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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

 

 Mango fruit (Mangifera indica Linn.) is one of the most important economic fruit 

crops in Thailand. In 2012, the total amount of Thai mango export was 44,450 tons with a 

value of 935 million Baht (Ministry of Commerce, 2013). The main export markets consist 

of Vietnam, Japan, South Korea, Malaysia, China, Singapore and Germany. One of 

major problems in export of fresh mango is the presence of an anthracnose disease 

during postharvest handling (Chomchalow and Nasongkhla, 2008). This problem has 

damaged the quality, reduced the price of mango results in economic losses and limited 

the shelf life of mango fruit (Onyeani et al., 2012). 

Mango is a climacteric fruit. It is harvested when mature, but still being hard and 

unripe. The anthracnose disease is caused by a fungus Colletotrichum gloeosporioides 

and it is latent when the fruit is still unripe (Dodd et al., 1997; Arauz, 2000). During 

ripening it will develop the dark spots on the skin of fruit, and the fungus will produce 

pectic enzyme to break pectin, which is non soluble to water soluble pectic substance; 

which will cause into the fruit rotting (Kanakaratne and Adikaram, 1990; Swinburne, 

1983). For exporting, importers will unquestionably reject shipments of fruits containing 

anthracnose infection. Unfortunately, in Thailand the categorization of suspected 

anthracnose mango has still being done by manual sorting, which is varying from 

person to person and relies on the skill of the workers. The major cultivar of exported 

mangos in Thailand is Nam Dok Mai, which is one of the most susceptible types for 

anthracnose disease.  

Near infrared (NIR) spectroscopy is a nondestructive technique that has been 

increasingly used for the analysis of agricultural and food products. Theanjumpol et al. 

(2008)  found  that  the  NIR  spectroscopy  in  a  shot  wavelength  (700-1100 nm) had a 
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potential for classification of chilling injury symptom in mango by using principle 

component analysis (PCA). Saranwong et al. (2010) had applied the NIR spectroscopy 

to the detection of fruit fly eggs in mango and found that this technique had a potential 

for classification of fruit fly in mangoes with an error rate of 4.2% for infested fruits and 

0% for control fruits by applying partial least squares discriminant analysis (PLS-DA) 

models. These results shown that there were some correlations between quality of 

mangoes and their NIR spectra. Moreover, Wongsheree et al. (2010) had also studied 

the potential of NIR spectroscopy in the wavelength region 900-2500 nm for infection of 

C. gloeosporioides which was the cause of anthracnose, they found that the model from 

PLS-DA could sort out the inoculated mangoes and non-inoculated mangoes with an 

overall classification accuracy of 89%. The long wave NIR instrument is quite expensive 

due to a high price of detector and light sources, so that the potential of a short wave 

NIR (780-1100 nm) spectroscopy, which is in a lower cost instrument, should be 

investigated. 

In addition, hyperspectral imaging is a combination of two techniques; there are 

spectroscopy and imaging techniques. It is a powerful technique for characterizing and 

analyzing biological condition and food samples. Saranwong et al. (2011) applied the 

hyperspectral imaging technique to detect oriental fruit flies, which infested in intact 

mangoes. The classification results were 0.9% false negatives and 5.7% false positives. 

Therefore, the study of NIR spectroscopy and hyperspectral imaging as non 

destructive technique for detecting the anthracnose infected mangoes are required. The 

outcome may help and make a certain contribution to promote mango export industry in 

Thailand, enabling the importers to offer to their customers with a “premium class” of 

mango. 

 

1.2 Aim of the study  

 

The objective of this research was to study the potential of NIR spectroscopy 

and hyperspectral imaging for detecting anthracnose disease on mango cv. Nam Dok 
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Mai Sithong. The results will be used to establish a robust classification system for the 

development of an automated sorting prototype for mango. 

 

1.3 Hypotheses  

 

 1.3.1 Anthracnose causes unusual appearance on the skin of fruit, and 

chemicals compositions are changed according to the severity of disease. Therefore, it 

could be possible to use NIR spectroscopy and hyperspectral imaging for qualitative 

and quantitative analysis of anthracnose infected on mangoes.  

1.3.2 The application of NIR spectroscopy and hyperspectral image to detect 

anthracnose will reduce an error of manual’s classification. 

 

1.4 Scope 

 

1.4.1 In this study, mango cv. Nam Dok Mai Sithong which was harvested from a 

farm in Chiang Mai and Phisanulok provinces, supported by the Swift company, and 

mango from a farm in Suphan Buri were used. 

1.4.2 For the study of percentage of false detection of suspected anthracnose 

mangoes at mature unripe stage by human sorting, skilful workers of Swift Company 

were asked to select the mango from their packing houses. 

1.4.3 The portable NIR spectrophotometer HandySpec Field 1000 (tec5AG co., 

Ltd., Germany) with a wavelength range of 780-1100 nm was applied to NIR 

measurement. 

1.4.4 The hyperspectral frame camera, (Cubert GmbH, Ulm, Germany) with a 

wavelength range of 450-1000 nm was used for hyperspectral imaging. 
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CHAPTER 2 

LITERATURE REVIEWS 

 

2.1 Mango  

 

2.1.1 Mango of Thailand 

Mango, “Mamoung” in Thai, for consumption and trading can be divided into 

three cultivar groups based on consumption aspects. The first group is a green 

delicious mango, this mango is good for eating when it is unripe, for example, Khiao 

Sawoei, Falan, Reat, Man Deun Kao, Bang Khun Sri, Thong Dam, Khiao Morakot, Khai 

Teuk. It has a sweet, little or less sours, juicy, nutty taste, and also have a crunchy fresh 

texture. The second group is a ripe delicious mango, it is the group of mango which is a 

major item of international trade, such as Nam Dok Mai, Nam Dok Mai Sithong (Golden 

Nam Dok Mai), Maha Chanok, Chok Anan, Ok Rong, Nang Klangwan, Yai Klam, Lin Ngu 

Hao, Ok Rong Phikul Thong and so on. This mango is ready for harvest when it is fully 

mature. It is sour when it become green or unripe, but turning sweet and delicious when 

it is ripe. Finally, the last group is a processing mango which is used for feeding into the 

industrial factory for processing such as Chok anan, Thongdam, Kaew. Examples of the 

products from mangoes are natural dried mango, osmotic dehydrated mango, dried 

candied mango, mango sheet, jam and mango juice. (Pohsomboon and 

Radanachaless, 2013) 

All Thai mangoes are for commercial processes, there are not less than 20 

cultivars. Farmers choose the varieties of mango to grow by considering to their 

purposes, such as selling to domestic consumers, exporting abroad, or feeding to the 

factory for process. 

   ส
ำนกัหอ

สมุดกลาง



5 

 

In 2012, the exporting of mangoes is very lucrative with the growth rate of around 

33.57% which is shown in Table 1 (Ministry of Commerce, 2013). However, the 

commercial mangoes production in Thailand has been facing the diseases and insect 

infestations, especially anthracnose that is the major problem for farmers, who have 

grown the exporting mango cv. Nam Dok Mai. There are 40% losses from anthracnose 

disease during transportation. The black spots will downgrade the mango from a 

premium grade to a lower grade which causes 40-50% price reduction. Both of the local 

growers and exporters are now suffering from this problem (Chomchalow and 

Nasongkhla, 2008; Chantrasri, 2013). 
 

Table 1 Major export markets of Thai fresh mangoes in 2009-2012 (first 15 countries) 

Country 
Values (million baht) Growth rate (%) 

2009 2010 2011 2012 2008 2009 2010 2012 

Vietnam 66.88 76.50 176.42 313.47 776.13 14.38 130.62 77.68 

Japan 174.52 201.91 220.68 248.59 22.51 15.70 9.30 12.64 

South Korea 23.06 44.37 80.62 133.58 -33.17 92.42 81.72 65.69 

Malaysia 87.01 73.68 86.19 98.57 26.88 -15.32 16.97 14.37 

China 20.38 19.90 35.03 43.34 91.76 -2.35 76.00 23.72 

Singapore 15.67 15.13 13.96 25.29 -39.30 -3.47 -7.70 81.10 

Germany 7.05 8.75 9.52 15.19 176.91 24.02 8.88 59.49 

Indonesia 7.95 13.31 10.76 13.16 23.64 67.43 -19.14 22.23 

Hong Kong 23.11 14.06 14.39 12.48 217.92 -39.16 2.34 -13.27 

Myanmar 0.73 3.73 3.01 4.41 -50.13 410.43 -19.49 46.73 

Russia 7.87 0.01 1.58 4.30 1224.82 -99.88 17025.0 173.09 

Netherlands 2.08 3.75 1.81 4.11 -55.98 80.76 -51.72 126.67 

Switzerland  0.53 0.98 3.25 3.24 -23.53 87.02 230.18 -0.36 

Arab Emirates 0.10 0.70 1.79 2.87 -88.56 589.73 156.68 59.87 

Laos 23.86 19.42 30.49 1.77 -24.63 -18.62 57.02 -94.19 

15 countries 460.8 496.2 689.5 924.4 33.23 7.68 38.96 34.06 

All country 484.58 505.20 699.88 934.81 36.82 4.26 38.53 33.57 

Source:  Ministry of Commerce (2013) 
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2.1.2 Mango quality and grading 

Grading of mangoes after harvesting is an essential; step in postharvest 

management. Mango quality and grading refer to screening the fruit, which will show 

inappropriate and unacceptable, out. Inappropriate attribute of fruit on the basis of 

physical characteristics such as weight, size and shape, dimension, color, gloss, mar, 

bruising, damaged from disease and insect, are external quality. The known method of 

grading of fruits is manual grading. 

Screening quality of mango can be divided into two methods there where as 

screening with labors and using sorting machines. In addition, the screening with labors 

is required for experience or knack of person who is trained and skilled. The manual 

grading has various methods for example; assessing visually, using a scale for weight 

verification and using color stripe for color measurement. As for grading by machines, 

they develop the computer system which is faster and more accurate than manual labor 

grading. Nevertheless, sorting machines are expensive and are in a huge size. 

Therefore, it is limitative for farmers who produce mango in a small scale to use this 

sorting machine. Currently, the major manufacturer and exporter have used the 

machines for automatic weighing, and using of NIR technique for measuring the total 

soluble solids for quality grading of mango. (Kumpoun, 2013) 

 The advantages of automatic sorting machine for quality sorting of fruits not 

only help the reduction of identification time in classification process, but also contribute 

to an arrangement of classification, leading to a further homogeneity in quality 

assessments. 

 

2.1.3 Anthracnose disease 

Anthracnose disease on mango is caused by Colletotrichum gloeosporioides (C. 

gloeosporioides) Penz. and Sacc. The symptoms occur on leaves, twigs, petioles, flower 

clusters, and fruits (Nelson, 2008) as show in Figure 1.  
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Figure 1  Anthracnose symptoms in leaves, twigs, flower clusters, and fruits 

Source:  Nelson (2008) 
 

Disease cycle of mango anthracnose is shown in Figure 2. Ascospores of fungus 

accumulate in dried leaves on the ground and conidia are formed abundantly in the 

mango canopy (Fitzell and Peak, 1984). They are the primary source of inoculums. 

Conidia can be splashed with rain or irrigation water to other paths such as flowers or 

developing fruits, and can be caused to secondary infections from the field. Infection of 

developing fruits remains quiescent until the onset of ripening, which occurs after 

harvest. Once the climacteric period of the fruit starts, lesions will begin to develop. 

There is no fruit-to-fruit infection. Therefore, postharvest anthracnose is a monocyclic 

disease (Arauz, 2000). 
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Figure 2  Anthracnose cycle on mango. (Solid lines represent disease cycle. Dotted 

lines represent mango phenology.)  

Source:  Arauz (2000) 
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 The spore of fungus could infect on mango fruit, immature fruits and young 

tissues. Steps for conidial spore germination and appressorium formation on mango 

peel were categorized into five steps. There were; 1) Inoculums arrived to the surface, 2) 

Conidia adhered to the surface and befell the scar, 3) Conidia germinated in the 

presence water. One conidium could produce one or two germ tubes, 4) Germ tubes 

elongated, 5) Appressorium was forming. The picture of fungi components is shown in 

Figure 3 below. After that, subcuticular hypha formed appressorium penetrate through 

the cuticle and epidermis to ramify through the tissues. On mature fruits, infections 

penetrated the cuticle, but remained quiescent until ripening of the climacteric fruits 

began (Dinh, 2002; Jeffries et al., 1990; Nelson, 2008). During the formation of 

appressoria, several differentiation-specific proteins were synthesized, including 

melanin. That caused the dark color of appresorium appearance (Suzuki et al., 1981). 

 

 
 

Figure 3 The picture from scanning electron microscopy showing the beginning of latent 

infection of C. gloeosporioides on mango fruit skin 

Source : Dinh (2002) 

 

Swinburne (1983) said that, there were three main factors that caused of latent 

fungal infection. There were; 1) The lack of available nutrients in unripe fruits, which 

became available in the fruit when it ripens 2) Preformed compounds in unripe fruits, 

Conidia 
Scar 

Germ tube 

Aspersorium 
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which decreased during ripening 3) The pathogen’s lack of enzymatic potential to 

penetrate unripe fruits. 

Symptom of ripe mangoes was affected by anthracnose develops sunken, 

prominent, dark brown to black decay spots. Then, the spots could coalesce and 

eventually penetrate deeply into the fruits, resulting in extensive fruit rotting. 

Temperature and moisture were requirements for infection. The incidence of 

anthracnose disease could reach almost 100% in fruit produced under wet or very 

humid conditions. C. gloeosporioides requires free water or relative humidity above 95% 

for conidial germination and appressorium formation (Dodd et al., 1991; Fitzell et al., 

1984). However, conidia could survive for 1 to 2 weeks at humidity as low as 62% and 

then germinated when it was placed in 100% relative humidity. Normally, the favored at 

temperatures for infection was in the range of 20-30°C. 

 

2.1.4 Enzyme produces from C. gloeosporioides 

The penetration of the fungi that caused anthracnose disease and damaged to 

the cell wall of mango fruit, required enzymatic activities for breaking or hydrolyzing the 

natural cellulose substance. C. gloeosporioides clearly revealed in the present 

investigation of natural ability for production of cellulolytic enzymes (Prakash, 1989). 

Kanakaratne and Adikaram (1990) they had found that enzymes produced from C. 

gloeosporioides were pectolytic, proteolytic and cellulolytic enzymes in culture media 

incorporated with water-insoluble components from unripe or ripe mango fruit. Extract of 

unripe fruit tissue was rotted by the fungus contained the pectic enzymes exo-

polygalacturonase (PG) and exo-pectate lyase (PL), while the extract from ripe fruit 

tissue was rotted by the fungus contained exo-PG and endo-PG.  

C. gloeosporioides also produced pectate lyase (PL) (Barash and Lhazzan, 

1970). Wattad et al. (1994) was purified pectate lyase from C. gloeosporioides. Jacobo 

(1994) considered about the extracellular cell wall degrading enzymes of C. 

gloeosporioides. The result of this study indicated that C. gloeosporioides constitutively 
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produced endoglucanase and xylanase. Jacobo (1996) studied the effect of different 

carbon sources on the production of extracellular pectolytic enzymes of C. 

gloeosporioides. The production of polygalacturonase and pectinesterase were induced 

by pectin, sodium carboxymethyl cellulose, and xylan. Maximum production of 

polygalacturonase and pectinesterase were induced when sodium carboxymethyl 

cellulose was used as the carbon source. The result indicated that the pectolytic 

enzymes of C. gloeosporioides maybe produced in sequence, i.e., the production of 

polygalacturonase was followed by the secretion of pectinesterase. 

 

2.2 NIR spectroscopy 
 

2.2.1 Principles of NIR spectroscopy 

Nowadays, the NIR spectroscopy is widely used in the agricultural and food 

industry for nondestructive qualitative and quantitative analysis. The advantages of this 

technique are fast and nondestructive analysis with little or no sample preparation. The 

workers, who have no experience and skill for chemical analysis, are able to perform this 

analysis without individual-related errors (NiemÖller and Behmer, 2008) 

NIR technique is based on the absorption of electromagnetic radiation in the 

wavelengths 780–2500 nm (12,500-4,000 cm-1). The most prominent absorption bands 

occurring in the NIR region are related to overtones and combinations of fundamental 

vibrations, stretching and blending, of the chemical bonds; there are C-H, N-H, O-H, C-

O (and S-H) (Osborne, 2000). 
The distribution of overtone and combination of organic bonds in 

electromagnetic wave region are shown in Figure 4, and in the Table 2 is shown 

chemical assignments of some observed NIR absorption bands. 
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Figure 4 The distribution of overtone and combination of main organic bonds in 

electromagnetic wave 

Source:  Bruker Gmbh, Bremen, Germany 

 

Table 2  Chemical assignments of some observed NIR absorption bands in the range of 

short NIR 

Wavelength                 Bond vibration (nm) Structure 

713 C–H str. fourth overtone Benzene 

738 C–H str. third overtone ROH 

740 C–H str. fourth overtone CH3 

746 C–H str. fourth overtone CH2 

747 C–H str. third overtone ArOH 

760 C–H str. third overtone H2O 

762 C–H str. fourth overtone CH2 
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Wavelength                 Bond vibration (nm) Structure 

779 N–H str. third overtone RNH2 

790 N–H str. third overtone ARNH2 

806 N–H str. third overtone RNH2 

808 2xN-H str. + 2xN-H def. + 2xC-N str. RNHR’ 

815 N–H str. third overtone RNHR’ 
832 2xN-H str. + 2xN-H def. + 2xC-N str. RNHR’ 
840 3xC-H str. + 2xC-C str. Benzene 
874 C–H str. third overtone Benzene 
880 C–H str. third overtone CHCl3 

900 C–H str. third overtone CH3 

910 C–H str. third overtone Protein 

913 C–H str. third overtone CH2 

928 C–H str. third overtone Oil 

938 C–H str. third overtone CH2 

970 O–H str. second overtone ROH, H2O 

990 O–H str. second overtone Starch 

1000 O–H str. second overtone ArOH 

1015 2xC–H str. + 3xC-H def. CH3 

1020 2xN–H str. + 2xamide I Protein 

1020 N-H str. second overtone ArNH2 

1030 N-H str. second overtone RNH2 

1037 2xC-H str. + 2xC-H def.+(CH2)n Oil 

1053 2xC-H str. + 2xC-H def.+(CH2)n CH2 

1060 N-H str. second overtone RNH2 

1080 2xC-H str. + 2xC-C str. Benzene 

1097 2xC-H str. + 2xC-C str. Cyclopropane 

Source:  Osborne et al. (1993) 
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Various statistical terms and abbreviations have been used for NIR spectroscopy 

technique. In this manuscript the following terms and abbreviations have been 

employed; 

- Error (d) is the difference between predicted value( iy
^

) and actual value ( iy ) 

- Bias (bias) is the average difference between mean of actual and predicted 

values  

v

i

n
d

dBias  

- Standard deviation (SD) of reference method value 

- Multiple correlation coefficient (R) 

2

2^

yy

yy
R

i

i
 

- Coefficient of determination (R2) 

2

2^

yy

yy
R

i

i
 

- Standard error of calibration (SEC) 

1

2

pn
dSEC

c

i  

- Standard error of prediction (SEP), which is calculated from separated 

validation set 

1

2

v

i

n
Biasd

SEP  

- Standard error of cross validation (SECV), which is calculated from cross 

validation set 

- Root mean square error of calibration (RMSEC) 

c

ii

n

yy
RMEP

2^
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- Root mean square error of cross validation (RMSECV) 

- Root mean square error of prediction (RMSEP) 

- Standard deviation ratio (SDR) 

RMSEP
SD

RMSECV
SDSDR ,  

- Ratio of standard deviation of reference data in validation set to SEP (RPD) 

SEP
SDRPD  

Where cn , vn  is number of sample in calibration, validation set 

   p   is number of term (wavelength or factors) 

   iy   is actual value from reference method on sample i 

   iy
^

  is predicted value on sample i 
 

2.2.2 NIR applications for quantity and quality of fruits 

The NIR spectrum consisted of a number of absorption bands, which varied in 

intensity due to energy absorption by specific functional groups in a sample, this 

technique could be used for quantitative and qualitative analysis. The applications of 

NIR spectroscopy for qualitative and quantitative are shown in Table 3 and 4, 

respectively. It confirmed that NIR spectroscopy had a potential for qualitative and 

quantitative of fruit. The NIR technique had been applied to mangoes both Thai’s 

cultivars and many cultivars around the world, such as Nam Dok Mai Sithong, Nam Dok 

Mai, Chausa, Langra, Dashehri, Kesar, Maldah, Mallika, Neelam, Chok Anan, Tommy 

Atkins, Kensington for predicted  pH, TSS, TA, TSS/TA, DM, Ripening time, Weight loss, 

Firmness, Storage period and for investigated Chilling injury, Latent infection of fungus 

and Fruit fly eggs which were the defection of mangoes, the results showed good 

correlation and a high accuracy (Theanjumpol et al., 2008; Wongsheree et al., 2010; 

Saranwong et al., 2010; Jha et al., 2012; Nagle et al., 2010 Mahayothee et al., 2002; 

Schmilovitch et al., 2000; Guthrie and Walsh, 1997). However, up to now the study on 

the potential of short wave NIR spectroscopy for detecting the natural infected 

anthracnose on mango is limited. 
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Table 3 Applications of NIR spectroscopy for qualitative analysis of fruits 

Fruit Cultivar Acquisition 

mode 

Spectral 

range 

(nm) 

Regression 

techniques 

Attributes Accuracy 

(%) 

References 

Orange Keaw wan, 

Number One, 

Sai Nam Pung 

Transmittance 643-970 KNN 

LDA 

LGR 

MCQP 

SVM 

Variety 93.67 

93.33 

100.00 

97.00 

99.00 

Suphamitmongkol et al. 

(2013) 

Mango Nam Dok Mai 

Sithong 

Interactance 700-1100 PCA Chilling injury  Theanjumpol et al. 

(2008) 

Mango Nam Dok Mai Reflectance 900-2500 PLS-DA Latent infection of 

Colletotrichum 

gloeosporioides 

89.00 Wongsheree et al. 

(2010) 

Mango Nam Dok Mai Reflectance 700-1100 PLS-DA Fruit fly eggs and larvae 95.80 Saranwong et al. 

(2010) 

16 
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Table 4 Applications of NIR spectroscopy for quantitative analysis of fruits 

Fruit Cultivar Acquisition 

mode 

Spectral 

range (nm) 

Regression 

techniques 

Attributes R, R2 SEP,SECV,

RMSEC 

References 

Mango Chausa, Langra, 

Kesar, Maldah,  

Dashehri, 

Mallika, Neelam  

Diffuse 

reflectance 

1200-2200 PLS TSS 

pH 

R=0.78 

R=0.71 

3.09 

0.70 

Jha et al. (2012) 

Orange Miho, Page Diffuse 

reflectance 

310-1100 PLS TSS 

TA 

R=0.93 

R=0.89 

0.36 

0.04 

Antonucci et al. 

(2011) 

Jujube  Interactance 310-1100 PLSR SSC R=0.92 1.87 Wang et al. (2011) 

Jujube  Transmittance 310-1100 PLSR SSC R=0.82 2.65 Wang et al. (2011) 

Mango Chok Anan Interactance 700-1140 PLS TA 

TSS 

DM 

R=0.73 

R=0.70 

R=0.59 

0.18 

0.60 

4.51 

Nagle et al. (2010) 

Pare Housui Interactance 1100-2500 MLR AIS in FW 

OSP in the AIS 

R=0.93 

R=0.95 

0.62 

8.48 

Sirisomboon et al. 

(2007) 
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Fruit Cultivar Acquisition 

mode 

Spectral 

range (nm) 

Regression 

techniques 

Attributes R, R2 SEP,SECV,

RMSEC 

References 

Pare Housui Diffuse trans-

reflectance 

1100-2500 MLR AIS in FW 

OSP in the AIS 

WSP in the AIS 

TP in the AIS 

R=0.93 

R=0.91 

R=0.91 

R=0.94 

0.63 

7.93 

1.41 

11.52 

Sirisomboon et al. 

(2007) 

Mango Nam Dok Mai Reflectance 650-2500 PCA Ripening time 

Weight loss  

Firmness  

TA 

TSS  

TSS/TA 

R2=0.97 

R2=0.92 

R2=0.68 

R2=0.72 

R2=0.59 

R2=0.84 

0.4 

0.9 

28.8 

0.3 

1.4 

18.6 

Mahayothee et al. 

(2002) 

Mango Chok Anan Reflectance 650-2500 PCA Ripening time 

Weight loss  

Firmness  

TA 

TSS  

R2=0.97 

R2=0.90 

R2=0.85 

R2=0.75 

R2=0.73 

0.4 

0.9 

41.1 

0.2 

1.9 

Mahayothee et al. 

(2002) 
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Fruit Cultivar Acquisition 

mode 

Spectral 

range (nm) 

Regression 

techniques 

Attributes R, R2 SEP,SECV,

RMSEC 

References 

TSS/TA R2=0.77 12.5 

Mango Tommy Atkins Reflectance 1200-2400 MLR TSS 

Acidity 

Firmness 

Storage period 

R2=0.92 

R2=0.60 

R2=0.82 

R2=0.93 

1.22 

0.16 

17.14 

37.03 

Schmilovitch et al. 

(2000) 

Mango Tommy Atkins Reflectance 1200-2400 PLS TSS 

Acidity 

Firmness 

Storage period 

R2=0.92 

R2=0.39 

R2=0.68 

R2=0.90 

1.44 

0.22 

23.18 

40.69 

Schmilovitch et al. 

(2000) 

Mango Kensington Reflectance 760–2500 MLR Dry matter R2=0.99 1.19 Guthrie and Walsh 

(1997) 
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2.2.3 Multivariate data analysis 

The NIR spectra always requires mathematical processing due to their 

complexities. Chemometrics is the use of mathematical, statistical and computer 

science methods to improve the extraction of useful information from chemical 

measurement data. The efficiency of calibration model for quantitative and qualitative 

analysis depends on good NIR measurements and accuracy of chemical analysis 

(reference analysis). In recent times, many calibration models combined with 

chemometrics are developed for the NIR applications. Several of regression methods 

have been taken to the food quality evaluation. Step multiple linear regression (SMLR), 

principal component regression (PCR), partial least squares (PLS), and artificial neural 

network (ANN) are the main methods of quantitative analysis. Additionally qualitative 

analysis, it refers to techniques which are used for category the individual of samples 

and classification. For example, linear discriminant analysis (LDA), principal component 

analysis (PCA), K-nearest neighbors (KNN), cluster analysis (CA), discriminant partial 

least squares (DPLS) or partial least-square discriminant analysis (PLS-DA), soft 

independent modeling of class analogy (SIMCA), artificial neural network (ANN) and 

support vector machine (SVM) (Cen and He, 2007).  

Principal component analysis (PCA) 

Principal component analysis (PCA) is a feature reduction method which forms 

the basis for multivariate data treatment. It is useful for reduction of the number of 

variables (Figure 5) and the representation of a multivariate data table in a low 

dimensional space by finding the new axis (PC) having the biggest variance of the data 

in N dimensional space. The new axis is a function of variables as shown below. 
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                    (A)                                                               (B) 

Figure 5 N spectral variables (A) and the new axes which is PC1 and PC2 (B)  

 

 The principle component regression (PCR) is  . 

Partial least squares (PLS) 

The partial least squares (PLS) method, the regressions are computed with least 

squares algorithms. The object of the PLS is to establish a linear link between two 

matrices, the spectral data X and the reference values Y. This technique is modeling 

both X and Y in order to find out the variables in X matrix that will best describes the Y 

matrix by finding the new axis (Factor) which is high score variance and high 

relationship with Y. Figure 6 shows the factors which is the new axis for PLS. 

 
Figure 6 Factors which is the axis that has high score variance and high relationship 

with Y 
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 The partial least squares regression (PLS) is  . 

Partial least square discriminant analysis (PLS-DA) 

Partial least square discriminant analysis (PLS-DA) is a classical PLS regression 

(with a regression mode) but where the response variable is categorical. The response 

vector Y is qualitative and is recoded as a dummy block matrix where each of the 

response categories is coded via an indicator variable. PLS-DA is then to run as if Y is a 

continuous matrix. 

 

2.2.4 Spectra pretreatment 

The analytical signal obtained in NIR spectroscopy is a complex function that 

depends on both the physical and chemical properties of the sample. Normally, the 

signals of absorbance spectra from the instruments are not smooth and unsteady. It is 

non-linear owing to scatter, stray light and inconsistency in the response of instrument. 

The pretreatment or preprocessing of NIR spectra data can decrease these effects. 

Multiplicity of the particle size of the sample will affect scattering and is a major 

source of variation in NIR spectra. These effects have an additive and multiplicative 

nature and vary from sample to sample. Additive effects cause vertical displacement or 

shift whereas multiplicative effects result in non-unity slope for each spectrum when 

compared to a reference spectrum. (Osborne et al., 1993) 

 
2.3 Hyperspectral imaging 

  

Hyperspectral imaging is gaining the attention of researchers in the field of food 

and agricultural research in recent days because of its advantages over spectroscopy. 

It uses the entire area of the object to evaluate the internal properties, which have the 

major advantage of predicting very minute details with a high precision. With the recent 

advances in the field of computers, digital cameras and computer software technologies 

could perform image capturing and image processing operations with a very high speed 
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and precision, the adoption of hyperspectral imaging technique has become feasible for 

better evaluation of quality parameters. Hyperspectral imagery has been increasingly 

used in food quality and safty-related research and applications in recent years. There 

are many applications of hyperspectral imaging techniquefor qualitative analysis in 

fruits, as shown in Table 5. 

Hyperspectral imaging technique; and also called imaging spectroscopy or 

imaging spectrometry, it is the combinations of the visible-near infrared spectroscopic 

techniques and vision techniques, so it is a powerful technique for characterizing and 

analyzing biological and food samples. 

A hyperspectral imaging system produces a two dimensional spatial array of 

vectors which represent the spectrum at each pixel location. The resulting three-

dimensional dataset containing the two spatial dimensions and one spectral dimension 

are known as the data cube or hypercube. 

The advantages of hyperspectral imaging over the traditional methods include 

minimal sample preparation, nondestructive mature, fast acquisition times, and 

visualizing spatial distribution of numerous chemical compositions simultaneously. The 

image data acquired by the hyperspectral system are often arranged as a three-

dimensional image cube f(x, y, z), with two spatial dimensions x and y, and one spectral 

dimension z (Figure 7) 
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Figure 7 Hyperspectral image cube 
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Table 5 Applications of hyperspectral imaging for qualitative analysis of fruits 

Fruit Cultivar Acquisition 

mode 

Spectral 

range (nm) 

Regression 

techniques 

Attributes References 

Onion  Reflectance 950-1650 PCA sour skin Wang et al. (2012) 

Orange  Reflectance 400-1100 PCA common defects Li et al. (2011) 

Mango Nam Dok  Mai Reflectance 400-1000 Mahalanobis 

distance 

fruit fly larvae Saranwong et al. (2011) 

Apple Golden Dilicious Reflectance 1000-1700 PLSDA Starch, starch-free Menesatti et al. (2009) 

Citrus Ruby Red 

grapefruits 

Reflectance 450-930 SID canker Qin et al. (2009) 

Mango Tommy Atkins Reflectance 500-1000 PCA ripening date Servakaranpalayam (2006) 

Apple Red Delicious, 

Golden Delicious, 

Gala, Fuji  

Reflectance 430-900 PCA side rots, bruises, 

flyspecks, scabs and 

molds, fungal 

diseases, soil 

contaminations 

Mehl et al. (2004) 
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Materials 

 

3.1.1 Fruit materials 

Mango cultivar Nam Dok Mai Sithong (Golden Nam Dok Mai) from farms in 

Chiang Mai, Suphan Buri and Phitsanulok province were used for the trials. From the 

Table 6, there were five lots of mangoes (L1, L2, L3, L4 and L5). The mangoes were 

transported to the laboratory at Department of Food Technology, Faculty of Engineering 

and Industrial Technology, Silpakorn University, Nakhon Pathom province, Thailand. The 

preparation of mango after being harvested for the experiments, cut the stem out and 

upside the stem down in the basket, leaved it for 1-2 hours for removing the latex. 

Cleaned the fruit with water, selected only fruit which had a specific gravity above 1 kg/l 

and then wiped it to dry. The storage condition for mango fruit, covered the mango by 

newspapers and kept in the plastic basket, after that stored in the laboratory (Figure 8) 

at 31.6±1.5 °C and 66.57 ±9.49 % relative humidity for further ripening. 

 

 
 

Figure 8 Storage of mango fruits in the laboratory
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Table 6 Fruit materials 

Lot codes Mature No. of fruit Origin Harvested Storage  Experiments 

L1 Ripe 3 Chiang Mai May 4
th

 , 2012 3 days - Identification of fungus  (3.2.1) 

L2 

A Unripe 50 Chiang Mai June 3
rd 

, 2012 7 days 
- Error of classification by manual  (3.2.2) 

- Hyperspectral imaging  (3.2.5) 

B Unripe 50 Chiang Mai June 3
rd 

, 2012 7 days 
- Error of classification by manual  (3.2.2) 

- Hyperspectral imaging  (3.2.5) 

C Unripe 50 Chiang Mai June 3
rd 

, 2012 7 days 
- Error of classification by manual  (3.2.2) 

- Hyperspectral imaging  (3.2.5) 

L3 A Unripe 50 Chiang Mai June 19
th

, 2012 12 days - Error of classification by manual  (3.2.2) 

L4 Unripe 150 Suphan Buri Jan 26
th

 , 2013 8 days 
- NIR for discriminant analysis  (3.2.3) 

- NIR for monitoring anthracnose (3.2.4) 

L5 Unripe 9 Phitsanulok April 23th, 2013 7 days - NIR for discriminant analysis  (3.2.3) 

Remark   Mango in lot L2 andL3 were classified by skillful workers of Swift Company, there were; 

 A: The anthracnose mango which sorted by skillful workers of Swift company, they selected by notice from little dark spot on the skin of fruit.  

B: Premium grade of mango without any defect and the skin were clear, which use for exports. 

C: The mangos for sale in local market, those fruits have some defect on the peel.

26 
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3.1.2 Chemicals 

1)   Sodium Tetraborate (Borax), Ajax Finechem Pty Ltd., Australia. 

2)   Potassium Oxalate, Ajax Finechem Pty Ltd., Australia. 

3)   Sodium Hydroxide, Merck KGaA, Darmstadt, Germany. 

4)   3-phenylphenol, Sigma-Aldrich, USA. 

5)   Sulfuric Acid, J.T. Baker, Baker Analyzed, China. 

6)   Hydrochloric Acid, J.T. Baker, Baker Analyzed, China. 

7)   Potato Dextrose Agar (PDA), Merck KGaA, Darmstadt, Germanny. 

 

3.1.3 Equipments 

1) Portable NIR Spectrophotometer, HandySpec Field 1000, tec5AG co. 

Ltd., Germany.  

2) Hyperspectral frame camera, Cubert GmbH, Ulm, Germany. 

3) Digital camera, Nikon Coolpix S5, Nikon Corp.,Japan. 

4) pH meter, Radiometer version PHM 210 from the Metro Lab Co., 

France. 

5) Digital refractometer, PAL-1 from Atago Co., Tokyo, Japan. 

6) Sorvall RC6 superspeed centrifuge, Kendro Co., Germany. 

7) Spectro photometer, Genesys 10UV, Rochester, NY, USA. 

8) Vortex mixer 

9) Incubator 25°C 

 

3.2 Methods 

 

3.2.1 Identification of fungus that causes the anthracnose disease 

The fungus was isolated from the naturally infected mangoes (Figure 9) from L1 

lot (Table 6). The infected peel of fruit with an area 5x5 mm2 and 2 mm thickness was 

cut with an aseptic technique and cultured in a potato dextrose agar (PDA) plate. Then 

incubated at 25 °C for 7-9 days. The conidia spores of fungus were transferred to the 
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PDA agar slant, incubated at 25 °C for 3 days and sent to the mycology laboratory for 

identification using molecular technique at the National Center for Genetic Engineering 

and Biology (BIOTEC), Thailand. The method that used to identify the fungus is shown in 

the appendix A. Shape and appearance of the conidia spores were determined by 

using a light microscope with the 400x magnification. 

. 

   
 

Figure 9 The natural infected mango from L1 lot which used for identification of fungus 

 

3.2.2 Prediction of mango susceptibility to anthracnose disease using manual 

sorting  

3.2.2.1 Fruit materials 

Two lots of mangoes, there were L2 and L3 (Table 6) had been graded by 

workers of Swift company at their packing house in Chiang Mai province. The L2 lot had 

3 subgroups; L2A group was a group of 50 infected anthracnose mangoes that 

suspected by the skillful sorting and grading workers of the company. They were 

anticipated the anthracnose by noticing from a little dark spot on the skin of fruits. The 

L2B was a group of 50 fruits which was a great grade (A-grade). The mangoes for this 

class were without any flaw with a clear yellow skin which have used for export to 

premium markets. And the last group was the L2C group which was a group of 50 fruits 

which were sold in local markets, not clear skin and had some flaw on the peel. The 

Figure 10 is shown a sample of mango from each group which was sorted by manual. 

Moreover, 50 mangoes in L3A lot had been used. It was an anthracnose group as in a 
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L2A lot, which were classified by skillful worker. The whole fruits were kept for 7 days at 

room condition for further ripening.  
 

 
 

Figure 10 Sample of mango from L2 lot in each group; L2A, L2B and L2C, which 

classified by manual 

 

3.2.2.2 Percentage of false detection of manual classification 

The percentage of false detection of manual classification for sorting the 

anthracnose and non-anthracnose by suspecting from the little dark spot in L2A and 

L3A lots, the number of fruit which appeared the anthracnose after ripening in each 

group was count, and then the percentage of false detection for classification of 

anthracnose was calculated. 

The L2B and L2C, which were non-anthracnose suspected by workers, were 

used for study, the percentage of false detection for non-anthracnose. The number of 

mangoes which didn’t show anthracnose was counted and calculated the percentage of 

false detection for classification of non-anthracnose mango by manuals.    

 

The number of mango which appeared the anthracnose in each group was 

counted, and then the percentage of false detection for classification of anthracnose 

and non-anthracnose by human were calculated. 
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3.2.2.3 The anthracnose infection in relation of fruit position  

Each fruit had been taken a photo for both sides to study the position at risk of 

the anthracnose infected area. Whole fruit area was divided into three sections 

transverse; head, middle and tail (Figure 11). The number of mango which appeared the 

anthracnose on each part was counted, and then the percentages of anthracnose on 

each position were calculated. 

 

 
 

Figure 11  The position of anthracnose infected, on the head part (A), on the middle part 

(B) and the tail part (C). Some fruit the anthracnose were infected more than 

one position (D, E). Moreover, some fruit was show the stem end rot (F). 

 

3.2.3 Discrimination of anthracnose and non-anthracnose mango by NIR 

spectroscopy 

3.2.3.1 Fruit materials 

Mango fruits in L4 lot (Table 6) from a farm in Suphan Buri province were ripened 

at room condition for 8 days. Every day, the infected mango (anthracnose which 

occurred dark spot) and non-infected (non-anthracnose with yellow or green skin) fruits 

were selected for measurement. Each fruit was prepared by drawing the rectangle area 

of 3x4 cm2 on the peel at the anthracnose area and non-anthracnose area as in the 

Figure 12. Then the fruits had been adjusted the temperature to 25 °C by put on plastic 

sheet on water bath for 30 minutes to control the temperature of samples before 

measuring of the NIR spectra. All of these samples from L4 lot were used for calibration 

set. 

Head 
 

Middle 
 

Tail 
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Figure 12  Samples of mango from L3A lot, which prepared by drawing rectangle area 

of 3x4 cm2 on peel at the anthracnose area and non-anthracnose area 

 

Nine fruits in L5 lot were taken from the Swift Company for a prediction set. 

These fruits were selected in primary step from there packing house before transporting 

to the company. Some fruit were appeared the anthracnose when arriving to the 

company (Figure 13 (A)) and some fruit had defected from freckles and spots on the 

skins (Figure 13 (B)), the company had rejected these fruits. All absorbance spectra 

from this lot were used to predict by the calibration model, building from the calibration 

set. 
 

                              
                                    (A)                                                 (B) 

 

Figure 13  Defect mangoes, which appear anthracnose (A) and freckles on the skin (B), 

from the company 
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3.2.3.2 NIR data acquisition 

 NIR analysis was carried out using a portable short wave NIR spectrophotometer 

(Figure 14(A)), HandySpec Field 1000 (tec5AG co. Ltd., Germany). The MultiSpec Pro 

software was used for spectrum acquisition.  The absorbance spectra were obtained by 

using the fiber optic probe in interactance mode, wavelength region 780-1100 nm, and 

step width was 1 nm. The number of cycle was set on 3, the cycle time 0.1 sec and 3 

number of scan was set. The measurement areas were anthracnose and non-

anthracnose in the rectangle mark (Figure 14(B) and 14(C)). The dark current had been 

taken under the air and the white reference had been taken on the white Teflon before 

the sample measurement. 

 

               
                                  (A)                                                    (B)                               (C) 

Figure 14 The portable NIR spectrophotometer with fiber optic probe and computer (A) 

for acquiring spectra of mangoes at the anthracnose area (B) and non-

anthracnose area (C) 

 

3.2.3.3 Discriminant analysis 

The partial least square-discriminate analysis (PLS-DA) was used for 

classification of anthracnose and non-anthracnose by the Unscramble software (CAMO 

Software AS, Oslo, Norway). The calibration model was built from the raw spectra by test 

set method.  

Fiber optic probe 
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3.2.4 Identification of mango susceptibility to anthracnose disease using NIR 

spectroscopy  

3.2.4.1 Fruit materials 

 In this experiment, mango fruits in L4 lot (Table 6, as same as 3.2.3.1) were 

used.  

3.2.4.2 NIR data acquisition 

 This part used the spectrum data from the 3.2.3.2 for establishing the calibration 

model. 

3.2.4.3 Chemical data analysis 

 After the NIR measurement, mangoes were used for analysis the chemical data. 

Each fruit was taken a picture with a digital camera for analysis the area of anthracnose 

(dark spot area). After that, the mangoes were cut following the rectangle mark, deep 

into the seed. A piece of mango was separated to peel and fresh. The pectin analysis, 

water soluble pectin (WSP) and total pectin (TP) were analyzed from the peel. The fresh 

of each piece was blended then measured the total soluble solids (TSS), pH and 

titratable acidity (TA). 

Pectin analysis (applied from Majumder and Mazumdar, 2002) 

The peel of mango 5-8 g was refluxed in hot ethanol (95%) 25 ml for 30 minutes. 

It was then cooled to room temperature, washed with 80% ethanol and filtered 

(Whatman no. 1). The alcohol-insoluble residue (AIR) was dried overnight at 40 °C 

weighed and stored in a dessicator at room temperature. The AIR was used to extract 

four fractions of pectic substances. 

The  AIR was dispersed at room temperature in 30 ml distilled water by stirring 

for 30 minutes, centrifuged (6000 rpm, 4°C) and the supernatant comprising water-

soluble pectic substances (WSP) was kept apart. The residue was subsequently 

extracted with 30 ml of 1% potassium oxalate at room temperature and centrifuged. The 

supernatant containing oxalate-soluble pectic substances (OXP) was collected and 30 

ml 0.05 M HCl was added to the residue. The mixture was heated for 30 minutes at     
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100 °C, centrifuged and the acid-soluble pectic substances (HP) removed. Finally, 30 ml 

cold 0.05 M NaOH was added to the residue and on centrifugation for 30 minutes (4 °C), 

the supernatant containing the alkali-soluble pectic substances (OHP) were collected.  

The 4 supernatants were used for further analyzed the amount of galacturonic acid in 

four pectic fractions. 

The analysis of galacturonic acid content was spectrophotometrically 

determined by the alkaline m-hydroxybiphenyl method (Blumenkrantz and Asboe-

Hansen, 1973) using D-galacturonic acid monohydrate as the standard. The total pectin 

(TP) was calculated as the sum of the values obtained in respect of the four pectic 

fractions. 

Took 50 μl of sample containing 0.5-20 μg galacturonic acid in the tube, and 

added 1.2 ml of sulfuric acid/tetraborate. The tubes were refrigerated in cold water with 

ice. The mixture was shaken in a vortex mixer, and the tubes heated in a water bath at 

100°C for 5 minutes. After cooling in a water-ice bath, 20 μl of the m-hydroxydiphenyl 

reagent was added. The tubes were shaken, within 5 minutes, absorbance 

measurements made at 520 nm in a spectrophotometer.  

Preparing the solution 

Meta-hydroxydiphenyl solution. A 0.15% solution of meta-hydroxy-diphenyl  in 

0.5% NaOH. The reagent solution was kept in the refrigerator covered with an aluminum 

foil for more than 1 month. 

H2SO4 sodium tetraborate solution. A 0.0125 M solution of tetraborate in 

concentrated sulfuric acid. To 0.2 ml of the sample containing from 0.5 to 20 μg uranic 

acids,  

pH 

The blend fresh mango were measured the pH with pH meter (Metro Lab Co., 

France). 
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Total soluble solids (TSS) 

Squeezed juice of the flesh was used for determination of TSS using a digital 

refractometer (Atago Co., PAL-1, Tokyo, Japan). Adjusted values were expressed in 

°Brix. Two readings were taken at each sampling. 

Titratable acidity (TA) 

Weighted the blend fresh mango 5 g add 100 ml distill water, stirred with 

magnetic stirrer.  Titrated sample to pH 8.1 with 0.1 N NaOH and the results were 

converted to a percentage of citric acid. 
 

 

 

3.2.4.4 Quantitative analysis 

The partial least square (PLS) was used for classification of quantitative analysis 

by the Unscramble software version (CAMO Software AS, Oslo, Norway). The calibration 

model was built from the raw spectrum and pretreated spectra by a full cross validation 

method. 

3.2.5 Potential of hyperspectral imaging for identify of anthracnose on mango 

3.2.5.1 Fruit materials 

 Mangoes cv. Nam Dok Mai Sithong in L1A, L1B and L1C lot from Table 6 were 

used for the study. The mangoes were kept at room temperature for 7 days. During 

mature, the anthracnose was developing on the skin of mango and had increased the 

area of dark spots. Total 150 fruits had been used for measurement but just only fruit 

which appeared the disease of anthracnose was analyzed. The mango fruits had 

adjusted the temperature to 25 °C under air condition room for one hour. Before 

hyperspectral image acquisition. 

3.2.5.2 Hyperspectral image acquisition 

 Hyperspectral image acquisition was done every day during maturing for 150 

fruits. The images of both sides of each mango were recorded by using the 
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hyperspectral frame camera (Cubert GmbH, Ulm, Germany). The hyperspectral imaging 

system was shown in Figure 15. The 14.5 Volt 50 Watt quartz-tungsten-halogen lamp 

(Pro Lamp, ASD Inc. CO, U.S.)  with integrated reflector produces stable illumination 

over the 350 to 2500 nm was used as a light source. The hyperspectral frame camera 

was mounted 50 cm above sample. Data acquisition was collected every 4 nm interval 

in the length of visible-near infrared 450-1000 nm, 137 channels. A computer and 

Cubert_Gui software (Cubert GmbH, Ulm, Germany) used for controlling the camera and 

acquiring the images. 

 
Figure 15 The hyperspectral imaging system 

 

3.2.5.3 Data analysis 

The Graphical User Interface (GUI) software  (Cubert GmbH, Ulm, Germany) 

was used to controlled the settings of the camera and captured the hyperspectral 

images as show in the Figure 16. The formats of data after export from GUI software 

were data.hdr and data.cuE, and then changed to format of databil.raw by Matlab 

software (The MathWorks Inc., Mass, USA). This format databil.raw was able to open 

with the HyperSee software Demo (BurgerMetrics SIA, Riga, Latvia). The spectra from 

Computer 

Sample 

Light source 
Hypecspectral 

frame camera 

50 cm 
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hyperspectral image of fruit which occurred anthracnose within range of area of dark 

spot 0.03 cm2 to 0.97 cm2, and spectra from non-anthracnose area in each day were 

used for analysis. The raw spectra (in counts) for anthracnose and non-anthracnose  

were obtained by averaging of 9 (3x3) pixels at the anthracnose area and non-

anthracnose area using Matlab software. Procedure on Matlab software for export 

spectrum start by open the data (.cue), data size =[nx ny nz] where x and y were the 

number of pixel (49x49) and z was 137 bands (every 4 nm in the range of 454-998 nm)  , 

for j=1:nx, for k=1:ny and for i=1:nz, then define the length of pixels. Load and save in 

excel file (.xlt) as shown in appendix C . The information of data shown below 
 

 
 

. These raw spectra were use for discriminant analysis. The flowchart for 

extracted raw spectra data from hyperspectral imaging as shown in Figure 17.  
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Figure 16 Cubert_Gui software (Cubert GmbH, Ulm, Germany) which used to process 

the spectral image 
 

The spectral data were analyzed by using partial least squares discriminant 

analysis (PLS-DA) performing by The Unscramble software. (CAMO Software AS, Oslo, 

Norway) with cross validation (leave one out) method. 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 The flowchart for extracted raw spectra data from hyperspectral imaging
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Identification of fungus that causes the anthracnose disease  

 

It was to confirm that isolated fungus was 99% identical to Colletotrichum 

gloeosporioides. The comparing of nucleotide sequences with database in GenBank 

(third priority) were; the first one gb|AY177316.1| Colletotrichum gloeosporioides isolate 

CG 207 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S 

ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S 

ribosomal RNA gene, partial sequence Length=538. The second one was 

gb|DQ454004.1| Colletotrichum gloeosporioides isolate M4 internal transcribed spacer 

1, partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, 

complete sequence; and large subunit ribosomal RNA gene, partial sequence 

Length=492. And the third one was gb|JF796314.1| Colletotrichum gloeosporioides 

strain CM21 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 

5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 

28S ribosomal RNA gene, partial sequence Length=560. 

Figure 18 presents an appearance of the fungus which was isolated from the 

naturally infected mango, while incubated at 25 °C for 2, 4 and 7 days. The white 

hyphas from the fungus were developed in the second day and produced the orange or 

salmon-pink spores on fourth day.



40 

 

 
 

Figure 18 Development of colonies after incubated at 25 °C for 2 (A), 4 (B) and 7 (C) 

days, respectively 

 

The conidia spores of C. gloeosporioides under the light microscope at 400x 

magnification are shown in Figure 19. They were ellipsoid shapes. Sizes of conidia 

spore were in the range of 10-17 μm length and 5-7 μm in width. 

 

 

 

 

 

 

 

 

 

Figure 19 Conidia spore of the C. gloeosporioides under the light microscope 

 

4.2 Prediction of mango susceptibility to anthracnose disease using manual sorting 

 

 4.2.1 Percentage of false detection of manual classification 

 The beginning step of quality classification of mango cv. Nam Dok Mai Sithong 

has been done by skilful workers at the packing house before transporting to the 

10 μm 
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company. The workers had selected just only foremost fruit, without any flaw and clear 

yellow skin. They reject the mangoes which appeared a stain, freckles and a little dark 

spot which they suspected the infection of anthracnose. 

 Table 7 shows percentages of false detection for classification of anthracnose 

mango by manual. The mangoes L2A and L3A groups which were the anthracnose 

groups, the workers found that there were 24 and 20 out of 50 fruits in each group which 

anthracnose was confirmed after ripening for 7 days. Therefore, the percentages of false 

detection for classification of anthracnose mango by manual sorting were 52 and 60 for 

mangoes in lot L2A and L3A groups. 

 

Table 7 Percentage of false detection for classification of anthracnose mango by manual 

 Groups 

L2A 

(7 days) 

L3A 

(7 days) Storage time 

Anthracnose mangoes classified 

manually (fruit) 
50 50 

Anthracnose appeared (fruit) 24 20 

False detection (fruit) 26 30 

Percentage of false detection  52 60 

 

On the other hand, workers had classified the mango which didn’t have a little 

dark spot and clear skin into A-grade group (L2B which was non-anthracnose), and 

mango from L2C lot which was non-anthracnose group were investigated.  In fact, in 

some fruits, the spore of fungus had already infected to the skin and still be in a latent 

period. Table 8 shows percentages of false detection for classification of non-

anthracnose mangoes by manual sorting. The results had shown that they were 24 

percentage of false detection for L2B group which was sent to exported markets and 48 
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percentage of false detection for L2C group which was for sale in local markets, 

respectively. 

 

Table 8  Percentage of false detection for classification of non-anthracnose mango by 

manual 

 Groups 

L2B 

(7 days) 

L2C 

(7 days) Storage time 

Non-anthracnose mangoes  

which classified by manual (fruit) 
50 50 

Mangoes with non-anthracnose 

occurred (fruit) 
36 26 

False detection (fruit) 14 24 

Percentage of false detection  28 48 

 

 4.2.2 The anthracnose infection in relation of fruit position 

 The Tables 9-11 show percentages of anthracnose which occurred on head, 

middle and tail on mango fruits. At the head part, it was found that there was the highest 

relate to the position of anthracnose infected with the percentage of 78.86 from the total 

of infected mango. Furthermore, for the middle and tail, it was found that the percentage 

of anthracnose on in that parts were 42.70 and 46.18, respectively. 

This result will helpful for the inventor who designs the sample holder or sample 

for feeding orientation into sorting machines.  Even though, mostly anthracnose was 

occurred on the head part (near the stem) more than other parts, the anthracnose still 

occurred on the middle and the tail part of the fruit also. Then, the anthracnose could be 

occurred everywhere on the fruits, so the machine for sorting of anthracnose infected 

area should be scanned to cover the whole fruits. 
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Table 9 Percentage of anthracnose on the head part of fruit 

 Groups 

 

Storage time 

AN1 

(7 days) 

AG 

(7 days) 

BG 

(7 days) 

AN2 

(12 days) 

Number of anthracnose fruits 24 14 24 35 

Anthracnose on head part 20 10 18 30 

Percentage of anthracnose on 

head part 
83.33 71.42 75.00 85.71 

The average of percentage of 

anthracnose on head part 
78.86 

 

Table 10 Percentage of anthracnose on the middle part of fruit 

 Groups 

 

Storage time 

AN1 

(7 days) 

AG 

(7 days) 

BG 

(7 days) 

AN2 

(12 days) 

Number of anthracnose fruits 24 14 24 35 

Anthracnose on middle part 7 6 10 20 

Percentage of anthracnose on 

middle part 
29.16 42.85 41.66 57.14 

The average of percentage of 

anthracnose on middle part 
42.70 

 

 

 

 

 

 

 



44 

 

Table 11 Percentage of anthracnose on the tail part of fruit 

 Groups 

 

Storage time 

AN1 

(7 days) 

AG 

(7 days) 

BG 

(7 days) 

AN2 

(12 days) 

Number of anthracnose fruits 24 14 24 35 

Anthracnose on tail part 12 5 8 23 

Percentage of anthracnose on 

tail part 
50.00 35.71 33.33 65.71 

The average of percentage of 

anthracnose on tail part 
46.18 

 

4.3  Discrimination of anthracnose and non-anthracnose mango by NIR spectroscopy 

 

 Seventy absorbance spectra in the region of 780-1100 nm from anthracnose 

areas (dark spot) and ninety non-anthracnose areas (yellow area or green area) were 

selected from the mango in L4 lot (150 fruits), for the calibration set. Figure 20 shows 

absorbance spectra of anthracnose in difference severity, vary in 0.08 cm2 to 12.00 cm2 

which was a range area of visual anthracnose that select by naked eyes and use for the 

experiment. It was shown that anthracnose spectra had a wide peak from the absorption 

of water molecule around 970 nm and had a clear peak at 808 nm which was 

absorbance of RNHR’ structure (Osborne et al., 1993). Spectra were shift in the left side. 

The fruits in L4 lot include green unripe and yellow unripe mangoes, both of them had 

turned into yellow as they ripe. Figure 21 is the absorbance spectra of non-anthracnose 

(healthy area), it shows the baseline shift of spectra which was an affected by the 

difference sample’s color (Rodgers and Beck, 2005). 
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Figure 20 Absorbance spectra of anthracnose area on mangoes from difference area of dark spots  
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Figure 21 Absorbance spectra of non-anthracnose area on mangoes from difference date of ripening and difference of color 
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Figure 22 Absorbance spectra of anthracnose and non-anthracnose for prediction set 

an = anthracnose 

no = non-anthracnose 
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 Figure 22 is shows the spectra of anthracnose which occurred when the fruits 

arrived to the company and had already appeared the dark spot of anthracnose (01an1, 

02an1, 03an1, 03an2, 03an3, 03an4, 03an5 and 07an2 within the range of dark area of 

0.01-2.54 cm2) and the spectrum of little dark spot from the fruit had defected from 

freckles on fruit, these spot were not anthracnose (01no1, 02no1, 03no1, 04no1, 04no2, 

05no1, 06no1, 06no2, 06no3, 07no1, 08no1, 08no3, 09no1 and 09no2 they had the area 

of dark spot in the range of 0.01-0.12 cm2), were used for test the accuracy of 

calibration mode. 

 
 

Remark 

 

 

 
 

Figure 23  PC score plot between PC1 and PC2 of calibration and prediction set for 

classification of anthracnose and non-anthracnose  
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The PC score plot in Figure 23 shows the discrimination of anthracnose and non-

anthracnose between PC1 and PC2, the first and second principle components 

explained 95% and 3% of the variation, respectively. The scores plot of anthracnose 

(blue points) and non-anthracnose (red points) were separated. For the anthracnose in 

prediction set (gray points) were in the group of anthracnose also. Moreover the spectra 

from freckles which appear dark sport but did not anthracnose (green group) were 

separated from anthracnose and non-anthracnose groups. This result shows that NIR 

technique might be useful for screening of non-anthracnose mango that contains the 

freckles. 
 

 
 

Figure 24 The classification results of anthracnose and non-anthracnose from the NIR 

absorbance spectra (780-1100 nm) using the PLS-DA 
 

The classification plot of actual value (dummy variable) and predicted value for 

discrimination model of anthracnose and non-anthracnose from the raw NIR absorbance 

spectra (780-1100 nm) using the PLS-DA and applied two number of factors (F) are 

Threshold = 0.5 

Calibration 

Validation 
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shown as the scatter plot in Figure 24. The class of 0 and 1 were assigned to dummy 

variable for non-anthracnose and anthracnose, respectively. Threshold value was set at 

0.5. The percentage of corrections shows in Table 12. The PLS model could classify 

anthracnose and non-anthracnose with percentages of correct prediction of 92.85 for 

anthracnose in calibration set and 87.50 in validation set. For non-anthracnose it was 

100 percent correct for both calibration and prediction sets. 

 

Table 12 PLS-DA predictions results for classification of anthracnose and non-

anthracnose from NIR spectra 

 Calibration set Validation set 

 Anthracnose Non-anthracnose Anthracnose Non-anthracnose 

Number of sample 70 90 8 14 

False detect 5 0 1 0 

Percentage of  

correct predictions 
92.85 100 87.50 100 

 

Eventhough the NIR spectroscopy could be classified of anthracnose and non-

anthracnos at disease at the area of disease more than 0.08 cm2 in this cause the skilled 

workers could be classified by visual eyes, but for the large amount of the fruit this 

techique would be helpful for an automatic sorting. Morever the accuracy of short wave 

NIR spectoscopy to compare with the long wave NIR spectroscopy (Wongsheree et al., 

2010) for classification of anthracnose were not different, but for application of short 

wave NIR for sorting machine would be cheaper.  

 Figuer 25 shows the comparing between regression coefficients plot and 

absorbance spectra show the importance of wavelength at 808 nm and 1015 nm. At the 

808 nm is a band vibration from 2xN-H str. + 2xN-H def. + 2xC-N str. of RNHR’ and 1015 

nm from  2xC-H str.+3xC-H def. vibration of CH3 (Osborne et al., 1993). These two 

interested peaks might be correlated to the structure of chitin  which is the components 
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in the cell walls of fungi (Rinaudo, 2006) or it might be correlated to the melanin that 

anthracnose fungus produced during the formation of appressoria (Suzuki et al., 1981). 

Chemical structures of chitin and melanin which contained RNHR’ and CH3 are shown in 

Figure 26 and 27, respectively.    

 

 

 

 

 

 

 

 

         

 

 
Figure 25 Comparing between regression coefficients plot and absorbance spectra 

show the importance wavelengths at 808 nm and 1015 nm  
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Figure 26 Chemical structure of chitin which contain NH and CH3 groups 

Source:  Rinaudo (2006) 

 
Figure 27 Chemical structure of melanins which contain NH and CH3 groups 

Source:  http://www.guidechem.com/dictionary/8049-97-6.html 

 

4.4  Identification of mango susceptibility to anthracnose disease using NIR 

spectroscopy 

The fungus, Colletotrichum gloeosporioides that caused anthracnose disease on 

mango, was produce polygalacturonase (PG), cellulolytic enzymes, for braking cellulose 

substance (Prakash, 1989). The product after this reaction was garlactulonic acid which 

was in a soluble form. So, the ratio of water soluble pectin to total pectin was studied. 

For comparing the chemical change, the severities of disease had been divided 

into 8 classes by area of the dark spots. The pictures of sample fruit in each class were 

shown in Table 13. 
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Table 13 Pictures of sample fruit in each severity which divided by area of dark spot 

Severity 

Area (cm2) 
Sample fruit Area (cm2) 

0.08-0.50 

 

0.15 

0.51-1.00 

 

0.74 

1.01-2.00 

 

1.94 

2.01-4.00 

 

2.96 

4.01-6.00 

 

5.69 

6.01-8.00 

 

7.84 
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Severity 

Area (cm2) 
Sample fruit Area (cm2) 

8.01-10.0 

 

8.64 

10.01-12.0 

 

11.95 

 

Statistical analysis of total samples, non-anthracnose group and anthracnose 

groups, i.e. mean, range and standard deviation (SD) are shown in Table 14. From the 

table, the chemical data were included dark spot areas of anthracnose, pH, TSS, TA, 

TSS/TA which was analyzed from the fresh of mango under rectangle area 3x4 cm2 in 

each area which was measured absorbance spectrum, and the percentage of WEP/TP 

and pectic substances which was analyzed from the peel. 

 Each chemical value from non-anthracnose and anthracnose area in the same 

fruit were compared by Lest Significant Difference (LSD), the results were reported in 

Table 15-16. It is shown that the anthracnose infection resulted in increasing of TA and 

WSP/TP. Moreover, the anthracnose affected to reduce of pH, TSS, TSS/TA values.  
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Table 14 Statistical analysis of total samples, non-anthracnose group and anthracnose groups 

Remark  TSS: total soluble solids; TA: titratable acidity; WSP: water soluble pectin; OXP: oxalate soluble pectin; HP: acid soluble pectin; OHP: alkali soluble 

pectin; TP: total pectin; GAL: galacturonic acid; AIR: alcohol-insoluble residue 

Chemical data 
All samples (N=160) Non-anthracnose (N=90) Anthracnose (N=70) 

Mean Range SD Mean Range SD Mean Range SD 

Area of dark spots (cm2) - - - - - - 3.88 0.08-12.00 3.98 

pH 5.24 2.89-6.54 1.17 4.84 2.89-6.44 1.34 5.77 4.21-6.54 0.54 

TSS (°Brix) 17.99 8.00-23.4 3.47 16.87 8.00-22.20 4.08 19.47 15.70-23.40 1.50 

TA (g citric/100 g sample) 0.40 0.06-2.11 0.51 0.59 0.07-2.11 0.61 0.16 0.06-0.38 0.07 

TSS/TA 123.20 3.93-362.50 81.21 104.5 3.93-300.00 89.15 147.86 52.12-362.5 61.78 

WSP (μg GAL/g AIR) 94.11 5.37-306.96 65.74 66.40 5.37-207.03 53.75 130.64 28.37-306.96 62.44 

OXP (μg GAL/g AIR) 45.86 2.12-286.18 37.60 40.34 2.12-286.18 44.82 53.03 12.97-109.82 23.80 

HP (μg GAL/g AIR) 147.01 12.26-345.68 75.92 151.90 22.14-345.68 76.61 140.65 12.26-323.33 75.09 

OHP (μg GAL/g AIR) 87.25 14.22-206.21 39.56 92.67 14.22-206.21 40.92 80.20 18.52-187.31 36.81 

TP  (μg GAL/g AIR) 374.79 84.62-903.47 176.42 351.87 84.62-903.47 184.43 405.03 105.75-786.415 161.63 

WSP/TP (%) 23.54 5.33-60.6 12.30 16.59 5.33-36.52 7.94 32.70 13.82-60.6 10.97 
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Table 15 TSS, pH, TA and TSS/TA values between anthracnose and non-anthracnose 

Severity 

area(cm2) 

Number 

(fruits) 

pH TSS (°Brix) TA (g citric/100g sample) TSS/TA 

Anthracnose Non-

anthracnose 

Anthracnose Non-

anthracnose 

Anthracnose Non-

anthracnose 

Anthracnose Non-

anthracnose 

0.08-0.50 7 5.91±0.58a 5.86±0.60a 19.94±3.02a 19.65±2.43a 0.14±0.07a 0.14±0.08a 159.02±58.40a 163.05±51.24a 

0.51-1.00 9 6.13±0.16a 6.10±0.29a 19.17±1.22a 18.94±1.18a 0.09±0.03a 0.11±0.03a 228.80±71.67a 178.84±48.67a 

1.01-2.00 6 6.13±0.09a 6.18±0.10a 19.65±0.96a 19.38±0.93a 0.10±0.02a 0.10±0.01a 208.36±65.31a 190.74±23.09a 

2.01-4.00 4 5.86±0.36a 6.08±0.18a 19.30±1.81a 19.30±1.34a 0.14±0.03a 0.10±0.01a 145.94±42.25a 187.06±26.93a 

4.01-6.00 4 5.93±0.15a 6.07±0.37a 19.62±1.17a 19.27±1.15a 0.14±0.03a 0.09±0.01b 143.10±37.32a 217.09±46.98b 

6.01-8.00 3 5.54±0.80a 6.08±0.14a 20.00±0.52a 20.56±0.66a 0.16±0.09a 0.10±0.03a 146.41±65.86a 205.56±69.51a 

8.01-10.0 2 5.01±0.02a 6.21±0.06b 17.75±0.21a 18.75±0.07b 0.21±0.09a 0.09±0.01a 95.36±45.96a 207.31±23.32a 

10.01-12.0 4 4.85±0.64a 6.21±0.07b 18.57±1.99a 20.05±0.04a 0.22±0.04a 0.10±0.03b 84.72±24.17a 204.35±76.05b 

Remark Different superscript alphabets in each raw for each chemical value means significant difference (α=0.05)   
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Table 16 Pectic substances values between anthracnose and non-anthracnose 

Severity 

(cm2) 

Number 

(fruit) 

WSP/TP WSP (μg GAL/g AIR) OXP (μg GAL/g AIR) HP (μg GAL/g AIR) OHP (μg GAL/g AIR) 

Anthracnose 
Non-

anthracnose 
Anthracnose 

Non-

anthracnose 
Anthracnose 

Non-

anthracnose 
Anthracnose 

Non-

anthracnose 
Anthracnose 

Non-

anthracnose 

0.08-0.50 7 24.96±5.95a 23.82±4.66a 117.63±54.23a 133.79±47.81a 56.46±25.43a 82.08±79.72a 183.61±104.76a 198.97±72.82a 107.63±40.50a 148.09±19.37b 

0.51-1.00 9 26.18±3.25a 22.15±5.64a 111.94±48.73a 99.34±50.91a 53.00±22.48a 49.52±32.98a 169.20±75.68a 191.44±101.14a 95.07±39.11a 93.13±38.07a 

1.01-2.00 6 27.44±11.66a 23.76±3.97a 129.05±66.88a 120.81±41.31a 65.70±20.75a 69.62±12.85a 167.34±68.41a 199.31±53.77a 95.70±42.04a 111.73±37.51a 

2.01-4.00 4 27058±2.60a 23.76±7.42a 93.35±35.39a 95.44±49.76a 41.08±18.10a 48.54±19.26a 123.61±46.89a 164.05±80.24a 79.72±20.89a 95.89±53.62a 

4.01-6.00 4 32.92±11.22a 26.78±2.18a 143.43±104.04a 121.71±61.74a 57.37±22.87a 58.57±33.14a 140.41±77.05a 177.78±81.24a 76.90±28.21a 91.29±39.39a 

6.01-8.00 3 40.89±17.21a 20.22±10.08a 163.04±87.89a 77.00±44.75a 61.72±13.93a 48.63±13.02a 97.15±26.35a 152.95±34.13a 64.37±17.90a 88.31±12.36b 

8.01-10.0 2 43.23±3.89a 24.74±2.39b 176.10±47.52a 122.34±21.40a 47.71±17.83a 66.76±1.74a 123.41±29.18a 208.85±7.53a 66.67±52.63a 94.70±8.12a 

10.01-12.0 4 49.30±5.20a 24.61±8.20b 158.91±99.08a 110.13±65.41a 37.50±23.70a 94.57±127.74a 76.96±49.82a 162.02±103.38a 53.68±43.83a 104.28±27.88a 

Remark Different superscript alphabets in each raw for each chemical value means significant difference (α=0.05)   
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Table 17 shows the statistic results from calibration model by PLS method with 

full cross validation for non-anthracnose spectra. The results show that the NIR 

spectroscopy technique could be used to predicted pH, TSS and TA, which were are 

good coefficient of determinations (R2) of 0.82, 0.0.80 and 0.85 and root mean square 

error of cross validation (RMSECV) of 0.78, 2.47 and 0.36, by using raw absorbance 

spectra, respectively. Furthermore, it could be determined TSS/TA and percentage of 

WSP/TP with R2 of 0.60, 0.70 and RMESCV of 0.43 and 6.47. On the other hand, the 

absorbance spectra of anthracnose area could not determined the chemical value with 

very poor R2, results are shown as in the Table 18. 
 

Table 17 Statistic results from calibration model by PLS method for non-anthracnose 

spectra 

Chemicals n F R2 RMSECV 

pH 90 7 0.82 0.78 

TSS 90 7 0.80 2.47 

TA 90 7 0.85 0.36 

TSS/TA 90 4 0.60 0.43 

WSP/TP 90 7 0.70 6.47 

WSP 90 7 0.52 43.70 

OXP 90 7 0.57 19.78 

HP 90 7 0.37 39.03 

OHP 90 5 0.33 161.28 

Remark  TSS: total soluble solids; TA: titratable acidity; WSP: water soluble pectin; OXP: oxalate 

soluble pectin; HP: acid soluble pectin; OHP: alkali soluble pectin; 

   TP: total pectin; F: number of factors; R2: coefficient of determinations; RMSECV: root 

mean square error of cross validation.  

 

 From the anthracnose spectra which obtained from the dark spot on the mango, 

found that, the spectra did not have a correlation with chemical data. In the table 18 
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show R2 of anthracnose spectra with each chemical value were R2 of 0.01, 0.00, 0.09, 

0.09 and 0.23 for determined pH, TSS, TA, TSS/TA, WSP/TP, respectively. The 

anthracnose spectra did not have a correlation with chemical data because there were 

big differences shapes of each spectrum but the chemical value are quite small 

difference. The anthracnose spectra were acquisition from the dark spots of 

anthracnose, when measurement interactance mode, the light could not penetrated 

inside to the sample and the detector did not get the reflectance then no interaction of 

light, so the shape and peaks of spectra were difference from the effect of dark spots 

not from the chemical compositions in the fruit. 
 

Table 18 Statistic results from calibration model by PLS method for anthracnose spectra. 

Chemicals n F R2 RMSECV 

pH 70 1 0.01 0.54 

TSS 70 1 0.00 1.52 

TA 70 1 0.09 0.06 

TSS/TA 70 1 0.09 60.79 

WSP/TP 70 3 0.23 10.55 

WSP 70 1 0.01 62.49 

OXP 70 1 0.03 23.77 

HP 70 1 0.02 76.36 

OHP 70 1 0.02 36.84 

Remark  TSS: total soluble solids; TA: titratable acidity; WSP: water soluble pectin; OXP: oxalate 

soluble pectin; HP: acid soluble pectin; OHP: alkali soluble pectin; 

   TP: total pectin; F: number of factors; R2: coefficient of determinations; RMSECV: root 

mean square error of cross validation. 

  

Even though anthracnose spectra didn’t have a correlation with chemical value 

but in the range of 880-1100 nm, it had a correlation with the severity of anthracnose 
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(area), R2 of 0.66 and RMSECV of 2.48 cm2 by using PLS and applied four number of 

factors (F). The result as shown in Figure 28. 

 
 
 

Figure 28 The predicted result from the absorbance spectra of anthracnose (880-1100 

nm) using the PLS with full cross validation method  
 

  
 

 

 

 

 
 

Figure 29 Comparing between regression coefficient plot and the absorbance spectra 

at the wavelength range 850-1100 nm 
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From the regression coefficient plot compared with the absorbance spectra at 

the wavelength range 850-1100 nm (Figure 29) shows an important peaks of calibration 

model at the wavelength 970 nm which was the bond vibration of O-H str. second 

overtone in structure of ROH, H2O and the peak at 1015 nm of CH3 structure from the 

bond vibration of 2xC-H str. + 3xC-H def. 

 

4.5 Potential of hyperspectral imaging for identify of anthracnose on mango 

 

 Although the NIR spectroscopy had a potential for qualitative analysis, the 

limitation of this technique was the specific point for obtaining the NIR spectrum. The 

hyperspectral imaging was a powerful spectroscopic technique which was capable of 

capturing images at many wavelengths in the NIR region. 

 Table 19 shows color images from digital camera, mean wavelength images, 

PC1 images and PC2 images of anthracnose mango while ripening. The anthracnose 

area was appeared in the PC1 when the anthracnose had already appeared the dark 

spot but in the early state, before it developed to the dark spot, it could not detect any 

difference. Comparing between PC1 and PC2, the PC1 image can see the area of 

anthracnose clearly than the PC2 image because the PC1 is the new factor which have 

the biggest variance of the data and in the Figure 32 below shows that PC1 was 

explained 71% of the variation which higher than 24% for the PC2. 
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Table 19 Color images, mean wavelength images, PC1 images and PC2 images of anthracnose mango while ripening 

Ripening day 1 2 4 5 6 7 

Color image 

 

      

Mean 

wavelength 

image 
      

PC1 image 

 

 
      

PC2 image 
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 The averaged spectra from 3x3 pixels at the anthracnose in the range of dark 

spot 0.03 cm2 to 0.97 cm2 and non-anthracnose area were shown in Figure 30 

 

 

 
 

Figure 30 Raw spectra of non anthracnose and anthracnose which occurred the dark 

spot in the range of area between 0.03-0.97 cm2 

 

 The spectra show the different group of anthracnose and non-anthracnose. 

Intensity of non-anthracnose spectra were at a higher peak than the anthracnose 

spectra. In Figure 31 the spectra were pretreated by first derivative are shown. The 

latent peaks were appearing after pretreatment. 
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Figure 31 First derivative spectra of non-anthracnose and anthracnose which occurred 

the dark spot in the range of area between 0.03-0.97 cm2 

 

Figure 32 shows PC score plot between PC1 and PC2 for classification of 

anthracnose and non-anthracnose area which were analyze form the first derivative 

spectra with full cross validation method. The PC1 were explained 71% of the variation, 

and 24% of the variation for PC2. Two groups of anthracnose and non-anthracnose on 

the scatter plot were clearly separated by first two principle components. 
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Remark 

 

 

Figure 32  PC score plot between PC1 and PC2 for classification of anthracnose and 

non-anthracnose area 

 

PLS-DA analysis, the classification plot of actual value (dummy variable) and 

predicted value for discrimination model of anthracnose and non-anthracnose from first 

derivative spectra using the PLS-DA and applied four number of factor is shown as the 

scatter plot in Figure 33. The class of 0 and 1 were assigned to dummy variable for non-

anthracnose and anthracnose, respectively. Threshold value was set at 0.5. The 

percentage of correct prediction were 90.90 for anthracnose and 100 for non-

anthracnose (Table 20) in early stage within area of dark spot 0.03-0.97 cm2 
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Figure 33 The classification results of anthracnose and non-anthracnose from the first 

derivative spectra using the PLS-DA 

 

Table 20 PLS-DA predictions results of spectra from hyperspectral image for 

classification of anthracnose and non-anthracnose 

 Anthracnose Non-anthracnose 

Number of sample 55 90 

False detect 5 0 

Percentage of  correct predictions 90.90 100 

 

The comparing between regression coefficient and raw spectra from 

hyperspectral image in the region of 450-100 nm shown in figure 3. It was show that no 

specific band in the range of NIR (780-100 nm), but only found in visible region. 

 

Threshold = 0.5 

F=4 
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Figure 34 Comparing between regression coefficient and raw spectra from 

hyperspectral image in the region of 450-100 nm 
 

For this result it could be classified the healthy fruit with yellow area and the 

anthracnose area which appeared the dark spot. In the further work should classify and 

separated between the anthracnose in beginning stage which not appear the dark spot 

(yellow area),the healthy area (yellow area), dark area which is non-anthracnose and the 

anthracnose which already appear the dark spot. The notice for hyperspectral image 

acquisition, the anthracnose infected area in early stage which still not appears the dark 

spot could get by tracking back from the position at the dark spot of anthracnose in the 

same fruit but on the day before the anthracnose spot appear. And the position of the 

fruit under the frame camera must be the same position degree and side.

522 nm 

614 nm 
722 nm 
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Conclusion 
 

NIR spectroscopy was sufficiently accurate to classification of anthracnose and 

non-anthracnose area on mangoes. 

The chemical values of pH, TSS, TA, TSS/TA and percentage of WSP/TP from the 

anthracnose were increased when compared with the non-anthracnose in the same fruit. 

 NIR spectroscopy from non-anthracnose area can be used to determine pH, 

TSS and TA the absorbance spectrum of anthracnose doesn’t have a correlation with 

the chemical value. 

Anthracnose spectra in the length of 880-1100 have a correlation with the 

severity of anthracnose (area) with R2 0.66 and RMSECV of 2.48 cm2. 

The important wavelength for prediction and classification of anthracnose were 

808 nm (RNHR’), 970 (H2O) and 1050 nm (CH3) in fruit. 

 The spectrum of anthracnose and non-anthracnose from the hyperspectral 

imaging can be classified of anthracnose and non-anthracnose with percentage of 

correct predictions of 90.90 for anthracnose and 100 percent of correct predictions for 

non-anthracnose. 
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Identifying the fungus Colletrichum gloeosporioides.   

 

1. Material and method 

 

1.1 Culture selection 

Fungal cultures were grown on Potato Dextrose Agar (PDA) for 4-16 weeks at 

25ºC. Actively growing mycelium was scraped off the surface of a culture and 

transferred to 2 ml of microcentrifuge tubes and the biomass lyophilized at -80°C for 24 

hours. 

1.2 DNA extraction 

Extraction buffer (1% CTAB, 0.7 M NaCl, 50 mM Tris-HCl, 10 mM EDTA, pH 8) 

was added to fungal samples. The samples were ground in a 2 ml microcentrifuge tube 

and the volume adjusted by adding 700 μl extraction buffer and mixed by inverting the 

tubes and incubated at 65ºC for 1 hour. Samples were centrifuged at 12,000×g for 10 

min at 25ºC. The aqueous supernatant was transferred into a new microcentrifuge tube 

with phenol-chloroform-isoamyl alcohol by mixing gently and by centrifugation at 

12,000×g for 10 min at 25ºC. The upper liquid phase was  transferred to a new 

microcentrifuge tube containing 7.5 M of ammonium acetate. The DNA was precipitated 

by ethanol (–20ºC overnight) by centrifugation at 12,000×g for 10 min at 15ºC. The DNA-

pellet was washed with ice-cold 70% ethanol and dried at 25ºC. The pellet was 

redissolved in 50 μl l of TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA pH 8.0). 

1.3 PCR amplification 

Primers used for PCR amplification and for sequencing of the internal transcribed 

spacer region (ITS) were ITS4 and ITS5 (White et al. 1990; Bunyard et al. 1994; Landvik 

1996). Amplification was performed in a 50 μl reaction mix: 10 mM of each dNTP (1 μl), 

10 μM of each primer (1 μl), 10% of dilution buffer (5 μl), 25 mM of Mg (5 μl), 4 M of 

enhancer (5 μl) and 60-62% of sterile distilled water (30.8 μl), 0.2 μl of Taq DNA 

polymerase kit from FERMENTAS and 10-50 ng of genomic DNA template (1 μl) carried 

out using a PCR Model MJ Research DYAD ALD in 200 μl reaction tubes. (95ºC, 0.5 
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min; 52ºC, 1 min; 72ºC, 1.5 min; 35 cycles). PCR products (7 μl aliquots) were checked 

by electrophoresis in 1% agarose gels with 0.003% ethidium bromide in 0.5×TBE buffer 

(0.044 M Boric acid, 1.1 mM EDTA, 0.045 M Tris, pH 8) for purity. 

1.4 DNA purification and sequencing 

PCR products were purified using NucleoSpin® Extract Kit (Macherey-Nagel, 

Germany). The PCR products were sequenced by Macrogen. Inc. in Korea with the 

same primers as in the PCR amplification. 

1.5 Phylogenetic analyses 

Each sequence was checked for ambiguous bases and refined visually, assembled 

using BioEdit 7.0.9.1 (Hall 1999). The consensus sequences for each DNA region were 

multiple aligned by Clustal W 1.6 (Thompson et al. 1994) and checked manually with all 

sequences derived from the GenBank database and the accession numbers that are 

included in the phylogenetic trees. The alignment included the most similar sequence 

identified through BLAST search. 

 

2. Result 

 

2.1 Nucleotide sequences at ITS1-4 on 18S rDNA of fungus 

OA1 Colletotrichum gloeosporioides (464 nucleotides) 
GGTCTCCGCGACACTCCCGGCCTCCCGCCCCCGGGCGGGTCGGCGCCCGCCGGAGGA 
TAACCAAACTCTGATGTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAA 
CTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAT 
AAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGC 
CCGCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTG 
CTTGGTGTTGGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCC 
CGGAGCCTCCTTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTT 
GCCGTAAAACCCCCGAATTCTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGC 
TGAACTTA 
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2.2 The comparing of nucleotide sequences with database in GenBank (third 

priority) 

Code : OA1 (Colletotrichum gloeosporioides) 

gb|AY177316.1| Colletotrichum gloeosporioides isolate CG 207 18S ribosomal 

RNA gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, 

and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, 

partial sequence Length=538 

 

Score = 850 bits (460), Expect = 0.0 

Identities = 463/464 (99%), Gaps = 1/464 (0%) 

Strand=Plus/Plus 
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gb|DQ454004.1| Colletotrichum gloeosporioides isolate M4 internal transcribed 

spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, 

complete sequence; and large subunit ribosomal RNA gene, partial sequence 

Length=492 

 

Score = 850 bits (460), Expect = 0.0 

Identities = 463/464 (99%), Gaps = 1/464 (0%) 

Strand=Plus/Plus 
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gb|JF796314.1| Colletotrichum gloeosporioides strain CM21 18S ribosomal RNA 

gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and 

internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 

sequence Length=560 

 

Score = 841 bits (455), Expect = 0.0 

Identities = 460/462 (99%), Gaps = 2/462 (0%) 

Strand=Plus/Plus 
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Nomenclature 

 

°Brix  degree brix  

°C  degree celsius  

μl microliter 

μg microgran 

C carbon 

cm2 square centimeter 

AIR  alcohol-insoluble residue 

AIS  alcohol insoluble 

ANN  artificial neural network 

CA  cluster analysis 

cv.  cultivar 

def.  deformation 

DPLS  discriminant partial least squares 

F  number of factors 

FW  fresh weight 

g  gram 

GAL  galacturonic acid 

H  hydrogen 

HCl  hydrochloric 

HP  acid-soluble pectic substances 

kg/l  kilogram per liter 

KNN  K-nearest neighbors 

LDA  linear discriminant analysis 

LGR  logistic regression 

M  mole 
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MCQP  multi-criteria quadratic programming 

MLR  multiple linear regression 

ml  milliliter 

mm  millimeter 

N  nitrogen 

NaOH  sodium hydroxide 

NIR   near infrared  

nm  nanometers 

no.  number 

O  oxygen 

OHP  alkali-soluble pectic substances 

OSP  oxalate soluble pectin 

OXP  oxalate-soluble pectic substances 

PCA  principle component analysis 

PCR  principal component regression 

PG  polygalacturonase 

PL  pectate lyase 

PLS  partial least squares 

PLSR  partial least squares regression 

PLS-DA  partial least-square discriminant analysis  

R2  coefficient of determinations 

RMSECV root mean square error of cross validation 

rpm  revolutions per minute 

S  sulfur  

SD  standard deviation 

SID  spectral information divergence 

SIMCA  soft independent modeling of class analogy 

SMLR  step multiple linear regression 
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str.  stretch 

SVM  support vector machine 

TA  titratable acidity 

TP  total pectin 

TSS  total soluble solids 

Vis/NIR  visible-near infrared 

WSP  water soluble pectin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Appendix C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 

 

Matlab procedure 
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