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Development and application of comprehensive evaluation system for

blood orange fruit quality
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Abstract: [Objective]By tracking the fruit quality data of blood orange varieties in Wanzhou district of
Chongqing, we analyzed the relevant data using the standardized value weighting method, established a
quantitative formula for comprehensive evaluation on blood orange fruit quality, and developed a analy-
sis system software. This analysis system is closely integrated with the variety characteristics of blood
orange fruits, which can accurately process and analyze the fruit quality data, objectively and scientifi-
cally evaluate the merits and demerits of blood orange fruit quality and improve the efficiency of blood
orange seed selection and breeding. [Methods] Citrus fruit quality is a fundamental factor to determine
its market competitiveness, and quality evaluation is an important part in good seed and fruit selection.
Firstly, the fruit quality data of 12 blood orange varieties arranged by the Changsha Branch of the Na-
tional Citrus Improvement Center of Hunan Agricultural University for regional trials in Wanzhou dis-
trict of Chongqing were followed for 7 a (years), and the fruit quality of 12 blood orange varieties (T.
Meli, T. Messina rotondo, T. Tapi nuc., T. Gallo, T. Nucellare, T. Gabella, T. del Muso, T. Scire, T. Ip-
polito, T. S. Alfio, T.Rosso and Moro) was randomly sampled. Thirty fruits of each variety were collect-
ed, boxed and shipped back to the laboratory by courier. Five fruits were randomly selected for measure-
ment in each trial and replicated three times. Secondly, the standardized value weighting method was ap-
plied to analyze the averages of fruit quality and to establish a quantitative formula for the comprehen-
sive evaluation on blood orange fruit quality. The principle of this method is to convert indicators of dif-

ferent units into standardized values, which is characterized by retaining the order of the original mean
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value, erasing the indicator units and converting them into pure values to facilitate ranking. The specific
calculation steps are as follows: the first step is the measurement of fruit quality indicators and the cal-
culation of the average of the indicators. The measured indexes include 11 quality indexes of single
fruit mass, fruit shape index, pericarp thickness, edible rate, juice yield, titratable acid content, soluble
solid content, ratio of soluble solid content to titratable acid content, vitamin C content, anthocyanin
content in fruit juice and peel color. The second step is the determination and adjustment of fruit quality
indicators convergence. The number of fruit evaluation indicators is large, but each indicator is essen-
tial, so it is necessary to adjust the indicators to three tendencies, which are large, medium and small in-
dicators. Among them, the convergence indicators include soluble solids content, ratio of soluble solid
content to titratable acid content, edible rate, juice yield, vitamin C content, peel color and anthocyanin
content; the convergence indicators include single fruit quality, fruit shape index and skin thickness; the
convergence indicators include titratable acid content. The optimal value of the tendency index was de-
termined by the average value of each batch of samples. The third step is the standardization of index
observations. In the determination of quality indicators, different indicators exist in different scales and
orders of magnitude, so the indicators need to be standardized to make them in the same order of magni-
tude to facilitate subsequent sorting, and the meaning of standardized value is to convert the indicators
of different units into pure values centered on 0 to facilitate subsequent processing. The fourth step is
the fruit quality index weighting distribution. Using the expert evaluation method to assign weights to
each index, the fruit quality index of blood orange had 100 points. Appearance indexes accounted for 30
points, including 10 points for individual fruit, 10 points for fruit skin color, 5 points for fruit shape in-
dex, and 5 points for fruit skin thickness; internal quality indexes accounted for 70 points, including 10
points for titratable acid content, 15 points for soluble solids content, 10 points for solid/acid ratio, 10
points for vitamin C content, 5 points for edibility, 5 points for juice yield, and 15 points for anthocyan-
in content of fruit juice. The fifth step is to multiply the standardized values of each index with the
weights and then add up the points to obtain the total points of fruit quality, and then rank the grades. Fi-
nally, the established quantitative formula was used to develop a comprehensive evaluation and analysis
system software for bleeding orange fruit quality. Then, expert tasting sessions were organized to vali-
date the analysis system software. [Results]The three varieties popular in the market, T.Tapi nuc., T. Ip-
polito and T. Nucellare, were ranked in the top 3 in the analysis system, which was consistent with the
results of the expert tasting session evaluation. The analysis showed a highly significant and positive
correlation between the system ranking and the expert ranking (7=0.909, p << 0.01), which indicates
that the evaluation system is reasonable and feasible to be applied in practice. [Conclusion] The analy-
sis system software can reduce the workload of fruit quality data analysis, improve the efficiency of the
selection and breeding of new blood orange varieties, and make the results more accurate and reliable.
Moreover, it can make accurate and scientific analysis and evaluation on blood orange fruit quality, and
provide scientific basis for quality evaluation, the selection and breeding, improvement and planting
scheme of new blood orange varieties.
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Fig.1 Weight distribution of blood orange fruit quality indicators
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Table 1 Blood orange fruit tasting score criteria

W4T H BES e
Scoring item Weight/Scores W93 il Scoring criteria
5L RITAR 5 SOV IE USRI SR Y iy SRR SR 405y
Appearance  Fruit shape Fruit shape straight, Round or oval for full score, other cases as appropriate points deducted
IR 10 PR AEIR/IN R 93 5 1L IR B /N R R 41 23
Fruit size Medium is full score, too large or too small as appropriate points deducted
AR 15 RS AT PR A GERT ), AR B DRI 4153
Peel color Fruit mature, comprehensive coloring, bright and glossy color is full mark, other cases as appro-
priate deduction
—&£ Consistency 5 LS 2 B TR RN R 3 ) — B R 40
Full mark for uniform shape, size and color among fruit individuals
LR JELFE Pericarp 5 0.4 cm Mii 73, BEHEIN0. 1cm, $1 143, F15€ A 1k
thickness 0.4 cm is the full score, deduct 1 point for every 0.1 cm increase until cleared
PR R 15 LTI AL ORI, HAR SR LA 34 4, B2 H10-3 4
Internal Flesh color Purple or near-purple red is full, some purple buttons 3-4, yellow buttons 0-3

fruit quality  spyspepap et 15
Total soluble solids

S 10
Flesh texture
propriate deduction
SRS R 15
Fruit flavor
situations
T 7 How= 5

Seed amount
ducted

RS =

13%:& A 53 BRI 0.5%38 1 43, #1156 M 11
Total soluble solids = 12 % is full mark, every 0.5% minus 1 point, until deducted
PAYJOE G B e ity L R AL T 1) A 4, A A DL i 247y

Meat crisp and tender, capsule wall thin, melting residue for full score, other circumstances ap-

TG L, v 2 WRIK B IR DT 75 8 i 2, JEAt 1 03 2 411 43

Full score for moderate sweet and sour, juicy or special aromatics, appropriate discount for other

TEAZ I3 > 1-3 K09 4 55, 3R LA ARSI 2 ki1 173, fH5E N1k

Seedless for full score, 1-3 for 4points, 3 or more for each increase of 2 buttons 1 point, until de-

T RSTAR R B Sk R A R AT AR SR 6 NI BT R GRS PR A s SR R BB PR R & B A

HOR: 4 NI E R S0 U BT ST 4955 A

Note: Six items including fruit shape, peel color, consistency, pulp color, pulp texture and fruit flavor were comprehensively evaluated by experts.

The four items of fruit size, pericarp thickness, soluble solids content and seed number were scored according to the measured average results of fruit

quality analysis.
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Table 2 Observation values of fruit quality of 12 blood orange samples from Wanzhou, Chongqing

> . oy N [ B Eb
%i R %ﬂ/ R W(D‘/‘nﬁ M Yffﬁfﬁj The ratio of p(HEAEFRC) p(HEHR) L IR
Lo Jpi s TREC ERE YD ERD S e S
T dndh . i . . soluble solid Vitamin C Anthocyan- . Juice
. Single Fruit  Peel Soluble Titratable o Edible .
No.  Variety . Peel . . . content to content/ idins content/ yield/
fruit shape thickness/ solid acid . . . rate/%
color . titratable (mg-100 mL") (mg-L™ %
mass/g index mm content/% content/% .
acid content
1 T. Meli 194.00 144 1.06 4.74 11.20 0.83 14.61 62.32 45.04 66.95  43.00
2 T. Messina rotondo 190.00 1.38 1.06 4.56 11.27 0.74 15.44 65.79 16.62 71.03  40.88
3 T. Tapi nuc. 178.00 1.49 093 443 11.50 0.69 16.90 75.33 48.58 70.52  55.69
4 T. Gallo 191.78 1.51 092 5.02 10.83 0.66 17.18 70.30 11.80 63.75  57.53
5 T. Nucellare 18222 1.55 1.00 4.51 12.50 0.72 17.98 78.09 19.57 68.03  47.85
6 T. Gabella 178.67 145 093 4.63 12.47 0.76 16.44 78.03 34.61 66.14 5437
7 T. del Muso 213.00 138 1.02 474 11.60 0.76 15.40 86.12 23.11 69.63 5535
8 T. Scire 188.67 143 098 4.20 11.27 0.78 14.49 77.14 15.76 68.40  47.66
9 T. Ippolito 18727 1.59 099 423 12.62 0.68 18.32 71.00 48.58 67.52 4444
10 T. S. Alfio 170.00 145 1.05 4.58 10.48 0.75 14.09 63.13 18.44 69.10  34.05
11 T. Rosso 19289 1.65 098 4.86 11.60 0.72 16.17 75.85 39.74 66.99 4453
12 Moro 15533 1.64 0.99 4.29 11.03 0.73 15.40 57.60 106.89 6532 4691
“F¥{H Mean 185.15 1.50 0.99 4.57 11.53 0.74 16.04 71.73 35.73 67.78  47.69
Va7 SD 1420 0.09 0.05 025 0.68 0.05 1.37 8.24 26.21 2.13 7.00
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Table 3 Trend adjustment of fruit quality indexes

of blood orange

B R L e R AT a2 s A B
BB A irilgi Al VT
No. Variety fruit shape Pe.el acid
mass index thickness content
1 T Meli -8.85 -0.07 -0.17 -0.83
2 T.Messinarotondo -4.85 -0.07 -0.01 -0.74
3 T. Tapi nuc. -7.15  -0.06 -0.14 -0.69
4 T Gallo -6.63  —0.07 -0.45 -0.66
5 T. Nucellare -293  -0.01 -0.06 -0.72
6 T. Gabella -6.48  -0.06 -0.06 -0.76
7 T. del Muso -27.85  -0.03 -0.17 -0.76
8 T. Scire -3.52  -0.01 -0.37 -0.78
9 T Ippolito -2.12 0.00 -0.34 -0.68
10 T.S.Alfio -15.15  -0.06 -0.01 -0.75
11 T.Rosso -7.74  -0.01 -0.29 -0.72
12 Moro -29.82 0.00 -0.28 -0.73
T-45){E Mean -1026  -0.04 020  -0.74
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Table 4 Standardized values of fruit quality indexes of blood orange
B P RIERE TJ%’T?EI AR ERRL é’ﬁi?c FIATEN ‘
G Dﬁ% R T[ET?)'Z JE R EYER SR The rat.lo of solu- e e ﬁé% 'Eﬂﬂ'}:
No. Variety Sm.gle Peel Fruit Pee.:l Sol'uble Tlt.ratable ble Vsohd conte'nt Vitamin C At?th.ocy- Edible Jl.nce
fruit shape  Thick-  solid acid to titratable acid anidins  rate yield
mass color index ness content content content content content
1 T Meli 0.15 -0.61 -1.09 017 -0.49 -2.05 -1.04 -1.14 0.36 -0.39  -0.67
2 T. Messinarotondo 0.58  -1.25 -1.09 125  -0.38 -0.11 -0.43 -0.72 -0.73 152 -0.97
3 T. Tapinuc. 033 -007 -075 038 -0.05 0.97 0.63 0.44 0.49 1.28 1.14
4 T Gallo 0.39 0.14 -1.09 -1.71 -1.03 1.62 0.84 -0.17 -0.91 -1.89 1.41
5 T. Nucellare 0.79 0.57 092 092 1.42 0.32 1.42 0.77 -0.62 0.12 0.02
6 T Gabella 041  -050 -0.75 092 1.38 -0.54 0.30 0.77 -0.04 -0.77 0.95
7 T.del Muso -1.89 -1.25 0.25 0.17 0.10 -0.54 -0.46 1.75 -0.48 0.87 1.09
8 T Scire 072 -0.72 092 -1.17 038 -0.97 -1.13 0.66 -0.76 0.29 0.00
9 T Ippolito 0.87 1.00 125 -0.97 1.60 1.18 1.67 -0.09 0.49 -0.12  -0.46
10 T.S.Alfio -0.52 -050 -0.75 125 -1.54 -0.32 -1.42 -1.04 -0.66 0.62 -1.95
11 T.Rosso 0.27 1.65 092 -0.63 0.10 0.32 0.10 0.50 0.15 -0.37 -0.45
12 Moro -2.10 1.54 1.25 0.57 -0.73 0.11 -0.46 -1.71 2.72 -1.15  -0.11
£5 MEHRNEETH £6 MBRIAHAGHA
Table 5 Comprehensive score of blood orange samples Table 6 Ranking of Blood Orange fruit evaluation system
Y LpE ZE 4 SR SR A Hi4
No. Variety Comprehensive score Rank Variety Quality value Rank
! T Meli 38.69 1 T. Ippolito 76.24 1
2 T. Messina rotondo -32.48 10 T. nucellare 60.72 2
3 T. Tapi nuc. 39.93 3 T. Tapi nuc. 39.93 3
4 T. Gallo -17.43 7 T Rosso 29.55 4
5 T. Nucellare 60.72 2 T. Gabella 26.02 5
6 T. Gabella 26.02 5 Moro 0.55 6
7 T. del Muso -17.74 8 T. Gallo -17.43 7
8 T. Scire ~31.36 9 T. del Muso -17.74 8
9 T. Ippolito 76.24 1 T. Scire -31.36 9
10 T.S. Alfio ~75.31 12 T. Messina rotondo -32.48 10
11 T. Rosso 29.55 4 T. Meli -58.69 11
12 Moro 0.55 6 T. S. Alfio ~75.31 12
TR, ®7 MBRTFNRGEHE
231 SR GIERER ST A Table 7 Ranking of Blood Orange fruit evaluation system

SR E R WK T SV F, ATk
% B0 S WAE & A T. Tapi nuc. T. Ippolitos T. Nucel-
lare. T. Gallo F T. Rosso, # A& 17 3 b 52 XK 3 [ iy
Bho IF B, HE 44 SERT 0 S AR VE I E TR B T
FRLEANGE AL R C & RS AN S, L Y, R w
TE XK A2 RSk & LA, RA WA ML R, 4
A 5| S P AR R .
232 FR&BEKWEMNEZER BRI, Z5L
Foat S 12 A MBS s AR 00 . HE44 TS B
4 T. Tapi nuc.. T. Ippolito~ T. Nucellare. T. Rosso

Sl R A 4
Variety Quality value Rank
T. Tapi nuc. 48.27 1
T. Ippolito 37.03 2
T. nucellare 34.97 3
T. Gallo 26.63 4
T. Rosso 19.80 5
T. Gabella 7.49 6
T. del Muso 6.77 7
Moro 4.68 8
T. Scire -12.14 9
T. Messina rotondo -43.83 10
T. S. Alfio —-64.15 11
T. Meli -65.53 12
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Table 8 Ranking of expert tasting of blood orange fruit

G A Gy 4
No. Variety Comprehensive score Rank

1 T. Meli 80.68 12

2 T. Messina rotondo ~ 82.92 10

3 T. Tapi nuc. 91.84 1

4 T. Gallo 84.67 8

5 T. Nucellare 86.80 3

6 T. Gabella 85.25 6

7 T. del Muso 85.17 7

8 T. Scire 83.00 9

9 T. Ippolito 89.50 2
10 T. S. Alfio 82.83 11
11 T. Rosso 86.66 4
12 Moro 85.74 5

FMoro, 5 RGHEAMAUE R1L 80%. & T RGuHk
ZH Moro HEZ 5 8, M L X mE A5, £2H R
R EGHEA H Moro 19771 € TR 2 5 e [ R LRI
YT Moro [ 2R A B 3 FE AR 43 20 v B 2 o T At
P, FA T 43 1598 o X 150 B AE I SR8 SI2 it o AR LA 1
BTN HREEERAET RS ERNGA, e &
R IR (1 A U it 5 (1) R e KR

233 FZAHEL L ERBLEAHELAMX AL X
ARIRZ 5 VP 0 LS R 34T AR SV 0T, 45 R 2
N RGHAE B R MESHEA B R EHE R
(r=10.909,p < 0.00), X Ui HI MW R AL
78

39 W
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AT 0 M, AR, (ELE DT iR 51 R TR
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T RG
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ke SRR, BAFHEA AT =173 %8 T. Tapi nuc. .

T. Ippolito A1 T. Nucellare , #f5 2 17375 55 52 XM )
s T. Messina rotondo~T. Meli-T. S. Alfio HE 44 5 )5
W5 T3 BRI BUAR L. AR HE B 2 A S BV i A
i AR I T, Tapi nue. &2 B2 & E K, T. Meli {2 12
oA T. Ippolit PIAEVE IR & 8405, T.S. Al-
fio AT VA 4 [E T A% 2 & 3IC s T AL T. Tapi nue. A1 T.
Ippolito 7£ F Zi 44 Al i X7 44 4 51T, T.Meli Al
T. S. Alfio RGHE A M i BH A I 5, 5 HT AT
MER—E. R4 F Moro HEA 5 )5, 1 & 2K i
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