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Quantitative evaluation of fruit quality of apple hybrids
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Abstract; [Objective] This research studied the relationships between instrumental measurements and
sensory analysis for different apple fruits and established an academic appraisal system for quality of apple

hybrids. [Method] Instrumental parameters including instrumental color,firmness,soluble solids content,
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and titratable acidity and 3 sensory attributes (color,texture,and flavor) of 481 hybrids were determined
and statistical tests were performed to correlate sensory analysis and instrumental texture measurements to
establish an quantitative evaluation method of fruit quality. [Result] There were wide correlations between
sensory attributes and instrumental parameters and predictive models were obtained by statistical analysis.
(1) Color had positive correlation with I.* value and b value and negative relation with a*. Sensory flavor
was significantly positively related with titratable acidity but negatively related with soluble solids content.
A significantly positive correlation was found between texture and firmness. (2) Level ranges of LL* value,
a” value and b” value to different color types:0(yellow) is 73.06—74.69,—7. 68— —6.04,42. 98—44.61;
1(light-red) and 2(orange-red) is 62. 23— 66. 05,3. 74— 11. 59,30. 44— 34. 88;3(pink) is 59. 71 —64. 29,
8.85—16.36,27. 47 — 31. 83; 4 (bright-red) is 52. 16 —55. 22,15, 55— 17. 96, 24. 64 — 26. 79; 5 (red) is
56.56—59.13,13.55—16. 62, 26. 34 — 28. 38; 6 (concentrated-red) and 8 (purple-red) is 49. 55 —54. 88,
17.62—22.84,22.28—26.75;and 7(brown-red) is 46. 84—51.91,18. 90—24. 01,19. 20— 22. 27. (3) Level
ranges of firmness to different texture types:1(very soft) is <<5. 15 kg/cm?®;3(soft) and 5Ccrisp) is 7. 19—
7. 47 kg/cm’ ;7 ({firm) and 9(very firm) is 2=8. 43 kg/cm”. (4) Level ranges of titratable acidity and ratio of
TSS to TA to different flavor types:sweet is <C0. 36 % ,>54. 62;slight-sweet is 0. 36 % —0.44% ,36. 16—
44. 88;tart-sweet is 0. 49% —0.55% ,29. 07—33. 03;tart is 0. 57% —0. 64 % ,24. 35—27. 93;and extremely
tart is =>0. 63% ,<<20. 21. [Conclusion) An identification method based on combination of sensory attrib-
utes with instrument measurement was proposed,which was suitable for fruit quality assessment,especially
for apple hybrids.

Key words:apple;quality evaluation;sensory attributes;instrumental indices
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Table 1 Sensory attributes and their values
210 Color JfiH Texture XU B Flavor
JMI Scores Bita Colour 4 {H Scores 6% Crispness 438 Scores . R T
Sourness sweetness taste
0 w0 Yellow 1 P8R Very soft 1 H &t Sweet
1 41 Light-red 3 IR Soft 2 WA Light-sweet
2 4T Orange-red 5 FAME Crisp 3 iz #t Tart-sweet
3 ¥ £L Pink 7 T e Firm 4 iR &3 & Moderate
4 £ 21 Bright-red 9 B Very firm 5 T2 Sweet-tart
5 4T Red 6 iz Tart
6 e 21 Concentrated-red 7 R Extremely tart
7 24T Purple-red
8 ¥ 2T Brown-red
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Table 2 Descriptive analysis of quality properties of apple fruits
i S8 FEAS ¥ifH b 2% Bl ] a5 R E %
Quality parameters Simple size Mean Standard deviation Range Coefficient of variation
L*f§ L* value 447 59.93 9.98 30.09~79.01 16. 66
a* {H a* value 447 11. 25 11. 89 —19.95~55. 42 105.73
b* {8 b* value 447 30. 27 8.65 10. 65~54. 07 28.59
BB/ (kg » em™?) Firmness 481 7.65 1. 33 3.55~12.14 17. 36
T L i )
Soluble solids content(SSC) 481 15. 00 1.35 9.10~20.70 9.02
B %
Titratable acidity(TA) 481 0. 44 0.17 0.17~0.93 38. 16
[ L SSC/TA 481 39.83 15. 71 14.84~84.71 39.43
24t Color 447 3.71 2.67 0~38 71.91
JFi i Texture 481 5.25 2.35 1~9 44,76
X Flavor 481 3.54 1. 89 1~7 53.39
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Table 3 Pearson’s correlation coefficients between instrumental indices and sensory traits
% Al s s A
e " > - A E TR "
e L a i b W e TSR
anty L* value a* value b* value Firmness Soluble solids o SSC/TA
parameters acidity
content
{7 Color —0. 748" * 0.766"* —0.749* 0.084 —0.073 0.032 —0.057
Jii #l Texture —0.024 —0.010 —0.031 0.618** 0.221** 0.021 0.042
XU Flavor —0.069 0.069 0. 006 —0.051 —0.058 0.634"* —0.610**

W x ®RLE0.01 KFELHBEM,

Note: * % significance on the level of 0. 01.
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Table 4 Level ranges of different color types corresponding to chromatic aberration
g . 9596 P X )
TR it FEA HI{E B b bt 22 95% confidence interval for mean
Sens ! . - Standard error Standard
Sensory score Index Sample size Mean . TRR R
of mean deviation
Lower bound  Upper bound
L*ff L* value 80 73.88 0.41 3.66 73.06 74.69
0 . . .
Yellow) a* {4 a* value 80 —6. 86 0.41 3.68 —7.68 —6. 04
b*{f b* value 80 43. 80 0.41 3. 66 42.98 44.61
L*{f L* value 43 64. 96 0. 54 3.55 63.87 66. 05
1R4L . . - - -
Light-red) a*fH a* value 43 5.54 0. 89 5.86 3.74 7.34
b*{H b* value 43 32.04 0.79 5.19 30. 44 33. 64
L*ff L* value 52 63. 64 0.70 5.07 62.23 65.05
4
()rié?ﬁ;i@ a*fH a* value 52 9.81 0. 89 6.38 8. 04 11.59
b* {f b* value 52 33.57 0. 65 4.69 32.27 34. 88
L*{§ L* value 21 62.00 1.10 5.04 59.71 64. 29
3 4L Pink) a* {4 a* value 21 12. 60 1. 80 8.25 8. 85 16. 36
b*{ b* value 21 29. 65 1.05 4.79 27.47 31. 83
L*{d L* value 60 53.69 0.76 5.92 52.16 55.22
4(ffer . .
Bright-red) a*fl a* value 60 16.75 0. 60 4.67 15.55 17. 96
b* {f b* value 60 25.71 0.54 4.16 24. 64 26.79
L*ff L* value 68 57.85 .65 5.32 56. 56 59.13
5(4L Red) a*fl a* value 68 15.09 .77 6.33 13.55 16.62
b* {8 b* value 68 27. 36 0.51 4.21 26. 34 28. 38
L*ff L* value 42 51. 89 1.11 7.16 49. 66 54,12
W >é
Con(‘ei(t{ﬁt’eldfred) a* {8 a* value 42 20. 23 1. 29 8. 36 17.62 22.84
b*{H b* value 42 24.63 1. 05 6.78 22.52 26.75
L* {4 L* value 31 49. 37 1.24 6.91 46. 84 51.91
7(%21 * X I
Purple-red) a* fH a* value 31 21. 46 1.25 6.97 18. 90 24.01
b*{ b* value 31 20. 74 0.75 4.18 19. 20 22.27
L*{§ L* value 50 52.22 1.33 9.39 49.55 54. 88
8(MH 4L PR N /
Brown-red) a*fH a* value 50 20. 14 1.02 7.19 18.09 22.18
b* {f b* value 50 23.95 0.83 5.87 22.28 25.62
x5 AERMERINNWEE DR
Table 5 Level ranges of different texture types corresponding to firmness kg/cm®
s . 95% B R XA
JE M FEA Pl S%"%@Jﬁﬁ% J/Jr\(f%d 95% confidence interval for mean
Sensory score Sample size Mean Standard error \ld? ar TRR RR
of mean deviation
Lower bound Upper bound
1(FAHR Very soft) 25 4. 84 0. 15 0.75 4. 54 5.15
3(HE R Soft) 133 7.34 0.07 0.75 7.21 7.47
5K Crisp) 177 7.33 0.07 0.92 7.19 7.46
7(hf e Firm) 49 8.75 0.16 1.12 8.43 9.07
9(fifi Very firm) 97 8.82 0.12 1. 16 8.59 9.06
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A5 B — S AU XTI Y ATV S R R I R L Y AR X ]
Fit.<C0. 36%, =54, 62; R fit: 0. 36% ~0. 44%,
36.16~44, 88; Fif2: 0. 49% ~ 0. 55%, 29, 07 ~
33.03;18:0. 57% ~0. 64%,24. 35~27. 93; e iR
=0.63%,<C20. 21,

7 [B) IR Rk 2 B %of B B R i AE B B R B ER bE 4 R

Level ranges of different flavor types corresponding to titratable acidity and ratio of TSS to TA

950 5 X [H]

o ) ) " ) YA A v 1R FRUE 2 95% confidence
JEE = i 3] .
S ot B IHE ) I*Edﬁ“ S*#Z{Si ) li/,lﬂﬁ Standard error  Standard interval for mean
€Nsory score naex ample size ean ()f mean devialion TBE J:IKE
Lower bound  Upper bound
I ER SR/ % Y- ; )
é(ﬂ‘ﬁ-}t Titratable acidity 100 0.33 0.01 0.12 0.31 0.35
Sweet
B Lk SSC/TA 100 51.59 1.53 15. 26 48.56 54.62
P 2 A A EL /0
2Pk Tt Efﬁi%ﬁﬁd{é 86 0.33 0.01 0.11 0.31 0. 36
Slight-s t)
ehwee [ /% [t SSC/TA 86 48.51 1.68 15. 60 45.17 51. 86
AL R %6
3CER Tireatable jdity‘] 38 0.41 0.02 0.11 0.37 0. 44
Tart-sweet)
artswee [ [t SSC/TA 38 10.15 1.97 12.12 36. 16 14.13
Al E R i/ % ) )
L CRR T Titratable acidity 72 0.38 0.01 0.11 0. 36 0.41
Moderate)
oderate [t SSC/TA 72 12.23 1.33 11. 29 39.57 14. 88
) i i R/ - 55
. 5 CHtL ) Titratable acidity 100 0.52 0.01 0.13 0.49 0.55
t-tart
weertar & /% [t SSC/TA 100 31.05 1. 00 9.99 29.07 33.03
T R/ %6 ;
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