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Abstract. Water content of red guava (Psidium guajava L.) can be used as an indicator of fruit texture.
Determination of water content using uv-visible-near infrared spectroscopy is a non-destructive method. The
research was conducted from June to September 2018 at Horticulture Laboratory, Faculty of Agriculture,
Universitas Padjadjaran. The samples were 100 fresh red guava fruits. Samples were divided into 3 groups,
then stored for 0 day, 4 days, and 8 days. NirVana AG410 spectrometer from 300 to 1065 nm was performed
for absorbance spectra acquisition. Absorbance data were pre-treated using spectra correction methods
including orthogonal signal correction (OSC) and standard normal variate (SNV). Model development was
done by partial least squares (PLS) for the calibration model and full cross-validation for the validation model.
The purpose of this research was to determine the best spectra correction to develop calibration model for
predicting water content of red guava fruit. The result showed that the best spectra correction was OSC based
on the value of coefficient of determination (R?), root mean squares error of calibration (RMSEC), root mean
squares error of cross-validation (RMSECYV) and ratio of performance to deviation (RPD). OSC displayed R?
of calibration (0.97) and validation (0.91), RMSEC (0.006), RMSECV (0.005) and RPD (3.29). This study
concluded that spectra correction of OSC was able to develop the calibration model with the most reliable and
accurate model for predicting water content of red guava fruit.
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1 Introduction

Red guava is one of the climacteric fruits. Respiration rate of fruit increases during
maturation. The maturity stage is related to shelf life and quality fruit. Water content is an indicator
of fruit texture. Ripe fruit has a higher water content than unripe fruit. The water content of red
guava fruit ranged from 87.55-88.23% [1]. Water content is the amount of water contained in the
fruit. Water content determines the texture, taste and appearance of the fruit. Water content changes
during storage. Red guava fruit that stored for 0 day, 4 days and 8 days showed the decrease of
firmness and the increase of water content [2].

The value of water content can be measured quantitatively. Determination of water content
is usually done by invasive and non-invasive technique. Basically, invasive technique causes
damaged fruit and disadvantage for farmers. Therefore, the non-invasive technique is considered
eco-friendly, fast and accurate for predicting fruit quality. One of the invasive techniques that can
be used is uv-visible-near infrared spectroscopy. This technique has been informed to measure the
water content of sapodilla [3], avocado [4], passion fruit [S5] and dragon fruit [6]. Besides, uv-vis-
spectroscopy is usable to discriminate fruit species from other species [7]. The wavelengths ranged
from 312-1050 nm was reported to predict sapodilla quality attributes such as total soluble solids,
firmness, and surface color [8].

Uv-visible-near infrared spectroscopy produced data interpreted in spectra. The collected
spectra data is processed using multivariate analysis. This analysis is able to process the data with a
lot of variables to find relationship between two or more variables. The type of multivariate analysis
that is widely used is partial least squares (PLS). The purpose of data processing with PLS is to
develop the calibration model including the predictor variable (X) and the response variable (Y).
The calibration model is the correlation between spectra as the predictor variable and reference data



as the response variable. The accuracy of the calibration model can be verified with validation.
Generally, PLS is used to prevent multicollinearity.

The data taken by uv-visible-near infrared spectroscopy sometimes still include noises. The
presence of other light entering the detector, shaking during scanning and the presence of other
chemicals such as fruit waxing caused noises. Physical or chemical interference during scanning
induced noise [9]. Noises can reduce the accuracy of the calibration model, but the spectra data can
be processed using spectra correction. It is useful to reduce noise of spectra data in order to acquire
the proper regression value [10]. Orthogonal signal correction (OSC) and standard normal variate
(SNV) could be performed to correct the spectra data. Both methods have been commonly used to
improve the accuracy of fruit quality evaluation, including coffee [11], persimmon [12], oil palm
fruit [13] and apple [14]. Based on this explanation, the purpose of this research was to determine
the best spectra correction to develop calibration model to predict the water content of red guava
fruit.

2 Materials and Method

2.1 Red guava fruit samples

Red guava fruits were collected from Sumedang, West Java, Indonesia. A total of 100
samples were transported to Horticulture Laboratory, Agriculture Faculty, Universitas Padjadjaran.
All samples were harvested at the same maturity level. The samples were sorted, numbered and
stored for 0 day, 4 days and 8 days at room temperature (+28°C). The samples were placed on 4
plastic baskets divided into 25 samples per basket.

2.2 Spectra measurement

Spectra aquisition of red guava fruit was done using NirVana AG410 spectrometer with
wavelengths from 300 to 1065 nm. The detector of spectrometer measured the reflectance of the
reflected light from the sample. Red guava fruit was irradiated 6 times, including top (near stalk),
middle, and bottom on two different sides. Spectra data were averaged for each sample.

2.3 Destructive analysis

Water content of fruit was measured using gravimetric method [15]. The measurement was
done by drying the samples using the oven. Each sample was sliced and dried at temperature of 80°
C. Water content (%) is described by following equation:

water content (%): x 100% (1)
where:
Wi, : Fresh weight of the sample,

W, : Dried weight of the sample

2.4 Data analysis

NirVana AG410 spectrometer was performed to measure the spectra data (reflectance). The
data were moved to the computer and interpreted by ISIS (Integrated Software for Imagers and
Spectrometers). Reflectance data were transformed into absorbance data (log 1/R). Spectra data was
pre-processed using spectra corrections, including OSC and SNV. Principle of OSC is eliminating
predictor variable that unrelated with the response variable [16]. SNV works by removing scatter
effects from spectrum and creating individual spectrum. Function of SNV correction is erasing
multiplicative interferences from scatter effects on spectrum data [17]. Data analysis was run using
software Unscrambler 10.4. Calibration model was built using PLS method.

Multivariate analysis is a series of data processing with a large number of samples and
variables. PLS is prediction analysis by analyzing the predictor variables and response variables
simultaneously [18]. The problem of multicollinearity as overlapping data can be minimized by PLS
[19]. The regression model, can be written as follows:



Ratio performance to deviation (RPD) is the comparison between standard deviation from
actual data and RMSECV from cross validation set. The RPD value can be used as one of the
determinants of the accuracy of the NIR application model. the formula for calculating RPD is
written below:

5D
RPD= RMSECT
@
where:
SD : value of standard deviation of reference data,
RMSECV : value of root mean squares error in cross validation set.

3 Results and discussion

The storage of red guava fruit was intended to obtain variation in water content data. Water
content of red guava fruit ranged from 76.71% — 85.8%. Wide range of water content data was
expected to increase the value of prediction accuracy.

Table 1. Summary of water content data of guava red fruits

value 0 day 4 days 8 days

Min 76.71% 77.7%  77.51%
Max 84.81% 85.8%  85.74%
Mean 81.52% 81.1%  82.60%
Stdev 1.82% 1.80%  2.00%

Table 1 showed minimum, maximum, and standard deviation of measured water content
of red guava fruit on different storage. Minimum value of 0 day storage was 76.71%, 4 days storage
was 77.7% and 8 days storage was 77.51%. Maximum value of 0, 4, and 8 days storage were 84.81%,
85.8%, and 85.74%, respectively. Averaged values of 0, 4, and 8 days storage were 81.52%, 81.1%,
and 82.60%, respectively. Transpiration is the evaporation process in the agricultural product. This
process involves the changes in insoluble propectin into soluble pectin, hence the pectin degraded
into polygalactonate acid and then produced water [20]. The standard deviation states the level of
deviation of individual data to the average value. This value used to describe variety of data. Storage
of 0, 4 and 8 days resulted standard deviation of 1.82%, 1.80% and 2.00%, respectively.
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Figure 1. Absorbance spectra of red guava fruit

Figure 1 displayed original spectra of red guava fruit from 300-1065 nm. Scanning using
uv-visible-near infrared spectroscopy created peaks and valleys. The highest peak was at wavelength
of 636 nm with value of 0.58 while the lowest valley was at wavelength of 492 with value of -0.55.
Peaks and valleys indicate the detected quality attributes of samples. Original absorbance spectra
presented noises at wavelengths ranged from.483-861 nm. Spectra correction was expected to
eliminate the noises. The light contamination and vibration during spectra acquisition cause noises.
Besides, noises could be caused by frequency and energy that are not correspond to the sample [21]

Table 2. Summary of calibration and validation model using different spectra correction methods
Calibration Validation

Spectra Factor R2 RMSEC R2 RMSECVY RPD
Absorbance 21 0.97 0.002 0.87 0.006 2.85
OsC 13 0.97 0.002 0.91 0.005 3.39
SNV 17 0.83 0.007 0.50 0.014 1.41

Table 2 showed calibration and validation data such as R?, RMSEC, RMSEP, factor and
RPD. The results displayed that OSC spectra correction gave the best prediction accuracy among 2
others spectra. OSC yielded smallest factor value, RMSEC, and RMSECV. Besides, OSC also
acquired the highest calibration R?, validation, and RPD. Calibration analysis that produces R>0.71
(R2>0.5) is an effective model and feasible to predict independent samples (William 2007). OSC
spectra correction is useful to minimize factor of regression analysis. Factor of original absorbance
presented the value of 21, while the corrected spectra using OSC method denoted the factor value
of 13. This revealed that OSC is effective to reduce the factor. Low factor value indicates the low
interference of spectra. The use of OSC gave lowest factor than original absorbance and SNV spectra
for predicting water content of cocoa beans, lower factor value provides better prediction [22].

The accuracy of model could also be explained by coefficient of determination value. It
explained by the value ranged from 0-1. Closer to the 1, the better prediction accuracy of the model
has. All three spectra showed coefficient determination value close to 1.
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Figure 2. Scatter plot for water content red guava fruit with OSC

Calibration model of water content was develop using PLS and non-iterative partila least
squares (NIPAL) algorithm. Figure 2 displayed the scatter plot of calibration model and validation
of OSC corrected spectra. Distribution data of calibration and validation showed close to the
regression line, it resulted high coefficient of determination. The regression was made from spectra
data as predictor variable and destructive water content data as respon variable. Validation was
processed using cross-validation method with 20 segments.

RPD value is also an indicator to check the accuracy of model. OSC corrected spectra gave
value that affects the calibration scatter plot. RPD above 3 presents excellent angle of regression
line (slope closes to 1) [23]. Calibration model of OSC corrected spectra produced RPD above 3,
which means the calibration model is reliable, while original absorbance and SNV showed RPD
value below 3. RPD value <1.5 indicates the calibration model is unusable, ranged from 1.5-1.9
denotes the model is able to distinguish the variation between sample, whereas 2.0-2.9 explains that
the model is good, and RPD above 3 means the model is excellent [24].

Conclusions

The best spectra correction was OSC method based on the value of R, RMSEC, RMSECV, RPD, and factor.
OSC displayed R? of calibration (0.97) and validation (0.91), RMSEC (0.006), RMSECV (0.005) and RPD
(3.29). This study concluded that spectra correction of OSC was able to develop the calibration model with the
most reliable and accurate model for predicting water content of red guava fruit.

Acknowledgements. The authors would like to thank DRPMI of Padjadjaran University and
Padjadjaran University for the financial support.

References

[1] Salimah, D. M., T. Lindriati and B. H. Purnomo.: Sifat Fisik dan Kimia Puree Jambu Biji Merah (Psidium
Guajava L.) dengan Penambahan Gum Arab dan Gum Xanthan. Jurnal Agroteknologi Vol. 09(02),
pp. 145-155 (2015)

[2] Novita, D. D., C. Sugianti dan Asropi.: Aplikasi Kemasan Berpenyerap Etilen Pada Penyimpanan Buah
Jambu Biji Merah (Psidium guajava L.). Jurnal Teknik Pertanian Lampung. Vol. 4(3), pp. 227- 234
(2015)



[3] Kusumiyati, Y. Hadiwijaya and I. E. Putri.: Determination of Water Content of Intact Sapodilla Using Near
Infrared Spectroscopy. IOP Conference Series: Earth and Environmental Science 207, pp. 1-7
(2018a)

[4] Olarewaju., O. Omoniyi., I. Bertling., L. S. Magwaza.: Non-destructive evaluation of avocado fruit maturity
using near infrared spectroscopy and PLS regression models. Scientia Horticulturae Vol. 199
(2016), pp. 229-236 (2016)

[5] Alamar, Priscila D., Elem T.S. C., R. J. P, Juliana A.L. P.: Quality evaluation of frozen guava and yellow
passion fruit pulps by NIR spectroscopy and chemometrics. Food Research International. Vol. 85
(2016), pp. 209-214. (2016)

[6] Khuriyati, N., M. B. Fibriato, dan D. A. Nugroho.: Penentuan Kualitas Buah Naga (Hylocereus undatus)
dengan Metode Non-Destruktif. Jurnal Teknologi & Industri Hasil Pertanian Vol. 23(.2), pp. 65-74
(2018)

[7] Kusumiyati, Hadiwijaya, Y & Putri, I. E.: Non-destructive Classification of Fruits Based on UV-Vis-NIR
Spectroscopy and Principal Component Analysis. Jurnal Biodjati. Vol. 4(1), pp. 89-95 (2019)

[8] Kusumiyati., Mubarok, S., Hamdani, J. S., Farida, Sutari, W., Hadiwijaya, Y., Putri, I. E. and Mutiarawati,
T.: Evaluation of Sapodilla Fruit Quality Using Near-Infrared Spectroscopy. Journal of Food,
Agriculture and Environment. Vol. 16(1), pp. 49-53 (2018b)

[9] Ozaki Y., McClure. W. F., Christy. A. A.: Near-Infrared Spectroscopy in Food Science and Technology.
New Jersey (USA). John Wiley & Sons, Inc. (2007)

[10] Rinnan, A., F. V. D. Berg and S. B. Engelsen.: Review of the most common pre-processing techniques for
near-infrared spectra. Trends in Analytical Chemistry. Vol. 28(10), pp. 1201-1222 (2009)

[11] Esteban-Diez, 1., Gonzalez-Saiz, J.M., & Pizarro, C.: An evaluation of orthogonal signal correction
methods for the characterisation of arabica and robusta coffee varieties by NIRS. Analytica Chimica
Acta, Vol. 514, pp. 57-67 (2004)

[12] Kurniasari, 1., Y. A. Purwanto., I W. Budiastra, S. Ridwani.: Prediksi Tanin dan Total Padatan Tidak
Terlarut Buah Kesemek. Jurnal Teknik Pertanian. Vol. 5 (3), pp. 245-252 (2017)

[13]Igbal, Z., S. Herodian dan S. Widodo.: Pendugaan Kadar Air dan Total Karoten Tandan Buah Segar (TBS)
Kelapa Sawit Menggunakan NIR Spektroskopi. Jurnal Keteknikan Pertanian. Vol. 2(2), pp. 111-
116 (2014)

[14] Shi, Bolin., L. Zhao., H.-Wang., D.Zhu.: Signal Optimization Approaches on the Prediction of Apples
Firmness by Near Infrared Spectroscopy. Sensor Letters. Vol. 9(3), pp. 1062-1068 (2011)

[15] AOAC.: Official Methods of Analysis Association of Official of Analysis Chemist. Washington D.C
(1995)

[16] Laref, R., D. Ahmadou., E. Losson. and M. Siadat.: Orthogonal Signal Correction to Improve Stability
Regression Model in Gas Sensor Systems. Journal of Sensors. Vol. 2017, pp. 1-8 (2017)

[17] Hasnah Ar, Nur., Y. A. Purwanto., I. W. Budiastra dan Sobir.: Prediksi Kekerasan, Vitamin C, Total Asam
Dan TPT Buah Kesemek (Diospyros Kaki L.) dengan Spektroskopi Nir. Skripsi. Institut Pertanian
Bogor. Pp. 1-48 (2017)

[18] Nurhasanah, M. Subianto dan R. Fitriani.: Perbandingan metode Partial Least Square (PLS) dengan regresi
komponen utama untuk mengatasi multikolinearitas. Jurnal Statistika Vol.12(1), pp. 33 —42 (2012)

[19] Imaduddin, A. H., W. H. Susanto and N. Wijayanti.: Pengaruh Tingkat Kematangan Buah Belimbing
(Averrhoa Carambola L.) dan Proporsi Penambahan Gula Terhadap Karakteristik Fisikokimia Dan
Organoleptik Lempok Belimbing. Jurnal Pangan dan Agroisdustri. Vol 5(2), pp. 45-57 (2017)

[20] Pasquini, C.: Near Infrared Spectroscopy: Fundamentals, Practical Aspects and Analytical Applications.
Journal of Brazilian Chemical. Society. Vol. 14 (2), pp. 198-219 (2003)

[21] Zulfahrizal.: Pengembangan Metode Pengukuran Nondestruktif Untuk Menentukan Mutu dan Fermentasi
Biji Kakao Utuh Menggunakan Nir Spectroscopy.Tesis. Institut Pertanian Bogor. pp. 1-81 (2014)

[22] Zulfahrizal., H. Meilina dan A. A. Munawar.: Rancang Bangun dan Pengujian Alat Sensor berbasis NIR
spectroscopy untuk Prediksi Kualitas Biji Kakao Utuh. Prosiding Seminar Nasional Pascasarjana
(SNP) Unsyiah. pp. A32-A37 (2017)

[23] Esbensen K. H., P., Geladi and A. Larsen.:The RPD myth. NIR News. Vol.25(5), pp. 24-28 (2014)

[24] Saeys, W., A.M. Mouazen, and H. Ramon.: Potential for onsite and online analysis of pig manure using
visible and near infrared reflectance spectroscopy. Biosyst. Eng. Vol. 91(4), pp. 393-402 (2005)



