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Monogalactosyldiacylglycerol (MGDG), digalactosyldiacylglycerol (DGDG) and trigalactosyldiacylglycerol
(TGDG) were prepared from various natural materials. In all glyceroglycolipids, linoleic acid, linolenic acid, palmitic
acid, oleic acid and stearic acid were the major components. The kinetics of polymorphic transformation on cocoa but-
ter and the effect caused by the presence of the glyceroglycolipids prepared from carrot, corn, wheat flour and Chlo-
rella pyrenoidosa were investigated. Each glyceroglycolipid can be incorporated at the level of 5% within the cocoa
butter without changing the crystal lattice. The polymorphic transformation on cocoa butter was induced by continu-
ous temperature cycling between 32 and 20°C at 12 h intervals and monitored with a differential scanning calorimeter.
The test results indicated that MGDG and DGDG significantly retarded the polymorphic transformation from Form
V to VI on cocoa butter compared with the control, with the addition of MGDG being the most effective. These results
indicate that MGDG and DGDG extracted from various natural materials are effective in retarding the polymorphic

transformation of cocoa butter.
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The formation of fat bloom on the surface of chocolate has
been an industrial problem in chocolate manufacturing because it
damages the product and significantly decreases the commercial
value. Cocoa butter in chocolate is polymorphic, and has six
forms (Form I, II, III, IV, V and VI), as identified by Wille and
Lutton (1966). It is believed that fat bloom is formed due to the
polymorphic transformation on cocoa butter. Thus, it is necessary
to control the polymorphic transformation from Form V to VI to
inhibit the fat bloom (Jana & Thakar, 1993; Hartel, 1999). Con-
trol of this transformation has been proposed, for example, by
adding a substitute fat highly compatible with cocoa butter
(Lohman & Hartel, 1994) or adding an emulsifier as a fat bloom
inhibitor (Aronhime et al., 1988; Suwa & Matsuda, 1993).

In our previous report (Nakae et al., 2000a, b), we described
the retardation effect on the polymorphic transformation from
Form V to VI of cocoa butter with the addition of monogalacto-
syldiacylglycerol (MGDG) extracted from pumpkin. We also
showed that dark and milk chocolates to which the glycolipid
fraction had been added containing MGDG inhibited fat bloom
development in comparison with that of control (no addition) and
lecithin.

The glyceroglycolipids are widely distributed in edible plants
such as cereals, legumes, vegetables and fruits; their structures
are shown in Fig. 1. Glyceroglycolipids consist of hydrophilic
carbohydrate groups and hydrophobic fatty acid moieties which
bind to a glycerol moiety, and are known to be some of the major
components of biomembranes (Kates, 1990). They are also
believed to play important roles such as enhancing membrane
stability (Chapman et al., 1983). Some glyceroglycolipids have
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also been reported to exhibit anti-tumor promoting activity
(Murakami et al., 1995) or biological activities (Katsuoka et al.,
1990; Sakata & Ina, 1983).

In this report, we prepared MGDG, digalactosyldiacylglycerol
(DGDG) and trigalactosyldiacylglycerol (TGDG) from various
natural materials. Among the sources investigated were pumpkin
purée, carrot purée, spinach purée, corn purée, wheat flour, soy-
bean (lecithin), rice, barley, orange (flavedo), tea, cacao (raw
seed), almond (raw seed) and Chlorella pyrenoidosa. We investi-
gated the performance of their gained glyceroglycolipids as a
dynamic controller of the polymorphic transformation of cocoa
butter.

MGDG, DGDG and TGDG were prepared by the previously
reported method of Nakae ef al. (1998). They were confirmed by
thin-layer chromatography (TLC) (Merck, art. 5626, Darmstadt,
Germany) using chloroform-methanol-H,O (65 :25: 4, v/v/v),
and were detected by spraying 50% (v/v) H,SO, followed by
heating at 130°C for 5 min. Each purity of extracted glycerogly-
colipid was confirmed by high performance liquid chromatogra-
phy (HPLC) using DIOL column (4.6X250 mm, Merck) eluted
with n-hexane/2-propanol/1-butanol/water (60/30/7/3, v/v/v/v) at
a flow rate of 1.0 ml/min at 25°C, with detection by an evapora-
tive light scattering detector (ELSD; DDL-31, EUROSEP Instru-
ments, Cergy, France). Detector temperature was at 60°C and the
inlet nebulizer pressure was set to 1.5 bar.

Table 1 summarizes the composition of glyceroglycolipids as
determined by the HPLC-ELSD method, which was signifi-
cantly different among the sources examined. Corn, spinach, tea
and pumpkin contain much MGDG and DGDG, while TGDG
was present in pumpkin alone. Chlorella pyrenoidosa contains a
great deal of MGDG.
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Fig. 1.

Table 1. Glyceroglycolipid compositions of various natural materials as
determined by HPLC-ELSD.
MGDG DGDG TGDG
Yield Yield Yield
(mg/100g D.W.) (mg/100g D.W.) (mg/100g D.W.)
Barley 14 60 ND
Corn 341 516 ND
Rice (milled) 0.2 0.7 ND
Rice (bran) 8.4 2.4 ND
Wheat fiour 102 225 ND
Soybean (lecithin) ND 60 ND
Cacao (raw) ND 58 ND
Almond (raw) ND 1.6 ND
Spinach 840 878 ND
Tea 810 736 ND
Carrot 91 112 ND
Pumpkin 350 420 307
Orange (flavedo) 21 42 ND
Chlorella pyrenoidosa 3120 270 ND

ND: not detected

Sugawara and Miyazawa (1999) have quantified glycolipids
from edible plant sources by HPLC using an evaporative light-
scattering detector. They reported that DGDG is rich in barley,
corn and wheat flour, and that MGDG and DGDG are rich in
leek, parsley, perilla, spinach and pumpkin. Our results are in

Structures of MGDG, DGDG and TGDG. R represents acyl residue.

agreement with their findings. However, since the concentration
of glyceroglycolipids in natural materials can vary tremendously
depending on the cultivar, growth condition, stage of develop-
ment and processing method, the data given in Table 1 do not
imply universal glyceroglycolipid contents.

Preparations of the methyl esters from each glyceroglycolipid
were done by the previously reported method of Nakae et al.
(1998). The fatty acid compositions of glyceroglycolipids in car-
rot, corn, wheat flour and Chlorella pyrenoidosa are shown in
Table 2. In all glyceroglycolipids, linoleic acid, linolenic acid,
palmitic acid, oleic acid and stearic acid were the major compo-
nents; palmitoleic acid was present in Chlorella pyrenoidosa
alone. Carrot was rich in palmitic acid and stearic acid, while
corn and wheat flour were rich in linoleic acid.

We examined the polymorphism of cocoa butter through a
thermo-cycle test by the following methods. Ten grams of cocoa
butter (Daito Cacao Co., Ltd., Tokyo) at 60°C was cooled to
30°C within 10 min. Each glyceroglycolipid sample was added
at 5% when the temperature of cocoa butter reached 30°C. Then,
0.25% seed crystal [P, stable crystal of SOS (1, 3-distearoyl-2-
oleoyl-glycerol); Fuji Oil Co. Ltd., Osaka] was added to make an
uniform Form V crystal type. After the seeding, cocoa butter was
agitated for 5 min at 30°C to homogeneously disperse the glycer-
oglycolipid and seed crystal. Cocoa butter in a conical tube
(28100 mm) was immediately cooled and solidified at 15°C for
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Table 2. Fatty acid compositions of MGDG and DGDG from various natural materials.

E d Carrot Comn Wheat flour Chlorella
atty aci

Y MGDG DGDG MGDG DGDG MGDG DGDG MGDG DGDG
Palmitic acid (C16:0) 24.0 39.5 4.7 15.3 11.5 154 2.0 14.3
Palmitoleic acid  (C16:1) ND ND ND ND ND ND 10.6 7.1
Stearic acid (C18:0) 14.2 7.7 0.5 1.3 7.2 43 0.9 5.6
Oleic acid (C18:1) 8.2 4.3 28.8 18.7 8.2 6.6 37.6 30.3
Linoleic acid (C18:2) 354 39.3 55.8 54.2 69.1 68.1 13.5 18.4
Linolenic acid (C18:3) 18.2 9.3 10.2 10.5 4.0 5.6 35.5 24.2

ND: not detected

15 min in a cooling box. Thereafter, the glyceroglycolipid sam-
ples were stored at 20°C for one day (aging). The thermo-cycle
test was then administered using a thermostat chamber (SANYO
INCUBATOR): one cycle involves heating at 32°C for 12 h and
cooling at 20°C for 12 h. The polymorphic transformation on
cocoa butter was determined with a differential scanning calo-
rimeter (SSC220C type: Seiko Instrument Co., Ltd.) at a scan-
ning rate of 5°C/min after the test. The melting point was defined
as peak temperature of the DSC melting peak.

Figure 2 shows DSC melting peaks of samples with the addi-
tion of 5% MGDG and DGDG prepared from carrot through the
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Fig. 2. DSC peaks of cocoa butter with the addition of 5% glyceroglyco-
lipids of carrot through the 32/20°C thermo-cycle tests. A, MGDG; B,
DGDG.

32/20°C thermo-cycle tests. In the case of control (no addition of
glyceroglycolipid), the solidified samples showed a large endot-
hermic peak at 35.7°C which corresponded to the melting of
Form V. In the cocoa butter including 5% MGDG and DGDG
prepared from carrot, corn, wheat flour and Chlorella pyrenoi-
dosa, the solidified samples showed a large endothermic peak
within 35.0 to 35.8°C which corresponded to the melting of
Form 'V, respectively. From these results, the crystal lattices of
cocoa butter were not affected by the addition of 5% glycerogly-
colipids. After the 10 cycle tests of 32/20°C, the control (no addi-
tion) sample showed a small melting peak of Form V at 33.8°C
and a large melting peak of Form VI at 38.4°C. Hence, the sam-
ples with the addition of 5% MGDG and DGDG prepared from
carrot have two melting peaks of Form V and Form VI which
were almost equal. The samples with the addition of 5% MGDG
and DGDG prepared from wheat flour, corn and Chlorella
pyrenoidosa also showed the same results. Table 3 shows the
ratio between DSC melting peak area depending on Form V and
Form VI of samples with the addition of 5% MGDG and DGDG
prepared from carrot, corn, wheat flour and Chlorella pyrenoi-
dosa after 4 and 10 cycles of the 32/20°C thermo-cycle tests.
After the 10 cycle tests of 32/20°C, the control (no addition)
sample showed 51.7% of Form V and 48.3% of Form VI. Hence,
the sample with the addition of 5% MGDG prepared from carrot
showed 67.9% of Form V and 32.1% of Form VI, and that of
DGDG prepared from carrot showed 66.9% of Form V and
33.1% of Form VL

In our previous report (Nakae et al., 2000a), we described that
the action of MGDG extracted from pumpkin for the retardation
of the polymorphic transformation on cocoa butter was caused
by the penetration of its molecules among triacylglycerols, and
the incorporation of its molecules into created vacancies. We also
described that the number of the acyl chain and galactose of

Table 3. Polymorphism of cocoa butter after thermo-cycle tests between 32 and 20°C

Thermo-cycle condition (32°C/20°C)

Start 4 cycles 10 cycles
Form V Form VI Form V 1 Form V Form V Fonn VI
Control (no addition) 100 0 64.5 355 51.7 48.3
5% MGDG (Carrot) 100 0 73.3 26.7 67.9 32.1
5% DGDG (Carrot) 100 0 72.8 27.2 66.9 33.1
5% MGDG (Corn) 100 0 69.3 30.7 61.8 38.2
5% DGDG (Corn) 100 0 65.7 343 59.7 40.3
5% MGDG (Wheat flour) 100 0 69.5 30.5 63.3 36.7
5% DGDG (Wheat flour) 100 0 66.1 339 54.9 45.1
5% MGDG (Chlorella) 100 0 69.3 30.7 62.7 37.3
5% DGDG (Chlorella) 100 0 66.4 33.6 59.0 41.0
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glyceroglycolipid strongly influenced the polymorphic transfor-
mation on cocoa butter. In this report, MGDG and DGDG pre-
pared from various natural materials significantly retarded the
polymorphic transformation from Form V to VI on cocoa butter
compared with the control (no addition). In particular, both
MGDG and DGDG prepared from carrot had the greatest retar-
dation effect on the polymorphic transformation of cocoa butter.
The reason was postulated to be as follows. The fatty acid com-
positions of glyceroglycolipids in carrot were rich in palmitic
acid and stearic acid. This means that the fatty acid compositions
of glyceroglycolipids in carrot are similar to those of cocoa but-
ter. Therefore, we suspect that glyceroglycolipids in carrot are
structurally more compatible with cocoa butter than those of
other materials.

On the other hand, MGDG tested in this study had a greater
retardation effect on the polymorphic transformation of cocoa
butter than DGDG. MGDG prepared from wheat flour, in partic-
ular had the effect, but DGDG had little. These results support
our previous findings that the number of galactose of glycerogly-
colipid influences the retardation effect on polymorphic transfor-
mation of cocoa butter because the fatty acid compositions of
MGDG in wheat flour are similar to those of DGDG.

From these results, we concluded that MGDG and DGDG
extracted from various natural materials were also applicable to
retardation of the polymorphic transformation of cocoa butter.
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