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Abstract

Jam type product was successfully developed using cashew apple bagasse from cashew apple juice
manufacturing. Proximate analysis of cashew apple bagasse was carried out including soluble and
insoluble fiber content. Cashew apple juice was added to 3 different ratios to produce jam type products
and their sensory quality was evaluated; 5 percentage cashew apple juice content in Jam product was
favored in all sensory parameters. Physicochemical properties of the jam product were analyzed including
proximate composition, dietary fiber content, color, viscosity, pH and water activity. The optimum
condition to produce cashew apple bagasse prototype was transferred to staffs of local company of
Cashewy Phuket Cooperation Limited, Thailand through hands-on training for description and
demonstration jam production. The assessment of before and after training was statistically significant at
the 0.05 level of significance. The overall evaluation score of technology transfer has obtained the level
of most satisfied with the mean score of 4.59.
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Introduction

Cashew nut tree is in a Anacardiaceae family, Anacardium occidentale species, which plentifully
found in the tropical regions due to the humidity and warm [1]. The cashew can be abundantly found in
the southern part of Thailand. Since a cashew apple is tender and juicy with a sour taste, it is normally
used as a food ingredient. However, the ripe cashew apple contains abundant of tannin causing rapid
spoilage, the cashew can be fermented to produce cashew juice, wine, and vinegar [2]. Furthermore, the
cashew has been manufactured juice in many industries of Thailand. It has been reported that phenolic
compounds, vitamin C, and antioxidants are highly contained in cashew juice [3]. However, the cashew
juice production process residues cashew apple containing both insoluble and soluble dietary fiber. The
insoluble fiber can help in the human digestive system meanwhile the soluble fiber plays important role in
keeping foods in the stomach for a longer time. Soluble dietary fiber also helps to move food slowly into
the small intestine resulting in slow absorption of nutrients which is good for a person with diabetes and
high cholesterol in blood [4-6]. Reported nutrients of cashew apple bagasse include 0.30 - 9.0 % of
protein, 0.16 - 0.66 % of fat, 10.95 - 14.52 % of carbohydrate and 0.27 - almost 10 % [7-10]. The cashew
apple bagasse is widely produced several products such as jams, jellies, and beverages [7].

Jam is a food product that has intermediate moisture. It is able to be produced by boiling fruits,
adding sugar, pectin and acids, respectively; food additives may also be added including preservatives,
food coloring, and flavoring additive. Additionally, the jam should have a harmonious texture and
sufficient viscosity and firmness to be applied to various foods and desserts [11,12]. There are 2 types of
jam, the first type contains more than 45 % by weight of fruit and the second type presents more than 33
% by weight of fruit. Jam can be produced by a single fruit or mixed fruit. Jam is also a spread food
production which is in the first place of a market share in Thailand which provide market expansion
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growth of 3.9 % in 2018. However, jam still contains high sugar levels, which is against the current health
trend of people, contributing to the limitation of the average growth in the market share [13].

Therefore, in this work, the cashew apple bagasse jam product was produced from the cashew apple
bagasse and its juice. Various concentration of juice added cashew apple bagasse jam was first
investigated based on sensory evaluation. The most favorable jam was investigated physicochemical
properties including color, viscosity, proximate analysis. The jam production technology was secondly
transferred to staffs of local company through the hands-on training.

Materials and methods

Raw materials

Cashew apple bagasse and concentrated cashew juice were obtained from Cashewy (Phuket,
Thailand). Sugar was from Mitr Phol (Mitr Phol Sugar Corporation., Ltd., Thailand). The drinking water
was purchased from Nestle (Nestle (Thai) Corporation., Ltd., Thailand). Citric acid with food grade was
obtained from Best Order (Best Order Co., Ltd.). Pectin was from Special Food (Special Food
Corporation., Ltd., Thailand) and salt was purchased from Prung Thip (Thai Refines Salt Co., Ltd.,
Thailand).

Cashew apple bagasse preparation

A 500 g of cashew residues were thoroughly washed with 1.0 L of drinking water, then squeezed
and finely chopped into small pieces. The washed cashew apple bagasse was subsequently streamed at
105 £ 2 °C for 20 minutes and cooled down to ambient temperature (30 = 2 °C).

Nutritional values analysis of cashew apple bagasse

The washed cashew apple bagasse was evaluated nutritional values in terms of protein,
carbohydrate, fat, moisture, ash, crude dietary fiber, soluble dietary fiber, insoluble dietary fiber, and
energy according to AOAC methodology [14].

Cashew apple bagasse jam production

Cashew jam consisted of cashew apple bagasse, cashew juice, water, pectin, sugar and salt. Varying
concentrations of cashew juice included 0, 5, 10 and 15 % w/w were investigated. All ingredients were
mixed and heated until the temperature reached 90 + 2 °C for 5 min under stirring. During heating, pH
was simultaneously adjusted to 2.8 - 3.2 by citric acid. Meanwhile, sugar was slowly added and
continuously stirred until the total soluble solid was between 65 - 68 °Brix. Subsequently, the mixture
was continuously heated until the temperature reached 105+ 2 °C for 5 min. The jam was cooled down to
90 °C and then loaded in sealed containers.

Physicochemical analysis of cashew apple bagasse jam

The color value (CIE L* a* b*) was investigated using Cm-350d Colorimeter (Minota, Japan). The
texture was measured in term of rupture strength using Texture Analyser Model TA-XTplus (Surrey,
England). The analysis was performed 10 replications. Water activity (a,,) was measured using the EZ-
200 water activity meter (Freund, Japan). The chemical composition of protein, carbohydrate, fat,
moisture, ash, and crude dietary fiber as well as pH and total soluble solid were determined by the method
of AOAC [14].

Sensory evaluation

The sensory analysis of developed treatments of cashew apple bagasse jam were evaluated by 9-
point hedonic liking scale by 30 untrained taste panels [15]. The 30 g of cashew apple bagasse jam was
placed in a plastic cup and served with bread slices (2.5%2.5 cm?). The 9-Point Hedonic Scale method
was used to evaluate the test. The liking scale points were ranged from 1-dislike extremely to 9-like
extremely with the sensory characteristics of color, smell, taste, sweetness, sourness, flavor, texture and
overall liking. The developed cashew apple bagasse jam production obtained the highest score was
selected for further study.

Statistical analysis

The data was expressed as mean + standard deviation. Statistical variance was analyzed by 1-way
ANOVA. Duncan multiple range tests was used to determine the significant differences among the
various samples in triplicate. Data were analyzed by Statistical Package for Social Science (SPSS) version
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19 (SPSS Inc., Chicago, II, USA at p-value < 0.05 of significance. The data of quizzes before and after
training were expressed as mean + standard deviation. Data were analyzed by an analysis of variance and
t-test. The 3 parts of the questionnaire were performed on training evaluation. The first part was general
information, the second part was satisfaction with the training processes and the last part was the
suggestion for development. The scores were analyzed by frequency and percent, and mean, respectively,
the last part was presented in a format of oral presentation.

Technology transfer of cashew apple bagasse jam

The jam production technology was transferred to 30 participants including executives and staff of
the production department of The Cashewy Phuket (Thailand) Co., Ltd., Thalang district, Phuket
Province, Thailand. The hands-on training was performed via description and demonstration of the
nutritional values and the most favorable cashew apple bagasse jam production prototype. The
participants were taken the pre-test and post-test of the training. The training processes were evaluated
using the satisfaction assessment form which included procedures and service processes (registration,
contact, cooperation and information, service, and systematic work), lecturers and service staffs (good-
natured, sociable, and welcoming), facilities (venue, food, audio visual equipment, training materials),
knowledge adaptation in career or dairy life, suitability of contents, suitability of lecturers (knowledge,
ability, lecturing technic), training duration (number of days), training period (day/month/training
season), worthiness compared to wasted time and cost and overall evaluation. The interpretation of
satisfaction level was ranged from 1 of least to 5 of most.

Results and discussion

Nutritional values analysis of cashew apple bagasse

The nutritional value of cashew apple bagasse demonstrated in Table 1. The high amount of protein
content was found to be 2.75 + 0.08 %. This might be due to the abundant in sulfur atoms which are the
component of amino acid [9,16]. The total fat was 0.31 = 0.12 % which was lower, whereas the high
amount of total carbohydrate was comparable found to be 13.94 + 0.03. [8-10]. The high moisture content
was 71.04 + 0.65 %, the ash contained 0.17 + 0.05 % and the high content of crude fiber content was
11.79 £ 0.16 % which were comparable to variety of cashew apples in India and Brazil [7,8].

The energy of 100 g of cashew apple bagasse was determined as 78.83 £ 0.32 kcal. The cashew
apple bagasse highly composed of insoluble dietary fiber. This could reduce the adsorption time of
remained food in the large intestine, leading to faster pushing stool process into the distal colon [17].
Chewed foods in the digestive tract are called chyme and after ingestion of foods containing soluble
dietary fiber into the stomach, chyme becomes more viscous. This viscous chyme is able to keep foods in
the stomach for a longer time and also helps to move food slowly into the small intestine, causing slow
absorption of nutrients which is good for a person with diabetes and high cholesterol in the blood [18,19].

Table 1 Nutritional values of cashew apple bagasse (100 g).

Nutritional values Amount (% w/w)

Protein (%) 2.75 +0.08

Total carbohydrate (%) 13.94 +0.03
Fat (%) 0.31+0.12
Moisture (Yowet basis) 71.04 £ 0.65
Ash (%) 0.17 +£0.05

Crude fiber (%) 11.79+0.16
Soluble dietary fiber (%) 8.08 £0.21
Insoluble dietary fiber (%) 91.92+1.22

Energy (kcal) 78.83 +£0.32

The addition of cashew juice

The amount of cashew juice was mixed into the cashew jam by varying concentrations included 0,
5, 10 and 15 % w/w. Different colors of cashew apple bagasse jam were noticeable by naked eyes and
found to be brown to deep brown with the increase in cashew juice (Figure 1). The darker color might be
due to the oxidative degradation of anthocyanins to phenolic acids under heat treatment [20].
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Figure 1 Different colors of cashew juice added 0, 5, 10 and 15 % w/w of cashew apple bagasse jam
(from left to right).

As shown in Table 2, the sensory evaluation of cashew apple bagasse jam demonstrated that the
5 % of cashew juice significantly provided the most favorable for all characteristics. Therefore, the
treatment of 5 % cashew juice added cashew apple bagasse jam was selected for further study.

Table 2 Sensory evaluation various of cashew juice added cashew apple bagasse jam.

Sensory Different concentration of cashew juice added into cashew apple bagasse jam
characteristics 0% 50, 10 % 15 %
Color 6.10 £ 1.30° 7.23 +1.41° 7.07 £ 1.05° 6.07+£1.17°
smell 6.47+1.31° 7.07 £0.91° 6.67 £0.99% 6.27+1.11°
Taste 6.60 £ 1.19° 7.40 + 1.43° 7.10£1.16® 6.60 £ 1.00°
Sweetness 6.70 £1.18° 6.97 £1.25° 7.10 £ 1.40° 6.70 £ 1.02°
Sourness 6.17 £ 1.05° 6.80 £ 1.06% 6.80+1.21*% 6.50 + 1.14%®
Flavor 6.80 + 1.00° 7.17 £ 1.34* 6.97+1.07* 6.73 £ 1.39*
Texture 6.43 £ 1.45° 6.83 £1.64* 6.83 +£0.91* 7.13+£1.28°
Overall liking 6.47 £ 0.90° 7.60 £1.35° 7.37 +£0.93* 7.10+1.18°

*a, b represented a statistically significant difference (p < 0.05).

Physical properties of developed cashew residue jam

The developed cashew apple bagasse jam was investigated the physical properties as presented in
Table 3. The result of color measurement showed that the lightness (L*), redness (a*), and yellowness
(b*) were 25.88 = 0.19, 23.07 + 0.20 and 28.51 + 1.42, respectively. The values of rupture strength and
adhesiveness were 264.02+ 0.97 and 235.62 + 0.05 g s™', respectively.

Table 3 Physical properties of developed cashew apple bagasse jam.

Physical properties Results
Color values
L* 25.88+0.19
a* 23.07 +£0.20
b* 28.51+1.42
Rupture strength (g s™) 264.02£0.97
Adhesiveness (g s™) 235.62 +0.05

Chemical properties of developed cashew apple bagasse jam

The developed cashew apple bagasse jam was investigated the chemical properties. As
demonstrated in Table 4, the composition of protein, total carbohydrate, fat, moisture, ash and crude fiber
(%) were 1.18 £ 0.01, 66.64 £ 0.13, 0.10 £ 0.02, 30.38 + 0.54, 0.68 + 0.15 and 1.02 + 0.39, respectively.
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The energy was determined as 272.18 + 0.54 kcal per 100 g of cashew apple bagasse jam. The percentage
composition of soluble and insoluble dietary fiber was 26.46 + 0.34 and 73.54 + 1.25, respectively. The
soluble dietary fiber consists of pectin, gum and mucilage which are abundantly found in fruit whereas
the insoluble dietary fiber included cellulose, hemicellulose, and lignin are insoluble component of the
cell wall which are good water absorptivity [21,22]. Since insoluble dietary fiber efficiently adsorbs
water, it facilitates the faster excretion process avoiding colon tumor formation for long-term
consumption [23,24]. Furthermore, the pH of the jam was 2.8 = 0.01 with a water activity (a) of 0.65 +
0.11 and soluble solid of 65 + 0.00 °Brix. These properties were acceptable as the standard permission of
the Ministry of Public Health of Thailand that the pH range of jam should be ranged from 2.8 to 3.5 with
the water composition more than 65 % w/w [25]. In addition, the jam production under 60 - 65 °Brix of
soluble solid of and 2.0 - 3.5 of pH facilitates the stability of pectin which is related to the jam formation

[11].

Table 4 Chemical analysis of developed cashew apple bagasse jam.

Chemical characteristics Results
Protein (%) 1.18 +£0.01
Total carbohydrate (%) 66.64 +0.13
Fat (%) 0.10+0.02
Moisture (% wet basis) 30.38+0.54
Ash (%) 0.68+£0.15
Crude fiber (%) 1.02+£0.39
Soluble dietary fiber (%) 26.46 +0.34
Insoluble dietary fiber (%) 73.54 +1.25
Energy (kcal /100 g) 272.18 £ 0.54
pH 2.8+0.01
Water activity (a,) 0.65+0.11
Total soluble solid (°Brix) 65 +0.00

Technology transfer of cashew apple bagasse jam

The score of pre-test and post-test of training 30 participants were collected and analyzed as
demonstrated in Table 5. The mean score of pre-test was 11.60 + 3.14 which was a statistically
significant difference of the mean score of post-test of 17.97 + 1.52. This result showed that the
participants could be obtained the knowledge and understand more about the cashew apple bagasse jam
after joined the training [26]. The assessment of the training processes was shown in Table 6. The gender
included male 10 participants and female 20 participants. The age range included 20 - 35 year (26.67 %),
36 - 50 year (63.33 %) and 61 - 60 year (10.00 %). Most education levels were high school (90.00 %).
Only facilities (venue, food, audio visual equipment, training materials) were obtained the level of very
satisfaction with the mean score of 4.43 + 0.77. Most assessment characteristics included, training process
(registration, contact, cooperation and information, service and systematic work), lecturers and service
staffs (good-natured, sociable, and welcoming), knowledge adaptation in career or dairy life, suitability of
contents, suitability of lecturers (knowledge, ability, lecturing technic), training duration (number of
days), training period (day/month/training season), worthiness compared to wasted time and cost and
overall evaluation score of technology transfer has belonged to the level of most satisfied with the mean
scores ranged from 4.57 + 0.50 to 4.63 + 0.49.

Table 5 Scores of pre-test and post-test of training.

Test N Mean SD t Sig.

Pre-test 30 11.60 3.14 11.537 0.000
Post-test 30 17.97 1.52
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Table 6 Satisfaction levels of the participants in the training processes.

Satisfaction level

Process Most Very Fair Less  Least Mean SD In;i:f}:et
) @ 3 2 @

1. Procedures and 17 13 i i ) 457 0.50 Most

service processes (56.67 %) (43.33 %) ’ ' satisfied
2. Lecturers and 18 12 ) ) ) 460 0.50 Most

service staff (60.00 %) (40.00 %) ’ ’ satisfied
e 18 7 5 Very

3. Facilities (60.00 %)  (23.33%)  (16.67%) - - 443 07T tisfied
4. Knowledge 19 11 Most

adaptation (63.33%)  (36.67 %) ) ) ) 4.63 049 atisfied
5. Suitability of course 17 13 i i ) 457 0.50 Most

contents (56.67 %) (43.33 %) ’ ’ satisfied
6. Suitability of 21 9 - Most

lecturers (70.00 %) (30.00 %) i ) 4.70 047 satisfied
.. . 18 12 Most

7. Training duration (60.00 %) (40.00 %) - - - 4.60 0.50 satisfied
.. . 17 13 Most

8. Training period (56.67 %) (43.33 %) - - - 4.57 0.50 satisfied

9. Worthiness

18 12 Most

c_ompared to wasted (60.00 %) (40.00 %) - - - 4.60 0.50 satisfied

time and cost

Most

Summary 4.59 0.09 satisfied

Conclusions

The cashew apple bagasse from cashew apple juice manufacturing was successfully developed as
jam product. The jam production condition with the addition of 5 % of cashew apple juice were the most
favorable for sensory quality. The cashew apple bagasse jam was investigated the proximate composition,
physical and chemical properties. The jam production technology was further transferred to local
community via hands-on training processes obtaining the most satisfied level. This method has the
potential to promote the cashew apple bagasse as a market product.
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