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Abstract
Ginger extracts (GEs) are antioxidant, antimicrobial, and anti-inflammatory. Their bioactivity can benefit foods and active 
packaging by extending shelf life, enhancing safety, and providing health benefits. Highly bioactive GEs are crucial to for-
mulating potent active products and avoiding negative effects on their properties. Sesquiterpenes and phenolics are the main 
bioactives in ginger, but drying and extraction affect their composition. GEs are usually obtained from dry rhizomes; however, 
these operations have been studied independently. Therefore, a combined study of innovative drying and extraction technolo-
gies to evaluate their influence on extracts’ composition will bring knowledge on how to increase the bioactivity of GEs. 
The effects of an emergent drying (vacuum microwave, VMD) followed by an emergent extraction (ultrasound, UAE, 20 or 
80 °C) were investigated in this work. Microwave extraction (MAE) of fresh ginger was also studied. Convective oven drying 
and Soxhlet extraction were the references. Drying kinetics, powder color, extract composition, and antioxidant activity were 
studied. While MAE preserved the original composition profile, VMD combined with UAE (20 °C) produced extracts richer 
in phenolics (387.6 mg.GAE/g) and antioxidant activity (2100.7 mmol.Trolox/mL), with low impact in the sesquiterpenes. 
VMD generated shogaols by its high temperatures and facilitated extracting bioactives by destroying cellular structures and 
forming pores. UAE extracted these compounds selectively, released them from cell structures, and avoided losses caused by 
volatilization and thermal degradation. These findings have significant implications, as they provide an opportunity to obtain 
GE with tailored compositions that can enhance the formulation of food, active packaging, and pharmacological products.
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Introduction

Ginger (Zingiber officinale Roscoe) is a highly relevant herb 
due to its bioactivity that comprises antimicrobial [1], anti-
viral [2, 3], anti-inflammatory, antioxidant [2, 4], antitumo-
rigenic [5, 6] effects. It is a result of their rich composition, 
which makes them appropriate to be used as natural active 
ingredients or additives to foods and packaging, such as bio-
based films and coatings, replacing artificial compounds.

Due to the potential of ginger in those applications, 
increased concentrations of bioactive compounds have been 
sought [7, 8] as they enable higher bioactivity in the final 
formulations and the requirement of lower extract volumes, 

leading to lower impact in their physicochemical and sen-
sory properties. The main bioactives of ginger are phenolic 
compounds and sesquiterpenes. Among these, the pheno-
lics gingerols and shogaols stand out [9, 10]. Gingerols are 
responsible for the pungent taste of fresh ginger. However, 
high temperature, low pH, or long storage cause the dehydra-
tion of these compounds, converting them to shogaols [10]. 
Several studies have shown that shogaols are more bioac-
tive than gingerols [4, 11]. However, conditions to produce 
shogaols are harsh and can cause the loss of other pheno-
lics and terpenes. Thus, besides attaining high extraction 
yields, finding ways to promote the production of shogaols 
while avoiding the loss of other bioactives is fundamental 
to obtaining more potent ginger extracts and high extraction 
yields.

The conversion of gingerols to shogaols can occur, inten-
tionally or not, during drying [8, 9] and extraction [12, 13]. 
With adequate knowledge of how those affect the extract’s 
composition, they can be optimized to produce components 
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with higher bioactivity and in higher concentrations. Innova-
tive methods have been applied to ginger aiming to improve its 
bioactivity and get more sustainable, environmental-friendly, 
safe, time- and cost-effective processing. Microwave dry-
ing has shown the potential to increase the shogaols content 
[12, 14]. Adding a vacuum to this process would avoid the 
degradation of other thermolabile compounds in the extract 
due to the lower water vapor pressure and short processing 
time [15]. Reports on how vacuum microwave drying (VMD) 
affects the antioxidant activity of ginger are scarce in the lit-
erature [7], and it would be expected that lower pressures could 
have optimistic results. The association of VMD followed by 
ultrasound-assisted extraction (UAE) is promising as it could 
enable the obtention of extracts rich in phenolic compounds, 
gingerols, and shogaols [12, 16, 17], but yet unexplored. Both 
those technologies have been scaled recently for industrial-
scale production, with favorable results [15, 18, 19].

Commercial ginger extracts are usually obtained from 
dried ginger, to extend the rhizomes’ shelf-life. However, 
conventional drying and extraction processes can affect the 
composition and bioactivity of the extract [8, 9, 12, 13]. The 
lack of studies on how the combination of drying and extrac-
tion technologies and conditions influence ginger extracts’ 
composition is a gap in the literature. Therefore, studies 
evaluating the combined effect of drying and extraction of 
conventional and innovative trending technologies are highly 
relevant in the scientific and technological fields. In addition, 
this approach can bring better knowledge on how to obtain 
valuable extracts with enhanced composition, high concen-
tration, and better bioactivity to be used as functional addi-
tives in food, active packaging, and pharmacological fields.

The objective of this study was to investigate the influ-
ence of the combination of drying and extraction techniques 
on the composition and bioactivity of ginger, enabling it to 
produce extracts with high antioxidant activity and rich in 
phenolic and other active compounds with potential food, 
packaging, and pharmaceutical applications. For that, VMD, 
UAE, and microwave-assisted extraction (MAE) were stud-
ied, and the results were compared to the conventional meth-
ods of convective oven drying (OD) and Soxhlet extraction 
(Sox). As not yet verified in the literature, combinations of 
drying and extraction processes were evaluated by the global 
extraction yields, antioxidant activity, total phenolic content 
(TPC), and volatile compounds composition. In addition, 
drying processes were studied regarding drying kinetics, 
including the drying rate, drying time, final moisture con-
tent, water activity, and ginger powder color.

Materials and Methods

The material and methods section are presented as Online 
Resource 1.

Results and Discussion

Ginger Drying Kinetics

Dry ginger particles showed an average size of 
35 ± 12 mm. Initial moisture content  (Heq) and water activ-
ity  (aw) of fresh ginger were 93.6 ± 0.7 and 0.97 ± 0.2%, 
respectively. Ginger drying kinetics (Fig. 1) and the related 
results are shown in Table S1 (Online Resource 2). Online 
Resource 2 presents the supplementary tables of this study. 
The  aw of all the dried samples indicated microbiological 
stability. OD curves showed typical behavior in which a 
high and constant drying rate period caused by the evapo-
ration of free water is followed by a falling rate, which 
is limited by the internal diffusion mechanism caused by 
the bound water in the system. Between those, the maxi-
mum drying rates  (Vsec

max) were directly proportional to 
temperature [20–22]. Consequently, drying time (Td) was 
the opposite. VMD showed the highest  Vsec

max and lowest 
Td, which were 8.1–21.1 folds higher and 10.6–35.7 folds 
lower than OD samples. That was probably due to a high 
energy transfer promoted by the microwaves along with 
the high moisture removal rate by the vacuum. Besides, 
microwaves can increase cell pressure by producing intra-
cellular vapor, inducing the formation of pores on the sur-
face and moisture migration channels for the vapor release 
[23, 24]. An et al. [14] used microwaves and their associa-
tion with forced convection at 60 °C, which reduced by 
6.67 and 8.00 folds, respectively, the drying time com-
pared to OD at 60 °C.

Fig. 1  Drying kinetics of ginger obtained by oven drying at 60  °C 
( ), 80  °C ( ), or 120 °C ( ) and vacuum micro-
wave drying ( ). The dotted line represents the polynomial adjust-
ment of the vacuum microwave drying
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Effects of Drying Over Ginger Powder

Color

Color changes can indicate nutritional, compositional, and 
flavor quality alterations [22, 25, 26]. Also, they affect con-
sumers’ acceptance and can cause restrictions when food 
applications are aimed [27, 28]. The results for the color of 
ginger powder obtained by different drying conditions are 
shown in Table S2 (Online Resource 2). Images are pre-
sented in Fig. 2. Chroma (C*) was not significantly affected 
by drying type. h0 was lower for OD samples dried at 120 
than 80 °C. That indicates a trend to red color (+ a*, h0 = 0) 
and a detachment from the yellow quadrant (+ b*, h0 of 
1.571) related to the browning. The higher browning of 
F120 can also be evidenced by the lower L* and higher a* 
(redness) compared to F80. That effect may be caused by 
Maillard’s reaction, which produces brown products such 
as melanoidins. The reactivity of the amine groups and the 
concentration of sugars increases with the temperature, and 
it is enough for Maillard’s reaction to occur, potentializing 
the browning [25]. Furthermore, higher temperatures may 
induce the degradation of thermolabile yellow compounds of 
ginger, such as curcumin, demethoxycurcumin, and 6-dehy-
drogingerdione [22, 29], and the browning of ascorbic acid 
[30]. Within the OD conditions, F60 showed lower L*, a*, 
and h0, suggesting an intermediary browning. Even though it 
was subjected to a lower temperature, that level of browning 
may be justified by the long exposure (14 h) of the samples 
to the drying conditions compared to the other treatments, 

F80 (6 h) and F120 (3 h), which showed lower brown-
ing. Besides, the slightly higher moisture content (5.68%) 
reached in equilibrium after this treatment may also con-
tribute to its darkening. Izli and Polat [25] verified that the 
increment of OD temperature (60–80 °C) reduced L* and 
b* and increased a* values, resulting in higher overall color 
changes compared to fresh ginger (∆E from 12.70 to 17.75), 
similarly to this study. Mahayothee et al. [22] observed that 
OD promoted yellowish and brownish colors in relation to 
fresh cassumunar ginger, evidenced by 1ower C* values. 
However, no significant difference was detected between OD 
samples at tested temperatures (40–80 °C).

MD induced intermediary browning level compared to 
OD, despite the maximum temperatures near 100 °C. In this 
case, the result may be related to the short exposure time to 
the high temperatures, thus reducing the effects of Maillard’s 
reaction and thermal degradation.

Effects of Drying and Extraction Over Ginger 
Extracts

The results for global extraction yield (Yg), total phenolic 
compounds (TPC), and antioxidant activity (AA) are shown 
in Table 1.

Global Extraction Yield (Yg)

Fresh-extracted ginger had substantially higher Yg, which 
could be related to residual water in the extracts. There was 
no significant difference between fresh ginger extracted by 
Soxhlet or by MAE, indicating that MAE was highly effi-
cient in extracting ginger in a short time (15 min) compared 
to Sox (6 h). Yg of VMD (MicSox) was not significantly dif-
ferent from OD at 120 °C (F120Sox), but those were lower 
than F60Sox and F80 Sox. This result may be related to the 
starch gelatinization over 70 °C and the consequent reduc-
tion of Yg due to the entrapment of ginger extract compounds 
inside the starch gel matrix, as reported by Huang et al. [21]. 
An et al. [14] found similar Yg for MD and convective OD 
(60 °C for 12 h) ginger. Yg of Ult20 was lower than Sox 
when fixing the drying method (F80, F120, or Mic). Increas-
ing the temperature (Ult80) reduced this effect, promoting 
Yg values near Sox despite the shorter processing time (3 h) 
than Sox (6 h). That could be due to a reduction in the solu-
bility of the ginger components in ethanol at the lower tem-
perature (20 °C), consequently reducing the mass transfer 
rates and Yg. Furthermore, ultrasonic waves and higher tem-
peratures could increase the Yg due to the solubilization of 
degradation products of non-bioactive macromolecules, such 
as starch and fibers. Similarly, Mallavadhani and Panigrahi 
[12] observed a reduction in Yg for methanol UAE (room 
temperature) compared to a Soxhlet extraction (65 °C) from 

Fig. 2  Ginger powder samples produced by convective oven drying at 
60 °C (a), 80 °C (b), 120 °C (c), and vacuum microwave drying (d)
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ginger, but the application of the UAE at 50 °C led to results 
similar to those of Soxhlet extraction.

Total Phenolic Content (TPC)

Extracts of fresh ginger showed TPC values between 
202.8–207.3 mg.GAE/mL of extract (or 5.25–6.20 mg.
GAE/g of dry ginger), similar to OD samples at 60  °C 
(Table 1). Comparatively, dried ginger extracts were richer 
in TPC but had the lowest Yg, indicating a higher extraction 
selectivity. VMD resulted in slightly higher TPC concentra-
tions between the drying methods coupled with conventional 
extraction (Sox) but without significant difference compared 
to OD samples. Opposite, Ghafoor et al. [31] and An et al. 
[14] observed reductions in TPC of microwave-dried ginger 
of 20.3 and 13.2%, respectively, compared to OD at 60 °C. 
These results could be due to the vacuum absence and a 
consequent increase in the temperature above 120 °C. Also, 
inadequate sample homogenization could have generated 
hotspots that favored the degradation of phenolics.

UAE at 20 °C or 80 °C promoted different TPC con-
centrations between themselves for fixed drying methods 
(F80, F120, or Mic). There is a trend that UAE promotes 
an increase in TPC concentration compared to Soxhlet 
when the drying method is fixed. This increase was more 
pronounced for UAE at 20 °C than for 80 °C and led to a 
significant rise in TPC between F80Ult20 and F80Sox. As 
Yg presents the opposite behavior of TPC, it evidences the 
selectivity of Ult20. VMD associated with UAE at 20 °C 
(MicUlt20) produced the extract with the highest TPC value 
of 387.6 ± 0.1 mg.GAE/mL of extract (19.4 ± 0.5 mg.GAE/g 
of dry ginger), which was significantly higher than the treat-
ments F60Sox, F80Sox, and F80Ult80. After water removal 

and cellular disruption by MAE drying, UAE at 20  °C 
extracted phenolics, avoiding unwanted molecules such as 
starch and fibers and their degradation products. Further-
more, ultrasonic cavitation destroys cellular structures of 
ginger releasing phenolic compounds. Also, the lower tem-
perature of this treatment avoids the thermal degradation of 
phenolic compounds [32].

Antioxidant Activity (AA)

MicUlt20 showed the highest AA among the samples, 
which was 2100.7 ± 110.3 mmol.Trolox/mL of extract (or 
105.4 ± 0.9 mmol.Trolox/g of dry ginger) for DPPH scav-
enging activity, representing an increase of 187% compared 
to F60Sox that had an  AADPPH of 731.8 ± 46.2 3 mmol.
Trolox/mL of extract (or 162.3 ± 3.3 mmol.Trolox/g of dry 
ginger) (Table 1). All the Sox samples did not show sig-
nificant differences in  AAABTS and  AADPPH between them-
selves or fresh-extracted samples. As phenolic compounds 
are the main antioxidants in ginger, it was verified that the 
AA was proportional to TPC. Cherrat et al. [20] observed 
an increase of  AADPPH (73.47–78.23%) of OD with the tem-
perature. Considering MAE, the increase of  AADPPH of Mic-
Ult80 and MicUlt20 (43 and 99%, respectively) compared to 
MicSox indicates that UAE was more efficient in recovering 
antioxidants from ginger than Sox. Similarly. An increase 
of 82.74% in the  AADPPH can be observed for F80Ult20 
compared to F80Sox. Ultrasonic energy could increase the 
extraction of phenolic compounds, as observed at TPC con-
centration, thus increasing the AA [19, 32]. Furthermore, 
ultrasound could increase the formation of shogaols, which 
are more antioxidant than its precursors, and reinforce the 
AA [11, 32].

Table 1  Global extraction yield (Yg), antioxidant activity against 
ABTS  (AAABTS) and DPPH  (AADPPH) radicals, and total phenolic 
compounds concentration (TPC) of ginger extracts obtained after 

oven drying at 60 oC (F60), 80 oC (F80), or 120 oC (F120) followed 
by ultrasound extraction at 20 °C (Ult20), 80 °C (Ult20), or in Sox-
hlet (Sox)

Different letters in the columns represent significant differences in Tukey test with a significance level of 95%. Lowercase letters consider all the 
treatments and uppercase compare the dried samples

Process Yg (%) TPC (mg.GAE/mL) AAABTS (mmol.Trolox/mL) AADPPH (mmol.Trolox/mL)

FreSox 46.6 ± 2.3 a 207.3 ± 27.3 c 732.6 ± 69.3 ab 679.3 ± 10.7 e

FreMic 41.1 ± 8.1a 202.8 ± 33.4 c 798.0 ± 78.7 ab 874.2 ± 165.8 e

F60Sox 22.2 ± 1.0 b A 212.7 ± 16.0 c 653.0 ± 68.9 b 731.8 ± 46.2 e

F80Sox 18.7 ± 0.7 bc AB 235.4 ± 14.3 bc 726.4 ± 5.0 ab 795.9 ± 42.9 e

F120Sox 15.1 ± 1.6 bcde BC 256.9 ± 31.6 abc 799.3 ± 68.21 ab 950.2 ± 92.8 de

MicSox 12.8 ± 0.7 bcde CD 295.9 ± 0.0 abc 888.8 ± 74.7ab 1055.6 ± 3.8 cde

F80Ult20 9.0 ± 0.5 cde CD 353.4 ± 1.3 ab 1026.7 ± 3.2 ab 1454.4 ± 85.9 bcd

F120Ult20 7.6 ± 2.3 de D 345.0 ± 58.6 ab 1004.7 ± 180.7 a 1581.8 ± 362.7 b

MicUlt20 5.0 ± 0.2 e ABC 387.6 ± 0.1 a 1026.7 ± 3.2 a 2100.7 ± 110.3 a

F80Ult80 16.9 ± 1.3 bcd BCD 264.2 ± 7.6 bc 779.1 ± 49.6 ab 838.7 ± 62.4 e

F120Ult80 12.7 ± 0.5 bcde BCD 280.5 ± 14.0 abc 798.9 ± 3.8 ab 994.4 ± 26.7 de

MicUlt80 7.9 ± 0.1 de CD 345.1 ± 13.6 ab 980.5 ± 60.5 a 1513.1 ± 78.4 ab
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Components Profile

The compositions of the ginger extracts are shown in 
Table S3 (Online Resource 2). In fresh ginger (FreSox), 22 
compounds were identified. The major constituents were 
the sesquiterpenes, followed by alkenes, phenolic com-
pounds, a monoterpene, an aldehyde, and a fatty acid. In 
FreMic, 17 compounds were identified, and the contents 
of major sesquiterpenes (α-Zingiberene, α-Farnesene, 
β-Sesquiphellandrene, and α-Curcumene) were not signifi-
cantly different from FreSox. Higher differences in the total 
alkenes (-135.1%) and phenolics (+ 78.3%) were observed. 
Phenolics in FreMic were not significantly different from 
FreSox. FreMic’s temperature (150 °C) is enough to pro-
duce 6-shogaol from 6-gingerol, but the production was not 
significant, probably due to the short exposure time. Jacotet-
Navarro et al. [19] verified increases of 5.20 and 450% in the 
concentration of 6-gingerol and 6-shogaol, respectively, by 
microwave treatment of ginger press cake, but no statistical 
analysis was carried out.

OD at any temperature did not affect the main volatile 
compounds compared to the fresh ginger (FreSox). F60Sox, 
F80Sox, and F120Sox showed 14, 16, and 18 sesquiterpe-
nes, respectively, and only 13 compounds were identified in 
the fresh sample (FreSox). The content of sesquiterpenes 
in F60Sox (77.1%) was higher than FreSox (71.2%). The 
monoterpenes eucalyptol, α-terpineol, (R)-( +)-β-citronellol, 
and β-citral were identified in OD samples. Those were 
absent in fresh-extracted samples. The water removal during 
drying may favor the liberation of low-polarity compounds 
to extraction, such as mono- and sesquiterpenes. Besides, 
higher drying temperatures may convert sesquiterpenes 
to monoterpenes [14]. However, while the monoterpenes 
in dried samples could have been produced from sesquit-
erpenes, there was no significant proportional reduction in 
sesquiterpenes.

MicSox had a lower content of α-zingiberene and 
β-sesquiphellandrene (lower at 26.72 and 26.15%, respec-
tively) than F60Sox. That may be caused by thermal deg-
radation by the microwaves. Besides, as VMD samples 
were submitted to low pressure, these could have a higher 
loss of sesquiterpenes by volatilization compared to less 
volatile components, such as phenolics. This hypothesis 
is supported by the sum of phenolic compounds identified 
in MicSox (18.75%), which was higher by 35.3, 2.6, and 
24.0% than the samples F60Sox, F80Sox, and F120Sox, 
respectively. Simultaneously, the sum of identified ses-
quiterpenes of MicSox (60.80%) was lower by 20.7, 13.2, 
and 14.1% than using the same respective treatments. Mic-
Ult20 and MicUlt80 had contents of α-curcumene lower 
by 43.21 and 43.79%, respectively than F60Sox. That indi-
cates that the combined effect of microwaves and ultra-
sound can reduce the content of this compound due to 

volatilization and degradation. Losses caused by vacuum 
drying were reported by Osae et al. [33], but the associa-
tion of this technique to MD reduced the processing time 
and consequently lowered the losses by volatilization to 
acceptable levels.

The highest contents of monoterpenes were shown by 
F80Ult20 and MicUlt20. That suggests that OD at 80 °C or 
VMD reduced monoterpenes loss, and their association with 
UAE at 20 °C promoted a higher extraction due to ultrasonic 
cavitation while avoiding thermal degradation and volatiliza-
tion at the extraction stage. OD at 120 °C associated with hot 
extraction (F120Sox, F120Ult80) led to a lower content of 
monoterpenes, possibly caused by thermal degradation and 
volatilization during drying.

The contents of phenolics in dried ginger compounds 
comprised 13.86–22.35% of the extracts. The molecules 
were: 6-shogaol, 6-paradol, zingerone, and its stereoisomer 
butan-2-one, 4-(3-hydroxy-2-methoxyphenyl)-. These gin-
gerol-derived molecules are all bioactive compounds with 
several benefits for human health and food preservation and 
safety [4, 10]. The highest content of 6-gingerol was detected 
in FreMic, while in FreSox it was about half that value. The 
high temperature (150 °C) and pressure (11.8 bar) reached 
by FreMic may have destroyed the cellular components to 
which 6-gingerol is attached, enabling its extraction. And 
temperatures higher than 80 °C can increase the conversion 
of 6-gingerol to 6-shogaol, as discussed by Cherrat et al. 
[20] and Huang et al. [21]. In another research, Cherrat et al. 
[20] reported that heat energy contributes to the destruc-
tion of cellular constituents to which phenolic compounds 
are attached, releasing them and making them available for 
extraction. That could explain the lower contents of iden-
tified phenolic compounds OD at 60 °C in comparison to 
the other dried samples. Those results are consistent with 
the contents of 6-shogaol observed. The highest contents 
of 6-shogaol were shown by F120Ult80 (3.95%), MicSox 
(3.49%), F120Ult20 (2.72%), F80Ult80 (2.52%), F120Sox 
(2.01%), and MicUlt20 (1.77%). Therefore, hot drying was 
crucial to increase shogaol production. That was expected, 
since the formation of 6-shogaol is triggered from 80 °C, and 
those processes subjected the samples to high temperatures 
during both drying and extraction. It could be expected that 
an increase in 6-shogaol by the temperatures from 80 °C 
would lead to an increase in the antioxidant activity of the 
extract, as it has proved to have higher antioxidant activ-
ity than gingerol [4, 11]. However, thermal degradation 
and volatilization during heated extractions can lead to the 
loss of other relevant antioxidants, such as sesquiterpenes. 
Consequently, the mildest temperature condition of Ult20 
extractions was adequate to avoid thermal and volatilization 
losses of other antioxidant compounds such as sesquiter-
penes, monoterpenes, and phenolics, making MicUlt20 the 
extract richest in antioxidants.
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Minor compounds found in the ginger extracts were alde-
hydes, ketones, alkenes, and one pyrone. The aldehydes and 
ketones are degradation products of phenolic compounds 
produced by higher processing temperatures [34]. 4H-pyran-
4-one,2,3-dihydro-3,5-dihydroxy-6-methyl- is a bioactive 
pyrone decurrent from Maillard’s reaction of hexoses [35]. 
This compound was detected for F120Sox, F120Ult80, and 
MicSox. The higher temperatures of those processes induced 
Maillard’s reaction, generating this compound.

Conclusion

The combination of emerging drying and extraction technol-
ogies has been proven effective in enhancing the bioactive 
composition and concentration of ginger extracts. Drying 
increased the concentration of bioactive compounds in the 
extracts by water removal, lowering global extraction yields. 
On the other hand, MAE promoted high yields and preserved 
the original bioactive compounds, such as gingerol, being 
an adequate method for the recovery of this compound. In 
addition, this process is achieved in shorter process times 
than conventional processes and is highly energy-efficient. 
When aiming for higher phenolics, shogaols, or antioxidant 
activity, drying is required. Both OD at 120 °C and VMD 
increased the release of phenolics and induced the produc-
tion of shogaols, consequently increasing the antioxidant 
activity in comparison to fresh ginger. However, VMD 
produced extracts with a higher concentration of phenolics 
and antioxidant activity than conventional OD, with a pro-
cess 9 to 42 times shorter. The association of VMD with 
UAE at 20 °C showed good compatibility to improve the 
extract composition. UAE promoted higher concentrations 
of phenolics and antioxidants, avoiding thermal degradation, 
volatilization loss of terpenes and phenolics, and favoring 
the formation of shogaols compared with the conventional 
Sox method. Extracts with the highest TPC and antioxidant 
activity were obtained by VMD coupled with UAE at 20 °C. 
Thus, this method is indicated to produce highly bioac-
tive and concentrated extracts, which can be further used 
as active food ingredients or additives and incorporated in 
active food packaging or in the medical field.
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