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Masaki TsukamoTo
Effect of Bruises on CO, Output, Acid Contents
and Ethanol Contents in Apple, Pear and Peach Fruits.

Abstract: Some physiological changes in mechanically injured apple, pear and peach fruits were studied. The
bruised fleshes of the fruits showed remarkable wound responses which consist of an accelerated CO, output, an
increased intensity of ethanol production and a decreased acid contents. The acceleration in CO, output was seen
most remarkably within 24 hours after bruising and lasted for at least 2 days. When '"KOKKO’ apple fruit was
dropped onto a hard board from the height of 1 m, CO, output began to be accelerated 1.5—2.0 hours after bruising.
Under such circumstances as the surfaces of bruised regions of ‘KOKKO’ apple and 'OKUBQ’ peach fruits were
covered with 6x6 c* adhesive tapes and the exchanges of gas through them were consequently cut off, the
acceleration in CO, output couldn’t be observed immediately after bruising at least. The decreased organic acids in
bruised fleshes of fruits were malic acid and citric acid in ’'OKUSANKITT pear and malic acid in 'KOKKO’ apple.
In 'KOGYOKU’ apple fruit, acids contents in the bruised fleshes of the fruits were decreased rapidly at 25°C and
gradually at 5°C, which showed the dependence of the acids contents in bruised flesh of the fruit to temperature.
Ethanol production in bruised flesh of the fruit was accelerated in an atmosphere of nitrogen. There was no
correlation between ethanol accumulation and temperature. When it was assumed that the additional CO, produced
as a result of bruising injury arises from oxidative decomposition of organic acids and alcoholic fermentation, the
value of additional CO, calculated from the decreased acid contents and the accumulated ethanol contents in bruised
flesh of the fruit approximately agreed with the experimental value. In an atmosphere of nitrogen, however, CO,
output wasn’t always accelerated in spite of constant decrease of acid contents and ethanol accumulation in bruised
flesh of the fruit, which didn’t show the correlation of accelerated CO, output with decreased acids or with
accumulated ethanol.
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Fruits dropped onto concrete floor from the height of 50cm.

------ Controles
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‘HAKTO’ peach ‘CHOJURO’ pear ‘KOKKO’ apple
Fig. 1 Effect of impact bruises on CO, evolution rates at 20°C.

Table1. Effect of dropping height and No. of impacted areas on the CO, evolution

rates of 'KOKKO’ apple fruits.

Dropping No. of Days after treatment
height impacted
(cm) areas -2 -1 0 1 2 3

50 3 93 98 100 129 115 108
2 98 99 100 122 106 104
1 103 102 100 109 102 103

30 2 106 97 100 118 100 99

10 2 113 102 100 107 113 97

Each CO, evolution rate was expressed in the index number relative to that on the

treating day.
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Fig. 2 Time course examinatioion of CO, evolution rate of ‘KOKKO’ apple fruit dropped onto
a hard board from the height of 1m,

Table2 . CO, evolution rates of 'OKUBQ’ peach and 'KOKKO’ apple when the surfaces of bruised regions
were covered with 6 X 6cr’ adhesive tapes.

Days after treatment -1 0 1 2 3 4 5
Bruised fruit with covering 96.0  99.6 99.0 94.4 101.8 / /
’Oégglo Unbruised fruit with covering  97.8 100.0  98.8  96.0 100.8  / /
Bruised fruit without covering 99.8 101.5 104.5 100.9 100.2 / /
_ Bruised fruit with covering 101.7 107.2 110.9 103.8 107.9 104.1 104.9
’Kgp%ﬁo’ Unbruised fruit with covering  97.0 103.6 105.1 104.4  /  101.7 105.5

Bruised fruit without covering 100.0 100.6 111.6 107.6 112.8 106.5 108.6

Fruits were bruised by dropping onto the concrete floor from the height of 50cm in 'OKUBQ’ peach and
30cm in "KOKKO’ apple. CO, evolution rate was expressed in the index number relative to that of
unbruised fruit without covering.

Table 3. Effects of bruises on pH values, soluble solid contents and titratable acidities of 'HAKUHQO’
peach, 'CHOJURO’ pear and '"KOKKO’ apple.

pH value Titratable acidity Soluble solid contents

"HAKUHO’ Unbruised region 4.10 2.81 8.31
peach  Bryised region 5.10 1.76 8.00
"CHOJUROD’ Unbruised region 5.05 1.34 10.10
pear Bruised region 5.18 1.04 10.50
'KOKKO®  Unbruised region 3.60 / 13.50
apple (1) Bryised region 3.75 / 12.50
'KOKKO’  Unbruised region 4.08 5.75 15.00
apple (2)  Bruised region 4.48 3.62 16.20

Titratable acidity =ml. 0. 1N NaOH/10ml. fruit juice. Soluble solids contents =hand refractometer index.
pH value, soluble solids contents and titratable acidity were measured 24 hours after bruising.
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Effects of storage temperature on malic acid contents and C,HsOH contents in bruised

Malic acid contents (mg/100ml. fruit juice) =67x titratable acidity (ml. 0.1 N NaOH/10

Fig. 3
‘KOGYOKU’ apples.
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Anaiysis of organic acids in ‘OKUSANKITT pear fruit by silica gel column chromatogra-

y.
*5 (15, 25, 35)BC means solvent composition. 5BC=BuOH 5 % +chloroform95%; 15BC

=BuOH15% +chloroform85%; 25BC=BuOH25% +chloroform75%; 35BC=BuOH35% +
chloroform65%; Amount used is 100, 135, 100, 300ml respectively.

1
35BC* Fraction No( 4 g each)
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H,SO, 78.7ml
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5 BC* 1T5BC*2T5BC* 3T5BC* Fraction No ;BC* 1T53c*2T5Bc* BTSBC* Fraction No
(4 g each) (4 g each)
Bruised flesh Sound flesh

Fig.5 Analysis organic acids in ‘KOKKO’ apple fruit by silicagel column chromatography.
*See in Fig. 4

Table 4 . Effects of bruises on ethanol contents (mg/100g flesh) in "THAKUTO’ peach
and 'ISHIIWASE’ pear.

Days after bruising 1 2 3
"HAKUTO’ Bruised flesh in closed vessel / / 196.3
Jbeach Sound flesh in closed vessel / / 48.8
Bruised flesh in closed vessel 82.8 105.8 174.8
ISHIIWASE?  Sound flesh in closed vessel 64.4 73.6 78.2
pear Bruised flesh in a room 82.8 115.0 /
Sound flesh in a room 68.4 78.2 /

Table5 . Effects of bruises on exhausted CO,, malic acid, ethanol soluble solid contents in "OKUSANKITT pear

fruits.
Exh .
Fruits Peel Bruised  Sogieercoy® ©°F  Malic acid  Ethanol  Soluble
weight weight flesh - %on}ig(t)s 1 %on}(i&t)s solids
(&) (&) weight Before After me/ 2 .m~) e o CO?&;‘!'ES
treatment  treatment juice es 0
Bruised flesh in
bruised fruit 160.8 73.6 9.6
S MU 13 121 409.2 567.6
OuIM esh i
I bruised fruit 261.3 59.8 10.1
Sound flesh in
sound fruit 1360 125 / 409.2 440.0 211.1 64.4 9.6
Bruised flesh in
bruised fruit 130.7 50.2 /
e 1280 108 73 396.0 466.4
QU esn m
I bruised fruit 207.7 4.1 /
Sound flesh in 1906 o8 / 409.2 404.8 211.1 36.5 /

sound fruit

Experiment I was carried out from Nov.29 to Dec.5, 1977.
Experiment II was carried out from Dec.7 to Dec.13, 1977.
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Table 6 . CO, output, titratable acidity and ethanol contents of bruised 'FUJI’ apple fruit in N,

atmosphere.

Fruits gg’fr,}(‘)a“? ted( Cg)z for % of Titratable Ethanol
weight min. me increased  acidity contents
(g) Before CO, (0.1IN NaOH/ (mg/100 &
treatment  treatment output 10ml. juice) flesh)
Bruised flesh in
bruised fruit in N, gas 1.0 197.7
Sound flesh i 1082 695.2** 688.6* —1.0
ound flesh in
bruised fruit in N, gas 2.9 113.2
Bruised flesh in 0.9 139
bruised fruit in air ’ )
Sound flesh 1 1074 730.4** 748 .4** +2.5
ound flesh in
bruised fruit in air 2.9 124.4
Sound flesh in N
sound fruit in N, gas 1080 699.6* 701.8* +0.3 3.0 158.2
Sound flesh in . _
sound fruit in air 1076 721.8 690.8** 4.3 2.9 113.2
* in N, gas
** in air

Fruits were bruised by dropping onto linoleum floor five times from the height of 50cm:
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[CJ Experimental result
Calculated result
180{- Exp.1 | Exp. 1 | )
L 1 1
160 | ] 1 Exp.I l
140+ | | | Exp.I
—~ 1 1 ]
1201
E Exp.IL ! Exp.II ] 1
ON 100 - ’ l l
O g4 ] i Exp.1I : Exp.II
60+ : | |
40+ | : |
20 1 1 1 l
1 T ! |
o—o ! o-® , oo , o
Fig. 6 Comparison of the experimentally increased CO, output with CO, output calcu-
lated from the values of decreased ‘OKUSANKITT pear fruit.
@ : A*—B**X Flesh weight — Brulhsed flesh weight X CHer
flesh weight
@ DA —BXE X CHr*
A* 1 CO, output for 3930min. after bruising.
B** : CO, output for 3930min. before bruising.
C*** : Ratio of CO, output after treatment to that before treatment in sound fruit.
@ : CO, output calculated from following equations.
CsH,,04— 2 C,H;OH+ 2 CO,
C.HsOs+ 30,— 4 CO,+ 3H,0
@ : CO, output calculated from following equations.
C.H:0,—C,H;OH+ 2 CO,
C.H,O;+ 30,~ 4CO,+ 3H,0
Experiment I was carried out from Nov.29 to Dec. 5, 1977.
Experiment II was carried out from Dec. 7 to Dec.13, 1977.
LEZ R, RVICbIY ) —VOERE Table 7. CO, output of bruised 'KOKKO’ apple fruit in N,
BHETED, atmosphere.
bLLREC LERQO-O 2HArEDLER Exhausted CO. f
. xhauste
EEENBENTEI > TWEDE 513, Fruits 64 hours (mg) . ;ﬁc%ased
BHEROBHSED L, 15— LBERT N e pefore  After | CO:
BLTCOHHBEDERIBD5NDETDH treatment treatment ©utput
5, &£ C 673§Nz§§fﬁ¢b:%%%%ﬁbfci% Brlli}ged fruit 1152 994 .4* 1298.0* +30.5
&, BHMOBRERIEGTELALLS e gas
CHOL, T VEERT B bbb pogud it 1153 9944t 1262.8* 4270
57, COBEHERLTLUHHRLTVD L -
in N, gas

BEWUINT(E6~9%), £/, FlzEk
LTWaELTHBROBAEDRZY /=D
EREBICREIPIDHDOTRE VL, DI

LIZCOFHEDHEALBEERI HLVIE LY ) — N

Fruits were bruised by dropping onto linoleum floor five
times from the height of 50cm.

D, SBRISIKHREIL TR ELLES,

DERBEOBICEERIEO WS AR LIETLOTH
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Vra, v, TEREOCOHHE, BMEE, £7/ —VEECRETHOREBICONT

Table 8 . CO; output and titratable ahidity of bruised "'YAKUMO’ pear fruit in N,

atmosphere.
Fruits 3 howrs ()" foof ~ Titratable
weight gl(greased a(c)n(ilty OH/
(g) Before After t2 t ( '181 lN a -H)
treatment treatment OUtPY ml. juice
Bruised fruit * % * —
in N, gas 1143 743.6 739.2 0.6 1.20
Sound fruit _
in N, gas 1142 761.2** 646.8* 15.0 3.05
Bruised fruit 134 734.8*+ 7612+ + 3.6 1.35
Sound fruit 1142 770.0%*  708.4** - 8.0 3.45
* in N, gas
** in air

Fruits were bruised by dropping onto linoleum floor three times from the

height of 50cm.

Table 9. CO, output, titratable acidity and ethanol contents of bruised '"MUTSU’ apple fruit in N, atmo-

sphere.

Exhausted CO, for

i % of Titratable Ethanol
Vli:;ﬁ 65 hours (mg) increased  acidity contents
(g) Before After 2 (0.1IN NaOH/ (mg/100 &
treatment treatment OutPut 10ml. juice) flesh)
Bruised flesh in
bruised fruit in N, gas 1.25 216.8
Sound floch 1 1374 756.8** 796.4* +5.2
ound flesh in
bruised fruit in N, gas 4.90 135.6
Bruised flesh in
bruised fruit in air 2.32 144.6
Sound flesh i 1375 717.2%* 765.6%* +6.7
ound flesh in
bruised fruit in. air 5.90 90.5
Sound flesh in N
sound fruit in N, gas 1374 748.0** 774.4 +3.5 5.60 140.1
Sound flesh in N N _
sound fruit in air 1375 7.2x 712.8 0.6 6.18 95.0
* in N, gas
** in air

About half parts of each fruit was bruised by small iron bar.

i =

Vod, v, E2REOCOHHE, BEE, 5/ —
NVEBCRIZTEOBELREL 2.

1. Vvd, 7¥, TF L HICREHRUBMANIZCO,
BHERAELEL, 2ABKBEI LI, BEOERER
FROBEICLI>TELSZH, Lty 2 QRFES

ZFTwic, BNV v T0OHE, COHHE LA TOFH
HINZ1.5~ 2 I TH o 7, ZEHEHET 5 L COHE
HEo ERIEED sz oz,

2. 0vd, £, FYELRELOBEEIRIL
oo ERY vITRY VI, BEEFVTIRY VIR
kU7 zvBE, S2EBEEBRIES L T, fIE
VI THEELI LIS, BAD Y —VIRBECER
ah, 25°CT TR24BFFEIACER L, 5°CT TRz
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WA LTz,

3. Uvd, %, FYLTFNBEHICZY /-
DEMBR SNz, 2L TENROLEDENEETT
F—BELVHDER ST,

4. ZERCRERBOBMAMEE =5 7 — LV RED
A, COPEHEDEAE b 725§ LIRET I, FHIE
CEEEREEN L  —BLT, L LM N,EER
FTR, BOBAELSY ) —VOERBISITEDOHNDICDH
b o T, COHEHENERL TV LIEIEwEnL
MHoTz,
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