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Abstract 50 

This study was conducted to compare and analyze the changes in the biochemical 51 

characteristics and biological activity of peptide extracts derived from Chickso, 52 

Hanwoo, and Wagyu beef during digestion. The results of the in vitro digestion 53 

analysis revealed that the digestion rate, total free amino acid content, and 54 

antioxidant and antihypertensive activities of Chickso loin and shank myofibrillar 55 

proteins were significantly higher (p < 0.05) than those of Hanwoo and Wagyu 56 

loin and shank myofibrillar proteins. Particularly, the peptide extracts of Chickso 57 

loin and shank had a high angiotensin-converting enzyme inhibitory activity. In 58 

mice in vivo digestion experiment, the blood serum of mice fed with Chickso loin 59 

peptide extract (< 10 kDa) showed the highest antioxidant enzyme activity. Thus, 60 

Chickso peptide extracts was deemed to be similar or more bioactive than 61 

Hanwoo and Wagyu peptide extracts, and can be used as bioactive materials. 62 

 63 

Keywords: Korean native cattle, Chickso, Peptide extracts, Antioxidant activity, 64 

Antihypertensive activity  65 
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Introduction 66 

Currently, Korea is facing rapid changes in population structure and lifestyle, 67 

and the food industry is greatly affected by such changes in social structure (Cha 68 

and Rha, 2021). With the increase in per capita income, consumers are investing 69 

in more delicious and immune-boosting meals. In particular, the demand for meat, 70 

including beef, which is considered an immune-boosting food rich in protein, 71 

zinc, iron, and vitamin D, is steadily increasing (Kim and Na, 2001; Whitnall and 72 

Pitts, 2019). Many studies on livestock have already been conducted in advanced 73 

countries to scientifically investigate the functionality of meats such as beef, 74 

chicken, and pork in response to consumers’ demands; however, research on the 75 

same remains insufficient in Korea. In the future, various breeds and imported 76 

beef are expected to flow into Korea through various channels such as free trade 77 

agreements. Therefore, preparing the necessary domestic countermeasures 78 

accordingly is essential.  79 

Hanwoo (Bos taurus coreanae) is the representative Korean native cattle. In 80 

general, Hanwoo is divided into five types: brown (Hanwoo, major), tiger color 81 

(Chickso, Bos namadicus), black (Heukwoo, Bos namadicus Falconer), Jeju black 82 

(Jeju Heukwoo, Bos primigenius), white (Baekwoo) (Jo et al., 2012; Utama et al., 83 

2018, Kim et al., 2020). 84 

Hanwoo gave many advantages to farming and transportation with the 85 

following strengths: not prone to disease, docile temperament, strong legs and 86 

hooves, withstanding rough breeding management, and good fertility (Lee et al., 87 

2014). However, Hanwoo is currently being bred for meat and is raised in 88 

intensive farming to obtain beef. In addition, Korean meat quality grading system 89 

mainly evaluates marbling, and it can be said that Korean consumers' tendency to 90 

value the amount and taste of fat rather than lean meat has created today's Korean 91 

beef (Hwang et al., 2010; Alam et al., 2013; Joo et al., 2017). Korean studies on 92 

the quality of Korean beef have revealed that Korean beef has superior muscle fat 93 

accumulation, unsaturated fatty acid composition, and sensorial properties 94 

compared to imported beef (Hwang, 2004; Park and Yoo, 1994). In addition, 95 

many studies have reported the excellent health-improving properties (antioxidant 96 

ability, anti-hypertension, anti-inflammatory, and immune-boosting effects) of 97 

Korean beef (Seol et al., 2018).  98 

Chickso is one of the native breeds of Korean native cattle that has been bred 99 

for a long time besides with Hanwoo. It has dark brown and black vertical stripes 100 

on a yellowish-brown background, resembling a tiger pattern. Chickso has less 101 

marbling than Hanwoo, but it has a higher oleic acid content than regular 102 

Hanwoo, which gives the meat a soft and unique taste (Utama et al., 2018; Lee 103 

and Joo, 2022). In particular, Chickso has a reddish color and strong meat flavor 104 

compared to Hanwoo, so research and commercialization of aging, processing, 105 

cutting, and cooking methods are necessary. Furthermore, although a few 106 
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comparative studies on the quality of foreign and native breeds have been 107 

conducted, no study has reported the functional properties of livestock products 108 

derived from traditional Korean cattle except for Hanwoo. Therefore, it is 109 

considered necessary to study the meat quality and functional characteristics of 110 

Chickso to establish it as a new breed different from Hanwoo and to lay the 111 

foundation for industrialization. Therefore, this study aimed to compare the 112 

characteristics of peptides derived from Chickso and Hanwoo, which are 113 

traditional domestic breeds, and Wagyu, which is a representative overseas breed. 114 

 115 

Materials and Methods 116 

Materials 117 

α-amylase from hog pancreas (CAS No. 9000-90-2), porcine bile extract 118 

(CAS No. 8008-63-7), lipase from porcine pancreas (CAS No. 9001-62-1), mucin 119 

from porcine stomach Type II (CAS No. 84082-64-4), pepsin from porcine gastric 120 

mucosa (CAS No. 9001-75-6), crystalline uric acid (≥ 99%; CAS No. 69-93-2), 121 

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) diammonium salt 122 

(CAS No. 30931-67-0), 2,2-diphenyl-1-picrylhudrazyl (DPPH) (CAS No. 1898-123 

66-4), 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-p,p′-disulfonic acid monosodium 124 

salt hydrate (ferrozine), iron (II) chloride (CAS No. 7758-94-3), and iron (III) 125 

chloride (CAS No. 7705-08-0) were purchased from Sigma-Aldrich (St. Louis, 126 

MA, USA). EDTA-2Na dihydrate (CAS No. 6381-92-6), trichloroacetic acid 127 

(CAS No. 76-03-9), sodium phosphate dibasic anhydrous (CAS No. 7558-79-4), 128 

and sodium phosphate monobasic anhydrous (CAS No. 7558-80-7) were 129 

purchased from Daejung Chemicals (Siheung, Korea). Potassium 130 

hexacyanoferrate (III) (CAS No. 13746-66-2) was purchased from Kanto 131 

Chemical Co., Inc (Tokyo, Japan) and 2,6-di-tert-butyl-4-methylphenol (99.0%) 132 

was purchased from Samchun Pure Chemical Co., Ltd (Seoul, Korea). 133 
 134 

Experimental animals 135 

All animal experiments were approved by the Experimental Animal Ethics 136 

Committee of Chung-Ang University (Approval number: 2021-00038) and 137 

conducted in accordance with the rules of animal ethics. The ICR mouse used in 138 

the experiment were eight-week-old females weighing 25–30 g purchased from 139 

Orient Bio Co., Ltd. During the adaptation period, the mice were fed with water 140 

and pellet ad libitum. During the experiment, the mice were fed with defined 141 

amounts of mixed feed crumble and samples. DY-B-0061 bedding (shaving type) 142 

was purchased from Duyeol Biotech Co., Ltd. The breeding environment was 143 

maintained at 22±2℃ temperature, 60±5% relative humidity, and 12-hour 144 

light:dark cycle (07:00–19:00). 145 
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 146 

Acquisition of peptide extracts 147 

Fig. 1 shows the process followed for preparing peptide extracts from the 148 

loin and shank of Chickso (Bos namadicus Falconer), Hanwoo (Bos taurus 149 

coreanae), and Wagyu (Bos taurus) cattle. The Chickso loin and shank cuts used 150 

in the experiment were purchased from Woosung Ranch (1328, Chuseong-ro, 151 

Damyang-eup, Damyang-gun, Jeollanam-do) and Goseong Chickso (312-23, 152 

Sinan-ri, Ganseong-eup, Goseong-gun, Gangwon-do) in Korea. The Hanwoo loin 153 

and shank cuts were purchased from Famous Livestock (688-7, Nae-ri, Daedeok-154 

myeon, Anseong-si, Gyeonggi-do) and Manse Livestock in Korea (15, 155 

Deokbongseowon-ro, Gongdo-eup, Anseong-si, Gyeonggi-do) in Korea. The 156 

Wagyu loin and shank cuts were purchased from Meatbox Global Co., Ltd. (22, 157 

Teheran-ro 34-gil, Gangnam-gu, Seoul) in Korea. Each sample (500 g) was 158 

completely ground using a stand mixer (SHMF-H3500TG, Hanil Electric, 159 

Bucheon-si, Gyeonggi-do, Korea). Subsequently, 10 L of distilled water (DW) 160 

was added and the samples were washed 20 times for about 30 minutes each time 161 

to remove as much blood and fat as much as possible. Next, the samples were 162 

homogenized using a total of 4 L of 0.04 M phosphate buffer (PBS, pH 7.4) and 163 

then centrifuged at 1,977 × g for 15 min at 4℃ to obtain myofibrillar proteins. 164 

Thereafter, they were hydrolyzed with alkaline-AK enzyme (protein hydrolysate 165 

obtained by fermenting soybean meal with Bacillus methylotrophicus) at pH 11.0 166 

for 2 h at 60℃. The protein hydrolysates were heated at 80℃ for 15 min to 167 

deactivate the enzyme action and dried in a 55℃ dry oven for 24 h. The dried 168 

protein hydrolysates were diluted in DW at a concentration of 25 mg/mL. 169 

Subsequently, peptides were fractionated to a size of 10 kDa or less through 170 

ultrafiltration using an Amicon filter tube (Amicon Ultra, Germany) at 3,000 rpm 171 

for 15 min and then freeze-dried at -70℃. 172 

 173 

In vitro digestion experiment 174 

The preparation conditions of synthetic digestive juices used in the human in 175 

vitro digestion model are described in Table 1. (Hur et al., 2011). Samples (120 mg) 176 

of loin and shank peptide extracts from Chickso, Hanwoo, and Wagyu were 177 

transferred into 50 mL tubes. Saliva (5 mL) was added and the mixture was shaken 178 

at 150 rpm for 5 min at 37℃ in a shaking water bath to carry out the oral digestion 179 

step. Subsequently, 10 mL of gastric juice was added to the tube and reacted in the 180 



 

8 

 

shaking water bath at 150 rpm for 2 h at 37℃ to conduct the gastrointestinal 181 

digestion step. After the reaction, 10 mL of small intestinal juice and 5 mL of bile 182 

were added into the tube and reacted at 150 rpm for 2 h at 37℃ to perform the small 183 

intestinal digestion step. After all the digestive steps were completed, 25 mL and 15 184 

mL of DW were added to the tubes of the oral and gastrointestinal digestive steps, 185 

respectively. The final volume of the samples was 35 mL. In all in vitro digestion 186 

experiments, DW was added instead of digestive enzymes to obtain pre-digestion 187 

control samples under the same conditions. After the digestion experiment, all 188 

samples were centrifuged at 13,000 × g for 20 min at 4℃ and then the supernatants 189 

were extracted and used as samples. 190 

 191 

Molecular weight distribution analysis 192 

A gel permeation chromatography (GPC) system was used to analyze the 193 

molecular weight distribution before and after in vitro digestion of Chickso, 194 

Hanwoo, and Wagyu loin and shank peptide extracts. Specifically, an ACQUITY 195 

APC System (Waters Corporation, Milford, MA, USA) with an Xbridge Protein 196 

BEH SEC column (Xbridge Protein, San Jose, CA, USA) was used for the 197 

analysis. All samples were filtered with a 0.2 μm syringe filter before use. 198 

Deionized water (A) and MeOH (B) were used as mobile phase solvents; the 199 

composition was 90% A and 10% B and the flow rate was 0.7 mL/min. 200 

 201 

Analysis of changes in free amino acid composition 202 

A Hitachi L-8900 amino acid analyzer (Hitachi High-Technologies 203 

Corporation, Japan) was used to analyze changes in the composition of the free 204 

amino acids before and after in vitro digestion of Chickso, Hanwoo, and Wagyu 205 

loin and shank peptide extracts. After diluting each sample to an appropriate 206 

concentration, 1 mL of 5% trichloroacetic acid (TCA) solution was added to 1 mL 207 

of the sample, vortexed, and then centrifuged at 13,572 × g for 20 min at 20℃. 208 

Thereafter, 4 mL of n-hexane was added to 2 mL of the supernatant, agitated for 209 

10 min, and then centrifuged at 1,977 × g for 20 min at 20℃. Subsequently, the 210 

lower layer solution was obtained and the centrifugation step was repeated twice 211 
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to completely remove the n-hexane. Then, the samples were filtered using a 0.2 212 

μm syringe filter and used for analysis. 213 

 214 

In vitro physiological activity change analyses 215 

Analysis of changes in the antioxidant activity 216 

ABTS, DPPH, iron-chelating, and reducing power assays were used to 217 

analyze the antioxidant activity. ABTS radical scavenging activity was analyzed 218 

using Solution 1, prepared by mixing 0.038 mg of ABTS with 10 mL of DW 219 

according to the method described by Arts et al. (2004), and Solution 2, prepared 220 

by mixing 33 mg of potassium persulfate with 50 mL of DW. The ABTS solution 221 

was prepared by mixing 10 mL each of Solutions 1 and 2, covered with aluminum 222 

foil, and overnight incubated at room temperature to continue the activation of the 223 

solution. 20 μL of sample was divided into a well plate, and then 180 μL of ABTS 224 

solution diluted using MeOH was added. The well plate was wrapped in foil and 225 

the samples were allowed to react for 10 min. Then, the absorbance of the samples 226 

was measured at a wavelength of 734 nm using a microplate reader (Spectramax 227 

190; Molecular Device, San Jose, CA, USA). 228 

 229 

ABTS scavenging activity (%) = (1 −
Absorbance of sample

Absorbance of control
)  X 100 230 

 231 

The DPPH radical scavenging activity was measured using the method 232 

described by Brand-Williams et al. (1995). DPPH (2 mg) and MeOH (25 mL) 233 

were mixed to prepare a DPPH solution, covered with aluminum foil, and 234 

refrigerated. The samples (0.1 mL) were added to a well plate and 0.1 mL of the 235 

DPPH solution was mixed with the samples. Subsequently, the well plate was 236 

wrapped in foil and reacted at room temperature for 30 min. Then, the absorbance 237 

of the samples was measured at a wavelength of 517 nm using a microplate reader 238 

(Spectramax 190; Molecular Device, San Jose, CA, USA). 239 

 240 

DPPH scavenging activity (%) = (1 −
Absorbance of sample

Absorbance of control
)  X 100 241 

 242 

The iron-chelating assay was performed according to the method described 243 

by Decker and Welch (1990). EDTA-2Na dihydrate was used as the standard 244 

solution, and DW the solvent in which the sample was dissolved was set as the 245 

control. After adding 200 μL of each prepared sample into individual 1.5 mL 246 

tubes, 200 μL of 2 mM iron (II) chloride and 40 μL of 5 mM ferrozine were 247 

added. After vortexing and reacting at room temperature for 10 min, the 248 

absorbance of the samples was measured at a wavelength of 562 nm using a 249 

microplate reader (Spectramax 190; Molecular Device, San Jose, CA, USA). 250 
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 251 

Iron chelating ability (%) = (1 −
Absorbance of sample

Absorbance of control
)  X 100 252 

 253 

The reducing power assay was conducted using the method described by 254 

Oyaizu (1986), with slight modifications. Briefly, 2.5 mL of 10% potassium 255 

ferricyanide and 2.5 mL of 0.2 M sodium phosphate buffer (pH 6.6) were added 256 

to 2.5 mL of the samples dissolved in ethanol and then reacted in an incubator at 257 

50℃ for 20 min. Subsequently, 2.5 mL of 10% TCA was added to terminate the 258 

reaction and the mixture was centrifuged at 4,000 rpm for 10 min. The 259 

supernatant was collected and mixed with a 0.1% ferric chloride solution in a ratio 260 

of 5:1 (v/v). Subsequently, the absorbance of the samples was measured at a 261 

wavelength of 700 nm to evaluate the reducing power. 262 

 263 

Analysis of changes in the antihypertensive activity 264 

To measure the antihypertensive activity using the angiotensin-converting 265 

enzyme (ACE) inhibitory assay, 50 mg/mL (w/v) of rabbit lung acetone powder 266 

(L0756, Sigma, USA) was added to a 0.1 M sodium borate buffer (pH 8.3) 267 

containing 0.5 M sodium chloride. The mixture was stirred at 4℃ for 268 

approximately 18–24 h for extraction. Subsequently, the supernatant was 269 

collected through centrifugation at 9,425 × g for 30 min at 4℃ to prepare the 270 

ACE solution. Next, a 0.1 M sodium borate buffer (pH 8.3) was prepared by 271 

appropriately mixing sodium tetraborate and boric acid to achieve a pH of 8.3. 272 

Hippuryl-His-Leu (HHL) was added to the buffer to obtain a final concentration 273 

of 8.3 mM and the resulting solution was used as the ACE substrate. 274 

Each sample (50 µL) was placed in a 2 mL tube, and a sample with DW only 275 

was used as the control. ACE substrate (50 µL) was added to each of the prepared 276 

samples and reacted for 10 min at 37℃. Thereafter, 50 µL of the ACE solution 277 

(25 mM/mL) was added and the mixture was incubated at 37℃ for 30 min. 278 

Subsequently, 250 µL of 1 M HCl was added to a sample to stop the reaction and 279 

then 500 µL of ethyl acetate was added and the mixture was vortexed for 1 min. 280 

After centrifugation at 1,977 × g for 10 min, 200 µL of the supernatant was taken 281 

and dried at 60℃ for 30 min. Then, 1 mL of DW was added to it. The 282 

antihypertensive activity of the prepared sample was evaluated by measuring its 283 

absorbance at a wavelength of 228 nm using a UV/Vis Spectrophotometer 284 

(Agilent Technologies, Santa Clara, CA, USA). 285 

 286 

ACE inhibitory activity (%)287 

= (
Absorbance of sample − Absorbance of sampleHCl

Absorbance of control − Absorbance of controlHCl
)  X 100 288 

 289 
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Animal experiment 290 

A total of 21 eight-week-old female ICR mice were randomly distributed 291 

into the control and treatment cages. The experiment was conducted for 21 d after 292 

a two-week adaptation period. The daily feed intake of general ICR mice was 293 

limited to 5 g, and the peptide extract was diluted in 100 μL DW to obtain a 294 

concentration of 800 mg/kg and then administered orally once a day using an oral 295 

injection needle. 296 

After the peptide extract feeding experiment was completed, all experimental 297 

animals were sacrificed using CO2 gas, and their heart blood was collected. Blood 298 

collected for antioxidant enzyme activity analysis was centrifuged at 2,000 × g for 299 

10 min at 4℃ using a plasma separation gel tube (GSMEDITECH and Company, 300 

Gangwon, Korea). The plasma obtained was used as a sample for the antioxidant 301 

activity analyses, and the serum obtained by centrifugation for 15 min using a 302 

serum separation gel tube (GSMEDITECH and Company, Gangwon, Korea)was 303 

used for ACE activity analysis. 304 

 305 

Analysis of changes in antioxidant activity 306 

Catalase (CAT) activity of the samples were determined using an OxiTec 307 

Catalase Assay Kit (BIOMAX, Korea). Antioxidant activity was measured 308 

through three experiments using mice plasma samples. The prepared samples (25 309 

μL) were added to a 96-well plate containing 25 μL of a 40 μM H2O2 solution. The 310 

resulting samples were reacted under dark conditions for 30 min at room 311 

temperature. After the reaction was completed, 50 μL of Oxi-Probe/HRP working 312 

solution was added to the wells and reacted at 20-25℃ for 30 min. Subsequently, 313 

the absorbance of the samples was measured at 570 nm. The amount of enzyme 314 

that will decompose 1 µM of H2O2 per min at pH 7.0 at 25℃ is equated to 1 unit 315 

(U) of catalase activity. 316 

The peroxidase (POD) activity was determined by analyzing the content of 317 

H2O2 or peroxide present in the samples using an Oxi-Probe/HRP working 318 

solution and an OxiTec Hydrogen Peroxide/Peroxidase Assay kit (BIOMAX, 319 

Korea). The prepared samples (50 μL) were added to a 96-well plate with 50 μL 320 

of Oxi-Probe/H2O2 working solution and reacted under dark conditions for 30 min 321 

at 2025℃. Then, the absorbance of the samples was measured at 560 nm using a 322 

microplate reader.  323 

The superoxide dismutase (SOD) activity of the samples was determined by 324 

forming water-soluble tetrazolium salt (WST)-formazan complex through a redox 325 

reaction of xanthone oxidase and WST using a OxiTec SOD assay kit (BIOMAX, 326 

Korea). The prepared samples (20 μL) were added to a 96-well plate, and 200 μL 327 

of WST working solution was added to each well. Then, 20 μL of enzyme 328 

working solution was added to the well and mixed carefully. Thereafter, the plate 329 
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was reacted at 37℃ for 30 min, and the absorbance of the samples was measured 330 

at 450 nm using a microplate reader. 331 

 332 

SOD activity (Inhibition rate, %)333 

= (1 −
Absorbance of sample − Absorbance of blank 2

Absorbance of blank 1 − Absorbance of blank 3
) 334 

 335 

Analysis of changes in antihypertensive activity 336 

ACE activity was measured using an ACE activity assay kit (Elabscience, 337 

Houston, TX, USA). The absorbances of the sample and the blank were measured 338 

at 340 nm using a UV/Vis Spectrophotometer (Agilent Technologies, Santa Clara, 339 

CA, USA). The ACE activity (U/L) was calculated using the following formula:  340 

 341 

ACE activity (U/L) = (
Absorbance of sample − Absorbance of blank

Reaction time
)  X 

1000

ε x d
 X 

Total volume

Volume of sample
 X DF 342 

 343 

where, ε is the extinction coefficient (0.8 L/mmol/cm) of a wavelength of 340 nm 344 

at an optical distance of 1 cm, d is the optical distance of a quartz cuvette (0.5 345 

cm), DF is the dilution factor, and the reaction time is 5 min. 346 

 347 

 Statistical Analysis 348 

For the analysis of the experimental results, a statistical analysis was 349 

conducted after obtaining the mean and standard deviation using SPSS Statics 26 350 

(IBM, Armonk, USA). The Student’s t-test was used for analyzing the difference 351 

between two variables and the one-way analysis of variance method was used for 352 

analyzing the differences among three or more variables. The Student–Newman–353 

Keuls post-test was conducted at a significance level of p < 0.05 for each average 354 

difference. 355 
 356 

Results and discussion 357 

Molecular weight distribution analysis 358 

Tables 2 and 3 present the molecular weight distributions of the peptide 359 

extracts derived from Chickso, Hanwoo, and Wagyu beef before and after in vitro 360 

digestion. The degree of decomposition of the peptide due to digestion could be 361 

predicted based on the change in molecular weight of the peptide extract. 362 
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Irrespective of the breeds and cuts, there was an increase in the number of low-363 

molecular-weight peptides after digestion. In the pre-digestion samples, peptides 364 

with a molecular weight of 3,000–10,000 Da were present. However, most of them 365 

were digested into low-molecular-weight peptides of 1,000 Da or less after 366 

digestion. The proportion of 200–1,000 Da peptides among the loin and shank 367 

peptide extracts of Chickso before in vitro digestion was approximately 58% and 368 

39%, respectively, but after in vitro digestion, it was approximately 83% and 80%, 369 

respectively, indicating a significant increase in the proportion of low-molecular-370 

weight peptides after digestion. These results indicate that the peptide bonds were 371 

cleaved by hydrolysis during in vitro digestion. 372 

According to previous studies, the biological activity of peptides depends on 373 

the molecular structure and physicochemical properties of peptides, and small 374 

peptides have higher bioavailability and bioactivity (Udenigwe and Aluko, 2012). 375 

Therefore, the peptide extracts derived from the loin and shank, which are high in 376 

low-molecular-weight peptides of less than 3,000 Da, are expected to have efficient 377 

antioxidant and antihypertensive activities. 378 

 379 

Analysis of changes in free amino acid composition 380 

Tables 4 and 5 present the free amino acid compositions of the peptide 381 

extracts before and after in vitro digestion. The total free amino acid contents 382 

detected after the in vitro digestion of Chickso, Hanwoo, and Wagyu shank were 383 

9,315.42 mg/100g, 9,153.71 mg/100g, and 6,864.45 mg/100g, respectively, which 384 

were higher than those detected for the loin peptide extracts of each breed. 385 

Regardless of the cuts, the main free amino acids of the peptide extracts before in 386 

vitro digestion were glutamic acid, leucine, lysine, isoleucine, and arginine, and 387 
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the main free amino acids detected while leucine, tyrosine, lysine, arginine, and 388 

phenylalanine were dominant after in vitro digestion. 389 

Considering that the content of cysteine and methionine sulfur-containing 390 

amino acids known to have antioxidant activity (Atmaca, 2004) increased 391 

significantly compared to that before digestion, the peptide extracts can be expected 392 

to have higher antioxidant activities after the digestion process. According to 393 

Hougland et al. (2013), histidine, tryptophan, and tyrosine are also representative 394 

reactive amino acids that can exhibit effective antioxidant activity by reacting with 395 

active oxygen species. In addition, peptides with hydrophobic amino acids, such as 396 

valine and isoleucine, and aromatic amino acids, such as phenylalanine and 397 

tryptophan, contribute to inhibiting ACE activity (Aluko, 2015). Thus, the peptide 398 

extracts can also be expected to have higher antihypertensive activities after the 399 

digestion process. 400 

 401 

Changes in physiological activity based on the in vitro digestion experiment 402 

Changes in antioxidant activity 403 

The results of the antioxidant analysis based on the in vitro digestion of the 404 

loin and shank-derived peptide extracts of Chickso, Hanwoo, and Wagyu beef are 405 

shown in Fig. 2–5. Approximately 19% of ABTS radical scavenging ability (Fig. 406 

2), 76% of DPPH radical scavenging ability (Fig. 3), 13% of iron chelating ability 407 

(Fig. 4), and 6% or more of reducing power (Fig. 5) increased (Detail data are not 408 

shown). Comparison of the ABTS radical elimination ability of the peptide extracts 409 

before digestion showed that the loin had significantly higher antioxidant activity 410 
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than the shank, and Chickso (75.01%) and Hanwoo (76.06%) loins had higher 411 

antioxidant activity than Wagyu loin (71.13%). Furthermore, the DPPH radical 412 

scavenging ability of Chickso loin (36.79%) before digestion was approximately 413 

2.9 times higher than that of other breeds, and Chickso loin (46.34%) and shank 414 

(43.59%) had the highest DPPH radical scavenging abilities among the digested 415 

samples. There was no significant difference in the iron chelating ability between 416 

breeds and cuts, and Wagyu samples had the highest iron chelating ability among 417 

all pre- and post-digestion samples. Furthermore, Chickso shank (1.04) had the 418 

highest reducing power among all pre-digestion samples, and Hanwoo loin (1.07) 419 

had the highest reducing power among all post-digestion samples. Among the post-420 

digestion samples, the reducing power of the Hanwoo samples was significantly 421 

higher than that of the Chickso and Wagyu samples.A comparison of the molecular 422 

weight distribution analysis presented in Tables 2 and 3 revealed that proteins have 423 

already been digested enough during peptide extraction to fully express their 424 

physiological activity, making it difficult to increase the antioxidant effect through 425 

additional decomposition during the digestion process. Chen et al. (1998) stated that 426 

low-molecular-weight peptides of 1 kDa or less have antioxidant activity. Similarly, 427 

Olagonju et al. (2018) reported that peptides with a molecular weight of 1–3 kDa 428 

have a higher antioxidant activity than peptides with other molecular weights. Lee 429 

and Hur (2017) also revealed that protein hydrolysates derived from beef source 430 

fiber proteins with a molecular weight of 3 kDa or less exhibit strong free radical 431 

scavenging ability. The differences in antioxidant activity between breeds and cuts 432 
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may have been affected by the degree of hydrolysis according to the characteristics 433 

of the proteases, the size of peptide molecules, hydrophobicity, amino acid 434 

composition, and structural properties of the peptides produced (Pihlanto, 2006). 435 

The current study revealed that the antioxidant activity increased slightly when 436 

the peptide extracts were hydrolyzed using the in vitro digestion model, and overall, 437 

the antioxidant activity of the Chickso and Hanwoo samples was higher than that 438 

of the Wagyu samples. These results are likely due to the high content of low-439 

molecular-weight peptides such as glutathione (a crystalline peptide composed of 440 

glutamic acid, cysteine, and glycine), which are known to have excellent 441 

antioxidant effects (Pompella et al., 2003). 442 

 443 

Changes in antihypertensive activity 444 

Fig. 6 shows the antihypertensive activities of Hanwoo, Chickso, and Wagyu 445 

peptide extracts based on the ACE inhibitor assay. All pre-digestion samples 446 

showed a high ACE inhibitory ability of more than 70%, and the peptide extracts 447 

of Chickso loin and shank had the highest antihypertensive activities. However, 448 

after the digestion process, the ACE inhibition ability in all samples decreased 449 

sharply to less than 30%. This was probably because of the enzymatic 450 

decomposition of peptides with antihypertensive activity or the loss of activity 451 

due to the pH and temperature conditions during the in vitro digestion process. 452 

The results of this experiment were similar to those of a previous study by Jang 453 

and Lee (2005), who reported that excessive hydrolysis lowers the 454 

antihypertensive activity of peptides. Because all samples showed high activity 455 

before digestion, it was decided that additional experiments using animal models 456 

were needed to determine whether the antihypertensive activity was retained 457 

during in vivo digestion. 458 

 459 

Changes in physiological activity based on the animal experiments 460 
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Changes in antioxidant activity 461 

Fig. 7 shows the antioxidant activities observed in mice fed with the peptide 462 

extracts derived from the loin and shank of Chickso, Hanwoo, and Wagyu beef. 463 

All treatment groups showed catalase activity of more than 340 mU/mL, which 464 

was higher than that of the control, and the highest activity was observed in the 465 

treatment groups fed with peptide extracts derived from Chickso loin. The POD 466 

activity of all treatment groups, especially the groups fed with Chickso and 467 

Wagyu loin peptide extracts, was higher than that of the control by 0.38 mU/mL 468 

or more. The SOD activity of all treatment groups was similar to or higher than 469 

that of the control. In addition, the production rate of methionine, a sulfur-470 

containing amino acid known to have antioxidant activity in proteins, and 471 

histidine and tyrosine, reactive amino acids, in Chickso and Wagyu loin/shank 472 

peptides were higher than that in the Hanwoo loin/shank peptide samples after 473 

digestion (Tables 4 and 5). In general, histidine-containing peptides exhibit 474 

antioxidant activity through a single electron transfer (SET) mechanism and 475 

histidine-containing peptides through a hydrogen atom transfer (HAT) mechanism 476 

(Esfandi et al., 2019). 477 

According to previous studies, peptide extracts derived from milk, fish, 478 

chicken breasts, and various animal materials are known to have excellent 479 

antioxidant activity in the body (Liu et al., 2016; Power et al., 2013; Sasanaka et 480 

al., 2005; Sun et al., 2012). In addition, the antioxidant activity of shank was 481 

higher than that of loin from Hanwoo (Oh et al., 2016). The study of Kim et al. 482 

(2018) demonstrated that, the antioxidant octapeptide (Cys-Cys-Cys-Cys-Ser-Val-483 

Gln-Lys; 888.60 Da) isolated and identified from Korean beef extract has high 484 

oxygen absorbance capacity. Also, free amino acids detected through the 485 

digestion process are known to have a positive effect on enhancing the antioxidant 486 

activity of enzymes. Most glutathione is synthesized between cells, and the 487 

reduced form of glutathione protects cells by reducing active oxygen (Dringen 488 

and Hamprecht, 1999; Gaucher et al., 2018; Levy et al., 1993; Piste, 2013). Lysine 489 

can increase the ability to free radical scavenging to protect against oxidative 490 

damage by upregulating the expression of antioxidant enzyme genes (Li, 2016). 491 

Methionine can act as an endogenous antioxidant, and is an efficient remover of 492 

almost all oxidizing molecules under physiological conditions such as H2O2 and 493 

hydroxyl radicals (Atmaca, 2004; Levine et al., 1996). The results of the present 494 

study also confirm that the consumption of beef-derived peptide extracts can have 495 

antioxidant effects on the body. Thus, beef-derived peptide extracts can be used as 496 

a pharmaceutical product to prevent cell oxidation. 497 

 498 

Analysis of changes in antihypertensive activity 499 

Fig. 8 shows the antihypertensive activities in mice fed with the peptide 500 

extracts derived from the loin and shank of Chickso, Hanwoo, and Wagyu beef. 501 
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Compared to the control group, which was only fed with general feed, there was 502 

no significant activity in any of the treatment groups. These results could be 503 

similar to the significant reduction in the ACE inhibitory ability of peptide 504 

extracts after digestion to less than the before digestion activity in in vitro 505 

digestion experiment (Fig. 6). It was judged that the peptide extracts with 506 

antihypertensive activity were digested into smaller peptides due to the mouse 507 

intestinal digestive enzymes and microorganisms, resulting in loss of 508 

antihypertensive activity (Escudero et al., 2014). The food-derived peptides 509 

produced after digestion have been shown to have an antihypertensive effect; 510 

however, this effect is reduced when peptides of already active size are consumed. 511 

In fact, peptides are known to have low bioavailability because of their weak 512 

intestinal mucosal permeability when administered orally (Hamman et al., 2005). 513 

Accordingly, the amount of bioactive peptides absorbed after digestion may not 514 

have been enough to increase the ACE inhibitory ability detected in the mouse 515 

serum, resulting in the non-significant difference between the control and the 516 

treatments (Mora et al., 2018). 517 

Therefore, additional research is needed to prevent peptides from losing their 518 

activity in the body. Furthermore, a previous study showed that peptides must be 519 

absorbed in the intestine in an undamaged form to reach the target site even after 520 

oral administration (Gianfranceschi et al., 2018). Therefore, research on small-521 

sized peptides (formed from 2–5 amino acids) that can directly pass through the 522 

intestinal membrane without digestion and reach the target site (Vermeirssen et 523 

al., 2002) is needed. 524 

 525 

Conclusion 526 

This study was conducted to analyze the changes in the physicochemical 527 

properties and physiological activities of peptide extracts derived from the loin and 528 

shank of Chickso, Hanwoo, and Wagyu beef after in vitro and in vivo (in mice) 529 

digestion. Specifically, the changes in the molecular weight, amino acid 530 

composition, and antioxidant and antihypertensive abilities of the peptides due to 531 

the digestion process were analyzed. 532 

The results revealed that there was no significant difference in the digestion 533 

rates of Chickso loin and shank peptide extracts during the in vitro digestion process, 534 
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but the total free amino acid content and antioxidant activity of the Chickso and 535 

Hanwoo samples were higher than those of the Wagyu samples. Chickso loin and 536 

shank peptide extracts showed a high ACE inhibitory activity. Furthermore, in vivo 537 

experiments in mice showed high antioxidant activity in the treatment group fed 538 

with Chickso-derived peptide extracts. 539 

Therefore, the peptide extract of Chickso, one of the traditional cattle breeds 540 

in Korea, is considered to have better bioactivity than the peptide extracts of 541 

Hanwoo and Wagyu. In the future, if research is conducted to maximize the activity 542 

of such peptide extracts in the body, it is believed that the genetic resources of 543 

Chickso will be valuable and should be preserved. In addition, if a composition with 544 

antioxidant and antihypertensive effects is established using conventional beef-545 

derived peptides, it is expected to have applications in preventing, treating, or 546 

improving various diseases caused by high blood pressure or free radicals. 547 
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Table 1. Constituents and concentrations of synthetic digestive juices used in the human in vitro digestion model. 693 

 Saliva 

(oral digestion step) 

Gastric juice 

(gastrointestinal 

digestion step) 

Duodenal juice 

(small intestinal 

gisgetion step) 

Bile juice 

(small intestinal 

gisgetion step) 

Inorganic and 

organic 

components 

1.7 mL NaCl (175.3 g/L) 

8 mL urea (25 g/L) 

15 mg uric acid 

6.5 mL HCl (37 g/L) 

18 mL CaCl2 2H2O (22.2 

g/L) 

1 g bovine serum 

albumin 

6.3 mL KCl (89.6 g/L) 

9 mL CaCl2 2H2O (22.2 

g/L) 

1 g bovine serum 

albumin 

69.3 mL NaHCO3 (84.7 

g/L) 

10 mL CaCl2 2H2O (22.2 

g/L) 

1.8 g bovine serum 

albumin 

30 g bile 

Enzymes 290 mg α-amylase 

25 mg mucin 

2.5 g pepsin 

3g mucin 

9 g pancreatin 

1.5 g lipase 

- 

pH 6.8±0.2 1.50±0.02 8.0±0.2 7.0±0.2 

694 
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Table 2. The molecular weight distribution of peptide extracts (< 10 kDa) from Chickso, Hanwoo, and Wagyu loin.  695 

Mn: number-average molecular weight, Mw: weight-average molecular weight, Mz: Z-average molecular weight 696 
Each value is a Mean±SD of three replicates 697 
A-DDifferent uppercase letters in the same line indicate significant differences among Chickso, Hanwoo, and Wagyu loin peptides (p < 0.05).698 

Contents 
Chickso Hanwoo Wagyu 

Before digestion After digestion Before digestion After digestion Before digestion After digestion 

Mn (Da) 302±11.78B 267±6.56B 270±19.47B 
282±12.17

B 
466±15.54A 297±8.96B 

Mw (Da) 666±9.16B 312±64.51D 338±30.81D 355±22.38
D 

2007±115.5

2A 

479±21.75
C 

Mz (Da) 
1595±61.57

B 373±39.15D 446±35.68D 438±29.52
D 

5037±175.2

8A 

1138±34.4

8C 

Polydispersity 2.20±0.08B 1.17±0.12C 1.25±0.06C 1.26±0.11
C 4.30±0.35A 1.61±0.15

C 

> 10,000 Da (%) - - - - - - 

5,000–10,000 Da 

(%) 
0.07±0.01 - - - 

0.001±0.00

0 
- 

3,000–5,000 Da 

(%) 
2.65±0.28 - - - 1.19±0.08 - 

1,000–3,000 Da 

(%) 
15.72±0.77 0.42±0.05D 1.49±0.07 0.56±0.02 8.41±0.35 1.10±0.07 

200–1,000 Da (%) 58.33±0.59 83.46±2.14A 79.27±2.29 79.18±4.4

5 76.80±3.78 84.75±2.1

4 

< 200 Da (%) 23.23±0.41 16.12±0.63 19.25±0.78 
20.27±0.7

1 
13.60±0.12 

14.15±1.1

0 
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Table 3. The molecular weight distribution of peptide extracts (< 10 kDa) from Chickso, Hanwoo, and Wagyu shank. 699 

Mn: number-average molecular weight, Mw: weight-average molecular weight, Mz: Z-average molecular weight 700 
Each value is a Mean±SD of three replicates 701 
A-CDifferent uppercase letters in the same line indicate significant differences among Chickso, Hanwoo, and Wagyu shank peptides (p < 0.05).702 

Contents 

Chickso Hanwoo Wagyu 

Before 

digestion 
After digestion 

Before 

digestion 
After digestion 

Before 

digestion 
After digestion 

Mn (Da) 
508±15.54

A 285±6.19B 324±5.84B 296±4.42B 534±10.11
A 280±7.38B 

Mw (Da) 
1954±59.6

2A 395±9.27B 527±9.69B 435±8.53B 2136±76.1

9A 325±9.32B 

Mz (Da) 
4821±73.8

3A 

730±11.25
B 

901±11.38
B 

799±10.52
B 

5268±112.

38A 

381±15.25
C 

Polydispersity 
3.85±0.12

A 

1.39±0.08
B 

1.63±0.11
B 

1.47±0.11
B 4.00±0.20A 1.16±0.09 

> 10,000 Da (%) 1.63±0.05 - - - 2.05±0.04 - 

5,000–10,000 Da (%) 7.86±0.78 - - - 10.28±0.15 - 

3,000–5,000 Da (%) 
12.74±0.8

8 
0.18±0.01 0.11±0.01 0.15±0.01 12.36±0.38 - 

1,000–3,000 Da (%) 
26.65±1.2

5 
5.36±0.08 

12.98±0.3

5 
7.74±0.86 24.48±2.54 - 

200–1,000 Da (%) 
39.83±3.1

2 

80.43±1.4

9 

69.99±2.8

9 

77.30±3.9

8 
41.35±3.15 

85.70±1.1

7 

< 200 Da (%) 
11.30±0.5

2 

14.03±0.2

8 

16.93±1.1

2 

14.81±0.9

5 
9.49±0.49 

14.30±0.2

8 
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Table 4. Changes in the amino acid compositions of Chickso, Hanwoo, and Wagyu loin 703 

peptides due to in vitro digestion.  704 

Each value is a Mean±SD of three replicates 705 

A-DDifferent uppercase letters in the same line indicate significant differences among Chickso, Hanwoo, 706 
and Wagyu loin peptides (p < 0.05).707 

Amino acids 

(mg/100 g) 

Chickso Hanwoo Wagyu 

Before 

digestion 

After 

digestion 

Before 

digestion 

After 

digestion 

Before 

digestion 

After 

digestion 

Aspartic acid 217.2±12.5B 236.7±15.1A 205.3±11.2B 232.8±19.8A 187.5±15.5C 166.7±11.5D 

Threonine 100.0±3.8B 416.2±21.9A 103.7±5.9B 408.8±28.7A 109.8±9.6B 467.1±15.3A 

Serine 88.6±2.4C 280.0±15.8A 90.8±3.8C 275.9±12.7A 80.1±4.2C 151.4±11.5B 

Asparagine 74.7±2.3C 290.8±13.7A 89.5±4.1C 287.9±22.3A 65.3±5.8C 172.3±12.7B 

Glutamic acid 947.1±52.1C 1133.3±95.3
A 940.2±22.7C 1113.7±75.1

A 828.4±41.7D 1024.1±83.4
B 

Glutamine 10.8±0.7C 450.9±41.1B 12.4±0.9C 437.4±33.5B 9.9±0.3C 689.3±22.3A 

Glycine 39.4±1.5C 326.9±15.8A 38.6±0.8C 326.2±18.9A 31.5±2.1C 201.6±17.2B 

Alanine 164.7±12.2B 529.7±29.2A 167.7±11.5B 521.5±37.8A 146.5±10.9B 498.9±18.9A 

Valine 176.1±13.6C 495.2±22.5A 177.0±14.9C 488.3±16.5A 169.7±13.2C 392.2±26.3B 

Cystine 80.8±5.4B 140.4±13.1A 82.6±4.3B 145.4±11.2A 51.0±2.3B 136.8±11.2A 

Methionine 259.5±12.9B 805.8±42.3A 260.1±15.7B 790.1±38.9A 211.2±15.8B 673.1±45.7A 

Isoleucine 291.3±15.8C 690.0±44.8A 288.4±24.4C 683.6±101.2
A 278.3±21.2C 549.6±15.4B 

Leucine 1067.9±98.5C 3279.8±239.

8A 1067.0±82.3C 3212.2±284.

5A 854.8±33.6C 2366.4±115.

7B 

Tyrosine 158.7±10.6C 1754.5±112.

7B 138.4±8.8C 1717.1±211.

7B 164.2±17.7C 2041.8±132.

4A 

Phenylalanine 182.5±11.2C 1815.2±89.5
A 189.2±13.1C 1781.7±189.

4A 178.0±11.5C 1551.2±109.

8B 

Tryptophan 89.5±8.3C 293.3±19.8A 81.4±3.8C 274.2±42.1A 151.3±8.0B 292.8±12.1A 

Proline 44.1±6.9B 93.0±5.3A 37.0±2.6B 91.5±15.3A 24.4±3.2C 95.7±3.8A 

Lysine 394.1±27.3C 2651.1±127.

7A 391.5±24.3C 2591.4±306.

2A 498.7±11.7B 2606.6±201.

7A 

Histidine 28.3±2.2C 278.3±12.6B 28.3±1.6C 278.4±17.6B 33.8±1.9C 356.3±16.9A 

Arginine 291.2±11.8C 2886.6±227.

9A 292.8±17.5C 2838.4±165.

9A 250.7±12.1C 1560.8±137.

0B 
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Table 5. Changes in the amino acid compositions of Chickso, Hanwoo, and Wagyu shank 708 

peptides due to in vitro digestion. 709 

Each value is a Mean±SD of three replicates 710 
A-DDifferent uppercase letters in the same line indicate significant differences among Chickso, Hanwoo, 711 
and Wagyu shank peptides (p < 0.05). 712 

Amino acids 

(mg/100 g) 

Chickso Hanwoo Wagyu 

Before 

digestion 

After 

digestion 

Before 

digestion 

After 

digestion 

Before 

digestion 

After 

digestion 

Aspartic acid 126.0±9.8C 319.8±26.8B 94.9±7.8C 336.3±18.5B 131.2±10.2C 415.8±11.7A 

Threonine 478.7±13.7B 776.7±24.1A 497.1±14.0B 884.6±27.4A 383.3±23.7B 764.0±27.3A 

Serine 173.5±11.2B 407.9±30.0A 95.7±5.9B 355.1±21.1A 124.5±5.5B 419.2±13.8A 

Asparagine 20.0±1.8D 190.3±10.9

A 15.3±0.4D 58.4±0.9C 18.9±1.2D 135.5±4.9B 

Glutamic acid 322.3±21.5C 712.3±41.4B 316.9±14.5C 1001.3±20.4
A 414.8±20.4C 1174.2±75.5

A 

Glutamine 0.0±0.0 367.5±22.1A 0.0±0.0 72.5±3.6C 0.0±0.0 210.3±13.5B 

Glycine 109.0±8.4B 412.6±20.8A 157.9±9.6B 437.5±14.7A 96.6±3.9B 409.1±17.9A 

Alanine 443.2±13.7C 855.60±44.9
A 267.3±11.5D 603.7±16.9B 359.2±14.8C 832.8±36.1A 

Valine 771.1±62.2B 1165.4±107.

4A 739.9±43.3B 1160.2±25.0
A 564.6±22.5C 1059.7±55.4

A 

Cystine 5.4±0.4B 34.8±0.9A 7.4±0.4B 36.1±0.8A 5.2±0.3B 40.4±1.5A 

Methionine 947.0±31.6B 1227.0±41.7
A 990.8±63.7B 1220.7±62.5

A 763.0±33.4C 1207.7±62.2
A 

Isoleucine 561.6±91.7B 1070.2±32.5
A 631.9±39.9B 1174.2±43.7

A 447.9±31.5B 1047.6±44.3
A 

Leucine 
2008.5±118.4

C 

3596.9±270.

3A 

1687.0±182.1
D 

3185.9±243.

8B 

1343.8±116.9
D 

3463.2±311.

5A 

Tyrosine 665.5±24.8 1892.0±98.9 861.9±47.2 2031.3±78.8 512.2±23.9 
2073.5±101.

6 

Phenylalanine 629.9±41.9 
1933.2±121.

6 
788.0±29.6 1922.7±62.6 455.5±17.4 1999.5±74.8 

Tryptophan 130.5±10.3 393.3±21.5 111.4±6.3 374.2±10.4 53.2±2.6 385.4±11.2 

Proline 62.8±3.8 107.0±4.9 44.1±4.0 94.1±4.9 41.7±2.3 108.6±2.9 

Lysine 1153.1±78.8 1432.7±15.7 1374.7±68.9 2250.8±66.9 704.9±33.4 1749.1±46.8 

Histidine 211.0±15.1 420.1±26.5 147.7±9.5 310.3±15.4 86.0±0.7 348.1±16.4 

Arginine 188.9±12.4 
1574.1±104.

2 
171.1±4.3 1665.7±51.2 190.0±11.2 1654.5±44.7 
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 713 
Fig. 1. The process of preparing myofibrillar proteins and peptide extracts (< 10 kDa) from Chickso, Hanwoo, and Wagyu beef. 714 
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 715 
Fig. 2. Changes in the 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical 716 
scavenging activity of Chickso, Hanwoo, and Wagyu loin and shank peptide extracts due to in 717 
vitro digestion. A comparison of the ABTS radical scavenging activity of the peptides before and after 718 
digestion. Data are presented as mean±standard deviation. Single (p < 0.05) and double asterisks (p < 719 
0.001) indicate a significant difference according to digestion.720 
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 721 
Fig. 3. Changes in the 2,2-diphenyl-1-picrylhudrazyl (DPPH) radical scavenging activity of 722 
Chickso, Hanwoo, and Wagyu loin and shank peptide extracts due to in vitro digestion. A 723 
comparison of the DPPH radical scavenging activity of the peptides before and after digestion. Data 724 
are presented as mean±standard deviation. Single (p < 0.05) and double asterisks (p < 0.001) indicate a 725 
significant difference according to digestion.726 
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 727 
Fig. 4. Changes in the iron chelating activity of Chickso, Hanwoo, and Wagyu loin and shank 728 
peptide extracts due to in vitro digestion. A comparison of the iron chelating activity of the peptides 729 
before and after digestion. Single (p < 0.05) and double (p < 0.001) asterisks indicate a significant 730 
difference according to digestion. 731 
  732 
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 733 
Fig. 5. Changes in the reducing power of Chickso, Hanwoo, and Wagyu loin and shank peptide 734 
extracts due to in vitro digestion. A comparison of the reducing power of the peptides before and 735 
after digestion. Single (p < 0.05) and double (p < 0.001) asterisks indicate a significant difference 736 
according to digestion. 737 
  738 



 

37 

 

 

 739 
Fig. 6. Changes in the angiotensin-converting enzyme (ACE) inhibitory activity of Chickso, 740 
Hanwoo, and Wagyu loin and shank peptide extracts due to in vitro digestion. A comparison of 741 
the ACE inhibitory activity of the peptides before and after digestion. Data are presented as 742 
mean±standard deviation. Single (p < 0.05) and double (p < 0.001) asterisks indicate a significant 743 
difference according to digestion. 744 
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 745 
Fig. 7. The antioxidant enzyme activities of mice plasma which fed with the peptide extracts 746 
derived from the loin and shank of Chickso, Hanwoo, and Wagyu. (A) Catalase activity, (B) 747 
peroxidase activity, (C) superoxide dismutase (SOD) activity. Data are presented as mean±standard 748 
deviation. A–F Different uppercase letters indicate a significant difference based on breeds and cuts (p < 749 
0.05)750 



 

39 

 

 

 
Fig. 8. The angiotensin-converting enzyme (ACE) activity of Chickso, Hanwoo, and Wagyu loin and 

shank peptide extracts (< 10 kDa) after in vivo digestion in mice. Data are presented as mean ± 

standard deviation. 
 
 


