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A developed Near Infrared Reflectance Spectroscopy (NIRS) calibration equation was used for determining provitamin A carotenoids contents of different 

trials of fresh yellow root cassava genotypes using a total of 50 cassava genotypes scanned twice by NIRS from 400 nm to 2498 nm. The NIRS calibration 

equations were used to predict the β-cryptoxanthin, 13-cis β-carotene, trans β-carotene, 9-cis β -carotene, total β-carotene and total carotenoid concen-

trations of the samples. The predicted values for total carotenoids (TC-pred) ranged from 3.93 µg g–1 to 10.51 µg g–1 with mean of 7.07 ± 2.55 µg g–1 for 

International Collaborative Trials (ICT), 7.97–11.03 µg g–1 fresh weight with mean of 9.40 ± 0.76 µg g–1 for yellow root trial 8 (Multi-location Uniform Yield 

Trial) and 6.38–10.44 µg g–1 with mean of 8.74 ± 1.07 µg g–1 for yellow root trial 9 (Multilocation Advanced Yield Trial). Total carotenoids results using refer-

ence spectrophotometric method (TC-spec) ranged from 2.57  µg g–1 to 9.97 µg g–1 with mean of 5.66 ± 2.99 µg g–1 for ICT, 6.55–8.74 µg g–1 with mean of 

7.74 ± 0.64 µg g–1 for yellow root trial 8 and 4.22–11.00 µg g–1 with mean of 7.57 ± 1.54 µg g–1 for yellow root trail 9. There is significant (P ≤ 0.001) positive cor-

relation (r = 0.55) between TC-pred by NIRS and TC-spec. Also, significant (P ≤ 0.001) positive correlation (r = 0.52) exist between trans β-carotene predicted 

by NIRS and high-performance liquid chromatography reference. The developed NIRS calibration equations could be used to predict total carotenoids and 

trans β-carotene content of yellow root cassava and serve as rapid and cost-effective screening method for large cassava sample sets.

Keywords: Cassava, NIRS, trans β-carotene, β-cryptoxanthin, 13-cis β-carotene, 9-cis β-carotene

Introduction
Vitamin A deficiency is the most important cause of total 
blindness in developing countries. Micronutrient deficien-
cies including vitamin A afflict more than two billion indi-
viduals or one in three people globally.1 Enhancing the nutri-
tional content of cassava through bio-fortification will have 
a significant, positive impact on nutrition status and overall 
health, especially for poorer communities where cassava 
is mainly consumed. Bio-fortification is complementary to 

other strategies for reducing malnutrition like supplemen-
tation, fortification and diversification; nutritional benefits 
come directly from the bio-fortified crops with no or little 
additional costs for consumers. Cassava roots have limited 
nutritional quality which has results for the large numbers 
of people, especially in sub-Saharan Africa, who depend on 
this staple to suffer from chronic vitamin A deficiency.2 To 
support bio-fortification programs there is a need for high 
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throughput techniques to screen macro- and micronu-
trient concentrations of germplasm and breeding popu-
lations in tens of thousands of genotypes in short time 
frames. Near-infrared spectroscopy (NIRS) is currently 
used in large-scale nutritional quality analysis of many 
crops,3,4 as well as in carotenoids analysis in fresh cassava 
roots.5 The main advantages of the NIRS technique are 
high efficiency, low cost and simultaneous quantification 
of several traits in one measurement.

Materials and methods
50 freshly harvested improved pro-vitamin A cassava 
genotypes [which include genotypes from Multilocation 
Uniform Yield Trial (Yellow root 8), Multilocation Advanced 
Yield Trial (yellow root 9) and International Collaborative 
Trial (ICT)] were obtained from the experimental fields 
of International Institute of Tropical Agriculture (IITA) in 
Ibadan, Nigeria. Mature cassava roots were used, and 
the sampling method reported by Rodriguez-Amaya and 

Mieko Kimura6 was employed with a selection of five 
roots sampled for each genotype. Three representative 
roots of the five were washed, air-dried, peeled and again 
washed and dried with soft paper. All sample prepara-
tions were done under dim lights in the laboratory. Each 
peeled root was cut longitudinally in half and the two 
halves were again cut longitudinally into quarters. Two 
opposite quarters of the three roots were pooled and 
cut in small pieces of about 1 cm3 and mixed together. A 
portion of the small pieces of root was taken as a repre-
sentative of each genotype for the reference spectropho-
tometry method and NIRS analysis (Figure 1).

NIRS analysis of fresh cassava 
samples
About 10–15 g sample material of pieces of about 
1 cm3 were scanned by NIRS twice using a coarse cell, 
spectral data were collected by measuring the diffuse 

Figure 1. Sample preparation work flow of NIRS analysis in fresh cassava roots sample.
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reflectance from the fresh roots in the NIR region within 
400–2498 nm, using a NIRS monochromator (model 
FOSS XDS, solid module) and a coarse cell cup. Each 
sample was scanned in duplicate. The reflectance spectra 
were collected continuously over a NIR wavelength 
region with each spectrum represented as absorbance 
values log (1/R) at 0.5 nm increments. The spectroscopic 
procedures and data recording were done using Win ISI 
software (Version 4.9.0; FOSS NIR Systems).

Results and discussion
The mean ± standard deviations and ranges of the refer-
ence values and the statistics of the NIRS calibration 
and of the cross-validation are shown in Tables 1 and 2 
respectively. The predicted values for total carotenoids 
(TC-pred) ranged from 3.93 µg g–1 to 10.51 µg g–1 with 
mean of 7.07 ± 2.55 µg g–1 for ICT, 7.97–11.03 µg g–1 
FW with mean of 9.40 ± 0.76 µg g–1 for yellow root trial 
8 and 6.38–10.44 µg g–1 with mean of 8.74 ± 1.07 µg g–1 
for yellow root trial 9. Total carotenoid results using 
reference spectrophotometric method (TC-spec) 
ranged from 2.57 µg g–1 to 9.97 µg g–1 with mean of 
5.66 ± 2.99 µg g–1 for ICT, 6.55–8.74 µg g–1 with mean 
of 7.74 ± 0.64 µg g–1 for yellow root trial 8 and 4.22–
11.00 µg g–1 with mean of 7.57 ± 1.54 µg g–1 for yellow 
root 9. All trans β-carotene for ICT, yellow roots trials 
8 and 9 ranged from 3.19 µg g–1 to 9.26 µg g–1; 7.06–
9.37 µg g–1 and 5.15–9.25 µg g–1 with an average of 
5.71, 8.29 and 7.70 µg g–1 respectively. There is signifi-
cant (P < 0.001) positive correlation (r = 0.55) between 
TC-pred by NIRS and TC-spec reference. Fresh ICT 
clone 1011206 has the least predicted Total carot-
enoids by NIRS and TC-spec, while clones 1061635 and 
1070593 have the highest total carotenoids content 
predicted by NIRS and spectrophotometer respectively. 
Significant positive correlation also exists between 
trans β-carotene predicted by NIRS and that obtained 
from high-performance liquid chromatography refer-
ence (Table 4). Coefficient of variations for predicted 
total carotenoids by NIRS was 36.06 % as compared to 
52.72 % observed from the reference TC-spec on fresh 
ICT cassava storage roots. The clones 1071026 have 
the highest predicted Total carotenoids of 11.03 µg g–1, 
while the least TC was obtained from clone 1070536 
from yellow roots cassava 8. In contrast, TC-spec had 
the highest total carotenoids content (8.74 µg g–1) from 
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clone 1070738 and least value of 6.55 µg g–1 from 
1070683 (Table 2). For fresh cassava yellow roots 9, 
the clone 1082636 had the highest total carotenoids 
content predicted by NIRS while the least content was 
seen from 1083774 respectively (Table 3), also TC-spec 
had the highest total carotenoids of 11.00 µg g–1 from 
clone 1082189, while the least value of 4.22 µg g–1 was 
from the clone 1083565 respectively. The present study 
shows the reliability of the developed calibration equa-
tions to predict the total carotenoids and β-carotene 
content of fresh cassava roots as there were significant 
positive correlation between the predicted NIRS values 
and the reference values for each trait.

Conclusion
This study showed that the developed NIRS calibration 
equations can be used to predict total carotenoids and 
trans β-carotene content of yellow root cassava and 
serve as a rapid and cost-effective screening method for 
large cassava sample sizes from breeding programs. Since 
cassava breeders work with several thousands of breeding 
lines each year; application of NIRS for screening provide 
a useful tool for fast selection of promising cassava geno-
types for further testing by HPLC.
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