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Animal Foods_ldeal Protein Sources CNU

Nutritional Advantages of Meat & Eggs

= High quality, complete protein
> All essential amino acid & high BCAA (leucine, isoleucine, valine)contents

> High bioavailability with high digestibility

Protain Digestibility-Corractad Amino Acid Scora (PDCAAS)
of Common Protein Foods

= Highly bioavailable micronutrients
» Meat: heme iron, zinc, Vit, B12

» Eggs: choline, Vit. D, Vit. A

= Bioactive peptides and non-protein nitrogen compounds

» Various peptides from protein digestion

» Carnosine, anserine, creatine, taurine, and L-carnitine o vy O T
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Animal Foods_ldeal Protein Sources CNU

Nutritional Advantages of Meat & Eggs

= Bioactivity of egg white proteins

Antimicrobial

» Ovalbumin

» Ovotransferrin

Ovotransferrin (12%)
» Ovomucoid

Ovemucold (11%)

> Lysozyme

Immunomodulat

» Ovomucin

-

Lysozyme (3.5%)
»  Avidin
Egg White Antiviral / A ancer
» Cystatin / A
Metal binding (Fe, Zn)
Avidin (0.05%)
Protease inhibition
Cystatin (0.05%) cond, cyatatin, ovomisttor)
(Native proteins ~ GI digestion / enzymatic hydrolysis — Bioactive peptides —~ Systemic health effects |
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Physiological Barriers in Protein Digestion

CNU

2

Q Gastric Acid Secretion |
Reduced initial protein denaturation

Digestive Physiology
in the Infant

Q Pepsin Activity 1
Slower cleavage of large proteins
Less complete protein pre-digestion

Gastric Emptying T
Q Faster movement to small intestine,
reduced breakdown time

@ Pancreatic Enzyme Secretion |
Lower levels of trypsin, chymotrypsin,
and other proteases

Q Intestinal Brush Border Activity |
Lower disaccharidase activity and
other enzyme processes
Result:
1 Overall protein digestibility reduced in
immature Gl tract.
1. Requires tailored food design and
optimized processing for absorption.

3

Infant Gastrointestinal Track: Immature Physiology

Infant-Friendly Food Requirements

Texture & Consistency

g. \;'.r-f" Soft purees and mashed
textures based on

e @ development.

ot /} ~

ntroduction \_/J&

-/ Choking hazard awareness. N 7
/ . Small, manageable pieces. N

Nutrient Density

ZE) Highin essential iron, healthy
([ fats,and vitamins for growth.
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Digestibility & Tolerability

Gentle on the B
digestive system. /"
Low allergenicity. "\—ja;;f
Natural Taste &

Pure Ingredients

Natural flavors from fruits ﬁ@
and vegetables. Clean labels. g{.‘

Reliability &
Safety Standards
Certified organicand = &%
tested for safety. Q @
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Physiological Barriers in Protein Digestion

CNU

Senescent Gastrointestinal Track: Age-related Decline

' @ Digestive Physiology
& inthe Elderly

ﬁ Gastric Acid Secretion ..
Reduced protein denaturation
Pepsin Activity L
Lower cleavage of large proteins

More undigested proteins
entering intestine

ﬁ Gastric Emptying |
Slower movement to small intestine
ﬁ Enzyme Secretion .
(trypsin, chymotrypsin,
pancreatic enzymes)
@ Intestinal Absorption Efficiency L
Lower amino acid uptake

Result:

1. Overall protein digestibility
significantly reduced

1. Risk of sarcopenia 1, immune declinet

(%) MeAT sciENCE

CHUNGNAM NATIONAL UNIVERSITY

Elderly-Friendly Food Requirements

Texture Adjustment

Soft textures based on
B 3 A
"+~ chewing/swallowing
ability

L - e
-

Swallowing &
Chewing Safety

E E¥ 1DDSI standards

= = for swallowing safety

Nutritional Enhancement

7 High protein, micro-
/' nutrient fortified

Y.

5
&3

Digestibiliity & Safety

Digestible in elder
physiology. &
k'

Reduced aspiration risl

Palatability &
Convenience

Enhancedtaste “ 1
Easy-to-open packaging

Reliability &
Convenience

05
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Molecular Mechanisms: Denaturation & Oxidation

CNU

= Protein digestibility increased

> Inactivation of protease inhibitors

* Protein digestibility decreased
» Decreased in protease accessibility by
aggregations (physical or non-covalent
clumping) of proteins
» Unrecognition of protease by chemical
side reactions (covalent cross-linking or

Maillard reaction) of proteins

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY

Double-Edged Sword of Protein Denaturation

> Increase in protease accessibility by exposing buried cleaving sites with unfolding

'UNPROCESSED/NATIVE PROTEINS
& LOW DIGESTIBILITY

Limited accessibility for digestive enzymes.

INACTIVATION OF ANTINUTRIENTS

0O

Trypsin Inhibitor

Raw foods often contain active en: mmmms
0.0, Trypeininniitos i soybeans)

bé)ﬁ

Acid
{Cnnmnq; (Gastric Acid)

DENATURED PROTEIN
(UNFOLDED STRUCTURE)

DENATURED PROTEINS & CHANGED
DIGESTIBILITY (USUALLY IMPROVED)

@0 B

unlomwtmns hidden pepti Atk e

INACTIVATION OF ANTINUTRIENTS

ho

2. DESTRUCTION OF ANTI-NUTRITIONAL FACTORS.

OVER-PROCESSING/EXCESSIVE HEAT

N u!xvl‘,:g'%{,

Amino acids  Maillard reaction
products

Cms‘llm(mgl
feg. Lysinoalanine)
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Molecular Mechanisms: Denaturation & Oxidation

CNU

= Structural collapse and aggregation

= Steric hindrance
» Oxidized proteins to re-collapse into
highly compact, rigid polymers
» Blocking protease access to binding

pockets

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY

Detrimental Impact of Protein Oxidation

» Formation of protein-carbonyl compounds by chemical oxidation

NATIVE OR OXIDATION-RESISTANT
PROTEINS & HIGH DIGESTIBILITY

Mvmg

Matv st 300 accesebe epide bonds.
Minimal exidation.

UNIMPEDED DIGESTIVE ENZYME FUNCTION

Full protease activity on non-oxidized sites.

PROTEIN OXIDATION |
PATHWAY

OXIDIZED AND AGGREGATED PROTEIN
(REDUCED ACCESSIBILITY)

AIIII?II! DIFICA'HDN
RO S S

0
G333

Modified residues (e.g., K, W, M) are not
recoqnized of are cleaved pootly by,

PROTEIN AGGREGATION
& CROSS-LINKING

Formation of protease fesistant aggregates
proteases. IMIIIm!HHs Excludes enzyme access.|

PROTEASE INACTIVATION

—*9
Trypsin or Pepsin

Direct oxidation of digestive enzymes, reducing their activity.
CARBONYL FORMATION & SCAVENGER UPTAKE

T
i = | MaRCO
e s

reducing traditional absorption.
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Clinical Implications CNU

Consequences of Poor Proteolysis in Infants

=  Growth faltering and nutritional deficiencies
» Amino acid deficiencies: Decrease in protein synthesis

» Stunted growth: Delayed physical growth, poor weigh gain

=  Gastrointestinal distress and discomfort

» Fermentation and gas: Fermentation of undigested protein in the large intestine

Seconhd brain

(severe abdominal discomfort with the production of excess gas)
> Altered stool patterns: Leading to diarrhea or constipation by causing osmotic

imbalances

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 08

Clinical Implications CNU

Consequences of Poor Proteolysis in the Elderly

Korea's Aging Population Trend

&
8

= Acceleration of sarcopenia and frailty

» Blunted muscle synthesis: Low absorption of essential amino acids %35
_Etau
» Increased frailty: Decrease in muscle mass %
2
§20
i
* Impaired immune function and wound healing s

7020 2025 2030 2035 2040 2045 2050

» Delayed healing: Decrease in repairing skin barrier matrices

Recommended Daily Protein Intake by Group

> Higher infection risk: Low cellular immunity

* Colonic fermentation and gut discomfort

» Toxic metabolites generated in the large intestine

Older adults Sarcopenia-risk

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 09
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Advanced Processing Strategies for Improving Digestibility CNU

Materials and Methods

= Samples

» Beef for infant complementary foods

» Egg white for elderly-friendly foods . Stepl  Step2 step3
EasytoChew  EasytoBreak  Easy to Swallow
\ Without Teeth WithGums  Without Chewing
— 50000k 20000ww 5000w S ?I

= Static in-vitro digestion model

[atare = =
protocols = U § - Porcem nayma sy and bl sssars

§ 1 Propare . SOF and SF ook sousens 2
E + Porioom ph-sest asusomant sxpormont .

INFOGEST static in vitro simulation of i =
X . . . . trointestinal food digesti M Food wi SSF (11, ) 112
» Digestibility: < 3 kDa via cut-off filter gastrointestinal food dlgestion § e a0, 13 s B

A Beadko 0", Lot Egger’, Marie Alminger O, Packs Abits!, Ricae s Assungia’, 5 A0q salary amyase, f necessary (F5UML) 14
Simon Ballance”, Tarsten Bon’, Claire BassliesrLacinal, Rachel Boutisa’, Frédésic Cari & +Incubato whie mixing (2 min, 37 °C. pHT) 15, 16

» INFOGEST protocol: young adult, infants, the elderly

§ « Mcorm ok wah SGF (11 peiran) 17,18
£+ Inca CaC, (015 b n SGF) 1

00 pepain, AV Kpase (2000, 80 UTL) 20, 21
3 - ncutate whve maing (20, 7 °C. M0 22-20

T

Cloutia N, Sams el Soveen

e L
= Protein structure Sty & st im0 M S |
proerirab e s e vy i e e yeselemigrrscor ey oy 1 ek e 10 b e ) N
IREOUESY metmark. The st o dreigeed o b snd mih simekrd bomsiey wyepmment s reqeires fimitd 3 - Inchude CaCl, (0.6 M in SiF) EI

» Circular dichroism analysis S e e R | By e

£ - Incubte whia mixing (21, 37 'C,pHT.0) _30-32

e e e e
. e : . i H i setars s
» Surface hydrophobicity, Fluorescence intensity i Bl T | §"=‘“““-'~'
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Advanced Processing Strategies for Improving Digestibility CNU

Beef Protein Digestion: Adult vs. Infant

Sarcomere
W zone

100 T N N 2w

200 kDa
119 kDa

b 9 kD —
65 kDa
l Uighter Iband Darker A band _Lighter | band

Portion of a Fortion of a

| e Rt ol
Bl ED i - . i

[Troponin Actn Tropomyosin |
T iy

BRI

protein)
Ol . -
A | Pee- E

a 4B KD

a-amino groups (UM NH2/g

b Hoad
kDA -
Astin-binding sitas Binding sito Actin subunis
+— myosin light ehain A
0 it . ATP binding site -
L o trapar ) o e JRSSE
Gastric digesta Gastro-intestinal digesta « myosin light chain B ‘%;“‘—

= Adult Olnfant

Myosin motecule  Flexibie hinge ragion

= Results
» Beef protein digestibility was lower in both the gastric and gastrointestinal phases of the infant simulated digestion
model than in the adult model.
» Actin is the main protein with digestive resistance because the trypsin or chymotrypsin can not cleave F-actin since

the cleaving sites are buried by the actin-actin interaction (Hozumi, The Journal of Biochemistry 104, 285).

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 11
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Advanced Processing Strategies for Improving Digestibility CNU

Beef Protein Digestion: Freezing-then-aging

Fast freezing (F70) Slow freezing (F20)

EntraDD!d H* in ice crystals

WATIVE, FOLDED PROTEIN (Room Te) COLD-DENATURED PROTEIN (Low Temp)
Core.

=  Hypothesis

» During the freezing process, the ice crystal formation results in the physical damage of the lysosome and release of
cathepsin. Cold denaturation of muscle protein may change the behavior of protein digestibility.

» During the aging of beef, the degradation of muscle protein may improve the digestibility.

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY
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Advanced Processing Strategies for Improving Digestibility CNU
Beef Protein Digestion: Freezing-then-aging
Cathepsin B activity a-Amino group content Protein oxidation

Il ami idl ides -
16 o | akers 03 Wi 3.4 residoes. T aes,, B4
= E e
émz ¢ e B B(AaUMb :Zoz _;3
% 08 E. fg. 2
g 01 €
04 I 2 1
0 - ol -
Day 0 Day 4 Day 14 Day 28 Day 0 Day 4 Day 14 Day 28 Day 0 Day 4 Day 14 Day 28
mAO mF20 mF50 »F70 WAOQ mF20 WF50 =F70 mAO mF20 mF50 =F70
= Results
» Cathepsin B activity was increased in the frozen-thawed beef, especially in F50 at day 14.
» Degradation of muscle proteins was increased in the frozen-thawed beef.
» Protein oxidation was increased after the 28-days aging process. However, no significant effect of freezing on the
protein oxidation was found.
@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 13
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Advanced Processing Strategies for Improving Digestibility CNU

Beef Protein Digestion: Freezing-then-aging

Fluorescence intensity Surface hydrophoblclty Secondary structure of myosin and actin fractions

100
200 = —owyo £ g’
i VRN ] 12 ™ I T
é’m No change in Vo, gw g . b
/ &g e ;
o ] £ w0 3 ®
e 3 3
o 20
&
0 AW 0S40 4 111 ‘-“"s‘m""c "kbm:mczuz‘“bu’
Wavelength (nm) 0
Endogencus tryptophan 2 AQ F20 F50 F70|AD F20 F50 F70| AD F20 FS50 F70 AD F20 FS0 FI0|AO F20 FSO FT0|AD F20 FSO FTO
fluorescence intensity on day 0 and 4
0 Day 0 Day 4 Day 28 Day 0 Day 4 Day 28
350 0 4 28 a-Helx ¥ B-Sheet -Tum ® Random coil aHelx  ®p-Sheet  Wp-Tum  MRandom coil
WAC mF20 mFS50 wF70
280
£ = Results
82
B
® » Fluorescence intensity of F50 was low at day 14 and 28. However, the surface
i1
F
a

hydrophobicity showed no consistent results.

» In myosin and actin, denaturation and renaturation properties were observed on day

0 4 28
mAO mF20 mFS0 = F70 14 and 28, respectively, in frozen-thawed beef except for F50 myosin.

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 14
Advanced Processing Strategies for Improving Digestibility CNU
Beef Protein Digestion: Freezing-then-aging
a-Amino groups of digesta Proteins <3 kDa SDS-PAGE Actin band

2 48 D-i‘) ? AIO FZﬂdy F50 VF?‘G
:" g mEE. .Daa AOD F20 F50 F70
i g 40 saad e S EBAE Eas
\;1_5 % " - e T W e eeew
s 5 : | b | actin
;ﬂ 7 ‘g 24 | ||« woporinT
E £ 16 il
Tos b H “ “ \ . =il
E 8 i A rm
° 0 Tight chain
Day 0 Day 4 Day 14 Day 28 Day 0 Day 14 Day 28
WAO NF20 MF50 WF70 HAQ ®EF50
= Results
» After aging, the actin band disappeared in the freezing-then-aging beef.
» Aging and the pre-freezing process resulted in an increase in beef protein digestibility.
» F50 (frozen at -50°C) with 28 days of aging showed the highest protein digestibility.
@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 15
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Advanced Processing Strategies for Improving Digestibility

CNU

Beef Protein Digestion: High Hydrostatic Pressure

Fluorescence intensity Beef Properties

Actomyosia content (%)

a-Amino groups (mMg)
2

]
Wavelength (nm) 0.1 MPa

0.1MPa 100 MPa 200 MPa 300 MPa 0.1MPa 100MPa 200 MPa 300 MPa

Protein digestibility

100

Secondary structure

Flaw

— oiMR s

. — woMpa 1258 3
£ — oM 50
é [ — 300 MPa 9102 7 =
. sae smo B
fa Ew
i I

=4 Actin v

Wavelength (am) 01MPa 100 MPa 200 MPa 300 MPa 0.1 MPs
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PHYSIOLOGICAL FRAGMENTATION OF
MYOFIBRILS IN RAW MEAT BY
HIGH-PRESSURE PROCESSING (50-300 MPo)

MPa 200 MPa 300 MPa

200MPs 300 Mps

16

Advanced Processing Strategies for Improving Digestibility

Beef Protein Digestion: Freeze-drying with room or low temperature

Protein oxidation Lipid oxidation Fluorescence intensity

Secondary structure

09

Tresiment whelx  pShest FTem  Fandom col
350 Myosin A0 1719 I 1754 1060~
A 2185 2218 1740 3858
a bl AOFDI 1767€ 2444 mn 3982
£ 3 - AQFD2 2712 1745 3876%
E] R B s ] FAFDI 2288 174 37898
L ¥ B £, FAFD? 20.66° 1728 3851
i 4 s SEM! 0208 0110 0197
% 5 - et A0 773 T s
5 § 1 FA 26340 175488 41084
] o 2 AOFDI 28604 17478 ane
= i AOFD2 157 (L T E
i FAFDI 1288 276 1784 s
: FAFD2 15504 2636% 17560 056
° SEM! 010 0169 0084 0253
A0 FA  ACFDI AOFD2 FAFDI FAFD2 AG FA  AOFDI AOFD2 FAFDI FAFD2 w0 W M 0 a0
Wavelength {m)
b Protein digestibility
12 A a > & FRYoR oA At 27 QLY BY) R4 B B0l YN Y 2
- B i 0 i Lo ety &
2 ] : B . aS = 1 Ca T AR e
$os < g i | @ Folg U Ew -
¥ i» U T———— Lo
Y H 4 0 AL A7 AR A B & ABe 32 EUE @
4 E " ViR + Do e S e + .
L 10 M A e 2270 Ay TR + ) ¢ L0 Ak
02 s + (oudmaeenn  ROME B £
o 0 - -
A0 FA  AGFDI AOFD! FAFDI FAFD2 Lt Lol L
@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 17

- 249 -




Advanced Processing Strategies for Improving Digestibility CNU

Egg White Protein Digestion: Different heating temperature

Fluorescence intensity Surface hydrophobicity Secondary structural components
500 B Ir—w 7.66°
—EW 77632 Y e Treatment a-Helix B-Sheet B-Turn Random coil
— EWGTS 408 | 0 | = EWGTS 66114 RS
£ EWG-95 129286 | 2 EWG-95 42.26% s
R = i | Pl B EW 41814 14,118 17.60° 26.494
g 8 EWG-75 42.15% 13.13® 16.93¢ 27.80*
H &
= £ EWG-95 30.578 25.85% 19.53* 24,057
SEM 0.870 0.681 0.127 0.633
300 320 340 360 380 400 0.1 0.2 03 04 0.5
Wavelength (nm) Protein concentration (mg/mL)
=  Results

» EWG-95 showed the lowest fluorescence intensity with a blue shift.

» The surface hydrophobicity was increased in EWG-75 and 95 compared to EW. However, EWG-95 showed lower
surface hydrophobicity than EWG-75.

» EWG-95 consisted of lower a-helix and higher B-sheet content compared to EW and EWG-75.

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 18
Advanced Processing Strategies for Improving Digestibility CNU
Egg White Protein Digestion: Different heating temperature
a-Amino groups of digesta Contents of protein < 3 kDa

25 -
1 wEsderty madun - 1 wkidery wadun Ba wy
go 2 50 4 Bb
E g Ca
E 1.5 e;:’ 40
% 1 § 30 Ch
<’: 0.5 4 E 20
i
0 10 4
EWG-75
Gastric phase Gastrointestinal phase L8 EW ' EWG-75 ) EWG-95
= Results

» Amino group contents in the gastrointestinal phase were higher in the adult model than in the elderly model.
> Protein digestibility increased in EWG compared to EW.
» EWG-95 had higher protein digestibility than EWG-75.

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 19
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Advanced Processing Strategies for Improving Digestibility CNU

Egg White Protein Digestion: Different heating temperature

Particle size distribution of digesta SDS-PAGE of digesta
— Gastriephase —  — Duodenal phase —
i =y . . r Elderly  — Adult — r Elderly 7 — Adull —
= = EW 75 95 EW75 95 EW 75 95 EW 75 95
80 kD — - = «— ovotransferrin
0D = }_m'n\bumin
30 kDa — - - & ovomocid
20 kDa —
10kDa —
+— lysozyme
" Results
» Disruption of native EWPs including protease inhibitor, may play
a more significant role in enhancing protein digestibility despite

severe aggregation.

@ MEAT SCIENCE | CHUNGNANM NATIONAL UNIVERSITY 20

Conclusion & Future Outlook CNU

= Conclusion
» Animal food proteins (meat and eggs) possess excellent initial nutritional profiles, but their dense, native
macromolecular networks limit actual bioaccessibility in underdeveloped or declining gastrointestinal tracts.
» Optimizing structural processing conditions can significantly enhance in vitro protein digestibility and kinetics.
» Animal foods provide maximum nutritional value when custom-tailored to the physiological needs of specific target

consumers.

=  Future Outlook
» In vivo translation and clinical dietary trials
» Comprehensive peptidomic mapping and bioactivity tracking

# Industrial scale-up and development of age-specific medical foods

@ MEAT SCIENCE | CHUNGNAM NATIONAL UNIVERSITY 21
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Thank you
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List of Published Core Research (Our Publications)

* Low protein digestibility of beef puree in infant in vitro digestion model. 2019. Food Sci. Ani. Resour. 39:1000-1007.

= Improvement of meat protein digestibility in infants and the elderly. 2021. Food Chem. 356, 129707.

=  Freezing-then-aging treatment improved the protein digestibility of beef in an in vitro infant digestion model. 2021. Food Chem. 350,
129224.

= Changes in beef protein digestibility in an in vitro infant digestion model with prefreezing temperatures and aging periods. 2023.
Heliyon, 9, e15611.

= High-pressure processing of beef increased the in vitro protein digestibility in an infant digestion model. 2023. Meat Sci. 205, 109318.

= Characterization of peptides released from frozen-then-aged beef after digestion in an in vitro infant gastrointestinal model. 2024.
Meat Sci. 212, 109468.

= Heat-induced gelation of egg white proteins depending on heating temperature: Insights into protein structure and digestive

behaviors in the elderly in vitro digestion model. 2024. Int. J. Bio. Macromol. 262, 130053.
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