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Objective: Plant-derived superoxide dismutase (SOD) is of interest for nutritional
antioxidant use, but oral delivery places the enzyme under several forms of stress,
including gastric acidity, heat, moisture, and the composition of the surrounding
powder matrix. Method: We characterized the BCLC® SOD-Rich Melon Complex, a
low-reducing-sugar endogenous polysaccharide-protein preparation in which native
Cucumis melo soluble polysaccharides are retained with SOD-containing protein
fractions without an exogenous prolamin or lipid-soluble coating. Low-temperature,
low-oxygen extraction followed by ultrafiltration/diafiltration, controlled pH-ionic-
strength complexation, and low-temperature drying yielded optimized extracts
containing 34,280-43,620 U/g SOD, 3.7-4.5% reducing sugars, and water activity of
0.29-0.34. Results: After 60 min at pH 1.2 and 37°C, SOD retention was 41.7-47.8%,

Enzyme stability compared with 16.9-38.2% in comparator preparations. After 30 days at 40°C/75%

RH, 66.5-72.6% of activity remained. DPPH scavenging was 57.8-63.7%, ABTS
scavenging was 65.7-71.6%, and ORAC values were 2,064-2,416 ymol TE/g. Human
studies using other SOD-rich melon preparations have also reported changes in
oxidative-stress-related outcomes. Novelty: The formulation data define a practical
basis for human evaluation of this endogenous melon polysaccharide-protein
stabilization approach.

INTRODUCTION

Reactive oxygen species (ROS) arise during mitochondrial respiration,
inflammatory signaling, environmental exposure, and normal metabolism. At controlled
levels they participate in redox signaling; sustained imbalance can instead modify lipids,
proteins, nucleic acids, and cell-signaling networks [1]-[3]. Superoxide dismutases act
early in this defense system by catalyzing conversion of superoxide anion to hydrogen
peroxide and molecular oxygen [1], [2].

Oral use of protein antioxidants creates a separate formulation problem. Low pH,
proteolytic digestion, interfacial denaturation, thermal stress, and storage-associated
moisture can reduce enzyme function, and small sugars and salts in crude fruit powders
can increase hygroscopicity. These constraints make delivery architecture relevant to
retained activity [4]. Earlier human and experimental work has used other proprietary
melon-SOD preparations and carrier systems [5]-[9].

BCLC® was developed around material already present in melon. Soluble
polysaccharides are co-retained with the SOD-containing protein fraction after
ultrafiltration/diafiltration;, pH and ionic strength are then adjusted to favor an
endogenous polysaccharide-protein association. Such complexes are sensitive to pH,
ionic strength, biopolymer ratio, and temperature [10], [11]. We measured composition,
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acid-phase SOD retention, accelerated storage stability, and in-vitro antioxidant activity,
and then considered those results alongside published human studies of SOD-rich melon
products.

RESEARCH METHOD
Preparation and stabilization framework

Melon flesh and placental tissue were pre-cooled and homogenized under low-
oxygen conditions. Extraction was carried out in food-grade buffer near neutral pH at
low temperature. The clarified extract was concentrated with a 10-30 kDa ultrafiltration
membrane and diafiltered to reduce low-molecular-weight sugars, organic acids, and
free salts. The SOD-enriched retentate was adjusted to pH 6.2-7.2 and ionic strength 10-
80 mmol/L, then held at 2-15°C to permit formation of the melon-endogenous soluble-
polysaccharide/protein stabilization system. The material was freeze-dried or dried
under low-temperature vacuum conditions.
Analytical characterization

SOD activity was measured by the WST-1 method [12]. Total protein was
measured by a validated colorimetric protein assay, soluble polysaccharides by the
phenol-sulfuric acid method [13], reducing sugars by the DNS method [14], moisture by
gravimetric drying, water activity with a water-activity meter, and lipid by solvent
extraction. Optimized preparations were compared with ordinary freeze-dried melon
juice, an ultrafiltered extract prepared without diafiltration, and an SOD-enriched
preparation produced without the endogenous polysaccharide-protein stabilization
step.
Acid-phase stability

Samples were suspended at 1 mg/mL in pH 1.2 medium at 37°C. Residual SOD
activity was measured after 30, 60, and 120 min after neutralization to the analytical pH.
Activity at time zero was defined as 100%.
Accelerated storage stability

Sealed samples were held at 40°C and 75% relative humidity and tested at baseline
and during storage. The 30-day retention value served as the primary comparative index.
Antioxidant assays

DPPH and ABTS radical-scavenging assays were performed at 1 mg/mL using
established assay principles [15], [16]. ORAC was measured with the fluorescein-based
oxygen radical absorbance capacity method described by Ou et al. [17] and expressed as
pmol Trolox equivalents per gram.
Published human evidence context

PubMed/PMC and journal sources were searched through August 2026 using
combinations of 'Cucumis melo', 'melon concentrate', 'superoxide dismutase', 'oxidative
stress', 'randomized', 'placebo', 'photoprotection', and 'skin'. Randomized controlled
trials and other human intervention studies were prioritized. Studies using gliadin-
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protected SOD or multi-ingredient matrices were treated as clinical context for melon-
derived SOD rather than as formulation-matched evidence.

RESULTS AND DISCUSSION
Results
Composition and powder quality

SOD activity in the three optimized preparations was 43,620+1,180, 38,740+1,060,
and 34,280+970 U/ g, respectively. Reducing sugar contents were 3.7+0.2%, 4.5+0.2%, and
4.1+0.2%, and water activities were 0.31+0.01, 0.29+0.01, and 0.34+0.01. Ordinary freeze-
dried melon juice contained 25.4+1.1% reducing sugar and had a water activity of
0.51£0.01. The optimized powders were lower in both reducing sugar and water activity
than the ordinary freeze-dried juice.
Acid-phase SOD retention

After 60 min in pH 1.2 medium, the optimized preparations retained 47.8+2.1%,
44.6£1.9%, and 41.7+1.8% of initial activity. Ordinary freeze-dried melon juice retained
16.9+1.2%; the no-diafiltration comparator retained 29.7+1.6%; and the preparation
without the stabilization step retained 38.2+1.7%.
Accelerated stability

At 30 days under 40°C/75% RH, SOD retention was 72.6+2.5%, 70.2+2.4%, and
66.5+2.2% in the optimized preparations. Comparator retention values ranged from
42.142.0% to 58.6+2.3%.
In-vitro antioxidant performance

The optimized reference preparation showed DPPH scavenging of 63.7+2.1%, ABTS
scavenging of 71.6+2.3%, and an ORAC value of 2,416+82 pmol TE/g. The other
optimized preparations followed the same direction, while comparator values were
consistently lower.

Table 1. Selected composition and quality indices of optimized BCLC® SOD-melon

preparations
. SOD Protein Soluble. Reducing
Preparation activity (%) polysaccharides sugar (%) aw
0 0
(Ug) (%)
F1 43,620+1,180  21.7+0.8 15.1+0.6 3.7+0.2 0.31+0.01
F2 38,740+£1,060  18.4+0.7 12.5+0.5 4.5+0.2 0.29+0.01
F3 34,280+970 19.5+0.6 10.8+0.5 4.1+0.2 0.34+0.01
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Table 2. Selected human studies providing clinical context for SOD-rich melon

supplementation
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Figure 1. SOD activity retention after 60 min in pH 1.2 medium at 37°C. Values are

mean retention percentages from the defined experimental conditions.
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Figure 2. SOD activity retention after 30 days of accelerated storage at 40°C/75% RH.

Discussion

The formulation work separates two issues that are often conflated for oral enzyme
ingredients: initial activity and activity that remains after processing or exposure.
Diafiltration reduced low-molecular-weight material and reducing sugars, while
controlled complexation was followed by higher SOD retention during acid exposure and
accelerated storage. Protein-polysaccharide associations are known to depend on the
physicochemical environment [10], [11], and oral therapeutic enzymes face additional
stability pressures in the gastrointestinal tract [4]. For BCLC®, those considerations are
part of the formulation itself rather than an after-the-fact interpretation of antioxidant
activity.

Milesi et al. studied 70 healthy adults in a double-blind placebo-controlled pilot trial
and reported improvements in perceived stress and fatigue with 140 IU SOD/day from
a proprietary melon concentrate [5]. Carillon et al. later tested 10 mg/day of SOD-melon
concentrate (140 U SOD) for 12 weeks in 61 adults; lower perceived stress and
improvements in fatigue- and quality-of-life-related measures were reported [6]. Neither
study used the endogenous-polysaccharide matrix evaluated here.

Redox-oriented outcomes have also been examined in other settings. During a
standardized exercise program, Saby et al. reported lower oxidative-stress and C-
reactive-protein measures with SOD-rich melon concentrate supplementation [7]. Under
hyperbaric oxygen challenge, Muth et al. found lower DNA strand damage and F2-
isoprostanes in participants receiving a gliadin-combined plant SOD preparation [8].
Koike et al. studied older women with musculoskeletal discomfort; Melon GliSODin®
showed within-group trends toward lower malondialdehyde and d-ROM values, while
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between-group differences across the overall endpoint set were modest [9]. Carrier
system, dose, physiological challenge, and population all differed across these trials.

For BCLC®, the practical formulation feature is measurable SOD activity in a low-
reducing-sugar matrix built from native melon polysaccharides and protein. The
optimized preparations retained 41.7-47.8% of initial SOD activity after 60 min at pH 1.2
and 66.5-72.6% after 30 days at 40°C/75% RH. No external prolamin or lipid coating was
used. Those measurements distinguish the ingredient platform from the delivery systems
used in the human studies above.
Study Considerations and Future Directions

The experiments were designed around ingredient stability, radical-scavenging
performance, and physicochemical attributes relevant to an oral SOD ingredient. A
prospective BCLC® study can extend this work with plasma redox biomarkers, lipid-
peroxidation products, DNA oxidation markers, exercise-related oxidative responses,
and pharmacodynamic time courses. The tested material should retain the defined SOD,
protein, polysaccharide, and low-reducing-sugar specifications so that any human
response can be interpreted against the formulation characterized here.

CONCLUSION

Fundamental Finding : BCLC® preparations contained 34,280-43,620 U/g SOD,
3.7-4.5% reducing sugars, and water activity of 0.29-0.34. After 60 min at pH 1.2 and
37°C, optimized preparations retained 41.7-47.8% of initial SOD activity, and 66.5-72.6%
remained after 30 days at 40°C/75% RH. DPPH, ABTS, and ORAC testing also showed
substantial in-vitro antioxidant activity. Implication : The BCLC® formulation data now
define the material and endpoints for formulation-specific human evaluation. Limitation
: Human studies with other SOD-rich melon systems offer relevant clinical models.
Future Research : Formulation-specific human evaluation of BCLC® is warranted.
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