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Summary. A gas chromatography flame ionization detector (GC-FID) method based on the use of
ethanol as an internal standard was developed and compared with the official Chinese method for
the determination of methanol in various alcoholic beverages. Both official and developed methods
were approbated for the analysis of wide range of alcoholic beverage samples with ethanol concen-
trations from 6.5 to 70.0 % by volume.

One of the most important indicators of the quality and safety of alcoholic products is the
quantitative content of volatile compounds. Methyl alcohol is one of the most controlled volatile
compounds in alcoholic beverages and raw materials for their production at the legislative level in
the world.

In accordance with the Chinese official methods for the analysis of alcoholic beverages
(GB/T 15038-2006, GB/T 11858-2008, GB 5009.266-2016, etc.) the determination of methanol in
alcoholic beverages is carried out by GC-FID. Quantitative calculation of the mass concentration of
the methanol is carried out according to the method of an internal standard (IS). The most abundant
internal standard substances are n-butanol, 4-methylpentan-2-ol and 2-methylbutan-2-ol. 4-
methylpentan-2-ol is also used as an IS in the European official methods for the analysis of alcohol-
ic beverages (Commission Regulation (EC) No 2870/2000 of 19 December 2000 laying down
Community reference methods for the analysis of spirits drinks, OIV-MA-AS312-03A, etc.).

Unfortunately, the official internal standard method has disadvantages, associated with
preparation of standard solutions and manual procedure for the quantitative addition of an internal
standard substance into the test sample, that affect the accuracy of the final analysis results.

The authors developed modified internal standard method, based on the use of ethanol as an
internal standard. The method avoids the aforementioned disadvantages of the traditional internal
standard method. There is no need to add any internal standard to the analysed sample, since ethyl
alcohol is an essential compound of any alcoholic beverage. The developed method is applicable to
the analysis of any liquid products containing ethanol, which can be analysed using GC systems.
The concentration of ethanol in any ethanol product, expressed as the mass of ethanol per liter of
absolute alcohol, is the density of ethanol, so the concentration of the internal standard used in the
developed method is always known. For this reason, the method allows to obtain the concentration
of methanol directly from gas chromatographic measurements in legally required (GB/T 11858-
2008) dimension of mass per litre of absolute alcohol (ethanol) units (g/hL of absolute alcohol (AA)
or mg/L AA).

Both official and developed methods were approbated for the analysis of wide range of al-
coholic beverage samples. As samples (with corresponding ethanol volume concentration in %)
were studied: rum (40 %), whiskey (40 %), bourbon (43 %), grain spirit (40 %), brandy (40 %),
grappa (40 %), calvados (40 %), gin (47 %), vodka (40 %), slivovice (45 %), tsikoudia (38 %), sake
(14.5 %), tequila (38 %), vermouth (15 %), nalewka (18 %), mulled wine (8.5 %), rectified spirit
(70 %), cocktail (27.5 %), sambuca (38 %), egg (17 %), herbal (35 %), limon (25 %), cherry
(16 %), raspberry (16.5 %) and sloe gin (35 %) liqueurs). 4-methylpentan-2-ol was used as IS for
the official method. The comparison of the obtained results was perfomed at a 0.05 significance
level, employing the statistical Student’s test (t-Test: Paired Two Sample for Means) and ANOVA
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(Single factor) for both the official and developed methods. As a null hypothesis, the similarity be-
tween the concentration for the official and developed methods was taken.

The relative difference between the results, obtained for both official and developed method,
was calculated according to the following formula

A:(C(D)—C(O))/C(O)-loo %,
where C(D) and C(O) are the concentrations of an analyte in the studied sample of alcoholic bever-
age, obtained by the developed and official methods, correspondingly, mg/L AA.

The obtained results of analysis are presented in the tab. 1.
Table 1 — The results of determination of methanol concentration and its standard deviation

(SD) in alcoholic beverages by both official and developed methods

1)

Table 1

Result Rum Whiskey Bourbon Grain spirit Brandy
C(O)£SD, mg/L AA 22.2+0.5 132+2 88.4+1.2 110£1.6 297+2
C(D)+SD, mg/L AA | 22.3+0.6 130+1 88.9+0.5 111£0.7 297+1
A, % 0.7 —0.9 0.6 0.9 0.2
Result Grappa Calvados Gin Vodka Slivovice
C(0)£SD, mg/L AA 41445 910+5 4.16+0.09 21.840.2 10546497
C(D) +SD, mg/L AA 41242 913+2 4.19+0.16 21.7+0.2 10603+18
A, % —0.6 0.3 0.8 0.7 0.5
Result Tsikoudia Sake Tequila Vermouth Nalewka
C(O)£SD, mg/L AA 755+50 18.2+1.3 1456+35 17.540.1 168+5
C(D) £SD, mg/L AA 761+20 18.1+1.4 1460+10 17.6+0.2 169+4
A, % 0.8 -1.0 0.3 0.6 0.9
Result Mulled wine |Rectified spirit| Cocktail Sambuka Eqgg liqueur
C(0)+SD, mg/L AA 25.3£3.0 6.05+0.39 77.3+£0.7 2.32+0.04 9.75+0.28
C(D)+SD, mg/L AA | 25.1+2.7 6.03+0.40 76.3+1.5 2.34+0.05 9.81+0.14
A, % —0.6 —0.4 -1.2 0.8 0.7

Liqueurs

Result Herbal Limon Cherry Raspberry Sloe gin
C(O)£SD, mg/L AA 19.5+0.1 29.1+0.9 9.77+1.34 12745 20.5+0.7
C(D)+SD, mg/L AA | 19.6+0.1 29.4+1.0 9.82+1.27 1264 20.7+0.4
A, % 0.4 0.8 0.5 -1.1 0.5

The comparison of the results obtained for both official and developed showed that the rela-
tive difference between the values of concentrations is less than =1.5 %. Both statistical tests (Stu-
dent’s test and ANOVA) confirmed that the difference between the means, obtained for both meth-
ods for all the studied samples is statistically insignificant at a 0.05 significance level.

The obtained results show, that the developed method can also be validated for a number of
volatile congeners in alcoholic products and ethanol containing products in general. The obtained
results can be an occasion for launching the interlaboratory study of the developed modified internal
standard GC-FID method in order to improve official methods of analysis and make them simpler,
faster, easier, cheaper, more reliable and robust.

Authors have prepared improved version of the National standards of People’s Republic of
China GB/T 15038 [1] and GB/T 11858 [2] based on the use of ethanol as an internal standard sub-
stance. The yellow text highlights the text to be deleted. Green highlights text that needs to be in-
serted into the documents. The simplicity and accessibility of the implementation of the method in
the daily practice of testing laboratories is impressive. Video presentation of the method is present-
ed at open access resources [3].
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Summary. The paper shows the relationship “microbiota-gut-brain”” and the importance of study-
ing the prognostic significance of the nature of the metabolic profile of the intestinal microflora
against the background of stress from circadian rhythm disorders. It is recommended to include up-
to-date data on the biochemical and physiological features of the intestinal microbiota and its effect
on the human body in curricula when teaching biological disciplines such as “Microbiology” and
“Normal Physiology .

Ha ceropnsamumii 1eHp B HAy4YHOU cpene CPOPMHPOBAINCH OINpPENeICHHBIC B3TJISABI HA
(GYHKIMOHMpPOBaHUE MHUKPOQUIOPHl M €€ 3HAYeHHEe Ul OpraHu3Ma Xo3siHa. JlokazaHo Haiauuue
B3aUMOJCHCTBUS MEXy MUKPOOMOTOM KUIIEYHUKA U YHJAOKPUHHON, HEMPO-UMMYHHOU, UMMYHHOI
CUCTEMOM, KOTOPOE TEM HE MEHEEe HEJOCTaTOYHO U3yueHO. [lepCrieKTUBHBIM HalpaBICHUEM HCCIIE-
JIOBAaHUM SIBJISIETCS U3yYEHUE OCU MUKPOOMOTA-KUIIEYHHUK-MO3T M Pa3INYHbIX PACCTPOUCTB (Hapy-
IIEHUH IMPKAJHOTO pUTMa, pekuMma cHa). Moaudukanus KUIIEYHOH MHUKPOOHOTBHI ¢ MOMOIIBIO
MPOOMOTHKOB, MPEOMOTUKOB U MOCTOMOTUKOB OTKPBIBAET HOBBIE MOJIXO/Ibl K U3MEHEHUIO (DYHKIIUI
MO3Ta U JIEYEHHIO CTPECCOBBIX PACCTPOMCTB € y4€TOM HOBBIX B3aMMOCBS3€H «MHKpOOHMOTa-
KHMILIEYHUK-MO3I». B cBs3U ¢ ueMm, n3ydyeHne MporHoCTUYECKON 3HaAUMMOCTH XapakTepa MeTaboIuT-
HOTO MPOQUIIS KUILIEYHOH MUKPOQIIOpPHI (COCTaBa KOPOTKOLEMOYEYHBIX KUPHBIX KUCIOT) Ha (oHE
cTpecca, BIUSHHUE Ha JaHHBIA TPO(HIIb MUKpOOMOMa BBEACHUSI OMOJIOTUYECKHA aKTUBHBIX J100aBOK
MOJKET MOCITYXUTh Hay4yHbIM OOOCHOBAaHHEM JJIsi pa3pabOTKU OTEUECTBEHHBIX OMOJOTHMUYECKH aK-
TUBHBIX JOOABOK Il KOPPEKIMH MUKPOOHUOTHI KUIIEYHHUKA B YCJIOBUSX BO3/JEUCTBUS CTPECCOBBIX
(bakTOpOB HA OPraHU3M.

Kuieunsie 6akTepun Bce yalle NPU3HAIOTCS KPUTUYECKH BaXKHBIM OPraHOM B OpraHU3Me
YeJI0BEeKa, HEOOXOJUMBIM Ui Pa3BUTUS M TMOJIEP’KaHMs LEJIOCTHOCTH U Oapbepa KMIIEYHUKaA, a
TaK)XKe ONTUMAJIBHOTO cOopa sHepruu. OHM UTPAIOT BAXKHYIO POJIb B KOHTPOJIE MeTaboI13Ma U UM-
MyHHTeTa X03siuHa [ 1-2]. Takum 00pa3oM, HEYAUBUTEIBHO, YTO MUKPOOHOTA KHIIIEYHUKA H €€ Me-
Ta0OJIUTHI TAK)KE MOTEHIMAIBHO MOTYT BIMSTH Ha LUPKaJHbIE PUTMbI X03siMHa [3]. Merabonusm
4eJl0oBEKa aJallTUPOBAH K LUPKAAHOMY PUTMY NPOAOKUTEIBHOCTBIO OKOJIO 24 4acoB, KOTOPBIN
CUHXPOHU3UPOBAH C 36MHBIM 24 — 4acOBBIM LIMKJIOM CBET/TEMHOTA. DTOT PUTM YIPABISAETCS MO3-
IOM B THIIOTaJIaMyCe€, KOTOPbIH, B CBOIO OUYEPE]b, CHHXPOHU3UPYET OCTAJIbHBIE YACTU TEa. JTOT
MEXaHHU3M MOJIEKYJISIPHBIX YaCOB UTPAET BaXXHYIO POJIb B PETYNIALIMA PUTMUYECKON SKCIIPECCHH Te-
HOB, KOHTPOJIMPYEMBIX YacaMH, KOTOPBIE, B CBOIO OUEPElb, PETYIUPYIOT CUHTE3, XPaHEHUE U pac-
xoz sHeprum [4]. Ilukn cBer/TeMHOTa — 3TO HaubOJiee MOIIHBIA BHEIIHUN, WM KOJIOTHYECKHH
CHTHAJ ISl yenoBedeckoro opranusma [4]. KpyriocyTounsiii 00pa3 »KH3HH, COCTOSIIIHIA U3 CMEH-
HOU palboThbl, paHHUX YTPEHHUX MOJBEMOB, IMMO3THETO OTX0/1a KO CHY, CMEHbI YaCOBBIX IMOSICOB, MO-
KET MPUBECTU K HAPYLICHUIO LIUPKAJHBIX PUTMOB, MIOCKOJIbKY HAIlM BHYTPEHHHUE Yachl MOT'YT HE
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