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oz

Bu calismanin amaci, makine 6grenmesi yoluyla ar sitiiniin bolgesini belirlemek icin ayirt edici
kimyasal faktorleri kesfetmektir. Calismada, Tirkiye'nin 13 farkl boélgesinden 84 numune kullaniimis
ve nem, pH, asitlik ve 10-hidroksi-2-dekanoik asit (10-HDA) kimyasal parametreleri incelenmistir. 13
yerden toplanan ari siitleri arasinda dort kimyasal deger agisindan farklilik olup olmadigi ANOVA testi
ile incelenmistir. istatistiksel testlere ek olarak, ar siitlerini birbirinden neyin ayirdigini kesfetmek igin
bir makine 6grenimi modeli kullanilmigtir. Arn sitii, kimyasal analiz sonuglarinin tanimlayici
istatistikleri sirasiyla, nem %63,05+2,99, pH 3,67+0,08, asitlik 45,32+3,55 ve 10-HDA 2,40+0,24 olarak
bulunmustur. Sasirtici bir sekilde, makine 6grenimi modeli, 10-HDA'nin an siitiiniin bdlgesini
belirlemek icin en belirgin parametre olabilecegini 6ne sirmektedir. Bu bilgi, arn siitinin
dogrulugunun tespitini daha kolay 6grenmemize yardimci olacaktir.

Anahtar Kelimeler: Ar siitii, bal arisi, makine 6grenimi, 10-HDA

ABSTRACT

This study aims to discover the characteristic chemical factors for determining the region of royal jelly
using machine learning. 84 samples from 13 different regions of Turkey were used for the study, and
the chemical parameters of moisture, pH, acidity, and 10-hydroxy-2-decanoic acid (10-HDA) were
investigated. ANOVA test was conducted to determine whether there are differences between royal
jelly from 13 locations concerning the four chemical values. In addition to the statistical tests, a
machine learning model was used to find out what makes royal jelly different from each other. The
descriptive statistics of the chemical analysis results of royal jelly showed the following values:
moisture 63.05%%2.99, pH 3.67+0.08, acidity 45.321+3.55, and 10-HDA 2.40%0.24. Surprisingly, the
machine learning model suggests that 10-HDA may be the most prominent parameter for determining
the region of royal jelly. This information will help us identify royal jelly’s authenticity more easily.

Keywords: Royal jelly, honeybee, machine learning, 10-HDA
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GENISLETILMiS OZET

Amag: Bu calismanin amaci, ari sutiinin bélgesel
farkhliklarinin ardindaki kimyasal faktorleri makine
Ogrenimi  kullanarak kesfetmektir. Bu amagla
Tarkiye'nin farkli lokasyonlarindan toplanan ari siti
drtinlerinin kimyasal analiz sonuglari
karsilastiriimistir.

Gereg ve yontem: 2020 yilinda Turkiye'nin 13 farkli
ilinden toplam 84 adet ari sitl 6rnegi toplanmistir.
Toplanan drnekler analize kadar -18°C'de
saklanmistir. Daha sonra kimyasal analizler
yapilmistir. Bu calismada kullanilan veriler ari
sutiinin kimyasal analiz sonuglarindan
olusmaktadir. Sekil 1'deki haritada gosterilen 13
sehir ismi hedef degisken olarak yapay zeka makine
6grenmesi algoritmalarina verilmistir. Kullanilan
kimyasal degerler nem, pH, asitlik ve 10-hidroksi-2-
dekanoik asittir (10-HDA). Her spesifikasyon,
karsilik gelen analizle etiketlenmistir. Diger bir
deyisle, makine analizi biliyordu ve &gdrenme
sirasinda dikkate aliyordu. Ari sutleri arasinda
kimyasal analiz sonuglari acgisindan anlamli
istatistiksel fark olup olmadigini belirlemek igin
ANOVA testi yapilmistir. Nem, 10-HDA (%), pH ve
asitlik acisindan boélgeler arasinda anlamli bir fark
olup olmadigini gérmek icgin tek tarafli ANOVA testi
yaplimistir. Daha sonra, 13 farkh lokasyondan
toplanan ari sutlerinin 6zelliklerinin ardindaki gizli
kurallari gikarmak i¢in karar agaglarina sahip makine
o6grenme algoritmasi kullaniimistir. SMOTE, makine
O0grenimi c¢alismalarinda yaygin olarak kullanilan
sentetik bir veri gelistirme teknigidir (Silahtaroglu
2009). Veri seti %30 / %70 oraninda bolinmusgtir.
Bu, verilerin %70'inin makineyi egitmek igin ve
%30'unun sonuglari test etmek ve degerlendirmek
icin kullanildi§i anlamina gelmektedir. Dogruluk,
kesinlik, 6zgullik, Cronbach' Kappa ve F-degeri,
makinenin ari sttindn yerini tahmin etmek icin ne
kadar iyi egitildigini 6lcmek igin kullaniimigtir.

Bulgular ve tartisma: An sitl, kimyasal analiz
sonuglarinin tanimlayici istatistikleri Tablo 1'de
gOsterilmistir. Tablo 1'e gore, asagidaki ortalama
kimyasal analiz degerleri elde edilmigti. Nem
%63,05+£2,99, pH 3,67+0,08, asitlik 45,32+3,55 ve
10-HDA 2,40 +0,24. An sutindn bilesiminin
mevsime, ekolojik kogullara ve toplandigi bélgenin
Ozelliklerine bagh oldugdu bildirilmigtir (Zheng ve Hu
2010). Fransiz ar1 suti Gzerinde yapilan arastirmaya
gore nem igerigi %60-70, 10-HDA degeri ise %1,4 ile
%3,7 arasinda degismektedir (Wytrychowski vd.
2013). Baska bir galismada Anadolu ari sitinin 10-
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HDA degerlerinin %1,0 ile %3,9 arasinda, nem
iceriginin ise %62,6 ile %73 arasinda degistigi
saptanmistir (Kolayli vd. 2015). Ayrica ari sutiinin
uluslararasi standardi olan ISO/DIS 12824 (2016)
uyarinca ari sutiinin 10-HDA degeri minimum %1,4,
nem igerigi minimum %62 ile maksimum %68,5
arasinda ve asitlik 30 ila 53 m.q g/kg arasinda
degismektedir. Keskin vd. (2020), an sutu
Orneklerinin  10-HDA igeriginin  %2,1 ile %2,6
arasinda, nem igeriginin ise %62,6 ile %66,5
arasinda degistigini tespit etmistir. Tim bu
¢alismalarin  sonuglari ile bizim ¢alismamiz
benzerdir (Tablo 1).

Tablo 2'de gorulebilecedi gibi, Levene test
istatistikleri, dort parametrenin tumua icin esit
varyanslarin varsayilabilecegini géstermektedir. Ote
yandan, Tablo 3'teki test istatistikleri, 10-HDA haric,
H1 icin sifir hipotezinin reddedildigini, yani pH, asitlik
ve nem agisindan araglar arasindaki tum farklarin
istatistiksel olarak anlamli oldugunu géstermektedir.
Bununla birlikte, bir p-degeri = 0,296 ile sifir hipotezi
reddedilemez, dolayisiyla  10-HDA'ya  gore
popilasyon araclarinin hepsinin ayni oldugu
sonucuna variriz. Sekil 2, olusturulan karar agacini
gostermektedir. Makine tarafindan olusturulan karar
agacinin koku 10-HDA'dir (%). Degerinin 2,59'dan
blylk olup olmamasina gbére sola veya saga
yaylanir. Bu, ari sutinun yerini tahmin etmede en
Onemli faktortiin 10-HDA (%) oldugu anlamina gelir.
Bu parametrenin esik degeri de 2,59'dur (Sekil 2).
Agag, ari sttliniin Balikesir'de mi yoksa Konya'da mi
hasat edildigini tek basina 10-HDA (%) degerleri ile
tahmin etmenin midmkin oldugunu géstermektedir.
%2,59'a bagli olarak 10-HDA, an sitinin hasat
edildigi yeri tahmin etmede en 6nemli faktérddr.
Adac degerlendirme istatistikleri Tablo 4'te
gosterilmektedir.  Istatistiklerin ~ minimum %75
dogrulukla tatmin edici oldugu gdrulmektedir.
Cohen'in kappa'si da 0,50'den buyuktir, yani
0,73'tur.

Sonug: Klasik tek yonlu analiz ANOVA, %10-HDA
acisindan siteler arasinda ortalama bir fark
olmadigini éne slrse de, makine Ogrenimi karar
agdacl, %10-HDA'nin siteler arasinda ayrim yapmasi
icin esik olarak 2,59 verir. Bu durum ar sutinin
Balikesir veya Konya'da %10-HDA dederi
kullanilarak Uretilip hasat edildigini gdsterebilir. Bu,
ari sUtinun orijinalligini daha kolay tespit etmemize
yardimci  olacaktir. Burada %10-HDA degeri
arasindaki iligkiyi ortaya koyabilmek icin daha fazla
veri iceren ileri calismalara ihtiyag vardir. Cok fazla
veriye sahip bir yapay zeka modeli, bu konuda daha
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fazla bilgi saglayabilir ve gelecekte yapay zeka
araciligiyla ari Grdnlerinin dogrulugunu belirlemek
icin kullanilabilir.

INTRODUCTION

People's interest in natural products is increasing
rapidly worldwide, increasing the popularity of bee
products. Bee products are rare natural products
with high biological activities and therapeutic
properties. Royal jelly is also one of the important
bee products and is a homogeneous, white or yellow
colored, sharp smelling, sour taste, water-soluble
substance secreted from the hypopharyngeal and
mandibular glands of worker bees (Chinou 2014,
Krell 1996, Melliou and Schmidt 1997, Tamura et al.
2009, Wytrychowski et al. 2013).

It was determined that the queen bee was constantly
fed with royal jelly by Huber, and for this reason, it
was named "royal jelly", which means queen meal in
English for the first time in Switzerland in 1793
(Crane 1997). While worker bees are fed royal jelly
in the first three days of their larval stages, the only
food of the queen bee is royal jelly. As a result of
feeding honey bee larvae with royal jelly, a
productive and long-lived adult queen develops
morphological and functional characteristics that
other adult individuals in the hive do not have (Krell
1996, Melliou and Chinou 2014, Schmidt 1997,
Wytrychowski et al. 2013). Throughout history,
human beings have always been affected by this
special effect of royal jelly on bees, and for this
reason, royal jelly has been used as a food
supplement and therapeutic for centuries.

Fresh royal jelly contains water (60-70%), proteins
(9-18%), carbohydrates (7-18%), fatty acids and
lipids (3-8%), minerals (about 1.5%), and small
amounts of polyphenols and vitamins (Melliou and
Chinou 2014). On the other hand, lyophilized royal
jelly contains <5% water, 27-41% protein, 22-31%
carbohydrates, and 15-30% fat (Melliou and Chinou
2014). The composition of royal jelly is similar when
compared with different bee colonies and bee
breeds (Krell 1996).

The biological activities of royal jelly vary depending
on the number of trace elements in its content. Anti-
aging (Salazar-Olivo and Paz-Gonzalez 2005),
antioxidant (Liu et al. 2008), antibacterial (Fujiwara
et al. 1990; Melliou and Chinou 2005), antitumor
(Salazar-Olivo and Paz-Gonzalez 2005, Tamura et
al. 1987) antihypertensive (Tokunaga et al. 2004),

immunomodulatory (Vucevic et al. 2007), anti-
inflammatory (Kohno et al. 2004), liver protective
(Kanbur et al. 2009), osteoporosis preventative
(Hidaka et al. 2006) properties have attracted
attention in recent years. In addition, it is known that
people who use royal jelly develop a general sense
of well-being in a short time and develop higher
learning capacity, fatigue resistance, and better
memory (Krell, 1996). In other words, royal jelly
appears to be a general stimulant that improves the
immune system and general body functions (Krell,
1996).

Royal jelly contains short-chain hydroxy fatty acids,
which are not found in other foods, and are claimed
to have anti-tumor, anti-bacterial and
immunoregulatory activity and hormonal activity
(Ramadan and Al-Ghamdi 2012, Terada et al. 2011).
Royal jelly fatty acids are mostly short-chain fatty
acids, such as dicarboxylic acids with 8-10 carbons,
which are not found in most plants and animals
(Ramadan and Al-Ghamdi 2012). Trans-10-hydroxy-
2-decanoic acid (10-HDA), which is considered the
major fatty acid of royal jelly, is considered a marker
for royal jelly and is found in royal jelly at a rate of
0.5-3.5% of its dry weight (Garcia- Amoedo and
Almeida-Muradian 2007, Ramadan and Al-Ghamdi
2012, Kamakura et al. 2001, Kanelis et al. 2015, Liu
et al. 2008, Yukunc 2019). However, it is also stated
that in a quality royal jelly, the 10-HDA should be at
least 1.4 and the moisture content should be
between 60% and 70% (Bogdanov and Gallmann
2008).

The term machine learning was coined in 1959 by
American Arthur Samuel, a pioneer in computer
games and artificial intelligence and an IBM
employee, and machine learning or machine
learning refers to the design and development
processes of algorithms that enable computers to
learn based on data types such as sensor data or
databases. It is a science that deals with the subject.
The focus of machine learning research is to give
computers the ability to detect complex patterns and
make rational decisions based on data. This shows
that machine learning is closely related to fields such
as statistics, probability theory, data mining, pattern
recognition, artificial intelligence, adaptive control,
and theoretical computer science (Alpaydin 2020,
Arthur 1959, Kohavi and Provost 1998).

This study aims to discover the chemical factors
behind the regional differences of royal jelly through
machine learning. To achieve this, we collected,

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (1): 49-60 51



ARASTIRMA MAKALESI / RESEARCH ARTICLE

compared, and evaluated the results of chemical
analysis of royal jelly products harvested in various
locations in Turkey.

MATERIAL AND METHODS
Collection and storage of royal jelly samples

A total of 84 royal jelly samples were collected from
13 different provinces of Turkey in 2020 (Figure 1).
Collected samples were stored at -18°C until
analysis. Then, chemical analyses were made.

Ardahan

Sekil 1. Ari sutu toplanan bdélgeler
Figure 1. Royal jelly collected regions

Chemical
collection

analysis of samples and data

The data used in this study consists of the results of
the chemical analysis of royal jelly. The 13 city
names shown on the map in Figure 1, are given as
target variables to artificial intelligence machine
learning algorithms. The chemical values used are
moisture, pH, acidity, and 10-hydroxy-2-decanoic
acid (10-HDA). Each data was marked with the
corresponding analysis.

Moisture analysis

For moisture determination, 1 g of each sample was
weighed. It was then incubated at 105°C for 3 hours.
At the end of the period, the royal jelly samples were
cooled in the desiccator until they reached a
constant weight. This process was repeated three
times for each sample (Horwitz and Latimer 2000).

pH analysis

The pH and acidity of the royal jelly samples were
determined according to ISO/DIS 12824 (2016). 1 g

U.An D. - U.Bee J. 2023, 23 (1): 49-60

of royal jelly sample was weighed and placed in a
100 mL beaker and 75 mL of boiled and cooled
distilled water was added. It was titrated with sodium
hydroxide standard solution (¢ = 0.1 mol/L). The
endpoint was obtained when the acidometer showed
a pH of 8.3.

Acidity analysis

To obtain the sample's acidity, the milliliter amount
of sodium hydroxide standard solution consumed in
the titration is multiplied by the concentration value
(mol/L), divided by the sample's mass, and multiplied
by 100. The acidity of royal jelly is calculated with the
following equation:

Acidity [(1 mol/l NaOH) mL/100g] = (V x ¢ x 100) / m

V is the volume of 0.1 mol/L NaOH standard solution
consumed in the titration in milliliters. ¢ is the
concentration of the NaOH standard solution in
mol/L; m is the mass of the sample in grams.

10-Hydroxy-2-decanoic acid (10-HDA) analysis
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The amount of 10-HDA was determined by
ultraviolet absorbing detector high-performance
liquid chromatography (HPLC, VWR Hitachi
Chromaster HPLC-UV). Measurements were made
at 215 nm to obtain the highest absorbance value
(Kim and Lee 2010). The mobile phase of the C-18
(150 x 4.6 mm) column was optimized for methanol,
water, and phosphoric acid (55:45:2.2) and the flow
rate was 1.0 mL min-1 and the injection volume was
3 uL. Liquid methyl 4-hydroxybenzoate (MHB) was
used as a standard. Calibration solutions were
obtained by diluting 160 yg mL™" of stock 10-HDA
solution (0.1, 0.5, 1.0, 5.0, 10, 20, 40, 80, and 160
Mg mL-1). The R? value of the obtained calibration
graph was determined as 0.9998.

Statistical analysis and machine learning

ANOVA test was performed to see if there was a
statistically significant difference between royal
jellies in terms of chemical analysis results. One-way
ANOVA was performed to test whether there was a
significant difference between locations in terms of
humidity, 10-HDA (%), pH, and acidity.

HO: There is a significant difference between
locations in terms of humidity, 10-HDA (%), pH, and
acidity averages.

H1: There is no statistically significant difference
between the means.

Then the hidden rules behind the properties of the
royal jelly harvested from 13 different locations were
extracted using the Decision Tree Machine Learning
algorithm.

The purpose of the study analysis is to find hidden
rules that will allow the machine to predict the
location of the royal jelly using the four chemical
analysis values. For this purpose, Gini and Gain
(entropy-based) decision tree algorithms were used.
Decision trees are widely used in machine learning
to enable machine learning and predict class value.
They are preferred to "deep learning” and "support
vector machines" because they create rules that
humans can understand. Decision Trees are among

the most common and powerful algorithms used
especially in classification and regression tasks.
They are used to build models that can predict the
value of the target variable based on input
properties. Decision trees are created by dividing the
data using a hierarchical structure according to
different feature values and making predictions
based on the resulting datasets. Decision Trees are
used in two main types: “Classification Trees” and
“Regression Trees”. Classification Trees are used
for categorical or discrete target variables, while
Regression Trees are used for continuous target
variables. Both types of trees are created using a
similar process. This process is done by separating
the data into smaller subsets based on different
property values. There are many pollution
calculations for decision trees. Gini and entropy are
two of them. Their ability to handle missing data and
their ability to be used for feature selection is a great
advantage (Schug et al. 2005, Shafer et al. 1996,
Silahtaroglu 2013). For this reason, these algorithms
were preferred in the study.

Since the number of royal jellies was not evenly
distributed across the 13 locations, SMOTE was
used to eliminate the class imbalance. SMOTE is a
synthetic data augmentation technique that is widely
used in Machine Learning studies (Silahtaroglu
2009). The dataset is partitioned at 30% / 70%. This
means that 70% of the data is used to train the
machine and 30% is used to test and evaluate the
results. Accuracy, Sensitivity, Specificity, Cronbach
Kappa, and F-Value were used to measure how well
the machine was trained to estimate the location of
royal jelly.

RESULTS

Descriptive statistics of the chemical analysis results
of royal jelly are given in Table 1. According to Table
1, the mean chemical analysis results were found as
follows, respectively: Humidity 63.05% +2.99, pH
3.67+0.08, acidity 45.32 +3.55 and 10-HDA
2.40+0.24.
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Table 1. Descripitve statistics of the royal jelly samples

Tablo 1. Ari st 6rneklerinin tanimlayici istatistikleri

Parameter Min. Mean Max. Std. Dev. Skewness Kurtosis No. Missing
Nem (%) 53.29  63.05 69.58 2.99 -0.59 1.18 0
pH 3.50 3.67 3.8 0.08 -0.52 -0.05 0
Asitlik (m.qg. g/kg) 38.0 45.32 58 3.55 0.76 1.06 0
10-HDA (%) 1.46 2.40 3.06 0.24 -0.49 2.16 0

As can be seen in Table 2, Levene's test
statistics show that equal variances can be
assumed for all four parameters. On the other
hand, the test statistics in Table 3 show that the
null hypothesis is rejected on behalf of H1,
excluding 10-HDA, that is, any of the differences

Table 2. Test of homogeneity of variances

Tablo 2. Varyanslarin homojenligi testi

between the means are statistically significant in
terms of pH, acidity, and humidity. However, with
a p-value = 0.296, we fail to reject the null
hypothesis and conclude that the population
means are all equal in terms of 10-HDA.

Levene

Statistic e e Sig.

Moisture Based on Mean 1.244 70 .283

Based on Median .825 70 .595

Based on the Median and .825 9 54.611 .596

with adjusted df

Based on trimmed mean 1.191 9 70 314
pH Based on Mean 1.050 9 70 410

Based on Median 467 9 70 .892

Based on the Median and 467 9 57.491 .891

with adjusted df

Based on trimmed mean .980 9 70 464
Acidity Based on Mean .639 9 70 .760

Based on Median .604 9 70 .789

Based on the Median and .604 9 53.631 .788

with adjusted df

Based on trimmed mean .626 9 70 771
10-HDA Based on Mean 1.871 9 70 .071

Based on Median 1.141 9 70 .346

Based on the Median and 1.141 9 39.333 .358

with adjusted df

Based on trimmed mean 1.840 9 70 .076

U.Ar D. — U.Bee J. 2023, 23 (1): 49-60
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Table 3. ANOVA results
Tablo 3. ANOVA sonuglari

Sum of .
Squares df Mean Square F Sig.
Moisture = Between Groups 218.312 13 16.793 2.237 .016
Within Groups 525.389 70 7.506
Total 743.701 83
pH Between Groups A79 13 .014 2.550 .006
Within Groups 379 70 .005
Total .558 83
Acidity Between Groups 289.463 13 22.266 2.065 .027
Within Groups 754.859 70 10.784
Total 1044.321 83
10-HDA Between Groups .908 13 .070 1.203 .296
Within Groups 4.065 70 .058
Total 4.973 83
Table 4. Decision tree results
Tablo 4 Karar agaci sonuglari
Region True Pos False Pos  True Neg False Neg Recall Precision  Sensitivity Specifity F- Measure
Balikesir 7.00 0.00 84.00 2.00 0.78 1.00 0.78 1.00 0.88
Tokat 3.00 4.00 81.00 5.00 0.38 0.43 0.38 0.95 0.40
Bursa 6.00 0.00 82.00 5.00 0.55 1.00 0.55 1.00 0.71
Bandirma 1.00 5.00 84.00 3.00 0.25 0.17 0.25 0.94 0.20
Zonguldak 0.00 6.00 83.00 0.00 0.00 0.00 0.00 0.93 NaN
Sivas 6.00 0.00 87.00 0.00 1.00 1.00 1.00 1.00 1.00
Kastamonu 6.00 1.00 86.00 0.00 1.00 0.86 1.00 0.99 0.92
Canakkale 3.00 4.00 85.00 1.00 0.75 0.43 0.75 0.96 0.55
Konya 7.00 0.00 85.00 1.00 0.88 1.00 0.88 1.00 0.93
Cankiri 5.00 1.00 86.00 1.00 0.83 0.83 0.83 0.99 0.83
Amasya 5.00 2.00 86.00 0.00 1.00 0.71 1.00 0.98 0.83
Bilecik 7.00 0.00 86.00 0.00 1.00 1.00 1.00 1.00 1.00
Yalova 7.00 0.00 85.00 1.00 0.88 1.00 0.88 1.00 0.93
istanbul 7.00 0.00 86.00 0.00 1.00 1.00 1.00 1.00 1.00

Table 4 and Figure 2 show the machine-generated
decision tree results. The root of the machine-
generated decision tree is 10-HDA. The tree arcs to
the right or left depending on whether the
percentage value is greater than 2.59 or not. This
means that the most important factor for estimating
the location of royal jelly is 10-HDA, and the cut-off

point of this parameter is 2.59 (Figure 2). Tree
suggests that with 10-HDA values alone it is possible
to predict whether royal jelly was harvested in
Balikesir or Konya. Based on 2.59%, 10-HDA is the
most important factor in estimating the location of
royal jelly.
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Bursa (66/380)
YTable:
Category % n
Balikesir 14.2 54
istanbul 7.4 28
Canakkale 1.9 4
Bursa 17.4 66
Bandirma 0.8 3
Bilecik 6.6 25
Zonguldak 0.3 1
Yalova 10.0 a8
Sivas 16.1 61
Kastamonu 39 15
Tokat 1.1 4
Amasya 6.3 24
Konya 10.0 38
Gankin 5.0 19
Total 100.0 380
10-HDA (%)
S}
=259 =259
Balikesir (50/280) Konya (38/100)
»Table: »Table:
Race Race
@ ]

Sekil 2. Karar agacinin kokii

Figure 2. The root of the decision tree

Tree evaluation statistics are shown in Table 5. The
statistics appear to be satisfactory with a minimum
accuracy of 75%. Cohen's kappa is also greater than
0.50, meaning 0.73.

Table 5. Decision tree evaluation statistics

Tablo 5. Karar agaci degerlendirme istatistikleri

Precision Sensivity Specifity
0.74 0.73 0.98
F-measure Accuracy Cohen's kappa
0.78 0.75 0.73
DISCUSSION

It is stated that the composition of royal jelly depends
on the season, ecological conditions, and the
characteristics of the region where it is collected
(Zheng and Hu 2010). In a study conducted with
French royal jelly, it was reported that the moisture
content varies between 60% and 70%, and the 10-
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HDA value varies between 1.4% and 3.7%
(Wytrychowski et al. 2013). In another study, it was
stated that the 10-HDA values of Anatolian royal jelly
varied between 1.0% and 3.9%, and the moisture
content between 62.6% and 73% (Kolayll et al.
2015). In addition, according to the international
royal jelly standard ISO/DIS 12824 (2016), the 10-
HDA value of royal jelly should be between at least
1.4%, its moisture value between at least 62% and a
maximum of 68.5%, and its acidity value between 30
and 53 m.q. It is stated that it should be between g /
kg. Keskin et al. (2020), it was determined that the
10-HDA content of royal jelly samples varied
between 2.1% and 2.6%, and the moisture content
varied between 62.6% and 66.5%. The results of all
these studies and ours are similar (Table 1).

A study by Yavuz and Gurel (2017) determined that
the 10-HDA content of commercial royal jelly ranged
between 0.75% and 3.11%, and the moisture
content between 63.1% and 73.5%. However,
according to the international royal jelly standard
(ISO/DIS 12824, 2016), the 10-HDA value of royal
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jelly should be at least 1.4%. It has been stated that
royal jelly containing 10-HDA below this value is
likely to be a product with additives or adulteration
(Yavuz and Gurel 2017). In this case, the machine
learning method can be a guide in determining the
accuracy of royal jelly.

As the success of data mining and machine learning
algorithms has increased, these data analysis
methods and tools have been used in many fields
such as agriculture, beekeeping, and quality and
yield estimation in recent years. These studies cover
both  supervised learning (clustering) and
unsupervised learning (classification and prediction)
models of machine learning and data mining. In one
of the studies conducted in the field of beekeeping in
recent years, a face-to-face survey was conducted
with 62 beekeepers and the decision tree model,
which is one of the data mining methods, was used
to determine the factors affecting the cooperative
membership of beekeepers. As a result of the
statistical analysis, of the cooperative members of
the beekeepers; It was concluded that credit
utilization status, education level, and beekeeping
support have a significant effect on the status (Cukur
and Gukur 2022). In another study, the decision tree
method was used to monitor honey bee health
(Edwards-Murphy et al. 2016). Aksoy et al. (2018)
conducted a study on the estimation of honey
production in beekeeping enterprises located in
eastern Turkey. In this study, they aimed to
determine the main factors contributing to honey
production and to develop a model that can
accurately predict honey production in the region by
using different data such as colony number,
cultivated land area, and plant species. In the study
using Multiple Adaptive Regression Splines (MARS),
Classification and Regression Tree (CART), and
(Chi-squared Automatic Interaction Detector) CHAID
algorithms in honey yield per hive, it was determined
that MARS (r=0.920) outperformed other
approaches. In a study by Karadas and
Kadirhanogullari (2017), data mining and artificial
neural network algorithms were used to determine
the amount of honey production. In another study, a
method based on clustering and classification
techniques was developed to develop seasonal
honey bee models that can be customized and
integrated into the computer system for remote
monitoring of beehives. In the model, a clustering
technique was applied that monitors the brood
temperature, relative humidity, and weight of the
beehives. Naive Bayes, k-NN, and Random Forest

algorithms were compared to propose a high-
accuracy classification model (99.67%) that
recommends seasonal honey bee patterns for the
remote monitoring system (Rafael Braga et al.
2020).

Beekeepers perform inspection procedures that
include identifying potential problems or overall
colony health in the colonies. If the inspections are
not done properly, it may disrupt the microclimate
balance in the hive and the work of the worker bees.
Classification algorithms were used in the study,
which states that these controls can be made and
the health status of honey bee colonies can be
predicted with high precision (Rafael Braga et al.
2020, Robles-Guerrero et al. 2017).

Data mining and machine learning algorithms are
also used to detect fatal diseases of honey bees. In
a study, artificial neural networks and Support Vector
Machines (SVM) algorithms were used in the
detection of Nosema, which is known as a common
fatal disease, and disease detection was
successfully performed with artificial neural networks
with an accuracy of 96.25% (Dghim et al. 2021).

In our study, it has been shown that the location of
the harvest and other ecological conditions can be
determined by examining the composition of royal
jelly. For this purpose, moisture, pH, acidity, and 10-
HDA values, which are among the components of
royal jelly, were used. The study has developed and
introduced a smart system that predicts the
harvested location with high accuracy using the
composition values of the collected royal jelly
samples with the decision tree method, which is one
of the machine learning methods. In the results, it
was seen that the 10-HDA value from the royal jelly
components is effective in determining the
geographical location and the harvested location can
be determined with more than 75% accuracy by
using the 10-HDA value. Thanks to the developed
smart system, the location of the received royal jelly
sample could be determined within seconds.

Conclusion

Although classical one-way ANOVA suggests no
mean difference between locations in terms of 10%-
HDA, the machine learning decision tree gives 2.59
as a cut-off point for 10%-HDA in distinguishing
locations. This situation can reveal that royal jelly
was produced and harvested in Balikesir or Konya
using a 10%-HDA value. Thus, it will contribute to
our learning of the originality of royal jelly more
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easily. Here, more studies with more data are
needed to reveal the correlation between the 10%-
HDA value. This preliminary study, which we have
done on the adaptation of bee products to the
machine learning path, is the first study conducted in
Turkey. An artificial intelligence model with a larger
amount of data can provide more information on this
issue and can be used in the future to determine the
accuracy of artificial intelligence bee products.
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