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1. Introduction

Mango (Mangifera indica L.) is one of the most
widely cultivated crops in tropical and subtropical
Regions of the world (Altendorf, 2019). Mango
fruit is an important source of macro and micro
nutrients, and also non-nutrient compounds such
as phenolic compounds, flavonoids and other
polyphenols, chlorophyll, carotenoids, and volatile
compounds (Maria et al., 2019). Ethiopia has large
tract of suitable land for mango production with
the area of about 15,373.04 ha (CSA,
2018). Western and eastern Ethiopia are among
the major growing regions that account,
respectively, for 28 and 23% of the wholesale
market share of Addis Ababa (Semwanga et al.,
2008). In Harari region, mango is grown
dominantly in the central and lower parts of the
Bisidimo and Erer River basins including in the
vicinities of the Harar  city, Harawe
and Kile. According to Yeshitela and Nessel (2003),
farmer’s livelihood is highly supplemented by the
income from their mango trees, though there is a
declining trend in yield and quality of mango due
to old age, poor management and seedling

originated nature of the trees.

However, identified mango fruits ecotypes

with better quality both for growers and
consumers are not available and this is one of the
basic information lacking in Harari Regional State
mango production. Consumers’ preferences vary
for the different mango ecotypes being grown in
Harari regional states and the available mango

fruits ecotypes may also differ in their response to

the farmers’ management practices, which has its

own contribution to the postharvest
physicochemical qualities of the product. Limited
research was also done on postharvest
physicochemical quality of mango local ecotypes
in Harari region, eastern Ethiopia. Hence, studies
are needed to investigate consumer preference to
help the growers to produce according to
preferred quality that meet consumers’ value in
the market. This study, therefore, was initiated
with  the objective of evaluating the
physicochemical quality and sensory attributes of
mango  fruits under different  farmers’
management practices in Harari region, eastern
Ethiopia.
1. MATERIALS AND METHODS
2.1. Description of Experimental Site
Harari Regional State

Harari region is located in the eastern part of
Ethiopia between 42°03'-42°16' N and 9°11'-9°24'
E. The region is mainly categorized in two agro-
ecological zones, i.e. 90% of the land area of the
region is mid-high land, between 1400 — 2200

meter above sea level, while the remaining 10% is

lowland or kola (< 1500) (Sultan et al,
2011). Temperature ranges 17.1°C - 20.2°C
throughout the year. The average

annual amount  of precipitation is about 750-
1,000 mm (http: //hararconnection.com/hnrs.htm
[).Sofi is located at 09°15'40" to 09°16'22.7" N
latitude and 042 °10'22.7" to 042°11'29.6" E
longitude and elevation 1749 m above sea level. It
is characterized by sandy loam soil and relatively

warm temperature. It is 11 km from Harar town at
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the south-east side (Harari National Regional
State, Harar City Administration Urban Local
Government Development Project Office);
(Camilla,1997);(Christine, 1999).
2.2. Sample collection and preparation

Mango samples were collected from four
Farmers of Harawe kebele (from the specific
village of Barasar) of Sofi district of Harari Regional
State. Four most commonly grown ecotypes of
mango namely Amba Adi, Amba Bare, Amba Kurfa
and Amba Negus were identified and selected at
similar maturity level from the existing local
ecotypes. The four ecotypes of mangoes each
from the four farmers were harvested at dark
green stage from the middle portion of the tree
and the four directions; north, south, east and
west ignoring the top and bottom of the mango
tree. Those samples were packed in plastic bags
and sent to the Food Science Laboratory of
Haramaya University for physicochemical and
sensory quality analysis. The analysis were made
at four days interval during the 15 days storage
period at ambient conditions (i.e. day-3, day-7,
day-11 and day-15 after harvest for
physicochemical quality analysis whereas, day-3,
day-7 and day-11 after harvest for sensory quality
analysis). The differences in physicochemical and
sensory quality and storage stability of the mango
fruits among the ecotypes from different growers
were investigated. Total numbers of fruits used
for analysis were 2640 (660 fruits from each
which 1920 fruits for

ecotype); were

physicochemical and 720 fruits for sensory

evaluation.

2.3. Experimental design

The experiment consisted of a factorial
combination of 4 mango ecotypes and 4 farmers’
management practices with 3 replications in CRD
design. The four mango ecotypes (Amba Negus,
Amba Bare, Amba Kurfa and Amba Adi) and the
four growers were used as treatments and there
were 4 x 4 = 16 different combination treatments,

replicated 3 times.

Tablel
Key for the differences of the four farmers’
management practices
Farmers’ Weedin
managem  NPK Urea Ag  Organic g and
ent e matter cultivati
on
FiM Not Not 40 Rarely Rarely
appli appli - applied applied
ed ed 43
F2M Not Not 40 Appliedso Yes
appli appli - me times
ed ed 43
F3M Appli  Appli 40 Applied Yes
ed ed -
43
F4AM Not Not 40 Notatall No
appli appli -
ed ed 43

Source: own preliminary survey result, 2019

2.4. Analytical method

All mango samples were thoroughly washed with
double distilled water to eliminate any pollutant,
pesticide residue, dirt and dust from their surfaces
and stored at room temperature (25°C) and
relative humidity (65-70%). The fruit from each
mango cultivars were weighed, peeled, sliced and
blended to extract the juice from each mango
sample. Percentage weight loss and chemical
compositional analysis including titratable acidity,
pH, total soluble solids, total phenol content and
ascorbic acid were carried out at four days interval

during the 15 days of storage period as follows:
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Titratable acidity

AOAC titration method with 0.1N NaOH
titration was applied to measure titratable acidity
content. Three replicates of total acids were
taken. Titratable acidity as percentage of malic
acid of fresh tissue was determined following the
standard methods (AOAC, 2005). Ten ml fruit juice
was taken from each sample in a beaker, diluted
(1:4) with distilled water and titrated against N/10
NaOH solution after adding 2-3 drops of
phenolphthalein (C20H1404) as indicator. The
results were expressed as % malic acid.
Calculations were made by the formula (AOAC,
2005).

Titratable acidity (mg/100g) =
01N NaOH = mls NaOH used = 0.067 x50ml x LOD
Grams of sample used = 10ml

Where: 0.1N NaOH - is a constant used for
preparation of solution used for titration and
mls NaOH - is average burette reading for a
sample and 0.067 - is a constant for malic acid; the
dominant acid in mango fruits and 50ml
represents the dilution made with distilled water.
‘Gram of sample used’ represents weight of juice
taken from each sample for extraction which was
6g and 10ml represents aliquot taken for
examination (AOAC, 2005).
pH

The pH of mango fruit juice was recorded
according to (Anonymous, 1984) method using a
digital pH meter (Model: Jenway 3310). The pH

meter was standardized with the help of a

standard buffer solution prior to measurement.

Total soluble solids (TSS)

A handheld Refractometer (Tokyo, Japan) was
used for the determination of TSS. A drop of juice
was placed on the prism of the Refractometer, the
lid closed and TSS (°Brix) was noted directly from
the scale at room temperature. The TSS content
was then determined and the results was

expressed in °Brix (AOAC, 1997).

Sugar to acid ratio
Sugar to acid ratio was calculated from TSS and
titratable acidity according to (Rajak et al. 2014)
by using the formula:

S/A=  TSS/TA Where S/A =
Sugar to acid ratio
Total phenol content
Total phenol content was determined

according to Folin-Ciocalteu method (Sharma and
Gupta, 2010). With a little modification of the
Sample, 500 mg was extracted with 5 ml of
methanol (Methanol/water,) at room temperature
(25 °C) for 2 hrs. Aliquot of extract (200 ul) was
added to 1.5 ml freshly diluted (10-fold) Folin-
Ciocalteu reagent. The mixture was allowed to
equilibrate for 5 min and then mixed with 1.5 ml
of sodium carbonate solution (75 g/l). After
incubation at room temperature (25 °C) for 90
min, the absorbance of mixture was read at 760
nm (6505 uv/vis spectrophotometer, Model 6505,
U.K, GENWAY) and Methanol was used as a blank.
From the stock solution of standard gallic acid, a
series of nine standard solutions (0, 10, 20, 30, 40,
50, 60, 70, and 80ppm) were prepared (Figure
1). Total phenol content was estimated from the
calibrated curve as gallic acid equivalent (GAE) in
milligram per 100g and it was calculated using the

formula:
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Total phenol content (mg GAE /100 g) =

Where: pg/ml is the absorbance reading

concentration, Df is dilution factor, Sample mass —
the weight of a sample taken for extraction which
was 0.5g.

Where: pg/ml is the absorbance
concentration, Df is dilution factor
Figure 1

reading

(ug/ml) x Dfx 10The calibrated curve for estimation of the total
Sample mass x lﬂg

henol content
05
y = 0.0051x - 0.0546
0.4 #2=09515
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0.2
* —— Linear
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Ascorbic acid

Ascorbic acid content was determined by the 2,
6-dichlorophenolindophenol method (Fernandez
et al., 2006). An aliquot of 10 ml mango juice
extract was diluted to 50 ml of water with 3%
metaphosphoric acid in a 50 ml volumetric
flask. An aliquot was filtered and titrated with the
standard dye to a pink endpoint (persisting for 15
sec.). The ascorbic acid content (%) was calculated
from the titration value, dye factor, dilution and
volume of the sample using the following formula.
(mg/100 g) =

Titre x dyefactor x volume made up

Ascorbic acid

x 100%

volume of sample used

Where: volume of sample used = Weight of
sample taken for extraction (5g) x aliquot taken
for examination (10ml). Titre - average burette
reading and Dye factor — 0.05

Volume made up — 50ml - volume made with 3%
metaphosphoric acid.

Physiological loss in weight (PLW)

The weight of 5 fruits from each sample were
taken in each examination day using a precision
digital balance (Model: YP10002) to calculate loss
in weight during the storage period and then the
PLW was calculated as follows (Moneruzzama et

al., 2009).
PLW (%) =

evaluated. The 48 mango samples with 15 mango
fruits per sample were kept separate at the start
of the experiment for three round (day-3, day-7
and day-11) and 5 fruits from each sample were
taken in each examination day to determine the
sensory parameters. The evaluations were made
using 30 trained panelists sourced from staff and
students of Haramaya University with their age in
the range of 20-30 years. It was based on the 9
hedonic scales (1-Dislike extremely; 2- Dislike it
very much. 3- Dislike moderately; 4- Dislike it; 5-
Neither like it nor dislike it. 6- Like it; 7-Like it
moderately; 8- Like it very much; 9- Like it
extremely) (Srivastava and Kumar, 2007).
2.6. Statistical Analysis

All trials were carried out in triplicate and the
means are reported. Analysis of variance (ANOVA)
in Gen stat 18" edition statistical software under
completely randomized design with three
replications were applied to analyze the quality
(total soluble solid, sugar to acid ratio, pH,
titratable acidity, Ascorbic acid, Total phenol
content, Physiological Weight Loss, and Sensory
attributes; color, flavor, taste, aroma, texture and
overall acceptability) of mango fruit. Tukeys Test
(CD) was applied to

separate statistically

significant means (at 5 %) (Chase and Bown,

Weight of first interval (g)—Weight after interval (2997).

weight of first interval (g)
x 100

2.5. Sensory evaluation
flavor, texture and overall

Aroma, taste,

acceptability of mango ecotypes fruits were

2. RESULTS AND DISCUSSION
Postharvest physicochemical and sensory quality
parameters; titratable acidity, pH, total soluble
solid, sugar to acid ratio, ascorbic acid, and total

phenol content, physiological loss in weight, taste,
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texture, aroma, flavor and overall fruit
acceptability of four mango ecotypes; Amba Adi,
Amba Bare, Amba Kurfa and Amba Negus were
examined during the 15 days of the storage
period. The results obtained are presented and
discussed below.

3.1. Mango Fruit Chemical Composition

3.1.1. Effects of farmers’ management practices
on titratable acidity and pH of mango ecotypes

Titratable acidity

The result of analysis of variance exhibited
highly significant interaction effect of ecotypes
and farmers’ management on titratable acidity (p
< 0.001) throughout the 15 days storage period
(Table 2). Most of the treatments exhibited a
decreasing trend during the storage period;
hence, it implied that fresh harvested mangoes
are more acidic than fully ripened ones. Almost
the four mango ecotypes from Farmer 3 recorded
relatively the lowest TA values while Amba Bare
under management of Farmer 4 scored the
highest TA throughout the storage period. This
may be due to genetic variability and field
management practices by the different growers
contributing to the difference in chemical
composition among the ecotypes. The present
finding is in agreement with reports of Cordenunsi
et al. 2005 and Hossain et al. (2014).
pH

The interaction between ecotypes and farmers’
management practices exhibited highly significant
effect on pH (at p < 0.001) on 7%, 11" and 15"
days of storage period. At dark green state, mango

fruit is relatively high in acid content whilst

maintaining low pH than at fully ripened state.

This is due to the high acid content while low
sugar content of fruit at dark green state and the
reverse at fully ripened state, and this idea is in
agreement to Hossain et al. (2014). Half of the
treatments increased scoring the highest pH value
on 11" day of storage period and half of them
increased continuously throughout the 15 days
storage period (Table 2). High pH value was
recorded in Amba Kurfa under management of
Farmer 3 throughout the storage period, and
Amba Negus under management of Farmer 3
(5.93) on day 15 and Amba Adi under
management of Farmer 3 (6.03) on day 11. This is
because, Farmer 3 managed his mango trees
better than other farmers and the organic
management which was practiced could be the
source of nutrients enhancement of fruit quality
(Dutta et al., 2016).

The result of interaction (Table 2) depict that
Amba Bare pH was lowest almost with the four
farmers’ management practices particularly those
under management of Farmer 4 throughout the
storage period which was due to the poor quality
potential of Amba Bare and the completely poor
management of Farmer 4 could be the reason

behind the lowest pH recorded.
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Table 2

Effects of farmers’ management practices on titratable acidity and pH value of mango ecotypes at different days of the storage period

Mango ecotypes management Storage period (days)

practices 3 7 11 15 3 7 11 15

FMP1 1.104f 0.96°'% 0.34% 0.36/ 4.13° 4.51b 5.532bcd 5.17bcde

. FMP2 1.99bcd 1.81b«d 1.05¢ 0.59d%f 4.16° 4.32b¢ 4.97cd*" 5.632P

Amba Adi

FMP3 1.269%f 1.029fe 0.33f 1.21° 4.15° 4.70%°¢ 6.032 5.10¢de

FMP4 1.16° 0.71% 0.38f 0.58" 4.16° 4.71%¢ 5.34abcde 4.83d%f

FMP1 2.04b¢ 1.7Qbede 1.62b¢ 0.508" 4.10° 4.27vc 4.47%%h 5.23bcd

FMP2 2.32b¢ 2.26°%b¢ 1.41¢ 0.411 4.12° 4.51b¢ 4.61¢%" 5.592b¢
Amba Bare

FMP3 0.96 0.86% 0.48 0.61% 4.17° 4.61%" 5.692b¢ 5.04%f

FMP4 3.41° 2.78° 2.12° 2.21° 4.06° 4.05¢ 4.21" 4.14h

FMP1 1.86%% 0.388 0.35 0.43M 4.12° 4.713b¢ 5.83% 5.07¢%f

FMP2 2.20b¢ 1.90%° 1.34¢ 1.21° 4.12° 4.28¢ 4.81¢¢feh 4.59fh
Amba Kurfa

FMP3 0.86 0.67¢ 0.28¢ 0.27¢ 4.17° 5.32 5.37@abcde 5.87°

FMP4 2.6° 2.32% 1.06° 0.52f 4.12° 4.19¢ 4.66°f" 5.64%°

FMP1 2.41% 1.96%¢ 1.65° 0.66¢ 4.10? 4.28¢ 4.89¢efeh 4.97°%f

FMP2 1.97bcd 0.588 0.38f 0.56¢f 4.18? 5.07%° 5.662"¢ 4.70¢%f
Amba Negus

FMP3 1.15¢ 0.91°¢f% 0.53f 0.26¢ 4.18° 4.68%"¢ 5.2Qbcdef 5.93°

FMP4 2.12bc 1. 5edef 1.21¢% 1.09¢ 4.12° 4.28b 4.378" 4.258"
CV% 13.19 18.76 8.35 3.38 1.36 6.08 4.83 3.14
SE + 0.1979 0.2144 0.0615 0.0195 0.0460 0.225 0.201 0.130
CD (0.05) 0.7372 0.7988 0.2292 0.0727 0.1712 0.839 0.749 0.488
Signiﬁcance % %k %k % %k %k % %k %k EX 33 NS EX 3 3 % %k %k % %k %k

0.001. Means followed by common letters with in a column are not significantly
Note: CV (%): Coefficient of variation in percent. SE: Standard error, CD: Critical different at P > 0.05.
difference, NS: Non-significance at P > 0.05 and ***: Significance at P <
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3.1.2. Effects of farmers’ management practices
on total soluble solids and sugar to acid ratio of
mango ecotypes

The interaction of ecotypes and farmers’
management practices  exhibited highly
significant (p < 0.001) effect on total soluble
solids (TSS) and sugar to acid ratio (TSS: TA)
throughout the 15 days of storage period. The
value of half of the treatments increased, scoring
the highest TSS and TSS: TA on 11 day of storage
period and decreased again while the remaining
increased continuously throughout the 15 days of
storage period (Table 3). The increase in TSS
could be due to the breakdown of carbohydrate
into simple sugar by enzymatic activities which is
in association with increase in respiration in fruit
at standard temperature. Zheng et al. (2012) and
Li et al. (2014) also reported similar results. The
change of trend of some of treatments after day
11 may be attributed to the dynamic change from
one developmental state to another. In this case,
there is change from ripening state and onset of
senescence, and the day further than 11 day may
be beyond their shelf life which could be
influenced by genetic variation among cultivars
and farmers’ management practices particularly

the role calcium (Ca) has in extending the shelf

life of the fruits (Passam et al., 2007).

Amba Kurfa grown by Farmer 3 scored the
maximum TSS and TSS: TA throughout the
storage period ((11.5 °Brix, 17.37 °Brix, and 22.67
"Brix, 22.20 ‘Brix on the respective days of 3, 7, 11
and 15) and TSS: TA (13.4, 31.35, 82.01 and 81.04
on the 3, 7, 11™ and 15 days of the storage

period)) than the other three ecotypes while the

lowest results of TSS and TSS: TA was recorded by
of Amba Bare grown by Farmer 4. Because of the
genetic difference that exists naturally among
fruit crops, and better management practices by
Farmer 3, the interaction between Farmer 3 and
Amba Kurfa and Amba Adi (on day 11) scored
other treatment

than the

(Table

better quality

combinations 3). In addition, the
genetically controlled poor quality potential of
Amba Bare and the completely poor farm
management of Farmer 4 could be the reason
behind the lowest TSS recorded by the Amba
Bare grown by Farmer 4. This is in line with the
reports of Cordenunsi et al. (2005) and Scalzo and

Mezzetti (2010).
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Table 3

Effects of farmers’ management practices on total soluble solids and sugar to acid ratio of mango ecotypes at different days of the storage period

Mango ecotypes Farmers Total soluble solid Sugar to acid ratio
managemen Storage period (days)
t practices 3 7 11 15 3 7 11 15
FMP1 6.53 13.87b< 15.37¢f% 14.378h 5.99b¢d 15.4¢ 45.63¢ 40.28%
Amba Adi FMP2 6.0 13.37¢de 14.77¢f 20.42b¢ 3.0%¢fe 7.52¢ 18.88f 34.36%
FMP3 9.4 14.37" 23.4° 12.37" 7.65% 14.29¢ 71.26° 10.228
FMP4 10.1% 13.37¢de 19.87° 11.83 8.8° 20.22° 38.85 23.61°
FMP1 5.03¢ 8.37f 18.47% 17.37%f 2.47¢f 5.06°f 11.37¢" 35.57¢
Amba Bare FMP2 5.0¢ 14.37%¢ 16.37¢% 18.4¢%de 2.2 6.36% 11.648" 45,235
FMP3 8.03% 15.37° 9.87" 15.43f 8.6° 22.23° 20.57¢ 25.47¢
FMP4 5.0¢ 6.378 10.37" 8.87 1.498 2.28f 4.89" 4.02¢8
FMP1 10.03%° 12.3¢% 17.7¢ 11.4 5.4¢de 32.682 45.42°¢ 26.34%
Amba Kurfa FMP2 6.37¢ 11.6° 14.87¢f 14.37¢" 2.96¢%f 6.1d® 11.48" 11.85%
FMP3 11.52 17.372 22.67° 22.20° 13.4° 31.352 82.01° 81.04°
FMP4 5.03¢ 13.37¢de 19.0b° 19.4bcd 1.988 5.78¢ 17.89% 37.145¢
FMP1 5.7¢ 9.37f 17.5< 16.37¢f 2.37¢°f 4.88°f 10.63" 24.93¢
AmbaNegus FMP2 5.5 12.37¢% 14.1% 10.83 2.79¢f 22.1° 37.16° 19.5¢f
FMP3 6.03% 13.03¢e 13.98 21.37% 5. 3cdef 14.82¢ 26.54¢ 81.032
FMP4 6.03° 13.37¢de 13.878 11.4 2.84¢f8 9.24¢ 11.438" 10.528
CV% 12.52 5.16 3.51 5.03 21.35 8.12 7.70 8.43
SE + 0.7111 0.5327 0.4666 0.6323 0.8436 0.9132 1.8306 2.1981
CD (0.05) 2.649 1.9844 1.7382 2.3556 3.1426 3.4020 6.8194 8.1886
Signiﬁcance 3k %k %k %%k %k 3k %k %k * %k %k %k %k k 3k %k % %k 3k %k %k 3k %k

common letters with in a column are not significantly different at P 2
Note: CV (%): Coefficient of variation in percent. SE: Standard error, CD: 0.05.

Critical difference and ***: Significance at P < 0.001. Means followed by
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3.1.3. Effects of farmers’ management practices
on ascorbic acid and total phenol content of
mango ecotypes

The interaction between ecotypes and Farmers’
management practices exhibited highly significant
effect on ascorbic acid (at p < 0.001) content of
mango fruits (Table 4). All of treatments exhibited
a decreasing trend throughout the 15 days storage
period which could be attributed to the highly
susceptible nature of ascorbic acid to oxidative
degradation during ripening. This is in agreement
with the results of (Faasema et al., 2014). The
maximum results of ascorbic acid were recorded by
Amba Negus under management of Farmer 3
(57.19, 48.3 and 29.64 mg/100g on days 7, 11, and
15, respectively), and Amba Kurfa under
management of Farmer 3 (73.19 mg/100g) on day
3 and Amba Kurfa under management of Farmer 2
(56.58 mg/100g) on day 7 (Table 4). This might be
due to the relatively good management practices
of Farmer 3 and organic fertilizer, used by Farmer 3
and Farmer 2, could be the source for
macronutrient like Ca, S and micro nutrients like
Zn, B, and others, which could enhance fruit
quality. There is even large variation of the same
ecotypes with different management practices and
this implies that balanced plant nutrition and other
cultivation factors are very important in defining
mango ecotypes fruit quality, and there could also
be large genetic and chemical compositional
variation among ecotypes of fruit species which is
controlled hereditarily (Cordenunsi et al., 2005;

Scalzo and Mezzetti, 2010; Ali et al., 2012).

The interaction effect of ecotypes and farmers’

management on total phenol content was highly

significant at p < 0.001 on 7", 11" and 15™ days of
storage period (Table 4). Most of treatments
demonstrated that there was a sharp increase in
total phenol content throughout the storage
period and some of the treatments steadily
increased up to 11" day and then decreased during
the ripening process which is in agreement with
Hdider et al. (2013) and (Zuhair et al., 2013). From
7" to 15™ days of storage period, maximum record
of total phenol content was exhibited in Amba
Kurfa grown by Farmer 3 (23.67, 37.43 and 30.06
mg GAE/100g on the respective days of 7, 11 and
15). Amba Kurfa grown by Farmer 2 also exhibited
highest phenolic content on 15" day whereas
Amba Bare under all management practices
recorded lower values of phenolic contents (Table
4). These variations might be attributed to the
differences in chemical composition that exist
among mango ecotypes which could be controlled
hereditarily and the clear differences in
management practices that were made by the four
farmers. This is in line with Dario et al. (2010) and

Vason et al. (2010)
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Table 4

Effects of farmers’ management practices on ascorbic acid and total phenol content of mango ecotypes at different days of the storage period

Mango ecotypes Farmers Ascorbic acid Total phenol content
nmtanageme Storage period (days)
oractices 3 7 11 15 3 7 11 15
FMP1 24.838 22.59¢% 20.99¢ 15.2f 5.012 5.84¢ 17.93¢ 7.4¢
Amba Adi FMP2 24.748 22.74% 20.29°f 16.9°% 5.63° 6.25% 7.09 22.63°
FMP3 51.16¢ 28.77¢ 21.68% 19.7¢%f 6.69° 17.23° 22.46° 15.1¢
FMP4 20.470 15.89% 14.888 12.78 6.64° 8.44¢ 31.9° 11.32°%
FMP1 23.71¢80 23.12¢ 20.44¢ 13.07¢ 6.27° 7.26% 10.158" 8.58¢
Amba Bare FMP2 38.25¢ 27.97¢ 22.7d® 16.9¢°f 6.01° 6.7% 7.16' 8.1¢
FMP3 44.91¢ 38.9° 32.5¢ 24,20 5.38? 6.29¢% 6.31 11.17%
FMP4 23.888" 21.57¢% 15.99% 14.668 6.62° 7.13¢% 8.44M 8.53¢
FMP1 19.96% 19.47¢f 14.698 13.68 6.66° 16.55 20.38% 17.5¢
Amba Kurfa FMP2 61.83° 56.58° 41.33° 28.1% 6.29° 7.79% 11.18 31.09?
FMP3 73.19? 38.13° 35.11¢ 21.1¢d 6.68° 23.67° 37.432 30.06°
FMP4 29.44f 27.63¢ 25.8¢ 16.9¢°f 6.67° 8.24¢% 14.32f 25.69°
FMP1 21.02"i 17.29% 15.38 14.28 6.29° 8.64¢ 18.97% 11.33°%
AmbaNegus FMP2 40.33¢ 38.47° 33.3¢ 25.43bc 6.31° 14.68° 21.63¢ 22.96°
FMP3 60.46° 57.19° 48.3? 29.64° 6.37° 7.15% 7.54 9.07¢
FMP4 17.05% 15.74¢ 14.38 13.69¢ 6.69° 7.09¢% 7.35 10.53¢
CV% 3.10 4.06 5.73 8.29 10.08 8.08 5.07 8.58
SE + 0.9105 0.9789 1.1624 1.2520 0.52 0.6551 0.6469 1.0987
CD (0.05) 3.39 3.65 4.33 4.66 1.92 2.44 2.41 4.09
Signiﬁcance 3k %k %k %%k %k 3k %k %k %%k %k NS FEX3 sk k k sk ok k

Note: CV (%): Coefficient of variation in percent. SE: Standard error, CD: Critical difference, NS: Non-significance at P > 0.05 and ***: Significance at P <
0.001. Means followed by common letters with in a column are not significantly different at P > 0.05.
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3.2. Mango Fruit Physical and Sensory Quality

3.2.1. Effects of farmers’ management practices
on percentage weight loss, on fruit taste and
texture of mango ecotypes
Percentage weight loss

The result of analysis of variance showed highly
significant (at p < 0.001) interaction effect of
ecotypes and farmers’ management on
percentage physiological loss of weight of mango
fruits. All treatments demonstrated a sharp
increase in percentage physiological weight loss
throughout the storage period which might be
attributed to the gradual increment of
transpiration in fruit during ripening at ambient
condition. The result is in agreement with report
by Khalig et al. (2015). The highest loss was
exhibited by Amba Bare under management of
Farmer 4 (9.66%, 12.12% and 16.37% on 7%, 11t
and 15" days of storage period, respectively)
whereas the lowest values were recorded from
Amba Kurfa under management of Farmer 3
throughout the storage period (Table 5).
Accordingly, the lowest record of weight loss by
Amba Kurfa and Amba Negus ecotypes of Farmer
3 might be attributed to best shelf life trait in
them which is hereditarily controlled and the
access of the ecotypes to both chemical and
organic matter, which are the source of calcium
(Ca) and boron (B) which has great role in
maintaining fruit firmness and delay respiration
and transpiration in fruits thereby extends fruit
shelf life. Similar ideas were suggested by Jones et
al. (1970), Singh et al. (1982), Mika (1983) and

Smit and Combrink (2004).

Fruit taste

The interaction effect of mango ecotypes and
farmers’ management on mango fruit taste was
highly significant (at p < 0.001). As it was
determined by the trained panelist, mango taste
overall liking gradually increased during the
storage period (Table 5). Amba Kurfa ecotypes
under management of Farmer 3 on days 7 and 11
and Amba Adi under management of Farmer 3 on
day 3 were best in taste whereas, Amba Bare
ecotype under management of Farmer 4
throughout the storage period were inferior in
taste (Table 5). Taste is affected by nutritive
quality parameters like TSS, PH, and Acidity which
have considerable effect on sweetness, sourness,
bitterness and astringency (Barrett et al., 2010).
Amba Kurfa and Amba Adi under management of
Farmer 3 had relatively the highest TSS and pH
whereas; Amba Bare under management of
Farmer 4 had the lowest TSS and pH (Tables 2 and
3). The variation in these nutritive compositions
could be the basis for high taste preference of
Amba Kurfa, Amba Adi ecotypes and the low
preference of Amba Bare, which might be
hereditarily controlled (Scalzo and Mezzetti, 2010;
Isaac et al. (2015) and the differences in
management practices.

Fruit texture

The result of analysis of variance demonstrated
the interaction effect of mango ecotypes and
farmers’ management on mango fruit texture was
highly significant (at p < 0.001) on days 3 and 11
whereas, it was highly significant (at p < 0.01) on
day 7. As it was determined by the trained

panelist, mango overall textural satisfactoriness
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gradually increased giving the lowest value at the
start of the storage period, and relatively high
value as mango gets ripened towards the end of
the storage period (Table 5). The mean textural
value determined by the panelist revealed that
Amba Negus ecotype under management of
Farmer 3 throughout the storage period and
Farmer 2 on day 3 was more liked in texture than
other ecotypes. Whereas, Amba Bare ecotypes
under management of Farmer 4 throughout the
storage period, and Farmer 2 on day 7 were
disliked by panelist evaluators (Table 5). Generally,
the result exhibited that there is great variation in
texture of the four ecotypes. Amba Negus ecotype
was best in texture while Amba Bare ecotype was
poor as determined by the panelists. The principal
difference in texture might be attributed to the
variation of fruit ecotypes in their composition;
water, total soluble solids, insoluble solids and cell
wall composition like cellulose, hemicelluloses,
pectin and proteins (Barrett et al., 2010). The
significant variation among mango ecotypes may
also be found in turgor pressure of the cell wall.
The result is in agreement with Isaac et al. (2015)
who suggested fruits of different cultivars differ in
size, color, texture, and flavor as well as in storage
potential. Besides, the difference in Farmers’
management practices could also make variation
in sensory quality among ecotypes. Farmer 3
mango trees under

were relatively better

management practices. Accordingly, ecotypes
grown by Farmer 3 are likely to be better in
sensory quality. Eman et al. (2007) suggested that
organic management in apple improves fruit

eating quality. Thus, the low in textural quality of

Amba Bare mango ecotypes grown by Farmer 4
might be in one way attributable to generally poor

management practices of Farmer 4.
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Table 5

Effects of farmers’ management practices on Percentage weight loss, fruit taste and texture of mango ecotypes

Percentage weight loss

Fruit taste

Fruittexture

Mango Farmers management Storage period (days)
ecotypes practice 7 1 15 3 7 1 3 7 1
FMP1 3.2658 7.49¢ 11.16°% 2.05M 4.4978" 6.27¢def 3.54¢ 4.96%f 5.720f
Amba Adi FMP2 7.15¢ 10.58° 14.67%® 4.45¢ 5.597¢def  7,4abcd 3.40¢ 6.4932bcd 6.3bcdef
FMP3 4.63% 4.938h 9.39¢f 5.81° 7.032 8.47% 5.30% 5.21¢% 7.4973bcd
FMP4 2.908h 3.570 7.09M 2.31¢8 5.209%fe 7.6%% 2.7%f 5.93¢ 5.97cdef
FMP1 8.77° 9.93° 10.87¢%f 2.98¢ 4.83fen 5.9¢f 1.93f 3.51f 7.Q2bede
Amba Bare FMP2 4.68% 5.078" 11.57¢ 1.85 5.14defgh 6.4¢def 1.66f 2.738 6.1 bcdef
FMP3 5.4¢ 8.73¢ 9.08efeh 2.41f 6.4973¢ 6.179%f 1.97¢f 4.0°f% 6.5Pcdef
FMP4 9.656° 12.122 16.37° 1.54 4.16" 5.77f 1.79f 2.588 5.0f
FMP1 3.398 6.44¢ 9.1¢feh 5.45b 6.27% 6.47°df 4.23b 3.66¢°f 6.59Pcdef
Amba Kurfa FMP2 3.75f 5.44f¢ 8.75fe" 3.18¢ 5,77 6.17%f 3.23¢  .43bcd 5.897¢def
FMP3 1.21" 2.84 6.06' 2.65 7.37° 8.6° 3.63« 5.96< 77%¢
FMP4 4.07°f% 10.38° 12.97% 2.01M 4.83fen 6.73¢cdef 3.8 3.99¢f 5.587¢f
FMP1 5.32¢ 6.36°f 12.02 3.05¢ 6.03Pbcd 7.43bcd 3.80¢ 7.992° 6.973bcde
AmbaNegus FMP2 4.41° 7.78¢ 8.27¢" 3.01¢ 5.96¢de 7.2bcde 5.82° 5.13¢% 7.84%
FMP3 2.04" 4.23M 11.85¢ 3.05¢ 4.997¢feh 6.130%f 5.83° 8.057° 8.51°
FMP4 7.065¢ 7.1% 9.719fs 4.11¢ 5.68cdef 6.239%f 3.38 6.86%¢ 7.453b¢
CV% 5.71 4.54 6.68 3.17 5.88 6.42 12.20 10.01 8.93
SE + 0.2245 0.2621 0.5787 0.08 0.269 0.357 0.349 0.4265 0.4907
CD (0.05) 0.8364 0.9762 2.1558 0.301 1.004 1.330 1.3000 1.5889 1.8279
Significance 3k k ok 3k k k 3k k k * k% kk ok %k k %k k *k kk ok

Note: CV (%): Coefficient of variation in percent. SE: Standard error, CD: Critical difference, **: Significance at P < 0.01 and ***: Significance at P < 0.001. Means followed by
common letters in a column are not significantly different at P > 0.05.
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3.2.3. Effects of farmers’ management practices on
fruit aroma, flavor and overall fruit acceptability of
mango ecotypes

Fruit aroma and flavor

The minimum values of aroma and flavor were
recorded at the beginning of the storage period
while the maximum values were recorded towards
the end, on day 11 (Table 6). The more liked mango
aroma was exhibited by Amba Kurfa under
management of Farmer 3 on days 3, 7 and 11 and
Amba Kurfa under management of Farmer 1 and
Amba Adi under management of Farmer 2 on day 7.
The less liked aroma was exhibited by Amba Bare
under management of Farmer 4 on days 3, 7 and
11, Amba Bare under management of Farmer 1 and
Farmer 2 on day 3 (Table 6). Amba Kurfa ecotypes
liked

were most in aroma while Amba Bare

ecotypes was disliked. Similarly, Amba Kurfa
ecotypes under management of Farmer 3 on day 7
and Amba Adi under management of Farmer 3 on
days 3 and 11 had best flavor whereas, Amba Bare
ecotypes under management of Farmer 4 on days 3
and 7, Amba Bare under management of Farmer 1
on day 11 and Amba Bare under management of
Farmer 2 on day 3 were found to be inferior in
flavor (Table 6). In general, great variation in
preference of aroma and flavor was manifested
among the ecotypes and this could be attributed to
the genetic differences that led the fruit ecotypes to
evolve into distinct sensory qualities. Isaac et al.
(2015) also reported that fruits of different cultivars
differ in size, color, texture and flavor. The highest
record of Amba Kurfa and Amba Adi under

management of Farmer 3 could be attributed to the

accessibility of Farmer 3 mango trees to NPK, Urea

and organic matter, weeding and cultivation or soil
working. Accordingly, ecotypes grown by Farmer 3
are likely to be better in aroma and flavor. The
result is in agreement with Dutta and Kundu (2012)
and Dutta et al. (2016)
Overall fruit acceptability

Overall acceptability increased sharply with high
values recoded towards the end of the storage
period. Consumer overall acceptance is brought
about by the combination of the critical factors of
sensory excellence like aroma, taste, appearance,
texture and flavor. Accordingly, Amba Kurfa was
superior in most of sensory quality parameters
particularly under management of Farmer 3 which
could be attributed to the better management
practices where Farmer 3 applied NPK, Urea and
organic matter, weeded and cultivated his mango
trees compared to lowest record of ecotypes grown
by other farmers due to their relatively poor farm
management practices. The result is in agreement
with Eman et al. (2007) and Dutta et al. (2016).
Amba Bare under management of Farmer 4 was

inferior in all the sensory quality parameters.
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Table 6

Effects of farmers’ management practices on fruit taste, aroma and overall fruit acceptablity of mango ecotypes

Mango Farmers Fruit aroma Fruit flavor Overall fruit acceptability
ecotypes manageme Storage period (days)
nt
practices
3 7 11 3 7 11 3 7 11
FMP1 3.54bcde 5.96%b¢ 7.973bcd 3, 72bcde 6.292bcd 8.30% 1.967" 4.4 6.419%
Amba Adi FMP2 4.12b 6.5° 7.2cdef 4.322b 6.6220 7.27]2bcd 4.37¢ 5.5cde 7.592bcd
FMP3 3.72bcd 5.962b¢ 8.172b 4.78° 6.132bcde 8.452 5.337° 6.932 8.532
FMP4 2.72¢f 5.20¢de 7.973bc 3,3 2bcdef 5.410%fe 8.16%° 2.237¢8h 4.73¢f% 7.83abc
FMP1 2.54f 4.86°f 6.5% 3.05¢def 5.02f 6.43¢ 2.867¢ 5.06%" 6.038
Amba Bare FMP2 1.93f 5.58bcde 7.00¢%fe 2.12f 5.79bcdef 7.202bcd 1.78 5.03%fe 6.530%fe
FMP3 4.0° 5.03¢€f 8.032b¢ 4.147%¢ 5.22¢f 8.232b 2.3178 6.420¢ 6.31¢f
FMP4 2.56f 4.23f 6.28 2.42f 4.428 6.73¢ 1.467 4.038 5.908
FMP1 2.80f 6.50° 7.10%defe 3.652bcde 6.75%° 7.26°2bcd 2.537% 6.18°¢ 6.59¢defe
Amba Kurfa FMP2 3.76° 5.832bcd 7.3bcdef 3.982bcd 6.052bcde 7.532bcd 3.097¢ 5.67% 6.36%"
FMP3 4.94° 6.52 8.3? 2.72¢f 6.85° 8.077%¢ 5.717° 7.32 8.632
FMP4 2.85¢de 5.44¢de 6.5% 2.9gcdef 5.52cdef 6.70% 1.92N 5.1df 6.85defe
FMP1 2.83cdef 6.4% 7.4630cde 2.820ef 6.482bc 7.632bcd 2.937¢° 5.93bcd 7.5abede
Amba Negus FMP2 2.80ef 5.932bcd 7.7973bcd 2.850f 6.043bcde 7.96°%0¢ 2.897¢ 5.82¢ 7.3bedef
FMP3 3.9° 6.432b 6.83¢fe 4.022bcd 6.6220 7.03bcd 2.987¢° 4.9%fe 6.25%
FMP4 3.6bede 5.26¢% 7.03defe 3.82@bcde 5.450%f 7.232bcd 3.997¢ 5.57¢de 6.350¢fe
CV% 9.27 5.20 4.19 11.77 5.55 6.12 3.72 6.18 5.93
SE + 0.2491 0.2430 0.2508 0.329 0.268 0.375 0.0919 0.2793 0.3360
CD (0.05) 0.9280 0.9054 0.9343 1.225 0.999 1.398 0.3424 1.0403 1.2519
Significance * %k % * %k %k %k % * %k % * %k * %k % %k %k * %k %k * %k %k

Note: CV (%): Coefficient of variation in percent. SE: Standard error, CD: Critical difference, **: Significance at P < 0.01 and ***: Significance at P <
0.001. Means followed by common letters in a column are not significantly different at P > 0.05.
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3. Conclusions
The results of the study revealed that the combination

of both mango ecotypes and the different farmers’
management practices  significantly  affected
physicochemical and sensory parameters of mango
fruits. The most preferred mango aroma was Amba
Kurfa grown by Farmer 3 followed by Amba Adi grown
by Farmer 2. Amba Negus grown by Farmer 3 had the
most preferred texture while Amba Kurfa followed by
Amba Adi grown by Farmer 3 had the most preferred
taste. Likewise, Amba Kurfa and Amba Adi grown by
Farmer 3 were most preferred in their flavor. Overall
acceptability was best for Amba Kurfa grown by
Farmer 3 whereas Amba Bare grown by Farmer 4 had
the least preferred overall acceptability. This showed
that different ecotypes have different physicochemical

Kurfa
fresh

and sensory characteristics where Amba

ecotype would be most suitable for
consumption due to its higher physicochemical and
sensory quality than the rest.
Generally, Amba Kurfa under Farmer3 Managemen-t
practices, was found to be likely good in the
overall physicochemical and sensory quality attributes
, and meet the demands of the consumer which was
verified by panelists’ acceptance level.
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	Indigenous Knowledge Systems as Drivers of Innovation and Development in Ethiopia
	Alexander Haymanot Abrha1*
	Department of Civics and Ethical Studies, CSSH, Raya University, Maichew, Ethiopia
	Abstract
	Despite growing recognition of the importance of indigenous knowledge, its potential as a driver of innovation and development remains largely untapped. While there is increasing rhetoric about the need to integrate indigenous knowledge into development initiatives and innovation policies, genuine inclusion remains elusive. This study explored the role of indigenous knowledge to drive innovation and development in Ethiopia. Employing a qualitative research approach with a case study orientation, this study used primary and secondary data sources that were collected using interviews, focus group discussions, and desk review. Study participants were selected using purposive and snowball sampling techniques. Data were analyzed using the thematic analysis method. This study reveals that indigenous knowledge, encompassing accumulated wisdom, skills, and philosophies developed by indigenous people over generations, is increasingly recognized as a vital resource for impactful innovation and development. This study indicates multifaceted ways in which indigenous knowledge contributes to environmental conservation, food security, healthcare, disaster resilience, traditional governance, cultural preservation, conflict resolution and societal transformation. Despite its immense potential, indigenous knowledge systems in Ethiopia have been marginalized and gradually pushed to the periphery by modernity and contemporary governance, reducing their relevance and impact in innovation and development. The findings imply that, although indigenous knowledge in Ethiopia constitutes a largely untapped asset for promoting community well-being, environmental sustainability, and socioeconomic resilience, its potential has been constrained by its marginalization in favor of Western-oriented approaches. Ethiopia needs to empower communities by integrating indigenous knowledge into innovation, education, and development policies through strong legal support, funding, and local participation.
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	Abstract
	This study presents the design and numerical evaluation of a single-tank thermocline thermal energy storage (TES) system for solar thermal applications aimed at improving energy access in rural Ethiopia through small to medium-scale concentrated solar power (CSP) integration. A two-dimensional model using Computational Fluid Dynamics (CFD) and the Finite Element Method (FEM) simulated unsteady, incompressible laminar flow and heat transfer in a vertical cylindrical tank modelled as an isotropic porous medium. The system used water as the heat transfer fluid and operated between 55°C and 98°C, with a height-to-diameter ratio of 1.2. The computational mesh included 3,938 domain elements and 192 boundary elements, with a maximum element size of 0.01 m. During charging, hot water introduced at the top formed a thermocline that moved downward, reaching a thickness of 0.263 m after 7,200 seconds. The flow remained laminar, with a peak velocity of 0.02 m/s and a Reynolds number of about 1,078, while a pressure gradient of 2.49 kPa developed from top to bottom. The performance index was approximately 0.95, indicating strong stratification and minimal mixing. During discharging, reverse flow from the bottom reached a velocity of 0.002 m/s with a Reynolds number near 769, and the thermocline rose to 0.25 m by 7,200 seconds, maintaining separation of hot and cold zones. Enthalpy increased from 2.25 J/m³ to 2.55 J/m³ during charging and decreased from 4.0 J/m³ to 3.75 J/m³ during discharging, reflecting efficient energy storage and release. Overall, the results confirm stable thermal stratification, high energy efficiency, and the suitability of the proposed water-based thermocline TES for cost-effective, off-grid solar thermal energy applications.
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	Abstract
	The aim of this study is to address how smallholder farmers perceived climate change and the need to analyze the link between local perceptions and climatic data, which is very crucial to design context interventions and policies toward supporting adaptation measures. This study collected data from 384 randomly selected respondents in 18 kebeles over three districts, using focus group discussions, climate data analysis (Mann-Kendall tau test and Sen’s slope), descriptive statistics, and an order logit model. Most respondents reported that climate had changed notably with raised temperatures, declined rainfall, and a delayed rainy season as well as an increased intensity of drought and flood. Climatic patterns confirmed a significant increase in minimum and maximum temperatures during most seasons and years. While rainfall trends exhibited inter-seasonal variability, a significant increase was observed in long wet and autumn periods. Key findings reveal that the link between farmers’ perceptions and climatic patterns revealed strong correlations with temperature changes but some inconsistencies regarding rainfall trends. The order logit model results revealed that the respondents’ farm experience, educational level, livestock ownership, exposure to crop failure, total income, access to climate change information, and farmland fertility have significantly influenced their perceptions. Focusing interventions on these socio-demographic, institutional, and risk exposure variables will positively enhance farmers’ perceptions of climate change, which, in turn, can contribute to enhanced ecological resilience to climate change.
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	Abstract
	Barley is a vital crop for smallholder farmers in Ethiopia’s highlands, but productivity is constrained by poor soil fertility and inadequate fertilizer management. A field experiment was conducted in Southeastern Tigray during the 2017/18 Ethiopian cropping rainy season to evaluate the effects of macronutrients (N and P) and micronutrients (Fe and Zn) on barley yield, yield components, and grain quality. A split-plot design with three replications was used, with three N and P treatments (MA1 = control, MA2 = 100 kg Urea ha⁻¹ + 100 kg DAP ha⁻¹, MA3 = 50 kg DAP ha⁻¹ + 50 kg Urea ha⁻¹) as main plots and four Zn and Fe foliar treatments (P1 = control, P2 = 25 kg Zn ha⁻¹, P3 = 25 kg Fe ha⁻¹, P4 = 12.5 kg Zn ha⁻¹ + 12.5 kg Fe ha⁻¹) as subplots. Results showed that combining macronutrients and micronutrients produced better responses than either alone. The combination of 100 kg Urea ha⁻¹ + 100 kg DAP ha⁻¹ with 12.5 kg Zn ha⁻¹ + 12.5 kg Fe ha⁻¹ gave the highest grain yield (2.62 t/ha and 2.17 t/ha), Fe content (374.8 mg kg-1 and 155.3 mg kg-1), and protein content (15.6% and 12.4%) at Dejen and Kedamay-weyane, respectively. This nutrient combination is recommended to improve barley yield, grain Fe, and protein content in the study area.
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