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Abstract

Marinated beef galbi is a traditional Korean dish cooked with soy sauce, pear juice, onion, sesame oil, and sugar.
However, there are many differences in beef galbi, including flavor and physicochemical aspects, depending on cooking
conditions. Therefore, the physicochemical characteristics of marinated beef galbi prepared through various recipes was
evaluated for its effects on pH, texture, aging, proteolysis, heating conditions, cooking time, and flavor compounds
(pyrazines, IMPs, or FAAs). There were significant differences in salt concentration (0.8~3.03%), pH (4.89~6.22), and solid
soluble contents (1.34-6.31 Brix) between recipes in this study. In the Pearson assay for sensory evaluation, overall
preference correlated well with texture (a well-known sensory attribute in meat evaluation). Controlling the pH of meat
through soaking in lemon solution, alkali water, phosphate, and baking powder solution, improved water holding capacity
as much as 9 to 15% compared with the control. The myofibril index (MFI) of marinated meat stored at 4°C increased 32%
with 24 hours of aging and reached 39% at 48 hours of aging, and its fragmentation was observed through microscopy.
SDS-PAGE showed hydrolysis of acid-soluble collagen by the pear juice, possibly related to meat tenderness. On the basis
of surface temperature, the cooking time was estimated to be 8 minutes with pan heating at 170°C, 6 minutes at
270~300°C, and 4 minutes with charcoal at 700~900°C. Different pyrazine compounds, such as 2-methyl-3-phenyl-
pyrrol(2,3-b) pyrazine (the typical product of the browning reaction) was mainly detected, and IMP (one of the main taste
compounds in beef) was in higher amounts with the charcoal treatment, potentially related to its flavor preference among
treatments. Our results demonstrate an effective case study and cooking system for beef galbi.
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<Table 1> Selected recipes for marinated beef spare ribs in Korea

Fdel A% A 4ocow IS E
270°C, 6=

Recipes
Ingredients

HSI CIA ARM HAN SOG LID SUW INH KIH
Spare rib 100 100 100 100 100 100 100 100 100
Soy sauce 18.18 15.89 545 14.44 7.92 5 0 8 15
Salt 0 0 0 0 0 0 0.9 0 0
Sugar 545 5.30 1.82 7.5 1.67 2.8 1.8 3 10
Honey 0 0 1.44 0 0 0 0 0 0
Maltosyrup 5.76 0 0 0 0 0 0 0 0
Water 60.61 0 0 16.67 0 0 0 0 0
Garlic 4.85 7.95 1.21 10 2.08 1.60 1.60 1 533
Green onion 424 3.31 2.12 0 3.75 2.80 2.80 1 7
Ginger 0 0 0 0 0.10 0.10 0 0
Mirim 4.55 0 227 2.73 0 2.73 2.73 1.50 0
Pear juice 9.09 55.19 6.06 16.67 6.25 0 0 12.50 11.25
Onion 0 0 0 0 0 0 0 5 0
Onion juice 4.55 0 227 0 0 0 0 0 0
Pepper 0 0.14 0.05 0.44 0.20 0.04 0.04 0.10 042
Sesame oil 3.94 5.74 1.97 5.64 2.08 1.95 1.95 1.50 6.50
Sesame (whole) 0 0 0 0 0 0.52 0.52 0 0
Sesame powder 0 0 0.45 0 0.83 0 0 1.5 3
pH 4.89 5.38 531 5.63 545 54 6.22 5.49 5.58
Salt (%) 2.63 2.63 1.4 2.65 2.03 1.36 0.8 1.89 3.03
Brix (%) 247 2.74 1.45 431 1.34 2.38 1.6 222 6.31
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<Table 2> GC/Mass Analysis conditions

Apparatus Condition Other condition

Transfer line temp. 125°C - GC condition -

Transfer valve 125°C Initial 30°C -1.5min

Sample cup 40°C 2.5°C/min 45°C - 0

Sample needle 40°C 5.0°C/min 80°C - 0

Sample sweep time 0.5 min 10.0°C/min 215°C - 0

Needle sweep time 0.5 min Total 28 min

Purge time 15.0 min Column flow 22 psi constant
- Concentrator -

Valve oven 135°C

Sample line 135°C

Sample mount 40°C

MCS temperature 40°C

MCS baking temperature 310°C MS-detector condition-

Purge ready temperature 20°C

Turbo cool temperature 10°C M/Z 19.1-400

Purge cool temperature 20°C Electric volt 70 V

Sample cool temperature 40°C

Desorb time 2 min

Desorb preheating temperature 220°C

Desorb temperature 220°C

Bake time 13 min

Bake temperature 225°C

- Cryofocusing - - Library -

Wiley library
NIST structure library

Cryost. by temperature 100°C GC: Hewlett packard 6890
Cryofocusing -80°C MS: Hewlett packard 5973
Cryoinject time 1 min 1. Purge: Tekmar Dohrmann Solatek 72
Cryo inject temp 220°C 2. Trap (cryofocusing module): 3100 concentrator

<Table 3> Analysis condition of nucleotides

Items Conditions
Hydrosphere C18 (250 mmx4.6 mm)

Column

Elution buffer 100 mM KH,PO,-K,HPO, (pH 5.5)
Flow rate 1.0 mL/min
Detector UV (260 nm)

Oven temperature 30°C
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<Table 4> Sensory evaluation of various recipes for marinated beef spare ribs
Recipes Appearance Sweetness Saltiness Nutty flavor Texture Juiciness Preference
HAN 438+1.06"2  5.00£1.69% 4.00£1.31° 5.75+1.39° 5.13£1.25° 4.63£1.51° 5.38+1.51%
LID 6.63+0.74° 5.38+1.92% 4.00+1.31° 5.88+1.36% 4.88+0.99* 5.25+1.83% 6.38+1.69%
SUW 425+1.49 3.88+0.83" 4.75+1.67 4.63£1.19° 5.50£1.07° 4.38+1.41° 425+1.04°
KIH 6.63+1.19° 6.38+0.92° 5.88+1.36% 6.63+0.74° 6.13+0.83% 5.50+1.31% 6.50+1.20%
LID (modified) 7.13+0.83° 5.13+1.89% 6.13+1.73 4.88+2.23 5.50£1.31° 4.63+1.60° 5.25+1.98%
INH (modified) 4.00£0.93° 5.38+1.41% 5.13+0.83 5.13+0.99* 5.38+1.06" 5.00£1.41 5.13+1.13%
KIH (modified) 4.50+1.20° 5.25+0.89% 5.00£1.51° 5.50£1.41° 4.88+0.64° 5.75+1.04% 5.75+1.49%
BSL product 5.88+1.55% 6.00+1.60% 4.88+1.73* 5.88+0.99* 6.13£0.99* 5.88+1.36° 6.75+£1.39*
CJW product 6.00+0.76* 6.25+1.98® 4.88+1.36° 5.25+2.05% 6.50+1.31% 5.50+1.31* 5.63+1.51%®
DThe value is mean+SD
PMeans with letters within a column are significantly different from each other at &=0.05 as by Duncan’s multiple range test.
<Table 5> Correlation among sensory attributes of marinated beef spare ribs
Attributes Appearance Sweetness Saltiness Nutty flavor Texture Juiciness Preference
1
Appearance
Sweetn 0.38276*** 1
weetness 0.0009
Salti 0.08032 0.3261%* 1
alness 0.5024 0.0052
N a -0.15093 0.31152%* 0.46136*** 1
utty flavor 02057 0.0077 <0001
Textun -0.03457 0.24726 0.56472%%* 0.27124* 1
exture 0.7732 0.0363 <0001 0.0212
L 0.07436 0.09886 0.31948** 0.31901%** 0.2315 1
Juiciness
0.5348 0.4087 0.0062 0.0063 0.0504
Pref 0.04742 0.18908 0.55348%** 0.33609** 0.65154%** 0.13015 1
relerenice 0.6925 0.1117 <0001 0.0039 <0001 0.2758

Dxp< 05, **p<_.01, ***p< 001



<Table 6> pH and water holding capacity of treatments

Solution ~ Sample WHC

Treatments pH pH %)

Control 7.00 5.95 5.78
100% lemon juice 1.96 439 13.66
50% lemon juice 2.26 4.49 15.06

Soda(carbonated) water 4.86 5.43 3.64
Alkali water 9.70 5.96 9.10
Alkali water+0.3% Phosphates - 6.32 7.04
0.3% phosphates 9.59 6.65 6.84
1% phosphates 9.65 6.69 7.94
1% baking powder 7.8>> 6.70 7.39

(bicarbonate+phosphate)

<Table 7> Sensory evaluation of meat texture

Mean+SD
Treatments Texture
Control 5.83£1.52%
5% lemon juice 5.33£1.37°
Soda 4.00+1.41°
Alkaline water 5.00+1.36°
0.3% Phosphates 5.50+1.52%
1% Baking powder 5.52+1.45°

1: extremely soft, 6: soft, 9: extremely hard
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<Figure 1> 12.5% SDS-PAGE of marinated meat proteins during
aging time
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<Figure 2> Myofibril fragmentation index during aging

T 98] FE9 2ddfEAd tigl e HolH]
LA A-Z2RGof AHE LHEBFEN M= wlEo] 50% T
T2 YERITAL sttt

<Figure 4>°] YeRd utel o] wijEe] 2Rl 24l 7hs
< IR 8l B84, 97HeA8 2 2ked FeRdl
=stal WSS WRAIA 719 A4S A
Azt A7HA FE AR dF (40K 2 20K FE)7t
ol oJa e AES & T AUATH

vl &4 70°C(chicken actomyosin 715)7} 34 2742
2 484 JEd(Guan 5 2009) A7) A= gl 2
ghE wiEe mAvE J71E ZFEAIFeDl A7) F9
collagen (gelatin 3} “Jel)S 235l tendernessell ¥
FiL e 7Hs7dE AAKSHAL Tt

d719F 7ol vl Eae FRlofEo Y Felat i &
2o @] 2T Radolv At o] AR|vk 4k
ol EelE Eallete SR el dhdizdr] e A

Y 7o) 24P Bl BAL FE oz A,

A

a}l' o,
>
>
_0|L
@
o
Z U dlo o

&

<Figure 3> Myofibrils shortened with aging (x400 microscopy)
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<Figure 4> 12.5% SDS-PAGE of beef collagen treated with 10%
pear juice at 55°C
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<Figure 5> Changes of surface or inner temperature of marinated beef during cooking with pan or charcoal heating
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<Figure 7> Changes of nucleotide (ATP, IMP and Hx) content of non- or marinated beef spare rib cooked with pan or charcoal heating
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