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Acrylamide, a carcinogen in daily life
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Highlights
* Foods are prone to acrylamide formation
* Health and safety concerns

* Reducing acrylamide formation from food processing

Abstract

Acrylamide is a toxic substance that naturally forms during high-temperature cooking
processes such as frying, grilling, roasting, baking, and toasting. Its precursors are asparagine
and reducing sugars through the mechanism of maillard reaction, which are naturally present
in various food ingredients, particularly in potato products and baked goods. The International
agency for research on cancer (IARC) has classified acrylamide as a Group 2A carcinogen,
indicating it is "probably carcinogenic to humans" Toxicity studies in laboratory rats revealed
that acrylamide is neurotoxic, genotoxic, and carcinogenic component. As a result, many
health organizations have raised awareness about the dangers of acrylamide among food
manufacturers and educated the public on cooking and dietary practices that reduce
acrylamide exposure. These efforts include the developing guidelines and establishing

standard limits for acrylamide levels in various foods.

Keywords : acrylamide, carcinogen, food safety, maillard reaction
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Table 1 Acrylamide content of several food products in Thailand'

8-9, 14-15)

Food items

Acrylamide content (ug/kg)

Potato chips
Breakfast cereals
Crackers

Wafer

Cereal cookies
Roast coffee
Instant coffee
Coconut milk curry
Sweet banana crisps
Sweet taro crisps
Sweet taro crisps
Pa Tong Koo
Kanom Kai Hong
Kanom Kong Krang
Kanom Dok Jok
Rice cracker

Chili powder

110-2,676
78
149
206
265
135.56-372.62
298.79-954.47
60-606
11
56
142
104
327
300
90
187
2,179

3. A21UAARIUFUAINLATANUADAAY
(Health concerns and safety)
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anunsanelmiauzseludadls uinansznuse
uywddelddaauiiesarnszdunisduda
Tngyhludindnun WHO léivunsefuans

azasarlusmdufiurasianieadi 0.3-0.8

Y

| [y

lulasnSuseundnga 1 AlanSusedy uin

isumnnindidinualiagsilidianudese
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\dleansozaianludidngsnsnieazgn

AnTNE19590L57 uidusennataanisiiies
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RoanINUgNIIU (genotoxic) waziinuaudmiiu
d15nougLiq (carcinogenic properties) Tu
MUYV Matoso kavamus'® s5y31 113
Sulssmuesiiiinisunteuvesesaiarlud
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4. n1sanozAsanlunlue1n1s (Reducing
acrylamide in food)
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&% [ Yusu
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A.A. 2009 AMENITUNITOINITUALHIUNS
anisolnina (FDA) Iis19tdofmunAeady
USurmezaiarludgegaiiarunsonulaly
HAAAMIAS 9 waglaHgLNTkEINIINITan
Usuuezasarluadmiugaainnssy s9ud9

AdawazkuImlunIsUTIemsharnsuslaa

pMsEMSUATIGEU YonINEAMENTIINENS
Eﬂi‘d (European Commission) bag N LN I
AMUUanf891UITaze (Ministry of Food
and Drug Safety - MFDS) as15au3ginvia 84la
AMUAAINIATFIUYBIENTOZATA IR LD

PANYVUA LEAAIAINITIN 2

Table 2 Benchmark levels for the presence of acrylamide in different foods regulated by the

European Commission and Ministry of Food and Drug Safety (MFDS)

30,41)

Acrylamide content

institution Food items
(ug/kg)

European Commission French fries (ready-to-eat) 500
Potato-based crisps, crackers, and other 750
potato products
Soft bread 50-100
Breakfast cereals 150-300
Biscuits and wafers 350
Crackers (the exception of potato-based) 400
Crispbread 350
Roast coffee 400
Instant (soluble) coffee 850
Coffee substitutes 500-4000
Baby foods (processed cereal-based foods) 40
Biscuits and rusks (for infants and young 150
children)

Ministry of Food and Drug Food labeled for infants and toddlers <300

Safety (MFDS) Cereals <300
Coffee (roasted coffee, instant coffee, <800
prepared coffee)
snack <1,000
French fries (cooked food in food service <1,000
establishments)
Tea (solid tea) <1,000
Cereal products and ready-to-eat foods <1,000

(limited to stir-fried, baked, and fried

products)
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Edible insect proteins: functional properties and food applications
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Highlights
* Edible insect protein extraction
* Functional properties of edible insect proteins

* Application of edible insects and edible insect proteins in food

Abstract

The increase in the world's population corresponds with rising demand for protein,
compounded by natural crises that may render current protein sources insufficient to meet
future needs. As such, edible insects present a viable alternative to address the challenges of
future food insecurity. However, edible insects face limitations regarding their unappealing
appearance. Method of food processing, such as grinding insects into powder or extracting
proteins, mitigate these limitations for food application and utilization. Furthermore, the
functional properties of insect protein directly influence the appearance, taste, texture, and

overall acceptance of products incorporating edible insects among consumers.

Keywords : edible insects, insect proteins, functional properties
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Highlights
* Trend of the clean-label starch market is growing continuously to meet the demands for
sustainable wellness
* Starch modification techniques with blending, physical and enzymatic methods for
innovative clean-label products

* Properties of clean- label starch and applications in several food products

Abstract

The trend of the health food product market is continuously growing. Clean label starch,
starch modified without chemical, is one of the ingredients that play an important role in the
transformation of the food industry. Various starch modifications without chemicals, such as
blending, physical methods (thermal and non-thermal treatment), and enzymatic modification,
provide different starch properties depending on process methods, starch types, and related
factors. Most starch blends have their properties that are non-additive behavior. The thermal
process results in partial gelatinization of starch. The non-thermal process mainly affects the
granular shape and surface area and may change the molecular structure. Enzyme treatment
greatly changes the properties of starch due to hydrolyzed molecular structure. Clean label
starch remains a challenge in applying process innovations in food industry to effectively
produce clean label food products for consumers.

Keywords : clean label starch, starch blends, physical modification, enzymatic modification
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Table 1 Starch blending conditions on properties for food applications

Blends Conditions

Influence on properties Applications

Potato starch /

- Different varieties of potato
Wheat flour™”

starch

Mung bean starch -
blends with

different botanical -
sources (potato,
sweet potato, rice
and sorghum
starches)"™

Different proportions (0, 20,
40, 60, 80, and 100%)
20% starch concentration

Different ratios (100:0, 67:33,
50:50, 33:67, and 0:100)
10% starch concentration

Sweet potato -
starch /
Cassava starch® -

- Potato starch with high Instant noodle
phosphate content improved
textural properties

- Potato starch increased PV, HV  Noodle
and FV

- Blending other starches
decreased storage modulus
(G) and increased tand of
mung bean starch gel

Noodle
(vermicelli)

- PV, BD and PT increased with
cassava starch

- G'25 and G"z5 decreased; similar
tand,s compared to the
predicted values
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Table 1 (continued)

Blends Conditions Influence on properties Applications
Rice starch / - Different ratios (10:0, 9:1, - Blending tapioca starch Frozen
Tapioca starch™ 8:2, 7:3, 6:4, and 5:5) increased gel strength and products

- 5% starch concentration

Different mixture ratios (9:1
to 1:9)

Pea starch / -
Corn starch”

Rice flour / - 30% rice flour

Wheat flour™® - Rice flour with different
amylose contents (2.2, 10.2,
and 17.2%)

freeze-thaw stability

G and G” decreased; tané
increased with blending
tapioca starch

Good mouthfeel with blending
of corn starch
Improving syneresis stability

Pudding, Sauce

Waxy rice flour increased Bread
extensibility of crumb and

retarded retrogradation

Abbreviations : PV, peak viscosity; HV, hot paste viscosity; FV, final viscosity; BD, breakdown; PT, pasting temperature.
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Table 2 Comparison of the effects of nonthermal techniques on starch structures and properties
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(soft gel)'®

(18)

Influence on structures and

properties

Application Comment

Technique Advantages Disadvantages
Micronization - Preserve Temperature
product quality increase

Granule surface became rough and
granules aggregated; molecular chains
- Some methods (e.g. degraded; RC and short-ranged order

- Micronized starch -
could be utilized as a
fat replacer, texture

jet milling) are decreased; improver, and gel
costly and have low  SP, solubility, and digestibility agent
yields increased;

To, Tp, T, and AH decreased;
starches displayed weakened shear-
thinning behavior.

Plasma No chemical Increase the Cracks or holes emerged on the Microbial Research still
residues; oxidation of lipids; granule surface; crystalline type decontamination; in infancy; not
Minimal - Complexity of action unaffected but RC increased or Modification of food applied on the

thermal effects
on product

- Cost-effective

decreased; molecular chains
degraded; short-range order
quality; decreased;

Solubility, SP, and WAI increased;

components; industrial scale.
- Degradation of

agrochemical residues

viscosity decreased; To, Tp, T, AH,
and digestibility increased or
decreased; starch pastes exhibited
soft gel behavior.
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Table 2 (continued)

Influence on structures and

Technique Advantages Disadvantages . Application Comment
properties
High- - Preserve - High equipment cost  Granule morphology and crystalline - Pressurized starches -
pressure product quality; structure unaffected with pressure could be used as fat
- No evident below 500 MPa but destroyed substitutes
toxicity; completely at 600 MPa;
- Short M, reduced while AMC increased;
processing time Under higher pressure, solubility and
SP increased at low temperatures
but reduced at high temperatures;
To, Tp, Te, DH and viscosity
decreased; gelatinization peak
disappeared at 600 MPa; digestibility
either increased or decreased.
Ultrasound Simple and Heat generated may  Granules deformed; pores and cracks Emulsification; -
efficient; cause temperature emerged on the surface; crystalline Formation of starch
Higher product increase; type unchanged but RC reduced; inclusion complex and
yields; Lack of molecular chains degraded with M,, starch-based edible
No residues standardization and reduced but AMC film;
reproducibility increased; - Bioethanol production
Solubility and SP increased; 7o, Tp, Te, from starch
AH
and viscosities (PV, FV, TV, SV, and BV)
decreased; starch pastes exhibited a
more elastic characteristic; digestibility
increased or decreased.
Pulsed Short time; - Not suitable for Granule surface roughened and Modification of starchy Limited studies
electric field No residues; solid products displayed cavities and fissures; foods; and most still

Y- No chemical - May negatively
Irradiation residues; affect the sensory
Low and

temperature; physicochemical

- Energy-saving

High efficiency
- Easy to operate

molecular chains degraded;
To, Tp, Te, AH, and paste viscosity
decreased.

Granules retained original shapes and
integrity, despite some starches
showed fractured and cleaved
granules; crystalline type unaffected
but RC reduced; molecular chains
depolymerized; AMC reduced;
Solubility and digestibility increased;
SP, To, Tp, Te, PV, and SV decreased
in most cases, SP, T,, Tp,, and 7. also
reported to increase.

properties of some
starch- based
foods.

- Inactivation of
microorganisms and

in the

laboratory so

enzymes; far; more
An effective alternative research
for cold pasteurization  needed.

Sterilization and food
preservation;

- Production of
irradiated feed
suitable for poultry
and livestock

Abbreviations

: AMC, amylose content; BV, breakdown viscosity; AH, gelatinization enthalpy change; FV, final

viscosity; My, weight-average molar mass; PV, peak viscosity; RC, relative crystallinity; RDS, rapidly digestible starch;

RS, resistant starch; SDS, slowly digestible starch; SP, swelling power; SV, setback viscosity; T,

concluding

gelatinization temperature; T,, onset gelatinization temperature; T, peak gelatinization temperature; TV, trough

viscosity; WAI, water absorption index
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Mass spectrometry: A key technology in advancing foodomics
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Highlights
* Mass spectrometry (MS) provides a precise and efficient method for identifying the
molecular composition of food
*By applying MS to foodomics, researchers can accurately determine the levels of
metabolites, proteins, and other compounds present in food
* The use of MS in food analysis is essential for advancing food product development and

ensuring food safety

Abstract

Mass spectrometry (MS) has emerged as a powerful technique revolutionizing the field
of food analysis. MS provides unparalleled insights into their chemical composition by
precisely identifying and quantifying molecules within foods. Its versatility makes it invaluable
for various food analysis applications, particularly in foodomics - a discipline integrating food
science, chemistry, and omics to explore the complex chemical makeup of foods and their
relation to quality, health, and safety. MS can accurately identify and quantify metabolites,
proteins, and other compounds in foods, detect contaminants and allergens, and investigate
correlations between food composition and consumer health. Popular techniques include LC-
MS, GC-MS, and MALDI-TOF MS, each suited for analyzing different types of compounds. As a
robust analytical tool, MS is driving research in foodomics. Providing molecular-level insights
into food composition aids in developing high-quality and safe food products and promoting
consumer health. With ongoing advancements, MS is poised to address future food challenges,
such as sustainable food production, developing health-promoting foods, and ensuring rapid

and accurate food quality assessment.

Keywords : mass spectrometry, molecular-level chemical composition analysis of food,

foodomics
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Table 1 Example of food companies utilizing MS in foodomics

MS
Company . Application Food product example Reference
technique
Nestlé LC-MS/MS, Infant nutrition and quality Infant formula (12)
GC-MS assurance
Fonterra RP-HPLC-MS,  Dairy product analysis Infant formula, (13)
LC-MS/MS Milk powder
Carsill IMS Food ingredient quality and Flour, Sweeteners, (14)
authenticity verification Protein, Oil
DuPont LC-MS/MS, Food ingredient innovation Emulsifiers, Enzymes, (15)
GC-MS and analysis Probiotics, Plant-based
proteins
Tate & Lyle LC-MS/MS Sweetener analysis and Low-calorie and zero- (16)
health impact assessment calorie sweeteners
Symrise IRMS Natural ingredient Vanilla extract, Fruit and (17

authenticity verification and

quality management

Vegetable ingredients
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Highlights
* Algae as a sustainable alternative food source
* Algae are highly nutritious

* Algae have great potential in the food and supplement industries

Abstract

The rapidly growing global population has driven an ever-increasing demand for food,
which in turn outstrips the capacity of conventional food production due to constraints in
arable land, resource availability, and environmental impacts. Algae have thus emerged as a
promising alternative food source, offering high-quality protein, lipids, polyunsaturated fatty
acids (PUFAs), vitamins, minerals, and other bioactive compounds in significant quantities.
Broadly, algae can be categorized into macroalgae and microalgae, each possessing distinct
nutritional profiles and avenues for industrial application. Macroalgae, especially seaweed,
traditionally consumed in coastal regions, are well-known for their dietary use, while
microalgae such as Spirulina and Chlorella have seen widespread development for health
supplements and cosmeceuticals. This article provides an overview of both freshwater and
marine algae that are considered edible, highlighting their key nutritional components
particularly essential amino acid-rich proteins, PUFAs, polysaccharides, vitamins, and minerals.
Although industrial-scale cultivation of algae still faces significant challenges such as high
production costs, the need for robust safety standards, and variability in environmental
conditions growing consumer interest in health and environmental sustainability has elevated
algae’s status as a “functional food”. With continued technological innovation, supportive
regulations, and greater consumer acceptance, algae are poised to become an important

component of the global food system in the future.

Keywords : algae, nutritional value, alternative food
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agnelsfniunisnanainsieluszdiy
gravnsudaiianuriimedidndudeddssy
nsudlueghanuzay vadudununisuin
NIIAIUANNINTFIUANUABANY LATAIT
YSuugeaneiugamselvdusednsainnis
KARANIOg 1 et unanadiilingUszasdiio
nuMUBIAANSALIRUA M IeTTUUTENY
16 swiiedrmanudmislavuinsmnaemisi

wuluannse

sueiifdeumunuilon
INTIHITUNITANYINUIT @1NT8
nannuatesiaaiuisatnuuilaala deuans
s1vaztdunlu Table 1 lngamsnensiadadu
ngundnildiuaaudeuvilanuinian
AaegamIensialunguane e wu
Caulerpa (@1%318W39841) Codium Uag
Ulva @sne@uns 1wy Porphyra (@1m3181u3)
Asparagopsis taxiformis, Gracilaria (814378
N1U19) Chondrrus crispus, Palmaria palmata
(Emsenad) mm'w81/1&6114%3'%?%5"18?15’1@%
WU Laminaria (@w31eaeuy) Undaria @131g
NNUE) Wag Macrocystis 1agFURUUNIT
U3laadniluguuuuan ouwis ¥50ned KU
nisugnsetdudiudsznavlueinis’®
UDNIINAINTIENLLALAITINUIT @NUTI8UUIA
Tngiidnteuiuiusinngie faod1agu
Spirogyra (81431810 1%3 LN 1) Microspora,
Rhizoclonium, Cladophora (@wms1aln) Nostoc

(@wselaiin) Nostochopsis (@vsgasu)®”

lurzfiamsierurmaniidnludonndyed
lawn Spirulina (w39 Arthrospira), Chlorella,

112) Fagimny

Haematococcus Way Dunaliella'
TaanuuanarsiuluTundazaiin Ine Spirulina
flusfiugs (avaz 50-70 Tasthwiinuiis) wasd
arssenfaglulalag1iu (phycocyanin) Al
Ad1-813u @a1ms1e Chlorella §U3u1m
aaelsWladas @a1ms1e Dunaliella salina &
Aauatusalunisdaasigviansdlungy
walsfussRunduildynelian1izuindon
ffanuAngs uenaanislfidueimsuas
9IS U ansainIInaIns1edagniily
Tdlugnainnssuvdmunuaslayuindey
(pharmaceuticals and nutraceuticals) $i0e91 U
WOANLLUSY (astaxanthin) 9N Haematococcus
pluvialis BalF3uns@nwiedesefiosind

AasautRiusyyadasyniuseavzan®
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(9-10,4-18)

Table 1 Algae that has been reported to be edible or used as an ingredient in food products

Green marine:
(Chlorophyta)

Ulva lactuca

U. rigida
Monostroma nitidum
Caulerpa lentillifera
Ca. racemosa

Codium spp.

Brown marine:

(Phaeophyceae)

Macroalgae

Ascophyllum nodosum
Fucus serratus

F. spiralis

F. vesiculosus
Laminaria digitata

L. japonica

L. longicruris

L. saccharina
Saccharina latissimi
S. japonica

Undaria pinnatifida
Eisenia bicyclis
Sargassum fusiforme

Bifurcaria bifurcata

Red marine:
(Rhodophyta)

P. palmata

C. crispus
Lithothamnium calcareum
Gracilariopsis longissimi
Gracilaria sp.

Porphyra tenera

Po. umbilicalis

Po. yezoensis

Po. dioica

Po. laciniata

Po. purpurea

Po. leucostica

Green freshwater (Chlorophyta)

Spirogyra neglecta
Microspora sp.
Rhizoclonium sp.

Cladophora glomerata

Microalgae Green freshwater
(Chlorophyta)

Auxenochlorella pyrenoidosa
Au. protothecoides

Chlorella vulgaris

Ch. lobophora

Ch. sorokiniana
Heterochlorella luteoviridis
Jaagichlorella luteoviridis

H. pluvialis

Nannochloropsis sp.
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Table 1 (continued)

Green freshwater
(Chlorophyta)

Isochrysis sp.
D. salina*

Tetraselmis sp.*

Microalgae

Red marine microalgae (Rhodophyta)

Porphyridium sp.

Other

Euglena gracilis

Schizochytrium sp.

Blue-green algae

(Cyanobacteria)

Sp. platensis

Sp. maxima

Arthrospira fusiformis
Aphanizomenon flos-aquae
Nostoc sp.

Nostochopsis sp.

(*found in freshwater and marine habitat)

AMAMIILATUINITVDIEINI Y
ameiuilaaldfiandmislavuinis

guazaauluiigansemisvainualy lngwy

Igaluamssvunadnuazvunalng lddnay

A nrEeLA

1Usfu (proteins)

TUsAuanausie (algal proteins) 195y
aruaulesdgrsurnlugqreladidfnduun
Wosniidnonmlunisnaunuunaddusiu
wdn winlusuandns wu eld et uas
iovan avfinaduuvastusiunaniiuslanfu

lan wekllaAdefamnudIfukaznansenu

'
1 a

FOAILIAABNAINNTLUIUNTHARLUSAUIINER ]
ndusdedlininensgaazneliiinnansenuse
szuudna®® a1ns1e9runisARuilullATR
duneelmiuinansieduseansanlunis
wanlusAuseiuiiladnin lunisuanlusau 1
Alandy amsreavldiud 1.7-5.4 ms1aums
yarlUsauanladliasldiui 26-135 a5
LIRS 39 76-166 M19190URS d1nsulusiuann

& o 00 A _a = e[’sugo’el o
LUDII LUDWITTEUIDINTT LV UILUNITUIUNTT

a o 1

NARSInUIn @ausngldunlunssuiunsuesenin
TUsAuaInawazlusfAuaInilodningnadl

v o W

(21) dy 1 24 =l o
UYLy UDNINNUNITURDYNBLIDUNTLAN

>

(%
9

agiga1suaulaeanledgiuusseinia lu
nsuantieds 1 Alandu szUanufne
Asvaulaoenleafisuwin 150-1,240 Alansu
yuzfiniswanlusauainainsioaos
Asuaulaeanlanwinny 2.25 Alansu?? win
dlowSsuifieulusfivarnamsieiulusiuain
flo 19y duwdes dagnld uddrivfendny

1% a a

QANAILTINNLY W10 WaTAITAUDUNADATY

9
| @ o

wandnviansaegilusduuiawia 34
Fudusosuslaamugiuuvadusiuduiiols
1¥a501M3ASUEIL UBNINTLNAT TSI
TUsAulndugafiefovay 60 uaziinsaesily
snfuasudau Fadufudnndaunagslusiu
madeniififnenin ninniseeusulufiinig
Tausssukaznginssunisuilandaaiuy
guassadAgegludagiu®
TUshuanausteiidndiuludiuia

Aauv19g9 (Table 2) lavaivsivana
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Arthrospira (Spirulina) sp. Wag Chlorella sp.
oiiusualusiugsiefosay 50-70 v
ams18duAS Porphyra sp. Idadiulusiugs
feSovay 44 wazaniie Ulva sp. HUTune
Tsfudovay 37 Wefinnsanesdusenauves
nsnezdludndunuin Wshuanainsiedl
ﬂi@azﬁiuﬁﬁwﬁmasjwmué’au (Table 3) 819
ladu n3letiu wagniulay denalilusfiu
namseduwvastusiuauysal (complete
protein) Avangdmiuguilnaemisdeaisa
viefitliuslnamitledni® lufunisdoslduas

mi@mfﬁu (digestibility and bioavailability) i

Table 2 Protein content of some edible algae

Y o1 4 a

UITes095U71 TAn1sdeslaraulen

[
=

ag1alsnnuuseansainnisdeediduagiv
wAllAN1SeTENTINIEaIMIE LWL N15VNae
Higada83oLena (mechanical disruption)
vion slfioulasiifievanddeslusiunisly
1waa?® dmfvautiveslusiuainaivined
udszendldlugnannnssueimsiisenui
TWsAuanamiresarofinguaniinisiie
198 (gelation) N19LAABYATYU (emulsification)
wazauansalun1sdu (water-binding

capacity) Tundnsdusionmsinsnaag' >0

27-33)

Algae

Protein content
(% of dry weight)

Microalgae
Ch. vulgaris
H. pluvialis
Porphyridium cruentum
Macroalgae
Spirogyra sp.
Cladophora sp.
Ca. cupressoides
Ca. racemosa
U. intestinalis
U. lactuca
Un. pinnatifida
L. saccharina
Gracilaria spp.
C. crispus
Po. umbilicalis
Po tenera
P. palmata
Blue-green algae (Cyanobacteria)
Ar. platensis

Ar. maxima

51.0-58.0
48.0
28.0-39.0

6.0-20.0
16.0-21.5
20.8
12.5-174
17.9
37.1
11.0-24.0
6.0-11.0
5.2-23.6
20.0
15.0-37.0
ar5
12.0-21.0

55.0-70.0
60.0-71.0
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Table 3 Essential amino acid content of some edible algae®®

Essential amino acid content (% of total proteins)

Algae
: Histidine Isoleucine Leucine Lysine Methionine Phenylalanine Threonine Tryptophan Valine

Microalgae

Chlorella sp. 1.8 3.8 7.8 52 22 4.3 4.0 0.8 53

Ch. vulgaris 2.0 3.8 8.8 8.4 22 5.0 4.8 - 55

Phaeodactylum tricornutum 1.5 4.6 7.0 6.4 2.7 4.8 4.8 2.6 5.1

Nannochloropsis granulata 23 5.6 11.0 8.5 35 6.2 54 2.8 7.1

Tetraselmis chuii 1.6 3.4 7.3 5.6 24 a.7 4.0 23 4.8
Macroalgae

Spi porticalis 1.5 52 8.6 6.5 1.6 4.2 4.4 1.1 53

U. armoricana 1.2-2.1 2.3-3.6 4.6-6.7 3.5-4.4 1.4-2.6 5.0-7.1 4.5-6.8 - 4.0-5.2

U. lactuca 0.3 0.8 1.6 1.1 0.4 1.3 1.2 14 1.4

P. palmata 0.5-1.2 3.5-3.7 59-7.1 2.7-5.0 2.7-4.5 4.4-5.3 5.1-6.9 3.0 5.1-6.9

Po. tenera 1.4 4.0 8.7 4.5 1.1 39 6.4 1.3 6.4
Blue-green algae (cyanobacteria)

Sp. platensis 22 6.7 9.8 4.8 25 53 6.2 - 7.1
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Tusiu (lipids)
Tufududnesdusznaunataruinisis
awdie Tngluduluanseduaunsandn
lﬁﬁgﬂﬁ]’mﬁﬁﬁﬁ’m‘w’]@LﬁﬂLLﬁ%ﬂWMﬁ’]EJ‘Uu’mimyj
(Table ) lushuvaniuvadu 2 Ussianndniie
TosTulalfidn (nonpolar lipids) 131 lasna-
welse nsnlesudase awmesea waylufuilis
(polar lipids) tiu Woalwafia lnaladdia Fat
wifidnatuntedanw lusulafidaamdu
Uszanaifosas 90 vadlutiuvanua vindai
avaundau dalafuiidaiunumddalu
Tnssafadofueaduazianigniniadanin
funauladmivgnamnssuemisiaiuuas
g1 @a1uTIevatevida LU Ch. wilgaris D.
salina & Sp. platensis gauA8n3Alagiulyl
Suddedou (PUFAs) ensalodusudungy
19Luni-3 (EPA, Eicosapentaenoic acid YIBNIA
dlawzinumzdludn DHA; Docosahexaenoic acid
naonsalalagzianyzdludn ALA; a-Linolenic

acid visensaLpan aluatin wazlowini-6 (AA;

Table 4 Lipid content of some edible algae'

Arachidonic acid #Sansmazs1Aladn LA
Linoleic acid n3ansadlutadn) (Table 5%
A1119189ELa Enteromorpha compressa 8T
lusfuviin AAluvnigfiamsnenziavuinidn
9819 Phaeodactylum tricornutu wag Isochrysis
galbana &41AS1%% EPA way DHA lawgngidl
Useans a1 luduanamsiegninlulelu
p1silandu o1msiasy Tnensalvdiungy
lowuni-3 gniduluuunsdviunisnuas

@

wdnFausivngaiala luvugiivealnafinain
@11318 Polarella glacialis waglnaladiin
910 N. gadlitana flgviddusyyadassuasiiy
NNTONLEU LAUNEEINTULIBE1919ULALTEUY
tdsen (drug delivery)® uananiilnsnaiee
lsdanamhedigniteiiienanlulefualddn
Ae g nsigvuiaaniusualeduiesay 20-
50 e minus wnzdmdunsnaslewn-
3 druamssvuaivgdluiutdeunin (Gevay
2-10) unlinsalvsduafansaladueiin AA uay

ALA Tudndiuiunnninansiegauiaan?

34,43-44)

Algae

Lipid
(% of dry weight)

Microalgae
T. chuii (PLY-429)
Ch. emersonii
Ch. minutissima
Ch. protothecoides
Ch. pyrenoidosa
D. bioculata
D. primolecta
D. salina
D. tertiolecta
N. granulate (CCMP-535)

N. granulata (CCMP-535)

12.3
28.0-32.0
57.0
57.9
2.0
8.0
23.0
6.0
35.6
23.6

47.8
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Table 4 (continued)

Lipid
Algae
(% of dry weight)
Microalgae
Ph. tricornutum (CCMP-1327) 18.2
Ph. tricornutum 20.0-30.0
Neochloris oleoabundans (UTEX-1185) 15.4
Por. aerugineum (UTEX-755) 13.7
Acutodesmus dimorphus (UTEX-1237) 18.8
Macroalgae
Co. fragile 1.8
En. linza 1.8
Gelidium amansii 0-3.1
Po. tenera a.4
Gracillaria verrucosa 3.2
L. japonica 1.8-2.4
Hizikia fusiforme 0.4-1.5
S. japonica 0.5
Sa. fulvellum 1.4-1.6
Ecklonia stolonifera 24
Un. pinnatifida 1.8-2.0
Spirogyra sp. 11.0-21.0
Blue-green algae (Cyanobacteria)
Sp. maxima 6.0-7.0
Sp. platensis 4.0-9.0
Table 5 The amount of PUFAs in some algae®®**"
PUFAs
Algae (% of total fatty acids)
ALA EPA DHA
Microalgae
Chlamydomonas mexicana 14.3 - -
Chl. reinhardti 44.0 - -
Ch. sorokiniana 11.0 24 -
Ch. vulgaris 18.3-35.4 0.9 0.5
Nannochloropsis sp. 0.1-17 4.0-34.0 -
N. oceanica - 27.0 -
N. oculata - 34.0 -
N. salina 0.9 12.7 -
Ph. tricornutum - 17.7-30.0 0.7-2.4
Schizochytrium limacinum 1.0 1.0 45.0
D. salina 12.9 - 154
Pavlova lutheri 0.5 23.4 13.5
Por. cruentum - 254 0.1
I. galbana 6.0-11.0 3.0-7.0 10.0-14.0
I. zhangjiangensis 11.0 2.0 14.0
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Table 5 (continued)

PUFAs
Algae (% of total fatty acids)
ALA EPA DHA

Microalgae

Crypthecodinium cohnii - - 37.0-40.0

Odontella aurita 0.8 25.6 3.8

Rhodomonas sp. 19.8 77 3.8

Tetraselmis sp. 13.6-18.8 3.7-9.4 -

Skeletonema sp. 0.1 10.8 22

Tisochrysis lutea - 2.8 12.7
Macroalgae

Co. fragile 14.2-19.9 3.0-4.4 -

Co. tomentosum 12.0 2.0 12.0

Sa. muticum 6.2 13.9 73

Un. pinnatifida 7.5 131 8.6

Colpomenia peregrina 1.5 2.6 58

G. gracilis - 5.6 -

Calliblepharis jubata - 6.2 22.3

Emiliania huxleyi - - 9.2

aslulawnsn (carbohydrates)
amedunilsluninernssssuuang
Anearngelunisdrunlddselevilunane
gnamnssu lnslanizegedegnainnssy
o135 nilslussAusznoundniiviliamsne
\uitaulasgraunsvanede “nedudnanlsd”
(polysaccharides)*® Tnanoaudna1lsmdu
aflulansaluanalugiiinanueluudn-
arladnnndi 10 Tuanaduludeduduaesn
Feusetusoiuszniaadl nedudnanlsdly
amsieivsuiusesas 20-70 (Table 6) ve9
dwidnu Insnuuanssituegfuunasd
o¢ vlinvesamine uazdadusudwindon
woAwdnelsfanamsedinuraINiaIeNIN
fisluudlassairuazauantfmaniinenin
Freg19fid1f Tdun dadiun (alginic acid)

Wasylaw (fucoidan) a1dun3u (laminarin)

Fanankanunu (sulfated galactan) 9821u
(ulvan) lganu (xylan) 81019 (agar) AN551-
JUUU (carrageenan) WostWSu (porphyran)
wasasdiiou (floridean starch) €50 §apnadl
unumvainuale i ulaseadramdnves
nilatgand nsne tudiudianlunis

a a

WwigLAvlavesainitoies lWuaisdises

]

L IS ¥

WaINU LLﬁ%iJi]‘VI%VHQ%’Jﬂ’]‘W LU ATUBULA

a £ [y

dase MUNNTINEY Lasuaseszuuniinuiy

lugnainnssueImis wedudnailsg
wanfgninanldusslesiagnaniianng filu
sUvesansifiuaamiln arsielaa arsassly
afladu wazarsiasulavuinisundndoa
IMNIVAINNAYUTELAN FIBE1UYU DATLURA
uagAsIduunfiafaainamiediiniauas
ameAuns fanuanmnsufuugaieduda
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wadlaegreluszaniam®’ yuziiinosuay
a a dl> I~ [ a < L3
wazatiuisu Fadudatnanedndnanlse
(sulfated polysaccharides) 1 n5La3uavNIN
I3 QAI v I3 a [ I3
waztJunaulaluniswmundunanduenennis
@312 Ty undineduninalsaainaingne

Liganaulandrunisusuugenasnuuen

Table 6 The amount of carbohydrate content in algae

USLAMNTUNAVDI9111T WAOINLUILUNYY

v

gnszAuAmAINILaguINIskazaunIn Jaly

)

Uaded1Agyaon1sWaluIUINIIUDINIS
|dl v

aelvdidulsglovdnazanudsduluszes

g7

34,43,54-55)

Algae

carbohydrate content
(% of dry weight)

Microalgae
Ch. vulgaris
Scenedesmus sp.
Chl. reinhardti
Haematococcus sp.
Ph. tricornutum
N. granulata
Neochlorisoleo abundans
Por. aerugineum
A. dimorphus
T. chuii
Macroalgae
Po. tenera
Po. rotunda
G. verrucosa
L. japonica
L. digitata
L. articulata
H. fusiforme
S. japonica
S. latissima
Sa. fulvellum
Ecklonia stolonifera
Un. pinnatifida
Cladophora sp.
U. lactuca
A. nodosum
P. palmata
F. serratus
Punctaria latifolia
Blue-green algae (Cyanobacteria)
Sp. platensis

5.3-22.7
16.4-45.4
3.3-37.0
6.3-48.8
252
27.4-36.2
37.8
45.8
38.6
25.0

359
52.7
335
51.9-59.7
65.3
36.2
28.6-59.0
4a4.5
73.0
39.6-66.0
48.6
40.1-52.0
25.1-60.9
71.8
66.4
66.1
69.5
50.5

3.3-42.5

=


Dell
Typewritten Text
63


NIANTIBUBERAUWAAN U1 UN 55 atudl 1 w.A. - 1.8, 2568

’ Journal of Food Research and Product Development Vol. 55 No. 1 Jan - Jun 2025

INAULAZUIFIA (vitamins and minerals)
28199 NIIUAUALAIIN AT 8T DU

[

WAEIDIMITHAZENTOINONEN TN WA ALY

o

'
a

T TULAZUIFI WHudnesdusznounils
FnJurensLuIunNIsNIE@ssINeIuasy
lnvuin1svesuywd ludagduauidediuiy
unlasigauinaimsigliinaziluainineg
gunlug vieamseruImEnainianay
AL easena AeRiife
Tunsduasgilarazauindurainvaiayin
wu Ianfiuflazarsluludu Ganfiue 7 3 was
) Imfufiagatsluth (nquinnfiud uas
A95UT) (Table 7) wazuss1nd1dgy (Table 8)
wu leledu waawdey wunileu wazman Tu
‘U‘%mmqqLﬁaLﬁaUﬁUﬁ%ﬂmwﬁm(“) il
awhoduiiaulalugramnssuemsiaiy
\Se3d1019 uazvlnwusae (nutraceuticals)

Fmdunazussinduaisenisses
(micronutrient) 31333 anatsvinsiud s
wywdldannsodunsiesilaies Mioduases

= o

Taldifigane) F93ndudoslasuainauis

wazidulatoulesl (coenzyme) 59371911914
Auteuledlunszulrunismadeivainuans
KN msmm%mﬁuuazuiﬁmL%auiaaﬁuiiﬂ
LazANURAUNRYDIS19AE WU LSAMTULN
@1a3ndiudl) lsadnUnanite (V103N 1Tu%)
Aglafings @1a3ndudl12 wielian wie
YIATIALNEN) AIIUNUIRUUVBINTTANANAS
(IALAALEEY) F9ENISHUYeIRIlaRaUNG
(rawuni@on) Wudu uideluylsans
nesseitiunnuliauaulasuaimsisly
guzundsemsiigauludieinniu feame
guralugfidouiiuivilanlunateussine
Tnotanzluniviews wazamsieauindnd
fniluimngidsadendnarsyaaigadulny
mé’ﬁuLLazqmawmimﬂ%aﬁmw(cos—
meceuticals) 3anfiufinuluainsioimaniilal
WigsreduaTunmuaAInigeInis widiigan
nsldasiefidnasizils sadunadend
“Huinsdadsuindon” (eco-friendly) way

ABUSUNSEWE “TWNU” MIBN1SLAUINART N

a a = o w [ Y & 1 a
’JG]’]N‘NN‘U‘VI‘U’WIﬁ’]ﬂQJJIUﬂiZU’JUﬂ’]ﬁLN’]Nﬂ']ﬁUv mﬂamﬂmﬂuamm
Table 7 Mineral content in some edible algae®'
Vitami Quantitative
itamin
(pg/g dry weight)
T. suecica 323
L I. galbana 14.0
Vitamin B1
D. tertiolecta 29.0
Ch. stismatophora 14.6
T. suecica 19.1
I. galbana 30.0
D. tertiolecta 31.2
Vitamin B2 Ch. stismatophora 19.6
N. eaditana 22.1
Chlorella sp. 20.7-33.6
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Table 7 (continued)

Quantitative
Vitamin Algae .
(ug/g dry weight)
o N. eaditana 240.0
Vitamin B3
Chlorella sp. 110.0
T. suecica 37.7
L. galbana 9.1
Vitamin B5
D. tertiolecta 13.2
Ch. stismatophora 214
T. suecica 0.8
I. ealbana 1.0
Vitamin B7
D. tertiolecta 0.9
Ch. stismatophora 1.1
D. tertiolecta 2,310.0
Ch. pyrenoidosa 1,000.0-2,000.0
T. suecica 191.0
L. galbana 119.0
D. tertiolecta 163.0
L Ch. stismatophora 100.2
Vitamin C
Tetraselmis sp. 3,000.0
Stichoccus sp. 2,500.0
A. nodosum 810.0
U. rigida 940.0
Un. pinnatifida 1,840.0
Himanthalia sp. 460.0
N. oculata SAG38.85 1,440.0
H. pluvialis 1,180.0
Microchloropsis salina 1,090.0
Coccomyxa sp. 1,060.0
Chlorococcumnovae angliae 785.0
Chl.s nivalis 719.7
N. oculata 2,320.0
T. suecica 421.8
Vitamin E
I. ealbana 58.2
Ch. stismatophora 669.0
D. tertiolecta 160.0-1,810.0
T. suecica 390.0
I. ealbana 55.4
Trentepholia aurea 2,400.0
E. gracilis 1,422.0
Diacronema vlkianum 551.3
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Table 8 The amount of minerals found in algae'®**”

Minerals in algae (mg/100 g of dry weight)

Hleae Calcium Potassium Magnesium Sodium Copper Iron Zinc lodine

Microalgae

Por. cruentum 2,067.8 1,102.0 473.7 4,452.6 1.2 37.7 11.5 -

I. galbana 1,145.5 1,314.4 400.4 2,735.0 2.8 31.0 13.4 -

Ph. tricornutum 2,905.1 2,408.9 1,448.1 4,328.9 55 87.7 10.3 -

T. suecica 1,790.7 1,349.4 601.4 3,223.1 1.1 30.9 6.6 -

N. gaditana 631.3 1,260.7 370.3 2,022.6 29 48.9 10.1 -
Macroalgae

A. nodosum 900.0 4,400.0 700.0 3,900.0 - 133 - 75.0-125.0

L. digitata 1,005.0 11,579.0 659.0 3,818.0 <0.5 33 2.0 304.0

Himanthalia elongata 909.0 6,739.0 827.0 3,700.0 - - 3.8 -

Un. pinnatifida 931.0 8,669.0 1,181.0 7,064.0 <0.5 - 1.7 25.0

Ca. lentillifera 1,874.0 1,143.0 1,029.0 8,917.0 0.1 21.4 35 -

U. rigida 525.0 1,561.0 2,094.0 1,595.0 0.5 283.0 0.6 -

P. palmata 1,000.0 2,700.0 200.0 1,100.0 0.6 32.0 29 -

Po. umbilicus 687.0 1,407.0 283.0 1,173.0 - 18.2 4.2 17.0

C. crispus 420.0 3,184.0 732.0 427.0 <0.5 4.0 7.1 20.0-30.0

G. vermiculophylla 0.4 4.9 0.3 - 0.0015 0.04 0.0024 -
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