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Abstract
Mastering synchronous changes of peroxidase (POD) activity concentration (EPOD) and ascorbic acid contents (cAsA) in biosamples can be used for estimation of ant-oxidative capability and healthy status of animals and plants, however, in determination of EPOD, the coexisted AsA produced serious interference. Therefore, to solve this problem and obtain true EPOD, this study deeply investigated the AsA interference using a guaiacol/POD/H2O2 reaction. Results manifest that instead of inactivation of the enzyme, the AsA causes the extinction of the chromogenic product formed in the reaction, resulting in the EPOD to deviate true value; this phenomenon occurs in all methods for quantification of EPOD. Because the interference of AsA is linear with the EPOD, the utilization of the linear correlation realized the correction of EPOD and the quantification of cAsA. Subsequently, the use of the extinction and coloration phenomena in the reaction, a new automatic analysis method and system were developed, and were used for the simultaneous determination of EPOD and cAsA in biosamples. After optimized, the variables of the system were obtained as follows: the determination ranges are 75 to 1300 U·L-1 for EPOD and 5 to 100 mg·L-1 for cAsA; the detection limits are 22.5 U·L-1 for EPOD and 1.67 mg·L-1 for cAsA; the relative standard deviation is less than 1.2% (n = 11); the sample throughput can reach 40 samples per hour; and the standard addition recovery is in the range of 95 to 105%. This automatic method and system has been used successfully for accurate quantifications of EPOD and cAsA in various biosamples, and based on this, a new specialized analyzer can be also fabricated for the study of biosamples in biotechnology and bioengineering.
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1 | INTRODUCTION
All plants and other organisms contain a great deal of active oxygen species, such as hydrogen peroxide (H2O2), superoxide anion (O2-) and hydroxyl radical (·OH) which are formed by the catalysis of oxidase (Gao et al., 2006). However, when the active oxygen species are excessive, they will cause damages of DNA, protein, erythrocyte and bio-membrane in cells. Fortunately, peroxidase (POD, EC 1.11.1.X) exists in all plants and animals and it can effectively eliminate excess active oxygen species to achieve the ant-oxidation and detoxification of cells (Berglund et al., 2002; Costa et al., 2010; Gallie 2013); POD catalyzes the redox reactions between H2O2 and some harmful substances in cells, such as reductive phenols, aldehydes and alcohols (Thomas 2014; Shigeto & Tsutsumi 2016), etc. Because the activity concentration of POD (EPOD) in flora and fauna is in the dynamic change at different growth stages, a reliable method is required in accurate measurement of EPOD, so as to correctly master and comprehend physiological and biochemical processes.
Additionally, L-ascorbic acid (AsA, C6H8O6) as a main reducibility substance also coexists in flora and fauna; in which it participates in the metabolic cycle of NAD+/glutathione/NADH and synergistically eliminates radicals with POD (Nicholas 2018; Foyer & Noctor 2011). However, we found that the coexisted AsA seriously interferes with the quantification of EPOD and causes to assay the EPOD value to be inaccurate. Therefore, to obtain true EPOD, the interference of AsA with EPOD has to be eliminated. However, if the use of oxidants oxidizes AsA, this will lead to the inactivation of POD in the assay of EPOD; although utilizing ascorbate oxidase (L-ascorbate oxidase, EC 1.10.3.3) to eliminate AsA (Yabuta et al., 2002) is a feasible method, but this will increase the cost of assays. Our preresearch manifests that the content (cAsA) of AsA possesses the correlation with the interference of it with EPOD, therefore, without conducting the pretreatment, we intend the use of this correlation to correct the interference of AsA with EPOD and to develop a simultaneous determination method and system of EPOD and cAsA, of course, which have not been reported yet until now. If these two parameters in biosamples can be obtained synchronously, this will be also very meaningful in physiological process researches.
Currently, the automation of analysis in biochemistry is also a major developing direction (Chen et al., 2005; Kim et al., 2016), in which Flow-Injection Analysis (FIA) (Ruzicka & Hansen 1988; Li & Gao 2002; Ruzicka & Hansen 2008; Ruzicka 2016; Granica, et al., 2018) is one of the best strategies, that can integrate the intricate operations in manual assays and various detectors to form different automation determination systems. FIA possesses the remarkable advantages of high sample throughput, excellent reproducibility, little consumption of samples, reagents and environmental friendliness, therefore, it has been widely used in biochemical assays (Garn et al., 1989; Gao et al., 2001; Li et al., 2012; Manouchehri et al., 2017), food analysis (Gervasio et al., 2002; Chen et al., 2005; Liang & Li 2013; Santos & Rangel 2015), power industry (Li et al., 2002; Li et al., 2004; Li et al., 2005; Li et al., 2018), and other fields (da Piedade et al.; 2006Liu et al., 2007; Ma & Byrne 2012; Ma et al., 2017; Granado-Castro et al., 2019). Researches about the simultaneous quantification for multi-components are also one of the main directions of automatic to develop (Li et al., 2002; Li et al., 2005; Zhou et al., 2011; Lin et al., 2019; Ganranoo et al., 2019), consequently, this study intends the use of FIA to realize synchronous automation determination for EPOD and cAsA.
In current methods for EPOD quantification, the universal reaction principle is that POD catalyzes the chromogenic reaction between H2O2 and reductive substrate, which common is amines (Fritzen-Garcia et al., 2012) or phenols include guaiacol (GA) (Gijzen 1997; Doerge et al., 1997; Tonami et al., 2004; Hwang et al., 2008; Heyno et al., 2011; Singh et al., 2012; Zhao et al., 2015; Li et al., 2015; Wang et al., 2017), 2,2-azinobis- (3-ethylbenzothiazole-6-sulphonate (ABTS) (Holm 1995; Telke et al., 2011; Bindschedler et al., 2006), 3,3',5,5'-tetramethylbenzidine (TMB) (Volpe et al., 1998; Costa et al., 2017), 4-aminoantipyrine coupled with phenol (Martinello et al., 2006), o-phenylenediamine (Galende et al., 2015), pyrogallol (Singh et al., 2015), etc. However, the methods containing the substrates for assays of EPOD are all interfered by AsA.
Additionally, in present literatures for determining cAsA, most principles are based on its reduction property, in which there are spectrophotometry (Luque-Pérez et al., 2000; Yebra-Biurrun 2000; Kukoc-Modun et al., 2012), fluorometry (Chung & Ingle 1991; Huang et al., 1995), CdTe quantum dots method (Llorent-Martınez et al., 2013), chemiluminescence (Maki et al., 2011; Hasanin & Fujiwara 2018) and electrochemistry (Tsuchida et al.,1985; Ke et al., 2008; Chen et al., 2010; da Silva et al., 2012), which are all more complex in operation processes.
Therefore, in the paper, only the use of the correlation between EPOD and cAsA, we develop a new automatic method and system; not only it can achieve this purpose that removes the effect of AsA on EPOD and corrects EPOD value, but cab also simplify the determination process of EPOD and cAsA and accelerate the analytical speed.
2 | EXPERIMENTAL PROCEDURES
2.1 | Apparatus

The  automatic system designed for determining EPOD and cAsA includes a FIA-3100 type flow-injection processor (Beijing, Jitian) and an UV-1800 type spectrophotometer, in which a flow-cell of 10-mm pathlength (Shanghai, AOE instruments) was installed and pipelines (Shanghai, Sanotac) of 0.8 PTFE were used. Besides, an AUW120D-type electronic balance (Japan, Shimadzu), a JYZ-E6-type Juicer (Joyoung) and a 800-1 type centrifugal machine (Changzhou, Putian) and a pXJ-1C+ type ionic-activity meter (Chengdu Fangzhou technology) were also employed.
2.2 | Chemicals
The used the enzyme and chemicals includes HRP (≥250 U mg-1, Sigma, USA), GA (99%, v/v), H2O2 (30%, w/v), AsA (C6H8O6), trichloroacetic acid (TCA), citric acid, trisodium citrate, oxalic acid, glucose, glycine, CaCl2, KCl, MgNO3, ZnSO4, NaH2PO4·2H2O, Na2HPO4·12H2O, polyethylene glycol (PEG)-4000 and tween-80 (Chengdu Kelong Chemical Reagent), all of which were analytical grade. Ultra-pure water (conductivity: 0.065 μS cm-1) was used for the preparation of all analytical solutions.
2.3 | Reagent preparations
The preparation process of 0.05 mol·L-1 PBS which was used as a carrier (pH 6.5) were that NaH2PO4·2H2O of 0.05 mol·L-1 and Na2HPO4·12H2O of 0.05 mol·L-1 were mixed by the 2 to 0.8 ratio; the pH value of this solution was determined with the pH meter. In preparing the GA/H2O2 mixed reagent, GA (99%, v/v) of 1.375 mL was mixed with H2O2 (30%, v/v) of 0.25 mL, and it was diluted to 500 mL with 0.05 mol·L-1 PBS. The AsA stock solution of 1.0 g·L-1 was prepared by dissolving the solid AsA of 0.10 g in a 100-mL volumetric flask and diluting it to the marker with TCA of 5 g·L-1; this TCA solution was also used to dilute the AsA standards with different concentrations. Due to the stability of the AsA solution is not good, the dilution of the AsA standards is coducted before use. The preparaion process of 10 kU·L-1 HRP solution was that after weighing 0.0010 g HRP (250 U·mg-1), it was dissolved in a 25-mL volumetric flask and was diluted to the marker with PBS.
2.4 | Sample preparation
In preparing the test sample for assaying POD, the collected samples were first cut into chunks and stored at -4oC, which is to maintain the stability of POD and AsA in the biosample, and then the juicer was used to obtain juice of the samples. After the rough filtration, the filtrate of the juice was centrifuged for 10 min at 4500 rpm, and the refined filtration was again conducted with a 0.45-μm filter to decrease interferences of chrominance or turbidity in the samples. The final filtrate was diluted with the PBS and was used as the POD samples (SPOD), in which the natural AsA was also coexisted. In the preparation of the test sample for testing cAsA, some L-cysteine was added in it and this purpose is that dehydroascorbate (DHA) in the sample is all reduced into ascorbate to obtain the total ascorbate (GB 5009.86, 2016); 5 g·L-1 TCA was also used to dilute the AsA samples (SAsA). Through adjusting the acidity of the sample, not only this can increase the stability of AsA, but also remove other proteins.
2.5 | Determination principles of EPOD and cAsA
The new system and method for determining EPOD and cAsA in this study is based on the coloration and extinction phenomena in the GA/POD/H2O2 reaction, namely, under the catalysis of POD in samples, GA reacts with H2O2 to form 3,5’-dimethoxy-4,4’-biphenoquinone (2GA + 2H2O2 + POD → brown product + 4H2O), which is a brown product with characteristic absorption at 470 nm; when GA and H2O2 are excessive, the formed rate of the brown product is related to EPOD. Therefore, using the formed rate, it can be to indirectly determine EPOD according to EPOD = (nV/vL A)/t (NC-IUB, 1979), where, A is the product’s absorbance difference within the linear responding region on the kinetic curve of the coloration reaction, t is a time interval of the linear region (min), n is a molar ratio of GA and the brown product, V is total volume of the reaction solution (mL), v is POD’s sample volume (L), ε is the molar absorption coefficient of the brown product and L is pathlength of the flow-cell. When determining cAsA, AsA reacts with the brown product (2-GA) to generate the colorless DHA and 3,5’ - dimethoxy - 4,4’ - dihydroxybiphenyl (2-GA + AsA → colorless product + DHA), in which the decrease value of the colorless product absorbance will exhibit a linear correlation with cAsA.
2.6 | automatic analysis system for determining EPOD and cAsA and correcting EPOD
The automatic analysis system designed is shown in Figure 1A, and it includes a peristaltic pump (P), a multifunction valve (V) with three channels (1,2,3 in Figure 1) which is for the injection of the HRP standard (RHRP), the POD (SPOD) and AsA samples (SAsA), three reaction coils (RC1, RC’1 and RC2), a flow-through photometric detector and a computer to process data. The determination procedure is as follows.
When the multifunction valve is at Position-a in Figure 1A, a loop of Channel-1 in the valve is loaded by the first HRP standard of 1.0 kU·L-1, in which Channel-2 and Channel-3 are at the idle state; meanwhile, the GA/H2O2 mixture reagent and the PBS carrier are put by the pump into the system to obtain a baseline, which is recorded by the computer. When the valve is first switched to Position-b, loops of Channel-2 and Channel-3 are loaded, in which the second HRP standard of 0.08 kU·L-1 from SPOD and a blank sample without AsA from SAsA are imported respectively, at the same time, the loop of Channel-1 is at the injecting state and the first HRP standard is carried by PBS-2 into RC’1 where it mixes with the GA/H2O2 reagent to create the first brown product. When elapsed the time of t1-t2 (Figure 1B), the valve returns to Position-a and Channel-2 and Channel-3 are changed to the injection position, in which the blank sample of Channel-2 is injected into the system to permeably merge with the first brown product from RC’1, subsequently, it goes into RC2 to give out the first peak (A0st) of the EPOD calibration curve; the A0st is also a zero point used for quantifying cAsA. Meanwhile, the second HRP standard in Channel-3 is also injected into the system and it passes through RC1 and RC2, in which it reacts with the GA/H2O2 reagent to create the second brown product, then, we obtain the second peak (APOD) of the EPOD calibration curve in the elapsed time of t1. The use of the two peak data can draw to a calibration curve of EPOD. Subsequently, when determining real biosamples, HRP of 1.0 kU·L-1 injected from Channel-1 is used as a reagent to assay cAsA. 
When the valve is second switched to Position-b, SPOD and SAsA to be measured are loaded synchronously into the loops of Channel-2 and Channel-3; meanwhile, RHRP in the loop of Channel-1 is injected into RC’1 to react with the GA/H2O2 reagent to again create the first brown product. Then, when the first product in RC’1 flows out at the time of t1 - t2, the valve is again returned to Position-a, in which SPOD and SAsA are synchronously injected into the PBS carriers, and the first product from RC’1 chases the SAsA just injected into the system to permeably merge in RC2 and conduct the extinction reaction which gives out a signal of AAsA or a AAsA (A0st - AAsA) for assaying cAsA. At the same time, SPOD injected from Channel-3 reacts with the GA/H2O2 reagent within RC1 and RC2 to form the second brown product which gives out the APOD signal for determining EPOD. 
If SPOD contains AsA, the APOD signal will suffer the interference of AsA, therefore, it is only related with the apparent EPOD. If want to obtain the true value of the POD activity (E'POD), the APOD signal must add another value (Aeq \o(\s\up 4(AsA),\s\do 2(POD))), namely, a signal is affected by AsA, a dashed signal (A'POD) as shown in Figure 1B. 
Figure 1 A-B
2.7 | Recirculating-catalysis flow analysis
In the research, a recirculating-catalysis flow analysis system (RCFA) was designed to confirm the kinetic response in the GA/POD/H2O2 reaction and obtain visible curves of AsA interfering with POD, which difficultly cannot be achieved with traditional manual method. The equation for calculating EPOD in RCFA is also EPOD = (nV/vLA) /t. When the reaction system was decided, n, V, , v and L value are invariable; therefore, EPOD is only related to A/t value. In the RCFA experiment, n is 2, V is 3 mL, v is 0.02 mL, ε is 0.0144 L μmol-1 cm-1 (25oC) (Li et al., 2015) and L is 10 mm, so the equation was simplified to EPOD = 4166.7A/t; the used reaction solution was the mixture which includes 1 mL H2O2 (30 mmol·L-1), 1 mL GA (40 mmol·L-1) and 2 mL PBS (0.05 mol·L-1, pH6.0); 500 U·L-1 of HRP was used as the POD sample which contains AsA of 30 μL with different concentrations.
3 | RESULTS AND DISCUSSION
3.1 | Confirmation for AsA affecting POD-catalyzed reaction
Firstly, the use of RCFA obtained the kinetic curve of the GA/POD/H2O2 reaction. Figure 2A is the related result, which manifests that AsA coexisting in SPOD caused a lag phase (tlag) on the prophase of the kinetic curve, which was the result that AsA reacts with the brown product and it was linearly correlative with cAsA (tlag = 47.5cAsA - 5.7, r = 0.998), as shown in Figure 2B. When the lag phase finished, the GA/POD/H2O2 reaction goes on and the subsequent kinetic curve continuously increases, however, the curve slopes under different cAsA are the same (A/t = 0.105±0.004). This proves that the AsA only affected the course of the reaction, but it had not impact the catalysis rate of POD, namely, did not impact the catalytic activity of POD (A/t). 
Due to the time (t) of the POD-catalyzed reaction includes the lag phase of AsA, therefore, if utilizing the common end-point or two-point methods to determine EPOD, firstly, the lag phase must be subtracted from t before calculating EPOD with A/t. 
To further pursue the procreant reason of the lag phase, in midway, AsA of 30 μL was injected into the GA/POD/H2O2 reaction, and the kinetic curves of AsA affecting the brown product were obtained, as shown in Figure 2C. The suddenly sinking of the kinetic curve indicates that the injected AsA and brown product caused a rapid color-fading reaction and formed the colorless matter, in which the decrease of the absorbance showed the linear correlation with cAsA (Figure 2D) and the lag phase of AsA also appeared when the injected cAsA was excess. The rapid decline of the kinetic curve also testifies that the rate of the color-fading reaction is far fast than that of the POD-catalyzed chromogenic reaction. 
We also found that the effects of AsA on ABTS/POD/H2O2 (Holm 1995; Telke et al., 2011), TMB/POD/H2O2 and 4-aminoantipyrine/POD/H2O2 (Costa et al., 2017) reactions also are similar, therefore, obtained such a conclusion that before using any chromogenic reaction to determine EPOD, we have to confirm that the biosamples to be measured whether have the lag phase, otherwise, obtained EPOD value will be untrue.
Additionally, it can be seen from Figure 2D, the reaction extent (AAsA) of AsA with the brown product presents a linear tendency, therefore, it can be obtained through AAsA = keq \o(\s\up 4(AsA),\s\do 2(POD)) cAsA; where, keq \o(\s\up 4(AsA),\s\do 2(POD)) namely is an affecting coefficient for EPOD, so substituting keq \o(\s\up 4(AsA),\s\do 2(POD)) into this eqn: A'POD = APOD +AAsA = APOD + keq \o(\s\up 4(AsA),\s\do 2(POD)) cAsA, A'POD of concerning the true EPOD (E'POD) can be gotten, and EPOD can be corrected. Using the system in Figure 1A, the affecting coefficient is easy to obtain (see Section: The affecting coefficient of AsA interfering with determination of EPOD).
Figure 2 A-D

3.2 | Optimization of variables and reagents in the automatic system
First, variables of the automatic system were optimized. The injection volume of the POD sample and the HRP reagent was designated 20 μL which is the minimum volume of the loop in the valve; the injection volume for the AsA sample was designated 150 μL. Other initial variables and reagents were assigned as follows: flowrates of the GA (50 mmol·L-1)/H2O2 (50 mmol·L-1) mixture reagent and the PBS carrier (pH 6.0) all were 1.5 mL·min-1; lengths of RC1 (or RC’1) and RC2 were 200 cm and 50 cm (0.8), respectively; HRP was also used as the POD standard.
3.2.1 | Optimizations of reaction coil length and flowrate
The reaction time corresponds to the residence time (t1) of the sample zone injected in the automatic system (see Figure 1B), namely, the time from injecting a sample to a response peak appearing (Li & Narusawa 1994), so the APOD signal at the residence time of the automatic system corresponds with the A signal at the reaction time of RCFA in Figure 2. Because the residence time of the GA/SPOD/H2O2 reaction in the automatic system is governed by the RC1 length when the systematic flowrate was unchanged, therefore, effects of the RC1 length on the POD determination were first investigated.
The correlation curve in Figure 3A indicates that the APOD signal of the GA/SPOD/H2O2 reaction linearly increases as the length increase of RC1 until 400 cm, this also manifests that POD catalyzing the reaction of GA and H2O2 was in a linearity reaction region. When the length of RC1 was greater than that of 400 cm, the increasing trend of the APOD signal began to deviate from the linearity; this hinted that the generation rate of the brown product of the GA/SPOD/H2O2 reaction in the automatic system began to decrease, therefore, the length of RC1 was selected at 400 cm. 
After the RC1 length was fixed, effects of total flowrate (Q) were also investigated. The gotten results show that the APOD signal was a decrease trend as the flowrate increases. Considering the detection sensitivity and analytical throughput, the flowrate was chosen 4.5 mL·min-1, namely, each shunt flowrate in the system was still maintained at 1.5 mL·min-1.
Figure 3A-K
In optimization process of systematic variables for the cAsA quantification, because the injected volume (20 μL) of the HRP reagent had been designated beforehand, the injection volume of the AsA sample was only investigated.
It can be seen that, when the valve in the automatic system was at Position-b in Figure 1B, the time interval (t1 - t2) controls the permeably merging extent between the first brown product formed in the GA/RHRP/H2O2 reaction and the injected SAsA zone, so also it controls the sensitivity for analyzing AsA. Therefore, the time interval was optimized by using a stable colour solution of potassium dichromate as a colour indicator to inject into the automatic system from Channel-1 and -2, and results in Figure 3B was obtained. When the duration-time of the valve at Position-b was for 45s, two zones of HRP and AsA (RHRP/SAsA) injected in the automatic system can completely merge in which the maximum signal can be obtained, therefore, the time interval was selected for 45s.
Subsequently, the injected volume of the AsA sample was examined. Figure 3C reveals that when the volume of the AsA sample (SAsA) was 120 μL, the AAsA signal related with cAsA will reach the maximum, in which the determination sensitivity of AsA is the highest. Thus, the injected volume of SAsA was selected 120 μL.
Additionally, when quantifying cAsA, AsA in RC2 will cause the extinction reaction with the first brown product of the GA/RHRP/H2O2 reaction, therefore, the evaluation was also conducted on the RC2 length. Figure 3D is the related result, which indicates that when the RC2 length was increased from 5 cm to 25 cm, the AAsA signal was also increased, and when the length exceeded 25 cm, it exhibited a decrease trend. Therefore, the length was selected 25 cm.
3.2.2 | Optimizations of GA and H2O2 concentrations
In using the GA/H2O2/POD reaction to determine EPOD, theoretically, the substrate concentrations of GA and H2O2 solutions must be excess, thus optimizations were conducted on their concentrations. Experimental conditions were the same with that above-mentioned. Obtained curves were drawn in Figure 3E-F. When designated the activity concentration of HRP in the automatic system, the APOD signal was positively correlative with the concentrations in the ranges of 0.5 to 10 mmol·L-1 for GA and 0.5 to 1.5 mmol·L-1 for H2O2; when the concentrations of GA and H2O2 were respectively greater than that of 20 mmol·L-1 and 5 mmol·L-1, the APOD signal were no longer correlated with the concentration. Therefore, the substrate concentrations in the system were designated at 25 mmol·L-1 for GA and 5 mmol·L-1 for H2O2. 
3.2.3 | Optimizations for concentration and pH of PBS carrier
The function of the PBS carrier in the automatic system is to maintain the stability of the POD activity and provide a suitable environment for the coloration and extinction reactions. Thus effects of the PBS concentration were estimated under above-optimized conditions. Results in Figure 3G demonstrates that if the PBS concentration was greater than 0.05 mol·L-1, the APOD signal was invariable and if the concentration was at 0.02 mol·L-1, it can reach the maximum and exhibit a good correlation with EPOD (APOD = 0.002EPOD + 0.096, r = 0.9998), as the linear curve in Figure 3H. Consequently, the PBS concentration of 0.02 mol·L-1 was provisionally selected.
Further, the acidity effect of PBS was also evaluated. Curves in Figure 3I demonstrated that the APOD signal is the maximal at pH 6.5, so the pH value of PBS in the system was selected at 6.5. Additionally, it can be seen from Figure 3J-K, if the PBS concentration was 0.1 mol·L-1, theAAsA signal can reach the maximum, where the linear response was also good (AAsA = 0.013cAsA + 0.091, r = 0.997). Because the conditions above-selected have satisfied for the assay sensitivity of EPOD, therefore, the PBS concentration was revised from 0.02 mol·L-1 to 0.10 mol·L-1, which is beneficial to the determination of AsA in the automatic system.
3.2.4 | Effect of acidity on AsA reducibility
If the measured biosample is in liquid state, the AsA therein is easily oxidized to dehydroascorbic acid (C6H6O6) by the dissolved oxygen, which will result in the obtained cAsA to deviate from its true value. If using the appropriate amount of TCA to acidize the biosample, the stability of AsA can be improved and influence of other proteins can also eliminated. However, excessive TCA also weaken the ability of AsA fading the brown product in the GA/H2O2/RHRP reaction, thus the optimization was made on the acidity of the AsA sample. The TCA solutions (STCA) without and with AsA of 30 mg•L-1 (STCA+AsA) were used as test samples to inject into the system from Channel-2, meanwhile, HRP of 1.0 kU•L-1 to inject from Channel-1. The tested results are shown in Figure 4A. 
The hollow-dot curve is related to the TCA sample without AsA. When the injected TCA concentration was larger than 0.03 mol•L-1, the AAsA signal of the chromogenic product in the GA/H2O2/RHRP reaction was decreased gradually. Because there is no the chemical reaction between the TCA sample and the GA/H2O2 mixture solution, the AAsA signal decrease should be that the acidity of TCA caused the inactivation of HRP (RHRP) in the GA/H2O2/RHRP reaction, and the inactivation caused the decrease of the formed amount of the brown product (A1 in Figure 4A).
The solid-dot curve is related to the SAsA+TCA sample. It can be known that, after 0.03 mol•L-1, the TCA concentration heightens, the AAsA signal sharply goes up. This indicates that if the acidity in the AsA sample is too high, the capacity of AsA to fade the brown product is suppressed severely, so remained brown product is much also and its AAsA signal is higher. Therefore, the concentration of TCA added in the biosample was selected at 0.03 mol•L-1 (5 g•L-1); this corresponds to pH 2.63. 
3.2.5 | Effects of surfactants on the stability of brown product and baseline
The brown product formed in the system may adsorb on the surface of the flow-through cell and results in the drift of the baseline (a square-dot curve in Figure 4B) and depravation of the system stability, therefore, to eliminate this effect, the attempt was conducted using the tween-80 and PEG surfactants, which are dispersing agents and show good water solubility and can weaken product deposition (Shi et al., 2013). Figure 4B manifests that if adding tween-80 or PEG-4000 to the GA/H2O2 reagent or the carrier stream (triangle and circle dot curves), the adsorption of the brown product would be reduced effectively, and if added tween-80 of 5 g•L-1, the baseline signal of the system approached to zero (a hollow circle dot curve). 
Subsequently, the addition concentration of tween-80 was further examined, and the gotten result indicates that when the added concentration was 1.25 g•L-1, whether the purified water or PBS as the solvent of the reagents, the baseline signal did not fluctuate. However, according to the vertical axis value on the right, it can be seen that if the added concentration of tween-80 was too high, the APOD signal will be decreased, this will affect the determination sensitivity of POD (red rhombus curves), and so, the tween-80 concentration was selected at 1.25 g•L-1 in the light of Figure 4C-D.
Figure 4A-D
3.2.6 | Effect of the injection volume of HRP on AsA measurement
In quantification of cAsA, HRP is also passingly used as the reagent (RHRP) to be injected into the system to create the first brown product, the latter reacts with AsA to conduct the extinction, and so, the concentration of HRP injected in the system will affect the starting point signal (A0st) of assaying cAsA (the starting point of the calibration), namely, the greater the difference between the starting point signal and the response signal of AsA, the wider the range for determining cAsA. Additionally, the starting point signal related with the HRP concentration also affects the upper limit for quantifying EPOD, because the starting point signal (A0st) is also the highest point signal of the calibration curve of EPOD. 
Therefore, the active concentration of HRP in the GA/RHRP/H2O2 reaction was screened in the range of 0.02 to1.5 kU·L-1. The obtained result shows that the injection of 1.0 kU·L-1 HRP (20 μL) in the automatic system can make the starting point signal reach 1.0 of the absorbance of the first brown product and has a good linear correlation (A0st = 0.001RHRP + 0.031, r = 0.998). Consequently, the injection concentration of HRP was selected at 1.0 kU·L-1 (20 μL).
3.2.7 | Effects of other matrix in biosamples on assays of EPOD and cAsA
The coexisting substances in biosamples main are Ca2+ (7 to 363 mg·100 g-1), K+ (14 to 991 mg·100 g-1), Mg2+ (9 to 170 mg·100 g-1), Zn2+ (0.08 to 1.52 mg·100 g-1), Fe3+/ Fe2+ (0.2 to 6.9 mg·100 g-1), glucose, glycine, oxalic acid, citric acid and trisodium citrate (China CDC, 2005), and so these were added separately into the test samples which include 1 kU·L-1 HRP and 80 mg·L-1 AsA to evaluate interferences with the automatic system.
Results listed in Table 1 show that the relative deviations (RD) of the response signals before and after adding the substances are less than 2.87%, which indicated that the added substances did not have great influences on the assays of EPOD and cAsA. However, the data also displayed that if the added concentration of Fe2+ and Fe3+ was too high, will cause some degree influence, therefore, it was further investigated for this. 
Table 1
3.2.8 | Effects of Fe2+ and Fe3+
The FeCl3 and FeCl2 solutions including POD of 1 kU•L-1 and AsA of 80 mg•L-1 were used as test samples to inject into the automatic system containing GA of 25 mmol•L-1 and H2O2 of 5 mmol•L-1, results were obtained as shown in Figure 5A. A hollow-dot curve shows that if the concentration of Fe3+ in the AsA sample was less than that of 100 mg•L-1, the response signal would be increased as the Fe3+ concentration increases. The reason is that Fe3+ of the high-concentration in the AsA sample has directly pre-oxidized parts of AsA, which weakened the extinction ability of AsA on the brown product and left more products, and so the absorbance of the product in the automatic system was increased. When the concentration of Fe3+ exceeded 100 mg•L-1, the response signal will not change, the reason of which is that ascorbate in the sample has been completely oxidized by Fe3+ into dehydroascorbate, the latter cannot be to react with the brown product, therefore, the response signal of the absorbance was unchanged. However, this contradictory substance of such high-concentration is nonexistent in natural plant samples or biological samples.
A hollow triangular-dot curve indicates that the response signal of the extinction reaction was decreased gradually as increasing of the concentration of Fe2+ in the AsA samples. But this is not that Fe2+ promoted the extinction reaction and is that Fe2+ directly reacted with the first brown product to cause the diminution of the signal. However, because the reduction capacity of Fe2+ (redox potential: +0.77V) is far lower than that of AsA (redox potential: +0.06V) (Celardin et al., 1982), referring to Figure 5B, the influence of Fe2+ is not taken into account in the automatic system. If Fe2+ was in high concentration, it has already formed the precipitation under the acidity of the biosamples, thus it will not interfere with the automatic system to determine AsA.
Figure 5A-E
From the trend curves of solid circle and triangle dots, we knew that the increases of high-concentration Fe3+ and Fe2+ in the POD samples also caused the absorbance signal to decrease, but their effect mechanism is different. Fe2+ causing the signal diminution is due to it directly participated in the extinction reaction, which affected the determination of EPOD. The reason of Fe3+ significantly decreasing the absorbance signal is that the high-concentration Fe3+ directly oxidized GA in the GA/POD/H2O2 reaction and caused the brown product to sharply reduce, seeing Figure 5C. Therefore, when using the GA/H2O2/POD reaction to determine cAsA and EPOD, if there was high-concentration Fe3+ or Fe2+ in biosamples (greater than 100 mg•L-1), their effects can be also eliminated by adding the complex such as EDTA.
3.2.9 | Effects of citric acid, sodium citrate and oxalic acid
Experimental conditions are the same as above. The bar charts in Figure 5D show that citric acid, sodium citrate and oxalic acid have no effects on the determination of cAsA. Oxalic acid is one of the degradation products of AsA (Parsons, et al., 2010), and so, it unaffecting the AsA assay is understandable. Figure 5E shows that citric acid and oxalic acid of the high-concentration have some influence on the EPOD determination.
Comparing the curves of sodium citrate and citric acid, it can be known that the interference of citric acid with the EPOD determination isn’t due to its reducibility but its acidity, because citric acid can ionize out three H+, which is similar to the effect of trichloroacetic acid. If the measured sample contained citric acid of the high-concentration, the effect can be eliminated by adding NaOH into the biosamples to make citric acid form sodium citrate. 
The curve of oxalic acid shows that the effect on the EPOD determination is not its acidity but its reducibility, which makes the brown product to fade, because the acidity of oxalic acid is relatively weak. Additionally, compared with AsA, the reducibility of oxalic acid is also weaker. Suppose that the biosample contained the high-concentration oxalic acid, some calcium salts can be added in it to form calcium oxalate precipitates to eliminate the effect.
3.3 | Affecting coefficient of AsA interfering with determination of EPOD 
To obtain the true EPOD in the biosamples, the extent of AsA affecting on EPOD requires the quantification, namely, to get the keq \o(\s\up 4(AsA),\s\do 2(POD)) value in the eqn: AAsA = keq \o(\s\up 4(AsA),\s\do 2(POD)) cAsA. Therefore, after AsA with the different concentration was mixed with the POD standards, it was injected into the automatic system to obtain the testing results in Figure 6A, which demonstrates that the AsA effecting on APOD (EPOD) was a negative correlation in which the slope of correlative curves was a constant (keq \o(\s\up 4(AsA),\s\do 2(POD)) = 0.0024 L/mg). As a result, the constant value was designated as an affecting coefficient in the automatic system to correct the APOD value (A'POD = APOD + keq \o(\s\up 4(AsA),\s\do 2(POD)) cAsA), which is related to true EPOD. In commonly automatic determination, the affecting coefficient can be obtained easily, namely, only a mixture standard including AsA (cAsA) and POD (EPOD) is injected into the automatic system from Channel-3 to obtain theAAsA value (A0st - APOD), and then theAAsA and cAsA are substituted simultaneously into the eqn: AAsA = keq \o(\s\up 4(AsA),\s\do 2(POD)) cAsA to obtain keq \o(\s\up 4(AsA),\s\do 2(POD)) (note: the A0st value is obtained from Section 2.6).
In addition, it can also be seen from the Figure 6A that if EPOD in the biosample is higher, the linear range for determining cAsA will be expanded. For instance, when EPOD is 50 U•L-1, the linear range for cAsA is only from 0 to 50 mg•L-1, however, if EPOD is 350 U•L-1, the linear range can be extended to the range of 0 to 400 mg•L-1 for cAsA (red solid line). Conversely, if cAsA in the biosamples is higher, the linear range (APOD) for determining EPOD will become to narrower (green dot line) and its sensitivity will be also decreased. Therefore, the response signals for quantifying EPOD and cAsA are mutually affected in the chromogenic reaction systems, so the simultaneous determination must be conducted to solve the difficult problem. 
To investigate the influence of the injection volume of Channel-3 in the automatic system on the keq \o(\s\up 4(AsA),\s\do 2(POD)) value, the mixture of 200 U•L-1 HRP with the different concentration AsA was used as the test samples to be injected into the automatic system by different injection volume, some trend curves shown in Figure 6B were obtained. These curves show that as cAsA in the mixture solution increases, the APOD response value for assaying POD will be decreased, which is the same as that in Figure 6A, but if the injection volume was changed, the curve slope related with the APOD signal also changed, namely, the keq \o(\s\up 4(AsA),\s\do 2(POD)) value was also changed (0.05 to 0.021 L•mg-1). The reason is that the total volume within the automatic system is invariable, so the increase of the injection volume is equivalent to increase the sample concentration; because the reagent concentration is excessive, so the chromogenic product formed in the automatic system is increased in the volume. This point has been proved in the curve trend of A0st in Figure 6B (cAsA: 0.0 mg•L-1). Additionally, it can be seen that the chromogenic product formed by 200 U•L-1 POD-catalyzing the GA/POD/H2O2 reaction will be completely faded by 50 mg•L-1 AsA. Besides, Figure 6B also shows that if the parameters of the automatic system were changed, the keq \o(\s\up 4(AsA),\s\do 2(POD)) value will be measured again.
Figure 6A-C
Through the above optimization, the obtained variables are summarized as follows: the flowrates of the GA/H2O2 reagent and the PBS carrier are all 1.5 mL•min-1; the injected volumes of the HRP reagent and the POD sample are all 20 μL; the injected volume of the AsA sample is 120 μL; the lengths of RC1 and RC2 are 400 cm and 25 cm, respectively; the concentrations of GA, H2O2, tween-80 and PBS (pH 6.5) are 25, 5, 1.25 g•L-1 and 50 mmol•L-1, respectively; the AsA samples need to add 10 g•L-1 TCA by one-to-one ratio, in which HRP of 1.0 kU•L-1 (20 μL) serves as the reagent of the first brown product.
3.4 | Linearity and reproducibility as well as detection limit
To evaluate reproducibility, repetitive operations of the automatic system were conducted under the chosen variables. Figure 6C is the test results, in which the relative standard deviations (RSDs) of AsA are 0.61% (AAsA = 0.827±0.005) and 1.20% (AAsA = 0.214 ± 0.003), respectively and RSDs of POD are 1.08% (APOD = 0.206±0.002) and 0.70% (APOD = 0.860±0.006), respectively. The results testify that the system repeatability is excellent. 
Curves in the right of Figure 6C are the APOD and AAsA response signals related to the POD and AsA standards, in which the correlation equation for EPOD is APOD = 0.001EPOD - 0.079 (r = 0.9994) and that for AsA is AAsA = -0.009cAsA - 1.011 (r = 0.9985). Through calculating, the detection limits (3SD/k) are 22.5 U•L-1 for EPOD and 1.67 mg•L-1 for cAsA, respectively; the quantitation limits (10SD/k) are 75 U•L-1 for EPOD and 5 mg•L-1 for cAsA, respectively.
Table 2
3.5 | Determination of the real samples and correction of EPOD
Table 2 manifests that the results related with cAsA and true E’POD value in some biosamples are consistent with that of the contrasting methods, and the RDs between two methods are less than 3.2% for cAsA and EPOD, thus they are satisfactory. In addition, by the t-test, the results from two methods are also no statistical difference (P>0.05). To further validate the accuracy and reliability of the automatic system, the recovery tests were conducted, in which the cAsA and EPOD standards with different concentrations were added in the above biosamples (Table 3) and the recoveries in the range of 95 to 105% were gotten; this demonstrates that our system is reliable for the simultaneous determination of E’POD and cAsA.
Table 3

4 | CONCLUSION
The extinction phenomenon in the POD-catalyzed chromogenic reaction was first used to determine the cAsA value which and then was reused to the correction of EPOD. Simultaneously using the coloration and extinction reaction, cAsA and EPOD in the biosamples were first quantified accurately. Based on the three-channel asynchronous-synchronous injection and permeating merge-zone spectrophotometric technology, a new automatic system was first established and was used successfully for the rapid determination of POD and AsA in the biosamples. The concurrently accurate acquisition of the EPOD and cAsA values will be very useful and meaningful for the physiological process research, the biochemical tests and clinical examination in various biosamples.
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