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The development of photocolorimetric methodology for determining egg yolk
color of laying hens as learning platform during the COVID-19 outbreak
situation
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ABSTRACT: The egg yolk color is an important quality feature of the egg, being attributed to the high quality of eggs
and egg products. The objective of this study was to determine a relationship exists between color values from
standard measuring tools (color fan and colorimeter) and color values from photocolorimetric method by the Adobe
Photoshop software. In addition, comparisons of accuracy from the standard measuring tools and a technique of
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photocolorimetric method in evaluating the egg yolk color were investigated in this experiment. The result showed
that the yolk color score from yolk color fan was positively correlated with a* values from photocolorimetric method
generated by the Adobe Photoshop software (r = 0.923, P < 0.01) with the form of the linear regression equation, y
=0.1033 (x) + 37.389 (R? = 0.851, P <0.001). In addition, there were correlations between L*, a* and b* value from
colorimeter and G, a* and B values performed by photocolorimetric method with the Adobe Photoshop software.
Coefficients of correlation between the colorimeter score and color from photocolorimetric method were 0.694,
0.869 and -0.563, respectively (P <0.001). Furthermore, simple linear regression models were used to evaluate the
prediction results of yolk color attributes. The proposed linear regression model had a coefficient of determination
(R?) of 0.481, 0.742, and 0.317, respectively (P < 0.001). This experiment shows that the yolk color assessment was
similar between L*, a*, b*, hue angle, and chroma values both photocolorimetric method with simple linear regression
equation and using standard measuring tool (color fan and colorimeter). (P > 0.05).

Keywords: digital image analysis; color assessment; yolk color; egg
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Ju Auns @) way Aanuidudivdes (%) sufsiesrmdnazanududvediunsiinldanisumsgu fuandu Table 1
Taiinsneaestiinsiinseianduiuduaraunisannessenineiaannisns nasaniosinduarAdanianisindves
Amdngliunaegenduas Adobe Photoshop wuin Azuuudvesliunsiildainnisindrenad DSM® Savdurudifuuin
fuRn a* waz R 91nAEmsTndvesnmenglunsiewenduis Adobe Photoshop (P<0.01) Tauiisnzuudveslaunaiilaann
AsTanlewad DSM® danduwusiduauduan L* b* G uag B 91n35n1sindvesninaiglauneniggendiig Adobe
Photoshop lngAziuudvedlaunsildainnisindenad DSM® faduussavsavduius () guanifuen a* 9n38nsing
eI el iunInegeiuIg Adobe Photoshop (r = 0.923, P < 0.01) lagdl §UluuvesaNN1T0nneeidudy An vy =
0.2865 (x) + 3.6331 (R? = 0.851, P < 0.001) ifia y fio Aazuundvedlduns 7ilda1nn1sinsieiad DSM® uaz x i ArAu

WUudues @) Aldanisnisindvesnmaigliunaiesensiuis Adobe Photoshop sauanslu Table 2 wag Figure 1

Table 1 Mean + SD of yolk color score and yolk color value measured by standard m measuring tools (color fan

and colorimeter)

Variable Mean £ SD Minimum Maximum
Yolk color score 9.833 + 3.110 3.000 15.000
Lightness (L*) 55.321 + 5.788 37.840 67.720
Redness (a*) 16.280 + 5.142 4.430 30.150
Yellowness (b¥) 46.147 + 11.804 14.420 89.440
Hue angle 1.218 + 0.138 0.660 1.450
Chroma 0.171 £ 0.165 0.010 1.650

Table 2 Correlation between yolk color score from yolk color fan and yolk color value from colorimeter (Mini Scan

ZX) with yolk color score from photocolorimetric method*

Yolk color measuring tool

Yolk color from

Yolk color fan Colorimeter (Mini Scan ZX)

photocolorimetric

Color score Lightness (L*) Redness (a*) Yellowness (b*)

method

r P-value r P-value r P-value r P-value
Lightness (L*) -0.530 <0.001 0.611 <0.001 -0.494 <0.001 0.287 <0.001
Redness (a*) 0.923 <0.001 -0.688 <0.001 0.869 <0.001 -0.408 <0.001
Yellowness (b*) -0.259 <0.001 0.105 <0.001 0.088 <0.001 -0.562 <0.001
Red (R) 0.148 <0.001 0.155 <0.001 0.154 <0.001 0.532 <0.001
Green (G) -0.695 <0.001 0.694 <0.001 -0.651 <0.001 0.343 <0.001
Blue (B) -0.285 <0.001 0.320 <0.001 -0.361 <0.001 -0.563 <0.001

*r = Correlation coefficient
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Figure 5 Yolk color of laying hens from different rearing systems
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Table 3 Effect of method assessment on egg yolk color of laying hens

Yolk color assessment

Standard method:
Egg yolk color Photocolorimetric method P-value SEM*
Yolk color fan and
with equation

Colorimeter (Mini Scan ZX)

Conventional farm

-Yolk color score 11.669 + 0.542 11.391 £+ 0.510 0.187 0.102
-Lightness (L¥) 55.326 + 1.043 56.253 + 1.499 0.061 0.264
-Redness (a*) 18.439 + 1.106 18.377 + 1.172 0.887 0.339
“Yellowness (b*) 45.594 + 3.976 46.620 + 1.412 0.517 0.741
-Chroma 0.166 + 0.015 0.157 £ 0.017 0.155 0.007
-Hue angle 0.185 + 0.016 1.194 + 0.018 0.151 0.003
Free cage farm
-Yolk color score 12.204 + 1.416 11.625 +0.730 0.237 0.228
-Lightness (L*) 54.680 + 1.869 54.591 + 1.472 0.896 0.314
-Redness (a*) 19.771 + 1.191 19.643 + 1.768 0.815 0.252
-Yellowness (b*) 45.822 + 4.020 46.168 + 2.827 0.809 0.661
-Chroma 0.190 + 0.033 0.183 + 0.033 0.587 0.006
-Hue angle 1.162 + 0.030 1.247 + 0.263 0.155 0.028
Free range farm
-Yolk color score 9.026 + 0.679 9.580 +0.780 0.054 0.137
-Lightness (L*) 59.490 + 1.797 58.113 + 2.300 0.082 0.374
-Redness (a*) 13.931 + 1.375 15.139 + 2.311 0.090 0.327
-Yellowness (b*) 39.105 + 3.521 40.397 + 4.057 0.391 0.673
-Chroma 0.129 + 0.017 0.140 + 0.023 0.128 0.004
-Hue angle 0.178 + 0.224 1.213 + 0.023 0.642 0.033
Organic farm
-Yolk color score 6.943 + 0.974 7.222 +0.697 0.422 0.162
-Lightness (L*) 58.826 + 1.306 59.800 + 1.267 0.072 0.247
-Redness (a*) 10.937 + 2.134 11.793 + 0.977 0.241 0.297
-Yellowness (b*) 46.463 + 3.496 47.075 + 5.197 0.704 0.741
-Chroma 0.058 + 0.017 0.064 + 0.057 0.323 0.003
-Hue angle 1.341 + 0.037 1.324 + 0.031 0.212 0.007

* Standard error of mean

v v
o a o

lumnmassnseilfansliiiutananisnageulseansnmuazanuuldugweasmsingliunseaslulnfisnainssuu

RRFGEN ApnA19Y wu Msiasslnlruunssdu nsidesliwuulassdasznielulsassu nsiaeawuuUassdasy



unuAwas 50 AUT 1: 62-75 (2565)./doi:10.14456/kaj.2022.x 72

v
v

warmsiasslalauuudunsd Wudu wui FannsiaAdneeds Ao Fansinderiesinduayisnisindvesninaelduns
freweniuas Adobe Photoshop Sauffunisldenadifaldunuarluaunislinanisiasnzuuud saudeend L, a%, b¥, @
09 waAeuituaflndifesty Tastlgtudvedldunsgninlflunadusdaguninaesldliuasdnalnenswiory
Fosnslaln widliunsfitadunnsedanulududsilimanyay vansnuiseroumingifiuinemnsveddly de Jadevdn
fiflnasodvedlduwns naie Fldusuusiulpenswousinameadaduelsiivesafiulilésuainewns Georgieva-Nikolova
and Stoykova, 2020) mfmmmﬂ'awﬁﬂﬂﬁnﬁqé’ﬂwwamﬂﬁmaﬂwLmaﬁuauﬁuié’aq'swdwm 500-780 UNLULUAS
(Lukanov et al, 2019) 9MN518UBITIRTIAZLIAE (2556) Na1n3 Yadedidnasedvedlduns Wi Yunameduty aniu
10 waalsumsinnszuaunIseandwduluoms LLazqamaﬁLgm Witinsavauansaludiuvesldunainanansideninua

Isftuews adussaingiinuluraslsnatan (Chloroplast) uazlaslumanas (Chromoplast) vawald aanlsl wazluiie sy

s N A

Toludnivadniduasieiuadls (Laudadio et al,, 2014) InsUn@unddsnanigliauisadunsieinalsiuess ko tadlusnanie

q

Aadunsindvedidundilusieddiuanewnsineansdfiey Tuens vistluvawealsfiueas e wnsmusssugAuIaN

L4

Tlnalugnsens uendniualsiudiansainanug Tunsaimadedlnuuulass suwfwalsfivesndunses (Wuuals

Taddmiomardung) uay/M3ounlsfiueuAaNsssuni (Wu a1ises) Nawnsadiadilvluemsivemudliundd Vellansnagy

wAlsAusA I uansA s uraImiueaunsaazarslulviuazaadud lUlug ldd nandus sd s unsehad anun S unas

Y

avauansdluliuns (S2a71 warwena, 2556) Snvuelsfiuesdiiunumddylunstdesiunmshmewadanoyyadasy (free
radical) (Englmaierova et al., 2014) wonnivansudsesalsiu savesszuumsiasdlnlufiunnastuiidsaneain
wanewesd neaanaSuvesluas (Titova et al, 2015) 91n9W3Tew8e Krawczyk and Gornowicz (2010) 51891137 biledi
Aesuuuidesmelulsnfeusisomsdifaguliesuuudvediunsgenitlalianmadesdilduuuudes agrdlsfinu Castellin
et al. (2006) s1e1u Alsfdswuvuldesiidvadliunadunilaliannmsdosuunseiu Wesanlifidswuuldssins

Infune aenlyd wagldsuusinaansualsiivesdannurasansdsssunimiiudy uenaniluinggdeutinasemdvedliuns

%
1 A

vaslnlunideswuulasy Wesnaaumaligainaseusununisiulavesdi mnudlidmasemdvediunsvesliliibswuy
nssunsanglulsaseu eflsguuuumsidedlilinundnatafinmdnilasuanudenfisvunaununisdesdnlivunsediv

WUUALLAL (Conventional system) (Englmaierova et al., 2014) Liipsandivanasasenvasinuazdimason1siiuuTua

v
Y o v

nsiule wmindaln nandald wazaunmvedldlalafninisdedalivunsdundedivuuysendaiunundsallnlull
A1U130UTUAY VITOUARINGANTINMINTITUIALA (Fuimuazaniy, 2558) tnedisuuuunisidesinlomadonsine wu n1s

Wweanuulassnglulsaiou (Free cage system) (Dikmen et al.,, 2016) nsiasslnluuuuuasedase (Free range system)

a

Wisiaudusgeneessuyd yiudansideauudumse (Organic system) Fulumsidesliliuuuuaesdasgluiundunson

Inlvaunsaunasansdsssuvinisiniung aenlyl waglulyd uenwliennnislasuiuazomsdunidniansdainingdiv

& [ LY

91715 1 nlnalaznInaImniesdunsy iWusdu (Anderson, 2009) Matiludagduiuuiliuvesiuslnanlinrwdfyiu

A5 ANTBHANAUNLALATID T FRNNERINUIINASLA LI UVUA DY DATLAUSITUTIRA AL NTHRLILUUDUNS S ANUINTY

(Singh et al., 2009)

GEA

9

AP W UUAYDILYLAIIINWAR L aNFUNUS LT IUINAUAT a* 1nITN15TREveanInaeml8was LIS Adobe

Photoshop  (r = 0.923) lngiljuuuuvesaunisanneaidaduet1eine Ae y = 0.1033 (x) + 37.389 (R? = 0.851) &nvieAn L
* a*uay b * 91N 0T AANANAUNUSLTIVINAUAT G, a%, wag B 31n35n15Tndv09n nangnegensdwls Adobe
Photoshop. lneiiduUszansanduiusiviniu 0.694, 0.869, uay -0.563 AUARU LAz NMTILATIZRENNITIA0DLLTUEUDENS

a

IukansduUsEaNsN1sanaey (R?) windu 0.481, 0.742, kay 0.317 MuUd1aU uenanlinisnnassidawanslmiuinisnig


https://www.european-poultry-science.com/Jzefa-Krawczyk,QUlEPTQyMTk3NDgmTUlEPTE2MTAxNA.html?UID=AB5268AACB072211A6C6403B3B1F3D833927E754B5158F
https://www.european-poultry-science.com/Ewa-Gornowicz,QUlEPTQyMTc0ODMmTUlEPTE2MTAxNA.html?UID=AB5268AACB072211A6C6403B3B1F3D833927E754B5158F

KHON KAEN AGRICUL TURE JOURNAL 50(1): 62-5 (2022)./doi:10.14456/ka}.2022x.xx 73

TedvesnmangsuAuaNNISE S UNISUSEUE LAl RaNTInAT L, a¥, b* 8afd wasanutudannialnatheenunu
myinmeaUnsalinunsgiu (Mnduaziasesind) esdanuilanusaldiduniesdonadentunsinarzuunduasdluuns
1 madsanunsatludssendldlunisieunisasunislnalutisaniunisaladn 19 nawnunisldnsosindnisiaiung sauds

ansaserengnsiawerndintudmiunisindluuasniianuwivdrdmiuldlunisseuidelulueunan

LaNE158919849

uudde aasdunn. 2564, MsliTusunsy SAS WeameienAdonedng, Uiudginded 2 Tasiuiadaununinen, seuuu.

gVISANG uranjy Awa AElnINed Lazdseny ligan. 2562. mslilnsdwiflededueiasiiodniunsatniininsives
Tasidoutong1iau: MIman1izivangay. u. 2687-2693. lu: :iwauduid osnsussyguduuuiivinis
(Proceedings) Msthiauanauifussiud wietetndindnw uminedesvdgaemie afedl 17. 21
n3NYIAN 2560. o AudTausssunAwmtensuane Jeduntiiinesin uninendesudgiivaamsy Jaminfiivalan.

3351 edla Ununasal vesuda @519l auwin way 10 duae. 2562, Anwinisteszianudunsaluniunleeis
nslmsauuuadenisinauazdunadignsdlnenislilnsdnidefio. amadviadl Auginemaniuazimalulas
WINEREIALTeelud, e,

dydly anadne. 2555, malulabiilodnd. nedvdmenansuazdmih ansinuasmans wninerdododl. Bodlu.

g A soawsy, gAua ey, ann3ny fwe, alsy uiud wag S50 1eesssu. 2558, BvBnavesnuUILLULAENSY
FuiaSunoustensuanangAnsaulurisfukarUssans mwmskdslussuunmsdsauunseiululile. u. 865-872.
Tu: Foadunisussramaininmsvesuminedonunseans ased 53; arendty, adnd, admunnemans,
A11UTEUY, ANVIAUATUNITNYATUATANNTTUAIENT. 3-6 NUAIWUT 2558. UMTNYIFLLNYATANAAT V1LY
NTUNNUMUAT.

ogufing WwiuggAu ananiusd Auan asdind ynyuss wazanfing Sunddu. 2555, anuduiusseninend (L, a* ua b)
fuvsinauelnlenduludeiugnasudmilned v, udunuas. d0@dufiy 4): 59-64.

§9031 fo11Av1 LAYIIAA ALLAY. 2556, LuuedTulazuUslemiveualsiussdluninfinanududliueg. 113as
UINYIFEUIITNETIVUATUNS. 5: 112-121.

Anderson, K.E. 2009. Overview of natural and organic egg production: Looking back to the future. Journal of Applied
Poultry Research. 18: 3d48-354.

Anzalone, G.C., A.G. Glover, and J.M. Pearce 2013. Open-Source Colorimeter. Sensors. 13: 5338-5346.

Barbin, D.F., Kaminishikawahara, C.M. Soares, A.L. Mizubuti, I.Y. Grespan, and M. Shimokomaki. 2015. Prediction of
chicken quality attributes by near infrared spectroscopy. Food Chemistry. 168: 554-560.

Barbosa, V.C., A. Gaspar, L.F.L. Calixto, and T.S.P. Agostinho. 2011. Stability of the pigmentation of egg yolks enriched
with omega-3 and carophyll stored at room temperature and under refrigeration. Revista Brasileira de
Zootecnia. 40: 1540-1544.

Castellini, C., F. Perella, C. Mugnai, and A. Dal Bosco. 2006. Welfare, productivity and qualitative traits of egg in laying hens
reared under different rearing systems. p.p.1-6. In: Proceedings of the 12" European conference on poultry. 10-
14 September 2006. Verona ltaly.

Choodum, A., K. Parabun, N. Klawach, N. N. Daeid, P. Kanatharana, and W. Wongniramaikul. 2014. Real time

quantitative colorimetric test for methamphetamine detection using digital and mobile phone technology.

Forensic Science International. 235: 8-13.


http://kukr.lib.ku.ac.th/proceedings/KUCON/researcher/researchDetail/a6239574fa279bd605b6229979d16f93
http://kukr.lib.ku.ac.th/proceedings/KUCON/researcher/researchDetail/1ca4d4d2a18049c5e5492b8190c0c3b9
http://kukr.lib.ku.ac.th/proceedings/KUCON/researcher/researchDetail/9ca37203f25b86cdf90f5484bb0280c6
http://kukr.lib.ku.ac.th/proceedings/KUCON/researcher/researchDetail/02183a97cdf08566f45d3b8c6c28e8fc
http://kukr.lib.ku.ac.th/proceedings/KUCON/researcher/researchDetail/33a54a2a249e784acad3223066f259f4

unuAwas 50 AUT 1: 62-75 (2565)./doi:10.14456/kaj.2022.x 74

CIE. 1986. CIE Colorimetry. 2™ Edition. Commission Internationale de UEclairage, Vienna.

Dikmen, B.Y., A. Ipek, U. Sahan, M. Petek, and A. Sézcl.. 2016. Egg production and welfare of laying hens kept in different
housing systems (conventional, enriched cage, and free range). Poultry Science. 95: 1564-1572.

DvoFak, P., H. Musilov, and I. Svarcov™. 2001. On-line measurements of colour of pork. Fleischwirtschaft. 81: 8 9-91.

Dvofak, P., J. Dolezalov’, and P. Suchy’. 2009. Photocolorimetric determination of yolk colour in relation to selected
quality parameters of eggs. Journal of the Science of Food and Agriculture. 89: 1886-1889.

Dvorak, P., P. Suchy, E. Strakova, and J. Dolezalova. 2010. Variation in egg yolk colour in different systems of rearing
laying hens. Acta Veterinaria Brno. 79: S13-S19.

Englmaierova, M., E. Tumova, V. Charvatova, and M. Skrivan. 2014. Effects of laying hens housing system on laying
performance, egg quality characteristics, and egg microbial contamination. Animal Science. 9: 345-352.

Gabor, K., and E. Péter. 2015. Implementation of mobile phones in education. Research in Pedagogy. 5: 98-108.

Georgieva-Nikolova, M., and V. Stoykova. 2020. Application of mobile devices in distance learning. pp.1-6. In: 348-354.
The 15th international conference on virtual learning ICVL. 31 October 2020. University of Bucharest,
Bucharest, Romania.

Girolami, A., F. Napolitano, D. Faraone, and A. Braghieri. 2013. Measurement of meat color using a computer vision system.
Meat Science. 93: 111-118.

Goémez-Garcia, M., R. Soto-Varela, J. Moréon-Marchena, and M. del Pino-Espejo. 2020. Using mobile devices for
educational purposes in compulsory secondary education to improve student’s learning achievements.
Sustainability. 12: 3724.

Govindasamy, P., M. Yunus, and H. Hashim. 2019. Mobile assisted vocabulary learning: examining the effects on
students' vocabulary enhancement. Universal Journal of Educational Research. 7: 85-92.

Hernanz, D., AF. Recamales, AJ. Meléndez-Martinez, M.L. Gonzalez-Miret, and F.J. Heredia. 2008. Multivariate
statistical analysis of the color-anthocyanin relationships in different soilless-grown strawberry genotypes.
Journal of Agricultural and Food Chemistry. 56: 2735-2741.

Krawczyk, J., and E. Gornowicz. 2010. Quality of eggs from hens kept in two different free-range systems in
comparison with a barn system. European Poultry Science. 74: 151-157.

Laudadio, V., E. Ceci, N.M.B. Lastella, M. Introna, and V. Tufarelli. 2014. Low-fiber alfalfa (Medlicago sativa L..) meal in
the laying hen diet: Effects on productive traits and egg quality. Poultry Science. 93: 1868-1874.

Liu, D., and Q. Zhang. 2019. Mobile learning and evaluation in college teaching. Advances in Social Science, Education
and Humanities Research. 351: 687-690.

Liu, Y. 2020. Use of mobile phones in the classroom by college students and their perceptions in relation to gender: A
case study in China. International Journal of Information and Education Technology. 10: 320-326.

Lukanov, H., A. Genchev, and P. Kolev. 2019. Egg quality traits in WG, GG and GL Japanese quail populations. Trakia
Journal of Sciences. 1: 49-55.

Mancini, R. and M. Hunt. 2005. Current research in meat color. Meat Science. 71: 100-121.

Mendoza, F., and J.M. Aguilera. 2004. Application of image analysis for classification of ripening bananas. Journal of

Food Science. 69: 471-477.


https://www.european-poultry-science.com/Jzefa-Krawczyk,QUlEPTQyMTk3NDgmTUlEPTE2MTAxNA.html?UID=AB5268AACB072211A6C6403B3B1F3D833927E754B5158F
https://www.european-poultry-science.com/Ewa-Gornowicz,QUlEPTQyMTc0ODMmTUlEPTE2MTAxNA.html?UID=AB5268AACB072211A6C6403B3B1F3D833927E754B5158F

KHON KAEN AGRICUL TURE JOURNAL 50(1): 62-75 (2022)./d0i:10.14456/kaj.2022x.xx 75

Pathare, P.B., U.L. Oparaand, and F.A. Al-Said. 2013. Colour measurement and analysis in fresh and processed foods: A
review. Food Bioprocess Technology. 6: 36-60.

Petracci, M., M. Betti, M. Bianchi, and C. Cavani. 2004. Color variation and characterization of broiler breast meat during
processing in Italy. Poultry Science. 83: 2086-2092.

Quevedo, R. A, J. M. Aguilera, and F. Pedreschi. 2010. Color of salmon fillets by computer vision 5 and sensory panel.
Food Bioprocess Technology. 3: 637-643.

R Core Team. 2020. R. A Language and Environment for Statistical Computing. R Foundation for Statistical Computing,
Vienna. Austria.

Saad, A.G,, A. Iberahim, and N. El-Bialee. 2016. Internal quality assessment of tomato fruits using image colour
analysis. Agricultural Engineering International: CIGR Journal. 18: 339-352.

Singh, R, K. M. Cheng, and F. G. Silversides. 2009. Production performance and egg quality of four strains of laying
hens kept in conventional cages and floor pens. Poultry Science. 88: 256-264.

Steel, R.G.D., and J.H. Torrie. 1992. Principles and Procedure Statistics. 2™ Edition. McGraw-Hill Book Co., Inc., Singapore.

Sun, X,, J. Young, J.H. Liu, L. Bachmeier, R.M. Somers, K.J. Chen, and D. Newman. 2016. Prediction of pork color
attributes using computer vision system. Meat Science. 113: 62-64.

Titova, T., V. Nachev, and Ch. Damyanov, 2015. Non-destructive diagnosis of food products using neural-genetic
algorithm. International Journal of Reasoning-based Intelligent Systems. 7: 55-61.

Tomasevig, I., V. Tomovic, B. Milovanovic, J. Lorenzo, V. Bordevi¢, N. Karabasil, and I. Djekic. 2019. Comparison of a
computer vision system vs. traditional colorimeter for color evaluation of meat products with various
physical properties. Meat Science. 148: 5-12.

Trinderup, C.H., and Y.H.B. Kim. 2015. Fresh meat color evaluation using a structured light imaging system. Food Research
International. 71: 100-107.

Wan Den Brand, H., HK. Parmentier, and B. Kemp. 2004. Effects of housing system (outdoor vs cages) and age of
laying hens on egg characteristics. British Poultry Science. 45: 745-752.

Zlatev, Z., and S. Baycheva. 2017. Application of educational technical tools for analysis the color of essential oils
from white oregano. p.p. 141-144. In: Proceedings of the 12th International Conference on Virtual learning

(ICVL 2017), Sibiu, Romania.


https://pubmed.ncbi.nlm.nih.gov/?term=Tomovic+V&cauthor_id=30292701
https://pubmed.ncbi.nlm.nih.gov/?term=Milovanovic+B&cauthor_id=30292701
https://pubmed.ncbi.nlm.nih.gov/?term=Lorenzo+J&cauthor_id=30292701
https://pubmed.ncbi.nlm.nih.gov/?term=%C4%90or%C4%91evi%C4%87+V&cauthor_id=30292701
https://pubmed.ncbi.nlm.nih.gov/?term=Karabasil+N&cauthor_id=30292701
https://pubmed.ncbi.nlm.nih.gov/?term=Djekic+I&cauthor_id=30292701

