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SUMMARY

In this experiment American Summer Pairman apple was selected as test fruit in
* order to study the effect of sub-atmospheric pressure storage in the apple.

Keeping a certain pressure condition, a new sub-atmospheric pressure system was
designed and constructed in which fruits were stored at 25°C under two different
atmospheric pressiire conditions such as Normal Atmospheric Pressure (NAP) and Sub-
Atmospheric Pressure (SAP). Moreover, they were divided into plots of 5% and 0% of
COq, on the basis of gas composition. Under these conditions, the amount of respiration
and ethylene evolution, and the changes of intercellular gas composition and organic
components were investigated throughout the storage.

The results obtained are as follows:

(1) The intercellular gas was exhausted so rapidly by the SAP treatment that the gas
equilibrium in the tissues reached within 5 minutes.

(2) ‘Thlie amount of respiration was found to be higher in plots of NAP than SAP, and
undef the conditions, controlling CO, content, plots of CQ: 5% were lower in the amount
of respiration than CO, 0%.

The climacteric rise was revealed more slowly in plots of the SAP than NAP. These
results indicate that the SAP treatment was an efficient method for controlling the
respiration of fruits. Furthermore, these results were also realized with the results of
the respiratory quotient (R.Q) and intercellular gas composition.

(3) Evolution of ethylene, the ripening hormone in plant, was shown the similar
tendency to the climacteric pattern of respiration; at the stage of climacteric maximum,
the maximun amount of ethylene was found earlier in plots of NAP than SAP, and
post climacteric stage was prolonged in the plots of the SAP compared to those of
the NAP.

The ethylene concentraion in tissue appeared lower in plots of the SAP than NAP,

— 202 —



3
which might suggest that the SAP treatment was caused fo restriction of ethylene

evolution. |

) Effects of the SAP treatment mentioned hitherto were proved also with the test

of the extemal appearance such as changes of color and freshness, firmness, rotting and

weight loss.

(5) In the investigation of organic components,

vitamin C and organic acids varied

less in plots of SAP than NAP. Specially, it was remarkable that the loss of malic acid

was least decreased by the SAP treatment.

These effects of the SAP treatment were

distinctive in the changes of the ratios of malic and citric acid to total acid, and the

ratios of free sugar to free acid.
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Table 1. Classification of experiment

Gas composition
TMTS Pressure Note
0:(%) CO:(%)
Normal atmospheric 760 Torr. 20 0 NAP—0
Pressure 760 Torr. 15 5 - NAP—5
Sub-atmospheric 660 Torr. 20 0  SAP—0
Pressure 660 Torr. 15 5 SAP—5

AERIES 2 Table 19 Zo] E4stel HM(25°
Ol A #HEstadch.

3. XEER

1) FEASE Fig.13 24,

Fig.1. Diagram of storage container,
M : Moisture controller.
S : Storage room.
Ty, Tz : By-pass.
Ci-5 : Cocks.
B : Styrofoam.
Pry, Pr; : Porus plug.
C : To contact low vac. tank.

Fig. 13} o] Ryl styrofoame] P3E= stain-
less steelfi o2 R Ae FHAHIG L tank
(S) AbE Y BHT 2 RERGEEM)
cock Cio] E#EAt. SHE WMEAZL do =
BEEBRGEBGFHESAANA  #EL  porous
plug) & Pry frife] BEEAN L = EEoZ T
ol Pr; fir@el EgA 2}

Storage tank/y PR = by-pass T; =& T,
£ Ede] BpHslel Co {EMEE tank(Fig. 23 =)
2 EE"A
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P BEENoZ Wiy EHE tank(FRE 80
5ol 2 Pre BREE tank(FE 80005 P} P9
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Fig. 2. Equipments of controlled sub-
atmospheric pressure,
P; : Low vacuum tank.
M : Manometer.
SV,, SV, : Solenoid valve.
Cs : Cock.
P; : High vacuum tank.
PRy, PR; : Autopressure controller.
R : Relay.
VP : Vacuum pump.

£¥2 vacuum pump (V.P.)7}t BhfEste]l P.Ae
£8BE A

28 3 P, tank: V.P9] EfF intervalg ZAA
7] 93t PR.S relay® #0513 et BfEsto
EAsA .
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o] 2% W = ¥o] BHEWK M@= BEKS
‘ot Bt @EA dch PBY Bhel BE
HEEol =4 P9 EEh#sbel wel BERC L2
wWeEA 5ol BWge Byl B . PRio] HE
g8 Cy9 cock® Fld C2 F¥ ErE tank9
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Fig.3. Autopressure controller.
E : Na,50, saturated solution. T : T-cock. -
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HHEE ¥ 20mli/min.i 20hrs. @& A4 ¥
o] mercuric perchldirate 3mlE Warburg vesseld]
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Fig. 4. Apparatus for intercellular gas extraction,
D : Vacuum desicator F: Collection‘ flask
Ci-q : Cock
G : Vacuum gage
J : Gas buret

S: Apple slicer
So : Sat NayS0, solution
L : Leveling bottle

Bl 8%\ AL: H7Z= desiccator(D)o] #IF1 Na:SO,
BHE BEASZ A7 ARG 7T M
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Y3 flaskE A A7 % desiccator®F74 &
2z Bdzz EENAA BEADLT. o
HBAEZ 28 BRER RBE collection flask |-
Qe wELT. & —EHHE KB I
o] desiccator 74 & dx B} 7ol KEZ. T
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leveling bottle(L)o] ¢ gas buret(J) & collect-
ion flask(F) ¢} mFR oz Eigsle PRI BR
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Table 2. Developing solvents for separation
of organic acids

Composition{%v/v)
Quantity(ml)
BuOH CH;Cl

0 100 25

5 95 25
10 90 25
15 80 25
20 85 ) 25
30 75 ‘ 25
40 60 50 .
50 50 100

SEEE & fraction® phenol red& A A Yoz
st} 0.0IN—NaOHZ EHUS}. 222 & H
#EsS] peakd] fractiong 0. IN—HCIZA 75EeH:
22 g # N—BuOH : formic acid : water(10 i3
11008 REARE AAAAZ BEKE 0.1%
bromphenolblue s Efste] W45 spots] RIEE
EERS st AEstderd, AEd #& peak
o H#EEe NaOH=z ®Estd & Fiez
Eslgl =t
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Table 3.Changes of intercellular gas volumes by external pressure

(V/W—F-W)
Pressure Time(min.) Theoretical
0 \ 5 j 0 | s | 60 } 120 value
660 Torr.  [37.7~34.2[32. 2~31. 5131. 9~31. 231. 8~31. 5/31. 9~31. 2'31 8~31. 4 32,7~29.7
360 Torr. | 18.7~17. 7{17 917, 4{17. 217 Q7. 4~16.917. 3~17.0 17.9~16.2
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Fig.5. Effects| of sub-atmospheric pressure
on the groduction of CO; in American
Summer | Pairman at 25°C
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Fig. 6. Effects of sub-atmospheric pressure on
the ethylene evolution in American
Summer Pairman at 25°C.
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Fig.7. Effects of sub-atmospheric pressure on
the concentration of intercellular CO; of
American Summer Pairman at 25°C.
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Fig.8. Effects of sub-atmospheric pressure on the
concentration of intercellular CoH; of
American Summer Pairmanat 25°C.
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Table 4. Effects of sub-atmospheric pressure storage on the color and freshness of apple

(American Summer Pairman)

Days in storage
TMTS Quality
10 20 30 40
NAP—0 Color ++ + — _—
Freshness ++ — — —
NAP—5 Color +++ ++ + —
Freshness 4+ + — —
SAP—0 Color +++ +++ +++ ++
Freshness +++ +4+ +++ 4+
SAP—5 Color +++ +++ ++ ++
Freshness +++ +4+ ++ ++
Color Freshness .
++-4 : Deep green -+ : Green +++ : Excellent ++ : Good
+ : Yellow green — : Yellow + : Fair — : Poor
—=— i Deep yellow —— :Bad
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28} SAP-OES} SAP-SEA A e ko] Hifs
o] #EE MHFANL = FWESL NAPE fiat
o BRAMAA B REFsd

k) m&%—% WES #HEE Table 59
% - 1

BlzEe] 9ol A NAP-CE S} NAP-5E & Ryik
IOHEA &% 909 85%015e% SAP-OESH
SAP-5Ed A& WROKIIZHA 5%EES RuEE
Gehg Aoz wfol A HMEAR SMEBLS —
#HEe ¢ 4+ I

a8z At ﬁﬂéﬁ{bﬁr % 8 4 chlorophyll
&89 #{LE 24 Table 65 2.

Table 5. Effects of sub-atmospheric pressure

storage on the rot of apple (American
Summer }’airman)

[ Days in storage
TMTS ;
0 | 2 l 30 40
NAP—0 L 12 28 50
NAP—5 — 8 27 48
SAP—0 Lo — 2 3
SAP—5 Co— — 3 3

Table 6. Effect!fs of sub-atmospheric pressure
storage o the content of chlorophyll
of apple (American Summer Pairman)

. .
| Days in storage
TMTS |——+ -
10 20 [ 20 | 40
NAP—0 .3685% .3010] .2570, .1244
NAP—5 . 3686 .3063  .2678] .2568
SAP—0 3788 | .3726) .3701 .3686
SAP—5 .3778 | .3706 .3695 .3542

*Optical density: of ether extracts at 660mgp.

Friishol £ NAP—OE 2 NAP—SEE &3l W
Ast=d wE SAP—OESH SAP—SEE B
g A9 A—dpar AL A A ML
o @fest —gsgleh

EEER WES 8 Table 73 2t
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E>NAP—SE>NAP—0ES] s 2 SAP—0E 3
SAP—5Eel A S BLAHHRA ARt

2) Pectin®] #4L
WEEF pectin®] (LT Fig. 9% 2+,

Table 7. Effects of sub-atmospheric prssure
storage on the hardness of apple(American
Summer Pairman)

Days in storage
TMTS
10 | 20 I 30 | 40
NAP—0 2.80¢ 2.68) 1.92 L2t
NAP—5 2.96| 2.63 208 1.49
SAP—0 3.21| 3.03 28| 245
SAP—5 3.00| 297 28] 269

#Initial hardness; 3.41kg/cm?

045r Total pectin

040}

NAP-Q; e——
NAP-S, »—s
SAP-0! %=
SAP-5; 4—a

035}
020}

Water-soluble pectin

Ql5F

Q.10

Pectin content on fresh weight basis

1 L 1 ' 1

{e] 20 30 40
Days in storags

Fig. 9. 7Effects of sub-atmospheric pressure on
the total and water-soluble pectin during
storage of American Summer Pairman at
25°C.
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Bt 4.5%, NAP—5@7t 3% vhelted] #8
74T SAP—5E7l 1.9%, SAP—0E7 1.5%
24 SAP—OE A EEEAS 7F4 H
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£
-
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& 097} \
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Fig.10. Effects of sub-atmospheric pressure on
the loss of weight during storage of
American Summer Pairman at 25°C.

Table 8, Effects of sub-atmospheric pressure
storage on the loss of total sugar of
apple (American Summer Pairman)**

Days in storage
TMTS
10 20 30 40
NAP—0 7.59% 7.21 7.04 6.85
NAP-5 7.43 7.22 7.14 7.00
SAP—0 7.40 7.62 7.36 7.30
SAP—5 7.41 7.59 7.33 7.25

* Sugar gr/100gr fruit
#* Intial content; 7.41g/100gr

Table 9. Effects of sub-atmospheric pressure
storage on the loss of reducing sugar of
apple (American Summer Pairman)**

Days in storage
TMTS
0 | 20 | 30 | 40
NAP—( 5. 78% 5.94 6.18 5.42
NAP~-5 5.74 5. 85 6.04 5.42
SAP—0 5. 69 5.76 5.70 5.72
SAP—5 5.65 5. 72| 5. 72| 5.75

* Sugar g/100g fruit
** Inijtial content; 5.65¢/100g.

M BbE 2RMeE RASE BHEIY
= 2 HAE NAPESF SAPER =%, B ¥
X 408 tHel NAP—OE7 6.85%, NAP—5E7L
7.00%, SAP—OEE7} 7.30%, SAP—5E 7} 7.25%
2A BREEAA 289 Hbe #okd.

283 BT 8k SAPEAE HE o
o] A& Hinsted & NAPEAJA & 400 &

od BAE By
5) Vitamin C9] ##4{k
Ry vitamin Co] 8k Fig. 115} R},

Totol Ascorbiz acid

O & x—x%

¥a
»
£
3
3
(%]
£ 2
€
2
>
Reduced Ascorbic acid \
0 ) . ;\_:s
[19) 20 30 40

Days in stcrage

Fig.11. Effects of sub-atmospheric pressure on
the vitamin C content during storage of
American Summer Pairman at 25°C.

Fig. 1161 4] 29 total ascorbic acid®] WAH L
i NAPRERE A iRsted ¥& SAPE:
guts @AdRe EEclder #H3  reduced
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Table 10. Effects of sub-atmospheric pressure
storage on the decrease of acid contents as
malic acid .of apple (American Summer

Pairman)
(%)
Days in storage
TMTS
0 [10]20 30 | 40

NAP—5 0.53{ 0.43 0.32] 0.260 0.20
NAP—5 0.53| 0.47] 0.41] 0.34 0.28
SAP—0 0.53| 0.51 0.49] 0.47] 0.42
SAP—5 0.53| 0.51] 0.47] 0.44] 0.40
Table 10641 B¥x u}s} o] — o e BE

o Bbe ZEBMMES RO EHEe e
NAPE-l SAPER &89 W7t aA vdex
.

28] 5 Tablelid] 4] 2E ute} o] pHe (L
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Table 11. Effects of sub-atmospheric pressure
storage on the pH of apple (American

Summer Pairman)

Days in storage
TMTS
0[10’20]30|4o
NAP—0 3.57 3.67 3.69 3.71] 3.74
NAP—5 | 3.57 3.63 3.65 3.69] 3.70
SAP—0 3.57] 3.62 3.62 3.65 3.66
SAP—5 357 3.65 3.64 3.66 3.68

t BRel RS fHiel e MEEfs 2
EREE ¥ 4 A9

7) I Wik

O HEBS BE

HEES S A Eel BEH 2= S5
o} 9l kB E EER FHEA R ohiz TCA
—cycle® EEoE EHEG AR Qe Ao
2 ol KRS BEY AWM EHE x2iEd W
< EEY Acz &HA 9

o

i
T
=
Tl

T

U

36 40 860 86 o0 2540

Fraction No

0.0 N - NaOH m/

Fig.12 Chrorpatogram of organic acids.
A, Fumaric acid. B, Succinic acid. C, Oxalic
acid. D, Malic acid. E, Citric acid.

Table 12. Identification of organic acids isolated

from apple (American Summer Pairman)

Ri

Peak Fraction

No. Acid

Measured ] Authentic

A 190 0.9  0.95 Fumaric acid
B 38§ 0.88 0. 89 Succinic acid
C 591 0.09 0. 05] Oxalic acid
D 92 0.57 0. 58 Malic acid
E 118[ 0. 49| Citric acid

0.50

Fig. 1200 A 2.3 wl9} #o] peak A,B,C,DE E
% chromatographyit o2 REstdd ul Table
129F & FBRE 4

@ frEdh HEBe #

ol E & HHEEY B Bve BMLE: HH
g E u} Table 13614 RE uleg o] malic
acid9} citric acid’l g9 A#MA S A4 <.

gz ol ¢ 2 HIT WL HHIAAE
vl Table 149} #-2 #RE 43k

Table 137 14014 29 malic acid7} 454mg/
100gro 2 2] 89.7%% A 35 oh&L citric
acid7} 15mg/100gro 2 %24 6.9%% HAA &=
A2 Bol HY XML malic acidd & & 4
A% =

2332 R EEEQ malic acidd] WM
SAPE A gutdel Hstel NAPE = A9s] 4
@ BLE B Fz Y

® fwis BRI #(t

RES Heke e BEY BESE o= BE
Bo ot B EELd s Z& Mt denz
frigieh RIS BbE HHMI Rt Table 15
st Zot. FEEBCT A% i NAPE: =
5 AE ksl dolvhed fhdl SAPEE d9dt
e 2y

Table 13. Effdcts of sub-atmospheric pressure storage on the organic acid of apple

(American Summer Pairman)

(mng%/100Gr. F. W)

TMTS | Ddys | Fum | Sue. Oxal | Ml | Cit. | Total value
oo | | sz 16 | 44 | 3 | 5058
NAP—0Q 40 Trace — — 180 15 195.0
NAP-—-5 40 Trace — — 240 23 263.0
SAP—0 40 4 0.8 0.2 375 28 408.0
3 — — 361 2% 390.0

SAP—5 40
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Table 14. Changes in ratios of malic acid and
citric acid to total acid and ratio of malic
acid to citric acid during sub-atmospheric
pressure storage

TMTS 1 Days 1‘21;3‘/01‘)‘”' C(‘E/Z‘)C [Mal. /Cit.
[ 0 1 89.7| e.gf 13.0

NAP—0 a0 923 7.6 122
NAP—5 a0 9.2 88 104
SAP—( 40 oL9 68 135
SAP—5 40| 926 6.6 140

Table 15. Changes in ratio of total sugal to free
acid of during storage of American Summer

Pairman

b Total | Total Sugar

TMTS Days sugar , acid /Acid
o 74 o5 139
NAP—0 40 6. 85 0. 20 34.2
NAP—5 40 7.00 0. 28 28.5
SAP—0 40 7.30 0.42 17.4
SAP—5 401 7.25 0. 40 18.1

8) Mgy Bk

2E9 Hghd wRkES Warburgl@Estz

WET FRE Table 16614 2E ufst 2.

Table 16. Effects of sub-atmospheric pressure on
the oxygen uptake and the respiratory
quotient of slices during storage of Ameri-
can Summer Pairman at 25°C

Days in storage
TMTS
o|10|20|30||40
AP Oopl/g/hr| 52.6 | 50.5 | 60.5 | 53.1 | 59.5
—0
1.02f 1.05 1.25 1.30 1.55
Qqpl/g/hr 52.1|61.7 | 55.4 | 65.0
SAP—5
1.04] 1.220 1.29] 1.40
O.pl/g/hr 48.0 | 56.2 | 52.5 | 51.2
AP—0
1.020 1.09) 1.08 1.07
Qqpl/g/hr 49.5 [ 55.2 | 56.5 | 52.5
—5
1.02) 1.04 1.14] 1.15
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