ISSN 1738-8058

The Journal of Intelligent Human Ecology

Seoul 04763 HRE T TR 222 ERABERRRER
Tel. 82-2-2220-1500
http://kls.hanyang.ac.kr hSeaha@hanyang.ac.kr

S
»
>
2
o

¢S ON |euss

"€ "2l "veoe

S S

ISSN 1738-8058

The Journal of Intelligent Human Ecology

http://kls.hanyang.ac.kr h5eaha@hanyang.ac.kr

20243 12 €31Y 93 04763 ASA AT T G4 E 2 222 3 g K| sHAZtEAA T A

A444 13 2024. 12.31

BEEAFERHR

FHQUFOoLEIO] SR BHHE LEX ZHe 27 AXx % A AUX
Y Hlu, ot U= FMYoAe HE

IB%S, REX QITUF, MY

MAb £E, 82 U NS SEI7H ME SE0 O)X| = B

/873, 2FTUF, U, HAM

Vol.44




20244 128

1 ANVrE S8 AW - A e Ak MBS #4% SR

Aol

B o EasEcist sk e B4t 499 A
SLEREL

14 =ERUAcEEol 338 w7 et pdol 22 Ax 9 §2 AT P v,
ol Aol A
F31e-$7% 09NN

26 in w9 4z s a4 59 a0 9
972905 YN

| RSB 34 3 g
/ NQA (A BTTAT A AT FHE 2 2 W AlaEoR FHE = AE AR £ H7F (A
AR/ () A (s QX2 QPR A XYM
ol Pl (3
wgE (k) s (el
Al [ BrAs(gko)
A9/ OHFB%] gk
A/ () wAE S
AAE(3)
T8/ AEA(E)
T/ ol FA(sE]) A gkt
oA G 3
AL/ 013 (3
ALY/ Wlols(sHed]) olA A (gked)
Hyun Sook Kim(&Ft))

22 Mo Mo oy
0.8. oR

r‘~‘ rh‘.

A =/ Haad 12 0| M2 202441 BHCHstD DL K| o5t HEE
Wy / SHYCfetm FTE

M2 45+ ga2E 222

§2
mlo

3} / 02-2220-1432~4
& / 02-2220-1435
disfi4 29l / 20244 128 31Y




2024. 12. 31

NIHE

CONTENTS

1 Proposal for the Possibility of Treating Depression in Working-mom through  Self-adomment:
Focusing on Network Analysis
Kyu-Hye Le - Kyu-Hye Lee

Differences in Purpose and Experience Between Fashion Pop-up Stores and Department Store
8 Visits
Yerim Park- Kyu-Hye Lee

1 4 Comparison of spray—dryingand freeze—-drying methods for lutein/zeaxanthin-enriched
egg yolk powder andtheir application in mayonnaise formulation
Hexin Zeng- Jingchao Yu- Yingjinzhu Wu- Weon-Sun Shin

2 6 The meal type, gender and weight status can affect the masticatory properties
Yukyung Jang - Minjung Kang - Yingjinzhu Wu - Weon—Sun Shin

3 9 Quality Evaluation of Korean traditional "Satae—jim” prepared by sous-vide and cook chill system
(Beef shine shank)
Ji-Eun Oh - Jeonghyun Park - Yingjinzhu Wu - Weon-Sun Shin

Publisher/ Woo-seung Kim
Editor/ Weon-Sun Shin
Operator Board/ Kyu-Hye Lee
Editor Board/ Yeon-Hee Lee

Printing No. / Vol. 44 No. 1
Publishing Office /

Hanyang University Press
Address / 222 Wangsimniro,
Seongdong-gu, Seoul, Korea

Tel / 82-2-2220-1432~4

Fax / 82-2-2220-1435
http://www.press.hanyang.ac.kr
Date / Dec. 31, 2024




AsyolzisddTa
H 443 pp.1-7 (2024)

A7 rEE s Y ?24 w7 Jtsd A
o

Proposal for the Possibility of Treating Depression in Working-mom through Self-adornment
- Focusing on Network Analysis -

4 X g 0 7§
shortistl o Fstat
Ji Yoom Kim, Kyu-Hye Lee’
Dept. of Clothing & Textiles, Hanyang University, Seoul, Korea

Abstract

Married women are facing increasing burdens as they have to do not only social activities but also housework and childcare due
to their lives as working-moms. If this situation continues, working—moms will eventually choose to stop economic activities,
resulting in social losses, or even lead to the problem of low fertility rates. Accordingly, this study sought to suggest ways to
improve the mental health of working-moms and to confirm the possibility of healing through self-adornment in relation to
appearance, which women are most sensitive to. Network analysis was conducted to investigate issues related to depression and
embellishment among working-moms, and the analysis period was set to the COVID-19 pandemic period when social restrictions
were most severe. The results of the analysis showed that the most stressful factors for working—-moms were work and child care.
This was found to be the result of irregular working hours and a lack of proper division of roles due to both work and housework
being handled at home due to restrictions on external activities during the COVID-19 period. It was found that working-moms use
decorating behaviors to relieve the depression caused by these causes. According to the results of this study, the government or
companies should encourage participation by planning programs or events to help working-moms heal through self-adornment, and
ensure that working-moms’ emotions and feelings are maintained stably. As a result, women should be able to improve their

negative perception of working—-moms and reduce their resistance to becoming working—moms.

Key words : working-mom, depression, COVID-19, self-adornment, network analysis
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Abstract

The purpose of this study is to investigate the differential characteristics of the two shopping environments of pop—up stores

and department stores. Therefore, the differences in consumer experiences in different shopping environments in the two spaces

were compared and analyzed using text mining techniques. The subjects of the study were "Burberry Street” pop-up stores

conducted at the same time and Burberry stores in major department stores in Seoul. The data consisted of a total of 2,000 cases

based on consumer reviews, and were collected from Naver, Daum blogs, cafes, and Google's Facebook and web documents based

on the portal. Textom, an analysis tool that can utilize text mining techniques, was used for the analysis method, and TF-IDF

frequency analysis and clustering (Lubane) techniques were used.

As a result of the analysis, it can be seen that the purpose of visiting the two spaces was remarkably different. The pop-up

store was confirmed to be particularly effective for the MZ generation, which values emotional experience as a space that fixes

emotional ties with the brand through experiential events and limited-edition product provision. On the other hand, the department

store was able to confirm that it visited to receive help in purchasing decisions through products with guaranteed quality and

professional services. It represents recognition as a space that focuses on practical purchase and information search. Therefore, this

study emphasized the differential characteristics of the two shopping environments and the importance of consumer experience,and

based on this, it was intended to provide basic data for fashion brands to establish marketing strategies suitable for each of the

two spaces.

Key words : pop-up store, department store, consumer exeperience, purpose of visit, text minig
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Comparison of spray-dryingand freeze—-drying methods for lutein/zeaxanthin-enriched egg yolk powder andtheir
application in mayonnaise formulation

o

Hexin Zeng, Jingchao Yu, Yingjinzhu \/\/ Weon-Sun Shin*
Department of Food and Nutrition, College of Human Ecology, Hanyang University

Abstract

The absence of carotenoids in the diet leads to ocular issues, such as cataracts, which may be mitigated by supplementing
foods with lutein and zeaxanthin (L/Z), the macular pigments. This study investigated the impact of spray-drying (SD) and
freeze-drying (FD) on the physicochemical properties of L/Z-enriched egg yolk (SDE, FDE). The results revealed that FDE
contained a significantly higher concentration of L/Z (33.05+1.62 pg/g) compared to SDE (2559+0.09 pg/g). Although SDE
exhibitedsuperior solubility than that in FDE, the latter demonstrated higher oil holding capacity (OHC, 3.34 o 023 g/mL) and
emulsifying stahility index (ESI, 493.92+6846 min) across all samples. Additionally, sensory evaluation indicated that mayonnaise
prepared with L/Z-enriched yolk powder (SDE, FDE) was more acceptable to panelists than those made with control yolk powder
(SD, FD), suggesting that L/Z-enriched yolk powders could be effectively used as emulsifying agents in food products.

Key words ! [utein, zeaxanthin, freeze-drying, spray-drying, egg yolk powder, emulsion
FAO » FE, Aopztel FAAZ BRAZ A =22 £, oEd

[ . Introduction dietary sources of L/Z (Abdel-Aal et al, 2017). Although egg
Lutein and zeaxanthin (L/Z) are carotenoids commonly yolks contain relatively lower concentrations of MPs compared
to some plant sources, they are considered superior due to

their enhanced bioavailability of L/Z. The high-fat content and

referred to as macular pigments (MPs). These pigments
selectively accumulated in the macula of the human retina
(Landrum & Bone, 2001), where they provide protective effects lipid - matrix of egg yolks facilitate the absorption of
(Roberts & Dennison, carotenoids, making them an optimal medium for delivering L/Z
in the human diet (Tsiaka et al, 2018). Regular consumption of

eggs has been shown to significantly elevate serum L/Z labels,

against light-induced retina damage
2015). MPs function as natural filters of blue light, reducing

phototoxicity caused by high-energy blue light (Junghans et

al, 2001). Zeaxanthin is concentrated in the central macula suggesting that eggs could play a role in preventing cataracts

while lutein is distributed more broadly across the retina and age-related macular - degeneration  (AMD)~the  leading

cause of irreversible blindness in adults (Kishimoto et al., 2017,

endogenously in humans, they must be obtained through Ma et al, 2016).
dietary intake (Kim & Shin, 2022 Xu et al, 2022). MP-enriched eggs can be produced by supplementing

(Bernstein et al, 2016). However, as L/Z cannot be synthesized

Green lealy vegetables, including kale, spinach, the diet of the laying birds with natural carotenoids sources,

broccoli, peas and lettuce as well as egg yolks, are significant such as alfalfa concentrate, tomato powder and marigold

* Corresponding Author : Weon-Sun Shin
el © 82-2-2220-4204, E-mail : hime@hanyang.ac.kr
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extracts (Karadas et al., 2006) (Jeon et al., 2012). Among these,
microalgae offer distinct advantages, including rapid growth
rates, year-round availability, and reduced labor intensity,
making them a  cost-effective  source of lutein
(Fernandez-Sevilla et al, 2010). For instance, supplementing
hen diets with a small amount (0.3%) of dried Chlamydomonas
reinhardtii mutant has been reported to double the MP
concentration in egg yolks (Baek et al, 2018). Additionally,
Dunaliella species characterized by the absence of indigestible
cell walls, are promising feed sources for carotenoid enrichment
(Ben-Amotz, 1980). Mutants of Dunaliella tertiolectagenerated
by ethyl methanesulfonate (EMS) treatment have demonstrated
enhanced zeaxanthin content, offering potential for both egg
enrichment and commercial zeaxanthin production (Kim et al,
2017).

Egg yolks are widely used in food industries for their
functional ~ properties, including  foaming,  coagulation,
emulsification, and coloring. However, the fresh egg yolks are
perishable and challenging to transport. To address these
issues, the food industry increasingly favors dried egg products
over liquid eggs due to their extended shelf life, reduced
microbial risks, and elimination of refrigeration requirements
(Miranda et al., 2015, Jestis et al, 2013). Egg yolk powder is
particularly valued in bakery products, mayonnaise, salad
dressings, ice cream, pasta, and various convenient foods due
to its stability, emulsifying capacity, and ability to enhance
product texture (Asghar & Abbas, 2012). Mayonnaise, a
semi-solid oil-in-water emulsion typically prepared with eggs,
vinegar, and mustard, is among the most widely consumed
products incorporating egg volks (Kishk & Elsheshetawy,
2013).  While efforts to

formulations have often focused on reducing fat content, limited

develop healthier ~mayonnaise
research has explored the enrichment of L/Z in egg yolks to
enhance the nutritional value of mayonnaise and potentially
mitigate AMD risk (Motta-Romero et al., 2017).

Among various food preservation techniques, drying is
one of the most widely accepted methods due to its ability to
extend shelf life, reduce weight, and enhance convenience
(Chhabra et al.,, 2024). Spray-drying and freeze-drying are two
commonly employed drying methods, each with distinct
mechanisms and outcomes. Spray-drying involves atomizing a
liquid feed into a hot drying medium, where rapid moisture
evaporation produces a free-flowing powder (Marante et al,

2020). However, this method often causes degradation of

volatile and heat-sensitive compounds (Samborska et al., 2019).
To address these limitations, freeze-drying has emerged as an
advanced alternative. This method freezes the material and
removes water through sublimation (primary drying) and
desorption  (secondary  drying), preserving heat-sensitive
compounds more effectively while maintaining the structural
integrity of the product (Meera et al., 2016).

Despite significant advancements in understanding the
effects of pasteurization, drying, and storage on xanthophyll
content in egg yolks (Wenzel et al, 2010, Franke & KieRling,
2002), limited research has focused on the comparative impact
of different drying methods on lutein and zeaxanthin (L/Z)
retention. Additionally, the influence of these drying methods
on the physicochemical properties of egg yolk powder, such as
solubility, water/oil holding capacity, and emulsion stability
upon reconstitution, remains underexplored.

Given the rising interest in MP-enriched foods, this
study aimed to evaluate the effects of spray-drying and
freeze-drying on the L/Z content and physicochemical
properties of MP-enriched egg yolk powder. Furthermore, our
study investigated the application of these powders in
mayonnaise, to assess how drying methods influence functional
performance and sensory attributes. Our research seeks to
and functional properties of

optimize both  nutritional

MP-enriched yolk powder for broader food industry

applications.

Il. Materials and Methods

2.1 Materials and reagents

Laying hens (Hy-line Brown, aged 29 weeks) were
sourced from a local farm in Seoul, Korea. The hens were
randomly divided into two groups: a control group fed a
standard commercial diet and an experimental group fed a diet
supplemented with 0.2% Dunaliella tertiolecta mp3 powder. The
feeding experiment was conducted over a period of three
weeks, and eggs were collected daily from both groups. All
eggs used for the four experimental sample groups were
obtained within the same period to ensure consistency across

treatments.

The Dunaliella tertiolecta mp3powder used in this
study was provided by Prof. Eon-Seon Jin of Hanyang

University. This microalga is an ethyl methanesulfonate
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(EMS)-induced mutant strain with enhanced zeaxanthin
content, as reported by Kim et al. (2017). The strain was
cultivated, harvested, and freeze-dried into powder form before
use. The supplementation level of 0.2% was determined based
on prior studies (Baek et al, 2018), which demonstrated its
efficacy in enriching egg yolks with lutein and zeaxanthin
while maintaining the health and productivity of the hens.
Safety assessments for the use of this microalga as a feed
supplement have been reported in previous research. The
safety of this algae for animal consumption has been
previously evaluated in accordance with established guidelines,
and the resulting eggs were processed under pasteurization
conditions (60 °C, 3.5-5 min) before any sensory evaluation to

ensure food safety.

Because the study involved only dietary changes under
standard farming conditions and did not involve animal testing
procedures or drug administration, it did not require ethical
approval from an Institutional Animal Care and Use Committee
(IACUC). In addition, the use of these egg yolk samples in
sensory evaluation was approved by the Institutional Review
Board (IRB) of Hanyang University, confirming their safety for

human consumption.

2.2 Egg yolk drying
2.2.1 Freeze-drying

Freeze-drying was performed using a laboratory
freeze dryer (ILSHIN BIOBASE, freeze dryer-FD 830). Eggs
from both the control and L/Z-enriched groups were washed
with water, cracked open, and the yolks were manually
separated from the egg whites. The egg yolks were
homogenized using an Ultra-Turrax T25 (IKA, Staufen,
Germany) at 3,000 rpm for 30 s and transferred into sterilized
bottles. The homogenized samples were pasteurized in a water
bath at 60 °C for 3.5 min, rapidly cooled in an ice-water bath,
and subsequently transferred into sterilized containers. The
samples were then frozen at -80°C for 24 h and freeze—dried
under conditions of approximatively -80°C and 5.33 Pa. The
freeze-dried control group (FD) and enriched group (FDE)
were ground to a fine powder using a mortar, packed in sealed
plastic bags, and stored under refrigerated until further

analysis.

2.2.2 Spray-drying
For spray-drying, the control and enriched egg yolks
were processed to prepare spray-dried enriched egg samples
(SDE). In the SDE preparation, gelatin (227% w/w), lactose,
Arabic (12 DE) at

concentrations of 181% (w/w) were added as carrier

distarch  phosphate, gum, dextrin
substances. In contrast, no carrier substances were added to
the control sample (SD). Each sample was homogenized at
3000 rpm and 60 °C for 5 min (Ultra-Turrax T25, IKA
Staufen, Germany) and subsequently sterilized in a water bath
for 15 min. Prior to drying, the sample temperatures were kept
at 40 °C. The powder was obtained using a spray dryer
(Ohkawara L-8, Ohkawara Kakohki Co, Ltd, Yokohama,
Japan) with inlet and outlet air temperatures set to 155-170 °C
and 90-105 °C, respectively. The resulting powders were
packed into commercial bags (approximately 200 g) and stored
under refrigerated until further utilization.

Four yolk powders were prepared using different drying
methods and enrichment conditions. SD (spray-dried yolk
(non-enriched)), FD
(non-enriched)), SDE (Spray-dried lutein/zeaxanthin-enriched
yolk powder), FDE (Freeze-dried lutein/zeaxanthin-enriched
yolk powder).

powder (Freeze-dried yolk powder

2.3 Extraction of lutein/zeaxanthin

To extract the pigments, fresh egg yolks (0.5 g) were
mixed in 10 mL acetone (90% v/v) and mixed adequately with
continuous stirring. The solution was then centrifuged at 2,500
x g for 2 min, and the supernatants were filtered with 0.2 ym
nylon filters (Sigma Aldrich Inc, St. Louis, Missouri, USA) and
subjected to high—performance liquid chromatography (HPLC)
analysis. Aliquots (05 g) of egg yolk powder were placed
directly into falcon centrifuge tubes (50 mL), then 13 mL of
methanol was added and covered to avoid solvent evaporation.
The solution was immediately treated with ultrasound for 60 s
to improve extraction. Subsequently, the samples were
homogenized using an Ultra-Turrax T25 (IKA, Staufen,
Germany) at 4,000 rpm for 2 min. After an incubation of 20
min, the samples were centrifuged (Combi R-514, Hanil
Scientific Inc., Incheon, Korea) at 2500 x g at 20 °C for 5 min.
Then the aliquots of the supernatants were directly placed in
HPLC vials using a plastic syringe (1 mL) and a nylon filter
(02 pm) (Wenzel et al, 2010). The mobile phase for HPLC
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analysis of 01 M Tris-HCl (pH
8.0)-acetonitrile-methanol (14:84:2, v/v/v) for the first 15 min
and acetonitrile-methanol (32:64, v/v) for the last 5 min. The

system  consisted

injection volume was 20 yL and the flow rate was 1.2 mL/min.
The column oven temperature was set to 40 °C, and L/Z were
detected at 445 nm.

2.4 Solubility

Twenty-five milliliters of distilled water was added to
the egg yolk powder sample (025 g) and transferred into a
centrifuge tube. The solution was homogenized at 5000 rpm
for 5 min followed by centrifugation at 3,000 x g for 5 min.
An aliquot of 5 mL of the supernatant was then transferred to
a pre-weighed beaker and immediately oven-dried at 105 °C
for 5 h. The solubility (%) was calculated as the weight
difference using Eq. (1).

Solubility(%) = % x100 (1)

W1: Weight of powder in the supernatant (g)
W2: Weight of podwer in the solution (g)

2.5 Determination of water holding capacity and oil
holding capacity (WHC/OHC)

The WHC/OHC was measured using a method
described in a previous study with a slight modification (Zhang
& Li, 2009). Briefly, 05 g (M;) sample was transferred to a
pre-weighed centrifuge tube (M), and 7 mL of distilled water
was added. The sample containing centrifuge tubes were then
placed in a water bath at 60 °C and held for 10 min, followed
by centrifugation at 2500 x g for 15 min. The supernatant
was removed, and the centrifuge tubes with the wet powders
were weighed (Ms). WHC was calculated using Eq. (2).

_M—(m+M)

WHC(g/g) ML

To measure OHC, 1 g sample (M) was mixed with
10 mL rapeseed oil (V) in a 50 mL centrifuge tube. The
solution was stirred with a vortex mixer (Vortex-Genie 2) for
30 s every 5 min and continued for 30 min. Subsequently, the
solution was centrifuged at 3000 x g for 25 min. The free oil

(Vy) in the centrifuge tube was removed, and the absorbed oil

was determined by the difference between Vi and Vs. The oil
holding capacity was calculated using Eq. (3).
V1I-V2

OHC(mlL/g) = M 3)

2.6 Preparation of mayonnaise

Mayonnaise was prepared based on the recipe
described by Jeong et al. (2021) with a slight modification. The
formulation consisted of the following ingredients (in
percentages): corn oil (70%, w/v), egg yolk powder (SD, FD,
SDE, FDE) (5%, w/w), water (15%, w/v), sugar (5%, w/w),
vinegar (35 %, w/v), and salt (15%, w/w). SD and FD are
egg yolk powders from non-enriched yolks (spray-dried and
freeze-dried, respectively) and were used to prepare control
Dunaliella

prepare

mayonnaise. SDE and FDE are from
tertiolecta—enriched yolks and were used to
L/Z-enriched mayonnaise. All ingredients, except for com oil,
were mixed and homogenized at 3000 rpm for 60 s.
Subsequently, corn oil was gradually incorporated into the
mixture while homogenizing was continued at 4,000 rpm for 5
min. After the complete addition of the oil, the emulsion was
further homogenized at 5000 rpm for additional 2 min to

ensure uniformity.

2.7 Emulsifying activity index (EAI) and emulsion
stability index (ESI)

EAI and ESI were determined according to the
method of Hernandez-Garcia et al. (2016) and Jeong et al
(2021)with a slight modification. Briefly, the emulsion was
prepared by mixing 1 g yolk powder with 10 mL distilled
water and 10 mL corn oil in a calibrated centrifugal tube. The
emulsion was homogenized at 13600 rpm for 2 min using a
homogenizer (Ultra-Turrax T25 IKA, Staufen, Germany). An
aliquot of the emulsion (20 iL) was pipetted from the bottom
of the tube at 0 and 10 min after homogenization and diluted
to 2 mL with 01% SDS solution (1:100 dilution). The
absorbance of the diluted solution was read at 500 nm using a
spectrophotometer (Thermo Scientific Genesys 10S UV-Vis
Spectrophotometer, Berryville, Virginia), and 0.19% SDS solution
was used as the blank. The EAI and ESI were calculated by
Eq. (4) and Eq. (5), respectively.
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=)

2%2.303*dil* A0
EAIm2/g) = 100000 4)
Where ‘dil’ is the dilution factor (100); ‘A’ is the absorbance
at 500 nm; ‘¢’ is the egg powder concentration (g/mL), 0.01;

and & is the dispersed phase volume fraction (0.5).

At
AA

ESI(min) = A0* (5)
where AA = Ay — Ap and At = 10 min, Ay and Ay
represent the absorbance after 10 min and time zero,

respectively, at 500 nm.
2.8 Color measurement

Color values (L*, a", b") of freeze-dried yolk powder,
spray-dried yolk powder and mayonnaise prepared with
powdered yolk were measured in triplicate by a colorimeter
(Konica Minolta Chroma Meter CR-400, Minolta Italia S.p.A.,
Milano, Italy) using illuminant source C. The equipment was
calibrated using a white standard ceramic tile (Reference No.
1353123, Y=92.7, x=0.3133, and y=0.3193).

2.9 Sensory analysis

The sensory acceptability of the formulated
mayonnaise was evaluated by a panel of 20 participants (10
males and 10 females) aged from 20 to 50 years. To ensure
the reliability of the data, the panelists received a brief
orientation and training session prior to the sensory evaluation.
The sensory attributes assessed included color, aroma, taste,
stickiness, flavor and overall acceptability. Mayonnaise samples
were served in disposable cups, each containing a standardized
amount of 5 g. The samples were coded with three-digit
random numbers to ensure anonymity, and mineral water was
offered for cleaning the palate between the evaluations.
Sensory evaluation was conducted using a 9-point hedonic
scale, where 1 represented dislike extremely, and 9 represented

like extremely.

2.10 Statistical analysis

Each experiment was performed in triplicate, and data are
presented as mean tstandard deviation (SD). The mean values

from the three separate experiments or replicate analysis were
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reported. Statistical comparisons of the means were performed
using Duncan’s post-hoc test (p < 0.05) with SPSS software
230 (IBM SPSS Statistics, USA).

lIl. Results and discussion

3.1 Quantification of L/Z in fresh and processed egg

yolk samples

The concentrations of L/Z in yolk powder from the control
and L/Z-enriched groups are shown in <Table 1>. To better
assess the enhancement effect of Dunaliella tertiolecta mp3
powder supplementation, reference values from non-enriched
fresh egg volks were considered. According to Chung et al
(2004), control fresh yolk typically contains approximately 0.7
pg/g of lutein and 04 ug/g of zeaxanthin, which are
significantly lower than those found in the enriched fresh yolk
used in this study (1253 = 040 ug/g for lutein and 12.87 +0.67
ug/g for zeaxanthin). This clearly demonstrates that dietary
supplementation with 0.2% Dunaliella tertiolecta mp3 powder
substantially enhances yolk carotenoid levels, consistent with
previous studies (Baek et al., 2018; Jeon et al., 2012).

Enrich Control dried Enriched dried
ed fresh powder powder
volk SD FD SDE FDE
Lutein 1253 1812 1951 %559 3305
(ug/e) +0.40° +0.33 +045° 0,00 +1.62°
Zeaxa
. 12.87 1539 1851 2397 31.%
nthin
+067 +0.88 +1,03° +0.00° 1607
(ug/g)

<Table 1> Lutein and zeaxanthin concentrations in fresh enriched egg

yolk, control dried samples and enriched dried samples

The loss of L/Z during freeze-drying (FDE) was lower
compared to spray-drying (SDE) in both the control and
L/Z-enriched groups. The recovery rate, defined as the yield of
egg yolk powder from the weight of fresh liquid yolk (%), was
higher in FDE (46.8%)than in SDE (435%). Theoretical L/Z
contents per gram of dried powder were estimated based on
the L/Z contents in fresh enriched egg yolk and the recovery
rates of each drying method. When compared to these
theoretical values, the actual L/Z contents in SDE were
reduced by 11.16% and 18.98%, respectively. Conversely, the
actual L/Z contents in FDE exceeded the theoretical values by
23.39% and 13.59%, respectively.
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Lutein and zeaxanthin naturally occur as all-trans isomers

g e

=)

<Figure 1>; however, under thermal processing and storage
conditions, trans-isomers are prone to isomerization into
cis-forms, resulting in reduced bioactivity (Sui et al, 2014).
The observed losses in SDE can be attributed to thermal
degradation and  volatilization  during  high-temperature
spray-drying. These changes not only lower L/Z content but

also reduce pigment intensity, as reflected in the color analysis.

Interestingly, the L/Z contents in FDE exceeded theoretical
estimates. This may be due to improved retention and
stabilization of carotenoids during freeze-drying, which
minimizes degradation by avoiding high temperatures. In
addition, the structural disintegration of yolk components during
freezing may enhance pigment extractability during analysis,
leading to higher measured concentrations (Franke & Kiefling,
2002; Wenzel et al.,, 2010). The porous structure of freeze-dried
powders may also promote the preservation and recovery of
hydrophobic compounds like lutein and zeaxanthin (Sogi et al,
2015).  Taken

freeze-drying is not only effective at preserving thermolabile

together, these findings suggest that

compounds but may also improve carotenoid recovery during
subsequent extraction and quantification. However, its practical
application may be limited by long processing times and high

operational costs (Sagar & Kumar, 2010).

OH

B N N N N e

HO Lutein

OH

N N N N e N N

HO Zeaxanthin

<Figure. 1> Chemical structures of lutein and zeaxanthin (L/Z)

3.2 Physicochemical characteristics analysis
3.2.1 Solubility

Solubility is a critical property of food powders, as
poor solubility can lead to processing challenges and economic
losses (Sharma et al, 2012). As shown in <Table 2>, the
solubility of spray-dried powder in water (0.17 o 0.00 %) is

significantly higher than that of freeze-dried powder (0.09 ©
0.00 %). This difference could be attributed to variations in
beads size produced by the spray-drying process and the
porous microstructure of the resulting powders. The enhanced
solubility of spray-dried powder is likely due to its increased
specific surface area, which facilitates improved interaction
with water compared to freeze-dried powder (Nandiyanto et
al,2019). Conversely, the lower solubility of freeze-dried
samples may be explained by the prolonged processing time
required for freeze-drying, during which moisture removal
occurs at a markedly slower rate than in the rapid evaporation
process of spray-drying (Jadhav et al, 2024). In addition, Cai
and Croke (20000 demonstrated that freeze-dried powders
exhibit higher hygroscopicity than spray-dried powders. As a
result, freeze-dried powders readily absorb moisture from the
surrounding environment, leading to surface wetting and lump

formation, which further reduces their solubility.

<Table 2> Comparison of solubility, WHC/OHC, EAI, and ESI among
different egg yolk powders

Solubi WHC OHC EAI ESI
lity (%) (g/g) (g/mL) (m%/g) (min)
D 017 + 132 + 166 = 38 + 167.84
0.00* 0.09" 0.21¢ 0.05" + 2549
0 009 + 140 = 203 + 400 + 49764
0.00° 0.07" 0,07 007" + 30,02°
SDE 018 + 099 + 226 + 372 321.81
0,03 0.03° 0.23 0.07% + 11.36°
DB 011 + L1+ 334 + 360 + 49392
0.05” 0.03° 023" 0.10° + 68.46°

3.2.2 Water/0Oil holding capacity (WHC/OHC)

The WHC and OHC values of all egg yolk powder
are presented in <Table 2>. Among the four groups, the SD
and FD samples exhibited significantly higher WHC than the
L/Z enriched FDE and SDE. However, no direct correlation
was observed was observed across the individual samples (p>
0.05), indicating that the drying method does not influence the
WHC of the powder. The lower WHC observed in the
L/Z-enriched group compared to the unenriched group can be
attributed to the lipophilic nature of lutein, a carotenoid that
has limited affinity for water, thereby reducing water-binding
capacity (Kim & Shin, 2022).

OHC is a critical factor influencing emulsification
ability, a desirable attribute for proteins and protein-based
products such as mayonnaise (Sai-Ut et al, 2009). The OHC
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of freeze-dried samples was significantly higher than that of
spray-dried samples (p < 0.05). Among the control groups, FD
showed significantly greater OHC compared to SD. In the
L/Z-enriched groups, FDE demonstrated the highest OHC,
followed by SDE. This trend could be attributed to the loose
of freeze-dried which

protein-lipid interaction and the facilitates the incorporation of

structure samples, enhances the
hydrophobic fractions, resulting in improved oil retention

(Mirhosseini & Amid, 2013).

3.2.3 Emulsifying activity index (EAI) and emulsion
stability index (ESI)

As shown in <Table 2>, <Figuer 3>, EAI for SD
and FD were 385+0.05 m*/g and 4.00:0.07 m*/g, respectively,
indicating that the drying methods had no significant on the
EAI of egg yolk powder. L/Z as fat-soluble carotenoids with
low water compatibility, are typically incorporated into
water-based systems through emulsions. The slightly lower
EAI observed in FDE compared to FD can be attributed to the
high L/Z content, which is challenging to emulsify and prone
to instability post-emulsification. Similarly, the EAI of SD and
SDE did not differ significantly (385 and 372 mg,
respectively) even with the added wall material glucose. Egg
yolk is widely used as an emulsifying agent in a variety of
food products, such as mayonnaise, salad dressings and sauces
(Ma & Boye, 2013). Our findings demonstrate that enriching of
egg yolk with L/Z does not affect its emulsification properties,
indicating that L/Z-enriched egg yolk can be effectively used

in the food and pharmaceutical industries.

(spray—dried), FD
(freeze-dried), SDE (spary-drying-enriched), and FDE (freeze-drying-enriched
egg yolk powders) egg yolk powders

On the contrary, the drying methods revealed a
significant impact on the ESI. Freeze-dried samples exhibited
significantly higher ESI compared to spray-dried samples (p <

0.05), indicating greater interfacial stability and the ability to
form strong interfacial membranes, thereby enhancing emulsion
stability (Mundi & Aluko, 2012). These differences can be
attributed to variations in water removal efficiencies and
induced by the

Spray-drying involves rapid water removal through continuous

chemical alterations drying processes.
spraying, mixing, and drying, leading to structural shrinkage
and potential intermolecular interactions such as hydrogen
bonding (Anwar & Kunz, 2011). In contrast, freeze-drying
removes water under frozen conditions, facilitating the
formation of thermally stable protein conjugates that improve
oil emulsification and enhance emulsion interfacial area
formation (Ratti, 2008).

In L/Z-enriched spray-dried powders, the ESI of SDE
was significantly higher than that of SD, which could be due
to differences in the carriers used. Arabic gum is widely used
in spray-drying due to its excellent emulsifying capacity,
which are attributed to its negatively charged molecular
structure, abundant hydroxyl and carboxyl groups, and its
ability to stabilize active substances and improve particle flow
properties (Golkar et al., 2018). Arabic gum, has been reported
allowing hydrophobic polypeptide chains to adsorb onto oil
droplet surfaces while hydrophilic carbohydrate blocks extend
outward, creating a steric barrier that prevents droplet
agglomeration and coalescence (Guadarrama-Lezama et al,
2012). Additionally, maltodextrin, another commonly used
carrier in spray-drying, offers benefits such as low
hygroscopicity, minimal agglomeration, high solubility in cold
water and low cost-effectiveness (Matioli & Rodriguez-Amaya,
2002).  Maltodextrin  also

depending on its dextrose equivalent. Overall, it can be inferred

provides oxidative protection,
that despite the low emulsifying ability of SDE, it can be
effectively used in the food industries by combining it with
Arabic gum or other carriers that possess superior emulsifying

properties (Costa et al., 2015).

3.3  Color

mayonnaise

determinations of yolk powder and

The representative samples of SD, FD, SDE, and
FDE powders are shown in <Figure 2> Color values were
measured using the L'ab’, where L indicates lightness, &

represents red-green intensity = (positive values indicate
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redness), and b’ corresponds to yellow-blue intensity (positive

values indicate yellowness) (Pathare et al., 2013).

SDE FDE

<Figure 2> Visual appearance of SD (spray-dried), FD
(freeze-dried), SDE (spary-drying-enriched), and FDE (freeze-drying-enriched)
egg volk powders

The L, &, b" values of the samples are presented in
<Table 3>. Between the two control groups of yolk powder,
SD showed higher L' values as well as lower a* and b* values,
indicating a lighter colorcompared to FD. This difference is
likely due to the high temperatures

spray-drying, which may degrade pigments and result in

employed  during

reduced color intensity (Jiménez-Gonzalez & Guerrero-Beltran,
2021).These findings are further supported by the increased
color values observed in SDE samples compared toSD samples.
Similarly, FDE samples displayed lower Lxand a*values but
higher b#values than FD. These results suggest that the
enhanced yolk color intensity in SDE and FDE samples can be
attributable to the increased L/Z content achieved through

dietary supplementation of hens with microalgae.

<Table 3> Chroma values of different egg yolk powder and

mayonnaise samples

L a’ b’
D 5205 + a2+ 17.00 £
062 0.16° 0.45°
- SL08 088 1794 +
06 006" 064"
Powder 5111 + -
SDE 091 + 1853 +
012 009 0.25°
FDE 4837 013 + 198 +
0l 003 057
- 5312 = 094 + 832 +
1.01° 0.06° 007"
- 5234 930 + 864 +
041:11) 0.011)C 006C
Mayonna 5124 +
ise SpE 24t 186 + 1580 +
L 038 147
FDE 4920 157 + 158 +
-~ 014 053

A similar trend was observed in the mayonnaise
samples. The L* values of SD- and FD-based mayonnaise

were higher than those of L/Z-enriched formulations. The

darker appearance of enriched samples is expected due to the
presence of lutein and zeaxanthin, which contribute to a more
intense yellow-orange hue (Xu et al, 2022). Similarly, enriched
samples exhibit higher b* values (SDE: 1580, FDE: 15.82)
compared to unenriched ones (SD: 832, FD: 864). The
significant increase in b* values in the enriched mayonnaise
formulations suggests that the pigments are well incorporated
into the emulsion system, resulting in intensified yellow
coloration.

Color is an important attribute in food products,
significantly influencing consumer preferences as it serves as
an indicator of freshness, quality and overall appeal. Moreover,
it is also a key contributor to decide the taste acceptability of
a product (Maskan, 2001). The color intensity of egg yolk, in
particular, plays a critical role in consumer perception of
freshness and quality. Deeper, more intense yolk color is
generally preferred, as it is associated with better nutrition and
(Karadas et al, 2006). Color

acceptability has also been shown to influence overall liking

natural feeding practices

and purchase intent in mayonnaise and other egg-based
products (Berkhoff et al, 2020). Consequently, producing egg
yolk powders with consistent quality and intensified coloration
i1s a priority for mayonnaise manufacturers to meet consumer

demands and preferences.

3.4 Sensory evaluation

To ensure the reliability of the data, panelists were given
brief training prior to evaluation, including clear definitions and
evaluation guidance for each attribute. Aroma was assessed
based on the intensity and pleasantness of the smell, flavor
referred to the perceived taste and aftertaste, and stickiness
was defined as the degree of tackiness felt on the tongue and
palate. A 9-point hedonic scale was used <Table 4>.

Given the high fat content of mayonnaise samples,
panelists were instructed to cleanse their palate not only with
water but also with plain unsalted crackers between samples
to eliminate residual oil and minimize carryover effects.
Samples were presented in randomized order to reduce bias.
Among the four sample groups, SDE and FDE (L/Z-enriched
powders) exhibited the highest color scores, indicating that
lutein and zeaxanthin contribute to a more intense
yellow-orange hue, enhancing the visual appeal of mayonnaise.

These samples also received the highest taste scores,
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suggesting that enrichment improves the overall flavor profile.
Additionally, their flavor scores (SDE: 6.00, FDE: 5.65) were

higher than those of the unenriched samples, confirming the

g e

=)

positive impact of carotenoid enrichment on flavor perception.
In terms of stickiness, SDE (6.10) and FDE (4.80) exhibited
higher scores than their unenriched counterparts, implying that
lutein and zeaxanthin may influence textural properties,
potentially by enhancing emulsion stability (Jeong et al., 2021).
The overall acceptability scores were also the highest for SDE
(6.30) and FDE (5.85), indicating that L/Z enrichment improves
the sensory quality of mayonnaise.

These results are consistent with the instrumental color
measurements presented in Table 3. SDE and FDE mayonnaise
exhibited significantly higher b* values (SDE: 1580, FDE:
1582), indicating greater yellowness. The higher b* values of
SDE and FDE confirm the deeper yellow hue observed by the
panelists, aligning with their higher color and acceptability
scores. These findings are also in line with previous studies
reporting that consumers tend to prefer egg-based products
with a deeper yellow color, perceiving them as more natural
and nutritious (Karadas et al, 2006, Amagloh et al, 2024).
Therefore, L/Z-enriched mayonnaise developed in this study
may offer enhanced appeal and potential for consumer
acceptance in the market. FD samples received a higher color
score than SD (spray-dried yolk powder), suggesting that
freeze-drying Dbetter preserves natural yolk pigments, as
demonstrated in Table 1. The flavor score of FD (5.20) was
also higher than that of SD (4.10), implying that freeze-drying
helps retain desirable flavor compounds more effectively than
spray-drying. The stickiness score of FD (4.40) was slightly
higher than SD (4.05), further supporting the idea that
freeze-drying maintains better textural properties. SD samples
exhibited the lowest scores in most sensory attributes,
particularly in color, flavor, and overall acceptability. The lower
flavor score (4.10) suggests that spray-drying may degrade
flavor compounds to a greater extent than freeze-drying.
However, aroma scores were relatively similar across all
samples, indicating that neither drying method nor L/Z
enrichment had a significant impact on aroma perception
(Wang et al,, 2023).

(SDE, FDE)

demonstrated superior sensory qualities in color, taste, and

Overall, L/Z-enriched yolk powders

overall acceptability, making them preferable choices for food

formulations.  Additionally, freeze-drying emerged as the
superior drying method for preserving the sensory attributes of
egg yolk. These findings suggest that incorporating enriched
egg yolk powders could enhance consumer acceptance and

marketability of mayonnaise products.

<Table 4> Sensory evaluation of mayonnaise made with yolk powder

Colo Aro Tast Stic Flav Over
r ma e kiness or all

4.9% 5.00 4.35 405 410

sD 440
£ 0300 £024" 2048 £12F  £13°  +024
D 6.00 4% 510 440 5.20 515
£013° 052 02" £01F #1136  +076°
SDE 6.45 6.05 6.30 6.10 6.00 6.30
£ 1760 £ 176 1760 £ 176 £ 1760 £ 176"
FDE 6.40 6.00 0.60 480 0.6 0.85

1760 £ 1760 £ 1760 £ 176 + 176+ L7

All values are expressed as a mean = SD of triplicate estimations.

“N\eans within columns with different letters are significantly different (p <
0.05).

IV. Conclusion
This study demonstrated the efficacy of Dunaliella

tertiolecta mp3 in enriching egg yolks with lutein and
zeaxanthin (L/Z), thereby enhancing the color intensity of egg
yolk powders and mayonnaise. The L/Z content in yolk was
well-preserved during the freeze-drying but showed a notable
reduction in spary-drying due to the high-temperature
involved. Overall, the findings suggest that L/Z-enriched dried
egg yolk powder could be used as an emulsifying agent in
food products such as mayonnaise, offering both functional and
sensory benefits. However, the inherent instability of L/Z
warrants further research to develop strategies for improving

their chemical stability during storage.
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The meal type, gender and weight status can affect the masticatory properties

i
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The masticatory performances on bibimbap and hamburger including chewing number, chewing rate, chewing frequency and bite

size were investigated under gender, and weight status among 41 panels. Results shows that, the chewing time on bibimbap exhibit

s a longer period comparing to the hamburger group. In addition, the males shows a less chewing number and time and than fema

les among the two meals. For the obese groups, they tend to eat faster than non-obese groups. This study implies that the gender

and weight status has significantly effect on chewing behavior among the diverse meal types, emphasize the importance of chewing

behavior on weight-control and obesity prevention.

Key worlds: Obesity, Mastication, Behavior, BMI
FAol: v, A% A, BMI
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s Az EAo] AA TS W& vk E3rh(Hutchings o7 ofojzity, a7l & Eatal, wke] Az 7)Fe] g A
et al,, 1988, Loret et al, 2011). 4 W &oF B §39 4 He Ag7kA dado]l gldth U5 A-(Spiegel et al, 2000,
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Tk o] dAQ AE AES AREE AZ 9] AolE FAME] 4 © 425 WA b2 A5 (Sondang et al, 2003; Isip et a
3 A% A7 FHA 1, 2022; Nakamichi et al, 2014)| A& W% 1%
AR 715 Yl 4 Fe= vz rhNakata et al,. 199 of Zpol7k gl AL dEhhginh
8). A% 715e e} mus} e o2 2914 o3 A 4F Rkt gEE A FelA wEA v A old AT
S =t} guld oz waa oA HHE ust= A3 (Tada et FA A HSasaki et al, 2003; Otsuka et al, 2006; Otsuka et al.,
al, 2018 Chao et al, 2017) ¥4} (Ranawana et al, 2011; Aranh 2008, Maruyama et al, 2008). ?1+of b= Sk dA
a et al, 2008), W23 Z%EA Al &7 (Ranawana et al, 201 7He1el BMI (Sasaki et al., 2003), 204 o] % BMI ¥ 3HOtsuka e
1), ey 71223 &A% wo| A2aE= 74 8K(Tada et al, 201 t al, 2006), 122 & A4 (Otsuka et al, 2008) tel <

8

5), 1El3 A% 5% B (Campbell et al, 2017 & 54 ol HATH Aol glov), £ el 2ol AT 4
= At Maruyama et al, 2008)
}\]/\]_ ]j]

2012;

SEREE LR R

Chao et al., 2017, Heshmat et al, 2011; Mahoney et al., 197 o] et et w7t B& wzbA] g

ET T
et IFS vA & drks Al
o Al

O~
=2 T
Mwele] A5 Ag, $4

o

F89 A4 23 Yool @

>
— =
o
. ol
K3)
ri‘i
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#3}o] Portion size(Burger et al., 2011),
Martin et al., 2007; Scisco et al, 2011; Ekuni et al,
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Higgs et al,, 2013), 3 ¥ =7] (Ranawana et al, 2011) (Spiegel
et al, 1993; Spiegel et al., 2000; Zijlstra et al., 2009; Ruijschop
et al.,, 2011, Zijlstra et al., 2011; Aranha et al., 2008; Forde et a
1, 2013), 2]l drht B S4& A=A (Li et al, 20115 Fu
kuda et al, 2013; Heshmat et al, 2011; Sonoki et al., 2013)%t
2 A5l disiAs Hukele]l o & A7]9) A4S “ﬂ—o—‘:q
(Mahoney et al,, 1975), 243 @o| A ol 774 U =& Al
Zko] #olA xwhzrol 74ste (Campbell et al, 2017) J—}.J&
oAz A7 BAsE Aoz YElthZjlstra et al, 2009; Ru
ijschop et al, 2011; Zijlstra et al,, 2011). 249 3¢ A7& =
oji & A= Ao Euts F7HA)= B o R A tE ATHRu
ijschop et al,, 2011; Forde et al, 2013). 281} 3¢ =7] (Sond
ang et al. 2003)9 M 359 AUE BAE oA HEsHA
°}E} e 2 @9 A7|(sip et al, 2022)7F M= 3FE )

Rk ofdel A Wi e S F Qlthes THEE Al
‘:}.

AN AA dee 47 54 AFAE
1 DEk(Allirot et al, 2014). <2 43
, T AR} A e AR Y
s ST EH FEE vA, AR
n] 2 th(Argyrakopoulou et al., 2020).
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Portion size= AARt 7H2 oA & Ho] AlFH = @Y
o & on gH(Livingstone et al,, 2014). =, portion size:
%x%g‘ /\]d'oﬂ}\‘] /\].E]—oﬂ]ﬂ xﬂ*ﬂb o};o]ur /\14 ux}oﬂ x&]
5
2

[pat yo U
=
[
v

>

off o M

FE g 119 9] g8 2% ¥e do
t} ool A portion size £E TAY FS 1FEE Z7}e)
Qfﬁ(Benton et al, 2015), ] H] ¢ OL:IL St g Es

= 498

delAE olFd 2ast glom B Apdds qEA By
o % ezl MU, WA 5 O 44§92 2Y A4S
2 A4 4 4B AREA WAG 9 A% ot
S48 A% 540l ARE FHAAL. @ R,
W19 BROERY 9L & Qb F oA AAZ) Ay
& 1% 1% o 638 kealolt) B, B4 AFHe] o3 vy
& 15Y ARIRE deE L gz Agel We 7
27

Aolsl, Holi 4, WE By, Bpd 4ol AEZW F
o2 AAFA B 9L F vk wnHYRge & 3
A%, 2024, o] ATE FA WE 4 FB AT A% 3
$8 FMNPORA HTE AT F Ut AT 2ARRY
St el ATl AL SHl vAE JPe 24
it

I AR %
1. 43 47

Mg dgoetn Auae stgoia gt A 2o A 24l
a1, 28, Rl AFYAAE 3l 499 tdAE AT
ok t/dA= non-obese male (NM), obese male (OM), non-o
bese female (NF), obese female (OF)¢ ¥ 1%02 EFIU}
of AL AU 7|7A AH Big 7| ATs VEeRE A
g on BMIE 'AFke) s Alw 71(mE L1r-r oz At
A Bener et al,, 2013). 98 w=&FolA BMI 23 0|42 A4 35
o2 7H5HAHWeir et al., 2019; Okorodudu et al., 2010). w2}
2 AFelAE o] 7]l Oﬂﬂo}b *}a%i Bk IF0 %
l"i:-rer ot nuk gAzE 219 (4 oq/ﬂ 1038 AXN AF

10k

-

X

Mo &3 g dAte 20884 10, ow 10002 2% 19729
A Apo] & o] dltel] Holgth BMI A7t 23 oAl 79 4|
oo g BEgon BMI A47F 23 wwkel 4§ rmjH vk

o8 FFAUTE NMO| Hvt A% 233041, BMI A4+ 21.95%

ot g2 232741, BMI A+ 261801t} NF¢

ARE 21204, BMI A% 2026092, OFe) B
A% 27810191k MIFAA, 7]

LYF 54 FBS BEa

g WPz AR ATE AFH) A B

B AW 59E wgton, dF ZE3e 499
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ogi, Korea), 45 (E-Mart, Korea), "}&uZ(Ottogi, Korea)&
AGA Gl A FAstATh AHA FH 3L v 24k 3

8 Ta HAFE AAHS &4 F rtad= 10 g A9
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#atgich AHA W WS 7)E glo] Mol g

5 a2 4 HHE 1, 59

< 2214 mLE ‘% th 29 Al A EH e A

MAL 7Y, Y J AF L7t HE SHo ojx= ¥

oz



R s8eolzierd

H 443 pp.26-38 (2024)
g ¥u, wel gd shav= 5 mLg e F A 9dd &
A A% HAES 96 Ln7MA60 98 AN S} o4

vi)

2) g Ad

ke g3 o R U4E(@E Fd A 15374,
A715E Fol vy e g dF8e F oshtolw, w4
Fol et ¢y Aol w3 8] AEAFE T 94599 <l
A7t w2 AF T stol7lE stk (245 et al, 2013) ©o]e]
FH ke ook it ol A FORE QVE En
7F dEAQ SAAFoR AestE ok v #HE A
AvE, 9, 24, FuE, ZuA 5 e UE 5Ee A
Aotglch 7tas] 2af, ¥+ dAFE Aatr] S8 289 BAE
Zasta, vy 332 HYH(Seven Eleven, GS25, E-Mart)ol
A e & A9 2EE AX I gA9E 2490 ot 1)
At AEe] Aae omES} FEH 20N AWHC], Korea), #

& (Home-Plus, Korea), 3 (E-mart, Korea), BZ(E-mart, Ko

rea), ¥ WA (Hanbyeol, Korea), FYUE(E-mart, Korea), 25%
(Haechandle, Korea), t47l 4 37|(E-mart, , Korea), t7 1=
(Gana, Korea), YH(E-mart, Korea) 271 & (Ottogi, Korea), 4-&
$-(E-mart, Korea), 23(1001salt, Korea), 28 TS Corporation),
Korea, 7H4(Chungjungone, Korea), ¢33 (E-mart, Korea), &5

(Ottogi, Korea) 5 T3t}
HHE ghE = Hh o 3 )

N
Y
ofl
i
(
rot
8

O(
r%":
=
o3
=

Mo

2
2 05mL 27 03 g 4
I g7 383 Hevh o 2}
EEAE A O o BN 71E 2 g2 Feoldd FE
QA A Julienne (0.2+4%0.2cm’) &2 ’@01% CdFA, oA
27110 g), &2 52 05 mL, A ks 02 g, 715 05 mL
AN 03 g, A 02 )% 91 FF Pdo] HER Xdt} F
BN 38T Feth ARE 2 34,5, 69 A2 %
i, Zhgde] 13410 mL)d o 22710 )& =¥ F 3

28

%, , g 5
SR A9 FTAFNE CodexID T2} 135
4.

F2E FVILEA Al 2300 A2 A4S
Fatel sl A UL Keldahl o2 24 3Hg0
A A%e A% Huer Lsa ANeE A
aqgoR 2Adgen B e Ao 24
Sholtk 7 49 33 MEdtel 9 FRgow e

4. A% H£E

ANAEE AR A7) A ARt e & el obFA
T A @ AR AR w3 F B Auea
MM E AT
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AopdEa Axg Wige 4
T ATE NES
3 W Aes )
‘free-chewed' ¢} ‘mean-chewed =
EdXE 7k AES AGEA don oy deE 2~
2 238 free-chewedo| Al 1}
B i A 350 AeE 2389 Full-chewed H2
Eo X At A s 7 uE AL s asigich 2
Afo e BLu-S Usual/Double chewing® A AS ) A3 %
apol 2 ZAM T Argyrakopoulou et al, 2020). Z+ H|2ZEE AZ
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T 6H ] Aglo] R
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5. A &4

o] A7 ANZHRH HFHPF} HFHAT SPSS (Statistical

22 g)7F "HINH3.90 g)r Tt %9} o, 2 offze 75 FA
2]317] 9 €] (beef patty) UHT"J o2 HolthKim, 2017). Kjeld
ahl ¥ (Hwang et al, 2020002 H7}st 2d9id g3 3w A
(822 g)7} WWINH4.74 g HE} =9ko.

2)
Package for the Social Sciences 18.0)2 Ab&3te] dASith WAl/ A W44 g)o] AWANTL gt ol ot &
o I3 /AN AT 25 e F AR AL Eug | stE- HINH2567 @Bt AW A(208 g)7F =9tow, Ao
&9 AolE 59 ttest& AMEste] ARSI oS ASE) o HHIEHE58 g)o] Ui dgol =7 wiitel A5 g) X
Aot ME 77 19 A” 54 o g 24 F4Y F949L o o =9t duAe gstE, AW, gy Feko] =2 A
ne-way ANOVA(Analysis of variance)2 Ab&3te] HAEZ v} (271.20 keal) 7} WI¥I¥H(156.70 kea) Bt} =& A o2 YERGTT
S Duncan® ©5 ¥MY #AL Fdste] 24 A2 7k {93 able 1>.
o1& p<0.05 FTolA H2ESY AE £33 1 v, A A4 7tdio g BAe F8 g3 vt WAL 474 6
91 AZ f383 AdE 719 As 34 vaE Z2AE] 98 two 473 g, 4701 gol%it}. soxhlet ¥ (Thiex et al, 2003) 2.2 #A3k
-way ANOVA(Analysis of variance)Z —”Fﬁﬂé}?iflfﬁ 7t AE AW heke @A 1322g, HIWITe] 390 gol 9l oM, Kjelda
7] fomE zolE AR Y8 F5F p<0.05914 Dunc hl ¥(Hwang et al, 20200 0.2 B7}3 zghad ke du 77}
an®] o W9 AAS AAFr 822 g, wlHIgto]l 474 golAtt. 39 A, WAL} HHlyto]
Z+zF 171 g3 098 g& ik 9sich
m 2% 3 1%
1. 8543 x4
A A} Aeke] 100 ¢F Uuk AR BA 2 denjw Ay
= oA o7t ANTHp<0.01). FEL AW A47.01 g)Ht}
HHIEH64.73 g)o] =gtor v¥igte] YE(Namul)o &< @
o] ot glof ole} 2 AE YER AoR AlRHET So
xhlet ¥ (Thiex et al, 2003) 0.2 A3 4 dhgke A 713
<Table 1> Analysis of chemical composition
Component Hamburger (g) Bibimbap (g) t P
Moisture 47.01+0.12" 64.73+0.32 -73.67 <.001
Fat 13.22+0.16 3.90+0.08 75.82 <.001
Protein 8.22%0.16 474+0.21 19.15 .003
Ash 1.71+0.01 0.98+0.02 40.77 <.001
Carbohydrate 29.85£0.18 25.67+0.42 12.85 .006
Dietary fiber 1.54+0.13 3.58+0.11 -16.94 .004
Energy 271.20+1.32? 156.70+1.58 78.9 <.001

UMean+SD, “keal

2 A $39 BE A% 84
Meal typesel w2 Az EA Wil A3}= <Table 2>9 7t}
Chewing number, eating rateolA 3w A9 nHlvte] o]

29

7F A THp<0.05). 3B A (236.54 times chewing/100 g) K.t} H]Hl
¥H(303.36 times chewing/100 g)& © %ol A& ZAo & YEO
o, #@EA901 g/min) Bt HRYHER76 g/min)e AFSAE
o ARsE 257 o AuE Ao L}E}‘/LE} Chewing time
< AW A(148.02 sec/100 g) Eob HIWINH(179.07 sec/100 g)& H
o e AoR vt oy FoHojAs dom(p>0.05), ol
Aol whebA A 2L Sl wldeks Ao

Z A7ztdh
Bite sizee #WA(1622 g) Rt wW¥17.09 g)o 27|17 =
= O ey froAel Aol= glrk p>0.05.

%014 Non-ohese= W 7 (276.08 times
chewing/100 g)&.t} B]WI¥H(337.35 times chewing/100 g)& ¢

Chewing number®]l

AA RY, 4 2 A Neivh WA SHof olXE I

o o
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ol A1 obesed| A= w7 A 2 W8 A(198.89 times chewi 05)

i i = 50 Rl = i T y
ng/100 g)X.t} BH]HlEE (27465 times chewing/100 g)& © o HFHo| obese ZHEAAME FYAA ZolE H A= (p<0.05)
e AFSEAT 1L H Rk thekek UEo] 0171 9lof o &3 2o Ang B uf obese 1HS AR HNS H
ol A He Ao Alm "t} o] M= Akl dhA non-obese 1E9 34 Aol= mnd A

olg T HH Hlxd_oi RS o @ol A&ske 74 o= BolW non-obese 1w AAR S #AIGlo] Bol A
ko] 212y non-obese LEANAME F2 &0l Aol UATHP>O. = 588 M 9 A7 AZE T (Hidaka et al, 2023).
Table 2. Masticatory characteristics by meal type and gender
Male Female Total
Hamlraurge Bibimbap t P Hamburger  Bibimbap t P Hamll?urge Bibimbap t P
Chewin
g
number 179704675 936424808 2.4 o1g  29623+114.  37364:11 20 ), 23654%10 30336+12 26 ),
(ti 5 2 7 ’ 88 9.83 9 ’ 9.67 2.10 1 ’
mes
chewin
/100g)
Che_Win
g ume 108604400 133.01+386 2.0 051 18941+70.6  22744%66. 17 oo 14802469, 179.07+71. 19
3 0 1 ’ 3 91 5 ’ 59 80 9 ’
(sec/10
0g)
Eating
TAle 617482084 4358+1351 243 020  3564:1200 2845771 226 030 OOLEA SBIGHAS o5 oy
(g/min)
One
bite -1.6
size 19.22+3.31 19.18+3.86 .04 970 13.07+£3.22 14.90+3.87 2‘ 112 16.22+4.48  17.09+439 -89 377
()
T Values with different alphabets within the meal types are significantly different by Duncan’s multiple range test (p<0.05).
7} chewing numberd] Bl#sle] o o R Aoz ek

3. %7 AUl HE A7 54

Weight statuse]l @& Az E4 vlal AzE <Table 3>9

Eating rate= & 7Fl ao]7F A o™ (p<0.05), obese(4957 g
/min)7} non-obese(37.92 g/min) 2.t WA AHHsE Aow

2o gt ol FFE BH §4S AAT 9 obese 1HFE non-o
besed| Hla) @ A W HHste AS & 5 AATHSpiegel e
<Table 3> Analysis of differences of the masticatory properties by weight
Hamburger Bibimbap Total
non-obes b t p non-obes t p non-obes t p
o obese o obese o obese
Chewin
nurglber 276.08+ 198.89+ 337.35+ 270.98+ 306.71+ 234.94+
(times 2.38 022 1.79 082 2.82 .006
A 119.18 86.67 130.56 106.62 127.23 102.67
chewin
g/100g)
Chewin 169000 12783+ 19818+ 160.88+ 18370+ 14435+
time(se 1.97 .056 1.70 .097 2.56 012
75.65 58.07 74.61 65.65 75.60 63.46
¢/100g)
Eating 41.83+ 55.85+ 34.01+ 43.28+ 37.92+ 4957+
rate(g/ -2.19 .035 -2.09 .044 -2.91 .005
min) 16.94 23.38 11.15 16.86 14.70 21.11
One 16.11+ 16.32+ 17.99+ 16.23+ 17.05+ 16.27+
bite -.15 883 1.30 202 79 432
size(g) 5.61 3.21 4.22 4.47 4.99 3.85
t al. 2000). % & tf thket A& B3 vl 283 Ao
Chewing number, chewing time®| non-obese%} obesed| #}¢] 2 Alzdd,

7F AATHp<0.05). Obese(234.94 times chewing/100 g)X.t} non-
obese(306.71 times chewing/100 g)o] © o] A& Aoz yE
wt o obese(144.35sec/100 g) 2t} non-obese(183.70 sec/100 g)

30

E3] weight status o] W& Hao] JoJA male o] female 9
3] zkol7h 9l Ao@ e om(p<0.05), male & BE Az
E2 nlolA non-obese ¢ obese ] Aol S UEhiT) o] g

Mg gl

, 828 =

o2t

A R HE MEfT MZ Sdof oA I



AE %SH HW (Male) non-obese 7} obese o H]3l| bite size
£ A sto] wol Ha o AFa WM He AoE H4
THSpiegel et al., 1993). ¥l female < non-obese 9 obese 1
ol mE AZ EAo] Aot gl AR AR ofd Hw
QA AFEE S Aay WA We Alo] £& AoE odd

4. 3 o4& AF 54

Genderd] W& Masticatory properties H]al AI=<Table 4>
o 2ok A% 54 wlael SlofA genderell meb R o2l
A0 2 YEPTHp<0.05). Chewing number, chewing time®] mal
e?} female 7Ho] Al ko] 7b AATHP<0.05). Male(208.06 ti
mes chewing/100 g)X.t} female(334.93 times chewing/100 g)©]
o o] A2 Aoz eyt or, male(120.81 sec/100 g)B.t} fe
male(208.42 sec/100 g)o| chewing numberdl] H|3}e] © 2.7 4
T Aow EAEAY o= oo HART o A2 §oE ¢
1 e go] osl HAS Qe ATo] vk B iskedth(Park
et al, 2015).

Eating rate, hite size ¢ ZA$-ol% &9 2ol 7F AATHp
<0.05). male(55.16 g/min)®.t} female(32.05 g/min)o] =gA A
Za= Ao® Yehdom male(1920 g)B U} female(1398 )9
9 717 o AhHill et al., 1984).

31
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<Table 4> Analysis of differences of the masticatory properties by gender

non-obese obese Total
t D t p t p
Male Female Male Female Male Female
Total
Chev&i)inig
(ti 243.15+87.07 370.27+130.91 -3.62 .001 176.16+55.47 299.59+104.61 -4.71 <.001 208.06+78.97 334.93+£122.32 -5.55 <.001
imes
chewm)g 100
Chtewmg
une 140.80+44.10 226.59+76.89 -4.33 <.001 102.63+27.51 190.25+60.17 -5.97 <.001 120.81+40.76 208.42+70.58 -6.84 <.001
(sec/100g)
Eating rate
(a/min) 46.47+14.26 29.36+9.28 4.50 <.001 63.06£18.79 34.73£11.38 5.97 <.001 55.16£18.58 32.05+10.60 6.96 <.001
g/min
One bite
s1ze 20.49+2.87 13.61+4.23 6.02 <.001 18.02+3.76 14.35+2.98 3.48 .001 19.20+3.55 13.98+3.63 6.57 <.001
(g)
Hamburger
Chewin,
numbe
(ti 214.84+77.77 337.31+124.92 -2.63 017 147.75+36.39 255.15+92.23 -3.45 .005 179.70+67.55 296.23+114.88 -3.93 <.001
imes
chewnsg 100
Chtewmg
me 127.25+45.48 211.19£78.09 -2.94 011 91.65+26.07 167.63+58.12 -3.93 .001 108.60+40.03 189.41+70.63 -4.48 <.001
(sec/100g)
Eating rate
(a/min) 51.92+16.54 31.74+10.30 3.27 .004 70.68+20.92 39.55+£12.81 4.06 .001 61.74£20.84 35.64+12.00 494 <.001
g/min
One bite
size 20.54+3.11 11.68+3.61 5.88 <.001 18.01+3.14 14.46+2.14 3.00 007 19.2243.31 13.07+3.22 6.02 <.001
(g)
Bibimbap
Chevxgnlg
(ti 271.46+90.42 403.24+134.76 -2.57 .019 204.57+£57.98 360.30+92.24 -4.61 <.001 236.42+80.82 382.90£115.53 -4.68 <.001
imes
chewm)g 100
Chtewmg
une 154.35+40.36 242.00£76.51 -3.20 .007 113.61+25.39 212.88+55.92 -5.33 <.001 133.01+38.60 227.44+66.91 -5.50 <.001
(sec/100 g)
Eating rate
(e/min) 41.03+9.47 26.99+7.95 3.59 .002 55.44+13.25 29.19+£7.67 5.25 <.001 4858+13.51 28.03+7.68 5.83 <.001
g/min
One bite
s1ze 20.44+2.77 15.54+4.06 3.15 .006 18.02+4.45 13.47+3.02 2.61 .018 19.18+3.86 14.56+3.67 3.87 <.001
(g)
32 AAL 7Y, 4 A HFE ATt XA SHof ojxs G
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e R

<Table 5>. Comparison of masticatory characteristics based on meal types, weight status, and gender.

non-obese male obese male non-obese female obese female F p
Hamburger
Chewing number
214.8477.77* 147.75+36.39° 337.31+124.92% 255.15+92.23" 851 <.001
(times chewing/100 g)
Chewing time
127.25+45.48 91.65+26.07¢ 211.19+78.09% 167.63+58.12° 9.25 <.001
(sec/100 g)
Eating rate
51.92+16.54" 70.68+20.92° 31.74+10.30¢ 39.55+12.81™ 12.14 <.001
(g/min)
One bite size
20.54+3.11# 18.01+3.14° 11.68+3.61¢ 14.46+2.14° 16.45 <.001
(g)
Bibimbap
Chewing number
271.46£90.42> 204.57+57.98° 403.24+134.76" 360.30+92.24% 7.96 <.001
(times chewing/100 g)
Chewing time
154.35+40.36" 113.61+25.39" 242.00+76.51% 212.88+55.92¢ 12.62 <.001
(sec/100 g)
Eating rate
41.03£9.47° 55.44+13.25" 26.99+7.95° 29.19+£7.67¢ 17.85 <.001
(g/min)
One bite size
20.44£2.77+% 18.02+4.45® 15.54+4.06> 13.47+3.02¢ 5.15 0.004

(g)
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5. 44 79, AT AH R Ade] nE A §4 ¥

Meal types weight status®} genderel] W& Az EA4 Hu
B RE F949 Aozt 9glen <Table 5> ZTHp<001).
Hamburger & 4% & w Chewing number ¥ Non-obese femal
e(337.31 times chewing/100 g)¢] A+ 347t 7P BS o=
el n 2 thE o2 obese female(255.15 times chewing/100
@)%l Ao et}

obese male(147.75 times chewing/100 g)& 7H4 X+ 347}
Ak AAHoz s ul Male 2 female 2t} chewing num
ber 7} A& Ao R HoAY, o9} & A= chewing time
ME 2 A4S Hol=d non-obese female(211.19 sec/100
glol 71§ S A3 Ao 1 thEoEE obese female(16
763 sec/100 g)¢1 A 22 ey

obese male (91.65 sec/100 g)& 714 W] He Ao el
t}. Bibimbap 9] 7$-ol+= female & chewing time & weight sta
tus o web oA Zol7t 9112 ™, non-obese female(242.00
sec/100 g)o] 7FF HA3F] AFHTFAL I 402 E obese-fem
ale(212.88 sec/100 g)o]ATtHPark et al, 2015). Male ¢ A% %=
b 7EA 2 weight status o ot oA Q Aol 7F YERA] ¢k
ko™ non-obese male(154.35sec/100g)¢] obese male(113.61 sec
/100 @Bt AA38 HHste= Ao & Jehth Eating rate £ ob
ese male(55.44 g/min)o] RE &%t 74 wE Ao g vEyto
B It O 2= non-obese male(41.03g/min)el AOZ e
HCoyle et al., 1989). ‘f&‘?i female & male 2t A& £57F ©»

B
oAl aole AN He &7}

B]‘ﬂ'j’]' ?ﬂlo] gj\‘E }i—o—i EO:]X]—L }\}\‘j['.

v, H1L- T

6. 483 A4 4

AE 4 27

Meal types & gender ol W2 Az EAS A|ZHOZ A A6}
1 A

7] S FAR w4 S AAE A A

A3 FAEL 2F
Ak oF 9943%9) =& AWEs Z2te AoE EAHATY <Fi
gure 1-a, b>.

F RN F 058%E ANF A 1 FYRE P9 YFOE ch
ewing number, chewing time ©] 74 %13 bibimbap-female
o] o]gf3t EAd et Ao EAHAL I O+ hambu
rger-female ©] o] 2|3 E—*é% 7 o] Aoz BAHL

3 3l hamburger-male
o] ojefgt A& o] STk Al 2 FAHEL 68%9 AWH
S 7k o] WEo g 3l &4E hite size, chewing number,
chewing time 7-A15 %12 ©]F one hite size 7} Z43atA -3 &
At} &3 one bite size ¢ 7%, Bibimbap-male ©] ©]#3 EA

I owdo] gl Aoz EAHAT AAACE male 2 543

1
w3 9 Yoz
I

34

=)

Alglo] eating rate, bite size 9 #Z Az EAI F#Ho| 9=
Wl female & chewing number, chewing time ¥ Z2 A%
A3 Ao e Aoz BMH

=

J(mt

Variables (axes F1 and F2: 99.43 %)

-

075

05

025

HChewrhg time

Eating rate

F2 (6.85 %)
o

-025

-05

-0.75

-1 -075 -05 -025 0 025 05 075 1
F1 (92.58 %)

Observations (axes F1 and F2: 99.43 %)

Bibimbap, Bibimbap,
05 Male Fer:mlc
-

F2 (685 %)

-
hamburger,
05 Male

.
hamburger,
-1 Female

-25 -2 -15 -1 -05 4] 05 1 15 2 25
F1 (92.58 %)

<Figure 1-a, b> Principal Component Analysis results based on masticatory

characteristics between gender and meal types

7. A% AHY AA £ 1Y AF EQE wter @ F
AL 4 29

Meal types?} weight statusel wW& Az 54L& A144
1Ask7] Sfsl FHE BAS AAg 2
o] F BARY oF 9927%9 ¥ A
At <Figure 2-a, b>.

T Wt T 8T44%E AW E Al 1 RS FY] WEHOE ch
ewing number, chewing time®] 7+A ¥ ¢} non-obese female©]
olg et EAo] 3 Aoz FAFHGL I 52 non-obese
femaleo] ol2]g 54 #edo] ole Ao® FAHT EF &

o] W02 eating rate’} AL obese maleo] o]# 3 A &
o o] At (Isabel et al., 2015).
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Al 27882 1183%9] AuEs 2 49 Bgor R
42 bhite size, chewing number, chewing time 75 ©
bite size 7} 78Al §-85 % tH(Bradbury et al, 1996). T3 bite
size ¢ 7%, non-obese male ©] |3 543 #FHo| Jde A
o7 ALY AAH o R male & 23 BAY0] eating rat
e, bite size 9} 22 A2 543 #Ho] gl WA female & ¢
hewing number, chewing time 7 & Az EA3 #-o| 3=
Ao BAHT

ofN

AAA R 5 figure & wlaLs] HeS wf Ao 49 o)
SEFEQ @MAE 9 oA Hnke] 54 vsd 54
& Bglon, sl tE 54 glo] BE £ Y d99 A%
A e AT 9 2 o AR SAS Hole
AO2 et

Variables (axes F1 and F2: 99.27 %)

one bite size

0.5 /

0.25

—Chewing time

F2 (11.83 %)
=

-0.25

Eating rate
-0.5
-0.75
-1
-1 -0.75 -05 -0.25 0 025 05 0.75 1
F1(87.44 %)
Observations (axes F1 and F2: 99.27 %)
1.5
1 non-obese male
-
0.5 +
—_ non-obese female
4 -
% 0 4 b b + b b 4
[
-0.5 . T .
obese male obese female
-1 i
-1.5 |
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

F1(87.44 %)

Figure 2-a, b. Principal Component Analysis results based on masticatory
characteristics between weight status and meal types
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Quality Evaluation of Korean traditional "Satae-ijjim” prepared by
sous-vide and cook chill system (Beef shine shank)
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Ji-Eun Oh, Yingjinzhu Wu, Jeong-hyeon Park, Weon-Sun Shin®
Department of Food and Nutrition, College of Human Ecology, Hanyang University

Abstract

As society becomes industrialized, dietary habits shift toward convenience and frozen foods. Beef consumption has surged, with
growing interest in cooking methods that enhance flavor and nutrition. "Satae,” a less popular, tough beef cut near the bovine
patellar region, shows improved taste when slow-cooked. In Korea, domestic beef contains higher vitamin A, E, and
flavor-enhancing nucleic acids than imported beef. This study examines the storability of "Satae” using sous-vide cook—chill
methods under temperature abuse conditions. Samples were vacuum-sealed, cooked at 90°C for 120 minutes, rapidly cooled to 3°C,
and stored at 5°C or 15°C for 36 days. Physicochemical properties (pH, water activity, color parameters, salinity, texture profile
analysis, volatile basic nitrogen and microorganism analyses (aerobic bacteria, E. coli, coliforms) were performed. Results showed
significant changes in physicochemical properties during storage, though no substantial differences were observed. Volatile basic
nitrogen values, however, increased rapidly after day 27, surpassing decomposition limits in the national Food Code. Microbial
growth was insignificant at both temperatures. Based on Volatile basic nitrogen data, the product’s storability was estimated at 31.7
days at 5°C and 23.8 days at 15°C, demonstrating the Sous-vide/cook-chill method’s potential for extending shelf life while preserving

quality.

Key words: Sous-vide/cook—chill methods, Storability, Satae, Volatile basic nitrogen
FA: FrlE/ Y7t W AGA, A, 3R 71 A

I . Introduction Western food service industries, partially processed foods are
commonly packaged and stored frozen using the cook—chill
improved storability, and
1989; Spears,

2000). One notable advancement in this field is the sous-vide

method to achieve cost reduction,

Economic and societal developments have not only enhanced preparation efficiency (Greathouse et al,,

improved the quality of life but also transformed the dietary
habits of households. As part of this transformation, consumer cooking technique, first developed by Georges Pralus in 1970s
interest in precooked meals has grown significantly. Among

these,

France, which involves vacuum-sealing food in heat-resistant

frozen  convenience foods have become increasingly plastic bags and cooking it at precise, low temperatures. This

popular among domestic consumers, prompting the food service

industry to recognize their necessity (Lyu & Lee, 2001). In

* Corresponding Author : Weon-Sun Shin
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method is known for preserving food juices, ensuring even

cooking, and enhancing tenderness, quality, and nutritional
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content (Varoquaux et al., 1995).
The sous-vide cook-chill system (SV/CC) has been
widely adopted in internationally renowned restaurants, where
fresh

seasonings,

ingredients are vacuum-sealed with appropriate

cooked at below-hoiling temperatures, rapidly
cooled to below 3°C, and stored at low temperatures. The
vacuum-sealing process eliminates oxygen, preventing lipid
oxidation and allowing the natural flavors of ingredients to be
preserved. Transparent films with low oxygen permeability are
crucial for maintaining food quality, color, and nutritional value
(Bailey, 1998, Church & Parsons, 2000). Additionally, vacuum
packaging inhibits microbial decomposition, and cooking at
sub-boiling temperatures serves as a sterilization process,
effectively eliminating harmful bacteria such as Salmonella. For
instance, cooking chicken breast at 71°C for 5 s or beef at
5°C for 8 min has been shown to eradicate bacterial
contamination. To ensure food safety and longevity, proper
freezing and refrigeration protocols must be strictly followed.
While sous-vide technology has been extensively utilized in
Western countries, its application in Korea remains relatively
recent, with research focusing on recipe development and
quality assessment for SV/CC traditional dishes such as instant
steamed short ribs (Kim et al, 2009) and steamed chicken
(Jeong, 2011). The growing interest in frozen convenience foods
highlights the need for continued research and development in
this field (Kim & Song, 2007; Song et al, 2007, Lyu & Lee,
2002; Lyu & Lee, 2004).

As food

consumption has also risen proportionally. Beef is an excellent

national consumption  increases, meat
source of animal protein and essential vitamins, including A,
Bl, and B2, and is widely consumed worldwide. In Korea, beef
is highly valued for its low fat content, superior flavor, and
tenderness. However, certain cuts, such as shin shanks, are
less preferred due to their high connective tissue content,
resulting in a tougher texture. Despite this, the SV/CC method
effectively breaks down connective tissues, modifying the
protein structure to enhance both flavor and texture. This
process overcomes the disadvantages of shin shanks, increasing
their usability and making them a cost-effective ingredient for
processed foods.

Satae-jjim is a traditional Korean dish made from beef
shank, requiring long cooking times to achieve tenderness due
to its high muscle and tendon content. Recently, sous-vide

techniques have been applied to its preparation, allowing
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precise temperature control to enhance texture and moisture
retention. Protein denaturation occurs at different temperatures
myosin at 50°C, collagen at 40°C, and actin at 66°C making
sous-vide an effective method for optimizing tenderness.
Additionally, rapid cooling after cooking is crucial for food
safety and maintaining quality by preventing bacterial growth.
The integration of sous-vide and cooling systems modernizes
Satae-jjim while preserving its traditional flavors.

this study applies a
Korean dish

refrigeration

Building on previous studies,
modern  SV/CC

examining

system to the traditional
the of
temperatures and temperature fluctuations on its storability
through

storage conditions (5°C, 15°C) and durations were tested, with

"Satae-jjim,” effects

physicochemical and biological analyses. Various
seven physicochemical and microbial experiments conducted to
assess quality changes. By applying sous-vide techniques to an
underutilized beef cut, this study aims to enhance its value and
consumer appeal. The findings provide scientific evidence for
traditional  dishes,

contributing to the growing demand for convenient, nutritious

developing  high-quality, ready-to-eat

food options in modern society.

Il. Materials and Methods

1. Sample preparation

The material chosen for this study was Korean
traditional “Satae—jjim”. “Satae”, a specific beef cut,
was obtained by purchasing Korean beef from
Seoul market square and the rest of the ingredients
were acquired on the same day of the experiments
and were immediately, maintaining the freshness.
The recipe used for Korean traditional “Satae-jjim”
were adjusted and supplemented with appropriate
and temperatures

The

ingredients, quantities, duration,
established by

ingredients are as shown in <Table 1>.

preliminary  experiments.

<Table 1> Formulation of Satae-jjim

Ingredients Contents(%)
Korean soy sauce 13.79
Water 22.99
Green leaves 3.45
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Starch syrup 2.30
Suger 2.30
Ginger (Sliced) 1.15
Onion (Sliced) 2.87
Brown suger 2.87
Korean pear 17.24
Koean apple 17.24
Onion (puree) 2.30
Garlic (puree) 2.30
Black pepper 0.57
White leaves 3.45
Sake 2.87
Sesame oil 2.30
Total 100

2. SV/CC processing of “Satae-jjim”
The cooking process for SV/CC-prepared
Korean traditional “Satae-jjim” 1is illustrated in

<Figure 1> “Satae” cuts obtained from the market
were removed of blood by submerging in water for
2 h, replacing the water every 30 min. The rinsed
“Satae” cuts were cooked for 60 min in boiling
and the

traditional

Korean
with

vegetables, fruits, and seasoning in Table 1. The

water sauce to be used for

“Satae-jjiim”  was  prepared
cooked beef and sauce were both cooled down, and
the “Satae” cuts were marinated in the sauce in the
refrigerator (FRB-4230N, Daewoo, Seoul, Korea) at
5°C for 24 h. The marinated cuts were then
vacuum-sealed in polyamide-polypropylene (Sealed
Air Packaging Co,. Ltd, China) using a sealing
machine (SH-100/SMV-206T, Samhosa Co., Ltd.,
Seoul, cooked at
90°C for 120 minutes in a water bath (JSWB-11T,
JS Research INC., Gongju, Korea). The cooked

samples were rapidly chilled at 3°C for 2 h within

Korea), and were subsequently

30 min of cooking, and the procedures were carried
out per microorganism quality guidelines to ensure

protection against contamination.

The European Chilled Food Federation (ECFF,
1996) recommends that heat treatment equivalent to

the 90°C for 10 min (a z value of 7°C) process are

41

52 min at 85°C or 270 min at 80°C, and according
to the Advisory Committee on the Microbiological
Safety of Food (ACMFS, 2004) equivalent to the 9
0°C for 10 min (a z value of 9°C) process are 36
min at 85°C 129 min at 80°C, 464 min at 75°C or
1,675 min at 70°C.

Same

4

Buoiled
(pre-cook: 100°C, 60min)

Korean soy sauce Peer, Apple
::'r::‘ ]F‘:;k‘ Marination | Qenom, gashe
o P (24 hat 5°C) Black pepper
E:Etl. Binger Sake, Leeks
als} by
Browm soger Scsam cil
Vaccum packing

Cooking m water Bath
(90PC Smin)

Chilling
(3°C 120min)

| Chilled storage at 5°C

<Figure 21> Preparation of Korean traditional “Satae —jjim”
by SV/CC system

3. Physicochemical and microbiological

Experiment
Quality assessment in this study wusing
physico—chemical experimentation (proximate

composition, pH, volatile basic nitrogen, color, water
activity, TPA) was performed following previous

domestic or international publications and codes.

All experiments excluding the ones for water
activity (a.) were spaced out in 3-day increments
(Day 1, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36) for
total of 13

measurements were done in 5-day increments for a

a storage experiments and ayw

total of 8 times. All experiments were repeated 3 or

6 times.
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1) Proximate composition

Proximate composition of “Satae” was analyzed
according to MFDS (2011). Briefly, moisture content
was measured with atmospheric pressure heated
drying method, protein with Kjeldahl method, crude
fat with Soxhlet extraction method, and ash using a

furnace with ash test and calculation method
2) Water activity (ayw)

Water activity (ay) was measured with Conway
unit method (Sibata Scientific Technology Ltd.,
Tokyo, Japan), and the experimental method was as
following: 2 reagents of different ay,, potassium
dichromate (reagent A, a., 0.980) and potassium
nitrate (reagent B, a. 0.924), were placed into the
internal chamber with 3g of each sample, and upon
rapid collection, 1g of sample was placed into the
external chamber at 25+2°C for 2 hours, and the

resulting sample was weighed and calculated for ay.

3) pH

For measuring pH, 5g of the food sample and
25ml of distilled water were homogenized using a
blender (HMF-505, Hanil Electric Inc.,
Korea). The
through Whatman No.
No.2/TY2, Tokyo, Japan) and measured with a pH
meter (Model M530 Pinnacle, Corning, USA).

Bucheon,
filtered
2 filter papers (Advantec

homogenized sample was

4) Color

Colorimeter (Minolta CR-400, Minolta Co., Ltd.,,
Japan) was used to assess the color of the sample
surface after removing the packaging. A sample of
Korean traditional “Satae jjim” was placed onto the
analyzer. L* (darkness to lightness), a“ (redness),
and Db
triplets and averages were obtained. Calibration
plate values for L*, a*, and b" were 34.21, 94.50, and

31.93, respectively.

(vellowness) values were measured in
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5) Volatile basic nitrogen (VBN)

Following Korean Food Codes (MFDS 2011),
VBN measurements were carried out with the
microdiffusion method using Conway unit. 10 g of
sample were mixed with 50ml of distilled water and
were filtered after leaching for 20 min. The filtrate
was neutralized with weak acid H.SO4 and filled to
100 mL
water. Slightly tilting the Conway unit, 1ml of the

of experimental solution with distilled
solution was placed into the bottom of the exterior
chamber and 1 mL of 001 N H,SO, was placed
To

provide an airtight seal, glycerin was evenly spread

into the interior chamber in the same way.
around the unit lid, and 1ml of K,COjs saturation
solution was added near the top of the exterior
chamber quickly followed by the lid closure, which
was then with fixed with a clip. The diffuser was
tilted side-to-side to mix the experimental and
saturating solutions well inside the exterior chamber
and was left at 25°C for 1 h. Extra caution is
the

chamber from mixing with the solutions

exterior
in the

needed to Kkeep the solutions in
interior chamber. After 1 h, the unit was reopened,
one drop of Brunswik test solution was added into
the HySO, solution in the interior chamber, which
gave 1t a pink color, and the solution was then
titrated using 0.01 N-NaOH solution until the color
of the

experimental solution was also used for a blank

turned green. Distilled water instead

test, and calculations were carried out as the
following:

_0.14(mg/mL)*(b—a)*100*d

VBN (mg/%) = Wio) (1)

W : Weight of specimen collected (g)

a © Mol of 001 N NaOH solution consumed in

titration

b : Mol of 001 N NaOH solution consumed in

titration for blank test
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F : 0.01 N NaOH titer

d : Dilution factor

0.14 : Quantity (mg) of volatile
(VBN) equivalent to 1Iml of 0.01 N H,SO, solution

basic nitrogen

6) Texture profile analysis (TPA)

To determine the textural properties of Korean
traditional “Satae—jjim”, TAXT 2i/25 (TAXT 2i/25,
Stable
Samples for measurement were cut into sizes of
15 x 15 x 15 cm’

increments of 3 days for a total of 13 times were:

Microsystem, London, UK) was used.

Properties measured in

hardness, fracturability, adhesiveness, springiness,
cohesiveness, gumminess, chewiness, and resilience,
a total of 8 properties. Measurements were
conducted using an aluminum cylinder probe P/50
diameter, and measuring conditions are followed as
below: pretest speed 3.00 mm/s, test speed 1.00
mm/s, post-test speed 1.00 mm/s, strain 80%, time

2.00 sec and force 5.00 g.

7) Microbiological analysis

Microorganism analysis was performed using
petrifilm (PEC) (3M, St. Paul, MN, USA) according
to instructions of manufacturer. Aerobic bacteria

measurement was done with petrifilm Aerobic
Plate,

Coliform Count Plate, and E. coli with petrifilm FE.

Count coliform bacteria with petrifilm
coli/ coliform Count Plate. To confirm the presence
of microorganisms, 225ml of 0.19 sterile peptone
water (Difco, USA) was homogenized with 25 g of
sample for 2 min using a grinder (BagMixer®400,
Interscience, France), and the homogenate was
diluted with 0.1% sterile peptone water. To measure
aerobic bacteria, the overlying film was removed,
and 1 mL of the drying medium was aliquoted for
each sample dilution, for which the inoculated sites
were  then with  the
subsequently cultured at 35°C for 24 h. Generated

red colonies were then calculated based on the

pressed pressor and
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dilution to obtain the actual number of aerobic
and FE. coli

quantified and corrected for dilution in the same

bacteria. coliform bacteria were
way except that the red colonies with observed gas
bubble production were used for coliform bacteria
with observed gas bubble

and green colonies

production were used for E. coli.

8) Shelf-life determination

In order to obtain the shelf-life, product quality
was assessed at different dates after setting the
two storage temperatures at 5°C and 15°C with a
large difference of 10°C between them. At both
temperatures, pH, VBN, and other physicochemical
characteristics were measured, and ones with
significant changes were selected as product quality
shelf-life  of

therefore, defined by multiplying the experimentally

indicators. The “Satae-jjim” was,
determined period of edibility by a safety factor of

0.8.

9) Statistic analysis

Statistical significance for the results from 36
days of experimentation was assessed with analysis
of variance (ANOVA) using SPSS version 18.0
(SPSS Inc.,, Chicago IL, USA).
significance with p<0.05,

verified with Duncan’s multiple range test.

In the case of

results were further

[ll. Results and Discussion

1. Proximate composition

Proximate composition of the specific cut,
“Satae”, from Korean beef was as shown in <Table
2> Moisture, protein content, fat content and ash
were obtained as 73.72%, 20.55%, 4.01%6, and 0.99%,
respectively. Bovine muscles alter in their moisture

content under stress, thereby also affecting the beef
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quality, and

PetA T

freeze-thaw processes may also
produce changes in the beef quality. Therefore, it
can be suggested that the relationship between

moisture and beef quality is a rather close one.

<Table 2> Proximate composition of Satae

Moisture Protein Fat Ash

73.72+0.58 20.55+0.60 4.01+0.47 0.99£0.02

2. Water activity(aw) and pH

Water activity was measured from day 1 in
5-day increments and pH was measured at days 1,
3, 6, 9 12, 15, 18, 21, 24, 27, 30, 33, 36. The
changes in water activity and pH values between
5°C and 15°C are shown in <Figure 2>.

Initial ay values at 5°C and 15°C were 0.989
and 0.991, respectively. At 5°C, day 15 showed the
highest ay, and at 15°C, a, was 0996 on the day
35. With regards to ay, the optimal level for aerobic
bacteria growth is 0.85. In this study, as ranged
from 0.989 to 0.997 and since it is still within the
range viable for bacterial growth, it suggests that
there is risk for microorganism proliferation (Gilbert
et al., 1997).

Results shown in
<Figure 3>. At 5°C, the highest pH measurement

was obtained on day 6 with the value of 5.83 and

from pH changes are

at 15°C, a maximum of 58 was obtained on day 1.
Based on a previous study, a pH between the
range of 55-5.8 would be considered of a fresh
condition but would be considered undergoing
decomposition at pH beyond 80 (James M]J, 1972).
In this study, the range of pH throughout the
duration of storage at 5°C and 15°C was 5.39-5.83,
and thus fell into neither the range of possible
decomposition nor the range of 6.8-7.2 that favors

microorganism growth.
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<Figure 22> Change in ay of Korean traditional “Satae-jjim”
by sous-vide and cook-chill system during storage at 5°C
(O) and 15°C (W) vertical bars indicate standard deviations.

1 3 6 9 12 15 18 21 24 27 30 33 36
Storage time (days)

<Figure 23> Change in pH of Korean traditional “Satae-jjim” by
sous-vide and cook-chill system during storage at 5°C (O) and 15°C (W)
vertical bars indicate standard deviations.

3. Color

Results from the surface appearance of
“Satae—jjim”, the traditional Korean plate cooked by

SV/CC system, are shown in <Figure 4>.

Changes in the heat-cooked meat color have
been demonstrated to be related to levels of nitric
oxide and myoglobin, degrees of globin or
hemo-chrome production, presence/levels of oxygen,
storage temperature, packaging method, pH, and
pressure (Cornforth et al., 1994). L* values, at both
5°C and 15°C, were significantly different from
baseline in association to the duration (p<0.05). At
5°C, L" values repeatedly increased and decreased
until the 33 day, on which it increased to 42.47

and at 15°C, it increased from the 30" day until the
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last day (36") on which it was measured at 45.45.

Redness represented by a* did not show significant

g e

=)

changes but as time progressed beyond the storage
period, they trended downward until the last day on
which the values were 2.7 and 2.39 at 5°C and
15°C, respectively. Yellowness represented by b*
values also repeatedly increased and decreased at
both 5°C and 15°C. At 5°C, the final value on the
36th day was lower at 9.30 than the initial value of
10.74. In contrast at 15°C, the value on the last day
was higher at 13.03 than the initial value of 9.03 (b

values data not shown).

S0

45
40
35
30
25

0

: i:¥::3¥=$:i:§:i>@-f4§§%_i

1 3 6 9 12 15 18 n 4 27 30 3 36

Storage time (days)

Surface beef color

<Figure 24> Change in surface color of Korean traditional
“Satae-jjim” by sous-vide and cook-chill system during

storage. ‘L*" value at 5°C (@), 15°C (A); ‘a*’ value at 5°C
(), 15°C (A). Vertical bars indicate standard deviations.

4, Volatile basic nitrogen (VBN)
Changes in the VBN measurements of
“Satae—jjim”, the traditional Korean plate cooked by
SV/CC system, are as shown on <Figure 5>. VBN
is commonly wused as a standard method to
determine the freshness of meat or fish protein and
also serves as an indicator of quality. In varying
VBN

measurements were similar early on but displayed

storage temperatures and durations,
greater differences as storage duration progressed.
At 5°C, the measurement on the first day was 851
mg/%, the lowest of all measurements at either
temperature, and last day was 17.81mg/% (p<0.05).

At 15°C, from the 27" day of storage, VBN rapidly

45 THE 9 =2| Y4

increased to 24.88 mg/%, a value exceeding the
levels of early decomposition (p<0.05). According to
a previous study, as VBN increases, nonprotein
nitrogen compounds that are produced upon aging
provide a particular taste and scent (Dierick et al.,
1974), and VBN

compounds are produced as ammonia and elements

another study reported that
degraded by Pseudomonas spp. and other Gram

negative bacteria that often contaminate meat
products (Lefebvre et al, 1994). Day 36, the last
day of storage, showed a value of 25.85 mg/%,

which was the highest in the experiment.

When the freshness in meat or fish drops,
VBN significantly increases, and the national Food
Code has set the approved maximum value of VBN
at 209 for raw meat or packaged meat. It also
reported that at VBN levels above 15 mg/%,
detecting the decomposition of beef becomes

possible.

Furthermore, it has been previously reported
that at VBN levels above 15 mg/%, decomposition
can be sensed, but in this study, the level after
detect

decomposition was not reached even with VBN

which an ordinary person could
above 20 mg/%. To evaluate the detection of
decomposition more accurately, the addition of an

electric nose device may be necessary.

5. TPA

Results of the
“Satae—jjim”, the traditional Korean plate cooked by
SV/CC system, on days 1, 3, 6, 9, 12, 15, 18 21,
24, 27, 30, 33, and 36 are as shown in <Figure 6>.
Throughout the storage duration at 5°C, hardness

TPA  measurements of

significantly changed from the initial value of 16.55
to 11.40 by the 36" day (p<0.05). From the 9" day,
it appeared to increase, but it began to decrease

again from the 15" day. Similar to hardness,

gumminess and chewiness values also decreased

significantly compared to their baseline.

fracturability, adhesiveness, springiness,

cohesiveness, and resilience did not change
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significantly. At 15°C,

decreased without an up-going

continuously
(p<0.05).

cohesiveness, and

hardness
trend
Adhesiveness, springiness,
resilience did not show significant changes. Diaz et
al., (2008) have reported that these changes are
influenced by connective tissue content, sarcomere

lengths, and degree of protein degradation.

30

5 ’*---i-—--l""i

:
I

20

VBN (mg/%)

13 6 9 12 15 18 21 24 27 30 33 36
Storage time (days)
<Figure 25> Change in VBN of Korean traditional
“Satae-jjim” by sous-vide and cook-chill system during

storage at 5°C (O) and 15°C (H) vertical bars indicate
standard deviations.

6. Microorganism

Microorganism analysis of “Satae—jjim”, the
traditional Korean plate cooked by SV/CC system,
were carried out on day 1, 3, 6, 9, 12, 15, 18, 21,
24, 27, 30, 33, and 36 under 5°C and 15°C.
Microorganism counts of 1.0 x 10° CFU/cm® or
1.0x10" CFU/cm?

considered to

in vacuum-sealed meats are

represent early stages of
decomposition and counts of 1.0 x 10® CFU/cm? or
1.0 x 10° CFU/cm? allow for formulation of mucous
substances along with changes in color and strong
signs of decomposition (Brown, 1982; Nottingham,

1982).

Throughout the entire storage duration at 5°C
or 15°C, the presence of coliform or FE.coli bacteria
was not detected. This showed that the packaging
and storage processes of “Satae-jjiim” were carried
if heat treatments

out aseptically. Even were
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performed following the ACMSF (2004) and ECFF
(1996) bacteria (L.

monocytogenes, Y. enterocolitica, and Aeromonas)

guidelines, various
can lead to re-contamination and the microorganism
proliferation can differ based on their type, storage
and form of

temperature, composition of food,

packaging.

Based on a published study (Kim, 1998), as a
result of vacuum-packaging marinated ribs, the
product quality was preserved throughout the entire
storage duration. In common, marinated meats
sealed in vacuum could be stored for over 30 days
without proliferation of microorganism and thus
extend the shelf-life. However, while these systems
may extend food shelf-life, they may still increase
microbiological risk. Thus, such systems should be
controlled by Hazard Analysis and Critical Control

Point (HACCP).

7. Shelf-life determination

Shelf-life
point of product packaging to point of viable

is considered as the period from

consumer purchase. It is necessary to determine the
shelf-life  of

identifies the point after which a manufacturer’s

appropriate products because it
product can no longer be sold. Factors that affect
shelf-life of a product can be divided into internal
and external factors. Internal factors include product
formulation, composition, ay, pH, and oxygen
availability whereas external factors include level of
sanitation, packaging materials, packaging method,
distribution, and storage (temperature, humidity)
conditions. According to a study by Newton and
Rigg (Newton et al., 1979), shelf-life of a packaged
meat is determined by storage temperature, storage

duration, and packaging gas permeability.

VBN measurements showing in <Figure 5>

demonstrate that values increase as storage
duration increases. At 15°C, from day 27, the value
exceeded the standardized threshold of 20 mg/% per

national Food Codes, and it was reasonable to
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consider VBN as a quality indicator of “Satae-jjim”.

(1) Q10 = storage duration at 15°C (days) / storage
duration at 5°C (days)

(2) Shelf-life at standard temperature (10°C) D=

storage duration at each temperature (days) x a"

(3) Edible period x 0.8 (safety factor) = shelf-life

As shown above, formula (1) and (2) are
used to calculate the edible period, finding 39.6 days
at 5°C, and 29.7 days at 15°C. However, for better
of
typically adjusted to a shorter period than the

assurance safety, determined storability is

measured duration by using the safety index of
0.7-09 for this

calculate the appropriate shelf-life for storage or

calculation. In experiment, to
sale, the safety index of 0.8 was multiplied to the
measured duration, resulting with 31.7 days at 5°C
and 23.8 days at 15°C. Furthermore, according to
studies the traditional Korean  dishes,
“Galbi-jjim” (Kim et al, 2009) and “JJim-dak”
(Jeong, 2011), prepared with the SV/CC system, the

storability was determined to be 15 days without

on

using the safety index factor, and this observed
disparity from our study may be due to the

difference in the material used for packaging.

The expiration dates reported on products are,
however, representative of the storability for sale,
not consumption, and thus suggests that our intake
of foods slightly beyond the reported dates may not
be affected. 2009, the

Consumer Agency experimented on the changes in

significantly In Korea
the product quality beyond the expiration date using

milk (3 types), dairy beverages (4 types), and

cheese (2 types). Aerobic bacteria and coliform
bacteria were not detected in milk even 50 days
the date.

beverages or cheeses were not positive for aerobic

beyond expiration Similarly, dairy

or coliform bacteria even at 30 days and 70 days,

respectively, beyond the expiration date. This
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experiment demonstrated that the expiration date
does not necessarily indicate the time point at
which the
manufacturers still set the expiration dates to be
of the
According to the research by Korea
the

consumer

product quality alters. Nonetheless,

relatively  short  because consumers’
preference.
of Consumer Organization,
that the

examines prior to purchase is the expiration date as

National Council

most important indicator
reported by 25.4% among 1,500 people, and was
higher than the cost of the products. In overseas
markets as in the U.S., aside from truly sensitive
products such as powdered milk for infants,
companies determine the expiration date as they see
fit, and instead of the phrase, expiration date, they
various expressions to describe

often utilize

storability.

Thus, in Korea also, other phrases such as
consumable period or product quality period should
be applied to indicate storability with less rigid or

negative overtones.

Hardness (Kg)

1 3 6 9 12 15 18 21 24 27 30 33 36

Storage time (days)

<Figure 26> Change in hardness of Korean traditional
“Satae—jjim” by sous-vide and cook-chill system during
storage at 5°C (O) and 15°C (H) vertical bars indicate

standard deviations.

V. Conclusion
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This study demonstrated that the sous-vide (SV) and
cook—chill (CC) systems effectively preserved the quality and
extended the shelf life of the traditional
(braised  beef  shank).

microbiological analyses confirmed that the safety and quality

Korean dish,
Satae—jjim Physicochemical —and
of the product were consistently maintained under controlled
conditions.

By cooking at 90°C for 120 min under vacuum
packaging, the sous—vide process minimized moisture loss and
oxidation while effectively preserving the natural flavor of the
meat. The SV process also significantly influenced the physical
properties of Satae—jjim. Hardness measurements showed a
gradual decrease from an initial value of 1655 to 11.40 over 36
days of storage at 5°C, indicating the breakdown of connective
tissues and muscle structures. Notably, tenderness increased
significantly after 15 days of storage, suggesting that the SV
process optimized texture by maintaining a balance between
protein denaturation and water retention.

In terms of physicochemical properties, pH and water
activity (Aw) did not exhibit significant (p<0.05) effects on
storahility at either 5°C or 15°C,

consistent with baseline levels throughout the storage period at

and salinity remained

both temperatures. Regarding volatile basic nitrogen (VBN),
levels during storage at 5°C increased slightly but never
exceeded the threshold level of 20 mg% set by the National
Food Codes. However, at 15°C, VBN levels rapidly increased to
24.88 mg/% after 27 days, surpassing the threshold. Microbial
experiments confirmed the absence of aerobic bacteria,
coliforms, and E. coli at both storage temperatures throughout
the study.

conclusion, the storability of Satae-jjim was
determined to be 31.7 days at 5°C and 238 days at 15°C,

demonstrating the effectiveness of the sous-vide and cook—chill

In

systems in preserving its quality and ensuring food safety

under controlled conditions.
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