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ABSTRACT
This study was carried out to identify changes in functional materials during the germination of coffee seeds. Chlorogenic acid (CGA),
caffeine, and γ-aminobutyric acid (GABA) was assayed by HPLC method while germinating coffee beans for 20 days. The contents of
total phenolic compounds and total flavonoid compounds were measured by colorimetric method. Antioxidant activity was measured by
both 2,2-diphenyl-2-pycryl hydrazyl (DPPH) radical scavenging activity assay and 2,2’-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS•+) assay method. It was found that CGAs (5-caffeoylquinic acid (CQA), 4-CQA, 3-CQA), caffeine, and GABA increased and then
decreased during germination. There were no significant changes in total phenolics, total flavonoids and antioxidant activities. Especially,
all of the major isomers of CGA increased to the highest value at 10 days of germination, and GABA also increased significantly at the
early stage of germination. This study showed that coffee beans changed into more functional food materials by germination and showed
maximum functionality in appropriate germination conditions.
Keywords: Coffee Bean; Germination; Chlorogenic acid; Caffeine; γ-Aminobutyric acid

INTRODUCTION
Coffee is one of the most widely consumed beverages,
and there are a variety of coffee drinks depending on the
type of coffee beans, roasting and brewing methods. The
chemical composition of coffee beans has been intensively
and continuously studied since the beginning of the century,
especially in terms of flavor compounds (Moon et al., 2009).
Coffee has also received a lot of attention from many
researchers involved in health-related research (Schilter
et al., 2008). Many reports indicate that coffee bean contains
many healthful antioxidants such as volatile heterocyclic
compounds (Yanagimoto et al., 2002) and chlorogenic acids
(CGAs) (Fujioka and Shibamoto, 2008). In recent years the
intake of green coffee products has increased as a healthier
option than roasted coffee (Kozuma et al., 2005; Sarriá
et al., 2016).
CGA is a phenolic compound derived by the esterification of
cinnamic acid, such as caffeic, ferulic and p-coumaric acids

with (-)-quinic acid. CGAs mainly include caffeoylquinic
acids (CQA), diCQA and feruloylquinic acid. According to
many studies, coffee bean is one of the most important
sources of polyphenols, especially CQA, in food and
beverages (Wang and Ho, 2009). Green coffee bean is
the major source of CGA in nature and its amount is
5-12 g/100 g dry matter (Farah and Donangelo, 2006;
Farah et al., 2006). Recent studies have shown that CGA
consumption is beneficial to health and is associated with
decreased relative risk of cardiovascular disease, type 2
diabetes and Alzheimer’s disease (Han et al., 2014), and
antibacterial and anti-inflammatory activities (Almeida
et al., 2006; dos Santos et al., 2006). Among the 8 CGA
isomers present in green coffee beans, the concentration
of 5-CQA is the highest (4−5 g/100g dry matter) (Moon
et al., 2009).
Germination has been identified as an inexpensive and
effective technique for improving grain quality (Wu et al.,
2013). During germination some functional compounds
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may become abundant, and some antinutrients may be
destroyed (Kim et al., 2012). According to current research,
germination increases γ-aminobutyric acid (GABA) in
brown rice (Ng et al., 2013). Recently, researchers have
reported that while coffee beans germinate, CGA content
increases and caffeine content decreases (Praphutphitthaya
et al., 2016). The major CGA isomers that are contained in
coffee beans are 5-CQA, 4-CQA, and 3-CQA. Although
the three CGA isomers showed quite similar antioxidant
activities, the order of DNA damage protective effect was
5-CQA > 4-CQA > 3-CQA.(Xu et al., 2012)
In this study, we investigated changes in the contents of
major isomers of CGA during germination of coffee beans,
and analyzed the changes of GABA and caffeine contents,
and antioxidant activities.

MATERIALS AND METHODS
Coffee

Coffee seeds (Coffea arabica) with parchment harvested in
Laos in 2015 were purchased from Club Green Coffee
Co in Bolaven, Laos. The coffee seeds were kept at room
temperature during this study. When germinating coffee
seeds, the seed coat was removed by hand to prevent
damage to the beans.
Chemicals and reagents

HPLC grade methanol and acetonitrile were purchased
from J. T. Baker (Phillipsburg, NJ, USA). Triethyl amine
and syringe filter (0.45 μm), HPLC grade ethanol and
water were purchased from Merck (Darmstadt, Germany).
CGAs, caffeine, GABA, phenyl isothiocyanate, and Carrez
reagents were purchased from Sigma-Aldrich (St. Louis,
MO, USA).
Germination of green coffee beans

Green coffee beans were sterilized in 1% sodium
hypochlorite for 2 min (da Silva, 2002). The coffee
seeds were then washed 3 times in sterile water and then
immersed in sterile water at the same weight as coffee beans
at 30○C for 14 h for imbibition. The soaked seeds were
placed on gauze soaked in sterile water. To maintain the
humidity, a water vat was placed in the incubator. During
the germination of the coffee beans, the interior of the
incubator was maintained at a relative humidity of 80%
and a temperature of 30○C. Sterilized water and air were
supplied during the 20-day germination process.
Determination of caffeine, CGA and GABA

The coffee and germinated coffee were dried at 60 ° C for
8 hr, powdered and passed through a sieve (200 mesh). 1 g
of the powder was extracted with 10 ml of boiled water
(95°C) for 1 minute by vortexing method. This was allowed
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to stand for 5 minutes, then centrifuged (10,000 X g, 2 min)
and the supernatant was used for analysis.
Treatment of samples for caffeine and CGA analysis
was performed in accordance with the technical bulletin
of the Carrez clarification reagent kit (Moeenfard et al.,
2014). Chromatoic separation was performed on an HPLC
(LC-20AD, Shimadzu, Kyoto, Japan) equipped with a
photodiode array detector. The analytical column was a
LiChrospher 100 RP-18 column (5 μm, 250 mm x 4.0 mm)
with a guard column. The mobile phase was sodium
phosphate buffer solution (1 g/L, adjusted to pH 7.2 with
phosphoric acid, solvent A) and acetonitrile (solvent B).
The concentration gradient was programmed to change
from solvent A to solvent B after 80 min (from 0 to 50 min
5% of B, 50 to 65 min increase to 80% of A, 65 to 70 min
80% of A, 70 to 80 min decrease to 5% of A). The amount
of the sample injected into the HPLC column was 5 μL,
the flow rate of the mobile phase was 0.9 mL/min, and
the temperature of the oven equipped with the column
was set at 40○C. Caffeine and CGAs were monitored and
quantified at 272 nm and 325 nm, respectively.
GABA was analyzed by an HPLC (LC-20AD, Shimadzu,
Kyoto, Japan) method according to Rossetti and Lombard
(1996). The diluted samples were filtered through a
microsyringe filter, derivatized using ethanol/water/
triethylamine/phenylisothiocyanate (7/1/1/1) to form
PTC-GABA and injected into an HPLC. An ODS-C18
Shim-pack column (5 μm, 250 mm × 4.6 mm) was used as
the analytical column. As the HPLC mobile phase, solvent
A was a mixed aqueous solution (pH 6.2) of 1.4 mM
sodium acetate, 0.1% triethanolamine and 6% acetonitrile.
Solvent B was 60% (v/v) acetonitrile. The solvent flowing
into the column was set to change from solvent A to
solvent B with a linear concentration gradient for 60 min.
The flow rate of the mobile phase was 1.0 mL/min and
the column temperature was set at 46○C. The amount
of sample injected into the HPLC column was 5 μL. A
PDA detector was used for detection of GABA and was
monitored and quantified at 254 nm.
Extraction of phenolic compounds from coffee beans

The coffee beans were pulverized and then defatted with
diethyl ether by Soxhlet extraction method (8 hr, 70○C)
and dried overnight at room temperature. Then, 2 g of the
flour was extracted with 240 mL of acetone/methanol/
water (7/7/6) by shaking at 180 rpm for 30 min (Cheong
et al., 2013). The solution containing the extract was filtered
through a Whatman PTFE membrane filter (0.45 µm) and
concentrated on a rotary evaporator (HS-2000N, Han
Shin Science Co., Seoul, Korea) at 40○C. The concentrated
residue was redissolved in 50 mL of 80% aqueous methanol
and stored at -80○C and used for constituent analysis.
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Determination of total phenol and flavonoid and
measurement of antioxidant activity

Total phenol and flavonoid contents in coffee bean extracts
were quantitatively analyzed by the Folin-Ciocalteu method
(Bravo et al., 2013) and the catechin hydrate method (Ozsoy
et al., 2008), respectively. The degree of antioxidant activity
was measured by both 2,2-diphenyl-2-pycryl hydrazyl
(DPPH) radical assay (Sharma and Bhat, 2009) and
ABTS•+ analysis (Sánchez-González et al., 2005). The total
phenolic content was expressed as milligram of gallic acid
equivalent (GAE) per gram of dry weight and the flavonoid
content was expressed as milligram of catechin equivalent
(CE) per gram of dry weight. The results of DPPH• and
ABTS•+ assay were expressed by μmole L-ascorbic acid
equivalents (Vit. CE) per gram of dry weight.

Fig 1. Germination of coffee bean. Parchment was removed and the
germination was carried out with silver skin covered. Silver skin was
swollen and peeled off by water during germination.

Statistical analysis

Statistical analysis of the data obtained from the
experiments was performed with SPSS statistics version
23.0 (SPSS Inc., Chicago, IL, USA). All experimental data
are expressed as mean ± SD. Duncan’s multiple range test
was used to test differences in data mean values and was
considered significant when p-value <0.05.

RESULTS AND DISCUSSION
Coffee beverages have become widely used as favorite
foods. However, it is difficult to find studies on the
compositional changes during the germination process
of coffee beans. The aim of this study was to identify
changes in the content of major functional ingredients
during germination of coffee seeds. Coffee beans have been
germinated in order to improve the functions beneficial to
human health. The morphological changes of coffee beans
according to germination period are shown in Fig. 1. In
this experimental condition, the length of the radicle at 10
day germination and 20 day germination were about 1 and
3 mm, respectively. When judged only by appearance, these
germinated coffee seeds corresponded to Stages G and
S-1, which correspond to 7th and 9th days of germination
experiment results of da Rosa et al. (2010), respectively.
The radicle of coffee seed germinated for 20 days was
characterized by a light pink color.
The content of caffeine, CGA, total phenol or total
flavonoid and the degree of antioxidant activity measured
by DPPH• assay or ABTS•+ method were measured at
5 - day intervals during germination of coffee beans. Fig. 2
shows the change in caffeine content. The content of
caffeine was 1.18 g/100g db before germination. According
to reported studies, the levels are 0.9 - 1.3 g/100g db
(Farah, 2012). It was found that coffee seeds germinated
for 10 days contained the highest amount of caffeine.
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Fig 2. Caffeine content of germinated coffee bean The values
designated by the different letters on the line are significantly different
(a= 0.05).

The amount increased to 1.44 g/100g db, which is 122%
of the amount of caffeine in the coffee beans before
germination. After that, the amount decreased, and on
the 20th day of germination, it decreased to about 67%
of the non-germinated coffee bean. Praphutphitthaya
et al. (2016) reported that during the germination of
coffee seeds for 8 days, caffeine continued to decrease to
54%. However, in this study, caffeine levels continued to
increase for 10 days. Therefore, it is different from the
results of the above researchers. On the other hand, Aneja
and Gianfagna (2001) have reported that caffeine content
in young growing cocoa leaves significantly increased by
wounding or fungal infections. Therefore, it is thought that
the caffeine pathway is inducible and the caffeine content
can be increased or decreased depending on the difference
of any conditions during germination of coffee beans.
The content of CGA in coffee beans also changed as the
seed germination progressed. (Fig. 3) Similar to the results
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Kim, et al.

Fig 3. Chlorogenic acid (CGA) content of germinated coffee bean
The values designated by the different letters on the same line are
significantly different (a= 0.05).

Fig 4. γ-Aminobutyric acid (GABA) content of germinated coffee bean
The values designated by the different letters on line are significantly
different (a= 0.05).

of caffeine content, total CGA content was the highest at
10 days after germination, and its value was 9.78 g/100 g db,
which was about 70.7% higher than before germination. The
isomers of CGA, i.e., 5-CQA, 4-CQA and 3-CQA, increased
for 10 days after germination and decreased to the level of
non-germinated coffee seeds at 20 days after germination.
Among the isomers the contents of 5-CQA was much
higher, followed by 4-CQA and 3-CQA, and the order did
not change during the entire process of germination. By
the way, Praphutphitthaya et al. (2016) reported that on the
fourth day of germination the CGA content increased by
13.2% compared with that before germination, and the level
was 5.1 g/100g. CGA content decreased rapidly thereafter.
Furthermore, the article did not mention the dynamics of
the content of each isomer. Therefore, it was confirmed that
during the germination of coffee seeds, the CGA content
increased at the highest level. Many coffee drink consumers
are paying attention to the content of CGA in coffee
beverages. However, because CGA is destroyed by about
50% during roasting of coffee, high CGA-containing coffee
beans may be required in roasting process (Moon et al.,
2009). This study suggests that if the non-costly germination
method is introduced into the production process of coffee
beverages, it will have a positive effect on various aspects
of the coffee industry because the content of CGA can be
increased by germination.

beans was 0.11 g/100 g. However, in the germination
condition of this study, it became 0.19 g/100 g at the 5th
day after germination initiation, which corresponds to
172% of the GABA content of non-germinated seeds.
GABA decreased afterwards and became lower than the
level before germination on the 20th day of germination.
The content of GABA in coffee seeds is known to be
affected by stresses such as drying and germination (Selmar
et al., 2014).

GABA, a non-proteinaceous amino acid, is known to be
an important inhibitory neurotransmitter (Boonstra et al.,
2015; Erlander and Tobin, 1991). It is generally known
that GABA increases during germination of plants (Park
and Oh, 2007). In the case of brown rice, it has been
reported that GABA increases by more than 10 times to
1 g/ 100g during germination. Therefore, the content of
GABA was examined during germination of coffee seeds
as shown in Fig. 4. The content of GABA in the coffee
678

Total phenolic content and total flavonoid content were
35.95 mg GAE/g db and 54.16 mg CE/g db, respectively,
in the coffee seed before germination. This amount did
not change significantly during germination as shown in
Table 1. The amount of CGA increased and then decreased
significantly during the germination process. Nevertheless,
the fact that the total phenol content did not change is a
part that can be interpreted as the conversion between
phenolic components. Table 2 shows that the antioxidative
activities of DPPH• and ABTS•+ were 166.6 μmole Vit.
CE/g db and 223.79 μmole Vit. CE/g db. However, the
amount repeatedly increased and decreased within the
range of 5% during the germination process. There was
no significant change in ABTS•+ values. Therefore, during
the germination process of coffee seeds, the antioxidant
activity did not change as well as the total phenolic content
and total flavonoid content.

CONCLUSIONS
Changes in the contents of major CGA isomers, GABA
and caffeine and antioxidant activities were investigated
during germination of coffee beans at 30○C for 20 days.
The contents of all three CGA isomers increased until
10 days and then decreased. The maximum value of the
Emir. J. Food Agric ● Vol 30 ● Issue 8 ● 2018
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Table 1: Total phenolic and flavonoid contents of germinated
coffee bean
Germination
Total phenol
Flavonoid
Time (days)
contents
contents
(mg GAE/g db)
(mg CE/g db)
0
35.95±0.70ab
54.16±0.00ab
5
35.14±1.04b
51.92±2.55b
a
10
37.04±0.74
57.42±0.84a
b
15
34.59±0.11
52.47±2.52ab
b
20
35.14±0.54
49.91±2.51b
Data are means±SD, different lowercase letters in the same column
indicate significant differences at P<0.05

Table 2: Antioxidant activities of germinated coffee bean
Germination
DPPH
ABTS
Time (days)
(μmole Vit. CE/g db)
(μmole Vit. CE/g db)
0
166.60±3.06c
223.79±13.82a
ab
5
170.91±0.93
218.04±8.55a
a
10
174.92±0.90
222.75±14.30a
bc
15
169.19±0.75
212.14±10.83a
a
20
174.50±3.54
224.76±5.46a
Data are means±SD, different lowercase letters in the same column
indicate significant differences at P<0.05

sum of CGA isomers was 1.7-fold that of coffee beans
before germination. GABA and caffeine contents were
highest at 5 and 10 days of germination, respectively. And
the amount increased 1.7-fold and 1.2-fold, respectively,
before germination. However, the content of total phenol
or flavonoids showing antioxidant activity slightly changed
during germination. This study shows that while coffee
beans germinate, there is a specific time range in which the
content of each bioactive compound reaches its maximum.
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