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Abstract: To achieve efficient and accurate detection of various nutritional composition indexes of Korla pear flesh, creep-recovery and
stress relaxation tests were performed on pear flesh with using a TA-XT plus Texture Analyzer. Rheological models which were the fittest for
describing Korla pear flesh’s creep-recovery and stress relaxation properties were determined, and the rheological parameters of Korla pear flesh
were obtained with the models. Then, the correlations between the rheological parameters and soluble solid content (SSC), titratable acidity (TA),
solid acid ratio (RTT) of pear flesh were analyzed, and the three nutritional composition indexes were predicted through stepwise multi-linear
regression analyses. The results showed that creep-recovery and stress relaxation properties of Korla pear flesh can be best characterized by a
generalized Kelvin-Voigt model with six elements and a generalized Maxwell model with five elements respectively, and the coefficients of
determination R* were higher than 0.95. Partial rheological parameters of the two models were significantly correlated with the SSC, TA and
RTT (p<0.05), hence, the constructed stepwise multi-linear regression models could also effectively predict the three nutritional composition
indexes. The correlation coefficient 7 of the prediction models were higher than 0.7, and there was no significant difference between the
measured values and the predicted values. The RMSE values of the models for predicating the three nutritional compositions based on creep
parameters were smaller than those of the models based on stress-relaxation parameters. Therefore, the models constructed on the basis of creep
parameters were more stable and reliable for predicting nutritional compositions of Korla pear flesh.
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Table 1 Material properties of Korla pear sample

A ML AEE RREE%
$RFE/g 138.19 16.93 1231
B/ (kg/em?) 6.98 0.27 1123
BIRE Y, 88.20 0.25 0.34
TiEk B EE/% 11.53 0.86 7.50
T B/ % 0.034 0.008 23.16

FARLERERENL R 10 4, BF4H 10 4, 10 205k
IR, AR 3 d MR, JEF 100 ANREE. Kt
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Fig.1 Rheology test for pear flesh
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Fig.3 Mechanical model for stress relaxation test of pear tissue

E: QUM EEMBEA, (b)ETH L Maxwell 42
A,

AT 43 R = e Maxwell A58 3a)
FIFIGHET X Maxwell BAIY CHLIE] 3b) X HALR A
A RSB AT I A IR 3D, BRTTRERIA
Xl

o(t)=¢g,E, +e,Ee™ ?3)

o(t)=e,E, +e,Ee™ " +e Ee™™ (4

R¥: o(): FAFEETE ¢ BfAF A9 H4E, Pa; £ A
R, 55 g BRI, %; Ep: BEHIEHARE, Pa; E,
Ey: 3ERBMAELS, Pa; ny, 1 Maxwell 350 4-8UR ARG 56
M EE, Pass; T, To: 3EiRETI], s, T=n/E;, Tr=n/E,.

L5 B3 St o4 X HLE I ik 284 T

AL o A 7

R R ARAGE Y 53 1] %of b A8 e I S a it P e
MIATIE, DORBUHR A 4. X%+ 100
AN FRRE R A 2 77 i A 4R bR PSS A, SPSS 19.0
A R R E S S S TR P A Ot
AT, RAMKRE r f1 p G RIPAHAR
PERBEE . RHEL 2RI (SMLR) 24T,
BB RAESHAR RN 5N BRI EE R T
F IS, HIFREEKTFRT 005 s, LRSS
J o3 T ) B FETIRIAR AL

Y=botb X1+ X0+ . b X (5)

Kt YRETHRARIEHAT, XX, REATALK, by AT
MR T AZRIE, b~b, A 2R R,

I TR AR R v FRIEIRZE RMSE H]
HIWTEAL R AT SR, MOCREL B 1, ARdER
7% RMSE 8/, NSRS EnT 5 . 0 SEOUME AN Pt 5548
PIFRMME AT IR ZE ST AN ¢ A5G, AR BT3RS 12 )
Z ST IR E FR M R AR AR AR R 1,

2 #R51He

21 FHRAZFEARB ST

A AL G A BRI AR [ 5l 2R S ittt 2643 31)
kel 4 MIEL 5 fros. X TIRAR 2, 32 FTRIE
53 5K F Burgers B AUFIS L) X Kelvin-Voigt £
MIEAR BTG, ANTofE) X Kelvin-Voigt A4
I A e REL R BF N 0.992, 2553 REEI,
TG R BAa e s X T RAAS 2R, 43R H
=0 Maxwell BEAUFI oo X Maxwell AL
SBCHATIVA R, FonfE) T X Maxwell 584 ({45 Tk
SEZH R TN 0.993, A5 ZHu/)N, MR
AR EREE. Wi, 2aRHNSTHET X
Kelvin-Voigt BRI H IO L Maxwell BEALLA )
WMAESHL, WERVE IR PR AT TN 7L

247



R EmiB Modern Food Science and Technology 2019, Vol.35, No.1

18- 0.20
15+
0.16
12 g
®
< = 0.12f
o oor >
6r = 0.08}
3 L
0.04
00 60 120 180 240 300 360 0 60 120 180 240 300 360
IS 18] /s I 1] /s
& 4 BFRRANETEIS L El 5 FHRARNSIHAHRNLE
Fig.4 Typical creep-recovery curve of pear flesh Fig.5 Typical stress relaxation curve of pear flesh
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Table 2 Fitting results of creep and stress relaxation models

AR REBFREN EERAKRHE BRARC%
o Burgers #7%! 0.923~0.967 0.949 0.976
$ETARA L L
Ut S 3L Kelvin-Voigt 425! 0.959~0.998 0.992 0.221
. = A Maxwell A2 0.919~0.975 0.953 1.191
L A AN FeAEAY o
A AT S Maxwell A 0.989~0.997 0.993 0.177

* 3 BRRLSHESHEFMTEREXED T

Table 3 Correlation analyses between creep parameters and nutritional compositions

A E, E, E, 7 m 7 T T, T,
Tk B 445 SSC/% 0505  0.807° 0460  0.8827 0.780° 0338 0323 -0.101 -0.159
T i 2 BE TA/% 0509  -0.704 -0.718" -0.517 -0514 -0257 -0.161 0272 0417
BA bk RTT 0.665 0.873"  0.688 0476  0.635 0.737° -0.027 -0.329 0.005

A ¥ PSRRI p<0.05 F7 p<0.01 AP (M) ERFARK, K 4F.
* 4 BRENNINHSHSHEFR I IEFREX M

Table 4 Correlation analyses between stress relaxation parameters and nutritional compositions

R E E, E, E, m 772 Ty T,
T B 442 SSC/% 0.544 0.267 0.697°  -0283  0.689" 0.021 -0.562
T T BUE TAY% 0.334 0497 0672 0235 0.645  -0.628  -0.723"
B bk RTT -0.171  -0410  -0.565  -0.105  -0.530 -0.737"  0.673"
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BORLAS R S$IF 2 S50, Tl s & (p=0.040) H5HEEZEIEMHRK (0.6<<0.8); x0T
# SSC, FMARH n S HEWMEZF EMX WER TA, IRFERE E, (p=0.047). ZEIRMH(H]
(p=0.004<0.01), LEIR AR Ey HH 2 B2 IEAHX T, (p=0.028) HHEEZEHIL (0.6<r|<0.8); T[]
(p=0.016<0.05), WS35 SSC #BE A wAH FREE RTT, WEBIE 77 (p=0.024), T» (p=0.047) 5
([r>0.8); XFFH¥ER TA, HAEERFHMNE E, HEBZEMX (0.6<7/<0.8). XFEH, HRRAKIX
HHEEZEMHE (p=0.045, 0.6<r/<0.8); T [EER 3 OUE TR T R FH FeF) T S Maxwell #2815
Et RTT, sEiR#fPEfiE E, 53H 20 E % IEH < HOAT TR o

(p=0.005), EAEMIM (/>0.8), FHERE » . . ,
23 FEE 3 AR TR B2 S
SHRERBETHE (p=0.037, 0.6<1<0.8), X#H, 3OBRREF AT R AN L

22 HRREFESHE LG RO ETE
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R BREE AT S

*x 5 RESYNERMIERE S S LRI s
Table 5 Stepwise multi-linear regression for each nutritional composition indexes based on rheology parameters

i Y St oA WRAS ARRE gy ARE
o5 TR E 42 SSC/% SSC=10.968+4.313x1077-0.195T; 0.953 0.908 <0.05 0.174
. < i 2 BRE TA/% T4=0.066+2.542x10°°E, 0.718 0.515 <0.05 0.002
o B B bt RTT RTT=-553.743+0.011E,+0.14 17, 0.952 0.906 <0.05  22.239
5 h i T B 4 &2 SSC/% SSC=-13.404+5.007x10°E,+0.4207, 0.952 0.906 <0.05 0.409
e T AR BE TA% T4=0.069-0.015T, 0.723 0.523 <0.05 0.006
[ 8 bt RTT RTT=-731.768-3.024x107°7+27.025T; 0.840 0.706 <0.05  45.051
24 FHEE R RO TS AR TN A A 6 36 ¢ RTT=-553.743+0.011E +0. 147,
600 - r=0.870
M 6 MEH, MREKF 0=0.05, df-99 B,
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a lr SSC=10.968+4.313x1077-0.195T, 150 | .
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< 12F SHME
- 6 BRARIEFA S TEFRIITUNNE S SONERHE
Ei ok Fig.6 Correlation between predicted values and measured
values of different nutritional composition indexes of pear
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E FIrAS 2 F0NE 5 S IME < 18] I AH 26 SR 280531 0.877
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249



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.1

BRI S S E A 22 5 P EE S AT
LRRHER I NT BT R TRA st S B R, hsg
FH R WA i T LR s S EU R A SRR,

PRIt R ], TR S H i PR e s T
AERRTIENIX 3 PiE TR s o
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Table 6 The t-test results of predictive equations each nutritional composition indexes

2A08) £ 7
FRAEAR FRE-TRR N oy df HRERHER
AR F YA -FURHE TR RE R tRRIE AW df R
i T B4 &F SSC/% 0.331 0.171 0.055 0.319 99 0.773
SEE AN o
T BRE TA% 0.003 0.003 0.003 0.361 99 0.681
FomEEA
B &k RTT 38480  18.367 1.969 0.371 99 0.757
. Tk B H4AE SSC/% 1.722 1.345 0.135 0.945 99 0.769
Ji AR A T
. T A BRE TA% 0.004 0.004 0.004 0.362 99 0.648
AR AR
B 8 bt RTT 42771 22829 2294 0.323 99 0.727
a lor .
SSC=-13.404+5.007x10°E +0.420T, N
=0.8871 3 4R
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= IRIR A AL RIS T AT 9. PSR 8 i As
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0-08 o1 0.02 0.03 0.04 005 006 Fo
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c 800 B LK
RTT=-731.768-3.024x10,+27.025T, I
600 1=0.853 L [1]  GB/T 19859-2005, HuHHR 5™ it e /R & A4 [S]
i GB/T 19859-2005, Product of geographical indication-
% 400 Kuerle fragrant pear [S]
B i [2] NY/T585-2002, 7% /K7 AYS]
200 NY/T585-2002, Kurle fragrant pear [S]
" [3]  FEERKE, AR AT B3 LI 38K A 25 0 0 A st R 1 K 6
150 300 450 600 750 [T AU 2£3],2005,36(7):77-80,88

SME
7 BRAEIEFRR SRR TUINE S SOMERIME X M
Fig.7 Correlation between predicted values and measured
values of different nutritional composition indexes of pear
E: ()T EBY A E; (b)TRELRE; (0B,
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