Intelligent use of ethanol
for direct determination of volatile substances
of spirit drinks of viti-vinicultural origin



It is possible to make the method easier, cheaper, trust and robust

Today: Method of Internal Standard. Traditional way.
OIV, China, India, EC, USA, Mexico et. al.
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In accordance with the traditional internal standard method, the

concentration of the i-th compound in terms of mg/kg is determined by
the following formula:
s 4

C; (mg/ kg) = RRF; A_C1S (mg/ kg)
1S

To calculate the concentration of a compound, expressed in mg/l AA,
— AA) it is necessary to measure the density of the

(Absolute Alcohol
sample and determine its strength (volumetric ethanol content):

C,(Mg/ Kg) £,y (ke/ D+100%

C. (mg/1 AA4) =
 (mg ) "strength" (%, v/ v)

Tomorrow: Ethanol is Internal Standard. Novel way.

OIV, China, India, EC, USA, Mexico et. al.
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In accordance with the method “Ethanol as Internal Standard”,
the concentration of the i-th compound in terms of mg/l AA is
determined by the following formula

A
C, (mg/144) = RRE"™ - ——. p, (mg/ 1)

Eth

1. It is not necessary to add any internal standard to the sample.

2. Ethanol is always present in alcoholic beverages and its concentration in
mg/l AA is always known with a 100% guarantee and is equal to the density
of ethanol C,,,,.,= 789300 mg/1..




Analysis of Volatile Compounds in Spirit Drinks has Never Been so Easy
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To determine the quantitative content of volatile compounds in ethanol-containing products, it is
sufficient to take the areas under the peaks of analyzed compounds and ethanol from the measured
chromatogram of the sample and substitute them into the following formula

: Y3 2 4
] g % Concentr:‘ﬁnn oi'ethano] . E Concentration ul‘n;e‘:anol C’_ [ g/ L AA] = RRF;@Mano/ . i . perham}] [mg/ L]
s 3 % =78927;h::;'L =" s § = Aona RRFie”’“""l — value of the relative response factor of the detector response to analyzed volatile
i Yl £ TR compounds relative to the response to ethanol are tabular values for the modern GC; p, .= 789300
2 ] I K 2 1) 3
L < < 5 R { mg/L.
/ 2 measurement / < 2 measurement
f F wi I measurement .
B R ; : : L Rmar Compound Peak area, — Concentration,
Time, min Time, min a.u. mg/L AA
Concentration of methanol (measurement 1)
RRF:m . 4 -12636 acetaldehyde 0.23 1.391 20.6
Counas = Corms” ,...:,,..,. s, _ . lii:e; lll T}(:;(: — 8.4 mgL AA.
ethany ) methyl acetate 0.00 1.482 0.00
Concentration of methanol (measurement 2)
RRF"el . 4 . ethyl acetate 1.78 1.064 122.5
Copom, = ottt _ 7y LG 7.4 ot An Y
et ’ methanol 20.44 1.251 1649.9
2 Concentration of methanol
2-propanol 0.13 0.794 6.60
¢ _ Cmrm-naz, + Cmﬂmwlz _88.4+874 _
£ e 2 2 ethanol 12235 1.000 789300
§ =87.9 mg/L AA.
2 1 1-propanol 8.44 0.676 367.9
=
.Ei 1 .
R S 771 > messurement isobutanol 15.00 0.570 551.6
] A ' ; P [ 1 meastmement 1-butanol 0.26 0.614 10.3
7 8 9 10 11 12 . .
Time, min isoamilol 47.26 0.572 1743.8




The method OIV-MA-BS-BS-14 (EC2870/2000)

s becoming simpler, faster, easier, cheaper, trust and robust
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OIV-MA-BS-14 and are detected using a flame ionisation detector (FID). The concentration of Al standard solutions must be stored at <5 °C and be prepared freshly 5143  Standard solution - C
each congener is determined with respect to the internal standard from response on a monthly basis, if necessary. Masses of components and solutions Pipette 1 ml solution A (5.14.1] -14.2} into 2 100 ml
factors, which are obtained during calibration under the same chromatographic should be recorded to the nearest0.1 mg volumetric flask containing approximately 80 ml ethanol solution (5.13),
- - . conditions s those of the spirit drink analysis. 5141  Standard solution - A make up to volume with ethanol solution (5.13) and mix thoroughly.
Determination E,'"he p","':'p,il_ volatile w_b_’u"“' Note: The concentrations of the analytes are expressed as grams per 100 litres of Pipette the following reagents into a 100 ml volumetric flask, containing Record the weight of the flask, each component added and the total
of spirit drinks of viti-vinicultural origin absolute = he 3 st o th ot armin approximately 60 ml ethanol solution (5.13) to minimise component final weight of contents.
F evaporation, make up to valume with ethanol solution (5.13) and mix
thoroughly. Record the weight of the flask, each component added and 5144  Standard solution - D
the total final weight of contents. In order to maintsin analytical continuity and an effective quality
Type il method 5. Reagents and Materials control, prepare aquality controlstandard using the previously prepared
Unless otherwise stated, use only resgents of a purity greater than 97 %, stondard A (5.14.1) or, preferably, prepare a control standard as
1. Scope purchased from an ISO accredited supplier with a Certificate of Purity, free from = Component Volume (ml) indicated for standard A, but using different batches or suppliers of
This method is sultable for the determination of the following compounds by gas other congeners at test dilution (this may be confirmed by injection of individual Methanal (5.2) 20 reagents. Pipette 1 mi solution A (5.14.1) into & 100 ml valumetric flask
chromatography in spirit drinks of viti-vinicultural origin: ethanal (acetaldehyde), congener standards at the test dilution using GC conditions as in 6.4) and only propan-1-ol (5.3) 30 containing approximately 80 ml ethanol solution (5.13), make up to
both free and total [obtained from the sum of ethanal and the fraction of cthanal water of at least grade 3 as defined in IS0 3696. Acetal and acetaldehyde must be 2-methylpropan-i-ol (5.4) 30 volume with ethanol solution (5.13) and mix thoroughly.
contsined in 1,1-diéthoxyéthane], ethyl ethanoate (ethyl acetate), 1,1- stored in the dark at <5 °C, all other reagents should be stored according to the 2-methylbutan-1-ol (5.6] 30 Record the weight of the flask, each component added and the total
diethoxyethane (acetal), methanol (methyl alcohol), butan-2-ol (sec-butanal), supplier’s instructions. 3-methylbutan-1-ol (5.7) 30 final weight of cantents.
prop; | (n-propanol), I (isobutyl alcohel), butan-1-ol (n- 51 Ethanol absolute (CAS64-17-5) Ethyl acetate (5.8) 3.0
butanol), 2-methylbutan-1-ol (active amyl alcohal), 3-methylbutan-1-ol (isoamyl 5.2 Methanol (CAS67-56-1) Butan-1-ol (5.9) 30 Ripatie 10 ml solution B {5142} info = 1 | volumetric fack
alcohol) 53 Propan-1-ol (CAS 71-23-8) Butan-2-ol (5.10) 30 = £ |_ath; | coluti 13) e Y
54 2-methylpropan-1-ol (CAS 78-33-1) Acetaldehyde (5.11) 30 ke e 13} snd-
2. Normative References ble-ntarnal-standards: + 84-02-1) J Acetal (5.12) 30 Record-th ht of tha flack sach dded and the total
1S0 3696:1987 Water for analytical laboratery use - Specifications and test 410} + 26-80-H- 4 d ° 4
methods. 108112} thyl = 1731-84-5) NOTE - It is preferable to add scetal and acetaldehyde last in order to 5146 Standard solutions used to check the linearity of response of FID
56 2-methylbutan-1-ol (CAS 137-32-6) minimise losses through evaporation. The solutions may be prepared Into separate 100 ml volumetric flasks, containing approximately 80 ml
3. Definition 57 3-methylbutan-1-ol (CAS 123-51-3) individually, and the final solution and dilutions prepared subsequently. ethanol (5.13), pipette 0,0.1,0.5, 1.0, 2.0 ml solution A (5.14.1) and Ll
Congeners are volatile substances formed along with ethanol duringfermentation, S8 Ethyl acetate (CAS141-78-6) 2}, make up to volume with ethanol solution (5.13) and
distillation and maturation of spirit drinks. 59 Butan-1-ol (CAS 71-36-3) 5142 Standard coluticr-8 mix thoroughly.
510 Butan2-ol (CAS78-92-2) s orgthar suitsbis iam sl sancard (5.5 Record the weight of the flask, each component added and the total
4. Principle 511 Acetaldehyde (CAS75-07-0) 45 31 | valumetrie flack_eant: 80 el ethanal final weight of contents.
Congeners in spirit drinks are determined by direct injection of the spirit drink, or 512 Acetal (CAS 105-57-7) ution {5 13), make up to vol th athanolsolution {513} and 5147  QCstandard solution
appropriately diluted spirit drink, or its distillate, into a gas chromatography (GC) 513 40% v/v ethanol solution thoraughly. Pipette 9 mi standard solution D (5.14.4) and 1 ml sfstandard salution £
system. Asu A ard pirit drin o-injection. To prepare 400 mi/l ethanal solution pour 400 ml ethanol (5.1) inte a 1 e i of the flask _th e of Lor_oth G into & weighing vessel and mix
litre volumetric flask, make up to volume with distilled water and mix \nternalstandard sdded srnd the total final weight of contents. thorouzhly
514  Preparation and storage of standard solutions (procedure suggested for Record the weight of the flask, cach component added and the total
The congeners are separated by temperature programming on a suitable column the validated method: the calibration ranges should be adapted to the final weight of contents.
nature of the different types of products analysed by each laboratory)
OIV-MA-BS-14 : R2009 1 OIV-MA-BS-14 : R2009 [ — OIV-MA-BS-14 : R2009 3 OIV-MA-BS-14 : R2009 B
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6. Apparatus and Equipment 3 A packed column (5% CW 20M, Carbopak B), 2m x 2 mm i.d Inject standard solution C (5.14.3) to ensure that all of the analytes are 81 Respense factor calculation
61 ‘Apparatus capsble of measuring the density snd alcoholic strength separated with a minimum resolution of 1.3 {except 2-methylbutan-1-ol Fromthe chromatozram of the injection of standard solution C (514 3),
6.2 Analytical balance, capable of measuring to four decimal places. Calumn temperature: 65 °C for 4 min., 65 °C to 140 °C at 10 *C/min,, and 3-methylbutan-1-ol) calculste response factorsfor esch congener using equation (1)
65 A temp progr gas eraph fitted with a flame hold at 140°C for 5 min., 140 °C to 150 °C at 5 °C/min., hold at 150 °C for 84 calibration P  Peramalh | Cor e e
fonisation detector and integrator or other data handling system capable 3 min The calibration should be checked using the following procedure. Ensure Peak area of congener Conc IS (uig/z)
of measuring peak aress Injector tempe rature: 65 °C that the response is linear by successively analysing in triplicate each of
64 Gas chromatographic columnis), capable of separating the analytes such Detector temperature: 200°C the linearity standard solutions (5.14.6) containinginternalctandard {15}
that the minimum resolution between the individual components (other Injection volume 14 From the integrator peak areas for each injection calculate the ratio R
than | and ) is, a5 a guide, at least for each congener and plot a graph of R versus the concentration ratio of
1.3, f 2 simple visual examination of the chromatogram is not sufficient - Sampling and Samples. congener to internal standard ., C. A linesr plot should be
71 Laboratory sample obtained, with a correlation coefficient of at least 0.99
NOTE - The following columns and GC conditions are given s suitable examples: On receipt, the alcoholic strength of each sample is measured (6.1).
R = Peak area of congener
1 Aretentiongap 1 mx 0.32 mmid. connected to a CP-WAX 57 CB column 50 m 8. Procedure (used for the validated method, and given as an example; the Peak area of 1S
%032 mm id. 0.2 um film thickness (stabilised polyethylene glycol) followed exact procedure, and in particular the calibration range, should be
by a Carbowax 400 column 50 m x 0.32 mm id. 0.2 pm film thickness. odapted to the nature of the spirit drinks analysed and to the )
(Columns are connected using press-fit connectors.) procedures validated by each laboratory) c= N 82 sample snalysis
81  Testportion Using equation (2) below, calculate the concentration of each congener
Carrier gas and pressure Helium (135 kPa) g11 " lad 4 o ok e in the samples.
Colurnn temperature: 35 °Cfor 17 min, 35 °C to 70 °C 5t 12 *C/min,, 812 Pipette 0 milaborak e [ d th ht
"W‘H :t 7t° Cfor 2(5 min 1s0ec sk . (2) Congener concentrations, {ua/s} [G/I00U}-
Injector temperature: 1 X
Detector temperature 250°C 814 hake the test materiah Ly (ot leact 2 3 L Peak areaof congener | M(8) .., e
Injection volume: 1 p, split 20to 100:1 be—stored-stlessth 5 s s dart: Paca e & s Mo @)
volatile losses. " hera:
2 Aretentiongap 1mx032mm i.d. connected tos CP-WAX 57 CB column 50 m 83 3::::‘;:::::’ solution C (5.14.3) and 2 OC standard solutions (5.13.7) Mnsens = waight ot samplate 12k
% 032 mm id. 0.2 pm film thickness (stabilised pelyethylene glyeol) 82 Blank test Follow with unkmown sameles (prepared accordig to 8.1 and 5.2] M, weight of internal standard (8.3}
(Retention gap is connected using a press-fit connector.) [ERR Saur sacimal place o3l 2}-waigh led Coneds = £ internal_standard in_solution £
inserting one QC standard every 10 samples to ensure analytical
Carrier gas and pressure: Helium (65 kPa) - Eg" Dg Efja = H‘"“fhg IE ‘Ef v ond - stability. Inject ane standard solution C (5.14 3) after every 5 samples. ; Bt _ s
Column temperature: 35 °C for 10 min,, 35 °C to 110 °C at 5 °C/min,, thewaight a Calculation _
110°C to 190 °C at 30 °C/min., hold at 190 °C for 2 min 2
niector termperature: s T iy T N — An automated system of data handling can be used, provided the data can be
Detocror teperature 200°C Tt g s - s checked using the principles described in the method below and to good gas- 93 Quality control standard solution analysis
nfestion vl L4, st 551 chromatographic practice (calculation of response factors and/or establishment of Using equation (3) below, calculate the percentage recovery of the
- o calibration curves) target value for each congener in the Quality Control standards (5.14.7):
23 Preliminary test Measure peak areas for congener and internal standard [EERGABH pesks
OIV-MA-BS-14 : R2009 5 OIV-MA-BS-14 : R2009 OIV-MA-B5-14 : R2009 7 OIVMABSL4 k2009 :




The study of the matrix effect on the method in a wide range of alcoholic beverages

i =
"o : 7|k ¥
o lu:u'iinﬂi1 r :‘
(| = S
% Tl o "“
Matrix ig = =l & = |4
(. o) —d — : 2
. . . . Ethanol
Whiskey | Brandy Rum Gin Vodka | Grappa | Tequila |Calvados Sake Bourbon | Rakia Scotch 96% vol
(\} .
Compound The relative difference between the measured concentrations,%
acetaldehyde | -1.7 0.2 1.2 1.1 0.1 -1.7 1.8 0.1 -1.8 -1.2 -0.6 1.4 -1.6
ethyl acetate -1.8 0.1 1.1 1.0 - -1.7 1.8 0.1 -1.8 -1.3 -0.7 1.3 -
methanol -1.7 0.2 1.2 1.1 0.1 -1.7 1.9 0.1 -1.8 -1.2 -0.6 1.4 -1.6
2-propanol -1.7 0.1 1.2 1.1 0.1 -1.7 1.8 0.1 - -1.3 -0.6 1.3 -1.6
1-propanol -1.7 0.2 1.2 - - -1.7 1.8 - -1.8 -1.2 -0.6 - -
isobutanol -1.7 0.1 1.2 - - -1.7 1.8 0.1 -1.8 -1.3 -0.6 1.4 -
1-butanol -1.7 0.2 1.2 1.1 - -1.7 1.9 0.1 -1.8 -1.3 -0.7 1.3 -
isoamylol -1.7 0.2 1.2 1.1 - -1.7 1.8 0.1 -1.8 -1.2 -0.6 1.3 -

The relative difference between the test results obtained according to the Commission Regulation (EC) 2870/2000 and according to the
method “Ethanol — IS” does not exceed + 2%. Food Control, 2021, doi.org/10.1016/j.foodcont.2020.107528



https://doi.org/10.1002/jms.4493

It is time for initiating Interlaboratory Study under patronage of OIV
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