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Abstract:

These findings scientifically contribute to the food database system and can be exploited for diet planning,
or further research sampling decisions. The study aimed to evaluate the nutritional values of lotus seeds
(Nelumbo nucifera) from three geographical regions in Vietnam (Dong Thap, Khanh Hoa, and Quang
Nam). The analyses were conducted as per standard test methods AOAC. There were generally significant
differences in overall sizes, weights, and energy-yielding nutrients among the three studied samples. These
lotus seeds possessed moderate concentrations of carbohydrates and proteins but low fat content. The
analysis revealed the presence of vitamin C and group B (B1, B3, and B6) in all samples, remarkably
vitamin B12 in QNLS and DTLS (1.57 and 0.16 pg/100 g, respectively). In this study, macro-minerals (Ca,
K, Mg, Na, P, and S) and microminerals (Fe and Zn) were also detected in all samples. Khanh Hoa lotus
seeds were found to be significantly greater in size and predominant in most of the studied nutrients. Further
research on specific nutrients (including protein and fatty acid/lipid profiles) and phytochemicals, especially
nuciferine should be conducted to complete the investigation of lotus seed nutrition cultivated in Vietham
Keywords: lotus seeds, minerals, nutrients, size, variations, vitamins.

Introduction

Nelumbo nucifera (N. nucifera), commonly known as lotus or water lily, is a perennial aquatic plant
belonging to the Nelumbonaceace family (Schoch CL, et al, 2020). Lotus is mainly cultivated in marshes
and shallows exposed directly to sunlight (Johnson A., 2022). Vietnam, well-known as a tropical nation,
possesses appropriate conditions for growing lotus since the weather is almost hot and sunny the whole year
with the terrain having many plains and lakes distributed throughout the country. However, lotus is
extensively cultivated in the south of Vietnam where there are many vast plains and a temperate climate.

Lotus is supposed to be a miracle plant owing to the utilization of all parts in various fields such as
food, medicine, and beauty therapy. Lotus rhizome extract can be utilized as an antidiabetic and anti-
inflammatory agent thanks to the actions of steroidal triterpenoid substances present in the roots (Paudel &
Panth, 2015). As reported from previous research, the lotus leaves are effective in lowering blood lipids
(Punia Bangar, Dunno, Kumar, Mostafa, & Maqgsood, 2022),(Zhang et al., 2015) and inducing weight loss
thanks to the presence of alkaloids and flavonoids, typically nuciferine. Lotus seeds (LS), on the other hand,
have long been traditionally used in combination with other ingredients such as herbs, meat, and bird’s nests
to make healthy dishes. Contemporary data indicated that LS contain high percentages of energy-yielding
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nutrients (carbohydrate, fat, and protein). In addition to supplying macronutrients (Shahzad et al., 2021a),
LS are also rich in minerals, and vitamins, particularly vitamin C (Arooj et al., 2021).

It should be noted, however, that the weather truly affects not only nutrients but also morphology. LS
harvested from the south have larger sizes compared to the central of Vietnam, where it features harsh
conditions, especially during the dry and rainy seasons. In this regard, this study focused on investigating the
nutritional values of LS cultivated in three different geographic regions of Vietnam (Dong Thap, Khanh
Hoa, and Quang Nam), aiming to provide well-informed options for planning diet and further development
toward nutraceuticals and cosmeceuticals.

Dong Thap Province ( 10°40'N 105°40'E)- currently has about 1,000 hectares of lotus growing with two
crops per year, bringing major profits to the economy. In recent years, many businesses have participated in
processing, consuming, and deep processing, so the value of lotus has also increased (Vo, Van Halsema,
Hellegers, Wyatt, & Nguyen, 2021). The Mekong Delta province of Dong Thap exported the first batch of
15 tons of frozen lotus in various forms of products worth nearly 1 billion VND (nearly 39,360 USD) to the
Japanese market on May 7, 2024 ( recorded by the Ministry of Information and Communications). Khanh
Hoa (/2°15'N 109°12'E ) is a southern coastal province in the South-Central Coast region, Central of
Vietnam with the longest sea coastlines. Yearly, the changes in water resources and rainfalls are the reasons
for converting the cultivation of rice to other annual crops. Farmers in KH are now investing in growing
lotus seeds on abandoned or ineffective rice fields, thereby taking these advantages to improve their income
(Khanh Hoa Agriculture, 2023). Quang Nam (15.55°N 108.05°E) is also a southern coastal province in the
South-Central of Vietnam with a natural area of 10 574.74 km?, formed from nine different types of soil
including dunes and coastal sand, river alluvial soil, marine alluvial soil, etc. In recent years, lotus has grown
widely in QN, well-adapting to all climate and soil conditions, and is less affected by pests and diseases. At
the average rate, planting two hectares of lotus cultivar yields more than three tons of fresh lotus seeds,
providing huge benefits to farmers.

Material and Methods
Chemicals and Reagents

All chemicals and reagents were provided by the Pharmaceutical Chemistry Laboratory and Applied
Biochemistry Laboratory of the Applied Biochemistry Department of International University HCMC.
Potassium sulfate; copper sulfate; sodium hydroxide; boric acid and sulfuric acid were purchased from
Sigma-Aldrich.

Lotus Seed preparation

LS were collected from various farms located in three different regions in Vietnam (Figure 1). The
fresh LS were observed in terms of size and weight prior to being processed for further investigation. The
samples were dried at 40°C for 3 days and then ground into fine powder for further analysis.
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Figure 1. Geographical regions for sampling: (A): Quang Nam; (B): Khanh Hoa; (C): Dong Thap
Total Carbohydrate Content
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The determination of the total carbohydrate content of three LS samples from different provinces was
carried out using colorimetric methods (Nielsen, 2010),(AOAC 988.12, 1990). The assay was prepared by
mixing 5 g of LS sample with 45 mL of 80% ethanol in a beaker covered with glass and then incubated for
15 minutes. Once the system had been cooled down, the mixture was transferred to a 50-mL volumetric
flask, filling up the volume with 80% ethanol. Thereafter, the mixture was filtered to obtain 10 mL of
filtrate. The analysis was conducted by mixing 1 mL of diluted filtrate with 1 mL of 5% phenol and 5 mL of
concentrated sulfuric acid, followed by incubation in a water bath for 10 minutes, and then allowed to cool
down for 5 minutes. The absorbance was measured against the blank at 490 nm using a spectrophotometer.
The 100 pg/mL of glucose solution was used as standard for the calibration curve. The total carbohydrate
content was reported as glucose equivalent (GE) per gram of sample (mg GE/g) and as a percentage of the
sample.

Determination of Crude fat content

The fat content of the samples was determined using Soxhlet method (AOAC 948.22, 2012). 1 g of the
sample was accurately weighed into a Soxhlet thimble. The thimble was then placed in the Soxhlet extractor,
followed by the addition of 50 mL of hexane to the Soxhlet extractor (Extraction System Operation
Manual). The Soxhlet extractor was then heated, and the petroleum ether was refluxed through the sample.
Once the extraction process had been completed (approximately 6 hours), the heating was discontinued, and
the hexane was allowed to cool. The flask holding the fat was removed from the Soxhlet extractor, dried,
and cooled in a desiccator before being weighed.

Determination of Protein content

The protein content of the LS sample was determined using Kjeldahl method (AOAC 2001.11, 2005),
(AOAC 991.20, 2005). 1 g of sample was accurately weighed into a Kjeldahl flask, followed by adding 10
mL of concentrated sulfuric acid, and 1 g catalyst consisting of potassium sulfate and copper sulfate at a
ratio of 9:1. The flask was then heated until it turned to a clear color. The digested sample was then diluted
with distilled water in a 100 mL volumetric flask. After adding 25 mL of 45% sodium hydroxide solution to
the distillation apparatus, the mixture was distilled until 100 mL of distillate was collected. The distillate
was then transferred to a conical flask containing 10 mL of 4% boric acid solution with the addition of a few
drops of bromocresol green indicator and then titrated against 0.1N hydrochloric acid until the color turned
from green to pink. The protein content of the sample was calculated using the following formula:

volumn HDT used (mL)x concentrationHDT (N) x1.007

0, in=
% Protein weight of sample (in g)

Determination of Moisture content

The moisture content of the sample was determined using gravimetric method (AOAC 931.04, 2000).
1 g of LS sample was weighed and placed in a glass petri dish. The petri dish was then placed in a food
dehydrator and dried at 105°C for 3 hours. Once removed from the oven, and allowed to cool in a
desiccator, the sample was weighed again. The moisture content was expressed as a percentage.

Determination of Vitamins and Minerals
Vitamin contents

The vitamin contents in three LS samples were analyzed primarily based on various AOAC methods.
Vitamins A, C, D, and vitamins group B including B1, B3, B6, and B12 were determined by the high-
performance liquid chromatography (HPLC) method (AOAC 2001.13, 2011), (European Standard, EN
12821, 2009), (European Standard, EN 15652, 2009), (European Standard, EN 14663, 2005), (AOAC
2011.10, 2011), (AOAC 2012.21, 2013), (European Standard, EN 14122, 2014). The vitamin contents were
expressed per 100 grams of sample.

Mineral contents

Sodium (Na) and potassium (K) were determined by the flame photometric method (AOAC 969.23,
2005). The analysis of calcium (Ca), magnesium (Mg), zinc (Zn), copper (Cu), and iron (Fe) was conducted
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by the atomic absorption spectrophotometric method (AOAC 968.08, 2000), (AOAC 999.11, 2005). Sulfur
(S) was analyzed by the inductively coupled plasma-mass spectrometry method (AOAC 2015.01, 2015),
(European Standard, EN 15111, 2007). Phosphorus (P) was assessed by the spectrophotometric method

(AOAC 995.11, 2000), (Pulliainen & Wallin, 1996). The mineral contents were expressed per 100 grams of
sample.

Statistical analysis

Experiments were triplicated for statistical analysis. The results were expressed as Mean + SD

(standard deviation). The results were analyzed by the one-way analysis of variance (ANOVA) and Tukey’s
multiple comparison test (p < 0.05).

Result and Discussions

Morphology assessment
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Figure 2. Lotus seeds cultivated in different regions: (A)- Khanh Hoa; (B)- Quang Nam; (C)- Dong Thap

A preliminary assessment of three fresh LS samples was evaluated in size and weight. Figure 2 and
Table 1 illustrate that KHLS exhibited the largest size in height and width (1.90 + 0.10 and 1.57 + 0.31 mm,
respectively), while DTLS was the smallest overall size (height: 1.07 + 0.15 mm; width: 1.07 £ 0.23 mm).
The weight of 100 seeds from three samples showed significant differences (p < 0.05), demonstrating the

KHLS as the greatest in weight (156.68 + 5.25 g), followed by QNLS (132.49 + 1.72 g) and DTLS (116.51
+4.18Q).

Table 1. Differences in size and weight of three lotus seed samples

Dong Thap Khanh Hoa Quang Nam
) Height 1.07 £ 0.15% 1.90 £ 0.10° 1.07 £ 0.15°
Size (mm) ) )
Width 1.07 £ 0.15% 1.57+0.31 1.07 £ 0.23
Average weight (g) per 100 seeds 116.51 + 4.18° 156.68 + 5.25" 132.49 +1.72°

a0 Different letters in the same row indicate the significant differences in statistical analysis (p < 0.05)

Essential nutrients

Table 2. Nutrient contents of three lotus seeds planted in three different provinces.

Page 11




International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Jan & Feb 2025
February 28, 2025

Quantity (g/100 g)
Parameters
Dong Thap Khanh Hoa Quang Nam
Carbohydrate 6.54+2.08° 15.52 £ 0.0004 ° 13.28+0.17 ¢
Protein 10.21+£0.89 ° 13.61£0.36 ° 12.39+0.37 ¢
Crude fat 0.97+0.30° 0.92+0.21° 1.43+£0.74°
Moisture 12.14£0.21° 9.63+0.08 " 8.10+£094°

@< Different letters in the same row indicate the significant differences in statistical analysis (p < 0.05)

Table 2 shows the presence of all energy-producing nutrients in LS from three different provinces. In
general, all these LS samples possessed moderate values of carbohydrates and proteins with significant
differences (p = 0.0002, and p = 0.0012, respectively), but low-fat content. The carbohydrate in KHLS was
recorded to be the highest value which was approximately twice as much as that of DTLS- the lowest.
However, these values were extremely lower than those of previous research in which LS from China was
composed of 60%- 62% (Punia Bangar et al., 2022), and Italy at 40.87% (Chouaibi et al., 2012), but
apparently being consistent with LS from India (16.03%) (Sruthi A, Seeja Thomachan Panjikkaran, Aneena
ER, Berin Pathrose, & Deepu Mathew, 2019). The same trend was also documented in protein content as
KHLS claimed the highest values while the lowest indices came to DTLS, these differences might be
explained by the differences in temperature, atmosphere, and light, which significantly affect carbohydrate
production during photosynthetic CO, assimilation. Nevertheless, the values of the glycemic index (Gl) in
all studied LS were dramatically low at 62 which was classified as low Gl food (< 70) (X. Wu, Wu, Wu, &
Weng, 1994), thereby providing well-informed choices for diabetics and controlling body weight.

The proteins contained in three LS samples were significantly lower than the Pakistan LS (16.53 +
0.12 g/100 g) (Shahzad et al., 2021b), and Italy LS (19.11 + 0.03 g/100 g) (Chouaibi et al., 2012). Notably,
the protein synthesis in plants is attributed primarily to the pH in the soil contributing to a reduction in the
nitrification rate and thus defining the amount of nitrate in the soil. Several research showed that the pH of
the soil in DT was approximately 2.9 to 4.2 (Minh, Vu, Khoa, Tinh, & Dang, 2023) and the pH of alluvial
soil in QN ranged from 3.5 to 5.2 (Ha Khuong et al., 2024). It was obvious that the soil in DT was too acidic
resulting in the low amount of nitrate in the soil of this location.

The moisture content values were significantly different (» = 0.0007) among the three samples. The
KHLS and QNLS generally met the LS’s ideal moisture (< 10%) which was proven as an appropriate
moisture proportion in preventing microbial growth - a key factor in food spoilage as reported in
Muhammad A.S.’s (Shahzad et al., 2021b) and Vera Zambrano's research (Vera Zambrano, Dutta, Mercer,
MacLean, & Touchie, 2019).

Vitamins and Minerals
Table 3. Vitamin contents in three different lotus seeds.

Quantity
Vitamins Units
Dong Thap Khanh Hoa Quang Nam
A ng/100g
D ng/100g
Bl mg/100g 0.18 0.19 0.21
B3 mg/100g 1.14 1.00 1.31
B6 mg/100g 0.23 0.19 0.23
B12 ng/100g 0.16 - 1.57
C mg/100g 1.58 1.60 3.31

En-dash “-*: not detected (LOD < 0.01).
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The analysis revealed the absence of fat-soluble vitamins A and D (Table 3), consistent with the
record by the Food Data Central of the US Department of Agriculture (USDA) (US. Department of
Agriculture, 2019). However, these LS samples possessed a variety of vitamins group B including B1, B3,
and B6, and vitamin C, which was generally in agreement with previous research by Mukherjee K.P.’s
(Mukherjee, Mukherjee, Maji, Rai, & Heinrich, 2009). Nevertheless, this study remarkably recorded the
presence of vitamin B12 in both QNLS and DTLS, but not KHLS. Notably, the amount of B12 in QNLS
was ten times greater than that of DTLS. According to the Food and Nutrition Board U.S., 2013, the
Recommended Dietary Allowance (RDA) of vitamin B12 is 2.4 pg per day, approximately equal to the daily
consumption of 50 g of QNLS. Vitamin B12 plays a crucial role in maintaining healthy nerve cells and
preventing megaloblastic anemia. Furthermore, B12 is capable of reducing blood levels of homocysteine, a
substance associated with an elevated risk of heart attack and stroke (J. Wu et al., 2007).

Table 4. Mineral contents in three different lotus seeds.

Minerals Quantity (mg/100 g)
Dong Thap Khanh Hoa Quang Nam
Sodium (Na) 4.79 2.12 7.57
Potassium (K) 502 850 525
Calcium (Ca) 30.20 78.50 52.90
Magnesium (Mg) 83.90 128.00 88.80
Phosphorus (P) 220 380 230
Sulfur (S) 190 170 160
Zinc (Zn) 1.06 1.84 1.07
Iron (Fe) 1.68 2.63 1.70

As can be seen from Table 4, all LS samples were relatively rich in minerals, especially
macrominerals including Ca, K, Mg, and Na, owing to the fact that lotuses are usually cultivated in alluvial
soil primarily containing various minerals (Boettinger, 2005). Remarkably, KHLS was recorded with the
highest contents in most of the studied minerals. There were extremely high values of K in KHLS which
was approximately 1.5 times greater than that of DTLS and QNLS. This amount was significantly high
compared to some well-known cereal sources of potassium such as pistachios, squash, or flax seeds (1007,
919, and 813 mg per 100 g dried seeds, respectively) as powered by the USDA nutrition data.

The three LS samples were generally also rich in Ca and P varying from 30.20 — 78.50 mg/100 g and
220-380 mg/100 g, respectively. Phosphorus and calcium function to build and maintain strong bone and
tooth structures. In addition, these two minerals participate in muscle contraction and nerve transmission,
helping the kidneys filter waste from the body (Foster et al., 2008). On the other hand, Mg was detected in
all three samples ranging from 83.90 to 128.00 mg/100 g, partly meeting the RDA amount of Mg for adults
(310- 420 mg per day). Mg is well-known as a cofactor in many enzymes regulating diverse biochemical
reactions in the human body (muscle and nerve function, blood glucose control, protein synthesis, and blood
pressure regulation). Furthermore, Mg also plays a vital role in the active transport of potassium and calcium
ions, important to nerve impulse conduction, and normal heart rhythm.

All three investigated LS were truly not sources of various micronutrients as the analysis recorded the
presence of Fe and Zn only. KHLS remarkably provided the highest amount of both Fe and Zn. Zn is
essential for enzyme catalytic, enhancing immune function, promoting protein and DNA synthesis, wound
healing, and cell signaling. In addition, Zn assists in growth and development, particularly during critical life
cycles, and contributes to taste perception. On the other hand, Fe, in conjunction with vitamin B12 present in
LS, acts as an essential component of hemoglobin, an erythrocyte protein that transfers oxygen from the
lungs to the tissues.
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Conclusion

Three types of LS were generally recorded with moderate concentrations of carbohydrates and proteins
but low-fat content. Vitamin C and group B (B1, B3, and B6) were quantified in all samples and remarkably
the presence of B12 in QNLS and DTLS. Six macro-minerals (Ca, K, Mg, Na, P, and S) and two
microminerals (Fe and Zn) were detected in all samples. However, the size and nutritional values of LS
collected from KH were generally greater than those of QN and DT. These findings scientifically provide
data on nutrients that would be beneficial to nutritionists/dietitians, food manufacturers as well as
consumers.
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