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Abstract 
 The purpose of this research was to study the effect of mango fruit sampling position on the repeatability 
of measuring spectra for quality assessment by near infrared spectroscopy (NIRS).  Three positions on unripened 
and ripened mango fruits (cv. Nam Dok Mai Si Thong) were chosen: the shoulder, the cheek and the tip (or beak).  
The fiber optic probe of NIRSystem6500 was placed in contact with the fruits at each position and spectra were 
obtained from 700 nm to 1100 nm. Statistical software was used to analyze the variance of the spectral data.  It 
was found that the spectra clearly showed a peak at 978 nm which is the water absorption band.  The absorbance 
of water at the cheek of unripened and ripened mango fruits were 1.16 and 1.08 respectively, which were 
significantly higher (P<0.05) than at either the shoulder or the tip.  At these positions, the absorbencies were 1.03, 
1.03, and 1.02, 0.98 for unripened and ripened fruits, respectively.  In addition, the coefficient of variation of the 
absorbance at the cheek of both unripened and ripened fruits were 6.9 % and 6.5 %, respectively, lower than at 
either the shoulder or the tip (14.6%, 8.7 % and 16.7%, 12.2% for unripened and ripened fruits, respectively).  It 
can be concluded that the position on a mango fruit at which a spectrum is obtained affects the variance of NIRS 
measurements, which will relate to the precision of quality assessment. 
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บทคัดยอ 

 งานวิจัยนี้มีวัตถุประสงคเพื่อศึกษาอิทธิพลของตําแหนงบนผลมะมวงในการวัดสเปกตรัมเพื่อประเมินคุณภาพดวย
เทคนิคเนียรอินฟราเรดสเปกโทรสโกป นําผลมะมวงพันธุน้ําดอกไมสีทองทั้งผลดิบและผลสุกวางบนไฟเบอรออฟติคโพรบ  
จากนั้นวัดสเปกตรัมของผลมะมวงในตําแหนงไหล แกม และปลายผล ดวยเครื่อง NIRSystem6500 ในชวงความยาวคลื่น 700 
ถึง 1100 นาโนเมตร วิเคราะหความแปรปรวนของขอมูลสเปกตรัมดวยโปรแกรมทางสถิติ ผลการทดลองพบวา สเปกตรัมของ
ผลมะมวงพบพีคที่ชัดเจนที่ความยาวคลื่น 978 นาโนเมตร คือ แถบการดูดกลืนแสงของน้ํา คาการดูดกลืนแสงของน้ําในผล    
มะมวงที่ตําแหนงแกมของทั้งผลดิบและสุก มีคาเทากับ 1.16 และ 1.08 ซึ่งสูงกวาในตําแหนงไหลและปลายผล ซึ่งมีคาเทากับ 
1.03, 1.03, และ1.02, 0.98 ตามลําดับ โดยมีความแตกตางอยางมีนัยสําคัญทางสถิติ(P<0.05) นอกจากนี้สัมประสิทธิ์ของ
ความผันแปรของคาการดูดกลืนแสงของน้ํา ตําแหนงแกมผลมะมวงทั้งผลดิบและสุกมีคาเทากับ 6.9 และ 6.5 ต่ํากวา ตําแหนง
ไหลและปลายผล ซึ่งมีคาเทากับ 14.6, 8.7 และ 16.7, 12.2 ตามลําดับ จากผลการทดลองสรุปไดวาตําแหนงของผลมะมวงมี
อิทธิผลตอความแปรปรวนของสเปกตรัม NIRS ซึ่งสัมพันธกับความแมนยําในการประเมินคุณภาพมะมวงดวยเนียร
อินฟราเรดสเปกโทรสโกป  
คําสําคัญ ตําแหนงผลมะมวง, คุณภาพ, เนียรอินฟราเรดสเปกโทรสโกป   
 

Introduction 
Near infrared spectroscopy (NIRS) is a non-destructive technique for quality assessment on pharmacy, 

petroleum, sugar industry and agro-industry for more than 20 years.   Presently, NIRS is applied to assess the 
quality of agricultural production such as cereals, some vegetables and fruits.  Since it is low cost of operation, 
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short time analysis and produces less waste (Iwamoto et al., 1995).  However, there are many factors affecting the 
precision of the NIRS results.  The sources of error in NIRS testing are factors associated with the instrument, 
factors associated with the sample and operational factors (Williams and Norris, 2001).  The instrument factors are 
wavelength scale, photometric scale, instrument temperature, cell covers, relative humidity of atmosphere, 
instrument-instrument differences (Saranwong et al., 2003)  and sample presentation (Schaare and Fraser, 2000).  
The sample factors are chemical composition, bulk density, physical texture of sample, external factors, sample 
temperature, ambient temperature, conversion factors, whole grain application (McGlone and Kawano (1998);     
Li et al. (2007); Kawano et al. (1995); Peirs et al.(2003)).  The operation sources are calibration practice number, 
sample preparation, sample storage, sample cell loading and general careless (Krivoshiev et al., 2000).  The most 
troublesome sources of error are likely to be instrument to instrument variability with respect to wavelength , 
sample selection for calibration, sampling and sample preparation, wavelength selection and reference laboratory 
analysis (Williams and Norris, 2001).  So, the purpose of this research was to study the effect of mango fruit 
sampling position on quality assessment by near infrared spectroscopy.    

 
Materials and methods 

 Mango fruits cv. Nam Dok Mai Si Thong were harvested at the commercial grade from Phitsanulok 
province.  They were carried to the Postharvest Technology Research Institute, Chiang Mai University.  A total of 
120 mango fruit were divided into two groups, first group was the unripened mango and second group was the 
ripened mango which were stored at 25 °C for 7 days.  Before measuring the spectrum, mango fruits were kept in 
the chamber at 25 °C for 3 hours to adjust the temperature.  Three positions on unripened and ripened mango 
fruits were chosen: the shoulder, the cheek and the tip (or beak).  The fiber optic probe of NIRSystem6500 was 
placed in contact with the fruits at each position and spectra were obtained from 700 nm to 1100 nm in 
interactance mode.  Statistical software was used to analyze the variance of the spectral data.   
 

Result and discussion 
The original and mean spectra of mango fruit were showed in Figure 1 and 2.  A clear peak at 978 nm is 

the water absorption band (Saranwong et al., 2003).  The absorbance of water at the cheek of unripened and 
ripened mango fruits were 1.16 and 1.08 respectively, which were significantly higher (P<0.05) than at either the 
shoulder or the tip. 

 
 
 
 
 
 
 
 
 
 
 
                                            

 
   Figure1 Original spectra of mango fruit measured at the shoulder, the cheek and the tip. 

 

 



ว. วิทยาศาสตรเกษตร  ปที่ 41 ฉบับที่ 1 (พิเศษ) มกราคม-เมษายน  2553     อิทธิพลของตําแหนงผลมะมวง  411

 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2 Mean spectra of mango fruit measured at the shoulder, the cheek and the tip. 
 
 At these positions, the absorbencies were 1.03, 1.03, and 1.02, 0.98 for unripened and ripened fruits, 

respectively (Table1).  In addition, the coefficient of variation of the absorbance at the cheek of both unripened 
and ripened fruits were 6.9 % and 6.5 % respectively, lower than at either the shoulder or the tip which were 
14.6%, 8.7 % and 16.7%, 12.2% for unripe and ripe fruits, respectively.  These are the effect of sampling 
positions.  The shoulder, the cheek and the tip of mango fruit affected light reflectance in interactance mode, 
since the different of the contact surface of mango fruit at the end of the probe.  In the case of interaction, an 
interactance probe is composed of a concentric outer ring of illuminator and an inner portion of receptor.  The end 
of the probe should be contacted with the surface of the sample (Kawano, 2002).  So, the cheek of mango fruit 
was the best sampling position to reduce an error of NIR measuring spectrum.  Similary to Saranwong (2003) 
reported that the spectra of mango fruit cv. “ Mahajanaka” and “Caraboa” were measured at the shoulder ((90 
degree from the fruit stem – axis): the cheek).  It showed the high precision calibration equation.   Moreover, an 
error from small differences could be minimized by including the data in the calibration (Williams and Norris, 
2001).       

 
Table 1 Absorbance (Log(1/R)) of water content of  mango fruit at three sampling positions.  
 

Fruit sampling position Unripened mango (Log(1/R) at 978 nm) Ripened mango (Log(1/R) at 978 nm) 
Shoulder 1.03* 1.03* 
Cheek 1.16* 1.08* 
Tip 1.02* 0.98* 
CV (%) 12.9 9.36 

* means significant difference at 95 % confidence. 
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Conclusion 
The mango fruit sampling position affects the variance of NIR measurement.  It can be reduced by 

acquisition of the spectra at the cheek of fruit.  
 

Acknowledgement   
This study was supported by Postharvest Technology Research Institute, Chiang Mai University and 

Postharvest Technology Innovation Center.   
 

References 
Iwamoto, M., S. Kawano and Y. Ozaki.  1995.  An overview of research and development of near infrared  spectroscopy in Japan.   
              Journal of Near Infrared Spectroscopy 3: 179-189.  
Kawano, S.  2002.  Sampling and sample presentation.  pp. 115-124.  In: Siesler, H.W., Ozaki, Y., Kawata, S. and Heise, H.M.(eds.),    
              Near-Infrared Spectroscopy: Principle, Instrument, Application.  WILEY-VCH VerlagGmbH.  Germany. 
Kawano, S., H. Abe and M. Iwamoto.  1995.  Development of a calibration equation with temperature compensation for determining  
                 the Brix value in intact peaches. Journal of Near Infrared Spectroscopy 3: 211-218. 
Krivoshiev, G.P., R.P. Chalucova and M.I. Moukarev.  2000.  A possibility for elimination of the interference from the peel in   
                 nondestructive determination of the internal quality of fruit and vegetables by VIR/NIR spectroscopy.  Lebensm.-Wiss.u.- 
             Technol.33:344-353. 
Li, X., Y. He and H. Fang.  2007.  Non-destructive discriminant of Chinese bayberry varieties using Vis/NIR  spectroscopy.  Journal of  
             food Engineering 81: 357-363.  
McGlone V. A. and S. Kawano.  1998.  Firmness, dry-matter and soluble – solids assessment of postharvest kiwifruit by NIR  
                 spectroscopy.  Postharvest Biology and Technology 13: 131-141.   
Peirs, A., N. Scheerlinck and B. M. Nicolai.  2003.  Temerature compensation for near infrared reflectance measurement of apple fruit  
                 soluble solids contents.  Postharvest Biology and Technology 30:233-248. 
Saranwong, S.  2003.  Nondestructive determination of harvesting maturity of mango for fresh consuming by near infrared  
                 spectroscopy.  Ph.D. Thesis.   Chiang Mai University.  Chiang Mai.  178 pp. 
Saranwong, S., J. Sornsrivichai and S. Kawana.  2003.  Performance of a portable near infrared instrument for Brix value  
                 determination of intact mango fruit.  Journal of Near Infrared Spectroscopy 11: 175-181. 
Schaare, P.N. and D.G. Fraser.  2000.  Comparison of reflectance, interactance and transmission modes of  visible-near infrared  
                 spectroscopy for measuring internal properties of kiwifruit (Actinidia chinensis). Postharvest Biology and Technology    
                 20:175-184. 
Williams P. and K. Norris.  2001.  Near-Infrared Technology in the Agricultural and Food Industries 2 PndP.  American Association of  
                Cereal Chemists, Inc.  USA.  296pp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


