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Abstract Invasive plants often pose challenges
to ecosystem management, yet they can also serve
as valuable resources when integrated with tradi-
tional knowledge. This study explores the sustainable
applications of the invasive species Galinsoga quad-
riradiata through an innovative combination of eth-
nobotanical and chemical analyses. Ethnobotanical
investigations revealed its utility as both a food source
and animal feed, particularly for poultry. Nutritional
profiling highlighted its exceptional nutrient density,
including high levels of protein (17.70+0.24 g/100 g
dry weight), fiber (45.10+0.10 g/100 g), potas-
sium (2.17+<0.01 g/100 g), and calcium
(1.73+ <0.01 g/100 g), supporting its traditional
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uses. Furthermore, bioactive compounds such as fla-
vonoids (0.46+ <0.01 g/100 g) and proanthocyani-
dins (0.146 g/100 g) underscore their potential health
benefits. Metabolomic analysis via HS-SPME-
GC-MS identified 238 volatile constituents, pre-
dominantly aldehydes (16.66%), alcohols (16.31%),
and sesquiterpenes (13.01%), with 5,10-dioxatri-
cyclo[7.1.0.04,64,64,6]decane  (5.39%), 1-hexanol
(3.54%), and 2-hexenal (3.26%) as the most abun-
dant components. These volatiles provide mechanis-
tic insights into the plant’s attractiveness as food and
feed while also suggesting ecological interactions.
Our findings highlight G. quadriradiata as a prom-
ising candidate for sustainable feed and food pro-
duction. By bridging ethnobotanical practices with
scientific validation, this study establishes a robust
framework for repurposing invasive species (G. quad-
riradiata) into valuable resources, promoting agricul-
tural resilience, ecological sustainability, and biodi-
versity conservation.

Keywords Invasive species - Ecosystem
management - Nutrition - Animal feed - Ethnobotany -
Galinsoga quadriradiata

Introduction

The Galinsoga genus, part of the Asteraceae fam-

ily, comprises herbaceous plants native to Central
and South America (Smith et al. 2020). Of the 15
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recognized Galinsoga species (https://powo.scien
ce.kew.org/), two—G. parviflora and G. quadrira-
diata—are invasive in China (Shi et al. 2011). G.
quadriradiata, originally from South America,
has become a widely distributed invasive spe-
cies in China, colonizing the southern regions and
projected to expand into the northern zones (Yang
et al. 2018; Zhang et al. 2022). This species poses
significant ecological threats by competing with
native flora and disrupting ecosystem functions (De
Cauwer et al. 2021), necessitating effective manage-
ment strategies.

Traditional management practices are effective but
labor-intensive, including methods such as increas-
ing crop planting depths, mulching, and manually
uprooting weeds (Smith et al. 2020). Herbicidal
options, including oxyfluorfen, flumioxazin, and
linuron, demonstrate high efficacy (>90%), but their
long-term ecological sustainability remains a con-
cern due to potential environmental impacts (Paula
et al., 2022). These limitations highlight the need for
integrated and environmentally sustainable strate-
gies for managing invasive species. Local ecological
knowledge (LEK) offers a promising, underutilized
avenue for sustainable invasive species management.
LEK encompasses traditional practices and insights
that can guide localized planning and resource utili-
zation (Luizza et al. 2013). Invasive species like G.
quadriradiata may hold untapped ecological and
economic potential, such as use as food or animal
feed. Investigating these uses through nutritional and
chemical profiling can help reframe invasive species
as resources while mitigating their ecological impacts
(Jonsson et al. 2023).

Lushan, a renowned biodiversity hotspot and tour-
ist destination in Southern China, faces challenges
from habitat destruction and invasive species prolif-
eration due to human activities such as tourism and
road construction (Hui et al. 2020). Our preliminary
ethnobotanical investigations reveal that local com-
munities have developed traditional practices for
managing certain invasive species, such as utiliz-
ing G. quadriradiata as poultry feed, particularly
for chickens. However, no comprehensive ethnobot-
anical research has been conducted specifically on G.
quadriradiata. Moreover, integrating local ecological
Knowledge (LEK) with scientific research for inva-
sive species management remains underexplored in
regions like Lushan and other parts of China.
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This study conducted a comprehensive ethnobo-
tanical study on invasive G. quadriradiata to inves-
tigate the LEK for ecologically sustainable man-
agement of this species. Additionally, metabolite
compositions of G. quadriradiata were determined
using nutritional and HS-SPME-GC-MS analysis
to evaluate the related LEK from a chemical perspec-
tive. This integrated approach combines agroecology,
local practices, and ecological sustainability, provid-
ing novel insights into invasive species management.

Materials and methods
Ethnobotanical study

This study used snowball sampling methods to select
the key informants for informal interviews. From this,
we reached 36 individuals between 50 and 80 years of
age. We documented all the different uses of G. quad-
riradiata in the Lushan area and validated them with
the secondary literature.

Plant materials

Whole plants of G. quadriradiata were collected
from the three different sites of Lushan City of
Jiangxi Province in August of 2024 with GPS coor-
dinates recorded as follows: 1087 m (above sea level),
115.985274°E, 29.552131°N. Xingxing Chen iden-
tified the plant species at Lushan Botanical Garden,
and a voucher specimen (EB240813002) was depos-
ited in the herbarium of Lushan Botanical Garden.
After collection, the material was air-dried in the
shade, ground into powder, passed through a 40-mesh
sieve, and then stored at — 20°C until further nutri-
tional and HS—SPME-GC-MS analysis.

Nutritional analysis

To clarify the nutritional composition of G. quad-
riradiata, we followed standard protocol consistent
with the Standardized Technical Guidance report of
the People’s Republic of China and the International
Organization for Standardization as described in 2021
similar to Duan et al. (2024) (Table 1).
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Table 1 Determination of

o . Test items Methods References

nutritional components in

Galinsoga quadriradiata Macronutrients Energy GB/Z21922-2008 GB/Z 21922-2008 (2008)
Protein GB5009.5-2016 GB 5009.5-2016 (2016)
Fat GB5009.6-2016 GB 5009.6-2016 (2016)
Dietary fiber GB5009.88-2014 GB 5009.88-2014 (2014)
Carbohydrate GB5009.9-2016 GB 5009.9-2016 (2016)
Trace clements GB5009.268-2016 GB 5009.268-2016 (2016)

Vitamins Vitamin B2 GB5009.85-2016 GB 5009.85-2016 (2016)

Vitamin E GB5009.82-2016 GB 5009.82-2016 (2016)

Total flavonoids -

ISO 20759-2017 ISO 20759:2017, (2017)

HS-SPME-GC-MS analysis

The homogenized sample (200+4 mg) was placed
into a headspace vial (20 mL) for headspace solid-
phase microextraction (HS-SPME). A final con-
centration of 10 mg/L of 2-octanol was added as an
internal standard. During the HS-SPME process,
the incubation temperature was set to 60 °C, with
a preheating time of 15 min, an incubation time
of 30 min, and a desorption time of 4 min. Follow-
ing HS-SPME, the sample was analyzed by an Agi-
lent 7890 gas chromatography (GC) coupled with a
5977B mass spectrometry (MS) (Agilent Technolo-
gies, Santa Clara, CA, USA). Volatile components
were separated on a DB-WAX capillary column
(30 mx250 pmx0.25 pm, Agilent Technologies).
Helium at a constant flow rate of 1.0 mL/min was
used as the carrier gas. The initial oven temperature
was maintained at 40 °C for 4 min, then increased to
245 °C at a rate of 5 °C/min, and held for 5 min. The
injection port, transfer line, ion source, and quadru-
pole temperatures were set to 250 °C, 250 °C, 230 °C,
and 150 °C, respectively. Mass spectrometry was per-
formed in electron impact (EI) mode with an ioniza-
tion energy of — 70 eV. Data were acquired in scan
mode over an m/z range of 20—400, with a solvent
delay of 2.37 min. Data processing, including peak
picking, baseline calibration, peak alignment, decon-
volution, and integration, was performed using Chro-
maTOF 4.3X software (LECO Corporation, Saint
Joseph, MI, USA) (Lin and Long 2023). The Kovats’
retention index (KRI) of the volatile compounds was
determined using a series of n-alkanes (Cy-C,3) as
references. Volatile compounds were identified by
matching their mass spectra with those in the NIST23
library, retaining compounds with a match similarity

score above 700. Further verification was performed
by comparing KRIs with values reported in online
databases, including WebBook (https://webbook.nist.
gov/chemistry/) and Flavornet (https://www.flavornet.
org/). The relative abundance of annotated volatiles
was expressed as a percentage of their peak area in
the total ion chromatogram. Odor information for the
volatile compounds was obtained from Flavornet and
Flavor DB2 (https://cosylab.iiitd.edu.in/flavordb2/).

Data analysis

The ethnobotanical use of Galinsoga quadriradiata in
animal feed was described, and the species’ food and
medicine uses were presented in a table. The mean
and standard deviations of each nutritional param-
eter were calculated and shown in the tables using
Microsoft Excel 2021. To determine the human food
potential of G. quadriradiata, the obtained value of
nutrition was compared with the U.S. Food and Drug
Administration’s daily intake values (https://www.
fda.gov/). To validate the flavonoid and proanthocy-
anidin content of G. quadriradiata, we followed the
methodology outlined by Ivey et al. (2017).

Results
Ethnobotanical investigations

G. quadriradiata, locally known as Be-Hua-Cao in
Lushan, means “white-flowered herb.” The plant is
traditionally used as animal feed around Lushan.
Normally, locals typically collect large quanti-
ties of G. quadriradiata from the edges of fields
or mountains and bind them into bundles using
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nearby tough grasses or vines as reserve animal
feed (Fig. 1). Some interviewees also mentioned
using it as a wild vegetable, either boiled or stir-
fried. According to our survey, both G. quadrira-
diata and G. parviflora are found in the area, but G.
quadriradiata is more widespread. Locals consider
them to be the same species, as they both have
white flowers and very similar appearances. The
practices used are reported to decrease over time
due to the development of tourism around Lushan.

According to the literature, the species is also
reported to be used for human consumption and
medicinal purposes in other regions of China and
different parts of the world (Table 2).

Nutritional composition of G. quadriradiata
Macronutrients

G. quadriradiata contains 942+17.31 kJ (approxi-
mately 226 kcal) of energy per 100 g of dry weight,
indicating a low energy density. Its nutritional com-
position per 100 g dry weight includes 17.70+0.24 g
of protein (30% of the Nutrient Reference Value,
NRV), 7.24+0.22 g of carbohydrates (2% NRYV),
442+0.04 g of fat (7% NRV), 45.15+0.12 g of
dietary fiber (38.13+0.10 g insoluble fiber and
7.02+0.02 g soluble fiber), and 6.49 g of starch. Our
laboratory analysis, compared to FDA reference val-
ues, suggests that consuming 100 g of dry G. quad-
riradiata daily exceeds the recommended dietary
intake for both protein and fiber (Table 3).

Fig. 1 The morphological characteristics of Galinsoga quadriradiata (A. The bundles of G. quadriradiata, B. The flowers of G.

quadriradiata, C. The whole plant of G. quadriradiata)
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Table 2 Uses of Galinsoga quadriradiata in food and medicine in different geographic areas in the world

Use categories Uses Geographic area  References
Food use Stir-fried China Liu et al. (2023)
Soups Mexico Damalas (2008)
Salads Colombia Bautista-Cruz, et. al. (2011)

Herbal teas
Vegetable
Medicinal use Leaves are used in the treatment of wounds

The whole plant is used in the treatment of skin inflammations Pakistan

and wounds
Leaves are used in the treatment of snakebite

Whole plant is used in the treatment of skin problems
Leaves are used to remove retained fetal membrane and/or

placenta in animals

Southeast Asia Giday M., et al. (2009)

Africa Yimer, A., Forsido, et al. (2023)
Njoroge & Bussmann (2006)
Zareef et al. (2023)

Central Kenya

Ethiopia Giday et al. (2009)
Poland Bazylko et al. (2015a, b)
Southern Ethiopia Tolossa et al. (2013)

Table 3 Comparison of the macronutrient values in G. quad-
riradiata (100 g dry weight, 226 kcal) with the recommended
daily intake values when consumed daily (https://www.fda.
gov/)

Table 5 Comparison of mineral content in 100 g dry weight
of Galinsoga quadriradiata with recommended daily intake
values (Source: https://www.fda.gov/)

Minerals (unit) G. quadriradiata FDA
Macronutrients (unit) G. quadriradiata FDA recom- recom-
(mean+SD) mended value mended
Protein (g) 17.70+0.24 5.65 Calcium (g) 1.73+ <0.01 1.3
Carbohydrate (g) 7.24+0.22 33.90 Potassium (g) 2.09+0.01 4.7
Fat (g) 4.4+0.04 7.35 Phosphorus (g) 0.38+ <0.01 1.25
Fiber (g) 45.15+0.12 2.83 Sodium (g) 0.01+ <0.01 23
Copper (g) <0.01 <0.01
Zinc (g) 0.01+<0.01 0.01
Table 4 Comparison of the vitamin content in Galinsoga Iron (g) 0.15+0.01 0.02
quadriradiata (100 g dry weight) with the recommended daily
intake values for vitamins (Source: https://www.fda.gov/)
Vitamins (unit) G. quadriradiata FDA Minerals
recom-
mended In terms of minerals, 100 g of dry G. quadriradiata
E (2) <0.01 0.02 contains 0.14+ <0.01 g of Fe, 1.73+ <0.01 g of Ca,
B2 (g) <0.01 <0.01 2.17+ <0.01 g of K,<0.01 g of Cu, 0.01+<0.01 g

Vitamins

Regarding vitamins, only Vitamin B, and Vitamin
E were detected in 100 g of dry G. quadriradiata.
The content of Vitamin B, and Vitamin E were
both<0.01 g. Laboratory analysis comparing these
values to FDA recommendations indicates that con-
suming 100 g of dry G. quadriradiata daily provides
Vitamin E and B, levels below the recommended die-
tary intake (Table 4).

of Zn, 0.37+ <0.01 g of P, and 0.01 + <0.01 g of Na.
When compared to recommended daily intake values,
consuming 100 g of this plant results in mineral lev-
els below the FDA’s recommended daily (Table 5).
Similarly, in terms of heavy metals, 2.86 mg of lead
and 0.811 mg of cadmium per kg of dry weight were
detected.

Total flavonoid and proanthocyanidins

The total flavonoid content in 100 g of dry G. quad-
riradiata was 0.46+ <0.01 g (calculated as rutin),

@ Springer
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and the proanthocyanidin content was 0.15 g. Com-
parative analysis showed that the flavonoid content
in 100 g of G. quadriradiata exceeds that of some of
the best flavonoid-rich foods taken per day, such as
tea, apples, and oranges, both raw and in juice form,
which contain 0.38 g. However, the proanthocyanidin
content in G. quadriradiata is approximately half that
of the richest dietary sources of proanthocyanidins,
including raw tea, apples, and strawberries, which
contain 0.26 g per 100 g (Ivey et al. 2017).

Volatile profiling using HS—SPME-GC-MS
The wvolatile compounds of G. quadrira-

diata were analyzed for the first time using
HS-SPME-GC-MS, resulting in the detection of

922 peaks, underscoring the chemical complexity
of its volatile profile. The total ion chromatogram
(TIC) profiles of six runs of the analyzed G. quad-
riradiata sample are shown in Figs. S1-S6. A total
of 238 volatile molecules were identified, account-
ing for 81.10% of the total volatiles. These com-
pounds were categorized into 16 chemical classes,
with aldehydes being the most abundant (16.66%),
followed by alcohols (16.31%), sesquiterpenes
(13.01%), ketones (8.33%) and fatty acids (7.07%)
(Fig. 2). Detailed information, including compound
names and classes, for the 30 most abundant com-
pounds is provided in Table 6. At the same time, a
comprehensive list of all detected volatiles is avail-
able in Table S1 and the annotation of the major
compounds is illustrated in a representative TIC

Aldehydes
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Siloxanes

Pyrazines
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Furanones

Alcohols
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.
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Monoterpenes

Fig. 2 The Constituents of volatile compounds in Galinsoga quadriradiata
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Table 6 Main volatile compounds identified from Galinsoga quadriradiata using HS—-SPME-GC-MS
No.“  Compound” Class KRI° KRI? Similarity’ RA/(%)
232 5,10-Dioxatricyclo[7.1.0.0(4,6)]decane Others 1231 938 5.39
48 1-Hexanol Alcohols 1346 1356 944 3.54
14 2-Hexenal Aldehydes 1201 1216 902 3.26
17 Oct-7-enal Aldehydes 1334 927 3.20
73 a-Copaene Sesquiterpenes 1475 1475 927 2.97
138 Hexanoic acid Fatty Acids 1832 1834 952 2.50
65 1,7-Octadien-3-ol Alcohols 1691 902 2.40
75 3H-3a,7-Methanoazulene, 2,4,5,6,7,8-hexahydro-1,4,9,9-tetrame- Sesquiterpenes 1505 1532 852 2.36
thyl-, [3aR-(3aa,4p,7a)]-
49 3-Hexen-1-ol, (Z)- Alcohols 1373 1373 844 2.27
25 Benzaldehyde Aldehydes 1495 1495 749 2.21
132 Acetic acid Fatty Acids 1430 1429 815 1.82
156  Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, acetate, (1S-endo)- Esters 1564 946 1.74
119  5-Hepten-2-one, 6-methyl- Ketones 1323 1323 902 1.66
6 Hexanal Aldehydes 1075 1077 940 1.63
36 Ethanol Alcohols 935 935 951 1.63
90 (-)-p-bisabolene Sesquiterpenes 1711 1736 898 1.55
129  trans-p-lonone Ketones 1927 1926 946 1.41
166  Furan, 2-pentyl- Furans 1218 1215 960 1.31
114 Acetoin Ketones 1268 1287 838 1.28
18 Nonanal Aldehydes 1379 1380 768 1.14
193 Phenol Phenols 1990 1992 768 1.13
56 1-Hexanol, 2-ethyl- Alcohols 1479 1480 829 1.08
237  Triisobutyl phosphate Others 1916 833 1.06
190  Bicyclo[2.2.1]heptan-2-0l, 1,7,7-trimethyl-, (1S-endo)- Monoterpenes 1685 1675 957 1.02
59 7-Octen-1-ol Alcohols 1598 957 0.96
81 Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- ~ Sesquiterpenes 1572 1575 900 0.86
136  Butanoic acid, 2-methyl- Fatty Acids 1653 1652 765 0.78
1 Butanal, 2-methyl- Aldehydes 910 908 957 0.76
130 3-Buten-2-one, 4-(2,2,6-trimethyl-7-oxabicyclo[4.1.0]hept-1-yl)-  Ketones 1981 1967 856 0.76
57 6-Hepten-1-ol Alcohols 1497 766 0.71

“The number was consistent with that in Table S1

bCompounds were identified by comparing their Kovats’ retention index and mass spectra with those available in the NIST23 data-

base

“Kovats’ retention indexes (KRIs) on DB-WAS column, experimentally determined using a series of Cq—C,3 n-alkanes as references

dKovats’ retention indexes (KRIs) on DB-WAS column, acquired in the NIST Chemistry WebBook database (https://webbook.nist.
gov/chemistry/) and the Flavornet database (https://www.flavornet.org/)

“Match similarity values were determined by comparing the experimental mass spectra with those in the NIST23 database

/Relative abundance expressed as a percentage of their peak area in the total ion chromatogram

profile (Fig. S7). Among the individual components,
the most abundant constituent was 5,10-dioxatricy-
clo[7.1.0.0(4,6)]decane, with a relative abundance
of 5.39%, followed by 1-hexanol (3.54%), 2-hex-
enal (3.26%), oct-7-enal (3.20%), and a-copaene

(2.97%). Many volatile constituents possess dis-
tinct odor properties. For instance, 1-hexanol has a
sweet and alcohol-like scent, while hexanoic acid is
characterized by a pungent, sour, and sweaty odor
(Table S1).
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Discussion
Traditional knowledge related to G. quadriradiata

Understanding the social aspects of invasive species
management is important for effective intervention
(Garcia-Llorente et al. 2008). G. quadriradiata has
high potential to be used in food systems and medi-
cine, as indicated by the field survey in Lushan and
the literature review. G. quadriradiata’s traditional
use in food and medicine is similar to the use of G.
parvifolia (Sun & Shahrajabian 2023). We should
align this traditional knowledge with the scientific
data, which benefits invasive species management,
including G. quadriradiata.

Potential uses as human food

G. quadriradiata can be used as a food source, sup-
ported by its nutritional composition. The energy con-
tent of G. quadriradiata is higher than that of many
other vegetables, exceeding the threshold for low-cal-
orie foods (<600 kJ), making it suitable for individu-
als requiring a higher caloric intake (Ng et al. 2019).
Its energy value surpasses that of Brassica oleracea
(111.04 KJ), Brassica capitata (65.51 kJ), Chinese
Lettuce (17.33 kJ), Brassica pekinensis (17.33 kJ),
and Allium sativum (428.63 kJ) (Januskevicius et al.
2012). The average protein content in G. quadrira-
diata is also higher than that of common vegetables
such as Senna occidentalis and Manihot esculenta
(7.0 g/100 g), Capitata oleracea (1.0 g/100 g), and
Spinacia oleracea (3.0 g/100 g) (Chip et al., 2010).
Moreover, its fat content exceeds that of common
vegetables like Brassica oleracea capitata, Brassica
oleracea, Lactuca sativa, and Spinacia oleracea,
while its carbohydrate content remains similar to
these species (Hanif et al., 2006).

G. quadriradiata is also notably high in dietary
fiber, surpassing vegetables and crops such as carrots,
peas, spinach, coriander, leek, parsley, chard, and
corn (Opazo-Navarrete et al. 2021). It contains sig-
nificant amounts of Vitamin B,, which is essential for
the metabolism of fats, proteins, and carbohydrates
into glucose. Additionally, the presence of Vitamin
E, which exhibits antioxidant properties, plays a cru-
cial role in immune function and cellular respiration
(Suwannasom et al. 2020). Tocopherols (a, S, y, )
and tocotrienols (a, S, y, §) detected in the species

@ Springer

further contribute to its antioxidant activity (NDA,
2016).

The mineral concentration was more than 1%
of the plant’s dry weight, which is considered to be
higher than the typical mineral concentration in
conventional and edible leafy vegetables (Damalas
2008). The Ca value is 173 g/kg, which is very high
above the normal range (1-1.2 g/kg) and might be
beneficial for bones. The Phosphorus value (3.68 g/
kg) was above the normal range of 700-1000 mg/kg
(Waziri et al. 2019). The value of K was above the
normal range of >2 g/kg, which might be important
for cardiovascular health (EFSA Panel on Dietetic
Products, Nutrition and Allergies (NDA, 2016). The
level of zinc present in this species is below the FDA-
recommended value. However, this value is above the
other vegetables and the nutritional needs adopted
by the Chinese Nutrition Society in 2013 (Mai et al.
2024). Heavy metal content was determined to be an
important indicator for evaluating food safety (Mu
et al. 2024). These metals are toxic even in low con-
centrations (Budi et al. 2024). Hence, we recommend
using these species as food and feeding only from the
non-polluted site. We also advise testing the limit of
heavy metals before they are used.

Furthermore, G. quadriradiata contains good
amounts of flavonoids and proanthocyanidins, which
possess antioxidant and anti-inflammatory properties.
These compounds can scavenge free radicals, reduce
oxidative stress, and contribute positively to cardio-
vascular health.

Potential uses as an animal feed

The ethnobotanical finding demonstrates the use of
Galinsoga quadriradiata in animal feed, which was
supported by the nutritional analysis. It is suitable for
chicken feed due to its nutritional content, including
protein, fats, and carbohydrates (Ofori et al. 2019).
The protein content is adequate for chicken feed as
it provides essential building blocks for the chicken’s
body (Beski et al. 2015). Additionally, the soluble
and insoluble dietary fibers in G. quadriradiata sup-
port chicken growth (Tejeda & Kim 2021). The lev-
els of potassium (K), phosphorus (P), copper (Cu),
zinc (Zn), and iron (Fe) are adequate for chicken feed
(Ravindran 2013). The sodium (Na) content is too
low (National Research Council & Subcommittee
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on Poultry Nutrition 1994) but can be supplemented
with other added feeds.

To assess its suitability as a feed ingredient, the
nutritional composition of G. quadriradiata was com-
pared with the nutrient requirements of Cobb 500
broilers  (https://www.cobb-vantress.com/resource/
management-guides). Results indicate that 100 g of
its dry matter contains appreciable levels of protein,
fiber, and minerals, suggesting its potential for partial
inclusion in poultry diets (Table 7).

Comparisons of volatile profiles of G. quadriradiata
with other Galinsoga species

Although more than 15 species of Galinsoga have
been identified worldwide (Li 2007), research on
their volatile compounds has largely been confined
to G. parviflora. A study analyzed the volatiles from
the leaves of G. parviflora collected in Colombia
using GC-MS, identifying 88 compounds, with (Z)-
3-hexen-1-o0l (21.7%), p-caryophyllene (12.4%), and
6-demethoxy-ageratochrome (14%) as the most abun-
dant constituents (Pino et al. 2010). Recently, another
study characterized 48 volatiles from the aerial parts
of G. parviflora, with (Z)-y-bisabolene (45.66%),
(E)-caryophyllene (4.99%), and (Z)-bisabolol-11-ol
(4.95%) as dominant components (Ripanda et al.
2023), indicating the chemical variability within the
species. In contrast, the volatile compositions of other
Galinsoga species remain underexplored. This study
represents the first investigation of the volatiles of G.
quadriradiata, an invasive species in China. A total

of 238 volatile compounds were identified, span-
ning various chemical classes such as sesquiterpe-
nes, ketones, and fatty acids. This number far exceeds
the volatiles characterized in G. parviflora by Pino
et al. (2010) and Ripanda et al. (2023). In addition,
many volatiles from G. quadriradiata characterized
in the current study were not previously reported in
G. parviflora, including the main several components
such as 5,10-dioxatricyclo[7.1.0.0(4,6)]decane, oct-
7-enal and hexanoic acid. Collectively, our results
highlight G. quadriradiata as a promising resource
for further research on natural volatiles, with potential
applications in various fields.

Aroma and Function in Feed Use

Our ethnobotanical study revealed that G. quadrira-
diata is commonly used as animal feed in Lushan
City, Jiangxi Province, which reflects the local tra-
ditional botanical knowledge in resource utiliza-
tion concerning invasive plants. Beyond traditional
practices, the aroma of feed plays a significant role
in influencing animals’ intake preferences (Scherer
et al. 2019; Janni 2020). To explore the volatiles of
G. quadriradiata that might affect animal feed prefer-
ence, we analyzed the volatile constituents of this spe-
cies using HS—SPME-GC-MS. The analysis revealed
a complex, volatile profile, identifying 238 com-
pounds. Based on odor descriptions from databases
such as FlavorDB2 and Flavornet, many volatiles pos-
sess distinct aromas. For example, a-copaene has a
woody and spicy scent, while hexanoic acid possesses

Table 7 Potential of Galinsoga quadriradiata to be added in chicken feed comparison with Cobb 500 broilers requirements
(Source: https://www.cobb vantress.com/resource/ management-guides)

Nutrients (unit) G. quadriradiata

Starter (455 g) Grower 1 (2100 g) Grower 2 (2100 g) Finisher 1 (2100) Comments on

(100 g) adding 100 g
Vitamin E (g) <0.01 0.04 0.11 0.11 0.11 Can be added
Vitamin B, (g) <0.01 <0.01 0.02 0.02 0.01 Can be added
Calcium (g) 1.73 + <0.01 4.37 16.8 15.54 15.12 Can be added
Potassium (g) 2.09+0.01 2.73-4.32 12.6-19.95 12.6-19.95 12.6-19.95 Can be added
Phosphorus (g) 0.38+ <0.01 2.64 8.4 7.77 7.56 Can be added
Sodium (g) 0.01+ <0.01 0.16-0.23  0.17-0.23 0.17-0.23 0.17-0.23 Can be added
Copper (g) <0.01 0.01 0.032 0.03 0.03 Can be added
Zinc (g) 0.01+ <0.01 0.05 0.21 0.21 0.21 Can be added
Iron (g) 0.15+0.01 0.02 0.08 0.08 0.08 Caution
Protein (g) 17.70+0.24 95.55-100.1 399-420 378-399 357-378 Can be added
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fatty, sour, sweaty, and cheesy aroma. Several com-
pounds with relatively high abundance, including
5,10-dioxatricyclo[7.1.0.0(4,6)]decane (5.35%),
1-hexanol (3.54%), 2-hexenal (3.26%), and oct-7-enal
(3.20%), likely contribute to the overall aroma of G.
quadriradiata, which may influence poultry prefer-
ence for this species. However, further research is
necessary to fully characterize the odors of 5,10-diox-
atricyclo[7.1.0.0(4,6)] decane and oct-7-enal.

In addition to their sensory appeal, several identi-
fied volatiles exhibit significant antibacterial activ-
ity, potentially benefiting poultry health. Compounds
such as a-copaene, 2-hexenal, and acetic acid have
demonstrated efficacy against pathogens like Escheri-
chia coli and Salmonella enteritidis, which pose risks
to both poultry and human health (Lanciotti et al.
2003; Dziva and Stevens 2008; Chen et al. 2024).
For instance, a-copaene, with a relative abundance of
2.97% in G. quadriradiata volatiles, has shown strong
inhibitory effects against E. coli, with minimum
inhibitory concentration (MIC) and minimum bac-
tericidal concentration (MBC) values of 1 and 4 puL/
mL, respectively (Chen et al. 2024). Similarly, ace-
tic acid, detected in G. quadriradiata with a relative
abundance of 1.82%, is a widely used feed additive
that helps prevent Salmonella enteritidis infections in
poultry (Attia et al. 2012). The presence of bioactive
compounds with antimicrobial properties supports
the scientific rationale for using G. quadriradiata as
an animal feed. It not only supports animal health by
preventing pathogen infections but also holds poten-
tial benefits for human health by reducing zoonotic
risks. This dual role underscores the practical and sci-
entific basis for selecting G. quadriradiata as a natu-
ral feed resource.

Safety concerns and alternative use

The amount of Pb, Cd, Cr, and Fe were above the per-
missible limits, indicating the sample was collected
from polluted sites (Du et al. 2024). The permissi-
ble limit for Pb is 0.3 mg/kg, Cd is 0.05 mg/kg, Cr is
2.3 mg/kg (FAO/WHO, 2011), and Fe is 450 mg/kg
(FAO. 2007). The higher concentration of these met-
als leads to different health complications in humans,
such as ulcers and cancer in human (Manwani et al.,
2022; Wilberforce & Nwabue 2013). In chicken,
Pb and Cd exposure leads to growth depression and
harm to different organs, such as the kidney and
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reproductive organs (Wolf & Cappai 2021). Hence,
while using this species as feed/food should be used
from the non-polluted site.

Limitations of the study

This study primarily focused on documenting the
food and feed uses of Galinsoga quadriradiata and
evaluating its nutritional profile. While these findings
offer preliminary insights into the species’ potential,
some limitations remain. For instance, the analysis
did not include common antinutritional compounds
such as oxalates, phytates, and tannins, which could
be relevant for a more comprehensive assessment.
In addition, the nutritional evaluation was based on
three biological replicates, which may not fully reflect
the species’ potential variability. Future research
could consider incorporating a broader range of sam-
ples and examining antinutritional factors to further
strengthen the evidence base.

Conclusion

Traditional knowledge plays a pivotal role in the man-
agement of plant resources, including invasive spe-
cies. This study highlights the traditional utility of the
invasive plant Galinsoga quadriradiata. Through a
detailed ethnobotanical investigation, we identified its
traditional uses as food and feed. Nutritional analyses
further substantiated its potential by demonstrating
its value as a nutrient-rich edible plant and a viable
animal feed resource. The GC/MS study revealed
its volatile compounds, offering insights into why it
is palatable to animals and providing a mechanistic
understanding of its feed potential from the perspec-
tive of volatile profiles. These findings collectively
lay a foundation for the sustainable management of
G. quadriradiata, contributing to the protection of
agricultural ecosystems. Moreover, this approach
offers a novel perspective for the effective manage-
ment of other invasive plants by integrating ethnobo-
tanical insights with scientific validation. Given that
G. quadriradiata often thrives in disturbed environ-
ments, attention should be paid to the ecological
characteristics and safety of collection sites, par-
ticularly regarding possible contamination by heavy
metals or pesticides. Furthermore, while promoting
its use as food or feed may support control efforts,
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such utilization strategies should be accompanied by
proper ecological risk management to avoid uninten-
tionally facilitating its further spread. Future research
should expand on these findings to explore scalable
applications and ecological implications, ensuring the
sustainable utilization of invasive plant resources.
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