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Blueberry= 23}3t 7] 59 EgxolA A%
ste AlAA FA2A AA o8 AGoA o] 7}
Aol g7t FF3] F7ksla Atk LA Aol
A blueberry®2 +&38t= 74§ shelf life7} +8
WAALZ diFE2 o, v FatlA &
g PJF7A A mEd dukHor QT
12~14Y AEZ shelf lifeE G438 A$ o] 3
Ao AR e AFs] F71E Aoz FA
= A H(Ceponis -, 1985). '

Blueberrye] Wide Fg Fsgold] o3k Huj
o} A2z W3le] 7]203kH(Cappellini 5, 1982).
A A blueberrye] #3835 & AT + U=
71 a9 g A Algol, o 4
< AFAZ A% FAHQ SHAPE dxsa
9lth. Ceponiss (1983)3} Smittle 5(1988)2 %
2 CO, =9 A 7|ANA A 33 blueberry+=
AdA A2zt glols 8% B & AR =
a3 wolgtr BT wEka] CA
(controlled atmosphere)#] & T+ MAP (modified
atmosphere packaging)®¥'H-&  AJA|  blueberry]
shelf lifeg d&d & e &3 WHORE AL
£9 F Utk

CAAR #Z3 MAPHPHe Akl A= AA
AZo FEFFE Fola A3 A3
A g AAA|7]7] g BB 7AEA
2 748 055 2 A5H COsR)E AMES

(EE3d )

o. MAP W& 3474 e 7t2xdS =3
sl CAAR Al ARG = @tvld Au)7t glof
= JMssite AEE YL o EFA Y
7h2zA3L dASHA fA387] $stdd MAP+=
¥Fo By AAAEY sFF FAE =
A3ith. MAPE dziQlstE® AAAEe] AA
f2zAd3 25%, EFAY xHyT 5L,
¥ARA FA, AALE ¥ AU 22
{AEC g ARyl desith YAAAEY F
Ao z}etz BA ol ASHALE o] &3ty 0.0
COF=e AAYHAE AFE &+ Ut T FFL2
Haggar$(1992)0] 8118k closed system HHH -
ol gala] AT £ gloH, HAAHNARA, TF
F 2 AYERAS AAYS T xZANEY 2Hde
gy oz BE o FE 4 Qlth(Hayakawa
5 1975, lees 1992)

Blueberrye] MAPi= o] #}ao] wFol| ot
g REo0Z o]e] MAPo| tha A= A9 ¢l
= PWo|th. Ho| Lee 5(1992)2 0, ¥ CO;
Fwol wE A 2 oo 3FFE AdF
al7] $8F Michaelis-Menten type S&FRa-S 7|
sl on, o] 3F RYL o AALES A
YA & o] &3t FTHEHAT(Lee 5, 1992). u}
ZhA B Ao Exe 0, CO, & 2 29
o}2}A blueberrye] ¥FW & FFS Wiz 3
g} w=at blueberry &% dlo]EFe] Michaelis-
Menten type &55%29 287154 A3tk
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Coville, Blueray 2 Jersey 52| 37}#] blueberry
F%5 (Vaccinium  corymbosum  1.)& New Jersey
Blueberry & Cranberry Research Centerol| 4| 48
At} Blueberry+= 79 % FAEHY 2 90% 7}
‘blue’o] L H2]F]9] oF 10% 7} ‘pink’el A&
AlA 359 H(Winduss, 1976). Coville,
Blueray % Jersey %2 g BdFAE 2
Z 1.61g, 1.57g, 1.67g o]l g u]= 0.
604, 0589, 0.622 inch ©]%lt}. BlueberryA] 5=
EAY ARA 7t AP Lro| A A7 Fo HY
Al A

2. Closed systemOi|A{ S E52F =X

Zt AP L=(5C, 15T, 25°C)olA O, 2 CO,
=0 WM SEFFS FH57] 918k closed
system(Haggar & 1992, Lee 1987)& o]-&3&}%
o}k 9F 265g9] blueberryE -2 128 fEde
F&Fqoz Ao 5FF 24 A=Y
£ 9% 2 7 dFe Y& do duEe
2 4% AERIYL REE +05C olU=
Ao = gl BFnd FA] AFsAT A8
" headspace®] 7tx= U3 Al7IztA oz A
ZYsH L o] 7tAFA L Hewlett Packard
5890A 7|4 AzokEdNE o] gatel RAjs
Ao @y Alltech CTR I column(Alltech Associ-
Table 1. Measured free volume(ml) and sample

weight(kg) of different cultivars of
blueberry at 5, 15, and 25C.

. ) Free Volume Sample
Temp.('C)  Cultivars (ral) weight(kg)
5 Coville 720.0 0.2652
Blueray 733.0 0.2641
Jersey T175 0.2650
15 Coville 735.0 0.2645
Blueray 730.0 0.2652
Jersey 717.0 0.2640
25 Coville 718.0 0.2653
Blueray 726.0 0.2647
Jersey 718.0 0.2652

ates, Inc., Deerfield 1L)S A}&-3}t) 7|4 &=
2ot 65mle] flow rate® hellum-g AF&-3tR L 2zt
Hor = 30CE FAITh

Al 8" headspacee] 7}~EAMe CO, FL7)
20%°) olEAY O, F%7} 15%°) ol&u F4A
AAEeH, o] FrALe 5713 FFAWL F&
317 wlFEolth(lee %, 1992). Blueberrye] #&
of W& AlgFAlet A5 el ¥l 8 (free vol
ume)& Table 19 vFeRARI

m. Az g 1%
1. $52

Figure 1& 57, 15°C @ 25°Col A Alztol o}
2 blueberry A] W U] headspaced] 0,9} CO. &
= WHsE YEhidlth. Haggars(1992)] w4y
o] wzba w4 3] EA (nonlinear regression
analysis) S $338}7] 98t Software Kaleida
graph(Synergy Software, 1990)% o]-&3}e] (1)
(2)2]o] &% dlolEtE curve fitting stA . 2t
L 5o A AZAZte] B gt et 0, FEE

t
[C)=2l— i mye; @
t
[CO.]= (At +B,)C, (@)

Zasan CO w5 S71d. 5CelA
Covile FFL 3 F&E7F 78 Wl 1 o&
Blueray, Jersey &%9] 40|t} 15C 2 25C&
257} Z74gel whel stAaxAd WEke 5T &
ARgt Aol ot 15T 2 25°ColA&= 5T
AR 59 0, 2 CO, & o]l2&d zZtz)
60A1ZF 2 30A]7ke] A Q= o] 5C 150A|7to)] H
st &F9 2x 9EAC] A YEUL IS
£ & 5 49T

(1) (2)9 3AYAA % 3FF dolgl
o & & wokal AAASF e 099 o]Atoth
of ¢ A2 o] #eju]E (parameter)= Table 2
of yetiglich HWAA (DY (2)9 =3
A Q) (A2 0, &4 € COMETY 3FF
AZ2E ded AHEEHAY
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Plots of O, and CO, concentration changes
inside the closed jars containing blueberries
at 5, 15 and 25°C. Consumption of O,:
Coville (@), Blueray (m), Jersey (&) ; Evolu-
tion of CO, : Coville (O), Blueray (o), Jer-

sey (A)

d[0,], MoPV
ro === (J00RWT’ (3)
e

gl 24 Figure 23 15Col A Aol w
FH9 HPA 9} ¢ EA7F F g
F1 9t

Table 2. Estimated parameter values of Eq.(1)
and (2) at 5, 15 and 25C, determined

by nonlinear regression analysis.
Cultivars Temp R’
('c)
Parameters for 0, A B, Ci
Change curve :
Coville 5 0.0372 3.0531 0.8188 0.9998
15 0.0595 0.6017 0.6049 0.9997
25 0.0131 0.7195 2.5699 0.9993
Blueray 5 0.0159 3.2016 1.0694 0.9978
15 0.0828 1.2164 0.4910 0.9998
25 0.0269 0.2522 0.5257 0.9983
Jersey 5 0.0132 3.3812 1.2146 0.9976
15 0.1074 1.3860 0.5458 0.9997
25 0.0327 0.6616 0.6743 0.9991
Parameters for C0, A, B. G
Change curve :
Coville 5 0.0921 9.6523 0.6226 0.9998
15 0.1233 1.2956 0.5166 0.9999
25 0.0265 0.4024 0.6660 0.9999
Blueray 5 0.0249 6.6946 0.9314 0.9996
15 0.3475 3.7248 0.3647 0.9998
25 0.0240 0.5301 0.6284 0.9999
Jersey 5 0.0200 6.4490 1.0678 0.9997
15 0.2912 3.6571 0.4847 0.9997
25 0.0533 1.0844 0.4777 0.9999
2. 24
Z24E 35FE Lee 5(1992)0] FHFol #|A]
3t {4 kineticsol] 7]%3d s FRHo]| 2 837]
Ysted ALEHAIL, o]F (B)HozE Yed
ik,
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r= Vml O 5)
Km+ (1+[CO,]/K)[0.]
o] W (5)Al& (6)2]3} o] AHFPow Ay

% & At
1 il Km 1
T Vm  Vm [0 KV Km0 (6)

Vm, Km, Ki && o ZF37] 9t (6)4L
©]-8-3} multiple linear regression 418 43) 3}7|
9] 51 JMP(SAS Institute Inc., 1991) =2 78-S
ARgat ) d &9 gelu g g ARA S e
Table 39| "}E}‘*ﬂﬁ‘:} 15Co A CO, ®WZ o
gt Blueray #%2] Kmgt —0.0142 A9l oA
o RE @ 9ok 1# Y Blueray ¥
o] Kme 09 o} 7l7be gholdth 1 g
H8AE sty Y3t dE28 5FFL oS
g ey goz HE dojHI ol AYPX
o} vludgtk Figure 2& 15ColA o =] 9}
A2 7 A2 & “LJ"’— %'r‘-"— HoFlon 5T
o 25CoA = v A4S Jehd wet
Al CO,9] B A=A Zﬁ?ﬂ"ﬂ 71%3F a4 kinetics
222 blueberryel] wj$ #& %1 J2S & F

AA T
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Table 3. Estimated values for Vm, Km and Ki
at 5, 15 and 25°C using multiple linear
regression of Eq.(6). R? is the coeffi-
cient of determination.

Cultivars Temp v, K, K. R?
(C)
Parameters for 0,
Consumption curve :
Cowville 5 16.602 1.488 7.417 0.996
15 68.006 0.444 2914 0.991
25 127356 5.200 6.684 0.990
Blueray 5 11.802 1.593 11.725 0.998
15 34.670 0.130 6.783 0.999
25 76.247 0.100 11.044 0.999
Jersey 5 9.863 2.106 7.606 0.994
15 35.868 0.678 3.296 0.996
25 51.285 0411 9.361 0.996
Parameters for CU,
evolution curve |
Coville 5 12.539 0.429 15.486 0.998
15 51.046 0.177 4.896 0.995
25 99.032 0.520 13.502 0.996
Blueray 5 8.956 0.705 19.648 0.999
15 30.203 -0.104 9.441 0.999
25 76.049 0.125 19.057 0.997
Jersey 5 7.347 0.797 12.693 0.995
15 29.942 0.784 4.449 0.998
25 48.234 0.101 16.701 0.999
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50 —40— :Jersey
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Fig. 2 : Experimental ana predicted respiration rates at 15°C; (a) O, consumption rate, (b) CO, evolution
rate. The symbols are experimental data obtained from Eq, (3) and (4), and the solid lines are pre-

dicted values from Eq. (6) .
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3. 5&% % Vmol| o|X|= 29 H¥

zt 2% (5C, 15C, 25°C)ol A (6)2]3 Table
3o vebd @& ol g3t 371x Add O, ¥
CO; Fxol 3l 2FF LS AarstAo
Arrhenius?] & T &% dloletE EAst=dl At
45 AL Figure 3 & 49} o] o}F & AX 3
I ASE HAFAT. A4 ALdE 43 9
HA(Ea)e FF webd vl 3ol drh
O, vl dig P Al A= 3652+1.2
Kcal/moleo] 131, CO, W&ol g B &43)
YA = 39.0+1.6 Kcal/mole o]t} o]ejzre
AP AAAESY o8] FF disly o3 &
o] &A43} AU A& A&t Aol 7Hsstel e
i1 A A3 Haggar 5(1992)9] A= 53l
i gt

29 steelE Vmexs £E7h S74g we
A A5EaAth Vmaxe Hd 5% 23
9ulE zZomn, Figure 5914 Vmaxe] tfjst
Arrhenius plot= H]X13¥ (nonlinear) © 24 271 9]
ddez FEHAD

o]9} & A4S Haggarsol A7H(1992)9) 4
= #FZHJAG o)L ARe ¥ CO, F#EL
succinic  dehydrogenase, cytochrome oxidase,
phosphofructokinase®} Z-& ol F4o| 2o]s}a
Aoz TFS Azt = AMdEAM MY
g 4 dHKubo 5, 1990). 95 549 CO, 5%
£ Z71A 7 uwlgl phosphofructokinase(PFK)
g49 ZaE PFK #§A9 A3 e 7|E9
PFKe E&4st25E 7]d"th(Kerbel 5,
1990). o]efze] &4 Fwjyk-go] lojA Vmax
£ 9y7A akdEed FeEH e, ol Azt
9] Fre xRzt mEkA Vmaxdl] o]l
4 S v TH(Segel, 1976). ¥HEHA = =0
uzl wislsteg Z32 o2 Arrhenius plote] 7]
7| Wsgt. v E J&F Hol2EE ZA
87) @A F 15CoAA w57} 9F7P
st a2 Bg o FE s yA|=
1% e BT age® dadH A
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Fig. 3 : Effect of temperature on O, consumption
rates under three different gas concentra-
tions. (@) 18% O, 4% CO,; (m) 10% O
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Fig. 4 : Effect of temperature on CO, evolution
rates under three different gas concentra-
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Vm; (a) O, censumption and (b) CO, evo-
lution,

4, 2Hof|=

wd Pyt sepely ge oy Agd x
Astol A blueberrye] 5§& ol Za}7] Sako] A}
L5 A Figure 6& 15Col A 4%, 10%, 18% 2]
0, ol We COu sFFe) Wats ey



32 A&F71& A58 23, 1992.

0
@ J 4% Oxygen Concentration
&
o
=
£
£
=3
g
-3
0 T T T
0 5 10 15
[CO2]
70 4

10% Oxygen Conceniration

Respiration Rate

18% Oxygen Conceniration

Respiration Rate

Fig. 6 : The model predictions of respiration rates
versus CO; at 15C for three levels of O,
(4, 10, and 18%). Consumption of O, :
Coville (@), Blueray (m), Jersey (&) ; Evo-
lution of CO, : Covile (0), Blueray (o),
Jersey (A).

. &% CO. ¥t 713 wet gast
GANE O, Wzlol] uwjehrs Ao PP kA
gt} AutH oz Covile EEL 3F o] 713
wg}3 0}-S Blueray, Jersey %%9 4:0]9lth
a2y COt F7hgtel weld 3712 FE7e
IFF Aole AL 3IFF BF IFAF
RQ)+= CO, % 4%7kA] 108 AL, 4% o]
9] CO, FEANM= A9 1.00 7174kt

. & <

¥4 blueberry?] 3 & %2 closed systemol] A
0, CO, ¥ &= welr FAsA . CO.0 b
A Aol 7]1%3 AL kinetics TFHED L
37}4] blueberry #%9 5§ ulolefe} wj¢ &
2l Qo] HHHAG R o &2 Coville ¥
%o 3F%o] 74 wgki 1S Blueray, Jer
sey 59 ol COY #Aie 2F%E 2
A ZaAZ 7 AAA T 0,8 Wdles 580 9o
o] HYoh FF9 &% o/&EA L Arrhenius
#AA2 wHrk Vmaxo] thd+ Arrhenius ploti:=
X golH, o] meluE = B7HX] &4 W3l
oA AAHAY ol F W] WS ATE 2%
wslol| ulepr] AolshA dFE WA 7hFAol
Atk A8H SHAA B AT A oy b
glolgd mE 29e blueberrye] MAPE tjz}
Ql 3= A8 + AU

7 & 4 9

[Q.]: 24 F=(%)

[CO.] : o] 2tebeha FE(%)

Ay, By, G O-5% s34 9] gejulg
Ay By, G, COrs = W39 whejulg
Km : Michaelis-Menten A:(% 0,)

Mo; : O.0] H-2}(kg/mole)

Mco; : CO,9] ##}g(kg/mole)

P &8 chamber =+ ¥4A) 2] 9= (Pa)
R : 7|4 448314 J/mol-K)

r: &% (mg/kg-h)

ro; | 35 %0, 4H])(mg/kg-h)

rco; © 3% (CO, =) (mg/kg-h)
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Vgl &3 (ml)

Vm : #Ho| &FZF(mg/kg-h)
t I Al1ZkCh)

T: A &=(K)

W ! blueberry 2] F#(kg)
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