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Abstract

Background: Microgreens are increasingly investigated as nutrient-dense plant foods that may contribute
to dietary diversification. However, the nutritional composition of sunflower (Helianthus annuus L.)
microgreens under simple household-scale cultivation conditions remains comparatively under-
characterized.

Objective: The present study evaluated the proximate composition, mineral profile, antioxidant
constituents, antioxidant activity, and selected antinutritional factors of sunflower microgreens cultivated
under household-scale conditions.

Methods: Untreated sunflower seeds were cultivated in cocopeat-filled geo-fabric grow bags under
natural indirect sunlight and ambient conditions without nutrient supplementation. Microgreens were
harvested at the early true-leaf stage (7-10 days after sowing). Proximate composition was determined
using AOAC methods, while minerals, vitamins, phytochemicals, antioxidant activity, oxalate, and
phytate were estimated using standardized analytical procedures. All determinations were conducted in
triplicate and expressed as mean + standard deviation.

Results: Fresh sunflower microgreens contained 80.78 + 0.03 g/100 g moisture, 4.08 + 0.02 g/100 g
protein, 6.26 + 0.06 g/100 g carbohydrate, and 2.93 = 0.04 g/100 g crude fibre. Among the minerals
analysed, iron was 15.63 £+ 0.12 mg/100 g, calcium 44.67 + 0.12 mg/100 g, while B-carotene and total
flavonoid content were 300 + 0.10 pg/100 g and 216.70 + 0.10 mg RE/100 g, respectively. DPPH radical
scavenging activity was 81.51 = 0.02% inhibition. Oxalate and phytate contents were 22.32 + 0.01 and
0.36 = 0.02 mg/100 g, respectively.

Conclusion: Sunflower microgreens cultivated under the household-scale conditions evaluated in this
study exhibited a measurable profile of protein, fibre, minerals, vitamins, and antioxidant-related
constituents, together with quantified levels of selected antinutritional factors. These findings provide
baseline compositional data for sunflower microgreens produced using a simple, low-input cultivation
approach and may inform further investigation of their dietary and food-application potential.
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1. INTRODUCTION

Micronutrient Deficiencies and Dietary Diversification

Contemporary nutrition research recognizes that achieving food security requires not only adequate food
availability but also diets of sufficient nutritional quality to meet essential micronutrient requirements.
Despite substantial improvements in agricultural productivity, micronutrient deficiencies remain prevalent
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because many populations continue to consume diets with limited diversity and inadequate intake of
nutrient-rich foods [1][2]. Consequently, food-based dietary diversification has gained increasing
recognition as a sustainable strategy for improving micronutrient adequacy by encouraging greater
consumption of naturally nutrient-dense foods within habitual diets [2]. In this context, there is growing
scientific interest in identifying edible plant foods with high nutritional value that may contribute to dietary
diversity patterns.

Microgreens as Nutrient-Dense Foods

Among such nutrient dense foods, microgreens have emerged as a distinct category of young edible
seedlings harvested between the cotyledonary stage and the emergence of the first true leaves [3][4].
Owing to their short growth cycle, ease of cultivation, and high concentrations of vitamins, minerals and
diverse bioactive phytochemicals, microgreens have attracted considerable interest as functional foods
with potential to enrich dietary diversity and nutritional quality [5]. Recent evidence further highlights
their suitability for household and controlled-environment production systems, making them a practical
option for increasing the availability of fresh, nutrient-rich plant food [6]. However, the nutritional and
phytochemical composition of microgreens is highly species-dependant and is influenced by genetic
background, environmental conditions, and cultivation practices, resulting in substantial variation among
species.

Sunflower Microgreens: Nutritional and Functional Potential

Among the diverse microgreen species available for human consumption, sunflower (Helianthus annuus
L.) has attracted increasing attention because of its favourable nutritional composition, rapid growth cycle,
and potential for functional food applications. Recent investigations have explored strategies to enhance
its nutritional quality through optimized nutrient management and agronomic biofortification, resulting in
improvements in mineral accumulation, chlorophyll content, antioxidant capacity, and other quality
attributes [7][8]. Beyond cultivation, sunflower microgreens have also been investigated as ingredients for
value-added foods and for post-harvest quality preservation, reflecting growing scientific interest in
maximizing both their nutritional value and practical utilization [9] . Collectively, these studies
demonstrate an expanding evidence base for sunflower microgreens; however, research has collectively
addressed individual aspects of production, biofortification, post-harvest preservation, or food application
rather than providing an integrated biochemical characterization [10].

Research Gap and Study Rationale

However, important knowledge gaps remain regarding the translation of these findings into practical
nutritional applications. Existing studies have the primarily examined sunflower microgreens under
controlled experimental conditions with emphasis on cultivation optimization, biofortification, post-
harvest preservation, or product development, whereas comparatively limited attention has been given to
their comprehensive nutritional characterization following simple household cultivation systems [3] [11]
[5]. Such evidence is particularly relevant in countries like India, where affordable household production
of nutrient-dense foods may contribute to dietary diversification strategies for addressing micronutrient
deficiencies. Therefore, the present study evaluated the household cultivation of sunflower microgreens
and comprehensively characterized their proximate composition, mineral profile, antioxidant activity,
vitamin C, vitamin E, and total flavonoid content to assess their potential as a functional food for
improving dietary quality.
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2. Materials and Methods

2.1 Plant Material and Household-Scale Cultivation

Untreated sunflower (Helianthus annuus L.) microgreen seeds were procured from a commercial supplier
(AllThatGrows.in, India). Microgreens were cultivated under simulated household conditions using geo-
fabric grow bags (12 x 12 x 16 inches; 500 GSM) filled with hydrated, untreated cocopeat as the growing
substrate. Cocopeat was selected because of its favorable water-holding capacity, aeration, and low
salinity.

Seeds were rinsed thoroughly under running water and soaked in fresh water for 8-12 h to promote uniform
germination. The hydrated substrate was evenly spread in the grow bags, and pre-soaked seeds were
uniformly distributed over the surface without nutrient supplementation. Following sowing, the seeds were
lightly covered with cocopeat and irrigated by gentle misting to maintain adequate moisture during
germination. Thereafter, moisture was maintained by misting once or twice daily as required.
Microgreens were grown under natural indirect sunlight at ambient environmental conditions without
artificial lighting or nutrient fortification. Harvesting was performed at the early true-leaf stage (7-10 days
after sowing) using sterilized ceramic scissors, approximately 1-2 cm above the substrate surface.
Harvested samples were gently rinsed, surface dried, and placed in self-sealing plastic pouches lined with
paper towels at 4 + 1°C until analysis. All the analyses were performed within 48 hours of harvest.

2.2 Nutritional and Phytochemical Analysis

Freshly harvested sunflower microgreens were analyzed for proximate composition, mineral content,
antioxidant constituents, and selected antinutritional factors. All analyses were performed in triplicate
using standardized analytical procedures.

Moisture, ash, crude protein, crude fat, crude fibre, and carbohydrate contents were determined according
to the official methods of AOAC (2019). Carbohydrates content was calculated by difference.

Mineral analysis included iron and zinc estimation using Atomic Absorption Spectrophotometry
(Shimadzu AA-7800F), while calcium was determined by the EDTA titrimetric method following AOAC
procedures.

Vitamin C was estimated by the 2,6-dichlorophenolindophenol (DCPIP) titrimetric method. Vitamin E
and P-carotene were quantified by high-performance liquid chromatography (HPLC). Total phenolic
content was determined using the Folin-Ciocalteu assay, total flavonoid content by the rutin colorimetric
method, and antioxidant activity using the DPPH radical scavenging assay.

Phytate and oxalate contents were estimated using the spectrophotometric method described by [12].

2.3 Statistical Analysis

All determinations were conducted in triplicate, and results are presented as mean + standard deviation
(SD). As the objective of the study was to characterize the nutritional composition of sunflower
microgreens cultivated under household-scale conditions rather than compare experimental treatments,
data were summarized using descriptive statistics. Data management and statistical calculations were
performed using Microsoft Excel 2016.

3. Results

3.1 Proximate composition

The proximate composition of sunflower microgreens cultivated under household-scale conditions is
presented in Table 1. Fresh sunflower microgreens exhibited a high moisture content (80.78 + 0.03 g/100
g), consistent with their tender vegetative stage. On a fresh weight basis, protein content was 4.08 + 0.02
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g/ 100 g, while carbohydrates, calculated by difference, accounted for 6.26 + 0.06 g/100 g. Crude fibre
content was 2.93 = 0.04 g/100 g and ash content was 5.94 + 0.03 g/100 g, indicating the presence of
appreciable mineral constituents. Fat content was found to be 4.87 £ 0.20 g/100 g. All analysis were
performed in triplicate and the results are presented as mean * standard deviation.

Table 1. Proximate composition of sunflower microgreens (mean £ SD, n=3)

Parameter Unit Value (Mean £ SD)
Moisture (9/100 g) 80.78 £ 0.03

Ash (9/100 g) 5.94 +0.03

Protein (9/100 g) 4.08 £0.02

Fat (9/100 g) 4.87 £0.20

Crude fibre (9/100 g) 2.93+0.04
Carbohydrate* (9/100 g) 6.26 + 0.06

Values are presented as mean + SD of triplicate analyses (n = 3).
3.2 Mineral Composition
The mineral composition of sunflower microgreens is presented in table 2. Among the minerals quantified,
calcium was the highest (44.67 = 0.12 mg/100 g), followed by iron (15.63 + 0.12 mg/100 g), and zinc
(0.86 £ 0.01 mg/100 g).

Table 2. Mineral composition of sunflower (Helianthus annuus L.) microgreens

Parameter Unit Value (Mean £ SD)
Iron mg/100 g 15.63+0.12

Zinc mg/100 g 0.86 +£0.01
Calcium mg/100 g 44.67 £0.12

Values are presented as mean + SD of triplicate analyses (n = 3).

3.3 Vitamin, Phytochemical and Antioxidant Profile

The concentrations of antioxidant vitamins, phytochemicals, and antioxidant activity are summarized in
Table 3. Sunflower microgreens contained 90.10 + 0.10 mg/100 g of vitamin C, 0.30 + 0.05 mg/100 g of
vitamin E, and 300 + 0.10 png/100 g of B-carotene. The total phenolic and flavonoid contents were 0.03 +
0.01 mgGAE/100 g and 216.70 = 0.10 mg RE/100 g, respectively. The DPPH radical scavenging assay
demonstrated a DPPH radical scavenging activity of 81.51 + 0.02 % inhibition.
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Table 3. Antioxidant compounds and antioxidant activity of sunflower (Helianthus annuus L..)
microgreens

Parameter Unit Value (Mean £ SD)
Vitamin C (ascorbic acid) mg/100 g 90.10+£0.10
Vitamin E mg/100 g 0.30 £0.05
B-Carotene Hg/100 g 300£0.10

Total phenolic content mg GAE/100 g 0.03+£0.01

Total flavonoid content Mg RE/100 g 216.70 £ 0.10
DPPH radical scavenging | % inhibition 81.51+£0.02
activity

Values are presented as mean x SD of triplicate analyses (n = 3).

3.4 Antinutritional Factors

The levels of antinutritional factors quantified in sunflower microgreens are presented in Table 4. Oxalate
and phytate contents were 22.32 + 0.01 mg/100 g and 0.36 = 0.02 mg/100 g, respectively. The values
represent the mean of three independent determinations.

Table 4. Antinutritional factors of sunflower (Helianthus annuus L.) microgreens

Parameter Unit Value (Mean £ SD)
Oxalate mg/100 g 22.32 £0.01
Phytate mg/100 g 0.36 £ 0.02

Values are presented as mean + SD of triplicate analyses (n = 3).

4. Discussion

The present study provides a comprehensive compositional characterization of sunflower (Helianthus
annuus L.) microgreens cultivated under household-scale conditions using a simple, low-input production
system. Unlike previous investigations that have primarily focused on cultivation optimization,
biofortification strategies, or value-added food applications, the present work was designed to characterize
the nutritional profile of sunflower microgreens produced under conditions representative of domestic
cultivation. The findings demonstrate that sunflower microgreens harvested at the early true-leaf stage
contained appreciable amounts of essential minerals and antioxidant constituents together with relatively
low concentrations of antinutritional factors, thereby providing baseline compositional evidence for this
comparatively under-characterized microgreen species. While the study was not intended to evaluate
health outcomes or cultivation interventions, the generated compositional data contribute to the growing
evidence supporting microgreens as nutrient-dense edible plants suitable for inclusion in diversified diets.
The proximate composition observed in the present study reflects the physiological characteristics of
young developing seedlings. The high moisture content (80.78 g/100 g) is consistent with the rapid cellular
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expansion and active metabolic processes that characterize the early stages of plant growth and is
comparable with values reported for sunflower and several other microgreen species cultivated under
controlled and household systems [13][14]. Such high water content contributes to the fresh and highly
perishable nature of microgreens while simultaneously diluting energy density, making them nutritionally
distinct from mature seeds of the same species [15][16] . Consequently, although sunflower seeds are
recognized for their high lipid content, the juvenile tissues analyzed in the present study exhibited a
markedly different compositional profile, reflecting the metabolic transition from stored seed reserves to
actively growing photosynthetic tissues [17].

Protein content (4.08 g/100 g), carbohydrate content (6.26 g/100 g), and crude fibre (2.93 g/ 100 g) were
within the range generally reported for edible microgreens, although absolute values vary considerably
among species, harvest stage, cultivation practices, and analytical methodology [14][3]. Such variation is
expected because the biochemical composition of microgreens changes rapidly during germination as
reserve compounds are mobilized to support seedling establishment and structural development [18].
Rather than representing a stable compositional end-point, nutrient concentrations at this developmental
stage reflect dynamic physiological processes influenced by genotype and growing environment.
Therefore, direct comparison between studies should be interpreted cautiously, particularly when
cultivation conditions, substrates, harvesting stage, or reporting basis differ.

The fat content of sunflower microgreens was 4.87 £ 0.20 g/100 g, reflecting the presence of lipid reserves
characteristic of sunflowers and their continued contribution to the biochemical composition of the
developing seedling. Although sunflower is an oleaginous crop, lipid reserves accumulated within the seed
are progressively mobilized during germination to support respiration, membrane synthesis, and early
seedling growth [18]. The low extractable lipid content observed in the harvested microgreens therefore
likely reflects both developmental stage and analytical characteristics of fresh vegetative tissues rather
than the oil-rich nature of the mature seed itself. Collectively , the proximate composition indicates that
sunflower microgreens produced under household-scale cultivation represent a fresh, low-energy plant
food characterized by moderate protein and fibre content together with high moisture, providing a
nutritional profile that differs substantially from conventional oilseed products.

Conclusion:

The present study characterized the nutritional and selected phytochemical composition of sunflower
(Helianthus annuus L.) microgreens cultivated under simple household-scale conditions. The microgreens
exhibited high moisture content, moderate protein and crude fiber, and measurable concentrations of iron,
calcium and zinc. They also contained vitamin C, vitamin E, B-carotene, phenolic and flavonoid
compounds, together with measurable DPPH radical-scavenging activity. Oxalate and phytate were
detected at the concentrations observed under the conditions of the study. Collectively, these findings
provide baseline compositional data for sunflower microgreens produced using a low-input household
cultivation approach and support their consideration as a nutrient-dense plant food within dietary
diversification. However, the study was limited to descriptive biochemical characterization under a single
cultivation system and did not assess bioavailability, dietary intake, health outcomes, or comparative
effects of cultivation conditions. Further studies incorporating standardized cultivation conditions,
bioavailability assessment, broader phytochemical characterization, and evaluation of dietary applications
are warranted to establish the nutritional significance of sunflower microgreens more comprehensively.
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