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Abstract: [ Objective ] Mastication property is an important indicator for measuring quality of citrus fruits.
The inferior mastication property in Nanfeng tangerine fruits has significantly impacted its commercial
performance and economic benefit. Currently, the main methods for evaluating the property are sensory
evaluation and texture analyzer testing.This study aims to construct a texture index—based evaluation model for
pulp residue and establish a scientific method for evaluating the pulp residue of Nanfeng tangerines.[ Method |
Fruit flesh texture, residue count, chewiness, and juiciness were used as sensory evaluation indicators , and fruit
hardness, chewiness, shear force, segment membrane fiber strength, segment membrane fiber toughness, and
segment membrane fiber ductility were selected as texture evaluation indicators.13 Nanfeng tangerine varieties
(lines) with similar genetic relationship but differential mastication were used as materials. Texture indexes
related to sensory evaluation indexes were obtained by correlation analysis.The comprehensive score (D value)
of mastication degree of different varieties (lines) was obtained using principal component analysis (SPSS 27.0).
Through the marching method, the variables that are not significant with the D value were selected and
eliminated, and then obtained the mastication evaluation model and P value.Based on the P value, the fruit
mastication was classified into four grades: superior mastication, good mastication, medium mastication, and
inferior mastication. [ Result ] The results of sensory evaluation showed that ‘Miguang’ and ‘SS-28’ showed
superior mastication property; ‘SS-2", small—fruit line ‘97-2’ , ‘Hongguang’ , ‘SS-9’ , small—-fruit line ‘97—
1’, ‘SS-7’ ,and ‘Yangxiao 2-6 " showed good mastication property; ‘QW-3", ‘OB-8’ , and early—maturing
line ‘97-1" showed medium mastication property; and large—fruit line ‘97-2" showed inferior mastication
property. Correlation analysis showed that shear force, fiber strength, fiber ductility and fiber toughness were
significantly negatively correlated with pulp texture, residue, chewiness and sensory evaluation scores. Fruit
hardness and chewiness were no significantly correlated with all sensory evaluation indicators. There was no
significant correlation between juiciness and texture evaluation indicators. The evaluation model for the
mastication property obtained by the stepwise method is P=0.004+0.439xU | +1.557XU , , where U and U
represent the normalized values of shear force and segment membrane fiber strength, respectively. The
quantitative criteria for the texture evaluation of the mastication property are as follows : an superior mastication
property is indicated by a P value > 1.84; a good mastication property is indicated by a P value between 1.24
and 1.84 (inclusive of 1.24) ;a medium mastication property is indicated by a P value between 0.48 and 1.24;
and a inferior mastication property is indicated by a P value < 0.48.[ Conclusion | A quantitative evaluation
model of Nanfeng tangerine mastication property was established through correlation analysis, principal
component analysis, and marching method, using shear force and segment membrane fiber strength as
indicators. The specific quantitative values of superior mastication, good mastication, medium mastication and
inferior mastication were also obtained.The evaluation model were used to objectively evaluate the mastication
property of Nanfeng tangerine fruit, which was consistent with the sensory evaluation results.
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Tab.1 Plant materials
I SR b RAEH B /4T
Material Sampling location Sampling time Tree age
R Z 97-1 Early-ripe line 97-1 VA AR B ZFF 11-16 9
/N 2-6 Yangxiao 2-6
QW-3
887
$$-9
QB-8
$S-2
] Miguang TLFEARY K2 11-16 7
£1J" Hongguang
K Z 97-2 Large—fruit line 97-2
/NFEZR 97-1 Small-fruit line 97-1 MWK E RN R PN ) 11-15 8
/N F 97-2 Small—fruit line 97-2
$S-28
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Tab.2 Sensory evaluation of Nanfeng tangerine mastication
SR PA S i BRI Sy Wk Zitk
Pulp texture Residue quantity Chewiness Juiciness
#ii& Describe L7¢ A fifi b h % <6s 6~11s  >1ls % h >
1543 Score 3 2 1 2 1 3 2 1 3 2 1
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Tab.3 Sensory evaluation of mastication among different Nanfeng tangerine fruits

AR S PR b Bt EL S ik 2t FERE £

Material Pulp texture Residue quantity ~ Chewiness Juiciness Total score  Grade
2 Miguang 2.83+0.38"  2.32+0.69" 2.410.71"  2.68+0.61° 10.24+1.53" I
$S-28 2.7120.46"  2.22+0.61" 2.39+0.67"  2.63+0.62°  9.95+1.40° I
$S-2 2.15+0.65"  2.07+0.69™ 2.10£0.70"  2.02+0.69"  8.34+1.93" 1
/NFEFR97-2 Small~fruit line 97-2  2.2020.68"  2.02+0.65™"  2.070.65"  1.90+0.70"  8.20+1.75" 1
£I] Hongguang 222+0.72"  1.95x0.77""  2.0520.74"  1.95x0.63"  8.17x1.97" 1
$S-9 2.24+0.62"  1.8020.56""  1.88+0.6"™  2.12+0.64"  8.05x1.40"™"  1I
/NRF97-1 Small-fruit line 97-1  2.22+0.57"  1.80+0.51"  1.83x0.54""  2.1740.70"  8.02+1.57""  1I
8S-7 2.15+0.61"  1.83+0.63""  1.90+0.74"'  2.12+0.60"  8.00+1.70"™"  1I
/N 2-6 Yangxiao 2-6 2.17+0.74"  1.73£0.63™ 1.78+0.65"  1.93+0.69"  7.61x1.72"* I
H#Z 97-1 Early-ripe line 97-1  1.93+0.72"  1.68+0.69" 1.83+0.67""  1.93+0.69"  7.37+1.65 Il
QW-3 1.93+0.69"  1.59+0.55' 1.73+0.59"  2.02+0.61"  7.27x1.67" Il
QB-8 1.93£0.57"  1.63+0.70" 1.59+0.59"  1.98+0.76"  7.12%1.60° 111
KIHF 97-2 Large—fruit line 97-2  1.46£0.55°  1.29+0.56" 1.39£0.49°  1.54+0.64°  5.68+1.33f v

AR 1L, At R 1 At s 1V i 22 . [EBN AR G A [R/INE B R7R7E 0.05 K22 53 g
I, superior mastication; 11, good mastication; I1I, medium mastication; 1V, inferior mastication.Different lowercase letters indi-

cate a significant difference at the 0.05 level.
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Tab.4 Evaluation of mastication properties of Nanfeng tangerine fruit based on the texture analyzer

PEALT Yk PEALT Yk

A LT Yo i/
N , WAL 4y (o) I Cges)
RN 7R S /g MFLIER £ /N Y1 /g Segment
R . . . Segment Segment
Material Hardness Chewiness Shearing force ~ membrane fiber . .
. h membrane fiber membrane fiber
sens ductility toughness
T Miguan 516.04+53.50° 184.81+4.51" 2 120.68+47.20' 215.15+£15.22" 209.75+13.93"1  82.76+14.60°
g g
SS-28 683.57+39.07*" 197.84+13.63* 1 565.28+97.18" 177.30+27.69" 216.58+6.52" 67.00£14.71°

/INRFZ97-1

Small—fruit line 97-1

SS-2 538.32+63.12" 169.55+9.27" 2 437.64+87.40° 368.84+21.45" 248.26+23.75° 189.97+44.69"
INRFZ97-2

Small—fruit line 97-2

Z1]" Hongguang 375.34+4.11*  155.35+21.05" 1 893.10+94.54¢ 401.35+10.46" 197.61+11.03% 329.75+80.13"

980.34+49.51° 312.78+7.92" 2467.21+232.33°  208.64+24.81" 189.87+19.61'  83.41+2.95°

909.10+85.81" 283.78+18.51° 2 682.80+258.06'  427.64+50.36° 356.34+23.50" 191.17+20.19"

SS-9 656.06+25.57" 207.71+4.81°" 2326.92+298.67" 321.76+36.22¢ 229.30+18.53*" 153.74+26.6"
SS-7 743.32+58.36°  260.25+24.33" 2254.16+120.20"  501.11+49.63" 338.83+4.40°  289.16+42.11"
W/ 2-6

530.29+33.67" 205.17+6.35" 2 424.69+75.89° 481.97+11.12" 306.92+24.53" 258.66+21.59°
Yangxiao 2-6

HAFR97-1
Early-ripe line 97-1

556.28+63.90° 216.64+9.69° 2 983.44+75.76° 664.06+56.03" 495.28+14.84" 323.76x8.57"

QW-3 478.60+25.53"  183.96+15.02% 3290.63+179.35"  554.24+20.17° 381.66+34.67° 286.67+30.20"
0B-8 957.53+67.2" 386.06+10.95" 3373.17+125.52"  505.36+14.25 374.97+13.02 281.01+25.96"
KR FR97-2

637.77£26.67" 253.17£5.14" 4 659.38+110.92" 1073.62+31.00" 768.52+13.46" 529.51+72.72
Large—fruit line 97-2

AR S T, AR i R T ARt o s TV AR 220 RIS AN [R)/INS FRERORTE 0.05 K- 2253 13

I, superior mastication ; I, good mastication ; 111, medium mastication; 1V, inferior mastication.Different lowercase letters indi-

cate a significant difference at the 0.05 level.
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Tab.5 Correlation between sensory evaluation index and texture index of Nanfeng tangerine mastication

Nl Bt Pk VLl e 2 JEVE
Pulp texture Residue quantity =~ Chewiness Juiciness  Total score

T & Hardness -0.127 -0.086 -0.103 0.033 -0.097
MHIREE Chewiness -0.197 -0.184 -0.176 0.078 -0.164
35 4] 7 Shearing force -0.610" -0.554" -0.518" -0.172 -0.633"
PR LT YESR T Segment membrane fiber strength — —0.548" -0.465" -0.448" -0.148 -0.547"
PERYEJEYE Segment membrane fiber ductility -0.569" -0.507" -0.459" -0.158 -0.577"
PEXRIPE Segment membrane fiber toughness -0.467" -0.464" -0.344" -0.094 -0.462"

w1 s R IRAE 0.05 F10.01 K- i B A OE |

* and ** indicate significant differences at P<0.05 and 0.01, respectively.

D =0485%x U, + 0521 x U, + 0.508 x U, + 0.484 x U, (5)
KT, 0,0, U UG MNFRRE—ACE W55 U] ) A AE B A LT 2 4 S v A A - e

R E LR A 15 o 3R 28 DR R AR &, 13 ARl A (5 R D B %46 U, U, U R U B
YER F AR 5, 3 5 D R IR BE T BN ik 2 A i, ST AR BN A 2R fE 6, 1% BB P{E/NT 0.001, R
40.998 , 3= B BTkt 1) 5 1) ) RN BE A 2 2 5t B RE S AR A M H T R AR AL i TR S e

P =0.004 + 0.439 x U, + 1.557 x U,(R* = 0.998, P < 0.001) (6)
K (6), U U, 5 5 ZFoR VA —A0 5 B 5 1) ) RN e A 27 25 B AL
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Tab.6 Principal component characteristic value and contribution rate

% FHIE(E TR A% STk /%
Principal component Eigenvalue Contribution rate Cumulative contribution rate
1 3.631 90.782 90.782
2 0.275 6.863 97.646
3 0.090 2.250 99.896
4 0.004 0.104 100.000
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Tab.7 Evaluation of Nanfeng tangerine mastication based on mastication evaluation model

fEtor LZator(PH) S

Material Comprehensive score Grade
SS-28 1.975 I
] Miguang 1.855 I
/NFZFR 97-1 Small-fruit line 97-1 1.821 iy
SS-9 1.669 1
SS-2 1.570 1l
21J" Hongguang 1.535 1
/N 2R 97-2 Small—fruit line 97-2 1.401 11
1/ 2-6 Yangxiao 2-6 1.383 1l
SS-7 1.339 1
0B-8 1.138 111
QW-3 1.110 111
HEE 97-1 Early-ripe line 97-1 0.956 111
KR F 97-2 Large—fruit line 97-2 0.000 v

FFRBIERI/INR R 97-1 At P2
* indicates a revised mastication grade of Small-fruit ‘97-1".
xS BMEEBUBETNEMURE

Tab.8 Quantitative evaluation standard of Nanfeng tangerine mastication

SR et PELR &35 (P1ED)
Grade Mastication comprehensive score
AL Superior mastication >1.84
LI R Good mastication 1.24~1.84(751.24)
A7 7 Medium mastication 0.48~1.24(%0.48)
AL 22 Inferior mastication <0.48
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