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L-lysine and L-arginine inhibit the oxidation of lipids and proteins 
of emulsion sausage by chelating iron ion and scavenging radical

Peng Xu1, Yadong Zheng1, Xiaoxu Zhu1, Shiyi Li1, and Cunliu Zhou1,*

Objective: To evaluate the effects of L-lysine (Lys)/L-arginine (Arg) on lipid and protein 
oxidation of emulsion sausage during storage and its possible mechanism. 
Methods: Four samples were prepared based on the presence or absence of additional sodium 
isoascorbate, Lys, or Arg: sample A (control), sample B (0.05 g of sodium isoascorbate), sample 
C (0.4 g of Lys), and sample D (0.4 g of Arg). Peroxide value (POV), thiobarbituric reactive 
substances (TBARS), protein carbonyls and thiols were measured. 2,2-Diphenyl-1-picryl-
hydrazyl (DPPH) and hydroxyl radical-scavenging, ferrous ion-chelating ability were also 
measured.
Results: Compared with the control, the sample treated with sodium isoascorbate, Lys or 
Arg had significantly lower POV during the initial 20 days, TBARS during the initial 15 days. 
Protein carbonyls were significantly lower compared Sample B, C, and D with A during the 
later storage (10 to 25 days); basically, protein thiols became lower during storage when the 
samples were treated with sodium isoascorbate, Lys, or Arg. Both Lys and Arg had weak 
reducing power but strong ferrous ion-chelating activity and DPPH radical- and hydroxyl 
radical-scavenging activity.
Conclusion: Both Lys and Arg effectively inhibited the oxidation of lipids and proteins in 
emulsion sausage by scavenging free radicals and chelating ferrous ions. The results 
obtained may be favorable for the prevention of lipid and protein oxidation during 
processing and storage of meat products.
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INTRODUCTION 

Meat products are rich in lipids and proteins. Usually, these components are easily oxidized 
during processing, storage, and circulation owing to high water activity. The oxidation of 
lipids and proteins has negative effects on the flavor, color, texture, water-holding capacity, 
nutritional value, and safety of meat products [1,2].
 Lipid/protein oxidation is caused by free radicals. It is a typical chain reaction and in-
cludes chain initiation, propagation and termination [3]. Some metal ions (Fe2+, Cu2+ etc.) 
are conducive to electron transfer, which accelerates the formation of free radicals and 
catalyzes lipid/protein oxidation [4]. Theoretically, substances that can scavenge free radicals 
and/or chelate metal ions may be effective to suppress lipid/protein oxidation.
 Phenolic compounds meet the above requirements. Therefore, some synthetic phenolic 
antioxidants, such as butylated hydroxyanisole, butylated hydroxytoluene, tertiary butyl 
hydroquinone, and propyl gallate, exhibit excellent antioxidant properties and are widely 
used in food industry. However, cancer and deformity have been reportedly caused by ex-
cessive intake of the synthetic antioxidants [5]. Therefore, there is an increasing interest in 
natural antioxidants due to their high performance, low cost, and wide availability. The appli-
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cation of natural antioxidants is restricted because of the 
complicated extraction process, lower extraction yield, and 
higher cost. Thus, discovery of not only safe and efficient, but 
also cheap additive natural antioxidants is necessary. 
 L-lysine (Lys) was reported to mask bitter, metallic and 
other undesirable taste due to the replacement of NaCl with 
KCl [6]. Both Lys and L-arginine (Arg) were found to decrease 
the cooking loss and improve the texture of pork sausage [7,8]. 
These two amino acids ameliorated the color and reduced the 
thawing loss of frozen shrimp. In addition, Lys and Arg are 
considered natural, commercially available, and widely used 
in foods [9]. Therefore, their application in meat industry has 
recently attracted considerable interest. Lys and Arg contain 
carboxyl (−COOH) and amine (−NH2) functional groups. 
Importantly, some studies showed that Arg had radical-
scavenging activity [10]. Lys was also reported to have metal-
chelating activity [11]. Therefore, it can be deduced that Lys 
and Arg can prevent the oxidation of lipids and proteins. How-
ever, there is only one literature report on the effects of Lys on 
the lipase activity and lipid oxidation in dry-cured loin pro-
cess [12]. Up to date, no other literature exists regarding the 
effects of Lys and Arg on lipid/protein oxidation in emulsified 
sausage during storage. 
 Our previous study [7,8] have showed that both Lys and 
Arg improved the cooking loss, texture and colour of emul-
sified sausage. Therefore, this paper focused on the effects of 
Lys or Arg on the oxidation of lipids and proteins in emulsified 
sausage during storage. Meanwhile, the possible mechanism 
was discussed by analyzing 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) and OH radical scavenging, ferrous ion-chelating 
ability, and reducing power.

MATERIALS AND METHODS 

Materials and chemicals
Lys (99.5%) and Arg (99.5%), basic amino acids, were pur-
chased from Shanghai Juyuan Biotechnology Co., Ltd (Shang-
hai, China). The pHs of a 0.4% (m/v) Lys and Arg aqueous 
solution were 9.78 and 10.44 at 25°C, respectively. Salt (NaCl> 
99.1%) was purchased from Anhui Salt Industry Corp (Anhui, 
China). Sodium tripolyphosphate, sodium hexametaphos-
phate and sodium pyrophosphate were purchased from Xuzhou 
Hengshi Food Co., Ltd (Jiangsu, China).
 The following reagents were of analytical grade: trichloro-
acetic acid (TCA), thiobarbituric acid (TBA), chloroform, 
dinitrophenylhydrazone (DNPH), bovine serum albumin 
(BSA), DPPH, 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), 
sodium dodecyl sulfate (SDS), L-cysteine, anhydrous etha-
nol, ascorbic acid (Vc), ferrozine, ferrous ammonium sulfate 
(Fe[NH4]2[SO4]2·6H2O), and potassium ferricyanide (K3[Fe 
(CN)6]). 
 Three batches of chicken breast and pork back fat were 

purchased from one of the local Carrefour supermarkets (Hefei, 
China). The chicken breast was thawed for 24 h at a temper-
ature 2°C to 4°C, and then its visible fat and connective tissue 
were removed. The chicken meat and pork back fat samples 
were minced twice with a MG-1220 meat grinder (Dr. Jie, 
Foshan shunde Jinyimei electric appliance Co., Ltd, Guang-
dong, China) with a thirty-hole plate with a diameter of 5 mm. 
The minced chicken meat was packaged and stored at –18°C 
until use, whereas the treatments were performed at 4°C. 

Preparation of emulsion sausages
The emulsion sausages were prepared according to the method 
described by Xu et al [13] with slight modifications. The minced 
chicken meat, pork back fat and curing agents were fully mixed. 
Subsequently, the meat mixture was pickled at 4°C for 24 h. 
The above curing agents included: 55 g of minced chicken 
meat, 24 g of pork back fat, 2.3 g of NaCl, 0.1 g of monosodium 
glutamate, 0.3 g of white sugar, 0.3 g of compound phosphates 
(the mass ratio of sodium tripolyphosphate, sodium pyro-
phosphate, and sodium hexametaphosphate was 2:2:1), 13 g 
of distilled water, and 5 g of corn starch. The total weight of 
the meat mixture and the curing agents was up to 100 g. Four 
samples were prepared based on the presence or absence of 
additional sodium isoascorbate, Lys, or Arg: sample A (con-
trol), sample B (0.05 g of sodium isoascorbate), sample C (0.4 g 
of Lys), and sample D (0.4 g of Arg). The amount of Lys, Arg, 
and sodium isoascorbate was determined based on informa-
tion from previous literature evidences [7,8,14]. Here, sodium 
isoascorbate was used because due to its common commercial 
application aimed at the prevention of oxidization of proteins 
and lipids in meat products [14]. 
 The meat mixture was stuffed into a polyethylene casing 
with a diameter of 15 mm. The raw sausages were cooked in 
a water bath at 80°C (±2°C) for 30 min. After cooling with 
tap water for 20 min, the sausages were stored at 25°C for 
subsequent analysis.
 
Determination of peroxide value
A volume of 150 mL petroleum ether (30°C to 60°C) was 
added to 100 g of each of the minced sausage samples, fol-
lowed by stirring at room temperature overnight. The filtrate 
was obtained by suction filtration. The solvent was removed 
by reduced-pressure distillation, and the lipid extract of the 
emulsion sample was obtained and used for peroxide value 
(POV) analysis. 
 The POV was determined according to the Chinese na-
tional standard (GB/T 5538-2005). Specifically, 5.0 g of the 
lipid extract was dissolved with 50 mL of component solvent 
(acetic acid:isooctane = 3:2, v/v). The mixture was vigorously 
shaken to achieve full dissolution of the lipid extract. Then, 
0.5 mL of saturated potassium iodide solution was added to 
the mixture, which was next left undisturbed in the dark for 
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3 min. Subsequently, 30 mL of distilled water was added, fol-
lowed by shading. Further, 0.01 mol/L of sodium thiosulfate 
solution was titrated to the mixture until the blue faded. A 
volume of 0.5 mL of starch solution (1%, m/v) was used as an 
indicator. The POV (mmol/kg) was determined by the fol-
lowing equation:

 P = 0.5×1,000×ΔV×c÷m

 Here, ΔV is the volume of consumed sodium thiosulfate 
solution (mL), c is the concentration of sodium thiosulfate 
solution (mol/L), and m is the mass of the examined lipid 
extract (g). 

Determination of thiobarbituric reactive substances 
Thiobarbituric reactive substances (TBARS) values were de-
termined using the method described by Han et al [15] with 
some modifications. Each minced sausage sample of 10 g was 
placed in a 100-mL beaker and homogenized with 50 mL 7.5% 
(m/v) TCA solutions containing 0.1% (m/v) ethylenediami-
netetraacetic acid disoduim (EDTA-2Na) using a homogenizer 
(IKA, T18 Digital ULTRA TURRAX, Shanghai, China). The 
meat homogenate was filtered twice with double-layer filter 
paper. Then, 5 mL of the filtrate was transferred to a test tube, 
and 5 mL of TBA (0.02 mol/L TBA) solution was added. Sub-
sequently, the mixture was fully mixed, incubated in a water 
bath at 90°C for 40 min to develop a color, and cooled in a 
water bath at 25°C for 20 min. Next, 5 mL of chloroform was 
added and mixed into the mixture which was then left un-
disturbed until two phases appeared. The TBARS values were 
expressed as mg malondialdehyde/kg meat sample.

 TBARS (mg/kg) = (A532 – A600)÷155÷10×72.06×1,000

 Here, A532 and A600 is the absorbance of the upper layer at 
532 nm and 600 nm, respectively.

Determination of protein carbonyls
Protein carbonyls were analyzed using the DNPH method with 
some modifications [16]. A quantity of 1 g of minced sausage 
sample was homogenized (1,000×g, 30 s) in 20 mL distilled 
water using a homogenizer. Two aliquots (1 mL) were taken 
from the homogenates and dispensed in a centrifuge tube. 
They were treated with 1 mL 2 mol/L HCl (for protein concen-
tration measurement) and 1 mL of 2 mol/L HCl containing 
0.2% (m/v) DNPH (for carbonyl concentration measurement) 
in the dark for 1 h, respectively. The samples were precipitated 
with 1 mL of TCA (20%, m/v) by centrifugation (2,000×g, 5 
min), and the pellets were washed three times with 1 mL of 
a component solvent of ethanol and ethyl acetate (v:v = 1:1) 
to remove the excessive DNPH. The pellets were then dis-
solved in 3 mL of 6 mol/L guanidine chloride in a water bath 

at 37°C for 15 min. Further, the samples were centrifuged at 
2,000×g for 3 min to remove insoluble fragments. Protein 
concentration was calculated according to the absorbance at 
280 nm (BSA as a standard). Carbonyls value, expressed as 
nmol of carbonyl per mg of protein, was calculated using an 
absorption coefficient of 22,000 M–1×cm–1 at 370 nm for pro-
tein hydrazone.

Determination of protein thiols
Protein thiols were determined using the DTNB method with 
some modifications [17]. The standard curves of the protein 
concentration and thiols were established using BSA in a 0.1 M 
Tris buffer (pH 8.0) with 5% (m/v) SDS and 200 μM of L-
cysteine stock solution, respectively. The thiol value was 
calculated as μM thiol/mg protein.

DPPH radical-scavenging assay
DPPH radical-scavenging ability was assayed according to a 
previous procedure with some modifications [18]. A volume 
of 3 mL of 0.1 mM DPPH solution (in absolute ethanol) or 
absolute ethanol was thoroughly mixed with a series of con-
centrations of Lys, Arg, or ascorbic acid (Vc) aqueous solutions 
(0.6 mL), respectively. Considering that Vc has a strong ability 
to scavenge free radical and is often used to evaluate free radi-
cal-scavenging activity, Vc was chosen as a positive control 
in the present study. The mixture was incubated for 0.5 h in the 
dark at room temperature, and the corresponding absorbance 
(A1, A2) at 517 nm was recorded. In addition, the absorbance 
(A0) of a mixture of 3 mL 0.1 mM DPPH solution and 0.6 mL 
distilled water at 517 nm was also recorded. The scavenging 
rate was calculated by the following equation:

 Scavenging rate of DPPH radical = [1–(A1–A2)/A0]×100% 

Hydroxyl radical-scavenging assay 
Hydroxyl radical-scavenging ability was determined accord-
ing to an earlier reported method with some modifications 
[19]. Volumes of 6 mL of 6 mM salicylic acid-ethanol solu-
tion, 6 mL of 6 mM FeSO4·7H2O aqueous solution, and 6 mL 
of 6 mM H2O2 were mixed with 6 mL of different concentra-
tion of Lys, Arg, or Vc. The mixture was vortexed and then 
incubated in a water bath at 37°C for 30 min. The absorbance 
of the mixture with (A1) or without salicylic acid (A2) was re-
corded at 532 nm. Also, the absorbance of the mixture (A0) 
of salicylic acid ethanol solution (6 mL, 6 mM), FeSO4·7H2O 
aqueous solution (6 mL, 6 mM), H2O2 (6 mL, 6 mM), and 
distilled water (6 mL) at 532 nm was determined. The scav-
enging rate was obtained using the following equation:

 Scavenging rate of hydroxyl radical  
 = [1–(A1–A2)/A0]×100%
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Ferrous ion-chelating ability 
Ferrous ion-chelating ability was determined according to the 
method described by Senevirathne et al [20] with some modi-
fications. Specifically, 5.0 mL of the different concentrations 
of Lys, Arg, or EDTA-2Na solution, 0.1 mL of ferrous chloride 
solution (2.0 mmol/L) and 0.2 mL of ferrozine (5.0 mmol/L) 
were added to a tube, respectively. The mixture was fully mixed 
for 10 min. The absorbance of the mixture (A1) was recorded 
at 562 nm. Here, EDTA-2Na, an important metal-chelating 
agent, was chosen as reference to evaluate iron ion-chelating 
activity. In addition, 0.1 mL of ferrous chloride solution or 5.0 
mL of the different concentrations of Lys, Arg, or EDTA-2Na 
solution in the above mixture was substituted with the equal 
volume of distilled water, respectively. The corresponding 
absorbance (A2 or A0) was also determined. The ferrous ion-
chelating ability was calculated by the following equation:

 The ferrous ion-chelating ability = [1–(A1–A2)/A0]×100% 

The content of free iron in sausage 
Free iron content was determined according to the method 
described by Senevirathne et al [20] with some modifications. 
A minced sample (10 g) was homogenized in 40 mL of 0.02% 
(m/v) ascorbic acid solution using a homogenizer and fil-
trated. A volume of 5 mL of the filtrate was mixed with 1 mL 
of 5 mM ferrozine solutions and reacted for 10 min. The ab-
sorbance was determined at 562 nm. Finally, the standard 
curve was obtained according to a series of different concen-
trations of Fe2+ solutions (Fe(NH4)2(SO4)2·6H2O in 0.02% 
(m/v) ascorbic acid solution). The results were expressed as 
mg/100 g sample.

Measurement of the reducing power 
Vc was chosen as a reference to determine the reducing power 
of Lys and Arg based on the previous procedure with some 
modifications [21]. Specifically, 0.4 mL of Lys, Arg, or Vc so-

lution was mixed with 2.5 mL of phosphate buffer (200 mM, 
pH 6.6) and 2.5 mL of 1% potassium ferricyanide, and the 
mixture was then incubated in a water bath at 50°C for 20 min. 
The resulting solution was immediately cooled, mixed with 
2.5 mL of 10% trichloroacetic acid, and centrifuged at 1,800× 
g for 10 min. A 2.5 mL of the supernatant fraction was mixed 
with 2.5 mL of distilled water and 0.5 mL of 0.1% ferric chlo-
ride. After 10 min, the absorbance of the resulting mixture 
was determined at 700 nm.

Statistical analysis
Analysis of variance was used to determine the significance 
of the differences between samples at p<0.05 by t-test. The 
means and standard errors were determined using Excel 
(Microsoft Office 2010). Correlation analysis was used by SPSS 
16.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION 

Oxidation of lipids and proteins
POV is a common indicator reflecting the primary oxidation 
of lipids. As can be seen in Table 1, the POV values in all cases 
initially increased but then decreased during storage. Hydro-
peroxide was unstable and easy to decompose into secondary 
oxidation products. The formation of hydroperoxide might 
have been faster than its decomposition at the initial stage of 
lipid oxidation, thereby leading to the increase of POV. Re-
versely, the decomposition of hydroperoxide might have 
prevailed over its formation at the later stage of lipid oxida-
tion, contributing to the decrease in hydroperoxide levels. 
Sodium isoascorbate-, Lys-, or Arg-treated sausages had signi-
ficantly lower POV values than the control during the initial 
20 days, showing that these agents inhibited the lipid oxida-
tion in the emulsion sausage. The POV values of the control 
reached the maximum value (1.39±0.04) on day 20. However, 
the POV values of the Lys- or Arg-treated sausages reached 

Table 1. Changes in POV and TBARS of emulsion sausages during storage

Item Sample1) Storage time

5 10 15 20 25

POV A 0.36 ± 0.05ay 1.11 ± 0.05av 0.93 ± 0.06aw 1.39 ± 0.04au 0.57 ± 0.07ax

B 0.16 ± 0.01bw 0.50 ± 0.05cv 0.54 ± 0.03bv 0.63 ± 0.03bu 0.53 ± 0.01av

C 0.14 ± 0.00cx 0.70 ± 0.09bu 0.39 ± 0.02cw 0.42 ± 0.00dv 0.54 ± 0.03au

D 0.13 ± 0.03cw 0.54 ± 0.06bcu 0.40 ± 0.00cuv 0.44 ± 0.00cu 0.36 ± 0.01bv

TBARS A 4.32 ± 0.05ax 4.39 ± 0.10ax 5.18 ± 0.01av 4.87 ± 0.11bcw 5.75 ± 0.01cu

B 2.88 ± 0.00cy 3.69 ± 0.15cx 4.08 ± 0.04cw 4.66 ± 0.07cv 5.21 ± 0.07du

C 3.42 ± 0.03by 3.92 ± 0.03bx 4.20 ± 0.04bcw 4.88 ± 0.00bv 6.40 ± 0.03bu

D 3.53 ± 0.08by 4.11 ± 0.11bx 4.37 ± 0.05bw 5.07 ± 0.05av 6.79 ± 0.05au

POV, peroxide value; TBARS, thiobarbituric reactive substances.
1) A: control, without Lys or Arg; B: 0.05 g sodium isoascorbate; C: 0.4 g Lys; and D: 0.4 g Arg.
The letters (a-c) in the same column indicate the presence of significant differences (p < 0.05) between different samples at the same storage time. The different letters (u–y) in 
the same row mean that there are significantly differences (p < 0.05) for the same sample at different storage time. 
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the maximum levels of 0.70±0.09 and 0.54±0.06 mmol/kg, 
respectively, on day 10, which was much lower than that of 
the control at the corresponding stage, indicating that Lys/Arg 
was effective in inhibiting the generation of hydroperoxide.
 TBARS is the most widely used direct index that reflects 
the level of lipid oxidation in meat products. In our investi-
gation, we found that in all cases, TBARS gradually increased 
with the prolongation of storage time (Table 1), meaning that 
the oxidation degree increased over time. Lys- or Arg-treated 
sausages had significantly lower TBARS values than the con-
trol during the initial 15 days, which indicated that both Lys 
and Arg were able to inhibit lipid oxidation. Similarly, Lys was 
reported to decrease the TBARS values in dry-cured loins [22]. 
However, basicially, Lys- or Arg-treated sausages had signifi-
cantly (p<0.05) higher TBARS values than the control during 
the final stage of storage (20 to 25 days), showing that Lys or 
Arg displayed pro-oxidant effects. Similarly, rosemary ex-
tract was also found to have pro-oxidant effects in frankfurters 
[23]. The sodium isoascorbate-treated sausages exhibited 
lower TBARS values (p<0.05) than the control and Lys- or 
Arg-treated sausages throughout storage time. This result 
indicated that sodium isoascorbate was more effective in hin-
dering lipid oxidation than Lys or Arg. The Lys-treated ones 
had slightly (p>0.05) lower TBARS values than those of the 
Arg-treated sausages during the initial 15 days but had con-
siderably lower TBARS values during the later phases of storage 
(p<0.05), showing that Lys may be more effective than Arg in 
the suppression of lipid oxidation in sausage samples.
 Meat proteins are prone to oxidation which results in the 
formation of carbonyl groups. Carbonyl content is one of the 
most general parameters to evaluate protein oxidation [24]. In 
all cases examined in our study, the carbonyl content in the 
samples significantly increased (p<0.05) during storage and 
reached its highest values on day 25 (Table 2). These results 
clearly showed that oxidation of proteins occurred during stor-
age. During storage, sodium isoascorbate-, Lys- or Arg-treated 
sausages had significantly (p<0.05) lower carbonyl values than 

the control, indicating that these reagents inhibited the oxida-
tion of proteins during 10 to 25-day of storage. The carbonyl 
levels were not significantly (p>0.05) different from those in 
the samples treated with sodium isoascorbate, Lys, or Arg, 
respectively.
 Theoretically, the oxidation of proteins causes a decrease in 
thiol content [25]. Also, the amount of thiol in all cases slightly 
even significantly decreased during storage. Basicially, sodium 
isoascorbate-, Lys-, or Arg-treated sausages showed signifi-
cantly lower (p<0.05) thiol levels than those in the control 
during storage, indicating that sodium isoascorbate, Lys, and 
Arg accelerated the loss of thiol. Zhang et al [22] found that 
sage also accelerated the loss of thiol although it prevented 
lipid and protein oxidation. Similarly, Jongberg et al [26] re-
vealed that the addition of white grape extract to beef patties 
intensified the loss of thiol but slowed down myosin cross-link 
formation. Lutolf et al [27] reported that the positive charges 
from arginine decreased accelerated Michael-type reactivity 
of thiols. Takeo and Kyozo [28] showed that there are a variety 
of α,β-unsaturated compounds in meat products. Therefore, 
it is possible that in our experiments, the α,β-unsaturated com-
pounds reacted with thiols in the presence of positively charged 
Lys/Arg, ultimately contributing to the decrease in thiol levels.
 The present results indicated that the oxidations of lipids 
and proteins were slow compared the sample treated with 
Lys/Arg and the control. In addition, Okoń et al [29] showed 
that in meat products, above 56% Arg was lost after 4 months 
of storage. Also, Hes and Pyrcz [30] showed that in stored raw 
Polish sausage, the half-life period of Lys was near 43 days. The 
results indicated that in meat products, Lys and Arg were 
relatively stable during storage. Therefore, it can be concluded 
that Lys/Arg may contribute to the declined oxidations of 
lipids and proteins. However, meat products are complex 
systems containing a variety of reducive and oxidative in-
gredients; therefore, it is difficult to determine the specific roles 
of Lys and Arg in inhibiting the oxidation of lipids and pro-
teins. 

Table 2. The changes in carbonyl and thiol value of emulsion sausages during storage

Item Sample1) Storage time

5 10 15 20 25

Carbonyl A 2.32 ± 0.11ax 2.70 ± 0.14awx 3.17 ± 0.10avw 3.48 ± 0.10auv 3.71 ± 0.12auv

B 1.97 ± 0.04abw 2.15 ± 0.07bw 2.47 ± 0.06bv 2.78 ± 0.11buv 3.01 ± 0.13bu

C 1.84 ± 0.05bx 2.13 ± 0.11bwx 2.49 ± 0.13bvw 2.81 ± 0.13buv 3.08 ± 0.10bu

D 1.95 ± 0.07abx 2.10 ± 0.13bwx 2.54 ± 0.15bvw 2.88 ± 0.19buv 3.18 ± 0.04bu

Thiol A 58.0 ± 0.9au 52.1 ± 1.4av 47.6 ± 0.6av 42.8 ± 1.1aw 39.7 ± 1.0aw

B 55.4 ± 0.8abu 46.7 ± 0.8bv 41.9 ± 0.9bw 37.8 ± 0.9bx 35.7 ± 1.0bx

C 55.6 ± 0.9abu 48.9 ± 0.9abv 43.4 ± 0.9bw 40.0 ± 0.8abwx 37.1 ± 1.1abx

D 53.7 ± 1.0bu 47.0 ± 1.0abv 42.6 ± 0.9bw 39.1 ± 1.3abwx 36.2 ± 0.7bx

1) A: control, without Lys or Arg; B:  0.05 g sodium isoascorbate; C: 0.4 g Lys; and D: 0.4 g Arg.
The letters (a–c) in the same column mean there are significant differences (p < 0.05) between different samples at the same storage times. The different letters (u–y) in the same 
row indicate that there are significant differences (p < 0.05) for the same sample at different storage times.
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 Lipid oxidation is a typical free-radical chain reaction which 
usually includes three steps: chain initiation, propagation, 
and termination [31]. The lipid-derived radicals and/or hy-
droperoxides were found to promote protein oxidation [32]. 
Meanwhile, the oxidation of myoglobin released iron ions, 
which in turn accelerated lipid oxidation [33]. The results of 
the present study showed that a positive correlation existed 
between protein carbonyls and TBARS (r = 0.84; p<0.01), 
which was in accordance with the hypothesis that the oxida-
tion of lipid and protein simultaneously occurred and mutually 
promoted in meat products. The substances which can scav-
enge free radicals and/or chelate metal ions effectively hinder 
lipid/protein oxidation. Some reports showed that Lys and Arg 
can scavenge free radicals [10], chelate metal ions [34,35] and 
have reducing power [36]. This supplied a plausible explana-
tion that Lys and Arg are effective in the prevention of lipids 
and proteins from oxidation. To clarify the role of Lys and Arg 
in the inhibition of lipid and protein oxidation, DPPH and 
OH radical-scavenging assays were conducted, and ferrous 
ion-chelating ability and reducing power were investigated. 

DPPH and OH radical-scavenging assays
DPPH radical-scavenging ability is regarded as its total ca-
pacity of scavenging free radicals [37]. The OH radical, which 
is the most reactive and powerful oxidizing active oxygen, is 
able to directly react with lipids and its primary oxidation 
products (ROOH) [38]. Therefore, the scavenging activity of 
the OH radical is an important indicator for the evaluation of 
the capacity of antioxidants to prevent lipid and protein oxi-
dation [39]. As illustrated in Figure 1 and 2, Lys, Arg, and Vc 

had strong scavenging activity against DPPH and OH radicals. 
Moreover, the rates of scavenging the two radicals increased 
with the rise in Lys, Arg, or Vc levels. Vc is able to scavenge 
DPPH radical because it can convert a DPPH radical to a 
stable DPPH2 molecular by providing an electron or proton 
[40]. Theoretically, Vc has strong scavenging activity at the 
high concentrations. Vc had the strongest scavenging ability 
against DPPH and OH radicals, followed by Lys and Arg. The 
rate of DPPH radical scavenging was lower than 50% in all 
the tested concentrations of Lys and Arg. A rate of 50% OH 
radical scavenging was detected at a concentration of 0.99 
mg/mL Lys, 1.15 mg/mL Arg, and 0.35 mg/mL Vc, respec-
tively. Compared with DPPH radical, OH radical was easier 
to scavenge by Lys and Arg. The capacity of Lys/Arg to scav-
enge DPPH and OH radicals by may play an important role 
in blocking the propagation of free radicals during lipid and 
protein oxidation. 

Ferrous ion-chelating ability
Fe2+ is considered a strong pro-oxidant that causes the pro-
duction of reactive oxygen species. Fiorucci et al [41] showed 
that Fe2+ generated lipid peroxide and accelerated lipid oxi-
dation. Usually, the release of iron ions in meat products is 
considerable owing to the oxidation of hemoglobin/myoglobin 
[23]. As shown in Figure 3, we found that Lys, Arg, and EDTA-
2Na had a strong ferrous ion-chelating ability. Moreover, the 
ferrous ion-chelating rate significantly increased with the el-
evation of Lys, Arg, and EDTA-2Na levels. The IC50 values of 
Lys, Arg, and EDTA-2Na were 23.2, 42.5, and 7.0 μg/mL, re-
spectively. This suggested that ferrous ion-chelating ability 
decreased in the following order: EDTA-2Na>Lys>Arg. Ge-

Figure 1. Scavenging activity of of L-lysine (Lys), L-arginine (Arg), and ascorbic 
acid (Vc) against the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. Different 
letters in the same sample indicate significant difference (p<0.05); * means 
there were significant different at the same concentration between Lys and Arg 
(p<0.05).

Figure 2. Scavenging activity of OH radical of L-lysine (Lys), L-arginine (Arg), 
and ascorbic acid (Vc). Different letters in the same sample indicate significant 
difference (p<0.05); * means there were significant different at the same 
concentration between Lys and Arg (p<0.05).
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nerally, the compounds with structures containing two or 
more of the functional groups –OH, –SH, –COOH, –C = O, 
–NR2, –S–, and –O– in a favorable structure-function con-
figuration have chelating activity [42]. Lys and Arg have –
COOH and –NR2 groups, and thus, theoretically, Lys and Arg 
have the capacity to chelate metallic ions. This view was sup-
ported by many earlier research findings. For example, Lys 
was reported to chelate iron ions [43]. In addition, by conduct-
ing an analysis of the IR spectrum, Bai et al [36] confirmed 
that Arg was also able to chelate iron ions. Further, the present 
findings showed that the concentration of free iron in the sau-
sages treated with Lys and Arg was 0.176±0.013 mg/100 g and 
0.164±0.001 mg/100 g, respectively, which was significantly 
lower than that in the control (0.198±0.014 mg/100 g). Simi-
larly, Bai et al [36] reported that Arg significantly reduced the 
content of free iron in hemoglobin. Therefore, it may be con-
cluded that the chelation between Lys/Arg and ferrous ions 
in the sausage samples decreased the concentration of free 
ferrous ions, ultimately hindering the oxidation of lipids and 
proteins. 

Reducing power 
Reducing power is another important parameter used to eval-
uate antioxidant capacity. As illustrated in Figure 4, Arg showed 
a poor reducing power in all tested concentrations. Although 
Lys had a relatively stronger reducing power than Arg, it was 
generally exceedingly weak. Our results suggested that reduc-
ing power exerted a minor impact on the oxidation of lipids 
and proteins. The reducing power of an antioxidant is gener-
ally realized by donating a hydrogen atom and/or breaking 

the free radical chain [44]. Phenolic compounds can provide 
a hydrogen atom because of their ability to form a stable phe-
noxy radical [22]. However, in contrast to phenolic compounds, 
amino acids are poor electronic donors owing to the exis-
tence of an electron-withdrawing group (carbonyl) or a strong 
covalent bond (amino group) [45], which may contribute to 
the poor reducing power of Lys/Arg. Therefore, reducing pow-
er is not the crucial factor that affects the antioxidant potential 
of Lys/Arg.
 Based on the present findings, it could be concluded that 
Lys/Arg are effective in scavenging free radicals and chelat-
ing free metallic ions, which may block the propagation of 
free radical chain reactions and the decrease catalytic capacity 
of ferrous ions, ultimately preventing lipid and protein oxi-
dation. 

CONCLUSION

Basicially, Lys/Arg significantly decreased the POV, TBARS, 
and carbonyl values but accelerated the loss of thiol. Lys and 
Arg had a weaker reducing power but a strong capacity to 
chelate ferrous ions and scavenge DPPH and hydroxyl radicals. 
The present results show that Lys and Arg effectively inhibit 
lipid and protein oxidation by scavenging free radicals and 
chelating ferrous ions, which can be of substantial importance 
to the meat industry.
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organization regarding the material discussed in the manu-
script.
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