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Prediction of Soluble Solid and Firmness in Apple by
Visible/Near-Infrared Spectroscopy
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ABSTRACT

The objectives of this study were to examine the ability to predict soluble solid and firmness in intact apples
based on the visible/near-infrared spectroscopic technique. Two cultivars of apples, Delicious and Gala, were
handled, tested and analyzed separately. Reflectance spectra, Magness-Tayor (MT) firmness, and soluble solids in
apples were measured sequentially. Maximum and minimum diameters, height, and weight of apples were recorded
before the MT firmness tests. A spectrophotometer was used to collect reflectance spectra of intact apples over a
wavelength range of 400 to 2,498 nm. The MT firmness tests were conducted using a standard 11.Imm (7/16 in.)
MT probe mounted in an Instron universal testing machine. A digital refractormeter was used to measure soluble
solid contents in the apples.

Apple samples were divided into a calibration set and a prediction set. The calibration set was used during
model development, and the prediction set was used to predict soluble solids and firmness from unknown spectra.
The method of partial least square (PLS) analysis was used. An unique set of PLS loading vectors (factors) was
developed for soluble solid content and firmness. The PLS model showed good correlations between predicted and
measured soluble solids of intact apples in 860~ 1078 nm of the wavelengths. However, the PLS analysis was not
good enough to predict the apple firmness.

F9 8-9] (Key Words): 22 9] (Near-Infrared), 5441 (Spectroscopy), 2 & (Firmness), @ = (Soluble
Solid), 5% # 22} (PLS)
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Fig. 1 Schematic diagram for reflectance spectrum measurement.
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Table 1 Soluble solid, MT force, and dimension of ‘Delicious’ apples tested
N Min Max Mean Std. Dev.
Soluble Solid (%) 940 9.6 18.3 14.1 1.5
MT Force (N) 940 21.08 72.33 4927 9.82
Minimum Diameter (mm) 940 64.77 77.05 70.36 2,05
Maximum Diameter (mm) 940 68.67 83.05 75.04 2.19
Height (mm) 940 67.01 86.02 75.83 3.16
Weight (g) 940 1543 1952 180.0 6.8
Table 2 Soluble solid, MT force, and dimension of ‘Gala’ apples tested
N Min Max Mean Std. Dev.
Soluble Solid (%) 400 96 14.1 11.7 038
MT Force (N) 400 47.89 71.44 59.97 47
Minimum Diameter (mm}) 400 56,81 75.84 65.80 291
Maximum Diameter (mm) 400 59.08 77.74 68.79 2.81
Height (mm) 400 57.74 74.46 65.45 329
Weight (g) 400 105.8 2024 1440 15.7
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Table 3 Results of calibration to develope PLS model for soluble solid contents in apples

Sample sI:r(x)llploefs Ift:;.to(r): (:ﬁg‘;:) r (xBlla;")
Delicious 470 8 0.34 0.94 1.28
Gala 400 7 023 0.94 2.02
All 870 10 0.31 0.97 —3.48
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Table 4 Results of prediction for soluble solid contents in apples

PLS Model Sample No. of SEP . SEP
used predicted samples (brix%) ¢ Bias Y (%)

Delicious 470 0.35 094 —0.014 25

Delicious
Gala 800 6.65 0.90 —6.65 36.2
Delicious 940 5.69 0.85 5.65 67.4
Gala
Gala 400 0.25 0.93 0.008 21
All All 870 032 0.96 —0.004 25

Table 5 Results of calibration to develope PLS model for MT firmness on apples

Sample ampes faos  SEVO i o 10
Delicious 470 7 691 0.51 69.9
Gala 400 5 5.15 0.11 -239
All 870 10 6.46 0.56 1212

Table 6 Results of prediction for MT firmness on apples

PLS Model Sample No. of 3 . SEP
used predicted samples SEP ) r Bias Y (%)
Delicious 470 6.99 0.49 0.208 14.3
Delicious
Gala 800 339 0.00 —-27.1 38.7
Delicious 940 11.0 0.14 -6.13 19.8
Gala
Gala 400 5.19 0.15 0.420 8.6
All All 870 6.54 0.57 0.368 12.1
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