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Summary 
Experiments with application of citric acid have 
been carrie d out with the purpose of processing 
anthocyanin colourants from elderberry pomace. 
The experiments encompassed varying concen
trations of citric acid, different ratios of solvent: 
pomace and multiple extractions. With the usual 
pres sin g of el der berry addition of citric and hy
drochloric acid had an increasing (25%) effect on 
the anthocyanin content in the juice. 

With the first extraction of pomace the an
thocyanin content of the extracts increased 
linearly with the citric acid concentration. By the 
following extraction stages the effect of citric acid 
was minimal. 

For practical purposes a ratio of 1: 1 of solvent: 
pomace is applicable. Atter normal pressing of el
derberry the solvent containing 8-10 w/w% citric 
acid can be mixed with the pomace and the pres
sing can be repeated af ter 10 minutes. 

By application of a solvent with 8-10 w/w% cit
ric acid the first extracts had an anthocyanin con-

tent of the same magni tude as in juice processed 
by the usual pressing. Two or three pressings may 
be carried out, but the content of anthocyanin de
creases by increasing number of extraction 
stages. 

The contained extracts can be concentrated be
fore storage. It solvents with 8-10 w/w% citric 
acid are applied a final citric acid concentration of 
40--50 w/w% can be obtained. 

Four anthocyanins cyanidin-3-glucoside, cyani
din-3,5-diglucoside, cyanidin-3-sambubioside and 
cyanidin-3-sambubioside-5-glucoside present in 
elderberries were separated by paper chromato
graphy and the percentage distribution of the an
thocyanins was determined by spectrophotometric 
analysis of the paper chromatograms. 

The percentage distribution of the four an
thocyanins was independent of the number of ex
traction stages and of the citric acid concentration 
applied by extraction. By increasing the citric acid 
concentration higher anthocyanin stability was 
obtained. 
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Resume 
Med henblik på anvendelse ved produktion af 
hjemmevinsæt er der blevet udført forsøg med 
fremstilling af anthocyaninekstrakter af hylde
bærpressekage. Der er udført forsøg med anven
delse af citronsyreopløsninger samt varierende 
forhold mellem opløsningsmiddel og pressekage 
ved multiple ekstraktioner. Forsøgene viste, at 
der opnås 25 pct. højere anthocyaninkoncentra
tion i saften, hvis der tilsættes citronsyre eller salt
syre ved den egentlige saftfremstilling. Der var 
stor effekt af citronsyretilsætning ved ekstraktion 
af pressekage. Ved første ekstraktion var der en 
betydelig effekt af stigende citronsyrekoncentra
tion på anthocyaninindholdet i ekstrakten. 

Når ekstraktionen skal udføres i praksis, vil det 
utvivlsomt være optimalt at beholde pressere sten 
fra den egentlige saftpresning i saftpressen og 
derpå tilsætte citronsyreoplØsning, foretage om
røring og derpå gentage presningen efter 10 mi-

nutters ekstraktionstid. Det kan muligvis være 
økonomisk fordelagtigt at udføre 2-3 ekstrakti
oner. 

Hvis ekstrakten skal koncentreres før eventuel 
opbevaring, vil det næppe være fordelagtigt at 
øge citronsyrekoncentrationen over 8-10 w/w pct. 
Dette vil give en citronsyrekoncentration på 40 -
50 w/w pct. i koncentratet. 

Stigende citronsyre koncentration gav øget an
thocyaninstabilitet. 

Anthocyaninerne cyanidin-3-glucosid, cyani
din-3,5-diglucosid, cyanidin-3-sambubiosid og cy
anidin-3-sambubiosid i saft og ekstrakt blev iden
tificeret ved papirkromatografi, og indholdet 
blev bestemt ved spektrofotometrisk analyse af 
papirkromatogrammerne. Procentfordelingen 
for de fire anthocyaniner i ekstrakten var den 
samme som i saft fra den egentlige saftpresning, 
og den var uafhængig af citronsyrekoncentrati
onen og antallet af ekstraktioner. 

Nøgleord: Sambucus nigra L., hyld, farvestof,:a:nJhocyaniner, ekstraktion, anthocyaninstabilitet. 

Introduction 
By processing elderberry juice an anthocyanin 
concentration of 70% of the concentration in the 
fruits is obtained in the juice (10). This means that 
the pomace, which amounts to about 20% of the 
raw fruits, is very rich in anthocyanins. 

Anthocyanin colourants have been proeessed 
from grape and cranberry pomace by extraction 
with ethanolie or methanolic solutions of hydro
chloric acid (5,6,7,11) and from wine and elder
berry pomaee by use of solvents with malie or 
citric acid (2,3,12). 

The aim of this paper is to exploit the pos
sibilities of processing an anthocyanin colourant 
for home wine sets by extraetion of elderberry 
pomace with citrie acid, which normally is in
cluded in the formulation for this produet. 

MateriaIs and methods 
Fruits harvested in 1989 at the optimum harvest 
time were stored at -25°C until use in four experi
ments. A mixture of equal amounts of fruits from 
five cultivars ('Sambu', 'Sampo' , 'Samdal' , 
'Samy!' and 'Samidan') were applied in all the ex
periments carrie d out. 

Experiment number one encompassed juice 
processing by addition of citric acid and hydro-
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chloric acid to the fruits immediately before 
coarse grinding in a Waring blender and pressing 
in a Tineture press. For each experimentallevel 
250 g of fruits were applied. During the first 30 mi
nutes of the pressing the piston moved slowly 
downwards without increasing pressure and a 
considerable runoff of juice occured. Then the 
pressure was increased to 500 bar for two hours. 
The juice was collected in two 100 ml jars and pas
teurized by heating in a water bath at 80°C for 10 
minutes. 

In experiment number two pomaee from juice 
processed with a juice yield of 82 w/w % was ex
tracted with 0,4,6,7 and 8 w/w % citric acid solu
tions in solvent:pomace (S:P) ratios of 2,4 and 8. 
Five gramme of pomaee was extracted three times 
with 10, 20 or 40 gramme of citric acid solutions 
with the above mentioned concentrations. The ex
traction time was 10 minutes. Clear supernatant 
extraets were obtained by centrifugation im
mediately af ter the extraction time had expired. 
The extracts were pasteurized as described for ex
periment number one. 

Experiment three eneompassed five successive 
extractions of elderberry pomace in a ratio of 1: 1 
using solutions with 2, 4, 6 and 8 w/w % citrie 
acid. After the expired extraction time the mix-



ture of solvent and pomace was pressed by use of 
a Tincture press as described for experiment one. 

Two determinations of Rf-values and percen
tage distribution af the four anthocyanins were 
carried out. 

In experiment four determination of the an
thocyanin degradation rate was carried out. Nor
mal pressing juice and extracts from experiment 
number three were heated an a water bath at 80°C 
up to three hours. At appropriate time intervals 
samples were taken for anthocyanin analyses. For 
each experimentallevel two samples were taken 
at each time interval. 

The content of anthocyanins in juices and ex
tracts was determined by use of the spec
trophotometric pH-differential method de
scribed by Wrolstad (13), and the percentage dis
tribution af anthocyanins by direct spec
trophotometric analyses as described by Kaack 
(9). 

Analysis af variance was used to evaluate the 
effect af extraction parameters an percentage an
thocyanin distribution, yield of extraets and of kg 
extract per ton af elderberries. 

The relationship between anthocyanin content 
and the extraction parameters was evaluated by 
use af regression analysis, which also was used for 
calculation af anthocyanin degradation rate con
stants. In the figures and tables only significant 
(P<O.05) relatianships are presented. 

Results and discussion 
ResuIts from determination af the effect af addi
tion af acids to the fruits befare grinding and pres
sing is shown in Fig. 1. 

Increase af the caneentratian af eitrie acid 
(CiH) or hydrochloric aeid had an significant in-
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Fig. 1. Anthocyanin content in juice processed by addi
tion of citric and hydrochloric acid (HCI) to the fruits 
before grinding and pressing. Experiment number 

one. 
Anthocyaninindhold i saft fremstillet ved tilsætning af ci
tronsyre (CiH) og saltsyre til frugterne før formaling og 

presning. Forsøg nr. 1. 

creasing effect an the concentration af the an
thocyanin content in the juice. 

At the high cancentration af both acids the in
crease in the anthocyanin content was about 25%. 

Table 1. Rfx 100 and average percentage of anthocyanins in juices processed with addition of citric (CiH) or 
hydrochloric (HCI) acid before grinding and pressing. Experiment number one. 
RfxlOO og gennemsnitlig procentfordeling for anthocyaniner i saft fremstillet ved tilsætning af citronsyre (CiH) eller 
saltsyre (HCI) før presning. Forsøg nr. 1. 

Anthocyanin 

Cyanidin-3-glucoside 
Cyanidin-3,S-diglucoside 
Cyanidin-3-sambubioside 
Cyanidin-3-sambubioside-5-glucoside 

28 

Rfxl00 

Cy3G 18 
Cy3,SG 37 
Cy3Sa 53 
Cy3SaSG 78 

Anthocyanin % 
Anthocyanin, pet 

CiH HCI LSD 

47 49 2 
7 7 1 

36 34 2 
10 10 1 
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Addition of citric acid or hydroehlorie had no 
effect on the juice yield, which on average was 82 
w/w%. 

The percentage distribution of the four an
thocyanins in the juice processed by normal pro
cessing of the fruits was not adversely affected by 
the type or the concentration of the acids. Table 1 
shows the average percentage of anthocyanins in 
juice processed by addition of citric and hyd
rochloric acid before grinding and pressing of el
derberries. 

Fig. 2 shows the anthocyanin con ten t in juices 
from experiment number two from multiple ex
traction of elderberry pomace with 0-8 w/w % ci
tric acid solutions. The concentration of an
thocyanin increased significantly with increasing 
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Fig. 2. Anthocyanin content in extracts processed from 
pomace by three multiple extractions using solvents 
with O, 2,4, 6, 7, 8 w/w % citric acid and S:P ratios of 

2,4, and 8. Experiment nu mb er two. 
Anthocyaninindhold i ekstrakter fremstillet afpressekage 
ved tre successive ekstraktioner med O, 2, 4, 6, 7, 8, w/w 
pct. citronsyreopløsninger og S:P-forhold på 2, 4 og 8. 

Forsøg nr. 2. 
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citric acid concentration and decreased signifi
cantly with increasing solvent:pomace ratio. 
From Fig. 2 it was quite clear that a low solvent: 
pomace ratio and a high concentration of citric 
acid are advantageous as pointed out by Brøn
num-Hansen and Flink (3). 

Fig. 3 shows that the content of anthocyanin in 
extracts of pomace increased significantly with in
creasing concentration of citric acid. At the first 
extraction step the content of anthocyanin in
creased linearly with the citric acid concentra
tion. The increase at the later extraction steps 
could be described by multiplicative mathemati
cal models as shown in Fig. 3. 
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Fig. 3. Anthocyanin content in extracts from 1st, 2nd 
and 4th extraction of pomace with citric acid solutions 
and S:P ratio 1. Experiment number three. 
Anthocyaninindhold i ekstrakter fra første, anden og 
fjerde ekstraktion af pressekage med citronsyreopløs
ninger og S:P-forhold på 1. Forsøg nr. 3. 

At citric acid concentrations above 4 w/w % a 
considerably lower content of anthocyanin was 
obtained af ter the second to fifth extraction step. 
By comparison with Fig. lit was concluded that 
by application of 8 w/w % citric acid an an
thocyanin concentration (320 mg/lOD g) at the 



Table 2. Percentage yield by combined extraction and pressing of pomace. Experiment number three. 
Procent udbytte ved kombineret ekstraktion og presning afpressekage. Forsøg nr. tre. 

Extraction step 
Ekstrationstrin 

2 

Yield of extracl w/w % 105 92 
Ekstraktionsudbytte w/w pct. 
kg extract/ton elderberries 189 166 
kg ekstrakt/ton hyld 

same level as in juice can be obtained by extrac
tion of the pomace. 

The yie1d of extracts in experiment three was 
not affected by the citric acid concentration, but 
decreased as shown in Table 2 with the number of 
extraction steps. From the above mentioned re
suIts the yield of juice and extracts from five ex
tractions was calculated as shown in Table 2. 

As shown in Table 3 the concentration of citric 
acid had no effect on the percentage distribution 
of anthocyanins in extracts from experiment 
number three. Thus it may be concluded that the 
quality of the extracts is equal to the quality of 
juice obtained by pressing. Compared to the val
ues of percentage anthocyanin distribution given 
in the literature (1,4) higher contents ofthe mi nor 
anthoeyanins (CY3,SG, Cy3SaSG) and lower 
eontents of the major anthoeyanins (Cy3G, 
Cy3Sa) should have been obtained. Earlier appli
eations (9) have shown a very good agreement be
twen results obtained from HPLC analyses and 
the method applied in this experiment. 

Fig. 4 shows the results from heating pressing 
juice with and without addition of eitrie aeid. The 

3 4 5 LSD 

92 87 87 6 

166 157 157 10 

degradation rate for anthocyanin in juice without 
added citric acid is of the size of order found ear
lier for elderberry juice (10). By increase of the 
concentration of citrie acid considerably lower de
gration rate constants were found. This is aresult 
of the low pH-value and has been found earlier 
(8). From this re sult it may be expected that de
gradation of anthocyanin during eoneentration of 
extraets may decrease with increasing eitrie aeid 
coneentration. 

Degradation of anthoeyanins may bc described 
by use of mathemathical models almost aeeording 
to a first order reaetion. This is shown below 
where c is the anthoeyanin eoneentration, a is a 
constant, b the degradation rate eonstant (l/min) 
and t the time in minutes. 

log (c) = a + bt l) 

The results from determination of degration 
rate constants (b) of the first three multiple ex
tracts of pomaee with eitrie aeid solutions at 80°C 
are shown in Table 4. The pH of juice from normal 
pressing was 3.9. 

Table 3. Values of Rfx 100 and percentage distribution of anthocyanins in the extracts obtained by exlraction with 
citric acid. Experiment number three. 
Værdier af RfX100 og procentfordeling af anthocyaniner i ekstrakter fra ekstraktion med citronsyre. ForsØg nr. tre. 

Citric acid w/w % 
Citronsyre w/w pct. 

Rfx100 Literature 2 4 6 8 LSD 
Litteratur Anthocyanin % 

Antocyanin pct. 

Cy3G 22 66 49 51 55 52 5 
Cy3,5G 40 4 3 3 4 2 
Cy3Sa 57 32 38 40 37 39 2 
Cy3Sa5G 81 9 5 5 5 2 
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Fig. S. Anthocyanin degradation constants of pomace 
extracts in relation to citric acid concentration. Expe
riment number four. 
Anthocyaninnedbrydningskonstanter for pressekageek
strakter i forhold til citronsyrekoncentration. ForsØg nr. 4. 

Fig. 4. Content of anthocyanin in elderberry juice with 
0,10,20 w/w % citric acid heated at 80°C. Experiment 

number four. 

In Fig.5the rate constants multiplied by -10000 
are plotted against the citric acid concentration of 
the solvent used by extraction. From this figure it 
ean be eoncluded that the degration rate deerease 
by increasing citric acid concentration in the sol
vent and the extract. 

Indhold af anthocyanin i hyldebærsaft med 0, 10, 20, w/w 
pct. citronsyre opvarmet ved 800C. ForsØg nr. 4. 

Table 4. Rate degradation constants determined by heating of the extracts in a water bath at 80°C. The values in 
parentheses are correlation coefficients from regression analyses according to equation (1). 
Hastighedskonstanter for nedbrydning af anthocyaniner i ekstrakter fra anvendelse af citronsyreopløsninger til ekstrak
tion. Værdierne i parenteserne er korrelationskoefficienter fra regressionsanalyse ved brug af udtrykket (1). 

Stage 
Trin 

1 
2 
3 

pH (average ) 
pH (gns.) 
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Citric acid w/w % 
Citronsyre w/w % 

2 4 
Reaction rate constants (-l0000Xb) 
Hastighedskonstanter (-lOOOOxb) 

18 (0.87) 
15 (0.92) 
15 (0.92) 

2.7 

16 (0.87) 
11 (0.91) 
11 (0.94) 

2.4 

6 

12 (0.85) 
8 (0.82) 

11 (0.98) 

2.2 

8 

10 (0.87) 
7 (0.78) 
6 (0.80) 

2.3 



Processing of a colourant from elderberry 
pomace ean be carried out in connection with nor
mal pressing. Af ter mbring ofthe pomace with an 
equal amount of a 8-10 w/w % citric acid solvent 
pressing may be repeated af ter an extraction time 
of five minutes. 

The content of anthocyanin in the first extracts 
are of the same magni tude as in the juice proces
sed by usual methods. 

A second or third extraction may be carried out 
but application of a citric acid solution is not 
necessary at the last extraction stage because 
enough acid remains in the pomace af ter the pre
vious extraction. If concentration of extracts is to 
be carried out a citric acid concentration of 40-50 
w/w % will be obtained in the concentrate. 
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