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Abstract: The loengo (Anisophyllea boehmii Engl.) is a wild fruit originating from the Miombo
forest. It is very popular in Angola and has great potential for local development. However,
as it has received little attention from researchers, its composition is not well known.
Against this backdrop, the proposed study aimed to characterize different samples of the
fruit in order to better assess its nutritional and organoleptic value. First, a field survey
was conducted to gather information on the harvesting period, prices, and consumption
patterns. Then, four samples of several kilograms of fruit each were collected from three
different areas in 2 consecutive years. The proximate composition and the polyphenolic,
carotenoid, and aroma compound profiles of their pulp were compared. The study showed
that the fruit is widely consumed for 8 months of the year. It is difficult to keep fresh
and is often processed into drinks. The pulp was found to be rich in sugars, with a pH
of around 3.2. Loengo is a good source of fiber, minerals, polyphenols (such as cyanidin
3-O-glucoside and flavonol glycosides), and carotenoids (such as (-cryptoxanthin and
[-carotene). Its aroma is associated with around 50 aroma compounds, primarily esters.
This fruit therefore has interesting nutritional quality and technological potential. Certain
compositional elements correlated with the area and the year of harvest. Further study of
the processing of the fruit into pasteurized beverages is warranted for local added value.

Keywords: Anisophyllea boehmii; wild fruit; Miombo forest; Angola

1. Introduction

The African continent has a wide variety of wild plants and cultivated native species
with significant agronomic, commercial, and nutritional potential. It is estimated that more
than two-thirds of the continent’s population of 600 million depend directly or indirectly
on forest resources, either for subsistence or as a source of income [1].

The Miombo woodlands are the most extensive forest in southern and eastern Africa,
covering about 2.7 million km?, characterized by a hot and dry climate that allows for
the formation of seasonal tropical forests [2,3]. The area substantially extends into seven
southern African countries: Angola, Zimbabwe, Zambia, Malawi, Mozambique, Tanzania,
and the largest part in the south of the Democratic Republic of the Congo [2-5]. This
region is characterized by areas where the average annual rainfall is around 700 mm, that
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have low nutrient soils, and in which the genera Brachystegia, Julbernardia, and Isoberlinia
predominate [3,5,6].

This particular ecosystem includes many species of wild fruit trees and shrubs that
produce edible fruits that are widely consumed by local populations and also largely har-
vested for sale in large city markets. Among these local resources, the fruits of Anisophyllea
boehmii Engl., called loengo in Angpola, are particularly appreciated by both the rural and
urban populations [7].

As for the morphological characteristics of the plant, it is a tree that reaches 10 to 15 m
in height. The leaves are alternate, simple, oval, or elliptical, and shiny dark green on the
upper surface. The fruit is a drupe of an ellipsoidal shape and a dark purple color [8-10].
These plum-like fruits appear during the rainy season and are eaten fresh and also prepared
as juices, jellies, or added to porridge [11,12]. Some studies have shown that the pulp of
the fruit contains several compounds of interest, such as beneficial minerals and bioactive
antioxidants (phenolics and carotenoids), and that its kernel contains around 30% oil, rich
in unsaturated fatty acids, such as oleic, palmitoleic, and linoleic acids [9,11,13].

Kalaba [12] conducted a population survey in Copperbelt, Zambia on the uses of the A.
boehmii Engl. plant that revealed that it is also exploited for its medicinal properties, where
an infusion of the roots is used to treat dysentery and diarrhea, while bark decoctions
are used to treat syphilis, stomach aches, and as a mouthwash to treat toothache and
bleeding gumes.

Scientific knowledge of this fruit, which is therefore common in the eating habits of
the Miombo region, nevertheless remains poor; it is barely characterized. In the Angolan
context, the proposed work aims to provide elements for a better assessment of the commer-
cial, nutritional, and organoleptic potential of the fruit. To begin with, a field survey was
carried out to gain an insight into consumers’ eating habits regarding this fruit. Then, in
order to complete the only work carried out on the fruit pulp by Lofa et al., 2024 [13], who
determined the proximate composition, this study presents for the first time an original
detailed study of the characteristics and composition of loengo and its variability, through
a comparison of different samples collected in Angola.

2. Materials and Methods
2.1. Survey Methodology

This study was initiated by collecting information through a semi-structured survey
of a sample of people who usually consume the fruit.

The survey was conducted between July and August 2021. It included 57 open-ended
and 12 closed-ended questions on the harvesting period, the quantity of fruit harvested
per day, selling price, storage time, monthly consumption, and processed products (full
questionnaire given in the Supplementary File). Twelve persons were interviewed in each
of the locations chosen, totaling 48 people, randomly selected from the markets, where
they had to answer the survey questions orally. These respondents were collectors, sellers,
and/or consumers. The locations chosen were Malanje (Chawande market), Huambo
(Luvili market), Huila (Mutundo market), and Benguela (Babaera market) (Figure 1).

2.2. Plant Material

The plant material consisted of two groups of samples. Firstly, the fruits were pur-
chased from markets in three locations studied in 2021 (Malanje, Huambo, and Huila). The
fruits were blended to create the sample Ab21. Three other samples were then collected
between July and August 2022: AbM22 from the Malanje area, AbHb22 from the Huambo
area, and AbHa2?2 from the Huila area, as shown in Figure 1. In the Huila location, the
insufficient quantity of fruits obtained from the market required completing the sample
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Atlantic Ocean

with fruits directly collected from the trees operated by the vendor, and then the fruits were
mixed together. In the case of Malanje and Huambo, the fruits were only sampled in the
market. In order to ensure their origin, the team members traveled with the vendors to the
collection locations, confirming that the fruits had been harvested in the same area.

Altitude: 1162 m Collection period | Location of collection
DRC-Congo Temperature: 22°C Jul-Aug 2022 S09°31°53.18™
Precipitation: 617 mm From markets ‘ E 16°21°35.35"

Altitude: 1625 m Collection period Location of collection
Temperature: 18.7°C Jul-Aug 2022 S 12°08°58.22™
Precipitation: 990 mm From markets E 15°28°26.61

Altitude: 1257 m Location of collection
Temperature: 25.8°C S 12°54°03.59”
Precipitation: 628 mm E 14°48°16.33”

Collecti iod Location of collection
Altitude: 1617 — 1706 m oflection perioc S 14°52°25.04™

“Aug 2022 e .
Temperature: 18.4°C l_Jrl (l)ll;x\tl:ge;()a-ln-d E 13°35°07.69
Precipitation: 1210 mm ke S 13°47°16.23”

markets E 15°10°20.00”

The green color indicates areas covered by Miombo woodland, the blue
markers indicate where the survey was carried out and the red markers

(markets) and yellow markers (trees) where samples were collected in 2022.

Figure 1. Locations where surveys were conducted and samples were performed.

In all cases, the fruits were chosen for their uniform ripening, without visual defects,
disease, pest attacks, or mechanical injuries (Figure 2). Three kg of fruit was collected for
each sample, washed, and disinfected with 100 ppm sodium hypochlorite solution and
then frozen at —20 °C. Fruits collected in 2021 were frozen whole directly and depulped
after 60 days of storage, whereas fruits collected in 2022 were depulped before freezing
using a PH3 refiner (Auriol, Marmande, France). One part of the pulp was freeze-dried for
subsequent analyses using a Benchtop freeze dryer (Cryonext, Montpellier, France).

Scale 1:1

Epicarp (Skin)
Mesocarp (pulp) Pericarp
Endocarp

Figure 2. The A. boehmii Engl. tree (a), leaves (b), fruits (c), and fruit anatomy (d).
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2.3. Morphological Characterization

A digital caliper was used to measure the longitudinal and transversal diameters of
30 fruits taken at random from each loengo sample under room temperature conditions.
The whole fresh fruit and the pulp mass of each fruit after separation from the stone were
weighed using a balance Pioneer PX electronic scale (Ohaus, Parsippany, NJ, USA).

2.4. Proximate Composition of Fruits

The overall characterization of the fruits was carried out in triplicate. The dry mat-
ter (DM) was produced via desiccation at 70 °C at 0.13 bar (RVT 360, Heraeus GmbH,
Hanau, Germany), the total soluble solids (TSSs) using a refractometer type PAL-3 Pocket
(Atago, Tokyo, Japan), and the pH and titratable acidity (TA) using an automatic titrator
TitroLine (Schott, Mayence, Germany) with 0.1 N NaOH up to reach pH 8.2. The de-
termination of the total nitrogen was carried out via the Dumas method and a factor of
6.25 kgprot - ngitrogen_l to estimate the protein content [14]. Lipids were evaluated using
the Folch method [15].

Dietary fibers were determined through different hydrolysis steps and were expressed
as insoluble Neutral Detergent Fibers (NDFs, which is the sum of hemicellulose, cellulose,
and lignin mass), Acid Detergent Fibers (ADFs, cellulose and lignin), and Acid Deter-
gent Lignin (ADL). These were carried out using an Ankom 200 fiber analyzer (Ankom
Technology, Macedon, NY, USA) according to the Van Soest method [16].

The profiles of simple sugars (glucose, fructose, and sucrose) and organic acids were
determined via a 1290 Infinity Il HPLC system (Agilent Technology, Santa Clara, CA, USA)
according to the method proposed by Chin et al. [17]. The mineral profile was determined
using inductively coupled plasma atomic emission spectrophotometry ICP-AES according
to the method reported by Thanh et al. [18].

2.5. Polyphenol Analysis
2.5.1. Polyphenol Extraction

Polyphenol extraction was performed with a ratio of loengo powder/solvent (ace-
tone/water /formic acid—70/28/2, v/v/v) of 1/10 w/v stirred for 10 min. After recovering
the supernatant, 5 mL of solvent was added to the residue and stirred for 10 min. The
two liquid fractions were combined and centrifuged at 10,000 x g at 4 °C for 10 min. The
supernatant was then recovered and evaporated to dryness under vacuum at 45 °C. The
dry residue was taken up with 4 mL of methanol/water/formic acid 50/48/2 (v/v/v) and
filtered through a 0.45 pm syringe filter. For HPLC, the dry extract was recovered with
1 mL of the same solvent before filtration at 0.45 pum.

2.5.2. Total Phenolic Content (TPC)

The TPC was determined using the Folin—-Ciocalteu colorimetric method described
by Servent et al. [19], and the analyses were carried out in triplicate. To do this, 10%
Folin—Ciocalteu and 7.5% NayCOs were added to the hydroalcoholic extract to initiate
the reaction. The absorbance was measured at 760 nm using a UV /visible Jenway 7205
spectrophotometer (Jenway, London, UK). A calibration curve was created from 3.90 to
250 mg of gallic acid-L~!. The results were expressed in mg eq. GA-100 g~! DM.

2.5.3. Phenolic Compound Analysis

The polyphenol profile analysis was performed via HPLC-DAD and MS" by adapting
the method described by Mertz et al. [20].

The HPLC system used was an Agilent 1200 Series (Agilent Technologies, Santa Clara,
CA, USA) that was equipped with a diode array detector (DAD). The separation was carried
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out using an ACE 5 Cyg column (250 mm x 4.6 mm, 5 pm, Avantor, Radnor, PA, USA) at
30 °C. The mobile phase consisted of the solvents A, water Milli-Q/HCO,H (99/1, v/v),
and B, acetonitrile (Table S1). The injection volume was 20 pL and the mobile phase flow
rate was set at 0.7 mL-min~'. Detection was performed at 360 and 510 nm. Concentrations
were determined using standard solutions between 0.004 and 0.2 g-L~! for quercetin and
between 0.2 and 0.67 g-L~! for cyanidin 3-O-glucoside (C3G).

The HPLC-MS™ was carried out with an Acquity UPLC chromatograph (Waters,
Milford, MA, USA) equipped with an UV-vis diode array detector (DAD) coupled with a
HCT ultra ion trap mass spectrometer with an electrospray ionization (ESI) mode (Bruker
Daltonics, Bremen, Germany). Using the same column at 30 °C, the binary gradient
used was as follows: A: 1% formic acid and B: acetonitrile. The initial conditions were
5% B, t = 20 min 14% B, t = 55 min 35% B, with the flow rate set at 0.7 mL-min!.

2.6. Carotenoid Analysis
2.6.1. Carotenoid Extraction

For the extraction of carotenoids, 3 g of pulp was added to 15 mL of the solvent
ethanol/hexane 4/3 (v/v) and 0.1% BHT, mixed with 100 mg of MgCOj3 followed by homog-
enization for 1 min using an Ultra-Turrax T1g homogenizer (IKA, Delft, The Netherlands).
The supernatant was separated from the residue via filtration with a filter funnel (porosity
no. 2), then 15 mL of the same solvent was added to the residue and the second supernatant
was also recovered. Afterwards, the residue was washed with 10 mL of hexane and filtered.
Finally, the organic phases were transferred to a separatory funnel and washed successively
with 40 mL of 10% NaCl and 2 x 40 mL of distilled water. The aqueous phase was removed
and the organic phase was recovered, dried with anhydrous Nay;SOy, and filtered before
evaporation to dryness using a rotary vacuum evaporator at 30 °C.

2.6.2. Saponification

For saponification, the extract was dissolved in 10 mL of pure hexane and mixed with
10 mL of 10% (v/v) MeOH/KOH. The mixture was stirred under nitrogen for 16-17 h in the
dark at room temperature. Subsequently, the organic extract was transferred to a separatory
funnel, to which 50 mL of distilled water was added. The hexanic phase was rinsed until it
was free of alkali (KOH) and recovered. Then, the methanolic phase (KOH) was extracted
with 3 x 20 mL of pure hexane. The extracts were combined and washed again with
2 x 50 mL of distilled water. The organic phase was dried with anhydrous Na,SOy, filtered,
and evaporated to dryness in a rotary evaporator. The residue was recovered by dissolving
itin 1 mL of methanol/methyl-tert-butyl ether (MeOH/MTBE) 20/80 v/v.

2.6.3. Total Carotenoid Quantification

The total carotenoids were quantified before saponification using spectrophotometry
at 451 nm using the method described by Peng et al. [21]. The value of the molar extinction
coefficient (e1) of B-carotene used was 139,500 L-mol~!-em ™! [22].

2.6.4. Determination of Carotenoid Profiles

The carotenoid profiles before and after saponification were determined using the
HPLC-DAD method, adapted from that described by Mertz et al. [23]. The carotenoids
were separated using a 250 X 4.6 mm and 5 um Czp column (YMC, Kyoto, Japan) connected
to a guard column. The system used for separation was an Agilent 1100 series liquid
chromatograph (Agilent, USA) equipped with a cooled automatic injector. The column

L and

temperature was maintained at 25 °C. The mobile phase flow rate was 1 mL-min~
the injection volume was 20 pL. The mobile phase was a mixture of eluent A—H,O Milli-

Q, eluent B—methanol, and eluent C—MTBE. The solvent gradient was set as follows:
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0-2 min, 40% A and 60% B (initial conditions); 2-5 min, 20% A and 80% B; 5-10 min, 4% A,
81% B, and 15% C; 10-60 min, 4% A, 11% B, and 85% C; 60-70 min, 4% A, 11% B, and
85% C; 70-71 min, 100% C; 71-72 min, return to initial re-equilibration conditions. The
DAD was set at 450 and 470 nm, with full spectrum acquisition between 190 and 600 nm.

To identify the carotenoids, specific retention times and spectral absorption character-
istics (% III/II) were used. These parameters were compared with known carotenoid
molecules reported in the literature to ensure accurate identification, and expressed
in 3-carotene.

2.7. Aroma Compound Analysis

To extract volatile compounds, 1 g of homogenized loengo pulp was placed in a Teflon-
stoppered vial and extracted via Headspace Solid-Phase Micro Extraction (HS-SPME). The
aromas were analyzed using an Agilent 6890 series GC coupled with an Agilent 5973
MS (Agilent, USA) and with a Gerstel MPS-2 sampler. Trapping was carried out under
orbital agitation for 45 min with a 65 um DVB (divinylbenzene), CAR (carboxen), and
PDMS (polydimethylsiloxane) fiber (Supelco, Bellefonte, PA, USA) at 50 °C after 10 min
incubation. A DB-WAX capillary polar column of 60 m, 0.25 mm, and phase film thickness
of 0.25 um (J&W Scientific, Folsom, CA, USA) was used with H; as the carrier gas, set at
a flow rate of 1.5 mL-min~!. The fiber was desorbed at 250 °C and the compounds were
separated using the following temperature program: the initial oven temperature was
40 °C (5 min isotherm), then increased by 2 °C-min~"! to 140 °C, then by 10 °C-min~! to
250 °C, and maintained for 10 min. The analyzer and source temperatures were 150 °C and
250 °C, respectively. The data were analyzed with MassHunter version B.06.00 (Agilent
Technologies, USA). The NIST 2011 (National Institute of Standard Technology) database
was chosen to tentatively identify peaks through comparison with their mass spectra [24].

To identify the aromatic compounds, the retention time and Kovats retention in-
dex of each molecule were compared with the library mentioned above, considering the
match factor equal to or greater than 80%. The quantified aroma compounds selected
for this study were the peaks presenting more than 0.5% of the total relative area. The
results were expressed in pg eq. 3-heptanol internal standard-kg ! of Fresh Matter (FM).
The limit of detection and quantification (LOD and LOQ) were calculated using the sig-
nal/noise ratio method and were estimated at 0.87 ug-kg~! and 2.90 ug-kg~! for LOD and
LOQ, respectively.

2.8. Statistical Analysis

The survey data were processed using Google Forms, and the results of the physico-
chemical, bioactive compound, PCA, and statistical analyses were realized using XLSTAT
2024 software (Addinsoft, Bordeaux, France). Comparisons between mean values were
carried out using the Tukey HSD test (p < 0.05). Venn diagram analyses were carried out
using R Studio version 4.3.2 software.

3. Results and Discussion
3.1. Main Results of the Survey

The profiles of the respondents are presented in Figure S1.

Regardless of the study area, the respondents were predominantly women (Figure Sla),
with an average of 79%, of whom 47% were between 15 and 25 years (the age distribution
was very similar in the four survey areas), and all the men were between 15 and 25 years
old (Figure S1b). Indeed, in these regions, the harvesting of wild fruits is generally carried
out by young female adults. This prominent role of women is reported in the numerous
studies on this subject [25,26].



Agriculture 2025, 15, 1175 7 of 25

Only the elements that seem to us to be the most relevant and significant are presented
below for each of the different sections of the survey. According to 50 to 70% of respondents,
the harvest period spanned from August to March (Figure 3a). The peak in production
began in October. Altitude and latitude had little influence on the ripening process and
fruit harvest, as the production season coincided across all areas. These results were
consistent with those reported by Mendelsohn and Weber [27] in the Huambo area, and
also by Nkengurutse et al. [9] in Burundi, who observed that loengo generally ripens from
mid-November to the end of December and sometimes until January. It was noticed that
in all the locations studied, the respondents only knew one variety. For 69% of them, the
loengo is a non-climacteric fruit. Activities such as the felling of trees and anarchic fires
were the reasons that led 60% of the respondents to state that this fruit could be in danger
of extinction.

b 70%
60%
® 50%
@
100% BB B e e . @cesonsl ° g
% &5 O N 3 5 4%
> 80% i e e ", 2
g 60% o/ SN £ 30%
2 409
9 0% Production peak \\-.
= 20% V % 20%
0% - | W —
& » S & & & & D A
& N &3 N & N & 6;0 & “@.\c & &°
bt & o & & R & 0%
< ~

Malanje Huambo Huila Benguela

Collection period Quantity harvested (kg-day*-tree?)

e« = Malanje === Huambo Huila +<+®++ Benguela WM05tol5 O15t025 225t035

C

800 to 900
2% 100 to 200

2,9%

700 to 800
14,6%

600 to 700
4,2%
200 to 300
29,2%

500 to 600
4,2%

Price Kz-kg™

Figure 3. Survey response analysis of harvest and sale of loengo fruit: (a) harvest period; (b) daily
quantity of loengo harvested per tree; and (c) average selling price, where Kz (kwanza) or AOA is the
currency of Angola. Exchange rate (21/01/2025): 1000 Kz = EUR 1.05.

Figure 3b showed that the quantity of fruit harvested was on average higher in
the Huila and Benguela areas, with about 2 kg per day per tree, while in the other two
areas (Malanje and Huambo), it was around 1 kg per day per tree. The selling price of this
underexploited fruit fluctuated at the time of the study (Figure 3c). This fluctuation depends
on the time of year, access to the production area, and demand. Indeed, prices fluctuated
by a factor of 10, most often ranging from EUR 0.16 to 1.00 -kg~! in 2015. According to
Nkengurutse et al. [9], the price of one kilogram of A. boehmii fruit in Burundi was close to
EUR 1, which was similar to the prices observed in this study.

Figure 4a shows that 54% of respondents kept the fruit for between 4 and 6 days.
It could only be stored for a few days, meaning that without any specific preservation
method, loengo was a highly perishable fruit. None of the respondents used preservatives.
The fast dehydration of the fruit and changes in color were the main defects mentioned.
In the Huila and Huambo areas, respondents reported that this fruit could be stored for a
longer time (around 3 days more) compared to in Malanje and Benguela. This was probably
explained by the average temperatures during the harvest season, which were lower in
Huila and Huambo (19-20 °C) and higher in Malanje and Benguela (22-26 °C).
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Response %

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Malanje

b Monthly consumption frequency
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C 100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Response %

Juice and/or Dried fruit Compote Jam No interest
nectar

Processed products

Figure 4. Survey response analysis of usage and consumption elements of the fruit: (a) shelf life in its
fresh state before consumption and/or processing; (b) monthly consumption frequency across all
areas; and (c) interest in processed products across all areas.

In terms of consumption frequency, about half of the respondents did not know exactly
how often they consume the fruit (Figure 4b). Among those who answered quantitatively,
more than four out of five consumed the fruit frequently, with a frequency of over 10 times
per month during the production season. However, respondents were unable to provide
precise details about portion sizes. One hundred per cent of the respondents stated that they
consume the fruit at all times, without knowing the exact quantity consumed. However,
it was observed that there are no age restrictions on consuming the fruit in Malanje and
Huambo, while 58.3% of respondents in Huila and 8.3% in Benguela said that restrictions
apply to children under 5 years old.

Finally, Figure 4c shows the significant interest in various processed loengo products,
ranked by priority: drinks such as juice or nectar > dried fruit > sweet, cooked products like
compotes and jams. According to [25], in Zambia, rural families traditionally process nearly
46% of the wild fruits into juice and/or porridge after mixing with cereals. It is worth
noting that, during the survey conducted in Angola, no commercial processed products
from loengo were encountered or mentioned. Fifty-eight per cent of the respondents cited
transportation difficulties and a lack of conservation systems as the main reasons for not
selling processed loengo products.

3.2. Main Characteristics of the Fruits and Overall Composition

The results of the overall analyses are presented in Table 1.

The results observed in Table 1 indicate that the loengo fruit had an average mass of
approximately 14 g, with the pulp mass fraction ranging from 7 to 8 g. The fractional yield
of the pulp after depulping averaged 55%, which was explained by the large seed size and
the strong attachment of the pulp to the seed, making separation challenging regardless
of the method used. The fruit was characterized as a red drupe, with an ellipsoid shape,
an average longitudinal diameter ranging between 28 mm and 31 mm, and an average
transverse diameter of 24 mm, with minimal variation observed between the samples. The
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physical parameters of the 2021 sample could not be measured due to a lack of measurement
conditions at the time of acquiring these samples and subsequently freezing the fruits for
60 days. This period led to modifications in the fruits’ physical characteristics, preventing
measurement. The analyzed samples showed high homogeneity in terms of size, with
standard deviations of less than 10% of the average values obtained from 30 randomly
selected fruits.

Table 1. Results of the analyses conducted on loengo fruit.

Components Samples
Ab21 AbM22 AbHb22 AbHa22
Mass per fruit (g) - 14.3 (1.0) 2 14.0(1.1)2 134 (1.1)2
Pulp mass per fruit (g) - 8.2(0.7)2 7.7 (1.0)2 72(1.2)2
Pulp mass fraction obtained
pa fter processing (%) - 57.7 (1.7) @ 55.1 (2.1) 2 53.2 (2.3) 2
Longitudinal diameter (mm) - 30.6 (2.0) @ 28.5(2.3)P 29.1 (2.0)P
Transverse diameter (mm) - 239 (1.2)° 24.6 (1.9) 2P 240(14)°
DM (g-100 g~ 1) 24.71 (0.51) @ 21.89 (0.15) 22.73 (0.21) b 20.24 (0.19) 4
TSSs (g-100 g~! FM) 19.80 (0.40) 2 17.91 (0.38) P 18.05 (0.54) P 16.29 (0.24) ©
pH 3.27 (0.05) 2 3.14 (0.07) be 3.11 (0.03) © 3.24 (0.02) @b
TA (g eq.cit-100 g~! FM) 2.62 (0.08) 2 1.99 (0.01) be 1.86 (0.06) © 2.09 (0.03) P
TSSs/TA (8sugar8acid ) 7.57 (0.30) 9.00 (0.18) b 9.71 (0.25) 2 7.79 (0.20) ©
Total protein (g-100 g~ DM) 6.51 (0.23) 6.20 (0.01) ° 8.36 (0.94) @ 7.92 (0.03) @
Lipids (g-100 g~ DM) 3.48 (0.31) 2 3.75(0.11) 2 3.53(0.13) 2 3.75(0.23) 2
Insoluble Dietary Fibers
NDFs (g-100 g~! DM) 20.99 (0.31) 2 15.48 (0.17) 4 18.05 (0.11) © 20.25 (0.07) b
ADFs (g-100 g~! DM) 15.24 (0.04) 2 9.93 (0.21) 4 12.04 (0.33) © 13.57 (0.43) P
ADL (g-100 g~ DM) 8.97 (0.08) 2 5.55 (0.38) d 6.57 (0.09) © 7.96 (0.56) ®
Sugars
Sucrose (g-100 g~ DM) 18.14 (0.20) 4 35.05 (0.83) 2 31.50 (0.36) P 23.08 (0.18) ©
Glucose (g-100 g~ DM) 12.71 (0.15) @b 13.04 (0.11) 2 12.37 (0.23) P 12.39 (0.11) P
Fructose (g-100 g~ DM) 14.95 (0.20) P 15.98 (0.40) 2 14.93 (0.64) P 15.15 (0.06) 2b
Organic Acids
Citric acid (g-100 g~! DM) 11.47 (0.22) P 11.04 (0.07) P 9.58 (0.22) © 1252 (0.11) 2
Malic acid (g-100g~! DM) 5.39 (0.16) 2 4.89 (0.14) @b 4.32(0.26) € 441 (0.27) be
Minerals
Total Ash (g-100 g~! DM) 551 (0.12) 2 4.37 (0.03) © 4.27 (0.07) © 5.17 (0.07) b
P (g-100 g~! DM) 0.111 (0.001) 2 0.093 (0.001) © 0.104 (0.001) P 0.092 (0.001) ©
K (g-100 g~! DM) 1.254 (0.009) 2 1.036 (0.001) b 1.013 (0.002) © 1.248 (0.002) @

Ca (g-100 g~! DM) 0.256 (0.001) 2 0.197 (0.002) P 0.151 (0.005) 4 0.163 (0.001) €
Mg (g-100 g~! DM) 0.181 (0.001) 2 0.134 (0.001) 0.166 (0.003) © 0.181 (0.001) 2
Na (g-100 g~ DM) 0.006 (0.001) 2 0.003 (0.001) P 0.004 (0.001) P 0.004 (0.001) P
Cu (mg-kg~! DM) 7.48 (0.35) 2 7.36 (0.03) 2 6.80 (0.05) P 5.59 (0.23) ©
Fe (mg-kg~! DM) 29.82 (1.67) 2 30.03 (1.56) 30.73 (3.49) @ 25.29 (1.77) 2
Mn (mg-kg~! DM) 202.47 (0.76) 2 133.63 (0.52) b 113.74 (2.95) © 202.73 (0.50) @
Zn (mg-kg~! DM) 15.00 (0.38) @ 7.58 (0.29) © 9.80 (0.46) P 8.93 (0.29) b
B (mg-kg~! DM) 19.37 (0.35) 2 15.37 (0.15) P 16.08 (0.96) P 16.44 (0.24) b
Energy value (kJ-100 g~! DM) 1008 (25) 1317 (27) 1257 (41) 1121 (15)

Values with the same letter within the row were not significantly different, according to the Tukey test (p < 0.05).
Mean and standard deviation in brackets with n = 3. DM: dry matter; TSSs: total soluble solids; TA: titratable
acidity; NDFs: Neutral Detergent Fibers; ADFs: Acid Detergent Fibers; ADL: Acid Detergent Lignin; and
FM: Fresh Matter.

These results were lower than those obtained by Nkengurutse et al. [9] for the same
fruit species in Burundi, where the average fruit mass ranged from 16 to 25 g, with a
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longitudinal diameter varying between 33 and 40 mm and a transverse diameter between
29 and 34 mm. Similarly, for the same fruits that were collected in Huambo, Lofa et al. [13]
reported an average fruit mass of 9.4 g, a longitudinal diameter of 34.8 mm, and a transverse
diameter of 20 mm. These variations in physical characteristics could be influenced by
the variety, but also by several other factors, including geographical location, climatic
conditions, harvest year, and maturity stage.

The DM content of the samples ranged from 20 to 25 g-100 g~ !, which was relatively
high for a fleshy fruit. The highest DM content was found in the Ab21 sample. Statistically,
significant differences were observed at p < 0.05 between the samples. The soil and
climatic conditions, such as the average temperature, likely explained these variations. The
measured DM contents were similar to those reported by Lofa et al. [13] and Malaisse [28]
for the same fruit, with an average value of around 26 g-100 g ~'. However, these contents
were higher than those reported by Onivogui et al. [29] for fruits of the same genus,
A. laurina RBr. ex Sabine, with a content of 18 g-100 g~!, and by Binaki et al. [8] for
A. quangensis, which had an average content of 17 g-100 g~ 1.

The average TSSs concentration of the samples ranged from 16 to 20 g-100 g~ FM.
Statistically, no significant difference was observed between the AbM22 and AbHb22
samples at p > 0.05. When comparing the TSSs and DM values, we observed that ap-
proximately 80% of the DM consists of soluble components. It was noteworthy that the
TSSs content was quite high compared to that of other wild fruits, such as Umbu-caja
(Spondias tuberosa x S. mombin), with an average of 10% [30], and jaboticaba (Myrciaria jabu-
ticaba) fruit, with average of 13-16% [31], but comparable to banana, with TSSs values
ranging from 20 to 25 g-100 g~ ! FM [32], and soursop (Annona muricata), with an average
of around 23% [33].

The measured pH values were similar, ranging from 3.1 to 3.3. The highest pH values
were obtained in the Ab21 and AbHa22 samples. The TA contents ranged between 1.86
and 2.62 g eq. cit-100 g~! FM. Statistically, the Ab21 samples were significantly different
from the other samples at p < 0.05. These results were slightly higher than those found by
Lofa et al. [13] for the same fruit (1.2 g eq. cit-100 g~ FM). For comparison with a fruit
of the same genus A. laurina, Onivogui et al. [29] reported a pH value of 3.09, which was
similar to the results obtained in this study, as well as those reported by Lofa et al. [13]
for the same species (A. boehmii), which had a pH value of 3.1. The analysis of the organic
acid profile revealed two major compounds: citric acid and malic acid. Citric acid was
predominant, accounting for 70% w/w of organic acids. The acid contents were highest in
AbHa22, followed by AbM22, then Ab21, and lowest in AbHb22. As with sugars, these
variations from one sample to another can be explained by a multitude of factors. The
measured acid contents were much higher than those reported by Onivogui et al. [29] in
the A. laurina fruit, with averages of 9.64 and 0.93 g-100 g~ ! of DM for citric and malic
acids, respectively, or by Lofa et al. [13] in loengo fruit, with 5.26 and 0.44 g-100 g~ ! of
DM, respectively.

The sugar/acid ratio (TSSs/TA) is an important quality factor. It is often used to
determine the stage of ripeness of fruits. Furthermore, it accurately represents their taste
quality, with a higher ratio generally being a guarantee of better organoleptic quality. In our
case, the fruits from Malanje and Huambo showed the highest TSSs/TA ratios. The values
obtained showed that the high acidity of the pulp was compensated by its high sugar
content. These values were of the same order of magnitude as the 6 to 17 gsugar-gadd_l
obtained on plum cultivars (Prunus domestica L.) by Dimkova et al. [34], but considerably
lower than those reported on several mango varieties by Kante-Traore et al. [35], which
oscillated between 23 and 133 gsygar- gacid_l.
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In terms of protein, the AbHb22 and AbHa22 fruits showed significantly higher
contents, with around 8.1 g-100 g~! of DM compared to the other two samples. These
values were of the same order of magnitude as those reported by Lofa et al. [13] in loengo
fruit, with 7.4 g-100 g ! of DM, but higher than those reported by Onivogui et al. [29] in
A. laurina, with an average total protein content of 1.56 g-100 g~ of DM.

For lipids, all samples were equivalent, with an average content of 3.63 g-100 g~ !
DM. This value was similar to that obtained by Binaki et al. [8] in A. quangensis fruits
(3.98 g-100 g~ ! of DM), but higher than those reported by Onivogui et al. [29] in A. laurina
fruits (1.31 g-100 g ! of DM) and by Lofa et al. [13] in loengo fruit (0.12 g-100 g~ ! of DM).

Regarding the insoluble dietary fiber concentration, the four fruit samples were sig-
nificantly different—in decreasing order Ab21, AbHa22, AbHb22, and finally AbM?22.
However, our results were lower than those obtained by Kendrick et al. [36] in wild African
figs (Ficus spp.), with 33 to 57% DM for NDFs, 25 to 46% DM for ADFs, and 10 to 27% DM
for ADL, and also lower than those obtained by Samuel [37] in mangoes with 40, 20, and
18% DM, for NDFs, ADFs, and ADL, respectively. The higher the ADFs (cellulose and
lignin) content, the greater the negative influence on digestibility. However, these fibers
constitute a source of non-digestible complex carbohydrates that, by absorbing a lot of
water, play a major role in intestinal transit. The loengo is therefore a fiber-rich fruit, with
contents of between 3 and 4% FM.

Sucrose was the most concentrated sugar, followed by fructose and glucose. Sucrose
represented between 40 and 55% of the total sugars, with contents ranging from 18.1 to
35.1 g-100 g~ ! of DM. Both reducing sugars were present at similar concentrations. The
fructose content was, however, slightly higher than that of glucose. The samples were
significantly different in terms of the sucrose concentration. Compared to the TSSs results,
sugars accounted for 60 and 80% of the soluble compounds present in the pulp, which is
the case in most fruits. Furthermore, Lofa et al. [13] obtained much higher fructose and
glucose contents for loengo fruit of 18.1 and 19.9 g-100 g~ ! of DM, respectively.

This fruit was rich in minerals, representing between 4.3 and 5.5 g-100 g~! of DM.
Statistically, there was a significant difference between the Ab21 sample and the other three
2022 samples. The ash content obtained was similar to that reported by Lofa et al. [13] in the
loengo fruit and by Onivogui et al. [29] in the A. laurina fruit, with 4.8 and 5.7 g-100 g ! of
DM, respectively. In contrast, a considerably lower content was obtained by Malaisse [28]
in the loengo fruit (2.8 g-100 g~! of DM). The macroelements with the highest contents
were K, Ca, and Mg. The most represented trace elements were Mn, Fe, B, and Cu. These
oligoelements have positive effects on the maintenance of human health and are essential
for cellular function. The results were similar to those of [13], except for the Na content,
which was much higher (0.13 g-100 g~ of DM). The same applied to [29], who obtained
K, Ca, Mg, and Zn contents of the same order of magnitude in A. laurina fruits, but higher
Na (0.017% DM) and Fe (141 mg‘kg_1 of DM) contents. Our results showed Mn, Fe, and
Cu contents significantly higher than those obtained by Aurore et al. [38] on bananas, with
respective values of 7.7, 16.2, and 4 mg-kg~! DM. Our values were also higher than those
of Forster et al. [39] on bananas, with averages of 1.8, 8.7, and 1.3 mg-100 g_l of DM for Mn,
Fe, and Cu, respectively. The research by Shi et al. [40] on 28 mango genotypes revealed
lower Mn (12.69 to 103.48 mg-kg ! of DM) and Fe (8.84 to 16.49 mg-kg~! of DM) contents,
but the Cu (3.84 to 7.18 mg-kg ! of DM) contents were comparable to our results.

The energy values of A. boehmii fruits ranged between 1008 and 1317 kJ-100 g~ ! of DM,
a high value linked to the high concentration of sugars. These values were slightly lower
than those found by Malaisse [28] and Onivogui et al. [29] on Anisophyllea fruits (1345 and
1565 kJ-100 g ! of DM, respectively) and those reported by Ding and Tee [41] in Canarium
odontophyllum Miq, with 1418 kJ-100 g~ of DM. The research by Maldonado-Celis et al. [42]
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on mangoes revealed energy values of between 260 and 795 kJ-100 g~ ! of DM, considerably
lower than our results.

In summary, the analyses carried out showed a certain homogeneity in the composition
of the four batches of fruits tested. However, a more comprehensive study should be
carried out by increasing the number of samples to better appreciate the diversity of the
fruit composition in each area. Indeed, this composition was affected by a large number of
different factors, including genotype, ecotype, age of the plant, climate, soil, harvest season,
the stage of fruit ripeness, and storage conditions.

3.3. Polyphenolic Compounds

The results presented in Figure 5 enable the visualization of the variations in the total
polyphenol content of fruit samples from the areas studied.
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Figure 5. Total polyphenol content (TPC) of the samples of loengo fruit (mean with n = 3). Different
letters for significant difference, according to the Tukey test (p < 0.05).

The total polyphenol content was the highest for AbHa22 and AbM22, approach-
ing 2200 mg eq.GA-100 g~ ! of DM. The AbHb22 fruits showed an intermediate content
(1576 mg eq.GA-100 g~ ! of DM), while Ab21 fruits had a significantly lower content, around
900 mg eq.-GA-100 g~ of DM. The highest values obtained corresponded to those reported
by Onivogui et al. [29] for fruits of the same genus, A. laurina (2305 mg eq.GA-100 g~ ! of
DM). In contrast, the content obtained by Lofa et al. [13] in the loengo fruit was 66 times
lower (26 mg eq.GA-100 g~! of DM). As with other compounds, numerous factors can
influence the polyphenol content of fruits [43].

For comparison with other fruits, our highest contents were of the same order of
magnitude as the contents reported by Aaby et al. [44] in strawberry cultivars (Fragaria
ananassa Duch.), containing between 2000 and 2800 mg eq.GA-100 g~ ! of DM.

According to research conducted by Sanou et al. [45], the total polyphenol content
in mango pulp ranged from 292 et 669 mg eq.GA-100 g~ ! of DM, which was lower than
our results. Singh et al. [46] reviewed various studies on 40 banana cultivars, and found
contents ranging from 3 to 990 mg eq. GA-100 g~ ! of DM.

The spectrometric analysis of polyphenols, a colorimetric method, can overestimate
total values due to interactions with other compounds. In contrast, HPLC may fail to detect
certain compounds, since only wavelengths of 360 and 510 nm were taken into account,
excluding compounds that absorb at 280 nm.
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The HPLC analyses carried out allowed for the detection of ten flavonoids, of which
eight were identified based on their UV-visible absorption spectrum (HPLC-DAD) and the
data obtained via HPLC-MS (Table 2 and Figure S2).

Table 2. Identification and concentration of the main phenolic compounds found in the A. boehmii
fruits (example of the AbM22 sample).

HPLC-DAD HPLC-MS
Peak Nr. RT (min) Amax (nm) MS~ (m/z) MS? (n/z) Compounds Content (mg-100 g~1 DM)
1 224 244,282, 344 ND ND NI -
Cyanidin 1
2 255 280, 516 447 285 3.0-ghicoside (C3G) 4522 (1.28)
3 30.1 262, 356 625 316 Myricetin O-glucoside 1.4 (0.09) 2
rhamnoside
4 30.6 262, 356 625 316 Myricetin O-glucoside 1.71 (0.15) 2
rhamnoside
5 33.8 258, 354 609 301 Quercetin O-glucoside 0.75 (0.09) 2
rhamnoside
6 342 258, 354 609 301 Quercetin O-glucoside 1.64 (0.34) 2
rhamnoside
7 344 258, 354 463 301 Quercetin O-glucoside 2.76 (0.21) 2
8 35.1 258, 354 463 301 Quercetin O-glucoside 2.95 (0.37) 2
9 375 240, 356 ND ND NI -
10 48.0 256, 372 301 ND Quercetin 0.14 (0.06) 2

RT: retention time; ND: undetected; NI: unidentified; MS™: molecular ion mass in negative mode; MS?: frag-
ment ion mass in negative mode; !: expressed in mg eq. cyanidin-100 g~! of DM; 2: expressed in mg eq.
quercetin-100 g~ of DM.

Qualitatively, all the fruit samples were similar. Two classes of flavonoids were
identified—anthocyanins and flavonols—mainly in the form of glycosides. Concerning
anthocyanins, only one molecule was detected and identified. Co-injection conducted with
an HPLC standard (Extrasynthese, Genay, France) confirmed that it was indeed cyanidin
3-O-glucoside (C3G). The peaks 1 and 9, which exhibited absorption maxima at 344 and
356 nm, respectively, were not detected via mass spectrometry, and therefore could not
be identified. Based on their UV spectrum and fragmentation behavior, two compounds
(peaks 3 and 4) were identified as myricetin O-glycosides, and peaks 5, 6, 7, and 8 were
identified as quercetin O-glycosides.

Figure 6 showed that for three out of four samples, the anthocyanin contents were
similar—between 45 and 52 mg eq. cyanidin-100 g~! of DM. However, the AbHa22
fruits were approximately 1.5 times richer in anthocyanins. These contents were lower
than those obtained by De Souza et al. [47] in strawberry (Fragaria ananassa Duch.)
(219 mg eq. C3G-100 g~ ! of DM) and higher than those reported by Onivogui et al. [29] in
A. laurina fruit (5 mg-100 g~ of DM). Our results were also higher than those obtained by
Zitouni et al. [48] for strawberry fruits (Arbutus unedo L.), whose contents ranged between
0.15 and 0.64 mg eq. C3G-100 g~ of DM.

The sample richest in flavonols was Ab21, with 30 mg eq. quercetin-100 g_1 of DM. The
fruits with the lowest contents were AbHb22 and AbM22, with contents of around 14 mg eq.
quercetin-100 g~! of DM. In comparison with 17 plum cultivars reported by Liaudanskas
et al. [49], with contents ranging from 16.04 to 77.6 mg-100 g~ ! of DM, our results were in a
similar range. Higher values were found by Mahmood et al. [50] in strawberry cultivars,
with concentrations between 112.6 and 128.5 mg-100 g~ of DM. Although these com-
pounds are only slightly bioavailable [51], they exhibit a variety of biological activities that
contribute to the overall health benefits of fruits and vegetables. Polyphenolic compounds
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act as potent antioxidants and anti-inflammatory agents, contributing to the prevention of
chronic diseases such as cardiovascular disease, type 2 diabetes, and certain cancers.
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A Anthocyanin (mg eq. cyanidin-100 g—1 DM)
BFlavonols (mg eq. quercetin-100 g—1 DM)

Figure 6. Anthocyanin and flavonol contents of the samples of loengo fruit (mean with n = 3).
Different letters for significant difference, according to the Tukey test p < 0.05.

3.4. Carotenoids

HPLC analysis revealed that carotenoids were predominantly esterified, as shown in
Figure S3. After saponification, seven carotenoids were detected in all the samples, and five
were identified, of which four belong to the xanthophyll group (Table 3). Their identification
was based on the specific retention time and spectral absorption characteristics, followed
by a comparison with the literature. The presence of lutein and zeaxanthin in the fruits
is interesting from a health point of view, as these two compounds are known for their
protective properties against eye and brain diseases [52].

Table 3. Identification and spectral characteristics of the carotenoids found after saponification in the
A. Boehmii fruits (example of the AbHb22 sample).

Peak RT (min) Identified Compounds Amax (nm) % III/11
1 20.72 Antheraxanthin (422); 444; 472 58
2 22.29 Zeaxanthin (426); 451, 476 23
3 28.06 B-Cryptoxanthin (424); 452; 476 18
4 32.05 Lutein (424); 446; 473 52
5 34.67 [3-Carotene (424); 452; 476 15

Due to the wide variety of esters present, it was not possible to provide precise
individual quantifications of all the carotenoids detected using HPLC. The carotenoids
listed in Table 3 were identified after saponification. As this reaction may result in losses,
we opted to consider only the total carotenoid content for the quantitative determination,
rather than each compound individually (Figure 7).
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Figure 7. Total carotenoid content (TCC) of the samples of loengo fruit (mean with n = 3). Different
letters for significant difference, according to the Tukey test (p < 0.05).

The fruits from the samples AbM22, AbHb22, and AbHa22 exhibited total carotenoid
contents close to 24 mg eq. B-carotene-100 g~ ! of DM. The fruits from Ab21 contained
approximately 20% less. It was possible that this difference was linked to a longer storage
period for the fruits harvested in 2021. The levels reported by Assanvo et al. [53] in the
pulp of papaya varieties from the Abidjan markets, ranging from 0.19 to 0.24 mg-100 g~ !
of DM, were significantly lower than in the present study. Again, studies conducted by
Silvino et al. [54] resulted in a significantly lower content of 1.5 mg-100 g~ of DM in the
yellow mombin fruit (Spondias mombin L.). However, the work by Sabuz et al. [55] on
three mango varieties and one cultivar revealed slightly similar levels, ranging from 13.2
to 23.1 mg-100 g~ of DM. As a result, the fruit’s carotenoid content is interesting from
a nutritional point of view. However, it would be necessary to complete this work by
studying the bioavailability of these compounds, which can vary greatly depending on the
pulp composition and the processing method chosen [56]. Carotenoids play an essential
role in human health and nutrition. They can reduce the risk of cancer and coronary heart
diseases. Moreover, some of them exhibited provitamin A activity (specifically 3-carotene
and (-cryptoxanthin).

3.5. Aromatic Profile

It is important to note that, to our knowledge, there is no information or study in the
literature on the aromatic profile of this fruit. The HS-SPME-GC/MS analyses carried out
on the fruit samples allowed for the detection of a total of 80 aroma compounds, of which
57 were identified (match factor > 80%) (Table 4). An example of chromatogram obtained is
given in Figure S4. Among these compounds, 14 of them presented peak areas greater than
0.5% of the total relative peak area, and so they were selected for quantification (Table 5).

The Venn diagram in Figure 8 provides a synthetic visualization of how the aro-
matic compounds identified were represented in fruits from the different regions/years of
this study.

Among the 57 aroma compounds, only 25% (marked with an asterisk in Table 4) were
identified in all the samples, regardless of the region or year of harvest.

This diagram showed the effect of the harvest area on the aroma profile. In fact, it was
found that in addition to the 14 aroma compounds common to all samples, 25 compounds
were common to the 3 samples collected in 2022. Together, these two classes represented
70% of the total number of compounds.
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Table 4. Aromatic compounds found in the samples. The 14 compounds marked with an asterisk (*)
were common to all samples, and those marked in bold were quantified.

Aroma Compound Odor Description References
Alcohols
Ethanol * Apple, sweet, strong, alcoholic [57]
Heptan-4-ol Floral [58]
Hexan-1-ol * Ethereal, fruity, sweet, green [59]
(Z)-hex-3-en-1-ol * Fresh green cut grass, vegetable [59]
(E)-hex-2-en-1-ol Green, leafy, fruity [59]
2-Ethylhexan-1-ol Fruity, oily, sweet, reminiscent of roses [60]
Aldehydes and Ketones
Hexanal * Green, grassy [59]
(E)-pent-2-enal Sweet, herbaceous [61]
(E)-hex-3-enal Green, fruity, apple-like [60]
Heptanal Very strong, fatty, harsh, pungent odor and an unpleasant, fatty taste [60]
(E)-2-Hexen-1-al Sweet, fragrant, almond, fruity green, leafy, apple, plum, vegetable odor [60]
(Z)-hept-4-enal Oily, fishy [61]
Benzaldehyde * Almonds, cherry, sweetness, burnt sugar [57]
2-phenylacetaldehyde Honey-like [62]
Nonanal Citrus, green, citronella, grass [61]
Pentan-3-one * Sweet, green [63]
2-methylpent-1-en-3-one Citrus-like, orange, dried flower, rose [64]
Pentane-2,3-dione Sweet odor similar to quinone [60]
Acetoin Sweet, butter, cream [65]
Pent-1-en-3-one Green, pungent, mustard [63]
Heptan-3-one Fruity, green, fatty, sweet, ethereal, powerful odor and a melon, banana flavor [60]
Esters
Ethyl Acetate * Pineapple, fruity, ethereal [57]
Ethyl 2-furanpropionate Fruity odor reminiscent of chamomile [60]
Ethyl 2-methylpropanoate * Sweet [57]
Methyl butanoate Ether, fruity, sweet [65]
Ethyl butyrate * Apple, strawberry, fruity, pineapple [57]
Ethyl (E)-but-2-enoate Fruity, rum, caramellic [66]
Ethyl 2-methylbutanoate * Powerful, green, fruity, apple-like odor [60]
Ethyl 3-methylbutanoate Strong, fruity, vinous, apple-like odor on dilution [60]
Butyl acetate Strong, fruity odor, burning, and then sweet taste reminiscent of pineapple [60]
Diethyl carbonate * Plastic [67]
3-methylbutyl acetate * Fruity, banana, sweet, fragrant, powerful, reminiscent of pear [60]
Ethyl (Z)-but -2-enoate Powerful, sour, caramellic, fruity [60]
Methyl hexanoate Fruity, fatty [66]
Ethyl hexanoate Apple peel, fruit, green apple [57]
Hexyl acetate Pleasant fruity, apple, cherry, bittersweet taste suggestive of pear [60]
(Z)-hex-3-enyl acetate Powerful, green, fruity, floral note reminiscent of banana [60]
(E)-hex-2-enyl acetate Green, fruity [57]
(E)-Ethyl 2-hexenoate Fruity, green, pulpy pineapple and apple odor [60]
Ethyl benzoate * Somewhat fruity, similar to ylang-ylang [60]
3-Methylbut-2-enyl acetate Fruity, green apple, banana, melon [60]
Ethyl octanoate Fruity, fat [57]
Ethyl (methylthio) acetate Fruity [60]
Ethyl pentanoate Fruity, sweet [61]
Methyl benzoate Violet, floral [68]
Propyl acetate Pleasant, bittersweet flavor reminiscent of pear on dilution [60]
Isobutyl acetate Fruity, apple [63]
Butyl prop-2-enoate Mushroom-like, geranium-like [69]
Furan
2-EthylFuran Sweet, chemical with clean, fresh, fruity lift [60]
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Table 4. Cont.
Aroma Compound Odor Description References

Hydrocarbons

1,2-dimethoxybenzene Smoky [70]

1-methoxy-4-propylbenzene * Anise-type odor with a sassafras undertone [60]

Limonene Pleasant, lemon-like odor free from camphoraceous and turpentine-like odor [60]

1-Methyl-3-propan-2-ylbenzene Citrus [62]

Ethylbenzene Strong [63]

1,3-xylene Sweet [71]

Estragole Reminiscent of anise with a corresponding sweet taste [60]

Carboxylic acids
Acetic acid Sharp, pungent, vinegar, cheesy, fatty, sour [57]

Table 5. Identification and quantification of aroma compounds, found in the fruits of A. boehmii; odor
threshold and evaluation of odor activity.

Concentration Evaluation of the
(ug eq. 3-Heptanol-kg—1 FM) Odor Odor Activity Value
Threshold
KILit. Kical AromaCompounds 0., ApHb22 AbHa2zz  (8ke™)  ApM22 AbHD22 AbHa22
(Match Factor > 80%)
888 892 Ethyl Acetate 353(34)P  11(12)2 411 (3P 3300 f 0.107  0.003 0.125
932 928 Ethanol 92(12)¢ 212(1)  286(17)2 200,000 f <0.001  0.001 0.001
1036 1035 Ethyl butyrate 13 (2P 26 (2)2 15 (1) P 0.188 72.2 144.4 83.3
Ethyl c b a h
1052 1052 2 Methylbutanoate 18 (2) 41 (4) 53 (5) 0.006 3000 6833 8833
1123 1128 3-methylbutyl 29 29 20 (2) 3i - - 6.7
acetate
1160 1170 Ethyl (Z)-but 10D 2322 22?2  Unkonwn ; ; ;
-2-enoate
1213 1217 (E)-2-Hexen-1-al 10 (1) @ 14 (3)2 12(2)2 82f 0.12 0.17 0.15
1281 1285 Heptan-4-ol 8 (1) <29 <29 Unkonwn - - -
1316 1317 (Z)-hex-3-enyl 31(5)2 2922 12(1)® 16f 1.9 1.8 0.8
acetate
1355 1351 Hexan-1-ol 9(2)¢ 2@2P 362 1600 f 0.006 0.014 0.023
1382 1382 (Z)-hex-3-en-1-ol 305) 46(6)2  44(6)? 910 f 0.03 0.06 0.02
1406 1407 (E)-hex-2-en-1-ol 334 54(4)° 19 (2)® 100 0.33 0.54 0.19
1603 1618 L-methoxy-4- <29 8992  26(2)° Unknown - - -
Propylbenzene '
1658 1664 Ethyl benzoate 394> 205222 22(2Fb 53] 0.74 3.87 0.42

Values with the same letter within the row were not significantly different, according to the Tukey test (p < 0.05).
Mean and standard deviation with n = 3. KI Lit: Kovats retention index from the literature; KI Cal: Calculated
Kovats retention index. Sources: f [59]; & [66]; ! [72];1 [73]; and J [68].

In the 30% of compounds found exclusively in certain areas, 3-Methylbut-2-enyl
acetate, 1-Methyl-3-propan-2-ylbenzene and Nonanal were found in the Malanje area. The
AbHb22 samples showed four specific compounds (2-methylpent-1-en-3-one; Pentane-2,3-
dione; Ethyl octanoate and Ethyl (methylthio) acetate) and the AbH22 samples contained
four specific compounds (Propyl acetate; Isobutyl acetate; Ethylbenzene and 1,3-xylene).

The year effect seemed less important on the aromatic profile, since only one com-
pound was specific to 2021: acetoin. This compound is not characteristic of fruits. It is a
compound that is more often found in dairy products with a buttery odor. Its presence in
our sample could indicate the start of lactic fermentation during fruit storage or transport.

In terms of chemical families, around half the compounds identified were esters,
a quarter were carbonyl compounds (aldehydes and ketones), a tenth were aromatic
hydrocarbons, and another tenth were alcohols. This fruit therefore falls into the category
of fruits with dominant esters. The studies carried out by Lasekan and Abbas [74] on
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several exotic tropical fruits indicate that, in general, esters and terpenes are the most
abundant chemical groups in aroma compounds.

AbHb22 AbHa22

4 4
(7.0%) (7.0%)
0
(0.0%)
25 0 (
(43.9%) (0.0%)
14
0 (24.6%) 2
(0.0%) D) o (0.0%)
(0.0%) (0.0%)

0

1
1.8%)
‘ o ’

Figure 8. Venn diagram representing the number of aroma compounds identified in fruit from the

different samples.

As can be seen in Table 5, among the 14 aroma compounds quantified, 11 compounds
were detected and quantified in the three areas. However, regarding the three compounds
3-methylbutyl acetate (found only in the Huila area), Heptan-4-ol (found only in the
Malanje-AbM area), and 1-methoxy-4-propylbenzene (found only in the Huambo-AbHb22
and Huila-AbHa?22 areas), they were present throughout the areas, but below the limit of
quantification in some cases. However, when we looked at their Odor Activity Value (OAV),
we could see that they did not make a major contribution to the fruit aroma. In contrast, the
ethyl 2-methylbutanoate and ethyl butyrate, responsible for green, fruity, apple, strawberry,
and pineapple pleasant notes, and found in all the loengo fruits, seemed to have a greater
contribution to the fruit aroma given their higher OAV. Niu et al. [75] argued that aroma
compounds with OAVs greater than 1 can be considered to contribute significantly to the
aroma of the product.

Aroma compounds are of course essential for the organoleptic quality of foods
(odor and flavor). In the case of fruits, they can also contribute to resistance against
microbial attacks. Some are considered bioactive, although their nutritional role is still
quite controversial.

3.6. Relationship Between Composition and Collection Area

The first step of variable selection was undertaken. Only variables statistically cor-
related with location (p < 0.05) were retained using an ANOVA test. Aroma compounds
were treated in another single ANOVA with the same condition. In addition, 3-methylbutyl
acetate and Heptan-4-ol were not considered for statistical analysis, as they were present in
only one out of three samples.

Figure 9 shows the PCA results. The two principal components represent 89%
of the total variance of the overall composition and 97% of the total variance for the
aroma compounds.
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Figure 9. Principal component analysis (PCA) performed on (a) overall composition related to the
four samples studied; (b) quantified aroma compounds related to the three samples from 2022.

It was possible to see that the projection of the individuals showed clusters composed
of fruits from the same area, whether for the PCA carried out with global composition
data (Figure 9a) or aromatic composition data (Figure 9b). Therefore, there was indeed
significant regional variability. However, regarding the overall composition, there was a
distinction between the Huila area, but little difference between the Malanje and Huambo
areas. It is noteworthy that the aromatic profile showed a finer chemical imprint of the
“terroir” differences.

Figure 9a showed how the composition was influenced by the year of harvest. We
can also note a difference between the year 2021 and 2022, which showed variability
in the composition depending on various factors linked to the harvest year: ripeness,
weather conditions, transport, and storage. The combined effects of edaphic and climatic
conditions on the biosynthesis and accumulation of aromatic compounds in fruits are well
documented, particularly in grapes, with a significant impact on wine quality [76,77].

Regarding the projected variables, it can be noticed in Figure 9a that the principal
component 1 was highly positively correlated with the variables—flavonols, NDFs, ADFs,
ADL, Total Ash, Mg, K, Mn, B, Zn, Na, Ca, and TA. The 2021 fruits were distinguished by
higher contents of these compounds. On the contrary, the 2022 fruits from the Malanje and
Huambo areas were anti-correlated with the 2021 fruits, with higher sugar and TCC and
lower acids. The increase in sugar and pigments may be indicative of a slightly warmer
2022 or a minimal difference in the ripeness. As mentioned by Mignard et al. [78], altitude
plays a crucial role in controlling plant metabolism through changes in temperature, light
intensity, and the photoperiod, and therefore affects the final content of many metabolites
in fruits.

The principal component 2 was positively correlated with Cu, TSSs, dry matter (DM),
and P. However, it was anti-correlated with anthocyanin and TPC. Factors such as high
altitudes and low temperatures were directly related to anthocyanin synthesis in fruits,
which may explain the difference between the Huila sample and the others. According
to Coklar [79], areas located at high altitudes and with low temperatures allow for the
accumulation of higher concentrations of monomeric anthocyanins in grapes, while in
low-altitude areas, the effect is the opposite. However, Mansour et al. [80] presented a
contrary thought when they reported that grapes grown in lower-altitude areas near the
sea had higher concentrations of acylated anthocyanins and dihydroxylated flavonols, due
to higher minimum temperatures and reduced thermal amplitudes between day and night.
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Anthocyanins were anti-correlated with copper ions, as these were oxidizing ions that
can react with these pigments and cause their degradation. This reaction was highlighted
by Sinela et al. [81], who proved that anthocyanins are highly reactive to metals and can be
oxidized by copper and iron in hibiscus extracts.

The first principal component analysis (PCA 1) in Figure 9b was positively correlated
with five aromatic compounds: three esters, one alcohol, and one aromatic hydrocarbon.
These include ethyl 2-methylbutanoate and ethyl butyrate, which are the aroma compounds
that contribute most to the fruit’s odor, according to Table 5. In the same figure, the AbHb22
and AbHa22 samples were different from the AbM22 sample, showed higher levels of
aroma compounds, and therefore may have a more powerful flavor. This may be due to
the higher altitude and cooler climate of these two areas, as already noted for grapes [80]
and cherries [82].

The second principal component analysis (PCA 2) was mainly linked to one ester and
one alcohol too, with fruit from the Malanje and Huambo areas containing higher levels
of (Z)-hex-3-enyl acetate and (E)-hex-2-en-1-o0l, while fruit from the Huila area correlated
better with one alcohol (hexan-1-ol). However, as the latter had a rather low OAY, it is
likely that the aromatic differences were subtle between the Huila and Huambo areas.

In conclusion, the PCA indicated regional variation in the composition. Nevertheless,
multi-year sampling and controlled agronomic trials would help to distinguish between
environmental and genetic influences on fruit quality more effectively.

4. Conclusions

The survey confirmed that A. boehmii (loengo) is a highly valued wild fruit in Angola.
It is harvested from August to March, with peak production in October. Despite its
perishability, it plays an important local economic role. The consumption of fresh fruit is
high in all the studied areas, with growing interest in processed products such as beverages
and dehydrated fruits.

Loengo is a fruit with good nutritional potential, as it contains significant amounts of
various essential compounds for health (Table S2) [83]. It is an excellent source of dietary
fiber, which keeps the digestive system healthy. It is rich in minerals (Mg, Cu, Fe, Mn, and
Zn) and bioactive compounds, notably polyphenols and carotenoids, which are recognized
as antioxidant with multiple health benefits. From an energy point of view, loengo is an
interesting nutritional option to include in the diet. However, this study showed that there
are significant differences in the composition of the fruit depending on its provenance and
year of harvest. Nevertheless, this conclusion, which is based on a single fruit sample per
region, needs to be refined and confirmed by including more samples from each area.

From an organoleptic point of view, loengo is a fruit with a pronounced and attractive
red color due to its high anthocyanin content. Additionally, this study characterized
the aromatic profile of the fruit for the first time. Its complex aroma is made up of a
large number of aroma compounds, including esters, carbonyl compounds, aromatic
hydrocarbons, and secondary alcohols, which give the fruit a powerful fruity flavor that is
appreciated by consumers.

The interest shown by local populations in loengo-based processed products opens
up promising prospects for its commercial development and local valorization. Further
research is now needed to better assess its health potential, in particular by further detailing
the polyphenolic profile of the fruit, as well as its organoleptic potential via sensory analysis.
It will also be interesting to understand the effect of stabilization processes, such as drying or
pasteurization, on the quality (pigments and aroma compounds) of loengo-based products
in order to extend its shelf life and optimize its large-scale production for the Angolan
industry. Finally, an agronomic study to domesticate the plant could also be conducted. In
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this case, it would of course be essential to consider the agro-ecological and socio-economic
impacts of large-scale crop production and integrate system sustainability issues into the
thinking process.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/agriculture15111175/s1: Full questionnaire used for the
semi-structured survey; Table S1: Elution gradient used for HPLC polyphenol analysis (A: water
Milli-Q/HCOOH 99/1 v/v; B: CH3CN); Table S2: Comparison of loengo with other very well-known
fruits that are produced in Angola, through some nutritional indicators; Figure S1: Some characteris-
tics of the respondents: (a) distribution by gender in each area; (b) age pyramid by gender in all the
areas; Figure S2: Chromatogram of the phenolic compounds (360 nm) obtained with the fruits from
sample AbM22 (the peak numbers refer to Table 2); Figure S3: HPLC carotenoid chromatograms
obtained with the fruits from AbHb22 sample (a) without saponification, (b) with saponification;
Figure S4: Chromatograms obtained when characterizing the aroma profile of the fruits from samples
(a) AbM22, (b) AbHb22 and c) AbHa22.
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