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ABSTRACT

Insects could serve as an alternative amino acids
source with less environmental impact and low pro-
duction cost. In this study, phenylisothiocianate
(PITC) pre—column derivatization and high-pressure
liquid chromatographic (HPLC) method combined
with solid phase extraction (SPE) was developed and
used to quantify free amino acids present in Ameri-
can cockroach. Powdered cockroach sample were
extracted in water at 90 °C for 20 min, pre-purified
on silica-based cationic exchange (SCX) cartridges,
derivatized and analyzed for the free amino acid
compositions. The free amino acids derivatives were
separated on Agilent Zorbax Extend-C18 (4.6 x 250
mm, 5 um) HPLC column at 33 £ 0.1 °C with diode
array detection (DAD) set at 254 nm. A total analysis
time of 30 min was used to separate 15 amino acids
including nine essential and six non-essential ones

with gradient elution at a flow rate of 1.0 mL/min.
The results showed linear calibration range from 50
to 150 pmol/uL for all the free amino acids. The sen-
sitivity expressed as limits of quantification (LOQ)
and limit of detection (LOD); repeatability and repro-
ducibility precisions expressed as relative standard
deviation (RSDs) percentages for all amino acids
characterized by the following ranges:2.6 to 35.5
pmol/pL; 0.9 to 11.7 pmol/uL; 1.0 to 10.5 %; 6.8% to
51.9%. The optimized and validated analytical meth-
od was applied for the determination of free amino
acids in American cockroach. The free amino acids
concentrations ranged from His, 0.43 mg/g to Pro,
311.2 mg/g and the recovery ranged from Thr, 82.9
% to Glu and Gly, 100 %. The free amino acids con-
centrations were in the order Pro > Thr > Leu > Glu
> Jle > Lys > Met > Val > Asp > Ser > Try > Gly >
Arg > His. The concentration of Pro was 5 — 100
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folds higher than other free amino acids and repre-
senting 50.64% of the total free amino acid. The free
amino acids were found to constitute 61.5% of the
total nutrients in Asmerican cockroach, indicating its
promising source of amino acid and protein for food
and feed.

Keyword: Free amino acids, phenylisothiocianate,
pre-column derivatization, limits of quantification,
limit of detection, solid phase extraction.

1. INTRODUCTION

Insects have been human traditional food from time
immemorial and its satisfactory nutritional values in
comparison with that of animal has increased its in-
terest for food and feed alternative [1]. The nutrition-
al value of food largely depends on the quality of pro-
teins it contains which is to a great extent determined
by the amino acid composition [2]. Insects as an im-
portant source of proteins have been extensively re-
ported in literatures [2,3,4,5,6,7,8,9,10,11]. The low
production cost, short life cycles, high reproduction
rates [12], traditionally and medicinally proven nutri-
ent compositions [2,13,14,15] make insect industries
fast growing as a new source of cheap pharmaceutical
raw materials, feedstock for biodiesel production [12]
amongst other importance such as source of animal
feed and human food [2,14,16].

American  cockroach;  Periplaneta  americana
(Linnaeus) which has been stigmatized for years is
the largest of the common peridomestic cockroach
and the strongest insect groups used as kind of tradi-
tional Chinese medicine for treatment of many dis-
eases including gastroenteritis and bone tuberculosis
[10]. Its medicinal uses are well documented in Chi-
nese medical encyclopedia, such as Ben Cao Gang
Mu and Shen Nong Ben Cao Jing [17]. The extract of
roasted American cockroach with water is popularly
used by Arunachal Pradesh tribe of India to cure asth-
ma [11]. Modern medical researchers have shown
that its extracts have anti-virus, anti-tumor, improving
immunity, promoting tissue repair, anti-inflammation,
anti—ulcer, analgesia and protecting liver effect [10]
with a recorded success of the extract development

into drugs that are now marketable [17]. The nutrient
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composition showed that American cockroach con-
tains various amino acids and peptides [18], vitamin
A, C and D [2,11], proteins, oils and fat [18,19,20],
octopamine, tachykinin [14], chitin and diphenols
[10,21]. Its elemental analysis revealed its richness in
trace elements especially Zn, Mg, Cu and K, which
may be related to improving body's immunity
[2,11,15,21].

However, water—soluble substances (chitins and di-
phenols) present in American cockroach can co-elute
with amino acids thereby, affecting derivatization
process and amino acids separation by HPLC result-
ing in a low-resolution chromatogram. To correct
this, it is very necessary to pre—purify the American
cockroach extract using a suitable extraction method.
The most widely used method for amino acids analy-
sis is solid-phase extraction (SPE) on an account of
its simplicity, rapid, economical, and sensitivity na-
ture [22]. Other methodologies include Liquid-liquid
extraction (LLE), solid—phase micro extraction
(SPME), liquid—phase micro extraction (LPME), and
supercritical fluid extraction (SFE) [22]. Therefore,
SPE was chosen as pre-purification method prior to
derivatization and HPLC-DAD analysis.

Over the years, there have been several methods de-
veloped to determine the amino acids components of
samples. Concisely, the amino acid components of
food proteins are mainly determined by reversed
phase high performance liquid chromatography (RP-
HPLC) [23]. In order to effectively determine amino
acids, however, it is first necessary to chemically
modify them (derivatization), which usually involves
converting them into derivatives that absorb or fluo-
resce in the ultraviolet-visible (UV-vis) wavelength
range [23]. The derivatization may be done before
injection of the sample into HPLC (pre—column) or
after injection (post—column). Several reagents in-
clude but are not limited to ninhydrin [24], phenyli-
sothiocyanate (PITC) [25], o-phthaldialdehyde
(OPA) [26], 9-fluorenylmethyl chloroformate

(FMOC-C1)[27],4-dimethylaminoazobenzene-4-
sulfonyl chloride (dabsyl chloride) [28], 2,4-
dinitrofluorobenzene (DNFB)[2930],6-aminoquinolyl
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-N-hydroxysuccinimidylcarbamate ~ (AQC)  [31]
among others have been developed for this purpose
with each method having its drawback such as sample
preparation, pH effect, low reactivity with secondary
amines, chromatographic difficulty in separating re-
sidual amino sugars [31], use of excess reagent that
must be extracted prior to chromatography, which
often results in hydrolysis and loss of the amino acids
adducts, reliability and accurate [23]. These methods
require specific and unique protocols for preparation
of samples prior to amino acid analysis which is cum-
bersome and require longer time especially hydrolysis
as reported in many studies ranging from 16-24
hours, derivatization, and gradient elution. In addi-
tion, literature revealed that OPA derivatization has
been the major method used for the analysis of insect
amino acids [2,7,16,24]. Hence, the need to develop
easy and rapid HPLC method is important. Because
of the ability of PITC to reacts with both primary and
secondary amino acids and also generates a single,
stable sulfur amino carbonyl derivative of benzene
(phenylthiocarbamyl) [PTC], PITC derivatization
method was employed in this study. Although, its
major drawback is longer time sample preparation
and low-sensitivity which may be the reason for it’s
often nonuse by researchers compared with other
derivatization methods. However, sensitivity problem
was overcome by using large amount of cockroach
sample during sample preparation.

However, to the best of our knowledge, this is the
first study documenting the use of PITC pre-column
derivatization and HPLC-DAD combined with SPE
for the quantification of American cockroach free
amino acids. Therefore, the overall goal of this inves-
tigation was to establish sensitive HPLC-DAD meth-
od for the analysis of free amino acids in American
cockroach with PITC pre—column derivatization and
HPLC combined with SPE.

2. MATERIALS AND METHODS
2.1. Reagents and chemicals

Amino acid standard mixtures at a concentration of
2.5 mM dissolved in 0.1N HCI was obtained from
Thermo Scientific (Rockford, IL, USA). Triethyla-
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mine (TEA) and phenylisothiocyanate (PITC) were
purchase from Aladdin Industrial Corporation
(Shanghai, = China). @ HPLC-grade acetonitrile
(CH3CN) and methanol (CH30OH) (J&K Scientific,
China), Glacial acetic acid, Sodium ethanoate, and
Disodium hydrogen phosphate were obtained from
Sinopharm Chemical Reagent, China. The Megabond
Elut C18 and SCX cartridges (6mL, 500mg and 10
mL, 500 mg respectively) were purchased from Ag-
ilent Technologies, Inc. (USA). All reagents were
analytical grade, unless otherwise noted. All aqueous
solutions were prepared with ultrapure water purified.

2.2. Sample collection and treatment

American cockroach of different stages of develop-
ment and different sexes (n = 500) were supplied by
Teng Fei cockroach farm located in Anhui Province,
China. The sexes were not separated. The insects
were taxonomically identified as Periplaneta america-
na (Linnaeus). In the laboratory, the freeze-dried sam-
ple were washed thoroughly with distilled water, ov-
en—dried (50 °C), grounded into powder in pestle and
mortar and prepared for further analyses.

2.3. Sample preparation and pre treatment

Powdered cockroach samples (1.0 g) were accurately
weighed and extracted in 10 mL water at 90 oC for 20
min. The mixture was allowed to cool and filtered
thoroughly using two filter membranes (0.45um)
which are superimposed. The filtrate was made up to
10 mL with water and vortex. Using accurately meas-
ure 1mL extract, the extraction of the amino acids on
SCX cartridges which had been conditioned with 25
mL MeOH and equilibrated with 10 mL H20 was
accomplished. After the filtrate was bound to the car-
tridge, it was eluted with 5 mL 40% CH3CN and the
corresponding elute was collected, evaporated to dry-
ness in a rotary vacuum evaporator (Buchi, Switzer-
land) and stored at 4 oC until analysis.

2.4. Preparation of amino acids standards

The amino acids standards contain Ala, Arg, Asp,
Gly, Glu, His, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr,
Tyr, and Val. The standard mixture solution was pre-
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pared at five concentration levels (50, 75, 100, 125,
and 150 pmol/pL) in H20:CH3CN (4:1 v/v). The
working standard solutions were vortexed and then
centrifuged at 10, 000 r/min for 5 min at 4 oC for
adequate homogenization. All amino acid stock
standard mixtures and amino acids working standards
were stored at 40C until use.

2.5. Instrumentation

A digital OHAUS pH meter (ST3100/F) was used for
pH adjustment. The amount of solute was measured
using a PTT-A2000 USA.HZI & HUAZHI high pre-
cision balance (Huazhi, China). Quantitative liquid
transfers were performed with a micropipette
(Thermo Scientific, USA). All analysis were per-
formed on Agilent 1260 Infinity Binary LC system
(Agilent Technologies, Waldbronn, Germany)
equipped with a degassing unit, a quaternary pump,
sampling port with 50uL high—pressure coloured sy-
ringe, and infinity diode array detector (G4212B).
The column temperature was controlled by Julabo
model F34 column heater module and a Julabo model
ED temperature control module. The system was
linked to a Lenovo desktop for recording chromato-
software

grams, using ChemStation edition

(Waldbronn, Germany).

2.6. PITC precolumn derivatization

Derivatization procedure was carried out according to
reported method [23] with some modifications. In
summary, the dried fractions of sample were dis-
solved in 1.0 mL H20:CH3CN (4:1 v/v) and filtered
through a 0.22 pm Millipak filter. Then, pre-column
derivatization was performed on both standards and
samples by adding 30uL of a mixture of 7:1:1
MeOH:TEA:PITC (v/v) separately to each of 50uL
amino acid standards and aliquot cockroach sample.
They were vortex mixed and the reaction to produce
amino acids derivatives {phenylthiocarbamyl (PTC)}
was allowed to complete for 30 min at room tempera-
ture. Samples were then dried in oven at 65 oC and
stored at 4 oC till further analysis. Before HPLC
analysis, the amino acids derivatives were reconsti-
tuted in buffer (250 pL of 5 mM Na2HPO4 pH 7.4
containing 5% CH3CN) and filter through 0.22um

T.M Salami et al.

Millipak filter. Samples were reconstituted one at a
time due to the PTC amino acid sensitivity to light
and ambient temperature. Twenty microliters of sam-
ple were injected and analyzed with an HPLC-DAD
system.

2.7. Analysis by high-performance liquid chroma-
tography

The analytical column used was Agilent Zorbax Ex-
tend-C18 (4.6 x 250 mm, 5 pm) HPLC column with
diode array detection (DAD) set at 254 nm. The col-
umn temperature was maintained at 330C £ 0.10C,
mobile phase consist of A (CH3CN:H20/60:40 v/v)
and B (0.14 M CH3COONa + 0.05% TEA titrated
with glacial acetic acid to pH 6.5). Separation was
accomplished using a gradient elution (Table 1) as
follows: Initially, A was set at 10 % which was run to
17.6 % in 5 min, then 17.6 % to 20% A from 5 to 5.1
min, then 20 % to 65% A from 5.1 to 25.95 min fol-
lowed by an increase to 100 % A from 25.95 to 30
min. The column was washed with 100 % A for 5
min, and then returned to 10% A from 35 to 36 min.
For every analysis, 5 min washing of the column was
used in other to wash off accumulated non-target ana-
lytes and obtain consistent retention times. The flow
rate was set at 1.0 mL/min.

Table 1: The elution gradient for HPLC-DAD Anal-

ysis

Time Solvent A Solvent B

(min) (%) (%)
0.0 10.0 90.0
5.0 17.6 82.4
5.1 20.0 80.0

25.95 65.0 35.0
30.0 100.0 0.0
35.0 100.0 0.0
36.0 10.0 90.0

2.8.Peak identification and quantitation

Peak area was used as detector response, and qualita-
tive analysis was based on the comparison between
the peak retention time (tR) of the standard amino
acids and those in the sample and was confirmed by
standard addition while quantitative analysis was
based on external standard method using calibration
curve fitted by linear regression analysis.
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3. Results and discussion
3.1. Optimization of chromatographic analysis

In order to achieve optimum chromatographic condi-
tions for the analysis of free amino acids, variables
including mobile phase composition, wavelength and
mobile phase flow-rate were optimized. Under estab-
lished conditions using Agilent Zorbax Extend-C18
(4.6 x 250 mm, 5 pm), a chromatogram of standard
amino acids at injection volume 20 pL and concentra-
tion 50 pmol/uL was detected using gradient elution
(10% - 65% in 25.95 min) and aqueous mobile phase
(CH;COONa) at pH 6.5. The chromatogram was pre-
sented in Fig 1 (a).
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Fig. 1. (a) HPLC-DAD Chromatogram of 15 PTC-
amino acid standards. Peaks: 1, Asp; 2, Glu; 3, Ser; 4,
Gly; 5, His; 6, Arg; 7, Thr; 8, Pro; 9, Try; 10, Val; 11,
Met; 12, Ile; 13, Leu; 14, Phe, 15, Lys. (b) HPLC-
DAD Chromatogram of PTC-Cockroach free amino
acids after SPE clean-up. (¢) HPLC-DAD Chromato-
gram of PTC-Cockroach free amino acids before SPE
clean-up study.

3.1.1. Solvent selection for free amino acids prepa-
ration

The preparation of standard amino acids involves the
use of different solvents including water [23, 25, 30],
acetic acid (2.0 M), 0.1 M hydrochloric acid [27],
buffer solution such as borate buffer at pH 9.5 [27]. In
this study, a mixture of water and acetonitrile
[H,O:CH;CN 4:1 v/v] was screened along with some
of the reported solvents for the amino acids prepara-
tion as presented in Fig 2(a). The result showed the
amino acids concentrations in H;O:CH;CN (4:1 (v/v)
> water > borate buffer. Except Gly, Arg, Try, and Val

PEAK AREA
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showing relatively low concentration values in the
mixture of water and acetonitrile [H,O:CH;CN (4:1
(v/v)], other amino acids obtained with this solvent
were higher than those obtained using water or borate
buffer solution as preparatory solvent for amino acids.
Hence, the use of mixture of water and acetonitrile
[H,O:CH;CN (4:1 (v/v)] in further analysis in this
study.
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Fig. 2 (a) Screening of different preparatory solvents
for free amino acids.

(b) Elution strength of different solvents on the re-
tained free amino acids in the SPE.

(c) Different extraction methods for free amino acids.

3.2. Optimization of solid phase extraction (SPE)
3.2.1 Eluent type

In SPE, there are several factors with which retention
and elution of an analyte could be altered for extrac-
tion recovery, hence the need for SPE optimization.
To optimize SPE, two different SPE cartridges
(Megabond Elut C18 and SCX) were investigated for
the ability to retain amino acids. The SCX SPE car-
tridge retained more of the analyte than C18. The
SCX SPE cartridge affords a higher level of hydro-
philicity than C18 cartridge, which enable the amino
acids to be more retained. This was then followed by
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screening solvents of different strength for their abil-
ity to produce optimum elution of the retained amino
acids from the cartridge. After conditioning columns
with 25 mL of MeOH followed by equilibration with
10 mL deionized water, 1 mL 150 pmol/uL amino
acid standard was added and allowed to flow through
under the action of gravity. The retained analyte was
eluted with different solvents namely: 20%, 40%,
60%, acetonitrile, and 10% ecthanol labeled as TK1,
TK2, TK3, and TK4 respectively and were handled
as previously described. The results [Fig 2b] revealed
that TK2 and TK3 were both efficient for the elution
of the retained free amino acids but TK2 optimally
eluted the retained free amino acids as compared to
other eluents. In comparison of TK2 and TK3, the
recoveries using TK2 were higher than that of TK3.

3.2.2 Study of extraction methods

In order to produce optimum extraction of the free
amino acids present in the American cockroach sam-
ple, two different extraction methods namely: water
extraction at 90 °C and methanolic extraction were
studied. Accurately weighed 1.0 g of processed
American cockroach samples were separately
weighed and extracted differently. Extraction using
water involves extracting the sample in 10 mL ul-
trapure water at 90 °C in water bath for 20 min and
allowed to cool. The methanolic extraction involves
vortexing 20 mL of mixture of methanol, water and
acetic acid (MeOH:H,0:CH;COOH (90:9:1 v/v) with
1.0 g cockroach sample for 20 min. Both were then
filtered using superimposed filter membranes (0.45
pum membrane filter for water extract and 0.22 um
nylon membrane filter for methanolic extract). Water
extract was diluted with ultrapure water to a total vol-
ume of 10 mL while methanolic extract was dried in
rotary evaporator and later resuspended in 10 mL
ultrapure water. The samples were then handled as
earlier discussed in sample preparation and treatment
section. Except Gly, Thr, and Val, the result present-
ed in Fig 2(c) showed that extraction using water pro-
duced higher extraction efficiency compared to meth-
anolic extraction. Therefore, in this study, extraction
using water at 90 °C for 20 min was selected and

used for cockroach free amino acids.

T.M Salami et al.

3.3. SPE pre-treatment

Sample was severally injected before and also after
SPE pre-treatment and the chromatograms presented
in Fig 1(b) and (c). The chromatograms revealed that
the matrix interferences leading to low quantification
of amino acids: Glu, Gly, His, Arg, lle, Leu, and es-
pecially Thr, and Pro was highly minimized after the
SPE pre-treatment given higher and accurate quanti-
fication of the free amino acids. Thr, and Pro were
three times higher in concentrations after application
of SPE. For Phe, negative effect of SPE was much
more evident as it was finally not detected after the
application of SPE. Moreover, Val concentration was
slightly reduced while for other free amino acids
quantified such as Asp, Ser, Try, Met and Lys, SPE
pre-treatment did not show significant or any addi-
tional benefit. The recovery study of spiked Ameri-
can cockroach showed a good recovery with SPE pre
-treatment (Table 2).

3.4. Method validation

In the validation of the analytical method for the
quantification of free amino acids in American cock-
roach, the following parameters were determined and
results presented in Table 2: recovery (SPE and
HPLC-DAD), sensitivity, linearity, repeatability and
reproducibility.

3.4.1 Recovery Test

Two different recoveries were carried out. Firstly,
SPE recoveries using the best elution solvents (TK2)
from the above studied. The extraction recoveries in
percentages were calculated as the ratio of the peak
area in the chromatogram of the eluted amino acid
fraction to those in the chromatogram of amino acid
standard solution as shown in Table 2. The second
recoveries involve validating the entire analytical
procedures used for the analysis. This was done by
conducting a spike recovery test on the samples with
different concentrations of amino acid standards. In
summary, portions of powdered American cockroach
sample equivalent to 1.0 g were spiked with different
concentrations of amino acid standards ranging from
25 and 150 pmol/pL. For each concentration used,
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triplicate spiking was prepared, and the total samples analyzed was twelve. These samples were handled as ex-
plained in the sample preparation section followed by HPLC-DAD analysis. The recoveries of the analyte were

carried out in triplicate while injections were done six times for each spiked sample. The concentrations were

calculated using regression equation from the calibration curves for each free amino acid. The recoveries of free
amino acids from American cockroach were then evaluated as follows [(amount found — mean value)/amount

added] x 100% and the results presented in Table 2.

Table 2: Sensitivity, Linear ranges, Repeatability, Reproducibility and Recovery

Amino acid Sensitivity Linearity RSD? (%) RSD’ (%) | Recovery (%)
(AA) (pmol/pL) (pmol/uL) (n=6) (n=6)
LOD | LOQ SPE HPLC-DAD
Asp 5.2 15.9 50-150 5.0 6.9 98.0 93.6
Glu 34 10.4 50-150 4.7 6.9 100.0 98.2
Ser 2.6 7.9 50— 150 5.3 7.2 96.0 96.4
Gly 11.7 35.5 50-150 5.8 7.2 100.0 99.7
His 6.6 20.0 50-150 9.2 7.9 95.2 90.0
Arg 6.2 18.8 50-150 6.5 8.7 89.1 82.0
Thr 5.1 15.6 50-150 6.6 9.7 82.9 85.0
Pro 7.2 21.7 50-150 3.1 6.8 84.8 82.5
Tyr 24 7.2 50-150 4.9 9.8 85.2 78.8
Val 9.5 28.9 50-150 9.2 14.2 96.5 86.9
Met 1.4 4.2 50-150 5.1 14.3 89.5 83.1
Ile 0.9 2.6 50-150 10.5 51.9 99.9 95.0
Leu 4.1 12.5 50-150 6.9 8.6 94.6 93.9
Phe 32 9.7 50-150 8.9 41.4 ND ND
Lys 2.9 8.7 50- 150 1.0 14.3 88.4 88.2

RSD* = Relative standard deviation for samples at six injections in the same day
RSD" = Relative standard deviation for samples at six injections in different same day

ND = Not detected

3.4.2 Performance characteristics of the method

The limit of detection (LOD) and the limit of quanti-
fication (LOQ) were determined from the calibration
curves of the amino acid standards. The LOD and
LOQ were calculated as three and ten times the ratio
of standard deviation (SD) of the response to slope
(S) of the calibration curve respectively. The HPLC-
DAD method was tested for linearity (Table 2) of the
DAD-detector response by analyzing the working
standard solutions of amino acids at different concen-
trations. Based on the replicate analysis of standards
over a range of 1-150 pmol/uL, the column and de-

tector performance showed good retention and selec-
tivity of the analyte in the concentration range 50—
150 pmol/pL. Calibration curves were then plotted
using the integrated peak areas versus concentrations
(pmol/pL) of the amino acid derivatives. For method
repeatability, amino acid working standard solutions
at different prepared concentrations (50, 75, and 100
pmol/uL) were repeatedly injected six times on the
same day while for reproducibility, freshly prepared
solutions at aforementioned concentration levels
were analyzed at different days (24 h interval) and
results were statistically evaluated and presented in
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terms of % RSD (Table 2)

3.5. Identification and quantification of free ami-
no acids in American cockroach

The optimized and validated method developed was
applied for the determination of free amino acids in
American cockroach. The amount of each amino acid
as presented in Table 3 was quantitatively estimated
using the established calibration curve. The chroma-
tograms obtained before SPE and after SPE applica-
tion followed by HPLC-DAD determination were
shown in Fig 1 (b) and (c). Pro, Thr, Leu, Glu, Ile,
and Lys were the major free amino acids found in
abundance followed by Met, Val, Asp, Ser, Tyr, Gly,
and Arg that were relatively abundant, His was the
least in terms of concentration. Before SPE was used
to purify the sample, Phe was detected in the Ameri-
can cockroach extract but later not detected after the
application of SPE. Seasonal changes have a pro-
found effect on the free amino acid concentrations of
several insects. Free amino acid concentrations usual-
ly increase during cold weather in response to cold-
acclimation especially Pro [32] which have been re-
ported to serves as reserve energy source and also
flight muscle fuel in a number of insects [33]. This
was in agreement with the period of sample collec-
tion. Others amino acids that increase in concentra-
tions during cold weather are Val, Ile, Glu and Thr
[33]. On the other hand, His showed a reciprocal
trend [34]. During winter, the extremely high concen-
tration of Pro could be linked to Pro biosynthesis
from accumulated Glu, Arg, and His leading to low
concentrations of Glu, Arg, and His [34]. Pro and Thr
concentrations were three times higher after the ap-
plication of SPE as shown in Fig 1 (b) and (c). The
result of this study showed that the concentration of
Pro exceeded those of all other free amino acids in
American cockroach. The levels were 5— 100 folds
higher than other free amino acids. Pro alone repre-
sented 50.64% of the total free amino acid concentra-
tions in American cockroach. The recoveries of the
free amino acids from American cockroach ranged
from Thr 82.9% — Glu and Gly 100%, and RSDs
ranged Lys (1.0 %) — Ile (10.5 %). The method is

T.M Salami et al.

sensitive enough to accurately evaluate the free ami-
no acids in American cockroach. The total free amino
acids obtained from accurately measured 1.0g pow-
dered samples of American cockroach prepared was
614.52 mg/g (Table 3), representing 61.5% of the
total nutrient present in American cockroach. The
free amino acids contents of cockroach species
(Blattedea) ranged from 43.90 to 65.60% depending
on the stage of development (larvae, pupae and
adults), feed given, environment, and sex [2]. The
main components of edible insects are proteins [2],
hence the results of this study agreed with the state-
ment. Comparing the amino acid requirements for
adults published by WHO [35] in mg/g proteins, it is
evident that American cockroach meets the many
essential amino acid requirements for adults while
still possessing larger amounts of non-essential ami-
no acids.

Table 3: Concentration of free amino acids in Amer-
ican cockroach using developed method

Free Concentration (mg/g)

amino acids (n=6)

Mean + SD Maximum Mini-

mum

Asp 5.5+0.08 5.73 5.20
Glu 52.0+0.69 55.96 49.55
Ser 4.64+0.10 542 4.49
Gly 4.10+0.15 4.44 3.83
His 0.43 +0.06 0.57 0.39
Arg 3.40 +0.07 3.68 3.39
Thr 65.92 +1.01 70.71 63.03
Pro 311.2+0.55 330.75 291.52
Tyr 4.48+0.12 4.57 436
Val 9.95+0.26 11.39 8.98
Met 11.26 +0.44 12.88 10.06
lle 4521 +1.00 48.46 42.84
Leu 58.14+1.8 61.25 56.21
Phe ND ND ND
Lys 38.29 £ 0.60 4091 36.98

Total 614.52
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4.0. CONCLUSION

An efficient and sensitive HPLC-DAD method has
been developed that can accurately identify and
quantitate 15 free amino acids. The method selectivi-
ty and recovery were satisfactory; an indication that
matrix interferences from other constituents present
in extracts of American cockroach were minimal.
The effect of seasonal changes revealed high concen-
tration of some free amino acids in American cock-
roach during cold weather. This provides guidance
for future industrial production of amino acids espe-
cially those at higher concentration.
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