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ABSTRACT
Lasers are now used in different areas of science and technology. They are used in food processing in 

particle size distribution, modifying packaging materials, disinfection, fiber optics and in machine vision 
system. The unique properties of laser radiation facilitate producing instruments with a high degree of ac-
curacy and precision could be used successfully in different food quality control systems.  Matrix assisted 
laser desorption ionization mass spectrum (MALDI-TOF-MS) has implemented in a lot of applications, 
in the assay of bioactive molecules, identification of bacterial cell proteins, and in the analysis of difficult 
proteins and verification of the gene sequence. Raman spectroscopy technique is also considered as an 
important laser tool for studying meat and meat products, protein isolates and plant pigments as well as, its 
role in detecting the adulteration is already being well known. Laser induced fluorescence methods (LIF) 
are now applied successfully as a system for a quality control in palm oil industry. Also, it can be coupled 
with other techniques like capillary gel electrophoresis  (CG-LIF ) detectors for the detection of genetically 
modified foods and flavin contents in different food products.

Laser is newly introduced in different modern microscopic techniques like confocal laser scanning 
microscopy (CLSM) and atomic force microscopy (AFM). 
Keywords: lasers- laser in food processing- matrix assisted laser desorption ionization mass spectrum (MALDI-
TOF-MS)- Laser induced fluorescence  (LIF) –confocal laser scanning microscopy (CLSM)- atomic force micro-
scopy (AFM).

INTRODUCTION
Laser is an acroname for light (L), amplifica-

tion (A) by stimulated (S) emission (E) of radiation 
(R). Laser instruments generate an intense, stable 
and spectrally pure light beam, which may be fo-
cused down to spot of the order of micrometers in 
diameter (Melles 2009).

Lasers are devices that produce intense beam 
of light which are monochromatic, coherent and 
highly collimated. The wavelength of laser light is 
extremely pure (monochromatic) when compared to 
other source of light. All the photons (energy) that 
make up the laser beam have a fixed phase relation-
ship (coherence) with respect to one another. Light 
from a laser typically has very low divergence. It 
can travel over great distances or can be focused to 
a very small spots with a brightness which exceeds 
that of the sun. Because of these properties, lasers 
are used in wide variety of applications in all the 
living sciences (Melles 2009).

The term “light” is generally accepted to be 
electromagnetic radiation from 1nm to 1800 nm 

in wavelength. Current instrumentation improve-
ments involve the use of laser as a light source in 
place of more traditional lamps. The light power, 
directionality, colour purity and temporal coher-
ence of the laser light make it an ideal source for 
inducing fluorescence. The application of laser in-
duced fluorescence (LIF) technique in the field of 
food technology is already taken place and proved 
their accuracy. Indeed, the implementation of laser 
in both the processing and quality control of foods 
undoubtedly will lead to achieve a final product 
with a good manufacturing practice (Day, 1995). 

Laser Instruments Used in Food Analysis:
a- Matrix assisted laser desorption ioniza-

tion mass spectrum (MALDI-TOF-MS)
In this technique, accurate molecular weight 

information can be determined in minutes using 
small quantities of complete cells or fractions of 
further purification. The matrix (low molecular 
weight organic acid) is mixed with the sample 
and inserted on the target plate, then hit with the 
laser to be converted into ions using a voltage of 
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20 kv. The resulted ions are sterad into the (mass 
charge) usually plotted against ion abundance. The 
low molecular weight ions are accelerated to high 
speed and high molecular weight ions to low speed, 
and time dependence is detected. Time dependence 
detection is converted into accurate masses using 
previous calibration (Bromhead & Francis 2004). 
This soft ionization technique, enabled the MAL-
DI to have a lot of applications in the field of food 
chemistry. (Fig. 1) shows the ionization pattern of  
MALDI.

b- Raman spectroscopy
The Raman effect occurs when light imping-

es upon a molecule and interacts with the elec-
tron cloud and the bonds of the molecule. For the 
spontaneous Raman effect, a photon excites the 
molecule from the ground state to a virtual energy 
state. When the molecule relaxes it emits a photon 
and it returns to a different rational or vibrational 
state. The difference in energy between the original 
state and this new state leads to a shift in the emit-
ted photon’s frequency away from the excitation 
wavelength (Chan, 1996).

In the final vibrational state of the molecule, 
it is more energetic than the initial state, then the 
emitted photon will be shifted to a lower frequency 
is designated as a Stokes shift. If the final vibra-
tional state is less energetic than the initial state, 
then the emitted photon will be shifted to a higher 
frequency, and this is designated as an Anti-Stokes 

shift. Raman scattering is an example of inelastic 
scattering because of the energy transfer between 
the photons and the molecules during their interac-
tion (Ghosh & Jayas, 2009).

A change in the molecular polarization po-
tential or amount of deformation of the electron 
cloud with respect to the vibrational coordinate is 
required for a molecule to exhibit a Raman effect. 
The amount of the polarizability change will deter-
mine the Raman scattering intensity. The pattern of 
shifted frequencies is determined by the rotational 
and vibrational states of the sample (Langers & 
Lipp, 2000).

c- Confocal laser scanning microscopy 
(CLSM)

In a confocal laser scanning microscopy 
(CLSM), a laser beam passes through a light source 
aperture and then is focused by an objective lens 
into a small (ideally diffraction limited) focal vol-
ume within or on the surface of a specimen, in bio-
logical applications especially, the specimen may 
be fluorescent. Scattered and reflected laser light as 
well as fluorescent light from the illuminated spot 
is then recollected by the objective lens. A beam 
splitter separates off some portion of the light into 
the detection apparatus, which in fluorescence con-
focal microscopy will also have a filter that selec-
tively passes the fluorescent wavelengths while 
blocking the original excitation wavelength. After 
passing a pinhole, the light intensity is detected by 

!

Fig. 1: The ion desorption plume moving from the matrix to the electric field accelerator
(Bromhead & Francis 2004)
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a photo detection device (usually a photomultiplier 
tube (PMT)  or avalanche photodiode), transform-
ing the light signal into an electrical one that is re-
corded by the computer (Renzetti et al. 2008).

A further advantages of CLSM is the pos-
sibility to follow the dynamics of processes such 
as phase separation, coalescence, aggregation, co-
agulation, solubilization…etc. Specially designed 
stages, which allow heating, cooling or mixing of 
the sample, give the possibility to simulate food 
processing under the microscope. Fig (2) shows the 
configuration of CLSM and their operating princi-
ples (Durrenburger et al. 2001). 

Confocal laser scanning microscopy, has 
found numerous applications in different food sci-
ence aspects (Renzetti et al. 2010),  examples are 
as follows:  

1– In cereal chemistry and technology.
2– In meat science and technology.
3– In the analysis of shear-sensitive.
4– In biopolymer mixtures.
5– In identification of microorganisms. 

d– Atomic force microscopy (AFM)
Atomic force microscopy (AFM) is one of the 

newest tools based on laser. The AFM has been ap-
plied to investigate fine food molecular structure 
and molecular manipulating (Yang et al. 2007). In 
the atomic force microscopy, the normal force is 
measured by the bending of the micro-fabricated 
cantilever. This is detected by either an optical le-
ver and split photodiode or less commonly, by an 
interferometric arrangement (Fig. 3).  The AFM 
has been successfully used for study of pectin ex-
traction, membrane formation of zein and catalysis 
of starch modification (Anderson & Guraya 2006).

e– Laser differaction particle size analyzer
Laser diffraction particle size analyzer as seen 

in (Fig. 4) provides indirect size measurements of 
spherically equivalent particles, based on the prin-
ciple that particles of a given size diffract light 
through a given angle that increases logarithmi-
cally with decreasing size. Few grams of material 
are dispersed into a liquid that circulates across a 
quartz measurements cell illumenated  by a laser 
beam. Different instruments have differently de-
signed systems for stering the disspersent liquid 

!

Fig. 2 optical ray diagram for the simultaneous detection of FITC and Nile Red using the orange-
krypton mixed-gas laser (adapted from the BioRed MRC600operating manual)

(Renzetti et al. 2008).
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Fig. 3: The basic AFM arrangement presented in schematic form. In this illustration, force detection 
is via a quadrant detector so that both normal and lateral force measurements can be made

(Yang et al. 2007)

Fig. 4: Main components of a laser diffraction particle size analyzer
(Stori & Balsamo 2010)

!

into the tant and ensuring its circulation through the 
measurement cell by mechanical means. A wide 
variety of standard operating procedure can be set 
up in laser diffraction particle size analyzer. They 
include the pump speed, the number of measure-
ment runs, the length of the measurement knive and 
the use of dispersing agents and/or ulltasonication 
to aid sample disagregation and dispersions. (Storri 
& Balsmo 2010).

Applications of laser in food technology
Numerous applications of laser have been ap-

plied and part of it, is already implemented suc-

cessfully in food during processing. The CO2 lasers 
have been used experimentally for cutting a wide 
variety of foods. Also microwave amplification 
by stimulated emission of radiation (MASER) has 
found suitable application for the quick heating of 
juice concentrates, inactivation of enzymes and 
peeling of foods (Day, 1995). These applications 
could be classified into the following main items.

A– Disinfection and sanitary control
One of the techniques that have a wide appli-

cation now is the laser optical flow cytometetric 
techniques (Pinder & Codfrey, 1994). Recently, this 
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technique has found a wide application in food tech-
nology through the use of specific-immunochemical 
labels such as monoclonal antibodies, which insure 
this novel approach to provide new solution for an 
even wider range of industrial user.

Lasers are now applied in changing the surface 
structures of packaging materials to be suitable for 
fresh produce application, for scoring of packaging 
materials, for easy opening of food pouches, roll 
wrappers, sealed trays and aseptic control (Ozd-
mir et al. 1999). Carton sterilization by UV. Exci-
mer laser (248 nm) proved its efficiency, since the 
germination ability of  Bacillus spores is alterated 
(Wariner et al. 2002), as an alternative to the use 
of chemicals for cleaning and disinfecting surfaces 
of equipments; pulsed laser beams could be imple-
mented successfully for the removal and killing of 
adherent bacteria without visible alteration of the 
surface (Sadoudi et al. 1997).

B- Food proteins:
a. Meat quality evaluation
The UV laser desorption technique offered ac-

curate measurements of large proteins like porcine 
pepsin (MW 32.700), porcine trypsin (MW 23.800) 
and -galactosidases (MW 116.000) (Spengler & 
Cotter 1990).

Regarding the protein chemistry, matrix as-
sisted laser desorption ionization (MALDI) can 
be combined with enzymatic treatment to provide 
structural information of three level molecular 
masses, primary maps and primary structures of 
proteins (Fenselau 1997). Moreover, the measure-
ments of large fragile biopolymers over 35.000 Da 
can be estimated accurately. Also, the classification 
and changes that occurred in potato proteins (Pots 
et al. 1999) and fate of nisin (Rose et al. 1999) 
could be rapidly detected. 

Recently, new methods for the rapid and non-
destructive evaluation of meat quality in an intact 
carcass have been developed to speed up the grad-
ing of fresh meat. Fiber optics can simply do that, 
through measuring the refractive index (RI). Bulk 
refractive index is measured with an Abbe reflec-
tometer using a red laser for transmittance  and the 
green laser for reflectance; thereby RI can be de-
tected photometrically (Swatland 2002). 

Raman spectroscopy of cooked beef has also 
a considerable protential as a method for non-de-
structive and rapid determination of the beef qual-

ity parameters. Raman measures the -helix and 
sheet ratio of the myofibril proteins which are con-
sidered to be the important factors, that contribut-
ing to shear force, tenderness, texture and overall 
acceptability of the beef (Beattie et al. 2004).

b- Plant proteins evaluation
Raman spectroscopy, could be also used to 

measure the level of modifications in food pro-
teins; this can be done as long as changes in new or 
existing Raman bands can be quantitatively meas-
ured. For example the band intensity at 1737 cm-1 
could be taken as a measuring index of C=O band 
in RCOO– groups (Zahoo et al. 2004).

Size exclusion chromatography- multiangle 
laser light scattering ( SEC-MALLS) can also be 
used to monitor thermal aggregation of plant seed 
storage protein with limited solubility. When the 
dynamic light being scattered, the dimensions of 
various oligometric forms of oat globulin can be 
estimated (Zhao et al. 2004).

c- Cereal quality
Devaux et al. (1998) investigated the relevance 

of measuring particle size distribution by laser-
diffraction in order to compare flour fractions col-
lected along a milling diagram. The advantages of 
laser diffraction was that it was possible to precisely 
describe particle size <50 µm. The main differences 
between hard and soft wheat flour was in the pro-
portion of isolated starch granules freed when the 
grains were fragmented. The 25 µm mode could be 
considered as a representative of the ability of the 
wheat to free starch granules and could be used to 
follow a grinding or milling process. Overall, a laser 
diffraction particle sizing method using non-polar 
dispersant provides a suitable particle sizing tech-
nique for infant formula products that is superior to 
the air dispersion method (Kwak et al. 2009).

In the field of cereal chemistry, the MALDI 
can be used to verify the sequence of a substan-
tial part of single high molecular weight of glute-
nin subunits. Analysis using reverse phase HPLC 
treated with triptic enzyme allowed 80% of the se-
quence to be confirmed  (Foli et al. 2000).

The FT- Raman spectroscopy is now applied 
in the field of cereal chemistry to characterize 
chemically modified starches, to study oat globulin 
conformation and to on-line monitoring applica-
tions for industrial quality control during the starch 
chemical modification (Ma & Phillips 2002).
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d- Genetically modified foods
By the use of laser induced fluorescence de-

tectors, (488 nm argon ion laser), the detection 
of genetically modified foods (GMF) are becom-
ing feasible. The speed and sensitivity of capillary 
gel electrophoresis – laser induced fluorescence 
(CE-LIF) opened the way for various applications 
in molecular biology and in the identification of 
transgenic foods (Atulia 1996). Use of LIF with 
derivatising reagents (phaladelyde- fluorescein iso-
thiocynate FIT) has been proposed as an alternative 
to exhibitly fluorescence depending on the mecha-
nisms of intercalating.

By using the PCR-CGE-LIF procedure, sam-
ples containing transgenic maize at concentrations 
1, 0.5 and 0.01% could be easily detected (Canas 
et al. 2002).

4- Other Foods
The soft ionization technique enabled the 

MALDI to have a lot of applications in the field of 
food chemistry. It is considered to have a valuable 
tool for the analysis of anthocyanins in food sam-
ples (Wang et al. 1999) and can provide the results 
within few seconds. Also MALDI could be applied 
in the analysis of bioactive molecules like polyfla-
vones and barley β-glucans (Tang et al. 1993).

Laser can be applied now in the quality control 
of crude oil industry. The excitation source was a 
632.nm He-Ne laser with an output power of 5mw. 
The laser beam enters a quartz cell at 90° to the in-
cident laser beam. The fibre optic then focuses the 
fluorescence into 250 µm entrance slit of a mono-
chromator.  The fluorescence signal is then ampli-
fied as it passes through  the optical multichannel 
analyzer (OMA). The OMA output is subsequently 
fed to microcomputer via a detector interphase and 
the fluorescence spectrum and intensity are dis-
played on the monitor (Tan et al. 1995).

 REFERENCES
Anderson A.K & Guraya. H.S. 2006. Effects of mi-

crowave heat-moisture treatment on proper-
ties of waxy and non-waxy rice starches food 
chemistry 97; 318-323.

Atulia, K. K. 1996. Capillary Electrophoresis Guide 
Book, Principles, Operation and Application. 
Hananna. Press. Tatawa, New Jersey, pp. 210-
217.

Beattie. R. J, Bell. S. J, Farmer L. J, Moss. B. W 
& Patterson. D. 2004. Primary investigation 

of  the application of Raman spectroscopy to 
the prediction of the sensory quality of beef 
silverside. Meat Science, 66: 903-913.

Bromhead. J & Francis. J. M. 2004. Matrix- assist-
ed laser desorption ionization mass spectrum 
(MALDI-MS), principles, trends and imple-
mentation in the UK. Personal communica-
tion.

Canas, V. C, Conzalez, R & Cifuentes. A. 2002. Ul-
trasensitive detection of genetically modified 
maize DNA by capillary gel elecltrophoresis 
with laser-induced fluorescence using differ-
ent fluorescent intercalating dyes. Journal of 
Agricultural and Food Chemistry, 50: 4493-
4502.

Chan. L. E. C. Y. 1996. The applications of Raman 
spectroscopy in food science. Tends in Food 
Science and Technology, 7: 361-370.

Day. B. P. F. 1995. New development in cutting and 
slicing. Food Manufacture, 4: 49-52.

Devaux, M.F, Monredon. F. L, Guibert. D, Novales. 
B & Abecasis. J. 1998. Particle size distribu-
tion of Break, sizing and Middling wheat 
flours by laser diffraction. Journal of the Sci-
ence of Food and Agriculture, 78: 237-244.

Durrenberger. A.B, Handschin. S, Petit. B.C & 
Escher. F. 2001. Visulization of food struc-
ture by confocal laser scanning microscopy 
(CLSM). Lebensm. Wiss. U. Technology, 34:  
11-17.

Fenselau. C. 1997. MALDI- MS and strategies for 
protein analysis. Analytical Chemistry News  
and Features. Nov., 1: 661-665.

Foli. S, Maccarrone. O, Saletti. R, Roepstorll. P, 
Gilbert. S, Tatham. A. S & Shewry. P. R. 
2000. Verification of the cDNA deduced se-
quence of glutemin subunit 1 Dx5 and an M, 
58000 Repetitive peptide by Matrix- Assist-
ed laser desorption/ ionization mass spectrum 
(MALDI-MS). Journal of Cereal Science, 31: 
173-183.

Ghosh. P. K & Jayas. D.S. 2009.  Use of spectro-
scopic data for automation in food process-
ing industry. Sensing and Instrumentation in 
Food Quality, 3: 3-11.

Kwak. B. M, Lee J.E & Jeon T. H. 2009.  Laser 
diffraction particle sizing by wet dispersion 
method for spray-dried infant formula. Jour-
nal of Food Engineering, 92: 324-330.



41

Alex. J. Fd. Sci. & Technol. Vol. 7, No. 1, pp. 35-42, 2010

Lengers. M. A & Lipp. E. D. 2000. Raman spectros-
copy in chemical process analysis in spec-
troscopy. In: Process Analysis. Chalmers, K. 
(Ed). J. Med Shellield Academic Press.

Ma. C. Y & Phillips. D. L. 2002. FT- Raman spec-
troscopy and its application in cereal science. 
Cereal Chemistry, 79: 171–177.

Meeles. Griot. 2009. Basic laser principle, introduc-
tion to laser technology. www.mellesgriot.
com.

Ozdmir M, Yurieri-U & Sadikoglu. H. 1999. Sur-
face treatment of food packaging polymers 
by plasma. Food Chemistry, 53: 54-58.

Pinder. A.C & Godfrey. G. 1994. Fluorescence Cy-
tometry  in Food Process Monitoring System. 
Blackie Academic and Professional, Eng-
land. 

Pots A. M, Gruppen. H, Diepenbeek. R. V, Lee. J. 
J Boekel. M. A, Wizngaards. G & Voragen. 
A. G. 1999. The effect of storage of whole 
potatoes of three cultivars on the patatin and 
protease inhibitor content; a study using cap-
illary electrophoresis and MALDI-TOF-mass 
spectrometry. Journal of the Science of Food 
and Agriculture, 79: 1557-1564.

Renzetti. S, courting C.M, Delcour. J. A & Atendi. 
E.K. 2010. Oxidative and proteolytic enzyme 
preparations as a promising improvers for oat 
bread formulations. Rheological, biochemi-
cal and microstrutural background. Food 
Chemistry, 119: 1465-1473.

Renzetti. S, Dal Bello F., & Arendt. E. K. 2008. 
Microstructure, fundamental rheology and 
baking characteristics of batters and breads 
from different gluten rice flours treated with 
a microbial transglutaminase . Journal of Ce-
real Science, 48: 33-45.

Rose, N. L, Sporns. P, Stiles, M. E. & McMullen L. 
M. 1999. Inactivation of nisin by glutathione 
in fresh meat. Journal of Food Science 64: 
759-762.

Sadoudi. A.K., Herry J. H. & Cerf. O. 1997. Elimi-
nation of adhering bacteria from surfaces by 
pulsed laser beams. Letters in Applied Micro-
biology, 24: 177-179.

Spengler, S. & Cotter R.J. 1990. Ultraviolet laser 
desorption ionization mass spectrometery of 
proteins above 100.00 Daltons by pulsed ion 
extraction time of flight analysis. Analytical 
chemistry, 793.

Storri, F & Balsmo M. 2010. Particle size distribu-
tion by laser diffraction: Sensitivity of granu-
lar matter strength to analytical operating 
procedure. Solid Earth, 1: 25-48.

Swatland. K. 2002. Refactometery  of pork muscle 
and beef connective and adipose tissue. Meat 
Science, 62: 225-228.

Tan, Y, A, Chong C. L & Low K. S. 1995. Rela-
tionship between laser-induced fluorescence 
intensity and crude palm oil quality. Journal 
of the Science of Food and Agriculture, 67: 
375-379.

Tang. K, Altman S.L., Jones. R.B & Chen C.H. 
1993. Quantitative analysis of biopolymers 
by matrix-assisted laser desorption. Analyti-
cal Chemistry, 65: 2164-2166.

Wang K.S, Sporns. P. & Low. N.H. 1999. Analy-
sis of food oligosaccharides. Using MALDI-
MS. Quantification of fructooligosaccharides. 
Journal of Agriculture and Food Chemistry, 
47: 1549-1557. 

Wariner. K, Kolstad. J, Rumsby. P & Waites. W. M. 
2002. Carton sterilization by UV-eximer la-
ser light recovery of Bacillus subtilus spores 
on vegetable extracts and food simulation 
matrices. Journal of Applied Microbiology, 
92: 1051-1057.

Yang. H, Wang. Y, Lai. S, AN. H Yunfel & Chem. 
2007. Application of atomic microscopy a 
nanotechnology tool in food science. Journal 
of Food Science, 72: R65-R75.

Zahoo. Y, Na. Cy, Yuen. S. N & Phillips. D. L. 
2004. Study of acetylated food proteins by 
Raman spectroscopy. Journal of Food Sci-
ence, 69: 206-213.

Zhao, Yu; Mine. Y & MA ching. Y. 2004. Study 
of thermal aggregation of oat globulin by la-
ser light scattering. Journal of Agricultural&  
Food Chemistry, 52: 3089-3096.



42

Alex. J. Fd. Sci. & Technol.Vol. 7, No. 1, pp. 35-42, 2010

 تطبيقات الليزر في تكنولوجيا الأغذية: نظرة �شاملة

ه�شام �أحمد محرم

ق�شم علوم �لأغذية, �لمركز �لقومى للبحوث

ت�ستخدم اأ�سعة الليزر في العديد من مجالت العلم والتكنولوجيا وت�ستخدم حالياً في العديد من مجالت الأغذية المختلفة 

حيث ت�ستخدم في تتبع توزيع الجزيئات وتعديل مواد التعبئة والتغليف ومجالت التعقيم وتكنولوجيا الألياف ال�سوئية.

وقد مكنت ال�سفات الفريدة لليزر من اإنتاج اأجهزة ذات درجة جودة ودقة عالية مما اأدى اإلى ا�ستخدامها بنجاح فى 

  Matrix بالليزر  يعمل  الذى  الكتلة  مطياف  ابتكار  �ساعد  وقد  الأغذية.  م�سانع  الجودة في  التحكم في  طرق  من  العديد 

Assisted Laser Desorption Ionization Mass Spectrum (MALDS-TOF-MS) على ال�ستفادة به في العديد 
اأنواع  من التطبيقات مثل التعرف على الجزيئات ذات الفعالية الحيوية، التعرف على بروتينات الخلايا الميكروبية، تحليل 

البروتينات ذات التركيب البنائى ال�سعب والتعرف على التركيب الجينى فى المادة الغذائية.

وقد ا�ستخدمت تكنولوجيا Raman والتي ي�ستخدم فيها الليزر فى العديد من التطبيقات كدرا�سة اللحوم ومنتجاتها، 

مركزات البروتينات، الأنواع المختلفة من ال�سبغات الطبيعية الموجودة في النباتات، ومن ناحية اأخرى فهناك بع�ض الطرق التى 

تعتمد على الومي�ض الناتج عن الليزر Laser Induced Fluorescence (LIF) والتى تم تطبيقها بنجاح كنظام للجودة فى 

التعرف على زيت النخيل اأو دمجها فى بع�ض الطرق مثل طرق الهجرة الكهربية للتعرف على الأغذية المهند�سة وراثياً.

تجدر الإ�سارة اإلى اأن الليزر ي�ستخدم حديثاً في العديد من الطرق الميكرو�سكوبية لإنتاج العديد من الميكرو�سكوبات التى تعمل 

 .Atomic Force Microscope (AFM) و  Confocal Scanning Laser Microscope (CSLM) باأ�سعة الليزر مثل


