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Abstract 

Nowadays most of the fruits found in supermarkets have a label with the brand of the company 

that sells them. Most of these labels are made of non-biodegradable plastic, resulting in waste that 

damages the environment. However, several ways to replace this labelling are currently being 

explored, some examples would be edible paper labels, edible inks or laser marking on the skin of 

fruits. 

Lasers are light sources where the photons are generated in atoms by stimulated emission, resulting 

in ordered light that can be focused on a very tiny point, thus making numerous applications in 

industry possible. Specifically, CO2 lasers are a technology that is gaining ground every day and one 

of the most advanced in various industries both for its ease of use and for its low environmental 

impact. 

There are currently few studies on the feasibility of laser marking on fruit skins. In particular its 

feasibility has been shown, but a study analysing its effect on the fruit has not been performed yet. 

Therefore, the main purpose of this work is to check the possible labelling and analyse the evolution 

of these marks during fruit storage. In particular, the main objectives of this work are to study the 

interaction between CO2 lasers and fruits, to determine the alteration of the physical-chemical 

properties of the fruit in applying the laser and to define the specific parameters for CO2 laser 

labelling. 

To carry out the study of the marking, a colorimeter has been used to see the evolution of the 

colour, while near-infrared spectrophotometry has been performed to determine the changes in 

the bonds of compounds over time. The project tested the viability of laser marking on bananas, 

apples and kiwis, as they have significant differences in peel morphology. Subsequently, the focus 

was on determining the optimum parameters for marking and looking at the evolution. 

Finally, the general evolution of the markings has been studied, seeing that they tend to darken and 

to change composition as time progress and the intensity of the markings increases. In relation to 

this, it has also been concluded that all the changes in the markings and storage temperatures imply 

significant changes. 
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Resum 

Avui dia la majoria de  les fruites que es troben en els supermercats tenen una etiqueta amb la 

marca de l'empresa que les ven. La majoria d'aquestes etiquetes estan fetes de plàstic no 

biodegradable, el que resulta en residus que danyen el medi ambient. Actualment, però, s'estan 

explorant diverses formes de reemplaçar aquest etiquetatge, alguns exemples serien les etiquetes 

de paper comestible, les tintes comestibles o el marcatge amb làser en la pell de les fruites. 

Els làsers són fonts de llum en què els fotons es generen en els àtoms per emissió estimulada, el 

que dóna lloc a una llum ordenada que pot enfocar-se en un punt molt petit, el que fa possible 

nombroses aplicacions en la indústria. En concret, els làsers de CO2 són una tecnologia que guanya 

terreny cada dia i una de les més avançades en diverses indústries tant per la seva facilitat d'ús com 

pel seu baix impacte ambiental. 

Actualment hi ha pocs estudis sobre la viabilitat del marcatge làser en les closques de fruites. En 

particular, s'ha demostrat la seva viabilitat, però encara no s'ha realitzat un estudi que analitzi el 

seu efecte en la fruita. Per tant, el principal objectiu d'aquest treball és comprovar el possible 

etiquetatge i analitzar l'evolució d'aquestes marques durant l'emmagatzematge de la fruita. En 

particular, els principals objectius d'aquest treball són estudiar la interacció entre els làsers de CO2 

i les fruites, determinar l'alteració de les propietats fisicoquímiques de la fruita a l'aplicar el làser i 

definir els paràmetres específics per a l'etiquetatge amb làser de CO2 . 

Per realitzar l'estudi del marcatge, s'ha utilitzat un colorímetre per veure l'evolució de la color, 

mentre que l'espectrofotometria en l'infraroig proper s'ha realitzat per determinar els canvis en els 

enllaços dels compostos al llarg de el temps. En el projecte es va assajar la viabilitat del marcatge 

amb làser en els plàtans, les pomes i els kiwis, ja que presenten diferències significatives en la 

morfologia de la pell. Posteriorment, es va centrar en la determinació dels paràmetres òptims per 

al marcat i en l'estudi de l'evolució. 

Finalment, s'ha estudiat l'evolució general de les marques, veient que tendeixen a enfosquir-se i 

canviar de composició a mesura que avança el temps i augmenta la intensitat de les marques. En 

relació amb això, també s'ha conclòs que tots els canvis en les marques i les temperatures 

d'emmagatzematge impliquen canvis significatius.
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Resumen 

Hoy en día la mayoría de frutas que se encuentran en los supermercados tienen una etiqueta con 

la marca de la empresa que las vende. La mayoría de estas etiquetas están hechas de plástico no 

biodegradable, lo que resulta en residuos que dañan el medio ambiente. Sin embargo, actualmente 

se están explorando varias formas de reemplazar este etiquetado, algunos ejemplos serían las 

etiquetas de papel comestible, las tintas comestibles o el marcado con láser en la piel de las frutas. 

Los láseres son fuentes de luz en las que los fotones se generan en los átomos por emisión 

estimulada, lo que da lugar a una luz ordenada que puede enfocarse en un punto muy pequeño, lo 

que hace posible numerosas aplicaciones en la industria. En concreto, los láseres de CO2 son una 

tecnología que gana terreno cada día y una de las más avanzadas en diversas industrias tanto por 

su facilidad de uso como por su bajo impacto ambiental. 

Actualmente hay pocos estudios sobre la viabilidad de la marcación láser en las cáscaras de frutas. 

En particular, se ha demostrado su viabilidad, pero aún no se ha realizado un estudio que analice 

su efecto en la fruta. Por lo tanto, el principal objetivo de este trabajo es comprobar el posible 

etiquetado y analizar la evolución de estas marcas durante el almacenamiento de la fruta. En 

particular, los principales objetivos de este trabajo son estudiar la interacción entre los láseres de 

CO2 y las frutas, determinar la alteración de las propiedades físico-químicas de la fruta al aplicar el 

láser y definir los parámetros específicos para el etiquetado con láser de CO2. 

Para llevar a cabo el estudio del marcado se ha utilizado un colorímetro para ver la evolución del 

color, mientras que la espectrofotometría en el infrarrojo cercano se ha realizado para determinar 

los cambios en los enlaces de los compuestos a lo largo del tiempo. En el proyecto se ensayó la 

viabilidad del marcado por láser en los plátanos, las manzanas y los kiwis, ya que presentan 

diferencias significativas en la morfología de la cáscara. Posteriormente, se centró en la 

determinación de los parámetros óptimos para el marcado y en el estudio de la evolución. 

Por último, se ha estudiado la evolución general de las marcas, viendo que tienden a oscurecerse y 

a cambiar de composición a medida que avanza el tiempo y aumenta la intensidad de las marcas. 

En relación con esto, también se ha concluido que todos los cambios en las marcas y las 

temperaturas de almacenamiento implican cambios significativos. 
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Preface 

The food industry consumes and uses a large amount of plastics, from the beginning of the 

production chain until it reaches the final consumer. Many studies are currently being carried 

out to reduce plastic use, either based on new technologies to process food while it takes care 

of the environment, or new materials to keep and transport them, such as biopolymers. Not 

only do we have to think about wrappers, we also have to keep in mind the labels, for example 

those that surround plastic bottles or glass jars, as well as the labels of fruit and vegetables when 

weight them at the supermarket. One must consider that product marking is essential for nearly 

every industrial sector. From processing to resale, the traceability of intermediate and finished 

products is important.[1]. For that reason, labelling is used during all these processes. 

On the other hand, research in new laser systems and machines is very mature, and can lead to 

the development of new systems that can fulfil the requirements of current and future demands 

in science and industry [2]. In this sense, fruit and vegetables laser marking is an alternative to 

traditional product labelling, as the information is engraved on the surface of the product. 

Consequently, the environmental footprint can be further reduced to a minimum. 

In this sense, the main purpose of this final master’s degree project is to experimentally explore 

the interaction between the laser and fruits (organic products) and study the physico-chemical 

changes of fruits peel for Carbon Dioxide (CO2) laser marking. 

 The main idea is to analyse whether labelling those products without using the common small 

plastic sticky labels is viable doing this with laser coding could create enough savings relating to 

adhesive labels, energy and CO2 emission. 

This study has been carried out at the ON-LASER Systems & Applications S.L Company located in 

the Barcelona area, Catalonia. The company is a technological start-up focused on delivering 

innovative technology and solutions to the industrial sector of laser-based products. This 

company is also specialized in marking corks with CO2 Laser, they developed their own 

technology, which is protected by several patentees.   
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1. Introduction 

1.1. State of Art 

The lasers were invented in the last century and since then, they have been facilitating a global 

information transformation as well as providing important contributions to medicine, industrial 

material processing, data storage, printing and defence [3], in other words,  lasers have 

thousands applications in modern society, and every day there are more applications appear 

due to continuous investigation [2]. 

Laser is the acronym of Light Amplification by Stimulated Emission of Radiation and the first 

functional laser was a ruby laser, created by Theodore H. Maiman in 1960. The laser light is the light 

generated with a laser device, presents unique characteristics different from the light generated by 

other light sources, which make it easy to handle and allows making a series of new applications. 

Here we focus on applications to the food industry, specifically, on fruit laser marking and labelling, 

with the aim to reduce the use of plastics in the food industry. 

1.1.1. Laser Applications in the Food Industry  

The European Commission announced five so-called “Key Enabling Technologies”, KETs, in 2009, 

which were regarded as the technologies with the greatest potential to solve major societal 

challenges, such ensuring food supply and environment, among others. One of them was photonics, 

which is a multidisciplinary domain dealing with light, encompassing its generation, detection and 

management, which is included the production of renewable energy, and a variety of electronic 

components and equipment such as photodiodes, Light-Emitting Diodes (LEDs) and lasers [4]. Some 

applications of photonics at the food industry are related with precision aquaculture and farming, 

pest control and crop diseases, irrigation, management, livestock monitoring, food packaging, food 

Processing and Security and wine and olive subsectors [5].  

Applications of laser at the food industry are increasing with time. There are applications from the 

processing of threads or labels that are in contact with food to applications where the laser light 

interacts directly in contact with the food. 
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One of the main applications in food industry, and in general in any other industrial sector, is 

material cutting. The laser light can drill, micro-perforate or cut plastic or paper, processes that are 

decisive to preserve the freshness of food [6]. These techniques are applied on film, both for cutting 

and marking the container and to provide the packaging of meat and fresh products with a positive 

perspiration that improves the durability of the product [5].  Also, can be used to cut fresh products 

and customize food sculping its surface [7]. 

Laser light is also used to perform automated reading of information plotted and written as 

alphanumeric or coded as either bar or matrix codes of individual components or products [8]. For 

example, the use of bar code in factories warehouses for trace control or in supermarkets. Another 

application is laser sensing which is useful for efficient quality control, such as to classify fruits, 

vegetables and nuts on the basis of structural or colour defects. 

Although the previous applications are important, the second most important application is the 

laser marking  of  plastic bottles, glass or paper and plastic labels to avoid ink or plastic labels [9]. It 

is also widely used to mark the soft drinks because most of them are packed with polyethylene 

terephthalate (PET) because it responds very well to the material and makes marks with enhanced 

contrast and higher visibility [10].  

Marking with a laser device can be applied directly to the food. Although there are not many 

scientific articles explicitly dealing on direct laser labelling on food, there are several news 

companies that offer this option in fact to eliminate the packaging, reduce and the environmental 

impact, and also in order to not use harmful inks or chemicals [10]. A first example would be 

marking codes in eggs [11], freshly bread and baked goods [12], cheese and meat or fruits. This 

could be applied to many foods that could resist laser marking on its surface. However, there is 

ongoing research to improve the application. 

1.1.2. Related Work in Fruits Applications 

Marking with laser fruits and vegetables have explored in different studies. This subsection will 

review the main up-to-date research on general fruits and vegetables laser marking.  

Work [1] about laser marking 2D codes in apples concluded that laser marked areas where 

successful but at high laser powers, the quality of the mark was reduced, appear more carbonization 
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and browning increase and also the risk of infection, water loss, and tissue shrinkage increase with 

high laser powers. 

Work [13] is very relevant because is about laser etching in grapefruits reach the conclusion that is 

a  viable option to identify the product with a permanent tag and laser labelled the fruit quality 

remains high because it do not invade the epidermis, but can provide easily water loss and 

infections. Moreover, In the work [14] studies the anatomy of laser marking in grapefruits studies 

the  laser-generated pinhole depression and concluded that it does not penetrate beyond the 

second epidermal layer and also concluded that the superficial nature of the pinhole and self-

healing feature assist in protecting against pathogen invasion in long-term stored fruits and 

vegetables. 

Work [15] studied the laser marking of 2D data matrix codes on bananas to be read with a Charge-

coupled device camera (CCD camera) and they arrived to the conclusion is important to define the 

parameters of laser marking and suggested that the use of laser power of 1,8 W (Watts) and 

marking time of 0,09 seconds (s) can be recommended for commercial use because the bananas 

after nine days of storage the code could still be read and the fruit had not been damaged. 

1.1.3. General Fruits Labelling 

Actually, several foods are packed with plastic, or a container that is not biodegradable, resulting 

it the generation and accumulation of many residues in the environment. In the case of fruits, 

vegetables and tubers, it is possible to find them in the supermarket or grocery store in different 

ways, such as, packed in a plastic film and tray, without any wrapper but with a label, also 

compostable trays, band and net bags. When the fruits or vegetables are packaged with some 

of the previously mentioned materials, they usually have a label and a bar code on it. 

The labelling of the fruit and vegetables that are sold by weight or that is cut or weighed at the 

point of sale must contain the price/kilogram (kg), commercial name, variety and country and 

area of origin. In the case of citrus fruits, the commercial category and the commercial variety 

must also be reported. And in the case of kiwis, peaches and nectarines and strawberries, the 

information must include the commercial category. This information must appear either on a 

signboard, poster, label, board, etc. The labelling of fruits and vegetables must meet the 

Regulation (CE) Nº 1580/2007  [16]. 
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In addition, there are some commercials brands that also put a small label with the brand name, 

commercial name or variety, which can also give information about the type of crop, i.e., 

whether it is genetically modified, conventional or organic. Also, companies use labels for 

competitiveness and marketing, as they only put their logo for decoration and branding 

purposes. This are the type of labels that will be the thesis focused.  

It is very common to find Price look-up code  (PLU codes) in the United States of America (USA), 

which are 4 or 5 digit numbers ensuring the correct price and identifies the product items based 

upon various attributes, which can include the commodity, the variety, the growing 

methodology (organic, conventional or genetically modified) and the size group. The PLU codes 

are assigned to identify individual bulk fresh produce and will appear on a small sticker applied 

to the individual piece of fresh product [17].  

Moreover, there are companies that directly use a sticky plastic label with the barcode, which 

already includes the weight of the fruit so the sale is easier and the consumer only has to go 

through the cash desk in the supermarket.  

1.1.4. Labelling Tags 

Presently, there are efforts done to look for alternatives and reduce the amount of plastics that 

comes from those labels. A possibility are the eco-friendly labels. These labels are made by 

recycled materials from either the manufacturing process or from post-consumer waste or that 

contains renewable materials, which means it comes from resources that are quickly 

replenished [18]. Also, those labels can be made by biodegradable components such as paper.  

Nowadays there are also other innovates techniques that avoid the use of a material label thank 

to the use of edible inks or lasers. It has always to be considered that those innovations must 

take into account all the regulations established by the Food and the Agriculture Organization 

(FAO) and de regulations of the European Union (UE).  

Another labelling tag is the use of edible ink and following the same line, there are edible labels 

with nutrients which is formed with an edible paper, an edible ink, and an edible compound such 

us nutritional supplement, a medicine, a mineral or a vitamin etc. [19]. 
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Also, as explained in the previous subchapter, laser marking is an option that is growing, and can 

be used to label fruits. Its use was delimited under the approval of the Regulation (CE) Nº 

510/2013, which allows the carbon dioxide laser marking to record the information on the 

surface of the fresh fruit, and authorizes additives (E 172), (E 464) and (E 432-436) for marking 

on citrus fruits, melons and pomegranates [20] [21].  

1.1.5. Plastic Associated to Environmental Impact 

Plastic packaging material is about 17% of all the amount of packaging residues [22]. The 

generation of paper and cardboard and plastic packaging waste increased while glass, and metal 

packaging waste decreased in the period 2007-2017. The reason for this is that every time is 

more common the use of plastic due to its special properties to keep the food fresh for longer 

periods and the capacity to store a wider variety of foods. On top of that, not all the plastic that 

is used in food industry is recycled, only up to 65,7% of the total amount used [23].  

Plastic labels in fruits and vegetables also contribute to the generation of residues, and the 

problem lies in that the amount of plastic that is not recycled goes to the environment, and since 

it is not biodegradable, it will coexist with nature for thousands of years.  In addition, most of 

the plastic labels are made from fuel-based polymers, and as consequence, during the 

production process, some harmful gases that go to the atmosphere and contributes to the 

increase of the CO2 footprint are obtained, and thus negatively participating in climate change, 

damaging the environment [24].  

Laser marking could be a small contribution in the reduction of plastics that end up to the 

environment. In this sense, laser technology produces less than 1% of the CO2 emissions needed 

to produce a sticker of the same size that the ones that are usually find in supermarkets, 

so changing the process by using laser technology would contribute to a sustainable 

manufacturing [25] [26].  
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2. Objectives 

It is very important for any project to have clear purposes from the very beginning and to know 

what is expected to be accomplished. Therefore, the objectives defined for the project are 

stated in this chapter.  

2.1. General Objectives 

The general objectives are: 

1. To study the interaction between CO2 laser and fruits. 

2. To determine the alteration of the physico-chemical properties of the fruit when applying 

the laser. 

3. To define the specific parameters for labelling with the CO2 laser. 

2.2. Specific Objectives 

The specific objectives are:  

1. To apply CO2 laser marking to banana, apple and kiwi as an environment-friendly labelling. 

2. To define the specific duty cycle and marking speed for labelling with the CO2 laser. 

3. To determine the colour evolution of the CO2 laser marks.  

4. To detect important alterations that affect the composition of the fruit laser mark along 

time.  
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3. Methods and Materials 

3.1. Laser Basics 

3.1.1. Laser Light Characteristics 

Laser light is usually delivered in the form of a laser beam [27]. The laser beam refers to the ray of 

light emitted by a device  The laser light has three main characteristics: monochromatic, coherent 

and directional as a result of stimulated emission [28]. 

3.1.1.1. Monochromatic 

The range of wavelengths () at which the electromagnetic radiation oscillates is termed the 

electromagnetic spectrum. Laser light has a narrow spectrum and is considered to have only one 

wavelength, so it is monochromatic. Electromagnetic radiation is a form of energy released and 

absorbed by charged particles [29]. In general, light emitted or absorbed by an atom is related with 

the electronic energy levels in an atom or molecule. Therefore, all the photons that the laser device 

emits correspond to the same energy transition in the laser medium, so all photos have the same 

frequency (f) or wavelength () [30].  An important aspect to highlight is that, when compared with 

other sources of light, the wavelength () of laser light is extremely pure, and this is why it is 

considered completely monochromatic [14].  

There are different kinds of laser lights depending on the wavelengths (). The shortest wavelengths 

(), from 10 to 400 nanometers (nm), produce ultraviolet (UV) light. Intermediate wavelengths, 

from 380 to 740 nm, produce visible (VIS) light from violet to red. The longest wavelengths, from 

700 nm to 0.1 mm, produce infrared (IR) light which, like UV, is invisible to the human eye [31].  

3.1.1.2. Coherent 

Coherence is one of the unique properties of laser light. It arises from the stimulated emission 

process, which provides the amplification. Since a common stimulus triggers the emission events, 

which provide the amplified light the emitted photons have a definite phase relation to each other 

so that they oscillated in a synchronized way [32], in other words, the laser light is coherent because 
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the wave oscillates in a constants phase. In the study of the coherence of laser rays, it is necessary 

to differentiate between temporal coherence and spatial coherence: 

• Spatial Coherence: Allows the laser to be focused to a tight spot and allows the laser beam 

to stay narrow over great distances. It is a degree to which a beam of light appears to have 

originated from a single point in space [32].  

• Temporal Coherence: It is the ability of a laser beam to produce interference and can be 

used to produce very short pulses of light. It is the extent to which all the photons in a light 

beam are of the same frequency or wavelength [32]. 

3.1.1.3. Directional 

The laser light has very low divergence as result of the spatial coherence, which allows a high degree 

of collimation of the laser beam.  In other words, the laser light is very directional because it only 

goes in one direction and do not spread.  A laser’s high degree of collimation is a direct result of the 

precise alignment and curvature of the parallel mirrors that form the optical cavity. As the light 

waves reflect back and forth many times within the cavity, the mirror’s curvature constrain the 

waves to an axis perpendicular to the surfaces of both mirrors [30].  

Thanks to this feature, we have no light that goes in all directions, as in a light bulb, on the contrary, 

the laser device has the light focused on a single point giving the possibility to make very specific 

applications. 

3.1.2. Laser Generator System 

The laser systems include all the necessary optical, mechanical, electronic and electrical subsystems 

necessary to produce the laser light, as shown Figure 1: 

 

Figure 1: Schematic diagram of a basic laser [27]. 



Carbon Dioxide Laser Fruit Labelling   23 

Escola Superior d’Agricultura de Barcelona 
UPC - BarcelonaTech 

The laser system basically consists of a gain medium inside a highly reflective optical cavity, and an 

excitation mechanism. The laser cavity consists of two aligned mirrors. Moreover, one of the 

mirrors, the output coupler, is partially transparent and only a small percentage of the laser 

radiation is emitted through it, as the other mirror is a total reflector. Inside the laser cavity, the 

light bounces back and forth, each time passing through the gain medium.  The gain medium is the 

responsible material that allow to amplify light by stimulated emission, increasing the power of the 

beam each time it passes through the gain medium.  

This process needs an excitation system that provides energy to the laser medium, also known as a 

pumping system. The excitation system could be and electrical discharge or light at a shorter (more 

energetic) wavelength. The lasing medium is usually pumped continuously to create a population 

inversion at the lasing wavelength, i.e., having more atoms exited to the higher electronic energy 

state than in the lower one. Most practical lasers contain additional elements that affect properties 

such as the wavelength, polarization and beam shape of the emitted light, as well as other elements 

to redirect laser light, such lenses, mirrors, separators, combiners, expanders and collimators  [28] 

[32]. 

3.1.2.1. Spontaneous and Stimulated Emission 

Eventually, an electron that has been previously excited to an energy state decays to a lower level 

after a period of time, called the energy level lifetime, giving off to a photon of radiation. This event 

is termed spontaneous emission, resulting in a photon emitted in a random direction and phase. 

On the other hand, if the electron in the excited energy state interacts with an incident photon 

before the lifetime, and the photon has an energy equal to the difference in energy between the 

current level of the electron and a lower level, can stimulate the electron decaying, producing a 

second photon with the same energy (wavelength), phase and direction than the incident. When a 

considerable population of electrons is at higher levels, this condition is known as population 

inversion, and sets the stage for stimulated emission of multiple photons where there are more 

atoms in excited states than in lower energy states. This fact is the necessary condition to have  laser 

light and it occurs at the gain medium due to the excitation mechanism [28] [33].  
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3.1.3. Laser Classification  

There are many types of laser systems and they are classified basically according to the type of 

active medium used. Depending on the different active mediums the emitted laser light has 

different characteristics [30]. Table 1 show the main types of lasers: 

Table 1: Laser classification  [30]. 

Type Gas Lasers Solid State Laser Semiconductor Laser 

Characteristics 

The active medium is a low-

pressure gas. Gas lasers are 

excited by electrical disc 

arch through the gas. 

The active medium is a 

solid crystalline or glass rod 

doped with emitting atoms. 

The active medium uses 

electronic transitions in a 

semiconductor diode 

Examples 

Helium-Neon laser 

Argon Laser 

CO2 Laser 

Nitrogen Laser 

Nd:YAG ( Yttrieum 

Aluminum Garnet rood 

doped with neodymium) 

Laser fibber doped with 

erbium or ytterbium 

Diode laser 

There are other types of laser such us chemical lasers where the active medium is pumped with the 

energy obtained from chemical reactions, excitation lasers, Dye laser and free electron lasers.  

3.1.3.1. CO2 Laser  

The CO2 lasers is based on a gas mixture in which the CO2 is the laser molecule producing gain.  The 

mixture of gases is not pure CO2, but it could also find helium (He), nitrogen (N2), and possibly some 

hydrogen (H2), water vapor and/or xenon (Xe).  

The CO2 laser emits in the IR with two main bands at wavelengths, typically emits at 10,6 μm but 

may emit at of 9,3, 9,6 or 10,2 μm and, therefore it is not visible to the human eye. Also the output 

power can range from less than 1 Watt (W) to more than 10 Kilowatts (KW) [28].  At the moment it 

is the laser with more applications at industrial level such as marking.  
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3.1.4. Laser Safety  

Laser Safety includes the operating laser conditions a rule to be protected and reduce the danger 

or risk of being injured. It is very important to implement a laser safety protocol and use regulations 

in order to avoid accidents as relatively small amounts of laser light can lead to permanent eye and 

skin injuries. If the laser beam is directed, reflected, or focused upon an object or human body, laser 

light will be partially absorbed, raising the temperature of the surface and/or the interior of the 

object, potentially causing an alteration or deformation of the material [34].  

For this reason, the European commission has implemented different regulations and standards 

accompanied by a laser classification according to the risks associated to them.  The classification 

has been done by the wavelength and the maxim output powers, taking also into account the 

maximum permissible exposure (MPE), which is the highest power or energy density (in W/cm2 or 

J/cm2) of a light source that is considered safe for the humans. There are 4 classes and subclasses; 

Class 1, 1M, 2, 2M, 3R, 3B and 4. The classification goes from less danger to more danger [35].  

3.2. CO2 Laser Machinery at ON-LASER Systems & Applications S.L.  

A general scheme of the laser CO2 marking machinery of the company ON-LASER Systems & 

Applications is shown in Figure 2 where there is the laser head. Figure 3 and Figure 4 shows the 

complete structure view of the laser machine. These screenshots have been extracted from 

SolidWorks, a modelling program. In this case, the figures only show the machine adapted to be 

used to mark the fruit, since its normal use in the company is to mark wine cork stoppers. 

  

Figure 2: CO2 Laser structure adapted for marking fruits. 
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Figure 3: Laser Machine view-1. 

 

Figure 4: Laser Machine view-2. 

The set-up of the laser system consists of a CO2 laser generator, a safety shutter, a beam expander, 

a pair of scanning mirrors which are moved thanks to two Galvanometer motors and a focal lens 

delivering an adequate spot size based on the application requirements, as shown in Figure 5. The 

wavelength of the gas laser is 10,6 nm with an average power around 40 Watts (W) and a peak 

power around 60W. 

 

Figure 5: Schematic laser marking system [36].  

The control of the marking process is done from a computer using a specific laser marking software 

created by the company. The software can be used at the machine owing to a touchable screen 

where the image that is desired to mark can be opened.  This software allows to define on the same 
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machine how you want to do the marking. Figure 6 and Figure 7 is shown how is the interface and 

de command of the software.  

 

Figure 6: Interface Main Menu of the Software. 

 

Figure 7: Interface Options Tools of the Software 

At the Annex A there is a detailed plan of the laser machinery adapted to the fruits. 
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3.2.1. Type of laser marking 

There are two marking types that can be used, whose application depends on the material to be 

marked. 

3.2.1.1. Vector Marking 

This kind of marking is in vector format, so it is an image where lines and curves are connected to 

form polygons and other shapes, such as letters and in this case the laser pointer is moving following 

vectors as can be observed for example at Figure 8.  

There are many parameters that must be taking into account such as the mirror speed, mark speed, 

the jump speed (positioning time), jump delay, mark delay, laser-on delay, laser-off delay and 

polygon delay. All these parameters can be modified in order to change the laser behaviour of the 

scan system [37]. 

 

Figure 8: Vectoral Image [37]. 

Sometimes, depending on the laser mark that is desired to do, the images have to be filled. In this 

case, the outline is first marked and then, depending on the spot size and taking into account the 

pitch distance, the object is filled, obtaining the image. This process is called hash. 

3.2.1.2. Bitmap Marking 

In this case, the laser mark will be an image that created line by line, where each line consists of a 

number of equidistant pixels. An example would be the letter A in Figure 9, where the total format 

of the image can be seen pixel by pixel. During this scan, the laser focus (set position) moves from 

one pixel to the next at a constant time rate, and this time varies depending on the desired mark 

strength and the application. Each pixel is marked by one laser pulse. For black-and-white images 
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the laser will be turned on or off at each pixel [37].  This is the type of marking that is going to be 

use in this study.  

 

Figure 9: Bitmap image of letter A. 

The difference between both methods it is not so different, except that bitmap marking allows to 

obtain in more detail, while vector marking is faster in markings consistent in lines only.  

3.2.2. Image Pattern   

The image patterns to be marked on the fruits can be designed on a computer using a software 

such as Adobe Photoshop or alike. This program facilitates the edition and creation of photographs 

and graphics and define their properties. 

In this study Photoshop has been used to define the size of the image.  It is also used to define the 

pixels per inch (DPI) that is a measure of spatial printing, in particular the number of individual image 

pixels that can be placed along a line within the span of 1 inch. This tool is a unit of measurement 

for printing resolutions, namely, the number of individual dots that can produce in a linear space of 

one inch. Another aspect from the laser that is important to know, is the laser resolution, based on 

the spot size that can be achieved thanks to its optical components (beam diameter, collimator, 

focusing lens), in the case of these tests they are 300DPI. Other optical configurations allow for 

lower DPI scale such as 150, 75 or 30 DPI.  

In order to use the images on the marking machine, it must be in the format Windows Bitmap or 

Bitmap image file (BMP) which is based on a bitmap where each pixel has a certain number of bits 

associated to represent the colour it contains.  It is also important to consider that by defect, the 

images are in grey scale format, so all the image and all the pixels must be white or a certain 
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percentage of black (grey shades). As can be seen at the Figure 10, all the outline of the image must 

have black pixels. 

 

Figure 10: Pixel image outline. 

Moreover, the size of the image is very important because the surface of the fruits is not completely 

flat, so if the focal point comes out it will not be marked correctly and the image on the fruit will be 

deformed.  

The image patterns that have been used in this study is the same for all the fruits. Figure 11 is the 

image that was created with Photoshop. The design of the image was performed taking into 

account the characterisation instruments used to study the shelf life. Therefore, the right side of 

the image was 6 mm wide in order not to have problems with the measurements and reduce errors. 

The image also included a drawing (apple and pear), a number and a letter, in order to get more 

results. 

 

Figure 11: Laser Mark Image. 

Characteristics: 

- Size: 2 x 2 cm  

- DPI: 300 

3.3. Parameters 

There are two parameters, mark speed and duty cycle, that can be controlled in our CO2 laser. 

Although more parameters can be controlled in laser devices, only these two are readily accessible 
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in our device and there are the only ones taken into account in the study. It is also important to 

point out that the different parameters interact with each other and therefore the result of laser 

mark is the combination of some of them. 

3.3.1. Mark Speed 

As commented above, the mark speed depends on the marking type. As in this study we use bitmap 

marking, all the parameters will refer to this type of marking. 

 The main parameter describing the movement of the laser head refers to the time the CO2 laser 

spends on each pixel. In other words, the mark speed is expressed by the exposure time that the 

laser beam stays still depositing energy in a pixel. Fast speeds lead to short exposure times and slow 

speeds lead to long exposure time. 

If the speed is too high then the laser beam will have no effect on the material being marked. On 

the contrary, using a slow speed will create an overly defined brand that can end up puncturing the 

fruit's skin. Using a properly speed for each fruit will create a deep well-defined mark, that will last 

in time and harm the fruit as little as possible. 

3.3.2. Duty Cycle  

The duty cycle is the proportion of time during which the laser device is operating, so, is the fraction 

of time that the laser device is on and working. It can be expressed as a fraction real number or as 

a percentage. The duty cycle normally is 100%, that correspond to a continuous wave. (CW) output. 

In some situations, the mark speed on each pixel cannot be reduced further, then, the duty cycle is 

the parameter that allows to decrease the deposed energy. In this case, the average power is 

reduced although the pic power is maintained.  

The device in the ON-LASER company provide a peak power around 40 Watts. As example, If the 

duty cycle is change to 60%, the averaged power reduces to 24W.  

3.4. Fruits 

The fruits used in this study are bananas, apples and kiwis. Every fruit has a different anatomy and 

different skin structure, so they have to be marked with different parameters. The most important 
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part of the fruits in this study is the one affected by the laser. This corresponds to the peel or skin 

of the fruits which is the surface layer of fruit and the function is to be an outside protection. 

These fruits have been chosen for two main reasons. The first one is the skin morphology: banana 

has a thick skin and an apple has a very thin one (even though it depends on the variety), while kiwis 

have a thin skin but with little short hairs. The second reason is because this study has been done 

during the autumn and winter period, so, these are fruits that are seasonal and can be easily found 

in the supermarkets and fruit shops.  

These fruits were bought in Manresa from a fresh produce distributor. The fruits came from 

Mercabarna the same morning that were marked by laser. 

3.4.1.1. Banana 

Every year, 538.000 kg of bananas are approximately consumed in Spain. It is the most consumed 

exotic fruit [38], and it is a popular fruit consumed worldwide. The most commonly variety of 

banana found in Spain comes from Canary Islands. These are cultivated bananas of the 

Cavendish group. This is the variety that is used in this study. Table 2 shows the composition of 

the banana peel: 

Table 2: Proximate analysis of nutritional contents in banana peel adapted from  [39]. 

Proximate analysis Wet sample (%) 

Water content 50,5 ± 2,70 

Protein 5,3 ± 0,02 

Lipid 1,6 ± 0,14 

Fibre 19,2 ± 0,54 

3.4.1.2. Apple 

There are many apple varieties such as Golden, Fuji, Granny Smith, Pink Lady, Gala etc. In Spain, 

432.000 kg of apples are approximately consumed every year [38]. Every variety has different 

characteristics and also the skin thickness is different. In this case the study has been done with 
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Red Delicious variety from Girona (Spain) synonym of Malus pumila. The composition of the 

general apple peel is the Table 3.  

Table 3:  Proximate analysis of nutritional contents in apple peel adapted from [40]. 

Proximate analysis Wet sample (%) 

Water content 35,31± 0,27 

Carbohydrate 38,19 ± 0,09 

Protein 3,88 ± 0,08 

Lipid 15,25 ± 0,10 

Fibre 3,67 ± 0,07 

3.4.1.3. Kiwi 

The kiwi is also an exotic fruit like bananas and it is the exotic fruits most consumed after bananas. 

The structure of the fruits is normally the similar, however, it sometimes varies depending on 

the variety. In this study the Actinidia deliciosa spice from New Zeeland was used and the 

composition of the peel is found in Table 4.  

Table 4: Proximate analysis of nutritional contents in kiwifruit peel adapted from [41]. 

Proximate analysis* Wet sample (%) 

Water content 85,27 ± 0,18 

Carbohydrate 76,92 ± 0,76 

Protein 12,62 ± 0,56 

Lipid 3,70 ± 0,55 

* The other compounds than water, were expressed to dry weigh bases. 

3.4.2. Interaction between lasers and plant material 

The most desired situation is to harm the fruit as less as possible, drilling the skin the lesser in order 

to lengthen its shelf life. The fruits are made up of different layers, one of them is the exocarp. It is 
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outer layer that forms the skin of the fruit and often contains glands with essences and pigments. 

Moreover, the main function of the exocarp is to protect the fruit and the layers below layers. The 

CO2 laser interacts with the exocarp of the fruits exactly interacts with the water, because has a 

high absorption on it.  

The surface of the fruit is burned by the laser light, causing a discoloration of the superficial skin. 

This effect is called laser colouring, and this process can be divided in four steps [42][43] which can 

be seen summarized with Figure 12: 

1) Foaming: When the fruit is irradiated with the CO2 laser, the temperature increases due to 

the thermal effect of the laser. This thermal effect produces the generation of gas bubbles, 

due to water evaporation, inside the fruit that are contained in the surface layer.  

2) Condensing: The fruit material continues absorbing the laser energy, increasing the 

temperature. The molecules are condensed and the colour changes. The absorption is the 

amount of energy that acquires the material depends on the wavelength of the laser and 

the composition of the medium, so, it will depend on the molar absorption coefficient of 

the medium.  

3) Carbonization: The fruit material starts to be carbonized when is continuously receiving the 

laser energy.  

4) Chemical change: As a consequence of the laser energy, the composition of the element 

itself changes chemically, resulting in colour development. The colour changes depending 

on the chemical and physical structure of the fruit skin.  

 

Figure 12: Laser Marking Discoloration Steps. Adapted from [43] . 

During this process, where the colour change and there is an increase of temperature, two different 

damage zones with different effect on the skin, can be distinguished. These two zones are explained 

in the Figure 13. 
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Figure 13: Scheme of affected zones [44]. 

Absorption zone: Almost constant temperature is 

determined by the depth of penetration and the 

focus of the laser beam. 

Thermal diffusion zone:  Is determined by thermal 

conductivity, specific heat and pulse duration. 

A very important aspect in this process is that thermal diffusion depends on the pulse duration and 

the laser work cycle. When the laser pulse has a long duration and the work cycle is around 100%, 

the thermal diffusion zone is larger and the damage is worse. This is due to two reasons: first, the 

temperature increases more quickly up to the carbonization point at the absorption zone and 

second, the heat energy diffuses faster and further because the continuous energy supply, which 

does not allow heat dissipation and temperature decrease.   

3.5. Experimental study  

This section shows the methodology that has been followed to carry out the initial phases of the 

study and the laboratory equipment that has made it possible to carry it out. 

3.5.1. Methodology  

During this previous work, it was needed and necessary to establish a previous methodology to 

select the markings that would be subjected to the study of shelf life, as well as to see if the fruits 

lasted more than a few days and if it was viable to mark them with laser. Although the widest range 

of parameters was desired to obtain wider results, it was not viable to do this in the company with 

the laser and the fruit. 

The methodology that was followed during the previous work is the next one: 

1. The first step is testing the maximum parameters with which the fruit was drilled and mark, 

and the minimum parameters with which the mark could not be seen on the peel of the 

fruit. 
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2. When it is known the specific maximum and minimum for each fruit, the next step is trying 

a combination of 6 parameters for each fruit.  

3. The fruits are stored at 6 ± 2ºC. for 3 weeks to check the evolution of the marks. A weekly 

checking is done. 

4. After visual inspection, the 4 most viable mark that have not damage the fruit so much are 

selected and adapted to each type of fruit to carry out the full shelf life study. 

In this study the marking parameters are going to be expressed in the following way: first, the duty 

cycle will appear expressed in percentage (%) and secondly the marking speed will appear 

expressed in microseconds (µs), as explained in the section 3.4. An example would be 100%-20 µs.  

3.5.2. Storage temperature  

During this study all the fruits have been stored in two different temperatures. The storage 

temperatures have a certain importance because with fresh products the temperature extends and 

maximize the shelf life and harvested of the fruit. Fresh fruit need specific temperature and relative 

humidity to reduce the respiration and slow down the metabolic processes. For this reason these 

temperatures were chosen to do the study [45].  

Apples, kiwis and bananas have been stored at room temperature 21 ± 2ºC. The fruits have been 

stored separately in the same room to prevent cross-ripening process. Bananas where only stored 

at room temperature as they have a climacteric rise. On the other side, apples and kiwis have been 

also stored in a refrigerator, with a temperature of 4 ± 2ºC. In this case, apples and kiwis also have 

been stored separately.  

3.5.3. Colour determination 

The colour of the apples, bananas and kiwis was determined on the surface of the fruit with a 

colorimeter, specifically the Konica Minolta Chroma Meter, model CR-400. This portable equipment 

uses a photoelectric silicone cell detector, with a measurement time of 1 s and a measurement 

interval of 3 s. It is equipped with a screen range Y: 0.01 to 160.00% (reflection). It presents an 

Illuminator C and 4 mm of measurement area, calibrated with a white plate (L * = 86.5; a * = 0.3171; 

b * = 0.3238) every day of sampling. The colour is three dimensional, so, it is trichrometric 

coordinates CIE-Lab (L *, a *, b *).    
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Figure 14:  Colorimeter C-400 for colour determination [46]. 

In these measurements, L indicates lightness (0 to 100) with 0 being black and 100 being white. The 

coordinate a∗ is for red (+) and green (−), and b∗ is for yellow (+) and blue (−). The limits for a∗ and 

b∗ are approximately ±80. This colour system is represented in the Figure 15. Moreover, to improve 

the study, the parameters a* and b* can represented as chroma which gives an idea of the intensity, 

purity and  saturation of the colour, and angle of hue which gives us the idea of the colour, indicating 

the colour shade or colour appearance and it is the degree to which a stimulus can be described as 

similar to, or different from stimuli that are described as red, green, blue, and yellow.  

 

Figure 15: Chromaticity diagram and chroma and hue angle equations [47]. 

Each sampling day, 3 measurements were made for each fruit and laser mark. The measuring 

frequency depend on each fruit.  
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3.5.4. Compounds determination  

Infrared Spectroscopy (IR) comprises wavelengths from 780 mm fins to 1,000,000 nm. Within this 

range, Near-Infrared Spectroscopy (NIR) is based on the absorption of electromagnetic radiation at 

wavelengths in the range 780–2.500 nm. This radiation penetrates into the sample, and light is 

absorbed selectively according to the specific vibration frequencies of the molecules present, 

producing a spectrum that depends on the composition of the sample. Moreover, NIRS is 

considered a technology with a huge potential to obtain accurate and fast predictions of the 

chemical composition of many agricultural products [48]. NIR spectra of foods comprise broad 

bands arising from overlapping absorptions corresponding mainly to combinations of vibrational 

modes involving C-H, O-H and N-H [49]. The above bonds are the main ones, but with this alanyls 

technique many more molecular bonds can be identified. 

The equipment that has been used is ANTARIS II FT-NIR Analyzer of Termo Fisher Scientific (Figure 

16). The equipment is coupled to a computer software to obtain graphical results. The equipment 

has a spectral range between 3999,6399 cm-1 to 10001,0283 cm-1 and a resolution of 8 cm-1. 

 

 

Figure 16: Antaris II FT-NIR Analyzer. 

For each sampling day (one day per week), 3 measurements were made for each fruit and laser 

mark. 
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4. Results 

The aim of this section is to shown and describe the results obtained during the experimental 

analysis and a brief description of them.  

4.1. Initial approach  

Prior to starting the experiments and the study, an initial approach was performed to determine if 

it was feasible to carry out the study using the fruits raised above. The study of the orange is not a 

goal in this work, but as shown in the state of the art, the grapefruit, which is a fruit very similar to 

the orange, several studies are done. It is for this reason that the orange is taken as a reference to 

begin the experimental part. 

This part is very important, because even if there is a small amount of reference studies, each laser 

device works differently and some parameters need to be adjusted. In addition, over time the lasers 

wear out and their operation is not optimal and that is why it must also be taken into account. It is 

also worth noting the On-Laser Systems device is a machine prototype that is currently used to mark 

wine corks, and it was adapted to mark fruit. 

4.1.1. Orange  

Previous works described in section 1 used several fruits for laser marking. One of the most 

extensive works in this area used grapefruit, this is the main reason to use oranges at the beginning 

of the work, as they have similar characteristics to grapefruit, especially the peel.  

Oranges of the variety Navel Lane Late from Valencia were used to start the experiment. The 

maximum and minimum parameters were detected, this being 100%-1000µs and 100%-60µs 

respectively. Then the parameters between the maximum and the minimum were defined. The 

parameters that were used are the following ones: 100%-900µs, 100%-700µs, 100%-400µs, 100%-

200µs, 100%-100µs and 100%-80µs. The peel of the orange has considerable thickness, which is 

why the marking speed used was higher. In this case the duty cycle remained the same.  
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The oranges were stored during 3 weeks at 6 ± 2ºC in a kitchen conventional refrigerator of the 

office were may be more temperature variations. During this period, a weekly check was made and 

a final check in which the following visual results can be observed in Table 5.  

Table 5: Marking in oranges after 3 weeks in refrigeration at 6 ± 2ºC. 

100%-900µs 100%-700µs 100%-500µs 

   

100%-200µs 100%-100µs 100%-80µs 

   

In general, as it is observed in Table 5, when the speed slows down, it damages more the oranges, 

because the drilling is higher (the perforation is deeper). It is noteworthy that as the drilling is 

increased, especially on 100%-900µs and 100%-700µs, the water loss increased significantly, 

causing a relief next to the mark due to this loss. In addition, when the mark speed decreases, the 

wide of the mark is higher, which favours this water loss. 

It was generally seen that during these 3 weeks the fruits remained more or less stable over time 

(except for the loss of water), with no visible fungi appearing in the marked areas as it was a factor 

that may affect and in previous studies in grapefruit had happened. For that reason, finally it was 

decided that the oranges should not be included in the master’s thesis study, because it is the most 

studied fruit in laser marking and with the naked eye it was obvious that it was completely feasible 

to mark them and that they lasted for a long time in refrigeration. it was also supposed that with 

thicker skin the effect on the pulp and the evolution of the fruit would be low affected. 
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4.1.2. Determination of parameters for apples, bananas and kiwifruits 

In order to determine the parameters to mark those fruits, the same methodology was followed. 

In this section will only comment on the parameters that were chosen for each fruit, without going 

into details of results, as this will be done in the following sections.  

4.1.2.1. Bananas 

With bananas the maximum and minimum parameters selected were 100%-200µs and 40%-10µs 

respectively. In this case the duty cycle was changed because the peel of the bananas is more 

sensible to the laser and although it has a very thick skin, the banana already marks itself thanks to 

the rapid oxidation. The parameters that were used are the following ones: 100%-40µs, 100%-20µs, 

100%-100µs, 80%-10µs, 60%-20µs and 60%-10µs.  

After being stored at 6 ± 2ºC in a kitchen conventional refrigerator and a visual inspection it was 

decided that the range of parameters that can be of interest in the study are the following: 100%-

20µs, 100%-100µs, 80%-20µs and 80%-10µs.  

4.1.2.2. Apples 

The same process was done with the apples following the methodology and the maximum and 

minimum parameters were detected, this being 100%-80µs and 40%-10µs respectively. In this case 

the duty cycle was change because the peel of the apples is more sensible and thinner. The 

parameters that were used are the following ones: 100%-40µs, 100%-20µs, 100%-100µs, 80%-10µs, 

60%-20 µs and 60%-10µs.  

After 3 weeks being stored at 6 ± 2ºC in a kitchen conventional refrigerator and a visual inspection 

it was decided that the parameters that can be of interest in the study are the following: 100%-

20µs, 100%-10µs, 80%-10µs and 60%-10µs because they were the most viable of having a useful 

shelf life and least affected by the fruit. The other markings, although they could be seen very well, 

showed the same results as the oranges. By using a slower marking speed, although the skin was 

not perforated, the part under the mark was softened and sunken due to dehydration. 
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4.1.2.3. Kiwis  

The maximum and minimum parameters were detected with the kiwis as in the other previous 

fruits, this being 100%-80µs and 100%-10µs respectively. In this case the duty cycle was changed 

because the peel of the kiwis is more difficult to mark due the properties of the skin, since it has a 

rough and hairy skin. The parameters that were used are the following ones: 100%-60µs, 100%-

40µs and 100%-20µs.  

After 3 weeks being stored at 6 ± 2ºC in a refrigerator and a visual inspection the parameters that 

were taken to study were only two: 100%-40µs, 100%-20µs.  

4.2. Colour evolution  

This section shows the numerical results for each fruit of how the colour evolves during storage of 

the fruits in refrigeration and at room temperature. The aim is to determine the best marking 

parameter (combined with visual inspection) and to determine a range of L, a* and b* parameters 

for marking in an industry.  Also, any significant change between the types of markings parameters 

and storage time will be shown. There are complementary graphics at annexes B, C and D.  

4.2.1. Banana colour 

The banana is a fruit which, depending on storage conditions, greatly evolves in colour during the 

post-harvest. Bananas are harvested in the green-ripe state (but mature skin) and then, upon arrival 

at the destination markets, they are treated to induce ripening for consumption by ethylene [50]. 

This means that the colour of the fruit evolves along with the laser marking to a greater degree than 

other fruits, in Figure 17 there is a colour chart of how the colour of bananas change during the 

ripening process.  

 

Figure 17: Banana ripening chart [50]. 
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This section shows the images of the banana marks and the graphics of the different colour 

parameters that will later be discussed in the section Error! Reference source not found.. 

4.2.1.1. Visual Inspection 

The following Table 6 shows in images the marking of the banana to several powers to complement 

the study of the colour.  Although a visual analysis was made every day, there are photographs from 

4 of the 8 days that the colour was measured. 

Table 6: Marks with different parameters in banana at room storage. 

 100%-20µs 100%-10µs 80%-20µs 80%-10µs 

Day 1 

    

Day 8 

    

Day 16 

    

Day 24 

    

4.2.1.2. Lightness evolution 

This section shows the lightness evolution graphs that will be discussed in section 5. The Figure 18 

shows the evolution of the lightness of the banana over the days and the Figure 19 shows the same 

but with the superposition of lines from the average of the lightness of each day.  
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Figure 18: Lightness of labelled banana at room storage. 

 

 

Figure 19: Linear evolution of banana lightness average at room storage. 

The lightness of all markings and unmarked banana follows the tendency of a wave, where it can 

be seen that the lightness increases the first days, and quickly goes down again, this is due to the 

ripening of the fruit because as can be seen at Figure 18 and  Figure 19, the colour changes and also 

because the yellow is a brighter colour than the green.  
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The mark at 100%-20µs is the most intense laser mark in comparation with the other ones. As it is 

the most intense mark, the lightness is still lower than the others at the beginning. Also, this mark 

is more aggressive to the skin of the banana and gives a much-defined mark (it can be seen by a 

human eye) but it is a very dark mark. This dark mark evolves, having a lower lightness with time 

(Figure 19), until it reaches the same point as the other markings because the banana becomes 

completely dark, as it is shown at Table 6. In the mark at 80%-20µs also the lightness is the second 

lower due to the intensity of the mark and also because the marking speed has more affectation 

than the duty cycle. Then, with the parameters 100%-10µs, the mark still dark, but the lightness 

and evolution are a bit higher that the ones commented above.  

With the parameter 80%-10µs as the marking speed and the working cycle are lowered, the mark 

is light brown the first day but it cannot be seen very well. Then, when the lightness decreases and 

the mark becomes clearer to visual eye but darker, but in general is lighter than the other ones.  

4.2.1.3. Chroma evolution 

Chroma evolution graphs will be discussed in section 5. The Figure 20 shows the evolution of the 

chroma of the banana over the days and the Figure 21 shows the same but with the superposition 

of lines from the average of the chroma of each day.  

 

Figure 20: Chroma of labelled banana at room storage. 
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Figure 21: Linear evolution of banana chroma average at room storage. 

The chroma indicates the intensity of the mark, at Figure 20 and Figure 21, it is shown that this 

colour parameter follows the approximately the same trend as the lightness and this would indicate 

that as time passes the colour of the mark is lost and that it loses purity except for the one that is 

not marked, as it gains colour intensity and then decreases. 

4.2.1.4. Hue angle evolution 

The hue angle evolution graphs are shown below. The Figure 22 shows the evolution of the angle 

of hue of the banana over the days and the Figure 23 shows the same but with the superposition 

of lines from the average of the angle of hue for each day.  
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Figure 22: Hue Angle of labelled banana at room storage. 

 

 

Figure 23: Linear evolution of banana hue angle average at room storage. 

On the other side, the huge angle together with chroma indicates the colour as can be checked at 

Figure 15. By visual inspection, it can be seen that the colour appearance/shade in general changes 

over the time (Figure 22 and Figure 23). On the first days, when using different marking parameters, 

the angle of hue in the markings is different. First of all, in the mark 100%-20µs, the hue angle is 

much smaller than the others and has a faster variation from the first day than for the following 

ones. As discussed, the mark 80%-20µs is a little more intense and the huge angle decreases faster 
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until lower levels (darker). At the least intense marking, at 100%-10µs and 80%-10µs, the huge goes 

down slower until equalling the same value than the other cases.  

4.2.2. Apple colour 

This section shows the images of the apple marks and the graphics of the different CIE Lab colour 

parameters that will be discussed in the section Error! Reference source not found.. 

4.2.2.1. Visual inspection 

The images of the marks on apple peel for several powers to complement the study of the colour 

are shown in Table 7 and Table 8 at refrigeration and room temperature, respectively. Although a 

visual analysis was made every day, there are photographs from 4 of the 7 days that the colour was 

measured. 

Table 7: Marks with different parameters in apple at refrigeration storage (4 ± 2ºC). 

 100%-20µs 100%-10µs 80%-10µs 60%-10µs 

Day 1 

    

Day 14 

    

Day 28 

    

Day 42 
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Table 8: Marks with different parameters in apple at room storage. 

 100%-20µs 100%-10µs 80%-10µs 60%-10µs 

Day 1 

    

Day 14 

    

Day 28 

    

Day 42 

    

From the visual inspection of the apples marked and stored in refrigeration on the Table 7 it can be 

seen that all the marking types are getting darker as time goes by, going from a whiter/grey to a 

brown colour, while in the Table 8 the marks are getting darker as time goes by, so, these markings 

are getting a lighter brown colour. However, when both tables are compared, the images at 

refrigeration and room temperature there is a clear difference in colour, which will then be 

discussed further. The marks that are more defined and uniform are the most intensive that are 

100%-20µs and 100%-10µs. 
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4.2.2.2. Lightness evolution 

Lightness evolution graphs of apple at both refrigeration and room temperature are represented in 

Figure 24 and Figure 25. Figure 26 represents the lightness average evolution of both storage 

temperatures.  

 

Figure 24: Lightness of labelled apple at refrigeration storage (4 ± 2ºC). 

 

 

Figure 25: Lightness of labelled apple at room storage. 
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Figure 26: Linear evolution of apple lightness average  at refrigeration temperature (4 ± 2ºC). 

and room temperature. 

The highest and most visually visible mark is 100%-20µs. It can be seen in Figure 24 in refrigeration 

that has a higher lightness since the mark is more whitish and remains approximately constant over 

time, even so it should be noted that the first day there is a noticeable difference that could perhaps 

be due to an error of instrumentation. In the same marking at room temperature (Figure 25), the 

lightness follows a linear and constant trend, but with the difference that in this case, the lightness 

is a bit higher, because the mark is clearer over time. The mark at 100%-10µs also is perfectly viewed 

with a special inspection, and so, it is the second most visible brand. The lightness of 100%-10µs 

parameters, when the mark is in refrigeration temperature the lightness remains constant over 

time as can be seen at Figure 24, while at room temperature (Figure 25) at first the lightness is the 

same as in refrigeration temperature but then it increases rapidly. 

On the other hand, regarding the markings at 80%-10µs it can visually  be seen (but not with as 

much definition as the commented previously because the duty cycle have been reduced) that the 

lightness to storage temperature in refrigeration is very low (Figure 33) and it is difficult to see while 

in refrigeration the lightness is the highest of all (Figure 34). And finally, for the laser mark at 60%-

10µs, it is the less intense and the one that is more difficult to be seen, at room temperature the 

lightness is higher than at refrigeration temperature and for that reason it is more visible.  

Otherwise the apples with all kind of marking parameters that have been stored at room 

temperature the lightness is higher and markings are more visible to a naked eye.  
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4.2.2.3. Chroma evolution 

The colour parameter chroma is represented in Figure 27 and Figure 28 for refrigeration and room 

temperature respectively.  Also, in Figure 29 is represented the chroma average evolution of both 

storage temperatures.  

 

Figure 27: Chroma of labelled apple at refrigeration storage (4 ± 2ºC). 

 

 

Figure 28: Chroma of labelled apple at room storage. 
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Figure 29: Linear evolution of apple chroma average at refrigeration temperature (4 ± 2ºC). and 

room temperature. 

In the first place, it must be highlighted that, at both temperatures, the chroma of the non-labeled 

peel remains almost constant over time and it is higher than the chroma for marked samples. It is 

clear that the original colour of the apple is lost with the marking (Figure 29), and as happened with 

the lightness, at room temperature the chroma is higher than at refrigeration temperature. When 

considering every type of marking at refrigeration temperature in Figure 27, it can be seen that the 

chroma parameter is diminished because, due to the increase marking speed or the diminished 

work cycle, it has a direct effect on the marking decreasing its intensity and the same happened at 

room temperature Figure 28.  

4.2.2.4. Hue angle evolution 

The hue angle evolution is represented in the Figure 30 and Figure 31 for refrigeration and room 

temperature respective.  Also, in Figure 32 it is represented the hue angle average evolution of both 

storage temperatures.  

 

 

 



54   

 

 

 

Figure 30: Hue angle of labelled apple at refrigeration storage (4 ± 2ºC). 

 

 

Figure 31: Hue angle of labelled apple at room storage. 
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Figure 32: Linear evolution of apple hue angle average at refrigeration storage (4 ± 2ºC) and 

room temperature. 

Similarly, to lightness and chroma, the angle of hue in free or unmarked apple (like) remains stable 

over time, as the colour of the apple doesn’t change so much over the time. In the Figure 30, it can 

be observed that the hue angle at 100%-20µs has a high value, because the mark is stronger 

compared to 100%-10µs, 80%-10µs and 60%-10µs.It should also be noted that at the beginning the 

more intense the marking, the faster the hue angle increases. Furthermore, in Figure 31 we observe 

than the evolution for the values at room temperature is similar to the ones for the refrigerated 

apples (the more intensity, the higher value of hue angle). There is also the big increase in the first 

day correlated with the higher marking.  

4.2.3. Kiwifruit colour 

This section shows the images of the kiwifruit marks and the graphics of the different colour 

parameters that will later be discussed in the section Error! Reference source not found..  

Before showing the results, it should be noted that the results of the kiwi at room temperature only 

reach the 24th day as they were already very ripe and it was not useful to continue. 
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4.2.3.1. Visual inspection 

The Table 9 and Table 10 show the images of the marks on kiwi peel for several powers at 

refrigeration and room temperature, respectively, to complement the study of the colour.  

Although a visual analysis was made every day, there are photographs from 4 of the 12 days for the 

kiwis stored at refrigeration temperate and photographs from 4 of 7 days for the room 

temperature.  

Table 9: Marks with different parameters in kiwifruit at refrigeration storage (4 ± 2ºC). 

 100%-40µs 100%-20µs 

Day 1  

  

Day 12 

  

Day 32 

  

Day 44 

  

 

 

 

 



Carbon Dioxide Laser Fruit Labelling   57 

Escola Superior d’Agricultura de Barcelona 
UPC - BarcelonaTech 

Table 10: Marks with different parameters in kiwifruit at room storage. 

 100%-40µs 100%-20µs 

Day 1 

  

Day 8 

  

Day 16 

  

Day 24 

  

In this tables the colour of all marks is also fairly constant for the different types of markings, but it 

will go into more detail at the discussion. Importantly, as can be seen from the visual inspection of 

Table 9 and Table 10, the markings at 100%-20µs, are not as well defined as those at 100%-40µs. 

4.2.3.2. Lightness evolution 

This chapter shows the lightness evolution graphs. Figure 33 and Figure 34 shows the evolution of 

the lightness of the kiwifruit over the days and Figure 35 shows the average of the lightness results 

evolution for both temperatures and the two markings.  
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Figure 33: Lightness of labelled at refrigeration storage (4 ± 2ºC). 

 

 

Figure 34: Lightness of labelled kiwi at room storage 
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Figure 35: Linear evolution of kiwi lightness average in storage at refrigeration storage (4 ± 2ºC). 

and room temperature. 

Figure 33 and Figure 34 show that the lightness for the 100%-40µs marking is lower than for the 

100%-20µs marking at both storage temperatures. This difference is observed from the first day 

and is kept during the following storing days. In addition, these figures show a clear difference 

between storing the fruit at refrigerated or at room temperature, always showing a higher 

brightness in the last case, even for non-marked fruit. This behaviour and evolution is also 

appreciated in Figure 35. 

4.2.3.3. Chroma evolution 

The chroma is represented in the Figure 36 and Figure 37 for refrigerated and room temperature 

respective.  Also, in Figure 38 is represented the chroma average evolution of both storage 

temperatures.  
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Figure 36: Chroma of labelled kiwi  at refrigeration storage (4 ± 2ºC). 

 

 

Figure 37: Chroma of labelled kiwi at room storage. 
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Figure 38: Linear evolution of kiwi chroma average in storage at refrigeration storage (4 ± 2ºC). 

and room temperature. 

For the colour parameter of chroma, it is possible to verify the same behaviour as in the lightness. 

For the mark at 100%-40µs, the chroma is lower than when the fruit is mark at 100%-20µs in the 

same storage conditions, i.e., in both refrigeration and room temperature. This may be caused by 

the lower marking speed at 100%-40µs, creating a darker mark (very dark brown), as indicated by  

Figure 36 and Figure 37. However, in this case, Figure 38 shows a constant chroma over time in both 

refrigeration and room temperature, having the same approximated value.  

4.2.3.4. Hue angle evolution 

The hue angle evolution for kiwifruit is represented in the Figure 39 and Figure 40 for refrigeration 

and room temperature, respectively. Also, in Figure 41, it is represented the hue angle average 

evolution of both storage temperatures.  
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Figure 39: Hue angle of labelled kiwi at refrigeration storage (4 ± 2ºC). 

 

 

Figure 40: Hue angle of labelled kiwi at room storage. 
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Figure 41: Linear evolution of kiwi hue angle average at refrigeration storage (4 ± 2ºC). and 

room temperature. 

The huge angle tends to decrease with the pass of time until day 32, for both room temperature 

and refrigeration temperature. This parameter suggest two ideas: the first is that colour shade 

varies more quickly for the markings at 100%-40µs, in both, refrigeration and room temperature, 

(the slope in Figure 39 is more pronounced than Figure 40). Second, the hue angle during the first 

days for the markings at 100%-20µs is higher than the markings of 100%-40µs because the intensity 

of colour is lower. 

4.3. Composition changes  

The aim of this section is to see the differences in composition according to the different marking 

parameters. Composition changes refers to the possibility that the bonds between some 

compounds have diminished/increased or have formed a new compound in the marked area due 

to laser light interaction, compared to an unmarked area. Any significant change between the types 

of markings parameters and storage time is shown. Before performing the comparison, the raw NIR 

data was pre-processed subtracting the background. This data manipulation has no influence on 

the position of the original bands, but permits better peaks recognition. 

Below, there are figures by day and all makings. Some complementary graphs can be found in 

Annex E which show he same type of marking but evolving over time. 
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4.3.1. Banana 

The spectrums for banana for the day 1 (Figure 42), day 7 (Figure 43) and day 14 (Figure 44) are 

shown in this section.  

 

Figure 42: Banana spectrum of the day 1 for marking parameters 100%-20µs, 100%-10µs, 80%-

20µs and 80%-10µs at room temperature. 

 

Figure 43: Banana spectrum of the day 7 for marking parameters 100%-20µs, 100%-10µs, 80%-

20µs and 80%-10µs at room temperature. 
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Figure 44: Banana spectrum of the day 14 for marking parameters 100%-20µs, 100%-10µs, 

80%-20µs and 80%-10µs at room temperature. 

As for the evolution of all the markings along the time, the following results could be extracted. 

Between 3500 and 4500 cm-1 it can be clearly observed that comparing the 80%-10µs, 100%-10µs, 

80%-20µs and 100%-20µs marking, it decreases the absorbance intensity while the parameters 

intensity is higher.  

As the days go by, on the day 7th and 14th, for both peaks also related with -OH and -H bridge that 

lie between 4500 and 5500 cm-1, at exactly 5141 cm-1 and between 6500 and 7500 cm-1 , at exactly 

around 6942 cm-1 . There is a change in the absorbance of peak 5141 cm-1 and peak 6942 cm-1 over 

time, as the first increase and the second one decreases. There are no remarkable changes with the 

absorbance at peak between 5500 and 6000 cm-1 indicates the absorbance of aromatic groups. 

Finally, there is another peak that can be observed at 8581 cm-1, which indicates the absorption of 

methyl groups (CH3), methylene groups (CH and amines (-NH2), can be observed that there is any 

change during the storage.  

4.3.2. Apple 

The spectrums for apple for the day 1 (Figure 45), day 7 (Figure 46) and day 14 (Figure 47)  for 

refrigeration temperature (4 ± 2ºC) are exposed below:  
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Figure 45: Apple spectrum of the day 1 for marking parameters 100%-20µs, 100%-10µs, 80%-

10µs and 60%-10µs at refrigeration temperature. 

 

 

Figure 46: Apple spectrum of the day 7 for marking parameters 100%-20µs, 100%-10µs, 80%-

10µs and 60%-10µs at refrigeration temperature. 
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Figure 47: Apple spectrum of the day 14 for marking parameters 100%-20µs, 100%-10µs, 80%-

10µs and 60%-10µs at refrigeration temperature. 

The spectrums of the apple for the day 1 (Figure 48), day 7 (Figure 49) and day 14 (Figure 50)  for 

room temperature are exposed below:  

 

Figure 48: Apple spectrum of the day 1 for marking parameters 100%-20µs, 100%-10µs, 80%-

10µs and 60%-10µs at room temperature. 
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Figure 49: Apple spectrum of the day 7 for marking parameters 100%-20µs, 100%-10µs, 80%-

10µs and 60%-10µs at room temperature. 

 

 

Figure 50: Apple spectrum of the day 14 for marking parameters 100%-20µs, 100%-10µs, 80%-

10µs and 60%-10µs at room temperature. 
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on, it can be seen that the mark at 100%-20µs this peak decreases quite a bit Figure 47. With room 

temperature, happens the same as in refrigeration temperature, with first days of storage as can 

be seen at Figure 48. But the is a difference, as the days pass the peak of the one of the marking to 

100%-20µs increases. 

On the other hand, a difference from banana, there is 4000 and 4500 cm-1 is characteristic of the 

combinations N-H and HC=CH, in this case the mark at 100%-20µs increases until it reaches 

practically the same absorbance as the unmarked.  

The other two important peaks lie between exactly 5141 cm-1 and 6942 cm-1. At refrigeration 

temperature, regarding the peak at 5141 cm-1 it can be observed that the first day there is much 

difference depending on the storage.  

Finally, it can be seen that after 3 weeks in refrigeration, the peak has decreased and the powers of 

100%-10µs, 80%-10µs, and 60%-10µs are very similar, while the main difference is with the 100%-

20µs. Figure 45 showed that this peak along the time for the free (unmarked apple) decreases a 

little bit, but like the others marks remains quite constant along the time except for the mark at 

100%-20µs.  

The same peaks at room temperature can be seen at 5141 cm-1 There are differences between the 

different types of marking, it can be seen that the 100%-20µs absorbance is much lower than the 

one that is not marked. The alters that include the rest of the parameters between the first day in 

the peak at 6942 cm-1  there is an inversion because can be seen that the highest peak the first say 

is the mark with the parameters 100%-20µs followed by the rest. As the time goes by, it can be 

observed that the absorbance of the mark at 100%-20µs decreases and it becomes similar to the 

other ones when one week has passed Figure 49.  But when a week more goes by, after 14 days, it 

can be seen that new differences appear in the two peaks at Figure 50.  

The peak 5500 and 6000 cm-1 indicates the absorbance of aromatic groups can be observed how 

the absorbance of those groups slightly change, and it similar in both storage temperatures. Finally, 

the other last peak that can be observed at 8581 cm-1, at both storage temperatures remains 

constant throughout the time.  
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4.3.3. Kiwifruit  

The spectrums for kiwifruit for the day 1 (Figure 51 and Figure 54), day 7 (Figure 52 and Figure 55) 

and day 14 (Figure 53 and Figure 56) are exposed in this section.  As the other fruits, the NIR spectra 

was measured between positions in the region between 10000 and 4000 cm-1.    

 

 

Figure 51: Kiwi spectrum of the day 1 for marking parameters 100%-40µs and 100%-20µs, at  

refrigeration temperature. a) Raw data without a pre-treatment b) Treatment data.  
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Figure 52: Kiwi spectrum of the day 7 for marking parameters 100%-40µs and 100%-20µs, at  

refrigeration temperature. a) Raw data without a pre-treatment b) Treatment data. 
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Figure 53: Kiwi spectrum of the day 14 for marking parameters 100%-40µs and 100%-20µs, at 

refrigeration temperature. a) Raw data without a pre-treatment b) Treatment data. 
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Figure 54: Kiwi spectrum of the day 1 for marking parameters 100%-40µs and 100%-20µs, at 

refrigeration temperature. a) Raw data without a pre-treatment b) Treatment data. 
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Figure 55: Kiwi spectrum of the day 7 for marking parameters 100%-40µs and 100%-20µs, at room 

temperature. a) Raw data without a pre-treatment b) Treatment data. 
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Figure 56: Kiwi spectrum of the day 14 for marking parameters 100%-40µs and 100%-20µs, at 

room temperature. a) Raw data without a pre-treatment b) Treatment data. 
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causing a dispersion of the light and thus making that he spectrum of the kiwi marks have very 

different absorbance values especially as the wavelength increases.  

As can be seen in this, the two absorbance graphs are shown, with the pre-treatment and without 

it, in order to see what the scattering produces on the results.   

In general, the main peaks are the same as banana and apple. It can first be observed in refrigeration 

and room temperature in the three weeks of kiwifruit absorbance of the unmarked or free kiwi is 

higher, followed by the mark to 100%-20µs and then to 100%-40µs in peaks at 5141 cm-1 and 6942 

cm-1 (Figure 51 and Figure 54). Also, the peak 5500 and 6000 cm-1 there is slightly change, and it 

similar in both storage temperatures. Finally, the other last peak that can be observed at 8581 cm-

1, at refrigeration temperature, there is a difference between unmarked and marked, while at room 

temperature there is a difference between the unmarked, the 100%-20µs and 100%-40µs.  
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5. Discussion 

5.1. Colour evolution 

During the ripening process the colour of the fruit changes over time due to the various chemicals 

involved in the processes. Apart from laser marking, the fruit also evolves. As explained above, the 

colour is measured by three parameters: lightness, chroma and the angle of hue. From the results, 

lightness is the most important colour parameter to determine the colour evolution of the marks 

of the different fruits.  

The first fruit that was exposed in the results was the banana. This is a fruit that during its ripening 

period changes its colour, going from a completely green colour to yellow and ending up being a 

very dark brown colour so the laser labelling accelerates the ripening of the fruit around the mark. 

The lightness of the mark becomes equal to the unmarked parts of the banana when the mark can 

no longer be seen, nevertheless the fruit is still edible. Lightness, chroma and hue angle are 

significant parameters in the laser mark colour evolution when marking parameters and days are 

changed  (it can be seen in more detail in Annexes B, C and D).  The marking parameters with similar 

marking speeds have smaller significant differences, that is, between 100%-10µs and 80%-10µs in 

one hand, and between 100%-20µs and 80%-20µs in the other hand. The small significant 

differences are explained by the very similar values in terms of energy deposition (proportional to 

the duty cycle-marking speed product), and they end up being very similar during the shelf life. The 

reason is that when the work cycle increases, they end up being equal and not many significant 

differences in colour are found. The marking speed in the banana has a higher impact, changing the 

colour. When all markings are compared against the unmarked (free) banana, the differences in all 

the parameters are very high, otherwise it wouldn't be possible to see the laser markings visually 

(naked eye). This is why, until the mark is visible, it is completely useful to mark bananas with a 

laser. 

The second studied fruit were apples, and in contrast to bananas, they have been stored at two 

different storage temperatures. Because of this, the ripening process slowed in refrigeration and 

this has consequences in the colour. In this case, the ripening process does not affect to the mark 

as much as in the banana.  
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The storage temperature has a significative effect on the colour of the fruit marks, so that 100%-

20µs, 100%-10µs, 80%-10µs and 60%-10µs markings have significant colour differences when 

compared with free apple (unmarked apple) and when comparing apples in storage temperature. 

The storage temperature has a significant effect only on the marks zone, as temperature changes 

in unmarked apple are not significative. The marks 80%-10µs and 60%-10µs, having a lower duty 

cycle and marking speed, have less affectation to the fruit and consequently the colour parameters 

change is lower and the mark is better preserved.  

Finally, the kiwifruit was also stored at two different temperatures. The colour of unmarked (free) 

kiwifruit remains approximately constant over time, as its ripening process does not cause radical 

colour changes. As a consequence, the three colour parameters remain approximately stable during 

the storage process.  

The kiwifruit is harder to mark that the other two fruits because the hairs at the surface of the skin 

must be burned to generate a uniform and defined mark. This is the reason why with the kiwifruit 

a higher marking speed is used than with the other fruits (100%-40µs and 100%-20µs) since it is 

important to take into account the exocarp structure. In this case, the storage temperature has a 

significative effect on the colour of the fruit marks. Moreover, as shown in Annex D, lightness, 

chroma and the angle of hue show a significant deference when comparing both, marking 

parameters and days of storage. However, when comparing the different markings at various 

storage temperatures, the only significant parameter is lightness, while changes in chroma and hue 

angle are not significant. 

In general, for all fruits one could say that the colour in the mark evolves according to the global, 

not marked colour of the fruit. Also, looking at the results of the three fruits, it can be said that on 

the first days the evolution of colour is greater for the three parameters. This means that, the first 

days the changes in colour are more noticeable and also it can be seen visually, while at the end of 

the experiments, these changes are not very significant as in the beginning. It should also be noted 

that, as mentioned above, lightness is the most significant parameter and this is always higher in 

fruit stored in room temperature than in refrigeration because the respiration rate is lower at 

refrigeration temperature and this could might cause less colour changes and maintain more stable 

the fruit during de shelf life. Finally, fungi do not appear on the surface of the marking or worsen its 

condition in a short period of time, so any of the above types of marking could be used to mark 
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fruits. In addition, none of the for marks pierced the thin skin of the apple. Therefore, that marking 

process is quite safe and robust and the final selection of the marking parameters should be done 

on the basis of its appearance. 

5.2. Composition changes 

The CO2 laser interacts with the peel of the fruits. The majority composition of the peel of the 

banana, apple and kiwi is water. The molecular target of the CO2 laser is water. This study has 

focused on the surface layer of fruits. Is for that reason hydrogen bridges and -OH bonds are the 

most affected component and it will suffer the largest changes in the course of the days. 

The three fruits that were analysed have four important peaks where the discussion will be 

focussed. The first absorption peak lies between 3500 and 4500 cm-1 (seen as a tendency in the 

results), corresponding to the -OH bound and H-bridges. Another peak is around 4000 and 4500 cm-

1 is characteristic of the combinations N-H and HC=CH [51]. This last bond is very present in lipids 

and some sugars. The third important strong peak lies between 4500 and 5500 cm-1, exactly at 5141 

cm-1. This absorption peak is due to the combination band of O-H stretching and O-H bending on 

water. The fourth peak between 5500 and 6000 cm-1 indicates the absorbance of aromatic groups. 

The fifth important peak is between 6500 and 7500 cm-1, exactly at 6942 cm-1. It is associated to 

overtone of O-H stretching  [51] [52]. Another peak that can be observed is between 8000 and 9000 

cm-1 at 8581 cm-1, which indicates the absorption of methyl groups (-CH3), methylene groups (CH 

and amines (-NH2) [53].  

These peaks are repetitive across the NIR absorbance spectrum and those are the peaks where 

there are differences between the different marks and the evolution during the storage. For this 

reason, it can be said that the peaks where defined by the absorbance of these compounds’ links 

determine the changes in the composition of the marks. Moreover, these peaks are the ones that 

vary with respect to the unmarked fruit and they are always higher because the absorbance at these 

points has a greater number of vibrating bonds.  

In the case of banana, peaks related with -OH molecular bonds have the higher change. As it can be 

seen in the results, as the mark time and duty cycle increment, the difference between the peaks 

increases too. Besides, there is an inversion during the storage period of the peak at 5141 cm-1 and 

the peak at 6942 cm-1, as the first increases and the second one decreases. This change could be 



80   

 

caused for one of the two following reasons: a change in the mode of vibration of the -OH and -H 

bridges bonds or a change of the links itself perturbing the interaction between molecules. 

Moreover, the -OH groups are involved in both, the hydrogen bonding and the free H2O molecules, 

where these two peaks are assigned. Therefore, in the case of banana, the peak which is 4000 and 

4500 cm-1 is minimal, almost non-existent, thus stating that there is no affectation on the links 

involving this peak. 

Apple results are similar to those observed in banana. The most important changes fall on -OH 

bonds and H-bridges. The more intense the mark is, the more difference there is between a same 

peak over time. However, in this case, the storage temperature plays an important role as the 

difference in the peaks is higher at room temperature than in refrigeration. This is due to two 

reasons, the carbonization of the surface, just like in banana, and the thin skin of the apple. If the 

mark is aggressive, the harm in the skin of the apple is higher and results in a decrease of the -OH 

and H-bridges. In addition, apple always loses water from metabolic respiration in the ripening 

process. In this case, the peak at 4000 and 4500 cm-1 is very pronounced. Since these groups are 

affected during the apple ripening and during the time of storage are increased [54]. Their increase 

is also affected by the high intensity of the mark. 

Finally, as it is shown in the results, the kiwifruit absorption spectrum is greatly affected by the 

scattering produced in the hairy peel, making difficult to obtain conclusive results, but roughly, we  

can say that, as for the previous fruits, an increase in the intensity of the marks results in a decrease 

of  the peaks of the –OH, which is lower with refrigeration temperature and it is the fruit with more 

changes at the peak of 8581 cm-1, which indicates the absorption of methyl groups (-CH3), 

methylene groups (CH2) and amines (-NH2), with this las one could be related with proteins.  

On the other hand, the discussion of the following peaks refers to all the fruits. The peak at is 4000 

and 4500 cm-1  which belongs to the bonds of N-H and HC=CH in all fruits they will be more affected 

when the intensity is higher, in comparison when the fruit is not marked, although this difference 

is not as explicit as the ones mentioned above. In general, the peak at 8581 cm-1 is related to methyl 

groups (-CH3), methylene groups (CH2) and amines (-NH2). The first two groups are linked to 

different compounds, as these are present in many radicals of carbohydrates and lipids and the 

third with proteins. The results have shown that for bananas and apples (even if they have a 

different absorbance because the percentage of the composition is different), the peak does not 
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differ greatly even if the intensity of marking changes or during the storage period. But, with the 

kiwifruit, they have changes.  

In general, the laser marks have an important affection to -OH links, and hydrogen bridges which 

sometimes can be linked to water, as well as other molecules such as carbohydrates or colour 

pigments, resulting in both the variation of absorbance of those peaks and an evolution of the 

colour of the marks. Also, as in the case of the colour analysis, the results indicate that it is safe to 

use laser marking using various marking parameters, as no new peaks are generated when a CO2 

laser is used. The development of new absorption peaks would indicate a variation in the peel 

composition, and therefore it would be necessary to determine whether they are harmful to both 

the fruit preservation and the human being. 
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Conclusions 

In this last chapter, the conclusions of this master thesis will be discussed. First of all, a review on 

the initial objectives will be carried out, to determine if the goals that this work wanted to reach 

have been achieved.  

At the beginning of this thesis, three general objectives where set. The first two objectives were to 

study the interaction between CO2 laser and fruits and to determine the alteration of the physico-

chemical properties of the fruit when applying the laser. Both objectives have clearly been 

accomplished by doing an experimental study were have been concluded that there are physico-

chemical properties when the CO2 laser interacts with the fruit, but does not have a prejudicial 

effect that shortens the shelf life.  

Also, the last general objective was to define the specific parameters for labelling with the CO2 laser. 

It also has been accomplished since it has been determined that the optimal parameters are the 

ones where the cycle of work of the laser is to the 100% and the marking speed is the maximum 

and defines well the mark and cause the minimum physico-chemical changes.  

The specific objectives were also accomplished in depth thanks to the experiments at the company 

and at the laboratory. The first specific objective was to apply CO2 laser marking to fruits as an 

environment-friendly labelling. This objective has been carried out perfectly resulting in one 

conclusive output: it is perfectly feasible to mark fruits with laser. 

Another specific objective was to define the specific duty cycle and marking speed for labelling with 

the CO2 laser- This has also been accomplished, determining the parameters, which include the 

duty cycle and marking speed, that have the least effect on the fruit's peel while the mark can 

still be seen perfectly. 

Regarding the colour evolution of the CO2 laser marks It can be concluded that the colour variation 

of the fruit laser marks depends mainly on the characteristics and the evolution of the colour of 

the fruit during ripeness. Also, the temperature during storage influences the colour of the mark, 

which tends to lose colour and become darker over time. This colour loss is increased by the 

intensity of the marking. 
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Finally, the last specific objective was to detect important alterations that affect the composition of 

the fruit laser mark a long time. The conclusion reached by spectrometric analysis that, although 

the compositions of the peel are different, the laser marking main effect involves changes in -OH 

and H-bridges, the ones that are related, in general, either with water, carbohydrates and lipids.  

Also, when the intensity of CO2 laser mark increases, the affection to the fruit is aggravated by the 

storage conditions, being higher at room temperature.  

Once all the objectives have been commented, the main question behind this research can be 

addressed: Is it possible to mark fruits with a CO2 Laser and there are phisico-chemical 

affectations? The short answer is a convinced yes. The long answer has already been provided 

through this work but can be summarized as the CO2 laser mark can perfectly defined a label on 

the peel of the fruits and this does not reduce the shelf life or damage the fruit nevertheless 

regardless these are stored in refrigeration or room temperature, so, there are phisico-chemical 

changes do not affect the shelf-life of the piece of fruit.  However, there is still work to be done. 

Here, some indications about the future research will be given, including. some topics that were 

out of the scope of this work, but are closely connected to it.  

First of all, a future research area could be an adaptation of the laser machine for the fruit 

industry. Some of the possible applications to set up an optimal marking machine would include 

the addition of more lasers to mark more pieces of fruit simultaneously, and the addition of 

sensors or machine vision technology to perform the quality control after marking. Also, before 

implanting a machinery it would be interesting to study the impact of other type lasers on the 

fruit, in case there is a more optimal one. 

Another aspect that should be explored, is the consumer acceptance. This work has tested the 

possibility to carry out fruit marking, even though the consumer is used to find this sticker on 

fruits. So, the question is: would the buyer accept this laser marking? After all, it is the consumer 

who buys and consumes the fruit. Is for that reason that a future research could be consumer 

behaviour testing.  

The last future research guidance could be to continue studying other fruits that have not been 

treated in this work and perform more detailed analysis and statistics with the fruits that have 

been treated in this thesis.  For example, the marking in apples has been performed on the wax 

coat, but it could be interesting to mark the fruit before the wax coating and determine the best 
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option. In addition, it could be interesting to perform texture and microbiological studies. It 

would also be very important to study at what point in the post-harvest period the laser mark 

should be made, whether just before sending to the supermarkets or when the fruits are keep 

in refrigeration chambers for a long time. 

To finally conclude with this work, it has been shown that laser fruit marking is a research topic 

that has still many open questions to be answered, but that laser marking of fruits can be a 

realistic option to reduce plastic waste, which is getting a closer reality day by day.  
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Annexes 

Annex A. Laser Marker Plan  

Annex B. Additional graphs of significant differences in the colour of the banana. 

Annex C. Additional graphs of significant differences in the colour of the apple. 

Annex D. Additional graphs of significant differences in the colour of the kiwifruit. 

Annex E.  Additional NIR spectrum for banana, apple and kiwifruit.   

 

The annexes B, C, D and E show additional graphs. These appendices do not show results that have 

not been showed in the work. 
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Annex A. Laser marker Plan  
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Annex B: Graphs of significant differences in the colour of the banana  

Lightness: 

 

Figure: Differene of means for lightness of the differents parameters for banana.  

 

 

Figure: Differene of means for lightness of the differents storage days for banana. 
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Chroma: 

 

Figure: Differene of means for crhoma of the differents parameters for banana.  

 

 

Figure: Differene of means for crhoma of the differents storage days for banana.  
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Hue angle: 

 

Figure: Differene of means for hue angle of the differents parameters for banana.  

 

 

Figure: Differene of means for hue angle of the differents storage days for banana.  
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Annex C: Graphs of significant differences in the colour of the apple 

Lightness: 

 

Figure: Differene of means for lightness of the differents parameters for apple.  

 

Figure: Differene of means for lightness of the differents paramets and storage temperature for 

apple.  
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Figure: Differene of means for lightness of the differents storage days for apple.  

Chroma: 

 

Figure: Differene of means for chroma of the differents parameters for apple.  
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Figure: Differene of means for chroma of of the differents paramets and storage temperature 

for apple. 

 

Figure: Differene of means for chroma of the differents storage days for apple.  
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Hue angle: 

 

Figure: Differene of means for hue angle of the differents parameters for apple.  

 

Figure: Differene of means for hue angle of the differents paramets and storage temperature 

for apple.  
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Figure: Differene of means for hue angle of the differents storage days for apple.  
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Annex D: Graphs of significant differences in the colour of the kiwifruit 

Lightness: 

 

Figure: Differene of means for lightness of the differents parameters for kiwifruit.  

 

Figure: Differene of means for lightness of the differents paramets and storage temperature for 

kiwifruit.  
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Chroma: 

 

Figure: Differene of means for chroma of the differents parameters for kiwifruit.  

 

Figure: Differene of means for chroma of the differents paramets and storage temperature for 

kiwifruit.  
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Hue angle: 

 

Figure: Differene of means for hue angle of the differents parameters for kiwifruit.  

 

Figure: Differene of means for hue angle of the differents paramets and storage temperature 

for kiwifruit.  
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Annex E.: Additional NIR spectrum for banana, apple and kiwifruit  

 

Figure: Banana spectrum of the day 1 7 and 14 for marking parameter 100%-20µs at room 

temperature. 

 

 

Figure: Banana spectrum of the day 1, 7 and 14 for marking parameter 100%-10µs at room 

temperature. 
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Figure:  Banana spectrum of the day 1, 7 and 14 for marking parameter 80%-80µs at room 

temperature. 

 

 

Figure: Banana spectrum of the day 1, 7 and 14 for marking parameter 80%-10µs at room 

temperature. 
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Figure: Apple spectrum of the day 1, 7 and 14 for marking parameter 100%-20µs at 

refrigeration and room temperature. 

 

 

Figure: Apple spectrum of the day 1, 7 and 14 for marking parameter 100%-10µs at 

refrigeration and room temperature. 
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Figure: Apple spectrum of the day 1, 7 and 14 for marking parameter 80%-10µs at refrigeration 

and room temperature. 

 

 

Figure: Apple spectrum of the day 1, 7 and 14 for marking parameter 60%-10µs at refrigeration 

and room temperature. 
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Figure: Kiwi spectrum of the day 1, 7 and 14 for marking parameter 100%-40µs at refrigeration 

and room temperature. 

 

 

Figure: Kiwi spectrum of the day 1, 7 and 14 for marking parameter 100%-20µs at refrigeration 

and room temperature. 

 

 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

35004000450050005500600065007000750080008500900095001000010500

A
b

so
rb

an
ce

 (
%

)

Wavelenght (cm-1)

Evolution of kiwifruit labeled at 100%-40µ

Day 1 - Tref Day 7 - Tref Day 14 - Tref

Day 1 - Troom Day 7 - Troom Day 14 - Troom

0

0.05

0.1

0.15

0.2

35004000450050005500600065007000750080008500900095001000010500

A
b

so
rb

an
ce

 (
%

Wavelenght (cm-1)

Evolution of kiwifruit labeled at 100%-20µ

Day 1 - Tref Day 7 - Tref Day 14 - Tref

Day 1 - Troom Day 7 - Troom Day 14 - Troom



Carbon Dioxide Laser Fruit Labelling   107 

Escola Superior d’Agricultura de Barcelona 
UPC - BarcelonaTech 

 

 


	List of Figures
	List of Tables
	List of Abbreviations and Symbols
	Acknowledgment
	Preface
	1. Introduction
	1.1. State of Art
	1.1.1. Laser Applications in the Food Industry
	1.1.2. Related Work in Fruits Applications
	1.1.3. General Fruits Labelling
	1.1.4. Labelling Tags
	1.1.5. Plastic Associated to Environmental Impact


	2. Objectives
	2.1. General Objectives
	2.2. Specific Objectives

	3. Methods and Materials
	3.1. Laser Basics
	3.1.1. Laser Light Characteristics
	3.1.1.1. Monochromatic
	3.1.1.2. Coherent
	3.1.1.3. Directional
	The laser light has very low divergence as result of the spatial coherence, which allows a high degree of collimation of the laser beam.  In other words, the laser light is very directional because it only goes in one direction and do not spread.  A l...

	3.1.2. Laser Generator System
	3.1.2.1. Spontaneous and Stimulated Emission

	3.1.3. Laser Classification
	3.1.3.1. CO2 Laser
	The CO2 lasers is based on a gas mixture in which the CO2 is the laser molecule producing gain.  The mixture of gases is not pure CO2, but it could also find helium (He), nitrogen (N2), and possibly some hydrogen (H2), water vapor and/or xenon (Xe).


	3.1.4. Laser Safety

	3.2. CO2 Laser Machinery at ON-LASER Systems & Applications S.L.
	3.2.1. Type of laser marking
	3.2.1.1. Vector Marking
	3.2.1.2. Bitmap Marking

	3.2.2. Image Pattern

	3.3. Parameters
	3.3.1. Mark Speed
	3.3.2. Duty Cycle

	3.4. Fruits
	3.4.1.1. Banana
	3.4.1.2. Apple
	3.4.1.3. Kiwi
	3.4.2. Interaction between lasers and plant material

	3.5. Experimental study
	3.5.1. Methodology
	3.5.2. Storage temperature
	3.5.3. Colour determination
	3.5.4. Compounds determination


	4. Results
	4.1. Initial approach
	4.1.1. Orange
	4.1.2. Determination of parameters for apples, bananas and kiwifruits
	4.1.2.1. Bananas
	4.1.2.2. Apples
	4.1.2.3. Kiwis


	4.2. Colour evolution
	4.2.1. Banana colour
	4.2.1.1. Visual Inspection
	4.2.1.2. Lightness evolution
	4.2.1.3. Chroma evolution
	4.2.1.4. Hue angle evolution

	4.2.2. Apple colour
	4.2.2.1. Visual inspection
	4.2.2.2. Lightness evolution
	4.2.2.3. Chroma evolution
	4.2.2.4. Hue angle evolution

	4.2.3. Kiwifruit colour
	4.2.3.1. Visual inspection
	4.2.3.2. Lightness evolution
	4.2.3.3. Chroma evolution
	4.2.3.4. Hue angle evolution


	4.3. Composition changes
	4.3.1. Banana
	4.3.2. Apple
	4.3.3. Kiwifruit


	5. Discussion
	5.1. Colour evolution
	5.2. Composition changes

	Conclusions
	Bibliography
	Bibliographical References

	Annexes

