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SUMMARY

I. Title

Technology for Maintaining Freshness of Peach Fruits by Using High
COz Treatment

II. Objectives and Significance

Postharvest handling, storage, and distribution of fruits at low temperature
are the most common and manageable approach to control ripening and
subsequent deterioration and to maximize product shelf-life. However, many
climacteric fruits, such as tomato, cucumber, orange and peach, are susceptible
to chilling injury (CI), a term used to describe the physiological damage
incurred upon exposure of plants or plant parts to low but nonfreezing
temperatures. In peaches, the storability is often limited by CI which becomes
evident in susceptible cultivars after two or three weeks of cool storage below
10C. The main symptoms of peaches can include tissue browning, a
woolliness, failure to ripen, translucency of flesh, failure to develop normal flesh
color (sometimes reddening of the flesh) and usually a complete loss of
characteristic flavor. At this moment, therefore, most peach fruits were
distributed and stored at room temperature. Development of technology for
control quality of peach fruits without phasing in cold-chain system has been
required. There are several reports about effectiveness of high CO: on crops
that decay of pear by infection of Penicillium expansum, Phialophora malorum
decreased by 12% of CO treatment and softening and chilling injury of peach
fruits were inhibited by high CO: treatment for within 24 hrs. CO: treatment,
therefore, could be a very possible treatment to extend the freshness of peach

fruit which was very sensitive to heat, water, and physical stress. The purpose
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of this study was to examine physiological and quality characteristics of peach
fruits by CO treatment and establish the proper CO; condition for extending

the freshness of peach fruits after harvest.

I. Contents and Scope

The content and scope of this study included installing laboratory—scale
system for CO: treatment, examining effect of CO: condition on growth of
fungi, and physiological and quality characteristics of peach fruits under the
high CO: condition, evaluating proper condition of CO: treatment (duration,
concentration, temperature) of several peach cultivars, and evaluating interaction

between CO: treatment and the other treatments (conditioning or precoolling).

IV. Results and Recommendation

The study was conducted to evaluate the inhibition efficacy of high CO2
atmosphere (35, 60, and 100% x 24, 48, and 72 hr) on growth of Botrytis
cinerea in vitro in order to offer sterilizing method of horticultural crops
including peach fruits. Botrytis cinerea was isolated from a naturally decayed
peach fruits. Growth of the fungi at 25C declined with increased CO-
concentration and treatment duration. Especially, 100% CO: provided completely
inhibition effect on growth of the fungi through treatment. After removal of
high CO: condition, however, the fungi showed normal growth speed. The
growth of fungis at low temperature could be completely inhibited temporarily
by short-term 100% CO; treatment, but resumed right after transferring to

normal atmosphere at 25C.



The study was conducted to evaluate physiological and quality
characteristics of peach fruits under the high CO: conditions (35-100%).
Softening, peel discoloration, and decay of peach fruits were inhibited under
high CO: condition. but, long-term duration over 24 hrs under this gas

condition brought out off-flavor and decreased sweetness of fruits.

The study was conducted to evaluate the efficacy of high CO: pre treatment
(35-100%6 for 3-24 hrs) on quality of 6 cultivars of peach fruits. High CO:
treatment inhibited the respiration and ethylene production, especially with long
term treatment for more than 6 hrs. Discoloration of peel, softening and decay
were reduced by high CO: treatment. CO: concentration of 60~100% did not
affect soluble solids content and titratable acidity of fruits. CO; treated fruits,
however, showed higher sweetness score compared with control. As the CO:
concentration and treatment duration increased from 35 to 100% and from 3 to
12 hrs, respectively, the efficacy on quality increased. Fruits treated with 100%
COz for 3 hrs and 60% CO2 for more than 12 hrs, however, showed very low
flavor score due to the residual COy in flesh. CO: injury was not noted at any
COq levels tested in this study. Above results suggest that 60% CO: treatment
for 6 hr resulted in as good control of respiration, ethylene production, decay,

discoloration, and softening without off-order during shelf-life.

Texture of peach fruits stored at 0C for long decreased due to woolliness.
Fruits treated with high CO; showed good texture and low woolliness
symptom. Sensitivity of fruits to the high CO; was lower when stored in low
temperature than immediately distributed. 100% COz and 60% CO: treatment for
over 6 hrs, therefor, was possible to apply to the fruits intended to store at
low temperature of long period.. Using with higher concentration of COq
increased hardness and texture, but, sweetness and overal palatability was the

best in fruits treated with 60% COy for 6 hrs.



CO; treatment should be done at room temperature rather than Ilow
temperature. Peach fruits located at 0C for 6 hrs showed higher respiration and
ethylene production, and high woolliness symptom. The effectiveness of CO;
treatment was different depend on harvest date (maturity). When fruits were
harvested too early (before beginning of respirational rising) or too late (after

respirational peak), CO: treatment have no effect on fruit quality.

The study was conducted to investigate of interaction between CO;
treatment and preconditioning or precooling. Preconditioning of peach fruits
have no effect on inhibiting woolliness of fruits stored for long at 0T, but
increased respiration, ethylene production, softening, and decay during shelf-life.
Precooling of peach fruits have no positive effect on fruits quality and
increased woolliness. Preconditioning or precooling decreased positive efficacy of

COq treatment on fruits quality.
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mokskch. @etelo] Aele Petri dish7t S0l $710] 35 60, Ei 100%:]

2> (Ny balance)E 24, 48, =& 72417 &<t FUAH oW, A 7|7 Bt
UH g7 W 7F2Z gas tight syringe® ¥33}e] GC (Shimadzu GC-14 APT,
Japan)E& °] &3l 7t~ FEE EQIEAT GCY #41x712 column; CRT-1,
column temp.; 35C, injector & detector temp.; 60CE A3 F o TCDE o] &
ato] ST AR wlE Ao A Ao 453 vl%E Petri dishE
o8 A F7F WS AT F3old AFAEE Wi s AdE Fee

2712 FAsgon RE AeTE 1098 A5,

ol uhEra A 2AE FAGeR MYS] A FEAAGAN AT 9
o}, o

1}
20CollA 3, 6, 22]ar 1247 &k AglstHA 243F bA o7 &7] W9 7hx~
= ght syringe® #F 3] GC(GC-14A, Shimadzu, Japan)E ©]&3lo] o] Ak

a 20Tl wasdA FrHer grU VAE
gas-tight syringe® 200 pL2 2FH 3t GC=E FAste] o]itsteta 9 o

g FAct SFE F ogd RS A4 ALtedd ojiksteb s 4 =4
2 GC; GC-14A, Shimadzu, Japan, detector; TCD, column; Alltech CTR 1,
column temp.; 35T, injector temp., 60C, detector temp.; 60°C, carrier gas, He
ollom o'z BA xAL& GC; 5890, HP, USA, detector; FID, column;
HP-PLOT 5, column temp.; 1107C, injector temp.; 1007C, detector temp., 150C,

carrier gas; He ©]$1

A%

W

g, A
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# 3l pH meter(420, Mettler-Toledo, Spain)& ©]&3}o] 59 pHE 3eld &
0.1 N NaOH=Z pH7} 827FA A A 3&te] 4H|® NaOH #S malic acid %= 34t
sle] F A T
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<o wrad B dAe i Feld AEsE WEE
(decay index)2 27} Huj¥ e Ji & Setoz #zslo] H
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A2d d7dEs 2 29

T 3 Fu9 ‘g BEgolriy ¢ 2% Botrytis cinereas PDA WiA]
1

of o2&k ¥ 35%, 60%, B 100%°] olitstera oA 24, 48, T2A13F FF A
g3k & vk 7] FElE &4 25Tl F3ele] A ArE FASAT
b o) 7] S0 HEE 2447 EoF oF 13cm AAEAIL 7247 o] Fo= A
°] =77} 35cmo] @atgon 7 & galsk £uw Aol x&Hrh. 7
o] o] AFSEAE 24417F A d A o]AbstEA A vt o] FolA = 24417F F<t
o= A Aol o] FoA A gton olitsieta At A HF BE TR

oA Eap o] o] FojATh AAulY 24 dF HFAVI= 35%9 A
1.7cm, 60%<] 745 1.7cm, 100%% 4% 13cmE YEMIAL 3LAA= 2+
2.7cm, 28cm %2 22cmE YEM AT (Fig. 1A). 7 %2 o]itslelaE 484]3F
oF Ak A9 35 60, 2 100% HzTolA z+-7E 19, 20, 2 44%9] A dAE

HAaL(Fig. 1B), 72412 &<k Agd 45 23, 36, 2 55%9] o-]xﬂg: e AT
(Fig. 1C). ¥ A 3dol ol &% Botrytis cinereas Aoz $3P3
el B 35%9F 60% o]Atate A B M= o] itE e A 7oA T
b AR 7}%3}911 100% SAA = Aol fxds] AAHAY 22y AFke
oj2tst kA $HA o] A H L AGAQ W]l R HAAA HW A AAssl
owvg A o]jbstekaol oe FFIE AFEE = Zlo] ofyed wEo] wF Aol
Ar o w AAHW ojitsteka AP olFo A HTF FAe el ol e
o] FJoAgHrt gle oz FEHQITh Tian 5(2001) 30% o|4bstera A g
7} sweet cherrye ¥ E Lo 7)= Monilinia fructicola® A& Azt w
139 3, De Vries-Paterson 5 (1991) A| &4 2l 15 % o]itslels = glo] <3
sweet cherry®] F3j7} A=Y o]ikslels o] X W o] o= FHIrl 54
3 WYPPrtn B v g

T & ddE FIE do7)= Botrytis allii (Tian¥} Bertolini, 1995),
Penicillium hirsutum (Bertolini®} Tian, 1996) &< #3olF& 4T Aol A

o N 4

4:4

=
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E AFE 5 gom 1 olae LxelA Addvn SeAd Ak utebd A e

5% olalslerA W X 8l7} Botrytis cinerea Ao wxE GIFS AuHQ
th 28 E #FE 35, 60, 100%2] olibsterA oA Baeh $ o]ibstErA A
g5 AT § Ao Fol #F S AU A2AH 157 FF o]itst
g4 AYE 3 Aeddes dF S dAste 23 il ew(Fig. 2A), A=
9 o]atslel s A 77te] AEE oM w5 AFE JAss &t o
FAEe] A AL dEHAR dFo Aol o]Fojx 25 Fo] AA ldcme
AEE BAH(Fig. 2B). 35% olxtstetaE AT A ALNA 2F7A= +%

o Aol AAEATRI}F 3F o

100% o]atsteta s Aeld Aol ALolAe 3F s Aol AAHAT. A

oA 60% FES] o Mheka BAAME @F Aol olFoln A @
(Fig. 1) ALolAE o s eart $E7 60% oldom §49 Agd: 37 5
ok FF APl dolihx BROEE (Fig. 2) AL R 3 oJAsteA Her} FA
of ololxt o] gRel 4% Al ERAYL & 5 ATk Lol A
olbEhEr: M olF FeoAel F AF FEE TALTE AR FES F
Aekeh Wed AL W ol AsiEa o] Rl wF AZL elAa W
Ao} ol s xAdol AR olFolx BAA Aol A FPol
AL A gaAE A%H At Bastta BaE

A 9 olaksheka APt Hgel Al vIAE e FHALA Bowryiis

cinereas A-=(0C)Gefoll 457+ HAst= 35%, 60%, 100%2] o]At3}et =
24, 48, 72N 7t w18l 1, 2, 37 Bt A7 At en 457k A7
Soty o F Ao w5 S BESAT. FAHE T B AAF 49
S 9F 15em AT & UmA A 71F F% Aol AAHJASERE, A
KeREeN

Fol Aol Wi AAHoR AdAHS & F AU (Fig.
76] s

off
2

o 4
X
_?L
oM.
o
ol

60%° Hlal A a7t destd  (Fig. 3B).

AR Fees #FTh A R AUE FRE ol Foli ALAE #F



Aol A=l A 10d o] Fo
o} 100% ol Attt A 72413F Hob AE e
AZre B2 I o] F o]itsteb s 7ol siAlE oA
AL A&E] A 18U B FFo] AFo] A3 o
o] Fo = ¢F 0.6cm AFst=dl X FAHE 7t 28
nlel 55%2 A&7 AHFig. 3C). 157(7Y) St a1 ojatateta A= 3
49 35%F 60%= Al 713t 79 Bk wF o] o] Fojx A gkgtow o]atz}
g At AA" F a9 FEst Ao 8 Eek T Aol flen
100%9] A% &g 7|zke] v Zojx 743t AR 17d T dF AA
o] AAHE A%E HAKFig. 4A). 257(14%) B9 olitdteta g 3 H$
35%9F 60%<] - 159 7bA], 100%2] 3% 21L974%] #57}F AebA] %
4B). 2717t F 3F(21Y) F<F okt A A9 35%9F 60%= 18U 7HA,
100% A5 A4 284 & w5 Aol HFAH(Fig. 4C). o)/l 4
& wke} o] FFo] AL Ao 4] AAdEH 3 o] ibslEkse] A
& oA=L 3 549} 60% olxtsteba ZAel A= Aol s JAHA =
1257k Ar F duk g7l 20004 1Y A&
re] @k AL, 3FR2IYRY) AEHH o A A HYrt APH=
< 05-1.1cme A4S BSAth(Fig. 4C). 1y
T7 AR
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(&)

3 | removal of treatment

Colony diameter (cm)

removal of treatment

—&— Control
—O— 35%
—v— 60%
—— 100%

Colony diameter (cm)

©

removal of treatment

\

Colony diameter (cm)
w

Period of incubation at 25°C (days)

Fig. 1. Effect of CO: treatments for 24(A), 48(B), and 72(C) hours on growth
of Botrytis cinerea on PDA at 25C. Vertical bars indicate £S.E. of the mean

of ten replicates.
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Colony diameter (cm)

| ®

3

g 41

S 3

z

S —&— Control

S 2] —0— 35%

—v— 60%

17 —A— 100%
0 4
6,

B

877

o)

g 41

g

=

= 3

>

g

o

S 21

O

~ 4

1 2 3

o {

Period of incubation at 25°C (days)
Fig. 2. Effect of COs treatments at OC for 7(A), 14(B), and 21 days(C) on

growth of Botrytis cinerea on PDA at the following 25C. Vertical bars

indicate =S.E. of the mean of ten replicates.
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Colony diameter (cm)

—e— Control
—O0— 35%
—a— 60%
—— 100%

Colony diameter (cm)

Colony diameter (cm)

Period of incubation (days)

Fig. 3. Effect of CO; treatment at 0C for 24(A), 48(B), 72 hours(C) on growth
of Botrytis cinerea on PDA at the 0C for 4 weeks and the following 25C for

4 days. Vertical bars indicate +S.E. of the mean of ten replicates.
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®»)

transfer to 25°C

\f

——A—O /1
A0 =0 C /

Colony diameter (cm)

Colony diameter (cm)

©

—&— Control
1 —o0— 35%
—A— 60%
24 —— 100%

Colony diameter (cm)

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32

Period of incubation (days)

Fig. 4. Effect of CO; treatment at 0C for 7(A), 14(B), and 21 days(C) on
growth of Botrytis cinerea on PDA at the 0C for 4 weeks and the following
25C for 4 days. Vertical bars indicate +S.E. of the mean of ten replicates.
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g4 oAk (Fig. 7,8). 13y ‘4 =

of Bt oA o] - H7} BAsta wuto] Yrolx] Ammy) vrolx = F
Aol AsA olHF AN F A

A T F M 9 9 35%0] 19 myd Ao o] Akste A 2 g o
ofgk g 9 wre] Wiyt wAsty] AlAeith(Fig. 9). olatstera Ao A4
FAE Tl w8 w@gte] AA =AF o o AFS TRt =E&4E

A= Aol A thFig. 9A). Bwole] &l uidt s ww olakstta Aol <3|
aA ol =d(Fig. 9B), o1& olatstetirt #fo] ZES ] WAYs = olF uf
ol Ao wery )

M EEO A9 WP EEA G B G, 1 o4
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k1
N
i
o
&
Bfil

ga f7el neE FAe Awrt B GANYD FEel wE matel Aol
Qold AR EAGE gel olisns FE7 ¥245 4% 44 Gust 2
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3. —A— 60%
—A— 100%
=
50
X
w2
g 2
5
$
<
T
1 m
0 T T T T T
1 2 3 4 5

Days of shelf-life

Fig. 5. Effect of high CO: conditions on hardness of '"Wolbongjosaeng’ peach

fruits during shelf-life. Vertical bars indicate £S.E. of the mean of 5 replicates.
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Fig. 6. Effect of high CO: conditions on peel color of "Wolbongjosaeng' peach

fruits during shelf-life. Vertical bars indicate +S.E. of the mean of 5 replicates.
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Redness (Hunter a)

1 2 3 4
Days of shelf-life

Fig. 7. Effect of high CO: conditions on flesh color of "Wolbongjosaeng’ peach

fruits during shelf-life. Vertical bars indicate +S.E. of the mean of 5 replicates.
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1 day

3 day

Fig. 8. Effect of high CO: conditions on peel and flesh color of
"Wolbongjosaeng’ peach fruits during shelf-life.
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Fig. 9. Effect of high CO: conditions on sensory score of "Wolbongjosaeng’
peach fruits during shelf-life. Vertical bars indicate *S.E. of the mean of ten

replicates.
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—&— Control
—O0— 35%
—A— 60%
—— 100%

Hardness (kgf)
W

Days of shelf-life

Fig. 10. Effect of high CO- conditions on hardness of 'Mibaekdo' peach fruits

during shelf-life. Vertical bars indicate +S.E. of the mean of 5 replicates.
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Fig. 11. Effect of high CO: conditions on peel color of 'Mibaekdo' peach fruits

during shelf-life. Vertical bars indicate +S.E. of the mean of 5 replicates.
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HIH
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Fig. 12. Effect of high CO: conditions on flesh color of 'Mibaekdo' peach fruits

during shelf-life. Vertical bars indicate +S.E. of the mean of 5 replicates
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Fig. 13. Effect of high CO: conditions on sensory score of 'Mibaekdo' peach
fruits during shelf-life. Vertical bars indicate *S.E. of the mean of ten

replicates.
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Control  35%+24hr

35%+48hr
70 - 60%+24hr

60 60%+48hr

100%+24hr

Spoilage rate (%)
3

100%+48hr

Treatments

Fig. 14. Effect of COz concentration and treatment periods on spoilage rate in
‘Hwangdo’ peach fruits after 7 days of shelf-life. Vertical bars indicate +S.E. of

the mean of 5 replicates.
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Fig. 15. Effect of COs treatments on severity of decay in ‘Hwangdo’ peach
fruits after 7 days of shelf-life.
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2.5 A

2.0 4

1.5 A

Hardness (kgf)

1.0 4

0.5 A

0.0 -

Control 60%

CO, concentration

Fig. 16. Effect of CO; treatments for 48 hours on firmness of ‘Hwangdo' peach
fruits after 7 days of shelf-life. Vertical bars indicate £#S.E. of the mean of 5

replicates.
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| |
TR T )

10 A

SSC (%)

S = N W h L1 &Y O 0 O
T R T R R

Control 35% 60% 100%

CO, concentrations

Fig. 17. Effect of CO. treatments for 48 hours on SSC of ‘Hwangdo’ peach
fruits after 7 days of shelf-life. Vertical bars indicate £S.E. of the mean of 5

replicates.
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3.0

2.5 1

Hardness (kgf)

1.0 A

0.5 1

0.0

Fig. 18. Effect of CO; treatments for 48 hours on firmness of ‘Hwangdo' peach
fruits after 3 days of shelf-life following 2 weeks of storage at 0C. Vertical

2.0 A

1.5 A

3 24hr
XN 48hr

Control

35%

60%

CO, concentrations

bars indicate +S.E. of the mean of 5 replicates.

100%

SSC (%)

Fig. 19. Effect of CO. treatments for 48 hours on SSC of ‘Hwangdo’ peach
fruits after 3 days of shelf-life following 2 weeks of storage at 0C. Vertical

CO, concentrations

bars indicate +S.E. of the mean of 5 replicates.
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Fig. 20. Woolliness development of ‘Hwangdo’ peach fruits after 3 days of
shelf-life following 2 weeks of cold storage at 0C.
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Fig. 21. Effect of short-term high CO: treatment on hardness of 'Mibaekdo’
peach fruits on the 3 days of shelf-life. Vertical bars indicate *S.E. of the

mean of 5 replicates.
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Fig. 22. Effect of short-term high CO: treatment on SSC of 'Mibaekdo’ peach
fruits on the 3 days of shelf-life. Vertical bars indicate +S.E. of the mean of 5

replicates.
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Fig. 23. Effect of short-term high CO; treatment on decay of 'Mibaekdo’ peach

fruits on the 3 days of shelf-life. Vertical bars indicate £S.E. of the mean of 5

replicates.

Table. 1. Effect of short-term high CO; treatment on sensory score of

'Mibaekdo’ peach fruits on the 3 days of shelf-life.

Treatment

() Control 35% 60% 100%
6 ND ND 3.2
Off flavor 12 1.2 4.2
24 12 5.0 7.0
, 6 7.0 8.2 3.0
Sensory 12 - 5.0 22
24 5.0 3.0 12

! score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong

% score 1, very bad; 3, bad; 5, mild; 7, good; 9, very good
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Fig. 24. Effect of short-term high CO: treatment on decay on the 3 days of
shelf-life of cold-stored 'Mibaekdo’ peach fruits. Vertical bars indicate £S.E. of

the mean of 5 replicates.
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Fig. 25. Effect of short-term high CO: treatment on woolliness on the 3 days
of shelf-life of cold-stored 'Mibaekdo’ peach fruits. Vertical bars indicate +S.E.

of the mean of 5 replicates.
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Table 2. Effect of short-term high CO: treatment on off-flavor on the 3 days
of shelf-life following 3 weeks of cold storage of 'Mibaekdo’ peach fruits.

Treatment
Control 602 10094
(hr)
3 ND ND
'Off flavor 6 ND ND ND
12 ND 15

! score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong
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Fig. 26. Effect of short-term high CO: treatment on peel color of 'Hwangdo’
peach fruits on the 4 days of shelf-life. Vertical bars indicate *S.E. of the

mean of 5 replicates.
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Fig. 27. Effect of short-term high CO: treatment on flesh color of "Hwangdo’

peach fruits on the 4 days of shelf-life. Vertical bars indicate *S.E. of the

mean of 5 replicates.
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Fig. 28. Effect of short-term high CO: treatment on hardness of 'Hwangdo’

peach fruits on the 4 days of shelf-life. Vertical bars indicate *S.E. of the

mean of 5 replicates.
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Fig. 29. Effect of short-term high CO: treatment on SSC of "Hwangdo’ peach
fruits on the 4 days of shelf-life. Vertical bars indicate *S.E. of the mean of

5n replicates.

_56_



1.2 A
1.0 1

0.8 1

Decay index

0.6 1

0.4 A

0.2 A

0.0

o

o

0*6\(\:00/0*0& I o/ D

O
QO O

Treatment

e/o)(

\1\§0°/«*°’w
A\

Fig. 30. Effect of short-term high CO; treatment on decay index of 'Hwangdo’
peach fruits on the 8 days of shelf-life (score 1, 10-30%; 3, 30-50%; 5,
50-70%; 7, 70-90%; 9, 100%). Vertical bars indicate

replicates.

Table 3. Effect of short-term high CO: treatment
"Hwangdo’ peach fruits on the 4 days of shelf-life.

+S.E. of the mean of ten

on sensory Sscore of

Treatment (hr) Control 60% 100%

3 7.1 6.1

S ! 6 75 6.2
ensory 71

12 4.0 3.0

24 2.3 1.0

3 ND 1.2

) 6 ND 3.0
Off flavor ND

12 3.0 5.0

24 5.0 75

! Score 1, very bad; 3, bad; 5, mild; 7, good; 9, very good

% score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong
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Fig. 32. Effect of CO: pre-treatment condition on respiration of ‘Hikawa
Hakuho' peach fruits during shelf-life. Vertical bars indicate #S.E. of the mean

of 5 replicates.
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Fig. 33. Effect of CO: pre-treatment condition on CoHy production of ‘Hikawa
Hakuho' peach fruits during shelf-life. Vertical bars indicate #S.E. of the mean

of 5 replicates.
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Fig. 34. Effect of CO; pre-treatment condition on hardness of ‘Hikawa Hakuho'
peach fruits during shelf-life. Vertical bars indicate *S.E. of the mean of

Sreplicates.
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Fig. 35. Effect of CO: pre-treatment condition on decay severity of ‘Hikawa
Hakuho' peach fruits stored after 5 days fo shelf-life. Vertical bars indicate

+S.E. of the mean of ten replicates.
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Fig. 36. Effect of CO; pre-treatment condition on titratable acidity of ‘Hikawa
Hakuho' peach fruits during shelf-life. Vertical bars indicate #S.E. of the mean

of 5 replicates.
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the mean of 5 replicates.
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Fig. 39. Effect of short-term high CO: treatment on respiration of
"Kurakatawase' peach fruits during shelf-life. Vertical bars indicate *S.E. of

the mean of 5 replicates.
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Fig. 40. Effect of short-term high CO: treatment on C;Hy production of
"Kurakatawase' peach fruits during shelf-life. Vertical bars indicate *S.E. of

the mean of 5 replicates.
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Fig. 41. Effect of short-term high CO: treatment on hardness of
'Kurakatawase’ peach fruits during shelf-life. Vertical bars indicate *S.E. of

the mean of 5 replicates.
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Fig. 42. Effect of short-term high CO: treatment on decay secore of
'Kurakatawase’ peach fruits after 6 days of shelf-life. Vertical bars indicate

+S.E. of the mean of 5 replicates.
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Fig. 44. Effect of short-term high CO; treatment on titratable acidity and SSC
of 'Kurakatawase’ peach fruits after 3 days of shelf-life. Vertical bars indicate

+S.E. of the mean of 5 replicates.
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Table. 4. Effect of short-term high CO: treatment on sensory score during

shelf-life of 'Kurakatawase’ peach fruits.

control 60% 1009

3hr 6hr 12hr 3hr 6hr 12hr

Overal palatabilityl 4.2 4.2 5.1 45 4.2 3.3 1.3
Sweetness' 4.2 4.5 5.3 4.9 5.0 3.2 1.5
Texture' 6.0 5.3 6.2 6.5 4.3 5.3 55
Off flavor” ND ND ND 15 3.1 5.2 5.7

! score 1, very bad; 3, bad; 5, mild; 7, good; 9, very good

% score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong
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Fig. 45. Effect of short-term high CO: treatment on hardness and SSC during
shelf-life of cold-stored 'Kurakatawase' peach fruits for 3 weeks. Vertical bars

indicate =S.E. of the mean of 5 replicates.
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Table. 5. Effect of short—term high CO: treatment on sensory score during

shelf-life of cold-stored 'Kurakatawase' peach fruits for 3 weeks.

Ttem Immature - Mature o o 60%+6h  100%+3h 100%+6h
control _ control

Sensory’ 1d 1.2 3.2 1.7 5.0 15 4.1
2d 1.0 15 1.0 1.7 1.0 1.2

Sweetness' 1d 1.2 5.3 3.1 6.0 4.1 51
2d 1.0 1.0 1.0 3.0 12 13

Texture' 1d 5.2 3.3 2.2 55 3.7 5.2
2d 1.0 1.0 1.0 2.0 1.0 15

Off flavor®  1d ND ND ND ND ND ND
2d ND ND ND ND ND ND

Wooliness”  1d 4.1 3.3 3.2 15 3.0 15
2d 8.2 77 8.3 5.4 78 55

" score 1, very bad; 3, bad; 5, mild; 7, good; 9, very good

% score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong
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Fig. 46. Effect of short-term CO: treatment on respiration of 'Hakuto’ preach

fruits during shelf-life. Vertical bars indicate £S.E. of the mean of 5 replicates.
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Fig. 47. Effect of short-term CO: treatment on CoH; production of 'Hakuto’
preach fruits during shelf-life. Vertical bars indicate *S.E. of the mean of 5

replicates.
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Fig. 48. Effect of short-term CO: treatment on peel color of 'Hakuto’ preach

fruits during shelf-life. Vertical bars indicate +S.E. of the mean of 5 replicates.
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Fig. 49. Effect of short-term CO: treatment on hardness and SSC of 'Hakuto’
preach fruits during shelf-life. Vertical bars indicate *S.E. of the mean of 5

replicates.
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Fig. 50. Effect of short-term CO treatment on SSC of 'Hakuto’ preach fruits

during shelf-life. Vertical bars indicate +S.E. of the mean of 5 replicates.

Table. 6. Effect of short-term CO: treatment on sensory score of 'Hakuto'

preach fruits on the 3 days of shelf-life

control 60%+6hr
Sensory score! 2.1 7.7
Sweetness' 2.2 8.4
Texture' 3.3 7.1
Off flavor’ ND ND

! score 1, very bad; 3, bad; 5, mild; 7, good; 9, very good

% score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong
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Fig. 51. Effect of short-term CO: treatment on internal ethanol(A) and
acetaldehyde(B) concentration of 'Hakuto’ preach fruits during shelf-life.

Vertical bars indicate £S.E. of the mean of 5 replicates.
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Fig. 52. Effect of temperature of short-term CO. treatment on hardness
and SSC of 'Mibaekdo' preach fruits during shelf-life. Vertical bars indicate

+S.E. of the mean of 5 replicates.
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Fig. 53. Effect of temperature of short-term CO: treatment on respiration of

"Mibaekdo’ preach fruits during shelf-life. Vertical bars indicate *S.E. of the

mean of 5 replicates.
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Fig. 54. Effect of temperature of short-term CO: treatment on CsH; production
of "Mibaekdo’ preach fruits during shelf-life. Vertical bars indicate =£S.E. of the

mean of 5 replicates.
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Table. 7. Effect of temperature of short-term CO: treatment on sensory score

of 'Mibaekdo’ preach fruits during the shelf-life.

shelf-life Control 60%
(days) 0C 20°C 0C 20T
2 8.3 85 85 9.0
Sensory
,,,,,,,,,,,,,,,,,,,,,,,,,, s | 40 80 ] 63 8
1 2 75 8.0 8.0 9.0
Sweetness
,,,,,,,,,,,,,,,,,,,,,,,,,, s | 4 82 7 70 83
1 2 8.0 8.0 8.1 9.0
Texture
______________________ s .8t 80 | 60 84
Off flavor” 2 ND ND ND ND

! score 1, very bad; 3, bad; 5, mild; 7, good; 9, very good

% score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong

Table. 8. Effect of maturity on off-flavor production of 'Mibaekdo’ peach fruits
by high CO: treatment

Immature Mature
CO» production rate (mL/kg/hr) 25.0 43.7
Hardness (kgf) 2.60 0.64
Off-flavor'
60%+6hr ND ND
602 +10hr ND 1.5

! score 1, very weak; 3, weak; 5, mild; 7, strong; 9, very strong

_86_



12

1.2
F 11

1.0 1
= - 10
2 081 q
H o 8
8 O
= 0.6 1 | D
5 8
an)

04 1 "

02 L6

0.0 T T T T T 5

1 2 3 4 5
Mature stage

Fig. 55. Change of hardness and SSC of 'Mibaekdo’ peach fruits depending on
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Fig. 58. Effect of CO: treatment on respiration of 'Mibaekdo’ peach fruits
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Fig. 61. Effect of CO: treatment on respiration of 'Mibaekdo’ peach fruits
harvested at different maturity during shelf-life.

(A) measured after 3 days of shelf-life, (B) measured after 5 days of shelf-life.
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Fig. 63. Effect of CO: treatment on respiration of 'Mibaekdo’

during storage at 0C.
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(C) measured after 4 days of shelf-life
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Fig. 64. Effect of CO. treatment on ethylene production of 'Mibaekdo’ peach
fruits during storage at 0.
(A) measured just after storage, (B) measured after 2 days of shelf-life,

(C) measured after 4 days of shelf-life
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Fig. 65. Effect of CO. treatment on hardness of 'Mibaekdo’ peach fruits during
storage at 0TC.
(A) measured just after storage, (B) measured after 2 days of shelf-life,

(C) measured after 4 days of shelf-life
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Fig. 66. Effect of CO: treatment on sweetness of ’'Mibaekdo’ peach fruits
during storage at 0C. (A) measured just after storage, (B) measured after 2

days of shelf-life, (C) measured after 4 days of shelf-life
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Fig. 67. Effect of CO: treatment on texture of 'Mibaekdo’ peach fruits during
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(A) measured just after storage, (B) measured after 2 days of shelf-life,

(C) measured after 4 days of shelf-life
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Fig. 68. Effect of CO. treatment on spoilage rate of 'Mibaekdo’ peach fruits
after 5 days of shelf-life following storage for 1(A), 2(B), 3(C) weeks at 0TC .
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Fig. 69. Effect of CO: treatment on decay index of 'Mibaekdo’ peach fruits
after 5 days of shelf-life following storage for 1(A), 2(B), 3(C) weeks at 0TC .
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Fig. 70. Effect of CO: treatment on whiteness in peel color of '"Mibaekdo’ peach
fruits during storage at 0.
(A) measured just after storage, (B) measured after 2 days of shelf-life,

(C) measured after 4 days of shelf-life
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Fig. 71. Effect of CO; treatment on redness in peel color of 'Mibaekdo’ peach
fruits during storage at 0.
(A) measured just after storage, (B) measured after 2 days of shelf-life,

(C) measured after 4 days of shelf-life
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Fig. 74. Effect of CO2 treatment on mold occurrence of 'Mibaekdo’ peach fruits
after 6 days of shelf-life.
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Fig. 75. Effect of CO. treatment on woolly index of 'Mibaekdo’ peach fruits
after 3 days of shelf-life following 3 weeks of storage at 0C.
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Fig. 76. Effect of CO2 treatment on mold occurrence of 'Mibaekdo’ peach fruits
after 3 days of shelf-life following 3 weeks of storage at 0C.
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Fig. 77. Effect of CO:2 concentration on hardness of 'Hwangdo’ peach fruits
during shelf-life after storage at 0C for 1(A), 2(B), 3(C), and 4(D) weeks.
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Fig. 80. Effect of CO: concentration on sweetness of 'Hwangdo’ peach fruits
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Fig. 84. Effect of CO2 concentration on mold occurrence and decay index of
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Fig. 88. Effect of CO2 concentration on mold occurrence and decay index of
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Fig. 93. Effect of duration of 60% CO: treatment on sweetness of 'Hwangdo’

peach fruits during shelf-life after storage at 0C for 1-3 weeks.
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Fig. 94. Effect of duration of 60% CO: treatment on texture of 'Hwangdo’

peach fruits during shelf-life after storage at 0C for 1-3 weeks.
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Fig. 95. Effect of duration of 60% CO: treatment on hardness of 'Hwangdo’

peach fruits during storage at 107C.
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Fig. 96. Effect of duration of 60% CO treatment on spoilage rate of 'Hwangdo’

peach fruits during storage at 107C.
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Fig. 97. Effect of duration of 60% CO: treatment on mold occurrence and decay

index of 'Hwangdo' peach fruits during storage at 10TC.
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Fig. 98. Effect of duration of 60% CO: treatment on sensory score of
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Fig. 99. Effect of duration of 60% CO: treatment on hardness of 'Hwangdo’
peach fruits during shelf-life.
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Fig. 100. Effect of duration of 60% CO: treatment on spoilage rate of
'"Hwangdo’ peach fruits during shelf-life at 20C.
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Fig. 101. Effect of duration of 60% CO: treatment on mold occurrence and

decay severity of 'Hwangdo’ peach fruits during shelf-life at 20C.
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A6 & AFIHLntEolAM

Controls most common
Atmospheric gasf] grain insects includjng Exposure period (days)
fconcentration Trogoderma granarium

(yes/no)

KK1%_O. (in_nitrogen) es 20
IConstant % CO, in air
40 Ino 17
160 no 11
180 Ino 18.5
80 es 16
CO. decay in air from >ﬁ|§1o 15
to 35%
IPressurized CO, at >20 bar |+ <0.08

x Data, except those on pressurized CO., compiled from Annis (1987) . =

Available data are based only on PFPlodia
serricorne.

interounctella and Lasioderma

Selected atmosphericl . | Amount of gas per Supply
as concentration Application phase tonne commodity time (h)

<1% O, in N, Purge -2 m° N, <12

[ Maintenance J0.01-0.06 m° N, o

>70% CO, in air Purge 10.5-1.9 m° CO, <48
Maintenance 10.02-0.04 m° CO, [~

IGas burner <1% O

Wwith >14% CO, Purge |17 66 g Cs Hs <48
Maintenance 10.6-1.2 g Cg He o

>70% CO, in air Single—shot 10.5-1.0 m° CO, <48

Pressurized CO. aff.. B

520 bar Single—shot I>18 kg CO, <0.5

« Compiled from Banks (1984a) (except data on pressurized CQ.). Only gas
composition supported by field experience are presented in this table. Basic

assumptions for above reguirements are:

that storage is filled with grain

(minimum headspace) and pressure decay time is <5 mins for decay from

500 to 250 Pa.
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STRAWBERRY (Fragaria X ananassa ‘Camarosa’)

Powdery mildew; Sphaerotheca macularis

D.E. Legard, C.L. Xiao, J.C. Mertely and J.R. Duval

EVALUATION OF FUNGICIDES TO CONTROL POWDERY MILDEW OF
STRAWBERRY, 2000: Bare root plants from Canada were transplanted into
plastic-mulched raised beds on 4 ft centers (28 in wide and 7 in high at the center
and 6 in high at the edge), in methyl bromide: chloropicrin (98:2) fumigated soil on
15 Oct 99. Plants were spaced 15 in apart within row and 12 in apart between
rows, and overhead sprinkler irrigated for 10 days to facilitate establishment, then
irrigated and fertilized by drip tape. Fungicide treatments were applied with a CO.
backpack sprayer (100 gal/A). Treatments were applied either weekly or every
two weeks from 10 Nov 99 through 1 Mar 00 (17 weeks) as noted in the table.
The experiment consisted of a randomized complete block design with four
replicates of 14 plants each in two rows per bed, 7 plants per row. Fruit were
harvested twice weekly from 14 Dec 99 to 7 Mar 00 (28 harvests) and marketable
yield determined. The number of unmarketable, powdery mildew infected, and
Botrytis infected (gray mold) fruit were also determined. The percent of fruit
harvested with either powdery mildew (Sphaerotheca macularis) (number of fruit
with noticeable powdery mildew mycelium on it, divided by total number of
marketable and unmarketable fruit harvested) or Botrytis rot (Botrytis cinerea)
(number of fruit with Botrytis rot divided by the total number of marketable and
unmarketable fruit harvested), and total marketable yield are reported. Foliar
disease severity was rated once during the season (13 Jan). Individual plots were
visually rated for disease severity on a 0-5 scale (0: no disease, 1: less than 10%
of foliage affected, 2: 10-25% affected, 3: 25-50% affected, 4: 50-75% affected, 5:
greater than 75% affected). Disease incidence data were transformed (arc sine
square root) prior to analysis. Data were analyzed by ANOVA and treatment means
were separated by Fisher’s protected LSD (/& 0.05). Weather during the 1999-2000
strawberry season was warm and dry. Although foliar incidence of powdery mildew
on 13 Jan 00 was relatively high in some treatments, the level of fruit infection
during the season was low and most of the effect on marketable yield was probably
due to Botrytis fruit rot. Significant treatment differences were found for
marketable yield and the incidence of powdery mildew and Botrytis fruit rot. The
sulfur treatments had the lowest incidence of powdery mildew infected fruit and
also had the lowest foliar severity ratings along with Nova, and A-815. Kaligreen
caused a phytotoxic reaction that mimicked foliar symptoms of powdery mildew.
This resulted in Kaligreen having a dramatically higher foliar severity rating and
lower yield than other treatments. Only the Benlate treatment had significantly
higher yields than the control, probably due to control of Botrytis fruit rot.
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Table 1. Oz limits below which injury can occur for selected horticultural

crops held at typical storage temperatures (adapted from Beaudry 2000).

Those commodities in bold are considered to have very good to excellent

potential to respond to low Oa.

02 (kPa)

0.5 or less

1.5

2.5
3

4
5

10
14

2
3

5

10

15
20
25
30

Commodities

chopped greenleaf, redleaf, Romaine and iceberg lettuce, spinach,
sliced pear, broccoli, mushroom

broccoli florets, chopped butterhead lettuce, sliced apple, Brussels
sprouts, cantaloupe, cucumber, crisphead lettuce, onion bulbs,
apricot, avocado, banana, cherimoya, atemoya, sweet cherry,
cranberry, grape, kiwifruit, litchi, nectarine, peach, plum, rambutan,
sweetsop

most apples, most pears

shredded and cut carrots, artichoke, cabbage, cauliflower, celery, bell
and chili pepper, sweet corn, tomato, blackberry, durian, fig, mango,
olive, papaya, pineapple, pomegranate, raspberry, strawberry

Shredded cabbage, blueberry

cubed or sliced cantaloupe, low permeability apples and pears,
grapefruit, persimmon

sliced mushrooms

green snap beans, lemon, lime, orange
asparagus

orange sections

Table 2. CO2 partial pressures above which injury will occur for selected
horticultural crops (adapted from Watkins, 2000).

CO2 (kPa)

Commodity
Lettuce (crisphead), pear
Artichoke, tomato

Apple (most cultivars), apricot, cauliflower,
cucumber, grape, nashi, olive, orange, peach (clingstone),
potato, pepper (bell)

Banana, bean (green snap), kiwi fruit
Papaya
Asparagus, brussels sprouts, cabbage, celery, grapefruit,

lemon, lime, mango, nectarine, peach (freestone), persimmon,
pineapple, sweet corn

Avocado, broccoli, lychee, plum, pomegranate, sweetsop
Cantaloupe (muskmelon), durian, mushroom, rambutan
Blackberry, blueberry, fig, raspberry, strawberry
Cherimoya
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Fresh Produce

Produce is a perishable that starts to decay at the point of
harvest. There are several factors that come into play that
accelerate ripening and, ultimately, spoilage. The three biggest

contributors to the decaying process are temperature, the
production of the natural hormone “ethylene gas”, and dehydration.

CO; Technologies Delivery Systems will slow this decaying process and result in
considerably less produce being discarded when used from the point of harvest
through consumption.

Note: Proper cold temperature control is fundamental to perishable product
preservation. No amount of modified atmosphere will compensate for improper
storage temperature.

CO2 technology is as effective as ethylene blockers.

Plant life needs three things to live: Light, water, and carbon dioxide. Carbon
dioxide is an ethylene antagonist (blocker), and laboratory tests show that the
release of moist carbon dioxide by CO; Technologies is equally effective as the
chemical products used to block ethylene. CO, technology delivers the
much-needed CO; and moisture required to extend post harvest shelf life of
produce.

Site Developed by Full Steam Marketing &Design
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