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Fig. 1 Change of quality indexes and sensory score of ‘Gala’ apple stored at different temperatures

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

F @ & 2016015):116~123

« IEREEI T -

C BEI R ] AR 2 T SRR T A I
ERBEESE o B0 CHM).b* \AE Fl C KEI 5 At 7]
WRLHA, HEREGA RN BEKFEE D, MR
FE L~ Bl e AR A R R L A 22

VRPN N Y T Y a¢ - ] 1) =
TE B RS, Bl ER P EZ IO
R | 1RSSR [ R B AR Ak 76 — R 1R B 3K L P O 9
BEA, RE R, 4 MRE FRE
FE 4B REI RS 18] AR T ML B A & — ek AR 1L, A
XK RFM B3 (P<0.01,% D,

x1 “IEM"ERBRERSIERAES
—R&HERAFTERRERY

Table 1 Monadic linear regression equation and determination
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Fig. 2 Change of ascorbic acid of ‘Fuji’ apple

stored at different temperatures

coefficient based on quality indexes and storage time of ‘Gala’ apple 5:2 2 “gI ._.t” R E*E*I'F 'ﬁl_ﬁﬂ'llﬁl E'J
fatr W AR R Vit REL R — L& EEAFERRE R
Index Temperature/°C Monadic linear regression equation Determination coefficient Table 2 Monadic linear regression equation and determination
0 y=—"0. 008 5z-+3. 861 6(n=9) 0.894 8* * - o ) B
i s y=—0,020 5z-F8, 765 7Ca=7) 0,881 0% * coefficient based on quality indexes and storage time of ‘Fuji’ apple
Firmness 15 y=—0.035 4z+3. 881 8(n="7) 0.943 4% » fhbw B — IR PRAERH R
25 y=—0. 078 3z+3. 982 1(n=7) 0.964 2% * Index Temperature/°C Monadic linear regression equation Determination coefficient
0 y =0.061 6 +29. 997 0(n=9) 0.853 3% * W 0 ¥ =70.003 1z+3. 817 5(n=9) 0.954 2%~
. 5 y=0.224 52430. 162 0(n=7) 0.993 0% * Firmness 1o ¥=70.004 7z+3. 590 2(n=8) 0.828 0%~
b 15 y=0. 357 5z+32. 692 0(n="7) 0.959 9% * 20 »=70.009 2z+3. 608 8(n="9) 0.947 3%
25 3=0. 577 4z+32. 360 0(n="7) 0.942 0% * 0 ¥="0.010 7z+24. 937 0(n=9) 0.882 8+ *
o y=0. 062 92-+30. 206 0(n=9) 0.850 3% % a* 10 y=—0.019 6z+23. 913 0(n=8) 0.897 0* *
. 5 y=0.228 12+30. 204 0(n="7) 0.992 5% 20 ¥=0.089 1z+22. 924 0(n=9) 0.880 4% *
15 3=0. 343 4z+34. 397 0(n="7) 0.872 2% * 0 ¥=0.026 5z+17. 491 0(n="9) 0.936 1*
25 y=0. 639 0z+32. 020 0(n="7) 0.975 5% » b* 10 ¥=0.058 5z416. 827 0(n=8) 0.955 3 *
o =0, 059 923, 185 4(a=9) 0.793 3% * 20 =0. 115 7z+18. 094 0(n=9) 0.932 4 *
5 y =0.235 5241, 142 2(n="7) 0.972 5% 0 ¥=0.012 5z+27. 154 0(n=9) 0.854 1%~
AE 15 y=0.379 52-+2. 667 0(n=T) 0.891 5+ * c 10 »=0. 037 8z+29. 547 0(n=8) 0.972 1% *
95 =0, 804 22-+0. 693 5(n=7) 0.987 6+ * 20 »=0. 056 1z+29. 101 0(n=9) 0.962 1%
- y=—0.134 0z+87. 281 0(n=9) 0.940 5% * 0 J’io‘ 038 8z+0.030 0(“i9) 0.982 0 »
J=—0.220 2286, 106 0(n="7) 0.944 3% * AE 10 y=0. 076 1z+1. 475 4(n=8) 0.956 3% *
Sensory 1 = —0. 465 52--86. 941 0(a="7) 0.941 1% * 20 y=0.164 0z+3. 399 3(n=9) 0.913 0% *
score 95 3= 0,925 4z-+87. 444 0(a=T) 0.937 0% * BEWE 0 y=—0.069 8z+091. 494 0(n=9) 0.863 5% *
AT AR AR, " B 0.0l KT LA, " AL Sensory 10 y=—0.109 52+88. 385 0(n=8) 0.925 5% *
score 20 y=—0. 295 72+90. 532 0(n=9) 0.924 3%

0.05 P L BEMK,

Note: ‘n’for the index number of observation points; * * indicated that significantly

correlated at 0. 01 level; * showed significant correlation at 0. 05 level.
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Table 3 Reaction rate constant and determination coefficient of zero and first order regression of ‘Gala’
_ BB B Zero-order —%% First-order
A st AR K Yesk Rl R SR AR B s R R SR
/°C Rate constant/(mol « L1 « d=1)  Determination coefficient Rate constant/(mol « L1 « d=1)  Determination coefficient
0 0. 008 5 0.894 8 3.683 4 0.001 8 0.784 4 3.191 6
T 5 0.020 9 0.881 0 0.004 6 0.801 3
Firmness 15 0.035 4 0.943 4 0.011 9 0.800 1
25 0.078 3 0.964 2 0.023 6 0.805 8
0 0.061 6 0.853 3 3.748 2 0.001 8 0.823 3 3.3887
. 5 0.224 5 0.993 0 0.004 6 0. 806 8
b 15 0.357 5 0.959 9 0.011 9 0.816 2
25 0.577 4 0.942 0 0.023 6 0.942 4
0 0.059 9 0.793 3 3.644 9 0. 006 0 0.935 2 3.416 1
5 0.235 5 0.972 5 0.015 3 0.700 5
AE
15 0.379 5 0.891 5 0.029 7 0.828 9
25 0.804 2 0.987 6 0.092 1 0.951 5
0 0.062 9 0.850 3 3.690 5 0.001 7 0.819 5 3.434 9
¢ 5 0.228 1 0.992 5 0.004 0 0.813 0
15 0.343 4 0.872 2 0.008 8 0.842 2
25 0.639 0 0.975 5 0.017 2 0. 960 2
x4 “UET"FRE5 RN FEAFREHRRERE
Table 4 Reaction rate constant and determination coefficient of zero and first order regression of ‘Fuji’
B HE B4, Zero-order —&% First-order
f:i Temperature e HE Rl R SRe HEHH U RH R SR
/°C Rate constant/(mol « L1 « d=1)  Determination coefficient Rate constant/(mol « L1 « d=1)  Determination coefficient
B 0 0.003 1 0.954 3 2.729 6 0.000 9 0.958 8 2.751 0
Firmness 10 0.004 7 0.828 0 0.001 4 0.841 1
20 0. 009 2 0.947 3 0.003 2 0.9511
a* 0 0.010 7 0.882 8 3.009 4 0. 000 5 0.876 6 2.683 2
10 0.019 6 0.897 0 0.000 9 0.895 5
20 0.089 1 0. 880 4 0.004 5 0.911 1
b* 0 0.026 5 0.936 1 3.748 2 0.001 3 0.907 7 2.692 1
10 0.075 0 0.955 3 0.003 5 0.913 3
20 0.155 7 0.932 4 0. 006 8 0.871 1
AE 0 0.038 8 0.982 0 2.851 3 0.007 9 0.828 8 2.510 9
10 0.076 1 0. 956 3 0.009 7 0.818 8
20 0.164 0 0.913 0 0.012 9 0.863 3
C 0 0.012 5 0.854 1 2.813 4 0. 000 3 0.813 3 2.745 4
10 0.037 8 0.997 2 0.001 2 0.969 9
20 0.056 1 0.962 1 0.001 8 0.962 2
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“UETRIRET —IJug v B 7 R 8 AR AT
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Table 5 Active energy (E,) and frequency coefficient (Ay) for
zero order change of quality indexes in ‘Gala’ apple
L WEF

b* AE C
Index Firmness
FEHTHE T (Ao
4,64 X108 2.13X109 9.54X1010 4, 305X109
Frequency coefficient
TEALRE(E)
55. 680 54.168 62. 900 55.769
Active energy/ (kJ + mol—1)
Y RELR?

0.957 6**  0.850 4** 0.889 2** 0.8687**

Determination coefficient
*k6 ‘AEL RRERFRTLD
iELBE E. FERTEF A,

Table 6 Active energy (E,) and frequency coefficient (Ao) for

zero order change of quality indexes in ‘Fuji” apple
Eietzn TERE F

a* b* AE C
Index Firmness
FEHTEF (A0
2.34X10% 2.36X1011 6.44X107 5.48X107 5.56X107
Frequency coefficient
THALRE(EL) Active

36.058 0 70.100 O
energy/ (k] « mol—1)

WERH R
0.976 1% * 0.932 4% * 0.999 5% * 0.996 6* * 0,940 3* *
Determination coefficient

SRR, AEEES 15, — B A BN TS L AR
AF 40~400 KJ » mol ™, IEALAEME T 40 KkJ + mol ' A
N7 5 I 3 R AR AR T S B U R 5 el 0k 20 DR S
“UUEHREER E, (36.058 kJ « mol )l & A fE H- A U
W, “UE1"02 o FEEERE 70.100 0 K] » mol ™,
GEAHFIEFREGE 2 F 20 CH o BT FERE
10 CHBKBRMEAZ R, A E £7ER o X
TR BE e O ASAF SR AR AL B B 2R R, BT ot 1Y
5 i T 435 S A 2 S R A ) BCHE S B0 06 P Y IR
“UELHEEM " 2 MR, BRERITE S
HEALBE (49. 0341, 154) K] » mol ™", ¥ )& F IF % 15 B
N3l F1

MICHAEL %Y s £, B RIe R R E S

BT VRN BB AH I, B HAR 48 I8 [|] % ol A B %o 3 5

nnﬁ%ﬂﬁﬂtﬁ%%%nnﬁﬁ BEAE. HE T A EME,
B AT A A 2R (3) 15 2 fr A TR T R I  (H LA
5 LRI RE B 2 B, S S S BRI R ], SR 525K 3 Rk
B VRN LS AT, & 3R R AR AE A [FIIRLEE T R BB 1
BRI, P AR BE T 4% B AR AR A A S (AN A
7 5 [ At s [ A e Rkt SR B SR, B i
S SR i IR S B BT LUK 58 24 X (3) 1R M T
It 588 754

T 3 X SRR 4 5 (60 43) XoF 7 F) S5 9 s 8t — A5 Xt
AR, ‘B R ER R L EHANEEE F X
b i AE VIR ABRIEE C 4 S8 Rl TR B 28k 52 2k

49.030 0 47.8770  50.1851

KZ (R 451555 0. 909 8,0. 911 5.0. 983 0,0. 995 1), ¢
EHRRAXRAKXGHRI &£
S, = —0.393T+13.76 —5 50683 W,
464 280 753.8 X exp(— oo o)

SL, — 0.554 17T — 113. 47 — b, o,

2 133 436 720 X exp(— %)
SL, — 0. 365 7T — 89. 9%(; - ®),
95 367 148 428 X exp(— 8 314 éT)
SL. = 0.583 6T —121. 235*5 ?%8 - .
4 304 814 997 X exp(— 8,314 5T)

“UOELTERAE 3 MUEEE T, BERIKREE RN
{E,0" 5 AE & S {HBEIR E AL 2 LA (R
FIRF] 0. 963 7.,0. 924 5) , HLFMIAR A AT L4355 A, -

S, —__ 0-238T—39.677—b, -~

49 033.1
64 424 206. 64 X exp( 8,314 ST)

0.206 6T —44. 684

47 876.6
54 788 999. 9 X exp( 8 314 5T)

“UEEERMMEAE C 7S EE T HL 5 ERE
AHATR] o R B TR B AR AL 2 R AR AL, O A T
R E AT T IR o T
2.4 FEAIRHIE

S RIEHLER S 5 AN mh” DA K “40 s R, FIL A
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Table 7 Comparison between predicted and observed shelf-life of

SL = .

‘Gala’ apple during storage at different temperatures

£ R B WM HIXHIR2E
Index  Temperature/°C  Predicted value/d Measured value/d Relative error/ %
0 125 144 —13.19
. 5 80 72 11. 11
b 15 42 36 16. 67
25 23 18 27.78
0 112 144 —22.22
5 81 72 12. 50
AE
15 41 36 13. 89
25 21 18 16. 67
0 116 144 —19.44
5 80 72 11. 11
C
15 42 36 16. 67
25 22 18 22.22
0 155 144 7. 60
5353 5 113 72 56. 90
Firmness 15 46 36 27. 80
25 28 18 55. 60
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Table 8 Comparison between predicted and observed shelf-life of

‘Fuji” apple during storage at different temperatures

EL A O PRI AARF R 2
Index  Temperature/°C  Predicted value/d Measured value/d Relative error/ %
0 343 305 12.70
b* 10 135 162 —16.67
20 97 80 21. 60
0 309 305 1.31
AE 10 173 162 6.79
20 99 80 23.75

Xof WS R 5 4T B 7 S PR R R - T A R AT
Lhdg. R 7 A, MR 62 0F BT B T AR
RUERRT 10 °C LAT I8 1 SR S T 0 o B 0 A o , AR R
2Z/NTF 15.00%, M E AE SME CIRZ, MEE F
TIN5 SR 5 2 B e TR B 56. 90 %6 K, HER SRR s %
SHIAL“ABELE"RA b 5 AE X 2 MEWR N3N 11 2245
FUAT AT BARIELEE (0,10 °C) F IR AT , 4H %R 2%
6. 79%6~16. 67 %0 ; XF 20 °C T 7 5 S 4 T 00 AH XF % 22
BIRTF 20.00% , HERA AR
3 Zig5itie

IR FTR P 2R AL 5 B o B TR BE 1 AR b R R R
G 5 AT R SRR A PO AR A, B SR 2
A B FER I AR EE T T R B
FE LR AR AR BE A T 52 B 33 0 11 A Ak
JE 5 AT B R 4 AT T R BU IR I R A B R AR 7E L
MRS BESHIES R 50 RA R IFHL
PEIRFR , DRt , B8 B TN 65 48 A 7T AR Dy SR B A 1 i 47
WO . BEEE A F SRR, TR B IR
UF MR IRTE 0~25 “CF I i SE R B S0 A8 4k,
454 Arrhenius J7 2R84 TS S 7R BARIRBE T I8
B, B S SOG4 R AR Ak BB Y A B
(57.132£3.9) KkJ » mol™*, i ‘4T B +’ 3 5B H (49. 03+
1.154) kJ » mol ™', W] AFHISHU(E b AIWrH “ar & 73
SRAE IR RS SR T IR B AT, B AR B LA RO B
T ML 240 M g 728 8 1 I (SL) T AL A , 36 Uk
SERFHIZME R T 10 °C LA R IR I 58 58 52 ) 5 1y
T A B P A5 , AT IR 2 /N T 16,67 %,

ST R AR AL 3 SRR T , L JC R
PRI F B R bR A 32 o LA , 45V fRT B , %o o 8 T
SR E M, R E 2, R EIMARA R
ISR PR OSBRI FHME. hAh, RASIAL
ST i ) 8 T B 2 IS R I ST 4 R
RIUE .
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Shelf-life Prediction of Apple Based on Quality Responses to Temperature

SHI Weina, WANG Ruolin,MA Huling
(College of Life Science,Northwest Agricultural and Forestry University, Yangling,Shaanxi 712100)

Abstract: Taking ‘Fuji” and ‘Gala’ apple as test materials,in order to develop the prediction methods of apples shelf-life

based on Arrhenius equation,through the physicochemical indexes and sensory evaluation of fruit were determined under

different temperatures. The results showed that the zero order kinetics could describe the changes of firmness and color

parameters during storage of apple at 0— 25 °C. The prediction model was established using " which reported more

accurate results below 10 °C for ‘Gala’ apple,and the relative error was kept less than 15. 00%. The ‘Fuji’ model with
b* and AE could predict apple shelf-life at 0—10 °C ,then their relative errors were kept 6. 79%5—16. 67 %.

Keywords : apple; quality ; Arrhenius equation;shelf-life
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