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Editorial Note

EDITORIAL NOTE

Dear authors, reviewers and readers of Food, Health
and Technology Innovations (FHTI).

It gives me great pleasure to welcome you to the
seventh year and volume 7% (number15) edition of
Food Health and Technology Innovations for which I
have acted as Editor in Chief..

Food Health and Technology innovations (FHTI) is an
international open access, peer-reviewed scientific
research journal by DergiPark Ulakbim that provides
rapid publication of articles in all disciplines of food
science including food chemistry, food microbiology,
food quality, food shelf life; food technology including
conventional and innovative food processing; food
engineering; nutrition including consumer nutrition
and clinical nutrition; and their connected basic
sciences including biochemistry, molecular biology,
analytical chemistry, organic chemistry and connected
applied sciences such as bioengineering, biomedical
engineering, industrial engineering, mechanical
engineering, material science, nanotechnology, nano
sciences; health sciences including cancer science,
cancer biology, hematology, oncology, surgery with
clinical nutritive applications.

I would like to point out that the policy of top priority
of FHTI is especially to put forward and to reveal the
innovations and inspiring outputs for food, health and
innovative technology applications. FHTI offers an
exceptionally fast publication schedule including
prompt peer-review by the experts in the field and
immediate publication upon acceptance. Not only my
deputy editorial concept but also the all editorial board
aims the fast reviewing and evaluation of the submitted
articles for the forthcoming issues. Our journal
distinction is to make difference in this inspection
point. In the context, Journal of Food, Health and
Technology Innovations will continue to publish high
quality researches on basic sciences and applied
sciences..

Original research articles form the bulk of the content,
with systematic reviews an important sub-section. We
will encourage all authors to work to these standards.
Such emphasis on methodological rigour is vital to
ensure that conclusions reached from publications
contained in the journal are valid and reliable. Peer
review processing remains a vital component of our
assessment of submitted articles to FHTTI.

Ozlem Tokusoglu, Professor Dr.
Editor in Chief, FHTI Journal, Ulakbim Tiibitak Dergipark, Ankara

I would like to say that there is strong consensus which
accepted articles are often improved by peer review
after referees' comments and criticisms are dealt with;
this explicit appraisal process also helps to engender
trust of the reader. It is predicated that the criticisms of
evaluating process containing publication delaying,
unreliability of decision making as overly conservative
approach. Besides, weaknesses can be managed by an
effective and active editorial office, and I believe they
are outweighed by the benefits. Lastly I should thank
all our submitting authors, who have toiled in the
production of their work, and have chosen Food Health
and Technology as the journal they would like to
publish in.

Have a great ublishing with FHTI...
Professor, Ozlem Tokusoglu, PhD

Editor in Chief
Food Health and Technology Innovations
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Review Article

THE BIOLOGICAL
ACTIVITIES OF OLEUROPEIN AND
HYDROXYTYROSOL

Ibrahim CANBEY! Aycan YIGIT CINAR? Ozan GURBUZ?

Abstract Oleuropein and hydroxytyrosol, two bioactive phenolic compounds predominantly
found in olive leaves and olive oil, have garnered significant attention due to their extensive
range of biological activities. These compounds exhibit potent antioxidant, anti-inflammatory,
and antimicrobial properties, which contribute to their therapeutic potential in preventing and
managing various chronic diseases, including cardiovascular disorders, metabolic syndromes,
and neurodegenerative conditions. Furthermore, recent studies highlight their role in modulat-
ing cellular signaling pathways, promoting apoptosis in cancer cells, and enhancing immune
responses. This review aims to provide a comprehensive analysis of the current scientific litera-
ture on the biological activities of oleuropein and hydroxytyrosol, with an emphasis on provid-
ing scientific data for future scientific studies, applications in clinical and nutraceutical settings.

Keywords: Oleuropein; hydroxytyrosol; biological activities; bioactive
phenolic compounds.
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Introduction

The Mediterranean diet is highly
regarded for its role in reducing the risk of
numerous chronic illnesses, such as
cardiovascular disorders,
neurodegenerative diseases, and various
types of cancer (1,2,80). A defining
characteristic of the this diet type is its
abundant use of olive oil and derivatives,
renowned for their high biophenol content
(3,81). Oleuropein (OLE) and
hydroxytyrosol (HT) are two primary
polyphenolic compounds found in the
olive tree (Olea europaea) and its
products, particularly in olive oil (80).
Derived from tyrosine or phenylalanine,
these phytochemicals impart a bitter and
sharp flavor to olive oil due to their
intricate interplay with the taste receptors
(25,82,83). Nevertheless, various genetic
and environmental variables influence the
levels, profiles, and bioaccessibility of
these  polyphenols  (108). These
compounds are widely recognized for
their potent biological activities, which
contribute to the health benefits associated
with olive oil consumption (80).

OLE is a prevalent biophenolic
compound found in a range of olive-
derived products, including olive leaves,
fruits, and oil (4,5). Its content wvaries
significantly depending on the olive
cultivar, geographic region, and the
method of olive oil production. This
compound is also present in olives in their
unripe, bitter form, contributing to the
bitterness of the fruit (80,81). OLE, the
predominant phenolic constituent in olive
oil, is distributed across various parts of
the olive. Belonging to the secoiridoid
class, it undergoes hydrolysis to yield HT
and 2-(3,4-dihydroxyphenyl)-ethanol. The
abundance of this bioactive compound is
greater in the initial phases of fruit
maturation, where it is converted into
glycosylated derivatives by esterase
enzymes (51,85). This secoiridoid has
garnered  significant  interest  from
researchers owing to its diverse health-
promoting effects, such as antioxidative,
neural-protective, inflammation-
modulating, oncoprotective, heart-
protective, etc. (6,7,8).
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The other important bioactive
phytochemical HT is a smaller phenolic
compound, which is the primary
metabolite of oleuropein after hydrolysis
(81). OLE is broken down through
hydrolysis during the ripening of olives
and is subsequently transformed into HT
upon digestion, facilitated by lipase
enzymes (5,9). It is abundant in both olive
oil and the olive fruit, and its content
increases as the fruit ripens (19).
Structurally, hydroxytyrosol is a simple
phenolic compound, consisting of a
hydroxylated tyrosol structure (80).
Hydroxytyrosol is also found in other
parts of the olive tree, including the leaves
and stems (15). HT, also exhibits
biological activities like OLE, such as

antioxidative, brain-protective,
antimicrobial, heart health-enhancing,
cancer-fighting, etc. (5,10-12).

This review examines the

biological properties and functions of
oleuropein and hydroxytyrosol, which are
present in varying concentrations in
olives, olive products, and their by-
products, focusing on their molecular
mechanisms of action, therapeutic
potential, and implications for human
health, and providing scientific insights
that may be essential for future research.

The crucial bioactive compounds:
oleuropein and hydroxytyrosol

OLE, the main phenolic
compound present in olives belonging to
the Oleaceae family, may account for up
to 14% of their total mass, equivalent to
140 mg per gram of dry matter (85,98,99).
Nonetheless, certain studies report that
olive leaves may contain oleuropein at
concentrations reaching as high as 19%
(w/w) (106). Identified in 1908 by
Bourquelot and Vintilesco, it is composed
of three distinct subunits: a secoiridoid
(elenolic acid), a polyphenol (HT), and a
glucose molecule. The synthesis of OLE
in olives takes place within the secondary
metabolism of terpenes. In this metabolic
route, the mevalonic acid pathway is
pivotal, with a branching point leading to
the production of OLE (95,99). This
secoiridoid is an ester derivative of 2-(3,4-
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dihydroxyphenyl) ethanol
(hydroxytyrosol) and exhibits an oleosidic
framework, a common characteristic
shared by many secoiridoid glucosides
found within the Oleaceae family
(7,13,14,81), and this bioactive compound
chemically consists of a glucose molecule
attached to a secoiridoid aglycone, which
contains a phenolic structure. OLE is the
primary compound found in olives,
contributing to the characteristic bitter
flavor of untreated and raw olives (7), and
both fruits and leaves of olive are
abundant in the OLE (Figure 1), with
minimal levels of its metabolite, HT (15).
As olives ripen, the level of OLE
diminishes, whereas the concentration of
HT rises as a result of OLE hydrolysis (5).
For example; the levels of HT and OLE in
olive oil can differ, with values typically
found between 1.4-5.6 mg/kg for HT and
2.3-9.0 mg/kg for OLE (15,16). OLE is
renowned for its diverse pharmacological

and biological activities, including
antioxidative, anti-inflammatory,
antiviral, anticancer, antimicrobial,

protecting heart health, and hypolipidemic
effects. These properties have made
oleuropein a central subject of extensive
in vivo and in vitro researches
(100,101,102).

The other important biaoctive
compound HT, or 3,4-
dihydroxyphenylethanol, is a phenolic
alcohol with a molecular weight of 154.16
g/mol and a chemical formula of CsH0Os,
which is primarily obtained from olives as
a byproduct in the olive oil manufacturing
process (17,80). In olive oil and olives,
HT is found in both its unbound form and
as a conjugate with various other
substances, including OLE (18). The
formation of HT occurs via the hydrolytic
breakdown of oleuropein, which is
naturally occurring in olives, and this
process happens inherently during the
maturation of olives and can also be
induced artificially throughout the
processing and also storage of table olives
(Figure 2) (19). As can be seen in Figure
2, the degradation metabolites of
oleuropein arehydroxytyrosol, elenolic
acid, and glucose (99,109). Following
hydrolysis, HT becomes accessible in a
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form that allows for extraction and further
application (20,21). HT is a low-
molecular-weight compound, resulting in

a  higher bioactivity-to-mass  ratio
compared to that of OLE. HT
demonstrates potent antioxidative

properties and is closely linked to positive
outcomes in the management of several
human diseases (111), exhibiting anti-
tumor  properties  (112,113), heart-
protecting  (114,115), and  neural
protection properties (116,117). The surge
in global interest in OLE and HT can be
attributed to its wide-ranging health
functions and biological effects (12,16,22-
24).

The biological activities of oleuropein
and hydroxytyrosol

Polyphenols are organic, polar
compounds that are commonly present in
olive oil, playing a significant role in the
health benefits associated with the
Mediterranean diet (25-27). Nutritional
research involving human participants, as
well as animal and in vitro studies, has
shown that OLE and HT derived from
olive, olive oil, olive leaves, etc. display
distinct biological activities and health-
enhancing functions (12,16,28). OLE and
its metabolite, HT, have demonstrated
anti-cellular  proliferation,  apoptosis-
inhibiting, inflammation-suppressing, and
obesity-preventing effects (107). The
biological acitvities of OLE and HT are
summarized in Figure 3.

OLE and HT have garnered
significant  interest due to their
availability, safety profile, potent
antioxidative properties, effective
scavenging of oxygen-derived free
radicals, and debated inflammation-
reducing effects (80,81). The antioxidant
activities of these phenolic substituents
have been demonstrated to surpass those
of vitamin E or butylated hydroxytoluene
in terms of potency (25). At elevated
concentrations, these bioactive
compounds exhibit pro-oxidant activity in
cancer cells, a phenomenon that is
associated with their anti-growth effects
(97). This pro-oxidant activity could also
be associated with the cytotoxicity of
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OLE and HT at these high concentrations
(84).

Over the past two decades, OLE
and HT, either individually or in
combination, have been the subject of
extensive research regarding infective
diseases and the prevention/management
of chronic non-communicable diseases,
such as cancer, yielding promising
findings from in vitro and in vivo. OLE
and its metabolite, HT, have demonstrated
significant cancer-inhibiting effects across
a variety of tumors, including those of the
bladder, brain, breast, cervical, colorectal,
gastric, hematologic, liver, lung, prostate,
skin, and thyroid regions. Additionally,
these bioactive phytochemicals are
capable of crossing the blood-brain barrier
and exhibit no toxic effects, making them
potential candidates for the treatment of
various types of neoplastic lesions. Given
the promising results of OLE and HT as
potential therapies for various tumors, it is
crucial to investigate the potential of these
compounds in the context of
neuroblastoma. Investigation into these
compounds is ongoing, with numerous
researches highlighting the necessity for
further in-depth analysis of their
mechanisms of action, especially in
relation to cancer therapy. The promising
results observed in in vitro/in vivo
investigations provide a solid foundation
for continued research, particularly in
pediatric oncology, where there is an
ongoing demand for safer and less toxic
treatment options
(51,80,81,86,87,88,89,90,91,92).

Moreover,  these  significant
bioactive compounds exhibits strong
antioxidative properties, eliminating free
radicals, inhibiting oxidative degradation
of lipids, preventing oxidative stress, and
protecting cellular integrity which plays a
key role in aging and various diseases,
including heart and blood vessel-related
and neurological degeneration disorders
(7,8,12,16,81,96). Besides, the worldwide
awareness for naturally antioxidative
substances like OLE and HT is growing
as consumers become more aware of their
health benefits and as there is a shift
toward natural substitutes for synthetic
additives (12,29,30). Particularly, HT is a
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extensively researched constituent of the
olive tree and a recognized food additive
with  diverse biological properties.
Consequently, the extraction of HT-rich
compounds from natural sources has
become a focal point of scientific
research, driven by the growing market
demand for products enriched with
naturally occurring antioxidants (110).

Moreover, OLE has been recognized for
its ability to lower blood pressure and its
wide-ranging pharmacological activity,
including heart-guarding, inflammation-
suppressing,  cancer-preventing,  and
neural protection properties (93). Indeed,
the neural protection properties of OLE
have been demonstrated through its ability
to trigger apoptosis and autophagy, as
well as to suppress the activation of
microglia and  astrocytes, thereby
preventing the excessive release of
inflammation-inducing cytokines and, in
turn, mitigating central nervous system
inflammation.  This  explains  the
association between OLE intake and a
reduced likelihood of  developing
Alzheimer's disease, persistent sadness,
and other neurological conditions (94).
Furthermore, OLE demonstrated a notable
inflammation-preventing effect in rats by
decreasing levels of TNF, IL-1, COX-2,
and NO (103), as well as reducing the
mRNA expression of immune-stimulating
cytokines in the brains of diabetic rats
(104). A study revealed that OLE's
gastrointestinal instability was observed
under simulated conditions using human
digestive enzymes. Additionally, the
research demonstrated a potent cell-
proliferation blocking and inflammatory-
preventing activities of both pure OLE
and olive leaf extract. However, to
preserve the biological activity of OLE as
a dietary supplement, olive leaf extract, or
infusion, microencapsulation techniques
should be employed due to its
gastrointestinal instability (99). In another
study, it was found that administering
OLE to diabetic rats led to a reduction in
serum leptin and an raise in rates of
adiponectin, while also significantly
inhibiting the elevated expression of
COX-2 and TNF-o mRNA in the livers of
the STZ-treated group. Consequently,
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OLE has demonstrated encouraging
outcomes in alleviating high cholesterol,
free radical damage, irritation, and
biomarkers of hepatic dysfunction in rats
with diabetes (105).

Conclusion

In conclusion, OLE and HT emerge as
promising natural compounds with a
broad spectrum of biological activities
that underscore their potential as
therapeutic agents. Their antioxidative,
anticancer, anti-inflammatory,
antimicrobial, and neuroprotective
properties, combined with their roles in
modulating critical molecular pathways,
suggest significant applications in the
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Review Article

ARTIFICIAL INTELLIGENCE IN
THE FOOD INDUSTRY

Seval Sevgi KIRDAR "*

Abstract Nutrition is vital for human survival. It is essential to reduce food waste, streamline
the supply chain, and improve food logistics, delivery, and safety. Artificial intelligence and
machine learning significantly contribute to achieving these objectives. Artificial Intelligence
(AI) refers to the development of intelligent systems capable of doing activities that typically
require human intelligence. In the food industry, it is seen that solution tools such as ANN (Neu-
ral Network), Fuzzy Logic and Genetic Algorithm are widely used in solving problems and
performing their analyses. Artificial intelligence has been employed in food science and tech-
nology for classification, process modeling and optimization, quality control of food, prediction
of dough rheological properties, classification of wine based on anthocyanin content, forecast-
ing the maximum or minimum temperature attained in a sample post-pressurization, determin-
ing the time required for thermal re-equilibration in high-pressure food processing systems, and
classifying fruits and vegetables according to their morphological characteristics. This article
discusses artificial intelligence applications in the food industry and manufacturing.
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Introduction

Artificial intelligence (AI) comprises
technologies replicating human intellect,
enabling computers to emulate human
cognition and behavior for autonomous
learning, reasoning, planning, and decision-
making. The essence of artificial intelligence
encompasses machine learning (ML), deep
learning, natural language  processing,
computer vision, and additional technologies
applicable across diverse sectors and industries
(4). The term 'big data' denotes a vast and
varied assemblage of data, usually produced
by numerous sensors or mobile devices,
extracted from the internet and other origins,
encompassing organized and unstructured
data, including text, photos, and videos. These
data collections are typically defined by high
velocity, high  volume, and  high
dimensionality, necessitating storage,
processing, and analysis through specialized
technologies, commonly known as 'big data
technologies.' In the food industry, big data
analytics can forecast market demand, enhance
the supply chain, elevate food safety and
quality, and provide enterprises with additional
opportunities and competitive  benefits
(4,17,31,52,56).

Artificial intelligence significantly
contributes to food science and industry by
enhancing the efficiency of cleaning-in-place
(CIP) systems, managing supply chains (33),
developing new products aligned with
consumer preferences, categorizing fresh
produce, ensuring food quality
(42,47,50,58,69), controlling processes
(45,70), processing images (29,69), evaluating
sensory attributes such as odor and flavor (2),
and, crucially, conserving time and resources
(9). It has also recently grown to include
predictions about keeping an eye on food
safety and illnesses that come from eating
(9,36,42,47,65,70). Machine learning
positively influences sales of fast-moving
consumer goods, particularly perishable food
products, enhancing supply chain efficiency,
profitability, and consumer accessibility (60).

Application in food industry

The role of artificial intelligence in these
challenges is to assist both in overcoming
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these difficulties and in creating, diversifying
and improving products (Figure 1) (43).

Applications of artificial intelligence in the
food industry are expressed in the following
areas (43):

v Sales forecasting. Artificial
intelligence can track customer
preferences and purchases to predict
sales.

v' Predicting consumer preferences and
purchasing methods by tracking
customer emotions on social media
processes and analyzes data to sort
their posts and label them as positive,
negative or neutral.

v Improvement of food products. Many
food brands are improving their
product offerings by using artificial
intelligence and deep learning
technologies to  create  flavor
combinations that will be popular with
consumers.

v Inventory forecasting. Artificial
intelligence can provide accurate
guidance for better market analysis.

v' This will facilitate pricing, inventory
forecasts and more accurate planning.

v" Supply chain improvement. Food
safety regulations are becoming more
and more stringent, requiring full
transparency in  supply  chain
management for food industry
businesses. The need for Al-driven
supply chain tracking can optimize the
supply chain to increase enterprise
profitability.

v Sorting for quality assurance. Sorting
is one of the most labor-intensive
operations in the production process. It
can be facilitated with the help of
artificial  intelligence. This will
contribute to increased productivity,
reduced scrap and higher quality.

v" Food security. The food industry is
faced with the challenge of meeting
the increased demand for food, due to
the growing world population, climate
change, decreasing areas of
agricultural land, etc.

v’ Food  safety.  With artificial
intelligence, practices that are not in
line with the corporate policy for
healthy and safe production can be
identified.
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Table 1 shows the areas where Al and ML
can be implemented in the food industry to
enhance food quality while keeping up with
the food industry's problems. These are not the
only applications of Al; they can also improve
food processing, storage, and transportation.
Intelligent technology, such as robots and
drones, can also help reduce packaging costs.
It will also help with food delivery work
fulfillment in hazardous areas and the
provision of high-quality items (24,31,32).

Data collection and analysis divide the
food industry into four categories, as shown in
Figure 2.

The first category is smart farming. Al
has various significant uses in food, such as
soil monitoring, robocropping, and predictive
analysis(32).

Smart transportation constitutes the
second category. The transportation sector is
evolving due to artificial intelligence. It has
been utilized across various industries,
including automobiles, trains, ships, and
aircraft, as well as in optimizing traffic flow. It
possesses the potential to transform the food
industry and all modes of transportation,
enhancing  their safety, environmental
sustainability, intelligence, and efficiency.
Artificial intelligence-assisted autonomous
mobility may mitigate human error, a
significant factor in road accidents.
Nonetheless, there are tangible risks linked to
these  scenarios, including unintended
consequences and potential exploitation, such
as cyberattacks and biased transit decisions.In
addition to ethical concerns, there are further
implications for employment about the
accountability of artificial intelligence for
decisions made in the absence of human
oversight (31,32).

The third category includes smart
processing. Artificial intelligence (AI) is
attracting the attention of businesses across all
sectors and industries, including food
processing and handling (FP and H). Al exerts
both direct and indirect impacts on the FP and
H sectors. It indirectly aids farmers in weather
forecasting, allowing them to generate superior
raw materials for food processing companies,
hence minimizing costs related to product
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sorting.  Artificial  intelligence  assists
transportation companies in minimizing
shipping prices, hence lowering transportation
costs for food manufacturing enterprises. In all
circumstances, it aids FP and H firms in
reducing revenue (32).

The final category of financial
inclusion is intelligent distribution and
consumption. The name signifies the intended
application of agricultural products in FI.
Machine learning (ML) can effectively address
challenges such as optimizing delivery routes,
managing raw material supply, predicting
demand for particular food items, and
enhancing logistics planning.  Machine
learning can help with distribution problems
by determining where the delivery person
should be based on current or expected traffic
conditions and then telling them the best way
to get there in real-time. Numerous
applications in the food service industry today
aid in forecasting the quantity and type of food
orders, along with the associated inventory.
(32).

Statistical analyses of visitor traffic
and the required food products over time can
utilize the data. The data are put together by
combining information from past customer
interactions, like their meal preferences,
habits, and complaints, with details about what
goods were available then (32).

Al in food enzymes development

Artificial intelligence has
demonstrated significant efficacy in examining
the links between enzyme structure and
function. Al is anticipated to facilitate the
simulation of the most complex reactions
executed by process-aid enzymes in food
processing. This presents a significant benefit
over traditional approaches employed to
enhance these enzymes, which account for a
restricted number of parameters and fail to
consider the actual food processing
environment (5).

Wang et al. (66) have recently
examined the advantages of Al-assisted design
and engineering of enzymes for food
processing applications. The substantially
reduced computing time is A primary benefit
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of Al in food enzyme engineering.
Significantly less time and resources are
utilized than conventional physical approaches
while  potentially  providing  extensive
knowledge that aids in innovative product
development.

Al in precision fermentation

Al-driven methodologies have
garnered significant interest recently in the
domain of industrial microbiology. Al
techniques provide a significantly accelerated
comprehension of the optimal modifications to
implement in the microbial genome to enhance
the yield of a desired chemical. Al tools
facilitate the editing and customization of
microbes for the synthesis of specific
chemicals required in the food business, while
also assisting in the storage and manipulation
of extensive data sets generated from the
integration of experimental and in silico
studies. Currently, numerous food
organizations are concentrating on this
emerging technology to address the expanding
variety of food demands (5).

Al in food safety and food toxicity

Food safety is crucial to human
survival and health. Al is used in food supply
chain management, quality control, sorting,
and hygiene. Food fraud was predicted by a
Bayesian network model (MedISyss-FF)
developed by the European Union’s Rapid
Alert System for Food and Feed (7). In
contrast, the U.S. FDA (Food and Drug
Administration) has used Al to develop a
model for predicting aflatoxin to help identify
low- and high-risk seafood sourcing (18).
Similarly, a study conducted in Taiwan by
Chang et al. (8) describes the development of
an automated alarm system for food safety.
Microbial toxins and toxic chemicals are
significant factors contributing to food safety
risks. The methodologies currently used to
detect such risks are costly and time-
consuming. Integrating Al and machine
learning software into the conventional
methods used for assessing food toxicity has
led to significant improvements in the rapidity
and cost-effectiveness of food analyses to
detect toxic compounds of both chemical and
biological origins. Managing large datasets
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enabled by Al tools allows one to detect and
classify poisonous compounds rapidly and
efficiently. In this context, the chemical
migration from package to food can also
represent the risk of food toxicity (5).

Wang et al. (66) have developed an
Al-based system that addresses these issues by
utilizing a mix of data related to chemical
properties, material type, food category, and
temperature. The rapidity of Al-driven
methodologies facilitates the examination of
deleterious compounds throughout all critical
phases of food production. The varied shapes
and sizes of food items often hinder the
advancement of Al-based food sorting and
packaging. Once implemented, Al can
enhance decision-making and automation,
resulting in rapid, efficient, and hygienic
operations, among other benefits. TOMRA
and TensorFlow are two leading Al
technologies that employ a combination of
high-resolution cameras, laser technology, X-
ray systems, and infrared spectroscopy.
Product sorting efficiency has reportedly risen
by around 90% due to these strategies (34).

Al in food pathogen microbiology

Artificial intelligence and machine
learning are discovering crucial uses in food
pathogen microbiology. Microbial infections
in food can lead to food poisoning or
deterioration. In traditional laboratories, food
samples are examined for pathogens by
isolating contaminants on agar plates,
thereafter undergoing biochemical analysis.
These procedures are inefficient and
frequently hindered by the difficulty to isolate
bacteria using the growth media accessible in
ordinary laboratories. Al applications can
significantly decrease detection time and
enhance sensitivity (5).

Lupolova et al. (38) demonstrated that
Al-based techniques can ascertain host
specificity and zoonotic potential of species
such as Salmonella enterica and Escherichia
coli, which is of significant relevance to public
health.

Wang et al. (64) utilized an Al-based
technology platform to identify bacterial
growth in under 3 hours and accurately
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classify over 80% of bacterial kinds within
about 8 hours, resulting in a time savings of
over 12 hours compared to traditional
approaches.  Artificial  intelligence  is
facilitating the deployment of technologies and
tools for food safety, enabling the swift and
precise identification of adulterations and
microbial  contaminants. This  includes
hyperspectral imaging (HSI), which integrates
traditional imaging with spectroscopy (23),
and innovative electronic devices like
electronic noses (ENs), which are automated
detectors of odors or microbial growth that
amalgamate chemical sensor arrays with a
pattern recognition system (20).

Al in precision nutrition

Precision nutrition synthesizes genetic,

metagen omic, metabolomic,
physiopathological, behavioral, and
sociocultural ~ factors to  comprehend

metabolism and human well-being, facilitating
the implementation of health interventions
(37). This signifies a developing subject within
the field of food biotechnology. Gut bacteria
and dietary components exhibit a mutually
reliant relationship. Gut microorganisms
convert food components into metabolites that
affect and modulate the host's immunological
and metabolic responses, while dietary
components determine the type and functional
characteristics of the gut microbes. These
exchanges are often intricate and highly
individualized. Al serves as a potent
instrument for analyzing extensive datasets
and conducting thorough studies to formulate
dietary guidelines aimed at mitigating disease
onset and progression (14). Artificial
intelligence is increasingly employed to
analyze gut microbiota and utilize the findings
to develop diagnostic and therapeutic
interventions for critical diseases. Al
algorithms are adept in establishing
correlations among nutrition, health, and
dietary behaviors (13).

Artificial intelligence techniques in food
engineering

In the food industry, it is seen that
solution tools such as ANN (Neural Network),
Fuzzy Logic and Genetic Algorithm are
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widely used in solving problems and
performing their analyses.

Artificial neural networks (ann)

One of the most studied subjects
within the scope of artificial intelligence
science is artificial neural networks. ANNs are
systems that learn the relationships between
events from examples and then make decisions
using the information they have learned about
examples they have never seen (44).

In order to increase quality and control
capacities in the food industry, modeling of
multivariate data obtained from computer
imaging analysis, electronic nose and
electronic tongue analysis is successfully
applied in analysis applications using artificial
neural networks, fuzzy logic and genetic
algorithm processes (15,55,67). In studies on
dairy farming (19,25,30), in a study on the
shelf life of yoghurts (55), in modelling the
heat treatment applied to canned foods (22), in
a study to determine the temperatures and the
time required to reach thermal equilibrium in
foods processed in high-pressure food
processes (62), in modelling the drying of
tomatoes (41), in a study to determine the
correlation  between the  farinographic
properties of dough and the protein content of
flour, wet gluten, sedimentation value and
falling number (46), in the sun drying of foods
(63), in the Biomass Generation with Artificial
Neural Network in Industrial Baker's Yeast
Fermentation It has been used in the
classification of whole corn kernels by
separating them from broken ones (35), in the
determination of rheological properties of
dough (48), in the classification of wines by
determining anthocyanin contents (27), in the
evaluation of heat processes in foods, in the
estimation of heat conductivity according to
apparent porosity, temperature and moisture
content in foods, in the infrared spectrometry
(NIRS) in yogurt fermentation (11), in the
modeling of process according to galactose,
lactate and lactose contents with artificial
neural networks with the data obtained from
the measurements with electronic nose
(electronicnose-en) and bioreactor probes (68),
in the estimation of the freezing time of food
products (40), in the characterization and
classification of some teas (12), in the
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determination of physical properties of oat
varieties (59), and in the classification of
durum wheat varieties (61) they have achieved
success using artificial neural networks.

Fuzzy logic

Fuzzy Logic is a mathematical
discipline. In daily life, people solve problems
by making decisions using linguistic qualifiers
that are not fully defined and numerical (such
as cold, slightly cold, lukewarm, hot, very hot,
etc.). The reason why people can control some
systems better than machines is based on the
fact that people have the ability to make
decisions using some information that cannot
be expressed with certainty (uncertain). In
Fuzzy Logic, approximate thinking is used
instead of thinking based on definite values
(54,56).

Fuzzy Logic provides the opportunity
to be used in areas such as clustering,
classification, product grading, product design
in foods. In the food industry, it is used in
biochemical processes that are highly
nonlinear and difficult to control, and in the
control of bacterial growth with biochemical
reactors (26).

Fuzzy logic modeling is used in
applications in cooking pressing processes in
cheese making (26), estimation of frying time
in foods (49), classification of apples
according to their hardness levels (53),
classification of tomatoes according to their
quality criteria (28), classification of pizza
(57), assessment of food safety (1), pH control
in food production (10), use as a preservative
in essential oils and fruit juices (6), modeling
of kefir production (3), optimization
opportunities in the dairy industry (16) have
used.

Genetic algorithm

Genetic Algorithms (GA) are search
algorithms based on natural selection and
natural genetic mechanisms (21). GA was first
studied by John Holland in 1975, and in the
last thirty years, successful applications have
been made in many areas from scheduling to
network optimization to find solutions to
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difficult optimization problems. GA, which is
quite successful in capturing global optima
without getting stuck in local optima, does not
require special mathematical analysis for
optimization problems. The user can easily
code the problem without having in-depth
mathematical and algorithm knowledge. Due
to this feature, GA is used in areas such as
process modeling in foods, product design,
control of storage systems, and estimation of
product yield (21). Application of genetic
algorithm and adaptive network based fuzzy
inference systems for parameter optimization
and estimation in drying of foods was used to
determine sensory properties of fast foods.

Conclusion

In conclusion, artificial intelligence
and machine learning can be utilized along the
entire farm-to-fork continuum. This include
forecasting climate change, agricultural yields,
meteorological patterns, precipitation
conditions, soil quality assessment, optimal
seed selection and planting techniques, as well
as the management of dairy farms for animals
and poultry. Additionally, it encompasses the
administration and repurposing of several
waste categories. The algorithms demonstrate
efficacy in the manufacturing phases of food
products, functional foods, and nutraceuticals,
encompassing formulation, sensory evaluation,
industrial  processing, analytical testing,
nutrient content evaluation, packaging,
storage, and food supply chain management,
while ensuring food quality and safety.
Furthermore, it encompasses food distribution,
customer delivery, pleasure with consumption,
and the evaluation of how food or alternative
medicine intake influences human health, both
physically and psychologically. It involves
monitoring food consumption quantities,
caloric values, efficacy, dietary control, and
facilitation through prospective artificial
intelligence techniques. The capabilities of
artificial intelligence-based approaches and
technologies facilitate the prediction and
regulation of food-related crystallization
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processes,  ultimately  improving  both

processes and products. The implementation of
artificial intelligence, machine learning, and

associated  technologies  establishes a
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industry
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management

_ Food Safety -
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Food quality -

Management using image processing and recognition
technologies;

Using Al in fertilizer management to ensure safe food
raw materials

By performing inspection and classification of food
products using Al and image processing

By using robots for food safety and food warehouses

By ensuring food security using smart technologies
and information sharing mechanisms.

By using Al to improve food quality;

Through the use of mathematical modeling techniques
related to food quality management;.

[By applying machine learning techniques to increase the
productivity of high-quality food products.

By managing pesticides using artificial intelligence.

Fig. 1. Role of Al in the food industry
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COLOR MEASUREMENT
CAPABILITY OF SMARTPHONES:
ANALYSIS OF CHOCOLATE COLOR
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Abstract Color measurement of foods can be made with many techniques, both sensory and
instrumental. With the developing technology, fast and low-cost innovative techniques are
getting more attention. In this study, color analysis made through smart phone application
compared with the colorimetric method. In this context, the color differences of chocolates
with various cocoa solids ratios were calculated. Taking advantage of the accessibility and user
friendliness of smartphones, images were taken from the sample surface in a regular illuminat-
ed home/office environment. Photos taken from the phone gallery were measured with the
Color Grab (Loomatix) application. Correlations of L*a*b* color values obtained in CIE Lab
space system were calculated. These values were also used to calculate the Total Color Differ-
ence (AE) and Whiteness Index (WI). As a result, it has been observed that the color of choco-
late, which is considered as a food sample in the study, can be measured with a smart phone
application, which is a faster and less costly method. It is predicted that smart phone applica-
tion can be used as a very practical tool in the measurement of food quality due to its update-
ability, ability to storage and shareability of measurement information on smartphones.
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Introduction

Color is a perceptual phenomenon that
depends on the observer and the conditions
under which the color is observed. This
phenomenon depends on the properties of light,
which can be measured in terms of intensity and
wavelength. The concept of color emerges
when light reaches the retina of the human eye
at different wavelengths. The perception of
color by the eye varies due to the light striking
objects and partially reflecting them. This
situation is defined as hue or color. The color of
matter becomes visible only when light from a
bright object or source illuminates or hits the
surface (1).

The color of food is a key indicator of
its quality, influencing how we assess freshness,
ripeness, and safety. Bright, vibrant colors often
signal freshness, on the other hand dull or faded
colors or changes in color may create negative
perception. Briefly, color is one of the most
important sensory aspects of food products. As
well asindicating its likely freshness and
flavour, it can also influence consumer choice
and enjoyment of a  product. Thus,
measurement of the color of food products play
a crucial in role for food quality and safety.

Color determination can be done by
visual inspection or by using color measuring
devices (colorimeters). Despite the differences
in lighting, human control is quite successful,
but in this case, color determination is
subjective since it varies from observer to
observer. Color standards are used as reference
materials to make a more objective color
analysis. Their use in this way is slow and
requires special training of observers. For this
reason, the use of colorimeters has become
widespread (2). Thus, more accurate, effective
and repeatable analyzes have become possible
(3). These tools are essential for applications
requiring consistent and precise color analysis.
However, for casual users, small businesses, or
non-critical tasks, a cost-effective and
accessible alternative must be offered.

Smartphones, with their sophisticated
cameras and processing power, are emerging as
a viable option for basic color measurement.
With the help of specialized apps and
accessories, smartphones can approximate color
analysis for non-critical tasks.
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Currently, smartphones function as
portable  microcomputers,  capable  of
performing complex tasks while remaining
lightweight, mobile, and suitable for real-time
monitoring. According to statistics, there are
currently over 7.2 Dbillion smartphones
worldwide and it is estimated to exceed 8 billion
in 2029. This high penetration rate, coupled
with a vast user base, makes smartphones
increasingly accessible tools.

Equipped with advanced technical
features—such as high-speed processors, digital
cameras, batteries, high-resolution displays, and
intuitive user interfaces—smartphones are well-
suited for various types of measurements.
Wireless data transfer technologies, including
Wi-Fi, Bluetooth, and cellular services, enable
real-time viewing of results and seamless data
sharing. Recent studies have demonstrated that
smartphones, when integrated with appropriate
accessories, can serve as portable laboratory
tools for applications like food analysis (4-12).

Moreover, verification and quality
assessment of food products can be made from
photographs obtained via smartphones (13). In
our group, smartphones had been previously
used for colorimetric paper-based sensors (14),
and their capability of being low-cost
spectrophotometer alternative were investigated
(15). Smartphones worked great for measuring
color of solutions or paper zones.

The aim of this study is to determine
whether food color analysis via a smartphone
application is an alternative to conventional
methods.

Within the scope of the study, the
measurability of color, which is a quality and/or
safety criterion for food products, was
examined with a smartphone. In this context,
the color of chocolate samples containing
different cocoa solids was measured with a
smartphone. The results obtained with
smartphone were compared with the results of
the colorimeter, and their performance was
evaluated.

Material and methods

Material

Chocolate samples produced under 10
different brand names were purchased from a
local market in Ankara and stored at room
temperature. In total, 36 chocolate samples,

634



Arslan and Bag

ISSN 2667-5803

weighing between 60-80 grams, were studied
and the samples were coded and grouped
according to the brand. The complete list of
chocolate products and their cocoa mass content
were given in Table 1. The cocoa mass content
values in Table 1 refer to the amount of cocoa
mass declared on the label by the manufacturer.

Color measurement

Portable Colorimeter: Color analysis of
chocolate samples was performed with a
colorimeter (Model CR400, Konica Minolta,
Japan). For each sample, color measured from 5
different points and every measurement was
performed twice. Color values of the samples
were recorded in CIE Lab color system.

Smartphone: Color  measurement  via
smartphone was made using the Color Grab
(Loomatix © 2021 Version 3.9.2) application,
which can run on the Android operating system
and is accessible from the application store. A
Samsung SM-A51 5F model smartphone was
used to capture images. The sample images
were taken under stabilized camera features
according to the variables in Table 2.

Image acquisition and capture

The photographing procedure was
carried out between 12:00 and 15:00 in a closed
environment with variable daylight to meet the
conditions of being simple, versatile and low
cost. The samples were placed on a certain
brand-model A4 paper to ensure that the
background color was standard and sustainable.
To prevent color differences that different light
angles could «create in the samples,
measurements were carried out by positioning
the samples differently on the A4 paper. The
results were obtained by taking the average of
these measurements. Photographs were taken
from a distance of 30-50 cm, in 4 different
positions, and images were obtained in 4
different positions for each sample (Figure 1).
For color analysis, L*, a* and b* values were
obtained via Color Grab application in the CIE
Lab system by browsing from the phone’s photo
gallery and taking measurements from 5
different points of the chocolate sample image.

Color value calculations

Total color difference (AE): The total color
difference is the linear distance in color space

Journal of Food Health and Technology Innovations
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between the two set of co-ordinates and defined
by the Equation 1. Total color difference value
of the samples was calculated by the taking the
A4 paper as our reference point. In equation 1,
Lo*, ao* and bo* values refer to the average L*,
a* and b* values of A4 paper under each
sample.

AE=\(AL)2, (Aa)2, (Ab)? (1)
AL = L"- Lo’
Aa=a't- a0’
Ab = b"- bo’

Whiteness index (WI): WI is the condition in
which the color of an object appears different
depending on the light source. Although
substances appear to be the same color when
viewed under the same light source, they may
appear to be different colors from each other
under different light sources. In addition to the
CIE L*a*b* system provided by the
colorimeter; it can be used to define the
character of color quality (chocolate surface
color). It is an important quality measurement
parameter for measuring the color of chocolate,
which changes depending on the change in
temperature conditions or inappropriate storage
conditions after the cooling phase of the
chocolate. It is calculated using Equation 2 (16-
17).

WI= 100-V ((100-L)2 +a2 +b2 ) )

Results and Discussion
Comparison of measured color values

The L*, a*, b* data measured with the
colorimeter are given in Table 3. Among the
same group of chocolate samples, the lowest L*
values were observed in the chocolate samples
coded U6, N5, E4, T2, V2, M2, BS, O3, P2 and
G1; the highest L* values were observed in the
white chocolate samples coded U1, N1, M1, B1
and OIl. L* is the brightness-lightness
component and its values vary between 0-100.
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“0” gives information about darkness and “100”
about lightness. Within the scope of the
obtained data, it was observed that the L* values
of the chocolate samples specified as “bitter
chocolate” and with a cocoa dry matter ratio
higher than 35% were at lower values (close to
0). It was observed that the L* values of the
chocolate samples specified as “white
chocolate” in the label information, and which
did not contain a cocoa mass were at higher
values (close to 100). The average color ranges
of all measured samples were measured
between 23.35 and 83.72 for L* values.

In the CIE Lab system, the a* value is
the component that shows the color change
from green (-a) to red (+a) and varies between
(-120) and (+120). According to the obtained
data, no similarity was observed among the a*
values of the samples. It was observed that the
average color values of the a* values of all
measured samples were between -5.09 and
10.30.

In the CIE Lab system, the b* value is
the component that shows the color change
from blue (-b) to yellow (+b) and wvaries
between (-120) and (+120). When the b* values
were compared according to the obtained data,
it was seen that all of them consisted of positive
values, showed a similarity to the L* values and
were inversely proportional to the cocoa mass
content as expected. The average color values
of the b* values of all measured samples were
measured between 1.91 and 27.82.

These results show that L* values have
a wider distribution, and the chocolate sample
colors are generally in reddish-yellow color
tones. In the white chocolate sample samples
(U1, N1, M1, Bl and O1), the a* values are
negative and the b* values are positive, and the
b* values are measured higher than the other
sample values. These results confirm that the
white chocolate samples have greenish-yellow
color tones (the change of the a* color
parameter from negative to positive indicates
that the color changes from green to red).

L* a* b* data measured with a
smartphone application are given in Table 4. In
a similar manner, the lowest L* values were
observed in U7, N4, E3, T2, V2, M2, B5, O3,
P2 and G1 coded chocolate samples; the highest
L* values were observed in U1, N1, M1, B1 and
O1 coded white chocolate samples. It was
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observed that the average color ranges of all
measured samples were between 25.2 and 88 for
L* values.

When the a* values of the samples were
examined, it was observed that there was no
closeness or similarity between the samples in
terms of cocoa dry matter, and it was seen that
the average a* values of the samples were
measured between -3.3 and 18.1. When b*
values were examined, it was seen that they
were inversely proportional to cocoa dry matter,
as in L* values. The b* values of the samples
were measured between -5 and 32.2.

Total color difference

In order to calculate the total color
difference for each chocolate sample, the L*,
a*, b* values of the A4 white paper measured
with the colorimeter and smartphone
application were calculated as Lo*, ao*, bo* in
Equation 1, and the values given in Table 5 were
obtained. In an effort to make a better visual
evaluation, the data in Table 5 has been
converted into a graph (Figure 1). As can be
seen from the figure, there is a close similarity
between the Total Color Difference value of
the samples.

Whiteness index (WI) values

Calculated Whiteness index (WI)
values of the samples were listed in Table 4 and
they were visualized in Figure 2 for better
comparison. As with the Total Color Difference
values, there is a close similarity between the
values of colorimeter and smartphone.

Last of all, collected data were analyzed
and smartphone data were compared with the
colorimeter data. In this context, colorimeter
data was accepted or recognised as standart. The
coefficient of determination (R?) and absolute
average deviation (AAD) were determined, and
these values were used to compare smartphone
with colorimeter. The AAD is calculated by
Equation 3, where yico and yiphone denote the
colorimetric and smartphone data, respectively,
and p is the number of sample.

AAD = {[Zf’:l( |Yi,t:ol—yi,phone |/yi’wl)] /p} < 100 (3)
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R? and AAD values for Total Color
Difference were found to be as 0.99 and
18.98%, respectively. For the Whiteness Index,
the R? were determined as 0.99 and the AAD
value was calculated as 13.67%. Although the
R? values found were acceptable, it was
observed that the calculated AAD values were
above 10%, which shows that the method has
room for improvement.

Conclusion

In this study, samples of chocolate, a
widely consumed food product, were analyzed
to measure the usability of smartphone
applications in daily life. The effectiveness of
this new method was questioned by comparing
the measurement data obtained from the
colorimeter and smartphone applications of
various chocolate samples containing different
amounts of cocoa solids.

Smartphones, which are easy-to-use,
portable and fast devices, are increasingly
preferred in the field because they do not require
expensive equipment or high levels of expertise.
For this purpose, it is quite practical to use a
smartphone with a processor and detector
function. Smartphones are available
everywhere and the calculated numerical values
can be easily shared over long distances thanks
to internet access. Smartphones, which do not
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require any cost and are owned by almost
everyone today, have the potential to perform
routine tests performed by trained personnel
using laboratory instrumentation quickly and
on-site.

Many advanced smartphone-based
devices have been identified, showing
applications in the food safety sector, as well as
in medicine, the environment and industry. The
real question is perhaps when these
smartphones will start to be widely seen on
farms, restaurants and markets. Because this
will mean a greater awareness of what we eat.

This study has shown that smartphones
can be used as an effective tool for color
analysis in foods and can store information
about color differences in foods. Considering
the prevalence of smartphones, it is an exciting
result that consumers can quickly access
information about the appearance of foods
regardless of time or place. Future research can
be devoted to the accessibility of applications
that will provide access to color information
about foods using smartphones and the
development of these applications.
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Table 1. Cocoa mass content of chocolate products and their groups

GROUP Sample Code Cocoa Dry Matter Ratio
Ul ‘White chocolate
u2 29%
U3 30%
U U4 52%
U5 53%
U6 60%
u7 80%
N1 ‘White chocolate
N2 29%
N N3 55%
N4 60%
N5 82%
El 32%
E E2 45%
E3 54%
E4 70%
M Ml ‘White chocolate
M2 33%
B1 ‘White chocolate
B2 30%
B B3 31%
B4 36%
B5 60%
B6 85%
01 ‘White chocolate
0 02 34%
03 61%
v Vi 30%
V2 57%
T T1 30%
T2 60%
P P1 37%
P2 57%
Gl 52%
G G2 72%
G3 90%

Table 2. Smartphone camera settings

Image size 3000 x 4000
Zoom -
Flash mode off
White balance Fluorescent
Operation mode Manual
Aperture £/2,0
Shutter Speed 1/50 s
Recording Type JPEG
Focal Length 4.60 mm
Resolution 72 dpi
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Table 3 Average L*, a* and b* values of the samples obtained via Portable Colorimeter

SAMPLES Portable Colorimeter
L’ a’ b*
U1 83,00(= 0,0) -3,8(£ 0,0) 27,11(£0,2)
U2 36,04(x 0,0) 9,72(% 0,0) 11,19(= 0,0)
U3 35,26(+ 0,4) 10,01(= 0,0) 11,38(= 0,0)
U4 27,85(x0,1) 5,19(=0,1) 4,19(=0,0)
U5 41,22(+ 1,5) 4,12(+0,2) 7,14(=0,2)
U6 25,28(+ 0,0) 3,76(% 0,0) 2,89(+ 0,0)
u7 26,60(+ 0,0) 3,33(= 0,0) 2,75(x 0,0)
N1 77,50(% 0,7) -1,00(= 0,0) 27,80(= 0,4)
N2 33,89(x£ 0,2) 8,90(= 0,0) 9,49(=0,1)
N3 27,00(x 0,0) 4,98(% 0,0) 3,93(=0,1)
N4 26,57(+0,1) 4,15(=0,1) 3,21(=0,0)
NS 24,97(£0,2) 2,90(x= 0,2) 1,91(=0,1)
El 35,06(+ 0,1) 8,77(x= 0,0) 9,88(=0,0)
E2 28,40(+ 0,0) 5,94(+ 0,1) 4,92(+0,1)
E3 26,46(+ 0,1) 4,09(= 0,1) 3,03(=0,0)
E4 25,78(+ 0,1) 3,94(= 0,0) 3,00(= 0,0)
M1 83,72(= 0,4) -5,09(=0,1) 27,82(+ 0,0)
M2 39,01(x 0,0) 10,30(x 0,0) 13,00(= 0,0)
B1 80,50(x£ 0,7) -2,00(= 0,0) 24,00(= 0,0)
B2 36,43(x 0,0) 9,36(= 0,0) 12,10(%= 0,0)
B3 36,60(+ 0,0) 9,56(% 0,0) 12,76(+ 0,0)
B4 32,02(+ 0,0) 8,88(+ 0,0) 9,69(+ 0,0)
BS 23,35(x+ 0,0) 3,11(= 0,0) 2,90(= 0,0)
B6 25,95+ 0,1) 4,51(x 0,0) 3,53(=0,0)
01 81,49(= 0,0) -2,54(+ 0,0) 23,84(+ 0,0)
02 36,39(x 0,1) 8,52(+ 0,6) 11,46(= 0,0)
03 27,12(+ 0,0) 3,33(=0,1) 3,13(=0,0)
\%| 35,35(+0,9) 9,55(= 0,0) 11,45(= 0,0)
V2 25,79(x 0,0) 4,39(% 0,0) 3,86(= 0,0)
T1 37,10(= 0,1) 9,49(%= 0,1) 11,89(% 0,0)
T2 26,25(+0,1) 2,12(% 0,0) 1,95(= 0,0)
P1 34,41(+ 0,0) 9,27(% 0,0) 10,66(+ 0,0)
P2 28,00(% 0,3) 5,74(x= 0,2) 5,03(=0,1)
Gl 28,47(£ 0,5) 6,79(= 0,1) 5,46(x 0,0)
G2 29,13(£0,2) 4,83(% 0,0) 3,85(x=0,0)
G3 35,45(x2,1) 4,42(= 0,0) 5,69(=0,6)
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Table 4 Average L*, a* and b* values of the samples obtained via smartphone and mobile app

Samples Smartphone
L a’ b*
Ul 84,0(+5,1) -3,3(x2,0) 31,8(x4,9)
U2 43,7(+ 6,4) 16,3(+ 3,2) 20,8(+3,9)
U3 46,2(+ 8,0) 16,3(+ 3,1) 20,5(x3,4)
U4 36,1(+ 3,9) 9,2(£3,1) 8,5(+ 4,6)
Us 34,9+ 4,1) 8,4(x2,8) 8,1(=3,5)
U6 32,0(% 6,8) 2,4(= 1,6) 5,5(=4,0)
u7 28,9(+ 6,1) 2,0 1,9) 6,9(% 3,0)
N1 83,2(£8,1) 44(%1,3) 22.8(x24)
N2 42,3(x7,7) 14,2(+ 3,5) 10,2(x 3,1)
N3 32,3(=3.4) 9,0(=2,6) 42(+1,3)
N4 27,3(+4,5) 7,8(=2,9) 2.2(+2,0)
N5 28,5(= 4,5) 4,7(% 1,6) 0,0(=2,5)
E1 43,7(£5,9) 18,1(x 2,8) 11,4(x2,6)
E2 31,5(x2,0) 13,1(=2,0) 3,5(x1,9)
E3 29,7(+ 2,0) 8,2(x2,0) -0,1(=2,1)
E4 30,3(= 2,0) 7,1(=2,0) -0,8(=2,1)
M1 85,9(+ 3,3) 1,9(= 1,0) 251(x2,7)
M2 42,6(x2,9) 14,1(= 1,7) 15,9(= 1,9)
B1 85,8(£ 3,0) -2,4(x0,7) 32,2(x1,9)
B2 39,5(+ 2,8) 15,0(= 1,3) 27,0(= 1,8)
B3 38,9(+ 2,6) 12,0(=2,3) 26,0(+2,3)
B4 33,7(£3,0) 12,1(x2,1) 20,3(x2,1)
BS 25,2(=2,4) 2,7 1,2) 72(=1,7)
B6 25,3(£3,3) 3,4(=1,6) 10,2(x 1,7)
01 88,0(=2,3) 1L,1(=1,2) 31,0(x2,6)
02 42,8(x1,7) 17,3(x 0,6) 22,1(+ 1,6)
03 27,8(=2,7) 4,5 2,0) 6,7(=0,9)
Vi 42.4(+ 3,6) 13,6(+ 1,9) 11,4(x 1,3)
V2 33,4(+£3,5) 5,4 1,0) 22(+1,3)
T1 42,8(x2,7) 13,6(+2,2) 7,3(+3,9)
T2 33,2(+3,0) 1,3(=1,4) -5,0£1,8)
P1 40,7(= 1,5) 15,6( 0,7) 15,0(x 1,2)
P2 36,1(+ 1,0) 8,0(x1,2) 4,5(x0,8)
Gl 33,3(= 1,3) 7,9 2,2) 5,0(=2,0)
G2 36,8(+2,3) 2,3(=1,4) 2,0(=1,1)
G3 42,6(+=2,8) 2,4(=1,3) 3,6(x0,9)
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Table 5. Total Color Difference and whiteness index (WI) values of the samples

Colorimeter Smartphone Colorimeter Smartphone
Samples
TOTAL COLOR DIFFERENCE (AE) WHITENESS INDEX (WI)
U1 87,4(x 0,0) 90,0(= 5,1) 67,8(x0,1) 64,0(=4.,9)
U2 39,0(=0,0) 51,3(+ 6,9) 34,3(= 0,0) 37,5(x5,0)
U3 38,4(+0,3) 53,4 7,7) 33,5(x04) 39,9(+ 6,8)
U4 28,6(=0,1) 38,6(% 3,7) 27,5(=0,1) 34,7(x4,1)
Us 42,0 1,5) 37,1(+4,3) 40,6(% 1,5) 33,8(+4,0)
U6 25,7(x0,0) 32,9(+ 6,3) 25,1(=0,0) 31,6(% 6.,9)
U7 26,9(= 0,0) 30,0 6,0) 26,5(= 0,0) 28,4(£5,9)
N1 82,3(=0,5) 86,5(+ 8,2) 64,3(x0,7) 70,5(% 4,6)
N2 36,3(=0,2) 46,0 7,7) 32,6(=0,1) 39,5(x7,1)
N3 27,7(x0,0) 33,9(= 3,1) 26,7(x 0,0) 31,5(=3,5)
N4 27,1(=0,1) 28,7(+4,1) 26,4(=0,2) 26,8(= 4,6)
N5 25,2(+0,2) 29,0 4,3) 24,9(x0,2) 28,3(+ 4,6)
E1l 37,5(=0,1) 48,7(x 6,5) 33,7(x0,1) 39,5(=4,7)
E2 29,4(+0,0) 34,5(% 5,6) 28,0(= 0,0) 30,0(=6,1)
E3 26,9(x0,1) 30,9(%4,2) 26,3(=0,1) 29,1(x4,4)
E4 26,3(+0,1) 31,3(=3,6) 25,6(=0,1) 29,8(+ 3,8)
M1 88,4(x0,4) 89,5(+ 2,8) 67,4(=0,2) 71,1(£3.5)
M2 42,4(= 0,0) 47,7(x£ 2,8) 36,8(= 0,0) 38,8(£2,9)
B1 84,0(x£ 0,7) 91,7(x 2,4) 69,0(x 0,4) 64,6(%2,7)
B2 39,5(x0,0) 50,2(+ 2,1) 34,6(% 0,0) 32,0(=2,8)
B3 39,9(%= 0,0) 48,4(+2,6) 34,6(+ 0,0) 32,4(+2,6)
B4 34,6(+0,0) 41,2(+2,9) 30,8(= 0,0) 29,5(=2,9)
BS 23,7(x0,0) 26,5(+2,1) 23,2(+0,0) 24.8(+24)
B6 26,6(%=0,1) 27,6(%2,5) 25,7(x0,1) 24,5(+3,4)
01 84,9(=0,0) 91,8(= 1,6) 70,0(= 0,0) 64,6(%3,1)
02 39,1(x0,2) 50,8(= 1,5) 34,8(+ 0,0) 36,4(=1,7)
03 27,5(x0,0) 30,2(£2,4) 27,0(x 0,0) 28,7(x2,8)
Vi 38,8(+0,8) 46,0(x2,8) 34,1(£ 0,8) 39,7(x3,9)
V2 26,4(=0,1) 34,0(=3,4) 25,6(=0,1) 33,2(£3.5)
T1 40,1(=0,0) 45,6(£ 3,1) 35,3(=0,1) 40,5(+ 2,5)
T2 26,4(=0,1) 33,7(« 3,0) 26,2(=0,1) 33,0(= 3,0)
P1 37,2(x£0,0) 454 1,5) 32,9(x 0,0) 36,8(= 1,4)
P2 29,0(=0,2) 37,8 1,1) 27,6(=0,3) 36,1(= 1,0)
G1 29,8(+0,5) 353 1,5) 27,9(=0,5) 31,6(x14)
G2 29,8(x0,2) 38,5(=2,3) 28,9(+0,2) 37,9(=2,3)
G3 36,2(+2,2) 45,1(x2,8) 35,0(=2,1) 44,6(+2,8)
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Figure 1. Images of chocolate samples in different locations captured with a smartphone camera
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Figure 2. Whiteness index of the samples (blue: portable colorimeter, red: smartphone)
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SALEP and ITS IMPORTANCE in
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Abstract

Salep is a one of the important cultural heritage of Turkey, recognized for its botanical diversi-
ty and traditional use in winter beverages and some desserts like icecream. Traditional salep
beverages, widely consumed during cold seasons, hold a special place in Turkish social and
cultural rituals. The cultivation of salep plants, particularly in Anatolia and the Aegean, trans-
forms this heritage into regional economic value. Artisanal production methods, including
meticulous drying and grinding, preserve its intrinsic qualities. Beyond being a biological
product, salep symbolizes cultural identity, becoming an essential part of Turkish cuisine
through its use in beverages, desserts, and ice cream. This study summurizes iformation and
emphasizes the importance of preserving and promoting salep as a cultural symbol. Its unique
sensory characteristics, cultural value and health supporting properties can drive regional
economic development and ensure its transmission to future generations. Recognizing salep
as both a product and cultural heritage is crucial for safeguarding this valuable plant.
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Introduction

Salep, a powdered product derived
from the tubers of orchid plants, is traditionally
consumed as a beverage and used in dessert
preparation in countries such as Turkey, Iran,
Greece, Syria, and neighboring regions. Turkey
stands out as one of the richest areas in Europe
and the Middle East for mid-latitude salep
orchids. According to the Turkish Plant Data
Service (TUBIVES), salep is classified under
the Orchidaceae family, encompassing 24
genus and 187 taxa. This rich biodiversity
underscores Turkey’s significant potential for
salep production. Salep species, predominantly
characterized by an annual vegetation cycle,
begin sprouting in late August to early
September and mature between April and June,
after which they enter a dormant state during the
hot summer months. Research on enhancing
salep production efficiency is guided by these
biological characteristics [1]. Salep is sourced
from the tubers of plants within the Orchidaceae
(orchid) family. Prominent species include
Orchis mascula (early-purple orchid), Orchis
militaris (military orchid), Orchis anatolica
(Anatolian orchid), and Dactylorhiza (spotted
orchid).

Regional cultivation of salep orchids in
Turkey

Salep, valued for its traditional and
economic significance, is primarily used in ice
cream and hot beverages. Turkey’s rich
biodiversity positions it as a global leader in
salep orchid varieties. The cultivation of salep
orchids is region-specific, influenced by
geographic and climatic conditions [2]. The
Marmara Region’s humid climate and fertile
soils support salep orchid species such as Orchis
italica, Orchis purpurea, and Ophrys apifera.
Natural growth occurs in forested areas, moist
meadows, and coastal zones. Key production
areas include Sakarya, Kocaeli, Balikesir, and
Bursa, with Sakarya emerging as a hub for
commercial salep cultivation due to favorable
environmental conditions [3]. In the Aegean
Region, species such as Serapias vomeracea,
Orchis anatolica, and Orchis italica are naturally
distributed in rural and mountainous areas, olive
groves, and forest edges. Prominent production
areas include Izmir, Aydin, Denizli, and Mugla.
Controlled cultivation is emphasized to
counteract the threats posed by overharvesting.
Salep orchids, including Dactylorhiza romana,
Orchis papilionacea, and Ophrys speculum,
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thrive in the Mediterranean Region’s high-
altitude forests, maquis, and mountainous areas.
Production is concentrated in Antalya, Isparta,
Mersin, and Adana. These regions’ biodiverse
and climatically suitable conditions facilitate
cultivation. The arid conditions of Central
Anatolia favor species like Orchis mascula and
Dactylorhiza umbrosa. Major production occurs
in Konya, Eskisehir, Kayseri, and Sivas. The
Ministry of Agriculture and Forestry has
implemented policies promoting controlled
cultivation to mitigate overharvesting risks [4].
The Black Sea Region’s humid climate and rich
vegetation foster species like Dactylorhiza
maculata and Ophrys fusca. Key production
areas include Trabzon, Rize, Samsun, and Ordu.
Despite favorable conditions, sustainable
practices are crucial to prevent species decline
[5]. Eastern Anatolia’s high-altitude landscape
supports species such as Orchis militaris and
Dactylorhiza osmanica. Production hubs
include Erzurum, Van, Agr, and Bingol
Controlled cultivation efforts aim to address the
impact of overharvesting [6]. The Southeastern
Anatolia Region features salep orchid species
like Orchis anatolica and Ophrys lutea.
Production is concentrated in Diyarbakir,
Mardin, and Sanliurfa. The region’s agricultural
landscapes support sustainable cultivation
initiatives.

Regional salep production in Turkey

Salep production in Turkey relies on
Orchidaceae tubers for powdered products used
in beverages and ice cream. Although statistical
data are limited due to wild harvesting,
estimates suggest annual production ranges
from 30-40 tons, with significant contributions
from provinces like Mugla and Samsun. In
2022, Samsun accounted for nearly 48% of total
production, emphasizing the dominance of the
Black Sea and Aegean (Table 1).

Historical perspective of salep

Salep (Orchis species) has played a
significant role across various civilizations,
serving botanical, medicinal, gastronomical,
and commercial purposes throughout history.
This paper summarizes the historical
development and uses of the salep plant from
antiquity to the present day. The initial
utilization of salep dates back to antiquity.
Hippocrates’ works highlight the aphrodisiac
and digestive benefits of salep [7]. Greek
physician Dioscorides emphasized the energy-
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enhancing properties of salep in his renowned
book De Materia Medica. Similarly, Pliny
(Naturalis Historia) and Theophrastus (Historia
Plantarum) elaborated on the classification and
medicinal uses of the salep orchid. During the
Middle Ages, salep emerged as a significant
nutritional and medicinal product in both the
Islamic world and Europe. Prominent scholars
such as Avicenna and Ibn Baytar recommended
salep for gastrointestinal issues and general
weakness. The practice of consuming salep
mixed with milk laid the foundation for the
modern salep beverage. Furthermore, salep
became a key commodity in Mediterranean and
Middle Eastern trade routes. In the Ottoman
Empire, salep gained popularity as a beverage
commonly served in coffeehouses. It also
became a crucial ingredient in the production of
Maras ice cream, acting as a thickening agent.
In Europe, salep—known as "saloop"—gained
prominence, especially in England, where it was
regarded as an exotic product and sold at
premium prices [8]. In the 19th century, the
export of salep from the Ottoman Empire to
Europe persisted. However, growing demand
led to overharvesting, which diminished the
natural habitats of salep orchids. By the 20th
century, the food industry developed
alternatives such as guar gum to replace natural
salep as a thickener. Despite this, countries like
Turkey and Iran maintained their status as
leading producers of salep [2]. In the 2Ist
century, salep continues to hold a place in both
traditional and modern gastronomy. Turkey has
initiated efforts to conserve natural resources
and cultivate salep orchids in greenhouses.
While natural salep powder remains a luxury
product, innovative uses such as salep-based
vegan ice creams and prebiotic products have
gained traction in the market. Nevertheless,
uncontrolled harvesting continues to pose a
threat to several orchid species. Salep remains a
vital component of Turkish gastronomy and a
growing trend in global culinary practices.
Throughout history, salep has bridged cultures,
influencing fields from gastronomy to
medicine. However, the development of
sustainable production methods and the
preservation of natural habitats are crucial for
ensuring its future.

Production stages of salep

Salep plants typically bloom during
spring and summer. During this period, the
tubers located underground are carefully
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harvested. Ensuring minimal damage to the
natural population of the plant is essential
during this process. The harvested tubers are
thoroughly washed to remove soil and other
foreign materials. Subsequently, they are boiled
in milk or water to enhance their durability and
inhibit enzymatic activity. This process also
helps eliminate undesirable odors.

Boiled tubers are traditionally strung on threads
or spread out to dry in shaded areas. This drying
process, conducted without direct exposure to
sunlight, hardens the tubers and ensures long-
term preservation. Once the tubers are
completely dried and hardened, they are ground,
typically using stone mills. The grinding
process involves multiple stages, including
crushing, refining, and pulverizing, to achieve
the desired fineness and homogeneity of the
salep powder. The ground salep powder is
rested for several days in a moisture-free and
sun-protected environment. This resting phase
helps stabilize the moisture content of the
powder. Afterward, the powder is packaged
under appropriate conditions, making it ready
for consumption (Figure 2).

Traditional use of salep powder

Salep powder is commonly consumed
as a hot beverage prepared by mixing it with
milk or water, particularly during winter months
[9]. It is often garnished with cinnamon, which
adds a pleasant aroma and flavor. This
traditional drink is favored for its warming
properties and its potential to support the
immune system during cold weather. Salep is a
key ingredient in Turkish ice cream,
contributing to its elastic and dense texture due
to its glucomannan content. It extends the
melting time of the ice cream and enhances its
flavor [10]. Salep is used as a thickening and
flavoring agent in various desserts and pastries.
Its addition to dishes like pudding, rice pudding,
cakes, cookies, and baklava helps achieve the
desired consistency and aroma. The mucilage
and other components in salep aid in regulating
digestion, soothing the stomach, and preventing
constipation. It is also used as a remedy for
soothing the throat, alleviating cough, and
relieving symptoms of colds. Due to its
moisturizing and skin-renewing properties,
salep is included in some cosmetic products
[11]. However, reliable and detailed sources on
this usage are limited. Additionally, salep plays
a significant role in cultural festivals and events,
particularly in the Middle East and the Balkans,
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where consuming salep as a hot beverage during
cold winter months is a traditional practice and
a social activity.

Components and health effects of salep

Glucomannan, a  polysaccharide
composed of mannose and glucose molecules,
is the primary active component of salep. When
in contact with water, it forms a gel-like
structure, giving salep its thickening properties
[12]. Starch constitutes a major portion of the
carbohydrate content in salep, serving as an
essential energy source. Mucilage is the plant-
based fiber content of salep promotes digestion
and supports intestinal health [13]. Salep
contains minerals such as calcium, potassium,
phosphorus, and magnesium, which contribute
to bone health and metabolism. Present in small
amounts, proteins contribute to the nutritional
value of salep and support muscle building and
cell regeneration. Natural fiber content
contributes to a feeling of satiety and aids in
digestion. Salep contains natural sugars
providing a mildy sweet aroma.

Chemical transformations of salep

When heated, the mucilage in salep
interacts with water to form a gel, enhancing the
viscosity of products. However, extreme
temperatures may degrade the mucilage
structure. Starch-like components in salep
gelatinize under high temperatures, influencing
product texture and stability. Salep is sensitive
to pH changes. Acidic or basic environments
can alter the chemical structure of mucilage,
affecting product consistency and stability. The
drying process in salep production can lead to
oxidation of certain components, affecting the
color and chemical composition of the product.
Phenolic compounds in salep may undergo
enzymatic oxidation upon exposure to oxygen,
leading to color changes. Additionally, natural
amylase enzymes in salep can degrade starch,
but these enzymes are deactivated at high
temperatures. Salep tends to absorb moisture
during storage, altering the characteristics of
mucilage. Prolonged storage may decrease the
chemical stability of certain components in
salep.

Chemical changes during salep beverage
preparation

Salep, derived from the tubers of orchid
plants, is primarily used as a thickening agent in
beverages. When heated with milk, various
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chemical interactions occur between the
components of salep and milk. Glucomannan in
salep absorbs water or milk, swelling to form a
viscous solution. This property forms the basis
of salep's thickening effect. During heating,
hydrogen bonds between glucomannan
molecules create a gel structure. This gel
increases the beverage’s density and gives it its
characteristic texture [14]. The mucilage in
salep dissolves in water, absorbing more liquid
when heated, which enhances its solubility.
This property contributes to a smoother and
more homogeneous consistency in the milk-
based beverage. The main proteins in milk,
casein, and whey proteins, denature during
heating, altering their structures. This
denaturation facilitates interactions between
proteins and components in salep, such as
glucomannan.

Denatured milk proteins interact with
glucomannan in salep, forming complex
structures that influence the stability and texture
of the beverage. During heating, lactose (milk
sugar) reacts with amino acids from salep or
milk, initiating the Maillard reaction. This
reaction contributes to the beverage’s darker
color and characteristic aroma. At high
temperatures, some water-soluble vitamins
(e.g., Vitamin C and certain B vitamins) may be
lost. However, controlled heat treatments like
pasteurization minimize these losses. Heat
treatment can alter the bioavailability of certain
minerals in milk, though significant losses in
mineral content are uncommon. The reaction
between lactose in milk and amino acids in
salep or milk during heating leads to the
Maillard reaction. This contributes to a darker
color and characteristic flavors [15]. The
components of milk and salep form a better
emulsion under heat and mixing. This results in
a smoother texture and prevents the separation
of liquid and solid components. When spices
like cinnamon or ginger are added to the salep
mixture, their water-soluble polyphenols and
volatile oils are dispersed into the beverage.
These compounds enhance the antioxidant
capacity of the drink.

Differences between natural and artificial
salep

Understanding natural salep and
distinguishing it from artificial products can be
achieved through wvarious methods and
scientifically backed indicators. When mixed
with hot milk, natural salep produces a thick,
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elastic consistency with a subtle aroma, offering
a more natural flavor compared to artificial
products. Artificial salep is often contains
starch, flour, or additives and lacks the authentic
aroma or exhibits an artificial smell. Natural
salep is finely milled, cream-colored, and
homogeneous, free from clumps or foreign
particles. Artificial products may include starch
or sugar additives, creating noticeable textural
differences. Natural salep is quickly dissolves in
water or milk, forming a dense, elastic
consistency due to its natural glucomannan
content [16]. Artificial salep tends to clump,
dissolve unevenly, and often results in a texture
that is either too liquid or excessively thick.
Natural salep is expensive due to the limited
availability of orchid tubers. Extremely cheap
salep products typically contain additives.
Natural salep products are labeled as “additive-
free” or “natural” and list “salep”. Artificial
products often include starch, flavorings, and
sweeteners. In Turkey, high-quality natural
salep is sourced from regions like
Kahramanmaras, Bucak (Burdur), Isparta, and
Mugla. Distinguishing natural salep requires
attention to factors like flavor, texture, price,
and ingredient information. Imitation products
can cause economic and cultural losses, making
it important to purchase from reliable
producers. Chemical analyses are the most
definitive way to identify natural salep. Natural
salep contains 40-60% glucomannan. The
unique protein and carbohydrate structures of
natural salep can be identified through
microscopic examination of its particles,
revealing distinct orchid tuber structures.

Ingredients in commercial salep products
Thickening agents substances mimic
the thickening effect of glucomannan found in
natural salep. Starch is commonly used as a
replacement for the mucilage in natural salep.
Guar Gum is derived from guar beans, creating
a dense texture when mixed with liquids.
Xanthan Gum is a polysaccharide produced
through fermentation, stabilizing the texture.
Carrageenan is Extracted from red seaweed,
providing a gel-like texture. Sweeteners are
used to increase the sweetness of ready salep
beverage. Granulated sugar is the most common
sweetener, though excessive amounts can result
in overly sweet products. Fructose or glucose
syrup is economical alternatives considered less
healthy. Flavorings are used to strengthen the
aroma and taste of ready salep beverage.
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Vanillin is synthetic vanilla flavor mimicking
natural salep aroma. Stabilizers are added to
maintain homogeneity and prevent separation.
Preservative agents used to extend shelf life.
Potassium Sorbate is inhibits microbial growth.
Sodium benzoate is prevents spoilage, though
high amounts may be harmful. Colorants are
used to make ready salep look better. Titanium
Dioxide (E171) provides a bright white
appearance. Some commercial salep products
contain milk powder or substitutes. Nonfat milk
powder used in milk-based products but not
equivalent to fresh milk.
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Table 1. Salep Production of Amount (2022)

Region Country Production Amount Total Production (%)
(tons)

Samsun 56 479
Black Sea Region Sino 7 6.0
Aegean Region Mugla 42 35.9

Bursa 5 4,3
Marmara Region Istanbul 1 0,9

Sakarya 1 0.9
Mediterranean Hatay, 2 L7
Region Adana 1 0.9
Central Anatolia Amasya ! 0.9
Region Kahramanmarag 1 0.9
Total 117 100
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SEED STARCH: A POTENTIAL
ALTERNATIVE STARCH SOURCE
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Abstract

The seeds of loquat (Eriobotrya japonica Lindl.), which are often discarded as agricultural
waste, contain significant amounts of starch with unique properties. The aim of this study
was to extract starch from loquat seeds and investigate its chemical and functional proper-
ties as well as its potential to replace wheat starch in traditional desserts such as jelly. The
starch from loquat seeds was extracted by alkaline extraction and freeze-drying. The
extracted starch had a moisture content of 4.47%, a water holding capacity of 303.2 g/g, an
oil holding capacity of 19.21 g/g, a swelling power of 40.8 g/g at 95°C and a water solubili-
ty index of 85.7% at 95°C. The color parameters L*, a* and b* were 95.86,2.02 and 4.79,
respectively. Microscopic analysis revealed granules with various shapes, including flat,
spherical, hemispherical, ellipsoidal and irregular polygonal and angular morphology.
These characteristics make loquat seed starch suitable for various food and industrial appli-
cations, especially for the development of functional foods and sustainable gastronomy.

Keywords: Loquat seeds, starch, physicochemical property, sustainability, alternative
starch source
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Introduction

Sustainability, a concept that affects
many industries, is particularly important for
the food sector due to its economic,
environmental and social aspects. Sustainability
in food means adopting an ecological approach
throughout the production and consumption
chain that conserves natural resources and is
guided by the principles of sustainable
development [6]. Sustainable food production
relies on several key elements, including good
agricultural practices, increased consumer and
producer awareness and effective waste
management strategies [1]. Fruit and vegetable
parts such as peels, stems and seeds, which
contain important nutrients and bioactive
elements, are often discarded as waste. The
recycling of plant waste is considered
economically beneficial as its economic value is
higher compared to other types of waste [23].
Research has shown that both the powdered and
oil extracts from the seeds can be used
effectively as dietary supplements and bioactive
compounds [21].

Carbohydrates in the human diet are
primarily starch, which plays a crucial role both
for nutrition and for technological applications
in the food industry. Outside the food industry,
starch is used in various areas, including
pharmaceutical production, fertilizer
production, paper production and the
formulation of adhesives [3]. Current
conventional sources of starch are not sufficient
to meet the increasing demand due to
population growth. Therefore, alternative
sources of starch need to be explored to
supplement the existing ones. Recently,
researchers have turned their attention to
unexplored crops, underutilized plant varieties,
agricultural residues and wastes, various plant
components and by-products of fruit and
vegetable processing with high starch content.
Non-traditional starches derived from the
utilization of waste and by-products help reduce
pollution while supporting the local economy.
Some examples of these alternative starch
sources are avocado seeds, sweet potatoes,
Chinese chestnuts, sago and ramie roots. The
industrial usability of these sources is
determined by factors such as availability,
physicochemical properties and molecular
structures [13]. While the search for alternative
starch  sources continues, the further
development and application of non-
conventional starch offer a promising solution
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to meet the challenges posed by the increasing
global demand for starch [13]. Starch obtained
from loquat seeds is an alternative source of
starch.

The evergreen loquat (Eriobotrya
Jjaponica Lindl.) from the Rosaceae family of
the order Rosales is a fruit species that generally
grows in subtropical climates between 20-35°
north and south latitude [19]. The home of the
loquat fruit, also known as Maltese plum, is
Japan, China and northern India. In our country,
the Mediterranean region is the most widely
cultivated region [9]. The country with the
highest production of loquat fruit with a total
production of 982 thousand tonnes is China
with 919 thousand tonnes, which corresponds to
93.6 % of production. This is followed by Spain
(28,836 tonnes) and Turkey (16,402 tonnes) as
the countries where most cultivation takes place
[19]. Loquat seeds are usually discarded as
agricultural waste as they account for 20-30%
of the weight of the fresh fruit and have no
practical use [7]. These seeds contain
significant amounts of starch, amygdalin, amino
acids and fatty acids. Despite their nutritional
content, the seeds are not suitable for human
consumption due to their bitter taste [2]. Loquat
seed starch has emerged as a promising non-
conventional starch source with unique
properties and potential applications in various
industries. The starch extraction yield from
loquat seeds ranges from 30.04% to 45.2%, with
high amylose content (>50%) [13, 20].

The aim of this study was to extract
starch loquat seed and to investigate the
chemical and functional properties of the
extracted starch. In addition, the possibility of
replacing wheat starch in classic desserts such
as jelly with the extracted loquat seed starch was
investigated.

Materials and Methods
Materials

The seeds of the loquat were
harvested from trees that had grown in the
neighborhood garden of Ozliice in Tarsus, a
district of Mersin. After the seeds were
extracted from the fruit, they were stored at -
24°C. All solvents and chemicals were obtained
from Sigma Aldrich (St. Louis, MO, USA).

Production of Starch

For starch extraction, loquat seeds
were mixed with alkaline water (0.1 % NaOH)
in aratio of 1:2 and soaked at +4°C for 24 hours.
The mixture was then ground in a high-speed

645



Caylak and Kog

ISSN 2667-5803

grinder for 5 minutes before being filtered
through steel sieves with a pore size of 80 and
70 micrometres. The sieve residue was rinsed 2-
3 times with distilled water and the resulting
filtrate was centrifuged at 3000 rpm for 15
minutes. This centrifugation procedure was
repeated four times, washing with distilled
water between each cycle. After the last
centrifugation, the supernatant was collected
and frozen at -24°C for 48 hours. The frozen
samples were then dried in a freeze dryer
(Labconco, NewYork) at -54 °C and 0.250 mbar
[18].

Production of Jelly

The jelly was made using traditional
methods. Jelly is produced separately from
wheat starch and loquat seed starch. The jelly
consisted of 200 mL of water and 20 g starch.
To make jelly, starch and water were mixed in
abowl and the mixture was heated in a saucepan
over medium heat, stirring constantly. Stirring
was maintained until the consistency of the
mixture increased in viscosity. Once the
mixture had reached a jelly-like consistency, it
was allowed to cool and then stored in the
refrigerator (Figure 1).

Analysis

Moisture contents of loquat seed
starch determined by infrared moisture analyzer
at 105°C. The pH measurement was performed
with a pH meter. A colorimeter (3NH
colorimeter, China) was used for color
measurements of (CIE L*, & and b" values). The
granular structure of the starch sample obtained
from the loquat seed was examined by
microscopy. A minute amount of the dry starch
sample was placed on a microscope slide. A
drop of distilled water was applied to the dry
starch, covered with a coverslip and placed in
the microscope apparatus. The granular
structure of the prepared samples was observed
at 10x, 40x and 100x magnification. To
determine the water holding capacity, 0.5 g of
the starch sample was mixed with 4 ml of
distilled water, and the mixture was shaken for
30 seconds every 10 minutes for a total of 70
minutes. The mixture was then centrifuged for
15 minutes at 25°C and 6000 rpm. After
centrifugation, the liquid phase was removed,
and the tubes were placed at an angle of 45° to
the horizontal plane to facilitate drainage of the
remaining liquid phase for 10 minutes. The
mass of the solid fraction separated from the
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liquid phase was determined and the water
holding capacity was calculated. The results
were expressed in grams of water per gram of
sample (g water/g sample) [12]. To determine
the oil holding capacity, 0.5 g of the starch
sample was mixed with 3 ml of sunflower oil.
The mixture was homogenized with a glass rod
for 30 seconds at 5-minute intervals for a total
of 30 minutes. The homogenized samples were
centrifuged at 25°C and 6000 rpm for 25
minutes. After centrifugation, the liquid phase
was removed, and the tubes were inverted to
allow the remaining liquid phase to drain for 5
minutes. The solid portion was weighed and the
weight gain measured. The results were
expressed in grams of oil per gram of sample (g
oil/g sample). The swelling power (SP, g/g) and
water solubility index (WSI, %) were
determined according to a method modified by
Li et al. [16]. In brief, the sample (0.15 g, db)
was weighed into a centrifuge tube with a
coated screw cap and 10 mL of deionized water
was added. The tubes were then heated to 55°C,
65°C, 75°C, 85°C, and 95°C, respectively, with
frequent shaking for 1 h before cooling and
centrifugation in an ice water bath (6000 rpm,
30 min). The supernatant was poured into an
aluminum dish. The remaining solid fraction
was weighed (Ws). The supernatant was dried
at 100-C until constant weight (W1). The WSI
and SP were calculated as follows:

WSI (%) =22x 100 (1)
0

— WS
SP (g/g) = Wex(L_WSD) ()

Results and Discussion

The results of the physicochemical
and fuctional parameters of loquat seed starch
(moisture content, dry matter content, water
holding capacity, oil holding capacity, swelling
capacity, solubility index, L*, a*, b*, pH value)
are shown in Table 1. The moisture content of
the starch from the loquat seed was determined
to be 4.47 %. Barbi et al. [5] determined the
moisture content values of loquat seed starch in
the range of 7.92 to 8.29 % in their study. The
moisture content of loquat seed starch was
lower than that of corn, wheat and quinoa starch
and similar to that of canistel starch [15, 17,
23]. The reason for the lower moisture content
of the starch obtained in this study is due to the
freeze-drying process.
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The water holding capacity is defined
as the amount of water retained by the starch
under certain conditions (temperature, time and
mechanical force). The water holding capacity
of loquat seed starch was determined to be
303.2 g/g. Inate1 [12] reported the water holding
capacity of alkali-treated horse chestnut starch
as 234.60 g/g in his study. Inatci [12]
determined the water- holding capacity of
conventionally treated acorn starch to be 212.88
g/g. The water-holding capacity of starches
depends largely on the properties of the
amylopectin structure. A long-chain ratio of the
amylopectin molecules increases the water-
holding capacity of the starch. In addition, the
crystal structure of the molecules influences the
water holding capacity of the starch and the
triggering of the gelatinization process. A high-
water holding capacity has a positive effect on
properties such as thickening and gelling. It was
determined that the data on the water holding
capacity of loquat core starch is consistent with
the information in the literature.

The oil holding capacity of loquat
seed starch was determined to be 19.21 g/g. In
comparison, Inat¢1 [12] found that alkali-treated
horse chestnut starch and classically treated
acorn starch have an oil holding capacity of
175.26 g/g and 169.38 g/g, respectively. The
study by Inat¢1 [12] concluded that the oil
holding capacity of loquat seed starch is
significantly lower. The combination of oil and
starch affects the physical properties of starch,
as oils and fats can form complexes with
amylose, which hinder the swelling of starch
granules and make gelatinization more difficult
[10]. Although starch with a high amylose
content has a low oil holding capacity, no
definitive correlation between amylose content
and oil holding capacity has been established.
Charles et.al. (2016) found that oil holding
capacity is an indicator of emulsifiability, a
critical property for products such as
mayonnaise. In addition, high oil absorption
properties are essential in various foods such as
meat substitutes and extenders, doughnuts,
baked goods and soups [4].

The properties of swelling power and
solubility index are decisive factors for the
industrial use of starch. The gelatinization of
starch is caused by the interaction of water and
temperature. In addition, factors such as the
ratio of amylose and amylopectin, the formation
of amylose-lipid complexes, the granule
structure, the size, the morphological
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characteristics and the starch modifications
have a significant influence on the swelling
capacity of starch. The swelling power of loquat
seed starch was determined to be 40.8 g/g at 95
°C. In their study, Kong et al. [13] determined
the swelling power of five loquat cultivar seed
starches in the range of 25-62 g/g. Koyuncu
Aydin [14] reported that the swelling power of
domestic quinoa starch is 14.4 g/g. From this, it
was concluded that loquat seed starch has a
higher swelling power than domestic quinoa
starch. Giizel (2009) determined the swelling
power properties of starch from kidney beans,
beans and chickpeas from legumes to be 8.19,
7.08 and 7.71 g/g, respectively. Chung et al. [8]
determined the swelling capacity of starches
from three different pea varieties at 90 °C to be
21.7,19.1 and 18.8 g/g, respectively. Gani et al.
[11] extracted starches from four different
kidney bean varieties and determined the
swelling power values of these starches to be
11.6, 11.3, 10.6 and 11.0 g/g, respectively. The
differences in the solubility and swelling power
of starch from different sources can be
attributed to differences in the morphological
structure of the starch granules. In addition,
experimental parameters such as starch
concentration, centrifuge conditions, mixing
and separation methods and granule structure
can influence the results. This variability can
pose a challenge when comparing the results of
different studies [16]. The average value of the
water solubility index of loquat seed starch was
determined to be 85.7 % at 95 °C. Yasar [24]
reported that the water solubility property of
navel starch increases with increasing
temperature. According to the results of the
analysis, the water solubility was 4.92+0.35 %
and 16.86+0.15 % at 60 and 90 °C, respectively.
The low solubility of starch at low temperatures
is attributed to the semi-crystalline structure of
the starch granules and the hydrogen bonds
between the hydroxyl groups in the starch
molecules. As the temperature increases, the
solubility increases due to the disintegration of
the starch granules and the increased interaction
of the hydrophilic groups with water [24].
Koyuncu Aydin [14] determined that the water
solubility index of quinoa seed starch at 95 °C
was 89%.

Color is an important factor in
determining starch quality. Analysis of the color
of the starch sample yielded the parameters L*,
a* and b* of 95.86, 2.02 and 4.79, respectively.
These results indicate that the starch had high
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lightness (high L*), minimal redness (low a*)
and minimal yellowness (low b*). Yasar [24]
reported L*, a* and b* values for sea flea starch
of 90.87, 2.19 and 4.71, respectively. Rafiq et
al. [18] reported an L* value of 96.2, with a*
(red/green) and b* (yellow/blue) values of 2.43
and 2.77, respectively. Comparison with
previous studies shows comparable results.
These color parameters also influence the color
values of the gelatinized starch. The color of the
loquat seed starch darkens during the
gelatinization process (Figure 1-b).

The pH value of the starch of loquat
seeds was measured at 11.210. Inatci [12]
determined the pH of classically treated acorn
starch to be 5.63. The pH values of starch
extracted from horse chestnuts using alkaline
and ultrasound-assisted methods were 9.94 and
10.44, respectively. Although the pH is lower
than in this study, it remains alkaline. Careful
evaluation of the effects of this pH in
application is essential for starch processing and
food quality.

Microscopic images of the starch of
loquat seeds are shown in Figure 2. The starch
granules have smooth surfaces and various
shapes, including flat, spherical, hemispherical,
ellipsoidal and irregular polygonal and angular
morphology, with no visible damage due to
isolation conditions. In this study, truncated
granules characterized by a flat surface on one
side (referred to as truncated ends) were also
observed, which is consistent with the results
reported for the seed starches of five loquat
cultivars [13]. Similarly, Yasar [24] found in his
study that the morphological structures of starch
granules of sea voles were irregular, dome-
shaped and polygonal as well as agglomerated
and discrete.

Conclusion

Loquat seed starch is a promising
alternative source of starch with unique
properties. In this study, starch was extracted
from loquat seeds and its chemical and
functional properties were investigated. The
extracted starch had a moisture content of
4.47%, a water holding capacity of 303.2 g/g, an
oil holding capacity of 19.21 g/g, a swelling
power of 40.8 g/g at 95°C and a water solubility
index of 85.7% at 95°C. Microscopic analysis
revealed granules with wvarious shapes,
including spherical, ellipsoidal and irregular
morphology. These characteristics make loquat
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seeds starch suitable for various food and
industrial applications, especially for the
development of functional foods and the
promotion of sustainable gastronomy. In
addition, the traditional desserts produced by
using loquat seeds, which are considered a
waste product, and the use of their starch form,
are considered to also support sustainable
gastronomy, especially in environmental and
social terms. Further research is needed to
optimize processing techniques and explore
new applications of this promising starch source
in the food industry and beyond.
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Table 1. Properties of Loquat Seed Starch

Properties Mean = Standard Deviation

Moisture Content (%) 4.470 + 0.248
Water Holding Capacity (g/g) 303.2 £7.002
Oil Holding Capacity (g/g) 19.21 +£0.235
Swelling power (g/g) 40.8 +1.888

Water Solubility Index (%) 85.7+0.771
L* 95.86 + 0.530

a* 2.02+0.216

b* 4.79 +0.578

pH

11.210+0.026

Figure 2. Microscope image of loquat seed starch.
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SALEP and ITS IMPORTANCE in
TURKISH CUISINE
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Abstract

Salep is a one of the important cultural heritage of Turkey, recognized for its botanical diversi-
ty and traditional use in winter beverages and some desserts like icecream. Traditional salep
beverages, widely consumed during cold seasons, hold a special place in Turkish social and
cultural rituals. The cultivation of salep plants, particularly in Anatolia and the Aegean, trans-
forms this heritage into regional economic value. Artisanal production methods, including
meticulous drying and grinding, preserve its intrinsic qualities. Beyond being a biological
product, salep symbolizes cultural identity, becoming an essential part of Turkish cuisine
through its use in beverages, desserts, and ice cream. This study summurizes iformation and
emphasizes the importance of preserving and promoting salep as a cultural symbol. Its unique
sensory characteristics, cultural value and health supporting properties can drive regional
economic development and ensure its transmission to future generations. Recognizing salep
as both a product and cultural heritage is crucial for safeguarding this valuable plant.
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Introduction

Salep, a powdered product derived
from the tubers of orchid plants, is traditionally
consumed as a beverage and used in dessert
preparation in countries such as Turkey, Iran,
Greece, Syria, and neighboring regions. Turkey
stands out as one of the richest areas in Europe
and the Middle East for mid-latitude salep
orchids. According to the Turkish Plant Data
Service (TUBIVES), salep is classified under
the Orchidaceae family, encompassing 24
genus and 187 taxa. This rich biodiversity
underscores Turkey’s significant potential for
salep production. Salep species, predominantly
characterized by an annual vegetation cycle,
begin sprouting in late August to early
September and mature between April and June,
after which they enter a dormant state during the
hot summer months. Research on enhancing
salep production efficiency is guided by these
biological characteristics [1]. Salep is sourced
from the tubers of plants within the Orchidaceae
(orchid) family. Prominent species include
Orchis mascula (early-purple orchid), Orchis
militaris (military orchid), Orchis anatolica
(Anatolian orchid), and Dactylorhiza (spotted
orchid).

Regional cultivation of salep orchids in
Turkey

Salep, valued for its traditional and
economic significance, is primarily used in ice
cream and hot beverages. Turkey’s rich
biodiversity positions it as a global leader in
salep orchid varieties. The cultivation of salep
orchids is region-specific, influenced by
geographic and climatic conditions [2]. The
Marmara Region’s humid climate and fertile
soils support salep orchid species such as Orchis
italica, Orchis purpurea, and Ophrys apifera.
Natural growth occurs in forested areas, moist
meadows, and coastal zones. Key production
areas include Sakarya, Kocaeli, Balikesir, and
Bursa, with Sakarya emerging as a hub for
commercial salep cultivation due to favorable
environmental conditions [3]. In the Aegean
Region, species such as Serapias vomeracea,
Orchis anatolica, and Orchis italica are naturally
distributed in rural and mountainous areas, olive
groves, and forest edges. Prominent production
areas include Izmir, Aydin, Denizli, and Mugla.
Controlled cultivation is emphasized to
counteract the threats posed by overharvesting.
Salep orchids, including Dactylorhiza romana,
Orchis papilionacea, and Ophrys speculum,
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thrive in the Mediterranean Region’s high-
altitude forests, maquis, and mountainous areas.
Production is concentrated in Antalya, Isparta,
Mersin, and Adana. These regions’ biodiverse
and climatically suitable conditions facilitate
cultivation. The arid conditions of Central
Anatolia favor species like Orchis mascula and
Dactylorhiza umbrosa. Major production occurs
in Konya, Eskisehir, Kayseri, and Sivas. The
Ministry of Agriculture and Forestry has
implemented policies promoting controlled
cultivation to mitigate overharvesting risks [4].
The Black Sea Region’s humid climate and rich
vegetation foster species like Dactylorhiza
maculata and Ophrys fusca. Key production
areas include Trabzon, Rize, Samsun, and Ordu.
Despite favorable conditions, sustainable
practices are crucial to prevent species decline
[5]. Eastern Anatolia’s high-altitude landscape
supports species such as Orchis militaris and
Dactylorhiza osmanica. Production hubs
include Erzurum, Van, Agr, and Bingol
Controlled cultivation efforts aim to address the
impact of overharvesting [6]. The Southeastern
Anatolia Region features salep orchid species
like Orchis anatolica and Ophrys lutea.
Production is concentrated in Diyarbakir,
Mardin, and Sanliurfa. The region’s agricultural
landscapes support sustainable cultivation
initiatives.

Regional salep production in Turkey

Salep production in Turkey relies on
Orchidaceae tubers for powdered products used
in beverages and ice cream. Although statistical
data are limited due to wild harvesting,
estimates suggest annual production ranges
from 30-40 tons, with significant contributions
from provinces like Mugla and Samsun. In
2022, Samsun accounted for nearly 48% of total
production, emphasizing the dominance of the
Black Sea and Aegean (Table 1).

Historical perspective of salep

Salep (Orchis species) has played a
significant role across various civilizations,
serving botanical, medicinal, gastronomical,
and commercial purposes throughout history.
This paper summarizes the historical
development and uses of the salep plant from
antiquity to the present day. The initial
utilization of salep dates back to antiquity.
Hippocrates’ works highlight the aphrodisiac
and digestive benefits of salep [7]. Greek
physician Dioscorides emphasized the energy-
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enhancing properties of salep in his renowned
book De Materia Medica. Similarly, Pliny
(Naturalis Historia) and Theophrastus (Historia
Plantarum) elaborated on the classification and
medicinal uses of the salep orchid. During the
Middle Ages, salep emerged as a significant
nutritional and medicinal product in both the
Islamic world and Europe. Prominent scholars
such as Avicenna and Ibn Baytar recommended
salep for gastrointestinal issues and general
weakness. The practice of consuming salep
mixed with milk laid the foundation for the
modern salep beverage. Furthermore, salep
became a key commodity in Mediterranean and
Middle Eastern trade routes. In the Ottoman
Empire, salep gained popularity as a beverage
commonly served in coffeehouses. It also
became a crucial ingredient in the production of
Maras ice cream, acting as a thickening agent.
In Europe, salep—known as "saloop"—gained
prominence, especially in England, where it was
regarded as an exotic product and sold at
premium prices [8]. In the 19th century, the
export of salep from the Ottoman Empire to
Europe persisted. However, growing demand
led to overharvesting, which diminished the
natural habitats of salep orchids. By the 20th
century, the food industry developed
alternatives such as guar gum to replace natural
salep as a thickener. Despite this, countries like
Turkey and Iran maintained their status as
leading producers of salep [2]. In the 2Ist
century, salep continues to hold a place in both
traditional and modern gastronomy. Turkey has
initiated efforts to conserve natural resources
and cultivate salep orchids in greenhouses.
While natural salep powder remains a luxury
product, innovative uses such as salep-based
vegan ice creams and prebiotic products have
gained traction in the market. Nevertheless,
uncontrolled harvesting continues to pose a
threat to several orchid species. Salep remains a
vital component of Turkish gastronomy and a
growing trend in global culinary practices.
Throughout history, salep has bridged cultures,
influencing fields from gastronomy to
medicine. However, the development of
sustainable production methods and the
preservation of natural habitats are crucial for
ensuring its future.

Production stages of salep

Salep plants typically bloom during
spring and summer. During this period, the
tubers located underground are carefully
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harvested. Ensuring minimal damage to the
natural population of the plant is essential
during this process. The harvested tubers are
thoroughly washed to remove soil and other
foreign materials. Subsequently, they are boiled
in milk or water to enhance their durability and
inhibit enzymatic activity. This process also
helps eliminate undesirable odors.

Boiled tubers are traditionally strung on threads
or spread out to dry in shaded areas. This drying
process, conducted without direct exposure to
sunlight, hardens the tubers and ensures long-
term preservation. Once the tubers are
completely dried and hardened, they are ground,
typically using stone mills. The grinding
process involves multiple stages, including
crushing, refining, and pulverizing, to achieve
the desired fineness and homogeneity of the
salep powder. The ground salep powder is
rested for several days in a moisture-free and
sun-protected environment. This resting phase
helps stabilize the moisture content of the
powder. Afterward, the powder is packaged
under appropriate conditions, making it ready
for consumption (Figure 2).

Traditional use of salep powder

Salep powder is commonly consumed
as a hot beverage prepared by mixing it with
milk or water, particularly during winter months
[9]. It is often garnished with cinnamon, which
adds a pleasant aroma and flavor. This
traditional drink is favored for its warming
properties and its potential to support the
immune system during cold weather. Salep is a
key ingredient in Turkish ice cream,
contributing to its elastic and dense texture due
to its glucomannan content. It extends the
melting time of the ice cream and enhances its
flavor [10]. Salep is used as a thickening and
flavoring agent in various desserts and pastries.
Its addition to dishes like pudding, rice pudding,
cakes, cookies, and baklava helps achieve the
desired consistency and aroma. The mucilage
and other components in salep aid in regulating
digestion, soothing the stomach, and preventing
constipation. It is also used as a remedy for
soothing the throat, alleviating cough, and
relieving symptoms of colds. Due to its
moisturizing and skin-renewing properties,
salep is included in some cosmetic products
[11]. However, reliable and detailed sources on
this usage are limited. Additionally, salep plays
a significant role in cultural festivals and events,
particularly in the Middle East and the Balkans,
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where consuming salep as a hot beverage during
cold winter months is a traditional practice and
a social activity.

Components and health effects of salep

Glucomannan, a  polysaccharide
composed of mannose and glucose molecules,
is the primary active component of salep. When
in contact with water, it forms a gel-like
structure, giving salep its thickening properties
[12]. Starch constitutes a major portion of the
carbohydrate content in salep, serving as an
essential energy source. Mucilage is the plant-
based fiber content of salep promotes digestion
and supports intestinal health [13]. Salep
contains minerals such as calcium, potassium,
phosphorus, and magnesium, which contribute
to bone health and metabolism. Present in small
amounts, proteins contribute to the nutritional
value of salep and support muscle building and
cell regeneration. Natural fiber content
contributes to a feeling of satiety and aids in
digestion. Salep contains natural sugars
providing a mildy sweet aroma.

Chemical transformations of salep

When heated, the mucilage in salep
interacts with water to form a gel, enhancing the
viscosity of products. However, extreme
temperatures may degrade the mucilage
structure. Starch-like components in salep
gelatinize under high temperatures, influencing
product texture and stability. Salep is sensitive
to pH changes. Acidic or basic environments
can alter the chemical structure of mucilage,
affecting product consistency and stability. The
drying process in salep production can lead to
oxidation of certain components, affecting the
color and chemical composition of the product.
Phenolic compounds in salep may undergo
enzymatic oxidation upon exposure to oxygen,
leading to color changes. Additionally, natural
amylase enzymes in salep can degrade starch,
but these enzymes are deactivated at high
temperatures. Salep tends to absorb moisture
during storage, altering the characteristics of
mucilage. Prolonged storage may decrease the
chemical stability of certain components in
salep.

Chemical changes during salep beverage
preparation

Salep, derived from the tubers of orchid
plants, is primarily used as a thickening agent in
beverages. When heated with milk, various
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chemical interactions occur between the
components of salep and milk. Glucomannan in
salep absorbs water or milk, swelling to form a
viscous solution. This property forms the basis
of salep's thickening effect. During heating,
hydrogen bonds between glucomannan
molecules create a gel structure. This gel
increases the beverage’s density and gives it its
characteristic texture [14]. The mucilage in
salep dissolves in water, absorbing more liquid
when heated, which enhances its solubility.
This property contributes to a smoother and
more homogeneous consistency in the milk-
based beverage. The main proteins in milk,
casein, and whey proteins, denature during
heating, altering their structures. This
denaturation facilitates interactions between
proteins and components in salep, such as
glucomannan.

Denatured milk proteins interact with
glucomannan in salep, forming complex
structures that influence the stability and texture
of the beverage. During heating, lactose (milk
sugar) reacts with amino acids from salep or
milk, initiating the Maillard reaction. This
reaction contributes to the beverage’s darker
color and characteristic aroma. At high
temperatures, some water-soluble vitamins
(e.g., Vitamin C and certain B vitamins) may be
lost. However, controlled heat treatments like
pasteurization minimize these losses. Heat
treatment can alter the bioavailability of certain
minerals in milk, though significant losses in
mineral content are uncommon. The reaction
between lactose in milk and amino acids in
salep or milk during heating leads to the
Maillard reaction. This contributes to a darker
color and characteristic flavors [15]. The
components of milk and salep form a better
emulsion under heat and mixing. This results in
a smoother texture and prevents the separation
of liquid and solid components. When spices
like cinnamon or ginger are added to the salep
mixture, their water-soluble polyphenols and
volatile oils are dispersed into the beverage.
These compounds enhance the antioxidant
capacity of the drink.

Differences between natural and artificial
salep

Understanding natural salep and
distinguishing it from artificial products can be
achieved through wvarious methods and
scientifically backed indicators. When mixed
with hot milk, natural salep produces a thick,
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elastic consistency with a subtle aroma, offering
a more natural flavor compared to artificial
products. Artificial salep is often contains
starch, flour, or additives and lacks the authentic
aroma or exhibits an artificial smell. Natural
salep is finely milled, cream-colored, and
homogeneous, free from clumps or foreign
particles. Artificial products may include starch
or sugar additives, creating noticeable textural
differences. Natural salep is quickly dissolves in
water or milk, forming a dense, elastic
consistency due to its natural glucomannan
content [16]. Artificial salep tends to clump,
dissolve unevenly, and often results in a texture
that is either too liquid or excessively thick.
Natural salep is expensive due to the limited
availability of orchid tubers. Extremely cheap
salep products typically contain additives.
Natural salep products are labeled as “additive-
free” or “natural” and list “salep”. Artificial
products often include starch, flavorings, and
sweeteners. In Turkey, high-quality natural
salep is sourced from regions like
Kahramanmaras, Bucak (Burdur), Isparta, and
Mugla. Distinguishing natural salep requires
attention to factors like flavor, texture, price,
and ingredient information. Imitation products
can cause economic and cultural losses, making
it important to purchase from reliable
producers. Chemical analyses are the most
definitive way to identify natural salep. Natural
salep contains 40-60% glucomannan. The
unique protein and carbohydrate structures of
natural salep can be identified through
microscopic examination of its particles,
revealing distinct orchid tuber structures.

Ingredients in commercial salep products
Thickening agents substances mimic
the thickening effect of glucomannan found in
natural salep. Starch is commonly used as a
replacement for the mucilage in natural salep.
Guar Gum is derived from guar beans, creating
a dense texture when mixed with liquids.
Xanthan Gum is a polysaccharide produced
through fermentation, stabilizing the texture.
Carrageenan is Extracted from red seaweed,
providing a gel-like texture. Sweeteners are
used to increase the sweetness of ready salep
beverage. Granulated sugar is the most common
sweetener, though excessive amounts can result
in overly sweet products. Fructose or glucose
syrup is economical alternatives considered less
healthy. Flavorings are used to strengthen the
aroma and taste of ready salep beverage.
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Vanillin is synthetic vanilla flavor mimicking
natural salep aroma. Stabilizers are added to
maintain homogeneity and prevent separation.
Preservative agents used to extend shelf life.
Potassium Sorbate is inhibits microbial growth.
Sodium benzoate is prevents spoilage, though
high amounts may be harmful. Colorants are
used to make ready salep look better. Titanium
Dioxide (E171) provides a bright white
appearance. Some commercial salep products
contain milk powder or substitutes. Nonfat milk
powder used in milk-based products but not
equivalent to fresh milk.
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Table 1. Salep Production of Amount (2022)

Region Country Production Amount Total Production (%)
(tons)

Samsun 56 479
Black Sea Region Sino 7 6.0
Aegean Region Mugla 42 35.9

Bursa 5 4,3
Marmara Region Istanbul 1 0,9

Sakarya 1 0.9
Mediterranean Hatay, 2 L7
Region Adana 1 0.9
Central Anatolia Amasya ! 0.9
Region Kahramanmarag 1 0.9
Total 117 100
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Research Note

ONION PEEL POWDER:
SOURCE OF BIOACTIVE ANTIOXIDANT
PHENOLIC QUERCETIN DERIVATIVES

Ozlem TOKUSOGLU '*

Abstract

Functional food progression and by-product/ waste management is rapidly increasing
as a result of consumer consciousness regarding healthy and nutritious foods/ drugs and
value-added products. Onion peel or skin is a by-product obtained from onion proce$sing that
includes various phytochemicals, contributing to its antioxidant potential. Researches have
confirmed that onion peel is a more concentrated source of phytochemicals than edible flesh,
with quercetin as the major phenolic constituents in onion peel. Besides, quercetin 3 4'-digly-
coside, quercetin, protocatechuic acid, kaempferol, 2-(3 4-dihydroxybenzoyl)-2 4,6-trihy-
droxy-3(2H)-benzofuranone, isorhamnetin,  quercetin-74’-diglycoside,  isorhamne-
tin-3,4°diglycoside, quercetin-3-glycoside, quercetin-4’-glucoside, isorhamnetin-4’-glyco-
side, protocatecoyl quercetin, quercetin dimer 4'-glycoside, quercetin dimer hexoside, querce-
tin dimer, and quercetin trimer have been identified in onion skin. The presence of all those
bioactives confers on onion peel its various therapeutic influences in preventing cancer (CA),
diabetes, obesity, cardiovascular disorders, neurodegenerative problems, possible microbial
detriment and erectile dysfunction. In this context, onion peel in the form of powders or
extracts can be employed in diversified industries as a therapeutic and pharmaceutical agent.

Keywords: Key Words: Onion, Onion Peel, Quercetin, Quercetin Glycosides, By-Product,
Waste
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Introduction

Dried onion (Allium cepa L., Alliaceae) and
dried onion peel powder; They are the dried and
ground forms of the products obtained as a result
of production using fresh onions. Spring onions
contain approximately 91% water before they are
dried. By drying, the water content in the dried
fresh product is reduced to very low values. 20-
30 grams of 1 kg of medium-sized onion is onion
peel (1).

The annual level of onion by-products
produced in the European Union Countries is
estimated to be approximately 450,000 tonnes.
Onion peels, the major by-products obtained by
industrial peeling of onions, have brownish skin;
It consists of two watery layers: upper and lower.
It has strong odor and flavor characteristics; It is
not suitable to use onion waste peels as feed
because onion peels, in addition to being a source
of flavor components and fiber compounds, are
very rich in quercetin glycosides. Onion peel also
contains vitamin C (ascorbic acid), Vitamin E and
B group vitamins. Besides being a source of
carotenes, onion peel is rich in potassium (K),
manganese (Mn) and phosphorus (P) minerals

(1).

Onion Peel Phytochemicals and Bioactives
The antioxidant major flavonoids present in

onion peels, especially quercetin 3,4',0-
diglucoside and quercetin 4,0-monoglucoside,
constitute 85% of the total flavonoids. Quercetin
taken from onion consumption is rapidly
absorbed and slowly eliminated; Therefore, it
shows significant antioxidant activity. In
addition, onion core and onion skins (in terms of
their upper and lower parts) are important sources
of prebiotic fructans and fructooligosaccharides
(FOS); Food supplements, alcohol and snacks can
be produced from onion powder (1,2) (Table I;
Figure 1.)
General Health Effects of Onion Peel

It has been revealed that onion peels are an
important source of antioxidants due to the
powerful flavonoids and flavonols they contain,
and it is stated that they help prevent the risk of
cardiovascular diseases by accelerating blood
flow (1).

Onion peels have antibiotic, antiseptic and
antioxidant effects, have anti-inflammatory

Journal of Food Health and Technology Innovations
September Vol 7, No 15 (2024)

properties, support muscle development and a
very important feature is that the sulfur (S) in
onions triggers collagen production.

It is reported that consuming raw onions
and onion peels can help produce high-density
fatty protein and balance cholesterol. In a related
study, it was found that cholesterol was balanced
in 30% of individuals who consumed onion peels
for a certain period of time (1,2).

Scientific research has determined that
onion has antibacterial properties. The high level
of sulfur (S) in onion juice increases blood
circulation. Onion and onion peel improve blood
flow and therefore can help improve hair
follicles; Its healing effects have been determined
on dermatitis, dandruff, seborrhea and scalp
irritations. Due to its sulfur content, it has been
shown that onion peel strengthens hair follicles
and accelerates hair growth (1).

It is reported that onion juice has a
therapeutic effect against chocolate cyst
(endometriosis) and myoma formations in
women and can help in the treatment of
polycystic ovary syndrome.

Quercetin is effective in inhibiting
allergic reactions and chronic inflammation, and
it has been reported that quercetin is effective in
helping prevent the oxidation of fatty acids in the
body.

Studies have shown that the minerals
contained in onion peel balance blood pressure
and have therapeutic properties for blood
pressure patients (1,2).

Protective Health Effects of Onion Peel
Against Types of Cancer and Type-2 Diabetes

It has been found that onion peel is
effective in helping prevent colon cancer and
Type-2 diabetes. It is emphasized that the risk of
developing colon and ovarian cancer is lower
with the consumption of onion peels, which have
high quercetin content.

Consumption and Usage Methods

Onion peels can be turned into powder
(powder) form and consumed in salads and
meals. It is also suggested that onion peels can be
used in ready-made soup mixtures, chicken, meat
and meatball mixtures, ravioli and flour.
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The separated onion peels can be
consumed by washing and cleaning in cold water
and then boiling them in boiled water for 5
minutes (1,2).

The easiest method to extract the
nutritional ingredients in onion peels is to add the
peels to soup or sauce and cook over low heat.
After the food or sauce is cooked, the shells are
removed, and with the effect of heat treatment,
the food components and bioactives in the shell
can be transferred to the food / sauce.

Onion peels boiled for 5 minutes through
a tea ball strainer can be consumed as tea; The
product, boiled for 15-20 minutes and filtered,
has a positive effect on leg cramp problems. After
boiling 30-35 g of onion peel in 1 glass of water
and straining, the washed hair is dyed naturally
and brightly (1,2).
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Table 1. Contents of Total Phenolics (mg GAE g-! DM), Flavonoids (mg QE g-! DM)
and Flavonols (mg g DM), and Antioxidant Capacity (pumol Fe +2 g-! DM) in Whole
Onion and Its Industrial Onion Wastes

Whele Inner Quter

Onion Scales Scales Top—Botiom  Brown Skin
Total phenolics 17313 9.4 +0.6" 19.7 = 1.4° 30.5 = 2.0 52.7 = 0.9
Total flavonoids 10.3 £ 0.3 7.0+0.1 19.5+0.7¢ 25.9+0.7¢ 431 £1.8°
Total flavonols 884141 619023 1927 £1.42 1529+ 1.39¢ 7.89+0.37
Quercefin 4'-glucoside 402053  2.00+007t  7.37+0.53¢ 6.35 = 0.60¢ 5.16 + 0.34
Quercetin 3,4"-diglucoside 3100680 37020010 9.49 = (.68 5.90 = 0.50¢ 0.30 + 0.03
Quercefin 091 £ 004  0.072+0000 0.59+0.04 1.21 + 0.09¢ 1.61 £ 0.02°
Quercetin 3-glucoside 0.06+003 0.10£001* 042 +0.03 0.40 + 0.03¢ 0.31 + 0.01¢
lsorhamnetin 3,4"-diglucoside  0.12+0.02" 012+ 001* 037 +0.0% 0.57 + 0.04° 0.19 +0.01°
lsorhamnetin 4'-glucoside 0.53+0.07¢ 025x001* 1.03=z007 0.86 = 0.07¢ 0.32 + 0.0%

Ratio Di:Mon! 1:1.3 1.8:1 1.3:1 [HR 117
Antioxidant activity (FRAP) 835+ 18 287+1.70 105.7 + 0.6¢ 156.1 + 1.6¢ 27278+ 3.2
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Figure 1. Quercetin Glycosides in Onion Peel Powders
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EDITORIAL NOTE
Special Issues Guidelines of FHTI - 2025

FHTTI Special Issue

Special Issues (SIs) are collections of
papers centered around a subject of special
interest and are organized and led by subject
experts who take on the role of Special Issue
Editor of FHTI. A Special Issue is not an
classical issue of the journal and it is an
additional issue.

All submissions follow the same peer
review process as regular papers and are
published in the regular issues of the journal
when they are accepted, but are additionally
labelled as belonging to a Special Issue and are
discoverable within the collection.

Special Issue Sub-editors will have the
opportunity to improve the scope of the Special
Issue while receiving submissions and create a
welcoming environment for researchers to
share their possible findings.

When it comes to benefits of
publishing in a FHTI Special Issue;

=  Greater discoverability: Articles published in
Special Issues benefit from greater
discoverability and more frequent citations
than articles spontaneously submitted to the
respective journal, due to their connectivity
within the article collection.

= Ease of navigation: Clustering papers within
specific topics helps scholars to easily
navigate through the content of broad scope
journals.

= External promotion: Articles in Special
Issues are often promoted through the
journal’s social media channels for the
relevant subject areas to increase visibility
and readership.

= Rigorous peer-review: Articles in Special
Issues follow the same rigorous and
independent peer review process as regular
papers and are published in the regular issues
of the journal. They are generally handled by
a Special Issues Editor who is an influential
researcher in the discipline.

= Expand your research network: Special
Issues are a great place to find new
collaborators among the authors of other
manuscripts published within the collection
of articles.

Ozlem Tokusoglu, Professor Dr.

Editor in Chief, FHTI Journal, Ulakbim Tiibitak Dergipark, Ankara

ISSN 2667-5803

DergiPark

AKADEMIK

Our 2025 FTHI Special Issue Concept;

The editor of FHTI is pleased to
announce that a Special Issue on “Widespread
Tropical Fruits: Chemistry and Bioactives”(In
Turkish: (Yaygin Tropikal Meyveler: Kimyasi ve
Biyoaktifleri) will be published in the June
2025.

We now invite food scientists, food
engineers, pharmacologists, chemical
engineers, chemists, biologs, veterinary
scientists who are working in this area to
submit reports of original, unpublished
empirical studies, for inclusion in the Special
Issue.

Publications submitted to a FHTI will
appear as regular submissions via website. The
papers will be kept as regular papers and
published in after editorial review processing.
Deadline April 30, 2025.

Editor in Chief
Professor, Ozlem Tokusoglu, PhD
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