
 

Vol. 15(6) pp. 236-253, June 2021 

DOI: 10.5897/AJFS2021.2104 

Article Number: BE8FFA666929 

ISSN: 1996-0794 

Copyright ©2021 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJFS 

 

 
African Journal of Food Science 

 
 
 
 
 
 

Full Length Research Paper 
 

Effects of processing on nutrient composition in  
guava- and jackfruit-based snacks 

 

Sirui Xing, Gudrun B. Keding and Elke Pawelzik*
 

 
Department of Crop Sciences, Division of Quality of Plant Products, University of Goettingen, Germany. 

 
Received March 22, 2021; Accepted May 13, 2021 

 

Guava and jackfruit are popular fruits in East Africa. With consideration of the high post-harvest losses 
of these two fruits and only seasonal availability, this study aimed to produce nutrient rich fruit-based 
snacks to decrease this problem and make use of surplus fruits during on-season. Given the nutritional 
situation in East Africa, these products were also developed to have a high content of desired nutrients. 
Next to either guava or jackfruit also mango, different nuts and lemon juice was partly added. 
Processing methods included cooking and drying, which are suitable for local households and small 
processing groups. Chemical analyses were implemented to determine nutrient contents before 
cooking, after cooking and after drying. Major results included that bars with guava and lemon juice 
contained the highest content of ascorbic acid, 81.19 and 48.18 mg/100 g FM before and after cooking, 
respectively; jackfruit-based samples without lemon juice after drying contained more phenolic content 
than guava-based samples; fruit bars with lemon juice had higher acidity; samples of guava contained 
more β-carotene than jackfruit. In conclusion, the fruit-nut-bars can provide a good option to process 
surplus fruits and provide essential nutrients to the local population in East Africa. 
 
Key words: Guava, jackfruit, fruit-nut-bars, East Africa. 

 
 
INTRODUCTION 
 
Guava (Psidium guajava) and jackfruit (Artocarpus 
heterophyllus) are naturalized in tropical and subtropical 
areas around the world (Flores et al., 2015). Both of them 
have high contents of several nutrients that are essential 
to human beings, such as ascorbic acid and potassium 
(Lukmanji et al., 2008). However, in East Africa, these 
fruits have usually high post-harvest-losses which 
decrease the benefit of local people (Omayio et al., 
2019). At the same time, lacking nutrients in the diet, 
especially micronutrients, also known as  hidden  hunger, 

is a major problem for many people in sub-Saharan Africa 
(Tulchinsky and Varavikova, 2009). On the other hand, 
also the overconsumption of certain nutrients is of a 
problem and, for example, diabetes is also widespread 
among African people (IDF, 2019). The share of adults 
aged 20-79 years with diabetes is 3.9% of the total 
population in the IDF Africa Region with an increasing 
trend (FAO et al., 2020). 

There are different types of guava products, such as 
jam, jelly and  juice (Leite  et  al.,  2006).  There  are  also 
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studies that investigated the nutrient content of guava 
together with one other fruit such as orange (Srivastava 
et al., 2019), papaya (Bisen and Ruchi, 2020) and mango 
(Sucheta et al., 2017). Products made from the ripe 
jackfruit already investigated are jackfruit powder 
(Ahiduzzaman, 2016), jackfruit chips (Yi et al., 2016), 
jelly, syrup and jams (Mondal, 2013).  

This study also focuses on processing options in order 
to extend the shelf-life of guava and jackfruit which were 
selected as target fruits by the overall project. One aim is, 
however, to increase different kind of nutrients by mixing 
the target fruits with a combination of other fruits and 
nuts. The form of products in this study was chosen to be 
fruit-nut-bars, which can be easily carried and should be 
accepted, especially by children and adolescents similar 
to dried-fruit-slices that are already available in East 
Africa (Omayio et al. 2019). However, the nutrient content 
of fruit-nut-bars which combine guava or jackfruit with 
other fruits and nuts still lack studies in East Africa. 

Given that diabetes is on the rise in East Africa (IDF, 
2019), sugar content in this study is considered in 
particular and there is no extra sugar added to the 
products. In addition, with the consideration of chemical 
residuals, there were also no extra chemical 
preservatives, which, however, can lead to a problem of 
food safety and reduced long-time storage. Ascorbic acid 
and β-carotene as well as mineral content inside the 
fresh fruits were also considered in addition to the degree 
of color change after drying. 

Cooking was chosen because it is a popular food 
processing method in East Africa and it helps to reduce 
microbiological contamination (Njoroge et al., 2015). 
Grinding was applied to make the fruit-nut-mixture to be 
as uniform as possible. Drying with oven was used to 
decrease the water content in samples, because bacteria 
would spoil foods with high moisture (Ponte et al., 1993). 
If solar drying is not possible, electric power is needed for 
the oven, which creates some costs and environmental 
issues (Bieber et al., 2018).  

The objectives of this study were as follows: 
 
1) To develop healthy fruit-nut-bars with high essential 
nutrient content, low sugar content and with potential for 
a long shelf life. 
2) To develop fruit-nut-bars with crispy texture and high 
acceptability in East Africa. 
 

This study was carried out in the framework of a large 
study on “Fruit and vegetables for all seasons” (FruVaSe) 
with partners in East Africa and Germany. 
 
 
MATERIALS AND METHODS 
 
Although the FruVaSe project and most of its components take 
place in East Africa, the fruit-nut-bar development and analysis took 
place at the University of Goettingen in Germany. The fresh guavas 
and jackfruits required  for  product  development and  testing  were  
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bought from a supermarket (KIM) in Hannover, Germany, and an 
online shop (Tropenkost) in Frankfurt, respectively. The origin 
country of both fruits was Thailand. Because of limited availability, 
in this study, only the white-fleshed types of guava could be studied. 
Mangoes and bananas were bought from a local supermarket 
(Rewe) in Goettingen, Germany, origin country was Spain. Fruits 
were stored at 4ºC before being processed. 

At the beginning, cashew nuts were decided to be used, because 
cashew trees also grow in East Africa like Tanzania and Kenya 
(McLaughlin et al., 2018). It is also a good choice for adding more 
minerals and using local materials. However, in Uganda, cashew 
nuts are mainly grown in northern and eastern Uganda; most of 
them have to be bought from other countries (Wanyama et al., 
2017). Consequently, some bars were made by using peanuts to 
replace cashew nuts. Both nuts were bought in local supermarkets 
in Goettingen and the origin was Egypt for peanuts and Vietnam for 
cashew nuts.  

In order to increase the flavor, desiccated coconut (Renuka Agri 
Organics Ltd, origin country Sri Lanka) was also added. According 
to the results of Okafor and Ugwu (2014), when compared with 
snacks without coconut, those that contained coconut gained higher 
acceptability in a study in Nigeria. 

 
 
Preparation of fruit-nut-bars 
 
The routine of making fruit-nut-bars can be divided into preparing, 
blending, cooking and drying. During the process of cooking, 50% 
of total fruit-nut-mass of water was added, in order to prevent the 
samples from sticking to the pot. Specific processes are shown in 
Figure 1. The final products of this study can be divided into guava-
bar with mango or jackfruit-bar with mango; the choice of nuts can 
be divided into peanuts and cashew nuts; lemon juice is another 
alternative. Consequently, there are eight final different recipes 
(Table 1 and Figure 2).  

The eight final recipes were chosen after the sensory test. The 
concentration of lemon juice increased after the sensory test in 
these final recipes; banana, which was an ingredient in the first set 
of recipes, was not chosen to be an ingredient of the final recipes; 
peanuts were added as an alternative of cashew nuts. 

 
 
Sensory test 
 
Eleven participants from Uganda, Kenya and Tanzania tasted six 
different fruit-nut-bars with different ingredients (Table 2) at the 
beginning of this study in order to refine the recipes. This sensory 
test also included a questionnaire (Appendix Table 1). The 
questionnaires were given to each participant before the samples 
were served. Each sample was put in a bowl and served separately 
to each person. Recipes were not revealed until all questionnaires 
were filled. 

 
 
Instrumental methods  

 
Water content and total soluble solids 

 
To determine the water content, about 10 g of the samples were 
placed in a petri dish and the total weight was determined, and then 
dried for 19 hours at 60ºC and 4 h at 105ºC. Afterwards the total 
weight was determined again, and the water content was calculated 
(Rutter and Slatyer, 1968). 

The method of ºBrix was used to determine the content of total 
soluble solids (Ranganna, 1976). 1 g of the sample after drying 
were   weighed    for   three   replicates,   9 ml   water    was   added
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Figure 1. Steps of fruit-nut-bars preparation. 

 
 
 

Table 1. Recipes of fruit-nut-bars showing the percentage (%) of all ingredients. 
 

Sample Jackfruit Mango Cashew nuts Peanuts Desiccated coconut Lemon juice* 

Jackfruit-cashew-lemon 60 20 10 - 10 10 

Jackfruit-cashew 60 20 10 - 10 - 

Jackfruit-peanut-lemon 60 20 - 10 10 10 

Jackfruit-peanut 60 20 - 10 10 - 

       

Sample Guava Mango Cashew nuts Peanuts Desiccated coconut Lemon juice 

Guava-cashew-lemon 60 20 10 - 10 10 

Guava-cashew 60 20 10 - 10 - 

Guava-peanut-lemon 60 20 - 10 10 10 

Guava-peanut 60 20 - 10 10 - 
 

*10% of lemon juice is the weight of lemon juice divided by the total weight of all other ingredients. 

 

 
 
afterwards. The samples were mixed (Reamix 2789 Vortex Mixer, 
MTC, Hamburg) and shaken (shaker Swip, Edmund Bühler) for 1 h, 
centrifuged for 5000 rpm for 5 min (Centrifuge 5804 R, Eppendorf, 
Hamburg), then Pasteur pipettes were used to place few drops of 
the supernatant on a refractometer (handheld refractometer, A. 
Krüss Optronic GmbH, Hamburg) to obtain the value of °Brix. 
 

 
Mineral content 

 
The mineral content was determined as described by Koch et al. 
(2019) with slight modification. In brief, about 100 mg of milled 
samples were weighed in a Teflon vessel and digested with 4 ml of 
65% (v/v) nitric acid and 2 ml of 30% (v/v) hydrogen  peroxide  in  a 

microwave (Ethos 660; MWT AG, Heerbrugg, Switzerland) for 75 

min  at 200ºC and 40 bar. Afterwards, the samples were filled up to 

25 ml with distilled water. Before samples were measured, 2 ml 
solution of samples were taken out and 8 ml distilled water was 
added for dilution. The concentrations of macro- and micronutrients 
were measured with inductively coupled plasma optical emission 
spectrometry (Vista-PRO CCD Simultaneous ICP-OES; Varian Inc., 
Palo Alto, CA). 
 
  
Titratable acidity and ascorbic acid 
 
Titratable acidity content was determined by titration method (0.1N 
NaOH solution)  according  Kanski  et  al.  (2020)  with modification. 
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Figure 2. Final products of eight fruit-nut-bars From left to right: Jackfruit-Cashew-Lemon; Jackfruit-Cashew; Jackfruit-
Peanut-Lemon; Jackfruit-Peanut Guava-Cashew; Guava-Cashew-Lemon; Guava-Peanut; Guava-Peanut-Lemon. 

 
 
 
Table 2. Composition of samples for sensory test. 
 

Sample 
Jackfruit 

(g) 
Guava (g) Mango (g) 

Banana 

(g) 

Desiccated 
coconut (g) 

Peanuts 
(g) 

Lemon 
juice (g) 

Guava-banana-lemon - 240 - 80 40 40 20 

Guava-banana - 240 - 80 40 40 - 

Guava-peanut-lemon - 240 80 - 40 40 20 

Guava-mango - 240 80 - 40 40 - 

Jackfruit-mango-lemon 240 - 80 - 40 40 30 

Jackfruit-peanut-lemon 240 - 80 - - 80 30 

 
 
 
About 0.2 g of the milled samples after drying was weighed into a 
beaker and 20 ml water was added together with a magnet. The 
beaker was put on a magnetic stirrer for 15 min. The solution was 
titrated with a solution of 0.1 N NaOH to pH 8.1 (pH-titrator Titro line 
96, SCHOTT AG, Mainz). 

The ascorbic acid content was determined according to Sonntag 
et al. (2020) with modifications. 5 g of samples and 20 ml of meta-
phosphoric acid were mixed with Ultra-Turrax (T18 digital Ultra 
Turrax, IKA, Staufen) for 2 min. The pulp was transferred into a 
measuring cylinder, filled up to 50 ml  with  pure  water and filtrated; 

thereafter, 10 ml of the filtrate was transferred into the Erlenmeyer 
flask (2-3 times for each sample). Finally, samples were titrated 
against 2,6-Dichlorophenolindophenol (DIP) solution until a light 
pink end point was reached and could persist for 15 s, then the 
used amount of ml of DIP solution could be recorded. 
 
 
Total phenolic content 
 
The  total  phenolic  content  was  determined  by  using   Folin  and 
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Table 3. Instruments settings for the measurement of β-carotene content (Schex et al., 2018, modified). 
 

Used software was LabSolutions, Version 5.32 (Shimadzu, Duisburg, Deutschland). 

The injection volume was 20 μL. Chromatographic separation was achieved at 30°C using a YMC C30 reversed phase column 
(250 × 4.6 mm i.d., 5 μm particle size, YMC Europe Dinslaken, Germany) protected by a YMC C30 guard cartridge column (10 × 
4.6 mm i.d., 5 μm particle size, YMC Europe). 

HPLC eluents: 
Mixtures of methanol/tBME/water (80:18:2, v/v/v, eluent A; 8:90:2, v/v/v, eluent B), 
containing 0.4 g/L ammonium acetate 

The elution gradient at a constant flow 
rate of 0.6 mL/min: 

90 to 40% A (30 min), 40 to 0% A (5 min), isocratic at 0% A (2 min), 0 to 90% A (3 
min), isocratic hold at 90% A (5 min). 

Total run time was 45 min, post run time 2 min. 

Detection wavelengths were 663 nm (Chlorophyll a), 647 nm (Chlorophyll b), 669 nm (Pheophorbide a) and 407 nm 
(Protoporphyrin IX). UV/vis spectra were recorded between 300 and 700 nm. 

Compounds were assigned by comparing their retention times (tR) and UV/vis absorption spectra to those of commercially 
available reference standards. 

 
 
 
Ciocalteu‟s phenol reagent (Folin-C reagent) and photometrical 
determination (Singleton and Rossi, 1965). About 0.25 g of each 
sample powder was weighed and 5 ml 80% Ethanol was added in a 
centrifugation tube. The tube was vortexed and then centrifuged at 
5000 rpm for 10 min (Centrifuge 5804 R, Eppendorf, Hamburg). 
The supernatant was transferred into a 10 ml graduated flask, and 
then the extraction was repeated. The supernatants were combined 
together and filled up to 10 ml with 80% Ethanol and were frozen in 
a szintilation vessel prior analysis. Before measurement, the 
supernatants were taken out at room temperature for 1 h. 

For measurements, the samples were prepared as follows: water 
2.4 ml, NaOH 1 ml, sample solution 500 μl and Folin reagent 100 
μl. Afterwards they were measured immediately at 735.8 nm with a 
photometer (HP 8453, Hewlett-Packard, Waldbronn) and the results 
were expressed in mg gallic acid equivalents (GAE). 

 
 
β-carotene 

 
The β-carotene content was determined according to Schex et al. 
(2018). As the samples after drying were difficult to be grinded into 
powder, only samples before and after cooking were tested. 100 mg 
of lyophilized powdered samples were placed in a 2 ml reaction 
tube together with 600 μl Methanol (MeOH)/ Tetrahydrofuran (THF) 
(1:1, v/v). The solution was mixed in a thermomixer (ThermoMixer 
C, Eppendorf AG, Hamburg) for 10 min at 1400 rpm and 
centrifuged at 8000 rpm for 5 min (Centrifuge 5804 R, Eppendorf, 
Hamburg). Afterwards 500 μl supernatant was transferred into 
another 2 ml reaction tube. 500 μl MeOH/THF (1:1, v/v) was added 
in the old tube and the extraction was repeated twice. The 
supernatants (1500 μl) were combined together and evaporated to 
dryness in a rotational vacuum concentrator (RVC 2-25 CDplus, 
Martin Christ Gefriertrocknungsanlagen GmbH, Osterode am Harz) 
for almost 5 h at 20°C. Then the samples were frozen at -80°C until 
measurement. 250 μl Methyl tert-butyl ether (MTBE) were added to 
the samples to re-dissolve the residue and vortexed (Mini Vortexer, 
Heathrow Scientific, and Vernon Hills). Then, 250 μl MeOH were 
added and vortexed. Afterwards, the samples were dissolved by 
using a thermomixer (ThermonMixer C, Eppendorf AG, Hamburg) 
for 5 min at 800 rpm. Then the solution was filtered through syringe-
filter with pore size of 0.2 μm and almost 400 μl filtered solution was 
transferred into a HPLC vial with insert and measured by HPLC 
(System “Prominence”, Schimadzu). The instrument settings for 
measurement are shown in Table 3 (Schex et al., 2018). 

Color 
 
Color was determined using the machine MINOLTA Chroma Meter - 
CR310 (Konica Minolta, Inc., Marunouchi, Japan) for samples 
before and after cooking and by MINOLTA - CR400 (Konica Minolta, 
Inc., Marunouchi, Japan) for samples after drying to obtain L 
(brightness), a*(variation from green to red) and b* (variation from 
blue to yellow) values (Itten, 1997). 
 
 
Textural profile analysis 
 
The texture properties determined were the hardness and crispness 
of the fruit-nut-bars. They were measured in terms of the maximum 
peak force and number of peaks during the first compression cycle 
with the texture analyzer („Stable Micro Systems‟, Winopal, 
Germany) according to Yadav and Bhatnagar (2017) with the 
following settings: 
 

Pre-Test Speed: 2 mm/s; Test Speed: 1 mm/sec; Post-Test Speed: 
10 mm/s; Force: 10 g; Trigger Force: 10 g; Probe: P/5; 5 mm Dia 
Cylinder (Figure 3). 
 

Depending on the thickness and breakage of fruit-nut-bars, the 
parameter of distance was set differently. It was the peak distance 
reached by the probe, that was deep enough to completely 
penetrate the bars, but did not touch the platform on which the 
samples were placed. 
 
 
Data analysis 
 
Data analysis was mainly carried out with Excel, where the mean 
values were calculated, the standard deviation as well as the 
formation of bar graphs was undertaken. The significant difference 
(POSTHOC Tukey HSD) was calculated using PSPP version GNU 
pspp 1.4.1-g79ad47. 
 
 

RESULTS 
 

The following results are for eight final fruit-nut-bars, the 
recipes are shown in Table 1. The names of these fruit-
nut-bars show  the  varying  ingredients  (such as Guava-
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Figure 3. Photos of textural profile analysis. From left to right: 5 mm dia cylinder; textural test machine; baking tray; dried samples. 

 
 
 

 
 

Figure 4. Results of sensory test of six preliminary fruit-nut-bars (11 participants from Kenya, Tanzania 
and Uganda). 

 
 
 
Cashew-Lemon). Ingredients, which were present in all 
eight fruit-nut-bars, namely mango and desiccated 
coconut, will not be mentioned explicitly. 

Sensory test 
 
Eleven  participants   that   were   project   partners   from 
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Table 4. Water content (n=1), total titratable acidity and color (n=3, mean ± SD) of guava- and jackfruit-based snacks after drying. 
 

Sample 
Water 

content (%) 
Titratable 
acidity (%) 

Color 

Top side Bottom side 

L b L b 

Guava-cashew-lemon 10.08 0.75±0.030
a
 34.73±0.43

b
 22.32±2.28

d
 56.71±1.11

bc
 31.46±0.51

cd
 

Guava-cashew 7.89 0.38±0.015
b
 33.44±3.11

b
 23.32±2.23

d
 55.38±2.73

c
 27.03±0.49

e
 

Guava-peanut-lemon 5.85 0.73±0.040
a
 36.75±1.17

b
 26.70±1.17

cd
 57.54±3.45

abc
 34.01±1.55

bc
 

Guava-peanut 6.86 0.44±0.015
b
 39.12±2.97

b
 31.35±2.77

bc
 57.46±0.75

abc
 30.05±1.23

de
 

Jackfruit-cashew-lemon 8.09 0.63±0.030
a
 48.10±1.45

a
 37.53±1.25

ab
 62.42±1.66

ab
 36.18±2.25

ab
 

Jackfruit-cashew 7.21 0.71±0.015
a
 45.97±2.12

a
 35.75±2.69

ab
 55.70±1.14

c
 36.37±1.16

ab
 

Jackfruit-peanut-lemon 4.66 0.42±0.000
b
 49.76±3.98

a
 40.85±4.12

a
 62.82±3.07

a
 38.59±0.79

a
 

Jackfruit-peanut 8.49 0.41±0.015
b
 48.25±1.78

a
 35.65±2.51

ab
 62.31±0.73

ab
 36.51±1.60

ab
 

 

Different letters indicate statistically significant differences (P < 0.05). 

 
 
 

Table 5. Total soluble solids content (n=3, mean ± SD) of guava- and jackfruit-based snacks in three stages 
(before cooking, after cooking and after drying). 
 

Sample 
Total soluble solids (°Brix) 

Before cooking After cooking After drying 

Guava-cashew-lemon 13.13±0.094
d
 8.80±0.00

f
 4.13±0.094

bc
 

Guava-cashew 13.67±0.094
c
 9.20±0.00

e
 4.20±0.00

bc
 

Guava-peanut-lemon 13.07±0.094
d
 8.33±0.094g 4.00±0.00

c
 

Guava-peanut 13.53±0.094
c
 8.47±0.094

f
 4.07±0.094

bc
 

Jackfruit-cashew-lemon 16.80±0.00
b
 11.73±0.094

c
 4.07±0.094

bc
 

Jackfruit-cashew 18.67±0.094
a
 12.27±0.094

b
 4.40±0.00

a
 

Jackfruit-peanut-lemon 16.73±0.094
b
 11.13±0.094

d
 4.33±0.094

ab
 

Jackfruit-peanut 18.73±0.094
a
 12.73±0.094

a
 4.47±0.19

a
 

 

Different letters in the same column indicate statistically significant differences (P < 0.05). 

 
 
 
Kenya, Tanzania and Uganda took part in a sensory test 
by tasting six different preliminary fruit-nut-bars and 
answering a questionnaire. Average values of each 
attribute were calculated (Figure 4). As the radar graph 
shows, Guava-Mango and Jackfruit-Mango-Lemon 
gained the highest overall points; desiccated coconut was 
an ingredient in both recipes. Jackfruit-Mango-Lemon 
showed almost in all attributes the highest points except 
aroma. As for color and consistency, Guava-Banana and 
Guava-Banana-Lemon achieved the least points, 
respectively. For the other three attributes (mouthfeel, 
taste and aroma), Jackfruit-Peanut-Lemon (without 
desiccated coconut) showed the least points. 
 
  
Water content, total soluble solids, titratable acidity 
and color 
 
Table 4 shows the results of water content, total titratable 
acidity and color of guava- and jackfruit-based snacks 
after drying. Table 5 shows the average contents of total 
soluble  solids   of   guava-   and   jackfruit-based  snacks 

before and after cooking, and after drying. Only one test 
of water content after drying was done, so there were no 
average results or standard deviations. Almost all 
samples showed water content less than 10% because of 
drying. Jackfruit-based samples showed higher results of 
total soluble solids than guava-based samples. Guava-
Peanut-Lemon bars had the lowest content among eight 
samples. Except for Jackfruit-Cashew-Lemon samples, 
other snacks with lemon juice all showed higher values of 
titratable acidity. For color test, the data of „a‟ (variation 
from green to red) were very low for after drying and so 
for final products only the data of „L‟ (brightness) and „b‟ 
(variation from blue to yellow) were recorded. In terms of 
brightness, the bottom side of products showed higher 
values than the top side (brighter); jackfruit-based 
samples were significantly brighter than guava-based 
samples (P<0.05). Within samples with the same basic 
fruit (guava or jackfruit), there was no significant 
brightness difference (except the bottom side of Jackfruit-
Cashew samples). For the top side of jackfruit-based 
samples, samples with lemon juice were brighter and had 
more  yellowness,  which was also the same tendency for 
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Figure 5. Ascorbic acid content of guava-based samples before and after cooking (n=3). Different 
letters indicate statistically significant differences (P<0.05). 

 
 
 

 
 

Figure 6. Ascorbic acid content of jackfruit-based samples before and after cooking (n=3). 
Different letters indicate statistically significant differences (P<0.05). 

 
 
 
the bottom side of all samples. 
 
 
Ascorbic acid, total phenolic content and β-carotene 
 
Figure 5 and 6 show the results of ascorbic acid, namely 
the average contents in two stages, before and after 
cooking. As a result of drying, the water content in the 
samples was very low, so it was not possible to determine 
ascorbic  acid   content   in   them.  The  cooking  process 

resulted in a significant decrease in ascorbic acid 
content, with guava-based samples showing higher 
values than jackfruit samples.  

Figures 7 and 8 illustrate the average results of total 
phenolic content of guava- and jackfruit-based samples in 
three stages (before cooking, after cooking and after 
drying). Lemon juice led to a result of higher values of 
total phenolic content for all samples before cooking. In 
jackfruit-based samples with lemon juice total phenolic 
content  decreased  from  before  cooking  to after drying,   
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Figure 7. Total phenolic content of guava-based samples in three stages (before cooking, after 
cooking and after drying) (n=2). Different letters indicate statistically significant differences (P < 
0.05).  

 
 
 

 
 

Figure 8. Total phenolic content of jackfruit-based samples in three stages (before cooking, after 
cooking and after drying) (n=2). Different letters indicate statistically significant differences (P < 0.05). 

 
 
 
while samples without lemon juice showed the opposite 
results.   

As in pre-test, β-carotene contents of dried samples 
were hardly measurable with HPLC, for final tests, only 
samples before and after cooking were measured (Table 
6). Guava-based snacks showed higher values than 
jackfruit, Guava-Cashew samples before cooking and 
Guava-Peanut samples after cooking showed the highest 
value. Jackfruit-based snacks with lemon juice after 
cooking had higher β-carotene content. 

Mineral content 
 
The mineral contents of the fruit-nut-bars are shown in 
Tables 7 and 8. There are nine minerals in fruit-nut-bars, 
namely K, P, S, Mg, Ca, Na, Cu, Fe, Zn and Mn. In 
general, jackfruit-based samples had a little higher 
mineral content than guava-based samples. Except for K, 
Mg and Mn in specific guava-based samples, the mineral 
content among other samples were not significantly 
different (P<0.05). 
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Table 6. β-carotene content in guava- and jackfruit-based samples before and after cooking 
(n=3, mean ± SD). 
 

Sample 
β-carotene (mg/100 g DM) 

Before cooking After cooking 

Guava-cashew-lemon 0.19±0.02
ab

 0.16±0.01
bc

 

Guava-cashew 0.24±0.00
a
 0.23±0.04

a
 

Guava-peanut-lemon 0.22±0.00
a
 0.21±0.00

a
 

Guava-peanut 0.19±0.00
ab

 0.24±0.01
a
 

Jackfruit-cashew-lemon 0.13±0.01
cd

 0.22±0.01
a
 

Jackfruit-cashew 0.07±0.00
ef
 0.09±0.01

de
 

Jackfruit-peanut-lemon 0.14±0.01
cd

 0.16±0.03
bc

 

Jackfruit-peanut 0.04±0.00
f
 0.05±0.01

ef
 

 

Different letters in the same column indicate statistically significant differences (P < 0.05). 

 
 
 
Table 7. Mineral content of guava-based products after drying (n=5, mean ± SD). 
 

Mineral (mg/100 g DM) Guava-cashew-lemon Guava-cashew Guava-peanut-lemon Guava-peanut 

K 1150.25±22.26
a
 1014.37±57.75

b
 1099.12±47.23

a
 1093.60±44.09

a
 

P 428.69±83.63
a
 416.58±70.23

a
 396.81±73.19

a
 413.89±87.96

a
 

S 303.41±200.06
a
 188.45±30.32

a
 207.91±26.37

a
 221.74±68.23

a
 

Mg 181.39±1.90
a
 176.04±4.63

a
 152.10±4.43

c
 164.48±8.90

b
 

Ca 79.96±9.20
a
 66.40±2.90

a
 81.67±26.39

a
 65.56±4.32

a
 

Na 45.90±28.79
a
 45.85±33.23

a
 48.17±28.19

a
 51.10±26.92

a
 

Cu 7.48±3.75
a
 5.62±2.00

a
 8.67±4.43

a
 5.78±3.40

a
 

Fe 6.50±3.83
a
 4.07±2.52

a
 4.60±1.91

a
 4.42±2.25

a
 

Zn 6.71±3.78
a
 7.39±4.66

a
 5.58±1.52

a
 4.75±1.59

a
 

Mn 2.33±0.07
a
 2.14±0.04

b
 1.34±0.01

d
 1.62±0.08

c
 

 

Different letters in the same row indicate statistically significant differences (P < 0.05).  

 
 
 

Table 8. Mineral content of jackfruit-based products after drying (n=5, mean ± SD). 
 

Mineral (mg/100 g DM) Jackfruit-cashew-lemon Jackfruit-cashew Jackfruit-peanut-lemon Jackfruit-peanut 

K 1227.56±47.01
a
 1318.95±113.51

a
 1214.03±150.30

a
 1408.01±93.35

a
 

P 378.44±81.78
a
 390.72.19±90.20

a
 358.52±89.74

a
 390.32±71.18

a
 

S 167.23±26.53
a
 359.61±299.63

a
 211.00±72.11

a
 200.39±58.99

a
 

Mg 178.84±14.69
a
 191.26±7.55

a
 174.73±13.18

a
 186.15±9.51

a
 

Ca 96.78±20.97
a
 82.41±10.18

a
 80.05±10.18

a
 85.74±8.00

a
 

Na 43.69±28.68
a
 44.75±28.90

a
 40.72±26.69

a
 49.03±26.89

a
 

Cu 7.99±2.94
a
 7.36±3.31

a
 5.91±2.89

a
 8.04±2.89

a
 

Fe 5.17±2.42
a
 7.33±2.64

a
 5.20±2.70

a
 5.60±2.44

a
 

Zn 6.79±3.31
a
 5.06±2.32

a
 6.86±5.59

a
 6.64±3.86

a
 

Mn 2.36±0.21
a
 2.58±0.23

a
 2.32±0.19

a
 2.29±0.08

a
 

 

Different letters in the same row indicate statistically significant differences (P < 0.05). 

 
 
 
Textural profile analysis 
 
Textural properties of guava- and jackfruit-based products 
after  drying  are  shown  in  Table  9.  For  jackfruit-based 

samples, there were significant differences (P < 0.05) in 
the peak distance reached by the probe due to the 
thickness of the samples. The force to break (max Peak 
Force)  each  of  the four  products  was  not  significantly 
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Table 9. Texture analysis results of guava- and jackfruit-based samples after drying. 
 

Sample n Max peak force (N) Mean±SD Distance (mm) Mean±SD 

Guava-cashew-lemon 6 249.65±145.85
a
 10.00±0.00

a
 

Guava-cashew 5 258.98±64.57
a
 10.00±0.00

a
 

Guava-peanut-lemon 5 235.17±145.08
a
 10.00±0.00

a
 

Guava-peanut 5 168.72±83.54
a
 10.00±0.00

a
 

Jackfruit-cashew-lemon 6 203.38±196.86
a
 11.95±0.12

a
 

Jackfruit-cashew 7 263.51±220.26
a
 11.38±0.49

a
 

Jackfruit-peanut-lemon 5 21.31±7.55
a
 7.00±2.24

b
 

Jackfruit-peanut 6 101.40±63.98
a
 10.17±2.04

a
 

 

Different letters indicate statistically significant differences (P < 0.05). 

 
 
 
different (P < 0.05). Appendix Figures 1 and 2 show the 
curves of hardness and crispness parameters of the 
investigated samples. 
 
 

DISCUSSION 
 

The availability of fruits during off-season in order to 
increase fruit consumption is crucial for balanced and 
healthy diets. One solution to bridge seasonal gaps can 
be the processing of fruits into dried fruit-nut-bars which 
was tested in this study. Through physical and chemical 
analyses of different fruit-nut-bars combinations based on 
either jackfruit or guava, we have found partly very 
different and also promising results in terms of nutrient 
content.  
 
 

Sensory test 
 

The aim of this preliminary test at the beginning of the 
product development was to find out which fruit 
combinations might most closely match the sensory 
expectations of the East African consumers and which 
might not. The sensory test used in this study can be 
defined as affective testing, attempting to quantify the 
degree of liking or disliking of a product (Stone et al., 
2012). On average, for both guava- and jackfruit-based 
bars, recipes with mango were relatively more popular 
than recipes with banana. As a result of this sensory test, 
banana was no longer used in the final recipes, whereas 
fruit bars with desiccated coconut were also 
characterized by a higher acceptability, which is the 
reason that all final recipes contained desiccated 
coconut. Higher concentration of lemon juice in jackfruit-
based bars gained more acceptability than guava-based 
bars. However, for guava-based bars, recipes without 
lemon juice were more popular than those with lemon 
juice. So in final recipes, lemon juice was added as an 
alternative choice. 

Jafari et al. (2016) scored sensory properties of dried 
kiwifruit samples, which were dried by two different drying 
methods,  oven  drying  and   refractance   window   (RW) 

drying, respectively. Results showed that oven dried 
samples gained less acceptibility than refractance 
window dried ones, and the main reason was the 
changed organoleptic properties. RW drying was also 
found to preserve more nutrients in fruits and vegetables 
and to be favourable in terms of color and texture as 
compared to other drying techniques (Shende and Datta, 
2019). When taken into practice, it should be considered 
to dry products from this study by RW drying when 
produced in East Africa as it is already tested by other 
projects in Uganda and Kenya (icipe, n.d.). 
 
 
Water content, total soluble solids, titratable acidity 
and color 
 
Samples after cooking were put into the oven until the 
products became totally dry, so the water content of the 
dried products was around 10%, which is highly important 
for the microbiological safety (Samotyja, 2015). Drying 
time of 19 h was quite long and would need a 
considerable amount of energy. In order to reduce the 
drying time, less water than the 50% of fruit-nut-mass 
which was added during the cooking process could be 
admixed. 

Total soluble solids are determined by a refractometric 
index of the proportion (%) of dissolved solids in a 
solution, which not only indicates the content of sugars 
(sucrose and hexoses; 65%), but also acids (citrate and 
malate; 13%) and other compounds (polyphenolics, 
amino acids, soluble pectins, ascorbic acid and minerals) 
in the product (Balibrea et al., 2006; Kader, 2008). 
Results showed that jackfruit-based samples had more 
total soluble solids than guava, which according to USDA 
(2019, 2020), was a reliable result. In general, dried 
samples had low concentrations of total soluble solids 
(ranged from 4.0 ºBrix to 4.6 ºBrix for different recipes), 
when compared with the results of dried guava-orange 
bars (73-81ºBrix) (Srivastava et al., 2019) and guava-
papaya fruit bars (30-38 ºBrix) in the research of Bisen 
and Ruchi (2020). These low-sugar snacks would not 
aggravate  the  diabetes situation in East Africa; however,  
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it could  possibly influence the acceptability of consumers 
(Kader, 2008).  

Acids influence the taste of the product (Stevens, 1972) 
in the way that an acid addition can minimize sweetness 
(Stampanoni, 1993). Acid addition and the resulting pH 
reduction can extend the shelf-life of the product 
(Ramachandran et al., 2017). Furthermore, increased 
ascorbic acid content may have a protective effect 
against discoloration (Martí et al., 2002), which is 
important for product development. In the present study 
samples with lemon juice had higher acidity content than 
without, as expected. Titratable acidity content in dried 
Guava-based samples with lemon juice was similar to the 
result of pure fresh guava pulp (0.704±0.09%) in the 
study of Srivastava et al. (2019). In dried Guava-based 
samples without lemon juice they also reported a similar 
result of a 50%:50% guava-orange bar (0.38±0.006%) 
(Srivastava et al., 2019). Interestingly, dried Jackfruit-
Cashew samples had a higher titratable acidity content 
(0.705±0.02%) than dried Jackfruit-Cashew-Lemon 
samples (0.63±0.03%), and both results were higher than 
in the other two dried Jackfruit-based bars. The reason 
may be due to the difference of ripeness of mangos that 
were used in different recipes. Results measured in this 
study were quite similar to the results of the top portion of 
the fresh jackfruit in day five after harvesting 
(0.61±0.14%) (Ong et al., 2006). All in all, contents of 
titratable acidity in our fruit-nut-bars showed quite similar 
results when comparing with other studies, not only for 
mixed pulp and fresh fruit, but also for dried guava-
orange bars. Titratable acidity of all dried Guava-based 
samples and two Jackfruit-based samples without lemon 
juice increased, comparing to samples before cooking, 
which showed the same tendency recorded by Toor and 
Savage (2006) and Khazaei et al. (2008). Increased 
titratable acidity content could have positive effects on 
prolonging shelf life (Zomo et al., 2015) 

As for color testing, according to Rahman et al. (2020), 
the darker browning on the top side of the fruit-nut-bars 
can result from non-enzymatic ascorbic acid oxidation 
and enzymatic oxidation of polyphenols. In this study, 
products before drying were much brighter than dried 
final products, which lost the yellow-orange color. The 
reason for this is the degradation of β-carotene, when the 
temperature is higher than 22°C (Kläui and Bauernfeind, 
1981; Krokida and Maroulis, 1998). In the final products, 
the bottom side was brighter than the top side, because 
the bottom side was protected by the baking mat from 
direct heating. This uneven discoloration could possibly 
affect consumer acceptance, the dark brown color at the 
top side of products may not be appealing to them. In 
further studies, more attention should be paid to the 
protection of the product surface. 
 
 

Ascorbic acid, total phenolic content and β-carotene 
 

In this  study,  the  ascorbic  acid  content  of  the  Guava-  
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Cashew-Lemon bars before cooking was 81.19±0.37 
mg/100 g FM, which was similar to the value of 60:40% 
guava-orange bar reported by Srivastava et al. (2019). 
However, for Guava-Cashew-Lemon and Guava-Cashew 
samples after cooking, the results were less than 50 
mg/100 g FM, similar to the result of 40:60% guava-
orange fruit bar of Srivastava et al. (2019). This implies 
that the effect of cooking on the ascorbic acid content is 
similar to the effect of reducing the share of guava. Vice 
versa, an increased ratio of guava may lead to an 
increased content of ascorbic acid. The jackfruit-based 
bars showed much lower contents than guava-based 
bars. According to Shwetha and Ranganna (2016), 
different genotypes of jackfruit could also result in 
different levels of ascorbic acid, which could range from 
3.57 to 5.00 mg/100 g FM. Comparing results of products 
in this study, lemon juice led to relatively higher ascorbic 
acid content.  

Cooking led to nearly 30% loss of ascorbic acid in 
guava-based bars, compared with the value before 
cooking. Afterwards samples were dried under 70ºC to 
90ºC for 23 to 19 h, respectively. According to Siow and 
Hui (2013), ascorbic acid content in guava slices dried by 
convection for 9 hours at 40ºC decreased 27% compared 
to fresh fruits. Assuming that in this study ascorbic acid 
content in guava-based bars would decrease by 54% 
during the drying process; nearly 20 mg/100 g FM 
ascorbic acid would still be contained in the final 
samples. This could be beneficial to children as well as 
other population groups in East Africa when comparing 
with the recommended daily allowance. In order to avoid 
some diseases such as cardiovascular risks and cataract, 
110 mg ascorbic acid per day for an adult is 
recommended (Fain, 2004). For teenagers at the age of 
9-13 years old, the recommended dietary allowances 
(RDAs) of ascorbic acid are 45 mg per day (Institute of 
Medicine, 1998). Thus, a guava-nut-bar of 100 g could 
provide about half of the daily requirement of vitamin C 
for 9-13 years old children.  

Phenolic contents in guava samples with and without 
lemon juice before cooking showed no significant 
differences. The lowest result of guava-based-bars in this 
study (550.4±9.9 mg GAE/100 g FM) was higher than the 
results in the experiment of Patel et al. (2016), although 
in the current study only white fleshed guava was used. 
As Chiveu et al. (2019) has tested, phenolic content for 
red fleshed guava samples were higher than white 
fleshed ones. Consequently, products produced by red- 
fleshed guava in East Africa may contain more phenolics 
than products in this study, which is desirable as phenolic 
secondary metabolites are, attributed protective effects 
against different non-communicable diseases (Crozier et 
al., 2008). Jackfruit-based samples in this study showed 
higher values than the freeze-dried jackfruit chips 
measured by Yi et al. (2016) and jackfruit pulp measured 
by Shafiq et al. (2017). Overall, dried products of this 
study  showed  higher  phenolic  content than dried single  
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fresh fruit (guava and jackfruit) in other studies. One 
reason may be the use of different cultivars and the 
addition of mango with high phenolic content. In the 
experiment of Ongphimai et al. (2013), mango showed a 
result of 6646 mg/100 g DM of insoluble phenolic acids 
and 37 mg/100 g DM of soluble phenolic acids. In 
general, high phenolic content of products can have 
protective effects against diabetes, hypertension and 
cardiovascular disease (Liu et al., 2008; Sun et al., 2002; 
Visioli and Davalos, 2011; Yi et al., 2005). 

According to the results of β-carotene, it can be seen 
that in samples of guava, almost all samples before 
cooking had higher content than samples after cooking, 
which can be attributed to the heat sensitivity of β-
carotene. The contents of β-carotene in guava-based 
samples before drying were less than in the studies of 
Nwaichi et al. (2015) (0.38 mg/100 g), Leiton-Ramírez et 
al. (2020) (0.85 mg/100 g dry basis in fresh pink fruits), 
and Nora et al. (2014) (0.51 mg/100 g dry fruit in red 
guava). Since β-carotene is lipid-soluble (Palan et al., 
1994), peanuts and cashew nuts increased the fat 
content, which may lead to loss of β-carotene during 
measurement. After the 5-h-evaporation, there was still 
lipid inside the reaction tube that was not completely 
dissolved in MeOH/THF (1:1, v/v). As with the jackfruit 
samples, the samples with lemon juice in the same 
processing step showed a higher content of β-carotene 
than without, which can be explained by the protection 
effect caused by ascorbic acid, since β-carotene is 
sensitive to oxygen (Goldman et al., 1983). Result from 
Ahiduzzaman (2016) was lower than the most values 
from this study (except Jackfruit-Peanut samples), which 
might be due to the high content of β-carotene in mango 
(Godoy and Rodriguez-Amaya, 1989; Mercadante et al., 
1997). An average content of 1105 µg of β-carotene per 
100 g of ripe mango is given in the food composition 
table of Kenya (FAO/GOK, 2018). As mango is also 
highly perishable and seasonal, processing in 
combination with our key fruits would make a further 
contribution to prevent food losses and at the same time 
enhance the nutritional content of the new products. 

According to the Institute of Medicine in the USA 
(2001), β-carotene is one kind of provitamin A, which 
must be transferred into retinol after absorption in the 
small intestine. The Recommended Dietary Allowance 
(RDA) of vitamin A and preformed vitamin A depicted as 
the form of retinol activity equivalents (RAE) per day, is 
445 and 420 µg RAE per day for boys and girls, 
respectively, 9-13 years old (Institute of Medicine, 2011). 
Besides, the retinol activity equivalency (μg RAE) ratio for 
β-carotene from plant sourced food is estimated to be 
12:1 (Debelo et al., 2017), which means that every 100 g 
of the fruit-nut-bars could provide between 3.3 and 20 µg 
RAE. Overall, products in this study can provide more β-
carotene than single fresh guava or jackfruit but less than 
fresh mango, which can still be regarded as a reasonably 
good source of β-carotene for 9-13 years old children. 

 
 
 
 
Mineral content 
 
The fruit-nut-bars contained significantly higher amounts 
of minerals than single fruits. Taking K as an example, 
guava-based bars ranged from 934-1034 mg/100 g FW, 
which was higher than values measured by Chiveu et al. 
(2019) in freeze dried guava samples and values from 
USDA (2018) in fresh guava. This is due to the high K 
content of peanuts and cashew nuts (Settaluri et al., 
2012; Rico et al., 2016). Comparing results of jackfruit 
pulp gained from Ojwang et al. (2018), K was double as 
high as results of jackfruit-based bars in this study; Zn 
showed almost the same result. On the contrary, Mg was 
two times less than results of jackfruit-based bars in this 
study. The difference between results of other literature 
and fruit-nut-bars in this study may be due to different 
fruit species in different countries that were used for the 
experiment (Abedin et al., 2012).  

According to the Institute of Medicine in the USA 
(2011), for teenagers at the age of 9-13 years, the 
recommended dietary allowances (RDAs) of Fe and Zn 
are 8 mg each per day. Products in this study contained 
Fe and Zn from 4 to 7 mg / 100 g DM. Overall, both 
guava- and jackfruit-based bars of this study combining 
fruits and nuts can provide considerable amounts of 
minerals, which could contribute to a balanced diet of 
local people in East Africa. 
 
 
Textural profile analysis 
 
From these results, it is quite obvious that each sample 
had different texture behaviour, which is connected with 
the drying condition. Texture tests were performed to 
examine the maximum chewing force for customers to 
break these final products (expressed as max Peak 
Force). When the moisture content was less, the bars 
were quite easy (less force was needed) to be broken. 
Conversely, samples with higher moisture content were 
not as easy to break, which may be due to the less 
crispness (Yi et al., 2016). However, Vijayanand et al. 
(2000) showed an opposite result that guava leathers 
with higher moisture content had lower hardness.  

On average, the force for biting through the jackfruit-
based bars (max Peak Force) was smaller than that of 
guava-based bars. According to Yi et al. (2016) using a 
ball probe (p/0.25S), pear chips showed a result of 32.5 
N maximum peak force which was similar to values in the 
pre-test of guava-based bars in this study (33.86 N). After 
hot air-drying method, pear chips showed the largest 
value of 59.9 N maximum peak force (Yi et al., 2016), 
which was considered as a hard structure. In our 
investigation, most values of hardness (max Peak Force) 
were similar or even higher than the study of Vijayanand 
et al. (2000), namely more than 160 N with 7% 
equilibrium moisture content (EMC). They reported for 
guava-bars  higher  EMC  (15.4%)  and   lower  hardness  



 
 
 
 
(94.2 N) (Vijayanand et al., 2000). Overall, almost all final 
samples in this study could be defined as having a very 
hard structure (except Jackfruit-Peanut-Lemon samples). 
Moreover, although mouth feel properties are not 
necessarily related to the force of breakdown, attributes 
like stickiness and viscosity are still related to it (Stone et 
al., 2012). So, the value of max Peak Force also showed 
a relative sticky texture of the final products, which was 
also seen in the texture test; some products even stuck to 
the cylinder probe after testing. 

Crispness of the fruit-nut-bars was characterized by the 
number of peaks (Appendix Figures 1 and 2). In the study 
of Yi et al. (2016), pear chips with more compression 
peaks had crisper textures. Our results showed the same 
tendency, namely Jackfruit-Peanut-Lemon samples 
exhibited more than hundred peaks and had the highest 
crispness. At the same time, the maximum Peak Force of 
Jackfruit-Peanut-Lemon samples were the lowest among 
the investigated samples. Each sample showed a 
different texture, with almost all guava-based fruit-nut-
bars showing smooth curves with few compression 
peaks, indicating less crispness and a harder texture. 

As the acceptance between hard and softer products 
can vary to a great extent, it is important to understand 
the preferences of consumers. Bower and Whitten (2000) 
found a negative correlation between the force of 
chewing and the acceptance of cereal bars, meaning that 
increased chewing effort can lead to a decrease of liking. 
However, different customers have different preferences, 
and cultural background and age will play an additional 
role in the acceptance of a product (Köster, 2009). 
According to the sensory test in this study as tested with 
eleven East African participants, results showed a 
relatively moderate point (neither like nor dislike) of the 
overall acceptability. However, this small number of adult 
participants cannot be representative of local residents in 
East Africa, yet, show an acceptability trend. Further 
analysis of texture acceptability should be done in order 
to know more about the preference of the local 
population. The drying time can also be reduced to 
achieve a relatively higher moisture content (15%), so 
that the fruit-nut-bars are less hard to the bite, which can 
lead to better acceptability (Vijayanand et al., 2000). 
 
 
Conclusion 
 
In this study, eight different fruit-nut-bars based on two 
main fruits, guava and jackfruit were produced and 
tested. 

The bottom side of products had brighter color than the 
upper side and bars based on jackfruit showed brighter 
color than guava, which might have an influence on 
consumer acceptance. Texture showed quite different 
results for each piece of bars, which was also influenced 
by moisture content of the oven during drying procedure 
and, thus, will vary depending on the production facilities.  
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Ascorbic acid content increased with the addition of 
lemon juice and can possibly contribute to a longer shelf-
life.  

Total soluble solids showed an inverse result, which 
also indicates that fruit-nut-bars are “low-sugar-snacks”. 
Total phenolic content showed higher values than single 
fruits in other literatures, which can provide protective 
effects against several non-communicable diseases. 
Mineral contents in 100 g DM of fruit-nut-bars such as Fe 
and Zn could provide sufficient amounts for teenagers 
aged 9 to 13 years and to combine fruits and nuts seems 
to be advantageous. The content of β-carotene in 
samples before drying was higher than in fruit pulp of 
single fresh guava or jackfruit, however, data of dried 
product were not obtained and will be much lower 
because of the heat sensitivity of β-carotene.  

Overall, this study provides a simple method of 
processing local fruits. It is shown that guava- and 
jackfruit-based fruit-nut-bars can prolong the shelf life of 
fruits, so that they can be also consumed during off-
season when fresh fruits are either not available or very 
expensive. The bars provide essential nutrients such as 
ascorbic acid and mineral elements. When producing 
guava-based bars with different flesh color, the 
investigated ingredients may also show different values, 
for example, higher β-carotene values when pink fleshed 
guavas are used. In conclusion, these products can 
provide a nutrient rich and low-sugar snack especially 
during off-season and contribute to a diverse and 
balanced diet of local communities in East Africa. 
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APPENDICES 
 
Table 1. Sensory test of fruit bars. 
 

You are provided with six coded samples of fruit bars. Taste the samples and indicate how much you like or dislike the samples 
against the tasted attribute using a 5-point hedonic scale as follow: 1 = Dislike very much;  2 = Dislike moderately;  3= Neither 
like nor dislike; 4 = Like moderately;  5 = Like very much 

Attribute 
Sample code 

F1 F2 F3 F4 F5 F6 

Colour       

Consistency       

Mouthfeel       

Taste       

Aroma       

Overall acceptability       

       

Comments:…………………………………………………………………………………………………………………………………… 

Age: ……………………   Sex: …………………… 

 
 
 

 
 

Figure 1. Hardness and crispness parameters of guava-based fruit-nut-bars A: Guava-Cashew-Lemon and Guava-
Cashew; B: Guava-Peanut-Lemon and Guava Peanut. 
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Figure 2. Hardness and crispness parameters of jackfruit-based fruit-nut-bars A: Jackfruit-Cashew-Lemon 
and Jackfruit-Cashew; B: Jackfruit-Peanut-Lemon and Jackfruit Peanut. 

 
 

 

 

 

         

         

  

  


