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a b s t r a c t 

In this study, ultrasonic assisted cloud point extraction (UA-CPE) method was developed for the deter- 

mination of Cobalt (II) (Co(II)) in spices. After extraction and preconcentration, the Co(II) contents of the 

samples were determined by UV–VIS. After complexing with Ponceau Xylidine (PX) and EDTA in the pres- 

ence of cationic surfactant, CTAB at pH 4.0 with Britton–Robinson (BR) buffer, Co(II) ion was withdrawn 

the surfactant-rich phase of nonionic surfactant, Triton X-114 (TX-114). The concentrated surfactant-rich 

phase containing the analyte was diluted with ethanol to a volume of 1.0 mL and then analyzed by UV–

VIS spectrophotometer. The various analytical parameters affecting the UA-CPE yield were investigated 

and optimized. Analytical data achieved after optimization: limits of detection (LOD) and: limits of quan- 

tification (LOQ) are 0.76 and 2.59 μg L −1 , respectively; The calibration curve is rectilinear for Co(II) with 

changed calibration sensitivity in the range of 1–10 and 10-210 μg L −1 . The precision (as RSD%) is 4.8. 

This optimized method was applied in the analysis of various spice samples. 

© 2023 Elsevier B.V. All rights reserved. 
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. Introduction 

Spices and herbs have always been of great importance in live 

utrition and health sector from time immemorial to the present 

ay. There are documents that these species were used not only 

or food but also for medical purposes in ancient times [1] . Plants, 

hich are the main source of spices and herbs, are affected by 

he composition of the soil, climatic conditions, environmental fac- 

ors and pesticides used. For this reason, toxic residues may be ob- 

erved in the plant due to the above-mentioned factors, which are 

ot normally in the plant’s body [2–9] . 

Trace amounts of metals found in foods by direct addition or 

ontamination may accumulate in the living body over time. This 

ituation may endanger the life of the living in the future. It can 

lso pose a biological and chemical threat when these polluted 

pecies are used directly as food ingredients or for medicinal pur- 

oses. While some of the metal species taken into the living body 

hrough plants are necessary for life in trace amounts, those above 

he determined limit put their life at risk [10] . Cobalt, one of these

etals, has many important roles in living things such as red blood 

ell production and neurological systems, and is also the main 

omponent of vitamin B12 [ 11 , 12 ]. Cobalt, which is important for
∗ Corresponding author. 
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uman life when it is in trace amounts, causes some health prob- 

ems when it is found in large amounts. These problems include 

erious diseases such as asthma, diarrhea, nausea, lung, heart and 

lood disorders [13–15] . Acceptable cobalt concentration in drink- 

ng water as determined by the World Health Organization (WHO) 

hould be less than 1-2 mg L −1 [16] . Cobalt is often found in trace

mounts in environmental and food samples; Therefore, it is nec- 

ssary to develop analytical methods that are accurate, sensitive, 

recise, easy to apply and inexpensive to detect trace amounts of 

obalt. Before starting the trace element analysis, it is of great im- 

ortance to develop a sample preparation process that will affect 

he analysis method such as dissolution, separation and precon- 

entration [17] . Among the methods used for this purpose, sev- 

ral types of microextraction such as cloud point extraction (CPE) 

 18 , 19 ], liquid–liquid extraction (LLE) [20] , dispersive liquid-liquid 

icro extraction (DLLME) [21] , single-drop microextraction (SDME) 

22] , switchable solvent liquid phase microextraction (SS-LPME) 

23] and magnetic solid-phase extraction (MSPE) [24] have been 

ocated. 

According to literature data, cloud point extraction (CPE) meth- 

ds have received intense attention in the field of analytical chem- 

stry because it complies with the “Green Chemistry” principle 

25–30] . CPE has advantages such as simplicity of application, high 

fficiency, use of chemicals with low toxicity, safety, low cost and 

esults in a short time. In CPE technique, surfactant is one of the 

ey reagents. CPE is based on the phase behavior of non-ionic sur- 

https://doi.org/10.1016/j.molstruc.2023.135433
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2023.135433&domain=pdf
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Fig. 1. The dependence of absorption spectra maximum to Co(II) concentration at 

levels of 5.0 and 10 μg L −1 against analyte blank under optimum conditions. 
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actants in aqueous solutions. Non-ionic surfactants undergo phase 

eparation upon increasing the temperature or the addition of a 

alting-out agent [31–33] . Among many surfactants, TX-114 with its 

ow cloud point temperature (30 °C) is often the preferred reagent 

n applications. 

Several instrumental methods used in trace element anal- 

sis have been reported. Many metals determined by flame 

tomic absorption spectrometry (FAAS) [ 34 , 35 ], slotted quartz 

ube flame atomic absorption spectrometry (SQT-FAAS) [36] , ther- 

ospray flame furnace atomic absorption spectrometry (TS-FF- 

AS) [37] , GF- AAS [38] , inductively coupled plasma-optical emis- 

ion spectrometry (ICP-OES) [39] , inductively coupled plasma 

ass spectrometry (ICP-MS) [40] , gas chromatography (GC) [41] , 

lectrothermal atomic absorption spectrometry (ET-AAS) [ 42 , 43 ], 

igh-performance liquid chromatography (HPLC) [ 44 , 45 ], HPLC- 

nductively coupled plasma-mass spectrometry (HPLC - ICP - MS) 

46] and UV–VIS [47] . 

In this study, analysis of trace Co(II) in spices samples by ul- 

rasonic assisted cloud point extraction was carried out using the 

V–VIS spectrophotometric determination method, since it is easy 

o apply, simple, fast, economical and has wide application ranges. 

In the existing study, we describe a validated method for the 

etermination of Co(II) ions in spices samples. The method is based 

n the selective ion-pairing complex formation of Co(II) with PX, 

sing TX-114 in the presence of BR buffer at pH 4.0. A new ion-

airing CPE approach coupled with UV–VIS spectrophotometry at 

35 nm has been reported for speciative analysis of Co species in 

pices samples. 

. Experimental 

.1. Instrumentation 

The analytical signal values were measured through a UV–VIS 

pectrophotometer (Shimadzu 1800, Japan). The pH meter (Jenway 

010 pH meter, Staffordshire, UK) was used to adjust the pH. To ac- 

elerate phase separation, a centrifuge (Hettich Universal-320, UK) 

as employed. A heat-regulated and frequency controlled ultra- 

onic bath (UCS-10 model, Seoul, Korea) was used for CPE. 

.2. Reagents and solutions 

The solutions were prepared using analytically pure reagents 

nd double distilled water. All solutions were prepared daily for 

reshness. Stock solution of Co(II) (250 mg L –1 ) was prepared 

rom cobalt (II) nitrate hexahydrate. The universal Britton-Robinson 

BR) buffer solutions were prepared by mixing H 3 BO 3 , H 3 PO 4 and 

H 3 COOH. A 0.1 mmol L −1 PX solution as chelating agent was pre- 

ared. A 1.0 mmol L −1 CTAB. The solutions (5.0%, v/v) of TX-114 

Sigma) as extractant was prepared with 100 mL of water. To pre- 

are EDTA solution, an adequate amount of Na 2 EDTA 2H 2 O was 

issolved in water to provide 0.02 mol L −1 (Sigma-Aldrich Co., St. 

ois MO, USA). 

.3. Sample preparation 

We evaluated spices supplied by a supermarket in Sivas, Turkey 

or our experiment. The first step was to pre-treat 0.5 g of 

pices samples by (mixture 4.0 mol L −1 HNO 3 , 4.0 mol L −1 HCl, 

.5 mol L −1 H 2 O 2 , 3:2:1, v/v) for destruction of matrix [ 4 8 , 4 9 ].

ubsequently, the sample and other reagents were then vigorously 

ixed by vortexing at 1200 rpm for 15 s. This mixture was widely 

onicated for 15 min in an ultrasonic bath at 55 °C. By centrifug- 

ng for 15 min at 30 0 0 rpm, the extracted aqueous phase and solid

hase were separated. Water was added to the 5 mL mixture to di- 

ute it to 50 mL [50] . The process was then repeated to determine
2 
o(II) amount by using 3 mL of the spices samples under predeter- 

ined optimal conditions. 

.4. Procedure for UA-CPE 

In the study, an appropriate volume (3.0 mL) of sample solu- 

ion and a Co(II) standard solution in a linear range of 1–10 μg 

 

−1 , 0.4 mmol L −1 of BR buffer solution at pH 4.0, 7.0 μmol L −1 

f PX, 0.05 mmol L −1 CTAB, 0.25% (v/v) TX-114 and 1.0 mmol L −1 

DTA were consecutively poured to a test tube. After, the solu- 

ion volume was made up to 50 mL using distilled water. There- 

fter, the obtained solution was sonicatedin an ultrasonic bath at 

0 °C for 7 min. The final solution, which has the aqueous phase 

nd the surfactant rich phase, was centrifuged at 30 0 0 rpm for 

 min to perform phase separation. Following centrifugation, it was 

ept in an ice bath for 15 min for easy phase separation and the 

hase mixture was separated. 2.0 mL of ethanol was mixed to re- 

uce the viscosity of the surfactant rich phase, which was taken 

nto another tube. All the experimental procedures described above 

ere applied to the blank solution. Finally, the amount of Co(II) in 

ll pretreated and extracted spices samples was determined spec- 

rophotometrically at 335 nm. The absorbance change of sample 

piked with two concentration levels against sample blank under 

ptimized reagents can clearly be seen in Fig. 1 , in terms of linear

elationship of absorbance with increasing Co(II) concentration at 

eak maximum at 335 nm. 

. Results and discussion 

.1. Effects of pH and buffer concentration 

During extraction in the UA-CPE, the amount of complexation of 

etal ions and the extraction yield are mostly connected to the pH 

f the solution [25] . Generally, in the extraction step, it is aimed to 

orm both a binary complex and a hydrophobic ternary complex 

ased on proton and charge transfer. To this end the effect of pH 

n the range of 2–8 on extraction yield was researched. From the 

btained results in Fig. 2 (a), it was observed that the extraction ef- 

ciency was the best at pH 4. It is thought that there is a decrease

n analytical signal due to metal hydroxide formation at high pH. 

dditionally, the influence of buffer solution amount of 0.04 mol 

 

−1 on absorbance value at pH 4.0 was analyzed in range of 0.1–

.0 mL in Fig. 2 (b) and a buffer volume of 0.5 mL was determined

o be sufficient for highest sensitivity. At volumes below or above 

.5 mL, absorbance value more and more was declined. 
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Fig. 2. The effect of (a) pH and (b) 0.04 mol L −1 pH 4.0 BR buffer volume to analytical signal. 

Fig. 3. The effect of (a) 0.1 mmol L −1 PX volume and (b) 1.0 mmol L −1 CTAB volume to analytical signal. 
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.2. Effect of Ponceau xylidine concentrations 

PX, with the chemical name 1-(2,4-xylyazo) −2- naphtol-3,6- 

isulphonic acid disodium salt, a textile azo-group indicator dye 

s known as Acid Red 26, Ponceau 2 R and Xylidine ponceau 2R. It 

s a o–hydroxy azo dye with the ability to act as chelating ligand 

ith the tendency to make complexes with ‘’hard’’ metals such as 

o(II) and Co(III). The effect of 1.0 × 10 −4 mol L −1 of dye in the

ange of 1.0–4.0 mL in Fig. 3 (a), on extraction yield was studied. In

ange of 1.0–3.5 mL, absorbance value distinctly increased with in- 

reasing PX amount. At volumes greater than 3.5 mL the analytical 

ignal is reduced as excess of the ligand dissolves the hydrophobic 

etal-chelates. Therefore, a volume of dye 3.5 mL was determined 

s optimal for next all process. 

.3. Effect of amount of CTAB 

To examine efficiency of the amount of cationic surfactant, 

TAB, on the extraction yield, the ranges of CTAB 0.5–4.0 mL was 

nvestigated. For demonstrate of the enhancing effect of CTAB for 

etermination of analytes, the definition of the Co–PX–CTAB is 

iven in Fig. 3 (b). The studies made clearly show that, absorbance 

alue distinctly increased with increasing CTAB volume. Another 

mportant role of CTAB is to act as an anti-sticking agent. Based 
3 
n these results, a volume of 2.5 mL was determined as optimum 

ext all process. 

.4. Effect of amount of TX-114 

The influence of the amount of TX-114 on extraction yield was 

ested in the concentration range of 0.05–0.5% in Fig. 4 (a). In range 

f 0.5–2.5 mL, absorbance value increased with increasing TX-114 

ol. According to the data obtained, when more of TX-114 is added, 

nalytical signal gradually was decreased. Based on these results, 

he volume value of 2.5 mL was taken as optimum volume for fur- 

her experiments. 

.5. Effect of EDTA concentration 

In this proposed method, EDTA was used to form cobalt chelate. 

ince the maximum analytical signal was observed at 2.5 mL 

n Fig. 4 (b), increased distinctly with increasing EDTA amount 

n 0.08–1.0 mmol L −1 , and decreased in concentrations above 

.0 mmol L −1 . 

.6. Effects of equilibrium temperature and incubation time 

The cloud point of the 5% (v/v) TX-114 aqueous solution was 

bserved to increase significantly (50 °C) in existence of a little 
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Fig. 4. The effect of (a) 5.0% (v/v) Triton X-114 vol and (b) EDTA volume to analytical signal. 

Fig. 5. The effect of (a) Incubation time, min (b) Incubation temperature, °C. 
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Table 1 

The analytical figures of merit. 

Analytical parameters Co(II) at 335 nm 

Linear working range, μg L −1 (n: 10) 1–10 

Intercept, b 0.0856 

Slope, m 0.0048 

Regression coefficient, R 2 0,993 

Limit of detection, LOD μg L −1 0.76 

Limit of quantification, LOQ, μg L −1 2.59 

RSD% (5, 25 and 100 μg L −1 , n: 5) 4.80 

m

w

3

i

g

i

t

a

1

t

mount of ionic surfactant (CTAB). Through observing the occur- 

ence of cloud point phenomenon in different temperatures. As a 

esult of the optimization experiments carried out, it was observed 

hat an equilibration temperature of 50 °C and a time of 7 min for 

o(II), was sufficient for efficient extraction. The obtained results 

ere shown in Fig. 5 (a, b). 

A centrifuge device was used to increase the efficiency of ultra- 

ound assisted extraction and facilitate phase separation. After this 

rocess, the initially cloudy solution became transparent. Looking 

t the obtained results, the best condition for phase separation was 

btained at 30 0 0 rpm for 5 min. The obtained results were shown

n Fig. 6 (a, b). 

.7. Effect of diluent type 

Because of the small volume of obtained organic phase af- 

er extraction, it must be diluted prior to UV–VIS measurement. 

he traditional dispersive solvents as methanol, ethanol, acetone, 

cetonitrile, tetrahydrofuran (THF) were researched and compared. 

thanol was optimal diluent for the quantitative recovery of Co(II). 

he obtained results were shown in Fig. 7 . There is an optimal vol-

me (diluted to 1.0 mL with ethanol) for the quantitative recov- 

ry of Co(II). The smaller volumes of ethanol were not tested be- 

ause in this case it was not possible to quantitatively transfer the 

urfactant-rich phase from test tubes to the graduated tubes and 
4 
easuring the absorbance. Larger volumes of the diluted solution 

ith ethanol lead to a gradual decrease in absorbance. 

.8. Analytical figures of merit 

The analytical characteristic values obtained after determin- 

ng the optimal extraction conditions of the proposed UA-CPE are 

iven in Table 1 . The correlation coefficient (R 

2 ) is 0.993, which 

ndicates that the calibration curve is close to linearity. It was de- 

ermined that the factor sensitivity of Co(II) increased after UA-CPE 

pplication. The LOD and LOQ was calculated as 3 × S blank /m and 

0 × S blank /m, respectively, where S blank was the standard devia- 

ion of ten replicate measurements of blank samples and m was 
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Fig. 6. The effect of (a) centrifugation time, min (b) centrifugation rate, rpm. 

Table 2 

The intra-day and inter-day accuracy and precision studies for the measurements of Co(II) in two quality control samples 

spiked with 5 and 10 μg L −1 . 

Repeatability, n: 5 in same day Reproducibility, n: 5 in three succeed days 

Samples 

Spiking level, 

μg L −1 Found, μg L −1 RSDr% Recovery% Found, μg L −1 RSDr% Recovery% 

Black pepper – 0.258 ± 0.013 5.0 – 0.254 ± 0.013 5.11 –

5 4.77 ± 0.2 4.20 90.2 4.80 ± 0.2 4.21 90.0 

10 10.06 ± 0.4 3.97 98.0 10.10 ± 0.4 4.00 97.5 

Green tea – 0.217 ± 0.01 4.60 – 0.220 ± 0.01 4.67 –

5 4.89 ± 0.2 4.09 93.5 4.90 ± 0.2 4.10 93.12 

10 10.09 ± 0.3 2.97 98.7 10.05 ± 0.3 2.98 98.3 

∗All values represent a mean plus standard deviation for five replicate measurements for Co(II). 
∗∗The recovery was calculated by determining the Co(II) amount ( μg L −1 ) in a pre-treated sample and in another one to which 

a known amount of Co(II) was added ( μg L −1 ). The difference between these two quantities represents the recovered Co(II). 

The ratio between recovered Co(II) to the added one gives the recovery degree. 

Fig. 7. The effect of diluent type to analytical sensitivity. 
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he slope of the linear sections of the calibration curves. The LOD 

nd LOQ were obtained 0.76 and 2.59 μg L −1 respectively. Preci- 

ion of the analytical method were determined as 4.80% by repeat- 

ng the method five times. According to ATSDR, the minimal risk 

evel for Hazardous Co through oral route and has acute effect is 

.01 mg kg −1 day −1 [51] . The values of metal concentrations were 

ompared with the maximum permissible concentration of 0.2 mg 

g −1 for Co as recommended by Codex Alimentarius Commission 

nd Turkish Food Codex [ 52 , 53 ]. The accuracy of the method was

ested by the intra-day/inter-day accuracy and preci-sion studies 
5

ased on the measurements of Co(II) in two quality control sam- 

les with and without spiking at levels of 5 and 10 μg L −1 , due

o the lack of a certified sample compatible with the sample ma- 

rix. The results are given in Table 2 . When considered analysis 

f the quality control sample containing Co(II) around detection 

imit, the accuracy was good with a recovery ranging from 93.1% 

o 98.7%. This result seems to be acceptable for quantitative anal- 

sis of Co(II) at trace levels. The precision (as RSD%) was ranging 

rom 2.97% to 4.67% for replicate measurement of 5 and 10 μg L −1 

o(II) (n: 5 and 3 × 5 in the same day and three consecutive days, 

espectively). The Co levels from Tokalıo ̆glu were reported in one 

rand of red pepper (powdered) (1.44 μg g −1 ) followed by one 

rand of red pepper (flakes) (1.19 μg g −1 ), and in blackcurrant 

0.01 μg g −1 ), respectively [54] . Co concentrations in basil, pep- 

ermint, cumin, and black pepper samples were not detected by 

bou-Arab and Donia from Egypt [55] . The Co levels from India 

ere reported to be 0.84 μg g −1 in nigella seeds, 0.48 μg g −1 in

umin samples, 0.21 μg g −1 in black pepper, and 4.12 μg g −1 in 

enugreek [56] . It has been determined that the proposed analyti- 

al process can be used for the determination of Co(II) quickly and 

imply, with low cost and by reducing the use of chemicals. 

.9. The matrix effect 

In the UA-CPE process, the presence of other metal ions other 

han the analyte will pose a threat to Co(II) forming a complex 

ith PX and EDTA. The complexation efficiency of Co(II) decreases 

hen matrix species attempt to complex formation of Co(II). A 

riplicate measurement of 100 μg L −1 of all possible ions was in- 

estigated to evaluate the selectivity and possible inhibitory ef- 
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Table 3 

The effect of the possible matrix components on the determination of Co(II) at level of 

100 μg L −1 (n: 3). 

Coexisting ions 

Tolerance limit, [Interfering 

species]/[Co(II)] Mean recovery% 

Na + 100 103.0 

NO 2 
− 100 102.0 

F − 25 97.8 

Cl − 100 95.0 

NH 4 
+ 50 94.5 

Fe 3 + 75 101.0 

Cd 2 + 100 102.0 

SO 4 
2 −

, 100 103.0 

Cr 3 + 25 100.0 

Table 4 

The analysis results of Co(II)) in spices samples by UA-CPE method (n: 5). 

Determination of Co(II) in Spices Samples 

Co(II), μg/L Co(II), μg/kg 

Added Found RSD% Recovery% 

Red pepper 1 0 8.82 ±0.13 1.47 –

2.5 150 ±1.87 1.20 94.12 

5 300 ±2.43 0.9 97.1 

10 600 ±3.78 0.63 98.5 

Cocoa 0 12 ±0.40 3.30 –

2.5 147.6 ± 1.52 1.1 90.4 

5 300 ±2.84 0.94 96.0 

10 595.8 ± 3.63 0.61 97.3 

Chicken spice 0 3.84 ±0.10 2.6 –

2.5 130.2 ± 1.43 1.1 84.2 

5 330.6 ± 2.50 0.7 108.0 

10 592.2 ± 3.32 0.5 98.1 

Red pepper 2 0 9.72 ±0.30 3.0 –

2.5 131.4 ± 1.40 1.10 81.1 

5 326.4 ± 2.52 0.7 105.0 

10 589.8 ± 3.24 0.5 96.7 

Turmeric 0 9.00 ±0.33 3.66 –

2.5 153 ±1.87 1.2 96.0 

5 293.4 ± 2.24 0.77 94.8 

10 600 ±3.21 0.55 98.5 

Red powdered pepper 0 13.80 ±0.24 1.70 –

2.5 150 ±1.18 0.79 90.8 

5 300 ±2.12 0.71 95.4 

10 600 ±3.14 0.52 97.7 

Black pepper 0 15.48 ±0.27 1.74 –

2.5 158.4 ± 1.84 1.16 95.3 

5 286.2 ± 2.75 0.96 90.2 

10 603.6 ± 3.78 0.62 98.0 

Thyme 0 9.42 ±0.18 1.91 –

2.5 145.2 ± 1.47 1.01 90.5 

5 309 ±2.35 0.76 99.9 

10 600 ±3.55 0.59 98.4 

Green tea 0 36.6 ± 0.74 2.10 –

2.5 172.8 ± 1,11 0.64 98.9 

5 298.2 ± 2.74 1.03 93.5 

10 610.8 ± 3.12 0.51 98.7 

f

a

±
i  

i

e

w

3

t

t

p

t

s

1

A

c

3

t

e

s

m

a

ects of the matrix components. The tolerance level was defined 

s the maximum amount of foreign species producing an error of 

10.0% in Co(II) determination. The obtained results were shown 

n Table 3 . It does not show a serious interference effect of foreign

ons other than the analyte in the sample matrix since the recov- 

ry is quantitative in range of 94.5–103.0%. No serious interference 

as observed at the tolerable concentration level. 

.10. Analysis of real samples 

After verification of the accuracy and precision of the method, 

he applicability of the method was investigated for determina- 

ion of Co(II) in spices samples by Spectrophotometry. The sam- 

le was spiked Co(II) at three concentration levels. According to 
6 
he results contained in Table 4 , the recoveries of Co(II) for spiked 

amples in spices samples were in the range of 81.1–98.9%, 90.2–

08.0% and 96.7– 98.7%, respectively. Consequently, the Ultrasonic 

ssisted Cloud Point Extraction with Spectrophotometric method 

an be successfully applied for the preconcentration 

.11. Comparison with literature studies 

Table 5 shows the comparison of the experimental results ob- 

ained as a result of the application of the proposed study for the 

xtraction and determination of Co(II) to real samples with other 

tudies in the literatüre. Looking at other studies, it is seen that 

ore comprehensive devices and chemicals with higher toxicity 

re used. In addition, it can be suggested that the recommended 
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Table 5 

Comparison of UA-CPE/spectrophotometry with other preconcentration methods for determination of trace cobalt (Co(II)) in different sample matrices. 

Sample matrix Preconcentration method Detection tool Linear dynamic range LOD RSD% Refs. 

Spices MSPE a FAAS 10.8 μg L −1 1.6 μg L −1 6.0 [24] 

Medicinal plants DES-RS-CPE b Spectrophotometry 100 μg L −1 0.08 μg L −1 1,90 [25] 

Saline Samples ISFME c AAS 0.2 and 1000.0 ng mL −1 0.06 ng mL −1 1.8 [57] 

Water samples DLLME d FAAS 3.0–200.0 ng mL −1 0.44 ng mL −1 2,3 [58] 

Water and food samples DLLME Spectrophotometry 2.0–20.0 ng mL −1 0.65 ng mL −1 0.4032 [59] 

River and lake water IL-UADLLME e Chromatography 0.5–100.0 μg L −1 0.03 μg L −1 5.0 [60] 

Water and fruit juice samples DLLME FAAS 0.50–50 μg L −1 0.22 μg L −1 3.4 [61] 

Spices UA-CPE Spectrophotometry 1–10 and 10-210 μg L −1 0.76 μg L −1 4.80 The present study 

a Magnetic solid phase extraction. 
b Green deep eutectic solvent - rapidly synergistic cloud point extraction. 
c Ionic liquids, solvent formation microextraction. 
d Dispersive liquid–liquid microextraction. 
e Ionic liquid ultrasound-assisted dispersive liquid–liquid microextraction. 

m

C

r

l

4

s

b

w

a

c

s

m

T

t

s

i

i  

a

T

s

e

l

c

D

c

i

C

o

c

o

A

L

R

 

 

[  
ethod can be reliably used for to determine of trace amounts of 

o(II) with high sensitivity, from the results such as the working 

ange and either a lower or comparable LOD values at the μg L −1 

evel. 

. Conclusions 

In this experimental research, a novel enrichment process was 

uggested for the detection of trace level of Co(II) in spice species 

y ultrasound assisted UV–VIS. The proposed process is associated 

ith complexation of Co(II) ions with PX and EDTA at pH 4.0 and 

fterwards extraction of the created metal chelates into the mi- 

ellar phase of TX-114 in existence of CTAB. In this study, UV–VIS 

pectrophotometer device was used for analytical signal measure- 

ent and extraction could be completed by using less reagents. 

he proposed method in this work has low LOD and LOQ sensi- 

ivity. A detection limit of 3.84 μg kg −1 obtained for the spiked 

ample matrix was much lower than the legal limit allowed for Co 

n products (0.2 mg kg −1 ), where the Co(II) levels of samples are 

n range of 3.84–36.6 μg kg −1 . As a result, a low limit of detection

nd good intra-day/inter-day precisions (low RSD%) were obtained. 

he method was also applied to the analysis of real samples with 

atisfactory results. Moreover, the proposed process has many ben- 

fits such as easy processing, cost-effective, good yield and harm- 

ess to the environment and reliable determination of Co(II) that 

an be easily implemented to spice types. 
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[13] Z. Tekin, S. Erarpat, A. Ş ahin, D.S. Chormey, S. Bakırdere, Determination of vita- 
min B12 and cobalt in egg yolk using vortex assisted switchable solvent based 

liquid phase microextraction prior to slotted quartz tube flame atomic absorp- 
tion spectrometry, Food Chem. 286 (2019) 500–505, doi: 10.1016/j.foodchem. 

2019.02.036 . 

[14] H.A. Mckenzie, L.E. Smythe, in: Quantitative Trace Analysis of Biological Ma- 
terials, Elsevier Science Publishers B.V. (Biomedical Division), Amsterdam, The 

Netherlands/ New York, NY, USA, 1988, pp. 451–462 . 
[15] H.D. Belitz, W. Grosch, in: Chapter 3. Lipids. Food Chemistry, Springer-Verlag, 

Berlin, 1987, pp. 128–200 . 
[16] J.H. Kim, H.J. Gibb, P.D. Howe, Cobalt and Inorganic Cobalt Compounds. Chem- 

ical Safety Team and International Programme on Chemical Safety, World 

Health Organization, Geneva, Switzerland, 2006 . 
[17] H. Matusiewicz, Sample preparation for inorganic trace element analysis, Phys. 

Sci. Rev. 2 (2017) 20178001, doi: 10.1515/psr- 2017- 8001 . 
[18] M.R. Jamali, M. Gholinezhad, S. Balarostaghi, R. Rahnama, S.H.A. Rahimi, Devel- 

opment of a cloud-point extraction method for cobalt determination in natural 
water samples, J. Chem. (2013) 1–7, doi: 10.1155/2013/615175 . 

[19] N. Baghban, A.M.H. Shabani, S. Dadfarnia, A.A. Jafari, Flame atomic absorption 

spectrometric determination of trace amounts of cobalt after cloud point ex- 
traction as 2-[(2-mercaptophenylimino)methyl] phenol complex, J. Braz. Chem. 

Soc. 20 (2009) 832–838, doi: 10.1590/S0103-50532009000500005 . 
20] A . Łukomska, A . Wi ́sniewska, Z. D ̨abrowski, U. Doma ́nska, Liquid-liquid ex-

traction of cobalt (II) and zinc (II) from aqueous solutions using novel ionic 

https://doi.org/10.1080/14786419.2017.1402317
https://doi.org/10.1016/j.ijfoodmicro.2009.01.015
http://refhub.elsevier.com/S0022-2860(23)00530-6/sbref0003
https://doi.org/10.1080/19393210.2016.1175516
https://doi.org/10.1016/j.ecoenv.2017.10.015
https://doi.org/10.3389/fphys.2017.01011
https://doi.org/10.3390/foods11040548
https://apps.who.int/iris/handle/10665/43510
https://doi.org/10.1016/j.chemosphere.2017.06.072
https://doi.org/10.1080/10739149.2021.2002891
https://doi.org/10.1016/j.saa.2017.12.015
https://doi.org/10.1177/0960327111414280
https://doi.org/10.1016/j.foodchem. ignorespaces 2019.02.036
http://refhub.elsevier.com/S0022-2860(23)00530-6/sbref0014
http://refhub.elsevier.com/S0022-2860(23)00530-6/sbref0015
http://refhub.elsevier.com/S0022-2860(23)00530-6/sbref0016
https://doi.org/10.1515/psr-2017-8001
https://doi.org/10.1155/2013/615175
https://doi.org/10.1590/S0103-50532009000500005


N.K. Temel and M. Çöpür Journal of Molecular Structure 1284 (2023) 135433 

[

[

[

[  

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[  

 

[

[

[

[

[

[

liquids as an extractants, J. Mol. Liq. 307 (2020) 112955, doi: 10.1016/j.molliq. 
2020.112955 . 

[21] A. Shishov, P. Terno, L. Moskvin, A. Bulatov, In-syringe dispersive liquid-liquid 
microextraction using deep eutectic solvent as disperser: determination of 

chromium ( Ⅵ ) in beverages, Talanta 206 (2020) 120209, doi: 10.1016/j.talanta. 
2019.120209 . 

22] M. Amjadi, J.L. Manzoori, J. Abulhassani, Ionic liquid-based, single-drop mi- 
croextraction for preconcentration of cobalt before its determination by elec- 

trothermal atomic absorption spectrometry, J. AOAC Int. 93 (2010) 985–991, 

doi: 10.1093/jaoac/93.3.985 . 
23] Z.M. Memon, E. Yilmaz, M. Soylak, Switchable solvent based green liquid phase 

microextraction method for cobalt in tobacco and food samples prior to flame 
atomic absorption spectrometric determination, J. Mol. Liq. 229 (2017) 459–

464, doi: 10.1016/j.molliq.2016.12.098 . 
24] S.G. Elci, Determination of cobalt in food by magnetic solid-phase extrac- 

tion (MSPE) preconcentration by polyaniline (PANI) and polythiophene (PTH) 

coated magnetic nanoparticles (MNPs) and microsample injection system –
flame atomic absorption spectrometry (MIS-FAAS), Instrum. Sci. Technol. 49 

(2021) 258–275, doi: 10.1080/10739149.2020.1818577 . 
25] T. Xia, X. Yang, D. He, X. Liu, H. Chi, Y. Liu, S. Yang, X. Wen, Determination

of cobalt in P. polyphylla var . yunnanensis and S. yunnanensis by micro UV–VIS 
spectrophotometry after deep eutectic solvent-based rapidly synergistic cloud 

point extraction, Microchem. J. 179 (2022) 107632, doi: 10.1016/j.microc.2022. 

107632 . 
26] P. Samaddar, K. Sen, Cloud point extraction: a sustainable method of elemen- 

tal preconcentration and speciation, J. Ind. Eng. Chem. 20 (2014) 1209–1219, 
doi: 10.1016/j.jiec.2013.10.033 . 

27] K. Pytlakowska, V. Kozik, M. Dabioch, Complex-forming organic ligands in 
cloud-point extraction of metal ions: a review, Talanta 110 (2013) 202–228, 

doi: 10.1016/j.talanta.2013.02.037 . 

28] M.F. Silva, E.S. Cerutti, L.D. Martinez, Coupling cloud point extraction to in- 
strumental detection systems for metal analysis, Microchim. Acta 155 (2006) 

349–364, doi: 10.10 07/s0 0604-0 06- 0511- 3 . 
29] C.B. Ojeda, F.S. Rojas, Separation and preconcentration by a cloud point extrac- 

tion procedure for determination of metals: an overview, Anal. Bioanal. Chem. 
394 (2009) 759–782, doi: 10.1007/s00216- 009- 2660- 9 . 

30] I. Mortada, Recent developments and applications of cloud point extraction: 

a critical review, Microchem. J. 157 (2020) 105055, doi: 10.1016/j.microc.2020. 
105055 . 

[31] X. Wen, L. Ye, Q. Deng, L. Peng, Investigation of analytical performance for 
rapidly synergistic cloud point extraction of trace amounts of copper combined 

with spectrophotometric determination, Spectrochim. Acta Part A 83 (2011) 
259–264, doi: 10.1016/j.saa.2011.08.028 . 

32] M.R. Jamali, M. Gholinezhad, S. Balarostaghi, R. Rahnama, S.H.A. Rahimi, Devel- 

opment of a cloud-point extraction method for cobalt determination in natural 
water samples, J. Chem. 7 (2013), doi: 10.1155/2013/615175 . 

33] A .A . Gouda, A .M. Summan, A .H. Amin, Development of cloud-point extraction 
method for preconcentration of trace quantities of cobalt and nickel in water 

and food samples, RSC Adv. 6 (96) (2016) 94048–94057 . 
34] A.S. Yazdi, Surfactant-based extraction methods, Trends Anal. Chem. 30 (2011) 

918–929, doi: 10.1016/j.trac.2011.02.010 . 
35] J.L. Manzoori, G. Karim-Nezhad, Development of a cloud point extraction and 

preconcentration method for Cd and Ni prior to flame atomic absorption spec- 

trometric determination, Anal. Chim. Acta 521 (2004) 173–177, doi: 10.1016/j. 
aca.2004.06.049 . 

36] Z. Tekin, T. Unutkan, F. Erulas, E.G. Bakırdere, S. Bakırdere, A green, accu- 
rate and sensitive analytical method based on vortex assisted deep eutectic 

solvent-liquid phase microextraction for the determination of cobalt by slot- 
ted quartz tube flame atomic absorption spectrometry, Food Chem. 310 (2020) 

125825, doi: 10.1016/j.foodchem.2019.125825 . 

37] G.L. Donati, C.C. Nascentes, A .R.A . Nogueira, Acid extraction and cloud point 
preconcentration as sample preparation strategies for cobalt determination in 

biological materials by thermospray flame furnace atomic absorption spec- 
trometry, Microchem. J. 82 (2006) 189–195, doi: 10.1016/j.microc.2006.01.006 . 

38] J.B.P. Junior, K.G.F. Dantas, Evaluation of inorganic elements in cat’s claw teas 
using ICP OES and GF AAS, Food Chem. 196 (2016) 331–337, doi: 10.1016/j. 

foodchem.2015.09.057 . 

39] F. Jiao, H.W. Gao, On-site solid-phase extraction and application to in situ pre- 
concentration of heavy metals in surface water, Environ. Monit. Assess. 185 

(2013) 39–44, doi: 10.1007/s10661- 012- 2531- 2 . 
40] J. L ́opez-Mayan, M.C. Barciela-Alonso, M.R. Domínguez-Gonz ́alez, E. Pe ̃na- 

V ́azquez, P. Bermejo-Barrera, Cloud point extraction and ICP-MS for titanium 

speciation in water samples, Microchem. J. 152 (2020) 104264, doi: 10.1016/j. 

microc.2019.104264 . 
8

[41] T.I. Sikalos, E.K. Paleologos, Cloud point extraction coupled with microwave 
or ultrasonic assisted back extraction as a preconcentration step prior to gas 

chromatography, Anal. Chem. 77 (2005) 2544–2549, doi: 10.1021/ac048267u . 
42] A.C. Valdivia, M.M.L. Guerrero, E.I.V. Alonso, J.M.C. Pavón, A. García de Torres, 

Determination of As, Sb, and Hg in water samples by flow injection coupled 
HR CS ET-AAS with an in situ hydride generator, Microchem. J. 138 (2018) 109–

115, doi: 10.1016/j.microc.2018.01.007 . 
43] G. Carrone, E. Morzan, M. Tudino, R. Etcheniqu, Determination of cadmium in 

commercial tobacco by ET-AAS, J. Anal. At. Spectrom. 33 (2018) 1970–1973, 

doi: 10.1039/C8JA00195B . 
44] J. Lopez-Darias, V. Pino, J.H. Ayala, V. Gonzalez, A.M. Afonso, Micelle-mediated 

extractions using nonionic surfactant mixtures and HPLC-UV to determine 
endocrine-disrupting phenols in seawaters, Anal. Bioanal. Chem. 391 (2008) 

735–744, doi: 10.10 07/s0 0216-0 08-1944-9 . 
45] J. Zhou, S.W. Wang, X.L. Sun, Determination of osthole in rat plasma by high- 

performance liquid chromatograph using cloud-point extraction, Anal. Chim. 

Acta 608 (2008) 158–164 Anal. Chim. Acta 608 (2008) 158–164, doi: 10.1016/j. 
aca.2007.12.029 . 

46] W. Maher, M. Ellwood, S. Foster, G. Raber, Overview of hyphenated tech- 
niques using an ICP-MS detector with an emphasis on extraction techniques 

for measurement of metalloids by HPLC–ICPMS, Microchem. J. 105 (2012) 15–
31, doi: 10.1016/j.microc.2012.03.017 . 

[47] B.N. Kumar, S. Kanchi, M.I. Sabela, K. Bisetty, N.V.V. Jyothi, Spectrophotometric 

determination of nickel (II) in waters and soils: novel chelating agents and 
their biological applications supported by DFT method (UV-VIS), Karbala Int. J. 

Mod. Sci. 2 (2016) 239–250, doi: 10.1016/j.kijoms.2016.08.003 . 
48] R. Gurkan, U. Kır, N. Altunay, Development of a simple, sensitive and inexpen- 

sive ion-pairing cloud point extraction approach for the determination of trace 
inorganic arsenic species in spring water, beverage and rice samples by UV–

VIS spectrophotometry, Food Chem. 180 (2015) 32–34, doi: 10.1016/j.foodchem. 

2015.01.142 . 
49] N. Altunay, A. Elik, R. Gurkan, Vortex assisted-ionic liquid based dispersive liq- 

uid liquid microextraction of low levels of nickel and cobalt in chocolate-based 
samples and their determination by FAAS, Microchem. J. 147 (2019) 277–285, 

doi: 10.1016/j.microc.2019.03.037 . 
50] N. Kartal Temel, K. Sertakan, R. Gürkan, Preconcentration and determination 

of trace nickel and cobalt in milk-based samples by ultrasound-assisted cloud 

point extraction coupled with flame atomic absorption spectrometry, Biol. 
Trace Elem. Res. 186 (2018) 597–607, doi: 10.1007/s12011-018-1337-7 . 

[51] ATSDR. 2001. Agency for toxic substances and disease registry. From web of 
http://www.atsdr.cdc.gov/mrls.html . 

52] FAO/WHO. 1984. Joint FAO/WHO food standers program, Codex Alimentarius 
Commission Contamination. CAC/Vol. XV11.FAO, Roma and WHO, Geneva. 

53] Anonymous. 2002. Regulation of setting maximum levels for certain contami- 

nants in foodstuffs. OfficialGazette, Issue 24908, 16 October. 
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