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Application of the textural evaluation in grapes berries based
on puncture test and fisher discriminant analysis
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Abstract: The objective of the present study was to test ten textural properties we edited for characterizing the puncture
properties of grapes from force/displacement curves. Weather it can represent the whole character of grape berries or not.The
most critical textural properties have been found to provide theoretical basis in the textural evaluation.Four different cultivars:
Red Globe kyoho White Rosario Horse milk grapes acted as test materials.Through the cool room to simulate the cold storage
conditions Through the constant temperature and humidity box to simulate the transport and shelf storage conditions.
Respectively puncture test were carried at storage conditions of different temperature per same time for discriminant
analysis.The results showed that: Above 0 “C storage condition the ten computed parameters gave a good summary of the
information present in the curve. At 0 °C storage condition the ten computed parameters can’ t distinguish the grapes.Skin
hardness skin stiffness and berry deformation is the most critical textural parameters for these parameters during the grapes
storage.
Key words: grapes; storage; puncture test; texture; rheological properties; fisher discriminant analysis
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Fig.1 Force—displacement curve of berry skin puncture test
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Table 1  The definition of puncture parameter in force—displacement curve

F, N
D, mm
0 F E N/mm .
0.F1.D, W, J
F, -F, N
D, -D, mm
F, F, B N/mm
D, 10 mm( D;)
F, N
F,D,.D, W, J
D, D,
0.01 N I
( ) 95.2%
( ) e 94.1% .
1.2.4 DIAMANTEL "”
2 fisher
B Table 2 Fisher discriminant function of
) the degree of variance explained
e (%) (%)
( Duprat ' 7 Bourmme ") F, 21.095 80.9 80.9
F, 2.868 11.0 91.8
( 1) F, 1.525 5.8 97.7
(F) . (D)) . F, 0.480 1.8 99.5
(F.) . Fs 0.087 0.3 99.9
(D,) . (Fy) . F, 0.035 0.1 100
(D F, 9.629 76.6 76.6
- 10 F, 1.859 14.8 91.4
1 o Fs 0.881 7.0 98.4
1.3 F, 0.144 1.1 99.6
matlab 2014b o Fs 0.043 0.3 99.9
Fs 0.011 0.1 100
o 3 (7 14 21 d) F, 20.159 83.0 83.0
(0 8 °C) od 0°C 8< F, 2.963 12.2 95.2
1 Fs 0.693 29 98.1
7 (0d O0OC7d8C7dO0OC F, 0.392 1.6 99.7
14 d 8 Cl14d 0 °C21 d 8 C21 d) ( Fs 0.061 0.3 100
) 10 o F, 0.009 0.0 100
120 3360 (120 x7 x4) o F, 13.436 79.0 79.0
2 F, 2.568 15.1 94.1
5 6 F, 0.599 35 97.6
4 F, 0.329 1.9 99.5
. Fs 0.048 0.3 99.8
91.8% F, 0.029 0.2 100
91.4% ' F, ~F fisher 6 .
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3 - Wilk” s Table 3 Fisher discriminant function validation
Lambda -
Wilks’
Lambda Sig.
° 3 1~6 0.003 4887.266 0.000
! 6 2 6 2~6 0.061 2316.562 0.000
0000 3~6 0.238 1193.014 0.000
4~6 0.600 423.608 0.000
‘ 2 5~6 0.839 97.806 0.000
3 6 0.966 28.662 0.000
‘ 1~6 0.014 3516.127 0.000
2A 2B 2C 2D
2~6 0.154 1553.131 0.000
C b ) A B 3~6 0.441 680.653 0.000
4~6 0.829 155.927 0.000
5~6 0.948 44.391 0.000
’ 6 0.989 9.184 0.102
1~6 0.005 4447.296 0.000
’ 2~6 0.100 1912.559 0.000
3~6 0.396 769.029 0.000
’ 4~6 0.671 331.726 0.000
’ 5~6 0.933 57.273 0.000
(7 14 21 d) . 6 0.991 7.769 0.169
5 1~6 0.008 3961.688 0.000
i 5 2~6 0.122 1744.509 0.000
3~6 0.437 688.071 0.000
i 4~6 0.698 298.447 0.000
F, 0.52 0.46 038 5~6 0.927 62.532 0.000
0.51. F, 6 0.972 23.722 0.000
0.48 0.53 0.42 0.45. 11~6 2~6 1
4 Fisher

Table 4 First and second canonical discriminant functions

F, = 2.7741X, + 3.0366X, + 6.0643X, — 1.3580X, + 0.1252X, + 4.3977X, + 0.0062X, + 7.5353X, -

. 0.7104X, +0.0357X,, + 17.8050

. F, =4.5824X, -2.8417X, -7.1298X, -0.6813X, —0.3167X, -5.2366X, +0.0194X, —0.5028X, —1.2942X,
: -0.1110X,,-20.4667

. F, = 3.5428X, + 1.1400X, + 0.7263X, - 1.1836X, + 0.0840X; + 0.7186X, + 0.0074X, + 2.0016X, —
' 0.5337X, -0.0274X,, +3.6732

. F, =4.3849X, -2.0797X, —9.5878X, —0.8056X, —0.3625X, —3.7192X, +0.0210X, —0.9947X, —0.7509X,
: -0.0986X,,~18.5686

. F, =2.2923X, +3.1575X, +6.8665X, —1.3240X, +0.4521X, +5.3710X, —0.0132X, + 1.1691X, —0.0050X,
: +0.0337X,, +17.9940

. F, = 6.7742X, - 2.1889X, - 19.5126X, - 1.0490X, - 0.2959X; - 3.3581X, + 0.0150X, + 0.6358X, —
P 0.6784X, —0.0769X,,-17.5771

. F, = 4.1320X, + 2.7193X, + 0.2515X, - 1.8397X, + 0.4766X; + 1.6716X, — 0.0093X, - 10.6669X, +
: 1.4910X, +0.0282X,, +12.5359

. F, = 4.6150X, - 1.8595X, - 7.6334X, - 0.5832X, - 0.5531X, - 0.9563X, + 0.0352X, - 30.0682X, +
P 3.6046X, -0.0834X,-13.6974

Xl”’Xlo
. F, F X, ~X, .
10 F, F, (F, F,) 2 .
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Fig.2 Fisher discriminant dimensional scatter plot. The ellipses present the confidence intervals of the barycenter
at a probability threshold of 0.05.The number in each ellipse represents the duration of storage( days)
CA: B: C: D:
0.95 o
5

Table 5 Correlation coefficients between the discriminant scores and the texture parameters

(N) (mm)  (N/mm)  (J) (N) (' mm) Drop (N) ()
0.479 0.268 0.521 0.234 0.046  -0.122 -0200 0.135 0.063  -0.065
-0257 0367 -0.164 -0.102 0.065 0.113 0.160 0.095 0.087  -0.023
0.528 0.145 0.460 0.304 0.078  -0.048 -0208  0.197 0.094  -0.238
0.141 0.407 0.271 0.125 0071  -0.019 -0.082 0.125 0.100 0.271
0.419 0.331 0.385 0.247 0.060  -0.060 -0.188  0.151 0.125  -0.188
-0.173 0414 0129  -0.121 0011 0.142 0.103  -0.078 -0.027 -0.186
0.453 0.023 0.509 0.084 0.148 0.028  -0.126 0.263 0238  -0.066
0.051 0333  -0.127 0202 0.032  -0.015 -0.088 -0.09 -0.141 0272
F, 0.37 0.41 0.42 (;.33 . 7> 7ZS6F1 7.
3
N . LANG A ™
. ZS6F1 06
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Table 6 Percentage of fruits correctly discriminated according to the storage conditions.( result of original cross—validation tests)

(d)

(%) (%) (%) (%) (%) (%) (%) (%)
50 51.7 41.7 80
7 46.7 100 61.7 100 57.7 100 68.3 99.2
14 60.0 100 383 100 41.7 98.3 51.7 925
21 89.2 100 65.8 90.0 63.3 100 45 93.3
61.48 100 54.38 96.67 51.1 99.43 61.25 95
50 50 41.7 80
7 46.7 100 60.8 100 577 100 66.7 99.2
14 50.0 100 35.0 100 41.7 98.3 458 92.5
21 89.2 100 60.8 90.0 63.3 100 39.2 93.3
58.98 100 51.65 96.67 51.1 99.43 57.93 95
4 o
59.98%
51.65% 51.1% 57.93% -
1 . J.
96.67 % 100% 2015( 15) :292-292.
99.43% 95% - 10 2 .
0 °C( ) I 2015( 17) :324-325.
0 °C( ) 3 . J .
R 2013(17) : 5-5.
3 4 Berdegué J A Balsevich F Flores L et al. Central American
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30( 3) :254-269.
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