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ABSTRACT 
 

There are an increasing number of fermented beverage using herbal extract as a natural 
ingredient. The growth of bacteria in four plant water extract (Lycium barbarum, Psidium guajava, 
Momordica grosvenori, and Garcinia mongostana) as measured by the increase in turbidity of MRS 
and M17 growth medium containing Lactobacillus spp. and Streptococcus thermophilus 
respectively was investigated during 30 minutes of incubation at 37°C. The stimulatory effects on 
Lactobacillus spp. growth was tremendously enhanced (p<0.05) by L. barbarum (3.0%; OD=0.1.1) 
and P. guajava (1.5% (OD=0.5) and 3.0% (OD=0.6); respectively) compared to control (0%) after 
30 minutes. In addition, inclusion of P. guajava (1.5%) shorted incubation time to reach plateau at 
5 minutes. The inclusion of M. grosvenori and G. mangostana water extract at 0.30% increased 
Lactobacillus spp. growth by 2 and 14 fold respectively which higher than control. There was a 
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dose response effect of all plant water extracts except for M. grosvenori on the growth of S. 
thermophilus. All the three concentrations of L. barbarum and P. guajava stimulated the growth of 
S. thermophilus which reach 3 fold higher than control at 1.5% L. barbarum. On the other hand, M. 
grosvenori water extract showed inhibitory effects on the growth of S. thermophilus at all doses but 
after the first 15 min at 3.0% the inhibitory effects were lost (p<0.05). G. mangostana water extract 
at 3.0% increased S. thermophilus growth 10 fold higher than control after 30 minutes. In 
conclusion, all plant water extract samples except M. grosvenori could be a good vehicle for 
carrying Lactobacillus ssp. and S. thermophilus while M. grosvenori could enhance the growth of 
Lactobacillus spp. but not S. thermophilus. 
 

 
Keywords: Lactobacillus spp; S. thermophilus; plants extract; bacterial growth; optical density. 

 
1. INTRODUCTION 
  
Malaysia is one of the countries in Asia that is 
endowed with highly diverse biological 
resources. Natural phytochemical antioxidants, 
particularly in local fruits, have gained increasing 
interest among consumers and the scientific 
community [1]. This is because epidemiological 
studies have reported that frequent consumption 
of fruits is associated with a healthy lifestyle [2]. 
 
Momordica grosvenori or Luo Han Guo is 
cultivated for its fruit in the southern part of China 
and is used for the treatment of pharyngitis or 
pharyngeus pain, and antitussive medicine in 
China and Japan. The fruit is also consumed for 
its anti-inflammatory, antioxidant, anti-diabetic 
and nephroprotective properties [3,4]. 
  
The essential parts in Psidium guajava are the 
leaves which are used for medicinal and health 
care purposes [5]. The extract of leaves are used 
to cure gastroenteritis, vomiting, diarrhoea, 
dysentery, wounds, ulcers, toothache, coughs, 
sore throat, inflamed gums, respiratory disease, 
as well an anti-inflammatory medicine [5,6]. 
 
Lycium barbarum belongs to the Solanaceae 
plant family. The red fruit of L. barbarum was 
used for thousands of years as traditional 
Chinese medicinal plant [7,8] with a wide variety 
of biological activities and pharmacological 
functions and play an important role in the 
prevention and treatment of various chronic 
diseases such as hyperlipidemia, diabetes, 
cancer, hypo-function immunity, hepatitis, 
thrombosis, and male infertility [8,9]. 
 
Garcinia mangostana fruit can be cultivated in 
tropical countries throughout Asia, e.g. Thailand, 
India, Malaysia, Vietnam and the Philippines. 
The white part of G. mangostana (aril) is edible 
portion of fruit that is soft and slightly have sour 
taste [10]. G. mangostana fruits are a rich source 

of phenolic acids, xanthones, anthocyanins, and 
condensed tannins i.e. proanthocyanidins 
[10,11]. 
 

Lactic acid bacteria (LAB) play an important role 
in fermented beverages. Fermented non-dairy 
beverages are produced using LAB (i.e. 
Lactobacillus, Streptococcus, Leuconostoc, and 
Bifidobacterium) and which leading to production 
of bioactive compounds with nutritional and 
therapeutic values [12,13]. Furthermore, some 
LAB possess probiotic features i.e. “living 
microorganisms, which on consumption in certain 
numbers exert health benefits beyond inherent 
basic nutrition” [13]. It is critical for LAB to be 
capable of growing increasingly in beverage and 
gives the final product its characteristic 
[14,15,16]. Therefore, it is important to inspect 
the differences of G. mongostana, L. barbarum, 
M. grosvenori, and P. guajava on the growth of 
Lactobacillus spp. and S. thermophillus during 
incubation at 37° C. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Materials 
 

Four types of plant materials were used in the 
present studies. These were Momordica 
grosvenori (fruit), Psidium guajava (leaf), Lycium 
barbarum (fruit), and Garcinia mangostana (fruit). 
Dried fruits of M. grosvenori and L. barbarum 
were purchased from local Chinese medicinal 
shop. Partially dried M. grosvenori was subjected 
to further drying in the oven (50⁰C) for 72 hrs. 
Psidium guajava leaves were harvested from a 
fruit orchard in Port Dickson, Negri Sembilan and 
these were initially washed clean of visible 
impurities followed by drying in the oven (50⁰C) 
for 72 hrs. The dried M. grosvenori fruit and P. 
guajava leaves were ground to powder form. 
These were placed in airtight containers and 
stored at room temperature away from direct 
sunlight. L. barbarum (approximately 30g) was 
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meshed using mortar and pestle in the presence 
of double amount of distilled water in 60 ml to 
assist the formation of thick paste. The L. 
barbarum paste was then stored in the 
refrigerator (4° C) and used within 3 days. Fresh 
G. mangostana fruits were purchased                        
from local fruit market. The fresh white pulp and 
the soft purple inner-skin were spooned 
outweighed and subsequently ground using 
blender in the presence of distilled water in ratio 
of 1: 1. 

 

2.2 Preparation of Plant Water Extract 

 
Plant suspension (6% w/v) was essentially 
prepared for using in optical density (OD) 
measurement. The materials from plants (leaves 
or fruits) were mixed in appropriate amount of 
water in ratio of 6: 100. The mixtures were 
incubated in water bath (70° C) overnight. The 
mixture was centrifuged (2000 rpm, 15 minutes, 
4° C) and the clear supernatant obtained was 
used in the experiment. 
 

2.3 Preparation of Bacteria Suspension 

 
One milliliter of S. thermophilus or Lactobacillus 
spp. (L. acidophilus LA-5, L. casei LC-01, L. 
delbruckii ssp bulgaricus, L. rhamnosus) was 
initially diluted 10X by mixing in 9 ml sterile 
peptone water buffer S. thermophilus or 
Lactobacillus spp. was then cultivated on M17 
and MRS enriched with lactose medium 
respectively [17]. Four types of plant extract at 
different concentration (0.75%, 1.5% and 3.0% 
w/v) was added to each broth and was then 
incubated at 37°C. Samples were poured into 
cuvette and then transferred to 
spectrophotometer for measuring optical density 
(OD) at 600nm, sample (0% plant extract) was 
used as control. OD was recorded every 5 
minutes for 30 minutes to monitor the growth rate 
of bacteria. 

 

2.4 Statistical Analysis 

 
Assay was performed in triplicates and the 
results were expressed as mean ± S.E.M 
(standard mean error) values of the 3 batches 
(n=3). The statistical analysis was                       
performed using one way analysis of variance 
(ANOVA, SPSS 19.0), followed by Duncan’s post 
hoc test for mean comparison. The criterion for 
statistical significance was p<0.05. 

3. RESULTS 
  
3.1 Effects of Plant Water Extract on 

Lactobacillus spp. in MRS Growth 
Medium 

 
The growth of bacteria in plant water extract as 
measured by the increase in turbidity of MRS 
growth medium containing Lactobacillus spp. are 
shown in Fig. 1.  The growth of Lactobacillus 
spp. in the absence of plant water extracts 
increase with incubation time and generally 
began to plateau after about 10-20 minutes. The 
presence of plant water extracts had differential 
effects on the growth of Lactobacillus spp. 
Inclusion of L. barbarum at 0.75% or 1.5% had 
no effects whereas at 3.0% stimulated (p<0.05) 
the growth of Lactobacillus spp. (Fig. 1a). The 
growth of bacteria also began to plateau at much 
later time (i.e. after 30 mins) at 3.0% L.      
barbarum than that for control (tplateau= 20 
minutes; 0% L. barbarum). When P. guajava was 
added at 0.75% it stimulated the growth of 
Lactobacillus spp. (OD at plateau = 0.15, (Fig. 
1b). The stimulatory effects on bacterial                  
growth was tremendously enhanced (p<0.05) by 
1.5% P. guajava inclusion (OD=0.5; T= 30 min) 
in addition to the shortening of time to reach 
plateau (5 mins). The addition of                               
higher amount of P.guajava water                         
extract (3.0%) also increased bacterial growth 
further (OD=0.6; T= 30 min; p<0.05) but                 
plateau was reached at much later time (i.e. after 
30 mins). 

 

M. grosvenori water extract at 0.75% and 1.5% 
had little effect in stimulating the growth of 
Lactobacillus spp. (ODplateau = 0.07 and 0.10 
respectively compared to control ODplateau = 0.06, 
Fig. 1c) at 30 minutes. M. grosvenori                       
water extract at 0.30% increased bacterial 
growth 2 fold higher (ODplateau = 0.22; p<0.05) at 
30 minutes. Similarly, G. mangostana                       
water extract stimulated Lactobacillus spp. 
growth in the same manner as M. grosvenori.  
Inclusion of G. mangostana water                           
extract at 0.75% had no effect on bacterial 
growth compared to control (ODplateau = 0.01, Fig. 
1d) after 30 min. The addition of G.                          
mangostana 1.5% increased the growth of 
Lactobacillus spp. by about ODplateau = 0.02 (T= 
30 min). The inclusion of G. mangostana water 
extract at 3.0% increased bacterial growth 14 
fold higher (ODplateau = 0.14; p<0.05) compared  
to control. 
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Fig. 1a. Effects of different concentration of L. barbarum on the changes in optical density (od) 
of lactobacillus spp. growing in MRS broth 

 

 
 

Fig. 1b. Effects of different concentration of P. guajava on the changes in optical density (OD) 
of Lactobacillus spp. growing in MRS broth 

 

 
 

Fig. 1c. Effects of different concentration of M. grosvenori on the changes in optical density 
(OD) of Lactobacillus spp. growing in MRS broth 
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Fig. 1d. Effects of different concentration of G. mangostana on the changes in optical density 

(OD) of Lactobacillus spp. growing in MRS broth 

 
3.2 Effects of Plant Water Extract on S. 

thermophilus Growth in M17 Growth 
Medium 

 
The growth of S. thermophilus in the absence of 
plant water extracts increase with incubation time 
but plateau was not reached by the end of 
incubation (t=30 mins). Except for M. grosvenori, 
there was a dose response effects of plant water 
extracts for all plant studied on the growth of S. 
thermophilus (Fig. 2).  Inclusion of L. barbarum at 
0.75% and 3.0% stimulated the growth of S. 
thermophilus (ODplateau = 0.04 and 0.05 
respectively compared to control ODplateau = 
0.017 at the 30th minutes of incubation, (Fig. 2a). 
The inclusion of L. barbarum water extract at 
1.5% did not only increase S. thermophilus 
growth by 3 fold higher (ODplateau= 0.058; p<0.05) 
compared to control but also resulted in plateau 
in bacterial growth at t=10 mins. P. guajava 
water extract at 0.75% and 1.5% stimulated 
(p<0.05) the growth of S. thermophilus to similar 
extent (ODplateau = 0.24 and 0.21 respectively 
compared to control ODplateau = 0.10, (Fig. 2b) 
after 30 min of incubation. Increasing the water 
extract to 3.0% resulted in the highest OD 
achieved (ODplateau = 0.32; p<0.05) by the end of 
incubation. However, M. grosvenori water  
extract at 0.75 and 1.5% water extract inclusion 
showed inhibitory effects on the growth of          

S. thermophilus (Fig. 2c). The 3.0% water extract 
tested also showed inhibition but during the first 
15 min, after which the inhibitory effects were 
lost. G. mangostana water extract stimulated S. 
thermophilus growth (Fig. 2d) in the same 
manner as P. guajava.  Inclusion of G. 
mangostana water extract at 0.75% had a little 
effect of stimulating bacterial growth (ODplateau = 
0.02) compared to control (ODplateau = 0.01) at 30 
min. The addition of G. mangostana at 1.5% 
increased the growth of to ODplateau = 0.06 (T= 30 
min). The inclusion of G. mangostana water 
extract at 3.0% increased S.thermophilus growth 
10 fold higher (ODplateau = 0.10; p<0.05) 
compared to control after 30 min. 
 
3.3 Comparison of Lactobacillus Spp. and 

S. thermophilus Density at 3% Plant 
Water Extract 

   
The ratios of the effects of plant water extracts at 
3.0% on OD of Lactobacillus spp. and S. 
thermophilus in relation to that of their respective 
controls with incubation time are presented in 
Fig. 3 and 4. Both G. mangostana and L. 
barbarum showed high OD ratios at t= 5 and 20-
30 mins with a period of low OD ratios at t= 10-
15 mins (Fig. 3). M. grosvenori and L. barbarum 
on the other hand showed consistent effects on 
Lactobacillus spp. growth with incubation time. 
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Fig. 2a. Effects of different concentration of L. barbarum on the changes in optical density 
(OD) of S. thermophilus growing in M17 broth 

 

 
 

Fig. 2b. Effects of different concentration of P. guajava water extract on the changes in optical 
density (OD) of S. thermophilus growing in M17 broth 

 

 
 

Fig. 2c. Effects of different concentration of M. grosvenori on the changes in optical density 
(OD) of S. thermophilus growing in M17 broth 
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Fig. 2d. Effects of different concentration of G. mangostana on the changes in optical density 

(OD) of S. thermophilus growing in M17 broth 
 
G. mangostana had highest OD ratio for S. 
thermophilus growth and this occurred at t = 10 
and 25 mins of incubation (Fig. 4). Both P. 
guajava and L. barbarum had maximal OD ratio 
at t = 5 min but the ratio decreased with 
incubation time. M. grosvenori water extract 
showed the lowest OD ratio but it showed 
consistent increase in OD ratio with incubation 
time which reached its plateau at t = 20 mins 
(Fig. 4). 
 

4. DISCUSSION 
  
Optical density (OD), measured in a 
spectrophotometer, can be used as a measure of 
bacteria mass in a suspension. As visible light 
passes through a cell suspension the light is 
scattered. Greater scattering indicates that more 
bacteria or other material is present [18]. The 
amount of light scattered can be measured in a 
spectrophotometer. Typically mid log-phase of 
bacteria growth is measured by measuring 
absorbance at 600nm (OD600), but time course 
measurement of OD may also be used to 
estimate the rate of microbial growth in a medium 
suspension [18]. In the present study, the growth 
of S. thermophilus and Lactobacillus spp. in all 
the concentrations of the four plant water 
extracts was higher than control (0%). It can be 
assumed that plant water extracts enriched the 
growth medium which then enhanced the 
bacterial growth. Moreover, although most of the 
effects of plant water extracts on bacterial growth 
were dose-dependent for Lactobacillus spp. 
several showed inhibition of bacterial growth 

when a higher amount of plant water extracts 
were added into the growth medium. This was 
seen for the growth of S. thermophilus which 
increased during 30 minutes incubation at 1.5% 
but not at 3.0% for L. barbarum (Fig. 2a). 
Sustained inhibitory effects on the growth of S. 
thermophilus also occurred in the presence of M. 
grosvenori (Fig. 2c). The antibacterial activity of 
some phytochemicals commonly found in 
medicinal plants could have affected S. 
thermophilus growth [19]. The apparent inhibitory 
effects could be a methodological flaw 
associated with the limitation of OD 
measurement. This is because the sensitivity of 
this method is limited to about 107 cells per ml for 
most bacteria [20] which may be appropriate for 
Lactobacillus spp. but not for S. thermophilus. 
However, this method which compares dose-
response effects on cell mass, allows quick 
appreciation of the growth of bacteria in the 
presence of potentially complex modulators 
present in plant water extracts. 
 

Several factors contributed to the changes in OD 
during incubation and this includes pH and 
temperature [21], glucose [22], and                     
metabolic stress factors (lactic acid, acetic                  
acid, and hydrogen peroxide; [23,24]). Natural 
plant dyes were found directly affect the 
colorimetric absorbance [25]. In addition,                           
the plant water extracts consist of different                   
amounts of phytochemicals which                                 
may impact the growth and                             
metabolism of Lactobacillus spp. and S. 
thermophilus.  
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Fig. 3. Changes in the optical density (OD) ratio with time for Lactobacillus spp. grown in 3% 
plant water extracts in relation to their respective control 

 

 
 
Fig. 4. Changes in the density (OD) ratio with time for S. thermophilus grown in 3% plant water 

extracts in relation to their respective control 

 
5. CONCLUSION 
  
The growth of Lactobacillus spp. and S. 
thermophilus in the absence of plant water 
extracts increase with incubation time. Generally, 
Lactobacillus spp. began to plateau after about 
10-20 minutes whereas S. thermophilus plateau 
was not reached by the end of incubation (t=30 
mins). The presence of plant water extracts had 
differential effects on the growth of Lactobacillus 
spp. and S. thermophilus. There was a dose 

response effects of all plant water extracts on the 
growth of bacteria except for M. grosvenori that 
showed inhibitory effects on S. thermophilus 
growth.  However, the stimulatory effects on 
Lactobacillus spp. and S. thermophilus growth 
was tremendously enhanced by 1.5% P. guajava 
and 1.5% L. barbarum compared to their 
respective 3.0% dose.  All plant water extract 
samples except M. grosvenori could be                       
a good vehicle for carrying Lactobacillus ssp. and 
S. thermophilus while M. grosvenori could 
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enhanced the growth of Lactobacillus spp. but 
not S. thermophilus. Further study is needed to 
investigate the changes in pH level of the 
bacterial growth medium in the presence of these 
four plant extracts. In addition, the growth rate of 
Lactobacillus spp. in the presence of different 
plant extracts needs to be investigated during 24 
hours. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Shori AB. Screening of antidiabetic and 
antioxidant activities of medicinal plants. 
Journal of Integrative Medicine. 2015; 
13(5):297–305.  

2. Pem D, Jeewon R. Fruit and Vegetable 
Intake: Benefits and Progress of Nutrition 
Education Interventions- Narrative Review 
Article. Iranian Journal of Public Health. 
2015;44(10):1309–1321. 

3. Song F, Qi X, Chen W, Jia W, Yao P, 
Nussler AK, et al. Effect of momordica 
grosvenori on oxidative stress pathways in 
renal mitochondria of normal and alloxan-
induced diabetic mice: involvement of 
heme oxygenase-1. European Journal of 
Nutrition. 2007;46(2):61-9. 

4. Pan MH, Yang JR, Mei-Ling T, Sang S, Ho 
CT. Antiinflammatory effect of Momordica 
grosvenori Swingle extract through 
suppressed LPSinduced upregulation of 
iNOS and COX-2 in murine macrophages. 
Journal of Functional Foods. 2009;145-
152. 

5. Díaz-de-Cerio E, Verardo V, Gómez-
Caravaca AM, Fernández-Gutiérrez A, 
Segura-Carretero A. Health Effects of 
Psidium guajava L. Leaves: An overview           
of the last decade. International                   
Journal of Molecular Sciences. 2015; 
18(4):897. 

6. Doubova SV, Morales HR, Hernández SF, 
Martínez-García MC, Cossío Ortiz MG, 
Chávez Soto MA, Erika Rivera Arce ER, 
Lozoya X. Effect of a Psidii guajavae 
folium extract in the treatment of primary 
dysmenorrhea: A randomized clinical trial. 
Journal of Ethnopharmacology. 2007;305–
310. 

7. Shori AB, Rashid F, Baba AS. Effect of the 
addition of phytomix-3+ mangosteen on 
antioxidant activity, viability of lactic acid 
bacteria, type 2 diabetes key-enzymes, 

and sensory evaluation of yogurt. LWT. 
2018;94:33-39. 

8. Gao XM, Xu ZM, Li ZW. Traditional 
Chinese Medicines. People's Health 
Publishing House, Beijing; 2000. 

9. Li QY. Healthy functions and medicinal 
prescriptions of Lycium barbarum (Gou Ji 
Zi). Jindun Press, Beijing. 2001;1–205. 

10. Pedraza-Chaverri J, Cárdenas-Rodríguez 
N, Orozco-Ibarra M, Pérez-Rojas JM. 
Medicinal properties of mangosteen 
(Garcinia mangostana). Food and 
Chemical Toxicology. 2008;46(10):3227-
39. 

11. Zadernowski R, Czaplicki S, Naczk M. 
Phenolic acid profiles of mangosteen fruits 
(Garcinia mangostana). Food Chemistry. 
2009;112:685-689. 

12. Shori AB. The potential applications of 
probiotics on dairy and non-dairy foods 
focusing on viability during. Biocatalysis 
and Agricultural Biotechnology. 2015;4: 
423–431. 

13. Shori AB. Influence of food matrix on the 
viability of probiotic bacteria: an overview 
based on dairy and non-dairy beverages. 
Food Bioscience. 2016;13(1):1-8. 

14. Lima IFP, Lindner JD, Soccol VT, Parada 
JL, Soccol CR. Development of an 
innovative nutraceutical fermented 
beverage from herbal mate (Ilex 
paraguariensis A.St.-Hil.) Extract. 
International Journal of Molecular 
Sciences. 2012;13(1):788–800. 

15. Berté KA, Beux MR, Spada PK, Salvador 
M, Hoffmann-Ribani R. Chemical 
composition and antioxidant activity of 
yerba-mate (Ilex paraguariensis A.St.-Hil., 
Aquifoliaceae) extract as obtained by spray 
drying. Journal of Agricultural and Food 
Chemistry. 2011;59:5523–5527. 

16. Ramadan-Hassanien MF. Total antioxidant 
potential of juices, beverages and hot 
drinks consumed in Egypt screened by 
DPPH in vitro assay. Grasas y aceites. 
2008;59:254–259. 

17. Nedel F, André DA, De Oliveira IO. 
Cordeiro MM, Casagrande L, Tarquinio 
SB, Nor JE, Demarco FF. Stem-cells: 
therapeutic potential in Dentistry. The 
Journal of Contemporary Dental 
Practice. 2009;10:90–6. 

18. De Oliveira AS, Oliveira MRC, Campos 
JMS, Lana RP, Machado OLT, Retamal 
CA, Detmann E, Valadares Filho SC. In 
vitro ruminal degradation of ricin and its 
effect on microbial growth. Animal Feed 
Science and Technology. 2010;157:41-54. 



 
 
 

Bagheri et al.; AFSJ, 20(3): 30-39, 2021; Article no.AFSJ.65541 
 
 

 
39 

 

19. Shori AB, Peng CW, Bagheri E, Baba AS. 
Physicochemical analysis, proteolysis 
activity and exopolysaccharides production 
of herbal yogurt fortified with plant 
extracts. International Journal of Food 
Engineering; 2020. In press. 

20. Stahly GL, Sesler CL, Brode WR. A 
method for measuring bacterial pigments 
by the use of the spectrophotometer and 
the photoelectric colorimeter. Jornal of 
bacteriology. 1941;43(2):149-154. 

21. Aslim B, Yuksekdag ZN, Beyatli Y, Nazime 
Mercan N. Exopolysaccharide production 
by Lactobacillus delbruckii subsp. 
bulgaricus and Streptococcus thermophilus 
strains under different growth conditions. 
World Journal of Microbiology & 
Biotechnology. 2005;21:673–677. 

22. Kabanova N, Kazarjan A, Stulova I, Vilu R. 
Microcalorimetric study of growth of 

Lactococcus lactis IL1403 at different 
glucose concentrations in broth. 
Thermochimica Acta. 2009;496(1-2):87-92. 

23. Eikmeyer FG, Heinl S, Marx H, Pühler A, 
Grabherr R, Schlüter A. Identification of 
oxygen-responsive transcripts in the silage 
inoculant lactobacillus buchneri CD034 by 
RNA sequencing. PLoS One. 2015;10(7): 
e0134149. 

24. Miyoshi A, Rochat T, Gratadoux J, Le Loir 
Y, Costa Oliveira S, Langella P, et al. 
Extraction and physico-chemical 
characterisation of Nile perch (Lates 
niloticus) skin and bone gelatin. Food 
Hydrocolloid. 2004;18:581–592. 

25. Aminot A, Rey F. Standard procedure for 
the determination of chlorophyll a by 
spectroscopic methods. International 
Council for the Exploration of the Sea. 
2000;0903-2606. 

 
© 2021 Bagheri et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://www.sdiarticle4.com/review-history/65541 


