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Studies on the analysis of the characteristics analysis of shelf life and
improvement of various treatments during the storage of Satsuma

mandarin (Citrus unshiu Marc.) fruits.
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Table 1.

Weight loss after prestorage conditioning and changes of rind color during

ordinary storage in terms of rind coloration and puffing.

Prestorage conditioning

Rind color

(Dec. 20) ¥ Dec. 20 Apr. 207
Prestorage Weight loss
after Withering 1. * a% b L a b
conditioning
Rind 60% 4.9% 2.8 55.9 24,7 35.8 56.7 30.7 33.7
. 80% 4.9 3.2 54.3 28. 6 34.3 51.3 31.9 27.9
coloration ) ) ) )
100% 4.8 3.4 51.2 36.9 26.3 51.1 32.1 27. 8
Rind Severe 6.1 2.8 54.1 21.2 35.3 51.3 30.5 32.7
" . Middle 5.2 3.1 54.3 28.0 34.9 58.2 30.9 33.3
puffing .
None 4.9 3.3 52.9 28.7 34.6 51.4 31.9

26.9

X, wand v

w : Test completed on Apr. 20.

L8y nind voloistion alnd puriing
R - X Savere
il By BOR | A Hodiun
O O 1
e go% b @) Abnant
10 ~
§° |
ol B
3
o1 -
E a/"'“f:: = g
[PERs Oy S e Sy y
g '
. | A N AR -
Per.  Jan. Fob, B Apr. Dec.

iz 20 8 2 12 2 18 1 17

: Determined by Hunter colorimeter
v : Conditioning by prestorage from Dec. 1 to Dec.

FUBBE YD RIIRE IS e s <, SRR T
13 OF & Al RN 5 AL S N T/ N

PRl = JH\IIXIYJ@(;‘))UX;J QU2 SHhA N

BUE D DEEDKE L, 1o bbes,  E /HH\OU\)
THD PIZE D - 12,

BB O HALI RN SR
LIRS R B S RIS
L O CE A f:o

Rk gy At

I//JJ

GRS A

‘A 1\[ 4/ II[

T A ﬁj\*<y ({xﬁ/}\

B,

Fig. 1. Percentage of fruits decay during ordi- DV L, e lW))di ¢id, ‘(—f-y&vkwl‘t’\ x‘f’f}f\‘i‘iyk
nary storage in terms of rind coloration A = T2
and puffing. 4 JAZEI OIS 551 2 PRI, PHEL &
Table 2. Fruit changes at the end of ordinary storage (Mar. 20) in terms of rind
coloration and puffing.
Rind b ; Percentage Rate
Degree of :
Puffing efhr . of rind Yollowing Blackish oil
rate withering puffing of rind gland of rind
Rind 60% 2.0% 2.5% 30% 1% 0%
. 80% 2.0 2.8 27 2 0
coloration ’
100% 2.0 3.0 12 0 0
Significance NS * sk * NS
Severe .5 . 7
Rind LVG'H« 4.5 1.0 70 15 7
. Medium 3.0 1.5 46 3 1
puffing .
No 1.0 3.0 9 0 0
Significance sk e E ke %

s and sk

Signtficant at 1% level and 5 2, level, respectively, and so forth.
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Table 3. Fruit changes during ordinary storage in terms of rind puffing of fruits
harvested from the outer and inner parts of the tree canopy.

Rate of Rate of

ngtn%% N - Weight ™ Weight Fruits RInd color Op cz)l%ing without fruits
tree Rind puffing loss loss Decay e stomata ” pé}?i(}lg :Vliltclll
Ca{j%” B) (Apr. 12) (Apr. 12) Orange Yellow (Feb.24) fruits  puffing
(Apr. 24) )
outer | Severo putfing 5. 28 19.4% 0.8% 475 4% 6% 58.7% 1437
No  puffing 4.5 18.2 2.2 55.5 12.9 10.1 64. 6 17.7
Tnmner Severe puffing 4.8 19.5 24.4 39. 8 14.6 3.8 51.8 45.8
No  puffing 6.8 21.7 26. 8 48.3 13.8 6.9 82. 8 13. 8
A NS NS s Fx * o NS "
Significance B NS NS * NS ke ok # NS
AXB NS NS o o e NS NS *

x : Weight loss during prestorage conditioning.
¥y : Opening of stomata in rind (x50).

Table 4. Fruit characteristics at tne end of ordinary storage in terms of rind puffing
of fruits harvested from the outer and inner parts of the tree canopy (Apr. 13).

XD, R

TF P A8 ey %
BT A P od;

LB

|u

T I,

Bearing Fruit quality Moisture “ Juice
part of  pid puffing o
tree : Hng Specific  Flesh weight  Rind Citric ¥ Total ¥
canopy . ey ffing Rind  Flesh Brix . )
(A) (B) gravity  Fruit weight  fruit acid  sugar
Outer  Scvere puffing  0.78% 70.8% 17.3%  70.6% 86.4% 11.4% 0.68% 1.5%
) No puffmg 0.78 70.3 11.2 72.3 85.9 11.6 0.58 7.4
Inner ‘-aevere putting 0.71 70.7 13.1 74. 4 §6.7 10.2 0. 54 6.6
' No putting 0.76 70.7 12.5 75.7 86.7 10. 6 0.52 6.8
A NS NS NS # NS NS NS NS
Significance B * NS * NS NS * NS *
AXB NS NS * NS NS NS NS NS
Storage tested ffom 'N’oyv. 28 to Apr. 13.
z @ % per fresh weight.
Yy 1 g% in juice 100g.
DR, TR LS RO RO RIS SO IR ORI & B L) LRF A0

LD IR E (N, BETRIE, 7 v A

Pl b, '@-E?Iﬁzk s, Bk

2% ¥ AJFert T IR ‘/mi:i: L 57

L CTHL ED T BRINE L, ARARITES 1K . ST
ol CE3ED . EI D ED -7 CF43) .
AR, HEEORIGBHOPE, BIIHE, @ WROFE, FHOHEOMIBG L R

AR L BIEL Y LRI 5 RIRT LD RO B ) AR O RS i~
K&, EEAC s, i‘?ifli'?@}ﬂi DFEI NG DT JEDZE L Y L, HOHE ln]0>ll %

L

TRILTIIEL, TER J’u < 5T Bk, Y BIEHKRE BN, WHERGEOCARORITE, 44
“’H/MLU OIS RQUINIF 8 O RIEE D - T2
ITHEHKEL, I%DC':*{[WMJ&“C“ U BRRE i}k,[lf‘ R ORI LU RO
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Table 5. Fruit characteristics at the end of ordinary storage in terms of rind coloration
and puffing (Apr. 12)

Rind Rind Fruit quality Juice

puffing  coloration Rate of Rind  Specific Felshweight”  Cigric Total Reducing
(A) (B) yellowing i . : Brix LY y 'y
of rind moisture  gravity  fruit welght acid”  sugar sugar
Severe 80% 39.2% 76.3% 0.68% 67.2% 10.0% 0.51% 6.3% 1.7%
’ 100% 12.9 74. 4 0.76 69.1 10.8 0. 49 6.7 1.7
s 80% 36. 4 76. 4 0. 81 71.9 10. 5 0.62 6.8 1.7
No puffing ) - )
% 4.1 73.4 0.75 70. 6 11.0 0.54 7.0 1.9
A * NS * # NS NS NS NS
Significance B * NS N8 NS % * NS NS
AXB NS NS NS NS NS NS NS NS
Storage tested from Nov. 28 to Apr. 12. ‘
z ;¥ : As in Table 4.
3 . TG OWUH R A DN o e 4 H26 N HRORIEZ
$ X R 5&%@ R M‘. (G FAPANEY ¢ x/J s g }5&6!1%‘ f\)\‘ U\‘L x
IEERN o gL s & %, IR 109335 (4 Tl 25 W 4L, wililfe
: si = IREIROTENL A WO, 8 ARGLF ORI T
35 g 2050 E/l DABN, CTHEL EY T BRI
3 = RS Putfing
dio IENNEREN RRCH B RIATEH L, & D 6 A5
2 N ‘ PR E Y RO £ L
- \ \\§§§ PRI B S RN & DBMRZ O T, FREEARL 2D
NN VEE CPHULEEIS & 5 Sk, RS EROE TS b
% beb, Mar. Apr. Feb. Wer, Aprs  Feb, Har, Apr. Teb, Nur, Apr. tytre s . § _
HE AP (S e @ R <, WRBHIO 4 H24 o T H1E STAE IR
et b LTV g P T IO Sl OGRS VBT B R
Sovers rind puiling Mo tind pulfing

, ) VT S B £ Lz s, R, ;r,c.],.@;,”, T
Fig. 2. Changes of fruits appearance during or-

I I I LhEC ¢ CTREL ED
dinary storage in terms of rind colora- KNIl o Lo RPIEREO HETIS THGEY
tion and puffing. BSOS OME KR e LJIM‘“"‘I‘*J‘@‘H&J'*‘/il"'{lw RER

%<, FHOTFREO PpHL &0 BRIdee % &0 L

IO RF LT, LA o - 2zo ZDYHTEAD ) BRI Ch - o B3 IR

SER e

1k

AU U R L Y LAl E £ ST S L9z, BRI 3 H MU R R IR AL
BINC L 2200 (B, 8 oSt Ibs, 1059050 o 1A, AR B SRS <D,
R s B, BERIRA AR L B WERRL DR EE, - 2,

5 2«“) BT R E OGS oV, ORI

VIR OO BRI S IR o 3 f il L 0 LR T L DR, BAkE w'@’f& Fidhroln. 4 )fl
EEOBEHL, CTREL E D BRI B L Y7 12 A ok \{L”‘{fuﬁc 3PS A o
Y Z 0>/;»>f>ﬁ\'9éﬁi-?%< ME 7 CGE2IKD . Ioo MR 4 H2 SIDRAE S APLIN R L A S A
Al 2 ﬂkmuh B B0 B RO & L, CPHbLEY” H@%a :uw\ JEhiho W tE b (K

@ ')&Jéomﬂa.w?, TR, B {, DWVCITHEDITH -z “BZED <

Lk SN T A o Tt AR A Lfi EE 38
FOERITEE D - 7 ),slxl R L O, BIERER
IR 2 TOBREIZEW S MIE <, B ROENE
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Table 6.

®k o

b R Y o R b

11

Fruit characteristics, moisture content of the rind and flesh and the number

of dyed stomata during and after low temperature storage in terms of rind
coloration, rind puffing and rind thickuness.

Rate Moisture Opening of
Fruit character ) stomata i
T charac Dis-  Blackisn  Rind Rind Flesh stomata in
at harvest time colored oil gland puffing - e 7 - rind (per “4
fruits fruits fruits Dec. 20  Apr. 24 Dec. 20 Apr. 24 vision, x25)
Rind 662 4.1% 2.4% 45.1% 76.8% 80.7% 89.0% 89.2% 17.9%
2 5 I 1 1
coloration .80/0 6.1 7.4 19.5 76.6 75.6 88. 6 87.1 12. 6
100% 0 0 1.1 75. 4 80. 1 §8.2 88. 2 20.0
Significance Wk * # NS NS NS NS #
Rind Severe  25.0 6.0 95.7 78. 4 83.2 88. 8 88. 1 13.6
e Middle 3.9 1.2 25. 4 75. 4 78.5 88.0 §8. 8 14.5
puffing . .
No 0 5.0 75.3 76.2 87.8 §8.0 26.5
Significance ok ok ok * 3 NS NS *
. 2. Jmm 7.4 0 16.0 75.4 75.2 87.5 87.0 23.8
Rind
s 3. 4rm 3.6 2.4 9.8 75.6 80.7 88.0 89.8 22.0
thickness
5. b 5.6 4.0 66.0 76. 4 78.1 88.4 §9.0 8.0
Significance # sk sk NS #* % * sk
Storage tested from Nov. 28 ‘to ./\pr; 26. 7
z : As in Table 4.
2 16
[N z
26 - BN o
ZI‘L H#ind coloration Rind pul’!ingl‘% Rind thicknoss ¥ W N P
161 / .
e ] /)(/ w 6k 12
Ez'12 ~ L‘;“ X/;.%nlu {
F 5% fovor / % L 8h U
gl B 19ovore /! L.s.D Q Fo3 S
E ), ‘/ /X \’; 3 :
i b b5 p | Puaate / % :""f i _ ag
Qﬁ Kl /”‘;P , Mo :/ R g’ }é
8w 100&@/' Yook s ot _: el - o
s e e I e ){___X‘# st 2 | et g
60% 1 2o & ‘ %
o TR S S S Y S T N WO WO NS S ey
Dec.dun, ¥eb. Har,Apr.Dec.dai; Fob,Mer.Apr,Dec.Jan. Feb,Mar.Apr, — - oy
21 19 26 29 2 21 19 26 29 24 21 15 26 2% 2k
Fig. 3. Changes in fruits decay during low tem- LR
perature storage (3°C) in terms of rind
coloration, rind puffing aud rind thick- . 0
ness of fruits. Pec. 26 dan, 22 Febi 2y Mar. 2 Apr. 17
Fig. 4. Weight loss and decay of fruits during

24.7% %5 L

1114.6% T,

, Lo Pewnicillium  JEEIZ & 55
/CO)f_JJ :IJ}/;\iJ‘IIL %) 5

P

S U/ RS

nie GEe#, WD .

J
ok AR

® m%mﬁ&w

-Aiﬁu
ST D f@ii“ DA b,

S JEOR LA Y &
& BB RO E BRI o
% VI 0 e <, B ES
IR ORI

low temperature storage in terms of
rind thickness and puffing (O~
Fruits with severe puffing and thicker
rind, & : Fruits without rind pu-
ffing and thicker rind, O~~~ : Fruits
with severe rind puffing and thinner
rind, @---@ : No rind puffing and
thinner rind).

z : Confident limit of population mean

at the 95% level.
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100

A

Hi3TE

o
13775

80

g
0}

o
&

fruit guality (
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hanges in external
o
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7 Zz7

7
g, 7
Fou. Mar. Apr. .Fob, Mor. Apr. Feb. Har, A
. . x, . + Apr, Feb.Mar,Apr.
6 =2 1 6 2 1 6 2 1 6 2 pl
Thicker rind Thinner rind Thinner rind

Fig. 5.

terms of rind puffing and rind thickness.

Thicker rind

Severe rlnd puffing No rind puffing

Changes in external fruits quality du-
ring low temperature storage in terms
of rind puffing and thickness of the
fruits (m=ms @ Withered rind,
: Puffing).

| m—

No puffing, vz

Changes of fruit characteristics during low temperature storage (3°C) in

Juice

Rind Rind Fruit q”"‘l‘;y ‘
puffing  thickness Specific gravity a;fl f(gn;md Brix Citric acid ?
(A) (B Apr. 14 May. 9 Apr.14 May. 9 Apr.14 May. 9 Apr. 14 May. 9
Severe Thick 0. 74 0.74 15.1% 12. 4% 10.9% 11.6% 0.79 0.65%
Thin 0.72 0.72 15.1 12. 4 10.2 10.8 0.65 0.56
o Thick 0.76 0.76 11.5 13.2 10.3 11.2 0.74 0. 64
No puffing . i )
Fhin 0.77 0.75 10.5 11.9 10.7 1o 0.49 0. 60
A * NS * NS NS NS * NS
Significance B NS NS NS NS NS NS NS *
AXB NS NS NS NS NS NS NS NS
z : As in y of Table 4.
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Changes in COz and Oy concenirations in internal atmosphere of fruits,

ethanol contents in juice and rind moisture at 22 days after transfer from

ordinary storage from Dec. 20 to Apr. 20.

e e o1, s 2 Rind

Fruit rind COy Oy Ethanol in juice momtuxe y

ChAracers Apr. 20 May.10  Apr. 20 May.10 May. 7 May.10 May.12 M’*Y 12
Non rind puffing 1.28% 1. 96/ 16.6% 13.1% 34mg%  47mg%  82mg%  70.3%
Severe rind puffing 1.55 2.20 17.5% 13.5 29 69 69 §1.12
Coarse rind 1.62 2.16 15.3 12.3 37 58 74 72.5
Fine rind 1. 45 2.13 15.2 13.1 35 53 65 75.7
Orange color ™ 1.98 2.20 13.7 10.0 39 65 69 68. 2
yellow color * 1. 45 1.96 15.6 14.6 27 52 55 70.4
Thicker rind 1.91 2.13 14.6 13.1 58 63 79 64.8
“Thinner rind 1. 31 1. 43 17.7 13.6 30 62 63 76.8

z g%, juice 100g, FW=!,
¥ :As in z of Table 4.
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Table 9. COs and Oy concentrations in internal atomosphere and characteristics of
fruits harvested from various parts of the tree canopy in the middle period
of ordinary storage (Feb. 17).

Gas Juice Frult quality
Bearing concentration R o] . ot
part Rei Citric Specific ,I" lesh weight R?;’gd()f Breakdown
rix

(02 COy " acid ¥ gravity  Fruit weight moisture albedo ¥
Top 18.0% 1.34 10.2% 0.1% 0. 80 69.5% 77.0% 1.4
Outgr 19.5 0.88 11.9 0.73 0. 81 72.2 11.7 1.2
Inner 18.9 0.84 9.8 0.76 0.84 73.9 76.6 2.0
Skirt 20.0 1.04 9.4 0.68 0.82 71.8 78.1 2.2
Significance ok NS NS sk NS 3

z : Degree of breakdown of albedo.

¥y ¢ As in Table 4.

Storage started on Nov. 28.

=% and % : Significant at 1% level and 5% level, respectively, and so forth.

Table 10. CO; and Og concentrations in the internal atmosphere and characteristics of
fruits harvested from various parts of the tree canopy at the end of ordinary

storage.
o Gas Ethanol Rind weight ‘ Juice
Bearing concentration . Rind o
Tatii in B . Citric Brix
part Z e . . moisture Brix y .
0, CO, flesh™  Fruit weight acid ”  Citric acid
Top 16.5%  1.11% 53, 7mg% 31.8% 78. 6% 10.0% 0.61% 16.2
Outer 17.4 7.54 127. 4 28.9 77.3 10.6 0.58 18.3
Innef 17.6 1. 49 191.8 28,1 79.6 9.7 0. 62 15. 6
Skirt 18.8 1. 64 182.0 31.3 79.7 9.1 0.56 16.3
Significance * * * NS * * NS NS
7777777 z :mg% flesh 100g. FwW~1,
y : As in ‘Table 4.
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Schematic diagram. A : Apparatus used
for gas sampling from the internal at-
mosphere of fruit, B : Direct gas sam-
pling method.
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Fig. 11. Changes in gas content (air, O, and
CO,) in internal atmosphere of fruits
during ordinary storage from Nov. 20 to
Apr. 20 (O~ : Okitsu, @—@ :
Miyagawa, /A -—/\ @ Fujinaka, g~
: Aoshima, X-——-Xx : Nishiyama).
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Changes in O, and CO, concentration
of fruits during ordinary storage from
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Fig. 15, Changes in O, and CO, concentration

in internal atmosphere of fruits during
ordinary storage from Nov. 20 to Apr. 20
(O O : Okitsu, @— : Miyagawa,

- /\ ¢ Fujinaka, &4 ! Aoshima,
X =3 Nishiyama).
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Changes in O, and CO; concentration
in the flesh during ordinary storage
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Table 11. Permeability of CO, through the

rind of fruits at harvest (Mar. 10).

Rind characters [* I **
60% rind coloring rate 20.2 22.7
80% 4 19. 4 19.3

100% 4 16.9 19.9
Severe rind puffing 19.1 17.4
No rind puffing 16.9 17.5
Withered rind 15.0 20.0
Rind thickness 2. 75mm 21.8 21.8

Y 3. 42mm 19.4 22.5

” 4. 07mm 18.2 23.4
Quter setting 17.3 15.7
Inner setting 17.6 16.1
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Fig. 34.

Teujimura Sugiyama

potassium, calcium and nitrogen content
of healthy rinds ()~ () and infected
rinds at 12 days after inoculation (Mar.
20) of Penicillium italicum (@ ——@).
The fruits used for the experiment were
harvested fron Satsuma mandarin trees
treated with various amounts of potas-
sium fertilizer and then stored from
Nov. 27 to Mar., 20 under standard
couditions.

Note : SK, NM, NC and N as in Fig. 33.
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Fig. 35. Growth of fungal colonies of Pewnicillium
italicum in inoculated on Mar, 20 in
the rind of fruits which were harvested
from Satsuma mandarin trees treated
with various amounts of potassium fer-
tilizer and stored from Nov. 27 to Mar.20
under standard conditions (85% RH and
90% RH and 10°C). Note : SK, NM and
NC as in Fig. 33.

S Aftor ]naculr\Uun
00 A-hoh o Lu0,
2 Q Lion
3 § duye RS
Abor Juomulation ]
ol A 3 fiot-
S
15 Uarn '\/ 3
i @ dya B
o 3
o E
- » S
3
10 dayn - . e
00 g . GRS
o ° P “: 15 ey
00 3 o i
!
e

Aftar 10 oy
©

@
P - r: o -0 9
R ) NH "C S llH NC BRI L

Busey uaRM bR Bostmt Nl gua Surmn iy
Fig. 36. Growth of fungal colonies of Penicillium
italicum inoculated on Mar. 20 in the
rind of fruits which were harvested
from Satsuma mandarin trees treated
with various amounts of potassium fer-
tilizer and stored from Nov. 27 to Mar. 20
under standard conditions (85% PH, 90
% RH and 95% RH and 3°C).

Note : 5, NM and NC as in Fig. 33.



Aese ay ke
B3I

R&o

I o ok 29

%/RHITJMW FHRIZITIT 100 25 DB B

TN NI XJ/,S&/RIIITH/IHiNJO\ZQA
1m«&“,m0 o TG A AL EHR) ﬂm
R sz, A th AT S 0 DR i
VS, RS s, tvuaﬂxﬁxwﬁmM$m
BAER A3 T,

oI R RII85 2 R H T CRFE 7 HERIZIZ0~5%
9% RH F¢I310~60%, 1211I1Z1385% R H F 685~
95%, 90%RH 95~ 100 D% L, 0% RHAFIZ
s, 85% R U T Cl T L8 & i s vz,
VIO B OO CIHFIC0Z R T, 7 [1#81C
BuClaTr e B S S s,

YR 3 °CTF CII B R REE O I 2 <
A BIEERL, BV ‘M@ %')L T E R AR
P s R, &,@WM TS Ol /AN

IR

[LESI 0T =5 YW&WH%(OV4/,BH%T
2ww4,ml&1%~%4,%J&meum%&,
10°CMIZIE, 3 CH TN e D B <N A8 %
AR Lo WLETRICHE R AT < 2 A IS & RRIER R AL
HH S M@ 72 0 2, JEH L2240y
R OISR I A USRI A8, S E LT

%?!ifi'fjﬁ'im@ P E NI E D T 5 T

N -JE SRR LR 20 11 2 022~49%,, 25 H 1t C57~
100 %57 L, 10°C Tz~ 3 CT ORI,
Y BB LR L, WMERTCIISSSRE T O
BB 2 0 B A4, 90% RHEM L Claind
@MM#Abntow{“ﬂwwk,m%%&&M&
V2, B0 RS 2 O Mo Bz 2 R IR R s R < 2
D, BTEREELE D 2,

3. # e

1) M O B Ao REL ML, F o U
TR OB AR 5 iR % Jx-l L g, U e

}/‘{r:

DI BIE E X DYLRPEL, JaTEEL ks
&#b,ﬁU%Hﬁ%m%XuﬁLTWMM% NS

DEFEZ LD,
B, 2V EREOS

FE S GO G Y RS
S OB ORFIT E wmmw .

WAL D E RIS OB,
mx%ﬁww%k%,fmxwxaﬁ R TS &
4Bz Sy U‘“Cﬁ U AN /»*';‘. Mg Lk 2 A, iRk RO
A1) BHE g L, RTINS ST
LR muwmzu,,ﬂUMMH@ALiwA

CHBCE A L h, BRI ORI LR
WNOH YT L0IBIHE & U CERT 20T &
b s,

U
2F 33N
U LERESITLS
T Yy sERIEE

uxﬁf,m%%ﬁmﬁMkLt%%
B RFEH A Ol o L 1D By A
SRR, BT A THE AR

TEOCIEIIE BB A, BAMEELDL
#9 3 emaOfi F CHERE T L TEDBEZT, HY
Y ADRRIEETIC A > TBET 2 L 0T A0 &
Heim s s, &S VIR OREDHE R E ML
mﬁﬂ@ﬁUVAﬁﬁ%ﬁk*<,MW@MK#UMT
RN Oy L RRIBR THL08% A bh
B

TR ORI T, WAREME LYY
SERDEOEI 2 A BN DU B, WATH <
5 H T A Y ABSAOEATIT T ORE b
BThHs ) BB RORE 7 v~ PR OREE L
Y LORENBEE OBRIZONTE BT 502
P HD,

O A B E T &L
i, M »J’~)I;)Mxi’i< LA ENDLPY,
FE@S & FRLOME 2 g2 5, §i
WAL LL LD T T OPRAHIN T Lo b, B
B SgE s & T R H OWIHI O 72 01 2 2 O R
BEEORsg: L OB T OB EORE N EE TH D,

4, ¥ i

1 HHrURHERBOBOREE I U EHEobk
VT ERSRIEH OB ORI, T AU
VD o e B Y RO wmwjk@$u1&ﬂu
I, WAy AEEES - .
USRI O 1 ) o7 S BeV I — S8 2 O T 4L
W, WARISHEI TEL, Ay admloiistsihh
B

2. 10CLH T T3, 8% RHIZIE~90% RH T TH %
FEHWRAE L, WABHISE, BPEREELE > -
Tzo 3°CLAUFTO RBRDER A A DALY, 10°CEUT
HorB i IS OFEE 130 7 D I S 472, 10°CR U 3
CT &L U AT O R0 e, A ) s R At o>
RPTH AT mﬁuﬁé<,mﬁbm*$,m4k&
BRI - 7,

SOV,

’fy\

b,

ixft, BRI
g @D, R
{210°clL L, BEfR

|;] /\{/\ L,




30 SRR SRS 2375

AR

TV o W XA Y ORECLE, TR MR
W TTBY, O ATED bnxwé PN - IpLaEx i
YEFBEEI OO T OIS 2oy, 4010 40 PRI OBR
B o BB & - TP BT L, #
DHEEIH O AR S o 4

TR, vy ”ULO)’i R T
A OWTRI L 72 & 22U, 8.3°C, 76. 7/RH’G
20 PRI D 3 3.6 % 21595 T o L o TRt
BERSY B~ 3 WA U, Bk s L AL e
BT D78, B O Rl ~OAKSY B U R MH O
ol s, ZoRE, wILB M,ﬁck B 170 56 3401
NSRS E FROEMIRER E LTS 5oL %
HE S Ao L7,

O CTCH PRI R 2O 3 TR 2 SIS iz L 22
LI REEOD N AN E O L) B R RITL, +h
PRI E L TED & 5 1 R o FRRGE £ 24
DS ONWTRRE LT,

1. 4%*4&0“7552&

L] PR & r» trp, BROREOA AMGH, R
S & O)Mff 7o U B o Pedi oo A AR, B
)\1'”‘1'!\, By

AP R SRR 0 L AT 8 Iyt oo Mt

11)127 KEEL, 12/ 1 AAas Pl . TR
)-—'a‘ LT, 8+£3°C, 80+ 5% RHIZI4ME, AEIP
DL, WICERE T AR D 3% & L i

BT 3% PRI EV D, ol Z-ov Ty i)

Table 12.

W 1 vk & 2 o mh UL D MY

REAA A0 97 A R B T i

L), 2001M10£2°C, 80+ 5% RHELIMATY v~
2R L (B T15~30em /sec) |, HEIEARELY
HE %L L, 20010+ 2°C, T5~80%RHE L
MZT7 5 v & o OREPRE T s & R
E LA, 104 2°C, 95~100% R HOIRBEL
o7 20kg ALY v FF @ IS AE L,
Y165 OB LG P MBO 4 K EREL 2,
PHHA TR, BNENB0E O =, b7 — T — R
W (3£ 1°C, 90+£3%RH, ABFE8Y) Ts5H
100 F T L 720 E7m, 5% TR & PRI,
{adBley & L0, 60, 80, 100% HEFEEOHES LRHE
BEEE L, TR U TSRO REEEP OO0, CO.H
JEZE(LAZ N T S L7,
'-'rr'!'10>Hi%0>ﬂ‘f'~luf<iﬁ Hep U&lﬁ @/Mmfﬂz, ')A)\

AL 2. HC l’i‘iﬁﬁu**w i 5L,
O R L, B RURENERICEIN D 2
Joee BRI O L AL, ff PHI RO S ) —
AL Davis (8) 5 P HT L

T2 T A oA z;m 1 & OBIER
AR S YOI O L 4 1127 I

L, 12150 2 T14HE, 8+ 2°C, 80+ 5 % RHTH,
TR D 4 3% L T R S, R 8 2 2°C,
9~ 100 B RHIZPWT L GRESWY Loy T

’;"uu!W)/&)\, BN SRY S Izw)zl rRel, #
B & U R R T 5 Hi1oH

Gas concentration of fruits and ethanol content of juice of fruits subjected

to prestorage conditioning (10 and 20 days after the onset of conditioning).

Prestorage conditioning

Gas concentration

Ethanol in juice

Weight Dec. 10

loss conditioning

&) 02 CO;
1.6% No conditioning 19.2% 1.22%
3% %14 days 18.5 1.73
5%-10 days 18.5 1.56
7%-20 days 18.0 1.60

Dec. 20
Dec. 20 Mar. 20

Oz COq

16.5% 2.50% 5. 5mgly 55. 2mg %
15.2 2.30 7.2 67.12
16.3 2.40 7.2 64.2
16.2 2.52 10.2 59.4

z : Rate of weight loss of fruit during prestorage conditioning.



B4

TR L & oo ikt 31

1225 NS T i, 8P ol o Rk oo 77 2 gtk
POV S L AL, bbb, HF1sKD L S

BRI 7 % PHIREIRE, SRAOTSIEL L T i

R o gl s Lz,

IR T U F ORI PP R & IR kD As)x/kﬁ}ﬁid PP R .-\><. W TP <, T
RO L TR PR L R s oG, BN 3~ 5 G CHEFHI LY, 0.8~1.0%1K<, 74**?41—[-
AL 1205129, COx 1 A ADEALZME L. R 3 YL - 72 (123
2. 7’ B s 7 A, O, PIEE TSR {45
AR PHTIE S THh, BOREOH A, R FELFMETFT2EFITH Y, CO @I TR
FEME & OGS D USRI O B A ARG, R BT EL A A A SR ol REERAD
S, BERSY CAMBIIH A 5 7m0 AT T BOSE L 2R T
© PR RSO & TG0, 20 Hﬁ& I3 FIHIBE U 728, PRI O YR S0HL
DRI O T L 228, HROMFIR R HEX )dm/ Wy 4 5 <, CO VTR EHUR0,08% LY
Lo, FHBCTH P O, PR TR 2~3 /m < 7wl
= SEOBUAD AL o T o PRI T IO RIEZ DT ~Il%‘d< Bz EINRB Ly s - ERL, THETRICIEY
“HW)’( WAL & A, TRMAEEL 2355 RRI R 20 < a LI EH BB A DD, Th

UCRE ORI 3o e R L, PHBRERNT SOY L RO 3 A0 IS L 2L 0, D
3% TR, 5% “I""r‘?‘l?‘%;iﬁ{fs P s T O At < I o TOT (GB13E)

Table 13. Respiration rate and moisture content of fruits subjected to prestorage

conditioning (10 and 20 days after the onset of conditioning).

Prestorage conditioning
Weight

Respiration rate (COy mg-kg~!. hr=') Moisture content(%)

loss conditioning Wholc frmL ) Rind ’ Flesh Rind Flesh 4

%) time De( 10 Dec. 20 Dec, 20 Dec. 20 Dec. 20 Dec. 20
1.6% No conditioning 21.4 15,9 10.6 16.1 76.2% 89.7%
3% *%~14  days 20.9 13.3 43.8 15.7 75.1 90.3
5%-20 days 20. 6 15.0 48. 5 15.5 75.3 90.0
1%-20 days 21. 4 13.1 51.9 21.3 73.5 89.9

z : As in Table 12,

[able 14, €Oz and Oy concentration in the internal atmosphere during (Dec. 10-25)
and after (Jan. 17) prestorage conditioning of fruits classified by the degree
of rind coloration and rind puffing at harvest time.

During prestorage conditioning After prestorage

conditioning
Prestorage . ) .
L Fruit characters Dec. 10 Dec. 18 Dec. 25 Jan. 17
conditioning
Oy COq Qg COqy Oy COyq Oy COq
Rind 60% 18.7% 0.7% 18.3% 1.0% 13.8% 3.1% 14.3% 2.1%
coloration 80% 18.0 0.7 18.0 1.2 14.4 2.8 14.2 1.5
Ireated R 100% 184 1.0 7.0 1.4 w7 21 4.3 1.4
Severe rind puffing 18.3 0.8 17. 4 0.9 15.7 1.5 15.7 1.5
. 60% 19.7 0.4 18.2 1.0 19.3 1.1 18.3 1.1
Rind - ;
coloration 80% 19.1 0.6 18. 8 0.8 17.8 0.9 16.8 1.0
Not treated TN 0% 183 0.8 18.8 0.8 6.8 1.0 7.6 0.9

Severe rind puffing  17.8 0.9 17.7 1.0 19.8 0.6 19.0 0.6
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Table 15. Effect of prestorage conditioning on CO, and O, concentration and ethanol
content in the internal atmosphere of fruits at the late period of standard
storage.

Prestorage conditioning Gas concentration y

Ethanol contents

W:;iht conditioning COx ’ O,

% time Apr. 20 May. 10 Apr. 20 May. 10 Apr. 20 May. 10
1.6% No conditioning 1.38% 2.21% 15.7% 12.8% 1. Qmm 8. Omm
3% %-14  days 1.85 2.23 4.8 9.1 .5
52120 days 1.95 2.36 16.0 9.2 1.0 0.6
7%-10 days 1.90 2.28 13.2 9.0 0.5

z : As in Table 12,
¥y : Peak height of chromatogram.

Table 16.

Effect of prestorage conditioning on the quality and decay of fruits at the
end (Apr. 20) of standard storage.

prestorage conditioning Rind color Rind puffing Blac.kish Withered v
Weight conditioning oil .y Decay
loss(%) time Orange Y Yellow?  Severe ¥ NoY gland y rind
1.6% No conditioning  35. 6% 14.9% 11.1% 41. 4% 9.2% 4.6% 4. 6%
3% %-14 days 42.0 13.6 22.2 86.7 8.6 1.0 3.7
5%-20 days 40.2 11. 8 13.8 63.2 2.4 23.0 4.6
7%-10 days 30.7 21.6 12.5 67.0 2.3 20.5 6.8

z : As in Table 12,
¥ @ Value are percentage of fruit.
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T'able 17. Effect of prestorage conditioning on the changes of juice components of
fruits during standard storage.

Preat ) o 1+3 H
Prestorage conditioning Brix Citric acid ¥ Total sugary
Weight conditioning
loss(%) time Feb. 26 Apr. 2% TFeb. 26 Apr. 2 Apr. 12 Feb. 26 Apr. 2
1. 6% No conditioning 10.1% 10.4% 0.93% 0.87% 0.64% 6.3% 7.2%
3% %14 days 10.2 10.5 1.10 0.95 0.76 6.4 6.8
5%-20 days 10.5 10.8 §.90 0.88 0. 68 6.5 7.2
1%-20  days 10.3 10.3 0.88 0.82 0. 68 6.7 6.8
Significance * * s % NS NS NS
z ¢ As in Table 12. ‘ “
y i g 100g-t.
x : 10 days after removal from storage room.
% : Significant at 5 % level, respectively.
Q“ 0,82
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Table 18, Effect of prestorage conditioning on 3. & g
the gas permeability through the PRI L S T B Bk Py RO Oy PSS

rind of fruits determined on Dec. 25
during low temperature storage.

L (/()z }2})4“1[.‘]’] < /tL -7z ‘/f)‘ il ]”*n' X /)/L})(/J(
SLOE T & %‘Ui‘éiﬁ?w\_ﬂ 7 J SRR OMI NI 5 T

Prestorage After gas introducing WS NH AR A e B MY 8 S 1)
conditioning Side ™ i (o : 4& Ficd o a0 J/,m)jky} “/J‘/ﬁk< 7Y, uhaER oM
Weight loss 0.1hr  4hr 23 hr SOORILOMRE AT T LC, A RO 2 05 5 =
1 Oz 14.7% 14.4% 15.0% UM AL o E b,
Treatment COz 265  2.30 8. 08 THUZ L DRI AL 7 DU & RO C
1.3% I Or 182 179 144 APRIEDH T 2 20, Yl 95 A BB L Jp A
COs  0.712 110 2.43 :,;-m; NIk L TEII S M AL O L EL NS,

, O 129 186 137 PHEEIFURE ORI BBIHOD PR L 2

No v L COy  72.13 1.80 9,42 /k)a“Pl)Q{;?O)’f«Eht‘tJ/) FVNEL D, —hU Y
treatment Va U Iy CA NS BT, kb 62, A iy
6%y O 16 TRT 4 G, JELHE0, kL @ ) 450, HCO, KT

CO,  0.20  1.20  2.80 ) .
g TIPS E T 2 2 & 2300 A, AR,

fhukqf*kNﬂWﬁk%tﬂﬁm,ﬁuh®ME

z : Fruits harvested on Nov. 27 were maintained
under a regime of 842°C and 80+5% RH

for 14 days. W7o 00D 2k, ISP & » TR 2B 3
e ¥ : No-treated fruits were PSS S ENBE S N D8, T L o TR
(,P; 129 maintained under a regime OV L, COBIEHI B 0 7 0~ VA 4

. 3 P 90 s 1 . 0, ]
] ‘L\“}im gnsv“é of 8+42°C and 95-100% RH PHHEL T & ISR e D b D & # 2 HiLs, T4 & ik
* for 14 days. : FEL b W 7\
I , DN & ALK IS 285, RO U
~~~~~ Ba L) E AR, TROLIEORBI B SR

)\*“1% PPCO;, Oz(fm YR TR T A 08085 %

PRI 72 RO IIHh O 2 8 ) — AR R

[able 19. Effect of pre's.torage condltjom'ng on S o s, PR o T SR O A 2 RAED
gas premeability through the rind of ]

fruits with rind puffiug. CAJ"':/ﬁ’J‘ﬁ‘ LY, BB I A MR S A 2

— TERbBILS, DO LI DOTHRGCO XY s

D restors After gas introduction [T
Prestorage e g g‘<nx 'x@*mumww~tﬂc,”wz~»#mwvé
conditioning _

uffing , widey, Wills & 68 § Lk kst 570
Weignt loss  © £ lday 2day 3day CoEl e

e 1PN L WA DR St (0,181 LI |11 R D G Ny P |

Q, o, [2)
Severe rind Oy 17.17 17.3% 17.4% VPO 1) "’.u DTS,

veatmensPIE €02 1111 1) WP 75 1 & K PO A RIS On,
1.69 ~ Nomrind = Op 138 170 17.0 %Uh&ﬁw,Lwﬁwi%P$K»MNCPMkT%
puffing COs 1.4 1.9 1.1 S, L &I P s L BN, T HORED
Severe rind Oy 19.2 17.0 18.0 B, BAOEWEOMOIETIIC ABILE S
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l,-:/J PSR A ZEICET A Lo EEL LR S,
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z and Y : As in )
Table 18, L, T3 YRy v OGP, RERRY
[nl<fj\ )/\,o hn t}"}’l‘l & /J/f\)(l}ﬂju”\”:ODd’X/(y
RS & D ESEMEOC ABEOHRE DICHNT 5
LOE N D, THET 25 ~20 FI El oo B TR -

0, 12%, €0, 1% 9
(]




i 4 B

e ” Vit PR

E OB T 35

KA EREAT SEBLChH - e, B U R
IR CYAE =5 L L 4R B Al oo Hmi 2 (b
”111*)7‘;\\(/)“@ TN & D ASTI RO I 2 O

BUWERC A Ik U, I, BRI i L £ &4
T oo ZORERTROZ L » TG 20T 2 809
PIRPPEN AL DEEZ NS, TOLEnL, T

1/1)‘3’33}{/), 5134?& W TR, B o5y et A )
TAEA L S Ao k,mmwkw2~3mm

DI Z 201 Lﬁ-ffﬁ‘/’}\‘ﬂlﬂc DT 3~ 5DV ET,
f' RO RIS & ST R - 0, R R P L,

Lo b AENERR & ECO,, KO, W YY1 % &
EBRYCH S,

B oo 7] ZEa s oy,
DI AERMPENIET 3 54, Jo W AD—S5E# N T
ST, H RO L OB o TR
ST E S L -, Forths U iy o4y Bxdl
PR D OJ AFE WL AL, A, FRO#EC
Lo THHAREO I 20 Y, CO L0 Til - 28 h D
LLTCODA, BNEROHN ATCOBNPBECH 5
EHERD,

BLEnZ b, FHmas
L, BRIy

FRHAIINC & o CHL

J o TS RS
T B 10, BN

Z{ZI 2 L{U T;} Yl H ;0) Hﬂ \H/

B (6, 17, 18, 19 {2 o BN 8 A O LRSI
AGE S ICE R, MR - 72 5108 5,
8OR HCHNe 5 512 3 BRSO RTLWD & 545
LTk D, :Ml W& o TR RE T, I
'I'OM\ g «Jc“, bos 7 {7y, Ml s 7
DREME AT A ZERTEDLE LD,

LirL7ass s, ,"n’! RHEO T EAT - T, W
7 b U O WA BB OO & o T O s
BEcidzoo. AP L BRI o T aGE,

, R T B OWSIEE A BERL, e TR L 2

"J”Aﬂ BB WRITCdH DA, IO AR, 1
R & ch N RDY (QRYAY ¢ 7N IV\JM;L xJ 7

DY AER EID S o ORI E MY -
FEVLEE U,

AHCHE,
IR =R

FF T TR A S 02 L, o
s o TR L .
FRFEETFREE

1.
ER/HIPEE 1 ARG & =i DY -3 325 i AN

Ly, HykoH aiE

WEOILE & KNI Oy, F
CO,O A AREE, DF Y, CAEOMCIRIEIZ L - TH
FOLETNTHME VT A2 b0 b b, TORE, R
Ay O R & MO T & L 225 d Lo L

maha,
4. ¥ ?fi
VY v A O TR R, T AR

RE, b o7 A, BREOBRIRE T R
WU R L, TR E O BRAEI L )é L
7

1o PAERLEE DR & R AL E RPN R A e K 7
N, KO., FHCOOA APREL L, C AT -
7o

2. JEEOP ORI N A AP, RERURR D
T AL EECO,, K007 AR AL, oML
AP R JL’\JJ’}:!/‘\’/@ Dol

3. WA ARG SR PN o TR S
SO PRI R "\'C/ﬂ”'/}”CJ’ﬁ'/J‘ ey

4. BLEOF D B, P RMLER S R PR £ A

*kHNMWﬂAMﬂLL(*LA AR A

n’in‘/{\w Mg ORI 2 N S, S B AT
RN 7 128 R N IR DR Y L g R

ey P RBIR

A2 100IE S5 AN S GvIE T )
Py e A B 0 PR OB I S O TR
E RO

(1) AR U ik

AOA AR TSI MR 0 LA 2 11 28 1 PO
L, i P e A T 4 DM AT o o, T
B H0004 2°C, TTH 3% RHETFHL, 20 TR
AR R B8 I L SR X, (23 £0.5°C,
75+ 5 B RHETFHL, 2001 BICHELY F 4.6 Hi
LB ER T HK, )T £2°C, 75+ 5% RHTTH
L,mqumm&MD%4o7 L2 PR CH
Do XWE LT, (W) PR v e & B4 C20 1 1hd%
AL, ZOMid7 £1°C, 95~100 R H THHI
2,0% 1L ED TR A, TR TR, 6
3°C, 85+ 5 Y RHDERIFHIET 4 F2001 G L
Fme BPEEAIC B A ML oom AL R, B, R
DB Ay, BB, RESW R, SRR,

S sy, REOWEEIZOOTHEL 2,

s




36 WS

N

[ L *kl Fay niu!}jt

1oo 1~

%>

90

Rate of fruit weight

80

v
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Dec, Jan, Feb, Mar, Apr.
10 20 29 27 26 20

Effect of prestorage conditioning on the
weight of fruits during ordinary storage
from Dec. 10 to Apr. 20.

O~ No-conditioning...fruits weight
decreased by 2.0% for 20 days, @@ -
Prestorage conitioning, 10°C and 75-80%
RH...fruits weight decreased by 5.6% for
20 days, @ ---@ : Prestorage condition-
ing, 7°C and 80-85% RH...fruits weight
decreased by 4.0% for 20 days, (O)~——():
Prestorage conditioning, 3°C and 75 %
RH...fruits weight decreased by 4.6%
for 20 days.

Fig. 39.

(2) A% LS
TR LB OOy Tk e /)4'” FA

} I}'O)J\F SID L
1O ST D 4000

EDBIRIZ DN T A A

‘Table 20.

Bl Here
50 g
Lo

Rate of fruit decay (%)
o i)

10§~
o L.5.D
0 v i | bl 1
Dews  dFan, Feb. Mar. Apr.,
25 22 16 w023 18
Fig. 40, Effect of prestorage conditioning on the
decay of fruits during standard storage
from Dec. 10 to Apr. 20.
z . As in Fig, 39.
& MR AR D R A TR T b ok &

<o DVTCISEISI PR, AT PR, P ONTH -
Tro PR S EMACH ST d AT & b o0 BE IR AR
DAL E - 720 Lo L P I oo B 20 0 # 4 iy
B~ RO R B D E b LEI< &, BBl
URELD T &b, PHMEEE SR D 8oL Al
R oD B S ) RO IS A N2 A 2 (39D,
SRR o ORISR T P, BT TR IC
1’1&‘/}-m{ﬂ;‘(u’ '}’*%—% X, RS TR 5 Lo RIS
e AN T B RO TR T O R B e - 10,
M)@gww T o o (BBA0BD) .
J;ljc |!du\) WEIZoThD &, 1 H28H
PRI, AT TR, LG P R,

HobB it
T R(mr f (4(\”/ ,' J

Effect of prestorage conditioning on the changes of the rind color of fruits

during ordinary storage from Dec. 10 to Apr. 20,

Rind color

Prestorage Jan. 28

Apr. 25 Value Hue Chroma

conditioning

Orange fruit Yellow fruit Orange fruit Yellow fruit

(Mar. 200 *

A” 23.1% 11.6% 51.7% 0% 56.1% 0.94% 45.2%

B” 5.5 6.1 45.8 7.2 58,5 0.93 46. 8

c? 27.0 48.0 7.1 4.0 56. 8 0. 97 46,4
No conditioningy 31.3 4.1 39.0 14.6 58.8 1.02 48.9

% @ A...Prestorage conditioning, 10°C and 75-80% RH, fruit weight decreased by

5.6% for 20 days,

B...Prestorage conditioning, 10°C and 80-85% RH, fruit weight decreased by 4.0% for 20 days,
C...Prestorage conditioning, 3°C and 75% RH, fruit weight decreased by 4.6% for 20 days.
¥ @ No-conditioning, fruit weight decreased by 2.0% for 20 days.

% : Determind by Hunter colorimeter.
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Table 21. Effect of prestorage conditioning on the dyed stomata and moisture content
of rind during ordinary storage of fkruits from Dec. 10 to Apr.20.

Dyed stomata

Prestora oo
Prestorage (Per vision, x 25)
conditioning
Dec. 20 Apr. 22
A” 91.5% 40.6%
B” 40.8 28.0
c” 54.8 53.0
Non ¥ 27.8 20.0
Siguificance sk *

z and ¥ : As in Table 20.
sk and *

Table 22.

Rind moisture content

Jan. 6 Mar. 22 Apr. 22
74.8% 74.6% 73.6%
75.8 76.8 74.8
74.7 75.8 74.0
79.8 78.2 76.4

Significant at 1% level and 5% level, respectively, and so forth.

Effect prestorage conditioning on the respiration rate and water transpiration

of fruits during ordinary storage from Dec. 10 to Apr. 20.

Respiration rate

Transpiration rate

Prestorage .
. Whole fruit Rind
conditioning .
Apr. 20 Dec. 20 Feb. 12 Apr. 20 Dec. 20 Feb, 12
2 CO, mg-kg=t-h CO, ul:kg=1.h=! H,0 g-kg~'-day~?
A" 7.2% 7.5% 8. 6% 10.7% 0.533% 1.130%
B” 9.4 10.6 14. 4 16.0 0.683 0.970
c” 9.3 7.5 8.7 1.9 0.551 1. 000
Non ¥ 1.0 13.3 14. 6 14.5 0. 662 0.990
7z and ¥ : As in Table 20.
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Fig. 41. Effect of prestorage conditioning on the
fruits characters during ordinary storage

from Dec. 10 to Apr. 20.

z . As in Fig. 39.
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Table 23. Effect ot prestorage conditioning on the total sugar content in juice during
ordinary storage of fruits from Dec. 10 to Apr. 20.

Prestorage I
conditioning Dec. 27
A% 6.44%
BZ 6. 41
c? 6.31
Non ¥ 6.35
Significance NS

z and Y : As in Table 20.

Total sugar content

Jan. 12

6.72%
6. 64
6. 64
6. 54

NS

Feb. 28 Mar. 24 Apr. 20

6.99% 6.62% 6.55%
6.97 6.89 6. 55
6.85 6.90 6.04
6.93 6.63 6.33
NS NS NS
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Table 24.

Effect of prestorage conditioniiig on the reducing sugar content in juice

during ordinary storage of fruits from Dec. 10 to Apr. 20.

Prestorage Redgcing sugar c011.t¢nt

conditioning Dec. 27 Jan. 12 Feb. 28 Mar. 24 Apr. 20
AZ 1.93% 2.04% 2.18% 2.00% 7.15%
B* 2.16 2.04 1.97 1.83 1.80
c? 2.11 2.07 2,01 2.09 1.95
Non “ 1.90 2.04 1.99 1.98 1.97

Significance % NS NS NS %

z and Y : As in Table 20,

Table 25.

Prestorage

conditioning

Non Y

Significance

Effect of prestorage conditioning on the citric acid content in juice during
ordinary storage of fruits from Dec. 10 to Apr. 20.

oot . X
Citric acid content

Dec. 27 Jan. 12 Feb. 28 Mar. 24 Apr. 20

1.19% 1.10% 0.87% 0.82% 0.71%
1.18 1. 07 0.87 0.70 0.59
1.31 1.22 0.88 0.85 0.69
1.22 1.05 0. 80 0.79 0.62
* #* NS NS *

z and Y : As in Table 20.

X @ g -100g-L.

8 -1 90
dind duct on
\ polyethylene fiim
N {hOem)
oo %‘1
chamber bag Y -t 86 O
Saie =N NN SR
1| x s.0m e[ N i
- o I i
£ o 3
= Q o g
| : e 2 b ~180 3
/i Sth FOV lO% _1} ;
o ) Z
y BRLIGT ot g §
2nd TOU o Sﬁ?;"“” 2 {75
CEgorag] N
i1 [F ]
Vortical sectional plane Horizontal sectional plane ,}:’;
- . . - . { 1 1 ! 1
Fig. 42. Schematic diagram of the apparatus 0 Feo. Tan.
used for artificial air ventilation inside 20 25 1 5 10
and outside of the storage room for Fig. 43. Changes in temperature and humidity
prestorage conditioning. from Dec., 20 to Jan. 10 in a standard
storage room with artificial ventilation
. R . R (@ @ : Temperature after artificial
WOR U o IR R EEL S, [0S R0 I 28, 0°C - . e
5 SO LS, BRI ¢ ventilation, @ ---€ : Relative humidity
By - N Ve B = A1 K o i By — ) 7 I . . -
i 8.6°C YEBIAK P ADIH L, PREGEICL 5 after artificial ventilation, ()—):
FIEXIZ7.0°CH 55, 8°CIZAET T L, Bl Hors T it Temperature under natural ventilation,
et e . ne ; . " - RN, Y Jiative 1di -
oAb &, ZOBAL LB o oo SO0 E 5 O (O ¢ Relative humidity under na

tural ventilation).

PRI & L o, BMSEE L B N
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‘Table 26. Distribution of artificial wind velocity in ordinary storage room.

y

” 2nd row 5th row 8th row
Stair © %
Front Central Back Front Central Back Front L()ntr(\l Back
cm-sec™l

19th 6 1 6 5 2 9 2 1
11th 2 4 5 2 ] 7 ? 4
3th 5 3 7 5 1 7 12 4
Average 4 3 6 4 1 8 5 3

z, ¥ and x ! As in Fig. 42.

Table 27. Distribution of artificial wind velocity in low temperature storage room.

2nd row v

2 S5th row 8th row
Stair :
Front Central Back * Front Central Back Front Central Back
cmegec™t
19th 4 9 12 8 5 4 6 2
11th 14 18 33 1 17 15 6 12
3th 34 21 21 11 6 9 6 12
Average 17 16 22 10 9 9 6 9
7 /, y and x : As in Fig. 42.
Table 28. Distribution of relative humidity W
in low temprature storage room. 10 b
Stair * 2nd row?® 5th row 8th row  Average
V ZRH r
19th 88.8 88.8 89.0 §8.9 )
1th  88.2 §8.7 88. 6 88. 3 &
3th 89.0 887. 0 88 2 88. 4 % -
Average  88.7 88.3 88. 6 88. 5 g 61
z and Y : As in Fig. 42. b
¥ 6l 5%
Wl E ORS00, BRI KD s, T n: e
b0 AR 1 G SIS APV N (L 4 3 S I & TN 2 L.8.b
DI A o P S
PRSI & 2 BB SO LOVERE & 70 5 /- -
W, HIPSIRE S W L Coia6 00t L1, PO T /l
TR R TIE 1 ~13em/sec O A AT 25 L, TR 18- A
ORI IR CIEMNLIE <, IR OB T < 75 B4 N l ,
W) 2o L7z FOERMEPN OB TS S oL Ak v Jan. 9 Feb, 1 Mar. 2 Mar, 23
SR A L NI I o 1o b 20 A SO S IR Fig. 44. Effect of prestorage conditioning with
RIS B30T P s 4 e T R A 2 BT artificial aif Ventil.ati()n 01? the weight
loss of fruits during ordinary storage
F2A, BERTHO LS IR L TR S < (@ — @ ' Artificial ventilation,
1~33Cm/swd)}f\}4’ Gy Ao L, GO N (O3 : Natural ventilation).

a3 (”! i i G f ”'l ‘43”‘&7?): 7 \{)O)/J% x'!'; ({‘uxs !J ;t,\( Jf 12k
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Table 29. Effect of prestorage conditioning with artificial air ventilation on the fruit
characters and decay of fruits after transfer from ordinary storage on Mar. 23.

Prestorage D Rind Rind Discolorating Browning
eca
conditioning cay withering puffing of fruits of calyx
P-A 4.8% 2.7 2.0 0% 1.1
P-N 6.9 1.7 3.0 2.0 1.4
Significance % * * # NS

P-A : Prestorage conditioning with artificial ventilation,
P-N : Prestorage conditioning with natural ventilation.

LPHKIHEOL BUREEE AR L2, SO TIHE

|
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s e Tprery U b BT dr o To0 WITHHED R E T 817 PP
75 ]} . 3 1 ) LCRHT 5 iy RRD G0 o 1 ng
Eo.ss 3 7 iy ; L 2 .
Zom P e, PRI R WL 72 8 25, I AR
Sz g e ; RIS, PHUSEC 5 TR Tl il L, B
R 1 M Ao 9| - o PRI 1020 TSI S 2 0 o 200, 3 H23 Pl
S T muw e S
Fig. 45, Effect of prestorage conditioning with SR, 7EvRE L
artificial ajr wventilation on the chara- b S B ) 1 o o LE (e i .
cteristics of fruits during ordinary sto- AL S ST ‘ FFERTOL (ED,
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Effect of temperature and relative humidity in the late period of ordinary

storage on the occurrence of discoloration of fruits rind and change of oil

gland to darkish grey color.

Treatment applied during 36 days in fruits stored from Dec. 1 to Mar. 2.

Rate of B Y Rate of C X

Temp. Relative Rate of A “
humidity
A (B) 18 days 36 days
3¢ 971% 59.8% 100%
90% 53.2 62.7
972 6.2 0
10° 91% ? 10
90% 40.0 49.0
A NS NS
Significance B sk ke
AXB * NS

18 days 36 days

18 days 36 days

26.5% 30.0% 40.2% 67.5%
19.5 25. 5 25.0 62.8
28. 4 50.0 0 0
11.2 26.5 0 0
NS * ok EEd

* * NS NS
NS NS NS NS

z : Fruits in which the effects of prestorage conditioning (“Yoso-modori”) are disappearing.

vy @ Fruits with discolored rind.

x : Fruits with oil gland color changing to darkish grey.
e and @ Significant at 1% level and 5% level, respectively, and so forth.
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Fig. 46, Effect of temperature and relative hu-
midity in the late period of ordinary
storage on the changes in the rind
coloration. .
Treatment applied during 36 days in
fruits stored from Dec. 1 to Mar. 2
Table 31. Effect of temperature and relative
humidity in the late period of or-
dinary storage on the occurrence
of fruits decay.

Temp. Relative Rate of fruits decay
humidity
oy (B 18 days” 36 days
37 97% 6.7% 1.7%
’ 9% 0.7 2.5
10°C 97% 14.2 33.2
’ 90% 7.3 10.7
A sele ok
Significance B * i
AXB NS NS
Treatment : As in Table 30.
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Table 32. Effect of temperature and relative
humidity in the late period of or-
dinary storage on the rind and
flesh moisture content at 36 days
after treatment.

Relative ” Moisture contents
Temp. o Degree ™ -
humidity Rind Flesh
' Severe 80. 82 88.4%
919 o % ’
Slight 71.2 88. 2
3°C
Severe 78.2 90. 8
1)
n% Slight 76.0 89.2
Severe 79.6 92. 6
70,
"% Slight 79.4 86. 6
10°C S
Severe 78. 4 88. 4
1)
0% Slight 76.0 88.0

Treatment : As in Table 30.
z . Degree of “Yoso-modori”.
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Table 33, Effect of temperature and relative
humidity in the late period of or-
dinary storage on the appearance
of rind lesions and number of dyed
stomata of these rind at 36 days
after treatment.

Relative X . Dyed stomata
p. . Lesions on rind .
humidity (Per a vision, x 25)
No rind puffing 45.6
Severe rind puffing 8.6
7% . L.
Blackish oil gland 27.3
3°C Physiological disorder 24.5
No rind puffing 27.3
90% Severe rind puffing 1.7
Blackish oil gland 24.9
No rind puffing 35.5
7% Puting
Severe rind puffing 4.6
16°C =
No rind puffing 26.0
0% putme
Severe rind puffing 6.2

Treatment : As in Table 30.

DRI A A F@ A S s i 2o L7 (8
33%) .
Ky

LER RIS, P &

nroR, E <, A
HAERD) FHACHD

W EoR L, B %;?ﬁy@@ 0, Uﬁil' & H\v‘/\ HAER I s
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Table 34. Effect of temperature and relative humidity in the late period of ordinary
storage on the respiration rate and flesh with lesions at 36 days after treatment.

O

, uleg=i-hr-t
No rind Severe rind Yellowish Blackish Physiological
puffing puffing rind puffing oil gland disorder
Rind 12.10 13. 40 12. 50 12.75 25.12
Flesh 0.33 0.63

0.93 0.50 0. 94

Treatment : As in Table 30.

Table 35. Effect of temperature and relative humidity in the late period of ordinary
storage on the fruit characteristics at 30 days after treatment.

Relative .
Temp. ¢ a’ I.VL Specific Flesh Wel‘ght Rate of rind Juice
humidity gravity . puffing - Citric acid Total _ z Reducing
(A) (B ' Fruit weight - Brix itric aci otal sugar sugar P
3 91% 0.75 69 4% 13.8% 8. 6% 0.58% 6.22% 1.78%
902 0.78 73. 4 9.1 9.0 0.70 6.74 1. 91
10 97% 0.72 65.5 14.7 8.5 0. 47 6.04 1.589
90% 0.74 70.5 11.0 §.9 0.52 6. 49 1.73
A NS NS NS NS * NS NS
Significance B NS * # * NS * %
AXB NS NS NS NS NS NS NS

Treatment : As in Table 30.
zZ 1 g£.1008 1,
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Table 36. Effect of the temperature and relative humidity in the late period of ordinary
storage on the occurrence of fruits decay and fruits appearance at 30 days
after treatment.
Relative ) .
e Temp. Total fruits L X Browning of Yellowish
humidity d Rind puffing 1ox Y ind X
eca calyx rind
(A B Y
3°C 0 %C0 " 31.8% 1.8% 14.5%
85% 7°C 40 2.0 ) 25.0 1.8 25.0
10°C 4.0 (40 ) 78. 6 2.0 22.0
3°C 0 Co ) 50.0 0.0 34.5
92% 7°C 10.0 (10.0 O 23.8 1.7 14.3
10°C 16.0 10,0 D 44.9 2.2 18. 4
3°C 0 o h) 72.2 0.6 35.2
97% 7°C 10.0 (0.0 D 41.7 1.0 29.2
10°C 72.0 (20.0 O 67.4 2.2 28.2
A * sox NS *
Significance B ok sk ok NS
AXB * * NS *

Fruits stored from Dec. 1 to Jan. 20 were treated for one month,
z : Decay caused by Penicillium italicum and P. digitatum.

y :1 (No) -5 (Severe).

x : Value are percentage of fruits.

humidity in the late period of ordinary
storage on the fruits quality at 10 and
30 days after treatment (O-—(): 10
days, : 30 days).

% and * : Significant at 1 % level and
5% level, respectively.
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Table 37.
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Effect of the temperature and relative humidity in the late period of ordinary

storage on the juice components at 40 days after treatment.

Storage method

Relative

Citric acid

Total sugar Reducing sugar

L Temperature Brix
humidity content content content
29 (B>

3C 9.9% 0.89% 6. 04% 1.40%

85% 7°C 9.4 0.78 6.74 1.89

10°C 9.2 0.74 5.16 1.34

3°C 10.0 1.04 5.62 1.28

92% 7°C 9.7 0.85 5.98 1.84

10°C 9.6 0.73 5.97 1.72

3°C 9.8 0.87 5.07 1.89

95% 7°C 10.1 0.66 5.43 1.50

10°C 9.0 0.74 6.74 1. 86

A NS * NS NS

Significance B # £33 NS NS

AXB NS * NS NS
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Table 38.

Fruits decay, weight and quality of fruits exposed to 90-95% RH and 85%RH

until Mar. 5 after ordinary and low temperature storage from Dec. 18 to

Mar. 10.

Storage method
o ’ Fruits decay

Weight yield

Fruits characters

I'lesh weight

Relati | Specifi Rind
Temp. CM. Jfle May. 5 Mar, 10 Mar. 5 ‘%pem.flc Rll?d
humidity fruits weight  gravity puffing
Ordinary 85+ 3%RH 61.7% 3.5~ 88.9% 84.7% 70.6% 0.722 10.6%
5+3°C 90-95 247 (5.9 89.6 78.5 72,7 0.747 8.1
Low Temp. 853 4.2 (26.5 90. 5 87.3 75.0 0.767 7.1
3E1°C 9095 10.3 (10.3) 89.6 82.0 77.8 0.772 6.5

x : Decay caused by Penicillium spp.

Table 39.

Fruits appearance and moisture content of fruits exposed to 90-95%RH and

85%RH until May 5 after ordinary and low temerature storage from Dec. 18

to Mar, 10.

%tomge method Rind color

External fruits quality Moisture content

Temp. Reldtlvc Orange Yellow AZ BY c* Rind Flesh
hurmchty
Ordinary 85+3%RH  25.8% 29.0% 9.7% 1.71% 82.6% 81.8% 90.4%
5+3°C 90-95 51.9 3.9 21.2 74.2 4.6 79.0 90. 5
Low temp. 8543 29.2 45.8 2.1 5.7 92.2 82.0 90. 9
3E1°C 90-95 35.7 12.9

18. 6 72.9 8.5 79.9 89.2

z : Rate of fruits withered rind.

Y t Rate of fruits without rind puffing and acceptable rind withering.
x @ Fruits in which the effects of prestorage conditioning are disappearing (**Yoso-modoryi”).
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Table 40. Respiration rate of the rind, flesh and whole fruits after exposed to 90-95%RH

and 85%RH until May 5 after ordinary and low temperature storage from
Dec. 18 to Mar. 10,

Storage method Whole fruit Rind (Apr. 25) Flesh (Apr. 25)

Relative C()z ml. kg L=t

T CO; ml CO, ml CO; ml CO,; ml
Lemp. p p
’ humidity M"xr 29 Apr 95  ckg~iehret odow 100gTtehr-t okgti-hrel o odow 100gTiohrt
Ordinary 85+ 3%RH 28.2 31.3 134. 4 739 60.0 625
543°C 90-95 25.0 35.1 138. 4 659 62.3 656
Low temp. 05:£3 16.0 14.7 147.0 831 72.8 700
3ET1°C 90-95 12. 4 11. 4 177. 4 883 74.7 692
28 1 16
2y |- j . ub L = T ]
] — Sl -
? 20 ~fotal gas o -
5 N N
4 % r — 1 8k o
g / 4 77 77 st v V) 9.7 7 7
2 -0 7
goay , 2 o ) %
2 8 7 7/ 1 7 A o,
L |- 2
A "COE
' O far. Apr.Mar. Apr.Mar. Apr Mar . Apr +Har. Apr Har, Apr Mar Apr Mar . Apr,
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Mar, Apr., Mar. Apr. Mar. Apr. Hor. Apr. 0 25 . 0
30 25 30 23 30 25 30 25 ot sy pobs oowgs sty gon 95r 8583 ;2‘32”
85+ 37(:1?}1 90_95%m\ 85 15}&“[ 90M95%Iill ordi"ar‘{;bnrv’\ne Low teum&;rnp:'huura Ordinzgmge Low temnﬁ:?r‘;ltgu:a
Ordinary Low temperature Internal atmosphere of frult Whole fruitb
b ; - . . . .
storage srorage Fig. 50. CO, and O, concentration in the internal

Fig. 48. Gas content in the internal atmosphere

atmosphere of fruits exposed to 90-95%
of fruits exposed to 90-95% RH and 85%

RH until May.5 after ordinary and low

temperature storage from Dec, 18 to
Mar. 10,
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Fig. 49. Gas content in whole fruits exposed to
90-95% RH and 85% RH until May. 5
after ordinary and low temperature

storage from Dec. 18 to Mar. 10
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RH and 85%RH until May. 5 after or-
dinary and low temperature storage from
Dec. 18 to Mar. 10.
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Table 41.

Gas permeability per 100cm? through the rind of fruits exposed to 90-95% RH

and 85%RH until May. 5 after ordinary and low temperature storage from

Dec. 18 to Mar. 10.

> o

Storage method L "
- Relative @ /(’6 \ —
Femp. humidity €O, ml-100cm2~1-hr=1  CO, ml-100cm?=1-hr=t O, ml-100cm?=1.hr-1
Ordinary 854+3%RH 15.07 6.99 6. 45
§:3°C 90-95 12. 45 6. 45 5.41
Low temperature 8§53 1‘2. 74

3L1°C 90-95 12.13
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Effect of preharvest application of sedimented CaCOjy on the fruits quality

in the early period (Jan. 19) of ordinary storage.

Weight loss

Rind Rind Specific Fruits
Chemical Application . m(' ]IT( pcc1. ) o ‘by" Fus
withering puffing gravity prestorage decay
conditioning
Oct. 28 1% 5.8% 0.830 5.4% 0.6%
CaCOg 29 Nov. 8 3.0 5.0 0. 844 6.3 0.3
Nov. 15 3.2 6.0 0.888 6.6 0.6
Limesulphur 1% Oct. 28 2.6 6.5 0.825 6.1 1.4
) Oct. 28
CaCOyq 1% and 2.4 6.5 0. 837 7.1 0.3
Nov. 15
Control ) 1.8 7.9 0.810 5.0 1.4
Sighificance * £ # wx # NS

z % and *x Significant at P 0,01 and P 0,05, respectively.
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Table 43.
the later period (Mar.

Effect of prehavest application of sedimented CaCOjy on the fruits quality in
10) of ordinary storage.

Rate of flesh

. . Application Rind . Rind Specific Rind
Chemical Weight to . .
time moisture . . puffing gravity color
fruits weignt
Oct, 28 77.8% 73.0% 9.2% 0.792 8.0
CaC0y 2% Nov. 8 77.% 73.2 8.6 0.805 8.2
Nov, 15 71,6 72.5 8.2 0. 804 8.1
Limesulphur 1 % Oct. 28 77.8 71.7 9.7 0.776 8.4
. k Oct, 28
CaCOs 1% and 76.9 70. 8 9.0 8.805 8.4
o Nov. 15
Control 78.7 72.0 10. 0 0.787 8.0
Significanse * #* NS * k NS
z . As in Tabl 42,
Table 44. Effect of double application of sedimented CaCQOj before harvest on the
fruits quality at harvest time (Dec. 27).
Rate of flesh
Lo . Specific : (.0 o Rind Rind
Application time weight to ; . .
gravity T puffing Withering
fruts weight
Aug.2 + Sep. 2 0.857 74.7% 3.5% 2.3%
Sep. 2 + Oct. 2 0. 848 73.9 3.9 2.2
. Oct. 2 + Nov. ¢ . . . .
CaCoy 19 ct. 2 + Nov. 2 0.876 77.0 1.7 2.6
Aug. 2 + Oct. 2 0.857 75.5 4.3 2.3
Aug. 2 + Nov. 2 0.860 76.4 2.8 2.5
Sep. 2 + Nov. 2 0.859 75.6 3.4 2.3
Control 0.827 73.1 5.4 1.9
Siguificance — ok ok dok
Z :’As in Table 42,
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Fig. 52, Observation by scanning electron micro-

scopy of stomata of rind surface of
fruits treated with sedimented Calcium
carbonate and Calcium sulfate (A...Crys-
talline Calcium carbonate in stomata x
6000, B...Crystalline Calcium sulfate on
rind surface, x 4000, C...Control, x 4000).
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Fig. 53. Weight of fruits, moisture content of
rind and flesh and occurrence of black-
ish oil gland in fruits stored under va-
rious conditions of artificial air ventila-
tion and relative humidity during low

temperature storage.
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Pig. 54.

Quality of fruits stored under various
conditions of artificial air ventilation and
relative humidity during low tempera-
ture storage.
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Fig. 55. Development of rind color of fruits sto-
red under various conditions of artificial
air ventilation and relative humidity
during low temperature storage.
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Effect of changes in artificial air velocity and relative humidity on the fruits

weight and the occurrence of fruits decay and blackish oil gland during low

temperature storage.

Relative

Air ventilation Weight Rate of fruils decay Blackish oil gland
humidity (velocity) i
(AD (B Apr. 5 May. 17 Apr. 5 May.17 Apr. 5 May.17
{gcm-sec™1 2.1% 9.5% 10.0% 27.8% 1.5% 25.4%
95% RH 30 5.8 12.3 8.0 26.2 1.5 6.5
50 5.4 12.0 5.8 29.2 4.5 17.6
10 5.7 13.5 4.3 25.9 0 14.0
87% RH 30 7.2 13.4 4.3 18,1 0 0
50 7.3 13.5 2.9 16.9 0 1.9
N ' * NS NS NS * NS
Significance )
B * NS * NS * NS

% and % : Significant at 1% level and 5% level, respectively, and so forth.

Table 46.

Effect of changes in alr velocity and relative humidity on the fruits appea-

rance and the moisture content of the fruits during low temperature storage.

Rind coloration

Moisture content

Relative  Air ventilation (Apr. 5) Fruits appearance (Mar. 17) (Apr 7

humidit 2locit ) 7 )

ity (velocity) Orange  Yellowish 1% 2 3% Rmd Ir Jesh
J0cmesec~? 44. 8% 11.9% 59.0% 41.0% 0 % 87. 4 88.2%

95% RH 30 47,6 5.9 51.6 45.2 3.2 80.8 88.9

50 47. 8 7.2 76.5 33.0 0 78.9 89.7

10 59. 4 8.7 53. 4 41.9 4.7 76.8 89.3

87%RH 30 58. 0 4.3 81.2 11.3 7.5 76.5 89. 4

50 55.1 10.1 77.8 1.1 11.1 76.0 89.7

A ke NS * E sl * NS

Significance B NS NS ke sk NS NS NS

AXB NS NS ke ke NS NS NS

z : Fruits disappearing to have the effects of prestorage conditioning (**Yoso-modori™).

. Fruits of withered rind.

U SNt ] L IS, TR, CTiRL &
D7 RSV, G RE D & D, P R
R8T % R H > 30em/sec X, 95% R H ¢>50em/seclX.
TE L, TG £ BB Y R H P2 (87
RHTFCE <, JRGRM]CIE kA3 < 72 A 12 SR e A
B2 b2y, W »o)%lf? 7O g
87/ R H?30~500m/secX
07 ROFEENI D T o T, B AR
(2T % RHE T CE L, BSOS

. I’/a‘é}é &
1187% RHT

BB6IXC, AR IEEEII05Z R M

: Fruits appearing to have the effects of prestorage conditioning.

TR A DA, JHGEA G C A ALEE B G
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DO O Wk U ORGSR R IR L 72) WA

SHATSIZRHATT
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RMHKM*W@WWﬁABhH#QE
PRACRIT 4 IR o5 F 0 20, s B
50cm /sec, 87% R Ho10cem/sec

1395% R H7>30em/sec,
GG E Ok U7, 87% R H F T2k <
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Fig. 56, Effect of changes in artificial air vel-
ocity and relative humidity on the qua-

lity of fruits during low temperature

storage.
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Effect of prestorage conditioning and
changes in air velocity on the specific
quality of fruits in the final period
(Apr. 14) of low temperature storage.
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Table 47. Effect of prestorage conditioning
and changes in air velocity and
relative humidity on the weight
and moisture content of fruits
with 3 grades of rind puffing
during the final period (Mar.14)
of low temperature storage.
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Table 48. Effect of prestorage conditioning
and changes in air velocity and
relative humidity on the charac-
teristics of fruits with 3 grades
of rind puffing during the final
period (Mar.14) of low tempera-
ture storage.

Moisture

Rind Air Rate of

Rind Air Relative Relative Degree .
content flesh Specific
puffing velocity humidity Weight puffing velocity humidity weight of rind .
. - . » to fruit gravity
c) (B) A Rind Flesh ) (B) (A) weight puffing
T em-sectt 9 P4 % A ‘ cm-sec™1 |4 4 9
) o1 . . . .
50-60 {87 8.7 7157 9.9 50.60 {87 5.9 181 08
95 92. 1 73.6  90.9 95 75.5 14. 5 0.80
Severe 9539 {87 87.0  65.8 88.5 Severe  g0.30 {87 761 5.9 0.84
95 95.2 72.6  90.2 95 75.2 12,6 0.80
0. 3. . 74.2 11 0. 81
s {a? 90.9 731 90.0 o5 {85 7 6
95 94.4 74.8  90.5 95 75.2 13. 4 0. 82
87 §5.8 68.3  89.2 87 74. 12.3 0.84
50-40 { 50-60 { !
95 92.2 73.4  89.6 95 75.0 13.9 0. 81
Moderate 20-30 {87 89.4 _/0’ 3 89.9 Moderate 20--30 {87 {7° 1. 6.6 0.8
95 94. 2 74.1 90.2 95 75.5 1.6 0.86
90. 69. 3 7 73. . .
s {37 901 69.9 893 s {8/ 73.6 8.9 0.8]
95 94.2 722 90.1 95 75.3 12.6 0. 83
87 83.6 64.6  88.7 87 74.8 8.0 0.87
50-60 50-60
{95 93.0 48.2 88.4 ! {95 73.9 7.1 0. 84
87 87.9 68.0  89.5 87 77.1 5.1 0. 90
Slight  20-30 Slight  20-30
8 {95 93.3 9.1 88.7 a {95 744 142 0.83
90. 6 7. . ) . 7. .
1 {87 9 67.7 896 s (7 TRE 73 0.8
95 944 69.3 9.6 Los 4.7 7.8 0.87
A w6 # NS A NS s NS
B NS NS NS B ok NS NS
Significance ¢ NS * ’b Significant ¢ NS * *
AXB NS NS NS AXB Heok % NS
AXC NS NS NS AxC NS NS NS
BxC NS NS NS BxC NS NS NS
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Effect of prestorage conditioning
and changes in air velocity and
relative humidity on the juice
components or fruits with 3 gra-
des of rind puffing during the
final period(Mar.14)of low tem-
perature storage.

Table 49.

. . Rate of
Rind Air Relative | Citric |
. . - rix 2 Brix per
puffing velocity humidity acid .
acid
cmesecl % % % 4
] 0.8 . 3.3
50-40 {8/ 1 0 79 1
95 105 0.79 13.7
Severe 20-30 {87 10.8  0.80 13.6
95 10.4 0.81 13.3
87 1.0 0.77 14.3
05 { ) -
95 1.0 0.75 14.7
87 10.7  0.96 11.0
0--60
506 {95 10.7  0.89 12.0
Moderate 20-30 {8/ 1.0 0. ?7 14. 3
95 10.8  0.75 4.7
0 {87 1.0 0.98 10. 6
’ 95 0.4 0.85  12.9
87 VA i
50-40 { 7 11 02 1
95 1.2 0.97 1.6
Slight 20-30 j87 111 0.92 12.0
195 1.0 0.88 12. 4
87 1.7 LY 10.1
s | ‘
95 1.0 0.89 13.2
A NS sk EEY
B NS NS NS
. C #® speaft ek
Significant
AXB NS NS NS
AXxC NS N& NS
BxC NS NS NS
2 :g.10087
3 1°C, 85~90% R HCUGRIR L 72, RROMF D
AMthml&,Z&,ﬂ%ﬁwlw? 2K EL
JAH 2 20em/sec, Bocm/secl, JEIE8TS RH, 90% R

HIX & 2 FngT . 1K 100 820 3 L T400, iy
P OIS, R B I OOTRE L

(2) #% :‘Ji—

%%m&:&@ﬂﬁn; W B D e O A, T
B R IR, WY, REOHEDFEOE D
wéﬂgﬁﬁﬁbmtohmmﬁtmwﬁﬁ%<,m%




S KT R O o8

61

Table 50.

Effect of packing methods and changes in air velocity and relative humidity
during low temperature storage on the rind coloration and decay of fruits.

p:éﬁ;g ‘Relative Air Rind coloration (Apr.30) Rate of fruits deca?ﬂ‘
metll)md in humidity velocity Orangish Yellowish
0% ) . Apr. 30 May. 29
(A (B) (€D fruits fruits
20cm-sec™1 10. 59 11,49 8. 14 23. 32
N 7% RH { % 4% 1% 3%
Single in 45.5 7.0 16.2 35.3
whorl 33.9 16.9 13.2 48.5
90% R H {
% 47. 4 7.0 16.2 35.3
(20 43.0 16.5 8.1 23.3
. 87%RH
Double in % i50 50. 0 16.7 17.2 33.3
whorl 0 24.5 12.2 43. 0 38.0
90% R H {
% 50 38.8 22.5 7.0 24.0
20 311 7.8 6.3 16.7
70,
Single in 1% RH {50 27.1 16.5 5.7 10.0
bulk 20 311 18.2 3.8 12.5
90%RH {
% 50 43.5 8.1 8.8 17.6
20 27.8 9.2 0.2 9.3
/) ]
Double in 87% R H {5 51.2 3.5 8.5 17.0
bulk 24.6 12.6 7.3 16.9
90%RH {
% 37.3 3.9 3.8 22.6
A * NS NS o
N C ok NS NS NS
Significance .
x  C NS NS NS NS
x C NS NS NS NS
X C EXS
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Fig. 58. Decay and moisture content of fruits

during ordinary and low temperature

storage (-———~- : Total decay, -~~~ : Decay
caused by Penicillium italicum and P,
digitatum, - --—-. : Rind moisture con-
tent).

Table 51.
temperature storage.
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Juice components and CO, concentration of fruits during oridinary and low

Bri
Method of Weight o

s . z Gas conditions
Citric acid content d

storage loss

(Mar. 17)

Mar. 17  Apr. 13 May. 14 Mor. 17 Apr. 13 May. 14 Vol €0,
(ml.100g—1) %0
. 1.9% 9. 6% % ~% 0.93%  — % % 31.3% 1.66%
Ordinary
3. 66 9.9 10.1 10.1 0.92 0.90 0.60 31. 8 2.20
storage
4. 80 9.9 9.9 10.5 0.93 0.92 0.65 29.8 5.12
Cold 1.39 10.0 ]O"O 1.00 1.04 25.0 LS?
3.70 9.8 10.1 10. 4 111 1.04 0.83 28.5 1.55
storage
4.27 1. 11 1.05 0.89 20.2 1.94

10.0 10.2 10. 8

z 1 g-100g 1,
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Table 52. Effect of changes in the temperature and relative humidity during the late
period of storage on monthly weight loss of fruits and juice componem:a
Weight loss month Ju1ce components
Relative -
Temperature ¢ ‘11_‘10 Jan, 28 Feb. 28 Mar. 28 (Mar. 28)
humidity h ) ! ) Ty o
Feb. 28 Mar. 28 Apr. 28 Citric acid Brix
0~-2°C 2.16% ¢ 1.55% ¢ 2.58% ¢ 0.92% 10.7% ¢
5°C 85+5%RH 3.66 b 3.27 b 3.48 b 1.03 it.2 b
3-10°C 3.41 a 4,10 a 5.45 a 0.93 1.7 a
Significance “ sk sk sk NS %
80-85% R 4,36 a 399 a 4.15 a 1.01 11.6
5°C 90-95% RH 2.60 b 3.08 b 3.33 b 1.1 11. 4
95-100% R H 2.04 ¢ 2.04 ¢ 1.95 ¢ 0.96 11.5
Significance sk e L NS NS

z : Means not followed by same letter within a column are significantly different at the 1%
Gex) and 5% () level according to Duncan s multiple range test,

¥ : As in z of Table 51.
Table 53. Effect of changes in the temperature
and relative humidity during the late
period of storage on the monthly
weight loss of fruits and gas content
and concentration.

Relative Temp, Sas volums

Gasg
It dd by ;{33:;1/1& € wiv100g™ ) toncentration
. monﬂ:’ L s, '. 0w oo, o, l
8;7?({23( 0D=2"C 2, 5% X \ 1 5’)0 18.0”‘"&
85 Heg 2 5.7 b 17.5 b
51003?% 8.9 179 a
SLgnd flconee” ; *X &S
50-g5%EH gog 8.9 8 16.9
90-9% 5°0 7b 7.4
96~100 5°¢ 5.7 b 17.h
8ignificance ¥ K I

#z t A in Table 52,

y: mma_vclumg,moz volume, EWW}—« Totsl gas volume.
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Table 54. Effect of fruit decay caused by Common green mold and Blue mold on the
respiration rate.

Rate of mixture of decayed fruits Diameter of colony of Blue mold (May.26)
Temp. .
0% 10% 20% 40% 3 cm 6 om 9 cm 18cm
CO, ml-kg=t.hr-t
5°C 14.0 20.1 35.6 44.2 14.3 17. 4 20.8 24.0
10°C 16.0 35.4 57.9 §9.0

Table 55. Effect of fruits decay on the respiration rate and transpiration rate of fruits.

Transpiration rate

Rate of mixture of decayed Respiration rate (CO; ml-kg™!-hr™1)
(H:0 g-kg~l-day~1)

fruits and healthy fruits

Apr. 21 Apr. 23 Apr. 23
Blue mold 100% 186.8C4 0em) % 159.9 (502 Y (90 * 20.6 (313)
Common green mold 100% 245, 3(5. gem) 178.6 (90%)> (Q1082) 22.5 (340)
Blue mold 50%

¢ ¢ 5 0 . 1
{htoatthy fruit (02 9. 5(2. 5em) 14.5 (455 (452) 12.6 (192
Comon green mold 502 . o . ;
{Healthy o oo 144. 8.6. 5cm) 99.5(100%) (403 13.6 (281)
Healthy fruits 100/ 27.3C 0 cm) 16.5 C 0% Q00 6.6 C100)

z @ Diameter of wlomcs
% ! As compared with healthy fruits,
y : Coloy area per fruits.
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Fig. 59. Relationship between the rate of fruits
decay caused Blue mold and Common
green mold and respiration rate of fruits.
z : Rate of decay of fruits infected

with Blue mold per fruits.
¥ : Rate of decay of fruits infected
with Green mold per fruits.

‘T'able 56. Relationship between lesion area
of fruits surface and ethanol con-
tents in the internal atmosphere of
fruits on Apr. 23,

Percentage Percentage
of lesion area of lesion area
Eths Etha
caused by Blue fithanol caused by Blue Ethanol
mold mold
0 % tr mm ” 0 % tr nm ?
0 % 2 10 % 74
0 % 22 30 % 447
40 % 214 W0 % 632
60 % 184 0 % 330

% : Peak hight of chrmatogram (10x4),
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Fig. 60. Respiration rate of fruits inoculated
with Common green mold and Blue
mold.
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Fig. 62. Comparison of the amount of combustible
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Table 57.

L TR U S A D T 2 <, Sl
OHG HeT Z OB E5i A - 720

ISR A A & B A AT & BT, T
BRI A X R4y & L CHE Og 0 7 b zn - b i)

VSO Ch B i, Bor DR, H U,
Ja{»fwjuvr)‘w bSO A % < T BT & TRE
T AR <, OB U T S OB R -

7zo 405D !XA\M/\'? T, RO U AR RO IO

AU TR B 5 6, W UW IRy 4 5, KO
IRRCRY 3ok L7 GRS o

3. # Ead

J\J\/J BT D LW R Y L e, Wi s
ENE CFIREOBBHIR U AR E B E DB

L:M’L“(n% (2, 5, 6, 13, 28, 65)
T EuPRr, T o — LR
134 <, Penicillium um,hw;,;;f;xl});q«}’%‘;v‘;/)\b‘“}m X5
BRI S DT Z ORI RO, BIRORE AT -V
oo T COHIFIE Y, B SR, R B
HlEr 2360~80 % IO LZ s i 4 L/M‘: Eb, BEBCR
FELE AR O & RO R & - THEY 25 &
SHLOOTRRE & % OFEH TR "%JaﬁCJ" DD Do
Penicillium JREIZ K 5 Mo ¢13 §f 0 U 131
HON TR S Ol I 2 3 5 o CRERIZ 72
BT, L LEALIRE & 4'50% < oo DI
AR E LSS A, Jhio L, o UmiE
I TIE RO T AL oy OTRO50% < B o S
Bl Hopal d g L B D, T K0 Mfﬁskf}k“
BRI 2 s, f 2 11 < RO Ry
Wm0, SOk B MR & T IR R H

TR g <

Production of combustible gas, alcohol-likesubstance and respiration rate of

fruits inoculated with 3 species of fungi and then mixed with healthy fruits

(0-40%5).

Rate of Production of combustible gas

Alcohol-like
substance

Respiration rate
COy ml-kgmt-

Fruits after | day (Peak area) hr-t
decay Az B y C X A B A B
0 % 77.5 ppm 50. 0 ppm 65. 0 ppm - mm?2 —mm?% 19, 2ml 19. 0ml
5 % 210.0 115.0 115.0 102 144 25. 4 38.5
0 % 280.0 140.0 150.0 117 269 32.6 42. 4
20 % 342.5 160.0 165.0 148 360 59.8 64.1
90 % 427. 5 190.0 190.0 351 517 8

76.6 81.

z : Common green mold (Penicillium digitatum)
¥y @ Bluc mold (Penicillium italicum)
x ; Gray mold (Boirytis cinerea)
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stoxage xoom roou.

Pig. 63.

from ordinery

storage room

Changes of gas concentration and res-

piration rate of fruits after transfer

from ordinary and low temperature

storage room to a room at 15°C and 22°C

at the final period of storage.

z : Rind with orange color and absence
of puffing at the time of transfer.

¥y : Rind with yellowish color at the
time of tiansfer.

x : Severe rind puffing at the time of
transfer,

Fig. 64. Changes in the characteristics of fruits
transferred to 20°C room from low tem-
perature storage room (3+£1°C).

z, ¥, x and w : As in Fig. 63.
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Fig. 65.

Changes in fruits temperature and re-
spiration rate after transfer to 22°C room
from low temperature storage (3£1°C)
at the final period of storage.
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Fig. 66. Gas concentration in fruits with a (6°C to 22°C) after transfer from low
temperature of 5, 10, 20, 25°C after temperature storage room (3°C) on the
transfer to 22 °C room from low tem- respiration rate of fruits.
perature storage room (341°C).
YA AP OB N TIE L 7= P sy DY
Al HIFECO LI L BB THETELLY, O
3o~ l8/ P H10% TN Lz GBeeD .
g Inmediately after tranafer from ‘l " ”Vg L/) L ? ('l é’ /{\/l\ :‘:'l:!IIO)//!:/fL/
ncrenne o1 3o/ dny sxom 30, I B L7 i & R E OB L 200
% Incrsase of 5°C/day from 3°¢. ;{IG,”“[/G’ ll‘ i,E{ ! 1&£\:';(:£<I /L())/L} ﬁlé /))J\ A 5
L O/ HEEEIL12°C, 10°C/ HERKII17.5°C, A
& Gonstant ot 5°C. X 1323°C T, slnm L LT AN Ici/f\)\ﬁm
o JED FAEIR L, HURICAS I L, SEeE C~D I
ours after transfer .
. Zl““” " e t . I, 10°C/ X ¢ 2 oM dighn: - 7~
‘ig. 67. hanges in fruits temperature after R e bl A RO £ Tl
transfer from low temperature storage L B0 Bkl oD L EH SR ) WPt o> 2L & Bl
room (34 1°C) to a room at higher LA, 6°CIZI, 22°C T 8T 1?? OONP i & 705
temperature, 7= o WS IR A Ll L s b A, M Zr:J-hf\‘
B ORI RO S il <, L Bl LRI - C
Table 58. Effect of increase in fruits temperature on the gas content and concentration
of fruits at 2 and 4 days after transfer from a low temperature storage room.
Gas concentration (ras content (mf-100g™1)
Increase of fruits ’ ’
0. CO. Whole gas 0, CO.;
temperature e .
27 4 2 4 2 4 2 4 2 4
5°C/day 14525 14.6% 6.2% 1.8% 33.6% 45.2% 4.9%  6.6% 21%  3.5%
10°C/day 11.9 14.3 6.9 8.1 33.7 40. 6 4.0 7.8 2.3 3.3
15°C/day 6.7 12.9 8.7 8.7 44. 4 40.6 3.0 5.2 3.9 3.5
Constant at 5°C 16.8 16.1 3.9 5.0 42.2 44.9 7.1 7.2 1.7 2.3

z : Days after transfer from a low temperature storage room (3:+1°C).
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