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Changingin TSS, TA and Sugar Contents and Sucrose Synthase
Activity in Ethephon-Treated ‘Pattavia’ Pineapple Fruit

Ngarmnij Chuenboonngarm?, Niran Juntawong?*, Arunee Engkagul3,
Wallop Arirob2 and Surin Peyachoknakul4

ABSTRACT

Exogenous ethylene increases endogenous ethylene which plays a crucial role on ripening in
climacteric fruits. Although pineapple is a non-climacteric fruit, ethylene released from ethephon is
effectively used to hasten the harvesting period. Effectsfrom the use of ahigh concentration of ethephon
on eating quality, fruit size and the reduction in harvesting period have been reported. In this paper, the
effect of alow concentration of ethephon on pineapplefruit quality and sucrose synthase (SuSy) activity
was investigated. Field experiment was arranged in split plot design. In the main plot, two levels of
ethephon concentrations, i.e. 0 and 500 mg/I, were used by spraying at 110 days after forcing (DAF)
fruits. The sub plot was harvesting time, i.e. 5 times of one-week intervals from 124 to 152 DAF. We
found that the total soluble solid (TSS) was significantly increased in most of harvesting-treated fruits
whilethetitratable acid (TA) was significantly increased at 131 DAF of harvesting-treated fruits. Only
at 131 DAF harvesting time, the glucose content and SuSy activity of ethephon-treated fruits were
significantly reduced and return to the control level afterward. However, ethephon had no effect on the
fructose and sucrose contents at all harvesting times. In conclusion, fruit quality with shortening of
harvesting time could beimproved by applying 500 mg/I ethephon at 110 DAF since TSS content which
is one of the parameter predicting eating quality of pineapple was increased without decreasing fruit

quality.
Key words: ‘Pattavia® pineapple, ethephon, total soluble solid (TSS), titratable acidity (TA), sucrose
synthase
INTRODUCTION chlorophyll remains in shell (Dull et al., 1967).

Moreover, it accelerates the ripening process and

Ethephon is one of the most effective  concentratesthe harvest peak (Chalermglin, 1979;

inflorescenceforcing agentsin pineapple[Ananas  Smith, 1991). In other non-climacteric fruit such

comosusL. (Merr.)] that iswidely used presently  as pepper, exogenous ethylene promotes and

(Bartholomew et al., 2003). Its function isto  increases a cellulase activity (Ferrarese et al.,
stimulate the respiration rate of fruit while  1995).
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To achieve the high fruit quality, high
total soluble solid (TSS) at the range of 12-14%
and relatively low titratable acidity (TA) of citric
acid at the range of 0.4-0.6% in pineapple flesh
are recommended for pineapple production in
Thailand (Thongtham, 1983). Though TSS and
TA are eating quality prediction parameters, TSS
istheonly parameter suitable asayear-round index
(Bartolome et al., 1995). Bartolomeet al. (1996)
found that TSS in pineapples was positively
correlated with total sugars. Besidereflecting fruit
quality, TA also indicates the sourness. In
pineapples, TA isreported ascitric acid, not malic
acid. It variesprimarily with fruit developmental
stages but does not rel atively respond to short-term
environmental changes, whilethemalic acid varies
with environmental changes especially the light
(Singleton and Gortner, 1965).

Many factors including ethephon have
affected pineapple fruit quality (Bartholomew et
al., 2003). An application time and the quantity
of ethephon have influences onthe quality of fruit.
Too early application causes the reduction in size
and weight of crown and fruit, whereas low TSS
and high TA contents are aso found (Audinay,
1970; Chalermglin, 1979). TSS is highly
correlated with test-panel eating quality (Smith,
1988) and with total sugars (Bartoleme et al.,
1996). In pineapple fruits, fructose, sucrose, and
glucose play important roles in flavor
characteristics and are major sugars which vary
according to the stage of fruit development.
Sucrose content is lowest in the flesh during the
early stage of fruit growth but rapidly increases at
6 weeks before harvest and becomes predominant
in mature fruit. In the early stage, glucose is
dightly higher than fructose and remainsrel atively
constant through development while fructose
slightly increases at 2 weeks before harvest (Chen
and Paull, 2000). The changes in total sugar
contents are affected by the developmental stage
of fruits, climates, and varieties (Bartolemeet al.,
1996), nevertheless the change of each sugar

content in ethephon-treated pineapple fruits has
not been reported.

In a sink organ, sugar accumulation is
related to the presence of sucrose metabolizing
enzymes. One of themissucrose synthase (SuSy)
(Taizand Zeiger, 1998) which reversibly converts
sucrose and UDP to fructose and UDP-glucose.
SuSy isimportant in cell metabolism not only in
sink strength (Nguyen-Quoc and Foyer, 2001) but
asoincel wall synthesis(Nakai et al., 1999; Ruan
et al., 2003), and starch synthesis (D’Aoust et al .,
1999). Furthermore, it accumulates sucrose in
edible tissue of satsuma mandarin fruit (Komatsu
et al., 2002) and savesATPin glycolysis pathway
(Huber and Azakawa, 1986). Chen and Paull
(2000) reported that in pineapple fruits SuSy
activity was higher at young stage, lower at 6
weeks before harvest, and then constant till
harvesting time. The change of SuSy activity in
ethephon treated fruit has also not been reported.
Theobjective of thiswork isto answer the question
if ethephon could increase TSS, TA, sugar content
and SuSy activity in pineapple fruit.

MATERIALSAND METHODS

Plant and fruit materials

Field-grown ‘Pattavia pineapple
[Ananas comosus L. (Merr.) cv. smooth cayenne]
planted at Sam Prayadistrict, Petchburi Province,
Thailand, were used. Forcing of pineapple
inflorescence was done in the evening of
November 18, 2002, by spraying 50 ml of 250
mg/l ethephon (a.i. 48% w/v) including 3% (w/v)
urea on shoot. The experimental design used in
this study was split plot design. Main plot was
ethephon concentration of 0 and 500 mg/l by
spraying 50 ml volume per fruit at the age of 110
days after forcing (DAF). Pineapple fruit at this
age is pointed-eyes stage 3 according to the Dole
Company, Thailand, which is the last stage of
pointed-eyes pineapple (immature) and thereafter
the eyes will become flatted. Sub-plot was
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harvesting timewhich started from 124 DAF until
152 DAF. Threereplications, 8 fruits each, were
analyzed.

Fruit sampleswere brought to |aboratory
and cut transversely into 3 sections after the size
and weight of crowns and fruits were measured.
Only the flesh of the middle section was used in
thisstudy. A half of the flesh was crushed and the
juice was then used for determination of TSS and
TA. The other half, sliced into small pieces, was
used for the determination of the sugar content
and sucrose synthase activity. Thesedliced fleshes
of 8 fruits were pooled together as one of three
replications at each harvesting time. The tissues
were then frozen immediately in liquid nitrogen
and stored at -80°C until use.

Soluble sugar content

TSSwasdetermined from extracted juice
using hand sugar refractometer. Soluble sugarsin
the form of sucrose, fructose and glucose were
extracted following the method of Chen and Paulll
(2000). After extraction, the solution wasfiltered
through a0.45 mm filter, and 20 ml was injected
and analyzed with HPL C by using a Waters 2690
Separation Model instrumented with aWaters 410
Differential Refractometer detector, employing a
Sugar-PAK | (Waters Associates, Milford, USA)
column of stainless steel (300 mm length x 6.5
mm internal diameters). The eluting buffer was
0.1 mM calcium EDTA and the flow rate was 0.5
mi/min. Experiments were performed at 90°C.
Soluble sugars were quantified by comparing the
peak areas with external sucrose, glucose and
fructose standard solutions (Sigma Co., Ltd.).

Titratable acidity

TA was analyzed from extracted juice
after the determination of TSS contents and
reported ascitric acid according to AOAC (1990).
Sucrose synthase determination

Sucrose synthase (SuSy) in frozen flesh
tissue was extracted as described by Chen and

Paull (2000). The extracted solution was desalted
by Hitrap® Desalting column (Amersham
Biosciences) and 50 pl of desalted mixture was
used to determine the enzymatic activity in
synthesis direction according to the method of
Hubbard et al. (1989), as modified by Chen and
Paull (2000).

Statistical analysis

All data were analyzed the variance
(ANOVA) using statistical analysis software of
IRRISTAT version 93-3.

RESULTSAND DISCUSSION

The last harvesting time in this study
(152 DAF) was planned to coincide with
commercial harvesting time. The commercial
harvesting index for cannery fruit industry is
apparent when fruits reach full-size and the shell
color at the basal portion starts to change. The
effects of ethephon and harvesting time on fruit
quality, sugar content and SuSy activity after
treating at 110 DAF are shown in Table 1.
Ethephon concentration did not reducethe sizeand
weight of the crowns and fruits. The crowns and
fruits continued to devel op after the treatment and
the crownsreached afull-size oneweek (138 DAF)
beforethefruitsdid (145 DAF). Maximum growth
of the crownsindicated that the fruits were nearly
ready for harvest (Paull and Reyes, 1996). The
concentration of ethephon playsasignificant role
in increasing the mean of TSS contents (11.02°
Brix) when compared with the mean of untreated
fruits (8.90°Brix). The mean of TA and sugar
contents including SuSy activity did not change,
compared with untreated fruits. The harvesting
time at 145 DAF provided the highest TA, TSS
and sucrose contents of 0.62% citric acid, 12.16°
Brix and 54.12 g/kg FW, respectively (P<0.01).
These indicated that the quality of fruit changes
during fruit development and TSS wererelated to
sucrose morethan glucose and fructose asreported



plosa(gnios EIOL = SS1 7
Aipioesioerenil = V1L 7
“JuedlIubis ou sareolpul SU 1M ING A pazAfeue
SPAS| TO'0 PUE GO'0 3Y) e 90Ued 14IUBIS 81IPUI 4« PUB « S|OQWIAS ST 01 BUIpI0dTe [PAS] 946G aU) Ie UL IP AIUed JIubis 10U 8.Je uwIN |02 awes 8yl UIYIIM J1is | awes ay) AQ pemo| o) Ues |\

awn BunsenreH
% su % su ¥ % su su su su su su X UOIe)Ua2u0d
uoydayig
Su su su ¥ ¥ ¥ ¥ su su Ssu ¥ % awn BunsenreH
Su Su Su Su % Su Su Su Su Su Su Su uo17eJ]usduod
uoydeyig
) ¥98'T ZUTT ¥€2T  COeET’0S ®0EZT  ®©/90 02906  8€T TTT 6T ®eLel  qeret 4vazst
s 1212 80€T 0S¥l  eZT¥S e9rel ©2Z90 ®©g6riT  0GT 8Tl  €evl ®OET qeeer 4vasyt
m 796'T 20CT  2¢ST 2080°/E O8y'8 Qe8S0 0486¥8  8ET 80T V¥6ET eyel  eSEl 4va seT
z 786'T V0T 96€T  PO9¥'€EZ 088 G250 av09.  VET L[0T  vVYIT  aryOoT  deTT 4vaTer
m 1622 980T 9¢¥T  PO60Z 0808 J2v0 GZ9v8  ZVT SIT 8%l 086  Oap'Tl 4va et
M awn bunsenreH
X LTLT OF'TT  2vel ozey ©OTI 650 6226  TVT €TT Tl T 9711 /6w 00G
V€2 9T 8LYT /0TE 0068  ¥S0  ¥Z88 OVl 0Tt  80¥T 97T 92T 1w o
uo[7eJ]usduod
uoydeyig
(md 6 (proe
Mgeloww) T (g BBy (xug,) omg)  ®) T (woy ® T (wo)y
Ainnoe ASNS 8sopni{ 8S00N|9  8S0MONS ZSS1 pVL YBRM  yibue  yipiM B yibueT  YIpIM
usaid i UMOID
"(dva) Buioloy eye

sAep OTT e parea. Jo1e AlIANTe aseyluAs 8s04ons pue 1usiuod ebins ‘A11fenb 1inJ) uo sawin BunsaAley pue SUoIeuasuod uoydaype JoS109)]3 T ajgqel

208



Kasetsart J. (Nat. Sci.) 41(2) 209

by Chen and Paull (2000). Figure 1 also showed
that sucrose content waslow inimmaturefruit and
the highest content wasachieved at 145 DAF while
glucose and fructose contents were relatively
constant during fruit growth as reported by Chen
and Paull (2000).

The interaction of ethephon
concentration with harvesting time significantly
affected TA, TSS and glucose contents at P<0.05
(Table 1). Comparing between the treatments of
ethephon concentration at 0 and 500 mg/I at each
harvesting time, it was found that almost all TSS
of treated fruits were significantly higher than
those of the control (Figure 2B). However only
treated fruitsharvested at 131 DAF had TA content
higher (Figure 2A), but glucose content (Figure
2C) and SuSy activity werelower (Figure 2D) than
those of the untreated fruits. The high
concentration of TSSin harvested fruitstreated at
131 DAF was affected by high TA rather than sugar
content because TSS does not represent only the
sugar content but al so the contents of organic acids,
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soluble pectins and other dissolved substances
which have different refractiveindicesfrom water
(Holcroft and Kader, 1999). This is the reason
why adirect measurement of sugar concentration
by HPLC iscarried out. From our results (Figure
2A, 2B), ethephon affected the TA and glucose
contents of treated fruits in a few weeks after
ethephon application because ethephon is an
unstable substance which can be easily degraded
by high temperature and high pH in cytoplasm
(Bartholomew et al., 2003). Changing in TA and
glucose contentsin pineapplesmay also beresulted
from a high respiration rate which is induced by
ethephon (Dull et al., 1967). Thisis due to the
use of glucose as afirst glycolytic substance in a
respiratory pathway (Taiz and Zeiger, 1998) which
enhances organic acid contents (Ulrich, 1970).
High respiration rate also causes high oxygen
admission in tissue and this may be the other
reason for increasing TA.

It was also found that the TSS contents
of harvested fruits treated at 145 and 152 DAF

120 125 130 135

140 145 150 135

= =%= = Sucrose (0 mgd Ethephon)
=& = (Glucose (0 mg/l Ethephon)
e Bructose (0 mgd Ethephon)
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womeessséomemens (Flucose (500 mg/l Ethephon)
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Figurel Sucrose, glucose and fructose contents in pineapple fruits after treated with 0 and 500 mg/I

ethephon at 110 days after forcing (DAF).
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werehigher than that of the untreated fruits (Figure
2B). The exogenous ethylene which was
suggested to increase the lipoxygenase activity by
Yu et al. (2003) might change the permeability of
the membrane and cause the increase of TSS in
these mature fruits. Fromtheresultson high TSS
(13.53°Brix) and TA (0.6% citric acid) contents
measured at 145 DAF, thetreated fruitswhich are
in the range of high eating-quality fruit
(Bartholomew et al., 2003) could be harvested one
week earlier. Chalermglin (1979) also reported
that after applying 1,500 mg/l of ethephon at 112
DAF, thetreated fruits could be harvested 11 days
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earlier than those of the control. However, TA was
found to be inereased in treated fruits while fruit
size was reduced and TSS was unchanged. This
study indicates that the application of 500 mg/I
ethephon to 110 DAF fruits hastened the
harvesting time without reducing fruit quality.
Figure 2 also showed SuSy activities
which were affected by a significant interaction
between ethephon concentration and harvesting
time. When harvested at 131 DAF, the SuSy
activity of thetreated fruitswas significantly lower
than that of the untreated fruits. Chen and Paull
(2000) suggested that the low SuSy activity in
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Figure2 Changesintritratableacidity (TA) (A), total solublesolid (TSS) (B) and glucose contents (C)
and sucrose synthase activity (D) in pineapple fruits flesh at various harvesting times after

treated with 500 mg/I ethephon

) and without ethephon

) at 110 days after forcing

(DAF). Error barsrepresent standard error of the means of threereplications. Barswith the
same |etter assigned are not significantly different at 0.05 probability level.
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pineapple fruit allowed the accumulation of
sucrose. However, we found that the low SuSy
activity in harvested fruits treated at 131 did not
enhance the sucrose accumulation (no significant
interaction of sucrose was found, Table 1).
Therefore, the SuSy activity wasnot related to the
accumulation of sucrosein pineappleswhichisin
contrast to the activity in non-climacteric, satsuma
mandarin fruits (Komatsu et al., 2002). The
decrease of SuSy activity of harvested fruitstreated
at 131 DAF might be resulted from the increase
in respiration rate which increases the amount of
ATP in cells. Therefore, SuSy activity which
involves in energy-saving pathway of glycolysis
(Huber and Akazawa, 1986) should be decreased.
SuSy is an important enzyme for synthesizing
UDP-glucose, the cellulose precursor (Nakai et al.,
1999). Thus, exogenous ethylene enhances a
cellulase activity (Ferrarese et al., 1995) which
leadsto high production of UDP-glucose that may
act as a negative feedback to the SuSy activity.
The exact mechanisms of the SuSy activity aswell
asthe effect of ethyleneon SuSy activity havestill
not been well-defined.

CONCLUSION

We concludethat the ethephon at therate
of 500 mg/l spraying at 110 DAF could increase
TSSin pineapple fruit, but not TA, sugar contents
and SuSy activity, and the treated fruits could be
harvested at 145 DAF without the decrease of fruit
size and weight.
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