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Abstract An aqueous two-phase flotation (ATPF) based

on short-chain alcohol and salt was a preconcentration,

separation and analysis method of chloramphenicol (CAP)

coupled with high-performance liquid chromatography

with ultraviolet–visible detector. The influences of salt

concentration, flotation time, flow rate and the volume of n-

propanol on the flotation efficiency of CAP were discussed.

Response surface methodology was employed to optimize

the experimental conditions. Under the optimal conditions,

this method has been applied to quantitative determination

of CAP in food with detection limit of 0.12 ng g-1 and

quantification limit of 0.4 ng g-1 and the recoveries were

in the range of 91.53–103.95 %. This ATPF used low cost

of organic solvents, had high concentration coefficient and

supplied a moderate and biocompatible environment,

which is suitable for biomolecules.

Keywords HPLC � Aqueous two-phase flotation �
Chloramphenicol � Food

Introduction

As an environmentally friendly and economically viable

pretreatment technique, aqueous two-phase systems (AT-

PSs) have been widely applied for separation and

purification of proteins [1], antibiotics [2], metal ions [3]

and other biomolecules [4, 5]. Our laboratory is interested

in aqueous two-phase extraction (ATPE) [6–8], an efficient

separation technique with advantages of high extraction

efficiency, no use of toxic solvents and biocompatible

environment containing abundant of water. Solvent subla-

tion (SS) is a type of adsorptive bubble separation tech-

nique. The target molecules in water are adsorbed on the

bubble surfaces of an ascending gas stream and then col-

lected in an organic layer placed on the top of the water

column [9]. Recently, a new preconcentration and separa-

tion technique that combined SS with ATPE was estab-

lished to determine antibiotics, which was defined as

aqueous two-phase flotation (ATPF) with a higher con-

centration coefficient and reduced consumption of organic

solvents. In our previous report [10, 11], the concentration

and separation of antibiotics were used ionic liquid/salt

ATPF systems. Ionic liquids (ILs) are ‘‘green solvent,’’ but

they are still of high cost and hard to recover the ILs. In

recent years, alcohol/salt ATPS has attracted much atten-

tion in several fields [12, 13], due to the alcohol is low

price and can be recycled by distillation. There is no report

on separation and extraction of antibiotics with alcohol/salt

ATPF.

CAP first isolated from the bacterium Streptomyces

venezuelae is active against vast Gram-positive and Gram-

negative bacteria [14] in both humans and animals [15];

however, it is often associated with harmful side effects in

human, such as bone marrow depression and fatal aplastic

anemia [16]. CAP is still widely used in animal farming due

to its easy access and low cost, although it is prohibited from

application to food production in the EU [17]; the methods

for the determination of CAP include microbial assay [18],

enzyme-linked immunosorbent assay (ELISA) [19, 20],

fluorometric screening method [21] and chromatographic
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methods [22, 23]. However, these methods are high cost,

short of the necessary sensitivity or time-consuming. Fur-

thermore, because of the complexity and low concentration

of CAP residues in food, the sample requires pretreatment

technique before CAP analysis. The pretreatment methods

mainly are solid-phase extraction (SPE) [24] and liquid–

liquid extraction (LLE) [25] at present. However, SPE

requires a solvent desorption step, which is time-consuming

and complicated; both methods need toxic and volatile

organic solvents. Therefore, it is necessary to develop a

simple, rapid and sensitive method for sample pretreatment

and CAP analysis.

The one-variable-at-a-time [26], an optimization

technique, is while only one parameter is changed,

others are kept constant. This technique does not rep-

resent the whole effects of the parameters on the

response because it does not include the interactions

among the variables studied. In order to overcome this

problem, the optimization of experiment has been car-

ried out using response surface methodology (RSM),

which is a multivariate statistic technique. The RSM has

advantages of giving abundance of messages from a

small amount of experiments and understanding the

connection between the independent variables and the

response. The objective was to simultaneously optimize

the levels of these variables to achieve the best system

performance. Among RSM designs, the most popular

experimental designs are Box-Behnken design, central

composite design, three-level factorial and Plackett-

Burman design. Box-Behnken design (BBD) [27, 28]

has been widely applied in analytical chemistry [29].

The combinations of factors of BBD are not simulta-

neously at their highest or lowest levels that experi-

ments performed under extreme conditions, which

unsatisfactory results may occur can avoid.

In this paper, the factors of concentration of K2HPO4,

flotation time, flow rate and volume of n-propanol influ-

encing the flotation efficiency of CAP in ATPF were

investigated. On the basis of single-factor experiment, the

BBD method was used to optimize the main factors

influencing flotation efficiency. Under the optimal condi-

tions, this ATPF coupled with HPLC was successfully

applied to the separation and determination of trace CAP in

food.

Experimental

Chemicals

The standard sample of CAP was bought from the Chinese

National Institute for the Control of Pharmaceutical and

Biological Products (Beijing, China). The alcohols and salt

of analytical grade and methanol of HPLC grade were

supplied by Sinopharm Chemical Reagent Co., Ltd.

(Shanghai, China). They were all used without further

purification. The stock solution of CAP was prepared by

dissolving in methanol at a concentration of 500 lg mL-1

and should be replaced every 2 months. Standard working

solutions of CAP were prepared by appropriately diluting

the stock solution with deionized water. All solutions were

stored at 4 �C.

Apparatus

A BS124S electron balance (Beijing Sartorius instru-

ment Co., Ltd., Beijing, China) was used for weighting.

The analysis of variance was calculated using the

Design-Expert.V.8.0.5.b. An Agilent 1200 HPLC (Ag-

ilent, USA) equipped with a quaternary pump and an

ultraviolet–visible (UV) detector was used for analysis

of extraction products. An analytical reversed-phase

column was used for chromatographic separations at the

column temperature of 25 �C. The instrument control

and data processing were actualized using Agilent

ChemStation software. Figure 1 shows the ATPF

apparatus. The apparatus consists of a glass cylinder

equipped with a sintered glass disk (G4 porosity) at the

bottom to generate small bubbles. The disk is connected

to a N2 gas cylinder with a pressure regulator by a fine

pressure needle valve for controlling the gas flow. A

glass column was used as the sublation column. It was

52 cm in height and 2.0 cm in inside diameter with

three access ports. The bottom access with a micropo-

rous plate was applied to introduce air bubbles into the

aqueous phase, the middle one for bulk aqueous solu-

tion sample and the upper one for the outlet of the

alcohol phase.

Method

To a 50 mL colorimetric tube, 45 g K2HPO4 and

0.1 mg CAP were added, and then, deionized water

was added. The solution was shaken for 10 min until

dissolve fully and then transferred to the flotation cell

(Fig. 1, calibration A). About 3 mL of alcohol was

added on the top of the flotation cell, and then, the

gas flow rate was adjusted at 40 mL min-1 for

50 min. After flotation, the CAP was transferred into

the alcohol-rich phase (the top phase). All separation

processes were performed at room temperature.

CAP in the top phase was determined by HPLC after

flotation without any treatment. The ratio of mobile phase

of methanol and water was 43:57 at the flow rate of

1.0 mL min-1. The injected volume was 20 lL, and the

column effluent was monitored at a wavelength of 276 nm.
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Preparation of real samples

Beef

The beef purchased from local retail market was stored at

-10 �C and thawed several hours at ambient temperature

before using. About 1.5 g of minced beef was placed into a

100 mL polypropylene tube, added in CAP working solu-

tions. Then, trichloroacetic acid (10 mL, 15 % in water)

was added, and the mixture was thoroughly mixed using a

homogenizer–disperser till it was in homogeneity. The

solution was centrifuged at 4,000 rpm for 30 min; finally,

the supernatant was filtered through microfilter with a pore

size of 0.45 lm to remove the denatured proteins. The

extracts were stored at 4 �C for future use.

Milk

The milk was purchased from a local supermarket.

Approximately 10 g of homogenized milk was weighted in

a 100 mL polypropylene tube, added in CAP working

solutions. Then, trichloroacetic acid (10 mL, 15 % in

water) was added, and the solution was shaken and cen-

trifuged at 4,000 rpm for 30 min and finally filtered

through microfilter with a pore size of 0.45 lm to remove

the denatured proteins. The extracts were stored at 4 �C for

future use.

Milk powder

Milk powder was purchased from a local supermarket.

Approximately 5 g of milk powder was weighted in a

100 mL polypropylene tube, added in CAP working solu-

tions. Then, trichloroacetic acid (10 mL, 15 % in water)

was added, and the mixture was shaken and centrifuged at

4,000 rpm for 30 min and finally filtered through micro-

filter with a pore size of 0.45 lm to remove the denatured

proteins. The extracts were stored at 4 �C for future use.

Analysis of samples

The flotation efficiency (F, %) of CAP was calculated by

Fð%Þ ¼ CtVt

ms
� 100

where Ct represented equilibrium concentration of CAP in

the top phase, Vt was the volume of the top phase, and ms

was the mass of CAP initially added.

Results and discussion

Selection of alcohols

Changing the type of alcohols is known to influence the

forming of ATPS, and then further influences the partition

behaviors of the target. Hence, it is desirable to study the

effect of alcohols on the partitions of CAP in alcohol-based

ATPF. The partitions of CAP were discussed in ATPSs of

K2HPO4 with n-propanol, isopropanol or ethanol. In Fig. 2,

the flotation efficiencies of CAP all increased with the

increase in salt concentration, and then decreased. The

phase-separation ability of alcohols is n-propanol [ iso-

propanol [ ethanol, and the maximum flotation efficiency

was in n-propanol/K2HPO4 ATPF. Apparently, it was the

best choice to use n-propanol as flotation solvent in the

subsequently experiments.

Effect of the concentration of K2HPO4

With K2HPO4 concentration increase, the flotation effi-

ciency of CAP first increased, and then kept above 90 % in

0.75–0.95 g mL-1. This is because with the increase in salt

concentration, the solubility of CAP decreased in the bot-

tom phase, resulting in the transfer of CAP to the top phase.

With K2HPO4 concentration continuously increase, the

flotation efficiency reduced slightly. The salt solution with

high viscosity could weaken the mass transfer of CAP to

air–water interface of rising bubble, which results in the

decrease in flotation efficiency.

Effect of flotation time

From Fig. 3, we can see that the flotation efficiency of CAP

reached 80 % when flotation time was 10 min. With flo-

tation time increase, the flotation efficiency increased. This

is because the increase in flotation time results in fully

Fig. 1 ATPF apparatus: 1 nitrogen cylinder; 2 buffer; 3 rotameter;

and 4 flotation cell
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contact between the targets and bubbles; more targets were

transferred to the top phase. Not the longer of flotation time

was, the higher flotation efficiency can reach. When flo-

tation time was higher than 50 min, flotation efficiency

slightly decreased.

Effect of gas flow rate

The flotation efficiency with low gas flow rate is lower

than that with a high one. Mass transfer of solute to air–

water interface of rising bubble in the aqueous phase is

the dominant transport process strongly affecting the

flotation efficiency in ATPF. Under invariable mean

radius of bubbles, air–water interface area of the same air

volume at high flow rate is larger than that at the low one.

As a result, more solute would be adsorbed or attached to

the interface and entrained to the top phase with high flow

rate, resulting in higher flotation efficiency. But under

higher flow rate, the water–alcohol interface was drasti-

cally disrupted and some drops of the top layer could

return to the water phase. Although the increased gas flow

rate can improve the flotation efficiency, if the flow rate is

quite high, the gas currents would disrupt the water–

alcohol interface. In our experiment, with the increase in

gas flow rate, the flotation efficiency of CAP first

increased, and then decreased.
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Fig. 2 Effect of the type of alcohols and the concentration of

K2HPO4 on flotation efficiency of CAP
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Fig. 3 Effect of flotation time on flotation efficiency of CAP

Table 1 Box-Behnken experimental design matrix and experimental

results

Run Concentration

of K2HPO4

Flotation

time

Flow

rate

Flotation

efficiency/%

1 1 -1 0 90.41

2 -1 1 0 91.92

3 1 1 0 90.20

4 0 1 1 93.00

5 0 -1 1 91.68

6 -1 -1 0 91.29

7 -1 0 1 91.81

8 1 0 1 91.09

9 -1 0 -1 92.22

10 1 0 -1 89.91

11 0 -1 -1 92.44

12 0 1 -1 92.67

13 0 0 0 97.31

14 0 0 0 97.52

15 0 0 0 97.31

Table 2 Analysis of variance regression equation

Sources Sum of

squares

df Mean

square

F value p value

Prob [F

Model 91.95 9 10.22 127.77 \0.0001 Significant

A 3.96 1 3.96 49.54 0.0009

B 0.48 1 0.48 6.05 0.0572

C 0.014 1 0.014 0.18 0.6894

AB 0.18 1 0.18 2.22 0.1960

AC 0.63 1 0.63 7.87 0.0378

BC 0.30 1 0.30 3.75 0.1106

A2 53.52 1 53.52 669.27 \0.0001

B2 25.26 1 25.26 315.93 \0.0001

C2 19.74 1 19.74 246.87 \0.0001

Residual 0.40 5 0.080

Lack of

fit

0.37 3 0.12 7.95 0.1139 Not

significant

Pure

error

0.031 2 0.015

Cor total 92.35 14
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Effect of initial volume of n-propanol

The effect of initial volume of n-propanol on n-propanol/

K2HPO4 ATPF was discussed in this part. When the initial

volume of n-propanol was from 1.0 to 3.0 mL, the flotation

efficiency of CAP was increased from 89.16 to 95.20 %.

With continuous increase in the volume of n-propanol, the

flotation efficiency increased slowly. In consideration of

the flotation efficiency and experimental cost, 3.0 mL n-

propanol was appropriate for CAP flotation.

Experimental design

A three-level factorial BBD was chosen for optimizing the

process parameters affecting CAP flotation. Based on the

results of a series of one-variable-at-a-time experiments,

several variables that could potentially affect the extraction

efficiency were chosen. The three factors that were selected

to optimize the parameters by BBD were the concentration

of K2HPO4 (A, 0.75–0.95 g mL-1), flotation time (B,

30–60 min) and flow rate (C, 10–50 mL min-1). The fac-

tor levels were coded as -1 (low), 0 (central point) and 1

(high).

According to the experimental design, the results from

the experimental research were analyzed and tabulated in

Table 1. The second-order polynomial equations in terms

of coded factors were established as follows:

YF¼97:38�0:70�Aþ0:25�Bþ0:042�C�0:21

�A�Bþ0:40�A�Cþ0:27�B�C�3:81�A2

�2:62�B2�2:31�C2

The coefficients of the equation were procured by

regression analysis of the experimental data, where YF was

the response of flotation efficiency.

An analysis of variance (ANOVA) about the response

was shown in Table 2. The model was significant. There

was only a 0.01 % chance that the model could occur due
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Fig. 4 Response surface plots for flotation efficiency of CAP
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to noise. Values of ‘‘Prob [ F’’ \0.05 indicate the model

terms are significant, while values [0.10 indicate the

model terms are not significant. In this case, A, AC, A2, B2

and C2 were significant model terms, and A, A2, B2 and C2

were highly significant model terms (p \ 0.001). The

nonsignificant lack of fit (p [ 0.05) showed that the model

was significant for the response. The determination coef-

ficient (R2) of 0.9975 and the adjusted R2 (Radj
2 ) of 0.9879

demonstrated a good degree of correlation between the

experimental and the predicted data of the response [30].

Three-dimensional (3D) surface plots and contour plots

were constructed as shown in Fig. 4. The 3D surface plots

showed visually the effects and interaction between two

independent variables on the responding variable as third

independent variable was fixed at the central experimental

level of zero.

From the results of BBD, the optimal conditions were

obtained when the concentration of K2HPO4, flotation time

and flow rate were 0.84 g mL-1, 45.75 min and

30.07 mL min-1, respectively. Under this condition, the

flotation efficiency of CAP could reach 97.42 %.

Characterization of the method

The analytical curve was performed by adding standard CAP

in the range of 0.4–40 ng mL-1 to ATPF. After phase sep-

aration, the top phase was determined by HPLC–UV method.

The analytical curve for CAP was Area = 4.19418875 9

c -0.2112819 with R2 = 0.9999, where c represented the

concentration of CAP (ng mL-1), and R2 was the correlation

coefficient. The limit of detection (LOD) was a signal value

Table 3 Comparison of LOD and LOQ of our method with other

methods

Methods LOD (ng g-1) LOQ (ng g-1) References

ATPS 0.48 1.6 [32]

DLLME 0.6 1.6 [25]

MSPD using MIP 4.1 13.6 [31]

Alcohol-based ATPF 0.12 0.40 Our method

DLLME dispersive liquid–liquid micro extraction

MSPD using MIP matrix solid-phase dispersion (MSPD) with the

molecularly imprinted polymer (MIP)
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Fig. 5 HPLC chromatograms with UV detection after ATPF: a the blank beef sample; b beef sample added with 2 ng mL-1 CAP; c milk sample

added with 2 ng mL-1 CAP; and d milk powder sample added with 2 ng mL-1 CAP
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of three times the noise, and the limit of quantification (LOQ)

was a signal value of ten times the noise. The LOD obtained

was 0.12 ng g-1, and the LOQ was 0.4 ng g-1. The LOD for

CAP is lower than the minimum required performance limit

(0.3 ng g-1) established by the European Commission.

Successive seven-time extraction and analysis of a

200 ng mL-1 standard solution of CAP were performed to

check the repeatability of this method. The relative standard

deviation (RSD) was 0.97 %.

In this study, comparative study of our developed

method with other reported sample preparation procedures

was performed and the results are presented in Table 3.

Compared with the reported methods, lower LOD and

LOQ could be obtained in the proposed method than other

methods. The experimental and comparative results well

indicate that the ATPF method can be used to effectively

analyze strongly CAP in food samples.

Recovery studies in real samples

Under the optimum conditions, three kinds of food were

analyzed to demonstrate the applicability of the proposed

extraction technique. At detectable levels, no contamination

of CAP residues was found in food before CAP was added.

The recoveries of CAP were studied by adding known

concentration of CAP standard solution into food samples.

After phase separation, CAP in food was extracted to the top

phase and determined by HPLC–UV (Fig. 5 and Table 4).

As shown in Table 3, the recoveries of CAP were in the

range of 91.53–103.95 % when the samples were spiked

with 2–8 ng mL-1 CAP. The results showed that the

reproducibility and recovery of the method were satisfactory

for CAP determination, and the method can be gratifyingly

applied to quantitative analysis of CAP in food.

Conclusions

This study demonstrated that n-propanol/K2HPO4 ATPF

coupled with HPLC–UV was a good method for CAP

flotation from food. The advantages of ATPF are a higher

concentration coefficient and reduced consumption of

organic solvents. The factors influencing the partitions of

CAP were studied, and three factors containing the con-

centration of K2HPO4, flotation time and flow rate were

chosen for further evaluating the experimental conditions

and optimizing the process parameters by BBD. As a viable

pretreatment technique, the separation method coupled

with HPLC has been successfully applied to determining

trace CAP in food.
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