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Abstract

This study evaluated the quality characteristics of crust derived from dry-aged Holstein and
Hanwoo loins and their effects on food as additives. With respect to physicochemical proper-
ties, we examined the proximate composition, pH value, salinity, color, water and fat absorp-
tion, emulsifying capacity, and swelling yield. The protein and ash contents in the Holstein
crust were significantly higher than those in the Hanwoo crust (p < 0.0001). The fat content in
the Hanwoo crust was significantly higher than that in the Holstein crust (p < 0.01). The salin-
ity, lightness, and yellowness of the Hanwoo crust were significantly lower than those of the
Holstein crust (p < 0.001). Furthermore, the pH value and emulsifying capacity of the Han-
woo crust were significantly higher than those of the Holstein crust (p < 0.001). The fat ab-
sorption of the Holstein crust was significantly higher than that of the Hanwoo crust (p < 0.001).
The swelling yield of the Holstein crust was significantly higher than that of the Hanwoo crust
at pH 3 and 4 (p < 0.001), whereas the swelling yield of the Hanwoo crust was significantly
higher than that of the Holstein crust at pH 7 (p < 0.001). Principal component analysis of
dry-aged Hanwoo, Holstein, and non-aged Holstein showed different flavor patterns for each
sample. Finally, the results showed that the crusts derived from dry-aged Hanwoo and Hol-
stein loins were suitable flavor enhancers.

Keywords: Crust, Dry aging, Holstein, Hanwoo, Quality characteristics

INTRODUCTION

'The aging of meat involves myofibrillar fragmentation of protein, and the methods of aging can be
categorized as wet- and dry-aging. During the aging process of the meat, a change in pH in accordance
with a corresponding action activates calpain and cathepsin, which are proteolytic enzymes in muscles
and increase free amino acids [1-5]. Additionally, triglycerides produce free fatty acids, which enhance
tenderness and flavor [6]. Recent studies evaluated that dry-aging, an aging method that involves con-
trolling humidity and wind speed in the air to maximize the flavor and taste of meat, improves and
enriches the flavor, taste, and tenderness of meats more than wet-aging. [7-9]. Dashdorij et al. [10] re-
ported that dry-aged meat with a unique flavor was highly preferred by consumers. Choe and Kim [11]
reported that this aging technique was being used to add market value to low-grade cattle beef.

Crust is produced by surface hardening during the dry-aging of meat, and thus, the crust has low
utility as meat because of its hard texture [10]. As the duration of dry-aging increases, the quantity of
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crust increases, which decreases the yield of dry-aged meat. In addition, dry-aged meats are dis-
tributed at high market prices because of the duration of dry-aging [1,2,8,12]. DeGeer et al. [13]
reported a 34% trimming loss after beef loins were dry-aged for 28 days. Several studies have been
conducted to reduce this trimming loss. Lee et al. [14] reported that the microbial composition of
crust changed depending on wind speed and direction in addition to further changes in the phys-
icochemical properties and composition of the flavor compounds. Park et al. [15] improved some
functionalities, including the flavor and antioxidant properties, by applying crust with antioxidant
and antihypertensive properties to beef patties. However, only a few studies on crust depending on
bovine species and breed have been conducted, and product development using crust is limited. In
particular, dry-aging has been performed mainly on beef for industrialization; however, crust de-
rived from Holstein and Hanwoo has not been researched.

Hanwoo is a breed highly accepted by Koreans, unlike Holstein and imported meats, and it has
a high degree of marbling, excellent flavor, and soft meat quality [16,17]. Hanwoo has a high ten-
derness sufficient for roasting, and it can be distributed as high-quality meat following dry-aging
[18,19]. Furthermore, Hanwoo has significantly high distribution prices, which means that the de-
velopment of meat products using crust derived from Hanwoo will promote the development of the
Hanwoo industry [20]. Therefore, in this study we prepared loin (musculus longissimus dorsi) crusts
from dry-aged Hanwoo and Holstein to compare their physicochemical quality characteristics as
well as processing suitability.

MATERIALS AND METHODS

Materials and preparation of loin crust

In total, 12 pieces of beef loin (M. longissimus dorsi) were obtained from 6 carcasses (Holstein, Korea
quality grade 2; Hanwoo, Korea quality grade 2) that were two days postmortem, and were divided
into three sections of equal length and width. Holstein loin (M. longissimus dorsi, ] home meat, Seoul,
Korea) and Hanwoo loin (M. longissimus dorsi, Dawoo hanwoo, Chungnam, Korea) were refrigerat-
ed for 24 h and used for the tests. Dry aging occurred in a dry-aging refrigerator at 4C, 60%-70%
relative humidity, and air velocity of 5 + 3 m/s for 4 weeks. After aging, Holstein and Hanwoo loins
were trimmed off by 3070 mm from outside. Subsequently, the loin crusts were stored at -18C
for 24 h (CA-H17DZ, LG, Seoul, Korea) to freeze-dry, and lyophilization was performed at -80°C
for 15 h using a freeze dryer (FDU-1110, Eyela, Tokyo, Japan). The crust was pulverized to a size of
15 mesh using a mixer (MQ5135, Braun, kronberg im Taunus, Germany) and stored at 4C until
the analyses.

Proximate composition

In compliance with the AOAC method [21], the protein content was measured via the Kjeldahl
method, the fat content was measured via the Soxhlet method, the moisture content was measured
via the drying oven method at 105 C, and the ash content was measured via dry ashing at 550C.

Determination of salinity

To measure the salinity, we mixed 1 g of sample with 20 mL of distilled water with an Ultra Turrax
homogenizer (HMZ-20DN, Pooglim Tech., Seoul, Korea) at 6,991xg for 1 min. The salinity was
recorded using a salinity meter (SB-2000PRO, HMdigital, Seoul, Korea), and the measured value
was calculated as a percentage by multiplying dilution (x 20).
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Determination of pH values

A mixture of loin crust and distilled water (1:4) was homogenized with an Ultra Turrax homog-
enizer (HMZ-20DN, Pooglim Tech) at 6,991xg for 1 min. The pH was determined using a
pH-meter (Model 5220, Mettler-Toledo, Greifensee, Switzerland).

Determination of instrumental color

We used a colorimeter (CR-10, Minolta, Tokyo, Japan) to measure the lightness (CIE L¥), redness
(CIE a%), and yellowness (CIE b*) of the samples. The colorimeter was calibrated with a white stan-
dard plate L* = 97.83,a" = -0.43,and b* = +1.98.

Determination of water absorption

The water absorption was measured via the method of Lin et al. [22], with some modifications.
First, 1 g of sample and 10 mL distilled water were mixed using a vortex mixer (SVM-10, SciLab,
Seoul, Korea) for 2 min, and the mixture was centrifuged at 15C, 983xg for 20 min (Supra R22,
Hanil, Gimpo, Korea). The supernatant was carefully decanted, and the weight of the precipitate
was measured before drying (W;). Then, the precipitate was dried for 24 h at 105°C in a drying
oven (C-F03, Cheil, Gyeonggi-do, Korea), and the weight was measured after drying (W,). The
water absorption was calculated using the following equation:

Wi —Wp X 100

Water absorption (%) = Wi

Determination of fat absorption

The fat absorption was determined via the method of Lin et al. [22], with some modifications.
Based on the protein content in the sample, the total protein amount was calculated to be 1 g and
the sample was used (W,). The sample was mixed with 10 mL of soybean oil (V) using a vortex
mixer (SVM-10, Scilab) for 30 s, and the mixture rested at room temperature (25 C) for 30 min.
Then, the mixture was centrifuged at 25C, 983 xg for 20 min (Supra R22, Hanil), and the volume
of the supernatant was measured (V). The fat absorption was calculated using the following equa-
tion.

Vi— V2
Wi

Fat absorption (%) = X100

Determination of emulsifying capacity

The emulsifying capacity was determined using the method of Yasumatsu et al. [23]. First, 7 g of
the sample, 50 mL of distilled water, and 100 mL of soybean oil were mixed using the Ultra Turrax
homogenizer (HMZ-20DN, Pooglin Tech.) at 983xg for 1 min. The prepared emulsion was al-
lowed to stand in a graduated cylinder at room temperature (25C) for approximately 1 h or more.
'The emulsifying capacity was measured based on the total amount of solution (B) and amount of
mixture (A) using the following equation.

A
Emulsifying capacity (%) = B X100

Determination of swelling yield
First, 10 g of the sample was mixed with 100 mL of Tris-HCI solution at pH 3, 4, and 7 using
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a vortex mixer (SVM-10, SciLab) for 1 min. Then, the prepared mixture was allowed to stand at
room temperature (25C) for 1 h. The supernatant was carefully decanted, and the weight of the

precipitate was measured. The swelling yield was calculated using the following equation.

After swelling(g)

Swelling yield (%) = Before swelling (g) X100

Electronic nose analysis

The loin crusts were individually placed in a 20 mL vial on a sample holder heated at 80°C for 20
min. The headspace volatile compounds were injected into a gas chromatography-type electron-
ic nose (HERACLES-2-E-NOSE, alpha-mos, Toulouse, France) equipped with dual columns
(MXT-5 and 1701, Restek, Bellefonte, PA, USA) (length 10 m, inner diameter 180 um, MXT-
5: non-polarity, MXT-1701: slight polarity). The analysis conditions were set as follows: injection
time of 20 min, volume of 2 mL, rate of 250 pL/s, temperature of 200C, and detector temperature
of 260°C. The principal component analysis (PCA) was integrated using the Alpha Soft program
(Alphasoft, Alpha MOS, Toulouse, France).

Statistical analysis

The experimental results were assessed after a minimum of three repeated trials. Statistical analyses
were performed using the General Linear Model procedure of the SAS program (2015, SAS Soft-
ware for Window, Version 9.3, SAS Institute, Cary, NC, USA). T-tests were performed to compare
each average of the treatments, and the significance was expressed as p < 0.05, p < 0.01, p < 0.001.

RESULTS AND DISCUSSION

Proximate composition, pH, salinity, and color

Table 1 shows the general components of the loin crusts of Holstein and Hanwoo. The moisture
contents in Hanwoo and Holstein crusts showed no significant difference. The fat content in the
Hanwoo crust was significantly higher than that in the Holszein crust (p < 0.01), whereas the protein
and ash contents in the Holstein crust were significantly higher than those in the Hanwoo crust (p
< 0.001). The moisture content in the crust during drying showed no significant difference because
most of the free water was dried. Choe and Kim [11] reported that the 2nd grade Ho/stein loin
contained 19.95% protein, 1.10% ash, and 5.97% fat, whereas the 2nd class Hanwoo loin contained
17% protein, 0.51% ash, and 23.71% fat [3]. The results suggested that the crust after dry-aging
showed a similar tendency because the fat content in the Holstein loin was lower but the protein

Table 1. Proximate composition of crust derived from dry-aged Holstein and Hanwoo loin

Dry aging crust Statistical analysis

Traits SEM"
Holstein Hanwoo t-value p-value
Moisture content (%) 1.15 1.20 6.92 -0.25™ 0.8123
Protein content (%) 62.82 44.06 3.99 12.05" 0.0003
Fat content (%) 23.90 49.33 12.09 -6.34" 0.0032
Ash content (%) 3.90 1.95 0.75 1545™ 0.0001
All values are mean.

"n=2.
“p<0.01, "p<0.001.
ns, non-significant.
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and ash contents were higher than those in Hanwoo loin of the same grade.

Table 2 shows the measurements of pH, salinity, and instrumental color of the Holstein and
Hanwoo crusts. The pH of the Hanwoo crust was significantly higher than that of the Holszein crust
(p < 0.001). Li et al. [7] reported that intramuscular fat content and pH showed a positive correla-
tion in the same bovine species, which suggested that the pH of the Hanwoo crust with a higher fat
content was higher than that of Holstein. The salinity of the Holstein crust was significantly higher
than that of the Hanwoo crust (p < 0.001), this was related to free amino acids because they affect
the salinity measurements. These results suggested that numerous free amino acids were released
from Holstein with a higher protein content than that of Hanwoo [24]. Free amino acids hydro-
lyzed from proteins contain taste components such as inosine monophosphate (IMP) and guano-
sine-5-monophosphate [25] and that the total amount of free amino acids increases as the aging is
prolonged [26]. Among inorganic ionic components, Na, K, and P significantly enhance the umami
taste along with free amino acids and IMPs [27]. Thus, free amino acids are more accumulated in
the Holstein crust with high protein content than in the Hanwoo crust, and the salinity of the Hol-
stein crust is high because it is typically measured based on the content of the total inorganic sub-
stance [28]. In addition, both Hanwoo and Holstein crust have a salinity of 0.8%—-1.2%, which will
not have a significant impact on salinity as food additives. With respect to the instrumental color of
the Hanwoo and Holstein crusts, the lightness and yellowness of Holstein were significantly higher
than those of Hanwoo (p < 0.001), and there was no significant difference in redness between the
two treatment groups. Lee et al. [29] reported that the lightness, redness, and yellowness of Hanwoo
were significantly low during the analysis of the physicochemical quality characteristics of Holstein
and Hanwoo. Difference color between Hanwoo and Holstein is related to the moisture contents.
In general, it is known to Holstein beef loin is higher moisture content than Hanwoo beef loin [11].
And high moisture content of beef loin related to the increase the lightness, redness, and yellowness
[30]. Therefore, the moisture content of the Holstein crust was higher than Hanwoo crust, it was
related to the higher lightness and yellowness than Hanwoo crust. The Irightness and yellowness of
the Hanwoo crust were significantly lower in this study, and no significant difference was found in

the increase in redness due to dried moisture.

Water absorption, fat absorption, emulsifying capacity, and swelling yield

Table 3 shows the analytical results of water absorption, fat absorption, emulsifying capacity, and
swelling yield of the Hanwoo and Holstein crusts. There was no significant difference in water ab-
sorption between the Hanwoo and Holstein treatment groups, whereas the fat absorption of the Ho/-

Table 2. pH, salinity and color of crust derived from dry-aged Holstein and Hanwoo loin

Dry aging crust Statistical analysis

Traits SEM"

Holstein Hanwoo t-value p-value
pH 5.44 5.67 0.08 -22.30" <.0001
Salinity (%) 1.20 0.80 0.15 Infty”™ <.0001
Color

CIEL* 54.26 37.82 6.13 77.50™ <.0001
CIE a* 15.90 12.87 2.00 1.63™ 0.1534
CIE b* 12.38 2.08 3.86 26.70" <.0001

All values are mean.

n=2.

“p<0.001.

ns, non-significant.

https://doi.org/10.5187/jast.2020.62.5.692



Lee and Kim

https://doi.org/10.5187/jast.2020.62.5.692

Table 3. Water absorption, fat absorption, emulsifying capacity and swelling yield of crust derived from
dry-aged Holstein and Hanwoo loin

Dry aging crust Statistical analysis

Traits SEM"
Holstein Hanwoo t-value p-value
Water absorption (%) 2.96 2.26 0.39 1.83™ 0.1420
Fat absorption (%) 2.85 0.62 0.86 40.49" <.0001
Emulsifying capacity (%) 17.20 54.10 14.46 -12.72" 0.0002
Swelling yield
pH3 306.20 168.31 53.61 22.16" <.0001
pH 4 317.43 164.78 59.58 15977 <.0001
pH7 120.57 168.55 18.86 -11.55" 0.0003
All values are mean.
"n=2.
“p<0.001.

ns, non-significant.

stein crust was significantly higher than that of the Hanwoo crust (p < 0.001). Lee et al. [31] showed
that the fat absorption of rice protein concentrate with low fat content was high when testing the
dry frozen rice protein concentrate and isolated soy protein, which suggested that the fat absorption
decreased as the fat content increased. Thus, it would be efficient to apply the Holstein crust with the
high fat absorption capacity to products with high fat content and the Hanwoo crust with low fat
absorption to low-fat food ingredients.

'The emulsifying capacity of the Hanwoo crust was significantly higher than that of the Holstein
crust (p < 0.001). Beef fat can be divided into neutral lipids and phospholipids. Phospholipids pos-
sess an emulsifying capacity to combine water and oil [32,33]. Hanwoo has a higher emulsifying
capacity than Holstein because of its higher content of palmitic acid and stearic acid in phospho-
glycerides and sphingolipids [34]. Thus, the Hanwoo crust can be utilized as a food additive for en-
hancing the binding power between moisture and oil [35].

'The measurement of the swelling yield based on the pH must be preceded to increase the appli-
cability of the powder crust that enhances flavor [36]. The larger the swelling yield of the crust, the
less physicochemical change in the food processing, such as sauces, and the less drying loss [37,38].
'The swelling yields of the Hanwoo and Holstein crusts were measured at pH values of 3,4, and 7 for
sauces. At pH 3 and 4, the Ho/stein crust showed significantly higher swelling yield than the Han-
woo crust (p < 0.001), whereas at pH 7, the Hanwoo crust showed a significantly higher swelling
yield than the Holstein crust (p < 0.001). The swelling yield is a factor that highly affects the yield of
liquid or semi-solid products [39], and it would be ideal to prepare food at a high pH correspond-
ing to high swelling yield. The Ho/stein crust showed excellent swelling yield under pH 3 and 4;
thus, it can be effectively applied to the sauce and vinegar product groups [40,41]. Conversely, the
Hanwoo crust showed a high swelling yield under pH 7 (neutral); thus, it can be suitably applied to

sauces and processed meat products [42].

Principal component analysis in electric nose

An electric nose analysis can be widely used to evaluate food quality and aging by classifying the
characteristics that determine the overall flavor of food [43]. Fig. 1 shows the PCA for the Holstein
and Hanwoo crusts using the electric nose technique. According to the PCA analysis, the contribu-
tion rate of the first principal component (PC1) value was 96.484%, and that of the second princi-
pal component (PC2) value was 3.441%. Because the contribution rate of PC1 was 90% or higher,
the flavor was more discriminated by PC1 than PC2 [43]. The PC1 range of the non-aged Holstein,

https://www.ejast.org | 697



Crust derived from dry-aged Holstein and Hanwoo loin

698 | https://www.ejast.org

Discrimination idex = 98

- 7 7 7 7 7

10000

B - Hamioo crust

A - Holstein crust

PC2-3441%

$- MNon-aged Holstein coust

10000 Holstein
© crust

Non-aged
Holstein crust

G000 70000 60000 50000 40000 -30000 -20000 10000 O 10000 20000 30000 40000 50000 60000 7O000 BOOOO 90000 100000
P - 96.454%

Fig. 1. Principal component analysis of crust derived from dry-aged Holstein and Hanwoo loin.

Hanwoo, and Holstein crusts were approximately -75,000, -20,000, 95,000, respectively. The PC2
range of the Hanwoo crust was approximately 19,500, whereas those of the non-aged Hoistein and
Holstein crusts were between -5,000 and -15,000. Thus, in terms of PC1, which greatly contributed
to flavor discrimination, the discrimination in flavor could be determined based on the difference
between the treatment groups. The difference in the flavor of the Hanwoo and Holstein crusts de-
pends on the breed in the same bovine species and site. Kang et al. [44] reported similar results on
the difference between breeds at the same site of pork through electric nose analysis of flavor be-
cause various compositions of fatty acids and amino acids that depend on breed resulted in various

aromatic patterns.

CONCLUSION

The present study analyzed the physicochemical properties of crust derived from dry-aged Holstein
and Hanwoo loins as flavor enhancers. The emulsifying capacity of the Hanwoo crust was signifi-
cantly higher than that of the Holstein crust. The fat absorption of the Holstein crust was higher than
that of the Hanwoo crust. The dry-aged Hanwoo and Holstein samples showed notably different fla-
vor patterns via PCA. Therefore, the addition of crust derived from dry-aged Hanwoo and Holstein
loins would lead to enhanced flavor in food. And choose the type of beef crust consider to purpose
of food flavor and characteristics.

REFERENCES

1. Campbell RE, Hunt MC, Levis P, Chambers E IV. Dry-aging effects on palatability of beef
longissimus muscle. ] Food Sci. 2001;66:196-9. https://doi.org/10.1111/j.1365-2621.2001.
tb11315x

2. Smith RD, Nicholson KL, Nicholson JDW, Harris KB, Miller RK, Griffin DB, et al. Dry
versus wet aging of beef: retail cutting yields and consumer palatability evaluations of steaks
from US Choice and US Select short loins. Meat Sci. 2008;79:631-9. https://doi.org/10.1016/
j-meatsci.2007.10.028

3. Lee CW, Lee SH,Min Y, Lee S, Jo C, Jung S. Quality improvement of strip loin from Han-
woo with low quality grade by dry aging. Korean ] Food Nutr. 2015;28:415-21. https://doi.

https://doi.org/10.5187/jast.2020.62.5.692



Lee and Kim

https://doi.org/10.5187/jast.2020.62.5.692

10.

11.

12.

13.

14.

15.

16.

17.

18.

0rg/10.9799/kstan.2015.28.3.415

Kim JH, Cho SH, Seong PN, Hah KH, Kim HK, Park BY, et al. Effect of ageing temperature
and time on the meat quality of longissinus muscle from Hanwoo steer. Korean ] Food Sci
Anim Resour. 2007;27:171-8. https://doi.org/10.5851/kosfa.2007.27.2.171

Laville E, Sayd T, Morael M, Blinet S, Chambom C, Lepetit ], et al. Proteome changes during
meat aging in tough and tender beef suggest the importance of apoptosis and protein solu-
bility for beef aging and tenderization. ] Agric Food Chem. 2009;57:10755-4. https://doi.
0rg/10.1021/j£901949¢

Koutsidis G, Elmore JS, Oruna-Concha M]J, Campo MM, Wood JD, Mottram DS. Wa-
ter-soluble precursors of beef flavour. Part II: effect of post-mortem conditioning. Meat Sci.
2008;79:270-7. https://doi.org/10.1016/j.meatsci.2007.09.010

Li YX, Cabling MM, Kang HS, Kim TS, Yeom SC, Sohn YG, et al. Comparison and correla-
tion analysis of different swine breeds meat quality. Asian-Australas ] Anim Sci. 2013;26:905-
10. https://doi.org/10.5713/ajas.2012.12622

Laster MA, Smith RD, Nicholson KL, Nicholson JDW, Miller RK, Griffin DB, et al. Dry ver-
sus wet aging of beef: retail cutting yields and consumer sensory attribute evaluations of steaks
from ribeyes, strip loins, and top sirloins from two quality grade groups. Meat Sci. 2008;80:795-
804. https://doi.org/10.1016/j.meatsci.2008.03.024

Smith AM, Harris KB, Griffin DB, Miller RK, Kerth CR, Savell JW. Retail yields and pal-
atability evaluations of individual muscles from wet-aged and dry-aged beef ribeyes and
top sirloin butts that were merchandised innovatively. Meat Sci. 2014;97:21-6. https://doi.
org/10.1016/j.meatsci.2013.12.013

Dashdorj D, Tripathi VK, Cho S, Kim Y, Hwang 1. Dry aging of beef; review. ] Anim Sci
Technol. 2016;58:20. https://doi.org/10.1186/s40781-016-0101-9

Choe JH, Kim HY. Effects of dry aging on physicochemical properties of beef cattle loins. Ko-
rean ] Food Sci Technol. 2017;49:158-61. https://doi.org/10.9721/KJFST.2017.49.2.158
Parrish FC Jr, Boles JA, Rust RE, Olson DG. Dry and wet aging effects on palatability attri-
butes of beef loin and rib steaks from three quality grades. ] Food Sci. 1991;56:601-3. https://
doi.org/10.1111/1.1365-2621.1991.tb05338 x

DeGeer SL, Hunt MC, Bratcher CL, Crozier-Dodson BA, Johnson DE, Stika JF. Effects of
dry aging of bone-in and boneless strip loins using two aging processes for two aging times.
Meat Sci. 2009;83:768-74. https://doi.org/10.1016/j.meatsci.2009.08.017

Lee HJ, Yoon JW, Kim M, Oh H, Yoon Y, Jo C. Changes in microbial composition on the
crust by different air flow velocities and their effect on sensory properties of dry-aged beef.
Meat Sci. 2019;153:152-8. https://doi.org/10.1016/j.meatsci.2019.03.019

Park B, Yong HI, Choe ], Jo C. Utilization of the crust from dry-aged beef to enhance flavor of
beef patties. Korean ] Food Sci Anim Resour. 2018;38:1019-28. https://doi.org/10.5851/kos-
2.2018.e35

Oh DY, Yeo JS, Lee JY. Major SNP identification for oleic acid and marbling score which
are associated with Korean cattle. ] Korean Data Inf Sci Soc 2014;25:1011-24. https://doi.
org/10.7465/jkdi.2014.25.5.1011

Ha'Y, Hwang I, Choi J, Kim Y, Seol KH, Seo HW, et al. Comparison of meat quality traits for
M. Longissimus thoracis, M. Glutacusmedus, M. Semimembranosus from low-grade Han-
woo cow beef by dry aging and wet aging conditions. Ann Anim Resour Sci. 2019;30:121-32.
https://doi.org/10.12718/AARS.2019.30.3.121

Moon JH, Sung M, Kim JH, Kim BS, Kim Y. Quality factors of freshness and palatability of
Hanwoo from their physicochemical and sensorial properties. Korean ] Food Sci Anim Resour.

https://www.ejast.org | 699



Crust derived from dry-aged Holstein and Hanwoo loin

700 | https://www.ejast.org

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2013;33:796-805. https://doi.org/10.5851/kosfa.2013.33.6.796

Calvo JH, Iguacel, LP, Kirinus JK, Serrano M, Ripoll G, Casasis I, et al. A new single nucleo-
tide polymorphism in the calpastatin (CAST) gene associated with beef tenderness. Meat Sci.
2014;96:775-82. https://doi.org/10.1016/j.meatsci.2013.10.003

Joo ST, Hwang YH, Frank D. Characteristics of Hanwoo cattle and health implications of
consuming highly marbled Hanwoo beef. Meat Sci. 2017;132:45-51. https://doi.org/10.1016/
j-meatsci.2017.04.262

AOAC [Association of Official Analytical Chemists]. Official methods of analysis of AOAC
International. 19th ed. Gathersburg, MD: AOAC International; 2012. p. 931.

Lin MJY, Humbert ES, Sosulki FW. Certain functional properties of sunflower meal products.
J Food Sci. 1974;39:368-70. https://doi.org/10.1111/5.1365-2621.1974.tb02896 x

Yasumatsu K, Sawada K, Moritaka S, Misaki M, Toda J, Wada T, et al. Whipping and emulsi-
fying properties of soybean products. Agric Biol Chem. 1972;36:719-27. https://doi.org/10.10
80/00021369.1972.10860321

Armstrong AD, Stave U. A study of plasma free amino acid levels. III. Variations during growth
and aging. Metaboilsm. 1973;22:571-8. https://doi.org/10.1016/0026-0495(73)90070-X

Kim YHB, Kempa R, Samuelsson LM. Effects of dry-aging on meat quality attributes and
metabolite profiles of beef loins. Meat Sci. 2016;111:168-76. https://doi.org/10.1016/j.meats-
¢i.2015.09.008

Parrish FCJr, Goll DE, Newcomb II W], Lumen BO, Chaudhry HM, Kline EA. Molecular
properties of post-mortem muscle 7. changes in nonprotein nitrogen and free amino acids
of bovine muscle. ] Food Sci. 1969;34:196-202. https://doi.org/10.1111/j.1365-2621.1969.
tb00918.x

Hayashi T, Yamaguchi K, Konosu S. Sensory analysis of taste-active components in the ex-
tract of boiled snow crab meat. ] Food Sci. 1981;46:479-83. https://doi.org/10.1111/].1365-
2621.1981.tb04890.x

Cheon DH, Lee KH. Development of jeyuk-gui (spicy broiled pork) souce amended with
concentrate of jujube flesh remaining around seeds. ] East Asian Soc Diet Life. 2017;27:591-9.
https://doi.org/10.17495/easdl.2017.12.27.6.591

Lee SJ, Ha ES, Hu WS, Sung NJ. Comparison of quality characteristics and antioxidant ac-
tivity in loin meat of imported beefs and organic hanwoo. ] Agric Life Sci. 2016;50:149-63.
https://doi.org/10.14397/jals.2016.50.3.149

Kim YHB, Robert K, Linda MS. Effect of dry-aging on meat quality attributes and me-
tabolite profiles of beef loins. Meat Sci. 2016;111:168-76. https://doi.org/10.1016/j.meats-
¢i.2015.09.008

Lee ES, Kim KJ, Kim JH, Hong ST. A study on the development of high functional food
protein ingredient from rice bran. ] Agric Sci. 2010;37:61-8. https://doi.org/10.7744/cnu-
jas.2010.37.1.061

Warren HE, Scollan ND, Enser M, Hughes SI, Richardson RI, Wood JD. Effects of breed
and a concentrate or grass silage diet on beef quality in cattle of 3ages. I: animal performance,
carcass quality and muscle fatty acid composition. Meat Sci. 2008;78:256-69. https://doi.
0rg/10.1016/j.meatsci.2007.06.008

Kim SY, Jeon SS, Jun ST. Effect of lotus root powder on the baking quality of white bread. Ko-
rean ] Food Cookery Sci. 2002;18:413-25.

Hur §J, Park GB, Joo ST. A comparison of the meat qualities from the hanwoo (Korean na-
tive cattle) and Holstein steer. Food Bioproc Tech. 2008;1:196-200. https://doi.org/10.1007/
$11947-008-0061-2

https://doi.org/10.5187/jast.2020.62.5.692



Lee and Kim

https://doi.org/10.5187/jast.2020.62.5.692

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Duckett SK, Wagner DG. Effect of cooking on the fatty acid composition of beef intramuscu-
lar lipid. ] Food Compost Anal. 1998;11:357-62. https://doi.org/10.1006/jfca.1998.0600

Alam F, Hasnain A. Studies on swelling and solubility of modified starch from Taro (Colocasia
esculenta): effect of pH and Temperature. Agric conspec sci. 2009;74:45-50.

Femenia A, Garcia-Pascual P, Simal S, Rossellé C. Effects of heat treatment and dehydration
on bioactive polysaccharide acemannan and cell wall polymers from Aloe barbadensis Miller.
Carbohydr Polym. 2003;51:397-405. https://doi.org/10.1016/50144-8617(02)00209-6

Simal S, Femenia A, Llull P, Rosello C. Dehydration of aloe vera: simulation of drying curves
and evaluation of functional properties. ] Food Eng. 2000;43:109-14. https://doi.org/10.1016/
S0260-8774(99)00139-9

Johnston-Banks FA. Gelatine. In: Harris P, editor. Food gels. London: Elsevier Applied Sci-
ence; 1990. p. 234-7.

Cho KH, Kang SA. Effects quality characteristics and development of global sauce using tra-
ditional gochujang. ] Korea Acad Ind Coop Soc. 2015;16:8089-95. https://doi.org/10.5762/
KAIS.2015.16.11.8089

Kim GR, Yoon SR, Lee JH, Yeo SH, Jeong Y], Yoon KY, et al. Physicochemical properties of
and volatile components in commercial fruit vinegars. Korean ] Food Preserv. 2010;17:616-24.
Hwang SH. Effect of high pressure processing on freshness of meat products. ] Food Hyg Saf.
2018;33:272-9. https://doi.org/10.13103/JFHS.2018.33.4.272

Shin JA, Choi SW, Lee KT. Prediction of Kimchi aging using electronic nose system. Korean J
Food Preserv. 2005;12:613-6.

Kang SM, Kang CG, Lee SG. Analysis of differences in fat content, fatty acid composition and
electronic nose by pork with varieties. In: Proceedings of the Korean Society for Food Science
of Animal Resources Conference; 2006; Seoul. p. 107-11.

https://www.ejast.org| 701



