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Abstract 
Mango fruit cv. Nam Dok Mai Si Thong was kept in the chamber at 5±1°C to induce the chilling injury 

symptom.  NIRSystem 6500 was used to measure spectra of mangos in wavelength region from 700 nm to 1100 
nm (short wavelength) and then, determined the electrolyte leakage of the flesh at initial time on days 15 and 30.  
Spectral data were analyzed by using principle component analysis (PCA).  It was found that the spectrum of 
mango could be separated into two groups with PC2 and PC3.  The first group was the spectrum of normal 
mango: no chilling injury symptom.  The second was the spectrum of mango which it had been kept at 5±1°C for 
15 and 30 days showed severe of chilling injury symptom.  Similar to the electrolyte leakage of the flesh increased 
from 8.6 % at the initial time to 15.4 % and 13.0 % when the mangoes were kept at 5±1°C for 15 and 30 days, 
respectively.  The electrolyte leakage were significantly different (P<0.05).  Chilling injury of mango fruit responsed 
differently to near infrared which was the importance properties for detecting the chilling injury symptom.   
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บทคัดยอ 
ผลมะมวงพันธุน้ําดอกไมสีทองถูกทําใหเกิดอาการสะทานหนาว โดยนําไปเก็บรักษาในตูควบคุมอุณหภูมิ 5±1 องศา

เซลเซียส วัดสเปกตรัมดวยเครื่อง NIRSystem 6500 ชวงความยาวคลื่น 700 – 1100 นาโนเมตร (คล่ืนส้ัน) รวมกับการวัดการ
ร่ัวไหลของสารอิเลกโตรไลตจากเนื้อมะมวงเริ่มตนและเก็บรักษาแลว 15 และ 30 วัน วิเคราะหขอมูลเปกตรัมดวยวิธี principle 
component analysis (PCA) พบวา สเปกตรัมของมะมวง สามารถแบงไดเปน 2 กลุม ดวย PC 2 และ PC3  โดยกลุมที่ 1 คือ 
สเปกตรัมของมะมวงที่มีลักษณะปกติหรือมะมวงเริ่มตน ซึ่งไมปรากฏอาการสะทานหนาว และกลุมที่ 2 คือ สเปกตรัมของ
มะมวงเก็บรักษาที่อุณหภูมิ 5±1 องศาเซลเซียส  เปนเวลา 15 และ 30 วัน ซึ่งแสดงอาการสะทานหนาวอยางชัดเจน สอดคลอง
กับการรั่วไหลของสารอิเลกโตรไลตจากเนื้อมะมวงที่มีคาเพิ่มขึ้นจากวันแรกที่มีคาเทากับ  8.6% เปน 15.4 % และ 13.0 % เมื่อ
เก็บรักษาแลว 15 และ 30 วัน ตามลําดับ แตกตางอยางมีนัยสําคัญทางสถิติ (P<0.05) จะเห็นวามะมวงที่แสดงอาการสะทาน
หนาวมีการตอบสนองตอแสงเนียรอินฟราเรด ซึ่งเปนคุณสมบัติสําคัญในการตรวจสอบอาการสะทานหนาวของมะมวง 
คําสําคัญ: มะมวง อาการสะทานหนาว เนียรอินฟราเรด  
 

Introduction 
Mango (Mangifera indica L.)  is a major tropical fruit in domestic and export markets of Thailand because 

of their attractive color, delicious taste and excellent nutritional properties (Lizada, 1993; Mitra and Baldwin, 1997). 
After harvesting mangoes fruit were stored at low temperature (below 13 °C) to extend the shelf life and maintain 
their availability, but it is susceptible to chilling injury.  It leads to a storage disorder manifested mainly as dark, 
scald-like disorderation and pitting or sunken lesions on the peel (Wang et al., 2008).  The chilling injury symptom 
is difficult to detect by human eyes who do not have an experience.  Therefore, a new technique has been  
developed to assess this symptom. 

Near Infrared Spectroscopy (NIRS) is the nondestructive technique which can be used to evaluate the 
quality of many agricultural and food products such as peach, apple, melon, citrus fruit and kiwifruit (Iwamoto et 
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al., 1995).  Also, it is low cost, rapid, repeatable and chemical free analyses.  This study was to evaluate the 
responsibility of chilling injury in mango on near infrared.  

 
Material and methods 

Mango fruit cv. Nam Dok Mai Si Thong were kept in the chamber at 5±1°C to induce the chilling injury 
symptom (CI).  Spectra of mangoes were measured by using NIRSystem 6500 (Figure 1) in wavelength region 
from 700 nm to 1100 nm and determined the electrolyte leakage (EL) of flesh at the initial time, on days 15 and 30.   
Principle component analysis (PCA) was used to analyze the spectral data.  The mean of EL data was compared 
by using least significant different (LSD.) 

 
 
 
 
 
 
 
 
 

Figure 1 NIR instrument (NIRSystem6500) with fiber optic in interactance mode. 

 
Result 

Figure 2 (a) showed the original spectra [log (1/R)] at the initial time, on days 15 and 30 when they were 
kept at 5±1°C and (b) second derivative spectra of mango fruit.  The spectra of mango fruit at different storage 
times were similar with each other.  The second derivative spectra were calculated with the method of Savitzky-
Golay to reduce the effect of overlapping peak (Osborne et al., 1993).  Strong absorption band due to water was 
observed in second derivative spectra at 970 nm.   
 

 

 

 

 

  

 

 

 
Figure 2 (a) Original [log (1/R)] and (b) second derivative spectra of mango fruit at initial time (T0), 15 days      

(T15) and 30 days (T30) after storage at 5±1°C. 
 

PCA was performed on the second derivative with whole spectra (700-1100 nm) to visualize the hyper 
spectral data and describe the differentiation of mango. The PCA score plot showed that mango spectra at 
different storage times could be separated into two groups with PC2 vs. PC3 (Figure 3).  The first group was the 
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spectrum of normal mango: no chilling injury symptom.  The second was the spectrum of mango which it had 
been kept at 5±1°C for 15 and 30 days as showed severe of chilling injury symptom (Figure 4).  CI symptom of 
mangoes were browning and darkening color on the peel and watery on the flesh.  The result was parallel with the 
electrolyte leakage of the flesh which increased from 8.6 % at the initial time to 15.4 % and 13.0 % when the 
mangoes were kept at 5±1°C for 15 and 30 days, respectively.  The electrolyte leakage were significantly different 
(P<0.05)(Table 1). 

 
 

 

 

 

 

Figure 3  PCA score plot (PC2 vs. PC3) of mango fruit spectra at the initial time (♦), 15 days (▲) and 30 days (■) 
after storage at 5±1°C. 

 

 

 

 

 
Figure 4  Mango fruit at the initial time, 15 days and 30 days after storage at 5±1°C. 

 
 
Table 1  The electrolyte leakage of the mango flesh at the initial time, 15 days and 30 days after storage at 5±1°C. 
 

Storage time Electrolyte leakage (%) 
Initial time 8.6 
15 days 15.4 
30 days 13.0 
LSD.(0.005) 1.2 
CV(%) 15.6 

  

Initial     15     30
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Discussion 
PCA could separated the spectra of normal mango from the spectra of chilling injury mango with PC2 vs. 

PC3.  The similar result also reported by Li et al. (2007) who used PCA to discriminate the spectra of four varieties 
of Chinese berry with PC1 vs. PC2.  Since, the PCs summarize the systematic patterns of variation between 
samples and could describe as much as possible the variations of the spectra in as few PCs as possible (Martens 
and Martens, 2001). Moreover, the spectra contained the information of mango properties such as the electrolyte 
leakage and chemical composition which it related to the chilling injury symptom of mango.      

 
Conclusion 

Near infrared could be a new technique to be useful for detecting the chilling injury symptom of mango 
fruit.    
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