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Abstract

Turmeric (Curcuma longa L.) is a culturally significant spice and medic-
inal crop grown by ethnic minority communities, including the Hmong, Dao,
Thai, and Muong, in Vietnam’s Northern Mountain region. It plays a vital role
in traditional rituals, cuisine, and textiles. This study examined the accumu-
lation of tannins, flavonoids, saponins, alkaloids, and curcuminoids in turmeric
rhizomes cultivated in Lai Chau and Bac Kan provinces. The results showed
that turmeric harvested at 9-10 months contained the highest levels of bioactive
compounds, particularly curcuminoids. Ethnic-cultivated turmeric (ECT) from
Lai Chau and Bac Kan had curcuminoid contents of 7.94% and 6.04% (fresh
mass), surpassing the typical 3-5% in Vietnamese turmeric. While Lai Chau
maintained stable curcuminoid levels, Bac Kan showed a slight decline after 11
months, likely due to environmental factors. ECT’s rich phytochemicals offer
potential for functional foods and biotherapeutics, supporting the cultural her-
itage and economic sustainability of ethnic communities in Vietnam’s Northern
Mountains.
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Introduction. Turmeric (Curcuma longa L.) is a widely recognized and
culturally significant spice and medicinal crop cultivated in Vietnam. It plays
an integral role in the traditional rituals, ceremonies, and spiritual practices of
various ethnic groups in the Northern Mountains, including the Hmong, Dao,
Thai, and Muong communities [1|. It is traditionally used as a natural dye for
fabrics, clothing, and handicrafts, enriching the cultural identity of ethnic textiles
and crafts [2|. Additionally, turmeric plays a crucial role in traditional medicine,
where it is widely utilized for its perceived therapeutic properties in treating
various ailments [3]. A particularly notable trait of the turmeric plant is its natural
pest resistance, attributed to its metabolite composition, which often reduces or
eliminates the need for pesticides during cultivation [4].

The accumulation of secondary metabolites in herbal rhizomes is a crucial
process that contributes to their medicinal and aromatic properties, which gen-
erally increase as the rhizome matures toward harvest [5]. Recently, NGUYEN
et al. [6] identified curcumin, demethoxycurcumin (DMC), and bisdemethoxycur-
cumin (BMC) at 7.2154+0.101 mg/g, 3.927+0.031 mg/g, and 2.255+0.049 mg/g,
respectively, from the rhizomes of Curcuma longa grown in the Northern Delta
of Vietnam (Bac Giang province) using HPLC. Additionally, the concentrations
of curcumin, DMC, BMC in 19 samples from provinces in the Southern Delta
of Vietnam ranged from 0.77% to 10.30%, 0.33% to 6.92%, and 0.03% to 3.23%,
respectively [7]. No reports were found on curcuminoids extracted from turmeric
cultivated in the mountains and by ethnic communities.

In Vietnam’s Northern Mountains, ethnic minority farmers use traditional
cultivation methods distinct from commercial turmeric farming. The region’s
climate ranges from harsh sub-temperate zones in the highlands to humid, less
seasonal conditions at mid-altitudes [8], influencing nutrient availability, organic
matter, and soil pH, factors that affect turmeric’s bioactive compound produc-
tion. OANH et al. [9] analyzed turmeric from Lang Son (north), Nghe An (cen-
tral), and Lam Dong (southern highlands), finding the highest curcumin (110.3 +
50.0 ng/mg), demethoxycurcumin (46.7+22.1 ng/mg), and bisdemethoxycurcumin
(29.1 &+ 10.4pg/mg) levels in Lang Son samples. Similarly, Nepalese turmeric
showed higher curcumin content in southern regions, with Chitwan samples con-
taining 165 mg/g compared to 79 mg/g in Kalikot samples [10].

This study investigated the accumulation of the superior content of curcum-
inoids, in turmeric rhizomes grown by ethnic communities in the Northern region
of Vietnam, which aims to scientifically validate turmeric as a high-value product,
enabling ethnic communities to enhance their income, improve their livelihoods,
which can contribute to the preservation and enrichment of the cultural identity
of ethnic minority groups.

Materials and methods. Chemicals and reagents. Curcumin, demetho-
xycurcumin, and bisdemethoxycurcumin standards were generously provided by
Enteroil Company, Quang Minh, Hanoi. Acetonitrile, hexane, and methanol
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(HPLC grade) were obtained from Merck. Reagents used for phytochemical tests
included acetic anhydride and sulphuric acid for flavonoid and tannin analysis,
Wagner’s reagent for alkaloid identification, and other additional reagents all pur-
chased from Scharlau, Spain.

Turmeric sampling. ECT’s rhizomes were collected from ethnic families in
Lai Chau (Mountain) and Bac Kan (Midland) provinces. Sampling began from
the 5th to 11th month for every two months onward to ensure the accumulation
and detectability of secondary metabolites.

Rhizome extract. A methanolic extraction was performed using ultrasonic
assistance [11]. Fifty grams of sample were extracted by 200 mL methanol. The
extraction was conducted at 50 °C in 1h in an ultrasonic processor (40 kHz, Qson-
ica, model C75E, USA).

Qualitative evaluation. Test for tannins. Few drops of Ferric chloride
(FeCls) solution at 10% was added in the test tube containing the extract. The
greenish-black colour indicated a positive result (Vietnam Pharmacopoeia, 5th
edition, 2017).

Test for flavonoids. The extract was mixed with 10% NaOH, turning in-
tensely yellow. Adding 10% HCI rendered it colourless, indicating the presence of
flavonoids (Vietnam Pharmacopoeia, 5th edition, 2017).

Test for saponins (Frothing Test). One mL of the extract was shaken with
5mL of distilled water. Formation of froth lasting for 5 min showed the presence
of saponin (Vietnam Pharmacopoeia, 5th edition, 2017).

Test for alkaloids. One mL of extract was mixed with 1mL of 2% HCI and
heated in a water bath for 2min. Upon adding Wagner’s reagent, a reddish-
brown precipitate indicated the presence of alkaloids (Vietnam Pharmacopoeia,
5th edition, 2017).

Quantitative analysis. Volatile oils distillation. The oils were collected
from 300 g fresh turmeric by a Clevenger-type apparatus in 3h (Vietnam Pharma-
copoeia, Hth edition, 2017). The volatile oil content was expressed as a percentage
(% v/w fresh mass).

Extraction and determination of total curcuminoids. Curcuminoid extraction
followed the Vietnam Pharmacopoeia (5th edition, 2017). Total curcuminoids
were quantified by UV-VIS spectrophotometry at 420 nm using curcumin as the
standard. Results were expressed as total curcuminoid (curcumin equivalents),
reflecting the collective absorbance of all curcuminoid components. A stock solu-
tion was prepared by dissolving 10 mg of curcumin in 96% ethanol. From this, a
series of standard solutions in methanol was made to generate a calibration curve.
Approximately 2-3 g of the test sample was accurately weighed and extracted with
96% ethanol. Curcuminoid content was calculated using the standard curve using
the formula:

Ct:CdC.V'Kt’

my
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where Cy is the curcuminoid concentration in the sample (ng/g), Cqc is the cur-
cumin concentration from the standard curve (ng/mL), K is the dilution factor,
V is the diluted solvent (mL), and my is the weight of the sample (g).

Determination of curcuminoid composition. Curcuminoid composition (cur-
cumin, DMC, and BMC) was measured by HPLC-PDA (Shimadzu, FIRI.F.004)
with PDA detection at 424 nm. The mobile phases consisted of Acetonitrile: HyO
(95:5) and 0.1% H3PO,, with a flow rate of 1 mL/min. The column temperature
was maintained at 35°C, and the total injection volume was set to 10 pL [12].

Soils and irrigation water analysis. Soil samples and irrigation water were col-
lected alongside the turmeric rhizome harvest, according to the standard method
of TCVN 7538-6:2010. Parameters such as pH (KCl), organic carbon (OC), to-
tal nitrogen (N), total phosphorus (P), total potassium (K) and pH were ana-
lyzed according to TCVN 5979:2007, TCVN 8941:2011, TCVN 6498:1999, TCVN
4052:1985, TCVN 8660:2011 and QCVN 39:2011/BTNMT, respectively.

Statistical analysis. The experiments on volatile oil and rhizome extract,
curcuminoid content, as well as soil and irrigation water parameters were con-
ducted with three replicates, and the data were analyzed using one-way ANOVA,
followed by the Tukey test. The significance level was set at p < 0.05. Data are
expressed as the mean + standard deviation (SD). All statistical analyses were
performed using XLSTAT 2024.4.0.1424.

Results and discussion. Qualitative test. Turmeric is planted in Febru-
ary and is usually harvested 9 months later. Ethnic minorities harvest it sporad-
ically in November, December, and the first month of the new year for various
traditional rituals and folk medicines, where it symbolizes health, prosperity, and
protection against evil spirits [12]. The secondary metabolic content in turmeric
includes various bioactive compounds such as alkaloids, saponins, flavonoids, tan-
nins, sterols, phytic acid, and phenols. A previous report indicated that turmeric
contains 0.76% alkaloids, 0.45% saponins, 1.08% tannins, 0.03% sterols, 0.82%
phytic acid, 0.40% flavonoids, and 0.08% phenols, all of which contribute to
turmeric’s therapeutic properties, including its antioxidant, anti-inflammatory,
and antimicrobial effects [13]. A qualitative assessment of secondary metabolites
in turmeric rhizomes is presented in Table 1.

The results showed that tannins, flavonoids, saponins and alkaloids increased
over time, from the 5th month to the 9th month, in both Lai Chau and Bac Kan
provinces. When harvested after 9 months, tannins and polyphenols increased
in the 10th month, and decreased by the 11th month. However, by this time,
there was a slight decline in flavonoids and alkaloids in Bac Kan, while Lai Chau
maintained the levels across all parameters. This could indicate that the optimal
growth period for maximizing these phytochemical compounds in the turmeric
cultivated by ethnic communities is between the 10th and 11th months, instead
of the 9th month for the turmeric grown in the delta area.
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Table 1

Qualitative and quantitative evaluation of secondary metabolic groups in turmeric rhizome

Growth’s Tannin Flavonoid  Saponin Alkaloid Yolatlle oil % Total extract %
month (v/w fresh mass) (w/w dry mass)
LC BK LC BK LC BK LC BK Lai Chau Bac Kan Lai Chau Bac Kan
5th - - - — - - - — 3.12 £0.01 2.91*4+0.02 6.23* £0.05 5.71* £0.02

7th - - - - ~  540°40.01 4.61°+£0.03 8.89°+0.05 7.80°+0.03

9th + 4+ 4+ + 4+ 4+ 4+ + 649°40.03 6.31°+£0.04 9.01°+0.06 8.71°+0.06
10th 4+ 4+ 4+ 4+ 4+ 4+ 4+ 6.23°40.03 6.23°+0.03  9.32°+0.09  8.90° £ 0.04
11th + - + - + +  + —  6.01°+£0.04 579°4+0.04 8.019+0.11 7.99° +0.07

Legend: LC: Lai Chau province; BK: Bac Kan province

+: Presence; ++: Presence with stronger reaction of qualitative test; —: Absence

Different letters within the same independent variable in the same column indicate statistical
differences at a 95% confidence

Quantitative test. Quantitative test of rhizome’s volatile oil and extract
yields. Volatile oil and the total extract increased over time, reaching the highest
concentration in the 9th month and 10th month, respectively, in both Lai Chau
and Bac Kan provinces (Table 1). The slight decline in both parameters in the
11th month could indicate that the plants have reached their optimal growth and
that the quality or yield may start to decrease after this point. Further investi-
gation is needed to identify factors behind provincial differences, such as environ-
ment, soil, inputs, and harvesting. Understanding these can optimize cultivation
for maximum volatile oil and extract yield.

Curcuminoid quantitative determination. Curcuminoids are the most im-
portant secondary metabolite of turmeric which are known for their potent anti-
inflammatory and antioxidant properties, making them valuable in the prevention
and treatment of various diseases, including cancer and neurodegenerative disor-
ders. In general, fresh turmeric rhizomes typically contain about 3-5% curcumi-
noids by weight, but this can vary based on factors such as the variety of turmeric
and growing conditions [14]. In this study, the maximum content of curcuminoids
in fresh ethnic turmeric could reach up to 7-8% (Table 2).

As seen in Table 2, the total curcuminoid content (Cur + DMC + BMC) in-
creased over time, with the highest levels observed in the 10th month for both Lai
Chau (7.94%) and Bac Kan (6.04%), then slightly decreased in the 11th month
but remained high compared to the earlier growth months. The Cur:DMC:BMC
ratio at the 10th month indicated higher potion DMC and BMC in term of ratio
in the Lai Chau samples compared to the Bac Kan samples. To understand the
impact of environment on the metabolite composition, the climate and geograph-
ical conditions of Lai Chau and Bac Kan were investigated and the results are
presented in Table 3. Both Lai Chau (Phong Tho) and Bac Kan (Na Ri) have a
subtropical climate with warm temperatures, acidic soils with low nutrient levels,
and slightly acidic irrigation water. These environmental factors should be taken
into account when developing agricultural practices and selecting suitable crops
for these regions.
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Table 2

Curcuminoid accumulation in turmeric rhizomes

Growth’s month Curcuminoid (UV-VIS) Cur:DMC:BMC
(% v/w fresh mass) (HPLC)

Lai Chau Bac Kan Lai Chau Bac Kan
5th 1.06*+£0.01 0.07* +£0.01 Nd* Nd
7th 4.96° +£0.04 4.54°+0.03 Nd Nd
9th 7.21°4£0.03 5.74° £ 0.01 Nd Nd
10th 7.94°+0.05 6.04° +0.04 7:2:1 9:2:1
11th 6.199 +0.03  4.88° 4+ 0.04 Nd Nd

Legend: *DMC and/or BMC not quantitatively detected in these samples, possibly due to
low biosynthesis during early development or degradation in later maturation stages; thus,
Cur:DMC:BMC ratio could not be determined

Different letters within the same independent variable in the same column indicate statistical
differences at a 95% confidence

Table 3

Geographical conditions in Lai Chau and Bac Kan provinces

Lai Chau Bac Kan
(Phong Tho, 1000-1500 m™) (Na Ri, 300-700 m*)
Average 21-27°C 21-29°C
temperature
+  Composition Soil mixed with clay Soil mixed with clay
273) Soil pH KCl N g/kg P20s5 g/kg K20 g/kg pH KC1 N g/kg P205 g/kg K20 g/kg
characteristic  4.6+0.1 0.30+£0.01 0.20+£0.01 0.40£0.02 4.50+£0.1 0.324+0.02 0.40+£0.04 0.54+£0.03
Irrigation pH pH
water™™ 6.8+0.1 6.3+0.1

*Above sea level; **Data obtained in the 10th month of the turmeric growing

Curcuminoid accumulation in ethnic-cultivated turmeric rhizome. The culti-
vation conditions and curcuminoid accumulation from the 5th to the 11th month
in Lai Chau are graphically illustrated in Fig. 1. Turmeric grown by ethnic mi-
norities in Lai Chau and Bac Kan both produced the highest curcuminoid content
of around 7.94% and 6.04% (fresh mass), respectively, at the 10th month of grow-
ing, while in regular turmeric grown in Vietnam this varies 3-5% [14]. Turmeric
grown by ethnic communities in the mountainous region (Lai Chau) contained
higher curcuminoid than the midland region (Bac Kan), which can be explained
by the cool climate all year round. In addition, the geographical and environmen-
tal conditions, especially the higher elevation (1000-1500m vs. 300-700m) and
the slightly lower average temperature (21-27°C vs. 21-29°C) in Lai Chau, may
contribute to the accumulation of curcuminoids. Although the soil composition is
similar, differences in nutrient content such as lower P,O5 (0.20 vs. 0.40 g/kg) and
K50 (0.40 vs. 0.54g/kg) in Lai Chau might also influence secondary metabolite
synthesis.
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5th: 21-280C Tthi 20-280C gth: 14-230C 10th: 10-200C 11th: §-18:C

'k Cur
' 1.06

pH: 6.5 pH: 6.5 pH: 6.7 pH! 6.8 pH: 6.8
N0.22 glkg N:0.2T glkg N30 gl N30 glkg N:0.32 glkg
PO 0.15g/ke Pa0s: 0.15g/ke P05 0.20g/ke PaOs: 0.20gfke Pas: 0.21g/ke
K00 44p/ke K20:0.47g/kg Ko0:0.42gke Ka20:0.40g/kg K20:0.39g kg

Fig. 1. Cultivation conditions and curcuminoid accumulation between the 5th and the 11th
month in Lai Chau province

Conclusion. This study examined how environmental factors influence the
phytochemical properties of turmeric grown by ethnic minority communities in
Vietnam’s Northern Mountains. Results indicate that the optimal harvest period
may extend beyond the traditional of 6.5 to 9 months, with peak quality observed
in the 9th and 10th months. In Lai Chau (mountainous region), flavonoid and
alkaloid levels remained stable during this period, while in Bac Kan (midland),
they declined by the 11th month. Curcuminoid content peaked in the 10th month:
7.94% in Lai Chau and 6.04% in Bac Kan. Notably, the Cur:DMC:BMC ratio
of 7:2:1 in Lai Chau mirrors that of high-quality Indian turmeric. These find-
ings underscore the intricate relationship between traditional farming practices,
environmental conditions, and phytochemical profiles, highlighting the value of
preserving indigenous knowledge for both cultural heritage and sustainable agri-
culture.

REFERENCES

[1] NeuyEN H.T., Q.P. TriNH, T.D. NGUYEN, W. BERT (2020) First report of
Rotylenchulus reniformis infecting turmeric in Vietnam and consequent damage,
J. Nematol., 52, 1-5, https://doi.org/10.21307/jofnem-2020-053.

[2] DanG H. A.H. (2012) Vietnam: A widening poverty gap for ethnic minorities.
In book: Indigenous Peoples, Poverty and Development (eds G. Hall, H. Patri-
nos), Cambridge University Press, Cambridge, https://doi.org/10.2139/ssrn.
2346307.

[3] SurJyT R., B. ANUSRI-MAHALAKSHMI, E. SHALINI, M. SHUBHA-SHREE (2023)
Natural Dyes in Traditional Textiles: A Gateway to Sustainability, Springer Na-
ture, Switzerland.

1156 N.T.M. Tu, N.T. Phuong


https://doi.org/10.21307/jofnem-2020-053
https://doi.org/10.2139/ssrn.2346307
https://doi.org/10.2139/ssrn.2346307

[4] Davis C. C., P. CHOISY (2024) Medicinal plants meet modern biodiversity science,
Curr. Biol., 34(4), 158-173, https://doi.org/10.1016/j.cub.2023.12.038.

[5] Souza-TAVARES W., Y. AKHTAR, G.L.P. GONGALVES et al. (2016) Turmeric
powder and its derivatives from Curcuma longa rhizomes: Insecticidal effects on
cabbage looper and the role of synergists, Sci. Rep., 6, 34093, https://doi.org/
10.1038/srep34093.

[6] NcuyEN T.T.H., T.T.A. Le, T.T. NcuYyeNn, T.S. NINH (2022) Curcumi-
noids from the Vietnamese Curcuma longa: Phytochemical analysis and biological
activities, Vietnam J. Sci. Technol. Eng., 64(3), 19-23.

[7] ViINnH T.D. C.M., S.N. THANH, N. N. THANH et al. (2024) Chemical fingerprint
analysis for quality assessment and control of Curcuma longa L. rhizomes from Viet-
nam using a high-performance liquid chromatography-diode array detector (HPLC-
DAD), Pharmacia, 71, 1-9, https://doi.org/10.3897/pharmacia.71.e124050.

[8] VIEN T. D. (2003) Culture, environment, and farming systems in Vietnam’s North-
ern Mountain Region, Southeast Asia Studies, 41(2), 180-205.

[9] OaNH N.K., G.D. HoaNG, N.T. DUONG et al. (2021) Geographical discrimi-
nation of Curcuma longa L. in Vietnam based on LC-HRMS metabolomics, Nat.
Prod. Commun., 16(10), 1-10, https://doi.org/10.1177/1934578X211045479.

[10] PoubEL A., J. PanpEy, H.K. LEE (2019) Geographical discrimination
in curcuminoids content of turmeric assessed by rapid UPLC-DAD vali-
dated analytical method, Molecules, 24(9), 1805, https://doi.org/10.3390/
molecules24091805.

[11] ABOSHORA W., Z. LIANFU, M. DAHIR et al. (2014) Effect of extraction method
and solvent power on polyphenol and flavonoid levels in Hyphaene thebaica L. Mart
(Arecaceae) (Doum) fruit, and its antioxidant and antibacterial activities, Trop. J.
Pharm. Res., 13(12), 2057-2063, http://doi.org/10.4314/tjpr.v13i12.16.

[12] JANGLE R.D., B.N. THORAT (2013) Reversed-phase high-performance liquid
chromatography method for analysis of curcuminoids and curcuminoid-loaded li-
posome formulation, Indian J. Pharm. Sci., 75(1), 60-66, https://doi.org/10.
4103/0250-474X.113555.

[13] MuGHAL M. H. (2019) Turmeric polyphenols: A comprehensive review, Integr.
Food Nutr. Metab., 6, 1-6, https://doi.org/10.15761/IFNM.1000269.

[14] HoAaNG-ANH H., N.T. CAM-NHUNG (2019) Determination of curcumin content
in some kinds of turmeric products, Ho Chi Minh City Journal of Medicine, 23(4),
91-98.

! Department of Food Engineering, HUST (Hanoi University of Science and Technology),
Hanoi, Vietnam
e-mail: tu.nguyenthiminh®@hust.edu.vn

2Faculty of Engineering Physics, HUST (Hanoi University of Science and Technology),

Hanoi, Vietnam
e-mail: phuong.nguyenthanh@hust.edu.vn

C. R. Acad. Bulg. Sci., 78, No 8, 2025 1157


https://doi.org/10.1016/j.cub.2023.12.038
https://doi.org/10.1038/srep34093
https://doi.org/10.1038/srep34093
https://doi.org/10.3897/pharmacia.71.e124050
https://doi.org/10.1177/1934578X211045479
https://doi.org/10.3390/molecules24091805
https://doi.org/10.3390/molecules24091805
http://doi.org/10.4314/tjpr.v13i12.16
https://doi.org/10.4103/0250-474X.113555
https://doi.org/10.4103/0250-474X.113555
https://doi.org/10.15761/IFNM.1000269
mailto:tu.nguyenthiminh@hust.edu.vn
mailto:phuong.nguyenthanh@hust.edu.vn

