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ABSTRACT 
 

We investigated the use of Litchi chinensis leaf litter extract (LCLLE) on the growth, 

chlorophyll a (Chl-a) fluorescence and physiological properties for Microcystis aeruginosa. The 

algal growth, photosynthesis and metabolic functions were effectively inhibited in a dose 

dependent manner but the effect was only temporary and the extract functions only as an 

algicistat. Furthermore, GC-MS analysis showed that several kinds of volatile chemicals, such as 

n-hexadecanoic acid in LCLLE suppressed the growth of algae. 
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INTRODUCTION 

Widespread eutrophication has caused multiple toxic cyanobacterial blooms in all 

continents (1) and such harmful algal blooms (HABs) have drawn great attention for 

their environmental, social, and economic impacts (40). The negative influences of 

HABs includes aesthetic changes in water bodies such as changes in odour, colour, taste, 

oxygen and suppresses the survival of aquatic animals (20). Cyanobacterial harmful 

algal blooms (CHABs) are highly toxic because of their secondary metabolites namely 

microcystins, produced by Microcystis sp. (6,14,20,37). Microcystins are hepatotoxic to 

humans and animals (4). The control of CHABs is therefore an important issue in 

eutrophic water body management. 

Numerous studies [including the chemical, physical and biological treatments) have 

been done (41)] to control the formation of HABs. The use of allelopathy to control 

cyanobacterial blooms has also been suggested as a promising method (24). The aquatic 

macropyte Potamogeton maackianus inhibits the growth of M. aeruginosa (38) and 

Ceratophyllum demersum inhibits that of nitrogen-fixing cyanobacteria (13). The 

terrestrial plants effectively controls the algal growth in water bodies through allelopathy 

(35). Agricultural byproducts (barley and rice straw) are used to control algal growth (32) 

and inhibits the growth of M. aeruginosa (3,23,41). Despite the low cost and apparent 

safety, the use of crop residues needs considerable management effort and long-term 
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ecological safety monitoring (26). A large amount of straw (8.0-10.0 g/L) is required for 

effective inhibition but their high dose adds higher quantities of nutrients into the water 

bodies. Therefore, it has become necessary to explore the use of allelopathy, which can be 

more efficient and do not adds excess nutrients into the water bodies (26). In our previous 

study (35) the extract of Dracontomelon duperreanum leaf litter strong inhibited the algal 

growth. However, studies using the leaf litter extracts of terrestrial plants for algal growth 

inhibition are limited.  

 Litchi chinensis (fam Sapindaceae), is widely distributed terrestrial plant and its 

leaf litter extract has strong activity against M. aeruginosa (36). However, no precise 

studies on its anti-algal properties have been done. This study aimed to investigate the 

specific biological responses of cyanobacterial cells to LCLLE exposure and the 

composition of litchi leaf litter extract (LCLLE). 
 

MATERIALS AND METHODS 

I. LCLLE preparation 

L. chinensis leaf litter (fallen mature leaves) was collected from Shenzhen, 

Guangdong Province, China. Leaves were washed with tap water, dried at 40 ℃ for 4 days 

in an oven and were cut into 1 cm pieces. To prepare the extract, 50 g sample were 

immersed in 0.5 L (10%) of reverse osmosis (RO) water and then incubated at 26±1
o
C for 

4 days in dark without preservative. 

II. Cyanobacterial strain and culture conditions 

The M. aeruginosa FACHB-915 strain was obtained from the Freshwater Algae 

Culture of Hydrobiology, Wuhan, Hubei, China. It was grown in batch cultures in 250-mL 

Erlenmeyer flasks containing 10 mL M. aeruginosa strain suspension and 20 mL BG-11 

medium (27) under a 12/12 h light/dark cycle with a light intensity of about 30 μmol 

photons·m
-2

 s
-1

 at 26 °C for 7-10 days. Then, 1 mL of algal suspension in the exponential 

growth phase was transferred to 100 mL of BG-11 medium and the LCLLE was added to 

microalgae cultures at the final concentrations : 0,0.4,0.8,1.2,1.6,2.0 g dry weight of 

extract/L of leaf extract or 0,0.04,0.08,0.12,0.16,0.2 % concentrations as per earlier studies 

(35). Three mL (pulse amplitude-modulated fluorescence phytoplankton analyzer 

measurement) or one ml (flow cytometry measurement) of samples was withdrawn for 

analysis on 1, 4, 7, 10, 15 days after LCLLE exposure. 

III. Growth inhibition 

The algal growth was determined by measuring the Chlorophyll a (Chl-a) 

concentrations on 1,4,7,10 and 15 days, using pulse amplitude-modulated fluorescence 

phytoplankton analyzer (Phyto-PAM, Walz, Germany). The analysis was performed 

with software of PhytoWin v2.13 and calculated by the equation given below:  

 100)
-

((%) inhibition  Percentage
0

0 
C

CC  

Where, C0 and C are Chl-a concentrations in control and extract-treated cultures, 

respectively. 
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IV. Photosynthetic activity  

The rapid photosynthesis versus irradiance curves technique was used to 

determine the photosynthetic activity of M. aeruginosa treated with LCLLE. The 

effective quantum yields produced by 10-incremental actinic light intensities 

(photosynthetically available radiation, PAR) viz., 16, 164, 264, 464, 664, 864, 1064, 

1264, 1464 and 1664 μmol photons m
−2

·s
−1 

were determined The corresponding relative 

electron transport rates (rETRs) were calculated, and a complete rapid light curve (RLC) 

was produced. After the samples were adapted for 2.0 min in darkness, the 

actinic light irradiance step was applied for 30 s, as previously described (17). RLC 

curves were fitted using the model described (18).  

V. In vivo Chl-a fluorescence, cell membrane integrity and metabolic activity  

The fluorescence signal of Chl-a was measured with fluorescent channel 

(FL3) detectors (> 670 nm) using flow cytometry (BD-Accuri 6, USA) and non- 

cyanobacterial particles were excluded by setting gate levels as previously described (41). 

Changes in cell membrane integrity and esterase activity were determined by FL2 (585/40 

nm) and FL1 (533/30 nm) detectors respectively. Cells were stained with 65.2 mg/L 

propidium iodide (PI, Sigma, St Louis, MO) and 10 mg/L of fluorescein diacetate (FDA, 

Sigma, St Louis, MO) for 15 min. Data were analyzed using BD-Accuri 6 software. 

Medium flow rate was used and about 12,000 cells were counted by flow cytometry for 

each sample. Detailed procedures are described elsewhere (41,42). 

VI. Identification of antialgal compounds in LCLLE 

The constituents of LCLLE were extracted with 10 mL hexane. The mixture was 

scrolled for 1min and ultrasonic 15 min, the sample was extracted and repeated thrice. The 

sample was blown with nitrogen to about 4 mL and made up to final volume of 5 mL. The 

sample was then analyzed by GC-MS (7890B-5977A, Agilent, USA) equipped with 

DB-5MS quartz capillary column. Temperature of injection port and transmission line was 

280 ℃. The temperature programme was as under: initial oven temperature 80 ℃; 

increased to 180 ℃ at 10 ℃/min and kept for 10 min; and increased to the final 

temperature of 290 ℃ and kept for 25 min. One μL sample was injected in a splitless 

mode. Carrier gas was helium at a rate of 1 mL/min. MS conditions: mass spectra were 

recorded over 50-550 amu range with electron impact ionization energy of 70 eV. 

Preliminary identification of constituents was done by peak matching against standards in 

the standard NIST library spectra. Relative proportions of the constituents were calculated 

from GC-MS peak areas. 

VII. Statistical analysis 

All experiments were performed in triplicate. Means and standard deviations were 

calculated. The data were analyzed by SPSS 16.0 software (SPSS Inc., Chicago, IL, 

USA). Origin 8.5 was used in drawing the figures and analyzed by one-way analysis of 

variance (Origin version 8.5, Microcal Software Inc., Northampton, MA, USA), then 

followed by Tukey’s multiple comparison test. Differences were considered to be 

significant at p<0.05. 
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RESULTS AND DISCUSSION 

Growth and membrane integrity of M. aeruginosa  

After 15-d incubation (Fig. 1), LCLLE showed significant concentration- 

dependent inhibition of M. aeruginosa growth (p <0.05, ANOVA). The extract began 

exerting strong inhibitory activity after 4-d. After 10-d, the Chl-a content of 

cyanobacterial biomass in the treated groups declined to the minimal level at the highest 

concentration (2.0 g/L) of extract with 92 % inhibition. However, the inhibitory effect 

weakened 15 d after exposure (Fig. 1). It might be due to the short half-lives of the 

allelochemicals and hence, the activity was maintained for short period of time.  
 

1d 4d 7d 10d 15d
-40

-20

0

20

40

60

80

100 *

***

*

*
* **

In
h

ib
iti

o
n

 (
%

)

Time (day)

 0.0 g·L
-1

 0.4 g·L
-1

 0.8 g·L
-1

 1.2 g·L
-1

 1.6 g·L
-1

 2.0 g·L
-1

*

*

*
**

*

*

*
*

*

 

 

 

Figure 1. Changes in inhibition activity of M. aeruginosa after 1-, 4-, 7-, 10- and 15- day LCLLE 
exposure 

 

Cellular membrane integrity was determined by using flow cytometry, usually with 

fluorescent PI (8). The cell membrane could be damaged, if the chemical is algicidal but 

not if the chemical is only algistatic (39). In our experiments, we noticed only a slight 

change in the membrane integrity at the highest LCLLE concentration. The lowest 

membrane integrity was 96.2% on day 15 with 2.0 g/L of LCLLE. No statistically 

significant difference was seen compared to the control (P > 0.05) (Table 1). This 

indicated that the cell membranes remained intact and the mechanism of LCLLE on algal 

growth was algistatic in nature. These results are consistent with previous reports 

(33,35,41). In the present study, leaf extract prepared after 4-d soaking, was sufficient to 

inhibit the growth of M. aeruginosa. In using the LCLLE, not only the extract was 

effective but also the introduction of unwanted nutrients was also avoided. 
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Table 1. Cell membrane integrity of M. aeruginosa cells after exposure to different concentrations 
of LCLLE 

Cell membrane integrity expressed as the percentage of PI-unstained cells (with intact cell 
membrane) compared to the total amount of cells analyzed by flow cytometry.  
a The values indicate mean of triplicate (SD in parentheses), and at least 12000 cells were analyzed 
for each trial. 
 
In vivo Chl-a fluorescence measured by flow cytometry 

Probing photosynthesis by measuring Chl-a fluorescence is widely used method to 

understand the efficiency of photosynthesis (32). Changes in mean Chl-a fluorescence 

intensity (MFI) of M. aeruginosa cells by flow cytometry were analyzed on day 1, 5 and 

15 (n >12 000). Results showed (Fig. 2) that LCLLE at all concentrations caused 

concentration- dependent decrease in Chl-a fluorescence of the cyanobacterial cells. The 

change of MFI was 8 % at 2.0 g/L LCLLE on day 1. After 5 and 15 days, the 

concentration above 1.2 g/L LCLLE decreased the MFI in a dose-dependent manner. 

When exposed to 2.0 g/L extract dose, after 15 days the MFI was 86.2 % of the control. 

The Results of growth and MFI analysis demonstrated similar trend with regard to the 

concentration of LCLLE and the exposure time (Fig.1, 2).  
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Figure 2. Changes in Chl-a fluorescence of M. aeruginosa cells Chl-a measured by flow cytometry 
after 1-, 5- and 15-day LCLLE exposure 

LCLLE (g/L)  1 d (%)             5 d (%)             15 d (%) 

0.00                 98.60 (0.04) a         98.30 (0.06)          99.10 (0.06) 
0.40                 98.70 (0.05)          99.00 (0.06)          99.10 (0.06) 
0.80                 99.20 (0.05)          99.00 (0.06)          96.20 (0.04) 
1.20                 98.80 (0.05)          99.40 (0.07)          98.70 (0.07) 
1.60                 97.60 (0.06)          99.10 (0.05)          99.90 (0.07) 
2.00                 98.60 (0.07)          99.10 (0.06)         100.00 (0.05) 
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 Chl-a fluorescence provides information about the photosynthetic process, 

including energy absorption, distribution and utilization (44). Pigment inhibition suggests 

that the extract might introduce critical effect on the photosynthetic system of M. 

aeruginosa (19). One of the possibilities is the inhibition to the PSII system through 

decreasing Chl-a fluorescence (5). In the present experiments, cyanobacteria exposed to 

LCLLE were critically harmed in the photosynthetic system by decreasing the MFI in a 

concentration-dependent manner. At low levels of LCLLE, the effect on the 

photosynthetic capacity (in vivo Chl-a fluorescence) was limited. However, at higher 

concentrations, LCLLE efficiently suppressed the photosynthetic capacity, which was 

reflected by the decreasing MFI. Later, the MFI level increased slightly implying the need 

of continuous supply of LCLLE to inhibit the algae growth. 

Previous studies (34) using agricultural residues to control the algal growth have 

shown that factors affecting the fluorescence of Chl-a include the nutrients in the 

agricultural residues (2,33). However, flavonolignans isolated from barley straw extract, 

did not affect the MFI in 10-day incubation (43). The rice straw extract significantly 

reduced the in-vivo Chl-a fluorescence of M. aeruginosa after 7 days exposure, but the 

fluorescence was not changed after 15 days (33).  

Inhibition of cyanobacterial photosynthetic activity  

Measuring the PS II activity in algae by phytoplankton analyzer 

pulse-amplitude-modulation (Phyto-PAM) fluorometry allows a better understanding of 

the physiological mechanisms involved in electron transport rate and photochemical 

efficiency (2,3,19). The photosynthesis versus irradiance (rETR/E) curves of M. 

aeruginosa treated with LCLLE compared to Phyto-PAM fluorometry are shown in Fig. 3. 

The LCLLE treatment showed a similar pattern of rETR in response to Photosynthetically 

Available Radiation (PAR) which was generated by PAM. Fig. 3a showed no obvious 

difference in the rETR in response to PAR between the treatment and control on day 1. 

However, the rETR values significantly decreased (P<0.01), especially at high extract 

concentrations (1.2, 1.6, and 2.0 g/L) on day 4 (Fig. 3b). On day 7 and 15, the values of 

rETR increased gradually corresponding to PAR and LCLLE concentrations (Fig. 3c, 3d) 

which suggested the presence of algistatic effect. 

In this study, the photosynthetic parameters obtained from the pulse-amplitude- 

modulation, reflect the state of algal cells at different times. The rETR/E remained at high 

levels in control and at low doses of LCLLE but decreased at higher doses (1.2, 1.6, and 

2.0 g/L) and earlier (on day 4), which agrees with the stable mass of M. aeruginosa after 

LCLLE exposure. These findings suggested that the MFI and rETR/E parameters are 

useful parameters to reflect the state of M. aeruginosa photosynthesis process. Through 

suppression of both MFI and rETR/E parameters, the growth of algae was temporarily 

inhibited by LCLLE. 
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1 day                                       4 days 

  
7 days        15 days 

  

Figure 3. Rapid photosynthesis-irradiance response (rETR/E) curves of M. aeruginosa treated with  
different dosages of LCLLE. Each point represents the mean of three replicates. The solid line  
represents model results. Comparisons were performed using the Ratkowsky method for  
non-linear models (23). 

 

Esterase activity of M. aeruginosa 

Healthy cells take up FDA and convert to fluorescein. This conversion could be 

used to estimate the hydrolysis rate of esterase (41). Inhibition of esterase activity was 

detected as the shift in the FL1 histogram to the left compared to the control region. S2 

indicated esterase activity in the control cells while S1 and S3 represented a decrease or 

increase in esterase activity respectively. The effect of LCLLE on the esterase activity in 

M. aeruginosa is shown in Fig. 4a. After 1 day exposure of esterase activity, 

approximately 0.5-1.6 % cells was decreased (1.6 % in control) and increased in 6.8-9.0 % 

cells (9.0% in control) (Fig. 4a). However, on day 5, more diverse results were seen. 

Cellular esterase activity was reduced (5.5-11.7 %) in all concentrations of extract, 11.7  
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Figure 4. Distribution of cells in different esterase activities of M. aeruginosa after 1, 5 and 15 
days LCLLE exposure. S1 represents a decrease in esterase activity;  
S2 indicates esterase activity in the control cells; S3 represents an increase in esterase activity. 
Data are expressed as the percentage of the fluorescence of control cells.  
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% of cells shifted to the lower activity state at 2.0 g/L dosage (5.5 % in control), while 

the higher esterase activity state of cells decreased to 2.5-9.5% (9.5% in control) (Fig. 

4b). After 15 days exposure, the higher esterase activity state of cells increased, when 

exposed to each concentration of LCLLE including the control, reaching approximately 

20.0 % and litter change for the lower esterase activity of cells (Fig. 4c). The esterase 

enzyme activities might be affected by LCLLE only at early time and this aligned with 

the temporary lowered electron transport capacity. The short half-lives of 

allelochemicals in LCLLE might contribute to the observation and hence multiple 

introduction of the extarct was the logical application of LCLLE. 

Potential allelochemicals in LCLLE 

GC-MS is important tool to determine the chemical components in plant extracts 

(15,25). To determine the nature and quantity of allelochemicals in LCLLE, it was 

subjected to GC-MS analysis. In LCLLE, the major organic compunds were: 

(Z)-9-octadecenamide (40.6%), 1, 3-bis (1, 1-dimethylethyl) -benzene (15.6%) and 

n-hexadecanoic acid (8.6%) (Table 2).  
 

  Table 2. Major Chemicals in LCLLE detected by GC-MS analysis 

Chemical   Chemical 
formula       

Relative 
amount (%)      

1,3-bis(1,1-dimethylethyl)-Benzene                                  C14H22 15.59 
Dodecane C12H26 2.54 
1-butyl-2-propyl-Cyclopentane                                        C12H24 2.91 
Hexacosyl heptafluorobutyrate                                    C30H53F7O2 3.44 
n-Hexadecanoic acid                                              C16H32O2 8.15 
5-Methyl-2-(1-methylethenyl)-Cyclohexanol                            C10H18O 2.66 
Dotriacontyl heptafluorobutyrate                                   C36H65F7O2 2.10 
(Z)-9-Octadecenamide                                            C18H35NO 3.45 
2,2'-methylenebis[6-(1,1-dimethylethyl) -4-methyl-Phenol                  C23H32O2 3.12 
Tetracosane C24H50 2.21 
(Z)-13-Docosenamide                                 C22H43NO 40.60 

 

Many plant organic chemicals (such as lipids, ketones, alkaloids, etc.) suppresses the 

growth of algae (10). Previous studies have shown that some fatty acids viz., 

cis-6-octadecenoic and cis-9-octadecenoic acids significantly inhibited the growth of M. 

aeruginosa (17). In the present study, n-hexadecanoic acid was identified in LCLLE and 

this might act as potential allelochemical to inhibit the growth of algae. This finding is 

consistent with previous report (21) of hexadecanoic acid being effective against M. 

aeruginosa. However, to the best of our knowledge, (Z)-9-octadecenamide and 1, 3-bis (1, 

1-dimethylethyl)-benzene found in LCLLE are not active against M. aeruginosa. Further 

experimental verification on the effect of these phytochemicals on the growth of M. 

aeruginosa mentioned is required.  
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CONCLUSIONS 

In our research, LCLLE was tested for its ability to inhibit the growth of M. 

aeruginosa; In vivo Chl-a fluorescence, RCL of photosynthetic center PSII, PI and FDA 

staining assays suggested that the growth of M. aeruginosa was suppressed in 

concentration dependent manner. However, growth suppression 15 days after incubation, 

suggested that LCLLE was algistatic. GCMS analysis of the extract showed the presence 

of chemicals which may inhibit the growth of the algae. 
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