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Abstract

Sometimes, the preparation of a plant sample to GC analysis undergoes the stage of drying plant ex-
tract from the solvent, and subsequently the repeated extraction of the dry residue in a different solvent.

The purpose of this procedure is to separate the studied phenolic compounds from the matrix. This paper

presents the results of the research into the effect of the type of solvent used in the proceeding (methanol,

water, acetone, diethyl ether or chloroform) on the size of losses in the phenolic compounds during such a

procedure. It has been noted that the greatest recovery appears in cases of methanol and acetone, whereas

water may be the source of considerable losses in the compounds during the preparation of the plant sample

for analysis.
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Introduction

Among secondary plant metabolites, which can be
found in tissues, we can distinguish a large group of
compounds and phenol derivatives. These compounds
are produced in cells from simple phenols, which become
converted into more complex structures afterwards: fla-
vonoids, glycosides, anthocyanins, lignins, etc.

According to the length of the side carbon chain,
the basic phenolic compounds are classified as (Fig. 1):
simple phenols (with C, base structure) — for instance
compounds I-III, and phenolic acids: C.C, (IV-VIII),
C,C,(IX-XI) and C,C, (XII-XV) [1]. The phenolic acids
C.C, and C,C, are formed on the pathway of shikimic acid
(XVI) and this acid can also be found in plant cells.

All these compounds have a functional group (or
groups) in their structures, which allow them to enter into
reactions leading to the formation of complex structures.
It cannot be excluded that such reactions may also occur
during the preparation of plant samples for analysis.

While working with pure standard phenolic com-
pounds and with plant extracts, I have observed on fre-
quent occasions that after evaporating the solvent, the
thick greasy substance of yellow to brown colour is left.

Therefore, I have decided to discover the course of
recovery of phenolic compounds from this greasy residue.
It is interesting that separating phenolic compounds from
plant material is carried out by means of extraction with
methanol/ethanol or with acetone (sometimes with the
addition of water) [2,3]. The next stage is often evapora-
tion of the solvent, after which the dry residue is treated
with water [3,4], ethanol [5], or another solvent in order to
separate the phenolic compounds from the matrix.

The aim of the work presented now was knowledge
of the influence of solvent choice: diethyl ether, acetone,
methanol, chloroform and water on the recovery of the
phenolic compounds during such extraction. The study
was carried out on the sample of standard phenolic com-
pounds. In order to make the sample resemble the natural
one, a compound from a different chemical group was
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Fig. 1. Structural formulae of the Phenolic compounds (I-XV)
and other phytogenic compounds (X VI, XVII).

introduced: D-glucuronic acid (XVII). Derivatives of this
compound, e.g. flavonoid glycosides, are also present in
extracts of plant materials [6].

Materials and Procedure

The standards of phenolic compounds were specified
in Table 1. They all and purified pyridine, bis(trimethylsil
yhtrifluoroacetamide BSTFA (with the addition of 1% tri-

methylchlorosilane TMCS) were purchased from Sigma
- Aldrich Co. (Poznan, Poland).

Acetone, methanol, diethyl ether and chloroform ob-
tained from POCh (Gliwice, Poland).

A gas chromatograf HP 4890D with flame ionisa-
tion detector FID (Hewlett-Packard Polska sp. z o.0.,
Warszaw, Poland) and a capillary column 30 m x 0.25
mm x 25 um with nonpolar phase DB-5 (J&W Scientific,
Folsom, CA, USA) were used.

The temperature programme was as follows: T, =
50°C, a rise from 50 to 240°C at 3°C-min"'. Temperatures
of the injector and the detector were set at 250°C and
280°C, respectively. Split 1:50. Carrier gas, helium, flow
was kept at 1 ml'min™.

The 7 to 20 mg of compounds listed in Table 1 were
dissolved in 25 ml of acetone. The solutions were fivefold
diluted of the acetone and 6 samples of 1.2 ml each were
taken up from the solution and inserted in 6 vials with caps.
The samples were numbered from 1 to 6 and then the ac-
etone was evaporated at 50°C. Afterwards, 1.2 ml of solvent
was added to the dry residue according to the scheme: No. 1
— diethyl ether; No. 2 — acetone; No. 3 — methanol; No. 4
— chloroform; No. 5 — water. No solvent was added to vial
No. 6 — it is a primary sample.

The samples were shaken for 15 min and left in a dark
place [7]. After 20 hours they were shaken again for a mo-
ment, after which they were put aside so that the deposit
could settle (clearly visible deposit was present in vials
No. 1, 2 and 5). Afterwards, 200 pl of clear solutions were
measured out and poured into clean vials. The solvents
were evaporated at 50°C (the water extract was evapo-
rated at 85 °C using a vacuum rotary evaporator) and the
residue was sililated with the addition of 8 ul of pyridine
and 42 pl of BSTFA. The dry residue in vial No. 6 was
also sililated (40 pl of pyridine + 180 ul of BSTFA).

GC chromatograms were made for all the samples in
three repetitions.

Results and Discussion

Exemplary chromatograms made for the primary
sample and for the sample extracted in water are shown
in Fig. 2. Peak number in this picture corresponds to
the number of compounds in Table 1. We can clearly
notice the difference in the heights of the peak No. 1
(coming from phenol), No. 5 (pyrogallol), No. 6 (phlo-
roglucinol) and the two peaks (causes from isomers of
glucuronic acid) lying between peaks No. 18 and 20.
Table 1 shows the content of the compounds in par-
ticular solvents. Weights of the compounds contained
in the solutions were calculated from the average
peak areas on the basis of the standardisation curves
determined beforehand [8]. Low values of the relative
standard deviations RSD (2.59 — 4.21%) show that con-
tents of the respective compounds with high precision
were determined, therefore it is possible to calculate
recoveries of the respective compounds in extracts. The
recoveries are given in brackets in Tab. 1.
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Table 1. Chemical composition, pg, of solutions obtained as a result of extraction by 1.2 ml various solvents. The composition of the ex-

tracted sample is given in the “Primary sample” column. Recovery, %,
in this table corresponds to the number of peaks in Figure 2.

of the substance is given in brackets. The number of compounds

No Compounds Primary sample [— Solvent
Diethyl ether Acetone Methanol Chloroform Water
1 Phenol 812+13 2;;5(;:21 )3 ! (4127i51 )9 4(35(;:91 )2 trace (81?;?)
s | | wa | el | ORI e e
s | s | e | i s e
| e | ween | T mET e e
ST e | s | D[ e
6 | gt | assas | Al e
7 Homoveratric acid 359+9 3(29‘(‘)%21)1 3(59?;;1 )3 ?95 ; j(t)? 3(‘;66% 41)1 ?ggfg
P I I I B B O B i
9 Homovanilic acid 18548 z 97::1:)4)1 ! (%1;:81 )1 i g ;) j; é 97 gﬂ; : 97 ,f j(:;
0| Gentiscaid e I O B R -
11 o-Coumaric acid 313+11 %g g 11? ? 11 3; %); ?91 8 j(t)? %99;25); 2(99%21)3
2| Prowemcuiowia | amsets | S0 | 0[S
o | e | e | len | | e e
14 Homogentisic acid 750+18 6(68'?: 41)8 7(19(4)1%63)0 le (())(j):%)g)g 7(197;61)8 5(97%;.:91)8
5| mcomcasd | toers | 20| 00 [Ta0en ek Sl
| s | e | EID | Smer | ran | wes | i
17 p-Coumaric acid 786422 6(29; 61)8 7(%%21 )6 7(2%i22 )0 7(19‘(‘)i82 )2 > (2666%92)6
5| Galicadd T B O I B e R
19 Glucuronic acid 342+15 - - g) 17 j;; - -
0| e | e | | wem e
2| comiead I B I I O I
2 | swmenia | aous | A0 | AT eR [ et | i
%, ug 9145 7493 8020 8492 7258 6381
S, Ug 273 235 338 220 201 240
RSD, % 2.98 3.14 4.21 2.59 2.77 3.76

Comparison of the qualitative composition of the re-
spective extracts (Tab. 1) showed in four extracts (ether
ethyl, acetone, chloroform and water) confirmed absence
of glucuronic acid. Qualitative composition of methanol
extract is the same as the composition of the primary

sample, yet the recovery of glucuronic acid and phenol
were only 31.2 % and 52.9 %, respectively.

While using water, a slight decrease of recoveries were
observed in relation to four compounds: salicylic, homo-
gentisic, ferulic and sinapinic acids, whereas the value of
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Fig. 2. Fragment of chromatograms obtained for (a) - primary sample; (b) - water extract. Number of peaks corresponds to number in Table 1.

the recovery of five other compounds (phloroglucinol, phe-
nol, pyrogallol, caffeic and p-coumaric acids) was signifi-
cantly lower: 3.2, 10.5, 41.5, 44.0 and 66.0%, respectively.

Lower recovery of the phloroglucinol (73.6%), shi-
kimic (40.2%) and gallic (38.9%) acids were also ob-
served in the chloroform extract comparison to primary
sample. Likewise, the use of diethyl ether resulted in
losses in the content of phenol (recovery only 30.2%)
and in the content shikimic, caffeic and sinapinic acids
(recoveries about 82%).

Study of extraction of phenolic acids from plant sam-
ples was performed also by Sotillo et al. They on the basis
of the chlorogenic acid, gallic acid, protocatechnic acid,
and caffeic acid proved that water at room temperature is
not a very effective solvent and that better effects can be
obtained using methanol [7].

The quantitative and qualitative composition of the
acetone extract is also worth noticing. It is different from
the composition of the primary sample. Is it a signal that
during the process of drying of the plant extract from the
solvent some reactions changing the composition of the
sample may proceed? Is the thick greasy residue a conse-
quence of these reactions?

Research shows that when the plant extract is evapo-
rated to dryness and then the solution again in the same
volume of a different solvent, considerable losses in the
content of some simple compounds that are present in the
studied sample may appear.
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