CHAPTER 5
EFFECT OF SULFUR DIOXIDE ON CHEMICAL AND BIOCHEMICAL

CHANGES OF LONGAN FRUIT cv. DAW DURING STORAGE

5.1 Abstract

The effects of sulphur dioxide in combination with storage temperatures on
postharvest decay, pericarp browning, and physiological ultrastructure changes of the
longan fruit cv. ‘‘Daw’’ were studied. SO, fumigation combined with the suitable
storage condition improved the overall the longan fruit qualities, especially on inner
and outer peel tissues and aril color as compared to no SO, treatment. It was observed
that no SO, treatment showed the dark color of inner and outer peel of the longan
fruit was appeared, this was correlated with the increasing of polyphenol oxidase
(PPO) activity. Moreover, the main factor affected longan fruits quality was storage
duration. Increasing of weight loss, pH value of both peel and aril, PPO activity,
especially on the changing of dark — red color of peel were observed after long term
of storage. However, the sulphite residues could detect immediately after SO,
treatment in all part of the longan fruit, especially on peel tissue, but the residues was
significantly decreased along the storage durations. On the other hand, scanning
electron microscope (SEM) evaluation found that the surface cracking was also
impaired the physiological function of the cuticle and increased water permeability,
which may cause water soaking at the inner side of the peel. The injured cell would
accelerate the oxidation of phenolic substances and the oxidative products resulted in

dark color of inner and outer peel. Therefore, the combination sulphur dioxide
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fumigation with controlling the optimum of storage temperature could control of

postharvest decay and browning

5.2 Introduction

Longan (Dimocarpus longan Lour.) is a tropical fruit in the Spindaceae
family. In Thailand, the longan is a most extensive production and one of the most
economically important fruits that has exported fresh longan to China, Hong Kong,
Malaysia, Singapore, Indonesia and Canada (Tongdee, 1997). The cultivated areas are
in the Northern region of Thailand. In the year 2008, dried and especially fresh fruit
of the longan was mostly marketed locally, and export of the fruit had been increasing
rapidly, the exported of fresh longan is about 168,286 tons and frozen longan at 346
tons (Lin et al., 2001b). However, The quantity of domestic and export longan has
been limited by its highly perishable nature, short storage life and susceptibility to
postharvest diseases, as a result of bacterial, yeast and fungal infections (Tongdee,
1997). Color deterioration causes the fruit to fetch a lower price at market and even be
unmarketable (Smith and McWilliams, 1978). Rapid pericarp browning during
storage is the main problem resulting in restrictions on the export of longan to long-
distant markets (Sardsud et al., 1994). The fresh longan fruit could be stored for only
2-3 days at ambient temperature, which caused of discoloration and disorder by
postharvest disease including chilling injury and especially on the pericarp browning
(Martinez and Whitaker, 1995). Pericarp browning has been attributed to oxidation of
phenolics by PPO, producing brown coloured by-products (Ferrar and Walker, 1996).
PPO has been widely studied in various fruits such as apple, grape, litchi and plum

(Lin et al., 1994), but little is known about the longan.
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For many years, the recommended method to control postharvest decay and
prevent pericarp browning in the longan has been sulfur dioxide (SO,) treatment. The
use of SO, fumigation has been the most effective practical postharvest treatment for
control of quality during storage (Deng et al., 2005). It is currently commercially used
in many countries. Recently, importing countries such as China and Singapore have
restricted the import of longan product and other fruits and reduced the maximum
permitted residual level of SO,. Longan consumers are becoming cautious regarding
SO, residues, due to allergenic symptoms and caused of off-tasted (Whangchai et al.,
2006).

The storage of longan fruit under cold condition and the treatment of fresh
longan by using sulfur dioxide is very effective application in browning prevention on
the pericarp of the fruits (Jiang et al., 2004). However, due to the restriction of the
import countries, sulfur dioxide is less use due to allergic to humans (Underhill ef al.,
1997). There is a need to find out the suitable of sulfur dioxide concentration and the
storage conditions which are the effective and could be prevented the browning and
prolonged the storage shelf life of fresh longan. Thus, the aim of this study was to
evaluate the effect of sulfur dioxide treatment and storage conditions on browning
prevention and prolonged the storage shelf life of fresh the longan fruit to provide the

better appearance and safe for consumers.
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5.3 Results and Discussions

The ANOVA analysis indicated that SO, treatment changed pH value
of peel tissue significantly (Table 5.2). The pH value of peel tissue decreased
significantly after treated the longan fruit with SO, (4.30), when compared with non
SO, treatment (5.36). However, SO, treatment did not affect on pH value of aril. The
storage temperature did not effect on pH value of peel and aril changed. On the other
hand, the storage duration was the main factor that affected on the changes of peel and
aril pH. pH value of both part of the longan fruit increased significantly in the long
term of storage (Table 5.1). Additionally, ANOVA analysis indicated that the storage
duration did not affect only pH value of peel and aril changes but also affected on
weight loss of the longan fruit (Table 5.2), while the weight loss increased
significantly during the long term of storage (Table 5.1). However, weight loss of the
longan fruit did not affect by SO, treatment and storage temperatures (Table 5.1). All

treatments did not affect on the change of PPO activity (Table 5.1 and 5.2).



50

0T X EQOET@E AjAnoey ur paquiosap sem (Odd) ANAnoe dnewizuo [ousydLjod :
‘TOAS] %S 18 (IST Aq 90USIJJIp JUROIIUSIS A[[EOT)STIBIS O} SJBIIPUT SISNS] JUSISIJIP YT, : M

€5°C 0.0 650 280 JAd) [4Al] 9.C L0 G8°0 SL0 L0 80°C 9T (AN} 65°0 20°¢ Wl 00 00 (500) as1
e/Z'lz  PT0'9C ezy'L eg0'8  dl0°LL ®e8ltVv PYL'C9 qz0'LS egL'9F el8'G8 ©eg0’'0L ®ey0'S.L 9el9’lz BlEEE Bvy'8  BoZol egg'olL egg’9  egg'y 8
eEgy'ZC POCT'9C 9ece’9 qeo0’y  eéy'€l 4S0°t 99269 4899 dEL’LYy A8LT8 OV9'€9  AlLTLL [2:1: R T | TAN RS | 7V e09°’L qzevi 961’9 egg'py 9
B6Z'ZC 080'8C gey0L Oo9pe€  O0L°0L O2L°C 9dE€0'69 BLO'99 P6SOF O.608 BOLOL 0989 qgeyGeZ dSL'LE 9989 ely’L oze'LL P99'9  eyg’y 14
ez6'6l  qlooe asv'9 OpL'C 4d469°0L 201L°'Z e6ZCL 9S€9S IL¥'8€ PCS'8L OVL'L9 PET'S9 qcy'oz  9€€'8Z  P88’S eG0'6 PSe6 qi8'9  e9gy [4
e98°'0¢ B6E'lE qalv's P0oS°1L 0686 9296} BCO'VL 9GL'¥S P8ZTLE  900°0L d0L'69 BLLYS qs6'0z 9.8°.Z P88S e8G’6 200°0 9169 4qgly 0
(s)@am) suoneinp abeioyg
091 1240] L0 250 0€0 10 SL'L 6v°0 S0 8v'0 6v°0 (4" 19°) 9’0 LE0 16°L 680 €00 €00 (so'0) as1
eg8’'0c  disve qagy'9 q99°'¢ 9800l ®©9.C By0'0L 9.LL.G BZSOF ©B00'08 45699 ByZ99 eyeLe q9'9z doLL egz’6 ego’ol ez.L'9 epgy L
egg’'le eli'ze €68°9 ezZZy eLo’ZL esg'Z q90°.9 B6S8S Br6'0y d9Z6.L BLE69 BEy'l9 egy’ze  eIvye  egg'l epe’s eg0'0lL ezL9 ezgy [4
(9,) @amesadwa
0L 124] LE0 250 0€0 10 SL'L 6¥°'0 S0 8v'0 6v°0 ce’l L9°) 9’0 LE0 1671 680 €00 €00 (so'0) as1
e06’'lc ev6'0¢ elg’9 q6.'c ®BS6°0L ®BLLT ezZ'9. ©B99°09 ezZLoy ©88'C8 BLO'OL ©BZy99 e6L'Zc Bo6CE eyTl es0'8 egLolL ez.9 qoey ‘os
e|g'0c 9qelL'se BeGl’9 e60°S Bvl'Ll ey8Z 4do6'09 9dl9'SS evrlOoy qdl€9. dOZ99 ©BszZ'l9 ege’le  qoL'sc eyl e0S’6 egg ol eLl’'9 ege’g 0S ON

Jauu| 19InQ Jauu| 19nQ Jauu| 19)nQ Jauu| 19)nQ Jauu| 19InQ (%) Uy 199d

154 154 v UV (15
193d 199d 199d 199d 193d
Odd juswijeal )
«a e b H bo) : ssoj Jybrom Hd

*

si9jdweued 10j0)

so3ueyo Ayenb 3y me(q ‘A9 ueSuo[ uo suoneinp d5eI1ols pue sarnjerddwo) 95e10)s ‘sjuoreas; oprxorp Inydins Jo S1091J0 YL :1°S dqeL



51

Table 5.2: Effects of sulphur dioxide treatment, storage temperatures, and storage
durations on the changes of peel and aril pH and weight loss of longan

cv. Daw
pH Weight loss PPO
SO, Treatment Temperature ("C) Time (weeks) —————— o — ] -
peel aril (%) (Aactivity mg™'protein)
0 536a 6.61gh 0k 9.78ab
2 538a 6.80de 8.98ij 9.22ab
2 4 536a  6.60h 11.38fghi 7.60b
6 5.34a  6.62gh 14.19cdef 7.30b
8 5.34a  6.83cd 16.50abcd 10.10ab
No 0 5.36a  6.62gh 0k 9.78ab
2 5.42a  6.84bed  10.52hij 9.46ab
7 4 5372 6.73¢f  12.17efgh  8.93ab
6 5.35a  6.69fg 14.94abcde  9.01ab
8 5.33a_ 6.84bced  17.10a 13.71a
0 420c  6.41i 0k 9.39ab
2 4.32b  6.82cd 8.24j 8.60ab
2 4 4.30b  6.72ef 10.61hij 6.41b
6 4.31b 6.89abc  13.88defg 6.73b
S0, 8 4.33b  6.96a 17.02ab 7.75ab
0 4.20c  6.41i 0k 9.39ab
2 4.33b  6.80de 9.27ij 8.94ab
7 4 4.33b  6.60h 11.13ghi 6.70b
6 4.35b  6.80de 14.26bcde 7.40b
8 4.33b  6.91ab 16.92abc 9.26ab
LSD (0.05) 0.098 0.083 2.83 6.05
Statistical significant
source of variation
SO, * ns ns ns
Temp ns ns ns ns
Time * * * ns
SO; x Temp ns ns ns ns
SO, x Time & * ns ns
Temp x Time ns ns ns ns
SO x Temp x Time ns * ns ns

*: The different letters indicate the statistically significant difference by LSD at 5% level.
ns: not significantly different
%

: Polyphenol enzymatic activity was described in Aactivity mg ™' protein x 10°
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The ANOVA analysis indicated that SO, did not affect on aril color changed.
However, the storage duration was the main factor affected on the change of aril color
(Table 5.3) (Figures 5.3a-d). The aril was bright yellowish orange color after stored
for 8 weeks (C, H', L, a’, and b were increased significantly) (Table 5.1). Moreover,
the storage temperature, interaction between SO, and storage duration and interaction
between all treatment significantly increased a and b values (Table 5.3), which was
indicated that the aril became dull yellow color (Figures 5.3g and 5.3h). The ANOVA
results indicated that SO, treatment, storage temperature and storage duration
significantly affected on H', L", and a* values (Table 5.4). SO, treatment and storage
temperature significantly increased H', and L* values, while a value significantly
decreased (Table 5.1). The results showed that inner part of peel color of no SO,
treatment and stored under 7°C was more darkened than that SO, treatment and
stored under 2 °C (L" value decreased), which was more bright green - yellow color
(a” decreased) (Table 5.4) (Figure 5.3¢c and d). For the storage duration, H', and a’
values significantly increased, while L" value decreased after stored for 8 weeks
(Table 5.1). This results indicated that the inner part of peel color were became orange
— yellow darkness color after stored for 8 weeks (Figure 5.3e-g). Interestingly, SO,
treatment, storage temperature and duration were the main factors affected on the
outer peel color (Table 5.5). The outer peel color of no SO, treatment were scarlet
than orange-red (H decreased), became darkened (L decreased), less intensely red
(C” decreased), and blue-yellowish (b~ decreased) color (Table 5.1). Moreover, under
high storage temperature (7°C) and long term of storage (8 weeks), the outer peel
color became blue-yellowish (b" decreased), darkened (L™ decreased), and more

scarlet than orange-red (hue angle; H', decreased) or changed to cloudy and dark red
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or scarlet, which was showed in browning (Table 5.1) (Figure 5.3 e and h). Pericarp
browning increased with increasing of storage period. Fruit fumigated with SO, did
not show any pericarp browning throughout this investigation. According to Duan et
al. (2004) the major factors reducing the storage life and marketability of the longan
fruit were microbial decay and pericarp browning. Low temperature storage at 1-5 °C
is used to reduce pathological decay, but has only a limited role in reducing pericarp
browning. In this study, the SO, treatment inhibited browning and decreased PPO
activity of longan pericarp during storage. Low PPO activity correlated to low
browning appearance. According to Jiang and Fu (1998), the sulfur dioxide
application gave better results in controlling litchi browning and 80—85% inhibition of
PPO (Jiang, 1999). Moreover, the fruit deteriorated rapidly when removed from cold
storage. It was observed that under the refrigeration conditions longan fruits have a
storage life of approximately 30 days. Pulp quality and disease development are
generally stable during cold storage until such time as fruits become visually
unacceptable from pericarp browning (Jiang and Li, 2001). Sulfur dioxide fumigation
has been the most effective postharvest treatment for control of pericarp browning in
the longan fruit, and is used extensively in commercial situations at present. However,
there is increasing consumer and regulatory resistance to the use of this chemical

(Jiang et al., 2002)
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Table 5.3: Effects of sulphur dioxide treatment, storage temperatures, and storage
durations on the changes of aril color of longan cv. Daw

Aril col t
SO, Treatment Temperature (°C)  Time (weeks) 't colour parameters

C* H* L* a* b*
0 593g  70.20bed  37.04h  2.02¢f  5.56ef
2 7.68abcde  71.17bed  41.03bed  2.43de  7.27bed
2 4 7.97abced 63.90ef 45.96a 3.33b  7.15bcd
6
8.84a 55.07g 38.40fgh  4.50a  7.27bcd
No ’ 7.46cdef 76.39a 41.73bc 1.80f  7.21bcd
0 5.93g 70.20bed  37.04h 2.02ef 5.56ef
2 6.68efg 69.72cd  40.16cde  2.17ef  6.27def
7 4 8.57abc 67.60de 47.01a 3.14bc  7.93ab
6
8.13abc 54.20g 38.13gh 4.66a 6.61cde
8 6.94defg 74.07ab_ 40.94bed  1.79f 6.68cde
0
5.83g 65.51ef 37.51gh  2.17ef 5.38f
2 6.90defg  73.68abc  41.06bed  1.97f 6.58cde
2 4 8.12abc 67.78de 46.34a 2.98bc  7.50abc
6
8.06abed 54.26g 38.30fgh  4.61a 6.58cde
A\ ¢ 8.77ab__ 7633a _ 41.99b  2.17¢f  8.46b
0
5.83g 65.51ef 37.51gh  2.17ef 5.38f
2 6.20g 70.50bcd  40.10cde  1.93f 5.71ef
7 4 6.32fg 61.63f 45.43a 2.77cd 5.58ef
6
8.74ab 55.56g 39.05efg  4.84a  7.26bcd
g 7.64bcde  73.39abc  39.85def  2.07ef  7.33abed
LSD (0.05) 1.18 4.17 1.70 0.44 1.18
Statistical significant
source of variation
SO, Ns Ns Ns Ns Ns
Temp * Ns Ns Ns &
Time % % % % %
SO, x Temp Ns Ns Ns Ns Ns
SO, x Time * Ns Ns Ns *
Temp x Time Ns Ns Ns Ns Ns
SO x Temp x Time * Ns Ns Ns *

*: The different letters indicate the statistically significant difference by LSD at 5% level
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Table 5.4: Effects of sulphur dioxide treatment, storage temperatures, and storage
durations on the changes of inner part of peel color of longan cv. Daw

Inner part of peel colour parameters
SO, Treatment Temperature ("C) Time (weeks)

Cc* H* L* a* b*
0 21.45abc  86.69ab  74.08bcd 1.25g 21.39abc
2 23.87ab  72.65h 52.12hi 7.13b 22.75ab
2 4 22.54abc  77.68f 60.43fg 4.83de 22.01ab
) 22.47abec  66.77i 49.83i 8.81a  20.67abc
8 21.63abc  75.65¢g 59.309g 5.35cd  20.95abc
[ 0 21.45abc 86.69ab 74.08bcd 1.25g 21.39abc
2 1727¢  75.55g 56.13gh 4.25de  16.73c
7 4 20.54bc 79.86e 65.10ef 3.59ef 20.21abc
6
23.48ab 67.11i 57.41gh 9.10a  21.64abc
8 21.7abc 75.08g 60.48fg  5.39cd  20.36abc
0 20.44bc 85.05c 73.96bcd 1.76g 20.33abc
2 20.89abc  82.95d  71.54cd  2.41fg  20.72abc
2 4 22.53abc  85.60bc  76.16bc 1.75¢9 22.45ab
6
26.01a 73.13h 75.87bc  7.52ab 24.89a
8 22.50abc  86.43bc  77.27b  1.40g  22.45ab
SO, y
20.44bc 85.05¢c  73.97bcd 1.76g 20.33abc
2 19.65bc 82.93d 68.79de  2.34fg  19.48bc
7 1 2453ab  87.98a  87.44a  0.82g 24.48ab
6
23.57ab  72.99h 77.95b 6.91bc  22.53ab
8 21.36abc _ 86.72ab 79.56b 1.20g 21.31abc
LSD (0.05) 5.29 1.50 5.52 1.63 5.06
Statistical significant
source of variation
SO, Ns 4 N * Ns
Temp Ns * * * Ns
Time Ns * | * Ns
SO; x Temp Ns Ns NS Ns Ns
SO, x Time Ns Ns * * Ns
Temp x Time Ns Ns * Ns Ns
SO x Temp x Time Ns Ns Ns Ns Ns

*: The different letters indicate the statistically significant difference by LSD at 5% level.
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Table 5.5: Effects of sulphur dioxide treatment, storage temperatures, and storage
durations on the changes of outer part of peel color of longan cv. Daw

Outer part of peel colour parameters
SO, Treatment Temperature ("C) Time (weeks)

c* H* L* a* b*
0 3030de  70.27c  53.40jk  10.22fgh  28.49¢f
2 31.53d  67.58de  52.03k  12.03c  29.14e
2 4 3551c  70.01c  61.29de  11.60cd  31.43d
4 34.14c  63.50h  53.52jk  15.22a  30.56d
8 29.63¢f 67.18def  50.60ij  11.48cd  27.31fg
N 0 3030de  70.27c  53.40jk 10.22fgh  28.49¢f
2 1870  62.64h  56.07h 8.58j 16.601
7 4 22.93hi  66.42efg  65.13c  9.14ij 21.01j
6
2150i  58.46i  55.11hi 11.21cde  18.34k
8 28.50f  65.66fg  53.13jk  11.73c __ 25.96gh
0 2543g 67.93de  56.10h  9.55ghi  23.54i
z 38.85b  70.34c  58.22g  13.06b  36.57bc
5 4 4238a  75.72a  69.84a 10.40efg  41.02a
6
4095a  67.23de  59.85ef 15.82a  37.74b
8 37.45b  73.35b  59.52fg  10.72def  35.86c
SO, {
2543g 67.93de  56.11h  9.55ghi  23.54i
2 2424gh  68.00d  59.09fg  9.09ij 22.47i
7 4 2820f  70.66c  67.79b  9.28hij  26.58gh
6
2823f 65379 58229 11.71c  25.67h
8 37.87b  74.14b _ 61.82d  10.34efg  36.42bc
LSD (0.05) 145 1.54 1.53 0.95 1.40
Statistical significant
source of variation
SO, * * * Ns *
Temp . . . . .
Time . A W . .
SO, x Temp ns * * Ns Ns
SO, x Time * * * * *
Temp x Time * * * * *
SO x Temp x Time * * * Ns *

*: The different letters indicate the statistically significant difference by LSD at 5% level.
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The Pearson correlation coefficients analysis showed that SO, treatment and
storage temperature factors were positive correlated with weight loss, the changing of
peel and aril tissue pH, and polyphenol enzymatic activity (Table 5.6 and 5.7).
Moreover, the effect of storage duration had positive correlation among peel tissue pH
- PPO enzymatic activity, and weight loss — aril tissue pH but there was a negative
correlation between aril pH and peel tissue pH (Table 5.8). Meanwhile, the
experiment found that a lower pH in the peel kept in SO, treatment might be
beneficial in preventing browning. The rapid increase in the browning index of the the
longan fruit stored in SO, treatment after long term of storage may be due to the
senescence and fruit decay, indicated by increases in pH value, which was agreed
with Tian (2001b). Solomon et al (1992) reported that PPO catalyzed browning of
fruit could be prevented by several applications such as; heat inactivation of enzymes,
exclusion or removal of one or both of the substrates (O, and phenols), adding
compounds that inhibited PPO or prevented melanin formation, and especially on
controlling the pH to be lowering to 2 or more units below the pH optimum, and by
reaction — inactivation of the browning enzyme. However, experimental results
indicated that non — treated and treated longans fruit with SO, provided the pH about
4.30 — 5.36 in peel and about 6 in arils tissue. This results congruence to Wong (1995)
reported that the pH optima to most PPO’s activity were near 6. Under this condition,
PPO was activated and accelerated the browning of longan fruits.
Moreover, Underhill and Critchley (1992) found that the pericarp browning was
correlated with moisture loss. Likewise, it is very likely that the natural cracking of
longan peel facilitates rapid moisture loss and cause surface browning during harvest

and storage. The surface cracking also impaired the physiological function of the
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cuticle and increased water permeability, which may cause water soaking at the inner
side of the peel (Medeira et al., 1999). The injured cell would accelerate the oxidation
of phenolic substances and the oxidative products resulted in dark color of inner and
outer peel (Abe, 1990). PPO and peroxidase (POD) catalyze the oxidation of
phenolics to quinines and then condense tannins to brown polymers. The initiation of
the enzymatic browning depends largely on the loss of compartmentation of enzymes
and substrates. In this study, there were high activities of PPO and POD in the longan
fruit at harvesting, but no skin browning occurred while high ATP production and low
malondialdehyde (MDA) content were observed, which further supports the
hypothesis that the loss of compartmentation of enzymes and substrates was the key
factor for the enzymatic browning reaction of plant tissues. Thus, the reduction of
skin browning of the longan fruit by pure oxygen treatment could be accounted for
maintenance of compartmentation of enzymes and substrates by enhancing respiration
and ATP production.

The result suggested that SO, treatment may be suitable for keeping of the
longan’s fruit over a relatively short period, which skin ultrastructure played a role in
its storability. However, the suitable concentration and fumigation time were also
necessary to point out. The longan pericarp was thick about 630 — 700 um and
composed of three layers. The outer layer (exocarp) consisted of natural opening and
cracking on the surface. It was covered by thin discontinuous layer of cuticle and
brown epidermal hair. The mesocarp, main part of the pericarp consisted of about
70% of the pericarp tissue. It contained elliptical in shape with thick cell walls (Figure
5.4a, b). The vascular bundles were tubular and consisted of one layer cell. When the

fruit showed during SO, treatment, increasing of storage duration and temperatures,
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darkened color of inner and outer peel of the longan fruit. The SEM observation
showed a layer of injured cell in the pericarp. Fibrous tissues were disappeared
(Figure 5.4c and d). Wax that covered the pericarp and epidermal hair also damaged.
The mesocarp cell were also damaged and collapsed. The destruction of cell
membrane was also observed (Figure 5.4e¢ and f). Underhill and Critchley (1992)
found that the pericarp browning was correlated to moisture loss. Likewise, it is very
likely that the natural cracking of longan peel facilitates rapid moisture loss and
causing surface browning during harvest and storage. The surface cracking also
impaired the physiological function of the cuticle and increased water permeability,
which may cause water soaking at the inner side of the peel (Medeira et al, 1999).
The injured cell would accelerate the oxidation of phenolic substances and the
oxidative products resulted in dark color of inner and outer peel (Abe, 1990).

At the prior of storage, the contamination of sulphite residue was found
highest in both aril and peel tissue. On the other hand, the contamination of sulphite
significantly decreased along the storage durations (Figure 5.1 and 5.2). However,
sulphite contamination was still high concentration in peel tissue (350 mg kg™) after
stored for 8 weeks (Figure 5.2), while sulphite contamination was not found in aril
after stored for 4 weeks (Figure 5.1). The fumigation time and concentration are the
most important factors affecting the SO, residues. Higher concentration and longer
fumigation time resulted in higher SO, residue (Ye, 1996), which was mainly located
in the peel and much less in the aril and gradually decreased with prolonged storage
(Lemmer et al., 2000). Han et al (2001) reported that most of the SO, residue was
located in the pericarp. Appropriate SO, treatment lowered the SO, residue level in

the pulp to as low as 10ug/g. The eating quality was maintained during the early stage
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of storage and the shelf life was extended as compared to the control fruit. If SO,
concentration and fumigation time were strictly controlled, lower residue and longer

storage life could be achieved.
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Figure 5.1: The effect of storage duration on SO, contamination in aril of longan
cv. Daw
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Figure 5.2: The effect of storage duration on SO, contamination in peel of longan
cv. Daw
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Table 5.6: Pearson correlation coefficients of sulphur dioxide treatments on the
changes of polyphenol enzymatic activity, weight loss, and pH of peel and
aril of longan cv. Daw fruit

PPO WL pH-Peel
WL 0.764
pH-Peel 0.897 0.864
pH-Aril 0.896 0.873 0.994

Table 5.7: Pearson correlation coefficients of storage temperatures on the changes of
polyphenol enzymatic activity, weight loss, and pH of peel and aril of
longan cv. Daw fruit

PPO WL pH-Peel
WL 0.783
pH-Peel 0.910 0.862
pH-Aril 0.907 0.870 0.994

Table 5.8: Pearson correlation coefficients of storage durations on the changes of
polyphenol enzymatic activity, weight loss, and pH of peel and aril of
longan cv. Daw fruit

PPO WL pH-Peel
WL ns
pH-Peel 0.232 Ns

pH-Aril ns 0.538 - 0.221
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Figure 5.3: The effects of SO, treatments, storage temperature, and storage duration
on the changing of inner and outer peel tissue, and aril color of longan
cv. daw

A: No SO, treatment at the initially of storage, B: SO, treatment at the initially of

storage, C: inner and outer peel tissue and aril color changing by no SO, treatment at

the initially of storage, D: inner and outer peel tissue and aril color changing by SO,
treatments at the initially of storage, E and F: the changing of inner and outer peel
tissue and aril color by no SO, treatments stored at 2 ‘C and 7 °C for 8 weeks,
respectively, G and H: the changing of inner and outer peel tissue and aril color by
SO, treatments stored at 2 'C and 7 C for 8 weeks, respectively
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Figure 5.4: Transverse sectional micrographs of longan fruit pericarps cv. Daw
affected by SO, treatment and various storage condition

A and B: longan pericarbs after no SO, and SO, treatment at the initially of storage,

C and D: longan pericarbs affected by no SO, treatment after stored at 2 and 7 "C for

8 weeks, E and F: longan pericarbs affected by SO, treatment after stored at 2 and

7 °C for 8 weeks
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5.4 Conclusions

In conclusion, the combined application of SO, treatment and cold storage
temperature stored longan fruits under the cold condition significantly prevented
pericarp browning of harvested the longan fruits. Exposure of the longan fruits to
those conditions enhanced high color quality, reduced weight loss percentage,
prevented cell wall cracking, and delayed the activity of PPO and the

decompartmentation of PPO and POD, and their substrates.



