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Summary

Heat treatment was conducted to reduce acidity of satusma mandarin grown
in Jeju island, Korea. In an effort to maintaining fruit freshness and internal
qualities, other conditions such as humidity, film, temperature and time were
examined.

To set up the humidity(RH) condition during heat treatment, fruits were
held at 35C at low(65+2%) or high(100£2%) RH for 72 hours. The rate of
titratible acidity(TA) reduction was not affected by RH condition. However,
weight loss was higher and firmness was significantly lower in fruit treated
under low RH compared with that under high RH. In addition, fruits under
low RH developed more ethanol and acetaldehyde content which induced more
off-flavors. Therefore, high RH gave better effect on fruit appearance and
internal qualities during heat treatment.

To select proper plastic film for maintaining humidity, fruits were sealed
with 3 types of films and held at 30C for 55 hours. The concentration of O,
and CO» within film was 204 and 0.3% with 18um HDPE punched film, 16.8
and 4.2% with 30um LDPE film, 13.7 and 7.9% with 100pm LDPE film
respectively. The higher CO: concentration in film was, the more ethanol and
acetaldehyde content increased. Hence fruits with 18ym HDPE punched film
accumulated the lowest volatiles and were not much affected in developing
off-flavors.

The effect of temperatures(25, 30, 35°C) and treatment time(48, 72hr for 2
5C, 72, 96hr for 30C, 96, 144hr for 35C) on fruit qualities was examined.
TA showed about 0.13 to 0.24% decrease whereas temperature control
showed 0.09% for 6 days in low ambient temperature. Soluble solids

content(SSC) remained without any significant differences before and after
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heat treatment. Consequently, SSC:TA ratio increased from 11.2 on harvest
day to 12.1713.6 after treatment while control was 11.6. Decay rate was
considerably high in 25°C which was not a proper temperature for treatment,
while temperatures higher than 30C seemed to delay the decay. Firmness and
off-flavors did not show much differences between control and all other
treatment. Thus, the combination of temperature and time applied to this
experiment did not affect fruit freshness besides the reduction of acidity.

In conclusion, heat treatment at 30C within 96 hours and 35C within 72hr,
with high humidity and unchanged gas composition, can effectively reduce
acidity of satsuma mandarins while maintaining soluble solid content and fruit

freshness.
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Table 1. GC conditions for analysis of CO»

Parameters Conditions
Column SUS, @2.45mm, length 2.0m
Carrier gas He

Detector TCD

Injection volume 1m¢

Flow rate 30m¢/min

Oven temperature 110C

Detector temperature 180°C

el F ojiksteA s A vl BTl FARIES ol 3
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Table 2. HPLC conditions for analysis of free sugars

Parameters Conditions
Column Carbopac PA1

Mobile phase 100mM NaOH

Detector INT Amperometry
Injection volumn 10um

Flow rate 1mé/min

Column temperature 30T
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Table 3. HPLC conditions for analysis of organic acid

Parameters Conditions
Column lonpac® ICE-AS6

Mobile phase 0.4mM Heptaflorobutyric acid
Detector Conductivity

Injection volumn 10um

Flow rate 1mé/min

Column temperature 30T
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Table 4. GC conditions for analysis of ethanol and acetaldehyde

Parameters Conditions

Column DB-FFAP, ¢0.25mm, length 30mm
Carrier gas He

Detector FID

Injection volume 1m¢, Split mode(10:1)

Flow rate 4.73ml/min

Oven temperature 115C

Detector temperature 220C

Ao A= 4 Hdec] ge & F Aoz HUEsto] 3 scale #H=(0, ©]F
25 =44, 2 olF7F 8ol =42 Yt A=
H ARE WAt sts BA 3 5, g ojF gy
H wES ] A3t sAdE 1'5eHE AHES L 74 &9lA

A gpdo] AAek= &S MEE R YERAT

A Aol EAATE SAS system(SAS Institutee Inc., USA)S ©]-&3}9]
TAREA(ANOVA)S 3tdem 72 A7kl 75942 Duncan’s multiple

range testZ o]&3le] p<0.05 FFolA FAXHS AFA
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Table 5. Fruit quality of satsuma mandarins treated at 35°C for 72hr under high or low humidity

Treatment A((:iycolity Solu(l(a%erii;)lids Weig(i;;:) loss Dec?;;)rate Firmness Off—flavor”
Harvest day 1.30 a” 12.2 a 22.9 £ 2.82 0.13 b
High humidity" 1.05 b 12.2 a 1.8 + 0.237 0.7 21.2 £ 2.32 0.42 b
Low humidity 1.09 b 12.4 a 4.2 £ 0.44 0 17.7 £ 1.83 0.88 a

"High humidity: 100+2%, low humidity: 65+2%

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

3 o
"Mean + standard deviation

90, 1, 2; No undesirable off-flavor, light off-flavor, strong and undesirable off-flavor, respectively.
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Fig. 3. Changes in relative humidity within package of satsuma mandarin in

different packing film at temperature 30C.
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Fig. 4. Changes of O: concentration within package of satsuma mandarin in

different packing film at temperature 30C
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Fig. 5. Changes of CO> concentration within package of satsuma mandarins in

different packing film at temperature 30C

o] A Aol o] dF HE e WstE vk AL 259U F3
of geS mA 4 Art. LA A (oranges), A& (grapefruit) 2 & F(lemons)%}
2o gaEFol vlE Ui (mandarins)= f@A WAEEO AFHo] om(30),
7] o] H(off-flavor) =4 A EA o &&(ethano) ¥ ofA|ELt|slo] =
(acetaldehyde) Al HiFFolA ds HA 4o @At ®ig vp k3.

2 Z4A3}= CAlcontrolled atmospheres)#l 3 A& &
AAERAE W, ES 08 =2 CO9 874 stellAe de&3 ofA EYdsto]l
E T 8 =49 Aol FrFeHAL skivk(32, 33).

& AeME fe Ao nvAR 25 Wi 0, v=7F ¥ CO: 5=
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Table 6. Weight loss, off-flavor, Internal CO,, ethanol and acetaldehyde(AA)
contents of satsuma mandarins treated at 30C for 55hr with different packing

films

Weight loss Int. CO, Ethanol AA

Film treatment Off—flavor?

(%) (%) (1/8) (ue/2)
Before treatment + 250.1 d¥ 3.62 b
No film 4.3 ++ 2.74b  750.1 bec 5.10 b
Punched film" 1.9 + 265b 585.0c¢ 4.23b
30/m LDPE 0.7 ++ + 3.92 ab 903.0 ab 7.38 a
100im LDPE 0.4 ++ + 478 a  1095.4 a 7.60 a

1)18;1m HDPE with 2% pinhole area, 1x1mm pinhole intervals.
D4 ++, +++; No off-flavor, light off-flavor, Medium and persisting, strong and undesirable
off-flavor, respectively.

YMean separation within columns by Duncan’s multiple range test at P=0.05.
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Fig. 6. Changes in fruit temperature of satsuma mandarin treated at 35T

depending on the order of sealing and the location of container
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Table 7. Free sugar contents of satsuma mandarins treated at different

temperature and time

Temperature Pi?;ejs Glucose Fructose Sucrose total
C) - (%) (%) (%) (%)
. Cd 2.87 a” 3.03 a 6.35 a 1995
r . )
VeSS 2347 @47 (5.9
D 2.64 ¢ 2.81 ¢ 6.23 ab
Control 144 11.68
(22.6) (24.1) (53.3)
2.64 ¢ 2.89 bc 6.05 bc
25 144 11.58
(22.8) (24.9) (52.3)
2.66 ¢ 2.89 bc 5.71 d
30 96 11.27
(23.6) (25.7) (50.7)
2.76 b 2.95 ab 5.88 cd
35 72 11.59

(23.8) (25.5) (50.8)

DControl; ambient temperature, 10 £ 1.9C

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

3)( ) ratio out of total free sugar

eFEzkel f714 A AIE Table 8 dEUATh F2 F71AFS citric

acide] il A 714k °F 90%E A3, 1 9]9] malic acid®} oxalic acid’}

2% A=A Citric acide 59 71d =24 AHSdT L B d=dH018) &

Ao M A A Arrt a5 vlads gdd 5 ATk Citric

acid®] = Wzl old EAsIY F4¥ AA Aktitratable acidity)®Z} AR
<]

of &% EAste w72 EXE d-Fol Wl dEEA @
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Table 8. Organic acid contents of satsuma mandarins treated at different

temperature and time

Temperature Pi?rieess Oxalic acid Citric acid Malic acid total
(C) - (%) (%) (%) (%)
Harvest day 0.05 1.31 a” 0.11 1.47
Control" 144 0.06 1.19 b 0.11 1.35
25 144 0.06 1.05 ¢ 0.10 1.20
30 96 0.05 1.02 c 0.10 1.17
35 72 0.05 1.04 ¢ 0.10 1.20

DControl; ambient temperature, 10 + 1.9°C

YMean separation within columns by Duncan’s multiple range test at P=0.05.

dAE F AEE, Fods % AR WEkes Table 99 WYERAAT tE
06U A% F o 1%9 FFHaE BAT, e A FAAE BF 2%
i

= gzETRY e Aot WEALE a4 LI 35T 7247 B

=
e o

A% HDPE BEom Q% ngwe aipl otk #de Fut £3 4%
179N o2 /b4 wgon 3pasl FPgh Aws vdstel ARE A di
S 4Fe mgou me ATk YET Aol 99 FE Aol gl
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AAE A=, 2 23 20Tk 25CollM Hae] AFES B,
30Tl A= o]t din]sle] ¢F 33%, 35TolAl= ¢F 87% A=At Barg )
ATHE6). & Aol AM= 25Tl Hie Faf&o] Hola 30T

olo} thrlste] Z+z} 82%9F 97% AAH ] £ LI FAR S HERARA

Table 9. Fruit quality of satsuma mandarins treated at different temperature

and time
Film Temp. Pi?rieess Weight loss Firmness Decay rate
treatment el (%) (N) (%)
(hours)
Harvest day 0 17.9 a° 0
Punched  Control" 144 1.0 + 0.03? 16.3 b 0.8 b
film
25 144 2.1 £ 0.22 152 b 3.5 a
30 96 1.6 £ 0.16 15.2 b 0.6 b
35 72 1.3 £ 0.15 156 b 0.1b
No film 35 72 2.8 £ 0.40 13.8 ¢ 0.4 b

DControl; ambient temperature, 10 £ 1.9C
“Mean + standard deviation

YMean separation within columns by Duncan’s multiple range test at P=0.05.
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Table 10. Internal CO., ethanol and acetaldehyde(AA) contents of satsuma mandarins treated at different temperature and

time
After treatment 15 days after treatment
. Process
Film Temp. —
treatment (©) (hours)  Int. CO. Ethanol AA Int. CO» Ethanol AA
(%) (12/14) (18/14) (%) (18/14) (1L/14)
Harvest day 0.99 bc? 93.9 e 0.95 ¢

Punched Control” 144 0.59 ¢ 919 e 0.63 ¢ 1.07 b 97.8 d 0.81 ¢

fil
o 25 144 0.79 ¢ 266.9 d 1.48 ¢ 1.10 b 193.0 ¢ 1.47 ¢
30 96 1.50 b 469.2 ¢ 2.76 b 1.09 b 316.3 b 2.65 b
35 72 2.36 a 644.4 b 3.57 b 1.06 b 378.8 ab 3.27 b
No film 35 72 2.80 a 784.6 a 5.43 a 1.62 a 450.0 a 4.52 a

DControl; ambient temperature, 10 £ 1.9C

“Mean separation within columns by Duncan’s multiple range test at P=0.05.
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Table 11. Fruit off-flavor and consumer preferences of satsuma mandarins

treated at different temperature and time

) Pr
Film Temp. OC

Consumer preferences(%)

treatment (C) time Off-flavor?
(hours) 1st 2nd  3rd 4th 5th
Punched Comrd” 144 0.19 b¥ 95 4.8 429 14.3 238
film
25 144 019b 190 333 238 143 95
30 96 010b 333 429 0.0 143 95
35 72 029 b 190 4.8 286 238 238
No
o 35 72 0.62a 190 143 4.8 333 333

YControl; ambient temperature, 10 £ 1.9C

2)0, 1, 2; No undesirable off-flavor, light off-flavor, strong and undesirable off-flavor, respectively.

YMean separation within columns by Duncan’s multiple range test at P=0.05.
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Fig. 9. Changes in acidity of satsuma mandarins during storage at 15T
after being treated at different temperature and time. Vertical bars represent

standard error (n=30)
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Fig. 11. Changes in weight loss of satsuma mandarins during storage at 1
5C after being treated at different temperature and time. Vertical bars

represent standard error (n=30).
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Fig. 12. Decay rate of satsuma mandarins during storage at 15C after

being treated at different temperature and time
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