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Abstract: Wild-growing edible flora should be investigated to improve human food sustainability
and security. Portulacaria afra (spekboom) is an undervalued edible succulent plant that thrives in
harsh conditions in Southern Africa. This study determined whether the indigenous edible
spekboom can be harnessed as a sustainable, nutritious food source and ingredient.
Physicochemical and nutritional analyses were conducted on fresh and processed leaves (preserves,
chutney, pickles, and spice). The physicochemical characteristics included morphology, color,
texture, °Brix, pH, water activity, moisture content, titratable acidity, and ascorbic acid. Nutritional
value determinants included crude protein, crude fiber, gross energy, and total fat content. The
small, dark green fresh leaves had a soft texture and a very low sugar and fat content. Although the
water content was high, water activity was low. The pH and titratable acidity showed high acidity.
Leaves were high in ascorbic acid and low in protein, energy, insoluble fiber, and total fats. The
leaves were successfully processed into preserved products providing possible applications in the
food industry other than fresh leaves. The high acidity could be researched for application as a functional
ingredient. This study provided basic information on an unexplored plant that may have potential in the
food industry.

Keywords: Portulacaria afra; indigenous edible flora; sustainable food source; sustainable food
system; underutilized food source; food security; resilient agriculture; dietary diversity; climate
change-combating plants

1. Introduction

The World Health Organization’s Sustainable Development Goals 1 (No poverty), 2
(Zero hunger), 3 (Good health and well-being), 8 (Decent work and economic growth)
and 15 (Life on land) aim to end hunger, and improve nutrition, well-being, economic,
and social status of people worldwide [1]. However, global food security is a growing
concern because population increases result in increased demand for food, which presents
a challenge for agricultural systems [2].

In Southern Africa, there are growing concerns over the sustainability of major crops [3].
The dominant agricultural strategies for adequate food supplies will have to be adapted
to increase with demand, especially since climate change is an ever-increasing concern [4].
Politicians, policymakers, and researchers are calling for agricultural approaches that are
resilient to climate change and feasible for small-scale farmers [4], yet the poor and food
insecure are still vulnerable and suffer from food insecurity and undernourishment [3].
Crops that are resilient, increase food availability, increase nutrition security, protect
genetic resources, and generate income opportunities are needed [5]. In South Africa,
national agricultural and food policies should ensure that poor rural communities are
educated on the role that indigenous plants could play in food security [6]. Most
participants in a study, conducted in the North West province of South Africa, knew that
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indigenous plants grew easily and were drought, pest, and disease resistant. The
participants also indicated that cultivating indigenous plants for personal or commercial
use was sustainable and could increase food security [6]. Edible wild plants have the
potential to strengthen and broaden the food basket and thereby increase dietary
diversity. These plants cannot be ignored, especially when they are indigenous, resilient,
freely available, and adapted to survive marginal conditions [6]. Ignored, underutilized,
and undervalued crops could play a role in delivering the WHO’s 2015 agenda by
supporting sustainability, biodiversity, climate-resilient agriculture, and food security [6-
8].

One of the indigenous edible plants that grows in South Africa is Portulacaria afra (L.)
Jacq. (P. afra) in the family Didiereaceae, also referred to as spekboom. The spekboom is a
succulent plant distributed widely across the warm semi-arid regions of South Africa. It
is indigenous to the sub-tropical Albany Thicket biome, a region of dense woodland in the
Eastern Cape of which Grahamstown is the administrative capital [9]. Spekboom plants
cover 1.7 million hectares of the thicket ecosystem; however, a successful restoration
project conducted in Camdeboo National Park showed the efficacy of planting unrooted
and rooted truncheons in clusters in trenches or micro-basins [10]. Spekboom is a
straggling, multiple-branched small tree shrub with an attractive green color, leaves
ranging from 2.4 to 4.5 cm, and reaching heights of 2.5 m in a thicket environment [11]
(Figures 1 and 2).

Figure 1. Portulacaria afra (spekboom) in its natural habitat in the arid Karoo.
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Figure 2. Close-up of P. afra (spekboom) leaves and branches.

Researchers and journalists alike are interested in the spekboom because of its
palatable leaves and carbon-sequestration ability, which is about a hundred times more
efficient than a pine tree of comparable size [12,13]. A hectare-size spekboom population
can absorb between four to ten tons of carbon from the atmosphere yearly, and with
optimal conditions, carbon absorption is comparable to the Amazon rainforest. Hence, the
spekboom is one of the foremost climate change-combating plants [12,13].

The spekboom has been labelled a medicinal plant, nutritional supplement, and
functional food because of its high antioxidant capacity and novel bioactive compounds.
The phytochemicals in the leaves, roots, and stems include quinones, phenols, steroids,
coumarins, saponins, and terpenoids. The roots and stems are of interest because of their
flavonoid and phenolic constituents. Plants also contain antimicrobial activity against
Escherichia coli and Staphylococcus aureus and protect against enzyme functions [14-16].

Research on spekboom as a food source is minimal, but several wild and domestic
animals such as chickens, tortoises, ostriches, sheep, cattle, goats, kudu, and other
antelope find the leaves exceptionally palatable [12]. The spekboom also sustains large
animals such as rhinoceros, buffalos, and elephants in wildlife conservation parks, which
include the Addo Elephant National Park and surrounding private game reserves such as
Shamwari close to Gheberha (South Africa) [12,17-19]. Thus, it is a good food source for
animals [19]. The Zulus and Xhosas have embraced and used spekboom leaves as food and
medicine for centuries, specifically for skin ailments, inflammation, vomiting, and
diarrhoea [20,21], but much of the traditional knowledge was lost in modern times [22].
Currently, the plant’s value as a food source is still to be recognized and could enhance
food security.

Recently, popular magazines published salad and stew recipes containing spekboom
leaves [23]. Foraged or homegrown Spekboom leaves could be used as a vegetable in
dishes, supplementing or replacing more expensive ingredients. There is, however, no
traceable research on the nutritional content of spekboom. Thus, there is a need for studies
on the physical, chemical, and nutritional characteristics of the spekboom as a food source.
Once the nutritional characteristics are known, a lengthened shelf life and quality
nutritious preserved products can be explored for marketing and industry. Ultimately,
spekboom could play a role in counteracting malnutrition and undernourishment.
Therefore, this study established base information on the spekboom as a food source by
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determining the physicochemical properties and nutritional value of fresh leaves and four
processed commercial products (preserves, chutney, pickles, and chicken spice).

2. Materials and Methods
2.1. Sample Collection and Preparation

Eighteen P. afra (spekboom) plants were purchased at a local nursery in
Bloemfontein, South Africa and planted on the premises of the University of the Free State
main campus in January 2021. Samples were collected from six plants, which were
selected because of their larger size and even distribution in the lot. Three samples were
collected from each of the six trees in April 2021 (late summer), and each sample consisted
of ten leaves. The plants were similar in age, and the best quality leaves were collected
from the northern side of the plants, which received full sunshine during the day
(southern hemisphere). The leaves were picked from the node intersection on the branch.
The samples were labelled, transported, and washed with chlorinated water and air-dried.
Freeze-dried samples were prepared for nutritional analysis as described in Section 2.3.

The spekboom processed products were obtained from a commercial producer in
Johannesburg, South Africa. The producer concealed the brand name of the products and
supplied six samples from six different batches of each of the four products (preserve,
chutney, pickle, and chicken spice). The ingredient list was supplied, but the formulation
was not disclosed. The products (preserves, pickles, chutneys, and chicken spice) were
obtained in sterilized Consol jars. The tests were performed on each of the six samples of
each product. The ingredients of the products are indicated in Table 1.

Table 1. Ingredients used in the four commercial spekboom products.

Spekboom Product Ingredients
Spekboom leaves, tomatoes, sugar, lemon juice, ginger, chilli,
Preserve P & J &g
vinegar
Spekboom leaves, honey, red wine vinegar, rooibos tea, onion,
. olive oil, mustard seeds, non-iodized salt, dill seeds, caraway
Pickles

seeds, black peppercorns, coriander seeds, cinnamon, pimento,
bay leaves

Spekboom leaves, apple, onion, bell pepper, sugar, vinegar, salt,
Chutney ginger, chilli, black pepper, nutmeg, cloves, coriander, and
apricot jam (All Gold brand).
Dry spekboom leaves, sea salt, garlic flakes, sesame seeds, black
pepper, onion flakes, thyme, rosemary, sage, marjoram

Chicken spice

2.2. Physicochemical Analysis

Three leaf samples from each tree were measured on a Radwag Ps 750/c/2 scale in
grams (g) and the size was determined in centimeters (cm). Texture analysis was not
conducted on spekboom products due to their physical properties. The texture of fresh
leaves was determined using a CT3 Brookfield Texture Analyzer. A compression test with
a pre-test speed of 0.00 mm/s, test speed of 0.50 mm/s, and post-speed of 0.50 mm/s was
conducted. The load cell was 10,000 g, the trigger load was 7 g, and the target distance
was 7 mm. Results were observed with texture Pro CT software [24]. Samples were tested
in three places (top, middle, and bottom) on the fixture base table TA-CJ below the needle
probe TA2/100 (stainless steel, 1.0 mm diameter and 43 mm long). The probe was lowered
automatically, penetrating and fracturing the sample over the target distance of 7 mm.
The force needed to fracture the sample was measured. Hardness was the highest force
(g) used to penetrate the sample over the target distance; the higher the reading, the softer
the sample [25]. Hardness work performed was the energy (Megajoules) needed to break
the strength and internal bonds within the specimen when fracturing the sample (M]); the
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higher the value, the greater the energy required to fracture the sample. Deformation
(mm) was the distance the probe moved before the sample fractured, the shorter the
distance, the harder the sample. Peak load (g) was the maximum force necessary to tear the
sample apart; the higher the value, the more force was needed to pull the sample apart [24,25].

A Konica Minolta Chroma CR-400 meter determined the color of the samples. The
colorimeter was placed on top of the leaf, and each leaf was scanned twice, at different
sections not far from each other. The two readings were averaged for each sample. The
Hunter color scale indicating CIELAB and CIELCH values was used [26]. Measurement
readings were in L* a* and b* of CIELAB. L* measured color lightness with values
ranging from 0 (black) to 100 (white); a* represented red (positive values) and green
(negative values); and b* represented yellow (positive values) and blue (negative values).
Chroma (C*) represented the relative color saturation ranging from 0 (unsaturated or dull
color) to 100 (brightness). Hue (h°) represented the position of colors in degrees on a color
wheel where 0° was red, 90° was yellow, 180° was green, and 270° was blue. Both C* and
h° coordinates were calculated from a* and b* with an online color parameter converter
[27].

To determine viscosity, fresh leaves and products were homogenized into pulp using
a Mellerware Robot 500 Inox Stick Blender. The fresh leaf samples were mixed 1:1 (grams)
with distilled water, while the product samples (preserves, pickles, and chutneys) were
homogenized as is. The fresh leaf samples were centrifuged using a roto head setting of
18 and a temperature of 4°C at a speed of 8000 rpm for 15 minutes, and the volume (ml)
of the supernatant was determined. A Brookfield DV3T Viscometer with a spindle number
sc4-21 was used to determine the viscosity (cP) of each homogenized extract sample. The
viscosity measurements were obtained using different speeds to indicate the flow
properties of the fluid. The rate was set at 50 and 75 rpm at a controlled temperature of
25°C. A container attached to the viscometer was filled with the 7 ml supernatant extract.
The different speeds were observed for one minute and 16 s. The viscosity values were
above 10% [28].

Total soluble solids (°Bx) for the fresh leaves and products (preserves, pickles,
chutneys, and chicken spice) were determined by using a Hanna Instrument, HI96801, 0-
85% Refractometer. One ml of extracted juice from the leaves and half a ml from the
products were tested in the refractometer. The results were presented in degrees Brix (°Bx)
[29].

An RS232 Novasina Thermoconstanter measured the water activity of the fresh
leaves and products. A thermoconstanter was set at 190 and a temperature of 25°C. The
fresh leaves were chopped into small pieces, and two ml of fresh leaves and each of the
products were analyzed. The results were presented on the screen of the thermoconstanter
and recorded.

An Eco Therm oven was used to determine the moisture content of fresh leaves and
products. Each sample was placed on a metal petri dish and weighed before being placed
in the oven for 24 hours at 102°C, then weighed again after 24 hours. The moisture content
(%) was determined according to [30].

To determine the acidity of the samples, the leaves were crushed using a Mellerware
stick blender, and distilled water was added at a ratio of 1:1 (grams) as a thinner pulp
consistency was required to allow the insertion of the pH probe. The pulp was transferred
into a plastic beaker, and a calibrated Eutech pH 2700 Ph/mV/°C/°F probe was inserted
into the pulp to determine the pH [29]. To determine the titratable acidity, five ml of
supernatant was combined with 35 ml distilled water, and 3 ml phenolphthalein was
added. Sodium hydroxide was added in 0.50 ml steps and gently stirred using a magnetic
stirrer. The endpoint of the reaction was indicated with a faint pink color. The sodium
hydroxide titrated was recorded and expressed in milliliters (ml) before the final
calculation. Titratable acidity expressed as citric acid (%) could not be determined for the
chicken spice due to its physical properties. The final titratable acidity was expressed as
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TA (%), expressed as citric acid; the following equation was used for the calculation [23].
% Titratable acidity expressed as citric acid:

titre (ml) x 192.12 (Molecular weight of citric acid)
3 (ml of phenolphthalein indicator) x 1000

Titratable acidity =

The 2,6-dichloroindophenol titration method [31] was used to conduct the ascorbic
acid analysis. A pipette was used to withdraw 5 ml of the supernatant extract, and the
extract was combined with 1 ml acetic acid. For spekboom products such as pickles and
chutney, 35 ml distilled water was added to the mixture of supernatant extract and acetic
acid to ensure a liquid consistency. Ten ml dichlorophenol-indophenol solution was
titrated at a rate of 0.50 ml at a time and gently stirred with a magnetic stirrer to ensure
even distribution. The endpoint of the reaction was indicated with a faint pink color.
Ascorbic acid in chicken spices was not conducted due to its physical properties. The results
were expressed as mg/100 g ascorbic acid, and the following equation was used for the
calculation:

mg/100 mg = (T-B)/(St-B) (20) (DF) )

T =titration value; B =blank (0.01); St=standard solutions (5.18); and DF = dilution factor.

The dilution factor of pickles and chutney was different compared to the fresh leaves
and the preserve because it required an additional amount of dilution (35 ml distilled
water). The following dilution factor calculation was used:

DF = (V1 + V2)/V1

V1 = sample volume; and V2 = distilled water volume.

2.3. Nutritional Value Analysis

Fresh leaves (composite samples) and products (preserves, chutney, and pickles)
were frozen at —18°C for five days and freeze-dried for 48 hours at -36 °C to obtain powder
samples for analysis. Organic matter was determined by incineration for 5 hours at 550 °C
in a muffle furnace, cooled to room temperature in a desiccator, weighed accurately, and
expressed as grams (g) ash/kg DM [32]. The organic material content was calculated by
subtracting the ash content (g) from 1000 g and expressed as g OM/kg DM.

Crude protein was determined by thermal combustion. Nitrogen (N) was determined
in a Leco Nitrogen analyzer [33,34]. Crude protein was calculated automatically with a
Leco machine by multiplying the nitrogen (N) content by a factor of 6.25 [35].

To determine the crude protein (CP/kg DM) in fresh leaves and product samples, 0.6 g
freeze-dried samples were weighed in duplicate glass pill vials and dried overnight (100 °C).
The samples were removed from the oven to cool to room temperature in a desiccator. A
range of 0.09 g and 0.25 g of each dry matter sample was placed in foil containers. The
accurate mass was determined, and the value was transmitted to a computer. Verification
was conducted to ensure that the mass shown on the scale corresponded correctly with
the one shown on the computer. The foil was wrapped, and the sample was placed in the
carousel of a Leco machine in the position shown on the computer. When three minutes
had elapsed, the value on the computer screen was recorded [34].

Gross energy was determined by a Leco Automatic Calorimeter AC-500 series
Oxygen Combustion Vessel [33]. Gross energy was the heat, measured in joules (J), which
was released when a sample was completely oxidized in an adiabatic bomb calorimeter,
and the results were presented in megajoules (M]). The sample was mixed thoroughly and
weighed to an accurate amount of 0.35 g and placed in a clean and oven-dry metal
crucible. The weight was logged into a computer, and the fuse wire was connected tightly
to two electrodes. The crucible was placed with one electrode under the fuse wire, and the
fuse wire was positioned just above the sample. The crucible with the sample was placed
in the bomb cylinder and closed. The bomb was placed in the gas filling site, and the
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oxygen charger was attached to the bomb; when the switch was pressed, the bomb
automatically filled with oxygen until it reached 420 psi (28.96 bars).

A combustion vessel bucket was filled with 2000 ml water and placed in the
combustion bucket well and positioned at the front of the calorimeter, and the calorimeter
lid was closed. The analysis process was started, and after the ignition took place, the
calorimeter ran the analysis for 8 minutes. After the analysis, the results were displayed
on a computer screen. No calculation was necessary because the instrument provided the
correct reading, namely MJ/kg DM.

Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined as
described by Goering and Van Soest [35] and Roberson and Van Soest [36]. To determine
neutral and acid detergent fiber, one gram of the air-dried and sieved samples (in
duplicate) was weighed into a glass pill vial, dried overnight, and transferred into sintered
glass crucibles. The weight was determined accurately and placed into the hot extraction
unit. The applicable acid or neutral detergent solution (100 ml) was added to the samples
and boiled for 60 min.

The enzyme a-amylase was added to the neutral detergent samples. The samples
were filtered with suction, washed three times with hot distilled water, and rinsed twice
with acetone. The samples were dried overnight at 100 °C, cooled in a desiccator, and
weighed accurately. The samples were incinerated in a muffle furnace, allowed to cool
before removal, placed in a desiccator for 30 min, and weighed again. The NDF was
expressed as g/kg DM and ADF as g/kg DM.

Before the Soxhlet method to determine total fat content was applied, related
substances were extracted from the freeze-dried samples with hexane [34]. After the
hexane and dissolved material were separated, the hexane was vaporized, and the mass
of the remaining substances was determined. The remaining substance was mainly fat.

An oven flask was placed in a desiccator to cool for at least 30 min before weighing.
The sample was mixed thoroughly, and 2 grams were weighed onto a Whatman filter
paper and wrapped up to ensure no sample loss. The filter paper was placed in a thimble.
The sample in the thimble was covered with a plug of high-grade fat-free cotton wool and
the thimble was placed in a dry Soxhlet flask. The extracting unit was assembled, and 150
ml of hexane was added to the flask. Extraction lasted for 4 hours. The hexane was decanted
into a beaker, and the thimble was removed. It was allowed to accumulate in the Soxhlet Flask.
The flask was left to evaporate to almost dry, but not to boil completely dry, overnight at
100°C, alternated at 248°C. The flask was placed in a desiccator for 30 min, and the mass was
determined accurately. A mass of 2 g was used, and the calculation was as follows:

(D—E)
HSS = mass (g) sample @)
where D is the mass (g) of the sample plus flask after extraction; E is the mass (g) of the flask
before extraction; and HSS = hexane-soluble substances (hexane replaces ether in the method).

2.4. Statistical Analysis

For the physicochemical and nutritional analysis of fresh spekboom leaves, a one-
way analysis of variance (ANOVA) was used to determine the differences between the fresh
leaves and products. For statistically significant differences, Tukey’s Honest Significant
Difference (HSD) post hoc test was used to determine which groups were different (p < 0.05).
Summary statistics were calculated for each tree and tabulated. The nutritional values
obtained from the freeze-dried samples (DM) were converted to demonstrate the “fresh
weight” values. All calculations were carried out with XLSTAT software [37].
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3. Results and Discussion
3.1. Morphology and Texture of Fresh Spekboom Leaves

The average weight for leaves was 0.64 g, average length was 2.20 cm, and the average
width was 1.89 cm, indicating that the leaves were smaller and lighter in weight compared
to most other vegetable leaves (Table 2; Figure 2). In terms of texture, the average hardness
of fresh leaves was 51.16 g, hardness work was 0.38 MJ, and target deformation was 1.47
mm. Research on the hardness of nopalitos and green peppers was recorded as 503.67 g
and 1137.61 g, respectively; hardness work was 8.43 m] and 20.87 m], respectively; and
the peak load was 2684.17 g and 2708.17 g, respectively [25]. Thus, spekboom leaves were
softer than nopalitos and green peppers.

Table 2. Morphology and texture of fresh spekboom leaves.

Morphology (n =180) Weight (g) 0.64 = 0.06
Length (cm) 2.20+0.02
Width (cm) 1.89+0.02

Texture (n = 180) Hardness (g) 51.16 + 13.73
Hardness work (m]) 0.38+£0.11
Deformation (mm) 1.47 £ 0.05
Peak Load (g) 51.25+13.74

3.2. Physicochemical Characteristics of Spekboom Leaves Compared to Processed Spekboom
Products

The color of fruits and vegetables is a critical attribute as it assists in determining the
health and ripeness of a crop [38]. In this study, the fresh spekboom leaves indicated that
they were darker in color (42.34 L*), represented green color (-13.18 a*) and yellowness
(22.37 b*), and the position of the fresh leaves was at a green position (121.22 h°) and
unsaturated in color (Table 3). Spekboom plants have bright green leaves with a glossy
red-brown trunk and bear a dense crown of succulent leaves and stems [23].

Chicken spices represented a darker (64.09 L*) color compared to spekboom fresh
leaves (42.23 L*). The pickles (44.36 L*), preserves (34.87 L*), and chutney (31.77 L*) were
much lighter compared to spekboom fresh leaves (42.23 L*). Chicken spices (-1.39 a*) were
greener than fresh leaves (-13.20 a*), preserves (-15.85 a*), pickles (4.41 a*), and chutneys
(9.48 a*), thus showing a light green color in the fresh leaves, preserves, pickles, and
chutneys (Table 3). Pickles (26.62 b*) were not different from preserves (25.51 b*) in
yellowness (b*) but were much lighter in yellowness than fresh leaves (22.40 b*), chutneys
(18.28 b*), and chicken spices (14.98 b*). The fresh leaves (121.22 h°), preserves (121.86 h°),
and chutneys (118.07 h°) indicated a green hue (h°) on the color wheel while chicken spices
(95.57*) indicated a hue (h°) falling close to the yellow hue (Table 3). Saturation values
showed that fresh leaves, and spekboom products were below 50, which represented a
low saturation (dull color), with chicken spices presenting a much duller color value
compared to fresh leaves and products (Table 3). On average, nopalitos were 50.08 L*,
-17.58 a*, 28.41 b*, the chroma was 33.38, and hue -57.52 h° [39], which compared with
the color coordinates of spekboom leaves.

Table 3. Color comparison between fresh spekboom leaves and processed spekboom products.

Product L* a* b* h° C*
Fresh leaves (n=180) 42.23<+1.13 -13.20° +0.67 22.40°b+1.20 121.22 <+0.90 26.15<+1.21
Preserves (n = 6) 34.87b+2.02 -15.852+2.07 25.51 bc+2.04 121.86 <+ 3.28 30.06 ¢ +2.35
Pickles (1 = 6) 44.36<+1.09 -4.414+222 26.62 <+ 1.72 101.32°+1.00 27.13 < +1.65
Chutneys (1 = 6) 31.77 2+ 1.08 -9.48 <+ 0.85 18.28 2+ 3.77 118.07 <+ 4.60 20.66 b +3.49
Chicken spices (n=6) 64.09 4+ 1.63 -1.39+0.27 14.98 2+ 0.61 95.57 2+ 1.26 15.04 2+ 0.60

Means with different superscripts in the same column differed significantly (p < 0.05).
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The average viscosity for fresh leaves at 50 rpm was 762.48 cP (Table 4). Applying
higher rotation speeds meant that the material was more pressured towards the walls of
the container, resulting in a decreased density of the sample [40,41]. The average viscosity
for fresh leaves at 75 rpm was 524.13 cP. The spindle rotation of 75 rpm presented a lower
cP reading, indicating that the extract had a lower viscosity compared to the 50 rpm spindle
rotation. Thus, the extract showed non-Newtonian, pseudoplastic (shear thinning) behavior.

The extracts from the fresh leaves at 50 rpm cP (762.48 cP) were higher in viscosity
than the preserves (202.33 cP), pickles (539.12 cP), and chutneys (537 cP) (Table 4). Like
the fresh leaves, the spekboom products also showed shear-thinning characteristics
because the viscosity of the products measured lower at a higher-speed rotation.
Comparing the viscosity measurements to other studies was problematic as viscosity
measures are different at different speeds (rpm). However, nopalito extracts measured
between 17.32 cP and 48.92 cP for different sizes at 100 rpm [42], and between 120 cP and
673.33 cP for different cactus pear cultivars at 20 rpm [40].

Table 4. The viscosity yield comparison between fresh spekboom leaves and processed spekboom
products.

Product 50 rpm cP 75 rpm cP
Fresh leaves (n =18) 762.48 <+ 31.31 524.13 4+ 33.36
Preserves (n = 6) 202.332+15.51 178.29 2+ 18.15
Pickles (n = 6) 539.12 b+ 57.27 278.23 b+ 39.06
Chutneys (n = 6) 537.00 b + 27.63 364.13 <+ 25.32

Means with different superscripts in the same column differed significantly (p < 0.05).

The average total soluble solids for fresh leaves were 22°Bx (Table 5) [43]. Green
peppers at different harvesting levels ranged from 3°Bx to 4°Bx, thus indicating that green
peppers had higher sugar content than fresh spekboom leaves [44]. Chutneys (59.05°Bx)
were higher in dissolved solids than fresh leaves (2.22°Bx), preserves (22.95°Bx), and
pickles (22.95°Bx). Sweetness measured as 60°Bx was equivalent to sugar content of 60%
[45]. In addition, canned products such as preserves, chutneys, pickles, and marmalades
range from 65 to 68°Brix [45], making them higher in sweetness than the spekboom products.
Although spekboom chutneys presented a high sugar content (59°Bx), they still had a lower
sugar content compared to most other preserves, pickles, and chutneys eaten by consumers.

Table 5. The soluble solids, water activity, moisture content, pH, titratable acidity, and ascorbic acid
in fresh spekboom leaves and processed spekboom products.

. Moisture Titratable Ascorbic
°Brix Water pH .3 .
Product %) Activity Content (%) Acidity Acid
(%) (%) (mg/100 g)

Fresh leaves (n =18) 2222+041 094<+£0.02 93.18<+2.76 3282+0.19 0.062+0.006 35.262+7.40
Preserves (1 = 6) 54.88¢+291 0.85¢+0.02 43.072+3.29 3212+012 0.112+0.019 5.06>+1.46
Pickles (n = 6) 22950 +1.69 0.89¢+0.03 69.45°+1.53 3.032+0.04 0.18<+0.027 4.40°b+1.40
Chutneys (n = 6) 59.054+2.21 0.69°+0.16 41.462+2.89 3382+040 0.17<+0.005 4.66>+0.33
Chicken spices (11 = 6) 3297¢+156 0492+0.03 17.562+0.30 5.55b+(.34 N/A N/A

Means with different superscripts in the same column differed significantly (p < 0.05).

The average water activity for fresh leaves was 0.94 (Table 5) [46], which supported

the growth of bacteria, yeast, and mold. The fresh spekboom leaves showed values below
the 0.99 and 0.98 water activity limit levels, making them less susceptible to bacteria such
as Clostridium botulinum type E and Pseudomonas fluorescens. Fresh leaves (0.94) were not
significantly different from the preserves (0.85) and pickles (0.89) but were higher than the
chutneys (0.69) and chicken spices (0.49). The water activity level that limits the growth of
most pathogenic bacteria is 0.90 and 0.70 for spoilage molds, and the lower limit for all
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microorganisms is 0.60 [46]. It was noted that apart from the fresh leaves, all spekboom
products were in a range of 0.49 to 0.89. The water activity level of fresh leaves and
products showed that they might have been less susceptible to bacterial contamination.

The average moisture content of fresh leaves was 93.18% (Table 5). The moisture
content in fruits and vegetables varies, with cucumbers at 95%, broccoli at 89%, green
peppers at 94%, and 13 different underutilized green leafy vegetables ranging between
82.1 g/100 g and 95.3 g/100 g [47,48], indicating fresh spekboom leaves are in a similar
range. The moisture content for fresh leaves (93.18) was significantly (p < 0.05) higher than
the preserves (43.07), pickles (69.45), and chutneys (41.46). Preserved products such as
preserves, chutneys, pickles, and marmalades contain 30 to 35% moisture content [45].
Thus, the spekboom products had higher moisture content than other preserved products.

Fresh leaves were close to that of fresh lemon and vinegar in terms of acidity (Table
5). The fresh spekboom leaves ranged from 2.9 to 3.4 pH, while 149 out of 379 beverages
tested in the USA had a pH of <3.0 [49]. The most acidic beverage was lemon juice (pH
2.25). Thus, spekboom leaves were in the safe pH range for consumption, although the
leaves were sour. The pH of chicken spices (pH 5.55) was significantly higher (p < 0.05)
than fresh leaves (pH 3.28), preserves (pH 3.21), pickles (pH 3.03), and chutney (pH 3.38).
The low pH level of fresh spekboom leaves might assist in their preservation [50].

The average titratable acidity expressed as citric acid for fresh leaves was 0.06% (Table 5).
Mpemba [51] reported the titratable acidity for green pepper (0.09%) and cucumber
(0.02%), within a similar range. In comparison, fresh lemon juice and lime juice are rich
sources of citric acid, containing about 1.44 and 1.38 citric acid respectively, placing them
in a higher range compared to fresh leaves [52]. Pickles (0.18) were not significantly
different (p < 0.05) from chutneys (0.17), but significantly higher (p <0.05) than fresh leaves
(0.06) and preserves (0.11) (Table 5). As an example, jams and marmalades produced from
Nigerian tropical fruits had titratable acid values between 1.83 and 3.54%, thus would
taste sourer than the spekboom products [53].

The ascorbic acid for fresh leaves (35.26 mg/100 g) was significantly higher than for
preserves (5.06 mg/100 g), pickles (4.40 mg/100 g), and chutneys (4.66 mg/100 g). The
ascorbic acid content in nopalitos was 13.04 mg/100 g [54]. The ascorbic acid content of
twelve underutilized leafy vegetables in India varied between 3 mg/100 g (Coleus
aromaticus) and 85 mg/100 (Polygala erioptera) with an average of 33.6 m/100 g. Delonix elata
was an outlier with an ascorbic acid content of 295 mg/100 g [49]. The ascorbic acid content for
eight African leafy vegetables ranges between 1 (Jew’s mallow) and 10 mg/100 g (Tsamma
melon) [55].

3.3. Nutritional Analyses of Fresh Spekboom Leaves Compared to Processed Spekboom Products

Plant proteins are of lower quality than animal proteins and offer less protein [56].
Fresh spekboom leaves were very low in crude protein content (0.57 g/100 g) compared to
other green leafy vegetables. The protein content of eight African leafy vegetables ranged
from 0.5 g/100 g (black nightshade) to 5.0 g/100 g (spider flower) with an average of 3.31
g/100 g [56]. For thirteen underutilized green leafy vegetables from India, the protein
content varied between 0.6 g/100 g (Coleus aromatics) and 7.1 g/100 g (Delonix elata) [49]
with an average of 3.29 g/100 g [55]. Chicken spices (4.03 g/100 g) were significantly higher
(p £0.05) in crude protein content than fresh leaves (0.57 g/100 g), preserves (0.70 g/100 g),
pickles (1.58 g/100 g), and chutneys (0.45 g/100 g). The pickles were significantly higher (p
<0.05) than fresh leaves, preserves, and chutneys in crude protein, possibly because of the
seed (mustard, caraway, and dill) content (Table 6).
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Table 6. Nutritional analyses of fresh spekboom leaves compared to processed spekboom products.

Crude Protein Gross Energy Crude Fiber Crude Fiber (ADF) Total Fat

Product (8/100 g) (KJ/100 g) (NDF) (/100 g) Content

(g/100 g) (g/100 g)
Fresh leaves (n = 18) 0.572+0.06 61.152+5.08 1.172+0.18 0.402+0.07 0.122+0.011
Preserves (1 = 6) 0.702+0.12 891.26 <+ 63.67 1.612+0.26 1.56°*+0.70 0.032+0.01
Pickles (n = 6) 1.58+0.20 692.51 bec + 46.73 5.47b+0.92 4.904+0.70 6.14 <+ 0.58
Chutney (n = 6) 0.452+0.14 774.42 < +268.80 1.192+0.34 0.93 3 +0.32 0.012+0.01
Chicken spices (1 = 6) 4.03<+0.62 484.42 > + 74 .81 5.79v+0.91 3.71<+0.55 3.75b+(0.82

Means with different superscripts in the same column differed significantly (p < 0.05).

The gross energy in the preserves (891.26 KJ/100 g) was not significantly different (p
< 0.05) from the pickles (692.51 KJ/100 g) and chutney (774.42 KJ/100 g) but was
significantly higher (p < 0.05) than the chicken spices (484.42 K]J/100 g) and fresh leaves
(61.15 KJ/100 g) (Table 6). In comparison to fresh leaves (61.15 kJ/100 g), the gross energy
of green pepper was approximately 70.90 kJ/100 g, cucumber 45 KJ/100 g, and leaf lettuce
50 KJ/100 g [57]. Gross energy reported for eight African leafy vegetables ranged between
120 kJ (Chinese cabbage) and 319 kJ/100 g (Jew’s mallow) with an average of 232 kJ/100 g
[56]

In terms of crude fiber (NDF), pickles (5.47 g/100 g) were not significantly different
(p <0.05) from the chicken spices (5.79 g/100 g) but were significantly higher (p <0.05) than
fresh spekboom leaves (1.17 g/100 g), preserves (1.61 g/100 g), and chutneys (1.19 g/100 g)
(Table 6). Fresh spekboom leaves exhibited very low NDF (1.17 g/100 g) compared to six
nopalito cultivars, which had higher NDF content ranging from 17.75 to 24.18 g/100 g [58].

For acid-detergent fiber (ADF), fresh leaves exhibited low crude fiber (0.40 g/100 g).
The pickles (4.90 g/100 g) and chicken spices (3.71 g/100 g) contained higher crude fiber
(ADF) compared to the spekboom products, thus reflecting the contents of the other
ingredients (Table 6). The ADF content of six nopalito cultivars ranged from 7.88 to 9.22 g/100
g, which was higher than fresh spekboom, and the dietary fiber content of eight African
leafy vegetables were 5.63 g/100 g on average [55].

The total fat content of fresh spekboom leaves (0.116 g/100 g), preserves (0.031 g/100 g),
and chutneys (0.011 g/100 g) was less than 1%, whilst the pickles (6.142 g/100 g) and
chicken spices (3.746 g/100 g) had higher total fat content due to the other ingredients such
as the oil in the pickle brine (Table 6). Six nopalitos cultivars had an average of 0.61 fat, and
eight leafy African vegetables had an average fat content of 0.31 g/100 g [56]. In fact, most
vegetables have less than 1% fat content [57].

4. Conclusions

This research established baseline information on the physicochemical and
nutritional characteristics of fresh spekboom leaves and related processed products. A
good quality spekboom leaf is small and lightweight with a dull green surface color, hard
surface, soft inside, and high moisture content. The spekboom had a lemony and sour
taste with juicy moisture-filled leaves. The leaves exhibited nutritional value (crude
protein, gross energy, fiber, and total fat) that was lower than other wild edible plants and
green leafy vegetables. However, it was a good source of ascorbic acid. Fresh spekboom
leaves can serve as an economical supplement or replacement for green leafy vegetables.
Good quality preserved products made from spekboom leaves were marketable, proving
its potential for the food industry. The spekboom thrives in marginalized areas and can
be utilized year-round, making it a potential food source to reduce food insecurity and
malnutrition. The indigenous plant can be applied in Southern Africa’s food system and
in hot and dry areas in the world. Future research should include sensory analysis, in-
depth nutritional analyses, and screening for bioactive compounds such as antioxidants
and phenols.
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