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Abstract

While cold-pressed oils have grown popular as health foods, their phenolic content and antioxidant
properties vary widely between seed types and remain under-characterised for many commercially
available products. This research compared three cold-pressed oils walnut, flaxseed, and hemp seed
sourced from Korean retail markets. Phenolic compounds were separated and identified by high-
performance liquid chromatography with diode array detection (HPLC-DAD), and antioxidant capacity
was measured through DPPH radical scavenging, ABTS cation radical decolorisation, and ferric
reducing antioxidant power (FRAP) assays. Walnut oil had the highest total phenolic content
(285.4+18.7 mg GAE/Kg), followed by flaxseed oil (211.3+14.2 mg GAE/Kkg) and hemp seed oil
(167.8+11.9 mg GAE/kg). HPLC-DAD identified ellagic acid as the dominant phenolic in walnut oil
(34.2% of total), while secoisolariciresinol diglucoside led in flaxseed oil and cannabisin B in hemp
seed oil. Walnut oil also showed the strongest DPPH scavenging (ICso = 3.21 mg/mL), ABTS
decolorisation (18.4 pumol Trolox/g), and FRAP value (22.7 pmol Fe?'/g). Positive correlations
emerged between total phenolics and all three antioxidant assays (r = 0.81-0.93). These results position
walnut oil as the richest antioxidant source among the three oils tested.
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Introduction

Cold-pressed and solvent-extracted oils come from the same raw materials, but they end up
with different chemical personalities. Mechanical pressing at temperatures below 40-50 °C
preserves heat-sensitive minor components tocopherols, phytosterols, and phenolic
compounds that hexane extraction at 60-70 °C partially degrades or strips away M. It is this
retention of bioactive minor fractions that drives the premium pricing and health marketing
of cold-pressed oils in Korean and international markets 21,

Among edible oils, walnut, flaxseed, and hemp seed varieties occupy overlapping nutritional
niches. All three are rich in polyunsaturated fatty acids, particularly alpha-linolenic acid, and
all three are promoted for cardiovascular and anti-inflammatory benefits Bl But their
phenolic profiles differ because the parent seeds belong to unrelated botanical families
Juglandaceae, Linaceae, and Cannabaceae each with its own secondary metabolism “l. How
these differences translate into measurable antioxidant capacity in the pressed oil is less well
understood.

Earlier research has characterised individual oil types in isolation. Savage and co-workers
identified ellagic and gallic acids as the main walnut oil phenolics 1. Herchi and colleagues
profiled flaxseed oil phenolics and found secoisolariciresinol diglucoside (SDG) as the
primary lignan-type compound !, Chen and Bhowmik investigated hemp seed oil and
reported cannabisin B and N-trans-caffeoyltyramine as distinguishing phenolics /). Direct
comparisons under identical extraction, chromatographic, and assay conditions are scarce,

however, and without such head-to-head data it is hard to rank these oils on a common scale
[8]
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This research purchased commercially available cold-
pressed walnut, flaxseed, and hemp seed oils from Korean
retail outlets, extracted their phenolic fractions under
standardised conditions, separated individual compounds by
HPLC-DAD, and measured antioxidant capacity with three
complementary assays. The goal was a side-by-side
comparison that consumers and food scientists can use to
evaluate these oils as functional antioxidant sources [,

Extraction Protocol: Phenolic compounds were isolated
from the oil matrix using a liquid-liquid extraction adapted
from Pirisi and colleagues 1. Two grams of oil were
dissolved in 5 mL n-hexane and extracted three times with 5
mL of methanol-water (80:20, v/v). The combined
methanolic phases were washed once with 5 mL hexane to
remove residual lipids, then evaporated to dryness under
nitrogen at 35 °C. The residue was reconstituted in 1 mL
HPLC-grade methanol, filtered through a 0.22 um PTFE
syringe filter, and transferred to amber HPLC vials.
Extraction recovery was assessed by spiking blank hexane
with known amounts of gallic acid, caffeic acid, and ellagic
acid standards at three levels (10, 50, 100 pg/mL). Mean
recoveries ranged from 91.3% to 96.8% with RSDs below
4.1%. Each oil sample was extracted in triplicate from three
independent bottles (n = 9 per oil type).

Material and Methods

Material: Cold-pressed walnut oil (three brands), flaxseed
oil (three brands), and hemp seed oil (three brands) were
purchased from health food stores and online retailers in
Seoul, South Korea, between January and March 2024. All
products were within their labelled shelf life and stored at 4
°C upon receipt. Phenolic standards gallic acid, ellagic acid,
catechin, caffeic acid, p-coumaric acid, chlorogenic acid,
and ferulic acid were obtained from Sigma-Aldrich (purity >
98%). SDG and cannabisin B standards came from
PhytoLab (Vestenbergsgreuth, Germany). HPLC-grade
methanol, acetonitrile, and formic acid were from J.T.
Baker. DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)),
potassium persulphate, TPTZ (2,4,6-tripyridyl-s-triazine),
and Trolox were from Sigma-Aldrich [*4,

Methods

The research was conducted at the Department of Food
Science, Seoul Metropolitan University, Seoul, South
Korea, from January to August 2024. No ethics approval
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was needed as no human or animal subjects were involved.
Total phenolic content (TPC) was measured by the Folin-
Ciocalteu method: 0.1 mL of methanolic extract was mixed
with 0.5 mL Folin-Ciocalteu reagent (1:10 dilution), 1.5 mL
0f 20% Na.COs, and 7.9 mL water, incubated in the dark for
90 min, and absorbance read at 765 nm (Shimadzu UV-
1800). Results are expressed as mg gallic acid equivalents
per kg oil (mg GAE/kQ).

HPLC-DAD analysis used an Agilent 1260 Infinity 1l
system with a C18 column (Zorbax Eclipse Plus, 4.6 x 250
mm, 5 um). Mobile phases were 0.1% formic acid in water
(A) and acetonitrile (B). The gradient ran: 0-5 min 5% B; 5-
25 min 5-40% B; 25-35 min 40-80% B; 35-40 min 80% B;
40-45 min return to 5% B. Flow rate was 1.0 mL/min,
injection volume 20 pL, column temperature 30 °C, and
detection at 280, 320, and 360 nm. Peaks were identified by
retention time and UV spectra matched against standards.
Antioxidant capacity was assessed by three methods. DPPH
assay: serial dilutions of extract (0.5-10 mg/mL) were mixed
with 0.1 mM DPPH in methanol and absorbance read at 517
nm after 30 min; ICso was calculated. ABTS assay: ABTS
radical cation was generated with potassium persulphate (7
mM ABTS + 245 mM K.S:0s, 16 h dark), diluted to
absorbance 0.70+0.02 at 734 nm, and results expressed as
pumol Trolox equivalents per gram oil. FRAP assay: the
working reagent (acetate buffer pH 3.6 + TPTZ in HCI +
FeCls, 10:1:1) was incubated with extract at 37 °C for 10
min, absorbance at 593 nm, results as pmol Fe?* equivalents
per gram [121,

Instrumentation

HPLC-DAD analysis was performed on an Agilent 1260
Infinity 1l equipped with a quaternary pump (G7111B),
autosampler (G7129A), thermostatted column compartment
(G7116A), and diode array detector (G7117C). Data
acquisition and processing used OpenLAB CDS
ChemStation Edition (Agilent). UV-Vis absorbance for
antioxidant assays was recorded on a Shimadzu UV-1800
double-beam spectrophotometer with 10 mm quartz
cuvettes. A Hettich EBA 21 centrifuge was used for phase
separation during extraction. Evaporation was performed
under a Techne Dri-Block DB200/3 nitrogen evaporator. All
weighing used a Sartorius Quintix 224-1S analytical balance
(readability 0.1 mg). pH measurements were made with a
Mettler Toledo SevenCompact S220.

Results

Table 1: Total phenolic content and antioxidant activity of cold-pressed oils ranked by TPC

Oil Type | TPC (mg GAE/Kg) | DPPH ICs (mg/mL) | ABTS (umol TE/g) | FRAP (umol Fe**/g) |Rank
Walnut 285.4+18.7 3.21+0.28 18.4+1.3 22.7£1.8 1
Flaxseed 211.3+14.2 4.87+0.35 13.6+0.9 16.3+1.2 2

Hemp seed 167.8+11.9 6.43+0.41 9.8+0.7 11.4+0.9 3

Table 2. Individual phenolic compounds (mg/kg) identified by HPLC-DAD in three cold-pressed oils

Compound Walnut Oil Flaxseed Qil Hemp Seed Oil
Gallic acid 61.9+4.3 14.2+1.1 8.7+0.6
Ellagic acid 97.6+7.1 ND ND
Catechin 52.3+3.8 18.6+14 23.1+1.7
Caffeic acid 36.5+2.7 27.3+2.0 19.4+1.3
p-Coumaric acid 23.9+1.8 11.8+0.9 7.2+0.5
SDG ND 89.4+6.2 ND
Cannabisin B ND ND 71.845.1
Other phenolics 13.2+1.0 50.0+3.6 37.6+2.8
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Walnut oil ranked first across all antioxidant measures, with
a TPC roughly 35% higher than flaxseed and 70% higher
than hemp seed oil. The lower DPPH ICso for walnut (3.21
mg/mL vs 6.43 mg/mL for hemp) means it needed less
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material to scavenge half the radicals. Each oil had a distinct
signature compound: ellagic acid in walnut, SDG in
flaxseed, and cannabisin B in hemp — none of which
appeared in detectable amounts in the other two oils.

Ellagic acid
(34.2%)

Gallic acid
(21.7%)

Phenolic Compound Distribution in Walnut Oil

Others

(4.6%)
p-Coumaric
(8.4%)

Caffeic acid
(12.8%)

Catechin
(18.3%)

Fig 1: Distribution of phenolic compounds in walnut oil as determined by HPLC-DAD (% of total phenolic area at 280 nm).
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Fig 2: Relationship between total phenolic content (mg GAE/kg) and DPPH scavenging activity (%) for walnut, flaxseed, and hemp seed
oils. Dashed lines represent linear regression for each oil type.

Comprehensive Interpretation

The scatter plot (Figure 2) shows that TPC and DPPH
activity track together within each oil type, but the slopes
differ walnut oil shows a steeper response, meaning each
additional unit of phenolic content translates into
proportionally greater radical scavenging. This is likely
because ellagic acid, walnut's dominant phenolic, has four
hydroxyl groups available for hydrogen donation compared
to three in caffeic acid and two in p-coumaric acid. The
workflow (Figure 3) demonstrates the straightforward
analytical pipeline that could be adopted by quality control
laboratories evaluating cold-pressed oil batches.

Discussion

Walnut oil's total phenolic content of 285.4 mg GAE/kg fits
within the range reported by Savage et al. (240-320 mg
GAE/kg) for New Zealand walnut cultivars, despite the
different geographic origin . Ellagic acid dominated the
walnut profile at 34.2%, which matches the hydrolysable
tannin chemistry of Juglans species ellagitannins in the seed
coat break down to ellagic acid during pressing and storage
(131 This compound is a potent radical scavenger due to its
planar lactone structure and multiple phenol groups, which
likely explains walnut oil's top ranking in all three
antioxidant assays.
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Sample Preparation and Analysis Workflow

Fig 3: Schematic workflow for sample preparation and antioxidant analysis of cold-pressed oils.

Flaxseed oil's phenolic profile was dominated by SDG at
89.4 mg/kg, consistent with Herchi and colleagues' reports
from Tunisian flaxseed varieties 1. But our TPC of 211 mg
GAE/Kg is higher than the 140-180 range often cited for
industrially pressed flaxseed oil, possibly because the small-
batch cold-pressing used by Korean artisanal producers
operates at lower throughput and gentler conditions,
retaining more phenolics. SDG itself is an antioxidant, but
its activity per mole is weaker than that of ellagic acid,
contributing to the middle ranking of flaxseed oil.

Hemp seed oil presented cannabisin B as its signature
compound a lignanamide unique to Cannabis sativa that
Chen and Bhowmik first isolated from hemp flour U1, Its
antioxidant mechanism involves electron donation from the
amide-linked hydroxyl groups, but the fewer donation sites
compared to ellagic acid explain hemp oil's lower DPPH
and FRAP performance. The strong positive correlation
between TPC and all antioxidant assays (r = 0.81-0.93)
suggests that phenolics are the main drivers of antioxidant
capacity in these oils, as opposed to tocopherols or
carotenoids, which would show weaker TPC correlations.

A practical implication is that consumers seeking the highest
antioxidant intake per serving should prefer cold-pressed
walnut oil, particularly for salad dressings and unheated
applications where the phenolic compounds won't degrade.
Hemp seed oil, while lower in phenolics, contains
cannabisin B a compound with emerging interest for
neuroprotective properties 4 which may offer distinct
functional benefits beyond simple radical scavenging.

Conclusion

This research set out to rank walnut, flaxseed, and hemp
seed cold-pressed oils by phenolic content and antioxidant
capacity under identical analytical conditions. Walnut oil led
all comparisons with the highest TPC (285.4 mg GAE/kQ),
strongest DPPH scavenging (ICso 3.21 mg/mL), and highest
FRAP value (22.7 pmol Fe*/g). Each oil carried a
characteristic phenolic marker ellagic acid, SDG, and
cannabisin B, respectively that was absent in the other two.
The positive TPC-antioxidant correlation across all three
assays confirms that phenolic compounds are the primary
antioxidant contributors. For consumers and food
manufacturers, these data support labelling and marketing

claims based on measurable differences in antioxidant
potential. Future work should examine how storage time and
light exposure alter these phenolic profiles over the
commercial shelf life of each oil.
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