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Abstract: Ethanol may be present in a wide range of foods due to natural fermentation, carry-over from
ingredients, or the use of ethanol-containing preservatives, and even trace levels are important for halal
compliance and “no- and low-alcohol (NoLo)” labeling. In this study, a single-laboratory validation of an
enzymatic microplate assay was conducted for three Korean food matrices (rice cake, gochujang, and fruit—
vegetable beverages) and the performance was compared with that of a GC-FID method based on an AOAC
INTERNATIONAL (AOAC). The enzymatic assay showed limits of quantification (LOQs) of 0.030-0.076 mg/mL,
which were comparable to or lower than those of GC-FID (0.037-0.109 mg/mL) depending on the matrix.
Calibration curves were linear over 0.01-0.25 mg/mL with acceptable linearity (R* > 0.991), and spike recoveries
(after correcting for background ethanol) were approximately 95—105 % across low, medium, and high levels
with practical precision. GC—FID also provided excellent linearity (R*> > 0.9998) and generally lower RSDs.
In addition, commercial product monitoring data were generated for rice cake (n = 14), gochujang (n = 12),
and fruit beverages (n=18), showing that the enzymatic microplate assay provides comparable quantitative
results to GC-FID across diverse matrices, supporting its utility for routine trace-ethanol monitoring.
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Table 1. Operating conditions for the enzymatic microplate assay and GC-FID

Instrument Parameter

Conditions

Instrument

Measurement wavelength
Enzymatic assay

Final reaction volume

Measurement mode

Microplate reader (96-well plate, flat-bottom)

340 nm (NADH absorbance)

Reaction temperature 25 °C

0.257 mL per well

A; at 2 min after mixing = add ADH — A, at ~5 min

GC system

Injection mode

Oven temperature program
Carrier gas

Quantification

GC-FID

GC-FID equipped with HP-FFAP capillary column (50 m X 0.32 mm
i.d., 0.50 pm film)

Split (13:1), 1 pL injected

50 °C (1 min) = 5 °C/min to 160 °C (1 min hold)

Helium, 1.0 mL/min

Peak area ratio of ethanol to internal standard (acetonitrile)

71 2213 @4 el Table 191 L.F3F]T}
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Table 2. Validation performance of the enzymatic microplate assay and GC—FID for ethanol determination in Korean food

matrices
. Calibration range LOD LO Spike level Precision Recove
Matrix Method (mg/mL) “or (mg/mL)?* (mg/n?L)a Fmg/mL) (RSD, %)" (%)°ry
0.25 0.39 99.7 + 04
Enzymatic assay 0.01-0.25 0.991  0.0091 0.0304 0.05 1.63 100.2 + 1.0
0.01 1.22 101.5 £ 1.7
Rice cakes
0.25 1.04 942 + 1.1
GC-FID 0.01-0.25 1.000  0.011 0.0368 0.05 1.14 102.1+£1.2
0.01 4.06 947+ 3.9
0.25 3.93 100.3 £ 3.9
Enzymatic assay ~ 0.025-0.25 0993 0.0228  0.0759 0.075 2.95 97.7 + 1.6
. 0.025 2.35 99.4 £29
Gochujang
0.25 1.58 103.5 + 2.6
GC-FID 0.025-0.25 1.000  0.0326  0.1088 0.075 2.51 993 +23
0.025 3.54 98.6 + 3.5
0.25 4.89 974 + 4.8
Enzymatic assay 0.01-0.25 0.996 0.0146 0.0487 0.05 4.67 95.1+0.5
Fruit-vegetable 0.01 2.95 103.9 + 4.9
beverage 025 0.53 97.6 + 4.2
GC-FID 0.01-0.25 0.999 0.0137 0.0457 0.05 4.34 104.1 + 3.1
0.01 2.47 979+ 24

a) LOD and LOQ were estimated from replicate measurements at the lowest spike level in each matrix (3xsy and 10xso, respectively).
b) RSD values are based on recovery data; values are pooled across two analysts.
¢) Mean recoveries were calculated after correction for native ethanol in each matrix; pooled means were used where two analysts con-

tributed data
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Table 3. Ethanol content of commercial rice cake products determined by GC—FID and the enzymatic assay (Unit : mg/mL)

Code Product type (mGeE:Si”gD) En(ﬁlgini ;?;?y Difference®
R1 Rice ball tteok 9.0+ 0.6 85+0.5 -0.5
R2 Rice soup cake 73+05 7.0+0.5 -0.3
R3 Rice soup cake 4.7+ 0.1 39+02 -0.8
R4 Rice soup cake 32+02 30+03 -0.2
RS Glutinous rice soup cake 26+0.2 33+02 0.7
R6 Rice soup cake 11.5+£03 12.0 £ 0.1 0.5
R7 Rice soup cake 82+ 0.1 92+ 0.1 1.0
R8 Rice tteokbokki cake 23 +0.1 25+0.5 0.2
R9 Rice garaetteok 2.0 £ 0.1 2.8+£0.0 0.8
R10 Plant-based tteokbokki cake 44+0.2 50+05 0.6
R11 Rice tteokbokki cake 49+£03 45+ 0.6 -0.4
RI12 Wheat tteokbokki cake 7.6 0.1 43+02 -3.3
RI13 Wheat tteokbokki cake 38+02 39+03 0.1
R14 Rice tteokbokki cake 37+03 35+0.1 -0.2

a) Difference = mean value of the enzymatic assay — mean value of GC—FID.
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&0 7Fs stk el o Zlstz] f18l, H(n=14), —ir Hn= 2) A =
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Table 4. Ethanol content of commercial gochujang products determined by GC—FID and the enzymatic assay (Unit : mg/mL)

GC-FID Enzymatic assay

Code Sample (mean + SD) (mean <+ SD) Difference®
Gl Rice-based gochujang 277+ 1.5 25.6 +£34 -2.1
G2 Commercial gochujang 317+ 1.8 226 +33 9.1
G3 Brown-rice gochujang 259+ 1.7 240+ 3.0 -1.9
G4 Taeyangcho gochujang 320+22 320+ 3.8 0.0
G5 Rice-based gochujang 238 +£0.6 199 £3.5 -39
G6 Mild gochujang 30.5+2.0 308 £09 0.3
G7 Hot gochujang 302 + 2.1 29.2 + 3.1 -1.0
G8 Hot gochujang 345+ 0.1 325+£28 2.0
G9 Premium gochujang 323+£19 31.0 £ 8.1 -1.3
G10 Rice-based gochujang 36.6 £ 2.5 356 £32 -1.0
Gl11 Traditional-style gochujang 487 +£2.7 48.5+3.8 -0.2
G12 Low-sodium gochujang 26.8 £ 0.5 254+24 -1.4

a) Difference = mean value of the enzymatic assay — mean value of GC-FID.

Table 5. Ethanol content of commercial fruit beverages determined by GC—FID and the enzymatic assay (Unit : mg/mL)
Code Sample (m(ign FngD) E?ﬁlziui é;;?y Difference®
J1 Pomegranate low-sugar 1.5 L 0.43 £ 0.03 0.40 + 0.02 -0.03
J2 Maesil low-sugar 1.5 L 0.13 = 0.00 0.10 + 0.01 -0.03
J3 Orange 100% 1.5 L 0.38 + 0.01 0.31 +0.03 -0.07
J4 Mango low-sugar 1.5 L 0.35 £ 0.01 0.30 £ 0.02 -0.05
J5 Grape 100% 1.5 L 0.59 + 0.02 0.62 + 0.03 0.03
J6 Stevia tomato 1.5 L 0.25 + 0.01 0.30 + 0.01 0.05
17 Apple drink 235 mL 0.50 + 0.01 0.57 + 0.05 0.07
J8 Pear drink 210 mL 0.29 + 0.01 0.33 £ 0.02 0.04
J9 Orange—-mango 200 mL 0.25 + 0.00 0.24 = 0.01 -0.01
J10 Orange 200 mL 0.25 + 0.00 0.26 + 0.04 0.01
J11 Safari 200 mL 0.27 + 0.00 0.26 + 0.00 -0.01
J12 Apple 200 mL 0.24 + 0.00 0.20 + 0.02 -0.04
J13 100% apple 730 mL 0.10 + 0.00 0.15 + 0.00 0.05
J14 Tomato 180 mL 0.26 + 0.00 0.27 £ 0.03 0.01
J15 Grape 180 mL 0.59 + 0.01 0.53 + 0.09 -0.06
J16 Orange 180 mL 0.40 = 0.02 0.48 + 0.02 0.08
117 Apple drink zero 190 mL 0.54 + 0.01 0.52 + 0.05 -0.02
J18 Grape drink 190 mL 0.16 + 0.01 0.15 + 0.01 -0.01

a) Difference = mean value of the enzymatic assay — mean value of GC-FID.
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Table 6. Bland—Altman analysis for agreement between the enzymatic assay and GC-FID

Matrix n Mean bias® SD® 95% LoA*®
Rice cakes 14 -0.13 1.06 -2.21 to 1.95
Rice cakes (excluding R12) 13 0.12 0.57 -0.99 to 1.22
Gochujang 12 -1.97 2.51 -6.89 to 2.96
Gochujang (excluding G2) 11 -1.32 1.18 -3.63 to 0.99
Fruit-vegetable beverages 18 0.00 0.05 -0.09 to 0.09

a) Bias = mean of paired differences (enzymatic assay — GC—FID).

b) SD = standard deviation of paired differences.
¢) 95% limits of agreement (LoA) = bias + 1.96 SD.

R12 (rice cake) and G2 (gochujang) were excluded in sensitivity analyses due to relatively large deviations.
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