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Bropoit sTan wucciemoBaHHl 1O  ONpPEACIICHHUIO
rOPHKHX BEILECTB MHBA 3aKIouaetcs B otoope 10 ev® me-
ra3sMpOBAHHOTO THBA 0€3 MEHBI HIM 5 CM° Cyclia B Mep-
HBIH mumHAP. 3aTeM no0aBistoT | e HCl 3M wm
0,5 em® HCI 6M u 20 cm® n30-okTaHa. [lepememmBaioT B
Te4eHHe 15 MHHYT B POTOpPHOM mIeWKepe. 3aTeM OCTaB-
ns1r0T Ha 20 MUHYT, 4TOOBI OCela AMYJIbCHSI WM LIEHTPH-
¢byrupytot Ha npoTshkeHuH 3-X MuHYT npH 17 = 3000 My~

. [Tocne Toro, xak ocena aMyJIbCUsl, IOBEPXHOCTh MEXKIY
CJIOSIMU JIOJDKHA COCTABIIAITH HE MEHE 5 MM. 3areM oTOH-
paroT M30-OKTAHOBBIM JKCTPAKT MHIIETKOH B KIOBETY
10 mm. ITunetky omyckatot Ha paccrosiHue 0,5 cM BbIIIe
MTOBEPXHOCTH paznena (a3. M3MepsIoT MOTIIomeHne MpH
275 HM OTHOCHUTENBHO YHCTOTO N30-OKTaHA.

OKOHYATEBHBII pacueT pe3yNbTaTOB OINpPEeIICHHS
TIPOBOIMIIN, UCTIONB3YS hopmyiy (1).

Enuanme ropedn mpu o0miet 0XMeIeHHOCTH:

BU = 57(114) x Dygs, (1)

rne57 — ko3¢ GUIUEHT, UCIIOIb3YeMbIH PH OIpe-
JIeTICHUY TOPBKUX BEIECTB B ITUBE;

114 — ko3 unueHT, UCTIOIB3YEMBbIi TIPU Ompee-
JICHUM TOPBKUX BELIECTB B TUBHOM CYCIIE;

D75 — onTrdeckas IIOTHOCTD Tpu A = 275 HM.

Jliist 1-ro o6pasiia — «uraps Ceerioen: BU = 57 x
0,31=17,7.

Juist 2-To obpasma — «rTaps Ceerioen: BU = 57 x
0,32 =18,3.

Homyckaercs pacxoxaenne 1,0 BU mis o6pasmos
OJIHOTO copTa. PacxokieHue B mpezenax HOPMEI.

3aKIIOYUTEIBHBIM 3TAllOM OIPEIESIICHUS] TOPBKUX
BEIIECTB B THBE SIBISCTCS OYNCTKA HCIOJIH30BaHHOTO
n30-okTaHa. OYHUCTKY MPOBOST HECKOJIBKUMU METOAaMHU.

IlepBelii METO — METOA IEPErOHKH — OCHOBAH Ha
cOope BEpXHEro CIosl U30-OKTaHa B MEPETOHHYIO KOIOY.
Bonsiayto dasy He ucrosb3yor.

B 1utp coOpaHHOro uW30-OKTaHa J00ABISIOT

50 cm® 11 NaOH, 10 MuHyT mepemeinBaror. OCTaBIsIOT
Ha | CyTKM W yAalsoT BOAHYIO (HWXKHIOIO) a3y ¢ momo-
OIpI0  BCACHIBAMOIIEeH TpyOku miam Hacoca. J0OaBisroT
50 cm® merarona, 10 MEHYT TIEPEMEIIHBAIOT, OCTABISIOT
Ha | CyTKH M CHOBa yAAJSIOT BOAHYIO (asy. JJobaBisror
250 cm® meranona, 10 MHHYT mepeMemmBaoT. OTrOHSIOT
M30-OKTaH Ha eloyHoOM Jediermartope.

Bropoii meTon — ¢ akTHUBUpOBaHHBIM yrieM. Ile-
PEHOCSAT OCTATKH COJAEPXKHMOTO MPOOHUPKU B JIEIUTEIb-
HYI0 BOpOHKY. CiMBatoT BojHYI0 a3y U HEpPeHOCAT Op-
ranmaeckyio dasy B kondy BmecTumoctsio 6,0 v’ Co-
OupatoT 2,5 11 130-0KTaHa.

Job6asisttor yrons Merek Art. 2586:

— 51, eci BpeMs KOHTaKTa 24 daca,

— 10 1, ecnu BpeMs koHTakTa 30 MUHYT.

[Nepromudaeckn nepeMenInBarT Konoy. OuiIbTpyoT
yepe3 OymaxHbIit QuibTp. [IpoBepsroT moriomeHue, ec-
m A > 0,01.

Tperuii meTox — ¢ cunukaresneM. Ilocne ananusza
HIEPEHOCAT COJIEP)KUMOE KOJIOBI B ICITUTEIILHYIO BOPOHKY,
M30-OKTaH MPOITyCKAIOT Yepe3 CHIIMKareib 3 pasa.
BriBoasl

B pesynbraTe npoBeeHHBIX HCCIIET0BaHUI OBLIO
OTMEYEHO, YTO COICPKaHUE TOPHKUX BEUIECTB B MTHBE
HaIpsMYyI0 3aBUCUT OT COAEPKAHUS OL-KUCIIOT B XMeJle.
Taxoke 10Ka3aHO, YTO KOJMIECTBO TOPHKHX BEIIECTB
CHI)KAeTCsl Ha MPOTSDKEHUN BCETO TEXHOJIOTHUECKOTO
npouecca. Mx comeprkaHne 3HAYUTETPHO YMEHBIIAETCS
Ha CTaJ1H{ TJ1aBHOTO OpO’KeHMs, B KOHIIE KOTOPOTo 00pa-
3YIOTCSl MOJAM(HUIIUPOBAHHBIE O.-KHCJIOTHI: U30-0L-
KHUCJIOTBI, TCTPAruapo-u3o-o-KUCJIOThI UJIU T'CKCaruapo-
U30-0-KUCIOTH. Ha cramuu noOpaxuBaHus 1 XpaHEHHs
MX KOHIICHTPAIMS TI0YTH HE N3MEHSETCS.
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AQUEOUS ETHANOLIC EXTRACTS OF ACHILLEA MILLEFOLIUM
PROA FOR INCORPORATION INTO SOFT DRINKS

The influence of ethanol concentration in the solution (from 0 to
80 % vol.) on the composition (total phenolics, phenolic acids, flavo-
noids, sesquiterpene lactones and total extractable compounds) and
properties (radical scavenging activity and sensory characteristics) of
Achillea millefolium Proa leaves, flower heads and stems extracts was
studied. It was found that the sesquiterpene lactone content increased
with the increase to ethanol concentration. When it varied between 40
and 70 % vol., the extracts obtained were the richest in phenolics. Under
the same conditions, the leaf extracts were the richest in phenolics, and
the flower head extracts were the richest in sesquiterpene lactones. The
use of 20 - 60 % vol. aqueous ethanol solution yielded Achillea mille-
folium Proa flower head and leaf extracts with composition and proper-
ties which made them suitable ingredients for soft drinks.

Key words: A. millefolium Proa; extraction; phenolic com-
pounds; radical scavenging activity; sesquiterpene lactones; sensory
characteristics; soft drinks.

XapdoBa HayKa i TEXHOJIOTis

V3ydeHo BIMsHUE KOHIIEHTpALMK crupTa B pactope (ot 0 10 80 %)
Ha cocTaB ((hEHONBHBIX BEIIECTB, (DEHONBHBIX KHCIOT, (hJIaBOHOHMIOB, Ce-
CKBHTEPIICHOBBIX JIAKTOHOB M OOIIMX JKCTPAKTUBHBIX COCTABILIOIINX) W
CBOJCTBa (aKTHBHOCTH CBOOOJTHBIX PaJNKAJIOB U OPTaHOJICHTHISCKUE XapaK-
TEPUCTHKHN) SKCTPAKTOB W3 JTHCTHEB, COLBETHII U CTEOJEH THICSYEIICTHHKA.
Ipu xonnentpamu crmupra 40-70 % ObUIM TONyYEeHBI SKCTPAKTHI C
HaMOOJBIINM CONepKaHeM (eHONBHBIX BelecTB. [Ipu 9THX ke yCIIOBHSIX,
9KCTPAKThl U3 JIMCThEB OBUIM TAKKe HauOonee o0oraiieHbl (heHONbHBIMH
BEIIIECTBAMH, & KCTPAKThl W3 COLBETHI ObUM HamOonee oOOrallleHbI ce-
CKBUTEpNEHOBBIMM JlakToHamu.  C ucnonb3oBanveM 20-60 % BomHO-
CIUPTOBBIX PACTBOPOB OBLIN TTOTY4EHBI SKCTPAKTHI JINCTHEB U COLBETHH ThI-
CSTYEITUCTHIKA, COCTAB M CBOWCTBA KOTOPBIX MO3BOJISIIOT HCIIONB30BATh UX B
Ka4yecTBE HHTPEIHCHTOB [T O€3aJIKOrOJIbHBIX HAITUTKOB.

KitoueBsble €J10Ba: THICSYEIMCTHHUK, SKCTPAKIMs, (EHONBHBIC Be-
I1IeCTBA, aKTMBHOCTH CBOOOHBIX PafHKaIOB, CECKBUTECPIICHOBBIC JIAKTOHBI,
OpraHOJIENTHIECKHE XaPAKTEPHCTHKH, OE3aJIKOrOJIbHBIC HAIIUTKH.
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INTRODUCTION

The utilisation of naturally-occurring bioactives as potential
sources of functional food ingredients and, in particular, phyto-
chemicals has increased in recent years because of their beneficial
health effects. Consumer demand for health-related products
providing immune support, energy enhancement, and healthy
joint function, and promoting overall well-being has led to the de-
velopment of functional foods and beverages.

A. millefolium Proa is a tetraploid cultivar of yarrow rich in
proazulenes and is dominating in the field of commercially avail-
able plant material for the drug “Herba Millefolii” [2] Aqueous
and alcoholic extracts of yarrow (A. millefolium L.) are widely
used in European folk medicine in the treatment of inflammatory
and spasmodic gastrointestinal complains, hepatobiliary disorders,
as appetite enhancing drug, and externally against skin inflamma-
tions and for its wound healing effects [8, 19]. The A. millefolium
extracts are also used as a commercial flavoring in beer, liqueur
and non-alcoholic beverages [17, 19].

The pharmacological effects of yarrow could be due to dif-
ferent plant compounds. Thus, the anti-inflammatory effect is at-
tributed to the presence of azulenogenic sesquiterpene lactones
[10]. The flavonoids from yarrow mediate the spasmolytic activi-
ty [14], whereas the choleretic effects are caused by the
dicaffeoylquinic acids [1]. In addition, phenolic compounds also
possess antioxidant and free radical scavenging activities [5, 16,
22]. The literature survey revealed several publications concern-
ing the analysis of total phenolic, flavonoid and sesquiterpene lac-
tone content in A. millefolium extracts and their antioxidant activ-
ity [3, 4, 9, 11, 12, 20]. However, there is no information in litera-
ture on yarrow extraction with a view to obtaining extracts suita-
ble for the manufacture of functional foods and beverages. There-
fore, the objective of this study was to determine the effect of eth-
anol concentration on the content of phenolic compounds and
sesquiterpene lactones as well as the sensory characteristics and
radical scavenging activity of aqueous-ethanolic yarrow extracts
for incorporation into soft drinks.

MATERIAL AND METHODS

Materials

Plant material

Plant material of cultivar A. millefolium Proa was obtained
from Bulherba Ltd, Bulgaria (2007). The plant was sorted into
flower heads, leaves and stems, then air-dried and kept in a dark
place.

Solvents and reagents

The reagents, standards (except matricin) and solvents were
commercially available materials of analytical grade. Folin-
Ciocalteus reagent, quercetin, gallic and caffeic acids were ob-
tained from Merck, while 1,1-diphenyl-2-picryl-hydrazyl (DPPH)
from Sigma. Matricin was isolated from A. collina previously in
our laboratory [21] and characterized by spectral methods. Aque-
ous solutions of EtOH with concentrations of 0 to 80% vol.were
prepared from distilled water and ethanol (95.6 %, vol.).

Preparation of extracts

The air-dried and ground flower heads, leaves and stems
(21-31 g) were placed into a flask and the corresponding solvent
was added. The solid/solvent ratio was maintained at 1:10 (g
dwm/ml solvent). The content in the flask was homogenized and
left to macerate for 24 h at 25°C. Further, the extracts were filtered
through filter paper MN 614 (Macherey-Nagel GmbH, Germany)
in order to separate the plant material from the extracting solvent.

Methods for analysis
Total extractable compounds (TEC): by the weight method [7].

Determination of total phenolic (TPh) content: by the Folin-
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Fig. 1. Total extractable compounds (TEC) in g/dm® aqueous- ethanoli
extracts of A.Millefolium Proa
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Fig. 2. Total phenolics (TPh) expressed as gallic acid in g/dm® aque-
ous- ethanolic extracts of A.Millefolium Proa
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Fig. 3. Phenolic acids (PhA) expressed as caffeic acid in g/dm®
aqueous- ethanolic extracts of A.Millefolium Proa

Ciocalteu method [18] and expressed as gallic acid equivalents
(g/dm? of plant extract solution). Determination of flavonoid (F)
content: by a modified Glories method [15] and expressed as
quercetin equivalents (g/dm?® of plant extract solution). Determina-
tion of phenolic acid (PhA) content: by a modified Glories meth-
od [15] and expressed as caffeic acid equivalents (g/dm? of plant
extract solution).
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Determination of sesquiterpene lactone (STL) content:
STL was determined on Bruker Tensor 27 by an IR spectro-
scopic method with some modifications and expressed as matri-
cin equivalents per dm?® of plant extract solution [20].

Radical scavenging activity (RSA): A modification
method of Godow [6] was used. Ethanolic solution of DPPH
radical (10 M) and A.Millefolium Proa extracts were mixed, so
that the final mass ratios were DPPH' : extract dry mater = 1:1.
The samples were incubated for 10 min in the dark and the de-
crease in absorbance at 517 nm was measured. The radical
scavenging activity of the tested samples expressed as percent-
age reduction of DPPH" was calculated according to the formu-
la:

1=[(Ay— A/ Ay) 100, %

where A, and A, are the absorbance values of the blank
and the test samples.

Sensory analysis: The extracts, obtained from flower
heads, leaves and stems with 20, 40, 60 and 80% vol. aq EtOH
were used for determination of the sensory characteristics. They
were added to model soft drinks and the analysis was performed
using a descriptive method [13]. The maximal volume of the ex-
tract solution added to the model drinks was prepared according
to the requirement for a maximum EtOH content of 0.5% in
non-alcoholic beverages.

RESULTS AND DISCUSSION

Effect of ethanol concentration on the total extractable
compounds

Initially, the effect of solvent concentration on the total ex-
tractable compounds (TEC) was studied (Fig. 1). As can be
seen, maximal values of TEC were found in water as a solvent
(0% ethanol solution). Further, TEC were almost equal with the
increase in ethanol concentration up to 50-60% vol. When etha-
nol concentration was higher than 60% vol., the TEC decreased
significantly. Fig. 1 also shows TEC in extracts obtained from
different aerial parts of the plant. TEC in flower head and leaf
extracts did not differ significantly and exceeded the TEC in
stem extracts by 4—7 times. This was expectable because the
compounds involved in the stalk construction (mainly cellulose
and hemicellulose) are insoluble in water and ethanol.

Effect of ethanol concentration on the content of phenolic
compounds

Next, the effect of ethanol concentration on the content of
total phenolic compounds (TPh), phenolic acids (TPhA) and
flavonoids (F) in extracts obtained from different aerial parts of
A. millefolium Proa was investigated. As can be seen from Fig.
2-4, the amounts of total phenolic compounds, phenolic acids
and flavonoids were greatly influenced by ethanol concentra-
tion. Thus, the TPh content in extracts with 20, 30 and 40% eth-
anol increased between 25 and 43% for flower heads, 4 — 44%
for leaves and up to 14% for stems. A similar trend was ob-
served for the content of phenolic acids (Fig. 3) and flavonoids
(Fig. 4). The highest values of TPh, PhA and F were obtained at
40-60%, 40-70% and 50-70% vol. aq EtOH, respectively. It
was found that water extracts were poor in phenolic com-
pounds. The data presented in Fig. 2-4 showed that the extracts
yielded by leaves were the richest in phenolic compounds. Thus,
their TPh, PhA and F content was 4 to 6 times as high as that in
stem extracts and twice as high as that in flower head extracts.

Furthermore, the difference in the amount of phenolic
compounds in the leaves and flower heads at higher EtOH con-
centrations decreased and they were almost equal above 60%
EtOH.

The shift in the maximal values of phenolic compounds in
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different aerial parts of A. millefolium Proa according to ethanol
concentration is worth mentioning (Fig. 2-4). It was found that the
amounts of phenolic compounds in leaf extracts reached their
maximal values at lower ethanol concentrations compared to
those obtained from flower heads and stems.
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These results suggested certain differences in the phenolic
content in the different aerial parts of yarrow and/or specificity in
the manner and place of accumulation of these compounds in the
tissues of leaves, flower heads and stems.

Effect of ethanol concentration on the content of sesquiter-
pene lactones

Sesquiterpene lactones (STL) were the second group of
biologically active compounds included in the subject of the pre-
sent investigation. The sesquiterpene lactone content was found to
be much higher in the flower head extracts compared to that in
leaf extracts regardless of ethanol concentration (Fig. 5). Thus, leaf
extracts contained 3-8 times lower amounts of sesquiterpene lac-
tones, while in stem extracts no sesquiterpene lactones were de-
tected. As can be seen from Fig. 5, the content of STL in water ex-
tracts was very low: only 77.5 mg/dm?® in flower head extracts and
traces in leaf extracts. The maximal STL was obtained with 80%
vol. EtOH and reached 1263 and 416 mg/dm® in flower head and
leaf extracts, respectively.

DPPH radical scavenging activity

Fig. 6 showed the ethanol concentration effect on the radi-
cal scavenging activity (RSA) of the extracts studied. The highest
RSA values were obtained at 50-70% vol. aq EtOH. The phenolic
content in the extracts was found to correlate with their free radical
scavenging activity (e.g. the correlation coefficient between the
DPPH assay data and TPh content was 0.885), confirming that
phenolic compounds were likely to contribute to the radical scav-
enging activity of the plant extracts. The highest DPPH scaveng-
ing activity was observed with leaf extracts, and the lowest with
stem extracts.

Sensory characteristics

As a result of the sensory analysis, the model drinks pre-
pared with stem extracts were found to be the poorest in taste and
flavoring, and not balanced. This could be explained by the signif-

icantly low content of extractable substances in the corresponding
extracts. The series of model drinks prepared with leaf extracts
was more interesting. They possessed grassy and spicy notes in
their taste and aroma. The taste was characterized by the appear-
ance of astringent notes. It was not accidental since the extracts of
leaves were the richest in phenolic compounds. Astringent taste
nuances were also felt in some samples with flower head extracts.
It is worth noting that the bitter taste typical of yarrow was only
detected in the variants prepared from flower head extracts with
60 and 80% EtOH. The bitterness in the latter case, feeling as a fi-
nal taste was not so pleasant. Fruit tones predominated in the
model drinks from extracts with 20% ethanol. The model drinks
prepared from extracts with 20% EtOH were found to be richest
in phenolic compounds as compared to those obtained with 30-
80% EtOH. They were distinguished by a balanced, mouthcoat-
ing, fresh taste with fruit notes and a pleasant aroma, except for the
model drink with stem extracts. The model drink from a flower
head extract with 60% EtOH was the richest in sesquiterpene lac-
tones and possessed pleasant sensory characteristics.

CONCLUSIONS

The results obtained showed that extracts prepared from the
yarrow (Achillea millefolium Proa) leaves were richest in phenolic
compounds and possessed highest DPPH radical scavenging ac-
tivity. Maximal amounts of sesquiterpene lactones were observed
in flower head extracts. It was also found that extracts from yar-
row leaves and flower heads with 20 — 60 % aq EtOH were suita-
ble for use in soft drink formulations. The drinks would possess a
pleasant taste and contain some of the biologically active sub-
stances of yarrow.
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