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INTRODUCTION 
 
Just about the most harmful fish pathogenic agents is Aeromonas 
hydrophila, a known reason behind motile aeromonad 
septicaemia in numerous stream fishes as well as being thought 
to be caused by method of accidental scratches [1–5]. Instances 
of this ailment especially on fish species are documented in 
certain great deal places from the United states of America to 
south East Asia. Species of fish influenced by the bacteria are 
numerous and include hybrid striped bass, channel cat fish, 
Goldfish (Carassius auratus), Tilapia (Tilapia nilotica), 
Snakehead fish (Ophiocephalus striatus), American eel (Anguilla 
rostrata), Carp (Cyprinus carpio), Chinook salmon 
(Oncorhynchus tshawytscha) and Rainbow trout (Oncorhynchus 
mykiss) amongst them [6–10]. The bacterium is a Gram-negative 
rod-shaped and comes from the family Aeromonadaceae. It 
comes with a great specific polar flagellum that is unbelievably 
motile, plus it’s found in diverse environment such as soil, in 
sewer, and also in brackish water. The bacterial virulence 
components consist of its capability to produce a number of 
tandem-like invasion on the bacterial system, which includes 
adhesions, the development of cytotoxins, enzymes like lipases, 
and the continuing development of a dense biofilm [11–14].  
 

A previous study shows the inhibition of the bacterium 
Aeromonas hydrophila using solvent extracts from Salvia 
officinalis [15]. A nonlinear regression exercise using the four-
parameter logistics equation gave the IC50 value of 21.92 mg/mL 
(95% confidence interval from 20.86 to 23.03). Nevertheless, in 
nonlinear regression the residuals of the curve must be distributed 
normally, the variance equal (homoscedastic) and randomness is 
assured [16,17]. Also, the residuals must be tested for the 
presence of outliers [at 95 or 99% of confidence). This is 
normally done using the Grubb's test, which is the focus of this 
study. 
 
METHOD 
 
Data were acquired from the works of Rusnam [18]. Initial 
outcomes demonstrated that the residuals followed the normally 
distribution. Visible remark of the data revealed that the third 
data point was most likely an outlier, and Grubb’s test is going to 
be employed to evaluate this [19]. 
 
Grubb’s’ Statistic 
Data deformation by an individual data point whether it is an 
averaged value, or a single data point can result in gross error in 
the fitting of a nonlinear curve. Looking for outlier is thus a 
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test, which is the focus of this study. Grubb’s statistical tests for the residuals indicated that the 
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value as there was no outlier present.   
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fundamental part of curvefitting. Grubb’s test is utilized to 
identify outlier in univariate setting and the data is presumed to 
be normally distributed [19]. The test can be applied to the 
maximal or minimal observed data from a Student’s t distribution 
(Equation 1) and to test for both data simultaneously (Equation 
2).  
 

 

 

 

 

 
 
 
 (Eqn. 1) 

 

 
(Eqn. 2) 

 
 
RESULTS AND DISCUSSION 
 
The statistics often used in nonlinear regression depends on the 
usage of residuals data, which are the difference between 
predicted and observed values. Statistical tests ought to be 
performed to analyze for the adequacy of the residuals in 
randomness, does not contain outlier, following normality and do 
not display autocorrelation. Typically, the greater the distinction 
between the predicted and observed values, the less well off the 
model [20]. The Grubb’s' test handles one outlier at a particular 
time. The outlier is then removed, and the test is repeated until it 
is found that no outliers are spotted. As a general rule sample 
sizes of six or fewer distort the test since it will frequently be 
assigned most of the points as outliers. In addition, multiple 
iterations change the probabilities of detection.  
 
Table 1. Residual data from the four-parameter dose response variable 
slope regression of the inhibition curve of the bacterium Aeromonas 
hydrophila using solvent extracts from Salvia officinalis.  
 

 Residuals  
 0.070977 
 0.033491 
 -0.19754 
 0.163402 
 -0.09834 
 0.061865 
 -0.10659 
 -0.04197 
 0.056905 
 0.057797 

Mean 0.00000025 
Standard 
Deviation 

0.1080535 
 

 
Grubb’s’ test was applied to the residual data (Table 1), and 

the Grubb’s’ test statistic identifies the largest absolute deviation 
from the sample mean in units of the sample standard deviation. 
The critical value of Z was 2.2899478331. When the test statistic 
g is greater than the critical assigned value, an outlier identity can 
then be assigned to that corresponding value. The Grubb’s’ test 
did nor indicates the presence of any outlier. Residuals are very 
important in assessing the health of a curve from a particular used 
model. Mathematically, residual for the ith observation in a given 
data set can be defined as follows; 

    (Eqn. 3) 

where yi denotes the ith response from a given data set while xi is 
the vector of explanatory variables to each set at the ith 
observation corresponding values in the data set. 
 
      A potential outlier is actually an extreme data point that the 
researcher tags as unlikely in view of a number of specific 
demands. Considerably more specifically, an outlier in a sample 
can be an extreme value that is most certainly too extreme. By 
way of example, the most is regarded as an outlier only when it's 
statistically too large for that distribution on the maximum in the 
population model [21].A straightforward approach to label 
prospective outliers in measurements is to apply boxplot, while a 
bit more sophisticated technique is also employed including the 
Chauvenet’s criterion in engineering and the 3-sigma criterion 
along with the Z-score in chemometrics. Despite the fact that 
these techniques are pretty straight forward and rapid, a much 
more appropriate method to utilize statistical test for outlier 
recognition. Specific tests range from the Dixon’s Q-test or 
Grubb’s’ ESD-test for one outlier.  
 

The leading constraint of the Grubb’s test is usually that the 
thought quantity of outliers, k, must be explained exactly. If k is 
not explained effectively, this might distort the findings of the 
tests. In the case outliers are numerous or the precise quantity of 
outliers are not identified, the Rosner’s generalized Extreme 
Studentized Deviate or ESD-test is recommended. [22]. This is 
because the presence of more than one outlier can skew the 
results from the Grubb’s test and when this happen, the 
Ferguson's test based on sample skewness is more robust against 
the masking effect than the Grubb’s test [23]. 
 
CONCLUSION 
 
To conclude, the Grubb’s statistical tests for the residuals 
indicated that the nonlinear regression model i.e. the four-
parameter logistic model is adequate in finding the IC50 value as 
there was no outlier present.   
 
REFERENCES 
 
1.  Ding Z, Zhang Y, Ye J, Du Z, Kong Y. An evaluation of replacing 

fish meal with fermented soybean meal in the diet of 
Macrobrachium nipponense: Growth, nonspecific immunity, and 
resistance to Aeromonas hydrophila. Fish Shellfish Immunol. 
2015;44(1):295–301.  

2.  Zhou S, Zhang A, Yin H, Chu W. Bacillus sp. QSI-1 modulate 
quorum sensing signals reduce Aeromonas hydrophila level and 
alter gut microbial community structure in fish. Front Cell Infect 
Microbiol. 2016;6(DEC).  

3.  Agustina, Prayitno SB, Sabdono A, Saptiani G. Antagonistic 
activity of kelabau fish (Osteochilus melanopleurus) gut bacteria 
against Aeromonas hydrophila and Pseudomonas sp. AACL 
Bioflux. 2018;11(6):1859–68.  

4.  Ahmed HA, Mohamed MEM, Rezk MM, Gharieb RMA, Abdel-
Maksoud SA. Aeromonas hydrophila in fish and humans; 
prevalence, virulotyping and antimicrobial resistance. Slov Vet 
Res. 2018;55:113–24.  

5.  Chen D-D, Li J-H, Yao Y-Y, Zhang Y-A. Aeromonas hydrophila 
suppresses complement pathways via degradation of complement 
C3 in bony fish by metalloprotease. Fish Shellfish Immunol. 
2019;94:739–45.  

6.  Ren S, Guo J, Zeng G, Sun G. Decolorization of triphenylmethane, 
azo, and anthraquinone dyes by a newly isolated Aeromonas 
hydrophila strain. Appl Microbiol Biotechnol. 2006;72(6):1316–
21.  

7.  Stratev D, Vashin I, Daskalov H. Determination of beta-haemolytic 
activity and minimum inhibitory concentrations of antimicrobial 
drugs against Aeromonas hydrophila strains isolated from fish 
products. Bulg J Vet Med. 2015;18(3):239–47.  

s
XXG )min(

_

min
−

=

s
XXG

_
)max(

max
−

=











−

−
−

= 1,2,
1

)2(
.2G n

n
nn

Gpnp t

s
XXXXG
−

−−
−

=
)max(),min(max(

all











−

−
−

= 2,2,
1

)2(
.G n

n
nn

Gpnp t

( )β̂;iii xfye −=



JEMAT, 2019, Vol 7, No 2, 32-34 
 

- 34 - 
 

8.  Tekedar HC, Karsi A, Akgul A, Kalindamar S, Waldbieser GC, 
Sonstegard T, et al. Complete genome sequence of fish pathogen 
Aeromonas hydrophila AL06-06. Genome Announc. 2016;3(2).  

9.  Yang W, Li N, Li M, Zhang D, An G. Complete genome sequence 
of fish pathogen Aeromonas hydrophila JBN2301. Genome 
Announc. 2016;4(1).  

10.  Rauta PR, Nayak B, Monteiro GA, Mateus M. Design and 
characterization of plasmids encoding antigenic peptides of Aha1 
from Aeromonas hydrophila as prospective fish vaccines. J 
Biotechnol. 2017;241:116–26.  

11.  Ali S, Akhter S, Muhammad A, Khan I, Khan WA, Iqbal MN, et al. 
Identification, characterization and antibiotic sensitivity of 
Aeromonas hydrophila, a causative agent of epizootic ulcerative 
syndrome in wild and farmed fish from potohar, Pakistan. Pak J 
Zool. 2016;48(3):899–901.  

12.  Dias MKR, Sampaio LS, Proietti AA, Yoshioka ETO, Rodrigues 
DP, Rodriguez AFR, et al. Lethal dose and clinical signs of 
Aeromonas hydrophila in Arapaima gigas (Arapaimidae), the giant 
fish from Amazon. Vet Microbiol. 2016;188:12–5.  

13.  Tkachenko H, Buyun L, Terech-Majewska E, Osadowski Z. In vitro 
antimicrobial activity of ethanolic extracts obtained from Ficus spp. 
leaves against the fish pathogen Aeromonas hydrophila. Arch Pol 
Fish. 2016;24(4):219–30.  

14.  Velichkova K, Sirakov I, Denev S. In vitro antibacterial effect of 
lemna minuta, chlorella vulgaris and spirulina sp. Extracts against 
fish pathogen Aeromonas hydrophila. AACL Bioflux. 
2019;12(3):936–40.  

15.  Ramena G, Ramena Y, Challa N. Identification and determination 
of minimum inhibitory concentrations of plant extracts having 
antimicrobial activity as potential alternative therapeutics to treat 
<i<>Aeromonas hydrophila</i> infections. J Microb Pathog. 2018 
Jan 27;2(1):1–9.  

16.  Shukor MS, Shukor MY. Statistical diagnostic tests of the Luong 
model in fitting molybdenum reduction from the bacterium Bacillus 
sp. strain A.rzi. J Environ Microbiol Toxicol. 2014;2(2):53–7.  

17.  Halmi MIE, Shukor MS, Masdor NA, Shamaan NA, Shukor MY. 
Testing the normality of residuals on regression model for the 
growth of Paracoccus sp. SKG on acetonitrile. J Environ 
Bioremediation Toxicol. 2015;3(1):15–17.  

18.  Rusnam. Bacterial inhibition activity of methanolic extract from 
salvia officinalis: determination of the IC50 value by nonlinear 
regression. Bioremediation Sci Technol Res. 2018 Jul 31;6(1):23–
5.  

19.  Grubbs F. Procedures for detecting outlying observations in 
samples. Technometrics. 1969;11(1):1–21.  

20.  López S, Prieto M, Dijkstra J, Dhanoa MS, France J. Statistical 
evaluation of mathematical models for microbial growth. Int J Food 
Microbiol. 2004;96(3):289–300.  

21.  Barnett V, Lewis T. Outliers in Statistical Data. 3rd ed. Chichester ; 
New York: Wiley; 1994. 604 p.  

22.  Rosner B. Fundamentals of biostatistics. 7th ed. Boston: 
Brooks/Cole; 2011.  

23.  Bendre SM, Kale BK. Masking effect on tests for outliers in normal 
samples. Biometrika. 1987 Dec 1;74(4):891–6.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 


