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Abstract: 
Mango pulp and by-products are underutilized despite their application potential in the food systems. Our study assessed the 
physicochemical properties of pulp and by-products of 22 mango varieties to support their added value. 
We applied the methods developed by the Association of Official Analytical Chemists. The data were analyzed using descriptive 
statistics and non-parametric tests. 
Seven varieties had total soluble solids above the Codex Alimentarius threshold of 13.5°Brix, indicating their suitability for juice 
processing. Non-indigenous varieties exhibited higher titratable acidity and yellowness (b*), the traits desirable for juices and purees. 
Indigenous varieties had higher redness (a*) and lower acidity, which favor fresh consumption. Among by-products, the peel had 
the highest crude fiber content of 10.16 ± 1.76%. The seeds recorded the highest potassium and calcium concentrations of 354.90 ± 
25.10 and 437.74 ± 35.81 mg/100 g, respectively. The principal component analysis explained 87.62% of the total variation: principal 
component 1 (75.03%) differentiated varieties based on minerals, total soluble solids, and firmness, while principal component 
2 (12.59%) accounted for differences in vitamin C and color. The principal component analysis and bootstrap hulls showed that 
varietal differences stemmed from the intrinsic traits rather than from the indigenous or non-indigenous classification. Kakule 
and Kapisa varieties appeared on the positive side of principal component 1, reflecting a higher mineral content. Apple mango and 
Boribo mangoes loaded positively on principal component 2 due to high vitamin C and color attributes. Kagoogwa, Takataka, and 
Tommy Atkins varieties clustered near the total soluble solids vector, indicating adequate soluble solids for juice processing. 
Our findings confirm that indigenous mango varieties in Uganda meet the industrial quality standards.
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INTRODUCTION
Mango (Mangifera indica L.) is a tropical fruit grown 

in all agroecological zones of Uganda [1]. Its genetic 
diversity has expanded with the introduction of non-in-
digenous varieties that complement locally adapted in-
digenous mangoes. Non-indigenous mango varieties are 
preferred by commercial growers for their superior ag-
ronomic traits [2]. The mango is made up of 45 to 65% 
pulp, 15 to 20% peel, 20 to 40% seed, and 5 to 12% ker-
nel of the total fruit weight [3]. Mango pulp is consumed 
mostly fresh or transformed into a variety of products. It 
can be processed into juice, jam, and dried products [4].  
In Uganda, mango peel, kernel, and seed are predomi-
nantly discarded, with small portions relegated to low-val-
ue applications such as animal feed and compost [1].  
This limited utilization contributes to postharvest losses 

of up to 40% during the peak season [5]. Being a sea-
sonal fruit, mango requires effective processing to maxi-
mize its utilization and add value to its by-products.

Physicochemical properties of mango pulp and 
by-products are linked to health benefits [6–8]. The 
pulp is high in vitamin C, which supports the immune 
system, collagen synthesis, and antioxidant defense [9].  
Beta-carotene, violaxanthin, and lutein present in the 
pulp act as provitamin A, a well-known antioxidant 
that maintains eye health and combats oxidative dam-
age [10]. The peel contains dietary fiber, polyphenols, 
and vitamins C and E that exhibit antioxidant, antimi-
crobial, and anti-inflammatory activities [11–13]. Poly-
phenols such as mangiferin, gallic acid, quercetin, and 
catechins are linked to free radical scavenging and oth-
er health-promoting effects [12]. Mango seed and kernel 
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are important lipid sources containing oleic acids asso-
ciated with cardiovascular health and improved insulin 
sensitivity [14]. They also provide essential minerals 
that promote bone health, electrolyte balance, and oxy-
gen transport [10, 15]. 

Nutrient profiles of mangoes vary depending on their 
genotype, stage of maturity, and environmental condi-
tions [16, 17]. Studies have shown differences in total 
soluble solids, acidity, and carotenoid content between 
the Ataulfo and Kent mango varieties [16, 18]. The oil 
content and fatty acid composition of mango seed and 
kernel differ across varieties (1). Similar patterns of vari-
ability have been observed for phenolic content, mineral 
composition, and bioactive profiles in the studies from 
Asia, Latin America, and West Africa [10]. Based on 
global evidence, we aimed to physicochemically charac-
terize the pulp and by-products of common mango vari-
eties grown in Uganda to identify nutrient-rich varieties 
that offer potential for added value.

STUDY OBJECTS AND METHODS
Sample collection. Twenty-two mango varieties 

(13 indigenous and 9 non-indigenous) were collected 
from the orchards in Luweero, Nakaseke, and Budaka 
districts of Uganda. These districts are home to most 
mango varieties in the country. Five mango trees per va-
riety were selected from each location. Ten fruits were 
randomly picked from each tree [19]. The selection was 
based on visual indicators of maturity such as a flat 
shoulder at the stem end, fullness of cheeks, presence 
of bloom, and change in the peel color from dark to 
light green. The fruits showing any damage or infesta-
tion were excluded. The mango fruits were transported 
in perforated plastic crates to the Food Biosciences and 
Agribusiness Laboratory at the National Agricultural 
Research Organization. They were washed with dis-
tilled water and allowed to ripen at 28 ± 2°C with rel-
ative humidity of 85%. Ripening was monitored daily 
using the criteria recommended by the USA National 
Mango Board1.

Sample preparation. The pulp, peel, seed, and ker-
nel of the mangoes were separated using a clean, sharp 
stainless-steel knife (Victorinox, Switzerland). A por-
tion of the pulp was homogenized using a hand-held 
blender (MQ5025BK, Braun, Germany). The fresh ho-
mogenate was analyzed for color, pH, titratable acidi-
ty, and total soluble solids. Other fractions of the pulp, 
peel, seed, and kernel were chopped into uniform piec-
es. These were dried in a cabinet dryer (UN55, Mem-
mert, Germany) set at 50°C for 12 h. The samples were 
finely ground in a laboratory grinder (Retsch GM200, 
Germany), wrapped in polyethylene bags, and stored at 
–20°C in a freezer (Haier DW-40L508, China) prior to 
chemical analysis.

Quality parameters of mango pulp. Total soluble 
solids. A digital refractometer (RX 5000, Atago, To-
kyo, Japan) was used to determine total soluble solids in 
1 National mango board. Mango maturity and ripeness guide. Mango.org. 
[cited 2025 Feb 10]. Available from: https://www.mango.org 1 

mango pulp [18]. For this, a drop of the homogenate was 
placed on the prism of the refractometer and readings 
were taken. The results were obtained from three in-
dependent replicate readings per sample and expressed  
as °Brix. 

pH. A digital pH meter (DL25, Mettler Toledo, 
Switzerland) was used to measure pH [20]. The pH me-
ter was calibrated using two standard buffer solutions 
(pH 4.0 and 7.0) before each set of measurements. The 
homogenate (10 g) was mixed with 50 mL of distilled 
water. The mixture was stirred continuously using a 
magnetic stirrer until a stable pH reading was obtained. 
All measurements were performed in triplicate and the 
average value was recorded. 

Titratable acidity. A 10-mL aliquot of the homoge-
nate was titrated with 0.1 N NaOH using phenolphtha-
lein [21]. Titration was performed until a persistent pink 
color was achieved. The volume of NaOH used to reach 
the endpoint was recorded and used to calculate the ti-
tratable acidity using the following Eq. (1): 

                     (1)

where CA is the citric acid, %; V is the volume of NaOH, 
mL; N is the normality of NaOH (0.1 N); MW is the mo-
lecular weight of citric acid (192.12 g/mol); and Ve is the 
volume of mango juice (10 mL).

Vitamin C. The concentration of vitamin C was de-
termined using the 2,6-dichloroindophenol titrimetric 
method [1]. The homogenized mango pulp (5 g) was di-
luted with 10% trichloroacetic acid to reach a final vol-
ume of 100 mL. This solution was then filtered to obtain 
a clear extract. The extract was titrated with a standard-
ized 2,6-dichloroindophenol solution until a faint pink 
color persisted for no less than 15 s. A blank titration 
was performed using distilled water. The vitamin C 
content was expressed as mg of ascorbic acid per 100 g 
of the sample and calculated using the Eq. (2) below:

           (2)

where VitC is the vitamin C content, mg/100 mg; A is 
the volume of indophenol solution in the sample titra-
tion, mL; B is the volume of indophenol solution for 
the blank titration, mL; C is the mass of ascorbic acid 
equivalent to 1 mL of standard indophenol solution, mg; 
S is the weight of the sample, g.

Color. A colorimeter (CR-400, Minolta, Osaka, Ja-
pan) was used to measure color after calibration with a 
white standard tile according to the protocol of Ellong 
et al. [22]. The color parameters of the pulp were ex-
pressed as L*, darkness/lightness (0: black; 100: white), 
a* (–a*: greenness, +a*: redness), and b* (–b*: blue-
ness, +b*: yellowness). 

Firmness. A mechanical fruit pressure tester (Model 
FT 327, Ravenna, Italy) with an 8-mm probe was used 

Vit C = 
((A−B)×C)

S
×100 

MW 100× ×
= ×A

e

V N
C

V
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to measure firmness. At a constant rate of 2 mm/s, the 
probe was gently driven into the middle of the fruit and 
the force required to reach a depth of 10 mm was re-
corded in Newtons (N). Readings were taken from three 
different points on each fruit to determine the average 
firmness. 

Chemical analysis of mango pulp, peel, kernel, 
and seed. Proximate composition. Moisture contents 
in mango pulp, peel, seed, and kernel were determined 
by drying 2 g of each sample to constant weight in a 
hot-air oven (Memmert UN55, Germany) following  
AOAC 930.042. Crude ash was obtained by incinerat-
ing 2 g of the dried sample in a muffle furnace (Thermo 
Scientific Thermolyne 1200, USA) at 550°C according 
to AOAC 923.03. Crude fiber was determined using 2 g 
of a defatted sample through sequential acid and alka-
line digestion based on AOAC 962.093. Crude fat was 
extracted from 2 g of a sample using petroleum ether in 
a Soxhlet extractor (Buchi B-811, Switzerland) AOAC 
920.39. Total nitrogen was measured by the Kjeldahl 
method using a digestion unit (DK 6, Velp Scientifica, 
Italy) and a distillation unit (UDK 129, Velp Scientifica, 
Italy). Crude protein was calculated by multiplying total 
nitrogen by a factor of 6.254. Carbohydrate content was 
estimated by difference, subtracting the sum of mois-
ture, ash, protein, fiber, and fat contents from 100%.

Mineral composition. 1 g of the sample was 
weighed into a porcelain crucible and placed in a muf-
fle furnace (Thermo Scientific Thermolyne 1200, USA) 
set at 550°C and held at that temperature for 6 h. The 
residue was then dissolved in 10 mL of 1.0 M hydro-
chloric acid (Sigma-Aldrich, Germany). This solution 
was filtered through Whatman No. 42 filter paper (Cy-
tiva, UK) into a 100-mL volumetric flask. The flask 
was topped up to the mark with distilled water. Sodium 
and potassium concentrations were determined using a 
flame photometer (Sherwood 410, Sherwood Scientific 
Ltd., UK) following Piper [23]. Magnesium, calcium, 
iron and zinc were measured using an atomic absorp-
tion spectrophotometer (Analyst™ 200, PerkinElmer, 
USA). Phosphorus was quantified colorimetrically us-
ing the molybdenum blue method at 880 nm (UV-1800 
spectrophotometer, Shimadzu, Japan) as described by 
Horwitz & Latimer5.

Statistical analysis. Analysis of the data was per-
formed using SPSS (Version 22.0, IBM Corp., USA). 
The data were presented as mean ± standard deviation. 
The Shapiro-Wilk test and Levene’s test were used to 
assess normality and homogeneity of variance, respec-
tively. Since the data set violated normality and ho-
mogeneity assumptions, Welch’s ANOVA was used to 
compare the mango varieties and the fruit parts. The 
Kruskal-Wallis test was performed to compare the dif-
ferences between indigenous and non-indigenous man-
2 AOAC International. Official methods of analysis. 17th Ed. Gaithersburg: 
AOAC International; 2000. 
3 The same.
4 The same.
5 Horwitz W, Latimer GW. Official methods of analysis 
of AOAC International. 18th Ed. Maryland: AOAC International; 2005.

go varieties. The Games-Howell post-hoc test was used 
for pairwise comparisons. The principal component 
analysis was performed using XLSTAT software (Ver-
sion 2022.3.1, Addinsoft, Paris, France) to explore mul-
tivariate patterns and clustering of the mango varieties 
based on their physicochemical traits. The statistical 
significance was set at p < 0.05.

RESULTS AND DISCUSSION
Physicochemical properties of the pulp of indigenous 

and non-indigenous mango varieties. Quality parame-
ters of mango pulp. The pH, total soluble solids (TSS), 
titratable acidity, vitamin C content, and firmness of 
the mango pulp showed variation (p < 0.05) among the 
varieties, with ranges of 3.18–4.76, 8.10–16.30°Brix, 
0.06–0.39%, 4.49–19.19 mg/100 mL, and 3.69–8.55 N, 
respectively (Table 1). The color parameters also dif-
fered (p < 0.05), with from 52.00 to 73.28 for L* val-
ues, from –0.49 to 22.59 for a*, and from 46.44 to 
67.73 for b*. Titratable acidity was higher (p < 0.05)  
in the non-indigenous mangoes than in the indigenous 
ones (Table 1). No significant differences (p > 0.05) 
were observed in the pH, TSS, vitamin C, and firmness 
between the two mango types. The non-indigenous vari-
eties exhibited higher (p < 0.05) lightness (L*) and yel-
lowness (b*) values, whereas the indigenous varieties 
had higher (p < 0.05) redness (a*) values.

The differences in the pulp characteristics are largely 
attributed to genetic diversity and environmental condi-
tions such as soil type, climate, and agronomic practic-
es [1, 24]. The TSS values observed in this study were 
similar to previously reported ranges of 16.90 to 27°Brix 
in mango varieties [22, 25]. However, the Sayuni and 
Mabbere varieties showed low TSS values of 8.10 and 
9.30°Brix, respectively, indicating low sugar accumu-
lation at harvest maturity. These TSS values may be 
attributed to premature harvesting, varietal differences 
in carbohydrate metabolism, or slow starch–sugar con-
version during ripening [26]. Similarly low TSS values 
were observed in late-maturing varieties which often re-
quire extended ripening periods to reach optimal sweet-
ness [27]. In contrast, seven varieties (Kagoogwa, Apple 
mango, Batawi, Ssejjembe, Takataka, Kent, and Tommy 
Atkins) had TSS values ≥ 13.5°Brix, exceeding the Co-
dex Alimentarius Commission fruit juice standard. This 
supports their suitability for juice extraction without the 
need for added sugar6. The high TSS levels, which were 
possibly contributed by simple sugars such as fructose 
and glucose, could enhance the sweetness and consumer 
appeal of these mangoes [24, 28]. 

Most varieties had pH values within the recommended 
range of 3.0 to 4.5 for juice production, which enhances 
flavor stability and microbial safety [29]. Six variet-
ies (Table 1) fell within the ideal titratable acidity target 
range of 0.25 to 0.5%, making them suitable for tangy 
6 Codex Alimentarius Commission. General standard for fruit juices 
and nectars (CODEX STAN 247-2005). Rome: Food and Agriculture 
Organization of the United Nations/World Health Organization; 2005.
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products such as juices, chutneys, and jams7. The vita-
min C content varied among the mango varieties, with 
many exceeding the Codex minimum of 10 mg/100 mL  
required for nutritional labeling8. These high levels sug-
gest the potential of several varieties for use in vita-
min-fortified juices. Notably, Palmer, Asante, and Kent 
exhibited elevated b* values, indicating intense yellow 
coloration linked to carotenoid accumulation. This col-
oration enhances visual appeal and nutritional value in 
purées, juices, and complementary food9. The higher 
acidity of the non-indigenous mangoes suggests greater 
organic acid synthesis, which is common in commercial 
hybrid varieties selected for processing attributes [30]. 
The lower acidity of the indigenous mangoes aligns with 
the flavor profiles preferred for fresh consumption [31].

Proximate composition of mango pulp. The pulp 
of the 22 mango varieties showed variation in proximate 
composition (Table 2). The moisture content ranged from 
45.59 to 68.43%, which is lower than 80 to 85% range 
commonly reported for fresh ripe mango pulp [32]. The 
moisture variation among the mango varieties may be 
attributed to the differences in harvest maturity and post-
harvest handling. The fruits harvested at late maturity 
7 Food and Agriculture Organization of the United Nations. Fruit 
and vegetable juice processing: Technical paper. Rome: FAO; 2005.
8 Horwitz W, Latimer GW. Official methods of analysis…
9 Food and Agriculture Organization… 2005.

stages and those transported over long distances are prone 
to moisture loss due to continued respiration and transpi-
ration after detachment from the tree [33]. Similar reduc-
tions in moisture during handling and temporary storage 
have been reported in mangoes [32–34]. The ash, fat, pro-
tein, fiber, and carbohydrate contents ranged from 2.06 
to 2.63%, 0.03 to 0.47%, 0.54 to 1.50%, 3.82 to 4.78%, 
and 88.22 to 91.07%, respectively (Table 2). The nutri-
tional profile of ripe mango pulp is characterized by high 
moisture and carbohydrate content, as well as low levels 
of fat, protein, and fiber [35]. No differences (p > 0.05)  
were observed between the indigenous and non-indig-
enous groups for moisture, ash, fat, protein, and fiber. 
However, the non-indigenous varieties had a higher  
(p < 0.05) carbohydrate content than the indigenous ones. 
The carbohydrate content of 88.22 to 91.07 g/100 g dry 
weight provides between 68 and 70% of the recommend-
ed daily carbohydrate intake (130 g/day) for adults [35]. 
Mango pulp is therefore a valuable energy source suitable 
for formulation of energy-dense food products, especially 
fruit leathers and snack bars [5].

Mineral composition of mango pulp. The mango 
pulp contained substantial amounts of K, Na, Ca, Mg, P, 
Zn, and Fe (Table 3). Potassium was the most abundant 
mineral ranging from 96.65 to 199.67 mg/100 g, with 
the highest levels found in Palmer and Kent varieties. 
The dominance of potassium was congruent with the 

Table 2 Proximate composition of pulp in indigenous and non-indigenous mango varieties in Uganda

Mango 
type

Mango variety Moisture, %  
wet weight

Protein, %  
dry weight

Fat, % 
dry weight

Fiber, %  
dry weight

Ash, %  
dry weight

Carbohydrate, % 
dry weight

Indigenous Apple mango 60.91 ± 0.04f 1.21 ± 0.01c 0.18 ± 0.01f 3.82 ± 0.05n 2.17 ± 0.00g 91.07 ± 0.05a

Asante 60.47 ± 0.06g 1.42 ± 0.01a 0.04 ± 0.00l 5.17 ± 0.07 f 2.28 ± 0.00c 89.56 ± 0.07c,d

Batawi 62.67 ± 0.62d 1.34 ± 0.02b 0.13 ± 0.00h 5.54 ± 0.03 c 2.13 ± 0.00h 89.19 ± 0.04c,d

Bire 59.50 ± 0.23h 1.42 ± 0.01a 0.03 ± 0.00l 6.22 ± 0.02 a 2.63 ± 0.01a 88.22 ± 0.02d

Boribo 64.73 ± 0.21b 1.18 ± 0.02d 0.15 ± 0.00g 3.86 ± 0.01m 2.24 ± 0.01e 90.75 ± 0.02a,b

Doodo 64.17 ± 0.04c 1.29 ± 0.00b 0.32 ± 0.01c 5.86 ± 0.01b 2.17 ± 0.02g 88.56 ± 0.02c,d

Kagoogwa 61.92 ± 0.02e 1.41 ± 0.05a 0.22 ± 0.00e 4.86 ± 0.07h 2.12 ± 0.00h 89.76 ± 0.09b,c

Koona 62.92 ± 0.02d 0.71 ± 0.08l 0.43 ± 0.00b 4.78 ± 0.96i 2.13 ± 0.00h 90.25 ± 0.96b,c

Mabbere 62.30 ± 0.00e 0.77 ± 0.01k 0.07 ± 0.00j 5.18 ± 0.35f 2.23 ± 0.00e 90.10 ± 0.35b,c

Sayuni 65.73 ± 0.22a 0.98 ± 0.00g 0.25 ± 0.00d 5.55 ± 0.33c 2.22 ± 0.01e 89.09 ± 0.33c,d

Ssejjembe 62.03 ± 0.02e 1.11 ± 0.00e 0.32 ± 0.00c 4.85 ± 0.09h 2.27 ± 0.01c 89.82 ± 0.09b,c

Takataka 63.80 ± 2.99c 1.18 ± 0.01d 0.11 ± 0.01i 4.78 ± 0.08i 2.12 ± 0.00h 90.04 ± 0.09b,c

Kakule 62.14 ± 0.03e 0.42 ± 0.00m 0.16 ± 0.00g 5.14 ± 0.51g 2.28 ± 0.01c 90.35 ± 0.51a,b

Non-
indigenous

Duncan 68.43 ± 0.25a 1.38 ± 0.01a 0.26 ± 0.00d 5.21 ± 0.44f 2.59 ± 0.01b 88.40 ± 0.44c,d

Fairchild 45.59 ± 0.12i 1.28 ± 0.01b 0.29 ± 0.00d 4.54 ± 0.03j 2.27 ± 0.00c 90.79 ± 0.03a,b

Julie 61.55 ± 0.09e 1.50 ± 0.01a 0.09 ± 0.00k 5.19 ± 0.05f 2.21 ± 0.02f 89.38 ± 0.05c,d

Kapisa 61.87 ± 0.21e 0.54 ± 0.01n 0.05 ± 0.00l 5.24 ± 0.13e 2.06 ± 0.04i 90.52 ± 0.14a,b

Kent 61.48 ± 0.21e 0.59 ± 0.00n 0.08 ± 0.01j 4.42 ± 0.78k 2.17 ± 0.00g 91.07 ± 0.78a

Palmer 62.71 ± 0.25d 0.83 ± 0.00j 0.47 ± 0.02a 4.45 ± 0.06k 2.08 ± 0.05i 90.55 ± 0.08a,b

Ponde 61.72 ± 0.01 e 0.90 ± 0.00h 0.21 ± 0.01e 4.85 ± 0.03h 2.20 ± 0.01f 90.22 ± 0.03b,c

Seena 62.56 ± 1.15e 1.03 ± 0.01b 0.11 ± 0.01i 4.82 ± 0.05h 2.16 ± 0.07g 90.21 ± 0.09b,c

Tommy Atkins 61.55 ± 2.580d 1.32 ± 0.00f 0.03 ± 0.01l 5.23 ± 0.11e 2.52 ± 0.02b 89.30 ± 0.11c,d

Indigenous (mean ± SD) 62.56 ± 1.74A 1.11 ± 0.13A 0.19 ± 0.12A 5.05 ± 0.31A 2.31 ± 0.69B 89.75 ± 1.07B

Non-indigenous (mean ± SD) 60.86 ± 6.13B 1.04 ± 0.18B 0.18 ± 0.14A 4.88 ± 0.35B 2.45 ± 0.35A 90.05 ± 0.92A

Values are expressed as mean ± standard deviation (SD); lower case superscript letters denote significant differences among mango varieties, 
while A and B denote significant differences between mango types. Values with different superscript letters in the same column are significantly 
different (p < 0.05)
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findings by Farina et al. [36], who reported concentra-
tions as high as 250 mg/100 g in mangoes grown in the 
Mediterranean region. Potassium supports fluid balance, 
neuromuscular function, and cardiovascular regula- 
tion [36]. The high potassium levels in Palmer and Kent 
may be linked to genotypic differences in nutrient up-
take efficiency and translocation capacity, as previously 
reported by Subedi et al. [37]. 

Sodium was the second most abundant mineral 
with levels between 32.37 and 113.26 mg/100 g. This 
differs from the results of Farina et al. [36], who iden-
tified phosphorus as the second most prevalent miner-
al in mangoes grown in the Mediterranean region. This 
divergence may reflect environmental and soil nutrient 
availability differences, since sodium accumulation in-
creases in fruits grown under water stress or semi-arid 
conditions, which are typical in Central Uganda [2]. The 
elevated sodium levels in some varieties may reflect the 
effects of mineralized irrigation water or soil salinity, 
the conditions known to alter the ionic balance and nu-
trient uptake [2, 18]. 

The calcium content in mango pulp was similar to 
the levels found in tropical fruits such as papaya, gua-
va, and pineapple [38]. Since calcium is involved in cell 
wall integrity and firmness retention, the varieties with 
high calcium levels also had higher firmness scores, as 
observed in Palmer mango. 

No significant differences (p > 0.05) were observed 
in the levels of K, Na, Ca, Mg, Zn, and Fe between the 
indigenous and non-indigenous mango varieties, except 
for phosphorus. Zinc is a particularly important mi-
cronutrient with a recommended dietary allowance of 
8 mg for adult women and 11 mg for adult men10. In this 
study, zinc levels in the mango pulp ranged from 6.47 to 
10 Diet, nutrition and the prevention of chronic diseases: Report of a joint 
WHO/FAO expert consultation. World Health Organization, Food 
and Agriculture Organization of the United Nations. Geneva: World 
Health Organization; 2003;(916).

11.66 mg/100 g dry weight. A typical juice serving made 
from 30 g of dry mango pulp (equivalent to two 250-mL 
servings) could provide around 1.94 to 3.50 mg of zinc. 
This would meet 24 to 44% of the recommended dietary 
allowance for women and 18 to 32% for men, highlight-
ing mango pulp as an important dietary source of zinc. 
Although mango pulp contains useful amounts of min-
erals including K, Mg, Ca, Na, P, and Fe, these amounts 
are not sufficient to meet the daily requirements. There-
fore, alternative foods such as legumes, green leafy veg-
etables, nuts and seeds, dairy products, and meat should 
be consumed together with mangoes in order to meet the 
recommended daily allowances for these minerals. 

Proximate composition and visual distribution 
patterns for mango by-products. Fiber was the most 
abundant (10.16 ± 1.76%) component in the mango 
peel confirming its structural role and high cell wall 
polysaccharide density. Tommy Atkins mango had 
the highest fiber content (12.67 ± 0.03%) in the peel  
(Fig. 1). This suggests stronger skin rigidity and resis-
tance to mechanical damage, the traits associated with 
longer shelf-life and transport resilience [39]. The high 
fiber content makes mango peel a suitable ingredient for 
developing functional bakery products and dietary fiber 
supplements aimed at improving gut health and reduc-
ing glycemic response [40]. 

The protein content in the mango kernel was 10.18 ±  
3.39%, compared to 7.09 ± 1.64 and 2.62 ± 1.36% in the 
peel and seed, respectively. This confirms that kernel 
tissues are metabolically active and rich in storage pro-
teins involved in seed development [41, 42]. The relative-
ly high protein levels in the kernel indicate its potential 
for use in plant-based protein formulations, especially in 
gluten-free flour blends and infant complementary foods. 

The carbohydrate content was the major compo-
nent in the mango seed, ranging from 88.09 to 93.89%  
(Fig. 1). This makes it suitable for extraction of starch-
based ingredients or use in energy-dense formulations. 

Figure 1 Proximate compositions of peel, pulp, kernel, and seed between indigenous and non-indigenous mango varieties, %
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Crude fat was the highest in the kernel, ranging 
from 0.90 to 5.67%. This supports its use in confection-
ery and industrial oil extraction. 

Overall, the proximate profiles demonstrate that man-
go by-products are valuable nutrient sources of fiber, pro-
tein, and carbohydrate. Their recovery and utilization 
could reduce mango processing waste and support circu-
lar bioeconomy strategies in fruit value chains. The fiber 
content in the mango peels was close to 8–13% reported 
by Berardini et al. [41]. A 28-g serving of Tommy Atkins 
dried peel provides 12% of the recommended daily fiber 
intake of 30 g/day11. Therefore, mango peel can be used as 
an ingredient to enhance fiber levels in food products. The 
protein content in the kernel was consistent with a 6–11% 
range reported by Soong et al. [42]. Kernel is richer in 
protein than peel or seed. The high carbohydrate levels in 
the mango seeds were similar to those found by Berardi-
ni et al. [41]. The proximate profiles of the indigenous and 
non-indigenous mangoes were not significantly different 
(p > 0.05). The proximate variation is more strongly in-
fluenced by variety-specific factors rather than the indige-
nous versus non-indigenous classification.

Mineral composition and visual distribution pat-
terns for mango by-products. The seed had the highest 
concentrations of K, Ca, Mg, Na, P, and Fe, with val-
ues of 354.90 ± 25.10, 437.74 ± 35.00, 147.66 ± 32.92,  
116.00 ± 3.85, 114.12 ± 3.50, and 8.46 ± 1.48 mg/100 g, 
respectively (Fig. 2). The mineral concentrations in the 
seeds were higher (p < 0.05) than those of in the peel 
and kernel. These results were consistent with the find-
ings by Berardini et al. [41] and Bala et al. [43]. This 
suggests that seeds serve as storage organs for essential 
11 Diet, nutrition and the prevention…

nutrients required during germination. This aligns with 
the previous reports that mineral accumulation in seeds 
supports enzyme activation, cellular respiration, and 
early seedling development12 [41–43]. 

Potassium was the most abundant mineral in all 
by-products, particularly in the seed. This had been ex-
pected since potassium regulates osmotic balance and 
carbohydrate transport in developing fruit tissues. This 
suggests that mango seed flour could be used as a po-
tassium fortifier in food products, especially for popula-
tions with low fruit intake.

Similarly, calcium levels were the highest in the 
seeds. This might be due to the role that calcium plays 
in maintaining cell wall stability and structural integrity. 

Magnesium, an essential cofactor in enzyme activity 
and energy metabolism, also accumulated in the seeds. 
In this study, K, Ca, Mg, Na, Zn, and Fe exhibited a de-
creasing concentration trend from seed to peel to kernel. 
The concentration of phosphorus declined progressively 
from seed to kernel to peel, indicating a distinct pattern 
compared to other minerals. This divergence could be 
attributed to the critical role of phosphorus in seed de-
velopment. In plant seeds, phosphorus is predominantly 
stored in the embryo in the form of inositol hexakisphos-
phate, also known as phytic acid [44]. In mango seeds, 
inositol hexakisphosphate can account for 50 to 85% of 
the total phosphorus content. It is primarily concentrated 
in the endosperm and embryo tissues, which correspond 
to the mango kernel [45]. In contrast, Ca, Mg, and Fe are 
typically involved in structural functions and are found 
mainly in the seed and peel [43]. These tissues tend to 
12 Human energy requirements: Report of a joint FAO/WHO/UNU 
expert consultation. Food and Agriculture Organization/World Health 
Organization. Rome: FAO; 2004.

Figure 2 Mineral composition of peel, pulp, kernel, and seed between indigenous and non-indigenous mango varieties
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NI – non-indigenous; I – indigenous; Fi – fiber; C – carbohydrate; Fa – fat; A – ash; M – moisture; Pr – protein; Pu – pulp; Ke – kernel; Pe – peel; S – seed
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accumulate more of these minerals, which explains why 
the seed shows the highest levels followed by the peel, 
with the kernel having the lowest concentrations for 
most minerals [43]. Zinc concentration (6.51 mg/100 g) 
was the highest in the mango peels. This may reflect 
zinc’s key role in the peel’s protective functions, includ-
ing membrane stabilization, antioxidant defense, and re-
sponse to environmental stress [45]. 

Principal component analysis and bootstrap hulls 
interpretation. Varietal differences were driven by the 
mangoes’ intrinsic physicochemical traits rather than by 
their indigenous or non-indigenous classification (Fig. 3a). 
The principal component analysis explained 87.62% of the 
total variation. Principal component (PC) 1 (75.03%) dif-
ferentiated the varieties primarily on the basis of minerals, 
TSS, and firmness (Fig. 3b). PC2 (12.59%) captured the 
differences in vitamin C, color, and pH. The varieties po-
sitioned on the positive side of PC1 (Kakule and Kapisa) 
exhibited higher mineral concentrations, while those on 
the negative PC1 axis (Bire, Duncan, Doodo, and Batawi) 
showed lower mineral levels. Along PC2, Apple mango 
and Boribo loaded positively due to their high vitamin C 
content and strong color attributes. These patterns trans-
late into clear processing opportunities: Kakule and Ka-
pisa are suitable for mineral-rich and functional food 
products, while Apple mango and Boribo are ideal for an-
tioxidant beverages and natural pigment extraction. The 
TSS-high varieties (Kagoogwa, Takataka, and Tommy 
Atkins) clustered near the TSS vector on PC1, indicating 
adequate soluble solids for juice processing. Overall, the 
findings provide a roadmap for aligning mango varieties 
with the most appropriate value-added products.

CONCLUSION
Non-indigenous mango varieties were more acidic with 

an intense yellow pigmentation in the pulp, which makes 
them ideal for juices, chutneys, and purées. Indigenous 
mangoes exhibited high total soluble solids giving them 
a more pleasant taste, which supports their suitability for 
fresh consumption. Mango by-products are nutritious. The 
seeds contained most of the important minerals. The peels 
were rich in fiber, while the kernels had notable amounts of 
protein and fats. These by-products offer opportunities for 
value addition through the production of fiber supplements, 
mineral-rich powders, and protein-enriched flours. The 
principal component analysis showed that the appropriate 
use of a mango variety depends on its natural qualities rath-
er than the indigenous or non-indigenous grouping. This 
may help processors select mangoes that are best for juices, 
purées, and fresh eating. Overall, mango pulp and by-prod-
ucts offer opportunities for developing novel products that 
add value to the mango industry.
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