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Basic Study for Establishing Specifications
for Wood Vinegar by distillation I .

Study of regulations and reproducibility of compounds contained
in distilled wood vinegar *!

Takaaki HIGASHINO*2, Akira SHIBATA*?, and Mitsuyoshi YATAGAI*3

In the consumer market, a specification for wood vinegar has not yet been established due to many different
methods of production and kinds of raw material. As wood vinegar becomes more accepted in the consumer
market, a standard specification is needed to guarantee safety and effectiveness. Currently there is no specification
for quantifying the constituents of wood vinegar. This study was conducted to determine standard proportions and
reproducibility of the constituents of distilled wood vinegar produced by a controlled distilling method. We
examined a method of distillation which offered the possibility of establishing a stable specification for the
proportions of the constituents. Based on this study we discussed the possibility of establishing an official quality
specification for distilled wood vinegars. Five hundred and fifty-one samples of distilled wood vinegar were used in
this study. Fifteen constituents were selected from all of the constituents of distilled wood vinegar. The proportion
of constituents was investigated in order to determine the existence of a standard proportion and its reproducibility.

The following results were obtained.

1) The deviations of the constituent proportions of 13 compounds out of 15 showed a normal distribution.

2) A regular rule was found for the relationship between the change of concentration of acetic acid and that of
the constituent proportion.

3) The deviation of the constituent proportion of each compound was investigated as to whether it was within the
range of three standard deviations, which is generally recognized as a control limit. In 93.6% of the samples,
all 15 compounds satisfied this range.

Furthermore, 15 compounds contained in wood vinegar before distillation were assayed, and their deviation was
compared with that of distilled wood vinegar. As a result, the deviation of the compounds contained in distilled
wood vinegar was about 1/4 of that in the undistilled wood vinegar. These results suggest the possibility of
establishing an official specification for distilled wood vinegar, which is produced by a standard controlled distilling
method, through the assay of each compound and its quality control in accordance with a quality specification.

Keywords :  pyroligneous acid, wood pyrolysis water, wood vinegar.
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a‘Acetic acid i*Phenol
bHydroxyacetone JCycloten
c:Propionie acid k:o-Cresol
d:1-Hydroxy-2-butanone I:p-Cresol
ein-Butyrie acid m:Guaiacol
f:2-Cyclopenten- 1-one+Furfural n:Creosol

giAcetoxy-2-propanone 0:4-Ethylguaiacol

ht y *Butyralactone

Compounds

Fig.1.  Proportion of components of each crude wood vinegar.
Note:  The figure shows the content of 15 components in each crude wood vinegar.
Total content of 15 components in each crude wood vinegar is 100%.
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Fig. 2.1. Relationship between the normal distribution curve
and the histogram of acids of 551 distilled the wood
vinegars.

Note:  The figure shows the frequency of acid content of
551 distilled wood vinegars.

The acids are one group of the 15 components
shown in Fig. 1 and the total content of 15
components in each wood vinegar is 100%.

u and o show the expectation and the standard
deviation, respectively.
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Fig. 2.2. Relationship between the normal distribution curve
and the histogram of phenols of 551 distilled wood
vinegars.

Note:  The figure shows the frequency of phenol content
of 551 distilled wood vinegars.

The phenols are one group of the 15 components
shown in Fig. 1 and the total content of 15
components in each wood vinegar is 100%.

u and o show the expectation and the standard
deviation, respectively.
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89.9 mg/mL -90.0~1000 mg/mL, @ 6 ¥V — T4
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Fig 2.3. Relationship between the normal distribution curve
and the histogram of carbonyls of 551 distillated
wood vinegars.

Note:  The figure shows the frequency of carbonyl content
of 551 distilled wood vinegars.

The carbonyls are one group of the 15 components
shown in Fig. 1 and the total content of 15
components in each wood vinegar is 100%.

u and ¢ show the expectation and the standard
deviation, respectively.
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Table 1. Number of wood vinegar samples classified by acetic acid concentration.

Concentration of aceti?add (mg/mL)

400~499  500~599  600~699 700~799 800~899 900~1000

Number of wood vinegar samples | 12

192 167 41 14
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A: Acetic acid I: Phenol
:l Coneentration of acetic acid ; 40.0~49.9mg/ml. B; Hydroxyacetone J: Cycloten
Concentration of acetic acid: 50.0~59.9mg/ml, C: Propionic acid K: 0-Cresol
60.00% - £ Sonremration of ot s 600~ G0 mgtnl, D: 1-Hydroxy-2-butanone L: p-Cresol
E: n-Butyric acid M; Guaiacol
o . Concentration of acetic acid: 70.0~79.9mg/mL F; 2-Cyclopenten- 1-one+Furfural N: Creosol
10.00% 4 [ Coveentration of acotic acid: 80.0~89.9mgfm. G: Acetoxy 2 propanone 0: 4 Eihylguniacol
K H: y-Butyrolactone
z 30.00% - Bl Concentration of acetic acid: 90.0~100.0mg/ml.
‘3 20.00%
10.00% A [} b
0.00% LIL
A B C n K F C H 1 o K 1 M N o
Compounds
Fig. 3. Proportion of 15 components in 551 distilled wood vinegars for each acetic acid concentration.
Note:  Total content of 15 components in each acetic acid concentration is 100%.
Table 2. Correlation of wood vinegar components for each acetic acid concentration.
c d Concentration of Acetic acid (mg/mL) Correlati ficient
ompounds 40.0~499 500~599 60.0~69.9 70.0~79.9 80.0~89.9 90.0~100, | ~OTre:aON Coellicien
Acetic acid 53.70 54.48 5547 55.03 55.25 55.80 0.87
Hydroxyacetone 10.66 1140 12.15 12.25 12,50 13.02 097
Propionic acid 545 5.58 5.57 6.11 6.18 5.88 0.78
1-Hydroxy-2-butanone 192 215 218 239 2.39 240 0.93
n-Butyric acid 1.02 119 1.22 1.56 1.66 145 0.85
2-Cyclopenten-1-one+Furfural 421 352 312 2.87 271 234 -097
Acetoxy-2-propanone 0.68 0.70 0.73 0.80 0.85 0.87 0.99
y -Butyrolactone 3.23 3.60 3.82 3.86 392 4.20 0.95
Phenol 3.37 314 2.88 2.84 270 264 -097
Cycloten 1.94 207 2.10 2.06 1.98 205 0.23
0-Cresol 0.86 0.71 0.64 0.62 0.61 0.57 —091
p-Cresol 153 1.37 1.22 112 1.06 1.02 -097
Guaiacol 798 6.81 6.09 591 5.76 542 -093
Creosol 3.08 2.56 2.29 212 2.05 193 =094
4-Ethylguaiacol 0.37 0.34 0.31 031 0.33 0.30 —-0.78
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Fig.4.  Relationship between acetic acid concentration and " - - - .
total coefficient of variation. o ‘
Note:  Total coefficient of variation shows the sum of the Retention time [min]
coefﬁc1ents.of varlatlgn of 15 components. Fig.5. Gas chromatogram of a typical distilled wood
7 Correlation coefficient. .
vinegar.
Notes: Peakl : Acetic acid , 2 : Hydroxyacetone , 3 :
N e o Propionic acid, 4 : 1-Hydroxy-2-butanone, 5 :
(D 1585, 18BUTIC2w TR, EA MY T4 n-Butyric acid, 6 : 2-Cyclopenten-1-one+Furfural, 7
LIEERSAHBIITELRY, BRETOE : Acetoxy-2-propanone, 8 : y -Butyrolactone, 9 :
ﬁ.*@ﬁi‘ﬁfﬁﬁﬁf% LTwis, Phenol, 10 : Cycloten, 11 : 0-Cresol, 12: p-Cresol, 13
. ) - ) R . : Guaiacol, 14 : Creosol, 15: 4-Ethylguaiacol.
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Table 3. Mean, standard deviation, coefficient of variation and control limits of variation of components of 551 samples.

Compounds 1\(/1,;;1 )n Standax;dad)e viation o?o\ffrlicalfir:)tn +30” (%) -36" (%)
Acetic acid 55.18 2.30 417 62.08 48.28
Hydroxyacetone 12.05 123 10.22 15.74 8.36
Propionic acid 5.80 0.92 15.94 857 3.03
1-Hydroxy-2-butanone 2.26 0.28 12.31 3.09 143
n-Butyric acid 1.35 0.63 46.31 3.23 0.00
2-Cyclopenten-1-one+Furfural 3.12 0.74 23.61 533 091
Acetoxy-2-propanone 0.76 0.09 11.88 1.03 0.49
y -Butyrolactone 3.79 0.92 24.30 6.55 1.03
Phenol 292 0.36 12.45 401 1.83
Cycloten 2.07 0.49 23.86 3.55 0.59
0-Cresol 0.65 0.12 18.29 1.01 0.29
p-Cresol 121 0.19 15.99 1.79 0.63
Guaiacol 6.21 1.05 16.92 9.36 3.06
Creosol 2.30 0.44 18.95 361 1.00
4-Ethylguaiacol 032 0.13 39.97 0.70 0.00

¥ : The value which added 3 times of standard deviation to average value. (Upper control limits)

" : The value which subtracted 3 times of standard deviation from average value. (Lower control limits)
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Table 4. Comparison of mean content, its standard deviation and coefficient of variation of crude wood vinegar and distilled

wood vinegar.

Mean (%) Standard deviation ( & ) Coefficient of variation (%)
Compounds Crude wood Distilled wood Crude wood Distilled wood Crude wood Distilled wood
vinegar vinegar vinegar vinegar vinegar vinegar
Acetic acid 34.80 55.18 15.68 2.30 45.05 417
Hydroxyacetone 5.09 12.05 3.77 123 74.18 10.22
Propionic acid 7.29 5.80 5.08 0.92 69.78 1594
1-Hydroxy-2-butanone 2.27 2.26 143 0.28 63.01 1231
n-Butyric acid 2.87 1.35 3.35 0.63 116.32 46.31
2-Cyclopenten-1-one+Furfural 6.45 3.12 348 0.74 53.96 23.61
Acetoxy-2-propanone 2.89 0.76 1.25 0.09 4347 11.88
y -Butyrolactone 3.00 3.79 1.99 092 66.18 24.30
Phenol 4.82 293 3.17 0.36 65.79 12.45
Cycloten 351 207 213 0.49 60.55 23.86
0-Cresol 6.30 0.65 830 0.12 131.74 18.29
p-Cresol 6.74 122 7.40 0.19 109.72 1599
Guaiacol 7.61 6.21 312 1.05 4097 16.92
Creosol 4.96 230 344 0.44 69.31 1895
4-Ethylguaiacol 142 0.32 119 0.13 84.24 39.97
 Total 10000 10000 - - 1094.75 20518
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