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Abstract 
Kaempferia parviflora plants derived from in vitro culture were grown in the 
glasshouse. A comparison of the yield of total phenolics and total flavonoids 
under varying extraction conditions from rhizomes harvested from plants of 
different ages was undertaken. The results showed that phenolic and flavonoid 
contents in the rhizomes were highest 8 months after planting. Another study 
found that 2 g rhizomes extracted in 50 ml of water at 90˚C for 120 minutes 
gave the best yield of phenolics and flavonoids. Under these conditions, an 
average of 210 mg GAE/g dry weight of total phenolics and 81 µg QCE/g dry 
weight of total flavonoids were obtained. 
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1. Introduction 

Kaempferia parviflora Wall. ex Baker, a member of the Zingiberaceae family, has 
rhizomes that are dark purple to black in colour. The rhizomes have been tradi-
tionally used in Thai folklore medicine for the treatment of leucorrhea, oral dis-
eases [1] [2], stomachache, flatulence, digestive disorders and gastric ulcers [3]. 
The rhizomes have also been used as a health-promoting agent, and for the 
treatment of gout, abscesses and colic disorder [4]. A tonic drink made from K. 
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parviflora rhizomes is commercially available [5]. K. parviflora has recently been 
reported to possess anti-allergic properties [6], anti-peptic ulcer effects [7] and 
anti-viral protease effects [8]. Recent findings showed that K. parviflora rhizome 
extracts contain numerous flavonoids [9]. Flavonoids are known to increase 
muscle oxidative capacity and endurance in mice [10]. The rhizomes, which 
contain flavonoid and exhibit antioxidant effects, enhance oxygen usage and 
oxidative capacity, resulting in increased performance in aerobic endurance [11]. 
The major phytoconstituents of Kaempferia parviflora are methoxyflavone de-
rivatives [3], known in Thailand as krachai-dam, that have been used for the 
treatment of gout, aphthous ulcers, abscesses, allergy and gastrointestinal dis-
orders, as well as an aphrodisiac [12]. Phytochemical studies have revealed that 
the rhizomes of K. parviflora contain phenolic glycosides [13] and many flavo-
noids such as 5-hydroxy-7-methoxyflavone, 5,7-dimethoxyflavone, and 
3,5,7-trimethoxyflavone [14] [15]. Another major active constituent of K. par-
vifloara is 5,7-dimethoxyflavone [15] that is used as a longevity promoting sub-
stance and as nerve tonic. The concentrations of phenolic and other secondary 
metabolites in plants are influenced by many factors, including soil, irrigation, 
and climatic conditions. Cultivated crops may also show year-to-year variability 
in the composition of phytochemicals and in total yield [16]. The aim of this 
study was to investigate the total phenolic and flavonoid compounds that could 
be extracted from K. parvifloara rhizomes of different ages. The extraction 
process was also investigated for optimal recovery of phenolics and flavonoids 
following different durations of extraction and at different temperatures. 

2. Materials and Methods 
2.1. Plant Material 

Plantlets with good root and shoot systems from in vitro cultures of Kaempferia 
parviflora obtained using the technique described by Zuraida et al. [17] (Figure 
1(a)) were washed under running tap water to remove the culture agar. The 
plantlets were transferred to small (3 inch) polybags containing hardening me-
dium and a top soil compost mixture (2:1) (Figure 1(b)) and were maintained at 
about 70% relative humidity in the greenhouse. The plantlets were allowed to 
harden over 30 days, after which they were transferred into large (12 inch) poly-
bags containing a mixture of sand, garden soil and manure in the ratio 1:2:1. 
Manual irrigation was applied daily. Three plantlets were planted in each poly-
thene bag (Figure 1(b), Figure 1(c)). After 4, 6, 8, 10, and 12 months, the rhi-
zomes of the plants were harvested. A total 30 polybag for each month were 
harvested, and 150 polybags were used in the entire experiment. The freshly 
harvested plant materials were stored for further use. 

2.2. Sample Preparation and Extraction Process 

In the standardized procedure, fresh rhizome from plants that had been growing  
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Figure 1. Kaempferia parviflorain vitro planting materials (a), plantlets after one month 
in the polybag (b), plantlets in the glasshouse (c), 8 month old rhizomes and plants ((d), 
(e)), cross section of 4 month old rhizomes (f), 8 month old rhizomes (g) and 10 month 
old rhizomes (h). 
 
for 8 months after transfer to polybags (Figure 1(d) and Figure 1(e)) were har-
vested and dried immediately in an oven at 50˚C for 2 days. The rhizomes were 
homogenized using a blender, packed in plastic bags and kept in dark, dry and 
cool storage. Distilled water was used for the extraction of flavonoids and phe-
nolics. Extraction was performed at three different temperatures (60˚C, 75˚C, 
and 90˚C) for 30, 60, 90, 120, 150, and 180 mins. The rhizome samples were 
weighed and approx. 2 g was extracted with 50 mL distilled water, with the tem-
perature maintained in a shaking water bath. Following filtration through nylon 
mesh, the extracts were centrifuged for 15 mins and stored at −18˚C for analyses 
that were performed no more than 7 days later. 

2.3. Determination of Phenolic Content 

Total phenolic content (TPC) in the extracts was determined using the Fo-
lin-Ciocalteu (FC) method described by McDonald et al. [18]. The extract (100 
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µL) was added to 0.2 mL FC reagent (5-fold diluted with distilled water) and 
mixed thoroughly for 3 minutes. Sodium carbonate (0.2 mL, 10% w/v) was add-
ed to the mixture. Then the mixture was allowed to stand for 30 minutes at room 
temperature. The absorbance of the mixture was measured at 760 nm using a 
UVeVIS spectrophotometer model V-550 (Jasco, Tokyo, Japan). TPC was ex-
pressed as milligram gallic acid equivalent per gram dry extract (mg GAE/g dry 
weight). 

2.4. Determination of Flavonoid Content 

The total flavonoid content (TFC) of the extracts was determined using the alu-
minium chloride colorimetry method described by Chang et al. [19]. The test 
sample (0.1 ml) was mixed with 0.1 mL of 10% (w/v) aluminium chloride and 
0.1 mL of 0.1 mM potassium acetate. The mixture was kept at room temperature 
for 30 minutes and the absorbance of the mixture was measured at 415 nm using 
a UVeVIS spectrophotometer. TFC was expressed as microgram quercetin 
equivalent per gram dry extract (µg QCE/g dry weight). 

2.5. Statistical Analyses 

A completely randomized design was used for the experiment. The results were 
expressed as means ± standard deviations. The t-test was used to compare the 
biochemical results from the different treatments, where a p value of less than 
0.05 was indicative of a significant difference. The Statistical Package for the So-
cial Sciences (SPSS) was used in the statistical analyses.  

3. Results and Discussion 

The efficient extraction of the target active ingredients is an important step in 
their recovery and purification from plant materials. An extraction process 
should enable maximum recovery of the active ingredient with its quality main-
tained [20]. Many techniques have been developed to extract phenolics, such 
as conventional solvent extraction, microwave-assisted extraction, ultra-
sound-assisted and supercritical fluid extraction, among which solvent extrac-
tion (solid-liquid and liquid-liquid extraction techniques) is the most commonly 
used and has proven to be a reliable and efficient method [21] [22]. The effi-
ciency of solvent extraction of organic compounds is affected by many factors 
such as the type of solvent, solvent concentration, time, temperature, pH, num-
ber of steps, liquid-to-solid ratio and particle size of the plant material [23]. 

Phenolic compounds, cyclic derivatives of benzene with one or more hydroxyl 
groups associated with the aromatic ring, account for one of the largest and most 
widely distributed group of phytochemicals [24]. They vary considerably in 
structure, with over 8000 naturally-occurring compounds having been identified 
[25]. They may exhibit a wide range of physiological and pharmacological prop-
erties, such as anti-allergenic, anti-artherogenic, anti-inflammatory, an-
ti-microbial, anti-viral, cardioprotective and vasodilatory effects [26]. Figure 2  
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Figure 2. Comparison of total phenolic contents (mg GAE/g dry weight) (a) and flavon-
oid contents (µg QCE/g dry weight) (b) in rhizomes of different ages. Values are means ± 
SD deviations. 
 
shows the total phenolic and flavonoid contents in the samples harvested from 
plants of different ages (Figure 1(f), Figure 1(g), Figure 1(h)). The highest phe-
nolic contents (74.3 mg GAE/g dry weight) and flavonoid contents (0.85 µg QCE/g 
dry weight) were found in rhizomes from plants that had been transferred into 
polybags for 8 months. After 10 to 12 months, however, the contents of phenolics 
and flavonoids were found to be reduced to levels ranging from 58 - 69 mg GAE/g 
dry weight and 0.66 - 0.76 µg QCE/g dry weight, respectively. 

Generally, the efficiency of extraction of phenolic compounds is governed by 
several variables such as temperature, time and solvent concentration, and 
composition [27] [28]. The influence of such extraction variables on the recovery 
of phenolics in K. paviflora rhizomes has not been reported. Hence, the present 
study was aimed at optimizing two critical extraction conditions, viz. tempera-
ture and extraction time. The extractable contents of phenolic compounds de-
termined by the Folin-Ciocalteu method for the different variables of tempera-
ture and extraction duration are shown in Figure 3(a).  

The total phenolic compounds extracted ranged from 45 to 210 mg GAE/g dry 
weight for various time/temperature combinations. Extraction time was an im-
portant factor influencing the extraction of phenolic compounds. Figure 3 
shows that TPC of the extracts at 90˚C increased gradually with increasing ex-
traction time from 30 min (45 mg GAE/g dry weight) up to 120 min (210 mg 
GAE/g dry weight). Thereafter, there was a decline to 176 mg GAE/g dry weight 
at 180 mins extraction time. This phenomenon could be well explained by the 
Fick’s second law of diffusion that predicts a final equilibrium between the solute 
concentrations in the solid matrix (plant matrix) and in the bulk solution (sol-
vent) might be reached after a certain time, leading to deceleration in the extrac-
tion yield [29]. The increased extraction time of 150 to 180 mins is uneconomical  
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Figure 3. Influence of extraction time and temperature on extraction efficiency of total 
phenolic (a) and flavonoid (b) contents from K. parviflora rhizomes. Values are means ± 
SD deviations. 
 
and time consuming from the industrial point of view. The process could result 
in a loss of solvent by vaporisation which directly affects the loss of sol-
vent-to-solid ratio of extraction. In our study, the extraction duration of 120 min 
was optimal for practical and economic considerations. According to Naczk and 
Shahidi [30], prolonged extraction time increases the chances of decomposition 
and oxidation of phenolics due to their long exposure to unfavourable environ-
mental factors as temperature and light. In his study, José [31] noted that maxi-
mum yields of hydroxycinnamic acids, flavones, flavonols/flavanones, and total 
polyphenols were detected at 100˚C for 5 min in Thymus vulgaris, whereas 
higher temperatures and longer exposure times reduced the diversity of ex-
tracted polyphenols. 
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The effect of temperature and duration of extraction on flavonoid yield is 
shown in Figure 3(b). As the extraction time at 90˚C increased from 30 min to 
120 min, the total flavonoid yield rose from 19 µg QCE/g dry weight to 81 µg 
QCE/g dry weight. At 60˚C, the flavonoid content similarly increased with time 
of extraction, reaching a maximum yield of 70 µg QCE/g dry weight attained 
with 180 mins extraction duration. Working on Inulahelenium, Chun [32] re-
ported that increasing the temperature from 30˚C to 60˚C improved the total 
flavonoid yield from 13.79 to 18.08 mg/g. Extraction efficiency decreased slightly 
when the extraction temperature exceeded 60˚C, and this temperature was thus 
considered appropriate for peak total flavonoid yield. 

In a study carried out by Liu et al. [33], with a fixed water-to-raw-material ra-
tio of 50 ml/g and an extraction time of 60 minutes, the extraction efficiency of 
flavonoids increased gradually with extraction temperature. They note, never-
theless, that since flavonoids are heat-sensitive, excessive temperatures would 
cause degradation. Low temperature extraction saves energy, and 80˚C was se-
lected as the optimal extraction temperature for flavonoid extraction in Coreop-
sis tinctoria Nutt. 

At high temperatures, the flavonoid and phenolic content can be increased as 
a result of enhancement of their solubility, extraction rate, diffusion rate, and the 
reduced surface tension and solvent viscosity [34]. Ghasemzadeh and Hawa [35], 
who worked with Pandanus amaryllifolius Roxb., found that flavonoid content 
increased with increasing extraction temperatures until 70˚C. Hence, extraction 
temperatures below 80˚C were appropriate to minimize the possibility of degra-
dation of the flavonoid and phenolic compounds, which had been observed to 
occur with the application of high temperatures [36] [37]. Previous studies have 
shown that the application of very high temperatures (≥95˚C) may also alter the 
concentration and composition of phenolic compounds [38]. Although some 
researchers hold the view that the critical temperature for flavonoid extraction is 
below 80˚C [39], this threshold temperature would be variable in different plants 
and plant organs, with PAL or CHS enzymes activity mediating the effects [40].  

4. Conclusion 

Optimal conditions were established to extract total phenolic and flavonoids 
from the rhizomes of K. parviflora. Rhizomes from eight-month old plants 
(from the time of transfer to the polybag) gave the highest yield of both phenol-
ics and flavonoids. Optimal water extraction of these two classes of compounds 
was achieved at 90˚C for an extraction duration of 120 mins. 
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