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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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Tuwaueiien SEC SEP waz bias 61 (6.29, 4.62 uaw 4.32 pg/e dry weight mud1Ry) (Table 2) WofinrsanAdulsyaninig
dadula wuin AdsnanvesTmaualsfiuesdsiusiiian wazanmsoilulduszneunsUssiiusuuvenuwindu (R
31119 0.50 14 0.65) (Williams, 2004) é’wmaﬁ'ﬁwmuumma%ﬁﬁaalﬂ%v‘fﬂﬁl,ﬁﬂ under-fitting &svilwUssansaimnns
v‘fmwﬂ?mmmﬁﬂizﬂaumnLﬂmué”saﬂwﬁmwmmmLﬂ?{aﬂumiﬁwmaqq Forfu mndesmsifiudn R esiiiudSuna
fegnaiildlumsadsaunindesiuagilildasinuualsiiuessfinsounaquiosianniy wasdwmaliaunisanunsn
yuneUTinauelsfiuosdiigniosuarudugunndsdy uenant aunisdmsunsiueuinasun-ualsity uasgity e
Fuusravisnssaaulafiannsasuundnvaretrmeunarlivsuidutowiuld (82 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-asUlmusuiiv Sausindmsfiwedsne q mnmsanwadel axlvinansinefiesninisAnuiiiiuin Brenna
and Berardo, 2004; Berardo et al., 2004; Kahriman et al., 2019) %"ammLLmﬂcsmmaﬁmm@lmmaﬁ’ﬂamwmaqm?aaﬁa
wagIsn1ssadAfidentd (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 Aasstueiiiungldlifirnuunnsatuegredifodfameadn (0>0.05) fiu aunsiaunnmedeadnlnsaln

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)
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