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Abstract: Weeds pose major constraints in crop production. The use of allelochemicals and allelopathic
species can provide an effective alternative for sustainable weed management. In a previous study
that evaluated the allelopathic activity of wild and cultivated plants in Turkey, Hibiscus sabdariffa
demonstrated the strongest inhibitory potential. This study aimed to estimate the phytotoxic influence
of the H. sabdariffa water crude extracts on Lactuca sativa L. in a bioassay experiment. High-performance
liquid chromatography (HPLC) analysis was used to identify two major compounds, hydroxycitric
acid lactone and hydroxy citric acid, and their plant growth inhibitory activities were evaluated by
bioassays. Hydroxycitric acid lactone had a stronger growth inhibitory activity on L. sativa L. and
was estimated as a major allelochemical in H. sabdariffa calyx. The high concentration (16.7% of
the dry weight of the calyx) and strong inhibitory effect (EC50, 73.7 ppm) of the hydroxycitric acid
lactone could demonstrate the growth inhibitory activity of the H. sabdariffa calyx extract. This study
showed that hydroxycitric acid lactone, a major compound in the calyx of Hibiscus sabdariffa, is a plant
growth inhibitor.

Keywords: phytotoxicity; Hibiscus sabdariffa calyx; hydroxycitric acid lactone; hydroxycitric acid;
specific activity; total activity

1. Introduction

Weeds are a major impediment to the growth and development of field crops, often
leading to yield losses [1,2]. The annual global economic loss caused by weeds has been
estimated at more than 100 billion US dollars [3]; moreover, the worldwide expenditure on
weed management is expected to reach billions of US dollars [4]. Farmers have struggled
with weeds intensively since the dawn of agriculture [5], and the control of weeds, therefore,
poses a challenging issue for sustainable agriculture [6,7]. Since the discovery of synthetic
herbicides, they have become among the most widely used weed-control strategies in most
countries [8,9]. Over two hundred functional substances had been recorded for herbicidal
applications [9,10]. However, weeds could develop resistance to synthetic herbicides [9].

Allelopathy is a biological occurrence for several plant species, in which plants release
bioactive compounds into the surrounding habitat either from their aerial or underground
segments through root exudates, leaching by dews and rains, and vaporizing or decompos-
ing plant tissue. The released compounds could influence the growth and development
of other organisms, in particular weeds, other plants, animals, and microorganisms, in an
inhibitory or stimulatory way in the environment [11,12]. These plant growth inhibitory
compounds (allelochemicals) from various donor plant species could act as natural weed
inhibitors. Different parts of plants, such as leaves, barks, roots, flowers, seeds, pollens,
stems, and fruits, could contain growth-inhibitory compounds [13,14]. The concentration
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of the inhibitory compounds in the different plant parts may vary, leading to variation
in the level of plant growth inhibitory effects [13,15]. Previous studies have shown the
effective use of the species containing inhibitory substances and their growth inhibitory
compounds against weeds in good plant protection practices [16–20].

Natural products are made by syntheses in alive organisms as their answer to biolog-
ical or physical incentives. They are usually built via complicated pathways leading to
molecules not easily obtainable with ordinary synthetic methods in the laboratory [21,22].
These various motives make natural products a favorable material for the development of
replacements for long-establish synthetic agrochemicals [23].

The use of artificially produced herbicides all the time does not point out a fitting
implement to fight against resistance-developing weeds but is also asserted as harmful
to the environment [24]. Moreover, the application of the species containing inhibitory
substances and their growth inhibitory compounds against weeds offers alternatives for
the development of ecologically friendly agricultural practices to increase crop productivity
and maintain ecosystem stability [25]. Plants with growth-inhibitory properties are thought
of as potential sources of biological materials against weeds [26], and growth-inhibitory
compounds could be utilized for weed control to lessen the massive reliance on chemically
synthesized herbicides and the corresponding toxicity danger for nature [27]. Consequently,
studies for other new reliable weed-control practices have become essential, with growing
attention paid to the mechanism of plant growth inhibition [28]. The effective use of plant
growth inhibitory mechanisms has played a central role in weed control, and plant extracts
have the potential to be exploited as natural herbicides [28]. Additionally, the action of
taking out inhibitory compounds from growth-inhibitory plant materials by extraction
would be applicable to produce bioherbicides [20].

The visible changes that inhibitory compounds cause to the growth and development
of target plants, which are also called receptor or susceptible plants, are diverse. These
effects on receptor plants could consist of decreasing radicle and shoot length, becoming
darker and/or blowing up seeds, inhibited or retarded germination rate, the spiral shaping
of the root axis, color defects on seeds, the absence of root hairs, the localized death of living
tissues (necrosis), the growing total quantity of seminal roots, and the lessening in the
amount of dry weight accumulation, for example [29,30]. These morphological effects are in
many cases secondary actions of primary differentiation (the inhibition of cell division and
elongation, interference with cell membrane permeability, enzymatic activities, respiration,
photosynthesis, and so on) at the cellular or molecular level in susceptible plants [29].

Hibiscus sabdariffa L. is a member of the Malvaceae family of plants, and it is often
recognized as Roselle. The plant is an all-around living annual plant in the tropics and
subtropics of both hemispheres and many areas of Central and West Africa, Southeast Asia,
America, and elsewhere as it is relatively easy to grow. The red calyx of the plant is used in
several ways, including in herbal teas, herbal medicines, syrups, and food coloring [31].
H. sabdariffa calyx had shown strong growth inhibitory activity on lettuce seedling elon-
gation; it reduced the lettuce radicle and hypocotyl elongation to 3.2% and 6.6% of the
control, respectively, in previous research [32]. The chemical composition of H. sabdar-
iffa has been described as consisting of hydroxycitric acid and its lactone in the aqueous
extracts [31,33–37]. Although the whole plant (leaves, stem, and roots) and isolated chemi-
cals from the whole plant indicated strong inhibitory activity on the growth of test plant
species [38–41], the inhibition effect of the calyx alone and its substances has not been
researched. (2S,3R)-hydroxycitric acid has been shown to prevent the action of pancreatic-
amylase and small intestine glucosidase [34]. H. sabdariffa is implemented in traditional
medicine in the form of herbal teas or cold beverages for its hypotensive and diuretic effects
and to drop body temperature and blood viscosity [36]. H. sabdariffa dried calyx ethanolic
extract in addition to the diet of rats showed a reduction in serum lipids on their serum
lipid profile [42].

Hydroxycitric acid (Figure 1a) is a citric acid molecule with a hydroxyl group at the
second carbon [35]. This acid has four stereoisomers: (2S,3S), (2R,3R), (2S,3R), and (2R,3S),
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and their lactone forms [37]. In general solution, hydroxycitric acid is a mixture of non-
lactone and lactone forms. (2S,3S)-hydroxycitric acid (a mixture of (2S,3S)-hydroxycitric
acid stereoisomer and its lactone form) is found in Garcinia cambogia. (2S,3R)-hydroxycitric
acid (a mixture of (2S,3R)-hydroxycitric acid stereoisomer and its lactone form) is found
enriched in the calyxes of H. sabdariffa [35]. Hydroxycitric acid lactone (Figure 1b), which is
the lactone form of (+)-allo-hydroxycitric acid (Figure 1a), and its derivatives are the major
organic compounds in the leaves and calyces extracts of H. sabdariffa [31].
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Total activity and specific activity are two indicators for the assessment of the growth
inhibitory capacity of a plant and an individual compound [15,26,45–51]. The total activity
of a compound in a plant is the proportion of the concentration of an inhibitory compound
in the producing plant to its specific activity (EC50), which is the effective concentration of
the inhibitory compound required to exert a half-maximum effect on a receiver plant [44].
The activity of inhibitory compounds and the species containing inhibitory substances
can be evaluated by their specific activity. The compounds with high biological activity
per unit weight of the compound should be contemplated to develop herbicides. These
compounds should have small EC50 values, which indicate high specific activity [48,52].
On the other hand, the total activity of considered inhibitory compounds could be assessed
to determine the contribution of such compounds to the growth inhibitory effects of the
species containing inhibitory substances [50]. The total activity assessment could be applied
to approximate the impact of a compound on the inhibitory effect [50]. The compounds
with high total activity, which is a functional indicator to declare the inhibitory potential of
a compound, should be directed for further plant growth inhibitory research on the path of
herbicide development [52,53]. In previous studies, several compounds have been isolated,
identified, and evaluated by the total activity approach as inhibitory compounds. Based
on the total activity approach, many plant growth inhibitory compounds such as L-3,4-
dihydroxyphenylalanine (L-DOPA) in Mucuna pruriens [46], cyanamide in Vicia villosa [47],
cis-cinnamoyl glucosides in Spiraea thunbergii [48], rutin in Fagopyrum esculentum [13],
angelicin in Heracleum sosnowskyi fruit [49], carnosic acid in Rosmarinus officinalis leaves [15],
and indigo in fruit pulp of Couroupita guianensis [26] were identified as the principal
inhibitory compounds from reported inhibitory plants.

The introductory screening study for the inhibitory effects of plant species [32] indi-
cated H. sabdariffa calyx as a potential plant growth inhibitory candidate that demonstrated
the strongest inhibitory effect between others on the test plant, L. sativa. However, the plant
growth inhibitory effect of calyx and the contribution of its two characteristic compounds
to the inhibitory effect of calyx remain unknown. In this study, the inhibitory activity of
H. sabdariffa calyx was demonstrated by specific activity, where the contribution of two com-
pounds (hydroxycitric acid lactone and hydroxycitric acid) of calyx to its inhibition effect
was evaluated by total activity. Consequently, current research focused on (i) the evaluation
of the plant growth inhibitory effects of H. sabdariffa calyx water crude extract on L. sativa
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and (ii) the estimation of the contribution of hydroxycitric acid and hydroxycitric acid
lactone to the phytotoxicity of H. sabdariffa calyx.

2. Materials and Methods
2.1. Plant Material and Extraction Procedure

The crude extract was obtained from the air-dried Hibiscus sabdariffa calyx plant sample.
The air-dried samples were finely ground, and 160 mg of the sample was extracted with
20 mL distilled water (MilliporeSigmaTM, Burlington, MA, USA) at room temperature. The
solution was sonicated (10 min), filtered (No. 1 filter paper, Advantec Toyo, Tokyo, Japan),
and operated as a working solution.

2.2. Chemicals and Test Plant for Bioassay

Potassium hydroxycitrate tribasic monohydrate (hydroxycitric acid tripotassium salt) and
(+)-garcinia acid ((−)-hydroxycitric acid lactone, (2S,3S)-3-hydroxy-5-oxotetrahydrofuran-2,3-
dicarboxylic acid, Garcinia lactone) were bought from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany). Both compounds were analytical standards and were used without further purifica-
tion. Lettuce seeds (Lactuca sativa, cultivar Legacy) were bought from a domestic seed company
in Japan, Takii Seed Co., Ltd. (Kyoto, Japan) and used as test plant in the bioassay to assess the
phytotoxic effect of pure compounds and Hibiscus sabdariffa calyx extract.

2.3. Inhibitory Effects of H. sabdariffa Crude Extract and Test Compounds

The specific activity of the crude extract and the total activity of the examined standard
compounds were estimated using lettuce as a test plant as described by Golisz et al. [13]
and Appiah et al. [15]. Concentrations of the crude extracts (10, 50, 100, 250, 500, 1000,
and 4000 ppm), hydroxycitric acid (5, 10, 25, 50, 100, 200, 1000, 2000, and 4000 ppm), and
hydroxycitric acid lactone (5, 10, 25, 50, 100, and 200 ppm) were prepared with distilled
water for the inhibitory activity bioassays. Filter paper (27 mm ø, Toyo Roshi, Ltd., Tokyo,
Japan) was laid down in a glass Petri dish (30 mm ø). A total of 0.7 mL of test solution was
put into the filter. Five pre-germinated seedlings were left on the filter paper and incubated
(CN-25C, Mitsubishi Elec., Tokyo, Japan) for 48 h at 22 ◦C in dark conditions.

Distilled water was used as the control treatment without crude extract or pure
compound. Each treatment was replicated three times. After the incubation period, the
lengths of hypocotyls and radicles were determined by millimeter paper with 1 mm
accuracy, and the means were put into numbers as a percentage of the control. The
elongation percentage was calculated using the Equation (1) below:

Elongation% =
X
Y

× 100 (1)

where X = treated (crude extract or pure compound) means radicle or hypocotyl length
and Y = control means radicle or hypocotyl length.

The contribution of hydroxycitric acid lactone and hydroxycitric acid to the allelopathy
of H. sabdariffa calyx crude extract was estimated through the total activity concept, which
is derived from the inhibition and concentration of the compounds in the crude extract.
Total activity was estimated by the division of hydroxycitric acid lactone or hydroxycitric
acid concentration in H. sabdariffa calyx by the specific activity (EC50) of the compound.
The concentrations of these compounds in H. sabdariffa calyx and their specific activities
have the same unit. Therefore, the total activity is without any unit. Total activity was
calculated using Equation (2) below [51]:

Total Activity = Concentration/Speci f ic Activity (2)

2.4. HPLC Analysis of H. sabdariffa Calyx

The ground 160 mg of the H. sabdariffa calyx samples were accurately weighed into the
Erlenmeyer and extracted with 20 mL distilled water as shown in the extraction procedure
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to analyze hydroxycitric acid lactone and hydroxycitric acid concentration by HPLC. An
aliquot of the extract was filtered through a 0.2 µm syringe filter before injection (5 µL).
HPLC analysis was performed using an LC-20AD liquid chromatograph (Shimadzu, Kyoto,
Japan). An Inertsil ODS 3 column (250 × 4.6 mm, 5 µm particles, GL Sciences Inc, Tokyo,
Japan) was used in isocratic conditions. The mobile phase was 0.1% H3PO4 (phosphoric
acid) in water. The column temperature was maintained at 30 ◦C, and the flow rate
of the mobile phase was set at 0.5 mL/min. The analysis was monitored by using an
SPD-M20A detector at 210 nm. The compounds were quantified by comparing the peak
areas of the target commercial compounds with the abundance of these compounds in the
corresponding standards used in the calibration curve. The quantification was obtained by
comparing the peak areas of the target compounds with the abundance of these compounds
in the corresponding standards used in the calibration curve. All chemical analyses were
done in three replicates.

3. Results and Discussion
3.1. Effects of the Crude Extracts of Hibiscus sabdariffa Calyx on Lettuce Growth

The plant growth inhibitory effects of H. sabdariffa calyx crude extracts were investi-
gated on the radicle and hypocotyl elongation of lettuce (Figure 2). The specific activity
(EC50) of the crude extract from the calyx of H. sabdariffa was estimated for radicle and
hypocotyl to be 877 ppm and 1880 ppm, respectively. The application of 4000 ppm of
the crude calyx extract resulted in the highest inhibition (96.5%) of lettuce radicle growth
(i.e., lettuce radicle elongation of 3.5%). Previous studies showed that the leaf, stem, and
root of H. sabdariffa had inhibitory activity on the growth of test plant species [38,39]. How-
ever, there is no study on the plant growth inhibitory effect of the calyx of H. sabdariffa. This
study assessed the influence of H. sabdariffa calyx on plant growth for the first time.
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Figure 2. Effects of water crude extract from H. sabdariffa calyx (HsCrude), hydroxycitric acid (HCA),
and hydroxycitric acid lactone (HCAL) on the radicle (a) and hypocotyl (b) growth of lettuce seedlings.
The data are the mean ± standard deviation, n = 3.

The specific activity (EC50) of H. sabdariffa calyx obtained in this study (877 ppm) was of
a lower value than many species in the existing studies. In other studies, the ethanolic crude
extracts of Rosmarinus officinalis [15] and of Phragmites communis Trin., and the methanolic
crude extracts of Gliricidia sepium (Jacq.) Kunth, Pachysandra terminalis Siebold and Zucc.,
Samanea saman (Jacq.) Merr, Brachiaria brizantha (A. Rich.) Stapf, and Tamarindus indica L.,
demonstrated lower inhibitory effects (EC50 values of 1280, 2130, 1780, 1920, 2200, 2500,
and 2510 ppm, respectively) [15,54–56]. The species containing inhibitory substances could
be evaluated by their specific activity, and such species ought to have small EC50 values
for their utilization in weed control [13,15,48]. H. sabdariffa calyx could be assessed as a
prospective candidate for this purpose.
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3.2. The Content of Pure Compounds in Hibiscus sabdariffa Calyx

Hydroxycitric acid and hydroxycitric acid lactone were found in the crude extracts
of the examined calyx of H. sabdariffa. HPLC chromatograms of standard pure chemicals
and H. sabdariffa calyx water crude extract with a retention time of 10.5 min for hydrox-
ycitric acid (a) and 14.0 min for hydroxycitric acid lactone (b) are shown in Figure 3. The
results of the HPLC analysis of H. sabdariffa calyx water extract confirmed the presence of
hydroxycitric acid and hydroxycitric acid lactone in the calyx, Figure 3c. The concentration
of hydroxycitric acid lactone was estimated at 167 mg g−1 dry weight of the calyx (16.7%),
while that of hydroxycitric acid was 91.5 mg g−1 DW (9.15%). The hydroxycitric acid
lactone was more abundant in the calyx of H. sabdariffa than hydroxycitric acid. Similarly,
previous studies have also reported hydroxycitric acid lactone [35,57,58] and hydroxycitric
acid [35,57,59] as the major organic acids in the calyx extract of H. sabdariffa.

Agronomy 2023, 13, x FOR PEER REVIEW 6 of 12 
 

 

The specific activity (EC50) of H. sabdariffa calyx obtained in this study (877 ppm) was 
of a lower value than many species in the existing studies. In other studies, the ethanolic 
crude extracts of Rosmarinus officinalis [15] and of Phragmites communis Trin., and the 
methanolic crude extracts of Gliricidia sepium (Jacq.) Kunth, Pachysandra terminalis Siebold 
and Zucc., Samanea saman (Jacq.) Merr, Brachiaria brizantha (A. Rich.) Stapf, and Tamarindus 
indica L., demonstrated lower inhibitory effects (EC50 values of 1280, 2130, 1780, 1920, 2200, 
2500, and 2510 ppm, respectively) [15,54–56]. The species containing inhibitory substances 
could be evaluated by their specific activity, and such species ought to have small EC50 
values for their utilization in weed control [13,15,48]. H. sabdariffa calyx could be assessed 
as a prospective candidate for this purpose. 

3.2. The Content of Pure Compounds in Hibiscus sabdariffa Calyx 
Hydroxycitric acid and hydroxycitric acid lactone were found in the crude extracts 

of the examined calyx of H. sabdariffa. HPLC chromatograms of standard pure chemicals 
and H. sabdariffa calyx water crude extract with a retention time of 10.5 min for 
hydroxycitric acid (a) and 14.0 min for hydroxycitric acid lactone (b) are shown in Figure 
3. The results of the HPLC analysis of H. sabdariffa calyx water extract confirmed the 
presence of hydroxycitric acid and hydroxycitric acid lactone in the calyx, Figure 3c. The 
concentration of hydroxycitric acid lactone was estimated at 167 mg g−1 dry weight of the 
calyx (16.7%), while that of hydroxycitric acid was 91.5 mg g−1 DW (9.15%). The 
hydroxycitric acid lactone was more abundant in the calyx of H. sabdariffa than 
hydroxycitric acid. Similarly, previous studies have also reported hydroxycitric acid lactone 
[35,57,58] and hydroxycitric acid [35,57,59] as the major organic acids in the calyx extract of 
H. sabdariffa. 

 
(a) 

 
(b) 

 
(c) 

Figure 3. HPLC chromatograms (a) hydroxycitric acid; (b) hydroxycitric acid lactone; and (c) H. 
sabdariffa calyx extract. 
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3.3. Plant Growth Inhibitory Effects of Pure Compounds Present in H. sabdariffa Calyx

Hydroxycitric acid and hydroxycitric acid lactone were investigated for their plant
growth inhibitory effect on lettuce. The examined compounds revealed different degrees of
inhibitions on the lettuce radicle and hypocotyl elongation (Figure 2). The lettuce radicle
elongation was inhibited more than hypocotyl elongation for both compounds examined in
this study. Similar to the results of this study, some other reported allelochemicals had very
minimal or no influence on the hypocotyl growth of lettuce seedlings [15,26,46]. Previous
studies showed that the isolated chemicals (trimethyl allo-hydroxycitrate and β-sitosterol)
from the leaf, stem, and root of H. sabdariffa had inhibitory activity on the growth of test
plant species [41,42]. However, the allelopathy of the calyx’s substances had not been
studied before. Current research assessed the worth of the influence of H. sabdariffa calyx’s
characteristic compounds (hydroxycitric acid lactone and hydroxycitric acid) on the plant
growth for the first time.
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The specific activity (EC50) on lettuce radicle elongation was estimated at 1730 ppm
for hydroxycitric acid and 73.7 ppm for hydroxycitric acid lactone, whereas EC50 on lettuce
hypocotyl elongation of hydroxy citric acid lactone was about ≈36-fold lower than that
of hydroxycitric acid. Moreover, the hormesis effect can explain a low-dose stimulatory
effect, and a high-dose inhibitory effect of hydroxycitric acid on the hypocotyl growth
(Figure 2b). Calabrese et al. [60] described this kind of dose-response relationship formerly.
Hydroxycitric acid lactone demonstrated a stronger inhibitory effect on the L. sativa seedling
growth than hydroxycitric acid had. Current research is reporting for the first time that
hydroxycitric acid lactone could be an important plant growth inhibitor from the calyx
of H. sabdariffa.

This study showed that hydroxycitric acid lactone, a saturated lactone form, is a
stronger plant growth inhibitor than its non-lactone form, hydroxy citric acid. Previous
studies have also shown that lactone-form compounds of some species have plant-growth
inhibitory properties. Some bioactive natural chemicals, such as coumarin [61,62], um-
belliferone [63,64], esculetin [14], scopoletin [65,66], patulin [67,68], psoralen [69,70], and
angelicin [49], are α-β unsaturated lactones and have allelopathic potentials. Many unsat-
urated lactones are potent antimicrobial compounds. It was presumed that unsaturated
lactone antibiotics may prevent enzyme activity by uniting with SH and possibly amino
groups of enzyme proteins. This could be a basic mechanism of all unsaturated lactone
inhibitors as well as coumarins and protoanemonin [71].

Moreover, sesquiterpene lactones and hydroxycitric acid lactone have the same lactone
ring structure, which is in saturated form. Sesquiterpene lactones are broadly distributed
in plants and the potential phytotoxicity [72] of dehydrocostus lactone [73,74], inulox-
ins A–D [75], artemisinin [76], and cnicin [77] has been reported. Momilactone [78] and
acremolactone A, B, C [79,80] are other natural-origin compounds that demonstrated plant
growth inhibitory effects on target plants in previous studies. Considering all the above
presented, it could be thought that the lactone units of the compounds could be the core
functional group required for biological activity such as the plant growth inhibitory effects
of hydroxycitric acid lactone and the above-mentioned natural compounds.

Other organic acids such as citric acid, malic acid, and ascorbic acid were reported in
the calyx of H. sabdariffa, aside from hydroxycitric acid lactone and hydroxycitric acid [31].
However, these organic acids have not shown the plant growth inhibitory effect; rather,
they have revealed the plant growth improving effect on the target plants in several
studies [52,81–84]. The application of citric acid has enhanced physiological parameters
in numerous plant species such as Polianthes tuberosa, Lilium spp., and Phaseolus vulgaris
(ordinary bean) [81] and had a growth stimulatory effect on L. sativa, for example [52].
Treatment with malic acid has significantly enhanced the growth of Miscanthus sacchariflorus
under cadmium stress [82]. The foliar application of ascorbic acid has improved the shoot
fresh and dry weights of cucumber [83] and early spring maize seedling establishment [84]
in previous studies. Hence, the low EC50 of hydroxycitric acid lactone not only indicates
the plant growth inhibitory effect of this compound but also further shows the influence
and power of the compound for the plant growth inhibitory effect of calyx.

3.4. Estimation of Contributions of the Compounds to the Growth Inhibitory Activity of
H. sabdariffa Calyx

The contribution of the inhibitory effects of hydroxycitric acid and hydroxycitric
acid lactone in the crude extracts of H. sabdariffa calyx on the radicle elongation of lettuce
seedlings was weighed up by the total activity approach. This approach was used to
estimate which of the two compounds of H. sabdariffa calyx had a stronger contribution to
the growth inhibitory activity of H. sabdariffa calyx on the radicle elongation of L. sativa.
The total activity approach of evaluating the contribution of a plant growth inhibitor
compound is based on the concentration and inhibitory effect (specific activity, EC50)
of the compound [45]. The inhibitory effect of H. sabdariffa calyx extract on the radicle
growth of lettuce could be described by the existence of hydroxycitric acid lactone in
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the extract (Figure 2). The total activity of hydroxycitric acid lactone and hydroxycitric
acid was approximated at 2270 and 53.0, respectively. Thus, the plant growth inhibitory
effect of hydroxycitric acid lactone was about ≈43-fold stronger than the inhibitory effect
of hydroxycitric acid. One of the fundamental findings of this study is that the high
concentration of hydroxycitric acid lactone in H. sabdariffa calyx coupled with low EC50
further shows the influence and dominance of the compound in the plant growth inhibition
recognized. The inhibitory effect of H. sabdariffa calyx on both the radicle and hypocotyl
growth of lettuce could be described by hydroxycitric acid lactone in the extract (Figure 2).

The total activity (TA) of hydroxycitric acid lactone in this study is 2270, and this value
is relatively high when compared to many other plant growth inhibitory compounds in the
existing literature. Based on the total activity evaluation, hydroxycitric acid lactone showed
higher inhibitory effects than juglone (TA: 2000) [85], coumarin (TA: 2000) [86], L-DOPA
(TA: 250) [46], indigo (TA: 58) [26], and cyanamide (TA: 40) [47]. However, goniothalamin
(TA: 3600) [87] had a higher total activity value than hydroxycitric acid lactone.

4. Conclusions

H. sabdariffa calyx demonstrated a strong plant growth inhibitory effect on lettuce
growth elongation in the initial screening. The inhibitory effect of the calyx and its sub-
stances had not been studied before. The result showed that the calyx of H. sabdariffa
had plant growth inhibitory potential, and this is the first report. The crude extract from
the calyx of H. sabdariffa and the pure hydroxycitric acid lactone inhibited lettuce radicle
elongation by 50% at 877 ppm and 73.7 ppm, respectively. The inhibitory contribution of
hydroxycitric acid lactone to the effect of H. sabdariffa calyx extract was estimated (using
the total activity approach) to be higher than hydroxycitric acid showed. This is the first
report of hydroxycitric acid lactone as a plant growth inhibitor from H. sabdariffa calyxes.
Future studies should focus on evaluating the herbicidal potential of H. sabdariffa calyx and
hydroxycitric acid lactone under both greenhouse and field conditions.
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