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Tables
Column PerkinElmer BrownleeValidated Aqueous C18,5um,
4.6x250 mm
Mobile phase Isocratic,25Mm K-Phosphate buffer;Ph:2.4
Analysis Time 8.0 min;wash/ equilibration time=6.0 min
Flow Rate 1.5mL/min
Oven Temp 30C°
UV Detection Wavelength:210 nm
Injection Volume 20pL
Sampling (Data)Rate 5 pts./sec

Vinegar Type Total Acidity (g/100 Oxidation Value (mL) Phenolic Content (mg/L Gallic ~ ABTS Radical Scavenging

mL) Acid) (%)
Fermented Vinegar (N:9) 5.02 £ 0.44¢ 2875.909 + 35.732 73.96 + 0.108* 75.051 £1.309¢
Distilled Vinegar (N:5) 5.20+0.0012 113.25 £9.82° 0.698 + 0.07° 0.00 + 0.00°
Industrial Acetic Acid (N:2) — 0.00 £ 0.00¢ 0.00 £ 0.00° 0.00 £+ 0.00°

Values are presented as mean + standard deviation. Different superscript letters indicate significant differences (p < 0.05) within each column.

Functional Group Wavenumber (cm™)
CHs 93, 1048, 2996, 1382, 1430, 2944, 3051
OH 1264, 3583
C=0 642, 1788
Vinegar Type 3300-3600 cm™ (X: Wavenumber, Y: Transmittance) 1500-1800 cm™ (X: Wavenumber, Y: Transmittance)
Fermented Vinegar X:3450.3199 Y: 24.6299 X:1646.7513 Y: 50.6009
Distilled Vinegar X:3450.3199 Y: 8.8159 X:1649.7513 Y: 31.2481
Acetic Acid X:3450.3199 Y: 17.3974 X:1646.7513 Y: 41.1021

Mixed samples were analyzed using FTIR

Vinegar Type Malic Acid (mg/100 mL) Acetic Acid (mg/100 mL) Citric Acid (mg/100 mL) Fumaric Acid (mg/100 mL)
Fermented Vinegar (N:9) 59.662+1.85 4.893+0.21 49.184+3.08 0.079+ 0.008
Distilled Vinegar (N:5) Nd 541+ 0.54 Nd Nd
Industrial Acetic Acid (N:2) Nd 3.8+ 0.02 Nd Nd
Retention Time (Rt) - min 3.666 4.567 7.888 10.192

Nd: Not detected.
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Vinegar Sample Lead (ug/L) Cobalt (pg/L) Nickel (pg/L) Magnesium (pg/L)
Fermented Vinegar (N:9) 339.935 * 25.00° <0.009 382.066 + 37.08" 152874.194 + 828.36¢
Distilled Vinegar (N:5) 18.077 £0.78* <0.009 94.232 £ 11.202 149620.008 + 140.11°
Industrial Acetic Acid (N:2) 8037.81 +0.03¢ <0.0036 6323.138 £ 0.00¢ 626.026 + 0.00°

Different lowercase letters in the same column indicate significant differences at p < 0.05. Same letters indicate no significant difference.
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Authenticity of vinegar based on the determination of phenolic compounds, antioxidant
capacity, and FTIR spectroscopy: comparison of fermented, distilled vinegar, and
industrial acetic acid
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Abstract

Introduction

Vinegar is a widely consumed functional condiment with well-documented nutritional, antioxidant, and therapeutic
properties. However, increasing economic adulteration—particularly the replacement of naturally fermented vinegar
with industrial acetic acid—raises concerns about authenticity, safety, and nutritional quality. This study aimed to
authenticate commercial vinegar products and compare the physicochemical, antioxidant, biochemical, and safety
characteristics of fermented and distilled vinegars with those of acetic acid-based industrial products. Such
comparisons are crucial for consumer protection, regulatory oversight, and promoting the use of naturally fermented
vinegar as a functional food ingredient.

Materials and Methods

Fifteen commercial vinegar samples, including fermented, distilled, and industrial acetic acid—based products, were
analyzed. Total acidity, oxidation value, ABTS radical scavenging activity, and total phenolic content were
determined using standard titrimetric and spectrophotometric methods. Organic acids (malic, citric, fumaric, and
acetic acids) were profiled via high-performance liquid chromatography (HPLC), while trace elements (Pb, Ni, Mg,
Co) were quantified by atomic absorption spectroscopy. Fourier-transform infrared (FTIR) spectroscopy was
employed to identify functional groups and biochemical fingerprints associated with natural fermentation. Data were
statistically analyzed using one-way ANOVA followed by Duncan’s multiple range test at p < 0.05.

Results and Discussion

Fermented vinegars showed significantly higher total phenolic content, antioxidant activity, and oxidation values
than distilled and acetic acid-based vinegars (p < 0.05), indicating a richer composition of bioactive compounds
produced during natural fermentation. HPLC analysis confirmed the presence of natural organic acids—malic, citric,
and fumaric—exclusively in fermented samples, while distilled and industrial samples contained only acetic acid,
providing a clear marker of authenticity. FTIR spectra further highlighted the unique biochemical fingerprint of
fermented vinegar, with functional groups corresponding to phenolics, alcohols, and carbonyl-containing
metabolites, which were absent or minimal in acetic acid—based products.

Trace element analysis revealed higher magnesium levels in fermented vinegars, reflecting a nutritional advantage,
whereas industrial acetic acid samples exhibited elevated lead and nickel levels (p < 0.05), likely due to residues
from industrial synthesis, indicating potential safety concerns. Overall, the combined analysis of organic acids,
phenolics, antioxidant capacity, FTIR profiles, and trace elements offered a reliable multimetric approach to
distinguish authentic fermented vinegars from adulterated or synthetic products.

Conclusions

Fermented vinegars demonstrate superior nutritional quality, bioactive compound content, and antioxidant capacity
compared with distilled and industrial acetic acid—based vinegars. The presence of natural organic acids and distinct
FTIR fingerprints provides robust evidence of authenticity, while elevated heavy metals in synthetic products
highlight safety concerns. Integrating chemical, spectral, and elemental analyses offers a comprehensive strategy for
vinegar authentication. These findings support the promotion of naturally fermented vinegars as functional foods
with enhanced health benefits and improved safety profiles.
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