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Abstract
This paper presents a convolutional neural network (CNN) to classify between the conventionally and organically culti-

vated Memecik varieties of green olives. The image forming method called the rising paper chromatography is utilized in

preparing the images of Memecik varieties of green olives for CNN. In the rising chromatography method, 20, 30, and 40%

sample concentrations were determined as the suitable concentrations for both organic and conventional olives. The

concentrations of AgNO3 and FeSO4 were determined as 0.25, 0.5, 0.75 and 1% for both conventional and organic samples.

The visual differences used for differentiation of different types of Memecik green olives are usually determined according

to the regional color differences, the vivid color occurrence, the width and the frequency of bowl occurrence, the thin line,

and the picks at drop zone by the expert assessors. The testing results in this study verified the effectiveness of the CNN

methodology in differentiating between the organically and conventionally cultivated Memecik green olives. The newly

designed neural network achieved 100% accuracy. Furthermore, this high accuracy achieved by CNN might suggest that it

can be effectively used in place of the expert assessors.
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1 Introduction

Agricultural studies are important for the development of

the rural parts of society. When the continuous increase in

the world population is considered, it is sure that nutrition

will be an important problem in the future as in the past and

today. For this reason, the existing resources should be

used efficiently within the agricultural activities. The use of

chemical fertilizers is one of the important factors in

ensuring high productivity in agriculture [1].

Since the 1950s, food production in industrialized

countries has evolved into a serial production system based

on external inputs such as machinery, fuel, chemical fer-

tilizers, and various chemicals (pesticides) that human

labor is significantly reduced with the intensive use of soil

and water [2].

Conventional agriculture, also known as industrial

agriculture, refers to farming systems that include the use

of synthetic chemical fertilizers, pesticides, herbicides and

other continual inputs, genetically modified organisms,

concentrated animal feeding operations, heavy irrigation,

intensive tillage, or concentrated monoculture production

[3].

Pesticides are various chemicals used in agricultural

applications to inhibit harmful organisms, to reduce or to

take over control of their harm. It provides an important

advantage in agriculture, as it gives better cultivation

results in wide agricultural fields in a short time with less

labor and expense [4]. Pesticides have become an indis-

pensable part of modern agriculture both in the world and

in Turkey as a result of increasing population and

decreasing arable agricultural lands [5]. However, the
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pesticides can cause large amounts of residue remained in

foods when used over the recommended doses, when more

sprayings are done than they should be when used that not

needed, or in cases where the maximum period between the

last spraying period and the harvest period is not complied

with. Acute or chronic poisoning may occur in humans and

other living organisms who fed on these foods with high

doses of pesticide residues. It may cause aroma and quality

changes in some products [6].

When the pesticide consumption between the years of

2006–2018 in Turkey is examined in Table 1, it is seen that

44,126 tons of pesticides are used on average per year

although there are increases and decreases among the

years. In 2018, 60,020 tons of pesticides were consumed.

This amount includes fungicides 38.39%, herbicides

24.64%, and insecticides 22.63% [7].

Moreover, Organic agriculture has ensued as an alter-

native against the negative consequences of industrial

agriculture in terms of human health, economy, and envi-

ronment. It adopts a form of production that prevents the

use of artificial inputs and aiming to be used animal

manure, green manure, crop residues, and non-agricultural

organic wastes, producing human and animal food free

from pests by protecting soil, water, and air [8].

Organic agriculture is expressed under different titles

due to language differences by countries. For example, the

titles are used such as organic in the UK, ecological

(ökologisch) in Germany, and biological (Biologique) in

France [9]. The countries have carried out organic agri-

culture independently until the 1970s and the International

Organic Agriculture Federation (IFOAM) was established

in 1974 to evaluate and organize organic agriculture studies

in the world together [8].

Organic agriculture is defined as a holistic production

management system by the International Federation of

Organic Agriculture Movements (IFOAM) that prevents

the use of synthetic fertilizers and pesticides, minimizes

air, soil, and water pollution, and maintaining soil,

ecosystem, and human health [10]. Organic agriculture is

one of the sustainable agriculture systems that adopt a

registered and transparent management system and is

controlled by independent certification bodies and inspec-

tors at all stages of production [9].

The development of organic agriculture has started a

new period with Sustainable Development Goals. This

period is called organic 3.0 that expresses sustainable

production and consumption understanding. Organic 1.0

period, which expresses organic development, started with

a radical change in agriculture in the early 1900s. Organic

2.0 period has started by establishing standard and legal

bases in the 1970s.

Finally, the organic 3.0 period aims that organic agri-

culture is in a position to create solutions to the problems

faced by the world from different perspectives [11]). In

Table 2, it is seen that the development process of organic

agriculture in Turkey has increased over the years. When

the data of 2002 and 2018 are compared, it is seen that the

number of organic products has increased by approxi-

mately 40% [12].

Organic olives with 12.44% of the total amount of

organic products produced in Turkey were used as mate-

rials in this paper. According to the data in 2018, it is

known that organic olive production is 213369 tons in

Turkey [13]. Organic agriculture has emerged as an alter-

native to conventional agriculture and the increased con-

sumer awareness has led to the comparison of this organic

and conventional agriculture. It is seen that many studies

have been carried out on topics such physical, chemical,

sensory properties, nutrient content, heavy metal, pesticide

residues, etc. of organic and conventional products

[14–19].

Table 1 Pesticides use (in tons)

[7]
Years Insecticides Fungicides Herbicides Acaricides Rodenticides Other Total

2006 7628 19,900 6956 902 3 9987 45,376

2007 21,046 16,707 6669 966 51 3277 48,716

2008 9251 16,707 6177 737 351 5613 38,836

2009 9914 17,863 5961 1533 78 2302 37,651

2010 7176 17,396 7452 1040 147 5344 38,555

2011 6120 17,546 7407 1062 421 6978 39,534

2012 7264 18,124 7351 859 247 8766 42,611

2013 7741 16,248 7336 858 129 7128 39,440

2014 7586 16,674 7794 1513 149 6007 39,723

2015 8117 15,984 7825 1576 197 5327 39,026

2016 10,425 20,485 10,025 2025 259 6835 50,054

2017 11,436 22,006 11,759 2452 236 6209 54,098

2018 13,583 23,047 14,794 2486 309 5801 60,020
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There are also studies in the literature that use holistic

methods (picture forming methods) to observe the differ-

ences in organic and conventional products [20]. Many

components, which are determined separately by quanti-

tative analysis, are summarized as reflecting the whole,

more meaningful than reflecting the parts separately with

holistic methods. Picture forming methods are three

methods as ‘‘Biocrystallization’’, ‘‘Capillary Rising Paper

Chromatography’’ and ‘‘Circular Chromatography’’. Pic-

ture forming methods have begun with Rudolf Steiner’s

studies. According to [21], the methods are based on the

principle of creating internal pictures of each substance

using the aqueous extract and used to reveal the differences

between the products produced by different production

systems.

In this study, the Rising Paper Chromatography was

used. This paper aims to evaluate the quality differences

with physical and chemical analyses of the conventionally

and organically cultivated Memecik type green olives and

differentiation of these olives by utilizing the CNN with the

help of the rising paper chromatography method. The CNN

used in this study is one of the most well-known archi-

tectures and structures in deep learning, which has become

very widespread in recent years and gives very successful

results in many fields. Although the concept of deep

learning is defined in different ways in various sources; in

its simplest form, artificial neural networks can be defined

as an artificial learning model with many hidden layers,

more complex learning methods, and many more variables,

parameters, and calculations, thus requiring high capacity

memory and processors [22]. Nowadays, many problems

that cannot be solved with classical artificial neural net-

works such as multi-layer perceptron or other artificial

learning algorithms or which cannot be sufficiently suc-

cessful are now solved with deep learning [23, 24].

It is mentioned that picture forming methods (biocrys-

tallization, circular and rising paper chromatography) are

used effectively in the evaluation of food quality due to

their high accuracy in distinguishing organic and conven-

tional products. The principle of the methods is based on

the evaluation of the structures formed by the reaction of

the food matrix with certain inorganic salts [25].

The rising paper chromatography is also known as

Capillary dynamolysis. Lilly Kolisko developed this

method called ’capillary dynamolysis’ for experimentally

investigating the workings of the etheric forces in material

substances [26].

To use the method, the AgNO3 and FeSO4 solutions and

the sample concentration prepared from the sample extract

are required. In the environment with controlled tempera-

ture and humidity (40–60% humidity, 20–25 �C tempera-

ture), the appropriate concentration of the sample is firstly

absorbed into the chromatography paper until a certain

height. After drying, an appropriate concentration of

AgNO3 solution is absorbed to a certain level and dried. In

the last stage, FeSO4 solution is absorbed to a certain level

Table 2 Organic Agriculture Crop Production Data (Including Transition Process) [12]

Year Number of

products

Number of

farmers

Cultivated area

(ha)

Collection area

(ha)

Total production area

(ha)

Production amount

(ton)

2002 150 12,428 57,365 32,462 89,827 310,125

2003 179 14,798 73,368 40,253 113,621 323,981

2004 174 12,751 108,598 100,975 209,573 377,616

2005 205 14,401 93,134 110,677 203,811 421,934

2006 203 14,256 100,275 92,514 192,789 458,095

2007 201 16,276 124,263 50,020 174,283 568,128

2008 247 14,926 109,387 57,496 166,883 530,224

2009 212 35,565 325,831 175,810 501,641 983,715

2010 216 42,097 383,782 126,251 510,033 1,343,737

2011 225 42,460 442,581 172,037 614,618 1,659,543

2012 204 54,635 523,627 179,282 702,909 1,750,126

2013 213 60,797 461,395 307,619 769,014 1,620,466

2014 208 71,472 491,977 350,239 842,216 1,642,235

2015 197 69,967 486,069 29,199 515,268 1,829,291

2016 225 67,878 489,671 34,106 523,778 2,473,600

2017 214 75,067 513,981 22,148 543,033 2,406,606

2018 213 79,563 540,000 86,885 626,885 2,371,612
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and dried. The patterns are occurred in the daylight [21].

The patterns obtained on the chromatography paper were

evaluated by [27] in four regions. These regions are named

as base zone, bowl zone, flag zone, and drop zone (Fig. 1).

In another study on organic and conventional wheat, the

patterns on the chromatography paper were expressed

differently. (Fig. 2) [28].

[25] studied on organic and conventional wheat to learn

about the appropriateness of picture forming methods in

food quality assessment. It is shown that samples taken

from conventional and mineral fertilization have a lighter

color and less frequent bowl structures but samples from

the biodynamic, bioorganic and unfertilized control group

have a darker color and more frequent bowl structures

(Fig. 3).

Geier [29] showed that the differences between organi-

cally and conventionally grown potatoes in Fig. 4. It is

observed that the gray-colored flags are more intense in the

conventional sample but organic samples have an intense

light tile red in the base zone and an intense gray color in

the bowl zone.

[14] examined the organic and conventional fresh, fro-

zen, and pulp shaped red peppers with the rising picture

chromatography method. The clear pictures were obtained

at 100% sample concentration with 0.5% AgNO3 and 0.5%

FeSO4 concentration in fresh red peppers (Fig. 5). Differ-

ent colors were observed in the base zone of fresh red

pepper.

In the conventional samples, the presence of white flags

in the flag zone is observed, while the bowl widths are

higher compared to organic samples and the drop-shaped

formations formed in the drop zone are darker and wider

compared to the organic samples. It has been interpreted

that drop-shaped formations in the drop zone are wider in

conventional samples and the spaces are wavier while dark

orange colored flags are seen for the organic sample

compared to those of conventional in the flag zone.

In a different study on organic and conventional toma-

toes, the differences between fresh, frozen, and pulp

tomatoes were observed with the rising picture method
Fig. 1 Evaluation of the patterns obtained by the rising picture

method in sugar beet [24]

Fig. 2 Evaluation of the patterns obtained by the rising picture

method in wheat [25]

Fig. 3 Rising picture chromatograms of wheat samples [22]

Fig. 4 Rising picture chromatograms of organic and conventional

potatoes [29]
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[18]. The clear pictures were obtained in fresh tomatoes at

concentrations of 0.5% AgNO3 and 0.5% FeSO4 with 30%

sample concentration (Fig. 6).

In fresh organic tomatoes, it was observed that the

colors and flags were more prominent and more vivid, there

were color differences in the base zone, drop formations in

the drop zone were a distinct gray-yellow color, and the

bowls are more than conventional. It has been determined

that the flags are weaker and have an indistinct structure in

the conventional example.

[30] has applied the rising picture chromatography

method in organic and conventional wheat and has detected

differences in the pictures formed in the chromatograms

(Fig. 7). The next section presents methods and data; the

third section talks about the results and discussion and the

final section depicts the conclusion.

2 Methods and data

In this paper, Memecik type green olives with organic

product certificates in the Kemalpaşa region of Izmir and

conventional Memecik type green olives obtained from the

same region were used (Fig. 8). Organic and conventional

olives were collected in three periods. One kg of olives

simultaneously was picked from 6 different trees in each

period. The maturity index method was taken into con-

sideration before the olives were harvested. Olives between

0.5 and 1 maturity index were picked and stored in the Ege

University Food Engineering Department at ? 4� C and

85–90% relative humidity until analysis [31, 32].

The appropriate concentration sample is impregnated

until a certain height and dried into chromatography paper.

The next step is the impregnation and drying of the

appropriate concentration of AgNO3 solution to the chro-

matography paper dried in the first stage. The last stage is

the impregnation and drying of a suitable concentration of

iron sulfate (FeSO4) solution to the chromatography paper

dried in the second stage [21].

To prepare sample concentrations, approximately one

kg of olives without removing the stones from freshly

harvested olives were put in a cheesecloth. Then, an oil–

water mixture was obtained from olives with the help of a

packed press. The oil–water mixture was separated into oil

and water at 4500 rpm with the help of the centrifuge

device (HETTICH Universal 16R).

Olive juice was obtained by removing the oil from the

top. Sample concentrations (10, 20, 30, 40, 50%) were

Fig. 5 Rising picture chromatograms of fresh organic and conven-

tional red peppers [14]

Fig. 6 Rising picture of fresh organic and conventional tomatoes [18]

Fig. 7 Rising picture chromatograms of organic and conventional

wheat [27]

Fig. 8 Pictures of conventional (left) and organic (right) green

Memecik type olives
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prepared from the obtained 100% olive juice with the help

of tridistilled water. Sample concentrations with the most

appropriate results were determined by preliminary trials.

Stage 1 of the rising picture chromatography is the

impregnation and drying of the sample concentration on

the chromatography paper. Firstly, Whatman 2 CHR

chromatography paper (10 cm width 9 20 cm length)

which is attached with the help of a paper clip is put in the

form of a cone into the 9 cm diameter glass petri. In the

first step, approximately one ml of the sample of suit-

able concentration is taken in glass petri. Then, a cone-

shaped chromatography paper is placed into the petri dish,

the concentration of the sample is absorbed up to 2 cm high

from the base (Fig. 9). At the end of this stage, chro-

matography papers are taken and dried for 2–3 h.

In the second stage of the rising picture chromatography

is the impregnation and drying of the AgNO3 concentration

on the chromatography paper. AgNO3 concentration is

impregnated into the chromatography paper obtained at the

end of stage 1 and dried. The AgNO3 solution in four

different concentrations (0.25%, 0.5%, 0.75%, 1%) is

prepared with tridistilled water. Firstly, suitable AgNO3

concentration is placed inside the glass petri. Then, the

chromatography paper obtained at the end of stage 1 is

placed into the petri, the AgNO3 concentration is absorbed

until it is one cm higher than the sample concentration

(Fig. 10). At the end of this stage, the chromatography

papers are put away and dried for 2–3 h.

In the final stage of the rising picture chromatography,

the FeSO4 solution is impregnated and dried on the same

chromatography paper. The FeSO4 solution in four differ-

ent concentrations (0.25%, 0.5%, 0.75%, 1%) was prepared

with tridistilled water. The chromatography paper that has

the sample concentration and AgNO3 solution impregnated

and dried is placed in a glass petri with the appropriate

concentration of FeSO4 solution. Impregnation continues

until a total height of 12 cm (Fig. 11). At the end of this

stage, chromatography papers are put away and dried for

2–3 h.

The AgNO3 and FeSO4 solutions used in the analysis are

sensitive to light. For this reason, operations were carried

out in the darkroom to prevent color change. The color was

seen more clearly after drying. Under the same conditions,

the pictures of the chromatograms were shot by the Nikon

D-5100 camera. To have the FeSO4 solution move easily,

the chromatography papers are placed together with water-

filled petri dish into a bell glass (Fig. 12).

10%, 20%, 30%, 40%, 50% sample concentrations were

prepared from extracts from fresh organic and conventional

Memecik type green olives. 0.25%, 0.5%, 0.75% and 1%

concentrations were prepared for equal concentration

AgNO3 and FeSO4. Each sample concentration was used

with equal concentrations of AgNO3 and FeSO4 solutions.

Some of the rising pictures obtained from conventional

olives are presented in Fig. 13.

Some of the rising pictures obtained from organic olives

are presented in Fig. 14.
Fig. 9 Impregnation of sample concentration on chromatography

paper in the rising picture method

Fig. 10 Impregnation of AgNO3 concentration on chromatography

paper in the rising picture method

Fig. 11 Impregnation of FeSO4 concentration on chromatography

paper in the rising picture method
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Expert assessors analyze the above images and use the

following rules to decide if the image of a Memecik olive

belongs to an organic or a conventional class. In the rising

picture chromatograms obtained from conventional sam-

ples, the base zone is usually thicker, the fine line is wider

and more significant, and the bowl structures in the bowl

zone are wider, infrequent, and darker. In organic sample

chromatograms, the flags in the drop zone are more vivid

and frequent. This study will investigate if CNNs can

replace the expert assessors and achieve the correct clas-

sifications in real-time.

The CNN is a type of deep learning that can achieve

very successful results, mainly in visual data and image

processing, or in various hard jobs within the scope of

multiple classifications. CNN was first introduced in a

study for processing grid-like topological data (images and

time series data) [33]. They are designed to deal with the

excessive number of processes and processing complexity

experienced in image preprocessing and visual data com-

puting differently and more efficiently [34, 35]. They are

the most successful, efficient, and flexible model known

today in extracting new attributes and patterns from visual

data such as images, videos, etc., and classifying data.

There are four main stages in the process of the CNNs. In

the process of convolution, which is the first stage, feature

maps and patterns are obtained from input data with vari-

ous image filters. In the pooling phase, a subset of the

pattern of an image is obtained and the different derivatives

of the image are also correctly recognized by the CNN. In

the flattening phase, the multidimensional attribute set is

transformed into a one-dimensional index shape and thus it

is transmitted as input to the fully connected layers in the

Fig. 12 Increasing the ambient humidity in the rising picture method

10% sample concentration (conventional)

0.25%
AgNO3-FeSO4

0.5%
AgNO3-FeSO4

0.75%
AgNO3-FeSO4

1%
AgNO3-FeSO4

20% sample concentration (conventional)

0.25%
AgNO3-FeSO4

0.5%
AgNO3-FeSO4

0.75%
AgNO3-FeSO4

1%
AgNO3-FeSO4

Fig. 13 Rising pictures of

AgNO3-FeSO4 concentrations

used with 10% and 20% sample

concentrations of conventional

olives

Neural Computing and Applications (2021) 33:16733–16744 16739

123



last stage. In the last stage, similar to the multi-layer sen-

sor, the images are classified and the weights are updated

by calculating back errors in fully connected layers con-

sisting of one or more hidden layers [22, 23].

In CNNs; ReLU (Rectified Linear Unit) is generally

used as an output activation function in convolution layers

and hidden layers of fully connected layers [22, 23]. The

ReLU activation function was first introduced in a dynamic

network model [36]. It is the most used activation function

in deep learning models and especially in CNNs, since it is

not linear, it can be operated very simple and very fast and

its first-order derivative can also be expressed very easily.

If the input value to a node is expressed as x, the activation

function ReLU can be defined as F (x) = maximum (0, x).

The Softmax function is used in the last layer of the

model to estimate classes and is frequently preferred in

10% sample concentration (organic)

    
0.25%

AgNO3-FeSO4 
0.5%

AgNO3-FeSO4 
0.75%

AgNO3-FeSO4 
1%

AgNO3-FeSO4 
20% sample concentration (organic)

    
0.25%

AgNO3-FeSO4

0.5%
AgNO3-FeSO4

0.75%
AgNO3-FeSO4

1%
AgNO3-FeSO4

30% sample concentration (organic)

0.25%
AgNO3-FeSO4

0.5%
AgNO3-FeSO4

0.75%
AgNO3-FeSO4

1%
AgNO3-FeSO4

Fig. 14 Rising pictures of

AgNO3-FeSO4 concentrations

used with 10%, 20%, and 30%

sample concentrations of

organic olives
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CNNs, especially in multiple classification processes. The

output values of the Softmax function are in the range of

[0, 1] and can be expressed in terms of the first-order

derivative itself, and it is also a very useful function in the

operations such as backpropagation of errors [16, 20]. It is

defined in Eq. (1) and the Sj output value of any j input

value is calculated as in the equation.

Sj ¼
eaj

PN
k¼1 e

ak
ð1Þ

Experiments have been conducted with many different

CNN models and very different hyper-parameters, and it

has been observed that the most successful results are

obtained with this architecture. The dimension of the

images is 3 9 70 9 70 (Fig. 15). Batch normalization

was used in the input layer. In the next step; each visual is

passed through two convolution layers and 8, 16, and 32

(3 9 3) filters are used in these layers, respectively. In each

convolution layer, ReLU is used as the output activation

function. In the ReLU processes in the first and second

convolution layers, a max-pooling was used. In the next

stage of our CNN model; A flattening layer is used to

transform the data into a one-dimensional element. This

one-dimensional element is used as the input layer of the

fully linked layer and connected to hidden layer nodes. In

the last stage, hidden nodes were configured as fully con-

nected to two output layer nodes, and Softmax was used as

the activation function (as well as multi-classification

function) in the output layer. Our CNN model, each of the

two nodes in the output layer is structured to represent one

of two different classes of Memecik olive. The training was

continued for a total of 30 epochs. In adjusting the learning

speed, Adam’s algorithm, one of the adaptive learning

speed optimization models, was used [15, 16] and the

initial learning speed was defined as 0.01. This structure is

coded using MATLAB R2017b. Finally, the output value

shows if the Memecik olive belongs to the Organic or

Conventional class.

The next section presents results and discussion.

3 Results and discussions

A dried chromatography paper method was used to create

1200 images of different olive samples to detect if the

image belongs to an organic olive or a conventional olive.

Utilizing visual means to recognize quantifiable features

from these images is a hard task for human-beings.

Therefore, neural networks are strong candidates for clas-

sifying these images because of their nonlinearity.

600 images were prepared for each class namely

Organic and Conventional in a lab environment (Fig. 11).

Out of 1200 images, 240 images were used for testing.

Results are presented in the below 2 9 2 confusion matrix

(Table 3). A true positive means that CNN correctly clas-

sifies the Organic class and true negative means that CNN

correctly classifies the Conventional class. Furthermore, a

false positive means that CNN incorrectly classifies the

Image Input Layer

3x70x70

Convolu�onal Layer

8 filters (3x3)

Batch 
Normaliza�on 

Layer

ReLU Layer

Batch 
Normaliza�on 

Layer

Max Pooling Layer

Convolu�onal Layer

16 filters (3x3)

ReLU Layer

Max Pooling Layer

Convolu�onal Layer

32 filters (3x3)

Batch 
Normaliza�on 

Layer

ReLU Layer

Fully Connected 
Layer

So�Max Layer

Fig. 15 Newly designed CNN

for differentiating between

Organic and Conventional

Memecik type olive
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Organic class, and a false negative means that CNN

incorrectly classifies the Conventional class.

Accuracy calculated as 100% for CNN using values

from Table 3. This CNN can offer real-time processing of

the rising picture chromatograms and can be used effec-

tively as a digital expert assessor in deciding if a picture

chromatogram belongs to an Organic or a Conventional

class.

A conventional backpropagation neural network

(BPNN) was also designed for the same classification

problem. For each image, two calculations were per-

formed: The mean which provides the average color

properties, and the standard deviation which shows the

measure of color variation inside each olive image. In an

RGB image, the mean and the standard deviation were

calculated for each color component which is red, green,

and blue. As a result, each olive image was represented

with a six-color feature vector. These features were the

input to the BPNN, and the hidden layer had 20 neurons

with one output node in the output layer. The same set of

images were used for training this conventional neural

network, and out of 1200 images, 120 images for each class

were used for testing. Results are presented in the below

2 9 2 confusion matrix (Table 4).

The accuracy was approximately 68% which was not

enough for this classification problem. To capture the

spatial features which are the positioning of pixels and the

relationship among them, the CNN was designed and tested

instead of a BPNN. The CNN was capable of identifying

different regions on the chromatography paper (Fig. 16) as

well as specific features inside each region and capturing

how these features were arranged in the same olive image.

The CNN also utilizes a single filter across those different

regions (Fig. 16) of an olive image to produce a feature

map. This eliminates the manual feature extraction. It can

be observed that similar CNN analysis can be also used in

the discrimination process of infected food products by

examining the surface color and the geometrical shapes of

the contaminated regions.

Although the visual examination by an expert assessor is

utilized as a tool for evaluation of the olive chromatogram

images, it is an expensive procedure and requires a lot of

knowledge and preparation. Besides, the assessment vali-

dation procedures for assessing the quality of expert

assessors are not yet to be defined. Moreover, the CNN

analysis can offer a better solution in increasing the

objectiveness of these picture forming methods and allow

the analysis of large numbers of olive chromatogram

images almost in real-time. The results of this analysis can

suggest that the combined methodology which is CNN

analysis with chromatography paper has the potential to be

generally applied in different areas of food research for

classification purposes.

4 Conclusions

In this paper, Memecik type green olives with organic

product certificates in the Kemalpaşa region of Izmir and

conventional Memecik type green olives obtained from the

same region were used. The rising picture method is uti-

lized to generate the olive images for the CNN. This rising

method consists of three stages. In our study, the sample

concentration is increased until 2 cm (about 3–5 min) from

the chromatography paper base, the AgNO3 solution is

increased until 3 cm (about 5–8 min) from the chro-

matography paper base. In the final stage, the FeSO4

solution is increased until 12 cm (about 8–15 min) from

the chromatography paper base (Fig. 16).

A colored picture formation is expected on the dried

chromatography paper. The picture formed on the

Table 3 Confusion Matrix

Actual

Organic Conventional

Predicted Class Organic 120 0

Conventional 0 120

Table 4 Confusion Matrix

Actual

Organic Conventional

Predicted Class Organic 78 42

Conventional 35 85

Fig. 16 The rising picture method
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chromatography paper consisted of four different zones,

namely base zone, bowl zone, flag zone, and drop zone

(Fig. 17).

These images (Fig. 17) were fed into CNN and the

corresponding output were the actual classifications in the

training phase. For the training phase, 960 images were

used and 240 images that were not part of the training

phase were used to test the CNN’s classification accuracy.

After the testing, 100% accuracy was achieved by CNN.

The testing results (Table 3) show that the designed

CNN can be used effectively to decide if the Memecik

olive is cultivated organically or conventionally. The 100%

accuracy shows that the optimal design of the neural net-

work has been achieved. This neural network offers real-

time processing and can be used as a digital expert

assessor.
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