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Internal Quality Detection of Apples during Late Developmental
Period Based on Near-infrared Spectral Technology
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Abstract.; With the aim to understand the relationship between internal properties and near-infrared
(NIR ) characteristics of apples during late developmental period, and provide a basis for field
management and harvest in time, NIR diffuse reflection technology was used to measure the absorbance of
‘Fuji’ apples over the wavelength range of 833 ~2 500 nm during the last three months of fruits’ late
developmental period. Then, the internal qualities ( soluble solids content ( SSC), firmness (F), pH
value and moisture content ( MC)) of apples were measured. The linear correlations between each
internal quality and the light absorption intensity at a single wavelength were analyzed. The results
showed that there were weak linear correlations between the internal quality and the light absorption
intensity at a single wavelength. It was difficult to predict the internal qualities of apples based on the
intensity of light absorption at a given wavelength. Therefore, combined with chemometrics, the least
squares support vector machine and extreme learning machine ( ELM ) models were established for
predicting SSC, F, pH value and MC, and the effect of three data reduction methods ( principal
component analysis ( PCA ), successive projection algorithm ( SPA ) and uninformative variable
elimination (UVE) ) on the prediction performance of models was analyzed. Modeling results revealed
that the optimal models for predicting SSC and pH value were SPA — ELM, whose R, was 0. 443 5°Brix
and 0. 006 8, respectively; the optimal models for F and MC were PCA — ELM, whose R, was
0.261 2 kg/em® and 0. 623 5% , respectively. Comparing three kinds of data reduction methods, SPA
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had better data reduction effect than those of PCA and UVE, which not only could make the model have

better prediction performance and robustness, but also have obvious data reduction effect. The number of

characteristic wavelength extracted by SPA was only 0.29% ~0.53% of the original data.

Key words: apples; late developmental period; internal quality; near-infrared spectral technology
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Fig. 1 Absorbance of apples with different development
days (833 ~2 500 nm)
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Tab.1 Obtained internal quality values of apples with
different development days

RE  WHEERTEY Wigg/
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112 (10.1+0.5)" (6.86+0.62)" (3.48 +0.05)° (85.8+0.7)"
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Fig.3 Linear correlation coefficients between absorbance

and internal quality of apples from 833 nm to 2 500 nm
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Fig.4 Near infrared spectra of all apples before and after SNV processing
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Tab.3 Amounts of characteristic variables selected
by different data reduction methods forinternal

qualities prediction
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Tab.4 Modeling parameters of LSSVM models for internal qualities prediction by different data reduction methods

o AR E T ) 53 pH & TR
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Y (o Y Y [oa Y o
PCA 70. 05 169. 66 4.83 31.98 2.59 9.06 1724.73 1951.10
SPA 366. 79 71.19 1102.57 305. 48 2939.33 738. 62 41 848.74 2768.61
UVE 16 071. 40 8 503. 54 158. 69 305. 18 33 689.24 47 447.37 8118.29 18 456. 31
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Tab.5 Modeling parameters of ELM models for internal quality prediction by different data reduction methods
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Tab.6 Modeling results for internal quality prediction
of LSSVM and ELM by different data reduction methods

. HEL kR I Ryspp =
PR T S 5 \ Rysee  Rusep

Jr ik i ik Rysc |

PCA  0.5730 0.6219 0.0489

LSSVM  SPA  0.5512 0.5730 0.0218

L v UVE  0.3425 0.4914 0.1489
4 +/° Brix PCA  0.4879 0.4515 0.0364
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UVE 0.9248 0.5743 0.3505
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