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Pigrnent framAronia melanocarpq van Nero
and optimum extraction conditions

HEI DRII N FT' C]HS - ANDREA KRAEMER. SCHAFHAL| ER -
WERNER PFANNHAT]SER - STANISLqV SILHAR. MAGDA UAzuASYOVA -

ANNA KINTLEROVA . MII-AN KOVAE

SIIMMARY. ,4ronia ttu'lanoca4ta var. Nero (black chokeberry) is shown to be a good
source of an antlrocyanin colorant. FIPLC analysis of anthocyauins reveals the ratio
between the foilr components (cyanidin-30-galactoside, cyanidin-3-0-arabinoside, cyani-
ciin-3-0-glucoside and cyanidin-3-0-xyloside) to be ahnost constant dtrring processing.
hrvestigations atrout changes in the aritbocyauinq polyplrenols, acids and sugars coltent
of chokeberr.v during tlte ripeningprocess allow to find out the optimal status of maturity
for anthocyanin extraction. In order to optimise the eKraction process, variables such as
ethanol concentration iIt extraction solvent, extraction temperature, size of extracted
particles, kind of acid r,rsed, pH-valtte and SO2-conceutration were investigated. Extrac-
tion kinetics were recorded and rtptimal extraction conditions for practical purposes
defined.

Black chokeberry Arcnia nrclanocarpa (Michx.) Elliot is an ideal source for
a natural red colorant production. Originated in North America, it came to
Slovakja from the former USSR about 70 years ago [1,2]. Today, the clone
Nero is cultivated in Slovakia in plantations of altogether about 90 ha, mainly
in North and East of the country. As an unpretentious species, it may be grown
irlso in higher sites undcr lirirly rough climates. The data about composition of
Aronia were irlready published [3,4].

Pigments in Aronia ntelanocarpa belong to carotenoids and anthocyanins.
Whereas the carotenoid content (mainly L]-carotene and l3-cryptoxantene)
is not greater than 50 mg per kg of berries [5], the anthocyanins make up
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breiween 4 and 10 g.kgl, depending on climate conditions and the status
of maturity at the hawest time [6,7]. As about three quarters of the anthocya-
nins in Aronia are retained in fruit skins [6]. their winning proce.ss comprises
first separation of juice, then extraciion of pomace with acidified water,
methanol or ethanol in two or three steps and following concentration by
evaporation of the solvent, In food technology ethanoi is preferred due to
tocixity of rnethanoi [8,9,101. For economical reasons, the anthocyanin extrac-
tion should be possibly quick, with the minimum amount of solvent necessary,
quantitative., a-nd, if possible. selective for anthocyanins, leading to products
with a high colour strength.

lVlaterials and Methods

I. Raw Mateial for llipening Expeinlents
Ditferent plantations with varying climatic conditions at different harvest

times were chosen for this study. Rerries were gained from plantations in
Sahinov (Ezr.st Slovakia, 430 m above sea level ), Blhovce (Southern Slovakia,
235 m), and Vyiny Kubfn (Crava, 5.50 m) at three dift'erent dates between
August and October. Samples of about I kg were taken statistically and
homogenised with a blender. Anthocyanins, acids, reducing sugars anci
the sum of polyphenols were determined as described [3,41.

2. HPLC of Anthocyanins
Anihocyanins were measured after a modified method of Koswig [11].

r\ Waters Miilipore C)hrornatography l,Cl-Modul I with Millenium 2010 sofr
ware was used. Detection was performed at 518 nm. Fractionation was carried
out using an analytical RP-18 (5 pm particles) 250*4 mm I.D. column from
Merck, protected with a guard cartridge of the same package. Elution was
carried out at room temperature using a mixture of two eluents, eluent A
containing water/fcrrmic acidiacetonitrile 87:10:30 and eluent B water/formic
acid/acetonitrile 40:10:50 (v:v:v), with a pH value of 1.9. The increasing
gradient was run as fcrllows: 0-1 min 88 7o A and 72 7o B;1-25 min 100 % B,
25-30 min 100 % B and 30-38 min 88 % A and 12 7o B, equilibrium time 5 min.
The t'low rate was I ml.min-I, the injection volume 10pI. Aronia juice was
diluted I:6,Aronia concentratewas diluted to the same absorption as the juice.
After irdding the internalstandard (ryanidinchloride,Rothe 4545.1, forHPLC)
the samples were filtrated with a millipore filter (0-22 ptm) and injected directly
without any purification step.

3. Extraction experiments
Experiments were carried out in both, a laboratory and in a pilot scale.

T[r optimise extraction conditions, central parameters of the process varied
in the following range:
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ethanol: 4A-80 tto

temperature :2A; 30; 4A 'C.
particle size
kind of acidifier: acetic, citric, formic acid
pFl:3"0; 3.5;4.0;4.5
concentration of SOz in the solvent: 0; 150; 300; 500; i000, 2000 ppm.

Single extraction experiments were arranged in a Greco Latin Square [12]
experimentai design.

Laboratory Scale
Frozen berries were defrosted over night in a fridge. In each case, 150 g

were mixed in a blender (i(rups ProMix 170 metal) and centrifuged (Hermle
Lab-centrifrrge, at 40 000 rpm lirr 30 min) to separate pomace and juice. With
each sample, three extractions were carried out by varying the parameters

of temperature, SO2-concentration (NazSzOs), kind of acid, pH, and particle
size. The latter was varied by different time.s of miing with the blender and
determined using standardised sieves (type 3D Retsch, Germany) and filters.
In the extracts, the anthocyanin content as weil as sugars and sorbitol were
determined, the latter by HPLC [131. Anthocyanins were measured in a buffer
solution of pH 1 according to the single pH method arcording to &'rolstadt

[8]. Kinetics was recorded by taking samples at defined inte*'als.

Pilot Scale
Fresh berries - about 500 kg of each - were mashed in a grape mill, pressed

to separate the juice, and entracted in a discontinual extractor while the po-
mace:ethanol ratio was about tr:1. Pararneters under investigation u'ere

the ethanol concentration, the extraction temperature, and the particle size.

Finer particles were obtained by cutting the skins in a cutter. Analyses were

carried out according to [3]; Anthocyanins were determined according to
Fuleki[14].

Results and Discussion

1. Ripeningexpeiments
The influence of Aronia maturity on the anthocyanin concentration

is shown for the year 1,995. Climate based variation of raw material mmposi-
tion is unavoidable. The influence of the ripening time is significant.

As shown in Thble 1., the anthocyanin content is still rising during advanced
maturity, although the berries appeared deeply black already at the earlier
haruest dates. The sugar content in juice is increasing as well, while the acids

are decreasing (Thb. 2.).
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'IABLE l. l)evelc4rment of authocyanin content during ripening.
'[ABtTLKA t. Zmena r'rbsaltu anto\rrriuov polas zrenia plodov.

plarf6'2, 2 - dritum zbenr, 3 - antolydny, 4 - g.kgl piodov, 5 - suSina.

Similar results were iirund by Kaack [71. The content of total polyphenols
showed no clear tendency in the investigated samples. Regarding the ratio of
accompanyingcompt'runds (sugars, sorbitol, acids irnd polyphenols altogether)
to anthocyanins as a parameter of raw material quality, it can clearly be seen
that this ratio gels erlso more lavourable at later dates of harvest. Consequently,
the berries should be harvested at the latest time pt-rssible. Losses by birds
shcluld, however, be kept in mind.

Tr\BLE 2. ('ontent of anthyryanins, sugars and acids irr aronia juice.
'fAIrt.rt-KA z. Obsah anloky{lnov, cukrov a Lyselfii v arirniovej Stave.

I n,"",^t,.-l i tlatc ol lnrvest 2 j Anthocyarrin 3

I I r-r-lr
tirlf o 

I

Acids s

ille.l.'lite.r'lite.t-'I ,;,.* -i--,; --T- - . --l-- *83.6 i r7.7
.-t----^

15.2

92.6 13.3

85.4 t3.2

92.9''-
24-.lilees l__ _ 2.so

VySuf Kubin 14.{ )8. 199.s i 0.39

I - plantriZ, 2 - diitrrrn zbenr, 3 - antolyrin, 4 - cukry, 5 - kyseliny.
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2. |IPLC of Anthocyanins
Using this method a suitable separation of the four anthocyanins found in

Aronia nxelanocarpd can be made. The ratio of the peak area of cyanidin-3-0-
galactoside, cyanidin-3-0-glucoside, cyanidin-3-C-arabinoside, and cyanidin-
3-0-x.vloside is almost constant with 64.5:2.5229.2:3.5. No significant
dilferences at fresh juice, processing or ageing of the concentrates, regard-
ing to the peak areas, can be seen. The amount of cyanidin-3-0-galactoside and
cyanidin-3-0-arabinoside is always more than 93 7o [15,161. Broad peaks at
the end of the chromatogram may be caused by polymerised anthocyanins.

5,00 10,00 15,00 2c,00

time [min]2

nc. r. HPLC chromatogram of Aronia anthocyanins (1) cyanidin-3-0-galactoside, (2) cyanidin-
3-0-glucoside, (3) cyanidin-3-0-arabinoside, (4) cyanidin-3{-xyloside, (5) cyanidinchloride.
oBR. L HPL(: chromatogram antokyiinov ardnie (1) kyanidfn-3-0-galaktond, (2) kyanidfn-3{-
glukozid, (3) kyanidrn-30-arabinozid, (4) kyanidfn-3-0-rylozid, (5) kyanidinchlorid.

I - absorbancia,2 - das (min).

3. Extraction expeiments
About 80 7o of total anthocyanins is being extracted during the fint

extraction step.
With torn pomac€, the absorption mdximum (which is directly conelated

to the anthocyanin content) was already reached after 40 to 60 minutes,
the 2nd and 3rd extraction being even more quickly finished in lab scale. In
pilot scale, however, the extraction took 4 to 5 hours.

The influence of the alcohol concentration in the extraction solvent [6], was
tested with 500 kg of pomace that was only mashed, but not cut or torn apart.
As shown in Fig. 3., there is a clear improvement in extraction kinetics as well
as in the final colour yield when rising the ethanol concentration from 40 to
80 %o- There is still an increase in extraction kinetics between 7A and 80 %o

a 0,15
c
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!
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F-IC;. 2. Krnetics of the lst, 2nd and 3rd extraction of..4rztnia pomace
in70 %' ethanol, laboratory scale.

oBR.2. Klnetika prvej, druhej a tretej exlrakcie ar6niovyclr vllliskov
70 %, etanolom, laboratdrny pok'-rs.

1 - absorbancia, 2 - das (min).

ethanol at 20 "C (Fig.3.). At 40 "C the kinetics at 70 and 80 % ethanol is almost
the same (Fig. a.).

Apparentiy, the anthocyanins are dissoh'ed more quickly and more quan-
titatively in ethanol of higher concentrations- As a consequence, the amount
of by-products, especially sugars. found in the extracts in relation to the antho-

35

30

25

20

15

- + - 40 o,6 ethanol

--+ 60%ethanol
- *.- 70 % ethanol
-*- 80 % ethanol

o 50 1oo 1so 2oo 2so 3oo
time [mini 2

FIG. 3. Influence of alcolrol concentr'ation on extraction kinetics at20"C,
tlre lst extraction, pilot scale.

onn.:. Vplyv koncentrdcie etanolu na kinetil'u extrakcie pri 20 "C,
prv6 extrakcia, poloprevddzkovy pokus.

I - absorbancia, 2 - das (min).
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{g -+- 40%ethanol

-+- 60 0,6 ethanol

-:.r- 70%ethancl

-F 80%ethanol

time [min] 2

FIG.1. Influence of alcohol concentration on erlraction kinetics at 40 "C,
the 1st extraction, pilot scale.

oBR.4. Vplyv koncentrdcie etanolu na kineti.ku exlrakcie pri 40 "C,
prvri extrakcia, polopreviidzkovy pokus.

1 - absorbaucia, 2 - das (min).

cyanins gels iower with higher concentrations of ethanol. We tbund that in
a three hours' extraction at 20 oC, there were 13 g reducing sugars per 1 g of
anthocyanin in the extract when using 40 7a et-hanol as extraction solvent, while
only 7 g sugars per 1 g anthocyanin were fbund in extracts with 70 %a ethanol.
From the technological I'iew point, higher concentrations of ethanol are
favourable as they can be removed by evaporation more easily, with a smaller
input of energy and at lower temperatures. The temperatures above 40'C
should be avoided because t'rf anthocyanin instability. Cbnsequently, we de-
cided to choose 7A %, of. e.thanol as a standarci concentration for further
extraction experiments. The influence of temperature in the range of 20 to
40'Clwas examined in lab as well as at pilot scale. In the bigger scale with uncut
pomace, a temperature rise caused imprt'rvement of extraction kinetics, while
in lab scale with finely grinded particles of pomace, no difference could be
observed. Even after 24 hours at 40 "(l the colour losses remained negligible.
ln laboratory as well as in pilot scale experiments, particle size turned out to
be an important parameter of kinetics, also determining the final colour yield.
The smaller the particle size and the bigger the surface area accessible to the
solvent, the faster and more quantitatively the anthocyanins may be extracted.
Probably, increased disintegration of cells of grinded fruit skins makes pos-
sible the release of anthocyanins, which can not be otherwise extracted with
the solvent. For practical purpose too tiny particles are unfavourable because
of their slow separation from the liquid and corresponding difficulties at fil-
tration (Fig.5.).
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Frc.5. Influence of panicle size on kinetid of the lst and 2nd extraction,

oB R s vprw vl,illl,,*;,lllt'ilffftJ$iT." r,": extra kcie,
polopreviidzkory pokus, celd a narezand vylislry.

I - absorbancia, 2 - das (min),3 - 1. extrakcia, narezan{,
4 - l. extrakcia, cel6, 5 - 2. extrakci a, narezan6,6 - 2. exrrakci a, cel6.

The other parameters under investigation, the pH-value, the kind of ap-
plied acid and the Soz-concentration, showed no influence on extraction
kinetics. The acid used should be harmless or easy removable and it should
not interfere with the following processing steps. It is also possible, that
the kind of acidifier as well as the pH have distinct influence on anthocyanin
stabilig and on the shelf life of the final products. HCl, for instance. has
corrosive properties; additionally, it may catalyse the acidic hydrolysis of sugar
moieties from the anthocyanin to release the aglycone which is much less
stable. Citric acid, in contrast, may act as a protective agent as it chelates
metallic ions. SOZ is expected to have a protective effect. It acts as an antioxi-
dant inhibiting enzymes such as polyphenoloidases, but also diminishes
microbial growth [17]. As a consequence of our investigations, extractions are
carried out at outside temperatures at harvest time (20-30 "C), with 70 Vo of
ethanol, acidified with citric acid to a pH value under 4, adding about 200 ppm
SOz, with intermediate particle sizes of the pomace.
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Farbivo z ar6nie Ciernoplodej (Aronia mclanocarpa var. Nero)
a optimdlne podmienky jeho extrekcie
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StiHRN.,4/o nin melatncatpa var. Nero (ar6nia iiernoplodr{) je dobrj zdroj antokydnovych
farbfv. F{PLC analfznn sa zistila prftomnost Styroch antokyi{.nov (kyanidin-3-Ggalaktozid,

'5: 200 250
:

1:- --r: an.l lnd eKraction,

rn=- = :L.:hc1 extrakcie,
r.tEi::. t--,1S$'.

r=- : - l. cxrrakcia, celi.

. iic ri{-r'alue, the kind of ap_
EJ :.- influence on extraction
r ed-i-r rerlovable and it should
stcfi. It is also possible, that
rtrnc: ,nl'luence on anthocyanin
cS;,'s. HCl, fbr instance, has
r€ i:. acidic hydrolysis of sugar
3 agr. J.lne rvhich is much less
tr!'!::E--ii\e agent as it chelates
tnt ;::e;i. It acts as an antioxi-
rrf,i,:cS. but also diminishes
r u:: ;:'.i g.ations, extractions are
: '-r.; :_'-i0 "C'), with70 Vo of.
trrndcr :. adding about 200 ppm
Fti.-i

tr ls . )i.:_:,. Srurce of Anthocyanin
N_ --- :i:. s. -1i50.
E: }.= s--..i irze Apfelbeere (Aronia

109

-+- I extraction. curted
-f- t. extraction, whole
- t-. 2 extraciion, cutted

,-



rryanrdrrr--!-{)-arabinozid, kyanidin-3-Gglukozid, kyanidfn-3-O-xylozid). Sledovanie zmien an-
tokyrinov, polyfenolov, kyselfn a cukrov v ar6nii podas zrenia umoZiuje urdif stav optindlnej
zrelosti pre extrakciu farbiv. Optimalizoval sa postup extrakeie farbiv - sledoval sa vplyv r6znej
koncentriicie etanolu, extrakdnej teploty, velkosti dastic, druhu pouiitej kyeseliny, hodnoty pH
a koncentnicie SOz. Detinovali sa optimdhre extrakdnd podmienky ktord boli overer€ v polo-
prevdd zkovjch pod mi enkacb.
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