
Turkiye’de yapilan bir c¢alismada; farkli bolgelerden
toplanan sumak bitkisinin (aga¢ dal ve kabuklari, meyve,
yaprak) hidrodistilasyon yontemiyle elde edilen ugucu
yaginda major bilesikler olarak (Z)-2-desenal ve sembren
tespit edilmistir (Kurucu vd., 1993).

Cicek Govde | Yaprak

eq-pinen eq-pinen *(Z)-B-osimen

etridekanoik asit ¢ (E)-B-osimen e 3-karyofillen
elimonen esembren
*[3-pinen
emirisen

Sekil 2.

Sumak bitkisinin cicek, gévde ve yaprak kisimlarindan elde
edilen ucucu yagdaki majér bilesikler (Reidel vd., 2017)

Alfa-terpineol Karyofilen oksit

10-epi-gamma-

- Dokosan
o6desmol

Trans-2-desenal Alfa-humulen

2-trans-4-sis-
dekadienal ve
ondkanal

Linalool

2-andesnal; trans-geranilaseton;
trans, trans-farnesol,
hekzahidroksifarnesilaseton

Trans-nerolidol

Sekil 3.

Sumadgin meyvelerinden elde edilen ucucu yagdaki diger
6nemli bilesikler (Moghadam vd., 2020)

Sumak bitkisinin ucucu yagi ile ilgili calismalar, bunlarla
sinirli kalmayip yapilan bir diger arastirmada; iran’in farkli
bolgelerinden toplanan meyvelerin hidrodistilasyonla elde
edilen ucucu yaginda major bilesikler (GC-MS sonuglarina
gore) olarak; (E)-karyofilen (%50,3), n-nonanal (%23,3),
sembren (%21,7), a-pinen (%19,7), (2E,4E)-dekadienal
(%16,5) ve nonanoik asit (%15,8) tespit edilmistir
(Morshedloo vd., 2018). Bunlar haricinde az miktarda;
kamfen, limonen, mirisen, terpinolen, undekanal, n-dekan,
n-dekanal, B-pinen, B-osimen, p-simen, Y¥-terpinen, ¥-
muurolen, ¥-kadinen, a-fellandren, a-terpineol, a-terpinil
asetat, a-kopaen vb. bilesikler tespit edilmistir (Morshedloo
vd., 2018). iran’da yapilan bir diger arastirmada; bitkiden
elde edilen ugucu yagdaki major bilesiklerin, B-karyofilen
(%30,7) ve sembren (%21,4) olduklari belirlenmistir
(Gharaei vd., 2013). Bu major bilesenleri sirasiyla; limonen
(%5,3), p-simen (%4,8), a-terpinen (%4,5), karvakrol (%3,9),
a-humulen (%2,4), a-terpineol (%1,5), a-pinen (%1,4),
terpinolen (%1,2) ve %1,1 oranlarinda a-kopaen ve B-
fellandren izlemistir. Bunlardan baska, az miktarda; kamfen,
B-pinen, mirisen, linalool, linalil-asetat, 2-oktanon,
germakrin-D ve 1,8-sineol bilesikleri tespit edilmistir
(Gharaei vd., 2013).

Ucucu vyaga ilaveten sumak bitkisi, bircok vitamin
bakimindan énemli bir bitkisel kaynaktir (Akay vd., 2023).
Sumaktaki vitaminler arasinda tiyamin (B; vitamini),
riboflavin (B, vitamini), nikotinamit (Bs vitamini), piridoksin
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(Bs vitamini), biyotin (B7 vitamini), kobalamin (B, vitamini)
ve askorbik asit (C vitamini) bulunmaktadir (Alsamri vd.,
2021). Bunun yani sira kalsiyum, fosfor, magnezyum ve
demir gibi 6nemli mineralleri icermektedir (Under ve
Saltan, 2019). Suriye’de yetismekte olan sumak bitkisinin
kurutulmus meyvelerinde; Bg vitamini, |6sin, malik asit,
oleik asit ve potasyum tespit edilmistir (Kossah vd., 2009).
Ayrica sumak bitkisinin perikarp kisminda tespit edilen
malik asit (C4HeOs), tartarik asit (CsHeOs) ve sitrik asit
(CeHsO7) gibi organik asitlerle birlikte; iceriginde bulunan
flavonlar (delfinidin, izokersetin, mirsetin, siyanidin),
antosiyanidinler (pelargonidin, peonidin, siyanidin vb.) ve
fenolik asitler (elajik, p-hidroksibenzoik, protokatesik ve
vanilik asitler) gibi fenolik bilesikler, antioksidan etki
Uzerinde etkilidirler (Baytop, 1999; Kosar vd., 2007; Abu
Reidah vd., 2014; (Tang ve Yang, 2018; Under ve Saltan,
2019). Sumak bitkisindeki bazi 6énemli fenolik bilesikler
arasinda; gallik asit, metil gallat, elajik asit, sirinjik asit,
protokatesuik asit, klorojenik asit, siyanidin, delfinidin,
izorhamnetin, apigenin ve kuersetin gibi fenolik asitler,
antosiyaninler ve flavonoitler yer almaktadir (Batiha vd.,
2022).

Sumak Bitkisinin Etkileri ve Kullanim Alanlari

Sumak (Rhus coriaria L.), icermis oldugu bircok dnemli
biyoaktif bilesik sayesinde o6nemli biyolojik 6zellikler
sergilemekte ve bircok alanda kullanim olanagi bulmaktadir
(Rayne ve Mazza, 2007; Abu-Reidah vd., 2014; El Hasasna
vd., 2015; Akay vd., 2023; Zannou vd., 2025). Ozellikle
bilesimindeki baskin fitokimyasallar olan antosiyaninler,
fenolik asitler, flavonoitler ve organik asitler, sumak bitkisini
hem farmakolojik yonden hem de tiketicilerin bu bitkiyi
diyetlerinde tercih etmeleri agisindan 6nemli hale
getirmektedir (Zannou vd., 2025). Sekil 4 incelendiginde,
sumagin bircok dnemli biyolojik 6zelliginin oldugu acikga
gorilmektedir.
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- . *Mirhadivd., 2011; Dogan ve Celik,
Antidiyabetik 2016; Perrone ve vd., 2022

*Shabbir, 2012; Wang ve Zhu, 2018;
Perrone vd., 2022; Ostadrahimivd.,
2025

Antimikrobiyal

N

e Nasar-Abbas ve Halkman, 2004;
Radmehr ve Abdolrahimzade, 2009;
Antibakteriyal Erturk, 2010; Shabbir, 2012; Ali-
Shtayeh vd., 2013; Kossah vd., 2013;
Aliakbarlu vd., 2014; Raodah, 2014
Yy
e Rashid vd., 2018; Sayed-Ahmed vd.,
Antifungal 2019; Alsamrivd., 2021; Perrone vd.,
2022
Yy
Antiviral e Parsania vd., 2017; Perrone vd., 2022
/J—\'\,
¢ Abu-Reidah vd., 2014; Aliakbarlu vd.,
Antioksidan 2014; Under ve Saltan, 2019; Rad vd.,
2020; Sakhr ve Khatib, 2020; Alsamri
vd., 2021; Ostadrahimivd., 2025
/” N

e Gertsch vd., 2008; Panico vd., 2009;
Abu-Reidah vd., 2014; Alsamrivd.,
2021; Ostadrahimivd., 2025

Antienflamatuvar

Y
¢ Abu-Reidah vd., 2014; Sabzghabaee
vd., 2014; Asgary vd., 2018; Under ve
Hipolipidemik Saltan, 2019; Alsamri vd., 2021;
Perrone vd., 2022; Ostadrahimivd.,
2025
../
/V'—“'\,
Analiezik etki o Mohammadivd., 2016; Under ve
J Saltan, 2019; Alsamri vd., 2021
Sekil 4.

Sumadin énemli biyolojik 6zellikleri

Sumagin sahip oldugu en 6nemli 6zelliklerinden birisi,
antimikrobiyal etkili olmasidir. Yapilan bir calismada;
bitkinin ucucu vyaginin antimikrobiyal etkili oldugu ve
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Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa
ve Staphylococcus aureus’a karsl etki gosterdigi ve bu
sayede, bazi bakteriyal enfeksiyonlarda antibiyotik olarak
kullanilabilecegi vurgulanmistir (Zhaleh vd., 2018). Bir diger
calismada; sumaktan elde edilen ugucu yagin, basta
Streptococcus  mutans  olmak  lzere  Lactobacillus
rhamnosus ve Actinomyces viscosus’a karsl inhibitor etki
gosterdigi  belirlenmistir ~ (Moghadam  vd.,  2020).
Antimikrobiyal aktivitenin yani sira sumagin antioksidan
etkisi de bulunmaktadir (Zannou vd., 2025). Meyve ve
tohumlardaki antioksidan etkiler, A ve C vitaminleri
sayesinde gorulir (Abu-Reidah vd., 2014). Antioksidan etki
Uzerinde esasen etkili olan diger onemli bilesikler ise,
sumakta bulunan fenolik bilesiklerdir (6zellikle gallik asit ve
turevleri) (Kosar vd., 2007; Chakraborty vd., 2009; Under ve
Saltan, 2019; Rad vd., 2020; Sakhr ve Khatib, 2020; Akay
vd., 2023). Gallik asit gibi, antosiyaninler ve hidrolize
olabilen tanenler (Tablol), lipit peroksidasyonunu
engelleyen diger 6nemli fenolik yapilardandir (Kosar vd.,
2007).

Tablo 1.
Sumak meyvesindeki temel bilesikler (Batiha vd, 2022)

Bilesik gruplari Alt-bilesik Kaynaklar
gruplari
Siyanidin,
peonidin,
metliZIr::d\:I pelargo'ni'din, ' Abu-
tohumlardaki petunidin, Reidah vd.,
antosiyaninler kumaratlar, 2015
delfinidin, mirtillin,
krisantemin
Gallik asit,
metal gallat,
Yapraklar, digallik asit, tri-
meyveler ve o . Abu-
tohumlardaki gglllk aSIF’ ellajik Reidah vd.,
hidrolize olabilen asit, galloilheksoz, 2015

O_
galloilmorbergenin,
o-galloil arbutin

tanenler

Sumagin ayrica dezenfektan, dilretik ve istah acic
etkileri oldugu bilinmektedir (Abu-Reidah vd., 2014; Elagbar
vd., 2020). Bu etkilerinin yani sira sergilemis oldugu
antienflamatuvar etkinin, ugucu yagda bulunan B-karyofilen
sayesinde gerceklestigi ifade edilmistir (Gertsch vd., 2008).
Buna ilaveten, bilimsel kaynaklarda sumak bitkisinin bircok
onemli biyolojik etkisinin oldugu bildiriimekte olup bunlar
arasinda; antiviral, antimikrobiyal, antienflamatuvar,
antioksidan ve antidiyabetik etkiler; serbest oksijen radikali
temizleyici etki; antihemolitik (kirmizi kan hcrelerinin
yikimini azaltan veya onleyici) etki; karaciger hasarina karsi

koruyucu (hepatoprotektif) etki ve antifibrojenik (akcigerde
yara dokusunun artmasini yavaslatici) etki bulunmaktadir
(Hamdan vd., 2017; Alpsoy vd., 2019; Hlseyinova vd.,
2020; Ostadrahimi vd., 2025).

Sumak, yuzyillardir baharat olarak ve geleneksel halk
tibbinda (halk arasinda tibbi olarak) kullanilan bir bitkidir
(Ali-Shtayeh vd., 2008; Under ve Saltan, 2019). Bitki,
geleneksel halk hekimliginde genel olarak akonirez (istem
disi idrara c¢ikma), bas agrisi, cicek hastaligl, damar
sertlesmesi, dermatit, dis ve diseti rahatsizliklari, dilrez
(idrarin fazlalasmasi), diyabet, dizanteri, diyare, felg, hayvan
Isirmalari, hematemez (kan kusma), karaciger hastaliklari,
kizamik, hipertansiyon, kanser, mide agrisi, oftalmi (goz
iltihabi) gibi bircok hastaligin tedavisinde kullaniimaktadir
(Abu-Reidah vd., 2015; Elagbar vd., 2020; Zannou vd.,
2025). Bundan baska; iran ve Orta Dogu’da dizanteri, ishal,
mide bulantisi, hemoroit ve gut hastaliginin tedavisinde;
yaralarin iyilestiriimesinde ve kan sekeri, kolesterol ve Urik
asit  seviyelerinin  indirilmesi  amaciyla  yuzyillardir
kullanilmaktadir (Rayne ve Mazza, 2007; Ahmad vd., 2013;
Zhaleh vd., 2018). Turkiye’de sumagin meyvelerinden ve
yapraklarindan halk arasinda geleneksel olarak agizdaki
yaralarin iyilestirilmesinde ve seker hastaliginin tedavisinde
faydalanilmaktadir (Kurucu vd., 1993). Agizdaki yaralarin ve
midede olusan kramplarin iyilestirilmesinde, sumagin
meyveleri sakiz gibi cignenebilmektedir (Tuzlaci, 2006;
2011). Bundan baska, yag formunda islenip tiketilen
sumak, halk tibbinda sindirim ve idrar yolu rahatsizliklari ile
gdgls agnsi  gibi  bazi  hastaliklarin  tedavisinde
kullaniimaktadir (Abu-Reidah vd., 2015). Sumak, terlemeyi
tesvik eder, atesin dUsUrilmesinde yardimci olur ve
bagirsak tahrisine karsi koruma saglar. Demlendiginde, cilt
enfeksiyonlarini da hafifletir. Tibbi bir bitki olarak kullanilan
sumak, ayrica antiseptik ozelligi sayesinde bogaz agrisini
gidermek amaciyla kullaniimaktadir (Sakhr ve El Khatib,
2020). Sumak, kolesterol dusirtci ve antienflamatuvar
olarak da kullaniimaktadir (Khalil vd., 2021). Kaynatilarak
hazirlanan sumak, ginimuzde hald Orta Dogu mutfaginda
yaygin olarak kullanilmakta ve mide rahatsizliklarini
hafifletmek amaciyla tlketilmektedir (Zannou vd., 2025).
Amerika Birlesik Devletleri'nin ihman bolgelerinde bulunan
beyaz sumak, Yerli Amerikalilar tarafindan hemoroit, iltihap
ve agiz yaralarinin tedavisinde kullaniimistir. Ayni zamanda
romatizmay! hafifletmek icin iyi bir tedavi yontemidir
(Zannou vd., 2025). Sumak, ayrica kan sekeri seviyelerini
dusiren ve diyabet hastalarinda glikoz toleransini iyilestiren
glcli hipoglisemik 6zelliklere sahiptir (Rahideh vd., 2014).
Yapraklarinin  vazodilator  ozellikleri, sumak  bitkisini
kardiyovaskiler sistem icin koruyucu bir ajan haline
getirmektedir. Ayrica, DNA korumasl i¢in antioksidan
Ozelliklere sahiptir (Zannou vd., 2025). Buna ek olarak,
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baska bir arastirmada; sumak ekstresinin, COVID-19
tedavisindeki potansiyeli rapor edilmektedir (Korkmaz,
2021).

Sumak bitkisinin, Orta Dogu ve Akdeniz Ulkelerinin
bircogunda geleneksel olarak tibbi amaclarla kullanildig
bilinmektedir (Reidel vd., 2017). Sumagin meyveleri, sa¢
bakiminda (kepek olusumunun engellenmesinde, sa¢ rengi,
sa¢ temizligi vb.) kullaniimaktadir (Gupta vd., 2010). Sag
bakimindan baska atesin dusirilmesinde, bas agrisinda,
derideki vyaralanmalarda (Nozza vd., 2020), derideki
yaniklarin tedavisinde ve kilo vermede kullaniimaktadir
(Jamous vd., 2018). ibn-i Sina, kitabinda (El-Kanun fi't-Tib)
bitkinin geleneksel halk tibbinda fel¢ kronik semptom
(stroke chronic symptoms) tedavisinde kullanildigini tarif
etmistir (Zargaran vd., 2013). Bunlara ilaveten, icermis
oldugu tekli doymamis yag asitleri, insan sagligi Uzerinde
bircok olumlu etki (kalp hastaliklarinin olusumunu azaltma,
kandaki kolesterolli ve trigliserit seviyelerini dusiricd,
iltihaplanmayi azaltici vb.) géstermektedir. Bundan baska;
sahip  oldugu  biyolojik  o6zellikler  (antiapoptotik,
antienflamatuvar, antifibrinojenik, antioksidan,
hipoglisemik, |6kopenik, sitotoksik vb.), sumagin bir
fonksiyonel gida olarak degerlendirilmesine olanak
saglamaktadir (Karaduman, 2022).

Hippokrates’e (MO 400) atfedilen ‘Birak yiyeceklerin
ilacin olsun ve ilacin da yiyeceklerin olsun’ ifadesi, saglikli
beslenmenin saglik Uzerindeki faydalarinin erken dénemde
tanindigini gosterir. Fonksiyonel gida kavrami, temel besin
rollerinin Gtesinde hastalik onleyici ve/veya tedavi edici
Ozelliklere sahip islenmis gidalari tanimlamak amaciyla
1980Q'lerin baslarinda Japonya’da ortaya ¢ikmistir (Olaiya
vd., 2015; Serafini ve Peluso, 2016; Khalil vd., 2021). Bu
kavram, beslenme ve farmakoloji arasindaki tamamlayicilig
vurgulamak amaciyla Stephen DeFelice tarafindan tiretilen
nutrasotik terimiile sik sik 6rtismektedir (Olaiya vd., 2015).
Sumak meyvesi, proteinler, ugucu yaglar, yag asitleri, lif,
mineraller, tanenler, fenolik asitler ve antosiyaninler gibi
beslenme ve farmakoloji acisindan 6nemli bilesenlerin
genis bir oranini icermesi nedeniyle fonksiyonel bir gida
olarak kabul edilmistir (Khoshkharam vd., 2022). Sumak
bitkisi (Rhus coriaria L.), doymamis yag asitleri, vitaminler
ve mineraller gibi énemli besin maddelerinin zengin ve
degerli bir diyet kaynagi olarak degerlendirilir (Tablo 2)
(Batiha vd., 2022).

Food Science and Engineering Research

Tablo 2.

Sumak meyvesindeki bazi temel besin égleri (Batiha vd.,

2022)
Besin maddeleri Birim Miktar
Oleik asit % 37,70
Linoleik asit % 27,40
Palmitik asit % 21,10
Stearik asit % 4,70
Diger yag asitleri % 9,10
Be vitamini ppm 69,83
C vitamin ppm 38,91
B4 vitamini ppm 30,65
B, vitamini ppm 24,68
Nikotinamit ppm 17,95
Potasyum ppm 7963,35
Kalsiyum ppm 3661,57
Fosfor ppm 1238,74
Magnezyum ppm 855,95
Demir ppm 144,53

Sumak bitkisinin, baharat olarak gidalara ¢esni ve lezzet
vermek amaciyla kullanimi yaygindir (Rayne ve Mazza,
2007; Abu-Reidah vd., 2014; Moghadam vd., 2020).
Ozellikle  ucucu bilesikleri, sumaga essiz aroma
kazandirmakta ve tiketiciler tarafindan kabul edilebilirligini
ve gida endustrisindeki kullanimini artirmaktadir (Zannou
vd., 2025). Oranlari degismekle birlikte ugucu yagin
bilesiminde bulunan beta-karyofilen, sumaga karakteristik
baharat lezzetini ve aromasini kazandirir (Morshedloo vd.,
2018). Sumak meyveleri, baharat olarak kullanilmak tzere
agacta kizarip olgunlastiktan sonra kurutulup 6gutllurler
(Kossah vd., 2009; Zannou vd., 2025). Baharat seklinde
yaygin olarak kullanildigi bolgeler arasinda, Akdeniz ve Orta
Dogu Ulkeleri yer almaktadir (Rayne ve Mazza, 2007,
Khoshkharam vd., 2022). Tirkiye ve iran’da kanatli hayvan
etlerinden yapilan yemeklerde ve sebze yemeklerinde gesni
olarak ve lezzet katmak amaciyla kullaniimaktadir
(Ravindran vd., 2012). Sumak ayrica Akdeniz bolgelerinde
et ve balk yemeklerinde baharat olarak yaygin seklinde
kullanilmaktadir (Alsamri vd., 2021). Bunun yani sira, Arap
Ulkelerinde kekik, susam tohumu ve tuz ile karistirilarak
(yerel ismi dukkah veya za’atar denilen) yemeklerde
tuketilmektedir (Farag vd., 2018). Dinyada, genellikle et
yemeklerine, sebzelere ve pirince baharat olarak ilave edilir
(Zannou vd., 2025). Turkiye’de (Glveng vd., 2017) ozellikle



23

GUneydogu Anadolu Bolgesi’'nde kuru dolmalarda, kebap
cesitlerinde, kebaplarin ve et yemeklerinin yaninda
tiketilen vesillik ve salata cesitlerine ilave edilerek
tiketilmektedir. Katildigi yemeklere veya gidalara eksi
limon tadi katar ve bu 6zelliginden Ulkemizde de baharat
olarak faydalanilir (Sekil 5). Eksilik, sumagin blnyesindeki
organik asitlerden (malik, sitrik ve tartarik asitler)
kaynaklanir (Fereidoonfar vd., 2019; Karadas vd., 2020). Bu
asitler, perikarp bolgesinde lokalize olmus vaziyettedirler
(Baytop, 1999; Kosar vd., 2007; Abu Reidah vd., 2014).
Sumak meyvesinin baharat olarak kullaniminin disinda
meyvesinden cay yapildigl bilinmektedir (Akay vd., 2023).
Ayrica, sumak tek basina veya diger baharatlarla birlikte
iceceklerde, soslarda, istah acici Uriinlerde ve dogal asitlik
duzenleyici olarak gidalarda kullanimi bulunmaktadir (Abu-
Reidah vd., 2014).

Sekil 5.

Baharat olarak kullaniimak tzere kurutulmus ve 6§ditiilmis
sumadin kullanildigi bazi gidalar

Sumagin, bilesimindeki besin unsurlari ve bilesikler
sayesinde antioksidan o6zellik gostermesinin (Karaduman,
2022; Ostadrahimi vd., 2025), zeytinyagin raf omriine
olumlu yonde etki edebilecegine dair bulgular mevcuttur
(Dogan ve Akgul, 2005). Bunun yani sira, antioksidan
Ozelligi sayesinde sumak meyveleri, aycicek yagini stabilize
etmek icin kullanilmaktadir (Rayne ve Mazza, 2007).
Antioksidan ozelliginden vyararlanarak yag orani ylksek,
bozulmaya karsl hassas diger Urlnler (zerinde de
calismalar yogunlastirilabilir. Bunun yani sira, baharat
olarak tlketilmesi, tiketicilerin antioksidan ¢zelliginden de
faydalanabilecegini gozler 6nlne sermektedir. Ayrica, bir
calismada; sumak bitkisinin  lezzetliligi ve yUksek
antioksidan kapasitesi goz ©Onlne alindiginda, sumak
biyolojik aktif bilesiklerinin uygulanmasi, gida endUstrisi icin
bitkisel kokenli pigmentler ve fitobilesenleri sekersiz
drdnler icerisinde sunmada etkili bir ¢cozim olabilecegi ve

bu tur UrGnlerin, farkli onleyici ve terapo6tik amaclarla
kullanilabilecek fonksiyonel gidalar olarak
degerlendirilebilecegi vurgulanmistir  (Ostadrahimi vd.,
2025).

Sumak; gidalarda baharat olarak kullaniminin yani sira
gida takviyesi, gida boyasl, dogal gida koruyucu maddesi ve
hayvan yem katki maddesi olarak degerlendiriimektedir
(Sakhr ve El Khatib, 2020; Pakseresht vd., 2023;
Ostadrahimi vd., 2025). Gida alanindaki kullanimlari disinda
bircok farkli kategoride degerlendirilmesi, sumagin ticari
degerini artirmaktadir. Yapilan bir calismada, antibakteriyel
etki gbsterdigi icin sumaktan elde edilen ugucu yagin agiz
yitkama sularinda ve oral enfeksiyon hastaliklarinda
kullanilabilecegi belirtilmistir (Moghadam vd., 2020). Dis
bakiminda sorun teskil eden Actinomyces, Lactobacilli ve
Streptecocci (Yu vd., 2017) gibi mikroorganizmalara karsi
etkili oldugu icin bitkinin ugucu yaginin dis bakiminda da
kullanilabilecegi vurgulanmistir (Moghadam vd., 2020).
Ayrica antosiyaninler gibi dogal pigmentleri icermesi, gida
endistrisinde dogal boyar madde olarak kullanimini
saglamakta; tanen iceren kabuk, sap ve yapraklar boyama
amaciyla kumaslarda ve dericilikte (6zellikle tabaklamada)
kullaniimaktadir (Goktark vd., 2006; Zannou vd., 2022;
2023). Boyar ozelligi sayesinde miurekkep yapiminda ve
boya iretiminde ve bunun yaninda, veterinerlik alaninda,
sumak meyvelerinin ekstreleri kullaniimaktadir (Kurt vd.,
2014). Gecmiste sumagin kok, dal ve govdesinin dogal
boyalarda renkleri sabitlestirici olarak kullanildigi ifade
edilmistir (Abu-Reidah vd., 2014).

Sumak agacindan zirai faaliyetlerde de
faydalaniimaktadir. Ozellikle verimsiz alanlarin (maden
alanlari, erozyon vb. dogal afete ugramis bolgeler vb.)
agaclandiriimasinda 6nemli bir bitki tird konumundadir
(Goktirk vd., 2006). Agaclandirmada kullanilabilmesinin en
onemli 6zelligi; kuru, taslik, ¢akilli ve 1900 metre yikseltiye
kadar olan alanlarda vyetisebilme yetenegidir (Baytop,
1999).

Sumak, baharat olarak kullanilmak Uzere 6gutildikten
sonra uygun sekilde muhafaza edilmelidir. Her ne kadar
blnyesinde antioksidan karakterli bilesikleri ve unsurlari
(fenolik  bilesikler, gallik asit vb.) barindirdigl icin
bozulmalara karsi dayaniklilik gosterse de (Kossah vd.,
2009; Dalar vd., 2018; Karadas vd., 2020; Karaduman,
2022; Akay wvd., 2023), sumagin, baharat haline
donustlridldikten sonra diger baharatlarda oldugu gibi
uygun sekilde muhafaza edilmesi saglanmalidir. Ozellikle,
bilesimindeki ucucu ve aromatik bilesiklerin tahrip
olmayacak sekilde muhafaza edilmesi gerekmektedir. Bu
amacla; kapakh cam kaplarda, serin, kuru ve dogrudan
gines 15181 almayan bir vyerde bekletiimesine 06zen

Food Science and Engineering Research



24

gosterilmelidir.

Sonug ve Oneriler

Sumak (Rhus coriaria L.), Menengicgiller
(Anacardiaceae) familyasina mensup, 6zellikle Akdeniz ve
Dogu Asya bolgelerinde yetisen, yurdumuzda cogunlukla
kiyi bolgelerde (Marmara, Karadeniz vb.) bulunan, yaygin
sekilde meyveleri kizarip olgunlastiktan sonra islenerek
baharat olarak kullanilan énemli bir bitki tirtdur. Baharat
olarak kullaniminda, kendine has hos aromasi ve eksi limon
tadi etkili olmaktadir. Eksi tadi, bilesimindeki organik asitler
olan malik, tartarik ve sitrik asitlerden kaynaklanmaktadir.
Organik asitlere ilaveten biinyesinde bulunan ugucu yag,
flavonoitler, antosiyaninler, fenolik asitler (6zellikle gallik
asit ve tlrevleri) vitaminler ve mineraller, sumak bitkisine
biyoaktivite ve tibbi yonden deger katmaktadir. Bu sayede
sumak, tibbi ve aromatik bitki olarak degerlendirilmektedir.
Tibbi ve aromatik yonden ozellikle Rhus coriaria L.,
ekonomik degeri ylksek kiymetli bir tirdar.

Rhus coriaria L., baharat olarak Glkemiz de dahil 6zellikle
dogu (iran, Suriye vb.) mutfaginda bircok yemekte ve
drinde (et yemekleri, tavuk yemekleri, sebze yemekleri,
salatalar vb.) yaygin sekilde kullaniimaktadir. Bunun yani
sira bilesimindeki biyoaktif bilesikler sayesinde o6nemli
biyolojik ozellikler (antimikrobiyal, antioksidan,
antienflamatuvar, analjezik, hepatoprotektif, antidiyabetik,
antihemolitik, kardiyovaskiler vb.) sergiler ve 6zellikle halk
hekimliginde (akonlrez, bas agrisi, dermatit, dis ve diseti
rahatsizliklari, diyabet, felg, hipertansiyon, ishal, karaciger
ve kalp hastaliklari, mide agrisi vb.) degerlendirilir. Bunlarin
yani sira bircok endustri (deri isleme, boya, murekkep,
veterinerlik vb.) dalinda kullanim olanagi bulmaktadir.
Ozellikle biinyesindeki antosiyaninler sayesinde dogal boyar
madde olarak gida endUstrisinde kullaniimaktadir. Bundan
baska bilesimindeki gallik asit ve tlrevleri, antosiyaninler ve
hidrolize olabilen tanenler gibi fenolik bilesikler sayesinde,
antioksidan aktivite sergilemekte, lipit peroksidasyonunu
engellemekte ve bu 06zelligi sayesinde yenilebilir bitkisel
yaglarin (aycicek yagi vb.) korunmasinda kullanim olanagi
bulmaktadir.  Bundan  baska, patojenler  (zerinde
antimikrobiyal ozellikler sergilemesi, gidalarin muhafazasi
acisindan sumak bitkisinin  kullanilabilirlik potansiyelini
artirmaktadir. Tim bu parametreler dikkate alindiginda;
ozellikle gida alaninda sumak bitkisi ile ilgili laboratuvar ve
klinik calismalari yayginlastirilarak dogal yolla muhafaza
yontemleri gelistirilebilir ve/veya yayginlastirilabilir. Buna
ilaveten, sumak bitkisinin zorlu cevre (ylksek rakim) ve
toprak sartlarinda (gakill, tash vb.) yetismesi, bu bitkinin
corak alanlarin  agaclandiriimasinda  kullanilabilmesi
acisindan ¢ok dnemli bir kriterdir. Buradan yola cikilarak,
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bos corak arazilerde sumak vyetistiriciligi yapilabilir. Bu
sayede hem bu tip alanlarin vyesillendirilmesi hem de
buradan elde edilecek drlnlerle Ulke ekonomisine katki
saglanmis olur. Ayrica, sumak Uretiminin tesvik edilmesi ile
biyoaktif bilesiklerinin tibbi ve farmakolojik alanlarda daha
fazla degerlendirilebilecegi hammadde temini arttirilabilir.
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Derleme Makalesi Review Article

Disaster and Emergency Foods: Development
and Nutritional Strategies

Afet ve Acil Durum Gidalari: Gelistirme ve Beslenme

Stratejileri

ABSTRACT

Disaster, as defined by the Disaster and Emergency Management Presidency of Tirkiye
(AFAD), refers to events of natural, human, or technological origin that affect a certain part
or all of society, cause physical, social, and economic losses, and stop or interrupt ordinary
life and activities. In situations such as fires, floods, earthquakes, avalanches, droughts,
famine, and war, one of the duties of the state and non-governmental organizations is to
meet the nutritional needs of affected communities. When people encounter emergencies,
they experience various nutritional problems. Damage to roads, kitchens, and equipment,
which are needed to meet food needs, as well as problems such as hygiene issues, leads to
nutritional shortages. Canned or dry foods are often consumed in case of an emergency.
However, in emergencies, low protein, fat, and carbohydrate intake can cause poor
nutrition. The aim of producing emergency foods is to meet the daily energy requirement
of 2100 kcal for an average individual under difficult conditions. These special formulas are
preferable in the form of biscuits, crackers, and bars that are low in moisture, easy to
consume, and will not pose a risk to food safety and human health. The aim of this study is
to briefly review information about emergency foods and their packaging.

Keyword: Disasters, emergency foods, packaging selection, nutritional adequacy

0z

Tirkiye Afet ve Acil Durum Yonetimi Baskanligi'na (AFAD) gore afet; toplumun belirli bir
kisminin veya tamaminin etkilendigi, fiziksel, sosyal ve ekonomik kayiplara sebep olan,
olagan hayati ve faaliyetleri durduran veya kesintiye ugratan doga, insan veya teknolojik
kaynakli olaylar olarak tanimlamaktadir. Yangin, sel, deprem, ¢ig, kuraklik, kitlik ve savas gibi
durumlarda devletin ve sivil toplum kuruluslarinin gorevlerinden biri de etkilenen
topluluklarin beslenme ihtiyaglarini karsilamaktir. insanlar acil durumlar ile karsilastiginda
bir takim beslenme sikintilari ¢ekmektedir. Gida ihtiyacini karsilamaya yonelik yollarin,
mutfak ve ekipmanlarin zarar gérmesi, hijyen gibi sorun olusmasi beslenme sikintisina yol
acmaktadir. Genelde acil durumlarda konserve veya kuru yiyecekler siklikla tiiketilir. Ancak
acil durumlarda diistik protein, yag, karbonhidrat alimi zayif beslenmeye sebep olabilir.
Uretilen acil durum gidalari ile zor sartlar altinda olan ve giinliik ortalama bir bireyin almasi
gereken 2100 kcal enerji ihtiyacinin karsilanmasi hedeflenmektedir. Uretilen bu &zel
formdller disik nemli, tlketimi kolay, gida givenligi ve insan saglig agisindan risk
olusturmayacak biskuviler, krakerler ve barlar olarak tercih edilebilir. Bu galismada amag,
literatlirde yapilmis olan bazi acil durum gidalari ve bu Urlinlerin ambalajlanmasi ile ilgili
bilgileri kisaca derlemektir.

Anahtar Kelimeler: Afetler, acil durum gidalari, ambalaj se¢imi, beslenme yeterliligi
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Introduction

According to the Disaster and Emergency Management
Presidency of Tiirkiye (AFAD), disasters are technological,
human, or natural events that cause economic, physical,
and social losses, disrupt normal life and human activities,
and exceed the society's coping capacity (AFAD, 2025).
Emergencies and extreme weather events, such as floods
and droughts, are increasingly occurring as a result of
climate change (Gupta et al., 2022). These events occur
every year and affect millions of people (Saggu et al., 2023).
Worldwide, more than 14,000 disasters have occurred, 41.4
million people have been displaced, and 4.4 billion people
have been adversely affected by these disasters in the last
20 years (Zeng et al., 2024). A report by AFAD (2023) stated
that in Turkey, there were avalanches (or extreme snow
blizzards) (93), earthquakes (830, magnitude 4 and above),
landslides (564), forest fires (1711), mining accidents (7),
and floods (2028). On February 6, 2023, two of the most
destructive earthquakes in Turkey occurred, with
epicentres in Pazarcik, Kahramanmaras, and Elbistan,
Kahramanmaras. The earthquakes had magnitudes of Mw
7.7 and Mw 7.6, observed at 04:17 and 13:24, respectively.
Many people lost their lives (Deprem Dairesi Baskanligl,
2023). One of the first tasks of governments after disasters,
which occur frequently worldwide and significantly affect
lives, is to meet nutritional needs. Portions should be
sufficient and balanced to provide the energy a person
needs. If kitchen equipment is damaged in disaster-affected
areas, a mobile kitchen is set up so that the meals are
sufficient to meet the needs and reach every person. In
disaster situations, non-perishable foods such as canned
food, biscuits, and crackers are generally preferred.
However, these products may not provide adequate
nutrition; therefore, developing special formulations for
disaster situations may be a good option. Emergency food
formulas (EFF) provide the protein and calories required to
support the body in emergency situations and during
intense activity (Aydin et al., 2024). An example of this is
biscuits, produced by Eti company, enriched with vitamins
and minerals, and developed to be used in natural disaster
situations. The aim of these products, produced as a social
responsibility project by Eti, is to meet more than 30% of
the calories that people will need in case of a possible
disaster and to determine the utilization rate of 11 different
vitamins and minerals, such as iron, zinc, and vitamin D. In
addition, they established that the storage period for
emergency foods, an important criterion, is 24 months
without loss of nutrients (Anonymous, 2023).

In the global context, a number of emergency food
products are available for purchase. These include
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emergency 3600-calorie food bar (SOS Food Labs), Mayday
emergency food bars (Mayday Industries Store), and
Mainstay emergency food rations (Amazon). The Rations
emergency 3600-calorie product has received positive
feedback from consumers, who have noted its favorable
taste, durable and robust packaging, and a shelf life of 5
years.

In Turkey, in addition to the Eti company products,
emergency foods are available under the Akana and Tada
brands. Furthermore, there are products such as protein
bars, canned foods, and pre-packaged items, with
reinforced formulas available for purchase. However,
research conducted following the 2023 earthquake
revealed issues with nutrition. The Turkish Red Crescent
provided menus for general, search and rescue, diabetes,
and celiac needs. The general menu was found to be
deficient in vitamin C, vitamin K, vitamin D, potassium, and
calcium, nutrients to be consumed daily by earthquake
victims (Ginalan et al., 2024). The average daily intake of
vitamin E, sodium, iodine, and phosphorus exceeded the
recommended levels. The absence of vitamin C and vitamin
D in the diet, in addition to the high omega-6/omega-3
ratio, has the potential to trigger inflammatory responses,
compromise immune system function, and elevate the risk
of infectious diseases (Glinalan et al., 2024). In the research
conducted in the aftermath of the earthquake in the
Malatya, Adiyaman, and Kahramanmaras-Pazarcik regions,
45 individuals employed in the Red Crescent were
interviewed, with the participants reporting a lack of variety
in the menus, which generally consisted of legumes, refined
grains, spices, oils, fats, sweets, and sugary beverages. The
majority of the staff stated that they were unable to
incorporate vegetables, fruits, eggs, and dairy products into
the menu. The reasons cited for this were cold weather
conditions, organizational issues, stock shortages, and
transportation difficulties (Alatas & Arslan, 2024).
Nutrition, being a direct contributor to health, assumes
even greater importance in disaster situations. Considering
these findings, the formulation of novel nutrition-related
plans for disaster situations in Turkey could potentially
avert malnutrition in such circumstances.

The aim of this study is to compile products developed
for emergencies and to provide brief information about the
packaging materials used in these products.
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Importance and support of nutrition in emergency
situations

If the population affected by the disaster is completely
dependent on food aid from outside, the prepared food
ration should be at least 2100 kcal per person per day.
However, if the population is already malnourished and
exposed to cold, 100 kcal more should be added to the
nutrition plan with every 5 °C temperature decrease (Singh,
2010). It is difficult to provide affected people with safe and
sufficient food at the right time and place for a sustainable
and healthy diet (Bounie et al., 2020). Emergencies have a
significant impact on the population in terms of health
issues such as disease and nutrition, more than on other
aspects of daily life. After the 2011 Great East Japan
earthquake, researchers showed that cardiovascular
diseases increased (Aoki et al., 2012), as did hypertension
(Ohira et al.,, 2016). The study conducted on pregnant
individuals after the 2023 earthquake in Turkey found that
their diet was deficient in essential macronutrients such as
protein and various vitamins and minerals, particularly
among those living in shelters. It was stated that nutritional
deficiency, including calcium and vitamin D deficiency
experienced by pregnant women, may increase the risk of
infant rickets and osteoporosis in mothers, as well as the
possibility of premature birth and low birth weight (Kacar
et al., 2024). Lipid-based, or powdered micronutrients can
be effective in addressing problems of prolonged
nutritional deficiencies after disasters. A report has been
prepared on the use of lipid-based nutritional supplements
to improve nutritional adequacy in vulnerable groups
(pregnant women, children, and breastfeeding women)
(Chaparro & Dewey, 2010). Here, lipid-based dietary
supplementation is broadly defined as fortified nutritional
structures, including both ready-to-use therapeutic foods
with relatively low micronutrient concentrations, and high-
concentration supplements (1-4 teaspoons/day, providing
<100 kcal/day). The aim of these specialized formulations is
to supplement nutrition with micronutrients such as
calcium, iron, and vitamins that are deficient during
emergencies. The report suggests that lipid-based
nutritional supplements can improve the overall nutrition
of the affected population (Chaparro & Dewey, 2010).
Nutrition is essential for people, playing a vital role in
protecting physical and psychological health. Considering
the studies mentioned above demonstrate that nutritional
interventions targeting human health yield positive results.
However, the consequences of using these uniform and
lacking diversity foods should not be ignored. It should be
noted that long-term consumption of ready-to-eat foods
may lead to a lack of essential nutrients, low fibre
consumption, high salt and sugar intake, and, as a result,

digestive disorders such as loss of appetite and constipation
(Ainehvand et al., 2018).

Products for emergencies

EF is a special food prepared for use in emergency
situations to meet the daily energy requirement of 2100
kcal/day. This food contains 35-45% fat, 10-15% protein,
and 40-50% carbohydrate (Afifah et al., 2022). EF products
should be designed as durable items with a long shelf life.
Shelf-life testing determines the quality of foods during
storage. This process may take a long time in actual storage
conditions. For this reason, the universally accepted
accelerated shelf-life test is used and when successfully
applied, gives accurate results regarding the shelf life of the
product (Calligaris et al., 2019). EF producers can save time
by using the accelerated shelf-life test and by considering
the relationship between parameters such as storage
conditions and temperature.

In the process of developing a successful EF, the five
characteristics to consider are safety, palatability, ease of
distribution, ease of use, and nutritional completeness.
(Medicine, 2002). For example, in one study, cereal flour
(such as Hanjeli and Maize), tubers (such as Cassava and
Sweet Potato), pulses (such as Garut and Mung Bean), and
freshwater fish (such as Tilapia and Catfish) were used to
produce EF in the form of cookies and food bars. The results
showed that the cookies and food bars met the EF
requirements, especially in terms of total calorie content
(248.54-252.82 kcal/50 g), with fat content of (44.20-
47.92%), carbohydrate content of (44.50-48.70%), and
protein content of (7.10-7.90%), The products were
reported to contain high levels of iron (2.63-3.85 mg), zinc
(1.28-1.79 mg), and calcium (190.05-231.06 mg) per 50 g,
and were intended to meet the nutritional needs of disaster
victims. The products were preferred by the panelists based
on the parameters of colour, aroma, taste, and texture.
Each of these parameters received a score with a value
above 4.5 on a 1-7 scale (Sumarto et al., 2023). Nutrition is
especially critical for vulnerable groups, including the
elderly and children, during natural disasters. It is
emphasized that the consumption of nutrient-dense foods
is an effective approach to improve the nutritional status of
the elderly. Food intervention studies in the form of snacks
and meals, including home-delivered meals, provided to
malnourished elderly people, improve their nutritional
status. In a study by Fatmah et al. (2021), broccoli-soybean-
mangrove food bars were prepared to meet the nutritional
needs and support weight gain of the elderly in disaster
situations. Each 100 g broccoli-soybean-mangrove food bar
has 492 kcal of energy, 60.4 g of carbohydrate, 3.8 g of
protein, and 24.2 g of fat. Broccoli-soybean-mangrove food
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bars have been reported, containing complete
macronutrients. They can serve as a source of nutrition for
elderly people for only 15 days after disasters. Food bar
production, like other well-known energy food products,
attracts attention. Bars are usually prepared using products
such as rice, oats, corn, milk and milk proteins, soya, and
whey. To strengthen the nutritional content, the bars are
fortified with vitamins, minerals, or other nutritionally rich
ingredients. Bars are popular products in terms of both easy
portability and health effects (Constantin & Istrati, 2018).
Table 1 summarizes the EF products in the literature.
According to the literature, soya flour was used in almost
all studies. Soybeans are preferred because they have a
high protein content of 34.8% and fibre content of 3.2% per
100 g (Adelakun et al., 2012); they are frequently chosen to
strengthen the nutritional content of food formulations
(Afifah et al., 2022). High levels of phytochemicals
(flavonoids, phenolic content, and antioxidants) and
probiotics can be added to prepared foods, in addition to
providing energy, to increase immunity and overcome
nutritional deficiencies, (Saggu et al., 2023). In one study,
banaris bars were produced from sweet potato flour for
toddlers and infants. The addition of prebiotics to these
bars improved Lactobacillus populations in the body
(Rachmat et al., 2019).

The focal point of the research is to ascertain the extent
to which the products meet the recommended daily energy
requirements and how consumers perceive and address
cost issues. A thorough examination of the EP products
reveals that they meet the daily energy needs of an
individual. For instance, it has been documented that snack
bars formulated with a blend of onggok, and cassava
composite flour contain 11.06% protein, 1.24% ash, and
8.23% dietary fiber, thereby contributing to nutritional
adequacy (Murdiani et al., 2022). Research conducted on
refugee populations has demonstrated that the
consumption of bars prepared using a flour mixture of
banana, mung bean, and mung bean sprouts can satisfy
daily nutritional requirements (Mahendradatta et al.,
2020). Similarly, the consumption of emergency foods, in
the form of cookies prepared from saba banana flour, soya
flour, and moringa flour, has been shown to meet daily
nutritional needs (Hasan et al., 2020). Although EF products
meet energy needs, control samples are preferred in most
studies. As the proportion of wheat flour in the content of
ready-to-eat products prepared with cooked rice flour,
roasted wheat flour, and Bengal gram flour increased, the
sensory acceptability results became more positive (Dhami
et al., 2019). The closer the products produced here are to
traditional tastes and the more suitably they match the
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palate of the target segment, the more acceptable they are.
While individuals tend to consume products that are
palatable during disasters; when survival is paramount, the
pursuit of flavour may become secondary. Conducting
sufficient field studies on this subject, along with gathering
information about environmental perspectives and the
current stress on emergency foods, could yield valuable
insights: into  future planning. Considering the
comprehensive review of all available information, it is
imperative to prioritize the consumer's taste preferences,
the safety and nutritional value of the products, the
moisture content of the final product, and the selection of
appropriate packaging when developing a novel emergency
food product. Afterward, it is crucial to determine optimal
storage conditions to ensure the safety of both the
consumer and the products. Furthermore, it is essential to
determine the most effective distribution routes and
produce the product in a manner that minimizes cost.
Furthermore, products can be produced and stored for
individuals with special nutritional needs, such as
phenylketonuria, lactose intolerance, and coeliac disease.
Additionally, 3D printing models can be used.
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Table 1.

Some emergency foods produced

Nutritional content of

Product types Components used the final product Research findings References
. For 50 g of product The water activity value of the products was .
Maize flour,soya bean flour, tempe Calorie:233 kcal Aini et al.,
. found to be 0.93 and the products were
EF flour, Protein: 7,9-8,1 g . . ) . (2018)
. L . . considered microbially safe in weeks 1 and 2 but
milk powder, icing sugar, cooking oil Fat9,1-119g not in week 3
Carbohydrate 23-35 g )
For439g
. Calorie: 2194 kcal N .
Soya flour, whole milk powder, alonie . @ Using linear programming helped to reduce the A
. Protein: 70 g . Sheibani et
EF sunflower oil, oats, granulated energy level, formulation development and cost
sugar, sesame seeds, salt sugar:158 g of EF products al., (2017)
gar, ! Dietary fibre :18 g P ’
Total fat: 196 g
Black. pepper, cmnamon pqwder, For 100 g bar It has been shown that bars with good results in
chickpea flour, dried apricot . .
. . Calorie:339,61 kcal terms of sensory properties such as aroma,
powder, milk powder, egg white, ) Zahraetal,,
Bar > . Protein: 9,45 g taste, mouthfeel, texture and general
fennel, grated nutmeg, boiled rice - (2014)
. Fat: 6,86 g acceptability can be a source of energy and
flour, barley flour, pumpkin flour, e
nutrition.
chocolate and cardamom
Corn syrup, granulated sugar, high 50 g for the bar
fructose corn syrup, crystalline Fat:249¢g The bars produced were acceptable, had low Brisske et
Bar fructose corn syrup, oil, lecithin, Protein: 18,39 g water activity and met the energy requirement al,, (2004)
cellulose, bread flour, soya flour, Vitamin A: 370 ul/bar as a formulation. v
soya concentrates Foli acid: 80.7 pg/bar
For 100 g of bread The produced breads were subjected to gamma
Wheat flour, soya flour, whey Calorie: 242 kcal irradiation and microbiological analysis was
Bread powder, skimmed milk powder, Carbohydrate:41,13 g carried out on the 1st, 7th, 25th, 40th, 40th, Gonzélez et
yeast, salt, water, egg powder and Protein:8,33 g 52nd, 69th, 270th and 390th storage days and it al.,, (2017)
sunflower oil Total fat:4,88 g was reported that the breads were
Dietary fibre: 2.22 g microbiologically safe for 9 months.
For 100 g of product
. . . Cannei 203.85 keal The water activity value was found to be 3.97
Tapioca starch, ginger oil, water, Qil: 12,95 ] Hasbullah et
EF . and it was reported that the products can meet
tuna flour Protein: 15,45 the nutritional requirements al., (2019)
Carbohydrate:64,94 4 '
Ash: 2.69
Soup containing 10%
fish powder
Instant fish Fish flour, tomato flour, cauliflower Carbohydrate: 65.7 Soups containing 10% fish meal received the Rahman et
soup flour, sugar, salt, spices, corn flour Protein: 9.5 highest score for overall acceptability. al., (2012)
Fat: 1.47
Ash: 14
For a 50 g bar: . .
Nixtamalised corn flour, nike flour, Calories: 234,92 kcal P{fferent cooking tempgratures were u.sed, the .
. . liking score decreased with the use of nike flour, | Kasim et al.,
Bar corn starch, chocolate, margarine, Protein:5,849 g e
. and the bars were reported to meet nutritional (2017)
egg white, sugar Fat:9,89 g requirements
Carbohydrate:30,37 g 9 )
It was stated by the panellists that the prepared
. Beef broth, full cream milk powder, For approximately cream soups could be used in emergencmts.and
instant cream dried sweet potato puree. sugar 1000 g that the ready-made cream soups containing Sunyoto et
soup corn oil. pe Zr salt P arlic’ O\g/vd’er Protein: 18%, 20% whole milk powder had the best physical al., (2018)
» Pepper, sall, & P Fat: 20.7% and chemical properties and were the most
popular.
Readv-to-use Soya flour, corn flour, milk protein For 100 g RTUF Nutrient dense and sufficient RTUF is produced.
¥ ) concentrate, sugar, cocoa butter, Calorie: 525 kcal There was no difference in sensory, physical, .
therapeutic vitamins and minerals, beta-alanine Carbohydrate: %45 chemical properties and peroxide value of Hadi et al.,
food (RUTF) ’ ' yorate: 7 prop P (2022)

spread

arginine, Nigella sativa, sesame
seeds

Protein: %13
Fat: %42

RTUFs stored at 38 C for 90 days with fresh
samples.
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Table 1.
(Continued)
. - Sensory acceptable, the addition of curcumin and
Whey protein nanofibrils, L, . . L .
. . Data not quercetin significantly improved their antioxidant Mohammadiana
EP curcumin, quercetin, wheat flour, L.
. reported activity and suggested that these products could be etal., (2021)
confectionery fat, sugar . . .
used in the formulation of emergency food rations.
100 g for the
bar
Potato flour, mung bean flour, Clorie: 461 kcal | It was found that the bars had low moisture content
Bar (PO-MU- . . . . . Ibayan et al.,
MA) sugar, powdered milk, butter, Protein: 8.30 g (11%), were microbially safe, sensory liked and (2024)
baking soda Fat:22.69 g could meet the nutritional needs.
Carbohydrate:
56.25g
For 50 g of
product
Proso millet flour, snakehead Calorie: 249.83 ) S
. keal The most appreciated by the panellists in terms of .
fish-tempeh flour koya, sugar, . . . . Anandito et al.,
EF marearine. skim milk. and e Protein: 16.85 crispness and colour was the sample with a ratio of (2019)
& ! ! €8 %Fat: 19.74% 60% flour millet and 40% eel-tempeh koya.
Carbohydrate:
59.82%
Ash: 3.59%
For 100 g of
product
Calorie: 433,27
EF (Food for keal It has been reported that the products are microbial
disaster in Green beans powder, rice flour, Protein: 16.41% safe for up to 10 days and 5 (50 g) portions are .
. . - . . Agustini et al.,
accordance with peanuts, cashews, Moringa leaf Fat: 13.53% sufficient at the end of the correct portion selection. (2022)
Balinese powder, brown sugar Carbohydrate: The formulations also received high scores in terms
culture) 61.48% of general acceptability.
Ash: 1.34%
Food fiber
18.87%
100 g gor the
bar
Calorie: 232.46
Cassava and red bean flour, skim kcal Bars prepared using cassava flour and red bean S
. . . . . Hadiningsih et al.,
Bar milk powder, sugar and Protein: 9.81g flour in the ratio 48:52 gave the best results in (2023)
margarine Fat: 19.37 terms of organoleptic properties and colour.
Carbohydrate:
62.84¢g
Ash:2.52 g
The bars were coated with films prepared with
Shortening, wheat flour, skim whey protein isolate/k-carrageenan (WC) and
milk powder, sugar, vanilla, red grape pomace anthocyanins and stored at
P g Data not grapep ¥ Yekta et al.
Bar cocoa powder, coconut 38 C for 6 months. It was reported that EF can
reported (2024)

powder, vitamins/minerals,
salt, lecithin

effectively improve the qualitative properties
of products and may be an option for the
packaging of oxygen-sensitive foods.

The nutritional content of the final product given in Table 1 and the results of the research represent the highest of the products produced.

Selection of packaging for EF products

Food packaging protects the quality and safety of food
in the supply chain (Bumbudsanpharoke & Ko, 2022). The
main consideration when estimating shelf life is the choice
of packaging material (Alamri et al.,, 2021). Today,

packaging materials, which are available at low cost,
consisting of petrochemicals such as polyamide,
polystyrene, polyethylene, polypropylene, polyvinyl
chloride, and polyethylene terephthalate are widely used
(Al-Tayyar et al., 2020). The packaging materials selected
for EF products should be designed to be resistant to
various levels of humidity and temperatures and
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distributed under difficult conditions. When determining
the packaging material, one should consider that it will
protect the vitamins, minerals, lipids, and protein content
of the product, and provide long-term preservation. The
packaging material should provide an effective barrier
against moisture and oxygen transmission. High barrier
polymers, such as ethylene vinyl alcohol or polyvinyl
chloride, with sufficient thickness to protect products, can
be very costly and may have a rough appearance.
Metallised films, on the other hand, can provide moderate,
but not sufficient, barrier properties for EF products. For
these reasons, aluminium foil can be used, but it alone is
brittle and prone to tearing. Polymer polyethylene
terephthalate (polyester) and polyamides (nylon) can be
coated on the outside of the foil by extrusion or adhesives;
ideal packaging for EF products can be obtained (Lampi,
1977; Medicine, 2002). When noodles, a hygroscopic
product, were packaged in low-density polyethylene,
oriented polypropylene, double laminated, and triple
laminated packaging materials, the shelf life of noodles
increased up to 12, 19, 28, and 42 weeks, respectively
(Navaratne, 2018). Another innovation in packaging is
active packaging, which is designed not only to preserve
food quality by performing additional functions but also to
provide an inert barrier against the external environment.
These packages constitute a packaging model that interacts
with the product to extend shelf life or improve safety and
sensory qualities (Fadiji et al., 2023). For example, energy
bars produced for emergency situations are coated with a
coating solution prepared with pomegranate peel extract,
which has been shown to extend the shelf life of the
products (Ghorbani et al., 2021). The production of EF
noodles involved the utilisation of semolina flour, green
tea, soy protein isolate, and spirulina powder. Shelf life was
estimated based on organoleptic properties and water
activity, followed by an investigation into microbial shelf
life. It was determined that shelf life increases when
products are stored in low humidity environments; and the
inclusion of antioxidant components, such as those found
in green tea, has the potential to exert a favourable effect
on storage (Shahabinejad et al., 2024). The utilisation of
smart packaging technology ensures traceability, quality,
and safety of food products. This system assists decision-
making by alerting users to potential issues and
contributing to the maintenance of quality. The modified
atmosphere packaging system is characterized as a food
packaging technology based on mixtures of different gases
(02, CO,, N, etc.) depending on the product to be
packaged. A study conducted by O'Connor et al. (2018)
involved the preparation of sandwiches for the US military
and packaging them in modified atmospheres combined
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with edible films. The results demonstrated an increase in
shelf-life.
Conclusion and Recommendations

Nutrition is of paramount importance for survival in
situations such as earthquakes, floods, tsunamis,
avalanches, fires, droughts, epidemics, attacks, and wars. In
the case of natural disasters, situations such as damage to
roads, power, and water cuts, damage to kitchens, and
problems in food supply are quite common. It is vital that
both the disaster-affected individuals and search and
rescue personnel have access to sufficient and balanced
food. In light of these considerations, the strategic
preparation and distribution of EF products emerges as a
promising approach. The objective is to ensure the
provision of products that meet the daily caloric
requirement of approximately 2100 kcal per individual and
provide adequate and balanced nutrients in terms of fat,
protein, carbohydrates, and flavor, while ensuring a low
moisture content, sensory acceptability, and extended shelf
life. The paucity of research in this area is evident from the
limited literature on the subject. This dearth of research is
primarily attributed to the inability to capture traditional
tastes and, more crucially, the cost implications. However,
given the functionality of these products, there is a
compelling rationale for conducting further research,
particularly focusing on the needs of the elderly and
children. Additionally, it is recommended that studies be
conducted on gluten-free and lactose-free groups, who
have specific nutritional requirements. The establishment
of disaster warehouses in each region for the storage of
these EF products is a proposed solution to address these
issues. Future studies should focus on sensory acceptance,
consumer preference, and, most importantly, extending
the shelf-life of the product using smart packaging
techniques.
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