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Application of near infrared spectroscopy (NIRs) to predict carotenoid
contents in sweet corn germplasm
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ABSTRACT: Adopting a fast and efficient near infrared spectroscopy (NIRs) for assessing carotenoid content in sweet
corn germplasm would benefit to the breeding program. This study aimed to evaluate lutein, zeaxanthin, B—
cryptoxanthin, B—carotene, and total carotenoid content in sweet corn germplasm by using the NIR technique
coupled with multivariate analysis of partial least squares (PLS) regression and high performance liquid
chromatography for constructing and validating the calibration models. The result indicated that NIRs can be used
for screening and predicting carotenoid content in corn germplasm. There were high coefficients of determination
(R’ = 0.60-0.84) and a high ratio of standard error of prediction to standard deviation (2.14-2.53). While, the values
for standard error of calibration, standard error of prediction, and bias were low. Furthermore, the carotenoid
contents predicted by the developed calibration models were not significantly different from the reference values.
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Therefore, NIRs could be an alternative tool for evaluating carotenoid content in sweet corn germplasm for breeding
programs.
Keywords: carotenoids; near infrared spectroscopy; crop improvement; Zea may L. var. saccharata
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Table 1 Carotenoid distribution of sweet corn germplasm used in calibration and validation sets

. Calibration set (n = 65) Validation set (n = 20)

Carotenoids

Min. Max. Mean SD Min. Max. Mean SD
Lutein 0.06 14.15 3.77 2.50 0.31 6.01 3.80 1.57
Zeaxanthin 1.37 16.38 7.04 3.15 3.31 13.10 6.10 2.67
B-cryptoxanthin 0.63 6.13 1.70 098 070 3.37 1.72 0.93
B—Carotene 0.63 2.63 1.07 0.40 0.76 1.53 1.10 0.26
Total carotenoid content 1.82 54.51 20.09 9.82 5.23 40.81 20.92 9.89

Y Values are expressed in pg/g dry weight
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Figure 1 Original near infrared spectra (a), preprocessed spectra using MSC (b), and MSC with 2" derivative spectra

(c) of sweet corn germplasm used in the calibration set.
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aunsfilivineusinaualsiuesdsan duiuuinmes wiiiu 2 TaefiAn A uag RPD wirfu 0.60 uag 2.14 aud1sy
Tuwaueiien SEC SEP waz bias 61 (6.29, 4.62 uaw 4.32 pg/e dry weight mud1Ry) (Table 2) WofinrsanAdulsyaninig
dadula wudn AvdsnanvesTaualsfiuesdsiusiiian wazanmsoiluldUszneunsussiiusuuvenuvindu (7
31119 0.50 14 0.65) (Williams, 2004) é’wmaﬁ'ﬁwmuumma%ﬁﬁaalﬂ%v‘fﬂﬁl,ﬁﬂ under-fitting &svilwUssansaimnns
v‘fmwﬂ%mmaaﬁﬂizﬂauwmﬁiuﬁ’;aﬂmﬁmmmmmm?{aﬂumiv‘hmaqa Fofu mndesmsifiudn A7 esiiiudiuna
fegnaiildlumsadsaunindesiuagilildasinuualsiiuessfinsounaquiosianniy wasdwmaliaunisanunsn
yuneUTinauelsfiuosdiigniosuarudugunndsdy uenant aunisdmsunsiueuinasun-ualsity uasgity e
Fusravisnssadulafiannsasuundnvaretrmeunarlivsuidutowiuld (R sewing 0.66 81 0.81) (Williams, 2004)
Fomnzdmsunstssgndldlunudiifegamaunn Tnslawizegneds uuiulgaiugiividenhnsdnidende
fiugnITuILIIN UazdesnsnnuTIng luvnsiiadussansmadnaulavesdusuiu wagium-asulausuiiu fiangs
uaraglussiuannsntilutssgndldlumideifesnsauusiugigdld sasisen RPD ogluseiufianunsathaunisanldlu
nsutanguls wandlifiuinaunsifasnanmedaaninsaladunsusagulndimnzdmiunmsinnsunad i
wazum-asUlmusuiiu Sausindmsfimedsine q mnmsanwadel axlinansinefiesninisAnuiiiiuin Brenna
and Berardo, 2004; Berardo et al., 2004; Kahriman et al., 2019) %"ammLLmﬂcsmmaﬁmm@lmmaﬁ’ﬂamwmaqm?aaﬁa
wagIsn1svnsadffidontd (Kahriman et al., 2019)

\lofinnsanunuAINN1INTE8 (scatter plots) lunquasisaunisuagmsradeuaunis wui Uunaualsiiuesd
Usziliusheaunsanmadeaninsaladdusnsagulng fnisnszaredlndifAssiuidy target ine lunndnwayi
¥nsdnw (Figure 2) Samneds daanudulndifies 1 ndnfe Usinaualsiivessiivihugldnnmeadaaninsalad
Sunsusngnilngd delnddestumiinsesildanmaiia HPLC Welmsehaanuunneadagds paired samples t-test
wui Aasstueiiiungldlifirnuunnsatuegredifodfameadin (0>0.05) s aunsimuannmedeadnlnsaln

Ydunsnsaglndanunsaldiuwevsunaualsivesaluenugnssudlnala
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Table 2 Statistics of equation for lutein, zeaxanthin, B—cryptoxanthin, B— carotene, and total carotenoid content in

calibration and validation sample sets were pretreated with MSC and 2™ derivative

calibration set (n = 65)

PC

validation set (n = 20)

Carotenoids

R SEC SEP Bias RPD
Lutein 6 0.79 1.14 0.62 0.75 2.53
Zeaxanthin 6 0.84 1.27 0.75 2.78 3.56
B-cryptoxanthin 5 0.84 0.39 0.27 0.52 3.44
B—carotene 6 0.70 0.22 0.10 0.07 2.60
Total carotenoid content 2 0.60 6.29 2.14 4.32 214

R = coefficient of determination; SEC = standard error of calibration; SEP = standard error of prediction; RPD = ratio of standard error

of prediction to standard deviation
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Figure 2 Scatter plots of calibration and prediction results of lutein (a), zeaxanthin (b), B-cryptoxanthin (c), B-

carotene (d), and total carotenoid content (e) in sweet corn germplasm (TCC = total carotenoid content)



ununEAs 50 AU 1: 174-183 (2565)./doi: 10.14456/ka}.2022.00. 182

GRY

3

aunsnas1vumemadatdesdunsusaawnlnsalalenulng S3uiulsne@dAnuy PLS warn15ItAsIeinIe3o

v '

wasgu annsalivhueiinaualsiueedls egnlsfioy dowinisuuutsanasudestudeunisatnaunsinsgiu
Tnensusunssanasulngldia MSC vildaunisdmsumsvhuwedsinanum-unalsiiu Seduusyaninsiaaulouazan
RPD g4 (0.70 uaz 2.60 muadiv) luvaedl nsufuusieannsusies MsC srufueyiussusuass vinlaunissinne
U3naugiiu Fusuiiu wan-a3ulausuiiu wazunauelsiuosdnuiaduszaninisiaaulage (0.60-0.84) sawviaiile
NATEUNTIMAUAT RPD wudﬂﬁmqnﬁgﬂm 2.14-3.56 upna Nt MsUTULRIFAENsFInavilsien SEC SEP uay bias 1 ua
nnsanwsandidivinmeiadesdunsiseaUninsalaleulndauisaihunldnisusenaunmsuseiiuuSunaualsi

wepAlugeRugnssy dmsulusunsunsusuugaiuginlnamiuiieiiiuguamisermsiaduegid

AUBUAN
A llasunuatuayunITedadieAnwAunsinYe swargnaInnssHIINA N UT INITITENITN YA
(2eAMINMITL) Usedtauussannd 2563 (Fyavuaeil un.ain.1/2563) wasyududinsoufiiiednwidesedududnfnw

LA ]

ALINYIANENSWALWALLLAT UPINYNFYSIIUAERS UseanUauussana 2561 (muduiindennasav? niu 24/2561)

LANE1581989
nua EATRY. 2536. MIUTUUTIRUTAIRANTIL. ANEINUATANENT UTINGITEVBULAL. VBULAL.

nyuseu anawusni, Jesana a1uuen, ananval Aoude, 8t Juwns, Ansnsnu Wy, Asanval gades wasinfnug

q

AAT. AUNITVIUIEAIUNITUTBIGNNTUAIBWNATA NIR spectroscopy. . 250-256. Tu: n15Us8YuTYIN13
seiurA adedl 8 22-23 fumau 2559, wninendemelulaBrmasaadanu Ineunaiuns, a3uns.

5191591 iy, Jude Junsussiasy, smqw'§ QuBI0Y, Beyvd UizLa%gﬁﬂﬁ, wazgum 29dlevu. 2560. nsednsaunisiiie
Useiliuans 2-acetyl-1-pyrroline Tutmeunzameailadunsusaailninsalat. w. 168-176. Tu: dunuivinis
117 nauAugIdetINMamensuuulara1Amilonaudd Usednd 2560 28-30 unau 2560. L5eusu A Buinsa
WU, JUTAUIU.

Hudeg lwesauled. 2559. nisldweteauninsalnldunsusagrulnduazimatianisarsnimdaunasulunisfinniy
Qmm‘wm&JSLuLLazU%mmLUc?f']Lmiiﬁuiumsm’aa‘fmaﬂlﬁﬁmm. Ineiinus USggrinenmansunivudin
WNInede@auIng. uAsUY.

TV qMBTeL. 2560. N15a5193UU NIR dmsunsiiaseivsedriu. nmaduienTsunisens angimnssumans
AUILEY UHINGIRENBATAIERS. WATUFY.

dninaumsughainens. 2562, S18azIBEnnIzIATYERINISINYMS. Wnaadoya: http// http://www.oae.go.th. fuile 4
nUANS 2564.

ALINT BT, 130 suzwnad, Aadnval UgIsni, auiug Winaedaana, UAns gnSiseany, sate aissndvn, uas
seunvis quisseu. 2552, wdnmsiiuguvesnadaanlnsalnTdunsusngnlng. u. 16-23. Tu: weluladursian
grulnaiaznsuszendlilugramnssy. inningdenuaseans, uasugy.

Agelet, L. E., and C. R. Hurburgh Jr. 2014. Limitations and current applications of Near Infrared Spectroscopy for single
seed analysis. Talanta. 121: 288-299.



KHON KAEN AGRICUL TURE JOURNAL 50 (1): 174-183 (2022)./doi:10.14456/kaj.2022.00. 183

Barker, F. M., D. M. Snodderly, E. J. Johnson, W. Schalch, W. Koepcke, J. Gerss, and M. Neuringer. 2011. Nutritional
manipulation of primate retinas, v: effects of lutein, zeaxanthin, and n-3 fatty acids on retinal sensitivity to
blue-light-induced damase. Investigative Ophthalmology & Visual Science. 52: 3934-3942.

Berardo, N., O. V. Brenna, A. Amato, P. Valoti, V. Pisacane, and M. Motto. 2004. Carotenoid concentration among
maize genotypes measured by near infrared reflectance spectroscopy (NIRS). Innovative Food Science and
Emerging Technologies. 5: 393-398.

Brenna, O. V., and N. Berardo. 2004. Application of near-infrared reflectance spectroscopy (NIR) to the evaluation of
carotenoids content in maize. Journal of Agricultural and Food Chemistry. 52: 5577-5582.

Cooper, D. A. 2004. Carotenoids in health and disease: recent scientific evaluations, research recommendations and
the consumer. Journal of Nutrition. 134: 221-224.

Dwyer J. H., M. Navab, K. M. Dwyer, K. Hassan, P. Sun, A. Shircore, S. Hama-Levy, G. Hough, X. Wang, T. Drake, C. N.
Merz, A. M. Fogelman. 2001. Oxygenated carotenoid lutein and progression of early atherosclerosis: the Los
Angeles atherosclerosis study. Circulation. 103: 2922-29227.

Egeersdorfer, M., and A. Wyss. 2018. Carotenoids in human nutrition and health. Archives of Biochemistry and
Biophysics. 652: 18-26.

Gupta, P., Y. Sreelakshimi, and R. Sharma. 2015. A rapid and sensitive method for determination of carotenoids in
plant tissues by high performance liquid chromatography. Plant Methods. 11: 1-12.

Kahriman, F., i. Onag, F. M.Turk, F. Oner, and C. O. Egesel. 2019. Determination of carotenoid and tocopherol content
in maize flour and oil samples using near-infrared spectroscopy. Spectroscopy Letters. 8: 473-481.

Krinsky, N. 1., and E. J. Johnson. 2005. Carotenoids actions and their relation to health and diseases. Molecular
Aspects of Medicine. 26: 459-516.

Niranjana, R., R. Gayathri, S. Mol, T. Sugawara, T. Hirata, K. Miyashita, and P. Ganesan. 2015. Carotenoids modulate
the hallmarks of cancer cells. Journal of functional foods. 18: 968-985.

O’Hare, J., K. J. Fanning, and I. F. Martin. 2014. Zeaxanthin biofortification of sweet-corn and factors affecting
zeaxanthin accumulation and color change. Archives of Biochemistry and Biophysics. 572: 184-187.

Parada, J., and J. M. Aguilera. 2007. Food microstructure affects the bioavailability of several nutrients. Journal of
Food Science. 72: R21-R32.

Rambla, F. J., S. Garrigues, and M. De La Guardia. 1997. PLS-NIR determination of total sugar, glucose, fructose and
sucrose in agqueous solutions of fruit juices. Analytica Chimica Acta. 344: 41-53.

Scott, E. C,, and L. A. Eldridge. 2005. Comparison of carotenoid content in fresh, frozen and canned corn. Journal of
Food Composition and Analysis. 18: 551-559.

Shao, Y., and Y. He. 2007. Nondestructive measurement of the internal quality of bayberry juice using Vis/NIR
spectroscopy. Journal of Food Engineering. 79: 1015-10109.

Tilahun, S., M. H. Seo, I. G. Hwang, S. H. Kim, H. R. Choi, and C. S. Jeong. 2018. Prediction of lycopene and B—carotene
in tomatoes by portable chroma-meter and VIS/NIR spectra. Postharvest Biology and Technology. 136: 50-
56.

Williams, P. 2004. Near-Infrared Technology: Getting the Best Out of Light. Value Added Wheat CRC, Limited, Canada.

Yang, Q., X. Yang, Q. Zhang, WY. Wang, H. Song, and F. Huang. 2020. Quantifying soluble sugar in super sweet corn

using near-infrared spectroscopy combined with chemometrics. Optik. 220: 165128.



