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+ermal processing of leafy African indigenous vegetables (LAIVs), which are rich in nutrients, especially vitamin B series affects
the levels and bioaccessibility of the vitamins.+is study investigated the bioaccessibility of vitamin B series in fresh and thermally
processed LAIVs. Five commonly consumed indigenous vegetables,Cleome gynadra, Vigna unguilata, Amaranthus viridis, Basella
alba, and Cucurbita maxima, were processed by boiling and/or frying, treated to in vitro gastrointestinal digestion procedure, and
levels of vitamin B series determined before and after treatment. +e vitamin B series in fresh LAIVs ranged from 0.73± 0.01mg/
100 g (B9; spider plant) to 174.16± 3.50mg/100 g (B2; vine spinach) and had both significant increase (ranging from +8.71% to
+446.84%) and decrease (ranging from −0.44% to −100.00%) with thermal processing (p< 0.001). +e in vitro digestion resulted
in a significant increase (p< 0.001) of vitamins ranging from 5.18% (B5; boiled cowpeas) to 100% (B2, B3, and B6 in several
processed vegetables). Where detected, the bioaccessible levels of vitamin B series in fresh, processed, and in vitro digested samples
were sufficient to meet the Recommended Dietary Allowances (RDA) of children and adults. +ese findings support the
promotion of a nutritional approach to malnutrition resulting from vitamin B series deficiency.

1. Introduction

Vitamins are a group of organic compounds which are
important for the normal functioning of the body [1, 2].
Vitamin B, a series of vitamins, namely, thiamin (B1), ri-
boflavin (B2), niacin (B3), pantothenic acid (B5), pyridoxine
(B6), and folate (B9), are water-soluble and are foundmajorly
in leafy African indigenous vegetables (LAIVs) and fruits.
+ey play key roles in cellular metabolism and homeostasis,
maintenance of healthy skin and muscle tone, enhancing
immune and nervous function, and promoting healthy cell
division and hematopoietic activity [3]. Consistent con-
sumption of diets rich in these vitamins not only maintains
good health but also addresses malnutrition [4, 5]. +e

recommended dietary allowances (RDAs) for the vitamin B
series range from 0.1–20mg/day [6].

Malnutrition affects more than two billion people
globally [1], although it is more alarming in developing
countries where young women and children are mostly
affected [7]. +e result of malnutrition is poor health, low
worker productivity, high mortality rate, and morbidity [1].
+e deficiency of vitamins B1, B2, B3, B5, B6, and B9 causes
beriberi, cardiac disorder, pellagra, impaired coordination,
neurological disturbances, and megaloblastic anemia, re-
spectively [8]. Malnutrition is mainly addressed through the
nutritional approach, supplementation, and food fortifica-
tion [8, 9]. Consumption of LAIVs as a nutritional approach
is promoted because they are rich sources of not only vi-
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tamin B series but also other vitamins, minerals, and other
phytochemicals [8]. Alam et al. [10], for instance, reported
levels of vitamin B (B1, B2, B3, and B6) in unconventional
leafy and nonleafy vegetables ranging from 0.06± 0.01 to
1.05± 0.13mg/100 g and recommended that regular intake
of the vegetables would help combat micronutrient
deficiency.

+ere are more than 200 species of LAIVs in Kenya
cultivated by over 60% of households in the rural and
periurban parts of Kenya [11, 12]. Spider plant (Cleome
gynandra), cowpeas (Vigna unguiculata), vegetable ama-
ranth (Amaranthus viridis), vine spinach (Basella alba), and
vegetable pumpkin (Cucurbita maxima) are among the
common LAIVs in Western Kenya [13]. Cultivated by
smallholders, the vegetables are commonly consumed due to
their medicinal value, such as antibacterial and antioxidant
properties, and rich micronutrient such as vitamins and
microelements [14]. +is makes them not only generally
available but also inexpensive, although a number of them
are unfortunately underutilized and unconsumed [15]. In
addition to being promoted to address malnutrition, the
LAIVs are a source of income for small-scale farmers
[16, 17].

Vegetables are commonly processed, mainly by boiling,
frying, and steaming [11, 18, 19]. However, thermal pro-
cessing affects the levels of vitamins, though the process is
necessary since it releases vitamins from the vegetable matrix
[20]. Cooking water has been reported to reduce levels of
thiamin by between 31% and 50%, riboflavin by 50%, and
niacin by 80% [21, 22]. Factors that enhance the loss of
vitamin B series in heat processing include the presence of
water, oxygen, light, and pH [3, 8, 21, 23, 24]. +ese water-
soluble vitamins are extractable into water (leaching) during
blanching and cooking [21]. Oxidative cleaving is usually
minimized during cooking by steaming the vegetables until
the pathway between tender and crisp [3, 24]. Pantothenic
acid is stable to heat at a pH of 5–7, although it can be lost
during cooking [23].

Vitamins in vegetables are complexed in the nutrient
matrix, requiring their breakdown to make them bio-
accessible for absorption. Bioaccessibility, the amount of
ingested nutrients that potentially become available for
absorption in the gastrointestinal tract [25], is affected by
food matrix, processing, interaction with other dietary
compounds, and physicochemical properties [26, 27]. High
dietary fiber in vegetables decreases the bioaccessibility of
nutrients by slowing gastric emptying, digestion, and ab-
sorption of nutrients, mainly due to the water retained by
pectin that forms a viscous solution in the gut [28–31].
+ermal processing is important in increasing the surface
area and the interaction of hydrolytic enzymes and emul-
sifiers with food particles during the gastric and intestinal
phases of digestion to release nutrients [28, 29, 31]. However,
the released vitamin may undergo a chemical reaction due to
pH change or from the oxidative reaction, as seen in beta-
carotene in thermally processed LAIVs [32].

Studies of in vitro bioaccessibility using the gastroin-
testinal model can determine the digestibility of the food
material, the fraction of food components that are trans-
formed into potentially accessible matter through physical
and chemical processes occurring in the ileum [25, 33] and
inform the best food processing procedures that retain high
levels of nutrients. +ere is little information on the bio-
accessibility of vitamin B series from thermally processed
LAIVs, which are important in addressing vitamin B defi-
ciency. Hence, an in vitromethod of digestion was employed
to study the bioaccessibility of vitamin B series from ther-
mally processed (boiled and boiled-fried) spider plant,
cowpeas, amaranth, vine spinach, and pumpkin leaves.

2. Materials and Methods

2.1. Equipment and Chemicals. High-Performance Liquid
Chromatography (HPLC), (Shimadzu SPD 20A) equipped
with a photodiode array detector (PDA) and an autosampler
was used to quantify the vitamins.+e separationwas achieved
using a reversed-phase C-18 column (250mm× 2mm i.d,
5μm) manufactured by Hamilton Company. +e mobile
phase used was potassium dihydrogen phosphate and
methanol in the ratio of 90 :10. All chemicals and reagents
used were of analytical grade, and methanol was HPLC grade.
+e standards thiamin, riboflavin, niacin, pantothenic acid,
pyridoxine, and folic acid were purchased from Sigma-
Aldrich. Sep-Pak C18 (500mg) cartridge from Sigma-Aldrich
was used for precolumn separation.

+e stock solutions of vitamin B1, B2, B3, B5, B6, and B9
were prepared by dissolving 0.01 g of each standard in 50ml
of 0.1m HCl in a 100ml volumetric flask and diluted to the
mark. Following appropriate dilutions using 0.1m HCl,
serial standards were prepared in the following ranges in
ppm; B1 (0–10), B2 (0–10), B3 (0–8), B5 (0–8), B6 (0–8), and
B9 (0–8) then filtered using 0.45 μm. A calibration line was
obtained by plotting the peak area values as a function of the
concentration of the vitamin.

+e LoDs, regression equations, and correlation coeffi-
cients are presented in Table 1.

+e LoDs ranged from 0.02 to 0.12 and this is compa-
rable to that reported by Cheruiyot [34] (0.03 to 0.17). +e
correlation coefficient values were above 0.9736, indicating
at least a 97.36% relationship of absorbance against con-
centration, thus implying linearity [35]. +e percentage
recoveries were between 98.96± 0.15 and 101.27% implying
that the methods had a conventionally acceptable precision
and accuracy [36].

2.2. Sample Preparation. Five leafy vegetables cultivated in
Africa samples, spider plant (Cleome gynadra), cowpeas
(Vigna unguiculata), amaranth (Amaranthus blitum), vine
spinach (Basella alba), and pumpkin leaves (Cucurbita
maxima), were collected from an open market in Kisii
County, Kenya in September (wet season). Kisii County is a
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major grown region in western Kenya [13] and sampling was
done in Kisii Town because leafy African indigenous vegetables
(LAIVs) from many planting areas in the County are brought
there for sale since the town is central and has a large population.
+e LAIVs were purchased randomly from several venders and
mixed to give 1kg of each vegetable, and immediately sprayed
with water to keep them moistened, packed in dark plastic
polythene bags, and transported to the Department of Food
Science andTechnology laboratory, JomoKenyattaUniversity of
Agriculture and Technology (JKUAT) for analysis.

+e vegetables were trimmed to remove inedible parts,
washed under tap water, rinsed with distilled water, and
flapped to remove water. Pumpkin leaves (Cucurbita
maxima), which had broad leaves, were cut into small pieces
after washing. Each vegetable type was divided into 2
portions, with the first portion of about 100 g used for fresh
analysis and the second portion boiled. To prepare the boiled
samples, 80 g of the fresh vegetables were boiled in 200ml of
distilled water for 10minutes at 100°C and then cooled to
room temperature. For the fried samples, 40 g of boiled
vegetables were added to 40ml of vegetable oil already
heated in a cooking pan (100°C). +is was fried for 10
minutes and then cooled to room temperature. +e fresh,
boiled, and boiled-fried samples were placed in zip-locked
bags, frozen for five hours at −20°C, and then freeze-dried at
−50°C for 96 hours. +e freeze-dried samples were then
wrapped in aluminum foil and kept in the refrigerator at 4°C
awaiting determination of vitamin B series.

2.3. Extraction and Measurement of Vitamin B Series.
Extraction of vitamin B series was performed according to
[37]. To 5 g of each vegetable sample, 20mL of deionized
water was added and the mixture homogenized at medium
speed for 1 minute before centrifuging for 10 minutes at
14×103 g (Sigma, Bio Block Scientific 2–16). A sample
(10mL) of the supernatant was then loaded to a Sep Pak C18
cartridge, flushed with 10mL methanol and 10mL water
adjusted to pH 4.2, and was eluted with 5mL acidified water,
pH 4.2 (prepared by adding 0.005mHCl) followed by 10mL
methanol at a flow rate of 1mL/min. +e eluent was col-
lected in a bottle and evaporated to dryness, and then
reconstituted using the mobile phase. Before HPLC analysis,
all samples were filtered through 0.45 μmpore size (FP 30/45
CA-S filters, Schleicher and Schuell, Darmstadt, Germany)
at 7 bar max. 20 μL of each sample solution was injected into
the HPLC column by an autosampler.

+e accuracy of HPLC was investigated by spiking
samples with a known amount of standards. Analysis was
performed thrice. +e analysis of the samples was done
simultaneously for thiamin (B1), niacin (B3), pantothenic
acid (B5), pyridoxine (B6), and folate (B9) using the mobile
phase 0.1mol/L KH2PO4 (pH 7) and methanol (90 :10) as
reported by Ekinci and Kadakal, while riboflavin (B2) was
analyzed separately. +e column elute was monitored with a
photodiode array (PDA) detector for thiamin (234 nm),
riboflavin (266 nm), niacin (261 nm), pantothenic acid
(204 nm), pyridoxine (324 nm), and folic acid (282 nm). +e
mobile phase was filtered through a 0.45 μm membrane and
degassed by sonication before use. +e flow rate was 1mL/
min and the column was operated at room temperature
(25°C). Chromatographic peak data were integrated for up to
39 minutes. Identification of the compounds was achieved
by comparing their retention times and UV spectra with
those of the standards. Calibration curves were plotted for
each vitamin and the concentrations of the vitamins were
calculated from the integrated areas of the sample and the
corresponding standards.

2.4. SimulatedGastrointestinalDigestion andMeasurement of
Bioaccessible Vitamin B Series. +e simulated in vitro di-
gestion method was adapted from [31] and was done in
triplicate. +e process involved two phases: the gastric
phase and intestinal phase. +e sample, 2 g, was subjected
to simulated gastric digestion at pH 2.0 in the presence of
pepsin at 37°C (16 g in 100mL 0.1 m HCl) for 2 hrs,
followed by digestion in the presence of pancreatin-bile
extract mixture (4 g porcine pancreatin) and 25 g of bile
extract (porcine) in 1000 ml of 0.1 m NaHCO3 pH 7.5 at
37°C for 2 hrs. +e micellar fraction containing the
bioaccessible vitamin B was separated by ultracentrifu-
gation at 70,000 ×g for 120 minutes using a Beck-man L7-
65 ultracentrifuge. +e supernatant aliquot was filtered
using a 0.22 μm microfilter to obtain a micellar fraction,
placed in an amber glass bottle, and the levels of vitamin
B series measured as per Section 2.3. To obtain the
percentage bioaccessibility (%), the bioaccessible levels
were divided by the original levels and then multiplied by
one hundred.

% bioaccessibility �
bioaccessible levels
original content

× 100 . (1)

Table 1: Method validation parameters of vitamin B series.

Vitamins LoD Correlation coefficient Regression equation % recovery
+iamin 0.12 0.9783 y� 36499x− 2346.8 101.27± 1.27
Riboflavin 0.04 0.9998 y� 49440x− 496.57 99.13± 0.47
Niacin 0.08 1 y� 9441x− 72.8 100.37± 0.38
Pantothenic acid 0.10 0.9736 y� 2203.8x+ 547.67 100.18± 0.16
Pyridoxine 0.03 0.9960 y� 14982x− 2931.8 99.74± 1.38
Folate 0.03 0.9960 y� 49747x+ 132.5 100.35± 0.35
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2.5. Data Analysis. One-way ANOVA was used to compare
the mean levels of vitamin B series in vegetables prepared
using different thermal processes, at p value <0.05 signifi-
cant difference. Mean separations were done by the standard
error [38].

3. Results and Discussion

+emean levels (mg/100 g DW) and bioaccessible levels (%)
of vitamin B series in fresh and processed vegetables are
represented in Tables 2 and 3, respectively. +e range of
mean levels (mg/100 g) of thiamin (B1), riboflavin (B2),
niacin (B3), pantothenic acid (B5), pyridoxine (B6), and
folate (B9) in the fresh vegetables were as follows: 0.83± 0.01
(vine spinach)—4.56± 0.04 (pumpkin leaves), 35.44± 0.72
(pumpkin leaves)—174.16± 3.50 (vine spinach), 10.36± 0.87
(amaranth)—107.70± 1.80 (spider plant), 9.45± 0.20
(cowpeas)—14.00± 0.15 (pumpkin leaves), 5.88± 0.30
(spider plant)—83.10± 0.92 (amaranth), and 0.73± 0.01
(spider plant)—20.68± 0.12 (cowpeas), respectively. Fresh
vegetables are known to contain different levels of vitamins,
this being attributed to vegetable variety, plant age, soil,
climate, loss during washing, and postharvest handling and
storage [21, 39, 40]; Uraku et al.; [41]. However, the levels of
some vitamins in vegetables have been documented to be
lower than those reported in this study [41] and Kunyanga
et al. [42] reported levels (mg/100 g) of vitamin B1, B2, B3,
and B9 in amaranth to be 0.42± 0.09, 0.44± 0.03, 0.70± 0.00,
and 0.83± 0.02, respectively, while in pumpkin leaves, the
levels of vitamin B1, B2, and B3 were 0.08± 0.12, 0.06± 0.01,
and 0.32± 0.01, respectively.+e levels of vitamin B1, B2, and
B6 reported by [41] in amaranth dried for two weeks were
9.731± 3.250, 7.161± 0.521, and 25.020± 2.667, respectively.

+e levels of the vitamins in vegetables showed a sig-
nificant change with thermal processing (p< 0.001). +e
levels both increased (+11.14 to +425.96) and decreased
(−6.02 to −100.00), although the resultant levels in most
processed vegetables except dried ones were found to be
sufficient to meet the RDA of children and adults when the
right amounts are consumed [6]. Boiling, for example, had
an increase of thiamin in spider plants (+75.64%), ama-
ranth (+129.52%), and vine spinach (+28.92%), but it re-
duced the same vitamin in cowpeas (−15.86%) and
pumpkin leaves (−18.42%). Drying, on the other hand,
reduced the vitamin (B1) in all vegetables. Vitamins B1, B2,
B3, B5, B6, and B9 were not detected in boiled, fried cow-
peas, boiled, fried spider plant, boiled amaranth, dried
pumpkin leaves, boiled vine spinach, and dried amaranth,
respectively.

It was observed that specific vegetables responded dif-
ferently and encountered different effects on the vitamin B
series. Spider plants, for example, had the levels of B1, B3, and

B6 increasing with boiling, while vitamins B2, B5, and B9
decreased. On the other hand, dried cowpeas, fried vine
spinach, and dried pumpkin had levels of all the vitamins
decrease. Factors including loss during washing and leaching
during boiling are known to contribute to the effects of
processing [21, 22, 41]. +e reductions are attributed to the
vitamin being water-soluble and sensitive to heat and oxi-
dation, while the release of the vitamin from its protein
matrix during cooking explains their increase [8, 20, 21].

Following in vitro digestion of the LAIVs, the resultant
mean bioaccessible levels (mg/100 g) of the vitamin B series
in fresh vegetables (Table 3) indicated that the lowest was
0.27± 0.01 for B1 and the highest was 174.52± 3.57 for B2 in
vine spinach. +ere were significant differences in the mean
bioaccessible levels, dependent on the original levels in the
vegetables as a result of the thermal processing of the
vegetables (p< 0.001). +e increase in the vitamins ranged
from 5.18% (B5) in boiled cowpeas to 100% (B2, B3, and B6)
in several processed vegetables. Boiled and boiled-fried
amaranth and vine spinach had undetectable levels of B3,
indicating 100% loss of the vitamin with processing (Ta-
ble 2). Vitamins B2 (boiled spider plant), B1 (boiled vine
spinach), and B3 (boiled pumpkin and cowpeas), which,
although increased with processing (Table 2), were unde-
tected following the in vitro digestion. +ese findings un-
derscore the fact that boiling alone does not encourage
bioaccessibility despite the vegetable variety and plant age
[21, 39].

+e digestibility of the vegetables differs depending on the
fiber content [25, 33]. Dietary fiber lowers bioaccessibility by
physically entrapping nutrients and enhancing the viscosity of
gastric fluids, thereby restricting the mixing process [30, 43].
Results from several studies report an increase in fiber content
in the order spider plant< vine spinach< amaranth<pumpkin
leaves< cowpeas [42, 44–46]. +e findings show that the order
of increasing fiber content did not necessarily have a decrease
in the bioaccessibility of the vitamins [29, 31]. +iamin (B1),
and riboflavin (B2), for example, had increased bioaccessibility,
with vine spinach< amaranth< spider plant< cowpeas<
pumpkin leaves for B1, and pumpkin leaves, cowpeas amaranth
spider plant, vine spinach for B2.+ese findings, therefore, may
suggest other dynamics that led to the variation of vitamins in
vegetables following both thermal processing and in vitro
digestion [30, 43]. However, the difference in fiber content in
the vegetables may not be significant to determine the changes.
+e variation in the bioaccessible levels found in this study
partly arises from the difference in the alteration of the veg-
etable matrix, and in particular, vitamins are destroyed during
cooking which then decreases their bioaccessible levels [28, 29].
Further, the physicochemical properties of the vitamin have
also been used to support the bioaccessible levels of vitamins
[26, 27].
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Table 3: Mean bioaccessible levels of vitamin B series in fresh and processed LAIVs and the percent change with in vitro digestion.

Mean (±SD, n� 3) bioaccessible levels (mg/100 g DW) of vitamin B series (% change on processing)
LAIVs Fresh/processed B1 B2 B3 B5 B6 B9

Spider
plant

Fresh 0.89± 0.10a
(28.61)

126.75± 9.77b
(99.30)

105.62± 1.86b
(98.07)

0.43± 0.02a
(4.38)

5.24± 0.03b
(89.10)

0.73± 0.0c
(100.00)

Boiled 0.39± 0.06a
(7.08)

72.48± 5.65a
(99.30)

125.13± 1.55c
(100.00)

2.04± 0.26b
(37.35)

1.21± 0.25a
(12.30)

0.23± 0.01b
(55.04)

Boiled-fried 16.13± 1.09b
(98.27) ND 38.70± 1.55a

(96.34)
0.60± 0.12a
(22.89)

1.15± 0.37a
(39.78)

0.19± 0.01a
(55.80)

p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Table 2: Mean levels of vitamin B series and the percent change in fresh and processed LAIVs.

Mean (±SD, n� 3) levels (mg/100 g DW) of vitamin B series (% change on processing)
LAIVs Fresh/processed B1 B2 B3 B5 B6 B9

Spider
plant

Fresh 3.12± 0.06a 127.64± 9.70b 107.70± 1.80c 9.98± 0.06d 5.88± 0.03c 0.73± 0.01d

Boiled 5.48± 0.11b
(+75.64)

73.19± 5.70a
(−42.66)

125.13± 1.55d
(+16.18) 5.45± 0.16b (−45.39) 6.96± 0.01d

(+18.37)
0.42± 0.01c
(−49.32)

Boiled-fried 16.41± 1.00c
(+425.96) ND (−100.00) 40.16± 1.40a

(−62.71) 2.92± 0.11a (−70.74) 2.59± 0.39b
(−55.95)

0.33± 0.01b
(−54.79)

Dried 2.26± 0.08a
(−27.56) ND (−100.0) 87.52± 2.54b

(−18.74) 6.82± 0.27c (−31.66) 1.31± 0.43a
(−77.72)

0.20± 0.00a
(−72.60)

p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Cowpeas

Fresh 2.90± 0.09b 60.83± 1.58b 24.51± 1.22b 9.45± 0.20a 3.60± 0.04a 20.68± 0.12c

Boiled 2.44± 0.10a
(−15.86)

1.30± 0.05a
(−97.86)

95.66± 2.23c
(+290.29)

24.56± 0.50b
(+159.89)

14.72± 0.51b
(+308.89)

0.36± 0.01a
(−98.26)

Boiled-fried ND (−100.00) 1.69± 0.02a
(−97.22) ND (−100.00) 33.56± 0.90c+225.13 16.20± 0.06c

(+350.00)
7.54± 0.02b
(−63.53)

Dried ND (−100.00) ND (−100.00) 10.67± 0.99a
(−56.47) ND (−100.00) 3.37± 0.34a

(−6.39)
19.39± 1.60c

(−6.24)
p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Amaranth

Fresh 3.76± 0.11a 79.73± 5.41c 10.36± 0.87b 11.18± 0.24b 83.10± 0.92d 1.70± 0.02a

Boiled 8.63± 0.05c
(+129.52)

6.03± 0.18a
(−92.44) ND (−100.00) 5.12± 0.70a (−54.20) 21.18± 0.94b

(−74.51)
8.86± 0.12c
(+421.18)

Boiled-fried 4.60± 0.58b
(+22.34)

6.31± 0.38a
(−92.09) ND (−100.00) 46.69± 1.50c

(+317.63)
25.18± 0.40c
(−69.70)

3.71± 0.01b
(+118.24)

Dried ND (−100.00) 23.91± 1.45b
(−70.01)

8.81± 0.66a
(−14.96) ND (−100.00) 2.49± 0.13a

(−97.00) ND (−100.00)

p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Vine
spinach

Fresh 0.83± 0.01b 174.16± 3.50d 23.25± 2.12b 13.52± 0.51c 5.97± 0.10b 3.71± 0.09a

Boiled 1.07± 0.04c
(+28.92)

1.35± 0.03a
(−99.22)

127.14± 2.79d
(+446.84) 13.46± 0.66c (−0.44) 18.68± 0.30c

(+212.09) ND (−100.00)

Boiled-fried ND (−100.00) 18.45± 0.50b
(−89.40)

36.61± 2.20c
(+57.46) 4.49± 0.07a (−66.79) 2.85± 0.06a

(−52.26) ND (−100.00)

Dried 0.78± 0.01a
(−6.02)

48.93± 3.68c
(−71.92)

14.66± 0.28a
(−36.95) 7.96± 0.09b (−41.12) ND (−100.00) ND (−100.00)

p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Pumpkin
leaves

Fresh 4.56± 0.04c 35.44± 0.72c 40.40± 3.49b 14.00± 0.15a 8.62± 0.10c 2.46± 0.03c

Boiled 3.72± 0.06b
(−18.42)

0.86± 0.04a
(−97.57)

43.92± 2.62b
(+8.71)

20.75± 1.51b
(+48.21)

0.63± 0.01a
(−92.69)

1.35± 0.03b
(−45.12)

Boiled-fried 10.26± 0.80d
(+125.00) ND (−100.00) 26.49± 2.10a

(−34.43)
45.84± 2.00c
(+227.43)

7.24± 0.48b
(−16.01)

3.47± 0.20d
(+41.06)

Dried 3.71± 0.01a
(−18.64)

13.34± 1.01 b
(−62.36) ND (−100.00) ND (−100.00) ND (−100.00) 0.98± 0.11a

(−60.16)
p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Mean values followed by the same letters (superscript) within the same column of individual vegetables are not significantly different (SNK, α� 0.05) ND- not
detected.
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4. Conclusion

+e levels of vitamin B series (B1, B2, B3, B5, B6, and B9) in
Cleome gynandra, Vigna unguiculata, Amaranthus viridis,
Basella alba, and Cucurbita maxima were affected by pro-
cessing, with most reduction experienced in dried samples.
Boiling and boiled-frying processes resulted in both in-
creases and decreases in the bioaccessible levels of the vi-
tamins.+e changes in the bioaccessible levels did not reflect
the changes in the fiber content of the vegetables. +e levels
in both the fresh and processed vegetables and further their
in vitro bioaccessible levels are sufficient to meet the WHO
recommended dietary allowances (RDA) levels for children
and adults. +ese findings can be used to promote the
nutritional approach to address malnutrition.
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