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INTRODUCTION 

Over the past decades, products containing plant ingre-
dients have increased in popularity around the world. These 
include dietary supplements, nutraceuticals and functional 
foods. This is due to the increased interest of consumers in 
products of natural origin, their health-promoting properties 
and the belief that their use is safer than synthetic products 
[1-4]. One of the plants with great therapeutic potential is 
turmeric (Curcuma longa L.), the beneficial effects of which 
on the human body have been confirmed in many studies 
[5,6]. It has been demonstrated that the substances present 
in this plant have neuroprotective, antioxidant, anticancer, 
cardioprotective, antinephrotoxic, hepatoprotective, antivi-
ral, antifungal, anti-inflammatory, antiarthritic and radiopro-
tective effects [7-17]. This plant may also be helpful in the 
treatment of depressive disorders, Alzheimer’s disease and 
sexually transmitted infections [18-20]. Therefore, there are 
many dietary supplements and pharmaceutical preparations 
available on the market containing this plant [21-22].
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Turmeric is a plant belonging to the genus Curcuma and 
the family Zingiberaceae [23,24]. It is cultivated in various 
parts of the world, but its natural habitat is Malaysia, India, 
Indonesia, China, Thailand and northern Australia [23,24]. 
The place of origin, climate and soil type directly affect 
the nutritional value and content of active substances in 
the turmeric rhizome [25-27]. The variable content of these 
substances has a significant impact on the effect of these 
compounds on the human body [27-29].

Turmeric has been used for years as a spice, dye and pre-
servative, primarily in Asian cuisine [24,30]. Curcuma longa 
is also employed as a dye in the confectionery, pharmaceuti-
cal and textile industries (dyeing cotton and silk) [31,32]. 
Curcuma longa L. has been exploited for centuries and plays 
a significant role in traditional Ayurvedic, Pakistani, Chinese 
and Islamic medicine due to a wide spectrum of various 
ingredients with multi-directional health-promoting poten-
tial [33-36]. In ethnomedicine, turmeric has been applied in 
various forms, mainly as decoctions, juices, tonics, pastes 
and powder [37-39]. This plant is believed to have benefi-
cial effects on many systems, including the cardiovascular, 
respiratory, digestive and musculoskeletal systems [40,41]. 
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Additionally, turmeric preparations are recommended for 
use on wounds and skin lesions, in the treatment of colds, 
diabetes and obesity [33,37-41]. Turmeric is also widely 
used as an anti-inflammatory and antiseptic plant [38,40,42].

The most valued raw material obtained from this plant 
is the rhizome [43]. This is due to the abundance of active 
substances with a wide range of applications [6]. Particu-
larly valuable are curcuminoid compounds such as curcumin 
(CUR), bisdemethoxycurcumin (BDMC) and dimethoxycur-
cumin (DMC), as well as compounds present in essential oils 
(mono and sesquiterpenoids) [44,45]. According to various 
studies, the content of individual curcuminoids in the crude 
turmeric extract is: CUR 59-71.5%, BDMC 9.1-18% and 
DMC 19.4-27% [46-49].

In vitro and in vivo studies on the health-promoting prop-
erties of curcuminoids have shown their antiproliferative, 
anticancer, antioxidant, antimicrobial and neuroprotective 
effects. These compounds also have a positive effect on 
memory, which may be applied in the treatment of Alzheim-
er’s disease [13,50-56].

The main active substance contained in Curcuma longa L. 
is curcumin (1,7-bis(4-hydroxy-3methoxyphenyl)-1,6-hepa-
diene-3,5-dione). This substance was first described in sci-
entific literature in 1910 [44]. It is a yellow-orange dye that 
gives the characteristic colour to the rhizome of this plant. 
Curcumin is classified as a curcuminoid and is a polypheno-
lic compound with a lipophilic nature [57]. Literature data 
indicate that structural changes in the curcumin molecule 
may have a beneficial effect on its physicochemical prop-
erties and increase its biological activity [58]. Numerous 
authors point to the wide spectrum of health-promoting 
properties of curcumin, which is one of the main phyto-
chemicals present in turmeric rhizomes. Thanks to this,  
it can be used prophylactically as a substance supporting 
the maintenance of body homeostasis, as well as a pharma-
cologically active substance [40].

The beneficial properties of turmeric rhizome also result 
from the presence of other chemical compounds. In addition 
to basic nutrients such as fats, carbohydrates and proteins, 
this plant also contains essential oil, various minerals (Ca, 
Na, K, Fe) and vitamins (B1, B2, B3, C). Moreover, the 
rhizome contains secondary metabolites such as steroids, 
terpenes and various compounds classified as polyphenols 
[5,6,59,60].

Heat treatment of turmeric rhizomes is an important 
element in preparing this raw material for use in the recipes 
of various types of pharmaceutical preparations and dietary 
supplements. Currently, high temperature or application of 
microwaves are the most common methods of processing the 
raw turmeric rhizome. Procedures using elevated tempera-
tures include, primarily, drying, blanching, heating, boiling 
and frying. All the above-mentioned processes have a sig-
nificant impact on content and bioavailability of biologically 
active compounds present in the plant material. Therefore, 
when choosing a method of heat treatment of plant raw 
materials, it is important to choose an approach that will 
cause the least degradation of phytochemicals present in 
the plant. Moreover, it is also important to maintain the bio-
logical activity of the raw material used in the formulation 

of preparations with the desired properties and therapeutic 
activity [61]. 

It should be noted that this processing may also have  
a positive effect on the bioavailability of active compounds, 
increasing their release from the plant material and absorp-
tion in the digestive system [62]. Therefore, the selection of 
the appropriate type of heat treatment, along with additional 
parameters, is significant for the process of creating prepara-
tions with the desired pharmacological effect.

Curcumin is a curcuminoid that is very sensitive to heat, 
compared to other compounds from this group, such as 
demethoxycurcumin or bisdemethoxycurcumin [63,64]. 
Another factor causing a decrease in the content of cur-
cuminoids is the effect of visible and ultraviolet light on 
turmeric [65]. Additionally, an oxygen-rich environment 
intensifies the action of polyphenol oxidase, an enzyme that 
contributes to the degradation of curcuminoids [66]. The 
influence of these factors on the content of curcuminoids 
was confirmed by studies in which freeze-dried samples 
(low temperature, lack of light, vacuum) were characterized 
by the highest content of curcuminoids. A slightly lower 
content was observed for the raw material dried in an oven, 
and the lowest amount of these compounds was recorded for 
samples dried in the sun (influence of heat, light, oxygen) 
[63,64].

The review aims to present the current state of knowl-
edge on the relationship between thermal treatment and 
the content of  biologically active compounds in Curcuma 
longa L. rhizome. The work focused mainly on assessing the 
content of curcuminoids (curcumin, demethoxycurcumin, 
bisdemethoxycurcumin), which are the main phytochemi-
cals present in this plant. Widely used processing methods, 
including data on the pre-treatment of fresh turmeric 
rhizomes, and their influence on the content of the studied 
compounds were described and discussed and the main con-
clusions are presented in Table 1.

 MATERIALS AND METHODS

Available online databases (Scopus, Pubmed, Google 
Scholar, Science Direct, Web of Science) were comprehen-
sively searched to find scientific articles on the topics dis-
cussed in this review. The keywords used in the search were: 
“turmeric”, “Curcuma longa”, “ingredients”, “composition”, 
“thermal treatment”, “cook”, “drying”, “microwave”, “boil”, 
“roast”, “fry”, “blanch”, “steam”, “lyophilization”, “freeze 
drying”. The review included manuscripts published in 
the years 2009-2023. The literature search was limited to 
English language articles. The review included articles that 
compared the effect of thermal treatment on the composition 
of the biologically active compounds in Curcuma longa L. 
rhizome. The major limitation of the study is that not all 
cited research contained data on the content of secondary 
metabolites in the raw (unprocessed) material. However, due 
to the limited availability of literature, this type of research 
was also considered. Therefore, the review included all 
articles describing the composition of thermally processed 
rhizome of Curcuma longa L. in comparison to the unpro-
cessed raw material, if these data were available.
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Influence of various thermal processing techniques  
on the composition of the Curcuma longa rhizome

Blanching process

One of the most frequently used thermal treatments 
to which turmeric rhizome is subjected is the blanching 
process. Gan et al. revealed that blanching of turmeric 
for 15 min prior to the drying process (50°C and at  
a relative moisture content of 20%) significantly increased 
curcumin content. In contrast, drying under the same con-
ditions without prior blanching of turmeric or drying with 
the blanching lasting for 5 or 30 min did not significantly 
affect the curcumin content, which was 75.2-78.1% of the 
concentration obtained through optimal treatment [67].  
It has been observed that blanching contributes to a lower 
degradation of active and colouring compounds – mainly 
the curcumin present in turmeric – compared to drying or 
cooking [68]. The results clearly confirm that blanching 
favoured curcumin retention in the dried product and should 
be considered to develop an optimal process.

Drying in an oven

Research has provided evidence that drying turmeric 
at 60°C and a relative humidity [67] of 20% provides the 
highest curcumin retention. This study also showed that as 
the drying temperature increases at 20% relative humidity, 
curcumin retention is higher than under the same tem-
perature conditions and 40% relative humidity. Its content 
in turmeric samples dried at temperatures of 40-60°C at 
a relative humidity of 20% ranged from 73.7 to 82.2% 
normalized concentration, while at a relative humidity  
of 40% it was 58.9-65.8% normalized concentration [67].

After drying turmeric mother rhizomes and finger 
rhizomes in different combinations of air flow velocity 
(1, 2 or 3 m/s) and temperature (45, 50, 55, 60, or 65°C), 
researchers noted that both parameters affect the oleoresin 
content of the dried rhizome. In most cases, the oleoresin 
content increased with increasing temperature and gradually 
decreased after reaching the maximum value at 55°C. In the 
case of the air flow velocity changes, no clear relationships 
between the flow velocity and the content of the determined 
substances were observed. For both finger rhizomes and 
mother rhizomes, 55°C and the air flow velocity of 1 m/s 
were found as the optimal process parameters to preserve 
the highest amount of oleoresin in turmeric rhizomes. After 
such treatment, the oleoresin content in finger rhizomes 
was 13.1%, and in mother rhizomes – 12.8%. On the other 
hand, the lowest oleoresin content was determined in finger 
rhizomes samples (8.5%) dried at 65°C and air flow 3 m/s, 
and in mother rhizomes (9.6%) at 45°C and 3 m/s [69].

As a result of hot air drying of turmeric rhizomes,  
a decrease in the content of various active chemicals was 
observed compared to the fresh raw material. After drying in 
the oven, the total phenolic content (TPC) decreased from 58 
to 30.5 mg GAE/g DB (mg gallic acid equivalents per g dry 
basis) and the amount of total flavonoid (TF) from 173.82 to 
151.15 μg/g DB (μg per g dry basis). Of note, the amounts 
of curcumin (CUR), demethoxycurcumin (DMC) and bisde-
methoxycurcumin BDMC) were particularly reduced, which 
translated into a decrease in the content of curcuminoids 

more than twice compared to the unprocessed sample, 
for which the value of this parameter was 3795 μg/g DB.  
In contrast, after heat treatment, the amount of total phenolic 
acid (TPA) increased from 41.47 to 100.44 μg/g DB [63].

Ar-Turmerone, a compound found in turmeric essen-
tial oil, has an inhibitory effect on enzymes such as 
α-glucosidase and α-amylase, so it can be considered  
a glucosidase inhibitor and used in the treatment of type II 
diabetes to control postprandial hyperglycemia. The per-
centage of Ar-Turmerone in the essential oil was found to 
increase as a result of drying. Of the total composition, the 
content of this compound in dried turmeric oil was 58% and 
only 45% in essential oil derived from the fresh turmeric 
rhizome [70].

In oven drying, temperature, relative humidity, air flow 
velocity, rhizome fragmentation and even oven design are 
parameters affecting the content of active compounds. As 
revealed above, the optimal conditions depend on the selec-
tion of the active compound priority, because each will react 
differently to the drying conditions used.

Heating performed in hot water

In one research project, processed rhizomes were 
immersed in water for 30 min (50-100°C), then the 
samples were divided into 3 parts: 1st – ground; 2nd – 
kept at 25-27°C for 1 h and ground; 3rd – dried for 4-5 h  
at 50°C and ground. Regardless of the heating temperature 
of turmeric, the extracts obtained from samples without 
additional drying process after heating were character-
ized by the highest total phenolic content (TPC). However,  
in the samples additionally dried in the oven, the lowest 
TPC values were recorded, but an intermediate value of the 
total phenolic content was noted for extracts from samples 
set aside after heating for 1h. The same relationship was 
noticed for control turmeric extracts obtained from samples 
not heated in warm water [66]. 

In another study, turmeric was heated in warm water at 
60-100°C for 10-60 min. Then, part of the samples was dried 
in an oven at 50°C. Turmeric extracts subjected to heating 
in warm water only, were characterized by a higher TPC 
than samples additionally dried. Irrespective of the heating 
temperature of turmeric, within the duration of wet heating, 
the TPC in the extract increased [66].

Wet heating also did not significantly affect the curcumi-
noid content in turmeric. Interestingly, a similar amount  
of these compounds was present in the control sample 
(marked as fresh) [66]. In general, heating with hot water, 
regardless of the temperature, had a positive effect on the 
concentration values. However, additional dry heat treatment 
had a negative impact on the active compounds.

Boiling process

The effect of different boiling times (1, 2, 5 and 10 min) 
of turmeric on the TPC was also investigated. Researchers 
noted that extension of the time of treatment increased the 
TPC in the turmeric samples. Thus, the highest TPC was 
determined in samples boiled for 10 min – 527.00 mg/L. 
In the case of fresh turmeric, the TPC was – 410.00 mg/L. 
Only the samples boiled for 1 min had a lower value of 
this parameter (402.67 mg/L) than unprocessed turmeric. 
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An analysis of the effect of turmeric rhizome boiling time 
on the content of individual curcuminoids showed that the 
longest processing time, i.e. 10 minutes, provided the highest 
amount of CUR – 204.00 mg/g, DMC – 56.87 mg/g and 
BDMC – 82.03 mg/g, compared to samples from turmeric 
boiled for a shorter time. Interestingly, the content of cur-
cuminoids in the samples from fresh turmeric was lower and 
amounted to: CUR – 113.92 mg/g, DMC – 40.27 mg/g and 
BDMC – 42.90 mg/g [71]. In most of the processed samples, 
the content of curcuminoids was higher in comparison  
to the fresh turmeric, which may provide strong evidence  
of the positive effect of boiling on the content of these active 
compounds in Curcuma longa L. rhizome.

Steaming process

A study performed by Ferzana et al. compared the effect 
of steaming methods on curcumin, essential oils and oleo-
resin content in turmeric. The control sample consisted of  
a rhizome in which the amount of curcumin was almost 6%, 
and the amount of essential oils and oleoresin was 10% each. 
The curcumin content in rhizomes processed under specific 
conditions was as follows: 4.67% (open steaming), 6.61% 
(parboiling drum) and 7.73% (improved vessel – developed 
drum). The amount of essential oils after turmeric processing 
using these methods were 9.8%, 10% and 10%, respectively, 
and oleoresin 4.67%, 4.9% and 12.7%, respectively. These 
results show that the device constructed by the research-
ers (consisting of a steam generation unit and blanching 
vessel) was the best of the investigated methods of turmeric 
thermal treatment, as it provides the highest retention of all 
the studied components [68].

The developed heating vessel was further employed to 
determine the optimal processing conditions limiting the loss 
of curcumin, essential oils and oleoresin in the rhizome. The 
variable parameters were processing time, vapour pressure 
and temperature. Ferzana et al. observed that the highest 
amount of curcumin and essential oils were determined for 
the following process parameters: 15 min, vapour pressure 
of 1.50 kg/cm2 and temperature of 92.5°C. After the turmeric 
rhizome processing under such conditions, the amount of 
curcumin was 4.937% and the amount of essential oils was 
2.31%. On the other hand, in the case of oleoresin, the fol-
lowing conditions turned out to be the least favourable:  
5 min, 1.00 kg/cm2, 90°C and 95°C. Such treatment reduced 
the oleoresin content to 10.6%. Based on the obtained 
results, it can be concluded that with the extension of the 
treatment time and the increase in pressure, the amount  
of the studied ingredients decreased It was found that there 
was an optimal combination of the studied parameters  
of the described process. These were: 5 min, 0.50 kg/cm2 
and 92.5°C. Thermal treatment performed under such con-
ditions resulted in the highest retention of all determined 
components of turmeric rhizome, the content of which was 
as follows: curcumi – 8.809%, oleoresin – 12.3% and essen-
tial oil – 3.00% [68]. This study clearly revealed that not 
only temperature itself, but also other parameters (pressure 
and time) are crucial for producing the highest retention  
of active components of the turmeric rhizome.

Microwave heating

The effect of microwave heating time (1, 2 and 5 minutes) 
of Curcuma longa rhizomes on the TPC and the content of 
individual curcuminoids: curcumin, demethoxycurcumin 
and bisdemethoxycurcumin was evaluated by Zagórska  
et al. Determined TPC for fresh turmeric was 410.00 mg/L. 
Short-term exposure to microwave radiation contributed to  
a gradual increase in TPC compared to unprocessed turmeric 
– 491.00 (1 min) and 553.00 mg/L (2 min), respectively. 
In contrast, longer heating (lasting 5 minutes) caused sig-
nificant reduction of the TPC parameter to 327.00 mg/L, 
i.e. below the value of the fresh raw material. Moreover, 
the content of individual curcuminoids (CUR, DMC and 
BDMC) in the samples decreased with the prolongation  
of microwave heating. Therefore, the samples subjected to 
the shortest treatment (1 min) were characterized by the 
highest content of curcuminoids (CUR – 200.67; DMC – 
41.37 and BDMC – 49.13 mg/g).

The researchers found that only such short-term micro-
wave heating allowed to obtain values higher than those 
determined for the sample from fresh turmeric (CUR – 
113.92; DMC – 40.27 and BDMC – 42.90 mg/g), in other 
cases (2 and 5 min) the content of all curcuminoids was 
lower than in the unprocessed sample [71]. This study 
showed that microwave heating may have beneficial effect 
for the composition of the Curcuma longa rhizome, but only 
when the process is conducted for a very short time. Extend-
ing the microwave heating time will result in a significant 
decrease in the curcuminoid content.

Microwave-vacuum drying

Hirun et al. investigated the effect of different combina-
tions of microwave-vacuum drying conditions (10, 20 or 30 
min; microwave power of 2400, 3200 or 4000 W) on total 
phenolic content (TPC) and content of curcuminoids. In the 
investigated fresh turmeric, the total phenolic content was 
59.6 mg GAE/g DB (Gallic acid equivalents in mg/g dry 
basis), and curcuminoid content 9.4 g/100 g DB (g/100 g 
dry basis). Taking into account the total phenolic content, 
only a sample of turmeric dried for 30 min at 2400 W  
contained higher content (113.10 mg GAE/g DB) than a 
sample of fresh turmeric. In other cases, TFC decreased 
under the influence of treatment, and the lowest amount 
was determined for samples treated for 20 min and 4000 W  
power (24.62 mg GAE/g DB). With regard to curcumi-
noids content after treatment, an increase or decrease was 
observed, depending on the drying conditions. The highest 
determined content of curcuminoids after treatment was 
19.04 g/100 g DB (30 min, 4000 W), and the lowest 4.19 
g/100 g DB (20 min, 3200 W). Out of 9 combinations of 
variable parameters (time, power) of the process, no conclu-
sive results were obtained [72]. No specific one combination 
that would provide the highest values of the determined 
turmeric components was found, however, it should be noted 
that low microwave power seems to be beneficial in order 
to obtain a high level of TPC.

Effect of heat treatment on the secondary metabolites composition of Curcuma longa L. rhizome
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Sun drying

Effect of heat treatment on curcuminoid, colour value 
and total polyphenols of fresh turmeric rhizome was evalu-
ating considering exposure to sun radiation [66]. Turmeric 
was heated in water at 100°C for 1 hour, then divided into 
3 groups: 1st – ground; 2nd – left open for 1 hour at ambient 
temperature (25-27°C) and ground; 3rd – dried for 15 days in 
the sun and ground. Samples from 1st part were characterized 
by the maximum TPC, and the lowest were sun-dried and 
control samples (marked as fresh) [66].

Another study showed that after drying in the sun, the 
content of various components in the extract obtained from 
turmeric decreased compared to the extract obtained from 
fresh turmeric. Under the influence of the treatment, the TPC 
was reduced by about half, and the amount of total flavonoid 
(TF) decreased from 173.82 to 129.91 μg/g DB (μg per g 
DB). Notably, under these conditions, the curcumin (CUR), 
demethoxycurcumin (DCM) and bisdemethoxycurcumin 
(BDCM) amount decreased, which resulted in a reduction in 
the content of all curcuminoids from 3795 to 1165 μg/g DB. 
Interestingly, drying the raw material in the sun significantly 
increased the total phenolic acid (TFA) concentration in the 
extract. TFA was 41.47 μg/g DB in unprocessed sample, and 
261.46 μg/g DB after treatment [63]. Research clearly shows 
that sun drying is accompanied by  curcuminoids content 
lost. The total curcuminoid content in the dried samples was 
clearly lower than in the fresh samples. The results showed 
that drying in the sun is a less advantageous method of heat 
treatment than heating (also described in this article).

Frying

Frying the turmeric rhizome (1, 2, 5 and 10 minutes) 
was found to affect the total phenolic content (TFC) and 
the content of individual curcuminoids: curcumin (CUR), 
demethoxycurcumin (DMC) and bisdemethoxycurcumin 
(BDMC). TPC in the fresh turmeric sample was 410.00 
mg/L. As a result of frying, the TPC value increased for 
treatment lasting 2 min and 10 min, while for 1 min and 
5 min, it decreased compared to the unprocessed sample.  
The highest TPC was recorded for samples fried for 10 
min and amounted to 592.00 mg/L. Curcuminoid content 
in the fresh sample was as follows: CUR – 113.92 mg/g; 
DMC – 40.27 mg/g and BDMC – 42.90 mg/g. In the case of 
curcumin, its content in each of the fried samples was higher 
than in fresh turmeric, and the highest amount was determined  
in samples fried for 1 min (246.00 mg/g). The highest concen-
tration of other curcuminoids was evaluated after 10 minutes  
of treatment (even higher than in fresh turmeric samples) and  
it amounted to: DMC – 55.13 mg/g and BDMC – 67.77 
mg/g. In both DMC and BDMC, frying for 1 or 5 min caused 
the drop of the content below the concentration observed  
for the fresh sample [71]. The results show that it is possible 
to obtain a higher concentration than in the fresh sample by 
selecting appropriate frying parameters. The TPC, DMC and 
BDMC values are higher for longer frying times, while short 
frying times favor the curcumin level.

Freeze drying

Chumroenphat et al. investigated extracts obtained from 
freeze dried turmeric. Their results demonstrate that the 
content of various components in the extract was reduced 
in comparison to the untreated turmeric extract. In the case 
of fresh turmeric extract, the TPC was 58 mg GAE/g DB  
(mg gallic acid equivalents per g dry basis), and the 
amount of TF was 173.82 μg/g DB, while the values of 
these parameters for freeze-dried turmeric extract were 
lower and amounted to 35.7 mg GAE/g DB and 158.79 
μg/g DB (μg per g dry basis), respectively. This study also 
reported a decrease in curcuminoid content after turmeric 
treatment at low temperature. Specifically, the content  
of curcumin (CUR), demethoxycurcumin (DCM) and bisde-
methoxycurcumin (BDCM) decreased, which translated into 
a decrease in the content of curcuminoids from 3795 μg/g 
DB (fresh turmeric) to 1742 μg/g DB (freeze dried turmeric). 
However, freeze drying increased total phenolic acid (TPA) 
content in the sample from 41.47 to 79.61 μg/g DB [63].  
The results show that low-temperature treatment does not 
have a beneficial effect on the TPC, TF and curcuminoids 
levels. However, low-temperature methods allowed to obtain 
an extract with a high TPA content.

Boiling followed by microwave/oven drying

The effects of boiling as a pre-treatment followed by 
drying in an oven or microwave (450 W and 850 W) on 
the total curcuminoid content, essential oils and the content  
of individual curcuminoids; curcumin (CUR), desme-
thoxycurcumin (DMC), bisdesmethoxycurcumin (BDMC) 
was evaluated. The obtained results showed that the boiled 
samples were characterized by a lower content of essen-
tial oils (5.00-6.00% v/w) than the non-boiled samples, for 
which the values were 6.75-7.00% v/w. In contrast, the total 
curcuminoid content was at a similar level for the pre-treated 
(7.96-8.58% w/w) and unpre-treated samples (7.85-8.21% 
w/w). The content of individual curcuminoids was slightly 
higher for boiled samples: DMC – 1.84-2.52% w/w; CUR  
– 2.69-3.77% w/w; BDMC – 4.57-5.76% w/w, while in non-
boiled samples it amounted to: 1.85-2.14% w/w; 2.84-3.68% 
w/w and 4.68-4.99% w/w. In contrast, when comparing 
drying methods, both microwave and hot air drying did not 
show any significant differences in the content of essential 
oil (5.00-7.00% v/w) and the total content of curcuminoids 
(7.85-8.58% w/w). Comparing the content of individual 
curcuminoids, it can be seen that a slightly smaller amount  
of each of the tested compounds was recorded for oven-dried 
samples than in the microwave dried.

Raw material dried with the use of hot air exhibited levels 
of individual curcuminoids such as: DMC 1.84-1.92% w/w; 
CUR 2.69-2.96% w/w; BDMC 4.57-4.81%w/w, and after 
drying with microwave radiation, respectively, the related 
figures are: DMC 1.85-2.52% w/w; CUR 2.84-3.77% 
w/w; BDMC 4.68-5.76% w/w. During these analyses,  
the researchers did not observe a significant effect with 
regard to different microwave powers (450 and 850 W) on 
the quality of turmeric samples [73]. Boiling, however, nega-
tively affected the level of essential oils, but did not affect 
significantly the total content of curcuminoids. The hot air 



 

126 Current Issues in Pharmacy and Medical Sciences

Table 1. Effect of thermal processing on the secondary metabolites content in Curcuma longa L. rhizome
Lp Type of Processing Conditions Tested Compounds Conclusions References

1 Blanching

 – water bath 70°C
 – for 5-30 min
 – dried at 50°C
 – relative humidity 20%

Curcumin

 – the highest curcumin content in turmeric 
samples blanched for 15 min [67]

2

Drying in an 
oven

 – dried at 40-70°C
 – relative humidity 20%-40%

Curcumin

 – the curcumin content was affected by 
temperature and relative humidity
 – the highest curcumin content was found in 
turmeric samples dried at 60°C and at a relative 
humidity of 20%

[67]

3

 – boiled at 100°C for 45 min,
 – dried for 30 min; air flow rate 1-3 m/s; 
45-65°C Oleoresin

 – the oleoresin content was affected by the drying 
temperature and the air flow
 – the highest oleoresin content was found in 
rhizomes dried at 55°C and an air flow of 1 m/s 

[69]

4

 – dried in an electric oven at 50°C Total flavonoids, curcumin, 
demethoxycurcumin, 

bisdemethoxycurcumin, 
curcuminoids, phenolic 

acid

 – ↓ amount of flavonoids, curcumin, 
demethoxycurcumin, bisdemethoxycurcumin, 
sum of these curcuminoids

 – ↑ phenolic acid content
[63]

5  – dried in a hot air oven at 50°C for 36 h Ar-Turmerone  – ↑ the ar-Turmerone content in turmeric 
essential oil [70]

6

Heating in hot 
water

 – immersed in water for 30 min; 50-
100°C

Then the samples were divided into 3 
parts:
 – 1st: ground
 – 2nd: kept at room temperature and 
ground
 – 3rd: dried and ground

Total phenolic content

 – no effect of heating temperature on the total 
phenolic content
 – the highest total phenolic content was found for 
undried rhizome, and the lowest for samples 
heated at 50°C [66]

7

 – immersed in water for 10-60 min; 
60-100°C 

Then divided into 2 parts:
 – 1st kept at room temperature and 
ground
 – 2nd dried and ground

Total phenolic content

 – samples dried at ambient temperature had a 
higher total phenol content than samples dried 
at 50°C
 – total phenolic content increased with increasing 
processing time at each of the tested 
temperatures

[66]

8

 – immersed in water for 30 min; 50-100°C

Total curcuminoids content

 – the total content of curcuminoids was at a 
similar level in all of the processed samples
 – a similar amount of curcuminoids was present in 
the fresh sample

[66]

9 Boiling

 – boiled in deionized water; for 1-10 min

Total phenolic 
content, curcumin, 

demethoxycurcumin, 
bisdemethoxycurcumin

 – total phenolic content: ↓ 1 min, ↑ 2, 5, 10 min
 – the content of curcumins: ↓ 2 min, ↑ 1, 5, 10 
min
 – the content of demethoxycurcumins: ↓ 1, 2 min, 
↑ 5, 10 min
 – the content of bisdemethoxycurcumin increased 
after each test time

[71]

10

Steaming

 – cooked using 3 methods:
 – open steaming for 25 min
 – parboiling steaming for 15 min
 – improved vessel – developed drum for 
10 min
 – then dried

Curcumin, oleoresin, 
essential oil

 – the lowest content of turmeric components was 
found in rhizomes processed by open steaming
 – the highest content was found for use of the 
improved vessel [68]

11

 – cooked in improved vessel – developed 
drum
 – boiling time 5-15 min 
 – steam pressure 0.5-1.5 kg/cm2 
 – temperature 90-95°C

Curcumin, oleoresin, 
essential oil

 – the lowest content of curcumin and essential 
oil was found in rhizomes processed under 
the following conditions: 15 min, 1.50 kg/cm2, 
92.5°C
 – the lowest content of oleoresin was found 
in rhizomes processed under the following 
conditions: 5 min, 1.00 kg/cm2, 90°C and 95°C

[68]

12 Microwave 
heating

 – treated in a microwave oven
 – 800 W
 – for 1-5 min

Total phenolic 
content, curcumin,  

demethoxycurcumin, 
bisdemethoxycurcumin

 – the total phenolic content ↑ for 1, 2 min, ↓ 5 min
 – the curcumin, demethoxycurcumins and 
bisdemethoxycurcumin content ↑ for 1 min, 
while ↓ after treatment for 2 and 5 min

[71]

13 Microwave-
vacuum drying

 – dried in an industrial microwave-
vacuum dryer
 – for 10-30 min
 – 2400-4000 W Total phenolic content, 

curcuminoids

 – the total phenolic content ↑ only in the sample 
dried for 30 min at 2400 W
 – the content of curcuminoids ↑ when treated 
for 10 min/2400 W, 30 min/2400 W and 30 
min/4000 W, while in the other processed 
samples, values were lower than in the fresh 
turmeric extract

[72]

14

Drying in the sun 

 – boiled at 100°C for 1 h
 – drained

Then the samples were divided into 3 
parts:
 – 1st ground
 – 2nd kept at room temperature and 
ground
 – 3rd dried in the sun and ground

Total phenolic content

 – the highest total phenolic content was found in 
the directly ground sample, and the lowest in 
the sun-dried sample

[66]

15
 – boiled at 100°C for 1 h
 – drained
 – dried in the sun 

Total curcuminoids content
 – sun-dried turmeric extract had a lower total 
curcuminoids content than fresh turmeric 
extract

[66]

16

 – exposed to the sun for 3-5 days
 – 35-45°C

Total phenolic content, 
total flavonoids, curcumin, 

demethoxycurcumin, 
bisdemethoxycurcumin, 
curcuminoids, phenolic 

acid

 – ↓ the total phenolic, total flavonoids, curcumins, 
demethoxycurcumin, bisdemethoxycurcumin 
and total curcuminoids content 

 – ↑ the phenolic acid content [63]

17 Frying

 – fried (without oil)
 – 1-10 min

Total phenolic 
content, curcumin,  

demethoxycurcumin, 
bisdemethoxycurcumin

 – total phenolic content: ↓ 1, 5 min, ↑ 2, 10 min
 – the curcumin content ↑ for all frying times
 – the content of demethoxycurcumins and 
bisdemethoxycurcumin: ↓ 1,5 min, ↑ 2, 10 min

[71]

18 Freeze drying

 – frozen at -50°C for 12 h 
 – then cooled to -100°C; vacuum 20 Pa 
under absolute pressure

Total phenolic content, 
total flavonoids, curcumin, 

demethoxycurcumin, 
bisdemethoxycurcumin, 
curcuminoids, phenolic 

acid

 – ↓ total phenolic, total flavonoids, curcumin, 
demethoxycurcumin, bisdemethoxycurcumin 
and curcuminoids content 

 – ↑ phenolic acid content [63]
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and microwave drying had similar impact on the previously 
mentioned compounds. In the case of individual curcumi-
noids, microwave drying seems to be favourable method.

The influence of rhizome fragmentation

In a study conducted by Gill et al., the effect of turmeric 
rhizome fragmentation (whole, 5 mm slices), pre-treat-
ment method (water boiling, steam boiling, no treatment)  
and drying (open sun drying, domestic solar dryer) on the 
quality of turmeric powder was examined. The curcumin 
content, regardless of further processing of the raw material, 
in the sliced samples was about 2.8%, while in the samples 
derived from the uncut rhizome the value was slightly higher 
and amounted to about 3.1%. The highest concentration 
of curcumin was recorded for the powder obtained from 
uncut rhizome, not pre-treated and dried in a solar dryer 
(3.15%), and the lowest for the sample of turmeric sliced, 
not pre-treated and dried in open sun (2.7%). In addition, the 
essential oil content was higher in uncut turmeric powders 
(5.6-5.98%) than in samples from cut rhizomes (5.5-5.80%). 
The steaming of the uncut rhizomes and then drying them 
in a solar dryer provides the highest amount of essential oil 
(5.98%), while the least advantageous is cutting the rhizome, 
skipping the pre-treatment and drying in open sun (5.5%) 
[74]. This study showed that the degree of the raw material 
fragmentation had the greatest impact on the content of 
turmeric and essential oil.

CONCLUSIONS

Heat treatment may increase or decrease the content of 
components present in the rhizome of Curcuma longa L.  
Based on the literature data, we compared the effect  
of different types of treatment on the amount of active sub-
stances in turmeric, and selected the conditions that cause 
the greatest increase and the greatest decrease in the given 
components (as compared to their content in unprocessed 
turmeric).

In the case of the total polyphenol content (TPC),  
the treatment that produced the largest increase (almost 2 
times) compared to the associated fresh turmeric sample was 
the processing of the plant material by subjecting it to micro-
wave-vacuum drying (30 min, 2400 W), while the largest 
decrease in TPC (by almost 60%) was caused by the same 
treatment method, but with different process parameters  
(20 min, 4000 W) [72].

The largest increase in curcumin content (more than 
doubled) was ensured by frying the rhizome for 1 min, and 
the greatest loss (by 72%) by drying in the sun at 35-45°C 
for 3-5 days [63,71]. In the case of demethoxycurcumins and 
bisdemethoxycurcumins, the optimal method to provide the 
highest amounts (increases of more than 40% and almost 
50%, respectively) was boiling at 100°C for 10 min, while 
the largest reduction of these compounds was recorded 
for 5 minutes of microwave treatment (by 70% and about 
62%, respectively) [71]. In contrast, the largest increase in 
the amount of curcuminoids (2-fold) resulted in subjecting 
turmeric to microwave-vacuum drying (30 min, 4000 W), 
and the largest decrease in these active substances (more than 
3-fold) – drying in the sun at 35-45°C for 3-5 days [63,72].

The highest oleoresin content was recorded for turmeric 
samples processed with the use of – ‘improved vessel – 
developed drum’ (10 min) – 12.7%, and the lowest for 
samples subjected to open steaming (25 min) – 4.67%, 
while in this study the amount of oleoresin in fresh turmeric 
samples was 10% [68]. 

Interestingly, the essential oil content was the same 
(10%) for samples of fresh turmeric, processed via par-
boiling drum (15 min) and ‘improved vessel – developed 
drum’ (10 min), while the largest reduction in the amount 
of essential oil (over 4 times) was caused by turmeric being 
treated in ‘improved vessel – developed drum’ at the process 
parameters: 15 min, 92.5°C and pressure 1.50 kg/cm2 [68].  
It is worth noting that the content of essential oil was much 
higher for rhizomes processed as a whole, and not after 
grinding, which ensures limited losses of this component 
of turmeric [74].

To sum up, the information presented in this review 
indicates that not only the type of processing, but also its 
parameters, such as time, temperature, light and oxygen 
access, affect both the qualitative and quantitative compo-
sition of turmeric rhizome. Changes in the composition of 
biologically active compounds that occur during processing 
affect the health-promoting properties of turmeric rhizome. 
Therefore, having a knowledge on the impact of thermal 
treatment of Curcuma longa rhizome on the content of indi-
vidual phytochemicals may prove useful when choosing the 
treatment that provides the highest amount of the compound 
with the properties tailored for a given application. This is 
especially required when creating recipes for various supple-
ments, functional foods or pharmaceuticals with specific 
biological activity.

19

Boiling as the 
pretreatment, 
followed  
by the oven 
or microwave 
drying

 – boiled at 80°C for 30 min
 – Then dried by one of three methods: 
 – 5 h in an oven at 60°C
 – 5 min in a microwave; 450 W
 – 5 min in a microwave; 850 W

Total curcuminoids 
content, curcumin, 

demethoxycurcumin, 
bisdemethoxycurcumin, 

essential oil

 – boiling process effect: ↓ essential oil content; 
↑ the contents of bisdesmethoxycurcumin, 
desmethoxycurcumin and curcumin; 
curcuminoids content remained unchanged
 – drying method did not affect the essential oil 
and total curcuminoid content
 – the content of bisdesmethoxycurcumin, 
desmethoxycurcumin and curcumin were lower 
for oven drying than the use of microwaves
 – a significant effect of different microwave 
powers was not observed

[73]

20

Boiling as  
pre-treatment of 
sliced or uncut 
rhizomes
Drying in the sun 
or in the solar 
dryer 

 – research carried out both on sliced  
and unsliced rhizomes
 – 3 different sample groups were 
prepared: non-pre-treated, boiled  
in water and steamed in an autoclave 
(103, 421.3 Pa)
 – final samples were dried in the open 
sun or in a domestic solar dryer

Curcumin, essential oil

 – slicing causes a decrease in curcumin and 
essential oil content
 – the curcumin content was marginally affected by 
pre-treatment
 – the highest content of essential oil was obtained 
for steamed samples and the lowest for samples 
boiled in hot water
 – the drying method did not significantly affect 
the curcumin content in the samples
 – drying in a solar dryer resulted in a higher 
content of essential oil than drying in open sun

[74]
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When choosing the type of processing, it should be taken 
into account whether the processing will concern fresh raw 
materials (rhizome), for example, those used to prepare 
extracts used in the recipes of pharmaceuticals and func-
tional foods, or whether already pre-processed products (e.g. 
powders) will be treated. The general impact of thermal 
treatment on the qualitative and quantitative composition 
of turmeric rhizomes described in this review may there-
fore be a valuable source of information that can be used 
by producers to select the most optimal type of processing 
of this raw material for extract preparation. The published 
results allow us to assume that a fundamentally differ-
ent treatment should be selected in the case of preparing  
a product intended directly for consumption compared to 
a product that is an intermediate product to produce active 
substance extract.

However, it is extremely difficult to clearly indicate which 
method of thermal treatment of the rhizomes of Curcuma 
longa L. has the most beneficial effect on the composition. 
This is primarily due to large differences in process param-
eters used by different authors, when it should be remem-
bered that even nuances are important in this case. The dif-
ferentiated and individual approach to the subject, manner 
and form of presentation of the results also make it difficult 
to easily and simply compare the available data.

It should be noted that several authors have determined 
the TPC parameter. This is only the equivalent of gallic 
acid. Much more valuable are chromatographic tests, which 
allow to determine the content of specific compounds. In 
addition, curcuminoid content is expressed differently in par-
ticular works - sometimes it is a percentage of composition, 
other times it is a concentration expressed in mg per g or kg  
of extract or fresh rhizome. Also, the concentrations of the 
individual active compounds are given by different authors 
in relation to the extract, and at other times to a specific mass 
of the raw material (raw or processed rhizome).

A significant problem that makes it difficult to clearly 
determine the optimal processing methodology is the bio-
logical nature of the samples and no defined control sample. 
The properties of the tested turmeric depend on the origin, 
weather conditions in each season, the period that has 
passed since the rhizome was harvested and the method  
of its storage prior to processing. Mechanical processing and 
the resulting specific surface area can have a huge impact 
on the extraction process, heat and moisture transport, loss 
of volatile substances and thermal degradation. Without 
unified processing method, it is purposeless to compare 
exact values, only general trends can be deduced and used 
to develop a method that will preserve the maximum amount 
of active compounds.

ORCID iDs

Justyna Zagórska https://orcid.org/0000-0002-7869-2882
Agnieszka Jaworowska https://orcid.org/0009-0009-3247-1011

REFERENCES

1. Sam DS. Importance and effectiveness of herbal medicines.  
J Pharmacogn Phytochem. 2019;8(2):354-7. 

2. Carmona F, Soares Pereira AM. Herbal medicines: Old and new 
concepts, truths and misunderstandings. Rev Bras Farmacogn. 2013; 
23(2):379-85. 

3. Das L, Bhaumik E, Raychaudhuri U, Chakraborty R. Role of 
nutraceuticals in human health. J Food Sci Technol. 2012;49(2): 
173-83. 

4. Santini A, Tenore GC, Novellino E. Nutraceuticals: A paradigm  
of proactive medicine. Eur J Pharm Sci. 2017;96:53-61. 

5. Amalraj A, Pius A, Gopi S, Gopi S. Biological activities of 
curcuminoids, other biomolecules from turmeric and their 
derivatives – A review. J Tradit Complement Med. 2017;7(2):205-33.

6. Ayati Z, Ramezani M, Amiri MS, Moghadam AT, Rahimi H, 
Abdollahzade A, et al. Ethnobotany, Phytochemistry and Traditional 
Uses of Curcuma spp. and Pharmacological Profile of Two Important 
Species (C. longa and C. zedoaria): A Review. Curr Pharm Des. 
2019;25(8):871-935.

7. Tang H, Lu D, Pan R, Qin X, Xiong H, Dong J. Curcumin improves 
spatial memory impairment induced by human immunodeficiency 
virus type 1 glycoprotein 120 V3 loop peptide in rats. Life Sci. 2009; 
85(1-2):1-10.

8. Naik SR, Thakare VN, Patil SR. Protective effect of curcumin 
on experimentally induced inf lammation, hepatotoxicity and 
cardiotoxicity in rats: evidence of its antioxidant property. Exp 
Toxicol Pathol. 2011;63(5):419-31. 

9. Lin HY, Lin JN, Ma JW, Yang NS, Ho CT, Kuo SC, et al. 
Demethoxycurcumin induces autophagic and apoptotic responses 
on breast cancer cells in photodynamic therapy. J Funct Foods. 
2015;12:439-49.

10. Hong D, Zeng X, Xu W, Ma J, Tong Y, Chen Y. Altered profiles of gene 
expression in curcumin-treated rats with experimentally induced 
myocardial infarction. Pharmacol Res. 2010;61(2):142-8.

11. Hismiogullari AA, Hismiogullari SE, Karaca O, Sunay FB, Paksoy 
S, Can M, i in. The protective effect of curcumin administration 
on carbon tetrachloride (CCl4)-induced nephrotoxicity in rats. 
Pharmacol Rep. 2015;67(3):410-6. 

12. Chen DY, Shien JH, Tiley L, Chiou SS, Wang SY, Chang TJ, et al. 
Curcumin inhibits influenza virus infection and haemagglutination 
activity. Food Chem. 2010;119(4):1346-51.

13. Zhang D, Luo J, Yan D, Jin C, Dong X, Xiao X. Effects of Two 
Curcuminoids on Candida albicans. Chin Herb Med. 2012;4(3): 
205-12.

14. Cooney JM, Barnett MPG, Dommels YEM, Brewster D, Butts CA, 
McNabb WC, et al. A combined omics approach to evaluate the 
effects of dietary curcumin on colon inflammation in the Mdr1a(-/-)  
mouse model of inf lammatory bowel disease. J Nutr Biochem. 
2016;27:181-92.

15. Khan MA, El-Khatib R, Rainsford KD, Whitehouse MW. Synthesis 
and anti-inflammatory properties of some aromatic and heterocyclic 
aromatic curcuminoids. Bioorg Chem. 2012;40(1):30-8. 

16. Lopez-Jornet P, Gómez-García F, García Carrillo N, Valle-Rodríguez 
E, Xerafin A, Vicente-Ortega V. Radioprotective effects of lycopene 
and curcumin during local irradiation of parotid glands in Sprague 
Dawley rats. Br J Oral Maxillofac Surg. 2016;54(3):275-9.

17. Naik RS, Mujumdar AM, Ghaskadbi S. Protection of liver cells 
from ethanol cytotoxicity by curcumin in liver slice culture in vitro.  
J Ethnopharmacol. 2004;95(1):31–7. 

18. Lopresti AL, Maes M, Maker GL, Hood SD, Drummond PD. 
Curcumin for the treatment of major depression: a randomised, 
double-blind, placebo controlled study. J Affect Disord. 2014;167: 
368-75.

19. Ahmed T, Gilani AH. A comparative study of curcuminoids to 
measure their effect on inflammatory and apoptotic gene expression 
in an Aβ plus ibotenic acid-infused rat model of Alzheimer’s disease. 
Brain Res. 2011;1400:1-18. 

20. Patel N, Thakkar V, Moradiya P, Gandhi T, Gohel M. Optimization of 
curcumin loaded vaginal in-situ hydrogel by box-behnken statistical 
design for contraception. J Drug Deliv Sci Technol. 2015;29:55-69. 

21. Hewlings SJ, Kalman DS. Curcumin: A Review of Its Effects on 
Human Health. Foods. 2017;6(10):92.

22. Urošević M, Nikolić L, Gajić I, Nikolić V, Dinić A, Miljković V. 
Curcumin: Biological Activities and Modern Pharmaceutical Forms. 
Antibiotics (Basel). 2022;11(2):135.

Effect of heat treatment on the secondary metabolites composition of Curcuma longa L. rhizome



Justyna Zagorska, Agnieszka Jaworska

Vol. 37, No. 2, Pages 121-130 129

23. Akarchariya N, Sirilun S, Julsrigival J, Chansakaowa S. Chemical 
profiling and antimicrobial activity of essential oil from Curcuma 
aeruginosa Roxb., Curcuma glans K. Larsen & J. Mood and Curcuma 
cf. xanthorrhiza Roxb. collected in Thailand. Asian Pac J Trop 
Biomed. 2017;7(10):881-5.

24. Sasikumar B. Genetic resources of Curcuma: Diversity, characteri-
zation and utilization. Plant Genet Resour. 2005;3:1479-2621.

25. Hossain MdA, Ishimine Y. Growth, Yield and Quality of Turmeric 
(Curcuma longa L.) Cultivated on Dark-red Soil, Gray Soil and Red 
Soil in Okinawa, Japan. Plant Prod Sci. 2005;8(4):482-6.

26. Sandeep IS, Sanghamitra N, Sujata M. Differential effect of soil and 
environment on metabolic expression of turmeric (Curcuma longa 
cv. Roma). Indian J Exp Biol. 2015;53(6):406-11. 

27. Hayakawa H, Kobayashi T, Minaniya Y, Ito K, Miyazaki A, Fukuda T,  
et al. Development of a Molecular Marker to Identify a Candidate 
Line of Turmeric (Curcuma longa L.) with a High Curcumin Content. 
Am J Plant Sci. 2011;2(1):15-26.

28. Hossain MB, Barry-Ryan C, Martin-Diana AB, Brunton NP. Effect of 
drying method on the antioxidant capacity of six Lamiaceae herbs. 
Food Chem. 2010;123(1):85-91.

29. Wu D, Liu N, Ye Y. The zingiberaceous resources in China. Huazhong 
university of science and technology university press, Wuhan, China. 
2016:143.

30. Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK. 
Turmeric and curcumin: Biological actions and medicinal 
applications. Curr Sci. 2004;87(1):44-53.

31. Sopher DE. Indigenous Uses of Turmeric (Curcuma domestica) in 
Asia and Oceania. Anthropos. 1964;59(1-2):93-127.

32. Velayudhan KC, Dikshit N, Nizar A. Ethnobotany of turmeric 
(Curcuma longa L.). Indian J Tradit Knowl. 2012;11:607-14.

33. Ahmad M, Zafar M, Shahzadi N, Yaseen G, Murphey TM, Sultana 
S. Ethnobotanical importance of medicinal plants traded in Herbal 
markets of Rawalpindi- Pakistan. J Herb Med. 2018;11:78-89.

34. Deogade SC, Ghate S. Curcumin: therapeutic applications in 
systemic and oral health. Int J Biol Pharm Res. 2015;6(4):281-90. 

35. Gupta SC, Sung B, Kim JH, Prasad S, Li S, Aggarwal BB. 
Multitargeting by turmeric, the golden spice: From kitchen to clinic. 
Mol Nutr Food Res. 2013;57(9):1510-28. 

36. Li S. Chemical Composition and Product Quality Control of 
Turmeric (Curcuma longa L.). Pharm Crop. 2011;5(1):28-54.

37. Abe R, Ohtani K. An ethnobotanical study of medicinal plants 
and traditional therapies on Batan Island, the Philippines.  
J Ethnopharmacol. 2013;145(2):554-65.

38. Odonne G, Valadeau C, Alban-Castillo J, Stien D, Sauvain M, Bourdy 
G. Medical ethnobotany of the Chayahuita of the Paranapura basin 
(Peruvian Amazon). J Ethnopharmacol. 2013;146(1):127-53.

39. Singh AG, Kumar A, Tewari DD. An ethnobotanical survey of 
medicinal plants used in Terai forest of western Nepal. J Ethnobiol 
Ethnomed. 2012;8(1):19.

40. Xu XY, Meng X, Li S, Gan RY, Li Y, Li HB. Bioactivity, Health 
Benefits, and Related Molecular Mechanisms of Curcumin: Current 
Progress, Challenges, and Perspectives. Nutrients. 2018;10(10):1553.

41. Bussmann RW, Paniagua Zambrana NY, Romero C, Hart RE. 
Astonishing diversity-the medicinal plant markets of Bogotá, 
Colombia. J Ethnobiol Ethnomed. 2018;14(1):43.

42. Wangchuk P, Pyne SG, Keller PA. Ethnobotanical authentication and 
identification of Khrog-sman (Lower Elevation Medicinal Plants)  
of Bhutan. J Ethnopharmacol. 2011;134(3):813-23.

43. Lakshmi S, Padmaja G, Remani P. Antitumour Ef fects  
of Isocurcumenol Isolated from Curcuma zedoaria Rhizomes on 
Human and Murine Cancer Cells. Int J Med Chem. 2011;2011:253962.

44. Itokawa H, Shi Q, Akiyama T, Morris-Natschke S, Lee KH. 
Recent advances in the investigation of curcuminoids. Chin Med. 
2008;3(1):11.

45. Lobo R, Prabhu K, Shirwaikar A, Shirwaikar A. Curcuma zedoaria 
Rosc, (white turmeric): A review of its chemical, pharmacological 
and ethnomedicinal properties. J Pharm Pharmacol. 2009;61:13-21.

46. Nelson KM, Dahlin JL, Bisson J, Graham J, Pauli GF, Walters MA. 
The Essential Medicinal Chemistry of Curcumin. J Med Chem. 
2017;60(5):1620-37.

47. Priyadarsini KI. The chemistry of curcumin: from extraction to 
therapeutic agent. Molecules. 2014;19(12):20091-112. 

48. Sheng L, Wei Y, Pi C, Cheng J, Su Z, Wang Y, i in. Preparation 
and evaluation of curcumin derivatives nanoemulsion based on 
turmeric extract and its antidepressant effect. Int J Nanomedicine. 
2023;18:7965-83. 

49. Lee YS, Oh SM, Li QQ, Kim KW, Yoon D, Lee MH, et al. Validation 
of a quantification method for curcumin derivatives and their 
hepatoprotective effects on nonalcoholic fatty liver disease. Curr 
Issues Mol Biol. 2022;44(1):409-32. 

50. Ahmed T, Gilani AH. Inhibitory effect of curcuminoids on 
acetylcholinesterase activity and attenuation of scopolamine-induced 
amnesia may explain medicinal use of turmeric in Alzheimer’s 
disease. Pharmacol Biochem Behav. 2009;91(4):554-9.

51. Dall’Acqua S, Stocchero M, Boschiero I, Schiavon M, Golob S, 
Uddin J, et al. New findings on the in vivo antioxidant activity of 
Curcuma longa extract by an integrated (1)H NMR and HPLC-MS 
metabolomic approach. Fitoterapia. 2016;109:125-31.

52. Jayaprakasha GK, Jaganmohan Rao L, Sakariah KK. Antioxidant 
activities of curcumin, demethoxycurcumin and bisdemethoxy-
curcumin. Food Chem. 2006;98(4):720-4.

53. Jiang JL, Jin XL, Zhang H, Su X, Qiao B, Yuan YJ. Identification  
of antitumor constituents in curcuminoids from Curcuma longa L.  
based on the composition-activity relationship. J Pharm Biomed 
Anal. 2012;70:664-70. 

54. Yodkeeree S, Chaiwangyen W, Garbisa S, Limtrakul P. Curcumin, 
demethoxycurcumin and bisdemethoxycurcumin differentially 
inhibit cancer cell invasion through the down-regulation of MMPs 
and uPA. J Nutr Biochem. 2009;20(2):87-95. 

55. Yue GGL, Chan BCL, Hon PM, Lee MYH, Fung KP, Leung PC,  
et al. Evaluation of in vitro anti-proliferative and immunomodulatory 
activities of compounds isolated from Curcuma longa. Food Chem 
Toxicol. 2010;48(8-9):2011-20. 

56. Zhang LJ, Wu CF, Meng XL, Yuan D, Cai XD, Wang QL, et al. 
Comparison of inhibitory potency of three different curcuminoid 
pigments on nitric oxide and tumor necrosis factor production of 
rat primary microglia induced by lipopolysaccharide. Neurosci Lett. 
2008;447(1):48-53.

57. Jurenka JS. Anti-inflammatory properties of curcumin, a major 
constituent of Curcuma longa: a review of preclinical and clinical 
research. Altern Med Rev. 2009;14(2):141-53.

58. Awasthi M, Singh S, Pandey V, Dwivedi U. Curcumin: Structure-
Activity Relationship Towards its Role as a Versatile Multi-Targeted 
Therapeutics. Mini-Rev Org Chem. 2017;14(4):311-32.

59. Krup V, Prakash L H, A H. Pharmacological Activities of Turmeric 
(Curcuma longa linn): A Review. J Homeop Ayurv Med. 2013; 
02(04):133. 

60. Lal J. Turmeric, Curcumin and Our Life: A Review. Bull Environ 
Pharmacol Life Sci. 2012;1(7):11-7. 

61. Nayak B, Liu RH, Tang J. Effect of processing on phenolic 
antioxidants of fruits, vegetables, and grains - a review. Crit Rev 
Food Sci Nutr. 2015;55(7):887-919. 

62. Ribas-Agustí A, Martín-Belloso O, Soliva-Fortuny R, Elez-Martínez 
P. Food processing strategies to enhance phenolic compounds 
bioaccessibility and bioavailability in plant-based foods. Crit Rev 
Food Sci Nutr. 2018;58(15):2531-48. 

63. Chumroenphat T, Somboonwatthanakul I, Saensouk S, 
Siriamornpun S. Changes in curcuminoids and chemical 
components of turmeric (Curcuma longa L.) under freeze-drying 
and low-temperature drying methods. Food Chem. 2021;339:128121.

64. Hadi S, Artanti N, Rinanto Y, Wahyuni D. Curcuminoid content 
of Curcuma longa L. and Curcuma xanthorrhiza rhizome based on 
drying method with NMR and HPLC-UVD. IOP Conf Ser: Mater 
Sci Eng. 2018;349:012058. 

65. Lee BH, Choi H, Kim MR, Hong J. Changes in Chemical Stability 
and Bioactivities of Curcumin by Ultraviolet Radiation. Food Sci 
Biotechnol. 2013;22(1):279-82. 

66. Prathapan A, Lukhman M, Arumughan C, Athinarayanan S, Raghu 
KG. Effect of heat treatment on curcuminoid, colour value and total 
polyphenols of fresh turmeric rhizome. Int J Food Sci Technol. 2009; 
44(7):1438-44. 

67. Gan H, Charters E, Driscoll R, Srzednicki G. Effects of Drying and 
Blanching on the Retention of Bioactive Compounds in Ginger and 
Turmeric. Horticulturae. 2017;3(1):13.



 

130 Current Issues in Pharmacy and Medical Sciences

68. Farzana W, Pandiarajan T, Ganapathy S. Development of mobile 
boiling system for turmeric (Curcuma longa). Innov Food Sci Emerg 
Technol. 2018;47(1):428-38. 

69. Singh G, Arora S, Kumar S. Effect of mechanical drying air 
conditions on quality of turmeric powder. J Food Sci Technol. 2010; 
47(3):347-50.

70. Lekshmi PC, Arimboor R, Indulekha PS, Menon AN. Turmeric 
(Curcuma longa L.) volatile oil inhibits key enzymes linked to type 
2 diabetes. Int J Food Sci Nutr. 2012;63(7):832-4. 

71. Zagórska J, Kukula-Koch W, Czop M, Iłowiecka K, Koch W. Impact 
of Thermal Processing on the Composition of Curcuma longa 
Rhizome. Foods. 2023;12(16):3086.

72. Hirun S, Utama-Ang N, Roach PD. Turmeric (Curcuma longa L.) 
drying: an optimization approach using microwave-vacuum drying. 
J Food Sci Technol. 2014;51(9):2127-33.

73. Charoenchai L, Monton C, Luprasong C, Kraisintu K. Pretreatment 
study of turmeric rhizomes and optimization of drying methods 
using microwave oven and hot air oven to obtain high quality of 
turmeric powder. J Curr Sci and Technol. 2020;10(1):49-57. 

74. Gill RS, Singh S, Hans VS, Mittal TC. Turmeric (Curcuma longa) 
drying in natural circulation solar dryer: An experimental 
evaluation. J Food Process Eng. 2021;44(1):e13765.

Effect of heat treatment on the secondary metabolites composition of Curcuma longa L. rhizome


