KOREAN J. FOOD SC1. TECHNOL.
Vol. 7, No. 1 (1975)

Studies on the Extraction of Natural Compounds from
Plants and Microorganisms

Part 2. Extraction of Orange-yellow Pigment from Defatted Gardenia

Ju-Hyun Yu, Seung-Kon Yoo* and Ryung Yang

Department of Food Engineering, Department of Chemical Engineering®

Yonsei University, Seoul
(Received Jannary 31, 1975)

EVBESH X&(LaH ol 8 FR
18 IS MAS ARELE XS BF HMEOl Bt FE

0 OoMEL - R -RE
T ARE BTAR RRTHE - (LBRITBH*
(43894 1975.1.3D

E 9

f#Erg AAHKAA Orange-Yellow BFEE HilHs
o &S Bl A log tI1so)l HHIsY L BE HERS
3050 EEHAN o BEZT EAT wel log T35
HEEE L &8 HBEBEE 40°C71 B =Hged
At 0.12% BEEe] Bl log $379 ¥ HMHE
+ vehlia, BPE 228 KBEY Ade 48 BE
1A 4 AEE 0.6(0.D 448 mud=tF o F& H
HERE 249 ol&¢ &84,
Prota=1.151og t + 3. 73 log T+3. 7log S—4X—6. 4
Piotal: total
pigment from Gardenia.
t: extraction time (0.5~60 min)
T: extraction temperature (5~50°C)
S: volume of solvent (5~50 ml)
X: fat contents (0~15%)
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amounts of extracted orange-yellow

INTRODUCTION

Edible pigments have some functions such as colour

-ing, additives, antiseptics, and so on. Also, they
increase one’s appetite.

At present, instead of natural pigments that have
contributed to improve the diet of mankind, many
kinds of synthetic pigments have teen developed. But
some of these synthetic pigments involve virulences
and often make public censure.

Therefore, all countries of the world have enacted.
of laws of food sanitation and have made efforts to
investigate the safety of food from adding pigments.

By Antatso Kogi (1970), ¥’ although the amount of
natural pigments extracted from plants is small in
quantity, they have original taste, smell, and have
little virulences in comparison with synthetic pigments.
On the whole, natural pigments are unstable in light,
heat, acid and base solution.

In the 1920's, P. Karrer (1927~1930)¢®* ¥ who had
been studying Safranpigments discovered that Crocin,
the digentiobiose ester of Crocetin, exists in Safran
and Gardenia, and its colour is orange-yellow. Kozo
Miki and P. Karrer (1929)®’> determined the formula

of Crocin to be the following;
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The maximal wave lengh of Crocin in methanol
was known to 434 my, 464 mg but its available
characteristics had not been studied as yet. Donald
F. Othmer and Jagdish. C. Agarwal(1955)™ studied the
theory and mechanism for the extraction of soybeans,
(1970)®  reported the
tion of leaf protein concentrates of some plants
growing in Korea. In a previous report (1974)® the

pigment-extraction from the natural Gardenia, which

Sang Choe et el extrac-

was not defatted, was studied and a general empirical
equation to the amounts of extracted-pigment was
derived.

This research was attempted; i) to determine the
extraction mode of orange-yellow pigment from defatted
Gardenia, ii) to find a laboratory technique which
would give the data of optimal conditions for plant
design, iii) and to improve the empirical equation
that was derived by Yu and Hong (1974). &

METERIALS AND METHODS

Materials

Sample that was supplied for the experiment came

from the Nam Hae island in Korea. The average
weight of a Gardenia fruit is 1.2002 g, containing
about 14.9% (wt/wt) of fat contents, and involves
2bout 5.541% (wt/wt) of moisture contents.

Fully dried samples including cuticle were ground
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with mortar to pass 24 mesh screen(Tailor style:dia:
0. 701 mm),

Methods
a) Measuring the amounts of orange-yellow pigmeni
and fat contents.

The amounts of pigment was estimated by measur-
ing the optical density of extracted-solution at 448 my
with UV-spectrophotometer HITACHI model 101 by
following the ways of previous report (1974)¢® and
T.V. Ramakrishnan (1973). % The amounts of fat
contents was measured with Soxhelt equipment.

b) Method of pigment-extraction

Extraction conditions were based on the following;
0.1g of defatted Gardenia was accurately weighed,
adding 20 ml of water, orange-yellow pigment was
extracted at room temperature (18°C) for 1( minutes.
c) Derivation of empirical equation

The total amounts of the extracted pigment(Pioal)
was effected by the change of extraction time (t),
extraction temperature (T), volume of solvent (S)
and fat contents (X).

Therefore, Piorai=f(t.T.S.X)

Now that, to determine the optimal conditions of
operating the experiments, we studied the effect of
one variable while others fixed.

Differenciating the above equation,
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technique,

Piow = OPotal t o+ 0Piotal
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S0, Potal Was determined by the sum of four inde-
pendent variables of the right in above equation.
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RESULTS AND DISCUSSION

1) Solvent and analytical wave length
To determine the proper solvent for extraction of

orange-yellow pigment from defatted Gardenia,

various solvents were assayed and the results were
illustrated in Table 1, It shows that the amounts of
the extracted-pigment was more productive for the
defatted sample than that of the natural sample. And
it seems that methanol is more useful than any other

solvents, but water was used in this experiment.

Table 1. The amounts of extracted orange-yellow pigment from Gardenia by using of various solvents

Solvent Water Methanol Ethanol Acetone Benzene Ethyl-ether
>
= < Natural
E £ Gardenia 4.51 6.10 1.02 0.178 0.027 0.032
53
S8 Defatted
S Gardenia 5.10 8.80 1.40 0. 240 0.015

Sample Q. 1g, solvent 20 ml, extraction time 60 min., extraction temperature 18°

When water was employde as the solvent, the

absorption curve of extracted solution at each wave
length was measured by Beckmann Grating spec-
trophotometer DB-G and shown in Fig. 1. But the
extraction of Crocin was not our aim, we only wanted
to extract mixed orange-yellow pigment from a crude
sample. So, 448 mpy was chosen as the basis to measure

the o, tical density of orange-yellow pigment.
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Fig. 1. UV-absorption spectrum of the extracted
orange-yellow pigment from Gardenia.
solvent:water

2) Heat-stability of the extracted orange-yellow
pigment in solution.
To investigate the heat-stability of pigment for

increasing the temperature of solution of extracted-

pigment, 20 ml of water was added to the (.1g of
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Fig. 2. Heat-stability curve of the extracted orange-
yellow pigment from Gardena. Exposure of
sample solution for 10 min., at each temper-
ature.
—()—: Natural sample solution

-®- : Defatted sample solution
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sample and orange-yeliow pigment was extracted at
18°C for 1 hr. Then,the optical density of the solution
was measure d at 448 mgy after setting it in the ther
mos tat for 10 minutes at each temperature (Fig. 2).
The pigment-solution was relatively stable under the
temperature of 40°C, but the optical density of
solution was fairly decreased above 50°C because of
the oxidation ¢f Crocin which has double bonds in the
structure.

3) Effect of time on the extraction of orange-yellow

pigment from defatted Gardenia.

Defatted sample, adding 20 ml of water per 0.1g
ground Gardenia, was used. The cptical density at
448 mu “of extracted-solution, which was measured
with the variety of extraction time at each temperature,
was illustrated in Fig. 3.

As a whole, the extraction was progressed in a
short time and the amounts of extracted-pigment from
defatted sample was more productive than that of
natural sample which was described in the previous

report about 0.6 (O.D 448 my) for each extraction

time.
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Fig. 3. Effect of time on the extraction of orange-
yellow pigment from defatted Gardenia.
Sample (. 1g, solvent 20 ml.

In Fig. 3, the straight lines, one for each tempera-
ture, are parallel with a constant slope of 1.15. This
indicates a general equation;

Pi=1.15 log t4m «-eeeeeeeerneennns [¢))
in this equation

t is the time of extraction in minutes(0. 5~60 min.),

P, is the amounts of extracted orange-yellow pig
ment(0.D 448 my), and m is the constant for each
temperature, which may be evaluated from Fig. 3 by
taking the value of the intercept with the time
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(33).

crdinate for 1 min (log 1=0).

But, the values of P: were not suitable to the equa
-tion (1) with the increasing of extraction time over
60 minutes. Therefore, about 30 min. was chosen as
the optima! extraction time.

4) Effect of temperature on the extraction of orange-
yellow pigment from defatted Gardenia.

The optical density of extracted-solution at 448 mg,
which was measured with a variety of extraction
temperature for 10 minutes at each volume of solvent
They

also showed that the amounts of extracted orange-

on defatted sample, was illustrated in Fig. 4.
yellow pigment was proportional to the logarithm of
extraction temperature with a constant slope of 3,73.
This was indicated as the equation (2).

PT~m=3.73 log THm! ceeeevennennans @)
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Fig. 4. Ffect ¢f femperature on the extraction of
corange-yellow pigment frem cefatetd Gardenia.
Sample 0. 1g, extraction time 10 minutes.

In this equation,
T is the temperature of extraction in centigrades
(5~6°C), PT is the amount of extracted orange-yellow
pigment (0.D 448 mp), and m’ is the constant for each
volume of solvent, which may be evaluated from
Fig. 4 by
temperature ordinate for 1°C (log 1=0).

taking the value of intercept with the

Also, the amounts of extracted-pigment was higher
than that of natural sample about 0.6 (O.D 448 mgu)
But the values of
Pr were not adequate to the equation (2) above the

for each extraction temperature.
temperature 50°C. It means that the amounts of
extracted-pigment was limited to the temperature and
the orange-yellow pigment was destroyed at the high
temperature. Therefore, the optimal extraction tempe
rature was supposed to be 40°C,
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5) Effect of volume of solvent on the extraction of
orange.yellow pigment from defatted Gardenia.
The optical donsity of extracted-solution at 448 my,

which was measured with the variety of volume of

solvent per (.1g of defatted sample at 18°C, for 10

minutes, was illustrated in Fig. 5. The amounts of
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Fig. 5. Effect of volume solvent of on the extraction

of orange-yellow pigment from defatted Gar-

denia. Sample 0.1 g, extraction time 10 min..

extraction temperature 18°C.

Qeeeene O : natural Gardenia

@ @ : defatted Gardenia

extracted orange-yellow pigment was proportional to
the logarithm of increzsing the volume with a constant

slope 3. 7.
As a result, equation (3) was derived.
Ps =3.7 log SH+Kiweeeemiiinnnns 3
5.
[

(-4
<
Y

L,
I
U

5 10 1S
FAT CONTENTS (%)
Fig. 6. Effect of fat contents on the extraction of
orange-yellow pigment from Gardenia. Sample
0. 1 =, solvent 20 ml, for 30 min., at 18°C.
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In this equation,

S is the volume of solvent per 0.1g of sample in
milli-liters (5~50 ml).

Ps is the amounts of extracted orange-yellow pig-
ment (0.D 448 mg), and k is the constant that indicates
the value of the intercept with the volume ordinate for
1 ml, and it also involves the wmeaning of values
between natural and defatted samples.

However, the amounts of extracted-pigment was not
increased in pace with the equation (3) more than 50
ml of solvent per 0.1g of munple. Also, it becomes
hard to separate the pigment from solution for much
volume of solvent per 0.1¢ of sample. The muitiple
extraction process was more useful than using batch
process, because the amount of pigment which was
extracted threz times with 20 m! of water per 0. 1g oi
sample was more than that ecxtracted cne time with
60 ml of water per 0.1g of sample.

6) Effect of fat contents of sample cn the extracton
of orange-yellow pigment from Gardenia..
Obviously, the fat contents effected the amounts of

extracted-pigment as the observations of previous data

and the average amounts of extracted-pigment from
defatted sample is 0.6 (O.D 448 myu) more than that
of natural sample.

varied in the
Therefore, the

k, the intercept of equation (3),
amount of fat contents of sample.
optical density of extracted-solution ai 448 my, which
was measured with the variety of fat contents, adding
20 ml of solvent per 0.1g of sample at 18°C for 33
minutes, was illustrated in Fig. 6. As the figure
shows, the amounts of extracted-pigment was decreased
in proportion to the constant slope of -4 while increas
-ing the fat contents of sample. This indicates a
general equation;

Kez—g X4, 8 eeveverees ere e )

In equation (4)

X is the fraction of fat contents in sample(0~0. 15),.

k is the amount of extracted pigment that varies
within the range of 0.6 (O.D 448 my) between natural

and defatted sample.

Now, the above equations that were derived from:
the change of extraction time (t), extracion temper-
ature (T), volume of solvent(S), and fat contents of
sample (X), should be united in one equation by

concentrating on the origin. (log t=0, log T=(, log
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S$=0, X=0). As the result of concentrating them on
the origin,
equation (2), were paralleiled as the amounts of
—1.15 (O.D 448 mg) and indicated at the right
ordinate of Fig. 4. Also, the values of k, the intercep

the wvalues of m’, the intercepts of the

-ts of equation (3), were parallelled as the amounts
of —4.68 (0.D 448 myu) after moving the amounts of
—1.15 (O.D 448 mgy). ------(see the right ordinate of
Fig. 5).

Therefore, the values of k were determined with
the range of between —6.4 (0.D 448 my) and —7.0
(0.D 448 my) that where skown in Fig. 5 as a values
of intercepts.

Consequently, the improved empirical equation was
derived.

- Piotar =1.15log t+3.73 log T+3.7 log S—4X

Fig. 7, Fig. 8§ were the resuits of comparison be-
tween experimental values and computational values.
Their deviation range is only +1. 750%.
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Fig. 7. Comparison of data between the computati-
onal curve and experimental curve on time
of the extracted orange-yellow pigment from
defatted Gardenia
—— Computational curve
------ ; Experimental curve
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Fig. 8. Comparison of data between the complutati-
onal curve and the experimental curve on time
of the extracted orange-yellow pigment from
defatted Gardenia.

—— Computational curve
------ . Experimental curve

ABSTRACT

The extraction efficiency of orange-yellow pigment
from the Gardenia was greatly depended upon the
extraction time, extraction temperature, volume of
solvent used and fat contents of the Gardenia.

Fom the experimental results, tke amounts of
extracted pigment (P) was proportional to the log
t 115 of extraction time(t; (~60 min.), the log T3
of exiraction temperature(T; 5~60°C), the log S3-7 of
volume of solvent(S; 5~50 ml), and the —4X of fat
contents of sample (X; 0~0.15) at 18°C for 10
minutes.

Finally, the modified empirical equation was derived
as follow;

P=1.15 log t+3.73 log T+3.7 log S—4X—6.4

In addition to that, the most optimum conditions of
pigment extraction were determined as 30 minutes of

operation time, 40°C of temperature. Deffated Gardenia
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was more productive than natural Gardenia in the

pigment extraction.
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