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Abstract

Flesh of pumpkin (Cucurbita maxima) is especially rich in carotenoids and phenolic
compounds that exert antioxidant properties. In this study, two varieties of pumpkin, Srimuang (Thai variety
with rough skin) and Kabocha (Japanese variety with smooth skin) were subjected to four different heat
treatments including boiling (90 °C for 5 min), steaming (100 °C for 5 min) and hot air drying (60 °C for 16 h
and 70 °C for 10 h). Uncooked samples were served as control. Results showed that rough skin pumpkin
contained higher total phenolic content (TPC) and total carotenoid content (TCC) than smooth skin pumpkin
and consequently, the higher antioxidant activities based on Ferric reducing antioxidant power (FRAP) and
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity. Among heat treatments, Drying at 70 °C of
smooth skin pumpkin showed the strongest TPC and antioxidant activity base on FRAP and DPPH.
In rough skin pumpkin, drying at 70 °C showed the highest TPC corresponding to the highest FRAP values.
After boiling, TCC increased in rough skin pumpkin but, reduced to the lowest extent in smooth skin
pumpkin. During in-vitro digestion, TPC slightly increased from oral, gastric to intestinal phase in all heat-
treated samples. However, the corresponding antioxidant activities based on FRAP and DPPH were found
to decrease on digestion. The exception was for DPPH values of heat treated smooth skin pumpkin that
remained unchanged. Results showed the higher correlation among TPC, FRAP and DPPH of samples
before digestion (r = 0.704-0.902, p < 0.01) than that of samples after digestion (r = 0.411-0.716, p < 0.01).
The content of bioactive compounds depended not only on their concentration in pumpkin, but also
processing conditions and gastrointestinal digestion which influenced their stability and consequently,

changes in antioxidant activities.
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1. Introduction

Pumpkin (Cucurbita maxima) is rich in dietary fiber, vitamins, minerals and some
bioactive compounds beneficial to health (Azevedo-Meleiro and Rodriguez-Amaya, 2007).
Phenolics are bioactive compounds found in all plants as their secondary metabolites,
providing antioxidant activities. Other major bioactive substance in pumpkin is carotenoids,
which are pigments that give yellow to red color. Carotenoids have strong antioxidant capacity
to scavenge free radicals because of their conjugated double bonds (Stahl and Sies, 2003).
Composition of phenolics and carotenoids may also be affected by several factors such as
variety, cultivar, maturation stage, geography, climate, harvesting and post-harvesting, and
processing methods (Azevedo-Meleiro and Rodriguez-Amaya, 2007, Murkovic et al., 2002,
Randhir et al., 2008).

Generally, pumpkin is cooked, either by boiling, steaming or roasting before
consumption. Such thermal processing can greatly affect quantity and functional quality of its
component (Aydin and Gocmen, 2015, Provesi et al., 2011). During thermal processing, plant
cell wall is softened by heat and consequently, phenolic compounds, carotenoid and other
bioactive compounds are easily released (Isantea and Wongajang, 2015). On the other hands,
heat may cause degradation or polymerization on some bioactive compounds to a more or
less active form. It has been reported that some thermal processes could increase bioactive
compounds and enhance the antioxidant activity of fruit and vegetables (Dini et al., 2013,
Ribeiro et al., 2015).

Simulated in vitro digestion is method imitating gastrointestinal condition that is widely
used to study the gastro-intestinal behavior of food or pharmaceuticals. Simulated digestion
methods typically include the oral, gastric and small intestinal phases. These models of human
digestion have been used to answer the scientific questions as the digestibility and
bioaccessibility (Minekus et al., 2014). Many research reported on changes of bioactive
compounds and antioxidant properties during in vitro digestion on pumpkin and butternut
squash (Koh and Loh, 2018) and other plant materials (Chen et al., 2014, Pavan et al., 2014,
Tagliazucchi et al., 2010, Grijalva et al., 2017). Various changes in antioxidant properties were
observed among studies. The changes upon chemical and physiological complication under
in vitro digestion were still unclear and further investigation is needed for heat-treated samples.

This research aims to compare antioxidant compounds between two varieties of
pumpkin and investigate change of antioxidant activity after subjected to heat treatments and

during in vitro digestion.
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2. Materials and Methods
2.1 Materials

Two varieties of pumpkin, Srimuang (Thai variety with rough skin) and Kabocha
(Japanese variety with smooth skin) of commercial size and maturity were peeled and cut into
uniform pieces (3*3*4 cm) and were subjected to four different heat treatments including (1)
boiling at 90 °C for 5 min (2) steaming at 100 °C for 5 min (3) hot air drying at 60 °C for 16 h
and (4) hot air drying at 70 °C for 10 h. Uncooked samples were served as control. Heat
treatments were assigned to experimental units of three replications in a completely
randomized design (CRD). All samples were subsequently freeze dried to obtain moisture
content less than 10%, ground and sieved through a 80-mesh screen to obtain fine powder.
2.2 Phenolic extraction and determination

Based on method of Tang et al., (2015) with slight modification, pumpkin powder was
soaked in acidic 70% acetone (70:29.5:0.5 acetone:water:acetic acid v/v/v) and continuously
shaken for 3 hrs and left in the dark for 12 h. The mixture was centrifuged at 3000x g for
10 min and supernatant was collected for the assay of total phenolic content (TPC) and
antioxidant activities by Ferric reducing antioxidant power assay (FRAP) and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity. TPC was determined using the Folin—
Ciocalteu method. One ml of diluted sample extract was transferred into tubes containing
5.0 mL of 10% v/v Folin-Ciocalteu’s reagent. After that, 4.0 mL of 7.5% w/v sodium carbonate
solution was added. TPC was determined spectrophotometrically at 765 nm and expressed as
mg Gallic acid equivalents (GAE) per 100 g of dry samples.
2.3 Carotenoid extraction and determination

Pumpkin powder was soaked in 95% hexane (95:5 of hexane:ether v/v), mixed for
10 mins using vortex mixer and centrifuged at 3000x g for 10 min . The supernatant from
3 times extraction was collected for the assay of the carotenoids. Total carotenoids content
(TCC) was determined spectrophotometrically at 454 nm and expressed as mg [-carotene
equivalents (BCE) per 100 g of dry samples (Desobry et al., 1997).
2.4 Ferric reducing antioxidant power assay (FRAP)

The method of Benzie and Strain (1999) was used to determine Ferric reducing power
of samples. The FRAP reagent was prepared freshly by mixing 300mM acetate buffer (pH 3.6),
40 mM HCI, 10mM 2,4,6 tripyridyl-s-triazine (TPTZ) and 20mM FeCl; in the ratio 10:1:1
respectively. Exact amount of 400ul sample extract was then mixed with 2.6ml FRAP reagent
solution, incubated at 37 °C for 30 min and absorbance was measured at 595nm against
blank. A calibration standard curve of FeSO,7H,0O solution was used to calculate the FRAP

value as pmole Ferrous sulfate per 100g dry sample.
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2.5 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity

DPPH free radical scavenging activity was determined following method of Molyneux
(2004) with some modifications. Sample extract (50 pyL) was mixed with 1950 yL of freshly
prepared DPPH 60 mM solution (prepared by dissolving 0.00236g DPPH in methanol to a total
volume of 100 mL). Reaction mixture was stored in dark place for 30 mins and absorbance
was measured at 517 nm against blank. The results were expressed as the equivalent content
of Trolox (umole TE/100 g dry sample).
2.6 Simulated In-vitro gastrointestinal digestion

In vitro digestibility was determined according to method of Sopade and Gidley (2009)
with some modifications. For 0 digestion time (oral phase), 0.25 g sample were mixed with
1 mL artificial saliva (porcine pancreatin - amylase 250 U/mL (Sigma-Aldrich, St Louis, USA)
while, pH was maintained approximately 6.0. Sample was continuous digested in two phases
of digestion, gastric and intestinal phase under controlled temperature of 37 °C in reciprocating
water bath with a shake speed of 200 strokes/min. In gastric digestion, simulated gastric fluid
containing 5 mL pepsin (from porcine gastric mucosa, 250 U/mg, Sigma-Aldrich, St Louis,
USA) in 0.02M HCI was added and maintained pH 2.00 + 0.01. Digesta was collected at
30mins representing gastric phase and added into tubes containing 3 mL ethanol to inactivate
enzyme activities. After 30 mins of digestion, intestinal digestion stage was started by
neutralizing pH with 5 ml of 0.02 M NaOH followed by adding 5 mL simulated intestinal fluid
containing pancreatin (from porcine pancreas 4USP, Sigma-Aldrich, and amylogucosidase
(from Aspergillus Niger, 3300 units/mL, Megazyme,) and maintained pH 6.80 + 0.01. Digesta
collected at 120 min represented intestinal phase. All digesta collected were then analyzed for
TPC and antioxidant activities following 2.2, 2.4 and 2.5.
2.7 Statistical analysis

SPSS for windows version 20 (IBM SPSS statistics) was used to analyze one way
statistical analysis of variance (ANOVA). The comparison of means was done using Duncan’s
multiple range test at 95% level of confidence (p < 0.05). Pearson correlation coefficient was

used to study the relationship among different properties (p < 0.01 and p < 0.05).
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3. Results and Discussion
3.1 Varietal difference in TPC, TCC and antioxidant activity of pumpkin flesh
TPC, TCC and antioxidant properties based on FRAP and DPPH assays are shown in

Table 1. Results showed that “Srimuang”, Thai pumpkin variety with rough skin contained
higher TPC (296.48 mg GAE/100g db) and TCC (24.13 mg BCE/100g db) than “Kabocha”,
Japanese variety with smooth skin that had TPC of 67.83 mg GAE/100g db and TCC of
4.29 mg BCE/100 g db. A significant higher amount of these bioactive compounds possibly
resulted in a higher antioxidant activities based on FRAP (1,978.81 mmole FeSO,/100 g for
rough skin pumpkin and 739.90 mmole FeSO,/ 100 g for smooth skin pumpkin) and DPPH
(21,836.58 pmol TE/100g db for rough skin pumpkin and 16,949.61 pmol TE/100 g db for
smooth skin pumpkin) (p < 0.05). It has been reported that pumpkins grown in different
location and climate had different amount of TPC and TCC (Murkovic et al., 2001, Norshazila
et al., 2014). Amount of bioactive compounds in this study was among the range earlier

reported.

Table 1. Bioactive compounds and antioxidant activity of uncooked and thermal-treated

pumpkin pulp
Pumpkin Thermal Total carotenoid  Total phenol FRAP DPPH
varieties treatments content content mmole Hmol TE/100 g
mg BCE/1 00g db mg GAE/100 g db FeSO,/100 g db db samples
samples samples
Srimuang Control 24.13 + 0.29° 296.48 + 1.43° 1,978.81 25.44° 21,836.58 * 23.09f
(Thai variety Boiling 51.82 + 0.27° 267.84 2.54OI 2,614.73 ’16.130| 22,078.16 30.53°
with rough skin) Steaming 35.32 + 0.28° 248.53 + 1.23° 2,263.63 £ 50.33° 20,214.57 + 28.12

Drying 60 °C 2759 +0.75 45549 +0.81° 2,081.51 +20.78' 23,187.39 + 19.17°
Drying 70 °C 3972+ 0.97°  469.76 + 1.10° 3,166.62 + 30.43° 21,027.75 + 17.82"

Kabocha Control 42.86 + 0.53 67.83+1.33° 739.90 + 4501  16,949.61 + 64.38
(Japanese Boiling 10.24 + 0.83 122.80 + 7.48' 142619 + 37.20 22,729.20 + 40.13"
variety with Steaming 1513+ 095 23023 +3.64° 1812.83 +38.77" 21,590.43 + 55.39°

smooth skin ~ Drying 60 °C  29.88 £ 0.26°  460.51 £ 589  3,199.96 + 42.63° 24,321.24 + 64.46"
Drying 70 °C 3276 +0.27°  617.23 + 40.80° 4,440.44 + 56.85" 24,963.25 + 21.16"

Note: Data were expressed as mean * standard deviation.

In a column, the values with different superscripts were significantly different (p < 0.05).
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3.2 Effect of thermal process on TPC, TCC and antioxidant activity of pumpkin flesh

After thermal treatments (boiling, steaming and drying), TPC and TCC apparently
increased in both pumpkin varieties (Table 1). The exceptions were boiling and steaming of
rough skin pumpkin in which TPC slightly decreased and boiling of smooth skin pumpkin in
which TCC apparently decreased. Among heat treatments, drying at 70 °C increased TPC,
TCC, FRAP and DPPH values to the greatest extent in smooth skin pumpkin with respective
values of TPC 617.23 mg GAE/100 g db, TCC 32.76 mg BCE/100 g db, FRAP
4,440.44 mmole FeSO,/100 g db and DPPH 24,963.25 umol TE/100 g db. In rough skin
pumpkin, the greatest TCC (51.82 mg PCE/100 g db) was obtained after boiling but the
greatest TPC (469.76 mg GAE/100 g db) was obtained from drying at 70 °C corresponding to
the highest FRAP value of 3,166.62 mmole FeS04/100 g db. However, DPPH value was
noted from drying at 60 °C (51,817.06 mg BCE/100 g db). Overall, thermal treatments (boiling,
steaming and drying) showed the positive effect on antioxidant properties compared with
uncooked pumpkin. Drying at 70 °C tended to enhanced TPC, TCC, FRAP and DPPH values
to the greatest extent in smooth skin pumpkin, except for DPPH in rough skin pumpkin.

This effect could be attributed to the breakdown of food matrices by heat treatments
and loosen the bioactive compounds-binding fibers, leading to bioactive compounds release.
After heat treatment, the bioavailability of the active components could either increase as a
result of depolymerization into the more active form (Aydin and Gocmen, 2015) or decrease as
a result of degradation (Ribeiro et al., 2015). Aydin and Gocmen, (2015) reported that oven-
drying of pumpkin led to higher phenolic contents and antioxidant capacity. This could possibly
contribute to production of redox-active secondary metabolites such as Maillard reaction,
influencing the amount of bioactive compounds (Dini et al., 2013). Dini et al. (2013) reported
that various heat-treatments including boiling, steaming, microwaving, cooking, grilling and
frying markedly increased TPC and antioxidant properties of pumpkin pulp. Other study
showed that TCC in pumpkin increased after boiling and steaming (Ribeiro et al., 2015).
To this study, the increase in TCC on boiling was observed only in rough skin pumpkin.
In smooth skin pumpkin, TCC apparently decreased. Azizah et al. (2009) had also showed that
beta-carotene increased 2 to 4 times after boiling and stir frying pumpkin for 2, 4 and 6 min
whilst, some losses of TPC was found. However, the free radical scavenging activity of cooked
pumpkins was still high.

Overall, the increase in TPC and TCC of heat-treated pumpkin corresponded to the
significant increase in antioxidant activities by FRAP and DPPH (Table 2). Results showed the
high correlation between TPC and FRAP (r=0.716, p < 0.01) and between TPC and DPPH
(r=0.902, p < 0.01). This was greater than that of TCC and FRAP (r=0.361, p < 0.05) and TCC
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and DPPH (r=0.672, p < 0.01). TPC measurement by Folin—Ciocalteu method was based on
reducing capacity and this correlated better with FRAP and DPPH than the measured TCC.
Antioxidant activities of bioactive compounds depended not only on their concentration in

pumpkin, but also processing or cooking conditions.

Table 2. Pearson correlation coefficients of bioactive compounds and antioxidant activity

before in-vitro gastrointestinal digestion

TPC TCC FRAP DPPH
TPC 1
TCC 0.557** 1
FRAP 0.716** 0.361* 1
DPPH 0.902** 0.672** 0.704** 1

Note: *Correlation was significant at p < 0.05, **Correlation was significant at p < 0.01.

3.3 Effect of in-vitro digestibility on TPC and antioxidant activity of pumpkin flesh

Based on the greater correlations of TPC over TCC on corresponding antioxidant
activities, only TPC were investigated under simulated in-vitro gastrointestinal digestion. Figure
1 and 2 show TPC and antioxidant activities based on FRAP and DPPH of uncooked and
heat-treated pumpkin during in-vitro digestion of rough and smooth skin pumpkin, respectively.
Overall, TPC of all samples gradually increased along digestion from oral phase (0 min) to
gastric phase (30 min) and intestinal phase (120 min). Samples dried at 70 °C apparently
showed the highest TPC during digestion in both varieties. However, the more apparent effect
was observed in smooth skin pumpkin than rough skin pumpkin. Other heat treatments (drying
at 60 °C, boiling and steaming) showed the lesser effects. The result was similar with the
previous research that TPC increased from gastric to intestinal phase in different varieties of
apple (Bouayed et al., 2011). The increase in TPC under in-vitro digestion could be due to
digestive enzymes that broke chemical bonds between phenolics and proteins, enhancing the

release of unbound phenolics (Ti et al., 2015).
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Figure 1 TPC and antioxidant properties by FRAP and DPPH assays of Srimuang (Thai variety with rough
skin) during digestion time of 0 min (oral phase), 30 min (gastric phase), and 120 min (intestinal phase).

The bars with different superscripts were significantly different (p < 0.05).
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Figure 2 TPC and antioxidant properties by FRAP and DPPH assays of Kabocha (Japanese variety with
smooth skin) during digestion time of 0 min (oral phase), 30 min (gastric phase), and 120 min (intestinal

phase). The bars with different superscripts were significantly different (p < 0.05).

It was expected that FRAP and DPPH values increased under in-vitro digestion.
However, results showed a slight decrease in FRAP and DPPH of all heat treated samples
during oral, gastric and intestinal digestion. The exception was for DPPH of smooth skin
pumpkin that remained unchanged (p > 0.05). It was also noted that the apparent reduction of
DPPH on digestion was found in uncooked sample (p < 0.05). It was clearly seen that even
antioxidant activities of heat treated pumpkin reduced during digestion but, the values were

higher than uncooked sample. Puangkam et al. (2017) reported that TPC, FRAP and DPPH
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values of Thai ciruciferous vegetables significantly decreased after intestinal digestion due to
the presence of various types of phenolic compounds and each of which has different stability
in acid-base conditions. Polyphenols had sensitivity to alkaline condition in intestine where
structural changes by enzyme lead to chemical property alteration.

Effect of in-vitro digestion on antioxidant properties varied among research. Either
increase or decrease in antioxidant activities of plant material was reported. Chen et al (2017)
reported that antioxidant activity of sweet potato leaves increased after intestinal digestion
similar to Pavan et al. (2014) who reported that antioxidant activity of araticum and jackfruit
increased after digestion. Other report by Tagliazucchi et al. (2010) who investigated TPC and
antioxidant activities in grape showed that they increased during gastric digestion and
decreased when transition to intestinal digestion. Grijalva et al. (2017) reported the reduction in
phenol, flavonoid and antioxidant capacity in oregano during digestion. It well established that
among different type of plants and condition studied, bioactive compound were influenced by
gastrointestinal digestion and corresponded to various changes in antioxidant activities.

Under simulated gastrointestinal digestion, the correlations among TPC and antioxidant
activities by FRAP and DPPH were lower that before digestion (Table 3). Results showed the
high correlation between TPC and DPPH (r=0.716, p < 0.01) than TPC and FRAP (r=0.411,
p < 0.01).

Table 3. Pearson correlation coefficients of bioactive compounds and antioxidant activity after

in-vitro gastrointestinal digestion

TPC FRAP DPPH
TPC 1
FRAP 0.411* 1
DPPH 0.716™* 0.547* 1

Note: *Correlation was significant at p < 0.05, **Correlation was significant at p < 0.017.

4. Conclusion

Results showed that pumpkin variety with rough skin contained higher TPC, TCC,
FRAP and DPPH than pumpkin variety with smooth skin. The thermal treatments including
drying, boiling and steaming showed the positive effects on antioxidant properties of two
pumpkin varieties when compared with uncooked pumpkin. Drying at 70 °C of smooth skin
pumpkin showed the strongest TPC and antioxidant activity base on FRAP and DPPH.
In rough skin pumpkin, drying at 70 °C showed the highest TPC corresponding to the highest

FRAP values. However, bioavailability of these bioactive compounds could be greatly
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influenced by gastro-intestinal digestion, resulting in a lower bioavailability with respect to their

original content.
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