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Abstract

This study provided a step-by-step procedure to investigate the distribution of 17 amino acids (AAs) in 50 �sh, 50 bovine 
and 54 porcine gelatines using Ultra-High-Performance Liquid Chromatography Diode-Array Detector (UHPLC–DAD) 
with the incorporation of principal component analysis (PCA). Dataset pre-processing step, including outlier removal, 
analysis of variance (ANOVA), dataset adequacy test, dataset transformation and correlation test was performed before 
the PCA. The method rendered linearity range of 37.5–1000 pmol/µL and accuracy of 85–111% recovery. The bovine and 
porcine gelatines showed a similar ranking while the L-Alanine (Ala), L-Arginine (Arg) and L-Glutamic acid (Glu) concentra-
tions had di�ered the �sh gelatine from the bovine and porcine gelatines. The PCA, which explained 77.013% cumula-
tive variability at eigenvalue of 5.436, showed AAs with strong FL in PC1 had polar and nonpolar side chains while AAs 
with strong FL in PC2 had polar side chain. The AAs with moderate and weak FL in PC1 had a nonpolar side chain. The 
AAs with strong FL of in PC1 were also the same AAs with 7, 6 and 5 strong CMs as determined in the correlation test. 
The second PCA showed that the L-Serine (Ser), Arg, Glycine (Gly), L-Threonine (Thr), L-Methionine (Met), L-Histidine (His) 
and L-Hydroxyproline (Hyp) were signi�cant in �sh gelatine; Hyp, Met, Thr, Ser, His, Gly, and Arg in bovine gelatine; and 
L-Proline (Pro), L-Tyrosine (Tyr), L-Valine (Val), L-Leucine (Leu), and L-Phenylalanine (Phe) in porcine gelatine. The 100% 
�sh, bovine and porcine gelatines accommodated grouping 1, 2 and 3, respectively, which proved that AAs with strong 
FL (Hyp, His, Ser, Arg, Gly, Thr, Pro, Tyr, Met, Val, Leu and Phe) were the signi�cant AAs and becomes the biomarkers to 
identify the gelatine source. From this study, the PCA was a useful tool to analyse a multivariate dataset that could provide 
an in-depth understanding of AA distributions as compared to ANOVA and correlation test.
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1 Introduction

Gelatine is a mixture of insoluble collagenous polypep-
tides which is derived from acidic and alkaline hydrolyses 
of animal bones, cartilage, hides, tendons, skins, and sin-
ews [1]. The gelatine production worth of USD1.34 bil-
lion consists of 80% porcine skin, 15% bovine hide and 
5% porcine bone, bovine bone, and fish skin. The manu-
facturing of gelatine is aiming for various applications 
entailing dairy products, sausages, candies, gummies 
and marshmallows, capsules [2], excipients and beauty 
products. Gelatine contains 92% polypeptides, includ-
ing 18 AAs and 2% salt and 6% moisture [3]. Although 
the human body can synthesize protein from naturally 
developed AAs, some AAs could not be produced by the 
human body; thus, it has to digest the AAs from food 
[4]. Such AAs known as essential AAs are His, Ile, Leu, 
Lys, Met, Phe, Thr, tryptophan, and Val [5]. On the other 
hand, the human body naturally synthesizes nonessen-
tial AAs that includes Ala, Arg, asparagine, Asp, cysteine, 
Glu, glutamine, Gly, Pro, Ser, and Tyr. Also, there is con-
ditional AAs which are nonessential but important for 
the human body during stress and illness entailing Arg, 
cysteine, glutamine, Tyr, Gly, ornithine, Pro and Ser. Due 
to this reason, gelatine receives interest from food manu-
facturers to cater to human needs. However, some man-
ufacturers make a false claim of the gelatine source for 
their business purposes which then has raised concern 
from certain groups of consumers such as vegetarians 
[6], Jews [7] and Muslims consumers [8]. This false claim 
has tainted the food integrity when the food does not 
correctly represent its claim [9] and may expose the con-
sumer to diseases such as bovine spongiform encepha-
lopathy or mad cow disease from the consumption of 
bovine-sourced food [10].

Various testing methods have been utilized to address 
the issue of a false claim and food integrity—most 
gelatine testing use polymerase-chain-reaction (PCR) 
method to identify the source of the gelatine. Beside of 
the PCR, the immunological method using polyclonal 
anti-peptide antibodies in indirect and competitive 
indirect enzyme-linked immunosorbent assay (ELISA) 
has also been reported as another successful method; 
however, these methods are sophisticated, very costly 
and prone to contamination [2]. Liquid chromatography 
methods, e.g. liquid chromatography time-of-flight mass 
spectrometer (LC-QTOF/MS) and liquid chromatography-
mass spectrometer (LC/MS) have rendered capability 
to differentiate the animal sources. Still, most of their 
applications went to meat speciation and highly expen-
sive [11] for the maintenance in the testing laboratories, 
especially for the new ones. However, a much affordable 

liquid chromatography method such as high-perfor-
mance liquid chromatography has proven to a success-
ful application to differentiate gelatine sources [10]. To 
improve the sensitivity of the AA analysis in gelatine, this 
study employed Ultra-High-Performance Liquid Chroma-
tography Diode-Array Detector (UHPLC-DAD), which has 
not been reported previously.

Although UHPLC-DAD may render lower sensitivity 
of AA detection, it could not differentiate the gelatine 
source via comparison of the individual AA from the 
gelatine against the AA standard since all gelatines of 
animal source possess similar distribution of AAs. This 
claim was evident from a comparison study between AAs 
from porcine and bovine skins without indication of the 
significant difference between the two gelatines [12]. 
Previous research also did not identify which AAs were 
selected as the biomarkers to differentiate the gelatine 
source. Thus, our study performed the analysis of vari-
ance (ANOVA) to identify which AAs were significantly 
different in fish, bovine and porcine gelatines. Never-
theless, the ANOVA was not enough to discriminate 
the gelatine source unless the dataset was subjected to 
multivariate data analysis such as principal component 
analysis [14].

Principal component analysis (PCA) is an unsupervised 
technique to explore the dataset of multivariate data 
which requires prerequisite analyses prior to the analysis 
including (1) removal of outliers [15], (2) ensuring the data-
set adequacy [16], and (3) data transformation for normal 
distribution [17]. However, most dataset exploratory via 
PCA for food analysis did not undergo these prerequisite 
steps, including AA analysis prior to PCA [18]. Other stud-
ies performed dataset transformation based on previous 
reports without exhaustively investigate the suitable 
dataset transformation method for a speci�c matrix. For 
instance, although dataset transformation of standardize 
(n − 1) has been tested on gelatine matrix [10], the same 
gelatine dataset should also be tested on other transfor-
mation methods such as the log transformation before 
concluding the most suitable dataset transformation for 
the gelatine matrix. Without the ful�lment of these pre-
requisite analyses, the PCA may lead to erroneous result 
and interpretation. Previous researches have neglected 
the analysis of correlation test between AAs to support 
the PCA result and explained the e�ect of factor loading 
(FL) of each AA. The FL can be divided into strong, mod-
erate and weak FL where the FL play an essential role in 
determining the apportionment of AAs in �sh, bovine and 
porcine gelatines. Hence, this study provided step-by-step 
PCA procedure to explore the gelatine dataset and identify 
the apportionment of the AAs in the �sh, bovine and gela-
tine sources. This study also anticipated the certi�cation 
or regulatory bodies at the governmental level to adopt 
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this step-by-step PCA procedure in their development of 
guideline or standard for testing laboratory.

2  Methodology

2.1  Preparation of calibration standard solution 
of amino acids

A mixture of 17 standard stock solutions (SSS) of AA 
hydrolysate was purchased from Waters, USA containing 
2.5 µmol/mL of L-Histidine (His), L-Serine (Ser), L-Arginine 
(Arg), Glycine (Gly), L-Aspartic acid (Asp), L-Glutamic acid 
(Glu), L-Threonine (Thr), L-Alanine (Ala), L-Proline (Pro), 
L-Lysine (Lys), L-Tyrosine (Tyr), L-Methionine (Met), L-Valine 
(Val), L-Isoleucine (Ile), L-Leucine (Leu) and L-Phenyla-
lanine (Phe), and 1.25 µmol/mL L-Cystine (Cys). An SSS 
of L-Hydroxyproline (Hyp) and internal standard solu-
tion (ISS) of L-Aminobutyric acid (AABA) were prepared 
at 2500 µmol/mL each. A series of calibration standard 
solution (CSS) consisted of 37.5 pmol/µL, 100 pmol/µL, 
250 pmol/µL, 500 pmol/µL and 1000 pmol/µL were pre-
pared from the SSS while 100 pmol/µL of AABA was pre-
pared from the ISS for each CSS.

2.2  Sample preparation

Before the sample preparation, gelatines from cold-water 
�sh skin (G7041), bovine skin (G9382) and porcine skin 
(G6144) were freeze-dried to ensure their moisture con-
tent was less than 10%. An amount of 0.1–0.2 g of 54 
G7041 gelatines, 50 G9382 gelatines and 54 G6144 gela-
tines were acid hydrolysed with 5 mL of 6 N hydrochloric 
acid and incubated at 110 °C for 24 h. The hydrolysate solu-
tion was mixed with 100 pmol/µL AABA, diluted to 100 mL 
with distilled water, �ltered by 0.45 µm cellulose acetate 
membrane to produce mixture A.

2.3  Sample derivatization

A volume of 10 µL mixture A was derivatized with 70 µL 
AccQ.Fluor borate bu�er (Waters, Massachusetts, USA) to 
generate pH 8.2–10.0 condition, derivatized with 20 µL of 
prepared AccQ.Fluor reagent (Waters, Massachusetts, USA) 
to produce mixture B. The prepared AccQ.Fluor reagent 
consists of a mixture of 6-aminoquinolyl-N-hydroxysuc-
cinimidyl carbamate (AQC) derivatizing reagent and AccQ.
Fluor reagent diluent. The mixture B was heated at 55 °C 
for 10 min to ensure complete derivatization of the AQC 
with primary and secondary AAs prior injection to Ultra-
High-Performance Liquid Chromatography Diode-Array 
Detector (UHPLC-DAD).

2.4  Amino acids analysis of gelatine samples

Prior to injection, a binary solvent system was used con-
sisting of (A) aqueous solution of AccQ.Tag™ Eluent A, 
concentrate (WAT052890) (1:10) and (B) acetonitrile in 
deionised water (60:40) that were �ltered using 0.45 µm 
membrane �lters. A volume of 1 µL mixture B was injected 
into UHPLC-DAD (Agilent, USA) and eluted by the mobile 
phases according to gradient elution set-up: 0–0.5 min: 
99.9% A, 0.1% B, 0.5 min: 99.9% A, 0.1% B, 5.7 min: 90.9% 
A, 9.1% B, 6.4 min: 87.4% A, 12.6% B, 6.6 min: 87% A, 13% 
B, 7.7 min: 78.8% A 21.2% B, 8.0 min: 40.4% A, 59.6% B, 
8.6 min: 40.4% A, 59.6% B, 8.73 min: 99.9% A, 0.1% B and 
9.5 min: 99.9% A, 0.1% B. The AAs in the mixture B were 
separated by Waters AccQ.Tag column (3.9 mm × 150 mm) 
at 1 mL/min and 36 °C and detected at 260 nm. The AA 
peaks are recorded in a chromatogram.

2.5  Method linearity and accuracy

The method linearity was established by injecting the 
37.5 pmol/µL, 100 pmol/µL, 250 pmol/µL, 500 pmol/µL 
and 1000 pmol/µL CSS into the HPLC-DAD. Each concen-
tration was measured in triplicate, and the ratio of the 
peak area of CSS over the peak area of AABA was com-
puted and plotted against the ratio of CSS concentration 
over the AABA concentration. This plot constructed 17 lin-
ear regression lines with their respective slope, intercept 
and determination coe�cients  (R2). The linear regression 
line with  R2 nearest to 1.00 indicates method linearity [19].

The method accuracy was carried out under repeatable 
analysis on �sh, bovine and porcine gelatine which were 
spiked with 50 pmol/µL, 250 pmol/µL and 1000 pmol/µL 
amino acid standards that covered the working range. 
Each spiked concentration was analyzed separately in ten 
replication, and the percentage recovery of the spiked 
concentration was determined via this formulae:

where x̄ is the mean concentration of amino acid in the 
gelatines and xspike is the spiking concentration of amino 
acids standards.

2.6  Dataset pre-processing

Peak area of AAs from each gelatine was imported to the 
dataset table in XLSTAT 2016 software. An about 54 �sh, 
50 bovine and 54 porcine gelatines with 17 AAs identi�ed 
in the dataset was pre-processed to facilitate the process 
of differentiation among samples. This pre-processing 

Recovery (%), R =
x̄ − xspike

xspike
× 100
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step is applied to reduce the variation of the amino acids 
in the dataset. Dataset pre-processing tests consisted of 
the analysis of variance (ANOVA), box and whisker plot, 
dataset transformation, Kaiser–Meyer–Olkin (KMO) test, 
correlation test and principal component analysis (PCA) 
were conducted using XLSTAT-Pro (2017) statistical soft-
ware (Addinsoft, Paris, France).

2.6.1  Outlier removal by box and whisker plot

Prior to ANOVA and principal component analysis (PCA), 
the individual dataset of �sh, bovine and porcine gela-
tines was subjected to outlier removal by using box and 
whisker plot (BWP) method from a standardized dataset. 
The con�dence interval of the BWP was set at 95%. The 
skewness of the BWP was examined to con�rm the need 
for dataset transformation. The dataset, which showed dif-
ferent pattern within the individual AA, was discriminated 
and shown in the BWP as an outlier. Outlier value which 
exceeded three times of the box’s height, was signed with 
a dot, star or asterisk [20] and subjected to removal. After 
removing the outliers, the new dataset consisting 41, 40 
and 45 �sh, bovine and porcine gelatines, respectively was 
subjected to KMO test.

2.6.2  Analysis of variance

Results were expressed as mean ± standard deviation of 
triplicate for distribution of AAs in the gelatines. The analy-
sis of variance (ANOVA) test of Tukey’s test was applied to 
determine the signi�cant di�erence between the means 
of AAs at a 95% con�dence level (p < 0.05).

2.6.3  Kaiser–Meyer–Olkin test

The dataset was analysed for dataset adequacy by KMO 
test. Adequate dataset determines the ability of a gen-
erated model to extract latent variables from the data-
set. In this study, the KMO test was employed at a sig-
ni�cant level (α) of 0.05. The calculated KMO was ranked 
as: KMO < 0.5 = inadequate, 0.5 < KMO < 0.7 = mediocre, 
0.7 < KMO < 0.8 = good, 0.8 < KMO < 0.9 = very good and 
KMO > 0.9 excellent to indicate the dataset adequacy; and 
only KMO > 0.5 was acceptable for PCA [16, 21].

2.6.4  Dataset transformation

To ensure dataset follow normal distribution before the 
PCA, the dataset normality was tested using Shapiro–Wilk, 
Anderson–Darling and Lilliefors at α of 0.05. The dataset 
was transformed using standardize n-1, standardize (n), 
centre, standard  deviation−1 (n-1), standard  deviation−1 (n), 
rescale from 0 to 1, rescale from 0 to 100, Pareto and log 
transformation methods. For log transformation, the AA 
with 0 pmol/L was removed before the transformation. The 
transformation of each AA was employed to ensure the 
transformed dataset remained closer to the original AA 
dataset [22]. The normal distribution of the transformed 
dataset was evaluated by normality test of Shapiro–Wilk, 
Anderson–Darling and Lilliefors at α of 0.05. The best trans-
formation method and normality test were selected from 
the result.

2.6.5  Correlation test

Study of correlation between was carried out using Pear-
son correlation to measure the strength (weak, moderate 
or strong) and direction (positive and negative) of the 
linear relationship between two AAs. The formula of the 
Pearson correlation matrix (R) of AA a and b as follows:

where n was the number of gelatines, ai was the value 
of AA a for ith gelatine and bi was value of AA b for ith 
gelatine. In this study, the strong, weak and moderate cor-
relation were determined correlation matrix (CM) value; 
|0.000| < R < |0.300| for weak, |0.300| < R < |0.700| for moder-
ate and |0.700| < R < |1.000| for strong CMs.

2.7  Dataset exploratory by principal component 
analysis

The PCA of Pearson correlation was applied to recognize 
the dataset pattern, explore the contribution of each AA 
to the gelatines, �nd and explain the variance of intercor-
related AAs and transform the dataset into smaller sets of 
new independent variables which are called as principal 
components (PCs). The principle of PCA was to reduce sig-
ni�cantly (p < 0.05) the dataset dimensionality to achieve 
these aims. The PCs can be expressed as:

where C is the component score, a is the factor loading 
(FL), b is the AA concentration, x is the PC number, y is the 
sample number and n is the total number of the AA.

Rab = n

∑
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∑
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∑
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Cxy = ax1b1y + ax2b2y + ax3b3y +⋯ + axnbny
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In this study, the number of PCs selected was based on 
cumulative variability of ≥ 75% and eigenvalue criteria ≥ 1. 
The AA with strong FL (FL ≥ |0.750|) was considered as an 
AA with strong factor loading while AAs with VF coe�cient 
of |0.500| < FL < |0.749| and FL ≤ |0.499| were considered 
as having moderate and weak factor loadings, respec-
tively [23]. To determine the contribution of AAs to the 
gelatine sources, the correlation, symmetric and distance 
biplots were plotted, and the biplot that clearly showed 
the gelatine groupings was selected and the AAs which 
contributed to each grouping were examined and further 
explained.

2.8  Apportionment of amino acids in gelatine 
groupings by principal component analysis

The AAs with moderate and weak FL and AAs which did 
not contribute to the gelatine grouping were removed 
from the gelatine dataset (Ile, Glu, Ala, Lys and Asp). By 
using 12 AAs with strong FL, a new PCA was executed to 
produce a new AA plot and correlation biplot. The FL and 
correlations of the AAs were assessed, the apportionment 
of AAs to the gelatine groupings was examined, and the 
improvement of the gelatines that made the gelatine 

groupings was observed and compared to the previous 
PCA of 17 AAs.

3  Result and discussion

3.1  Method linearity and accuracy

Table 1 exhibits the linearity of the CSS by providing the 
linear regression line for each amino acid. The relation-
ships between amino acid concentration and peak area 
were linear over the 37.5–1000 pmol/µL range with  R2 
between 0.96 and 1.00. Since  R2 > 0.95 denotes a strong 
linear relationship between the amino acid concentration 
and the peak area [19], thus the established  R2 in this study 
indicated method linearity.

Table  1 explains the method accuracy, where the 
overall amino acids had method recovery between 85 
and 111%. This is evident when 50 pmol/µL, 250 pmol/
µL and 1000  pmol/µL amino acid standards rendered 
85.3–110.7%, 92.4–111.4%, 87.6–110.8% recoveries, 
respectively. Among the standards, the 50 pmol/µL Leu 
had the lowest recovery of 85.3% while 1000 pmol/µL Gly 
had the highest recovery. These results indicated that the 

Table 1  Linearity and accuracy of method of analysis for amino acid

1 Hyp = L-Hydroxyproline, His = L-Histidine, Ser = L-Serine, Arg = L-Arginine, Gly = Glycine, Asp = L-Aspartic acid, Glu = L-Glutamic acid, 
Thr = L-Threonine, Ala = L-Alanine, Pro = L-Proline, Lys = L-Lysine, Tyr = L-Tyrosine, Met = L-Methionine, Val = L-Valine, Ile = L-Isoleucine, 
Leu = L-Leucine and Phe = L-Phenylalanine
2 Total of 54, 50 and 50 �sh, bovine and porcine gelatines were tested

Amino  acid1,2 Retention 
time, min

Linearity Accuracy (Recovery,  %)

Linear range, pmol/µL Calibration linear equation Determination 
coe�cients  (R2)

50 pmol/µL 250 pmol/µL 1000 pmol/µL

Hyp 1.773 37.5–1000 Y = 0.0109x − 0.1242 0.99 92.5 97.2 110.5

His 1.887 37.5–1000 Y = 0.0123X − 0.2404 0.98 102.0 103.5 88.5

Ser 2.596 37.5–1000 Y = 0.0104x − 0.0948 0.98 92.6 100.5 97.3

Arg 2.692 37.5–1000 Y = 0.0122x + 0.3025 0.97 110.7 100.2 102.7

Gly 2.858 37.5–1000 Y = 0.0107x + 0.3503 0.97 101.8 107.3 110.8

Asp 3.122 37.5–1000 Y = 0.0075x + 0.5745 0.98 103.4 95.9 98.1

Glu 3.576 37.5–1000 Y = 0.0079x + 0.2700 0.96 94.7 100.5 94.9

Thr 3.997 37.5–1000 Y = 0.0101x + 0.4367 0.96 107.7 95.9 93.4

Ala 4.419 37.5–1000 Y = 0.0087x + 0.5774 0.97 101.0 92.4 102.4

Pro 5.158 37.5–1000 Y = 0.0095x + 0.2339 0.96 85.2 112.4 106.7

Cys 6.786 37.5–1000 Y = 0.0102x + 0.1753 0.97 99.5 94.8 98.5

Lys 6.927 37.5–1000 Y = 0.0121x + 0.3505 0.97 109.4 103.0 99.9

Tyr 7.142 37.5–1000 Y = 0.0126x + 0.2992 0.98 104.3 100.5 87.6

Met 7.371 37.5–1000 Y = 0.0112x + 0.1467 0.97 101.3 102.1 102.9

Val 7.983 37.5–1000 Y = 0.0103x + 0.4938 0.97 97.2 107.2 88.0

Ile 8.272 37.5–1000 Y = 0.0104x − 0.0750 1.00 104.9 100.2 98.9

Leu 8.361 37.5–1000 Y = 0.0100x + 0.0813 0.98 85.3 111.4 99.3

Phe 8.473 37.5–1000 Y = 0.0123x − 0.2459 0.98 100.4 99.1 100.5
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method bias was minute, which was in accordance with 
the recovery result produced by Azilawati [19] and ful�lled 
the requirement of the Eurachem guidelines [24].

3.2  Amino acids concentration in fish, bovine 
and porcine gelatines

The concentrations of individual AA in �sh, bovine and 
porcine gelatines are presented in Table 2, and the chro-
matogram of the �sh, bovine and porcine gelatines are 
depicted in Fig. 1. For �sh gelatine, the lowest and high-
est concentration of AAs were Tyr at the mean value of 
113 pmol/L and Gly at the mean value of 12,268 pmol/L, 
respectively. The ranking of AA concentration in �sh gela-
tine as follows: Gly > Ala > Pro > Arg > Glu > Hyp > Ser > L
ys > Asp > Thr > Val > Leu > Met > Phe > Ile > His > Tyr. This 
ranking supported the �nding of AAs in Chitala ornata 
gelatines with Gly > Ala > Pro ranking [25] although other 
researches �ndings have slight di�erences; Gly, Pro and 
Ala were the highest identi�ed AAs with Gly > Pro > Ala 
ranking in Oreochromis nilotica, Clarias batrachus and 
Pangasius sutchi [26]. To date, many research of fish-
sourced gelatine found the highest concentration of 
Gly in Epinephelus sexfasciatus, Lutjianus argentimacula-

tus, Rastrelliger kanagurta, and Pristipomodes typus [27], 

Oreochromis mossambicus [28], Probarbus Jullieni [29] as 
well as �sh skin in our study. Jamilah et al. [26] also identi-
�ed Leu > Lys > Tyr as the AAs in Oreochromis nilotica with 
the lowest concentrations which were absent of His and 
Phe as obtained in our �nding. These di�erent �ndings 
were due to our �sh gelatine was of cold-water �sh skin 
while Jamilah et al. [26] analysed freshwater �sh skin.

The ranking of AA concentration in bovine gelatine as 
follows: Gly > Pro > Hyp > Ala > Glu > Arg > Lys > Asp > Ser 
> Leu > Val > Thr > Phe > Ile > Met > Tyr > His (Table 2). The 
presence of Gly, Pro and Hyp was anticipated since these 
AAs were the building block of collagen; thus, bovine gela-
tine was preferable in producing collagen products [30]. 
However, Gly and Pro were of the highest concentration of 
AAs in the same type of bovine skin [12] that was following 
our �nding while Hyp was not analysed in Ha�dz’s study.

The ranking of AA concentration in porcine gelatine 
as follows: Gly > Pro > Hyp > Ala > Glu > Arg > Lys > Asp > 
Ser > Leu > Val > Thr > Phe > Ile > Met > Tyr > His. Azilawati, 
et al. [10] identi�ed Gly, Pro and Hyp and Tyr, Met and Ile as 
the highest and lowest concentrations of AAs in porcine, 
respectively. This �nding of the Tyr, Met and Ile di�ered to 
our �nding might be due to lower UHPLC-DAD employed 
in our study.

Table 2  The concentration of amino acids in �sh, bovine and porcine gelatines

1 Hyp = L-Hydroxyproline, His = L-Histidine, Ser = L-Serine, Arg = L-Arginine, Gly = Glycine, Asp = L-Aspartic acid, Glu = L-Glutamic acid, 
Thr = L-Threonine, Ala = L-Alanine, Pro = L-Proline, Lys = L-Lysine, Tyr = L-Tyrosine, Met = L-Methionine, Val = L-Valine, Ile = L-Isoleucine, 
Leu = L-Leucine and Phe = L-Phenylalanine
2 Total of 54, 50 and 50 �sh, bovine and porcine gelatines were tested
3 Means with the di�erent superscript letter are signi�cantly di�erent (p < 0.05)

Amino  acid1,2 Fish  gelatine3, pmol/L Bovine  gelatine3, pmol/L Porcine  gelatine3, pmol/L

Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean

Hyp 1987 2250 2144 ± 57c 2850 3789 3538 ± 165b 3366 3824 3688 ± 122a

His 300 367 331 ± 19a 0 142 4 ± 23b 0 212 36 ± 74b

Ser 1807 2245 2076 ± 87a 881 1105 1015 ± 49c 1006 1193 1082 ± 43b

Arg 2130 2471 2330 ± 83a 1607 2080 1937 ± 89c 2015 2352 2204 ± 93b

Gly 11,496 13,216 12,268 ± 376a 9592 11,613 11,023 ± 462c 10,708 12,495 11,811 ± 445b

Asp 1122 1630 1329 ± 137a 956 1500 1200 ± 162b 818 1549 1211 ± 172b

Glu 1912 2580 2182 ± 183a 1770 2679 2204 ± 248a 1677 2739 2267 ± 244a

Thr 808 1025 949 ± 42a 497 628 584 ± 27c 585 663 626 ± 20b

Ala 3064 3877 3393 ± 229a 2605 3861 3265 ± 339a 2609 3925 3395 ± 309a

Pro 3000 3608 3282 ± 162c 3297 4402 3880 ± 292b 3522 4750 4228 ± 291a

Lys 1162 1598 1334 ± 118ab 912 1563 1262 ± 186b 929 1641 1355 ± 161a

Tyr 85 130 113 ± 11b 72 111 92 ± 10c 128 180 157 ± 13a

Met 549 673 621 ± 29a 93 318 214 ± 64c 212 300 268 ± 17b

Val 637 773 703 ± 34c 624 808 727 ± 50b 714 894 824 ± 44a

Ile 374 458 415 ± 23a 110 454 403 ± 54a 321 403 368 ± 17b

Leu 627 782 701 ± 39c 695 894 802 ± 54b 738 927 854 ± 45a

Phe 441 535 495 ± 20b 387 646 481 ± 34c 509 576 544 ± 17a
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By comparing the acid amino rankings, bovine and por-
cine gelatines showed a similar ranking while the Ala, Arg 
and Glu concentrations had di�ered the �sh gelatine form 
the bovine and porcine gelatines. These �ndings indicated 
that (1) �sh gelatine could be clearly discriminated from 
bovine and porcine gelatines and (2) bovine and porcine 
gelatines were hardly di�erentiated via UHPLC-DAD alone. 
Some studies suggested an application of multivariate 
dataset analysis to discriminate observations with similar 
distributions [13, 14]. Nevertheless, the discrimination of 
these gelatines could be achieved by assessing the sig-
ni�cantly di�erent (p < 0.05) AAs among the gelatines in 
Table 2. The table exhibited the highest concentration of 
Ser, Arg, Gly, Thr and Met in �sh gelatine and Hyp, Pro, 
Tyr, Val, Leu and Phe in porcine gelatine. These AAs may 
characterize the gelatine sources based on the concentra-
tion of Hyp, Ser, Thr, Pro, Met as discovered by Azilawati 
et al. [10] and Gly, Pro and Hyp by Gómez-Guillén et al. 
[31]. Azilawati et  al. [10] also recommended applying 

multivariate dataset analysis, such as principal compo-
nent analysis (PCA) [18] to assist the exploratory of gela-
tine dataset. Although only limited studies have employed 
PCA in gelatine study, the exploration of gelatine data-
set may contribute to upholding the food integrity since 
gelatine which was not represent the actual source as it 
was claimed may deteriorate the con�dence on a gelatine 
product especially from the vegetarians [6], Jews [7] and 
Muslims consumers [8]. False claim of the gelatine source 
may expose consumers to potential infection of bovine 
spongiform encephalopathy or ‘mad cow disease’ [10].

3.3  Outlier removal

Figure 2 shows the BWP of �sh, bovine and porcine gela-
tines. The BWP of �sh gelatine in Fig. 2a demonstrated 
outliers in the Hyp (1987 pmol/L), Ser (1807 pmol/L), Arg 
(2130 pmol/L), Gly (13,215 pmol/L), Thr (13,215 pmol/L) 
and Met (549  pmol/L) where observations appeared 

Fig. 1  Chromatogram of amino acids of a �sh, b bovine and c porcine gelatines
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beyond the box’s whisker [32]. Of these outliers, all outliers 
are of AAs with low concentrations than the mean except 
the Gly. The dataset of �sh gelatine in Fig. 2a exhibited 
�ve AAs (Hyp, Ser, Pro, Tyr and Met) which had the median 
value that equal to the mean value where the mean value 
was assigned as a red plus. The His, Arg, Gly, Thr and Phe 
demonstrated right-skewed distribution because of the 
median value > mean value. Besides, the Asp, Glu, Ala, Lys, 
Val, Ile and Leu showed left-skewed distribution since the 
median value < mean value [15].

The dataset of bovine gelatine in Fig. 2b exhibited the 
Ser and Arg had median value = mean value. Other AAs 
demonstrated right-skewed distribution except for Tyr and 
Phe. The BWP of bovine gelatine in Fig. 2b also showed 
outliers in Arg, Gly and Phy where observations appeared 
beyond the box’s whisker. Of these outliers, all outliers are 
of AAs with low concentration.

The dataset of porcine gelatine in Fig.  2c exhib-
ited three AAs (Pro, Val and Ile), which had a median 
value = mean value. The Hyp, Arg, Gly, Tyr, Met, Leu and 

Fig. 2  Box plots of standard-
ized amino acids of a �sh, b 
bovine and c porcine gelatines
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-4

-3

-2

-1

0

1

2

3

4

(a) Box-whisker plots of standardized amino acids of fish gelatine
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(c)  Box-whisker plots of standardized amino acids of porcine gelatine
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Phe demonstrated right-skewed distribution because of 
the median value > mean value. Besides, the Ser, Asp, Glu, 
Thr, Ala, and Lys con�rmed left-skewed distribution. The 
BWP of porcine gelatine in Fig. 2c demonstrated outliers in 
Hyp, His, Val and Ile where observations appeared beyond 
the box’s whisker. Of these outliers, outliers of the Hyp, Val, 
Ile are of AAs with low concentrations except His. The Hyp, 
His and Val exhibited more than one outlier.

The removal of outliers had reduced the dataset dis-
tortion of the PCA as achieved in AAs study by Azilawati 
et al. [10]. Post outlier removal via BWP, the new dataset 
comprised 41, 40 and 45 �sh, bovine and porcine gela-
tines, respectively. The AAs with the skewed distribution of 
BWP were also subjected to dataset normalization before 
the PCA.

3.4  Kaiser–Meyer–Olkin test

The KMO test calculated the value of 0.7542 for the new 
dataset. Researches from di�erent �elds have set appro-
priate KMO values prior to KMO test; KMO > 0.6 for study 
on sleep quality [33], customer attitude [34] and seafood 
spoilage [35]; and KMO > 0.7 for water quality assessment 
[36]. To the authors’ knowledge, very limited researches 
have tested their dataset adequacy with KMO test prior to 
dataset transformation and PCA. This absent was evident 
in gelatine studies by Azilawati et al. [10] and Widyaning-
gar et al. [18] which may render erroneous �ndings due 
to small dataset for PCA [16]. Moreover, the preliminary 
study of AAs in gelatine by Widyaninggar et al. [18] did 
not explain total samples in their research. Based on these 
researches, KMO > 0.6 had been accepted as the appropri-
ate KMO before performing PCA. Since our KMO value was 
between 0.7 and 0.8, the dataset was deemed as suitable 
for PCA and subjected to dataset transformation and PCA.

3.5  Dataset transformation

This study investigated issues of (1) which dataset trans-
formation was suitable for AAs analysis in gelatine and 
(2) which normality test was the best to examine dataset 
normality.

The most common dataset transformation was the 
standardize (n-1) and followed by other dataset transfor-
mations deemed suitable according to sample type. After 
testing the dataset with all dataset transformations, the 
AAs of transformed dataset still demonstrated non-normal 
distribution except for log transformation.

Prior to dataset transformation, the normality test of 
Shapiro–Wilk exhibited three AAs involving Asp, Ala and 
Lys that followed a normal distribution (Table 3). The nor-
mality test for Glu demonstrated 0.1642 p value after log 

transformation, which rendered normal distribution. How-
ever, the log transformation also changed Ala and Lys into 
non-normal distribution via p-value changes from 0.0940 
to 0.0145 and from 0.0794 to 0.0045, respectively. Since 
the premise of normal distribution applied on the indi-
vidual AA, hence Asp, Ala, Lys and Glu were con�rming to 
the normal distribution after dataset transformation.

The normality test of Anderson–Darling exhibited that 
Ala, Lys and Val followed a normal distribution (Table 4) 
before the dataset transformation. The Asp and Glu also 
showed the normal distribution after log transformation 
with 0.1703 and 0.1023 p-values, respectively. Nonethe-
less, Lys exhibited opposite result after the same trans-
formation as the p-value changed from 0.1274 to 0.0380. 
In this given view, the Ala, Lys, Val, Asp and Glu followed 
the normal distribution after the dataset transformation.

The normality test of Lilliefors showed the Asp, Ala, Lys, 
Val and Ile followed the normal distribution prior to the 
dataset transformation (Table 5). After the log transforma-
tion, His and Glu exhibited normal distribution with 0.0723 
and 0.0717, respectively, while no other AAs exhibited 
non-normal distribution after the log transformation. To 
note, the AAs of porcine gelatine contained 0 pmol/L of 
His, which the log transformation of 0 value yielded unde-
�ned value. This study removed the 0 pmol/L before the 
log transformation and normality test; hence, we can omit 
the p-value of His because not all His concentrations were 
included in this dataset transformation. Subsequently, the 
Asp, Ala, Lys, Val, Ile and Glu had achieved this normal dis-
tribution after the dataset transformation. To note, Glu 
was the only AA followed the normal distribution after log 
transformation by the three normality tests.

Other studies have investigated the suitability of dif-
ferent dataset transformations for speci�c matrix before 
con�rming the most suitable one. For instance, log, Box-
Cox Standardize (n), 0 to 100 rescaling and Pareto trans-
formations were con�rmed suitable for microbiological, 
freshwater, sugarcane spirits [37], water quality [38] plant 
volatiles [39] matrices, respectively. For gelatine matrix, 
Azilawati et al. [10] has transformed the gelatine dataset 
via standardize (n-1) but has never tested the same dataset 
on other transformations, which our study had proven that 
log transformation was also suitable for gelatine matrix 
provided the dataset only has an integer value. On the 
contrary, a study of medical dataset recommended omit-
ting any dataset transformation because the dataset dis-
tribution will never achieve normal distribution [40]. Our 
study suggested testing the gelatine dataset with di�er-
ent transformations before con�rming the most suitable 
transformation for the gelatine matrix. Hence, for further 
analysis in this study, the 16 AAs were transformed using 
the standardize (n-1) while Glu was converted using log 
transformation.
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This study also recommended the Lilliefors as the 
best normality test to investigate dataset normality 
of AAs in gelatine, which was contrary to the study of 
Razali et al. [41] that found that the Shapiro–Wilk was 
the best normality test. However, Razali et al. [41] also 
found that normality test of Shapiro–Wilk was ineffec-
tive in low sample size (n < 10,000) which in line with 
our result due to low sample size (n = 125). Nonetheless, 
Bower [42] accepted the non-normal distribution prior 
to further dataset analysis because (1) the instrumental 
measurement of food sample was deemed as a continu-
ous dataset that follows a normal distribution and (2) 
sample size (n > 100) has already followed the central 
limit theorem of the normal distribution [40, 43, 44].

3.6  Correlation test

The correlation test was sought to select the suitable 
correlation types to determine correlations between 
two AAs. The XLSTAT2017 software provided two corre-
lation tests: Pearson or Spearman correlations. This study 
employed the Pearson correlation to explore the dataset 
in investigating the strength (weak, moderate, or strong) 
and direction (positive and negative) of the linear rela-
tionship between two AAs. Our study also emphasized 
the application of the Pearson correlation than the 
Spearman correlation since the former investigated the 
linear relationship between two continuous or paramet-
ric variables, i.e. AAs. On the contrary, the Spearman cor-
relation is more suitable for non-parametric dataset such 
as ordinal or ranking dataset [45]. Thus, our study used 
the Pearson correlation to explore gelatine dataset.

Table 6 shows the correlation matrix (CM) of the AAs in 
fish, bovine, and porcine gelatines. The CM measures the 
strength and direction of a linear relationship between 
the two AAs. The CM indicated that positive and nega-
tive correlations among the AAs at |0.700| < R < |1.000| 
for strong CM, |0.300| < R < |0.700| for moderate CM and 
3|0.000| < R < |0.300| for weak CM as in generic guideline 
[46] although various research fields provided lower 
ranges for strong CM; |0.500| < R < |1.000| in house-
hold food security [47] and in phenolic compounds of 
mungbean [48]. Study on AAs in Limonia acidissima fruit 
adopted the generic guideline of |0.700| < R < |1.000| for 
strong CM [49]; therefore, our study referred this range 
to study the strong CM of the AAs. Table 6 exhibited the 
CM of these 17 AAs; Ser had 7 strong correlation matrices 
(CMs); Hyp and His had 6 strong CMs; Thr, Pro, Met and 
Leu had 5 strong CMs; Arg and Val had 4 strong CMs; 
Asp, Ala, Glu and Lys had 3 strong CMs; Tyr and Phe had 
2 strong CMs; Gly had 1 CM; and Ile had no strong CM. 
Although these AAs rendered strong CM, the CM value 

only explained the correlation between two AAs [46] 
while the CMs among more than two AAs brought more 
meaningful information, which the PCA can cater for this 
purpose [1].

3.7  Dataset exploratory by principal component 
analysis

The aim of using PCA in this study was to explore the gel-
atine dataset by (1) identifying AAs with di�erent factor 
loadings, (2) di�erentiating type of biplots to study the 
correlation of the AAs and gelatine sources and (3) pro-
posing the signi�cant AAs that might contribute to the 
gelatine sources.

The exploratory of the dataset via PCA demonstrated 
PC1, PC2 and PC3 with eigenvalue (EV) > 1 [50] which 
explained 93.366% cumulative variability (CV) of the 
dataset (Table 6). The EV and percentage variability (PV) 
re�ect the size and signi�cant PC (p < 0.05) whereby PC1 
has the largest EV than the next PC. The EV information 
supported or our result that the EVs decreased as the PC 
number increased, i.e. PC1 (EV = 7.656, PV = 45.036) > PC2 
(EV = 5.436, PV = 31.977). Although there is no cut-o� value 
of EV or PV, our study adopts the suggested EV > 1 as a 
principal guideline for food composition study [50] and 
further determined the PC selection based on the best 
PC numbers that explained the highest CV [51] via visual 
dimension. According to this principle, the PC1 and PC2 
explained 77.013% CV at EV of 5.436 in this study. Further-
more, although the PCA generated three PCs, only PC1 and 
PC2 provided AAs with FL ≥ |0.75|: Hyp, His, Ser, Thr, Pro, 
Met, and Leu in PC1 and Asp, Glu, Ala, and Lys in PC2. The 
AAs with moderate FL (|0.500| < FL < |0.749|) were Arg, Gly, 
Val in PC1 and weak FL (FL ≤ |0.499|) were Tyr, Ile and Phe 
in PC1. Our study found the AAs with strong FL in PC1 had 
polar and nonpolar side chains. The Hyp, His, Ser and Thr 
had polar side chain while Pro, Met and Leu had nonpolar 
side chain. The AAs with strong FL in PC2 had polar side 
chain. AAs with moderate and weak FL in PC1 had nonpo-
lar side chain [52]. Therefore, the PCA had identi�ed the PC 
according to the polarity of the side chain of AA.

The strong FL of AAs in PC1 were also the same AAs 
with 7, 6 and 5 strong CMs as determined in the correlation 
test (Table 6). In contract, the AAs of strong FL in PC2 were 
the AAs with 3 strong CMs via correlation matrix study. 
Surprisingly, AAs with moderate FL were the AAs with 1 
and 4 strong CMs and AAs with weak FL were the AAs with 
0 and 2 strong CMs. This �nding indicated that AAs with 
0 and 2 strong CMs were the least contributing to dataset 
variability since dataset variability assists the determina-
tion of gelatine sources.

The positive and negative signs of the FL (Table 6) or 
AA plot in Fig. 3a explained the direction of the linear 
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relationship between two AAs. The AAs with positively 
correlated FL indicated that positive change of AA would 
render positive change towards other AAs, while nega-
tively correlated FL exhibited inverse change among 
them. The AAs with the same sign were positively cor-
related and vice versa. Based on this principle, the Hyp, 
Pro and Leu were positively correlated, and had nega-
tive correlations against His, Ser, Thr and Met which were 
aligned with Azilawati et al. [10] except our study (1) did 
not identify the positive correlation of Ile and Val and (2) 
provided with His as additional AA. For PC2, the Asp, Glu, 
Ala and Lys were positively correlated and was slightly 
different from Azilawati et al. [10], which the Ala and Lys 
were absent in the latter’s result.

Figure 3a shows the AAs with weak or without cor-
relations due to the directions of their FL were ~ 90° 
[53]; Met, Thr, Ser and His against Glu, Ala and Lys; Hyp 
against Glu, Ala and Lys; and Val, Pro and Leu against Asp, 
Gly and Arg. These results supported the CM in Table 6 

but were not discussed in Azilawati et al. [10], and not 
harmonized with the result of Widyaninggar et al. [18]. 
The instrumentation set-up, low sample numbers or defi-
ciency of dataset pre-processing before PCA might have 
caused these differences.

3.8  Apportionment of amino acids in gelatine 
groupings by principal component analysis

Biplot in Fig. 3 showed the AAs that signi�cantly contrib-
uted to the gelatine sources. This study compared the cor-
relation (CB), symmetric (SB) and distance biplots (DB) to 
determine which biplot had the best visual display of the 
AAs and gelatine sources. All biplots showed the same pat-
tern of AA and gelatine distributions, whereby the strong 
FL and correlations in the biplots supported the FL results 
in Table 6. Generally, each biplot exhibited three-gelatine 
groupings, and the biplots were not rendered visual dif-
ference. However, the CB in Fig. 3b showed the gelatine 

Fig. 3  a Amino acid plot 
and biplot of b correlation, c 
symmetric, and d distance of 
amino acids and gelatines
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proximity in each grouping, while SB showed a little space 
among the gelatines in each grouping in Fig. 3c. The DB 
in Fig. 3d depicted the most signi�cant space among the 
gelatines in each grouping than in the SB and CB, although 
the three-gelatine groupings in the DB remained sepa-
rated. Hence, we proposed that the CB was the best visual 
display of biplot to explore the gelatine dataset. This is 
because the gelatines within each grouping were closer 
to each other than the gelatines in SB and DB. In the CB, 
100% �sh, 65% bovine and 71% porcine gelatines domi-
nated the groupings of 1, 2 and 3, respectively; hence, we 
may conclude that the �sh, bovine and porcine gelatines 
represented grouping 1, 2 and 3, respectively (Fig. 3b).

The Fig. 3b showed which AA signi�cantly contributed 
(p < 0.05) to the gelatine grouping by examining which 
variable fall into the observation grouping [54]: (1) high 
concentration of Ser, Arg, Gly, Thr, Met, His and Ile and low 
concentration of Hyp for �sh gelatine; (2) high concentra-
tion of Hyp and low concentration of Met, Thr, Ser, His, Gly, 
Arg and Ile for bovine gelatine; and (3) high concentration 
of Pro, Tyr, Val, Leu, and Phe for porcine gelatine. The Ser, 
Thr and Met, which have been associated with �sh gela-
tine were in line with Azilawati et al. [10]. Nonetheless, the 
AAs-correlated bovine and porcine gelatines contradicted 
Azilawati et al. [10].

In Fig. 3b, the Glu, Ala, Lys, Asp did not contribute to 
any gelatine grouping while Ile had moderate FL; thus our 
study had removed these AAs from the dataset and per-
formed another PCA to assess: (1) the FL and AAs correla-
tion, (2) AAs contribution to the gelatine groupings and 
(3) gelatine type in the gelatine groupings. The AA plot in 
Fig. 4a showed a higher CV at 90.89% than the CV in Fig. 3a. 
The FLs were visually improved and had maintained the 

strong and directive of FL (Fig. 4a). The apportionment 
of the AAs to the gelatine grouping was also maintained 
(Fig. 4b) as follows: (1) high concentration of Ser, Arg, Gly, 
Thr, Met and His and low concentration of Hyp for �sh gel-
atine; (2) high concentration of Hyp and low concentration 
of Met, Thr, Ser, His, Gly, and Arg for bovine gelatine; and 
(3) high concentration of Pro, Tyr, Val, Leu, and Phe for por-
cine gelatine. The Fig. 4b also exhibited 100% �sh, 100% 
bovine and 100% porcine made the grouping 1, 2 and 3, 
respectively, which had improved the gelatine grouping 
as compared to CB in Fig. 3b. These results proved that 
AAs with strong FL had improved the CB and the gelatine 
grouping. Hence, our study had selected the Hyp, His, Ser, 
Arg, Gly, Thr, Pro, Tyr, Met, Val, Leu and Phe as the biomark-
ers for identi�cation of the gelatine source.

The AAs that signi�cantly contributed (p < 0.05) to the 
�sh gelatine supported our ANOVA (Table 2) except the CB 
rendered His and Hyp as additional AAs. For porcine gela-
tine, the CB (Fig. 4b) identi�ed all signi�cant AAs (p < 0.05) 
calculated from ANOVA (Table 2) except Hyp. The PCA 
identi�ed Hyp, Met, Thr, Ser, His, Gly, and Arg as the bio-
markers (p < 0.05) to the bovine gelatine, which ANOVA 
failed to identify. From these results, it was evident that 
PCA was a useful tool to analyse a multivariate dataset that 
could provide an in-depth understanding of AA distribu-
tions as compared to ANOVA and correlation test.

4  Conclusion

The demand to produce gelatines for food, pharma-
ceutical and cosmetic products has shown an exponen-
tial growth which requires gelatine authentication as a 
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Fig. 4  a Amino acid plot and b correlation biplot of strong factor loading amino acids on �sh, bovine and porcine gelatines
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forensic food tool by the testing laboratory. The AA test-
ing analysis by UHPLC-DAD incorporated with PCA is 
imperative to address the false claim and food integrity 
of gelatines by the manufactures. To explore the gelatine 
dataset, this manuscript only explained about the PCA as 
one of frequently utilized multivariate data analysis (MDA) 
for authentication while other MDA such as multiple linear 
regression, discriminant analysis and partial least square 
were not discussed. The analysis undergoes a step-by-step 
procedure of gelatine hydrolysis, AA derivatization, data-
set pre-processing and PCA to avoid false-positive and 
false-negative results. Since only limited numbers of test-
ing laboratories provide the AA testing, this manuscript 
may guide the testing laboratories to extend their scope 
of analysis and suggested the application of UHPLC-DAD-
incorporated PCA as an alternative for the PCR method. 
The certi�cation or regulatory bodies in the governmen-
tal level and testing laboratories could adopt this step-by-
step procedure to develop a standard of AA analysis and 
achieve quality testing to authenticate gelatine products.
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