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A New Paradigm of MEAT 
for Nutrition, and Sustainability
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Healthy Safety  Sustainability
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Fat 
(g/100g)

Sodium 
(mg/100g)

Sugar
(g/100g)

Singapore
Total fat

< 10 < 450 -

Choice 
International 
Foundation

Saturated fat
< 5.0

Trans fat 
< 0.1

< 450 < 2.5

Survey 
products 
(average)

Total Fat
Approx. 20 Approx. 680 -

Healthy guideline for processed meat (sausage products)
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Healthier and Cleaner Meat Products
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• Reduced sodium
• Reduced fat
• Reduced additives



Strategies for salt reduction in meat products

Salt substitutes
• Bitterness
• Loss of saltiness

Flavor enhancer
Yeast extracts, Lactates, 
MSG, nucleotides, dipeptides, 
mycoprotein, yeast autolysates

Optimizing physical form of salt   
• Flake-type salt 
• Using less amount of salt 
• Flattened shape, larger surface area 
• Increasing protein solubilization
• Improve cooking yield
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Function of salt and fat in meat products 

Emulsified product 
(emulsion)

Sausage 
emulsion

Bologna
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Muscle Protein
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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
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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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Strategies for salt reduction in meat products

High pressure process (HPP)

• Non-thermal process
• Cold pasteurization
• 100-900 MPa

• induces the change of the myofibrillar proteins 
along with an increase in the dispersion of 
sodium ions

• Increase protein extraction
• Protein gelation holding the water inside  

https://www.newfoodmagazine.com/news/25341/fresh-high-
pressure-meat-sausages/

Use of high-pressure processing to develop low 
sodium frankfurters (Bolumar et al., 2020)
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Reduced-fat meat products 

Replace animal fat with vegetable oils
• Increase PUFAs // Decrease SFAs
• Limitation >> Lipid oxidation 
• Limiting the shelf life and quality 

aspects



Reduced-fat meat products 

Cellulose fiber to stabilize meat emulsion system

(Zhao et al., 2019), Food Hydrocolloids 8722



Novel gel protein complex to 
stabilize meat emulsion system

(Ozturk-Kerimoglu et al., 2021), Food Structure 29

Pea protein - agar gel complex

Reduced-fat meat products 
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Starch

Beneficial properties
Swelling, gelation, gelatinization

Utilization
• Emulsion stability agent
• Freeze-thaw agent

Native starch:

Modified starch have been widely use in food  
industrial

24

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

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

Reduced-fat chicken sausage with native starch incorporation

Using rice native starch to produce frozen reduced fat sausage

Kosim, Rumpagaporn and Vangnai* (2025)



Why rice starch should work ???

Rice

55 C 60 C 68 C 75 C 80 C
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Phosphate
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Cl-

Cl- PO4
3-

PO4
3-

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

• Chloride ions bond to the actin filaments and expand the filament matrix
→ more water could retain in the meat matrix

• Negative charge of phosphate strong bound with Ca2+ and Mg2+ in actin and myosin molecules

Increase water holding capacity
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Meat Enhancement of salt and phosphate

Water
Salt
Phosphate

Water
Salt



Phosphate

Non-clean label 
ingredient

Alternative natural 
ingredient

• Unmodified natural 
starch

• Fruit fiber 

Sodium tripolyphosphate 
(STPP)
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Carbohydrate-based ingredient

Undesirable appearance
Fibrous appearance
Gel pocket (tiger stripes)

*Adding amounts and process
need to be optimized  
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Healthy Safety  Sustainability
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Processed meat and risk of cancers

G R O U P  1  C a u s e s  c a n c e r

 Polycyclic aromatic 
hydrocarbons (PAHs)

 Heterocyclic amine
(HCAs)

 Nitrosamine

G R O U P  2  p r o b a b l y  c a u s e  c a n c e r

36
Source IARC (2015) 



Food Consumption Data of Thailand (2016)

▪ Cured meat consumption levels

▪ Body weight of consumers

10

67       50

83.8 50

Cured meat Consumption (P97.5 of Eaters) 

78        88

97.5 132

108.7 88

70        176

84 176

96        88

76       78

76       52

76       52

100.5  85

Unit: g/day

3-6

18-35

65+

2006

2016

37



Safety concern of using nitrite  

Residual nitrite 

Nitrite + amine Nitrosamines 

Nitrite + 
amine

Nitrosamines 

In food

In our body
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Curing agent (Nitrite) 

• Safety 
      inhibit Clostridium Botulinum

• Produce pink color
      interact with myoglobin

• Unique flavor  “cured flavor” 
      
• Antioxidants   inhibit lipid 

oxidation  
      39



http://www.andreagaddini.it/myoglobin.jpg

MYOGLOBIN Nitrite   

Nitric oxide (NO)    

Nitric oxide 
myoglobin    

Nitrosylhemochrome    

Stable pink cured color 
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Nitrite and Nitrate

Non-clean label 
ingredient

Alternative natural 
ingredient

• Celery powder
• Celery extract     +
• Sea salt
 

Nitrate 
reducing 
bacteria

Nitrate reductase41



• Cultured celery powder
• Sea salt 
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The Limitation of Nitrite in Cured meat products

Source: http://www.fao.org/fao-who-codexalimentarius/sh-

proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcode

x%252FStandards%252FCXS%2B192-1995%252FCXS_192e.pdf

The Notification of Ministry of Public Health No.281 (2004)

Ingoing nitrite ≤ 125 mg/kg 

The Notification of Ministry of Public Health No.418 (2020)

Residual nitrite ≤ 80 mg/kg 

General Standard of Food Additives (GSFA)

*Residual nitrite level depends on several factors

  such as raw material, cooking process, storage condition.

Source : Ministry of Public Health (2020)
1143



Risk ≥ 100% = DangerousRisk < 100% = Safe
28

Total risk from cured meat consumption

Consumer Region
HQs (% of ADI)

References
Mean exposure High exposure

Children

Current study 16.9 119.0 Thailand (our study)

Thailand 12.6 42.5 (Benjapong et al., 2011)

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)

Adults
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)

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

Fiji’s nitrite concentration was 110-164 mg/kg in chicken sausage 
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Residual nitrite in cured meat products

Children highly expose to nitrite
– high consumption level
– low body weight

2947



Nitrosating Agent+

Secondary amine Nitrosamines

How are nitrosamines formed in foods ?

Nitrite, nitric oxide

Sodium nitrite
curing agent

Contaminated nitrite 

and nitrate

• Feed 

• Water, ice in slaughtering process and 

further processing

• Ingredients and additives: salt, spice 

Cured meat 

Uncured cooked meat products
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Scientific Evidence on Nitrosamines and Cancer Risk (EFSA, 2024)
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EU maximum nitrite limits for meat products (effective October 2025)

Product category Maximum added nitrite (mg/kg) 
(as nitrite ions)

Maximum residual nitrite in 
finished product (mg/kg) 

(as nitrite ions)

Non-heat-treated 80
(119 mg/kg sodium nitrite)

45

Sterilized meat products 
(canned meat)

55
(82 mg/kg sodium nitrite)

25

General heat-treated 
cured meat 
(sausage, ham, bacon)

80
(119 mg/kg sodium nitrite)

50

Traditional cured meat 
(salami, dry cured ham)

100 65-105

Commission Regulation (EU) 2023/2108

ประกาศกระทรวง 418 (2563) 
ก าหนดที่ 80 mg/kg



POLYCYCLICAROMATIC

HYDROCARBONS 

(PAHs) 
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MECHANISM OF PAHs IN FOOD

Mechanism  I 
Viegas et al. (2014)

Mechanism  II Britt et al. (2002)

Mechanism  III Min et al. (2018)

+ PAHs

Maillard reaction

800oC

Polyunsaturated

Fatty acid

(PUFA)

Oxidation

Reactive product
(ex. Hydroperoxide radical)

cyclization
Cyclic

compound

Diels-Alder 

condensation

Cyclic compound Higher PAHs 

molecular weight

polymerization

PAHs

Proline Amadori compound



MARINATION INGREDIENTS

Oil types pH values Antioxidants

Palm-oil marinade

Sunflower-oil marinade

Citric acid

• Acid marinade

• Double-acid marinade

Sodium bicarbonate

• Base marinade

• Double-base marinade

Diallyl disulfide (DADS)

• 100 ppm

• 500 ppm

Quercetin

• 100 ppm

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

PAH4: BaA, Chry, BkF and BaP

PAH16: 16 PAHs

146.2a 163.1a 149.0a 146.3a

732.9b
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Double Acid 
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Double Base
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PAH4, PAH16 

concentration 

of difference 

marinated 

meat samples

pH of marinade 5.35 3.624.37 7.14 7.50

Wongmaneepratip and Vangnai* (2017) Effect of oil types and pH on carcinogenic polycyclic aromatic hydrocarbons 
(PAHs) in grilled chicken. Food Control 79, 119-125. 56
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Effect of addition antioxidants in marinades on the formation of PAHs in grilled pork

Figure. PAH4, PAH16 concentration of difference marinated meat samples

85% red.

79% red. Diallyl disulfide (D)
• Rich in garlic
• 100 and 500 ppm
Quercetin (Q)
• Rich in onions
• 100 and 500 ppm

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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Total PAH 
reduction 

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

Precision safety

• 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

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

a-d Mean values with different subscripts indicate a significant difference (p<0.05).

% Reduction as compare to control sample.

a

ab

bc

cd

d

UV-C 

17%

34%

43%

58%

SMOKED SAUSAGE
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Healthy Safety  Sustainability



https://www.fitplatenutrition.com 62
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Antinutrients in plant-based foods
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THANK YOU


	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



