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Study on bioactive compounds and antioxidant activity was conducted on three
different carambola cultivars (B2, B17 and B10) planted in Malaysia and the best
cultivars in terms of antioxidant potential was selected and evaluatedat different
ripening stages. Carambola fruits were analyzed for ascorbic acid(AA), total
phenolic compound (TPC), total flavonoid content (TFC), total carotenoid content
(TCC), beta-carotene (B-carotene), tocopherols (alpha,o;beta,f;gamma,y and delta,d)
and sugars (glucose, fructose and sucrose). Free radical scavenging activity using
2,2-diphenyl-2-picrylhydrazyl assay (DPPH) and p—carotene-linoleic acid model
(BCLAM) assays were performed to evaluate their antioxidant activities. Results of
the study showed thatthere is no significant difference in AA content between cv. B2
and cv. B17. Among the cultivars, cv. B17 was found to contain significantly
(P<0.05) higher TPC, sugars, f—carotene and -tocopherol levels while cv. B10 only
had significantly (P<0.05) higher content of y— and 8-tocopherols. However, cv. B10
and cv. B17 did not show any significant difference in TCC, TFC, B-carotene and a-
tocopherol content. The study showed that each cultivar had their own advantages in
terms of bioactive compounds that could contribute to antioxidant activity. As
expected, cv. B10 and cv. B17 exhibited significantly (P<0.05) higher antioxidant
activity than that of cv. B2 for both DPPH and BCLAM assays. However, BCLAM
result showed that cv. B17 had the highest antioxidant activity among the
cultivars.Pearson’s correlation and Partial Least Square (PLS) were used to identify
the linkbetween antioxidant activity and bioactive compounds.Carambola cv. B17
had been selected forquantifying the bioactive compounds and antioxidant activity
changes at different ripening stages. Carambola cv. B17 was tagged at fruit set stage
and harvested at week 9,10,11,12 and 13. Ascorbic acid, TCC and sugar composition
were significantly (P<0.05) increased while TPC, TFC and p-carotene exerted the
reverse trend during ripening. Tocopherols homologue changes were varied where o—
and B-tocopherols levels wereincreased until week 12 before decreased in week 13.
On the contrary, y— and 6-tocopherolslevels were significantly (P<0.05) decreased
during ripening. Fruitsharvested at a later ripening stage allow for the synthesis and
accumulation of bioactive compounds,thus explained the increasing trend. On the



other hand, decreased trend in the bioactive compounds are probably due to their
functions as precursor compounds. Antioxidant activities of the samples were
significantly (P<0.05) decreased as measured by DPPH and BCLAM
assays.Multivariate analysis revealed clear separations between the ripening
stagescaused bytransitional changes in bioactive compounds and antioxidant activity
during fruit ripening. In conclusion, bioactives compound and antioxidant activity
were cultivar- and ripening stage-dependent. Carambola fruit cv. B17 was found to
be the best cultivar in terms of antioxidant potential and should be harvestedat week
9 to get its full benefit of antioxidant property.
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Kajian terhadap sebatian bioaktif dan sifat antioksida telah dijalankan ke atas tiga
kultivar buah belimbing berbeza (B2.B10, B17) yang ditanam di Malaysia dan
kultivar yang terbaik dari segi potensi antioksida akan dipilih dan dinilai pada tahap
peranuman yang berbeza. Buah belimbing telah dianalisa kandungan asid askorbik
(AA), sebatian fenolik (TPC), sebatian flavonoid (TFC), sebatian karotenoid (TCC),
beta karotena (PB-karotena), tokoferol (alfa,a;beta,f;gamma,y ;delta,§) dan gula
(glukosa,fruktosa dan sukrosa). Esei aktiviti penghapus sisa radikal bebas
menggunakan esei 2,2-diphenyl-2-picrylhydrazyl (DPPH) dan esei model B-
karotena/asid linoleik  telah dilakukan untuk mengukur aktiviti antioksida.
Keputusan telah menunjukkan tiada perbezaan yang signifikan dalam kandungan
AAdi antara cv. B2 dan cv. B17. Antara kultivar-kultivar tersebut, cv. B17
mengandungi kadar TCC, TPC, komposisi gula, B-karotena dan —tokoferol yang
signifikan tinggimanakala cv. B10 hanya mempunyai kandungan yang signifikan
(P<0.05) tinggi pada y- dan o-tokoferol sahaja. Walaubagaimanapun, cv. B10 dan cv.
B17 tidak menunjukkan perbezaan yang signifikan (P>0.05) pada kandungan TCC,
TFC, PB-karotena dan o-—tokoferol. Ini menunjukkan setiap kultivar mempunyai
kelebihan sendiri di dalam sebatian bioaktif yang boleh menyumbang kepada aktiviti
antioksida. Oleh itu, aktiviti antioksida telah digunakan bagi menentukan kultivar
yang terbaik dari segi potensi antioksida. Seperti yang telah dijangka, cv. B10 dan
cv. B17 telah menunjukkan aktiviti antioksida yang signifikan tinggi (P<0.05)
daripada cv. B2 bagi kedua-dua antioksida aktiviti esei, DPPH dan BCLAM tetapi
keputusan BCLAM menunjukkan cv. B17 adalah yang signifikan (P<0.05) tertinggi
di kalangan kultivar-kultivar tersebut.Korelasi Pearson dan Partial Least Square
(PLS) telah digunakan untuk mengenalpasti kaitan di antara aktiviti antioksida dan
sebatian bioaktif.Belimbing cv. B17 telah dipilih untuk kajian perubahan jumlah
sebatian bioaktif dan aktiviti antioksida pada tahap keranuman buah yang berbeza.
Tunas buah belimbing cv. B17 telah ditanda dan dituai pada minggu ke-9, 10,11,12
dan 13. Asid askorbik, TCC dan komposisi gula telah meningkat dengan signifikan
(P<0.05) manakala TPC, TFC dan p—karotena pula menurun secara signifikan
(P<0.05) semasa proses peranuman. Perubahan homolog tokoferol adalah pelbagai



yang mana o— dan p-tokoferol mempunyai nilai meningkatpada minggu ke-12
sebelum nilai itu menurun pada minggu berikutnya. Ini adalah berlawanan
dengancoraky- dan &-tokoferol signifikan (P<0.05) menurun secara berperingkat
ketika proses peranuman. Buah yang lewat dituai mempunyai masa untuk
mensintesis dan mengumpulkan sebatian bioaktif justeru menyebabkan corak nilai
yang meningkat. Manakala, corak penurunan oleh sebatian bioaktif disebabkan ia
berfungsi sebagai bahan dalam mensintesiskan sebatian lain.Aktiviti antioksida
berkurang dengan signifikan (P<0.05) seperti yang diukur dengan esei DPPH dan
BCLAM berkemungkinan disebabkan penurunan sebation antioksida utama iaitu
TPC dan TFC. Analisis multivariate mendedahkan perpisahan jurang yang jelas di
antara setiap tahap pemasakan disebabkan perubahan transisisebatian biokimia dan
antioksida aktiviti semasa peranuman. Secara kesimpulannya, sebatian bioaktif dan
aktiviti antioksida adalah bergantung kepada kultivar dan peranuman buah.
Belimbing cv. B17 adalah yang terbaik dari segi potensi antioksida dan harus dituai
pada minggu ke-9 untuk mendapatkan kebaikan antioksida dari buah ini.
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CHAPTER 1

INTRODUCTION

In view of the consumer demand and current trend in functional food and
nutraceutical industry, the demand for natural dietary antioxidant is increasing due to
their medicinal benefits and ability to combat oxidative stress generated free radicals.
These free radicals and reactive oxygen species are linked with the incidence of some
common diseases like cardiovascular disorders, cancer, aging, and Alzheimer and
metabolic syndrome (Maxwell et al., 1997; Tuppo et al., 2001; Hong et al., 2012).
Unhealthy life styles in modern world have made free radicals issue more critical.
Diet can be an important source of these free radicals but a healthy diet has been
linked to a reduction of such diseases. The food pyramid advocates fruits and
vegetables as the second most to be consumed after grains and cereals.

Fruits and vegetables contain a wide spectrum of bioactive compounds which have
tremendous effect on human health. Many studies support the positive correlation
between high intake of fruits and vegetables with reduction of diseases caused by
free radicals (Park et al., 2003; O’Bryne et al., 2002; Rautiainen et al., 2012;
Marnewick et al., 2011; Mizrahi et al., 2011). Diet consists of fruit had been shown
to significantly reduce the risk of metabolic syndrome among adults (Hong et
al.,2012). This study had been carried furtherinanother different study which found
that diet consists of high antioxidant level fruitsfor 14 days could lower the
cardiovascular diseases (CVD) risk compared to lower antioxidant fruit diet
(Franzini et al., 2012).Although many consumers perceive fruits to be expensive due
to its low in calories value per price, they misunderstand that in terms of nutritional
quality per price, fruits have better score than any other foods or beverages (Darmon
et al., 2005). Therefore, enlightment on selection of fruit that can give maximum
nutritional quality per price consumer is pivotal to this group of consumer.

Carambola (Averrhoa carambola L.) is one of the popular exotic fruits that are
commonly cultivated and consumed in Southeast Asia, in particular, Malaysia.
Malaysia is one of the major carambola producers in the world. Other major
carambola producers are Israel, Taiwan and Brazil (Othman et al., 2004). Malaysia is
one of the largest carambola exporters with production value around RM 54 million
in 2012. The amount of carambola production had also increased from 9 106 ton
metric in 2007 to 12 999 ton metric in 2012 (MOA, 2012). Ninety eight percent
(98%) of the production had been exported to international market while only 2%
were used for local consumption. This shows that carambola market is big potential
and has great demand internationally. According to Malaysian Dietary Guideline
(2010), medium size carambola fruit weighted 261 g is equivalent to one serving size
out of two servings per day which had been recommeded. Carambola can be
categorized as a fruit with high antioxidant capacity based on previous studies
(Leong and Shui, 2002; Isabelle et al., 2010, Lim et al., 2007; Mahanattanawee et al.,
2006; Charoensiri et al., 2009a).

Despite its high antioxidant attributes compared to other fruit, there is still lack of
information on the antioxidant capacity of different carambola cultivars and at

1



different ripening stages. Cultivars and ripening stages are among the main factors
that can affect the antioxidant capacity of fruits (Tlili et al., 2011; Xu et al., 2006;
Pinelli et al., 2011; Leonthowicz et al., 2008; Park et al., 2011). Moreover, carambola
falls under non-climateric fruit category, implying that the fruit has to be harvested at
the right maturity stage (O’hare, 1993). Previous researchers had studied both factors
but tend to focus on postharvest physiological quality and processed product such as
fresh-cut fruit (Warren et al., 2007; Teixera et al., 2006; Ding et al., 2007; Bai et al.,
2009; Weller 1997; Chin et al., 1999; Ali et al., 2004). However, there was no study
that focused on these two factors with respect to antioxidant capacity of carambola
fruit. This study is thus instrumental in evaluating the current carambola cultivar
used for commercialization. Groups such as farmers, consumers and food producers
will benefit from this study. Farmers can select the best cultivar to be cultivated in
terms of health benefit in order to fulfill the demand by health-councious consumer.
Meanwhile, consumers can get knowledge on the right ripening stage for fresh
consumption to gain the optimum health benefit from its antioxidant capacity. This
study can also give new view on the current carambola fruit specification that has
been used for processed product from carambola fruit or functional food supplement.
Therefore, the aims of the study are to;

e compare the bioactive compounds present and antioxidant activities of
different carambola (Averrhoa carambola L.) fruit cultivars B2, B10
and B17

e evaluate the bioactive compounds and antioxidant activities of
carambola cv. B17 at different ripening stages.
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