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The Food Color Extraction from Gardenia Fruit
(Gardenia jasminodes Ellisforma var gardiflora M akino) :
TheAppropriate Extraction Conditions

Siwapor n siwawej 1 and Auchar eeya Jarayapun?

ABSTRACT

Moisture and fat contents of the fresh and the dried gardenia fruits were investigated. The results
showed that themoisture content inthefresh fruitswas higher thanthat inthedried fruitsand thefat content
in the fruits was higher than that in the pericarp. It was aso found that the fat content did affect the color
extraction efficiency. Methanol and water were the best solventsfor color extraction. Addition of acid to
the solventsdid increasethe solubility of the color pigments but decreased the stability of the col or extract.

The appropriate temperature and time needed for extractionwhen water employed astheextraction
solvent were 70-80°C and 5-10 minutesrespectively. The extraction with stirring process did not increase
the extraction efficiency. However, when methanol was used as the extraction solvent, the efficiency of
extraction increase and the appropriate temperature and time for extraction was 60°C and 30 minutes
respectively. Theappropriatevolumeof solvent, either water or methanol for 1g Gardeniafruit samplewas
200 mililiters.

Accordingtotheresultscarried out by TLC, UV -Spectrophotometer, I nfra-Red Spectrophotometer
and Nuclear Magnetic Resonance, they revealed that the gardenia fruit color extract was Crocin. The
evaluation of gardeniafruit color extract asfood colorant indicated that the color extract could be used as
food colorant i.e. yellow food color.
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INTRODUCTION

Color isthe first sensory quality by which
food are judged, since food quality and flavor are
closely associated with color. In addition, many
coorless convenience foods such as confectionary
products, snacks, beveragas and gelatin dasserts,
the food color was added in order to identify the
taste and increased the pal atability.

The color generally added to the food is

either natural or synthetic food colors. Since more
and more synthetic food colors were reported un-
safe (FAO, 1963 ; FAO,1985 ; JECFA,1964),
therefore, thesearchfor morenatural food colorsis
of vital importance. Theobjectiveof thisstudy was
tofind out whether theyellow pigment in Gardenia
fruit could be used as the food colorant and to
replacetartrazine or FD and C yellow No.5 whose
safety for human consumption is presently found
controversy (Weissler, 1975 ; Swain et al., 1984).
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Inaddition, theincreasing used of the nativegarde-
niafruit can not only generate more incometo the
local growers but also help to reduce the foreign
currency which hadto pay for food color imported.

MATERIALSAND METHODS

Fresh gardenia fruit were purchased from
Nakorn-Nayok province and dried gardenia fruit,
prepared by blanching the fresh gardenia fruit
before sun drying.

1. Moisture and fat contents

Moistureand fat contentsof thefresnwhole
gardeniafruit, thedried whole gardeniafruit fruits,
the fresh gardeniafruit (without pericarp) and the
dried gardeniafruit without pericarp were carried
out according to AOAC(1984).

2. Comparision of the Gardeniafruit color
extracted fromboththefreshandthedried gardenia
fruit were performed by soaking different 0.1g of
the above mentioned samplesin to 35 ml distilled
water for 5, 10, 20, 30 and 60 minutes. Thefiltrates
weredrawnfor absorbanceat 440 nm M easurement.

3. The effects of different fat contents on
thecolor extraction efficiency of thedried gardenia
fruit were studied by soaking the dried fruits in
petroleum ether for 1 hour, prior to filtering. The
sameprocedurewasrepeated 3times. Fivedifferent
portionsof samplesobtainedwould containdifferent
quantities of fat. Each of these sampeswasdivided
into 2 parts, the first part for fat determination
accordingto AOAC (1984) and the second part for
food color extraction by soaking 0.1 g of samplein
35 ml. of distilled water for 10 minutes.

4. Theinvestigationonappropriatesolvent,
time, temperature and volume of solvent used for
food color extractionwereconducted. Thegardenia
fruit used in this experiment was dried ground and
defatted.

4.1 Solvents

Different solvents, i.e. distilled water ; 10,

20 and 30% acetic acid ; 0.1, 1.0, 3.0 and 5.0%
hydrochloric acid ; methanol ; 0.1 and 1.0%
hydrochloric acid in methanol ; ethanol ; 0.1 and
1.0% hydrochloric acid in ethanol were used for
color extraction. Theidentical soakingtimewas10
minutes. Theintensity of thefood color extract was
measured by UV -Spectrophotometer at 440 nm.

4.2 Time and Temperature

The studies were carried out by soaking
different portions of 0.1 g ground gardeniafruitin
35ml distilled water andincubatedinthewaterbath
at 40,50, 60, 70,80and 100°C androomtemperature
(32°C). Thesamplesweredrawnfor measuringthe
absorbance at 440 nm by UV -Spectrophotometer
after 0,1, 2,5, 10, 20, 30 and 60 minutesextraction.
The same procedures were repeated by using
methanol as the extraction solvent.

4.3 Volume of solvent

The solvents selected for thisinvestigation
were water and methano. Different portions of 0.1
g ground gardeniafruit were extracted for 10 min.
invariousvoluesof water and methanol, i.e. 10, 20,
30, 40, 50, 60, 70, 80, 90 and 100 milliiters. The
food color extracts were drawn for absorbance
measurement at 440 nmby UV -Spectrophotometer.
The extraction procedures were carried out by
soaking in the solvent only and together with
stirring process.

5. Separation and identification of color
componentsof thegardeniafruit col or extract were
carried out by using Thin Layer Chromatography
and Spectroscopy, respectively.

5.1 Separation of Gardenia fruits color
extract by Thin Layer Chromatography

Sixteen different gardenia fruit color
extracts, based onraw materia sand kind of solvent
(water or methanol) used, i.e. freshwholegardenia
fruit, dried whole gardenia fruit, fresh gardenia
fruit without pericarp, dried gardeniafruit without
pericarp, defatted fresh gardenia fruit, defatted
dried gardenia fruit, defatted fresh gardenia fruit
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without pericarp and defatted dried gardenia fruit
without pericarp were separated by Thin Layer
Chromatography. Silica gel 60 g was used as a
stationary phase. The appropriate solvent systems
studied were ethyl acetate : 2-propanol : water
(10:6:3) (Pfander and Wittwer, 1975), chloroform
: methyl acohol (8:1), acetone: 1-pentanol : water
(2:2:10), butyl alcohol : acetic acid : water (4:1:1),
chloroform : acetic acid (9:1) (Duguenois, 1972),
benzene : methyl acohol (95:5) (Corradi et al.,
1981), benzene : ethyl acetate (3:7), 2.5% sodium
chloride solution (Pavanch, 1972), ethyl acetate :
1-pentanol : water (1:2:1), methyl acohol : acetone
(5:2), 1-pentanol : acetic acid : water (4:1:1), 1-
pentanol : aceticacid: water (5:1:1). Theascending
chromatography was employed.

5.2 ldentification of the color extract
components.

The dried color extract components
separated werescrapped fromthe Thin Layer plate.
The appropriate volume of ethanol was added and
the silica gel was separated by IEC Clinical
Centrifuge. Solutionof thecol or extract wasdivided
into 2 portions, one for measuring by UV-
Spectrophotometer, another wasexamined by Infra-
Red Spectrophotometer and Nuclear Magnetic
Resonance after evaporated under vacuum.

6. Theevaluationof thegardeniafruitcolor
extract asfood col orant wascarried out by dissolving
theGardeniafruit color extract powder inpropylene
glycol and glycerol. Both color extract solutions

were then used as coloring agents for synthetic
pineapple flavored beverage and Kha-nom Sali
(Thai traditional dessert). The different of color,
flavor and texture of thetasted food were observed
compared to theonesusing Tartrazine (Amerineet
al.,1965).

RESULTSAND DISCUSSION

The results of moisture and fat contents of
the Gardeniafruit showed that themoi sture content
in the fresh Gardenia fruit was higher than that in
the dried Gardenia fruit and the fat content in the
fruits was higher than that in the pericarp, i.e. the
average fat content in the Gardenia fruit without
pericarpwas32.0% and 21.1%for thewhol efruits.
The moistureand fat contents of the Gardeniafruit
examined were tabulated in Table 1.

Results of the color extraction from the
fresh and thedried Gardeniafruit indicated that the
extract fromthefreshgavethehigher colorintensity
(Figurel). Thedataal so showed that thelonger the
extraction time, the more the concentration of the
gardeniafruit color extracted from either the dried
or the fresh gardeniafruits. Owing to the high fat
content of the gardeniafruit studied, the efficiency
of the color extraction might be interfered.
Therefore, theinvestigationsonthecol or extraction
from the gardenia fruit with different levels of fat
content wereperformed. Thedataobtainedindicated
that therewasarel ationshi p betweenthefat content

Tablel Moisture and fat contents of the gardeniafruit.
Treatment M oi sture(%) Fat content(%)
Dried gardeniafruit without pericarp 6.5 304
Dried whole gardenia fruit 6.0 239
Fresh gardenia fruit without pericarp 51.0 32.0
Fresh whole gardeniafruit 56.7 21.1
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in the fruits and the concentration of the color
extracted, i.e. the higher the fat content in the
extracted sample, the lower the concentration of
the color extracted (Figure 2).

The observations on appropriate color
extraction solventsareshownin Figure3. Methanol
gave the highest extraction efficiency over water
and ethanol respectively confirmed by the study of
Yu et al. (1975) and Nobuo et al. (1976). Adding
acetic acid or hydrochloric acid to the solvent did
improvetheefficiency of theextraction. However,
the dregradation of color extract occurred, if the
concentration of theacidwastoohigh. Dataobtained
from the studies on the optimum time and
temperature for gardenia fruit color extraction by
water (Figure 4) showed that the efficiency of the
color extraction increased with the increasing
extraction temperatures, but only in a very short
period of time. However, prolonged extraction at
higher temperatureresultedinthemarked reduction
of the color extraction efficiency. The optimum

Absorbance at 440 nm

®—® Fresh Gardenia fruit

OO Dried Gardenia fruit

1 T T T T T T 1
10 20 30 40 50 60 70

Extraction time (min)

Figurel Color extraction from fresh and dried
gardeniafruit. (0.1 gof samplein 35ml
distilled water).

4.0 -

3.0 -

Absorbance at 440 nm

T T T T T 1
5 10 15 20 25 30

Fat content (%)

Figure2 Relationship between the color
extraction efficiency andthefat content
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Figure3 Theextractionsof the gardeniafruit by
various solvents.
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temperature and time for extraction were 70-80°C
and 5-10 minutesrespectively. Theextractionwith
stirring process did not increase the extraction
efficiency. However, when methanol was used as
the extraction solvent, the efficiency of extraction
increased either with or without stirring process.

Results from the investigations on the
optimum volume of solvents (water and methanol)
for the gardenia fruit color extraction (Figure 5)
indicated that the extraction efficiency increased
withtheincreasingvolumesof thesolvent. Soaking
of the samples in water with and without stirring
resulted in no difference in the color extraction
efficiency. But amarked difference showed when
methanol was used as the solvent. The optimum
volume of solvent, either water or methanol for 1 g
gardenia fruit sample was 200 milliliters.

The studies on the solvent system for the
separation of 16 different color extracts by Thin
Layer Chromatography (Figure 6) indicated that
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Figure4 Appropriate time and temperature for

the gardenia fruit color extraction by
water (0.1 g of sample in 35 ml of
distilled water).

the appropriate solvent system was 1-pentanol :
aceticacid: waterintheratioof 4:1:1anddevel oping
timewas6 hours. Theresultsal so showed that each
of the 16 different color extracts were separated
into 6 points and al were yellow. The point No.4
had the highest intensity.

Identification of color extract component
carried out by UV-Spestrophotometer showed that
all 6 pointshad similar absorbancewhichindicated
that they should contain the same compounds or
derivatives (Table 2).

According to results obtained from the
absorbance measurement by UV-Spectrophoto-
meter indicated that all the 6 points of the gardenia
fruit extract separated had the same molecular
structure. Therefore, the point No.4 which had the
highest intensity was selected for further
examination by the Infra-Red Spectrophotometer.
The results in Figure 7 showed that ir spectrum
(in KBr) : 945 cm1 (-CH=CH-trans), 1050 cm1
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Figure5 Appropriate solvent volume and
extraction procedure.
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(-C-O-CO,ether), 1160 cml (-C-O-,ester), 1562
nd 1618 cm1 (-C=C-, conjugated polyene), 2920
cml (CH-aliphstic) and 3420 cml (-OH). The
color samplesinvestigated by NMR were prepared
by dissolving the point No.4 color withDM SO and
CHCl 5, nmr spectrum shownin Figure 8 were 8.06
(CHCly), 7.66d[2H,H at C(10)] and C(10)7.2-
7.5d(8H of polyene), 5.43(2H,H at C(1) of glucose),

5.2-5.35d[6H,H at C(2)-C(4) of glucose), 4.9-
5.1d(H of OH of glucose), 4.17d(H at C(7) of
gentiobiose), 2.56d(DM SO), 1.86d(12H,H of me-
thyl), 1.26d(H,0).

The absorbance, ir and nmr spectrums
studied were found comparabl e to the absorbance,
ir and nmr spectrums of Crocetin investigated by
Pfander and Wittwer (1975). In addition, the Rf of

Figure6 Separation of the gradeniafruit color extractsby TLC.
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Fresh gardenia fruit (defatted) (extracted by methanol)

= Fresh gardeniafruit (defatted) (extracted by water)

= Fresh gardenia fruit without pericarp (defatted) (extracted by methanol)
= Fresh gardenia fruit without pericarp (defatted) (extracted by water)

= Fresh whole gardeniafruit (extracted by methanol)

= Fresh whole gardeniafruit (extracted by water)

= Fresh gardeniafruit without pericarp (extracted by methanol)

Fresh gardenia fruit without pericarp (defatted) (extracted by water)

= Dried gardeniafruit (defatted) (extracted by methanol)

= Dried gardeniafruit (defatted) (extracted by water)

= Dried gardeniafruit without pericarp (defatted) (extracted by methanol)
= Dried gardeniafruit without pericarp (defatted) (extracted by water)

= Dried whole gardeniafruit (extracted by methanol)

= Dried whole gardenia fruit (extracted by water)

= Dried gardeniafruit without pericarp (extracted by methanol)

= Dried gardeniafruit without pericarp (extracted by water)
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Table2 Absorbance of the gardenia fruit color extract components scrapped from thin-layer

chromatography.

No. of color point

Maximum wavel ength for maximum absorbance

(*ax MeOH, in methanol)

No.1 423.4, 445.7 and 470.9 nm
No.2 422.8, 445.9 and 471.2 nm
No.3 423.2,445.3 and 471.0 nm
No.4 423.3, 445.6 and 471.0 nm
No.5 423.2, 445.3 and 471.0 nm
No.6 4225, 445.1 and 471.0 nm
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Figure7 Ir-spectrum of color pigment separated from the gardenia fruit color extract (KBr).
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Figure8 Nmr-spectrum of color pigment separated from the gardeniafruit color extract (in CHClz and
DMSO).
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the gardenia fruit color extract studied by TLC,
thecolor point No.4was0.44whichwascomparable
to Rf = 0.5 of crocetin-(b-D-gentiobiosyl)-(b-D-
glucosyl)-ester (Pfander and Wittwer, 1975).
Therefore, the color point No.4 could be crocetin-
(b-D-gentiobiosyl)-(b-D-glucosyl)-ester.
According to the results obtained from the
investigation carried out by TLC, UV-
Spestrophotometer, Infra-Red Spectrophotometer
and NMR, it could be concluded that the Gardenia
fruit color extract was crocin (Gisvold and Rogers,
1938 ; Peach and Tracy, 1955 ; Deven and Scott,
1972 ; Bentley, 1960). The evaluation of Gardenia
fruit color extract asfood colorant wasa so carried
out. The color extract powder was prepared in
propyleneglycol and glycerol. Both color samples
and Tartrazine were added to various portions of
thesynthetic pineappleflavored beverageand Kha-
nom Sali. Results from organoleptic tests showed
that there was no different acceptance on the color
and texture of the tested foods. While there was a
bitter aftertaste found in the food samples colored
by thecolor extract in propyleneglycol. Therefore,
it could be concluded that gardenia fruit color
extract in glycerol could be used as food colorant
without any adverse effect to the food product.

CONCLUSION

According to the data obtained it indicated
that thefat content was higher in thefruit. The best
solvents for extraction were water and methanol.
Addition of acid to the solvent increased the
extraction efficiency but reduced the stability of
thecolor extract. The optium temperatureand time
for color extractionwere70-80°C and 5-10 minutes,
when water were used as the extraction solvent.
The extraction with or without stirring processdid
not affect the efficiency. However, when methano
was used as the extraction solvent, the extraction
efficiency increased. The appropriate volume of

solvent either water or methanol was200 milliliters
for 1 g gardenia fruit sample.

Based on the results carried out by TLC,
UV-Spectrophotometer, Infra-Red Spectrophoto-
meter and NR, it could be concluded that the
gardeniafruit color extract was Crocin.

The evauation of gardenia fruit color ex-
tract as potential food colorant indicated that the
color extract could be used as food colorant.
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