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Abstract /1
Sweet potato plants (SPP) are a resilient wild vegetable recognized as
a food crop that enhances food security in Vietnam. SPP is frequently | article History

regarded as a meal featured on the menu during nutritional consultations. Received: 05 November 2025
Empirical evidence indicates that both harvesting and thermal processing | Accepted: 27 January 2026
significantly influence the composition of micronutrients. The present study Keywords
investigates the stability of water-soluble vitamins and mineral elements Domestic Cooking;
in sweet potato plants during storage under typical domestic refrigeration | Mineral;

L . . o . . Storage;
conditions (i.e., storage in polythene bags at 6.2 + 2.89 °C witha moisture | gy eet Potato Plant:
content of 49 + 13.23%) and subsequent thermal processing methods, Water-Soluble Vitamin.
including steaming (for 15 minutes) and boiling (for 10 minutes) in hot
water. High-performance liquid chromatography (HPLC) analyses
demonstrated a significant reduction (P < 0.05) in nearly all water-soluble
vitamins after eight days of refrigerated storage (ranged from 86.46 %
to 97.89 %). Likewise, mineral profiles quantified by inductively coupled
plasma mass spectrometry (ICP-MS) exhibited distinct patterns of decline
following storage (ranged from 56.35 % to 97.22 %). Compared with
steaming, boiling resulted in significantly greater losses of all quantified
water-soluble vitamins (P < 0.05), with vitamin retention ranging from
25.74—-100 % after boiling, compared with 74.50-100 % after steaming.
After boiling, vitamins B,, B, and C were completely degraded. Mineral
analysis revealed that domestic cooking significantly reduced only Na
and K contents (P < 0.05); nevertheless, neither cooking method had
a substantial impact on levels of Fe, Cu, Zn, Ca, and Mg (P > 0.05).
All analyses were conducted in triplicate (n = 3), and data are expressed
as mean + standard deviation. Statistical significance was assessed using
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one-way analysis of variance (ANOVA) followed by LSD post-hoc test, with
significance defined at P < 0.05. Nevertheless, neither cooking method
had a substantial impact on levels of Fe, Cu, Zn, Ca, or Mg.

Abbreviations

SPP
SPLs

Sweet potato plants
Sweet potato leaves

Introduction

The sweet potato (Ipomoea batatas) is believed
to have originated in the tropical zones of South
and Central America.! Archaeological and genetic
evidence suggests that sweet potato was first
domesticated in Central America over 5000 years
ago, after which it spread to other tropical and
subtropical regions, becoming particularly abundant
across the Pacific Islands.?® Although its current
major production centers are located in China, the
species is not indigenous to this area.*® Imported
to Vietnam in the sixteenth - seventeenth centuries,
sweet potatoes later emerged as a key staple
crop and an important component of national food
security. The plant’s adaptability allows it to be
cultivated across diverse settings, from large-scale
farms in provinces such as Gia Lai, Dong Thap, and
Vinh Long to small pots in home gardens, owing to
its growth characteristics that thrive under Vietnam’s
tropical climate and fertile soil conditions.

Sweet potato (l[pomoea batatas L.)is a dicotyledonous
species belonging to the family Convolvulaceae.®’
It is a herbaceous perennial characterized by white
to purple flowers, large nutrient-storing roots, and
alternately arranged heart-shaped or lobed leaves.
The storage roots are elongated and slender, with
smooth skin exhibiting various colors, including
red, orange, yellow, beige, purple, and brown.2 The
flesh color ranges from white and cream to yellow,
orange, red, and deep purple, depending on the
cultivar.>® These roots are rich in starch, serving as
an important source of dietary energy for humans.®
Globally, sweet potato ranks seventh among food
crops in terms of production volume,'® and its roots
can serve as an alternative staple to rice, wheat,
and maize. Moreover, all parts of the plant, including
roots, leaves, and stems are edible."

Sweet potato leaves (SPLs) are widely recognized
as a rich source of polyphenols (2.62 — 85.0 mg/g
DW) - particularly anthocyanins and caffeoylquinic
acids'>"* The amount of phytochemical constituents
is affected by various factors, including cultivar,
geographic location, climate, cropping season, light
exposure'’® and harvesting stage.'® Comparative
studies have shown that SPLs generally contain
higher levels of phytochemicals such as flavonols,
carotenoids (2.75 — 7.69 mg/g DW), beta-carotene
(60.20 mg/100 g DW), and total antioxidant capacity
than other commonly consumed leafy vegetables,"”
including Lactuca sativa, Amaranthus viridis,
Brassica nigra, and Brassica chinensis."? Consistent
with these findings, Jia et al. (2022) reported that the
antioxidant content among different edible parts of
the sweet potato plant followed the order: leaves
> stalks > stems.' This evidence underscores
the nutritional superiority of SPLs compared to
other plant tissues and highlights their potential as
valuable functional food resources.®

Sweet potato leaves (SPLs) are abundant in essential
macro- and microminerals, containing considerable
levels of sodium (Na), calcium (Ca), and potassium
(K), magnesium (Mg), phosphorus (P), along with
trace minerals such as zinc (Zn), manganese (Mn),
iron (Fe), and copper (Cu). In addition to minerals,
SPLs supply a broad range of both water- and
fat-soluble vitamins, including B,, B,, B,, B,, B,
B,, C, E, and beta-carotene. It is noteworthy that
the concentrations of vitamins B,, C, E, biotin, and
B-carotene are substantially higher in leaves than in
stems or stalks, highlighting the superior nutritional
quality of the leaves.*'® This evidence underscores
the nutritional superiority of SPLs compared to other
plant leaves and highlights their potential as valuable
functional food resources.®
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After harvest, leafy vegetables experience
rapid physiological degradation: moisture loss,
wilting, chlorophyll breakdown, and microbial
spoilage, which collectively precipitate significant
reductions in nutrient content.'® Culinary processing
further influences nutrient retention, as thermal
treatments such as boiling, steaming, or frying can
drastically reduce concentrations of water-soluble
vitamins, minerals,? and bioactive compounds.?'
Consequently, accurate nutritional assessments
and dietary guidelines must be based on analyses
conducted after both postharvest storage and
thermal processing to capture real-world retention
of health-promoting nutrients.¢2?

Although sweet potato leaves (Ipomoea batatas
L.) are increasingly recognized as a nutrient-dense
leafy vegetable, existing research has largely
emphasized their composition in the fresh state and
their antioxidant activity. Systematic evaluations of
micronutrient retention during domestic refrigerated
storage followed by household thermal processing
are still limited. In particular, quantitative data
comparing the impact of steaming and boiling under
realistic household conditions, as well as short-term
nutrient losses during refrigeration, remain scarce.
Consequently, this study addresses this gap by
quantitatively assessing changes in water-soluble
vitamins and mineral elements in sweet potato
leaves during refrigerated storage and by comparing
their retention after domestic steaming and boiling.

Materials and Methods

Analytical Chemicals

Sweet potato leaves were harvested from a farm
located in Hiep Binh, Ho Chi Minh City, Vietnam,
during the study period (October - April). Freshly
collected samples were wrapped in kraft paper,
packed in plastic bags made of polyethylene,
and kept cool before being sent to the Food and
Biotechnology Laboratory, Industrial University of
Ho Chi Minh City, for further processing. Damaged
leaves and extraneous materials were removed
prior to analysis.

For HPLC determination of water-soluble vitamins,
deionized distilled water (Milli-Q, France), disodium
hydrogen phosphate dihydrate (Na,HPO,-2H,O,
Germany), monosodium phosphate dihydrate
(NaH,HPO,-2H,0, Germany), trifluoroacetic acid
(TFA, 299%, Belgium), and acetonitrile (HPLC grade,
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299.8%, Belgium) were used. Authentic standards
of thiamine (B,), niacin (B,), D-pantothenic acid
hemicalcium salt (B,), pyridoxine (By), and folic acid
(B,, were purchased from Sigma-Aldrich (Germany).
These standards and solvents are commonly applied
in vitamin analysis in green leafy vegetables.?*%

For ICP-OES analysis of minerals, a multi-element
standard solution 1V (1000 mg/L, Merck KGaA,
Darmstadt, Germany; purity 299%) was used
for calibration. Concentrated nitric acid (HNO,,
Germany) of trace-metal grade was used for sample
digestion. The application of ICP multi-element
standards and trace-metal grade acids ensures
high analytical precision for mineral quantification
in plant matrices.?:?

All other analytical-grade chemicals, obtained from
Vietnam and China, were suitable for proximate and
micronutrient analyses.

Sample Preparation

Storage Experiment

For the storage experiment, 200 g of fresh sweet
potato leaves were placed in a transparent
polyethylene bag (32 x 26 cm) (Figure 1 A). Ventilation
was ensured by punching one rectangular opening
(5 x 3 cm) at the corner and five symmetrically
distributed circular holes (8 mm in diameter), as
illustrated in Figure 1 B. Samples were stored in
a domestic refrigerator at 6.20 + 1.85 °C with a
relative humidity of 49 + 13.23 %. Every two days,
subsamples were removed for analysis, and the
concentrations of water-soluble vitamins (B,, B, B,
B, B, and C) were determined.

Heat Treatment Experiment

Thermal processing was conducted following
the approach of Lee et al.,?® with minor changes.
Approximately 200 g of leaves were rinsed twice with
3 L of tap water for 2 min each to remove surface
contaminants, then air-dried. For boiling, 1000
mL of water was heated in a 3 L Erlenmeyer flask
using an electric stove and maintained at boiling
(~100 °C). Leaf samples were added at a vegetable-
to-water ratio of 1:5 (w/v), covered, and boiled for 10
min. For steaming, 200 g of leaves were steamed
in a stainless-steel steamer for 15 min. Following
thermal treatment, the samples were drained at
room temperature for 5 minutes to eliminate excess
surface moisture prior to further analysis.
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Fig. 1: Simulation drawing of preservation packaging

Determination of Proximate Composition

The proximate composition of sweet potato plant
(SPP) samples was determined following established
standard procedures with minor modifications. The
samples were oven-dried at 105 °C (approximately
4 h) to a constant weight in order to determine the
moisture content. Crude lipids were extracted using
a Soxhlet apparatus with petroleum ether (boiling
point = 80 °C) for 4 h. After defatting, crude fiber
was determined through sequential acid—alkali
digestion (0.2565 M H,SO, followed by 0.313 M
NaOH), followed by washing, drying, and ignition
of the residue to constant weight. Crude protein
content was analysed using the micro-Kjeldahl
method (N x 6.25), and ash content was obtained
after dry ashing of samples in a muffle furnace at 525
+ 25 °C for 4-5 h. Each analysis was performed in
triplicate, and the results have been calculated on a
dry weight basis. These analytical procedures align
with widely accepted proximate analysis protocols
and recent applications to leafy vegetables and
underutilized crops, demonstrating that oven-drying,
Kjeldahl nitrogen determination, Soxhlet extraction,
and muffle-furnace ashing provide reproducible and
comparable proximate data for nutritional evaluation
of green leafy matrices.2°%°

Methods for Determining the Content of Water-
Solute Vitamins

Method for Preparation of the Standard Solution
Standard vitamin solutions were prepared according
to the method reported by Datta et al.?® with slight
modifications. Each standard (10 mg) corresponding

to thiamine, niacin, pantothenic acid, and pyridoxine
was dissolved in 4 mL of 0.1 M hydrochloric acid and
then diluted to 100 mL with deionized distilled water.
For the preparation of folate standard solutions, 10
mg of the compound was dissolved in 4 mL of 0.1 M
sodium hydroxide prior to volumetric dilution to 100
mL with deionized distilled water. Phosphate buffer
(1 M, pH 5.5) was used to serially dilute the stock
solutions in order to establish working standards,
which resulted in concentrations ranging from 2, 4,
6, 8,10 and 12 ppm.

Method for Preparation of the Sample Processing
Approximately 1 g of the milled sample, passed
through a 300 pm sieve, was mixed with 1 mL of
0.1 M NaOH and 10 mL of 1 M phosphate buffer
(pH 5.5). The suspension was incubated in the dark
at ambient temperature for 24 h to achieve complete
extraction. After incubation, the solution was filtered
through a 0.45 pm membrane filter. The filtrate was
placed in a 25 mL volumetric flask and diluted to
the mark with HPLC-grade water. The prepared
stock solutions were kept refrigerated for the next
step analysis.®

The Analytical Method of the Water-Solute
Vitamins by using HPLC

B-group vitamins were analysed by high-performance
liquid chromatography using a Shimadzu LC-2030C
3D system coupled with a Shim-pack GIST C18
reversed-phase column (250 mm x 4.6 mm, 5 ym
particle size). Chromatographic separation was
carried out at 30 °C using a binary eluent composed
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of acetonitrile and aqueous trifluoroacetic acid
(0.01%, v/v), delivered under gradient conditions.
The injection volume was set at 10 pL.

The gradient program was set as follows: 5-10 % A
(0-3 min, 0.8 mL min), maintained at 10 % A (3-10
min, 0.8 mL min™), increased to 12 % A (10-12 min,
0.5 mL min™), and then to 20 % A (12-14 min, 0.8
mL min). After completion of the gradient run, the
mobile phase was returned to the initial condition
(20-5 % A for 14-18 min) and equilibrated at 5%
A for an additional 2 min before the next injection.

Calibration curves were established from vitamin
standards prepared at discrete concentration
levels between 20 and 100 yg mL™", at intervals
of 20 yg mL". Retention times were recorded and
used to quantify the corresponding vitamins in
the sample extracts. Diode-array detection was
used for chromatography, with compound-specific
wavelengths applied according to individual
absorption characteristics (254 nm for thiamine and
niacin, 275 nm for pyridoxine and folate, and 210 nm
for pantothenic acid).

Methods for Determining the Content of Minerals
Sample Solution Preparation

The sample preparation procedure is based on
the study of Alzahrani et al. with corrections.?!
Vegetable samples under experimental conditions
will be washed with water, drained, and dried at 105
°C until the weight is constant. Then grind it and
remove the residue through a 300 ym rail. Weigh
5 grams of dried sweet potato sample, add 50 mL
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of 6 M HNO, solution to Erlen of 250 mL, after
homogenizing the sample with magnetic fish, seal
the mouth of the sample bottle with foil. Then, put
the sample in a horizontal shaker and shake for 24
hours to completely decompose the sample. Take
the sample, filter it, and then put it in a centrifuge
tube to separate the clear solution and analyze it.

ICP-MS Analysis of Minerals

An inductively coupled plasma-optical emission
spectrometer (ICP-OES; SPECTROBLUE,
Germany) was used for element analysis, which
included a quartz torch with quartz injector tubes, a
concentric nebulizer, and a cyclonic spray chamber.
After digestion, the samples were subjected to
mineral analysis to quantify nutritionally relevant
elements, including sodium and potassium, divalent
cations such as calcium and magnesium, and trace
metals (manganese, iron, copper, and zinc). Each
sample was measured in triplicate, and elemental
concentrations were determined using external
calibration curves prepared from multi-element
standard solutions.?6:27:32

Data Analysis Methods

One-way ANOVA with LSD post hoc comparisons
was used in statistical studies to determine the
impact of experimental treatments on nutritional
composition. Differences were considered significant
at P < 0.05, and results are shown as mean values
+ SD from three technical replicates. Statgraphics
Centurion XV program (version 15.1.02; Statgraphics
Technologies, Inc., USA) was used for statistical
processing.

Table 1: Proximate composition of sweet potato leaves (Values are expressed
on a fresh-weight (FW) and dry-weight (DW) basis and presented as mean *
standard deviation (SD) of three independent determinations (n = 3)

Nutrients g /100 g FW g/100 g DW
Moisture 90.18 £ 0.37 -

Total ash content 1.35+0.14 13.77 £ 1.64
Total protein content 2.27+0.24 23.17 £ 2.21
Crude fat content 0.11 +£0.03 1.23+0.28
Crude fiber content 1.42 +0.03 13.43+0.88

Results

Nutritional Components of SPP

The proximate composition of sweet potato leaves
was determined on both a fresh-weight (FW) and

dry-weight (DW) basis. As indicated in Table 1, the
leaves were characterised by high moisture content,
moderate protein levels, substantial dietary fiber,
and low lipid content. On a FW basis, sweet potato
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leaves contained 90.18 + 0.37 g/100 g FW moisture,
2.27 + 0.24 g/100 g FW protein, 0.11 + 0.03 g/100
g FW crude fat, 1.42 + 0.03 g/100 g FW crude fiber,
and 1.35 + 0.14 g/100 g FW ash. When calculated
on a DW basis, protein and fiber contents increased
markedly. When calculated on a DW basis, protein
and fiber contents increased markedly, following the
concentration effect of moisture removal.
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The Changes in Water-Soluble Vitamins and
Minerals during Refrigerated Storage

The Changes in vitamins

The SPP samples were stored in polyethylene bags
under refrigerated conditions at 6.2 + 2.89 °C, with a
relative humidity of 49 + 13.23%. After every 2, 4, 6,
and 8 days of refrigerated storage, the appearance
change is illustrated in Figure 2 (A, B, C, D).

A (after 2 days) B (after 4 days) C (after 6 days) D (after 8 days)
Fig. 2: SPP sample bags after the storage time after 2, 4, 6, and 8 days

Table 2 : Variation in vitamin composition of SPP samples during cold storage

Vitamin Storage time (day)
(mg/kg DW)

0 2 4 6 8
B, 1548.91+31.65° 376.48+4.62° 217.25£5.17°¢ 135.03+2.8>  95.19+2.252
B, 2625.71490.45° 1505.16+27.59¢ 685.54+2.72° 485.97+4.55" 355.46+7.66°
B, 3258.55+24.79° 2685.27+115.92¢ 1273.26+14.4° 575.57+4.64° 68.69+12
B, 13.1710.61¢ 9.66+0.25¢ 7.29+0.4° 3.49+0.49° 1.3310.142
B, 287.96+1.97¢ 109.94+2.43¢ 71.34+1.49° 50.07+0.53>  20.18+0.35°
C 146.54+2.01¢ 35.03+1.36¢ 21.97+1.35° 12.4+0.21° 6.01+0.212

(Values within the same row, followed by various lowercase letters (a-e), show significant differences

(P < 0.05))

The SPP samples were collected to evaluate vitamin
changes at 0, 2, 4, 6, and 8 days and stored in the
refrigerator, with the results shown in Table 2.

Experimental results revealed that pantothenic
acid (vitamin B5) was the most abundant among
the analyzed water-soluble vitamins in fresh sweet
potato leaves, exceeding the levels of thiamine,
niacin, pyridoxine, folate, and ascorbic acid. The
initial concentration of vitamin B5 in fresh samples

was notably high (3258.55 + 24.79 mg/kg DW).
However, a marked decline (P < 0.05) was observed
over refrigerated storage, with levels decreasing to
2685.27 £ 115.92 mg/kg DW after 2 days, 1273.26 +
14.40 mg/kg DW after 4 days, 3.49 + 0.49 mg/kg DW
after 6 days, and 1.33 £ 0.14 mg/kg DW after 8 days.
Pyridoxine (Vitamin B6) was found in only small
amounts in sweet potato leaves (13.17+0.61 mg/
kg DW). After 2-, 4-, 6-, and 8-day storage, vitamin
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B6 content decreased, respectively (9.66+0.25,
7.29+0.4, 3.49+0.49, 1.33+0.14 mg/kg DW).

kg DW) relative to other leafy greens. After two days
in refrigerated storage, the vitamin C concentration
dropped significantly to 35.03 + 1.36 mg/kg DW and
continued to decrease to 6.01 + 0.21 mg/kg DW by
the 8" day.

Fresh sweet potato leaves showed a comparatively
high concentration of vitamin C (146.54 + 2.01 mg/

Table 3: Variation in mineral composition of SPP samples during cold storage

Minerals Time of storage (days)
(mg/kg DW)

0 2 4 6 8
Na 1918.11£220.78> 1263.78+167.38% 987.12+37.79° 930.414£293.512  837.31+9.96°
K 5748.86+458¢° 3790.27+£183.21¢  1512.7+144.1¢  799.89+117.69* 159.69+17.872
Ca 779.02+52.82° 385.88+97.12°>  277.95+36.25%  229.45+21.71°  149.85+16.86°
Mg 799.86+59.13¢ 646.79+49.54°¢ 490.08+21.9° 432.88+30.3>  208.77+44.45°
Zn 8.71+1.83¢ 6.96+1.27 5.5+1.32b¢ 2.46+0.522° 0.65+0.352
Fe 19.67+1.41¢ 16.19+£2.32¢ 13.63+£1.61¢ 11.16+1.61° 4.62+1.82
Cu 11.5+£1.18° 9.54+1.95bc 7.3+0.9° 6.58+0.75° 2.95+0.83¢

(Values within the same row, followed by various lowercase letters (a-e), show significant differences (P

< 0.05))

The Changes in Minerals

As shown in Table 3, sweet potato leaves are rich
in essential minerals (Na, K, Ca, Mg, Zn, Fe, and
Cu), underscoring their nutritional importance.
During postharvest storage, mineral concentrations
decreased in different ways. Sodium content showed
a gradual but statistically insignificant decrease over

8 days (P<0.05), while Mg and Fe levels remained
stable until day 4 before declining thereafter.
In contrast, K and Zn concentrations showed a
substantial and steady fall during the storage period
(0-8 days), with potassium decreasing from 5748.86
+ 458 to 159.69 + 17.87 mg/kg DW.

Table 4: Effect of steaming and boiling on the vitamin content of sweet potato leaves

Vitamin Thermal processing method
(mg/kg DW)

Material Steam Boiling
B, 1548.91+31.65° 755.26+18.83° 53.8+0.262
B, 2625.71+90.45° 1949.98+156.83° 669.48+31.912
B, 3258.55+24.79° 2375.48485.8° (-)
B, 13.1710.61° (-2 (-)
B, 287.96+1.97° 106.78+1.29° 38.27+1.85°
C 146.54+2.01° 106.04+0.91° (-)?

(Values within the same row, followed by various lowercase letters (a-e), show significant

differences (P < 0.05))

The Changes in Vitamins and Minerals by
Domestic Cooking (Steaming and Boiling)

The data presented in Table 4 reveal dramatic
reductions in the concentrations of vitamins in sweet

potato leaves (SPLs) when subjected to different
thermal processing methods. After steaming for 15
min and boiling for 10 min, the content of thiamine
(B,), niacin (B,), pantothenic acid (B,), pyridoxine
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(By), folate (B,), and ascorbic acid (vitamin C) in
the samples was significantly lost. The quality of
thiamine, niacin, pantothenic acid, pyridoxine, folate,
and ascorbic acid in fresh material was 1,548.91 +
31.65 mg/kg DW, B, at 2,625.71 + 90.45 mg/kg DW,
B, at 3,258.55 + 24.79 mg/kg DW, B, at 287.96 +
1.97 mg/kg DW, and vitamin C at 146.54 + 2.01 mg/
kg DW, respectively.

After steaming, vitamin B, was reduced to
755.26+18.83 mg/kg DW, B, to 1949.98+156.83

mg/kg DW, B, to 2375.48+85.8 mg/kg DW, B; to
0 mg/kg DW, B, to 106.78+1.29 mg/kg DW, and
vitamin C to 106.04+0.91 mg/kg DW. In contrast,
boiling produced substantially lower retention: for
example, B, declined to 53.8 + 0.26 mg/kg DW, B,
t0 669.48 + 31.91 mg/kg DW, and B, to 38.27 £ 1.85
mg/kg DW, and vitamin C completely disappeared.

The mineral composition of fresh leaves (I[pomoea
batatas L.) and after steaming and boiling is
presented in Table 5.

Table 5: Effect of steaming and boiling on the mineral content of sweet potato leaves

Mineral Thermal processing method
(mg/kg DW)

Material Steam Boiling
Na 1457.09+95.24¢ 822.47+67.13° 473.06+38.112
K 4715.77+69.44° 2031.71461.24° 1783.76147.742
Ca 641.54+94.10° 366.78+71.39° 348.55+13.842
Mg 591.57+47.29° 273.96+48.62* 270.78+64.742
Zn 8.95+1.35° 4.54+0.90° 4.29+0.88°
Fe 18.50+3.532 15.67+1.892 14.95+1.972
Cu 8.50+1.662 8.50£0.247 7.47+0.752

(Values within the same row, followed by various lowercase letters (a-e), show significant

differences (P < 0.05))

The results show that SPP contained the minerals
such as sodium (Na), potassium (K), calcium
(Ca), magnesium (Mg), zinc (Zn), iron (Fe), and
copper (Cu). And the quality of these minerals
in fresh leaves, respectively, is 1457.09195.24,
4715.77+69.44, 641.54+94.10, 591.57+47.29,
8.95+1.35, 18.50+3.53, and 8.50+1.66 mg/kg DW.
Except for Fe and Cu, the content of all mineral
elements decreases after domestic cooking
(steaming and boiling). Sodium (Na) and potassium
(K) exhibited substantial losses after both steaming
and boiling. In contrast, the contents of calcium (Ca),
magnesium (Mg), and zinc (Zn) had no statistically
significant differences were observed between the
cooking methods (P>0.05).

Discussions

Nutritional Components of SPP

The moisture and ash contents determined in the
present study were within the range previously
reported for thirteen sweet potato varieties analyzed
by Hong et al (2020).3® Specifically, moisture content

ranges from 87.37 to 90.27 g/100g FW, and ash
content ranges from (13.43 £ 0.15) to (16.99
0.1) g/100g FW. Further, the work of Hong et al.
(2020) showed that the total protein content value
was (23.17 £ 2.21) g/100g DW, and the crude fiber
content value was (13.43 £ 0.88) g/100g DW. This
result is similar to the crude protein and crude fiber
content obtained from 40 sweet potato varieties
by Sun et al. (2014), ranging from 16.69 to 31.08
g/100 g DW and from 9.15 to 14.26 g/100 g DW.3*
Collectively, these data reinforce the view that sweet
potato foliage represents a valuable dietary source
of plant-based fiber.

From the study results of 40 sweet potato varieties
by Sun et al. (2014), the crude fat content ranges
from 2.08 to 5.28 g/100 g DW.** Meanwhile, the study
showed a valuable crude fat content (1.23 + 0.28
g/100 g DW). In addition, sweet potatoes contain
high levels of the essential fatty acid a-linolenic,
ranging from 0.8 to 1.2 mg/g depending on the
cultivar.®®
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These disparities in nutrition content among cultivars
can be primarily attributed to differences in the
genetics, harvest time, soil type, irrigation regime,
and climatic conditions.®6-3®

The Changes in Water-Soluble Vitamins and
Minerals during Refrigerated Storage

The Changes in Vitamins

According to a study by Hong et al. (2020) on
13 varieties of sweet potato plants in China, the
content of vitamins B,, B,, and By is 0.12 - 2.26
mg/100g DW, 0.56 - 0.58 mg/100g DW, and 52.99
mg/100g DW, respectively.®* The results observed
in this investigation corroborate earlier reports,
demonstrating a similar trend.

After 8 days of refrigerated storage, basically all
the water-soluble vitamins of the B-group were
significantly reduced (P<0.05). This further confirms
that the degradation of vitamins in green leafy
vegetables is influenced by a variety of factors,
including water activity, temperature, light, pH,
oxygen, modified enzymes, and trace elements (iron
and copper).’*#! B-group vitamins are especially
prone to leaching losses, with stability influenced
by vitamin type and storage time.?

Consistent with this finding, Ooko Abong et al.
reported that vitamin C concentrations tended to
be higher in leaves than in roots.*? This significant
decline confirms that vitamin C is quite unstable
and susceptible to oxidation when stored under
normal conditions. Similar findings were reported by
Taoukis and Giannakourou,®* who noted that factors
such as temperature, exposure to oxygen, and
relative humidity greatly expedite the degradation of
ascorbic acid during the storage of leafy vegetables.
Moreover, Feszterova et al. (2023) demonstrated
that enzymatic oxidation is a major factor causing the
rapid loss of vitamin C in vegetables during storage.*

The Changes in Minerals

The concentrations of mineral observed in this study
were broadly comparable with previously published
ranges for sweet potato genotypes grown in Asia and
Africa. For instance, Tang et al. (2021) reported K,
Na, Ca, Mg, Cu, Fe, and Zn contents in 11 Chinese
cultivars ranging from 4546 to 5966, 14.0 to 544.1,
500 to 1068, 200 to 280, 1.25 to 1.93, 8.82 to 18.44,
and 2.80 to 4.84 mg/100 g DW, respectively.*
Likewise, Sun et al. documented comparable levels
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across 40 varieties (K = 479.3-4280.6, Na = 8.06-
832.31, Ca = 229.7-1958.1, Mg = 220.2-910.5, Cu
= 0.67-1.86, Fe = 1.92-21.77, and Zn = 1.20-3.23
mg/100 g DW).** A more recent investigation by
Nguyen et al. (2021) also confirmed high mineral
concentrations in SPL, with Fe (22,014.5 pg/100
g), Zn (1994.9 pg/100 g), and K (1,786,556 ug/100
g) among the dominant elements, emphasizing
their superior mineral density compared with other
leafy vegetables.’™ When compared with kale
(Brassica oleracea var. sabellica), sweet potato
leaves exhibit markedly higher concentrations of
sodium, potassium, calcium, magnesium, zinc, iron,
and copper,? supporting their classification as a
functional leafy vegetable.

The decrease in mineral content observed
during storage concurs with prior reports on leafy
vegetables, emphasizing that minerals function as
primary metabolites, in contrast to antioxidants,
which are secondary metabolites.®

After harvest, the moisture content of the leaves
gradually decreases, accompanied by ethylene
production, which accelerates the degradation of
vitamins and minerals.'® Vitamin and mineral losses
increased progressively with storage duration.

The Changes in Vitamins and Minerals by
Domestic Cooking (Steaming and Boiling)
These findings demonstrate that the method of
thermal treatment strongly influences vitamin loss.
When comparing the steaming and boiling methods,
the boiling method resulted in a much larger loss of
all vitamins. After boiling in water, vitamins B5, B6,
and C in sweet potato leaves totally “disappear”.
Particularly for vitamin B, the two thermal processing
had no statistically significant difference.

According to the results, mineral elements are more
stable during heat treatment and less susceptible
to degradation than vitamins. Their loss of minerals
during cooking is mostly caused by leaching into the
cooking media. Mineral leaching depends on different
factors, including the food's structural properties and
tissue matrix, as well as the preparation techniques,
cooking duration, and method of preparation.*>47 In
contrast, the loss of vitamins when cooking in water
can be caused by oxidation, the breakdown of the
sample structure under the influence of temperature,
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and the dissolution of nutrients in the aqueous
medium.*®

Boiling the substances under the influence of heat
acts as a catalyst to break the sample structure,
increase the contact, and increase the solubility of
water for vitamins and minerals.?®4® The steaming
process primarily uses steam, which has lower
humidity than boiling water, resulting in a reduced
ability to dissolve vitamins and minerals. The
steaming process is considered the best nutrient
retention process due to less exposure to water
and heat.*®

Conclusion

Sweet potato leaves were confirmed to be a nutrient-
dense leafy vegetable, providing appreciable
amounts of water-soluble vitamins and essential
mineral elements. Nevertheless, the present findings
demonstrate that both postharvest refrigerated
storage and domestic thermal processing
substantially compromise their micronutrient quality.
Extended refrigerated storage led to pronounced
degradation of water-soluble vitamins, whereas
mineral contents exhibited variable yet statistically
significant declines during storage.

Regarding cooking methods, boiling resulted in
markedly greater losses of water-soluble vitamins
than steaming, with several vitamins (Bs, B,, and
C) being reduced to levels below the analytical
detection limit following aqueous cooking. In
contrast, mineral elements were generally less
sensitive to cooking method, and no statistically
significant differences were observed between
steaming and boiling for most minerals, including
Mg, Zn, Fe, and Cu. Collectively, these results
underscore the greater susceptibility of water-soluble
vitamins to the combined effects of storage and
water-based thermal processing compared with
mineral constituents.

From a practical standpoint, minimizing refrigerated
storage duration and preferentially adopting
steaming over boiling represent simple yet effective
strategies for preserving labile micronutrients in
sweet potato leaves. The adoption of such practices
may enhance the nutritional contribution of leafy
vegetables within household diets.
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Limitations of this study include a single storage
condition and a restricted range of domestic
cooking methods, and it did not assess post-cooking
micronutrient bioavailability. Future investigations
should therefore examine alternative low-water
cooking techniques, modified storage atmospheres,
and packaging strategies to further mitigate nutrient
losses, as well as evaluate the bioavailability of
water-soluble vitamins and minerals following
culinary processing.
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