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Abstract

In this study we quantitatively evaluated the impact of cashew’s powdery mildew on
nutritional quality of both apples and nut products. Specifically we assessed pH, Brix,
Vitamin C and the concentration of alcohol on juice, fermented juice and distilled spirit. In
addition, kernels from diseased nuts were assessed for moisture, ash, lipids, proteins and
carbohydrates content. A completely randomized design with at least three replications was
followed in each trial and analysis of variance (ANOVA) performed to check the disease
severity categories effect, on nutritional qualities of apples drinkables and kernels. Treatment
means were separated by Tukey’s test (P<0.01). Apple disease severity significantly
increased pH values of apple juice from 5.22 to 5.34 and 5.47 respectively from healthy,
infected and severely infected fruits. Similarly, the amount of Vitamin C increased
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statistically from 158.92 to 169.02 and 182.15 mg/ml. Finally, Juice Total Soluble Solids
(TSS) significantly increased from 13.9 to and 15.1 and 18.9 © Brix. In the wine from healthy,
infected and severely infected fruits, pH values varied from 4.66 to 4.79 and 5.47 respectively.
Similar trends were observed in fermented wine and distilled spirit. However, the effect of
powdery mildew nut scarification on kernels content in moisture, ash, lipids, proteins and
carbohydrates was not statistically significant (P>0.01). In conclusion, powdery mildew
disease improved the nutritional qualities of cashew apples derived drinks but caused no
effect on nutritional components of the kernels. Therefore in disease endemic regions apple
selection is highly recommended for fresh consumption or preparation of cashew drinkables.
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1. Introduction

Cashew (Anacardium occidentale L.) is a tropical nut tree native to South America, Brazil
being the center of origin (Adeigbe et al., 2015). European conquerors, disseminated the tree
between Capricorn and Cancer tropics, during the 16" century (Dandena and Corsi, 2015;
Uaciquete and Nicurrupo, 2016). The importance of the crop is mainly associated with its
fruit, i.e., the apple and the nut, either as food or medicine or applied in industrial purposes
(Yapo and Koffi, 2014; Dandena and Corsi, 2015). The world production of cashew was
estimated at 3.7 million tons (FAO, 2014) and therefore about 16 million tons of apples.
Mozambique alone, for the 2016 crop season, contributed about 137000 tons of raw nuts.
However, cashew production can be significantly hindered, by among other factors, powdery
mildew (Oidium anacardii Noack) (Uaciquete and Nicurrupo, 2016). The disease causes
considerable damage to young tissues leading to the death of the floral-flushing shoots and
the early abortion of young nuts and subsequent loss of yield, mainly in East Africa
(Azam-Ali and Judge 2001; Viana et al., 2011). Damage levels, on field, vary depending on
the cultivar and/or agro-climatic conditions, but a maximum of 100% loss in flowers has been
observed in East Africa. The disease post harvest impact of the disease includes severe
reduction in nut size (Serrano et al., 2013) and subsequent reduction on white wholes kernel
recovery during processing (Uaciquete and Nicurrupo, 2016). Meanwhile, when young
apples are severely attacked also exhibit reduction in size and longitudinal cracks that
exposes the inner part of the fruit to rotting fungi and bacteria (Cardoso et al., 2013;
Zhongrun et al., 2013). The main objective of this study was to determine the powdery
mildew effect on some nutritional components of cashew apples and nuts derivatives.
Specifically, we investigated the apple’s disease severity effect on pH, Brix, Vitamin C and
ethanol concentration in drinkables and assessed the nut’s disease severity effect on the
kernel’s content in lipids, proteins, ash, fiber, carbohydrates and moisture.

2. Materials and Methods

Fruits were collected at Nassuruma Cashew Research Experimental Station (14° S 58’ 48”;
39° E 44’ 55”°), in Nampula Province, Mozambique, during the 2016 crop season. Most of the
nutritional variables measurements were made at Food and Water Analysis Laboratory of the
Ministry of Agriculture in Maputo, except for pH, Brix and alcohol concentration which were
assessed on site. Cashew nut kernels were obtained from a local cashew processing unit,
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Condor Nuts, Anchilo, Nampula, Mozambique (15° S 6’ 44”; 39° E 24’ 54”°). The lipids,
proteins, ash, fiber, carbohydrates and moisture contents were determined at Water and food
Laboratory, Ministry of Agriculture and Food Security, in Maputo.

2.1 Assessment of Apples Juice, Wine and Distilled Spirit Nutritional Qualities
2.1.1 Apples Disease Categories

Mature apples were randomly collected from cashew cultivar 11.2PA. The apples were
categorized into three levels of powdery mildew severity (Figure 1A).

Apples of each disease category were washed in distilled water, surface disinfected by
swabbing with 70% ethanol imbibed cotton. They were left at room temperature for an
approximately a minute until when the alcohol had dried out. The apples were then squeezed
by using clean and ethanol disinfected hands for juice extraction. The juice from individual
fruits category was then released into autoclaved glass containers.

Figure 1. Cashew powdery mildew (Oidium anacardii Noack) severity scale for apples
A= Healthy; B= Infected and C= Severely infected fruit.

2.1.2 pH Measurements in Juice and Wine

A digital pH meter (ST Series, Pen Meters, OHAUS Corporation, USA) was used to measure
the level of pH immediately after squeezing the juice. This was achieved by a dipping sensor
until when the reading stabilized. Calibration between 4 and 7 was made (Castro et al., 2007).
Then, five pH readings (replicates) were made for each apple scarification level and
respective juice. Six replicates were considered for each apple categories for the wine.

2.1.3 Assessment of Total Soluble Solids (TSS) in juice

A sterile plastic pipette was used to suck the juice into the pipette and then release a single
drop onto a Professional Refractometer (GoerTek Hand-held, 0-30 © Brix, 20°C) for total
soluble solids or Brix readings (Harrill, 1998; Castro et al., 2007).

2.1.4 Assessment of Vitamin C in juice
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For Vitamin C analysis, juice samples were vortexed into sterile glass bottles, placed in a cool
box and then air transported to the Food Laboratory of the Chemistry Department
(Engineering Faculty, Eduardo Mondlane University) in Maputo. The samples were then
subjected to precipitation of ascorbic acid by potassium iodine procedure (Instituto Adolfo
Lutz, 2005) and subsequent calculations made to retrieve Vitamin C content through the
following equation Vitamin C (%)=(100*V*F)/P; where V= Volume of iodine used for
titration; F= 8.806 for KIO; 0.02M and P= Volume of the sample in milliliters. Four
assessments were made for each juice category corresponding to healthy, infected and
severely infected apples.

2.1.5 Determination of Alcohol Content in Distilled Spirit

From each apple disease severity category, the juice was allowed to ferment in glass jars and
then distilled in laboratorial distillation apparatus. The spirit collected was allowed to cool for
two days. A conventional alcoholmeter (SNAP 50 Anton Paar, GmbH.) was used to determine
the ethanol concentration by dipping the sensor tip into the wine in a sterile glass backer until
when the reading was stabilized.

2.2 Cashew Nuts Disease Categories

Cashew nuts were selected and grouped into five scarification categories caused by powdery
mildew (O. anacardii ) (Figure 2). The nuts were then steam boiled, and the kernels extracted,
oven roasted, packed in polyethylene bags and taken to the Water and food Laboratory,
Ministry of Agriculture and Food Security, in Maputo.

Figure 2. Cashew powdery mildew (Oidium anacardii Noack) severity scale for nuts. From
left to right: 0; 0-25; 25-50; 50-99 and 100% surface scarified (Uaciquete and Nicurrupo,
2016).

2.3 Assessment of Cashew Kernels Nutritional Composition

The following nutritional determinants were evaluated: moisture, proteins, fats, ash, and
carbohydrates. Thus, AOAC 2005 No0.985.14 official method of analysis was used for
moisture determination; AOAC 2005, No. 923.03, No. 984.22 and N0.950.48 methods were
used for ash, fats and proteins estimation respectively. Similarly, AOAC No. 2001.03 method
was followed for determination of fibers content determination and subsequent carbohydrates
estimation as described in the following equation from: Carbohydrates (%) = 100 —
(moisture%+ proteins%+fats% + ash%), (Brazil, 2003). Three samples (replicates) from each
kernel’s category were considered for statistical analysis.

2.4 Statistical Data Processing
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All the data were analyzed following a completely randomized design and assumptions for
ANOVA checked (Petersen, 1994). Thus, data from apple drinkables and kernels were
subjected to analysis of variance (ANOVA) by using SAS (Statistical Analysis System,
version 9.0, 2002) and means separated through Tukey’s test at 0.01 probability level.

\\ Macrothi“k Journal of Agricultural Studies

3. Results
3.1 Nutritional Components of Cashew Apple Drinks
3.1.1 Powdery Mildew Effect on Ph

Table 1. Analysis of variance (ANOVA) for pH in cashew juice, wine and spirit produced
from powdery mildew (Oidium anacardii Noack) infected apples.

Type 11l Sum Mean
Apple drinks Source DF of Squares Square F Value Pr>F

Powdery

mildew

severity 2 0.15388000 0.07694000 795.93 <.0001***
Error 12 0.00116000 0.00009667

Juice Total 14 0.15504000
Powdery
mildew
severity 2 1.8708 0.9354 2378.15 <.0001***
Error 12 0.0047 0.0004
Fermented wine Total 14 1.8755
Powdery
mildew
severity 2 3.6916 1.8458 1757.89 <.0001***
Distilled Error 12 0.0126 0.0012
Spirit Total 14 3.7042

CV = Coefficient of variation of (%) for Juice = 0.18; Fermented wine= 0.39 and for
distilled Spirit= 0.75.

The apple scarification category associated with powdery mildew showed highly significant
effects on pH levels of juice (P <0.01), fermented wine (P <0.01) and distilled spirit (P
<0.01), as shown in Table 1.
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Figure 3. Powdery mildew (Oidium anacardii Noack) effect on pH values specific to juice,
wine and distilled spirit. The little red bars on top represent standard error and capital letters
on top of individual bars indicate statistical differences between treatments, by Tukey’s test at
0.01 probability level.

The disease severity significantly increases pH values from 5.226 to 5.344 and 5.474 on
healthy, infected and severely infected apples (Figure 3A). Like in juice, pH values
significantly increase from 4.66 to 4.79 and 5.47 depending on the disease severity level in
fermented wine (Figure 3B) and finally in distilled spirit, highly significant pH increase from,
3.65 to 4.38 and 4.85 was observed when the severity increases from healthy to severe and
severely infected apples respectively (Figure 3C).

3.1.2 Effect Of Powdery Mildew on Total Soluble Solids (TSS)
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Table 2. Analysis of variance (ANOVA) for TSS in cashew Juice and wine produced from
powdery mildew (Oidium anacardii Noack) infected cashew apples.

Sum of Mean F

Apple drinks Source DF Squares Square Value Pr>F

Powdery

mildew

severity 2 254.6000000 127.3000000 9.65 0.0007

Juice Error 27  356.2000000 13.1925926

Total 29  610.8000000

Powdery

mildew

severity 2 20.9333 10.4667 62.80 <.0001
Fermented wine Error 12 2.0000 0.1667

Total 14 22.9333

CV = Coefficient of variation (%) of TSS in Juice = 20.29; in fermented wine= 6.06
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Figure 3. Powdery mildew (Oidium anacardii Noack) effect on TSS of the juice and
fermented wine. The little bars on top represent the standard error and capital letters on top of
individual bars indicate means statistical differences by Tukey’s test at 0.01 probability level.

Based on ANOVA (Table 2), highly significant differences (P<0.01) between TSS means
associated with the disease severity categories were detected in juice. Similarly, TSS in wine
was statistically different (P < 0.01) between treatments. Thus, means separations by Tukey’s
test revealed that an increase in powdery mildew severity results in subsequent increase of
TSS in the respective juice, from 14.4 to 15.1 and 20.9 ° Brix in cashew cultivar 11.2PA used
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in this experiment (Figure 3A). In the respective wine, the TSS amount varied from 5.8 to 6
and 8.4 Brix reflecting healthy to infected and severely infected apples respectively (Figure
3B).

3.1.3 Powdery Mildew Effect on Vitamin C

Table 3. Analysis of variance (ANOVA) for Vitamin C in cashew Juice produced from
powdery mildew (Oidium anacardii Noack) infected cashew apples.

Sum of Mean F
Source DF Squares Square Value Pr>F
Powdery
mildew

severity 2 1085.1868 542.5934 8.49  <0.0085***
Error 9 575.0069 63.8897
Total 11 1660.1939
CV = Coefficient of variation (%) for Vitamin C = 4.70

As shown in Table 3, highly significant differences were detected on Vitamin C content of
juice extracted from apples with different powdery infection categories. Thus, an increase in
content of Vitamin C from 158.92 to 169.024 and 182.15 mg/ml as powdery mildew severity
on apples increased from infected to severely infected, was observed (Figure 4).

A

182.149

Concentration of vitamin C in juice
{mg/100ml)

Healthy Infected Severely infected

Powdery mildew severity on apples

Figure 4. Powdery mildew (Oidium anacardii Noack) effect on Vitamin C of the juice. The
little red bars on top represent the standard error and capital letters on top of individual bars
indicate means statistical differences by Tukey’s test at 0.01 probability level.

3.1.4 Powdery Mildew Effect on Spirit Alcohol Concentration
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Table 4. Analysis of variance (ANOVA) for alcohol concentration in cashew spirit produced
from powdery mildew (Oidium anacardii Noack) infected cashew apples.

A\\ MacrOthi“k Journal of Agricultural Studies

Sum of Mean F
Apple drink Source DF Squares Square  Value Pr>F

Powdery
mildew
Alcoholic severity 2 14.8888 7.4444 67 <.0001
Spirit Error 6 0.6667 0.1111
Total 8 15.5556

CV= Coefficient of variation (%) = 0.82

45 B

41.33 42

40

35 4

30 S

25 4

20 A

15 ~

Alcohol concentration (%)

10 ~

Healthy Infected Severely infected

Powdery mildew severity on apples

Figure 5. Powdery mildew (Oidium anacardii Noack) effect on Vitamin C of the juice. The
little red bars on top represent the standard error and capital letters on top of individual bars
indicate means statistical differences by Tukey’s test at 0.01 probability level.

Highly statistical differences on alcohol concentration in spirit derived from different
categories of diseased cashew apples were detected (P<0.01) (Table 4). The concentration
means increased significantly from, 39 in the spirit from healthy fruits to 42% in that from
severely infected apples (Figure 5).

3.2 Cashew Kernels Nutritional Composition

Table 5. Analysis of variance (ANOVA) for moisture, fats, ash, proteins and carbohydrates in

cashew kernels produced from powdery mildew (Oidium anacardii Noack) infected cashew
nuts
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Variable Source Degrees  Sum of Mean F Value Pr>F
of squares  square
Freedom
Moisture Powdery 4 0.0095 0.0024 0.37 0.826
mildew
Severity
Error 10 0.0648  0.0065
Total 14 0.0744
Ash Powdery 4 0.2378  0.0595 1.75 0.216
mildew
Severity
Error 10 0.3398  0.0339
Total 14 0.5776
Fats Powdery 4 12.6637  3.1634 1.7 0.226
mildew
Severity
Error 10 18.6115  1.8611
Total 14 31.2651
Proteins Powdery 4 6.7972 1.6993 3.54 0.0478
mildew
Severity
Error 10 4.802 0.4802
Total 14 11.5992
Carbohydrates ~ Powdery 4 15.3047  3.8262 1.27 0.3447
mildew
Severity
Error 10 30.1632  3.0163
Total 14 45.4679

CV= Coefficient of variation (%) for moisture = 1.54; for ash = 7.01; for fats = 3.31;
for proteins = 3.33 and for Carbohydrates = 5.77.

Nut powdery mildew disease severity caused no significant differences between kernels in
content of moisture (P>0.01), ash (P>0.01), fats (P>0.01), proteins (P>0.01) and
carbohydrates (P>0.01) as shown through ANOVA in Table 5. Therefore, no means
comparison was made for all variables estimates. However, the results indicate moisture
means varying between 5.19 and 5.28%; ash means, between 2.39 and 2.74%; fats means,
between 39.48 and 42.08%; proteins, means between 20.23 and 22.11% and carbohydrates
means, between 29 and 31.99%.

4. Discussion and Conclusion
4.1 Powdery Mildew Effect on pH
In this study, mean values for pH in juice varied between 5.236 and 5.474, therefore they

increase as the powdery disease severity increases. Meanwhile, the pH value of 4.52 was
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reported from cashew apple juice in the neighboring South Africa and 5.54 in India
(Deenanath et al., 2013). Moreover, Pires et al., (2016) referred to pH value of 3.5 in Brazil
when studying cashew juice composition, while Umashankar et al., (2014) found pH values
decreasing from 3.76 to 2.64 during fermentation of cashew juice. A previous study
conducted in Mozambique (Ferr&, 1995) showed variations on pH between 3.55 and 5.00
depending on the origin of the fruit and color of the apple. In general, in Brazil, where
numerous studies have been conducted on physicochemical properties of cashew apple juice,
pH values varied between 3.80 and 6.00 (Deenanath et al., 2015). The problem of low pH
beverages (pH<4.0) is high potential of causing dental erosion (Reddy et al., 2016).

In this study, powdery mildew disease has shown to increase pH. Similar results were
observed in the case of vine powdery mildew (McFadden-Smith and Pickering, 2006; Devi et
al., 2015). Based on Reddy et al., (2016) scale, our juice is minimally erosive to the dental
apatite. However, high pH is unfavorable condition for juice makers, particularly under home
conditions of Mozambique, because pH values above 3.4 are conducive to oxidative reactions
and microbial development, yeasts and others associated with apple cracking particular
(Figure 1), and thus reduce juice shelf life (Neto et al., 2006; Gomes et al., 2012; Deenanath
etal., 2013).

In this study, the wine pH values increased significantly from 4.66 to 5.47 respectively from
healthy to powdery mildew severely infected fruits. Ferr& (1995) in cashew wine made in
Mozambique reported a pH value of 3.6. This is very similar to 3.5 reported by Neto et al.,
(2006) and Pires et al., (2016). Therefore the current study presents slightly higher values of
pH in fermented wine which in turn significantly increases as the powdery mildew severity
increases, probably due to the associated microbial complex.

4.2 Powdery Mildew Effect on Total Soluble Solids (TSS)

An increase in powdery mildew severity resulted in significant TSS increase of the respective
juice from 13.9 to 18.9 Brix. In Mozambique, Ferr&, (1995) found TSS ranging between 9
and 13 Brix when working with cashew apple juice. It is not clear from the publication,
weather the source apples were healthy, mixed or diseased. In Brazil, Costa et al., (2003) and
Gomes et al, (2012) found Brix values varying between 10.3 and 11.98 °. Pires et al., 20186,
determined Brix on cashew juice as 12. In India, Talasila et al., (2011) noted variation on Brix
from 13.7 to 14.2 when juice was preserved over time. Therefore, in this study, Mozambican
cashew juice has shown relatively high TSS content in juice from severely infected fruits
(18.9 ®Brix). According to Ough and Bug, 1979, on grapes, powdery mildewed samples had
slightly higher Brix when compared to control. Later, on the same crop, McFadden-Smith
and Pickering, (2006), reported significant increase from 23 to 26 © Brix in juice from low to
severely infected fruits.

According to this study, an increase of powdery mildew severity, from healthy to severely
infected apples, resulted in increased TSS amount in wine from 5.8 to 8.4 Brix. However,
compared to respective juice, a decrease in Brix is observed from 13.9 to 5.8 (2.4 x) in
healthy fruits and 18.9 to 8.4 Brix (5.8 x) in severely infected ones. Neto et al. (2006) studied
the kinetics of juice fermentation and observed a decline in substrate (sugars) due to
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conversion into ethanol. Similarly, a decrease from 20.23 to 15.55 Brix (1.3 x) after 15 days
of fermentation was reported by Umashankar et al. (2014). For Jospin et al. (2016)
experiment, TSS declined from 10 to 6 Brix (1.6x) after 15 days of fermentation. Crisp et al.,
(2007) compared both pH and Brix on juice between powdery mildew fungicide treated and
untreated grape fruits and found no significant differences. Our study is in line with Ough and
Bug (1979) and McFadden-Smith and Pickering (2006) because Brix in fruit juices reflects
the maturity of source fruits and thus good palatability and acceptance (Godoury et al., 2001;
Talasila et al. 2011). Therefore, cashew powdery mildew increase on apples surface leads to
improved quality of juice and respective wine by increasing Brix.

4.3 Powdery Mildew Effect on Vitamin C Content

In the current study, Vitamin C concentration varied between 158.92 and 182.15 mg/100ml.
In other African countries, Ghana, Nigeria and South Africa, the apple juice content in
vitamin C has been reported to range between 112 and 260 mg/100ml (Deenanath et al.,
2013). However, lower value, 70 mg/100ml was reported by Awe et al., (2013) but no
association is made with powdery mildew occurrence in all studies above. Our findings are
much higher than 80.91 to 121 mg/100ml found in Brazilian cashew juice (Costa et al., 2003;
Deenanath et al., 2013) but falls in the range between 164.00-164.67 mg/100 ml reported by
Talasila et al., (2011) in India. This variation may be due to variations in climatic growing
conditions, fruit harvesting stage and conservation conditions in association with ascorbinase
enzyme activity (Ferr&, 1995). Cashew apples contain relatively high amounts of Vitamin C
(Almeida et al., 2005). Thus, we demonstrated in this study that powdery mildew even
improves the cashew apple juice quality by increasing Vitamin C concentration.

4.4 Powdery Mildew Effect on Ethanol Concentration

Regarding to ethanol chemical quality resulting from distillation of fermented cashew wine,
our findings show evidence of a significant increase in pH from, 3.65 to 4.85 when the
severity increases. Similarly, powdery mildew increased ethanol concentration in the spirit
from 39 to 42%, probably due to sugar accumulation in the apples as demonstrated in section
4.2 of this article.

4.5 Powdery Mildew Effect on Nutritional Qualities of Cashew Kernels

In this study, the proteins content in cashew kernels was quantified ranging between 20.23
and 22.11%. Previously, Gozalla et al., (2006), Carvalho et al., (2008); Souza et al., (2008)
and Rico et al., (2016) in Brazil, found between 14.95 and 21%. Thus, our results are aligned
with the results of these researchers. However, Lima et al., (2004) reported relatively higher
values between 24.05 and 36.41% and Ferré (1995) reported in the range of 20.75 to
21.83% for Mozambican kernels and 38.12% for cashew nuts from Guinea Bissau. Lower
values of 18.2 and 18.6% have also been recorded, Ros, (2010) and Aroyeun, (2009)
respectively.

Lima et al., (2004) and Gozalla et al., (2006), reported on the content of fats in cashew
kernels ranging between 46.64 and 48.35%. Our findings are of slightly lower magnitude,
39.48 t0 42.08%.
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According to Lima et al. (2004), cashew kernel moisture varies in the range of 2.0 to 3.2%.
This range is lower compared to our finding (5.19-5.28%) which in its turn is lower than 7.50
and 8.6% reported by Ferr& (1995) and (Aroyeun, 2009) respectively.

Ash from cashew kernels in this study varied from 2.39 and 2.74%. This finding is very
similar to that of Ferr& (1995), which ranged between 2.52 and 2.69 depending on cashew
nut lot and the 2.10% published by Aroyeun (2009).

In the current study, carbohydrates content was found to range between 29.00 and 31.99.
Aroyeun, (2009), found the percentage of carbohydrates in cashew kernels as 22.84. Later,
Rico et al., (2016) reported a mean of 20.5%. Both authors had slightly lower values than our
results.

Cashew kernels are associated with high content of healthy lipids that reduces cholesterol
levels and coronary heart disease risks (Hu et al. 2001), together with essential proteins to
meat adult requirements and minerals that contributes into bones formation and strengthening
(Dandena and Corsi, 2015). In this study the powdery mildew effect on quantitative content
of nutritional components could not be detected. This is in line with previous observations by
Rocha et al., (2015) who found that powdery mildew damage on kernel is proportionally
lower compared with that of the nuts.

Considering overall variables in this study, they were quantitatively and reasonably in the
range of those reported by other researchers. Therefore, we conclude that powdery mildew
disease improves the juice, wine and spirit chemical qualities. However no evidence of nut
powdery mildew scarification effect was found on the content of kernels nutritional
components. Therefore an appropriate selection of apples before consumption or preparation
of drinkables is recommended. Nevertheless, sensorial characteristics of juice and wine or
even the spirit were not evaluated throughout this study. Further research is therefore
recommended.
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