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Attractive color is one of the main sensory characteristics of fruit and berry products. Unfortunately,
the color of red juices is unstable and easily susceptible to degradation, leading to a dull and weak
juice color. This study was designed to investigate the color stability and copigmentation of four different
berry juices enhanced by phenolic acids and commercial color enhancers. Phenolic acid enrichment
improved and stabilized the color of the berry juices during storage. The commercial color enhancers
immediately produced an intensive color to the juices, which, however, was not very stable. The
color enhancement was intensive in strawberry and raspberry juices and effective in lingonberry and
cranberry juices. Sinapic acid induced the strongest color in strawberry juice. Ferulic and sinapic
acids improved raspberry juice color equally. Rosmarinic acid enhanced the color of lingonberry and
cranberry juices the most. The addition of the simple cinnamic acids produced novel peaks to the
end of the high-performance liquid chromatography chromatogram, indicating a formation of new
compounds. It can be assumed that sinapic and ferulic acids formed new intramolecular copigmen-
tation compounds with berry anthocyanins whereas rosmarinic acid stabilized anthocyanins inter-
molecularly.
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INTRODUCTION sulfur dioxide slowed anthocyanin degradation in strawberry
juice and pute (7), but then, ascorbic acid addition resulted in

its different hues in many fruits and berries. Attractive color is the loss of pigment stabilityd). Metallic salts have also been

one of the main sensory characteristics of fruit and berry found to stabilize strawberry purée color (9). -
products, and this important quality parameter strongly affects 1 Nis Study was designed to investigate the color stability of
consumer behavior. Unfortunately, the color of red juices is four different berry juices and the enhancement of their
unstable and easily susceptible to degradation leading to a dull,2nthocyanin color by phenolic acids and commercial colorants.
weak, and brownish juice color. The color stability of antho- !t Was also of interest to examine the effect of different
cyanins is influenced by pH, storage temperature, presence ofPréparation methods of the juice on color stabiliGh@rt 1).
enzymes, light, structure and concentration of the anthocyanins,

and the presence of other berry compounds such as otheMATERIALS AND METHODS

flavonoids and p_henollcs (1). . Sample Preparation.Frozen lingonberries (Vacciniumitis-idaea
The consumption of berry products has been world widely | ) ang cranberriesaccinium oxycoccus) from the previous summer

encouraged because of their possible health ben@fi®)(To  crop were thawed and crushed before centrifuging to gain juice from
ensure the lure of berry juices, their color needs to be stabilizedthem. The juice was clarified with a 10-fold pile of GF/A fiberglass

and the shelf life needs to be prolonged by enhanced color. Thefilters (Whatman), after which it was further filtered through a @8
use of berry’s own natural color enhancers, i.e., other phenolics,membrane filter (Gelman). StrawberryFragaria ananassp and
ought to be looked into. In our previous study, it was clearly raspberry (Rubus ideaeus) juices (Bramhults Ab, Sweden) were
shown that phenolic acids enhance and stabilize anthocyaninProught from local supermarket and processed as above. Strawberry
color (4). However, copigmentation fortification by phenolic ~and raspberry juices consisted of 35% berries, added sugar, and water.
acids in order to improve berry juice color has been scarcely Lingonberry and cranberry juices were diluted with Milli-Q water to

. S 35% juice.
reported. Maccarone et ab)(stabilized blood orange juice color

. . . . ;. The copigments ferulic acid, sinapic acid, and rosmarinic acid were
with rutin and caffeic acid addition, and Talcott et a6) ( purchased from Extrasynthese (Geney, France). They were added

improved grape juice color by anthocyanin copigmentation with jyqividually into the juice 10-fold to the anthocyanin amount. Grape
a rosemary extract. Other means of stabilizing berry juice color skin extract (Enocyanin), containing 3% anthocyanins and 97%
have been reported previously to a lesser extent. Addition of carbohydrates as carriers, mainly maltodextrine, and black carrot extract,
containing 3% anthocyanins and 97% carbohydrates as carriers, mainly

* To whom correspondence should be addressed. ¥868-9-19158658. ~ Maltodextrine, were purchased from Sensient Food Colors GmbH
Fax: +358-9-19158475. E-mail: maarit.eiro@helsinki.fi. (Geesthacht, Germany, formarly DrMarcus GmbH), and Color’Plus, a

Anthocyanins are responsible for the brilliant red color and
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Chart 1. Structures of Anthocyanins and Phenolic Acids Used for CIELAB parameters were determined with Minolta Chroma Meter
Copigmentation Studies CR-210 colorimeter (Japan) using the illuminant Diffused illumina-
tion. The parameters gained werefor lightness,a* for redness, and

b* for yellowness. These calculations ©f for chroma,h for hue angle,
andAE for total color change were made with the following equations:

— 2 21172
on C*=[(a")"+ (b")7] 1)
OH
h = arctan (b*/a*) 2)
The most common anthocyanin monoglucosides ) ) 212
AE = [(AL*) “ + (Aa*)“ + (Ab*)“] 3)
R1 R2
Pelargonidin 3-glucoside H H Statistical Analysis. Statistical analysis of variance was conducted
"Cyanidin 3-glucoside OH H using Statgraphics plus, version 3.2. Significdht< 0.05) differences
Delphinidin 3-glucoside ~ OH OH between means of four (colorimetric measurements) or three (HPLC
Peonidin 3-glucoside OCH, 0 and Ju!ce composition measurements) replicates were identified using
o ) ’ Tukey's procedure.
Petunidin 3-glucoside OH OCH,
Malvidin 3-glucoside OCH, OCH, RESULTS
¥ Enhancement of Juice Color.Spectral Analyses?henolic
o o acid enrichment to four different berry juices improved the juice
oo \—coon color during 103 days of storage. The enhancement of the color
meo HCo o during storage was more intensive in strawberry and raspberry
Sinapic acid Ferulic acid - P P
juices than in lingonberry and cranberry juices, measured as
cooH the hyperchromic effect ofmax Of the absorption spectra of the

N ;e Q o enhanced juices and expressed as color retention percentage
(CR%= Abs; x 100/Abg) (Figure 1A—D). Immediately after
Ho on copigment addition, an increase in color intensity was observed
" in the juices (data not shown). During storage, sinapic acid
induced the strongest color in strawberry juice, ferulic and
sinapic acids improved raspberry juice color equally, and

rosmarinic acid enhanced the color of lingonberry and cranberry

Rosmarinic acid

nonanthocyanin rosmary extract, was purcahsed from Hurme Compa-
nies (Turku, Finland). These color enhancers were dissolved into
strawberry and raspberry juices in the amount of 2 g/L of juice. The =
juices were then kept in an ultrasonic bath, lingonberry and cranberry Juices the most. ) o

for 10 min and strawberry and raspberry for 45 min, to ease the  1he color of the four plain nonenhanced berry juices was
copigment dissolvement and also for sterilization of the two latter juices. not stable during storage. The red color of strawberry juice was
The juices were kept at room temperature in daylight in sealed, but imperceptible after 36 days. Raspberry juice color was not
not vacuum-sealed, tubes to avoid evaporation for 103 days, during measurable spectrophotometriclylatxin the red region after
which their spectra and chromatic characteristics were recorded. The51 days. The color of lingonberry and cranberry juices
anthocyanin content was monit_ore_d by high-performance liquid chro- maintained itStmax in the red region of the spectrum throughout
matography (HPLC) in the beginning and the end of storage. storage, but the color intensity was only 33% of the original

Compositional Analysis.In the beginning of the storage, the juice . . o S
pH was verified using a Metler Delta 350 pH meter with pHC3359-9 rf;:(r):;lgg:nberry juice and 19% for cranberry juice in the end of

combined electrode (Radiometer). The sugar content was measured wit . . L
a Carl Zeiss 38091 refractometer. The total phenolic content was All of the three phenolic acids enhanced strawberry juice color

calculated according to the FofifCiocalteu method (1992) and  during storage (Figure 1A). Strawberry juice color was around
expressed as gallic acid equivalents (GAE), milligrams per liter of juice. 30% more intense when enhanced with phenolic acids than the
The ascorbic acid content was determined using an Enzymatic nonenhanced juice color at a time point of 36 days. This
BioAnalysis kit (Boehringer Mannheim). enhancement increased during storage, being most efficient with

HPLC Analysis. The anthocyanin content was analyzed with a sinapic acid after 75 days and thenceforth. The color of
HPLC system (Waters, Milford, U.S.A.) consisting of a 2690 separation strawberry juice continued to intensify also with ferulic acid in
module, a PDA996 diode array detector, and a Millenium 2020C/S e course of time. Rosmarinic acid enhanced strawberry juice
software data module. The analytical separation of anthocyamr)s WaScolor but less than the other two phenolic acids. The color of
carried out on a Zorbax SB C18 column (150 nxm.6 mm, 5um; o . .

raspberry juice was enhanced most effectively with the two

Agilent, U.S.A.) equipped with a C18 guard column. The temperature " ; . . - . . ; .
of the column oven was set to 4C. The mobile phase consisted of simple nonconjugated cinnamic acids, ferulic and sinapic acids

10% formic acid (solvent A) and 100% GEN (solvent B). The elution .(Figure 1B). In raspberry jUiC?, sinapic and rosmarinic acids
conditions were as follows: linear gradient from 5% B to 9% B:50 induced around 60% and ferulic acid induced around 35% more

min; to 11% B, 5-15 min; to 30% B, 1520 min; to 95% B, 26-21 intense color than the plain nonenhanced juice at the time point
min; isocratic elution 95% B 2124 min; linear gradient from 95% B of 51 days. Toward the end of storage, ferulic acid seemed to
to 5% B, 24-25 min; post-time 10 min before next injection. The flow  jnduce stronger color over sinapic acid, but the difference was
rate was 1.0 mL/min, and the injection volumes were-300 uL. not statistically significant. The enhancement of raspberry juice
Detection wavelengths were 280 and 520 nm, and the spectra fromcolOr by rosmarinic acid was not stable during storage even
200 to 600 nm were recorded. though it started as the strongest. The color of cranberry and

Colorimetric Measurements. The absorption spectra were recorded i b L h d_diff tv th th | f
using a UV~visible spectrophotometer (Perkin-Elmer), scanning the Ingonberry juices enhance irerently than the color o

visible range from 450 to 600 nm. The change in the maximum Strawberry and raspberry juices. The color of lingonberry and
absorbance (A, at varying wavelengthsif..) presented the change ~ Cranberry juices was strongest throughout the storage period
in the color intensity and revealed a possible hyperchromic effect and when enriched with rosmarinic acifigure 1C,D). Rosmarinic
bathochromic shift resulting from a copigmentation reaction. acid intensified cranberry juice color over 110% and lingonberry



3108 J. Agric. Food Chem., Vol. 52, No. 10, 2004 Rein and Heinonen

120 Al 40 &)
100 p— 100 B0
b
_e————o13 \
80

20 20 a
0 . : : : : 0 ‘ . ‘ ; :
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (d) Time (d)
120 © 42 D)
100 100 l\\,\
80 \\ 80
& > \"\\\K
8 60 \0\. & 60
c
40 c
a
20 20 *D
0 ; ; ; ; - ) . : : : :
0 20 40 60 80 100 120 0 20 0 60 80 100 120
Time (d) Time (d)

Figure 1. Color enhancement of berry juices by phenolic acids during storage detected as a change in the absorbance of Anax and displayed as color
retention percentage (CR%). Strawberry juice (A), raspberry juice (B), cranberry juice (C), and lingonberry juice (D). Plain nonenhanced juice, #;
enhanced with ferulic acid, B; enhanced with sinapic acid, A; and enhanced with rosmarinic acid, ®. Within the specific time point, values marked by
the same letter are not significantly different.

juice color almost by 50% more than the color of the plain most, but this color became brownish during storage /and
nonenhanced juice in the end of storage. Sinapic acid increasedvas not measurable spectrophotometricly in the scanned range
cranberry juice color by 70% and lingonberry juice color by after 51 days. This was also the case with Color'Plus, the
30% by the end of storage as compared to the plain nonenhancedmmediate enhancement of which was modest (53%) in
juices at the same time point. Ferulic acid increased the juice strawberry juice as compared to the other two commercial
colors by 30 and 10%, respectively. enhanceners. Grape skin extract induced the strongest color also
The use of phenolic acids as copigments for all of the four in raspberry juice, immediately increasing the original juice color
juices improved their color stability. The plain strawberry juice intensity by 70%. Black carrot extract increased raspberry juice
lost its redness quickly during storage, but when copigmented color immediately by 58% and Color'Plus by 19%, respectively.
with sinapic acid, the color intensity of strawberry juice in the Raspberry juice color enhanced with grape skin extract was more
end of storage was 104% of the original intensity of the stable during storage than when enhanced with black carrot
nonenhanced juice. With added ferulic acid, the color of extract, in contrast to strawberry juice. In raspberry juice, the
strawberry juice in the end of storage was 98% and with color intensity decreased only 56% when enhanced with grape
rosmarinic acid 84% of the original intensity of the nonenhanced skin extract, and with black carrot extract, it decreased 77%
juice color. With raspberry juice, the color stabilizing effect after 75 days of storage. The color intensity of raspberry juice
was more modest and observed with ferulic and sinapic acids.enhanced with Color'Plus was not more stable than the plain
The former maintained 35% and the latter 33% of the original nonenhanced juice even though the color itself was stronger;
intensity of the nonenhanced raspberry juice color after 103 theinaxWas not measurable in the scanned range after 51 days.
days. The color intensity of the plain nonenhanced cranberry CIELAB AnalysesThe CIELAB system enables an approach
juice decreased during storage by 80% and lingonberry juice to the changes of juice colors where the changes in hue,
by 67%. By the end of storage, cranberry juice copigmented chromatic saturation, and overall lightness are taken into
with rosmarinic acid had 42% of the original color left, with account. The perceptible and overall color impression of the
sinapic acid 33% and with ferulic acid 25%, respectively. berry juices depends on the relative amount of red and yellow
Lingonberry juice copigmented with rosmarinic acid had 48% color, which is expressed as an angle of hiiable 1) in the
of the original color left, with sinapic acid 42% and with ferulic CIELAB color space system. Hue angles are defined in color

acid 37%, respectively. as 0/360 for magenta, 90for yellow, 180 for green, and 270
The commercial color enhancers improved the color of for blue (10,11). In the four plain nonenhanced berry juices,
strawberry and raspberry juices immediateiglire 2A,B). the hue values increased during storage, which denotes a more

Grape skin extract immediately increased the color intensity of yellow tint development in the juices. The original plain
strawberry juice by 190% and black carrot extract by 166%. strawberry juice was the most yellowish in the beginning of
Grape skin extract enhanced the color of strawberry juice the storage with a hue angle of 80The color of the original
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04 a ] However, the final hue of the plain strawberry juice was the
0 : : : most yellow (72) due to the highest hue angle of the juice in
0 20 40 60 80 the beginning of storage. The smallest hue angle, i.e., the reddest
Time {(d) color of the nonenhanced juices in the end of storage, was
Figure 2. Color enhancement of strawberry juice (A) and raspberry juice observed for both lingonberry and cranberry juices’48
(B) by commercial enhancers during storage detected as a change in The phenolic acid addition inhibited the expansion of the hue
the absorbance of Amax. Plain nonenhanced juice, 4; enhanced with grape angle in all of the juices both immediately after supplementation
skin extract, a; enhanced with black carrot extract, ®; and enhanced and during storage. The hue angles in the beginning and after
with rosmarinic extract, ®@. Within the specific time point, all of the values storage for all of the juices with or without addition are shown
were significantly different. in Table 1. Sinapic acid was most efficient in this inhibition in

all of the juices, especially in strawberry juice (Figure 3). In
nonenhanced raspberry and cranberry juices was the reddest withaspberry juice, sinapic and ferulic acids reduced the increment
a hue angle of 33°The original nonenhanced lingonberry juice of the hue angle during storage, but rosmarinic acid did not
had a hue angle of 38n the beginning of the study. The biggest have any effect. In cranberry and lingonberry juices, rosmarinic
change in hue angle was observed in raspberry juice, the hueand sinapic acids were more effective than ferulic acid. The
angle of which increased 2%luring storage. The hue angle of hue angle of strawberry and raspberry juices to which com-

Table 1. Chroma (C*), Hue (h), and Color Difference (AE) of Berry Juices (X + SD, n = 4)2

juice + copigment chroma (C¥) hue (h) color difference (AE)
time (days) 0° 103 0P 103 0° 103
strawberry 11.7+0.3a 11.8+1.0a 59.9+0.2a 71.1+3.0a 3.0+0.7a
+ ferulic acid 12.0+0.2a 13.5+0.7bc 58.3+0.2b 65.0 £ 0.5b 0.4+0.1a 3.0+0.6a
+ sinapic acid 12.2+0.3a 13.4 £ 0.2abhc 57.7£0.2bc 57.2+0.2c 0.8+0.3a 24+0.2a
+ rosmarinic acid 12.7+0.2a 12.0 £ 0.2ab 572+0.2c 64.7 £0.3b 1.2+0.2ab 1.7+0.2a
+ black carrot extract 20.6+0.3b 18.2 +0.6d 32.7+0.2¢e 40.5+0.3d 13.3+0.3c 10.0+0.7¢c
+ grape skin extract 20.7+0.5b 19.7 £ 0.8d 326+0.2e 56.5+0.1c 15.3 £ 0.6d 11.3+£0.9c
+ Color'Plus 12.7+1.0a 147+11c 55.9 £ 0.6d 720+0.7a 1.9+0.9 51+11b
raspberry 21.3 £ 2.5ab 10.4 £ 0.8a 33.4+0.6a 62.5+0.8d 12.7 £ 0.5a
+ ferulic acid 23.6 + 1.1abc 11.6 + 0.6ab 28.9+0.3b 56.1+0.7¢c 3.3+1.0a 10.9 £ 0.4bc
+ sinapic acid 25.0 £ 1.0bc 11.7£0.2ab 27.7+0.2bc 51.4£0.5b 5.2+ 1.0ab 9.9+0.2c
+ rosmarinic acid 25.7+1.5¢ 12.0 £ 0.2bc 27.1+£0.2c 62.6 £ 1.6d 6.6+0.2b 11.6 +0.3ab
+ black carrot extract 304+1.9d 13.3+0.6¢c 27.9+0.1bc 573+ 1.7c 11.1+2.0c 9.6 +0.3cd
+ grape skin extract 321+12d 229+1.1d 24.7+0.01d 473+18a 155+1.2d 85+1.2d
+ Color'Plus 19.8 + 2.6a 12.8 +0.8hc 27.7+1.3bc 68.1+£2.9 3.6 +1.0ab 125+ 0.6a
lingonberry 39.5%3.6 22.4+0.9a 38.2+0.0a 48.2+0.1a 159+ 1.2a
+ ferulic acid 422 +0.6 21.7+28a 31.3+0.1b 43.7+1.2ab 6.2+0.4a 158 +3.1a
+ sinapic acid 40.3+3.6 25.7 + 1.4ab 30.1+£0.3c 37.4+0.6¢c 6.9+ 0.9ab 10.8 + 1.5
+ rosmarinic acid 409+4.1 285+2.3b 28.9+0.2d 40.2 £ 3.7bc 8.1+0.8b 8.0+2.8b
cranberry 37.8+17 145+0.7a 334+0.1a 485+ 19 20.7+0.9a
+ ferulic acid 382+23 16.0 + 0.5a 259+0.1b 39.8+0.3b 56+0.3a 18.4 +0.5b
+ sinapic acid 368112 19.6 + 1.4b 255+0.2c 340+ 4.2c 54+0.1a 13.9+ 1.5¢
+ rosmarinic acid 39.4+32 22.6+0.9c 23.1+0.1d 31.3+0.5¢ 8.1+£0.9b 105+ 1.0d

aValues marked by the same letter or no letter within the same column of the specific juice are not significantly different. ® Time 0 days marks the immediate copigmentation
effect observed after 2 h of enhancement addition.
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Table 2. CIELAB Color Space Coordinates (L*, a*, and b*) of Berry Juices (X + SD, n = 4)?

chromatic coordinates

juice + copigment L* ar b*
time (days) b 103 0b 103 b 103
strawberry 845+0.1a 85.2+0.1a 59+0.2a 3.8+0.2a 10.1+0.3a 112+11a
+ ferulic acid 84.4+0.1a 84.4 £0.2ab 6.3 £0.2ab 57+0.2c 10.2+0.2a 12.3+0.6a
+ sinapic acid 84.2+0.2a 84.0 £0.1ab 6.5+ 0.2abc 7.3+0.1d 10.3+0.3a 11.3+0.2a
+ rosmarinic acid 84.1+0.0a 84.7 £0.1ab 6.9 £ 0.2bc 5.1+0.1bc 10.6 £ 0.2ab 10.8 £0.2a
+ black carrot extract 778+0.2c 78.9+0.3c 17.4+£0.3d 13.8 + 0.5f 11.1+£0.2b 11.8+0.4a
+ grape skin extract 745 +0.3d 77.4 £ 0.4c 17.4 £ 0.5d 10.9 + 0.5 11.1+0.2b 16.4+0.7c
+ Color'Plus 83.2+0.5b 83.4+0.6b 71+0.7c 45+0.2b 10.5 + 0.8ab 14.0+1.1b
raspberry 788+ 1.3a 845%0.3a 17.8+2.2a 48+0.3a 117+12a 9.2+0.8a
+ ferulic acid 77.2 £0.5ab 83.9£0.3ab 20.6 £ 1.0ab 6.5+0.3b 11.4+0.5a 9.6 +0.5a
+ sinapic acid 76.2 £ 0.4b 83.2+0.1bc 22.2+0.9b 7.3+0.2b 11.6 +0.4a 9.2+0.2a
+ rosmarinic acid 76.1+0.7b 83.4+0.1b 229+ 1.4b 55+0.3a 11.7 £ 0.6a 10.7 + 0.3ab
+ hlack carrot extract 72.9+0.8c 82.3+0.3c 269+ 1.7c 7.2+0.3b 14.2+0.90 11.2+0.6b
+ grape skin extract 68.6 + 0.6d 73.6 £0.9d 29.2+1.0c 15.5+0.8c 13.4 £0.5b 16.8 +1.1c
+ Color'Plus 779+ 1.2ab 83.7 £ 0.4ab 17.6 + 2.5a 47+0.5a 9.2+0.8¢c 11.9+0.9d
lingonberry 714+16 78.0 £ 0.6a 31.0+£29 146+ 11a 244 +23a 16.9 + 0.6ab
+ ferulic acid 68.9+0.3 781+ 15a 36.1+£05 15.7+2.3a 21.9+0.3ab 149+ 1.6a
+ sinapic acid 69.6+1.7 75.2+0.8b 348+3.1 20.4£0.9b 20.2+£2.0b 15.6 + 1.0a
+ rosmarinic acid 69.1+20 738+ 1.4b 358+35 21.8+2.8b 19.8+2.1b 18.3+0.8b
cranberry 71.3+0.8 82.3+0.5a 315+ 15a 9.6+0.8a 20.8+0.9a 109+ 0.4a
+ ferulic acid 701+£12 81.3+0.3a 34.4 £ 2.0ab 12.3+0.4b 16.7+1.1b 10.2+0.3a
+ sinapic acid 70.7+£0.6 78.6 £0.9b 33.2+1.1ab 16.3+1.9¢c 15.9 +0.5b 10.9 + 0.6ab
+ rosmarinic acid 69.1+16 76.7 £ 0.6¢ 36.3+3.0b 19.3+0.9d 154 +1.3b 11.8+0.4b

aValues marked by the same letter or no letter within the same column of the specific juice are not significantly different. ® Time 0 days marks the immediate copigmentation
effect observed after 2 h of enhancement addition.

mercial color enhancements were added expanded duringTable 3. Composition of the Different Berry Juices (X + SD, n = 3)*
storage. Of the commercial enhancers, black carrot extract

. . L. . total phenols  anthocyanins  vitamin C
induced the least yeI_Io_Wlng to strawberry juice and grape skin juice oH  sugar(%)  (GAEgl) (/L) (mglL)P
extract to raspberry juice.

The lightness (L*) of color affects the appearance of a juice swaberry 35 10402 05£0004 38.6+05 <03

, g9 - 1S the app J raspbery 32 11201  0.4+0.006 815405 <03
evidently. TheL* values in the beginning and after storage for jingonbery 26  46+01  1.3+0.03 160.0 + 0.8 <0.3
all of the juices with and without addition are shownTiable cranbenry 25  30+01 0.8+0.01 140.0£0.3 <03

2. Phenolic acids affected the lightness of the berry juices
somewhat during storage. In the beginning of storage, lingon-  #Values within the same column are significantly different. ® The vitamin C
berry and cranberry juices were much darker than raspberry contents were below the detection limit
juice, which again was noticeably darker than strawberry juice.
The addition of colorless phenolic acids did not immediately beginning and after storage for all of the juices with or without
affect the lightness of the juices noticeably. The addition of the addition are shown ifable 1. A threshold value oAE = 1 is
anthocyanin containing extracts decreased the lightness of theassumed as a basis for a color difference noticed by the human
initial berry juice color significantly making the juice darker eye (12). In lingonberry and cranberry juices, thE was the
than the original nonenhanced juice, which is obvious due to smallest in the juices enhanced with rosmarinic acid, and for
the increment of the pigment molecules. During storage, the that reason, rosmarinic acid evidently stabilized the color of
juices with plant extracts lightened also. these juices more than the other phenolic acids. In raspberry
The metric chromaQ*) correlates for the saturation of color  juice, there was a similar stabilizing effect observed with ferulic
(12). The chromatic values in the beginning and after storage and sinapic acids but not with rosmarinic acid. In strawberry
for all of the juices with or without addition are shownTable juice, AE did not reveal any statistically significant stabilization
1. Chroma of the original plain juices decreased during storage of the color, which is surprising since the changes of chroma
except for strawberry juice, the chroma of which remained the and hue angle clearly indicate efficient color enhancement and
same. The addition of rosmarinic acid reduced the decrementstabilization by the phenolic acids as well as do the spectro-
of chroma in raspberry, lingonberry, and cranberry juices. In photometric results.
strawberry juice, the addition of ferulic and sinapic acids  Juice Compositions.The basic compositions of the juices
increased the value of chroma after 103 days indicating a morewere measured, including the total phenolic and soluble solids
vivid juice color development during storage. The final chromas content, pH, anthocyanin content, and the vitamin C content
of raspberry juice enhanced with the commercial extracts were (Table 3). Strawberry juice contained 0.5 g/L of total phenols
lower than the chroma of the original plain raspberry juice. With expressed as GAE; raspberry juice, 0.4 g/L; lingonberry, 1.3
strawberry juice, it was the opposite; the chromas of the juice g/L; and cranberry, 0.8 g/L, respectively. The sugar content that
enhanced with the plant extracts were higher than the original was determined as soluble solids (Bji»f the juices was 10%
plain juice before storage. for strawberry juice, 11% for raspberry juice, 5% for lingonberry
The total color difference (AE), which is combined of the juice, and 3% for cranberry juice. The commercial strawberry
changes of the three components chroma, hue, and lightnessand raspberry juices were fortified with sugar, but sugar was
was greatest in cranberry juice and smallest in strawberry juice not added to the self-made lingonberry and cranberry juices.
over the 103 days of storage. The total color differences in the The pH values of the juices were quite similar ranging between
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Figure 5. HPLC chromatograms of lingonberry juice during storage with
and without phenolic acid addition measured at 520 nm with UV-vis
spectra. Plain nonenhanced lingonberry juice in the beginning of storage
(A); plain nonenhanced lingonberry juice in the end of storage (B);
lingonberry juice enhanced with sinapic acid in the end of storage (C);
and lingonberry juice enhanced with rosmarinic acid in the end of storage
(D). The injection volume was 30 uL for A and 100 uL for all of the
others. Peak 1, cyanidin 3-galactoside; peak 2, novel copigmentation
compound.

Figure 4. HPLC chromatograms of strawberry juice during storage with
and without phenolic acid addition measured at 520 nm with UV-vis
spectra. Plain nonenhanced strawberry juice in the beginning of storage
(A); plain nonenhanced strawberry juice in the end of storage (B);
strawberry juice enhanced with sinapic acid in the end of storage (C);
and strawberry juice enhanced with rosmarinic acid in the end of storage
(D). The injection volume was 100 uL for all. Peak 1, pelargonidin
3-glucoside; peak 2, novel copigmentation compound.

2.5 and 3.5. Strawberry juice had the highest pH (3.5), the pH

of raspberry juice was a little lower (3.2), the pH of lingonberry - gstain its color as efficaciously when enhanced with phenolic
juice was lower (2.6) than the two commercial juices, and 4cids than strawberry juice.
cranberry juice was the most acidic of the juices with a pH of - £4ch phenolic acid induced these novel compounds differently
2.5. The vitamin C content of the juices was also measured in it the four juices. Sinapic acid produced the most abundant
order to estimate its influence on anthocyanin stability and the peaks with strawberry juice. With raspberry juice, ferulic acid
copigmentation reactions. However, the vitamin C content of jhqyced the most pronounced peaks. The reactions in lingon-
all of the juices was below the detection limit of 0.3 mg/L and berry and cranberry juices with phenolic acids differed from
can be assumed to have none or only a remote effect on theyhe o former juices. Sinapic and ferulic acids produced only
color enhancement. modest peaks with them. Surprisingly, rosmarinic acid acted
Changes in Anthocyanin Profile (HPLC) during Storage. quite differently as compared to the other two phenolic acids.
The total anthocyanin content of all of the juices decreased Rosmarinic acid stabilized lingonberry and cranberry juice
during storage, as shown by the reduction in total peak areaanthocyanins but did not induce new peaks in their chromato-
measured at 520 nm. In the beginning of the study, lingonberry grams Figure 5D). The anthocyanin content of lingonberry
juice had the highest anthocyanin content (0.16 g/L), cranberry juice diminished only 72% when rosmarinic acid was added.
juice the second highest (0.14 g/L), strawberry juice the lowest With sinapic acid, it decreased 78% and with ferulic acid 84%.
(0.04 g/L), and raspberry juice the second lowest (0.08 g/L) with strawberry and raspberry juices, rosmarinic acid had a
(Table 3). After 103 days of storage, only very small amounts |esser effect. With sinapic acid addition, the total amount of
of anthocyanins were left in the plain nonenhanced juices. anthocyanins in strawberry juice diminished only by 74%, 84%
Lingonberry juice sustained the highest anthocyanin content afterwith ferulic acid, and 81% with rosmarinic acid.
storage, which was 13% of the original amount. Ninety percent  Enrichment of strawberry and raspberry juices with com-
of cranberry juice anthocyanins were lost during storage. mercial color enhancers, grape skin extract and black carrot
Raspberry and strawberry juices had lost almost all of their extract, also produced new peaks to the chromatograms.
anthocyanins, containing only 1% of them in the end of storage. However, this is due to characteristic anthocyanins of the color
Enriching the juices with phenolic acids produced novel peaks enhancers. The third commercial color enhancer, Color'Plus,
to the end of HPLC chromatogram indicating formation of new which is a nonflavor rosemary extract but does not contain
compounds during storage. The number of the new forming anthocyanins itself, induced only one new peak to raspberry
compounds was in relation to the number of original individual juice in the beginning of the study. In the end of storage, there
anthocyanin compounds in each juice. The most abundantwere very modest new peaks in the chromatogram of strawberry
number of novel compounds was discovered in cranberry juice. juice enhanced with Color'Plus and no significant ones in
In the chromatogram of strawberry juice, which contained one raspberry juice.
major anthocyanin, pelargonidin 3-glucoside, one novel major
compound aroseF{gure 4C). With strawberry juice, the area  DISCUSSION
of these peaks grew with time. This increment was not observed Color Enhancement. The addition of phenolic acids to the
with the other juices, however, but neither did any other juice four different berry juices improved the juice color by enhancing
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the anthocyanin color intensity and stabilizing the color during so do lingonberry and cranberr§5—38), which is also evident
storage. Nonenhanced raspberry and strawberry juices lost theifrom the HPLC data. The copigmentation reactions were similar
anthocyanin pigments and redness quickly during storage. Thewithin strawberry and raspberry juices, the reactions of which
color intensity of nonenhanced lingonberry and cranberry juices differed from the copigmentation reactions perceived in lin-
decreased also during storage, even though this was slower thagonberry and cranberry juices, which again were similar to one
with strawberry and raspberry juices. Vigorous decrement of another. Strawberry juice was most responsive to copigmenta-
anthocyanin content of different berry products during storage tion, the color of which was enhanced the most by the phenolic
have been reported before for strawberry presend&®), (  acids. Raspberry juice was comparatively receptive to color

strawberry and black currant syrudsl), strawberry juice15), enhancement, and the color development observed in lingon-
red radish and red-fleshed potato juic#6)( beverages contain-  berry and cranberry juices was more modest. Garzon and
ing sweet potato anthocyanirk/) and grape anthocyanirks)), Wrolstad B9) came to the conclusion when studying the stability

blood orange juice concentratd9), raspberry pulp 20), of strawberry juice and concentrate that the higher the total

raspberry juice concentrat2X), and cranberry juice cocktail  pigment concentration the more stable the berry juice or product,
(22). However, enhancement and stabilization of the color of which is in an agreement with our results on overall anthocyanin
berry juices by phenolic acids during storage have not been stability. Skrede et al.14) stated that color stability is more
studied previously; hence, novel information on anthocyanin dependent on the total anthocyanin content rather than the
enhancement and copigmentation in food models is provided qualitative anthocyanin composition. This is true for overall
here. The stability of the color of berry products has been color stability, but when it comes to color enhancement,
investigated in the past concentrating on the effects of processingespecially through copigmentation reactions, the results are very
methods 6, 23—27), packaging material and added preservatives much dependent on the individual anthocyanin composition, as
(28), and the addition of sugar (29) and ascorbic acid (14). The shown here. In our previous study with pure compourts (
effects of flavonol addition on anthocyanin color in model copigmentation occurred more intensively with pelargonidin
systems (30) and in blood orange juicg) (have also been  3-glucoside, the main anthocyanin of strawberry, than with
studied before. In these studies, flavonols, i.e., rutin and cyanidin 3-glucoside, which is one of the main anthocyanins
quercetin but also tartaric and caffeic acids, reduced the loss ofof raspberry. These same observations were made in this study
anthocyanins. These results support our findings and hypothesiswith the juices substantiating also that copigmentation reactions,
of a protective effect of phenols, especially phenolic acids, on which were seen with pure compounds, can be accomplished
anthocyanin color. also in food matrix.

Juice Preparation Effects. It is well-known that heat Effect of Phenolic Acids.The phenolic acids used can also
treatment such as pasteurization decreases anthocyanin conteitite classified into two groups by their chemical structure for
of juices (6,7, 15). Therefore, we tried to find a gentle way to one but also by their manifestation of copigmentation in the
sterilize the berry juices and to avoid any additional deteriora- juices. Sinapic and ferulic acids induced the strongest hyper-
tion. Sterilization through 0.2m sterile filters, however, was  chromic effects to strawberry and raspberry juices. They also
not completely uniform and resulted in an uneven batch. formed new intramolecular copigmentation molecules with
Sterilization in a microwave was also uneven and resulted in strawberry and raspberry anthocyanins, which were detected as
inconsistent batches. Using chemical compounds such ag NaN novel peaks in the HPLC chromatograms. Presumably, the new
for sterilization is not permitted in foods. They also take part molecules are a result of covalent bonding between an antho-
in undesired chemical reactions, which affect the desired cyanin and a phenolic acid since they endure the acidic HPLC
copigmentation reactions. The only gentle sterilization method conditions.
suitable for our Study was an ultrasonic bath for 45 min. This The enhancement by Sinapic and ferulic acids was not as
presumably broke down the cell walls of unwanted bacteria and strong with lingonberry and cranberry anthocyanins; instead, it
yeast but did not noticeably affect the anthocyanin or other was perceived that rosmarinic acid affected the color stability
phenolic molecules. of these juices most efficiently. Rosmarinic acid obviously

It is believed that copigmentation reactions in wine are stabilized lingonberry and cranberry anthocyanins via inter-
dependent on fermentation. The color enhancement by differentmolecular copigmentation reactions since their color was
phenols has been previously reported concerning mostly only stabilized and the diminishing of anthocyanins was reduced,
red wine 1, 32). Darias-Martin et al.33) noticed that the color  but no new anthocyanin compounds were detected with HPLC.
of young red wine to which caffeic acid was added before  Also, the different |, values of the phenolic acids can affect
fermentation maintained its enhancement during storage. Herethe stabilization of the berry juice colors. Th&gvalues of
however, we showed that anthocyanin copigmentation reactionsterulic and sinapic acids are around 4.6. Tl pf rosmarinic
do not require fermentation and take place also in nonfermentedacid is 2.8, which indicates that in the pH of lingonberry and
sterile berry juices. cranberry juices most of rosmarinic acid is dissociated, unlike

Differently Reacting Berry Juices. The four juices can be  in raspberry and strawberry juices. Obviously, the negatively
classified into two different groups by their composition but charged rosmarinic acid protects anthocyanins effectively in the
also by their color behavior and copigmentation reactions during more acidic juices. This difference in chemical behavior between
storage. Strawberry and raspberry juices contained less phenolicshe conjugated cinnamic acid, rosmarinic acid, and the simple
and anthocyanins than cranberry and lingonberry juices, the cinnamic acids, ferulic acid and sinapic acid with anthocyanins,
amounts of which are in accordance with previous studies on was also shown in our previous study with pure compounds
berry phenolics 34, 35). Also, the pH and sugar content were (4). Schwarz et al.40) suggested the formation of anthocyanin
significantly higher in the two former juices as compared to vinylphenol adducts in red wines through enzymatic decar-
the latter ones. The different anthocyanin profiles of the juices boxylation, and perhaps, similar compounds were also formed
are of course one of the main reasons for the different here between berry juice anthocyanins and the simple cinnamic
copigmentation and enhancement reactions. Strawberry andacids. In our previous study, methoxylated cinnamic acid, ferulic
raspberry have similar anthocyanin profiles and correspondingly acid, was a better copigment over nonmethoxylated cinnamic



Enhancement of Berry Juice Color

J. Agric. Food Chem., Vol. 52, No. 10, 2004 3113

acid, caffeic acid, with pelargonidin 3-glucoside. In strawberry is the next challenge in the elucidation of the enhancement and
juice, sinapic acid, the dimethoxylated cinnamic acid, was a stabilization of berry juice color.

more a efficient color enhancer than ferulic acid; thus, it can

be concluded that the increasing methoxylation of the simple _ITERATURE CITED
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