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Abstract: The increase of atmospheric CO2 due to global climate change or horticultural
practices has direct and indirect effects on food crop quality. One question that needs to be
asked, is whether CO2 enrichment affects the nutritional quality of Malaysian young ginger
plants. Responses of total carbohydrate, fructose, glucose, sucrose, protein, soluble amino
acids and antinutrients to either ambient (400 pmol/mol) and elevated (800 pmol/mol) CO2
treatments were determined in the leaf and rhizome of two ginger varieties namely Halia
Bentong and Halia Bara. Increasing of CO2 level from ambient to elevated resulted in
increased content of total carbohydrate, sucrose, glucose, and fructose in the leaf and
rhizome of ginger varieties. Sucrose was the major sugar followed by glucose and fructose
in the leaf and rhizome extract of both varieties. Elevated CO: resulted in a reduction of
total protein content in the leaf (H. Bentong: 38.0%; H. Bara: 35.4%) and rhizome
(H. Bentong: 29.0%; H. Bara: 46.2%). In addition, under CO:z enrichment, the concentration
of amino acids increased by approximately 14.5% and 98.9% in H. Bentong and 12.0% and
110.3% in H. Bara leaf and rhizome, respectively. The antinutrient contents (cyanide and
tannin) except phytic acid were influenced significantly (P < 0.05) by CO:2 concentration.
Leaf extract of H. Bara exposed to elevated CO: exhibited highest content of cyanide
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(336.1 mg HCN/kg DW), while, highest content of tannin (27.5 g’kg DW) and phytic acid
(54.1 g/lkg DW) were recorded from H.Bara rhizome grown under elevated COa. These
results demonstrate that the CO2 enrichment technique could improve content of some
amino acids and antinutrients of ginger as a food crop by enhancing its nutritional and
health-promoting properties.
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1. Introduction

Environmental conditions, cultivation practices, and management approaches can impact the quality
of foods and their abilities to promote good health and well-being. Indeed, new management strategies
using ecophysiological conditions to promote phytochemical content in food crops are starting to be
implemented. A number of ecophysiological conditions, including environmental, cultivation conditions
and management practices such as daily temperature, daily irradiation, fertilizer supply, irrigation, and
production time are considered to significantly enhance the levels of health-promoting compounds in
vegetable crops. Accordingly, there is rising interest in improving strategies and management practices
in order to enhance the nutrition and health-promoting properties of food crops.

CO2 enrichment is one of the techniques that has recently been used around the world to enhance
the qualitative and quantitative yield of plants [1,2]. The mechanisms by which plants adapt to
changeable environmental conditions are a most important scientific challenge. The CO2 concentration
in the atmosphere is steadily increasing, which affects plant morphogenesis, physiology and
photosynthesis. There are currently some general models [3—5] to predict plant adaptation to a varied
environment, because the response to rising of CO2 concentration is dependent on plant development
stage and species and can be modified by a number of factors, including water availability, light and
nutrient [6]. Exposure of plants to elevated CO2 conditions in general enhances photosynthesis rates
due to the induced Rubisco enzyme activity [7] and following that, production of primary and
secondary metabolites were enhanced [8]. Ibrahim and Jaafar [9] reported that the highest net
photosynthesis was obtained in Labisia pumila exposed to elevated CO2 (1200 umol/mol) conditions.
There is accumulating evidence to suggest that many crops show increasing photosynthetic rates,
growth rates, and primary and secondary metabolite productions in response to increased carbon
dioxide content [10—13]. The results of recent studies by the current authors showed that the anticancer
and antioxidant activity of ginger was enhanced in response to elevated CO2 [14].

Carbohydrates (soluble and insoluble) are the most important components in plants and many food
crops and contribute to their nutritive value [15]. Carbohydrates may be chemically bound to other
molecules or physically associated or present as isolated molecules [2,8]. A recent study has revealed
that during growth under elevated COz levels, the leaf starch content increased on average by 160%
and soluble carbohydrate content by 52% [7]. However, these rapid changes are having a serious effect
on plant growth and development. This concept has recently been challenged by recent studies
demonstrating that enhancement of carbohydrates in the leaf resulted in inhibition of photosynthesis rate
due to a reduction of Rubisco enzyme activity, which is responsible for carbon dioxide fixation [16,17].
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CO2 enrichment generates increased sucrose content in the leaf and intense hydrolytic decomposition
into fructose and glucose through acid invertase [8,18-20].

At present, in Malaysia ginger varieties (H. Bentong and H. Bara) are mainly cultivated along the
steep sloped lands of Bentong village in Pahang and Tambunan province. The manipulation of
cultivation techniques for good yield and pharmacological quality of young ginger is still not fully
established and need to be considered critically, especially in terms of enhancing its nutritional quality
in terms of protein, free amino acids, carbohydrate and antinutrient content. So far, however, there has
been little discussion of the role of carbon dioxide in the production and synthesis of free amino acids
in Malaysian young ginger varieties. Furthermore, information on the effects of elevated carbon
dioxide on the antinutrient and amino acids content of Halia Bentong and Halia Bara is not available.
The aim of this study was therefore to determine changes in the synthesis of carbohydrates, amino
acids and antinutrients in the leaf and rhizome of H. Bentong and H. Bara as influenced by CO: levels.

2. Results and Discussion
2.1. Effect of Ambient and Elevated CO: on Total Carbohydrate and Protein Content

Total carbohydrate levels were influenced by COz level (Table 1; P < 0.01). In general, the highest
value of total carbohydrates was observed in the rhizome, followed by leaf. In the plants exposed to
elevated CO:z levels (800 pmol/mol), the production of total carbohydrate was enhanced. High content
of total carbohydrate was observed in H. Bentong rhizome, with a value of 288.4 mg/g DW under
elevated CO:2 conditions. The results of previous studies have revealed that elevated CO2 conditions
enhanced soluble sugar content of Labisia pumila Blume [9], Urtica diocia and Plantago major [21],
Poa alpinia [22] and beech leaf by about 52% [23]. CO2 enrichment often enhances the concentration
of total carbohydrates and possibly stimulates the metabolism of secondary metabolites in plants [8].
With an increase in CO2 concentration from ambient to elevated concentration, the total carbohydrate
content was enhanced by 41.10% and 63.39% in the leaf and rhizome of H. Bentong, respectively, and
by 34.94% and 45.48% in the leaf and rhizome of H. Bara, respectively. Increasing the CO:2
concentration from 400 to 800 umol/mol resulted in a reduction in total protein content in the rhizome
and leaf. As can be seen from the Table 1, the content of total protein in the ginger varieties was higher
in the rhizome than in the leaf. A high content of total protein was recorded in the rhizome extract of
H. Bara (27.5 mg/g DW) when grown under ambient CO:z conditions. Furthermore, the total protein
content decreased by 38.0% and 29.9% in the leaf and rhizome of H. Bentong, respectively, and by
35.4% and 46.2% in the leaf and rhizome of H. Bara, respectively. Taub et al. [24] showed that by
increasing the COz level from ambient to elevated the protein content of barley, wheat, and rice grains
decreased by 10% to 15%. In addition, the high CO2 concentration enhanced the reduction in tuber
protein concentration in potato by about 14%. Hogy and Fangmeier [25] reported protein content of
potato decreased when exposed to elevated CO2. More importantly, content and type of protein of
plant could be altered due to the CO2 enrichment technique, as shown for wheat [25] and rice [26].
Two phytocentric conceptual models have been advanced to explain the effects of elevated CO2, on
carbon partitioning in plant parts to secondary metabolites: the growth/differentiation balance hypothesis
(GDBe) [27], and the protein competition model (PCM), [28]. Also there is a developmental systems



Molecules 2014, 19 16696

model, but strictly focused around a particular mechanism, and accordingly it makes more exact
predictions about how elevated COz2 effects on source/sink interactions impact partitioning to proteins
and amino acids. The reduction in protein concentration of ginger is partially could be due to enhanced
carbon assimilation and constrained N uptake under elevated COz. Overall, these changes (reduction of
proteins) result in adjustments in the C/N ratios of leaves [29].

Table 1. Total carbohydrates and protein content in two variety of ginger grown under
different CO2 concentration (400 and 800 umol/mol).

. Total Carbohydrate Total Protein
Variety Part
400 800 400 800
Leaf 14280+ 12.44° 201.50+11.62° 1630+1.51¢ 11.80+1.46°
H. Bentong _ d . b d
Rhizome 176.50+11.85¢ 288.40+13.13% 21.70+1.56° 16.70+1.75
Leaf 140.50+11.63° 189.60+11.92° 16.80+1.33¢ 12.40+1.92°¢
H. Bara

Rhizome 16820+11.41¢ 24470+11.81° 27.50+1.87% 18.80+1.38°¢

Notes: Data are means of triplicate measurements + standard deviation. Means not sharing a common single

letter for each measurement were significantly different at P < 0.05. Unit of total carbohydrate and protein:
mg/g DW.

2.2. Effect of Ambient and Elevated CO: on Sugars (Sucrose, Glucose and Fructose) Content

The concentration of sucrose, glucose, and fructose were influenced significantly (P < 0.05) by CO2
concentration. Ginger varieties grown under 400 pmol/mol CO2, showed the highest value of these
sugars in the rhizome compared to the leaf. Under ambient conditions, the concentration of sucrose in
the leaf and rhizome of the two varieties was highest, followed by glucose and fructose (Table 2).
When comparing the leaf extract of H. Bentong and H. Bara grown under the 400 pmol/mol COg, it
was found that H. Bentong had higher sucrose, glucose and fructose contents than H. Bara. Under
ambient CO2 condition, rhizome extract of H. Bentong represent higher content of sucrose and lower
content of glucose and fructose compared to H. Bara. Behboudian and Tod [30] reported that elevated
CO2 enhanced the quality of tomato by increasing their soluble carbohydrate (sucrose, glucose and
fructose) concentrations. The leaves of both varieties present higher increases in all soluble sugar
contents at 800 pumol/mol CO2 compared to 400 pumol/mol CO:2 (Table 2). Among the studied sugars,
percentage enhancement of fructose was higher compared to sucrose and glucose. As shown in Table 2,
the increase in carbohydrate content was greater in rhizome than in leaves under elevated CO2
conditions. Increases in sucrose and glucose under enrichment conditions have also been reported in
other plants such as orchids, sugarcane, tomatoes and potatoes [25,31,32]. Increases in sucrose and
glucose could be due to an increase in hexose phosphate synthesis under high CO: concentrations.
Hexose phosphate is a progenitor for sucrose synthesis, therefore, as hexose phosphate concentration
increases, the synthesis of glucose and sucrose is concomitantly enhanced [33]. Contrary to our result,
Demmers-Derks et al. [34] reported that elevated CO2 did not change sucrose levels in Beta vulgaris.
The results of current study consistent with De Souza et al. [32] who indicated that sucrose
concentration increased about 29% in sugar cane grown under elevated CO: conditions (740 ppm).
Norby et al. [35] showed that elevated CO2 could enhance sucrose concentration in roots and simplify
the mobilization of nitrogen and carbon compounds to new primordial roots.
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Table 2. Sucrose, glucose and fructose content in two variety of ginger grown under
different CO2 concentration (400 and 800 pumol/mol).

Sucrose Glucose Fructose
Variety Part
400 800 400 800 400 800
B Leaf 25.00+1.849 3820+1.42% 10.60+1.77f 2720+£244° 740+0.94¢ 1560+1.62°
. Benton
g Rhizome 33.50+1.19°¢ 44.60+231% 17.40+138¢ 31.50+1.82° 860+1.334 2130+2.71°2
H B Leaf 2060+1.65° 3750+1.78° 630+£095¢ 22.60+1.69¢ 590+1.74f 1940+1.18°
. Bara
Rhizome 27.60+1.229 41.80+1.492% 18.60+1.29¢ 3620+1.282 950+2.52¢ 2210+2.662

Notes: Data are means of triplicate measurements + standard deviation; Means not sharing a common single

letter for each measurement were significantly different at P < 0.05; Unit of all measurement are mg/g DW.
2.3. Effect of Ambient and Elevated CO: on Amino Acids Content in Ginger

The results indicated that, rising of CO2 concentration from ambient (400 pmol/mol) to elevated
(800 pmol/mol) resulted in enhanced levels of most amino acids in the leaf and rhizome of ginger
varieties. Amino acid content also influenced significantly (P < 0.05) by ginger variety and plant part.
Among the studied amino acids, histidine and lysine were not detected from H. Bentong and H. Bara
rhizome grown under 400 umol/mol COz (Table 3). The total soluble amino acids concentration in H.
Bara grown under ambient COz treatment (leaf: 209.9 pmol/g DW; rhizome: 165 pmol/g DW) was
higher than in H. Bentong (leaf: 185.2 umol/g DW; rhizome: 123.6 umol/g DW). Similarly, under
elevated CO2 conditions the total essential amino acids of H. Bara (leaf: 235.2 umol/g DW; rhizome:
347.1 umol/g DW) was higher than in H. Bentong (leaf: 212.1 umol/g DW; rhizome: 245.9 umol/g DW).
In addition, in response to elevated CO2 the concentration of amino acids increased by approximately
14.5% and 98.9% in H. Bentong leaf and rhizome, respectively. In H. Bara the concentration of
soluble amino acids also increased by approximately 12.0% and 110.3% in the leaf and rhizome under
800 umol/mol COa, respectively. Under a CO:2 concentration of 400 umol/mol, the amount of
glutamine, histidine, leucine, valine, and tyrosine in leaf extracts were higher than rhizome extracts.
Furthermore, under ambient condition (400 pmol/mol) histidine was not detected from a rhizome
extract of both varieties. Additionally, lysine was not detected from leaf extract of H. Bentong grown
under 400 umol/mol COz2. The most abundant soluble amino acids in H. Bentong were glutamine, and
glutamic acid, while, in H. Bara were leucine. The present finding that increasing of soluble amino
acids by CO2 enrichment in young ginger leaf is in agreement with previous reports in soybean [36],
tobacco [37], barley [38] and cotton [39]. Alcohol-soluble fractions principally contain carbohydrates,
organic acids and amino acids, respectively. It is widely agreed that plant growth in CO2 enriched
atmospheres enhances the accumulation of both leaf starch and soluble carbohydrates [32,35]. Since
the metabolism of carbohydrates is essential for the synthesis of amino acids, it is reasonable to assume
that the effects of CO:2 enrichment should be similar for these classes of compounds [19]. Ample
carbon was available to support amino acid synthesis and the increase in soluble amino acids under
COz enrichment [19]. In the current study, the relationship between protein and amino acids content is
interesting because with decreasing of protein content the amount of free amino acids increased.
Amino acids are the basic structures of proteins and each type of protein depends on the arrangement
of the amino acids. Increasing amino acids content in the current study could be related to degradation
of proteins under elevated CO:z conditions and hydrolysis to free amino acids [40]. In general, protein
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synthesis is balanced by an equal amount of protein degradation. Further experimental investigations
are needed to estimate relationship between CO2 enrichment and free amino acids productions in crops.

2.4. Effect of Ambient and Elevated CO: on Antinutrient Content

The results of antinutrient content in the leaf and rhizome of H. Bentong and H. Bara exposed to
400 and 800 pmol/mol CO: are presented in Table 4. As shown in this table, antinutrient contents
(cyanide and tannin) except phytic acid were influenced significantly (P < 0.05) by CO2 concentration
in both varieties. The cyanide content in the leaf and rhizome was enhanced when the plants were
exposed to elevated COz. The percentage increases in cyanide in ginger when exposed to elevated CO2
condition in the leaf and rhizome of H. Bentong were 89% and 17%, respectively, and 78% and
39.9%, respectively, in H. Bara. A high content of cyanide (336.1 mg HCN/kg DW) was recorded in
H. Bara leaf grown under 800 pmol/mol COz. Cyanide was the most concentrated antinutrient in the
two ginger varieties. Accumulation and partitioning of cyanide in the leaf and rhizome of ginger
followed the trend leaf > Rhizome. Cyanides are familiar to us as the taste of bitter almonds and is a
toxin produced by some plants to dissuade potential consumers. A number of studies suggest that the
toxicity of some crops will increase with rising COz2 levels because of enhancing of some bioactive
compounds and antinutrients like cyanide [41]. Further research should be done to investigate the
effect of CO2 enrichment on toxicity of H.Bentong and H.Bara. It was found that CO2 enrichment had
a significant effect on the tannin content of both varieties. The maximum tannin content (27.5 g/kg
DW) was observed in extract of H. Bara rhizome grown under 800 pmol/mol CO2 (Table 4). What is
interesting in this study is that tannin was not found in ginger grown under 400 pmol/mol COz. Rising
of COz level from ambient to elevated resulted in enhancement of tannin in the leaf and rhizome. Our
result is consistent with Mattson et al. [5] who reported that under elevated CO:z tannins content
enhanced by approximately 8%, 15% and 37% in root, stem and leaf of birch seedlings, respectively.
Oksanen et al. [42] and Lindroth et al. [43] have also found that CO2 enrichment enhanced tannin and
starch content in the paper birches. No significant difference was observed between ambient and
elevated CO: for phytic acid content in those varieties. A high value of phytic acid (54.1 g’kg DW)
was recorded in the rhizome of H. Bara rhizome grown under elevated CO2 concentration. Phytic acid
content decreased in the leaf extract of those varieties with increasing of CO2 concentration, while, in
the rhizome extract increased. Phytic acid may be considered a phytonutrient, providing an antioxidant
effect, and is the principal storage forms of phosphorus in plants [44]. Information on the CO:
enrichment effects on the production of phytic acid on ginger varieties is not available, making the
information of the current study useful for future studies.
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Table 3. Amino acids content in two variety of ginger grown under different CO2 concentration (400 and 800 pmol/mol).

H. Bentong H. Bara
Leaf Rhizome Leaf Rhizome
400 800 400 800 400 800 400 800

Glutamine  41.30+1.17% 36.10+2.14%® 20.10+1.53° 37.00+127%® 2240+2.18° 3320+1.18° 14.80+0.88¢ 31.70+2.06°
Histidine 20.10+1.44°% 2750+1.48% ND 12501144 12.50+1.38¢ 1530+122°¢ ND 6.30+0.36 ¢
Glutamic acid 28.10+1.739 3720+1.73° 2880+1.03¢ 53.10+2.16* 1640+086" 2750+132¢ 2250+1.16° 43.70+1.44°
Threonine 1640+1.93" 1820+1.667 2240+1.55¢ 43.50+1.28° 21.80+1.22° 2840+125¢% 3420+2.18° 64.80+2.83?
Leucine 3750+23¢  2840+1.15° 22.10+1.837 40.70+1.66° 42.70+1.72¢ 54.70+2.17° 41.50+2.16° 88.90+3.29°
Lysine ND 420+0.87¢ 280+038¢ 550+0.799  13.60+0.69°¢ 2050+1.18° 14.40+1.06° 29.40+2.04°
Valine 2940+1.29°¢ 41.10+231° 1720+£1.559 31.70+£1.27° 3250+1.62¢ 51.60+2.77* 1940+1.16% 41.60+1.26°
Tyrosine 1240+ 1.17¢  19.40+1.66° 1020+1.73¢ 21.90+1.06¢ 1830+1.17° 33.70+2.19° 1820+1.29° 40.80+1.18%
Total 18520+ 1.88¢ 212.10+£3.52° 123.60+3.52° 24590+1.44° 209.90+2.88° 23520+3.40° 165.00+2.77¢ 347.10+3.28°

Notes: Data are means of triplicate measurements + standard deviation; Means not sharing a common single letter for each measurement were significantly different at
P <0.05; ND: not detected; Units are umol/g DW.

Table 4. Antinutrient contents in the leaf and rhizome of two ginger varieties grown under different CO2 concentration (400 and 800 umol/mol).

H. Bentong H. Bara
Leaf Rhizome Leaf Rhizome
400 800 400 800 400 800 400 800
Cyanide 117.5+£2.6°¢ 223.1+4.7° 874+14" 102.7+1.5° 1882+3.9° 336.1+2.7° 924+3.77 1293+244
Tannin ND ND ND 225+22°" ND 192+1.1°¢ ND 2754192
Phytic acid 21.4+13¢ 17.1+£399 442+26° 46.8+28° 362+1.7° 334+12° 529+32°% 541+23°

Notes: Data are means of triplicate measurements + standard deviation; Means not sharing a common single letter for each measurement were significantly different at

P <0.05; Cyanide: mg HCN/kg DW; Tanin: g’/kg DW; Phytic acid: g/lkg DW; ND: not detected.
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3. Experimental Section
3.1. Plant Materials

Rhizome of two young ginger varieties (H. Bentong and H. Bara) were germinated in small pots for
14 days and then transferred to polyethylene bags which is filled with a mixture of coco peat and burnt
rice husk (1:1). Seedlings with 2-3 leaf were transferred to three CO2 growth chamber (Conviron EF7,
Winnipeg, MB, Canada) with two different CO2 concentrations (400 and 800 pmol/mol). The split plot
experiment was designed with COz as a main plot and ginger varieties as a sub plot with three replications.

3.2. Growth Chamber Microclimate

The concentration and flow of CO2 to the chamber was controlled and monitored with a PPM3
Controller (Custom Automated Products, Nevark, NJ, USA). In chamber environmental conditions like
temperature, relative humidity and light intensity were controlled using data management system
software (Dynamac Corp., Rockville, MD, USA). The plants were irrigated with a super drip irrigation
system. Chicken dung (30 g) was applied into the each media at the beginning of the experiment. Stock
solution of nutrient (N, P and K) recommended by Ravindran and Nirmal was dissolved in irrigation
water with ratio 1:20 every week. After four month, plants were harvested and rhizome and leaf were
separated, washed and freeze dried. All samples were kept at —80 °C for future analysis.

3.3. Total Carbohydrate Content

Freeze dried samples (0.1 g) were extracted with 25 mL of ethanol (80%) and stored. Homogenized
solutions were centrifuged (5000 rpm) and 1 mL of supernatant was added to anthrone solution
(10 mL, 0.15%) and heated. Samples were cooled at room temperature for 10 min and then absorption
of the samples was recorded at 625 nm [45].

3.4. Total Protein Content

A 500 mg sample of freeze dried leaf and rhizome were collected from each variety and treatment
and protein was extracted in 3 mL of Tris-HCI buffer (0.10 mM Tris-HCI and 0.15 M NacCl)
(pH 7.6). Samples were then centrifuged twice at 10,000 rpm at 4 °C for 30 min to get a clear
supernatant for hydrophilic protein content mesearment. The pellet was subsequently re-suspended
with 3 mL SDS-Tris-HCI buffer (0.10 Mm Tris-HCI, 0.15 M NaCl and 2% SDS) (pH 7.6) and spun
and mixed for 1 h. Extracted suspensions were then centrifuged twice at 10,000 rpm at 4 °C for 30 min
and supernatant was collected for hydrophobic protein content measurement [46]. Samples diluted five
times and 100 pL of extraction was mixed with 3 mL of Coomassie G-250 reagent (4.7% ethanol,
8.5% phosphoric acid and 0.01% Coomassie brilliant blue G). Absorbance of samples were measured
at 595 nm after 5 and 30 min of reaction using a spectrophotometer (U-2001, Hitachi Instruments Inc.,
Tokyo, Japan). Bovine serum albumin was used as a standard. Total protein content was the sum of
salt soluble protein content and SDS soluble protein content.
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3.5. High Performance Liquid Chromatography (HPLC) of Sugars
3.5.1. Extraction

Plant powder (50 mg) was added to extraction solvent mixture (chloroform/methanol/water). In
order to make this mixture first, a methanol/water solution (10 mL, 1:1 v/v) was added to samples and
after that chloroform (3 mL) was added. The solution was homogenized using a vortexer and then
stored at 4 °C for 30 min. After that, tubes were centrifuged (5500 rpm, 4 °C) for 15 min and about
8 mL of supernatant (methanol/water) was transferred to a 15 mL Falcon tube and after evaporation
under vacuum, extracts were kept at —20 °C for carbohydrate analysis [47].

3.5.2. HPLC Method

An Agilent HPLC 1200 Series, Refractive Index Detector (RID) with a ZORBAX NH2 Column, 5 um,
250 x 4.6 mm, was used to identify and determine the soluble sugars in ginger. The sample extracts
were filtered through a filter (0.45 um, nylon type) and 10 pL of solution taken for injection with flow
rate of 1.8 mL/min. Acetonitrile and water (75:25, v/v) were used as mobile phase. The standards of
fructose, glucose, and sucrose were used in the concentration range of 1% to 5% (w/v). A calibration
curve was obtained for each sugar. Glucose, sucrose and fructose standards were dissolved in
water/acetonitrile (50:50, v/v) with different concentratione: 0.25, 0.5, 1, 2 and 4 mg/mL [48]. The
linear regression equation were calculated with ¥ = aX + b, where X was concentration of flavonoid
and Y was the peak area of flavonoids obtained from HPLC. The linear regression equation for glucose,
sucrose and fructose were: Y = 18842X + 162.7, 20837X — 17933.6 and Y = 21559X — 215.9 respectively.

3.6. Ultra High Performance Liquid Chromatography Analysis of Amino Acids
3.6.1. Extraction

Plant material (0.1 g) was mixed with ethanol (5 mL, 70%) and sonicated for 30 min. Samples were
centrifuged at 1500 rpm for 5 min and the supernatant decanted. The residue was extracted twice with
5 mL of the extraction solvent and decanted extracts was combined. The final volume was adjusted to
15.0 mL. An aliquot (2.0 mL) of the combined extracts was placed in a glass vial and heated at 60 °C
and the solvent removed by evaporation under a flow of nitrogen. In order to evaporate any water in
the samples about 1 mL absolute ethanol was added to each vial and the samples were then evaporated
to dryness. Water, methanol, triethylamine and phenyl isothiocyanate were mixed with ratio of
80:10:5:5 and 0.25 mL of this solution was mixed with samples by mechanical rotation for 15 min.
The samples were dried under nitrogen flow on the heat block (60 °C) and the dry residue was
reconstituted in 1.0 mL of 50% acetonitrile/water and transferred to autosampler vials for analysis.

3.6.2. UHPLC Method

A UHPLC instrument (Agilent 1200) equipped with a ZORBAX Eclipse plus C18 4.6 x 250 mm,
5 um column was used for amino acid analysis. The mobile phase were A: 500 mL 20 mM sodium
acetate + 2 mg EDTA + 0.018% triethylamine (v/v) adjusted to pH 7.2 with acetic acid + 0.3%
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tetrahydrofuran and B: 100 mL 20 mM sodium acetate adjusted to pH 7.2 with acetic acid + 200 mL
methanol + 200 mL. The injection volume and flow rate were 0.45 mL/min and 1 pL. The separation
gradient was: 0 min (100:0), 17 min (40:60), 18 min (0:100), 18.1 min (0:100), 23.9 min (0:100),
24 min (0:100), 25 min (100:0). The column was operated at 35°C and the wavelength was set at
254-340 nm. Amino acid standards was dissolved in methanol to give different concentration of 1, 5,
10, 15, 20 and 25 pg/mL. The linear regression equation were calculated with ¥ = aX + b, where X was
concentration of flavonoid and Y was the peak area of flavonoids obtained from UHPLC.

3.7. Antinutrient Analysis

About 1 g of freeze dried sample was homogenized with 0.1 M phosphoric acid (30 mL) and the
solution was centrifuged at 8000 rpm for 20 min. Supernatant (3 mL) was transferred to a vial and
4 M sulfuric acid was added to each solution. All vials were heated to 100 °C for 50 min in order to
hydrolyze them. After 50 min mixtures were cooled immediately in ice. The hydrolysis mixture was
transferred to a Micro Dist tube containing 0.8 M MgClz (0.75 mL) and heated again for 45 min. After
cooling to room temperature, cyanide and tannin were analyzed by ion chromatography (column:
Guard: Ionpac AG7 40 x 250 mm; Fellow rate 1 mL/min; Injection volume 20 puL; 0.5 M sodium
acetate/0.1 M sodium hydroxide/0.5% ethylenediamine. To prepare the standard solution standards
were dissolved in HPLC grade methanol. The linear regression equation were calculated with ¥ =aX + b,
where X was concentration of compound and Y was the peak area of each compounds [49,50].
For phytic acid analysis spectrophotometric method was used. Stock solution of trichloroacetic acid
(10 mL), hydrochloric acid (5 mL) and sulphuric acid (25 mL) was prepared. Plant samples (1 g) were
extracted with 25 mL of stock solution at room temperature and constant shaking at medium speed in
an orbital mixer in different length of extraction time. The mixture was centrifuged at 17,000 rpm for
30 min at 15 °C and the supernatants were collected and 0.5 mL of supernatant was mixed with 1 mL
of ferric (III) chloride solution. The solution was heated for 30 min in a boiling water bath. Solutions
were cooled at room temperature and centrifuged for 30 min at 4500 rpm. Then, 1 mL of the
supernatant was transferred to another test tube and mixed with 2,2'-bipyridine. The absorbance of the
reaction mixture was measured at 519 nm and distilled water was used as a blank. The method was
calibrated with standard phytic acid solutions for each set of analysis [51].

3.8. Statistical Analysis

A split-split plot experiment based on randomized complete block design with three replications
was employed. Factors were includes: CO:2 concentrations (400 and 800 pmol/mol; main plot),
varieties (H. Bara and H. Bentong; sub plot) and plant parts (leaf and rhizome; sub-sub plot). Data
were subjected to an analysis of variance using Statistical Analysis System (SAS) version 9.0 (2002)
and the means were compared using the Duncan’s multiple range test. Experimental results are present
as means =+ standard deviation of three replicates.
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4. Conclusions

The results of the current study indicated that CO2 enrichment may be an effective method to
increase ginger quality. Biochemical values except proteins were enhanced when young ginger was
grown under double ambient CO2 concentration. The concentration of amino acid in the leaf of H.
Bentong and H. Bara were changed significantly with CO:z treatment and differed depending on the
plant part investigated. Initially, CO2 enrichment increased total soluble amino acids in H. Bentong and
H. Bara leaves. Protein reduction was observed due to CO2 enrichment in both studied ginger varieties.
Accordingly, physiological strategies and agronomic practices to mitigate changes in phytochemicals
of crops and their quality should be a priority topic for further studies, which will be more and more
related with food security. Generally, the CO2 enrichment technique is able to enhance young ginger
quality based on amino acids and antinutrient content.

Supplementary Materials
Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/19/10/16693/s1.
Acknowledgments

The authors would like to thank the Ministry of Higher Education Malaysia and the Research
Management Centre, University Putra Malaysia (UPM) for sponsoring this work.

Author Contributions

Study design and experimental work by Ghasemzadeh, under supervision of Jaafar. First draft of
paper was written by Ghasemzadeh and reviewed by Jaafar. Karimi participated in sample preparing
and extraction. Ashkani participated in antinutrient and statistical analysis.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Onoda, Y.; Hirose, T.; Hikosaka, K. Effect of elevated CO: levels on leaf starch, nitrogen and
photosynthesis of plants growing at three natural CO2 springs in japan. Ecol. Res. 2007, 22, 475-484.

2. Wang, S.Y.; Bunce, J.A.; Maas, J. Elevated carbon dioxide increases contents of antioxidant
compounds in field-grown strawberries. J. Agric. Food Chem. 2003, 51, 4315-4320.

3. lason, G.R.; Dicke, M.; Hartley, S.E. The Ecology of Plant Secondary Metabolites: From Genes
to Global Processes; Cambridge University Press: Cambridge, UK, 2012.

4. Luo, Z.-B.; Calfapietra, C.; Scarascia-Mugnozza, G.; Liberloo, M.; Polle, A. Carbon-based
secondary metabolites and internal nitrogen pools in populus nigra under free air CO2 enrichment
(face) and nitrogen fertilisation. Plant Soil 2008, 304, 45-57.



Molecules 2014, 19 16704

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mattson, W.J.; Julkunen Tiitto, R.; Herms, D.A. COz enrichment and carbon partitioning to phenolics:
Do plant responses accord better with the protein competition or the growth differentiation
balance models? Oikos 2005, 111, 337-347.

Poorter, H.; Navas, M.L. Plant growth and competition at elevated CO2: On winners, losers and
functional groups. New Phytol. 2003, 157, 175-198.

Moore, B.; Cheng, S.H.; Sims, D.; Seemann, J. The biochemical and molecular basis for
photosynthetic acclimation to elevated atmospheric coz. Plant Cell Environ. 1999, 22, 567-582.
Ibrahim, M.H.; Jaafar, H.Z. Impact of elevated carbon dioxide on primary, secondary metabolites
and antioxidant responses of eleais guineensis jacq.(oil palm) seedlings. Molecules 2012, 17,
5195-5211.

Ibrahim, M.H.; Jaafar, H.Z. Enhancement of leaf gas exchange and primary metabolites under
carbon dioxide enrichment up-regulates the production of secondary metabolites in labisia pumila
seedlings. Molecules 2011, 16, 3761-3777.

Jackson, R.; Luo, Y.; Cardon, Z.; Sala, O.; Field, C.; Mooney, H. Photosynthesis, growth and
density for the dominant species in a COz-enriched grassland. J. Biogeogr. 1995, 221-225.

Cheng, W.; Sims, D.A.; Luo, Y.; Coleman, J.S.; Johnson, D.W. Photosynthesis, respiration, and
net primary production of sunflower stands in ambient and elevated atmospheric CO2 concentrations:
An invariant npp: Gpp ratio? Glob. Chang. Biol. 2000, 6, 931-941.

Sims, D.A.; Cheng, W.; Luo, Y.; Seemann, J.R. Photosynthetic acclimation to elevated CO2 in a
sunflower canopy. J. Exp. Bot. 1999, 50, 645—-653.

Pritchard, S.; Rogers, H.; Prior, S.A.; Peterson, C. Elevated CO2 and plant structure: A review.
Glob. Chang. Biol. 1999, 5, 807-837.

Ghasemzadeh, A.; Jaafar, H.Z. Antioxidant potential and anticancer activity of young ginger
(zingiber officinale roscoe) grown under different coz concentration. J. Med. Plants Res. 2011, 5,
3247-3255.

Kerepesi, 1.; Galiba, G. Osmotic and salt stress-induced alteration in soluble carbohydrate content
in wheat seedlings. Crop Sci. 2000, 40, 482—-487.

Bowes, G. Growth at elevated COaz: Photosynthetic responses mediated through rubisco.
Plant Cell Environ. 1991, 14, 795-806.

Salvucci, M.E.; Crafts Brandner, S.J. Inhibition of photosynthesis by heat stress: The activation
state of rubisco as a limiting factor in photosynthesis. Physiol. Plant. 2004, 120, 179-186.

Ke, D.; Mateos, M.; Siriphanich, J.; Li, C.; Kader, A.A. Carbon dioxide action on metabolism of
organic and amino acids in crisphead lettuce. Postharvest Biol. Technol. 1993, 3, 235-247.

Sicher, R.C. Effects of CO2 enrichment on soluble amino acids and organic acids in barley
primary leaves as a function of age, photoperiod and chlorosis. Plant Sci. 2008, 174, 576-582.
Ghasemzadeh, A.; Jaafar, H.Z.; Karimi, E.; Ibrahim, M.H. Combined effect of CO2 enrichment
and foliar application of salicylic acid on the production and antioxidant activities of anthocyanin,
flavonoids and isoflavonoids from ginger. BMC Complement. Altern. Med. 2012, 12, 229.
Den-Hertog, J.; Stulen, L.; Fonseca, E.; Delea, P. Modulation of carbon and nitrogen allocation in
urtica diocia and plantago major by elevated CO2: Impact of accumulation of non-structural
carbohydrates and ontogenic drift. Physiol. Plant. 1996, 98, 77-88.



Molecules 2014, 19 16705

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

Baxter, R.; Ashenden, T.W.; Farrar, J. Effects of elevated co2 and nutrient status on growth, dry
matter partitioning and nutrient content of poa alpinia var. Vivpara 1. J. Exp. Bot. 1997, 48,
1477-1486.

Landolt, W.; Pfenninger, 1. The effect of elevated co2 and soil type on non-structural carbohydrates
in beech leaves and norway spruce needles growing in model ecosystems. Acta Oecol. 1997, 18,
351-359.

Taub, D.R.; Miller, B.; Allen, H. Effects of elevated co2 on the protein concentration of food
crops: A meta analysis. Glob. Chang. Biol. 2008, 14, 565-575.

Hogy, P.; Fangmeier, A. Atmospheric CO2 enrichment affects potatoes: 2. Tuber quality traits.
Eur. J. Agric. 2009, 30, 85-94.

Terao, T.; Miura, S.; Yanagihara, T.; Hirose, T.; Nagata, K.; Tabuchi, H.; Kim, H.Y.; Lieffering, M.;
Okada, M.; Kobayashi, K. Influence of free air CO2 enrichment (face) on the eating quality of
rice. J. Sci. Food Agric. 2005, 85, 1861-1868.

Herms, D.A.; Mattson, W.J. The dilemma of plants: To grow or defend. Q. Rev. Biol. 1992, 67,
283-335.

Jones, C.; Hartley, S. A protein competition model of phenolic allocation. Oikos 1999, 86, 17.
Ehleringer, J.R.; Cerling, T.E.; Dearing, M.D. Atmospheric CO2 as a global change driver
influencing plant-animal interactions. Integr. Comp. Biol. 2002, 42, 424-430.

Behboudian, M.H.; Tod, C. Postharvest attributes of virosa tomato fruit produced in an enriched
carbon dioxide environment. Hort. Sci. 1995, 30, 490-491.

Cha-um, S.; Ulziibat, B.; Kirdmanee, C. Effects of temperature and relative humidity during in
vitro acclimatization, on physiological changes and growth characters of phalaenopsis adapted to
in vivo. Aust. J. Crop Sci. 2011, 4, 750-756.

De Souza, A.P.; Gaspar, M.; Da Silva, E.A.; Ulian, E.C.; Waclawovsky, A.J.; Dos santos, R.V.;
Teixeira, M.M.; Souza, G.M.; Buckeridge, M.S. Elevated CO2 increases photosynthesis, biomass
and productivity, and modifies gene expression in sugarcane. Plant Cell Environ. 2008, 31,
1116-1127.

Paul, M.J.; Foyer, C.H. Sink regulation of photosynthesis. J. Exp. Bot. 2001, 52, 1383—-1400.
Demmers-Derks, H.; Mitchell, R.; Mitchell, V.; Lawlor, D. Response of sugar beet (beta vulgaris 1.)
yield and biochemical composition to elevated co2 and temperature at two nitrogen applications.
Plant Cell Environ. 1998, 21, 829-836.

Norby, R.J.; O’Neill, E.G.; Luxmoore, R. Effects of atmospheric CO2 enrichment on the growth
and mineral nutrition of quercus alba seedlings in nutrient-poor soil. Plant Physiol. 1986, 82, 83—89.
Ainsworth, E.A.; Rogers, A.; Leakey, A.D.; Heady, L.E.; Gibon, Y.; Stitt, M.; Schurr, U. Does
elevated atmospheric [COz] alter diurnal ¢ uptake and the balance of ¢ and n metabolites in
growing and fully expanded soybean leaves? J. Exp. Bot. 2007, 58, 579-591.

Geiger, M.; Walch-Liu, P.; Engels, C.; Harnecker, J.; Schulze, E.; Ludewig, F.; Sonnewald, U.;
Scheible, W.; Stitt, M. Enhanced carbon dioxide leads to a modified diurnal rhythm of nitrate
reductase activity in older plants, and a large stimulation of nitrate reductase activity and higher
levels of amino acids in young tobacco plants. Plant Cell Environ. 1998, 21, 253-268.
Manderscheid, R.; Bender, J.; Jager, H.-J.; Weigel, H. Effects of season long co2 enrichment on
cereals. Ii. Nutrient concentrations and grain quality. Agric. Ecosyst. Environ. 1995, 54, 175-185.



Molecules 2014, 19 16706

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Wu, G.; Chen, F.; Ge, F. Effects of elevated co2 on the growth and foliar chemistry of transgenic
bt cotton. J. Integr. Plant Biol. 2007, 49, 1361-13609.

Wrigley, C.; Bietz, J.; Pomeranz, Y. Proteins and amino acids. In Wheat: Chemistry and
Technology; Pomeranz, Y., Ed.; American Association of Cereal Chemists: Saint Paul,
Minnesota, USA, 1988; Volume 1, pp. 159-275.

Kader, A.A. Biology and technology: An overview. Postharvest Technol. Hortic. Crops 2002, 3311,
39-48.

Oksanen, E.; Sober, J.; Karnosky, D. Impacts of elevated CO2 and/or O3 on leaf ultrastructure
of aspen (populus tremuloides) and birch (betula papyrifera) in the aspen face experiment.
Environ. Pollut. 2001, 115, 437-446.

Lindroth, R.L.; Kopper, B.J.; Parsons, W.F.; Bockheim, J.G.; Karnosky, D.F.; Hendrey, G.R.;
Pregitzer, K.S.; Isebrands, J.; Sober, J. Consequences of elevated carbon dioxide and ozone for
foliar chemical composition and dynamics in trembling aspen (populus tremuloides) and paper
birch (betula papyrifera). Environ. Pollut. 2001, 115, 395-404.

Vasic, M.A.; Tepic, A.N.; Mihailovic, V.M.; Mikic, A.M.; Gvozdanovic-Varga, J.M.; Sumic, Z.M.;
Todorovic, V.J. Phytic acid content in different dry bean and faba bean landraces and cultivars.
Seeds 2012, 29, 79-85.

Sivaci, A. Seasonal changes of total carbohydrate contents in three varieties of apple (malus
sylvestris miller) stem cuttings. Sci. Hortic. 2006, 109, 234-237.

Bradford, M.M. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Anal. Biochem. 1976, 72, 248-254.

Gomez, L.; Rubio, E.; Auge, M. A new procedure for extraction and measurement of soluble
sugars in ligneous plants. J. Sci. Food. Agric. 2002, 82, 360—-369.

Wilson, A.; Work, T.; Bushway, A.; Bushway, R. Hplc determination of fructose, glucose, and
sucrose in potatoes. J. Food Sci. 1981, 46, 300-301.

Rezaul Haque, M.; Howard Bradbury, J. Total cyanide determination of plants and foods using
the picrate and acid hydrolysis methods. Food Chem. 2002, 77, 107-114.

Makkar, H.P.; Blummel, M.; Borowy, N.K.; Becker, K. Gravimetric determination of tannins and
their correlations with chemical and protein precipitation methods. J. Sci. Food. Agric. 1993, 61,
161-165.

Vaintraub, [.A.; Lapteva, N.A. Colorimetric determination of phytate in unpurified extracts of
seeds and the products of their processing. Anal. Biochem. 1988, 175, 227-230.

Sample Availability: Samples of the Halia Bentong and Halia Bara are available from the authors.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


