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H 23 H, /0 RRA. m. 7. db 4 Dk
P4 BRI AR, EREIRAA, ECE BRI
A8 ARG O IEFE RS 30 4,
270 MK THM 45 AMFIHE (30+2) C.
AHRE B 80% M REFHEPY , B A7 fa B B VP
1.2 RIS

F [ FTC A% 47 ) TMS-CONSOLE # &
e SR A L KA A P I R A LA
1.3 E4&RIE (compression test)

JE 45856 K H P100/R 1 158 P MR 3,
E R SRR N . SR E N ik
77 0.5 N, WET WG EE R 1 mm/s, Kl
HH 0.5 mm/s, RAENLHE 25 mm, FTEAR L
Bl 50%. HAEREFELE 6~10 cm 2 i), F5L s
75 100~ 150 g Z [f), 3| Bz & K Bl 1n) B 46 7 50
RO ARG TOEE ) N e o REALIN & 10 M IRAE, 3t
90 MNMEREEFE, WE R4 P ) (compression
resistance, Fb) FIZLPERI & (elastic modulus,
E)o fE 4R 5 VI B B, J1BE A s B
IO R, Mk B AN P I R AR
e, I DL SR 5 — 1k R A 1) 0 A kg Al A 1)
FE4iHt 7, T 7 -R0 RS 2 )RRk SR
1.4 JRipF| i (texture profile analysis, TPA)

¥ R BOKFE TS 6 B, KA P100O/R
B, MRTEH R 1T mm/sy WHERE R A 0.5 mm/s
WJEIHERN 2 mm/s, WA TGN 1s, R4 H 5
L6 30%. GhIn) 4, F iy kSR O A X,
BEAS A ABERIZEEL 10 4, 36 90 AREATI%:. TPA
I 5E 25 IR A0 o ARG T U 25 10 7 k1), s 280
fi: /% (hardness, HN) . &t (cohesiveness,
CN) . 31" (springiness, SN) . Jix %l 7 Cadhesiveness,
AN) FIF[E P (resilience, Re) %5 5/ TPA S4{.
1.5 Br4J1i3& (Warner-Bratzler shear test)

SR B G, SRR HLE I — I E T
P&, KRHMEREMUAEMWE )T . e
J7 kS MBS R ENTY, R R S
A1 mm/s, WEE A K 0.5 mm/s, BY ) EE BN
15 mmo. A 5 A5 = 5 A T I E B SE 5 Ak Y
54, FASABRE . BEASFE I REAT AT
KGR ) B UrE S b ) ) &84, e
K124k : T KBV )1 (shear force, SF). DT
IJj (shear work, SW).

1.6 HEEIEZE (sensory evaluation)

FEAS S FRECTE R 5 A RE, 4 45 AN,
R BRS FEM AR B 4% . oA R
L 6 2 dn TREL M N AT 2 44 [l Ak i &
Lol N AR RAEREAT PR o /N 2 D2 38R B

PLABGE A 8 AN, MM ESR 5K,
HEAT R E o SR o3 A O 28 BB 0 A A I
PL AR AR W Bl ot 9% U6 %8 8 B0 R AR ME A
NY/T1486—2007) "Rl [E 45 GB/T16860—1997""
HZ MG, AR AT TR SR 2
I 4 ASRCE TR ERT 20, AT AR dEI R 1
Fio, RE1~3 50l A Z R AT 0 B
oA 25 B g e R B A 20 i )V S48 o SR SO A
A MEL IR Ao 5 o W i R Koot SR 2 T AR 0 1) J%
WL AR AT T ) BRI S,
W R AT R O S W 6B 1.5 s HI 55 0.5 s
P 2 —JR AW T o0 ) S MELIREAE A 1 2, 384 A
I TR INTA] s 22T S ML bl 7 RS, RS R
BT D0 o TR PP A2 5070 S 0] A B B A i
Mgira VP, HARSE T RS, Bk, S A
ZIHEREA, s TEBRA . ik, 5
WE PN 2 VT PSS T TR L, RENS 2 ML AR e b S A
WA REE . B VP8 B2 K MBLAE 4~ 12 22 1A,
Horp 4 p AR BB i e, 12 73 A cdf-
1 BRETMHERRARENEKRSE
Table 1 Described words of sensory evaluation and
corresponding scores

Flesh texture Residuals Mastication

EiCEX N 7 M (13 S £ ) LB 5 N | PR )

Describe Score Describe Score  Describe Score Describe Score

Bt

Juiciness

FA e 3 b 3 NFes 3 % 3
i 2 o 2 6~11s 2 o 2
ERol 1 % 1 KF11s 1 b 1

1.7 HAHSENE

FLAF 4 F BT R . LAY RFATTE,
W3 J7¥:57% £ TR Bk 56 2w
BT THE, # 0.5 g TR 3% vtk
71 (sodium dodecyl sulfate, SDS) 7EJ /K H /K fif
Th, LUEJE F 280K RGN BP0 3 I, bk
#H 2 mol/L HC1 100°C £#3 50 min, ibyE, 7Kyt
PR A pH {H 6.5~7.0, HIEHE A4S 100 mL
TR =N E, RAMAEE, AR,
PRFE, ERME 3 K. REPEE S 5k H T 2 4L
M 72% HySO4 T 35°CKARE 1h, RGN 4 f5AAF
(RZE0K, 100°C/AKMR 1 h, o ugJa HOIEW, 12
Pyl e e e =i, AR LT R T
B 80°C A THF T . DL LTS IIE 3 . H
FHRERGTRETOARER, FAERAATRESEN
SEa
1.8 A E

FIF Excel 20 BiIXHiRIG M P HLAT 4 5 5. JRE
VR . S EGAT T 0T, AN R R
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PR R R AT 4 A SRR T SR PHIE
2T SR T S B bt 22 DA 8 e R 8. 7
Tk SPSS17.0 Gt #4443 B i B v e A siie 248
Z IR AH OGN, SR 2 By [RDAEREAT (1A 53
FaE T R I A R T ) TR T R

2 ZEREQH
EBHAHESESREITELER
SRR G EMEE e R IR 2. N
X2 WG9 BRERSRIRLAT4E RS R E
K, WP BEUVUR. RERMECZEREE ST

2.1

FARMMII S, AERRRA E R & i
AN TR) it o 52088 1 I 0 S B IR HE A KA S R
BE: SERITUHL, BRI . G AR S R EEAF] 0.4
PLE, ZyHPEmAR s R A 018,
2.2 ERRMHSHT

PER NI ARF R 2t Ui P 1 U R sV
DLE e ARSI D 22 R e i 22 57, KR
SRR AaPT ) B T AR R R s B DURE
RS (PR R L) T D J8 2 v Ot S P R s BRIBESR
PE BRI P A SR R ) 22 S AN B, HoAth
SR FR bR S BT oy P RS P A E R E 5

x2 EEHREAHSIESREITESER

Table 2 Content of crude fiber and results of sensory evaluation of valencia orange

JXT VT Sensory evaluation

FHET 4
Crude fiber/(gkg") S HA b5 it Sk Z itk ¥
Flesh texture Residuals Mastication Juiciness Total
W= 4% Campbell Valencia orange 396.18+0.51d 1.94 1.06 1.06 2.10 6.16
# 7% 5 & Midnight Valencia orange 414.80+0.26d 2.49 2.20 2.54 2.40 9.63
KPEIF Large fruit Valencia orange 450.15+0.18b 0.80 0.94 0.99 1.41 4.14
BAKIAE B Olinda Valencia orange 383.65+0.16¢ 2.49 2.06 2.69 2.46 9.69
5 2 WF BB Frost Valencia orange 445.31+0.37a 1.89 0.93 0.91 2.26 5.99
21 5} Rhode red Valencia orange 372.26+0.27f 2.83 2.74 2.86 2.71 11.14
{R 4 E F Valencia orange 363.61+0.23f 2.8 2.67 2.71 2.7 10.89
HEDLR B Campbell Valencia orange 467.89+0.18b 0.67 0.86 0.9 1.91 434
TeAZH R Seedless Valencia orange 443.36+0.21c 2.04 1.76 1.19 2.37 7.36
F¥{H Mean 415.25 1.99 1.69 1.76 2.26 7.70
Frif: 7 Standard deviation 38.01 0.79 0.77 0.90 0.41 2.72
A3 5+ Z4Y Variation coefficient 0.09 0.40 0.45 0.51 0.18 0.35
e NEFRERIRTE P<0.05 KT EEFREE. .
Note: Lowercase letter indicated significant correlation at 0.05 level. The follows as the same.
*3 EERMRELSER
Table 3 Results of texture properties of valencia orange
\," i PR A N B PR =) e "
PRAL) SRR B BERME WM REME ESIME KWW bl
Compression Elastic modulus . L ) o
b J Hardness Cohesiveness Springiness Adhesiveness Resilience  Shear force = Shear work
resistance /(N'mm’™)
1 = 4
/JUJH%J[E‘% 60.88+5.24¢ 3.64+0.82d 48.50+6.52¢ 0.31+0.01a 0.78+0.03a  30.4+1.99a 0.15£0.01b  24.1+1.73¢c 207.81+7.39d
Campbell Valencia orange
WA
S . 63.07+4.13¢ 3.73+0.65d 46.70+3.84c  0.34+0.02a  0.71+0.02b  28.1+2.14a  0.1240.0lc  23.44+2.0lc 226.51+8.13¢
Midnight Valencia orange
- HL i3
)\*E%‘ 99.58+3.27a 5.2740.92a 69.20+4.72ab  0.30+0.01a  0.86+0.05a 22.842.41b  0.20+0.03a  29.1+3.62b 286.05+7.24b
Large fruit Valencia orange
BRI
. /"\%Jiiﬁ 59.16+2.44c 4.11+0.34c 47.00+5.38¢  0.33£0.01a  0.70+0.03b 25.243.19ab  0.16+0.02b  24.7+1.95¢ 190.95+2.17d
Olinda Valencia orange
i e RS
i E'ﬁ%k%‘ 88.43+5.82b 4.72+0.27b 70.30+4.18ab 0.32+0.03a  0.83+0.06a 20.9£2.41b 0.15+0.02b  33.8+4.17a 276.75+7.24b
Frost Valencia orange
an-}
ALELf . 58.61£3.15¢ 3.99+0.27¢ 43.70+4.93d  0.3340.02a  0.70+0.03b  26.3+1.32a  0.174£0.02a  21.0£1.63d 180.09+6.02d
Rhode red Valencia orange
R4 H g
. 54.14+4.29¢ 3.65+0.35d 38.40+5.16d 0.37+0.04a  0.70£0.02b  20.6+0.98b 0.18+0.04ab 21.3+2.11d 168.09+7.83¢
Valencia orange
REVURE RS
. 88.65+7.64b 5.41£1.02a 76.80+7.25a 0.34+0.01a  0.81+£0.02a 21.0+1.05b  0.22+0.04a 29.2+1.69b 315.01+9.98a
Campbell Valencia orange
L 83.18+4.91b 4.64+0.63b 65.80+£3.19b 0.31+0.02a  0.83+0.07a 34.1£3.78a 0.20£0.0la  30.6+2.74b 267.64+6.38b

Seedless Valencia orange
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2.3 RS EHAEEE. BRETEHRNE
KD

SRR P RS D TR bR AR DG o b, 451
LR 4. thE 4 v, FLEF4E S50 2 ) A B
IEAHDE, FHgfbE A 3 A OG, SR, IR
PR RIS PEARCHEAN I 2o TTREAE R R IR s 4
SN T HEAF RS R, JF i T RS £ 4
TR, SR A M A B, R I

x4 BHEIRESHAYLSE.

XA D L E /N, (BRI [l PR
(EECIZR -2 N PN 5/ EE LU PN iSka s vt o) 1)
DIl b f KB U1 ) AN e L 2 BB 2 2% IEATSG,
ESRISPIY AR St VU E R o8 N ESY AT RS
W, LA A AR, SEUTHR DI EOR,
MR ARSI RE R, AR A DA S
UgE, DR S DL WA

BRETS AR

Table 4 Correlation analysis between instrumental parameters and sensory parameters and crude fiber content

HLAT4E BN ity S e 2t s¥in
Crude fiber Flesh texture Residuals Mastication Juiciness Total
Compre’fﬁ?ﬁ tance 0.926%* -0.856%* -0.772% -0.811%* -0.793* -0.855%*
Elastic Iff) ﬂiimm") 0.865%* -0.869%* -0.680%* -0.684* -0.719%* -0.780%*
fifi ¥ Hardness 0.990%* -0.865%* -0.820%* -0.853%* -0.706* -0.872%*
BRI Cohesiveness -0.479 0.456 0.599 0.622 0.608 0.600
#M: Springiness -0.862%** -0.816%* -0.853** -0.946%* -0.783* -0.909**
JkiZh 1k Adhesiveness -0.066 0.255 0.139 -0.015 0.164 0.133
[A]4Z 1 Resilience 0.436 -0.603 -0.281 -.407 -0.403 -0.450
5 KBy J) Shear force 0.865%* -0.646 -0.769* -0.818%* -0.539 -0.757*
PIWi sl Shear work 0.996%* -0.883%* -0.811%* -0.834%* -0.743* -0.874%*

e *F RIRTE 0.01 KP BB AR, *RIRTE 0.05 /KF ERFEAK

Note: ** indicated highly significant correlation at 0.01 level, * indicated significant correlation at 0.05 level.

JERE T bR R P53 2 (A7 AE 0 35 AR G,
AN TR N K e Rl R R oy NS B S A DL
B GWEYE. TR I AR SR AR CHE, g
PEAS B R B K BY V) ) 78— e R R b 5 ICE Fa b
A, TMRERGTE S SRR A 2 P 5 B e deAs 2 TH]
WA RIVHARDCE: TR4ipty. mRE. #ek. vy
BN iy TR oIS PNUIRY DK T = ANV A= O ]
LI AR5 R AH S, DR 2 HH 6 AN A FR b
RAEPT S MR B, gbE. KBS D) R
DI, T JE A
2.4 HEMEISHT

Lo HT, RGN 2 FR G S B R A7 A
EAE DG, MOCRECKT 0.80, WIELE L 1
FEAEPT S AN PEAR B 2 (7], TPA 437 A 5 0 s
I A58 & (R=0.891~0.972) #F4i k. ¥iiik
BT FRPRAE R AR, R PR Ay R AR
AT, BT B0 S8R A7 e ™ ) SR
PRI LG [P UE 43 BT 22 i 2 S0 AL 36 45 A 0 k) 5 4004
B Z KR (variance inflation factor, VIF) .
CIRC YIS NI L NI L N -y N L A7 A A S P ST
] VIF 4354 80.455. 38.792. 110.02. 44.827.
8.033. 142.393. 2 W4 BRI S5 FRAw W] A7

FEFEEE AL, T B T S BT 3 AT
WhEE, A RHEATIRIA ST .
2.5 ERSEASHT

¥ 270 AR RIS EEE 7ok 2 4145, BEbLE
B 250 ANFE S R0 B EAT G AT, FL A PR = Ty
PRSI AMBIGUE o T AR R 2T 4 5 A —
FRERE Fnl DU W RSB FE RS, R 4 vT 40,
S E R IR 5 B R Z R AR DGR e, A
T ¥R S N7 T TR 2 B A 1) 2R U A AR
FERLTY

SN T R TR i b 1] 1) s 2 T ] ) S 2
SKIANF 5Em, B AR T S0 TR FR bR AT E %
Gy O3 HTe WM EE R AL, B ZERUHEA T,
AR

X, - X
&axy.JB

A X ARG ;s StdX) A ARHELL 5 1%L
s X AR AT R 2 F bR 3, VD S ITA FE
st A I S FE AR R AR I 22 o

Wbl J5 BRI A SPSS R AFHEAT E o
M, FTSr (F1~F6) [MFFIERL. 25 5Tk L
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5. PAET 2 AR FRHIEEEOR, B 2ok
HIEH] 93.13%, WAL 2 SRS, B F1~F2
1D SRl IS T e oY % P e R o (S N E
2, AWEE R E B AR, AT R
M s 2 Ju gk e IH T2 . A8 F1 XN P AE R
0.0035, /NF 0.01, FW] F1 XHRK 45 5w AR
Fo FRIH F=9.31, KT Foos, PTEESLIZNER]
A FERC R AR W3 (P<<0.05) , B BRI
BRI e BB R 0.73, 4 R* O 0.65, knifE
WZEN 019, 2G0T EBEIHESERY], A
[l 2 N R R R, ISR S B, A R
N, PRHEAL TR 2 (standard error of estimate) fix
/N, BRZESF IR (residual sum of squares, PRESS)
B, REFERUT .
x5 BERMFHERSHFERERE

Table 5 Eigenvalues of correlation matrix

Princi FFAEME o . -
rincipal Eicenvalue Contribution Cumulative contribution
component g rate/% rate/%

F1 5.2290 87.148 87.148

F2 0.359 5.982 93.130

F3 0.206 3.436 96.566

F4 0.117 1.946 98.512

F5 0.087 1.446 99.958

F6 0.003 0.042 100.000

P AHAZ B R A v i) 32 e 7 AR o, AT
BI TR P 0T RS A R IR U S 1 22 Jo B A
JiFe:

SHN =22.066—0.022Fb—0.913E-0.035HN~-

3.773SN—0.046SF—0.01SW

s SHN WA R 4370 Fb N s4adi)):
E Jy3frEieE; HN WL, SN Jysift; SF 4
KEIY) S35 SW P Th.
2.6 1EERYIGIE

AT K5 3 B4y [l V- Cprincipal component
analysis and regression, PCR) HTI R FMIRG s, K
FHBAUELR 20 ANHE ih R 50 Z5cdh 0 B Y A T A1 s
Ky, WAEVPOTIRFRAIRILR 6. H13k 6 WKH, fbift
T P FOUINASE 2R (R RO R AEZE 2 0.17, AR BRifEZE A
1.05%., . W] FRUINASE 28 565 U PR RS B vy, s A A S
B B ARSI b AR R SR . S5 AR, H Bk g
SL PRV A AR ) AR T B A R B R T

F 6 TUMRBIIOHELE R

Table 6 Validation results of prediction model

TobRAE 2 AHR FRAE 2 B2 7 Al

A{ERE‘{%I Prediction Relative standard  Residual sum of
standard deviation deviation% squares
0.85 0.17 1.05 2.46

34 i

T W UM RS2 A RN Ky KT 4 J2 4
VI MO BE ) 2k o), R erdEse. FerdeR
Fi NDiE S e aske s AN K2 SN Y P
TERMA RS G HL D0, NS Z
WEIIEAE, ¥ 75 I S AR I Cr T 4 sl AR
WA RS RIEA R RS R YE R MR R
2 T SR S I SR G i A A 2 R PN, A SO e
FEJASC U0 5 RO A 3 A0 8 2% 2 HIE W] T S 2R S
FEARG 5 (KR AT 4 i B AT Mg T AL RS Lo

ARSCAR T Tl R P 5 A0 0 52 Rt B
ST PR AT 0N e JEAR, B R FE 70 Ui ] T R
R ASCIN TE 40 B AT R P A AE — E RO R,
K 5 U O E R B FS BV o LAt
AE] TR P B i 5 RS AR R AR 2 T A
AR RIRAE, 15 5 T 45 S R A S 45
K5
4 & ®

1) 3t 32 e gy (B 53 B A RS 416 i it
[l TPA (texture profile analysis) ﬁ%ﬁ%ﬂﬁg’tﬂﬁ@&ﬁﬁ | ?g
PIRERE . FRARHT T 3k FIDIW DS br 5 A
PR RR B VR fabe R, FREFIR . 50
PEFIZ vt 2B, MHXREEY R LE0.70
DL E, SpEmse M KB Y ) SRR RS VP € FR br
R — Ao, IR RETEAEER S
PR A O AN B3, TR R A2 LA TR bR
T ELIE N A IR AR AT A B U WK, ANRE
HH 3% 52 I8 PEL WG s 2R 1) LA SZ D3 A5 400

2) G ILEE RS WA AT, R I I ) By
SR BT SR, DRI S VAR (1) DG e
ST BRILZ ML)

3) AUERH TR R B E 2 A 3k
g3, ST R TR R ) S R A AR A
SR IR LS R P R 1wk R A REL ARE
(prediction standard deviation) 43714 0.73. 0.19.
X T ANV R P AR R AT AR I UE TN A A 22
( prediction standard deviation ) . #H X Fr #E 2=
(relative standard deviation) Fl5%ZF- /7 fl (residual
sum of squares) 434 0.17. 1.05 F12.46. B {b
EFEERIR NI UE S5 AR, SR e [RE Ty
RN S R A TR R P AR A A M e, 1
ERARPU)T . PRI BERE. B BOKETY) )
AW D SRR bR BEAT AR, nT LR A A o) =R
(VR B FERE, IR SE T A FH A8 SO R 1 B
B 53 AT T R R SR A R R T AT
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Qantitative evaluation of Valencia orange mastication degree using
texture properties detected by instrument

Chen Hong", Zuo Ting®, Yi Hualin?, Yu Bao', Wei Zhangkui', Pan Haibing®
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2. College of Horticulture & Forestry Sciences, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: To evaluate Valencia orange mastication degree and establish a model for predicting the sensory
mastication of Valencia orange quantitatively, nine kinds of Valencia orange, the number of each kind was 30, a
total of 270 Valencia orange samples were collected. The research measured the content of crude fiber, sensory
attributes, and textural properties of Valencia orange. Sensory evaluation was performed by a panel including
eight trained people, and the average score of flesh attributes, residue, and mastication was recorded. Simulating
the process of chewing the flesh, compression experiments, TPA tests, and shear tests were performed to analyze
the textural properties. The averages and the standard deviations of the three tests were calculated. Statistically,
differences were found for crude fiber content among all the cultivars of Valencia oranges. The crude fiber content
of Frost and Campbell was significantly higher than others in the condition of significance levels (p<0.05). The
results of the sensory evaluation showed that the variation coefficient of flesh attributes, residue, and mastication
was 0.4 or higher. The other textural indicators were significantly different, except for flexibility and adhesion in
texture trails. Simple correlation analysis was performed between sensory evaluation, crude fiber content, and
texture property parameters using SPSS software. The results indicated that the mastication degree and texture
properties showed a significant correlation. Compression resistance, elastic modulus, hardness, springiness, shear
force, and shear work were selected as a texture index to build a model. Collinearity diagnostics and principal
component analysis were performed to eliminate collinearity, which was caused by a quite high correlation
between textural indices. According to the feature vector of principal component and scores of each texture
property parameter, the best subgroup of principal component factors was selected to build the regression model.
Then, with principal component factor scores as independent variables, and the standardized sensory scores as
dependent variables, the regression analysis was used to establish a multiple linear regression equation. The
determination coefficient (R?) of the model was equal to 0.73. The performances of the model was calibrated by
validation of set data. Concerning the validation set, the determination coefficient (Rz) and prediction standard
deviation (S.E.P) were respectively equal to 0.85 and 0.17. The results presented demonstrated the greater
potential of the texture properties for prediction of mastication degree of Valencia orange, which mean that the
evaluation model of fruit mastication based on texture properties could accurately evaluate the mastication of
Valencia orange. It was feasible by using textural properties to evaluate the fruit mastication of Valencia orange,
instead of sensory evaluation. The research provided a reference for evaluating the mastication of Valencia orange.
Key words: textures; fiber; compression testing; mastication degree; valencia orange; sensory evaluation
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