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ABSTRACT

Nanotechnology is a prominent science knowledge applied in miscellaneous disciplines. The effect of nanotechnology on the
phenolic profile of herbs is lacking in the literature, thus this study was conducted to assess the effect of nanotechnology on
bioactive polyphenolic compounds of z. officinale (ginger) rhizome. The effect of the nanotechnology process on the content of
bioactive polyphenolic compounds in the nanoparticle ginger was compared to the conventional prepared namely coarse and fine
particle ginger. The phenolic acids of ginger rhizome powder (of 6 - gingerol, 8 - gingerol, 10 - gingerol, 6 - shogaol, gallic acid,
chlorogenic acid, ascorbic acid, vanillic acid, ferulic acid, and p-coumaric) were identified using HPLC-SPE method.
Nanotechnology process found to increase 88.03% of 6 - gingerol, 0.23% in 8 - gingerol and 100% in 10 - gingerol as shown in
the nanoparticle ginger rhizome but 74%, 34.13% and almost 100% decreased in the gallic acid, chlorogenic acid and p-
coumaric acid respectively as compared to the conventional prepared ginger powder. Hence it can be suggested that
nanotechnology significantly affects the constituents of the phenolic acid of herbs which may be beneficial for the food and
pharmaceutical industry.

Key Words: Ginger, HPLC-SPE, Nanotechnology, Phenolic acids.

1. INTRODUCTION

The term “nanotechnology” was first used in 1974 by the late Norio Taniguchi and the concepts were provided by Richard
Feynman in 1959. It has currently become a fast emerging field that involves the manufacture, processing, food and bioprocess
industry through the development of materials in the nanoscale dimension of less than 100 nm [1]. While nanoparticle is also
defining as particles in the range of 10 nm to 1000 nm [2] due to numerous successful applications by employing nanomaterial
with particle size above 100 nm. Nanotechnology process has been reported enhanced the control release of active compounds [3]
[4]. Enhanced the active constituents reported in nano L. dihuang [5] and S. miltiorrhiza [6] due to nanotechnology process.
Despite enhancement of phenolic acids as a result of nanotechnology process, depletion of some of the active compounds also
reported. Nanotechnology process caused the folates, phytic acid, sinapic acid, as well as coumaric acid depleted as demonstrated
in the wheat bran and fibre flax [7, 8]. The compounds’ stability during the nanotechnology process may contribute to the
variation in the active constituents extracted.

Z. officinale Rosc rhizome (ginger) which belongs to the tropical and sub-tropical family of Zingiberaceae, originated in South
East Asia [9, 10] and is commercially cultivated, in India, China, any many more. This plant has been cultivated for more than a
thousand years for its pungent aromatic rhizome for flavour as well as antimicrobial and antioxidant properties. It is due to present
of active constituents found in the Z. officinale itself.
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Gingerols are known as homologous phenolic ketones that exist as 6, 8, and 10 - gingerol are the abundantly found in Z.
offinale [11]. In fresh Z. officinale rhizome, this dominant constituent consists of other gingerol derivatives in the mean ratio of
3:1:1 for 6 - gingerol, 8 - gingerol and 10 - gingerol respectively [12]. While shogaols, a dehydrated form of the gingerols and
paradol, are the predominant pungent constituents found in dried Z. officinale rhizome.

Despite the remarkable benefits of Z. officinale rhizome, as well as the nanotechnology process, however there has been limited
study conducted on the effect of nanotechnology on bioactive phenolic acids compounds of Z. officinale rhizome in literature.
Thus this study was conducted to identify the effect of nanotechnology process on phenolic acids profile of Z. officinale rhizome.

2. MATERIALS AND METHOD

2.1 Preparation of Z. officinale Rhizome Powder

The coarse Z. officinale rhizome powder was obtained by grinding the dried Z. officinale rhizome using a food processor
(MX-898, Panasonic) for 5 min and screened through 40 mesh sized sieve to separate the granulates. The Z. officinale rhizome
powder with the mean particle size of 19.22 um was obtained and named as coarse particle (CP). Dried Z. officinale particles were
then subjected to the fine milling using a hammer mill (IKA@Werile, MF10 basic) at 3000 rpm for 30 min. It was then sieved
using the sieve shaker (Retsch AS 200, Germany) attached with 250 pum bore diameter siever. The fine particles obtained which
pass through the sieve shaker were collected. The uniform Z. officinale powder with mean size of 4.12 um were obtained and
named as fine particle (FP). The fine particle powder obtained was used as the starting material for the preparation of the
nanoparticle Z. officinale rhizome powder. The fine particle powder was milled into nanoparticle size using a planetary ball mill
(Retsch PM 200, Germany) with 2 stainless steel pots with 50 ml capacity each. Approximately 1 g of the powder was sealed in
the pot filled with 25.0 g of grinding media. Commercially available zirconia beads with diameters of 2.0 mm were used as the
grinding medium. The revolution speed of the milling pot was adjusted to 550 rpm and the powder milled for 4 hours. The Z.
officinale rhizome powder with mean size of 223 nm was obtained and labelled as nanoparticle Z. officinale rhizome powder
(NP). All samples were kept in an airtight container at 4°C + 1°C, prior to further analysis.

2.2 Solid Phase Extraction Procedure (SPE)
In this study, the Z. officinale rhizome was extracted using a solid-phase extraction (SPE) method. It is a separation

process by which compounds that are dissolved or suspended in a liquid mixture are separated from other compounds according to
their physical and chemical properties. This extraction method is analytically used to concentrate and purify samples prior to
HPLC analysis. Initially, the C18 Sep-Pak cartridges were conditioned with 12 ml of methanol and then washed using 18 ml of
distilled water prior to sample load. The sample extracted was then eluted with 0.1% acidified water (0.1% HCI), followed by
ethyl acetate. The collected filtrate was kept in the air tight container and stored at 4°C before use.

2.3 Preparation of Standard Solutions
The external standard that consist of standard gingerol, 6 - gingerol, 8 - gingerol, 10 - gingerol, 6 - shogaol, gallic,

chlorogenic, ascorbic, vanillic, ferulic, and p-coumaric, (-) were used to identify the presence of phenolic acid contents in the
coarse, fine and nanoparticle Z. officinale rhizome powder. The selected standards are the phenolic compounds reported to be
found in Z. officinale that contributed to its bioactivity [13, 14].

The individual standard stock solutions (1000 pg/ml) were prepared by weighing 10 mg of each standard into 10 ml
volumetric flasks, and dissolving them in methanol HPLC grade. Stock solutions were stored at 4°C for not more than 2 weeks. A
working standard solution (200 pg/ml) was prepared by using 200 pl of standard stock made up to 1000 pl with methanol HPLC
grade to form the individual standard. A working solution was prepared daily and stored at 4°C prior to use. A mixed standard
solution was prepared by combining 300 pl of each of the individual standard solutions. Identification of 6 - gingerol, 8 - gingerol,
10 - gingerol, 6 - shogaol, gallic acid, chlorogenic acid, ascorbic acid, vanillic acid, ferulic acid and p-coumaric in the samples
were based on the comparisons of retention time and UV-Vis spectra with the standards. In addition, the serial dilutions of the
1000 pg/ml standard were used for the preparation of 200, 400, 600, 800 pg/ml working standards. All the standards used were
capped and stored at 4°C until used.

2.4 Preparation of Standard Solutions
The presence of active constituents in the tested samples was quantified and analysed using an Agilent 1200 High

Performance Liquid Chromatograph (Agilent, USA) consisting of a degasser, a G1315D binary pump system, an auto sampler and
a G1316B TCCS1 column oven. It was coupled with a UV-Vis detector and controlled by Agilent Chemstation® software.
Separation of coarse, fine and nanoparticle Z. officinale were achieved using a Zorbax Eclipse XDB-C18 column (particle size 5
pUm,250 x 4.6) equipped with a Zorbax C18 analytical guard column (12.5 mm x 4.6 mm) at 35°C. All injections were performed
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automatically using a 20 pL loop on an Agilent C1329A ALS auto sampler apparatus. Detection of the analytes was carried out
using Agilent multi wavelength UV - Vis detector (G1365C MWDSL, Agilent, USA).

The analyses were separated by running a mobile phase consisting of acidified water (A) acetonitrile (B) and methanol
(C) at a flow rate of 1 ml/min through the column, UV — Vis absorbance in the range of 250 — 370 nm at 28°C. The composition
of the mobile phase used in this study was held constant at A90:B10 (v/v) to give a total run time of 60 min for phenolic acid
determination, while the mobile phase composition was maintained at A60:B15:C25 (v/v) with 40 min of running time to identify
the flavonoids. On the other hand, the presence of gingerol and its derivatives was assessed through a constant mobile phase flow
rate at A50:B50 (v/v) for 40 min.

The mobile phase used in this study was filtered under a vacuum through a 0.45 pm nylon membrane filter prior to use.
All experiments conducted in the isocratic mode and all calculations to quantify the existence of active constituents were
performed with external standards (6 - gingerol, 8 - gingerol, 10 - gingerol, 6 - shogaol, gallic acid, chlorogenic acid, ascorbic
acid, vanillic acid, ferulic acid and p-coumaric) by measurement of peak areas. A calibration curve was drawn using six
concentrations of the analytes, separately. All analyses were conducted in triplicate.

2.5 Statistical Analysis

All experiments were carried out in triplicate and presented as mean and standard deviation. One-way analysis of
variance (ANOVA) was used to analyse the data using SPSS™ software for Windows, Version 21.0 (SPSS Inc., Chicago, IL).
The means were compared with Duncan’s multiple comparison test (DMCT) and the differences among samples were analyzed
using the least significant difference (LSD) test with a significance level of p<0.05. Pearson correlation analysis was conducted to
determine the correlation between the various parameters.

3. RESULTS AND DISCUSSION

3.1 Identification of Phenolic Acids

Gallic acids, chlorogenic acid, vanillic acid, p-coumaric acid, ferulic acid and trans-cinnamic acid, 6 — gingerol, 8 —
gingerol, 6 — shogaol and 10 - gingerol were the phenolic acids components identified in the current work. The retention times
(Rt) for gallic acid was 4.9 min, 12.36 min for chlorogenic acid, 18.35 min for vanillic acid, 38.44 min for p-coumaric acid, 51.58
min for ferulic acid, 55.14 min for trans-cinnamic acid (Figure 1). While the retention time of 6 - gingerol was approximately 8.30
min, 8 - gingerol (15.84 min), 6 - shogaol (19.53 min) and 35.54 min for 10 — gingerol are shown in Figure 2. The HPLC
chromatogram of phenolic acids (gallic acids, chlorogenic acid, vanillic acid, p-coumaric acid, ferulic acid and trans-cinnamic
acid) and gingerols and its derivatives for coarse, fine and nanoparticle Z. officinale are presented in the Figure 3 and Figure 4
respectively.

The retention times (Rt) for gallic acid was 4.9 min, 12.36 min for chlorogenic acid, 18.35 min for vanillic acid, 38.44
min for p-coumaric acid, 51.58 min for ferulic acid, 55.14 min for trans-cinnamic acid (Figure 1).
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Figure 1: retention time (rt) of a: gallic acid; b: chlorogenic acid; c:vanillic acid; d: p-coumaric acid; e:ferulic
acid; f: trans-cinnamic acid
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While the retention time of 6 - gingerol was approximately 8.30 min, 8 - gingerol (15.84 min), 6 - shogaol (19.53 min)
and 35.54 min for 10 — gingerol are shown in Figure 2.
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Figure 2: Retention time (rt) of a: 6 — gingerol; b: 8 — gingerol; c: 6 — shogaol; d: 10 — gingerol
In the current work, changes in the phenolic acids include gingerols in Z. officinale rhizome due to the nanotechnology
process were identified and ascertained by high pressure liquid chromatography (HPLC) with 17 standard references and are

presented in Table 1.

Table 1. Phenolic acids profile of coarse particle, fine particle and nanoparticle Z. officinale rhizome

Retention Time Content (mg/g of dw)

Phenolic Acids

(Rt) Coarse Particle Fine Particle Nanoparticle

Gallic acid 4.90 3.73P 5.55° 1.46°¢
Chlorogenic acid 12.36 0.86 ¢ 1.44° 0.95"
Vanillic acid 18.35 0.57" 0.46 ¢ 0.78%
p- Coumaric acid 38.44 nd 1.05% n.d
Ferulic acid 51.58 n.d n.d nd
Trans-Cinnamic Acid 55.14 nd n.d nd

6 - gingerol 8.30 2.08° 2.67° 22.31°
8 - gingerol 15.84 4.29° 12.96° 12.99°
10 - gingerol 35.54 1.52° n.d 2.03°
6-shogaol 19.53 n.d 21.50° n.d
Total Phenolic Acid 13.05° 45,63 40.52"

In all samples tested, 8-gingerol acid showed the highest concentration, followed by 6-gingerol, gallic acid, chlorogenic
acid, vanillic acid and p-coumaric acid. On the other hand, ferulic acid and trans-cinnamic acid were not detected in any of the
samples tested. The results revealed that nanotechnology process found to increase the gingerols level as depicted by significantly
high gingerols concentration in the nanoparticle Z. officinale rhizome as compared to the coarse and fine particle samples (Figure
1.2). Increased in the 6 - gingerol (28.37%), 8 - gingerols (36.03) as well as 6 -shogaol (100%) with totally undetectable 10 -
gingerol in the fine particle when compared to the coarse particle (p<0.05). The concentration was significantly increased when
the particle size was further reduced into nanoparticle.

The nanotechnology process caused an increment of 88.03% in 6 - gingerol, 0.23% in 8 - gingerol and 100% in 10 -
gingerol more than fine particle (p<0.05). However, 6 - shogaol was not detected in the nanoparticle Z. officinale rhizome sample.
In total, nanoparticle Z. officinale sample contained the highest concentration of gingerol and gingerol derivatives while the coarse
particle contained the lowest. In conclusion, the gingerol and gingerol derivatives contents were in the ascending order of
nanoparticle > fine particle > coarse particle. The data obtained revealed that the gingerols content was found to be increased with
decrease in the particle size.
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In terms of weight basis, 8 - gingerol was the dominant gingerol found in coarse and fine particles while 6 - gingerol was
found abundantly in the nanoparticle Z. officinale rhizome. However, in the current work, 6 - shogaol was only detected in the fine
particle sample. The results obtained slightly differed from other studies where they reported that the main active compounds
commonly found in Z. officinale rhizome were 6 - gingerol and 6 - shogaol (Rani et al., 2012; Zhan et al., 2011). Figure 3 shows
the amount of gingerol and gingerol derivatives in different particle size of Z. officinale rhizome.
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Figure 3: HPLC chromatograms of gingerol and gingerol derivatives in i; coarse; ii; fine; and iii; nanoparticle Z.
officinale rhizome

Note: a = 6 — Gingerol; b = 8 — Gingerol; ¢ = 6 — Shogaol; d = 10 — Gingerol

Among all, nanoparticle Z. officinale rhizome contained the highest amount of 6 - gingerol (88.03% - 90.68%) as
compared to the coarse and fine particles respectively (p<0.05). The results obtained show the nanotechnology process retained 6 -
gingerol content, while most probably it was shifted to 6 - shogaol in the fine particle sample. The changes were due to heat
generated during processing and long term storage since both factors lead to shifting of 6 — gingerol to 6 - shogaol [15, 16]. 6-
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gingerol is the commonly active constituent found in Z. officinale, also known as 5-hydroxy-1-(4-hydroxy-3- methoxyphenyl)
decan-3-one with chemical formula of C;;H,504. While 6 Shogaol, the dehydrated form of gingerol, known as (E)-1-(4-Hydroxy-
3- methoxyphenyl) dec-4-en-3-one has the molecular formula of Cy7H,,03. The formation of shogaol takes place by dehydration
of one molecule of water from the parent compound of 6- gingerol [17].

The high level of 6 — gingerol in the nanoparticle sample showed the high quality of Z. officinale produced, since 6 —
gingerol has been used as a marker substance for high quality fresh Z. officinale rhizome [18, 19]. However, the results revealed
that nanotechnology caused loss in some phenolic acid. The HPLC chromatogram of phenolic acids (gallic acids, chlorogenic
acid, vanillic acid, ferulic acid and trans-cinnamic acid) for coarse, fine and nanoparticle Z. officinale are presented in the Figure 4
below.
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Figure 4: HPLC chromatogram of phenolic acids in i; coarse; ii; fine; and iii; nanoparticle Z. officinale rhizome
Note: a: Gallic Acid; b:Chlorogenic Acid; c:Vanillic Acid; d: p-Coumaric Acid; e:Ferulic Acid; f: Trans-Cinnamic Acid

Initially there were increased in the gallic acid (48.79%), chlorogenic acid (67.44%), and p-coumaric acid (almost 100%)
while there was a significant decrease in vanillic acid (19.29%) in the fine particle as compared to coarse particle. It is expected
that increased in the active constituent may occur with decrease in the particle size; however, in the current work the results
revealed that concentration of phenolic acids was not particle size dependent.
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It was found that the nanotechnology process reduced about 74% the concentration of gallic acid, chlorogenic acid (34.13%) and
p-coumaric acid (almost 100%) as observed in nanoparticle Z. officinale rhizome when compared to fine particle which indicated
that the nanotechnology process leads to significant alteration in the Z. officinale phenolic acids contents and in most of the
phenolic acids, the measured parameters decreased.

Phenolic acid loss due to the nanotechnology process was also reported in the previous study. Some loss of folates,
phytic acid and sinapic acid observed in ultrafine wheat bran [8], while significant loss of coumaric acid (76.71%) and ferulic acid
(47.88%) in fibre flax [7]. The possible reason for this situation was the phenolic acid’s degree of stability and it may be that, to a
certain extent, some of the phenolic acids were thermally unstable. In the study conducted by [20] it showed that syringic, ferulic
and sinapic acids were stable up to 150°C with only90°C for vanillic acid. While in another study, revealed that ferulic acid was
readily degraded by 73.4% when stored for 10 weeks at 40°C [21]. Moreover, the increase in the contact area of the particle due to
the nanotechnology process may simultaneously increase the contact area of phenolic acids to O, which promotes phenolic acid
oxidation that may reduce the concentration of phenolic acids, especially those easily oxidised. Even so, [20] et al. stated that
easily oxidised phenolic acid (gallic acid) was more tolerance to the thermal effect as compared to less oxidisable ones (ferulic
acid) when totally loss of ferulic acid with increased temperature. In contrast temperature increased only caused some loss of
gallic acid concentration. Thus the author concluded that both O, and temperature play an important role in ensuring the phenolic
acids’ stability. The instability of ferulic acid with temperature and the more tolerance observed in gallic acid [20] may be the
reason for totally undetectable ferulic acid in any size of Z. officinale rhizome particle, while a decrease in the gallic acid was
obtained in the current work with size reduction.

However it is being reported that nanotechnology process leading to 1.22 mg/g higher salvianolic acid B in nano S.
miltiorrhiza than those in coarse particles which indicated that the nanotechnology process increased some of the phenolic acid
[6]. The similar phenolic acids increment as a result of the nanotechnology process was also encountered in the nanoparticle Z.
officinale prepared in the current work. It was found that 69.56% of vanillic acid increment was encountered in the nanoparticle Z.
officinale as compared to the coarse and fine particles. The stability of vanillic acid towards heat and oxidation may be the
possible reason for this since among all, vanillic acid is classified as the less oxidised and more stable phenolic acid [20].
Increased in some of the phenolic acids as a result of the nanotechnology process have also has been reported by Tao et al. (2014)
when 12.56% of chlorogenic acid and 38.06% of ferulic acid increment were observed in dietary fibre from pomace which
contrasts with the results obtained in the current work. Most probably, the shorter milling times of 8 mins to prepare the ultrafine
dietary fibre from pomace, as compared to 4 hours to prepare the nanoparticle Z. officinale used in the current work had
contributed to the variation in the phenolic acids detected. longer milling times could increase the mill cavity temperature which
further promotes more loss of unstable active compounds [22].

4. CONCLUSION

HPLC analysis showed that gallic acids, rutin and 8-gingerol are the phenolic acids and gingerol compounds found abundantly in
all particle size of Z. officinale rhizome samples studied. Nanotechnology found to increase the concentration of gingerol and its
derivatives but caused some depleted in less stable phenolic acids as indicate in significantly high phenolic acids concentration in
fine particles, while the nanoparticle Z. officinale rhizome exhibited the lowest. Hence it can be suggested that, nanotechnology
did affect the phenolic acids profile of Z. officinale rhizome.
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