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Quality assessment chilling injury of mango fruit cv. Nam Dok Mai ! Thong
by Near Infrared Spectroscopy technique.
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Abstract

Mango fruit cv. Nam Dok Mai Si Thong was kept in the chamber at 51 ¢ to induce the
chilling injury symptom.  NIRSystem 6500 was used to measured spectra of mangos in
wavelength region from 700 nm to 1100 nm (short wavelength) and determined the electrolyte
leakage of flesh at initial time on days 15 and 30. Spectral data were analysed by using principle
component analysis method (PCA). Itwas found that spectrum of mango could be separated
into two groups with PC2 and PC3. First group was the spectrum of normal mango; no chilling
injury symptom and second was the spectrum of mango which was kept at at 5+1 ¢ in 15 and
30 days; showed severe of chilling injury symptom. According to the electrolyte leakage of flesh
were increased from 8.6% at the initial time to 15.7 % and 13.0 % when were kept at 521 ¢ on
15 and 30 days respectively. Itwere significant different (P<0.05). Chilling injury of mango fruit
was different responsibility to near infrared which was the importance properties to detect the
chilling injury symptom by using near infrared spectroscopy.
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mango ' Mangifera indica Linn.

( , 2532)
Class Dicotyledonae, Sub-class Archilamydeae, Order Sapindales
Anacardiaceae (  , 2529)
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(Ben et.al., 2000)

2 (surface pitting) ,
(Wang, 1990) Kensington (Nair and Singh, 2003)
3, (water soak)
(Wang, 1990) 3
12 ( , 2541)
4,
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1992) 10
(Kovacs, 1997)

Near Infrared Spectroscopy (NIRS)
780 - 2500
(Beer - Lambert’law)

NIR (H)

30
(Kawano, 1998)

Kawano et al., (1992) (Peach)
(Absorbance) (Wavelength

region) 700-1100 nm (°Brix)
2 (Second derivative
spectra) MLR (Multiple Linear Regression) 906 ran

Sucrose band 4

906, 878, 870 889 nm  SEC (Standard Error of Calibration) 0.48 Brix ~ SEP
(Standard Error of Prediction) 0.50 Brix bias 0.01 Brix
Miyamoto etal. (1998) NIR Satsuma mandarins

800 nm
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calibration PLS (Partial Least Square) 12 R
0.903 hias -0.013%  SEP 0.146%
Greensill and Newman (1999)

Pawpaws (Caricapapaya) 500-1000 nm
immature green
720-815 nm (Greensill and Newman, 1999) Saranwong et.al. (2003) NIR
FT 20 NIRSystem 6500 700-1100 nm (Brix value)
NIR SEP
0.40°Brix
(2553)
NIR
Near Infrared (NIR) ( 700-
850 )
95%
(2553)
(NIR) 1,100- 2,500

(R = 0,935, SEP = 0,655, bias = 0.047)
(R = 0.812,5EP =1.245, bias = 0.224)
1444 0.756 825 %
NIRS

13

(2553)

(R=0.98, 0.84 and 0.88
) Standard Error in Cross Validation (SECV = 3.85%)
(Standard Error of Prediction: SEP) ~ 2.79 1.99%
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standard deviation (SD) 800-2000
3 (starch) 1215, 1360, 1705, 1725
1900 nm 3
(2553) 105 1 8, 16
24 NIRSystem 6500 1100-
2500 105 (
principal component analysis (PCA) 2 PC1
PC2 1 105
1 8,16 24% 2 1
1 33.1+1.81%
105 816 24
19.1£1.63, 20.9+1.31, 22.2+1.34 23511.80%
(P<0.05)
. (2553)
220 ( 3
183 ) NIR
Spectrophotometer (FQA-NIR GUN) 700-1 100 nm Interactance
(equatorial line) 4
2D, MSC SNV Partial Least Squares

Discriminant Analysis (PLS-DA)
Discriminant Analysis
PLS-DA (SG)
84.8%
. (2551)
60
6 NIRSystem 6500 1100 -



2500
least square regression (PLSR)

calibration (SEC)

0.30 %, 0.36 % 2.36

(2553)
NIRSystem6500
Kjeldahl
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(R)
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2.69
(2551)
% ) 9
- 30
700-1100 nm ( FANTEC
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hot air oven partial
10.55-12.79 %
validation (SEP)
validation SEP (RPD) 0.94,
60 6
1100 2500
partial least square
35.46-44.77 %
calibration
validation (SEP)
SEP (RPD) 0.94, 1.34 %, 1.36 %

validation
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12"\ 9
9 48
(Force infestation) 48 ,
FQA-Near Infrared (NIR) Gun
2 25
X3
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%  98% (
interactance
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htl NIRSystem 6500
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5 3 principle component analysis (PCA)
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2
btl 5 3

86% 154 %
130 % 5 30 (P<0.05)
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1
(Total Soluble Solid, TSS) 11 °Brix
(Ramesher, 1993) (2552)
1TSS 8 °Brix ( 9 15 °Brix)
(% Titrable acidity, %TA) 1.63
10.22 11.70
6768 7943
25 85
5
6768  69.24
TSS TA
25
25
(water  potential ~ gradient)
( )
79.43 19.37 (p> 0.05) Ueda

(2000) Irwin
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TSS
TSS 1 1167 2029
(2549) TSS
( eda et al., 2000)
163 0.34 apanich
(2003)
(citric acid)
Krebs cycle Krebs cycle
( , 2544)
10.22 1170 2181 4051

(Whitlow et al., 1992)

(senescence)
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TSS % EL (%) MC (%)
(°Brix)  Citric acid peel fresh peel fresh
11.67 163 10.22 11,70 67.68 7943 0.00
20.29 0.34 2181 40.51 69.24 19.37 0.00

Cl score

(NIR) 700 1100 5y
(log 1R) X (A)

Wavelength (nm)
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Storage
time

Initial time
15 days
30 days

3

Storage
time

Initial time

10 days
20 days

Electrolyte
leakage(%)
peel flesh
1777 8.66
3248 1786
39.70 1551
Electrolyte
leakage(%)
peel flesh
1785 1114
1339 9.86
1451 11.08

MC (%)
peel flesh
74.93 83.86
70.23 82.96
68.59 82.24
MC (%)
peel flesh
69.24 80.67
69.04 80.46
68.34 80.61

TSS

(' Brix)

8.17
9.12
10.84

TSS
(° Brix)
9.26

9.28
10.84

TA

2.08
2.26
2.13

TA

1.42

1.30
1.33

12.56
10.03
67.77

75.78

75,01
74.62

Peel color

a b h
288 3871 38.66
033 3619 3637
1053 3474 35.00

Peel color

a b h
1.77 3752 38.33

1.85 3821 39N
8.44 3914 40.12

93.09
88.85
87.92

18.34

18.40
11.76

Cl score

Cl score
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(, 2547), (Katawatcharkul, 2000) Tommy Atkins
(Moore, 2003) )
(25 ) chlorophyllase
peroxidase (Will et ., 1981; Ketsa et al., 1999;
Martinezet ., 2001  Gong and Mattheis,2003) (2547)
25 a b
13
(Gross, 1987) phosphatase
(Vazque-Salinas  and
Lakshminarayana, 1985) Kensington (Chaplin et al., 1991)
Julie (Sankat et al., 1993) Manila (Hidalgo et al., 1996) Tommy

atkin (Moore, 2003)
hue angle
5 13
180
hue angle 90 (
chroma 0-90
chroma

(actual color)
90

9
W Yo 3)



Relationship between hue and chroma

hue angle
13
5
!
5
1493 % 7023 6859 % 53
(2 14)
(lenticel) 5
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(Whitlow, 1992)

(liquid crystalline)
(solid gel) - ( , 2544: L "Heureux et
al, 199)

enzyme-substrate  interaction

(McCollum and McDonald, 1991)

1 (King and = Ludford, 1983; McDanald, 1991)
(Chan et al., 1985) (McCollum and McDonald, 1991) (
, 2548 , 2541) Berangan (Ratule et al., 2006)
Berangan 10 (Ratule et
al., 2006) oolliness (Furmanski and Bueschner, 1979),
5

, 1SS, TA, 5
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5°
9.17°Brix 5 3 9.72 10.84
( 2 19) 2
( 3 17)
12
10
1
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17
5
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25
5
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(Lederman et al., 1997) (2548 , 2546)
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(original spectrum) 5
5 980
( 18) 5l
15 30 (absorbance)
980 (second derivative:
16 nm averaging for left and right side) 970 ( 19)  Saranwong
et al. (2003) 978
(water absorption band) Gomez et al. (2006)
975 i, Satsuma mandarin
966

(overlapping)
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Wavelength (nm)

(b)

19 Means of (a) Original [log (1/R)] and second derivative spectra of green mango fruit at initial time
(TO), 15 days (T15) and 30 days (T30) when storage at 5+1°C and (b) Original [log (L/R)] and
second derivative spectra of ripe mango fruit at initial time (TO) and 15 days (T20) when storage at
bzl°c.
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principle component analysis (PCA)

PC2 PC3 (
btl 5 30 )
( b1l 5 30 ) 20)
1 (Wang, 1993)
5tl 15
bl 30 1100
25 7
PCA
bl 15
A 0.0000

-0.0005
-0.0010

-0.0015

-0.0004 -0.0003 -0.0002 -0.0001 0.0000 0.0001 0.0002 0.0003 0.0004
PC3

20 PCA score plot (PC2 vs. PC3) of green mango fruit at initial time (¢ ), on days 15(A) and 30 (1 )
when they were stored at 5£/°c.
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PCA
541
2) 541

«.002 -0.001 0.000 0.002 0.003

PC2

21 PCA score plot (PC2 vs. PC3) of green mango fruit at initial time (¢ ), on days 5(*), 10 (+), 15
(A ), and 20 (X) when they were stored at 5z1°c.



Storage
time

Initial time

5 days

10 days
15 days
20 days

Storage

time

Initial
time

5 days
10 days
15 days
20 days

5

Electrolyte

leakage(%)
peel Flesh
10.22 11.70
11.69 10.39
15.57 11.33
23.21 17.67
25.06 14.57

Electrolyte

leakage(%)
peel Flesh
2181 4051
26.77 49.48
23.84 35.48
34.55 49.34
31.62 41.53

25
MC (%)
peel Flesh
67.68 79.43
68.10 7943
65.67  78.16
65.83  78.79
65.89  78.68
MC (%)
peel Flesh
69.24 79.37
69.98 78.43
69.79 79.33
70.12 79.55
69.77 72.39

TSS

(° Brix)

11.67

10.75
11.53
11.29
1177

TSS
(° Brix)

20.29

19.712
19.35
19.78
20.22

TA

1.63

174
1.63
1.86
181

TA

0.34

0.72
0.67
0.89
0.67

L*

70.39

73.02
70.87
71.14
69.65

L*

7141

71.73
71.28
70.35
68.40

85-90

a*
-2.09

1.63
112
1.82
0.63

a*

11.01

8.88
10.10
9.35
9.18

Color

b*

37.00

3471
35.75
35.97
3161

Color

b*

22.92

40.57
39.93
39.64
371.32

44

510 15

c*
37.33

34.78
36.13
36.52
35.53

C*

4431

41.62
41.27
39.07
38.49

ho

93.48

86.67
87.72
86.51
88.18

ho

75.65

77.55
75.76
76.73
72.91



7039 6965 0 (5 )
741 6840 ( 6 2)

L* of peel mango

40 7 green
30 —A— riped

0 |
0 5 10 15 20

Days after storage at 5°c

2 (L)

4 )

() (2549)

20
%)

apanich (2003)
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3161 (

22.92

4

b*

31.32
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23

b

(+0)

b*

24)

a* of mango peel

Days after storage at 5°c

(&) ,

5

(+0%) %)
20

20

31.00

b*
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C*

24

90
80
10
60

30
20

10

25

471

b* of mango peel

I riped
(b*)
)
(Chroma; C*)
32U 58 20
4431 3839 20
C* of mango peel
“t “green
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Dg’ys after s%grage at 5°C X

()
5



hue angle (actual color)
5 26 90
180
hue angle 90 ( 4 9
chroma 0-90 0
90 chroma 70-90 (
2
21

Relationship between hue and chroma
60

hueggngle

26
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(Moisture content; MC)

ol

6768 %  79.43%
65.89  78.68 %
69.24 7937 %
(Electrolyte leakage; EL)
2 1
btl
10.22 - 25.06 %
1040 - 17.68 % 2181 - 34.55
% 35.49 - 49.48 % 1 L
(Total soluble solids; TSS)
bl 5 10, 15
20 10.76 - 11.77 °Brix
bl 510,55 2 25
5 19.35 - 20.29 °Brix
2
S
2549)
(Titratable acidity; TA)
2 51 5 10,
52 163- 181 %
25 5 0.34-0.89 %

51



15 3
25
1
3 ( b
0 5
0 1
0 1
2
15
30 510,15
28
510, 15
2

7-10
20
10
15 30
27)
5 ()
10 5 20 25
1 < 3 3
1 2 3 3
20
20 980
5 5

30

30
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966

700 800 800 1000 1100

Wavelength ()

(b)
28 Original spectra of (a) green and (b) ripe mango fruit were stored in the chamberat 5 il ¢ for 0,
5, 15 and 20 days to induce the chilling injury symptom.



Log (1/R)

(b)
29 Means of (a) Original [log (1/R)] and (b) second derivative spectra of mango fruit at initial time
(TO), 10 (T10), 15 (T15) and 20 days (T20) when storage at 5£1°c.
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(calibration equation of chilling injury symptom)
btl

partial least square regression (PLSR)
the Unscramblers ® version 9.8

cross validation
(second derivative: 15 nm averaging for left

and right side) (correlation of determination, R2
(root mean square error of cross validation, RMSECV)

(root mean square error of prediction, RMSEP) 0.74, 1.50 % 1.89 % ( 7)

regression coefficient plot ( 30) 806, 854, 898,
926 , (Osharne et al.,
1993) N-H, C-H

(3
(Wang et al., 2008)
R2 RMSECV ~ RMSEP 085,053%  0.72% ( )

regression coefficient plot ( 32) 884, 908

934 ‘ William and Norris (1987) 870-890

8095 % (, 2%1)
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900 - 930 (McGlone and Kawano, 1998)

(Iwamoto et al., 1987)

7 PLS calibration results for electrolyte leakage and moisture content of mango flesh using spectra
treated with second derivative.

Properties Pretreatment F R2 RMSECV RMSEP

Electrolyte leakage -~ Second derivative 8 0.74 150 1.89
(15 nrn averaging for left and
right sides)

Moisture content Second derivative 4 0.85 053 0.72
(5 nm averaging for left and
right sides)

F - number of factors used in the calibration equation
R2 correlation of determination

RMSECV: root mean square error of cross validation
RMSEP: root mean square error of prediction



1.50E+04

Wavelength (nm)

30 Regression coefficient plots for electrolyte leakage calibration equation of flesh of mango.

31 Scatter plots for predicting the electrolyte leakage of flesh of mango.



32 Regression coefficient plots for moisture content calibration equation of flesh of mango.

33 Scatter plots for predicting the electrolyte leakage of flesh of mango.
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(qualitative assessment)
(quantitative  assessment)
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Responsibility of chilling injury in mango cv. Nam Dok Mai Si Thong on near infrared

2 a
Parichat Theanjumpol’ Rachit  apanich2and Vicha Sardsud

Abstract

Mango fruit cv. Nam Dok Mai Si Thong was kept in the chamber at 5£1°C to induce the chilling injury
iptom. NIRSystem 6500 was used to measure spectra of mangos in wavelength region from 700 nm to 1100
(short wavelength) and then, determined the electrolyte leakage of the flesh at initial time on days 15 and 30.
‘ctral data were analyzed by using principle component analysis (PCA). It was found that the spectrum of
igo could be separated into two groups with PC2 and PC3. The first group was the spectrum of normal
igo: no chilling injury symptom. The second was the spectrum of mango which it had been kept at 5+1°c for
and 30 days showed severe of chilling injury symptom. Similar to the electrolyte leakage of the flesh increased
n8.6 %at the initial time to 154 % and 13.0 % when the mangoes were kept at 5£1°c for 15 and 30 days,
aectively The electrolyte leakage were significantly different (P<0.05). Chilling injury of mango fruit responsed
arently to near infrared which was the importance properties for detecting the chilling injury symptom,
words: mango, chilling injury, near infrared

bl
NIRSystem 6500 700 - 1100 ( )
15\ <4 principle
nponent analysis (PCA) 2 ple 2w JRC3 1
2
bl 8 30
86%  154%  130%
30 (p<0.05)
Introduction Vo

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

Near Infrared Spectroscopy (NIRS) is the nondestructive technique which can be used to evaluate the
ity of many agricultural and food products such as peach, apple, melon, citrus fruit and kiwifruit (Iwamoto et
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