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ABSTRACT

The external characteristics of tomatoes such as freshness, color and size are typically
used in quality control process. However, internal mold infection and discoloration of tomatoes
can not be sorted by visible assessment alone. In this study, a non-destructive technique was used
to predict the internal mold infection and discoloration of tomatoes using transmittance visible
and near infrared (Vis-NIR) spectroscopy. Acquired spectra from 100 samples of internal mold
infection tomatoes, 100 samples of discolored tomatoes and 100 samples of normal tomatoes
were used in conjunction with partial least squares-discriminant analysis (PLS-DA). Combined
spectral pretreatments of standard normal variate transformation (SNV) and smoothing (Savitsky-
Golay) gave result as 91.7% accuracy of internal mold prediction and combined spectral
pretreatments of standard normal variate transformation (SNV), smoothing (median filter) and
differentiation (first derivative) gave 88.3% accuracy of discoloration prediction on test set.
Moreover the study of prediction accuracy on severity of mold infection and discoloration of
tomatoes showed that percent of accuracy prediction would be increased when the levels of
severity of mold infection and discoloration increase as 82.2%, 82.4%, 90.0% for low, medium
and high leve!l in mold infection and 79.3% 81.1% 88.5% for low, medium and high level in
discoloration of tomato. For quantitative analysis, calibration model for severity of mold infection

and discoloration of tomato were developed using PLSR. The result obtained poor correlation for



internal mold prediction and obtained medium correlation for discoloration prediction (R = 0.63,
RMSEP =9.17).

The prediction of total solible solid content and titratable acidity of tomato were
developed using PLSR The result obtained very good correlation for total soluble solid prediction
(R = 0.92, RMSEP = 0.32) in test set and obtained good correlation for titratable acidity

prediction (R = 0.81, RMSEP = 0.05) in test set also.

Keywords: tomato, internal mold, discoloration, total solible solid, titratable acidity
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Spectral Normal samples Discolored samples %Total
Factor N
pretreatment Corrected  Uncorrected  Corrected  Uncorrected ~ Accuracy
Original 13 140 59/72 13/72 50/68 18/68 71.9
Smoothing 17 140 60/72 12/72 53/68 15/68 80.7
1% derivative 15 140 57172 15/72 47/68 21/68 74.3
2™ derivative 5 140 57/72 15/72 50/68 18/68 76.4
MSC 13 140 59/72 13/72 52/68 16/68 79.3
SNV 14 140 60/72 12/72 52/68 16/68 80.0
Smoothing+2nd 11 140 63/72 9/72 54/68 14/68 83.6
derivative
SNV+Med+1" 9 140 63/72 9/72 57/68 11/68 85.7
derivative
SNV+Med+2™ 9 140 59/72 13/72 52/68 16/68 79.3

derivative
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vnnsadilumalunguildluaireaumsfonaasumsiine % anuguusves
a a =1 - 14 a o “ .

AnuRadnAvesdaslunausiemadaonisdnsizdalomaiin  partial least squares
regression (PLSR) 1#A1anuusiud1onmserdiaaums (R = 0.72, RMSEC = 7.79%) uageh
du1sz@nTn 130000 (regression coefficients) 31NNITHILIBANUIULTIVBIANUAALNAYDS
=% ﬂ' 1 d‘ d' (-] Q o é d' (-]
a il 4.13 wuhenuenedundidgdsingluuSoa 760-770, 930 az 950 nm. Fuijei
Tuaan 18l dmaceuaumslunguildmaaovauns MWanumivdrlunisimne %anu
Hussvesnnuralndvesdnelunavzidemaldutiudunara R = 0.63, RMSEP =

o v o d 3 v a e 1 o o
9.17%) llﬂﬂ\?iﬂﬂ'ﬁ%ﬂﬂ 4.13 llazﬂ'J']llfﬂJ‘W‘uﬁ‘SS'H'J'Nﬂ'li)i\?ﬂ'l_lﬂ']‘ﬂvl;{‘inﬂﬂ'li‘ﬂ'lu'IUﬂ'J'lil

JuuswesnAalnAvesd Tunquitldmaaeuauns (test set) uanslunmi 4.14



300

200 4

100+

-100 4

22004

Regression Coefficients
[
1

AN 4.13 911 regression coefficients Y0INANT

700

750 800 850 900

Wavelength (nm)
a'cl Y

950

AaUnAvesd
60
3 R = 0.63, RMSEP = 9.17 (%)
S 50 o)
<
g E
= 40-
k-]
= 30' 3 o
= ]
20 &, © o
§ ! R o ($; ° 00 © o
‘3 10+ o®
3 | o
A 0- o o
T 4 ¥ T 2 T ' T Y v
0 10 20 30 40 50 60
Actual % Severity of discolored

41

‘lfﬁi']\iﬁllﬂ'liﬁ'lu'lﬂﬂ?'mEHLLSQ“U‘ENﬂ’NiJ

MNN 414 AnNduRuTIzn i etuai Idninmsinnenuguussvesn nunlnd

voadlunquitldnaaeuaunis

v 1 d
M3199 4.10 A1INM AR IEHAILMALIA PLSR vasuzidemsisdesngy

Training set Test set
Spectral pretreatment N Factor R RMSEC N R RMSEP
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Sample set N Unit Range Mean SD
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M3197 4.15 1319 ANOVA 910Ms A Ieinsaan veesuai luszidsmamias

Sum of Squares Df Mean Square F value Sig.

TA 0.08 2 0.04 3.70  0.03*
Residuals 1.09 97 0.01
TSS 0.18 2 0.09 0.18 0.83
Residuals 47.14 97 0.49

Significant different at P < 0.05
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1 4 ¥ ]
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¥ .
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ns

Severity of mold N TSS %TA

1 30 4.56+0.58 0.40+0.09 *
2 50 4.64+0.70 0.39+0.11°
3 20 4.57+0.83 0.33£0.13°

TSS = Total soluble solid, %TA = Titratable acidity
Mean values followed by different script in the same column

differs significantly by Duncan (P=X 0.05), ns = non - significant
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Sum of Squares Df Mean Square F Sig.

TA 0.10 2 0.05 6.60 0.00
Residuals 0.74 97 0.01
TSS 3.29 2 164 5.56 0.00
Residuals 28.66 97 0.30

Significant different at P<X0.05
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Level of discoloration N TSS %TA

1 37  4.54+046a  0.47+0.08°
2 37 448+0.46a  0.42+0.09°
3 26 4.10:8050b  0.40+0.08"°

TSS = Total soluble solid, %TA = Titratable acidity
Mean values followed by different script in the same column

differs significantly by Duncan (P< 0.05)
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