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Flexitarians mostly
consume a plant-based
diet, with the occasional
consumption of meat.

https://www.visualcapitalist.co
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Safety « Sustainability



Healthy guideline for processed meat (sausage products)

Fat Sodium Sugar
(g/100g) (mg/100g) (g/100g)
7S Total fat
y 'p Singapore <10 <450 i}
@9”’% -,:.o""’?’L
Choice Saturated fat

International <5.0 < 450 <2.5
Foundation R B

Trans fat
<0.1

Survey Total Fat

products Approx. 20 Approx. 680
(average)
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Healthier and Cleaner Meat Products

e Reduced sodium
* Reduced fat
* Reduced additives

12



I"I Strategies for salt reduction in meat products

..

POTASSIVM
CHLORVDE

Ingredients: 57 % sodium chloride, 28 % potassium
chloride, 12 % magnesium sulphate, 2 % lysine

royc?i;DeC.hFl’Z;ijaellt1c0g?1t5;|ii1cso?ojiizzigz fﬂngcj“kogl.tm?’ﬁ ’ Fl‘avor enhancer OptimiZing phySical fo rm Of Sal-t
Salt substitutes Yeast extracts, Lactates, * Flake-type salt
MSG, nucleotides, dipeptides, * Usingless amount of salt
Bitterness mycoprotein, yeast autolysates  *  Flattened shape, larger surface area

. Loss of saltiness

Increasing protein solubilization
Improve cooking yield
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"” Function of salt and fat in meat products

Emulsified product
(emulsion)

Sausage Bologna
emulsion
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Muscle Protein

Structure of a Skeletal Muscle
Perimysium Blood vessel

Bone

Fascicle

Tendon Epimysium Enddmysium

Clpelical collod-coM rod
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Production of emulsified meat

Youtube (CBS foodtech)
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During chopping meat with salt

Salt (NaCl) — extract salt soluble protein (myosin) from muscle fiber

17
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Emulsion system in meat
sausage

Factor affecting meat
emulsion stability

- Amount and type of
salt soluble protein

- Meat temperature
keep it lower than <20 °C

to prevent fat melting

(defect — fat pocket at
surface of product)
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"I Strategies for salt reduction in meat products
High pressure process (HPP)

2% salt 1% salt 1% salt + HPP
Use of high-pressure processing to develop low (200 MPa 4 min)

Fig. 1: Effects of HPP on colour of raw meat !

sodium frankfurters (Bolumar et al., 2020)

* induces the change of the myofibrillar proteins

B e Q10000 ) 2000 ) 3000 ) 4000 ) 5000 ) G000 2 along with an increase in the dispersion of
https://www.newfoodmagazine.com/news/25341/fresh-high- sodium ions

pressure-meat-sausages/ . .
* |ncrease protein extraction

* Non-thermal process * Protein gelation holding the water inside

* Cold pasteurization
e 100-900 MPa 19



Food Focus Thailand
Feb, 2022
Vol 17 No 191

inalulaginisuusguaain
lwaanms'[umaaTuwamnmmuaé’muUssu

waarcutitiodosissy Tdir 1dnsan 1ow wAou ia:
fulatn iluarmsAldSuAUTELREOUELNCUNSUSInA
iuduadudaidas Tumswanwaadaurinérd
“ndo” TusUfoideunanlsd (Sodium Chicride) 1Ju
dsuusznounmisiddcylumswaa Hiluibend
TRsamaimiu dioamuddcydoinalufadnmswan
fooaun:dreiiawnsnadalusaulufousoaasnn
ndundodadld Bi0anuddadodnuauadodudava)
nguwanrcunlansondUaduraou

sthalelony duimruiddinmatnaemeii oo
Targeinsiefuthusoroamm sottdummdodumnin
TamluiRncrnideds (NCOs) shran Wit Tan mnfulafing lamveon-
Reaale wlalrnla Teoludaqiullsrnarwis aulnefiBan
mniFloanReiedunnd 8-11 nfu Idfsess 20 senfhnoande
fldrwnnmAlonadadasfidednful g filadeladon
pralaihafnodigr sy Wdnrenaszwaeu fihTnasrdegsta
1540 nfa Tusnusiissnrreurallanue s adadenmlrzm
F WinaamAbhronnnibandowiedndkiis 1 favn
vite 5 e e el 2,000 Dednfusaiudedrasnn
sl Wiauodureiramy

A/'@hunun\-m' eanigws Ry

Assistant Professor Kanithaporn Vangnal, Ph.D.
Department of Food Scence and Technology
Faculty of Agro-Indusiry. Kaselsart University
kanthapom v@ku

wion Suwiing
Swnm Jantapirak

of Food sing and
wmm of Food and Product Dex
Kasetsart University

suveena |@ku th

winilyadnefunubanrz i dusingrrmenonuulnl
Fivamn unoinsnmamnilnandelndon taiudenimmesss
g mnand AR niuﬁr.ﬁ{daﬁn'i.r.lmﬂsniuwfﬁ Tnefids
anarerafimsuesearemranudnius A uiimneueiinde
Filawneyaradnes wewfouplivonnngnunadduanings
de ez WEndurdsnnrdnditesnbidan um
Al anmncandeiieon: viame e maumuinie (Sax Raplacer)
wu Dwre@umnseled e Seaaonom wielnFusunnem Ry
FEmrveatazemosainclFnlusdniadd wimnldss
vominiedand i finnann sefwssemaniarsedifaizned
oy raan v redbon dedeniensroes e lnnTaen

soqaiinmasseliieelulsdn el Wedtedann
shmtnafidedviulspTodoai tnedlnvmlszgnifdyalulsd
ALY (High Pressura Process) LAXERRATIT WA (Ultasound
Process) RoMsurmudmecsiac Ao AT A At
st idnRelmFuamnoalng

1. maldmalulsiiausugehsiudedmiudsninfsush
nrairgewnsiounc g udunalula@ia e ey
(Non-Thermal Process) witdramudugendteamuiuyssennce
sz 100-000 MPa gruwgidies Truaodndun Widahar
Aeqdeaitiiiolfe ey ghaifiioiruanim i il
nEnAuemsiimanlsendn Guliling uasfoniou el
ni unsdedude Gaenlishumatarate fudunrmbde
FaEnomestee lraunai (Cold Prsteurizaton) uanm i W
prrmidursinlenos 200 MPs Frian s snosds iy
Tudnaesnmdnsinsusidededadp o nmendo
ndmisradnadeduiansAnrensdaa decnrdo
Hudnitdady lunsaillsBulslot Daso ot leseain
e W rrenildediusncmigu s
annzas Bl 200 MPa i dedn R Suiagiv i afe
mM1mwfm;4qwwnlmﬁnhﬁn‘bubﬂmn'ﬂurh
T walidedudaitinfin: l"u‘uf]ni‘vi‘u’m’.ﬁa »indto
athednsu (nwdt 1) eilddasnernmadug i Sued 1
nﬁnn’mﬂﬁwm.anulrHﬂhh]ﬁulu?mﬁnu H'n.vfu e

2 loed

nnrzsnsenlrifmilesen S e}

SMART PRODUCTION

TodushiFasdinndent (Cuing) nf.«nﬁxﬁuimiuh{ﬂmhdaﬂ\:
sk Mol iy usssiteuneu Tnenssdomrmudssdiatl
Gammiaruelacleraialusdulilendiiaend laudavrimnin
Fuasfarsviniiusahasiuiely flbsndunedoiuade
m'lm:'nu'n#\.(smrgo Effect) (0 2)
rastutusnarniad i ubadetain iy Wives
v AL TR oo delufefnanRoodme e
Fadatoun doi W BaenilaFunsnadnfomigmin i e
1-2% san T Walilsldareoudesidadniad m‘eqi\m‘!ﬁ
vuFrfuamureirdugs desonlisnmimeghid
avrsuvkssalafeegiuidlf Seadedmsdiadumelulsd
Eu vt e eaadon vlensWeanui dud FelEsinton!
defrdiarplannions s miRueUseassrefiilon Gcus

¥

1BNTTEBE ! Refernnons

Bowrar, T, V. Crien, KK fak K. Agarove, A Sikes. C. Guyon, A-S. Stibiar. M.
e Lambaleds, C.Heriel and DA Briggemann. 2020, Cragter 0 - highprossies
POCESEND (HPP] of weal Crodscts: et 00 GUaNly srd appicaions. p 221-244

I 4 3aroe. 60 3, 608 Precant 6nd VIR Of NEA-Eressere prooassing. EReter,
Gomez-Saazsr, JA Galar-havino, A Loreno, J M, énd S053-Morses, LE
2021 Ulrasound stlect ar sat recuction n meat products: & eview. Corrent
Cpinkar in Foos Sceace. 34 71-74,

Turiusnaadnioundedn It s e desendvmnafnlnme
snslmdou Tsdumsbmsmidschuaidaneos iy
Inu!-uw‘nnwﬂiﬁﬂqr.luu’i{;ﬂ-n'.’ﬁ‘.l Dedutase
WnrentefonunTauguiing ik esa-Aundelu e
atnlsfrmmmmaunessFunmoiuduide iy wndnald
rrmfugaivlierssarminWeiefudiliassn@ull mil
desnranronfuresfuiine 1§

19 salt 1% salt + HPP
(200 MPa & min)
Bakemar ot . 2027)

Figues 1 Usa of Pign prisssurs procassing 10 devenos low sodiu frenkfurtins
(Betumar ot &, 2020)

2 l-.\ﬂimn'\uhGn’nmwm-;un’d'm)’mduinSulhgll
{niAsum u}mv.nfu'hir':'Ha:uhucwﬂquﬁu’vﬁ*%m,m’
Vi s 20 Alndin dmdumaluladflTdmmdou kol
Jnmi‘1ulxm.":'h.mnfnu'n'uu&nni!ﬁmsﬁﬂe&x‘.’\dvu

" 1001 ENTERPRISE S
oo Lugraehen inanvaer b A
)('A
1 Mik atematives  w
W e greot te have cholcas of

FAZERMILLS . n
NN NEXUSGE Mg fomour

2 Probiotic

“The Simple ways" to
Start the year off right
Start with Wellness Food gy

4 Monk Frut

e

Eatre uhn-n-ov.-\-m.‘ p

arred or Torn Cokoten

WO NPUENCe I Blood sUPor level

S0t boste. Hgh Sweatress, High Sokbility i woter (08
T o 28 13250

R e e
v’ i o B

20



"” Reduced-fat meat products

Modification of Processed Meat Products

=  Total Fat
= 1 SFA

= |, MUFA

= | PUFA

= /N CVD Risk

Regular Meat
Products

Rich in MUFA | Fat Substitution
= Canola oil
= Qlive oil
= Tiger Nut oil g ~—ry

Rich in PUFA -
= Grapeseed oil »

Replace animal fat with vegetable oils
* Sunflower oil 1 l.

+ suniower N - * Increase PUFAs // Decrease SFAs
- . Limitation >> Lipid oxidation

o : e Limiting the shelf life and quality
aspects

. Dispersed Phase

= | Total Fat

= | SFA

= P MUFA

= 1 PUFA

= /M Omega-3 FA
= | CVD Risk

Reformulated
Meat
Products

21




"” Reduced-fat meat products

Cellulose fiber to stabilize meat emulsion system

"

Homogeneous
R

process

Homogeneous
>

process

Food Hydrocolloids

Volume 87, February 2019, Pages 83-89

ELSEVIER

Effect of regenerated cellulose fiber on the
properties and microstructure of emulsion model
system from meat batters

Yinyu Zhao, Qin Hou, Sengmin Cao, Yan Wang, Guanghong Zhou, Wangang Zhang & &

S e ] Oil droplets
R 0‘ ° °
N . j ® o o
Myofibrillar
Protein
Regenerated

Cellulose Fiber

(Zhao et al., 2019), Food Hydrocolloids &7



"” Reduced-fat meat products

Novel gel protein complex to ) e (i

isolate

(24%) (15%) (2%)
stabilize meat emulsion system  ~_ | — =
(mmmh) Curing
~— Emulsification +— "'!F"’:e"sand
Water addition
(500 rpm, 5 mL/s)
. Stuffing
Pea protein - agar gel complex L
- . i ‘ i, = ] (25009, 1532'.}
. ‘ _ . s iovs'™s
o (1100 rpm, 3 min) Heat
Jacuum 0% 30 min)
Storage
Cooling (4°C)
(25°c)
Gelation [
(4°C, 24 h) | ©
1 &
,,,,, ' /4 4 ' ) | - A
C G30 G70 G100
Preparation of PAG Production of model meat batters

Fig. 1. Process flow diagrams for PAG and meat batters including the experimental design.

(Ozturk-Kerimoglu et al., 2021), Food Structure 29
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Starch N\ | /

° . ° \ ’
Beneficial properties
Swelling, gelation, gelatinization
Modified starch have been widely use in food
industrial

Maize

‘. Other
Barley cereals

An
Ao

Native starch:

High availability and low cost, consumer
demand and market trend towards ‘clean label’

E{HM

Utilization
* Emulsion stability agent
* Freeze-thaw agent



Initial Quality

Using rice native starch to produce frozen reduced fat sausage

Control Rice Starch 3% Rice Starch 6% Rice Starch 9%  Waxy Starch 3% Waxy Starch 6%

Reduced-fat chicken sausage with native starch incorporation

Kosim, Rumpagaporn and Vangnai* (2025)




Why rice starch should work ???

1. Small granules size !

Col ) V¥ o P e I* Gy AUBIRLPS RS 06 —
| LYV e ?3 1 . 0o ¢ o P "?‘V*’ jn.‘*v ‘v"j 57 e |
.') %3 W s Q C ‘, | e HA . \?‘\‘ &\\, > - ’ ) ‘

Ric? 2-8 uym 3) Wheat 3-40 pm M@lze 15-25 pm aTQNQCaﬂ 5-3QW ,Potato 10- 83 Hm..

2. Low gelatinization temperature (F)

55 C 60 C 68 C 80 C
TiE)
132F TMOF T 158F 176
Potato Rice Tapioca Wheat
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"II PhOSphate Increase water holding capacity

Single sarcomere Single sarcomere

- \
myosin |

actin myosin Cross-link of actin and actin

mvosin
Tan et al In South African Journal of Animal Science (2018)

 Chloride ions bond to the actin fillaments and expand the filament matrix
- more water could retain in the meat matrix

* Negative charge of phosphate strong bound with Ca?*and Mg?* in actin and myosin molecules
27



Meat Enhancement of salt and phosphate

Water Water
Salt Salt

Phosphate

28



"I Phosphate

Non-clean label Alternative natural

ingredient in N
— — — — - Pea ol e,

O O O ’ | Lilre
d o "

e~ ANAT ANAT N ol R :

O \ _O \ O \ O — ey f:"t‘( £
e O O_ O- 1 L 5 @'r ,"? “Solate

~ \-1\

Sodium tripolyphosphate
(STPP)
* Unmodified natural
starch
* Fruitfiber
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Carbohydrate-based ingredient

Undesirable appearance
Fibrous appearance
Gel pocket (tiger stripes)

*Adding amounts and process
need to be optimized

33



Citrus Fibre

...a natural, clean label solution

Citri-Fi® is a unique all natural Citrus Fibre

produced from Orange Pulp or peel without the use
of any chemical processing aids.

The patented process gives an holistic structure that can bind and
hold both water and fat to improve your product and reduce your
costs.

== Best Natural/Organic Winner
“* 2015, Europe Innovation Awards

Fropal rvgerondstwvtn
[ I =X

IHROATIOMN
AWARTS

> _H}b 'd I
=) idc€a
food ingredients

Meat
Reduced fat meatballs and other processed meat products. Phosphate free brine injection
and tumbling. Stabilisation of marinades with or without oil. Gluten free binding systems for

raw comminuted meat products like burgers and sausage to bind water and fat during shelf life
and cooking. Creates stable fat or oil emulsions for adding to meat products.

34



Safety « Sustainability

35



Processed meat and risk of cancers International Agency

Research on Cancer

V@ World Health

&3 Organization
GROUP 1 Causes cancer NS Urg

IARC CARCINOGENIC
CLASSIFICATION GROUPS

Processed meats
have been given
Group 1 classification

D)
N INCLUDES %

Bacon
& Salami '

Sausages and
hot dogs

Causes
cancer

Probably
vcen GROUP 2 probably cause cancer

VI Heterocyclic amine
(HCASs)

T

)

e

Red meats
have been given
Group 2A classification

Pork Beef Lamb

-

(Does not include
chicken or fish)

GROUP Probably
not a cause
of cancer

4

1 Polycyclic aromatic

hydrocarbons (PAHS)

36
Source IARC (2015)



Food Consumption Data of Thailand (2016)

» Cured meat consumption levels
Body weight of consumers

Unit: g/day -
m 2006 >
B 2016 =

78 — 88 70 = 176 76 —> 78

97.5 =» 132 84 =—» 176 76 =» 52 100.5 =—» 85

108.7 — 88 96 — 88 76 = 52 83.8 = 50




"II Safety concern of using nitrite
In food

g

ResidWe
body

e +
mine

Nitrite + amine—> Nitrosamines

CER
BN
In our —> Nitrosamines

38



I"I Curing agent (Nitrite)

Safety
iInhibit Clostridium Botulinum

Produce pink color
Interact with myoglobin

Unique flavor “cured flavor”

Antioxidants inhibit lipid
oxidation

39



MYOGLOBIN Nitrite

hitp //meat tamu.edu/color htmi ‘

fNitric oxide (NO)

Nitrosylhemochrome

Heme pigme

., Stable pink cured color


http://www.google.co.th/url?sa=i&source=images&cd=&cad=rja&docid=g02GxiFwnE-5tM&tbnid=J2w5812laygpEM:&ved=0CAgQjRwwADg4&url=http://www.andreagaddini.it/qualitacarne_en.html&ei=CjUjUp7NKJHprQe44YGYAw&psig=AFQjCNGOWAexxhCepuXfgFeBBO7Eu_OhGw&ust=1378125450741866

"II Nitrite and Nitrate

Non-clean label Alternative natural
ingredient ingredient
5 38
E
Na
. - o
N s
IG‘ 0]

* Celerypowder Nitrate
* Celeryextract + reducing
e Seasalt bacteria

Nitrate reductase
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‘ll J)

> Veg-Cure 508

Natural Celery-Derived Nitrite Cure

Ingredients

Ground Products

Whole Muscle

Cultured Celery

Powder (Natural
Flavors), Sea Salt,
Silicone Dioxide (to

prevent caking)

Use 0.25-0.50% by
the weight of the
meat

Use 0.25-0.50% by
the weight of the
meat

This product has
been manufactured to
replace synthetically
produced nitrites for
the purpose of
curing meat.

APPLEGATE
naturals

Veg-Cure 508 as of 7/1/20 replaces Veg-Cure 504. The 508 is double the strength of the previous 504,
thus, only half the previous ratio is recommended. It is extremely hydroscopic, and to prevent clumping we

recommend that you either use this container all at once, or make sure to immedietly put the cap back UNCURED
on tight when you are finished. REDUCED SODIUM
net wt. ( ) SUNDAY BACON"
NOT PRESIRVED « KEEP REFRIGERATED BELOW 40°F AT ALL TIMES
LOT #: Mfg. Date: Ex. Date:

NO NITRITES OR NITRATES ADD_ED_' ;
e

NO ANTIBIOTICS USED
GLUT!N 6 CASEIN FREE

. 'ﬁ‘.u

NET WL 8 0 (2259)

e Cultured celery powder
* Seasalt

Processors are exploring "natural curing;” products that are inherently
sources of nitrites and nitrates. Celery powder eliminates the need for
artificial curing agents.

42



The Limitation of Nitrite in Cured meat products

INGEINGMIUHIIERSH ZoNY/RY

The Notification of Ministry of Public Health No0.281 (2004) General Standard of Food Additives (GSFA)

v CODEX ALIMENTARIUS
INTERNATIONAL FOOD STANDARDS E:EE%;:',*:':'}Z‘::;‘{:::" (‘&) &Z’;ﬂiggﬁgﬂ

| | |
Res I d u al n Itrlte < 80 m lk = meemens
| CODEX STAN 192-1995
Adopted in 1995. Revision 1997, 1999, 2001, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010,
2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019

The Notification of Ministry of Public Health No.418 (2020) Source: htosanwwe fa6.0rg/fao0-who-codexalimentarivs/sh-

proxy/en/?Ink=1&url=https%253A%252F %252Fworkspace.fao.org%252F sites%252F code
x%252F Standards%252FCXS%2B192-1995%252FCXS_192e.pdf

* : e
Residual nitrite level depends on several factors

such as raw material, cooking process, storage condition.

Source : Ministry of Public Health (2020) 43 n



Total risk from cured meat consumption

Table 4 The total percentage of hazard quotients (HQs) for nitrite from cured meat products consumption in current and previous studies (Per Capita)

HQs (% of ADI)
Consumer Region References

Current study 16.9 119.0 I Thailand (our study)
Thailand 12.6 42.5 (Benjapong et al., 2011)
Children Estonia 22.7 N/A (Elias et al., 2020)
Brunei Darussalam 94.8 N/A (Abd Hamid et al., 2020)
Sweden 48.6 90.0 (Larsson, 2011)
Current study 2.2 21.1 Current study
Thailand 1.2 12.2 (Benjapong et al., 2011)
Austria 48.0 93.2 (Vlachou et al., 2020)
Fiji 357.0 429.0 (Chetty et al., 2019)

Fiji’s nitrite concentration was 110-164 mg/kg in chicken sausage

@ Risk < 100% = Safe @ Risk 2 100% = Dangerous



(/} Residual nitrite in cured meat products

'z Children highly expose to nitrite

71N _ high consumption level
- low body weight




How are nitrosamines formed in foods ?

Wl ™~ 4o
R1/ \ 'H + Nitrosating Agent L 5
R2 | R\ /R
) N
Secondary amine Nitrite, nitric oxide (""\*
~ N
\N

Sodium nitrite
curing agent

Contaminated nitrite
and nitrate

 Feed

« Water, ice in slaughtering process and
further processing

* Ingredients and additives: salt, spice

Uncured cooked meat products

48



- Official Journal EN
of the European Union L series

2024/1225 252024

COMMISSION DECISION (EU) 2024]1225
of 30 April 2024

concerning national provisions notified by Denmark on the addition of nitrite to certain meat
products

Scientific Evidence on Nitrosamines and Cancer Risk (EFSA, 2024)

Aspect Scientific Evidence

Main target organ Liver (primary), also stomach, esophagus, pancreas, bladder, kidney, lung, colon, brain
Mechanism Metabolic activation - DNA alkylation -+ mutations - cancer

Genotoxicity Strong; even low chronic exposure can increase risk

MOE threshold MOE <10,000 = health concern (EFSA, 2024)

Regulatory focus Limit nitrosamine precursors (nitrite/nitrate), lower exposure, enhance monitoring
NMDMA Toxicity and Most toxic nitrosamine; strong genotoxic and carcinogenic effects, especially in the
Cancer Types liver (hepatocellular carcinomal; also linked to stomach, esophagus, pancreas, kidney,

bladder cancers
49



EU maximum nitrite limits for meat products (effective October 2025)

Product category Maximum added nitrite (mg/kg) Maximum residual nitrite in
(as nitrite ions) finished product (mg/kg)
(as nitrite ions)
Non-heat-treated 80 45
(119 mg/kg sodium nitrite)
Sterilized meat products 55 25
(canned meat) (82 mg/kg sodium nitrite)
General heat-treated 80 50
cured meat (119 mg/kg sodium nitrite)

Usen1AnNsensae 418 (2563)

(sausage, ham, bacon) . 4
N1UUAN 80 me/kg

Traditional cured meat 100 65-105
(salami, dry cured ham)

Commission Regulation (EU) 2023/2108
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MECHANISM OF PAHs IN FOOD

Mechanism |l Britt et al. (2002)
Mechanism |

Viegas et al. (2014) HC=0 OH
H——OH H
HO—}—H H 800°C
-0
——on + oy EEp oH mm) PAHs
H——OH OH
CH,OH OH

1-[(2’-Carboxy)pyrrolidinyl]-
1-deoxy-D-fructose

Maillard reaction Proline Amadori compound

D-Glucose Proline

Mechanism |l Minet al. (2018)

Oxidation cyclization

( i Reactive product Cyclic ‘
g ‘ (ex. Hydroperoxide radical) ‘ compound PAHS
Polyunsaturated DielsAld
: iels-Alder
Fatty acid condensation polymerization

(PUFA) - Higher PAHs
‘ Cyelic compound ‘ molegcularweight



MARINATION INGREDIENTS

Palm-oil marinade Citric acid Diallyl disulfide (DADS)
Sunflower-oil marinade * Acid marinade « 100 ppm

« Double-acid marinade « 500 ppm

Sodium bicarbonate Quercetin

- Base marinade « 100 ppm

* Double-base marinade « 500 ppm



Effect of pH value of marinades on the formation of PAHs in grilled chicken breast

PAH4, PAH16 2000

_ m PAH4
conf:entratlon N 1800 m PAH16
of d!ﬁerence 2 1600
marinated 2 1400 PAH4: BaA, Chry, BkF and BaP
meat samples s PAH16: 16 PAHs
= 1200
1000
(&)
§ 800 683.2b
% 400
200 146 2 163 1 149.0 146.3
: mll | =
Control Af,:ld Double Acid Base Double Base
marinade marinade marinade marinade marinade
pHof marnade 535 4.37 3.62 7.14 7.50

Wongmaneepratip and Vangnai* (2017) Effect of oil types and pH on carcinogenic polycyclic aromatic hydrocarbons
(PAHSs) in grilled chicken. Food Control 79, 119-125. %



57



Effect of addition antioxidants in marinades on the formation of PAHs in grilled pork

1400
1173.4d W PAH4

1200 = PAH16
2
5 1000 878.5¢
s
= 800
£ 85% red. |
o 500 504.4b 508.5b . . .
g 79% red ' Diallyl disulfide (D)
o . . .
@ 400 | 3185 * Richingarlic
= 251.6 2434a 100 and 500 ppm

200 I s 100.7 124.5 Quercetin (Q)

0 m | ] - e Richinonions

Control D-100 D-500 Q-100 Q-500 * 100 and 500 ppm
marinade marinade marinade marinade marinade

Figure. PAH4, PAH16 concentration of difference marinated meat samples

Wongmaneepratip, Na Jom and Vangnai* (2019) Inhibitory effects of dietary antioxidants on the formation of
carcinogenic PAHs in grilled pork. Asian-Australasian Journal of Animal Science 32(8): 1205-1210.
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Precision safety

Kaempferol Quercetin Morin Myricetin Taxifolin Rutin

OH

OH
Hi OH OH @
OH HO o
& OH
HO 0 HO o k. c i,
HO 0. ¥ OH
- OH C (1]
'
: OH O |
OH OH

OH O o 0 OH O p. =
( o 0
OH
CH; |
OH

Flavonol Flavonol Flavonol Flavanonol Ol OH OH
Flavonol glycoside

OH

%
HO 0 -
O
OH

OH O

Flavonol

Total PAH
reduction

21% 18% 56% 72% 30% 33%

*  Multiple hydroxyl groups on the B-ring

« Position of hydroxyl group :: meta position >> ortho position

« 2,3-double bond in conjunction with a 4-keto moiety on the C-ring

« Absence of a glycoside group on the C ring

« ABTS assay proved most effective in demonstrating the PAH inhibition

Flavonoids « Applied as the guideline to select natural antioxidants to reduce PAHs

Hunyh, Wongmaneepratip, and Vangnai* (2024). Relationship between flavonoid chemical structures and their antioxidant
capacity in preventing PAH formation in heated meat model system. Foods 32(8): 1205-1210.



Uuv-C

SMOKED SAUSAGE

_ a

° 17%
58 ab 34%
X7 .
gs ] bc 43%
'%5 | cd 530&
o 4 -
[&]
23 1
I
<2

1 -

0 T T 1

0 1 5 10 30

UV exposure time (min)

ad Mean values with different subscripts indicate a significant difference (p<0.05).
% Reduction as compare to control sample.

Figure Changes of PAH16 in UV-C treated and untreated smoked sausage.
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 Sustainability

» Safety

Healthy
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Ingredients:
Grass-fed beef.

@MeowMeix

Ingredients:

Black beans, quinoa,
onion, flaxseed,
olive oil & sea salt.

Ingredients:

Pea protein isolate, canola oil,
coconut oil, water, yeast extract,
maltodextrin, natural flavors,
gum arabic, sunflower oil, salt,
succinic acid, acetic acid,
non-GMO modified food starch,
cellulose from bamboo,
methylcellulose, potato starch,
beet juice extract, ascorbic acid,
, annatto extract , citrus fruit
extract, vegetable glycerin.

https://www.fitplatenutrition.com
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Burger Nutrition Comparison

o
@PAHHS

Nutrition Ground beef Beyond Impossible  Morning Star Boca
information ~ 80% lean, 20% fat Burger Burger Black Bean Burger
serving size (100 grams) (113 grams) (113 grams) (67 grams) (71 grams)
Calories 270 calories 290 calories 240 calories 110 calories 100 calories
Saturated Fat 6.79 5¢9 8¢ 0.5g 19
Protein 269 20g 199 9g 139
Sodium 75mg 450mg 370mg 320mg 350mg

Image courtesy of AARP.
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R
P L
Food Chemistry CHEMETRY
Volume 445, 1 July 2024, 138705

Maillard reaction products and metabolite
profile of plant-based meat burgers
compared with traditional meat burgers and
cooking-induced alterations

Banny Silva Barbosa Correia %, Saren Drud-Heydary Nielsen ®, Johanna Jorkowski °,

Louise Margrethe Arildsen Jakobsen 9, Christian Zacherl ®, Hanne Christine Bertram @ & &

Metabolites

Reaction
Sy S products

%
L3y, Pg,
1‘/; 7,

Acrylamide

0

0
JHZN/M\%7CH2
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Antinutrients

******

reduces bio-availability digestibility _absorption of nutrient
availability, of amino acids vitamin A, E and absorption
causes iron and lipids

zinc deficiency
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THANK YOU

Asst.Prof.Dr. Kanithaporn
Vangnai

Department of Food Science and Technology,
Faculty of Agro-Industry
Kasetsart University

Email: kanithaporn.v@ku.th

KU

KASETSART
UNIVERSITY

68



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 68



