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ABSTRACT

Cashew apple, the peduncle of cashew fruit, is an agricultural waste
byproduct from harvesting cashew nuts. Cashew apple juice contains about 10%
reducing sugar. Its bagasse contains about 20% of cellulose. The byproducts can
be used as a substrate for several microbial fermentation processes. Wine and
bioethanol were produced by Saccharomyces cerevisiae. Probiotic beverage and
lactic acid were produced by Lactobacillus casei. Biosurfactants-rhamnolipids,
emulsan and surfactin were synthesized by Pseudomonas aeruginosa, Acineto-
bacter calcoaceticus and Bacillus subtilis, respectively. Tannase and pectinase
were produced during solid-state fermentation of Aspergillus spp. Prebiotic
oligosaccharides were synthesized by the activity of dextransucrase produced by
Leuconostoc spp. Cashew apple is a potential substrate for producing a variety
of products, depending on the type of microorganisms used.

Keywords: Cashew apple, Ethanol, Biosurfactant, Beverage, Enzyme, Oligosac-
charide

CASHEW APPLE

Cashew (Anacardium occidentale) is a tropical evergreen tree cultivated in
a range of countries, including India, Vietnam, Brazil and Thailand (Clay, 2004).
It is grown for the cashew nut industry. The peduncle, or cashew apple (Figure
1), is a waste byproduct of the cashew nut harvest. The cashew apple contains
about 10 g of total sugar and 200 mg of ascorbic acid per 100 ml juice, as shown
in Table 1 (Figueiredo et al., 2002; Attri, 2009). Most cashew apple is left in the
field as agricultural waste (Figure 2). The weight of the leftover cashew apple is
about 10 times of the harvested nuts (Attri, 2009). Global production of cashew
nuts was 1.6 million tons in 2000, implying almost 16 million tons of cashew
apples were underutilized.
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«——— cashew apple

«—— cashew nut

Figure 1. Cashew fruit, cashew apple and cashew nut.



2 CMU J. Nat. Sci. (2014) Vol. 13(2) | 161

Table 1. Chemical composition of cashew apple juice and bagasse.

Composition Value References

Cashew apple juice

Total soluble solid (% w/v) 7.4-14.5 Oduwole et al. (2001);
Zepka et al. (2009)
Reducing sugar (% w/v) 9.04-10.4 Oduwole et al. (2001);
Honorato et al. (2007)
Glucose (% w/v) 3.85-4.63 Azevedo and Rodrigues (2000);
Honorato and Rodrigues (2010)
Fructose (% w/v) 3.90-4.52 Azevedo and Rodrigues (2000);
Honorato and Rodrigues (2010)
Sucrose (% w/v) 0.042-0.051 Azevedo and Rodrigues (2000)
Total acidity (% as malic acid) 0.29-1.1 Inyang and Abah (1997)
Malic acid (% w/v) 0.4 Rocha et al. (2007)
Citric acid (% w/v) 0.42-0.64 Azevedo and Rodrigues (2000)
Ascorbic acid (mg/100 ml) 104-293.5 Oduwole et al. (2001);
Assuncdo and Mercadante (2003)
pH 3.5-4.6 Michodjehoun-Mestres et al. (2009);
Zepka et al. (2009)
Total tannins (mg/100 g) 0.6 Rocha et al. (2007)
Condensed tannins (mg/100 g) 0.2 Rocha et al. (2007)
Carotene (mg/100 g) 0.03-0.74 Rocha et al. (2007)
Cashew apple bagasse
Cellulose (%) 19.21-24.3 Rocha et al. (2009a);
Rodrigues et al. (2011)
Hemicellulose (%) 12.05-12.5 Rocha et al. (2009a);
Rodrigues et al. (2011)
Lignin (%) 22.5-38.11 Rocha et al. (2009a);
Rodrigues et al. (2011)
Protein (%) 14.2 Rocha et al. (2009a)
Non-fiber carbohydrate (%) 11.3 Rocha et al. (2009a)

Figure 2. Cashew apple waste produced during harvesting of the cashew nut.
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Cashew apples have the potential to be processed into juice, syrup, jam,
ice cream, candy, chutney, pickle, and other products (Rabelo et al., 2009).
Cashew apples can also be utilized through biotechnology, which depending on
the substrates and microorganisms can yield a variety of products.

This review aims to summarize the current research regarding the potential
of cashew apples to be fermented into different products, including: wine, bioetha-
nol, enzymes, biosurfactants, probiotic beverages, lactic acid and oligosaccharides

(Figure 3) Biosurfactants Bioethanol

Cashew apple

Oligosaccharides

Probiotic beverage Tannase

Lactic acid Pectinase

Figure 3. Potential products from fermentation of cashew apple.

PRE-FERMENTATION TREATMENT

The cashew apple can initially be decontaminated by washing in 100 ppm
chlorine water before juice extraction (Muir-Beckford and Badrie, 2000).

Tannins are a group of phenolic compounds that can form strong complexes
with proteins and other macromolecules. The cashew apple contains about 0.6
mg tannins/100 g juice (Rocha et al., 2007). The tannins can form complexes
with salivary protein and glycoprotein, resulting in astringency (Fontoin et al.,
2008). Ingested tannin could inhibit digestive enzymes and affect the utilization
of nutrients (Chung et al., 1998a). However, tannins also have beneficial health
effects, including: acceleration of blood clotting, reduction of blood pressure,
treatment of burn wounds, modulation of immune response as well as antimicro-
bial and anticarcinogenic properties (Chung et al., 1998b; Chokotho and Hasselt,
2005). Removal of tannins from cashew apples can be accomplished by adding
proteins (e.g., gelatin) or starch (e.g., cassava starch, rice gruel, sago), followed
by filtration or siphoning (Jayalekshmy and John, 2004; Cormier, 2008). Among
these tannin-precipitating agents, gelatin was the most commonly used. However,
different levels of gelatin (ranging from 0.3 to 1.0% w/v) have been reported. The
cost-effective amount of gelatin for precipitating tannins in cashew apples should
be evaluated.

Pectinase can be added to increase the extraction yield and clarification of
fruit juice (Gummadi et al., 2007). Pectinase is a group of enzymes, composed
of pectin lyase, pectinesterase and polygalacturonase. However, pectin degra-
dation caused by pectinesterase during fermentation releases methanol into the
products. For example, application of pectinase (Rapidase ADEX-D at 100 g/
ton) in apple juice increased methanol content in apple spirit from 51.9 mg/100
ml (no pectinase treatment) to 398.7 mg/100 ml, higher than the United States
FDA limit for fruit spirits at 280 mg/100 ml (Zhang et al., 2011). Increasing of
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methanol content could be prevented by the use of pectin lyase instead of mixed
pectinase containing pentinesterase (Wu et al., 2007).

Due to its high mineral content, adding minerals to cashew apple juice may
not be necessary for production of dextransucrase, which is used for the synthesis
of dextran from sucrose (Rabelo et al., 2009; Honorato and Rodrigues, 2010).
Must has been nourished before wine fermentation by adding Becoplex (consisting
of 10 mg vitamin B, 3 mg B,, 1 mg B, and 50 mg vitamin C), which served as
coenzymes for the microorganism. The B-complex vitamins were essential for
lactic acid bacteria, because the microorganism cannot synthesize them. Diammo-
nium phosphate, a widely used assimilable nitrogen for wine yeast, can be added
at 2.2% (Muir-Beckford and Badrie, 2000; Ribéreau-Gayon et al., 20006).

Depending on the microorganisms used in fermentation, the pH of the
medium may be adjusted to the optimum pH of the microorganisms. In cashew
wine production, the pH of must was adjusted down from pH 4.7-5.1 to pH 3.5
with citric acid (Muir-Beckford and Badrie, 2000). The pH of fermentation media
were adjusted to 7.0 for production of biosurfactants from cashew apple juice by
Pseudomonas aeruginosa and Acinetobacter calcoaceticus (Rocha et al., 2006;
Rocha et al., 2007).

Elimination of wild microorganisms before wine fermentation can be ac-
complished by adding 50 ppm sodium metabisulfite (Muir-Beckford and Badrie,
2000). However, sodium bisulfate may cause off-flavor in wine and was also
banned in the United States due to health concerns about the sodium content
(Rivard, 2009). Potassium metabisulfite, with lower sulfur dioxide content, can
be used instead (Sanchez, 2008). Filtration of the juice through 0.45 wum filter
or exposing to ultraviolet radiation for 1 h can also be used (Rocha et al., 2006;
Rocha et al., 2007). However, turbidity and juice color may interfere with ex-
posure to ultraviolet light. Therefore, any ultraviolet process should be followed
by filtration through 0.2 um membrane for sterilization purposes (Udeh, 2004).

WINE AND BIOETHANOL

Cashew apple juice contained about 10% (w/v) of total sugar. Production of
bioethanol from this level of sugar resulted in about 4.4% (w/v) of final ethanol
concentration (Pinheiro et al., 2008). However, for production of cashew apple
wine, initial sugar content was usually adjusted to above 20% (w/v) by adding
sucrose to obtain a higher final ethanol concentration. The size of yeast inocula
ranged between 0.1 to 12% (v/v) (Sudheer Kumar et al., 2009; Ogunjobi and
Ogunwolu, 2010). However, an inoculum size of 10° cells/ml was desirable for
wine making, because it provided high concentration of esters, lactones and free
monoterpenes, while higher alcohols and medium chain fatty acids were less than
other inoculum sizes (Carrau et al., 2010). Fermentation usually took place under
ambient temperature for at least two weeks under static conditions. However,
fermentation time depended on the fermentation temperature. For example, wine
fermentation at 15°C required 500 h to reach dryness (less than 2 g sugar/l), while
fermentation at 28°C required only 184 h (Molina et al., 2007). Final ethanol
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concentration ranged between 5 to 12% (Muir-Beckford and Badrie, 2000; Silva
et al., 2007; Attri, 2009; Ogunjobi and Ogunwolu, 2010). Figure 4 shows the
process for producing cashew apple wine. Fermentation conditions, initial sugar
concentration and final ethanol concentration of cashew apple wine and ethanol
are shown in Table 2.

Cashew apple

Juice extraction
Clarification

\J

Sulfitation (50-100 ppm sodium or potassium metabisulfite)
Addition of sucrose (to more than 20%) and other nutrients

Fermentation

\J

Filtration

\J

Cashew wine
Figure 4. Processing diagram of cashew apple wine.

Osme GC-olfactory analysis revealed that the sweet, fruity and cashew-like
aroma of cashew apple wine was contributed by ester compounds, mainly meth-
yl 3-methyl butyrate, ethyl 3-methyl butyrate, methyl butyrate, ethyl butyrate,
trans-ethyl crotonate and methyl 3-methyl pentanoate. The sweaty odor of
2-methyl butanoic acid was a primary reason for the unpleasant characteristic of
the wine (Garruti et al., 2006b). Fermenting the wine at 18°C produced higher
concentrations of fruity and sweet flavor compounds and lower concentrations
of undesirable compounds when compared with fermentation at 30°C (Garruti et
al., 2006a).

Cashew apple wine could also be produced from dried cashew apple. Because
cashew apple is highly perishable and not available throughout the year, preser-
vation of cashew apple can be accomplished by drying and grinding into cashew
apple powder. This powder can be mixed with water at 75 g/L to prepare must
for wine fermentation, which had initial total soluble solids of 20.0%. Alcohol
content of wine from cashew apple powder was 7.0% v/v, lower than wine from
fresh cashew apple juice (9.2% v/v). Although wine from cashew apple powder
was light brown in color, its sensory scores were comparable to wine from fresh
cashew apple juice and higher than commercial kola wine, cocoa wine and tea
wine (Ogunjobi and Ogunwolu, 2010).

Cashew juice extraction leaves bagasse of about 20% of the total fruit weight.
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This bagasse contains 19-24% cellulose, 12% hemicelluloses and 22-38% lignin
on a dry-weight basis (Rocha et al., 2009a; Rodrigues et al., 2011). Cellulose is
a polymer of glucose units linked by B-glycosidic bond that can be hydrolyzed
by B-glycosidase. Glucose obtained from enzymatic hydrolysis can be used for
ethanol production. However, the cellulose molecules are naturally packed in a
crystalline structure and associated with hemicelluloses and lignin. As a result, the
cellulose molecules are inaccessible for enzymatic hydrolysis. Thus, pretreatment
is required for removal of lignin to improve enzymatic saccharification (Laxman
and Lachke, 2009).

Many pretreatment methods were introduced to improve enzymatic
hydrolysis of cellulose. Steam explosion is widely used in the industry. Among
chemical treatments, alkaline treatment is the most successful. Pretreatment of
cashew apple bagasse in alkaline solution was shown to be effective for increase
the availability of cellulose for enzymatic hydrolysis. Pretreatment of cashew
apple bagasse by autoclaving (121°C, 15 min) in 0.8 M sulfuric acid followed
by autoclaving in 4% sodium hydroxide solution for 30 min was more effective
than using the acid solution alone. The autoclave was vented within 10 min of
the cycle end. Cellulase released 52.4 g/L of glucose from a mixture containing
16% w/v of alkaline treated bagasse. After fermentation for 6 h, 20 g/L of ethanol
was obtained (Rocha et al., 2009a).

Cashew apple bagasse contains about 12% hemicelluloses. Xylose is the
most abundant monomer unit of the hemicelluloses. However, native strains of
Saccharomyces cerevisiae cannot utilize xylose. But some native strains of Pichia,
Candida and Kluyveromyces, as well as genetically modified S. cerevisiae strain,
can convert xylose to ethanol (Rocha et al., 2011).

ENZYMES

Tannase

Tannase, or tannin acyl hydrolase (EC 3.1.1.20), is an enzyme that catalyzes
the hydrolysis reaction of hydrolysable tannin and gallic acid esters. The products
of the reaction are gallic acid and glucose, which can be utilized by microorgan-
isms for energy metabolism (Rodrigues et al., 2008). Tannase is widely produced
by the fungi in the genus of Aspergillus and Penicillium. Some yeast and bacteria
also have tannase producing capability. Tannase has been used for production of
gallic acid — a substrate for the manufacturing of propyl gallate and trimethoprim.
Tannase has also been used for clarification of wine and fruit juices to prevent
haze formation and sedimentation (Belur and Mugeraya, 2011).

Tannase production from cashew apple bagasse can be acheived by solid-state
fermentation of Aspergillus oryzae. The optimal moisture content for producing
tannase was about 40%. Higher or lower moisture content decreased the enzyme
production rate. Microbial production of tannase required an inducer-tannin. Due to
the presence of tannin in cashew apple (0.64 mg/100 g cashew apple pulp), tannase
activity was detectable after inoculation of the fungi (Campos et al., 2002). One
unit of tannase activity was the amount of enzyme that catalyzed the production
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of 1 umol of gallic acid/min under assay condition. However, addition of tannic
acid at 2.5% w/w increased tannase activity more than fourfold. Supplementation
with higher concentrations of tannic acid caused growth inhibition, resulting in
less enzyme synthesis. Organic nitrogen sources such as peptone and yeast extract
had no effect on enzyme synthesis due to complex formation between tannin and
protein. In contrast, an inorganic counterpart, €.g. ammonium sulphate, increased
enzyme production. Supplementation with ammonium sulphate at 2.5% was suit-
able for better productivity of tannase. Tannase activity and productivity reached
its maximum (3.42 U/g, and 0.128 U/g,.h, respectively) at fermentation times
between 24 to 48 h, before decreasing thereafter (Rodrigues et al., 2007).

Inoculum size also played an important role in tannase production, like
other products produced by solid-state fermentation. Increasing size of inocula
helped improve enzyme production. A temperature range between 30-35°C was
suitable for tannase production by 4. oryzae. Moreover, tannase activity was also
increased by supplementation with sucrose and starch, but not glucose (Rodrigues
et al., 2008). However, tannase produced from cashew apple bagasse was lower
than tamarind seed, wheat bran or jamun leaves (Table 3).

Pectinase

Pectin or pectic substances are complex polysaccharides containing ga-
lacturonic acid as a basic monomer. The carboxyl groups of some galacturonic
acids are methylesterified, with the degree of methoxylation used to determine
the quality of pectin. Pectinases are a group of enzymes that catalyze the reac-
tion for degrading pectic substances. Pectinase are divided into three groups: (1)
protopectinases that degrade insoluble protopectin to polymerized soluble pectin;
(2) esterases that act on the ester linkage and depolymerase that acts on the main
polymer chain and (3) depolymerases that hydrolyse glycosidic bonds between
galacturonic acid moieties and play a major role in pectin breakdown during fruit
ripening (Jayani et al., 2005). Pectinases have many uses in the food industry,
including clarification of fruit juice, extraction of juice and oil and treatment of
wastewater (Gummadi et al., 2007).

Pectin esterase can be prepared by solid-state fermentation of fruit waste
containing pectin, e.g. cashew apple, banana, pineapple and grape, by Aspergillus
sp. The cashew apple bagasse was dried to a moisture content of 8 to 10% (w/w)
and inoculated with 4. foetidus at 2x107 spore/g for 6 days. A combination of
urea and ammonium sulphate (1.5% and 5% of waste mass, respectively) was a
suitable nitrogen source for growth of the fungi in cashew apple. The highest
activity of pectin esterase in cashew apple waste (0.29 U/mg) was obtained by a
fermentation temperature of 40°C for 8 days. However, the enzyme activity was
lower than that prepared from grape waste (0.35 U/mg), but higher than a mixture
of orange bagasse and wheat bran (0.071 U/mg) (Silva et al., 2005; Venkatesh
et al., 2009).

Many factors influenced polygalacturonase production by Aspergillus niger
CCT0916 in cashew apple bagasse. Moisture content positively effected polyga-
lacturonase and pectinolytic activities (study range was between 30 to 50% wb).



—
N
=
o
—
=)
=
—
s
—
o
N
=
=
(72)
)
©
=
—_
=
=
(b
LN
(==
«©
—

‘orensqns AIp 1od weis = sp3,. 910N

(L002) 649d

‘[e 10 99l1oueg 3/n9rg Y 2L ‘Ds0€ proe o1uue} 9, 08 snppajnop snjji3.adsy uelq JBAYA\

109139 2AmIsod (5’ Hd)
(L002) ou pey 90In0S 191em dey [ g

‘Te 10 Jewny| sp3/N 69 U 96 ‘Do0€ uoSonIu pue uoqie)) :91enSqNs 3 | dagn.a snjisadsy SOABQ[ UNWE(
(8 g/s1129 401%8) IS

(9007) ‘Te 12 nqes  sp3/N $8°0 U TL “Dot€ proe druue} 949°(0 0s ISV ds snyjionqorony sy 220D
(8 g/sazods

Y 96 c0Tx11) 02991 DDIV o¥es

(5007) ‘Te 10 nqes  sp3/N €0°€l D00€ IO OIUUE) %6 §'es 4231u snjj1512dsy JouIRY wied
(8 g/sa10ds O1x€€)

oreniu wnissejod 94| 02991 DDIV 1pmod

(S007) 'Te @ NqeS  SP3/N ¥H'9 U 0TI “Do0E ‘[O12K3 %1 SL'S9 42311 SNj[1340dSy PSS pulIBUIR],

osoxons 9,1 ‘oreydns
(8002) WNIUOWWE %67 (8/se10ds ,01) ossedeq
‘Te 10 san3LIpoy sp3/N €9 U 8% ‘Do0€ ‘proe oIuuL} 9,67 0y avzdio snyidiadsy  oidde mayse)
oreydins

(L002) WNIUOWWE 9| (8/sa10ds ,01) ossedeq

‘Te 30 son3Lpoy «SP3/N T¥'€ U 8% ‘Do0€ ‘proe oruue) 9,67 0y avzdio snypidiadsy  oidde moyse)

SIIUAIIYY Knapov uontpuos uoyrudwdddns (%) damystow SWISTUBSI00IIIA] [BLId)JeW MeY

Jseuue], UOI)BJUIULID JuALNN [eniuy

'sojensqns 1910 Ym paredwoo ossedeq ordde

maysed woiy paonpoid oseuue] ¢ AqeL



2 CMU J. Nat. Sci. (2014) Vol. 13(2) | 169

Ammonium sulphate (range from 0.5 to 1.5%) negatively effected enzyme pro-
duction (Alcantara et al., 2010). In another study, treatment using an ammonium
sulphate concentration of 1.5% resulted in the highest polygalacturonase activity,
although this treatment also included other factors, including spore concentration
of 10° spores/g medium, temperature of 35°C and fermentation period of 29 h
(Alcantara and da Silva, 2011).

Various solvents can extract the enzyme from the fermentation medium.
Distilled water was better than calcium chloride solution for extracting pectin
esterase (Venkatesh et al., 2009). For polygalacturonase, 200 mM acetate buffer
pH 4.5 was used (Alcantara et al., 2010). Water and acetate buffer were not
compared for cashew apple. However, for extracting polygalacturonase fer-
mented from wheat bran, water was better than acetate buffer for extracting the
enzyme produced by Aspergiilus carbonarius (Singh et al., 1999). In another
study, acetate buffer was better than water for extracting the enzyme produced by
Aspergillus niger. These contradictory results may be due to extraction time and
temperature, which significantly affected enzyme activity (Castilho et al., 2000).
Nevertheless, adding sodium sulphate to either water or acetate buffer increased
enzyme recovery (Singh et al., 1999).

BIOSURFACTANTS

Surfactants are surface-active compounds that can decrease superfacial
and interfacial tension between solids, liquids and gases (Rocha et al., 2009b).
Currently, most surfactants are chemically synthesized, resulting in toxic and
non-biodegradable compounds. Biosurfactants produced by various microorgan-
isms offer more environmentally friendly alternatives. Examples of biosurfactants
are shown in Figure 5. Biosurfactants can be used in food, pharmaceutical and en-
vironmental applications as emulsifying, foaming, detergency, wetting, dispersing
and solubilizing agents (Rocha et al., 2006). However, barriers to their use include
high cost and low yield. Lower cost substrates and simpler substrates that reduce
purification steps could help counter this. The yield problem could be overcome
by process optimization (Makkar et al., 2011). Cashew apple, an agro-industrial



170 [ 2 CMU J. Nat. Sci. (2014) Vol. 13(2)

oH I Surfactin
o N_° |
CH,
o]
[ oHL_ ¢ o oH
CH, o 0=} HO, cH
3
o]
..... o
NH CH, NH
0 }20

}= [} o CH,
OH NH HO o CH,

(CHI)ﬂ CHS

[ |
CH, o o
cH, HO
- CH, o CH,
Emulsan
o
Di-rhamnolipid
OH

waste, is a potential substrate for producing biosurfactants.

Figure 5. Examples of biosurfactants (adapted from: Banat et al., 2010).

The biosurfactant rhamnolipid from Pseudomonas species has been studied
extensively (Banat et al., 2010). Rhamnolipid is a glycolipid containing rhamnose
and 3-hydroxy fatty acid. Biosurfactant can be produced from cashew apple juice
by P. aeruginosa ATCC 10145. The highest reduction of surface tension (50.0 to
29.5 dyne/cm, or 41.0%) was obtained when cashew apple juice was supplemented
with 5 g/L peptone. Suitable biosurfactants should reduce the surface tension of
the medium to less than 30 dyne/cm. The highest surfactant production was 3.86
g/L, after fermentation at 30°C for 48 h. Emulsification activity was determined
by mixing cell-free supernatant and hydrocarbon; then the emulsion height after
24 h was measured and calculated as a percentage of the total solution height.
The emulsion activity of the biosurfactant was the highest with soy oil (71.79%)
and the lowest with kerosene (16.50%). Although cashew apple juice contains
glucose and fructose in equal amounts, only glucose was used by P. aeruginosa
ATCC 10145 while the fructose concentration remained constant. Rhamnolipid
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could be purified by solvent extraction using chloroform/methanol in a 2:1 ratio
(Rocha et al., 2007).

Emulsan is a lipopolysaccharide biosurfactant comprised of a sugar backbone
linked with fatty acids (Castro et al., 2008). Many microorganisms are capable of
producing bioemulsan, but Acinetobacter calcoaceticus has been widely studied.
Bioemulsan is used in the food, agriculture, bioremeditation, detergent and cos-
metic industries (Rosenberg and Ron, 1997). Cashew apple juice could be used
as a substrate for production of emulsan by 4. calcoaceticus RAG-1. The medium
showed emulsifying activity with kerosene of 58.8% after 34 h of fermentation,
while the surface tension was decreased about 17% (Rocha et al., 2006). Thus,
bioemulsan has higher emulsifying activity, but lower surface activity than that
of thamnolipid. Generally, high-molecular-weight polymers, such as emulsan, are
effective in emulsion stabilization and ineffective in surface tension reduction
(Banat et al., 2010).

Surfactin is a cyclic lipopeptide biosurfactant produced by Bacillus subtilis.
Surface activity of surfactin is higher than that of sodium lauryl sulfate. Surfactin
has potential applications in the healthcare and environmental sectors. Surfactin
can be used as a blood-clotting inhibitor (Sen, 2010). Surfactin exhibits antibi-
otic properties. It has a non-specific antibacterial property, which can disrupt the
cell membranes of both Gram-positive and Gram-negative bacteria. A study of
20 multidrug-resistant bacteria showed that all strains, especially Enterococcus
faecalis, were sensitive to surfactin (Fernandes et al., 2007). Antiviral properties
of surfactin include inactivation of herpes and retroviruses. Surfactin possess
antitumor and antiproliferative activities against cancer cell lines (Seydlova and
Svobodova, 2008).

Surfactin production from cashew apple juice by various strains of B. sub-
tilis has been studied. B. subtilis LAMIO08 was inoculated in clarified cashew
apple juice supplemented with mineral medium and produce surfactin at a con-
centration of 3.5 g/L after 24 h of fermentation. Surface tension of the medium
was reduced by 21%. The emulsification index with kerosene was 65% (Rocha
et al., 2009b). B. subtilis LAMIOOS produced surfactin in the same medium at 123
mg/L after 48 h of fermentation. Surface tension of the medium was decreased by
25%. The emulsification index was 67% and 51% with kerosene and soybean oil,
respectively. Moreover, critical micelle concentration was 2.5-fold lower than a
medium using glucose and fructose as carbon sources (Giro et al., 2009). Yeast
extract was important for producing surfactin; no reduction in surface tension was
observed without yeast extract in the medium (Rocha et al., 2008). A summary of
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biosurfactants produced from cashew apple juice is shown in Table 4.

PROBIOTIC BEVERAGE AND LACTIC ACID

Probiotics are microorganisms that survive ingestion in certain numbers and
provide health benefits to the host beyond general nutrition (Prado et al., 2008).
Probiotics have many health benefits, including stimulating the immune system,
preventing pathogens, reducing gastrointestinal tract disease, preventing cancer
and reducing food allergies (Swennen et al., 2000).

Traditionally, probiotics are presented in dairy products. However, probiotics
are increasingly being offered in non-dairy products, which have many advantages
over the dairy products, e.g. casein allergy, lactose intolerance and cholesterol
content (Prado et al., 2008). Many fruits and vegetables have proven to be good
media for probiotics, including pineapple, orange, mango, beet, cabbage and
cashew apple juice (Yoon et al., 2005; Yoon et al., 2006; Pereira et al., 2011).

Probiotic foods should have minimal counts of 7 log CFU/mL. Probiotic
beverages produced from cashew apple juice, using Lactobacillus casei NRRL
B-442, had viable cell counts of more than 8 log CFU/mL throughout 42 days of
storage. L. casei overcame spoilage microorganisms, although heat treatment of
the medium was not used in this study. The optimum fermentation condition was
30°C, initial pH 6.4, inoculation at 7.48 log CFU/mL and fermentation for 16 h,
based on viable cells count and a final pH level below 4.6, which inhibited patho-
genic microorganisms. The first 28 days of storage showed increasing viability,
making this period most suitable for consumption with maximum benefits. Even
with viability loss after 28 days due to the pH falling below 4.0, cell viability
was still higher than 8 CFU/ml for at least 42 days (Pereira et al., 2011).

Lactobacillus spp. can also be used for lactic acid production. Lactic acid
can be produced by chemical and fermentation processes. The chemical process
produces a racemic mixture of lactic acid. The D-lactic acid was not metabolized
by humans. Absorption of large amount of D-isomer can cause encephalopathy
and acidosis (Uribarri et al., 1998). Lactic acid obtained by fermentation contained
about 90% L-lactic acid, an isomer used in the food industry (Guilherme et al.,
2011).

A study of cashew apple juice (25 to 37.5 g/L reducing sugar obtained by
dilution) fermentation with L. casei NRRL B-442 found that the reducing sugar
concentration had a significant effect on lactic acid production through carbohydrate
metabolism. High concentration of reducing sugar increased lactic acid producti-
vity until the concentration reached 60 g/L. After this point, lactic acid production
decreased due to substrate inhibition. Ammonium sulfate affected the biomass
because nitrogen is needed for creation of cells wall. The optimal condition for
lactic acid production was 6 g/L ammonium sulfate (12% w/w nitrogen/carbon
ratio), pH 6.5 and 37°C — at which lactic acid yield and productivity were about
95% and 2.3 g/L-h, respectively. However, the condition yielding the highest
productivity may not be the most economical, given it was obtained from a low
initial concentration of reducing sugar and, therefore, the lactic acid produced in
each batch was not high (Silveira et al., 2012; Guilherme et al., 2011).
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PREBIOTIC OLIGOSACCHARIDES

Prebiotics are food ingredients that are not digested and absorbed in the
upper part of the gastrointestinal tract, but rather enter the large intestine to become
substrates for probiotic bacteria, e.g. lactobacilli and bifidobacteria. Among prebi-
otics, non-digestible oligosaccharides have received the most attention (Swennen
et al., 2006).

Dextransucrase (EC 2.4.1.5) is a glycosyltranferase enzyme that synthesizes
dextran from sucrose. If a carbohydrate other than sucrose was in the medium,
the enzyme pathway was shifted from dextran synthesis to oligosaccharide syn-
thesis. Glycosyl moiety is transferred from a donor molecule (sucrose) to an
acceptor by a-1,6-glycosidic bond (Figure 6). Acceptor molecules can be mono-,
di-, oligosaccharides and also the products of this enzyme. In the latter case, the
acceptors become longer, producing oligosaccharides or polysaccharides. During
transfer of the glycosyl unit, fructose is left as a by-product that can be used to
monitor the process. Dextransucrase is produced by certain lactic acid bacteria,
e.g. Leuconostoc mesenteroides (Demuth et al., 2000; Chagas et al., 2007; Rabelo
et al., 2009).

OH HO-
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Figure 6. Dextransucrase acceptor reaction with maltose (adapted from: Rodrigues
et al., 2005).

Oligosaccharides are produced by enzymatic method in two main steps: (i)
production of dextransucrase and (ii) synthesis of oligosaccharides by the crude
or purified dextransucrase obtained from the first step.

Cashew apple is a good substrate for dextransucrase production. L. mesen-
teroides NRRL B-512F was able to produce dextransucrase with high activity in
a medium containing cashew apple juice (diluted to 5 g/L reducing sugar) and 5
g/L sucrose, without addition of other nutrients. Due to the fact that the primary
sugars in cashew apple juice are glucose and fructose, adding sucrose is required
to induce the enzyme. Dextransucrase activity in cashew apple was at least 3.5
times higher than synthetic medium. Juice supplementation with phosphate and
yeast extract increased cell biomass (Chagas et al., 2007).

The stability of dextransucrase depended on the specific strain of microor-
ganism. Dextransucrase from L. citreum B-742 had optimum activity at pH 6.5.
This is also the optimum pH for Leuconostoc spp. The falling pH level throughout
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the fermentation process should be stopped when the pH of the medium reaches
5.5 because dextransucrase is denatured at a pH lower than 5.0 (Rabelo et al.,
2009). The enzyme from L. mesenteroides B-512F had optimum stability at pH
5.2 (Rodrigues et al., 2005). Controlling the pH during fermentation at 6.5 results
in decreased enzyme activity as dextransucrase activity from this microbe was
not stable at this pH level (Chagas et al., 2007). The effect of controlling the pH
level on the stability of dextransucrase from L. citreum B-742 has not yet been
investigated.

Stability of dextransucrase in cashew apple juice (27.35 g/L of fructose,
22.47 g/L of glucose, 50 g/L of added sucrose, 20 g/L. of yeast extract and 20
g/L of K,HPO,) was higher than that in synthetic medium (50 g/L of sucrose,
20 g/L of yeast extract, 20 g/L of K,HPO, and minerals). Synthetic medium was
used to investigate whether stability of the enzyme was caused by fermentation
metabolites or by the cashew apple juice itself. Activity of dextransucrase from
L. citreum B-742 and L. mesenteroides B-512F in synthetic crude fermented broth
was completely lost after 20 h and 6 h, respectively. Thus, enzyme precipitation
and stabilization should be performed immediately after fermentation. However,
in cashew apple juice medium, the enzyme from L. citreum B-742 was stable
for 48 h at 25°C and 20 h at 30°C. Maximum enzyme activity was obtained
at 25°C after 20 h and 30°C at 3 h (Rabelo et al., 2011). The enzyme from
L. mesenteroides B-512F was stable at least 30 h at pH 4.5 to 5.5. In addition,
at pH 5.5, relative activity of the enzyme increased fivefold at the 30 h reaction
time. Cashew apple juice from both fermented and non-fermented conditions
maintained activity of dextransucrase. The partially purified enzyme was stable
for 96 h at pH 5.5, 30°C in non-fermented cashew apple juice. However, the juice
compositions responsible for stabilizing dextransucrase have not been studied
(Honorato and Rodrigues, 2010).

The second step is an oligosaccharide synthesis. A study of oligosaccharide
synthesis by crude enzyme from L. citreum B-742 used substrate media containing
sucrose (25 to 75 g/L) and reducing sugar (62.5 to 125 g/L). Sucrose was an
added disaccharide, while glucose and fructose were reducing sugars from concen-
trated cashew apple juice. It was found that oligosaccharide yield depended on the
sugar composition of the medium. Both sucrose and reducing sugar had positive
effects on oligosaccharide concentration. However, in terms of oligosaccharide
yield, only reducing sugar had a positive effect and sucrose had no significant
effect. The increment of acceptor concentration shifted the acceptor mechanism
toward oligosaccharide synthesis instead of highly-polymerized dextran production.
High concentration of sucrose and low concentration of reducing sugar enhanced
dextran formation. The optimal medium condition for high oligosaccharide yield
contained sucrose below 60 g/L and reducing sugar above 100 g/L. The reducing
sugar substrate was almost totally consumed within 72 h (Rabelo et al., 2009).

Oligosaccharides could also be produced by direct inoculation of
L. mesenteroides into cashew apple juice. Sucrose was added to the medium for
dextransucrase induction. Fermentation was conducted while shaking at 30°C
for 24 h., producing oligosaccharides with up to six degrees of polymerization,
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similar to the synthetic medium. Prebiotic effect of fermented cashew apple juice
was tested using the probiotic Lactobacillus johnsonii NRRL B-2178. In vitro
growth of L. johnsonii in fermented cashew apple juice was about three times
higher than non-fermented juice. Although reducing sugar in fermented cashew
apple juice was about five times lower than MRS broth containing fructose as
the carbon source, the growth of L. johnsonii in both media was not significant
(Vergara et al., 2010).

Levan, a fructose polymer synthesized by levansucrase (EC 2.4.1.10), is
another polymer similar to dextran. This enzyme releases fructose from sucrose
and adds it to the acceptor (Tanaka et al., 1979 and Yoo et al., 2004). Zymomonas
mobilis has been widely studied for levan production (Bekers et al., 2001; de Paula
et al., 2008; Ernandes and Garcia-Cruz, 2011). Levan production from cashew
apple juice has not been studied.

Because cashew apple juice contains sucrose concentrations of less than 1
g/L (Azevedo and Rodrigues, 2000), and sucrose is a substrate for dextran and
levan production, fortification of sucrose is required. Thus, production of dextran
and levan from a mixture of high reducing sugar juice, such as cashew apple juice,
and high sucrose juice, such as sugar cane, beet root and longan juice, should be
considered.

CONCLUSION

From the single substrate cashew apple, many products can be prepared
through the use of a variety of different microorganisms and processing condi-
tions. Due to its moderate concentration of initial sugar, using cashew apple to
produce ethanol and lactic acid may not be appropriate compared with other raw
materials. However, cashew apple wine and probiotic beverage contained unique
aroma, differentiating it from other juice products. Cashew apple offers a potential
source for enzyme production due to the presence of substrates, e.g. lignocellu-
losic material, pectin and tannin. Screening microorganisms from rotting cashew
apples should be investigated to identify microorganisms that can produce mixed
enzymes. Biosurfactants produced from underutilized crops such as cashew apple
offers an alternative to chemically-synthesized surfactants due to low cost and
safety. However, product purification was still lacking in most products and an
economic evaluation should be performed before commercialization.
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