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1 Introduction
Fruits are considered excellent sources of vitamins, minerals, 

fiber, carotenoids, antioxidants, and phenolic compounds; 
therefore, they are considered to have potential chemopreventive 
properties (Mahattanatawee  et  al.,  2006). Vitamin C is an 
antioxidant naturally present in a daily diet; it has an anticancer 
effect and restores tocopherol to its active form in cell membranes 
by reducing the free radical form (Klimczak  et  al.,  2007). 
Carotenoids present in the diet are bioactive and may confer 
beneficial effects on human health, such as decreased risk 
of degenerative diseases, prevention of cataract formation, 
reduction of age-related macular degeneration, and reduced risk 
of coronary heart disease (Krinsky, 1994). Phenolic compounds 
have antiallergic, anti-inflammatory, antimicrobial, antioxidant, 
antithrombotic cardioprotective, and vasodilatory properties 
(Giada & Mancini-Filho, 2006). Therefore, consumption of fruits 
and vegetables is considered essential to human nutrition, not 
only because of the range of their benefits to the human body, 
but also because of their attractive flavor and texture.

Tropical fruits, such as Brazilian cerrado fruits marolo (Annona 
crassiflora, Mart), sweet passion fruit (Passiflora alata, Dryand) 
and soursop (Annona muricata, Linneaus), have attracted the 
interest of consumers owing to their exotic flavors and the wealth 
of bioactive compounds present in the pulp, peel, and seeds 
(Souza et al., 2012). However, fruits are seasonal and perishable 

and must be processed quickly to prevent deterioration and loss. 
They can be marketed in the form of jams, jellies, liquors, juices, 
ice cream, and nectars (Almeida, 1998).

The fruit pulp of marolo, sweet passion fruit and soursop in 
each 100 g contains: 85.47, 58.51 and 44.3 calories; 0.92, 1.35 and 
0.6 g protein; 1.84, 0.2 and 0.1g of lipids; 16.31, 13.05 and 9.84 
of carbohydrates; 2.18, 4.76 and 2.22 mg of calcium respectively. 
Although the content of 21mg of vitamin C present in the pulp of 
marolo is low, compared to other fruits native to the cerrado, it 
is still higher than that of some cultivated fruits, such as banana 
6.4 mg and apple 5.9 mg (Souza et al., 2012; Almeida, 1998). 
The pulp of sweet passion fruit and soursop have good potassium 
levels 360 and 170 mg respectively. The sweet passion fruit rich 
in alkaloid, flavonoids, carotenoids. The three pulps used in the 
formulation presented in his good constitution mineral content 
(iron, manganese and phosphorus) and vitamins A, B1, B2 and 
C (Almeida, 1998).

With respect to jams and jellies, a current trend is the 
production of foods with functional properties to satisfy the needs 
of consumers. These include low-calorie foods; foods with 
added nutrients or functional substances such as fiber, which 
may aid in disease prevention; and foods containing two or 
more fruits for enhanced nutrition and product differentiation 
(Singh et al., 2008).
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Abstract
The purpose of this study was to determine the effect of thermal vacuum processing and thermal processing without vacuum 
on the content of bioactive compounds and the antioxidant activity of low-calorie mixed Brazilian cerrado fruit jam. The mixed 
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mixed pulps. In the carotenoid profile, reduction was observed for all compounds in relation to the mixed pulps, especially 
β-carotene (average loss of 81.89%). Independent of the processing, there was a significant increase in m-coumaric acid in the 
jam compared with the mixed pulp. The concentrations of other phenolic compounds decreased after processing. These results 
suggest that thermal vacuum processing is most suitable for the production of jam with higher nutritional value.
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For the production of low-calorie foods and the addition of 
sucrose substitutes and functional compounds, heating is required 
to achieve the correct composition and other chemical, physical, 
and microbiological attributes. Two heating methods are used: an 
outdoor system (open pan) and a low-pressure (vacuum pan) or 
microwave system, which allow lower temperatures and shorter 
processing times (Igual et al., 2013), thus minimizing damage 
to the bioactive compounds present in fruits.

The use of high temperatures accelerates the degradation 
of antioxidants such as ascorbic acid, phenolic compounds, 
and carotenoids. In addition to having implications for disease 
prevention, this reduction of antioxidant capacity leads to the 
alteration of physical, chemical, and sensory attributes of the 
product through increased browning, loss of other nutrients, 
changes in texture, and other processes (Patras et al., 2011).

Therefore, this research aimed to evaluate the effects of 
thermal vacuum processing (TV) and thermal processing 
without vacuum (TWV) on the content of bioactive compounds 
(phenolic compounds, carotenoids, and ascorbic acid) as well 
as antioxidant capacity, beyond the profile of carotenoids and 
phenolic compounds, in mixed Brazilian cerrado fruit jam.

2 Materials and methods

2.1 Pulp samples

Marolo fruit and sweet passion fruit were purchased from 
Central State Supply (Contagem, MG, Brazil), transported to the 
Department of Food Science selected by degree of maturation, 
washed, and sanitized with 150 mg.L-1 of sodium hypochlorite 
for 15 min. Already frozen soursop pulp was purchased from 
a commercial company. After sanitizing, fruits were processed 
in the Laboratory Pilot Plant, fruits were cleaned with tap water 
and separated into peel, seed, and pulp. Pulps were extracted 
manually with a knife and the husk and seed were discarded. 
The pulps were then homogenized in a blender and stored in 
sealed plastic bags in a cold room at −18 mlC.

2.2 Chemical reagents and additives

The following chemicals were used in experiments: acetone, 
hydrochloric acid, 2,4-dinitrophenylhydrazine (2,4-DNPH), 
copper sulfate, ethanol, ether, Folin-Ciocalteu reagent (Sigma 
– Aldrich, Inc., St. Louis, MO, USA) sodium carbonate, gallic 
acid, methanol, petroleum ether, sulfuric acid, tert-butyl methyl 
ether, Celite, sodium chloride, anhydrous sodium sulfate, and 
glacial acetic acid. Water was purified on a Milli-Q system 
(Millipore, Bedford, MA, USA).

Phenolic standards were obtained as follows: gallic acid, 
(+)-catechin, chlorogenic acid, caffeic acid, vanillic acid, p-coumaric 
acid, quercetin, rutin, trans-3-hydroxy-4-methoxycinnamic acid, 
ellagic acid, trans-cinnamic acid, (-)-epicatechin, kaempferol, 
and rosmarinic acid were from Sigma Aldrich; ferulic acid, 
o-coumaric acid, and m-coumaric acid were from Fluka Chemie 
(Steinheim, Germany). For chromatographic analysis, samples 
and solvents were filtered through membranes with a pore size of 
0.45 μm (Millipore). Low-methoxyl pectin (LA210, Danisco), gum 

carrageenan, and locust bean gum were purchased from Danisco 
(Jundiaí, SP, Brazil); polydextrose and 3:1 sucralose/acesulfame-K 
from Nutramax (Catanduva, SP, Brazil); fructooligosaccharides 
(P95, Orafit) from Clariant (Belgium); citric acid from Nuclear 
(São Paulo, SP, Brazil); and potassium sorbate from Vetec (Rio 
de Janeiro, RJ, Brazil).

2.3 Preparation of the jam

To process the jams and mixed pulps (MP) was made according 
to Table 1. First homogenized MP (marolo, soursop, and sweet 
passion) was mixed with polydextrose. Then, low-methoxyl pectin, 
locust bean gum, and carrageenan, previously dissolved in 50 mL 
of water, were added and the mixture was heated to 60 °C. After, the 
fructooligosaccharides, dissolved 1:1 in water, were added to the 
jam. At the end of the process, citric acid, potassium sorbate, and 
sweeteners (sucralose and acesulfame K) were added and cooking 
was stopped immediately. The jam was processed in a boule with 
a thermal jacket (Maincal, Rosario, Argentina) under vacuum 
pressure (TV) at 550 mmHg (73 kPa) and a temperature of 65-70 °C. 
Similar processing conditions were used in the production tank 
with a mixer at ambient pressure (TWV) heated by a gas flame 
(Macanudo, SC, Brazil). The jam was then poured hot into 250-mL 
sterile bottles, cooled in a container with water and ice, and stored in 
a climatic chamber at ± 25 °C (Eletrolab, Brazil), and representative 
samples of the replicates for later analysis.

2.4 Chemical analyses

Chemical analyses of the samples, MP, and low-calorie 
mixed Brazilian cerrado fruit jam were performed in triplicate, 
and results are expressed on a dry weight basis (dw).

2.5 Preparation of antioxidant and total phenolic extracts

Extracts were obtained according to the method described by 
(Larrauri et al., 1997). Briefly, samples were weighed (in grams) 
in centrifuge tubes and extracted sequentially with 20 mL of 
methanol/water (50:50, v/v) at room temperature for 1 h. The tubes 

Table 1. Formulation of low-calorie mixed Brazilian cerrado’s fruit jam.

Ingredient Concentration (%)*

Mixed pulp (20% of marolo, soursop, and 
sweet passion fruit pulp) 60

Fructooligosaccharides (P95, Orafit®) 13.18

Polydextrose (Nutramax®) 23.16

Citric acid (Nuclear®) 0.20

Potassium sorbate (Vetec®) 0.20

Low-methoxyl pectin (Danisco®) 2.00

Locust bean gum (Danisco®) 0.61

Carrageenan gum (Danisco®) 0.61

Acesulfame-K (Nutramax®) 0.01

Sucralose (Nutramax®) 0.03

Total 100

*The concentration was based on the total weight before cooking.
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were centrifuged at 25,400 g for 15 min, and the supernatant was 
recovered. Then, 20 mL of acetone/water (70:30, v/v) was added 
to the residue at room temperature. The samples were extracted 
for 60 min and centrifuged. To determine the antioxidant activity 
as well as the total phenolic content and phenolic profile, the 
methanol and acetone extracts were combined and brought to 
a final volume of 50 mL with distilled water.

2.6 Total phenolic content

The total phenolic in the MP and the jam were determined using 
Folin-Ciocalteu reagent according to method (Waterhouse, 2002). 
The extract (0.5 mL) were mixed with 2.5 mL of Folin-Ciocalteau 
reagent (10%) and 2 mL of sodium carbonate solution (4%). 
The mixture was stirred and kept at room temperature for 2h in 
the dark. The absorbance was measured at 750nm against a blank, 
aqueous solutions of gallic acid were used for calibration. The results 
are expressed as gallic acid equivalents (mg GAE /100 g dw).

2.7 DPPH radical scavenging capacity

To obtain the extract, followed the same procedure used for 
the determination of total phenolic compounds. The DPPH free 
radical scavening capacity was estimeted using the method of 
(Rufino et al., 2010). The fruit and jam extracts (0.1 mL) were 
allowed to react with (3.9 mL) of the DPPH solution for 30 min 
in the dark, and the decrease in absorbance (ABS) was monitored 
with a spectrophotometer at 515 nm. The radical-scavenging 
activity was expressed as % of inhibition according to the 
Equation 1 (Lin et al., 2005).

( ) [ ]( )% /Inhibition A of  control  A of  sample A of  control 100= ×─  (1)

2.8 Ascorbic acid

The vitamin C content of MP and the jam were determined 
by a colorimetric method with 2,4-DNPH according to 
(Strohecker & Henning, 1967). The samples were analyzed in 
a spectrophotometer at an absorbance of 520 nm. The results 
are expressed as mg ascorbic acid/100 g.

2.9 Carotenoid profile

This analysis involved four steps: extraction of carotenoids, 
saponification, separation, and quantification by high-performance 
liquid chromatography (HPLC). The extraction of carotenoids 
was performed according to Rodriguez-Amaya (2001) and for 
saponification of carotenoids.

The separation of carotenoids was performed by HPLC using 
the method of Rodriguez-Amaya & Kimura (2004) by using a 
high-performance liquid chromatograph (Waters) equipped 
with a W600 analytical pump, column oven, online degasser, 
717 plus automatic injector, 2996 photodiode array detector 
(Waters), and YMC30 Carotenoid Column (250 ×  4.6  mm) 
(Waters). The  mobile phase was methanol and phase B was 
tert-butyl methyl ether, and the program was as follows: 0 min 
20% B; 30 s 25% B; 15 min 85% B; 15 min 5 s 90% B; 16 min 
50 s 90% B; 16 min 55 s 20% B; 28 min 20% B. The flow rate 

was 0.8 mL/min, the injected sample volume was 15 µL, the 
analysis time was 28 min, and the chromatographic column 
oven temperature was 33 °C. The wavelength used was 450 nm.

The carotenoids were quantified using external calibration 
curves were obtained from injections of five concentrations in 
duplicate and identified by comparing the retention times with 
those of pure standards (Rodriguez-Amaya & Kimura, 2004).

2.10 Phenolic profile

HPLC analyses were performed using a Shimadzu chromatograph 
(Shimadzu Corp., Kyoto, Japan) equipped with four high-pressure 
pumps (model LC-20AT), a diode array detector (model SPD-M20A), 
degasser (model DGU-20A5), CBM-20A interface, CTO-20AC 
oven, and autosampler (model SIL-20A). Separations were 
performed using a Shimadzu Shim-pack GVP-ODS C18 column 
(4.6 × 250 mm, 5 µm) connected to a guard column (Shimadzu 
Shim-pack GVP-ODS C18, 4.6 × 10 mm, 5 µm).

The mobile phase consisted of 2% (v/v) acetic acid in water 
(mobile phase A) and 70:28:2 (v/v) methanol/water/acetic acid 
(mobile phase B) at a flow rate of 1.0 mL/min with a gradient 
elution program and a 65 min run time. The injection volume 
was 20  µL. Analyses were performed at 15ºC. The phenolic 
compounds were detected at 280 nm.

Standard solutions were prepared in methanol and calibration 
curves were obtained from injections of five concentrations in 
duplicate. The phenolic compounds were identified by comparing 
the retention times with those of pure standards.

2.11 Statistical analysis

Utilized completely randomized design (DIC) and the 
results were analyzed by ANOVA and means were compared by 
Tukey test, at level of 5%, using Sisvar software (Ferreira, 2003).

3 Results and discussion
The results for the determination of total carotenoids content, 

total phenolic content, ascorbic acid content and antioxidant 
activity (DPPH) are shown in Table 2 and all values are calculated 
on dry basis (dw) and means of three replicats.

Total phenolic content varied from 4653.15 ± 131.76 to 
2340.25 ± 196.21 mg GAE/100 g d.w. The loss of vitamin C 
was 46.8% and 54.3% for the jam processed by TV and TWV, 
respectively.

This work were detected losses of 83.01% and 80.67% for 
β-carotene, 92.57% and 83.63% for α-carotene, 42.15% and 
52.82% for 13-cis-β-carotene, and 70.25% and 71.90% for 
9-cis-β-carotene in jam processed by TV and TWV, respectively, 
compared with the MP (Table 3 and Figure 1). It can be seen 
that the differences between processes were minimal, owing to 
the small variation in the processing temperature.

The Figure 2 illustrates the variation of the peak area 
percentage found for the MP, Jam TV and jam TWV main 
components that were identified and Table 4 present the major 
phenolic compounds identified in the MP and jam.
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The flavonoid (+)-catechin had the highest concentration 
in the MP, followed by m-coumaric acid and chlorogenic acid. 
In both the TV- and the TWV-processed jam, the major compound 
was m-coumaric acid, followed by (+)-catechin, (-)-epicatechin, 
and chlorogenic acid. Most compounds were degraded by 
processing, except for (-)-epicatechin and m-coumaric acid. 
The concentration of m-coumaric acid was 7 times higher in 
the jam than in the pulp, regardless of the type of processing.

In this study, there was a decrease in total carotenoids of 
78%, compared with the MP, with both types of processing. 
This degradation may be attributed to several factors such as 
temperature, acidity, and the presence of light during the cooking 
process (Fennema, 2000). Other authors have reported carotenoid 
losses between 5% and 40%, depending on the conditions of food 
preparation and preservation and the degradation (Igual et al., 2013). 
The degradation the products could be isomers of carotenoids 
or molecular fragments (Singh et al., 2008). Analysis of the total 
carotenoid content of the pulp of sapota jelly showed a loss of 
97.5% when compared with the fresh fruit, which was the highest 
loss found in a low-calorie mixed Brazilian cerrado fruit jam; 
despite these losses, sapota jelly could still suffice for the daily 
intake of vitamin A (Carvalho et al., 2012).

TV processing caused a smaller decrease in the total phenolic 
content (39%), relative to MP, than TWV (49.7%). The decreases 
in total phenolic content may be associated with the temperature 
used in the process and the presence of oxygen. Patras et al. (2011) 
reported that the reduction of total phenols during the cooking 
of strawberry jam may have been due to the disruption of cell 
structure and phenolic compounds nonenzymatic oxidation. 
They found that the phenolic contents of fruit and jam were 
64.56% and 50.72%, respectively, which corresponds to a loss 
of 21.43%. Kalt (2005) reported that processing often damages 
antioxidants in fruits and vegetables. Maceration, heating, 
and various separation steps can result in oxidation, thermal 

degradation, leaching, and other events that lead to lower levels 
of antioxidants in processed foods compared with fresh foods.

Our results are in accordance with another study showing 
total phenolic losses of 20% or more during the processing of 
strawberries into jam (Amakura et al., 2000). Levaj et al. (2012) 
reported that processing of strawberries into jam decreased total 
phenols by 37-70%; total phenol concentrations in jam samples 
varied between 212.78  mg GAE/100  g d.w. for cv. Miss and 
383.19 mg GAE/100 g d.w. for cv. Madeleine. Kim & Padilla-Zakour 
(2004) observed that the total phenolics on the basis of fresh fruits 
(100 g) generally decreased after jam making. The significant 
reduction of total phenolics ranged from 9% in cherry cv. Balaton 
jam to 27% in plum cv. BY 8158.50 jam.

Ścibisz & Mitek (2009) compared the phenolic content in 
different highbush blueberry (Vaccinium corymbosum L.) jams 
(in relation to a dilution of fruit with sugar and water), and 
found that during the preparation of the jam, 7-17% of the total 
phenolic content of the berries was lost. Although jams were 
made using the same procedure, the degree of loss of phenolic 
compounds depended on the ingredients.

The loss of vitamin C observed is probably due to the 
processing temperature, as temperatures in this range promote 
oxidative degradation of ascorbic acid by hydrolysis of the 
lactone of dehydroascorbic acid to form 2,3-diketogulonic 
acid (Fennema, 2000). Other factors such as light, pH, oxygen, 
freezing, and water activity have an influence on the reaction 
kinetics (Fennema, 2000). Similar results have been reported in 
the literature for jellies of different strawberry cultivars, with losses 
of 65.9%, 46.0%, and 37.7% reported for cv. Blink, cv. Polka, and 
cv. Senga, respectively (Mazur et al., 2014). Kim & Padilla-Zakour 
(2004) found losses of 54.4%, 55.9%, and 46% in jellies of cherry, 
plum, and raspberry, respectively.

Ramful et al. (2011) classified fruits into three categories 
according to the ascorbic acid content: low (<30  mg/100  g), 

Table 2. Bioactive compounds and antioxidant capacity of MP and low-calorie mixed Brazilian cerrado’s fruit jam for both types of processing 
(TV and TWV).

Material Carotenoids (µg/100 g) Total phenolics (mg 
GAE/100 g) Ascorbic acid (mg/100 g) DPPH (% RSA)

Mixed pulp 1742.42 ± 14.72 a 4653.15 ± 131.76 a 123.2 ± 20.86 a 43.52 ± 1.28 a

Jam TV 379.81 ± 36.72 b 2836.46 ± 366.63 b 65.63 ± 8.68 b 15.52 ± 4.21 b

Jam TWV 372.58 ± 58,5 b 2340.25 ± 196.21 b 56.24 ± 5.63 b 14.82 ± 1.22 b

Values followed by same letter within a column are not significantly different (P < 0.05).

Table 3. Carotenoid profile (dry weight basis) of MP and low-calorie mixed Brazilian cerrado’s fruit jam for both types of processing (TV and TWV).

Carotenoid profile (µg/100 g)
Samples

Mixed pulp Jam TV Jam TWV

α-Carotene 101.61 ± 4.49 a 7.54 ± 1.28 c 16.63 ± 5.35 b

β-Carotene 1381.11 ± 18.89 a 234.55 ± 26.41b 266.91 ± 35.6 b

13-cis-β-Carotene 81.18 ± 1.28 a 46.92 ± 6.35 b 38.26 ± 6.21 b

9-cis-β-Carotene 26.09 ± 2.49 a 7.76 ± 1.5 b 7.33 ± 1.80 b

Values followed by same letter within a column are not significantly different (P < 0.05).
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medium (30-50 mg/100 g), and high (>50 mg/100 g). According to 
this classification, both the MP (marolo, soursop, and sweet 
passion fruit) and the jams have a high ascorbic acid content.

The recommended daily intake (RDI) of ascorbic acid 
for adults is (45  mg) so by eating about 20  g of mixed jam 
processed by TV or TWV, the consumer would get 19.5% or 

Figure 1. Chromatogram of carotenoid profile of MP (A) and mixed jam prepared by TV (B) or TWV (C). 1 = 13-cis-β-carotene; 2 = α-carotene; 
3 = β-carotene; 4 = 9-cis-β-carotene.
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16%, respectively, of the RDI for vitamin C. According to the 
Brazilian legislation (Brasil, 1998) for a food to be considered 
a “high source” of vitamins, it must provide at least 30% of the 

RDI per 100 g. Mixed jam, regardless of the type of processing, 
can be considered a high source of vitamin C, as it provides 
97.5% or 80% of the RDI in a 100 g serving, which is 3.25 or 
2.7 times higher than the level recommended by the legislation.

The main difficulty in measuring the antioxidant activity in 
foods is the choice of the method of analysis because typically 
the analysis is specific for only one property (Tlili et al., 2014). 
The average loss of antioxidant activity, compared with the MP, 
was 64.34% for the mixed jam processed by TV and 65.95% for 
the mixed jam processed by TWV. Therefore, this decrease is 
associated with the temperatures used in processing. The decrease 
may be attributable to the destruction of antioxidant compounds 
such as vitamin C and anthocyanins by the heating process 
during jam preparation (Kim & Padilla-Zakour, 2004).

Hassimotto et al. (2005) classified the values of antioxidant 
activity as high (>70% RSA), intermediate (40-70% RSA), and 
low (<40% RSA). Accordingly, the MP in our study can be 
classified as having intermediate activity and the jam, owing to 
losses of antioxidant compounds during processing, is classified 
as having low antioxidant activity.

Some authors have indicated that freezing, pasteurization, 
boiling, and microwave cooking generally reduce the antioxidant 
capacity of fruits (Singh et al., 2008). Processing of fruits normally 
leads to a decrease in the concentration and a change in the 
composition of phenolics, carotenoids, and vitamin C all of 
which have been described as antioxidant compounds. In this 
study, the decrease in antioxidant activity could be attributed 
to the reduction in the content of phenolic compounds, because 
the free radical scavenging activity (DPPH) is associated with 
substitution of hydroxyl groups in the aromatic rings of some 
phenolic compounds (Tlili et al., 2014).

Carotenoids are natural pigments with multiple biological 
functions. Many are provitamin A carotenoids, have effects on 
immune function, or have anticarcinogenic and antioxidant 
activities; therefore, in recent years these chemicals have aroused 
the interest of many researchers (Maldonade  et  al.,  2008). 
The β-Carotene is the main precursor of vitamin A in the diet, 
and has antioxidant activity (Xu et al., 2006).

Similar changes either degradation or an increase have been 
observed in other studies of phenolic compounds subjected to 
thermal treatment (Agcam et al., 2014).

According to Fennema (2000) thermal energy is not the only 
factor that affects bioactive agents during processing. The use 
of acids in processing can promote the appearance of other 
phenolic compounds, for example by degrading anthocyanins to 
phenolic acids (Fennema, 2000). Therefore, it can be inferred that 
the combination of organic acids present in the fruit, citric acid 
used in the formulation, and processing temperature may have 
promoted the conversion of compounds derived from cinnamic 
acid (caffeic acid, trans-cinnamic acid, and trans-3-hydroxy-4-
methoxycinnamic acid) to m-coumaric acid via hydrogenation 
reactions and dehydroxylation (Farah et al., 2008).

It has been reported that the chlorogenic acid content of 
passion fruit pulp is 0.56 mg/100 g (Fu et al., 2011) and that 
caffeic acid and p-coumaric acid are present in soursop pulp 

Figure 2. Chromatogram of phenolic compounds found in MP (A) and 
mixed jam prepared by TV (B) or TWV (C). 1 = gallic acid (6.85 min); 
2 = (+)-catechin (13.03 min); 3 = m-coumaric acid (42.72 min). 
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TV process is a better method to preserve bioactive compounds 
and antioxidant capacity. The MP (marolo, soursop, and sweet 
passion fruit) and the low-calorie mixed jam, thermally processed 
with or without vacuum, can be categorized as having high 
concentrations of phenols and polyphenols.
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